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D51 Hangar  Conver si on t o Human Per f or mance Cent er  FTFA 23- VH59
Egl i n AFB,  Fl or i da

SECTI ON 22 00 00

PLUMBI NG,  GENERAL PURPOSE
11/ 15,  CHG 4:  05/ 21

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AI R- CONDI TI ONI NG,  HEATI NG AND REFRI GERATI ON I NSTI TUTE ( AHRI )

AHRI  1010 ( 2002)  Sel f - Cont ai ned,  Mechani cal l y 
Ref r i ger at ed Dr i nki ng- Wat er  Cool er s

AMERI CAN NATI ONAL STANDARDS I NSTI TUTE ( ANSI )

ANSI  Z21. 10. 3/ CSA 4. 3 ( 2019)  Gas- Fi r ed Wat er  Heat er s Vol . I I I ,  
St or age Wat er  Heat er s Wi t h I nput  Rat i ngs 
Above 75, 000 Bt u Per  Hour ,  Ci r cul at i ng and 
I nst ant aneous

ANSI  Z21. 22/ CSA 4. 4 ( 2015;  R 2020)  Rel i ef  Val ves f or  Hot  Wat er  
Suppl y Syst ems

AMERI CAN SOCI ETY OF HEATI NG,  REFRI GERATI NG AND AI R- CONDI TI ONI NG 
ENGI NEERS ( ASHRAE)

ASHRAE 146 ( 2020)  Met hod of  Test i ng and Rat i ng Pool  
Heat er s

AMERI CAN SOCI ETY OF MECHANI CAL ENGI NEERS ( ASME)

ASME A112. 1. 2 ( 2012;  R 2017;  R 2022)  Ai r  Gaps i n 
Pl umbi ng Syst ems ( For  Pl umbi ng Fi xt ur es 
and Wat er - Connect ed Recept or s)

ASME A112. 6. 1M ( 1997;  R 2017)  Fl oor  Af f i xed Suppor t s f or  
Of f - t he- Fl oor  Pl umbi ng Fi xt ur es f or  Publ i c 
Use

ASME A112. 6. 3 ( 2019)  St andar d f or  Fl oor  and Tr ench Dr ai ns

ASME A112. 19. 2/ CSA B45. 1 ( 2018;  ERTA 2018)  St andar d f or  Vi t r eous 
Chi na Pl umbi ng Fi xt ur es and Hydr aul i c 
Requi r ement s f or  Wat er  Cl oset s and Ur i nal s

ASME A112. 19. 3/ CSA B45. 4 ( 2022)  St ai nl ess St eel  Pl umbi ng Fi xt ur es

ASME A112. 36. 2M ( 1991;  R 2017)  Cl eanout s

ASME B1. 20. 1 ( 2013;  R 2018)  Pi pe Thr eads,  Gener al  
Pur pose ( I nch)

ASME B16. 4 ( 2021)  Gr ay I r on Thr eaded Fi t t i ngs;  
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D51 Hangar  Conver si on t o Human Per f or mance Cent er  FTFA 23- VH59
Egl i n AFB,  Fl or i da

Cl asses 125 and 250

ASME B16. 5 ( 2020)  Pi pe Fl anges and Fl anged Fi t t i ngs 
NPS 1/ 2 Thr ough NPS 24 Met r i c/ I nch St andar d

ASME B16. 12 ( 2019)  Cast  I r on Thr eaded Dr ai nage Fi t t i ngs

ASME B16. 15 ( 2018)  Cast  Copper  Al l oy Thr eaded Fi t t i ngs 
Cl asses 125 and 250

ASME B16. 18 ( 2021)  Cast  Copper  Al l oy Sol der  Joi nt  
Pr essur e Fi t t i ngs

ASME B16. 21 ( 2021)  Nonmet al l i c  Fl at  Gasket s f or  Pi pe 
Fl anges

ASME B16. 24 ( 2022)  Cast  Copper  Al l oy Pi pe Fl anges,  
Fl anged Fi t t i ngs,  and Val ves Cl asses 150,  
300,  600,  900,  1500,  and 2500

ASME B16. 34 ( 2021)  Val ves -  Fl anged,  Thr eaded and 
Wel di ng End

ASME B16. 50 ( 2021)  Wr ought  Copper  and Copper  Al l oy 
Br aze- Joi nt  Pr essur e Fi t t i ngs

ASME B16. 51 ( 2013)  Copper  and Copper  Al l oy 
Pr ess- Connect  Pr essur e Fi t t i ngs

ASME B31. 1 ( 2022)  Power  Pi pi ng

ASME B31. 5 ( 2022)  Ref r i ger at i on Pi pi ng and Heat  
Tr ansf er  Component s

ASME B40. 100 ( 2022)  Pr essur e Gauges and Gauge 
At t achment s

ASME BPVC SEC I V ( 2017)  BPVC Sect i on I V- Rul es f or  
Const r uct i on of  Heat i ng Boi l er s

ASME BPVC SEC I X ( 2017;  Er r at a 2018)  BPVC Sect i on 
I X- Wel di ng,  Br azi ng and Fusi ng 
Qual i f i cat i ons

AMERI CAN SOCI ETY OF SANI TARY ENGI NEERI NG ( ASSE)

ASSE 1010 ( 2021)  Per f or mance Requi r ement s f or  Wat er  
Hammer  Ar r est er s

ASSE 1013 ( 2021)  Per f or mance Requi r ement s f or  
Reduced Pr essur e Pr i nci pl e Backf l ow 
Pr event i on Assembl i es

ASSE 1018 ( 2023)  Per f or mance Requi r ement s f or  Tr ap 
Seal  Pr i mer  Val ves -  Pot abl e Wat er  
Suppl i ed ( ANSI  Appr oved 2002

ASSE 1019 ( 2011;  R 2016)  Per f or mance Requi r ement s 
f or  Wal l  Hydr ant  wi t h Backf l ow Pr ot ect i on 
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and Fr eeze Resi st ance

AMERI CAN WATER WORKS ASSOCI ATI ON ( AWWA)

AWWA B300 ( 2018)  Hypochl or i t es

AWWA B301 ( 2018)  Li qui d Chl or i ne

AWWA C651 ( 2014)  St andar d f or  Di s i nf ect i ng Wat er  
Mai ns

AWWA C652 ( 2019)  Di s i nf ect i on of  Wat er - St or age 
Faci l i t i es

AMERI CAN WELDI NG SOCI ETY ( AWS)

AWS A5. 8/ A5. 8M ( 2019)  Speci f i cat i on f or  Fi l l er  Met al s f or  
Br azi ng and Br aze Wel di ng

AWS B2. 2/ B2. 2M ( 2016)  Speci f i cat i on f or  Br azi ng Pr ocedur e 
and Per f or mance Qual i f i cat i on

ASTM I NTERNATI ONAL ( ASTM)

ASTM A53/ A53M ( 2022)  St andar d Speci f i cat i on f or  Pi pe,  
St eel ,  Bl ack and Hot - Di pped,  Zi nc- Coat ed,  
Wel ded and Seaml ess

ASTM A105/ A105M ( 2021)  St andar d Speci f i cat i on f or  Car bon 
St eel  For gi ngs f or  Pi pi ng Appl i cat i ons

ASTM A193/ A193M ( 2023)  St andar d Speci f i cat i on f or  
Al l oy- St eel  and St ai nl ess St eel  Bol t i ng 
Mat er i al s f or  Hi gh- Temper at ur e Ser vi ce and 
Ot her  Speci al  Pur pose Appl i cat i ons

ASTM A515/ A515M ( 2017;  R2022)  St andar d Speci f i cat i on f or  
Pr essur e Vessel  Pl at es,  Car bon St eel ,  f or  
I nt er medi at e-  and Hi gher - Temper at ur e 
Ser vi ce

ASTM A516/ A516M ( 2017)  St andar d Speci f i cat i on f or  Pr essur e 
Vessel  Pl at es,  Car bon St eel ,  f or  Moder at e-  
and Lower - Temper at ur e Ser vi ce

ASTM A733 ( 2016;  R 2022)  St andar d Speci f i cat i on f or  
Wel ded and Seaml ess Car bon St eel  and 
Aust eni t i c  St ai nl ess St eel  Pi pe Ni ppl es

ASTM B32 ( 2020)  St andar d Speci f i cat i on f or  Sol der  
Met al

ASTM B42 ( 2020)  St andar d Speci f i cat i on f or  Seaml ess 
Copper  Pi pe,  St andar d Si zes

ASTM B88 ( 2022)  St andar d Speci f i cat i on f or  Seaml ess 
Copper  Wat er  Tube

ASTM B88M ( 2020)  St andar d Speci f i cat i on f or  Seaml ess 
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Copper  Wat er  Tube ( Met r i c)

ASTM B306 ( 2020)  St andar d Speci f i cat i on f or  Copper  
Dr ai nage Tube ( DWV)

ASTM B370 ( 2022)  St andar d Speci f i cat i on f or  Copper  
Sheet  and St r i p f or  Bui l di ng Const r uct i on

ASTM B813 ( 2016)  St andar d Speci f i cat i on f or  Li qui d 
and Past e Fl uxes f or  Sol der i ng of  Copper  
and Copper  Al l oy Tube

ASTM B828 ( 2016)  St andar d Pr act i ce f or  Maki ng 
Capi l l ar y Joi nt s by Sol der i ng of  Copper  
and Copper  Al l oy Tube and Fi t t i ngs

ASTM C920 ( 2018)  St andar d Speci f i cat i on f or  
El ast omer i c Joi nt  Seal ant s

ASTM D638 ( 2014)  St andar d Test  Met hod f or  Tensi l e 
Pr oper t i es of  Pl ast i cs

ASTM D1004 ( 2013)  I ni t i al  Tear  Resi st ance of  Pl ast i c 
Fi l m and Sheet i ng

ASTM D1785 ( 2015;  E 2018)  St andar d Speci f i cat i on f or  
Pol y( Vi nyl  Chl or i de)  ( PVC) ,  Pl ast i c Pi pe,  
Schedul es 40,  80,  and 120

ASTM D2241 ( 2015)  St andar d Speci f i cat i on f or  
Pol y( Vi nyl  Chl or i de)  ( PVC)  Pr essur e- Rat ed 
Pi pe ( SDR Ser i es)

ASTM D2464 ( 2015)  St andar d Speci f i cat i on f or  Thr eaded 
Pol y( Vi nyl  Chl or i de)  ( PVC)  Pl ast i c Pi pe 
Fi t t i ngs,  Schedul e 80

ASTM D2466 ( 2017)  St andar d Speci f i cat i on f or  
Pol y( Vi nyl  Chl or i de)  ( PVC)  Pl ast i c Pi pe 
Fi t t i ngs,  Schedul e 40

ASTM D2467 ( 2015)  St andar d Speci f i cat i on f or  
Pol y( Vi nyl  Chl or i de)  ( PVC)  Pl ast i c Pi pe 
Fi t t i ngs,  Schedul e 80

ASTM D2564 ( 2020)  St andar d Speci f i cat i on f or  Sol vent  
Cement s f or  Pol y( Vi nyl  Chl or i de)  ( PVC)  
Pl ast i c Pi pi ng Syst ems

ASTM D2665 ( 2014)  St andar d Speci f i cat i on f or  
Pol y( Vi nyl  Chl or i de)  ( PVC)  Pl ast i c Dr ai n,  
Wast e,  and Vent  Pi pe and Fi t t i ngs

ASTM D2672 ( 2014)  Joi nt s f or  I PS PVC Pi pe Usi ng 
Sol vent  Cement

ASTM D2822/ D2822M ( 2005;  R 2011;  E 2011)  St andar d 
Speci f i cat i on f or  Asphal t  Roof  Cement ,  
Asbest os- Cont ai ni ng
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D51 Hangar  Conver si on t o Human Per f or mance Cent er  FTFA 23- VH59
Egl i n AFB,  Fl or i da

ASTM D2855 ( 2015)  St andar d Pr act i ce f or  Maki ng 
Sol vent - Cement ed Joi nt s wi t h Pol y( Vi nyl  
Chl or i de)  ( PVC)  Pi pe and Fi t t i ngs

ASTM D3139 ( 2019)  Joi nt s f or  Pl ast i c Pr essur e Pi pes 
Usi ng Fl exi bl e El ast omer i c Seal s

ASTM D3212 ( 2020)  St andar d Speci f i cat i on f or  Joi nt s 
f or  Dr ai n and Sewer  Pl ast i c Pi pes Usi ng 
Fl exi bl e El ast omer i c Seal s

ASTM D3311 ( 2017)  St andar d Speci f i cat i on f or  Dr ai n,  
Wast e,  and Vent  ( DWV)  Pl ast i c Fi t t i ngs 
Pat t er ns

ASTM D4551 ( 2017)  St andar d Speci f i cat i on f or  
Pol y( Vi nyl  Chl or i de)  ( PVC)  Pl ast i c 
Fl exi bl e Conceal ed Wat er - Cont ai nment  
Membr ane

ASTM E1 ( 2014)  St andar d Speci f i cat i on f or  ASTM 
Li qui d- i n- Gl ass Ther momet er s

ASTM E96/ E96M ( 2022a)  St andar d Test  Met hods f or  
Gr avi met r i c Det er mi nat i on of  Wat er  Vapor  
Tr ansmi ssi on Rat e of  Mat er i al s

ASTM F409 ( 2022)  St andar d Speci f i cat i on f or  
Ther mopl ast i c Accessi bl e and Repl aceabl e 
Pl ast i c Tube and Tubul ar  Fi t t i ngs

ASTM F477 ( 2014;  R 2021)  St andar d Speci f i cat i on f or  
El ast omer i c Seal s ( Gasket s)  f or  Joi ni ng 
Pl ast i c Pi pe

ASTM F891 ( 2016)  St andar d Speci f i cat i on f or  
Coext r uded Pol y ( Vi nyl  Chl or i de)  ( PVC)  
Pl ast i c Pi pe wi t h a Cel l ul ar  Cor e

ASTM F1760 ( 2016;  R 2020)  St andar d Speci f i cat i on f or  
Coext r uded Pol y( Vi nyl  Chl or i de)  ( PVC)  
Non- Pr essur e Pl ast i c Pi pe Havi ng 
Repr ocessed- Recycl ed Cont ent

COPPER DEVELOPMENT ASSOCI ATI ON ( CDA)

CDA A4015 ( 2016;  14/ 17)  Copper  Tube Handbook

I NTERNATI ONAL ASSOCI ATI ON OF PLUMBI NG AND MECHANI CAL OFFI CI ALS 
( I APMO)

I APMO PS 117 ( 2005b)  Pr ess Type Or  Pl ai n End Rub 
Gasket ed W/  Nai l  CU & CU Al l oy Fi t t i ngs 4 
I nst al l  On CU Tubi ng

I NTERNATI ONAL CODE COUNCI L ( I CC)

I CC A117. 1 ( 2017)  St andar d And Comment ar y Accessi bl e 
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D51 Hangar  Conver si on t o Human Per f or mance Cent er  FTFA 23- VH59
Egl i n AFB,  Fl or i da

and Usabl e Bui l di ngs and Faci l i t i es

I CC I PC ( 2021)  I nt er nat i onal  Pl umbi ng Code

MANUFACTURERS STANDARDI ZATI ON SOCI ETY OF THE VALVE AND FI TTI NGS 
I NDUSTRY ( MSS)

MSS SP- 25 ( 2018)  St andar d Mar ki ng Syst em f or  Val ves,  
Fi t t i ngs,  Fl anges and Uni ons

MSS SP- 58 ( 2018)  Pi pe Hanger s and Suppor t s -  
Mat er i al s,  Desi gn and Manuf act ur e,  
Sel ect i on,  Appl i cat i on,  and I nst al l at i on

MSS SP- 72 ( 2010a)  Bal l  Val ves wi t h Fl anged or  
But t - Wel di ng Ends f or  Gener al  Ser vi ce

MSS SP- 78 ( 2011)  Cast  I r on Pl ug Val ves,  Fl anged and 
Thr eaded Ends

MSS SP- 80 ( 2019)  Br onze Gat e,  Gl obe,  Angl e and Check 
Val ves

MSS SP- 110 ( 2010)  Bal l  Val ves Thr eaded,  
Socket - Wel di ng,  Sol der  Joi nt ,  Gr ooved and 
Fl ar ed Ends

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 90A ( 2021)  St andar d f or  t he I nst al l at i on of  
Ai r  Condi t i oni ng and Vent i l at i ng Syst ems

NSF I NTERNATI ONAL ( NSF)

NSF 372 ( 2016)  Dr i nki ng Wat er  Syst em Component s -  
Lead Cont ent

NSF/ ANSI  14 ( 2022)  Pl ast i cs Pi pi ng Syst em Component s 
and Rel at ed Mat er i al s

NSF/ ANSI  61 ( 2022)  Dr i nki ng Wat er  Syst em Component s -  
Heal t h Ef f ect s

PLASTI C PI PE AND FI TTI NGS ASSOCI ATI ON ( PPFA)

PPFA Fi r e Man ( 2016)  Fi r est oppi ng:  Pl ast i c Pi pe i n Fi r e 
Resi st i ve Const r uct i on

PLUMBI NG AND DRAI NAGE I NSTI TUTE ( PDI )

PDI  WH 201 ( 2010)  Wat er  Hammer  Ar r est er s St andar d

SOCI ETY OF AUTOMOTI VE ENGI NEERS I NTERNATI ONAL ( SAE)

SAE J1508 ( 2023)  Hose Cl amp Speci f i cat i ons

U. S.  DEPARTMENT OF ENERGY ( DOE)

Ener gy St ar ( 1992;  R 2006)  Ener gy St ar  Ener gy 
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Egl i n AFB,  Fl or i da

Ef f i c i ency Label i ng Syst em ( FEMP)

U. S.  ENVI RONMENTAL PROTECTI ON AGENCY ( EPA)

PL 93- 523 ( 1974;  A 1999)  Saf e Dr i nki ng Wat er  Act

U. S.  NATI ONAL ARCHI VES AND RECORDS ADMI NI STRATI ON ( NARA)

10 CFR 430 Ener gy Conser vat i on Pr ogr am f or  Consumer  
Pr oduct s

40 CFR 141. 80 Nat i onal  Pr i mar y Dr i nki ng Wat er  
Regul at i ons;  Cont r ol  of  Lead and Copper ;  
Gener al  Requi r ement s

UNDERWRI TERS LABORATORI ES ( UL)

UL 174 ( 2004;  Repr i nt  Dec 2021)  UL St andar d f or  
Saf et y Househol d El ect r i c St or age Tank 
Wat er  Heat er s

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
Cont r act or  Qual i t y Cont r ol  appr oval .  Submi t  t he f ol l owi ng i n accor dance 
wi t h Sect i on 01 33 00 SUBMI TTAL PROCEDURES:

SD- 03 Pr oduct  Dat a

Backf l ow Pr event i on Assembl i es;  G,  

Shower  Faucet s;  G

Fi xt ur es

  Li st  of  i nst al l ed f i x t ur es wi t h manuf act ur er ,  model ,  and f l ow 
r at e.

Fl ush Val ve Wat er  Cl oset s

Count er t op Lavat or i es

Ki t chen Si nks

Dr i nki ng- Wat er  Cool er s;  G

Wat er  Heat er s;  G

Wel di ng

  A copy of  qual i f i ed pr ocedur es and a l i s t  of  names and 
i dent i f i cat i on symbol s of  qual i f i ed wel der s and wel di ng oper at or s.

Pl umbi ng Syst em

SD- 06 Test  Repor t s

SECTI ON 22 00 00  Page 7



D51 Hangar  Conver si on t o Human Per f or mance Cent er  FTFA 23- VH59
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Test s,  Fl ushi ng and Di si nf ect i on

  Test  r epor t s i n bookl et  f or m showi ng al l  f i el d t est s per f or med 
t o adj ust  each component  and al l  f i el d t est s per f or med t o pr ove 
compl i ance wi t h t he speci f i ed per f or mance cr i t er i a,  compl et i on and 
t est i ng of  t he i nst al l ed syst em.   Each t est  r epor t  shal l  i ndi cat e 
t he f i nal  posi t i on of  cont r ol s.

Test  of  Backf l ow Pr event i on Assembl i es;  G.

  Cer t i f i cat i on of  pr oper  oper at i on shal l  be as accompl i shed i n 
accor dance wi t h st at e r egul at i ons by an i ndi v i dual  cer t i f i ed by 
t he st at e t o per f or m such t est s.   I f  no st at e r equi r ement  exi st s,  
t he Cont r act or  shal l  have t he manuf act ur er ' s r epr esent at i ve t est  
t he devi ce,  t o ensur e t he uni t  i s  pr oper l y i nst al l ed and 
per f or mi ng as i nt ended.   The Cont r act or  shal l  pr ovi de wr i t t en 
document at i on of  t he t est s per f or med and si gned by t he i ndi v i dual  
per f or mi ng t he t est s.

SD- 07 Cer t i f i cat es

Mat er i al s and Equi pment

Bol t s

  Wr i t t en cer t i f i cat i on by t he bol t  manuf act ur er  t hat  t he bol t s 
f ur ni shed compl y wi t h t he speci f i ed r equi r ement s.

SD- 10 Oper at i on and Mai nt enance Dat a

Pl umbi ng Syst em;  G

  Submi t  i n accor dance wi t h Sect i on 01 78 23 OPERATI ON AND 
MAI NTENANCE DATA.

1. 3   STANDARD PRODUCTS

Speci f i ed mat er i al s and equi pment  shal l  be st andar d pr oduct s of  a 
manuf act ur er  r egul ar l y engaged i n t he manuf act ur e of  such pr oduct s.   
Speci f i ed equi pment  shal l  essent i al l y  dupl i cat e equi pment  t hat  has 
per f or med sat i sf act or i l y  at  l east  t wo year s pr i or  t o bi d openi ng.   
St andar d pr oduct s shal l  have been i n sat i sf act or y commer ci al  or  i ndust r i al  
use f or  2 year s pr i or  t o bi d openi ng.   The 2- year  use shal l  i ncl ude 
appl i cat i ons of  equi pment  and mat er i al s under  s i mi l ar  c i r cumst ances and of  
s i mi l ar  s i ze.   The pr oduct  shal l  have been f or  sal e on t he commer ci al  
mar ket  t hr ough adver t i sement s,  manuf act ur er s '  cat al ogs,  or  br ochur es 
dur i ng t he 2 year  per i od.

1. 3. 1   Al t er nat i ve Qual i f i cat i ons

Pr oduct s havi ng l ess t han a t wo- year  f i el d ser vi ce r ecor d wi l l  be 
accept abl e i f  a cer t i f i ed r ecor d of  sat i sf act or y f i el d oper at i on f or  not  
l ess t han 6000 hour s,  excl usi ve of  t he manuf act ur er ' s f act or y or  
l abor at or y t est s,  can be shown.

1. 3. 2   Ser vi ce Suppor t

The equi pment  i t ems shal l  be suppor t ed by ser vi ce or gani zat i ons.   Submi t  a 
cer t i f i ed l i s t  of  qual i f i ed per manent  ser vi ce or gani zat i ons f or  suppor t  of  
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t he equi pment  whi ch i ncl udes t hei r  addr esses and qual i f i cat i ons.   These 
ser vi ce or gani zat i ons shal l  be r easonabl y conveni ent  t o t he equi pment  
i nst al l at i on and abl e t o r ender  sat i sf act or y ser vi ce t o t he equi pment  on a 
r egul ar  and emer gency basi s dur i ng t he war r ant y per i od of  t he cont r act .

1. 3. 3   Manuf act ur er ' s Namepl at e

Each i t em of  equi pment  shal l  have a namepl at e bear i ng t he manuf act ur er ' s 
name,  addr ess,  model  number ,  and ser i al  number  secur el y af f i xed i n a 
conspi cuous pl ace;  t he namepl at e of  t he di st r i but i ng agent  wi l l  not  be 
accept abl e.

1. 3. 4   Modi f i cat i on of  Ref er ences

I n each of  t he publ i cat i ons r ef er r ed t o her ei n,  consi der  t he advi sor y 
pr ovi s i ons t o be mandat or y,  as t hough t he wor d,  " shal l "  had been 
subst i t ut ed f or  " shoul d"  wher ever  i t  appear s.   I nt er pr et  r ef er ences i n 
t hese publ i cat i ons t o t he " aut hor i t y havi ng j ur i sdi ct i on" ,  or  wor ds of  
s i mi l ar  meani ng,  t o mean t he Cont r act i ng Of f i cer .

1. 3. 4. 1   Def i ni t i ons

For  t he I nt er nat i onal  Code Counci l  ( I CC)  Codes r ef er enced i n t he cont r act  
document s,  advi sor y pr ovi s i ons shal l  be consi der ed mandat or y,  t he wor d 
" shoul d"  shal l  be i nt er pr et ed as " shal l . "   Ref er ence t o t he " code 
of f i c i al "  shal l  be i nt er pr et ed t o mean t he " Cont r act i ng Of f i cer . "   For  
Navy owned pr oper t y,  r ef er ences t o t he " owner "  shal l  be i nt er pr et ed t o 
mean t he " Cont r act i ng Of f i cer . "   For  l eased f aci l i t i es,  r ef er ences t o t he 
" owner "  shal l  be i nt er pr et ed t o mean t he " l essor . "   Ref er ences t o t he 
" per mi t  hol der "  shal l  be i nt er pr et ed t o mean t he " Cont r act or . "

1. 3. 4. 2   Admi ni st r at i ve I nt er pr et at i ons

For  I CC Codes r ef er enced i n t he cont r act  document s,  t he pr ovi s i ons of  
Chapt er  1,  " Admi ni st r at or , "  do not  appl y.   These admi ni st r at i ve 
r equi r ement s ar e cover ed by t he appl i cabl e Feder al  Acqui s i t i on Regul at i ons 
( FAR)  i ncl uded i n t hi s cont r act  and by t he aut hor i t y gr ant ed t o t he 
Of f i cer  i n Char ge of  Const r uct i on t o admi ni st er  t he const r uct i on of  t hi s 
pr oj ect .   Ref er ences i n t he I CC Codes t o sect i ons of  Chapt er  1,  shal l  be 
appl i ed appr opr i at el y by t he Cont r act i ng Of f i cer  as aut hor i zed by hi s 
admi ni st r at i ve cogni zance and t he FAR.

1. 4   DELI VERY,  STORAGE,  AND HANDLI NG

Handl e,  st or e,  and pr ot ect  equi pment  and mat er i al s t o pr event  damage 
bef or e and dur i ng i nst al l at i on i n accor dance wi t h t he manuf act ur er ' s 
r ecommendat i ons,  and as appr oved by t he Cont r act i ng Of f i cer .   Repl ace 
damaged or  def ect i ve i t ems.

1. 5   PERFORMANCE REQUI REMENTS

1. 5. 1   Wel di ng

Pi pi ng shal l  be wel ded i n accor dance wi t h qual i f i ed pr ocedur es usi ng 
per f or mance- qual i f i ed wel der s and wel di ng oper at or s.   Pr ocedur es and 
wel der s shal l  be qual i f i ed i n accor dance wi t h ASME BPVC SEC I X.   Wel di ng 
pr ocedur es qual i f i ed by ot her s,  and wel der s and wel di ng oper at or s 
qual i f i ed by anot her  empl oyer ,  may be accept ed as per mi t t ed by ASME B31. 1.   
The Cont r act i ng Of f i cer  shal l  be not i f i ed 24 hour s i n advance of  t est s,  
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and t he t est s shal l  be per f or med at  t he wor k s i t e i f  pr act i cabl e.   Wel der s 
or  wel di ng oper at or s shal l  appl y t hei r  assi gned symbol s near  each wel d 
t hey make as a per manent  r ecor d.   

1. 6   REGULATORY REQUI REMENTS

Unl ess ot her wi se r equi r ed her ei n,  pl umbi ng wor k shal l  be i n accor dance 
wi t h I CC I PC.

1. 7   PROJECT/ SI TE CONDI TI ONS

The Cont r act or  shal l  become f ami l i ar  wi t h det ai l s of  t he wor k,  ver i f y 
di mensi ons i n t he f i el d,  and advi se t he Cont r act i ng Of f i cer  of  any 
di scr epancy bef or e per f or mi ng any wor k.

1. 8   I NSTRUCTI ON TO GOVERNMENT PERSONNEL

When speci f i ed i n ot her  sect i ons,  f ur ni sh t he ser vi ces of  compet ent  
i nst r uct or s t o gi ve f ul l  i nst r uct i on t o t he desi gnat ed Gover nment  
per sonnel  i n t he adj ust ment ,  oper at i on,  and mai nt enance,  i ncl udi ng 
per t i nent  saf et y r equi r ement s,  of  t he speci f i ed equi pment  or  syst em.   
I nst r uct or s shal l  be t hor oughl y f ami l i ar  wi t h al l  par t s of  t he 
i nst al l at i on and shal l  be t r ai ned i n oper at i ng t heor y as wel l  as pr act i cal  
oper at i on and mai nt enance wor k.

I nst r uct i on shal l  be gi ven dur i ng t he f i r st  r egul ar  wor k week af t er  t he 
equi pment  or  syst em has been accept ed and t ur ned over  t o t he Gover nment  
f or  r egul ar  oper at i on.   The number  of  man- days ( 8 hour s per  day)  of  
i nst r uct i on f ur ni shed shal l  be as speci f i ed i n t he i ndi v i dual  sect i on.   
When mor e t han 4 man- days of  i nst r uct i on ar e speci f i ed,  use appr oxi mat el y 
hal f  of  t he t i me f or  c l assr oom i nst r uct i on.   Use ot her  t i me f or  
i nst r uct i on wi t h t he equi pment  or  syst em.

When si gni f i cant  changes or  modi f i cat i ons i n t he equi pment  or  syst em ar e 
made under  t he t er ms of  t he cont r act ,  pr ovi de addi t i onal  i nst r uct i on t o 
acquai nt  t he oper at i ng per sonnel  wi t h t he changes or  modi f i cat i ons.

1. 9   ACCESSI BI LI TY OF EQUI PMENT

I nst al l  al l  wor k so t hat  par t s r equi r i ng per i odi c i nspect i on,  oper at i on,  
mai nt enance,  and r epai r  ar e r eadi l y accessi bl e.   I nst al l  conceal ed val ves,  
expansi on j oi nt s,  cont r ol s,  damper s,  and equi pment  r equi r i ng access,  i n 
l ocat i ons f r eel y accessi bl e t hr ough access door s.

PART 2   PRODUCTS

2. 1   MATERI ALS

Mat er i al s f or  var i ous ser vi ces shal l  be i n accor dance wi t h TABLES I  and I I .
  Pi pe schedul es shal l  be sel ect ed based on ser vi ce r equi r ement s.   Pi pe 
f i t t i ngs shal l  be compat i bl e wi t h t he appl i cabl e pi pe mat er i al s.   Pl ast i c 
pi pe,  f i t t i ngs,  and sol vent  cement  shal l  meet  NSF/ ANSI  14 and shal l  be NSF 
l i s t ed f or  t he ser vi ce i nt ended.   Pl ast i c pi pe,  f i t t i ngs,  and sol vent  
cement  used f or  pot abl e hot  and col d wat er  ser vi ce shal l  bear  t he NSF seal  
" NSF- PW. "    Pi pe t hr eads ( except  dr y seal )  shal l  conf or m t o ASME B1. 20. 1.   
 Mat er i al  or  equi pment  cont ai ni ng a wei ght ed aver age of  gr eat er  t han 0. 25 
per cent  l ead shal l  not  be used i n any pot abl e wat er  syst em i nt ended f or  
human consumpt i on,  and shal l  be cer t i f i ed i n accor dance wi t h NSF/ ANSI  61,  
Annex G or  NSF 372.   I n l i ne devi ces such as wat er  met er s,  bui l di ng 
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val ves,  check val ves,  met er  st ops,  val ves,  f i t t i ngs and back f l ow 
pr event er s shal l  compl y wi t h PL 93- 523 and NSF/ ANSI  61,  Sect i on 8.   End 
poi nt  devi ces such as dr i nki ng wat er  f ount ai ns,  l avat or y f aucet s,  k i t chen 
and bar  f aucet s,  r esi dent i al  i ce maker s,  suppl y st ops and end poi nt  
cont r ol  val ves used t o di spense wat er  f or  dr i nki ng must  meet  t he 
r equi r ement s of  NSF/ ANSI  61,  Sect i on 9.   Hubl ess cast - i r on soi l  pi pe shal l  
not  be i nst al l ed under gr ound,  under  concr et e f l oor  s l abs,  or  i n cr awl  
spaces bel ow ki t chen f l oor s.   Pl ast i c pi pe shal l  not  be i nst al l ed i n ai r  
pl enums.   Pl ast i c pi pe shal l  not  be i nst al l ed i n a pr essur e pi pi ng syst em 
i n bui l di ngs gr eat er  t han t hr ee st or i es i ncl udi ng any basement  l evel s.

2. 1. 1   Pi pe Joi nt  Mat er i al s

Gr ooved pi pe and hubl ess cast - i r on soi l  pi pe shal l  not  be used 
under gr ound.   Sol der  cont ai ni ng l ead shal l  not  be used wi t h copper  pi pe.    
Joi nt s and gasket  mat er i al s shal l  conf or m t o t he f ol l owi ng:

d.   Fl ange Gasket s:   Gasket s shal l  be made of  non- asbest os mat er i al  i n 
accor dance wi t h ASME B16. 21.   Gasket s shal l  be f l at ,  1/ 16 i nch t hi ck,  
and cont ai n Ar ami d f i ber s bonded wi t h St yr ene But adi ene Rubber  ( SBR)  
or  Ni t r o But adi ene Rubber  ( NBR) .   Gasket s shal l  be t he f ul l  f ace or  
sel f  cent er i ng f l at  r i ng t ype.   Gasket s used f or  hydr ocar bon ser vi ce 
shal l  be bonded wi t h NBR.

e.   Br azi ng Mat er i al :   Br azi ng mat er i al  shal l  conf or m t o AWS A5. 8/ A5. 8M,  
BCuP- 5.

f .   Br azi ng Fl ux:   Fl ux shal l  be i n past e or  l i qui d f or m appr opr i at e f or  
use wi t h br azi ng mat er i al .   Fl ux shal l  be as f ol l ows:   l ead- f r ee;  have 
a 100 per cent  f l ushabl e r esi due;  cont ai n s l i ght l y aci di c r eagent s;  
cont ai n pot assi um bor i des;  and cont ai n f l uor i des.

g.   Sol der  Mat er i al :   Sol der  met al  shal l  conf or m t o ASTM B32.

h.   Sol der  Fl ux:   Fl ux shal l  be l i qui d f or m,  non- cor r osi ve,  and conf or m t o 
ASTM B813,  St andar d Test  1.

i .   PTFE Tape:   PTFE Tape,  f or  use wi t h Thr eaded Met al  or  Pl ast i c Pi pe.

l .   Fl exi bl e El ast omer i c Seal s:   ASTM D3139,  ASTM D3212 or  ASTM F477.

p.   Pl ast i c Sol vent  Cement  f or  PVC Pl ast i c Pi pe:   ASTM D2564 and ASTM D2855.

r .   Fl anged f i t t i ngs i ncl udi ng,  but  not  l i mi t ed t o,  f l anges,  bol t s,  nut s 
and bol t  pat t er ns shal l  be i n accor dance wi t h ASME B16. 5 c l ass 150 and 
shal l  have t he manuf act ur er ' s t r ademar k af f i xed i n accor dance wi t h 
MSS SP- 25.   Fl ange mat er i al  shal l  conf or m t o ASTM A105/ A105M.   Bl i nd 
f l ange mat er i al  shal l  conf or m t o ASTM A516/ A516M col d ser vi ce and 
ASTM A515/ A515M f or  hot  ser vi ce.   Bol t s shal l  be hi gh st r engt h or  
i nt er medi at e st r engt h wi t h mat er i al  conf or mi ng t o ASTM A193/ A193M.

t .   Pr ess f i t t i ngs f or  Copper  Pi pe and Tube:  Copper  pr ess f i t t i ngs shal l  
conf or m t o t he mat er i al  and si z i ng r equi r ement s of  ASME B16. 51 and 
per f or mance cr i t er i a of  I APMO PS 117.   Seal i ng el ement s f or  copper  
pr ess f i t t i ngs shal l  be EPDM,  FKM or  HNBR.   Seal i ng el ement s shal l  be 
f act or y i nst al l ed or  an al t er nat i ve suppl i ed f i t t i ng manuf act ur er .   
Seal i ng el ement  shal l  be sel ect ed based on manuf act ur er ' s appr oved 
appl i cat i on gui del i nes.
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u.   Copper  t ubi ng shal l  conf or m t o ASTM B88,  Type K,  L or  M.

2. 1. 2   Mi scel l aneous Mat er i al s

Mi scel l aneous mat er i al s shal l  conf or m t o t he f ol l owi ng:

a.   Wat er  Hammer  Ar r est er :   PDI  WH 201.   Wat er  hammer  ar r est er  shal l  be 
pi st on t ype.

b.   Copper ,  Sheet  and St r i p f or  Bui l di ng Const r uct i on:   ASTM B370.

c.   Asphal t  Roof  Cement :   ASTM D2822/ D2822M.

d.   Hose Cl amps:   SAE J1508.

e.   Suppor t s f or  Of f - The- Fl oor  Pl umbi ng Fi xt ur es:   ASME A112. 6. 1M.

f .   Met al l i c  Cl eanout s:   ASME A112. 36. 2M.

g.   Pl umbi ng Fi xt ur e Set t i ng Compound:   A pr ef or med f l exi bl e r i ng seal  
mol ded f r om hydr ocar bon wax mat er i al .   The seal  mat er i al  shal l  be 
nonvol at i l e nonasphal t i c  and cont ai n ger mi ci de and pr ovi de wat er t i ght ,  
gast i ght ,  odor pr oof  and ver mi npr oof  pr oper t i es.

i .   Hypochl or i t es:   AWWA B300.

j .   Li qui d Chl or i ne:   AWWA B301.

k.   Gauges -  Pr essur e and Vacuum I ndi cat i ng Di al  Type -  El ast i c El ement :   
ASME B40. 100.

l .   Ther momet er s:   ASTM E1.   Mer cur y shal l  not  be used i n t her momet er s.

2. 1. 3   Pi pe I nsul at i on Mat er i al

I nsul at i on shal l  be as speci f i ed i n Sect i on 23 07 00 THERMAL I NSULATI ON 
FOR MECHANI CAL SYSTEMS.

2. 2   PI PE HANGERS,  I NSERTS,  AND SUPPORTS

Pi pe hanger s,  i nser t s,  and suppor t s shal l  conf or m t o MSS SP- 58.

2. 3   VALVES

Val ves shal l  be pr ovi ded on suppl i es t o equi pment  and f i xt ur es.   Val ves 
2- 1/ 2 i nches and smal l er  shal l  be br onze wi t h t hr eaded bodi es f or  pi pe and 
sol der - t ype connect i ons f or  t ubi ng.   Val ves 3 i nches and l ar ger  shal l  have 
f l anged i r on bodi es and br onze t r i m.   Pr essur e r at i ngs shal l  be based upon 
t he appl i cat i on.   Gr ooved end val ves may be pr ovi ded i f  t he manuf act ur er  
cer t i f i es t hat  t he val ves meet  t he per f or mance r equi r ement s of  appl i cabl e 
MSS st andar d.   Val ves shal l  conf or m t o t he f ol l owi ng st andar ds:

Descr i pt i on St andar d

Bal l  Val ves wi t h Fl anged But t - Wel di ng Ends 
f or  Gener al  Ser vi ce

MSS SP- 72
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Bal l  Val ves Thr eaded,  Socket - Wel di ng,  
Sol der  Joi nt ,  Gr ooved and Fl ar ed Ends

MSS SP- 110

Cast - I r on Pl ug Val ves,  Fl anged and Thr eaded 
Ends

MSS SP- 78

Br onze Gat e,  Gl obe,  Angl e,  and Check Val ves MSS SP- 80

St eel  Val ves,  Socket  Wel di ng and Thr eaded 
Ends

ASME B16. 34

Vacuum Rel i ef  Val ves ANSI  Z21. 22/ CSA 4. 4

Wat er  Heat er  Dr ai n Val ves ASME BPVC SEC I V,  Par t  HLW- 810:  
Requi r ement s f or  Pot abl e- Wat er  Heat er s 
Bot t om Dr ai n Val ve

Tr ap Seal  Pr i mer  Val ves ASSE 1018

Temper at ur e and Pr essur e Rel i ef  Val ves f or  
Hot  Wat er  Suppl y Syst ems

ANSI  Z21. 22/ CSA 4. 4

2. 3. 1   Wal l  Hydr ant s ( Fr ost pr oof )

ASSE 1019 wi t h vacuum- br eaker  backf l ow pr event er  shal l  have a ni ckel - br ass 
or  ni ckel - br onze wal l  pl at e or  f l ange wi t h nozzl e and det achabl e key 
handl e.   A br ass or  br onze oper at i ng r od shal l  be pr ovi ded wi t hi n a 
gal vani zed i r on casi ng of  suf f i c i ent  l engt h t o ext end t hr ough t he wal l  so 
t hat  t he val ve i s i nsi de t he bui l di ng,  and t he por t i on of  t he hydr ant  
bet ween t he out l et  and val ve i s sel f - dr ai ni ng.   A br ass or  br onze val ve 
wi t h coupl i ng and uni on el bow havi ng met al - t o- met al  seat  shal l  be 
pr ovi ded.   Val ve r od and seat  washer  shal l  be r emovabl e t hr ough t he f ace 
of  t he hydr ant .   The hydr ant  shal l  have 3/ 4 i nch exposed hose t hr ead on 
spout  and 3/ 4 i nch mal e pi pe t hr ead on i nl et .

2. 3. 2   Rel i ef  Val ves

Wat er  heat er s shal l  have a combi nat i on pr essur e and t emper at ur e ( P&T)  
r el i ef  val ve.   The pr essur e r el i ef  el ement  of  a P&T r el i ef  val ve shal l  
have adequat e capaci t y t o pr event  excessi ve pr essur e bui l dup i n t he syst em 
when t he syst em i s oper at i ng at  t he maxi mum r at e of  heat  i nput .   The 
t emper at ur e el ement  of  a P&T r el i ef  val ve shal l  have a r el i evi ng capaci t y 
whi ch i s at  l east  equal  t o t he t ot al  i nput  of  t he heat er s when oper at i ng 
at  t hei r  maxi mum capaci t y.   Rel i ef  val ves shal l  be r at ed accor di ng t o 
ANSI  Z21. 22/ CSA 4. 4.    The di schar ge pi pe f r om t he r el i ef  val ve shal l  be 
t he s i ze of  t he val ve out l et .

2. 3. 3   Ther most at i c Mi xi ng Val ves

Pr ovi de t her most at i c mi xi ng val ve f or  l avat or y f aucet s.   Mi xi ng val ves,  
t her most at i c t ype,  pr essur e- bal anced or  combi nat i on t her most at i c and 
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pr essur e- bal anced shal l  be l i ne s i ze and shal l  be const r uct ed wi t h r ough 
or  f i ni sh bodi es ei t her  wi t h or  wi t hout  pl at i ng.   Each val ve shal l  be 
const r uct ed t o cont r ol  t he mi xi ng of  hot  and col d wat er  and t o del i ver  
wat er  at  a desi r ed t emper at ur e r egar dl ess of  pr essur e or  i nput  t emper at ur e 
changes.   The cont r ol  el ement  shal l  be of  an appr oved t ype.   The body 
shal l  be of  heavy cast  br onze,  and i nt er i or  par t s shal l  be br ass,  br onze,  
cor r osi on- r esi st i ng st eel  or  copper .   The val ve shal l  be equi pped wi t h 
necessar y st ops,  check val ves,  uni ons,  and sedi ment  st r ai ner s on t he 
i nl et s.   Mi xi ng val ves shal l  mai nt ai n wat er  t emper at ur e wi t hi n 5 degr ees F 
of  any set t i ng.

2. 4   FI XTURES

Wat er  c l oset  r epl acement s i n maj or  r enovat i ons may have a f l ush val ve of  
up t o  1. 6 GPF t o accommodat e exi st i ng pl umbi ng capaci t y.   Fi xt ur es f or  
use by t he physi cal l y handi capped shal l  be i n accor dance wi t h I CC A117. 1.  
Vi t r eous Chi na,  nonabsor bent ,  har d- bur ned,  and vi t r i f i ed t hr oughout  t he 
body shal l  be pr ovi ded.   Por cel ai n enamel ed war e shal l  have speci al l y 
sel ect ed,  c l ear  whi t e,  aci d- r esi st i ng enamel  coat i ng evenl y appl i ed on 
sur f aces.   No f i xt ur e wi l l  be accept ed t hat  shows cr acks,  cr azes,  
bl i st er s,  t hi n spot s,  or  ot her  f l aws.   Fi xt ur es shal l  be equi pped wi t h 
appur t enances such as t r aps,  f aucet s,  st op val ves,  and dr ai n f i t t i ngs.   
Each f i xt ur e and pi ece of  equi pment  r equi r i ng connect i ons t o t he dr ai nage 
syst em,  except  gr ease i nt er cept or s,  shal l  be equi pped wi t h a t r ap.   Br ass 
expansi on or  t oggl e bol t s capped wi t h acor n nut s shal l  be pr ovi ded f or  
suppor t s,  and pol i shed chr omi um- pl at ed pi pe,  val ves,  and f i t t i ngs shal l  be 
pr ovi ded wher e exposed t o v i ew.   Fi xt ur es wi t h t he suppl y di schar ge bel ow 
t he r i m shal l  be equi pped wi t h backf l ow pr event er s.   I nt er nal  par t s of  
f l ush val ves and f l ushomet er  val ves,  shower  mi xi ng val ves,  shower  head 
f ace pl at es,  pop- up st opper s of  l avat or y wast e dr ai ns,  and pop- up st opper s 
and over f l ow t ees and shoes of  bat ht ub wast e dr ai ns shal l  be copper  al l oy 
wi t h al l  v i s i bl e sur f aces chr ome pl at ed.   Pl ast i c i n cont act  wi t h hot  
wat er  shal l  be sui t abl e f or  180 degr ees F wat er  t emper at ur e.

2. 4. 1   Lavat or i es

Vi t r eous chi na l avat or i es shal l  be under - mount  t o count er .   Pr ovi de 
Wat er Sense l abel ed f aucet  wi t h a maxi mum f l ow r at e of  0. 5 gpm at  a f l owi ng 
pr essur e of  60 psi .  

2. 4. 2   Fl ush Val ve Wat er  Cl oset s

ASME A112. 19. 2/ CSA B45. 1,  whi t e v i t r eous chi na,   s i phon j et ,  el ongat ed 
bowl ,  f l oor - mount ed,  f l oor  out l et .   Top of  t oi l et  seat  hei ght  above f l oor  
shal l  be 14 t o 15 i nches,  except  17 t o 19 i nches f or  wheel chai r  wat er  
c l oset s.   Pr ovi de wax bowl  r i ng i ncl udi ng pl ast i c s l eeve.   Pr ovi de whi t e 
sol i d pl ast i c el ongat ed open- f r ont  seat .

Wat er  f l ushi ng vol ume of  t he wat er  c l oset  and f l ush val ve combi nat i on 
shal l  not  exceed 1. 28 gal l ons per  f l ush.   Wat er  c l oset s must  meet  t he EPA 
Wat er Sense pr oduct  def i ni t i on speci f i ed i n 
ht t p: / / www. epa. gov/ wat er sense/ par t ner s/ pr oduct _pr ogr am_specs. ht ml  and must  
be EPA Wat er Sense l abel ed pr oduct s.

Pr ovi de l ar ge di amet er  f l ush val ve i ncl udi ng angl e cont r ol - st op val ve,  
vacuum br eaker ,  t ai l  pi eces,  s l i p nut s,  and wal l  pl at es;  exposed t o v i ew 
component s shal l  be chr omi um- pl at ed or  pol i shed st ai nl ess st eel .   Fl ush 
val ves shal l  be nonhol d- open t ype.   Mount  f l ush val ves not  l ess t han 11 
i nches above t he f i xt ur e.   Mount ed hei ght  of  f l ush val ve shal l  not  
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i nt er f er e wi t h t he hand r ai l  i n ADA st al l s.

2. 4. 3   Count er t op Lavat or i es

ASME A112. 19. 2/ CSA B45. 1,  whi t e v i t r eous chi na,  , sel f - r i mmi ng,  mi ni mum 
di mensi ons of  19 i nches wi de by 17 i nches f r ont  t o r ear ,  wi t h suppl y 
openi ngs f or  use wi t h t op mount ed cent er set  f aucet s.   Fur ni sh t empl at e and 
mount i ng k i t  by l avat or y manuf act ur er .   Pr ovi de aer at or  wi t h f aucet .   
Pr ovi de l avat or y f aucet s and accessor i es meet i ng t he f l ow r at e and pr oduct  
r equi r ement s of  t he par agr aph LAVATORI ES.   Mount  count er  wi t h t he t op 
sur f ace 34 i nches above f l oor  and wi t h 29 i nches mi ni mum cl ear ance f r om 
bot t om of  t he count er  f ace t o f l oor .   Pr ovi de t op mount ed washer l ess 
cent er set  l avat or y f aucet s.

2. 4. 4   Ki t chen Si nks

ASME A112. 19. 3/ CSA B45. 4,  20 gage st ai nl ess st eel  under  mount  wi t h mi ni mum 
di mensi ons of  33 i nches wi de by 21 i nches f r ont  t o r ear ,  t wo compar t ment s,  
wi t h under si des f ul l y sound deadened,  wi t h suppl y openi ngs f or  use wi t h 
t op mount ed washer l ess s i nk f aucet s wi t h hose spr ay,  and wi t h 3. 5 i nch 
dr ai n out l et .  Wat er  f l ow r at e shal l  not  exceed 2. 2 gpm when measur ed at  a 
f l owi ng wat er  pr essur e of  60 psi .   Pr ovi de st ai nl ess st eel  dr ai n out l et s 
and st ai nl ess st eel  cup st r ai ner s.   Pr ovi de separ at e 1. 5 i nch P- t r ap and 
dr ai n pi pi ng t o ver t i cal  vent  pi pi ng f r om each compar t ment .  Pr ovi de t op 
mount ed washer l ess s i nk f aucet s wi t h hose spr ay.

2. 4. 5   Dr i nki ng- Wat er  Cool er s

AHRI  1010 wi t h mor e t han a s i ngl e t hi ckness of  met al  bet ween t he pot abl e 
wat er  and t he r ef r i ger ant  i n t he heat  exchanger ,  wal l - hung,  bubbl er  st y l e,  
ai r - cool ed condensi ng uni t ,  4. 75 gph mi ni mum capaci t y,  st ai nl ess st eel  
spl ash r ecept or  and basi n,  and st ai nl ess st eel  cabi net .   Bubbl er s shal l  be 
cont r ol l ed by push l ever s or  push bar s,  f r ont  mount ed or  s i de mount ed near  
t he f r ont  edge of  t he cabi net .   Bubbl er  spout s shal l  be mount ed at  maxi mum 
of  36 i nches above f l oor  and at  f r ont  of  uni t  basi n.   Spout s shal l  di r ect  
wat er  f l ow at  l east  4 i nches above uni t  basi n and t r aj ect or y par al l el  or  
near l y par al l el  t o t he f r ont  of  uni t .   Pr ovi de ASME A112. 6. 1M conceal ed 
st eel  pi pe chai r  car r i er s.   Pr ovi de el ect r i c wat er  cool er  t hat  i s  
Ener gy St ar  l abel ed.

2. 4. 6   Wheel chai r  Dr i nki ng Wat er  cool er

AHRI  1010,  wal l - mount ed bubbl er  st y l e wi t h ASME A112. 6. 1M conceal ed chai r  
car r i er ,  ai r - cool ed condensi ng uni t ,  4. 75 gph mi ni mum capaci t y,  st ai nl ess 
st eel  spl ash r ecept or ,  and al l  st ai nl ess st eel  cabi net ,  wi t h 27 i nch 
mi ni mum knee cl ear ance f r om f r ont  bot t om of  uni t  t o f l oor  and 36 i nch 
maxi mum spout  hei ght  above f l oor  and bot t l e f i l l er .   Bubbl er s shal l  al so 
be cont r ol l ed by push l ever s,  by push bar s,  or  t ouch pads one on each si de 
or  one on f r ont  and bot h s i des of  t he cabi net .   Pr ovi de el ect r i c wat er  
cool er  t hat  i s  Ener gy St ar  l abel ed.   

2. 5   BACKFLOW PREVENTERS

Backf l ow pr event i on devi ces must  be appr oved by t he St at e or  l ocal  
r egul at or y agenci es.  I f  t her e i s no St at e or  l ocal  r egul at or y agency 
r equi r ement s,  t he backf l ow pr event i on devi ces must  be l i s t ed by t he 
Foundat i on f or  Cr oss- Connect i on Cont r ol  & Hydr aul i c Resear ch,  or  any ot her  
appr oved t est i ng l abor at or y havi ng equi val ent  capabi l i t i es f or  bot h 
l abor at or y and f i el d eval uat i on of  backf l ow pr event i on devi ces and 
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assembl i es.

Reduced pr essur e pr i nci pl e assembl i es shal l  be meet  t he above r equi r ement s.

Reduced pr essur e pr i nci pl e backf l ow pr event er s shal l  conf or m t o ASSE 1013.   
 Ai r  gaps i n pl umbi ng syst ems shal l  conf or m t o ASME A112. 1. 2.

2. 6   DRAI NS

2. 6. 1   Fl oor  and Shower  Dr ai ns

Fl oor  and shower  dr ai ns shal l  consi st  of  a gal vani zed body,  i nt egr al  
seepage pan,  and adj ust abl e per f or at ed or  s l ot t ed chr omi um- pl at ed br onze,  
ni ckel - br onze,  or  ni ckel - br ass st r ai ner ,  consi st i ng of  gr at e and t hr eaded 
col l ar .   Fl oor  dr ai ns shal l  be cast  i r on except  wher e met al l i c  
wat er pr oof i ng membr ane i s i nst al l ed.   Dr ai ns shal l  be of  doubl e dr ai nage 
pat t er n f or  embeddi ng i n t he f l oor  const r uct i on.   The seepage pan shal l  
have weep hol es or  channel s f or  dr ai nage t o t he dr ai npi pe.   The st r ai ner  
shal l  be adj ust abl e t o f l oor  t hi ckness.   A c l ampi ng devi ce f or  at t achi ng 
f l ashi ng or  wat er pr oof i ng membr ane t o t he seepage pan wi t hout  damagi ng t he 
f l ashi ng or  wat er pr oof i ng membr ane shal l  be pr ovi ded when r equi r ed.   
Dr ai ns shal l  be pr ovi ded wi t h t hr eaded connect i on.    Fl oor  and shower  
dr ai ns shal l  conf or m t o ASME A112. 6. 3.   Pr ovi de dr ai n wi t h t r ap pr i mer  
connect i on,  t r ap pr i mer ,  and connect i on pi pi ng.   Pr i mer  shal l  meet  
ASSE 1018.

2. 6. 1. 1   Dr ai ns 

Dr ai ns i nst al l ed i n connect i on wi t h wat er pr oof ed f l oor s or  shower  pans 
shal l  be equi pped wi t h bol t ed- t ype devi ce t o secur el y c l amp f l ashi ng.

2. 6. 2   Shower  Faucet s and Dr ai n Fi t t i ngs

Pr ovi de si ngl e cont r ol  pr essur e equal i z i ng shower  f aucet s wi t h body 
mount ed f r om behi nd t he wal l  wi t h t hr eaded connect i ons.   Pr ovi de bal l  
j oi nt  sel f - c l eani ng shower  heads.   Pr ovi de Wat er Sense l abel ed shower head 
wi t h a maxi mum f l ow r at e of  ( 1. 75 gpm) .    Pr ovi de t ubi ng mount ed f r om 
behi nd t he wal l  bet ween bat ht ub f aucet s and shower  heads and bat ht ub 
di ver t er  spout s.   Pr ovi de separ at e angl e val ves wi t h uni on connect i ons i n 
each suppl y t o f aucet .     Pr ovi de shower  val ve wi t h bal l  t ype cont r ol  
handl e.

2. 7   SHOWER PAN

Shower  pan may be copper ,  or  nonmet al l i c  mat er i al .

2. 7. 1   Sheet  Copper

Sheet  copper  shal l  be 16 ounce wei ght .

2. 7. 2   Pl ast i c i zed Pol yvi nyl  Chl or i de Shower  Pan Mat er i al

Mat er i al  shal l  be sheet  f or m.   The mat er i al  shal l  be 0. 040 i nch mi ni mum 
t hi ckness of  pl ast i c i zed pol yvi nyl  chl or i de or  chl or i nat ed pol yet hyl ene 
and shal l  be i n accor dance wi t h ASTM D4551.

2. 7. 3   Nonpl ast i c i zed Pol yvi nyl  Chl or i de ( PVC)  Shower  Pan Mat er i al

Mat er i al  shal l  consi st  of  a pl ast i c wat er pr oof i ng membr ane i n sheet  f or m.   
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The mat er i al  shal l  be 0. 040 i nch mi ni mum t hi ckness of  nonpl ast i c i zed PVC 
and shal l  have t he f ol l owi ng mi ni mum pr oper t i es:

a.    or  ASTM D638:

Ul t i mat e Tensi l e St r engt h:     2600 psi
Ul t i mat e El ongat i on:          398 per cent
100 Per cent  Modul us:           445 psi

b.   ASTM D1004:

Tear  St r engt h:                300 pounds per  i nch

c.   ASTM E96/ E96M:

Per meance:                    0. 008 per ms

d.   Ot her  Pr oper t i es:

Speci f i c  Gr avi t y:             1. 29
PVC Sol vent :                  Wel dabl e
Col d Cr ack:                   mi nus 53 degr ees F
Di mensi onal  st abi l i t y         212 degr ees F mi nus 2. 5 per cent
Har dness,  Shor e A:            89

2. 8   TRAPS

Unl ess ot her wi se speci f i ed,  t r aps shal l  be pl ast i c per  ASTM F409 or  
copper - al l oy adj ust abl e t ube t ype wi t h s l i p j oi nt  i nl et  and swi vel .   Tr aps 
shal l  be wi t hout  a c l eanout .   Pr ovi de t r aps wi t h r emovabl e access panel s 
f or  easy c l ean- out  at  s i nks and l avat or i es.   Tubes shal l  be copper  al l oy 
wi t h wal l s not  l ess t han 0. 032 i nch t hi ck wi t hi n commer ci al  t ol er ances,  
except  on t he out si de of  bends wher e t he t hi ckness may be r educed sl i ght l y 
i n manuf act ur e by usual  commer ci al  met hods.   I nl et s shal l  have r ubber  
washer  and copper  al l oy nut s f or  s l i p j oi nt s above t he di schar ge l evel .   
Swi vel  j oi nt s shal l  be bel ow t he di schar ge l evel  and shal l  be of  
met al - t o- met al  or  met al - t o- pl ast i c t ype as r equi r ed f or  t he appl i cat i on.   
Nut s shal l  have f l at s f or  wr ench gr i p.   Out l et s shal l  have i nt er nal  pi pe 
t hr ead,  except  t hat  when r equi r ed f or  t he appl i cat i on,  t he out l et s shal l  
have socket s f or  sol der - j oi nt  connect i ons.   The dept h of  t he wat er  seal  
shal l  be not  l ess t han 2 i nches.   The i nt er i or  di amet er  shal l  be not  mor e 
t han 1/ 8 i nch over  or  under  t he nomi nal  s i ze,  and i nt er i or  sur f aces shal l  
be r easonabl y smoot h t hr oughout .   A copper  al l oy " P"  t r ap assembl y 
consi st i ng of  an adj ust abl e " P"  t r ap and t hr eaded t r ap wal l  ni ppl e wi t h 
cast  br ass wal l  f l ange shal l  be pr ovi ded f or  l avat or i es.   The assembl y 
shal l  be a st andar d manuf act ur ed uni t  and may have a r ubber - gasket ed 
swi vel  j oi nt .

2. 9   I NTERCEPTORS

2. 9. 1   Sand I nt er cept or s

Sand i nt er cept or  of  t he s i ze i ndi cat ed shal l  be of  r ei nf or ced concr et e,  or  
equi val ent  capaci t y commer ci al l y avai l abl e st eel  sand i nt er cept or  wi t h 
manuf act ur er ' s st andar d checker - pl at e cover ,  and shal l  be i nst al l ed f l oor  
mount ed.   St eel  sand i nt er cept or  shal l  be i nst al l ed i n accor dance wi t h 
manuf act ur er ' s r ecommendat i ons and shal l  be coat ed t o r esi st  cor r osi on as 
r ecommended by t he manuf act ur er .
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2. 10   WATER HEATERS

Wat er  heat er  t ypes and capaci t i es shal l  be as i ndi cat ed.   Each wat er  
heat er  shal l  have r epl aceabl e anodes.   Each pr i mar y wat er  heat er  shal l  
have cont r ol s wi t h an adj ust abl e r ange t hat  i ncl udes 90 t o 160 degr ees F.   
The t her mal  ef f i c i enci es and st andby heat  l osses shal l  conf or m t o TABLE 
I I I  i n PART 3 of  t hi s Sect i on f or  each t ype of  wat er  heat er  speci f i ed.    
Pl ast i c mat er i al s pol yet her i mi de ( PEI )  and pol yet her sul f one ( PES)  ar e 
f or bi dden t o be used f or  vent  pi pi ng of  combust i on gases.   A f act or y 
pr e- char ged expansi on t ank shal l  be i nst al l ed on t he col d wat er  suppl y t o 
each wat er  heat er .   Expansi on t anks shal l  be speci f i cal l y desi gned f or  use 
on pot abl e wat er  syst ems and shal l  be r at ed f or  200 degr ees F wat er  
t emper at ur e and 150 psi  wor ki ng pr essur e.   The expansi on t ank si ze and 
accept ance vol ume shal l  be as i ndi cat ed.

2. 10. 1   Aut omat i c St or age Type

2. 10. 1. 1   El ect r i c Type

El ect r i c t ype wat er  heat er s shal l  conf or m t o UL 174 wi t h dual  heat i ng 
el ement s.    Each el ement  shal l  be 4. 5 KW.   The el ement s shal l  be wi r ed so 
t hat  onl y one el ement  can oper at e at  a t i me.   

2. 11   MI SCELLANEOUS PI PI NG I TEMS

2. 11. 1   Escut cheon Pl at es

Pr ovi de one pi ece or  spl i t  hi nge met al  pl at es f or  pi pi ng ent er i ng f l oor s,  
wal l s,  and cei l i ngs i n exposed spaces.   Pr ovi de chr omi um- pl at ed on copper  
al l oy pl at es or  pol i shed st ai nl ess st eel  f i ni sh i n f i ni shed spaces.   
Pr ovi de pai nt  f i ni sh on pl at es i n unf i ni shed spaces.

2. 11. 2   Pi pe Sl eeves

Pr ovi de wher e pi pi ng passes ent i r el y t hr ough wal l s,  cei l i ngs,  r oof s,  and 
f l oor s.   Sl eeves ar e not  r equi r ed wher e  dr ai n,  wast e,  and vent  ( DWV)  
pi pi ng passes t hr ough concr et e f l oor  s l abs l ocat ed on gr ade,  except  wher e 
penet r at i ng a membr ane wat er pr oof  f l oor .

2. 11. 2. 1   Sl eeves i n Masonr y and Concr et e

Pr ovi de st eel  pi pe s l eeves or  schedul e 40 PVC pl ast i c pi pe sl eeves.   
Sl eeves ar e not  r equi r ed wher e dr ai n,  wast e,  and vent  ( DWV)  pi pi ng passes 
t hr ough concr et e f l oor  s l abs l ocat ed on gr ade.   Cor e dr i l l i ng of  masonr y 
and concr et e may be pr ovi ded i n l i eu of  pi pe s l eeves when cavi t i es i n t he 
cor e- dr i l l ed hol e ar e compl et el y gr out ed smoot h.

2. 11. 2. 2   Sl eeves Not  i n Masonr y and Concr et e

Pr ovi de 26 gage gal vani zed st eel  sheet  or  PVC pl ast i c pi pe sl eeves.

2. 11. 3   Pi pe Hanger s ( Suppor t s)

Pr ovi de MSS SP- 58 Type 1 wi t h adj ust abl e t ype st eel  suppor t  r ods,  except  
as speci f i ed or  i ndi cat ed ot her wi se.   At t ach t o st eel  j oi st s wi t h Type 19 
or  23 cl amps and r et ai ni ng st r aps.   At t ach t o St eel  W or  S beams wi t h Type 
21,  28,  29,  or  30 cl amps.   At t ach t o st eel  angl es and ver t i cal  web st eel  
channel s wi t h Type 20 cl amp wi t h beam cl amp channel  adapt er .   At t ach t o 
hor i zont al  web st eel  channel  and wood wi t h dr i l l ed hol e on cent er l i ne and 
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doubl e nut  and washer .   At t ach t o concr et e wi t h Type 18 i nser t  or  dr i l l ed 
expansi on anchor .   Pr ovi de Type 40 i nsul at i on pr ot ect i on shi el d f or  
i nsul at ed pi pi ng.

PART 3   EXECUTI ON

3. 1   GENERAL I NSTALLATI ON REQUI REMENTS

Pi pi ng l ocat ed i n ai r  pl enums shal l  conf or m t o NFPA 90A r equi r ement s.     
Pi pi ng l ocat ed i n shaf t s t hat  const i t ut e ai r  duct s or  t hat  encl ose ai r  
duct s shal l  be noncombust i bl e i n accor dance wi t h NFPA 90A.   I nst al l at i on 
of  pl ast i c pi pe wher e i n compl i ance wi t h NFPA may be i nst al l ed i n 
accor dance wi t h PPFA Fi r e Man.   The pl umbi ng syst em shal l  be i nst al l ed 
compl et e wi t h necessar y f i x t ur es,  f i t t i ngs,  t r aps,  val ves,  and 
accessor i es.   Wat er  and dr ai nage pi pi ng shal l  be ext ended 5 f eet  out si de 
t he bui l di ng,  unl ess ot her wi se i ndi cat ed.   A f ul l  por t  bal l  val ve and 
dr ai n shal l  be i nst al l ed on t he wat er  ser vi ce l i ne i nsi de t he bui l di ng 
appr oxi mat el y 6 i nches above t he f l oor  f r om poi nt  of  ent r y.   Pi pi ng shal l  
be connect ed t o t he ext er i or  ser vi ce l i nes or  capped or  pl ugged i f  t he 
ext er i or  ser vi ce i s not  i n pl ace.   Sewer  and wat er  pi pes shal l  be l ai d i n 
separ at e t r enches,  except  when ot her wi se shown.   Ext er i or  under gr ound 
ut i l i t i es shal l  be at  l east  12 i nches bel ow t he f i ni sh gr ade or  as 
i ndi cat ed on t he dr awi ngs.   I f  t r enches ar e c l osed or  t he pi pes ar e 
ot her wi se cover ed bef or e bei ng connect ed t o t he ser vi ce l i nes,  t he 
l ocat i on of  t he end of  each pl umbi ng ut i l i t y  shal l  be mar ked wi t h a st ake 
or  ot her  accept abl e means.   Val ves shal l  be i nst al l ed wi t h cont r ol  no 
l ower  t han t he val ve body.

3. 1. 1   Wat er  Pi pe,  Fi t t i ngs,  and Connect i ons

3. 1. 1. 1   Ut i l i t i es

The pi pi ng shal l  be ext ended t o f i x t ur es,  out l et s,  and equi pment .   The 
hot - wat er  and col d- wat er  pi pi ng syst em shal l  be ar r anged and i nst al l ed t o 
per mi t  dr ai ni ng.   The suppl y l i ne t o each i t em of  equi pment  or  f i x t ur e,  
except  f aucet s,  f l ush val ves,  or  ot her  cont r ol  val ves whi ch ar e suppl i ed 
wi t h i nt egr al  st ops,  shal l  be equi pped wi t h a shut of f  val ve t o enabl e 
i sol at i on of  t he i t em f or  r epai r  and mai nt enance wi t hout  i nt er f er i ng wi t h 
oper at i on of  ot her  equi pment  or  f i x t ur es.   Suppl y pi pi ng t o f i x t ur es,  
f aucet s,  hydr ant s,  shower  heads,  and f l ushi ng devi ces shal l  be anchor ed t o 
pr event  movement .

3. 1. 1. 2   Cut t i ng and Repai r i ng

The wor k shal l  be car ef ul l y l ai d out  i n advance,  and unnecessar y cut t i ng 
of  const r uct i on shal l  be avoi ded.   Damage t o bui l di ng,  pi pi ng,  wi r i ng,  or  
equi pment  as a r esul t  of  cut t i ng shal l  be r epai r ed by mechani cs ski l l ed i n 
t he t r ade i nvol ved.

3. 1. 1. 3   Pr ot ect i on of  Fi xt ur es,  Mat er i al s,  and Equi pment

Pi pe openi ngs shal l  be c l osed wi t h caps or  pl ugs dur i ng i nst al l at i on.  
Fi xt ur es and equi pment  shal l  be t i ght l y cover ed and pr ot ect ed agai nst  
di r t ,  wat er ,  chemi cal s,  and mechani cal  i nj ur y.   Upon compl et i on of  t he 
wor k,  t he f i x t ur es,  mat er i al s,  and equi pment  shal l  be t hor oughl y c l eaned,  
adj ust ed,  and oper at ed.   Saf et y guar ds shal l  be pr ovi ded f or  exposed 
r ot at i ng equi pment .
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3. 1. 1. 4   Mai ns,  Br anches,  and Runout s

Pi pi ng shal l  be i nst al l ed as i ndi cat ed.   Pi pe shal l  be accur at el y cut  and 
wor ked i nt o pl ace wi t hout  spr i ngi ng or  f or c i ng.   St r uct ur al  por t i ons of  
t he bui l di ng shal l  not  be weakened.   Abovegr ound pi pi ng shal l  r un par al l el  
wi t h t he l i nes of  t he bui l di ng,  unl ess ot her wi se i ndi cat ed.   Br anch pi pes 
f r om ser vi ce l i nes may be t aken f r om t op,  bot t om,  or  s i de of  mai n,  usi ng 
cr ossover  f i t t i ngs r equi r ed by st r uct ur al  or  i nst al l at i on condi t i ons.   
Suppl y pi pes,  val ves,  and f i t t i ngs shal l  be kept  a suf f i c i ent  di st ance 
f r om ot her  wor k and ot her  ser vi ces t o per mi t  not  l ess t han 1/ 2 i nch 
bet ween f i ni shed cover i ng on t he di f f er ent  ser vi ces.   Bar e and i nsul at ed 
wat er  l i nes shal l  not  bear  di r ect l y agai nst  bui l di ng st r uct ur al  el ement s 
so as t o t r ansmi t  sound t o t he st r uct ur e or  t o pr event  f l exi bl e movement  
of  t he l i nes.   Wat er  pi pe shal l  not  be bur i ed i n or  under  f l oor s unl ess 
speci f i cal l y i ndi cat ed or  appr oved.   Changes i n pi pe si zes shal l  be made 
wi t h r educi ng f i t t i ngs.   Use of  bushi ngs wi l l  not  be per mi t t ed except  f or  
use i n s i t uat i ons i n whi ch st andar d f act or y f abr i cat ed component s ar e 
f ur ni shed t o accommodat e speci f i c  accept ed i nst al l at i on pr act i ce.   Change 
i n di r ect i on shal l  be made wi t h f i t t i ngs,  except  t hat  bendi ng of  pi pe 4 
i nches and smal l er  wi l l  be per mi t t ed,  pr ovi ded a pi pe bender  i s used and 
wi de sweep bends ar e f or med.   The cent er - l i ne r adi us of  bends shal l  be not  
l ess t han si x di amet er s of  t he pi pe.   Bent  pi pe showi ng ki nks,  wr i nkl es,  
f l at t eni ng,  or  ot her  mal f or mat i ons wi l l  not  be accept abl e.

3. 1. 1. 5   Pi pe Dr ai ns

Pi pe dr ai ns i ndi cat ed shal l  consi st  of  3/ 4 i nch hose bi bb wi t h r enewabl e 
seat  and f ul l  por t  bal l  val ve ahead of  hose bi bb.   At  ot her  l ow poi nt s,  
3/ 4 i nch br ass pl ugs or  caps shal l  be pr ovi ded.   Di sconnect i on of  t he 
suppl y pi pi ng at  t he f i x t ur e i s an accept abl e dr ai n.

3. 1. 1. 6   Expansi on and Cont r act i on of  Pi pi ng

Al l owance shal l  be made t hr oughout  f or  expansi on and cont r act i on of  wat er  
pi pe.   Each hot - wat er  and hot - wat er  c i r cul at i on r i ser  shal l  have expansi on 
l oops or  ot her  pr ovi s i ons such as of f set s and changes i n di r ect i on  wher e 
i ndi cat ed and r equi r ed.   Ri ser s shal l  be secur el y anchor ed as r equi r ed or  
wher e i ndi cat ed t o f or ce expansi on t o l oops.   Br anch connect i ons f r om 
r i ser s shal l  be made wi t h ampl e swi ng or  of f set  t o avoi d undue st r ai n on 
f i t t i ngs or  shor t  pi pe l engt hs.   Hor i zont al  r uns of  pi pe over  50 f eet  i n 
l engt h shal l  be anchor ed t o t he wal l  or  t he suppor t i ng const r uct i on about  
mi dway on t he r un t o f or ce expansi on,  evenl y di v i ded,  t owar d t he ends.   
Suf f i c i ent  f l exi bi l i t y  shal l  be pr ovi ded on br anch r unout s f r om mai ns and 
r i ser s t o pr ovi de f or  expansi on and cont r act i on of  pi pi ng.   Fl exi bi l i t y  
shal l  be pr ovi ded by i nst al l i ng one or  mor e t ur ns i n t he l i ne so t hat  
pi pi ng wi l l  spr i ng enough t o al l ow f or  expansi on wi t hout  st r ai ni ng.   I f  
mechani cal  gr ooved pi pe coupl i ng syst ems ar e pr ovi ded,  t he devi at i on f r om 
desi gn r equi r ement s f or  expansi on and cont r act i on may be al l owed pendi ng 
appr oval  of  Cont r act i ng Of f i cer .

3. 1. 1. 7   Commer ci al - Type Wat er  Hammer  Ar r est er s

Commer ci al - t ype wat er  hammer  ar r est er s shal l  be pr ovi ded on hot -  and 
col d- wat er  suppl i es and shal l  be l ocat ed as gener al l y i ndi cat ed,  wi t h 
pr eci se l ocat i on and si z i ng t o be i n accor dance wi t h PDI  WH 201.   Wat er  
hammer  ar r est er s,  wher e conceal ed,  shal l  be accessi bl e by means of  access 
door s or  r emovabl e panel s.   Commer ci al - t ype wat er  hammer  ar r est er s shal l  
conf or m t o ASSE 1010.   Ver t i cal  capped pi pe col umns wi l l  not  be per mi t t ed.
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3. 1. 2   Joi nt s

I nst al l at i on of  pi pe and f i t t i ngs shal l  be made i n accor dance wi t h t he 
manuf act ur er ' s r ecommendat i ons.   Mi t er i ng of  j oi nt s f or  el bows and 
not chi ng of  st r ai ght  r uns of  pi pe f or  t ees wi l l  not  be per mi t t ed.   Joi nt s 
shal l  be made up wi t h f i t t i ngs of  compat i bl e mat er i al  and made f or  t he 
speci f i c  pur pose i nt ended.

3. 1. 2. 1   Thr eaded

Thr eaded j oi nt s shal l  have Amer i can St andar d t aper  pi pe t hr eads conf or mi ng 
t o ASME B1. 20. 1.   Onl y mal e pi pe t hr eads shal l  be coat ed wi t h gr aphi t e or  
wi t h an appr oved gr aphi t e compound,  or  wi t h an i ner t  f i l l er  and oi l ,  or  
shal l  have a pol yt et r af l uor oet hyl ene t ape appl i ed.

3. 1. 2. 2   Uni ons and Fl anges

Uni ons,  f l anges shal l  not  be conceal ed i n wal l s,  cei l i ngs,  or  par t i t i ons.   
Uni ons shal l  be used on pi pe si zes 2- 1/ 2 i nches and smal l er ;  f l anges shal l  
be used on pi pe si zes 3 i nches and l ar ger .

3. 1. 2. 3   Copper  Tube and Pi pe

a.   Br azed.   Br azed j oi nt s shal l  be made i n conf or mance wi t h AWS B2. 2/ B2. 2M,  
ASME B16. 50,  and CDA A4015 wi t h f l ux and ar e accept abl e f or  al l  pi pe 
s i zes.   Copper  t o copper  j oi nt s shal l  i ncl ude t he use of  
copper - phosphor us or  copper - phosphor us- si l ver  br azi ng met al  wi t hout  
f l ux.   Br azi ng of  di ssi mi l ar  met al s ( copper  t o br onze or  br ass)  shal l  
i ncl ude t he use of  f l ux wi t h ei t her  a copper - phosphor us,  
copper - phosphor us- si l ver  or  a s i l ver  br azi ng f i l l er  met al .

b.   Sol der ed.   Sol der ed j oi nt s shal l  be made wi t h f l ux and ar e onl y 
accept abl e f or  pi pi ng 2 i nches and smal l er .   Sol der ed j oi nt s shal l  
conf or m t o ASME B31. 5 and CDA A4015.   Sol der ed j oi nt s shal l  not  be 
used i n compr essed ai r  pi pi ng bet ween t he ai r  compr essor  and t he 
r ecei ver .

c.   Copper  Tube Ext r act ed Joi nt .   Mechani cal l y ext r act ed j oi nt s shal l  be 
made i n accor dance wi t h I CC I PC.

d.   Pr ess connect i on.   Copper  pr ess connect i ons shal l  be made i n st r i ct  
accor dance wi t h t he manuf act ur er ' s i nst al l at i on i nst r uct i ons f or  
manuf act ur ed r at ed si ze.   The j oi nt s shal l  be pr essed usi ng t he 
t ool ( s)  appr oved by t he manuf act ur er  of  t hat  j oi nt .   Mi ni mum di st ance 
bet ween f i t t i ngs shal l  be i n accor dance wi t h t he manuf act ur er ' s 
r equi r ement s.

3. 1. 2. 4   Pl ast i c Pi pe

PVC pi pe shal l  have j oi nt s made wi t h sol vent  cement  el ast omer i c,  
t hr eadi ng,  ( t hr eadi ng of  Schedul e 80 Pi pe i s al l owed onl y wher e r equi r ed 
f or  di sconnect i on and i nspect i on;  t hr eadi ng of  Schedul e 40 Pi pe i s not  
al l owed) ,  or  mat ed f l anged.

3. 1. 2. 5   Ot her  Joi nt  Met hods

3. 1. 3   Di ssi mi l ar  Pi pe Mat er i al s

Connect i ons bet ween f er r ous and non- f er r ous copper  wat er  pi pe shal l  be 
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made wi t h di el ect r i c uni ons or  f l ange wat er ways.   Di el ect r i c wat er ways 
shal l  have t emper at ur e and pr essur e r at i ng equal  t o or  gr eat er  t han t hat  
speci f i ed f or  t he connect i ng pi pi ng.   Wat er ways shal l  have met al  
connect i ons on bot h ends sui t ed t o mat ch connect i ng pi pi ng.   Di el ect r i c 
wat er ways shal l  be i nt er nal l y l i ned wi t h an i nsul at or  speci f i cal l y 
desi gned t o pr event  cur r ent  f l ow bet ween di ssi mi l ar  met al s.   Di el ect r i c 
f l anges shal l  meet  t he per f or mance r equi r ement s descr i bed her ei n f or  
di el ect r i c wat er ways.   Connect i ng j oi nt s bet ween pl ast i c and met al l i c  pi pe 
shal l  be made wi t h t r ansi t i on f i t t i ng f or  t he speci f i c  pur pose.

3. 1. 4   Pi pe Sl eeves and Fl ashi ng

Pi pe sl eeves shal l  be f ur ni shed and set  i n t hei r  pr oper  and per manent  
l ocat i on.

3. 1. 4. 1   Sl eeve Requi r ement s

Unl ess i ndi cat ed ot her wi se,  pr ovi de pi pe sl eeves meet i ng t he f ol l owi ng 
r equi r ement s:

a.   Secur e s l eeves i n posi t i on and l ocat i on dur i ng const r uct i on.    Pr ovi de 
sl eeves of  suf f i c i ent  l engt h t o pass t hr ough ent i r e t hi ckness of  
wal l s,  cei l i ngs,  r oof s,  and f l oor s.

c.   Sl eeves shal l  not  be i nst al l ed i n st r uct ur al  member s,  except  wher e 
i ndi cat ed or  appr oved.   Rect angul ar  and squar e openi ngs shal l  be as 
det ai l ed.   Each sl eeve shal l  ext end t hr ough i t s r espect i ve f l oor ,  or  
r oof ,  and shal l  be cut  f l ush wi t h each sur f ace,  except  f or  speci al  
c i r cumst ances.  Pi pe sl eeves passi ng t hr ough f l oor s i n wet  ar eas such 
as mechani cal  equi pment  r ooms,  l avat or i es,  k i t chens,  and ot her  
pl umbi ng f i xt ur e ar eas shal l  ext end a mi ni mum of  4 i nches above t he 
f i ni shed f l oor .

d.   Unl ess ot her wi se i ndi cat ed,  s l eeves shal l  be of  a s i ze t o pr ovi de a 
mi ni mum of  1/ 4 i nch  c l ear ance bet ween bar e pi pe or  i nsul at i on and 
i nsi de of  s l eeve or  bet ween i nsul at i on and i nsi de of  s l eeve.   Sl eeves 
i n bear i ng wal l s and concr et e s l ab on gr ade f l oor s shal l  be st eel  pi pe 
or  cast - i r on pi pe.   Sl eeves i n nonbear i ng wal l s or  cei l i ngs may be 
st eel  pi pe,  cast - i r on pi pe,  gal vani zed sheet  met al  wi t h l ock- t ype 
l ongi t udi nal  seam,  or  pl ast i c.

e.   Except  as ot her wi se speci f i ed,  t he annul ar  space bet ween pi pe and 
sl eeve,  or  bet ween j acket  over  i nsul at i on and sl eeve,  shal l  be seal ed 
as i ndi cat ed wi t h seal ant s conf or mi ng t o ASTM C920 and wi t h a pr i mer ,  
backst op mat er i al  and sur f ace pr epar at i on as speci f i ed i n Sect i on 
07 92 00 JOI NT SEALANTS.   The annul ar  space bet ween pi pe and sl eeve,  
bet ween bar e i nsul at i on and sl eeve or  bet ween j acket  over  i nsul at i on 
and sl eeve shal l  not  be seal ed f or  i nt er i or  wal l s whi ch ar e not  
desi gnat ed as f i r e r at ed.

3. 1. 4. 2   Fl ashi ng Requi r ement s

Pi pes passi ng t hr ough r oof  shal l  be i nst al l ed t hr ough a 16 ounce copper  
f l ashi ng,  each wi t hi n an i nt egr al  ski r t  or  f l ange.   Fl ashi ng shal l  be 
sui t abl y f or med,  and t he ski r t  or  f l ange shal l  ext end not  l ess t han 8 
i nches f r om t he pi pe and shal l  be set  over  t he r oof  or  f l oor  membr ane i n a 
sol i d coat i ng of  bi t umi nous cement .   The f l ashi ng shal l  ext end up t he pi pe 
a mi ni mum of  10 i nches.   For  c l eanout s,  t he f l ashi ng shal l  be t ur ned down 
i nt o t he hub and caul ked af t er  pl aci ng t he f er r ul e.   Pi pes passi ng t hr ough 
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pi t ched r oof s shal l  be f l ashed,  usi ng l ead or  copper  f l ashi ng,  wi t h an 
adj ust abl e i nt egr al  f l ange of  adequat e s i ze t o ext end not  l ess t han 8 
i nches f r om t he pi pe i n al l  di r ect i ons and l apped i nt o t he r oof i ng t o 
pr ovi de a wat er t i ght  seal .   The annul ar  space bet ween t he f l ashi ng and t he 
bar e pi pe or  bet ween t he f l ashi ng and t he met al - j acket - cover ed i nsul at i on 
shal l  be seal ed as i ndi cat ed.   Fl ashi ng f or  dr y vent s shal l  be t ur ned down 
i nt o t he pi pe t o f or m a wat er pr oof  j oi nt .   Pi pes,  up t o and i ncl udi ng 10 
i nches i n di amet er ,  passi ng t hr ough r oof  or  f l oor  wat er pr oof i ng membr ane 
may be i nst al l ed t hr ough a cast - i r on s l eeve wi t h caul k i ng r ecess,  anchor  
l ugs,  f l ashi ng- cl amp devi ce,  and pr essur e r i ng wi t h br ass bol t s.   Fl ashi ng 
shi el d shal l  be f i t t ed i nt o t he s l eeve cl ampi ng devi ce.   Pi pes passi ng 
t hr ough wal l  wat er pr oof i ng membr ane shal l  be s l eeved as descr i bed above.   
A wat er pr oof i ng c l ampi ng f l ange shal l  be i nst al l ed.

3. 1. 4. 3   Wat er pr oof i ng

Wat er pr oof i ng at  f l oor - mount ed wat er  c l oset s shal l  be accompl i shed by 
f or mi ng a f l ashi ng guar d f r om sof t - t emper ed sheet  copper .   The cent er  of  
t he sheet  shal l  be per f or at ed and t ur ned down appr oxi mat el y 1- 1/ 2 i nches 
t o f i t  bet ween t he out si de di amet er  of  t he dr ai npi pe and t he i nsi de 
di amet er  of  t he cast - i r on or  st eel  pi pe s l eeve.   The t ur ned- down por t i on 
of  t he f l ashi ng guar d shal l  be embedded i n seal ant  t o a dept h of  
appr oxi mat el y 1- 1/ 2 i nches;  t hen t he seal ant  shal l  be f i ni shed of f  f l ush 
t o f l oor  l evel  bet ween t he f l ashi ng guar d and dr ai npi pe.   The f l ashi ng 
guar d of  sheet  copper  shal l  ext end not  l ess t han 8 i nches f r om t he 
dr ai npi pe and shal l  be l apped bet ween t he f l oor  membr ane i n a sol i d 
coat i ng of  bi t umi nous cement .   I f  cast - i r on wat er  c l oset  f l oor  f l anges ar e 
used,  t he space bet ween t he pi pe sl eeve and dr ai npi pe shal l  be seal ed wi t h 
seal ant  and t he f l ashi ng guar d shal l  be upt ur ned appr oxi mat el y 1- 1/ 2 i nches
 t o f i t  t he out si de di amet er  of  t he dr ai npi pe and t he i nsi de di amet er  of  
t he wat er  c l oset  f l oor  f l ange.   The upt ur ned por t i on of  t he sheet  f i t t ed 
i nt o t he f l oor  f l ange shal l  be seal ed.

3. 1. 4. 4   Pi pe Penet r at i ons of  Sl ab on Gr ade Fl oor s

Wher e pi pes,  f i x t ur e dr ai ns,  f l oor  dr ai ns,  c l eanout s or  s i mi l ar  i t ems 
penet r at e s l ab on gr ade f l oor s,  except  at  penet r at i ons of  f l oor s wi t h 
wat er pr oof i ng membr ane as speci f i ed i n par agr aphs FLASHI NG REQUI REMENTS 
and WATERPROOFI NG,  a gr oove 1/ 4 t o 1/ 2 i nch wi de by 1/ 4 t o 3/ 8 i nch deep 
shal l  be f or med ar ound t he pi pe,  f i t t i ng or  dr ai n.   The gr oove shal l  be 
f i l l ed wi t h a seal ant  as speci f i ed i n Sect i on 07 92 00 JOI NT SEALANTS.

3. 1. 4. 5   Pi pe Penet r at i ons

Pr ovi de seal ant s f or  al l  pi pe penet r at i ons.   Al l  pi pe penet r at i ons shal l  
be seal ed t o pr event  i nf i l t r at i on of  ai r ,  i nsect s,  and ver mi n.

3. 1. 5   Fi r e Seal

Wher e pi pes pass t hr ough f i r e wal l s,  f i r e- par t i t i ons,  f i r e- r at ed pi pe 
chase wal l s or  f l oor s above gr ade,  a f i r e seal  shal l  be pr ovi ded as 
speci f i ed i n Sect i on 07 84 00 FI RESTOPPI NG.

3. 1. 6   Suppor t s

3. 1. 6. 1   Gener al

Hanger s used t o suppor t  pi pi ng 2 i nches and l ar ger  shal l  be f abr i cat ed t o 
per mi t  adequat e adj ust ment  af t er  er ect i on whi l e st i l l  suppor t i ng t he 
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l oad.   Pi pe gui des and anchor s shal l  be i nst al l ed t o keep pi pes i n 
accur at e al i gnment ,  t o di r ect  t he expansi on movement ,  and t o pr event  
buckl i ng,  swayi ng,  and undue st r ai n.   Pi pi ng subj ect ed t o ver t i cal  
movement  when oper at i ng t emper at ur es exceed ambi ent  t emper at ur es shal l  be 
suppor t ed by var i abl e spr i ng hanger s and suppor t s or  by const ant  suppor t  
hanger s.   I n t he suppor t  of  mul t i pl e pi pe r uns on a common base member ,  a 
c l i p or  c l amp shal l  be used wher e each pi pe cr osses t he base suppor t  
member .   Spaci ng of  t he base suppor t  member s shal l  not  exceed t he hanger  
and suppor t  spaci ng r equi r ed f or  an i ndi v i dual  pi pe i n t he mul t i pl e pi pe 
r un.   Thr eaded sect i ons of  r ods shal l  not  be f or med or  bent .

3. 1. 6. 2   Pi pe Hanger s,  I nser t s,  and Suppor t s

I nst al l at i on of  pi pe hanger s,  i nser t s and suppor t s shal l  conf or m t o 
MSS SP- 58 except  as modi f i ed her ei n.

a.   Types 5,  12,  and 26 shal l  not  be used.

b.   Type 3 shal l  not  be used on i nsul at ed pi pe.

c.   Type 18 i nser t s shal l  be secur ed t o concr et e f or ms bef or e concr et e i s 
pl aced.   Cont i nuous i nser t s whi ch al l ow mor e adj ust ment  may be used i f  
t hey ot her wi se meet  t he r equi r ement s f or  t ype 18 i nser t s.

d.   Type 19 and 23 C- cl amps shal l  be t or qued per  MSS SP- 58 and shal l  have 
bot h l ocknut s and r et ai ni ng devi ces f ur ni shed by t he manuf act ur er .   
Fi el d- f abr i cat ed C- cl amp bodi es or  r et ai ni ng devi ces ar e not  
accept abl e.

e.   Type 20 at t achment s used on angl es and channel s shal l  be f ur ni shed 
wi t h an added mal l eabl e- i r on heel  pl at e or  adapt er .

f .   Type 24 may be used onl y on t r apeze hanger  syst ems or  on f abr i cat ed 
f r ames.

g.   Type 39 saddl es shal l  be used on i nsul at ed pi pe 4 i nches and l ar ger  
when t he t emper at ur e of  t he medi um i s 60 degr ees F or  hi gher .   Type 39 
saddl es shal l  be wel ded t o t he pi pe.

h.   Type 40 shi el ds shal l :

( 1)  Be used on i nsul at ed pi pe l ess t han 4 i nches.

( 2)  Be used on i nsul at ed pi pe 4 i nches and l ar ger  when t he t emper at ur e 
of  t he medi um i s 60 degr ees F or  l ess.

( 3)  Have a hi gh densi t y i nser t  f or  al l  pi pe s i zes.   Hi gh densi t y 
i nser t s shal l  have a densi t y of  8 pcf  or  gr eat er .

i .   Hor i zont al  pi pe suppor t s shal l  be spaced as speci f i ed i n MSS SP- 58 and 
a suppor t  shal l  be i nst al l ed not  over  1 f oot  f r om t he pi pe f i t t i ng 
j oi nt  at  each change i n di r ect i on of  t he pi pi ng.   Pi pe suppor t s shal l  
be spaced not  over  5 f eet  apar t  at  val ves.   Oper at i ng t emper at ur es i n 
det er mi ni ng hanger  spaci ng f or  PVC or  CPVC pi pe shal l  be 120 degr ees F 
f or  PVC and 180 degr ees F f or  CPVC.   Hor i zont al  pi pe r uns shal l  
i ncl ude al l owances f or  expansi on and cont r act i on.

j .   Ver t i cal  pi pe shal l  be suppor t ed at  each f l oor ,  except  at  
s l ab- on- gr ade,  at  i nt er val s of  not  mor e t han 15 f eet  nor  mor e t han 8 
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f eet  f r om end of  r i ser s,  and at  vent  t er mi nat i ons.   Ver t i cal  pi pe 
r i ser s shal l  i ncl ude al l owances f or  expansi on and cont r act i on.

k.   Type 35 gui des usi ng st eel ,  r ei nf or ced pol yt et r af l uor oet hyl ene ( PTFE)  
or  gr aphi t e s l i des shal l  be pr ovi ded t o al l ow l ongi t udi nal  pi pe 
movement .   Sl i de mat er i al s shal l  be sui t abl e f or  t he syst em oper at i ng 
t emper at ur es,  at mospher i c condi t i ons,  and bear i ng l oads encount er ed.   
Lat er al  r est r ai nt s shal l  be pr ovi ded as needed.   Wher e st eel  s l i des do 
not  r equi r e pr ovi s i ons f or  l at er al  r est r ai nt  t he f ol l owi ng may be used:

( 1)  On pi pe 4 i nches and l ar ger  when t he t emper at ur e of  t he medi um i s 
60 degr ees F or  hi gher ,  a Type 39 saddl e,  wel ded t o t he pi pe,  may 
f r eel y r est  on a st eel  pl at e.

( 2)  On pi pe l ess t han 4 i nches a Type 40 shi el d,  at t ached t o t he pi pe 
or  i nsul at i on,  may f r eel y r est  on a st eel  pl at e.

( 3)  On pi pe 4 i nches and l ar ger  car r y i ng medi um l ess t hat  60 degr ees F 
a Type 40 shi el d,  at t ached t o t he pi pe or  i nsul at i on,  may f r eel y 
r est  on a st eel  pl at e.

l .   Pi pe hanger s on hor i zont al  i nsul at ed pi pe shal l  be t he s i ze of  t he 
out si de di amet er  of  t he i nsul at i on.   The i nsul at i on shal l  be 
cont i nuous t hr ough t he hanger  on al l  pi pe s i zes and appl i cat i ons.

m.   Wher e t her e ar e hi gh syst em t emper at ur es and wel di ng t o pi pi ng i s not  
desi r abl e,  t he t ype 35 gui de shal l  i ncl ude a pi pe cr adl e,  wel ded t o 
t he gui de st r uct ur e and st r apped secur el y t o t he pi pe.   The pi pe shal l  
be separ at ed f r om t he sl i de mat er i al  by at  l east  4 i nches or  by an 
amount  adequat e f or  t he i nsul at i on,  whi chever  i s gr eat er .

n.   Hanger s and suppor t s f or  pl ast i c pi pe shal l  not  compr ess,  di st or t ,  cut  
or  abr ade t he pi pi ng,  and shal l  al l ow f r ee movement  of  pi pe except  
wher e ot her wi se r equi r ed i n t he cont r ol  of  expansi on/ cont r act i on.

3. 1. 6. 3   St r uct ur al  At t achment s

At t achment  t o bui l di ng st r uct ur e concr et e and masonr y shal l  be by cast - i n 
concr et e i nser t s,  bui l t - i n anchor s,  or  masonr y anchor  devi ces.   I nser t s 
and anchor s shal l  be appl i ed wi t h a saf et y f act or  not  l ess t han 5.   
Suppor t s shal l  not  be at t ached t o met al  decki ng.   Suppor t s shal l  not  be 
at t ached t o t he under si de of  concr et e f i l l ed f l oor  or  concr et e r oof  decks 
unl ess appr oved by t he Cont r act i ng Of f i cer .   Masonr y anchor s f or  over head 
appl i cat i ons shal l  be const r uct ed of  f er r ous mat er i al s onl y.

3. 1. 7   Wel ded I nst al l at i on

Pl umbi ng pi pe wel dment s shal l  be as i ndi cat ed.   Changes i n di r ect i on of  
pi pi ng shal l  be made wi t h wel di ng f i t t i ngs onl y;  mi t er i ng or  not chi ng pi pe 
t o f or m el bows and t ees or  ot her  s i mi l ar  t ype const r uct i on wi l l  not  be 
per mi t t ed.   Br anch connect i on may be made wi t h ei t her  wel di ng t ees or  
f or ged br anch out l et  f i t t i ngs.   Br anch out l et  f i t t i ngs shal l  be f or ged,  
f l ar ed f or  i mpr ovement  of  f l ow wher e at t ached t o t he r un,  and r ei nf or ced 
agai nst  ext er nal  st r ai ns.   Bevel i ng,  al i gnment ,  heat  t r eat ment ,  and 
i nspect i on of  wel d shal l  conf or m t o ASME B31. 1.   Wel d def ect s shal l  be 
r emoved and r epai r s made t o t he wel d,  or  t he wel d j oi nt s shal l  be ent i r el y 
r emoved and r ewel ded.   Af t er  f i l l er  met al  has been r emoved f r om i t s 
or i gi nal  package,  i t  shal l  be pr ot ect ed or  st or ed so t hat  i t s 
char act er i st i cs or  wel di ng pr oper t i es ar e not  af f ect ed.   El ect r odes t hat  
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have been wet t ed or  t hat  have l ost  any of  t hei r  coat i ng shal l  not  be used.

3. 1. 8   Pi pe Cl eanout s

Pi pe cl eanout s shal l  be t he same si ze as t he pi pe except  t hat  c l eanout  
pl ugs l ar ger  t han 4 i nches wi l l  not  be r equi r ed.   A c l eanout  i nst al l ed i n 
connect i on wi t h cast - i r on soi l  pi pe shal l  consi st  of  a l ong- sweep 1/ 4 bend 
or  one or  t wo 1/ 8 bends ext ended t o t he pl ace shown.   An ext r a- heavy 
cast - br ass or  cast - i r on f er r ul e wi t h count er sunk cast - br ass head scr ew 
pl ug shal l  be caul ked i nt o t he hub of  t he f i t t i ng and shal l  be f l ush wi t h 
t he f l oor .   Cl eanout s i n connect i on wi t h ot her  pi pe,  wher e i ndi cat ed,  
shal l  be T- pat t er n,  90- degr ee br anch dr ai nage f i t t i ngs wi t h cast - br ass 
scr ew pl ugs,  except  pl ast i c pl ugs shal l  be i nst al l ed i n pl ast i c pi pe.   
Pl ugs shal l  be t he same si ze as t he pi pe up t o and i ncl udi ng 4 i nches.   
Cl eanout  t ee br anches wi t h scr ew pl ug shal l  be i nst al l ed at  t he f oot  of  
soi l  and wast e st acks,  at  t he f oot  of  i nt er i or  downspout s,  on each 
connect i on t o bui l di ng st or m dr ai n wher e i nt er i or  downspout s ar e 
i ndi cat ed,  and on each bui l di ng dr ai n out si de t he bui l di ng.   Cl eanout  t ee 
br anches may be omi t t ed on st acks i n s i ngl e st or y bui l di ngs wi t h 
s l ab- on- gr ade const r uct i on or  wher e l ess t han 18 i nches of  cr awl  space i s 
pr ovi ded under  t he f l oor .   Cl eanout s on pi pe conceal ed i n par t i t i ons shal l  
be pr ovi ded wi t h chr omi um pl at ed br onze,  ni ckel  br onze,  ni ckel  br ass or  
st ai nl ess st eel  f l ush t ype access cover  pl at es.   Round access cover s shal l  
be pr ovi ded and secur ed t o pl ugs wi t h secur i ng scr ew.   Squar e access 
cover s may be pr ovi ded wi t h mat chi ng f r ames,  anchor i ng l ugs and cover  
scr ews.   Cl eanout s i n f i ni shed wal l s shal l  have access cover s and f r ames 
i nst al l ed f l ush wi t h t he f i ni shed wal l .   Cl eanout s i nst al l ed i n f i ni shed 
f l oor s subj ect  t o f oot  t r af f i c  shal l  be pr ovi ded wi t h a chr ome- pl at ed cast  
br ass,  ni ckel  br ass,  or  ni ckel  br onze cover  secur ed t o t he pl ug or  cover  
f r ame and set  f l ush wi t h t he f i ni shed f l oor .   Heads of  f ast eni ng scr ews 
shal l  not  pr oj ect  above t he cover  sur f ace.   Wher e cl eanout s ar e pr ovi ded 
wi t h adj ust abl e heads,  t he heads shal l  be cast  i r on or  pl ast i c.

3. 2   WATER HEATERS

3. 2. 1   Rel i ef  Val ves

No val ves shal l  be i nst al l ed bet ween a r el i ef  val ve and i t s wat er  heat er .   
The P&T r el i ef  val ve shal l  be i nst al l ed wher e t he val ve act uat or  comes i n 
cont act  wi t h t he hot t est  wat er  i n t he heat er .   Whenever  possi bl e,  t he 
r el i ef  val ve shal l  be i nst al l ed di r ect l y i n a t appi ng i n t he heat er ;  
ot her wi se,  t he P&T val ve shal l  be i nst al l ed i n t he hot - wat er  out l et  
pi pi ng.   A vacuum r el i ef  val ve shal l  be pr ovi ded on t he col d wat er  suppl y 
l i ne t o t he wat er  heat er  and mount ed above and wi t hi n 6 i nches above t he 
t op of  t he t ank or  wat er  heat er .

3. 2. 2   Heat  Tr aps

Pi pi ng t o and f r om each wat er  heat er  shal l  be r out ed hor i zont al l y and 
downwar d a mi ni mum of  2 f eet  bef or e t ur ni ng i n an upwar d di r ect i on.

3. 2. 3   Connect i ons t o Wat er  Heat er s

Connect i ons of  met al l i c  pi pe t o wat er  heat er s shal l  be made wi t h 
di el ect r i c uni ons or  f l anges.

3. 2. 4   Expansi on Tank

A pr e- char ged expansi on t ank shal l  be i nst al l ed on t he col d wat er  suppl y 
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bet ween t he wat er  heat er  i nl et  and t he col d wat er  suppl y shut - of f  val ve.   
The Cont r act or  shal l  adj ust  t he expansi on t ank ai r  pr essur e,  as 
r ecommended by t he t ank manuf act ur er ,  t o mat ch i ncomi ng wat er  pr essur e.

3. 3   FI XTURES AND FI XTURE TRI MMI NGS

Pol i shed chr omi um- pl at ed pi pe,  val ves,  and f i t t i ngs shal l  be pr ovi ded 
wher e exposed t o v i ew.   Angl e st ops,  st r ai ght  st ops,  st ops i nt egr al  wi t h 
t he f aucet s,  or  conceal ed t ype of  l ock- shi el d,  and l oose- key pat t er n st ops 
f or  suppl i es wi t h t hr eaded,  sweat  or  sol vent  wel d i nl et s shal l  be 
f ur ni shed and i nst al l ed wi t h f i x t ur es.   Wher e connect i ons bet ween copper  
t ubi ng and f aucet s ar e made by r ubber  compr essi on f i t t i ngs,  a beadi ng t ool  
shal l  be used t o mechani cal l y def or m t he t ubi ng above t he compr essi on 
f i t t i ng.   Exposed t r aps and suppl y pi pes f or  f i x t ur es and equi pment  shal l  
be connect ed t o t he r ough pi pi ng syst ems at  t he wal l ,  unl ess ot her wi se 
speci f i ed under  t he i t em.   Fl oor  and wal l  escut cheons shal l  be as 
speci f i ed.   Dr ai n l i nes and hot  wat er  l i nes of  f i x t ur es f or  handi capped 
per sonnel  shal l  be i nsul at ed and do not  r equi r e pol i shed chr ome f i ni sh.   
Pl umbi ng f i xt ur es and accessor i es shal l  be i nst al l ed wi t hi n t he space 
shown.

3. 3. 1   Fi xt ur e Connect i ons

Wher e space l i mi t at i ons pr ohi bi t  st andar d f i t t i ngs i n conj unct i on wi t h t he 
cast - i r on f l oor  f l ange,  speci al  shor t - r adi us f i t t i ngs shal l  be pr ovi ded.   
Connect i ons bet ween ear t henwar e f i xt ur es and f l anges on soi l  pi pe shal l  be 
made gast i ght  and wat er t i ght  wi t h a c l oset - set t i ng compound or  neopr ene 
gasket  and seal .   Use of  nat ur al  r ubber  gasket s or  put t y wi l l  not  be 
per mi t t ed.   Fi xt ur es wi t h out l et  f l anges shal l  be set  t he pr oper  di st ance 
f r om f l oor  or  wal l  t o make a f i r st - c l ass j oi nt  wi t h t he c l oset - set t i ng 
compound or  gasket  and f i xt ur e used.

3. 3. 2   Fl ushomet er  Val ves

Fl ushomet er  val ves shal l  be secur ed t o pr event  movement  by anchor i ng t he 
l ong f i ni shed t op spud connect i ng t ube t o wal l  adj acent  t o val ve wi t h 
appr oved met al  br acket .   Fl ushomet er  val ves f or  wat er  c l oset s shal l  be 
i nst al l ed 39 i nches above t he f l oor ,  except  at  wat er  c l oset s i nt ended f or  
use by t he physi cal l y handi capped wher e f l ushomet er  val ves shal l  be 
mount ed at  appr oxi mat el y 30 i nches above t he f l oor  and ar r anged t o avoi d 
i nt er f er ence wi t h gr ab bar s.   I n addi t i on,  f or  wat er  c l oset s i nt ended f or  
handi cap use,  t he f l ush val ve handl e shal l  be i nst al l ed on t he wi de si de 
of  t he encl osur e.

3. 3. 3   Hei ght  of  Fi xt ur e Ri ms Above Fl oor

Lavat or i es shal l  be mount ed wi t h r i m 31 i nches above f i ni shed f l oor .   
Wal l - hung dr i nki ng f ount ai ns and wat er  cool er s shal l  be i nst al l ed wi t h r i m 
42 i nches above f l oor .   Wal l - hung ser vi ce s i nks shal l  be mount ed wi t h r i m 
28 i nches above t he f l oor .   I nst al l at i on of  f i x t ur es f or  use by t he 
physi cal l y handi capped shal l  be i n accor dance wi t h I CC A117. 1.

3. 3. 4   Shower  Bat h Out f i t s

The ar ea ar ound t he wat er  suppl y pi pi ng t o t he mi xi ng val ves and behi nd 
t he escut cheon pl at e shal l  be made wat er t i ght  by caul k i ng or  gasket i ng.
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3. 3. 5   Fi xt ur e Suppor t s

Fi xt ur e suppor t s f or  of f - t he- f l oor  l avat or i es,  ur i nal s,  wat er  c l oset s,  and 
ot her  f i x t ur es of  s i mi l ar  s i ze,  desi gn,  and use,  shal l  be of  t he 
chai r - car r i er  t ype.   The car r i er  shal l  pr ovi de t he necessar y means of  
mount i ng t he f i xt ur e,  wi t h a f oot  or  f eet  t o anchor  t he assembl y t o t he 
f l oor  s l ab.   Adj ust abi l i t y  shal l  be pr ovi ded t o l ocat e t he f i x t ur e at  t he 
desi r ed hei ght  and i n pr oper  r el at i on t o t he wal l .   Suppor t  pl at es,  i n 
l i eu of  chai r  car r i er ,  shal l  be f ast ened t o t he wal l  st r uct ur e onl y wher e 
i t  i s  not  possi bl e t o anchor  a f l oor - mount ed chai r  car r i er  t o t he f l oor  
s l ab.

3. 3. 5. 1   Suppor t  f or  Sol i d Masonr y Const r uct i on

Chai r  car r i er  shal l  be anchor ed t o t he f l oor  s l ab.   Wher e a f l oor - anchor ed 
chai r  car r i er  cannot  be used,  a sui t abl e wal l  pl at e shal l  be i mbedded i n 
t he masonr y wal l .

3. 3. 5. 2   Suppor t  f or  Concr et e- Masonr y Wal l  Const r uct i on

Chai r  car r i er  shal l  be anchor ed t o f l oor  s l ab.   Wher e a f l oor - anchor ed 
chai r  car r i er  cannot  be used,  a sui t abl e wal l  pl at e shal l  be f ast ened t o 
t he concr et e wal l  usi ng t hr ough bol t s and a back- up pl at e.

3. 3. 5. 3   Suppor t  f or  St eel  St ud Fr ame Par t i t i ons

Chai r  car r i er  shal l  be used.   The anchor  f eet  and t ubul ar  upr i ght s shal l  
be of  t he heavy dut y desi gn;  and f eet  ( bases)  shal l  be st eel  and wel ded t o 
a squar e or  r ect angul ar  st eel  t ube upr i ght .   Wal l  pl at es,  i n l i eu of  
f l oor - anchor ed chai r  car r i er s,  shal l  be used onl y i f  adj oi ni ng st eel  
par t i t i on st uds ar e sui t abl y r ei nf or ced t o suppor t  a wal l  pl at e bol t ed t o 
t hese st uds.

3. 3. 5. 4   Suppor t  f or  Wood St ud Const r uct i on

Wher e f l oor  i s a concr et e s l ab,  a f l oor - anchor ed chai r  car r i er  shal l  be 
used.   Wher e ent i r e const r uct i on i s wood,  wood cr osspi eces shal l  be 
i nst al l ed.   Fi xt ur e hanger  pl at es,  suppor t s,  br acket s,  or  mount i ng l ugs 
shal l  be f ast ened wi t h not  l ess t han No.  10 wood scr ews,  1/ 4 i nch t hi ck 
mi ni mum st eel  hanger ,  or  t oggl e bol t s wi t h nut .   The wood cr osspi eces 
shal l  ext end t he f ul l  wi dt h of  t he f i x t ur e and shal l  be secur el y suppor t ed.

3. 3. 6   Backf l ow Pr event i on Devi ces

Pl umbi ng f i xt ur es,  equi pment ,  and pi pe connect i ons shal l  not  cr oss connect  
or  i nt er connect  bet ween a pot abl e wat er  suppl y and any sour ce of  
nonpot abl e wat er .   Backf l ow pr event er s shal l  be i nst al l ed wher e i ndi cat ed 
and i n accor dance wi t h I CC I PC at  al l  ot her  l ocat i ons necessar y t o 
pr ecl ude a cr oss- connect  or  i nt er connect  bet ween a pot abl e wat er  suppl y 
and any nonpot abl e subst ance.   I n addi t i on backf l ow pr event er s shal l  be 
i nst al l ed at  al l  l ocat i ons wher e t he pot abl e wat er  out l et  i s  bel ow t he 
f l ood l evel  of  t he equi pment ,  or  wher e t he pot abl e wat er  out l et  wi l l  be 
l ocat ed bel ow t he l evel  of  t he nonpot abl e subst ance.   Backf l ow pr event er s 
shal l  be l ocat ed so t hat  no par t  of  t he devi ce wi l l  be submer ged.   
Backf l ow pr event er s shal l  be of  suf f i c i ent  s i ze t o al l ow unr est r i ct ed f l ow 
of  wat er  t o t he equi pment ,  and pr ecl ude t he backf l ow of  any nonpot abl e 
subst ance i nt o t he pot abl e wat er  syst em.   Bypass pi pi ng shal l  not  be 
pr ovi ded ar ound backf l ow pr event er s.   Access shal l  be pr ovi ded f or  
mai nt enance and t est i ng.   Each devi ce shal l  be a st andar d commer ci al  uni t .
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3. 3. 7   Access Panel s

Access panel s shal l  be pr ovi ded f or  conceal ed val ves and cont r ol s,  or  any 
i t em r equi r i ng i nspect i on or  mai nt enance.   Access panel s shal l  be of  
suf f i c i ent  s i ze and l ocat ed so t hat  t he conceal ed i t ems may be ser vi ced,  
mai nt ai ned,  or  r epl aced.   

3. 3. 8   Tr aps

Each t r ap shal l  be pl aced as near  t he f i x t ur e as possi bl e,  and no f i xt ur e 
shal l  be doubl e- t r apped.    Tr aps i nst al l ed on st eel  pi pe or  copper  t ubi ng 
shal l  be r ecess- dr ai nage pat t er n,  or  br ass- t ube t ype.   Tr aps i nst al l ed on 
pl ast i c pi pe may be pl ast i c conf or mi ng t o ASTM D3311.   

3. 3. 9   Shower  Pans

Bef or e i nst al l i ng shower  pan,  subf l oor  shal l  be f r ee of  pr oj ect i ons such 
as nai l  heads or  r ough edges of  aggr egat e.   Dr ai n shal l  be a bol t - down,  
c l ampi ng- r i ng t ype wi t h weephol es,  i nst al l ed so t he l i p of  t he subdr ai n i s 
f l ush wi t h subf l oor .

3. 3. 9. 1   Gener al

The f l oor  of  each i ndi v i dual  shower ,  t he shower - ar ea por t i on of  
combi nat i on shower  and dr yi ng r oom,  and t he ent i r e shower  and dr yi ng r oom 
wher e t he t wo ar e not  separ at ed by cur b or  par t i t i on,  shal l  be made 
wat er t i ght  wi t h a shower  pan f abr i cat ed i n pl ace.   The shower  pan mat er i al  
shal l  be cut  t o s i ze and shape of  t he ar ea i ndi cat ed,  i n one pi ece t o t he 
maxi mum ext ent  pr act i cabl e,  al l owi ng a mi ni mum of  6 i nches f or  t ur nup on 
wal l s or  par t i t i ons,  and shal l  be f ol ded over  t he cur b wi t h an appr oxi mat e 
r et ur n of  1/ 4 of  cur b hei ght .   The upst ands shal l  be pl aced behi nd any 
wal l  or  par t i t i on f i ni sh.   Subf l oor i ng shal l  be smoot h and cl ean,  wi t h 
nai l heads dr i ven f l ush wi t h sur f ace,  and shal l  be s l oped t o dr ai n.   Shower  
pans shal l  be c l amped t o dr ai ns wi t h t he dr ai n c l ampi ng r i ng.

3. 3. 9. 2   Met al  Shower  Pans

When a shower  pan of  r equi r ed si ze cannot  be f ur ni shed i n one pi ece,  met al  
pi eces shal l  be j oi ned wi t h a f l i nt l ock seam and sol der ed or  bur ned.   The 
cor ner s shal l  be f ol ded,  not  cut ,  and t he cor ner  seam shal l  be sol der ed or  
bur ned.   Pans,  i ncl udi ng upst ands,  shal l  be coat ed on al l  sur f aces wi t h 
one br ush coat  of  asphal t .   Asphal t  shal l  be appl i ed evenl y at  not  l ess 
t han 1 gal l on per  50 squar e f eet .   A l ayer  of  f el t  cover ed wi t h bui l di ng 
paper  shal l  be pl aced bet ween shower  pans and wood f l oor s.   The j oi ni ng 
sur f aces of  met al  pan and dr ai n shal l  be gi ven a br ush coat  of  asphal t  
af t er  t he pan i s connect ed t o t he dr ai n.

3. 3. 9. 3   Pl ast i c i zed Chl or i nat ed Pol yet hyl ene Shower  Pans

Cor ner s of  pl ast i c i zed chl or i nat ed pol yet hyl ene shower  pans shal l  be 
f ol ded agai nst  t he upst and by maki ng a pi g- ear  f ol d.   Hot - ai r  gun or  heat  
l amp shal l  be used i n maki ng cor ner  f ol ds.   Each pi g- ear  cor ner  f ol d shal l  
be nai l ed or  st apl ed 1/ 2 i nch f r om t he upper  edge t o hol d i t  i n pl ace.   
Nai l s shal l  be gal vani zed l ar ge- head r oof i ng nai l s.   On met al  f r ami ng or  
st uds,  appr oved duct  t ape shal l  be used t o secur e pi g- ear  f ol d and 
membr ane.   Wher e no backi ng i s pr ovi ded bet ween t he st uds,  t he membr ane 
sl ack shal l  be t aken up by pl eat i ng and st apl i ng or  nai l i ng t o st uddi ng 
1/ 2 i nch f r om upper  edge.   To adher e t he membr ane t o ver t i cal  sur f aces,  
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t he back of  t he membr ane and t he sur f ace t o whi ch i t  wi l l  be appl i ed shal l  
be coat ed wi t h adhesi ve t hat  becomes dr y t o t he t ouch i n 5 t o 10 mi nut es,  
af t er  whi ch t he membr ane shal l  be pr essed i nt o pl ace.   Sur f aces t o be 
sol vent - wel ded shal l  be c l ean.   Sur f aces t o be j oi ned wi t h xyl ene shal l  be 
i ni t i al l y  spr ayed and vi gor ousl y c l eaned wi t h a cot t on cl ot h,  f ol l owed by 
f i nal  coat i ng of  xyl ene and t he j oi ni ng of  t he sur f aces by r ol l er  or  
equi val ent  means.   I f  ambi ent  or  membr ane t emper at ur es ar e bel ow 40 
degr ees F t he membr ane and t he j oi nt  shal l  be heat ed pr i or  t o appl i cat i on 
of  xyl ene.   Heat  may be appl i ed wi t h hot - ai r  gun or  heat  l amp,  t aki ng 
pr ecaut i ons not  t o scor ch t he membr ane.   Adequat e vent i l at i on and wear i ng 
of  gl oves ar e r equi r ed when wor ki ng wi t h xyl ene.   Membr ane shal l  be 
pr essed i nt o posi t i on on t he dr ai n body,  and shal l  be cut  and f i t  t o mat ch 
so t hat  membr ane can be pr oper l y c l amped and an ef f ect i ve gasket - t ype seal  
pr ovi ded.   On wood subf l oor i ng,  t wo l ayer s of  15 pound dr y f el t  shal l  be 
i nst al l ed pr i or  t o i nst al l at i on of  shower  pan t o ensur e a smoot h sur f ace 
f or  i nst al l at i on.

3. 3. 9. 4   Nonpl ast i c i zed Pol yvi nyl  Chl or i de ( PVC)  Shower  Pans

Nonpl ast i c i zed PVC shal l  be t ur ned up behi nd wal l s or  wal l  sur f aces a 
di st ance of  not  l ess t han 6 i nches i n r oom ar eas and 3 i nches above cur b 
l evel  i n cur bed spaces wi t h suf f i c i ent  mat er i al  t o f ol d over  and f ast en t o 
out si de f ace of  cur b.   Cor ner s shal l  be pi g- ear  t ype and f ol ded bet ween 
pan and st uds.   Onl y t op 1 i nch of  upst and shal l  be nai l ed t o hol d i n 
pl ace.   Nai l s shal l  be gal vani zed l ar ge- head r oof i ng t ype.   Appr oved duct  
t ape shal l  be used on met al  f r ami ng or  st uds t o secur e pi g- ear  f ol d and 
membr ane.   Wher e no backi ng i s pr ovi ded bet ween st uds,  t he membr ane sl ack 
shal l  be t aken up by pl eat i ng and st apl i ng or  nai l i ng t o st uddi ng at  t op 
i nch of  upst and.   To adher e t he membr ane t o ver t i cal  sur f aces,  t he back of  
t he membr ane and t he sur f ace t o whi ch i t  i s  t o be appl i ed shal l  be coat ed 
wi t h adhesi ve t hat  becomes dr y t o t he t ouch i n 5 t o 10 mi nut es,  af t er  
whi ch t he membr ane shal l  be pr essed i nt o pl ace.   Tr i m f or  dr ai n shal l  be 
exact l y t he s i ze of  dr ai n openi ng.   Bol t  hol es shal l  be pi er ced t o 
accommodat e bol t s wi t h a t i ght  f i t .   Adhesi ve shal l  be used bet ween pan 
and subdr ai n.   Cl ampi ng r i ng shal l  be bol t ed f i r ml y.   A smal l  amount  of  
gr avel  or  por ous mat er i al s shal l  be pl aced at  weephol es so t hat  hol es 
r emai n c l ear  when set t i ng bed i s pour ed.   Membr ane shal l  be sol vent  wel ded 
wi t h PVC sol vent  cement .   Sur f aces t o be sol vent  wel ded shal l  be c l ean 
( f r ee of  gr ease and gr i me) .   Sheet s shal l  be l ai d on a f l at  sur f ace wi t h 
an over l ap of  about  2 i nches.   Top edge shal l  be f ol ded back and sur f ace 
pr i med wi t h a PVC pr i mer .   PVC cement  shal l  be appl i ed and sur f aces 
i mmedi at el y pl aced t oget her ,  whi l e st i l l  wet .   Joi nt  shal l  be l i ght l y 
r ol l ed wi t h a pai nt  r ol l er ,  t hen as t he j oi nt  set s shal l  be r ol l ed f i r ml y 
but  not  so har d as t o di st or t  t he mat er i al .   I n l ong l engt hs,  about  2 or  3 
f eet  at  a t i me shal l  be wel ded.   On wood subf l oor i ng,  t wo l ayer s of  15 
pound f el t  shal l  be i nst al l ed pr i or  t o i nst al l at i on of  shower  pan t o 
ensur e a smoot h sur f ace i nst al l at i on.

3. 4   WATER METER REMOTE READOUT REGI STER

The r emot e r eadout  r egi st er  shal l  be mount ed at  t he l ocat i on i ndi cat ed or  
as di r ect ed by t he Cont r act i ng Of f i cer .

3. 5   I DENTI FI CATI ON SYSTEMS

3. 5. 1   I dent i f i cat i on Tags

I dent i f i cat i on t ags made of  br ass,  engr aved l ami nat ed pl ast i c,  or  engr aved 
anodi zed al umi num,  i ndi cat i ng ser vi ce and val ve number  shal l  be i nst al l ed 
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on val ves,  except  t hose val ves i nst al l ed on suppl i es at  pl umbi ng f i xt ur es.  
Tags shal l  be 1- 3/ 8 i nch mi ni mum di amet er ,  and mar ki ng shal l  be st amped or  
engr aved.   I ndent at i ons shal l  be bl ack,  f or  r eadi ng cl ar i t y.   Tags shal l  
be at t ached t o val ves wi t h No.  12 AWG,  copper  wi r e,  chr ome- pl at ed beaded 
chai n,  or  pl ast i c st r aps desi gned f or  t hat  pur pose.

3. 6   ESCUTCHEONS

Escut cheons shal l  be pr ovi ded at  f i ni shed sur f aces wher e bar e or  i nsul at ed 
pi pi ng,  exposed t o v i ew,  passes t hr ough f l oor s,  wal l s,  or  cei l i ngs,  except  
i n boi l er ,  ut i l i t y ,  or  equi pment  r ooms.   Escut cheons shal l  be f ast ened 
secur el y t o pi pe or  pi pe cover i ng and shal l  be sat i n- f i ni sh,  
cor r osi on- r esi st i ng st eel ,  pol i shed chr omi um- pl at ed zi nc al l oy,  or  
pol i shed chr omi um- pl at ed copper  al l oy.   Escut cheons shal l  be ei t her  
one- pi ece or  spl i t - pat t er n,  hel d i n pl ace by i nt er nal  spr i ng t ensi on or  
set scr ew.

3. 7   TESTS,  FLUSHI NG AND DI SI NFECTI ON

3. 7. 1   Pl umbi ng Syst em

The f ol l owi ng t est s shal l  be per f or med on t he pl umbi ng syst em i n 
accor dance wi t h I CC I PC,  except  t hat  t he dr ai nage and vent  syst em f i nal  
t est  shal l  i ncl ude t he smoke t est .   

a.   Dr ai nage and Vent  Syst ems Test .   The f i nal  t est  shal l  i ncl ude a smoke 
t est .

b.   Bui l di ng Sewer s Test s.

c.   Wat er  Suppl y Syst ems Test s.

3. 7. 1. 1   Test  of  Backf l ow Pr event i on Assembl i es

Backf l ow pr event i on assembl y shal l  be t est ed usi ng gauges speci f i cal l y 
desi gned f or  t he t est i ng of  backf l ow pr event i on assembl i es.

I f  t he uni t  f ai l s  t o meet  speci f i ed r equi r ement s,  t he uni t  shal l  be 
r epai r ed and r et est ed.

3. 7. 1. 2   Shower  Pans

Af t er  i nst al l at i on of  t he pan and f i ni shed f l oor ,  t he dr ai n shal l  be 
t empor ar i l y  pl ugged bel ow t he weep hol es.   The f l oor  ar ea shal l  be f l ooded 
wi t h wat er  t o a mi ni mum dept h of  1 i nch f or  a per i od of  24 hour s.   Any 
dr op i n t he wat er  l evel  dur i ng t est ,  except  f or  evapor at i on,  wi l l  be 
r eason f or  r ej ect i on,  r epai r ,  and r et est .

3. 7. 2   Def ect i ve Wor k

I f  i nspect i on or  t est  shows def ect s,  such def ect i ve wor k or  mat er i al  shal l  
be r epl aced or  r epai r ed as necessar y and i nspect i on and t est s shal l  be 
r epeat ed.   Repai r s t o pi pi ng shal l  be made wi t h new mat er i al s.   Caul k i ng 
of  scr ewed j oi nt s or  hol es wi l l  not  be accept abl e.
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3. 7. 3   Syst em Fl ushi ng

3. 7. 3. 1   Dur i ng Fl ushi ng

Bef or e oper at i onal  t est s or  di s i nf ect i on,  pot abl e wat er  pi pi ng syst em 
shal l  be f l ushed wi t h pot abl e wat er .   Suf f i c i ent  wat er  shal l  be used t o 
pr oduce a wat er  vel oci t y t hat  i s  capabl e of  ent r ai ni ng and r emovi ng debr i s 
i n al l  por t i ons of  t he pi pi ng syst em.   Thi s r equi r es s i mul t aneous 
oper at i on of  al l  f i x t ur es on a common br anch or  mai n i n or der  t o pr oduce a 
f l ushi ng vel oci t y of  appr oxi mat el y 4 f ps t hr ough al l  por t i ons of  t he 
pi pi ng syst em.   I n t he event  t hat  t hi s i s i mpossi bl e due t o s i ze of  
syst em,  t he Cont r act i ng Of f i cer  ( or  t he desi gnat ed r epr esent at i ve)  shal l  
speci f y t he number  of  f i x t ur es t o be oper at ed dur i ng f l ushi ng.   Cont r act or  
shal l  pr ovi de adequat e per sonnel  t o moni t or  t he f l ushi ng oper at i on and t o 
ensur e t hat  dr ai n l i nes ar e unobst r uct ed i n or der  t o pr event  f l oodi ng of  
t he f aci l i t y .   Cont r act or  shal l  be r esponsi bl e f or  any f l ood damage 
r esul t i ng f r om f l ushi ng of  t he syst em.   Fl ushi ng shal l  be cont i nued unt i l  
ent r ai ned di r t  and ot her  f or ei gn mat er i al s have been r emoved and unt i l  
di schar ge wat er  shows no di scol or at i on.   Al l  f aucet s and dr i nki ng wat er  
f ount ai ns,  t o i ncl ude any devi ce consi der ed as an end poi nt  devi ce by 
NSF/ ANSI  61,  Sect i on 9,  shal l  be f l ushed a mi ni mum of  0. 25 gal l ons per  24 
hour  per i od,  t en t i mes over  a 14 day per i od.

3. 7. 3. 2   Af t er  Fl ushi ng

 Syst em shal l  be dr ai ned at  l ow poi nt s.   St r ai ner  scr eens shal l  be 
r emoved,  c l eaned,  and r epl aced.   Af t er  f l ushi ng and cl eani ng,  syst ems 
shal l  be pr epar ed f or  t est i ng by i mmedi at el y f i l l i ng wat er  pi pi ng wi t h 
c l ean,  f r esh pot abl e wat er .   Any st oppage,  di scol or at i on,  or  ot her  damage 
t o t he f i ni sh,  f ur ni shi ngs,  or  par t s of  t he bui l di ng due t o t he 
Cont r act or ' s f ai l ur e t o pr oper l y c l ean t he pi pi ng syst em shal l  be r epai r ed 
by t he Cont r act or .   When t he syst em f l ushi ng i s compl et e,  t he hot - wat er  
syst em shal l  be adj ust ed f or  uni f or m ci r cul at i on.   Fl ushi ng devi ces and 
aut omat i c cont r ol  syst ems shal l  be adj ust ed f or  pr oper  oper at i on accor di ng 
t o manuf act ur er ' s i nst r uct i ons.   Fl ow r at es on f i xt ur es must  not  exceed 
t hose st at ed i n PART 2 of  t hi s Sect i on.   Unl ess mor e st r i ngent  l ocal  
r equi r ement s exi st ,  l ead l evel s shal l  not  exceed l i mi t s est abl i shed by 
40 CFR 141. 80 ( c) ( 1) .   The wat er  suppl y t o t he bui l di ng shal l  be t est ed 
separ at el y t o ensur e t hat  any l ead cont ami nat i on f ound dur i ng pot abl e 
wat er  syst em t est i ng i s due t o wor k bei ng per f or med i nsi de t he bui l di ng.

3. 7. 4   Oper at i onal  Test

Upon compl et i on of  f l ushi ng and pr i or  t o di s i nf ect i on pr ocedur es,  t he 
Cont r act or  shal l  subj ect  t he pl umbi ng syst em t o oper at i ng t est s t o 
demonst r at e sat i sf act or y i nst al l at i on,  connect i ons,  adj ust ment s,  and 
f unct i onal  and oper at i onal  ef f i c i ency.   Such oper at i ng t est s shal l  cover  a 
per i od of  not  l ess t han 8 hour s f or  each syst em and shal l  i ncl ude t he 
f ol l owi ng i nf or mat i on i n a r epor t  wi t h concl usi on as t o t he adequacy of  
t he syst em:

a.   Ti me,  dat e,  and dur at i on of  t est .

b.   Wat er  pr essur es at  t he most  r emot e and t he hi ghest  f i x t ur es.

c.   Oper at i on of  each f i xt ur e and f i xt ur e t r i m.

d.   Oper at i on of  each val ve,  hydr ant ,  and f aucet .
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f .   Temper at ur e of  each domest i c hot - wat er  suppl y.

g.   Oper at i on of  each f l oor  and r oof  dr ai n by f l oodi ng wi t h wat er .

h.   Oper at i on of  each vacuum br eaker  and backf l ow pr event er .

3. 7. 5   Di s i nf ect i on

Af t er  al l  syst em component s ar e pr ovi ded and oper at i onal  t est s ar e 
compl et e,  t he ent i r e domest i c hot -  and col d- wat er  di st r i but i on syst em 
shal l  be di s i nf ect ed.   Bef or e i nt r oduci ng di s i nf ect i ng chl or i nat i on 
mat er i al ,  ent i r e syst em shal l  be f l ushed wi t h pot abl e wat er  unt i l  any 
ent r ai ned di r t  and ot her  f or ei gn mat er i al s have been r emoved.

    Wat er  chl or i nat i on pr ocedur e shal l  be i n accor dance wi t h AWWA C651 and 
AWWA C652 as modi f i ed and suppl ement ed by t hi s speci f i cat i on.   The 
chl or i nat i ng mat er i al  shal l  be hypochl or i t es or  l i qui d chl or i ne.  The 
chl or i nat i ng mat er i al  shal l  be f ed i nt o t he wat er  pi pi ng syst em at  a 
const ant  r at e at  a concent r at i on of  at  l east  50 par t s per  mi l l i on 
( ppm) .   Feed a pr oper l y adj ust ed hypochl or i t e sol ut i on i nj ect ed i nt o 
t he syst em wi t h a hypochl or i nat or ,  or  i nj ect  l i qui d chl or i ne i nt o t he 
syst em t hr ough a sol ut i on- f eed chl or i nat or  and boost er  pump unt i l  t he 
ent i r e syst em i s compl et el y f i l l ed.

    Test  t he chl or i ne r esi dual  l evel  i n t he wat er  at  6 hour  i nt er val s f or  
a cont i nuous per i od of  24 hour s.   I f  at  t he end of  a 6 hour  i nt er val ,  
t he chl or i ne r esi dual  has dr opped t o l ess t han 25 ppm,  f l ush t he 
pi pi ng i ncl udi ng t anks wi t h pot abl e wat er ,  and r epeat  t he above 
chl or i nat i on pr ocedur es.   Dur i ng t he chl or i nat i on per i od,  each val ve 
and f aucet  shal l  be opened and cl osed sever al  t i mes.

    Af t er  t he second 24 hour  per i od,  ver i f y t hat  no l ess t han 25 ppm 
chl or i ne r esi dual  r emai ns i n t he t r eat ed syst em.   The 24 hour  
chl or i nat i on pr ocedur e must  be r epeat ed unt i l  no l ess t han 25 ppm 
chl or i ne r esi dual  r emai ns i n t he t r eat ed syst em.

3. 8   PERFORMANCE OF WATER HEATI NG EQUI PMENT

St andar d r at i ng condi t i on t er ms ar e as f ol l ows:

EF = Ener gy f act or ,  mi ni mum over al l  ef f i c i ency.

ET = Mi ni mum t her mal  ef f i c i ency wi t h 70 degr ees F del t a T.

SL = St andby l oss i s maxi mum ( Bt u/ h)  based on a 70 degr ees F 
t emper at ur e di f f er ence bet ween st or ed wat er  and ambi ent  r equi r ement s.

V = Rat ed vol ume i n gal l ons

Q = Namepl at e i nput  r at e i n kW ( Bt u/ h)

3. 8. 1   St or age Wat er  Heat er s

3. 8. 1. 1   El ect r i c

a.   St or age capaci t y of  60 gal l ons shal l  have a mi ni mum ener gy f act or  ( EF)  
of  0. 93 or  hi gher  per  FEMP r equi r ement s.

SECTI ON 22 00 00  Page 33



D51 Hangar  Conver si on t o Human Per f or mance Cent er  FTFA 23- VH59
Egl i n AFB,  Fl or i da

3. 9   TABLES

TABLE I

PI PE AND FI TTI NG MATERI ALS FOR DRAI NAGE,  WASTE,  VENT AND CONDENSATE DRAI N PI PI NG
SYSTEMS

I t em 
#

Pi pe and Fi t t i ng 
Mat er i al s

SERVI CE 
A

SERVI CE 
B

SERVI CE 
C

SERVI CE 
D

SERVI CE 
E

SERVI CE 
F

SERVI CE G

3 Cast  i r on dr ai nage 
f i t t i ngs,  t hr eaded,  
ASME B16. 12 f or  use 
wi t h I t em 10

X X X

4 Cast  i r on scr ewed 
f i t t i ngs ( t hr eaded)  
ASME B16. 4 f or  use 
wi t h I t em 10

X X

10 St eel  pi pe,  seaml ess 
gal vani zed,  
ASTM A53/ A53M,  Type 
S,  Gr ade B

X X X

12 Br onzed f l anged 
f i t t i ngs,  ASME B16. 24
 f or  use wi t h I t ems 
11 and 14

X X X

13 Cast  copper  al l oy 
sol der  j oi nt  
pr essur e f i t t i ngs,  
ASME B16. 18f or  use 
wi t h I t em 14

X X X

14 Seaml ess copper  
pi pe,  ASTM B42

X X

15 Cast  br onze t hr eaded 
f i t t i ngs,  ASME B16. 15

X X

16 Copper  dr ai nage 
t ube,  ( DWV) ,  
ASTM B306

X* X X* X X X

20 Pol yvi nyl  Chl or i de 
pl ast i c dr ai n,  wast e 
and vent  pi pe and 
f i t t i ngs,  ASTM D2665,  
ASTM F891,  ( Sch 40)  
ASTM F1760

X X X X X X X
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TABLE I

PI PE AND FI TTI NG MATERI ALS FOR DRAI NAGE,  WASTE,  VENT AND CONDENSATE DRAI N PI PI NG
SYSTEMS

I t em 
#

Pi pe and Fi t t i ng 
Mat er i al s

SERVI CE 
A

SERVI CE 
B

SERVI CE 
C

SERVI CE 
D

SERVI CE 
E

SERVI CE 
F

SERVI CE G

SERVI CE:

    A -  Under gr ound Bui l di ng Soi l ,  Wast e and St or m Dr ai n
    B -  Abovegr ound Soi l ,  Wast e,  Dr ai n I n Bui l di ngs
    C -  Under gr ound Vent
    D -  Abovegr ound Vent
    E -  I nt er i or  Rai nwat er  Conduct or s Abovegr ound
    F -  Cor r osi ve Wast e And Vent  Above And Bel owgr ound
    G -  Condensat e Dr ai n Abovegr ound

*  -  Har d Temper

TABLE I I

PI PE AND FI TTI NG MATERI ALS FOR PRESSURE PI PI NG SYSTEMS

I t em # Pi pe and Fi t t i ng Mat er i al s SERVI CE 
A

SERVI CE 
B

SERVI CE C SERVI CE D

4 St eel  pi pe:

a.   Seaml ess,  gal vani zed,  
ASTM A53/ A53M,  Type S,  Gr ade B

X X X X

6 Br onze f l anged f i t t i ngs,  
ASME B16. 24 f or  use wi t h I t ems 5 
and 7

X X X

7 Seaml ess copper  pi pe,  ASTM B42 X X X

9 Cast  br onze t hr eaded f i t t i ngs,  
ASME B16. 15 f or  use wi t h I t ems 5 
and 7

X X X

11 Cast  copper  al l oy sol der - j oi nt  
pr essur e f i t t i ngs,  ASME B16. 18 
f or  use wi t h I t em 8

X X X X

25 Pol yvi nyl  chl or i de ( PVC)  pl ast i c 
pi pe,  Schedul es 40,  80,  and 120,  
ASTM D1785

X X
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TABLE I I

PI PE AND FI TTI NG MATERI ALS FOR PRESSURE PI PI NG SYSTEMS

I t em # Pi pe and Fi t t i ng Mat er i al s SERVI CE 
A

SERVI CE 
B

SERVI CE C SERVI CE D

26 Pol yvi nyl  chl or i de ( PVC)  
pr essur e- r at ed pi pe ( SDR 
Ser i es) ,  ASTM D2241

X X

27 Pol yvi nyl  chl or i de ( PVC)  pl ast i c 
pi pe f i t t i ngs,  Schedul e 40,  
ASTM D2466

X X

28 Socket - t ype pol yvi nyl  chl or i de 
( PVC)  pl ast i c pi pe f i t t i ngs,  
schedul e 80,  ASTM D2467 f or  use 
wi t h I t ems 26 and 27

X X

29 Thr eaded pol yvi nyl  chl or i de 
( PVC)  pl ast i c pi pe f i t t i ngs,  
schedul e 80,  ASTM D2464

X X

30 Joi nt s f or  I PS PVC pi pe usi ng 
sol vent  cement ,  ASTM D2672

X X

33 Fi t t i ngs:  br ass or  br onze;  
ASME B16. 15,  and ASME B16. 18 
ASTM B828

X X

36 Ni ppl es,  pi pe t hr eaded ASTM A733 X X X

38 Pr ess Fi t t i ngs X X

SERVI CE:
    A -  Col d Wat er  Ser vi ce Abovegr ound
    B -  Hot  and Col d Wat er  Di st r i but i on
         180 degr ees F Maxi mum Abovegr ound
    C -  Compr essed Ai r  Lubr i cat ed
    D -  Col d Wat er  Ser vi ce Bel owgr ound
    I ndi cat ed t ypes ar e mi ni mum wal l  t hi cknesses.
    * *  -  Type L -  Har d
    * * *  -  Type K -  Har d t emper  wi t h br azed j oi nt s onl y or  t ype K- sof t
    t emper  wi t hout  j oi nt s i n or  under  f l oor s
    * * * *  -  I n or  under  sl ab f l oor s onl y br azed j oi nt s
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TABLE I I I

STANDARD RATI NG CONDI TI ONS AND MI NI MUM PERFORMANCE RATI NGS FOR WATER HEATI NG EQUI PMENT

FUEL STORAGE 
CAPACI TY 
GALLONS

I NPUT RATI NG TEST PROCEDURE REQUI RED PERFORMANCE

A.   STORAGE WATER HEATERS

El ect . 60 max. 10 CFR 430 EF = 0. 93

TERMS:

EF = Ener gy f act or ,  mi ni mum over al l  ef f i c i ency.
ET = Mi ni mum t her mal  ef f i c i ency wi t h 70 degr ees F del t a T.
SL = St andby l oss i s maxi mum Bt u/ h based on a 70 degr ee F t emper at ur e di f f er ence 
bet ween st or ed wat er  and ambi ent  r equi r ement s.
V = Rat ed st or age vol ume i n gal l ons
Q = Namepl at e i nput  r at e i n Bt u/ h

        - -  End of  Sect i on - -
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SECTI ON 23 05 93

TESTI NG,  ADJUSTI NG,  AND BALANCI NG FOR HVAC
11/ 15

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AI R MOVEMENT AND CONTROL ASSOCI ATI ON I NTERNATI ONAL,  I NC.  ( AMCA)

AMCA 203 ( 1990;  R 2011)  Fi el d Per f or mance 
Measur ement s of  Fan Syst ems

AMERI CAN SOCI ETY OF HEATI NG,  REFRI GERATI NG AND AI R- CONDI TI ONI NG 
ENGI NEERS ( ASHRAE)

ASHRAE 62. 1 ( 2022)  Vent i l at i on f or  Accept abl e I ndoor  
Ai r  Qual i t y

ASSOCI ATED AI R BALANCE COUNCI L ( AABC)

AABC MN- 1 ( 2002;  6t h ed)  Nat i onal  St andar ds f or  
Tot al  Syst em Bal ance

AABC MN- 4 ( 1996)  Test  and Bal ance Pr ocedur es

NATI ONAL ENVI RONMENTAL BALANCI NG BUREAU ( NEBB)

NEBB MASV ( 2006)  Pr ocedur al  St andar ds f or  
Measur ement s and Assessment  of  Sound and 
Vi br at i on

NEBB PROCEDURAL STANDARDS ( 2015)  Pr ocedur al  St andar ds f or  TAB 
( Test i ng,  Adj ust i ng and Bal anci ng)  
Envi r onment al  Syst ems

SHEET METAL AND AI R CONDI TI ONI NG CONTRACTORS'  NATI ONAL ASSOCI ATI ON 
( SMACNA)

SMACNA 1780 ( 2002)  HVAC Syst ems -  Test i ng,  Adj ust i ng 
and Bal anci ng,  3r d Edi t i on

SMACNA 1858 ( 2004)  HVAC Sound And Vi br at i on Manual  -  
Fi r st  Edi t i on

SMACNA 1972 CD ( 2012)  HVAC Ai r  Duct  Leakage Test  Manual  -  
2nd Edi t i on

1. 2   DEFI NI TI ONS

a.   AABC:   Associ at ed Ai r  Bal ance Counci l

b.   COTR:   Cont r act i ng Of f i cer ' s Techni cal  Repr esent at i ve
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c.   DALT:   Duct  ai r  l eakage t est

d.   DALT' d:   Duct  ai r  l eakage t est ed

e.   HVAC:   Heat i ng,  vent i l at i ng,  and ai r  condi t i oni ng;  or  heat i ng,  
vent i l at i ng,  and cool i ng

f .   NEBB:   Nat i onal  Envi r onment al  Bal anci ng Bur eau

g.   Out - of - t ol er ance dat a:   Per t ai ns onl y t o f i el d accept ance t est i ng of  
Fi nal  DALT or  TAB r epor t .   When appl i ed t o DALT wor k,  t hi s phase means 
" a l eakage r at e measur ed dur i ng DALT f i el d accept ance t est i ng whi ch 
exceeds t he l eakage r at e al l owed by SMACNA Leak Test  Manual  f or  an 
i ndi cat ed duct  const r uct i on and seal ant  c l ass. "   When appl i ed t o TAB 
wor k t hi s phase means " a measur ement  t aken dur i ng TAB f i el d accept ance 
t est i ng whi ch does not  f al l  wi t hi n t he r ange of  pl us 5 t o mi nus 5 
per cent  of  t he or i gi nal  measur ement  r epor t ed on t he TAB Repor t  f or  a 
speci f i c  par amet er . "

h.   Season of  maxi mum heat i ng l oad:   The t i me of  year  when t he out door  
t emper at ur e at  t he pr oj ect  s i t e r emai ns wi t hi n pl us or  mi nus 30 
degr ees Fahr enhei t  of  t he pr oj ect  s i t e' s wi nt er  out door  desi gn 
t emper at ur e,  t hr oughout  t he per i od of  TAB dat a r ecor di ng.

i .   Season of  maxi mum cool i ng l oad:   The t i me of  year  when t he out door  
t emper at ur e at  t he pr oj ect  s i t e r emai ns wi t hi n pl us or  mi nus 5 degr ees 
Fahr enhei t  of  t he pr oj ect  s i t e' s summer  out door  desi gn t emper at ur e,  
t hr oughout  t he per i od of  TAB dat a r ecor di ng.

j .   Season 1,  Season 2:   Dependi ng upon when t he pr oj ect  HVAC i s compl et ed 
and r eady f or  TAB,  Season 1 i s def i ned,  t her eby def i ni ng Season 2.   
Season 1 coul d be t he season of  maxi mum heat i ng l oad,  or  t he season of  
maxi mum cool i ng l oad.

k.   Sound measur ement s t er mi nol ogy:   Def i ned i n AABC MN- 1,  NEBB MASV,  or  
SMACNA 1858 ( TABB) .

l .   TAB:   Test i ng,  adj ust i ng,  and bal anci ng ( of  HVAC syst ems)

m.   TAB' d:   HVAC Test i ng/ Adj ust i ng/ Bal anci ng pr ocedur es per f or med

n.   TAB Agency:   TAB Fi r m

o.   TAB t eam f i el d l eader :   TAB t eam f i el d l eader

p.   TAB t eam super vi sor :   TAB t eam engi neer

q.   TAB t eam t echni c i ans:   TAB t eam assi st ant s

r .   TABB:   Test i ng Adj ust i ng and Bal anci ng Bur eau

1. 2. 1   Si mi l ar  Ter ms

I n some i nst ances,  t er mi nol ogy di f f er s bet ween t he Cont r act  and t he TAB 
St andar d pr i mar i l y because t he i nt ent  of  t hi s Sect i on i s t o use t he 
i ndust r y st andar ds speci f i ed,  al ong wi t h addi t i onal  r equi r ement s l i s t ed 
her ei n t o pr oduce opt i mal  r esul t s.
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The f ol l owi ng t abl e of  s i mi l ar  t er ms i s pr ovi ded f or  c l ar i f i cat i on onl y.   
Cont r act  r equi r ement s t ake pr ecedent  over  t he cor r espondi ng AABC,  NEBB,  or  
TABB r equi r ement s wher e di f f er ences exi st .

SI MI LAR TERMS

Cont r act  Ter m AABC Ter m NEBB Ter m TABB Ter m

TAB St andar d Nat i onal  St andar ds 
f or  Test i ng and 
Bal anci ng Heat i ng,  
Vent i l at i ng,  and Ai r  
Condi t i oni ng Syst ems

Pr ocedur al  St andar ds 
f or  Test i ng,  
Adj ust i ng and 
Bal anci ng of  
Envi r onment al  Syst ems

I nt er nat i onal  
St andar ds f or  
Envi r onment al  
Syst ems Bal ance

TAB Speci al i st TAB Engi neer TAB Super vi sor TAB Super vi sor

Syst ems Readi ness 
Check

Const r uct i on Phase 
I nspect i on

Fi el d Readi ness 
Check & Pr el i mi nar y 
Fi el d Pr ocedur es

Fi el d Readi ness 
Check & Pr el i m.  
Fi el d Pr ocedur es

1. 3   WORK DESCRI PTI ON 

The wor k i ncl udes duct  ai r  l eakage t est i ng ( DALT)  and t est i ng,  adj ust i ng,  
and bal anci ng ( TAB)  of  new heat i ng,  vent i l at i ng,  and cool i ng ( HVAC)  ai r  
and wat er  di st r i but i on syst ems i ncl udi ng equi pment  and per f or mance dat a,  
duct s,  and pi pi ng whi ch ar e l ocat ed wi t hi n,  on,  under ,  bet ween,  and 
adj acent  t o bui l di ngs,  i ncl udi ng r ecor ds of  exi st i ng condi t i ons.

Per f or m TAB i n accor dance wi t h t he r equi r ement s of  t he TAB pr ocedur al  
st andar d r ecommended by t he TAB t r ade associ at i on t hat  appr oved t he TAB 
Fi r m' s qual i f i cat i ons.   Compl y wi t h r equi r ement s of  AABC MN- 1,  
NEBB PROCEDURAL STANDARDS,  or  SMACNA 1780 ( TABB)  as suppl ement ed and 
modi f i ed by t hi s speci f i cat i on sect i on.   Al l  r ecommendat i ons and suggest ed 
pr act i ces cont ai ned i n t he TAB pr ocedur al  st andar ds ar e consi der ed 
mandat or y.

Conduct  DALT and TAB of  t he i ndi cat ed exi st i ng syst ems and equi pment  and 
submi t  t he speci f i ed DALT and TAB r epor t s f or  appr oval .   Conduct  DALT 
t est i ng i n compl i ance wi t h t he r equi r ement s speci f i ed i n SMACNA 1972 CD,  
except  as suppl ement ed and modi f i ed by t hi s sect i on.   Conduct  DALT and TAB 
wor k i n accor dance wi t h t he r equi r ement s of  t hi s sect i on.

1. 3. 1   Ai r  Di st r i but i on Syst ems

Test ,  adj ust ,  and bal ance syst ems ( TAB)  i n compl i ance wi t h t hi s sect i on.   
Obt ai n Cont r act i ng Of f i cer ' s wr i t t en appr oval  bef or e appl y i ng i nsul at i on 
t o ext er i or  of  ai r  di st r i but i on syst ems as speci f i ed under  Sect i on 23 07 00
 THERMAL I NSULATI ON FOR MECHANI CAL SYSTEMS.

1. 3. 2   Wat er  Di st r i but i on Syst ems

TAB syst ems i n compl i ance wi t h t hi s sect i on.   Obt ai n Cont r act i ng Of f i cer ' s 
wr i t t en appr oval  bef or e appl y i ng i nsul at i on t o wat er  di st r i but i on syst ems 
as speci f i ed under  Sect i on 23 07 00 THERMAL I NSULATI ON FOR MECHANI CAL 

SECTI ON 23 05 93  Page 3



D51 Hangar  Conver si on t o Human Per f or mance Cent er  FTFA 23- VH59
Egl i n AFB,  Fl or i da

SYSTEMS.   At  Cont r act or ' s opt i on and wi t h Cont r act i ng Of f i cer ' s wr i t t en 
appr oval ,  t he pi pi ng syst ems may be i nsul at ed bef or e syst ems ar e TAB' d.

Ter mi nat e pi pi ng i nsul at i on i mmedi at el y adj acent  t o each f l ow cont r ol  
val ve,  aut omat i c cont r ol  val ve,  or  devi ce.   Seal  t he ends of  pi pe 
i nsul at i on and t he space bet ween ends of  pi pe i nsul at i on and pi pi ng,  wi t h 
wat er pr oof  vapor  bar r i er  coat i ng.

Af t er  compl et i on of  wor k under  t hi s sect i on,  i nsul at e t he f l ow cont r ol  
val ves and devi ces as speci f i ed under  Sect i on 23 07 00 THERMAL I NSULATI ON 
FOR MECHANI CAL SYSTEMS.

1. 3. 3   TAB SCHEMATI C DRAWI NGS

Show t he f ol l owi ng i nf or mat i on on TAB Schemat i c Dr awi ngs:

1.   A uni que number  or  mar k f or  each pi ece of  equi pment  or  t er mi nal .

2.   Ai r  quant i t i es at  ai r  t er mi nal s.

3.   Ai r  quant i t i es and t emper at ur es i n ai r  handl i ng uni t  schedul es.

4.   Wat er  quant i t i es and t emper at ur es i n t her mal  ener gy t r ansf er  equi pment  
schedul es.

5.   Wat er  quant i t i es and heads i n pump schedul es.

6.   Wat er  f l ow measur ement  f i t t i ngs and bal anci ng f i t t i ngs.

7.   Duct wor k Const r uct i on and Leakage Test i ng Tabl e t hat  def i nes t he DALT 
t est  r equi r ement s,  i ncl udi ng each appl i cabl e HVAC duct  syst em I D or  
mar k,  duct  pr essur e c l ass,  duct  seal  c l ass,  and duct  l eakage t est  
pr essur e.   Thi s t abl e i s i ncl uded i n t he f i l e f or  Gr aphi cs f or  Uni f i ed 
Faci l i t i es Gui de Speci f i cat i ons:
ht t p: / / www. wbdg. or g/ f f c/ dod/ uni f i ed- f aci l i t i es- gui de- speci f i cat i ons- uf gs/ f or ms- gr aphi cs- t abl es

The Test i ng,  Adj ust i ng,  and Bal anci ng ( TAB)  Speci al i st  must  r evi ew t he 
Cont r act  Pl ans and Speci f i cat i ons and advi se t he Cont r act i ng Of f i cer  of  
any def i c i enci es t hat  woul d pr event  t he ef f ect i ve and accur at e TAB of  t he 
syst em,  i ncl udi ng r ecor ds of  exi st i ng condi t i ons,  and syst ems r eadi ness 
check.   The TAB Speci al i st  must  pr ovi de a Desi gn Revi ew Repor t  
i ndi v i dual l y l i s t i ng each def i c i ency and t he cor r espondi ng pr oposed 
cor r ect i ve act i on necessar y f or  pr oper  syst em oper at i on.

Submi t  t hr ee copi es of  t he TAB Schemat i c Dr awi ngs and Repor t  For ms t o t he 
Cont r act i ng Of f i cer ,  no l at er  t han 21 days pr i or  t o t he st ar t  of  TAB f i el d 
measur ement s.

1. 4   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  desi gnat i on;  
submi t t al s not  havi ng a " G"  desi gnat i on ar e f or  Cont r act or  Qual i t y Cont r ol  
appr oval .   Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 
SUBMI TTAL PROCEDURES:

SD- 01 Pr econst r uct i on Submi t t al s

Recor ds of  Exi st i ng Condi t i ons;  G
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TAB Fi r m;  G

Desi gnat i on of  TAB Team Assi st ant s;  G

Desi gnat i on of  TAB Team Engi neer ;  G or  TAB Speci al i st ;  G

Desi gnat i on of  TAB Team Fi el d Leader ;  G

SD- 02 Shop Dr awi ngs

TAB Schemat i c Dr awi ngs and Repor t  For ms;  G

SD- 03 Pr oduct  Dat a

Equi pment  and Per f or mance Dat a;  G

TAB Rel at ed HVAC Submi t t al s;  G

  A l i s t  of  t he TAB Rel at ed HVAC Submi t t al s,  no l at er  t han 7 days 
af t er  t he appr oval  of  t he TAB t eam engi neer  and assi st ant .

TAB Pr ocedur es;  G

  Pr oposed pr ocedur es f or  TAB,  submi t t ed wi t h t he TAB Schemat i c 
Dr awi ngs and Repor t  For ms.

Cal i br at i on;  G

Syst ems Readi ness Check;  G

TAB Execut i on;  G

TAB Ver i f i cat i on;  G

SD- 06 Test  Repor t s

Compl et ed Pr e- Fi nal  DALT Repor t ;  G

Cer t i f i ed Fi nal  DALT Repor t ;  G

TAB Desi gn Revi ew Repor t ;  G

TAB Repor t ;  G

SD- 07 Cer t i f i cat es

I ndependent  TAB Agency and Per sonnel  Qual i f i cat i ons;  G

DALT and TAB Submi t t al  and Wor k Schedul e;  G

TAB Pr e- Fi el d Engi neer i ng Repor t ;  G

TAB Fi r m;  G

Desi gn Revi ew Repor t ;  G

Pr e- f i el d DALT Pr el i mi nar y Not i f i cat i on;  G

Advanced Not i ce f or  TAB Fi el d Wor k;  G
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Pr er equi s i t e HVAC Wor k Check Out  Li st ;  G

1. 5   QUALI TY ASSURANCE

1. 5. 1   I ndependent  TAB Agency and Per sonnel  Qual i f i cat i ons

To secur e appr oval  f or  t he pr oposed agency,  submi t  i nf or mat i on cer t i f y i ng 
t hat  t he TAB agency i s a f i r st  t i er  subcont r act or  who i s not  af f i l i at ed 
wi t h any ot her  company par t i c i pat i ng i n wor k on t hi s cont r act ,  i ncl udi ng 
desi gn,  f ur ni shi ng equi pment ,  or  const r uct i on.   Fur t her ,  submi t  t he 
f ol l owi ng,  f or  t he agency,  t o Cont r act i ng Of f i cer  f or  appr oval :  

a.   I ndependent  AABC or  NEBB or  TABB TAB agency:

    TAB agency:   AABC r egi st r at i on number  and expi r at i on dat e of  
cur r ent  cer t i f i cat i on;  or  NEBB cer t i f i cat i on number  and expi r at i on 
dat e of  cur r ent  cer t i f i cat i on;  or  TABB cer t i f i cat i on number  and 
expi r at i on dat e of  cur r ent  cer t i f i cat i on.

    TAB t eam super vi sor :   Name and copy of  AABC or  NEBB or  TABB TAB 
super vi sor  cer t i f i cat e and expi r at i on dat e of  cur r ent  
cer t i f i cat i on.

    TAB t eam f i el d l eader :   Name and document ed evi dence t hat  t he t eam 
f i el d l eader  has sat i sf act or i l y  per f or med f ul l - t i me super vi s i on of  
TAB wor k i n t he f i el d f or  not  l ess t han 3 year s i mmedi at el y 
pr ecedi ng t hi s cont r act ' s bi d openi ng dat e.

    TAB t eam f i el d t echni c i ans:   Names and document ed evi dence t hat  
each f i el d t echni c i an has sat i sf act or i l y  assi st ed a TAB t eam f i el d 
l eader  i n per f or mance of  TAB wor k i n t he f i el d f or  not  l ess t han 
one year  i mmedi at el y pr ecedi ng t hi s cont r act ' s bi d openi ng dat e.

    Cur r ent  cer t i f i cat es:   Regi st r at i ons and cer t i f i cat i ons ar e 
cur r ent ,  and val i d f or  t he dur at i on of  t hi s cont r act .   Renew 
Cer t i f i cat i ons whi ch expi r e pr i or  t o compl et i on of  t he TAB wor k,  
i n a t i mel y manner  so t hat  t her e i s no l apse i n r egi st r at i on or  
cer t i f i cat i on.   TAB agency or  TAB t eam per sonnel  wi t hout  a cur r ent  
r egi st r at i on or  cur r ent  cer t i f i cat i on ar e not  t o per f or m TAB wor k 
on t hi s cont r act .

b.   TAB Team Member s:   TAB t eam appr oved t o accompl i sh wor k on t hi s 
cont r act  ar e f ul l - t i me empl oyees of  t he TAB agency.   No ot her  
per sonnel  i s  al l owed t o do TAB wor k on t hi s cont r act .

c.   Repl acement  of  TAB t eam member s:   Repl acement  of  member s may occur  i f  
each new member  compl i es wi t h t he appl i cabl e per sonnel  qual i f i cat i ons 
and each i s appr oved by t he Cont r act i ng Of f i cer .

1. 5. 2   TAB St andar d

Per f or m TAB i n accor dance wi t h t he r equi r ement s of  t he st andar d under  
whi ch t he TAB Fi r m' s qual i f i cat i ons ar e appr oved,  i . e. ,  AABC MN- 1,  
NEBB PROCEDURAL STANDARDS,  or  SMACNA 1780 unl ess ot her wi se speci f i ed 
her ei n.   Al l  r ecommendat i ons and suggest ed pr act i ces cont ai ned i n t he TAB 
St andar d ar e consi der ed mandat or y.   Use t he pr ovi s i ons of  t he TAB 
St andar d,  i ncl udi ng checkl i st s,  r epor t  f or ms,  et c. ,  as near l y as 
pr act i cal ,  t o sat i sf y t he Cont r act  r equi r ement s.   Use t he TAB St andar d f or  
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al l  aspect s of  TAB,  i ncl udi ng qual i f i cat i ons f or  t he TAB Fi r m and 
Speci al i st  and cal i br at i on of  TAB i nst r ument s.   Wher e t he i nst r ument  
manuf act ur er  cal i br at i on r ecommendat i ons ar e mor e st r i ngent  t han t hose 
l i s t ed i n t he TAB St andar d,  adher e t o t he manuf act ur er ' s r ecommendat i ons.

Al l  qual i t y assur ance pr ovi s i ons of  t he TAB St andar d such as per f or mance 
guar ant ees ar e par t  of  t hi s cont r act .   For  syst ems or  syst em component s 
not  cover ed i n t he TAB St andar d,  TAB pr ocedur es must  be devel oped by t he 
TAB Speci al i st .   Wher e new pr ocedur es,  r equi r ement s,  et c. ,  appl i cabl e t o 
t he Cont r act  r equi r ement s have been publ i shed or  adopt ed by t he body 
r esponsi bl e f or  t he TAB St andar d used ( AABC,  NEBB,  or  TABB) ,  t he 
r equi r ement s and r ecommendat i ons cont ai ned i n t hese pr ocedur es and 
r equi r ement s ar e consi der ed mandat or y,  i ncl udi ng t he l at est  r equi r ement s 
of  ASHRAE 62. 1.

1. 5. 3   Qual i f i cat i ons

1. 5. 3. 1   TAB Fi r m

The TAB Fi r m must  be ei t her  a member  of  AABC or  cer t i f i ed by t he NEBB or  
t he TABB and cer t i f i ed i n al l  cat egor i es and f unct i ons wher e measur ement s 
or  per f or mance ar e speci f i ed on t he pl ans and speci f i cat i ons.

Cer t i f i cat i on must  be mai nt ai ned f or  t he ent i r e dur at i on of  dut i es 
speci f i ed her ei n.   I f ,  f or  any r eason,  t he f i r m l oses subj ect  
cer t i f i cat i on dur i ng t hi s per i od,  t he Cont r act or  must  i mmedi at el y not i f y 
t he Cont r act i ng Of f i cer  and submi t  anot her  TAB Fi r m f or  appr oval .   Any 
f i r m t hat  has been t he subj ect  of  di sci pl i nar y act i on by ei t her  t he AABC,  
t he NEBB,  or  t he TABB wi t hi n t he f i ve year s pr ecedi ng Cont r act  Awar d i s 
not  be el i gi bl e t o per f or m any dut i es r el at ed t o t he HVAC syst ems,  
i ncl udi ng TAB.   Al l  wor k speci f i ed i n t hi s Sect i on and i n ot her  r el at ed 
Sect i ons t o be per f or med by t he TAB Fi r m wi l l  be consi der ed i nval i d i f  t he 
TAB Fi r m l oses i t s cer t i f i cat i on pr i or  t o Cont r act  compl et i on and must  be 
per f or med by an appr oved successor .

These TAB ser vi ces ar e t o assi st  t he pr i me Cont r act or  i n per f or mi ng t he 
qual i t y over si ght  f or  whi ch i t  i s  r esponsi bl e.   The TAB Fi r m must  be a 
pr i me subcont r act or  of  t he Cont r act or  and be f i nanci al l y and cor por at el y 
i ndependent  of  t he mechani cal  subcont r act or ,  r epor t i ng di r ect l y t o and 
pai d by t he Cont r act or .

1. 5. 3. 2   TAB Speci al i st

The TAB Speci al i st  must  be ei t her  a member  of  AABC, an exper i enced 
t echni c i an of  t he Fi r m cer t i f i ed by t he NEBB,  or  a Super vi sor  cer t i f i ed by 
t he TABB.   The cer t i f i cat i on must  be mai nt ai ned f or  t he ent i r e dur at i on of  
dut i es speci f i ed her ei n.   I f ,  f or  any r eason,  t he Speci al i st  l oses subj ect  
cer t i f i cat i on dur i ng t hi s per i od,  i mmedi at el y not i f y t he Cont r act i ng 
Of f i cer  and submi t  anot her  TAB Speci al i st  f or  appr oval .   Any i ndi v i dual  
t hat  has been t he subj ect  of  di sci pl i nar y act i on by ei t her  t he AABC,  t he 
NEBB,  or  t he TABB wi t hi n t he f i ve year s pr ecedi ng Cont r act  Awar d i s not  
el i gi bl e t o per f or m any dut i es r el at ed t o t he HVAC syst ems,  i ncl udi ng 
TAB.   Al l  wor k speci f i ed i n t hi s Sect i on and i n ot her  r el at ed Sect i ons 
per f or med by t he TAB Speci al i st  wi l l  be consi der ed i nval i d i f  t he TAB 
Speci al i st  l oses i t s cer t i f i cat i on pr i or  t o Cont r act  compl et i on and must  
be per f or med by t he appr oved successor .
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1. 5. 3. 3   TAB Speci al i st  Responsi bi l i t i es

TAB Speci al i st  r esponsi bi l i t i es i ncl ude al l  TAB wor k speci f i ed her ei n and 
i n r el at ed sect i ons under  hi s di r ect  gui dance.   The TAB speci al i st  i s  
r equi r ed t o be onsi t e on a dai l y basi s t o di r ect  TAB ef f or t s.   The TAB 
Speci al i st  must  par t i c i pat e i n t he commi ssi oni ng pr ocess speci f i ed i n 
Sect i on 01 91 00. 15 TOTAL BUI LDI NG COMMI SSI ONI NG.

1. 5. 3. 4   TAB Rel at ed HVAC Submi t t al s

The TAB Speci al i st  must  pr epar e a l i s t  of  t he submi t t al s f r om t he Cont r act  
Submi t t al  Regi st er  t hat  r el at e t o t he successf ul  accompl i shment  of  al l  
HVAC TAB.   Accompany t he submi t t al s i dent i f i ed on t hi s l i s t  wi t h a l et t er  
of  appr oval  s i gned and dat ed by t he TAB Speci al i st  when submi t t ed t o t he 
Gover nment .   Ensur e t hat  t he l ocat i on and det ai l s of  por t s,  t er mi nal s,  
connect i ons,  et c. ,  necessar y t o per f or m TAB ar e i dent i f i ed on t he 
submi t t al s.

1. 5. 4   Responsi bi l i t i es

The Cont r act or  i s r esponsi bl e f or  ensur i ng compl i ance wi t h t he 
r equi r ement s of  t hi s sect i on.   The f ol l owi ng del i neat i on of  speci f i c  wor k 
r esponsi bi l i t i es i s speci f i ed t o f aci l i t at e TAB execut i on of  t he var i ous 
wor k ef f or t s by per sonnel  f r om separ at e or gani zat i ons.   Thi s br eakdown of  
speci f i c  dut i es i s speci f i ed t o f aci l i t at e adher ence t o t he schedul e 
l i s t ed i n t he par agr aph TAB SUBMI TTAL AND WORK SCHEDULE.

1. 5. 4. 1   Cont r act or

a.   TAB per sonnel :   Ensur e t hat  t he DALT wor k and t he TAB wor k i s 
accompl i shed by a gr oup meet i ng t he r equi r ement s speci f i ed i n t he 
par agr aph TAB PERSONNEL QUALI FI CATI ON REQUI REMENTS.

b.   Pr e- DALT/ TAB meet i ng:   At t end t he meet i ng wi t h t he TAB Super vi sor ,  and 
ensur e t hat  a r epr esent at i ve i s pr esent  f or  t he sheet met al  cont r act or ,  
mechani cal  cont r act or ,  el ect r i cal  cont r act or ,  and aut omat i c 
t emper at ur e cont r ol s cont r act or .

c.   HVAC document at i on:   Fur ni sh one compl et e set  of  t he f ol l owi ng 
HVAC- r el at ed document at i on t o t he TAB agency:

( 1)  Cont r act  dr awi ngs and speci f i cat i ons

( 2)  Appr oved submi t t al  dat a f or  equi pment

( 3)  Const r uct i on wor k schedul e

( 4)  Up- t o- dat e r evi s i ons and change or der s f or  t he pr evi ousl y l i s t ed 
i t ems

d.   Submi t t al  and wor k schedul es:   Ensur e t hat  t he schedul e f or  submi t t al s 
and wor k r equi r ed by t hi s sect i on and speci f i ed i n t he par agr aph TAB 
SUBMI TTAL AND WORK SCHEDULE i s met .

e.   Coor di nat i on of  suppor t i ng per sonnel :

    Pr ovi de t he t echni cal  per sonnel ,  such as f act or y r epr esent at i ves or  
HVAC cont r ol s i nst al l er  r equi r ed by t he TAB f i el d t eam t o suppor t  t he 
DALT and t he TAB f i el d measur ement  wor k.
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    Pr ovi de equi pment  mechani cs t o oper at e HVAC equi pment  and duct wor k 
mechani cs t o pr ovi de t he f i el d desi gnat ed t est  por t s t o enabl e TAB 
f i el d t eam t o accompl i sh t he DALT and t he TAB f i el d measur ement  wor k.   
Ensur e t hese suppor t  per sonnel  ar e pr esent  at  t he t i mes r equi r ed by 
t he TAB t eam,  and cause no del ay i n t he DALT and t he TAB f i el d wor k.

    Conver sel y,  ensur e t hat  t he HVAC cont r ol s i nst al l er  has r equi r ed 
suppor t  f r om t he TAB t eam f i el d l eader  t o compl et e t he cont r ol s check 
out .

f .   Def i c i enci es:   Ensur e t hat  t he TAB Agency super vi sor  submi t s al l  
Desi gn/ Const r uct i on def i c i ency not i f i cat i ons di r ect l y t o t he 
Cont r act i ng of f i cer  wi t hi n 3 days af t er  t he def i c i ency i s 
encount er ed.   Fur t her ,   ensur e t hat  al l  such not i f i cat i on submi t t al s 
ar e compl et e wi t h expl anat i on,  i ncl udi ng document at i on,  det ai l i ng 
def i c i enci es.

g.   Pr er equi s i t e HVAC wor k:   Compl et e check out  and debuggi ng of  HVAC 
equi pment ,  duct s,  and cont r ol s pr i or  t o t he TAB engi neer  ar r i v i ng at  
t he pr oj ect  s i t e t o begi n t he TAB wor k.   Debuggi ng i ncl udes sear chi ng 
f or  and el i mi nat i ng mal f unct i oni ng el ement s i n t he HVAC syst em 
i nst al l at i ons,  and ver i f y i ng al l  adj ust abl e devi ces ar e f unct i oni ng as 
desi gned.   I ncl ude as pr er equi s i t e wor k i t ems,  t he def i c i enci es 
poi nt ed out  by t he TAB t eam super vi sor  i n t he desi gn r evi ew r epor t .

h.   Pr i or  t o t he TAB f i el d t eam' s ar r i val ,  ensur e compl et i on of  t he 
appl i cabl e i nspect i ons and wor k i t ems l i s t ed i n t he TAB t eam 
super vi sor ' s pr e- f i el d engi neer i ng r epor t .   Do not  al l ow t he TAB t eam 
t o commence TAB f i el d wor k unt i l  al l  of  t he f ol l owi ng ar e compl et ed.

( 1)  HVAC syst em i nst al l at i ons ar e f ul l y  compl et e.

( 2)  HVAC pr er equi s i t e checkout  wor k l i s t s speci f i ed i n t he par agr aph 
PRE- FI ELD TAB ENGI NEERI NG REPORT ar e compl et ed,  submi t t ed,  and 
appr oved.   Ensur e t hat  t he TAB Agency get s a copy of  t he appr oved 
pr er equi s i t e HVAC wor k checkl i st .

( 3)  DALT f i el d checks f or  al l  syst ems ar e compl et ed.

( 4)  HVAC syst em f i l t er s ar e c l ean f or  bot h Season 1 and Season 2 TAB 
f i el d wor k.

i .   Advance not i ce:   Fur ni sh t o t he Cont r act i ng Of f i cer  wi t h advance 
wr i t t en not i ce f or  t he commencement  of  t he DALT f i el d wor k and f or  t he 
commencement  of  t he TAB f i el d wor k.

j .   I nsul at i on wor k:   For  r equi r ed DALT wor k ,  ensur e t hat  i nsul at i on i s 
not  i nst al l ed on duct s t o be DALT' d unt i l  DALT wor k on t he subj ect  
duct s i s compl et e.   Lat er ,  ensur e t hat  openi ngs i n duct  and machi ner y 
i nsul at i on cover i ngs f or  TAB t est  por t s ar e mar ked,  c l osed and seal ed.

1. 5. 4. 2   TAB Agency

Pr ovi de t he ser vi ces of  a TAB t eam whi ch compl i es wi t h t he r equi r ement s of  
t he par agr aph I NDEPENDENT TAB AGENCY PERSONNEL QUALI FI CATI ONS.   The wor k 
t o be per f or med by t he TAB agency i s l i mi t ed t o t est i ng,  adj ust i ng,  and 
bal anci ng of  HVAC ai r  and wat er  syst ems t o sat i sf y t he r equi r ement s of  
t hi s speci f i cat i on sect i on.
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1. 5. 4. 3   TAB Team Super vi sor

a.   Over al l  management :   Super vi se and manage t he over al l  TAB t eam wor k 
ef f or t ,  i ncl udi ng pr el i mi nar y and t echni cal  DALT and TAB pr ocedur es 
and TAB t eam f i el d wor k.

b.   Pr e- DALT/ TAB meet i ng:   At t end meet i ng wi t h Cont r act or .

c.   Desi gn r evi ew r epor t :   Revi ew pr oj ect  speci f i cat i ons and accompanyi ng 
dr awi ngs t o ver i f y t hat  t he ai r  syst ems and wat er  syst ems ar e desi gned 
i n such a way t hat  t he TAB engi neer  can accompl i sh t he wor k i n 
compl i ance wi t h t he r equi r ement s of  t hi s sect i on.   Ver i f y t he pr esence 
and l ocat i on of  per manent l y i nst al l ed t est  por t s and ot her  devi ces 
needed,  i ncl udi ng gauge cocks,  t her momet er  wel l s,  f l ow cont r ol  
devi ces,  c i r cui t  set t er s,  bal anci ng val ves,  and manual  vol ume damper s.

d.   Suppor t  r equi r ed:   Speci f y t he t echni cal  suppor t  per sonnel  r equi r ed 
f r om t he Cont r act or  ot her  t han t he TAB agency;  such as f act or y 
r epr esent at i ves f or  t emper at ur e cont r ol s or  f or  compl ex equi pment .   
I nf or m t he Cont r act or  i n wr i t i ng of  t he suppor t  per sonnel  needed and 
when t hey ar e needed.   Fur ni sh t he not i ce as soon as t he need i s 
ant i c i pat ed,  ei t her  wi t h t he desi gn r evi ew r epor t ,  or  t he pr e- f i el d 
engi neer i ng r epor t ,  t he  dur i ng t he DALT or  TAB f i el d wor k.

e.   Pr e- f i el d DALT pr el i mi nar y not i f i cat i on:   Moni t or  t he compl et i on of  
t he duct  i nst al l at i on of  each syst em and pr ovi de t he necessar y wr i t t en 
not i f i cat i on t o t he Cont r act i ng Of f i cer .

f .   Pr e- f i el d engi neer i ng r epor t :   Ut i l i z i ng t he f ol l owi ng HVAC- r el at ed 
document at i on;  cont r act  dr awi ngs and speci f i cat i ons,  appr oved 
submi t t al  dat a f or  equi pment ,  up- t o- dat e r evi s i ons and change or der s;  
pr epar e t hi s r epor t .

g.   Pr er equi s i t e HVAC wor k checkl i st :   Ensur e t he Cont r act or  get s a copy 
of  t hi s checkl i st  at  t he same t i me as t he pr e- f i el d engi neer i ng r epor t  
i s  submi t t ed.

h.   Techni cal  assi st ance f or  DALT wor k.

( 1)  Techni cal  assi st ance:   Pr ovi de i mmedi at e t echni cal  assi st ance t o 
TAB f i el d t eam.

( 2)  DALT f i el d v i s i t :   Near  t he end of  t he DALT f i el d wor k ef f or t ,  
v i s i t  t he cont r act  s i t e t o i nspect  t he HVAC i nst al l at i on and t he 
pr ogr ess of  t he DALT f i el d wor k.   Conduct  a s i t e v i s i t  t o t he 
ext ent  necessar y t o ver i f y cor r ect  pr ocedur es ar e bei ng 
i mpl ement ed and t o conf i r m t he accur acy of  t he Pr e- f i nal  DALT 
Repor t  dat a whi ch has been r epor t ed.   Al so,  per f or m suf f i c i ent  
eval uat i on  t o al l ow t he TAB super vi sor  t o i ssue cer t i f i cat i on of  
t he f i nal  r epor t .   Conduct  t he s i t e v i s i t  f ul l - t i me f or  a mi ni mum 
of  one 8 hour  wor kday dur at i on.

i .   Fi nal  DALT r epor t :   Cer t i f y t he DALT r epor t .   Thi s cer t i f i cat i on 
i ncl udes t he f ol l owi ng wor k:  

( 1)  Revi ew:   Revi ew t he Pr e- f i nal  DALT r epor t  dat a.   Fr om t hese f i el d 
r epor t s,  pr epar e t he Cer t i f i ed Fi nal  DALT r epor t .
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( 2)  TAB Ver i f i cat i on:   Ver i f y adher ence,  by t he TAB f i el d t eam,  t o t he 
pr ocedur es speci f i ed i n t hi s sect i on.

j .   Techni cal  Assi st ance f or  TAB Wor k:   Pr ovi de i mmedi at e t echni cal  
assi st ance t o t he TAB f i el d t eam f or  t he TAB wor k.

( 1)  TAB f i el d v i s i t :   Near  t he end of  t he TAB f i el d wor k ef f or t ,  v i s i t  
t he cont r act  s i t e t o i nspect  t he HVAC i nst al l at i on and t he 
pr ogr ess of  t he TAB f i el d wor k.   Conduct  s i t e v i s i t  f ul l - t i me f or  
a mi ni mum of  one 8 hour  wor kday dur at i on.   Revi ew t he TAB f i nal  
r epor t  dat a and cer t i f y t he TAB f i nal  r epor t .

k.   Cer t i f i ed TAB r epor t :   Cer t i f y t he TAB r epor t .   Thi s cer t i f i cat i on 
i ncl udes t he f ol l owi ng wor k:

( 1)  Revi ew:   Revi ew t he TAB f i el d dat a r epor t .   Fr om t hi s f i el d 
r epor t ,  pr epar e t he cer t i f i ed TAB r epor t .

( 2)  Ver i f i cat i on:   Ver i f y adher ence,  by t he TAB f i el d t eam,  t o t he TAB 
pl an pr escr i bed by t he pr e- f i el d engi neer i ng r epor t  and ver i f y 
adher ence t o t he pr ocedur es speci f i ed i n t hi s sect i on.

l .   Desi gn/ Const r uct i on def i c i enci es:   Wi t hi n 3 wor ki ng days af t er  t he TAB 
Agency has encount er ed any desi gn or  const r uct i on def i c i enci es,  t he 
TAB Super vi sor  must  submi t  wr i t t en not i f i cat i on di r ect l y t o t he 
Cont r act i ng Of f i cer ,  wi t h a separ at e copy t o t he Cont r act or ,  of  al l  
such def i c i enci es.   Pr ovi de i n t hi s submi t t al  a compl et e expl anat i on,  
i ncl udi ng suppor t i ng document at i on,  det ai l i ng def i c i enci es.   Wher e 
def i c i enci es ar e encount er ed t hat  ar e bel i eved t o adver sel y i mpact  
successf ul  compl et i on of  TAB,  t he TAB Agency must  i ssue not i ce and 
r equest  di r ect i on i n t he not i f i cat i on submi t t al .

m.   TAB Fi el d Check:   The TAB t eam super vi sor  must  at t end and super vi se 
TAB f i el d check.

1. 5. 4. 4   TAB Team Fi el d Leader

a.   Fi el d manager :   Manage,  i n t he f i el d,  t he accompl i shment  of  t he wor k 
speci f i ed i n Par t  3,  EXECUTI ON.

b.   Ful l  t i me:   Be pr esent  at  t he cont r act  s i t e when DALT f i el d wor k or  
TAB f i el d wor k i s bei ng per f or med by t he TAB t eam;  ensur e day- t o- day 
TAB t eam wor k accompl i shment s ar e i n compl i ance wi t h t hi s sect i on.

c.   Pr er equi s i t e HVAC wor k:   Do not  br i ng t he TAB t eam t o t he cont r act  
s i t e unt i l  a copy of  t he pr er equi s i t e HVAC Checkl i st ,  wi t h al l  wor k 
i t ems cer t i f i ed by t he Cont r act or  t o be wor ki ng as desi gned,  r eaches 
t he of f i ce of  t he TAB Agency.

1. 5. 5   Test  Repor t s

1. 5. 5. 1   Dat a f r om DALT Fi el d Wor k

Repor t  t he dat a f or  t he Pr e- f i nal  DALT Repor t  and Cer t i f i ed Fi nal  DALT 
Repor t  i n compl i ance t he f ol l owi ng r equi r ement s:

a.   Repor t  f or mat :   Submi t  r epor t  dat a on Ai r  Duct  Leakage Test  Summar y 
Repor t  For ms as shown on Page 6- 2 of  SMACNA 1972 CD.   I n addi t i on,  
submi t  i n t he r epor t ,  a mar ked duct  shop dr awi ng whi ch i dent i f i es each 
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sect i on of  duct  t est ed wi t h assi gned node number s f or  each sect i on.   
I ncl ude node number s i n t he compl et ed r epor t  f or ms t o i dent i f y each 
duct  sect i on.   The TAB super vi sor  must  r evi ew and cer t i f y t he r epor t .

b.   The TAB super vi sor  must  i ncl ude a copy of  al l  cal cul at i ons pr epar ed i n 
det er mi ni ng t he duct  sur f ace ar ea of  each duct  t est  sect i on.   I n 
addi t i on, pr ovi de t he duct wor k ai r  l eak t est i ng ( DALT)  r epor t s wi t h a 
copy( s)  of  t he cal i br at i on cur ve f or  each of  t he DALT t est  or i f i ces 
used f or  t est i ng.

c.   I nst r ument s:   Li st  t he t ypes of  i nst r ument s act ual l y used t o measur e 
t he dat a.   I ncl ude i n t he l i s t i ng each i nst r ument ' s uni que 
i dent i f i cat i on number ,  cal i br at i on dat e,  and cal i br at i on expi r at i on 
dat e.   I nst r ument s must  have been cal i br at ed wi t hi n one year  of  t he 
dat e of  use i n t he f i el d.   I nst r ument  cal i br at i on must  be t r aceabl e t o 
t he measur i ng st andar ds of  t he Nat i onal  I nst i t ut e of  St andar ds and 
Technol ogy.  

d.   Cer t i f i cat i on:   I ncl ude t he t yped name of  t he TAB super vi sor  and t he 
dat ed si gnat ur e of  t he TAB super vi sor .

1. 5. 5. 2   Cer t i f i ed TAB Repor t s

Submi t :   TAB Repor t  i n t he f ol l owi ng manner :

a.   Repor t  f or mat :   Submi t  t he compl et ed pr e- f i el d dat a f or ms appr oved i n 
t he pr e- f i el d TAB Engi neer i ng Repor t  compl et ed by TAB f i el d t eam,  
r evi ewed and cer t i f i ed by t he TAB super vi sor .   Bi nd t he r epor t  wi t h a 
wat er pr oof  f r ont  and back cover .   I ncl ude a t abl e of  cont ent s 
i dent i f y i ng by page number  t he l ocat i on of  each r epor t .   Repor t  f or ms 
and r epor t  dat a must  be t ypewr i t t en.   Handwr i t t en r epor t  f or ms or  
r epor t  dat a ar e not  accept abl e.

b.   Temper at ur es:   On each TAB r epor t  f or m r epor t i ng TAB wor k accompl i shed 
on HVAC t her mal  ener gy t r ansf er  equi pment ,  i ncl ude t he i ndoor  and 
out door  dr y bul b t emper at ur e r ange and i ndoor  and out door  wet  bul b 
t emper at ur e r ange wi t hi n whi ch t he TAB dat a was r ecor ded.

c.   Syst em Di agr ams:   Pr ovi de updat ed di agr ams wi t h f i nal  i nst al l ed 
l ocat i ons of  al l  t er mi nal s and devi ces,  any number i ng changes,  and 
act ual  t est  l ocat i ons.   Use a key number i ng syst em on t he di agr am 
whi ch i dent i f i es each out l et  cont ai ned i n t he out l et  ai r f l ow r epor t  
sheet s.

d.   St at i c Pr essur e Pr of i l es:   Repor t  st at i c pr essur e pr of i l es f or  ai r  
duct  syst ems.   Repor t  st at i c pr essur e dat a f or  al l  suppl y,  r et ur n,  
r el i ef ,  exhaust  and out si de ai r  duct s f or  t he syst ems l i s t ed.   I ncl ude 
t he f ol l owi ng i n t he st at i c pr essur e r epor t  dat a,  i n addi t i on t o 
AABC/ NEBB/ TABB r equi r ed dat a:

( 1)  Repor t  suppl y f an,  r et ur n f an,  r el i ef  f an,  and exhaust  f an i nl et  
and di schar ge st at i c pr essur es.

( 2)  Repor t  st at i c pr essur e dr op acr oss chi l l ed wat er  coi l s,  DX coi l s,  
el ect r i c r esi st ance heat i ng coi l s and heat  r ecl ai m devi ces 
i nst al l ed i n uni t  cabi net r y or  t he syst em duct wor k.

( 3)  Repor t  st at i c pr essur e dr op acr oss out si de ai r ,  r et ur n ai r ,  and 
suppl y ai r  aut omat i c cont r ol  damper s,  bot h pr opor t i onal  and 
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t wo- posi t i on,  i nst al l ed i n uni t  cabi net r y.

e.   Duct  Tr aver ses:   Repor t  duct  t r aver ses f or  mai n and br anch mai n 
suppl y,  r et ur n,  exhaust ,  r el i ef  and out si de ai r  duct s.   Thi s i ncl udes 
al l  duct s,  i ncl udi ng t hose whi ch l ack 7 1/ 2 duct  di amet er s upst r eam 
and 2 1/ 2 duct  di amet er s downst r eam of  st r ai ght  duct  unobst r uct ed by 
duct  f i t t i ngs/ of f set s/ el bows.   The TAB Agency must  eval uat e and r epor t  
f i ndi ngs on t he duct  t r aver ses t aken.   Eval uat e t he sui t abi l i t y  of  t he 
duct  t r aver se measur ement  based on sat i sf y i ng t he qual i f i cat i ons f or  a 
pi l ot  t r aver se pl ane as def i ned by AMCA 203,  " Fi el d Measur ement s" ,  
Sect i on 8,  par agr aph 8. 3,  " Locat i on of  Tr aver se Pl ane. "

f .   I nst r ument s:   Li st  t he t ypes of  i nst r ument s act ual l y used t o measur e 
t he t ab dat a.   I ncl ude i n t he l i s t i ng each i nst r ument ' s uni que 
i dent i f i cat i on number ,  cal i br at i on dat e,  and cal i br at i on expi r at i on 
dat e.

    I nst r ument at i on,  used f or  t aki ng wet  bul b t emper at ur e r eadi ngs must  
pr ovi de accur acy of  pl us or  mi nus 5 per cent  at  t he measur ed f ace 
vel oci t i es.   Submi t  i nst r ument  manuf act ur er ' s l i t er at ur e t o document  
i nst r ument  accur acy per f or mance i s i n compl i ance wi t h t hat  speci f i ed.

g.   Cer t i f i cat i on:   I ncl ude t he t yped name of  t he TAB super vi sor  and t he 
dat ed si gnat ur e of  t he TAB super vi sor .

h.   Per f or mance Cur ves:  The TAB Super vi sor  must  i ncl ude,  i n t he TAB 
Repor t s,  f act or y pump cur ves and f an cur ves f or  pumps and f ans TAB' d 
on t he j ob.

i .   Cal i br at i on Cur ves:   The TAB Super vi sor  must  i ncl ude,  i n t he TAB 
Repor t s,  a f act or y cal i br at i on cur ve f or  i nst al l ed f l ow cont r ol  
bal anci ng val ves,  f l ow vent ur i ' s  and f l ow or i f i ces TAB' d on t he j ob.

1. 6   SEQUENCI NG AND SCHEDULI NG

1. 6. 1   DALT and TAB Submi t t al  and Wor k Schedul e

Submi t  t hi s schedul e, and TAB Schemat i c Dr awi ngs,  adapt ed f or  t hi s 
par t i cul ar  cont r act ,  t o t he Cont r act i ng Of f i cer  ( CO)  f or  r evi ew and 
appr oval .   I ncl ude wi t h t he submi t t al  t he pl anned cal endar  dat es f or  each 
submi t t al  or  wor k i t em.   Resubmi t  an updat ed ver si on f or  CO appr oval  ever y 
90 cal endar  days.   Compl i ance wi t h t he f ol l owi ng schedul e i s t he 
Cont r act or ' s r esponsi bi l i t y .

    Qual i f y TAB Per sonnel :   Wi t hi n 45 cal endar  days af t er  dat e of  cont r act  
awar d,  submi t  TAB agency and per sonnel  qual i f i cat i ons.

    Pr e- DALT/ TAB Meet i ng:   Wi t hi n 30 cal endar  days af t er  t he dat e of  
appr oval  of  t he TAB agency and per sonnel ,  meet  wi t h t he COTR.

    Desi gn Revi ew Repor t :   Wi t hi n 60 cal endar  days af t er  t he dat e of  t he 
TAB agency per sonnel  qual i f i cat i ons appr oval ,  submi t  desi gn r evi ew 
r epor t .

    Pr e- Fi el d DALT Pr el i mi nar y Not i f i cat i on:   On compl et i on of  t he duct  
i nst al l at i on f or  each syst em,  not i f y t he Cont r act i ng Of f i cer  i n 
wr i t i ng wi t hi n 5 days af t er  compl et i on.

    Duct wor k Sel ect ed f or  DALT:   Wi t hi n 7 cal endar  days of  Pr e- Fi el d DALT 
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Pr el i mi nar y Not i f i cat i on,  t he COTR wi l l  sel ect  whi ch of  t he pr oj ect  
duct wor k must  be DALT' d.

    DALT Fi el d Wor k:   Wi t hi n 48 hour s of  COTR' s sel ect i on,  compl et e DALT 
f i el d wor k on sel ect ed.

    Submi t  Pr e- f i nal  DALT Repor t :   Wi t hi n one wor ki ng day af t er  compl et i on 
of  DALT f i el d wor k,  submi t  Pr e- f i nal  DALT Repor t .  Separ at e Pr e- f i nal  
DALT r epor t s may be submi t t ed t o al l ow phased t est i ng f r om syst em t o 
syst em.

    DALT Wor k Fi el d Check:   Upon appr oval  of  t he Pr e- f i nal  DALT Repor t ,  
schedul e t he COTR' s DALT f i el d check wor k wi t h t he Cont r act i ng Of f i cer .

    Submi t  Fi nal  DALT Repor t :   Wi t hi n 15 cal endar  days af t er  compl et i on of  
successf ul  DALT Wor k Fi el d Check,  submi t  TAB r epor t .

    Pr e- Fi el d TAB Engi neer i ng Repor t :   Wi t hi n 15 cal endar  days af t er  
appr oval  of  t he TAB agency Per sonnel  Qual i f i cat i ons,  submi t  t he 
Pr e- Fi el d TAB Engi neer i ng Repor t .

    Pr er equi s i t e HVAC Wor k Check Out  Li st  and Advanced Not i ce For  TAB 
Fi el d Wor k:   At  a mi ni mum of  115 cal endar  days pr i or  t o CCD,  submi t   
pr er equi s i t e HVAC wor k check out  l i s t  cer t i f i ed as compl et e,  and 
submi t  advance not i ce of  commencement  of  TAB f i el d wor k.

    TAB Fi el d Wor k:   At  a mi ni mum of  90 cal endar  days pr i or  t o CCD,   
accompl i sh TAB f i el d wor k.

    Submi t  TAB Repor t :   Wi t hi n 15 cal endar  days af t er  compl et i on of  TAB 
f i el d wor k,  submi t  TAB r epor t .

    TAB Fi el d Check:   30 cal endar  days af t er  Season 1 TAB r epor t  i s  
appr oved by t he Cont r act i ng Of f i cer ,  conduct  f i el d check.

    Compl et e TAB Wor k:   Pr i or  t o CCD,  compl et e al l  TAB wor k.

    TAB Fi el d Wor k:   At  a mi ni mum of  90 cal endar  days pr i or  t o CCD,  
accompl i sh TAB f i el d wor k;  submi t  TAB r epor t ;  and conduct  f i el d check.

    Compl et e TAB Wor k:   Pr i or  t o CCD,  compl et e al l  TAB wor k .

1. 6. 1. 1   TAB Desi gn Revi ew Repor t

Submi t  t yped r epor t  descr i bi ng omi ssi ons and def i c i enci es i n t he HVAC 
syst em' s desi gn t hat  woul d pr ecl ude t he TAB t eam f r om accompl i shi ng t he 
duct  l eakage t est i ng wor k and t he TAB wor k r equi r ement s of  t hi s sect i on.   
Pr ovi de a compl et e expl anat i on i ncl udi ng suppor t i ng document at i on 
det ai l i ng t he desi gn def i c i ency.   St at e t hat  no def i c i enci es ar e evi dent  
i f  t hat  i s  t he case.

1. 6. 1. 2   Pr e- Fi el d DALT Pr el i mi nar y Not i f i cat i on

Not i f i cat i on:   On compl et i on of  t he i nst al l at i on of  each duct  syst em 
i ndi cat ed t o be DALT' d,  not i f y t he Cont r act i ng Of f i cer  i n wr i t i ng wi t hi n 7 
cal endar  days af t er  compl et i on.
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1. 6. 1. 3   TAB Pr e- Fi el d Engi neer i ng Repor t

Submi t  r epor t  cont ai ni ng t he f ol l owi ng i nf or mat i on:

a.   St ep- by- st ep TAB pr ocedur e:

( 1)  St r at egy:   Descr i be t he met hod of  appr oach t o t he TAB f i el d wor k 
f r om st ar t  t o f i ni sh.   I ncl ude i n t hi s descr i pt i on a compl et e 
met hodol ogy f or  accompl i shi ng each seasonal  TAB f i el d wor k sessi on.

( 2)  Ai r  Syst em Di agr ams:  Use t he cont r act  dr awi ngs and duct  
f abr i cat i on dr awi ngs i f  avai l abl e t o pr ovi de ai r  syst em di agr ams 
i n t he r epor t  showi ng t he l ocat i on of  al l  t er mi nal  out l et  suppl y,  
r et ur n,  exhaust  and t r ansf er  r egi st er s,  gr i l l es and di f f user s.  Use 
a key number i ng syst em on t he di agr ams whi ch i dent i f i es each 
out l et  cont ai ned i n t he out l et  ai r f l ow r epor t  sheet s.   Show 
i nt ended l ocat i ons of  al l  t r aver ses and st at i c pr essur e r eadi ngs.  

( 3)  Pr ocedur al  st eps:   Del i neat e f ul l y  t he i nt ended pr ocedur al  st eps 
t o be t aken by t he TAB f i el d t eam t o accompl i sh t he r equi r ed TAB 
wor k of  each ai r  di st r i but i on syst em and each wat er  di st r i but i on 
syst em.   I ncl ude i nt ended pr ocedur al  st eps f or  TAB wor k f or  
subsyst ems and syst em component s.

b.   Pr e- f i el d dat a:   Submi t  AABC or  NEBB or  SMACNA 1780 dat a r epor t  f or ms 
wi t h t he f ol l owi ng pr e- f i el d i nf or mat i on f i l l ed i n:

( 1)  Desi gn dat a obt ai ned f r om syst em dr awi ngs,  speci f i cat i ons,  and 
appr oved submi t t al s.

( 2)  Not at i ons det ai l i ng addi t i onal  dat a t o be obt ai ned f r om t he 
cont r act  s i t e by t he TAB f i el d t eam.

( 3)  Desi gnat e t he act ual  dat a t o be measur ed i n t he TAB f i el d wor k.

( 4)  Pr ovi de a l i s t  of  t he t ypes of  i nst r ument s,  and t he measur i ng 
r ange of  each,  whi ch ar e ant i c i pat ed t o be used f or  measur i ng i n 
t he TAB f i el d wor k.   By means of  a keyi ng scheme,  speci f y on each 
TAB dat a r epor t  f or m submi t t ed,  whi ch i nst r ument s wi l l  be used f or  
measur i ng each i t em of  TAB dat a.   I f  t he sel ect i on of  whi ch 
i nst r ument  t o use,  i s t o be made i n t he f i el d,  speci f y f r om whi ch 
i nst r ument s t he choi ce wi l l  be made.   Pl ace t he i nst r ument  key 
number  i n t he bl ank space wher e t he measur ed dat a woul d be ent er ed.

c.   Pr er equi s i t e HVAC wor k checkout  l i s t :   Pr ovi de a l i s t  of  i nspect i ons 
and wor k i t ems whi ch ar e t o be compl et ed by t he Cont r act or .   Thi s l i s t  
must  be act ed upon and compl et ed by t he Cont r act or  and t hen submi t t ed 
and appr oved by t he Cont r act i ng Of f i cer  pr i or  t o t he TAB t eam comi ng 
t o t he cont r act  s i t e.  

    At  a mi ni mum,  a l i s t  of  t he appl i cabl e i nspect i ons and wor k i t ems 
l i s t ed i n t he NEBB PROCEDURAL STANDARDS,  Sect i on I I I ,  " Pr el i mi nar y TAB 
Pr ocedur es"  under  par agr aphs t i t l ed,  " Ai r  Di st r i but i on Syst em 
I nspect i on"  and " Hydr oni c Di st r i but i on Syst em I nspect i on"  must  be 
pr ovi ded f or  each separ at e syst em t o be TAB' d.

1. 7   WARRANTY

Fur ni sh wor kmanshi p and per f or mance war r ant y f or  t he DALT and  TAB syst em 
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wor k per f or med f or  a per i od not  l ess t han 1 year s f r om t he dat e of  
Gover nment  accept ance of  t he wor k;  i ssued di r ect l y t o t he Gover nment .   
I ncl ude pr ovi s i ons t hat  i f  wi t hi n t he war r ant y per i od t he syst em shows 
evi dence of  maj or  per f or mance det er i or at i on,  or  i s  s i gni f i cant l y out  of  
t ol er ance,  r esul t i ng f r om def ect i ve TAB or  DALT wor kmanshi p,  t he 
cor r ect i ve r epai r  or  r epl acement  of  t he def ect i ve mat er i al s and cor r ect i on 
of  t he def ect i ve wor kmanshi p i s t he r esponsi bi l i t y  of  t he TAB f i r m.   
Per f or m cor r ect i ve act i on t hat  becomes necessar y because of  def ect i ve 
mat er i al s and wor kmanshi p whi l e syst em TAB and DALT i s under  war r ant y 7 
days af t er  not i f i cat i on,  unl ess addi t i onal  t i me i s appr oved by t he 
Cont r act i ng Of f i cer .   Fai l ur e t o per f or m r epai r s wi t hi n t he speci f i ed 
per i od of  t i me const i t ut es gr ounds f or  havi ng t he cor r ect i ve act i on and 
r epai r s per f or med by ot her s and t he cost  bi l l ed t o t he TAB f i r m.   The 
Cont r act or  must  al so pr ovi de a 1 year  cont r act or  i nst al l at i on war r ant y.

PART 2   PRODUCTS

Not  Used

PART 3   EXECUTI ON

3. 1   WORK DESCRI PTI ONS OF PARTI CI PANTS

Compl y wi t h r equi r ement s of  t hi s sect i on.

3. 2   PRE- DALT/ TAB MEETI NG

Meet  wi t h t he Cont r act i ng Of f i cer ' s t echni cal  r epr esent at i ve ( COTR)  t o 
devel op a mut ual  under st andi ng r el at i ve t o t he det ai l s of  t he DALT wor k 
and TAB wor k r equi r ement s.   Ensur e t hat  t he TAB super vi sor  i s pr esent  at  
t hi s meet i ng.   Requi r ement s t o be di scussed i ncl ude r equi r ed submi t t al s,  
wor k schedul e,  and f i el d qual i t y cont r ol .

3. 3   DALT PROCEDURES

3. 3. 1   I nst r ument s,  Consumabl es and Per sonnel   

Pr ovi de i nst r ument s,  consumabl es and per sonnel  r equi r ed t o accompl i sh t he 
DALT f i el d wor k.   Fol l ow t he same basi c pr ocedur e speci f i ed bel ow f or  TAB 
Fi el d Wor k,  i ncl udi ng mai nt enance and cal i br at i on of  i nst r ument s,  accur acy 
of  measur ement s,  pr el i mi nar y pr ocedur es,  f i el d wor k,  wor kmanshi p and 
t r eat ment  of  def i c i enci es.   Cal i br at e and mai nt ai n i nst r ument s i n 
accor dance wi t h manuf act ur er ' s wr i t t en pr ocedur es.

3. 3. 2   Advance Not i ce of  Pr e- Fi nal  DALT Fi el d Wor k

On compl et i on of  t he i nst al l at i on of  each duct  syst em i ndi cat ed t o be 
DALT' d,  not i f y t he Cont r act i ng Of f i cer  i n wr i t i ng pr i or  t o t he COTR' s duct  
sel ect i on f i el d v i s i t .

3. 3. 3   Duct wor k To Be DALT' d

Fr om each duct  syst em i ndi cat ed as subj ect  t o DALT,  t he COTR wi l l  r andoml y 
sel ect  sect i ons of  each compl et ed duct  syst em f or  t est i ng by t he 
Cont r act or ' s TAB Fi r m.   The sect i ons sel ect ed wi l l  not  exceed 20 per cent  
of  t he t ot al  measur ed l i near  f oot age of  duct  syst ems i ndi cat ed as subj ect  
t o DALT.   Sect i ons of  duct  syst ems subj ect  t o DALT wi l l  i ncl ude 20 per cent  
of  mai n duct s,  br anch mai n duct s,  br anch duct s and pl enums f or  suppl y,  
r et ur n,  exhaust ,  and pl enum duct wor k.
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I t  i s  accept abl e f or  an ent i r e duct  syst em t o be DALT' d i nst ead of  
di sassembl i ng t hat  syst em i n or der  t o DALT onl y t he 20 per cent  por t i on 
speci f i ed above.

3. 3. 4   DALT Test i ng

Per f or m DALT on t he HVAC duct  sect i ons of  each syst em as sel ect ed by t he 
COTR.   Use t he duct  c l ass,  seal  c l ass,  l eakage cl ass and t he l eak t est  
pr essur e dat a i ndi cat ed on t he dr awi ngs,  t o compl y wi t h t he pr ocedur es 
speci f i ed i n SMACNA 1972 CD.

3. 3. 5   Compl et ed Pr e- Fi nal  DALT Repor t

Af t er  compl et i on of  t he DALT wor k,  pr epar e a Pr e- f i nal  DALT Repor t  usi ng 
t he r epor t i ng f or ms speci f i ed.   TAB t eam t o f ur ni sh dat a r equi r ed by t hose 
dat a r epor t  f or ms.   Pr epar e t he r epor t  neat l y and l egi bl y;  t he Pr e- f i nal  
DALT r epor t  i s  t he basi s f or  t he Fi nal  DALT Repor t .   TAB super vi sor  must  
r evi ew and cer t i f y t he Pr e- f i nal  DALT Repor t  and submi t  t hi s r epor t  wi t hi n 
one day of  compl et i on of  DALT f i el d wor k.   Ver bal l y not i f y t he COTR t hat  
t he f i el d check of  t he Pr e- f i nal  DALT Repor t  dat a can commence.

3. 3. 6   Qual i t y Assur ance -  COTR DALT Fi el d Accept ance Test i ng

I n t he pr esence of  t he COTR and TAB t eam f i el d l eader ,  ver i f y f or  accur acy 
Pr e- f i nal  DALT Repor t  dat a sel ect ed by t he COTR.   For  each duct  syst em,  
t hi s accept ance t est i ng shal l  be conduct ed on  a maxi mum of  50 per cent  of  
t he duct  sect i ons DALT' d.

Fur t her ,  i f  any dat a on t he Pr e- f i nal  DALT r epor t  f or m f or  a gi ven duct  
sect i on i s out - of - t ol er ance,  t hen f i el d accept ance t est i ng shal l  be 
conduct ed on dat a f or  one addi t i onal  duct  sect i on,  pr ef er abl y i n t he same 
duct  syst em,  i n t he pr esence of  t he COTR.

3. 3. 7   Addi t i onal  COTR Fi el d Accept ance Test i ng

I f  any of  t he duct  sect i ons checked f or  a gi ven syst em ar e det er mi ned t o 
have a l eakage r at e measur ed t hat  exceeds t he l eakage r at e al l owed by 
SMACNA Leak Test  Manual  f or  an i ndi cat ed duct  const r uct i on c l ass and 
seal ant  c l ass,  t er mi nat e dat a checki ng f or  t hat  sect i on.   The associ at ed 
Pr e- f i nal  DALT Repor t  dat a f or  t he gi ven duct  syst em wi l l  be di sappr oved.   
Make t he necessar y cor r ect i ons and pr epar e a r evi sed Pr e- f i nal  DALT 
Repor t .   Reschedul e a f i el d check of  t he r evi sed r epor t  dat a wi t h t he COTR.

3. 3. 8   Cer t i f i ed Fi nal  DALT Repor t

On successf ul  compl et i on of  al l  f i el d checks of  t he Pr e- f i nal  DALT Repor t  
dat a f or  al l  syst ems,  t he TAB Super vi sor  i s t o assembl e,  r evi ew,  cer t i f y 
and submi t  t he Fi nal  DALT Repor t  t o t he Cont r act i ng Of f i cer  f or  appr oval .

3. 3. 9   Pr er equi s i t e f or  TAB Fi el d Wor k

Do not  commence TAB f i el d wor k pr i or  t o t he compl et i on and appr oval ,  f or  
al l  syst ems,  of  t he Fi nal  DALT Repor t .
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3. 4   TAB PROCEDURES

3. 4. 1   TAB Fi el d Wor k

Test ,  adj ust ,  and bal ance t he HVAC syst ems  unt i l  measur ed f l ow r at es ( ai r  
and wat er  f l ow)  ar e wi t hi n pl us or  mi nus 5 per cent  of  t he desi gn f l ow 
r at es as speci f i ed or  i ndi cat ed on t he cont r act  document s.

That  i s,  compl y wi t h t he t he r equi r ement s of  AABC MN- 1  or  SMACNA 1780 
( TABB)  and SMACNA 1858 ( TABB) , except  as suppl ement ed and modi f i ed by t hi s 
sect i on.

Pr ovi de i nst r ument s and consumabl es r equi r ed t o accompl i sh t he TAB wor k.   
Cal i br at e and mai nt ai n i nst r ument s i n accor dance wi t h manuf act ur er ' s 
wr i t t en pr ocedur es.

Test ,  adj ust ,  and bal ance t he HVAC syst ems  unt i l  measur ed f l ow r at es ( ai r  
and wat er  f l ow)  ar e wi t hi n pl us or  mi nus 5 per cent  of  t he desi gn f l ow 
r at es as speci f i ed or  i ndi cat ed on t he cont r act  document s.  Conduct  TAB 
wor k,  i ncl udi ng measur ement  accur acy,  and sound measur ement  wor k i n 
conf or mance wi t h t he AABC MN- 1 and AABC MN- 4,  or  NEBB TABES and NEBB MASV,  
or  SMACNA 1780 ( used by TABB)  and  SMACNA 1858 sound measur ement  
pr ocedur es,  except  as suppl ement ed and modi f i ed by t hi s sect i on.

3. 4. 2   Pr el i mi nar y Pr ocedur es

Use t he appr oved pr e- f i el d engi neer i ng r epor t  as i nst r uct i ons and 
pr ocedur es f or  accompl i shi ng TAB f i el d wor k.   TAB engi neer  i s t o l ocat e,  
i n t he f i el d,  t est  por t s r equi r ed f or  t est i ng.   I t  i s  t he r esponsi bi l i t y  
of  t he sheet  met al  cont r act or  t o pr ovi de and i nst al l  t est  por t s as 
r equi r ed by t he TAB engi neer .

3. 4. 3   TAB Ai r  Di st r i but i on Syst ems

3. 4. 3. 1   Uni t s Wi t h Coi l s

Repor t  heat i ng and cool i ng per f or mance capaci t y t est s f or  coi l s f or  t he 
pur pose of  ver i f y i ng t hat  t he coi l s meet  t he i ndi cat ed desi gn capaci t y.   
Submi t  t he f ol l owi ng dat a and cal cul at i ons wi t h t he coi l  t est  r epor t s:

a.   For  ai r  handl er s wi t h capaci t i es gr eat er  t han 7. 5 t ons ( 90, 000 Bt u)  
cool i ng,  such as f act or y manuf act ur ed uni t s and cent r al  bui l t - up uni t s,  
conduct  capaci t y t est s i n accor dance wi t h AABC MN- 4,  pr ocedur e 3. 5,  
" Coi l  Capaci t y Test i ng. "

    Do not  det er mi ne ent er i ng and l eavi ng wet  and dr y bul b t emper at ur es by 
s i ngl e poi nt  measur ement ,  but  by t he aver age of  mul t i pl e r eadi ngs i n 
compl i ance wi t h par agr aph 3. 5- 5,  " Pr ocedur es" ,  ( i n subpar agr aph d. )  of  
AABC MN- 4,  Pr ocedur e 3. 5,  " Coi l  Capaci t y Test i ng. "

    Submi t  par t - l oad coi l  per f or mance dat a f r om t he coi l  manuf act ur er  
conver t i ng t est  condi t i ons t o desi gn condi t i ons;  use t he dat a  f or  t he 
pur pose of  ver i f y i ng t hat  t he coi l s meet  t he i ndi cat ed desi gn capaci t y 
i n compl i ance wi t h AABC MN- 4,  Pr ocedur e 3. 5,  " Coi l  Capaci t y Test i ng, "  
par agr aph 3. 5. 7,  " Act ual  Capaci t y Vs.  Desi gn Capaci t y"  ( i n 
subpar agr aph c. ) .

b.   For  uni t s wi t h capaci t i es of  7. 5 t ons ( 90, 000 Bt u)  or  l ess,  such as 
f an coi l  uni t s,  duct  mount ed r eheat  coi l s associ at ed wi t h VAV t er mi nal  
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uni t s,  and uni t ar y uni t s,  such as t hr ough- t he- wal l  heat  pumps:

    Det er mi ne t he appar ent  coi l  capaci t y by cal cul at i ons usi ng si ngl e 
poi nt  measur ement  of  ent er i ng and l eavi ng wet  and dr y bul b 
t emper at ur es;  submi t  t he cal cul at i ons wi t h t he coi l  r epor t s.

3. 4. 3. 2   Ai r  Handl i ng Uni t s

Ai r  handl i ng uni t  syst ems i ncl udi ng f ans ( ai r  handl i ng uni t  f ans,  exhaust  
f ans and wi nt er  vent i l at i on f ans) ,  coi l s,  duct s,  pl enums,  mi xi ng boxes,  
t er mi nal  uni t s,  var i abl e ai r  vol ume boxes,  and ai r  di st r i but i on devi ces 
f or  suppl y ai r ,  r et ur n ai r ,  out s i de ai r ,  mi xed ai r  r el i ef  ai r ,  and makeup 
ai r .

3. 4. 3. 3   Makeup Ai r  Uni t s

Makeup ai r  uni t  syst ems i ncl udi ng f ans,  coi l s,  duct s,  pl enums,  r egi st er s,  
di f f user s,  gr i l l es,  and l ouver s f or  suppl y ai r ,  r et ur n ai r ,  out s i de ai r ,  
and mi xed ai r .

3. 4. 3. 4   Exhaust  Fans

Exhaust  f an syst ems i ncl udi ng f ans,  duct s,  pl enums,  gr i l l es,  and hoods f or  
exhaust  ai r .

3. 4. 4   TAB Wat er  Di st r i but i on Syst ems

3. 4. 4. 1   Chi l l ed Wat er

Chi l l ed wat er  syst ems i ncl udi ng chi l l er s,   pumps,  coi l s,  syst em bal ance 
val ves and f l ow measur i ng devi ces.

For  wat er  chi l l er s,  r epor t  dat a as r equi r ed by AABC,  NEBB and TABB 
st andar d pr ocedur es,  i ncl udi ng r ef r i ger at i on oper at i onal  dat a.

3. 4. 5   TAB Wor k on Per f or mance Test s Wi t hout  Seasonal  Li mi t at i ons

3. 4. 5. 1   Per f or mance Test s

I n addi t i on t o t he TAB pr opor t i onat e bal anci ng wor k on t he ai r  
di st r i but i on syst ems and t he wat er  di st r i but i on syst ems,  accompl i sh TAB 
wor k on t he HVAC syst ems whi ch di r ect l y t r ansf er  t her mal  ener gy.   TAB t he 
oper at i onal  per f or mance of  t he heat i ng syst ems and cool i ng syst ems.

3. 4. 5. 2   Ambi ent  Temper at ur es

On each t ab r epor t  f or m used f or  r ecor di ng dat a,  r ecor d t he out door  and 
i ndoor  ambi ent  dr y bul b t emper at ur e r ange and t he out door  and i ndoor  
ambi ent  wet  bul b t emper at ur e r ange wi t hi n whi ch t he r epor t  f or m' s dat a was 
r ecor ded.   Recor d t hese t emper at ur es at  begi nni ng and at  t he end of  dat a 
t aki ng.

3. 4. 5. 3   Wat er  Chi l l er s

For  wat er  chi l l er s,  r epor t  dat a as r equi r ed by NEBB For m TAB 15- 83,  
NEBB PROCEDURAL STANDARDS,  i ncl udi ng r ef r i ger at i on oper at i onal  dat a.
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3. 4. 5. 4   Coi l s

Repor t  heat i ng and cool i ng per f or mance capaci t y t est s f or  chi l l ed wat er ,  DX
 f or  t he pur pose of  ver i f y i ng t hat  t he coi l s meet  t he i ndi cat ed desi gn 
capaci t y.   Submi t  t he f ol l owi ng dat a and cal cul at i ons wi t h t he coi l  t est  
r epor t s:

a.   For  Cent r al  st at i on ai r  handl er s wi t h capaci t i es gr eat er  t han 7. 5 t ons 
( 90, 000 Bt u)  cool i ng,  such as f act or y manuf act ur ed uni t s and cent r al  
bui l t - up uni t s,  conduct  capaci t y t est s i n accor dance wi t h AABC MN- 4,  
pr ocedur e 3. 5,  " Coi l  Capaci t y Test i ng" .

    Ent er i ng and l eavi ng wet  and dr y bul b t emper at ur es ar e not  det er mi ned 
by s i ngl e poi nt  measur ement ,  but  t he aver age of  mul t i pl e r eadi ngs i n 
compl i ance wi t h par agr aph 3. 5- 5,  " Pr ocedur es" ,  ( i n subpar agr aph d. )  of  
AABC MN- 4,  Pr ocedur e 3. 5,  " Coi l  Capaci t y Test i ng. "

    Submi t  par t - l oad coi l  per f or mance dat a f r om t he coi l  manuf act ur er  
conver t i ng t est  condi t i ons t o desi gn condi t i ons;  use t he dat a f or  t he 
pur pose of  ver i f y i ng t hat  t he coi l s meet  t he i ndi cat ed desi gn capaci t y 
i n compl i ance wi t h AABC MN- 4,  Pr ocedur e 3. 5,  " Coi l  Capaci t y Test i ng, "  
par agr aph 3. 5. 7,  " Act ual  Capaci t y Vs.  Desi gn Capaci t y"  ( i n 
subpar agr aph c. ) .

b.   For  uni t s wi t h capaci t i es of  7. 5 t ons ( 90, 000 Bt u)  or  l ess,  such as 
f an coi l  uni t s,  duct  mount ed r eheat  coi l s associ at ed wi t h VAV t er mi nal  
uni t s,  and uni t ar y uni t s,  such as t hr ough- t he- wal l  heat  pumps:

    Det er mi ne t he appar ent  coi l  capaci t y by cal cul at i ons usi ng si ngl e 
poi nt  measur ement  of  ent er i ng and l eavi ng wet  and dr y bul b 
t emper at ur es;  submi t  t he cal cul at i ons wi t h t he coi l  r epor t s.

3. 4. 6   Wor kmanshi p

Conduct  TAB wor k on t he HVAC syst ems unt i l  measur ed f l ow r at es ar e wi t hi n 
pl us or  mi nus 5 per cent  of  t he desi gn f l ow r at es as speci f i ed or  i ndi cat ed 
on t he cont r act  document s.   Thi s TAB wor k i ncl udes adj ust ment  of  bal anci ng 
val ves,  bal anci ng damper s,  and sheaves.   Fur t her ,  t hi s TAB wor k i ncl udes 
changi ng out  f an sheaves and pump i mpel l er s i f  r equi r ed t o obt ai n ai r  and 
wat er  f l ow r at es speci f i ed or  i ndi cat ed.   I f ,  wi t h t hese adj ust ment s and 
equi pment  changes,  t he speci f i ed or  i ndi cat ed desi gn f l ow r at es cannot  be 
at t ai ned,  cont act  t he Cont r act i ng Of f i cer  f or  di r ect i on.

3. 4. 7   Def i c i enci es

St r i ve t o meet  t he i nt ent  of  t hi s sect i on t o maxi mi ze t he per f or mance of  
t he equi pment  as desi gned and i nst al l ed.   However ,  i f  def i c i enci es i n 
equi pment  desi gn or  i nst al l at i on pr event  TAB wor k f r om bei ng accompl i shed 
wi t hi n t he r ange of  desi gn val ues speci f i ed i n t he par agr aph WORKMANSHI P,  
pr ovi de wr i t t en not i ce as soon as possi bl e t o t he Cont r act or  and t he 
Cont r act i ng Of f i cer  descr i bi ng t he def i c i ency and r ecommended cor r ect i on.

Responsi bi l i t y  f or  cor r ect i on of  i nst al l at i on def i c i enci es i s t he 
Cont r act or ' s.   I f  a def i c i ency i s i n equi pment  desi gn,  cal l  t he TAB t eam 
super vi sor  f or  t echni cal  assi st ance.   Responsi bi l i t y  f or  r epor t i ng desi gn 
def i c i enci es t o Cont r act or  i s t he TAB t eam super vi sor ' s.
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3. 4. 8   TAB Repor t s

Af t er  compl et i on of  t he TAB wor k,  pr epar e a pr e- f i nal  TAB r epor t  usi ng t he 
r epor t i ng f or ms appr oved i n t he pr e- f i el d engi neer i ng r epor t .   Dat a 
r equi r ed by t hose appr oved dat a r epor t  f or ms i s t o be f ur ni shed by t he TAB 
t eam.   Except  as appr oved ot her wi se i n wr i t i ng by t he Cont r act i ng Of f i cer ,  
t he TAB wor k and t he TAB r epor t  i s  consi der ed i ncompl et e unt i l  t he TAB 
wor k i s accompl i shed t o wi t hi n t he accur acy r ange speci f i ed i n t he 
par agr aph WORKMANSHI P of  t hi s sect i on.

Pr epar e t he r epor t  neat l y and l egi bl y;  t he pr e- f i nal  TAB r epor t  i s  t he 
f i nal  TAB r epor t  mi nus t he TAB super vi sor ' s r evi ew and cer t i f i cat i on.   
Obt ai n,  at  t he cont r act  s i t e,  t he TAB super vi sor ' s r evi ew and 
cer t i f i cat i on of  t he TAB r epor t .

Ver bal l y not i f y t he COTR t hat  t he f i el d check of  t he TAB r epor t  dat a can 
commence;  gi ve t hi s ver bal  not i ce 48 hour s i n advance of  f i el d check 
commencement .   Do not  schedul e f i el d check of  t he TAB r epor t  unt i l  t he 
speci f i ed wor kmanshi p r equi r ement s have been met  or  wr i t t en appr oval  of  
t he devi at i ons f r om t he r equi r ement s have been r ecei ved f r om t he 
Cont r act i ng Of f i cer .

3. 4. 9   Qual i t y Assur ance -  COTR TAB Fi el d Accept ance Test i ng

3. 4. 9. 1   TAB Fi el d Accept ance Test i ng

Dur i ng t he f i el d accept ance t est i ng,  ver i f y,  i n t he pr esence of  t he COTR,  
r andom sel ect i ons of  dat a ( wat er ,  ai r  quant i t i es,  ai r  mot i on)  r ecor ded i n 
t he TAB Repor t .    Poi nt s and ar eas f or  f i el d accept ance t est i ng ar e t o be 
sel ect ed by t he COTR.   Measur ement  and t est  pr ocedur es ar e t he same as 
appr oved f or  TAB wor k f or  t he TAB Repor t .

Fi el d accept ance t est i ng i ncl udes ver i f i cat i on of  TAB Repor t  dat a r ecor ded 
f or  t he f ol l owi ng equi pment  gr oups:

    Gr oup 1:   Al l  chi l l er s,  r et ur n f ans,  comput er  r oom uni t s,  and ai r  
handl i ng uni t s ( cent r al  st at i ons) .

    Gr oup 2:   25 per cent  of  t he VAV t er mi nal  boxes and associ at ed 
di f f user s and r egi st er s.

    Gr oup 3:   25 per cent  of  t he suppl y di f f user s,  r egi st er s,  gr i l l es 
associ at ed wi t h const ant  vol ume ai r  handl i ng uni t s.

    Gr oup 4:   25 per cent  of  t he r et ur n gr i l l es,  r et ur n r egi st er s,  exhaust  
gr i l l es and exhaust  r egi st er s.

    Gr oup 5:   25 per cent  of  t he suppl y f ans,  exhaust  f ans,  and pumps.

Fur t her ,  i f  any dat a on t he TAB Repor t  f or  Gr oups 2 t hr ough 5 i s f ound not  
t o f al l  wi t hi n t he r ange of  pl us 5 t o mi nus 5 per cent  of  t he TAB Repor t  
dat a,  addi t i onal  gr oup dat a ver i f i cat i on i s r equi r ed i n t he pr esence of  
t he COTR.   Ver i f y TAB Repor t  dat a f or  one addi t i onal  pi ece of  equi pment  i n 
t hat  gr oup.   Cont i nue t hi s addi t i onal  gr oup dat a ver i f i cat i on unt i l  
out - of - t ol er ance dat a ceases t o be f ound.

3. 4. 9. 2   Addi t i onal  COTR TAB Fi el d Accept ance Test i ng

I f  any of  t he accept ance t est i ng measur ement s f or  a gi ven equi pment  gr oup 
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i s f ound not  t o f al l  wi t hi n t he r ange of  pl us 5 t o mi nus 5 per cent  of  t he 
TAB Repor t  dat a,  t er mi nat e dat a ver i f i cat i on f or  al l  af f ect ed dat a f or  
t hat  gr oup.   The af f ect ed dat a f or  t he gi ven gr oup wi l l  be di sappr oved.   
Make t he necessar y cor r ect i ons and pr epar e a r evi sed TAB Repor t .   
Reschedul e accept ance t est i ng of  t he r evi sed r epor t  dat a wi t h t he COTR.

Fur t her ,  i f  any dat a on t he TAB Repor t  f or  a gi ven f i el d accept ance t est  
gr oup i s out - of - t ol er ance,  t hen f i el d t est  dat a f or  one addi t i onal  f i el d 
t est  gr oup as speci f i ed her ei n.   Cont i nue t hi s i ncr ease f i el d t est  wor k 
unt i l  out - of - t ol er ance dat a ceases t o t o be f ound.   Thi s addi t i onal  f i el d 
t est i ng i s up and above t he or i gi nal  25 per cent  of  t he of  r epor t ed dat a 
ent r i es t o be f i el d t est ed.

I f  t her e ar e no mor e si mi l ar  f i el d t est  gr oups f r om whi ch t o choose,  
addi t i onal  f i el d t est i ng f r om anot her ,  but  di f f er ent ,  t ype of  f i el d 
t est i ng gr oup must  be t est ed.

3. 4. 9. 3   Pr er equi s i t e f or  Appr oval

Compl i ance wi t h t he f i el d accept ance t est i ng r equi r ement s of  t hi s sect i on 
i s a pr er equi s i t e f or  t he f i nal  Cont r act i ng Of f i cer  appr oval  of  t he TAB 
Repor t  submi t t ed.

3. 5   MARKI NG OF SETTI NGS

Upon t he f i nal  TAB wor k appr oval ,  per manent l y mar k t he set t i ngs of  HVAC 
adj ust ment  devi ces i ncl udi ng val ves,  gauges,  spl i t t er s,  and damper s so 
t hat  adj ust ment  can be r est or ed i f  di st ur bed at  any t i me.   Pr ovi de 
per manent  mar ki ngs cl ear l y i ndi cat i ng t he set t i ngs on t he adj ust ment  
devi ces whi ch r esul t  i n t he dat a r epor t ed on t he submi t t ed TAB r epor t .

3. 6   MARKI NG OF TEST PORTS

The TAB t eam i s t o per manent l y and l egi bl y mar k and i dent i f y t he l ocat i on 
poi nt s of  t he duct  t est  por t s.   I f  t he duct s have ext er i or  i nsul at i on,  
make t hese mar ki ngs on t he ext er i or  s i de of  t he duct  i nsul at i on.   Show t he 
l ocat i on of  t est  por t s on t he as- bui l t  mechani cal  dr awi ngs wi t h di mensi ons 
gi ven wher e t he t est  por t  i s  cover ed by ext er i or  i nsul at i on.

        - -  End of  Sect i on - -
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SECTI ON 23 07 00

THERMAL I NSULATI ON FOR MECHANI CAL SYSTEMS
02/ 13,  CHG 7:  05/ 20

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.   At  t he di scr et i on of  t he Gover nment ,  t he 
manuf act ur er  of  any mat er i al  suppl i ed wi l l  be r equi r ed t o f ur ni sh t est  
r epor t s per t ai ni ng t o any of  t he t est s necessar y t o assur e compl i ance wi t h 
t he st andar d or  st andar ds r ef er enced i n t hi s speci f i cat i on.

AMERI CAN SOCI ETY OF HEATI NG,  REFRI GERATI NG AND AI R- CONDI TI ONI NG 
ENGI NEERS ( ASHRAE)

ASHRAE 90. 1 -  I P ( 2019;  Er r at a 1 2019;   Er r at a 2- 5 2020;  
Addenda BY- CP 2020;  Addenda AF- DB 2020;  
Addenda A- G 2020;  Addenda F- Y 2021;   
Er r at a 6- 8 2021;  I nt er pr et at i on 1- 4 2020;  
I nt er pr et at i on 5- 8 2021 Addenda AS- AQ 
2022)  Ener gy St andar d f or  Bui l di ngs Except  
Low- Ri se Resi dent i al  Bui l di ngs

ASTM I NTERNATI ONAL ( ASTM)

ASTM A167 ( 2011)  St andar d Speci f i cat i on f or  
St ai nl ess and Heat - Resi st i ng 
Chr omi um- Ni ckel  St eel  Pl at e,  Sheet ,  and 
St r i p

ASTM A240/ A240M ( 2020a)  St andar d Speci f i cat i on f or  
Chr omi um and Chr omi um- Ni ckel  St ai nl ess 
St eel  Pl at e,  Sheet ,  and St r i p f or  Pr essur e 
Vessel s and f or  Gener al  Appl i cat i ons

ASTM A580/ A580M ( 2018)  St andar d Speci f i cat i on f or  
St ai nl ess St eel  Wi r e

ASTM B209 ( 2014)  St andar d Speci f i cat i on f or  Al umi num 
and Al umi num- Al l oy Sheet  and Pl at e

ASTM B209M ( 2014)  St andar d Speci f i cat i on f or  Al umi num 
and Al umi num- Al l oy Sheet  and Pl at e ( Met r i c)

ASTM C450 ( 2008)  St andar d Pr act i ce f or  Fabr i cat i on 
of  Ther mal  I nsul at i ng Fi t t i ng Cover s f or  
NPS Pi pi ng,  and Vessel  Laggi ng

ASTM C533 ( 2017)  St andar d Speci f i cat i on f or  Cal c i um 
Si l i cat e Bl ock and Pi pe Ther mal  I nsul at i on

ASTM C534/ C534M ( 2020a)  St andar d Speci f i cat i on f or  
Pr ef or med Fl exi bl e El ast omer i c Cel l ul ar  
Ther mal  I nsul at i on i n Sheet  and Tubul ar  
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For m

ASTM C547 ( 2022)  St andar d Speci f i cat i on f or  Mi ner al  
Fi ber  Pi pe I nsul at i on

ASTM C552 ( 2022)  St andar d Speci f i cat i on f or  Cel l ul ar  
Gl ass Ther mal  I nsul at i on

ASTM C585 ( 2010)  St andar d Pr act i ce f or  I nner  and 
Out er  Di amet er s of  Ther mal  I nsul at i on f or  
Nomi nal  Si zes of  Pi pe and Tubi ng

ASTM C591 ( 2021)  St andar d Speci f i cat i on f or  Unf aced 
Pr ef or med Ri gi d Cel l ul ar  Pol y i socyanur at e 
Ther mal  I nsul at i on

ASTM C592 ( 2022a)  St andar d Speci f i cat i on f or  Mi ner al  
Fi ber  Bl anket  I nsul at i on and Bl anket - Type 
Pi pe I nsul at i on ( Met al - Mesh Cover ed)  
( I ndust r i al  Type)

ASTM C612 ( 2014;  R 2019)  St andar d Speci f i cat i on f or  
Mi ner al  Fi ber  Bl ock and Boar d Ther mal  
I nsul at i on

ASTM C795 ( 2008;  R 2018)  St andar d Speci f i cat i on f or  
Ther mal  I nsul at i on f or  Use i n Cont act  wi t h 
Aust eni t i c  St ai nl ess St eel

ASTM C916 ( 2020)  St andar d Speci f i cat i on f or  
Adhesi ves f or  Duct  Ther mal  I nsul at i on

ASTM C920 ( 2018)  St andar d Speci f i cat i on f or  
El ast omer i c Joi nt  Seal ant s

ASTM C921 ( 2010;  R 2015)  St andar d Pr act i ce f or  
Det er mi ni ng t he Pr oper t i es of  Jacket i ng 
Mat er i al s f or  Ther mal  I nsul at i on

ASTM C1136 ( 2021)  St andar d Speci f i cat i on f or  
Fl exi bl e,  Low Per meance Vapor  Ret ar der s 
f or  Ther mal  I nsul at i on

ASTM C1710 ( 2011)  St andar d Gui de f or  I nst al l at i on of  
Fl exi bl e Cl osed Cel l  Pr ef or med I nsul at i on 
i n Tube and Sheet  For m

ASTM D5590 ( 2000;  R 2010;  E 2012)  St andar d Test  
Met hod f or  Det er mi ni ng t he Resi st ance of  
Pai nt  Fi l ms and Rel at ed Coat i ngs t o Fungal  
Def acement  by Accel er at ed Four - Week Agar  
Pl at e Assay

ASTM E84 ( 2020)  St andar d Test  Met hod f or  Sur f ace 
Bur ni ng Char act er i st i cs of  Bui l di ng 
Mat er i al s

ASTM E96/ E96M ( 2022a)  St andar d Test  Met hods f or  
Gr avi met r i c Det er mi nat i on of  Wat er  Vapor  
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Tr ansmi ssi on Rat e of  Mat er i al s

ASTM E2231 ( 2021)  St andar d Pr act i ce f or  Speci men 
Pr epar at i on and Mount i ng of  Pi pe and Duct  
I nsul at i on Mat er i al s t o Assess Sur f ace 
Bur ni ng Char act er i st i cs

CALI FORNI A DEPARTMENT OF PUBLI C HEALTH ( CDPH)

CDPH SECTI ON 01350 ( 2010;  Ver si on 1. 1)  St andar d Met hod f or  
t he Test i ng and Eval uat i on of  Vol at i l e 
Or gani c Chemi cal  Emi ssi ons f r om I ndoor  
Sour ces usi ng Envi r onment al  Chamber s

FM GLOBAL ( FM)

FM APP GUI DE ( updat ed on- l i ne)  Appr oval  Gui de 
ht t p: / / www. appr oval gui de. com/

GREEN SEAL ( GS)

GS- 36 ( 2013)  Adhesi ves f or  Commer ci al  Use

MANUFACTURERS STANDARDI ZATI ON SOCI ETY OF THE VALVE AND FI TTI NGS 
I NDUSTRY ( MSS)

MSS SP- 58 ( 2018)  Pi pe Hanger s and Suppor t s -  
Mat er i al s,  Desi gn and Manuf act ur e,  
Sel ect i on,  Appl i cat i on,  and I nst al l at i on

MI DWEST I NSULATI ON CONTRACTORS ASSOCI ATI ON ( MI CA)

MI CA I nsul at i on St ds ( 8t h Ed)  Nat i onal  Commer ci al  & I ndust r i al  
I nsul at i on St andar ds

SCI ENTI FI C CERTI FI CATI ON SYSTEMS ( SCS)

SCS SCS Gl obal  Ser vi ces ( SCS)  I ndoor  Advant age

SOUTH COAST AI R QUALI TY MANAGEMENT DI STRI CT ( SCAQMD)

SCAQMD Rul e 1168 ( 2017)  Adhesi ve and Seal ant  Appl i cat i ons

U. S.  DEPARTMENT OF DEFENSE ( DOD)

MI L- A- 3316 ( 1987;  Rev C;  Am 2 1990)  Adhesi ves,  
Fi r e- Resi st ant ,  Ther mal  I nsul at i on

MI L- A- 24179 ( 1969;  Rev A;  Am 2 1980;  Not i ce 1 1987;  
Not i ce 2 2020)  Adhesi ve,  Fl exi bl e 
Uni cel l ul ar - Pl ast i c Ther mal  I nsul at i on

UNDERWRI TERS LABORATORI ES ( UL)

UL 94 ( 2023;  Repr i nt  May 2023)  UL St andar d f or  
Saf et y Test s f or  Fl ammabi l i t y  of  Pl ast i c 
Mat er i al s f or  Par t s i n Devi ces and 
Appl i ances
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UL 723 ( 2020)  UL St andar d f or  Saf et y Test  f or  
Sur f ace Bur ni ng Char act er i st i cs of  
Bui l di ng Mat er i al s

UL 2818 ( 2022)  GREENGUARD Cer t i f i cat i on Pr ogr am 
For  Chemi cal  Emi ssi ons For  Bui l di ng 
Mat er i al s,  Fi ni shes And Fur ni shi ngs

1. 2   SYSTEM DESCRI PTI ON

1. 2. 1   Gener al

Pr ovi de f i el d- appl i ed i nsul at i on and accessor i es on mechani cal  syst ems as 
speci f i ed her ei n;  f act or y- appl i ed i nsul at i on i s speci f i ed under  t he 
pi pi ng,  duct  or  equi pment  t o be i nsul at ed.   Pr ovi de i nsul at i on of  chi l l ed 
wat er  syst ems out si de of  bui l di ngs as speci f i ed i n t hi s sect i on.

1. 3   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  c l assi f i cat i on.   
Submi t t al s not  havi ng a " G"  c l assi f i cat i on ar e f or  Cont r act or  Qual i t y 
Cont r ol  appr oval .  Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 
SUBMI TTAL PROCEDURES:

Submi t  t he t hr ee SD t ypes,  SD- 02 Shop Dr awi ngs,  SD- 03 Pr oduct  Dat a,  and 
SD- 08 Manuf act ur er ' s I nst r uct i ons at  t he same t i me f or  each syst em.

SD- 02 Shop Dr awi ngs

MI CA Pl at es;  G

Pi pe I nsul at i on Syst ems and Associ at ed Accessor i es

Duct  I nsul at i on Syst ems and Associ at ed Accessor i es

Equi pment  I nsul at i on Syst ems and Associ at ed Accessor i es

SD- 03 Pr oduct  Dat a

Pi pe I nsul at i on Syst ems;  G

Duct  I nsul at i on Syst ems;  G

Equi pment  I nsul at i on Syst ems;  G

SD- 04 Sampl es

Ther mal  I nsul at i on;  G

Di spl ay Sampl es;  G

SD- 07 Cer t i f i cat es

I ndoor  ai r  qual i t y f or  adhesi ves;  S

SD- 08 Manuf act ur er ' s I nst r uct i ons

Pi pe I nsul at i on Syst ems;  G
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Duct  I nsul at i on Syst ems;  G

Equi pment  I nsul at i on Syst ems;  G

1. 4   CERTI FI CATI ONS

1. 4. 1   Adhesi ves and Seal ant s

Pr ovi de pr oduct s cer t i f i ed t o meet  i ndoor  ai r  qual i t y r equi r ement s by 
UL 2818 ( Gr eenguar d)  Gol d,  SCS Gl obal  Ser vi ces I ndoor  Advant age Gol d or  
pr ovi de cer t i f i cat i on or  val i dat i on by ot her  t hi r d- par t y pr ogr ams t hat  
pr oduct s meet  t he r equi r ement s of  t hi s Sect i on.  Pr ovi de cur r ent  pr oduct  
cer t i f i cat i on document at i on f r om cer t i f i cat i on body.  When pr oduct  does not  
have cer t i f i cat i on,  pr ovi de val i dat i on t hat  pr oduct  meet s t he i ndoor  ai r  
qual i t y pr oduct  r equi r ement s c i t ed her ei n.

1. 5   QUALI TY ASSURANCE

1. 5. 1   I nst al l er  Qual i f i cat i on

Qual i f i ed i nst al l er s wi l l  have successf ul l y compl et ed t hr ee or  mor e 
si mi l ar  t ype j obs wi t hi n t he l ast  5 year s.

1. 6   DELI VERY,  STORAGE,  AND HANDLI NG

Del i ver  mat er i al s i n t he manuf act ur er ' s unopened cont ai ner s.   Pr ot ect  
mat er i al s del i ver ed and pl aced i n st or age f r om weat her ,  humi di t y,  di r t ,  
dust  and ot her  cont ami nant s.   The Cont r act i ng Of f i cer  may r ej ect  
i nsul at i on mat er i al  and suppl i es t hat  become di r t y,  dust y,  wet ,  or  
cont ami nat ed by some ot her  means.   At t ach manuf act ur er ' s st amp or  l abel  
gi v i ng t he name of  t he manuf act ur er  and br and,  and a descr i pt i on of  t he 
mat er i al ,  dat e codes,  and appr oxi mat e shel f  l i f e ( i f  appl i cabl e)  t o 
packages or  st andar d cont ai ner s of  i nsul at i on,  j acket  mat er i al ,  cement s,  
adhesi ves,  and coat i ngs del i ver ed f or  use,  and sampl es r equi r ed f or  
appr oval .   I nsul at i on packages and cont ai ner s must  be asbest os f r ee.

PART 2   PRODUCTS

2. 1   STANDARD PRODUCTS

Pr ovi de mat er i al s whi ch ar e t he st andar d pr oduct s of  manuf act ur er s 
r egul ar l y engaged i n t he manuf act ur e of  such pr oduct s and t hat  essent i al l y  
dupl i cat e i t ems t hat  have been i n sat i sf act or y use f or  at  l east  2 year s 
pr i or  t o bi d openi ng.   Submi t  a compl et e l i s t  of  mat er i al s,  i ncl udi ng 
manuf act ur er ' s descr i pt i ve t echni cal  l i t er at ur e,  per f or mance dat a,  cat al og 
cut s,  and i nst al l at i on i nst r uct i ons.   I ncl ude t he pr oduct  number ,  k- val ue,  
t hi ckness and f ur ni shed accessor i es i ncl udi ng adhesi ves,  seal ant s and 
j acket s f or  each mechani cal  syst em r equi r i ng i nsul at i on.   The pr oduct  dat a 
must  be copyr i ght ed,  have an i dent i f y i ng or  publ i cat i on number ,  and have 
been publ i shed pr i or  t o t he i ssuance dat e of  t hi s sol i c i t at i on.   Submi t  
mat er i al s f ur ni shed under  t hi s sect i on t oget her  i n a bookl et  and i n 
conj unct i on wi t h t he MI CA pl at es bookl et  ( SD- 02) .   Annot at e t he pr oduct  
dat a t o i ndi cat e whi ch MI CA pl at e i s appl i cabl e.

2. 1. 1   I nsul at i on Syst em

Pr ovi de i nsul at i on syst ems i n accor dance wi t h t he appr oved MI CA Nat i onal  
I nsul at i on St andar ds pl at es as suppl ement ed by t hi s speci f i cat i on.   
Pr ovi de f i el d- appl i ed i nsul at i on f or  heat i ng,  vent i l at i ng,  and cool i ng 
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( HVAC)  ai r  di st r i but i on syst ems and pi pi ng syst ems t hat  ar e l ocat ed 
wi t hi n,  on,  under ,  and adj acent  t o bui l di ngs;  and f or  pl umbi ng syst ems.   
Pr ovi de CFC and HCFC f r ee i nsul at i on.

2. 1. 2   Sur f ace Bur ni ng Char act er i st i cs

Unl ess ot her wi se speci f i ed,  i nsul at i on must  have a maxi mum f l ame spr ead 
i ndex of  25 and a maxi mum smoke devel oped i ndex of  50 when t est ed i n 
accor dance wi t h ASTM E84.   Det er mi ne f l ame spr ead,  and smoke devel oped 
i ndexes,  by ASTM E84 or  UL 723.   Test  i nsul at i on i n t he same densi t y and 
i nst al l ed t hi ckness as t he mat er i al  t o be used i n t he act ual  
const r uct i on.   Pr epar e and mount  t est  speci mens accor di ng t o ASTM E2231.

2. 2   MATERI ALS

Pr ovi de i nsul at i on t hat  meet s or  exceed t he r equi r ement s of  
ASHRAE 90. 1 -  I P.   Ensur e i nsul at i on ext er i or  i s  c l eanabl e,  gr ease 
r esi st ant ,  non- f l aki ng and non- peel i ng.   Pr ovi de compat i bl e mat er i al s t hat  
do not  cont r i but e t o cor r osi on,  sof t en,  or  ot her wi se at t ack sur f aces t o 
whi ch appl i ed i n ei t her  wet  or  dr y st at e.   Use mat er i al s on st ai nl ess 
st eel  sur f aces meet i ng ASTM C795 r equi r ement s.   Do not  use cal c i um 
si l i cat e on chi l l ed or  col d wat er  syst ems.   Use asbest os f r ee mat er i al s.   
Pr ovi de pr oduct  r ecogni zed under  UL 94 ( i f  cont ai ni ng pl ast i c)  and l i s t ed 
i n FM APP GUI DE.

2. 2. 1   Adhesi ves

Pr ovi de non- aer osol  adhesi ve pr oduct s used on t he i nt er i or  of  t he bui l di ng 
( def i ned as i nsi de of  t he weat her pr oof i ng syst em)  t hat  meet  ei t her  
emi ssi ons r equi r ement s of  CDPH SECTI ON 01350 ( l i mi t  r equi r ement s f or  
ei t her  of f i ce or  c l assr oom spaces r egar dl ess of  space t ype)  or  VOC cont ent  
r equi r ement s of  SCAQMD Rul e 1168 ( HVAC duct  seal ant s must  meet  l i mi t  
r equi r ement s of  " Ot her "  cat egor y wi t hi n SCAQMD Rul e 1168 seal ant s t abl e) .   
Pr ovi de aer osol  adhesi ves used on t he i nt er i or  of  t he bui l di ng t hat  meet  
ei t her  emi ssi ons r equi r ement s of  CDPH SECTI ON 01350 ( use t he of f i ce or  
c l assr oom r equi r ement s,  r egar dl ess of  space t ype)  or  VOC cont ent  
r equi r ement s of  GS- 36.   Pr ovi de cer t i f i cat i on or  val i dat i on of  i ndoor  ai r  
qual i t y f or  adhesi ves.

2. 2. 1. 1   Acoust i cal  Li ni ng I nsul at i on Adhesi ve

Pr ovi de a nonf l ammabl e,  f i r e- r esi st ant  adhesi ve conf or mi ng t o ASTM C916,  
Type I .

2. 2. 1. 2   Laggi ng Adhesi ve

Laggi ng i s t he mat er i al  used f or  t her mal  i nsul at i on,  especi al l y ar ound a 
cyl i ndr i cal  obj ect .   Thi s may i ncl ude t he i nsul at i on as wel l  as t he 
c l ot h/ mat er i al  cover i ng t he i nsul at i on.   To r esi st  mol d/ mi l dew,  use 
l aggi ng adhesi ve meet i ng ASTM D5590 wi t h 0 gr owt h r at i ng.   Pr ovi de 
nonf l ammabl e and f i r e- r esi st ant  l aggi ng adhesi ves t hat  have a maxi mum 
f l ame spr ead i ndex of  25 and a maxi mum smoke devel oped i ndex of  50 when 
t est ed i n accor dance wi t h ASTM E84.   Ensur e adhesi ve i s MI L- A- 3316,  Cl ass 
1,  pi gment ed whi t e and sui t abl e f or  bondi ng f i br ous gl ass c l ot h t o f aced 
and unf aced f i br ous gl ass i nsul at i on boar d;  f or  bondi ng cot t on br at t i ce 
c l ot h t o f aced and unf aced f i br ous gl ass i nsul at i on boar d;  f or  seal i ng 
edges of  and bondi ng gl ass t ape t o j oi nt s of  f i br ous gl ass boar d;  f or  
bondi ng l aggi ng cl ot h t o t her mal  i nsul at i on;  or  Cl ass 2 f or  at t achi ng 
f i br ous gl ass i nsul at i on t o met al  sur f aces.   Appl y l aggi ng adhesi ves i n 
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st r i ct  accor dance wi t h t he manuf act ur er ' s r ecommendat i ons f or  pi pe and 
duct  i nsul at i on.

2. 2. 1. 3   Cont act  Adhesi ve

Adhesi ves may be any of ,  but  not  l i mi t ed t o,  t he neopr ene based,  r ubber  
based,  or  el ast omer i c t ype t hat  have a maxi mum f l ame spr ead i ndex of  25 
and a maxi mum smoke devel oped i ndex of  50 when t est ed i n accor dance wi t h 
ASTM E84.   Ensur e adhesi ve does not  adver sel y af f ect ,  i ni t i al l y  or  i n 
ser vi ce,  t he i nsul at i on t o whi ch i t  i s  appl i ed,  nor  cause any cor r osi ve 
ef f ect  on met al  t o whi ch i t  i s  appl i ed.   Ensur e t hat  any sol vent  
di sper si ng medi um or  vol at i l e component  of  t he adhesi ve has no 
obj ect i onabl e odor  and does not  cont ai n any benzene or  car bon 
t et r achl or i de.   Ensur e dr i ed adhesi ve does not  emi t  nauseous,  i r r i t at i ng,  
or  t oxi c vol at i l e mat t er s or  aer osol s when t he adhesi ve i s heat ed t o any 
t emper at ur e up t o 212 degr ees F.   The dr i ed adhesi ve must  be nonf l ammabl e 
and f i r e r esi st ant .   Fl exi bl e El ast omer i c Adhesi ve:   Compl y wi t h 
MI L- A- 24179,  Type I I ,  Cl ass I .   Pr ovi de pr oduct  l i s t ed i n FM APP GUI DE.

2. 2. 2   Caul k i ng

ASTM C920,  Type S,  Gr ade NS,  Cl ass 25,  Use A.

2. 2. 3   Cor ner  Angl es

Nomi nal  0. 016 i nch al umi num 1 by 1 i nch wi t h f act or y appl i ed kr af t  
backi ng.   Al umi num must  be ASTM B209,  Al l oy 3003,  3105,  or  5005.

2. 2. 4   Fi t t i ngs

Fabr i cat ed Fi t t i ngs ar e t he pr ef abr i cat ed f i t t i ngs f or  f l exi bl e 
el ast omer i c pi pe i nsul at i on syst ems i n accor dance wi t h ASTM C1710.   
Toget her  wi t h t he f l exi bl e el ast omer i c t ubes,  t hey pr ovi de compl et e syst em 
i nt egr i t y f or  r et ar di ng heat  gai n and cont r ol l i ng condensat i on dr i p f r om 
chi l l ed- wat er  and r ef r i ger at i on syst ems.  Fl exi bl e el ast omer i c,  f abr i cat ed 
f i t t i ngs pr ovi de t her mal  pr ot ect i on ( 0. 25 k)  and condensat i on r esi st ance 
( 0. 05 Wat er  Vapor  Tr ansmi ssi on f act or ) .   For  sat i sf act or y per f or mance,  use 
pr oper l y i nst al l ed pr ot ect i ve vapor  r et ar der / bar r i er s and vapor  st ops on 
hi gh r el at i ve humi di t y and bel ow ambi ent  t emper at ur e appl i cat i ons t o 
r educe movement  of  moi st ur e t hr ough or  ar ound t he i nsul at i on t o t he col der  
i nt er i or  sur f ace.

2. 2. 5   Fi ni shi ng Cement

ASTM C450:  Mi ner al  f i ber  hydr aul i c- set t i ng t her mal  i nsul at i ng and 
f i ni shi ng cement .   Al l  cement s t hat  may come i n cont act  wi t h Aust eni t i c  
st ai nl ess st eel  must  compl y wi t h ASTM C795.

2. 2. 6   Fi br ous Gl ass Cl ot h and Gl ass Tape

Pr ovi de f i br ous gl ass c l ot h,  wi t h 20X20 maxi mum mesh si ze,  and gl ass t ape 
wi t h maxi mum f l ame spr ead i ndex of  25 and a maxi mum smoke devel oped i ndex 
of  50 when t est ed i n accor dance wi t h ASTM E84.   Pr ovi de t ape consi st i ng of  
4 i nch wi de r ol l s.   Pr ovi de Cl ass 3 t ape t hat  i s 4. 5 ounces/ squar e yar d.   
El ast omer i c Foam Tape:  Bl ack vapor - r et ar der  f oam t ape wi t h acr yl i c 
adhesi ve cont ai ni ng an ant i - mi cr obi al  addi t i ve.
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2. 2. 7   St apl es

Out war d cl i nchi ng t ype monel  .

2. 2. 8   Jacket s

2. 2. 8. 1   Al umi num Jacket s

Pr ovi de al umi num j acket s consi st i ng of  cor r ugat ed,  embossed or  smoot h 
sheet ,   0. 016 i nch nomi nal  t hi ckness;   ASTM B209,  Temper  H14,  Temper  H16,  
Al l oy 3003,  5005,  or  3105.   Do not  use cor r ugat ed al umi num j acket  
out door s.   Al umi num j acket  secur i ng bands must  be Type 304 st ai nl ess 
st eel ,   0. 015 i nch t hi ck,   1/ 2 i nch wi de f or  pi pe under  12 i nch di amet er  
and 3/ 4 i nch wi de f or  pi pe over  12 i nch and l ar ger  di amet er .   Al umi num 
j acket  c i r cumf er ent i al  seam bands must  be 2 by 0. 016 i nch al umi num 
mat chi ng j acket  mat er i al .   Ensur e bands f or  i nsul at i on bel ow gr ound ar e 
3/ 4 by 0. 020 i nch t hi ck st ai nl ess st eel ,  or  f i ber gl ass r ei nf or ced t ape.   
The j acket  may,  at  t he opt i on of  t he Cont r act or ,  be pr ovi ded wi t h a 
f act or y f abr i cat ed Pi t t sbur gh or  " Z"  t ype l ongi t udi nal  j oi nt .   When t he 
" Z"  j oi nt  i s  used,  use bands at  t he c i r cumf er ent i al  j oi nt s t hat  ar e 
desi gned by t he manuf act ur er  t o seal  t he j oi nt s and hol d t he j acket  i n 
pl ace.

2. 2. 8. 2   Vapor  Bar r i er / Vapor  Ret ar der

Appl y t he f ol l owi ng cr i t er i a t o det er mi ne whi ch syst em i s r equi r ed.

a.   On duct s,  equi p pi pi ng and equi pment  oper at i ng bel ow 85 degr ees F or  
l ocat ed out si de wi t h a vapor  bar r i er .

2. 2. 9   Vapor  Ret ar der  Not  Requi r ed

ASTM C921,  Type I I ,  Cl ass D,  mi ni mum punct ur e r esi st ance 50 Beach uni t s on 
al l  sur f aces except  duct wor k,  wher e Type I V,  maxi mum moi st ur e vapor  
t r ansmi ssi on 0. 10,  a mi ni mum punct ur e r esi st ance of  25 Beach uni t s i s 
accept abl e.   Pr ovi de j acket  wi t h a maxi mum f l ame spr ead i ndex of  25 and a 
maxi mum smoke devel oped i ndex of  50 when t est ed i n accor dance wi t h ASTM E84.

2. 2. 10   Wi r e

Sof t  anneal ed ASTM A580/ A580M Type 302,  304 or  316 st ai nl ess st eel ,  16 or  
18 gauge.

2. 2. 11   I nsul at i on Bands

Pr ovi de 1/ 2 i nch wi de;  26 gauge st ai nl ess st eel  i nsul at i on bands.

2. 2. 12   Seal ant s

Choose seal ant s f r om t he but yl  pol ymer  t ype,  t he st yr ene- but adi ene r ubber  
t ype,  or  t he but yl  t ype of  seal ant s.   Pr ovi de seal ant s wi t h a maxi mum 
per meance of  0. 02 per ms based on Pr ocedur e B f or  ASTM E96/ E96M,  and a 
maxi mum f l ame spr ead i ndex of  25 and a maxi mum smoke devel oped i ndex of  50 
when t est ed i n accor dance wi t h ASTM E84.

2. 3   PI PE I NSULATI ON SYSTEMS

Conf or m i nsul at i on mat er i al s t o Tabl e 1 and mi ni mum i nsul at i on t hi ckness 
as l i s t ed i n Tabl e 2 and meet  or  exceed t he r equi r ement s of  
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ASHRAE 90. 1 -  I P.  Li mi t  pi pe i nsul at i on mat er i al s t o t hose l i s t ed her ei n 
and meet i ng t he f ol l owi ng r equi r ement s:

2. 3. 1   Abovegr ound Col d Pi pel i ne (  - 30 t o 60 deg.  F)

Pr ovi de i nsul at i on f or  out door ,  i ndoor ,  exposed or  conceal ed appl i cat i ons,  
as f ol l ows:

2. 3. 1. 1   Fl exi bl e El ast omer i c Cel l ul ar  I nsul at i on

Cl osed- cel l ,  f oam-  or  expanded- r ubber  mat er i al s cont ai ni ng ant i - mi cr obi al  
addi t i ve,  compl yi ng wi t h ASTM C534/ C534M,  Gr ade 1,  Type I  or  I I .   Type I ,  
Gr ade 1 f or  t ubul ar  mat er i al s.   Type I I ,  Gr ade 1,  f or  sheet  mat er i al s.   
Ensur e Type I  and I I  have vapor  r et ar der / vapor  bar r i er  ski n on one or  bot h 
s i des of  t he i nsul at i on,  and r equi r e an addi t i onal  ext er i or  vapor  r et ar der  
cover i ng f or  hi gh r el at i ve humi di t y and bel ow ambi ent  t emper at ur e 
appl i cat i ons.

2. 3. 2   Abovegr ound Hot  Pi pel i ne ( Above 60 deg.  F)

Pr ovi de i nsul at i on f or  out door ,  i ndoor ,  exposed or  conceal ed appl i cat i ons 
meet i ng t he f ol l owi ng r equi r ement s.   Suppl y t he i nsul at i on wi t h 
manuf act ur er ' s r ecommended f act or y- appl i ed j acket / vapor  bar r i er .

2. 3. 2. 1   Fl exi bl e El ast omer i c Cel l ul ar  I nsul at i on

Cl osed- cel l ,  f oam-  or  expanded- r ubber  mat er i al s cont ai ni ng ant i - mi cr obi al  
addi t i ve,  compl yi ng wi t h ASTM C534/ C534M,  Gr ade 1,  Type I  or  I I  t o 220 
degr ees F ser vi ce.   Type I  f or  t ubul ar  mat er i al s.  Type I I  f or  sheet  
mat er i al s.

2. 3. 2. 2   Pol y i socyanur at e I nsul at i on

ASTM C591,  Type I .   Suppl y t he i nsul at i on wi t h a f act or y appl i ed vapor  
r et ar der / bar r i er  t hat  compl i es wi t h Sect i on 23 07 00 THERMAL I NSULATI ON 
FOR MECHANI CAL SYSTEMS.   The i nsul at i on and al l  cover i ng must  pass t he 
f l ame spr ead i ndex of  25 and t he smoke devel oped i ndex of  50 when t est ed 
i n accor dance wi t h ASTM E84.

2. 4   DUCT I NSULATI ON SYSTEMS

2. 4. 1   Fact or y Appl i ed I nsul at i on

Pr ovi de f act or y- appl i ed ASTM C534/ C534M Gr ade 1,  Type I I ,  f l exi bl e 
el ast omer i c c l osed cel l  i nsul at i on accor di ng t o manuf act ur er ' s 
r ecommendat i ons f or  i nsul at i on wi t h i nsul at i on manuf act ur er ' s st andar d 
r ei nf or ced f i r e- r et ar dant  vapor  bar r i er .

2. 4. 1. 1   Ri gi d I nsul at i on

Cal cul at e t he mi ni mum t hi ckness i n accor dance wi t h ASHRAE 90. 1 -  I P.

2. 4. 1. 2   Bl anket  I nsul at i on

Cal cul at e mi ni mum t hi ckness i n accor dance wi t h ASHRAE 90. 1 -  I P.
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2. 4. 2   Duct  I nsul at i on Jacket s

2. 4. 2. 1   Met al  Jacket s

2. 4. 2. 1. 1   Al umi num Jacket s

 ASTM B209,  Temper  H14,  mi ni mum t hi ckness of  27 gauge (  0. 016 i nch) ,  wi t h 
f act or y- appl i ed pol yet hyl ene and kr af t  paper  moi st ur e bar r i er  on i nsi de 
sur f ace.   Pr ovi de smoot h sur f ace j acket s f or  j acket  out si de di mensi on 8 
i nches and l ar ger .   Pr ovi de cor r ugat ed sur f ace j acket s f or  j acket  out si de 
di mensi on 8 i nches and l ar ger .   Pr ovi de st ai nl ess st eel  bands,  mi ni mum 
wi dt h of  1/ 2 i nch.

2. 5   EQUI PMENT I NSULATI ON SYSTEMS

I nsul at e equi pment  and accessor i es as speci f i ed i n Tabl es 5 and 6.   I n 
out si de l ocat i ons,  pr ovi de i nsul at i on 1/ 2 i nch t hi cker  t han speci f i ed.   
I ncr ease t he speci f i ed i nsul at i on t hi ckness f or  equi pment  wher e necessar y 
t o equal  t he t hi ckness of  angl es or  ot her  st r uct ur al  member s t o make a 
smoot h,  ext er i or  sur f ace.   Submi t  a bookl et  cont ai ni ng manuf act ur er ' s 
publ i shed i nst al l at i on i nst r uct i ons f or  t he i nsul at i on syst ems i n 
coor di nat i on wi t h t he submi t t ed MI CA I nsul at i on St ds pl at es bookl et .   
Annot at e t hei r  i nst al l at i on i nst r uct i ons t o i ndi cat e whi ch pr oduct  dat a 
and whi ch MI CA pl at e ar e appl i cabl e.   The i nst r uct i ons must  be 
copyr i ght ed,  have an i dent i f y i ng or  publ i cat i on number ,  and have been 
publ i shed pr i or  t o t he i ssuance dat e of  t hi s sol i c i t at i on.   A bookl et  i s  
al so r equi r ed by par agr aphs t i t l ed:   Pi pe I nsul at i on Syst ems and Duct  
I nsul at i on Syst ems.

PART 3   EXECUTI ON

3. 1   APPLI CATI ON -  GENERAL

Appl y i nsul at i on t o unheat ed and uncool ed pi pi ng and equi pment .   Do not  
compr ess f l exi bl e el ast omer i c cel l ul ar  i nsul at i on at  j oi st s,  st uds,  
col umns,  duct s,  and hanger s.   The i nsul at i on must  not  pul l  apar t  af t er  a 
one hour  per i od;  r epl ace any i nsul at i on f ound t o pul l  apar t  af t er  one hour .

3. 1. 1   Di spl ay Sampl es

Submi t  and di spl ay,  af t er  appr oval  of  mat er i al s,  act ual  sect i ons of  
i nst al l ed syst ems,  pr oper l y i nsul at ed i n accor dance wi t h t he speci f i cat i on 
r equi r ement s.   Such act ual  sect i ons must  r emai n accessi bl e t o i nspect i on 
t hr oughout  t he j ob and wi l l  be r evi ewed f r om t i me t o t i me f or  cont r ol l i ng 
t he qual i t y of  t he wor k t hr oughout  t he const r uct i on s i t e.   I dent i f y each 
mat er i al  used by i ndi cat i ng on an at t ached sheet  t he speci f i cat i on 
r equi r ement  f or  t he mat er i al  and t he mat er i al  by each manuf act ur er  
i nt ended t o meet  t he r equi r ement .   The Cont r act i ng Of f i cer  wi l l  i nspect  
di spl ay sampl e sect i ons at  t he j obsi t e.   Keep appr oved di spl ay sampl e 
sect i ons on di spl ay at  t he j obsi t e dur i ng t he const r uct i on per i od.   Upon 
compl et i on of  const r uct i on,  t he di spl ay sampl e sect i ons wi l l  be c l osed and 
seal ed.

3. 1. 1. 1   Pi pe I nsul at i on Di spl ay Sect i ons

I ncl ude as a mi ni mum an el bow or  t ee,  a val ve,  di el ect r i c wat er ways and 
f l anges,  a hanger  wi t h pr ot ect i on shi el d and i nsul at i on i nser t ,  or  dowel  
as r equi r ed,  at  suppor t  poi nt ,  met hod of  f ast eni ng and seal i ng i nsul at i on 
at  l ongi t udi nal  l ap,  c i r cumf er ent i al  l ap,  but t  j oi nt s at  f i t t i ngs and on 
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pi pe r uns,  and t er mi nat i ng poi nt s f or  each t ype of  pi pe i nsul at i on used on 
t he j ob,  and f or  hot  pi pel i nes and col d pi pel i nes,  bot h i nt er i or  and 
ext er i or ,  even when t he same t ype of  i nsul at i on i s used f or  t hese ser vi ces.

3. 1. 1. 2   Duct  I nsul at i on Di spl ay Sect i ons

Di spl ay sampl e sect i ons f or  r i gi d and f l exi bl e duct  i nsul at i on used on t he 
j ob.   Use a t empor ar y cover i ng t o encl ose and pr ot ect  di spl ay sect i ons f or  
duct  i nsul at i on exposed t o weat her

3. 1. 2   I nst al l at i on

Except  as ot her wi se speci f i ed,  i nst al l  mat er i al  i n accor dance wi t h t he 
manuf act ur er ' s wr i t t en i nst r uct i ons.   Do not  appl y i nsul at i on mat er i al s 
unt i l  t est s and heat  t r aci ng speci f i ed i n ot her  sect i ons of  t hi s 
speci f i cat i on ar e compl et ed.   Remove mat er i al  such as r ust ,  scal e,  di r t  
and moi st ur e f r om sur f aces t o r ecei ve i nsul at i on.   Keep i nsul at on cl ean 
and dr y.   Do not  r emove i nsul at i on f r om i t s shi ppi ng cont ai ner s unt i l  t he 
day i t  i s  r eady t o use and r et ur n t o l i ke cont ai ner s or  equal l y pr ot ect  
f r om di r t  and moi st ur e at  t he end of  each wor kday.   Thor oughl y c l ean 
i nsul at i on t hat  becomes di r t y pr i or  t o use.   I f  i nsul at i on becomes wet  or  
i f  c l eani ng does not  r est or e t he sur f aces t o l i ke new condi t i on,  r ej ect  
t he i nsul at i on,  and i mmedi at el y r emove f r om t he j obsi t e.   St agger  j oi nt s 
on mul t i  l ayer  i nsul at i on.   Mi x mi ner al  f i ber  t her mal  i nsul at i ng cement  
wi t h demi ner al i zed wat er  when used on st ai nl ess st eel  sur f aces.   I nst al l  
i nsul at i on,  j acket i ng and accessor i es i n accor dance wi t h 
MI CA I nsul at i on St ds pl at es except  wher e modi f i ed her ei n or  on t he 
dr awi ngs.

3. 1. 3   Fi r est oppi ng

Wher e pi pes and duct s pass t hr ough f i r e wal l s,  f i r e par t i t i ons,  above 
gr ade f l oor s,  and f i r e r at ed chase wal l s,  seal  t he penet r at i on wi t h f i r e 
st oppi ng mat er i al s as speci f i ed i n Sect i on 07 84 00 FI RESTOPPI NG.  

3. 1. 4   I nst al l at i on of  Fl exi bl e El ast omer i c Cel l ul ar  I nsul at i on

I nst al l  f l exi bl e el ast omer i c cel l ul ar  i nsul at i on wi t h seams and j oi nt s 
seal ed wi t h r ubber i zed cont act  adhesi ve.   Do not  use f l exi bl e el ast omer i c 
cel l ul ar  i nsul at i on on sur f aces gr eat er  t han 220 degr ees F.   St agger  seams 
when appl y i ng mul t i pl e l ayer s of  i nsul at i on.   Pr ot ect  i nsul at i on exposed 
t o weat her  and not  shown t o have vapor  bar r i er  weat her pr oof  j acket i ng wi t h 
t wo coat s of  UV r esi st ant  f i ni sh or  PVC or  met al  j acket i ng as r ecommended 
by t he manuf act ur er  af t er  t he adhesi ve i s dr y and cur ed.

3. 1. 4. 1   Adhesi ve Appl i cat i on

Appl y a br ush coat i ng of  adhesi ve t o bot h but t  ends t o be j oi ned and t o 
bot h s l i t  sur f aces t o be seal ed.   Al l ow t he adhesi ve t o set  unt i l  dr y t o 
t ouch but  t acky under  s l i ght  pr essur e bef or e j oi ni ng t he sur f aces.   Ensur e 
i nsul at i on seal s at  seams and j oi nt s ar e not  capabl e of  bei ng pul l ed apar t  
one hour  af t er  appl i cat i on.   Repl ace i nsul at i on t hat  can be pul l ed apar t  
one hour  af t er  i nst al l at i on.

3. 1. 4. 2   Adhesi ve Saf et y Pr ecaut i ons

Use nat ur al  cr oss- vent i l at i on,  l ocal  ( mechani cal )  pi ckup,  and/ or  gener al  
ar ea ( mechani cal )  vent i l at i on t o pr event  an accumul at i on of  sol vent  
vapor s,  keepi ng i n mi nd t he vent i l at i on pat t er n must  r emove any 
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heavi er - t han- ai r  sol vent  vapor s f r om l ower  l evel s of  t he wor kspaces.   
Gl oves and spect acl e- t ype saf et y gl asses ar e r ecommended i n accor dance 
wi t h saf e i nst al l at i on pr act i ces.

3. 1. 5   Wel di ng

Wel di ng i s not  per mi t t ed on pi pi ng,  duct  or  equi pment  wi t hout  wr i t t en 
appr oval  of  t he Cont r act i ng Of f i cer .   The capaci t or  di schar ge wel di ng 
pr ocess may be used f or  secur i ng met al  f ast ener s t o duct .

3. 1. 6   Pi pes/ Duct s/ Equi pment  That  Requi r e I nsul at i on

I nsul at i on i s r equi r ed on al l  pi pes,  duct s,  or  equi pment ,  except  f or  
omi t t ed i t ems as speci f i ed.

3. 2   PI PE I NSULATI ON SYSTEMS I NSTALLATI ON

I nst al l  pi pe i nsul at i on syst ems i n accor dance wi t h t he appr oved 
MI CA I nsul at i on St ds pl at es as suppl ement ed by t he manuf act ur er ' s 
publ i shed i nst al l at i on i nst r uct i ons.

3. 2. 1   Pi pe I nsul at i on

3. 2. 1. 1   Gener al

I nst al l  pi pe i nsul at i on on abovegr ound hot  and col d pi pel i ne syst ems as 
speci f i ed bel ow t o f or m a cont i nuous t her mal  r et ar der / bar r i er ,  i ncl udi ng 
st r ai ght  r uns,  f i t t i ngs and appur t enances unl ess speci f i ed ot her wi se.   
I nst al l  f ul l  l engt h uni t s of  i nsul at i on usi ng a s i ngl e cut  pi ece t o 
compl et e a r un.   Do not  use cut  pi eces or  scr aps abut t i ng each ot her .   
Omi t  pi pe i nsul at i on on t he f ol l owi ng:

a.   Pi pe used sol el y f or  f i r e pr ot ect i on.

b.   Chr omi um pl at ed pi pe t o pl umbi ng f i xt ur es.   However ,  f or  f i x t ur es used 
by t he physi cal l y handi capped,  i nsul at e t he hot  wat er  suppl y and 
dr ai n,  i ncl udi ng t he t r ap,  wher e exposed.

c.   Sani t ar y dr ai n l i nes.

d.   Ai r  chamber s.

e.   Adj acent  i nsul at i on.

f .   ASME st amps.

g.   Access pl at es of  f an housi ngs.

h.   Cl eanout s or  handhol es.

3. 2. 1. 2   Pi pes Passi ng Thr ough Wal l s,  Roof s,  and Fl oor s

Pr ovi de cont i nuous pi pe i nsul at i on t hr ough t he sl eeve.

Pr ovi de an al umi num j acket  or  vapor  bar r i er / weat her pr oof i ng sel f  adhesi ve 
j acket  ( mi ni mum 2 mi l s adhesi ve,   3 mi l s embossed)  l ess t han 0. 0000 
per meabi l i t y ,  gr eat er  t han 3 pl y st andar d gr ade,  s i l ver ,  whi t e,  bl ack and 
embossed wi t h f act or y appl i ed moi st ur e r et ar der  over  t he i nsul at i on 
wher ever  penet r at i ons r equi r e seal i ng.

SECTI ON 23 07 00  Page 12



D51 Hangar  Conver si on t o Human Per f or mance Cent er  FTFA 23- VH59
Egl i n AFB,  Fl or i da

3. 2. 1. 2. 1   Penet r at e I nt er i or  Wal l s

Pr ovi de al umi num j acket  or  vapor  bar r i er / weat her pr oof i ng -  sel f  adhesi ve 
j acket  ( mi ni mum 2 mi l s adhesi ve,   3 mi l s embossed)  l ess t han 0. 0000 
per meabi l i t y ,  gr eat er  t han 3 pl i es st andar d gr ade,  s i l ver ,  whi t e,  bl ack 
and embossed whi ch ext ends 2 i nches beyond ei t her  s i de of  t he wal l  and 
secur e on each end wi t h a band.

3. 2. 1. 2. 2   Penet r at i ng Fl oor s

Ext end t he al umi num j acket  f r om a poi nt  bel ow t he backup mat er i al  t o a 
poi nt  10 i nches above t he f l oor  wi t h one band at  t he f l oor  and one not  
mor e t han 1 i nch f r om t he end of  t he al umi num j acket .

3. 2. 1. 2. 3   Penet r at i ng Wat er pr oof ed Fl oor s

Ext end t he al umi num j acket  r om bel ow t he backup mat er i al  t o a poi nt  2 
i nches above t he f l ashi ng wi t h a band 1 i nch f r om t he end of  t he al umi num 
j acket .

3. 2. 1. 2. 4   Penet r at i ng Ext er i or  Wal l s

Cont i nue t he al umi num j acket  r equi r ed f or  pi pe exposed t o weat her  t hr ough 
t he sl eeve t o a poi nt  2 i nches beyond t he i nt er i or  sur f ace of  t he wal l .

3. 2. 1. 2. 5   Penet r at i ng Roof s

I nsul at e pi pe as r equi r ed f or  i nt er i or  ser vi ce t o a poi nt  f l ush wi t h t he 
t op of  t he f l ashi ng and seal ed wi t h f l ashi ng seal ant .   Ti ght l y but t  t he 
i nsul at i on f or  ext er i or  appl i cat i on t o t he t op of  f l ashi ng and i nt er i or  
i nsul at i on.   Ext end t he ext er i or  al umi num j acket  2 i nches down beyond t he 
end of  t he i nsul at i on t o f or m a count er  f l ashi ng.   Seal  t he f l ashi ng and 
count er  f l ashi ng under neat h wi t h met al  j acket i ng/ f l ashi ng seal ant .

3. 2. 1. 3   Pi pes Passi ng Thr ough Hanger s

Ensur e i nsul at i on,  whet her  hot  or  col d appl i cat i on,  i s  cont i nuous t hr ough 
hanger s.   Suppor t  al l  hor i zont al  pi pes 2 i nches and smal l er  on hanger s 
wi t h t he addi t i on of  a Type 40 pr ot ect i on shi el d t o pr ot ect  t he i nsul at i on 
i n accor dance wi t h MSS SP- 58.   Whenever  i nsul at i on shows si gns of  bei ng 
compr essed,  or  when t he i nsul at i on or  j acket  shows vi s i bl e s i gns of  
di st or t i on at  or  near  t he suppor t  shi el d,  i nst al l  i nsul at i on i nser t s as 
speci f i ed bel ow f or  pi pi ng l ar ger  t han 2 i nches,  or  f act or y i nsul at ed 
hanger s ( desi gned wi t h a l oad bear i ng cor e)  can be used.

3. 2. 1. 3. 1   Hor i zont al  Pi pes Lar ger  Than 2 I nches at  60 Degr ees F and Above

Suppor t ed on hanger s i n accor dance wi t h MSS SP- 58,  and Sect i on 22 00 00 
PLUMBI NG,  GENERAL PURPOSE.

3. 2. 1. 3. 2   Hor i zont al  Pi pes Lar ger  Than 2 I nches and Bel ow 60 Degr ees F

Suppor t ed on hanger s wi t h t he addi t i on of  a Type 40 pr ot ect i on shi el d i n 
accor dance wi t h MSS SP- 58.   I nst al l  an i nsul at i on i nser t  of  cel l ul ar  
gl ass,  pr ef abr i cat ed i nsul at i on pi pe hanger s,  or  per l i t e above 80 degr ees F
 above each shi el d.   Ensur e i nser t  cover s no l ess t han t he bot t om 
180- degr ee ar c of  t he pi pe.   Pr ovi de i nser t s t hat  ar e t he same t hi ckness 
as t he i nsul at i on,  and ext end 2 i nches on each end beyond t he pr ot ect i on 
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shi el d.   When i nsul at i on i nser t s ar e r equi r ed i n accor dance wi t h t he 
above,  and t he i nsul at i on t hi ckness i s l ess t han 1 i nch,  wooden or  cor k 
dowel s or  bl ocks may be i nst al l ed bet ween t he pi pe and t he shi el d t o 
pr event  t he wei ght  of  t he pi pe f r om cr ushi ng t he i nsul at i on,  as an opt i on 
t o i nst al l i ng i nsul at i on i nser t s.   Ensur e t he i nsul at i on j acket  i s 
cont i nuous over  t he wooden dowel ,  wooden bl ock,  or  i nsul at i on i nser t .

3. 2. 1. 3. 3   Ver t i cal  Pi pes

Suppor t ed wi t h ei t her  Type 8 or  Type 42 r i ser  c l amps wi t h t he addi t i on of  
t wo Type 40 pr ot ect i on shi el ds i n accor dance wi t h MSS SP- 58 cover i ng t he 
360- degr ee ar c of  t he i nsul at i on.   I nst al l  an i nsul at i on i nser t  of  
cel l ul ar  gl ass or  cal c i um si l i cat e bet ween each shi el d and t he pi pe.   
Ensur e t he i nser t  cover s t he 360- degr ee ar c of  t he pi pe.   Pr ovi de i nser t s 
t hat  ar e t he same t hi ckness as t he i nsul at i on,  and ext end 2 i nches on each 
end beyond t he pr ot ect i on shi el d.   When i nsul at i on i nser t s ar e r equi r ed i n 
accor dance wi t h t he above,  and t he i nsul at i on t hi ckness i s l ess t han 1 i nch,  
wooden or  cor k dowel s or  bl ocks may be i nst al l ed bet ween t he pi pe and t he 
shi el d t o pr event  t he hanger  f r om cr ushi ng t he i nsul at i on,  as an opt i on 
i nst ead of  i nst al l i ng i nsul at i on i nser t s.   Ensur e t he i nsul at i on j acket  i s 
cont i nuous over  t he wooden dowel ,  wooden bl ock,  or  i nsul at i on i nser t .   
Suppor t  t he ver t i cal  wei ght  of  t he pi pe wi t h hanger s l ocat ed i n a 
hor i zont al  sect i on of  t he pi pe.   When t he pi pe r i ser  i s l onger  t han 30 f eet ,  
suppor t  t he wei ght  of  t he pi pe addi t i onal l y wi t h hanger s i n t he ver t i cal  
r un of  t he pi pe t hat  ar e di r ect l y c l amped t o t he pi pe,  penet r at i ng t he 
pi pe i nsul at i on.   Use i nsul at ed hanger s and seal  t he i nsul at i on j acket  as 
i ndi cat ed her ei n f or  anchor s i n a s i mi l ar  ser vi ce.

3. 2. 1. 3. 4   I nser t s

Cover ed wi t h a j acket  mat er i al  of  t he same appear ance and qual i t y as t he 
adj oi ni ng pi pe i nsul at i on j acket ,  over l ap t he adj oi ni ng pi pe j acket  1- 1/ 2 
i nches,  and seal  as r equi r ed f or  t he pi pe j acket .   Use j acket  mat er i al  t o 
cover  i nser t s i n f l exi bl e el ast omer i c cel l ul ar  i nsul at i on conf or mi ng t o 
ASTM C1136,  Type 1,  and i s al l owed t o be of  a di f f er ent  mat er i al  t han t he 
adj oi ni ng i nsul at i on mat er i al .

3. 2. 1. 4   Fl exi bl e El ast omer i c Cel l ul ar  Pi pe I nsul at i on

Use t ubul ar  f or m f l exi bl e el ast omer i c cel l ul ar  pi pe i nsul at i on f or  pi pe 
si zes 6 i nches and l ess.   Gr ade 1,  Do not  st r et ch Type I I  sheet  i nsul at i on 
used on pi pes l ar ger  t han 6 i nches ar ound t he pi pe.   On pi pes l ar ger  t han 
12 i nches,  adher e t he i nsul at i on di r ect l y t o t he pi pe on t he l ower  1/ 3 of  
t he pi pe.   St agger  seams when appl y i ng mul t i pl e l ayer s of  i nsul at i on.   
I nsul at e sweat  f i t t i ngs wi t h mi t er - cut  pi eces t he same si ze as on adj acent  
pi pi ng.   I nsul at e scr ewed f i t t i ngs wi t h s l eeved f i t t i ng cover s f abr i cat ed 
f r om mi t er - cut  pi eces and over l ap and seal  t o t he adj acent  pi pe 
i nsul at i on.   Type I I  r equi r es an addi t i onal  ext er i or  vapor  
r et ar der / bar r i er  cover i ng f or  hi gh r el at i ve humi di t y and bel ow ambi ent  
t emper at ur e appl i cat i ons.

3. 2. 1. 5   Pi pes i n hi gh abuse ar eas.

I n hi gh abuse ar eas such as j ani t or  c l oset s and t r af f i c  ar eas i n equi pment  
r ooms,  k i t chens,  and mechani cal  r ooms,  ut i l i ze al umi num or  f l exi bl e 
l ami nat e c l addi ng ( compr i sed of  el ast omer i c,  pl ast i c or  met al  f oi l  
l ami nat e)  l ami nat ed sel f - adhesi ve ( mi ni mum 2 mi l s adhesi ve,   3 mi l s 
embossed)  vapor  bar r i er / weat her pr oof i ng j acket ,  -  l ess t han 0. 0000 
per meabi l i t y ;  ( gr eat er  t han 3 pl y,  st andar d gr ade,  s i l ver ,  whi t e,  bl ack 
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and embossed)  al umi num j acket s.   Pr ot ect  pi pe i nsul at i on t o t he 6 f oot  
l evel .   

3. 2. 1. 6   Pi pe I nsul at i on Mat er i al  and Thi ckness

Pi pe i nsul at i on mat er i al s must  be as l i s t ed i n Tabl e 1 and must  meet  or  
exceed t he r equi r ement s of ASHRAE 90. 1 -  I P.   

TABLE 1

I nsul at i on Mat er i al  f or  Pi pi ng

Ser vi ce

Mat er i al Speci f i cat i on Type Cl ass VR/ VB 
Req' d

Chi l l ed Wat er  ( Suppl y & Ret ur n,  Dual  Temper at ur e Pi pi ng,  40 F nomi nal )

Fl exi bl e El ast omer i c Cel l ul ar ASTM C534/ C534M I Yes

Condensat e Dr ai n Locat ed I nsi de Bui l di ng

Fl exi bl e El ast omer i c Cel l ul ar ASTM C534/ C534M I No

Medi um Temper at ur e Hot  Wat er ,  St eam and Condensat e ( 251 t o 350 Degr ees F)

Fl exi bl e El ast omer i c Cel l ul ar ASTM C534/ C534M I 2 No

Not e:  VR/ VB = Vapor  Ret ar der / Vapor  Bar r i er

TABLE 2

Pi pi ng I nsul at i on Thi ckness ( i nch)
  Do not  use i nt egr al  wi cki ng mat er i al  i n  Chi l l ed wat er  appl i cat i ons exposed t o

out door  ambi ent  condi t i ons i n cl i mat i c zones 1 t hr ough 4.

Ser vi ce

Mat er i al Tube And Pi pe Si ze ( i nch)

<1 1- <1. 5 1. 5- <4 4- <8 > or  = >8

Chi l l ed Wat er  ( 40 Degr ees F nomi nal )

Fl exi bl e El ast omer i c Cel l ul ar 1 1 1 N/ A N/ A

Chi l l ed Wat er  ( Suppl y & Ret ur n,  Dual  Temper at ur e Pi pi ng,  40 Degr ees F nomi nal )

Fl exi bl e El ast omer i c Cel l ul ar 1 1 1 N/ A N/ A
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TABLE 2

Pi pi ng I nsul at i on Thi ckness ( i nch)
  Do not  use i nt egr al  wi cki ng mat er i al  i n  Chi l l ed wat er  appl i cat i ons exposed t o

out door  ambi ent  condi t i ons i n cl i mat i c zones 1 t hr ough 4.

Ser vi ce

Mat er i al Tube And Pi pe Si ze ( i nch)

<1 1- <1. 5 1. 5- <4 4- <8 > or  = >8

Cel l ul ar  Gl ass 1. 5 1. 5 1. 5 1. 5 1. 5

Fl exi bl e El ast omer i c Cel l ul ar 1 1 1 N/ A N/ A

Mi ner al  Fi ber 1. 5 3 3 4 4

2. 5* * 3. 5*

Cal ci um Si l i cat e 2. 5 3. 5 4. 5 4. 5 5

Per l i t e 2. 5 3. 5 4. 5 4. 5 5

Fl exi bl e El ast omer i c Cel l ul ar 1 1 1 N/ A N/ A

3. 2. 2   Abovegr ound Col d Pi pel i nes

I nsul at e t he f ol l owi ng col d pi pel i nes f or  mi nus 30 t o pl us 60 degr ees F i n 
accor dance wi t h Tabl e 2 except  t hose pi pi ng l i s t ed i n subpar agr aph Pi pe 
I nsul at i on i n PART 3 as t o be omi t t ed.   Thi s i ncl udes but  i s not  l i mi t ed 
t o t he f ol l owi ng:

a.   Make- up wat er .

b.   Ref r i ger ant  suct i on l i nes.

c.   Chi l l ed wat er .

d.   Ai r  condi t i oner  condensat e dr ai ns.

3. 2. 2. 1   I nsul at i on Mat er i al  and Thi ckness

Det er mi ne i nsul at i on t hi ckness f or  col d pi pel i nes usi ng Tabl e 2.

3. 2. 2. 2   Fact or y or  Fi el d appl i ed Jacket

Cover  i nsul at i on wi t h a f act or y appl i ed vapor  r et ar der  j acket / vapor  
bar r i er  or  f i el d appl i ed seal  wel ded PVC j acket  or  gr eat er  t han 3 pl y 
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l ami nat ed sel f - adhesi ve ( mi ni mum 2 mi l s adhesi ve,   3 mi l s embossed)  vapor  
bar r i er / weat her pr oof i ng j acket  -  l ess t han 0. 0000 per meabi l i t y ,  st andar d 
gr ade,  s l i ver ,  whi t e,  bl ack and embossed f or  use wi t h Mi ner al  Fi ber ,  
Cel l ul ar  Gl ass,  and Phenol i c Foam I nsul at ed Pi pe.   For  i nsul at i on i nsi de 
t he bui l di ng,  t o be pr ot ect ed wi t h an al umi num j acket  or  gr eat er  t han 3 
pl y vapor  bar r i er / weat her pr oof i ng sel f - adhesi ve ( mi ni mum 2 mi l s adhesi ve,   
3 mi l s embossed)  pr oduct ,  l ess t han 0. 0000 per meabi l i t y ,  st andar d gr ade,  
Embossed Si l ver ,  Whi t e & Bl ack,  i nst al l  t he i nsul at i on and vapor  r et ar der  
j acket  as speci f i ed her ei n.   I nst al l  t he al umi num j acket  or  gr eat er  t han 3 
pl y vapor  bar r i er / weat her pr oof i ng sel f - adhesi ve ( mi ni mum 2 mi l s adhesi ve,   
3 mi l s embossed)  pr oduct ,  l ess t han 0. 0000 per meabi l i t y ,  st andar d gr ade,  
embossed si l ver ,  Whi t e & Bl ack,  as speci f i ed f or  pi pi ng exposed t o 
weat her ,  except  seal i ng of  t he l aps of  t he al umi num j acket  i s not  
r equi r ed.   I n hi gh abuse ar eas such as j ani t or  c l oset s and t r af f i c  ar eas 
i n equi pment  r ooms,  k i t chens,  and mechani cal  r ooms,  pr ovi de al umi num 
j acket s or  gr eat er  t han 3 pl y vapor  bar r i er / weat her pr oof i ng sel f - adhesi ve 
( mi ni mum 2 mi l s adhesi ve,   3 mi l s embossed)  pr oduct ,  l ess t han 0. 0000 
per meabi l i t y ,  st andar d gr ade,  embossed si l ver ,  whi t e & bl ack,  f or  pi pe 
i nsul at i on t o t he 6 f t  l evel .   

3. 2. 2. 3   I nst al l i ng I nsul at i on f or  St r ai ght  Runs Hot  and Col d Pi pe

Appl y i nsul at i on t o t he pi pe wi t h t i ght  but t  j oi nt s.   Seal  al l  but t ed 
j oi nt s and ends wi t h j oi nt  seal ant  and seal  wi t h a vapor  r et ar der  coat i ng,  
gr eat er  t han 3 pl y l ami nat e j acket  -  l ess t han 0. 0000 per m adhesi ve t ape 
or  PVDC adhesi ve t ape.

3. 2. 2. 3. 1   Longi t udi nal  Laps of  t he Jacket  Mat er i al

Over l ap not  l ess t han 1- 1/ 2 i nches.   Pr ovi de but t  st r i ps 3 i nches wi de f or  
c i r cumf er ent i al  j oi nt s.

3. 2. 2. 3. 2   Laps and But t  St r i ps

Secur e wi t h adhesi ve and st apl e on 4 i nch cent er s i f  not  f act or y 
sel f - seal i ng.   I f  st apl es ar e used,  seal  i n accor dance wi t h par agr aph 
STAPLES bel ow.   Not e t hat  st apl es ar e not  r equi r ed wi t h cel l ul ar  gl ass 
syst ems.

3. 2. 2. 3. 3   Fact or y Sel f - Seal i ng Lap Syst ems

May be used when t he ambi ent  t emper at ur e i s bet ween 40 and 120 degr ees F 
dur i ng i nst al l at i on.   I nst al l  t he l ap syst em i n accor dance wi t h 
manuf act ur er ' s r ecommendat i ons.   Use a st apl er  onl y i f  speci f i cal l y 
r ecommended by t he manuf act ur er .   Wher e gaps occur ,  r epl ace t he sect i on or  
r epai r  t he gap by appl y i ng adhesi ve under  t he l ap and t hen st apl i ng.

3. 2. 2. 3. 4   St apl es

Coat  al l  st apl es,  i ncl udi ng t hose used t o r epai r  f act or y sel f - seal  l ap 
syst ems,  wi t h a vapor  r et ar der  coat i ng or  PVDC adhesi ve t ape or  gr eat er  
t han 3 pl y l ami nat e j acket  -  0. 0000 per m adhesi ve t ape.   Coat  al l  seams,  
except  t hose on f act or y sel f - seal  syst ems,  wi t h vapor  r et ar der  coat i ng or  
PVDC adhesi ve t ape or  gr eat er  t han 3 pl y l ami nat e j acket  -  l ess t han 
0. 0000 per m adhesi ve t ape.

3. 2. 2. 3. 5   Br eaks and Punct ur es i n t he Jacket  Mat er i al

Pat ch by wr appi ng a st r i p of  j acket  mat er i al  ar ound t he pi pe and secur e i t  
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wi t h adhesi ve,  st apl e,  and coat  wi t h vapor  r et ar der  coat i ng or  PVDC 
adhesi ve t ape or  gr eat er  t han 3 pl y l ami nat e j acket  -  l ess t han 0. 0000 
per m adhesi ve t ape.   Ext end t he pat ch not  l ess t han 1- 1/ 2 i nches past  t he 
br eak.

3. 2. 2. 3. 6   Penet r at i ons Such as Ther momet er s

Fi l l  t he voi ds i n t he i nsul at i on and seal  wi t h vapor  r et ar der  coat i ng or  
PVDC adhesi ve t ape or  gr eat er  t han 3 pl y l ami nat e j acket  -  l ess t han 
0. 0000 per m adhesi ve t ape.

3. 2. 2. 3. 7   Fl exi bl e El ast omer i c Cel l ul ar  Pi pe I nsul at i on

I nst al l  by s l i t t i ng t he t ubul ar  sect i ons and appl y i ng t hem ont o t he pi pi ng 
or  t ubi ng.   Al t er nat el y,  whenever  possi bl e s l i de un- sl i t  sect i ons over  t he 
open ends of  pi pi ng or  t ubi ng.   Secur e al l  seams and but t  j oi nt s and seal  
wi t h adhesi ve.   When usi ng sel f  seal  pr oduct s,  secur e onl y t he but t  j oi nt s 
wi t h adhesi ve.   Push i nsul at i on on t he pi pe,  never  pul l ed.   St r et chi ng of  
i nsul at i on may r esul t  i n open seams and j oi nt s.   Cl ean cut  al l  edges.   
Rough or  j agged edges of  t he i nsul at i on ar e not  be per mi t t ed.   Use pr oper  
t ool s such as shar p kni ves.   Do not  st r et ch Gr ade 1,  Type I I  sheet  
i nsul at i on ar ound t he pi pe when used on pi pe l ar ger  t han 6 i nches.   On 
pi pes l ar ger  t han 12 i nches,  adher e sheet  i nsul at i on di r ect l y t o t he pi pe 
on t he l ower  1/ 3 of  t he pi pe.

3. 2. 2. 4   I nsul at i on f or  Fi t t i ngs and Accessor i es

a.   But t  pi pe i nsul at i on t i ght l y t o t he i nsul at i on of  t he f i t t i ngs and 
accessor i es.   Seal  t he but t ed j oi nt s and ends wi t h j oi nt  seal ant  and 
seal  wi t h a vapor  r et ar der  coat i ng or  PVDC adhesi ve t ape or  gr eat er  
t han 3 pl y l ami nat e j acket  -  l ess t han 0. 0000 per m adhesi ve t ape.

b.   Pl ace pr ecut  or  pr ef or med i nsul at i on ar ound al l  f i t t i ngs and 
accessor i es and conf or m t o MI CA pl at es except  as modi f i ed her ei n:   5 
f or  anchor s;  10,  11,  and 13 f or  f i t t i ngs;  14 f or  val ves;  and 17 f or  
f l anges and uni ons.   I nsul at i on must  be t he same i nsul at i on as t he 
pi pe i nsul at i on,  i ncl udi ng same densi t y,  t hi ckness,  and t her mal  
conduct i v i t y.   Wher e pr ecut / pr ef or med i s unavai l abl e,  r i gi d pr ef or med 
pi pe i nsul at i on sect i ons may be segment ed i nt o t he shape r equi r ed.   
Use i nsul at i on of  t he same t hi ckness and conduct i v i t y as t he adj oi ni ng 
pi pe i nsul at i on.   I f  nest i ng s i ze i nsul at i on i s used,  over l ap t he 
i nsul at i on 2 i nches or  one pi pe di amet er .   El bows i nsul at ed usi ng 
segment s must  conf or m t o MI CA Tabl es 12. 20 " Mi t er ed I nsul at i on 
El bow' .   Submi t  a bookl et  cont ai ni ng compl et ed MI CA I nsul at i on St ds 
pl at es det ai l i ng each i nsul at i ng syst em f or  each pi pe,  duct ,  or  
equi pment  i nsul at i ng syst em,  af t er  appr oval  of  mat er i al s and pr i or  t o 
appl y i ng i nsul at i on.

( 1)  Ensur e MI CA pl at es det ai l  t he mat er i al s t o be i nst al l ed and t he 
speci f i c  i nsul at i on appl i cat i on.   Submi t  al l  MI CA pl at es r equi r ed 
showi ng t he ent i r e i nsul at i ng syst em,  i ncl udi ng pl at es r equi r ed t o 
show i nsul at i on penet r at i ons,  vessel  bot t om and t op heads,  l egs,  
and ski r t  i nsul at i on as appl i cabl e.   Pr esent  al l  var i at i ons of  
i nsul at i on syst ems i ncl udi ng l ocat i ons,  mat er i al s,  vapor pr oof i ng,  
j acket s and i nsul at i on accessor i es.

( 2)  I f  t he Cont r act or  el ect s t o submi t  det ai l ed dr awi ngs i nst ead of  
edi t ed MI CA Pl at es,  ensur e t he det ai l  dr awi ngs ar e t echni cal l y 
equi val ent  t o t he edi t ed MI CA Pl at e submi t t al .
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c.   Upon compl et i on of  i nsul at i on i nst al l at i on on f l anges,  uni ons,  val ves,  
anchor s,  f i t t i ngs and accessor i es,  t er mi nat i ons,  seams,  j oi nt s and 
i nsul at i on not  pr ot ect ed by f act or y vapor  r et ar der  j acket s or  PVC 
f i t t i ng cover s must  be pr ot ect ed wi t h PVDC or  gr eat er  t han 3 pl y 
l ami nat e j acket  -  l ess t han 0. 0000 per m adhesi ve t ape or  t wo coat s of  
vapor  r et ar der  coat i ng wi t h a mi ni mum t ot al  t hi ckness of  1/ 16 i nch,  
appl i ed wi t h gl ass t ape embedded bet ween coat s.   Over l ap t ap seams 1 
i nch.   Ext end t he coat i ng out  ont o t he adj oi ni ng pi pe i nsul at i on 2 
i nches.   Pr ot ect  f abr i cat ed i nsul at i on wi t h a f act or y vapor  r et ar der  
j acket  wi t h ei t her  gr eat er  t han 3 pl y l ami nat e j acket  -  l ess t han 
0. 0000 per m adhesi ve t ape,  st andar d gr ade,  s i l ver ,  whi t e,  bl ack and 
embossed or  PVDC adhesi ve t ape or  t wo coat s of  vapor  r et ar der  coat i ng 
wi t h a mi ni mum t hi ckness of  1/ 16 i nch and wi t h a 2 i nch wi de gl ass 
t ape embedded bet ween coat s.   Wher e f i t t i ng i nsul at i on but t s t o pi pe 
i nsul at i on,  seal  t he j oi nt s wi t h a vapor  r et ar der  coat i ng and a 4 i nch 
wi de ASJ t ape whi ch mat ches t he j acket  of  t he pi pe i nsul at i on.

d.   I nsul at e anchor s at t ached di r ect l y t o t he pi pe f or  a suf f i c i ent  
di st ance t o pr event  condensat i on but  no l ess t han 6 i nches f r om t he 
i nsul at i on sur f ace.

e.   Mar k i nsul at i on t o show t he l ocat i on of  uni ons,  st r ai ner s,  and check 
val ves.

3. 2. 2. 5   Opt i onal  PVC Fi t t i ng Cover s

At  t he opt i on of  t he Cont r act or ,  pr emol ded,  one or  t wo pi ece PVC f i t t i ng 
cover s may be used i n l i eu of  t he vapor  r et ar der  and embedded gl ass t ape.   
Use f act or y pr ecut  or  pr emol ded i nsul at i on segment s under  t he f i t t i ng 
cover s f or  el bows.   Use i nsul at i on segment swhi ch ar e t he same i nsul at i on 
as t he pi pe i nsul at i on i ncl udi ng same densi t y,  t hi ckness,  and t her mal  
conduct i v i t y.   Secur e t he cover s by PVC vapor  r et ar der  t ape,  adhesi ve,  
seal  wel di ng or  wi t h t acks made f or  secur i ng PVC cover s.   Seal  seams i n 
t he cover ,  and t acks and l aps t o adj oi ni ng pi pe i nsul at i on j acket ,  wi t h 
vapor  r et ar der  t ape t o ensur e t hat  t he assembl y has a cont i nuous vapor  
seal .

3. 2. 3   Abovegr ound Hot  Pi pel i nes

3. 2. 3. 1   Gener al  Requi r ement s

I nsul at e al l  hot  pi pe l i nes above 60 degr ees F,  except  t hose pi pi ng l i s t ed 
i n subpar agr aph Pi pe I nsul at i on i n PART 3 as t o be omi t t ed,  i n accor dance 
wi t h Tabl e 2.   Thi s i ncl udes but  i s not  l i mi t ed t o t he f ol l owi ng:

a.   Domest i c hot  wat er  suppl y & r e- ci r cul at i ng syst em.

b.   St eam.

c.   Condensat e & compr essed ai r  di schar ge.

d.   Hot  wat er  heat i ng.

e.   Heat ed oi l .

f .   Wat er  def r ost  l i nes i n r ef r i ger at ed r ooms.

Cover  i nsul at i on,  i n accor dance wi t h manuf act ur er ' s r ecommendat i ons,  wi t h 
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a f act or y appl i ed Type I  j acket  or  f i el d appl i ed al umi num wher e r equi r ed 
or  seal  wel ded PVC.

3. 2. 3. 2   I nsul at i on f or  Fi t t i ngs and Accessor i es

But t  pi pe i nsul at i on t i ght l y t o t he i nsul at i on of  t he f i t t i ngs and 
accessor i es.   Seal  but t ed j oi nt s and ends wi t h j oi nt  seal ant .   Mar k 
i nsul at i on t o show t he l ocat i on of  uni ons,  st r ai ner s,  check val ves and 
ot her  component s t hat  woul d ot her wi se be hi dden f r om vi ew by t he 
i nsul at i on.

3. 2. 3. 2. 1   Pr ecut  or  Pr ef or med

Pl ace pr ecut  or  pr ef or med i nsul at i on ar ound al l  f i t t i ngs and accessor i es.   
Use t he same i nsul at i on as t he pi pe i nsul at i on,  i ncl udi ng same densi t y,  
t hi ckness,  and t her mal  conduct i v i t y.

3. 2. 3. 2. 2   Ri gi d Pr ef or med

Wher e pr ecut / pr ef or med i s unavai l abl e,  r i gi d pr ef or med pi pe i nsul at i on 
sect i ons may be segment ed i nt o t he shape r equi r ed.   Use i nsul at i on t hat  i s 
t he same t hi ckness and conduct i v i t y as t he adj oi ni ng pi pe i nsul at i on.   I f  
nest i ng s i ze i nsul at i on i s used,  do not  over l ap i nsul at i on 2 i nches or  one 
pi pe di amet er .   El bows i nsul at ed usi ng segment s must  conf or m t o MI CA 
Tabl es 12. 20 " Mi t er ed I nsul at i on El bow" .

3. 2. 4   Pi pi ng Exposed t o Weat her

I nsul at e and j acket  pi pi ng exposed t o weat her  as speci f i ed f or  t he 
appl i cabl e ser vi ce i nsi de t he bui l di ng.   Af t er  t hi s pr ocedur e,  appl y a 
l ami nat ed sel f - adhesi ve ( mi ni mum 2 mi l s adhesi ve,   3 mi l s embossed)  vapor  
bar r i er / weat her pr oof i ng j acket  -  l ess t han 0. 0000 per meabi l i t y  ( gr eat er  
t han 3 pl y,  st andar d gr ade,  s i l ver ,  whi t e,  bl ack and embossed al umi num 
j acket ,  st ai nl ess st eel  or  PVC j acket .

PVC j acket i ng r equi r es no f act or y- appl i ed j acket  beneat h i t ,  however  appl y 
an al l  ser vi ce j acket  i f  f act or y appl i ed j acket i ng i s not  f ur ni shed.   
Tr eat  f l exi bl e el ast omer i c cel l ul ar  i nsul at i on exposed t o weat her  i n 
accor dance wi t h par agr aph I NSTALLATI ON OF FLEXI BLE ELASTOMERI C CELLULAR 
I NSULATI ON i n PART 3.

3. 2. 4. 1   Al umi num Jacket

The j acket  f or  hot  pi pi ng may be f act or y appl i ed.   Over l ap t he j acket  no 
l ess t han 2 i nches at  l ongi t udi nal  and ci r cumf er ent i al  j oi nt s and secur e 
wi t h bands at  no mor e t han 12 i nch cent er s.   Over l ap l ongi t udi nal  j oi nt s 
down t o shed wat er  and l ocat e at  4 or  8 o' c l ock posi t i ons.   Seal  j oi nt s on 
pi pi ng 60 degr ees F and bel ow wi t h met al  j acket i ng/ f l ashi ng seal ant  whi l e 
over l appi ng t o pr event  moi st ur e penet r at i on.   Wher e j acket i ng on pi pi ng 60 
degr ees F and bel ow abut s an un- i nsul at ed sur f ace,  caul k j oi nt s t o pr event  
moi st ur e penet r at i on.   Seal  j oi nt s on pi pi ng above 60 degr ees F wi t h a 
moi st ur e r et ar der .

3. 2. 4. 2   I nsul at i on f or  Fi t t i ngs

I nsul at e and f i ni sh f l anges,  uni ons,  val ves,  f i t t i ngs,  and accessor i es as 
speci f i ed f or  t he appl i cabl e ser vi ce.   Appl y t wo coat s of  br eat her  
emul si on t ype weat her pr oof  mast i c ( i mper meabl e t o wat er ,  per meabl e t o ai r )  
r ecommended by t he i nsul at i on manuf act ur er  wi t h gl ass t ape embedded 
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bet ween coat s.   Over l ap t ap no l ess t han 1 i nch and t he adj oi ni ng al umi num 
j acket  no l ess t han 2 i nches.   Fact or y pr ef or med al umi num j acket s may be 
used i n l i eu of  t he above.   Pr ovi de mol ded PVC f i t t i ng cover s when PVC 
j acket s ar e used f or  st r ai ght  r uns of  pi pe.   Pr ovi de PVC f i t t i ng cover s 
t hat  have adhesi ve wel ded j oi nt s and ar e weat her pr oof  l ami nat ed 
sel f - adhesi ve ( mi ni mum 2 mi l s adhesi ve,   3 mi l s embossed)  vapor  
bar r i er / weat her pr oof i ng j acket  -  l ess t han 0. 0000 per meabi l i t y ,  ( gr eat er  
t han 3 pl y,  st andar d gr ade,  s i l ver ,  whi t e,  bl ack and embossed,  and UV 
r esi st ant .

3. 2. 4. 3   PVC Jacket

Pr ovi de ul t r avi ol et  r esi st ant  PVC j acket  t hat  i s  adhesi ve wel ded weat her  
t i ght  wi t h manuf act ur er ' s r ecommended adhesi ve.   I ncl ude pr ovi s i on f or  
t her mal  expansi on.

3. 2. 4. 4   St ai nl ess St eel  Jacket s

ASTM A167 or  ASTM A240/ A240M;  Type 304,  mi ni mum t hi ckness of  33 gauge (
0. 010 i nch) ,  smoot h sur f ace wi t h f act or y- appl i ed pol yet hyl ene and kr af t  
paper  moi st ur e bar r i er  on i nsi de sur f ace.   Pr ovi de st ai nl ess st eel  bands,  
mi ni mum wi dt h of  1/ 2 i nch.

3. 2. 5   Bel ow Gr ound Pi pe I nsul at i on

I nsul at e bel ow gr ound pi pes i n accor dance wi t h Tabl e 2,  except  as 
pr ecl uded i n subpar agr aph Pi pe I nsul at i on i n PART 3.   Thi s i ncl udes,  but  
i s not  l i mi t ed t o t he f ol l owi ng:

a.   Heat ed oi l .

b.   Domest i c hot  wat er .

c.   Heat i ng hot  wat er .

d.   Dual  t emper at ur e wat er .

e.   St eam.

f .   Condensat e.

3. 2. 5. 1   Type of  I nsul at i on

I nsul at e bel ow gr ound pi pe wi t h Cel l ul ar  Gl ass i nsul at i on,  i n accor dance 
wi t h manuf act ur er ' s i nst r uct i ons f or  appl i cat i on wi t h t hi ckness as 
det er mi ned f r om Tabl e 2 ( whi chever  i s t he most  r est r i ct i ve) .

3. 2. 5. 2   I nst al l at i on of  Bel ow gr ound Pi pe I nsul at i on

a.   Coat  bor e sur f aces of  t he i nsul at i on wi t h a t hi n coat  of  gypsum cement  
of  a t ype r ecommended by t he i nsul at i on manuf act ur er .   Ensur e coat i ng 
t hi ckness i s suf f i c i ent  t o f i l l  sur f ace cel l s of  i nsul at i on.   Do not  
use mast i c t ype mat er i al s f or  t hi s coat i ng.   Not e t hat  unl ess t hi s i s 
f or  a cycl i c appl i cat i on ( i . e. ,  one t hat  f l uct uat es bet ween hi gh and 
l ow t emper at ur e on a dai l y pr ocess basi s)  t her e i s no need t o bor e 
coat  t he mat er i al .

b.   Use st ai nl ess st eel  bands,   3/ 4 i nch wi de by 0. 020 i nch t hi ck t o 
secur e i nsul at i on i n pl ace.   Appl y a mi ni mum of  t wo bands per  sect i on 
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of  i nsul at i on.   As an al t er nat e,  f i ber gl ass r ei nf or ced t ape may be 
used t o secur e i nsul at i on on pi pi ng up t o 12 i nches i n di amet er .   
Appl y a mi ni mum of  t wo bands per  sect i on of  i nsul at i on.

c.   Ter mi nat e i nsul at i on at  anchor  bl ocks but  cont i nue t hr ough sl eeves and 
manhol es.

d.   At  poi nt  of  ent r y t o bui l di ngs,  t er mi nat e under gr ound i nsul at i on 2 
i nches i nsi de t he wal l  or  f l oor ,  but t  t i ght l y agai nst  t he abovegr ound 
i nsul at i on and seal  t he but t  j oi nt  wi t h hi gh t emper at ur e s i l i cone 
seal ant  and cover  wi t h f i br ous gl ass t ape.

e.   Make pr ovi s i on f or  expansi on and cont r act i on of  t he i nsul at i on syst em 
i n accor dance wi t h t he i nsul at i on manuf act ur er ' s r ecommendat i ons.

f .   I nsul at e f l anges,  coupl i ngs,  val ves,  and f i t t i ngs wi t h f act or y 
pr e- mol ded,  pr ef abr i cat ed,  or  f i el d- f abr i cat ed sect i ons of  i nsul at i on 
of  t he same mat er i al  and t hi ckness as t he adj oi ni ng pi pe i nsul at i on.   
Secur e i nsul at i on sect i ons as r ecommended by t he manuf act ur er .

g.   Fi ni sh i nsul at i on,  i ncl udi ng f i t t i ngs,  wi t h t hr ee coat s of  asphal t i c  
mast i c,  wi t h 6 by 5. 5 mesh synt het i c r ei nf or ci ng f abr i c embedded 
bet ween coat s.   Over l ap f abr i c a mi ni mum of  2 i nches at  j oi nt s.   
Ensur e t ot al  f i l m t hi ckness i s a mi ni mum of  3/ 16 i nch.   As an 
al t er nat e,  appl y a pr ef abr i cat ed bi t umi nous l ami nat ed j acket ,  
r ei nf or ced wi t h i nt er nal  r ei nf or cement  mesh,  t o t he i nsul at i on.   Use 
j acket i ng mat er i al  and appl i cat i on pr ocedur es t hat  mat ch 
manuf act ur er ' s wr i t t en i nst r uct i ons.   Vapor  bar r i er  -  l ess t han 0. 0000 
per meabi l i t y  sel f  adhesi ve ( mi ni mum 2 mi l s adhesi ve,   3 mi l s embossed)  
j acket  gr eat er  t han 3 pl y,  st andar d gr ade,  s i l ver ,  whi t e,  bl ack and 
embossed or  gr eat er  t han 8 pl y ( mi ni mum 2. 9 mi l s adhesi ve) ,  heavy 
dut y,  whi t e or  nat ur al ) .   Use appl i cat i on pr ocedur es t hat  mat ch t he 
manuf act ur er ' s wr i t t en i nst r uct i ons.

h.   At  t er mi nat i on poi nt s,  ot her  t han bui l di ng ent r ances,  use mast i c and 
cl ot h or  t ape t o cover  t he ends of  i nsul at i on and ext end 2 i nches 
al ong t he bar e pi pe.

3. 3   DUCT I NSULATI ON SYSTEMS I NSTALLATI ON

I nst al l  duct  i nsul at i on syst ems i n accor dance wi t h t he appr oved 
MI CA I nsul at i on St ds pl at es as suppl ement ed by t he manuf act ur er ' s 
publ i shed i nst al l at i on i nst r uct i ons.   Duct  i nsul at i on mi ni mum t hi ckness 
and i nsul at i on l evel  must  be as l i s t ed i n Tabl e 3 and must  meet  or  exceed 
t he r equi r ement s of ASHRAE 90. 1 -  I P.

Except  f or  oven hood exhaust  duct  i nsul at i on,  i nst al l  cor ner  angl es on 
ext er nal  cor ner s of  i nsul at i on on duct wor k i n exposed f i ni shed spaces 
bef or e cover i ng wi t h j acket .   Ai r  condi t i oned spaces ar e def i ned as t hose 
spaces di r ect l y suppl i ed wi t h cool ed condi t i oned ai r  ( or  pr ovi ded wi t h a 
cool i ng devi ce such as a f an- coi l  uni t )  and heat ed condi t i oned ai r  ( or  
pr ovi ded wi t h a heat i ng devi ce such as a uni t  heat er ,  r adi at or  or  
convect or ) .

3. 3. 1   Duct  I nsul at i on Mi ni mum Thi ckness

Duct  i nsul at i on mi ni mum t hi ckness i n accor dance wi t h Tabl e 4.
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Tabl e 4 -  Mi ni mum Duct  I nsul at i on ( i nches)

Col d Ai r  Duct s  2. 0

Rel i ef  Duct s  1. 5

Fr esh Ai r  I nt ake Duct s  1. 5

3. 3. 2   I nsul at i on and Vapor  Ret ar der / Vapor  Bar r i er  f or  Col d Ai r  Duct

Pr ovi de i nsul at i on and vapor  r et ar der / vapor  bar r i er  f or  t he f ol l owi ng col d 
ai r  duct s and associ at ed equi pment .

a.   Suppl y duct s.

b.   Ret ur n ai r  duct s.

c.   Rel i ef  duct s.

d.   Fl exi bl e r un- out s ( f i el d- i nsul at ed) .

e.   Pl enums.

f .   Duct - mount ed coi l  casi ngs.

g.   Coi l  header s and r et ur n bends.

h.   Coi l  casi ngs.

i .   Fr esh ai r  i nt ake duct s.

j .   Fi l t er  boxes.

k.   Mi xi ng boxes ( f i el d- i nsul at ed) .

l .   Suppl y f ans ( f i el d- i nsul at ed) .

m.   Si t e- er ect ed ai r  condi t i oner  casi ngs.

n.   Duct s exposed t o weat her .

o.   Combust i on ai r  i nt ake duct s.

Use i nsul at i on f or  r ect angul ar  duct s t hat  i s  f l exi bl e t ype wher e 
conceal ed,  mi ni mum densi t y 3/ 4 pcf ,  and r i gi d t ype wher e exposed,  mi ni mum 
densi t y 3 pcf .   Pr ovi de i nsul at i on f or  bot h conceal ed or  exposed 
r ound/ oval  duct s t hat  i s  f l exi bl e t ype,  mi ni mum densi t y 3/ 4 pcf  or  a semi  
r i gi d boar d,  mi ni mum densi t y 3 pcf ,  f or med or  f abr i cat ed t o a t i ght  f i t ,  
edges bevel ed and j oi nt s t i ght l y but t ed and st agger ed.   Pr ovi de i nsul at i on 
f or  al l  exposed duct s wi t h ei t her  a whi t e,  pai nt - abl e,  f act or y- appl i ed 
Type I  j acket  or  a f i el d appl i ed vapor  r et ar der / vapor  bar r i er  j acket  
coat i ng f i ni sh as speci f i ed.   Ensur e t he t ot al  f i el d appl i ed dr y f i l m 
t hi ckness i s appr oxi mat el y 1/ 16 i nch.   Pr ovi de i nsul at i on on al l  conceal ed 
duct  wi t h a f act or y- appl i ed Type I  or  I I  vapor  r et ar der / vapor  bar r i er  
j acket .   Cont i nue duct  i nsul at i on t hr ough sl eeves and pr epar e openi ngs 
except  f i r ewal l  penet r at i ons.   Duct  i nsul at i on t er mi nat i ng at  f i r e 
damper s,  must  be cont i nuous over  t he damper  col l ar  and r et ai ni ng angl e of  
f i r e damper s,  whi ch ar e exposed t o uncondi t i oned ai r  and whi ch may be 
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pr one t o condensat e f or mat i on.   Pr ovi de duct  i nsul at i on and vapor  
r et ar der / vapor  bar r i er  t o cover  t he col l ar ,  neck,  and un- i nsul at ed 
sur f aces of  di f f user s,  r egi st er s and gr i l l s .   Appl y vapor  r et ar der / vapor  
bar r i er  mat er i al s t o f or m a compl et e unbr oken vapor  seal  over  t he 
i nsul at i on.   Seal  sheet  met al  duct  i n accor dance wi t h Sect i on 23 30 00 
HVAC AI R DI STRI BUTI ON.

3. 3. 2. 1   I nst al l at i on on Conceal ed Duct

a.   For  r ect angul ar ,  oval  or  r ound duct s,  at t ach f l exi bl e i nsul at i on by 
appl y i ng adhesi ve ar ound t he ent i r e per i met er  of  t he duct  i n 6 i nch 
wi de st r i ps on 12 i nch cent er s.

b.   For  r ect angul ar  and oval  duct s,   24 i nches and l ar ger ,  addi t i onal l y 
secur e i nsul at i on t o bot t om of  duct s usi ng mechani cal  f ast ener s.   
Space f ast ener s on 16 i nch cent er s and no mor e t han 16 i nches f r om 
duct  cor ner s.

c.   For  r ect angul ar ,  oval  and r ound duct s,  pr ovi de mechani cal  f ast ener s on 
si des of  duct  r i ser s f or  al l  duct  s i zes.   Space f ast ener s on 16 i nch 
cent er s and no mor e t han 16 i nches f r om duct  cor ner s.

d.   I mpal e i nsul at i on on t he mechani cal  f ast ener s ( sel f  st i ck pi ns)  wher e 
used and pr ess t hor oughl y i nt o t he adhesi ve.   Take car e t o ensur e 
vapor  r et ar der / vapor  bar r i er  j acket  j oi nt s over l ap 2 i nches.   Do not  
compr ess i nsul at i on t o a t hi ckness l ess t han t hat  speci f i ed.   Car r y 
i nsul at i on over  st andi ng seams and t r apeze- t ype duct  hanger s.

e.   Wher e mechani cal  f ast ener s ar e used,  i nst al l  sel f - l ocki ng washer s  and 
t r i m and bend t he pi n over .

f .   Secur e j acket  over l aps wi t h st apl es and t ape as necessar y t o ensur e a 
secur e seal .   Coat  st apl es,  t ape and seams wi t h a br ush coat  of  vapor  
r et ar der  coat i ng or  PVDC adhesi ve t ape or  gr eat er  t han 3 pl y l ami nat e 
( mi ni mum 2 mi l s adhesi ve,   3 mi l s embossed)  -  l ess t han 0. 0000 per m 
adhesi ve t ape.

g.   Cover  br eaks i n t he j acket  mat er i al  wi t h pat ches of  t he same mat er i al  
as t he vapor  r et ar der  j acket .   Do not  ext end pat ches l ess t han 2 i nches
 beyond t he br eak or  penet r at i on i n al l  di r ect i ons and secur e wi t h 
t ape and st apl es.   Seal  st apl es and t ape j oi nt s wi t h a br ush coat  of  
vapor  r et ar der  coat i ng or  PVDC adhesi ve t ape or  gr eat er  t han 3 pl y 
l ami nat e ( mi ni mum 2 mi l s adhesi ve,   3 mi l s embossed)  -  l ess t han 
0. 0000 per m adhesi ve t ape.

h.   At  j acket  penet r at i ons such as hanger s,  t her momet er s,  and damper  
oper at i ng r ods,  f i l l  voi ds i n t he i nsul at i on and seal  t he penet r at i on 
wi t h a br ush coat  of  vapor  r et ar der  coat i ng or  PVDC adhesi ve t ape 
gr eat er  t han 3 pl y l ami nat e ( mi ni mum 2 mi l s adhesi ve,   3 mi l s 
embossed)  -  l ess t han 0. 0000 per m adhesi ve t ape.

i .   Seal  i nsul at i on t er mi nat i ons and pi n punct ur es and f l ash wi t h a 
r ei nf or ced vapor  r et ar der  coat i ng f i ni sh or  t ape wi t h a br ush coat  of  
vapor  r et ar der  coat i ng. .   Ensur e t he coat i ng over l aps t he adj oi ni ng 
i nsul at i on and un- i nsul at ed sur f ace 2 i nches.   Ext end pi n punct ur e 
coat i ngs 2 i nches f r om t he punct ur e i n al l  di r ect i ons.

j .   Wher e i nsul at i on st andof f  br acket s occur ,  ext end i nsul at i on under  t he 
br acket  and t er mi nat e t he j acket  at  t he br acket .
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3. 3. 2. 2   I nst al l at i on on Exposed Duct  Wor k

a.   For  r ect angul ar  duct s,  secur e r i gi d i nsul at i on t o t he duct  by 
mechani cal  f ast ener s on al l  f our  s i des of  t he duct ,  space no mor e t han 
12 i nches apar t  and no mor e t han 3 i nches f r om t he edges of  t he 
i nsul at i on j oi nt s.   Pr ovi de a mi ni mum of  t wo r ows of  f ast ener s f or  
each si de of  duct  12 i nches and l ar ger .   Pr ovi de one r ow f or  each si de 
of  duct  l ess t han 12 i nches.   Pr ovi de mechani cal  f ast ener s t hat  ar e 
cor r osi on r esi st ant  as G60 coat ed gal vani zed st eel ,  and i ndef i ni t el y 
sust ai n a 50 l b t ensi l e dead l oad t est  per pendi cul ar  t o t he duct  wal l .

b.   For m duct  i nsul at i on wi t h mi ni mum j acket  seams.   Fast en each pi ece of  
r i gi d i nsul at i on t o t he duct  usi ng mechani cal  f ast ener s.   When t he 
hei ght  of  pr oj ect i ons i s l ess t han t he i nsul at i on t hi ckness,  br i ng 
i nsul at i on up t o st andi ng seams,  r ei nf or ci ng,  and ot her  ver t i cal  
pr oj ect i ons and do not  car r y over .   Cont i nue vapor  r et ar der / bar r i er  
j acket  acr oss seams,  r ei nf or ci ng,  and pr oj ect i ons.   When hei ght  of  
pr oj ect i ons i s gr eat er  t han t he i nsul at i on t hi ckness,  car r y over  
i nsul at i on and j acket  .   Appl y i nsul at i on wi t h j oi nt s t i ght l y but t ed.   
Neat l y bevel  i nsul at i on ar ound name pl at es and access pl at es and door s.

c.   I mpal e i nsul at i on on t he f ast ener s;  i nst al l  sel f - l ocki ng washer s and 
t r i m and bend t he pi n over .

d.   Seal  j oi nt s i n t he i nsul at i on j acket  wi t h a 4 i nch wi de st r i p of  
t ape.   Seal  t aped seams wi t h a br ush coat  of  vapor  r et ar der  coat i ng.

e.   Cover  br eaks and r i bs or  st andi ng seam penet r at i ons i n t he j acket  
mat er i al  wi t h a pat ch of  t he same mat er i al  as t he j acket .   Do not  
ext end pat ches l ess t han 2 i nches beyond t he br eak or  penet r at i on and 
secur e wi t h t ape and st apl e.   Seal  st apl es and j oi nt s wi t h a br ush 
coat  of  vapor  r et ar der  coat i ng.

f .   At  j acket  penet r at i ons such as hanger s,  t her momet er s,  and damper  
oper at i ng r ods,  f i l l  t he voi ds i n t he i nsul at i on and seal  t he 
penet r at i ons wi t h a f l ashi ng seal ant .

g.   Seal  and f l ash i nsul at i on t er mi nat i ons and pi n punct ur es wi t h a 
r ei nf or ced vapor  r et ar der  coat i ng f i ni sh.   Ensur e coat i ng over l aps t he 
adj oi ni ng i nsul at i on and un- i nsul at ed sur f ace 2 i nches.   Ext end pi n 
punct ur e coat i ngs 2 i nches f r om t he punct ur e i n al l  di r ect i ons.

h.   I nsul at e oval  and r ound duct s,  f l exi bl e t ype,  wi t h f act or y Type I  
j acket  i nsul at i on wi t h mi ni mum densi t y of  3/ 4 pcf ,  at t ach i n 
accor dance wi t h MI CA st andar ds.

3. 3. 3   I nsul at i on f or  War m Ai r  Duct

Pr ovi de i nsul at i on and vapor  bar r i er  f or  t he f ol l owi ng war m ai r  duct s and 
associ at ed equi pment : .

a.   Suppl y duct s.

b.   Ret ur n ai r  duct s.

c.   Rel i ef  ai r  duct s

d.   Fl exi bl e r un- out s ( f i el d i nsul at ed) .
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e.   Pl enums.

f .   Duct - mount ed coi l  casi ngs.

g.   Coi l - header s and r et ur n bends.

h.   Coi l  casi ngs.

i .   Fr esh ai r  i nt ake duct s.

j .   Fi l t er  boxes.

k.   Mi xi ng boxes.

l .   Suppl y f ans.

m.   Si t e- er ect ed ai r  condi t i oner  casi ngs.

n.   Duct s exposed t o weat her .

o.   Exhaust  duct s passi ng t hr ough conceal ed spaces exhaust i ng condi t i oned 
ai r .

Pr ovi de i nsul at i on f or  r ect angul ar  duct s t hat  i s  f l exi bl e t ype wher e 
conceal ed,  and r i gi d t ype wher e exposed.   Pr ovi de i nsul at i on on exposed 
duct s wi t h a whi t e,  pai nt - abl e,  f act or y- appl i ed Type I I  j acket ,  or  f i ni sh 
wi t h adhesi ve f i ni sh.   Use f l exi bl e t ype i nsul at i on f or  r ound duct s,  wi t h 
a f act or y- appl i ed Type I I  j acket .   Pr ovi de i nsul at i on on conceal ed duct  
wi t h a f act or y- appl i ed Type I I  j acket .   Accompl i sh adhesi ve f i ni sh wher e 
i ndi cat ed t o be used by appl y i ng t wo coat s of  adhesi ve wi t h a l ayer  of  
gl ass c l ot h embedded bet ween t he coat s.   Ensur e t ot al  dr y f i l m t hi ckness 
i s appr oxi mat el y 1/ 16 i nch.   Cont i nue duct  i nsul at i on t hr ough sl eeves and 
pr epar e openi ngs.   Ter mi nat e duct  i nsul at i on at  f i r e damper s and f l exi bl e 
connect i ons.

3. 3. 3. 1   I nst al l at i on on Conceal ed Duct

a.   For  r ect angul ar ,  oval  and r ound duct s,  at t ach i nsul at i on by appl y i ng 
adhesi ve ar ound t he ent i r e per i met er  of  t he duct  i n 6 i nch wi de st r i ps 
on 12 i nch cent er s.

b.   For  r ect angul ar  and oval  duct s 24 i nches and l ar ger ,  secur e i nsul at i on 
t o t he bot t om of  duct s usi ng mechani cal  f ast ener s.   Space f ast ener s on 
18 i nch cent er s and no mor e t han 18 i nches f r om duct  cor ner .

c.   For  r ect angul ar ,  oval  and r ound duct s,  pr ovi de mechani cal  f ast ener s on 
si des of  duct  r i ser s f or  al l  duct  s i zes.   Space f ast ener s on 18 i nch 
cent er s and no mor e t han 18 i nches f r om duct  cor ner s.

d.   I mpal e i nsul at i on on t he mechani cal  f ast ener s wher e used.   Do not  
compr ess i nsul at i on t o a t hi ckness l ess t han t hat  speci f i ed.   Car r y 
i nsul at i on over  st andi ng seams and t r apeze- t ype hanger s.

e.   I nst al l  sel f - l ocki ng washer s wher e mechani cal  f ast ener s ar e used and 
t r i m and bend t he pi n over .

f .   Do not  over l ap i nsul at i o j acket  l ess t han 2 i nches at  j oi nt s and 
secur e t he l ap and st apl e on 4 i nch cent er s.
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3. 3. 3. 2   I nst al l at i on on Exposed Duct

a.   For  r ect angul ar  duct s,  secur e t he r i gi d i nsul at i on t o t he duct  usi ng 
mechani cal  f ast ener s on al l  f our  s i des of  t he duct ,  space no mor e t han 
16 i nches apar t  and no mor e t han 6 i nches f r om t he edges of  t he 
i nsul at i on j oi nt s.   Pr ovi de a mi ni mum of  t wo r ows of  f ast ener s f or  
each si de of  duct  12 i nches and l ar ger  and a mi ni mum of  one r ow f or  
each si de of  duct  l ess t han 12 i nches.

b.   For m duct  i nsul at i on wi t h f act or y- appl i ed j acket  wi t h mi ni mum j acket  
seams,  and f ast en each pi ece of  r i gi d i nsul at i on t o t he duct  usi ng 
mechani cal  f ast ener s.   When t he hei ght  of  pr oj ect i on i s l ess t han t he 
i nsul at i on t hi ckness,  br i ng i nsul at i on up t o st andi ng seams,  
r ei nf or ci ng,  and ot her  ver t i cal  pr oj ect i ons and do not  car r y over  t he 
pr oj ect i on.   Cont i nue j acket  acr oss seams,  r ei nf or ci ng,  and 
pr oj ect i ons.   Wher e t he hei ght  of  pr oj ect i ons i s gr eat er  t han t he 
i nsul at i on t hi ckness,  car r y i nsul at i on and j acket  over  t he pr oj ect i on.

c.   I mpal e i nsul at i on on t he f ast ener s;  i nst al l  sel f - l ocki ng washer s and 
t r i m and bend t he pi n over .

d.   Seal  j oi nt s on j acket ed i nsul at i on wi t h a 4 i nch wi de st r i p of  t ape 
and br ush wi t h vapor  r et ar der  coat i ng.

e.   Cover  br eaks and penet r at i ons i n t he j acket  mat er i al  wi t h a pat ch of  
t he same mat er i al  as t he j acket .   Ext end pat ches no l ess t han 2 i nches 
beyond t he br eak or  penet r at i on and secur e wi t h adhesi ve and st apl e.

f .   Seal  i nsul at i on t er mi nat i ons and pi n punct ur es wi t h t ape and br ush 
wi t h vapor  r et ar der  coat i ng.

g.   I nsul at e oval  and r ound duct s,  f l exi bl e t ype,  wi t h f act or y Type I  
j acket  i nsul at i on,  mi ni mum densi t y of  3/ 4 pcf  at t ach by st apl es spaced 
no mor e t han 16 i nches and no mor e t han 6 i nches f r om t he degr ees of  
j oi nt s.   Seal  j oi nt s i n accor dance wi t h i t em " d. "  above.

3. 3. 4   Duct s Handl i ng Ai r  f or  Dual  Pur pose

For  ai r  handl i ng duct s f or  dual  pur pose bel ow and above 60 degr ees F,  
i nsul at e duct s as speci f i ed f or  col d ai r  duct .

3. 3. 5   I nsul at i on f or  Evapor at i ve Cool i ng Duct

I nsul at e evapor at i ve cool i ng suppl y duct  l ocat ed i n spaces not  
evapor at i vel y cool ed.   Use mat er i al  and i nst al l at i on r equi r ement s as 
speci f i ed f or  duct  i nsul at i on f or  war m ai r  duct .

3. 3. 6   Duct  Test  Hol es

Af t er  duct  syst ems have been t est ed,  adj ust ed,  and bal anced,  r epai r  br eaks 
i n t he i nsul at i on and j acket  i n accor dance wi t h t he appl i cabl e sect i on of  
t hi s speci f i cat i on f or  t he t ype of  duct  i nsul at i on t o be r epai r ed.

3. 3. 7   Duct  Exposed t o Weat her

3. 3. 7. 1   I nst al l at i on

I nsul at e and f i ni sh duct s exposed t o weat her  as speci f i ed f or  t he 

SECTI ON 23 07 00  Page 27



D51 Hangar  Conver si on t o Human Per f or mance Cent er  FTFA 23- VH59
Egl i n AFB,  Fl or i da

appl i cabl e ser vi ce f or  exposed duct  i nsi de t he bui l di ng.   Af t er  t he above 
i s accompl i shed,  f ur t her  f i ni sh t he i nsul at i on as det ai l ed i n t he 
f ol l owi ng subpar agr aphs.

3. 3. 7. 2   Round Duct

Lami nat ed sel f - adhesi ve ( mi ni mum 2 mi l s adhesi ve,   3 mi l s embossed)  vapor  
bar r i er / weat her pr oof i ng j acket  -  Less t han 0. 0000 per meabi l i t y ,  ( gr eat er  
t han 3 pl y,  st andar d gr ade,  s i l ver ,  whi t e,  bl ack and embossed or  gr eat er  
t han 8 pl y,  heavy dut y,  whi t e and nat ur al )  membr ane must  be appl i ed 
over l appi ng mat er i al  by 3 i nches no bands or  caul k i ng needed -  see 
manuf act ur er ' s r ecommended i nst al l at i on i nst r uct i ons.   Al umi num j acket  
wi t h f act or y appl i ed moi st ur e r et ar der  must  be appl i ed wi t h t he j oi nt s 
l apped no l ess t han 3 i nches and secur ed wi t h bands l ocat ed at  
c i r cumf er ent i al  l aps and at  no mor e t han 12 i nch i nt er val s t hr oughout .   
Lap hor i zont al  j oi nt s down t o shed wat er  and l ocat ed at  4 or  8 o' c l ock 
posi t i on.   Seal  j oi nt s wi t h met al  j acket i ng seal ant  t o pr event  moi st ur e 
penet r at i on.   Wher e j acket i ng abut s an un- i nsul at ed sur f ace,  seal  j oi nt s 
wi t h met al  j acket i ng seal ant .

3. 3. 7. 3   Fi t t i ngs

Fi ni sh f i t t i ngs and ot her  i r r egul ar  shapes as speci f i ed f or  r ect angul ar  
duct s.

3. 3. 7. 4   Rect angul ar  Duct s

Appl y t wo coat s of  weat her  bar r i er  mast i c r ei nf or ced wi t h f abr i c or  mesh 
f or  out door  appl i cat i on t o t he ent i r e sur f ace.   Ensur e each coat  of  
weat her pr oof  mast i c has a mi ni mum t hi ckness of  1/ 16 i nch.   Ensur e ext er i or  
i s  a met al  j acket i ng appl i ed f or  mechani cal  abuse and weat her  pr ot ect i on,  
and secur e wi t h scr ews or  vapor  bar r i er / weat her pr oof i ng j acket  l ess t han 
0. 0000 per meabi l i t y  gr eat er  t han 3 pl y,  st andar d gr ade,  s i l ver ,  whi t e,  
bl ack,  and embossed or  gr eat er  t han 8 pl y,  heavy dut y whi t e and nat ur al .  
Appl y membr ane over l appi ng mat er i al  by 3 i nches.   No bands or  caul k i ng 
needed- see manuf act ur i ng r ecommend i nst al l at i on i nst r uct i ons.

3. 4   EQUI PMENT I NSULATI ON SYSTEMS I NSTALLATI ON

I nst al l  equi pment  i nsul at i on syst ems i n accor dance wi t h t he appr oved 
MI CA I nsul at i on St ds pl at es as suppl ement ed by t he manuf act ur er ' s 
publ i shed i nst al l at i on i nst r uct i ons.

3. 4. 1   Gener al

Pr ovi de r emovabl e i nsul at i on sect i ons t o cover  par t s of  equi pment  t hat  
must  be opened per i odi cal l y f or  mai nt enance i ncl udi ng vessel  cover s,  
f ast ener s,  f l anges and accessor i es.   Omi t  equi pment  i nsul at i on on t he 
f ol l owi ng:

a.   Hand- hol es.

b.   Boi l er  manhol es.

c.   Cl eanout s.

d.   ASME st amps.

e.   Manuf act ur er ' s namepl at es.
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f .   Duct  Test / Bal ance Test  Hol es.

3. 4. 2   I nsul at i on f or  Col d Equi pment

Col d equi pment  bel ow 60 degr ees F:   Fur ni sh i nsul at i on on equi pment  
handl i ng medi a bel ow 60 degr ees F i ncl udi ng t he f ol l owi ng:

a.   Pumps.

b.   Ref r i ger at i on equi pment  par t s t hat  ar e not  f act or y i nsul at ed.

c.   Dr i p pans under  chi l l ed equi pment .

d.   Col d wat er  st or age t anks.

e.   Wat er  sof t ener s.

f .   Duct  mount ed coi l s.

g.   Col d and chi l l ed wat er  pumps.

h.   Pneumat i c wat er  t anks.

i .   Roof  dr ai n bodi es.

j .   Ai r  handl i ng equi pment  par t s t hat  ar e not  f act or y i nsul at ed.

k.   Expansi on and ai r  separ at i on t anks.

3. 4. 2. 1   I nsul at i on Type

Pr ovi de i nsul at i on sui t abl e f or  t he t emper at ur e encount er ed.   Pr ovi de 
mat er i al  and t hi cknesses as shown i n Tabl e 5:

TABLE 5

I nsul at i on Thi ckness f or  Col d Equi pment  ( i nches)

Equi pment  handl i ng medi a at  i ndi cat ed t emper at ur e

Mat er i al Thi ckness ( i nches)

35 t o 60 degr ees F

Cel l ul ar  Gl ass 1. 5

Fl exi bl e El ast omer i c Cel l ul ar 1

1 t o 34 degr ees F

Cel l ul ar  Gl ass 3

Fl exi bl e El ast omer i c Cel l ul ar 1. 5
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TABLE 5

I nsul at i on Thi ckness f or  Col d Equi pment  ( i nches)

Equi pment  handl i ng medi a at  i ndi cat ed t emper at ur e

Mat er i al Thi ckness ( i nches)

Mi nus 30 t o 0 degr ees F

Cel l ul ar  Gl ass 3. 5

Fl exi bl e El ast omer i c Cel l ul ar 1. 75

3. 4. 2. 2   Pump I nsul at i on

a.   I nsul at e pumps by f or mi ng a box ar ound t he pump housi ng.   Const r uct  
t he box by f or mi ng t he bot t om and si des usi ng j oi nt s t hat  do not  l eave 
r aw ends of  i nsul at i on exposed.   Joi n j oi nt s bet ween si des and bet ween 
si des and bot t om by adhesi ve wi t h l ap st r i ps f or  r i gi d mi ner al  f i ber  
and cont act  adhesi ve f or  f l exi bl e el ast omer i c cel l ul ar  i nsul at i on.   
Ensur e box conf or ms t o t he r equi r ement s of  MI CA I nsul at i on St ds pl at e 
No.  49 when usi ng f l exi bl e el ast omer i c cel l ul ar  i nsul at i on.   Ensur e 
j oi nt s bet ween t op cover  and si des f i t  t i ght l y f or mi ng a f emal e 
shi pl ap j oi nt  on t he si de pi eces and a mal e j oi nt  on t he t op cover ,  
t hus maki ng t he t op cover  r emovabl e.

b.   Pr ot ect  exposed i nsul at i on cor ner s wi t h cor ner  angl es.

c.   Upon compl et i on of  i nst al l at i on of  t he i nsul at i on,  i ncl udi ng r emovabl e 
sect i ons,  appl y t wo coat s of  vapor  r et ar der  coat i ng wi t h a l ayer  of  
gl ass c l ot h embedded bet ween t he coat s.   The t ot al  dr y t hi ckness of  
t he f i ni sh must  be 1/ 16 i nch.   Pr ovi de a par t i ng l i ne bet ween t he box 
and t he r emovabl e sect i ons al l owi ng t he r emovabl e sect i ons t o be 
r emoved wi t hout  di st ur bi ng t he i nsul at i on coat i ng.   Appl y f l ashi ng 
seal ant  t o par t i ng l i ne,  bet ween equi pment  and r emovabl e sect i on 
i nsul at i on,  and at  al l  penet r at i ons.

3. 4. 2. 3   Ot her  Equi pment

a.   For m or  f abr i cat e i nsul at i on t o f i t  t he equi pment .   To ensur e a t i ght  
f i t  on r ound equi pment ,  bevel  edges and t i ght l y but t  and st agger  
j oi nt s.

b.   Secur e i nsul at i on i n pl ace wi t h bands or  wi r es at  i nt er val s as 
r ecommended by t he manuf act ur er  but  no mor e t han 12 i nch cent er s 
except  adher e f l exi bl e el ast omer i c cel l ul ar  wi t h cont act  adhesi ve.   
Pr ot ect  i nsul at i on cor ner s under  wi r es and bands wi t h sui t abl e cor ner  
angl es.

c.   I nst al l  cel l ul ar  gl ass i n accor dance wi t h manuf act ur er ' s 
i nst r uct i ons.   Seal  j oi nt s and ends wi t h j oi nt  seal ant ,  and seal  wi t h 
a vapor  r et ar der  coat i ng.

d.   Use r emovabl e i nsul at i on on heads of  heat  exchanger s.   Fabr i cat e 
r emovabl e sect i on j oi nt s usi ng a mal e- f emal e shi pl ap t ype j oi nt .   
Fi ni sh t he ent i r e sur f ace of  t he r emovabl e sect i on by appl y i ng t wo 
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coat s of  vapor  r et ar der  coat i ng wi t h a l ayer  of  gl ass c l ot h embedded 
bet ween t he coat s.   The t ot al  dr y t hi ckness of  t he f i ni sh must  be 1/ 16 
i nch.

e.   Pr ot ect  exposed i nsul at i on cor ner s wi t h cor ner  angl es.

f .   Appl y i nsul at i on on equi pment  wi t h r i bs over  6 by 6 i nches by 12 gauge 
wel ded wi r e f abr i c whi ch has been ci nched i n pl ace,  or  i f  appr oved by 
t he Cont r act i ng Of f i cer ,  spot  wel d t o t he equi pment  over  t he r i bs.   
Secur e i nsul at i on t o t he f abr i c wi t h J- hooks and 2 by 2 i nches washer s 
or  secur el y band or  wi r e i n pl ace on 12 i nch cent er s.

3. 4. 2. 4   Vapor  Ret ar der / Vapor  Bar r i er

Upon compl et i on of  i nst al l at i on of  i nsul at i on,  caul k penet r at i ons.   Appl y 
t wo coat s of  vapor  r et ar der  coat i ng or  vapor  bar r i er  j acket  over  
i nsul at i on,  i ncl udi ng r emovabl e sect i ons,  wi t h a l ayer  of  open mesh 
synt het i c f abr i c embedded bet ween t he coat s.   Ensur e t he t ot al  dr y 
t hi ckness of  t he f i ni sh i s 1/ 16 i nch.   Appl y f l asi ng seal ant  or  vapor  
bar r i er  t ape t o par t i ng l i ne bet ween equi pment  and r emovabl e sect i on 
i nsul at i on.

3. 4. 3   I nsul at i on f or  Hot  Equi pment

Fur ni sh i nsul at i on on equi pment  handl i ng medi a above 60 degr ees F 
i ncl udi ng t he f ol l owi ng:

a.   Conver t er s.

b.   Heat  exchanger s.

c.   Hot  wat er  gener at or s.

d.   Wat er  heat er s.

e.   Pumps handl i ng medi a above 130 degr ees F.

f .   Fuel  oi l  heat er s.

g.   Hot  wat er  st or age t anks.

h.   Ai r  separ at i on t anks.

i .   Sur ge t anks.

j .   Fl ash t anks.

k.   Feed- wat er  heat er s.

l .   Unj acket ed boi l er s or  par t s of  boi l er s.

m.   Boi l er  f l ue gas connect i on f r om boi l er  t o st ack ( i f  i nsi de) .

n.   I nduced dr af t  f ans.

o.   Fl y ash and soot  col l ect or s.

p.   Condensat e r ecei ver s.
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3. 4. 3. 1   I nsul at i on

Pr ovi de i nsul at i on sui t abl e f or  t he t emper at ur e encount er ed.   I nsul at e 
shel l  and t ube- t ype heat  exchanger s f or  t he t emper at ur e of  t he shel l  
medi um.

Det er mi ne i nsul at i on t hi ckness f or  hot  equi pment  usi ng Tabl e 6:

TABLE 6

I nsul at i on Thi ckness f or  Hot  Equi pment  ( i nches)

Equi pment  handl i ng st eam or  medi a at  i ndi cat ed pr essur e or  t emper at ur e l i mi t

Mat er i al Thi ckness ( i nches)

15 psi g or  250 degr ees F

Ri gi d Mi ner al  Fi ber 2

Fl exi bl e Mi ner al  Fi ber 2

Fl exi bl e El ast omer i c Cel l ul ar  ( <200 F) 1

3. 4. 3. 2   I nsul at i on of  Boi l er  St ack and Di esel  Engi ne Exhaust  Pi pe

I nsi de mechani cal  Room,  bevel  i nsul at i on neat l y ar ound openi ngs and 
pr ovi de sheet  met al  i nsul at i on st op st r i ps ar ound such openi ngs.   Appl y a 
ski m coat  of  hydr aul i c set t i ng cement  di r ect l y t o i nsul at i on.   Appl y a 
f l oodi ng coat  of  adhesi ve over  hydr aul i c set t i ng cement ,  and whi l e st i l l  
wet ,  pr ess a l ayer  of  gl ass c l ot h or  t ape i nt o adhesi ve and seal  l aps and 
edges wi t h adhesi ve.   Coat  gl ass c l ot h wi t h adhesi ve.   When dr y,  appl y a 
f i ni sh coat  of  adhesi ve at  can- consi st ency so t hat  when dr y no gl ass weave 
i s obser ved.   Pr ovi de met al  j acket s f or  st acks t hat  ar e l ocat ed above 
f i ni shed f l oor  and spaces out si de mechani cal  r oom.   Appl y met al  j acket s 
di r ect l y over  i nsul at i on and secur e wi t h 3/ 4 i nch wi de met al  bands spaced 
on 18 i nch cent er s.   Do not  i nsul at e name pl at es.   Pr ovi de i nsul at i on t ype 
and t hi ckness i n accor dance wi t h t he f ol l owi ng Tabl e 7.

TABLE 7

I nsul at i on and Thi ckness f or
Boi l er  St ack and Di esel  Engi ne Exhaust  Pi pe

Ser vi ce & Sur f ace Temper at ur e Range ( Degr ees F)

Mat er i al Out si de Di amet er  ( I nches)

0. 25 -
1. 25

1 -  1. 67 3. 5- 5 6 -  10 > or  = 11 -  36

Boi l er  St ack ( Up t o 400 degr ees F)
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TABLE 7

I nsul at i on and Thi ckness f or
Boi l er  St ack and Di esel  Engi ne Exhaust  Pi pe

Ser vi ce & Sur f ace Temper at ur e Range ( Degr ees F)

Mat er i al Out si de Di amet er  ( I nches)

0. 25 -
1. 25

1 -  1. 67 3. 5- 5 6 -  10 > or  = 11 -  36

Mi ner al  Fi ber
ASTM C585 Cl ass B- 3,
ASTM C547 Cl ass 1,  or
ASTM C612 Cl ass 1

N/ A N/ A 3 3. 5 4

Cal ci um Si l i cat e
ASTM C533,  Type 1

N/ A N/ A 3 3. 5 4

Cel l ul ar  Gl ass
ASTM C552,  Type I I

1. 5 1. 5 1. 5 2 2. 5

Boi l er  St ack ( 401 t o 600 degr ees F)

Mi ner al  Fi ber
ASTM C547 Cl ass 2,
ASTM C592 Cl ass 1,  or
ASTM C612 Cl ass 3

N/ A N/ A 4 4 5

Cal ci um Si l i cat e
ASTM C533,  Type I  or  I I

N/ A N/ A 4 4 4

Mi ner al  Fi ber / Cel l ul ar  Gl ass Composi t e:

Mi ner al  Fi ber
ASTM C547 Cl ass 2,
ASTM C592 Cl ass 1,  or
ASTM C612 Cl ass 3

1 1 1 1 2

3. 4. 3. 3   I nsul at i on of  Pumps

I nsul at e pumps by f or mi ng a box ar ound t he pump housi ng.   Const r uct  t he 
box by f or mi ng t he bot t om and si des usi ng j oi nt s t hat  do not  l eave r aw 
ends of  i nsul at i on exposed.   Band bot t om and si des t o f or m a r i gi d housi ng 
t hat  does not  r est  on t he pump.   Ensur e j oi nt s bet ween t op cover  and si des 
f i t  t i ght l y.   The t op cover  must  have a j oi nt  f or mi ng a f emal e shi pl ap 
j oi nt  on t he si de pi eces and a mal e j oi nt  on t he t op cover ,  maki ng t he t op 
cover  r emovabl e.   Appl y t wo coat s of  Cl ass I  adhesi ve over  i nsul at i on,  
i ncl udi ng r emovabl e sect i ons,  wi t h a l ayer  of  gl ass c l ot h embedded bet ween 
t he coat s.   Pr ovi de a par t i ng l i ne bet ween t he box and t he r emovabl e 

SECTI ON 23 07 00  Page 33



D51 Hangar  Conver si on t o Human Per f or mance Cent er  FTFA 23- VH59
Egl i n AFB,  Fl or i da

sect i ons al l owi ng t he r emovabl e sect i ons t o be r emoved wi t hout  di st ur bi ng 
t he i nsul at i on coat i ng.   The t ot al  dr y t hi ckness of  t he f i ni sh must  be 
1/ 16 i nch.   Appl y caul k i ng t o par t i ng l i ne of  t he r emovabl e sect i ons and 
penet r at i ons.

3. 4. 3. 4   Ot her  Equi pment

a.   For m or  f abr i cat e i nsul at i on t o f i t  t he equi pment .   To ensur e a t i ght  
f i t  on r ound equi pment ,  bevel  edges and t i ght l y but t  and st agger  
j oi nt s.

b.   Secur e i nsul at i on i n pl ace wi t h bands or  wi r es at  i nt er val s as 
r ecommended by t he manuf act ur er  but  no gr eat er  t han 12 i nch cent er s 
except  adher e f l exi bl e el ast omer i c cel l ul ar .   Pr ot ect  i nsul at i on 
cor ner s under  wi r es and bands wi t h sui t abl e cor ner  angl es.

c.   On hi gh vi br at i on equi pment ,  set  cel l ul ar  gl ass i nsul at i on i n a 
coat i ng of  beddi ng compound as r ecommended by t he manuf act ur er ,  and 
seal  j oi nt s wi t h beddi ng compound.   Fi l l  mi ner al  f i ber  j oi nt s wi t h 
f i ni shi ng cement .

d.   Pr ovi de r emovabl e i nsul at i on on heads of  heat  exchanger s.   Fabr i cat e 
t he r emovabl e sect i on j oi nt  usi ng a mal e- f emal e shi pl ap t ype j oi nt .   
Fi ni sh t he ent i r e sur f ace of  t he r emovabl e sect i on as speci f i ed.

e.   Pr ot ect  exposed i nsul at i on cor ner s wi t h cor ner  angl es.

f .   On equi pment  wi t h r i bs,  such as boi l er  f l ue gas connect i on,  dr af t  
f ans,  and f l y ash or  soot  col l ect or s,  appl y i nsul at i on over  6 by 6 i nch
 by 12 gauge wel ded wi r e f abr i c whi ch has been ci nched i n pl ace,  or  i f  
appr oved by t he Cont r act i ng Of f i cer ,  spot  wel d t o t he equi pment  over  
t he r i bs.   Secur e i nsul at i on t o t he f abr i c wi t h J- hooks and 2 by 2 i nch
 washer s or  secur el y band or  wi r e i n pl ace on 12 i nch ( maxi mum)  
cent er s.

g.   On equi pment  handl i ng medi a above 600 degr ees F,  appl y i nsul at i on i n 
t wo or  mor e l ayer s wi t h st agger ed j oi nt s.

h.   Upon compl et i on of  i nst al l at i on of  i nsul at i on,  caul k penet r at i ons.   
Appl y t wo coat s of  adhesi ve over  i nsul at i on,  i ncl udi ng r emovabl e 
sect i ons,  wi t h a l ayer  of  gl ass c l ot h embedded bet ween t he coat s.   The 
t ot al  dr y t hi ckness of  t he f i ni sh must  be 1/ 16 i nch.   Appl y caul k i ng 
t o par t i ng l i ne bet ween equi pment  and r emovabl e sect i on i nsul at i on.

3. 4. 4   Equi pment  Handl i ng Dual  Temper at ur e Medi a

Bel ow and above 60 degr ees F:   i nsul at e equi pment  handl i ng dual  
t emper at ur e medi a as speci f i ed f or  col d equi pment .

3. 4. 5   Equi pment  Exposed t o Weat her

3. 4. 5. 1   I nst al l at i on

I nsul at e equi pment  exposed t o weat her  and f i ni sh i n accor dance wi t h t he 
r equi r ement s f or  duct s exposed t o weat her  i n par agr aph DUCT I NSULATI ON 
I NSTALLATI ON.
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3. 4. 5. 2   Opt i onal  Panel s

At  t he opt i on of  t he Cont r act or ,  pr ef abr i cat ed met al  i nsul at i on panel s may 
be used i n l i eu of  t he i nsul at i on and f i ni sh pr evi ousl y speci f i ed.   
Ther mal  per f or mance must  be equal  t o or  bet t er  t han t hat  speci f i ed f or  
f i el d appl i ed i nsul at i on.   Pr ovi de panel s t hat  ar e t he st andar d cat al og 
pr oduct  of  a manuf act ur er  of  met al  i nsul at i on panel s.   Pr ovi de f ast eni ngs,  
f l ashi ng,  and suppor t  syst em conf or mi ng t o publ i shed r ecommendat i ons of  
t he manuf act ur er  f or  weat her pr oof  i nst al l at i on and t hat  pr event  moi st ur e 
f r om ent er i ng t he i nsul at i on.   Desi gn panel s t o accommodat e t her mal  
expansi on and t o suppor t  a 250 pound wal ki ng l oad wi t hout  per manent  
def or mat i on or  per manent  damage t o t he i nsul at i on.   Ext er i or  met al  cover  
sheet  must  be al umi num and exposed f ast eni ngs must  be st ai nl ess st eel  or  
al umi num.

        - -  End of  Sect i on - -

SECTI ON 23 07 00  Page 35



 

 

 

 

 

 

 

This page left blank. 



D51 Hangar  Conver si on t o Human Per f or mance Cent er  FTFA 23- VH59
Egl i n AFB,  Fl or i da

SECTI ON 23 09 00

I NSTRUMENTATI ON AND CONTROL FOR HVAC
02/ 19,  CHG 3:  05/ 21

PART 1   GENERAL

1. 1   SUMMARY

Pr ovi de a compl et e Di r ect  Di gi t al  Cont r ol  ( DDC)  syst em sui t abl e f or  t he 
cont r ol  of  t he heat i ng,  vent i l at i ng and ai r  condi t i oni ng ( HVAC)  and ot her  
bui l di ng- l evel  syst ems as i ndi cat ed and shown and i n accor dance wi t h 
Sect i on 23 09 13 I NSTRUMENTATI ON AND CONTROL DEVI CES FOR HVAC,  Sect i on 
23 09 23. 02 BACNET DI RECT DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG 
CONTROL SYSTEMS f or  BACnet  or  Ni agar a BACnet  syst ems,  and ot her  r ef er enced 
Sect i ons.

1. 1. 1   Pr opr i et ar y Syst ems

1. 1. 1. 1   Pr opr i et ar y Syst ems Exempt ed Fr om Open Pr ot ocol  Requi r ement s

The f ol l owi ng syst ems ar e speci f i cal l y exempt ed f r om t he open pr ot ocol  
r equi r ement s of  Sect i on 23 09 23. 02 BACNET DI RECT DI GI TAL CONTROL FOR HVAC 
AND OTHER BUI LDI NG CONTROL SYSTEMS:  

  
a.   A s i mpl e spl i t  ( DX)  syst em consi st i ng of  a s i ngl e i ndoor  uni t  and a 

s i ngl e out door  uni t  f r om t he same manuf act ur er .

b.   Syst ems i n Tabl e I  ( pr evi ousl y appr oved by t he desi gner  i n accor dance 
wi t h UFC 3- 410- 02) .

TABLE I :  Syst ems Appr oved t o Use Pr opr i et ar y Communi cat i ons

Syst em Type ( Mul t i - Spl i t / VRF or  
Chi l l er / Boi l er  Pl ant )

Pr opr i et ar y Mul t i - Spl i t  Engi neer i ng 
Tool  Sof t war e Requi r ed ( f or  
Mul t i - Spl i t / VRF onl y)

c.   A syst em ( not  al r eady shown Tabl e I )  of  mul t i pl e boi l er s or  mul t i pl e 
chi l l er s communi cat i ng wi t h a pr opr i et ar y net wor k f or  whi ch an 
appr oved r equest  has been obt ai ned and f or  whi ch:  al l  uni t s ar e f r om 
t he same manuf act ur er ,  t hey ar e al l  co- l ocat ed i n t he same r oom,  t he 
net wor k connect i ng t hem i s f ul l y  cont ai ned i n t hat  r oom,  and t he uni t s 
ar e oper at i ng usi ng a common " pl ant "  sequence of  oper at i on whi ch 
st ages t he uni t s i n a manner  t hat  r equi r es oper at i onal  par amet er s be 
shar ed bet ween t hem and whi ch cannot  be accompl i shed wi t h a s i ngl e 
l ead- l ag command f r om a t hi r d- par t y cont r ol l er .

1. 1. 1. 2   I mpl ement at i on of  Pr opr i et ar y Syst ems

For  pr opr i et ar y syst ems exempt ed f r om open pr ot ocol  r equi r ement s,  a 
pr opr i et ar y net wor k and DDC har dwar e communi cat i ng v i a pr opr i et ar y 

SECTI ON 23 09 00  Page 1



D51 Hangar  Conver si on t o Human Per f or mance Cent er  FTFA 23- VH59
Egl i n AFB,  Fl or i da

pr ot ocol  ar e per mi t t ed.   For  t hese syst ems a bui l di ng cont r ol  net wor k 
meet i ng t he r equi r ement s of  Sect i on 23 09 23. 02 BACNET DI RECT DI GI TAL 
CONTROL FOR HVAC AND OTHER BUI LDI NG CONTROL SYSTEMS must  al so be pr ovi ded,  
al ong wi t h a gat eway or  i nt er f ace t o connect  t he pr opr i et ar y syst em t o t he 
open bui l di ng cont r ol  net wor k.

The pr opr i et ar y syst em gat eway or  i nt er f ace must  pr ovi de t he r equi r ed 
f unct i onal i al i t y  as shown on t he poi nt s schedul e.   Schedul i ng,  al ar mi ng,  
t r endi ng,  over r i des,  net wor k i nput s,  net wor k out put s and ot her  pr ot ocol  
r el at ed r equi r ement s must  be met  on t he open pr ot ocol  cont r ol  syst em as 
speci f i ed i n Sect i on 23 09 23. 02 BACNET DI RECT DI GI TAL CONTROL FOR HVAC 
AND OTHER BUI LDI NG CONTROL SYSTEMS.

1. 1. 1. 3   Pr opr i et ar y Mul t i - Spl i t  Engi neer i ng Tool  Sof t war e

For  each per mi t t ed pr opr i et ar y syst ems i n Tabl e 1 shown as r equi r i ng 
Pr opr i et ar y Mul t i - Spl i t  Engi neer i ng Tool  Sof t war e,  pr ovi de t he sof t war e 
needed t o r epl ace a uni t  and conf i gur e t he r epl acement .   Submi t  har d 
copi es of  t he sof t war e user  manual s wi t h t he sof t war e submi t t al .

Submi t  Pr opr i et ar y Mul t i - Spl i t  Engi neer i ng Tool  Sof t war e on CD- ROM as a 
Techni cal  Dat a Package.   Submi t   t hr ee har d copi es of  t he sof t war e user  
manual  f or  each pi ece of  sof t war e.

1. 1. 2   Syst em Requi r ement s

Pr ovi de syst ems meet i ng t he r equi r ement s t hi s Sect i on and ot her  Sect i ons 
r ef er enced by t hi s Sect i on,  and whi ch have t he f ol l owi ng char act er i st i cs:

a.   The syst em i mpl ement s t he cont r ol  sequences of  oper at i on shown i n t he 
Cont r act  Dr awi ngs usi ng DDC har dwar e t o cont r ol  mechani cal  and 
el ect r i cal  equi pment

b.   The syst em meet  t he r equi r ement s of  t hi s speci f i cat i on as a 
st and- al one syst em and does not  r equi r e connect i on t o any ot her  syst em.

c.   Cont r ol  sequences r esi de i n DDC har dwar e i n t he bui l di ng.   The 
bui l di ng cont r ol  net wor k i s not  dependent  upon connect i on t o a Ut i l i t y  
Moni t or i ng and Cont r ol  Syst em ( UMCS)  Fr ont  End or  t o any ot her  syst em 
f or  per f or mance of  cont r ol  sequences.   To t he gr eat est  ext ent  
pr act i cal ,  t he har dwar e per f or ms cont r ol  sequences wi t hout  r el i ance on 
t he bui l di ng net wor k,  unl ess ot her wi se pr e- appr oved by t he Cont r act i ng 
Of f i cer .

d.   The har dwar e i s i nst al l ed such t hat  i ndi v i dual  cont r ol  equi pment  can 
be r epl aced by s i mi l ar  cont r ol  equi pment  f r om ot her  equi pment  
manuf act ur er s wi t h no l oss of  syst em f unct i onal i t y.

e.   Al l  necessar y document at i on,  conf i gur at i on i nf or mat i on,  pr ogr ammi ng 
t ool s,  pr ogr ams,  dr i ver s,  and ot her  sof t war e ar e l i censed t o and 
ot her wi se r emai n wi t h t he Gover nment  such t hat  t he Gover nment  or  t hei r  
agent s ar e abl e t o per f or m r epai r ,  r epl acement ,  upgr ades,  and 
expansi ons of  t he syst em wi t hout  subsequent  or  f ut ur e dependence on 
t he Cont r act or ,  Vendor  or  Manuf act ur er .

f .   Suf f i c i ent  document at i on and dat a,  i ncl udi ng r i ght s t o document at i on 
and dat a,  ar e pr ovi ded such t hat  t he Gover nment  or  t hei r  agent s can 
execut e wor k t o per f or m r epai r ,  r epl acement ,  upgr ades,  and expansi ons 
of  t he syst em wi t hout  subsequent  or  f ut ur e dependence on t he 
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Cont r act or ,  Vendor  or  Manuf act ur er .

g.   Har dwar e i s i nst al l ed and conf i gur ed such t hat  t he Gover nment  or  t hei r  
agent s ar e abl e t o per f or m r epai r ,  r epl acement ,  and upgr ades of  
i ndi v i dual  har dwar e wi t hout  f ur t her  i nt er act i on wi t h t he Cont r act or ,  
Vendor  or  Manuf act ur er .

h.   Al l  Ni agar a Fr amewor k component s have an unr est r i ct ed i nt er oper abi l i t y  
l i cense wi t h a Ni agar a Compat i bi l i t y  St at ement  ( Ni CS)  f ol l owi ng t he 
Tr i di um Open Ni CS Speci f i cat i on and have a val ue of  " ALL"  f or  " St at i on 
Compat i bi l i t y  I n" ,  " St at i on Compat i bi l i t y  Out " ,  " Tool  Compat i bi l i t y  
I n"  and " Tool  Compat i bi l i t y  Out " .  Not e t hat  t hi s wi l l  r esul t  i n t he 
f ol l owi ng ent r i es i n t he l i cense f i l e:

accept . st at i on. i n=" * "
accept . st at i on. out =" * "
accept . wb. i n=" * "
accept . wb. out =" * "

1. 1. 3   End t o End Accur acy

Sel ect  pr oduct s,  i nst al l  and conf i gur e t he syst em such t hat  t he maxi mum 
er r or  of  a measur ed val ue as r ead f r om t he DDC Har dwar e over  t he net wor k 
i s l ess t han t he maxi mum al l owabl e er r or  speci f i ed f or  t he sensor  or  
i nst r ument at i on.

1. 1. 4   Ver i f i cat i on of  Di mensi ons

Af t er  becomi ng f ami l i ar  wi t h al l  det ai l s of  t he wor k,  ver i f y al l  
di mensi ons i n t he f i el d,  and advi se t he Cont r act i ng Of f i cer  of  any 
di scr epancy bef or e per f or mi ng any wor k.

1. 1. 5   Dr awi ngs

The Gover nment  wi l l  not  i ndi cat e al l  of f set s,  f i t t i ngs,  and accessor i es 
t hat  may be r equi r ed on t he dr awi ngs.   Car ef ul l y i nvest i gat e t he 
mechani cal ,  el ect r i cal ,  and f i ni sh condi t i ons t hat  coul d af f ect  t he wor k 
t o be per f or med,  ar r ange such wor k accor di ngl y,  and pr ovi de al l  wor k 
necessar y t o meet  such condi t i ons.

1. 2   RELATED SECTI ONS

Rel at ed wor k speci f i ed el sewher e:

a.   Sect i on 23 09 23. 02 BACNET DI RECT DI GI TAL CONTROL FOR HVAC AND OTHER 
BUI LDI NG CONTROL SYSTEMS f or  BACnet  syst ems wi t h or  wi t hout  Ni agar a 
Fr amewor k.

b.   Sect i on 23 09 13 I NSTRUMENTATI ON AND CONTROL DEVI CES FOR HVAC

c.   Sect i on 01 91 00. 15 10 TOTAL BUI LDI NG COMMI SSI ONI NG

1. 3   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.
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AMERI CAN SOCI ETY OF HEATI NG,  REFRI GERATI NG AND AI R- CONDI TI ONI NG 
ENGI NEERS ( ASHRAE)

ASHRAE 135 ( 2020;  I nt er pr et at i on 1- 8 2021;  Er r at a 1- 2 
2021;  Addenda CD 2021;  Addenda BY- CE 2022;  
I nt er pr et at i on 9- 10 2022)  BACnet —A Dat a 
Communi cat i on Pr ot ocol  f or  Bui l di ng 
Aut omat i on and Cont r ol  Net wor ks

ASHRAE FUN I P ( 2021)  Fundament al s Handbook,  I - P Edi t i on

ASHRAE FUN SI ( 2021)  Fundament al s Handbook,  SI  Edi t i on

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE C62. 41 ( 1991;  R 1995)  Recommended Pr act i ce on 
Sur ge Vol t ages i n Low- Vol t age AC Power  
Ci r cui t s

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA 250 ( 2020)  Encl osur es f or  El ect r i cal  Equi pment  
( 1000 Vol t s Maxi mum)

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 70 ( 2020;  TI A 22- 1;  ERTA 1 2022)  Nat i onal  
El ect r i cal  Code

NFPA 90A ( 2021)  St andar d f or  t he I nst al l at i on of  
Ai r  Condi t i oni ng and Vent i l at i ng Syst ems

TRI DI UM,  I NC ( TRI DI UM)

Ni agar a Fr amewor k ( 2012)  Ni agar aAX User ' s Gui de

Tr i di um Open Ni CS ( 2005)  Under st andi ng t he Ni agar aAX 
Compat i bi l i t y  St at ement  ( Ni CS)

U. S.  DEPARTMENT OF DEFENSE ( DOD)

UFC 3- 410- 02 ( 2018;  wi t h Change 2,  2021)  Di r ect  Di gi t al  
Cont r ol  f or  HVAC and Ot her  Bui l di ng 
Cont r ol  Syst ems

UNDERWRI TERS LABORATORI ES ( UL)

UL 5085- 3 ( 2006;  Repr i nt  Jan 2022)  UL St andar d f or  
Saf et y Low Vol t age Tr ansf or mer s -  Par t  3:  
Cl ass 2 and Cl ass 3 Tr ansf or mer s

1. 4   DEFI NI TI ONS

The f ol l owi ng l i s t  of  def i ni t i ons i ncl udes t er ms used i n Sect i ons 
r ef er enced by t hi s Sect i on and ar e i ncl uded her e f or  compl et eness. The 
def i ni t i ons cont ai ned i n t hi s Sect i on may di sagr ee wi t h how t er ms ar e 
def i ned or  used i n ot her  document s,  i ncl udi ng document s r ef er enced by t hi s 
Sect i on.   The def i ni t i ons i ncl uded her e ar e t he aut hor i t at i ve def i ni t i ons 
f or  t hi s Sect i on and al l  Sect i ons r ef er enced by t hi s Sect i on.
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Af t er  each t er m t he pr ot ocol  r el at ed t o t hat  t er m i s i ncl uded i n 
par ent hesi s.

1. 4. 1   Al ar m Gener at i on ( Al l  pr ot ocol s)

Al ar m Gener at i on i s t he moni t or i ng of  a val ue,  compar i son of  t he val ue t o 
al ar m condi t i ons and t he cr eat i on of  an al ar m when t he condi t i ons set  f or  
t he al ar m ar e met .   Not e t hat  t hi s does NOT i ncl ude del i ver y of  t he al ar m 
t o t he f i nal  dest i nat i on ( such as a user  i nt er f ace) .

1. 4. 2   Bui l di ng Aut omat i on and Cont r ol  Net wor k ( BACnet )  ( BACnet )

The t er m BACnet  i s used i n t wo ways.  Fi r st  meani ng t he BACnet  Pr ot ocol  
St andar d -  t he communi cat i on r equi r ement s as def i ned by ASHRAE 135 
i ncl udi ng al l  annexes and addenda.  The second t o r ef er  t o t he over al l  
t echnol ogy r el at ed t o t he ASHRAE 135 pr ot ocol .

1. 4. 3   BACnet  Advanced Appl i cat i on Cont r ol l er  ( B- AAC)  ( BACnet )

A har dwar e devi ce BTL Li st ed as a B- AAC,  whi ch i s r equi r ed t o suppor t  
BACnet  I nt er oper abi l i t y  Bui l di ng Bl ocks ( BI BBs)  f or  schedul i ng and 
al ar mi ng,  but  i s not  r equi r ed t o suppor t  as many BI BBs as a B- BC.

1. 4. 4   BACnet  Appl i cat i on Speci f i c  Cont r ol l er  ( B- ASC)   ( BACnet )

A har dwar e devi ce BTL Li st ed as a B- ASC,  wi t h f ewer  BI BB r equi r ement s t han 
a B- AAC.   I t  i s  i nt ended f or  use i n a speci f i c  appl i cat i on.

1. 4. 5   BACnet  Bui l di ng Cont r ol l er  ( B- BC)  ( BACnet )

A har dwar e devi ce BTL Li st ed as a B- BC.   A gener al - pur pose,  
f i el d- pr ogr ammabl e devi ce capabl e of  car r y i ng out  a var i et y of  bui l di ng 
aut omat i on and cont r ol  t asks i ncl udi ng cont r ol  and moni t or i ng v i a di r ect   
di gi t al  cont r ol  ( DDC)  of  speci f i c  syst ems and dat a st or age f or  t r end  
i nf or mat i on,  t i me schedul es,  and al ar m dat a.  Li ke t he ot her  BTL Li st ed  
cont r ol l er  t ypes ( B- AAC,  B- ASC et c. )  a B- BC devi ce i s r equi r ed t o suppor t  
t he ser ver  ( " B" )  s i de of  t he ReadPr oper t y and Wr i t ePr oper t y ser vi ces,  but  
unl i ke t he ot her  cont r ol l er  t ypes i t  i s  al so r equi r ed t o suppor t  t he 
c l i ent  ( " A" )  s i de of  t hese ser vi ces.  Communi cat i on bet ween cont r ol l er s 
r equi r es t hat  one of  t hem suppor t  t he c l i ent  s i de and t he ot her  suppor t  
t he ser ver  s i de,  so a B- BC i s of t en used when communi cat i on bet ween 
cont r ol l er s i s needed.

1. 4. 6   BACnet  Br oadcast  Management  Devi ce ( BBMD)  ( BACnet )

A communi cat i ons devi ce,  t ypi cal l y combi ned wi t h a BACnet  r out er .    A BBMD 
f or war ds BACnet  br oadcast  messages t o BACnet / I P devi ces and ot her  BBMDs 
connect ed t o t he same BACnet / I P net wor k.  Each I P subnet  t hat  i s  par t  of  a 
BACnet / I P net wor k must  have at  l east  one BBMD.   Not e t her e ar e addi t i onal  
r est r i ct i ons when mul t i pl e BBMDs shar e an I P subnet .

1. 4. 7   BACnet / I P ( BACnet )

An ext ensi on of  BACnet ,  Annex J,  def i nes t he use of  a r eser ved UDP socket  
t o t r ansmi t  BACnet  messages over  I P net wor ks.  A BACnet / I P net wor k i s a 
col l ect i on of  one or  mor e I P subnet s t hat  shar e t he same BACnet  net wor k 
number .  See al so par agr aph BACNET BROADCAST MANAGEMENT DEVI CE.
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1. 4. 8   BACnet  I nt er net wor k ( BACnet )

Two or  mor e BACnet  net wor ks,  connect ed wi t h BACnet  r out er s.    I n a BACnet  
I nt er net wor k,  t her e exi st s onl y one message pat h bet ween devi ces.

1. 4. 9   BACnet  I nt er oper abi l i t y  Bui l di ng Bl ocks ( BI BBs)  ( BACnet )

A BI BB i s a col l ect i on of  one or  mor e ASHRAE 135 Ser vi ces i nt ended t o 
def i ne a hi gher  l evel  of  i nt er oper abi l i t y .  BI BBs ar e combi ned t o bui l d t he 
BACnet  f unct i onal  r equi r ement s f or  a devi ce i n a speci f i cat i on.  Some BI BBs 
def i ne addi t i onal  r equi r ement s ( beyond r equi r i ng suppor t  f or  speci f i c  
ser vi ces)  i n or der  t o achi eve a l evel  of  i nt er oper abi l i t y .  For  exampl e,  
t he BI BB DS- V- A ( Dat a Shar i ng- Vi ew- A) ,  whi ch woul d t ypi cal l y be used by a 
f r ont - end,  not  onl y r equi r es t he c l i ent  t o suppor t  t he ReadPr oper t y 
Ser vi ce,  but  al so pr ovi des a l i s t  of  dat a t ypes ( Obj ect  /  Pr oper t i es)  
whi ch t he cl i ent  must  be abl e t o i nt er pr et  and di spl ay f or  t he user .

I n t he BI BB shor t hand not at i on,  - A i s t he c l i ent  s i de and - B i s t he ser ver  
s i de.

The f ol l owi ng i s a l i st  of  some BI BBs used by t hi s or  r ef er enced Sect i ons:

DS- COV- A Dat a Shar i ng- Change of  Val ue ( A s i de)

DS- COV- B Dat a Shar i ng- Change of  Val ue ( B s i de)

NM- RC- B Net wor k Management - Rout er  Conf i gur at i on ( B si de)

DS- RP- A Dat a Shar i ng- Read Pr oper t y ( A si de)

DS- RP- B Dat a Shar i ng- Read Pr oper t y ( B si de)

DS- RPM- A Dat a Shar i ng- Read Pr oper t y Mul t i pl e ( A Si de)

DS- RPM- B Dat a Shar i ng- Read Pr oper t y Mul t i pl e ( B Si de)

DS- WP- A Dat a Shar i ng- Wr i t e Pr oper t y ( A Si de)

DM- TS- B Devi ce Management - Ti me Synchr oni zat i on ( B Si de)

DM- UTC- B Devi ce Management - UTC Ti me Synchr oni zat i on ( B Si de)

DS- WP- B Dat a Shar i ng- Wr i t e Pr oper t y ( B si de)

SCHED- E- B Schedul i ng- Ext er nal  ( B si de)

DM- OCD- B Devi ce Management - Obj ect  Cr eat i on and Del et i on ( B si de)

AE- N- I - B Al ar m and Event - Not i f i cat i on I nt er nal  ( B Si de)

AE- N- E- B Al ar m and Event - Not i f i cat i on Ext er nal  ( B Si de)

T- VMT- I - B Tr endi ng- Vi ewi ng and Modi f y i ng Tr ends I nt er nal  ( B Si de)
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The f ol l owi ng i s a l i st  of  some BI BBs used by t hi s or  r ef er enced Sect i ons:

T- VMT- E- B Tr endi ng- Vi ewi ng and Modi f y i ng Tr ends Ext er nal  ( B Si de)

1. 4. 10   BACnet  Net wor k ( BACnet )

I n BACnet ,  a por t i on of  t he cont r ol  I nt er net wor k consi st i ng of  one or  mor e 
segment s connect ed by r epeat er s.  Net wor ks ar e separ at ed by r out er s.

1. 4. 11   BACnet  Oper at or  Di spl ay ( B- OD)  ( BACnet )

A basi c oper at or  i nt er f ace wi t h l i mi t ed capabi l i t i es r el at i ve t o a B- OWS.   
I t  i s  not  i nt ended t o per f or m di r ect  di gi t al  cont r ol .   A B- OD pr of i l e 
coul d be used f or  LCD devi ces,  di spl ays af f i xed t o BACnet  devi ces,  
handhel d t er mi nal s or  ot her  ver y s i mpl e user  i nt er f aces.

1. 4. 12   BACnet  Segment  ( BACnet )

One or  mor e physi cal  segment s i nt er connect ed by r epeat er s ( ASHRAE 135) .

1. 4. 13   BACnet  Smar t  Act uat or  ( B- SA)  ( BACnet )

A si mpl e act uat or  devi ce wi t h l i mi t ed r esour ces i nt ended f or  speci f i c  
appl i cat i ons.

1. 4. 14   BACnet  Smar t  Sensor  ( B- SS)  ( BACnet )

A si mpl e sensi ng devi ce wi t h l i mi t ed r esour ces.

1. 4. 15   BACnet  Test i ng Labor at or i es ( BTL)  ( BACnet )

Est abl i shed by BACnet  I nt er nat i onal  t o suppor t  compl i ance t est i ng and 
i nt er oper abi l i t y  t est i ng act i v i t i es and consi st s of  BTL Manager  and t he 
BTL Wor ki ng Gr oup ( BTL- WG) .   BTL al so publ i shes I mpl ement at i on Gui del i nes.

1. 4. 16   BACnet  Test i ng Labor at or i es ( BTL)  Li st ed ( BACnet )

A devi ce t hat  has been l i s t ed by BACnet  Test i ng Labor at or y.   Devi ces may 
be cer t i f i ed t o a speci f i c  devi ce pr of i l e,  i n whi ch case t he l i s t i ng 
i ndi cat es t hat  t he devi ce suppor t s t he r equi r ed capabi l i t i es f or  t hat  
pr of i l e,  or  may be l i s t ed as " ot her " .

1. 4. 17   Bi nar y ( Al l  pr ot ocol s)
 

A t wo- st at e syst em wher e an " ON"  condi t i on i s r epr esent ed by a hi gh si gnal  
l evel  and an " OFF"  condi t i on i s r epr esent ed by a l ow si gnal  l evel .   
' Di gi t al '  i s  somet i mes used i nt er changeabl y wi t h ' bi nar y ' .

1. 4. 18   Br oadcast  ( BACnet )

Unl i ke most  messages,  whi ch ar e i nt ended f or  a speci f i c  r eci pi ent  devi ce,  
a br oadcast  message i s i nt ended f or  al l  devi ces on t he net wor k.

1. 4. 19   Bui l di ng Cont r ol  Net wor k ( BCN)  ( Al l  pr ot ocol s)
 

The net wor k connect i ng al l  DDC Har dwar e wi t hi n a bui l di ng ( or  speci f i c  
gr oup of  bui l di ngs) .
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1. 4. 20   Bui l di ng Poi nt  of  Connect i on ( BPOC)  ( Al l  pr ot ocol s)
 

A FPOC f or  a Bui l di ng Cont r ol  Syst em.   ( Thi s t er m i s bei ng phased out  of  
use i n pr ef er ence f or  FPOC but  i s st i l l  used i n some speci f i cat i ons and 
cr i t er i a.   When i t  was used,  i t  t ypi cal l y r ef er r ed t o a pi ece of  cont r ol  
har dwar e.   The cur r ent  FPOC def i ni t i on t ypi cal l y r ef er s i nst ead t o I T 
har dwar e. )

1. 4. 21   Commandabl e ( Al l  pr ot ocol s)
 

See Over r i dabl e.

1. 4. 22   Commandabl e Obj ect s ( BACnet )

Commandabl e Obj ect s have a Commandabl e Pr oper t y,  Pr i or i t y_Ar r ay,  and 
Rel i nqui sh_Def aul t  Pr oper t y as def i ned i n ASHRAE 135,  Cl ause 19. 2,  Command 
Pr i or i t i zat i on.

1. 4. 23   Conf i gur abl e ( Al l  pr ot ocol s)

A pr oper t y,  set t i ng,  or  val ue i s conf i gur abl e i f  i t  can be changed vi a 
har dwar e set t i ngs on t he devi ce,  v i a t he use of  engi neer i ng sof t war e or  
over  t he cont r ol  net wor k f r om t he f r ont  end,  and i s r et ai ned t hr ough 
( af t er )  l oss of  power .

I n a Ni agar a Fr amewor k BACnet  syst em,  a pr oper t y,  set t i ng,  or  val ue i s 
conf i gur abl e i f  i t  can be changed vi a one or  mor e of :  

1)   v i a BACnet  ser vi ces ( i ncl udi ng pr opr i et ar y BACnet  ser vi ces)  
2)   v i a har dwar e set t i ngs on t he devi ce
3)   v i a t he Ni agar a Fr amewor k

Not e t hi s i s mor e st r i ngent  t han t he ASHRAE 135 def i ni t i on.

1. 4. 24   Cont r ol  Logi c Di agr am ( Al l  pr ot ocol s)

 A gr aphi cal  r epr esent at i on of  cont r ol  l ogi c f or  mul t i pl e pr ocesses t hat  
make up a syst em.

1. 4. 25   Devi ce ( BACnet )

A Di gi t al  Cont r ol l er  t hat  cont ai ns a BACnet  Devi ce Obj ect  and uses BACnet  
t o communi cat e wi t h ot her  devi ces.

1. 4. 26   Devi ce Obj ect  ( BACnet )

Ever y BACnet  devi ce r equi r es one Devi ce Obj ect ,  whose pr oper t i es r epr esent  
t he net wor k v i s i bl e pr oper t i es of  t hat  devi ce.  Ever y Devi ce Obj ect  
r equi r es a uni que Obj ect  I dent i f i er  number  on t he BACnet  I nt er net wor k.  
Thi s number  i s of t en r ef er r ed t o as t he devi ce i nst ance or  devi ce I D.

1. 4. 27   Devi ce Pr of i l e ( BACnet )

A col l ect i on of  BI BBs det er mi ni ng mi ni mum BACnet  capabi l i t i es of  a devi ce,  
def i ned i n ASHRAE 135.  St andar d devi ce pr of i l es i ncl ude BACnet  Advanced 
Wor kst at i ons ( B- AWS) ,  BACnet  Bui l di ng Cont r ol l er s ( B- BC) ,  BACnet  Advanced 
Appl i cat i on Cont r ol l er s ( B- AAC) ,  BACnet  Appl i cat i on Speci f i c  Cont r ol l er s 
( B- ASC) ,  BACnet  Smar t  Act uat or  ( B- SA) ,  and BACnet  Smar t  Sensor  ( B- SS) .
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1. 4. 28   Di gi t al  Cont r ol l er  ( Al l  pr ot ocol s)

An el ect r oni c cont r ol l er ,  usual l y wi t h i nt er nal  pr ogr ammi ng l ogi c and 
di gi t al  and anal og i nput / out put  capabi l i t y ,  whi ch per f or ms cont r ol  
f unct i ons.

1. 4. 29   Di r ect  Di gi t al  Cont r ol  ( DDC)  ( Al l  pr ot ocol s)

Di gi t al  cont r ol l er s per f or mi ng cont r ol  l ogi c.  Usual l y t he cont r ol l er  
di r ect l y senses physi cal  val ues,  makes cont r ol  deci s i ons wi t h i nt er nal  
pr ogr ams,  and out put s cont r ol  s i gnal s t o di r ect l y oper at e swi t ches,  
val ves,  damper s,  and mot or  cont r ol l er s.

1. 4. 30   Fi el d Poi nt  of  Connect i on ( FPOC)  ( Al l  pr ot ocol s)

The FPOC i s t he poi nt  of  connect i on bet ween t he UMCS I P Net wor k and t he 
f i el d cont r ol  net wor k ( ei t her  an I P net wor k,  a non- I P net wor k,  or  a 
combi nat i on of  bot h) .   The har dwar e at  t hi s l ocat i on whi ch pr ovi des t he 
connect i on i s gener al l y an I T devi ce such as a swi t ch,  I P r out er ,  or  
f i r ewal l .

I n gener al ,  t he t er m " FPOC Locat i on"  means t he pl ace wher e t hi s connect i on 
occur s,  and " FPOC Har dwar e"  means t he devi ce t hat  pr ovi des t he 
connect i on.   Somet i mes t he t er m " FPOC"  i s used t o mean ei t her  and i t s 
act ual  meani ng ( i . e.  l ocat i on or  har dwar e)  i s det er mi ned by t he cont ext  i n 
whi ch i t  i s  used.

1. 4. 31   Fox Pr ot ocol  ( Ni agar a Fr amewor k)

The pr ot ocol  used f or  communi cat i on bet ween component s i n t he 
Ni agar a Fr amewor k.  By def aul t ,  Fox uses TCP por t  1911.

1. 4. 32   Gat eway ( Al l  pr ot ocol s)

A devi ce t hat  t r ansl at es f r om one pr ot ocol  appl i cat i on dat a f or mat  t o 
anot her .   Devi ces t hat  change onl y t he t r anspor t  mechani sm of  t he pr ot ocol  
-  " t r ansl at i ng"  f r om TP/ FT- 10 t o Et her net / I P  or  f r om BACnet  MS/ TP t o 
BACnet  over  I P f or  exampl e -  ar e not  gat eways as t he under l y i ng dat a 
f or mat  does not  change.  Gat eways ar e al so cal l ed Communi cat i ons Br i dges or  
Pr ot ocol  Tr ansl at or s.

A Ni agar a Fr amewor k Super vi sor y Gat eway i s one t ype of  Gat eway.

1. 4. 33   I EEE 802. 3 Et her net  ( Al l  pr ot ocol s)

A f ami l y of  l ocal - ar ea- net wor k t echnol ogi es pr ovi di ng hi gh- speed 
net wor ki ng f eat ur es over  var i ous medi a,  t ypi cal l y Cat  5,  5e or  Cat  6 
t wi st ed pai r  copper  or  f i ber  opt i c cabl e.

1. 4. 34   I nt er net  Pr ot ocol  ( I P,  TCP/ I P,  UDP/ I P)  ( Al l  pr ot ocol s)

A communi cat i on met hod,  t he most  common use i s t he Wor l d Wi de Web.  At  t he 
l owest  l evel ,  i t  i s  based on I nt er net  Pr ot ocol  ( I P) ,  a met hod f or  
conveyi ng and r out i ng packet s of  i nf or mat i on over  var i ous LAN medi a.  Two 
common pr ot ocol s usi ng I P ar e User  Dat agr am Pr ot ocol  ( UDP)  and 
Tr ansmi ssi on Cont r ol  Pr ot ocol  ( TCP) .  UDP conveys i nf or mat i on t o wel l - known 
" socket s"  wi t hout  conf i r mat i on of  r ecei pt .  TCP est abl i shes connect i ons,  
al so known as " sessi ons" ,  whi ch have end- t o- end conf i r mat i on and 
guar ant eed sequence of  del i ver y.
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1. 4. 35   I nput / Out put  ( I / O)  ( Al l  pr ot ocol s)

Physi cal  i nput s and out put s t o and f r om a devi ce,  al t hough t he t er m 
somet i mes descr i bes net wor k or  " v i r t ual "  i nput s or  out put s.  See al so 
" Poi nt s" .

1. 4. 36   I / O Expansi on Uni t  ( Al l  pr ot ocol s)

An I / O expansi on uni t  pr ovi des addi t i onal  poi nt  capaci t y t o a di gi t al  
cont r ol l er

1. 4. 37   I P subnet  ( Al l  pr ot ocol s)

A gr oup of  devi ces whi ch shar e a def i ned r ange I P addr esses.  Devi ces on a 
common I P subnet  can shar e dat a ( i ncl udi ng br oadcast s)  di r ect l y wi t hout  
t he need f or  t he t r af f i c  t o t r aver se an I P r out er .

1. 4. 38   JACE ( Ni agar a Fr amewor k)

Java Appl i cat i on Cont r ol  Engi ne.   See par agr aph NI AGARA FRAMEWORK 
SUPERVI SORY GATEWAY

1. 4. 39   Local - Ar ea Net wor k ( LAN)  ( Al l  pr ot ocol s)

A communi cat i on net wor k t hat  spans a l i mi t ed geogr aphi c ar ea and uses t he 
same basi c communi cat i on t echnol ogy t hr oughout .

1. 4. 40   Local  Di spl ay Panel s ( LDPs)  ( Al l  pr ot ocol s)

A DDC Har dwar e wi t h a di spl ay and navi gat i on but t ons,  and must  pr ovi de 
di spl ay and adj ust ment  of  poi nt s as shown on t he Poi nt s Schedul e and as  
i ndi cat ed.

1. 4. 41   MAC Addr ess ( Al l  pr ot ocol s)

Medi a Access Cont r ol  addr ess.   The physi cal  devi ce addr ess t hat  i dent i f i es 
a devi ce on a Local  Ar ea Net wor k.

1. 4. 42   Mast er - Sl ave/ Token- Passi ng ( MS/ TP)  ( BACnet )

Dat a l i nk pr ot ocol  as def i ned by t he BACnet  st andar d.   Mul t i pl e speeds 
( dat a r at es)  ar e per mi t t ed by t he BACnet  MS/ TP st andar d.

1. 4. 43   Moni t or i ng and Cont r ol  ( M&C)  Sof t war e ( Al l  pr ot ocol s)
 

The UMCS ' f r ont  end'  sof t war e whi ch per f or ms super vi sor y f unct i ons such as 
al ar m handl i ng,  schedul i ng and dat a l oggi ng and pr ovi des a user  i nt er f ace 
f or  moni t or i ng t he syst em and conf i gur i ng  t hese f unct i ons.

1. 4. 44   Net wor k Number  ( BACnet )

A si t e- speci f i c  number  assi gned t o each net wor k.  Thi s net wor k number  must  
be uni que t hr oughout  t he BACnet  I nt er net wor k.

1. 4. 45   Ni agar a Fr amewor k ( Ni agar a Fr amewor k)

A set  of  har dwar e and sof t war e speci f i cat i ons f or  bui l di ng and ut i l i t y  
cont r ol  owned by Tr i di um I nc.  and l i censed t o mul t i pl e vendor s.   The 
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Fr amewor k consi st s of  f r ont  end ( M&C)  sof t war e,  web based cl i ent s,  f i el d 
l evel  cont r ol  har dwar e,  and engi neer i ng t ool s.   Whi l e t he Ni agar a 
Fr amewor k i s not  adopt ed by a r ecogni zed st andar ds body and does not  use 
an open l i censi ng model ,  i t  i s  suf f i c i ent l y wel l - suppor t ed by mul t i pl e 
HVAC vendor s t o be consi der ed a de- f act o Open St andar d.

1. 4. 46   Ni agar a Fr amewor k Super vi sor y Gat eway ( Ni agar a Fr amewor k)

DDC Har dwar e component  of  t he Ni agar a Fr amewor k.   A t ypi cal  Ni agar a 
ar chi t ect ur e has Ni agar a speci f i c  super vi sor y gat eways at  t he I P l evel  and 
ot her  ( non- Ni agar a speci f i c)  cont r ol l er s on f i el d net wor ks ( TP/ FT- 10,  
MS/ TP,  et c. )  beneat h t he Ni agar a super vi sor y gat eways.   The Ni agar a 
speci f i c  cont r ol l er s f unct i on as a gat eway bet ween t he Ni agar a f r amewor k 
pr ot ocol  ( Fox)  and t he f i el d net wor k beneat h.   These super vi sor y gat eways 
may al so be used as gener al  pur pose cont r ol l er s and al so have t he 
capabi l i t y  t o pr ovi de a web- based user  i nt er f ace.

Not e t hat  di f f er ent  vendor s r ef er  t o t hi s component  by di f f er ent  names.   
The most  common name i s " JACE" ;  ot her  names i ncl ude ( but  ar e not  l i mi t ed 
t o) " EC- BOS" ,  " FX- 40" ,  " TMN" ,  " SLX"  and " UNC" .

1. 4. 47   Obj ect  ( BACnet )

An ASHRAE 135 Obj ect .   The concept  of  or gani z i ng BACnet  i nf or mat i on i nt o 
st andar d component s wi t h var i ous associ at ed Pr oper t i es.   Exampl es i ncl ude  
Anal og I nput  obj ect s and Bi nar y Out put  obj ect s.

1. 4. 48   Obj ect  I dent i f i er  ( BACnet )

A gr oupi ng of  t wo Obj ect  pr oper t i es:  Obj ect  Type ( e. g.  Anal og Val ue,   
Schedul e,  et c. )  and Obj ect  I nst ance ( i n t hi s case,  a number ) .   Obj ect  
I dent i f i er s must  be uni que wi t hi n a devi ce.

1. 4. 49   Obj ect  I nst ance  ( BACnet )

See par agr aph OBJECT I DENTI FI ER

1. 4. 50   Obj ect  Pr oper t i es ( BACnet )

At t r i but es of  an obj ect .   Exampl es i ncl ude pr esent  val ue and hi gh l i mi t  
pr oper t i es of  an anal og i nput  obj ect .  Pr oper t i es ar e def i ned i n ASHRAE 135;  
some ar e opt i onal  and some ar e r equi r ed.   Obj ect s ar e cont r ol l ed by 
r eadi ng f r om and wr i t i ng t o obj ect  pr oper t i es.

1. 4. 51   Oper at or  Conf i gur abl e ( Al l  pr ot ocol s)

Oper at or  conf i gur abl e val ues ar e val ues t hat  can be changed f r om a si ngl e 
common f r ont  end user  i nt er f ace acr oss mul t i pl e vendor  syst ems.

For  Ni agar a Fr amewor k Syst ems,  a pr oper t y,  set t i ng,  or  val ue i s Oper at or  
Conf i gur abl e when i t  i s  conf i gur abl e f r om a Ni agar a Fr amewor k Fr ont  End.

1. 4. 52   Over r i de ( Al l  pr ot ocol s)

Changi ng t he val ue of  a poi nt  out s i de of  t he nor mal  sequence of  oper at i on 
wher e t he change has pr i or i t y over  t he sequence and wher e t her e i s a 
mechani sm f or  r el easi ng t he change such t hat  t he poi nt  r et ur ns t o t he 
nor mal  val ue.   Over r i des per si st  unt i l  r el eased or  over r i dden at  t he same 
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or  hi gher  pr i or i t y but  ar e not  r equi r ed t o per si st  t hr ough a l oss of  power .
Over r i des ar e of t en used by oper at or s t o change val ues,  and gener al l y 
or i gi nat e at  a user  i nt er f ace ( wor kst at i on or  l ocal  di spl ay panel ) .

1. 4. 53   Packaged Equi pment  ( Al l  pr ot ocol s)

Packaged equi pment  i s a s i ngl e pi ece of  equi pment  pr ovi ded by a 
manuf act ur er  i n a subst ant i al l y  compl et e and oper abl e condi t i on,  wher e t he 
cont r ol s ( DDC Har dwar e)  ar e f act or y i nst al l ed,  and t he equi pment  i s sol d 
and shi pped f r om t he manuf act ur er  as a s i ngl e ent i t y.   Di sassembl y and 
r eassembl y of  a l ar ge pi ece of  equi pment  f or  shi ppi ng does not  pr event  i t  
f r om bei ng packaged equi pment .   Package uni t s may r equi r e f i el d 
i nst al l at i on of  r emot e sensor s.   Packaged equi pment  i s al so cal l ed a 
" packaged uni t " .   

Not e i ndust r y may use t he t er m " Packaged Syst em"  t o mean a col l ect i on of  
equi pment  t hat  i s  desi gned t o wor k t oget her  wher e each pi ece of  equi pment  
i s packaged equi pment  and t her e i s a net wor k t hat  connect s t he equi pment  
t oget her .   A " packaged syst em"  of  t hi s t ype i s NOT packaged equi pment ;  i t  
i s  a col l ect i on of  packaged equi pment ,  and each pi ece of  equi pment  must  
i ndi v i dual l y meet  speci f i cat i on r equi r ement s.

1. 4. 54   Packaged Uni t  ( Al l  pr ot ocol s)

See packaged equi pment .

1. 4. 55   Per f or mance Ver i f i cat i on Test  ( PVT)  ( Al l  pr ot ocol s)

The pr ocedur e f or  det er mi ni ng i f  t he i nst al l ed BAS meet s desi gn cr i t er i a 
pr i or  t o f i nal  accept ance.   The PVT i s per f or med af t er  i nst al l at i on,  
t est i ng,  and bal anci ng of  mechani cal  syst ems.  Typi cal l y t he PVT i s 
per f or med by t he Cont r act or  i n t he pr esence of  t he Gover nment .

1. 4. 56   Physi cal  Segment  ( BACnet )

A si ngl e cont i guous medi um t o whi ch BACnet  devi ces ar e at t ached ( ASHRAE 135
) .

1. 4. 57   Pol l i ng ( Al l  pr ot ocol s)

 A devi ce per i odi cal l y r equest i ng dat a f r om anot her  devi ce.

1. 4. 58   Poi nt s ( Al l  pr ot ocol s)

Physi cal  and vi r t ual  i nput s and out put s.  See al so par agr aph I NPUT/ OUTPUT 
( I / O) .

1. 4. 59   Pr opor t i onal ,  I nt egr al ,  and Der i vat i ve ( PI D)  Cont r ol  Loop ( Al l  
pr ot ocol s)

Thr ee par amet er s used t o cont r ol  modul at i ng equi pment  t o mai nt ai n a 
set poi nt .  Der i vat i ve cont r ol  i s  of t en not  r equi r ed f or  HVAC syst ems 
( l eavi ng " PI "  cont r ol ) .

1. 4. 60   Pr opr i et ar y ( BACnet )

Wi t hi n t he cont ext  of  BACnet ,  any ext ensi on of  or  addi t i on t o obj ect  
t ypes,  pr oper t i es,  Pr i vat eTr ansf er  ser vi ces,  or  enumer at i ons speci f i ed i n 
ASHRAE 135.    Obj ect s wi t h Obj ect _Type val ues of  128 and above ar e 
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Pr opr i et ar y Obj ect s.   Pr oper t i es wi t h Pr oper t y_I dent i f i er  of  512 and above 
ar e pr opr i et ar y Pr oper t i es.

1. 4. 61   Pr ot ocol  I mpl ement at i on Conf or mance St at ement  ( PI CS)  ( BACnet )

A document ,  cr eat ed by t he manuf act ur er  of  a devi ce,  whi ch descr i bes whi ch 
por t i ons of  t he BACnet  st andar d may be i mpl ement ed by a gi ven devi ce.   
ASHRAE 135 r equi r es t hat  al l  ASHRAE 135 devi ces have a PI CS,  and al so 
def i nes a mi ni mum set  of  i nf or mat i on t hat  must  be i n i t .   A devi ce as 
i nst al l ed f or  a speci f i c  pr oj ect  may not  i mpl ement  ever yt hi ng i n i t s PI CS.

1. 4. 62   Repeat er  ( Al l  pr ot ocol s)

 A devi ce t hat  connect s t wo cont r ol  net wor k segment s and r et r ansmi t s al l  
i nf or mat i on r ecei ved on one si de ont o t he ot her .

1. 4. 63   Rout er  ( Al l  pr ot ocol s)

 A devi ce t hat  connect s t wo ASHRAE 135 net wor ks and cont r ol s t r af f i c  
bet ween t he t wo by r et r ansmi t t i ng s i gnal s r ecei ved f r om one si de ont o t he 
ot her  based on t he si gnal  dest i nat i on.   Rout er s ar e used t o subdi v i de a 
BACnet  i nt er net wor k and t o l i mi t  net wor k t r af f i c .

1. 4. 64   Segment  ( Al l  pr ot ocol s)

 A ' s i ngl e'  sect i on of  a cont r ol  net wor k t hat  cont ai ns no r epeat er s or  
r out er s.   Ther e i s gener al l y a l i mi t  on t he number  of  devi ces on a 
segment ,  and t hi s l i mi t  i s  dependent  on t he t opol ogy/ medi a and devi ce 
t ype.   

1. 4. 65   St andar d BACnet  Obj ect s ( BACnet )

Obj ect s wi t h Obj ect _Type val ues bel ow 128 and speci f i cal l y enumer at ed i n 
Cl ause 21 of  ASHRAE 135.   Obj ect s whi ch ar e not  pr opr i et ar y.   See 
par agr aph PROPRI ETARY.

1. 4. 66   St andar d BACnet  Pr oper t i es ( BACnet )

Pr oper t i es wi t h Pr oper t y_I dent i f i er  val ues bel ow 512 and speci f i cal l y 
enumer at ed i n Cl ause 21 of  ASHRAE 135.   Pr oper t i es whi ch ar e not  
pr opr i et ar y.   See Pr opr i et ar y.

1. 4. 67   St andar d BACnet  Ser vi ces ( BACnet )

ASHRAE 135 ser vi ces ot her  t han Conf i r medPr i vat eTr ansf er  or  
Unconf i r medPr i vat eTr ansf er .   See par agr aph PROPRI ETARY.

1. 4. 68   UMCS ( Al l  pr ot ocol s)

UMCS st ands f or  Ut i l i t y  Moni t or i ng and Cont r ol  Syst em.   The t er m r ef er s t o 
al l  component s by whi ch a pr oj ect  s i t e moni t or s,  manages,  and cont r ol s 
r eal - t i me oper at i on of  HVAC and ot her  bui l di ng syst ems.  These component s 
i ncl ude t he UMCS " f r ont - end"  and al l  f i el d bui l di ng cont r ol  syst ems 
connect ed t o t he f r ont - end.   The f r ont - end consi st s of  Moni t or i ng and 
Cont r ol  Sof t war e ( user  i nt er f ace sof t war e) ,  br owser - based user  i nt er f aces 
and net wor k i nf r ast r uct ur e.  

The net wor k i nf r ast r uct ur e ( t he " UMCS Net wor k" ) ,  i s  an I P net wor k 
connect i ng mul t i pl e bui l di ng or  f aci l i t y  cont r ol  net wor ks t o t he 
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Moni t or i ng and Cont r ol  Sof t war e.

1. 4. 69   UMCS Net wor k ( Al l  pr ot ocol s)

The UMCS Net wor k connect s mul t i pl e bui l di ng or  f aci l i t y  cont r ol  net wor ks 
t o t he Moni t or i ng and Cont r ol  Sof t war e.

1. 4. 70   Wr i t abl e Pr oper t y ( BACnet )

A Pr oper t y i s Wr i t abl e when i t  can be changed t hr ough t he use of  one or  
mor e of  t he Wr i t ePr oper t y ser vi ces def i ned i n ASHRAE 135,  Cl ause 15 
r egar dl ess of  t he val ue of  any ot her  Pr oper t y.   Not e t hat  i n t he ASHRAE 135
 st andar d,  some Pr oper t i es may be wr i t abl e when t he Out  of  Ser vi ce 
Pr oper t y i s TRUE;  f or  pur poses of  t hi s Sect i on,  Pr oper t i es t hat  ar e onl y 
wr i t abl e when t he Out  of  Ser vi ce Pr oper t y i s TRUE ar e not  consi der ed t o be 
Wr i t abl e.

1. 5   PROJECT SEQUENCI NG

TABLE I I :  PROJECT SEQUENCI NG l i st s t he sequenci ng of  submi t t al s as 
speci f i ed i n par agr aph SUBMI TTALS ( denot ed by an ' S'  i n t he ' TYPE'  col umn)  
and act i v i t i es as speci f i ed i n PART 3 EXECUTI ON ( denot ed by an ' E'  i n t he 
' TYPE'  col umn) .   TABLE I I  does not  speci f y over al l  pr oj ect  mi l est one and 
compl et i on dat es.

a.   Sequenci ng f or  Submi t t al s:  The sequenci ng speci f i ed f or  submi t t al s i s 
t he deadl i ne by whi ch t he submi t t al  must  be i ni t i al l y  submi t t ed t o t he 
Gover nment .   Fol l owi ng submi ssi on t her e wi l l  be a Gover nment  r evi ew 
per i od as speci f i ed i n Sect i on 01 33 00 SUBMI TTAL PROCEDURES.   I f  t he 
submi t t al  i s  not  accept ed by t he Gover nment ,  r evi se t he submi t t al  and 
r esubmi t  i t  t o t he Gover nment  wi t hi n 14 days of  not i f i cat i on t hat  t he 
submi t t al  has been r ej ect ed.   Upon r esubmi t t al  t her e wi l l  be an 
addi t i onal  Gover nment  r evi ew per i od.   I f  t he submi t t al  i s  not  accept ed 
t he pr ocess r epeat s unt i l  t he submi t t al  i s  accept ed by t he Gover nment .

b.   Sequenci ng f or  Act i v i t i es:   The sequenci ng speci f i ed f or  act i v i t i es 
i ndi cat es t he ear l i est  t he act i v i t y may begi n.

c.   Abbr evi at i ons:   I n TABLE I I  t he abbr evi at i on AAO i s used f or  ' af t er  
appr oval  of '  and ' ACO'  i s used f or  ' af t er  compl et i on of ' .

TABLE I I .  PROJECT SEQUENCI NG

I TEM
#

TYPE DESCRI PTI ON SEQUENCI NG ( START OF
ACTI VI TY OR DEADLI NE FOR

SUBMI TTAL)
1 S Exi st i ng Condi t i ons Repor t

2 S DDC Cont r act or  Desi gn Dr awi ngs

3 S Manuf act ur er ' s Pr oduct  Dat a

4 S Pr e- const r uct i on QC Checkl i st

5 E I nst al l  Bui l di ng Cont r ol  Syst em AAO #1 t hr u #4

SECTI ON 23 09 00  Page 14



D51 Hangar  Conver si on t o Human Per f or mance Cent er  FTFA 23- VH59
Egl i n AFB,  Fl or i da

TABLE I I .  PROJECT SEQUENCI NG

I TEM
#

TYPE DESCRI PTI ON SEQUENCI NG ( START OF
ACTI VI TY OR DEADLI NE FOR

SUBMI TTAL)
6 E St ar t - Up and St ar t - Up Test i ng ACO #5

7 S Post - Const r uct i on QC Checkl i st ACO #6

8 S Pr ogr ammi ng Sof t war e
Conf i gur at i on Sof t war e

Ni agar a Fr amewor k Engi neer i ng Tool
Ni agar a Fr amewor k Wi zar ds

ACO #6

9 S Dr af t  As- Bui l t  Dr awi ngs ACO #6

10 S St ar t - Up Test i ng Repor t ACO #6

11 S PVT Pr ocedur es bef or e schedul e st ar t  of  
#12 and AAO #10

12 E Execut e PVT AAO #9 and #11

13 S PVT Repor t ACO #12

14 S Cont r ol l er  Appl i cat i on Pr ogr ams
Cont r ol l er  Conf i gur at i on Set t i ngs

Ni agar a Fr amewor k Super vi sor y Gat eway Backups

AAO #13

15 S Fi nal  As- Bui l t  Dr awi ngs AAO #13

16 S O&M I nst r uct i ons AAO #15
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TABLE I I .  PROJECT SEQUENCI NG

I TEM
#

TYPE DESCRI PTI ON SEQUENCI NG ( START OF
ACTI VI TY OR DEADLI NE FOR

SUBMI TTAL)
17 S Tr ai ni ng Document at i on AAO #10 and bef or e 

schedul ed st ar t  of  #18

18 E Tr ai ni ng AAO #16 and #17

19 S Cl oseout  QC Checkl i st ACO #18

1. 6   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  c l assi f i cat i on.   
Submi t t al s not  havi ng a " G"  c l assi f i cat i on ar e f or  Cont r act or  Qual i t y 
Cont r ol  appr oval .  Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 
SUBMI TTAL PROCEDURES:

SD- 02 Shop Dr awi ngs

DDC Cont r act or  Desi gn Dr awi ngs;  G

Dr af t  As- Bui l t  Dr awi ngs;  G

Fi nal  As- Bui l t  Dr awi ngs;  G

SD- 03 Pr oduct  Dat a

Pr ogr ammi ng Sof t war e;  G

Cont r ol l er  Appl i cat i on Pr ogr ams;  G

Conf i gur at i on Sof t war e;  G

Cont r ol l er  Conf i gur at i on Set t i ngs;  G

Pr opr i et ar y Mul t i - Spl i t  Engi neer i ng Tool  Sof t war e;  G

Manuf act ur er ' s Pr oduct  Dat a;  G

Ni agar a Fr amewor k Super vi sor y Gat eway Backups;  G

Ni agar a Fr amewor k Engi neer i ng Tool ;  G
 

SD- 05 Desi gn Dat a

Boi l er  Or  Chi l l er  Pl ant  Gat eway Request

SD- 06 Test  Repor t s

Pr e- Const r uct i on Qual i t y Cont r ol  ( QC)  Checkl i st ;  G
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Post - Const r uct i on Qual i t y Cont r ol  ( QC)  Checkl i st ;  G

St ar t - Up Test i ng Repor t ;  G

PVT Pr ocedur es;  G

PVT Repor t ;  G

SD- 10 Oper at i on and Mai nt enance Dat a

Oper at i on and Mai nt enance ( O&M)  I nst r uct i ons;  G

Tr ai ni ng Document at i on;  G

SD- 11 Cl oseout  Submi t t al s

Encl osur e Keys;  G

Passwor d Summar y Repor t ;  G

Cl oseout  Qual i t y Cont r ol  ( QC)  Checkl i st ;  G

1. 7   DATA PACKAGE AND SUBMI TTAL REQUI REMENTS

Techni cal  dat a packages consi st i ng of  t echni cal  dat a and comput er  sof t war e 
( meani ng t echni cal  dat a whi ch r el at es t o comput er  sof t war e)  whi ch ar e 
speci f i cal l y i dent i f i ed i n t hi s pr oj ect  and whi ch may be def i ned/ r equi r ed 
i n ot her  speci f i cat i ons must  be del i ver ed st r i ct l y i n accor dance wi t h t he 
CONTRACT CLAUSES and i n accor dance wi t h t he Cont r act  Dat a Requi r ement s 
Li st ,  DD For m 1423.   Dat a del i ver ed must  be i dent i f i ed by r ef er ence t o t he 
par t i cul ar  speci f i cat i on par agr aph agai nst  whi ch i t  i s  f ur ni shed.   Al l  
submi t t al s not  speci f i ed as t echni cal  dat a packages ar e consi der ed ' shop 
dr awi ngs'  under  t he Feder al  Acqui s i t i on Regul at i on Suppl ement  ( FARS)  and 
must  cont ai n no pr opr i et ar y i nf or mat i on and be del i ver ed wi t h unr est r i ct ed 
r i ght s.

1. 8   SOFTWARE FOR DDC HARDWARE AND GATEWAYS

Pr ovi de al l  sof t war e r el at ed t o t he pr ogr ammi ng and conf i gur at i on of  DDC 
Har dwar e and Gat eways as i ndi cat ed.   Li cense al l  Sof t war e t o t he pr oj ect  
s i t e.   The t er m " cont r ol l er "  as used i n t hese r equi r ement s means bot h DDC 
Har dwar e and Gat eways.

1. 8. 1   Conf i gur at i on Sof t war e

For  each t ype of  cont r ol l er ,  pr ovi de t he conf i gur at i on t ool  sof t war e i n 
accor dance wi t h Sect i on 23 09 23. 02 BACNET DI RECT DI GI TAL CONTROL FOR HVAC 
AND OTHER BUI LDI NG CONTROL SYSTEMS.    Submi t  har d copi es of  t he sof t war e 
user  manual s f or  each sof t war e wi t h t he sof t war e submi t t al .

Submi t  Conf i gur at i on Sof t war e on CD- ROM as a Techni cal  Dat a Package.   
Submi t   t hr ee har d copi es of  t he sof t war e user  manual  f or  each pi ece of  
sof t war e.

1. 8. 2   Cont r ol l er  Conf i gur at i on Set t i ngs

For  each cont r ol l er ,  pr ovi de copi es of  t he i nst al l ed conf i gur at i on 
set t i ngs as sour ce code compat i bl e wi t h t he conf i gur at i on t ool  sof t war e 
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f or  t hat  cont r ol l er  i n accor dance wi t h Sect i on 23 09 23. 02 BACNET DI RECT 
DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG CONTROL SYSTEMS.

Submi t  Cont r ol l er  Conf i gur at i on Set t i ngs on CD- ROM as a Techni cal  Dat a 
Package.   I ncl ude on t he CD- ROM a l i s t  or  t abl e of  cont ent s c l ear l y 
i ndi cat i ng whi ch f i l es ar e associ at ed wi t h each devi ce.   Submi t  2 copi es 
of  t he Cont r ol l er  Conf i gur at i on Set t i ngs CD- ROM.

1. 8. 3   Pr ogr ammi ng Sof t war e

For  each t ype of  pr ogr ammabl e cont r ol l er ,  pr ovi de t he pr ogr ammi ng sof t war e 
i n accor dance wi t h Sect i on 23 09 23. 02 BACNET DI RECT DI GI TAL CONTROL FOR 
HVAC AND OTHER BUI LDI NG CONTROL SYSTEMS.   Submi t  har d copi es of  sof t war e 
user  manual s f or  each sof t war e wi t h t he sof t war e submi t t al .

Submi t  Pr ogr ammi ng Sof t war e on CD- ROM as a Techni cal  Dat a Package.   
Submi t   t hr ee har d copi es of  t he sof t war e user  manual  f or  each pi ece of  
sof t war e.

1. 8. 4   Cont r ol l er  Appl i cat i on Pr ogr ams

For  each pr ogr ammabl e cont r ol l er ,  pr ovi de copi es of  t he appl i cat i on 
pr ogr am as sour ce code compat i bl e wi t h t he pr ogr ammi ng sof t war e f or  t hat  
cont r ol l er  i n accor dance wi t h Sect i on 23 09 23. 02 BACNET DI RECT DI GI TAL 
CONTROL FOR HVAC AND OTHER BUI LDI NG CONTROL SYSTEMS.

Submi t  Cont r ol l er  Appl i cat i on Pr ogr ams on CD- ROM as a Techni cal  Dat a 
Package.   I ncl ude on t he CD- ROM a l i s t  or  t abl e of  cont ent s c l ear l y 
i ndi cat i ng whi ch appl i cat i on pr ogr am i s associ at ed wi t h each devi ce.   
Submi t  2 copi es of  t he Cont r ol l er  Appl i cat i on Pr ogr ams CD- ROM.

1. 8. 5   Ni agar a Fr amewor k Super vi sor y Gat eway Backups

For  each Ni agar a Fr amewor k Super vi sor y Gat eway,  pr ovi de a backup of  al l  
sof t war e wi t hi n t he Ni agar a Fr amewor k Super vi sor y Gat eway,  i ncl udi ng 
conf i gur at i on set t i ngs.   Thi s backup must  be suf f i c i ent  t o al l ow t he 
r est or at i on of  t he Ni agar a Fr amewor k Super vi sor y Gat eway or  t he 
r epl acement  of  t he Ni agar a Fr amewor k Super vi sor y Gat eway.

Submi t  backups f or  each Ni agar a Fr amewor k Super vi sor y Gat eway on CD- ROM as 
a Techni cal  Dat a Package.   Mar k each backup i ndi cat i ng c l ear l y t he sour ce 
Ni agar a Fr amewor k Super vi sor y Gat eway.

1. 8. 6   Ni agar a Fr amewor k Engi neer i ng Tool ( f or  al l  Ni agar a Fr amewor k syst em)

Pr ovi de a Ni agar a Fr amewor k Engi neer i ng Tool  i n accor dance wi t h Sect i on 
23 09 23. 02 BACNET DI RECT DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG 
CONTROL SYSTEMS.   Submi t  sof t war e user  manual s wi t h t he Ni agar a Fr amewor k 
Engi neer i ng Tool  submi t t al .

Submi t  t he Ni agar a Fr amewor k Engi neer i ng Tool  on CD- ROM as a Techni cal  
Dat a Package.   Submi t   t hr ee har d copi es of  t he sof t war e user  manual  f or  
t he Ni agar a Fr amewor k Engi neer i ng Tool .

1. 9   BOI LER OR CHI LLER PLANT GATEWAY REQUEST

I f  r equest i ng t he use of  a gat eway t o a boi l er  or  chi l l er  pl ant  as 
i ndi cat ed i n par agr aph Pr opr i et ar y Syst ems Exempt ed Fr om Open Pr ot ocol  
Requi r ement s,  submi t  a Boi l er  or  Chi l l er  Pl ant  Gat eway Request  descr i bi ng 
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t he conf i gur at i on of  t he boi l er s or  chi l l er s i ncl udi ng model  number s f or  
equi pment  and cont r ol l er s,  t he sequence of  oper at i on f or  t he uni t s,  and a 
j ust i f i cat i on f or  t he need t o oper at e t he uni t s on a shar ed non- BACnet  
net wor k.  

1. 10   QUALI TY CONTROL CHECKLI STS

The QC Checkl i st  f or  Ni agar a Fr amewor k Based BACnet  Syst ems i n APPENDI X A 
of  t hi s Sect i on must  be compl et ed by t he Cont r act or ' s Chi ef  Qual i t y 
Cont r ol  ( QC)  Repr esent at i ve and submi t t ed as i ndi cat ed.

The QC Repr esent at i ve must  ver i f y each i t em i ndi cat ed and i ni t i al  i n t he 
space pr ovi ded t o i ndi cat e t hat  t he r equi r ement  has been met .   The QC 
Repr esent at i ve must  s i gn and dat e t he Checkl i st  pr i or  t o submi ssi on t o t he 
Gover nment .

1. 10. 1   Pr e- Const r uct i on Qual i t y Cont r ol  ( QC)  Checkl i st

Compl et e i t ems i ndi cat ed as Pr e- Const r uct i on QC Checkl i st  i t ems i n t he QC 
Checkl i st .   Submi t  f our  copi es of  t he Pr e- Const r uct i on QC Checkl i st .  

1. 10. 2   Post - Const r uct i on Qual i t y Cont r ol  ( QC)  Checkl i st

Compl et e i t ems i ndi cat ed as Post - Const r uct i on QC Checkl i st  i t ems i n t he QC 
Checkl i st .   Submi t  f our  copi es of  t he Post - Const r uct i on QC Checkl i st .  

1. 10. 3   Cl oseout  Qual i t y Cont r ol  ( QC)  Checkl i st

Compl et e i t ems i ndi cat ed as Cl oseout  QC Checkl i st  i t ems i n t he QC 
Checkl i st .   Submi t  f our  copi es of  t he Cl oseout  QC Checkl i st .  

PART 2   PRODUCTS

Pr ovi de pr oduct s meet i ng t he r equi r ement s of  Sect i on 23 09 13 
I NSTRUMENTATI ON AND CONTROL DEVI CES FOR HVAC,  Sect i on 23 09 23. 02 BACNET 
DI RECT DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG CONTROL SYSTEMS f or  
BACnet  or  Ni agar a BACnet  syst ems,  ot her  r ef er enced Sect i ons,  and t hi s 
Sect i on.

2. 1   GENERAL PRODUCT REQUI REMENTS

Uni t s of  t he same t ype of  equi pment  must  be pr oduct s of  a s i ngl e 
manuf act ur er .   Each maj or  component  of  equi pment  must  have t he 
manuf act ur er ' s name and addr ess,  and t he model  and ser i al  number  i n a 
conspi cuous pl ace.   Mat er i al s and equi pment  must  be st andar d pr oduct s of  a 
manuf act ur er  r egul ar l y engaged i n t he manuf act ur i ng of  t hese and si mi l ar  
pr oduct s.   The st andar d pr oduct s must  have been i n a sat i sf act or y 
commer ci al  or  i ndust r i al  use f or  t wo year s pr i or  t o use on t hi s pr oj ect .   
The t wo year  use must  i ncl ude appl i cat i ons of  equi pment  and mat er i al s 
under  s i mi l ar  c i r cumst ances and of  s i mi l ar  s i ze.   DDC Har dwar e not  meet i ng 
t he t wo- year  f i el d ser vi ce r equi r ement  i s accept abl e pr ovi ded i t  has been 
successf ul l y used by t he Cont r act or  i n a mi ni mum of  t wo pr evi ous 
pr oj ect s.   The equi pment  i t ems must  be suppor t ed by a ser vi ce 
or gani zat i on.   I t ems of  t he same t ype and pur pose must  be i dent i cal ,  
i ncl udi ng equi pment ,  assembl i es,  par t s and component s.

2. 2   PRODUCT DATA

Pr ovi de manuf act ur er ' s pr oduct  dat a sheet s document i ng compl i ance wi t h 
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pr oduct  speci f i cat i ons f or  each pr oduct  pr ovi ded under  Sect i on 23 09 13 
I NSTRUMENTATI ON AND CONTROL DEVI CES FOR HVAC,  Sect i on 23 09 23. 02 BACNET 
DI RECT DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG CONTROL SYSTEMS,  or  
t hi s Sect i on.   Pr ovi de pr oduct  dat a f or  al l  pr oduct s i n a s i ngl e i ndexed 
compendi um,  or gani zed by pr oduct  t ype.   

For  al l  BACnet  har dwar e:  f or  each manuf act ur er ,  model  and ver si on 
( r evi s i on)  of  DDC Har dwar e pr ovi de t he Pr ot ocol  I mpl ement at i on Conf or mance 
St at ement  ( PI CS)  i n accor dance wi t h Sect i on 23 09 23. 02 BACNET DI RECT 
DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG CONTROL SYSTEMS.

Submi t  Manuf act ur er ' s Pr oduct  Dat a on CD- ROM.

2. 3   OPERATI ON ENVI RONMENT

Unl ess ot her wi se speci f i ed,  pr ovi de pr oduct s r at ed f or  cont i nuous 
oper at i on under  t he f ol l owi ng condi t i ons:

a.   Pr essur e:  Pr essur e condi t i ons nor mal l y encount er ed i n t he i nst al l ed 
l ocat i on.

b.   Vi br at i on:  Vi br at i on condi t i ons nor mal l y encount er ed i n t he i nst al l ed 
l ocat i on.

c.   Temper at ur e:

( 1)   Pr oduct s i nst al l ed i ndoor s:  Ambi ent  t emper at ur es i n t he r ange of  
32 t o 112 degr ees F and t emper at ur e condi t i ons out si de t hi s r ange 
nor mal l y encount er ed at  t he i nst al l ed l ocat i on.

( 2)   Pr oduct s i nst al l ed out door s or  i n uncondi t i oned i ndoor  spaces:  
Ambi ent  t emper at ur es i n t he r ange of  0 t o 120 degr ees F and 
t emper at ur e condi t i ons out si de t hi s r ange nor mal l y encount er ed at  
t he i nst al l ed l ocat i on.

d.   Humi di t y:  10 t o 95 per cent  r el at i ve humi di t y,  noncondensi ng and 
humi di t y condi t i ons out si de t hi s r ange nor mal l y encount er ed at  t he 
i nst al l ed l ocat i on.

2. 4   WI RELESS CAPABI LI TY

For  pr oduct s i ncor por at i ng any wi r el ess capabi l i t y  ( i ncl udi ng but  not  
l i mi t ed t o r adi o f r equency ( RF) ,  i nf r ar ed and opt i cal ) ,  pr ovi de pr oduct s 
f or  whi ch wi r el ess capabi l i t y  can be per manent l y di sabl ed at  t he devi ce.   
Opt i cal  and i nf r ar ed capabi l i t i es may be di sabl ed vi a a per manent l y 
af f i xed opaque cover  pl at e.

2. 5   ENCLOSURES

Encl osur es suppl i ed as an i nt egr al  ( pr e- packaged)  par t  of  anot her  pr oduct  
ar e accept abl e.   Pr ovi de t wo Encl osur e Keys f or  each l ockabl e encl osur e on 
a s i ngl e r i ng per  encl osur e wi t h a t ag i dent i f y i ng t he encl osur e t he keys 
oper at e.   Pr ovi de encl osur es meet i ng t he f ol l owi ng mi ni mum r equi r ement s:

2. 5. 1   Out door s

For  encl osur es l ocat ed out door s,  pr ovi de encl osur es meet i ng NEMA 250 Type 4
 r equi r ement s.
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2. 5. 2   Mechani cal  and El ect r i cal  Rooms

For  encl osur es l ocat ed i n mechani cal  or  el ect r i cal  r ooms,  pr ovi de 
encl osur es meet i ng NEMA 250 Type 2 r equi r ement s.

2. 5. 3   Ot her  Locat i ons

For  encl osur es i n ot her  l ocat i ons i ncl udi ng but  not  l i mi t ed t o occupi ed 
spaces,  above cei l i ngs,  and i n pl enum r et ur ns,  pr ovi de encl osur es meet i ng 
NEMA 250 Type 1 r equi r ement s.

2. 6   WI RE AND CABLE

Pr ovi de wi r e and cabl e meet i ng t he r equi r ement s of  NFPA 70 and NFPA 90A i n 
addi t i on t o t he r equi r ement s of  t hi s speci f i cat i on and r ef er enced 
speci f i cat i ons.

2. 6. 1   Ter mi nal  Bl ocks

For  t er mi nal  bl ocks whi ch ar e not  i nt egr al  t o ot her  equi pment ,  pr ovi de 
t er mi nal  bl ocks whi ch ar e i nsul at ed,  modul ar ,  f eed- t hr ough,  c l amp st y l e 
wi t h r ecessed capt i ve scr ew- t ype cl ampi ng mechani sm,  sui t abl e f or  DI N r ai l  
mount i ng,  and whi ch have encl osed si des or  end pl at es and par t i t i on pl at es 
f or  separ at i on.

2. 6. 2   Cont r ol  Wi r i ng f or  Bi nar y Si gnal s

For  Cont r ol  Wi r i ng f or  Bi nar y Si gnal s,  pr ovi de  18 AWG copper  or  t hi cker  
wi r e r at ed f or  300- vol t  ser vi ce.

2. 6. 3   Cont r ol  Wi r i ng f or  Anal og Si gnal s

For  Cont r ol  Wi r i ng f or  Anal og Si gnal s,  pr ovi de  18 AWG or  t hi cker ,  copper ,  
s i ngl e-  or  mul t i pl e- t wi st ed wi r e meet i ng t he f ol l owi ng r equi r ement s:

a.  mi ni mum 2 i nch l ay of  t wi st

b.  100 per cent  shi el ded pai r s

c.  at  l east  300- vol t  i nsul at i on

d.  each pai r  has a 20 AWG t i nned- copper  dr ai n wi r e and i ndi v i dual  over al l  
pai r  i nsul at i on

e.  cabl es have an over al l  al umi num- pol yest er  or  t i nned- copper  cabl e- shi el d 
t ape,  over al l  20 AWG t i nned- copper  cabl e dr ai n wi r e,  and over al l  cabl e 
i nsul at i on.

2. 6. 4   Power  Wi r i ng f or  Cont r ol  Devi ces

For  24- vol t  c i r cui t s,  pr ovi de i nsul at ed copper  18 AWG or  t hi cker  wi r e 
r at ed f or  300 VAC ser vi ce.   For  120- vol t  c i r cui t s,  pr ovi de 14 AWG or  
t hi cker  st r anded copper  wi r e r at ed f or  600- vol t  ser vi ce.

2. 6. 5   Tr ansf or mer s

Pr ovi de UL 5085- 3 appr oved t r ansf or mer s.   Sel ect  t r ansf or mer s s i zed so 
t hat  t he connect ed l oad i s no gr eat er  t han 80 per cent  of  t he t r ansf or mer  
r at ed capaci t y.
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PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

Ful l y i nst al l  and t est  t he cont r ol  syst em i n accor dance Sect i on 23 09 13 
I NSTRUMENTATI ON AND CONTROL DEVI CES FOR HVAC,  Sect i on 23 09 23. 02 BACNET 
DI RECT DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG CONTROL SYSTEMS f or  
BACnet  or  Ni agar a BACnet  syst ems,  and t hi s Sect i on.  

3. 1. 1   Di el ect r i c I sol at i on

Pr ovi de di el ect r i c i sol at i on wher e di ssi mi l ar  met al s ar e used f or  
connect i on and suppor t .   I nst al l  cont r ol  syst em i n a mat t er  t hat  pr ovi des 
cl ear ance f or  cont r ol  syst em mai nt enance by mai nt ai ni ng access space 
r equi r ed t o cal i br at e,  r emove,  r epai r ,  or  r epl ace cont r ol  syst em devi ces.   
I nst al l  cont r ol  syst em such t hat  i t  does not  i nt er f er e wi t h t he c l ear ance 
r equi r ement s f or  mechani cal  and el ect r i cal  syst em mai nt enance.

3. 1. 2   Penet r at i ons i n Bui l di ng Ext er i or

Make al l  penet r at i ons t hr ough and mount i ng hol es i n t he bui l di ng ext er i or  
wat er t i ght .

3. 1. 3   Devi ce Mount i ng Cr i t er i a

I nst al l  devi ces i n accor dance wi t h t he manuf act ur er ' s r ecommendat i ons and 
as i ndi cat ed and shown.   Pr ovi de a weat her shi el d f or  al l  devi ces i nst al l ed 
out door s.   Pr ovi de cl ear ance f or  cont r ol  syst em mai nt enance by mai nt ai ni ng 
access space r equi r ed t o cal i br at e,  r emove,  r epai r ,  or  r epl ace cont r ol  
syst em devi ces.   Pr ovi de cl ear ance f or  mechani cal  and el ect r i cal  syst em 
mai nt enance;   do not  not  i nt er f er e wi t h t he c l ear ance r equi r ement s f or  
mechani cal  and el ect r i cal  syst em mai nt enance.

3. 1. 4   Label s and Tags

Key al l  l abel s and t ags t o t he uni que i dent i f i er s shown on t he As- Bui l t  
dr awi ngs.  For  l abel s ext er i or  t o pr ot ect i ve encl osur es pr ovi de engr aved 
pl ast i c l abel s mechani cal l y at t ached t o t he encl osur e or  DDC Har dwar e.   
Label s i nsi de pr ot ect i ve encl osur es may be at t ached usi ng adhesi ve,  but  
must  not  be hand wr i t t en.  For  t ags,  pr ovi de pl ast i c or  met al  t ags 
mechani cal l y at t ached di r ect l y t o each devi ce or  at t ached by a met al  chai n 
or  wi r e.  

a.   Label  al l  Encl osur es and DDC Har dwar e.

b.   Tag Ai r f l ow measur ement  ar r ays ( AFMA)  wi t h f l ow r at e r ange f or  s i gnal  
out put  r ange,  duct  s i ze,  and pi t ot  t ube AFMA f l ow coef f i c i ent .

c.   Tag duct  st at i c pr essur e t aps at  t he l ocat i on of  t he pr essur e t ap

3. 1. 5   Sur ge Pr ot ect i on

3. 1. 5. 1   Power - Li ne Sur ge Pr ot ect i on

Pr ot ect  equi pment  connect ed t o AC ci r cui t s t o wi t hst and power - l i ne sur ges 
i n accor dance wi t h I EEE C62. 41.   Do not  use f uses f or  sur ge pr ot ect i on.
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3. 1. 5. 2   Sur ge Pr ot ect i on f or  Tr ansmi t t er  and Cont r ol  Wi r i ng

Pr ot ect  DDC har dwar e agai nst  or  pr ovi ded DDC har dwar e capabl e of  
wi t hst andi ng sur ges i nduced on cont r ol  and t r ansmi t t er  wi r i ng i nst al l ed 
out door s and as shown.   Pr ot ect  equi pment  agai nst  t he f ol l owi ng t wo 
wavef or ms:

a.   A wavef or m wi t h a 10- mi cr osecond r i se t i me,  a 1000- mi cr osecond decay 
t i me and a peak cur r ent  of  60 amps.

b.   A wavef or m wi t h an 8- mi cr osecond r i se t i me,  a 20- mi cr osecond decay 
t i me and a peak cur r ent  of  500 amper es.

3. 1. 6   Basi c Cyber secur i t y Requi r ement s

3. 1. 6. 1   Passwor ds

For  al l  devi ces wi t h a passwor d,  change t he passwor d f r om t he def aul t  
passwor d.   Do not  use t he same passwor d f or  mor e t han one devi ce.   
Coor di nat e sel ect i on of  passwor ds wi t h Base Cont r ol s Shop.   Pr ovi de a 
Passwor d Summar y Repor t  document i ng t he passwor d f or  each devi ce and 
descr i bi ng t he pr ocedur e t o change t he passwor d f or  each devi ce.

Pr ovi de t wo har dcopi es of  t he Passwor d Summar y Repor t ,  each copy i n i t s 
own seal ed envel ope.  

3. 1. 6. 2   Wi r el ess Capabi l i t y

Unl ess ot her wi se i ndi cat ed,  di sabl e wi r el ess capabi l i t y  ( i ncl udi ng but  not  
l i mi t ed t o r adi o f r equency ( RF) ,  i nf r ar ed and opt i cal )  f or  al l  devi ces 
wi t h wi r el ess capabi l i t y .   Opt i cal  and i nf r ar ed capabi l i t i es may be 
di sabl ed vi a a per manent l y af f i xed opaque cover  pl at e.   Passwor d 
pr ot ect i ng a wi r el ess connect i ons does not  meet  t hi s r equi r ement ;  t he 
wi r el ess capabi l i t y  must  be di sabl ed.

3. 1. 6. 3   I P Net wor k Physi cal  Secur i t y

I nst al l  al l  I P Net wor k medi a i n condui t .   I nst al l  al l  I P devi ces i ncl udi ng 
but  not  l i mi t ed t o I P- enabl ed DDC har dwar e and I P Net wor k Har dwar e i n 
l ockabl e encl osur es.

3. 2   DRAWI NGS AND CALCULATI ONS

Pr ovi de dr awi ngs i n t he f or m and ar r angement  i ndi cat ed and shown.   Use t he 
same abbr evi at i ons,  symbol s,  nomencl at ur e and i dent i f i er s shown.   Assi gn a 
uni que i dent i f i er  as shown t o each cont r ol  syst em el ement  on a dr awi ng.   
When packagi ng dr awi ngs,  gr oup schedul es by syst em.  When space al l ows,  i t  
i s  per mi ssi bl e t o i ncl ude mul t i pl e schedul es f or  t he same syst em on a 
s i ngl e sheet .  Except  f or  dr awi ngs cover i ng al l  syst ems,  do not  put  
i nf or mat i on f or  di f f er ent  syst ems on t he same sheet .   

Submi t  har dcopy dr awi ngs on 36 by 24 i nches and 18 by 12 i nches sheet s,  
and el ect r oni c dr awi ngs i n PDF and i n Aut oCAD f or mat .   I n addi t i on,  submi t  
el ect r oni c dr awi ngs i n edi t abl e Excel  f or mat  f or  al l  dr awi ngs t hat  ar e 
t abul ar ,  i ncl udi ng but  not  l i mi t ed t o t he Poi nt  Schedul e and Equi pment  
Schedul e.

a.   Submi t  DDC Cont r act or  Desi gn Dr awi ngs consi st i ng of  each dr awi ng 
i ndi cat ed wi t h pr e- const r uct i on i nf or mat i on depi ct i ng t he i nt ended 
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cont r ol  syst em desi gn and pl ans.   Submi t  DDC Cont r act or  Desi gn 
Dr awi ngs as a s i ngl e compl et e package:   t hr ee har d copi es and t hr ee 
copi es on CD- ROM.  

b.   Submi t  Dr af t  As- Bui l t  Dr awi ngs consi st i ng of  each dr awi ng i ndi cat ed  
updat ed wi t h as- bui l t  dat a f or  t he syst em pr i or  t o PVT.   Submi t  Dr af t  
As- Bui l t  Dr awi ngs as a s i ngl e compl et e package:   t hr ee har d copi es and 
t hr ee copi es on CD- ROM.    

c.   Submi t  Fi nal  As- Bui l t  Dr awi ngs consi st i ng of  each dr awi ng i ndi cat ed 
updat ed wi t h al l  f i nal  as- bui l t  dat a.  Fi nal  As- Bui l t  Dr awi ngs as a 
s i ngl e compl et e package:   t hr ee har d copi es and t hr ee copi es on CD- ROM.

3. 2. 1   Sampl e Dr awi ngs

Sampl e dr awi ngs i n el ect r oni c f or mat  ar e avai l abl e at  t he Whol e Bui l di ng 
Desi gn Gui de page f or  t hi s sect i on:  
ht t p: / / www. wbdg. or g/ f f c/ dod/ uni f i ed- f aci l i t i es- gui de- speci f i cat i ons- uf gs/ uf gs- 23- 09- 00
These dr awi ngs may pr ove usef ul  i n demonst r at i ng expect ed dr awi ng 
f or mat t i ng and exampl e cont ent   and ar e pr ovi ded f or  i l l ust r at i ve pur poses 
onl y.   Not e t hat  t hese dr awi ngs do not  meet  t he cont ent  r equi r ement s of  
t hi s Sect i on and must  be compl et ed t o meet  pr oj ect  r equi r ement s.

3. 2. 2   Dr awi ng I ndex and Legend

Pr ovi de an HVAC Cont r ol  Syst em Dr awi ng I ndex showi ng t he name and number  
of  t he bui l di ng,  mi l i t ar y s i t e,  St at e or  ot her  s i mi l ar  desi gnat i on,  and 
Count r y.   I n t he Dr awi ng I ndex,  l i s t  al l  Cont r act or  Desi gn Dr awi ngs,  
i ncl udi ng t he dr awi ng number ,  sheet  number ,  dr awi ng t i t l e,  and comput er  
f i l ename when used.   I n t he Desi gn Dr awi ng Legend,  show and descr i be al l  
symbol s,  abbr evi at i ons and acr onyms used on t he Desi gn Dr awi ngs.   Pr ovi de 
a s i ngl e I ndex and Legend f or  t he ent i r e dr awi ng package.  

3. 2. 3   Ther most at  and Occupancy Sensor  Schedul e

Pr ovi de a t her most at  and occupancy sensor  schedul e cont ai ni ng each 
t her most at ' s uni que i dent i f i er ,  r oom i dent i f i er  and cont r ol  f eat ur es and 
f unct i ons as shown.   Pr ovi de a s i ngl e t her most at  and occupancy sensor  
schedul e f or  t he ent i r e pr oj ect .

3. 2. 4   Val ve Schedul e

Pr ovi de a val ve schedul e cont ai ni ng each val ve' s uni que i dent i f i er ,  s i ze,  
f l ow coef f i c i ent  Kv ( Cv) ,  pr essur e dr op at  speci f i ed f l ow r at e,  spr i ng 
r ange,  posi t i ve posi t i oner  r ange,  act uat or  s i ze,  c l ose- of f  pr essur e t o 
t or que dat a,  di mensi ons,  and access and cl ear ance r equi r ement s dat a.   I n 
t he val ve schedul e i ncl ude act uat or  sel ect i on dat a suppor t ed by 
cal cul at i ons of  t he f or ce r equi r ed t o move and seal  t he val ve,  access and 
cl ear ance r equi r ement s.   Pr ovi de a s i ngl e val ve schedul e f or  t he ent i r e 
pr oj ect .

3. 2. 5   Damper  Schedul e

Pr ovi de a damper  schedul e cont ai ni ng each damper ' s uni que i dent i f i er ,  t ype 
( opposed or  par al l el  bl ade) ,  nomi nal  and act ual  s i zes,  or i ent at i on of  axi s 
and f r ame,  di r ect i on of  bl ade r ot at i on,  act uat or  s i ze and spr i ng r anges,  
oper at i on r at e,  posi t i ve posi t i oner  r ange,  l ocat i on of  act uat or s and 
damper  end swi t ches,  ar r angement  of  sect i ons i n mul t i - sect i on damper s,  and 
met hods of  connect i ng damper s,  act uat or s,  and l i nkages.   I ncl ude t he AMCA 
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511 maxi mum l eakage r at e at  t he oper at i ng st at i c- pr essur e di f f er ent i al  f or  
each damper  i n t he Damper  Schedul e.   Pr ovi de a s i ngl e damper  schedul e f or  
t he ent i r e pr oj ect .

3. 2. 6   Pr oj ect  Summar y Equi pment  Schedul e

Pr ovi de a pr oj ect  summar y equi pment  schedul e cont ai ni ng t he manuf act ur er ,  
model  number ,  par t  number  and descr i pt i ve name f or  each cont r ol  devi ce,  
har dwar e and component  pr ovi ded under  t hi s speci f i cat i on.   Pr ovi de a 
s i ngl e pr oj ect  equi pment  schedul e f or  t he ent i r e pr oj ect .

3. 2. 7   Equi pment  Schedul e

Pr ovi de syst em equi pment  schedul es cont ai ni ng t he uni que i dent i f i er ,  
manuf act ur er ,  model  number ,  par t  number  and descr i pt i ve name f or  each 
cont r ol  devi ce,  har dwar e and component  pr ovi ded under  t hi s speci f i cat i on.   
Pr ovi de a separ at e equi pment  schedul e f or  each HVAC syst em.

3. 2. 8   Occupancy Schedul e

Pr ovi de an occupancy schedul e dr awi ng cont ai ni ng t he same f i el ds as t he 
occupancy schedul e Cont r act  Dr awi ng wi t h Cont r act or  updat ed i nf or mat i on.  
Pr ovi de a s i ngl e occupancy schedul e f or  t he ent i r e pr oj ect .

3. 2. 9   DDC Har dwar e Schedul e

Pr ovi de a s i ngl e DDC Har dwar e Schedul e f or  t he ent i r e pr oj ect  and 
i ncl udi ng f ol l owi ng i nf or mat i on f or  each devi ce.

3. 2. 9. 1   DDC Har dwar e I dent i f i er

The Uni que DDC Har dwar e I dent i f i er  f or  t he devi ce.

3. 2. 9. 2   HVAC Syst em

The syst em " name"  used t o i dent i f y a speci f i c  syst em ( t he name used on t he 
syst em schemat i c dr awi ng f or  t hat  syst em) .   

3. 2. 9. 3   BACnet  Devi ce I nf or mat i on

3. 2. 9. 3. 1   Devi ce Obj ect  I dent i f i er

The Devi ce Obj ect  I dent i f i er :   The Obj ect _I dent i f i er  of  t he Devi ce Obj ect

3. 2. 9. 3. 2   Net wor k Number

The Net wor k Number  f or  t he devi ce.

3. 2. 9. 3. 3   MAC Addr ess

The MAC Addr ess f or  t he devi ce

3. 2. 9. 3. 4   BTL Li st i ng

The BTL Li st i ng of  t he devi ce.   I f  t he devi ce i s l i s t ed under  mul t i pl e BTL 
Pr of i l es,  i ndi cat e t he pr of i l e t hat  mat ches t he use and conf i gur at i on of  
t he devi ce as i nst al l ed.
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3. 2. 9. 3. 5   Pr opr i et ar y Ser vi ces I nf or mat i on

I f  t he devi ce uses non- st andar d ASHRAE 135 ser vi ces as def i ned and 
per mi t t ed i n Sect i on 23 09 23. 02 BACNET DI RECT DI GI TAL CONTROL FOR HVAC 
AND OTHER BUI LDI NG CONTROL SYSTEMS,  i ndi cat e t hat  t he devi ce uses 
non- st andar d ser vi ces and i ncl ude a descr i pt i on of  al l  non- st andar d 
ser vi ces used.   Descr i be usage and cont ent  such t hat  a devi ce f r om anot her  
vendor  can i nt er oper at e wi t h t he devi ce usi ng t he non- st andar d ser vi ce.   
Pr ovi de descr i pt i ons wi t h suf f i c i ent  det ai l  t o al l ow a devi ce f r om a 
di f f er ent  manuf act ur er  t o be pr ogr ammed t o bot h r ead and wr i t e t he 
non- st andar d ser vi ce r equest :  

a.   r ead:  i nt er pr et  t he dat a cont ai ned i n t he non- st andar d ser vi ce 
and;

b.   wr i t e:  gi ven si mi l ar  dat a,  gener at e t he appr opr i at e non- st andar d 
ser vi ce r equest .

3. 2. 9. 3. 6   Al ar mi ng I nf or mat i on

I ndi cat e whet her  t he devi ce i s used f or  al ar m gener at i on,  and whi ch t ypes 
of  al ar m gener at i on t he devi ce i mpl ement s:   i nt r i nsi c,  l ocal  al gor i t hmi c,   
r emot e al gor i t hmi c.

3. 2. 9. 3. 7   Schedul i ng I nf or mat i on

I ndi cat e whet her  t he devi ce i s used f or  schedul i ng.

3. 2. 9. 3. 8   Tr endi ng I nf or mat i on

I ndi cat e whet her  t he devi ce i s used f or  t r endi ng,  and i ndi cat e i f  t he 
devi ce i s used t o t r end l ocal  val ues,  r emot e val ues,  or  bot h.

3. 2. 9. 4   Ni agar a St at i on I D

The Ni agar a St at i on I D f or  each Ni agar a Fr amewor k Super vi sor y Gat eway

3. 2. 10   Poi nt s Schedul e

Pr ovi de a Poi nt s Schedul e i n t abul ar  f or m f or  each HVAC syst em,  wi t h t he 
i ndi cat ed col umns and wi t h each r ow r epr esent i ng a har dwar e poi nt ,  net wor k 
poi nt  or  conf i gur at i on poi nt  i n t he syst em.   

a.   When a Poi nt s Schedul e was i ncl uded i n t he Cont r act  Dr awi ng package,  
use t he same f i el ds as t he Cont r act  Dr awi ng wi t h updat ed i nf or mat i on 
i n addi t i on t o t he i ndi cat ed f i el ds.  

b.   When Poi nt  Schedul es ar e i ncl uded i n t he cont r act  package,  i t ems 
r equi r i ng cont r act or  ver i f i cat i on or  i nput  have been shown i n angl e 
br acket s ( " <"  and " >" ) ,  such as <___> f or  a r equi r ed ent r y or  <val ue> 
f or  a val ue r equi r i ng conf i r mat i on.   Compl et e al l  i t ems i n br acket s as 
wel l  as any bl ank cel l s.   Do not  modi f y val ues whi ch ar e not  i n 
br acket s wi t hout  appr oval .   

Poi nt s Schedul e Col umns must  i ncl ude:

3. 2. 10. 1   Poi nt  Name

The abbr evi at ed name f or  t he poi nt  usi ng t he i ndi cat ed nami ng convent i on.

SECTI ON 23 09 00  Page 26



D51 Hangar  Conver si on t o Human Per f or mance Cent er  FTFA 23- VH59
Egl i n AFB,  Fl or i da

3. 2. 10. 2   Descr i pt i on

A br i ef  f unct i onal  descr i pt i on of  t he poi nt  such as " Suppl y Ai r  
Temper at ur e" .

3. 2. 10. 3   DDC Har dwar e I dent i f i er

The Uni que DDC Har dwar e I dent i f i er  shown on t he DDC Har dwar e Schedul e and 
used acr oss al l  dr awi ngs f or  t he DDC Har dwar e cont ai ni ng t he poi nt .

3. 2. 10. 4   Set t i ngs

The val ue and uni t s of  any set poi nt s,  conf i gur ed set poi nt s,  conf i gur at i on 
par amet er s,  and set t i ngs r el at ed t o each poi nt .

3. 2. 10. 5   Range

The r ange of  val ues,  i ncl udi ng uni t s,  associ at ed wi t h t he poi nt ,  i ncl udi ng 
but  not  l i mi t ed t o a zone t emper at ur e set poi nt  adj ust ment  r ange,  a sensor  
measur ement  r ange,  occupancy val ues f or  an occupancy i nput ,  or  t he st at us 
of  a saf et y.

3. 2. 10. 6   I nput  or  Out put  ( I / O)  Type

The t ype of  i nput  or  out put  s i gnal  associ at ed wi t h t he poi nt .   Use t he 
f ol l owi ng abbr evi at i ons f or  ent r i es i n t hi s col umn:

a.   AI :   The val ue comes f r om a har dwar e ( physi cal )  Anal og I nput  

b.   AO:  The val ue i s out put  as a har dwar e ( physi cal )  Anal og Out put

c.   BI :   The val ue comes f r om a har dwar e ( physi cal )  Bi nar y I nput

d.   BO:  The val ue i s out put  as a har dwar e ( physi cal )  Bi nar y Out put

e.   PULSE:  The val ue comes f r om a har dwar e ( physi cal )  Pul se Accumul at or  
I nput

f .   NET- I N:   The val ue i s pr ovi ded f r om t he net wor k ( gener al l y f r om 
anot her  devi ce) .   Use t hi s ent r y onl y when t he val ue i s r ecei ved f r om 
anot her  devi ce as par t  of  schedul i ng or  as par t  of  a sequence of  
oper at i on,  not  when t he val ue i s r ecei ved on t he net wor k f or  
super vi sor y f unct i ons such as t r endi ng,  al ar mi ng,  over r i de or  di spl ay 
at  a user  i nt er f ace.

g.   NET- OUT:  The val ue i s pr ovi ded t o anot her  cont r ol l er  over  t he 
net wor k.   Use t hi s ent r y onl y when t he val ue i s t r ansmi t t ed t o anot her  
devi ce as par t  of  schedul i ng or  as par t  of  a sequence of  oper at i on,  
not  when t he val ue i s t r ansmi t t ed on t he net wor k f or  super vi sor y 
f unct i ons such as t r endi ng,  al ar mi ng,  over r i de or  di spl ay at  a user  
i nt er f ace.

3. 2. 10. 7   Obj ect  and Pr oper t y I nf or mat i on

The Obj ect  Type and I nst ance Number  f or  t he Obj ect  associ at ed wi t h t he 
poi nt .   I f  t he val ue of  t he poi nt  i s  not  i n t he Pr esent _Val ue Pr oper t y,  
t hen al so pr ovi de t he Pr oper t y I D f or  t he Pr oper t y cont ai ni ng t he val ue of  
t he poi nt .   Any poi nt  t hat  i s  di spl ayed at  t he f r ont  end or  on an LDP,  i s 
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t r ended,  i s used by anot her  devi ce on t he net wor k,  or  has an al ar m 
condi t i on must  be document ed her e.

3. 2. 10. 8   Ni agar a St at i on I D

The Ni agar a St at i on I D of  t he Ni agar a Fr amewor k Super vi sor y Gat eway t he 
poi nt  i s  mapped i nt o.

3. 2. 10. 9   Net wor k Dat a Exchange I nf or mat i on ( Get s Dat a Fr om,  Sends Dat a To)

Pr ovi de t he DDC Har dwar e I dent i f i er  of  ot her  DDC Har dwar e t he poi nt  i s  
shar ed wi t h.

3. 2. 10. 10   Over r i de I nf or mat i on ( Obj ect  Type and I nst ance Number )

For  each poi nt  r equi r i ng an Over r i de and not  r esi di ng i n a Ni agar a 
Fr amewor k Super vi sor y Gat eway,  i ndi cat e i f  t he Obj ect  f or  t he poi nt  i s  
Commandabl e or ,  i f  t he use of  a separ at e Obj ect  was speci f i cal l y appr oved 
by t he Cont r act i ng Of f i cer ,  pr ovi de t he Obj ect  Type and I nst ance Number  of  
t he Obj ect  t o be used i n over r i di ng t he poi nt .

3. 2. 10. 11   Al ar m I nf or mat i on

For  Ni agar a BACnet  syst ems:  I ndi cat e t he Al ar m Gener at i on Type and 
Not i f i cat i on Cl ass Obj ect  I nst ance Number  f or  each poi nt  r equi r i ng an 
al ar m.   ( Not e t hat  not  al l  al ar ms wi l l  have a Not i f i cat i on Cl ass Obj ect . )

3. 2. 10. 12   Conf i gur at i on I nf or mat i on

I ndi cat e t he means of  conf i gur at i on associ at ed wi t h each poi nt .   For  
poi nt s i n a Ni agar a Fr amewor k Super vi sor y Gat eway,  i ndi cat e t he poi nt  
wi t hi n t he Ni agar a Fr amewor k Super vi sor y Gat eway used t o conf i gur e t he 
val ue.   For  ot her  poi nt s:

a.  For  Oper at or  Conf i gur abl e Poi nt s i ndi cat e BACnet  Obj ect  and Pr oper t y 
i nf or mat i on ( Name,  Type,  I dent i f i er s)  cont ai ni ng t he conf i gur abl e 
val ue.   I ndi cat e whet her  t he pr oper t y i s wr i t abl e al ways,  or  onl y when 
Out _Of _Ser vi ce i s TRUE.  

b.  For  Conf i gur abl e Poi nt s i ndi cat e t he BACnet  Obj ect  and Pr oper t y 
i nf or mat i on as f or  Oper at or  Conf i gur abl e poi nt s,  or  i dent i f i cat i on of  
t he conf i gur abl e set t i ngs f r om wi t hi n t he engi neer i ng sof t war e f or  t he 
devi ce or  i dent i f i cat i on of  t he har dwar e set t i ngs on t he devi ce.

3. 2. 11   Ri ser  Di agr am

The Ri ser  Di agr am of  t he Bui l di ng Cont r ol  Net wor k may be i n t abul ar  f or m,  
and must  show al l  DDC Har dwar e and al l  Net wor k Har dwar e,  i ncl udi ng net wor k 
t er mi nat or s.   For  each i t em,  pr ovi de t he uni que i dent i f i er ,  common 
descr i pt i ve name,  physi cal  sequent i al  or der  ( pr evi ous and next  devi ce on 
t he net wor k) ,  r oom i dent i f i er  and l ocat i on wi t hi n r oom.  A si ngl e r i ser  
di agr am must  be submi t t ed f or  t he ent i r e syst em.

3. 2. 12   Cont r ol  Syst em Schemat i cs

Pr ovi de cont r ol  syst em schemat i cs i n t he same f or m as t he cont r ol  syst em 
schemat i c Cont r act  Dr awi ng wi t h Cont r act or  updat ed i nf or mat i on.   Pr ovi de a 
cont r ol  syst em schemat i c f or  each HVAC syst em.
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3. 2. 13   Sequences of  Oper at i on

Pr ovi de HVAC cont r ol  syst em sequence of  oper at i on and  i n t he same f or mat  
as t he Cont r act  Dr awi ngs.   Wi t hi n t hese dr awi ngs,  r ef er  t o devi ces by 
t hei r  uni que i dent i f i er s.  Submi t  sequences of  oper at i on f or  each HVAC 
syst em

3. 2. 14   Cont r ol l er ,  Mot or  St ar t er  and Rel ay Wi r i ng Di agr am

Pr ovi de cont r ol l er  wi r i ng di agr ams as f unct i onal  wi r i ng di agr ams whi ch 
show t he i nt er connect i on of  conduct or s and cabl es t o each cont r ol l er  and 
t o t he i dent i f i ed t er mi nal s of  i nput  and out put  devi ces,  st ar t er s and 
package equi pment .   Show necessar y j umper s and gr ound connect i ons and t he 
l abel s of  al l  conduct or s.   I dent i f y sour ces of  power  r equi r ed f or  cont r ol  
syst ems and f or  packaged equi pment  cont r ol  syst ems back t o t he panel  boar d 
c i r cui t  br eaker  number ,  cont r ol l er  encl osur es,  magnet i c st ar t er ,  or  
packaged equi pment  cont r ol  c i r cui t .   Show each power  suppl y and 
t r ansf or mer  not  i nt egr al  t o a cont r ol l er ,  st ar t er ,  or  packaged equi pment .   
Show t he connect ed vol t - amper e l oad and t he power  suppl y vol t - amper e 
r at i ng.   Pr ovi de wi r i ng di agr ams f or  each HVAC syst em.

3. 3   CONTROLLER TUNI NG

Tune each cont r ol l er  i n a manner  consi st ent  wi t h t hat  descr i bed i n t he 
ASHRAE FUN I P and i n t he manuf act ur er ' s i nst r uct i on manual .   Tuni ng must  
consi st  of  adj ust ment  of  t he pr opor t i onal ,  i nt egr al ,  and wher e appl i cabl e,  
t he der i vat i ve ( PI D)  set t i ngs t o pr ovi de st abl e c l osed- l oop cont r ol .   Each 
l oop must  be t uned whi l e t he syst em or  pl ant  i s oper at i ng at  a hi gh gai n 
( wor st  case)  condi t i on,  wher e hi gh gai n can gener al l y be def i ned as a 
l ow- f l ow or  l ow- l oad condi t i on.   Upon f i nal  adj ust ment  of  t he PI D 
set t i ngs,  i n r esponse t o a change i n cont r ol l er  set poi nt ,  t he cont r ol l ed 
var i abl e must  set t l e out  at  t he new set poi nt  wi t h no mor e t han t wo ( 2)  
osci l l at i ons above and bel ow set poi nt .   Upon set t l i ng out  at  t he new 
set poi nt  t he cont r ol l er  out put  must  be st eady.   Wi t h t he except i on of  
nat ur al l y s l ow pr ocesses such as zone t emper at ur e cont r ol ,  t he cont r ol l er  
must  set t l e out  at  t he new set poi nt  wi t hi n f i ve ( 5)  mi nut es.   Set  t he 
cont r ol l er  t o i t s cor r ect  set poi nt  and r ecor d and submi t  t he f i nal  PI D 
conf i gur at i on set t i ngs wi t h t he O&M I nst r uct i ons and on t he associ at ed 
Poi nt s Schedul e.

3. 4   START- UP

3. 4. 1   St ar t - Up Test

Per f or m t he f ol l owi ng st ar t up t est s f or  each cont r ol  syst em t o ensur e t hat  
t he descr i bed cont r ol  syst em component s ar e i nst al l ed and f unct i oni ng per  
t hi s speci f i cat i on.

Adj ust ,  cal i br at e,  measur e,  pr ogr am,  conf i gur e,  set  t he t i me schedul es,  
and ot her wi se per f or m al l  necessar y act i ons t o ensur e t hat  t he syst ems 
f unct i on as i ndi cat ed and shown i n t he sequence of  oper at i on and ot her  
cont r act  document s.

3. 4. 1. 1   Syst ems Check

An i t em- by- i t em check must  be per f or med f or  each HVAC syst em
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3. 4. 1. 1. 1   St ep 1 -  Syst em I nspect i on

Wi t h t he syst em i n unoccupi ed mode and wi t h f an hand- of f - aut o swi t ches i n 
t he OFF posi t i on,  ver i f y t hat  power  and mai n ai r  ar e avai l abl e wher e 
r equi r ed and t hat  al l  out put  devi ces ar e i n t hei r  f ai l saf e and nor mal  
posi t i ons.   I nspect  each l ocal  di spl ay panel  and each M&C Cl i ent  t o ver i f y 
t hat  al l  di spl ays i ndi cat e shut down condi t i ons.

3. 4. 1. 1. 2   St ep 2 -  Cal i br at i on Accur acy Check

Per f or m a t wo- poi nt  accur acy check of  t he cal i br at i on of  each HVAC cont r ol  
syst em sensi ng el ement  and t r ansmi t t er  by compar i ng t he val ue f r om t he 
t est  i nst r ument  t o t he net wor k val ue pr ovi ded by t he DDC Har dwar e.   Use 
di gi t al  i ndi cat i ng t est  i nst r ument s,  such as di gi t al  t her momet er s,  
mot or - dr i ven psychr omet er s,  and t achomet er s.   Use t est  i nst r ument s wi t h 
accur acy at  l east  t wi ce as accur at e as t he speci f i ed sensor  accur acy and 
wi t h cal i br at i on t r aceabl e t o Nat i onal  I nst i t ut e of  St andar ds and 
Technol ogy st andar ds.   Check one t he f i r st  check poi nt  i n t he bot t om 
one- t hi r d of  t he sensor  r ange,  and t he second i n t he t op one- t hi r d of  t he 
sensor  r ange.   Ver i f y t hat  t he sensi ng el ement - t o- DDC r eadout  accur aci es 
at  t wo poi nt s ar e wi t hi n t he speci f i ed pr oduct  accur acy t ol er ances,  and i f  
not  r ecal i br at e or  r epl ace t he devi ce and r epeat  t he cal i br at i on check.

3. 4. 1. 1. 3   St ep 3 -  Act uat or  Range Check

Wi t h t he syst em r unni ng,  appl y a s i gnal  t o each act uat or  t hr ough t he DDC 
Har dwar e cont r ol l er .   Ver i f y pr oper  oper at i on of  t he act uat or s and 
posi t i oner s f or  al l  act uat ed devi ces and r ecor d t he s i gnal  l evel s f or  t he 
ext r eme posi t i ons of  each devi ce.   Var y t he s i gnal  over  i t s f ul l  r ange,  
and ver i f y t hat  t he act uat or s t r avel  f r om zer o st r oke t o f ul l  s t r oke 
wi t hi n t he s i gnal  r ange.   Wher e appl i cabl e,  ver i f y t hat  al l  sequenced 
act uat or s move f r om zer o st r oke t o f ul l  s t r oke i n t he pr oper  di r ect i on,  
and move t he connect ed devi ce i n t he pr oper  di r ect i on f r om one ext r eme 
posi t i on t o t he ot her .   For  val ve act uat or s and damper  act uat or s,  per f or m 
t he act uat or  r ange check under  nor mal  syst em pr essur es.

3. 4. 1. 2   Weat her  Dependent  Test

Per f or m weat her  dependent  t est  pr ocedur es i n t he appr opr i at e c l i mat i c 
season.

3. 4. 2   St ar t - Up Test i ng Repor t

Submi t  4 copi es of  t he St ar t - Up Test i ng Repor t .   The r epor t  may be 
submi t t ed as a Techni cal  Dat a Package document i ng t he r esul t s of  t he t est s 
per f or med and cer t i f y i ng t hat  t he syst em i s i nst al l ed and f unct i oni ng per  
t hi s speci f i cat i on,  and i s r eady f or  t he Per f or mance Ver i f i cat i on Test  
( PVT) .

3. 5   PERFORMANCE VERI FI CATI ON TEST ( PVT)

3. 5. 1   PVT Pr ocedur es

Pr epar e PVT Pr ocedur es expl ai ni ng st ep- by- st ep,  t he act i ons and expect ed 
r esul t s t hat  wi l l  demonst r at e t hat  t he cont r ol  syst em per f or ms i n 
accor dance wi t h t he sequences of  oper at i on,  and ot her  cont r act  document s.   
Submi t  4 copi es of  t he PVT Pr ocedur es.   The PVT Pr ocedur es may be 
submi t t ed as a Techni cal  Dat a Package.

SECTI ON 23 09 00  Page 30



D51 Hangar  Conver si on t o Human Per f or mance Cent er  FTFA 23- VH59
Egl i n AFB,  Fl or i da

3. 5. 1. 1   Sensor  Accur acy Checks

I ncl ude a one- poi nt  accur acy check of  each sensor  i n t he PVT pr ocedur es.

3. 5. 1. 2   Endur ance Test

I ncl ude a one- week endur ance t est  as par t  of  t he PVT dur i ng whi ch t he 
syst em i s oper at ed cont i nuousl y.   

Use t he bui l di ng cont r ol  syst em Ni agar a Tr end Log Obj ect s t o t r end al l  
poi nt s shown as r equi r i ng a t r end on t he Poi nt  Schedul e f or  t he ent i r e 
endur ance t est .   I f  i nsuf f i c i ent  buf f er  capaci t y exi st s t o t r end t he 
ent i r e endur ance t est ,  upl oad t r end l ogs dur i ng t he cour se of  t he 
endur ance t est  t o ensur e t hat  no t r end dat a i s l ost .

3. 5. 1. 3   PVT Equi pment  Li st

I ncl ude i n t he PVT pr ocedur es a cont r ol  syst em per f or mance ver i f i cat i on 
t est  equi pment  l i s t  t hat  l i s t s t he equi pment  t o be used dur i ng per f or mance 
ver i f i cat i on t est i ng.   For  each pi ece of  equi pment ,  i ncl ude manuf act ur er  
name,  model  number ,  equi pment  f unct i on,  t he dat e of  t he l at est  
cal i br at i on,  and t he r esul t s of  t he l at est  cal i br at i on

3. 5. 2   PVT Execut i on

Demonst r at e compl i ance of  t he cont r ol  syst em wi t h t he cont r act  document s.   
Usi ng t est  pl ans and pr ocedur es appr oved by t he Gover nment ,  sof t war e 
capabl e of  r eadi ng and wr i t i ng COV Not i f i cat i on Subscr i pt i ons,  
Not i f i cat i on Cl ass Reci pi ent  Li st  Pr oper t i es,  event  enr ol l ment s,  
demonst r at e al l  physi cal  and f unct i onal  r equi r ement s of  t he pr oj ect .   
Show,  st ep- by- st ep,  t he act i ons and r esul t s demonst r at i ng t hat  t he cont r ol  
syst ems per f or m i n accor dance wi t h t he sequences of  oper at i on.  Do not  
st ar t  t he per f or mance ver i f i cat i on t est  unt i l  af t er  r ecei pt  of  wr i t t en 
per mi ssi on by t he Gover nment ,  based on Gover nment  appr oval  of  t he PVT Pl an 
and Dr af t  As- Bui l t s and compl et i on of  bal anci ng.   UNLESS GOVERNMENT 
WI TNESSI NG OF A TEST I S SPECI FI CALLY WAI VED BY THE GOVERNMENT,  PERFORM ALL 
TESTS WI TH A GOVERNMENT WI TNESS.   Do not  conduct  t est s dur i ng schedul ed 
seasonal  of f  per i ods of  base heat i ng and cool i ng syst ems.   I f  t he syst em 
exper i ences any f ai l ur es dur i ng t he endur ance t est  por t i on of  t he PVT,  
r epai r  t he syst em r epeat  t he endur ance t est  por t i on of  t he PVT unt i l  t he 
syst em oper at es cont i nuousl y and wi t hout  f ai l ur e f or  t he speci f i ed 
endur ance t est  per i od.

3. 5. 3   PVT Repor t

Pr epar e and submi t  a PVT r epor t  document i ng al l  t est s per f or med dur i ng t he 
PVT and t hei r  r esul t s.   I ncl ude al l  t est s i n t he PVT pr ocedur es and any 
addi t i onal  t est s per f or med dur i ng PVT.   Document  t est  f ai l ur es and r epai r s 
conduct ed wi t h t he t est  r esul t s.

Submi t  f our  copi es of  t he PVT Repor t .   The PVT Repor t  may be submi t t ed as 
a Techni cal  Dat a Package.

3. 6   OPERATI ON AND MAI NTENANCE ( O&M)  I NSTRUCTI ONS

Pr ovi de HVAC cont r ol  Syst em Oper at i on and Mai nt enance I nst r uct i ons whi ch 
i ncl ude:

a.   " Dat a Package 3"  as i ndi cat ed i n Sect i on 01 78 23 OPERATI ON AND 
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MAI NTENANCE DATA f or  each pi ece of  cont r ol  equi pment .

b.   HVAC cont r ol  syst em sequences of  oper at i on f or mat t ed as i ndi cat ed.

c.   Pr ocedur es f or  t he HVAC syst em st ar t - up,  oper at i on and shut - down 
i ncl udi ng t he manuf act ur er ' s suppl i ed pr ocedur es f or  each pi ece of  
equi pment ,  and pr ocedur es f or  t he over al l  HVAC syst em.

d.   As- bui l t  HVAC cont r ol  syst em det ai l  dr awi ngs f or mat t ed as i ndi cat ed.

e.   Rout i ne mai nt enance checkl i st .   Pr ovi de t he r out i ne mai nt enance 
checkl i st  ar r anged i n a col umnar  f or mat ,  wher e t he f i r st  col umn l i s t s 
al l  i nst al l ed devi ces,  t he second col umn st at es t he mai nt enance 
act i v i t y or  t hat  no mai nt enance r equi r ed,  t he t hi r d col umn st at es t he 
f r equency of  t he mai nt enance act i v i t y,  and t he f our t h col umn i s used 
f or  addi t i onal  comment s or  r ef er ence.

f .   Qual i f i ed ser vi ce or gani zat i on l i s t ,  i ncl udi ng at  a mi ni mum company 
name,  cont act  name and phone number .

g.   St ar t - Up Test i ng Repor t .

h.   Per f or mance Ver i f i cat i on Test  ( PVT)  Pr ocedur es and Repor t .

Submi t  2 copi es of  t he Oper at i on and Mai nt enance I nst r uct i ons,  i ndexed and 
i n bookl et  f or m.   The Oper at i on and Mai nt enance I nst r uct i ons may be 
submi t t ed as a Techni cal  Dat a Package.  

3. 7   TRAI NI NG

Conduct  a t r ai ni ng cour se f or  t wo oper at i ng st af f  member s desi gnat ed by 
t he Gover nment  i n t he mai nt enance and oper at i on of  t he syst em,  i ncl udi ng 
speci f i ed har dwar e and sof t war e.   Conduct  16 hour s of  t r ai ni ng at  t he 
pr oj ect  s i t e wi t hi n 30 days af t er  successf ul  compl et i on of  t he per f or mance 
ver i f i cat i on t est .   The Gover nment  r eser ves t he r i ght  t o make audi o and 
vi sual  r ecor di ngs ( usi ng Gover nment  suppl i ed equi pment ) of  t he t r ai ni ng 
sessi ons f or  l at er  use.   Pr ovi de audi ovi sual  equi pment  and ot her  t r ai ni ng 
mat er i al s and suppl i es r equi r ed t o conduct  t r ai ni ng.   A t r ai ni ng day i s 
def i ned as 8 hour s of  c l assr oom i nst r uct i on,  i ncl udi ng t wo 15 mi nut e 
br eaks and excl udi ng l uncht i me,  Monday t hr ough Fr i day,  dur i ng t he dayt i me 
shi f t  i n ef f ect  at  t he t r ai ni ng f aci l i t y .

3. 7. 1   Tr ai ni ng Document at i on

Pr epar e t r ai ni ng document at i on consi st i ng of :

a.   Cour se At t endee Li st :  Devel op t he l i s t  of  cour se at t endees i n 
coor di nat i on wi t h and si gned by t he Cont r ol s shop super vi sor .

b.   Tr ai ni ng Manual s:  Pr ovi de t r ai ni ng manual s whi ch i ncl ude an agenda,  
def i ned obj ect i ves f or  each l esson,  and a det ai l ed descr i pt i on of  t he 
subj ect  mat t er  f or  each l esson.   When pr esent i ng por t i ons of  t he 
cour se mat er i al  by audi ovi sual s,  del i ver  copi es of  t hose audi ovi sual s 
as a par t  of  t he pr i nt ed t r ai ni ng manual s.   

3. 7. 2   Tr ai ni ng Cour se Cont ent

For  gui dance i n pl anni ng t he r equi r ed i nst r uct i on,  assume t hat  at t endees 
wi l l  have a hi gh school  educat i on,  and ar e f ami l i ar  wi t h HVAC syst ems.   
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Dur i ng t he t r ai ni ng cour se,  cover  al l  of  t he mat er i al  cont ai ned i n t he 
Oper at i ng and Mai nt enance I nst r uct i ons,  t he l ayout  and l ocat i on of  each 
cont r ol l er  encl osur e,  t he l ayout  of  one of  each t ype of  equi pment  and t he 
l ocat i ons of  each,  t he l ocat i on of  each cont r ol  devi ce ext er nal  t o t he 
panel s,  t he l ocat i on of  t he compr essed ai r  st at i on,  pr event i ve 
mai nt enance,  t r oubl eshoot i ng,  di agnost i cs,  cal i br at i on,  adj ust ment ,  
commi ssi oni ng,  t uni ng,  and r epai r  pr ocedur es.   Typi cal  syst ems and si mi l ar  
syst ems may be t r eat ed as a gr oup,  wi t h i nst r uct i on on t he physi cal  l ayout  
of  one such syst em.   Pr esent  t he r esul t s of  t he per f or mance ver i f i cat i on 
t est  and t he St ar t - Up Test i ng Repor t  as benchmar ks of  HVAC cont r ol  syst em 
per f or mance by whi ch t o measur e oper at i on and mai nt enance ef f ect i veness.

3. 7. 3   Tr ai ni ng Document at i on Submi t t al  Requi r ement s

Submi t  har dcopy t r ai ni ng manual s and al l  t r ai ni ng mat er i al s on CD- ROM.   
Pr ovi de one har dcopy manual  f or  each t r ai nee on t he Cour se At t endee Li st  
and 2 addi t i onal  copi es f or  ar chi ve at  t he pr oj ect  s i t e.   Pr ovi de 2 copi es 
of  t he Cour se At t endee Li st  wi t h t he ar chi val  copi es.   Tr ai ni ng 
Document at i on may be submi t t ed as a Techni cal  Dat a Package.
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APPENDI X A

QC CHECKLI ST FOR NI AGARA FRAMEWORK BASED BACNET SYSTEMS

Thi s checkl i st  i s not  al l - i ncl usi ve of  t he r equi r ement s of  t hi s speci f i cat i on and 
shoul d not  be i nt er pr et ed as such.

I nst r uct i ons:  I ni t i al  each i t em i n t he space pr ovi ded ( | ____| )  ver i f y i ng t hat  t he 
r equi r ement  has been met .

Thi s checkl i st  i s f or  ( c i r c l e one: )
                
      Pr e- Const r uct i on QC Checkl i st  Submi t t al

      Post - Const r uct i on QC Checkl i st  Submi t t al           

      Cl ose- out  QC Checkl i st  Submi t t al

I t ems ver i f i ed f or  Pr e- Const r uct i on,  Post - Const r uct i on and Cl oseout  QC Checkl i st  
Submi t t al s:

1 Al l  DDC Har dwar e i s number ed on Cont r ol  Syst em Schemat i c Dr awi ngs. | ____|

2 Si gnal  l i nes on Cont r ol  Syst em Schemat i c ar e l abel ed wi t h t he si gnal  t ype. | ____|

3 Local  Di spl ay Panel  ( LDP)  Locat i ons ar e shown on Cont r ol  Syst em Schemat i c 
dr awi ngs.

| ____|

I t ems ver i f i ed f or  Post - Const r uct i on and Cl oseout  QC Checkl i st  Submi t t al s:

4 Al l  sequences ar e per f or med as speci f i ed usi ng DDC Har dwar e. | ____|

5 Tr ai ni ng schedul e and cour se at t endee l i st  has been devel oped and 
coor di nat ed wi t h shops and submi t t ed.

| ____|

I t ems ver i f i ed f or  Cl oseout  QC Checkl i st  Submi t t al :

6 Fi nal  As- bui l t  Dr awi ngs,  i ncl udi ng al l  Poi nt s Schedul e dr awi ngs,  
accur at el y r epr esent  t he f i nal  i nst al l ed syst em.

| ____|

7 Pr ogr ammi ng sof t war e has been submi t t ed f or  al l  pr ogr ammabl e cont r ol l er s. | ____|

8 Al l  sof t war e has been l i censed t o t he Gover nment .

9 O&M I nst r uct i ons have been compl et ed and submi t t ed. | ____|

10 Tr ai ni ng cour se has been compl et ed. | ____|
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QC CHECKLI ST FOR NI AGARA FRAMEWORK BASED BACNET SYSTEMS

11 Al l  DDC Har dwar e i s i nst al l ed on a BACnet  ASHRAE 135 net wor k usi ng ei t her  
MS/ TP i n accor dance wi t h Cl ause 9 or  I P i n accor dance wi t h Annex J.

| ____|

12 Al l  DDC Har dwar e i s BTL l i st ed. | ____|

13 Communi cat i on bet ween DDC Har dwar e i s onl y vi a BACnet  usi ng st andar d 
ser vi ces,  except  as speci f i cal l y  per mi t t ed by t he speci f i cat i on.   
Non- st andar d ser vi ces have been f ul l y document ed i n t he DDC Har dwar e 
Schedul e.

| ____|

14 Schedul i ng,  Al ar mi ng,  and Tr endi ng have been i mpl ement ed usi ng Ni agar a 
Fr amewor k obj ect s and ser vi ces,  and BACnet  I nst r i nsi c Al ar mi ng as 
i ndi cat ed.

| ____|

15 Al l  Pr oper t i es i ndi cat ed as r equi r ed t o be Wr i t abl e ar e Wr i t abl e and 
Over r i des have been pr ovi ded as i ndi cat ed

| ____|

___________________________________________      __________________

( QC Repr esent at i ve Si gnat ur e)                       ( Dat e)

        - -  End of  Sect i on - -  
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SECTI ON 23 09 13

I NSTRUMENTATI ON AND CONTROL DEVI CES FOR HVAC
11/ 15,  CHG 2:  05/ 21

PART 1   GENERAL

1. 1   SUMMARY

Thi s sect i on pr ovi des f or  t he i nst r ument at i on cont r ol  syst em component s 
excl udi ng di r ect  di gi t al  cont r ol l er s,  net wor k cont r ol l er s,  gat eways et c.  
t hat  ar e necessar y f or  a compl et el y f unct i onal  aut omat i c cont r ol  syst em.   
When combi ned wi t h a Di r ect  Di gi t al  Cont r ol  ( DDC)  syst em,  t he 
I nst r ument at i on and Cont r ol  Devi ces cover ed under  t hi s sect i on must  be a 
compl et e syst em sui t abl e f or  t he cont r ol  of  t he heat i ng,  vent i l at i ng and 
ai r  condi t i oni ng ( HVAC)  and ot her  bui l di ng- l evel  syst ems as speci f i ed and 
i ndi cat ed.

a.   I nst al l  har dwar e t o per f or m t he cont r ol  sequences as speci f i ed and 
i ndi cat ed and t o pr ovi de cont r ol  of  t he equi pment  as speci f i ed and 
i ndi cat ed.

b.   I nst al l  har dwar e such t hat  i ndi v i dual  cont r ol  equi pment  can be 
r epl aced by s i mi l ar  cont r ol  equi pment  f r om ot her  equi pment  
manuf act ur er s wi t h no l oss of  syst em f unct i onal i t y.

c.   I nst al l  and conf i gur e har dwar e such t hat  t he Gover nment  or  t hei r  
agent s ar e abl e t o per f or m r epai r ,  r epl acement ,  and upgr ades of  
i ndi v i dual  har dwar e wi t hout  f ur t her  i nt er act i on wi t h t he i nst al l i ng 
Cont r act or .

1. 1. 1   Ver i f i cat i on of  Di mensi ons

Af t er  becomi ng f ami l i ar  wi t h al l  det ai l s of  t he wor k,  ver i f y al l  
di mensi ons i n t he f i el d,  and advi se t he Cont r act i ng Of f i cer  of  any 
di scr epancy bef or e per f or mi ng any wor k.

1. 1. 2   Dr awi ngs

The Gover nment  wi l l  not  i ndi cat e al l  of f set s,  f i t t i ngs,  and accessor i es 
t hat  may be r equi r ed on t he dr awi ngs.   Car ef ul l y i nvest i gat e t he 
mechani cal ,  el ect r i cal ,  and f i ni sh condi t i ons t hat  coul d af f ect  t he wor k 
t o be per f or med,  ar r ange such wor k accor di ngl y,  and pr ovi de al l  wor k 
necessar y t o meet  such condi t i ons.

1. 2   RELATED SECTI ONS

Rel at ed wor k speci f i ed el sewher e.

Sect i on 23 30 00 HVAC AI R DI STRI BUTI ON

Sect i on 23 09 00 I NSTRUMENTATI ON AND CONTROL FOR HVAC

Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM
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1. 3   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AI R MOVEMENT AND CONTROL ASSOCI ATI ON I NTERNATI ONAL,  I NC.  ( AMCA)

AMCA 500- D ( 2018)  Labor at or y Met hods of  Test i ng 
Damper s f or  Rat i ng

AMCA 511 ( 2010;  R 2016)  Cer t i f i ed Rat i ngs Pr ogr am 
f or  Ai r  Cont r ol  Devi ces

AMERI CAN SOCI ETY OF MECHANI CAL ENGI NEERS ( ASME)

ASME B16. 15 ( 2018)  Cast  Copper  Al l oy Thr eaded Fi t t i ngs 
Cl asses 125 and 250

ASME B16. 18 ( 2021)  Cast  Copper  Al l oy Sol der  Joi nt  
Pr essur e Fi t t i ngs

ASME B16. 22 ( 2021)  Wr ought  Copper  and Copper  Al l oy 
Sol der  Joi nt  Pr essur e Fi t t i ngs

ASME B16. 26 ( 2018)  St andar d f or  Cast  Copper  Al l oy 
Fi t t i ngs f or  Fl ar ed Copper  Tubes

ASME B16. 34 ( 2021)  Val ves -  Fl anged,  Thr eaded and 
Wel di ng End

ASME B40. 100 ( 2022)  Pr essur e Gauges and Gauge 
At t achment s

ASTM I NTERNATI ONAL ( ASTM)

ASTM A536 ( 1984;  R 2019;  E 2019)  St andar d 
Speci f i cat i on f or  Duct i l e I r on Cast i ngs

ASTM B32 ( 2020)  St andar d Speci f i cat i on f or  Sol der  
Met al

ASTM B75/ B75M ( 2020)  St andar d Speci f i cat i on f or  Seaml ess 
Copper  Tube

ASTM B88 ( 2022)  St andar d Speci f i cat i on f or  Seaml ess 
Copper  Wat er  Tube

FLUI D CONTROLS I NSTI TUTE ( FCI )

FCI  70- 2 ( 2021)  Cont r ol  Val ve Seat  Leakage

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE 142 ( 2007;  Er r at a 2014)  Recommended Pr act i ce 
f or  Gr oundi ng of  I ndust r i al  and Commer ci al  
Power  Syst ems -  I EEE Gr een Book
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NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA 250 ( 2020)  Encl osur es f or  El ect r i cal  Equi pment  
( 1000 Vol t s Maxi mum)

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 70 ( 2020;  TI A 22- 1;  ERTA 1 2022)  Nat i onal  
El ect r i cal  Code

NFPA 90A ( 2021)  St andar d f or  t he I nst al l at i on of  
Ai r  Condi t i oni ng and Vent i l at i ng Syst ems

UNDERWRI TERS LABORATORI ES ( UL)

UL 555 ( 2006;  Repr i nt  Aug 2016)  UL St andar d f or  
Saf et y Fi r e Damper s

UL 555S ( 2014;  Repr i nt  Oct  2020)  UL St andar d f or  
Saf et y Smoke Damper s

UL 5085- 3 ( 2006;  Repr i nt  Jan 2022)  UL St andar d f or  
Saf et y Low Vol t age Tr ansf or mer s -  Par t  3:  
Cl ass 2 and Cl ass 3 Tr ansf or mer s

1. 4   SUBMI TTALS

Submi t t al  r equi r ement s ar e speci f i ed i n Sect i on 23 09 00 I NSTRUMENTATI ON 
AND CONTROL FOR HVAC.

1. 5   DELI VERY AND STORAGE

St or e and pr ot ect  pr oduct s f r om t he weat her ,  humi di t y,  and t emper at ur e 
var i at i ons,  di r t  and dust ,  and ot her  cont ami nant s,  wi t hi n t he st or age 
condi t i on l i mi t s publ i shed by t he equi pment  manuf act ur er .

1. 6   I NPUT MEASUREMENT ACCURACY

Sel ect ,  i nst al l  and conf i gur e sensor s,  t r ansmi t t er s and DDC Har dwar e such 
t hat  t he maxi mum er r or  of  t he measur ed val ue at  t he i nput  of  t he DDC 
har dwar e i s l ess t han t he maxi mum al l owabl e er r or  speci f i ed f or  t he sensor  
or  i nst r ument at i on.

PART 2   PRODUCTS

2. 1   EQUI PMENT

2. 1. 1   Gener al  Requi r ement s

Al l  pr oduct s used t o meet  t hi s speci f i cat i on must  meet  t he i ndi cat ed 
r equi r ement s,  but  not  al l  pr oduct s speci f i ed her e wi l l  be r equi r ed by 
ever y pr oj ect .   Al l  pr oduct s must  meet  t he r equi r ement s bot h Sect i on 
23 09 00 I NSTRUMENTATI ON AND CONTROL FOR HVAC and t hi s Sect i on.

2. 1. 2   Oper at i on Envi r onment  Requi r ement s

Unl ess ot her wi se speci f i ed,  pr ovi de pr oduct s r at ed f or  cont i nuous 
oper at i on under  t he f ol l owi ng condi t i ons:
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2. 1. 2. 1   Pr essur e

Pr essur e condi t i ons nor mal l y encount er ed i n t he i nst al l ed l ocat i on.

2. 1. 2. 2   Vi br at i on

Vi br at i on condi t i ons nor mal l y encount er ed i n t he i nst al l ed l ocat i on.

2. 1. 2. 3   Temper at ur e

a.   Pr oduct s i nst al l ed i ndoor s:  Ambi ent  t emper at ur es i n t he r ange of  32 t o 
112 degr ees F and t emper at ur e condi t i ons out si de t hi s r ange nor mal l y 
encount er ed at  t he i nst al l ed l ocat i on.

b.   Pr oduct s i nst al l ed out door s or  i n uncondi t i oned i ndoor  spaces:  Ambi ent  
t emper at ur es i n t he r ange of  0 t o 120 degr ees F and t emper at ur e 
condi t i ons out si de t hi s r ange nor mal l y encount er ed at  t he i nst al l ed 
l ocat i on.

2. 1. 2. 4   Humi di t y

10 t o 95 per cent  r el at i ve humi di t y,  non- condensi ng and al so humi di t y 
condi t i ons out si de t hi s r ange nor mal l y encount er ed at  t he i nst al l ed 
l ocat i on.

2. 2   WEATHERSHI ELDS

Pr ovi de weat her shi el ds const r uct ed of  gal vani zed st eel  pai nt ed whi t e,  
unpai nt ed al umi num,  al umi num pai nt ed whi t e,  or  whi t e PVC.

2. 3   TUBI NG

2. 3. 1   Copper

Pr ovi de ASTM B75/ B75M or  ASTM B88 r at ed t ubi ng meet i ng t he f ol l owi ng 
r equi r ement s:  

a.  For  t ubi ng 0. 375 i nch out si de di amet er  and l ar ger  pr ovi de t ubi ng wi t h 
mi ni mum wal l  t hi ckness equal  t o ASTM B88,  Type M

b.  For  t ubi ng l ess t han 0. 375 i nch out si de di amet er  pr ovi de t ubi ng wi t h 
mi ni mum wal l  t hi ckness of  0. 025 i nch

c.  For  exposed t ubi ng and t ubi ng f or  wor ki ng pr essur es gr eat er  t han 30 psi g
 pr ovi de har d copper  t ubi ng.

d.  Pr ovi de f i t t i ngs whi ch ar e ASME B16. 18 or  ASME B16. 22 sol der  t ype usi ng 
ASTM B32 95- 5 t i n- ant i mony sol der ,  or  whi ch ar e ASME B16. 26 
compr essi on t ype.

2. 4   WI RE AND CABLE

Pr ovi de wi r e and cabl e meet i ng t he r equi r ement s of  NFPA 70 and NFPA 90A i n 
addi t i on t o t he r equi r ement s of  t hi s speci f i cat i on and r ef er enced 
speci f i cat i ons.

2. 4. 1   Ter mi nal  Bl ocks

For  t er mi nal  bl ocks whi ch ar e not  i nt egr al  t o ot her  equi pment ,  pr ovi de 
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t er mi nal  bl ocks whi ch ar e i nsul at ed,  modul ar ,  f eed- t hr ough,  c l amp st y l e 
wi t h r ecessed capt i ve scr ew- t ype cl ampi ng mechani sm,  sui t abl e f or  DI N r ai l  
mount i ng,  and whi ch have encl osed si des or  end pl at es and par t i t i on pl at es 
f or  separ at i on.

2. 4. 2   Cont r ol  Wi r i ng f or  Bi nar y Si gnal s

For  Cont r ol  Wi r i ng f or  Bi nar y Si gnal s,  pr ovi de  18 AWG copper  or  t hi cker  
wi r e r at ed f or  300- vol t  ser vi ce.

2. 4. 3   Cont r ol  Wi r i ng f or  Anal og Si gnal s

For  Cont r ol  Wi r i ng f or  Anal og Si gnal s,  pr ovi de  18 AWG or  t hi cker ,  copper ,  
s i ngl e-  or  mul t i pl e- t wi st ed wi r e meet i ng t he f ol l owi ng r equi r ement s:

a.  mi ni mum 2 i nch l ay of  t wi st

b.  100 per cent  shi el ded pai r s

c.  at  l east  300- vol t  i nsul at i on

d.  each pai r  has a 20 AWG t i nned- copper  dr ai n wi r e and i ndi v i dual  over al l  
pai r  i nsul at i on

e.  cabl es have an over al l  al umi num- pol yest er  or  t i nned- copper  cabl e- shi el d 
t ape,  over al l  20 AWG t i nned- copper  cabl e dr ai n wi r e,  and over al l  cabl e 
i nsul at i on.

2. 4. 4   Power  Wi r i ng f or  Cont r ol  Devi ces

For  24- vol t  c i r cui t s,  pr ovi de i nsul at ed copper  18 AWG or  t hi cker  wi r e 
r at ed f or  300 VAC ser vi ce.   For  120- vol t  c i r cui t s,  pr ovi de 14 AWG or  
t hi cker  st r anded copper  wi r e r at ed f or  600- vol t  ser vi ce.

2. 4. 5   Tr ansf or mer s

Pr ovi de UL 5085- 3 appr oved t r ansf or mer s.   Sel ect  t r ansf or mer s s i zed so 
t hat  t he connect ed l oad i s no gr eat er  t han 80 per cent  of  t he t r ansf or mer  
r at ed capaci t y.

2. 5   AUTOMATI C CONTROL VALVES

Pr ovi de val ves wi t h st ai nl ess- st eel  st ems and st uf f i ng boxes wi t h ext ended 
necks t o c l ear  t he pi pi ng i nsul at i on.   Pr ovi de val ves wi t h bodi es meet i ng 
ASME B16. 34 or  ASME B16. 15 pr essur e and t emper at ur e c l ass r at i ngs based on 
t he desi gn oper at i ng t emper at ur e and 150 per cent  of  t he syst em desi gn 
oper at i ng pr essur e.   Unl ess ot her wi se speci f i ed or  i ndi cat ed,  pr ovi de 
val ves meet i ng FCI  70- 2 Cl ass I I I  l eakage r at i ng.   Pr ovi de val ves r at ed 
f or  modul at i ng or  t wo- posi t i on ser vi ce as i ndi cat ed,  whi ch c l ose agai nst  a 
di f f er ent i al  pr essur e i ndi cat ed as t he Cl ose- Of f  pr essur e and whi ch ar e 
Nor mal l y- Open,  Nor mal l y- Cl osed,  or  Fai l - I n- Last - Posi t i on as i ndi cat ed.

2. 5. 1   Val ve Type

2. 5. 1. 1   Li qui d Ser vi ce 150 Degr ees F or  Less

Use ei t her  gl obe val ves or  bal l  val ves except  t hat  but t er f l y val ves may be 
used f or  s i zes 4 i nch and l ar ger .
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2. 5. 2   Val ve Fl ow Coef f i c i ent  and Fl ow Char act er i st i c

2. 5. 2. 1   Two- Way Modul at i ng Val ves

Pr ovi de t he val ve coef f i c i ent  ( Cv)  i ndi cat ed.   Pr ovi de equal - per cent age 
f l ow char act er i st i c f or  l i qui d ser vi ce except  f or  but t er f l y val ves.   
Pr ovi de l i near  f l ow char act er i st i c f or  st eam ser vi ce except  f or  but t er f l y 
val ves.

2. 5. 2. 2   Thr ee- Way Modul at i ng Val ves

Pr ovi de t he val ve coef f i c i ent  ( Cv)  i ndi cat ed.   Pr ovi de l i near  f l ow 
char act er i st i c wi t h const ant  t ot al  f l ow t hr oughout  f ul l  pl ug t r avel .

2. 5. 3   Two- Posi t i on Val ves

Use f ul l  l i ne s i ze f ul l  por t  val ves wi t h maxi mum avai l abl e ( Cv) .

2. 5. 4   Gl obe Val ves

2. 5. 4. 1   Li qui d Ser vi ce Not  Exceedi ng 150 Degr ees F

a.   Val ve body and body connect i ons:

( 1)  val ves 1- 1/ 2 i nches and smal l er :   br ass or  br onze body,  wi t h 
t hr eaded or  uni on ends 

( 2)  val ves f r om 2 i nches t o 3 i nches i ncl usi ve:   br ass,  br onze,  or  
i r on bodi es.  2 i nch val ves wi t h t hr eaded connect i ons;   2- 1/ 2 t o 3 
i nches val ves wi t h f l anged connect i ons  

b.   I nt er nal  val ve t r i m:  Br ass or  br onze.

c.   St ems:   St ai nl ess st eel .

d.   Pr ovi de val ves compat i bl e wi t h a sol ut i on of  50 per cent  et hyl ene or  
pr opyl ene gl ycol .

2. 5. 5   Bal l  Val ves

2. 5. 5. 1   Li qui d Ser vi ce Not  Exceedi ng 150 Degr ees F

a.   Val ve body and connect i ons:

( 1)  val ves 1- 1/ 2 i nches and smal l er :  bodi es of  br ass or  br onze,  
wi t h t hr eaded or  uni on ends

( 2)  val ves f r om 2 i nches t o 3 i nches i ncl usi ve:   bodi es of  br ass,  
br onze,  or  i r on.   2 i nch val ves wi t h t hr eaded connect i ons;  val ves 
f r om  2- 1/ 2 t o 3 i nches wi t h f l anged connect i ons.

b.   Bal l :   St ai nl ess st eel  or  ni ckel - pl at ed br ass or  chr ome- pl at ed br ass.  

c.   Seal s:  Rei nf or ced Tef l on seal s and EPDM O- r i ngs.

d.   St em:   St ai nl ess st eel ,  bl ow- out  pr oof .

e.   Pr ovi de val ves compat i bl e wi t h a sol ut i on of  50 per cent  et hyl ene or  
pr opyl ene gl ycol .
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2. 5. 6   But t er f l y Val ves

Pr ovi de but t er f l y val ves whi ch ar e t hr eaded l ug t ype sui t abl e f or  dead- end 
ser vi ce and modul at i on t o t he f ul l y- c l osed posi t i on,  wi t h car bon- st eel  
bodi es or  wi t h duct i l e i r on bodi es i n accor dance wi t h ASTM A536.   Pr ovi de 
but t er f l y val ves wi t h non- cor r osi ve di scs,  st ai nl ess st eel  shaf t s 
suppor t ed by bear i ngs,  and EPDM seat s sui t abl e f or  t emper at ur es f r om - 20 
t o +250 degr ees F.   Pr ovi de val ves wi t h r at ed Cv of  t he  Cv at  70 per cent  
( 60 degr ees)  open posi t i on.   Pr ovi de val ves meet i ng FCI  70- 2 Cl ass VI  
l eakage r at i ng.

2. 5. 7   Pr essur e I ndependent  Cont r ol  Val ves ( PI CV)

Pr ovi de pr essur e i ndependent  cont r ol  val ves whi ch i ncl ude a r egul at or  
val ve whi ch mai nt ai ns t he di f f er ent i al  pr essur e acr oss a f l ow cont r ol  
val ve.   Pr essur e i ndependent  cont r ol  val ves must  accur at el y cont r ol  t he 
f l ow f r om 0- 100 per cent  f ul l  r at ed f l ow r egar dl ess of  changes i n t he 
pi pi ng pr essur e and not  var y t he f l ow mor e t han pl us or  mi nus 5 per cent  at  
any gi ven f l ow cont r ol  val ve posi t i on when t he PI CV di f f er ent i al  pr essur e 
l i es bet ween t he manuf act ur er ' s st at ed mi ni mum and maxi mum.   The r at ed 
mi ni mum di f f er ent i al  pr essur e f or  st eady f l ow must  not  exceed 5 psi d 
acr oss t he PI CV.   Pr ovi de ei t her  gl obe or  bal l  t ype val ves meet i ng t he 
i ndi cat ed r equi r ement s f or  gl obe and bal l  val ves.    Pr ovi de val ves wi t h a 
f l ow t ag l i s t i ng f ul l  r at ed f l ow and mi ni mum r equi r ed pr essur e dr op.   
Pr ovi de val ves wi t h f act or y i nst al l ed Pr essur e/ Temper at ur e por t s ( " Pet e' s 
Pl ugs" )  t o measur e t he pr essur e dr op t o det er mi ne t he val ve f l ow r at e.

2. 6   DAMPERS

2. 6. 1   Damper  Assembl y

Pr ovi de si ngl e damper  sect i ons wi t h bl ades no l onger  t han 48 i nches and 
whi ch ar e no hi gher  t han 72 i nches and damper  bl ade wi dt h of   8 i nches or  
l ess.   When l ar ger  s i zes ar e r equi r ed,  combi ne damper  sect i ons.   Pr ovi de 
damper s made of  st eel ,  or  ot her  mat er i al s wher e i ndi cat ed and wi t h 
assembl y f r ames const r uct ed of  0. 07 i nch mi ni mum t hi ckness gal vani zed 
st eel  channel s wi t h mi t er ed and wel ded cor ner s.   St eel  channel  f r ames 
const r uct ed of  0. 06 i nch mi ni mum t hi ckness ar e accept abl e pr ovi ded t he 
cor ner s ar e r ei nf or ced.

a.   Fl at  bl ades must  be made r i gi d by f ol di ng t he edges.   Bl ade- oper at i ng 
l i nkages must  be wi t hi n t he f r ame so t hat  bl ade- connect i ng devi ces 
wi t hi n t he same damper  sect i on must  not  be l ocat ed di r ect l y i n t he ai r  
st r eam.   

b.   Damper  axl es must  be 1/ 2 i nch mi ni mum,  pl at ed st eel  r ods suppor t ed i n 
t he damper  f r ame by st ai nl ess st eel  or  br onze bear i ngs.   Bl ades 
mount ed ver t i cal l y must  be suppor t ed by t hr ust  bear i ngs.

c.   Pr ovi de damper s whi ch do not  exceed a pr essur e dr op t hr ough t he damper  
of   0. 04 i nches wat er  gauge at  1000 f t / mi n i n t he wi de- open posi t i on.   
Pr ovi de damper s wi t h f r ames not  l ess t han 2 i nch i n wi dt h.   Pr ovi de 
damper s whi ch have been t est ed i n accor dance wi t h AMCA 500- D.

2. 6. 2   Oper at i ng Li nkages

For  oper at i ng l i nks ext er nal  t o damper s,  such as cr ank ar ms,  connect i ng 
r ods,  and l i ne shaf t i ng f or  t r ansmi t t i ng mot i on f r om damper  act uat or s t o 
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damper s,  pr ovi de l i nks abl e t o wi t hst and a l oad equal  t o at  l east  300 
per cent  of  t he maxi mum r equi r ed damper - oper at i ng f or ce wi t hout  def or mi ng.   
Rod l engt hs must  be adj ust abl e.   Li nks must  be br ass,  br onze,  z i nc- coat ed 
st eel ,  or  st ai nl ess st eel .   Wor ki ng par t s of  j oi nt s and cl evi ses must  be 
br ass,  br onze,  or  st ai nl ess st eel .   Adj ust ment s of  cr ank ar ms must  cont r ol  
t he open and cl osed posi t i ons of  damper s.

2. 6. 3   Damper  Types

2. 6. 3. 1   Fl ow Cont r ol  Damper s

Pr ovi de par al l el - bl ade or  opposed bl ade t ype damper s f or  out si de ai r ,  
r et ur n ai r ,  r el i ef  ai r ,  exhaust ,  f ace and bypass damper s as i ndi cat ed on 
t he Damper  Schedul e.   Bl ades must  have i nt er l ocki ng edges.   The channel  
f r ames of  t he damper s must  be pr ovi ded wi t h j amb seal s t o mi ni mi ze ai r  
l eakage.   Unl ess ot her wi se i ndi cat ed,  damper s must  meet  AMCA 511 Cl ass 1A 
r equi r ement s.   Out si de ai r  damper  seal s must  be sui t abl e f or  an oper at i ng 
t emper at ur e r ange of  - 40 t o +167 degr ees F.   Damper s must  be r at ed at  not  
l ess t han 2000 f t / mi n ai r  vel oci t y.

2. 6. 3. 2   Mechani cal  Rooms and Ot her  Ut i l i t y  Space Vent i l at i on Damper s

Pr ovi de ut i l i t y  space vent i l at i on damper s as i ndi cat ed.   Unl ess ot her wi se 
i ndi cat ed pr ovi de AMCA 511 cl ass 3 damper s.   Pr ovi de damper s r at ed at  not  
l ess t han 1500 f t / mi n ai r  vel oci t y.

2. 6. 3. 3   Smoke Damper s

Pr ovi de smoke- damper  and act uat or  assembl i es  whi ch meet  t he cur r ent  
r equi r ement s of  NFPA 90A,  UL 555,  and UL 555S.   For  combi nat i on f i r e and 
smoke damper s pr ovi de damper s r at ed f or  250 degr ees F Cl ass I I  l eakage per  
UL 555S.

2. 7   SENSORS AND I NSTRUMENTATI ON

Unl ess ot her wi se speci f i ed,  pr ovi de sensor s and i nst r ument at i on whi ch 
i ncor por at e an i nt egr al  t r ansmi t t er .   Sensor s and i nst r ument at i on,  
i ncl udi ng t hei r  t r ansmi t t er s,  must  meet  t he speci f i ed accur acy and dr i f t  
r equi r ement s at  t he i nput  of  t he connect ed DDC Har dwar e' s 
anal og- t o- di gi t al  conver si on.

2. 7. 1   Anal og and Bi nar y Tr ansmi t t er s

Pr ovi de t r ansmi t t er s whi ch mat ch t he char act er i st i cs of  t he sensor .   
Tr ansmi t t er s pr ovi di ng anal og val ues must  pr oduce a l i near  4- 20 mAdc,  0- 10 
Vdc si gnal  cor r espondi ng t o t he r equi r ed oper at i ng r ange and must  have 
zer o and span adj ust ment .   Tr ansmi t t er s pr ovi di ng bi nar y val ues must  have 
dr y cont act s r at ed at  1A at  24 Vol t s AC.

2. 7. 2   Net wor k Tr ansmi t t er s

Sensor s and I nst r ument at i on i ncor por at i ng an i nt egr al  net wor k connect i on 
ar e consi der ed DDC Har dwar e and must  meet  t he DDC Har dwar e r equi r ement s of  
23 09 23. 02 BACNET DI RECT DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG 
CONTROL SYSTEMS when used i n a BACnet  net wor k.

2. 7. 3   Temper at ur e Sensor s

Pr ovi de t he same sensor  t ype t hr oughout  t he pr oj ect .   Temper at ur e sensor s 
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may be pr ovi ded wi t hout  t r ansmi t t er s.   Wher e t r ansmi t t er s ar e used,  t he 
r ange must  be t he smal l est  avai l abl e f r om t he manuf act ur er  and sui t abl e 
f or  t he appl i cat i on such t hat  t he r ange encompasses t he expect ed r ange of  
t emper at ur es t o be measur ed.   The end t o end accur acy i ncl udes t he 
combi ned ef f ect  of  sensi t i v i t y,  hyst er esi s,  l i near i t y and r epeat abi l i t y  
bet ween t he measur ed var i abl e and t he end user  i nt er f ace ( gr aphi c 
pr esent at i on)  i ncl udi ng t r ansmi t t er s i f  used.

2. 7. 3. 1   Sensor  Accur acy and St abi l i t y  of  Cont r ol

2. 7. 3. 1. 1   Condi t i oned Space Temper at ur e

Pl us or  mi nus 0. 5 degr ee F over  t he oper at i ng r ange.

2. 7. 3. 1. 2   Uncondi t i oned Space Temper at ur e

a.   Pl us or  mi nus 1 degr ee F over  t he r ange of  30 t o 131 degr ees F AND

b.   Pl us or  mi nus 4 degr ees F over  t he r est  of  t he oper at i ng r ange.

2. 7. 3. 1. 3   Duct  Temper at ur e

Pl us or  mi nus 0. 5 degr ee F

2. 7. 3. 1. 4   Out si de Ai r  Temper at ur e

a.   Pl us or  mi nus 2 degr ees F over  t he r ange of  - 30 t o +130 degr ees F AND

b.   Pl us or  mi nus 1 degr ee F over  t he r ange of  30 t o 130 degr ees F.

2. 7. 3. 1. 5   Hi gh Temper at ur e Hot  Wat er

Pl us or  mi nus 3. 6 degr ees F.

2. 7. 3. 1. 6   Chi l l ed Wat er

Pl us or  mi nus 0. 8 degr ees F over  t he r ange of  35 t o 65 degr ees F.

2. 7. 3. 2   Tr ansmi t t er  Dr i f t

The maxi mum al l owabl e t r ansmi t t er  dr i f t :   0. 25 degr ees F per  year .  

2. 7. 3. 3   Poi nt  Temper at ur e Sensor s

Poi nt  Sensor s must  be encapsul at ed i n epoxy,  ser i es 300 st ai nl ess st eel ,  
anodi zed al umi num,  or  copper .

2. 7. 3. 4   Temper at ur e Sensor  Det ai l s

2. 7. 3. 4. 1   Room Type

Pr ovi de t he sensi ng el ement  component s wi t hi n a decor at i ve pr ot ect i ve 
cover  sui t abl e f or  sur r oundi ng decor .

2. 7. 3. 4. 2   Duct  Pr obe Type

Ensur e t he pr obe i s l ong enough t o pr oper l y sense t he ai r  st r eam 
t emper at ur e.
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2. 7. 3. 4. 3   Duct  Aver agi ng Type

Cont i nuous aver agi ng sensor s must  be one f oot  i n l engt h f or  each 1 squar e 
f oot  of  duct  cr oss- sect i onal  ar ea,  and a mi ni mum l engt h of  5 f eet .

2. 7. 3. 4. 4   Pi pe I mmer si on Type

For  pi pes wi t h l ar ger  t han 3 i nch di amet er ,  pr ovi de mi ni mum  3 i nch 
i mmer si on.   For  pi pes wi t h l ess t han 3 i nch di amet er ,  pr ovi de i mmer si on at  
l east  hal f  t he di amet er  of  t he pi pe.   Pr ovi de each sensor  wi t h a 
cor r espondi ng pi pe- mount ed sensor  wel l ,  unl ess i ndi cat ed ot her wi se.   
Sensor  wel l s must  be st ai nl ess st eel  when used i n st eel  pi pi ng,  and br ass 
when used i n copper  pi pi ng.

2. 7. 3. 4. 5   Out si de Ai r  Type

Pr ovi de t he sensi ng el ement  r at ed f or  out door  use

2. 7. 4   Rel at i ve Humi di t y Sensor

Rel at i ve humi di t y sensor s must  use bul k pol ymer  r esi st i ve or  t hi n f i l m 
capaci t i ve t ype non- sat ur at i ng sensi ng el ement s capabl e of  wi t hst andi ng a 
sat ur at ed condi t i on wi t hout  per manent l y af f ect i ng cal i br at i on or  
sust ai ni ng damage.   The sensor s must  i ncl ude r emovabl e pr ot ect i ve membr ane 
f i l t er s.   Wher e r equi r ed f or  ext er i or  i nst al l at i on,  sensor s must  be 
capabl e of  sur vi v i ng bel ow f r eezi ng t emper at ur es and di r ect  cont act  wi t h 
moi st ur e wi t hout  af f ect i ng sensor  cal i br at i on.   When used i ndoor s,  t he 
sensor  must  be capabl e of  bei ng exposed t o a condensi ng ai r  st r eam ( 100 
per cent  r el at i ve humi di t y)  wi t h no adver se ef f ect  t o t he sensor ' s 
cal i br at i on or  ot her  har m t o t he i nst r ument .   The sensor  must  be of  t he 
wal l - mount ed or  duct - mount ed t ype,  as r equi r ed by t he appl i cat i on,  and 
must  be pr ovi ded wi t h any r equi r ed accessor i es.   Sensor s used i n duct  
hi gh- l i mi t  appl i cat i ons must  have a bul k pol ymer  r esi st i ve sensi ng 
el ement .   Duct - mount ed sensor s must  be pr ovi ded wi t h a duct  pr obe desi gned 
t o pr ot ect  t he sensi ng el ement  f r om dust  accumul at i on and mechani cal  
damage.   Rel at i ve humi di t y ( RH)  sensor s must  measur e r el at i ve humi di t y 
over  a r ange of  0 per cent  t o 100 per cent  wi t h an accur acy of  pl us or  mi nus 
2 per cent .   RH sensor s must  f unct i on over  a t emper at ur e r ange of  40 t o 135 
degr ees F and must  not  dr i f t  mor e t han 1 per cent  per  year .

2. 7. 5   Car bon Di oxi de ( CO2)  Sensor s

Pr ovi de phot omet r i c t ype CO2 sensor s wi t h i nt egr al  t r ansducer s and l i near  
out put .  Car bon di oxi de ( CO2)  sensor s must  measur e CO2 concent r at i ons 
bet ween 0 t o 2000 par t s per  mi l l i on ( ppm)  usi ng non- di sper si bl e i nf r ar ed 
( NDI R)  t echnol ogy wi t h an accur acy of  pl us or  mi nus 50 ppm and a maxi mum 
r esponse t i me of  1 mi nut e.   The sensor  must  be r at ed f or  oper at i on at  
ambi ent  ai r  t emper at ur es wi t hi n t he r ange of  32 t o 122 degr ees F and 
r el at i ve humi di t y wi t hi n t he r ange of  20 t o 95 per cent  ( non- condensi ng) .   
The sensor  must  have a maxi mum dr i f t  of  2 per cent  per  year .   The sensor  
chamber  must  be manuf act ur ed wi t h a non- cor r osi ve mat er i al  t hat  does not  
af f ect  car bon di oxi de sampl e concent r at i on.   Duct  mount ed sensor s must  be 
pr ovi ded wi t h a duct  pr obe desi gned t o pr ot ect  t he sensi ng el ement  f r om 
dust  accumul at i on and mechani cal  damage.   The sensor  must  have a 
cal i br at i on i nt er val  no l ess t han 5 year s.
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2. 7. 6   Di f f er ent i al  Pr essur e I nst r ument at i on

2. 7. 6. 1   Di f f er ent i al  Pr essur e Sensor s

Pr ovi de Di f f er ent i al  Pr essur e Sensor s wi t h r anges as i ndi cat ed or  as 
r equi r ed f or  t he appl i cat i on.   Pr essur e sensor  r anges must  not  exceed t he 
hi gh end r ange i ndi cat ed on t he Poi nt s Schedul e by mor e t han 50 per cent .   
The over  pr essur e r at i ng must  be a mi ni mum of  150 per cent  of  t he hi ghest  
desi gn pr essur e of  ei t her  i nput  t o t he sensor .   The accur acy must  be pl us 
or  mi nus 1 per cent  of  f ul l  scal e.  The sensor  must  have a maxi mum dr i f t  of  
2 per cent  per  year

2. 7. 6. 2   Di f f er ent i al  Pr essur e Swi t ch

Pr ovi de di f f er ent i al  pr essur e swi t ches wi t h a user - adj ust abl e set poi nt  
whi ch ar e s i zed f or  t he appl i cat i on such t hat  t he set poi nt  i s  bet ween 25 
per cent  and 75 per cent  of  t he f ul l  r ange.   The over  pr essur e r at i ng must  
be a mi ni mum of  150 per cent  of  t he hi ghest  desi gn pr essur e of  ei t her  i nput  
t o t he sensor .   The swi t ch must  have t wo set s of  cont act s and each cont act  
must  have a r at i ng gr eat er  t han i t ' s  connect ed l oad.   Cont act s must  open 
or  c l ose upon r i se of  pr essur e above t he set poi nt  or  dr op of  pr essur e 
bel ow t he set poi nt  as i ndi cat ed.

2. 7. 7   Fl ow Sensor s

2. 7. 7. 1   Ai r f l ow Measur ement  Ar r ay ( AFMA)

2. 7. 7. 1. 1   Ai r f l ow St r ai ght ener

Pr ovi de AFMAs whi ch cont ai n an ai r f l ow st r ai ght ener  i f  r equi r ed by t he 
AFMA manuf act ur er ' s publ i shed i nst al l at i on i nst r uct i ons.   The st r ai ght ener  
must  be cont ai ned i nsi de a f l anged sheet  met al  casi ng,  wi t h t he AFMA 
l ocat ed as speci f i ed accor di ng t o t he publ i shed r ecommendat i on of  t he AFMA 
manuf act ur er .   I n t he absence of  publ i shed document at i on,  pr ovi de ai r f l ow 
st r ai ght ener s i f  t her e i s any duct  obst r uct i on wi t hi n 5 duct  di amet er s 
upst r eam of  t he AFMA.   Ai r - f l ow st r ai ght ener s,  wher e r equi r ed,  must  be 
const r uct ed of  0. 125 i nch al umi num honeycomb and t he dept h of  t he 
st r ai ght ener  must  not  be l ess t han 1. 5 i nches.

2. 7. 7. 1. 2   Resi st ance t o Ai r f l ow

The r esi st ance t o ai r  f l ow t hr ough t he AFMA,  i ncl udi ng t he ai r f l ow 
st r ai ght ener  must  not  exceed 0. 085 i nch wat er  gauge at  an ai r f l ow of  2, 000 
f pm.   AFMA const r uct i on must  be sui t abl e f or  oper at i on at  ai r f l ows of  up t o
 5000 f pm over  a t emper at ur e r ange of  40 t o 120 degr ees F.

2. 7. 7. 1. 3   Out si de Ai r  Temper at ur e

I n out si de ai r  measur ement  or  i n l ow- t emper at ur e ai r  del i ver y 
appl i cat i ons,  pr ovi de an AFMA cer t i f i ed by t he manuf act ur er  t o be accur at e 
as speci f i ed over  a t emper at ur e r ange of  - 20 t o +120 degr ees F .

2. 7. 7. 1. 4   Pi t ot  Tube AFMA

Each Pi t ot  Tube AFMA must  cont ai n an ar r ay of  vel oci t y sensi ng el ement s.   
The vel oci t y sensi ng el ement s must  be of  t he mul t i pl e pi t ot  t ube t ype wi t h 
aver agi ng mani f ol ds.   The sensi ng el ement s must  be di st r i but ed acr oss t he 
duct  cr oss sect i on i n t he quant i t y and pat t er n speci f i ed or  r ecommended by 
t he publ i shed i nst al l at i on i nst r uct i ons of  t he AFMA manuf act ur er .

SECTI ON 23 09 13  Page 11



D51 Hangar  Conver si on t o Human Per f or mance Cent er  FTFA 23- VH59
Egl i n AFB,  Fl or i da

a.   Pi t ot  Tube AFMAs f or  use i n ai r f l ows over  600 f pm must  have an 
accur acy of  pl us or  mi nus 5 per cent  over  a r ange of  500 t o 2500 f pm.  

b.   Pi t ot  Tube AFMAs f or  use i n ai r f l ows under  600 f pm must  have an 
accur acy of  pl us or  mi nus 5 per cent  over  a r ange of  125 t o 2500 f pm.  

2. 7. 7. 1. 5   El ect r oni c AFMA

Each el ect r oni c AFMA must  consi st  of  an ar r ay of  vel oci t y sensi ng el ement s 
of  t he r esi st ance t emper at ur e det ect or  ( RTD)  or  t her mi st or  t ype.   The 
sensi ng el ement s must  be di st r i but ed acr oss t he duct  cr oss sect i on i n t he 
quant i t y and pat t er n speci f i ed or  r ecommended by t he publ i shed appl i cat i on 
dat a of  t he AFMA manuf act ur er .   El ect r oni c AFMAs must  have an accur acy of  
pl us or  mi nus 5 per cent  over  a r ange of  125 t o 5, 000 f pm and t he out put  
must  be t emper at ur e compensat ed over  a r ange of  32 t o 212 degr ees F.

2. 7. 7. 1. 6   Fan I nl et  Measur ement  Devi ces

Fan i nl et  measur ement  devi ces cannot  be used unl ess i ndi cat ed on t he 
dr awi ngs or  schedul es.

2. 7. 7. 2   Or i f i ce Pl at e

Or i f i ce pl at e must  be made of  an aust eni t i c  st ai nl ess st eel  sheet  of  0. 125 
i nch nomi nal  t hi ckness wi t h an accur acy of  pl us or  mi nus 1 per cent  of  f ul l  
f l ow.   The or i f i ce pl at e must  be f l at  wi t hi n 0. 002 i nches.   The or i f i ce 
sur f ace r oughness must  not  exceed 20 mi cr o- i nches.   The t hi ckness of  t he 
cyl i ndr i cal  f ace of  t he or i f i ce must  not  exceed 2 per cent  of  t he pi pe 
i nsi de di amet er  or  12. 5 per cent  of  t he or i f i ce di amet er ,  whi chever  i s 
smal l er .   The upst r eam edge of  t he or i f i ce must  be squar e and shar p.   
Wher e or i f i ce pl at es ar e used,  concent r i c or i f i ce pl at es must  be used i n 
al l  appl i cat i ons except  st eam f l ow measur ement  i n hor i zont al  pi pel i nes.

2. 7. 7. 3   Fl ow Nozzl e

Fl ow nozzl e must  be made of  aust eni t i c  st ai nl ess st eel  wi t h an accur acy of  
pl us or  mi nus 1 per cent  of  f ul l  f l ow.   The i nl et  nozzl e f or m must  be 
el l i pt i cal  and t he nozzl e t hr oat  must  be t he quadr ant  of  an el l i pse.   The 
t hi ckness of  t he nozzl e wal l  and f l ange must  be such t hat  di st or t i on of  
t he nozzl e t hr oat  f r om st r ai ns caused by t he pi pel i ne t emper at ur e and 
pr essur e,  f l ange bol t i ng,  or  ot her  met hods of  i nst al l i ng t he nozzl e i n t he 
pi pel i ne must  not  cause t he accur acy t o degr ade beyond t he speci f i ed 
l i mi t .   The out si de di amet er  of  t he nozzl e f l ange or  t he desi gn of  t he 
f l ange f aci ng must  be such t hat  t he nozzl e t hr oat  must  be cent er ed 
accur at el y i n t he pi pe.

2. 7. 7. 4   Vent ur i  Tube

Vent ur i  t ube must  be made of  cast  i r on or  cast  st eel  and must  have an 
accur acy of  pl us or  mi nus 1 per cent  of  f ul l  f l ow.   The t hr oat  sect i on must  
be l i ned wi t h aust eni t i c  st ai nl ess st eel .   Ther mal  expansi on 
char act er i st i cs of  t he l i ni ng must  be t he same as t hat  of  t he t hr oat  
cast i ng mat er i al .   The sur f ace of  t he t hr oat  l i ni ng must  be machi ned t o a 
pl us or  mi nus 50 mi cr o i nch f i ni sh,  i ncl udi ng t he shor t  cur vat ur e l eadi ng 
f r om t he conver gi ng ent r ance sect i on i nt o t he t hr oat .
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2. 7. 7. 5   Annul ar  Pi t ot  Tube

Annul ar  pi t ot  t ube must  be made of  aust eni t i c  st ai nl ess st eel  wi t h an 
accur acy of  pl us or  mi nus 2 per cent  of  f ul l  f l ow and a r epeat abi l i t y  of  
pl us or  mi nus 0. 5 per cent  of  measur ed val ue.   The uni t  must  have at  l east  
one st at i c por t  and no l ess t han f our  t ot al  head pr essur e por t s wi t h an 
aver agi ng mani f ol d.

2. 7. 7. 6   I nser t i on Tur bi ne Fl owmet er

Pr ovi de dual  axi al  t ur bi ne f l owmet er  wi t h al l  i nst al l at i on har dwar e 
necessar y t o enabl e i nser t i on and r emoval  of  t he met er  wi t hout  syst em 
shut down.   Al l  par t s must  meet  or  exceed t he pr essur e c l assi f i cat i on of  
t he pi pe syst em i t  i s  i nst al l ed i n.   I nser t i on Tur bi ne Fl owmet er  accur acy 
must  be pl us or  mi nus 0. 5 per cent  of  r at e at  cal i br at ed vel oci t y. ,  wi t hi n 
pl us or  mi nus of  r at e over  a 10: 1 t ur ndown and wi t hi n pl us or  mi nus 2 
per cent  of  r at e over  a 50: 1 t ur ndown.   Repeat abi l i t y  must  be pl us or  mi nus 
0. 25 per cent  of  r eadi ng.   The met er  f l ow sensi ng el ement  must  oper at e over  
a r ange sui t abl e f or  t he i nst al l ed l ocat i on wi t h a pr essur e l oss l i mi t ed 
t o 1 per cent  of  oper at i ng pr essur e at  maxi mum f l ow r at e.   The f l owmet er  , must  
i ncl ude ei t her  dr y cont act  pul se out put s,  4- 20mA,  0- 10Vdc or  0- 5Vdc 
out put s.   The t ur bi ne r ot or  assembl y must  be const r uct ed of  Ser i es 300 
st ai nl ess st eel  and use Tef l on seal s.

2. 7. 7. 7   Vor t ex Sheddi ng Fl owmet er

Vor t ex Sheddi ng Fl owmet er  accur acy must  be wi t hi n pl us or  mi nus 0. 8 
per cent  of  t he act ual  r eadi ng over  t he r ange of  t he met er .   St eam met er s 
must  cont ai n densi t y compensat i on by di r ect  measur ement  of  t emper at ur e.   
Mass f l ow i nf er r ed f r om speci f i ed st eam pr essur e ar e not  accept abl e.   The 
f l ow met er  body must  be made of  aust eni t i c  st ai nl ess st eel  and i ncl ude a 
weat her  t i ght  NEMA 4X el ect r oni cs encl osur e.   The vor t ex sheddi ng 
f l owmet er  body must  not  r equi r e r emoval  f r om t he pi pi ng i n or der  t o 
r epl ace t he sheddi ng sensor .

2. 7. 7. 8   Ul t r asoni c Fl ow Met er

Pr ovi de Ul t r asoni c Fl ow Met er s compl et e wi t h mat ched t r ansducer s,  sel f  
al i gni ng i nst al l at i on har dwar e and t r ansducer  cabl es.   Ul t r asoni c 
t r ansducer s must  be opt i mi zed f or  t he speci f i c  pi pe and pr ocess condi t i ons 
f or  t he appl i cat i on.   The f l ow met er  accur acy must  pl us or  mi nus 1 per cent  
of  r at e f r om 0 t o 40 f t / sec.   The f l owmet er  must  i ncl ude ei t her  dr y 
cont act  pul se out put s,  4- 20mA,  0- 10Vdc or  0- 5Vdc out put .

2. 7. 7. 9   I nser t i on Magnet i c Fl ow Met er

Pr ovi de i nser t i on t ype magnet i c f l owmet er s wi t h al l  i nst al l at i on har dwar e 
necessar y t o enabl e i nser t i on and r emoval  of  t he met er  wi t hout  syst em 
shut down.   Al l  par t s must  meet  or  exceed t he pr essur e c l assi f i cat i on of  
t he pi pe syst em i t  i s  i nst al l ed i n.   Fl owmet er  accur acy must  be no gr eat er  
t han pl us or  mi nus 1 per cent  of  r at e f r om 2 t o 20 f eet / sec.   Wet t ed 
mat er i al  par t s must  be 300 ser i es st ai nl ess st eel .   The f l owmet er  must  
i ncl ude ei t her  dr y cont act  pul se out put s,  4- 20mA,  0- 10Vdc or  0- 5Vdc 
out put s.

2. 7. 7. 10   Posi t i ve Di spl acement  Fl ow Met er

The f l ow met er  must  be a di r ect  r eadi ng,  ger ot or ,  nut at i ng di sc or  vane 
t ype di spl acement  devi ce r at ed f or  l i qui d ser vi ce as i ndi cat ed.   A count er  
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must  be mount ed on t op of  t he met er ,  and must  consi st  of  a non- r eset t abl e 
mechani cal  t ot al i zer  f or  l ocal  r eadi ng,  and a pul se t r ansmi t t er  f or  r emot e 
r eadi ng.   The t ot al i zer  must  have a s i x di gi t  r egi st er  t o i ndi cat e t he 
vol ume passed t hr ough t he met er  i n gal l ons,  and a sweep- hand di al  t o 
i ndi cat e down t o 0. 25 gal l ons.   The pul se t r ansmi t t er  must  have a 
her met i cal l y seal ed r eed swi t ch whi ch i s act i vat ed by magnet s f i xed on 
gear s of  t he count er .   The met er  must  have a br onze body wi t h t hr eaded or  
f l anged connect i ons as r equi r ed f or  t he appl i cat i on.   Out put  accur acy must  
be pl us or  mi nus 2 per cent  of  t he f l ow r ange.   The maxi mum pr essur e dr op 
at  f ul l  f l ow must  be 5 psi g.

2. 7. 7. 11   Fl ow Met er s,  Paddl e Type

Sensor  must  be non- magnet i c,  wi t h f or war d cur ved i mpel l er  bl ades desi gned 
f or  wat er  cont ai ni ng debr i s.   Sensor  accur acy must  be pl us or  mi nus 1 
per cent  of  r at e of  f l ow,  mi ni mum oper at i ng f l ow vel oci t y must  be 1 f oot  
per  second.   Sensor  r epeat abi l i t y  and l i near i t y must  be pl us or  mi nus 1 
per cent .   Mat er i al s whi ch wi l l  be wet t ed must  be made f r om non- cor r osi ve 
mat er i al s and must  not  cont ami nat e wat er .   The sensor  must  be r at ed f or  
i nst al l at i on i n pi pes of  3 t o 40 i nch di amet er s.   The t r ansmi t t er  housi ng 
must  be a NEMA 250 Type 4 encl osur e.

2. 7. 7. 12   Fl ow Swi t ch

Fl ow swi t ch must  have a r epet i t i ve accur acy of  pl us or  mi nus 10 per cent  of  
act ual  f l ow set t i ng.   Swi t ch act uat i on must  be adj ust abl e over  t he 
oper at i ng f l ow r ange,  and must  be si zed f or  t he appl i cat i on such t hat  t he 
set poi nt  i s  bet ween 25 per cent  and 75 per cent  of  t he f ul l  r ange. .   The 
swi t ch must  have For m C snap- act i on cont act s,  r at ed f or  t he appl i cat i on.   
The f l ow swi t ch must  have non f l exi bl e paddl e wi t h magnet i cal l y act uat ed 
cont act s and be r at ed f or  ser vi ce at  a pr essur e gr eat er  t han t he i nst al l ed 
condi t i ons.   Fl ow swi t ch f or  use i n sewage syst em must  be r at ed f or  use i n 
cor r osi ve envi r onment s encount er ed.

2. 7. 7. 13   Gas Fl ow Met er

Gas f l ow met er  must  be di aphr agm or  bel l ows t ype ( gas posi t i ve 
di spl acement  met er s)  f or  f l ows up t o 2500 SCFH and axi al  f l ow t ur bi ne t ype 
f or  f l ows above 2500 SCFH,  desi gned speci f i cal l y f or  nat ur al  gas suppl y 
met er i ng,  and r at ed f or  t he pr essur e,  t emper at ur e,  and f l ow r at es of  t he 
i nst al l at i on.   Met er  must  have a mi ni mum t ur ndown r at i o of  10 t o 1 wi t h an 
accur acy of  pl us or  mi nus 1 per cent  of  act ual  f l ow r at e.   The met er  i ndex 
must  i ncl ude a di r ect  r eadi ng mechani cal  t ot al i z i ng r egi st er  and 
el ect r i cal  i mpul se dr y cont act  out put  f or  r emot e moni t or i ng.  The 
el ect r i cal  i mpul se dr y cont act  out put  must  not  r equi r e f i el d adj ust ment  or  
cal i br at i on.   The el ect r i cal  i mpul se dr y cont act  out put  must  have a 
mi ni mum r esol ut i on of  100 cubi c f eet  of  gas per  pul se and must  not  exceed 
15 pul ses per  second at  t he desi gn f l ow.

2. 7. 8   El ect r i cal  I nst r ument s

Pr ovi de El ect r i cal  I nst r ument s wi t h an i nput  r ange as i ndi cat ed or  s i zed 
f or  t he appl i cat i on.   Unl ess ot her wi se speci f i ed,  AC i nst r ument at i on must  
be sui t abl e f or  60 Hz oper at i on.

2. 7. 8. 1   Cur r ent  Tr ansducer s

Cur r ent  t r ansducer s must  accept  an AC cur r ent  i nput  and must  have an 
accur acy of  pl us or  mi nus 2 per cent  of  f ul l  scal e.   The devi ce must  have a 
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means f or  cal i br at i on.   Cur r ent  t r ansducer s f or  var i abl e f r equency 
appl i cat i ons must  be r at ed f or  var i abl e f r equency oper at i on.

2. 7. 8. 2   Cur r ent  Sensi ng Rel ays ( CSRs)

Cur r ent  sensi ng r el ays ( CSRs)  must  pr ovi de a nor mal l y- open cont act  wi t h a 
vol t age and amper age r at i ng gr eat er  t han i t s connect ed l oad.   Cur r ent  
sensi ng r el ays must  be of  spl i t - cor e desi gn.   The CSR must  be r at ed f or  
oper at i on at  200 per cent  of  t he connect ed l oad.   Vol t age i sol at i on must  be 
a mi ni mum of  600 vol t s.   The CSR must  aut o- cal i br at e t o t he connect ed l oad 
or  be adj ust abl e and f i el d cal i br at ed.   Cur r ent  sensor s f or  var i abl e 
f r equency appl i cat i ons must  be r at ed f or  var i abl e f r equency oper at i on.

2. 7. 8. 3   Vol t age Tr ansducer s

Vol t age t r ansducer s must  accept  an AC vol t age i nput  and have an accur acy 
of  pl us or  mi nus 0. 25 per cent  of  f ul l  scal e.   The devi ce must  have a means 
f or  cal i br at i on.   Li ne s i de f uses f or  t r ansducer  pr ot ect i on must  be 
pr ovi ded.

2. 7. 9   Car bon Monoxi de Anal yzer

Car bon monoxi de anal yzer  must  consi st  of  an i nf r ar ed l i ght  sour ce i n a 
weat her  pr oof  st eel  encl osur e f or  duct  or  st ack mount i ng.   An opt i cal  
det ect or / anal yzer  i n a s i mi l ar  encl osur e,  sui t abl e f or  duct  or  st ack 
mount i ng must  be pr ovi ded.   Bot h assembl i es must  i ncl ude i nt er nal  bl ower  
syst ems t o keep opt i cal  wi ndows f r ee of  dust  and ash at  al l  t i mes.   The 
t hi r d component  of  t he anal yzer  must  be t he el ect r oni cs cabi net .   
Aut omat i c f l ue gas t emper at ur e compensat i on and manual / aut omat i c zer oi ng 
devi ces must  be pr ovi ded.   Uni t  must  r ead par t s per  mi l l i on ( ppm)  of  
car bon monoxi de i n t he r ange of  100 t o 10, 000 ppm and t he r esponse t i me 
must  be l ess t han 3 seconds t o 90 per cent  val ue.   Uni t  measur ement  r ange 
must  not  exceed speci f i ed r ange by mor e t hat  50 per cent .   Repeat abi l i t y  
must  be pl us or  mi nus 1 per cent  of  f ul l  scal e wi t h an accur acy of  pl us or  
mi nus 1 per cent  of  f ul l  scal e.

2. 7. 10   Vi br at i on Swi t ch

Vi br at i on swi t ch must  be sol i d st at e,  encl osed i n a NEMA 250 Type 4 or  
Type 4X housi ng wi t h seal ed wi r e ent r y.   Uni t  must  have t wo i ndependent  
set s of  For m C swi t ch cont act s wi t h one set  t o shut down equi pment  upon 
excessi ve v i br at i on and a second set  f or  moni t or i ng al ar m l evel  
v i br at i on.   The vi br at i on sensi ng r ange must  be a t r ue r ms r eadi ng,  
sui t abl e f or  t he appl i cat i on.   The uni t  must  i ncl ude ei t her  di spl acement  
r esponse f or  l ow speed or  vel oci t y r esponse f or  hi gh speed appl i cat i on.   
The f r equency r ange must  be at  l east  3 Hz t o 500 Hz.   Cont act  t i me del ay 
must  be 3 seconds.   The uni t  must  have i ndependent  st ar t - up and r unni ng 
del ay on each swi t ch cont act .   Al ar m l i mi t s must  be adj ust abl e and 
set poi nt  accur acy must  be pl us or  mi nus 10 per cent  of  set t i ng wi t h 
r epeat abi l i t y  of  pl us or  mi nus 2 per cent .

2. 7. 11   Conduct i v i t y Sensor

Sensor  must  i ncl ude l ocal  i ndi cat i ng met er  and must  be sui t abl e f or  
measur ement  of  conduct i v i t y of  wat er  i n boi l er s,  chi l l ed wat er  syst ems,  
condenser  wat er  syst ems,  di st i l l at i on syst ems,  or  pot abl e wat er  syst ems as 
i ndi cat ed.   Sensor  must  sense f r om 0 t o 10 mi cr oSei mens per  cent i met er  
( µS/ cm)  f or  di st i l l at i on syst ems,  0 t o 100 µS/ cm f or  boi l er ,  chi l l ed 
wat er ,  and pot abl e wat er  syst ems and 0 t o 1000 µS/ cm f or  condenser  wat er  
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syst ems.   Cont r act or  must  f i el d ver i f y t he r anges f or  par t i cul ar  
appl i cat i ons and adj ust  t he r ange as r equi r ed.   The out put  must  be 
t emper at ur e compensat ed over  a r ange of  32 t o 212 degr ees F.   The accur acy 
must  be pl us or  mi nus 2 per cent  of  t he f ul l  scal e r eadi ng.   Sensor  must  
have aut omat i c zer oi ng and must  r equi r e no per i odi c mai nt enance or  
r ecal i br at i on.

2. 7. 12   Tur bi di t y Sensor

Sensor  must  i ncl ude a l ocal  i ndi cat i ng met er  and must  be sui t abl e f or  
measur ement  of  t ur bi di t y of  wat er .   Sensor  must  sense f r om 0 t o 1000 
Nephel omet r i c Tur bi di t y Uni t s ( NTU) .   Range must  be f i el d- ver i f i ed f or  t he 
par t i cul ar  appl i cat i on and adj ust ed as r equi r ed.   The out put  must  be 
t emper at ur e compensat ed over  a r ange of  32 t o 212 degr ees F.   The accur acy 
must  be pl us or  mi nus 5 per cent  of  f ul l  scal e r eadi ng.   Sensor  must  have 
aut omat i c zer oi ng and must  not  r equi r e per i odi c mai nt enance or  
r ecal i br at i on.

2. 7. 13   Chl or i ne Det ect or

The det ect or  must  measur e concent r at i ons of  chl or i ne i n wat er  i n t he r ange 
0 t o 20 ppm wi t h a r epeat abi l i t y  of  pl us or  mi nus 1 per cent  of  f ul l  scal e 
and an accur acy of  pl us or  mi nus 2 per cent  of  f ul l  scal e.   The Chl or i ne 
Det ect or  t r ansmi t t er  must  be housed i n a non- cor r osi ve NEMA 250 Type 4X 
encl osur e.   Det ect or  must  i ncl ude a l ocal  panel  wi t h adj ust abl e al ar m t r i p 
l evel ,  l ocal  audi o and vi sual  al ar m wi t h s i l ence f unct i on.

2. 7. 14   Fl oor  Mount ed Leak Det ect or

Leak det ect or s must  use el ect r odes mount ed at  s l ab l evel  wi t h a mi ni mum 
bui l t - i n- ver t i cal  adj ust ment  of  0. 125 i nches.   Det ect or  must  have a bi nar y 
out put .   The i ndi cat or  must  be manual  r eset  t ype.

2. 7. 15   Temper at ur e Swi t ch

2. 7. 15. 1   Duct  Mount  Temper at ur e Low Li mi t  Saf et y Swi t ch ( Fr eezest at )

Duct  mount  t emper at ur e l ow l i mi t  swi t ches ( Fr eezest at s)  must  be manual  
r eset ,  l ow t emper at ur e saf et y swi t ches at  l east  1 f oot  l ong per  squar e f oot
 of  cover age whi ch must  r espond t o t he col dest  18 i nch segment  wi t h an 
accur acy of  pl us or  mi nus 3. 6 degr ees F.   The swi t ch must  have a 
f i el d- adj ust abl e set poi nt  wi t h a r ange of  at  l east  30 t o 50 degr ees F.   
The swi t ch must  have t wo set s of  cont act s,  and each cont act  must  have a 
r at i ng gr eat er  t han i t s connect ed l oad.   Cont act s must  open or  c l ose upon 
dr op of  t emper at ur e bel ow set poi nt  as i ndi cat ed and must  r emai n i n t hi s 
st at e unt i l  r eset .

2. 7. 15. 2   Pi pe Mount  Temper at ur e Li mi t  Swi t ch ( Aquast at )

Pi pe mount  t emper at ur e l i mi t  swi t ches ( aquast at s)  must  have a f i el d 
adj ust abl e set poi nt  bet ween 60 and 90 degr ees F,  an accur acy of  pl us or  
mi nus 3. 6 degr ees F and a 10 degr ees F f i xed deadband.   The swi t ch must  
have t wo set s of  cont act s,  and each cont act  must  have a r at i ng gr eat er  
t han i t s connect ed l oad.   Cont act s must  open or  c l ose upon change of  
t emper at ur e above or  bel ow set poi nt  as i ndi cat ed.

2. 7. 16   Damper  End Swi t ches

Each end swi t ch must  be a her met i cal l y seal ed swi t ch wi t h a t r i p l ever  and 
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over - t r avel  mechani sm.   The swi t ch encl osur e must  be sui t abl e f or  mount i ng 
on t he duct  ext er i or  and must  per mi t  set t i ng t he posi t i on of  t he t r i p 
l ever  t hat  act uat es t he swi t ch.   The t r i p l ever  must  be al i gned wi t h t he 
damper  bl ade.

End swi t ches i nt egr al  t o an el ect r i c damper  act uat or  ar e al l owed as l ong 
as at  l east  one i s adj ust abl e over  t he t r avel  of  t he act uat or .

2. 7. 17   Ai r  Qual i t y Sensor s

Pr ovi de f ul l  spect r um ai r  qual i t y sensor s usi ng a hot  wi r e el ement  based 
on t he Taguchi  pr i nci pl e.   The sensor  must  moni t or  a wi de r ange of  gaseous 
vol at i l e or gani c component s common i n i ndoor  ai r  cont ami nant s l i ke pai nt  
f umes,  sol vent s,  c i gar et t e smoke,  and vehi c l e exhaust .   The sensor  must  
aut omat i cal l y compensat e f or  t emper at ur e and humi di t y,  have span and 
cal i br at i on pot ent i omet er s,  oper at e on 24 VDC power  wi t h out put  of  0- 10 
VDC,  and have a ser vi ce r at i ng of  32 t o 140 degr ees F and 5 t o 95 per cent  
r el at i ve humi di t y.

2. 8   I NDI CATI NG DEVI CES

Al l  i ndi cat i ng devi ces must  di spl ay r eadi ngs i n Engl i sh ( i nch- pound)  uni t s.

2. 8. 1   Ther momet er s

Pr ovi de bi - met al  t ype t her momet er s at  l ocat i ons i ndi cat ed.   Ther momet er s 
must  have ei t her  9 i nch l ong scal es or  3. 5 i nch di amet er  di al s,  wi t h 
i nser t i on,  i mmer si on,  or  aver agi ng el ement s.   Pr ovi de mat chi ng t her mowel l s 
f or  pi pe- mount ed i nst al l at i ons.   Sel ect  scal e r anges sui t abl e f or  t he 
i nt ended ser vi ce,  wi t h t he nor mal  oper at i ng t emper at ur e near  t he scal e' s 
mi dpoi nt .   The t her momet er ' s accur acy must  be pl us or  mi nus 2 per cent  of  
t he scal e r ange.

2. 8. 1. 1   Pi pi ng Syst em Ther momet er s

Pi pi ng syst em t her momet er s must  have br ass,  mal l eabl e i r on or  al umi num 
al l oy case and f r ame,  c l ear  pr ot ect i ve f ace,  per manent l y st abi l i zed gl ass 
t ube wi t h i ndi cat i ng- f l ui d col umn,  whi t e f ace,  bl ack number s,  and a 9 i nch 
scal e.   Pi pi ng syst em t her momet er s must  have an accur acy of  pl us or  mi nus 
1 per cent  of  scal e r ange.   Ther momet er s f or  pi pi ng syst ems must  have r i gi d 
st ems wi t h st r ai ght ,  angul ar ,  or  i ncl i ned pat t er n.   Ther momet er  st ems must  
have expansi on heads as r equi r ed t o pr event  br eakage at  ext r eme 
t emper at ur es.   On r i gi d- st em t her momet er s,  t he space bet ween bul b and st em 
must  be f i l l ed wi t h a heat - t r ansf er  medi um.

2. 8. 1. 2   Ai r - Duct  Ther momet er s

Ai r - duct  t her momet er s must  have per f or at ed st em guar ds and 45- degr ee 
adj ust abl e duct  f l anges wi t h l ocki ng mechani sm.

2. 8. 2   Pr essur e Gauges

Pr ovi de pi pe- mount ed pr essur e gauges at  t he l ocat i ons i ndi cat ed.   Gauges 
must  conf or m t o ASME B40. 100 and have a 4 i nch di amet er  di al  and shut of f  
cock.     Sel ect  scal e r anges sui t abl e f or  t he i nt ended ser vi ce,  wi t h t he 
nor mal  oper at i ng pr essur e near  t he scal e' s mi dpoi nt .   The gauge' s accur acy 
must  be pl us or  mi nus 2 per cent  of  t he scal e r ange.

Gauges must  be sui t abl e f or  f i el d or  panel  mount i ng as r equi r ed,  must  have 
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bl ack l egend on whi t e backgr ound,  and must  have a poi nt er  t r avel i ng 
t hr ough a 270- degr ee ar c.   Gauge r ange must  be sui t abl e f or  t he 
appl i cat i on wi t h an upper  end of  t he r ange not  t o exceed 150 per cent  of  
t he desi gn upper  l i mi t .   Accur acy must  be pl us or  mi nus 3 per cent  of  scal e 
r ange.   Gauges must  meet  r equi r ement s of  ASME B40. 100.

2. 8. 3   Low Di f f er ent i al  Pr essur e Gauges

Gauges f or  l ow di f f er ent i al  pr essur e measur ement s must  be a mi ni mum of  3. 5 
i nch ( nomi nal )  s i ze wi t h t wo set s of  pr essur e t aps,  and must  have a 
di aphr agm- act uat ed poi nt er ,  whi t e di al  wi t h bl ack f i gur es,  and poi nt er  
zer o adj ust ment .   Gauge r ange must  be sui t abl e f or  t he appl i cat i on wi t h an 
upper  end of  t he r ange not  t o exceed 150 per cent  of  t he desi gn upper  
l i mi t .   Accur acy must  be pl us or  mi nus t wo per cent  of  scal e r ange.

2. 9   OUTPUT DEVI CES

2. 9. 1   Act uat or s

Act uat or s must  be el ect r i c ( el ect r oni c)  .   Al l  act uat or s must  be nor mal l y 
open ( NO) ,  nor mal l y c l osed ( NC)  or  f ai l - i n- l ast - posi t i on ( FI LP)  as 
i ndi cat ed.   Nor mal l y open and nor mal l y c l osed act uat or s must  be of  
mechani cal  spr i ng r et ur n t ype.   El ect r i c act uat or s must  have an el ect r oni c 
cut  of f  or  ot her  means t o pr ovi de bur nout  pr ot ect i on i f  st al l ed.   
Act uat or s must  have a v i s i bl e posi t i on i ndi cat or .   El ect r i c act uat or s must  
pr ovi de posi t i on f eedback t o t he cont r ol l er  as i ndi cat ed.  Act uat or s must  
smoot hl y and f ul l y open or  c l ose t he devi ces t o whi ch t hey ar e appl i ed.   
El ect r i c act uat or s must  have a f ul l  s t r oke r esponse t i me i n bot h 
di r ect i ons of  90 seconds or  l ess at  r at ed l oad.   El ect r i c act uat or s must  
be of  t he f oot - mount ed t ype wi t h an oi l - i mmer sed gear  t r ai n or  t he 
di r ect - coupl ed t ype.   Wher e mul t i pl e el ect r i c act uat or s oper at e f r om a 
common si gnal ,  t he act uat or s must  pr ovi de an out put  s i gnal  i dent i cal  t o 
i t s i nput  s i gnal  t o t he addi t i onal  devi ces.     Al l  act uat or s must  be r at ed 
f or  t hei r  oper at i ng envi r onment .   Act uat or s used out door s must  be desi gned 
and r at ed f or  out door  use.   Act uat or s under  cont i nuous exposur e t o wat er ,  
such as t hose used i n sumps,  must  be submer si bl e.

Act uat or s i ncor por at i ng an i nt egr al  net wor k connect i on ar e consi der ed DDC 
Har dwar e and must  meet  t he DDC Har dwar e r equi r ement s of  Sect i on 23 09 23. 02
 BACNET DI RECT DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG CONTROL SYSTEMS.

2. 9. 1. 1   Val ve Act uat or s

Val ve act uat or s must  pr ovi de shut of f  pr essur es and t or ques as i ndi cat ed on 
t he Val ve Schedul e.

2. 9. 1. 2   Damper  Act uat or s

Damper  act uat or s must  pr ovi de t he t or que necessar y per  damper  
manuf act ur er ' s i nst r uct i ons t o modul at e t he damper s smoot hl y over  i t s f ul l  
r ange of  oper at i on and t or que must  be at  l east  6 i nch- pounds/ 1 squar e f oot  
of  damper  ar ea f or  opposed bl ade damper s and 9 i nch- pounds/ 1 squar e f oot  
of  damper  ar ea f or  par al l el  bl ade damper s.

2. 9. 1. 3   El ect r i c Act uat or s

  Each act uat or  must  have di st i nct  mar ki ngs i ndi cat i ng t he f ul l - open and 
f ul l - c l osed posi t i on  Each act uat or  must  del i ver  t he t or que r equi r ed f or  
cont i nuous uni f or m mot i on and must  have i nt er nal  end swi t ches t o l i mi t  t he 
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t r avel ,  or  be capabl e of  wi t hst andi ng cont i nuous st al l i ng wi t hout  damage.   
Act uat or s must  f unct i on pr oper l y wi t hi n 85 t o 110 per cent  of  r at ed l i ne 
vol t age.   Pr ovi de act uat or s wi t h har dened st eel  r unni ng shaf t s and gear s 
of  st eel  or  copper  al l oy.   Fi ber  or  r ei nf or ced nyl on gear s may be used f or  
t or ques l ess t han 16 i nch- pounds. .

a.   Two- posi t i on act uat or s must  be si ngl e di r ect i on,  spr i ng r et ur n,  or  
r ever si ng t ype.   Two posi t i on act uat or  s i gnal s may ei t her  be t he 
cont r ol  power  vol t age or  l i ne vol t age as needed f or  t or que or  
appr opr i at e i nt er l ock c i r cui t s.

b.   Modul at i ng act uat or s must  be capabl e of  st oppi ng at  any poi nt  i n t he 
cycl e,  and st ar t i ng i n ei t her  di r ect i on f r om any poi nt .   Act uat or s 
must  be equi pped wi t h a swi t ch f or  r ever si ng di r ect i on,  and a but t on 
t o di sengage t he cl ut ch t o al l ow manual  adj ust ment s.   Pr ovi de t he 
act uat or  wi t h a hand cr ank f or  manual  adj ust ment s,  as appl i cabl e.   
Modul at i ng act uat or  i nput  s i gnal s can ei t her  be a 4 t o 20 mAdc or  a 
0- 10 VDC si gnal .

c.   Fl oat i ng or  pul se wi dt h modul at i on act uat or s ar e accept abl e f or  
non- f ai l  saf e appl i cat i ons unl ess i ndi cat ed ot her wi se pr ovi ded t hat  
t he f l oat i ng poi nt  cont r ol  ( t i med act uat i on)  must  have a schedul ed 
r e- cal i br at i on of  span and posi t i on no mor e t han once a day and no 
l ess t han once a week.   The schedul e f or  t he r e- cal i br at i on shoul d not  
af f ect  occupi ed condi t i ons and be st agger ed bet ween equi pment  t o 
pr event  f al sel y l oadi ng or  unl oadi ng cent r al  pl ant  equi pment .

2. 9. 2   Sol enoi d- Oper at ed El ect r i c t o Pneumat i c Swi t ch ( EPS)

Sol enoi d- Oper at ed El ect r i c t o Pneumat i c Swi t ches ( EPS)  must  accept  a 
vol t age i nput  t o act uat e i t s ai r  val ve.   Each val ve must  have t hr ee- por t  
oper at i on:   common,  nor mal l y open,  and nor mal l y c l osed.   Each val ve must  
have an out er  cast  al umi num body and i nt er nal  par t s of  br ass,  br onze,  or  
st ai nl ess st eel .   The ai r  connect i on must  be a 0. 38 i nch NPT t hr eaded 
connect i on.   Val ves must  be r at ed f or  50 psi g.

2. 9. 3   El ect r i c t o Pneumat i c Tr ansducer s ( EP)

El ect r i c t o Pneumat i c Tr ansducer s ( EPs)  must  conver t  ei t her  a 4- 20 mAdc 
i nput  s i gnal ,  a 0- 10 Vdc i nput  s i gnal  t o a pr opor t i onal  0 t o 20 psi g 
pneumat i c out put .   The EP must  wi t hst and pr essur es at  l east  150 per cent  of  
t he syst em suppl y ai r  pr essur e ( mai n ai r ) .   EPs must  i ncl ude i ndependent  
of f set  and span adj ust ment .   St eady st at e ai r  consumpt i on must  not  be 
gr eat er  t han 0. 05 scf m.   EPs must  have a manual  adj ust abl e over r i de f or  
t he EP pneumat i c out put .   EPs must  have suf f i c i ent  out put  capaci t y t o 
pr ovi de f ul l  r ange st r oke of  t he act uat ed devi ce i n bot h di r ect i ons wi t hi n 
90 seconds.

2. 9. 4   Rel ays

Rel ays must  have cont act s r at ed f or  t he i nt ended appl i cat i on,  i ndi cat or  
l i ght ,  and dust  pr oof  encl osur e.   The i ndi cat or  l i ght  must  be l i t  when t he 
coi l  i s  ener gi zed and of f  when coi l  i s  not  ener gi zed.

Cont r ol  r el ay cont act s must  have ut i l i zat i on cat egor y and r at i ngs sel ect ed 
f or  t he appl i cat i on.   Each set  of  cont act s must  i ncor por at e a nor mal l y 
open ( NO) ,  nor mal l y c l osed ( NC)  and common cont act .   Rel ays must  be r at ed 
f or  a mi ni mum l i f e of  one mi l l i on oper at i ons.   
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2. 10   USER I NPUT DEVI CES

User  I nput  Devi ces,  i ncl udi ng pot ent i omet er s,  swi t ches and moment ar y 
cont act  push- but t ons.   Pot ent i omet er s must  be of  t he t humb wheel  or  
s l i di ng bar  t ype.   Moment ar y Cont act  Push- But t ons may i ncl ude an 
adj ust abl e t i mer  f or  t hei r  out put .   User  i nput  devi ces must  be l abel ed f or  
t hei r  f unct i on.

2. 11   MULTI FUNCTI ON DEVI CES

Mul t i f unct i on devi ces ar e pr oduct s whi ch combi ne t he f unct i ons of  mul t i pl e 
sensor ,  user  i nput  or  out put  devi ces i nt o a s i ngl e pr oduct .   Unl ess 
ot her wi se speci f i ed,  t he mul t i f unct i on devi ce must  meet  al l  r equi r ement s 
of  each component  devi ce.   Wher e t he r equi r ement s f or  t he component  
devi ces conf l i c t ,  t he mul t i f unct i on devi ce must  meet  t he most  st r i ngent  of  
t he r equi r ement s.

2. 11. 1   Cur r ent  Sensi ng Rel ay Command Swi t ch

The Cur r ent  Sensi ng Rel ay por t i on must  meet  al l  r equi r ement s of  t he 
Cur r ent  Sensi ng Rel ay i nput  devi ce.   The Command Swi t ch por t i on must  meet  
al l  r equi r ement s of  t he Rel ay out put  devi ce except  t hat  i t  must  have at  
l east  one nor mal l y- open ( NO)  cont act .

Cur r ent  Sensi ng Rel ays used f or  Var i abl e Fr equency Dr i ves must  be r at ed 
f or  Var i abl e Fr equency appl i cat i ons unl ess i nst al l ed on t he sour ce si de of  
t he dr i ve.   I f  used i n t hi s s i t uat i on,  t he t hr eshol d f or  showi ng st at us 
must  be set  t o al l ow f or  t he VFD' s cont r ol  power  when t he dr i ve i s not  
enabl ed and pr ovi de i ndi cat i on of  oper at i on when t he dr i ve i s enabl ed at  
mi ni mum speed.

2. 11. 2   Space Sensor  Modul e

Space Sensor  Modul es must  be mul t i f unct i on devi ces i ncor por at i ng a 
t emper at ur e sensor  and one or  mor e of  t he f ol l owi ng as speci f i ed and 
i ndi cat ed on t he Space Sensor  Modul e Schedul e:

a.   A t emper at ur e i ndi cat i ng devi ce.

b.   A User  I nput  Devi ce whi ch must  adj ust  a t emper at ur e set poi nt  out put .

c.   A User  I nput  Moment ar y Cont act  But t on and an out put  t o t he cont r ol  
syst em i ndi cat i ng zone occupancy.

d.   A t hr ee posi t i on User  I nput  Swi t ch l abel ed t o i ndi cat e heat i ng,  
cool i ng and of f  posi t i ons ( ' HEAT- COOL- OFF'  swi t ch)  and pr ovi di ng 
cor r espondi ng out put s t o t he cont r ol  syst em.  

e.   A t wo posi t i on User  I nput  Swi t ch l abel ed wi t h ' AUTO'  and ' ON'  
posi t i ons and pr ovi di ng cor r espondi ng out put  t o t he cont r ol  syst em. .

f .   A mul t i - posi t i on User  I nput  Swi t ch wi t h ' OFF'  and at  l east  t wo f an 
speed posi t i ons and pr ovi di ng cor r espondi ng out put s t o t he cont r ol  
syst em.

Space Sensor  Modul es cannot  cont ai n mer cur y ( Hg) .
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PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

3. 1. 1   Gener al  I nst al l at i on Requi r ement s

Per f or m t he i nst al l at i on under  t he super vi s i on of  compet ent  t echni c i ans 
r egul ar l y empl oyed i n t he i nst al l at i on of  DDC syst ems.

3. 1. 1. 1   Devi ce Mount i ng Cr i t er i a

Al l  devi ces must  be i nst al l ed i n accor dance wi t h manuf act ur er ' s 
r ecommendat i ons and as speci f i ed and i ndi cat ed.   Cont r ol  devi ces t o be 
i nst al l ed i n pi pi ng and duct wor k must  be pr ovi ded wi t h r equi r ed gasket s,  
f l anges,  t her mal  compounds,  i nsul at i on,  pi pi ng,  f i t t i ngs,  and manual  
val ves f or  shut of f ,  equal i zat i on,  pur gi ng,  and cal i br at i on.   St r ap- on 
t emper at ur e sensi ng el ement s must  not  be used except  as speci f i ed.   Spar e 
t her mowel l s must  be i nst al l ed adj acent  t o each t her mowel l  cont ai ni ng a 
sensor  and as i ndi cat ed.   Devi ces l ocat ed out door s must  have a 
weat her shi el d.

3. 1. 1. 2   Label s and Tags

Mat ch l abel s and t ags t o t he uni que i dent i f i er s i ndi cat ed on t he As- Bui l t  
dr awi ngs.   Label  al l  encl osur es and i nst r ument at i on.   Tag al l  sensor s and 
act uat or s i n mechani cal  r ooms.   Tag ai r f l ow measur ement  ar r ays t o show 
f l ow r at e r ange f or  s i gnal  out put  r ange,  duct  s i ze,  and pi t ot  t ube AFMA 
f l ow coef f i c i ent .   Tag duct  st at i c pr essur e t aps at  t he l ocat i on of  t he 
pr essur e t ap.   Pr ovi de pl ast i c or  met al  t ags,  mechani cal l y at t ached 
di r ect l y t o each devi ce or  at t ached by a met al  chai n or  wi r e.   Label s 
ext er i or  t o pr ot ect i ve encl osur es must  be engr aved pl ast i c and 
mechani cal l y at t ached t o t he encl osur e or  i nst r ument at i on.   Label s i nsi de 
pr ot ect i ve encl osur es may at t ached usi ng adhesi ve,  but  must  not  be hand 
wr i t t en.

3. 1. 2   Weat her shi el d

Pr ovi de weat her shi el ds f or  sensor s l ocat ed out door s.   I nst al l  
weat her shi el ds such t hat  t hey pr event  t he sun f r om di r ect l y st r i k i ng t he 
sensor  and pr event  r ai n f r om di r ect l y st r i k i ng or  dr i ppi ng ont o t he 
sensor .   I nst al l  weat her  shi el ds wi t h adequat e vent i l at i on so t hat  t he 
sensi ng el ement  r esponds t o t he ambi ent  condi t i ons of  t he sur r oundi ngs.     
When i nst al l i ng weat her shi el ds near  out si de ai r  i nt ake duct s,  i nst al l  t hem 
such t hat  nor mal  out si de ai r  f l ow does not  cause r ai nwat er  t o st r i ke t he 
sensor .   

3. 1. 3   Room I nst r ument  Mount i ng

Mount  r oom i nst r ument s,  i ncl udi ng but  not  l i mi t ed t o wal l  mount ed 
non- adj ust abl e space sensor  modul es and sensor s l ocat ed i n occupi ed spaces,
 48 i nches above t he f l oor  unl ess ot her wi se i ndi cat ed.   I nst al l  adj ust abl e 
devi ces t o be ADA compl i ant  unl ess ot her wi se i ndi cat ed on t he Room Sensor  
Schedul e:

a.   Space Sensor  Modul es f or  Fan Coi l  Uni t s may be ei t her  uni t  or  wal l  
mount ed but  not  mount ed on an ext er i or  wal l .

b.   Wal l  mount  al l  ot her  Space Sensor  Modul es.
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3. 1. 4   I ndi cat i on Devi ces I nst al l ed i n Pi pi ng and Li qui d Syst ems

Pr ovi de snubber s f or  gauges i n pi pi ng syst ems subj ect  t o pul sat i on.   For  
gauges f or  st eam ser vi ce use pi gt ai l  f i t t i ngs wi t h cock.   I nst al l  
t her momet er s and t emper at ur e sensi ng el ement s i n l i qui d syst ems i n 
t her mowel l s.  Pr ovi de spar e Pr essur e/ Temper at ur e Por t s ( Pet e' s Pl ug)  f or  
al l  t emper at ur e and pr essur e sensi ng el ement s i nst al l ed i n l i qui d syst ems 
f or  cal i br at i on/ t est i ng.

3. 1. 5   Occupancy Sensor s

Pr ovi de a suf f i c i ent  quant i t y of  occupancy sensor s t o pr ovi de compl et e 
cover age of  t he ar ea ( r oom or  space) .   Occupancy sensor s ar e t o be cei l i ng 
mount ed.   I nst al l  occupancy sensor s i n accor dance wi t h NFPA 70 
r equi r ement s and t he manuf act ur er ' s i nst r uct i ons.   Do not  l ocat e occupancy 
sensor s wi t hi n 6 f eet  of  HVAC out l et s or  heat i ng duct s,  or  wher e t hey can 
" see"  beyond any door way.   I nst al l at i on above door way( s)  i s pr ef er r ed.   Do 
not  use ul t r asoni c sensor s i n spaces cont ai ni ng cei l i ng f ans.   I nst al l  
sensor s t o det ect  mot i on t o wi t hi n 2 f eet  of  al l  r oom ent r ances and t o not  
t r i gger  due t o mot i on out si de t he r oom.   Set  t he of f - del ay t i mer  t o 15 
mi nut es unl ess ot her wi se i ndi cat ed.   Adj ust  sensor s pr i or  t o benef i c i al  
occupancy,  but  af t er  i nst al l at i on of  f ur ni t ur e syst ems,  shel v i ng,  
par t i t i ons,  et c.   For  each cont r ol l ed ar ea,  pr ovi de one hundr ed per cent  
cover age capabl e of  det ect i ng smal l  hand- mot i on movement s,  accommodat i ng 
al l  occupancy habi t s of  s i ngl e or  mul t i pl e occupant s at  any l ocat i on 
wi t hi n t he cont r ol l ed r oom.

3. 1. 6   Swi t ches

3. 1. 6. 1   Temper at ur e Li mi t  Swi t ch

Pr ovi de a t emper at ur e l i mi t  swi t ch ( f r eezest at )  t o sense t he t emper at ur e 
at  t he l ocat i on i ndi cat ed.  Pr ovi de a suf f i c i ent  number  of  t emper at ur e 
l i mi t  swi t ches ( f r eezest at s)  t o pr ovi de compl et e cover age of  t he duct  
sect i on but  no l ess t han 1 f oot  i n l engt h per  squar e f oot  of  cr oss 
sect i onal  ar ea.   I nst al l  manual  r eset  l i mi t  swi t ches i n appr oved,  
accessi bl e l ocat i ons wher e t hey can be r eset  easi l y.   I nst al l  t emper at ur e 
l i mi t  swi t ch ( f r eezest at )  sensi ng el ement s i n a s i de- t o- si de ( not  
t op- t o- bot t om)  ser pent i ne pat t er n wi t h t he r el ay sect i on at  t he hi ghest  
poi nt  and i n accor dance wi t h t he manuf act ur er ' s i nst al l at i on i nst r uct i ons.

3. 1. 6. 2   Hand- Of f  Aut o Swi t ches

Wi r e saf et y cont r ol s such as smoke det ect or s and f r eeze pr ot ect i on 
t her most at s t o pr ot ect  t he equi pment  dur i ng bot h hand and aut o oper at i on.

3. 1. 7   Temper at ur e Sensor s

I nst al l  t emper at ur e sensor s i n l ocat i ons t hat  ar e accessi bl e and pr ovi de a 
good r epr esent at i on of  sensed medi a.   I nst al l at i ons i n dead spaces ar e not  
accept abl e.   Cal i br at e and i nst al l  sensor s accor di ng t o manuf act ur er ’ s 
i nst r uct i ons.   Sel ect  sensor s onl y f or  i nt ended appl i cat i on as desi gnat ed 
or  r ecommended by manuf act ur er .

3. 1. 7. 1   Room Temper at ur e Sensor s

Mount  t he sensor s on i nt er i or  wal l s t o sense t he aver age r oom t emper at ur e 
at  t he l ocat i ons i ndi cat ed.   Avoi d l ocat i ons near  heat  sour ces such as 
copy machi nes or  l ocat i ons by suppl y ai r  out l et  dr af t s.   Mount  t he cent er  
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of  al l  user - adj ust abl e sensor s at  t he hei ght s i ndi cat ed.   Non 
user - adj ust abl e sensor s can be mount ed as i ndi cat ed i n par agr aph ROOM 
I NSTRUMENT MOUNTI NG.

3. 1. 7. 2   Duct  Temper at ur e Sensor s

3. 1. 7. 2. 1   Pr obe Type

Pl ace t i p of  t he sensor  i n t he mi ddl e of  t he ai r st r eam or  i n accor dance 
wi t h manuf act ur er ' s r ecommendat i ons or  i nst r uct i ons. Pr ovi de a gasket  
bet ween t he sensor  housi ng and t he duct  wal l .   Seal  t he duct  penet r at i on 
ai r  t i ght .   When i nst al l ed i n i nsul at ed duct ,  pr ovi de encl osur e or  st and 
of f  f i t t i ng t o accommodat e t he t hi ckness of  duct  i nsul at i on t o al l ow f or  
mai nt enance or  r epl acement  of  t he sensor  and wi r i ng t er mi nat i ons.   Seal  
t he duct  i nsul at i on penet r at i on vapor  t i ght .

3. 1. 7. 2. 2   Aver agi ng Type

Weave t he sensi ng el ement  i n a ser pent i ne f ashi on f r om si de t o s i de 
per pendi cul ar  t o t he f l ow,  acr oss t he duct  or  ai r  handl er  cr oss- sect i on,  
usi ng dur abl e non- met al  suppor t s i n accor dance wi t h manuf act ur er ' s 
i nst al l at i on i nst r uct i ons.   Avoi d t i ght  r adi us bends or  k i nki ng of  t he 
sensi ng el ement .   Pr event  cont act  bet ween t he sensi ng el ement  and t he duct  
or  ai r  handl er  i nt er nal s.   Pr ovi de a duct  access door  at  t he sensor  
l ocat i on.   The access door  must  be hi nged on t he si de,  f act or y i nsul at ed,  
have cam t ype l ocks,  and be as l ar ge as t he duct  wi l l  per mi t ,  maxi mum 18 
by 18 i nches.   For  sensor s i nsi de ai r  handl er s,  t he sensor s must  be f ul l y 
accessi bl e t hr ough t he ai r  handl er ' s access door s wi t hout  r emovi ng any of  
t he ai r  handl er ' s i nt er nal s.

3. 1. 7. 3   I mmer si on Temper at ur e Sensor s

Pr ovi de t her mowel l s f or  sensor s measur i ng pi pi ng,  t ank,  or  pr essur e vessel  
t emper at ur es.   Locat e wel l s t o sense cont i nuous f l ow condi t i ons.   Do not  
i nst al l  wel l s usi ng ext ensi on coupl i ngs.   When i nst al l ed on i nsul at ed 
pi pi ng,  pr ovi de st and encl osur e or  st and of f  f i t t i ng t o accommodat e t he 
t hi ckness of  t he pi pe i nsul at i on and al l ow f or  mai nt enance or  r epl acement  
of  t he sensor  or  wi r i ng t er mi nat i ons.   Wher e pi pi ng di amet er s ar e smal l er  
t han t he l engt h of  t he wel l s,  pr ovi de wel l s i n pi pi ng at  el bows t o sense 
f l ow acr oss ent i r e ar ea of  wel l .   Wel l s must  not  r est r i ct  f l ow ar ea t o 
l ess t han 70 per cent  of  pi pe ar ea.   I ncr ease pi pi ng si ze as r equi r ed t o 
avoi d r est r i ct i on.   Pr ovi de t he sensor  wel l  wi t h a heat - sensi t i ve t r ansf er  
agent  bet ween t he sensor  and t he wel l  i nt er i or  ensur i ng cont act  bet ween 
t he sensor  and t he wel l .

3. 1. 7. 4   Out si de Ai r  Temper at ur e Sensor s

Pr ovi de out si de ai r  t emper at ur e sensor s on t he bui l di ng' s nor t h s i de wi t h 
a pr ot ect i ve weat her  shade t hat  does not  i nhi bi t  f r ee ai r  f l ow acr oss t he 
sensi ng el ement ,  and pr ot ect s t he sensor  f r om snow,  i ce,  and r ai n.   
Locat i on must  not  be near  exhaust  hoods and ot her  ar eas such t hat  i t  i s  
not  i nf l uenced by r adi at i on or  convect i on sour ces whi ch may af f ect  t he 
r eadi ng.   Pr ovi de a shi el d t o shade t he sensor  f r om di r ect  sunl i ght .

3. 1. 8   Ai r  Fl ow Measur ement  Ar r ays ( AFMA)

Locat e Out si de Ai r  AFMAs downst r eam f r om t he Out si de Ai r  f i l t er s.

I nst al l  AFMAs wi t h t he manuf act ur er ' s r ecommended mi ni mum di st ances 
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bet ween upst r eam and downst r eam di st ur bances.   Ai r f l ow st r ai ght ener s may 
be used t o r educe mi ni mum di st ances as r ecommended by t he AFMA 
manuf act ur er .

3. 1. 9   Duct  St at i c Pr essur e Sensor s

Locat e t he duct  st at i c pr essur e sensi ng t ap at  75 per cent  of  t he di st ance 
bet ween t he f i r st  and l ast  ai r  t er mi nal  uni t s.   I f  t he t r ansmi t t er  out put  
i s a 0- 10Vdc si gnal ,  l ocat e t he t r ansmi t t er  i n t he same encl osur e as t he 
ai r  handl i ng uni t  ( AHU)  cont r ol l er  f or  t he AHU ser vi ng t he t er mi nal  
uni t s.   I f  a r emot e duct  st at i c pr essur e sensor  i s t o be used,  r un t he 
si gnal  wi r e back t o t he cont r ol l er  f or  t he ai r  handl i ng uni t .

3. 1. 10   Rel at i ve Humi di t y Sensor s

I nst al l  r el at i ve humi di t y sensor s i n suppl y ai r  duct s at  l east  10 f eet  
downst r eam of  humi di t y i nj ect i on el ement s.

3. 1. 11   Met er s

3. 1. 11. 1   Fl owmet er s

I nst al l  f l owmet er s t o ensur e mi ni mum st r ai ght  unobst r uct ed pi pi ng f or  at  
l east  10 pi pe di amet er s upst r eam and at  l east  5 pi pe di amet er s downst r eam 
of  t he f l owmet er ,  and i n accor dance wi t h t he manuf act ur er ' s i nst al l at i on 
i nst r uct i ons.

3. 1. 11. 2   Ener gy Met er s

Locat e ener gy met er s as i ndi cat ed.   Connect  each met er  out put  t o t he DDC 
syst em,  t o measur e bot h i nst ant aneous demand/ ener gy and ot her  var i abl es as 
i ndi cat ed.

3. 1. 12   Damper s

3. 1. 12. 1   Damper  Act uat or s

Pr ovi de spr i ng r et ur n act uat or s whi ch f ai l  t o a posi t i on t hat  pr ot ect s t he 
ser ved equi pment  and space on al l  cont r ol  damper s r el at ed t o f r eeze 
pr ot ect i on or  f or ce pr ot ect i on.   For  al l  out s i de,  makeup and r el i ef  
damper s pr ovi de damper s whi ch f ai l  c l osed.   Ter mi nal  f an coi l  uni t s,  
t er mi nal  VAV uni t s,  convect or s,  and uni t  heat er s nay be non- spr i ng r et ur n 
unl ess i ndi cat ed ot her wi se.   Do not  mount  act uat or s i n t he ai r  st r eam.   Do 
not  connect  mul t i pl e act uat or s t o a common dr i ve shaf t .   I nst al l  act uat or s 
so t hat  t hei r  act i on seal  t he damper  t o t he ext ent  r equi r ed t o mai nt ai n 
l eakage at  or  bel ow t he speci f i ed r at e and so t hat  t hey move t he bl ades 
smoot hl y t hr oughout  t he f ul l  r ange of  mot i on.

3. 1. 12. 2   Damper  I nst al l at i on

I nst al l  damper s st r ai ght  and t r ue,  l evel  i n al l  pl anes,  and squar e i n al l  
di mensi ons.   Damper s must  move f r eel y wi t hout  undue st r ess due t o 
t wi st i ng,  r acki ng ( par al l el ogr ammi ng) ,  bowi ng,  or  ot her  i nst al l at i on 
er r or .   Ext er nal  l i nkages must  oper at e smoot hl y over  t he ent i r e r ange of  
mot i on,  wi t hout  def or mat i on or  s l i ppi ng of  any connect i ng r ods,  j oi nt s or  
br acket s t hat  wi l l  pr event  a r et ur n t o i t ' s  nor mal  posi t i on.   Bl ades must  
c l ose compl et el y and l eakage must  not  exceed t hat  speci f i ed at  t he r at ed 
st at i c pr essur e.   Pr ovi de st r uct ur al  suppor t  f or  mul t i - sect i on damper s.   
Accept abl e met hods of  st r uct ur al  suppor t  i ncl ude but  ar e not  l i mi t ed t o 
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U- channel ,  angl e i r on,  cor ner  angl es and bol t s,  bent  gal vani zed st eel  
st i f f ener s,  s l eeve at t achment s,  br aces,  and bui l di ng st r uct ur e.   Wher e 
mul t i - sect i on damper s ar e i nst al l ed i n duct s or  s l eeves,  t hey must  not  sag 
due t o l ack of  suppor t .   Do not  use j ackshaf t s t o l i nk mor e t han t hr ee 
damper  sect i ons.   Do not  use bl ade t o bl ade l i nkages.   I nst al l  out s i de and 
r et ur n ai r  damper s such t hat  t hei r  bl ades di r ect  t hei r  r espect i ve ai r  
st r eams t owar ds each ot her  t o pr ovi de f or  maxi mum mi xi ng of  ai r  st r eams.

3. 1. 13   Val ves

I nst al l  t he val ves i n accor dance wi t h t he manuf act ur er ' s i nst r uct i ons.   

3. 1. 13. 1   Val ve Act uat or s

Pr ovi de spr i ng r et ur n act uat or s on al l  cont r ol  val ves wher e f r eeze 
pr ot ect i on i s r equi r ed.   Spr i ng r et ur n act uat or s f or  t er mi nal  f an coi l  
uni t s,  t er mi nal  VAV uni t s,  convect or s,  and uni t  heat er s ar e not  r equi r ed 
unl ess i ndi cat ed ot her wi se.

3. 1. 14   Ther momet er s and Gauges

3. 1. 14. 1   Ther momet er s

Mount  devi ces t o al l ow r eadi ng whi l e st andi ng on t he f l oor  or  gr ound,  as 
appl i cabl e.

3. 1. 15   Wi r e and Cabl e

Pr ovi de compl et e el ect r i cal  wi r i ng f or  t he Cont r ol  Syst em,  i ncl udi ng 
wi r i ng t o t r ansf or mer  pr i mar i es.  Wi r e and Cabl e must  be i nst al l ed wi t hout  
spl i ces bet ween cont r ol  devi ces and i n accor dance wi t h NFPA 70 and NFPA 90A.   
I nst r ument at i on gr oundi ng must  be i nst al l ed per  t he devi ce manuf act ur er ' s 
i nst r uct i ons and as necessar y t o pr event  gr ound l oops,  noi se,  and sur ges 
f r om adver sel y af f ect i ng oper at i on of  t he syst em.   Test  i nst al l ed gr ound 
r ods as speci f i ed i n I EEE 142.   Cabl es and conduct or  wi r es must  be t agged 
at  bot h ends,  wi t h t he i dent i f i er  i ndi cat ed on t he shop dr awi ngs.   
El ect r i cal  wor k must  be as speci f i ed i n Sect i on 26 20 00 I NTERI OR 
DI STRI BUTI ON SYSTEM and as i ndi cat ed.   Wi r i ng ext er nal  t o encl osur es must  
be r un i n r aceways

I nst al l  cont r ol  c i r cui t  wi r i ng not  i n r aceways i n a neat  and saf e manner .   
Wi r i ng must  not  use t he suspended cei l i ng syst em ( i ncl udi ng t i l es,  f r ames 
or  hanger s)  f or  suppor t .   Wher e condui t  or  r aceways ar e r equi r ed,  cont r ol  
c i r cui t  wi r i ng must  not  r un i n t he same condui t / r aceway as power  wi r i ng 
over  50 vol t s.   Run al l  c i r cui t s over  50 vol t s i n condui t ,  met al l i c  
t ubi ng,  cover ed met al  r aceways,  or  ar mor ed cabl e.

3. 1. 16   Copper  Tubi ng

Pr ovi de har d- dr awn copper  t ubi ng i n exposed ar eas and ei t her  har d- dr awn or  
anneal ed copper  t ubi ng i n conceal ed ar eas.   Use onl y t ool - made bends.   Use 
onl y br ass or  copper  sol der  j oi nt  t ype f i t t i ngs,  except  f or   connect i ons 
t o appar at us.   For  connect i ons t o appar at us use br ass compr essi on t ype 
f i t t i ngs.

        - -  End of  Sect i on - -
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SECTI ON 23 09 23. 02

BACNET DI RECT DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG CONTROL SYSTEMS
02/ 19,  CHG 1:  02/ 20

PART 1   GENERAL

1. 1   SUMMARY

Pr ovi de a compl et e Di r ect  Di gi t al  Cont r ol  ( DDC)  syst em sui t abl e f or  t he 
cont r ol  of  t he heat i ng,  vent i l at i ng and ai r  condi t i oni ng ( HVAC)  and ot her  
bui l di ng- l evel  syst ems as speci f i ed and shown and i n accor dance wi t h 
Sect i on 23 09 00 I NSTRUMENTATI ON AND CONTROL FOR HVAC.

1. 1. 1   Syst em Requi r ement s

Pr ovi de a syst em meet i ng t he r equi r ement s of  bot h Sect i on 23 09 00 
I NSTRUMENTATI ON AND CONTROL FOR HVAC and t hi s Sect i on and wi t h t he 
f ol l owi ng char act er i st i cs:

a.   Except  f or  Gat eways,  t he cont r ol  syst em must  be an open i mpl ement at i on 
of  BACnet  t echnol ogy usi ng ASHRAE 135 and Fox as t he communi cat i ons 
pr ot ocol s.   The syst em must  use st andar d ASHRAE 135 Obj ect s and 
Pr oper t i es and t he Ni agar a Fr amewor k.   The syst em must  use st andar d 
ASHRAE 135 Ser vi ces and t he Ni agar a Fr amewor k excl usi vel y f or  
communi cat i on over  t he net wor k.   Gat eways t o packaged uni t s must  
communi cat e wi t h ot her  DDC har dwar e usi ng  ASHRAE 135 or  t he Fox 
pr ot ocol   excl usi vel y and may communi cat e wi t h packaged equi pment  
usi ng ot her  pr ot ocol s.  The cont r ol  syst em must  be i nst al l ed such t hat  
any t wo ASHRAE 135 devi ces on t he I nt er net wor k can communi cat e usi ng 
st andar d ASHRAE 135 Ser vi ces.

b.   I nst al l  and conf i gur e cont r ol  har dwar e t o pr ovi de ASHRAE 135 Obj ect s 
and Pr oper t i es or  Ni agar a Fr amewor k Obj ect sas i ndi cat ed and as needed 
t o meet  t he r equi r ement s of  t hi s speci f i cat i on.

c.   Use Ni agar a Fr amewor k har dwar e and sof t war e excl usi vel y f or  
schedul i ng,  t r endi ng,  and communi cat i on wi t h a f r ont  end ( UMCS) .   Use 
Ni agar a Fr amewor k or  st andar d BACnet  Obj ect s and ser vi ces f or  
al ar mi ng.   Use t he Fox pr ot ocol  f or  al l  communi cat i on bet ween Ni agar a 
Fr amewor k Super vi sor y Gat eways;  use t he ASHRAE 135 pr ot ocol  f or  al l  
ot her  bui l di ng communi cat i on.  

d.   Use Ni agar a Fr amewor k Ver si on 4. 0 or  l at er .

1. 1. 2   Ver i f i cat i on of  Speci f i cat i on Requi r ement s

Revi ew al l  speci f i cat i ons r el at ed t o t he cont r ol  syst em i nst al l at i on and 
advi se t he Cont r act i ng Of f i cer  of  any di scr epanci es bef or e per f or mi ng any 
wor k.   I f  Sect i on 23 09 00 I NSTRUMENTATI ON AND CONTROL FOR HVAC or  any 
ot her  Sect i on r ef er enced i n t hi s speci f i cat i on i s not  i ncl uded i n t he 
pr oj ect  speci f i cat i ons advi se t he Cont r act i ng Of f i cer  and ei t her  obt ai n 
t he mi ssi ng Sect i on or  obt ai n Cont r act i ng Of f i cer  appr oval  bef or e 
per f or mi ng any wor k.
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1. 2   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AMERI CAN SOCI ETY OF HEATI NG,  REFRI GERATI NG AND AI R- CONDI TI ONI NG 
ENGI NEERS ( ASHRAE)

ASHRAE 135 ( 2020;  I nt er pr et at i on 1- 8 2021;  Er r at a 1- 2 
2021;  Addenda CD 2021;  Addenda BY- CE 2022;  
I nt er pr et at i on 9- 10 2022)  BACnet —A Dat a 
Communi cat i on Pr ot ocol  f or  Bui l di ng 
Aut omat i on and Cont r ol  Net wor ks

BACNET I NTERNATI ONAL ( BTL)

BTL Gui de ( v. 49;  2017)  BACnet  Test i ng Labor at or y 
I mpl ement at i on Gui del i nes

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE 802. 3 ( 2022)  Et her net

TELECOMMUNI CATI ONS I NDUSTRY ASSOCI ATI ON ( TI A)

TI A- 485 ( 1998a;  R 2012)  El ect r i cal  Char act er i st i cs 
of  Gener at or s and Recei ver s f or  Use i n 
Bal anced Di gi t al  Mul t i poi nt  Syst ems

TRI DI UM,  I NC ( TRI DI UM)

Ni agar a Fr amewor k ( 2012)  Ni agar aAX User ' s Gui de

Tr i di um Open Ni CS ( 2005)  Under st andi ng t he Ni agar aAX 
Compat i bi l i t y  St at ement  ( Ni CS)

U. S.  FEDERAL COMMUNI CATI ONS COMMI SSI ON ( FCC)

FCC Par t  15 Radi o Fr equency Devi ces ( 47 CFR 15)

UNDERWRI TERS LABORATORI ES ( UL)

UL 916 ( 2015;  Repr i nt  Oct  2021)  UL St andar d f or  
Saf et y Ener gy Management  Equi pment

1. 3   DEFI NI TI ONS

For  def i ni t i ons r el at ed t o t hi s sect i on,  see Sect i on 23 09 00 
I NSTRUMENTATI ON AND CONTROL FOR HVAC.

1. 4   SUBMI TTALS

Submi t t al  r equi r ement s r el at ed t o t hi s Sect i on ar e speci f i ed i n Sect i on 
23 09 00 I NSTRUMENTATI ON AND CONTROL FOR HVAC.

PART 2   PRODUCTS

Al l  pr oduct s used t o meet  t hi s speci f i cat i on must  meet  t he i ndi cat ed 
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r equi r ement s,  but  not  al l  pr oduct s speci f i ed her e wi l l  be r equi r ed by 
ever y pr oj ect .   Al l  pr oduct s must  meet  t he r equi r ement s bot h Sect i on 
23 09 00 I NSTRUMENTATI ON AND CONTROL FOR HVAC and t hi s Sect i on.

2. 1   NETWORK HARDWARE

2. 1. 1   BACnet  Rout er

Al l  BACnet  Rout er s must  be BACnet / I P Rout er s and must  per f or m l ayer  3 
r out i ng of  ASHRAE 135 packet s over  an I P net wor k i n accor dance wi t h 
ASHRAE 135 Annex J and Cl ause 6.   The r out er  must  pr ovi de t he appr opr i at e 
connect i on t o t he I P net wor k and connect i ons t o one or  mor e ASHRAE 135 
MS/ TP net wor ks.    Devi ces used as BACnet  Rout er s must  meet  t he 
r equi r ement s f or  DDC Har dwar e,  and except  f or  Ni agar a Fr amewor k 
Super vi sor y Gat eways,  devi ces used as BACnet  r out er s must  suppor t  t he 
NM- RC- B BI BB.

2. 1. 2   BACnet  Gat eways

I n addi t i on t o t he r equi r ement s f or  DDC Har dwar e,  t he BACnet  Gat eway must  
be a Ni agar a Fr amewor k Super vi sor y Gat eway or  must  meet  t he f ol l owi ng 
r equi r ement s:

a.   I t  must  per f or m bi - di r ect i onal  pr ot ocol  t r ansl at i on f r om one non-
ASHRAE 135 pr ot ocol  t o ASHRAE 135.    BACnet  Gat eways must  i ncor por at e 
a net wor k connect i on t o an ASHRAE 135 net wor k ( ei t her  BACnet  over  I P 
i n accor dance wi t h Annex J or  MS/ TP)  and a separ at e connect i on 
appr opr i at e f or  t he non- ASHRAE 135 pr ot ocol  and medi a.

b.   I t  must  r et ai n i t s conf i gur at i on af t er  a power  l oss of  an i ndef i ni t e 
t i me,  and must  aut omat i cal l y r et ur n t o t hei r  pr e- power  l oss st at e once 
power  i s r est or ed.

c.   I t  must  al l ow bi - di r ect i onal  mappi ng of  dat a bet ween t he non- ASHRAE 135
 pr ot ocol  and St andar d Obj ect s as def i ned i n ASHRAE 135.   I t  must  
suppor t  t he DS- RP- B BI BB f or  Obj ect s r equi r i ng r ead access and t he 
DS- WP- B BI BB f or  Obj ect s r equi r i ng wr i t e access.

d.   I t  must  suppor t  t he DS- COV- B BI BB.

Al t hough Gat eways must  meet  DDC Har dwar e r equi r ement s ,  except  f or  Ni agar a 
Fr amewor k Super vi sor y Gat eways,  t hey ar e not  DDC Har dwar e and must  not  be 
used when DDC Har dwar e i s r equi r ed.   ( Ni agar a Fr amewor k Super vi sor y 
Gat eways ar e bot h Gat eways and DDC Har dwar e. )

2. 1. 3   Et her net  Swi t ch

Et her net  Swi t ches must  be managed swi t ches and must  aut oconf i gur e bet ween 
10, 100 and 1000 megabi t s per  second ( MBPS) .

2. 2   CONTROL NETWORK WI RI NG

a.   BACnet  MS/ TP communi cat i ons wi r i ng must  be i n accor dance wi t h 
ASHRAE 135.   The wi r i ng must  use shi el ded,  t hr ee wi r e ( t wi st ed- pai r  
wi t h r ef er ence)  cabl e wi t h char act er i st i c i mpedance bet ween 100 and 
120 ohms.  Di st r i but ed capaci t ance bet ween conduct or s must  be l ess t han 
30 pF per  f oot .

b.   Bui l di ng Cont r ol  Net wor k Backbone I P Net wor k must  use Et her net  medi a.   
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Et her net  cabl es must  be CAT- 5e at  a mi ni mum and meet  al l  r equi r ement s 
of  I EEE 802. 3.

2. 3   DI RECT DI GI TAL CONTROL ( DDC)  HARDWARE

2. 3. 1   Gener al  Requi r ement s

Al l  DDC Har dwar e must  meet  t he f ol l owi ng r equi r ement s:  

a.   I t  must  be l ocal l y power ed and must  i ncor por at e a l i ght  t o i ndi cat e 
t he devi ce i s r ecei v i ng power .

b.   I t  must  conf or m t o t he BTL Gui de

c.   I t  must  be BACnet  Test i ng Labor at or y ( BTL)  Li st ed.

d.   The Manuf act ur er ' s Pr oduct  Dat a submi t t al  f or  each pi ece of  DDC 
Har dwar e must  i ncl ude t he Pr ot ocol  I mpl ement at i on Conf or mance 
St at ement  ( PI CS)  f or  t hat  har dwar e as speci f i ed i n Sect i on 23 09 00 
I NSTRUMENTATI ON AND CONTROL FOR HVAC.

e.   I t  must  communi cat e and be i nt er oper abl e i n accor dance wi t h ASHRAE 135 
and have connect i ons f or  BACnet  I P or  MS/ TP cont r ol  net wor k wi r i ng.

f .   Ot her  t han devi ces cont r ol l i ng t er mi nal  uni t s or  f unct i oni ng sol el y as 
a BACnet  Rout er ,  i t  must  suppor t  DS- COV- B,  DS- RPM- A and DS- RPM- B BI BBs.

g.   Devi ces suppor t i ng t he DS- RP- A BI BB must  al so suppor t  t he DS- COV- A 
BI BB.

h.   Appl i cat i on pr ogr ams,  conf i gur at i on set t i ngs and communi cat i on 
i nf or mat i on must  be st or ed i n a manner  such t hat  t hey per si st  t hr ough 
l oss of  power :

( 1)  Appl i cat i on pr ogr ams must  per si st  r egar dl ess of  t he l engt h of  t i me 
power  i s l ost .

( 2)  Conf i gur ed set t i ngs must  per si st  f or  any l oss of  power  l ess t han 
2, 500 hour s.

( 3)  Communi cat i on i nf or mat i on,  i ncl udi ng but  not  l i mi t ed t o COV 
subscr i pt i ons,  event  r epor t i ng dest i nat i ons,  Not i f i cat i on Cl ass 
Obj ect  set t i ngs,  and i nt er nal  communi cat i on set t i ngs,  must  per si st  
f or  any l oss of  power  l ess t han 2, 500 hour s.

i .   I nt er nal  Cl ocks:

( 1)  Cl ocks i n DDC Har dwar e i ncor por at i ng a Cl ock must  cont i nue t o 
f unct i on f or  120 hour s upon l oss of  power  t o t he DDC Har dwar e.

( 2)  DDC Har dwar e i ncor por at i ng a Cl ock must  suppor t  t he DM- TS- B or  
DM- UTC- B BI BB.

j .   I t  must  have al l  f unct i onal i t y i ndi cat ed and r equi r ed t o suppor t  t he 
appl i cat i on ( Sequence of  Oper at i on or  por t i on t her eof )  i n whi ch i t  i s  
used,  i ncl udi ng but  not  l i mi t ed t o pr ovi di ng Obj ect s or  Ni agar a 
Fr amewor k Poi nt s as speci f i ed and as i ndi cat ed on t he Poi nt s Schedul e.

k.   I n addi t i on t o t hese gener al  r equi r ement s and t he DDC Har dwar e 

SECTI ON 23 09 23. 02  Page 4



D51 Hangar  Conver si on t o Human Per f or mance Cent er  FTFA 23- VH59
Egl i n AFB,  Fl or i da

I nput - Out put  ( I / O)  Funct i on r equi r ement s,  al l  DDC Har dwar e must  al so 
meet  any addi t i onal  r equi r ement s f or  t he appl i cat i on i n whi ch i t  i s  
used ( e. g.  schedul i ng,  al ar mi ng,  t r endi ng,  et c. ) .

l .   I t  must  meet  FCC Par t  15 r equi r ement s and have UL 916 or  equi val ent  
saf et y l i s t i ng.

m.   Except  f or  Ni agar a Fr amewor k Super vi sor y Gat eways,  Devi ce must  suppor t  
Commandabl e Obj ect s t o suppor t  Over r i de r equi r ement s as det ai l ed i n 
PART 3 EXECUTI ON

n.  User  i nt er f aces whi ch al l ow f or  modi f i cat i on of  Pr oper t i es or  set t i ngs 
must  be passwor d- pr ot ect ed.

o.   Devi ces communi cat i ng BACnet  MS/ TP must  meet  t he f ol l owi ng 
r equi r ement s:

( 1)  Must  have a conf i gur abl e Max_Mast er  Pr oper t y.

( 2)  DDC Har dwar e ot her  t han har dwar e cont r ol l i ng a s i ngl e t er mi nal  
uni t  must  have a conf i gur abl e Max_I nf o_Fr ames Pr oper t y.

( 3)  Must  r espond t o any val i d r equest  wi t hi n 50 msec wi t h ei t her  t he 
appr opr i at e r esponse or  wi t h a r esponse of  " Repl y Post poned" .  

( 4)  Must  use t wi st ed pai r  wi t h r ef er ence and shi el d ( 3- wi r e medi a)  
wi r i ng,  or  t wi st ed pai r  wi t h shi el d ( 2- wi r e medi a)  wi r i ng and use 
hal f - wave r ect i f i cat i on.

p.   Devi ces communi cat i ng BACnet / I P must  use UDP Por t  0xBAC0.   Devi ces 
wi t h conf i gur abl e UDP Por t s must  def aul t  t o 0xBAC0.

q.   Al l  Devi ce I Ds,  Net wor k Number s,  and BACnet  MAC addr esses of  devi ces 
must  be f ul l y conf i gur abl e wi t hout  l i mi t at i on,  except  MS/ TP MAC 
addr esses may be l i mi t ed by ASHRAE 135 r equi r ement s.

r .   Except  f or  Ni agar a Fr amewor k Super vi sor y Gat eways,  DDC Har dwar e 
cont r ol l i ng a s i ngl e t er mi nal  uni t  must  have:

( 1)  Obj ect s ( i ncl udi ng t he Devi ce Obj ect )  wi t h an Obj ect  Name Pr oper t y 
of  at  l east  8 char act er s i n l engt h.

( 2)  A conf i gur abl e Devi ce Obj ect  Name.

( 3)  A conf i gur abl e Devi ce Obj ect  Descr i pt i on Pr oper t y at  l east  16 
char act er s i n l engt h.

s.   Except  f or  Obj ect s i n ei t her  Ni agar a Fr amewor k Super vi sor y Gat eways or  
DDC Har dwar e cont r ol l i ng a s i ngl e t er mi nal  uni t ,  al l  Obj ect s 
( i ncl udi ng Devi ce Obj ect s)  must :

( 1)   Have a conf i gur abl e Obj ect  Name Pr oper t y of  at  l east  12 
char act er s i n l engt h.

( 2)  Have a conf i gur abl e Obj ect  Descr i pt i on Pr oper t y of  at  l east  24 
char act er s i n l engt h.

t .   For  pr ogr ammabl e DDC Har dwar e,  pr ovi de and l i cense t o t he pr oj ect  s i t e 
al l  pr ogr ammi ng sof t war e r equi r ed t o pr ogr am t he Har dwar e i n 
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accor dance wi t h Sect i on 23 09 00 I NSTRUMENTATI ON AND CONTROL FOR HVAC.  

u.   For  pr ogr ammabl e DDC Har dwar e,  pr ovi de copi es of  t he i nst al l ed 
appl i cat i on pr ogr ams ( al l  sof t war e t hat  i s not  common t o ever y 
cont r ol l er  of  t he same manuf act ur er  and model )  as sour ce code 
compat i bl e wi t h t he suppl i ed pr ogr ammi ng sof t war e i n accor dance wi t h 
Sect i on 23 09 00 I NSTRUMENTATI ON AND CONTROL FOR HVAC.   The submi t t ed 
appl i cat i on pr ogr am must  be t he compl et e appl i cat i on necessar y f or  
cont r ol l er  t o f unct i on as i nst al l ed and be suf f i c i ent  t o al l ow 
r epl acement  of  t he i nst al l ed cont r ol l er  wi t h anot her  cont r ol l er  of  t he 
same t ype.

2. 3. 2   Har dwar e I nput - Out put  ( I / O)  Funct i ons

DDC Har dwar e i ncor por at i ng har dwar e i nput - out put  ( I / O)  f unct i ons must  meet  
t he f ol l owi ng r equi r ement s:

2. 3. 2. 1   Anal og I nput s

DC Har dwar e anal og i nput s ( AI s)  must  be i mpl ement ed usi ng ASHRAE 135 
Anal og I nput  Obj ect s and per f or m anal og t o di gi t al  ( A- t o- D)  conver si on 
wi t h a mi ni mum r esol ut i on of  8 bi t s pl us s i gn or  bet t er  as needed t o meet  
t he accur acy r equi r ement s speci f i ed i n Sect i on 23 09 00.   Si gnal  
condi t i oni ng i ncl udi ng t r ansi ent  r ej ect i on must  be pr ovi ded f or  each 
anal og i nput .   Anal og i nput s must  be capabl e of  bei ng i ndi v i dual l y 
cal i br at ed f or  zer o and span.   Cal i br at i on v i a sof t war e scal i ng per f or med 
as par t  of  poi nt  conf i gur at i on i s accept abl e.   The AI  must  i ncor por at e 
common mode noi se r ej ect i on of  at  l east  50 dB f r om 0 t o 100 Hz f or  
di f f er ent i al  i nput s,  and nor mal  mode noi se r ej ect i on of  at  l east  20 dB at  
60 Hz f r om a sour ce i mpedance of  10, 000 ohms.

2. 3. 2. 2   Anal og Out put s

DDC Har dwar e anal og out put s ( AOs)  must  be i mpl ement ed usi ng ASHRAE 135 
Anal og Out put  Obj ect s and per f or m di gi t al  t o anal og ( D- t o- A)  conver si on 
wi t h a mi ni mum r esol ut i on of  8 bi t s pl us s i gn,  and out put  a s i gnal  wi t h a 
r ange of  4- 20 mAdc or  0- 10 Vdc.   Anal og out put s must  be capabl e of  bei ng 
i ndi v i dual l y cal i br at ed f or  zer o and span.   Cal i br at i on v i a sof t war e 
scal i ng per f or med as par t  of  poi nt  conf i gur at i on i s accept abl e.  DDC 
Har dwar e wi t h Hand- Of f - Aut o ( H- O- A)  swi t ches f or  anal og out put s must  
pr ovi de f or  over r i di ng t he out put  t hr ough t he r ange of  0 per cent  t o 100 
per cent

2. 3. 2. 3   Bi nar y I nput s

DDC Har dwar e bi nar y i nput s ( BI s)  must  be i mpl ement ed usi ng ASHRAE 135 
Bi nar y I nput  Obj ect s and accept  cont act  c l osur es and must  i gnor e 
t r ansi ent s of  l ess t han 5 mi l l i - second dur at i on.   Pr ot ect i on agai nst  a 
t r ansi ent  50VAC must  be pr ovi ded.

2. 3. 2. 4   Bi nar y Out put s

DDC Har dwar e bi nar y out put s ( BOs)  must  be i mpl ement ed usi ng ASHRAE 135 
Bi nar y Out put  Obj ect s and pr ovi de r el ay cont act  c l osur es or  t r i ac out put s 
f or  moment ar y and mai nt ai ned oper at i on of  out put  devi ces.  DDC Har dwar e 
wi t h H- O- A swi t ches f or  bi nar y out put s must  pr ovi de f or  over r i di ng t he 
out put  open or  c l osed.
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2. 3. 2. 4. 1   Rel ay Cont act  Cl osur es

Cl osur es must  have a mi ni mum dur at i on of  0. 1 second.   Rel ays must  pr ovi de 
at  l east  180V of  i sol at i on.   El ect r omagnet i c i nt er f er ence suppr essi on must  
be pr ovi ded on al l  out put  l i nes t o l i mi t  t r ansi ent s t o 50 Vac.   Mi ni mum 
cont act  r at i ng must  be 0. 5 amper es at  24 Vac.

2. 3. 2. 4. 2   Tr i ac Out put s

Tr i ac out put s must  pr ovi de at  l east  180 V of  i sol at i on.   Mi ni mum cont act  
r at i ng must  be 0. 5 amper es at  24 Vac.

2. 3. 2. 5   Pul se Accumul at or

DDC Har dwar e pul se accumul at or s must  be i mpl ement ed usi ng ei t her  an 
ASHRAE 135 Accumul at or  Obj ect  or  an  ASHRAE 135 Anal og Val ue Obj ect  wher e 
t he Pr esent _Val ue i s t he t ot al i zed pul se count .   Pul se accumul at or s must  
accept  cont act  c l osur es,  i gnor e t r ansi ent s l ess t han 5 msec dur at i on,  
pr ot ect  agai nst
t r ansi ent s of  50 VAC,  and accept  r at es of  at  l east  20 pul ses per  second.

2. 3. 2. 6   ASHRAE 135 Obj ect s f or  Har dwar e I nput s and Out put s

The r equi r ement s f or  use of  ASHRAE 135 obj ect s f or  har dwar e i nput  and 
out put s i ncl udes devi ces wher e t he har dwar e sensor  or  act uat or  i s i nt egr al  
t o t he cont r ol l er  ( e. g.  a VAV box wi t h i nt egr al  damper  act uat or ,  a smar t  
sensor ,  a VFD,  et c. )

2. 3. 2. 7   I nt egr at ed H- O- A Swi t ches

 Wher e i nt egr at ed H- O- A swi t ches ar e pr ovi ded on har dwar e out put s,  
cont r ol l er  must  pr ovi de means of  moni t or i ng posi t i on or  st at us of  H- O- A 
swi t ch.   Thi s f eedback may be pr ovi ded vi a t he Ni agar a Fr amewor k or  v i a 
any val i d BACnet  met hod,  i ncl udi ng t he use of  pr opr i et ar y Obj ect s,  
Pr oper t i es,  or  Ser vi ces.

2. 3. 3   Local  Di spl ay Panel  ( LDP)

The Local  Di spl ay Panel s ( LDPs)  must  be DDC Har dwar e wi t h a di spl ay and 
navi gat i on but t ons or  a t ouch scr een di spl ay,  and must  pr ovi de di spl ay and 
adj ust ment  of  Ni agar a Fr amewor k poi nt s or  ASHRAE 135  Pr oper t i es as 
i ndi cat ed on t he Poi nt s Schedul e and as speci f i ed.   LDPs must  be ei t her  
BTL Li st ed as a B- OD,  B- OWS,  B- AWS,  or  be an i nt egr al  par t  of  anot her  
pi ece of  DDC Har dwar e l i s t ed as a B- BC.   For  LDPs l i s t ed as B- OWS or  
B- AWS,  t he har dwar e must  be BTL l i s t ed and t he pr oduct  must  come f act or y 
i nst al l ed wi t h al l  appl i cat i ons necessar y f or  t he devi ce t o f unct i on as an 
LDP.   

The adj ust ment  of  val ues usi ng di spl ay and navi gat i on but t ons must  be 
passwor d pr ot ect ed.

2. 3. 4   Expansi on Modul es and Tet her ed Har dwar e

A si ngl e pi ece of  DDC Har dwar e may consi st  of  a base uni t  and al so:

a.   An unl i mi t ed number  of  har dwar e expansi on modul es,  wher e t he 
i ndi v i dual  har dwar e expansi on modul es ar e desi gned t o di r ect l y 
connect ,  bot h mechani cal l y and el ect r i cal l y,  t o t he base uni t  
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har dwar e.   The expansi on modul es must  be commer ci al l y avai l abl e as an 
opt i onal  add- on t o t he base uni t .

b.   A s i ngl e pi ece of  har dwar e connect ed ( t et her ed)  t o a base uni t  by a 
s i ngl e cabl e wher e t he cabl e car r i es a pr opr i et ar y pr ot ocol  bet ween 
t he base uni t  and t et her ed har dwar e.     The t et her ed har dwar e must  not  
cont ai n cont r ol  l ogi c and be commer ci al l y avai l abl e as an opt i onal  
add- on t o t he base uni t  as a s i ngl e package.  

Not e t hat  t hi s r est r i ct i on on t et her ed har dwar e does not  appl y t o 
sensor s or  act uat or s usi ng st andar d bi nar y or  anal og si gnal s ( not  a 
communi cat i ons pr ot ocol ) ;   sensor s or  act uat or s usi ng st andar d bi nar y 
or  anal og si gnal s ar e not  consi der ed par t  of  t he DDC Har dwar e.

Har dwar e capabl e of  bei ng i nst al l ed st and- al one,  or  wi t hout  a separ at e 
base uni t ,  i s  DDC Har dwar e and must  not  be used as expansi on modul es or  
t et her ed har dwar e.

2. 3. 5   Super vi sor y Cont r ol  Requi r ement s

2. 3. 5. 1   Al ar m Gener at i on Har dwar e

Non- Ni agar a Fr amewor k DDC Har dwar e used f or  al ar m gener at i on must  meet  t he 
f ol l owi ng r equi r ement s:

a.   Devi ce must  suppor t  t he AE- N- I - B BI BB

b.   The Reci pi ent _Li st  Pr oper t y must  be Wr i t abl e f or  al l  Not i f i cat i on 
Cl ass Obj ect s used f or  al ar m gener at i on.

c.   For  al l  Obj ect s i mpl ement i ng I nt r i nsi c Al ar mi ng,  t he f ol l owi ng 
Pr oper t i es must  be Wr i t abl e:

( 1)  Ti me_Del ay
( 2)  Hi gh_Li mi t
( 3)  Low_Li mi t
( 4)  Deadband
( 5)  Event _Enabl e
( 6)  I f  t he i ssue dat e of  t hi s pr oj ect  speci f i cat i on i s af t er  1 Januar y 

2016,  Ti me_Del ay_Nor mal  must  be wr i t abl e.
d.   I t  i s  pr ef er r ed,  but  not  r equi r ed,  t hat  devi ces suppor t  t he DM- OCD- B 

BI BB on al l  Not i f i cat i on Cl ass Obj ect s.  I t  i s  al so pr ef er r ed,  but  not  
r equi r ed t hat  devi ces suppor t i ng t he DM- OCD- B BI BB  accept  any val i d 
val ue as an i ni t i al  val ue f or  pr oper t i es of  Not i f i cat i on Cl ass Obj ect s.

2. 3. 6    Ni agar a Fr amewor k Super vi sor y Gat eway 

Any devi ce i mpl ement i ng t he Ni agar a Fr amewor k i s a Ni agar a Fr amewor k 
Super vi sor y Gat eway and must  meet  t hese r equi r ement s.   I n addi t i on t o t he 
gener al  r equi r ement s f or  al l  DDC Har dwar e,  Ni agar a Fr amewor k Super vi sor y 
Gat eway Har dwar e must :

a.   Be di r ect  di gi t al  cont r ol  har dwar e.

b.   Have an unr est r i ct ed i nt er oper abi l i t y  l i cense and i t s Ni agar a 
Compat i bi l i t y  St at ement  ( Ni CS)  must  f ol l ow t he Tr i di um Open Ni CS 
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Speci f i cat i on.

c.   Manage communi cat i ons bet ween a f i el d cont r ol  net wor k and t he Ni agar a 
Fr amewor k Moni t or i ng and Cont r ol  Sof t war e,  and bet ween i t sel f  and 
ot her  Ni agar a Fr amewor k Super vi sor y Gat eways.  Ni agar a Fr amewor k 
Super vi sor y Gat eway Har dwar e must  use Fox pr ot ocol  f or  communi cat i on 
wi t h ot her  Ni agar a Fr amewor k Component s,  r egar dl ess of  t he 
manuf act ur er  of  t he ot her  component s.

d.   Be f ul l y pr ogr ammabl e usi ng t he Ni agar a Fr amewor k Engi neer i ng Tool  and 
must  suppor t  t he f ol l owi ng:

( 1)  Ti me synchr oni zat i on,  Cal endar ,  and Schedul i ng usi ng Ni agar a 
Schedul i ng Obj ect s

( 2)  Al ar m gener at i on and r out i ng usi ng t he Ni agar a Al ar m Ser vi ce

( 3)  Tr endi ng usi ng t he Ni agar a Hi st or y Ser vi ce and Ni agar a Tr end Log 
Obj ect s

( 4)  I nt egr at i on of  f i el d cont r ol  net wor ks usi ng t he Ni agar a Fr amewor k 
Engi neer i ng Tool

( 5)  Conf i gur at i on of  i nt egr at ed f i el d cont r ol  syst em usi ng t he Ni agar a 
Fr amewor k Engi neer i ng Tool  when suppor t ed by t he f i el d cont r ol  
syst em

e.   Meet  t he f ol l owi ng mi ni mum har dwar e r equi r ement s:

( 1)  One 10/ 100 Mbps Et her net  Por t

( 2)  One or  mor e MS/ TP por t s.

f .   Pr ovi de access t o f i el d cont r ol  net wor k dat a and super vi sor y f unct i ons 
v i a web i nt er f ace and suppor t  a mi ni mum of  16 si mul t aneous user s.   
Not e:  i mpl ement at i on of  t hi s capabi l i t y  may not  be r equi r ed on al l  
pr oj ect s.  

g.   Submi t  a backup of  each Ni agar a Fr amewor k Super vi sor y Gat eway as 
speci f i ed i n Sect i on 23 09 00 I NSTRUMENTATI ON AND CONTROL FOR HVAC.   
The backup must  be suf f i c i ent  t o r est or e a Ni agar a Fr amewor k 
Super vi sor y Gat eway t o t he f i nal  as- bui l t  condi t i on such t hat  a new 
Ni agar a Fr amewor k Super vi sor y Gat eway l oaded wi t h t he backup i s 
i ndi st i ngui shabl e i n f unct i onal i t y f r om t he or i gi nal .

2. 4   NI AGARA FRAMEWORK ENGI NEERI NG TOOL

The Ni agar a Fr amewor k Engi neer i ng Tool  must  be Ni agar a Wor kbench or  an 
equi val ent  Ni agar a Fr amewor k engi neer i ng t ool  sof t war e must :

a.   Have an unr est r i ct ed i nt er oper abi l i t y  l i cense and i t s Ni agar a 
Compat i bi l i t y  St at ement  ( Ni CS)  must  f ol l ow t he Tr i di um Open Ni CS 
Speci f i cat i on.

b.   Be capabl e of  per f or mi ng net wor k conf i gur at i on f or  Ni agar a Fr amewor k 
Super vi sor y Gat eways and Ni agar a Fr amewor k Moni t or i ng and Cont r ol  
Sof t war e.

c.   Be capabl e of  pr ogr ammi ng and conf i gur i ng of  Ni agar a Fr amewor k 
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Super vi sor y Gat eways and Ni agar a Fr amewor k Moni t or i ng and Cont r ol  
Sof t war e.

d.   Be capabl e of  di scover y of  Ni agar a Fr amewor k Super vi sor y Gat eways and 
al l  poi nt s mapped i nt o each Ni agar a Fr amewor k Super vi sor y Gat eway and 
maki ng t hese poi nt s accessi bl e t o Ni agar a Fr amewor k Moni t or i ng and 
Cont r ol  Sof t war e.

PART 3   EXECUTI ON

3. 1    CONTROL SYSTEM I NSTALLATI ON3. 1. 1   Ni agar a Fr amewor k Engi neer i ng Tool

Pr ovi de a Ni agar a Fr amewor k Engi neer i ng Tool .

3. 1. 2   Bui l di ng Cont r ol  Net wor k ( BCN)

I nst al l  t he Bui l di ng Cont r ol  Net wor k ( BCN)  as a s i ngl e BACnet  I nt er net wor k 
consi st i ng of  a s i ngl e I P net wor k as t he BCN Backbone and zer o or  mor e 
BACnet  MS/ TP net wor ks.   Not e t hat  i n some cases t her e may onl y be a s i ngl e 
devi ce on t he BCN Backbone.

Except  f or  t he I P Net wor k and as per mi t t ed f or  t he non- BACnet  s i de of  
Gat eways,  use excl usi vel y ASHRAE 135 net wor ks.

3. 1. 2. 1   Bui l di ng Cont r ol  Net wor k I P Backbone

I nst al l  I P Net wor k Cabl i ng i n condui t .   I nst al l  Et her net  Swi t ches i n 
l ockabl e encl osur es.   I nst al l  t he Bui l di ng Cont r ol  Net wor k ( BCN)  I P 
Backbone such t hat  i t  i s  avai l abl e at  t he Faci l i t y  Poi nt  of  Connect i on 
( FPOC)  l ocat i on.   When t he FPOC l ocat i on i s a r oom number ,  pr ovi de 
suf f i c i ent  addi t i onal  medi a t o ensur e t hat  t he Bui l di ng Cont r ol  Net wor k 
( BCN)  I P Backbone can be ext ended t o any l ocat i on i n t he r oom.

Use UDP por t  0xBAC0 f or  al l  BACnet  t r af f i c  on t he I P net wor k.  ( Not e t hat  
i n a Ni agar a Fr amewor k syst em t her e may not  be BACnet  t r af f i c  on t he I P 
Net wor k)

3. 1. 2. 2   BACnet  MS/ TP Net wor ks

When usi ng MS/ TP,  pr ovi de MS/ TP net wor ks i n accor dance wi t h ASHRAE 135 and 
i n accor dance wi t h t he ASHRAE 135 f i gur e " Mi xed Devi ces on 3- Conduct or  
Cabl e wi t h Shi el d"  ( Fi gur e 9- 1. 4 i n t he 2012 ver si on of  ASHRAE 135) .   
Gr ound t he shi el d at  t he BACnet  Rout er  and at  no ot her  poi nt .   Gr ound t he 
r ef er ence wi r e at  t he BACnet  Rout er  t hr ough a 100 ohm r esi st or  and do not  
gr ound i t  at  any ot her  poi nt .   I n addi t i on:

a.   Pr ovi de each segment  i n a doubl y t er mi nat ed bus t opol ogy i n accor dance 
wi t h TI A- 485.

b.   Pr ovi de each segment  wi t h 2 set s of  net wor k bi as r esi st or s i n 
accor dance wi t h ASHRAE 135,  wi t h one set  of  r esi st or s at  each end of  
t he MS/ TP net wor k.

c.   Use 3 wi r e ( t wi st ed pai r  and r ef er ence)  wi t h shi el d medi a f or  al l  
MS/ TP medi a i nst al l ed i nsi de.   Use f i ber  opt i c i sol at i on i n accor dance 
wi t h ASHRAE 135 f or  al l  MS/ TP medi a i nst al l ed out si de bui l di ngs,  or  
bet ween mul t i pl e bui l di ngs.

d.   For  18 AWG cabl e,  use segment s wi t h a maxi mum l engt h of  4000 f t .  When 
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usi ng gr eat er  di st ances or  di f f er ent  wi r e gauges compl y wi t h t he 
el ect r i cal  speci f i cat i ons of  TI A- 485.

e.   For  each cont r ol l er  t hat  does not  use t he r ef er ence wi r e pr ovi de 
t r ansi ent  suppr essi on at  t he net wor k connect i on of  t he cont r ol l er  i f  
t he cont r ol l er  i t sel f  does not  i ncor por at e t r ansi ent  suppr essi on.

f .   I nst al l  no mor e t han 32 devi ces on each MS/ TP segment .  Do not  use 
MS/ TP t o MS/ TP r out er s.

g.   Connect  each MS/ TP net wor k t o t he BCN backbone vi a a Ni agar a Fr amewor k 
Super vi sor y Gat eway conf i gur ed as a BACnet  Rout er .

h.   For  BACnet  Rout er s,  conf i gur e t he MS/ TP MAC addr ess t o 0.   Assi gn MAC 
Addr esses t o ot her  devi ces consecut i vel y begi nni ng at  1,  wi t h no 
gaps.   

i .   Conf i gur e t he Max_Mast er  Pr oper t y of  al l  devi ces t o be 31.  

3. 1. 2. 3   Bui l di ng Cont r ol  Net wor k ( BCN)  I nst al l at i on

Pr ovi de a bui l di ng cont r ol  net wor k meet i ng t he f ol l owi ng r equi r ement s:

a.   I nst al l  al l  DDC Har dwar e connect ed t o t he Bui l di ng Cont r ol  Net wor k.

b.   Wher e mul t i pl e pi eces of  DDC Har dwar e ar e used t o execut e one 
sequence,  i nst al l  al l  DDC Har dwar e execut i ng t hat  sequence on a s i ngl e 
MS/ TP net wor k dedi cat ed t o t hat  sequence.

c.   Tr af f i c  bet ween BACnet  net wor ks must  be excl usi vel y v i a BACnet  r out er s.

d.   Use t he Fox pr ot ocol  f or  al l  t r af f i c  bot h or i gi nat i ng and t er mi nat i ng 
at  Ni agar a Fr amewor k component s.  Use t he Fox pr ot ocol  f or  al l  t r af f i c  
or i gi nat i ng or  t er mi nat i ng at  a Ni agar a Fr amewor k UMCS ( i ncl udi ng 
t r af f i c  t o or  f r om a f ut ur e UMCS) .  Al l  ot her  t r af f i c ,  i ncl udi ng 
t r af f i c  bet ween ASHRAE 135 devi ces and t r af f i c  bet ween Ni agar a 
Fr amewor k Super vi sor y Gat eways and ASHRAE 135 devi ces must  be i n 
accor dance wi t h ASHRAE 135.

3. 1. 3   DDC Har dwar e

I nst al l  al l  DDC Har dwar e t hat  connect s t o an I P net wor k i n l ockabl e 
encl osur e.   I nst al l  ot her  DDC Har dwar e t hat  i s not  i n suspended cei l i ngs i n 
l ockabl e encl osur es.   For  al l  DDC har dwar e wi t h a user  i nt er f ace,  coor di nat e 
wi t h s i t e t o det er mi ne pr oper  passwor ds and conf i gur e passwor ds i nt o devi ce.

a.   Except  f or  zone sensor s ( t her most at s) ,  i nst al l  al l  Tet her ed Har dwar e 
wi t hi n 6 f eet  of  i t s  base uni t .

b.   I nst al l  and conf i gur e al l  BTL- Li st ed devi ces i n a manner  consi st ent  
wi t h t hei r  BTL Li st i ng such t hat  t he devi ce as pr ovi ded st i l l  meet s 
al l  r equi r ement s necessar y f or  i t s  BTL Li st i ng.   

c.   I nst al l  and conf i gur e al l  BTL- Li st ed devi ces i n a manner  consi st ent  
wi t h t he BTL Devi ce I mpl ement at i on Gui del i nes such t hat  t he devi ce as 
pr ovi ded meet s al l  t hose Gui del i nes.
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3. 1. 3. 1    Devi ce I dent i f i er s,  Net wor k Addr esses,  and I P addr esses

a.   Do not  use any Devi ce I dent i f i er  or  Net wor k Number  al r eady used by 
anot her  BACnet  syst em at  t he pr oj ect  s i t e. .

3. 1. 3. 2   ASHRAE 135 Obj ect  Name Pr oper t y and Obj ect  Descr i pt i on Pr oper t y

Conf i gur e t he Obj ect _Names and Obj ect _Descr i pt i ons pr oper t i es of  al l  
ASHRAE 135 Obj ect s ( i ncl udi ng Devi ce Obj ect s)  as i ndi cat ed on t he Poi nt s 
Schedul e ( Poi nt  Name and Poi nt  Descr i pt i on)  and as speci f i ed.  At  a mi ni mum:

a.   Except  f or  DDC Har dwar e cont r ol l i ng a s i ngl e t er mi nal  uni t ,  conf i gur e 
t he Obj ect _Name and Obj ect _Descr i pt i on pr oper t i es of  al l  Obj ect s 
( i ncl udi ng Devi ce Obj ect s)  as i ndi cat ed on t he Poi nt s Schedul e and as 
speci f i ed.

b.   I n DDC Har dwar e cont r ol l i ng a s i ngl e t er mi nal  uni t ,  conf i gur e t he 
Devi ce Obj ect _Name and Devi ce Obj ect _Descr i pt i on as i ndi cat ed on t he 
Poi nt s Schedul e and as speci f i ed.

When Poi nt s Schedul e ent r i es exceed t he l engt h l i mi t at i ons i n t he devi ce,  
not i f y Egl i n DDC Shop and pr ovi de r ecommended al t er nat i ves f or  appr oval .

3. 1. 3. 3   Ni agar a Fr amewor k Poi nt  Names and Descr i pt i ons

Conf i gur e t he names and descr i pt i ons of  al l  Poi nt s i n Ni agar a Fr amewor k 
Super vi sor y Gat eways as i ndi cat ed on t he Poi nt s Schedul e and as speci f i ed.

3. 1. 3. 4   Ni agar a St at i on I Ds

Ensur e t hat  Ni agar a St at i on I Ds of  new Ni agar a Fr amewor k Super vi sor y 
Gat eways ar e mai nt ai ned as uni que wi t hi n UMCS f r ont - end,  i ncl udi ng 
ensur i ng t hey do not  conf l i c t  wi t h any exi st i ng Ni agar a St at i on I D.

3. 1. 3. 5   Hand- Of f - Aut o ( H- O- A)  Swi t ches

Pr ovi de Hand- Of f - Aut o ( H- O- A)  swi t ches as speci f i ed and as i ndi cat ed on 
t he Poi nt s Schedul e.  Pr ovi de H- O- A swi t ches t hat  ar e i nt egr al  t o t he 
cont r ol l er  har dwar e,  an ext er nal  devi ce co- l ocat ed wi t h ( i n t he same 
encl osur e as)  t he cont r ol l er ,  i nt egr al  t o t he cont r ol l ed equi pment ,  or  an 
ext er nal  devi ce co- l ocat ed wi t h ( i n t he same encl osur e as)  t he cont r ol l ed 
equi pment .

a.   For  H- O- A swi t ches i nt egr al  t o DDC Har dwar e,  meet  t he r equi r ement s 
speci f i ed i n par agr aph DI RECT DI GI TAL CONTROL ( DDC)  HARDWARE.

b.   For  ext er nal  H- O- A swi t ches used f or  bi nar y out put s,  pr ovi de f or  
over r i di ng t he out put  open or  c l osed.

c.   For  et er nal  H- O- A swi t ches used f or  anal og out put s,  pr ovi de f or  
over r i di ng t hr ough t he r ange of  0 per cent  t o 100 per cent .

3. 1. 3. 6   Local  Di spl ay Panel s

Pr ovi de LDPs t o di spl ay and over r i de val ues of  
poi nt s i n a Ni agar a Fr amewor k Super vi sor y Gat eway or  ASHRAE 135 Obj ect  
Pr oper t i es as i ndi cat ed on t he Poi nt s Schedul e.   I nst al l  LDPs di spl ayi ng 
poi nt s f or  anyt hi ng ot her  t han a t er mi nal  uni t  i n t he same r oom as t he 
equi pment .   I nst al l  LDPs di spl ayi ng poi nt s f or  onl y t er mi nal  uni t s i n a 
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mechani cal  r oom cent r al  t o t he gr oup of  t er mi nal  uni t s i t  ser ves.   For  
LDPs usi ng Wr i t ePr oper t y t o commandabl e obj ect s t o i mpl ement  an over r i de,  
wr i t e val ues wi t h pr i or i t y 9.

3. 1. 3. 7   MS/ TP Sl ave Devi ces

Conf i gur e al l  MS/ TP devi ces as Mast er  devi ces.   Do not  conf i gur e any 
devi ces t o act  as s l ave devi ces.

3. 1. 3. 8   Change of  Val ue ( COV)  and Read Pr oper t y

a.   To t he gr eat est  ext ent  possi bl e,  conf i gur e al l  devi ces t o suppor t  t he 
Subscr i beCOV ser vi ce ( t he DS- COV- B BI BB) .   At  a mi ni mum,  al l  devi ces 
suppor t i ng t he DS- RP- B BI BB,  ot her  t han devi ces cont r ol l i ng onl y a 
s i ngl e t er mi nal  uni t ,  must  be conf i gur ed t o suppor t  t he DS- COV- B BI BB.

b.   Whenever  suppor t ed by t he ser ver  s i de,  conf i gur e c l i ent  devi ces t o use 
t he DS- COV- A BI BB.

3. 1. 3. 9   Engi neer i ng Uni t s

Conf i gur e devi ces t o use Engl i sh ( I nch- Pound)  engi neer i ng uni t s as f ol l ows:

a.   Temper at ur e i n degr ees F

b.   Ai r  or  nat ur al  gas f l ows i n cubi c f eet  per  mi nut e ( CFM)

c.   Wat er  i n gal l ons per  mi nut e ( GPM)

d.   St eam f l ow i n pounds per  hour  ( pph)

e.   Di f f er ent i al  Ai r  pr essur es i n i nches of  wat er  col umn ( I WC)

f .   Wat er ,  st eam,  and nat ur al  gas pr essur es i n PSI

g.   Ent hal py i n BTU/ l b

h.   Heat i ng and cool i ng ener gy i n MBTU ( 1MBTU = 1, 000, 000 BTU) )

i .   Cool i ng l oad i n t ons ( 1 t on = 12, 000 BTU/ hour )

j .   Heat i ng l oad i n MBTU/ hour  ( 1MBTU = 1, 000, 000 BTU)

k.   El ect r i cal  Power :   k i l owat t s ( kW)

l .   El ect r i cal  Ener gy:   k i l owat t - hour s ( kWh)

3. 1. 3. 10   Occupancy Modes

Use t he f ol l owi ng cor r espondence bet ween val ue and occupancy mode whenever  
an occupancy st at e or  val ue i s r equi r ed:

a.   OCCUPI ED mode:  a val ue of  one 
b.   UNOCCUPI ED mode:   a val ue of  t wo
c.   WARM- UP/ COOL- DOWN ( PRE- OCCUPANCY)  mode:  a val ue of  t hr ee

  
 Not e t hat  el sewher e i n t hi s Sect i on t he Schedul e Obj ect  i s  r equi r ed t o 

al so suppor t  a val ue of  f our ,  whi ch i s r eser ved f or  f ut ur e use.   Al so not e 
t hat  t he behavi or  of  a syst em i n each of  t hese occupancy modes i s 
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i ndi cat ed i n t he sequence of  oper at i on f or  t he syst em.

3. 1. 3. 11   Use of  BACnet  Obj ect s

Except  as speci f i cal l y i ndi cat ed f or  Ni agar a Fr amewor k Obj ect s,   Use onl y 
st andar d non- pr opr i et ar y ASHRAE 135 Obj ect s and ser vi ces t o accompl i sh t he 
pr oj ect  scope of  wor k as f ol l ows:

a.   Use Anal og I nput  or  Anal og Out put  Obj ect s f or  al l  anal og har dwar e 
I / O.   Do not  use Anal og Val ue Obj ect  f or  anal og har dwar e I / O)  .

b.   Use Bi nar y I nput  or  Bi nar y Out put  Obj ect s f or  al l  bi nar y har dwar e 
I / O.   Do not  use Bi nar y Val ue Obj ect s f or  bi nar y har dwar e I / O.

c.   Use Anal og Val ue Obj ect s f or  anal og set poi nt s.  

d.   Use Accumul at or  Obj ect s or  Anal og Val ue Obj ect s f or  pul se i nput s.

e.   For  occupancy modes,  use Mul t i st at e Val ue Obj ect s and t he 
cor r espondence bet ween val ue and occupancy mode speci f i ed i n par agr aph 
OCCUPANCY MODES.

f .   Use a combi nat i on of  Ni agar a Fr amewor k Al ar m Ext ensi ons and Al ar m 
Ser vi ces,  I nt r i nsi c Al ar mi ng,  and Not i f i cat i on Cl ass Obj ect s f or  al ar m 
gener at i on.   

g.   For  al l  ot her  poi nt s shown on t he Poi nt s Schedul e as r equi r i ng an 
ASHRAE 135 Obj ect ,  use t he Obj ect  t ype shown on t he Poi nt s Schedul e 
or ,  i f  no Obj ect  Type i s shown,  use a st andar d Obj ect  appr opr i at e t o 
t he poi nt .

3. 1. 3. 11. 1   Ni agar a Fr amewor k Obj ect s

Poi nt s i n t he Ni agar a Fr amewor k Super vi sor y Gat eway,  even i f  used i n a 
sequence or  ar e shown on t he Poi nt s Schedul e,  ar e not  r equi r ed t o be 
exposed as BACnet  Obj ect s unl ess t hey ar e r equi r ed t o be avai l abl e on t he 
net wor k by anot her  devi ce or  sequence of  oper at i on ( i . e.  t her e i s some 
ot her  r eason t hey ar e needed) .

Use a Ni agar a Fr amewor k Super vi sor y Gat eway as speci f i ed f or  al l  
schedul i ng and t r endi ng.   Use a Ni agar a Fr amewor k Super vi sor y Gat eway as 
speci f i ed f or  al l  al ar mi ng except  f or  i nt r i nsi c al ar mi ng.

3. 1. 3. 12   Use of  St andar d BACnet  Ser vi ces

Except  as not ed i n t hi s par agr aph,  f or  al l  DDC Har dwar e ( i ncl udi ng Ni agar a 
Fr amewor ks Super vi sor y Gat eways when communi cat i ng wi t h non- Ni agar a 
Fr amewor k DDC Har dwar e)  use St andar d BACnet  Ser vi ces as def i ned i n t hi s 
speci f i cat i on ( whi ch excl udes some ASHRAE 135 ser vi ces)  excl usi vel y f or  
appl i cat i on cont r ol  f unct i onal i t y and communi cat i on.

DDC Har dwar e t hat  cannot  meet  t hi s r equi r ement  may use non- st andar d 
ser vi ces pr ovi ded t hey can pr ovi de i dent i cal  f unct i onal i t y usi ng St andar d 
BACnet  Ser vi ces when communi cat i ng wi t h BACnet  devi ces f r om a di f f er ent  
vendor .   When i mpl ement i ng non- st andar d ser vi ces,  document  al l  
non- st andar d ser vi ces i n t he DDC Har dwar e Schedul e as speci f i ed and as 
speci f i ed i n Sect i on 23 09 00 I NSTRUMENTATI ON AND CONTROL FOR HVAC.

SECTI ON 23 09 23. 02  Page 14



D51 Hangar  Conver si on t o Human Per f or mance Cent er  FTFA 23- VH59
Egl i n AFB,  Fl or i da

3. 1. 3. 13   Devi ce Appl i cat i on Conf i gur at i on

a.   For  ever y pr oper t y,  set t i ng or  val ue shown on t he Poi nt s Schedul e or  
ot her wi se i ndi cat ed as Conf i gur abl e,  pr ovi de a val ue t hat  i s r et ai ned 
t hr ough l oss of  power  and can be changed vi a one or  mor e of :

( 1)  BACnet  ser vi ces ( i ncl udi ng pr opr i et ar y ser vi ces)

( 2)  Har dwar e set t i ngs on t he devi ce

( 3)  The Ni agar a Fr amewor k

b.   For  ever y pr oper t y,  set t i ng or  val ue i n non- Ni agar a Fr amewor k Har dwar e 
shown on t he Poi nt s Schedul e or  ot her wi se i ndi cat ed as Oper at or  
Conf i gur abl e,  pr ovi de a val ue t hat  i s r et ai ned t hr ough l oss of  power  
and can be changed vi a one or  mor e of :

( 1)  A Wr i t abl e Pr oper t y of  a st andar d BACnet  Obj ect

( 2)  A Pr oper t y of  a st andar d BACnet  Obj ect  t hat  i s  Wr i t abl e when 
Out _Of _Ser vi ce i s TRUE and Out _Of _Ser vi ce i s Wr i t abl e.

( 3)  Usi ng some ot her  met hod suppor t ed by a Ni agar a Fr amewor k 
Super vi sor y Gat eway

c.   Conf i gur e Ni agar a Fr amewor k Super vi sor y Gat eways such t hat  t he 
pr oper t y,  set t i ng or  val ue i s conf i gur abl e f r om a Ni agar a Fr amewor k 
Fr ont  End.

d.   For  ever y pr oper t y,  set t i ng or  val ue i n a Ni agar a Fr amewor k 
Super vi sor y Gat eway whi ch i s shown on t he Poi nt s Schedul e or  ot her wi se 
i ndi cat ed as Oper at or  Conf i gur abl e,  conf i gur e t he val ue t o be  
conf i gur abl e f r om wi t hi n t he Ni agar a Fr amewor k such t hat  i t  can be 
conf i gur ed f r om a syst em gr aphi c page at  a Ni agar a Fr amewor k Fr ont  End.

3. 1. 3. 14   Ni agar a Fr amewor k Engi neer i ng Tool

Use t he Ni agar a Fr amewor k Engi neer i ng Tool  t o f ul l y  di scover  t he f i el d 
cont r ol  syst em and make al l  f i el d cont r ol  syst em i nf or mat i on avai l abl e t o 
t he Ni agar a Fr amewor k Super vi sor y Gat eway.   Ensur e t hat  al l  poi nt s on t he 
poi nt s schedul e ar e avai l abl e t o t he f r ont  end vi a t he Fox pr ot ocol .

3. 1. 3. 15   Gr aphi cs and Web Pages

Conf i gur e Ni agar a Fr amewor k Super vi sor y Gat eways t o use web pages t o 
pr ovi de a gr aphi cal  user  i nt er f ace i ncl udi ng Syst em Di spl ays,  i ncl udi ng 
over r i des,  as i ndi cat ed on t he Poi nt s Schedul e and as speci f i ed.  Label  al l  
poi nt s on di spl ays wi t h f ul l  Engl i sh l anguage descr i pt i ons,  t he poi nt  name 
as i ndi cat ed on t he Poi nt s Schedul e,  andt he poi nt  descr i pt i on as i ndi cat ed 
on t he Poi nt s Schedul e.  Conf i gur e user  per mi ssi ons f or  access t o and 
execut i ons of  act i on usi ng gr aphi c pages.  Coor di nat e user  per mi ssi ons wi t h 
t he Cont r ol s shop super vi sor .   Conf i gur e t he web ser ver  t o use HTTPS based 
on t he Tr anspor t  Layer  Secur i t y ( TLS)  pr ot ocol  i n accor dance wi t h RFC 5246 
usi ng a Gover nment  f ur ni shed cer t i f i cat e.

3. 1. 4   Schedul i ng,  Al ar mi ng,  Tr endi ng,  and Over r i des

3. 1. 4. 1   Schedul i ng
Conf i gur e schedul es i n Ni agar a Fr amewor k Super vi sor y Gat eway usi ng Ni agar a 
Schedul e Obj ect s as i ndi cat ed on t he Poi nt s Schedul e and as speci f i ed.   
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When t he schedul e i s cont r ol l i ng occupancy modes i n DDC Har dwar e ot her  
t han a Ni agar a Fr amewor k Super vi sor y Gat eway use t he i ndi cat ed 
cor r espondence bet ween val ue and occupancy mode.

Pr ovi de a separ at e schedul e f or  each AHU i ncl udi ng i t ' s  associ at ed 
Ter mi nal  Uni t s and f or  each st and- al one Ter mi nal  Uni t  ( t hose not  dependent  
upon AHU ser vi ce) .

3. 1. 4. 2   Al ar m Conf i gur at i on

Conf i gur e al ar m gener at i on and management  as i ndi cat ed on t he Poi nt s 
Schedul e and as speci f i ed.   Conf i gur e al ar m gener at i on i n Ni agar a 
Fr amewor k Super vi sor y Gat eways usi ng Ni agar a Fr amewor k Al ar m Ext ensi ons 
and Al ar m Ser vi ces or  i n ot her  DDC Har dwar e ( not  Ni agar a Fr amewor k 
Super vi sor y Gat eways)  usi ng ASHRAE 135 I nt r i nsi c Al ar mi ng.  Conf i gur e al ar m 
management  and r out i ng f or  al l  al ar ms,  i ncl udi ng t hose gener at ed vi a 
i nt r i nsi c al ar mi ng i n ot her  devi ces,  i n t he Ni agar a Fr amewor k Super vi sor y 
Gat eway such t hat  t he al ar ms ar e abl e t o be accessed f r om t he Ni agar a 
Fr amewor k Fr ont  End.

Wher e I nt r i nsi c Al ar mi ng i s used,  conf i gur e i nt r i nsi c al ar mi ng as 
speci f i ed i n par agr aph " Conf i gur at i on of  ASHRAE 135 I nt r i nsi c Al ar m 
Gener at i on" .   Conf i gur e a Ni agar a Fr amewor k Super vi sor y Gat eway t o pr ovi de 
a means t o conf i gur e t he i nt r i nsi c al ar m par amet er s such t hat  t he 
I nt r i nsi c Al ar m i s conf i gur abl e f r om t he f r ont  end vi a t he Ni agar a 
Fr amewor k.

3. 1. 4. 3   Conf i gur at i on of  ASHRAE 135 I nt r i nsi c Al ar m Gener at i on

I nt r i nsi c al ar m gener at i on must  meet  t he f ol l owi ng r equi r ement s:

Conf i gur e al ar m gener at i on as i ndi cat ed on t he Poi nt s Schedul e and as 
speci f i ed usi ng I nt r i nsi c Al ar mi ng i n accor dance wi t h ASHRAE 135 or  
Al gor i t hmi c Al ar mi ng i n accor dance wi t h ASHRAE 135.  Al ar m gener at i on must  
meet  t he f ol l owi ng r equi r ement s:

a.   Send al ar m event s as Al ar ms ( not  Event s) .

b.   Use t he Conf i r medNot i f i cat i on Ser vi ce f or  al ar m event s.

c.   For  al ar m gener at i on,  suppor t  t wo pr i or i t y l evel s f or  al ar ms:  cr i t i cal  
and non- cr i t i cal .   Conf i gur e t he Pr i or i t y of  Not i f i cat i on Cl ass 
Obj ect s t o use Pr i or i t y 112 f or  cr i t i cal  and 224 f or  non- cr i t i cal  
al ar ms.

d.   Number  of  Not i f i cat i on Cl ass Obj ect s f or  Al ar m Gener at i on:

( 1)  I f  t he devi ce i mpl ement s non- cr i t i cal  al ar ms,  or  i f  any Obj ect  i n 
t he devi ce suppor t s I nt r i nsi c Al ar ms,  t hen pr ovi de a s i ngl e 
Not i f i cat i on Cl ass Obj ect  speci f i cal l y f or  ( shar ed by)  al l  
non- cr i t i cal  al ar ms.   

( 2)  I f  t he devi ce i mpl ement s cr i t i cal  al ar ms,  pr ovi de a s i ngl e 
Not i f i cat i on Cl ass Obj ect  speci f i cal l y f or  ( shar ed by)  al l  
cr i t i cal  al ar ms.

( 3)  I f  t he devi ce i mpl ement s bot h cr i t i cal  and non- cr i t i cal  al ar ms,  
pr ovi de bot h Not i f i cat i on Cl ass Obj ect s ( one f or  cr i t i cal ,  one f or  
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non- cr i t i cal ) .

( 4)  I f  t he devi ce cont r ol s equi pment  ot her  t han a s i ngl e t er mi nal  
uni t ,  pr ovi de bot h Not i f i cat i on Cl ass Obj ect s ( one f or  cr i t i cal ,  
one f or  non- cr i t i cal )  even i f  no al ar m gener at i on i s r equi r ed at  
t i me of  i nst al l at i on.

e.   For  al l  i nt r i nsi c al ar ms conf i gur e t he Li mi t _Enabl e Pr oper t y t o set  
bot h Hi ghLi mi t Enabl e and LowLi mi t Enabl e t o TRUE.   I f  t he speci f i ed 
al ar m condi t i ons ar e f or  a s i ngl e- si ded al ar m ( onl y Hi gh_Li mi t  used or  
onl y Low_Li mi t  used)  assi gn a val ue t o t he unused l i mi t  such t hat  t he 
unused al ar m condi t i on wi l l  not  occur .

f .   For  al l  obj ect s suppor t i ng i nt r i nsi c al ar mi ng,  even i f  no al ar m 
gener at i on i s r equi r ed dur i ng i nst al l at i on,  conf i gur e t he f ol l owi ng 
Pr oper t i es as f ol l ows:

( 1)  Not i f i cat i on_Cl ass t o poi nt  t o t he non- Cr i t i cal  Not i f i cat i on Cl ass 
Obj ect  i n t hat  devi ce.

( 2)  Li mi t _Enabl e t o enabl e bot h t he Hi ghLi mi t Enabl e and LowLi mi t Enabl e

( 3)  Not i f y_Type t o Al ar m

g.   Conf i gur e t he Reci pi ent _Li st  Pr oper t y of  t he Not i f i cat i on Cl ass Obj ect  
t o poi nt  t o t he Ni agar a Fr amewor k Super vi sor y Gat eway managi ng t he 
al ar m.

3. 1. 4. 4   Tr endi ng

Per f or m al l  t r endi ng usi ng a Ni agar a Fr amewor k Super vi sor y Gat eway usi ng 
Ni agar a Fr amewor k Hi st or y Ext ensi ons and Ni agar a Fr amewor k Hi st or y Ser vi ce 
excl usi vel y.

3. 1. 4. 5   Over r i des

Pr ovi de an over r i de f or  each poi nt  shown on t he Poi nt s Schedul e as 
r equi r i ng an over r i de.   Use t he Ni agar a Fr amewor k f or  al l  over r i des t o 
poi nt s i n Ni agar a Fr amewor k Super vi sor y Gat eways.   For  over r i des t o ot her  
poi nt s,  pr ovi de an over r i de t o a poi nt  i n a Ni agar a Fr amewor k Super vi sor y 
Gat eway vi a t he Ni agar a Fr amewor k wher e t he Ni agar a Fr amewor k Super vi sor y 
Gat eway over r i des t he ot her  poi nt  as speci f i ed.

Unl ess ot her wi se appr oved,  pr ovi de Commandabl e Obj ect s t o suppor t  al l  
Over r i des i n non- Ni agar a Fr amewor k Super vi sor y Gat eway DDC Har dwar e.   Wi t h 
speci f i c  appr oval  f r om t he Cont r act i ng Of f i cer ,  Over r i des f or  poi nt s whi ch 
ar e not  har dwar e out put s and whi ch ar e i n DDC har dwar e cont r ol l i ng a 
s i ngl e t er mi nal  uni t  may suppor t  over r i des v i a an addi t i onal  Obj ect  
pr ovi ded f or  t he over r i de.  No ot her  means of  i mpl ement i ng Over r i des may be 
used.

a.   Wher e Commandabl e Obj ect s ar e used,  ensur e t hat  Wr i t ePr oper t y ser vi ce 
r equest s wi t h a Pr i or i t y of  10 or  l ess t ake pr ecedence over  t he 
SEQUENCE VALUE and t hat  Wr i t ePr oper t y ser vi ce r equest  wi t h a pr i or i t y 
of  11 or  mor e have a l ower  pr ecedence t han t he SEQUENCE VALUE.

b.   For  devi ces i mpl ement i ng over r i des v i a addi t i onal  Obj ect s,  pr ovi de 
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Obj ect s whi ch ar e NOT Wr i t t en t o as par t  of  t he nor mal  Sequence of  
Oper at i ons and ar e Wr i t abl e when Out _Of _Ser vi ce i s TRUE and 
Out _Of _Ser vi ce i s Wr i t abl e.  Use t hi s poi nt  as an Over r i de of  t he 
nor mal  val ue when Out _Of _Ser vi ce i s TRUE and t he nor mal  val ue 
ot her wi se.   Not e t hese Obj ect s may be modi f i ed as par t  of  t he sequence 
vi a l ocal  pr ocesses,  but  must  not  be modi f i ed by l ocal  pr ocesses when 
Out _Of _Ser vi ce i s TRUE.

3. 1. 5   BACnet  Gat eways

The r equi r ement s i n t hi s par agr aph do not  t hemsel ves per mi t  t he 
i nst al l at i on of  har dwar e not  meet i ng t he ot her  r equi r ement s of  t hi s 
sect i on.   Except  f or  pr opr i et ar y syst ems speci f i cal l y i ndi cat ed i n Sect i on 
23 09 00,  al l  cont r ol  har dwar e i nst al l ed under  t hi s pr oj ect  must  meet  t he 
r equi r ement s of  t hi s speci f i cat i on,  i ncl udi ng t he cont r ol  har dwar e 
pr ovi di ng t he net wor k i nt er f ace f or  a package uni t  or  spl i t  syst em  
speci f i ed under  anot her  sect i on.    Onl y use gat eways t o connect  t o 
pr e- exi st i ng cont r ol  devi ces,  and t o pr opr i et ar y syst ems speci f i cal l y 
per mi t t ed by Sect i on 23 09 00.

3. 1. 5. 1   Gener al  Gat eway Requi r ement s

Pr ovi de BACnet  Gat eways t o connect  non- BACnet  cont r ol  har dwar e i n 
accor dance wi t h t he f ol l owi ng:

a.   Conf i gur e gat eways t o map wr i t abl e dat a poi nt s i n t he cont r ol l ed 
equi pment  t o Wr i t abl e Pr oper t i es of  St andar d Obj ect s,  or  t o Ni agar a 
Fr amewor k poi nt s,  as i ndi cat ed i n t he Poi nt s Schedul e and as speci f i ed.

b.   Conf i gur e gat eway t o map r eadabl e dat a poi nt s i n t he cont r ol l ed 
equi pment  t o Readabl e Pr oper t i es of  St andar d Obj ect s,  or  t o Ni agar a 
Fr amewor k poi nt s,  as i ndi cat ed i n t he Poi nt s Schedul e and as speci f i ed.

c.   Conf i gur e gat eway t o suppor t  t he DS- COV- B BI BB f or  al l  poi nt s mapped 
t o BACnet  Obj ect s.

d.   Do not  use non- BACnet  cont r ol  har dwar e f or  cont r ol l i ng bui l t - up uni t s 
or  any ot her  equi pment  t hat  was not  f ur ni shed wi t h f act or y- i nst al l ed 
cont r ol s.  ( Not e:  A Ni agar a Fr amewor k Super vi sor y Gat eway i s BACnet  
cont r ol  har dwar e. )

e.   Do not  use non- BACnet  cont r ol  har dwar e f or  syst em schedul i ng f unct i ons.

f .   Each gat eway must  communi cat e wi t h and per f or m pr ot ocol  t r ansl at i on 
f or  non- BACnet  cont r ol  har dwar e cont r ol l i ng one and onl y one package 
uni t  or  a s i ngl e non- BACnet  syst em speci f i cal l y per mi t t ed by Sect i on 
23 09 00.

g.   Connect  one net wor k por t  on t he gat eway t o t he Bui l di ng Cont r ol  
Backbone I P Net wor k or  t o a BACnet  MS/ TP net wor k and t he ot her  por t  t o 
t he s i ngl e pi ece of  cont r ol l ed equi pment  or  t he non- BACnet  syst em 
speci f i cal l y per mi t t ed by Sect i on 23 09 00. .

h.   For  gat eways t o exi st i ng package uni t s or  s i mpl e spl i t  syst ems,  
non- BACnet  net wor k wi r i ng connect i ng t he gat eway t o t he package uni t  
must  not  exceed 10 f eet  i n l engt h and must  connect  t o exact l y t wo 
devi ces:  t he cont r ol l ed equi pment  ( packaged uni t )  or  spl i t  syst em 
i nt er f ace and t he gat eway.
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SECTI ON 23 21 23

HYDRONI C PUMPS
08/ 17

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AMERI CAN SOCI ETY OF MECHANI CAL ENGI NEERS ( ASME)

ASME B1. 1 ( 2003;  R 2018)  Uni f i ed I nch Scr ew Thr eads 
( UN and UNR Thr ead For m)

ASTM I NTERNATI ONAL ( ASTM)

ASTM A123/ A123M ( 2017)  St andar d Speci f i cat i on f or  Zi nc 
( Hot - Di p Gal vani zed)  Coat i ngs on I r on and 
St eel  Pr oduct s

ASTM A307 ( 2021)  St andar d Speci f i cat i on f or  Car bon 
St eel  Bol t s,  St uds,  and Thr eaded Rod 60 
000 PSI  Tensi l e St r engt h

HYDRAULI C I NSTI TUTE ( HI )

HI  1. 1- 1. 2 ( 2014)  Rot odynami c ( Cent r i f ugal )  Pump f or  
Nomencl at ur e and Def i ni t i ons

HI  9. 6. 4 ( 2009)  Rot odynami c Pumps f or  Vi br at i on 
Anal ysi s and Al l owabl e Val ues

HI  ANSI / HI  2. 1- 2. 2 ( 2014)  Rot odynami c Ver t i cal  Pumps of  
Radi al ,  Mi xed,  and Axi al  Fl ow Types f or  
Nomencl at ur e and Def i ni t i ons

HI  ANSI / HI  9. 6. 3 ( 2017)  Rot odynami c Pumps -  Gui del i ne f or  
Oper at i ng Regi ons -  B120

HI  ANSI / HI  14. 6 ( 2011)  Rot odynami c Pumps f or  Hydr aul i c 
Per f or mance Accept ance Test s -  A136

I NTERNATI ONAL CODE COUNCI L ( I CC)

I CC I gCC ( 2021)  I nt er nat i onal  Gr een Const r uct i on 
Code

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA MG 1 ( 2021)  Mot or s and Gener at or s

NEMA Z535. 4 ( 2011;  R 2017)  Pr oduct  Saf et y Si gns and 
Label s
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NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 70 ( 2020;  TI A 22- 1;  ERTA 1 2022)  Nat i onal  
El ect r i cal  Code

SOCI ETY FOR PROTECTI VE COATI NGS ( SSPC)

SSPC Pai nt  21 ( 1982;  E 2004)  Whi t e or  Col or ed Si l i cone 
Al kyd Pai nt  ( Type I ,  Hi gh Gl oss and Type 
I I ,  Medi um Gl oss)

SSPC Pai nt  25 ( 1997;  E 2004)  Zi nc Oxi de,  Al kyd,  Li nseed 
Oi l  Pr i mer  f or  Use Over  Hand Cl eaned 
St eel ,  Type I  and Type I I

U. S.  NATI ONAL ARCHI VES AND RECORDS ADMI NI STRATI ON ( NARA)

29 CFR 1910. 219 Mechani cal  Power  Tr ansmi ssi on Appar at us

UNDERWRI TERS LABORATORI ES ( UL)

UL 778 ( 2016;  Repr i nt  Jun 2021)  UL St andar d f or  
Saf et y Mot or - Oper at ed Wat er  Pumps

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
Cont r act or  Qual i t y Cont r ol  appr oval .  Submi t  t he f ol l owi ng i n accor dance 
wi t h Sect i on 01 33 00 SUBMI TTAL PROCEDURES:

SD- 02 Shop Dr awi ngs 

Syst em Coor di nat i on;  G

 SD- 03 Pr oduct  Dat a 

I nst r uct i ons;  G

Equi pment  Dat a;  G

Tr ai ni ng Per i od;  G

SD- 06 Test  Repor t s 

Fi el d Qual i t y Cont r ol

 SD- 07 Cer t i f i cat es 

Manuf act ur er ' s Repr esent at i ve

 SD- 10 Oper at i on and Mai nt enance Dat a 

Oper at i on and Mai nt enance Manual s;  G

Tr ai ni ng;  G
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1. 3   QUALI TY ASSURANCE

1. 3. 1   Manuf act ur er  Ser vi ces

Pr ovi de t he ser vi ces of  a manuf act ur er ' s r epr esent at i ve exper i enced i n t he 
i nst al l at i on,  adj ust ment ,  and oper at i on of  t he equi pment  speci f i ed.   The 
r epr esent at i ve must  super vi se t he i nst al l at i on,  adj ust ment ,  t est i ng of  t he 
equi pment ,  and conduct  t r ai ni ng.

Submi t  t he names and qual i f i cat i ons of  t he manuf act ur er ' s r epr esent at i ve 
and t r ai ni ng engi neer s and wr i t t en cer t i f i cat i on f r om t he manuf act ur er  
t hat  t he r epr esent at i ve and t r ai ner s ar e t echni cal l y qual i f i ed.

1. 3. 2   St andar d Pr oduct s

Pr ovi de mat er i al  and equi pment  whi ch ar e t he st andar d pr oduct s of  a 
manuf act ur er  r egul ar l y engaged i n t he manuf act ur e of  such pr oduct s and 
t hat  essent i al l y  dupl i cat e equi pment  t hat  has been i n sat i sf act or y HVAC 
oper at i on at  l east  2 year s pr i or  t o i ssuance of  t hi s sol i c i t at i on.   
Suppor t  equi pment  wi t h a ser vi ce or gani zat i on t hat  i s r easonabl y 
conveni ent  t o t he j obsi t e.   Pumps and mot or s of  t he same t ypes must  each 
be t he pr oduct  of  one manuf act ur er .

1. 3. 3   Conf or mance wi t h Agency Requi r ement s

Wher e mat er i al s or  equi pment  ar e speci f i ed t o be an appr oved t ype,  at t ach 
t he seal  or  l abel  of  appr oval  f r om a nat i onal l y r ecogni zed t est i ng agency,  
adequat el y equi pped and compet ent  t o per f or m such ser vi ces.   A wr i t t en 
cer t i f i cat e f r om t he t est i ng agency must  accompany t he mat er i al s or  
equi pment  and be submi t t ed st at i ng t hat  t he i t ems have been t est ed and 
t hat  t hey conf or m t o t he appl i cabl e r equi r ement s of  t he speci f i cat i ons and 
t o t he st andar ds l i s t ed her ei n.   The cer t i f i cat e must  i ndi cat e t he met hods 
of  t est i ng used by t he t est i ng agency.   I n l i eu of  a cer t i f i cat e f r om a 
t est i ng agency,  publ i shed cat al og speci f i cat i on dat a,  accompani ed by t he 
manuf act ur er ' s cer t i f i ed st at ement  t o t he ef f ect  t hat  t he i t ems ar e i n 
accor dance wi t h t he appl i cabl e r equi r ement s of  t he speci f i cat i ons and t he 
r ef er enced st andar ds,  wi l l  be consi der ed and may be accept abl e as evi dence 
t hat  t he i t ems conf or m wi t h agency r equi r ement s.

1. 4   DELI VERY,  STORAGE,  AND HANDLI NG

Pr ot ect  equi pment ,  del i ver ed and desi gnat ed f or  st or age,  f r om t he weat her ,  
humi di t y and t emper at ur e var i at i ons,  di r t  and dust ,  or  ot her  cont ami nant s.

PART 2   PRODUCTS

2. 1   SYSTEM DESCRI PTI ON

Hydr oni c pumps used f or  heat i ng and ai r  condi t i oni ng appl i cat i ons ar e 
def i ned by t he t ype of  i mpel l er ,  number  of  i mpel l er s,  t ype of  casi ng,  
met hod of  connect i on t o t he dr i ver ,  and mount i ng posi t i on.   Pr ovi de 
cent r i f ugal  wat er  pumps of  t he t ypes i ndi cat ed and speci f i ed.   Use an 
el ect r i c mot or  dr i v i ng uni t  f or  each pump as i ndi cat ed and speci f i ed.

2. 1. 1   Sel ect i on Cr i t er i a

Sel ect  pumps at  a poi nt  wi t hi n t he maxi mum ef f i c i ency f or  a gi ven i mpel l er  
casi ng combi nat i on.   Devi at i ons wi t hi n 3 per cent  of  maxi mum ef f i c i ency ar e 
per mi ssi bl e,  pr ovi ded t he l esser  ef f i c i ency i s not  l ess t han t he schedul ed 
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ef f i c i ency i n t he const r uct i on desi gn document s.   Pumps havi ng i mpel l er  
di amet er s l ar ger  or  smal l er  t han manuf act ur er ' s publ i shed maxi mum and 
mi ni mum i mpel l er  di amet er s f or  a gi ven i mpel l er  casi ng combi nat i on wi l l  be 
r ej ect ed.   Pump per f or mance dat a,  as shown i n per f or mance cur ves,  must  be 
based on f act or y t est s usi ng pr eci s i on i nst r ument at i on and exact i ng 
pr ocedur es as det ai l ed i n HI  ANSI / HI  14. 6.

2. 1. 2   Syst em Coor di nat i on

Submi t  dr awi ngs cont ai ni ng compl et e wi r i ng and pi pi ng schemat i c di agr ams 
and any ot her  det ai l s r equi r ed t o demonst r at e t hat  t he syst em has been 
coor di nat ed and wi l l  pr oper l y f unct i on as a uni t .   Show t he pr oposed 
l ayout  and anchor age of  equi pment  and appur t enances,  and equi pment  
r el at i onshi p t o ot her  par t s of  t he wor k i ncl udi ng cl ear ances f or  
mai nt enance and oper at i on.   Pr ovi de a compl et e l i s t i ng of  equi pment ,  
mat er i al s and mi scel l aneous component s i ncl udi ng mechani cal  seal s,  
bear i ngs,  and coupl i ngs.

2. 1. 3   Saf et y Requi r ement s

Ful l y encl ose or  guar d coupl i ngs,  pr oj ect i ng set - scr ews,  keys,  and ot her  
r ot at i ng par t s,  t hat  pose an ent angl i ng hazar ds. .

2. 2   MATERI ALS AND EQUI PMENT

2. 2. 1   Namepl at es

Secur el y af f i x  a st andar d namepl at e t o pumps and mot or s i n a conspi cuous 
pl ace showi ng t he manuf act ur er ' s name,  addr ess,  t ype or  st y l e,  model ,  
ser i al  number ,  and cat al og number .   I n addi t i on,  f or  each pump show t he 
capaci t y i n gpm at  r at ed speed i n r pm and t ot al  head i n f eet  of  wat er .   
For  each el ect r i c mot or  show at  l east  t he mi ni mum i nf or mat i on r equi r ed by 
NEMA MG 1.   Show such ot her  i nf or mat i on as t he manuf act ur er  may consi der  
necessar y t o compl et e i dent i f i cat i on on t he namepl at e.   Pumps must  be 
l i s t ed and l abel ed by UL,  and compl y wi t h UL 778 f or  pumps not  usi ng 
uni ver sal  mot or s r at ed mor e t han 250 vol t s such as c i r cul at i ng pumps.

2. 2. 2   Fr amed I nst r uct i ons

Submi t  pr oposed di agr ams,  i nst r uct i ons,  and ot her  sheet s,  pr i or  t o 
post i ng.   Post  appr oved wi r i ng and cont r ol  di agr ams showi ng t he compl et e 
l ayout  of  t he ent i r e syst em,  i ncl udi ng equi pment ,  pi pi ng val ves,  and 
cont r ol  sequence,  f r amed under  gl ass or  i n appr oved l ami nat ed pl ast i c,  
wher e di r ect ed.   Pr ovi de condensed oper at i ng i nst r uct i ons expl ai ni ng 
pr event i ve mai nt enance pr ocedur es,  met hods of  checki ng t he syst em f or  
nor mal  saf e oper at i on,  and pr ocedur es f or  saf el y st ar t i ng and st oppi ng t he 
syst em,  f r amed as speci f i ed above f or  t he wi r i ng and cont r ol  di agr ams,  and 
post ed besi de t he di agr ams.   Post  t he f r amed i nst r uct i ons bef or e 
accept ance t est i ng of  t he syst ems.

2. 2. 3   Pump Char act er i st i c

Const r uct  hydr oni c wat er  pumps i n accor dance wi t h HI  1. 1- 1. 2 and 
HI  ANSI / HI  2. 1- 2. 2.

Oper at e pumps at  opt i mum ef f i c i enci es t o pr oduce t he most  economi cal  
pumpi ng syst em under  t he condi t i ons encount er ed and si ze t o make opt i mum 
mat ch wi t h t he syst em head cur ve as shown.   Pumps must  f ur ni sh not  l ess 
t han 150 per cent  of  r at ed capaci t y at  a t ot al  di schar ge head of  not  l ess 
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t han 65 per cent  of  t ot al  r at ed head.   Oper at e pumps at  speci f i ed syst em 
f l ui d t emper at ur es wi t hout  vapor  bi ndi ng and cavi t at i on.   Oper at e pumps t o 
HI  ANSI / HI  9. 6. 3 st andar d f or  Pr ef er r ed Oper at i ong Regi on ( POR) .

2. 2. 4   Pump Dr i ver s

Pr ovi de el ect r i c mot or s as i ndi cat ed f or  each pump and i n compl i ance wi t h 
Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM .

2. 2. 5   Equi pment  Dat a

Submi t  manuf act ur er ' s descr i pt i ve dat a and t echni cal  l i t er at ur e,  
per f or mance char t s and cur ves f or  al l  i mpel l er  s i zes f or  a gi ven casi ng,  
cat al og cut s,  and i nst al l at i on i nst r uct i ons.   Pr ovi de spar e par t s dat a f or  
each di f f er ent  i t em of  mat er i al  and equi pment  speci f i ed,  af t er  appr oval  of  
t he det ai l  dr awi ngs and not  l at er  t han t hr ee ( 3)  mont hs pr i or  t o t he dat e 
of  benef i c i al  occupancy.   I ncl ude a compl et e l i s t  of  par t s and suppl i es,  
wi t h cur r ent  uni t  pr i ces and l ocal  sour ce of  suppl y wi t h cont act  
i nf or mat i on.  

Submi t  cat al og i nf or mat i on,  cer t i f i ed pumps cur ves,  r at ed capaci t i es,  
f i nal  i mpel l er  di mensi ons,  and accessor i es pr ovi ded f or  t he pr oduct  
i ndi cat ed.   I ndi cat e oper at i ng poi nt  of  each pump on cur ves.   Fur ni sh pump 
cur ves f or  each pump and combi nat i on of  pumps desi gned t o oper at e i n 
par al l el .   The pump cur ve must  show as a mi ni mum;  bhp,  f l ow,  t ot al  dynami c 
head,  ef f i c i ency,  NPSH,  i mpel l er  di amet er  and syst em cur ve ( i ndi v i dual l y 
and i n combi nat i on f or  each pump oper at i ng i n a par al l el  appl i cat i on) .   
Sel ect  pumps oper at i ng i n par al l el  oper at i on t o cr oss t he syst em cur ve 
when oper at i ng i ndi v i dual l y.

2. 3   HYDRONI C PUMPS

Pr ovi de cent r i f ugal ,  s i ngl e- st age t ype,  or  mul t i - st age t ype,  desi gned f or  
HVAC ser vi ce i n t he f ol l owi ng conf i gur at i ons:

Conf i gur at i on Pump No.

Smal l  I n- Li ne CHWP- 1/ CHWP- 2

2. 3. 1   Smal l  I n- Li ne

Pr ovi de pumps wi t h capaci t i es as i ndi cat ed, sui t abl e f or  225 degr ees F 
oper at i on at  175 psi g wor ki ng pr essur e.   The pump must  be si ngl e st age,  
i n- l i ne desi gn,  i n cast  i r on br onze f i t t ed const r uct i on.   The pump 
i nt er nal s must  be capabl e of  bei ng ser vi ced wi t hout  di st ur bi ng pi pi ng 
connect i ons.

2. 3. 1. 1   Pump Shaf t

The pump must  have a sol i d st eel  shaf t  wi t h a coupl er  bet ween t he pump and 
mot or  shaf t s.   For  non- st ai nl ess st eel  shaf t s,  empl oy a non- f er r ous shaf t  
s l eeve t o compl et el y cover  t he wet t ed ar ea under  t he seal .

2. 3. 1. 2   Bear i ng

The bear i ng assembl y must  house mai nt enance- f r ee per manent l y l ubr i cat ed 
bear i ngs.
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2. 3. 1. 3   Seal  Assembl y

Equi p t he pump wi t h an i nt er nal  sel f - f l ushi ng mechani cal  seal  assembl y.   
Seal  assembl y must  have Buna bel l ows and seat  gasket ,  st ai nl ess st eel  
spr i ng,  and be of  a car bon cer ami c desi gn wi t h t he car bon f ace r ot at i ng 
agai nst  a st at i onar y cer ami c f ace.

2. 3. 1. 4   I mpel l er

Pr ovi de i mpel l er  of  cast  br onze or  br ass mat er i al .   I mpel l er  must  be 
hydr aul i cal l y and dynami cal l y bal anced t o HI  9. 6. 4 bal ance gr ade G6. 3,  
keyed t o t he shaf t  and secur ed by a l ocki ng capscr ew or  nut .

2. 3. 1. 5   Vol ut e

Pump vol ut e must  be of  cast  i r on.   The connect i on st y l e on cast  i r on pumps 
must  be f l anged.

2. 3. 1. 6   Mot or  Mount

To ensur e al i gnment ,  mount  t he mot or  t o t he bear i ng assembl y v i a a bol t ed 
mot or  br acket  assembl y.   Use a r epl aceabl e r esi l i ent  r ubber  mot or  mount  t o 
assi st  i n al i gni ng t he mot or  shaf t  wi t h t he pump shaf t .

2. 3. 1. 7   Mot or s

NEMA MG 1;  pr emi um ef f i c i ency;  non- over l oadi ng at  any poi nt  on t he pump 
cur ve;  mai nt enance f r ee wi t h per manent l y l ubr i cat ed bear i ngs;  and 
r esi l i ent  mount ed f or  smal l er  s i zes,  r i gi d mount ed ot her wi se.

2. 4   ELECTRI CAL WORK

Pr ovi de el ect r i cal  mot or  dr i ven equi pment  speci f i ed her ei n compl et e wi t h 
mot or s,  mot or  st ar t er s,  and cont r ol s.   Pr ovi de el ect r i c equi pment  and 
wi r i ng i n accor dance wi t h Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.   
El ect r i cal  char act er i st i cs must  be as i ndi cat ed.   Pr ovi de mot or  st ar t er s 
compl et e wi t h pr oper l y s i zed t her mal  over l oad pr ot ect i on i n each phase and 
ot her  appur t enances necessar y f or  t he mot or  cont r ol  speci f i ed.   Each mot or  
must  be of  suf f i c i ent  capaci t y t o dr i ve t he equi pment  at  t he speci f i ed 
capaci t y wi t hout  exceedi ng t he namepl at e r at i ng of  t he mot or  when 
oper at i ng at  pr oper  el ect r i cal  syst em vol t age and f r equency.   Manual  or  
aut omat i c cont r ol  and pr ot ect i ve or  s i gnal  devi ces r equi r ed f or  t he 
oper at i on her ei n speci f i ed and any cont r ol  wi r i ng r equi r ed f or  cont r ol s 
and devi ces but  not  i ndi cat ed must  be pr ovi ded under  t hi s sect i on of  t he 
speci f i cat i ons.

2. 5   ELECTRI CAL EQUI PMENT

Pr ovi de el ect r i cal  equi pment  i n conf or mance wi t h Sect i on 26 20 00 I NTERI OR 
DI STRI BUTI ON SYSTEM.   Pr ovi de el ect r i cal  mot or  dr i ven equi pment  her ei n 
speci f i ed compl et e wi t h mot or s,  mot or  st ar t er s,  and cont r ol s.   Mot or  
cont r ol s,  equi pment ,  and wi r i ng must  be i n accor dance wi t h NFPA 70.

2. 5. 1   El ect r i c Mot or s

Dr i ve each el ect r i c mot or - dr i ven pump by a cont i nuous- dut y el ect r i c mot or  
wi t h encl osur e t ype f or  speci f i c  ser vi ce as def i ned i n par agr aph HYDRONI C 
PUMPS.   Mot or  must  have a 1. 5 ser vi ce f act or .   Pr ovi de synchr onous mot or s 
havi ng nor mal - st ar t i ng- t or que and l ow- st ar t i ng- cur r ent  char act er i st i cs,  
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and of  suf f i c i ent  s i ze so t hat  t he namepl at e hor sepower  r at i ng wi l l  not  be 
exceeded t hr oughout  t he ent i r e publ i shed pump char act er i st i c cur ve.   
I nt egr al  s i ze mot or s must  be t he pr emi um ef f i c i ency t ype i n accor dance 
wi t h NEMA MG 1.   Pump el ect r i c mot or  ef f i c i enci es must  meet  or  exceed t he 
r equi r ement s of  t he I CC I gCC st andar d.   Mot or  bear i ngs must  pr ovi de smoot h 
oper at i ons under  t he condi t i ons encount er ed f or  t he l i f e of  t he mot or .   
Pr ovi de adequat e t hr ust  bear i ng i n t he mot or  t o car r y t he wei ght  of  al l  
r ot at i ng par t s pl us t he hydr aul i c t hr ust  and be capabl e of  wi t hst andi ng 
upt hr ust  i mposed dur i ng pump st ar t i ng.   Mot or s must  be r at ed 460 vol t s,  3 
phase,  60 Hz and such r at i ng must  be st amped on t he namepl at e.   Pr ovi de 
mot or s i n conf or mance wi t h NEMA MG 1.

2. 5. 2   Cont r ol  Equi pment

Aut omat i cal l y cont r ol l ed pumps must  have t hr ee- posi t i on 
" MANUAL- OFF- AUTOMATI C"  sel ect or  swi t ch i n cover .   Pr ovi de addi t i onal  
cont r ol s or  pr ot ect i ve devi ces as i ndi cat ed.

2. 5. 3   Var i abl e Speed Cont r ol

The var i abl e speed mot or  cont r ol l er s must  meet  t he r equi r ement s of  UFGS 
26 29 23 ADJUSTABLE SPEED DRI VE SYSTEMS UNDER 600 VOLTS.

2. 6   EQUI PMENT APPURTENANCES

2. 6. 1   At t achment s

Fur ni sh al l  necessar y bol t s,  nut s,  washer s,  bol t  s l eeves,  and ot her  t ypes 
of  at t achment s wi t h t he equi pment  f or  t he i nst al l at i on of  t he equi pment .   
Bol t s conf or m t o t he r equi r ement s of  ASTM A307 and hexagonal  nut s of  t he 
same qual i t y as t he bol t s used.   Thr eads must  be cl ean- cut  and conf or m t o 
ASME B1. 1.   Bol t s,  nut s,  and washer s speci f i ed t o be gal vani zed or  not  
ot her wi se i ndi cat ed or  speci f i ed,  must  be zi nc coat ed af t er  bei ng 
t hr eaded,  by t he hot - di p pr ocess conf or mi ng t o ASTM A123/ A123M as 
appr opr i at e.   Bol t s,  nut s,  and washer s speci f i ed or  i ndi cat ed t o be 
st ai nl ess st eel  must  be Type 316.  

2. 6. 2   Equi pment  Guar ds

Pr ovi de equi pment  dr i ven by open shaf t s,  bel t s,  chai ns,  or  gear s wi t h 
al l - met al  guar ds encl osi ng t he dr i ve mechani sm.   Secur e guar ds i n posi t i on 
wi t h st eel  br aces or  st r aps t hat  per mi t  easy r emoval  f or  ser vi c i ng t he 
equi pment .   Coupl er  guar ds must  compl y wi t h cur r ent  nat i onal  saf et y 
st andar ds i ncl udi ng 29 CFR 1910. 219 and NEMA Z535. 4.   Pr ovi de guar ds wi t h 
gaps no gr eat er  t han 0. 250 i nches,  saf et y or ange i n col or ,  and have an 
NEMA Z535. 4 compl i ant  war ni ng l abel .

2. 6. 3   Tool s

Fur ni sh a compl et e set  of  al l  speci al  t ool s whi ch may be necessar y f or  t he 
adj ust ment ,  oper at i on,  mai nt enance,  and di sassembl y of  al l  equi pment .   
Speci al  t ool s ar e consi der ed t o be t hose t ool s whi ch because of  t hei r  
l i mi t ed use ar e not  nor mal l y avai l abl e,  but  whi ch ar e necessar y f or  t he 
par t i cul ar  equi pment .   Speci al  t ool s must  be hi gh- gr ade,  smoot h,  f or ged,  
al l oy,  t ool  st eel .   Fur ni sh one pr essur e gr ease gun f or  each t ype of  
gr ease r equi r ed.   Del i ver  al l  t ool s at  t he same t i me as t he equi pment  t o 
whi ch t hey per t ai n.   Pr oper l y st or e and saf eguar d such t ool s unt i l  
compl et i on of  t he wor k,  at  whi ch t i me del i ver  t hem t o t he Cont r act i ng 
Of f i cer .
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2. 7   FI NI SHES

Al l  mot or s,  pump casi ngs,  and si mi l ar  par t s of  equi pment  must  be 
t hor oughl y c l eaned,  pr i med,  and gi ven t wo f i ni sh coat s of  pai nt  at  t he 
f act or y i n accor dance wi t h t he r ecommendat i ons of  t he manuf act ur er .  Gi ve 
f er r ous sur f aces not  t o be pai nt ed a shop coat  of  gr ease or  ot her  sui t abl e 
r ust - r esi st ant  coat i ng.

PART 3   EXECUTI ON

3. 1   EXAMI NATI ON

Af t er  becomi ng f ami l i ar  wi t h al l  det ai l s of  t he wor k,  ver i f y al l  
di mensi ons i n t he f i el d and advi se t he Cont r act i ng Of f i cer  of  any 
di scr epancy bef or e per f or mi ng t he wor k.

3. 2   I NSTALLATI ON

I nst al l  each pump and mot or  i n accor dance wi t h t he wr i t t en i nst r uct i ons of  
t he manuf act ur er .   Pr ovi de access space ar ound t he devi ce f or  ser vi c i ng no 
l ess t han t he mi ni mum r ecommended by t he manuf act ur er .

3. 3   FI ELD QUALI TY CONTROL

Af t er  i nst al l at i on of  t he pumpi ng uni t s and appur t enances,  i ncl udi ng 
coupl i ng guar d,  i s  compl et e,  car r y out  oper at i ng t est s t o assur e t hat  t he 
pumpi ng i nst al l at i on oper at es pr oper l y.   Gi ve each pumpi ng uni t  a r unni ng 
f i el d t est  i n t he pr esence of  t he Cont r act i ng Of f i cer  f or  a mi ni mum of  2 
hour s.   Oper at e each pumpi ng uni t  at  i t s  r at ed capaci t y or  such ot her  
poi nt  on i t s head- capaci t y cur ve sel ect ed by t he Cont r act i ng Of f i cer .   
Pr ovi de an accur at e and accept abl e met hod of  measur i ng t he di schar ge 
f l ow.   Test s must  assur e t hat  t he uni t s and appur t enances have been 
i nst al l ed cor r ect l y,  t hat  t her e i s no obj ect i onabl e heat i ng,  v i br at i on,  or  
noi se f r om any par t s,  and t hat  al l  manual  and aut omat i c cont r ol s f unct i on 
pr oper l y.   I f  any def i c i enci es ar e r eveal ed dur i ng any t est s,  cor r ect  such 
def i c i enci es and r econduct  t he t est s.

Submi t  t est  r epor t s i n bookl et  f or m showi ng al l  f i el d t est s per f or med t o 
adj ust  each component  and al l  f i el d t est s per f or med t o pr ove compl i ance 
wi t h t he speci f i ed per f or mance cr i t er i a,  upon compl et i on and t est i ng of  
t he i nst al l ed syst em.   Each t est  r epor t  must  i ndi cat e t he f i nal  posi t i on 
of  cont r ol s.

3. 4   FI ELD PAI NTI NG

Do not  pai nt  st ai nl ess st eel ,  gal vani zed st eel ,  and nonf er r ous sur f aces.

3. 4. 1   Touch- up pai nt i ng

Fact or y pai nt ed i t ems r equi r i ng t ouchi ng up i n t he f i el d must  be 
t hor oughl y c l eaned of  al l  f or ei gn mat er i al ,  and pr i med and t opcoat ed wi t h 
t he manuf act ur er ' s st andar d f act or y f i ni sh.

3. 4. 2   Exposed Fer r ous Sur f aces

Pai nt  exposed f er r ous sur f aces wi t h t wo coat s of  enamel  pai nt  conf or mi ng 
t o SSPC Pai nt  21.   Sol vent  c l ean f act or y pr i med sur f aces bef or e pai nt i ng.   
Sur f aces t hat  have not  been f act or y pr i med must  be pr epar ed and pr i med 
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wi t h one coat  of  SSPC Pai nt  25 or  i n accor dance wi t h t he enamel  pai nt  
manuf act ur er ' s r ecommendat i ons.

3. 5   CLOSEOUT ACTI VI TI ES

3. 5. 1   Oper at i on and Mai nt enance Manual s

Submi t  one compl et e set  at  t he t i me t he t est s pr ocedur e i s submi t t ed;  
r emai ni ng set s bef or e t he cont r act  i s  compl et ed.   Per manent l y bi nd each i n 
a har d cover .   I nscr i be t he f ol l owi ng i dent i f i cat i on on t he cover s:  t he 
wor ds " OPERATI NG AND MAI NTENANCE I NSTRUCTI ONS, "  name and l ocat i on of  t he 
bui l di ng,  name of  t he Cont r act or ,  and cont r act  number .   Pl ace f l ysheet s 
bef or e i nst r uct i ons cover i ng each subj ect .   Use 8- 1/ 2 by 11 i nches paper  
f or  i nst r uct i on sheet s,  wi t h l ar ge sheet s of  dr awi ngs f ol ded i n.  

I ncl ude,  but  do not  l i mi t  t o,  t he f ol l owi ng i n t he I nst r uct i ons:

a.   Syst em l ayout  showi ng pi pi ng,  val ves,  and cont r ol s.
 

b.   Appr oved wi r i ng and cont r ol  di agr ams i ncl udi ng var i abl e f r equency 
dr i ves.

 
c.   A cont r ol  sequence descr i bi ng st ar t up,  oper at i on,  and shut down.  

d.   Oper at i ng and mai nt enance i nst r uct i ons f or  each pi ece of  equi pment ,  
i ncl udi ng t ask l i s t  f or  r out i ne mai nt enance,  r out i ne i nspect i ons,  
i nt er medi at e i nspect i ons,  and annual  i nspect i ons;  l ubr i cat i on 
i nst r uct i ons;  and t r oubl eshoot i ng gui de.  

e.   Manuf act ur er ' s bul l et i ns,  cut s,  and descr i pt i ve dat a;  and par t s l i s t  
and r ecommended spar e par t s.  

3. 5. 2   Tr ai ni ng

Upon compl et i on of  t he wor k,  and at  a t i me desi gnat ed by t he Cont r act i ng 
Of f i cer ,  pr ovi de t he ser vi ces of  one or  mor e compet ent  engi neer s f or  a 
t r ai ni ng per i od of  not  l ess t han 8 hour s t o i nst r uct  a r epr esent at i ve of  
t he Gover nment  i n t he cont ent s of  t he oper at i on and mai nt enance manual s 
f or  t he equi pment  f ur ni shed under  t hese speci f i cat i ons.   These f i el d 
i nst r uct i ons must  cover  al l  t he i t ems cont ai ned i n t he bound 
i nst r uct i ons.   Submi t  t he t r ai ni ng cour se cur r i cul um and t r ai ni ng 
i nst r uct i ons 14 days pr i or  t o t he st ar t  of  t r ai ni ng.

        - -  End of  Sect i on - -
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SECTI ON 23 30 00

HVAC AI R DI STRI BUTI ON
05/ 20,  CHG 1:  02/ 22

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AI R MOVEMENT AND CONTROL ASSOCI ATI ON I NTERNATI ONAL,  I NC.  ( AMCA)

AMCA 201 ( 2002;  R 2011)  Fans and Syst ems

AMCA 210 ( 2016)  Labor at or y Met hods of  Test i ng Fans 
f or  Aer odynami c Per f or mance Rat i ng

AMCA 300 ( 2014)  Rever ber ant  Room Met hod f or  Sound 
Test i ng of  Fans

AMCA 301 ( 2014)  Met hods f or  Cal cul at i ng Fan Sound 
Rat i ngs f r om Labor at or y Test  Dat a

AMCA 500- D ( 2018)  Labor at or y Met hods of  Test i ng 
Damper s f or  Rat i ng

AI R- CONDI TI ONI NG,  HEATI NG AND REFRI GERATI ON I NSTI TUTE ( AHRI )

AHRI  410 ( 2001;  Addendum 1 2002;  Addendum 2 2005;  
Addendum 3 2011)  For ced- Ci r cul at i on 
Ai r - Cool i ng and Ai r - Heat i ng Coi l s

AHRI  430 ( 2009)  Cent r al - St at i on Ai r - Handl i ng Uni t s

AHRI  880 I - P ( 2011)  Per f or mance Rat i ng of  Ai r  Ter mi nal s

AHRI  885 ( 2008;  Addendum 2011)  Pr ocedur e f or  
Est i mat i ng Occupi ed Space Sound Level s i n 
t he Appl i cat i on of  Ai r  Ter mi nal s and Ai r  
Out l et s

AHRI  Gui del i ne D ( 1996)  Appl i cat i on and I nst al l at i on of  
Cent r al  St at i on Ai r - Handl i ng Uni t s

AMERI CAN BEARI NG MANUFACTURERS ASSOCI ATI ON ( ABMA)

ABMA 9 ( 2015)  Load Rat i ngs and Fat i gue Li f e f or  
Bal l  Bear i ngs

ABMA 11 ( 2014)  Load Rat i ngs and Fat i gue Li f e f or  
Rol l er  Bear i ngs
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AMERI CAN SOCI ETY OF HEATI NG,  REFRI GERATI NG AND AI R- CONDI TI ONI NG 
ENGI NEERS ( ASHRAE)

ASHRAE 52. 2 ( 2012)  Met hod of  Test i ng Gener al  
Vent i l at i on Ai r - Cl eani ng Devi ces f or  
Removal  Ef f i c i ency by Par t i c l e Si ze

ASHRAE 62. 1 ( 2022)  Vent i l at i on f or  Accept abl e I ndoor  
Ai r  Qual i t y

ASHRAE 70 ( 2006;  R 2021)  Met hod of  Test i ng t he 
Per f or mance of  Ai r  Out l et s and I nl et s

ASHRAE 90. 1 -  I P ( 2019;  Er r at a 1 2019;   Er r at a 2- 5 2020;  
Addenda BY- CP 2020;  Addenda AF- DB 2020;  
Addenda A- G 2020;  Addenda F- Y 2021;   
Er r at a 6- 8 2021;  I nt er pr et at i on 1- 4 2020;  
I nt er pr et at i on 5- 8 2021 Addenda AS- AQ 
2022)  Ener gy St andar d f or  Bui l di ngs Except  
Low- Ri se Resi dent i al  Bui l di ngs

ASHRAE 90. 1 -  SI ( 2019;  Er r at a 1- 4 2020;  Addenda BY- CP 
2020;  Addenda AF- DB 2020;  Addenda A- G 
2020;  Addenda F- Y 2021;  Er r at a 5- 7 2021;  
I nt er pr et at i on 1- 4 2020;  I nt er pr et at i on 
5- 8 2021;  Addenda AU- CM 2022)  Ener gy 
St andar d f or  Bui l di ngs Except  Low- Ri se 
Resi dent i al  Bui l di ngs

AMERI CAN SOCI ETY OF MECHANI CAL ENGI NEERS ( ASME)

ASME A13. 1 ( 2020)  Scheme f or  t he I dent i f i cat i on of  
Pi pi ng Syst ems

ASTM I NTERNATI ONAL ( ASTM)

ASTM A53/ A53M ( 2022)  St andar d Speci f i cat i on f or  Pi pe,  
St eel ,  Bl ack and Hot - Di pped,  Zi nc- Coat ed,  
Wel ded and Seaml ess

ASTM A123/ A123M ( 2017)  St andar d Speci f i cat i on f or  Zi nc 
( Hot - Di p Gal vani zed)  Coat i ngs on I r on and 
St eel  Pr oduct s

ASTM A167 ( 2011)  St andar d Speci f i cat i on f or  
St ai nl ess and Heat - Resi st i ng 
Chr omi um- Ni ckel  St eel  Pl at e,  Sheet ,  and 
St r i p

ASTM A924/ A924M ( 2022)  St andar d Speci f i cat i on f or  Gener al  
Requi r ement s f or  St eel  Sheet ,  
Met al l i c- Coat ed by t he Hot - Di p Pr ocess

ASTM B117 ( 2019)  St andar d Pr act i ce f or  Oper at i ng 
Sal t  Spr ay ( Fog)  Appar at us

ASTM B766 ( 1986;  R 2015)  St andar d Speci f i cat i on f or  
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El ect r odeposi t ed Coat i ngs of  Cadmi um

ASTM C553 ( 2013;  R 2019)  St andar d Speci f i cat i on f or  
Mi ner al  Fi ber  Bl anket  Ther mal  I nsul at i on 
f or  Commer ci al  and I ndust r i al  Appl i cat i ons

ASTM C1071 ( 2019)  St andar d Speci f i cat i on f or  Fi br ous 
Gl ass Duct  Li ni ng I nsul at i on ( Ther mal  and 
Sound Absor bi ng Mat er i al )

ASTM D520 ( 2000;  R 2011)  Zi nc Dust  Pi gment

ASTM D1654 ( 2008;  R 2016;  E 2017)  St andar d Test  
Met hod f or  Eval uat i on of  Pai nt ed or  Coat ed 
Speci mens Subj ect ed t o Cor r osi ve 
Envi r onment s

ASTM D3359 ( 2017)  St andar d Test  Met hods f or  Rat i ng 
Adhesi on by Tape Test

ASTM E2016 ( 2022)  St andar d Speci f i cat i on f or  
I ndust r i al  Woven Wi r e Cl ot h

CALI FORNI A DEPARTMENT OF PUBLI C HEALTH ( CDPH)

CDPH SECTI ON 01350 ( 2010;  Ver si on 1. 1)  St andar d Met hod f or  
t he Test i ng and Eval uat i on of  Vol at i l e 
Or gani c Chemi cal  Emi ssi ons f r om I ndoor  
Sour ces usi ng Envi r onment al  Chamber s

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA MG 1 ( 2021)  Mot or s and Gener at or s

NEMA MG 10 ( 2017)  Ener gy Management  Gui de f or  
Sel ect i on and Use of  Fi xed Fr equency 
Medi um AC Squi r r el - Cage Pol yphase 
I nduct i on Mot or s

NEMA MG 11 ( 1977;  R 2012)  Ener gy Management  Gui de f or  
Sel ect i on and Use of  Si ngl e Phase Mot or s

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 90A ( 2021)  St andar d f or  t he I nst al l at i on of  
Ai r  Condi t i oni ng and Vent i l at i ng Syst ems

NFPA 701 ( 2023;  ERTA 1 2023)  St andar d Met hods of  
Fi r e Test s f or  Fl ame Pr opagat i on of  
Text i l es and Fi l ms

SHEET METAL AND AI R CONDI TI ONI NG CONTRACTORS'  NATI ONAL ASSOCI ATI ON 
( SMACNA)

SMACNA 1403 ( 2008)  Accept ed I ndust r y Pr act i ce f or  
I ndust r i al  Duct  Const r uct i on,  2nd Edi t i on

SMACNA 1966 ( 2020)  HVAC Duct  Const r uct i on St andar ds 
Met al  and Fl exi bl e,  4t h Edi t i on
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SOUTH COAST AI R QUALI TY MANAGEMENT DI STRI CT ( SCAQMD)

SCAQMD Rul e 1168 ( 2017)  Adhesi ve and Seal ant  Appl i cat i ons

U. S.  NATI ONAL ARCHI VES AND RECORDS ADMI NI STRATI ON ( NARA)

40 CFR 82 Pr ot ect i on of  St r at ospher i c Ozone

UNDERWRI TERS LABORATORI ES ( UL)

UL 6 ( 2022)  UL St andar d f or  Saf et y El ect r i cal  
Ri gi d Met al  Condui t - St eel

UL 181 ( 2013;  Repr i nt  Dec 2021)  UL St andar d f or  
Saf et y Fact or y- Made Ai r  Duct s and Ai r  
Connect or s

UL 586 ( 2009;  Repr i nt  Dec 2017)  UL St andar d f or  
Saf et y Hi gh- Ef f i c i ency Par t i cul at e,  Ai r  
Fi l t er  Uni t s

UL 705 ( 2017;  Repr i nt  Aug 2022)  UL St andar d f or  
Saf et y Power  Vent i l at or s

UL 900 ( 2015;  Repr i nt  Aug 2022)  UL St andar d f or  
Saf et ySt andar d f or  Ai r  Fi l t er  Uni t s

UL 1995 ( 2015;  Repr i nt  Aug 2022)  UL St andar d f or  
Saf et y Heat i ng and Cool i ng Equi pment

UL Bl d Mat  Di r ( updat ed cont i nuousl y onl i ne)  Bui l di ng 
Mat er i al s Di r ect or y

UL El ect r i cal  Const r uct i on ( 2012)  El ect r i cal  Const r uct i on Equi pment  
Di r ect or y

1. 2   SYSTEM DESCRI PTI ON

Fur ni sh duct wor k,  pi pi ng of f set s,  f i t t i ngs,  and accessor i es as r equi r ed t o 
pr ovi de a compl et e i nst al l at i on.   Coor di nat e t he wor k of  t he di f f er ent  
t r ades t o avoi d i nt er f er ence bet ween pi pi ng,  equi pment ,  st r uct ur al ,  and 
el ect r i cal  wor k.   Pr ovi de compl et e,  i n pl ace,  al l  necessar y of f set s i n 
pi pi ng and duct wor k,  and al l  f i t t i ngs,  and ot her  component s,  r equi r ed t o 
i nst al l  t he wor k as i ndi cat ed and speci f i ed.

1. 2. 1   Mechani cal  Equi pment  I dent i f i cat i on

The number  of  char t s and di agr ams must  be equal  t o or  gr eat er  t han t he 
number  of  mechani cal  equi pment  r ooms.   Wher e mor e t han one char t  or  
di agr am per  space i s r equi r ed,  mount  t hese i n edge pi vot ed,  swi ngi ng l eaf ,  
ext r uded al umi num f r ame hol der s whi ch open t o 170 degr ees.

1. 2. 1. 1   Char t s

Pr ovi de char t  l i s t i ng of  equi pment  by desi gnat i on number s and capaci t i es 
such as f l ow r at es,  pr essur e and t emper at ur e di f f er ences,  heat i ng and 
cool i ng capaci t i es,  hor sepower ,  pi pe s i zes,  and vol t age and cur r ent  
char act er i st i cs.
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1. 2. 2   Ser vi ce Label i ng

Label  equi pment ,  i ncl udi ng f ans,  ai r  handl er s,  t er mi nal  uni t s,  et c.  wi t h 
l abel s made of  sel f - st i cki ng,  pl ast i c f i l m desi gned f or  per manent  
i nst al l at i on.   Pr ovi de l abel s i n accor dance wi t h t he t ypi cal  exampl es 
bel ow:

SERVI CE LABEL AND TAG DESI GNATI ON

Ai r  handl i ng uni t  Number AHU -  _____

Cont r ol  and i nst r ument  ai r CONTROL AND I NSTR.

Exhaust  Fan Number EF -   _____

VAV Box Number VAV -  _____

I dent i f y s i mi l ar  ser vi ces wi t h di f f er ent  t emper at ur es or  pr essur es.   Wher e 
pr essur es coul d exceed 125 pounds per  squar e i nch,  gage,  i ncl ude t he 
maxi mum syst em pr essur e i n t he l abel .   Label  and ar r ow pi pi ng i n 
accor dance wi t h t he f ol l owi ng:

a.   Each poi nt  of  ent r y and exi t  of  pi pe passi ng t hr ough wal l s.

b.   Each change i n di r ect i on,  i . e. ,  el bows,  t ees.

c.   I n congest ed or  hi dden ar eas and at  al l  access panel s at  each poi nt  
r equi r ed t o c l ar i f y ser vi ce or  i ndi cat ed hazar d.

d.   I n l ong st r ai ght  r uns,  l ocat e l abel s at  di st ances wi t hi n eyesi ght  of  
each ot her  not  t o exceed 75 f eet .   Al l  l abel s must  be vi s i bl e and 
l egi bl e f r om t he pr i mar y ser vi ce and oper at i ng ar ea.

For  Bar e or  I nsul at ed Pi pes

f or  Out si de Di amet er s of Let t er i ng

1/ 2 t hr u 1- 3/ 8 i nch 1/ 2 i nch 

1- 1/ 2 t hr u 2- 3/ 8 i nch 3/ 4 i nch

2- 1/ 2 i nch and l ar ger 1- 1/ 4 i nch

1. 2. 3   Col or  Codi ng

Col or  codi ng of  al l  pi pi ng syst ems must  be i n accor dance wi t h ASME A13. 1 .

1. 3   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  c l assi f i cat i on.   
Submi t t al s not  havi ng a " G"  c l assi f i cat i on ar e f or  Cont r act or  Qual i t y 
Cont r ol  appr oval .  Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 
SUBMI TTAL PROCEDURES:
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SD- 02 Shop Dr awi ngs

Det ai l  Dr awi ngs;  G

SD- 03 Pr oduct  Dat a

Met al l i c  Fl exi bl e Duct

I nsul at ed Nonmet al l i c  Fl exi bl e Duct  Runout s

Duct  Connect or s

Duct  Access Door s;  G

Manual  Bal anci ng Damper s;  G

Di f f user s

Regi st er s and Gr i l l es

Louver s

I n- Li ne Cent r i f ugal  Fans

Axi al  Fl ow Fans

Ai r  Handl i ng Uni t s;  G

Var i abl e Vol ume,  Si ngl e Duct  Ter mi nal  Uni t s;  G,  

I ndoor  Ai r  Qual i t y f or  Duct  Seal ant s

SD- 06 Test  Repor t s

Per f or mance Test s;  G

SD- 07 Cer t i f i cat es

Ozone Depl et i ng Subst ances Techni c i an Cer t i f i cat i on

SD- 08 Manuf act ur er ' s I nst r uct i ons

Manuf act ur er ' s I nst al l at i on I nst r uct i ons

Oper at i on and Mai nt enance Tr ai ni ng

SD- 10 Oper at i on and Mai nt enance Dat a

Oper at i on and Mai nt enance Manual s;  G

Manual  Bal anci ng Damper s;  G

I n- Li ne Cent r i f ugal  Fans;  G

Axi al  Fl ow Fans;  G

Ai r  Handl i ng Uni t s;  G

Var i abl e Vol ume,  Si ngl e Duct  Ter mi nal  Uni t s;  G
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SD- 11 Cl oseout  Submi t t al s

I ndoor  Ai r  Qual i t y Dur i ng Const r uct i on

1. 4   QUALI TY ASSURANCE

Except  as ot her wi se speci f i ed,  appr oval  of  mat er i al s and equi pment  i s 
based on manuf act ur er ' s publ i shed dat a.

a.   Wher e mat er i al s and equi pment  ar e speci f i ed t o conf or m t o t he 
st andar ds of  t he Under wr i t er s Labor at or i es,  t he l abel  of  or  l i s t i ng 
wi t h r eexami nat i on i n UL Bl d Mat  Di r ,  and UL 6 i s accept abl e as 
suf f i c i ent  evi dence t hat  t he i t ems conf or m t o Under wr i t er s 
Labor at or i es r equi r ement s.   I n l i eu of  such l abel  or  l i s t i ng,  submi t  a 
wr i t t en cer t i f i cat e f r om any nat i onal l y r ecogni zed t est i ng agency,  
adequat el y equi pped and compet ent  t o per f or m such ser vi ces,  st at i ng 
t hat  t he i t ems have been t est ed and t hat  t he uni t s conf or m t o t he 
speci f i ed r equi r ement s.   Out l i ne met hods of  t est i ng used by t he 
speci f i ed agenci es.

b.   Wher e mat er i al s or  equi pment  ar e speci f i ed t o be const r uct ed or  
t est ed,  or  bot h,  i n accor dance wi t h t he st andar ds of  t he ASTM 
I nt er nat i onal  ( ASTM) ,  t he ASME I nt er nat i onal  ( ASME) ,  or  ot her  
st andar ds,  a manuf act ur er ' s cer t i f i cat e of  compl i ance of  each i t em i s 
accept abl e as pr oof  of  compl i ance.

c.   Conf or mance t o such agency r equi r ement s does not  r el i eve t he i t em f r om 
compl i ance wi t h ot her  r equi r ement s of  t hese speci f i cat i ons.

d.   Wher e pr oduct s ar e speci f i ed t o meet  or  exceed t he speci f i ed ener gy 
ef f i c i ency r equi r ement  of  FEMP- desi gnat ed or  ENERGY STAR cover ed 
pr oduct  cat egor i es,  equi pment  sel ect ed must  have as a mi ni mum t he 
ef f i c i ency r at i ng i dent i f i ed under  " Ener gy- Ef f i c i ent  Pr oduct s"  at  
ht t p: / / f emp. ener gy. gov/ pr ocur ement .

1. 4. 1   Pr event i on of  Cor r osi on

Pr ot ect  met al l i c  mat er i al s agai nst  cor r osi on.   Pr ovi de r ust - i nhi bi t i ng 
t r eat ment  and st andar d f i ni sh f or  t he equi pment  encl osur es.   Do not  use 
al umi num i n cont act  wi t h ear t h,  and wher e connect ed t o di ssi mi l ar  met al .   
Pr ot ect  al umi num by appr oved f i t t i ngs,  bar r i er  mat er i al ,  or  t r eat ment .   
Pr ovi de hot - di p gal vani zed f er r ous par t s such as anchor s,  bol t s,  br aces,  
boxes,  bodi es,  c l amps,  f i t t i ngs,  guar ds,  nut s,  pi ns,  r ods,  shi ms,  
t hi mbl es,  washer s,  and mi scel l aneous par t s not  of  cor r osi on- r esi st ant  
st eel  or  nonf er r ous mat er i al s i n accor dance wi t h ASTM A123/ A123M f or  
ext er i or  l ocat i ons and cadmi um- pl at ed i n conf or mance wi t h ASTM B766 f or  
i nt er i or  l ocat i ons.

1. 4. 2   Asbest os Pr ohi bi t i on

Do not  use asbest os and asbest os- cont ai ni ng pr oduct s.

1. 4. 3   Ozone Depl et i ng Subst ances Techni c i an Cer t i f i cat i on

Al l  t echni c i ans wor ki ng on equi pment  t hat  cont ai n ozone depl et i ng 
r ef r i ger ant s must  be cer t i f i ed as a Sect i on 608 Techni c i an t o meet  
r equi r ement s i n 40 CFR 82,  Subpar t  F.   Pr ovi de copi es of  t echni c i an 
cer t i f i cat i ons t o t he Cont r act i ng Of f i cer  at  l east  14 cal endar  days pr i or  
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t o wor k on any equi pment  cont ai ni ng t hese r ef r i ger ant s.

1. 4. 4   Det ai l  Dr awi ngs

Submi t  det ai l  dr awi ngs showi ng equi pment  l ayout ,  i ncl udi ng assembl y and 
i nst al l at i on det ai l s and el ect r i cal  connect i on di agr ams;  duct wor k l ayout  
showi ng t he l ocat i on of  al l  suppor t s and hanger s,  t ypi cal  hanger  det ai l s,  
gauge r ei nf or cement ,  r ei nf or cement  spaci ng r i gi di t y c l assi f i cat i on,  and 
st at i c pr essur e and seal  c l assi f i cat i ons.   I ncl ude any i nf or mat i on 
r equi r ed t o demonst r at e t hat  t he syst em has been coor di nat ed and f unct i ons 
pr oper l y as a uni t  on t he dr awi ngs and show equi pment  r el at i onshi p t o 
ot her  par t s of  t he wor k,  i ncl udi ng cl ear ances r equi r ed f or  oper at i on and 
mai nt enance.   Submi t  dr awi ngs showi ng bol t - set t i ng i nf or mat i on,  and 
f oundat i on bol t s pr i or  t o concr et e f oundat i on const r uct i on f or  al l  
equi pment  i ndi cat ed or  r equi r ed t o have concr et e f oundat i ons.   Submi t  
f unct i on desi gnat i on of  t he equi pment  and any ot her  r equi r ement s speci f i ed 
t hr oughout  t hi s Sect i on wi t h t he shop dr awi ngs.

1. 4. 5   Test  Pr ocedur es

Conduct  per f or mance t est s as r equi r ed i n Sect i on 23 05 93 Test i ng,  
Adj ust i ng and Bal anci ng f or  HVAC and Sect i on 23 09 00 I nst r ument at i on and 
Cont r ol  f or  HVAC.

1. 5   DELI VERY,  STORAGE,  AND HANDLI NG

Pr ot ect  st or ed equi pment  at  t he j obsi t e f r om t he weat her ,  humi di t y and 
t emper at ur e var i at i ons,  di r t  and dust ,  or  ot her  cont ami nant s.   
Addi t i onal l y,  cap or  pl ug al l  pi pes unt i l  i nst al l ed.

PART 2   PRODUCTS

2. 1   STANDARD PRODUCTS

Pr ovi de component s and equi pment  t hat  ar e " st andar d pr oduct s"  of  a 
manuf act ur er  r egul ar l y engaged i n t he manuf act ur i ng of  pr oduct s t hat  ar e 
of  a s i mi l ar  mat er i al ,  desi gn and wor kmanshi p.   " St andar d pr oduct s"  i s 
def i ned as bei ng i n sat i sf act or y commer ci al  or  i ndust r i al  use f or  2 year s 
bef or e bi d openi ng,  i ncl udi ng appl i cat i ons of  component s and equi pment  
under  s i mi l ar  c i r cumst ances and of  s i mi l ar  s i ze,  sat i sf act or i l y  compl et ed 
by a pr oduct  t hat  i s  sol d on t he commer ci al  mar ket  t hr ough adver t i sement s,  
manuf act ur er s '  cat al ogs,  or  br ochur es.   Pr oduct s havi ng l ess t han a 2- year  
f i el d ser vi ce r ecor d ar e accept abl e i f  a cer t i f i ed r ecor d of  sat i sf act or y 
f i el d oper at i on,  f or  not  l ess t han 6000 hour s excl usi ve of  t he 
manuf act ur er ' s f act or y t est s,  can be shown.   Pr ovi de equi pment  i t ems t hat  
ar e suppor t ed by a ser vi ce or gani zat i on.   I n pr oduct  cat egor i es cover ed by 
ENERGY STAR or  t he Feder al  Ener gy Management  Pr ogr am,  pr ovi de equi pment  
t hat  i s  l i s t ed on t he ENERGY STAR Qual i f i ed Pr oduct s Li st  or  t hat  meet s or  
exceeds t he FEMP- desi gnat ed Ef f i c i ency Requi r ement s.

2. 2   I DENTI FI CATI ON PLATES

I n addi t i on t o st andar d manuf act ur er ' s i dent i f i cat i on pl at es,  pr ovi de 
engr aved l ami nat ed phenol i c i dent i f i cat i on pl at es f or  each pi ece of  
mechani cal  equi pment .   I dent i f i cat i on pl at es ar e t o desi gnat e t he f unct i on 
of  t he equi pment .   Submi t  desi gnat i on wi t h t he shop dr awi ngs.   Pr ovi de 
i dent i f i cat i on pl at es t hat  ar e l ayer s,  bl ack- whi t e- bl ack,  engr aved t o show 
whi t e l et t er s on bl ack backgr ound.   Let t er s must  be upper  case.   
I dent i f i cat i on pl at es t hat  ar e 1- 1/ 2- i nches hi gh and smal l er  must  be 
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1/ 16- i nch t hi ck,  wi t h engr aved l et t er i ng 1/ 8- i nch hi gh;  i dent i f i cat i on 
pl at es l ar ger  t han 1- 1/ 2- i nches hi gh must  be 1/ 8- i nch t hi ck,  wi t h engr aved 
l et t er i ng of  sui t abl e hei ght .   I dent i f i cat i on pl at es 1- 1/ 2- i nches hi gh and 
l ar ger  must  have bevel ed edges.   I nst al l  i dent i f i cat i on pl at es usi ng a 
compat i bl e adhesi ve.

2. 3   EQUI PMENT GUARDS AND ACCESS

Ful l y encl ose or  guar d bel t s,  pul l eys,  chai ns,  gear s,  coupl i ngs,  
pr oj ect i ng set scr ews,  keys,  and ot her  r ot at i ng par t s exposed t o per sonnel  
cont act  accor di ng t o OSHA r equi r ement s.   Pr oper l y guar d or  cover  wi t h 
i nsul at i on of  a t ype speci f i ed,  hi gh t emper at ur e equi pment  and pi pi ng 
exposed t o cont act  by per sonnel  or  wher e i t  cr eat es a pot ent i al  f i r e 
hazar d.

2. 4   ELECTRI CAL WORK

a.   Pr ovi de mot or s,  cont r ol l er s,  i nt egr al  di sconnect s,  cont act or s,  and 
cont r ol s wi t h t hei r  r espect i ve pi eces of  equi pment ,  except  cont r ol l er s 
i ndi cat ed as par t  of  mot or  cont r ol  cent er s.   Pr ovi de el ect r i cal  
equi pment ,  i ncl udi ng mot or s and wi r i ng,  as speci f i ed i n Sect i on 
26 20 00I NTERI OR DI STRI BUTI ON SYSTEM.   Pr ovi de manual  or  aut omat i c 
cont r ol  and pr ot ect i ve or  s i gnal  devi ces r equi r ed f or  t he oper at i on 
speci f i ed and cont r ol  wi r i ng r equi r ed f or  cont r ol s and devi ces 
speci f i ed,  but  not  shown.   For  packaged equi pment ,  i ncl ude 
manuf act ur er  pr ovi ded cont r ol l er s wi t h t he r equi r ed moni t or s and t i med 
r est ar t .

b.   For  s i ngl e- phase mot or s,  pr ovi de hi gh- ef f i c i ency t ype,  
f r act i onal - hor sepower  al t er nat i ng- cur r ent  mot or s,  i ncl udi ng mot or s 
t hat  ar e par t  of  a syst em,  i n accor dance wi t h NEMA MG 11.   Pr ovi de 
pr emi um ef f i c i ency t ype i nt egr al  s i ze mot or s i n accor dance wi t h 
NEMA MG 1.

c.   For  pol yphase mot or s,  pr ovi de squi r r el - cage medi um i nduct i on mot or s,  
i ncl udi ng mot or s t hat  ar e par t  of  a syst em ,  and t hat  meet  t he 
ef f i c i ency r at i ngs f or  pr emi um ef f i c i ency mot or s i n accor dance wi t h 
NEMA MG 1.   Sel ect  pr emi um ef f i c i ency pol yphase mot or s i n accor dance 
wi t h NEMA MG 10.

d.   Pr ovi de mot or s i n accor dance wi t h NEMA MG 1 and of  suf f i c i ent  s i ze t o 
dr i ve t he l oad at  t he speci f i ed capaci t y wi t hout  exceedi ng t he 
namepl at e r at i ng of  t he mot or .   Pr ovi de mot or s r at ed f or  cont i nuous 
dut y wi t h t he encl osur e speci f i ed.   Pr ovi de mot or  dut y t hat  al l ows f or  
maxi mum f r equency st ar t - st op oper at i on and mi ni mum encount er ed 
i nt er val  bet ween st ar t  and st op.   Pr ovi de mot or  t or que capabl e of  
accel er at i ng t he connect ed l oad wi t hi n 20 seconds wi t h 80 per cent  of  
t he r at ed vol t age mai nt ai ned at  mot or  t er mi nal s dur i ng one st ar t i ng 
per i od.   Pr ovi de mot or  st ar t er s compl et e wi t h t her mal  over l oad 
pr ot ect i on and ot her  necessar y appur t enances.   Fi t  mot or  bear i ngs wi t h 
gr ease suppl y f i t t i ngs and gr ease r el i ef  t o out si de of  t he encl osur e.

e.   Wher e t wo- speed or  var i abl e- speed mot or s ar e i ndi cat ed,  sol i d- st at e 
var i abl e- speed cont r ol l er s ar e al l owed t o accompl i sh t he same 
f unct i on.   Use sol i d- st at e var i abl e- speed cont r ol l er s f or  mot or s r at ed 
10 hp or  l ess and adj ust abl e f r equency dr i ves f or  l ar ger  mot or s.   
Pr ovi de var i abl e f r equency dr i ves f or  mot or s as speci f i ed i n Sect i on 
26 29 23 ADJUSTABLE SPEED DRI VE SYSTEMS UNDER 600 VOLTS.
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2. 5   ANCHOR BOLTS

Pr ovi de anchor  bol t s f or  equi pment  pl aced on concr et e equi pment  pads or  on 
concr et e s l abs.   Bol t s t o be of  t he s i ze and number  r ecommended by t he 
equi pment  manuf act ur er  and l ocat ed by means of  sui t abl e t empl at es.   
I nst al l at i on of  anchor  bol t s must  not  degr ade t he sur r oundi ng concr et e.

2. 6   I NDOOR AI R QUALI TY

Pr ovi de equi pment  and component s t hat  compl y wi t h t he r equi r ement s of  
ASHRAE 62. 1 unl ess mor e st r i ngent  r equi r ement s ar e speci f i ed her ei n.

2. 7   DUCT SYSTEMS

2. 7. 1   Met al  Duct wor k

Pr ovi de met al  duct wor k const r uct i on,  i ncl udi ng al l  f i t t i ngs and 
component s,  t hat  compl i es wi t h SMACNA 1966,  as suppl ement ed and modi f i ed 
by t hi s speci f i cat i on.

a.   Pr ovi de r adi us t ype el bows wi t h a cent er l i ne r adi us of  1. 5 t i mes t he 
wi dt h or  di amet er  of  t he duct  wher e space per mi t s.   Ot her wi se,  el bows 
havi ng a mi ni mum r adi us equal  t o t he wi dt h or  di amet er  of  t he duct  or  
squar e el bows wi t h f act or y f abr i cat ed t ur ni ng vanes ar e al l owed.

b.   Pr ovi de duct wor k t hat  meet s t he r equi r ement s of  Seal  Cl ass A.   Pr ovi de 
duct wor k i n VAV syst ems upst r eam of  t he VAV boxes t hat  meet s t he 
r equi r ement s of  Seal  Cl ass A.

c.   Pr ovi de seal ant s t hat  conf or m t o f i r e hazar d c l assi f i cat i on speci f i ed 
i n Sect i on 23 07 00 THERMAL I NSULATI ON FOR MECHANI CAL SYSTEMS and ar e 
sui t abl e f or  t he r ange of  ai r  di st r i but i on and ambi ent  t emper at ur es t o 
whi ch i t  i s  exposed.   Do not  use pr essur e sensi t i ve t ape as a 
seal ant .   Pr ovi de duct  seal ant  pr oduct s t hat  meet  ei t her  emi ssi ons 
r equi r ement s of  CDPH SECTI ON 01350 ( l i mi t  r equi r ement s f or  ei t her  
of f i ce or  c l assr oom spaces r egar dl ess of  space t ype)  or  VOC cont ent  
r equi r ement s of  SCAQMD Rul e 1168 ( HVAC duct  seal ant s ar e c l assi f i ed as 
" Ot her "  wi t hi n t he SCAQMD Rul e 1168 seal ant s t abl e) .   Pr ovi de 
val i dat i on of  i ndoor  ai r  qual i t y f or  duct  seal ant s.

d.   Make spi r al  l ock seam duct ,  and f l at  oval  wi t h duct  seal ant  and l ock 
wi t h not  l ess t han 3 equal l y spaced dr i ve scr ews or  ot her  appr oved 
met hods i ndi cat ed i n SMACNA 1966.   Appl y t he seal ant  t o t he exposed 
mal e par t  of  t he f i t t i ng col l ar  so t hat  t he seal er  i s on t he i nsi de of  
t he j oi nt  and f ul l y pr ot ect ed by t he met al  of  t he duct  f i t t i ng.   Appl y 
one br ush coat  of  t he seal ant  over  t he out si de of  t he j oi nt  t o at  l east
 2 i nch band wi dt h cover i ng al l  scr ew heads and j oi nt  gap.   Dent s i n 
t he mal e por t i on of  t he s l i p f i t t i ng col l ar  ar e not  accept abl e.

e.   Fabr i cat e out door  ai r  i nt ake duct s and pl enums wi t h wat er t i ght  
sol der ed or  br azed j oi nt s and seams.

2. 7. 1. 1   Met al l i c  Fl exi bl e Duct

a.   Pr ovi de duct  t hat  conf or ms t o UL 181 and NFPA 90A wi t h f act or y- appl i ed 
i nsul at i on,  vapor  bar r i er ,  and end connect i ons.   Pr ovi de duct  assembl y 
t hat  does not  exceed 25 f or  f l ame spr ead and 50 f or  smoke devel oped.   
Pr ovi de duct s desi gned f or  wor ki ng pr essur es of  2 i nches wat er  gauge 
posi t i ve and 1. 5 i nches wat er  gauge negat i ve.   Pr ovi de f l exi bl e r ound 
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duct  l engt h t hat  does not  exceed 5 f eet .   Secur e connect i ons by 
appl y i ng adhesi ve f or  2 i nches over  r i gi d duct ,  appl y f l exi bl e duct  2 
i nches over  r i gi d duct ,  appl y met al  c l amp,  and pr ovi de mi ni mum of  
t hr ee No.  8 sheet  met al  scr ews t hr ough cl amp and r i gi d duct .

b.   I nner  duct  cor e:   Pr ovi de i nt er l ocki ng spi r al  or  hel i cal l y cor r ugat ed 
f l exi bl e cor e const r uct ed of  z i nc- coat ed st eel ,  al umi num,  or  st ai nl ess 
st eel ;  or  const r uct ed of  i nner  l i ner  of  cont i nuous gal vani zed spr i ng 
st eel  wi r e hel i x f used t o cont i nuous,  f i r e- r et ar dant ,  f l exi bl e vapor  
bar r i er  f i l m,  i nner  duct  cor e.

c.   I nsul at i on:   Pr ovi de i nner  duct  cor e t hat  i s i nsul at ed wi t h mi ner al  
f i ber  bl anket  t ype f l exi bl e i nsul at i on,  mi ni mum of  1 i nch t hi ck.   
Pr ovi de i nsul at i on cover ed on ext er i or  wi t h manuf act ur er ' s st andar d 
f i r e r et ar dant  vapor  bar r i er  j acket  f or  f l exi bl e r ound duct .

2. 7. 1. 2   I nsul at ed Nonmet al l i c  Fl exi bl e Duct  Runout s

Use f l exi bl e duct  r unout s onl y wher e i ndi cat ed.   Runout  l engt h i s 
i ndi cat ed on t he dr awi ngs,  and i s not  t o exceed 5 f eet .   Pr ovi de r unout s 
t hat  ar e pr ei nsul at ed,  f act or y f abr i cat ed,  and t hat  compl y wi t h NFPA 90A 
and UL 181.   Pr ovi de ei t her  f i el d or  f act or y appl i ed vapor  bar r i er .   
Pr ovi de not  l ess t han 20 ounce gl ass f abr i c duct  connect or s coat ed on bot h 
s i des wi t h neopr ene.   Wher e coi l  i nduct i on or  hi gh vel oci t y uni t s ar e 
suppl i ed wi t h ver t i cal  ai r  i nl et s,  use a st r eaml i ned,  vaned and mi t er ed 
el bow t r ansi t i on pi ece f or  connect i on t o t he f l exi bl e duct  or  hose.   
Pr ovi de a di e- st amped el bow and not  a f l exi bl e connect or  as t he l ast  el bow 
t o t hese uni t s ot her  t han t he ver t i cal  ai r  i nl et  t ype.   I nsul at ed f l exi bl e 
connect or s ar e al l owed as r unout s.   Pr ovi de i nsul at ed mat er i al  and vapor  
bar r i er  t hat  conf or m t o t he r equi r ement s of  Sect i on 23 07 00 THERMAL 
I NSULATI ON FOR MECHANI CAL SYSTEMS.   Do not  expose t he i nsul at i on mat er i al  
sur f ace t o t he ai r  st r eam.

2. 7. 1. 3   Gener al  Ser vi ce Duct  Connect or s

Pr ovi de a f l exi bl e duct  connect or  appr oxi mat el y 6 i nches i n wi dt h wher e 
sheet  met al  connect i ons ar e made t o f ans or  wher e duct s of  di ssi mi l ar  
met al s ar e connect ed.   For  r ound/ oval  duct s,  secur e t he f l exi bl e mat er i al  
by st ai nl ess st eel  or  z i nc- coat ed,  i r on c l i nch- t ype dr aw bands.   For  
r ect angul ar  duct s,  i nst al l  t he f l exi bl e mat er i al  l ocked t o met al  col l ar s 
usi ng nor mal  duct  const r uct i on met hods.   Pr ovi de a composi t e connect or  
syst em t hat  compl i es wi t h NFPA 701 and i s c l assi f i ed as " f l ame- r et ar dent  
f abr i cs"  i n UL Bl d Mat  Di r .

2. 7. 2   Duct  Access Door s

Pr ovi de hi nged access door s conf or mi ng t o SMACNA 1966 i n duct wor k and 
pl enums wher e i ndi cat ed and at  al l  ai r  f l ow measur i ng pr i mar i es,  aut omat i c 
damper s,  f i r e damper s,  coi l s,  t her most at s,  and ot her  appar at us r equi r i ng 
ser vi ce and i nspect i on i n t he duct  syst em.   Pr ovi de access door s upst r eam 
and downst r eam of  ai r  f l ow measur i ng pr i mar i es and heat i ng and cool i ng 
coi l s.   Pr ovi de door s t hat  ar e a mi ni mum 15 by 18 i nches,  unl ess ot her wi se 
shown.   Wher e duct  s i ze does not  accommodat e t hi s s i ze door ,  make t he 
door s as l ar ge as pr act i cabl e.   Equi p door s 24 by 24 i nches or  l ar ger  wi t h 
f ast ener s oper abl e f r om i nsi de and out si de t he duct .   Use i nsul at ed t ype 
door s i n i nsul at ed duct s.
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2. 7. 3   Manual  Bal anci ng Damper s

Fur ni sh manual  bal anci ng damper s wi t h accessi bl e oper at i ng mechani sms.   
Use chr omi um pl at ed oper at or s ( wi t h al l  exposed edges r ounded)  i n f i ni shed 
por t i ons of  t he bui l di ng.   Pr ovi de manual  vol ume cont r ol  damper s t hat  ar e 
oper at ed by l ocki ng- t ype quadr ant  oper at or s.   I nst al l  damper s t hat  ar e 2 
gauges heavi er  t han t he duct  i n whi ch i nst al l ed.   Unl ess ot her wi se 
i ndi cat ed,  pr ovi de opposed bl ade t ype mul t i l eaf  damper s wi t h maxi mum bl ade 
wi dt h of  12 i nches.   Pr ovi de access door s or  panel s f or  al l  conceal ed 
damper  oper at or s and l ocki ng set scr ews.   Pr ovi de st and- of f  mount i ng 
br acket s,  bases,  or  adapt er s not  l ess t han t he t hi ckness of  t he i nsul at i on 
when t he l ocki ng- t ype quadr ant  oper at or s f or  damper s ar e i nst al l ed on 
duct s t o be t her mal l y i nsul at ed,  t o pr ovi de cl ear ance bet ween t he duct  
sur f ace and t he oper at or .   Pr ovi de st and- of f  mount i ng i t ems t hat  ar e 
i nt egr al  wi t h t he oper at or  or  st andar d accessor y of  t he damper  
manuf act ur er .

2. 7. 4   Ai r  Suppl y And Exhaust  Ai r  Damper s

Pr ovi de out door  ai r  suppl y and exhaust  ai r  damper s t hat  have a maxi mum 
l eakage r at e when t est ed i n accor dance wi t h AMCA 500- D as r equi r ed by 
ASHRAE 90. 1 -  I P,  i ncl udi ng maxi mum Damper  Leakage f or :  

a.   Cl i mat e Zones 1, 2, 6, 7, 8 t he maxi mum damper  l eakage at  1. 0 i nch w. g.  
f or  mot or i zed damper s i s 4 cf m per  squar e f oot  of  damper  ar ea and 
non- mot or i zed damper s ar e not  al l owed.  

b.   Al l  ot her  Cl i mat e Zones t he maxi mum damper  l eakage at  1. 0 i nch w. g.  i s  
10 cf m per  squar e f oot  and f or  non- mot or i zed damper s i s 20 cf m per  
squar e f oot  of  damper  ar ea.

Damper s smal l er  t han 24 i nches i n ei t her  di r ect i on may have l eakage of  40 
cf m per  squar e f oot .

2. 7. 5   Ai r  Def l ect or s ( Vol ume Ext r act or s)  and Br anch Connect i ons

Pr ovi de f i xed ai r  def l ect or s ( vol ume ext r act or s) ,  al so cal l ed t ur ni ng 
vanes,  i n 90 degr ee el bows.

2. 7. 6   Pl enums and Casi ngs f or  Fi el d- Fabr i cat ed Uni t s

2. 7. 6. 1   Pl enum and Casi ngs

Fabr i cat e and er ect  pl enums and casi ngs as shown i n SMACNA 1966,  as 
appl i cabl e.   Const r uct  syst em casi ng of  not  l ess t han 16 gauge gal vani zed 
sheet  st eel .   Fur ni sh cool i ng coi l  dr ai n pans wi t h 1 i nch t hr eaded out l et  
t o col l ect  condensat i on f r om t he cool i ng coi l s.   Fabr i cat e dr ai n pans f r om 
not  l i ght er  t han 16 gauge st eel ,  gal vani zed af t er  f abr i cat i on or  of  18 
gauge cor r osi on- r esi st i ng sheet  st eel  conf or mi ng t o ASTM A167,  Type 304,  
wel ded and st i f f ened.   Ther mal l y i nsul at e dr ai n pans exposed t o t he 
at mospher e t o pr event  condensat i on.   Coat  i nsul at i on wi t h a f l ame 
r esi st ant  wat er pr oof i ng mat er i al .   Pr ovi de separ at e dr ai n pans f or  each 
ver t i cal  coi l  sect i on,  and a separ at e dr ai n l i ne f or  each pan.   Si ze pans 
t o ensur e capt ur e of  ent r ai ned moi st ur e on t he downst r eam- ai r  s i de of  t he 
coi l .   Seal  openi ngs i n t he casi ng,  such as f or  pi pi ng connect i ons,  t o 
pr event  ai r  l eakage.   Si ze t he wat er  seal  f or  t he dr ai n t o mai nt ai n a 
pr essur e of  at  l east  2 i nch wat er  gauge gr eat er  t han t he maxi mum negat i ve 
pr essur e i n t he coi l  space.
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2. 7. 6. 2   Casi ng

Ter mi nat e casi ngs at  t he cur b l i ne and bol t  each t o t he cur b usi ng 
gal vani zed angl e,  as i ndi cat ed i n SMACNA 1966.

2. 7. 6. 3   Access Door s

Pr ovi de access door s i n each sect i on of  t he casi ng.   Wel d door f r ames i n 
pl ace,  gasket  each door  wi t h neopr ene,  hi nge wi t h mi ni mum of  t wo br ass 
hi nges,  and f ast en wi t h a mi ni mum of  t wo br ass t ensi on f ast ener s oper abl e 
f r om i nsi de and out si de of  t he casi ng.   Wher e possi bl e,  make door s 36 by 
18 i nches and l ocat e t hem 18 i nches above t he f l oor .   Wher e t he space 
avai l abl e does not  accommodat e door s of  t hi s s i ze,  use door s as l ar ge as 
t he space accommodat es.   Swi ng door s so t hat  f an suct i on or  pr essur e hol ds 
door s i n c l osed posi t i on,  ai r t i ght .   Pr ovi de a push- but t on st at i on,  
l ocat ed i nsi de t he casi ng,  t o st op t he suppl y.

2. 7. 6. 4   Fact or y- Fabr i cat ed I nsul at ed Sheet  Met al  Panel s

Fact or y- f abr i cat ed component s ar e al l owed f or  f i el d- assembl ed uni t s,  
pr ovi ded al l  r equi r ement s speci f i ed f or  f i el d- f abr i cat ed pl enums and 
casi ngs ar e met .   Pr ovi de panel s of  modul ar  desi gn,  pr et est ed f or  
st r uct ur al  st r engt h,  t her mal  cont r ol ,  condensat i on cont r ol ,  and acoust i cal  
cont r ol .   Seal  and i nsul at e panel  j oi nt s.   Pr ovi de and gasket  access door s 
t o pr event  ai r  l eakage.   Pr ovi de panel  const r uct i on t hat  i s not  l ess t han 
20 gauge gal vani zed sheet  st eel ,  assembl ed wi t h f ast ener s t r eat ed agai nst  
cor r osi on.   Pr ovi de st andar d l engt h panel s t hat  def l ect  not  mor e t han 1/ 2 
i nch under  oper at i on.   Const r uct  det ai l s,  i ncl udi ng j oi nt  seal i ng,  not  
speci f i cal l y cover ed,  as i ndi cat ed i n SMACNA 1966.   Const r uct  t he pl enums 
and casi ngs t o wi t hst and t he speci f i ed i nt er nal  pr essur e of  t he ai r  
syst ems.

2. 7. 6. 5   Duct  Li ner

Unl ess ot her wi se speci f i ed,  duct  l i ner  i s not  per mi t t ed.

2. 7. 7   Di f f user s,  Regi st er s,  and Gr i l l es

Pr ovi de f act or y- f abr i cat ed uni t s of  al umi num t hat  di st r i but e t he speci f i ed 
quant i t y of  ai r  evenl y over  space i nt ended wi t hout  causi ng not i ceabl e 
dr af t s,  ai r  movement  f ast er  t han 50 f pm i n occupi ed zone,  or  dead spot s 
anywher e i n t he condi t i oned ar ea.   Pr ovi de out l et s f or  di f f usi on,  spr ead,  
t hr ow,  and noi se l evel  as r equi r ed f or  speci f i ed per f or mance.   Cer t i f y 
per f or mance accor di ng t o ASHRAE 70.   Pr ovi de sound r at ed and cer t i f i ed 
i nl et s and out l et s accor di ng t o ASHRAE 70.   Pr ovi de sound power  l evel  as 
i ndi cat ed.   Pr ovi de di f f user s and r egi st er s wi t h vol ume damper  wi t h 
accessi bl e oper at or ,  unl ess ot her wi se i ndi cat ed;  or  i f  st andar d wi t h t he 
manuf act ur er ,  an aut omat i cal l y cont r ol l ed devi ce i s accept abl e.   Pr ovi de 
opposed bl ade t ype vol ume damper s f or  al l  di f f user s and r egi st er s,  except  
l i near  s l ot  di f f user s.   Pr ovi de l i near  s l ot  di f f user s wi t h r ound or  
el l i pt i cal  bal anci ng damper s.   Wher e t he i nl et  and out l et  openi ngs ar e 
l ocat ed l ess t han 7 f eet  above t he f l oor ,  pr ot ect  t hem by a gr i l l e or  
scr een accor di ng t o NFPA 90A.

2. 7. 7. 1   Di f f user s

Pr ovi de di f f user  t ypes i ndi cat ed.   Fur ni sh cei l i ng mount ed uni t s wi t h 
ant i - smudge devi ces,  unl ess t he di f f user  uni t  mi ni mi zes cei l i ng smudgi ng 
t hr ough desi gn f eat ur es.   Pr ovi de di f f user s wi t h ai r  def l ect or s of  t he 
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t ype i ndi cat ed.   Pr ovi de ai r  handl i ng t r of f er s or  combi nat i on l i ght  and 
cei l i ng di f f user s conf or mi ng t o t he r equi r ement s of  
UL El ect r i cal  Const r uct i on f or  t he i nt er changeabl e use as cool ed or  heat ed 
ai r  suppl y di f f user s or  r et ur n ai r  uni t s.   I nst al l  cei l i ng mount ed uni t s 
wi t h r i ms t i ght  agai nst  cei l i ng.   Pr ovi de sponge r ubber  gasket s bet ween 
cei l i ng and sur f ace mount ed di f f user s f or  ai r  l eakage cont r ol .   Pr ovi de 
sui t abl e t r i m f or  f l ush mount ed di f f user s.   For  connect i ng t he duct  t o 
di f f user ,  pr ovi de duct  col l ar  t hat  i s  ai r t i ght  and does not  i nt er f er e wi t h 
vol ume cont r ol l er .   Pr ovi de r et ur n or  exhaust  uni t s t hat  ar e s i mi l ar  t o 
suppl y di f f user s.

2. 7. 7. 2   Regi st er s and Gr i l l es

Pr ovi de r et ur n and exhaust  r egi st er s t hat  ar e f i xed hor i zont al  or  ver t i cal  
l ouver  t ype si mi l ar  i n appear ance t o t he suppl y r egi st er  f ace.   Fur ni sh 
r egi st er s wi t h sponge- r ubber  gasket  bet ween f l anges and wal l  or  cei l i ng.   
Pr ovi de gr i l l es as speci f i ed f or  r egi st er s,  wi t hout  vol ume cont r ol  damper .

2. 7. 8   Louver s

Pr ovi de l ouver s f or  i nst al l at i on i n ext er i or  wal l s t hat  ar e associ at ed 
wi t h t he ai r  suppl y and di st r i but i on syst em  as speci f i ed i n Sect i on 
08 91 00 METAL WALL LOUVERS.

2. 7. 9   Bi r d Scr eens and Fr ames

Pr ovi de bi r d scr eens t hat  conf or m t o ASTM E2016,  No.  2 mesh,  al umi num or  
st ai nl ess st eel .   Pr ovi de " medi um- l i ght "  r at ed al umi num scr eens.   Pr ovi de 
" l i ght "  r at ed st ai nl ess st eel  scr eens.   Pr ovi de r emovabl e t ype f r ames 
f abr i cat ed f r om ei t her  st ai nl ess st eel  or  ext r uded al umi num.

2. 8   AI R SYSTEMS EQUI PMENT

2. 8. 1   Fans

Test  and r at e f ans accor di ng t o AMCA 210.   Cal cul at e syst em ef f ect  on ai r  
movi ng devi ces i n accor dance wi t h AMCA 201 wher e i nst al l ed duct wor k 
di f f er s f r om t hat  i ndi cat ed on dr awi ngs.   I nst al l  ai r  movi ng devi ces t o 
mi ni mi ze f an syst em ef f ect .   Wher e syst em ef f ect  i s  unavoi dabl e,  det er mi ne 
t he most  ef f ect i ve way t o accommodat e t he i nef f i c i enci es caused by syst em 
ef f ect  on t he i nst al l ed ai r  movi ng devi ce.   The sound power  l evel  of  t he 
f ans must  not  exceed 85 dBA when t est ed accor di ng t o AMCA 300 and r at ed i n 
accor dance wi t h AMCA 301.   Pr ovi de al l  f ans wi t h an AMCA seal .   Connect  
f ans t o t he mot or s ei t her  di r ect l y or  i ndi r ect l y wi t h V- bel t  dr i ve.   Use 
V- bel t  dr i ves desi gned f or  not  l ess t han 120 per cent  of  t he connect ed 
dr i v i ng capaci t y.   Pr ovi de var i abl e pi t ch mot or  sheaves f or  15 hp and 
bel ow,  and f i xed pi t ch as def i ned by AHRI  Gui del i ne D ( A f i xed- pi t ch 
sheave i s pr ovi ded on bot h t he f an shaf t  and t he mot or  shaf t .  Thi s i s a 
non- adj ust abl e speed dr i ve. ) .   Sel ect  var i abl e pi t ch sheaves t o dr i ve t he 
f an at  a speed whi ch can pr oduce t he speci f i ed capaci t y when set  at  t he 
appr oxi mat e mi dpoi nt  of  t he sheave adj ust ment .   When f i xed pi t ch sheaves 
ar e f ur ni shed,  pr ovi de a r epl aceabl e sheave when needed t o achi eve syst em 
ai r  bal ance.   Pr ovi de mot or s f or  V- bel t  dr i ves wi t h adj ust abl e r ai l s or  
bases.   Pr ovi de r emovabl e met al  guar ds f or  al l  exposed V- bel t  dr i ves,  and 
pr ovi de speed- t est  openi ngs at  t he cent er  of  al l  r ot at i ng shaf t s.   Pr ovi de 
f ans wi t h per sonnel  scr eens or  guar ds on bot h suct i on and suppl y ends,  
except  t hat  t he scr eens need not  be pr ovi ded,  unl ess ot her wi se i ndi cat ed,  
wher e duct s ar e connect ed t o t he f an.   Pr ovi de f an and mot or  assembl i es 
wi t h v i br at i on- i sol at i on suppor t s or  mount i ngs as i ndi cat ed.   Use 
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vi br at i on- i sol at i on uni t s t hat  ar e st andar d pr oduct s wi t h publ i shed 
l oadi ng r at i ngs.   Sel ect  each f an t o pr oduce t he capaci t y r equi r ed at  t he 
f an st at i c pr essur e i ndi cat ed.   Pr ovi de sound power  l evel  as i ndi cat ed.   
Obt ai n t he sound power  l evel  val ues accor di ng t o AMCA 300.   Pr ovi de 
st andar d AMCA ar r angement ,  r ot at i on,  and di schar ge as i ndi cat ed.   Pr ovi de 
power  vent i l at or s t hat  conf or m t o UL 705 and have a UL l abel .

2. 8. 1. 1   I n- Li ne Cent r i f ugal  Fans

Pr ovi de i n- l i ne f ans wi t h cent r i f ugal  backwar d i ncl i ned bl ades,  st at i onar y 
di schar ge conver si on vanes,  i nt er nal  and ext er nal  bel t  guar ds,  and 
adj ust abl e mot or  mount s.   Mount  f ans i n a wel ded t ubul ar  casi ng.   Pr ovi de 
a f an t hat  axi al l y f l ows t he ai r  i n and out .   St r eaml i ne i nl et s wi t h 
conver si on vanes t o el i mi nat e t ur bul ence and pr ovi de smoot h di schar ge ai r  
f l ow.   Encl ose and i sol at e f an bear i ngs and dr i ve shaf t s f r om t he ai r  
st r eam.   Pr ovi de pr eci s i on,  sel f  al i gni ng bal l  or  r ol l er  t ype f an bear i ngs 
t hat  ar e seal ed agai nst  dust  and di r t  and ar e per manent l y l ubr i cat ed.   
Pr ovi de L50 r at ed bear i ng l i f e at  not  l ess t han 200, 000 hour s as def i ned 
by ABMA 9 and ABMA 11.   Pr ovi de mot or s wi t h t ot al l y encl osed encl osur e.  
Pr ovi de magnet i c mot or  st ar t er s acr oss- t he- l i ne wi t h gener al - pur pose 
encl osur es.

2. 8. 1. 2   Axi al  Fl ow Fans

Pr ovi de axi al  f l ow f ans compl et e wi t h dr i ve component s and bel t  guar d,  
wi t h st eel  housi ng,  cast  f an wheel ,  cast  or  wel ded st eel  di f f user s,  f an 
shaf t ,  bear i ngs,  and mount i ng f r ame as a f act or y- assembl ed uni t .   Pr ovi de 
f an wheel s t hat  ar e dynami cal l y bal anced and keyed t o t he f an shaf t ,  wi t h 
r adi al l y pr oj ect i ng bl ades of  ai r f oi l  cr oss- sect i on.   Encl ose and i sol at e 
f an bear i ngs and dr i ve shaf t s f r om t he ai r  st r eam.   Per manent l y l ubr i cat e 
f an bear i ngs or  pr ovi de t hem wi t h accessi bl e gr ease f i t t i ngs.   Pr ovi de 
pr eci s i on sel f - al i gni ng bal l  or  r ol l er  t ype f an bear i ngs t hat  ar e seal ed 
agai nst  dust  and di r t .   Pr ovi de f an bear i ngs t hat  have a L50 r at ed bear i ng 
l i f e at  not  l ess t han 200, 000 hour s of  oper at i on as def i ned by ABMA 9 and 
ABMA 11.   Pr ovi de f an i nl et s wi t h an aer odynami cal l y shaped bel l  and an 
i nl et  cone.   I nst al l  di f f user  or  st r ai ght eni ng vanes at  t he f an di schar ge 
t o mi ni mi ze t ur bul ence and pr ovi de smoot h di schar ge ai r  f l ow.   Fur ni sh f an 
uni t  wi t h i nl et  scr een,  and aut omat i c oper at i on adj ust abl e i nl et  vanes.   
Unl ess ot her wi se i ndi cat ed,  pr ovi de mot or s t hat  do not  exceed 1800 r pm and 
have t ot al l y encl osed encl osur e.   

2. 8. 2   Coi l s

Pr ovi de f i n- and- t ube t ype coi l s const r uct ed of  seaml ess copper  t ubes and 
al umi num or  copper  f i ns mechani cal l y bonded or  sol der ed t o t he t ubes.     
Pr ovi de casi ng and t ube suppor t  sheet s t hat  ar e not  l i ght er  t han 16 gauge 
gal vani zed st eel ,  f or med t o pr ovi de st r uct ur al  st r engt h.   When r equi r ed,  
pr ovi de mul t i pl e t ube suppor t s t o pr event  t ube sag.   Mount  coi l s f or  
count er f l ow ser vi ce.   Rat e and cer t i f y coi l s t o meet  t he r equi r ement s of  
AHRI  410.   Except  f or  hot  wat er  coi l s,  pr ovi de f act or y appl i ed phenol i c,  
v i nyl  or  epoxy/ el ect r odeposi t i on coat i ng.

2. 8. 2. 1   Wat er  Coi l s

I nst al l  wat er  coi l s wi t h a pi t ch of  not  l ess t han 1/ 8 i nch/ f oot  of  t he 
t ube l engt h t owar d t he dr ai n end.   Use header s const r uct ed of  cast  i r on,  
wel ded st eel  or  copper .   Fur ni sh each coi l  wi t h a pl ugged vent  and dr ai n 
connect i on ext endi ng t hr ough t he uni t  casi ng.   Pr ovi de r emovabl e wat er  
coi l s wi t h dr ai n pans.   Pr essur e t est  coi l s i n accor dance wi t h UL 1995.
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2. 8. 3   Ai r  Fi l t er s

Li st  ai r  f i l t er s accor di ng t o r equi r ement s of  UL 900,  except  l i s t  hi gh 
ef f i c i ency par t i cul at e ai r  f i l t er s of  99. 97 per cent  ef f i c i ency by t he DOP 
Test  met hod under  t he Label  Ser vi ce t o meet  t he r equi r ement s of  UL 586.

2. 8. 3. 1   Ext ended Sur f ace Pl eat ed Panel  Fi l t er s

Pr ovi de 2 i nch dept h,  sect i onal ,  di sposabl e t ype f i l t er s of  t he s i ze 
i ndi cat ed wi t h a MERV of  8 when t est ed accor di ng t o ASHRAE 52. 2.   Pr ovi de 
i ni t i al  r esi st ance at  500 f pm t hat  does not  exceed 0. 36 i nches wat er  gauge.   
Pr ovi de UL Cl ass 2 f i l t er s,  and nonwoven cot t on and synt het i c f i ber  mat  
medi a.   At t ach a wi r e suppor t  gr i d bonded t o t he medi a t o a moi st ur e 
r esi st ant  f i ber boar d f r ame.   Bond al l  f our  edges of  t he f i l t er  medi a t o 
t he i nsi de of  t he f r ame t o pr event  ai r  bypass and i ncr ease r i gi di t y.

2. 8. 3. 2   Hol di ng Fr ames

Fabr i cat e f r ames f r om not  l i ght er  t han 16 gauge sheet  st eel  wi t h 
r ust - i nhi bi t or  coat i ng.   Equi p each hol di ng f r ame wi t h sui t abl e f i l t er  
hol di ng devi ces.   Pr ovi de gasket ed hol di ng f r ame seat s.   Make al l  j oi nt s 
ai r t i ght .

2. 8. 3. 3   Fi l t er  Gauges

Pr ovi de di al  t ype f i l t er  gauges,  di aphr agm act uat ed dr af t  f or  al l  f i l t er  
st at i ons,  i ncl udi ng t hose f i l t er s whi ch ar e f ur ni shed as i nt egr al  par t s of  
f act or y f abr i cat ed ai r  handl i ng uni t s.   Pr ovi de gauges t hat  ar e at  l east  
3- 7/ 8 i nches i n di amet er ,  wi t h whi t e di al s wi t h bl ack f i gur es,  and 
gr aduat i ons wi t h a mi ni mum r ange of  1 i nch of  wat er  beyond t he speci f i ed 
f i nal  r esi st ance f or  t he f i l t er  bank on whi ch each gauge i s appl i ed.   
Pr ovi de each gauge wi t h a scr ew oper at ed zer o adj ust ment  and t wo st at i c 
pr essur e t i ps wi t h i nt egr al  compr essi on f i t t i ngs,  t wo mol ded pl ast i c vent  
val ves,  t wo 5 f oot  mi ni mum l engt hs of  1/ 4 i nch di amet er  al umi num t ubi ng,  
and al l  har dwar e and accessor i es f or  gauge mount i ng.

2. 9   AI R HANDLI NG UNI TS

2. 9. 1   Fi el d- Fabr i cat ed Ai r  Handl i ng Uni t s

Pr ovi de bui l t - up uni t s as speci f i ed i n par agr aph DUCT SYSTEMS.   Pr ovi de 
f ans,  coi l s spr ay- coi l  dehumi di f i er s,  and ai r  f i l t er s as speci f i ed i n 
par agr aph AI R SYSTEMS EQUI PMENT f or  t ypes i ndi cat ed.

2. 9. 2   Fact or y- Fabr i cat ed Ai r  Handl i ng Uni t s

Pr ovi de si ngl e- zone dr aw- t hr ough t ype uni t s as i ndi cat ed.   Uni t s must  
i ncl ude f ans,  coi l s,  ai r t i ght  i nsul at ed casi ng,  pr ef i l t er s,  adj ust abl e 
V- bel t  dr i ves,  bel t  guar ds f or  ext er nal l y mount ed mot or s,  access sect i ons 
wher e i ndi cat ed,  combi nat i on sect i onal  f i l t er - mi xi ng box,  
v i br at i on- i sol at or s,  and appur t enances r equi r ed f or  speci f i ed oper at i on.   
Pr ovi de vi br at i on i sol at or s as i ndi cat ed.   Physi cal  di mensi ons of  each ai r  
handl i ng uni t  must  be sui t abl e t o f i t  space al l ot t ed t o t he uni t  wi t h t he 
capaci t y i ndi cat ed.   Pr ovi de ai r  handl i ng uni t  t hat  i s  r at ed i n accor dance 
wi t h AHRI  430 and AHRI  cer t i f i ed f or  cool i ng.
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2. 9. 2. 1   Casi ngs

Pr ovi de t he f ol l owi ng:

a.   Casi ng sect i ons 2 i nch doubl e wal l  t ype,  const r uct ed of  a mi ni mum 18 
gauge gal vani zed st eel ,  or  18 gauge cor r osi on- r esi st i ng sheet  st eel  
conf or mi ng t o ASTM A167,  Type 304. I nner  casi ng of  doubl e- wal l  uni t s 
t hat  ar e a mi ni mum 20 gauge sol i d gal vani zed st eel  or  
cor r osi on- r esi st i ng sheet  st eel  conf or mi ng t o ASTM A167,  Type 304.   
Desi gn and const r uct  casi ng wi t h an i nt egr al  i nsul at ed st r uct ur al  
gal vani zed st eel  f r ame such t hat  ext er i or  panel s ar e non- l oad bear i ng.

b.   I ndi v i dual l y r emovabl e ext er i or  panel s wi t h st andar d t ool s.   Removal  
must  not  af f ect  t he st r uct ur al  i nt egr i t y of  t he uni t .   Fur ni sh casi ngs 
wi t h access sect i ons,  accor di ng t o par agr aph AI R HANDLI NG UNI TS,  
i nspect i on door s,  and access door s,  al l  capabl e of  openi ng a mi ni mum 
of  90 degr ees,  as i ndi cat ed.

c.   I nsul at ed,  f ul l y  gasket ed,  doubl e- wal l  t ype i nspect i on and access 
door s,  of  a mi ni mum 18 gauge out er  and 20 gauge i nner  panel s made of  
ei t her  gal vani zed st eel  or  cor r osi on- r esi st i ng sheet  st eel  conf or mi ng 
t o ASTM A167,  Type 304.   Pr ovi de r i gi d door s wi t h heavy dut y hi nges 
and l at ches.   I nspect i on door s must  be a mi ni mum 12 i nches wi de by 12 
i nches hi gh.   Access door s must  be a mi ni mum 24 i nches wi de,  t he f ul l  
hei ght  of  t he uni t  casi ng or  a mi ni mum of  6 f oot ,  whi chever  i s l ess.

d.   Doubl e- wal l  i nsul at ed t ype dr ai n pan ( t hi ckness equal  t o ext er i or  
casi ng)  const r uct ed of  16 gauge cor r osi on r esi st i ng sheet  st eel  
conf or mi ng t o ASTM A167,  Type 304,  conf or mi ng t o ASHRAE 62. 1.   
Const r uct  dr ai n pans wat er  t i ght ,  t r eat ed t o pr event  cor r osi on,  and 
desi gned f or  posi t i ve condensat e dr ai nage.   When 2 or  mor e cool i ng 
coi l s ar e used,  wi t h one st acked above t he ot her ,  condensat e f r om t he 
upper  coi l s must  not  f l ow acr oss t he f ace of  l ower  coi l s.   Pr ovi de 
i nt er medi at e dr ai n pans or  condensat e col l ect i on channel s and 
downspout s,  as r equi r ed t o car r y condensat e t o t he uni t  dr ai n pan out  
of  t he ai r  st r eam and wi t hout  moi st ur e car r yover .   Const r uct  dr ai n pan 
t o al l ow f or  easy vi sual  i nspect i on,  i ncl udi ng under neat h t he coi l  
wi t hout  r emoval  of  t he coi l  and t o al l ow compl et e and easy physi cal  
c l eani ng of  t he pan under neat h t he coi l  wi t hout  r emoval  of  t he coi l .   
Pr ovi de coi l s t hat  ar e i ndi v i dual l y r emovabl e f r om t he casi ng.

e.   Casi ng i nsul at i on t hat  conf or ms t o NFPA 90A.   I nsul at e s i ngl e- wal l  
casi ng sect i ons handl i ng condi t i oned ai r  wi t h not  l ess t han 1 i nch 
t hi ck,   1- 1/ 2 pound densi t y coat ed f i br ous gl ass mat er i al  havi ng a 
t her mal  conduct i v i t y not  gr eat er  t han 0. 23 Bt u/ hr - sf - F.   I nsul at e 
doubl e- wal l  casi ng sect i ons handl i ng condi t i oned ai r  wi t h not  l ess t han
 2 i nches of  t he same i nsul at i on speci f i ed f or  s i ngl e- wal l  casi ngs.   
Foi l - f aced i nsul at i on i s not  an accept abl e subst i t ut e f or  use wi t h 
doubl e wal l  casi ng.   Seal  doubl e wal l  i nsul at i on compl et el y by i nner  
and out er  panel s.

f .   Fact or y appl i ed f i br ous gl ass i nsul at i on t hat  conf or ms t o ASTM C1071,  
except  t hat  t he mi ni mum t hi ckness and densi t y r equi r ement s do not  
appl y,  and t hat  meet s t he r equi r ement s of  NFPA 90A.   Make ai r  handl i ng 
uni t  casi ng i nsul at i on uni f or m over  t he ent i r e casi ng.   Foi l - f aced 
i nsul at i on i s not  an accept abl e subst i t ut e f or  use on doubl e- wal l  
access door s and i nspect i ons door s and casi ng sect i ons.

g.   Duct  l i ner  mat er i al ,  coat i ng,  and adhesi ve t hat  conf or ms t o 
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f i r e- hazar d r equi r ement s speci f i ed i n Sect i on 23 07 00 THERMAL 
I NSULATI ON FOR MECHANI CAL SYSTEMS.   Pr ot ect  exposed i nsul at i on edges 
and j oi nt s wher e i nsul at i on panel s ar e but t ed wi t h a met al  nosi ng 
st r i p or  coat  t o meet  er osi on r esi st ance r equi r ement s of  ASTM C1071.

h.   A l at ched and hi nged i nspect i on door ,  i n t he f an and coi l  sect i ons.   
Pl us addi t i onal  i nspect i on door s,  access door s and access sect i ons 
wher e i ndi cat ed.

2. 9. 2. 2   Heat i ng and Cool i ng Coi l s

Pr ovi de coi l s as speci f i ed i n par agr aph AI R SYSTEMS EQUI PMENT.

2. 9. 2. 3   Ai r  Fi l t er s

Pr ovi de ai r  f i l t er s as speci f i ed i n par agr aph AI R SYSTEMS EQUI PMENT f or  
t ypes and t hi ckness i ndi cat ed.

2. 9. 2. 4   Fans

Pr ovi de t he f ol l owi ng:

a.   Fans t hat  ar e doubl e- i nl et ,  cent r i f ugal  t ype wi t h each f an i n a 
separ at e scr ol l .   Dynami cal l y bal ance f ans and shaf t s pr i or  t o 
i nst al l at i on i nt o ai r  handl i ng uni t ,  t hen af t er  i t  has been i nst al l ed 
i n t he ai r  handl i ng uni t ,  st at i cal l y and dynami cal l y bal ance t he 
ent i r e f an assembl y.   Mount  f ans on st eel  shaf t s,  accur at el y gr ound 
and f i ni shed.

b.   Fan bear i ngs t hat  ar e seal ed agai nst  dust  and di r t  and ar e pr eci s i on 
sel f - al i gni ng bal l  or  r ol l er  t ype,  wi t h L50 r at ed bear i ng l i f e at  not  
l ess t han 200, 000 hour s as def i ned by ABMA 9 and ABMA 11.   Pr ovi de 
bear i ngs t hat  ar e per manent l y l ubr i cat ed or  l ubr i cat ed t ype wi t h 
l ubr i cat i on f i t t i ngs r eadi l y accessi bl e at  t he dr i ve s i de of  t he 
uni t .   Suppor t  bear i ngs by st r uct ur al  shapes,  or  di e f or med sheet  
st r uct ur al  member s,  or  suppor t  pl at es secur el y at t ached t o t he uni t  
casi ng.   Do not  f ast en bear i ngs di r ect l y t o t he uni t  sheet  met al  
casi ng.   Fur ni sh f ans and scr ol l s wi t h coat i ng i ndi cat ed.

2. 9. 2. 5   Access Sect i ons and Fi l t er / Mi xi ng Boxes

Pr ovi de access sect i ons wher e i ndi cat ed and f ur ni sh wi t h access door s as 
shown.   Const r uct  access sect i ons and f i l t er / mi xi ng boxes i n a manner  
i dent i cal  t o t he r emai nder  of  t he uni t  casi ng and equi p wi t h access 
door s.   Desi gn mi xi ng boxes t o mi ni mi ze ai r  st r at i f i cat i on and t o pr omot e 
t hor ough mi xi ng of  t he ai r  st r eams.

2. 10   TERMI NAL UNI TS

2. 10. 1   Var i abl e Ai r  Vol ume ( VAV)  Ter mi nal  Uni t s

a.   Pr ovi de VAV t er mi nal  uni t s t hat  ar e t he t ype,  s i ze,  and capaci t y 
shown,  mount ed i n t he cei l i ng or  wal l  cavi t y,  pl us uni t s t hat  ar e 
sui t abl e f or  s i ngl e duct  syst em appl i cat i ons.   Pr ovi de act uat or s and 
cont r ol s as speci f i ed i n par agr aph SUPPLEMENTAL COMPONENTS/ SERVI CES,  
subpar agr aph CONTROLS.   For  each VAV t er mi nal  uni t ,  pr ovi de a 
t emper at ur e sensor  i n t he uni t  di schar ge duct wor k.

b.   Pr ovi de uni t  encl osur es t hat  ar e const r uct ed of  gal vani zed st eel  not  
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l i ght er  t han 22 gauge or  al umi num sheet  not  l i ght er  t han 18 gauge.   
Pr ovi de si ngl e or  mul t i pl e di schar ge out l et s as r equi r ed.   Uni t s wi t h 
f l ow l i mi t er s ar e not  accept abl e.   Pr ovi de uni t  ai r  vol ume t hat  i s 
f act or y pr eset  and r eadi l y f i el d adj ust abl e wi t hout  speci al  t ool s.     

c.   At t ach a f l ow char t  t o each uni t .   Base acoust i c per f or mance of  t he 
t er mi nal  uni t s upon uni t s t est ed accor di ng t o AHRI  880 I - P wi t h t he 
cal cul at i ons pr epar ed i n accor dance wi t h AHRI  885.   Pr ovi de sound 
power  l evel  as i ndi cat ed.   Show di schar ge sound power  f or  mi ni mum and 
1- 1/ 2 i nches wat er  gauge i nl et  st at i c pr essur e.   Pr ovi de acoust i cal  
l i ni ng accor di ng t o NFPA 90A.

2. 10. 1. 1   Var i abl e Vol ume,  Si ngl e Duct  Ter mi nal  Uni t s

Pr ovi de var i abl e vol ume,  s i ngl e duct ,  t er mi nal  uni t s wi t h a cal i br at ed ai r  
vol ume sensi ng devi ce,  ai r  val ve or  damper ,  act uat or ,  and accessor y 
r el ays.   Pr ovi de uni t s t hat  cont r ol  ai r  vol ume t o wi t hi n pl us or  mi nus 5 
per cent  of  each ai r  set  poi nt  vol ume as det er mi ned by t he t her most at  wi t h 
var i at i ons i n i nl et  pr essur es f r om 3/ 4 t o 6 i nch wat er  gauge.   Pr ovi de 
uni t s wi t h an i nt er nal  r esi st ance not  exceedi ng 0. 4 i nch wat er  gauge at  
maxi mum f l ow r ange.   Pr ovi de ext er nal  di f f er ent i al  pr essur e t aps separ at e 
f r om t he cont r ol  pr essur e t aps f or  ai r  f l ow measur ement  wi t h a 0 t o 1 i nch 
wat er  gauge r ange.

2. 11   FACTORY PAI NTI NG

Fact or y pai nt  new equi pment ,  whi ch ar e not  of  gal vani zed const r uct i on.   
Pai nt  wi t h a cor r osi on r esi st i ng pai nt  f i ni sh accor di ng t o ASTM A123/ A123M 
or  ASTM A924/ A924M.   Cl ean,  phosphat i ze and coat  i nt er nal  and ext er nal  
f er r ous met al  sur f aces wi t h a pai nt  f i ni sh whi ch has been t est ed accor di ng 
t o ASTM B117,  ASTM D1654,  and ASTM D3359.   Submi t  evi dence of  sat i sf act or y 
pai nt  per f or mance f or  a mi ni mum of  125 hour s f or  uni t s t o be i nst al l ed 
i ndoor s and 500 hour s f or  uni t s t o be i nst al l ed out door s.   Pr ovi de r at i ng 
of  f ai l ur e at  t he scr i be mar k t hat  i s not  l ess t han 6,  aver age cr eepage 
not  gr eat er  t han 1/ 8 i nch.   Pr ovi de r at i ng of  t he i nscr i bed ar ea t hat  i s 
not  l ess t han 10,  no f ai l ur e.   On uni t s const r uct ed of  gal vani zed st eel  
t hat  have been wel ded,  pr ovi de a f i nal  shop docket  of  z i nc- r i ch pr ot ect i ve 
pai nt  on ext er i or  sur f aces of  wel ds or  wel ds t hat  have bur ned t hr ough f r om 
t he i nt er i or  accor di ng t o ASTM D520 Type I .

Fi el d pai nt  f act or y pai nt i ng t hat  has been damaged pr i or  t o accept ance by 
t he Cont r act i ng Of f i cer  i n compl i ance wi t h t he r equi r ement s of  par agr aph 
FI ELD PAI NTI NG OF MECHANI CAL EQUI PMENT.  

2. 12   SUPPLEMENTAL COMPONENTS/ SERVI CES

2. 12. 1   Condensat e Dr ai n Li nes

Pr ovi de and i nst al l  condensat e dr ai nage f or  each i t em of  equi pment  t hat  
gener at es condensat e i n accor dance wi t h Sect i on 23 64 26 CHI LLED,  
CHI LLED- HOT,  AND CONDENSER WATER PI PI NG SYSTEMS except  as modi f i ed her ei n.

2. 12. 2   Backf l ow Pr event er s

The r equi r ement s f or  backf l ow pr event er s ar e speci f i ed i n Sect i on 22 00 00 
PLUMBI NG,  GENERAL PURPOSE.
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2. 12. 3   Cont r ol s

The r equi r ement s f or  cont r ol s ar e speci f i ed i n Sect i on 23 05 93 TESTI NG,  
ADJUSTI NG,  AND BALANCI NG OF HVAC SYSTEMS and Sect i on 23 09 00 
I NSTRUMENTATI ON AND CONTROL FOR HVAC.

PART 3   EXECUTI ON

3. 1   EXAMI NATI ON

Af t er  becomi ng f ami l i ar  wi t h al l  det ai l s of  t he wor k,  ver i f y al l  
di mensi ons i n t he f i el d,  and advi se t he Cont r act i ng Of f i cer  of  any 
di scr epancy bef or e per f or mi ng t he wor k.

3. 2   I NSTALLATI ON

a.   I nst al l  mat er i al s and equi pment  i n accor dance wi t h t he r equi r ement s of  
t he cont r act  dr awi ngs and appr oved manuf act ur er ' s i nst al l at i on 
i nst r uct i ons.   Accompl i sh i nst al l at i on by wor ker s ski l l ed i n t hi s t ype 
of  wor k.   Per f or m i nst al l at i on so t hat  t her e i s no degr adat i on of  t he 
desi gned f i r e r at i ngs of  wal l s,  par t i t i ons,  cei l i ngs,  and f l oor s.

b.   No i nst al l at i on i s per mi t t ed t o bl ock or  ot her wi se i mpede access t o 
any exi st i ng machi ne or  syst em.   I nst al l  al l  hi nged door s t o swi ng 
open a mi ni mum of  120 degr ees.   Pr ovi de an ar ea i n f r ont  of  al l  access 
door s t hat  c l ear s a mi ni mum of  t he manuf act ur er ' s r equi r ed mai nt enance 
access.  f eet .   I n f r ont  of  al l  access door s t o el ect r i cal  c i r cui t s,  
c l ear  t he ar ea t he mi ni mum di st ance t o ener gi zed ci r cui t s as speci f i ed 
i n OSHA St andar ds,  par t  1910. 333 ( El ect r i cal - Saf et y Rel at ed wor k 
pr act i ces) and an addi t i onal  3 f eet .

c.   Except  as ot her wi se i ndi cat ed,  i nst al l  emer gency swi t ches and al ar ms 
i n conspi cuous l ocat i ons.   Mount  al l  i ndi cat or s,  t o i ncl ude gauges,  
met er s,  and al ar ms i n or der  t o be easi l y v i s i bl e by peopl e i n t he ar ea.

3. 2. 1   Condensat e Dr ai n Li nes

Pr ovi de wat er  seal s i n t he condensat e dr ai n f r om al l  uni t s.   Pr ovi de a 
dept h of  each seal  of  2 i nches pl us t he number  of  i nches,  measur ed i n 
wat er  gauge,  of  t he t ot al  st at i c pr essur e r at i ng of  t he uni t  t o whi ch t he 
dr ai n i s connect ed.   Pr ovi de wat er  seal s t hat  ar e const r uct ed of  2 t ees 
and an appr opr i at e U- bend wi t h t he open end of  each t ee pl ugged.   Pr ovi de 
pi pe cap or  pl ug cl eanout s wher e i ndi cat ed.   Connect  dr ai ns i ndi cat ed t o 
connect  t o t he sani t ar y wast e syst em usi ng an i ndi r ect  wast e f i t t i ng.   
I nsul at e ai r  condi t i oner  dr ai n l i nes as speci f i ed i n Sect i on 23 07 00 
THERMAL I NSULATI ON FOR MECHANI CAL SYSTEMS.

3. 2. 2   Equi pment  and I nst al l at i on

Pr ovi de f r ames and suppor t s f or  t anks,  compr essor s,  pumps,  val ves,  ai r  
handl i ng uni t s,  f ans,  coi l s,  damper s,  and ot her  s i mi l ar  i t ems r equi r i ng 
suppor t s.   Fl oor  mount  or  cei l i ng hang ai r  handl i ng uni t s as i ndi cat ed.   
Anchor  and f ast en as det ai l ed.  Set  f l oor - mount ed equi pment  on not  l ess t han
 6 i nch concr et e pads or  cur bs dowel ed i n pl ace unl ess ot her wi se 
i ndi cat ed.   Make concr et e f oundat i ons heavy enough t o mi ni mi ze t he 
i nt ensi t y of  t he v i br at i ons t r ansmi t t ed t o t he pi pi ng,  duct  wor k and t he 
sur r oundi ng st r uct ur e,  as r ecommended i n wr i t i ng by t he equi pment  
manuf act ur er .   I n l i eu of  a concr et e pad f oundat i on,  bui l d a concr et e 
pedest al  bl ock wi t h i sol at or s pl aced bet ween t he pedest al  bl ock and t he 
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f l oor .   Make t he concr et e f oundat i on or  concr et e pedest al  bl ock a mass not  
l ess t han t hr ee t i mes t he wei ght  of  t he component s t o be suppor t ed.   
Pr ovi de t he l i nes connect ed t o t he pump mount ed on pedest al  bl ocks wi t h 
f l exi bl e connect or s.   Submi t  f oundat i on dr awi ngs as speci f i ed i n par agr aph 
DETAI L DRAWI NGS.   

3. 2. 3   Access Panel s

I nst al l  access panel s f or  conceal ed val ves,  vent s,  cont r ol s,  damper s,  and 
i t ems r equi r i ng i nspect i on or  mai nt enance of  suf f i c i ent  s i ze,  and l ocat e 
t hem so t hat  t he conceal ed i t ems ar e easi l y ser vi ced and mai nt ai ned or  
compl et el y r emoved and r epl aced.   

3. 2. 4   Fl exi bl e Duct

I nst al l  pr e- i nsul at ed f l exi bl e duct  i n accor dance wi t h t he l at est  pr i nt ed 
i nst r uct i ons of  t he manuf act ur er  t o ensur e a vapor  t i ght  j oi nt .   Pr ovi de 
hanger s,  when r equi r ed t o suspend t he duct ,  of  t he t ype r ecommended by t he 
duct  manuf act ur er  and set  at  t he i nt er val s r ecommended.

3. 2. 5   Met al  Duct wor k

I nst al l  accor di ng t o SMACNA 1966 unl ess ot her wi se i ndi cat ed.   I nst al l  duct  
suppor t s f or  sheet  met al  duct wor k accor di ng t o SMACNA 1966,  unl ess 
ot her wi se speci f i ed.   Do not  use f r i ct i on beam cl amps i ndi cat ed i n 
SMACNA 1966.   Anchor  r i ser s on hi gh vel oci t y duct s i n t he cent er  of  t he 
ver t i cal  r un t o al l ow ends of  r i ser  t o move due t o t her mal  expansi on.   
Er ect  suppor t s on t he r i ser s t hat  al l ow f r ee ver t i cal  movement  of  t he 
duct .   At t ach suppor t s onl y t o st r uct ur al  f r ami ng member s and concr et e 
s l abs.   Do not  anchor  suppor t s t o met al  decki ng unl ess a means i s pr ovi ded 
and appr oved f or  pr event i ng t he anchor  f r om punct ur i ng t he met al  decki ng.   
Wher e suppor t s ar e r equi r ed bet ween st r uct ur al  f r ami ng member s,  pr ovi de 
sui t abl e i nt er medi at e met al  f r ami ng.   Wher e C- cl amps ar e used,  pr ovi de 
r et ai ner  c l i ps.

3. 2. 6   FRP Duct wor k

Pr ovi de f i br ous gl ass r ei nf or ced pl ast i c duct i ng and r el at ed st r uct ur es 
t hat  conf or m t o SMACNA 1403.   Pr ovi de f l anged j oi nt s wher e i ndi cat ed.   
Cr evi ce- f r ee but t  l ay- up j oi nt s ar e accept abl e wher e f l anged j oi nt s ar e 
not  i ndi cat ed.   When ambi ent  t emper at ur es ar e l ower  t han 50 degr ees F,  
heat  cur e j oi nt s by exot her mi c r eact i on heat  packs.

3. 2. 7   I nsul at i on

Pr ovi de t hi ckness and appl i cat i on of  i nsul at i on mat er i al s f or  duct wor k,  
pi pi ng,  and equi pment  accor di ng t o Sect i on 23 07 00 THERMAL I NSULATI ON FOR 
MECHANI CAL SYSTEMS.   Ext er nal l y i nsul at e out door  ai r  i nt ake duct s and 
pl enums.

3. 2. 8   Duct  Test  Hol es

Pr ovi de hol es wi t h c l osur es or  t hr eaded hol es wi t h pl ugs i n duct s and 
pl enums as i ndi cat ed or  wher e necessar y f or  t he use of  pi t ot  t ube i n 
bal anci ng t he ai r  syst em.   Pl ug i nsul at ed duct  at  t he duct  sur f ace,  
pat ched over  wi t h i nsul at i on and t hen mar ked t o i ndi cat e l ocat i on of  t est  
hol e i f  needed f or  f ut ur e use.
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3. 2. 9   Power  Tr ansmi ssi on Component s Adj ust ment

Test  V- bel t s and sheaves f or  pr oper  al i gnment  and t ensi on pr i or  t o 
oper at i on and af t er  72 hour s of  oper at i on at  f i nal  speed.   Uni f or ml y l oad 
bel t s on dr i ve s i de t o pr event  bounci ng.   Make al i gnment  of  di r ect  dr i ven 
coupl i ngs t o wi t hi n 50 per cent  of  manuf act ur er ' s maxi mum al l owabl e r ange 
of  mi sal i gnment .

3. 3   EQUI PMENT PADS

Pr ovi de equi pment  pads t o t he di mensi ons shown or ,  i f  not  shown,  t o 
conf or m t o t he shape of  each pi ece of  equi pment  ser ved wi t h a mi ni mum 
3- i nch mar gi n ar ound t he equi pment  and suppor t s.   Al l ow equi pment  bases 
and f oundat i ons,  when const r uct ed of  concr et e or  gr out ,  t o cur e a mi ni mum 
of  14 cal endar  days bef or e bei ng l oaded.

3. 4   CUTTI NG AND PATCHI NG

I nst al l  wor k i n such a manner  and at  such t i me t hat  a mi ni mum of  cut t i ng 
and pat chi ng of  t he bui l di ng st r uct ur e i s r equi r ed.   Make hol es i n exposed 
l ocat i ons,  i n or  t hr ough exi st i ng f l oor s,  by dr i l l i ng and smoot h by 
sandi ng.   Use of  a j ackhammer  i s per mi t t ed onl y wher e speci f i cal l y 
appr oved.   Make hol es t hr ough masonr y wal l s t o accommodat e s l eeves wi t h an 
i r on pi pe masonr y cor e saw.

3. 5   CLEANI NG

Thor oughl y c l ean sur f aces of  pi pi ng and equi pment  t hat  have become cover ed 
wi t h di r t ,  pl ast er ,  or  ot her  mat er i al  dur i ng handl i ng and const r uct i on 
bef or e such sur f aces ar e pr epar ed f or  f i nal  f i ni sh pai nt i ng or  ar e 
encl osed wi t hi n t he bui l di ng st r uct ur e.   Bef or e f i nal  accept ance,  c l ean 
mechani cal  equi pment ,  i ncl udi ng pi pi ng,  duct i ng,  and f i xt ur es,  and f r ee 
f r om di r t ,  gr ease,  and f i nger  mar ks.   When t he wor k ar ea i s i n an occupi ed 
space such as of f i ce,  pr ot ect  al l  f ur ni t ur e and equi pment  f r om di r t  and 
debr i s.   I ncor por at e housekeepi ng f or  f i el d const r uct i on wor k whi ch l eaves 
al l  f ur ni t ur e and equi pment  i n t he af f ect ed ar ea f r ee of  const r uct i on 
gener at ed dust  and debr i s;  and,  al l  f l oor  sur f aces vacuum- swept  c l ean.

3. 6   PENETRATI ONS

Pr ovi de sl eeves and pr epar ed openi ngs f or  duct  mai ns,  br anches,  and ot her  
penet r at i ng i t ems,  and i nst al l  dur i ng t he const r uct i on of  t he sur f ace t o 
be penet r at ed.   Cut  s l eeves f l ush wi t h each sur f ace.   Pl ace sl eeves f or  
r ound duct  15 i nches and smal l er .   Bui l d f r amed,  pr epar ed openi ngs f or  
r ound duct  l ar ger  t han 15 i nches and squar e,  r ect angul ar  or  oval  duct s.   
Sl eeves and f r amed openi ngs ar e al so r equi r ed wher e gr i l l es,  r egi st er s,  
and di f f user s ar e i nst al l ed at  t he openi ngs.   Pr ovi de one i nch cl ear ance 
bet ween penet r at i ng and penet r at ed sur f aces except  at  gr i l l es,  r egi st er s,  
and di f f user s.   Pack spaces bet ween sl eeve or  openi ng and duct  or  duct  
i nsul at i on wi t h mi ner al  f i ber  conf or mi ng wi t h ASTM C553,  Type 1,  Cl ass B- 2.

3. 6. 1   Sl eeves

Fabr i cat e s l eeves,  except  as ot her wi se speci f i ed or  i ndi cat ed,  f r om 20 
gauge t hi ck mi l l  gal vani zed sheet  met al .   Wher e sl eeves ar e i nst al l ed i n 
bear i ng wal l s or  par t i t i ons,  pr ovi de bl ack st eel  pi pe conf or mi ng wi t h 
ASTM A53/ A53M,  Schedul e 20.
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3. 6. 2   Fr amed Pr epar ed Openi ngs

Fabr i cat e f r amed pr epar ed openi ngs f r om 20 gauge gal vani zed st eel ,  unl ess 
ot her wi se i ndi cat ed.

3. 6. 3   I nsul at i on

Pr ovi de duct  i nsul at i on i n accor dance wi t h Sect i on 23 07 00 THERMAL 
I NSULATI ON FOR MECHANI CAL SYSTEMS cont i nuous t hr ough sl eeves and pr epar ed 
openi ngs.

3. 6. 4   Fi r est oppi ng

Wher e duct s pass t hr ough f i r e- r at ed wal l s,  f i r e par t i t i ons,  and f i r e r at ed 
chase wal l s,  seal  t he penet r at i on wi t h f i r e st oppi ng mat er i al s as 
speci f i ed i n Sect i on 07 84 00 FI RESTOPPI NG.

3. 7   FI ELD PAI NTI NG OF MECHANI CAL EQUI PMENT

Cl ean,  pr et r eat ,  pr i me and pai nt  met al  sur f aces;  except  al umi num sur f aces 
need not  be pai nt ed.   Appl y coat i ngs t o c l ean dr y sur f aces.   Cl ean t he 
sur f aces t o r emove dust ,  di r t ,  r ust ,  oi l  and gr ease by wi r e br ushi ng and 
sol vent  degr easi ng pr i or  t o appl i cat i on of  pai nt ,  except  c l ean t o bar e 
met al  on met al  sur f aces subj ect  t o t emper at ur es i n excess of  120 degr ees F.   
Wher e mor e t han one coat  of  pai nt  i s  speci f i ed,  appl y t he second coat  
af t er  t he pr ecedi ng coat  i s t hor oughl y dr y.   Li ght l y sand damaged pai nt i ng 
and r et ouch bef or e appl y i ng t he succeedi ng coat .   Pr ovi de al umi num or  
l i ght  gr ay f i ni sh coat .

3. 7. 1   Temper at ur es l ess t han 120 degr ees F

I mmedi at el y af t er  c l eani ng,  appl y one coat  of  pr et r eat ment  pr i mer  appl i ed 
t o a mi ni mum dr y f i l m t hi ckness of  0. 3 mi l ,  one coat  of  pr i mer  appl i ed t o 
a mi ni mum dr y f i l m t hi ckness of  one mi l ;  and t wo coat s of  enamel  appl i ed 
t o a mi ni mum dr y f i l m t hi ckness of  one mi l  per  coat  t o met al  sur f aces 
subj ect  t o t emper at ur es l ess t han 120 degr ees F.

3. 8   I DENTI FI CATI ON SYSTEMS

Pr ovi de i dent i f i cat i on t ags made of  br ass,  engr aved l ami nat ed pl ast i c,  or  
engr aved anodi zed al umi num,  i ndi cat i ng ser vi ce and i t em number  on al l  
val ves and damper s.   Pr ovi de t ags t hat  ar e 1- 3/ 8 i nch mi ni mum di amet er  
wi t h st amped or  engr aved mar ki ngs.   Make i ndent at i ons bl ack f or  r eadi ng 
cl ar i t y.   At t ach t ags t o val ves wi t h No.  12 AWG 0. 0808- i nch di amet er  
cor r osi on- r esi st ant  st eel  wi r e,  copper  wi r e,  chr ome- pl at ed beaded chai n or  
pl ast i c st r aps desi gned f or  t hat  pur pose.

3. 9   DUCTWORK LEAK TEST

The r equi r ement s f or  duct wor k l eak t est s ar e speci f i ed i n Sect i on 23 05 93 
TESTI NG,  ADJUSTI NG AND BALANCI NG FOR HVAC.

3. 10   TESTI NG,  ADJUSTI NG,  AND BALANCI NG

The r equi r ement s f or  t est i ng,  adj ust i ng,  and bal anci ng ar e speci f i ed i n 
Sect i on 23 05 93 TESTI NG,  ADJUSTI NG AND BALANCI NG FOR HVAC.   Begi n 
t est i ng,  adj ust i ng,  and bal anci ng onl y when t he ai r  suppl y and 
di st r i but i on,  i ncl udi ng cont r ol s,  has been compl et ed,  wi t h t he except i on 
of  per f or mance t est s.
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3. 11   PERFORMANCE TESTS

Conduct  per f or mance t est s as r equi r ed i n Sect i on 23 05 93 Test i ng,  
Adj ust i ng and Bal anci ng f or  HVAC and Sect i on 23 09 00 I nst r ument at i on and 
Cont r ol  f or  HVAC.

3. 12   CLEANI NG AND ADJUSTI NG

Pr ovi de a t empor ar y bypass f or  wat er  coi l s t o pr event  f l ushi ng wat er  f r om 
passi ng t hr ough coi l s.   Thor oughl y c l ean duct s,  pl enums,  and casi ng of  
debr i s and bl ow f r ee of  smal l  par t i c l es of  r ubbi sh and dust  and t hen 
vacuum cl ean bef or e i nst al l i ng out l et  f aces.   Wi pe equi pment  c l ean,  wi t h 
no t r aces of  oi l ,  dust ,  di r t ,  or  pai nt  spot s.   Pr ovi de t empor ar y f i l t er s 
pr i or  t o st ar t up of  al l  f ans t hat  ar e oper at ed dur i ng const r uct i on,  and 
pr ovi de new f i l t er s af t er  al l  const r uct i on di r t  has been r emoved f r om t he 
bui l di ng,  and t he duct s,  pl enums,  casi ngs,  and ot her  i t ems speci f i ed have 
been vacuum cl eaned.   Per f or m and document  t hat  pr oper  " I ndoor  Ai r  Qual i t y 
Dur i ng Const r uct i on"  pr ocedur es have been f ol l owed;  pr ovi de document at i on 
showi ng t hat  af t er  const r uct i on ends,  and pr i or  t o occupancy,  new f i l t er s 
wer e pr ovi ded and i nst al l ed.   Mai nt ai n syst em i n t hi s c l ean condi t i on 
unt i l  f i nal  accept ance.   Pr oper l y l ubr i cat e bear i ngs wi t h oi l  or  gr ease as 
r ecommended by t he manuf act ur er .   Ti ght en bel t s t o pr oper  t ensi on.   Adj ust  
cont r ol  val ves and ot her  mi scel l aneous equi pment  r equi r i ng adj ust ment  t o 
set t i ng i ndi cat ed or  di r ect ed.   Adj ust  f ans t o t he speed i ndi cat ed by t he 
manuf act ur er  t o meet  speci f i ed condi t i ons.   Mai nt ai n al l  equi pment  
i nst al l ed under  t he cont r act  unt i l  c l ose out  document at i on i s r ecei ved,  
t he pr oj ect  i s  compl et ed and t he bui l di ng has been document ed as 
benef i c i al l y  occupi ed.

3. 13   OPERATI ON AND MAI NTENANCE

3. 13. 1   Oper at i on and Mai nt enance Manual s

Submi t  s i x manual s at  l east  2 weeks pr i or  t o f i el d t r ai ni ng.   Submi t  dat a 
compl yi ng wi t h t he r equi r ement s speci f i ed i n Sect i on 01 78 23 OPERATI ON 
AND MAI NTENANCE DATA.   Submi t  Dat a Package 3 f or  t he i t ems/ uni t s l i s t ed 
under  SD- 10 Oper at i on and Mai nt enance Dat a

3. 13. 2   Oper at i on And Mai nt enance Tr ai ni ng

Conduct  a t r ai ni ng cour se f or  t he member s of  t he oper at i ng st af f  as 
desi gnat ed by t he Cont r act i ng Of f i cer .    Make t he t r ai ni ng per i od consi st  
of  a t ot al  of  8 hour s of  nor mal  wor ki ng t i me and st ar t  i t  af t er  al l  wor k 
speci f i ed her ei n i s f unct i onal l y compl et ed and t he Per f or mance Test s have 
been appr oved.   Conduct  f i el d i nst r uct i on t hat  cover s al l  of  t he i t ems 
cont ai ned i n t he Oper at i on and Mai nt enance Manual s as wel l  as 
demonst r at i ons of  r out i ne mai nt enance oper at i ons.   Submi t  t he pr oposed 
On- si t e Tr ai ni ng schedul e concur r ent l y wi t h t he Oper at i on and Mai nt enance 
Manual s and at  l east  14 days pr i or  t o conduct i ng t he t r ai ni ng cour se.

         - -  End of  Sect i on - -
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SECTI ON 23 64 10

WATER CHI LLERS,  VAPOR COMPRESSI ON TYPE
11/ 16,  CHG 2:  08/ 18

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AI R- CONDI TI ONI NG,  HEATI NG AND REFRI GERATI ON I NSTI TUTE ( AHRI )

AHRI  550/ 590 I - P ( 2020)  Per f or mance Rat i ng Of  
Wat er - Chi l l i ng and Heat  Pump Wat er - Heat i ng 
Packages Usi ng t he Vapor  Compr essi on Cycl e

AMERI CAN SOCI ETY OF HEATI NG,  REFRI GERATI NG AND AI R- CONDI TI ONI NG 
ENGI NEERS ( ASHRAE)

ANSI / ASHRAE 15 & 34 ( 2013)  ANSI / ASHRAE St andar d 15- Saf et y 
St andar d f or  Ref r i ger at i on Syst ems and 
ANSI / ASHRAE St andar d 34- Desi gnat i on and 
Saf et y Cl assi f i cat i on of  Ref r i ger ant s

AMERI CAN WELDI NG SOCI ETY ( AWS)

AWS Z49. 1 ( 2021)  Saf et y i n Wel di ng and Cut t i ng and 
Al l i ed Pr ocesses

ASTM I NTERNATI ONAL ( ASTM)

ASTM B117 ( 2019)  St andar d Pr act i ce f or  Oper at i ng 
Sal t  Spr ay ( Fog)  Appar at us

ASTM D520 ( 2000;  R 2011)  Zi nc Dust  Pi gment

ASTM E84 ( 2020)  St andar d Test  Met hod f or  Sur f ace 
Bur ni ng Char act er i st i cs of  Bui l di ng 
Mat er i al s

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA MG 1 ( 2021)  Mot or s and Gener at or s

NEMA MG 11 ( 1977;  R 2012)  Ener gy Management  Gui de f or  
Sel ect i on and Use of  Si ngl e Phase Mot or s

U. S.  NATI ONAL ARCHI VES AND RECORDS ADMI NI STRATI ON ( NARA)

40 CFR 82 Pr ot ect i on of  St r at ospher i c Ozone

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  c l assi f i cat i on.   
Submi t t al s not  havi ng a " G"  c l assi f i cat i on ar e f or  Cont r act or  Qual i t y 
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Cont r ol  appr oval .  Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 
SUBMI TTAL PROCEDURES:

SD- 03 Pr oduct  Dat a

Wat er  Chi l l er ;  G

Post ed I nst r uct i ons

Ver i f i cat i on of  Di mensi ons

Fact or y Test s

Syst em Per f or mance Test s

Demonst r at i ons

Ref r i ger ant

SD- 06 Test  Repor t s

Fact or y Test s

Syst em Per f or mance Test s

SD- 07 Cer t i f i cat es

Ozone Depl et i ng Subst ances Techni c i an Cer t i f i cat i on

SD- 08 Manuf act ur er ' s I nst r uct i ons

Wat er  Chi l l er  -  I nst al l at i on I nst r uct i ons;  G

SD- 10 Oper at i on and Mai nt enance Dat a

Oper at i on and Mai nt enance Manual s;  G

SD- 11 Cl oseout  Submi t t al s

I ndoor  Ai r  Qual i t y Dur i ng Const r uct i on

1. 3   CERTI FI CATI ONS

1. 3. 1   Ozone Depl et i ng Subst ances Techni c i an Cer t i f i cat i on

Al l  t echni c i ans wor ki ng on equi pment  t hat  cont ai n ozone depl et i ng 
r ef r i ger ant s must  be cer t i f i ed as a Sect i on 608 Techni c i an t o meet  
r equi r ement s i n 40 CFR 82,  Subpar t  F.   Pr ovi de copi es of  t echni c i an 
cer t i f i cat i ons t o t he Cont r act i ng Of f i cer  at  l east  14 cal endar  days pr i or  
t o wor k on any equi pment  cont ai ni ng t hese r ef r i ger ant s.

1. 4   SAFETY REQUI REMENTS

Exposed movi ng par t s,  par t s t hat  pr oduce hi gh oper at i ng t emper at ur e,  par t s 
whi ch may be el ect r i cal l y ener gi zed,  and par t s t hat  may be a hazar d t o 
oper at i ng per sonnel  must  be i nsul at ed,  f ul l y  encl osed,  guar ded,  or  f i t t ed 
wi t h ot her  t ypes of  saf et y devi ces.   Saf et y devi ces must  be i nst al l ed so 
t hat  pr oper  oper at i on of  equi pment  i s not  i mpai r ed.   Wel di ng and cut t i ng 
saf et y r equi r ement s must  be i n accor dance wi t h AWS Z49. 1.
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1. 5   DELI VERY,  STORAGE,  AND HANDLI NG

St or ed i t ems must  be pr ot ect ed f r om t he weat her ,  humi di t y and t emper at ur e 
var i at i ons,  di r t  and dust ,  or  ot her  cont ami nant s.   Pr oper  pr ot ect i on and 
car e of  al l  mat er i al  bot h bef or e and dur i ng i nst al l at i on wi l l  be t he 
Cont r act or ' s r esponsi bi l i t y .   Any mat er i al s f ound t o be damaged must  be 
r epl aced at  t he Cont r act or ' s expense.   Dur i ng i nst al l at i on,  pi pi ng and 
si mi l ar  openi ngs must  be capped t o keep out  di r t  and ot her  f or ei gn mat t er .

1. 6   PROJECT REQUI REMENTS

1. 6. 1   Ver i f i cat i on of  Di mensi ons

The Cont r act or  must  become f ami l i ar  wi t h al l  det ai l s of  t he wor k,  ver i f y 
al l  di mensi ons i n t he f i el d,  and advi se t he Cont r act i ng Of f i cer  of  any 
di scr epancy bef or e per f or mi ng any wor k.

PART 2   PRODUCTS

2. 1   STANDARD COMMERCI AL PRODUCTS

Mat er i al s and equi pment  wi l l  be st andar d Commer ci al  cat al oged pr oduct s of  
a manuf act ur er  r egul ar l y engaged i n t he manuf act ur i ng of  such pr oduct s,  
whi ch ar e of  a s i mi l ar  mat er i al ,  desi gn and wor kmanshi p.   These pr oduct s 
must  have a t wo year  r ecor d of  sat i sf act or y f i el d ser vi ce pr i or  t o bi d 
openi ng.   The t wo year  r ecor d of  ser vi ce must  i ncl ude appl i cat i ons of  
equi pment  and mat er i al s under  s i mi l ar  c i r cumst ances and of  s i mi l ar  s i ze.   
Pr oduct s havi ng l ess t han a t wo year  r ecor d of  sat i sf act or y f i el d ser vi ce 
wi l l  be accept abl e i f  a cer t i f i ed r ecor d of  sat i sf act or y f i el d ser vi ce f or  
not  l ess t han 6000 hour s can be shown.   The 6000 hour  ser vi ce r ecor d must  
not  i ncl ude any manuf act ur er ' s pr ot ot ype or  f act or y t est i ng.   Sat i sf act or y 
f i el d ser vi ce must  have been compl et ed by a pr oduct  t hat  has been,  and 
pr esent l y i s bei ng sol d or  of f er ed f or  sal e on t he commer ci al  mar ket  
t hr ough t he f ol l owi ng copyr i ght ed means:   adver t i sement s,  manuf act ur er ' s 
cat al ogs,  or  br ochur es.

2. 2   MANUFACTURER' S STANDARD NAMEPLATES

Maj or  equi pment  i ncl udi ng chi l l er s,  compr essor s,  compr essor  dr i ver s,  
condenser s,  wat er  cool er s,  r ecei ver s,  r ef r i ger ant  l eak det ect or s,  heat  
exchanges,  f ans,  and mot or s must  have t he manuf act ur er ' s name,  addr ess,  
t ype or  st y l e,  model  or  ser i al  number ,  and cat al og number  on a pl at e 
secur ed t o t he i t em of  equi pment .   Pl at es must  be dur abl e and l egi bl e 
t hr oughout  equi pment  l i f e.   Pl at es must  be f i xed i n pr omi nent  l ocat i ons 
wi t h nonf er r ous scr ews or  bol t s.

2. 3   ELECTRI CAL WORK

a.   Pr ovi de mot or s,  cont r ol l er s,  i nt egr al  di sconnect s,  cont act or s,  and 
cont r ol s wi t h t hei r  r espect i ve pi eces of  equi pment ,  except  cont r ol l er s 
i ndi cat ed as par t  of  mot or  cont r ol  cent er s.   Pr ovi de el ect r i cal  
equi pment ,  i ncl udi ng mot or s and wi r i ng,  as speci f i ed i n Sect i on 
26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.   Manual  or  aut omat i c cont r ol  
and pr ot ect i ve or  s i gnal  devi ces r equi r ed f or  t he oper at i on speci f i ed 
and cont r ol  wi r i ng r equi r ed f or  cont r ol s and devi ces speci f i ed,  but  
not  shown,  must  be pr ovi ded.   For  packaged equi pment ,  t he manuf act ur er  
must  pr ovi de cont r ol l er s i ncl udi ng t he r equi r ed moni t or s and t i med 
r est ar t .
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b.   For  s i ngl e- phase mot or s,  pr ovi de hi gh- ef f i c i ency t ype,  
f r act i onal - hor sepower  al t er nat i ng- cur r ent  mot or s,  i ncl udi ng mot or s 
t hat  ar e par t  of  a syst em,  i n accor dance wi t h NEMA MG 11.

c.   For  pol yphase mot or s,  pr ovi de squi r r el - cage medi um i nduct i on mot or s,  
i ncl udi ng mot or s t hat  ar e par t  of  a syst em,  and t hat  meet  t he 
ef f i c i ency r at i ngs f or  pr emi um ef f i c i ency mot or s i n accor dance wi t h 
NEMA MG 1.

d.   Pr ovi de mot or s i n accor dance wi t h NEMA MG 1 and of  suf f i c i ent  s i ze t o 
dr i ve t he l oad at  t he speci f i ed capaci t y wi t hout  exceedi ng t he 
namepl at e r at i ng of  t he mot or .   Mot or s must  be r at ed f or  cont i nuous 
dut y wi t h t he encl osur e speci f i ed.   Mot or  dut y r equi r ement s must  al l ow 
f or  maxi mum f r equency st ar t - st op oper at i on and mi ni mum encount er ed 
i nt er val  bet ween st ar t  and st op.   Mot or  t or que must  be capabl e of  
accel er at i ng t he connect ed l oad wi t hi n 20 seconds wi t h 80 per cent  of  
t he r at ed vol t age mai nt ai ned at  mot or  t er mi nal s dur i ng one st ar t i ng 
per i od.   Pr ovi de mot or  st ar t er s compl et e wi t h t her mal  over l oad 
pr ot ect i on and ot her  necessar y appur t enances.   Mot or  encl osur e t ype 
may be ei t her  TEAO or  TEFC.

e.   Wher e t wo- speed mot or s ar e i ndi cat ed,  var i abl e- speed cont r ol l er s may 
be pr ovi ded t o accompl i sh t he same f unct i on.  Pr ovi de var i abl e 
f r equency dr i ves f or  mot or s as speci f i ed i n Sect i on 26 29 23 
ADJUSTABLE SPEED DRI VE ( ASD)  SYSTEMS UNDER 600 VOLTS.

f .   Pr ovi de i nver t er  dut y pr emi um ef f i c i ency mot or s f or  use wi t h var i abl e 
f r equency dr i ves.

2. 4   SELF- CONTAI NED WATER CHI LLERS,  VAPOR COMPRESSI ON TYPE

Unl ess necessar y f or  del i ver y pur poses,  uni t s must  be assembl ed,  
l eak- t est ed,  char ged ( r ef r i ger ant  and oi l ) ,  and adj ust ed at  t he f act or y.   
I n l i eu of  del i ver y const r ai nt s,  a chi l l er  may be assembl ed,  l eak- t est ed,  
char ged ( r ef r i ger ant  and oi l ) ,  and adj ust ed at  t he j ob s i t e by a f act or y 
r epr esent at i ve.   Uni t  component s del i ver ed separ at el y must  be seal ed and 
char ged wi t h a ni t r ogen hol di ng char ge.   Par t s wei ghi ng 50 pounds or  mor e 
whi ch must  be r emoved f or  i nspect i on,  c l eani ng,  or  r epai r ,  such as mot or s,  
gear  boxes,  cyl i nder  heads,  casi ng t ops,  condenser ,  and cool er  heads,  must  
have l i f t i ng eyes or  l ugs.   Chi l l er  must  be pr ovi ded wi t h a s i ngl e poi nt  
wi r i ng connect i on f or  i ncomi ng power  suppl y.   Chi l l er ' s condenser  and 
wat er  cool er  must  be pr ovi ded wi t h st andar d wat er  boxes wi t h f l anged 
connect i ons.

2. 4. 1   Scr ol l ,  Reci pr ocat i ng,  or  Rot ar y Scr ew Type

Chi l l er  must  be cer t i f i ed f or  per f or mance per  AHRI  550/ 590 I - P.   I f  
speci f i ed per f or mance i s out si de of  t he Appl i cat i on Rat i ng Condi t i ons of  
AHRI  550/ 590 I - P,  Tabl e 2 t hen t he chi l l er ' s per f or mance must  be r at ed i n 
accor dance wi t h AHRI  550/ 590 I - P.   Chi l l er  must  conf or m t o 
ANSI / ASHRAE 15 & 34.   As a mi ni mum,  chi l l er  must  i ncl ude t he f ol l owi ng 
component s as def i ned i n par agr aph CHI LLER COMPONENTS.

a.   Ref r i ger ant  and oi l

b.   St r uct ur al  base

c.   Chi l l er  r ef r i ger ant  c i r cui t
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d.   Cont r ol s package

e.   Scr ol l ,  r eci pr ocat i ng,  or  r ot ar y scr ew compr essor

f .   Compr essor  dr i ver ,  el ect r i c mot or  

g.   Compr essor  dr i ver  connect i on

h.   Wat er  cool er  ( evapor at or )

i .   Ai r - cool ed condenser  coi l

2. 5   CHI LLER COMPONENTS

2. 5. 1   Ref r i ger ant  and Oi l

Ref r i ger ant s must  be one of  t he f l uor ocar bon gases.   Ref r i ger ant s must  
have number  desi gnat i ons and saf et y c l assi f i cat i ons i n accor dance wi t h 
ANSI / ASHRAE 15 & 34.   CFC- based r ef r i ger ant s ar e pr ohi bi t ed.   Ref r i ger ant s 
must  have an Ozone Depl et i on Pot ent i al  ( ODP)  no gr eat er  t han 0. 0,  wi t h t he 
except i on of  R- 123.   Pr ovi de SDS sheet s f or  al l  r ef r i ger ant s.

2. 5. 2   St r uct ur al  Base

Chi l l er  and i ndi v i dual  chi l l er  component s must  be pr ovi ded wi t h a 
f act or y- mount ed st r uct ur al  st eel  base ( wel ded or  bol t ed)  or  suppor t  
l egs.    Chi l l er  and i ndi v i dual  chi l l er  component s must  be i sol at ed f r om 
t he bui l di ng st r uct ur e by means of  v i br at i on i sol at or s wi t h publ i shed l oad 
r at i ngs.   Vi br at i on i sol at or s must  have i sol at i on char act er i st i cs as 
r ecommended by t he manuf act ur er  f or  t he uni t  suppl i ed and t he ser vi ce 
i nt ended.

2. 5. 3   Chi l l er  Ref r i ger ant  Ci r cui t

Chi l l er  r ef r i ger ant  c i r cui t  must  be compl et el y pi ped and f act or y l eak 
t est ed i n accor dance wi t h ANSI / ASHRAE 15 & 34.   Ci r cui t  must  i ncl ude as a 
mi ni mum a combi nat i on f i l t er  and dr i er ,  combi nat i on s i ght  gl ass and 
moi st ur e i ndi cat or ,  an el ect r oni c or  t her most at i c expansi on val ve wi t h 
ext er nal  equal i zer  or  f l oat  val ve,  char gi ng por t s,  compr essor  ser vi ce 
val ves f or  f i el d- ser vi ceabl e compr essor s,  and super heat  adj ust ment .

2. 5. 4   Cont r ol s Package

Pr ovi de chi l l er s wi t h a compl et e f act or y- mount ed,  mi cr opr ocessor  based 
oper at i ng and saf et y cont r ol  syst em.   Cont r ol s package must  cont ai n as a 
mi ni mum a di gi t al  di spl ay,  an on- aut o- of f  swi t ch,  mot or  st ar t er s,  
di sconnect  swi t ches,  power  wi r i ng,  and cont r ol  wi r i ng.   Cont r ol s package 
must  pr ovi de oper at i ng cont r ol s,  moni t or i ng capabi l i t i es,  pr ogr ammabl e 
set poi nt s,  saf et y cont r ol s,  and BAS i nt er f aces as def i ned bel ow.

2. 5. 4. 1   Oper at i ng Cont r ol s

Chi l l er  must  be pr ovi ded wi t h t he f ol l owi ng adj ust abl e oper at i ng cont r ol s 
as a mi ni mum.

a.   Leavi ng chi l l ed wat er  t emper at ur e cont r ol

b.   Adj ust abl e t i mer  or  aut omat ed cont r ol s t o pr event  a compr essor  f r om 
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shor t  cycl i ng

c.   Aut omat i c l ead/ l ag cont r ol s ( adj ust abl e)  f or  mul t i - compr essor  uni t s

d.   Load l i mi t i ng

e.   Syst em capaci t y cont r ol  t o adj ust  t he uni t  capaci t y i n accor dance wi t h 
t he syst em l oad and t he pr ogr ammabl e set poi nt s.   Cont r ol s must  
aut omat i cal l y r e- cycl e t he chi l l er  on power  i nt er r upt i on.

f .   St ar t up and head pr essur e cont r ol s t o al l ow syst em oper at i on at  al l  
ambi ent  t emper at ur es down t o 0 degr ees F.

2. 5. 4. 2   Moni t or i ng Capabi l i t i es

Dur i ng nor mal  oper at i ons,  t he cont r ol  syst em must  be capabl e of  moni t or i ng 
and di spl ayi ng t he f ol l owi ng oper at i ng par amet er s.   Access and oper at i on 
of  di spl ay must  not  r equi r e openi ng or  r emovi ng any panel s or  door s.

a.   Ent er i ng and l eavi ng chi l l ed wat er  t emper at ur es

c.   Sel f  di agnost i c

d.   Oper at i on st at us

e.   Oper at i ng hour s

f .   Number  of  st ar t s

g.   Compr essor  st at us ( on or  of f )

h.   Compr essor  l oad ( per cent )

i .   Ref r i ger ant  di schar ge and suct i on pr essur es

j .   Magnet i c bear i ng l evi t at i on st at us ( i f  appl i cabl e)

k.    Magnet i c bear i ng t emper at ur es ( i f  appl i cabl e)

l .   Oi l  pr essur e

2. 5. 4. 3   Conf i gur abl e Set poi nt s

The cont r ol  syst em must  be capabl e of  bei ng conf i gur ed di r ect l y at  t he 
uni t ' s  i nt er f ace panel .   No par amet er s may be capabl e of  bei ng changed 
wi t hout  f i r st  ent er i ng a secur i t y access code.   The pr ogr ammabl e set poi nt s 
must  i ncl ude t he f ol l owi ng as a mi ni mum:

a.   Leavi ng Chi l l ed Wat er  Temper at ur e

a.   Ti me Cl ock/ Cal endar  Dat e

2. 5. 4. 4   Saf et y Cont r ol s wi t h Manual  Reset

Chi l l er  must  be pr ovi ded wi t h t he f ol l owi ng saf et y cont r ol s whi ch 
aut omat i cal l y shut down t he chi l l er  and whi ch r equi r e manual  r eset .

a.   Low chi l l ed wat er  t emper at ur e pr ot ect i on
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b.   Hi gh condenser  r ef r i ger ant  di schar ge pr essur e pr ot ect i on

c.   Low evapor at or  pr essur e pr ot ect i on

d.   Chi l l ed wat er  f l ow det ect i on

e.   Hi gh mot or  wi ndi ng t emper at ur e pr ot ect i on

f .   Low oi l  f l ow pr ot ect i on i f  appl i cabl e

g.   Magnet i c bear i ng cont r ol l er  ( MBC) ,  I nt er nal  f aul t  ( i f  appl i cabl e)

h.   MBC,  Hi gh bear i ng t emper at ur e ( i f  appl i cabl e)

i .   MBC,  Communi cat i on f aul t  ( i f  appl i cabl e)

j .   MBC,  Power  suppl y f aul t  ( i f  appl i cabl e)

2. 5. 4. 5   Saf et y Cont r ol s wi t h Aut omat i c Reset

Chi l l er  must  be pr ovi ded wi t h t he f ol l owi ng saf et y cont r ol s whi ch 
aut omat i cal l y shut down t he chi l l er  and whi ch pr ovi de aut omat i c r eset .

a.   Over / under  vol t age pr ot ect i on

b.   Chi l l ed wat er  f l ow i nt er l ock

c.   MBC,  Vi br at i on ( i f  appl i cabl e)

d.   MBC,  No l evi t at i on ( i f  appl i cabl e)

2. 5. 4. 6   Remot e Al ar m

Dur i ng t he i ni t i at i on of  a saf et y shut down,  a chi l l er ' s cont r ol  syst em 
must  be capabl e of  act i vat i ng a r emot e al ar m bel l .   I n coor di nat i on wi t h 
t he chi l l er ,  t he Cont r act or  must  pr ovi de an al ar m ci r cui t  ( i ncl udi ng 
t r ansf or mer  i f  appl i cabl e)  and a mi ni mum 4 i nch di amet er  al ar m bel l .   
Al ar m ci r cui t  must  act i vat e bel l  i n t he event  of  machi ne shut down due t o 
t he chi l l er ' s moni t or i ng of  saf et y cont r ol s.   The al ar m bel l  must  not  
sound f or  a chi l l er  t hat  uses l ow- pr essur e cut out  as an oper at i ng cont r ol .

2. 5. 4. 7   Ut i l i t y  Moni t or i ng and Cont r ol  Syst em I nt er f ace

Pr ovi de a Ut i l i t y  Moni t or i ng and Cont r ol  Syst em ( UMCS)  i nt er f ace meet i ng 
t he r equi r ement s of  Sect i on 23 09 00 I NSTRUMENTATI ON AND CONTROL FOR HVAC 
and t he r equi r ement s of  Sect i on 23 09 23. 02 BACNET DI RECT DI GI TAL CONTROL 
FOR HVAC AND OTHER BUI LDI NG CONTROL SYSTEMS.   The i nt er f ace must  pr ovi de 
al l  syst em oper at i ng condi t i ons,  capaci t y cont r ol s,  and saf et y shut down 
condi t i ons as net wor k poi nt s.   I n addi t i on,  t he f ol l owi ng poi nt s must  be 
over r i dabl e v i a t he net wor k i nt er f ace:

a.   Uni t  St ar t / St op

b.   Leavi ng Chi l l ed Wat er  Temper at ur e Set poi nt
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2. 5. 5   Compr essor ( s)

2. 5. 5. 1   Scr ol l  Compr essor ( s)

Compr essor s must  be of  t he her met i cal l y seal ed desi gn.   Compr essor s must  
be mount ed on vi br at i on i sol at or s t o mi ni mi ze vi br at i on and noi se.   
Rot at i ng par t s must  be st at i cal l y and dynami cal l y bal anced at  t he f act or y 
t o mi ni mi ze vi br at i on.   Lubr i cat i on syst em must  be cent r i f ugal  pump t ype 
equi pped wi t h a means f or  det er mi ni ng oi l  l evel  and an oi l  char gi ng 
val ve.   Cr ankcase oi l  heat er  must  be pr ovi ded.

2. 5. 6   Compr essor  Dr i ver ,  El ect r i c Mot or

Component s such as mot or s,  st ar t er s,  and wi r i ng must  be i n accor dance wi t h 
par agr aph ELECTRI CAL WORK.   Mot or  st ar t er  must  be uni t  mount ed as 
i ndi cat ed wi t h st ar t er  t ype,  wi r i ng,  and accessor i es coor di nat ed wi t h t he 
chi l l er  manuf act ur er .

2. 5. 7   Wat er  Cool er  ( Evapor at or )

Cool er  must  be of  t he shel l - and- coi l  or  shel l - and- t ube t ype desi gn.   
Cool er  shel l  must  be const r uct ed of  seaml ess or  wel ded st eel .   Coi l  
bundl es must  be t ot al l y r emovabl e and ar r anged t o dr ai n compl et el y.   Tubes 
must  be seaml ess copper ,  pl ai n,  i nt egr al l y f i nned wi t h smoot h bor e or  
i nt egr al l y f i nned wi t h enhanced bor e.   Each t ube must  be i ndi v i dual l y 
r epl aceabl e.   Tubes must  be i nst al l ed i nt o car bon mi l d st eel  t ube sheet s 
by r ol l i ng.   Tube baf f l es must  be pr oper l y spaced t o pr ovi de adequat e t ube 
suppor t  and cr oss f l ow.   Per f or mance must  be based on a wat er  vel oci t y not  
l ess t han 3 f ps nor  mor e t han 12 f ps and a f oul i ng f act or  per  
AHRI  550/ 590 I - P.

Br azed pl at e heat  exchanger  must  be const r uct ed of  304 or  316 st ai nl ess 
st eel ,  desi gned t o a r ef r i ger ant - s i de wor ki ng pr essur e of  430 psi g and a 
wat er si de wor ki ng pr essur e of  150 psi g.   Evapor at or  must  be f act or y t est ed 
at  1. 1 t i mes maxi mum al l owabl e r ef r i ger ant  s i de wor ki ng pr essur e and 1. 5 
t i mes maxi mum al l owabl e wat er  s i de wor ki ng pr essur e.   Pr ovi de cool er  wi t h 
f act or y- i nst al l ed f l ow swi t ches.   Al l  wat er  connect i ons must  use ei t her  
f l anged or  gr ooved- pi pe connect i ons.   Fact or y i nsul at e al l  col d sur f aces.

2. 5. 8   Ai r - Cool ed Condenser  Coi l

The condenser  coi l  must  be of  t he mi cr ochannel  heat  exchanger  t echnol ogy 
( MCHX)  t ype consi st i ng of  a ser i es of  f l at  t ubes cont ai ni ng a ser i es of  
mul t i pl e,  par al l el  f l ow mi cr ochannel s l ayer ed bet ween t he r ef r i ger ant  
mani f ol ds i n a t wo- pass ar r angement .   Pr ovi de coi l s const r uct ed of  
al umi num al l oys f or  f i ns,  t ubes,  and mani f ol ds.   Coi l  must  be f act or y l eak 
and pr essur e t est ed af t er  assembl y i n accor dance wi t h ANSI / ASHRAE 15 & 34.

Coi l  must  be ent i r el y coat ed i n accor dance wi t h t he r equi r ement s of  
par agr aph COI L CORROSI ON PROTECTI ON.

2. 6   FABRI CATI ON

2. 6. 1   Fact or y Coat i ng

Unl ess ot her wi se speci f i ed,  equi pment  and component  i t ems,  when f abr i cat ed 
f r om f er r ous met al ,  must  be f act or y f i ni shed wi t h t he manuf act ur er ' s 
st andar d f i ni sh,  except  t hat  i t ems l ocat ed out si de of  bui l di ngs must  have 
weat her  r esi st ant  f i ni shes t hat  wi l l  wi t hst and 500 hour s exposur e t o t he 
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sal t  spr ay t est  speci f i ed i n ASTM B117 usi ng a 5 per cent  sodi um chl or i de 
sol ut i on.   I mmedi at el y af t er  compl et i on of  t he t est ,  t he speci men must  
show no si gns of  bl i s t er i ng,  wr i nkl i ng,  cr acki ng,  or  l oss of  adhesi on and 
no si gn of  r ust  cr eepage beyond 1/ 8 i nch on ei t her  s i de of  t he scr at ch 
mar k.   Cut  edges of  gal vani zed sur f aces wher e hot - di p gal vani zed sheet  
st eel  i s  used must  be coat ed wi t h a z i nc- r i ch coat i ng conf or mi ng t o 
ASTM D520,  Type I .

2. 6. 2   Fact or y Appl i ed I nsul at i on

Chi l l er  must  be pr ovi ded wi t h f act or y i nst al l ed i nsul at i on on sur f aces 
subj ect  t o sweat i ng i ncl udi ng t he wat er  cool er ,  suct i on l i ne pi pi ng,  
economi zer ,  and cool i ng l i nes.   I nsul at i on on heads of  cool er s may be 
f i el d appl i ed,  however  i t  must  be i nst al l ed t o pr ovi de easy r emoval  and 
r epl acement  of  heads wi t hout  damage t o t he i nsul at i on.   Wher e mot or s ar e 
t he gas- cool ed t ype,  f act or y i nst al l ed i nsul at i on must  be pr ovi ded on t he 
col d- gas i nl et  connect i on t o t he mot or  per  manuf act ur er ' s st andar d 
pr act i ce.   Fact or y i nsul at ed i t ems i nst al l ed out door s ar e not  r equi r ed t o 
be f i r e- r at ed.   As a mi ni mum,  f act or y i nsul at ed i t ems i nst al l ed i ndoor s 
must  have a f l ame spr ead i ndex no hi gher  t han 75 and a smoke devel oped 
i ndex no hi gher  t han 150.   Fact or y i nsul at ed i t ems ( no j acket )  i nst al l ed 
i ndoor s and whi ch ar e l ocat ed i n ai r  pl enums,  i n cei l i ng spaces,  and i n 
at t i c  spaces must  have a f l ame spr ead i ndex no hi gher  t han 25 and a smoke 
devel oped i ndex no hi gher  t han 50.   Fl ame spr ead and smoke devel oped 
i ndexes must  be det er mi ned by ASTM E84.   I nsul at i on must  be t est ed i n t he 
same densi t y and i nst al l ed t hi ckness as t he mat er i al  t o be used i n t he 
act ual  const r uct i on.   Mat er i al  suppl i ed by a manuf act ur er  wi t h a j acket  
must  be t est ed as a composi t e mat er i al .   Jacket s,  f aci ngs,  and adhesi ves 
must  have a f l ame spr ead i ndex no hi gher  t han 25 and a smoke devel oped 
i ndex no hi gher  t han 50 when t est ed i n accor dance wi t h ASTM E84.

2. 6. 3   Coi l  Cor r osi on Pr ot ect i on

Pr ovi de coi l  wi t h a uni f or ml y appl i ed epoxy el ect r odeposi t i on t ype coat i ng 
t o al l  coi l  sur f ace ar eas wi t hout  mat er i al  br i dgi ng bet ween f i ns.   Submi t  
pr oduct  dat a on t he t ype coat i ng sel ect ed,  t he coat i ng t hi ckness,  t he 
appl i cat i on pr ocess used,  t he est i mat ed heat  t r ansf er  l oss of  t he coi l ,  
and ver i f i cat i on of  conf or mance wi t h t he sal t  spr ay t est  r equi r ement .   
Coat i ng must  be appl i ed at  ei t her  t he coi l  or  coat i ng manuf act ur er ' s 
f act or y.   Coat i ng pr ocess must  ensur e compl et e coi l  encapsul at i on.   
Coat i ng must  be capabl e of  wi t hst andi ng a mi ni mum 3, 000 hour s exposur e t o 
t he sal t  spr ay t est  speci f i ed i n ASTM B117 usi ng a 5 per cent  sodi um 
chl or i de sol ut i on.

2. 7   FACTORY TESTS

2. 7. 1   Chi l l er  Per f or mance Test

The Cont r act or  and pr oposed chi l l er  manuf act ur er  shal l  be r esponsi bl e f or  
per f or mi ng t he chi l l er  f act or y t est  t o val i dat e t he speci f i ed f ul l  l oad 
capaci t y,  f ul l  l oad EER,  i n accor dance wi t h AHRI  550/ 590 I - P except  as 
i ndi cat ed.   The Cont r act or  and chi l l er  manuf act ur er  must  pr ovi de t o t he 
Gover nment  a cer t i f i ed chi l l er  f act or y t est  r epor t  i n accor dance wi t h 
AHRI  550/ 590 I - P t o conf i r m t hat  t he chi l l er  per f or ms as speci f i ed.   Test s 
must  be conduct ed i n an AHRI  cer t i f i ed t est  f aci l i t y  i n conf or mance wi t h 
AHRI  550/ 590 I - P pr ocedur es and t ol er ances,  except  as i ndi cat ed.   At  a 
mi ni mum,  chi l l er  capaci t y must  be val i dat ed t o meet  t he schedul ed 
r equi r ement s i ndi cat ed on t he dr awi ngs.   Tol er ance or  devi at i on must  be i n 
st r i ct  accor dance wi t h AHRI  550/ 590 I - P.   St abl e oper at i on at  mi ni mum l oad 
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of  10 per cent  of  t ot al  capaci t y must  be demonst r at ed dur i ng t he f act or y 
t est .

2. 7. 1. 1   Temper at ur e Adj ust ment s

Temper at ur e adj ust ment s must  adher e t o AHRI  550/ 590 I - P t o adj ust  f r om t he 
desi gn f oul i ng f act or  t o t he c l ean t ube condi t i on.   Test  t emper at ur e 
adj ust ment s must  be ver i f i ed pr i or  t o t est i ng by t he manuf act ur er .   Ther e 
must  be no except i ons t o conduct i ng t he t est  wi t h c l ean t ubes wi t h t he 
t emper at ur e adj ust ment s per  AHRI  550/ 590 I - P.   The manuf act ur er  must  c l ean 
t he t ubes pr i or  t o t est i ng t o obt ai n a t est  f oul i ng f act or  of  0. 0000.

2. 7. 1. 2   Test  I nst r ument at i on

The f act or y t est  i nst r ument at i on must  be per  AHRI  550/ 590 I - P and t he 
cal i br at i on must  be t r aceabl e t o t he Nat i onal  I nst i t ut e of  St andar ds and 
Technol ogy.

2. 7. 1. 3   Equi pment  Adj ust ment s

I f  t he equi pment  f ai l s  t o per f or m wi t hi n al l owabl e t ol er ances,  t he 
manuf act ur er  must  be al l owed t o make necessar y r evi s i ons t o hi s equi pment  
and r et est  as r equi r ed.   The manuf act ur er  shal l  assume al l  expenses 
i ncur r ed by t he Gover nment  t o wi t ness t he r et est .

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

I nst al l at i on of  wat er  chi l l er  syst ems i ncl udi ng mat er i al s,  i nst al l at i on,  
wor kmanshi p,  f abr i cat i on,  assembl y,  er ect i on,  exami nat i on,  i nspect i on,  and 
t est i ng must  be i n accor dance wi t h t he manuf act ur er ' s wr i t t en i nst al l at i on 
i nst r uct i ons,  i ncl udi ng t he f ol l owi ng:

( 1)  Wat er  chi l l er  -  i nst al l at i on i nst r uct i ons

3. 1. 1   I nst al l at i on I nst r uct i ons

Pr ovi de manuf act ur er ' s st andar d cat al og dat a,  at  l east  5 weeks pr i or  t o 
t he pur chase or  i nst al l at i on of  a par t i cul ar  component ,  hi ghl i ght ed t o 
show f eat ur es such as mat er i al s,  di mensi ons,  opt i ons,  per f or mance and 
ef f i c i ency.   Dat a must  i ncl ude manuf act ur er ' s r ecommended i nst al l at i on 
i nst r uct i ons and pr ocedur es.   Dat a must  be adequat e t o demonst r at e 
compl i ance wi t h cont r act  r equi r ement s.

3. 1. 2   Vi br at i on I sol at i on

I f  v i br at i on i sol at i on i s speci f i ed f or  a uni t ,  v i br at i on i sol at or  
l i t er at ur e must  be i ncl uded cont ai ni ng cat al og cut s and cer t i f i cat i on t hat  
t he i sol at i on char act er i st i cs of  t he i sol at or s pr ovi ded meet  t he 
manuf act ur er ' s r ecommendat i ons.

3. 1. 3   Post ed I nst r uct i ons

Pr ovi de post ed i nst r uct i ons,  i ncl udi ng equi pment  l ayout ,  wi r i ng and 
cont r ol  di agr ams,  pi pi ng,  val ves and cont r ol  sequences,  and t yped 
condensed oper at i on i nst r uct i ons.   The condensed oper at i on i nst r uct i ons 
must  i ncl ude pr event at i ve mai nt enance pr ocedur es,  met hods of  checki ng t he 
syst em f or  nor mal  and saf e oper at i on,  and pr ocedur es f or  saf el y st ar t i ng 
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and st oppi ng t he syst em.   The post ed i nst r uct i ons must  be f r amed under  
gl ass or  l ami nat ed pl ast i c and be post ed wher e i ndi cat ed by t he 
Cont r act i ng Of f i cer .

3. 1. 4   Ver i f i cat i on of  Di mensi ons

Pr ovi de a l et t er  i ncl udi ng t he dat e t he s i t e was vi s i t ed,  conf or mat i on of  
exi st i ng condi t i ons,  and any di scr epanci es f ound.

3. 1. 5   Syst em Per f or mance Test  Schedul es

Pr ovi de a schedul e,  at  l east  2 weeks pr i or  t o t he st ar t  of  r el at ed 
t est i ng,  f or  t he syst em per f or mance t est s.   The schedul es must  i dent i f y 
t he pr oposed dat e,  t i me,  and l ocat i on f or  each t est .

3. 1. 6   Cer t i f i cat es

Wher e t he syst em,  component s,  or  equi pment  ar e speci f i ed t o compl y wi t h 
r equi r ement s of  AGA,  NFPA,  ARI ,  ASHRAE,  ASME,  or  UL,  pr oof  of  such 
compl i ance must  be pr ovi ded.   The l abel  or  l i s t i ng of  t he speci f i ed agency 
must  be accept abl e evi dence.   I n l i eu of  t he l abel  or  l i s t i ng,  a wr i t t en 
cer t i f i cat e f r om an appr oved,  nat i onal l y r ecogni zed t est i ng or gani zat i on 
equi pped t o per f or m such ser vi ces,  st at i ng t hat  t he i t ems have been t est ed 
and conf or m t o t he r equi r ement s and t est i ng met hods of  t he speci f i ed 
agency may be submi t t ed.   When per f or mance r equi r ement s of  t hi s pr oj ect ' s 
dr awi ngs and speci f i cat i ons var y f r om st andar d ARI  r at i ng condi t i ons,  
comput er  pr i nt out s,  cat al og,  or  ot her  appl i cat i on dat a cer t i f i ed by ARI  or  
a nat i onal l y r ecogni zed l abor at or y as descr i bed above must  be i ncl uded.   
I f  ARI  does not  have a cur r ent  cer t i f i cat i on pr ogr am t hat  encompasses such 
appl i cat i on dat a,  t he manuf act ur er  may sel f  cer t i f y t hat  hi s appl i cat i on 
dat a compl i es wi t h pr oj ect  per f or mance r equi r ement s i n accor dance wi t h t he 
speci f i ed t est  st andar ds.

3. 1. 7   Oper at i on and Mai nt enance Manual s

Pr ovi de Si x compl et e copi es of  an oper at i on manual  i n bound 8 1/ 2 by 11 
i nch bookl et s l i s t i ng st ep- by- st ep pr ocedur es r equi r ed f or  syst em st ar t up,  
oper at i on,  abnor mal  shut down,  emer gency shut down,  and nor mal  shut down at  
l east  4 weeks pr i or  t o t he f i r st  t r ai ni ng cour se.   The bookl et s must  
i ncl ude t he manuf act ur er ' s name,  model  number ,  and par t s l i s t .   The 
manual s must  i ncl ude t he manuf act ur er ' s name,  model  number ,  ser vi ce 
manual ,  and a br i ef  descr i pt i on of  al l  equi pment  and t hei r  basi c oper at i ng 
f eat ur es.   Si x compl et e copi es of  mai nt enance manual  i n bound 8 1/ 2 by 11 
i nch bookl et s l i s t i ng r out i ne mai nt enance pr ocedur es,  possi bl e br eakdowns 
and r epai r s,  and a t r oubl e shoot i ng gui de.   The manual s must  i ncl ude 
pi pi ng and equi pment  l ayout s and si mpl i f i ed wi r i ng and cont r ol  di agr ams of  
t he syst em as i nst al l ed.

3. 1. 8   Fi el d Appl i ed I nsul at i on

Fi el d i nst al l ed i nsul at i on must  be as speci f i ed i n Sect i on 23 07 00 
THERMAL I NSULATI ON FOR MECHANI CAL SYSTEMS,  except  as def i ned di f f er ent l y 
her ei n.

3. 2   FACTORY TEST SCHEDULI NG AND REPORTS

Pr ovi de schedul es whi ch i dent i f y t he dat e,  t i me,  and l ocat i on f or  each 
t est .   Schedul es must  be submi t t ed f or  t he Chi l l er  Per f or mance Test s.
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Si x copi es of  t he cer t i f i ed t est  r epor t  must  be f or war ded t o t he 
Gover nment  f or  appr oval  pr i or  t o pr oj ect  accept ance.   Cal i br at i on cur ves 
and i nf or mat i on sheet s f or  al l  i nst r ument at i on must  be i ncl uded.   Pr ovi de 
copi es i n bound 8 1/ 2 by 11 i nch bookl et s.   Repor t s must  cer t i f y t he 
compl i ance wi t h per f or mance r equi r ement s and f ol l ow t he f or mat  of  t he 
r equi r ed t est i ng st andar d f or  t he Chi l l er  Per f or mance Test s .   Test  r epor t  
must  i ncl ude cer t i f i ed cal i br at i on r epor t  of  al l  t est  i nst r ument at i on.   
Cal i br at i on r epor t  must  i ncl ude cer t i f i cat i on t hat  al l  t est  
i nst r ument at i on has been cal i br at ed wi t hi n 6 mont hs pr i or  t o t he t est  
dat e,  i dent i f i cat i on of  al l  i nst r ument at i on,  and cer t i f i cat i on t hat  al l  
i nst r ument at i on compl i es wi t h r equi r ement s of  t he t est  st andar d.   Test  
r epor t  must  be submi t t ed 1 week af t er  compl et i on of  t he f act or y t est .

3. 3   MANUFACTURER' S FI ELD SERVI CE

The ser vi ces of  a f act or y- t r ai ned r epr esent at i ve must  be pr ovi ded f or  3 
days.   The r epr esent at i ve shal l  advi se on t he f ol l owi ng:

a.   Her met i c machi nes:

( 1)  Test i ng her met i c wat er - chi l l i ng uni t  under  pr essur e f or  
r ef r i ger ant  l eaks;  evacuat i on and dehydr at i on of  machi ne t o an 
absol ut e pr essur e of  not  over  300 mi cr omet er s.

( 2)  Char gi ng t he machi ne wi t h r ef r i ger ant .

( 3)  St ar t i ng t he machi ne.

b.   Open Machi nes:

( 1)  Er ect i on,  al i gnment ,  t est i ng,  and dehydr at i ng.

( 2)  Char gi ng t he machi ne wi t h r ef r i ger ant .

( 3)  St ar t i ng t he machi ne.

3. 4   CLEANI NG AND ADJUSTI NG

Equi pment  must  be wi ped cl ean,  wi t h al l  t r aces of  oi l ,  dust ,  di r t ,  or  
pai nt  spot s r emoved.   Pr ovi de t empor ar y f i l t er s f or  al l  f ans t hat  ar e 
oper at ed dur i ng const r uct i on.   Per f or m and document  t hat  pr oper  I ndoor  Ai r  
Qual i t y Dur i ng Const r uct i on pr ocedur es have been f ol l owed;  t hi s i ncl udes 
pr ovi di ng document at i on showi ng t hat  af t er  const r uct i on ends,  and pr i or  t o 
occupancy,  new f i l t er s wer e pr ovi ded and i nst al l ed.   Syst em must  be 
mai nt ai ned i n t hi s c l ean condi t i on unt i l  f i nal  accept ance.   Bear i ngs must  
be pr oper l y l ubr i cat ed wi t h oi l  or  gr ease as r ecommended by t he 
manuf act ur er .   Bel t s must  be t i ght ened t o pr oper  t ensi on.   Cont r ol  val ves 
and ot her  mi scel l aneous equi pment  r equi r i ng adj ust ment  must  be adj ust ed t o 
set t i ng i ndi cat ed or  di r ect ed.   Fans must  be adj ust ed t o t he speed 
i ndi cat ed by t he manuf act ur er  t o meet  speci f i ed condi t i ons.   At  l east  one 
week bef or e t he of f i c i al  equi pment  war r ant y st ar t  dat e,  al l  condenser  
coi l s on ai r - cool ed wat er  chi l l er s and spl i t - syst em wat er  chi l l er s must  be 
cl eaned i n accor dance wi t h t he chi l l er  manuf act ur er ' s i nst r uct i ons.   Thi s 
wor k cover s t wo coi l  c l eani ngs.   The condenser  coi l s must  be cl eaned wi t h 
an appr oved coi l  c l eaner  by a ser vi ce t echni c i an,  f act or y t r ai ned by t he 
chi l l er  manuf act ur er .   The condenser  coi l  c l eaner  must  not  have any 
det r i ment al  af f ect  on t he mat er i al s or  pr ot ect i ve coat i ngs on t he 
condenser  coi l s.   Test i ng,  adj ust i ng,  and bal anci ng must  be as speci f i ed 
i n Sect i on 23 05 93 TESTI NG,  ADJUSTI NG,  AND BALANCI NG FOR HVAC.
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3. 5   SYSTEM PERFORMANCE TESTS

Si x copi es of  t he r epor t  must  be pr ovi ded i n bound 8 1/ 2 by 11 i nch 
bookl et s.

3. 5. 1   Gener al  Requi r ement s

Bef or e each r ef r i ger at i on syst em i s accept ed,  t est s t o demonst r at e t he 
gener al  oper at i ng char act er i st i cs of  al l  equi pment  must  be conduct ed by 
t he manuf act ur er ' s appr oved st ar t - up r epr esent at i ve exper i enced i n syst em 
st ar t - up and t est i ng,  at  such t i mes as di r ect ed.   Test s must  cover  a 
per i od of  not  l ess t han 48 hour s f or  each syst em and must  demonst r at e t hat  
t he ent i r e syst em i s f unct i oni ng i n accor dance wi t h t he dr awi ngs and 
speci f i cat i ons.   Cor r ect i ons and adj ust ment s must  be made as necessar y and 
t est s must  be r e- conduct ed t o demonst r at e t hat  t he ent i r e syst em i s 
f unct i oni ng as speci f i ed.   Pr i or  t o accept ance,  ser vi ce val ve seal  caps 
and bl anks over  gauge poi nt s must  be i nst al l ed and t i ght ened.   Any 
r ef r i ger ant  l ost  dur i ng t he syst em st ar t up must  be r epl aced.   I f  t est s do 
not  demonst r at e sat i sf act or y syst em per f or mance,  def i c i enci es must  be 
cor r ect ed and t he syst em must  be r et est ed.   Test s must  be conduct ed i n t he 
pr esence of  t he Cont r act i ng Of f i cer .   Wat er  and el ect r i c i t y r equi r ed f or  
t he t est s wi l l  be f ur ni shed by t he Gover nment .   Any mat er i al ,  equi pment ,  
i nst r ument s,  and per sonnel  r equi r ed f or  t he t est  must  be pr ovi ded by t he 
Cont r act or .   Fi el d t est s must  be coor di nat ed wi t h Sect i on 23 05 93 
TESTI NG,  ADJUSTI NG,  AND BALANCI NG FOR HVAC.

3. 5. 2   Test  Repor t

The r epor t  must  document  compl i ance wi t h t he speci f i ed per f or mance 
cr i t er i a upon compl et i on and t est i ng of  t he syst em.   The r epor t  must  
i ndi cat e t he number  of  days cover ed by t he t est s and any concl usi ons as t o 
t he adequacy of  t he syst em.   The r epor t  must  al so i ncl ude t he f ol l owi ng 
i nf or mat i on and must  be t aken at  l east  t hr ee di f f er ent  t i mes at  out s i de 
dr y- bul b t emper at ur es t hat  ar e at  l east  5 degr ees F apar t :

a.   Dat e and out si de weat her  condi t i ons.

b.   The l oad on t he syst em based on t he f ol l owi ng:

( 1)  The r ef r i ger ant  used i n t he syst em.
( 2)  Condensi ng t emper at ur e and pr essur e.
( 3)  Suct i on t emper at ur e and pr essur e.
( 4)  Runni ng cur r ent ,  vol t age and pr oper  phase sequence f or  each phase 

of  al l  mot or s.
( 5)  The act ual  on- si t e set t i ng of  al l  oper at i ng and saf et y cont r ol s.
( 6)  Chi l l ed wat er  pr essur e,  f l ow and t emper at ur e i n and out  of  t he 

chi l l er .

3. 6   DEMONSTRATI ONS

Cont r act or  must  conduct  a t r ai ni ng cour se f or  t he oper at i ng st af f  as 
desi gnat ed by t he Cont r act i ng Of f i cer .   The t r ai ni ng per i od must  consi st  
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of  a t ot al  8 hour s of  nor mal  wor ki ng t i me and st ar t  af t er  t he syst em i s 
f unct i onal l y compl et ed but  pr i or  t o f i nal  accept ance t est s.   The t r ai ni ng 
cour se must  cover  al l  of  t he i t ems cont ai ned i n t he appr oved oper at i on and 
mai nt enance manual s as wel l  as demonst r at i ons of  r out i ne mai nt enance 
oper at i ons.

Pr ovi de a schedul e,  at  l east  2 weeks pr i or  t o t he dat e of  t he pr oposed 
t r ai ni ng cour se,  whi ch i dent i f i es t he dat e,  t i me,  and l ocat i on f or  t he 
t r ai ni ng.

        - -  End of  Sect i on - -
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SECTI ON 23 64 26

CHI LLED,  CHI LLED- HOT,  AND CONDENSER WATER PI PI NG SYSTEMS
08/ 09,  CHG 6:  11/ 22

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AMERI CAN NATI ONAL STANDARDS I NSTI TUTE ( ANSI )

ANSI  Z21. 22/ CSA 4. 4 ( 2015;  R 2020)  Rel i ef  Val ves f or  Hot  Wat er  
Suppl y Syst ems

AMERI CAN SOCI ETY OF MECHANI CAL ENGI NEERS ( ASME)

ASME B1. 20. 1 ( 2013;  R 2018)  Pi pe Thr eads,  Gener al  
Pur pose ( I nch)

ASME B16. 1 ( 2020)  Gr ay I r on Pi pe Fl anges and Fl anged 
Fi t t i ngs Cl asses 25,  125,  and 250

ASME B16. 3 ( 2021)  Mal l eabl e I r on Thr eaded Fi t t i ngs,  
Cl asses 150 and 300

ASME B16. 9 ( 2018)  Fact or y- Made Wr ought  But t wel di ng 
Fi t t i ngs

ASME B16. 11 ( 2022)  For ged Fi t t i ngs,  Socket - Wel di ng and 
Thr eaded

ASME B16. 18 ( 2021)  Cast  Copper  Al l oy Sol der  Joi nt  
Pr essur e Fi t t i ngs

ASME B16. 21 ( 2021)  Nonmet al l i c  Fl at  Gasket s f or  Pi pe 
Fl anges

ASME B16. 22 ( 2021)  Wr ought  Copper  and Copper  Al l oy 
Sol der  Joi nt  Pr essur e Fi t t i ngs

ASME B16. 26 ( 2018)  St andar d f or  Cast  Copper  Al l oy 
Fi t t i ngs f or  Fl ar ed Copper  Tubes

ASME B16. 39 ( 2020)  St andar d f or  Mal l eabl e I r on 
Thr eaded Pi pe Uni ons;  Cl asses 150,  250,  
and 300

ASME B31. 9 ( 2020)  Bui l di ng Ser vi ces Pi pi ng

ASME B40. 100 ( 2022)  Pr essur e Gauges and Gauge 
At t achment s
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AMERI CAN SOCI ETY OF SANI TARY ENGI NEERI NG ( ASSE)

ASSE 1003 ( 2020)  Per f or mance Requi r ement s f or  Wat er  
Pr essur e Reduci ng Val ves f or  Domest i c 
Wat er  Di st r i but i on Syst ems -  ( ANSI  
appr oved 2010)

AMERI CAN WATER WORKS ASSOCI ATI ON ( AWWA)

AWWA C606 ( 2015)  Gr ooved and Shoul der ed Joi nt s

AMERI CAN WELDI NG SOCI ETY ( AWS)

AWS A5. 8/ A5. 8M ( 2019)  Speci f i cat i on f or  Fi l l er  Met al s f or  
Br azi ng and Br aze Wel di ng

AWS BRH ( 2007;  5t h Ed)  Br azi ng Handbook

ASTM I NTERNATI ONAL ( ASTM)

ASTM A47/ A47M ( 1999;  R 2022;  E 2022)  St andar d 
Speci f i cat i on f or  Fer r i t i c  Mal l eabl e I r on 
Cast i ngs

ASTM A53/ A53M ( 2022)  St andar d Speci f i cat i on f or  Pi pe,  
St eel ,  Bl ack and Hot - Di pped,  Zi nc- Coat ed,  
Wel ded and Seaml ess

ASTM A106/ A106M ( 2019a)  St andar d Speci f i cat i on f or  
Seaml ess Car bon St eel  Pi pe f or  
Hi gh- Temper at ur e Ser vi ce

ASTM A183 ( 2014;  R 2020)  St andar d Speci f i cat i on f or  
Car bon St eel  Tr ack Bol t s and Nut s

ASTM A536 ( 1984;  R 2019;  E 2019)  St andar d 
Speci f i cat i on f or  Duct i l e I r on Cast i ngs

ASTM A653/ A653M ( 2022)  St andar d Speci f i cat i on f or  St eel  
Sheet ,  Zi nc- Coat ed ( Gal vani zed)  or  
Zi nc- I r on Al l oy- Coat ed ( Gal vanneal ed)  by 
t he Hot - Di p Pr ocess

ASTM A733 ( 2016;  R 2022)  St andar d Speci f i cat i on f or  
Wel ded and Seaml ess Car bon St eel  and 
Aust eni t i c  St ai nl ess St eel  Pi pe Ni ppl es

ASTM B32 ( 2020)  St andar d Speci f i cat i on f or  Sol der  
Met al

ASTM B42 ( 2020)  St andar d Speci f i cat i on f or  Seaml ess 
Copper  Pi pe,  St andar d Si zes

ASTM B62 ( 2017)  St andar d Speci f i cat i on f or  
Composi t i on Br onze or  Ounce Met al  Cast i ngs

ASTM B75/ B75M ( 2020)  St andar d Speci f i cat i on f or  Seaml ess 
Copper  Tube
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ASTM B88 ( 2022)  St andar d Speci f i cat i on f or  Seaml ess 
Copper  Wat er  Tube

ASTM B88M ( 2020)  St andar d Speci f i cat i on f or  Seaml ess 
Copper  Wat er  Tube ( Met r i c)

ASTM B117 ( 2019)  St andar d Pr act i ce f or  Oper at i ng 
Sal t  Spr ay ( Fog)  Appar at us

ASTM B813 ( 2016)  St andar d Speci f i cat i on f or  Li qui d 
and Past e Fl uxes f or  Sol der i ng of  Copper  
and Copper  Al l oy Tube

ASTM D520 ( 2000;  R 2011)  Zi nc Dust  Pi gment

ASTM D596 ( 2001;  R 2018)  St andar d Gui de f or  
Repor t i ng Resul t s of  Anal ysi s of  Wat er

ASTM D2000 ( 2018)  St andar d Cl assi f i cat i on Syst em f or  
Rubber  Pr oduct s i n Aut omot i ve Appl i cat i ons

ASTM D3308 ( 2012;  R 2017)  St andar d Speci f i cat i on f or  
PTFE Resi n Ski ved Tape

ASTM E84 ( 2020)  St andar d Test  Met hod f or  Sur f ace 
Bur ni ng Char act er i st i cs of  Bui l di ng 
Mat er i al s

ASTM F1007 ( 2018;  R 2022)  St andar d Speci f i cat i on f or  
Pi pel i ne Expansi on Joi nt s of  t he Packed 
Sl i p Type f or  Mar i ne Appl i cat i on

ASTM F1120 ( 1987;  R 2019)  St andar d Speci f i cat i on f or  
Ci r cul ar  Met al l i c  Bel l ows Type Expansi on 
Joi nt s f or  Pi pi ng Appl i cat i ons

ASTM F1199 ( 2021)  St andar d Speci f i cat i on f or  Cast  
( Al l  Temper at ur es and Pr essur es)  and 
Wel ded Pi pe Li ne St r ai ner s ( 150 psi g and 
150 degr ees F Maxi mum)

EXPANSI ON JOI NT MANUFACTURERS ASSOCI ATI ON ( EJMA)

EJMA St ds ( 2015)  ( 10t h Ed)  EJMA St andar ds

MANUFACTURERS STANDARDI ZATI ON SOCI ETY OF THE VALVE AND FI TTI NGS 
I NDUSTRY ( MSS)

MSS SP- 25 ( 2018)  St andar d Mar ki ng Syst em f or  Val ves,  
Fi t t i ngs,  Fl anges and Uni ons

MSS SP- 58 ( 2018)  Pi pe Hanger s and Suppor t s -  
Mat er i al s,  Desi gn and Manuf act ur e,  
Sel ect i on,  Appl i cat i on,  and I nst al l at i on

MSS SP- 67 ( 2022)  But t er f l y Val ves

MSS SP- 69 ( 2003;  Not i ce 2012)  Pi pe Hanger s and 
Suppor t s -  Sel ect i on and Appl i cat i on ( ANSI  
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Appr oved Amer i can Nat i onal  St andar d)

MSS SP- 70 ( 2011)  Gr ay I r on Gat e Val ves,  Fl anged and 
Thr eaded Ends

MSS SP- 71 ( 2018)  Gr ay I r on Swi ng Check Val ves,  
Fl anged and Thr eaded Ends

MSS SP- 72 ( 2010a)  Bal l  Val ves wi t h Fl anged or  
But t - Wel di ng Ends f or  Gener al  Ser vi ce

MSS SP- 80 ( 2019)  Br onze Gat e,  Gl obe,  Angl e and Check 
Val ves

MSS SP- 110 ( 2010)  Bal l  Val ves Thr eaded,  
Socket - Wel di ng,  Sol der  Joi nt ,  Gr ooved and 
Fl ar ed Ends

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 90A ( 2021)  St andar d f or  t he I nst al l at i on of  
Ai r  Condi t i oni ng and Vent i l at i ng Syst ems

1. 2   SYSTEM DESCRI PTI ON

Pr ovi de t he wat er  syst ems havi ng t he mi ni mum ser vi ce ( desi gn)  
t emper at ur e- pr essur e r at i ng i ndi cat ed.    Pr ovi s i on of  t he pi pi ng syst ems,  
i ncl udi ng mat er i al s,  i nst al l at i on,  wor kmanshi p,  f abr i cat i on,  assembl y,  
er ect i on,  exami nat i on,  i nspect i on,  and t est i ng shal l  be i n accor dance wi t h 
t he r equi r ed and advi sor y pr ovi s i ons of  ASME B31. 9 except  as modi f i ed or  
suppl ement ed by t hi s speci f i cat i on sect i on or  desi gn dr awi ngs.  Thi s 
speci f i cat i on sect i on cover s t he wat er  syst ems  pi pi ng whi ch i s l ocat ed 
wi t hi n,  on,  and adj acent  t o bui l di ng( s)  wi t hi n t he bui l di ng( s)  5 f oot  l i ne.

1. 3   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
Cont r act or  Qual i t y Cont r ol  appr oval .  Submi t  t he f ol l owi ng i n accor dance 
wi t h Sect i on 01 33 00 SUBMI TTAL PROCEDURES:

 
SD- 03 Pr oduct  Dat a  

Gr ooved Mechani cal  Connect i ons For  St eel ;  G

Gr ooved Mechani cal  Connect i ons For  Copper ;  G

Cal i br at ed Bal anci ng Val ves;  G

Aut omat i c Fl ow Cont r ol  Val ves;  G

Wat er  Pr essur e Reduci ng Val ve

Pr essur e Rel i ef  Val ve

Combi nat i on Pr essur e and Temper at ur e Rel i ef  Val ves

Expansi on Joi nt s;  G
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Combi nat i on St r ai ner  and Pump Suct i on Di f f user

Expansi on Tanks

Ai r  Separ at or  Tanks

Wat er  Tr eat ment  Syst ems;  G

  Pr oposed wat er  t r eat ment  pl an i ncl udi ng a l ayout ,  cont r ol  
scheme,  a l i s t  of  exi st i ng make- up wat er  condi t i ons i ncl udi ng t he 
i t ems l i s t ed i n par agr aph WATER ANALYSI S" ,  a l i s t  of  chemi cal s,  
t he pr opor t i on of  chemi cal s t o be added,  t he f i nal  t r eat ed wat er  
condi t i ons,  and a descr i pt i on of  envi r onment al  concer ns f or  
handl i ng t he chemi cal s.

SD- 06 Test  Repor t s

Pr essur e Test s Repor t s;  G

  Repor t  shal l  be pr ovi ded i n bound 8- 1/ 2 by 11 i nch bookl et s.   I n 
t he r epor t s,  document  al l  phases of  t he t est s per f or med.   I ncl ude 
i ni t i al  t est  summar i es,  al l  r epai r s/ adj ust ment s made,  and t he 
f i nal  t est  r esul t s.

SD- 08 Manuf act ur er ' s I nst r uct i ons

Lesson pl an f or  t he I nst r uct i on Cour se;  G

SD- 10 Oper at i on and Mai nt enance Dat a

  Requi r ement s f or  dat a packages ar e speci f i ed Sect i on 01 78 23 
OPERATI ON AND MAI NTENANCE DATA,  except  as suppl ement ed and 
modi f i ed by t hi s speci f i cat i on sect i on.  

  Submi t  spar e par t s dat a f or  each di f f er ent  i t em of  equi pment  
speci f i ed,  wi t h oper at i on and mai nt enance dat a packages.   I ncl ude 
a compl et e l i s t  of  par t s and suppl i es,  wi t h cur r ent  uni t  pr i ces 
and sour ce of  suppl y,  a r ecommended spar e par t s l i s t  f or  1 year  of  
oper at i on,  and a l i s t  of  t he par t s r ecommended by t he manuf act ur er  
t o be r epl aced on a r out i ne basi s.

  Submi t  a l i s t  of  qual i f i ed per manent  ser vi ce or gani zat i ons wi t h 
oper at i on and mai nt enance dat a packages.   I ncl ude ser vi ce 
or gani zat i on addr esses and ser vi ce ar ea or  exper t i se.   The ser vi ce 
or gani zat i ons shal l  be r easonabl y conveni ent  t o t he equi pment  
i nst al l at i on and be abl e t o r ender  sat i sf act or y ser vi ce t o t he 
equi pment  on a r egul ar  and emer gency basi s dur i ng t he war r ant y 
per i od of  t he cont r act .

Wat er  Tr eat ment  Syst ems;  G

  An oper at i on manual  i n bound 8- 1/ 2 by 11 i nch bookl et s l i s t i ng 
st ep- by- st ep pr ocedur es r equi r ed f or  syst em st ar t up,  oper at i on,  
abnor mal  shut down,  emer gency shut down,  and nor mal  shut down.   
I ncl ude t est i ng pr ocedur es used i n det er mi ni ng wat er  qual i t y.

  A mai nt enance manual  i n bound 8- 1/ 2 by 11 i nch bookl et s l i s t i ng 
r out i ne mai nt enance pr ocedur es,  possi bl e br eakdowns and r epai r s,  
and a t r oubl e shoot i ng gui de.
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Cal i br at ed Bal anci ng Val ves,  Dat a Package 3;  G

Aut omat i c Fl ow Cont r ol  Val ves,  Dat a Package 3;  G

Wat er  Pr essur e Reduci ng Val ve,  Dat a Package 3;  G

Pr essur e Rel i ef  Val ve,  Dat a Package 2;  G

Combi nat i on Pr essur e and Temper at ur e Rel i ef  Val ves,  Dat a Package 
2;  G

Expansi on Joi nt s,  Dat a Package 2;  G

Combi nat i on St r ai ner  and Pump Suct i on Di f f user ,  Dat a Package 2;  G

Expansi on Tanks,  Dat a Package 2;  G

Ai r  Separ at or  Tanks,  Dat a Package 2;  G

1. 4   MODI FI CATI ONS TO REFERENCES

I n each of  t he publ i cat i ons r ef er r ed t o her ei n,  consi der  t he advi sor y 
pr ovi s i ons t o be mandat or y,  as t hough t he wor d,  " shal l "  had been 
subst i t ut ed f or  " shoul d"  wher ever  i t  appear s.   I nt er pr et  r ef er ences i n 
t hese publ i cat i ons t o t he " aut hor i t y havi ng j ur i sdi ct i on" ,  or  wor ds of  
s i mi l ar  meani ng,  t o mean t he Cont r act i ng Of f i cer .

1. 4. 1   Def i ni t i ons

For  t he I nt er nat i onal  Code Counci l  ( I CC)  Codes r ef er enced i n t he cont r act  
document s,  advi sor y pr ovi s i ons shal l  be consi der ed mandat or y,  t he wor d 
" shoul d"  shal l  be i nt er pr et ed as " shal l . "   Ref er ence t o t he " code 
of f i c i al "  shal l  be i nt er pr et ed t o mean t he " Cont r act i ng Of f i cer . "   For  
Navy owned pr oper t y,  r ef er ences t o t he " owner "  shal l  be i nt er pr et ed t o 
mean t he " Cont r act i ng Of f i cer . "   For  l eased f aci l i t i es,  r ef er ences t o t he 
" owner "  shal l  be i nt er pr et ed t o mean t he " l essor . "   Ref er ences t o t he 
" per mi t  hol der "  shal l  be i nt er pr et ed t o mean t he " Cont r act or . "

1. 4. 2   Admi ni st r at i ve I nt er pr et at i ons

For  I CC Codes r ef er enced i n t he cont r act  document s,  t he pr ovi s i ons of  
Chapt er  1,  " Admi ni st r at or , "  do not  appl y.   These admi ni st r at i ve 
r equi r ement s ar e cover ed by t he appl i cabl e Feder al  Acqui s i t i on Regul at i ons 
( FAR)  i ncl uded i n t hi s cont r act  and by t he aut hor i t y gr ant ed t o t he 
Of f i cer  i n Char ge of  Const r uct i on t o admi ni st er  t he const r uct i on of  t hi s 
pr oj ect .   Ref er ences i n t he I CC Codes t o sect i ons of  Chapt er  1,  shal l  be 
appl i ed appr opr i at el y by t he Cont r act i ng Of f i cer  as aut hor i zed by hi s 
admi ni st r at i ve cogni zance and t he FAR.

1. 5   SAFETY REQUI REMENTS

Exposed movi ng par t s,  par t s t hat  pr oduce hi gh oper at i ng t emper at ur e,  par t s 
whi ch may be el ect r i cal l y ener gi zed,  and par t s t hat  may be a hazar d t o 
oper at i ng per sonnel  shal l  be i nsul at ed,  f ul l y  encl osed,  guar ded,  or  f i t t ed 
wi t h ot her  t ypes of  saf et y devi ces.   Saf et y devi ces shal l  be i nst al l ed so 
t hat  pr oper  oper at i on of  equi pment  i s not  i mpai r ed.
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1. 6   DELI VERY,  STORAGE,  AND HANDLI NG

Pr ot ect  st or ed i t ems f r om t he weat her ,  humi di t y and t emper at ur e 
var i at i ons,  di r t  and dust ,  or  ot her  cont ami nant s.   Pr oper  pr ot ect i on and 
car e of  al l  mat er i al  bot h bef or e and dur i ng i nst al l at i on shal l  be t he 
Cont r act or ' s r esponsi bi l i t y .   Any mat er i al s f ound t o be damaged shal l  be 
r epl aced at  t he Cont r act or ' s expense.   Dur i ng i nst al l at i on,  cap pi pi ng and 
si mi l ar  openi ngs t o keep out  di r t  and ot her  f or ei gn mat t er .   Any por ous 
mat er i al s f ound t o be cont ami nat ed wi t h mol d or  mi l dew wi l l  be r epl aced at  
t he Cont r act or ' s expense.   Non- por ous mat er i al s f ound t o be cont ami nat ed 
wi t h mol d or  mi l dew wi l l  be di s i nf ect ed and cl eaned pr i or  t o i nst al l at i on.

1. 7   PROJECT/ SI TE CONDI TI ONS

1. 7. 1   Ver i f i cat i on of  Di mensi ons

The Cont r act or  shal l  become f ami l i ar  wi t h al l  det ai l s of  t he wor k,  ver i f y 
al l  di mensi ons i n t he f i el d,  and advi se t he Cont r act i ng Of f i cer  of  any 
di scr epancy bef or e per f or mi ng any wor k.

1. 7. 2   Dr awi ngs

Because of  t he smal l  scal e of  t he dr awi ngs,  i t  i s  not  possi bl e t o i ndi cat e 
al l  of f set s,  f i t t i ngs,  and accessor i es t hat  may be r equi r ed.   The 
Cont r act or  shal l  car ef ul l y i nvest i gat e t he pl umbi ng,  f i r e pr ot ect i on,  
el ect r i cal ,  st r uct ur al  and f i ni sh condi t i ons t hat  woul d af f ect  t he wor k t o 
be per f or med and shal l  ar r ange such wor k accor di ngl y,  f ur ni shi ng r equi r ed 
of f set s,  f i t t i ngs,  and accessor i es t o meet  such condi t i ons.

1. 7. 3   Accessi bi l i t y

I nst al l  al l  wor k so t hat  par t s r equi r i ng per i odi c i nspect i on,  oper at i on,  
mai nt enance,  and r epai r  ar e r eadi l y accessi bl e.   I nst al l  conceal ed val ves,  
expansi on j oi nt s,  cont r ol s,  damper s,  and equi pment  r equi r i ng access,  i n 
l ocat i ons f r eel y accessi bl e t hr ough access door s.

PART 2   PRODUCTS

2. 1   STANDARD COMMERCI AL PRODUCTS

Mat er i al s and equi pment  shal l  be st andar d pr oduct s of  a manuf act ur er  
r egul ar l y engaged i n t he manuf act ur i ng of  such pr oduct s,  whi ch ar e of  a 
s i mi l ar  mat er i al ,  desi gn and wor kmanshi p.   The st andar d pr oduct s shal l  
have been i n sat i sf act or y commer ci al  or  i ndust r i al  use f or  2 year s pr i or  
t o bi d openi ng.

The t wo year  use shal l  i ncl ude appl i cat i ons of  equi pment  and mat er i al s 
under  s i mi l ar  c i r cumst ances and of  s i mi l ar  s i ze.   The 2 year s exper i ence 
shal l  be sat i sf act or i l y  compl et ed by a pr oduct  whi ch has been sol d or  i s 
of f er ed f or  sal e on t he commer ci al  mar ket  t hr ough adver t i sement s,  
manuf act ur er ' s cat al ogs,  or  br ochur es.

Pr oduct s havi ng l ess t han a 2 year  f i el d ser vi ce r ecor d shal l  be 
accept abl e i f  a cer t i f i ed r ecor d of  sat i sf act or y f i el d oper at i on,  f or  not  
l ess t han 6000 hour s excl usi ve of  t he manuf act ur er ' s f act or y t est s,  can be 
shown.   Syst em component s shal l  be envi r onment al l y sui t abl e f or  t he 
i ndi cat ed l ocat i ons.

The equi pment  i t ems shal l  be suppor t ed by ser vi ce or gani zat i ons.   These 

SECTI ON 23 64 26  Page 7



D51 Hangar  Conver si on t o Human Per f or mance Cent er  FTFA 23- VH59
Egl i n AFB,  Fl or i da

ser vi ce or gani zat i ons shal l  be r easonabl y conveni ent  t o t he equi pment  
i nst al l at i on and abl e t o r ender  sat i sf act or y ser vi ce t o t he equi pment  on a 
r egul ar  and emer gency basi s dur i ng t he war r ant y per i od of  t he cont r act .

2. 2   STEEL PI PI NG

Wat er  pi pi ng shal l  be st eel  pi pe or  copper  t ubi ng.   Pr ovi de st eel  pi pi ng 
wi t h a ANSI / ASME Cl ass 125 ser vi ce r at i ng,  whi ch f or  150 degr ees F,  t he 
pr essur e r at i ng i s 175 psi g.

2. 2. 1   Pi pe

St eel  pi pe,  conf or m t o ASTM A53/ A53M,  Schedul e 40,  Type E or  S,  Gr ades A 
or  B.   Do not  use Type F pi pe.

2. 2. 2   Fi t t i ngs and End Connect i ons ( Joi nt s)

Pi pi ng and f i t t i ngs 1 i nch and smal l er  shal l  have t hr eaded connect i ons.   
Pi pi ng and f i t t i ngs l ar ger  t han 1 i nch and smal l er  t han 3 i nches shal l  
have ei t her  t hr eaded,  gr ooved,  or  wel ded connect i ons.   Pi pi ng and f i t t i ngs 
3 i nches and l ar ger  shal l  have gr ooved,  wel ded,  or  f l anged connect i ons.   
The manuf act ur er  of  each f i t t i ng shal l  be per manent l y i dent i f i ed on t he 
body of  t he f i t t i ng i n accor dance wi t h MSS SP- 25.

2. 2. 2. 1   Thr eaded Connect i ons

Use t hr eaded val ves and pi pe connect i ons conf or mi ng t o ASME B1. 20. 1.   Used 
t hr eaded f i t t i ng conf or mi ng t o ASME B16. 3.   Use t hr eaded uni ons conf or mi ng 
t o ASME B16. 39.   Use t hr eaded pi pe ni ppl es conf or mi ng t o ASTM A733.

2. 2. 2. 2   Fl anged Connect i ons

Fl anges shal l  conf or m t o ASME B16. 1,  Cl ass 125.   Gasket s shal l  be 
nonasbest os compr essed mat er i al  i n accor dance wi t h ASME B16. 21,  1/ 16 i nch 
t hi ckness,  f ul l  f ace or  sel f - cent er i ng f l at  r i ng t ype.   These gasket s 
shal l  cont ai n ar ami d f i ber s bonded wi t h st yr ene but adei ne r ubber  ( SBR)  or  
ni t r i l e but adei ne r ubber  ( NBR) .   Bol t s,  nut s,  and bol t  pat t er ns shal l  
conf or m t o ASME B16. 1.

2. 2. 2. 3   Wel ded Connect i ons

Wel ded val ves and pi pe connect i ons ( bot h but t - wel ds and socket - wel ds 
t ypes)  shal l  conf or m t o ASME B31. 9.   But t - wel ded f i t t i ngs shal l  conf or m t o 
ASME B16. 9.   Socket - wel ded f i t t i ngs shal l  conf or m t o ASME B16. 11.   Wel ded 
f i t t i ngs shal l  be i dent i f i ed wi t h t he appr opr i at e gr ade and mar ki ng symbol .

2. 2. 2. 4   Gr ooved Mechani cal  Connect i ons For  St eel

Ri gi d gr ooved mechani cal  connect i ons may onl y be used i n ser vi ceabl e 
abovegr ound l ocat i ons wher e t he t emper at ur e of  t he c i r cul at i ng medi um does 
not  exceed 230 degr ees F.   Fl exi bl e gr ooved connect i ons shal l  be used onl y 
as a f l exi bl e connect or  wi t h gr ooved pi pe syst em.   Unl ess ot her wi se 
speci f i ed,  gr ooved pi pi ng component s shal l  meet  t he cor r espondi ng cr i t er i a 
speci f i ed f or  t he s i mi l ar  wel ded,  f l anged,  or  t hr eaded component  speci f i ed 
her ei n.

Each gr ooved mechani cal  j oi nt  shal l  be a syst em,  i ncl udi ng coupl i ng 
housi ng,  gasket ,  f ast ener s,  al l  f ur ni shed by t he same manuf act ur er .   Joi nt  
i nst al l at i on shal l  be i n compl i ance wi t h j oi nt  manuf act ur er ' s wr i t t en 
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i nst r uct i ons.

Use f i t t i ng and coupl i ng houses of  mal l eabl e i r on conf or mi ng t o 
ASTM A47/ A47M,  Gr ade 32510;  duct i l e i r on conf or mi ng t o ASTM A536,  Gr ade 
65- 45- 12;  or  st eel  conf or mi ng ASTM A106/ A106M,  Gr ade B or  ASTM A53/ A53M.   
Use gasket s of  mol ded synt het i c r ubber  wi t h cent r al  cavi t y,  pr essur e 
r esponsi ve conf i gur at i on and conf or mi ng t o ASTM D2000 Gr ade No.  
2CA615A15B44F17Z f or  c i r cul at i ng medi um up t o 230 degr ees F or  Gr ade No.  
M3BA610A15B44Z f or  c i r cul at i ng medi um up t o 200 degr ees F.   Gr ooved 
mechani cal  connect i ons shal l  conf or m t o AWWA C606.   Coupl i ng nut s and 
bol t s shal l  be st eel  and shal l  conf or m t o ASTM A183.   Pi pe connect i ons and 
f i t t i ngs shal l  be t he pr oduct  of  t he same manuf act ur er .   Pr ovi de j oi nt  
i nst al l at i on be i n compl i ance wi t h j oi nt  manuf act ur er ' s wr i t t en 
i nst r uct i ons.

2. 2. 2. 5   Di el ect r i c Wat er ways and Fl anges

Pr ovi de di el ect r i c wat er ways wi t h a wat er  i mper vi ous i nsul at i on bar r i er  
capabl e of  l i mi t i ng gal vani c cur r ent  t o 1 per cent  of  shor t  c i r cui t  cur r ent  
i n a cor r espondi ng bi met al l i c  j oi nt .   When dr y,  i nsul at i on bar r i er  shal l  
be abl e t o wi t hst and a 600- vol t  br eakdown t est .   Pr ovi de di el ect r i c 
wat er ways const r uct ed of  gal vani zed st eel  and have t hr eaded end 
connect i ons t o mat ch connect i ng pi pi ng.   Di el ect r i c wat er ways shal l  be 
sui t abl e f or  t he r equi r ed oper at i ng pr essur es and t emper at ur es.   Pr ovi de 
di el ect r i c f l anges wi t h t he same pr essur e r at i ngs as st andar d f l anges and 
pr ovi de compl et e el ect r i cal  i sol at i on bet ween connect i ng pi pe and/ or  
equi pment  as descr i bed her ei n f or  di el ect r i c wat er ways.

2. 3   COPPER TUBI NG

Pr ovi de copper  t ubi ng and f i t t i ngs wi t h a ANSI / ASME Cl ass 125 ser vi ce 
r at i ng,  whi ch f or  150 degr ees F. ,  t he pr essur e r at i ng i s 175 psi g.

2. 3. 1   Tube

Use copper  t ube conf or mi ng t o ASTM B88,  Type L or  M f or  abovegr ound 
t ubi ng,  and Type K f or  bur i ed t ubi ng.

2. 3. 2   Fi t t i ngs and End Connect i ons ( Sol der  and Fl ar ed Joi nt s)

Wr ought  copper  and br onze sol der  j oi nt  pr essur e f i t t i ngs,  i ncl udi ng uni ons 
ands f l anges,  shal l  conf or m t o ASME B16. 22 and ASTM B75/ B75M.   Pr ovi de 
adapt er s as r equi r ed.    Cast  copper  al l oy sol der - j oi nt  pr essur e f i t t i ngs ,  
i ncl udi ng uni ons and f l anges,  shal l  conf or m t o ASME B16. 18.   Cast  copper  
al l oy f i t t i ngs f or  f l ar ed copper  t ube shal l  conf or m t o ASME B16. 26 and 
ASTM B62.   ASTM B42 copper  pi pe ni ppl es wi t h t hr eaded end connect i ons 
shal l  conf or m t o ASTM B42.

Copper  t ubi ng of  s i zes l ar ger  t han 4 i nches shal l  have br azed j oi nt s.   
Br ass or  br onze adapt er s f or  br azed t ubi ng may be used f or  connect i ng 
t ubi ng t o f l anges and t o t hr eaded ends of  val ves and equi pment .

Ext r act ed br azed t ee j oi nt s may be used i f  pr oduced wi t h an accept abl e 
t ool  and i nst al l ed i n accor dance wi t h t ool  manuf act ur er ' s wr i t t en 
pr ocedur es.

2. 3. 3   Gr ooved Mechani cal  Connect i ons For  Copper

Ri gi d gr ooved mechani cal  connect i ons may onl y be used i n ser vi ceabl e 
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abovegr ound l ocat i ons wher e t he t emper at ur e of  t he c i r cul at i ng medi um does 
not  exceed 230 degr ees F.   Fl exi bl e gr ooved connect i ons shal l  be used onl y 
as a f l exi bl e connect or  wi t h gr ooved pi pe syst em.   Unl ess ot her wi se 
speci f i ed,  gr ooved pi pi ng component s shal l  meet  t he cor r espondi ng cr i t er i a 
speci f i ed f or  t he s i mi l ar  wel ded,  f l anged,  or  t hr eaded component  speci f i ed 
her ei n.

Each gr ooved mechani cal  j oi nt  shal l  be a syst em,  i ncl udi ng coupl i ng 
housi ng,  gasket ,  f ast ener s,  al l  f ur ni shed by t he same manuf act ur er .   Joi nt  
i nst al l at i on shal l  be i n compl i ance wi t h j oi nt  manuf act ur er ' s wr i t t en 
i nst r uct i ons.

Gr ooved f i t t i ng and mechani cal  coupl i ng housi ng shal l  be duct i l e i r on 
conf or mi ng t o ASTM A536.   Pr ovi de gasket s f or  use i n gr ooved j oi nt s shal l  
const r uct ed of  mol ded synt het i c pol ymer  of  pr essur e r esponsi ve desi gn and 
shal l  conf or m t o ASTM D2000 f or  c i r cul at i ng medi um up t o 230 degr ees F.   
Pr ovi de gr ooved j oi nt s i n conf or mance wi t h AWWA C606.

2. 3. 4   Sol der

Pr ovi de sol der  i n conf or mance wi t h ASTM B32,  gr ade Sb5,  t i n- ant i mony 
al l oy.   Sol der  f l ux shal l  be l i qui d or  past e f or m,  non- cor r osi ve and 
conf or m t o ASTM B813.

2. 3. 5   Br azi ng Fi l l er  Met al

Fi l l er  met al  shal l  conf or m t o AWS A5. 8/ A5. 8M,  Type BAg- 5 wi t h AWS Type 3 
f l ux,  except  Type BCuP- 5 or  BCuP- 6 may be used f or  br azi ng 
copper - t o- copper  j oi nt s.

2. 4   VALVES

Pr ovi de val ves wi t h a ANSI / ASME Cl ass 125 ser vi ce r at i ng,  whi ch f or  150 
degr ees F,  t he pr essur e r at i ng i s 175 psi g.

Val ves i n s i zes l ar ger  t han 1 i nch and used on st eel  pi pe syst ems,  may be 
pr ovi ded wi t h r i gi d gr ooved mechani cal  j oi nt  ends.   Such gr ooved end 
val ves shal l  be subj ect  t o t he same r equi r ement s as r i gi d gr ooved 
mechani cal  j oi nt s and f i t t i ngs and,  shal l  be f ur ni shed by t he same 
manuf act ur er  as t he gr ooved pi pe j oi nt  and f i t t i ng syst em.

2. 4. 1   Gat e Val ve

Gat e val ves 2- 1/ 2 i nches and smal l er  shal l  conf or m t o MSS SP- 80 Cl ass 125 
and shal l  be br onze wi t h wedge di sc,  r i s i ng st em and t hr eaded,  sol der ed,  
or  f l anged ends.   Gat e val ves 3 i nches and l ar ger  shal l  conf or m t o 
MSS SP- 70,  Cl ass 125,  cast  i r on wi t h br onze t r i m,  out si de scr ew and yoke,  
and f l anged or  t hr eaded ends.

2. 4. 2   Check Val ve

Check val ves 2- 1/ 2 i nches and smal l er  shal l  conf or m t o MSS SP- 80.   Check 
val ves 3 i nches and l ar ger  shal l  conf or m t o MSS SP- 71,  Cl ass 125.

2. 4. 3   But t er f l y Val ve

But t er f l y val ves shal l  conf or m t o MSS SP- 67,  Type 1 and shal l  be ei t her  
t he waf er  or  l ug t ype.   Val ves smal l er  t han 8 i nches shal l  have t hr ot t l i ng 
handl es wi t h a mi ni mum of  seven l ocki ng posi t i ons.   Val ves 8 i nches and 
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l ar ger  shal l  have t ot al l y encl osed manual  gear  oper at or s wi t h adj ust abl e 
bal ance r et ur n st ops and posi t i on i ndi cat or s.

2. 4. 4   Bal l  Val ve

Ful l  por t  desi gn.   Bal l  val ves 1/ 2 i nch and l ar ger  shal l  conf or m t o 
MSS SP- 72 or  MSS SP- 110 and shal l  be cast  i r on or  br onze wi t h t hr eaded,  
sol der ed,  or  f l anged ends.   Val ves 8 i nches or  l ar ger  shal l  be pr ovi ded 
wi t h manual  gear  oper at or s wi t h posi t i on i ndi cat or s.   Bal l  val ves may be 
pr ovi ded i n l i eu of  gat e val ves.

2. 4. 5   Cal i br at ed Bal anci ng Val ves

Copper  al l oy or  cast  i r on body,  copper  al l oy or  st ai nl ess i nt er nal  wor ki ng 
par t s.   Pr ovi de val ve cal i br at ed so t hat  f l ow can be det er mi ned when t he 
t emper at ur e and pr essur e di f f er ent i al  acr oss val ve i s known.   Val ve shal l  
have an i nt egr al  poi nt er  whi ch r egi st er s t he degr ee of  val ve openi ng.   
Val ve shal l  f unct i on as a ser vi ce val ve when i n f ul l y  c l osed posi t i on.   
Val ve shal l  be const r uct ed wi t h i nt er nal  seal s t o pr event  l eakage and 
shal l  be suppl i ed wi t h pr ef or med i nsul at i on.

Pr ovi de val ve bodi es wi t h t apped openi ngs and pi pe ext ensi ons wi t h 
posi t i ve shut of f  val ves out si de of  pi pe i nsul at i on.   The pi pe ext ensi ons 
shal l  be pr ovi ded wi t h qui ck connect i ng hose f i t t i ngs f or  a por t abl e 
di f f er ent i al  pr essur e met er  connect i ons t o ver i f y t he pr essur e 
di f f er ent i al .  Pr ovi de met al  t ag on each val ve showi ng t he gal l ons per  
mi nut e f l ow f or  each di f f er ent i al  pr essur e r eadi ng.   

2. 4. 6   Aut omat i c Fl ow Cont r ol  Val ves

Val ve shal l  aut omat i cal l y mai nt ai n t he const ant  f l ow i ndi cat ed on t he 
desi gn dr awi ngs.   Val ve shal l  modul at e by sensi ng t he pr essur e 
di f f er ent i al  acr oss t he val ve body.   Val ve shal l  be sel ect ed f or  t he f l ow 
r equi r ed and pr ovi ded wi t h a per manent  namepl at e or  t ag car r y i ng a 
per manent  r ecor d of  t he f act or y- det er mi ned f l ow r at e and f l ow cont r ol  
pr essur e l evel s.   Pr ovi de val ve t hat  cont r ol s t he f l ow wi t hi n 5 per cent  of  
t he t ag r at i ng.   Val ve mat er i al s shal l  be t he same as speci f i ed f or  t he 
bal l  or  pl ug val ves.

Pr ovi de val ve t hat  ar e el ect r i c t ype as i ndi cat ed.   Val ve shal l  be capabl e 
of  posi t i ve shut of f  agai nst  t he syst em pump head,  val ve bodi es shal l  be 
pr ovi ded wi t h t apped openi ngs and pi pe ext ensi ons wi t h shut of f  val ves 
out si de of  pi pe i nsul at i on.   The pi pe ext ensi ons shal l  be pr ovi ded wi t h 
qui ck connect i ng hose f i t t i ngs and di f f er ent i al  met er ,  sui t abl e f or  t he 
oper at i ng pr essur e speci f i ed.   Pr ovi de t he met er  compl et e wi t h hoses,  
vent ,  i nt egr al  met er i ng connect i ons,  and car r y i ng case as r ecommended by 
t he val ve manuf act ur er .

2. 4. 7   Wat er  Pr essur e Reduci ng Val ve

Val ve,  ASSE 1003 f or  wat er  ser vi ce,  copper  al l oy body.

2. 4. 8   Pr essur e Rel i ef  Val ve

Val ve shal l  pr event  excessi ve pr essur e i n t he pi pi ng syst em when t he 
pi pi ng syst em r eaches i t s maxi mum heat  bui l dup.   Val ve,  ANSI  Z21. 22/ CSA 4. 4
 and shal l  have cast  i r on bodi es wi t h cor r osi on r esi st ant  i nt er nal  wor ki ng 
par t s.   The di schar ge pi pe f r om t he r el i ef  val ve shal l  be t he s i ze of  t he 
val ve out l et  unl ess ot her wi se i ndi cat ed.
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2. 4. 9   Combi nat i on Pr essur e and Temper at ur e Rel i ef  Val ves

ANSI  Z21. 22/ CSA 4. 4,  copper  al l oy body,  aut omat i c r e- seat i ng,  t est  l ever ,  
and di schar ge capaci t y based on AGA t emper at ur e st eam r at i ng.

2. 4. 10   Fl oat  Val ve

Angl e pat t er nor  Gl obe pat t er n.   Val ve bodi es 3 i nches nomi nal  pi pe s i ze 
and smal l er  shal l  be br onze.   Val ve bodi es l ar ger  t han 3 i nches shal l  be 
cast  i r on or  br onze.   St eel  par t s shal l  be cor r osi on r esi st ant .   Wher e 
f l oat  r ods ar e ext ended f or  t ank appl i cat i ons,  ext ensi on shal l  be pr oper l y 
suppor t ed and gui ded t o avoi d bendi ng of  f l oat  r od or  st r essi ng of  val ve 
pi l ot  l i nkage.

2. 4. 11   Dr ai n Val ves

Val ves,  MSS SP- 80 gat e val ves.   Val ve shal l  be manual l y- oper at ed,  3/ 4 i nch 
pi pe si ze and above wi t h a t hr eaded end connect i on.   Pr ovi de val ve wi t h a 
wat er  hose ni ppl e adapt er .   Fr eeze- pr oof  t ype val ves shal l  be pr ovi ded i n 
i nst al l at i ons exposed t o f r eezi ng t emper at ur es.

2. 4. 12   Ai r  Vent i ng Val ves

Manual l y- oper at ed gener al  ser vi ce t ype ai r  vent i ng val ves,  br ass or  br onze 
val ves t hat  ar e f ur ni shed wi t h t hr eaded pl ugs or  caps.   Ai r  vent i ng val ves 
on wat er  coi l s shal l  have not  l ess t han 1/ 8 i nch t hr eaded end 
connect i ons.   Ai r  vent i ng val ves on wat er  mai ns shal l  have not  l ess t han 
3/ 4 i nch t hr eaded end connect i ons.   Ai r  vent i ng val ves on al l  ot her  
appl i cat i ons shal l  have not  l ess t han 1/ 2 i nch t hr eaded end connect i ons.

2. 4. 13   Vacuum Rel i ef  Val ves

ANSI  Z21. 22/ CSA 4. 4

2. 5   PI PI NG ACCESSORI ES

2. 5. 1   St r ai ner

St r ai ner ,  ASTM F1199,  except  as modi f i ed and suppl ement ed i n t hi s 
speci f i cat i on.   St r ai ner  shal l  be t he c l eanabl e,  basket  or  " Y"  t ype,  t he 
same si ze as t he pi pel i ne.   St r ai ner  bodi es shal l  be f abr i cat ed of  cast  
i r on wi t h bot t oms dr i l l ed,  and t apped.   Pr ovi de bl owof f  out l et  wi t h pi pe 
ni ppl e,  gat e val ve,  and di schar ge pi pe ni ppl e.   The bodi es shal l  have 
ar r ows cl ear l y cast  on t he si des i ndi cat i ng t he di r ect i on of  f l ow.

Pr ovi de st r ai ner  wi t h r emovabl e cover  and sedi ment  scr een.   The scr een 
shal l  be made of  mi ni mum 22 gauge cor r osi on- r esi st ant  st eel ,  wi t h smal l  
per f or at i ons number i ng not  l ess t han 400 per  squar e i nch t o pr ovi de a net  
f r ee ar ea t hr ough t he basket  of  at  l east  3. 30 t i mes t hat  of  t he ent er i ng 
pi pe.   The f l ow shal l  be i nt o t he scr een and out  t hr ough t he per f or at i ons.

2. 5. 2   Cycl oni c Separ at or

Met al -  bodi ed,  wi t h r emoval  capabi l i t y  of  r emovi ng sol i ds 45 mi cr ons/ 325 
mesh i n s i ze and heavi er  t han 1. 20 speci f i c  gr avi t y,  maxi mum pr essur e dr op 
of  5 psi d,  wi t h c l eanout  connect i on.
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2. 5. 3   Combi nat i on St r ai ner  and Pump Suct i on Di f f user

Angl e t ype body wi t h r emovabl e st r ai ner  basket  and i nt er nal  st r ai ght eni ng 
vanes,  a suct i on pi pe suppor t ,  and a bl owdown out l et  and pl ug.   St r ai ner  
shal l  be i n accor dance wi t h ASTM F1199,  except  as modi f i ed and 
suppl ement ed by t hi s speci f i cat i on.   Uni t  body shal l  have ar r ows cl ear l y 
cast  on t he si des i ndi cat i ng t he di r ect i on of  f l ow.

St r ai ner  scr een shal l  be made of  mi ni mum 22 gauge cor r osi on- r esi st ant  
st eel ,  wi t h smal l  per f or at i ons number i ng not  l ess t han 400 per  squar e i nch 
t o pr ovi de a net  f r ee ar ea t hr ough t he basket  of  at  l east  3. 30 t i mes t hat  
of  t he ent er i ng pi pe.   Fl ow shal l  be i nt o t he scr een and out  t hr ough t he 
per f or at i ons.  Pr ovi de an auxi l i ar y di sposabl e f i ne mesh st r ai ner  whi ch 
shal l  be r emoved 30 days af t er  st ar t - up.   Pr ovi de war ni ng t ag f or  oper at or  
i ndi cat i ng schedul ed dat e f or  r emoval .

Casi ng shal l  have connect i on s i zes t o mat ch pump suct i on and pi pe si zes,  
and be pr ovi ded wi t h adj ust abl e suppor t  f oot  or  suppor t  f oot  boss t o 
r el i eve pi pi ng st r ai ns at  pump suct i on.   Pr ovi de uni t  casi ng wi t h bl owdown 
por t  and pl ug.   Pr ovi de a magnet i c i nser t  t o r emove debr i s f r om syst em.

2. 5. 4   Fl exi bl e Pi pe Connect or s

Pr ovi de f l exi bl e br onze or  st ai nl ess st eel  pi pi ng connect or s wi t h s i ngl e 
br ai d.    Equi p f l anged assembl i es wi t h l i mi t  bol t s t o r est r i ct  maxi mum 
t r avel  t o t he manuf act ur er ' s st andar d l i mi t s.   Unl ess ot her wi se i ndi cat ed,  
t he l engt h of  t he f l exi bl e connect or s shal l  be as r ecommended by t he 
manuf act ur er  f or  t he ser vi ce i nt ended.   I nt er nal  s l eeves or  l i ner s,  
compat i bl e wi t h c i r cul at i ng medi um,  shal l  be pr ovi ded when r ecommended by 
t he manuf act ur er .   Pr ovi de cover s t o pr ot ect  t he bel l ows wher e i ndi cat ed.

2. 5. 5   Pr essur e and Vacuum Gauges

Gauges,  ASME B40. 100 wi t h t hr ot t l i ng t ype needl e val ve or  a pul sat i on 
dampener  and shut - of f  val ve.   Pr ovi de gauges wi t h 4. 5 i nch di al ,  br ass or  
al umi num case,  br onze t ube,  and si phon.  Gauge shal l  have a r ange f r om 0 
psi g t o appr oxi mat el y 1. 5 t i mes t he maxi mum syst em wor ki ng pr essur e.   Each 
gauge r ange shal l  be sel ect ed so t hat  at  nor mal  oper at i ng pr essur e,  t he 
needl e i s wi t hi n t he mi ddl e- t hi r d of  t he r ange.

2. 5. 6   Temper at ur e Gauges

Temper at ur e gauges,  shal l  be t he i ndust r i al  dut y t ype and be pr ovi ded f or  
t he r equi r ed t emper at ur e r ange.   Pr ovi de gauges wi t h f i xed t hr ead 
connect i on,  di al  f ace gasket ed wi t hi n t he case;  and an accur acy wi t hi n 2 
per cent  of  scal e r ange.  Gauges shal l  have Fahr enhei t  scal e i n 2 degr ee 
gr aduat i ons scal e ( bl ack number s)  on a whi t e f ace.   The poi nt er  shal l  be 
adj ust abl e.   Ri gi d st em t ype t emper at ur e gauges shal l  be pr ovi ded i n 
t her mal  wel l s l ocat ed wi t hi n 5 f eet  of  t he f i ni shed f l oor .   Uni ver sal  
adj ust abl e angl e t ype or  r emot e el ement  t ype t emper at ur e gauges shal l  be 
pr ovi ded i n t her mal  wel l s l ocat ed 5 t o 7 f eet  above t he f i ni shed f l oor  or  
i n l ocat i ons i ndi cat ed.   Remot e el ement  t ype t emper at ur e gauges shal l  be 
pr ovi ded i n t her mal  wel l s l ocat ed 7 f eet  above t he f i ni shed f l oor  or  i n 
l ocat i ons i ndi cat ed.

2. 5. 6. 1   St em Cased- Gl ass

St em cased- gl ass case shal l  be pol i shed st ai nl ess st eel  or  cast  al umi num,  
9 i nches l ong,  wi t h c l ear  acr yl i c l ens,  and non- mer cur y f i l l ed gl ass t ube 
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wi t h i ndi cat i ng- f l ui d col umn.

2. 5. 6. 2   Bi met al l i c  Di al

Bi met al l i c  di al  t ype case shal l  be not  l ess t han 3- 1/ 2 i nches,  st ai nl ess 
st eel ,  and shal l  be her met i cal l y seal ed wi t h c l ear  acr yl i c l ens.   
Bi met al l i c  el ement  shal l  be s i l i cone dampened and uni t  f i t t ed wi t h 
ext er nal  cal i br at or  adj ust ment .   

2. 5. 6. 3   Li qui d- ,  Sol i d- ,  and Vapor - Fi l l ed Di al

Li qui d- ,  sol i d- ,  and vapor - f i l l ed di al  t ype cases shal l  be not  l ess t han 
3- 1/ 2 i nches,  st ai nl ess st eel  or  cast  al umi num wi t h c l ear  acr yl i c l ens.   
Fi l l  shal l  be nonmer cur y,  sui t abl e f or  encount er ed cr oss- ambi ent s,  and 
connect i ng capi l l ar y t ubi ng shal l  be doubl e- br ai ded br onze.

2. 5. 6. 4   Ther mal  Wel l

Ther mal  wel l  shal l  be i dent i cal  s i ze,  1/ 2 or  3/ 4 i nch NPT connect i on,  
br ass or  st ai nl ess st eel .   Wher e t est  wel l s ar e i ndi cat ed,  pr ovi de capt i ve 
pl ug- f i t t ed t ype 1/ 2 i nch NPT connect i on sui t abl e f or  use wi t h ei t her  
engr aved st em or  st andar d separ abl e socket  t her momet er  or  t her most at .   
Mer cur y shal l  not  be used i n t her momet er s.   Ext ended neck t her mal  wel l s 
shal l  be of  suf f i c i ent  l engt h t o c l ear  i nsul at i on t hi ckness by 1 i nch.

2. 5. 7   Pi pe Hanger s,  I nser t s,  and Suppor t s

Pi pe hanger s,  i nser t s,  gui des,  and suppor t s:   t o MSS SP- 58 and MSS SP- 69.   
I f  f er r ous mat er i al s ar e ut i l i zed pr ovi de hot - di pped gal vani zed hanger s,  
i nser t s and suppor t s.

2. 5. 8   Escut cheons

Pr ovi de one pi ece or  spl i t  hi nge met al  pl at es f or  pi pi ng ent er i ng f l oor s,  
wal l s,  and cei l i ngs i n exposed spaces.   Secur e pl at es i n pl ace by i nt er nal  
spr i ng t ensi on or  set  scr ews.   Pr ovi de pol i shed st ai nl ess st eel  pl at es or  
chr omi um- pl at ed f i ni sh on copper  al l oy pl at es i n f i ni shed spaces.   Pr ovi de 
pai nt  f i ni sh on met al  pl at es i n unf i ni shed spaces.   

2. 5. 9   Expansi on Joi nt s

2. 5. 9. 1   Sl i p- Tube Type

Sl i p- t ube expansi on j oi nt s,  ASTM F1007,  Cl ass I  or  I I .   Joi nt s shal l  be 
pr ovi ded wi t h i nt er nal l y- ext er nal l y al i gnment  gui des,  i nj ect ed 
semi - pl ast i c packi ng,  and ser vi ce out l et s.   End connect i ons shal l  be 
f l anged or  bevel ed f or  wel di ng as i ndi cat ed.   I ni t i al  set t i ngs shal l  be 
made i n accor dance wi t h t he manuf act ur er ' s r ecommendat i ons t o compensat e 
f or  ambi ent  t emper at ur e at  t i me of  i nst al l at i on.   Pi pe al i gnment  gui des 
shal l  be i nst al l ed as r ecommended by t he j oi nt  manuf act ur er .

2. 5. 9. 2   Fl exi bl e Bal l  Type

Fl exi bl e bal l  expansi on j oi nt s shal l  be capabl e of  360 degr ees r ot at i on 
pl us 15 degr ees angul ar  f l ex movement .   Joi nt s shal l  be const r uct ed of  
car bon st eel  wi t h t he ext er i or  spher i cal  sur f ace of  car bon st eel  bal l s 
pl at ed wi t h a mi ni mum 5 mi l s of  har d chr ome i n accor dance wi t h EJMA St ds.   
Joi nt  end connect i ons shal l  be t hr eaded f or  pi pi ng 2 i nches or  smal l er .   
Joi nt  end connect i ons l ar ger  t han 2 i nches shal l  be gr ooved,  f l anged,  or  
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bevel ed f or  wel di ng.   Pr ovi de j oi nt  wi t h pr essur e- mol ded composi t i on 
gasket s sui t abl e f or  cont i nuous oper at i on at  t wi ce desi gn t emper at ur e.

2. 5. 9. 3   Bel l ows Type

Bel l ows expansi on t ype j oi nt s,  ASTM F1120 wi t h Type 304 st ai nl ess st eel  
cor r ugat ed bel l ows,  r ei nf or ced wi t h equal i z i ng r i ngs,  i nt er nal  s l eeves,  
and ext er nal  pr ot ect i ve cover s.   Joi nt  end connect i ons shal l  be gr ooved,  
f l anged,  or  bevel ed f or  wel di ng.   Gui di ng of  pi pi ng on bot h s i des of  
expansi on j oi nt  shal l  be i n accor dance wi t h t he publ i shed r ecommendat i ons 
of  t he manuf act ur er  of  t he expansi on j oi nt .

2. 6   EXPANSI ON TANKS

Tank shal l  be wel ded st eel ,  const r uct ed f or ,  and t est ed t o 
pr essur e- t emper at ur e r at i ng of  125 psi  at  150 degr ees F.  Pr ovi de t anks 
pr echar ged t o t he mi ni mum oper at i ng pr essur e.   Tank shal l  have a 
r epl aceabl e pol ypr opyl ene or  but yl  l i ned di aphr agm whi ch keeps t he ai r  
char ge separ at ed f r om t he wat er ;  shal l  be t he capt i ve ai r  t ype.

Tanks shal l  accommodat e expanded wat er  of  t he syst em gener at ed wi t hi n t he 
nor mal  oper at i ng t emper at ur e r ange,  l i mi t i ng t hi s pr essur e i ncr ease at  al l  
component s i n t he syst em t o t he maxi mum al l owabl e pr essur e at  t hose 
component s.   Each t ank ai r  chamber  shal l  be f i t t ed wi t h a dr ai n,  f i l l ,  an 
ai r  char gi ng val ve,  and syst em connect i ons.   Tank shal l  be suppor t ed by 
st eel  l egs or  bases f or  ver t i cal  i nst al l at i on or  st eel  saddl es f or  
hor i zont al  i nst al l at i ons.   The onl y ai r  i n t he syst em shal l  be t he 
per manent  seal ed- i n ai r  cushi on cont ai ned wi t hi n t he expansi on t ank.

2. 7   AI R SEPARATOR TANKS

Desi gn t o separ at e ai r  f r om wat er  and t o di r ect  r el eased ai r  t o aut omat i c 
ai r  vent .   Uni t  shal l  be of  one pi ece cast - i r on const r uct i on wi t h i nt er nal  
baf f l es and t wo ai r  chamber s at  t op of  uni t ;  one ai r  chamber  shal l  have 
out l et  t o expansi on t ank and ot her  ai r  chamber  shal l  be pr ovi ded wi t h 
aut omat i c ai r  r el ease devi ce.  Tank shal l  be st eel ,  const r uct ed f or ,  and 
t est ed t o a ANSI  Cl ass 125 pr essur e- t emper at ur e r at i ng.

2. 8   WATER TREATMENT SYSTEMS

When wat er  t r eat ment  i s speci f i ed,  t he use of  chemi cal - t r eat ment  pr oduct s 
cont ai ni ng equi val ent  chr omi um ( CPR)  i s pr ohi bi t ed.

2. 8. 1   Wat er  Anal ysi s

Condi t i ons of  make- up wat er  t o be suppl i ed t o t he condenser  and chi l l ed 
wat er  syst ems shal l  be sampl ed by t he Cont r act or  pr i or  t o syst em st ar  up 
i n accor dance wi t h ASTM D596.   Pr ovi de t he f ol l owi ng i nf or mat i on:

Dat e of  Sampl e _____

Temper at ur e _____ degr ees F

Si l i ca ( Si no 2) _____ pp ( mg/ 1)

I nsol ubl e _____ pp ( mg/ 1)
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I r on and Al umi num Oxi des _____ pp ( mg/ 1)

Cal ci um ( Ca) _____ pp ( mg/ 1)

Magnesi um ( Mg) _____ pp ( mg/ 1)

Sodi um and Pot assi um ( Nan and AK) _____ pp ( mg/ 1)

Car bonat e ( HO 3) _____ pp ( mg/ 1)

Sul f at e ( SO 4) _____ pp ( mg/ 1)

Chl or i de ( JCL) _____ pp ( mg/ 1)

Ni t r at e ( NO 3 _____ pp ( mg/ 1)

Tur bi di t y _____ uni t

pH _____

Resi dual  Chl or i ne _____ pp ( mg/ 1)

Tot al  Al kal i ni t y _____ PM ( me/ 1

Non- Car bonat e Har dness _____ PM ( me/ 1

Tot al  Har dness _____ PM ( me/ 1

Di ssol ved Sol i ds _____ pp ( mg/ 1)

Fl uor i ne _____ pp ( mg/ 1)

Conduct i v i t y _____ McMahon/ cm

2. 8. 2   Chi l l ed and Condenser  Wat er

Wat er  t o be used i n t he chi l l ed and condenser  wat er  syst ems shal l  be 
t r eat ed t o mai nt ai n t he condi t i ons r ecommended by t hi s speci f i cat i on as 
wel l  as t he r ecommendat i ons f r om t he manuf act ur er s of  t he condenser  and 
evapor at or  coi l s.   Chemi cal s shal l  meet  al l  r equi r ed f eder al ,  st at e,  and 
l ocal  envi r onment al  r egul at i ons f or  t he t r eat ment  of  evapor at or  coi l s and 
di r ect  di schar ge t o t he sani t ar y sewer .

2. 8. 3   Chi l l ed Wat er  Syst em

A shot  f eeder  shal l  be pr ovi ded on t he chi l l ed wat er  pi pi ng as i ndi cat ed.   
Si ze and capaci t y of  f eeder  shal l  be based on l ocal  r equi r ement s and wat er  
anal ysi s.   The f eeder  shal l  be f ur ni shed wi t h an ai r  vent ,  gauge gl ass,  
f unnel ,  val ves,  f i t t i ngs,  and pi pi ng.

2. 9   PAI NTI NG OF NEW EQUI PMENT

New equi pment  pai nt i ng shal l  be f act or y appl i ed or  shop appl i ed,  and shal l  
be as speci f i ed her ei n,  and pr ovi ded under  each i ndi v i dual  sect i on.
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2. 9. 1   Fact or y Pai nt i ng Syst ems

Manuf act ur er ' s st andar d f act or y pai nt i ng syst ems may be pr ovi ded.   The 
f act or y pai nt i ng syst em appl i ed wi l l  wi t hst and 125 hour s i n a sal t - spr ay 
f og t est ,  except  t hat  equi pment  l ocat ed out door s shal l  wi t hst and 500 hour s 
i n a sal t - spr ay f og t est .   

Sal t - spr ay f og t est  shal l  be i n accor dance wi t h ASTM B117,  and f or  t hat  
t est ,  t he accept ance cr i t er i a shal l  be as f ol l ows:   i mmedi at el y af t er  
compl et i on of  t he t est ,  t he pai nt  shal l  show no si gns of  bl i s t er i ng,  
wr i nkl i ng,  or  cr acki ng,  and no l oss of  0. 125 i nch on ei t her  s i de of  t he 
scr at ch mar k.   The f i l m t hi ckness of  t he f act or y pai nt i ng syst em appl i ed 
on t he equi pment  shal l  not  be l ess t han t he f i l m t hi ckness used on t he 
t est  speci men.

I f  manuf act ur er ' s st andar d f act or y pai nt i ng syst em i s bei ng pr oposed f or  
use on sur f aces subj ect  t o t emper at ur es above 120 degr ees F,  t he f act or y 
pai nt i ng syst em shal l  be desi gned f or  t he t emper at ur e ser vi ce.

2. 9. 2   Shop Pai nt i ng Syst ems f or  Met al  Sur f aces

Cl ean,  r et r eat ,  pr i me and pai nt  met al  sur f aces;  except  al umi num sur f aces 
need not  be pai nt ed.   Appl y coat i ngs t o c l ean dr y sur f aces.   Cl ean t he 
sur f aces t o r emove dust ,  di r t ,  r ust ,  oi l  and gr ease by wi r e br ushi ng and 
sol vent  degr easi ng pr i or  t o appl i cat i on of  pai nt ,  except  met al  sur f aces 
subj ect  t o t emper at ur es i n excess of  120 degr ees F shal l  be c l eaned t o 
bar e met al .

Wher e hot - di p gal vani zed st eel  has been cut ,  r esul t i ng sur f aces wi t h no 
gal vani z i ng shal l  be coat ed wi t h a z i nc- r i ch coat i ng conf or mi ng t o 
ASTM D520,  Type I .

Wher e mor e t han one coat  of  pai nt  i s  speci f i ed,  appl y t he second coat  
af t er  t he pr ecedi ng coat  i s t hor oughl y dr y.   Li ght l y sand damaged pai nt i ng 
and r et ouch bef or e appl y i ng t he succeedi ng coat .  Col or  of  f i ni sh coat  
shal l  be al umi num or  l i ght  gr ay.

a.   Temper at ur es Less Than 120 Degr ees F:  I mmedi at el y af t er  c l eani ng,  t he 
met al  sur f aces subj ect  t o t emper at ur es l ess t han 120 degr ees F shal l  
r ecei ve one coat  of  pr et r eat ment  pr i mer  appl i ed t o a mi ni mum dr y f i l m 
t hi ckness of  0. 3 mi l ,  one coat  of  pr i mer  appl i ed t o a mi ni mum dr y f i l m 
t hi ckness of  one mi l ;  and t wo coat s of  enamel  appl i ed t o a mi ni mum dr y 
f i l m t hi ckness of  one mi l  per  coat .

b.   Temper at ur es Bet ween 120 and 400 degr ees F:   Met al  sur f aces subj ect  t o 
t emper at ur es bet ween 120 and 400 degr ees F shal l  r ecei ve t wo coat s of  
400 degr ees F heat - r esi st i ng enamel  appl i ed t o a t ot al  mi ni mum 
t hi ckness of  2 mi l s.

2. 10   FACTORY APPLI ED I NSULATI ON

Fact or y i nsul at ed i t ems i nst al l ed out door s ar e not  r equi r ed t o be 
f i r e- r at ed.   As a mi ni mum,  f act or y i nsul at ed i t ems i nst al l ed i ndoor s shal l  
have a f l ame spr ead i ndex no hi gher  t han 25 and a smoke devel oped i ndex no 
hi gher  t han 150.   Fact or y i nsul at ed i t ems ( no j acket )  i nst al l ed i ndoor s 
and whi ch ar e l ocat ed i n ai r  pl enums,  i n cei l i ng spaces,  and i n at t i c  
spaces shal l  have a f l ame spr ead i ndex no hi gher  t han 25 and a smoke 
devel oped i ndex no hi gher  t han 50.   Fl ame spr ead and smoke devel oped 
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i ndexes shal l  be det er mi ned by ASTM E84.

I nsul at i on shal l  be t est ed i n t he same densi t y and i nst al l ed t hi ckness as 
t he mat er i al  t o be used i n t he act ual  const r uct i on.   Mat er i al  suppl i ed by 
a manuf act ur er  wi t h a j acket  shal l  be t est ed as a composi t e mat er i al .   
Jacket s,  f aci ngs,  and adhesi ves shal l  have a f l ame spr ead i ndex no hi gher  
t han 25 and a smoke devel oped i ndex no hi gher  t han 50 when t est ed i n 
accor dance wi t h ASTM E84.

2. 11   NAMEPLATES

Maj or  equi pment  i ncl udi ng pumps,  pump mot or s,  expansi on t anks,  and ai r  
separ at or  t anks shal l  have t he manuf act ur er ' s name,  t ype or  st y l e,  model  
or  ser i al  number  on a pl at e secur ed t o t he i t em of  equi pment .   The 
namepl at e of  t he di st r i but i ng agent  wi l l  not  be accept abl e.   Pl at es shal l  
be dur abl e and l egi bl e t hr oughout  equi pment  l i f e and made of  anodi zed 
al umi num or  st ai nl ess st eel .   Pl at es shal l  be f i xed i n pr omi nent  l ocat i ons 
wi t h nonf er r ous scr ews or  bol t s.

2. 12   RELATED COMPONENTS/ SERVI CES

2. 12. 1   Dr ai n and Make- Up Wat er  Pi pi ng

Requi r ement s f or  dr ai n and make- up wat er  pi pi ng and backf l ow pr event er  i s 
speci f i ed i n Sect i on 22 00 00 PLUMBI NG,  GENERAL PURPOSE.

2. 12. 2   Fi el d Appl i ed I nsul at i on

Requi r ement s f or  f i el d appl i ed i nsul at i on i s speci f i ed i n Sect i on 23 07 00 
THERMAL I NSULATI ON FOR MECHANI CAL SYSTEMS.

2. 12. 3   Fi el d Appl i ed I nsul at i on

Requi r ement s f or  f i el d i nst al l ed i nsul at i on i s speci f i ed i n Sect i on 
23 07 00 THERMAL I NSULATI ON FOR MECHANI CAL SYSTEMS,  except  as suppl ement ed 
and modi f i ed by t hi s speci f i cat i on sect i on.

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

Cut  pi pe accur at el y t o measur ement s est abl i shed at  t he j obsi t e,  and wor k 
i nt o pl ace wi t hout  spr i ngi ng or  f or c i ng,  compl et el y c l ear i ng al l  wi ndows,  
door s,  and ot her  openi ngs.   Cut t i ng or  ot her  weakeni ng of  t he bui l di ng 
st r uct ur e t o f aci l i t at e pi pi ng i nst al l at i on i s not  per mi t t ed wi t hout  
wr i t t en appr oval .   Cut  pi pe or  t ubi ng squar e,  r emove bur r s by r eami ng,  and 
f ashi on t o per mi t  f r ee expansi on and cont r act i on wi t hout  causi ng damage t o 
t he bui l di ng st r uct ur e,  pi pe,  j oi nt s,  or  hanger s.

Not i f y t he Cont r act i ng Of f i cer  i n wr i t i ng at  l east  15 cal endar  days pr i or  
t o t he dat e t he connect i ons ar e r equi r ed.   Obt ai n appr oval  bef or e 
i nt er r upt i ng ser vi ce.   Fur ni sh mat er i al s r equi r ed t o make connect i ons i nt o 
exi st i ng syst ems and per f or m excavat i ng,  backf i l l i ng,  compact i ng,  and 
ot her  i nci dent al  l abor  as r equi r ed.   Fur ni sh l abor  and t ool s f or  maki ng 
act ual  connect i ons t o exi st i ng syst ems.

3. 1. 1   Di r ect i onal  Changes

Make changes i n di r ect i on wi t h f i t t i ngs,  except  t hat  bendi ng of  pi pe 4 
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i nches and smal l er  i s  per mi t t ed,  pr ovi ded a pi pe bender  i s used and wi de 
weep bends ar e f or med.   Mi t er i ng or  not chi ng pi pe or  ot her  s i mi l ar  
const r uct i on t o f or m el bows or  t ees i s not  per mi t t ed.   The cent er l i ne 
r adi us of  bends shal l  not  be l ess t han 6 di amet er s of  t he pi pe.   Bent  pi pe 
showi ng ki nks,  wr i nkl es,  f l at t eni ng,  or  ot her  mal f or mat i ons i s not  
accept abl e.

3. 1. 2   Funct i onal  Requi r ement s

Pi t ch hor i zont al  suppl y mai ns down i n t he di r ect i on of  f l ow as i ndi cat ed.   
The gr ade shal l  not  be l ess t han 1 i nch i n 40 f eet .   Reduci ng f i t t i ngs 
shal l  be used f or  changes i n pi pe si zes.   Cap or  pl ug open ends of  
pi pel i nes and equi pment  dur i ng i nst al l at i on t o keep di r t  or  ot her  f or ei gn 
mat er i al s out  of  t he syst em.

Pi pe not  ot her wi se speci f i ed shal l  be uncoat ed.   Connect i ons t o appl i ances 
shal l  be made wi t h mal l eabl e i r on uni ons f or  st eel  pi pe 2- 1/ 2 i nches or  
l ess i n di amet er ,  and wi t h f l anges f or  pi pe 3 i nches and above i n 
di amet er .   Connect i ons bet ween f er r ous and copper  pi pi ng shal l  be 
el ect r i cal l y i sol at ed f r om each ot her  wi t h di el ect r i c wat er ways or  f l anges.

Pi pi ng l ocat ed i n ai r  pl enums shal l  conf or m t o NFPA 90A r equi r ement s.   
Pi pe and f i t t i ngs i nst al l ed i n i naccessi bl e condui t s or  t r enches under  
concr et e f l oor  s l abs shal l  be wel ded.   Equi pment  and pi pi ng ar r angement s 
shal l  f i t  i nt o space al l ot t ed and al l ow adequat e accept abl e c l ear ances f or  
i nst al l at i on,  r epl acement ,  ent r y,  ser vi c i ng,  and mai nt enance.   El ect r i c 
i sol at i on f i t t i ngs shal l  be pr ovi ded bet ween di ssi mi l ar  met al s.

3. 1. 3   Fi t t i ngs and End Connect i ons

3. 1. 3. 1   Thr eaded Connect i ons

Thr eaded connect i ons shal l  be made wi t h t aper ed t hr eads and made t i ght  
wi t h PTFE t ape compl yi ng wi t h ASTM D3308 or  equi val ent  t hr ead- j oi nt  
compound appl i ed t o t he mal e t hr eads onl y.   Not  mor e t han t hr ee t hr eads 
shal l  show af t er  t he j oi nt  i s  made.

3. 1. 3. 2   Br azed Connect i ons

Br azi ng,  AWS BRH,  except  as modi f i ed her ei n.   Dur i ng br azi ng,  t he pi pe and 
f i t t i ngs shal l  be f i l l ed wi t h a pr essur e r egul at ed i ner t  gas,  such as 
ni t r ogen,  t o pr event  t he f or mat i on of  scal e.   Bef or e br azi ng copper  
j oi nt s,  bot h t he out si de of  t he t ube and t he i nsi de of  t he f i t t i ng shal l  
be c l eaned wi t h a wi r e f i t t i ng br ush unt i l  t he ent i r e j oi nt  sur f ace i s 
br i ght  and cl ean.   Do not  use br azi ng f l ux.   Sur pl us br azi ng mat er i al  
shal l  be r emoved at  al l  j oi nt s.   St eel  t ubi ng j oi nt s shal l  be made i n 
accor dance wi t h t he manuf act ur er ' s r ecommendat i ons.   Pi pi ng shal l  be 
suppor t ed pr i or  t o br azi ng and not  be spr ung or  f or ced.

3. 1. 3. 3   Gr ooved Mechani cal  Connect i ons

Pr epar e gr ooves i n accor dance wi t h t he coupl i ng manuf act ur er ' s 
i nst r uct i ons.   Pi pe and gr oove di mensi ons shal l  compl y wi t h t he t ol er ances 
speci f i ed by t he coupl i ng manuf act ur er .   The di amet er  of  gr ooves made i n 
t he f i el d shal l  be measur ed usi ng a " go/ no- go"  gauge,  ver ni er  or  di al  
cal i per ,  or  nar r ow- l and mi cr omet er ,  or  ot her  met hod speci f i cal l y appr oved 
by t he coupl i ng manuf act ur er  f or  t he i nt ended appl i cat i on.   Gr oove wi dt h 
and di mensi on of  gr oove f r om end of  pi pe shal l  be measur ed and r ecor ded 
f or  each change i n gr oovi ng t ool  set up t o ver i f y compl i ance wi t h coupl i ng 
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manuf act ur er ' s t ol er ances.   Gr ooved j oi nt s shal l  not  be used i n conceal ed 
l ocat i ons,  such as behi nd sol i d wal l s or  cei l i ngs,  unl ess an access panel  
i s  shown on t he dr awi ngs f or  ser vi c i ng or  adj ust i ng t he j oi nt .

3. 1. 3. 4   Fl anges and Uni ons

Except  wher e copper  t ubi ng i s used,  uni on or  f l anged j oi nt s shal l  be 
pr ovi ded i n each l i ne i mmedi at el y pr ecedi ng t he connect i on t o each pi ece 
of  equi pment  or  mat er i al  r equi r i ng mai nt enance such as coi l s,  pumps,  
cont r ol  val ves,  and ot her  s i mi l ar  i t ems.   Fl anged j oi nt s shal l  be 
assembl ed squar e end t i ght  wi t h mat ched f l anges,  gasket s,  and bol t s.   
Gasket s shal l  be sui t abl e f or  t he i nt ended appl i cat i on.

3. 1. 4   Val ves

I sol at i on gat e or  bal l  val ves shal l  be i nst al l ed on each si de of  each 
pi ece of  equi pment ,  at  t he mi dpoi nt  of  al l  l ooped mai ns,  and at  any ot her  
poi nt s i ndi cat ed or  r equi r ed f or  dr ai ni ng,  i sol at i ng,  or  sect i onal i z i ng 
pur pose.   Each val ve except  check val ves shal l  be i dent i f i ed.   Val ves i n 
hor i zont al  l i nes shal l  be i nst al l ed wi t h st ems hor i zont al  or  above.

3. 1. 5   Ai r  Vent s

Ai r  vent s shal l  be pr ovi ded at  al l  hi gh poi nt s,  on al l  wat er  coi l s,  and 
wher e i ndi cat ed t o ensur e adequat e vent i ng of  t he pi pi ng syst em.

3. 1. 6   Dr ai ns

Dr ai ns shal l  be pr ovi ded at  al l  l ow poi nt s and wher e i ndi cat ed t o ensur e 
compl et e dr ai nage of  t he pi pi ng.   Dr ai ns shal l  be accessi bl e,  and shal l  
consi st  of  ni ppl es and caps or  pl ugged t ees unl ess ot her wi se i ndi cat ed.

3. 1. 7   Fl exi bl e Pi pe Connect or s

Connect or s shal l  be at t ached t o component s i n st r i ct  accor dance wi t h t he 
l at est  pr i nt ed i nst r uct i ons of  t he manuf act ur er  t o ensur e a vapor  t i ght  
j oi nt .   Hanger s,  when r equi r ed t o suspend t he connect or s,  shal l  be of  t he 
t ype r ecommended by t he f l exi bl e pi pe connect or  manuf act ur er  and shal l  be 
pr ovi ded at  t he i nt er val s r ecommended.

3. 1. 8   Temper at ur e Gauges

Temper at ur e gauges shal l  be l ocat ed on cool ant  suppl y and r et ur n pi pi ng at  
each heat  exchanger ,  on condenser  wat er  pi pi ng ent er i ng and l eavi ng a 
condenser ,  at  each aut omat i c t emper at ur e cont r ol  devi ce wi t hout  an 
i nt egr al  t her momet er ,  and wher e i ndi cat ed or  r equi r ed f or  pr oper  oper at i on 
of  equi pment .   Ther mal  wel l s f or  i nser t i on t her momet er s and t her most at s 
shal l  ext end beyond t her mal  i nsul at i on sur f ace not  l ess t han 1 i nch.

3. 1. 9   Pi pe Hanger s,  I nser t s,  and Suppor t s

Pi pe hanger s,  i nser t s,  and suppor t s shal l  conf or m t o MSS SP- 58 and 
MSS SP- 69,  except  as suppl ement ed and modi f i ed i n t hi s speci f i cat i on 
sect i on.   Pi pe hanger  t ypes 5,  12,  and 26 shal l  not  be used.   Hanger s used 
t o suppor t  pi pi ng 2 i nches and l ar ger  shal l  be f abr i cat ed t o per mi t  
adequat e adj ust ment  af t er  er ect i on whi l e st i l l  suppor t i ng t he l oad.   
Pi pi ng subj ect ed t o ver t i cal  movement ,  when oper at i ng t emper at ur es exceed 
ambi ent  t emper at ur es,  shal l  be suppor t ed by var i abl e spr i ng hanger s and 
suppor t s or  by const ant  suppor t  hanger s.
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3. 1. 9. 1   Hanger s

Type 3 shal l  not  be used on i nsul at ed pi pi ng.   Type 24 may be used onl y on 
t r apeze hanger  syst ems or  on f abr i cat ed f r ames.

3. 1. 9. 2   I nser t s

Type 18 i nser t s shal l  be secur ed t o concr et e f or ms bef or e concr et e i s 
pl aced.   Cont i nuous i nser t s whi ch al l ow mor e adj ust ment s may be used i f  
t hey ot her wi se meet  t he r equi r ement s f or  Type 18 i nser t s.

3. 1. 9. 3   C- Cl amps

Type 19 and 23 C- cl amps shal l  be t or qued per  MSS SP- 69 and have bot h 
l ocknut s and r et ai ni ng devi ces,  f ur ni shed by t he manuf act ur er .   
Fi el d- f abr i cat ed C- cl amp bodi es or  r et ai ni ng devi ces ar e not  accept abl e.

3. 1. 9. 4   Angl e At t achment s

Type 20 at t achment s used on angl es and channel s shal l  be f ur ni shed wi t h an 
added mal l eabl e- i r on heel  pl at e or  adapt er .

3. 1. 9. 5   Saddl es and Shi el ds

Wher e Type 39 saddl e or  Type 40 shi el d ar e per mi t t ed f or  a par t i cul ar  pi pe 
at t achment  appl i cat i on,  t he Type 39 saddl e,  connect ed t o t he pi pe,  shal l  
be used on al l  pi pe 4 i nches and l ar ger  when t he t emper at ur e of  t he medi um 
i s 60 degr ees F or  hi gher .   Type 40 shi el ds shal l  be used on al l  pi pi ng 
l ess t han 4 i nches and al l  pi pi ng 4 i nches and l ar ger  car r y i ng medi um l ess 
t han 60 degr ees F.   A hi gh densi t y i nsul at i on i nser t  of  cel l ul ar  gl ass 
shal l  be used under  t he Type 40 shi el d f or  pi pi ng 2 i nches and l ar ger .

3. 1. 9. 6   Hor i zont al  Pi pe Suppor t s

Hor i zont al  pi pe suppor t s shal l  be spaced as speci f i ed i n MSS SP- 69 and a 
suppor t  shal l  be i nst al l ed not  over  1 f oot  f r om t he pi pe f i t t i ng j oi nt  at  
each change i n di r ect i on of  t he pi pi ng.   Pi pe suppor t s shal l  be spaced not  
over  5 f eet  apar t  at  val ves.

3. 1. 9. 7   Ver t i cal  Pi pe Suppor t s

Ver t i cal  pi pe shal l  be suppor t ed at  each f l oor ,  except  at  s l ab- on- gr ade,  
and at  i nt er val s of  not  mor e t han 15 f eet ,  not  mor e t han 8 f eet  f r om end 
of  r i ser s,  and at  vent  t er mi nat i ons.

3. 1. 9. 8   Pi pe Gui des

Type 35 gui des usi ng,  st eel ,  r ei nf or ced pol yt et r af l uor oet hyl ene ( PTFE)  or  
gr aphi t e s l i des shal l  be pr ovi ded wher e r equi r ed t o al l ow l ongi t udi nal  
pi pe movement .   Lat er al  r est r ai nt s shal l  be pr ovi ded as r equi r ed.   Sl i de 
mat er i al s shal l  be sui t abl e f or  t he syst em oper at i ng t emper at ur es,  
at mospher i c condi t i ons,  and bear i ng l oads encount er ed.

3. 1. 9. 9   St eel  Sl i des

Wher e st eel  s l i des do not  r equi r e pr ovi s i ons f or  r est r ai nt  of  l at er al  
movement ,  an al t er nat e gui de met hod may be used.   On pi pi ng 4 i nches and 
l ar ger ,  a Type 39 saddl e shal l  be used.   On pi pi ng under  4 i nches,  a Type 
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40 pr ot ect i on shi el d may be at t ached t o t he pi pe or  i nsul at i on and f r eel y 
r est  on a st eel  s l i de pl at e.

3. 1. 9. 10   Mul t i pl e Pi pe Runs

I n t he suppor t  of  mul t i pl e pi pe r uns on a common base member ,  a c l i p or  
c l amp shal l  be used wher e each pi pe cr osses t he base suppor t  member .   
Spaci ng of  t he base suppor t  member s shal l  not  exceed t he hanger  and 
suppor t  spaci ng r equi r ed f or  an i ndi v i dual  pi pe i n t he mul t i pl e pi pe r un.

3. 1. 9. 11   St r uct ur al  At t achment s

At t achment  t o bui l di ng st r uct ur e concr et e and masonr y shal l  be by cast - i n 
concr et e i nser t s,  bui l t - i n anchor s,  or  masonr y anchor  devi ces.   I nser t s 
and anchor s shal l  be appl i ed wi t h a saf et y f act or  not  l ess t han 5.   
Suppor t s shal l  not  be at t ached t o met al  decki ng.   Suppor t s shal l  not  be 
at t ached t o t he under si de of  concr et e f i l l ed f l oor s or  concr et e r oof  decks 
unl ess appr oved by t he Cont r act i ng Of f i cer .   Masonr y anchor s f or  over head 
appl i cat i ons shal l  be const r uct ed of  f er r ous mat er i al s onl y.   St r uct ur al  
st eel  br acket s r equi r ed t o suppor t  pi pi ng,  header s,  and equi pment ,  but  not  
shown,  shal l  be pr ovi ded under  t hi s sect i on.

3. 1. 10   Pi pe Al i gnment  Gui des

Pi pe al i gnment  gui des shal l  be pr ovi ded wher e i ndi cat ed f or  expansi on 
l oops,  of f set s,  and bends and as r ecommended by t he manuf act ur er  f or  
expansi on j oi nt s,  not  t o exceed 5 f eet  on each si de of  each expansi on 
j oi nt ,  and i n l i nes 4 i nches or  smal l er  not  mor e t han 2 f eet  on each si de 
of  t he j oi nt .

3. 1. 11   Pi pe Anchor s

Anchor s shal l  be pr ovi ded wher e i ndi cat ed.   Unl ess i ndi cat ed ot her wi se,  
anchor s shal l  compl y wi t h t he r equi r ement s speci f i ed.   Anchor s shal l  
consi st  of  heavy st eel  col l ar s wi t h l ugs and bol t s f or  c l ampi ng and 
at t achi ng anchor  br aces,  unl ess ot her wi se i ndi cat ed.   Anchor  br aces shal l  
be i nst al l ed i n t he most  ef f ect i ve manner  t o secur e t he desi r ed r esul t s 
usi ng t ur nbuckl es wher e r equi r ed.

Suppor t s,  anchor s,  or  st ays shal l  not  be at t ached wher e t hey wi l l  i nj ur e 
t he st r uct ur e or  adj acent  const r uct i on dur i ng i nst al l at i on or  by t he 
wei ght  of  expansi on of  t he pi pel i ne.   Wher e pi pe and condui t  penet r at i ons 
of  vapor  bar r i er  seal ed sur f aces occur ,  t hese i t ems shal l  be anchor ed 
i mmedi at el y adj acent  t o each penet r at ed sur f ace,  t o pr ovi de essent i al l y  
zer o movement  wi t hi n penet r at i on seal .

3. 1. 12   Bui l di ng Sur f ace Penet r at i ons

Sl eeves shal l  not  be i nst al l ed i n st r uct ur al  member s except  wher e 
i ndi cat ed or  appr oved.   Except  as i ndi cat ed ot her wi se pi pi ng sl eeves shal l  
compl y wi t h r equi r ement s speci f i ed.   Sl eeves i n nonl oad bear i ng sur f aces 
shal l  be gal vani zed sheet  met al ,  conf or mi ng t o ASTM A653/ A653M,  Coat i ng 
Cl ass G- 90,  20 gauge.   Sl eeves i n l oad bear i ng sur f aces shal l  be uncoat ed 
car bon st eel  pi pe,  conf or mi ng t o ASTM A53/ A53M,  St andar d wei ght .   Seal ant s 
shal l  be appl i ed t o moi st ur e and oi l - f r ee sur f aces and el ast omer s t o not  
l ess t han 1/ 2 i nch dept h.   Sl eeves shal l  not  be i nst al l ed i n st r uct ur al  
member s.
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3. 1. 12. 1   Ref r i ger at ed Space

Ref r i ger at ed space bui l di ng sur f ace penet r at i ons shal l  be f i t t ed wi t h 
s l eeves f abr i cat ed f r om hand- l ay- up or  hel i cal l y wound,  f i br ous gl ass 
r ei nf or ced pol yest er  or  epoxy r esi n wi t h a mi ni mum t hi ckness equal  t o 
equi val ent  s i ze Schedul e 40 st eel  pi pe.   Sl eeves shal l  be const r uct ed wi t h 
i nt egr al  col l ar  or  col d s i de shal l  be f i t t ed wi t h a bonded sl i p- on f l ange 
or  ext ended col l ar .

I n t he case of  masonr y penet r at i ons wher e sl eeve i s not  cast - i n,  voi ds 
shal l  be f i l l ed wi t h l at ex mi xed mor t ar  cast  t o shape of  s l eeve and 
f l ange/ ext er nal  col l ar  t ype sl eeve shal l  be assembl ed wi t h but yl  el ast omer  
vapor  bar r i er  seal ant  t hr ough penet r at i on t o col d s i de sur f ace vapor  
bar r i er  over l ap and f ast ened t o sur f ace wi t h masonr y anchor s.

I nt egr al  cast - i n col l ar  t ype sl eeve shal l  be f l ashed wi t h not  l ess t han 4 
i nches of  col d s i de vapor  bar r i er  over l ap of  s l eeve sur f ace.   Nor mal l y 
noni nsul at ed penet r at i ng r ound sur f aces shal l  be seal ed t o s l eeve bor e 
wi t h mechani cal l y expandabl e seal s i n vapor  t i ght  manner  and r emai ni ng 
war m and col d s i de s l eeve dept h shal l  be i nsul at ed wi t h not  l ess t han 4 
i nches of  f oamed- i n- pl ace r i gi d pol yur et hane or  f oamed- i n- pl ace si l i cone 
el ast omer .

Vapor  bar r i er  seal ant  shal l  be appl i ed t o f i ni sh war m si de i nsul at i on 
sur f ace.   War m si de of  penet r at i ng sur f ace shal l  be i nsul at ed beyond vapor  
bar r i er  seal ed sl eeve i nsul at i on f or  a di st ance whi ch pr event s 
condensat i on.   Wi r es i n r ef r i ger at ed space sur f ace penet r at i ng condui t  
shal l  be seal ed wi t h vapor  bar r i er  pl ugs or  compound t o pr event  moi st ur e 
mi gr at i on t hr ough condui t  and condensat i on t her ei n.

3. 1. 12. 2   Gener al  Ser vi ce Ar eas

Each sl eeve shal l  ext end t hr ough i t s r espect i ve wal l ,  f l oor ,  or  r oof ,  and 
shal l  be cut  f l ush wi t h each sur f ace.   Pi pes passi ng t hr ough concr et e or  
masonr y wal l  or  concr et e f l oor s or  r oof s shal l  be pr ovi ded wi t h pi pe 
sl eeves f i t t ed i nt o pl ace at  t he t i me of  const r uct i on.   Sl eeves shal l  be 
of  such si ze as t o pr ovi de a mi ni mum of  1/ 4 i nch al l - ar ound cl ear ance 
bet ween bar e pi pe and sl eeves or  bet ween j acket ed- i nsul at i on and sl eeves.   
Except  i n pi pe chases or  i nt er i or  wal l s,  t he annul ar  space bet ween pi pe 
and sl eeve or  bet ween j acket  over - i nsul at i on and sl eeve shal l  be seal ed.

3. 1. 12. 3   Wat er pr oof  Penet r at i ons

Pi pes passi ng t hr ough r oof  or  f l oor  wat er pr oof i ng membr ane shal l  be 
i nst al l ed t hr ough a . 17 ounce copper  s l eeve,  or  a 0. 032 i nch t hi ck 
al umi num sl eeve,  each wi t hi n an i nt egr al  ski r t  or  f l ange.

Fl ashi ng sl eeve shal l  be sui t abl y f or med,  and ski r t  or  f l ange shal l  ext end 
not  l ess t han 8 i nches f r om t he pi pe and be set  over  t he r oof  or  f l oor  
membr ane i n a t r owel ed coat i ng of  bi t umi nous cement .   The f l ashi ng sl eeve 
shal l  ext end up t he pi pe a mi ni mum of  2 i nches above t he r oof  or  f l oor  
penet r at i on.   The annul ar  space bet ween t he f l ashi ng sl eeve and t he bar e 
pi pe or  bet ween t he f l ashi ng sl eeve and t he met al - j acket - cover ed 
i nsul at i on shal l  be seal ed as i ndi cat ed.   Penet r at i ons shal l  be seal ed by 
ei t her  one of  t he f ol l owi ng met hods.

a.   Wat er pr oof i ng Cl ampi ng Fl ange:   Pi pes up t o and i ncl udi ng 10 i nches i n 
di amet er  passi ng t hr ough r oof  or  f l oor  wat er pr oof i ng membr ane may be 
i nst al l ed t hr ough a cast  i r on s l eeve wi t h caul k i ng r ecess,  anchor  
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l ugs,  f l ashi ng cl amp devi ce,  and pr essur e r i ng wi t h br ass bol t s.   
Wat er pr oof i ng membr ane shal l  be c l amped i nt o pl ace and seal ant  shal l  
be pl aced i n t he caul k i ng r ecess.

b.   Modul ar  Mechani cal  Type Seal i ng Assembl y:   I n l i eu of  a wat er pr oof i ng 
c l ampi ng f l ange,  a modul ar  mechani cal  t ype seal i ng assembl y may be 
i nst al l ed.   Seal s shal l  consi st  of  i nt er l ocki ng synt het i c r ubber  l i nks 
shaped t o cont i nuousl y f i l l  t he annul ar  space bet ween t he pi pe/ condui t  
and sl eeve wi t h cor r osi on pr ot ect ed car bon st eel  bol t s,  nut s,  and 
pr essur e pl at es.   Li nks shal l  be l oosel y assembl ed wi t h bol t s t o f or m 
a cont i nuous r ubber  bel t  ar ound t he pi pe wi t h a pr essur e pl at e under  
each bol t  head and each nut .

    Af t er  t he seal  assembl y i s pr oper l y posi t i oned i n t he s l eeve,  
t i ght eni ng of  t he bol t  shal l  cause t he r ubber  seal i ng el ement s t o 
expand and pr ovi de a wat er t i ght  seal  r ubber  seal i ng el ement s t o expand 
and pr ovi de a wat er t i ght  seal  bet ween t he pi pe/ condui t  seal  bet ween 
t he pi pe/ condui t  and t he sl eeve.   Each seal  assembl y shal l  be s i zed as 
r ecommended by t he manuf act ur er  t o f i t  t he pi pe/ condui t  and sl eeve 
i nvol ved.   The Cont r act or  el ect i ng t o use t he modul ar  mechani cal  t ype 
seal s shal l  pr ovi de sl eeves of  t he pr oper  di amet er s.

3. 1. 12. 4   Fi r e- Rat ed Penet r at i ons

Penet r at i on of  f i r e- r at ed wal l s,  par t i t i ons,  and f l oor s shal l  be seal ed as 
speci f i ed i n Sect i on 07 84 00 FI RESTOPPI NG.

3. 1. 12. 5   Escut cheons

Fi ni shed sur f aces wher e exposed pi pi ng,  bar e or  i nsul at ed,  pass t hr ough 
f l oor s,  wal l s,  or  cei l i ngs,  except  i n boi l er ,  ut i l i t y ,  or  equi pment  r ooms,  
shal l  be pr ovi ded wi t h escut cheons.   Wher e sl eeves pr oj ect  s l i ght l y f r om 
f l oor s,  speci al  deep- t ype escut cheons shal l  be used.   Escut cheon shal l  be 
secur ed t o pi pe or  pi pe cover i ng.

3. 1. 13   Access Panel s

Access panel s shal l  be pr ovi ded wher e i ndi cat ed f or  al l  conceal ed val ves,  
vent s,  cont r ol s,  and addi t i onal l y f or  i t ems r equi r i ng i nspect i on or  
mai nt enance.   Access panel s shal l  be of  suf f i c i ent  s i ze and l ocat ed so 
t hat  t he conceal ed i t ems may be ser vi ced and mai nt ai ned or  compl et el y 
r emoved and r epl aced.

3. 2   ELECTRI CAL I NSTALLATI ON

I nst al l  el ect r i cal  equi pment  i n accor dance wi t h NFPA 70 and manuf act ur er s 
i nst r uct i ons.

3. 3   CLEANI NG AND ADJUSTI NG

Pi pes shal l  be c l eaned f r ee of  scal e and t hor oughl y f l ushed of  al l  f or ei gn 
mat t er .   A t empor ar y bypass shal l  be pr ovi ded f or  al l  wat er  coi l s t o 
pr event  f l ushi ng wat er  f r om passi ng t hr ough coi l s.   St r ai ner s and val ves 
shal l  be t hor oughl y c l eaned.   Pr i or  t o t est i ng and bal anci ng,  ai r  shal l  be 
r emoved f r om al l  wat er  syst ems by oper at i ng t he ai r  vent s.   Tempor ar y 
measur es,  such as pi pi ng t he over f l ow f r om vent s t o a col l ect i ng vessel  
shal l  be t aken t o avoi d wat er  damage dur i ng t he vent i ng pr ocess.   Ai r  
vent s shal l  be pl ugged or  capped af t er  t he syst em has been vent ed.   
Cont r ol  val ves and ot her  mi scel l aneous equi pment  r equi r i ng adj ust ment  
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shal l  be adj ust ed t o set t i ng i ndi cat ed or  di r ect ed.

3. 4   FI ELD TESTS

Fi el d t est s shal l  be conduct ed i n t he pr esence of  t he QC Manager  or  hi s 
desi gnat ed r epr esent at i ve t o ver i f y syst ems compl i ance wi t h  
speci f i cat i ons.   Any mat er i al ,  equi pment ,  i nst r ument s,  and per sonnel  
r equi r ed f or  t he t est  shal l  be pr ovi ded by t he Cont r act or .

3. 4. 1   Equi pment  and Component  I sol at i on

Pr i or  t o t est i ng,  equi pment  and component s t hat  cannot  wi t hst and t he t est s 
shal l  be pr oper l y i sol at ed.  

3. 4. 2   Pr essur e Test s

Each pi pi ng syst em ,  except  f or  pol ypr opyl ene pi pi ng,  shal l  be 
hydr ost at i cal l y t est ed at  a pr essur e not  l ess t han 188 psi g f or  per i od of  
t i me suf f i c i ent  t o i nspect  ever y j oi nt  i n t he syst em and i n no case l ess 
t han 2 hour s.   Test  pr essur e shal l  be moni t or ed by a cur r ent l y cal i br at ed 
t est  pr essur e gauge.   Leaks shal l  be r epai r ed and pi pi ng r et est ed unt i l  
t est  r equi r ement s ar e met .   No l eakage or  r educt i on i n gage pr essur e shal l  
be al l owed.

Leaks shal l  be r epai r ed by r ewel di ng or  r epl aci ng pi pe or  f i t t i ngs.   
Caul k i ng of  j oi nt s wi l l  not  be per mi t t ed.   Conceal ed and i nsul at ed pi pi ng 
shal l  be t est ed i n pl ace bef or e conceal i ng.

Submi t  f or  appr oval  pr essur e t est s r epor t s cover i ng t he above speci f i ed 
pi pi ng pr essur e t est s;  descr i be t he syst ems t est ed,  t est  r esul t s,  def ect s 
f ound and r epai r ed,  and si gnat ur e of  t he pr essur e t est s '  di r ect or .   Obt ai n 
appr oval  f r om t he QC Manager  bef or e conceal i ng pi pi ng or  appl y i ng 
i nsul at i on t o t est ed and accept ed pi pi ng.

3. 4. 3   Rel at ed Fi el d I nspect i ons and Test i ng

3. 4. 3. 1   Pi pi ng Wel ds

Exami nat i on of  Pi pi ng Wel ds i s speci f i ed i n t he par agr aph EXAMI NATI ON OF 
PI PI NG WELDS ( above) .

3. 4. 3. 2   HVAC TAB

Requi r ement s f or  t est i ng,  adj ust i ng,  and bal anci ng ( TAB)  of  HVAC wat er  
pi pi ng,  and associ at ed equi pment  i s speci f i ed i n Sect i on 23 05 93 TESTI NG,  
ADJUSTI NG,  AND BALANCI NG FOR HVAC.   Coor di nat e wi t h t he TAB t eam,  and 
pr ovi de suppor t  per sonnel  and equi pment  as speci f i ed i n Sect i on 23 05 93 
TESTI NG,  ADJUSTI NG AND BALANCI NG FOR HVAC t o assi st  TAB t eam t o meet  t he 
TAB wor k r equi r ement s.

3. 5   I NSTRUCTI ON TO GOVERNMENT PERSONNEL

Fur ni sh t he ser vi ces of  compet ent  i nst r uct or s t o gi ve f ul l  i nst r uct i on t o 
t he desi gnat ed Gover nment  per sonnel  i n t he adj ust ment ,  oper at i on,  and 
mai nt enance,  i ncl udi ng per t i nent  saf et y r equi r ement s,  of  t he chi l l ed wat er  
and condenser  wat er  pi pi ng syst em.   I nst r uct or s shal l  be t hor oughl y 
f ami l i ar  wi t h al l  par t s of  t he i nst al l at i on and shal l  be i nst r uct ed i n 
oper at i ng t heor y as wel l  as pr act i cal  oper at i on and mai nt enance wor k.   
Submi t  a l esson pl an f or  t he i nst r uct i on cour se f or  appr oval .   The l esson 
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pl an and i nst r uct i on cour se shal l  be based on t he appr oved oper at i on and 
mai nt enance dat a and mai nt enance manual s.

Conduct  a t r ai ni ng cour se f or  t he oper at i ng st af f  and mai nt enance st af f  
sel ect ed by t he Cont r act i ng Of f i cer .   Gi ve t he i nst r uct i on dur i ng t he 
f i r st  r egul ar  wor k week af t er  t he equi pment  or  syst em has been accept ed 
and t ur ned over  t o t he Gover nment  f or  r egul ar  oper at i on.   The number  of  
man- days ( 8 hour s per  day)  of  i nst r uct i on f ur ni shed shal l  be one man- day. .   
Use appr oxi mat el y hal f  of  t he t i me f or  c l assr oom i nst r uct i on and t he ot her  
t i me f or  i nst r uct i on at  t he l ocat i on of  equi pment  or  syst em.

When si gni f i cant  changes or  modi f i cat i ons i n t he equi pment  or  syst em ar e 
made under  t he t er ms of  t he cont r act ,  pr ovi de addi t i onal  i nst r uct i on t o 
acquai nt  t he oper at i ng per sonnel  wi t h t he changes or  modi f i cat i ons.

        - -  End of  Sect i on - -
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SECTI ON 23 81 00

DECENTRALI ZED UNI TARY HVAC EQUI PMENT
05/ 18,  CHG 1:  02/ 21

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AI R- CONDI TI ONI NG,  HEATI NG AND REFRI GERATI ON I NSTI TUTE ( AHRI )

AHRI  700 ( 2016)  Speci f i cat i ons f or  Fl uor ocar bon 
Ref r i ger ant s

ANSI / AHRI  210/ 240 ( 2008;  Add 1 2011;  Add 2 2012)  Per f or mance 
Rat i ng of  Uni t ar y Ai r - Condi t i oni ng & 
Ai r - Sour ce Heat  Pump Equi pment

ANSI / AHRI  460 ( 2005)  Per f or mance Rat i ng of  Remot e 
Mechani cal - Dr af t  Ai r - Cool ed Ref r i ger ant  
Condenser s

AMERI CAN SOCI ETY OF HEATI NG,  REFRI GERATI NG AND AI R- CONDI TI ONI NG 
ENGI NEERS ( ASHRAE)

ANSI / ASHRAE 15 & 34 ( 2013)  ANSI / ASHRAE St andar d 15- Saf et y 
St andar d f or  Ref r i ger at i on Syst ems and 
ANSI / ASHRAE St andar d 34- Desi gnat i on and 
Saf et y Cl assi f i cat i on of  Ref r i ger ant s

ASHRAE 15 & 34 ( 2013)  ASHRAE St andar d 34- 2016 Saf et y 
St andar d f or  Ref r i ger at i on Syst ems/ ASHRAE 
St andar d 34- 2016 Desi gnat i on and Saf et y 
Cl assi f i cat i on of  Ref r i ger ant s- ASHRAE 
St andar d 34- 2016

ASHRAE 90. 1 -  I P ( 2019;  Er r at a 1 2019;   Er r at a 2- 5 2020;  
Addenda BY- CP 2020;  Addenda AF- DB 2020;  
Addenda A- G 2020;  Addenda F- Y 2021;   
Er r at a 6- 8 2021;  I nt er pr et at i on 1- 4 2020;  
I nt er pr et at i on 5- 8 2021 Addenda AS- AQ 
2022)  Ener gy St andar d f or  Bui l di ngs Except  
Low- Ri se Resi dent i al  Bui l di ngs

ASHRAE 90. 1 -  SI ( 2019;  Er r at a 1- 4 2020;  Addenda BY- CP 
2020;  Addenda AF- DB 2020;  Addenda A- G 
2020;  Addenda F- Y 2021;  Er r at a 5- 7 2021;  
I nt er pr et at i on 1- 4 2020;  I nt er pr et at i on 
5- 8 2021;  Addenda AU- CM 2022)  Ener gy 
St andar d f or  Bui l di ngs Except  Low- Ri se 
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Resi dent i al  Bui l di ngs

AMERI CAN SOCI ETY OF MECHANI CAL ENGI NEERS ( ASME)

ASME BPVC SEC I X ( 2017;  Er r at a 2018)  BPVC Sect i on 
I X- Wel di ng,  Br azi ng and Fusi ng 
Qual i f i cat i ons

ASME BPVC SEC VI I I  D1 ( 2019)  BPVC Sect i on VI I I - Rul es f or  
Const r uct i on of  Pr essur e Vessel s Di v i s i on 1

AMERI CAN WELDI NG SOCI ETY ( AWS)

AWS Z49. 1 ( 2021)  Saf et y i n Wel di ng and Cut t i ng and 
Al l i ed Pr ocesses

ASTM I NTERNATI ONAL ( ASTM)

ASTM B117 ( 2019)  St andar d Pr act i ce f or  Oper at i ng 
Sal t  Spr ay ( Fog)  Appar at us

ASTM D520 ( 2000;  R 2011)  Zi nc Dust  Pi gment

ASTM E84 ( 2020)  St andar d Test  Met hod f or  Sur f ace 
Bur ni ng Char act er i st i cs of  Bui l di ng 
Mat er i al s

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA MG 1 ( 2021)  Mot or s and Gener at or s

NEMA MG 2 ( 2014)  Saf et y St andar d f or  Const r uct i on 
and Gui de f or  Sel ect i on,  I nst al l at i on and 
Use of  El ect r i c Mot or s and Gener at or s

U. S.  DEPARTMENT OF DEFENSE ( DOD)

MI L- DTL- 5541 ( 2006;  Rev F)  Chemi cal  Conver si on Coat i ngs 
on Al umi num and Al umi num Al l oys

UNDERWRI TERS LABORATORI ES ( UL)

UL 1995 ( 2015;  Repr i nt  Aug 2022)  UL St andar d f or  
Saf et y Heat i ng and Cool i ng Equi pment

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
Cont r act or  Qual i t y Cont r ol  appr oval .  Submi t  t he f ol l owi ng i n accor dance 
wi t h Sect i on 01 33 00 SUBMI TTAL PROCEDURES:

SD- 03 Pr oduct  Dat a

Spar e Par t s

Post ed I nst r uct i ons

Coi l  Cor r osi on Pr ot ect i on
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Syst em Per f or mance Test s

Tr ai ni ng;  G

I nvent or y

Suppl i ed Pr oduct s

Manuf act ur er ' s St andar d Cat al og Dat a

SD- 06 Test  Repor t s

Syst em Per f or mance Test s;  G

SD- 07 Cer t i f i cat es

Ser vi ce Or gani zat i ons

SD- 10 Oper at i on and Mai nt enance Dat a

Oper at i on and Mai nt enance Manual s;  G

SD- 11 Cl oseout  Submi t t al s

Ozone Depl et i ng Subst ances

1. 3   QUALI TY ASSURANCE

Car ef ul l y i nvest i gat e t he pl umbi ng,  f i r e pr ot ect i on,  el ect r i cal ,  
st r uct ur al  and f i ni sh condi t i ons t hat  woul d af f ect  t he wor k t o be 
per f or med and ar r ange such wor k accor di ngl y,  f ur ni shi ng r equi r ed of f set s,  
f i t t i ngs,  and accessor i es t o meet  such condi t i ons.   Submi t  dr awi ngs 
consi st i ng of :

a.   Equi pment  l ayout s whi ch i dent i f y assembl y and i nst al l at i on det ai l s.

b.   Pl ans and el evat i ons whi ch i dent i f y c l ear ances r equi r ed f or  
mai nt enance and oper at i on.

c.   Wi r i ng di agr ams whi ch i dent i f y each component  i ndi v i dual l y and 
i nt er connect ed or  i nt er l ocked r el at i onshi ps bet ween component s.

d.   Foundat i on dr awi ngs,  bol t - set t i ng i nf or mat i on,  and f oundat i on bol t s 
pr i or  t o concr et e f oundat i on const r uct i on f or  equi pment  i ndi cat ed or  
r equi r ed t o have concr et e f oundat i ons.

e.   Det ai l s,  i f  pi pi ng and equi pment  ar e t o be suppor t ed ot her  t han as 
i ndi cat ed,  whi ch i ncl ude l oadi ngs and t ype of  f r ames,  br acket s,  
st anchi ons,  or  ot her  suppor t s.

f .   Aut omat i c t emper at ur e cont r ol  di agr ams and cont r ol  sequences.

g.   I nst al l at i on det ai l s whi ch i ncl udes t he amount  of  f act or y set  
super heat  and cor r espondi ng r ef r i ger ant  pr essur e/ t emper at ur e.

h.   Equi pment  schedul es
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1. 4   DELI VERY,  STORAGE,  AND HANDLI NG

Pr ot ect  st or ed i t ems f r om t he weat her ,  humi di t y and t emper at ur e 
var i at i ons,  di r t  and dust ,  or  ot her  cont ami nant s.   Pr oper l y pr ot ect  and 
car e f or  al l  mat er i al  bot h bef or e and dur i ng i nst al l at i on.  Submi t  an 
i nvent or y of  al l  t he st or ed i t ems.   Repl ace any mat er i al s f ound t o be 
damaged,  at  no addi t i onal  cost  t o t he Gover nment .   Dur i ng i nst al l at i on,  
cap pi pi ng and si mi l ar  openi ngs capped t o keep out  di r t  and ot her  f or ei gn 
mat t er .

1. 5   WARRANTY

Pr ovi de equi pment  wi t h t he Manuf act ur er ' s St andar d War r ant y.  

PART 2   PRODUCTS

2. 1   ENERGY EFFI CI ENCY REQUI REMENTS

42 USC 8259b r equi r es t he pr ocur ement  of  ener gy ef f i c i ent  pr oduct s i n 
pr oduct  cat egor i es cover ed by t he Ener gy St ar  pr ogr am or  t he Feder al  
Ener gy Management  Pr ogr am f or  desi gnat ed pr oduct s.   A l i s t  of  cover ed 
pr oduct  cat egor i es i s avai l abl e f r om t he Feder al  Ener gy Management  Web 
si t e at  ht t p: / / ener gy. gov/ eer e/ f emp/ cover ed- pr oduct - cat egor i es.

Submi t  Mat er i al ,  Equi pment ,  and Fi xt ur es Li st  of  al l  suppl i ed pr oduct s 
wi t hi n a cover ed pr oduct  cat egor y,  i ncl udi ng manuf act ur er ' s cat al og 
number s,  speci f i cat i on and dr awi ng r ef er ence number ,  war r ant y i nf or mat i on,  
f abr i cat i on s i t e,  and ener gy per f or mance dat a.  For  pr oduct  cat egor i es 
cover ed by t he Feder al  Ener gy Management  Pr ogr am,  submi t  document at i on 
t hat  t he pr oduct  meet s or  exceeds FEMP- desi gnat ed ef f i c i ency r equi r ement s.

2. 2   MATERI ALS

Pr ovi de Manuf act ur er ' s st andar d cat al og dat a,  at  l east  5 weeks pr i or  t o 
t he pur chase or  i nst al l at i on of  a par t i cul ar  component ,  hi ghl i ght ed t o 
show mat er i al ,  s i ze,  opt i ons,  per f or mance char t s and cur ves,  et c.  i n 
adequat e det ai l  t o demonst r at e compl i ance wi t h cont r act  r equi r ement s.   
Dat a i ncl udes manuf act ur er ' s r ecommended i nst al l at i on i nst r uct i ons and 
pr ocedur es.   I f  v i br at i on i sol at i on i s speci f i ed f or  a uni t ,  i ncl ude 
vi br at i on i sol at or  l i t er at ur e cont ai ni ng cat al og cut s and cer t i f i cat i on 
t hat  t he i sol at i on char act er i st i cs of  t he i sol at or s pr ovi ded meet  t he 
manuf act ur er ' s r ecommendat i ons.   Submi t  dat a f or  each speci f i ed 
component .   Mi ni mum ef f i c i ency r equi r ement s must  be i n accor dance wi t h 
ASHRAE 90. 1 -  I P.

2. 2. 1   St andar d Pr oduct s

Pr ovi de mat er i al s and equi pment  t hat  ar e st andar d pr oduct s of  a 
manuf act ur er  r egul ar l y engaged i n t he manuf act ur i ng of  such pr oduct s,  
whi ch ar e of  a s i mi l ar  mat er i al ,  desi gn and wor kmanshi p.   The st andar d 
pr oduct s must  have been i n sat i sf act or y commer ci al  or  i ndust r i al  use f or  2 
year s pr i or  t o r equest  f or  pr oposal .   The 2 year  use i ncl udes appl i cat i ons 
of  equi pment  and mat er i al s under  s i mi l ar  c i r cumst ances and of  s i mi l ar  
s i ze.   The 2 year s '  exper i ence must  be sat i sf act or i l y  compl et ed by a 
pr oduct  whi ch has been sol d or  i s of f er ed f or  sal e on t he commer ci al  
mar ket  t hr ough adver t i sement s,  manuf act ur er ' s cat al ogs,  or  br ochur es.   
Pr oduct s havi ng l ess t han a 2 year  f i el d ser vi ce r ecor d wi l l  be accept abl e 
i f  a cer t i f i ed r ecor d of  sat i sf act or y f i el d oper at i on,  f or  not  l ess t han 
6000 hour s excl usi ve of  t he manuf act ur er ' s f act or y t est s,  can be shown.   
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Pr oduct s must  be suppor t ed by a ser vi ce or gani zat i on.   Ensur e syst em 
component s ar e envi r onment al l y sui t abl e f or  t he i ndi cat ed geogr aphi c 
l ocat i ons.

2. 2. 2   Pr oduct  Sust ai nabi l i t y  Cr i t er i a

2. 2. 2. 1   Ener gy Ef f i c i ent  Equi pment

Pr ovi de equi pment  meet i ng t he ef f i c i ency r equi r ement s as st at ed wi t hi n 
t hi s sect i on.

2. 2. 2. 2   El ect r i cal  Equi pment  /  Mot or s

Pr ovi de el ect r i cal  equi pment ,  mot or s,  mot or  ef f i c i enci es,  and wi r i ng whi ch 
ar e i n accor dance wi t h Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.   
El ect r i cal  mot or  dr i ven equi pment  speci f i ed must  be pr ovi ded compl et e wi t h 
mot or s,  mot or  st ar t er s,  and cont r ol s.   El ect r i cal  char act er i st i cs must  be 
as shown,  and unl ess ot her wi se i ndi cat ed,  al l  mot or s of  1 hor sepower  and 
above wi t h open,  dr i ppr oof ,  t ot al l y encl osed,  or  expl osi on pr oof  f an 
cool ed encl osur es,  must  be t he pr emi um ef f i c i ency t ype i n accor dance wi t h 
NEMA MG 1.   Fi el d wi r i ng must  be i n accor dance wi t h manuf act ur er ' s 
i nst r uct i ons.   Each mot or  must  conf or m t o NEMA MG 1 and NEMA MG 2 and be 
of  suf f i c i ent  s i ze t o dr i ve t he equi pment  at  t he speci f i ed capaci t y 
wi t hout  exceedi ng t he namepl at e r at i ng of  t he mot or .   Mot or s must  be 
cont i nuous dut y wi t h t he encl osur e speci f i ed.   Mot or  st ar t er s must  be 
pr ovi ded compl et e wi t h t her mal  over l oad pr ot ect i on and ot her  appur t enances 
necessar y f or  t he mot or  cont r ol  i ndi cat ed.   Mot or s must  be f ur ni shed wi t h 
a magnet i c acr oss- t he- l i ne or  r educed vol t age t ype st ar t er  as r equi r ed by 
t he manuf act ur er .   Mot or  dut y r equi r ement s must  al l ow f or  maxi mum 
f r equency st ar t - st op oper at i on and mi ni mum encount er ed i nt er val  bet ween 
st ar t  and st op.   Mot or s must  be si zed f or  t he appl i cabl e l oads.   Mot or  
t or que must  be capabl e of  accel er at i ng t he connect ed l oad wi t hi n 20 
seconds wi t h 80 per cent  of  t he r at ed vol t age mai nt ai ned at  mot or  t er mi nal s 
dur i ng one st ar t i ng per i od.   Mot or  bear i ngs must  be f i t t ed wi t h gr ease 
suppl y f i t t i ngs and gr ease r el i ef  t o out si de of  encl osur e.   Manual  or  
aut omat i c cont r ol  and pr ot ect i ve or  s i gnal  devi ces r equi r ed f or  t he 
oper at i on speci f i ed and any cont r ol  wi r i ng r equi r ed f or  cont r ol s and 
devi ces speci f i ed,  but  not  shown,  must  be pr ovi ded.

2. 2. 2. 3   Ozone Depl et i ng Subst ances

Uni t ar y ai r  condi t i oni ng equi pment  must  not  use CFC- based r ef r i ger ant s.   
Ref r i ger ant  may be an appr oved al t er nat i ve r ef r i ger ant  i n accor dance wi t h 
EPA' s Si gni f i cant  New Al t er nat i ve Pol i cy ( SNAP)  l i s t i ng.

2. 2. 3   Namepl at es

Maj or  equi pment  i ncl udi ng compr essor s,  condenser s,  r ecei ver s,  heat  
exchanges,  f ans,  and mot or s must  have t he manuf act ur er ' s name,  addr ess,  
t ype or  st y l e,  model  or  ser i al  number ,  and cat al og number  on a pl at e 
secur ed t o t he i t em of  equi pment .   Pl at es must  be dur abl e and l egi bl e 
t hr oughout  equi pment  l i f e and made of  anodi zed al umi num.   Fi x pl at es i n 
pr omi nent  l ocat i ons wi t h nonf er r ous scr ews or  bol t s.

2. 2. 4   Saf et y Devi ces

Exposed movi ng par t s,  par t s t hat  pr oduce hi gh oper at i ng t emper at ur e,  par t s 
whi ch may be el ect r i cal l y ener gi zed,  and par t s t hat  may be a hazar d t o 
oper at i ng per sonnel  must  be i nsul at ed,  f ul l y  encl osed,  guar ded,  or  f i t t ed 
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wi t h ot her  t ypes of  saf et y devi ces.   Saf et y devi ces must  be i nst al l ed so 
t hat  pr oper  oper at i on of  equi pment  i s not  i mpai r ed.   Wel di ng and cut t i ng 
saf et y r equi r ement s must  be i n accor dance wi t h AWS Z49. 1.

2. 3   EQUI PMENT

2. 3. 1   Mi ni - Spl i t - Syst em Ai r  Condi t i oner s and Heat  Pumps

2. 3. 1. 1   Smal l - Capaci t y Spl i t - Syst em Ai r - Condi t i oner s ( Not  Exceedi ng 65, 000 
Bt u/ hr )

Pr ovi de an ai r - cool ed,  spl i t  syst em whi ch empl oys a r emot e condensi ng 
uni t ,  a separ at e wal l  mount ed i ndoor  uni t ,  and i nt er connect i ng r ef r i ger ant  
pi pi ng.   Pr ovi de t he heat  pump t ype uni t  conf or mi ng t o appl i cabl e 
Under wr i t er s Labor at or i es ( UL)  st andar ds i ncl udi ng UL 1995.   Uni t  must  be 
r at ed i n accor dance wi t h ANSI / AHRI  210/ 240.   Pr ovi de i ndoor  uni t  wi t h 
necessar y f ans,  ai r  f i l t er s,  and gal vani zed st eel  cabi net  const r uct i on.   
The r emot e uni t  must  be as speci f i ed i n par agr aph CONDENSI NG UNI T.   
Pr ovi de doubl e- wi dt h,  doubl e i nl et ,  f or war d cur ved backwar d i ncl i ned,  or  
ai r f oi l  bl ade,  cent r i f ugal  scr ol l  t ype evapor at or  or  suppl y f ans.   Pr ovi de 
t he manuf act ur er ' s st andar d condenser  or  out door  f ans f or  t he uni t  
speci f i ed.   Desi gn uni t  t o oper at e at  out door  ambi ent  t emper at ur es up t o 
115 degr ees F.

2. 3. 1. 1. 1   Ener gy Ef f i c i ency

Pr ovi de uni t  wi t h an Ener gy St ar  l abel .

2. 3. 1. 1. 2   Ai r - t o- Ref r i ger ant  Coi l

Pr ovi de condensi ng coi l s wi t h copper  or  al umi num t ubes of  3/ 8 i nch mi ni mum 
di amet er  wi t h al umi num f i ns t hat  ar e mechani cal l y bonded or  sol der ed t o 
t he t ubes.   Casi ng must  be gal vani zed st eel  or  al umi num.   Avoi d cont act  of  
di ssi mi l ar  met al s.   Test  coi l s i n accor dance wi t h ASHRAE 15 & 34 at  t he 
f act or y and ensur e sui t abi l i t y  f or  t he wor ki ng pr essur e of  t he i nst al l ed 
syst em.   Dehydr at e and seal  each coi l  t est i ng and pr i or  t o eval uat i on and 
char gi ng.

Coat  condenser  coi l  wi t h a uni f or ml y appl i ed epoxy el ect r odeposi t i on,  
phenol i c,  or  v i nyl  t ype coat i ng t o al l  coi l  sur f ace ar eas wi t hout  mat er i al  
br i dgi ng bet ween f i ns.   Appl y coat i ng at  ei t her  t he coi l  or  coat i ng 
manuf act ur er ' s f act or y.   Coat i ng pr ocess must  ensur e compl et e coi l  
encapsul at i on and be capabl e of  wi t hst andi ng a mi ni mum 500 hour s exposur e 
t o t he sal t  spr ay t est  speci f i ed i n ASTM B117 usi ng a 5 per cent  sodi um 
chl or i de sol ut i on.

2. 3. 1. 1. 3   Compr essor

Pr ovi de di r ect  dr i ve var i abl e speed t ype compr essor .  Pr ovi de compr essor  
wi t h i nt er nal  over  t emper at ur e and pr essur e pr ot ect or ;  sump heat er ;  oi l  
pump;  hi gh pr essur e and l ow pr essur e cont r ol s;  and l i qui d l i ne dr yer .

2. 3. 1. 1. 4   Ref r i ger at i on Ci r cui t

Ref r i ger ant - cont ai ni ng component s must  compl y wi t h ASHRAE 15 & 34 and be 
f act or y t est ed,  c l eaned,  dehydr at ed,  char ged,  and seal ed.   Pr ovi de each 
uni t  wi t h a f act or y oper at i ng char ge of  r ef r i ger ant  and oi l  or  a hol di ng 
char ge.   Fi el d char ge uni t  shi pped wi t h a hol di ng char ge.   Pr ovi de 
r ef r i ger ant  char gi ng val ves.   Pr ovi de f i l t er - dr i er  i n l i qui d l i ne. t o 
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pr event  f r eeze- up i n event  of  l oss of  wat er  f l ow dur i ng heat i ng cycl e.

2. 3. 1. 1. 5   Uni t  Cont r ol s

Pr ovi de uni t  i nt er nal l y pr ewi r ed wi t h a cont r ol  c i r cui t  power ed by an 
i nt er nal  t r ansf or mer .   Pr ovi de t er mi nal  bl ocks f or  power  wi r i ng and 
ext er nal  cont r ol  wi r i ng.   I nt er nal l y pr ot ect  uni t  by f uses or  a c i r cui t  
br eaker  i n accor dance wi t h UL 1995.   Equi p uni t s wi t h t hr ee- phase power  
wi t h phase moni t or i ng pr ot ect i on t o pr ot ect  agai nst  pr obl ems caused by 
phase l oss,  phase i mbal ance and phase r ever sal .   Cont r ol  uni t  by a 
pr ogr ammabl e el ect r oni c t her most at  wi t h heat i ng set back and cool i ng set up 
wi t h 7- day pr ogr ammi ng capabi l i t y .

Communi cat i on net wor ks bet ween physi cal l y separ at e uni t s i n a spl i t  syst em 
 must  mat ch t he pr ot ocol  used by t he cont r ol  syst em i nt er f ace.

2. 3. 1. 1. 6   Condensi ng Coi l

Pr ovi de coi l s wi t h copper  or  al umi num t ubes of  3/ 8 i nch mi ni mum di amet er  
wi t h al umi num f i ns t hat  ar e mechani cal l y bonded or  sol der ed t o t he t ubes.   
Pr ot ect  coi l  i n accor dance wi t h par agr aph CORROSI ON PROTECTI ON.   Pr ovi de 
gal vani zed st eel  or  al umi num casi ng.   Avoi d cont act  of  di ssi mi l ar  met al s.   
Test  coi l s i n accor dance wi t h ANSI / ASHRAE 15 & 34 at  t he f act or y and 
ensur e sui t abi l i t y  f or  t he wor ki ng pr essur e of  t he i nst al l ed syst em.   
Dehydr at e and seal  each coi l  af t er  t est i ng and pr i or  t o eval uat i on and 
char gi ng.   Pr ovi de separ at e expansi on devi ces f or  each compr essor  c i r cui t .

2. 3. 1. 1. 7   Remot e Condenser  or  Condensi ng Uni t

Fi t  each r emot e condenser  coi l  f i t t ed wi t h a manual  i sol at i on val ve and an 
access val ve on t he coi l  s i de.   Sat ur at ed r ef r i ger ant  condensi ng 
t emper at ur e must  not  exceed 120 degr ees F at  104 degr ees F ambi ent .   
Pr ovi de uni t  wi t h l ow ambi ent  condenser  cont r ol s t o ensur e pr oper  
oper at i on i n an ambi ent  t emper at ur e of  32degr ees F.   Pr ovi de f an and 
cabi net  const r uct i on as speci f i ed i n par agr aph UNI TARY EQUI PMENT 
ACCESSORI ES.

2. 3. 1. 1. 7. 1   Ai r - Cool ed Condenser

Pr ovi de Uni t  i n accor dance wi t h ANSI / AHRI  460 and conf or m t o t he 
r equi r ement s of  UL 1995.   Pr ovi de f act or y f abr i cat ed,  t est ed,  packaged,  
and sel f - cont ai ned uni t ;  compl et e wi t h casi ng,  pr opel l er  t ype f ans,  heat  
r ej ect i on coi l s,  connect i ng pi pi ng and wi r i ng,  and al l  necessar y 
accessor i es.

2. 3. 1. 1. 8   Pr i mar y/ Suppl ement al  Heat

Pr ovi de heat i ng uni t  wi t h i nt er nal  t her mal  i nsul at i on havi ng a f i r e hazar d 
r at i ng not  t o exceed 25 f or  f l ame spr ead and 50 f or  smoke devel oped as 
det er mi ned by ASTM E84.

2. 4   COMPONENTS

2. 4. 1   Ref r i ger ant  and Oi l

Ref r i ger ant  must  be one of  t he f l uor ocar bon gases.   Ref r i ger ant s must  have 
number  desi gnat i ons and saf et y c l assi f i cat i ons i n accor dance wi t h 
ASHRAE 15 & 34.   Ref r i ger ant s must  meet  t he r equi r ement s of  AHRI  700 as a 
mi ni mum.   Pr ovi de a compl et e char ge of  r ef r i ger ant  f or  t he i nst al l ed 
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syst em as r ecommended by t he manuf act ur er .   Lubr i cat i ng oi l  must  be of  a 
t ype and gr ade r ecommended by t he manuf act ur er  f or  each compr essor .   Wher e 
col or  l eak i ndi cat or  dye i s i ncor por at ed,  char ge must  be i n accor dance 
wi t h manuf act ur er ' s r ecommendat i on.

2. 4. 2   Fans

Fan wheel  shaf t s must  be suppor t ed by ei t her  mai nt enance- accessi bl e 
l ubr i cat ed ant i f r i c t i on bl ock- t ype bear i ngs,  or  per manent l y l ubr i cat ed 
bal l  bear i ngs.   Uni t  f ans must  be sel ect ed t o pr oduce t he cf m r equi r ed at  
t he f an t ot al  pr essur e.   Mot or  st ar t er s,  i f  appl i cabl e,  must  be magnet i c 
acr oss- t he- l i ne t ype wi t h a t ot al l y encl osed encl osur e.   Ther mal  over l oad 
pr ot ect i on must  be of  t he manual  or  aut omat i c- r eset  t ype.   Fan wheel s or  
pr opel l er s must  be const r uct ed of  al umi num or  gal vani zed st eel .   
Cent r i f ugal  f an wheel  housi ngs must  be of  gal vani zed st eel ,  and bot h 
cent r i f ugal  and pr opel l er  f an casi ngs must  be const r uct ed of  al umi num or  
gal vani zed st eel .   St eel  el ement s of  f ans,  except  f an shaf t s,  must  be 
hot - di pped gal vani zed af t er  f abr i cat i on or  f abr i cat ed of  mi l l  gal vani zed 
st eel .   Mi l l - gal vani zed st eel  sur f aces and edges damaged or  cut  dur i ng 
f abr i cat i on by f or mi ng,  punchi ng,  dr i l l i ng,  wel di ng,  or  cut t i ng must  be 
r ecoat ed wi t h an appr oved zi nc- r i ch compound.   Fan wheel s or  pr opel l er s 
must  be st at i cal l y and dynami cal l y bal anced.

2. 5   FI NI SHES

2. 5. 1   Coi l  Cor r osi on Pr ot ect i on

Pr ovi de coi l  wi t h a uni f or ml y appl i ed epoxy el ect r odeposi t i on,  phenol i c,  
or  v i nyl  t ype coat i ng t o al l  coi l  sur f ace ar eas wi t hout  mat er i al  br i dgi ng 
bet ween f i ns.   Submi t  pr oduct  dat a on t he t ype coat i ng sel ect ed,  t he 
coat i ng t hi ckness,  t he appl i cat i on pr ocess used,  t he est i mat ed heat  
t r ansf er  l oss of  t he coi l ,  and ver i f i cat i on of  conf or mance wi t h t he sal t  
spr ay t est  r equi r ement .   Coat i ng must  be appl i ed at  ei t her  t he coi l  or  
coat i ng manuf act ur er ' s f act or y.   Coat i ng pr ocess must  ensur e compl et e coi l  
encapsul at i on.   Coat i ng must  be capabl e of  wi t hst andi ng a mi ni mum 1, 000 
hour s exposur e t o t he sal t  spr ay t est  speci f i ed i n ASTM B117 usi ng a 5 
per cent  sodi um chl or i de sol ut i on.

2. 5. 2   Equi pment  and Component s Fact or y Coat i ng

Unl ess ot her wi se speci f i ed,  equi pment  and component  i t ems,  when f abr i cat ed 
f r om f er r ous met al ,  must  be f act or y f i ni shed wi t h t he manuf act ur er ' s 
st andar d f i ni sh,  except  t hat  i t ems l ocat ed out si de of  bui l di ngs must  have 
weat her  r esi st ant  f i ni shes t hat  wi l l  wi t hst and 500 hour s exposur e t o t he 
sal t  spr ay t est  speci f i ed i n ASTM B117 usi ng a 5 per cent  sodi um chl or i de 
sol ut i on.   I mmedi at el y af t er  compl et i on of  t he t est ,  t he speci men must  
show no si gns of  bl i s t er i ng,  wr i nkl i ng,  cr acki ng,  or  l oss of  adhesi on and 
no si gn of  r ust  cr eepage beyond 1/ 8 i nch on ei t her  s i de of  t he scr at ch 
mar k.   Cut  edges of  gal vani zed sur f aces wher e hot - di p gal vani zed sheet  
st eel  i s  used must  be coat ed wi t h a z i nc- r i ch coat i ng conf or mi ng t o 
ASTM D520,  Type I .

Wher e st i pul at ed i n equi pment  speci f i cat i ons of  t hi s sect i on,  coat  f i nned 
t ube coi l s of  t he af f ect ed equi pment  as speci f i ed bel ow.   Appl y coat i ng at  
t he pr emi ses of  a company speci al i z i ng i n such wor k.  Degr ease and pr epar e 
f or  coat i ng i n accor dance wi t h t he coat i ng appl i cat or ' s pr ocedur es f or  t he 
t ype of  met al s i nvol ved.  Compl et ed coat i ng must  show no evi dence of  
sof t eni ng,  bl i st er i ng,  cr acki ng,  cr azi ng,  f l aki ng,  l oss of  adhesi on,  or  
" br i dgi ng"  bet ween t he f i ns.
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2. 5. 2. 1   Phenol i c Coat i ng

Pr ovi de a r esi n base t her moset t i ng phenol i c coat i ng.   Appl y coat i ng by 
i mmer si on di ppi ng of  t he ent i r e coi l .   Pr ovi de a mi ni mum of  t wo coat s.   
Bake or  heat  dr y coi l s f ol l owi ng i mmer si ons.   Af t er  f i nal  i mmer si on and 
pr i or  t o f i nal  baki ng,  spr ay ent i r e coi l  wi t h par t i cul ar  emphasi s gi ven t o 
bui l di ng up coat i ng on shear ed edges.   Tot al  dr y f i l m t hi ckness must  be 
2. 5 t o 3. 0 mi l s.

2. 5. 2. 2   Chemi cal  Conver si on Coat i ng wi t h Pol yel ast omer  Fi ni sh Coat

Di p coi l s i n a chemi cal  conver si on sol ut i on t o mol ecul ar l y deposi t  a 
cor r osi on r esi st ant  coat i ng by el ect r ol ysi s act i on.   Chemi cal  conver si on 
coat i ngs must  conf or m t o MI L- DTL- 5541,  Cl ass 1A.   Cur e conver si on coat i ng 
at  a t emper at ur e of  110 t o 140 degr ees F f or  a mi ni mum of  3 hour s.   Coat  
coi l  sur f aces wi t h a compl ex pol ymer  pr i mer  wi t h a dr y f i l m t hi ckness of  1 
mi l .   Cur e pr i mer  coat  f or  a mi ni mum of  1 hour .   Usi ng di p t ank met hod,  
pr ovi de t hr ee coat s of  a compl ex pol yel ast omer  f i ni sh coat .   Af t er  each of  
t he f i r st  t wo f i ni sh coat s,  cur e t he coi l s f or  1 hour .   Fol l owi ng t he 
t hi r d coat ,  spr ay a f og coat  of  an i ner t  seal er  on t he coi l  sur f aces.   
Tot al  dr y f i l m t hi ckness must  be 2. 5 t o 3. 0 mi l s.   Cur e f i ni sh coat  f or  a 
mi ni mum of  3 hour s.  Coat i ng mat er i al s must  have 300 per cent  f l exi bi l i t y ,  
oper at e i n t emper at ur es of  mi nus 50 t o pl us 220 degr ees F,  and pr ot ect  
agai nst  at mospher es of  a pH r ange of  1 t o 14.

2. 5. 2. 3   Vi nyl  Coat i ng

Appl y coat i ng usi ng an ai r l ess f og nozzl e.  For  each coat ,  make at  l east  
t wo passes wi t h t he nozzl e.  Mat er i al s t o be appl i ed ar e as f ol l ows:

a.   Tot al  dr y f i l m t hi ckness,  6. 5 mi l s maxi mum

b.   Vi nyl  Pr i mer ,  24 per cent  sol i ds by vol ume:  One coat  2 mi l s t hi ck

c.   Vi nyl  Copol ymer ,  30 per cent  sol i ds by vol ume:  One coat  4. 5 mi l s t hi ck

2. 5. 3   Fact or y Appl i ed I nsul at i on

Ref r i ger at i on equi pment  must  be pr ovi ded wi t h f act or y i nst al l ed i nsul at i on 
on sur f aces subj ect  t o sweat i ng i ncl udi ng t he suct i on l i ne pi pi ng.   Wher e 
mot or s ar e t he gas- cool ed t ype,  f act or y i nst al l ed i nsul at i on must  be 
pr ovi ded on t he col d- gas i nl et  connect i on t o t he mot or  i n accor dance wi t h 
manuf act ur er ' s st andar d pr act i ce.   Fact or y i nsul at ed i t ems i nst al l ed 
out door s ar e not  r equi r ed t o be f i r e- r at ed.   As a mi ni mum,  f act or y 
i nsul at ed i t ems i nst al l ed i ndoor s must  have a f l ame spr ead i ndex no hi gher  
t han 75 and a smoke devel oped i ndex no hi gher  t han 150.   Fact or y i nsul at ed 
i t ems ( no j acket )  i nst al l ed i ndoor s and whi ch ar e l ocat ed i n ai r  pl enums,  
i n cei l i ng spaces,  and i n at t i c  spaces must  have a f l ame spr ead i ndex no 
hi gher  t han 25 and a smoke devel oped i ndex no hi gher  t han 50.   Fl ame 
spr ead and smoke devel oped i ndexes must  be det er mi ned by ASTM E84.   
I nsul at i on must  be t est ed i n t he same densi t y and i nst al l ed t hi ckness as 
t he mat er i al  t o be used i n t he act ual  const r uct i on.   Mat er i al  suppl i ed by 
a manuf act ur er  wi t h a j acket  must  be t est ed as a composi t e mat er i al .   
Jacket s,  f aci ngs,  and adhesi ves must  have a f l ame spr ead i ndex no hi gher  
t han 25 and a smoke devel oped i ndex no hi gher  t han 50 when t est ed i n 
accor dance wi t h ASTM E84.
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2. 6   TESTS,  I NSPECTI ONS,  AND VERI FI CATI ONS

Al l  manuf act ur ed uni t s must  be i nspect ed and t est ed,  and document at i on 
pr ovi ded t o demonst r at e t hat  each uni t  i s  i n compl i ance wi t h ANSI / AHRI  and 
UL r equi r ement s and t hat  t he mi ni mum ef f i c i ency r equi r ement s of  
ASHRAE 90. 1 -  I P have been met .

PART 3   EXECUTI ON

3. 1   EXAMI NATI ON

Af t er  becomi ng f ami l i ar  wi t h al l  det ai l s of  t he wor k,  per f or m Ver i f i cat i on 
of  Di mensi ons i n t he f i el d,  and advi se t he Cont r act i ng Of f i cer  of  any 
di scr epancy bef or e per f or mi ng any wor k.

3. 2   I NSTALLATI ON

Per f or m wor k i n accor dance wi t h t he manuf act ur er ' s publ i shed di agr ams,  
r ecommendat i ons,  and equi pment  war r ant y r equi r ement s.   Wher e equi pment  i s 
speci f i ed t o conf or m t o t he r equi r ement s of  ASME BPVC SEC VI I I  D1and 
ASME BPVC SEC I X,  t he desi gn,  f abr i cat i on,  and i nst al l at i on of  t he syst em 
must  conf or m t o ASME BPVC SEC VI I I  D1 and ASME BPVC SEC I X.

3. 2. 1   Equi pment

Pr ovi de r ef r i ger at i on equi pment  conf or mi ng t o ASHRAE 15 & 34.   Pr ovi de 
necessar y suppor t s f or  al l  equi pment ,  appur t enances,  and pi pe as r equi r ed,  
i ncl udi ng f r ames or  suppor t s f or  compr essor s,  pumps,  cool i ng t ower s,  
condenser s,  and si mi l ar  i t ems.

3. 3   CLEANI NG AND ADJUSTI NG

Equi pment  must  be wi ped cl ean,  wi t h al l  t r aces of  oi l ,  dust ,  di r t ,  or  
pai nt  spot s r emoved.   Tempor ar y f i l t er s must  be pr ovi ded f or  al l  f ans t hat  
ar e oper at ed dur i ng const r uct i on,  and new f i l t er s must  be i nst al l ed af t er  
al l  const r uct i on di r t  has been r emoved f r om t he bui l di ng.   Syst em must  be 
mai nt ai ned i n t hi s c l ean condi t i on unt i l  f i nal  accept ance.   Bear i ngs must  
be pr oper l y l ubr i cat ed wi t h oi l  or  gr ease as r ecommended by t he 
manuf act ur er .   Bel t s must  be t i ght ened t o pr oper  t ensi on.   Cont r ol  val ves 
and ot her  mi scel l aneous equi pment  r equi r i ng adj ust ment  must  be adj ust ed t o 
set t i ng i ndi cat ed or  di r ect ed.   Fans must  be adj ust ed t o t he speed 
i ndi cat ed by t he manuf act ur er  t o meet  speci f i ed condi t i ons.   Test i ng,  
adj ust i ng,  and bal anci ng must  be as speci f i ed i n Sect i on 23 05 93 TESTI NG,  
ADJUSTI NG,  AND BALANCI NG OF HVAC SYSTEMS.

3. 4   TRAI NI NG

Conduct  a t r ai ni ng cour se f or  t he oper at i ng st af f  as desi gnat ed by t he 
Cont r act i ng Of f i cer .   The t r ai ni ng per i od must  consi st  of  a t ot al  4 hour s 
of  nor mal  wor ki ng t i me and st ar t  af t er  t he syst em i s f unct i onal l y 
compl et ed but  pr i or  t o f i nal  accept ance t est s.

a.   Submi t  a schedul e,  at  l east  2 weeks pr i or  t o t he dat e of  t he pr oposed 
t r ai ni ng cour se,  whi ch i dent i f i es t he dat e,  t i me,  and l ocat i on f or  t he 
t r ai ni ng.

b.   Submi t  t he f i el d post ed i nst r uct i ons,  at  l east  2 weeks pr i or  t o 
const r uct i on compl et i on,  i ncl udi ng equi pment  l ayout ,  wi r i ng and 
cont r ol  di agr ams,  pi pi ng,  val ves and cont r ol  sequences,  and t yped 
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condensed oper at i on i nst r uct i ons.   The condensed oper at i on 
i nst r uct i ons must  i ncl ude pr event at i ve mai nt enance pr ocedur es,  met hods 
of  checki ng t he syst em f or  nor mal  and saf e oper at i on,  and pr ocedur es 
f or  saf el y st ar t i ng and st oppi ng t he syst em.   The post ed i nst r uct i ons 
must  be f r amed under  gl ass or  l ami nat ed pl ast i c and be post ed wher e 
i ndi cat ed by t he Cont r act i ng Of f i cer .

c.   The post ed i nst r uct i ons must  cover  al l  of  t he i t ems cont ai ned i n t he 
appr oved oper at i on and mai nt enance manual s as wel l  as demonst r at i ons 
of  r out i ne mai nt enance oper at i ons.   Submi t  6 compl et e copi es of  an 
oper at i on manual  i n bound 8- 1/ 2 by 11 i nch bookl et s l i s t i ng 
st ep- by- st ep pr ocedur es r equi r ed f or  syst em st ar t up,  oper at i on,  
abnor mal  shut down,  emer gency shut down,  and nor mal  shut down at  l east  2 
weeks pr i or  t o t he t r ai ni ng cour se.   The bookl et s must  i ncl ude t he 
manuf act ur er ' s name,  model  number ,  and par t s l i s t .   The manual s must  
i ncl ude t he manuf act ur er ' s name,  model  number ,  ser vi ce manual ,  and a 
br i ef  descr i pt i on of  al l  equi pment  and t hei r  basi c oper at i ng f eat ur es.

d.   Submi t  6 compl et e copi es of  mai nt enance manual  i n bound 8- 1/ 2 by 11 
i nch bookl et s l i s t i ng r out i ne mai nt enance pr ocedur es,  possi bl e 
br eakdowns and r epai r s,  and a t r oubl e shoot i ng gui de.   The manual s 
must  i ncl ude pi pi ng and equi pment  l ayout s and si mpl i f i ed wi r i ng and 
cont r ol  di agr ams of  t he syst em as i nst al l ed.

3. 5   SYSTEM PERFORMANCE TESTS

Bef or e each r ef r i ger at i on syst em i s accept ed,  conduct  t est s t o demonst r at e 
t he gener al  oper at i ng char act er i st i cs of  al l  equi pment  by a r egi st er ed 
pr of essi onal  engi neer  or  an appr oved manuf act ur er ' s st ar t - up 
r epr esent at i ve exper i enced i n syst em st ar t - up and t est i ng,  at  such t i mes 
as di r ect ed.   Si x copi es of  t he r epor t  pr ovi ded i n bound 8- 1/ 2 by 11 i nch 
bookl et s.   The r epor t  must  document  compl i ance wi t h t he speci f i ed 
per f or mance cr i t er i a upon compl et i on and t est i ng of  t he syst em.   The 
r epor t  must  i ndi cat e t he number  of  days cover ed by t he t est s and any 
concl usi ons as t o t he adequacy of  t he syst em.

For  equi pment  pr ovi di ng heat i ng and cool i ng t he syst em per f or mance t est s 
must  be per f or med dur i ng t he heat i ng and cool i ng seasons.

a.   Submi t  a schedul e,  at  l east  2 weeks pr i or  t o t he st ar t  of  r el at ed 
t est i ng,  f or  t he syst em per f or mance t est s.   The schedul es must  
i dent i f y t he pr oposed dat e,  t i me,  and l ocat i on f or  each t est .   Test s 
must  cover  a per i od of  not  l ess t han 48 hour s f or  each syst em and must  
demonst r at e t hat  t he ent i r e syst em i s f unct i oni ng i n accor dance wi t h 
t he dr awi ngs and speci f i cat i ons.

b.   Make cor r ect i ons and adj ust ment s,  as necessar y,  t est s must  be 
r e- conduct ed t o demonst r at e t hat  t he ent i r e syst em i s f unct i oni ng as 
speci f i ed.   Pr i or  t o accept ance,  i nst al l  and t i ght en ser vi ce val ve 
seal  caps and bl anks over  gauge poi nt s.   Repl ace any r ef r i ger ant  l ost  
dur i ng t he syst em st ar t up.

c.   I f  t est s do not  demonst r at e sat i sf act or y syst em per f or mance,  cor r ect  
def i c i enci es and r et est  t he syst em.   Conduct  t est s i n t he pr esence of  
t he Cont r act i ng Of f i cer .   Wat er  and el ect r i c i t y r equi r ed f or  t he t est s 
wi l l  be f ur ni shed by t he Gover nment .   Pr ovi de al l  mat er i al ,  equi pment ,  
i nst r ument s,  and per sonnel  r equi r ed f or  t he t est .

d.   Coor di nat e f i el d t est s wi t h Sect i on 23 05 93 TESTI NG,  ADJUSTI NG,  AND 
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BALANCI NG OF HVAC SYSTEMS.   Submi t  6 copi es of  t he r epor t  pr ovi ded i n 
bound 8- 1/ 2 by 11 i nch bookl et s.   The r epor t  must  document  compl i ance 
wi t h t he speci f i ed per f or mance cr i t er i a upon compl et i on and t est i ng of  
t he syst em.   The r epor t  must  i ndi cat e t he number  of  days cover ed by 
t he t est s and any concl usi ons as t o t he adequacy of  t he syst em.   
Submi t  t he r epor t  i ncl udi ng t he f ol l owi ng i nf or mat i on ( wher e val ues 
ar e t aken at  l east  t hr ee di f f er ent  t i mes at  out s i de dr y- bul b 
t emper at ur es t hat  ar e at  l east  5 degr ees F apar t ) :

( 1)   Dat e and out si de weat her  condi t i ons.

( 2)   The l oad on t he syst em based on t he f ol l owi ng:

( a)   The r ef r i ger ant  used i n t he syst em.
( b)   Condensi ng t emper at ur e and pr essur e.
( c)   Suct i on t emper at ur e and pr essur e.
( d)   Ambi ent ,  condensi ng and cool ant  t emper at ur es.
( e)   Runni ng cur r ent ,  vol t age and pr oper  phase sequence f or  each 
phase of  al l  mot or s.

( 3)   The act ual  on- si t e set t i ng of  oper at i ng and saf et y cont r ol s.

( 4)   Ther most at i c expansi on val ve super heat  -  val ue as det er mi ned by 
f i el d t est .

( 5)   Subcool i ng.

( 6)   Hi gh and l ow r ef r i ger ant  t emper at ur e swi t ch set - poi nt s

( 7)   Low oi l  pr essur e swi t ch set - poi nt .

( 8)   Def r ost  syst em t i mer  and t her most at  set - poi nt s.

( 9)   Moi st ur e cont ent .

( 10)   Capaci t y cont r ol  set - poi nt s.

( 11)   Fi el d dat a and adj ust ment s whi ch af f ect  uni t  per f or mance and 
ener gy consumpt i on.

( 12)   Fi el d adj ust ment s and set t i ngs whi ch wer e not  per manent l y mar ked 
as an i nt egr al  par t  of  a devi ce.

3. 6   MAI NTENANCE

3. 6. 1   EXTRA MATERI ALS

Submi t  spar e par t s dat a f or  each di f f er ent  i t em of  equi pment  speci f i ed,  
af t er  appr oval  of  det ai l  dr awi ngs and not  l at er  t han 2 mont hs pr i or  t o t he 
dat e of  benef i c i al  occupancy.   I ncl ude i n t he dat a a compl et e l i s t  of  
par t s and suppl i es,  wi t h cur r ent  uni t  pr i ces and sour ce of  suppl y,  a 
r ecommended spar e par t s l i s t  f or  1 year  of  oper at i on,  and a l i s t  of  t he 
par t s r ecommended by t he manuf act ur er  t o be r epl aced on a r out i ne basi s.

3. 6. 2   Mai nt enance Ser vi ce

Submi t  a cer t i f i ed l i s t  of  qual i f i ed per manent  ser vi ce or gani zat i ons,  
whi ch i ncl udes t hei r  addr esses and qual i f i cat i ons,  f or  suppor t  of  t he 
equi pment .   The ser vi ce or gani zat i ons must  be r easonabl y conveni ent  t o t he 
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equi pment  i nst al l at i on and be abl e t o r ender  sat i sf act or y ser vi ce t o t he 
equi pment  on a r egul ar  and emer gency basi s dur i ng t he war r ant y per i od of  
t he cont r act .

        - -  End of  Sect i on - -
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SECTI ON 25 05 11. 01

CYBERSECURI TY FOR FACI LI TY- RELATED CONTROL SYSTEMS -  DDC and Met er i ng
05/ 21,  CHG 1:  08/ 23

PART 1   GENERAL

Many subpar t s i n t hi s Sect i on cont ai n t ext  i n cur l y br aces ( " { "  and " } " )  
i ndi cat i ng whi ch cyber secur i t y cont r ol  and cont r ol  cor r el at i on i dent i f i er  
( CCI )  t he r equi r ement s of  t he subpar t  r el at e t o.   The t ext  i nsi de t hese 
cur l y br aces i s f or  Gover nment  r ef er ence onl y and enabl es coor di nat i on of  
t he r equi r ement s of  t hi s Sect i on wi t h t he RMF pr ocess t hr oughout  t he 
desi gn and const r uct i on pr ocess.   Text  i n cur l y br aces ar e not  cont r act or  
r equi r ement s.

Thi s Sect i on r ef er s t o Secur i t y Requi r ement s Gui de ( SRGs)  and Secur i t y 
Techni cal  I mpl ement at i on Gui de ( STI Gs) .   STI Gs and SRGs ar e avai l abl e 
onl i ne at  t he I nf or mat i on Assur ance Suppor t  Envi r onment  ( I ASE)  websi t e at   
ht t ps: / / publ i c. cyber . mi l / st i gs/ downl oads/  and an SRG/ STI G Appl i cabi l i t y  
Gui de and Col l ect i on Tool  i s  avai l abl e at  
ht t ps: / / publ i c. cyber . mi l / st i gs/ SCAP/ .  Not  al l  cont r ol  syst em component s 
have appl i cabl e STI Gs or  SRGs.   The " Cont r ol  Syst ems SRG"  does not  appl y 
t o wor k per f or med under  t hi s Sect i on;  al l  r equi r ement s wi t hi n t hi s sect i on 
t o appl y appl i cabl e SRGs DO NOT i ncl ude t he " Cont r ol  Syst ems SRG" .

1. 1   CONTROL SYSTEM APPLI CABI LI TY

Ther e ar e mul t i pl e ver si ons of  t hi s Sect i on associ at ed wi t h t hi s pr oj ect .   
Di f f er ent  ver si ons have r equi r ement s appl i cabl e t o di f f er ent  cont r ol  
syst ems.   Thi s speci f i c  Sect i on appl i es onl y t o t he f ol l owi ng cont r ol  
syst ems:  

Di r ect  Di gi t al  Cont r ol  Syst em ( DDC/ HVAC) :   L- L- L
Ut i l i t y  Met er i ng Cont r ol  Syst em ( Smar t  Met er i ng) :  L- L- L  

1. 2   RELATED REQUI REMENTS

Thi s sect i on does not  cont ai n suf f i c i ent  r equi r ement s t o pr ocur e a cont r ol  
syst em and must  be used i n conj unct i on wi t h ot her  Sect i ons whi ch speci f y 
cont r ol  syst ems.   Thi s Sect i on adds cyber secur i t y r equi r ement s t o t he 
cont r ol  syst ems speci f i ed i n ot her  Sect i ons,  and as t hese r equi r ement s ar e 
condi t i oned on t he cont r ol  syst em bei ng pr ovi ded,  t her e may be 
r equi r ement s i n t hi s Sect i on t hat  wi l l  not  appl y t o t hi s pr oj ect .   Al l  
Sect i ons cont ai ni ng f aci l i t y- r el at ed cont r ol  syst ems or  cont r ol  syst em 
component s ar e r el at ed t o t he r equi r ement s of  t hi s Sect i on.   Revi ew al l  
speci f i cat i on sect i ons t o det er mi ne r el at ed r equi r ement s.

I n cases wher e a r equi r ement  i s speci f i ed i n bot h t hi s Sect i on and i n 
anot her  Sect i on,  t he mor e st r i ngent  r equi r ement  must  be met .   I n cases 
wher e a r equi r ement  i n t hi s Sect i on conf l i c t s wi t h t he r equi r ement s of  
anot her  Sect i on such t hat  bot h r equi r ement s cannot  be met  at  t he same 
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t i me,  r equest  di r ect i on f r om t he Cont r act i ng Of f i cer  Repr esent at i ve t o 
det er mi ne whi ch r equi r ement  appl i es t o t he pr oj ect .

1. 3   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE 802. 1x ( 2010)  Local  and Met r opol i t an Ar ea 
Net wor ks -  Por t  Based Net wor k Access 
Cont r ol

NATI ONAL I NSTI TUTE OF STANDARDS AND TECHNOLOGY ( NI ST)

NI ST FI PS 140- 2 ( 2001)  Secur i t y Requi r ement s f or  
Cr ypt ogr aphi c Modul es

U. S.  DEPARTMENT OF DEFENSE ( DOD)

DODI  8551. 01 ( 2014)  Por t s,  Pr ot ocol s,   and Ser vi ces 
Management  ( PPSM)

DTM 08- 060 ( 2008)  Pol i cy on Use of  Depar t ment  of  
Def ense ( DoD)  I nf or mat i on Syst ems -  
St andar d Consent  Banner  and User  Agr eement

1. 4   DEFI NI TI ONS

1. 4. 1   Admi ni st r at or  Account

An admi ni st r at or  account  i s an account  wi t h f ul l  per mi ssi ons t o a devi ce,  
appl i cat i on,  or  oper at i ng syst em,  i ncl udi ng t he abi l i t y  t o cr eat e and 
modi f y ot her  user  account s.

Not e t hat  t he oper at i ng syst em Admi ni st r at or  Account  may be di f f er ent  t han 
Admi ni st r at or  Account s f or  appl i cat i ons host ed on t hat  oper at i ng syst em.   
Al so,  most  cont r ol l er s wi l l  not  have any suppor t  f or  account s and wi l l  
t her ef or e not  have an ' Admi ni st r at or  Account ' .

1. 4. 2   Comput er

A comput er  i s one of  t he f ol l owi ng:

a.   a devi ce r unni ng a non- embedded deskt op or  ser ver  ver si on of  Mi cr osof t  
Wi ndows

b.   a devi ce r unni ng a non- embedded ver si on of  MacOS

c.   a devi ce r unni ng a non- embedded ver si on of  Li nux

d.   a devi ce r unni ng a ver si on or  der i vat i ve of  t he Andr oi d Oper at i ng 
Syst em,  wher e Andr oi d i s consi der ed separ at e f r om Li nux

e.   a devi ce r unni ng a ver si on of  Appl e i OS
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Unl ess ot her wi se i ndi cat ed or  c l ear  f r om cont ext  use of  t he wor d " devi ce"  
i n t hi s Sect i on i ncl udes comput er s.

1. 4. 3   Cont r ol l er

A devi ce ot her  t han a comput er  or  Et her net  swi t ch.   

1. 4. 4   Mi ssi on Space

A devi ce or  medi a i s i n mi ssi on space i f  physi cal  access t o t he devi ce or  
medi a i s cont r ol l ed by t he or gani zat i on ser ved by t he devi ce.   For  
exampl e,  a VAV box cont r ol l er  i n a suspended cei l i ng i s i n mi ssi on space 
i f  t he VAV box ser ves t hat  r oom;  an el ect r i cal  swi t chgear  i n an el ect r i cal  
r oom or  an AHU i n a mechani cal  r oom or  on a r oof t op may st i l l  be 
consi der ed t o be i n mi ssi on space i f  t he or gani zat i on ( mi ssi on)  ser ved by 
t hat  swi t chgear  or  AHU cont r ol s access t o t he el ect r i cal  r oom,  mechani cal  
r oom or  r oof t op.

1. 4. 5   Net wor k

A net wor k i s a gr oup of  t wo or  mor e devi ces t hat  can communi cat e usi ng a 
net wor k pr ot ocol .   Net wor k pr ot ocol s must  pr ovi de a met hod f or  addr essi ng 
devi ces on t he net wor k;  a communi cat i on met hod t hat  does not  pr ovi de an 
addr essi ng scheme i s not  a net wor ked f or m of  communi cat i on.   Devi ces t hat  
communi cat e usi ng a met hod of  communi cat i on t hat  does not  suppor t  devi ce 
addr essi ng ar e not  usi ng a net wor k.

1. 4. 6   Net wor k Connect ed

A component  i s net wor k connect ed ( or  " connect ed t o a net wor k" )  onl y when 
t he devi ce has a net wor k t r anscei ver  whi ch i s di r ect l y connect ed t o t he 
net wor k and i mpl ement s t he net wor k pr ot ocol .   A devi ce l acki ng a net wor k 
t r anscei ver  ( and accompanyi ng pr ot ocol  i mpl ement at i on)  can never  be 
consi der ed net wor k connect ed.   Not e t hat  ( unl i ke many I T def i ni t i ons of  
" Net wor k Connect ed" )  a devi ce connect ed t o a non- I P net wor k i s st i l l  
consi der ed net wor k connect ed ( an I P connect i on or  I P addr ess i s not  
r equi r ed f or  a devi ce t o be net wor k connect ed) .

1. 4. 6. 1   Wi r el ess Net wor k Connect ed

Any devi ce t hat  suppor t s wi r el ess net wor k communi cat i on i s net wor k 
connect ed t o a wi r el ess net wor k,  r egar dl ess of  whet her  t he devi ce i s 
communi cat i ng usi ng wi r el ess.   Unl ess physi cal l y di sabl ed,  devi ces wi t h 
wi r el ess t r anscei ver s suppor t  wi r el ess,  i t  i s  not  suf f i c i ent  t o di sabl e 
t he wi r el ess i n sof t war e.

1. 4. 7   Net wor k Medi a

 The t hi ng t hat  pr ovi des t he communi cat i on channel  bet ween t he devi ces on 
a net wor k.   Typi cal l y wi r e,  but  mi ght  i ncl ude wi r el ess,  f i ber  opt i c,  or  
even power  l i ne ( some net wor k pr ot ocol s al l ow sendi ng net wor k s i gnal s over  
power  wi r i ng) .

1. 4. 8   User  Account  Suppor t  Level s

The suppor t  f or  user  account s i s cat egor i zed i n t hi s Sect i on as one of  
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t hr ee l evel s:   

1. 4. 8. 1   FULLY Suppor t ed

Devi ce suppor t s conf i gur abl e i ndi v i dual  account s.   Account s can be 
cr eat ed,  del et ed,  modi f i ed,  et c.   Pr i v i l eges can be assi gned t o account s.   
These devi ces suppor t  user - based ( as opposed t o r ol e- based)  aut hent i cat i on.

1. 4. 8. 2   MI NI MALLY Suppor t ed

Devi ce suppor t s a smal l ,  f i xed number  of  account s ( per haps onl y one) .   
Account s cannot  be modi f i ed.   A devi ce wi t h onl y a " User "  and an 
" Admi ni st r at or "  account  woul d f i t  t hi s cat egor y.   Si mi l ar l y,  a devi ce wi t h 
t wo PI Ns f or  l ogon -  one f or  r est r i ct ed and one f or  unr est r i ct ed r i ght s 
woul d f i t  her e ( i n ot her  wor ds,  t he account s do not  have t o be t he 
t r adi t i onal  " user name and passwor d"  st r uct ur e) .   These devi ces t ypi cal l y 
onl y suppor t  r ol e- based aut hent i cat i on.

Exampl es of  devi ces whi ch MI NI MALLY suppor t  account s ar e a)  a var i abl e 
f r equency dr i ve wi t h a s i ngl e account  whi ch r equi r es a PI N f or  access t o 
conf i gur at i on;  and b)  a r oom l i ght i ng cont r ol  t ouchpad i nt er f ace t hat  has 
a s i ngl e account .

1. 4. 8. 3   NOT Suppor t ed

Devi ce does not  suppor t  any Access Enf or cement  t her ef or e t he whol e concept  
of  " account "  i s  meani ngl ess.

1. 4. 9   Manual  Local  I nput

Manual  Local  I nput s ar e syst em anal og or  bi nar y i nput s t hat  ar e adj ust abl e 
by a per son but  ar e,  by i nt r i nsi c har dwar e desi gn,  ver y l i mi t ed i n 
pot ent i al  capabi l i t i es.   Manual  Local  I nput s do not  have t ouch scr eens or  
f ul l  keyboar ds,  but  may have a f ew but t ons or  di al s t o al l ow i nput .   
Manual  Local  I nput s do not  have f ul l  gr aphi c scr eens or  dot - mat r i x 
di spl ays,  but  may have si mpl e l i ght s ( LEDs)  or  7- segment  di spl ays.   Manual  
Local  I nput s do not  have any sor t  of  menu st r uct ur e,  each but t on has a 
s i ngl e wel l - def i ned f unct i on.  

Exampl es of  Manual  Local  I nput s ar e H- O- A swi t ches,  s i mpl e t her most at s,  
and di sconnect  swi t ches.

1. 4. 10   Car d Reader

A car d r eader  i s an i nput / out put  devi ce whose pr i mar y f unct i on i s t o 
assi st  i n t wo- f act or  aut hent i cat i on.   A car d r eader  must  have an i nt er f ace 
t o r ead dat a f r om a car d and may be abl e t o wr i t e dat a t o a car d.   A car d 
r eader  may have a means ( such as but t ons,  keypad,  t ouchscr een,  et c. )  f or  a 
user  t o i nput  a PI N or  passwor d,  as wel l  as a l i mi t ed di spl ay.   

1. 4. 11   User  I nt er f ace

A User  I nt er f ace ( UI )  i s  somet hi ng ot her  t han a Manual  Local  I nput  or  Car d 
Reader  t hat  al l ows a per son t o i nt er act  wi t h t he syst em or  devi ce.   Not e 
t hat  whi l e a Car d Reader  i s not  by i t sel f  a User  I nt er f ace,  a User  
I nt er f ace may cont ai n a Car d Reader  i n or der  f or  i t  t o aut hent i cat e i t s 
user .   Wi t hi n cont r ol  syst ems,  t her e ar e a wi de r ange of  User  I nt er f aces.  

Two i mpor t ant  di st i nct i ons ar e 1)  whet her  t he user  i nt er f ace i s Local  or  
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Remot e,  and 2)  t he ef f ect i ve capabi l i t i es of  t he User  I nt er f ace t o al t er  
dat a,  whi ch i s t he " pr i v i l ege"  of  t he user  i nt er f ace ( wher e ef f ect i ve 
pr i v i l ege avai l abl e t o a speci f i c  user  at  a speci f i c  user  i nt er f ace i s t he 
combi nat i on of  t he gr eat est  pr i v i l ege of f er ed by t he user  i nt er f ace and 
t he speci f i c  account  t he user  i s l ogged i nt o) .

1. 4. 11. 1   Local  User  I nt er f ace

A Local  User  I nt er f ace i s a user  i nt er f ace wher e t he physi cal  har dwar e t he 
user  i nt er act s wi t h ( keyboar d,  but t ons,  di spl ay,  et c. )  i s  physi cal l y par t  
of  t he devi ce bei ng af f ect ed.   Al l  of  t he r el evant  char act er i st i cs of  t he 
user  i nt er f ace ar e embodi ed wi t hi n a s i ngl e devi ce.

Not e t hat  a Local  UI  may be abl e t o access dat a i n a di f f er ent  devi ce,  
Local  ver sus Remot e i n t hi s cont ext  r ef er s t o t he user  i nt er f ace i t sel f ;  
t he capabi l i t y  t o access dat a i n a di f f er ent  devi ce i s cover ed under  " Ful l  
User  I nt er f ace" .

1. 4. 11. 2   Remot e User  I nt er f ace

A Remot e User  I nt er f ace i mpl ement s a Cl i ent / Ser ver  model  wher e t he 
physi cal  har dwar e t he user  i nt er act s wi t h ( Cl i ent )  i s  physi cal l y di st i nct  
f r om t he devi ce bei ng af f ect ed ( Ser ver ) .   Most  or  al l  of  t he secur i t y and 
f unct i onal i t y char act er i st i cs of  t he user  i nt er f ace ar e def i ned by t he 
Ser ver ,  not  t he Cl i ent .   The Cl i ent  and Ser ver  communi cat e v i a a net wor k 
connect i on.   A common exampl e of  a r emot e user  i nt er f ace i s a web- based 
i nt er f ace wher e t he br owser  ( c l i ent )  i s  gener al l y on di f f er ent  har dwar e 
t han t he web ser ver  ( ser ver ) .   A Remot e UI  r emai ns a Remot e UI  even i f  t he 
user  happens t o be at  a Cl i ent  on t he same har dwar e as t he Ser ver .   What  
i s i mpor t ant  i s t hat  a)  t he Cl i ent  may be on di f f er ent  har dwar e t han t he 
Ser ver  and b)  t he maj or i t y of  t he secur i t y and f unct i onal  char act er i st i cs 
of  t he i nt er f ace ar e def i ned at  t he Ser ver .

Not e t hat  t hi s def i ni t i on of  " r emot e"  i s consi st ent  wi t h t hat  gener al l y 
used i n t he cont r ol  i ndust r y but  i s not  al i gned wi t h t he NI ST 800- 53 
def i ni t i on of  " Remot e" ,  whi ch r ef er s t o " out si de t he syst em" .   The t er m 
" Remot e"  her e bet t er  al i gns wi t h t he NI ST 800- 53 def i ni t i on of  " Net wor k"  
( r emot e f r om wi t hi n t he syst em)  Access.  

1. 4. 11. 3   Types of  User  I nt er f ace ( by capabi l i t y)

User  i nt er f aces ar e al so cat egor i zed by t hei r  capabi l i t i es as bei ng Read 
Onl y,  Li mi t ed,  or  Ful l .

1. 4. 11. 3. 1   Read- Onl y User  I nt er f ace

A Read Onl y User  I nt er f ace ( al so r ef er r ed t o as a Vi ew- Onl y User  
I nt er f ace)  i s a user  i nt er f ace t hat  onl y al l ows f or  r eadi ng dat a,  i t  does 
not  al l ow ( have t he capabi l i t y  t o)  modi f y dat a.   A Read Onl y User  
I nt er f ace may be ei t her  Local  or  Remot e.  A User  I nt er f ace t hat  i s 
conf i gur ed t o be Read Onl y ( by some ot her  means t han t he i nt er f ace i t sel f ,  
such as usi ng conf i gur at i on sof t war e on a l apt op)  i s a Read- Onl y 
I nt er f ace.  Not e a Read Onl y User  I nt er f ace may have but t ons ( or  t ouch 
scr een,  et c. )  al l owi ng t he user  t o navi gat e t hr ough t he pr esent at i on of  
dat a.

Exampl es of  a Read Onl y User  I nt er f aces ar e a)  a publ i c l y v i ewabl e " ener gy 
dashboar d"  showi ng weat her  dat a and ener gy usage wi t hi n a bui l di ng and b)  
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di gi t al  wayf i ndi ng si gnage.

1. 4. 11. 3. 2   Li mi t ed User  I nt er f ace

A Li mi t ed User  I nt er f ace i s a user  i nt er f ace t hat  -  by desi gn -  can onl y 
al t er  i nf or mat i on l ocal  t o t he user  i nt er f ace.  Not e t hat  t he det er mi nat i on 
of  " al t er "  i ncl udes onl y di r ect  i nt er act i ons,  i t  expl i c i t l y  excl udes 
i nt er act i ons t hat  mi ght  occur  as secondar y ef f ect s.   For  exampl e,  an 
i nt er f ace changi ng t he f l ow set poi nt  i n a pump cont r ol l er  i s  a di r ect  
i nt er act i on,  t he subsequent  change i n f l ow ( as wel l  as any subsequent  
downst r eam changes i n val ve posi t i on)  ar e not  di r ect  i nt er act i ons.

Two exampl es of  LI MI TED UI s ar e:    a)  a var i abl e speed dr i ve has a Li mi t ed 
Local  User  I nt er f ace whi ch al l ows t he user  t o change pr oper t i es wi t hi n t he 
dr i ve,  but  does not  al l ow af f ect i ng t hi ngs out si de t he dr i ve;  and b)  a 
t ypi cal  home Wi Fi  Rout er  has a Li mi t ed Remot e User  I nt er f ace whi ch al l ows 
conf i gur at i on of  t he Rout er ,  but  does not  al l ow di r ect  i nt er act i on wi t h 
ot her  devi ces.

1. 4. 11. 3. 3   Ful l  User  I nt er f ace

A Ful l  User  I nt er f ace can al t er  i nf or mat i on i n devi ces out si de t he devi ce 
wi t h t he user  i nt er f ace.   For  exampl e,  a t ypi cal  Local  Di spl ay Panel  i s  a 
Ful l  Local  User  I nt er f ace whi l e a br owser - based f r ont  end i s a Ful l  Remot e 
User  I nt er f ace.

1. 4. 11. 3. 4   Vi ew- Onl y User  I nt er f ace

See Read- Onl y User  I nt er f ace

1. 4. 11. 4   Ot her  User  I nt er f ace Ter mi nol ogy

I n addi t i on t o def i ni ng whet her  a user  i nt er f ace i s a Har dwar e Li mi t ed,  
Read- Onl y,  Li mi t ed or  Ful l ,  and whet her  i t  i s  Local  or  Remot e,  user  
i nt er f aces ar e c l assi f i ed by whet her  t hey ar e wr i t abl e or  pr i v i l eged.

1. 4. 11. 4. 1   Wr i t abl e User  I nt er f ace

Any User  I nt er f ace t hat  i s not  Read- Onl y i s Wr i t abl e.  ( Li mi t ed User  
I nt er f aces and Ful l  User  I nt er f aces ar e bot h wr i t abl e user  i nt er f aces ( as 
t hey ar e capabl e of  changi ng a val ue) ) .

1. 4. 11. 4. 2   Pr i v i l eged User  I nt er f ace

A Pr i v i l eged UI  i s a UI  t hat  has suf f i c i ent  capabi l i t i es or  f unct i onal i t y 
t hat  i t  r equi r es speci f i c  cyber secur i t y measur es t o be put  i n pl ace t o 
l i mi t  i t s  unaut hor i zed use.   Ul t i mat el y,  whet her  a speci f i c  user  i nt er f ace 
i s consi der ed a Pr i v i l eged User  I nt er f ace must  be det er mi ned by usage.   
Unl ess ot her wi se speci f i ed,  user  i nt er f aces can be det er mi ned t o be 
pr i v i l eged or  not  usi ng t he f ol l owi ng:

a.   Read- Onl y User  I nt er f aces ar e not  pr i v i l eged user  i nt er f aces.  

b.   Ful l  User  I nt er f aces ar e pr i v i l eged user  i nt er f aces.

c.   User  i nt er f aces t hat  al l ow f or  conf i gur at i on of  audi t i ng or  al l ows f or  
modi f i cat i on or  del et i on of  audi t  l ogs ar e pr i v i l eged user  i nt er f ace.

d.   User  i nt er f aces t hat  al l ow f or  r epr ogr ammi ng a net wor k connect ed 
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devi ce i s a pr i v i l eged user  i nt er f ace.

e.   Except  as speci f i ed above,  a Li mi t ed User  I nt er f ace must  be det er mi ned 
t o be pr i v i l eged or  not  based on t he speci f i c  capabi l i t i es and use 
case of  t he user  i nt er f ace.   I n gener al  however ,  user  i nt er f aces t hat  
do not  of f er  s i gni f i cant  capabi l i t i es above and beyond t hose avai l abl e 
at  t hat  l ocat i on v i a ot her  means ( e. g.  such as a di sconnect  swi t ch,  
br eaker ,  or  hand- of f - aut o swi t ch,  or  physi cal  at t ack)  ar e not  
pr i v i l eged.

1. 4. 12   Wi r el ess Net wor k

Any net wor k t hat  communi cat es wi t hout  usi ng wi r es or  f i ber  opt i cs as t he 
communi cat i on medi a.  Wi r el ess net wor ks i ncl ude:  Wi Fi ,  Bl uet oot h,  Zi gBee,  
cel l ul ar ,  sat el l i t e,  900 MHz r adi o,  2. 4 GHz,  f r ee space opt i cal ,  
poi nt - t o- poi nt  l aser ,  and I R.   

1. 4. 13   Wi r ed Br oadcast  Net wor k

Wi r ed Br oadcast  Net wor ks ar e any net wor k,  such as power l i ne car r i er  
net wor ks and modem ( wi r ed t el ephony) ,  t hat  use wi r e- based t echnol ogi es 
wher e t her e i s not  a c l ear l y def i ned boundar y f or  s i gnal  pr opagat i on.  

1. 5   ADMI NI STRATI VE REQUI REMENTS

1. 5. 1   Poi nt s of  Cont act

Coor di nat e wi t h t he f ol l owi ng Poi nt s of  Cont act  as i ndi cat ed i n t hi s 
Sect i on and as r equi r ed.   Not  al l  pr oj ect s wi l l  r equi r e coor di nat i on wi t h 
al l  Poi nt s of  Cont act .   When coor di nat i on i s r equi r ed and no Poi nt  of  
Cont act  i s  i ndi cat ed,  coor di nat e wi t h The Cont r act i ng Of f i ce 
Repr esent at i ve ( COR) .

a.   Gover nment  Comput er  Access Poi nt  of  Cont act :  1 SOCES Cyber secur i t y Team

1. 5. 2   Coor di nat i on

Coor di nat e t he execut i on of  t hi s Sect i on wi t h t he execut i on of  al l  ot her  
Sect i ons r el at ed t o cont r ol  syst ems as i ndi cat ed i n t he par agr aph RELATED 
REQUI REMENTS.   I t ems t hat  must  be consi der ed when coor di nat i ng pr oj ect  
ef f or t s i ncl ude but  ar e not  l i mi t ed t o:  

a.   I f  r equest i ng per mi ssi on f or  wi r el ess or  wi r ed br oadcast  
communi cat i on,  t he Wi r el ess and Wi r ed Br oadcast  Communi cat i on Request  
submi t t al  must  be appr oved pr i or  t o cont r ol  syst em devi ce sel ect i on 
and i nst al l at i on.

b.   I f  r equest i ng per mi ssi on f or  al t er nat e account  l ock per mi ssi ons,  t he 
Devi ce Account  Lock Except i on Request  must  be appr oved pr i or  t o 
cont r ol  syst em devi ce sel ect i on and i nst al l at i on.

c.   I f  r equest i ng per mi ssi on f or  t he use of  a devi ce wi t h mul t i pl e 
physi cal  connect i ons t o I P net wor ks,  t he Mul t i pl e I P Connect i on Devi ce 
Request  must  be appr oved pr i or  t o cont r ol  syst em devi ce sel ect i on and 
i nst al l at i on.

d.   Wi r el ess t est i ng may be r equi r ed as par t  of  t he cont r ol  syst em 
t est i ng.   See r equi r ement s f or  t he Wi r el ess Communi cat i on Test  Repor t  
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submi t t al .

e.   I f  t he Devi ce Audi t  Recor d Upl oad Sof t war e i s t o be i nst al l ed on a 
comput er  not  bei ng pr ovi ded as par t  of  t he cont r ol  syst em,  
coor di nat i on i s r equi r ed t o i dent i f y t he comput er  on whi ch t o i nst al l  
t he sof t war e.

f .   The Cyber secur i t y I nt er connect i on Schedul e must  be coor di nat ed wi t h 
ot her  wor k t hat  wi l l  be i nt er connect ed t o,  and i nt er connect i ons must  
be appr oved by t he Gover nment  bef or e r el y i ng on t hem f or  syst em 
f unct i onal i t y.

g.   Cyber secur i t y t est i ng suppor t  must  be coor di nat ed acr oss cont r ol  
syst ems and wi t h t he Gover nment  cyber secur i t y t est i ng schedul e.

h.   Passwor ds must  be coor di nat ed wi t h t he i ndi cat ed cont act  f or  t he 
pr oj ect  s i t e.

i .   I f  appl i cabl e,  HTTPS web ser ver  cer t i f i cat es must  be obt ai ned f r om t he 
i ndi cat ed HTTPS Cer t i f i cat e Poi nt  of  Cont act .

j .   Cont r act or  Comput er  Cyber secur i t y Compl i ance St at ement s must  be 
pr ovi ded f or  each cont r act or  usi ng cont r act or  owned comput er s.

1. 6   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 01 Pr econst r uct i on Submi t t al s
Wi r el ess and Wi r ed Br oadcast  Communi cat i on Request ;  G

Devi ce Account  Lock Except i on Request ;  G

Mul t i pl e Et her net  Connect i on Devi ce Request ;  G

Cont r act or  Comput er  Cyber secur i t y Compl i ance St at ement s;  G

Cont r act or  Tempor ar y Net wor k Cyber secur i t y Compl i ance St at ement s;  G

Cyber secur i t y I nt er connect i on Schedul e;  G

Pr oposed STI G and SRG Appl i cabi l i t y  Repor t ;  G

SD- 02 Shop Dr awi ngs

Net wor k Communi cat i on Repor t ;  G

Cyber secur i t y Ri ser  Di agr am;  G

SD- 03 Pr oduct  Dat a

Cont r ol  Syst em Cyber secur i t y Document at i on;  G
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SD- 06 Test  Repor t s

Wi r el ess Communi cat i on Test  Repor t ;  G

Cont r ol  Syst em Cyber secur i t y Test i ng Pr ocedur es;  G

Cont r ol  Syst em Cyber secur i t y Test i ng Repor t ;  G

SD- 07 Cer t i f i cat es

Sof t war e Li censes;  G

SD- 11 Cl oseout  Submi t t al s

Conf i dent i al  Passwor d Repor t ;  G

Encl osur e Keys;  G

Sof t war e and Conf i gur at i on Backups;  G

Audi t i ng Fr ont  End Sof t war e;  G

Devi ce Audi t  Recor d Upl oad Sof t war e;  G

Syst em Mai nt enance Tool  Sof t war e;  G

Cont r ol  Syst em Scanni ng Tool s;  G

STI G,  SRG and Vendor  Gui de Compl i ance Resul t  Repor t ;  G

Cont r ol  Syst em I nvent or y Repor t ;  G

1. 7   CYBERSECURI TY DOCUMENTATI ON

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o PL- 7;  CCI - 003071}

1. 7. 1   Pr oposed STI G and SRG Appl i cabi l i t y  Repor t

For  each model  of  net wor k connect ed or  net wor k i nf r ast r uct ur e devi ce,  use 
t he DI SA SRG/ STI G Appl i cabi l i t y  Gui de and Col l ect i on Tool  ( avai l abl e at  
ht t ps: / / publ i c. cyber . mi l / st i gs/ SCAP/ t o i dent i f y appl i cabl e STI Gs or  SRGs 
and pr ovi de a r epor t  i ndi cat i ng appl i cabl e STI Gs and SRGs f or  each model .

1. 7. 2   Cyber secur i t y I nt er connect i on Schedul e

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  r el at es t o CA- 3( b) ,  PL- 8,  
SC- 7( 9) ,  SC- 7( 11) ;  CCI - 000258,  CCI - 003072,  CCI - 003073,  CCI - 003075,  
CCI - 002398,  CCI - 002399,  CCI - 002401,  CCI - 002402,  CCI - 002403. }

Pr ovi de a compl et ed Cyber secur i t y I nt er connect i on Schedul e document i ng 
net wor k connect i ons bet ween t he i nst al l ed syst em and ot her  syst ems.  
Pr ovi de t he f ol l owi ng i nf or mat i on f or  each devi ce di r ect l y communi cat i ng 
bet ween syst ems:  Devi ce I dent i f i er ,  Devi ce Descr i pt i on,  Tr anspor t  l ayer  
Pr ot ocol ,  Net wor k Addr ess,  Por t  ( i f  appl i cabl e) ,  MAC ( Layer  2)  addr ess ( i f  
appl i cabl e) ,  Medi a,  Appl i cat i on Pr ot ocol ,  Ser vi ce ( i f  appl i cabl e) ,  
Descr i pt i ve Pur pose of  communi cat i on.  For  communi cat i on wi t h ot her  
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aut hor i zed syst ems al so pr ovi de t he For ei gn Dest i nat i on and POC f or  
Dest i nat i on.    I f  ot her  cont r ol  syst em Sect i ons used on t hi s pr oj ect  
i ncl ude submi t t al s document i ng t hi s i nf or mat i on,  pr ovi de copi es of  t hose 
submi t t al s t o meet  t hi s r equi r ement .  

I n addi t i on t o t he r equi r ement s of  Sect i on 01 33 00 SUBMI TTAL PROCEDURES,  
pr ovi de t he Cyber secur i t y I nt er connect i on Schedul e as an edi t abl e 
Mi cr osof t  Excel  f i l e ( a t empl at e Cyber secur i t y I nt er connect i on Schedul e i n 
Excel  f or mat  i s avai l abl e at  
ht t ps: / / www. wbdg. or g/ f f c/ dod/ uni f i ed- f aci l i t i es- gui de- speci f i cat i ons- uf gs/ uf gs- 25- 05- 11

1. 7. 3   Net wor k Communi cat i on Repor t

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o CA- 9,  PL- 8;  CCI - 002102,  CCI - 002103,  CCI - 002104,  CCI - 002105,  CCI - 003072,  
CCI - 003073,  CCI - 003075 and al so t he submi t t al  r equi r ement s associ at ed wi t h 
CM- 6,  CM- 7,  SC- 8 and SC- 41 i ncl udi ng CM- 7( 3) ,  CCI - 000388. }

Pr ovi de a net wor k communi cat i on r epor t .   For  each net wor ked devi ce,  
document  t he communi cat i on char act er i st i cs of  t he devi ce i ncl udi ng 
communi cat i on pr ot ocol s,  ser vi ces used,  encr ypt i on empl oyed,  and a gener al  
descr i pt i on of  what  i nf or mat i on i s communi cat ed over  t he net wor k.   For  
each devi ce usi ng I P,  document  al l  TCP and UDP por t s used.   For  non- I P 
communi cat i ons,  document  communi cat i on pr ot ocol  and medi a used.     I f  
ot her  cont r ol  syst em Sect i ons used on t hi s pr oj ect  i ncl ude submi t t al s 
document i ng t hi s i nf or mat i on,  pr ovi de copi es of  t hose submi t t al s t o meet  
t hi s r equi r ement .   

I n addi t i on t o t he r equi r ement s of  Sect i on 01 33 00 SUBMI TTAL PROCEDURES,  
pr ovi de t he Net wor k Communi cat i on Repor t  as an edi t abl e Mi cr osof t  Excel  
f i l e.

1. 7. 4   Cont r ol  Syst em I nvent or y Repor t

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o CM- 8( a) ,  SI - 17,  I A- 3;  CCI - 000389,  CCI - 000392,  CCI - 000398,  CCI - 002773,  
CCI - 002774,  CCI - 002775,  CCI - 000777,  CCI - 000778,  CCI - 001958}

Pr ovi de a Cont r ol  Syst em I nvent or y r epor t  usi ng t he I nvent or y Spr eadsheet  
l i s t ed under  t hi s Sect i on at  
ht t ps: / / www. wbdg. or g/ f f c/ dod/ uni f i ed- f aci l i t i es- gui de- speci f i cat i ons- uf gs/ uf gs- 25- 05- 11
 document i ng al l  net wor ked devi ces,  i ncl udi ng net wor k i nf r ast r uct ur e 
devi ces.   For  each devi ce pr ovi de al l  appl i cabl e i nf or mat i on f or  whi ch 
t her e i s a f i el d on t he spr eadsheet  i n accor dance wi t h t he i nst r uct i ons on 
t he spr eadsheet .  

I n addi t i on t o t he r equi r ement s of  Sect i on 01 33 00 SUBMI TTAL PROCEDURES,  
pr ovi de t he Cont r ol  Syst em I nvent or y Repor t  as an edi t abl e Mi cr osof t  Excel  
f i l e.

1. 7. 5   Sof t war e and Conf i gur at i on Backups

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o CP- 10;  CCI - 000550,  CCI - 000551,  CCI - 000552}

For  each comput er  on whi ch sof t war e i s i nst al l ed under  t hi s pr oj ect ,  
pr ovi de a r ecover y i mage of  t he f i nal  as- bui l t  comput er .   Thi s i mage must  
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al l ow f or  bar e- met al  r est or e such t hat  r est or at i on of  t he i mage i s 
suf f i c i ent  t o r est or e syst em oper at i on t o t he i maged st at e wi t hout  t he 
need f or  r e- i nst al l at i on of  sof t war e.   I f  addi t i onal  user  per mi ssi ons ar e 
r equi r ed t o meet  t hi s r equi r ement ,  coor di nat e t he cr eat i on of  t he i mage 
wi t h t he i dent i f i ed Gover nment  Comput er  Access Poi nt  of  Cont act .

For  al l  et her net  swi t ches pr ovi de a backup of  t he swi t ch conf i gur at i on.   
For  al l  cont r ol l er s,  pr ovi de a backup of  t he cont r ol l er  conf i gur at i on and 
t he sour ce code f or  al l  l oaded appl i cat i on pr ogr ams ( al l  sof t war e
t hat  i s not  common t o ever y cont r ol l er  of  t he same manuf act ur er  and
model ) .

I f  any or  al l  of  t hese ar e pr ovi ded under  anot her  Sect i on,  pr ovi de 
document at i on i ndi cat i ng t hi s and r ef er enci ng t hose submi t t al s.

1. 7. 6   Cyber secur i t y Ri ser  Di agr am

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o PL- 2( a) ,  PL- 8;  CCI - 003051,  CCI - 003053,  CCI - 003072,  CCI - 003073,  
CCI - 003075}

Pr ovi de a cyber secur i t y r i ser  di agr am of  t he compl et e cont r ol  syst em 
i ncl udi ng al l  net wor k and devi ce har dwar e.   I f  t he cont r ol  syst em 
speci f i cat i ons r equi r e a r i ser  di agr am submi t t al ,  pr ovi de a copy of  t hat  
submi t t al  as t he cyber secur i t y r i ser  di agr am.   Ot her wi se,  pr ovi de a r i ser  
di agr am i n t abul ar  f or mat .

1. 7. 7   STI G,  SRG and Vendor  Gui de Compl i ance Resul t  Repor t

For  ever y component  ( devi ce or  sof t war e)  wi t h an appl i cabl e STI G or  SRG i n 
t he Pr oposed STI G and SRG Appl i cabi l i t y  Repor t ,  pr ovi de a r esul t  r epor t  
document i ng compl i ance wi t h t he STI G or  SRG r equi r ement s.   For  component s 
whi ch ar e scannabl e by t he SCAP ( secur i t y cont ent  aut omat i on pr ot ocol )  
t ool  ( avai l abl e onl i ne at  ht t ps: / / publ i c. cyber . mi l / st i gs/ scap) ,  pr ovi de 
t he SCAP r epor t  and r aw scan r esul t s.

For  ever y component  ( devi ce or  sof t war e)  wi t h manuf act ur er  pr ovi ded 
cyber secur i t y document at i on,  pr ocedur e,  or  met hod f or  secur e conf i gur at i on 
or  i nst al l at i on,  pr ovi de a r epor t  document i ng how t he component  was 
conf i gur ed and any devi at i on f r om t he manuf act ur er  i nst r uct i ons.

1. 7. 8   Cont r ol  Syst em Cyber secur i t y Document at i on

{ For  Gover nment  Ref er ence Onl y:  Thi s subpar t  ( and i t s subpar t s)  r el at es t o 
SA- 5( a) , SA- 5( b) , SA- 5( c) ,  SA- 22( b) ;  CCI s:   CCI - 003124,  CCI - 003125,  
CCI - 003126,  CCI - 003127,  CCI - 003128,  CCI - 003129,  CCI - 003130,  CCI - 003131,  
CCI - 003374}

Pr ovi de a Cont r ol  Syst em Cyber secur i t y Document at i on submi t t al  cont ai ni ng 
t he i ndi cat ed i nf or mat i on f or  each devi ce and sof t war e appl i cat i on.

1. 7. 8. 1   Sof t war e Appl i cat i ons

For  al l  sof t war e appl i cat i ons r unni ng on comput er s pr ovi de:

a.   admi ni st r at or  document at i on t hat  descr i bes secur e conf i gur at i on of  t he 
sof t war e { For  Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003124}
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b.   admi ni st r at or  document at i on t hat  descr i bes secur e i nst al l at i on of  t he 
sof t war e and sof t war e updat es.  { For  Gover nment  Ref er ence Onl y:  r el at es 
t o CCI - 003125}

c.   admi ni st r at or  document at i on t hat  descr i bes secur e oper at i on of  t he 
sof t war e { For  Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003124}

d.   admi ni st r at or  document at i on t hat  descr i bes ef f ect i ve use and 
mai nt enance of  secur i t y f unct i ons or  mechani sms f or  t he sof t war e { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003127}

e.   admi ni st r at or  document at i on t hat  descr i bes known vul ner abi l i t i es 
r egar di ng conf i gur at i on and use of  admi ni st r at i ve ( i . e.  pr i v i l eged)  
f unct i ons f or  t he sof t war e { For  Gover nment  Ref er ence Onl y:  r el at es t o 
CCI - 003128}

f .   user  document at i on t hat  descr i bes user - accessi bl e secur i t y f unct i ons 
or  mechani sms i n t he sof t war e and how t o ef f ect i vel y use t hose 
secur i t y f unct i ons or  mechani sms { For  Gover nment  Ref er ence Onl y:  
r el at es t o CCI - 003129}

g.   user  document at i on t hat  descr i bes met hods f or  user  i nt er act i on whi ch 
enabl es i ndi v i dual s t o use t he sof t war e i n a mor e secur e manner  { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003130}

h.   user  document at i on t hat  descr i bes user  r esponsi bi l i t i es i n mai nt ai ni ng 
t he secur i t y of  t he sof t war e { For  Gover nment  Ref er ence Onl y:  r el at es 
t o CCI - 003131}

1. 7. 8. 2   For  HVAC Cont r ol  Syst em Devi ces

1. 7. 8. 2. 1   HVAC Cont r ol  Syst em Devi ces FULLY Suppor t i ng User  Account s

For  al l  HVAC Cont r ol  Syst em Devi ces whi ch FULLY suppor t  user  account s,  
pr ovi de:

a.   Document at i on t hat  descr i bes secur e conf i gur at i on of  t he devi ce { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003124}

b.   Document at i on t hat  descr i bes secur e oper at i on of  t he devi ce { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003124}

c.   Document at i on t hat  descr i bes ef f ect i ve use and mai nt enance of  secur i t y 
f unct i ons or  mechani sms f or  t he devi ce { For  Gover nment  Ref er ence Onl y:  
r el at es t o CCI - 003127}

d.   Document at i on t hat  descr i bes known vul ner abi l i t i es r egar di ng 
conf i gur at i on and use of  admi ni st r at i ve ( i . e.  pr i v i l eged)  f unct i ons 
f or  t he devi ce { For  Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003128}

e.   Document at i on t hat  descr i bes user - accessi bl e secur i t y f unct i ons or  
mechani sms i n t he devi ce and how t o ef f ect i vel y use t hose secur i t y 
f unct i ons or  mechani sms;  or  a speci f i c  i ndi cat i on t hat  t her e ar e no 
user - accessi bl e secur i t y f unct i ons or  mechani sms i n t he devi ce { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003129}

f .   Document at i on t hat  descr i bes met hods f or  user  i nt er act i on whi ch 
enabl es i ndi v i dual s t o use t he devi ce i n a mor e secur e manner  { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003130}
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1. 7. 8. 2. 2   Al l  Ot her  HVAC Cont r ol  Syst em Devi ces

For  al l  HVAC Cont r ol  Syst em Devi ces whi ch do not  FULLY suppor t  user  
account s,  pr ovi de:

a.   Document at i on t hat  descr i bes secur e conf i gur at i on of  t he devi ce;  or  a 
speci f i c  i ndi cat i on t hat  t her e ar e no secur e conf i gur at i on st eps t hat  
appl y { For  Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003124}

b.   Document at i on t hat  descr i bes ef f ect i ve use and mai nt enance of  secur i t y 
f unct i ons or  mechani sms f or  t he devi ce;  or  a speci f i c  i ndi cat i on t hat  
t her e ar e no secur i t y f unct i ons or  mechani sms i n t he devi ce { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003127}

c.   For  devi ces whi ch i ncl ude a user  i nt er f ace,  document at i on t hat  
descr i bes met hods f or  user  i nt er act i on whi ch enabl es i ndi v i dual s t o 
use t he devi ce i n a mor e secur e manner  { For  Gover nment  Ref er ence Onl y:  
r el at es t o CCI - 003130}

1. 7. 8. 3   Def aul t  Requi r ement s f or  Cont r ol  Syst em Devi ces

For  cont r ol  syst em devi ces wher e Cont r ol  Syst em Cyber secur i t y 
Document at i on r equi r ement s ar e not  ot her wi se i ndi cat ed i n t hi s Sect i on,  
pr ovi de:

a.   Document at i on t hat  descr i bes secur e conf i gur at i on of  t he devi ce { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003124}

b.   Document at i on t hat  descr i bes secur e i nst al l at i on of  t he devi ce { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003125}

c.   Document at i on t hat  descr i bes secur e oper at i on of  t he devi ce { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003124}

d.   Document at i on t hat  descr i bes ef f ect i ve use and mai nt enance of  secur i t y 
f unct i ons or  mechani sms f or  t he devi ce { For  Gover nment  Ref er ence Onl y:  
r el at es t o CCI - 003127}

e.   Document at i on t hat  descr i bes known vul ner abi l i t i es r egar di ng 
conf i gur at i on and use of  admi ni st r at i ve ( i . e.  pr i v i l eged)  f unct i ons 
f or  t he devi ce { For  Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003128}

f .   Document at i on t hat  descr i bes user - accessi bl e secur i t y f unct i ons or  
mechani sms i n t he devi ce and how t o ef f ect i vel y use t hose secur i t y 
f unct i ons or  mechani sms { For  Gover nment  Ref er ence Onl y:  r el at es t o 
CCI - 003129}

g.   Document at i on t hat  descr i bes met hods f or  user  i nt er act i on whi ch 
enabl es i ndi v i dual s t o use t he devi ce i n a mor e secur e manner  { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003130}

h.   Document at i on t hat  descr i bes user  r esponsi bi l i t i es i n mai nt ai ni ng t he 
secur i t y of  t he devi ce { For  Gover nment  Ref er ence Onl y:  r el at es t o 
CCI - 003131}

i .   Document at i on of  t he publ i shed l ast  dat e of  suppor t  by t he 
manuf act ur er  or  i ndi cat i on t hat  a publ i shed dat e i s not  avai l abl e.  
{ For  Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003374}
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1. 8   SOFTWARE LI CENSI NG

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o SI - 2( a) ,  SI - 2( c) ,  SI - 7( 14) ;  CCI - 001227,  CCI - 002605,  CCI - 002737}

For  al l  sof t war e pr ovi ded t hat  has not  al r eady been l i censed t o t he 
gover nment  or  pr oj ect  s i t e,  pr ovi de a l i cense t o t he Gover nment  f or  a 
per i od of  no l ess t han 5 year s,  and t he l i cense must  al so i ncl ude t he 
f ol l owi ng sof t war e updat es:

a.   Secur i t y and bug- f i x pat ches i ssued by t he sof t war e manuf act ur er .  

b.   Secur i t y pat ches t o addr ess any vul ner abi l i t y  i dent i f i ed i n t he 
Nat i onal  Vul ner abi l i t y  Dat abase at  ht t p: / / nvd. ni st . gov wi t h a Common 
Vul ner abi l i t y  Scor i ng Syst em ( CVSS)  sever i t y r at i ng of  MEDI UM or  
hi gher .

Pr ovi de a s i ngl e Sof t war e Li censes submi t t al  wi t h document at i on of  t he 
sof t war e l i censes f or  al l  sof t war e pr ovi ded

1. 9   CYBERSECURI TY DURI NG CONSTRUCTI ON

{ For  Gover nment  Ref er ence Onl y:  Thi s subpar t  ( and i t s subpar t s)  r el at es t o 
AC- 18,  SA- 3;  CCI - 000258}

I n addi t i on t o t he cont r ol  syst em cyber secur i t y r equi r ement s i ndi cat ed i n 
t hi s sect i on,  meet  f ol l owi ng r equi r ement  t hr oughout  t he const r uct i on 
pr ocess.

1. 9. 1   Cont r act or  Comput er  Equi pment

Cont r act or  owned comput er s may be used f or  const r uct i on.   Cont r act or  
comput er s connect ed t o t he cont r ol  syst em,  cont r ol  syst em net wor k,  or  a 
cont r ol  syst em component  at  any poi nt  dur i ng const r uct i on must  meet  t he 
f ol l owi ng r equi r ement s:

1. 9. 1. 1   Oper at i ng Syst em

The oper at i ng syst em must  be an oper at i ng syst em cur r ent l y suppor t ed by 
t he manuf act ur er  of  t he oper at i ng syst em.  The oper at i ng syst em must  be 
cur r ent  on secur i t y pat ches and oper at i ng syst em manuf act ur er  r equi r ed 
updat es.  

1. 9. 1. 2   Ant i - Mal war e Sof t war e

The comput er  must  r un ant i - mal war e sof t war e f r om a r eput abl e sof t war e 
manuf act ur er .   Ant i - mal war e sof t war e must  be a ver si on cur r ent l y suppor t ed 
by t he sof t war e manuf act ur er ,  must  be cur r ent  on al l  pat ches and updat es,  
and must  use t he l at est  def i ni t i ons f i l e.   Comput er s used on t hi s pr oj ect  
must  be scanned usi ng t he i nst al l ed sof t war e at  l east  once per  day.

1. 9. 1. 3   Passwor ds and Passphr ases

The passwor ds and passphr ases f or  comput er s,  appl i cat i ons,  and web- based 
appl i cat i ons suppor t i ng passwor ds must  be changed f r om t hei r  def aul t  
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val ues.   Passwor ds must  be a mi ni mum of  ei ght  char act er s wi t h a mi ni mum of  
one upper case l et t er ,  one l ower case l et t er ,  one number  and one speci al  
char act er .

1. 9. 1. 4   User - Based Aut hent i cat i on

Each user  must  have a uni que account ;  shar i ng of  a s i ngl e account  bet ween 
mul t i pl e user s i s pr ohi bi t ed.

1. 9. 1. 5   Demonst r at i on of  Compl i ance

The Gover nment  has t he r i ght  t o r equi r e demonst r at i on of  comput er  
compl i ance wi t h t hese r equi r ement s at  any t i me dur i ng t he pr oj ect .

1. 9. 1. 6   Cont r act or  Comput er  Cyber secur i t y Compl i ance St at ement s

Pr ovi de a s i ngl e submi t t al  cont ai ni ng compl et ed Cont r act or  Comput er  
Cyber secur i t y Compl i ance St at ement s f or  each company usi ng cont r act or  
owned comput er s.  Cont r act or  Comput er  Cyber secur i t y Compl i ance St at ement s 
must  use t he t empl at e publ i shed at  
ht t ps: / / www. wbdg. or g/ f f c/ dod/ uni f i ed- f aci l i t i es- gui de- speci f i cat i ons- uf gs/ uf gs- 25- 05- 11
Each St at ement  must  be si gned by a cyber secur i t y r epr esent at i ve f or  t he 
r el evant  company.

1. 9. 2   Tempor ar y I P Net wor ks

Tempor ar y cont r act or - i nst al l ed I P net wor ks may be used dur i ng 
const r uct i on.  When used,  t empor ar y cont r act or - i nst al l ed I P net wor ks 
connect ed t o t he cont r ol  syst em,  cont r ol  syst em net wor k,  or  a cont r ol  
syst em component  at  any poi nt  dur i ng const r uct i on must  meet  t he f ol l owi ng 
r equi r ement s:

1. 9. 2. 1   Net wor k Boundar i es and Connect i ons

The net wor k must  not  ext end out si de t he pr oj ect  s i t e and must  not  connect  
t o any I P net wor k ot her  t han t hose speci f i cal l y pr ovi ded or  f ur ni shed f or  
t hi s pr oj ect .   Any and al l  access t o t he net wor k f r om out si de t he pr oj ect  
s i t e i s pr ohi bi t ed.

1. 9. 3   Gover nment  Access t o Net wor k

Gover nment  per sonnel  must  be al l owed t o have compl et e and i mmedi at e access 
t o t he net wor k at  any t i me i n or der  t o ver i f y compl i ance wi t h t hi s 
speci f i cat i on.

1. 9. 4   Tempor ar y Wi r el ess I P Net wor ks

I n addi t i on t o t he ot her  r equi r ement s on t empor ar y I P net wor ks,  t empor ar y 
wi r el ess I P ( Wi Fi )  net wor ks,  when per mi t t ed,  must  not  i nt er f er e wi t h 
exi st i ng wi r el ess net wor ks,  must  use WPA2 secur i t y and must  not  br oadcast  
t he net wor k name ( SSI D) .   Net wor k names ( SSI D)  f or  wi r el ess net wor ks must  
be changed f r om t hei r  def aul t  val ues.

1. 9. 5   Passwor ds and Passphr ases

The passwor ds and passphr ases f or  al l  net wor k devi ces and net wor k access 
must  be changed f r om t hei r  def aul t  val ues.  Passwor ds must  be a mi ni mum 8 
char act er s wi t h a mi ni mum of  one upper case l et t er ,  one l ower case l et t er ,  
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one number  and one speci al  char act er .

1. 9. 6   Cont r act or  Tempor ar y Net wor k Cyber secur i t y Compl i ance St at ement s

Pr ovi de a s i ngl e submi t t al  cont ai ni ng compl et ed Cont r act or  Tempor ar y 
Net wor k Cyber secur i t y Compl i ance St at ement s f or  each company i mpl ement i ng 
a t empor ar y I P net wor k.   Cont r act or  Tempor ar y Net wor k Cyber secur i t y 
Compl i ance St at ement s must  use t he t empl at e publ i shed at  
ht t ps: / / www. wbdg. or g/ f f c/ dod/ uni f i ed- f aci l i t i es- gui de- speci f i cat i ons- uf gs/ uf gs- 25- 05- 11
Each St at ement  must  be si gned by a cyber secur i t y r epr esent at i ve f or  t he 
r el evant  company.   I f  no t empor ar y I P net wor ks wi l l  be used,  pr ovi de a 
s i ngl e copy of  t he St at ement  i ndi cat i ng t hi s.

1. 10   CYBERSECURI TY DURI NG WARRANTY PERI OD

Al l  wor k per f or med on t he cont r ol  syst em af t er  accept ance must  be 
per f or med usi ng Gover nment  Fur ni shed Equi pment  or  equi pment  speci f i cal l y 
and i ndi v i dual l y appr oved by t he Gover nment .

PART 2   PRODUCTS 

Thi s sect i on i nt ent i onal l y l ef t  bl ank

PART 3   EXECUTI ON

3. 1   CYBERSECURI TY HARDENI NG AND CONFI GURATI ON GUI DES

I nst al l ,  conf i gur e,  and har den al l  har dwar e and sof t war e f ur ni shed on t hi s 
pr oj ect  i n accor dance wi t h manuf act ur er  pr ovi ded document at i on,  
pr ocedur es,  or  met hods f or  secur e conf i gur at i on or  i nst al l at i on.   Do not  
i mpl ement  speci f i c  har deni ng act i ons i f  t hat  act i on woul d conf l i c t  wi t h 
r equi r ed f unct i onal i t y or  anot her  r equi r ement  of  t hi s Sect i on.

3. 2   NETWORK REQUI REMENTS

3. 2. 1   Wi r el ess and Wi r ed Br oadcast  Communi cat i on

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o AC- 18,  AC- 18( 3) ;  CCI - 001438,  CCI - 001439,  CCI - 002323,  CCI - 001441,  
CCI - 001449}

Unl ess expl i c i t l y  aut hor i zed by t he Gover nment ,  do not  use any wi r el ess or  
wi r ed br oadcast  communi cat i on.   I f  r equest i ng aut hor i zat i on f or  wi r el ess 
or  wi r ed br oadcast  communi cat i on,  wi r ed br oadcast  medi a such as power l i ne 
car r i er  i s  pr ef er r ed t o wi r el ess.   

3. 2. 1. 1   Wi r el ess and Wi r ed Br oadcast  I P Communi cat i ons

Do not  i nst al l  wi r el ess or  wi r ed br oadcast  I P net wor ks,  i ncl udi ng:   do not  
i nst al l  a wi r el ess access poi nt ;  do not  i nst al l  or  conf i gur e an ad- hoc 
wi r el ess net wor k;  do not  i nst al l  or  conf i gur e a Wi Fi  Di r ect  communi cat i on.

When expl i c i t l y  aut hor i zed by t he Gover nment ,  wi r el ess I P communi cat i on 
may be used t o communi cat e wi t h an exi st i ng wi r el ess net wor k.
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3. 2. 1. 2   Non- I P Wi r el ess Communi cat i on

For  LOW I mpact  Syst ems:   When non- I P wi r el ess communi cat i on i s expl i c i t l y  
aut hor i zed by t he Gover nment ,  use t he maxi mum l evel  of  encr ypt i on 
suppor t ed by t he speci f i c  pr ot ocol  empl oyed and sel ect  s i gnal  st r engt h and 
r adi at ed power  t o t he mi ni mum necessar y f or  r el i abl e communi cat i on.

3. 2. 1. 3   Wi r el ess and Wi r ed Br oadcast  Communi cat i on Request

Pr ovi de a r epor t  document i ng t he pr oposed use of  wi r el ess or  wi r ed 
br oadcast  communi cat i on pr i or  t o devi ce sel ect i on usi ng t he Wi r el ess and 
Wi r ed Br oadcast  Communi cat i on Request  Schedul e at  
ht t ps: / / www. wbdg. or g/ f f c/ dod/ uni f i ed- f aci l i t i es- gui de- speci f i cat i ons- uf gs/ uf gs- 25- 05- 11
I f  t her e i s no pr oposed use of  wi r el ess or  wi r ed br oadcast  communi cat i on,  
pr ovi de a document  i ndi cat i ng t hi s i nst ead of  t he Request  Schedul e.

For  each devi ce pr oposed t o use wi r el ess or  wi r ed br oadcast  communi cat i on 
show:   t he devi ce i dent i f i er ,  a descr i pt i on of  t he devi ce,  t he l ocat i on of  
t he devi ce,  t he devi ce i dent i f i er s of  ot her  devi ces communi cat i ng wi t h t he 
devi ce,  t he pr ot ocol  used f or  communi cat i on,  encr ypt i on t ype and 
st r engt h.   For  wi r el ess communi cat i on,  al so show:  RF Fr equency,  Radi at ed 
Power  i n dBm ( deci bel  wi t h a mi l l i wat t  r ef er ence) ,  f r ee- space r ange,  and 
t he expect ed as- i nst al l ed r ange.

3. 2. 1. 4   Wi r el ess Communi cat i on Test i ng

As par t  of  Funct i onal  Per f or mance Test i ng { FPT} ,  conduct  t est i ng of  
wi r el ess communi cat i on f or  al l  devi ces i ndi cat ed on t he appr oved Wi r el ess 
and Wi r ed Br oadcast  Communi cat i on Request  as r equi r i ng t est i ng.

To t est  wi r el ess communi cat i on,  t est  f or  wi r el ess net wor k r ecept i on at  
mul t i pl e poi nt s al ong t he wi r el ess t est  boundar y i n t he v i c i ni t y of  t he 
wi r el ess devi ce,  and r ecor d whet her  a net wor k connect i on can be 
est abl i shed at  each poi nt .   The wi r el ess t est  boundar y i s t he bui l di ng 
ext er i or  wal l s.   I f  wi r el ess t est i ng i s r equi r ed,  pr ovi de a Wi r el ess 
Communi cat i on Test  Repor t  document i ng t he t est i ng poi nt s and r esul t s at  
each poi nt  f or  each wi r el ess devi ce.

3. 2. 2   Non- I P Cont r ol  Net wor ks

When cont r ol  syst em speci f i cat i ons r equi r e par t i cul ar  communi cat i on 
pr ot ocol s,  use onl y t hose communi cat i on pr ot ocol s and onl y as speci f i ed.   
Do not  i mpl ement  any ot her  communi cat i on pr ot ocol .

When cont r ol  syst em speci f i cat i ons do not  i ndi cat e r equi r ement s f or  
communi cat i on pr ot ocol s,  use onl y t hose pr ot ocol s r equi r ed f or  oper at i on 
of  t he syst em as speci f i ed.

3. 2. 3   I P Cont r ol  Net wor ks

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  r el at es t o CM- 6( a) ,  CM- 7( a) ,  
CM- 7( b) ,  CM- 7( 1) ( b) ,  SC- 41;  CCI - 001588,  CCI - 000381,  CCI - 000380,  
CCI - 000381,  CCI - 000382,  CCI - 001761,  CCI - 001762,  CCI - 002544,  CCI - 002545,  
CCI - 002546. }

I P Net wor ks must  be Et her net  net wor ks and must  use swi t ches whi ch ar e 
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Et her net  Swi t ches or  Dai sy Chai n I P Cont r ol l er s as def i ned i n t hi s 
Sect i on.   Do not  use nonsecur e f unct i ons,  por t s,  pr ot ocol s and ser vi ces as 
def i ned i n DODI  8551. 01 unl ess t hose por t s,  pr ot ocol s and ser vi ces ar e 
speci f i cal l y r equi r ed by t he cont r ol  syst em speci f i cat i ons or  ot her wi se 
speci f i cal l y aut hor i zed by t he Gover nment .   Do not  use por t s,  pr ot ocol s 
and ser vi ces t hat  ar e not  speci f i ed i n t he cont r ol  syst em speci f i cat i ons 
or  r equi r ed f or  oper at i on of  t he cont r ol  syst em.

3. 2. 3. 1   I P Net wor k Rout er s

Do not  i nst al l  any devi ce t hat  per f or ms I P r out i ng.

3. 2. 3. 2   I P Devi ces Wi t h Mul t i pl e Et her net  Connect i on

Except  f or  Et her net  Swi t ches and Dai sy Chai n I P Cont r ol l er s,  devi ces must  
not  have mor e t han one Et her net  connect i on t o I P net wor ks unl ess doi ng so 
i s r equi r ed by t he pr oj ect  speci f i cat i ons and t he speci f i c  appl i cat i on i s 
appr oved.   I f  a devi ce wi t h Mul t i pl e Et her net  Connect i ons t o I P net wor ks 
i s r equi r ed,  pr ovi de a Mul t i pl e Et her net  Connect i on Devi ce Request  usi ng 
t he Mul t i pl e Et her net  Connect i on Devi ce Request  Templ at e at  
ht t ps: / / www. wbdg. or g/ f f c/ dod/ uni f i ed- f aci l i t i es- gui de- speci f i cat i ons- uf gs/ uf gs- 25- 05- 11
 t o r equest  appr oval  f or  each devi ce.  I f  a devi ce wi t h Mul t i pl e Et her net  
Connect i ons t o I P net wor ks i s not  r equi r ed,  i nst ead pr ovi de a document  
st at i ng t hat  no appr oval  i s  bei ng r equest ed.

3. 2. 4   Cr ypt ogr aphi c Pr ot ect i on

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  r el at es t o I A- 2( 9) ,  I A- 3( 1) ,  
SC- 8,  SC- 13,  SC- 23( 1) ,  SC- 23( 3) ;  CCI - 001942,  CCI - 001959,  CCI - 001967,  
CCI - 002418,  CCI - 002449,  CCI - 002450,  CCI - 001185,  CCI - 001188,  CCI - 001664. }

Al l  r emot e user  i nt er f aces must  use HTTPS f or  al l  t r af f i c  bet ween t he user  
i nt er f ace cl i ent  and user  i nt er f ace ser ver .

3. 2. 5   Devi ce I dent i f i cat i on and Aut hent i cat i on
                                               

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o I A- 3;  CCI - 000777,  CCI - 000778,  CCI - 001958. }

Al l  comput er s must  suppor t  I EEE 802. 1x f or  devi ce aut hent i cat i on t o t he 
net wor k.

3. 2. 5. 1   For  HVAC Cont r ol  Syst em Devi ces

Devi ces usi ng HTTP as a cont r ol  pr ot ocol  must  use HTTPS i nst ead.  Devi ces 
usi ng Et her net  must  suppor t  I EEE 802. 1x.

3. 2. 6   Cr ypt ogr aphi c Modul e Aut hent i cat i on

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o I A- 7;  CCI - 000803}

For  devi ces ( i ncl udi ng but  not  l i mi t ed t o NI ST FI PS 140- 2 compl i ant  
r adi os)  t hat  have STI G/ SRGs r el at ed t o cr ypt ogr aphi c modul e aut hent i cat i on 
( CCI - 000803) ,  compl y wi t h t he r equi r ement s of  t hose STI G/ SRGs.
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3. 3   ACCESS CONTROL REQUI REMENTS

3. 3. 1   User  Account s

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at e t o 
AC- 2( a) ,  AC- 3,  AC- 6( 1) ,  AC- 6( 10) ,  AC- 6( 2) ,  AC- 6( 9) ,  CM- 11( 2) ,  and I A- 2;  
CCI - 002110,  CCI - 000213,  CCI - 001558,  CCI - 002221,  CCI - 002222,  CCI - 002223,  
CCI - 002235,  CCI - 000039,  CCI - 001419,  CCI - 002234,  CCI - 001812,  and 
CCI - 000764. }

Any user  i nt er f ace suppor t i ng user  account s ( ei t her  FULLY or  MI NI MALLY)  
must  l i mi t  access accor di ng t o speci f i ed l i mi t at i ons f or  each account .   
I nst al l  and conf i gur e any devi ce havi ng a STI G or  SRG i n accor dance wi t h 
t hat  STI G or  SRG.

Al l  user  i nt er f aces FULLY suppor t i ng account s must  i mpl ement  user - based 
aut hent i cat i on wher e each account  i s uni quel y assi gned t o a speci f i c  
user .   User  i nt er f aces FULLY suppor t i ng account s must  i mpl ement  at  l east  
t hr ee ( 3)  l evel s of  user  account  pr i v i l ege i ncl udi ng:   1)  an account  wi t h 
r ead- onl y per mi ssi ons 2)  an account  wi t h f ul l  per mi ssi ons i ncl udi ng 
account  cr eat i on and modi f i cat i on and 3)  an account  wi t h gr eat er  
per mi ssi ons t han r ead- onl y but  wi t hout  account  cr eat i on and modi f i cat i on.

3. 3. 1. 1   Comput er s

Al l  comput er  oper at i ng syst ems must  FULLY suppor t  user  account s and 
i mpl ement  account s f or  access.   Each cont r ol  syst em sof t war e appl i cat i on 
not  suppor t i ng account s and r unni ng on a comput er  must  be i nst al l ed such 
t hat  use of  t he sof t war e i s r est r i ct ed by t he comput er  oper at i ng syst em t o 
speci f i c  user s.

Appl i cat i ons r unni ng on comput er s must  not  r equi r e t he user  be l ogged i n 
t o a comput er  oper at i ng syst em admi ni st r at or  account  f or  nor mal  
oper at i on.    I t  i s  per mi ssi bl e t o r equi r e t he comput er  oper at i ng syst em 
admi ni st r at or  account  f or  i ni t i al  appl i cat i on i nst al l at i on and 
conf i gur at i on.

3. 3. 1. 2   Cont r ol l er s

For  user  i nt er f aces pr ovi ded by cont r ol l er s,  pr ovi de access cont r ol  i n 
accor dance wi t h t he User  I nt er f ace Requi r ement s t abl e f or  t he appl i cabl e 
cont r ol  syst em and user  i nt er f ace t ype.

a.  For  t abl e ent r i es of  " NA" :   NA means Not  Appl i cabl e,  t her e ar e no 
i nt er f aces i n t hi s cat egor y.

b.  For  t abl e ent r i es of  " None Requi r ed" :   The user  i nt er f ace i s not  
r equi r ed t o suppor t  user  account s.

c.  For  t abl e ent r i es of  " MI NI MALLY" :  The user  i nt er f ace must  at  l east  
MI NI MALLY suppor t  user  account s.

d.  For  t abl e ent r i es of  " FULLY" :  The user  i nt er f ace must  at  FULLY suppor t  
user  account s.

e.  For  t abl e ent r i es of  " KEY" :  The user  i nt er f ace must  have physi cal  
secur i t y i n t he f or m of  ei t her  a key l ock on t he i nt er f ace i t sel f  or  
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be f ur ni shed i nsi de a l ocked encl osur e.   Wher e t hi s i s r equi r ed f or  a 
r ead onl y i nt er f ace,  t hi s l ock must  pr event  v i ewi ng of  dat a on t he 
i nt er f ace;  f or  ot her  i nt er f aces,  t hi s l ock must  pr event  usi ng t he 
i nt er f ace t o al t er  dat a.   

f .  For  t abl e ent r i es of  " Physi cal  Secur i t y" :  For  Local  FULL i nt er f aces,  
t he i nt er f ace must  be l ocat ed i nsi de mi ssi on space.  For  Local  Li mi t ed 
( not  FULL)  i nt er f aces,  t he user  i nt er f ace must  ei t her  a)  be l ocat ed 
wi t hi n mi ssi on space or  b)  be pr ot ect ed by physi cal  secur i t y at  l east  
as good as t he cont r ol  devi ces ( and equi pment  cont r ol l ed by t he 
cont r ol  devi ces)  af f ect ed by t he i nt er f ace.   For  pur poses of  t hi s 
r equi r ement ,  ' af f ect ed'  i ncl udes cont r ol l er s wi t h dat a t hat  can be 
di r ect l y al t er ed by t he i nt er f ace,  as wel l  as mechani cal  and/ or  
el ect r i cal  equi pment  di r ect l y cont r ol l ed by t hose cont r ol l er s,  but  
does not  i ncl ude ot her  i nt er act i ons.   

g.   Ent r i es of  t he f or m " X and Y"  must  meet  bot h t he r equi r ement  i ndi cat ed 
f or  X and t he r equi r ement  i ndi cat ed f or  Y.   For  exampl e,  an ent r y of  
" MI NI MALLY and Physi cal  Secur i t y"  i ndi cat es t he user  i nt er f ace must  
bot h MI NI MALLY suppor t  account s and have physi cal  secur i t y.

h.  Ent r i es of  t he f or m " X or  Y"  must  meet  ei t her  t he r equi r ement  i ndi cat ed 
f or  X or  t he r equi r ement  i ndi cat ed f or  Y.   

3. 3. 1. 2. 1   HVAC Cont r ol  Syst ems

User  I nt er f ace Requi r ement s f or  LOW I mpact  HVAC Cont r ol  Syst ems

User  I nt er f ace Type Access Cont r ol  Requi r ement

Local  Read Onl y ( see not e 1) None Requi r ed

Local  Li mi t ed,  Non- pr i v i l eged MI NI MALLY

Local  Li mi t ed,  Pr i v i l eged MI NI MALLY

Local  Ful l MI NI MALLY

Remot e Read Onl y None Requi r ed

Remot e Li mi t ed,  Non- Pr i v i l eged MI NI MALLY

Remot e Li mi t ed,  Pr i v i l eged
AND

Remot e Ful l  ( see not e 2)

FULLY

Not es:
1) Local  Read Onl y User  I nt er f aces ar e al ways Non- Pr i v i l eged
2) Remot e Ful l  User  I nt er f aces ar e al ways Pr i v i l eged 

3. 3. 2   Unsuccessf ul  Logon At t empt s

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at e t o 
AC- 7 ( a) ,  AC- 7 ( b) ;   CCI - 000043,  CCI - 000044,  CCI - 001423,  CCI - 002236,  
CCI - 002237,  CCI - 002238}
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Except  f or  hi gh avai l abi l i t y  user  i nt er f aces i ndi cat ed as exempt ,  devi ces 
must  meet  t he i ndi cat ed r equi r ement s f or  handl i ng unsuccessf ul  l ogon 
at t empt s.  I f  a devi ce cannot  meet  t hese r equi r ement s,  document  devi ce 
capabi l i t i es t o pr ot ect  f r om subsequent  l ogon at t empt s and pr opose 
al t er nat e pr ot ect i ons i n a Devi ce Account  Lock Except i on Request  
submi t t al .  Do not  i mpl ement  al t er nat e pr ot ect i on measur es i n l i eu of  t he 
i ndi cat ed r equi r ement s wi t hout  expl i c i t  per mi ssi on f r om t he Gover nment .   
I f  no Devi ce Account  Lock Except i ons ar e r equest ed,  pr ovi de a document  
st at i ng t hat  no appr oval  i s  bei ng r equest ed as t he Devi ce Account  Lock 
Except i on Request .

3. 3. 2. 1   Devi ces MI NI MALLY Suppor t i ng Account s

For  LOW I mpact  Syst ems:   Devi ces whi ch MI NI MALLY ( but  not  FULLY)  suppor t  
account s ar e not  r equi r ed t o l ock based on unsuccessf ul  l ogon at t empt s.

3. 3. 2. 2   Devi ces FULLY Suppor t i ng Account s

Devi ces whi ch FULLY suppor t  account s must  meet  t he f ol l owi ng 
r equi r ement s.   

a.   I t  must  l ock t he user  account  when t hr ee unsuccessf ul  l ogon at t empt s 
occur  wi t hi n a 15 mi nut e i nt er val .

b.   Once an account  i s l ocked,  t he account  must  st ay l ocked unt i l  unl ocked 
by an admi ni st r at or .   I f  t he account  bei ng l ocked i s t he sol e 
admi ni st r at or  account  on t he devi ce,  t he account  must  st ay l ocked f or  
1 hour  and t hen aut omat i cal l y unl ock.  

c.   Once t he i ndi cat ed number  of  unsuccessf ul  l ogon at t empt s occur s,  del ay 
f ur t her  l ogon pr ompt s by 5 seconds.

3. 3. 3   Syst em Use Not i f i cat i on

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o AC- 8;  CCI - 000048,  CCI - 002247,  CCI - 002243,  CCI - 002244,  CCI - 002245,  
CCI - 002246,  CCI - 000050,  CCI - 002248}

3. 3. 3. 1   Syst em Use Not i f i cat i on f or  Remot e User  I nt er f aces

Remot e user  i nt er f aces must  di spl ay a war ni ng banner  meet i ng t he 
r equi r ement s of  DTM 08- 060 on scr een.

3. 3. 3. 2   Syst em Use Not i f i cat i on f or  Local  User  I nt er f aces

Devi ces whi ch ar e connect ed t o a net wor k and have a l ocal  user  i nt er f ace 
must  di spl ay a war ni ng banner  meet i ng t he r equi r ement s of  DTM 08- 060 on 
t he user  i nt er f ace scr een i f  capabl e of  doi ng so and must  have a 
per manent l y af f i xed l abel  wi t h an appr oved banner  f r om DTM 08- 060 i f  
unabl e t o di spl ay t he war ni ng banner  on t he scr een.   Wher e i t  i s  
i mpr act i cal  ( per haps due t o devi ce s i ze)  t o af f i x  t he l abel  t o t he devi ce,  
af f i x  t he l abel  t o t he devi ce encl osur e.

Label s must  be machi ne pr i nt ed or  engr aved,  pl ast i c or  met al ,  desi gned f or  
per manent  i nst al l at i on,  must  use a f ont  no smal l er  t han 14 poi nt ,  and must  
pr ovi de a hi gh cont r ast  bet ween f ont  and backgr ound col or s.
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3. 3. 4   Per mi t t ed Act i ons Wi t hout  I dent i f i cat i on or  Aut hent i cat i on

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o AC- 14;  CCI - 000061,  CCI - 000232}

The cont r ol  syst em must  r equi r e i dent i f i cat i on and aut hent i cat i on bef or e 
al l owi ng any act i ons except  r ead- onl y act i ons by a user  act i ng f r om a user  
i nt er f ace whi ch MI NI MALLY or  FULLY suppor t s account s.

3. 3. 5   Encl osur es

Pr i or  t o f i nal  accept ance of  t he syst em,  l ock al l  l ockabl e encl osur es.   
Submi t  an Encl osur e Keys submi t t al  wi t h al l  copi es of  keys f or  al l  
encl osur es and a key i nvent or y l i s t  document i ng al l  keys.   Label  each key 
wi t h t he mat chi ng encl osur e i dent i f i er .

3. 4   USER I DENTI FI CATI ON AND AUTHENTI CATI ON

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o I A- 2,  I A- 2( 1) , I A- 2( 12) ,  I A- 5 I A- 5( b) ,  I A- 5( c) ,  I A- 5( e) ,  I A- 5( g) ,  
I A- 5( 1) ,  I A- 5( 11) ;  CCI - 000764,  CCI - 000765,  CCI - 001953,  CCI - 001954,  
CCI - 001544,  CCI - 001989,  CCI - 000182,  CCI - 001610,  CCI - 000192,  CCI - 000193,  
CCI - 000194,  CCI - 000205,  CCI - 001619,  CCI - 001611,  CCI - 001612,  CCI - 001613,  
CCI - 001614,  CCI - 000195,  CCI - 001615,  CCI - 000196,  CCI - 000197,  CCI - 000199,  
CCI - 000198,  CCI - 001616,  CCI - 001617,  CCI - 000200,  CCI - 001618,  CCI - 002041,  
CCI - 002002,  CCI - 002003.  }

Thi s subpar t  i ndi cat es r equi r ement s f or  speci f i c  met hods of  i dent i f i cat i on 
and aut hent i cat i on f or  user s and user  account s.   Wher e t hese r equi r ement s 
conf l i c t  appl y t he f ol l owi ng or der  of  pr ecedence:   1)  I f  pr esent ,  Devi ce 
Speci f i c  Requi r ement s t ake pr ecedence over  any ot her  r equi r ement s;  and 
t hen 2)  mul t i f act or  aut hent i cat i on r equi r ement s t ake pr ecedence over  
passwor d r equi r ement s.

3. 4. 1   User  I dent i f i cat i on and Aut hent i cat i on f or  Al l  Syst em Types

Unl ess ot her wi se i ndi cat ed,  al l  user  i nt er f aces suppor t i ng account s 
( ei t her  FULLY or  MI NI MALLY)  must  i mpl ement  I dent i f i cat i on and 
Aut hor i zat i on v i a passwor ds.  

3. 4. 2   User  I dent i f i cat i on and Aut hent i cat i on f or  Speci f i c  Syst em Types

Syst em speci f i c  r equi r ement s ar e i n addi t i on t o and super sede t hose 
i ndi cat ed f or  al l  syst em t ypes.   When no addi t i onal  r equi r ement s ar e 
i ndi cat ed f or  a speci f i c  syst em t ype t he r equi r ement s f or  al l  syst ems 
st i l l  appl y t o t hat  syst em t ype.

3. 4. 2. 1   HVAC Cont r ol  Syst ems Devi ces

No addi t i onal  syst em speci f i c  r equi r ement s appl y.

3. 4. 3   I mpl ement at i on of  I dent i f i cat i on and Aut hor i zat i on Requi r ement s

I dent i f i cat i on and Aut hor i zat i on must  be met  by one of  t he f ol l owi ng 
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met hods:

a.   Di r ect  i mpl ement at i on i n t he user  i nt er f ace.  

b.   For  user  i nt er f aces on a comput er :   i nher i t i ng t he I dent i f i cat i on and 
Aut hor i zat i on f r om t he comput er  oper at i ng syst em,  ei t her  by t he 
oper at i ng syst em l i mi t i ng access t o speci f i c  appl i cat i ons by user ,  or  
by t he appl i cat i on i t sel f  havi ng per mi ssi ons based on t he user  l ogged 
i nt o t he comput er .

c.   For  r emot e i nt er f aces:   an i mpl ement at i on shar ed bet ween t he r emot e 
user  i nt er f ace ser ver  and t he r emot e user  i nt er f ace cl i ent .   For  
exampl e,  a r equi r ement  f or  PI V aut hent i cat i on may be met  on a r emot e 
user  i nt er f ace by a PI V r eader  on a web br owser  c l i ent  whi ch sends t he 
aut hent i cat i on i nf or mat i on v i a HTTPS t o t he r emot e ser ver .

3. 4. 4   Passwor d- Based Aut hent i cat i on Requi r ement s

3. 4. 4. 1   Passwor ds f or  Sof t war e and Appl i cat i ons Runni ng on Comput er s

Al l  sof t war e and appl i cat i ons r unni ng on comput er s suppor t i ng 
passwor d- based aut hent i cat i on must  enf or ce t he f ol l owi ng r equi r ement s:

a.  Mi ni mum passwor d l engt h of  12 char act er s

b.  Passwor d must  cont ai n at  l east  one upper case char act er .

c.  Passwor d must  cont ai n at  l east  one l ower case char act er .

d.  Passwor d must  cont ai n at  l east  one numer i c char act er .

e.  Passwor d must  cont ai n at  l east  one speci al  char act er .   The l i s t  of  
suppor t ed speci al  char act er s must  i ncl ude at  l east  4 separ at e 
char act er s.

f .  Passwor d must  have a mi ni mum l i f et i me of  24 hour s.

g.  Passwor d must  have a maxi mum l i f et i me of  60 days.  When passwor ds 
expi r e,  pr ompt  user s t o change passwor ds.   Do not  l ock account s due t o 
expi r ed passwor ds.

h.  Passwor d must  di f f er  f r om pr evi ous f i ve passwor ds,  wher e di f f er  i s  
def i ned as changi ng at  l east  50 per cent  of  t he char act er s ( wher e 
l ocat i on i s s i gni f i cant ,  a char act er  may be r eused i f  i t  i s  i n a 
di f f er ent  posi t i on) .

i .  Passwor ds must  be cr ypt ogr aphi cal l y pr ot ect ed dur i ng st or age and 
t r ansmi ssi on.

3. 4. 4. 2   Passwor ds f or  Cont r ol l er s FULLY Suppor t i ng Account s

Al l  cont r ol l er s FULLY suppor t i ng account s and suppor t i ng passwor d- based 
aut hent i cat i on must  enf or ce t he f ol l owi ng r equi r ement s:

a.  Mi ni mum passwor d l engt h of  t wel ve ( 12)  char act er s

b.  Passwor d must  cont ai n at  l east  one upper case char act er .

c.  Passwor d must  cont ai n at  l east  one l ower case char act er .
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d.  Passwor d must  cont ai n at  l east  one numer i c char act er .

e.  Passwor d must  cont ai n at  l east  one speci al  char act er .   The l i s t  of  
suppor t ed speci al  char act er s must  i ncl ude at  l east  4 separ at e 
char act er s.

f .  Passwor d must  have a maxi mum l i f et i me of  s i xt y ( 60)  days.  When 
passwor ds expi r e,  pr ompt  user s t o change passwor ds.   Do not  l ock 
account s due t o expi r ed passwor ds.

g.  Passwor d must  di f f er  f r om pr evi ous f i ve ( 5)  passwor ds,  wher e di f f er  i s  
def i ned as changi ng at  l east  f i f t y  per cent  of  t he char act er s.

h.  Passwor ds must  be cr ypt ogr aphi cal l y pr ot ect ed dur i ng st or age and 
t r ansmi ssi on.

3. 4. 4. 3   Passwor ds f or  Remot e I nt er f aces

Passwor ds f or  connect i ng t o a Remot e User  I nt er f ace suppor t i ng 
passwor d- based aut hent i cat i on must  enf or ce t he f ol l owi ng r equi r ement s:

a.  Mi ni mum passwor d l engt h of  t wel ve ( 12)  char act er s

b.  Passwor d must  cont ai n at  l east  one upper case char act er .

c.  Passwor d must  cont ai n at  l east  one l ower case char act er .

d.  Passwor d must  cont ai n at  l east  one numer i c char act er .

e.  Passwor d must  cont ai n at  l east  one speci al  char act er .   The l i s t  of  
suppor t ed speci al  char act er s must  i ncl ude at  l east  4 separ at e 
char act er s.

f .  Passwor d must  have a maxi mum l i f et i me of  60 days.  When passwor ds 
expi r e,  pr ompt  user s t o change passwor ds.   Do not  l ock account s due t o 
expi r ed passwor ds.

g.  Passwor d must  di f f er  f r om pr evi ous f i ve passwor ds,  wher e di f f er  i s  
def i ned as changi ng at  l east  50 per cent  of  t he char act er s ( wher e 
l ocat i on i s s i gni f i cant ,  a char act er  may be r eused i f  i t  i s  i n a 
di f f er ent  posi t i on) .

h.  Passwor ds must  be cr ypt ogr aphi cal l y pr ot ect ed dur i ng st or age and 
t r ansmi ssi on.

3. 4. 4. 4   Passwor ds f or  Devi ces Mi ni mal l y Suppor t i ng Account s

Devi ces MI NI MALLY suppor t i ng account s must  suppor t  passwor ds wi t h a 
mi ni mum l engt h of  f our  char act er s.

3. 4. 4. 5   Passwor d Conf i gur at i on and Repor t i ng

For  al l  devi ces wi t h a passwor d,  change t he passwor d f r om t he def aul t  
passwor d.   Coor di nat e sel ect i on of  passwor ds wi t h t he Passwor d Poi nt  of  
Cont act .   Do not  use t he same passwor d f or  mor e t han one devi ce unl ess 
speci f i cal l y i nst r uct ed t o do so.   Pr ovi de a Conf i dent i al  Passwor d Repor t  
document i ng t he passwor d f or  each devi ce and descr i bi ng t he pr ocedur e t o 
change t he passwor d f or  each devi ce.
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Do not  pr ovi de t he Passwor d Summar y Repor t  i n el ect r oni c f or mat .   Pr ovi de 
t wo har dcopi es of  t he Passwor d Summar y Repor t ,  each copy i n i t s own seal ed 
envel ope.

3. 4. 5   Aut hent i cat or  Feedback

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  r el at es t o I A- 6;  CCI - 000206}

Devi ces must  never  show aut hent i cat i on i nf or mat i on,  i ncl udi ng passwor ds,  
on a di spl ay.   Devi ces t hat  moment ar i l y  di spl ay a char act er  as i t  i s  
ent er ed,  and t hen obscur e t he char act er ,  ar e accept abl e.   For  devi ces t hat  
have STI Gs or  SRGs r el at ed t o obscur i ng of  aut hent i cat or  f eedback 
( CCI - 000206) ,  compl y wi t h t he r equi r ement s of  t hose STI GS/ SRGs.

3. 5   CYBERSECURI TY AUDI TI NG

Wher e an audi t i ng r equi r ement  exi st s f or  emai l  not i f i cat i on,  not i f y v i a 
emai l  t he appl i cat i on admi ni st r at or  and I nf or mat i on Syst em Secur i t y 
Of f i cer  ( I SSO)  of  t he event .   Coor di nat e wi t h t he Emai l  Addr ess Poi nt  of  
Cont act  f or  emai l  addr esses.   I f  out goi ng emai l  i s  not  avai l abl e t o t he 
syst em,  conf i gur e t he syst em f or  t hese not i f i cat i ons f or  f ut ur e suppor t  of  
out goi ng emai l .

3. 5. 1   Audi t  Event s,  Cont ent  of  Audi t  Recor ds,  and Audi t  Gener at i on

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o AU- 2( a) ,  AU- 2( c) ,  AU- 2( d) ,  AU- 3,  AU- 10,  AU- 12,  AU- 13( 3) ,  AU- 14( b) ,  
AU- 14( 1) ,  AU- 14( 2) ,  AU- 14( 3) ,  CM- 5( 1) ,  SC- 7 ( 9) ;   CCI - 000123,  CCI - 001571,  
CCI - 000125,  CCI - 001485,  CCI - 000130,  CCI - 000131,  CCI - 000132,  CCI - 001230,  
CCI - 000133,  CCI - 000134,  CCI - 001487,  CCI - 000166,  CCI - 001899,  CCI - 000169,  
CCI - 001459,  CCI - 000171,  CCI - 000172,  CCI - 001910,  CCI - 001914,  CCI - 001919,  
CCI - 001464,  CCI - 001462,  CCI - 001920,  CCI - 001814,  CCI - 002400.  }

For  devi ces t hat  have STI G/ SRGs r el at ed t o audi t  event s,  cont ent  of  audi t  
r ecor ds or  audi t  gener at i on,  compl y wi t h t he r equi r ement s of  t hose 
STI G/ SRGs.

I f  audi t i ng r equi r ement s can be met  usi ng exi st i ng cont r ol  syst em al ar m or  
event  capabi l i t i es,  t hose exi st i ng capabi l i t i es may be used t o meet  t hese 
r equi r ement s.

3. 5. 1. 1   Comput er s

For  each comput er ,  pr ovi de t he capabi l i t y  t o sel ect  audi t ed event s and t he 
cont ent  of  audi t  l ogs.   Conf i gur e comput er s t o audi t  t he i ndi cat ed event s,  
and t o r ecor d t he i ndi cat ed i nf or mat i on f or  each audi t abl e event  

3. 5. 1. 1. 1   Audi t ed Event s

Conf i gur e each comput er  t o audi t  t he f ol l owi ng event s:

a.   Successf ul  and unsuccessf ul  at t empt s t o access,  modi f y,  or  del et e 
pr i v i l eges,  secur i t y obj ect s,  secur i t y l evel s,  or  cat egor i es of  
i nf or mat i on ( e. g.  c l assi f i cat i on l evel s)
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b.   Successf ul  and unsuccessf ul  l ogon at t empt s

c.   Successf ul  l ogout s

 d.   Pr i v i l eged act i v i t i es or  ot her  syst em l evel  access

e.   Concur r ent  l ogons f r om di f f er ent  wor kst at i ons

f .   Successf ul  and unsuccessf ul  accesses t o obj ect s

g.   Al l  pr ogr am i ni t i at i ons

h.   Al l  di r ect  access t o t he i nf or mat i on syst em

i .   Al l  account  cr eat i ons,  modi f i cat i ons,  di sabl i ng,  and t er mi nat i ons.   

j .   Al l  ker nel  modul e l oad,  unl oad,  and r est ar t

3. 5. 1. 1. 2   Audi t  Event  I nf or mat i on To Recor d 

Conf i gur e each comput er  t o r ecor d,  f or  each audi t abl e event ,  t he f ol l owi ng 
i nf or mat i on ( wher e appl i cabl e t o t he event ) :

a.   What  t ype of  event  occur r ed

b.   When t he event  occur r ed

c.   Wher e t he event  occur r ed

d.   The sour ce of  t he event

e.   The out come of  t he event

f .   The i dent i t y of  any i ndi v i dual s or  subj ect s associ at ed wi t h t he event

3. 5. 1. 2   For  HVAC Cont r ol  Syst em Cont r ol l er s

3. 5. 1. 2. 1   HVAC Cont r ol  Syst em Cont r ol l er s FULLY Suppor t i ng User  Account s

For  each cont r ol l er  whi ch FULLY suppor t s account s,  pr ovi de t he capabi l i t y  
t o sel ect  audi t ed event s and t he cont ent  of  audi t  l ogs.   Conf i gur e 
cont r ol l er s t o audi t  t he i ndi cat ed event s,  and t o r ecor d t he i ndi cat ed 
i nf or mat i on f or  each audi t abl e event .

3. 5. 1. 2. 1. 1   Audi t ed Event s

Conf i gur e each cont r ol l er  t o audi t  t he f ol l owi ng event s:

a.  Successf ul  and unsuccessf ul  l ogon at t empt s t o t he cont r ol l er
   

b.  Successf ul  l ogout s

c.  Al l  account  cr eat i ons,  modi f i cat i ons,  di sabl i ng,  and t er mi nat i ons.   

d.  Al l  cont r ol l er  shut down and st ar t up

3. 5. 1. 2. 1. 2   Audi t  Event  I nf or mat i on To Recor d

Conf i gur e each cont r ol l er  t o r ecor d,  f or  each audi t abl e event ,  t he 
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f ol l owi ng i nf or mat i on ( wher e appl i cabl e t o t he event ) :

a.  what  t ype of  event  occur r ed

b.  when t he event  occur r ed

c.  t he i dent i t y of  any i ndi v i dual s or  subj ect s associ at ed wi t h t he event

3. 5. 1. 2. 2   Ot her  HVAC Cont r ol  Syst em Cont r ol l er s

Ther e ar e no r equi r ement s t o per f or m audi t i ng at  HVAC f i el d cont r ol l er s 
t hat  do not  FULLY suppor t  account s.

3. 5. 1. 3   Def aul t  Requi r ement s f or  Cont r ol  Syst em Cont r ol l er s

For  cont r ol  syst em cont r ol l er s wher e Audi t  Event s,  Cont ent  of  Audi t  
Recor ds,  and Audi t  Gener at i on ar e not  ot her wi se i ndi cat ed i n t hi s Sect i on:

3. 5. 1. 3. 1   Cont r ol l er s Whi ch FULLY Suppor t  Account s

For  each cont r ol l er  whi ch FULLY suppor t s account s,  pr ovi de t he capabi l i t y  
t o sel ect  audi t ed event s and t he cont ent  of  audi t  l ogs.   Conf i gur e 
cont r ol l er s t o audi t  t he i ndi cat ed event s,  and t o r ecor d t he i ndi cat ed 
i nf or mat i on f or  each audi t abl e event .

3. 5. 1. 3. 1. 1   Audi t ed Event s

Conf i gur e each cont r ol l er  t o audi t  t he f ol l owi ng event s:

a.  Successf ul  and unsuccessf ul  at t empt s t o access,  modi f y,  or  del et e 
pr i v i l eges,  secur i t y obj ect s,  secur i t y l evel s,  or  cat egor i es of  
i nf or mat i on ( e. g.  c l assi f i cat i on l evel s)

b.  Successf ul  and unsuccessf ul  l ogon at t empt s

c.  Successf ul  l ogout s

d.  Concur r ent  l ogons f r om di f f er ent  wor kst at i ons

e.  Al l  account  cr eat i ons,  modi f i cat i ons,  di sabl i ng,  and t er mi nat i ons.  

f .  Al l  ker nel  modul e l oad,  unl oad,  and r est ar t

3. 5. 1. 3. 1. 2   Audi t  Event  I nf or mat i on To Recor d 

Conf i gur e each cont r ol l er  t o r ecor d,  f or  each audi t abl e event ,  t he 
f ol l owi ng i nf or mat i on ( wher e appl i cabl e t o t he event ) :

a.  what  t ype of  event  occur r ed

b.  when t he event  occur r ed

c.  wher e t he event  occur r ed

d.  t he sour ce of  t he event

e.  t he out come of  t he event

f .  t he i dent i t y of  any i ndi v i dual s or  subj ect s associ at ed wi t h t he event
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3. 5. 1. 3. 2   Cont r ol l er s Whi ch Do Not  FULLY Suppor t  Account s

For  each cont r ol l er  whi ch does not  FULLY suppor t  account s conf i gur e t he 
cont r ol l er  t o audi t  al l  cont r ol l er  shut down and st ar t up event s and t o 
r ecor d f or  each event  t he t ype of  event  and when t he event  occur r ed.

3. 5. 2   Audi t  Ti me St amps

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o AU- 8;  CCI - 000159,  CCI - 001889,  CCI - 001890. }

Any devi ce ( comput er  or  cont r ol l er )  gener at i ng audi t  r ecor ds must  have an 
i nt er nal  c l ock capabl e of  pr ovi di ng t i me wi t h a r esol ut i on of  one second.   
Cl ocks must  not  dr i f t  mor e t han 10 seconds per  day.   Conf i gur e t he syst em 
so t hat  each devi ce ( comput er  or  cont r ol l er )  gener at i ng audi t  r ecor ds 
mai nt ai ns accur at e t i me t o wi t hi n 1 second.   Not e t hat  i f  t he cont r ol  
syst em speci f i cat i ons i ncl ude r equi r ement  f or  c l ocks,  t he most  st r i ngent  
r equi r ement  appl i es.

3. 5. 3   Audi t i ng Fr ont  End Sof t war e

The pr oj ect  s i t e cur r ent l y has t he f ol l owi ng sof t war e t o suppor t  cont r ol  
syst em audi t i ng:  none.   I f  t her e i s no exi st i ng audi t i ng f r ont  end 
sof t war e or  t he sof t war e i s not  compat i bl e wi t h t he pr ovi ded cont r ol  
syst ems,  pr ovi de Audi t i ng Fr ont  End Sof t war e wi t h audi t  l og i mpor t  and 
upl oad,  expor t ,  not i f i cat i on,  and anal ysi s f unct i onal i t y.   The Audi t i ng 
Fr ont  End Sof t war e may be pr ovi ded as a component  of  t he cont r ol  syst em 
f r ont  end or  as a separ at e sof t war e package,  and a s i ngl e package may 
ser ve mul t i pl e cont r ol  syst ems pr ovi ded under  t he same pr oj ect s i f  t hey 
ar e shar i ng a cyber secur i t y aut hor i zat i on.

3. 5. 3. 1   I mpor t  and Upl oad Requi r ement s

Audi t i ng Fr ont  End Sof t war e must  be capabl e of  i mpor t i ng audi t  l ogs f r om 
t he Devi ce Audi t  Recor d Upl oad Sof t war e and of  upl oadi ng audi t  l ogs over  
t he net wor k f r om al l  cont r ol  syst em devi ces suppor t i ng net wor k upl oad of  
audi t  l ogs.  

3. 5. 3. 2   Expor t  Requi r ement s

Audi t i ng Fr ont  End Sof t war e must  be capabl e of  expor t i ng t o a f i l e f or mat  
suppor t ed by Mi cr osof t  Excel .

3. 6   REQUI REMENTS FOR LEAST FUNCTI ONALI TY

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s) ,  al ong 
wi t h t he net wor k communi cat i on r epor t  submi t t al  speci f i ed el sewher e i n 
t hi s sect i on,  r el at es t o CM- 6( a) ,  CM- 6( c) ,  CM- 7,  CM- 7( 1) ( b) ,  SC- 41;   
CCI - 000363,  CCI - 000364,  CCI - 000365,  CCI - 001588,  CCI - 001755,  CCI - 000381,  
CCI - 000380,  CCI - 000382,  CCI - 001761,  CCI - 001762,  CCI - 002544,  CCI - 002545,  
CCI - 002546.   }

For  devi ces t hat  have a STI G or  SRG r el at ed t o Requi r ement s f or  Least  
Funct i onal i t y ( such as conf i gur at i on set t i ngs and por t  and devi ce I / O 
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access f or  l east  f unct i onal i t y) ,  i nst al l  and conf i gur e t he devi ce i n 
accor dance wi t h t hat  STI G or  SRGs.

3. 6. 1   Devi ce Capabi l i t i es

For  HVAC Cont r ol  Syst ems:  Do not  pr ovi de devi ces wi t h r emot e user  
i nt er f aces or  wi t h f ul l  user  i nt er f aces wher e one was not  r equi r ed.   Do 
not  use a net wor ked sensor  or  act uat or  wher e a non- net wor ked sensor  or  
act uat or  woul d suf f i ce.  

3. 6. 2   Sof t war e

For  sof t war e t hat  has a STI G or  SRG r el at ed t o Requi r ement s f or  Least
Funct i onal i t y ( such as conf i gur at i on set t i ngs and por t  access f or  l east
f unct i onal i t y) ,  i nst al l  and conf i gur e t he sof t war e i n accor dance wi t h t hat
STI G or  SRG.

3. 7   SYSTEM AND COMMUNI CATI ON PROTECTI ON

3. 7. 1   Col l abor at i ve Comput i ng

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  r el at es t o SC- 15( a) ,  
SC- 15( b) ;  CCI - 001150,  CCI - 001152. }

Wi t hout  expl i c i t  appr oval  f r om t he pr oj ect  s i t e,  cont r ol  syst ems must  not  
use col l abor at i ve comput i ng t echnol ogi es.

3. 7. 2   Deni al  of  Ser vi ce Pr ot ect i on

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  r el at es t o SC- 5,  SC- 39,  
SC- 7( a) ;  CCI - 001093,  CCI - 002385,  CCI - 002386,  CCI - 002430,  CCI - 001097.  }

To t he gr eat est  ext ent  pr act i cal ,  i mpl ement  cont r ol  l ogi c wi t hout  r el i ance 
on t he net wor k.   Except  when r equi r ed t o meet  t he r equi r ement s of  t he 
cont r ol  syst em Sect i on ( wher e t he r equi r ement  can onl y be met  usi ng 
comput er  har dwar e) ,  do not  i mpl ement  cont r ol  l ogi c i n comput er s.

3. 7. 2. 1   Def aul t  Requi r ement s f or  MODERATE I mpact  Cont r ol  Syst ems

Except  f or  net wor ked i nput  and out put s on i nput - out put  buses speci f i cal l y 
desi gned t o pr ovi de hi gh r el i abi l i t y  or  r edundancy,  sensor s and act uat or s 
must  not  r el y on t he net wor k t o exchange dat a wi t h t he cont r ol l er  
execut i ng t he sequence of  oper at i on whi ch uses t he sensor  val ue or  
det er mi nes t he act uat or  command.   

Sensor  val ues r equi r ed by mul t i pl e devi ces may be shar ed over  t he net wor k 
pr ovi ded t hey ar e connect ed t o a cont r ol l er  r equi r i ng t he val ue f or  
execut i on of  t he sequence and t hat  cont r ol l er  shar es t he val ue on t he 
net wor k.  

3. 8   SAFE MODE AND FAI L SAFE OPERATI ON

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o CP- 12,  SI - 10( 3) ,  SI - 17;  CCI - 002855,  CCI - 002856,  CCI - 002857,  CCI - 002754,  
CCI - 002773,  CCI - 002774,  CCI - 002775}
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For  al l  cont r ol  syst em component s wi t h an appl i cabl e STI G or  SRG,  
conf i gur e t he component  i n accor dance wi t h al l  appl i cabl e STI Gs and SRGs.

3. 9   SYSTEM MAI NTENANCE TOOL SOFTWARE

{ For  Gover nment  Ref er ence Onl y:  Thi s subpar t  ( and i t s subpar t s)  r el at es t o 
MA- 3;  CCI - 000865. }

Submi t  and l i cense t o t he Gover nment  al l  sof t war e r equi r ed t o oper at e,
mai nt ai n and modi f y t he cont r ol  syst em such t he Gover nment  or  t hei r  agent s 
ar e abl e t o per f or m r epai r ,  r epl acement ,  upgr ades,  and expansi ons of  t he 
syst em wi t hout  subsequent  or  f ut ur e dependence on t he Cont r act or ,  Vendor  
or  Manuf act ur er .  Submi t  har d copi es of  user  manual s f or  each sof t war e wi t h 
t he sof t war e submi t t al .

For  sof t war e pr ovi ded and l i censed t o t he Gover nment  under  t he
r equi r ement s of  anot her  Sect i on,  submi t  a st at ement  i ndi cat i ng t he
Sect i on and Submi t t al  under  whi ch t he sof t war e was pr ovi ded.  For
sof t war e pr ovi ded t o meet  t he r equi r ement s of  t hi s Sect i on and not  
pr ovi ded and l i censed under  anot her  Sect i on,  submi t  sof t war e and sof t war e 
user  manual s on DVD or  CD as a Techni cal  Dat a Package and submi t  one har d 
copy of  t he sof t war e user  manual  f or  each pi ece of  sof t war e.

3. 10   DEVI CE POWER

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o PE- 11,  PE- 11( 1) ;  CCI - 002955,  CCI - 000961.   }

3. 11   VULNERABI LI TY SCANNI NG

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o RA- 5 RA- 5( a) , RA- 5( b) , RA- 5( c) , RA- 5( d) ;  CCI - 001054,  CCI - 001055,  
CCI - 000156,  CCI - 001641,  CCI - 001643,  CCI - 001057,  CCI - 001058,  CCI - 001059.  }

Al l  I P devi ces must  be scannabl e,  such t hat  t he devi ce can be scanned by 
i ndust r y st andar d I P net wor k scanni ng ut i l i t i es wi t hout  har m t o t he 
devi ce,  appl i cat i on,  or  f unct i onal i t y.  

3. 11. 1   Comput er s and Sof t war e Runni ng on Comput er s

Comput er s and appl i cat i ons r unni ng on comput er s must  meet  r el evant  
vul ner abi l i t y  scanni ng STI Gs/ SRGs and r espond t o appr oved DoD 
vul ner abi l i t y  scanni ng t ool s.

3. 11. 2   Cont r ol l er s

Pr ovi de cont r ol l er s t hat  ar e scannabl e by st andar d cont r ol  syst em 
di scover y t ool s or  cont r ol  syst em br owser s and r et ur n meani ngf ul  st at us 
i nf or mat i on i ncl udi ng t he net wor k i nput s and out put s f or  t he cont r ol l er .   
Thi s i nf or mat i on must  cont ai n suf f i c i ent  det ai l  t o det ect  vul ner abi l i t i es 
or  expl oi t s of  t he cont r ol l er .

Pr ovi de al l  sof t war e needed t o scan t he cont r ol  syst em as t he Cont r ol  
Syst em Scanni ng Tool s submi t t al .   I f  t he sof t war e r equi r ed t o scan t he 
syst em i s al r eady i nst al l ed at  t he pr oj ect  s i t e or  i s pr ovi ded under  a 
separ at e sect i on i nst ead pr ovi de a st at ement  i ndi cat i ng t hi s.
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3. 12   SYSTEM AND I NTEGRATI ON I NTEGRI TY

3. 12. 1   Mal i c i ous Code Pr ot ect i on

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o SI - 3( c) ;  CCI - 001241,  CCI - 002623}

For  al l  comput er s i nst al l ed under  t hi s pr oj ect ,  pr ovi de mal war e pr ot ect i on 
sof t war e medi a,  pr ovi de l i censes,  and i nst al l  and conf i gur e mal war e 
pr ot ect i on sof t war e as i ndi cat ed.   Coor di nat e wi t h t he Gover nment  Comput er  
Access Poi nt  of  Cont act  as r equi r ed.

a.  Mal war e pr ot ect i on sof t war e l i censes wi l l  be Gover nment  f ur ni shed.

b.  Mal war e pr ot ect i on sof t war e medi a wi l l  be Gover nment  f ur ni shed.

c.  Mal war e pr ot ect i on sof t war e wi l l  be Gover nment  i nst al l ed.

3. 13   CONTROL SYSTEM CYBERSECURI TY TESTI NG

3. 13. 1   Cont r ol  Syst em Cyber secur i t y Test i ng Pr ocedur es

Pr epar e Cont r ol  Syst em Cyber secur i t y Test i ng Pr ocedur es expl ai ni ng
st ep- by- st ep,  t he act i ons and expect ed r esul t s t hat  wi l l  demonst r at e t hat
t he cont r ol  syst em meet s t he r equi r ement s of  t hi s Sect i on.

Submi t  2 copi es of  t he Cont r ol  Syst em Cyber secur i t y Test i ng
Pr ocedur es.  The Cont r ol  Syst em Cyber secur i t y Test i ng Pr ocedur es may be
submi t t ed as a Techni cal  Dat a Package.

3. 13. 2   Cont r ol  Syst em Cyber secur i t y Test i ng Execut i on

Usi ng t he Cont r ol  Syst em Cyber secur i t y Test i ng Pr ocedur es ver i f y t hat  t he
cont r ol  syst em meet s t he r equi r ement s of  t hi s Sect i on.  UNLESS GOVERNMENT
WI TNESSI NG OF A TEST I S SPECI FI CALLY WAI VED BY THE GOVERNMENT,  PERFORM ALL
TESTS WI TH A GOVERNMENT WI TNESS.  I f  t est i ng r eveal s def i c i enci es i n t he
syst em,  cor r ect  t he def i c i ency and r et est  unt i l  successf ul .

3. 13. 3   Cont r ol  Syst em Cyber secur i t y Test i ng Repor t

Pr epar e and submi t  a Cont r ol  Syst em Cyber secur i t y Test i ng Repor t
document i ng al l  t est s per f or med and t hei r  r esul t s.  I ncl ude al l  t est s i n
t he Cont r ol  Syst em Cyber secur i t y Test i ng Pr ocedur es and any addi t i onal
t est s per f or med dur i ng t est i ng.  Document  t est  f ai l ur es and r epai r s
conduct ed wi t h t he t est  r esul t s.

Submi t  2 copi es of  t he Cont r ol  Syst em Cyber secur i t y Test i ng
Repor t .  The Cont r ol  Syst em Cyber secur i t y Test i ng Repor t  may be submi t t ed
as a Techni cal  Dat a Package.

3. 14   FI ELD QUALI TY CONTROL,  CYBERSECURI TY VALI DATI ON SUPPORT

I n addi t i on t o t est i ng and t est i ng suppor t  r equi r ed by ot her  Sect i ons,  
pr ovi de a mi ni mum of  2 hour s of  t echni cal  suppor t  f or  cyber secur i t y 
t est i ng of  cont r ol  syst ems t o suppor t  t he DoD Ri sk Management  Fr amewor k 
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pr ocess Cyber secur i t y assessment  of  t he cont r ol  syst em.   Thi s suppor t  i s  
i ndependent  of  ( and i n addi t i on t o)  t he Cont r ol  Syst em Cyber secur i t y 
Test i ng speci f i ed i n t hi s sect i on.

3. 15   CYBERSECURI TY TRAI NI NG

Pr ovi de 2 hour s of  c l assr oom t r ai ni ng f or  s i x Gover nment  per sonnel  on t he 
cyber secur i t y oper at i on and mai nt enance of  t he cont r ol  syst em pr ovi ded.   
Thi s t r ai ni ng i s i n addi t i on t o and must  be coor di nat ed wi t h cont r ol  
syst em t r ai ni ng speci f i ed i n ot her  Sect i ons.  

The Gover nment  wi l l  pr ovi de t he t r ai ni ng l ocat i on.  Tr ai ni ng must  cover ,  at  
a mi ni mum:   ( a)  appl y i ng sof t war e and f i r mwar e updat es,  ( b)  user  account  
cr eat i on,  modi f i cat i on and del et i on,  ( c)  audi t  l og upl oad pr ocedur es and 
( d)  i dent i f i cat i on of  pr i v i l eged user  i nt er f aces and syst em i mpact  of  
t hose i nt er f aces.   Tr ai ni ng sessi on must  i ncl ude a quest i on and answer  
per i od dur i ng whi ch gover nment  st af f  quest i ons about  cyber secur i t y aspect s 
of  t he cont r ol  syst em ar e answer ed.  

        - -  End of  Sect i on - -
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SECTI ON 26 05 73

POWER SYSTEM STUDI ES
08/ 23

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE 1584 ( 2018;  E 2019)  Gui de f or  Per f or mi ng 
Ar c- Fl ash Hazar d Cal cul at i ons

I EEE 1584. 1 ( 2022)  Gui de f or  t he Speci f i cat i on of  
Scope and Del i ver abl e Requi r ement s f or  an 
Ar c- Fl ash Hazar d Cal cul at i on St udy

I EEE 3002. 3 ( 2018)  Recommended Pr act i ce f or  Conduct i ng 
Shor t - Ci r cui t  St udi es and Anal ysi s of  
I ndust r i al  and Commer ci al  Power  Syst ems

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 70E ( 2024)  St andar d f or  El ect r i cal  Saf et y i n 
t he Wor kpl ace

U. S.  DEPARTMENT OF DEFENSE ( DOD)

UFC 3- 560- 01 ( 2017;  wi t h Change 2,  2019)  Oper at i ons and 
Mai nt enance:  El ect r i cal  Saf et y

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
Cont r act or  Qual i t y Cont r ol  appr oval .   When used,  a code f ol l owi ng t he " G"  
c l assi f i cat i on i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  
t he Gover nment .   Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 
SUBMI TTAL PROCEDURES:

SD- 01 Pr econst r uct i on Submi t t al s

Ar c Fl ash Label  For mat s;  G

SD- 11 Cl oseout  Submi t t al s

Faul t  Cur r ent  St udy;  G

Syst em Coor di nat i on St udy;  G

Ar c Fl ash Hazar d St udy;  G
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1. 3   QUALI TY ASSURANCE

1. 3. 1   Syst em Anal yzer

The Syst em Anal yzer  must  per f or m t he power  syst em st udi es.   The Syst em 
Anal yzer  must  be a r egi st er ed pr of essi onal  el ect r i cal  engi neer  wi t h a 
mi ni mum of  3 year s of  exper i ence wi t h power  syst em st udi es.   I ncl ude t he 
l i cense number  and st at e of  t he r egi st er ed Pr of essi onal  Engi neer .

PART 2   PRODUCTS

Not  used.

PART 3   EXECUTI ON

3. 1   FI ELD EXAMI NATI ON

3. 1. 1   Appl i cat i on of  Ar c Fl ash Label s

I nst al l  ar c f l ash war ni ng l abel s usi ng Qual i f i ed Per sonnel  as necessar y 
af t er  t he set t i ng and i nspect i on i s compl et e.   For  new  equi pment ,  i nst al l  
l abel s bef or e t he equi pment  i s ener gi zed f or  t he f i r st  t i me af t er  
i nst al l at i on/ modi f i cat i on or  set t i ng changes.   Schedul e t he l abel  
pl acement  wi t h t he Cont r act i ng Of f i cer  at  l east  5 busi ness days bef or e 
l abel  pl acement .   Fur ni sh al l  mat er i al s,  l abor ,  and equi pment  necessar y t o 
pl ace t he l abel s.   Mai nt ai n a wr i t t en r ecor d of  t he al l  equi pment  t hat  
r ecei ved l abel s,  per sonnel  i nvol ved,  and t he dat e l abel s wer e pl aced.

3. 2   POWER SYSTEM STUDI ES

Per f or m power  syst em st udi es t o demonst r at e t hat  t he equi pment  sel ect ed 
and syst em const r uct ed meet  t he cont r act  r equi r ement s f or  f aul t  cur r ent  
and i nt er r upt  r at i ngs,  coor di nat i on,  pr ot ect i on,  and Ar c Fl ash Hazar d.   
Submi t  r epor t s of  t he st udi es al ong wi t h pr ot ect i ve devi ce equi pment  
submi t t al s.   Appl y Ar c Fl ash Hazar d l abel s t o equi pment  af t er  t he st udi es 
ar e appr oved.   Updat e and r esubmi t  t he st udi es af t er  any changes t o t he 
equi pment  or  syst ems whi ch may af f ect  t he st udy r esul t s,  and r e- appl y Ar c 
Fl ash Hazar d l abel s t o equi pment  af t er  t he r esubmi t t ed st udi es ar e 
appr oved.   The Gover nment  i s not  r esponsi bl e f or  any changes t o equi pment ,  
devi ce r at i ngs,  set t i ngs,  or  addi t i onal  l abor  f or  i nst al l at i on of  
equi pment  or  devi ces or  l abel s or der ed and/ or  pr ocur ed bef or e appr oval  of  
t he st udy.

3. 2. 1   Scope of  St udi es

The scope of  t he st udi es must  begi n at  t he sour ce bus and ext end down t o 
syst em buses wher e f aul t  cur r ent  avai l abi l i t y  i s  5, 000 amper es or  l ess 
( symmet r i cal )  and at  most  600 vol t s f or  f aci l i t y- l evel  di st r i but i on buses.

The " sour ce bus"  i s t he sour ce of  ener gy f or  syst em bei ng anal yzed.   Thi s 
may be t he ener gy f eed f r om a ut i l i t y ,  t he f i r st  bus upst r eam of  t he wor k,  
gener at or s wi t hi n t he wor k or  upst r eam of  t he wor k,  or  any ot her  sour ce 
capabl e of  cont r i but i ng s i gni f i cant  ener gy i nt o t he syst em bei ng anal yzed.

I n t he syst ems model  f or  t he st udi es,  i ncor por at e al l  exi st i ng and new 
equi pment  wi t hi n t he scope of  t he st udi es.  I ncor por at e any addi t i onal  
sour ces or  l oad equi pment  necessar y t o accur at el y model  t he syst em' s 
per f or mance.

SECTI ON 26 05 73  Page 2



D51 Hangar  Conver si on t o Human Per f or mance Cent er  FTFA 23- VH59
Egl i n AFB,  Fl or i da

3. 2. 2   Det er mi nat i on of  Fact s

Det er mi ne and document  t he t i me- cur r ent  char act er i st i cs,  f eat ur es,  
r at i ngs,  ampaci t i es,  and namepl at e dat a f or  each exi st i ng pr ot ect i ve 
devi ce,  el ect r i cal  equi pment ,  and f eeder  cabl es.   Obt ai n t he avai l abl e 
f aul t  cur r ent  f r om CHELCO.

3. 2. 3   Si ngl e Li ne Di agr am

Pr ovi de a s i ngl e l i ne di agr am showi ng t he el ect r i cal  syst em buses,  
devi ces,  t r ansf or mat i on poi nt s,  and al l  sour ces of  l oad cur r ent  and f aul t  
cur r ent ,   i ncl udi ng gener at or  and mot or  cont r i but i ons.  Pr ovi de a di agr am 
f r om t he syst em model .   Each bus,  devi ce  must  have a uni que i dent i f i er .   
Show t he l ocat i on of  swi t ches,  br eaker s,  and ci r cui t  i nt er r upt i ng devi ces 
on t he di agr am t oget her  wi t h avai l abl e f aul t  dat a,  and t he devi ce 
i nt er r upt i ng r at i ng.

The nami ng of  exi st i ng component s wi t hi n t he syst em model  and si ngl e l i ne 
di agr am must  mat ch exi st i ng i nst al l ed equi pment  names.   The nami ng of  new 
component s wi t hi n t he syst em model  and si ngl e l i ne di agr am must  use uni que 
i dent i f i er s and be coor di nat ed wi t h t he Gover nment .

3. 2. 4   Faul t  Cur r ent  St udy

Use t he r esul t s of  t he l oad f l ow st udy t o per f or m t he f aul t  cur r ent  st udy 
i n accor dance wi t h I EEE 3002. 3.   Pr ovi de bal anced t hr ee- phase f aul t ,  
bol t ed l i ne- t o- l i ne f aul t ,  and si ngl e l i ne- t o- gr ound f aul t  cur r ent  val ues 
at  each vol t age t r ansf or mat i on poi nt  and at  each power  di st r i but i on bus.   
For  each l ocat i on,  show i n t abul ar  f or m on t he di agr am or  i n t he r epor t  
t he maxi mum and mi ni mum avai l abl e f aul t  cur r ent s of  al l  modes of  oper at i on 
f or  t hat  l ocat i on.

Wher e t he avai l abl e f aul t  cur r ent  at  t he sour ce bus i s not  avai l abl e,  
descr i be how t he f aul t  cont r i but i on f r om t he sour ce bus was det er mi ned and 
why t hi s met hod i s r easonabl e f or  t he st udy.

3. 2. 5   Syst em Coor di nat i on St udy

Use t he r esul t s of  t he l oad f l ow st udy and f aul t  cur r ent  st udy.   For  
nor mal  modes of  oper at i on,  demonst r at e t hat  sel ect i v i t y has been obt ai ned 
bet ween t he devi ces wi t hi n t he scope of  t he pr oj ect .  Demonst r at e t he 
equi pment ,  machi nes,  and conduct or s ar e pr ot ect ed f r om damage f r om 
over l oads and f aul t  condi t i ons.  I ncl ude a descr i pt i on of  t he coor di nat i on 
of  t he pr ot ect i ve devi ces i n t hi s pr oj ect .   Pr ovi de a wr i t t en nar r at i ve 
descr i bi ng whi ch devi ces may oper at e i n t he event  of  a f aul t  at  each bus;  
due t o t he nat ur e of  t he f aci l i t y  compl et e syst em coor di nat i on i s not  
r equi r ed.  Use t he t ypes of  br eaker s l i s t ed on t he dr awi ngs and sel ect  t he 
set t i ngs t o achi eve t he best  coor di nat i on r esul t s.  

3. 2. 6   Ar c Fl ash Hazar d St udy

Per f or m t he ar c f l ash hazar d st udy i n accor dance wi t h I EEE 1584. 1.   
Ut i l i ze t he dat a f r om t he f aul t  cur r ent  st udy t o det er mi ne t he wor st  case 
i nci dent  ener gy per  I EEE 1584,  and OSHA 29 CFR 1910. 269 Appendi x E.   Use 
i dent i f i ed modes of  oper at i on t o det er mi ne t he wor st  case ar c f l ash 
ener gy.   I f  not  i ncl uded i n anot her  st udy,  i ncl ude a descr i pt i on of  t he 
devi ces and devi ce set t i ngs f or  t he oper at i ng modes t hat  pr ovi ded t he 
hi ghest  ar c f l ash ener gy.   
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3. 2. 7   St udy r epor t ( s)

a.   I ncl ude a nar r at i ve descr i bi ng t he st udi es per f or med;  t he bases and 
met hods used;  and t he desi r ed met hod of  coor di nat ed pr ot ect i on of  t he 
power  syst em.

b.   I ncl ude descr i pt i ve and t echni cal  dat a pr ot ect i ve devi ces pr oposed.   
I ncl ude manuf act ur er s publ i shed dat a,  namepl at e dat a,  and def i ni t i on 
of  t he f i xed or  adj ust abl e f eat ur es of  t he exi st i ng or  new pr ot ect i ve 
devi ces.   For  exi st i ng devi ces,  i ncl uded st at ement s on t he condi t i on 
of  t he equi pment  based upon f i el d i nspect i ons and owner ' s st at ement s 
and r epor t s.

c.   For  each bus i n t he syst em,  pr ovi de f ul l y coor di nat ed composi t e 
t i me- cur r ent  char act er i st i cs ( TCC)  cur ves as r equi r ed t o ensur e 
coor di nat ed power  syst em pr ot ect i on bet ween pr ot ect i ve devi ces and 
equi pment .   I n a t abul ar  f or mat ,  pr ovi de r ecommended r at i ngs and 
set t i ngs of  al l  pr ot ect i ve devi ces.

d.   Pr ovi de an ar c f l ash st udy r epor t  i n accor dance wi t h I EEE 1584. 1.

e.   Pr ovi de t he cal cul at i ons per f or med f or  t he st udi es,  i ncl udi ng comput er  
pr ogr ams ut i l i zed.   Pr ovi de t he name of  t he sof t war e package,  
devel oper ,  and ver si on number .   

3. 2. 8   Ar c Fl ash Label s

Pr ovi de ar c f l ash war ni ng l abel s on el ect r i cal  equi pment  l i kel y t o r equi r e 
exami nat i on,  ser vi c i ng,  or  mai nt enance whi l e ener gi zed.  Typi cal  t ypes of  
equi pment  i ncl ude  panel boar ds,  di sconnect  swi t ches,  met er  socket  
encl osur es .  The ar c f l ash l abel  nami ng must  mat ch t he nami ng used i n t he 
syst em model i ng and t he si ngl e l i ne di agr am.

Compl y wi t h t he l abel  r equi r ement s speci f i ed i n UFC 3- 560- 01NFPA 70E.   
Obt ai n appr oval  of  ar c f l ash l abel  f or mat s bef or e pr i nt i ng.

a.  Pr ovi de a 3. 5 i nch x 5 i nch t o 4 i nch x 6 i nch t her mal  t r ansf er  t ype 
l abel  of  hi gh adhesi on pol yest er  f or  each l ocat i on devi ce anal yzed.   
The l abel  must  r emai n i n pl ace and be l egi bl e f or  at  l east  5 year s i n 
t he i nst al l ed envi r onment .

b.  Label s must  be machi ne pr i nt ed wi t h no f i el d mar ki ngs.  Pr ovi de ar c 
f l ash l abel s i n t he f ol l owi ng manner .  Al l  l abel s must  be based on 
i mpl ement ed over cur r ent  devi ces and set t i ngs.

1.  Pr ovi de at  l east  one ar c f l ash l abel  f or  each  208 vol t  panel boar ds.

c.  Use t he wor st  case hazar d of  al l  oper at i ng scenar i os unl ess mi t i gat i on 
pr ocedur es ar e used.   I f  mi t i gat i on pr ocedur es ar e used,  expl ai n t he 
pr ocedur es on t he l abel .

3. 3   MODELI NG

Devel op a sof t war e model  of  t he el ect r i cal  syst em i dent i f i ed i n t he scope 
of  t he st udi es.   Use t he l at est  ver si on of  EasyPower ( TM) t ool s.   Devel op 
t he model  wi t h accur at e,  ver i f i ed i nf or mat i on.  Model  exi st i ng el ect r i cal  
equi pment ,  machi nes,  devi ces,  and conduct or s di r ect l y connect ed t o,  
al t er ed by,  or  ot her wi se af f ect ed by t he wor k.  Thi s i ncl udes,  but  i s not  
l i mi t ed t o gener at or s,  t r ansf or mer s,  swi t chgear ,  swi t chboar ds,  
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panel boar ds,  mot or  cont r ol  cent er s,  mot or s,  vol t age r egul at or s,  t ap 
changer s,  pr ot ect i ve r el ays,  c i r cui t  br eaker s,  swi t ches,  f uses,  
conduct or s,  capaci t or s,  r eact or s,  gr oundi ng syst em,  and cont r ol  equi pment .

Pr ovi de t he f i nal  model  f i l es i n t hei r  nat i ve edi t abl e f or mat s f or  f ut ur e 
use by t he Gover nment .   I ncl ude devi ce i nf or mat i on f or  devi ces not  i n t he 
sof t war e vendor ' s st andar d di st r i but i on.

        - -  End of  Sect i on - -
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SECTI ON 26 20 00

I NTERI OR DI STRI BUTI ON SYSTEM
08/ 23

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AMERI CAN NATI ONAL STANDARDS I NSTI TUTE ( ANSI )

ANSI  C12. 1 ( 2014;  Er r at a 2016)  El ect r i c Met er s -  Code 
f or  El ect r i c i t y Met er i ng

ASTM I NTERNATI ONAL ( ASTM)

ASTM B1 ( 2013)  St andar d Speci f i cat i on f or  
Har d- Dr awn Copper  Wi r e

ASTM B8 ( 2011;  R 2017)  St andar d Speci f i cat i on f or  
Concent r i c- Lay- St r anded Copper  Conduct or s,  
Har d,  Medi um- Har d,  or  Sof t

ASTM D709 ( 2017)  St andar d Speci f i cat i on f or  
Lami nat ed Ther moset t i ng Mat er i al s

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE 81 ( 2012)  Gui de f or  Measur i ng Ear t h 
Resi st i v i t y,  Gr ound I mpedance,  and Ear t h 
Sur f ace Pot ent i al s of  a Gr ound Syst em

I EEE St ds Di ct i onar y ( 2009)  I EEE St andar ds Di ct i onar y:  Gl ossar y 
of  Ter ms & Def i ni t i ons

I NTERNATI ONAL ELECTRI CAL TESTI NG ASSOCI ATI ON ( NETA)

NETA ATS ( 2021)  St andar d f or  Accept ance Test i ng 
Speci f i cat i ons f or  El ect r i cal  Power  
Equi pment  and Syst ems

NATI ONAL ELECTRI CAL CONTRACTORS ASSOCI ATI ON ( NECA)

NECA NEI S 1 ( 2015)  St andar d f or  Good Wor kmanshi p i n 
El ect r i cal  Const r uct i on

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

ANSI  C80. 1 ( 2020)  Amer i can Nat i onal  St andar d f or  
El ect r i cal  Ri gi d St eel  Condui t  ( ERSC)

ANSI  C80. 3 ( 2020)  Amer i can Nat i onal  St andar d f or  
El ect r i cal  Met al l i c  Tubi ng ( EMT)
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ANSI  C80. 5 ( 2020)  Amer i can Nat i onal  St andar d f or  
El ect r i cal  Ri gi d Al umi num Condui t

NEMA 250 ( 2020)  Encl osur es f or  El ect r i cal  Equi pment  
( 1000 Vol t s Maxi mum)

NEMA I CS 1 ( 2022)  St andar d f or  I ndust r i al  Cont r ol  and 
Syst ems:  Gener al  Requi r ement s

NEMA I CS 6 ( 1993;  R 2016)  I ndust r i al  Cont r ol  and 
Syst ems:   Encl osur es

NEMA KS 1 ( 2013)  Encl osed and Mi scel l aneous 
Di st r i but i on Equi pment  Swi t ches ( 600 V 
Maxi mum)

NEMA TC 2 ( 2020)  St andar d f or  El ect r i cal  Pol yvi nyl  
Chl or i de ( PVC)  Condui t

NEMA TC 3 ( 2021)  Pol yvi nyl  Chl or i de ( PVC)  Fi t t i ngs 
f or  Use Wi t h Ri gi d PVC Condui t  and Tubi ng

NEMA VE 2 ( 2018;  ERTA 1- 2 2018)  Cabl e Tr ay 
I nst al l at i on Gui del i nes

NEMA WD 1 ( 1999;  R 2020)  St andar d f or  Gener al  Col or  
Requi r ement s f or  Wi r i ng Devi ces

NEMA WD 6 ( 2021)  Wi r i ng Devi ces Di mensi ons 
Speci f i cat i ons

NEMA Z535. 4 ( 2011;  R 2017)  Pr oduct  Saf et y Si gns and 
Label s

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 70 ( 2023;  ERTA 4 2023)  Nat i onal  El ect r i cal  
Code

NFPA 70E ( 2024)  St andar d f or  El ect r i cal  Saf et y i n 
t he Wor kpl ace

NFPA 780 ( 2023)  St andar d f or  t he I nst al l at i on of  
Li ght ni ng Pr ot ect i on Syst ems

TELECOMMUNI CATI ONS I NDUSTRY ASSOCI ATI ON ( TI A)

TI A- 568. 1 ( 2020e)  Commer ci al  Bui l di ng 
Tel ecommuni cat i ons I nf r ast r uct ur e St andar d

TI A- 569 ( 2019e;  Add 1 2022)  Tel ecommuni cat i ons 
Pat hways and Spaces

TI A- 607 ( 2019d)  Gener i c Tel ecommuni cat i ons Bondi ng 
and Gr oundi ng ( Ear t hi ng)  f or  Cust omer  
Pr emi ses
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U. S.  NATI ONAL ARCHI VES AND RECORDS ADMI NI STRATI ON ( NARA)

29 CFR 1910. 147 The Cont r ol  of  Hazar dous Ener gy ( Lock 
Out / Tag Out )

29 CFR 1910. 303 El ect r i cal ,  Gener al

UNDERWRI TERS LABORATORI ES ( UL)

UL 1 ( 2005;  Repr i nt  Jan 2022)  UL St andar d f or  
Saf et y Fl exi bl e Met al  Condui t

UL 6 ( 2022)  UL St andar d f or  Saf et y El ect r i cal  
Ri gi d Met al  Condui t - St eel

UL 6A ( 2008;  Repr i nt  Mar  2021)  UL St andar d f or  
Saf et y El ect r i cal  Ri gi d Met al  Condui t  -  
Al umi num,  Red Br ass,  and St ai nl ess St eel

UL 20 ( 2018;  Repr i nt  May 2023)  UL St andar d f or  
Saf et y Gener al - Use Snap Swi t ches

UL 44 ( 2018;  Repr i nt  May 2021)  UL St andar d f or  
Saf et y Ther moset - I nsul at ed Wi r es and Cabl es

UL 50 ( 2015)  UL St andar d f or  Saf et y Encl osur es 
f or  El ect r i cal  Equi pment ,  
Non- Envi r onment al  Consi der at i ons

UL 67 ( 2018;  Repr i nt  Aug 2023)  UL St andar d f or  
Saf et y Panel boar ds

UL 83 ( 2017;  Repr i nt  Mar  2020)  UL St andar d f or  
Saf et y Ther mopl ast i c- I nsul at ed Wi r es and 
Cabl es

UL 360 ( 2013;  Repr i nt  Apr  2023)  UL St andar d f or  
Saf et y Li qui d- Ti ght  Fl exi bl e Met al  Condui t

UL 467 ( 2022)  UL St andar d f or  Saf et y Gr oundi ng 
and Bondi ng Equi pment

UL 486A- 486B ( 2018;  Repr i nt  Jul  2023)  UL St andar d f or  
Saf et y Wi r e Connect or s

UL 486C ( 2018;  Repr i nt  May 2021)  UL St andar d f or  
Saf et y Spl i c i ng Wi r e Connect or s

UL 489 ( 2016;  Rev 2019)  UL St andar d f or  Saf et y 
Mol ded- Case Ci r cui t  Br eaker s,  Mol ded- Case 
Swi t ches and Ci r cui t - Br eaker  Encl osur es

UL 498 ( 2017;  Repr i nt  May 2023)  UL St andar d f or  
Saf et y At t achment  Pl ugs and Recept acl es

UL 510 ( 2020;  Dec 2022)  UL St andar d f or  Saf et y 
Pol yvi nyl  Chl or i de,  Pol yet hyl ene and 
Rubber  I nsul at i ng Tape
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UL 514A ( 2013;  Repr i nt  Jun 2022)  UL St andar d f or  
Saf et y Met al l i c  Out l et  Boxes

UL 514B ( 2012;  Repr i nt  May 2020)  Condui t ,  Tubi ng 
and Cabl e Fi t t i ngs

UL 514C ( 2014;  Repr i nt  Feb 2020)  UL St andar d f or  
Saf et y Nonmet al l i c  Out l et  Boxes,  
Fl ush- Devi ce Boxes,  and Cover s

UL 651 ( 2011;  Repr i nt  May 2022)  UL St andar d f or  
Saf et y Schedul e 40,  80,  Type EB and A 
Ri gi d PVC Condui t  and Fi t t i ngs

UL 797 ( 2007;  Repr i nt  Apr  2023)  UL St andar d f or  
Saf et y El ect r i cal  Met al l i c  Tubi ng - -  St eel

UL 869A ( 2006;  Repr i nt  Jun 2020)  Ref er ence 
St andar d f or  Ser vi ce Equi pment

UL 943 ( 2016;  Repr i nt  Sep 2023)  UL St andar d f or  
Saf et y Gr ound- Faul t  Ci r cui t - I nt er r upt er s

UL 1242 ( 2006;  Repr i nt  Apr  2022)  UL St andar d f or  
Saf et y El ect r i cal  I nt er medi at e Met al  
Condui t  - -  St eel

UL 1449 ( 2021;  Repr i nt  Dec 2022)  UL St andar d f or  
Saf et y Sur ge Pr ot ect i ve Devi ces

UL 1660 ( 2019;  Repr i nt  Jan 2022)  Li qui d- Ti ght  
Fl exi bl e Nonmet al l i c  Condui t

1. 2   DEFI NI TI ONS

Unl ess ot her wi se speci f i ed or  i ndi cat ed,  el ect r i cal  and el ect r oni cs t er ms 
used i n t hese speci f i cat i ons,  and on t he dr awi ngs,  ar e as def i ned i n 
I EEE St ds Di ct i onar y.

1. 3   RELATED REQUI REMENTS

Sect i on 25 05 11 CYBERSECURI TY FOR FACI LI TY- RELATED CONTROL SYSTEMS 
appl i es t o t hi s sect i on,  wi t h t he addi t i ons and modi f i cat i ons speci f i ed 
her ei n.

1. 4   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
Cont r act or  Qual i t y Cont r ol  appr oval . f or  i nf or mat i on onl y.   When used,  a 
code f ol l owi ng t he " G"  c l assi f i cat i on i dent i f i es t he of f i ce t hat  wi l l  
r evi ew t he submi t t al  f or  t he Gover nment .   Submi t  t he f ol l owi ng i n 
accor dance wi t h Sect i on 01 33 00 SUBMI TTAL PROCEDURES:

SD- 02 Shop Dr awi ngs

Panel boar ds;  G

Cabl e Tr ays;  G
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Wi r eways;  G

Mar ki ng St r i ps Dr awi ngs;  G

SD- 03 Pr oduct  Dat a

Recept acl es;  G

Ci r cui t  Br eaker s;  G

Swi t ches;  G

          Sur f ace Met al  Raceways,  G

Met er i ng;  G

CAT 6 Cabl e and Out l et s ( Commer ci al  i nt er net  equi pment ) ;  G

Secondar y Bondi ng Busbar ;  G

Sur ge Pr ot ect i ve Devi ces;  G

Cabl e Tr ays;  G

SD- 05 Desi gn Dat a

Cabl e Tr ay Desi gn;  G

SD- 06 Test  Repor t s

600- vol t  Wi r i ng Test ;  G

Gr oundi ng Syst em Test ;  G

Gr ound- f aul t  Recept acl e Test ;  G

SD- 10 Oper at i on and Mai nt enance Dat a

El ect r i cal  Syst ems,  Dat a Package 5;  G

Met er i ng,  Dat a Package 5;  G

1. 5   QUALI TY ASSURANCE

1. 5. 1   Regul at or y Requi r ement s

I n each of  t he publ i cat i ons r ef er r ed t o her ei n,  consi der  t he advi sor y 
pr ovi s i ons t o be mandat or y,  as t hough t he wor d,  " must "  had been 
subst i t ut ed f or  " shoul d"  wher ever  i t  appear s.   I nt er pr et  r ef er ences i n 
t hese publ i cat i ons t o t he " aut hor i t y havi ng j ur i sdi ct i on, "  or  wor ds of  
s i mi l ar  meani ng,  t o mean t he Cont r act i ng Of f i cer .   Pr ovi de equi pment ,  
mat er i al s,  i nst al l at i on,  and wor kmanshi p i n accor dance wi t h NFPA 70 unl ess 
mor e st r i ngent  r equi r ement s ar e speci f i ed or  i ndi cat ed.   NECA NEI S 1 shal l  
be consi der ed t he mi ni mum st andar d f or  wor kmanshi p.

1. 5. 2   St andar d Pr oduct s

Pr ovi de mat er i al s and equi pment  t hat  ar e pr oduct s of  manuf act ur er s 
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r egul ar l y engaged i n t he pr oduct i on of  such pr oduct s whi ch ar e of  equal  
mat er i al ,  desi gn and wor kmanshi p and:

a.   Have been i n sat i sf act or y commer ci al  or  i ndust r i al  use f or  2 year s 
pr i or  t o bi d openi ng i ncl udi ng appl i cat i ons of  equi pment  and mat er i al s 
under  s i mi l ar  c i r cumst ances and of  s i mi l ar  s i ze.

b.   Have been on sal e on t he commer ci al  mar ket  t hr ough adver t i sement s,  
manuf act ur er s '  cat al ogs,  or  br ochur es dur i ng t he 2- year  per i od.

c.   Wher e t wo or  mor e i t ems of  t he same cl ass of  equi pment  ar e r equi r ed,  
pr ovi de pr oduct s of  a s i ngl e manuf act ur er ;  however ,  t he component  
par t s of  t he i t em need not  be t he pr oduct s of  t he same manuf act ur er  
unl ess st at ed i n t hi s sect i on.

1. 5. 2. 1   Al t er nat i ve Qual i f i cat i ons

Pr oduct s havi ng l ess t han a 2- year  f i el d ser vi ce r ecor d wi l l  be accept abl e 
i f  a cer t i f i ed r ecor d of  sat i sf act or y f i el d oper at i on f or  not  l ess t han 
6000 hour s,  excl usi ve of  t he manuf act ur er s '  f act or y or  l abor at or y t est s,  
i s  f ur ni shed.

1. 5. 2. 2   Mat er i al  and Equi pment  Manuf act ur i ng Dat e

Pr oduct s manuf act ur ed mor e t han 3 year s pr i or  t o dat e of  del i ver y t o s i t e 
ar e not  accept abl e.

1. 6   MAI NTENANCE

1. 6. 1   El ect r i cal  Syst ems

Submi t  oper at i on and mai nt enance dat a i n accor dance wi t h Sect i on 01 78 23,  
OPERATI ON AND MAI NTENANCE DATA and as speci f i ed her ei n.   Submi t  oper at i on 
and mai nt enance manual s f or  el ect r i cal  syst ems t hat  pr ovi de basi c dat a 
r el at i ng t o t he desi gn,  oper at i on,  and mai nt enance of  t he el ect r i cal  
di st r i but i on syst em f or  t he bui l di ng.   I ncl ude t he f ol l owi ng:

a.   Si ngl e l i ne di agr am of  t he " as- bui l t "  bui l di ng el ect r i cal  syst em.

b.   Schemat i c di agr am of  el ect r i cal  cont r ol  syst em ( ot her  t han HVAC,  
cover ed el sewher e) .

c.   Manuf act ur er s '  oper at i ng and mai nt enance manual s on act i ve el ect r i cal  
equi pment .

1. 7   WARRANTY

Pr ovi de equi pment  i t ems  suppor t ed by ser vi ce or gani zat i ons t hat  ar e 
r easonabl y conveni ent  t o t he equi pment  i nst al l at i on i n or der  t o r ender  
sat i sf act or y ser vi ce t o t he equi pment  on a r egul ar  and emer gency basi s 
dur i ng t he war r ant y per i od of  t he cont r act .

PART 2   PRODUCTS

2. 1   MATERI ALS AND EQUI PMENT

As a mi ni mum,  meet  r equi r ement s of  UL,  wher e UL st andar ds ar e est abl i shed 
f or  t hose i t ems,  and r equi r ement s of  NFPA 70 f or  al l  mat er i al s,  equi pment ,  
and devi ces.
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2. 2   CONDUI T AND FI TTI NGS

Conf or m t o t he f ol l owi ng:

2. 2. 1   Ri gi d Met al l i c  Condui t

2. 2. 1. 1   Ri gi d,  Thr eaded Zi nc- Coat ed St eel  Condui t

ANSI  C80. 1,  UL 6.

2. 2. 1. 2   Ri gi d Al umi num Condui t

ANSI  C80. 5,  UL 6A.

2. 2. 2   Ri gi d Nonmet al l i c  Condui t

PVC Type EPC- 40,  and EPC- 80 i n accor dance wi t h NEMA TC 2, UL 651.

2. 2. 3   I nt er medi at e Met al  Condui t  ( I MC)

UL 1242,  z i nc- coat ed st eel  onl y.

2. 2. 4   El ect r i cal ,  Zi nc- Coat ed St eel  Met al l i c  Tubi ng ( EMT)

UL 797,  ANSI  C80. 3.

2. 2. 5   Fl exi bl e Met al  Condui t

UL 1,  l i mi t ed t o 6 f eet .

2. 2. 5. 1   Li qui d- Ti ght  Fl exi bl e Met al  Condui t ,  St eel

UL 360,  l i mi t ed t o 6 f eet .

2. 2. 6   Fi t t i ngs f or  Met al  Condui t ,  EMT,  and Fl exi bl e Met al  Condui t

UL 514B.   Fer r ous f i t t i ngs:   cadmi um-  or  z i nc- coat ed i n accor dance wi t h 
UL 514B.

2. 2. 6. 1   Fi t t i ngs f or  Ri gi d Met al  Condui t  and I MC

Thr eaded- t ype.   Spl i t  coupl i ngs unaccept abl e.

2. 2. 6. 2   Fi t t i ngs f or  EMT

St eel  compr essi on t ype.

2. 2. 7   Fi t t i ngs f or  Ri gi d Nonmet al l i c  Condui t

NEMA TC 3 f or  PVC,  and UL 514B.

2. 2. 8   Li qui d- Ti ght  Fl exi bl e Nonmet al l i c  Condui t

UL 1660.

2. 3   CABLE TRAYS

NEMA VE 2.   Pr ovi de t he f ol l owi ng:
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a.   Cabl e t r ays:   f or m a wi r eway syst em,  wi t h a nomi nal 3 dept h.  

b.   Cabl e t r ays:   const r uct ed of  al umi num.

c.   Cabl e t r ays:   i ncl ude spl i ce and end pl at es,  dr opout s,  and 
mi scel l aneous har dwar e.

d.   Edges,  f i t t i ngs,  and har dwar e:  f i ni shed f r ee f r om bur r s and shar p 
edges.

e.   Fi t t i ngs:   ensur e not  l ess t han l oad- car r y i ng abi l i t y  of  st r ai ght  t r ay 
sect i ons and have manuf act ur er ' s mi ni mum st andar d r adi us.

f .   Radi us of  bends: 12i nches.

2. 3. 1   Ladder - Type Cabl e Tr ays

Pr ovi de si ze as i ndi cat edwi t h maxi mum r ung spaci ng of  6i nches.   Cabl e t r ay 
must  be sui t abl e f or  use as an equi pment  gr oundi ng conduct or .

 2. 3. 2   Sur f ace Met al  Raceways

a.   Pai nt ed st eel  over  f l oor  r aceway syst em wi t h out l et s as 
i ndi cat ed.       See dr awi ngs f or  speci f i c  r equi r ement s.

2. 4   OUTLET BOXES AND COVERS

UL 514A,  cadmi um-  or  z i nc- coat ed,  i f  f er r ous met al .   UL 514C,  i f  
nonmet al l i c .

2. 4. 1   Out l et  Boxes f or  Tel ecommuni cat i ons Syst em

Pr ovi de t he f ol l owi ng:

a.   St andar d t ype.

b.   Dept h of  boxes:   l ar ge enough t o al l ow manuf act ur er s '  r ecommended 
conduct or  bend r adi i .

2. 5   CABI NETS,  JUNCTI ON BOXES,  AND PULL BOXES

UL 50;  vol ume gr eat er  t han 100 cubi c i nches,  NEMA Type 1 encl osur e;  sheet  
st eel ,  hot - di p,  z i nc- coat ed.   Wher e exposed t o wet ,  damp,  or  cor r osi ve 
envi r onment s,  NEMA Type 3R.

2. 6   WI RES AND CABLES

Pr ovi de wi r es and cabl es i n accor dance appl i cabl e r equi r ement s of  NFPA 70 
and UL f or  t ype of  i nsul at i on,  j acket ,  and conduct or  speci f i ed or  
i ndi cat ed.   Do not  use wi r es and cabl es manuf act ur ed mor e t han 24 mont hs 
pr i or  t o dat e of  del i ver y t o s i t e.

2. 6. 1   Conduct or s

Pr ovi de t he f ol l owi ng:

a.   Conduct or  s i zes and capaci t i es shown ar e based on copper ,  unl ess 
i ndi cat ed ot her wi se.
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b.   Conduct or s No.  8 AWG and l ar ger  di amet er :   st r anded.

c.   Conduct or s No.  10 AWG and smal l er  di amet er :   sol i d.

d.   Conduct or s f or  r emot e cont r ol ,  al ar m,  and si gnal  c i r cui t s,  c l asses 1,  
2,  and 3:   st r anded unl ess speci f i cal l y i ndi cat ed ot her wi se.

e.   Al l  conduct or s:   copper .

2. 6. 1. 1   Mi ni mum Conduct or  Si zes

Pr ovi de mi ni mum conduct or  s i ze i n accor dance wi t h t he f ol l owi ng:

a.   Br anch ci r cui t s:   No.  12 AWG.

b.   Cl ass 1 r emot e- cont r ol  and si gnal  c i r cui t s:   No.  14 AWG.

c.   Cl ass 2 l ow- ener gy,  r emot e- cont r ol  and si gnal  c i r cui t s:   No.  16 AWG.

d.   Cl ass 3 l ow- ener gy,  r emot e- cont r ol ,  al ar m and si gnal  c i r cui t s:   No.  22 
AWG.

e.   Di gi t al  l ow vol t age l i ght i ng cont r ol  ( DLVLC)  syst em at  24 Vol t s or  
l ess:  wi t h DLVLC syst em manuf act ur er  r equi r ement s.

2. 6. 2   Col or  Codi ng

Pr ovi de col or  codi ng f or  ser vi ce,  f eeder ,  br anch,  cont r ol ,  and si gnal i ng 
c i r cui t  conduct or s.

2. 6. 2. 1   Gr ound and Neut r al  Conduct or s

Pr ovi de col or  codi ng of  gr ound and neut r al  conduct or s as f ol l ows:

a.   Gr oundi ng conduct or s:   Gr een.

b.   Neut r al  conduct or s:   Whi t e.

c.   Except i on,  wher e neut r al s of  mor e t han one syst em ar e i nst al l ed i n 
same r aceway or  box,  ot her  neut r al s col or  codi ng:   whi t e wi t h a 
di f f er ent  col or ed ( not  gr een)  st r i pe f or  each.

2. 6. 2. 2   Ungr ounded Conduct or s

Pr ovi de col or  codi ng of  ungr ounded conduct or s i n di f f er ent  vol t age syst ems 
as f ol l ows:

a.   208/ 120 vol t ,  t hr ee- phase

( 1)  Phase A -  bl ack

( 2)  Phase B -  r ed

( 3)  Phase C -  bl ue

2. 6. 3   I nsul at i on

Unl ess speci f i ed or  i ndi cat ed ot her wi se or  r equi r ed by NFPA 70,  pr ovi de 
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power  and l i ght i ng wi r es r at ed f or  600- vol t s,  Type THWN/ THHN conf or mi ng t o 
UL 83 or  Type XHHW or  RHW conf or mi ng t o UL 44,  except  t hat  gr oundi ng wi r e 
may be t ype TW conf or mi ng t o UL 83;  r emot e- cont r ol  and si gnal  c i r cui t s:   
Type TW or  TF,  conf or mi ng t o UL 83.   Wher e equi pment  or  devi ces r equi r e 
90- degr ee Cent i gr ade ( C)  conduct or s,  pr ovi de onl y conduct or s wi t h 
90- degr ee C i nsul at i on or  bet t er .

2. 6. 4   Bondi ng Conduct or s

ASTM B1,  sol i d bar e copper  wi r e f or  s i zes No.  8 AWG and smal l er  di amet er ;  
ASTM B8,  Cl ass B,  st r anded bar e copper  wi r e f or  s i zes No.  6 AWG and l ar ger  
di amet er .

2. 6. 4. 1   Tel ecommuni cat i ons Bondi ng Backbone ( TBB)

Pr ovi de a copper  conduct or  TBB i n accor dance wi t h TI A- 607 wi t h No.  6 AWG 
mi ni mum si ze,  and si zed at  2 kcmi l  per  l i near  f oot  of  conduct or  l engt h up 
t o a maxi mum si ze of  750 kcmi l .

2. 6. 4. 2   Bondi ng Conduct or  f or  Tel ecommuni cat i ons

Pr ovi de a copper  conduct or  Bondi ng Conduct or  f or  Tel ecommuni cat i ons 
bet ween t he t el ecommuni cat i ons mai n gr oundi ng busbar  ( PBB)  and t he 
el ect r i cal  ser vi ce gr ound i n accor dance wi t h TI A- 607.   Si ze t he bondi ng 
conduct or  f or  t el ecommuni cat i ons t he same as t he TBB.

2. 7   SPLI CES AND TERMI NATI ON COMPONENTS

UL 486A- 486B f or  wi r e connect or s and UL 510 f or  i nsul at i ng t apes.   
Connect or s f or  No.  10 AWG and smal l er  di amet er  wi r es:   i nsul at ed,  
pr essur e- t ype i n accor dance wi t h UL 486A- 486B or  UL 486C ( t wi st - on 
spl i c i ng connect or ) .   Pr ovi de sol der l ess t er mi nal  l ugs on st r anded 
conduct or s.

2. 8   DEVI CE PLATES

Pr ovi de t he f ol l owi ng:

a.   UL l i s t ed,  one- pi ece devi ce pl at es f or  out l et s t o sui t  t he devi ces 
i nst al l ed.

b.   For  met al  out l et  boxes,  pl at es on unf i ni shed wal l s:   z i nc- coat ed sheet  
st eel  or  cast  met al  havi ng r ound or  bevel ed edges.

c.   Pl at es on f i ni shed wal l s:   sat i n f i ni sh st ai nl ess st eel  or  
br ushed- f i ni sh al umi num,  mi ni mum 0. 03 i nch t hi ck.

d.   Scr ews:   machi ne- t ype wi t h count er sunk heads i n col or  t o mat ch f i ni sh 
of  pl at e.

e.   Sect i onal  t ype devi ce pl at es ar e not  be per mi t t ed.

f .   Pl at es i nst al l ed i n wet  l ocat i ons:   gasket ed and UL l i s t ed f or  " wet  
l ocat i ons. "
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2. 9   SWI TCHES

2. 9. 1   Toggl e Swi t ches

NEMA WD 1,  UL 20,  s i ngl e pol e,  doubl e pol e,  t hr ee- way,  and f our - way,  
t ot al l y encl osed wi t h bodi es of  t her mopl ast i c or  t her moset  pl ast i c and 
mount i ng st r ap wi t h gr oundi ng scr ew.   I ncl ude t he f ol l owi ng:

a.   Handl es:   gr ey t her mopl ast i c.

b.   Wi r i ng t er mi nal s:   scr ew- t ype,  s i de- wi r ed.

c.   Cont act s:   s i l ver - cadmi um and cont act  ar m -  one- pi ece copper  al l oy.

d.   Swi t ches:   r at ed qui et - t ype ac onl y,  120/ 277 vol t s,  wi t h cur r ent  
r at i ng and number  of  pol es i ndi cat ed.

2. 9. 2   Di sconnect  Swi t ches

NEMA KS 1.   Pr ovi de heavy dut y- t ype swi t ches .   Pr ovi de hor sepower  r at ed 
f or  swi t ches ser vi ng as t he mot or - di sconnect  means.   Pr ovi de swi t ches i n 
NEMA,  encl osur e i ndi cat ed per  NEMA I CS 6.

2. 10   RECEPTACLES

Pr ovi de t he f ol l owi ng:

a.   UL 498,  gener al  pur pose speci f i cat i on gr ade,  gr oundi ng- t ype.   
Resi dent i al  gr ade r ecept acl es ar e not  accept abl e.

b.   Rat i ngs and conf i gur at i ons:   as i ndi cat ed.

c.   Bodi es:   gr ey as per  NEMA WD 1.

d.   Face and body:   t her mopl ast i c suppor t ed on a met al  mount i ng st r ap.

e.   Di mensi onal  r equi r ement s:   per  NEMA WD 6.

f .   Scr ew- t ype,  s i de- wi r ed wi r i ng t er mi nal s or  of  t he sol der l ess pr essur e 
t ype havi ng sui t abl e conduct or - r el ease ar r angement .

g.   Gr oundi ng pol e connect ed t o mount i ng st r ap.

h.   The r ecept acl e:   cont ai ni ng t r i pl e- wi pe power  cont act s and doubl e or  
t r i pl e- wi pe gr ound cont act s.

2. 10. 1   Weat her pr oof  Recept acl es

Pr ovi de r ecept acl es,  UL l i s t ed f or  use i n " wet  l ocat i ons"  wi t h i nt egr al  
GFCI  pr ot ect i on.   I ncl ude cast  met al  box wi t h gasket ed,  hi nged,  l ockabl e 
and weat her pr oof  whi l e- i n- use, di e- cast  met al / al umi num ext r a- dut y r at ed 
hood.

2. 10. 2   Gr ound- Faul t  Ci r cui t  I nt er r upt er  Recept acl es

UL 943,  dupl ex t ype f or  mount i ng i n st andar d out l et  box.   Pr ovi de devi ce 
capabl e of  det ect i ng cur r ent  l eak when t he cur r ent  t o gr ound i s 6 
mi l l i amper es or  hi gher ,  and t r i ppi ng per  r equi r ement s of  UL 943 f or  Cl ass 
A gr ound- f aul t  c i r cui t  i nt er r upt er  devi ces.   Pr ovi de scr ew- t ype,  
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si de- wi r ed wi r i ng t er mi nal s or  pr e- wi r ed ( pi gt ai l )  l eads.

2. 10. 3   Dr yer  Recept acl es

NEMA 14- 30 conf i gur at i on,  r at ed 30 amper es,  125/ 250 vol t s.  Fur ni sh one 
mat chi ng pl ug wi t h each r ecept acl e.

2. 11   PANELBOARDS

Pr ovi de panel boar ds i n accor dance wi t h t he f ol l owi ng:

 a.   UL 67 and UL 50 havi ng a shor t - c i r cui t  cur r ent  r at i ng as i ndi cat ed .

b.   Panel boar ds f or  use as ser vi ce di sconnect i ng means:   addi t i onal l y 
conf or m t o UL 869A.

c.   Panel boar ds:   c i r cui t  br eaker - equi pped.

d.   Desi gned such t hat  i ndi v i dual  br eaker s can be r emoved wi t hout  
di st ur bi ng adj acent  uni t s or  wi t hout  l ooseni ng or  r emovi ng 
suppl ement al  i nsul at i on suppl i ed as means of  obt ai ni ng cl ear ances as 
r equi r ed by UL.

e.   " Speci f i c  br eaker  pl acement "  i s r equi r ed i n panel boar ds t o mat ch t he 
br eaker  pl acement  i ndi cat ed i n t he panel boar d schedul e on t he desi gn 
dr awi ngs.   I f  i t  i s  not  possi bl e t o mat ch " speci f i c  br eaker  pl acement "  
dur i ng const r uct i on,  obt ai n Gover nment  appr oval  pr i or  t o devi ce 
i nst al l at i on.

f .   Use of  " Subf eed Br eaker s"  i s not  accept abl e.

g.   Mai n br eaker :   " separ at el y"  mount ed" above"  or  " bel ow"  br anch br eaker s.

h.   Wher e " space onl y"  i s i ndi cat ed,  make pr ovi s i ons f or  f ut ur e 
i nst al l at i on of  br eaker s.

i .   Di r ect or i es:   i ndi cat e l oad ser ved by each ci r cui t  i n panel boar d.

j .   Di r ect or i es:   i ndi cat e sour ce of  ser vi ce t o panel boar d ( e. g. ,  Panel  PA 
ser ved f r om Panel  MDP) .

k.   Type di r ect or i es and mount  i n hol der  behi nd t r anspar ent  pr ot ect i ve 
cover i ng.

l .   Panel boar ds:   l i s t ed and l abel ed f or  t hei r  i nt ended use.

m.   Panel boar d namepl at es:   pr ovi ded i n accor dance wi t h par agr aph FI ELD 
FABRI CATED NAMEPLATES.

2. 11. 1   Encl osur e

Pr ovi de panel boar d encl osur e i n accor dance wi t h t he f ol l owi ng:

a.   UL 50.

b.   Fr ont  edges of  cabi net s:   f or m- f l anged or  f i t t ed wi t h st r uct ur al  
shapes wel ded or  r i vet ed t o t he sheet  st eel ,  f or  suppor t i ng t he 
panel boar d f r ont .
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c.   Al l  cabi net s:   f abr i cat ed such t hat  no par t  of  any sur f ace on t he 
f i ni shed cabi net  devi at es f r om a t r ue pl ane by mor e t han 1/ 8 i nch.

d.   Hol es:   pr ovi ded i n t he back of  i ndoor  sur f ace- mount ed cabi net s,  wi t h 
out si de spacer s and i nsi de st i f f ener s,  f or  mount i ng t he cabi net s wi t h a
 1/ 2 i nch cl ear  space bet ween t he back of  t he cabi net  and t he wal l  
sur f ace.

e.   Fl ush door s:   mount ed on hi nges t hat  expose onl y t he hi nge r ol l  t o 
v i ew when t he door  i s c l osed.

f .   Each door :   f i t t ed wi t h a combi ned cat ch and l ock l at ch.

g.   Keys:   t wo pr ovi ded wi t h each l ock,  wi t h al l  l ocks keyed al i ke.

h.   Fi ni shed- head cap scr ews:   pr ovi ded f or  mount i ng t he panel boar d f r ont s 
on t he cabi net s.

2. 11. 2   Panel boar d Buses

Suppor t  bus bar s on bases i ndependent  of  c i r cui t  br eaker s.   Desi gn mai n 
buses and back pans so t hat  br eaker s may be changed wi t hout  machi ni ng,  
dr i l l i ng,  or  t appi ng.   Pr ovi de i sol at ed neut r al  bus i n each panel  f or  
connect i on of  c i r cui t  neut r al  conduct or s.   Pr ovi de separ at e gr ound bus 
i dent i f i ed as equi pment  gr oundi ng bus per  UL 67 f or  connect i ng gr oundi ng 
conduct or s;  bond t o st eel  cabi net .

2. 11. 3   Ci r cui t  Br eaker s

UL 489,  t her mal  magnet i c- t ype or  ( unl ess speci f i cal l y not ed as el ect r oni c 
t r i p on t he dr awi ngs)  havi ng a mi ni mum shor t - c i r cui t  cur r ent  r at i ng equal  
t o t he shor t - c i r cui t  cur r ent  r at i ng of  t he panel boar d i n whi ch t he ci r cui t  
br eaker  wi l l  be mount ed.   Br eaker  t er mi nal s:   UL l i s t ed as sui t abl e f or  
t ype of  conduct or  pr ovi ded.   Ser i es r at ed ci r cui t  br eaker s and pl ug- i n 
c i r cui t  br eaker s ar e unaccept abl e.

2. 11. 3. 1   Mul t i pol e Br eaker s

Pr ovi de common t r i p- t ype wi t h s i ngl e oper at i ng handl e.   Desi gn br eaker  
such t hat  over l oad i n one pol e aut omat i cal l y causes al l  pol es t o open.   
Mai nt ai n phase sequence t hr oughout  each panel  so t hat  any t hr ee adj acent  
br eaker  pol es ar e connect ed t o Phases A,  B,  and C,  r espect i vel y.

2. 11. 3. 2   Ci r cui t  Br eaker  Wi t h Gr ound- Faul t  Ci r cui t  I nt er r upt er

UL 943 and NFPA 70.   Pr ovi de wi t h aut o- moni t or i ng ( sel f - t est )  and l ockout  
f eat ur es,  " push- t o- t est "  but t on,  v i s i bl e i ndi cat i on of  t r i pped condi t i on,  
and abi l i t y  t o det ect  and t r i p when cur r ent  i mbal ance i s 6 mi l l i amper es or  
hi gher  per  r equi r ement s of  UL 943 f or  Cl ass A gr ound- f aul t  c i r cui t  
i nt er r upt er  devi ces.

2. 12   LOCKOUT REQUI REMENTS

Pr ovi de ci r cui t  br eaker s,  di sconnect i ng means,  and ot her  devi ces t hat  ar e 
el ect r i cal  ener gy- i sol at i ng capabl e of  bei ng l ocked out  f or  machi nes and 
ot her  equi pment  t o pr event  unexpect ed st ar t up or  r el ease of  st or ed ener gy 
i n accor dance wi t h 29 CFR 1910. 147,  NFPA 70E and 29 CFR 1910. 303.   Compl y 
wi t h r equi r ement s of  Di v i s i on 23,  " Heat i ng,  Vent i l at i ng,  and Ai r  
Condi t i oni ng ( HVAC) "  f or  mechani cal  i sol at i on of  machi nes and ot her  
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equi pment .

2. 13   TELECOMMUNI CATI ONS SYSTEM

Pr ovi de syst em of  t el ecommuni cat i ons wi r e- suppor t i ng st r uct ur es ( pat hway) ,  
i ncl udi ng:  out l et  boxes,  condui t s wi t h pul l  wi r es cabl e t r ays,  and ot her  
accessor i es f or  t el ecommuni cat i ons out l et s and pat hway i n accor dance wi t h 
TI A- 569 and as speci f i ed her ei n.   Addi t i onal  t el ecommuni cat i ons 
r equi r ement s ar e speci f i ed i n Sect i on 27 10 00 BUI LDI NG TELECOMMUNI CATI ONS 
CABLI NG SYSTEM.

2. 14   GROUNDI NG AND BONDI NG EQUI PMENT

2. 14. 1   Gr ound Rods

UL 467.   Gr ound r ods:   cone poi nt ed copper - c l ad st eel  wi t h mi ni mum 
di amet er  of  3/ 4 i nch and mi ni mum l engt h 10 f eet .   Sect i onal  t ype r ods may 
be used f or  r ods 20 f eet  or  l onger .

2. 15   MANUFACTURER' S NAMEPLATE

Pr ovi de on each i t em of  equi pment  a namepl at e bear i ng t he manuf act ur er ' s 
name,  addr ess,  model  number ,  and ser i al  number  secur el y af f i xed i n a 
conspi cuous pl ace;  t he namepl at e of  t he di st r i but i ng agent  wi l l  not  be 
accept abl e.

2. 16   FI ELD FABRI CATED NAMEPLATES

Pr ovi de f i el d f abr i cat ed namepl at es i n accor dance wi t h t he f ol l owi ng:

a.   ASTM D709.

b.   Pr ovi de l ami nat ed pl ast i c namepl at es f or  each equi pment  encl osur e,  
r el ay,  swi t ch,  and devi ce;  as speci f i ed or  as i ndi cat ed on t he 
dr awi ngs.

c.   Each namepl at e i nscr i pt i on:   i dent i f y t he f unct i on and,  when 
appl i cabl e,  t he posi t i on.

d.   Namepl at es:   mel ami ne pl ast i c,  0. 125 i nch t hi ck,  whi t e wi t h bl ack  
cent er  cor e.

e.   Sur f ace:   mat t e f i ni sh.   Cor ner s:   squar e.   Accur at el y al i gn l et t er i ng 
and engr ave i nt o t he cor e.

f .   Mi ni mum si ze of  namepl at es:   one by 2. 5 i nches.

g.   Let t er i ng s i ze and st y l e:   a mi ni mum of  0. 25 i nch hi gh nor mal  bl ock 
st y l e.

2. 17   WARNI NG SI GNS

Pr ovi de war ni ng si gns f or  f l ash pr ot ect i on i n accor dance wi t h NFPA 70E and 
NEMA Z535. 4 f or  swi t chboar ds,  panel boar ds,  i ndust r i al  cont r ol  panel s,  and 
mot or  cont r ol  cent er s t hat  ar e i n ot her  t han dwel l i ng occupanci es and ar e 
l i kel y t o r equi r e exami nat i on,  adj ust ment ,  ser vi c i ng,  or  mai nt enance whi l e 
ener gi zed.   Pr ovi de f i el d i nst al l ed s i gns t o war n qual i f i ed per sons of  
pot ent i al  el ect r i c ar c f l ash hazar ds when war ni ng si gns ar e not  pr ovi ded 
by t he manuf act ur er .   Pr ovi de mar ki ng t hat  i s c l ear l y v i s i bl e t o qual i f i ed 
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per sons bef or e exami nat i on,  adj ust ment ,  ser vi c i ng,  or  mai nt enance of  t he 
equi pment .

2. 18   FI RESTOPPI NG MATERI ALS

Pr ovi de f i r est oppi ng ar ound el ect r i cal  penet r at i ons i n accor dance wi t h 
Sect i on 07 84 00 FI RESTOPPI NG.

2. 19   METERI NG

ANSI  C12. 1.   Pr ovi de a sel f - cont ai ned,   el ect r oni c pr ogr ammabl e out door  
wat t hour  met er .   Met er :   ei t her  pr ogr ammed at  t he f act or y or  pr ogr ammed i n 
t he f i el d.   Tur n f i el d pr ogr ammi ng devi ce over  t o t he Cont r act i ng Of f i cer  
at  compl et i on of  pr oj ect .   Coor di nat e met er  t o syst em r equi r ement s.   
Coor di nat e met er ,  syst em component s,  and met er  l ocat i on t o be compat i bl e 
wi t h t he Act i v i t y ' s cent r al  advanced met er i ng syst em.  See dr awi ngs f or  
r equi r ement s.

2. 20   SURGE PROTECTI VE DEVI CES

Pr ovi de par al l el  t ype sur ge pr ot ect i ve devi ces ( SPD)  whi ch compl y wi t h 
UL 1449 at  t he l ocat i ons i ndi cat ed.   Pr ovi de sur ge pr ot ect or s i n a NEMA 1
encl osur e per  NEMA I CS 6.   Do not  i nst al l  SPD i nsi de a panel boar d or  
swi t chboar d encl osur e.    SPD must  have t he same shor t - c i r cui t  cur r ent  
r at i ng as t he pr ot ect ed equi pment  and must  not  be i nst al l ed at  a poi nt  of  
syst em wher e t he avai l abl e f aul t  cur r ent  i s i n excess of  t hat  r at i ng.   Use 
Type 1 or  Type 2 SPD and connect  on t he l oad si de of  a dedi cat ed ci r cui t  
br eaker .   Submi t  per f or mance and char act er i st i c cur ves.

Pr ovi de t he f ol l owi ng modes of  pr ot ect i on:

FOR SI NGLE PHASE AND THREE PHASE WYE CONNECTED SYSTEMS-
Phase t o phase (  L- L )
Each phase t o neut r al  (  L- N )
Neut r al  t o gr ound (  N- G )
Phase t o gr ound (  L- G )

SPDs at  t he ser vi ce ent r ance:   pr ovi de wi t h a mi ni mum sur ge cur r ent  r at i ng 
of  80, 000 amper es f or  L- L mode mi ni mum and 40, 000 amper es f or  ot her  modes 
( L- N,  L- G,  and N- G)  and downst r eam SPDs r at ed 40, 000 amper es f or  L- L mode 
mi ni mum and 20, 000 amper es f or  ot her  modes ( L- N,  L- G,  and N- G) .

Pr ovi de SPDs per  NFPA 780 f or  t he l i ght ni ng pr ot ect i on syst em.

Maxi mum L- N,  and N- G Vol t age Pr ot ect i on Rat i ng:

700V f or  208Y/ 120V,  t hr ee phase syst em
1, 200V f or  480Y/ 277V,  t hr ee phase syst em

Maxi mum L- G Pr ot ect i on Rat i ng:

700V f or  208Y/ 120V,  t hr ee phase syst em

The mi ni mum MCOV ( Maxi mum Cont i nuous Oper at i ng Vol t age)  r at i ng f or  L- N and 
L- G modes of  oper at i on:   120 per cent  of  nomi nal  vol t age f or  240 vol t s and 
bel ow;  115 per cent  of  nomi nal  vol t age above 240 vol t s t o 480 vol t s.
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2. 21   FACTORY APPLI ED FI NI SH

Pr ovi de f act or y- appl i ed f i ni sh on el ect r i cal  equi pment  i n accor dance wi t h 
t he f ol l owi ng:

a.   NEMA 250 cor r osi on- r esi st ance t est  and t he addi t i onal  r equi r ement s as 
speci f i ed her ei n.

b.   I nt er i or  and ext er i or  st eel  sur f aces of  equi pment  encl osur es:   
t hor oughl y c l eaned f ol l owed by a r ust - i nhi bi t i ve phosphat i z i ng or  
equi val ent  t r eat ment  pr i or  t o pai nt i ng.

c.   Ext er i or  sur f aces:   f r ee f r om hol es,  seams,  dent s,  wel d mar ks,  l oose 
scal e or  ot her  i mper f ect i ons.

d.   I nt er i or  sur f aces:   r ecei ve not  l ess t han one coat  of  
cor r osi on- r esi st i ng pai nt  i n accor dance wi t h t he manuf act ur er ' s 
st andar d pr act i ce.

e.   Ext er i or  sur f aces:   pr i med,  f i l l ed wher e necessar y,  and gi ven not  l ess 
t han t wo coat s baked enamel  wi t h semi gl oss f i ni sh.

f .   Equi pment  l ocat ed i ndoor s:   ANSI  Li ght  Gr ay,  and equi pment  l ocat ed 
out door s:   ANSI  Li ght  Gr ay or  Dar k Gr ay.

g.   Pr ovi de manuf act ur er ' s coat i ngs f or  t ouch- up wor k and as speci f i ed i n 
par agr aph FI ELD APPLI ED PAI NTI NG.

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

El ect r i cal  i nst al l at i ons,  i ncl udi ng weat her pr oof  and hazar dous l ocat i ons 
and duct s,  pl enums and ot her  ai r - handl i ng spaces:   conf or m t o r equi r ement s 
of  NFPA 70 and t o r equi r ement s speci f i ed her ei n.

3. 1. 1   Under gr ound Ser vi ce

Under gr ound ser vi ce conduct or s and associ at ed condui t :   cont i nuous f r om 
ser vi ce ent r ance equi pment  t o out door  power  syst em connect i on.

3. 1. 2   Ser vi ce Ent r ance I dent i f i cat i on

Ser vi ce ent r ance di sconnect  devi ces,  swi t ches,  and encl osur es:   l abel ed 
and i dent i f i ed as such.

3. 1. 2. 1   Label s

Wher ever  wor k r esul t s i n ser vi ce ent r ance di sconnect  devi ces i n mor e t han 
one encl osur e,  as per mi t t ed by NFPA 70,  l abel  each encl osur e,  new and 
exi st i ng,  as one of  sever al  encl osur es cont ai ni ng ser vi ce ent r ance 
di sconnect  devi ces.   Label ,  at  mi ni mum:   i ndi cat e number  of  ser vi ce 
di sconnect  devi ces housed by encl osur e and i ndi cat e t ot al  number  of  
encl osur es t hat  cont ai n ser vi ce di sconnect  devi ces.   Pr ovi de l ami nat ed 
pl ast i c l abel s conf or mi ng t o par agr aph FI ELD FABRI CATED NAMEPLATES.   Use 
l et t er i ng of  at  l east  0. 25 i nch i n hei ght ,  and engr ave on bl ack- on- whi t e 
mat t e f i ni sh.   Ser vi ce ent r ance di sconnect  devi ces i n mor e t han one 
encl osur e:   pr ovi ded onl y as per mi t t ed by NFPA 70.
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3. 1. 3   Wi r i ng Met hods

Pr ovi de i nsul at ed conduct or s i nst al l ed i n r i gi d st eel  condui t ,  I MC,  r i gi d 
nonmet al l i c  condui t ,  or  EMT,  except  wher e speci f i cal l y i ndi cat ed or  
speci f i ed ot her wi se or  r equi r ed by NFPA 70 t o be i nst al l ed ot her wi se.   
Gr oundi ng conduct or :   separ at e f r om el ect r i cal  syst em neut r al  conduct or .   
Pr ovi de i nsul at ed gr een equi pment  gr oundi ng conduct or  f or  c i r cui t ( s)  
i nst al l ed i n condui t  and r aceways.   Mi ni mum condui t  s i ze:   1/ 2 i nch i n 
di amet er  f or  l ow vol t age l i ght i ng and power  c i r cui t s.   Ver t i cal  
di st r i but i on i n mul t i pl e st or y bui l di ngs:   made wi t h met al  condui t  i n 
f i r e- r at ed shaf t s,  wi t h met al  condui t  ext endi ng t hr ough shaf t s f or  mi ni mum 
di st ance of  6 i nches.   Fi r est op condui t  whi ch penet r at es f i r e- r at ed wal l s,  
f i r e- r at ed par t i t i ons,  or  f i r e- r at ed f l oor s i n accor dance wi t h Sect i on 
07 84 00 FI RESTOPPI NG.

3. 1. 3. 1   Pul l  Wi r e

I nst al l  pul l  wi r es i n empt y condui t s.   Pul l  wi r e:   pl ast i c havi ng mi ni mum 
200- pound f or ce t ensi l e st r engt h.   Leave mi ni mum 36 i nches of  s l ack at  
each end of  pul l  wi r e.

3. 1. 4   Condui t  I nst al l at i on

Unl ess i ndi cat ed ot her wi se,  conceal  condui t  under  f l oor  s l abs and wi t hi n 
f i ni shed wal l s,  cei l i ngs,  and f l oor s.   Keep condui t  mi ni mum 6 i nches away 
f r om par al l el  r uns of  f l ues and st eam or  hot  wat er  pi pes.   I nst al l  condui t  
par al l el  wi t h or  at  r i ght  angl es t o cei l i ngs,  wal l s,  and st r uct ur al  
member s wher e l ocat ed above accessi bl e cei l i ngs and wher e condui t  wi l l  be 
v i s i bl e af t er  compl et i on of  pr oj ect .

3. 1. 4. 1   Rest r i ct i ons Appl i cabl e t o Al umi num Condui t

a.   Do not  i nst al l  under gr ound or  encase i n concr et e or  masonr y.

b.   Do not  use br ass or  br onze f i t t i ngs.

c.   Do not  use when t he encl osed conduct or s must  be shi el ded f r om t he 
ef f ect s of  Hi gh- al t i t ude El ect r omagnet i c Pul se ( HEMP) .

3. 1. 4. 2   Rest r i ct i ons Appl i cabl e t o EMT

a.   Do not  i nst al l  under gr ound.

b.   Do not  encase i n concr et e,  mor t ar ,  gr out ,  or  ot her  cement i t i ous 
mat er i al s.

c.   Do not  use i n ar eas subj ect  t o physi cal  damage i ncl udi ng but  not  
l i mi t ed t o equi pment  r ooms wher e movi ng or  r epl aci ng equi pment  coul d 
physi cal l y damage t he EMT.

d.   Do not  use out door s.

e.   Do not  use when t he encl osed conduct or s must  be shi el ded f r om t he 
ef f ect s of  Hi gh- al t i t ude El ect r omagnet i c Pul se ( HEMP) .

3. 1. 4. 3   Rest r i ct i ons Appl i cabl e t o Nonmet al l i c  Condui t

a.   PVC Schedul e 40.
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( 1)  Do not  use wher e subj ect  t o physi cal  damage,  i ncl udi ng but  not  
l i mi t ed t o,  mechani cal  equi pment  r ooms,  el ect r i cal  equi pment  
r ooms,  f i r e pump r ooms,  and wher e r est r i ct i ons ar e appl y i ng t o 
bot h PVC Schedul e 40 and PVC Schedul e 80.

( 2)  Do not  use above gr ade,  except  wher e al l owed i n t hi s sect i on f or  
r i s i ng t hr ough f l oor  s l ab or  i ndi cat ed ot her wi se.  

b.   PVC Schedul e 80.  

( 1)  Do not  use wher e subj ect  t o physi cal  damage,  i ncl udi ng but  not  
l i mi t ed t o,  hospi t al s,  power  pl ant ,  mi ssi l e magazi nes,  and ot her  
such ar eas.

( 2)  Do not  use i n hazar dous ( c l assi f i ed)  ar eas.

( 3)  Do not  use i n penet r at i ng f i r e- r at ed wal l s or  par t i t i ons,  or  
f i r e- r at ed f l oor s.

-
3. 1. 4. 4   Rest r i ct i ons Appl i cabl e t o Fl exi bl e Condui t

Use onl y as speci f i ed i n par agr aph FLEXI BLE CONNECTI ONS.   Do not  use when 
t he encl osed conduct or s must  be shi el ded f r om t he ef f ect s of  Hi gh- al t i t ude 
El ect r omagnet i c Pul se ( HEMP) .

3. 1. 4. 5   Under gr ound Condui t

Pl ast i c- coat ed r i gi d st eel ;  pl ast i c- coat ed st eel  I MC;  PVC,  Type EPC- 40.   
Conver t  nonmet al l i c  condui t ,  ot her  t han PVC Schedul e 40 or  80,  t o 
pl ast i c- coat ed r i gi d,  or  I MC,  st eel  condui t  bef or e r i s i ng t hr ough f l oor  
s l ab.   Pl ast i c coat i ng:   ext end mi ni mum 6 i nches above f l oor .

3. 1. 4. 6   Condui t  I nst al l ed Under  Fl oor  Sl abs

Condui t  r un under  f l oor  s l ab:   l ocat ed a mi ni mum of  12_____ i nches bel ow 
t he vapor  bar r i er .   Seal  ar ound condui t s at  penet r at i ons t hr u vapor  
bar r i er .   Use NECA NEI S 1 Tabl e 2a ( Mi ni mum Raceway Spaci ng)  t o det er mi ne 
under  f l oor  s l ab condui t  spaci ng unl ess gr eat er  spaci ng i s r equi r ed 
el sewher e i n t hi s sect i on.

3. 1. 4. 7   Condui t  Thr ough Fl oor  Sl abs

Wher e condui t s r i se t hr ough f l oor  s l abs,  do not  al l ow cur ved por t i on of  
bends t o be vi s i bl e above f i ni shed sl ab.   Wher e condui t  r i ses t hr ough 
sl ab- on gr ade,  seal  al l  el ect r i cal  penet r at i ons t o addr ess r adon 
mi t i gat i on and pr event  i nf i l t r at i on of  ai r ,  i nsect s,  and ver mi n.

3. 1. 4. 8   Condui t  Suppor t

Suppor t  condui t  by pi pe st r aps,  wal l  br acket s,  t hr eaded r od condui t  
hanger s,  or  cei l i ng t r apeze.   Pl ast i c cabl e t i es ar e not  accept abl e.   
Fast en by wood scr ews t o wood;  by t oggl e bol t s on hol l ow masonr y uni t s;  by 
concr et e i nser t s or  expansi on bol t s on concr et e or  br i ck;  and by machi ne 
scr ews,  wel ded t hr eaded st uds,  or  spr i ng- t ensi on cl amps on st eel  wor k.   
Thr eaded C- cl amps may be used on r i gi d st eel  condui t  onl y.   Do not  wel d 
condui t s or  pi pe st r aps t o st eel  st r uct ur es.   Do not  exceed one- f our t h 
pr oof  t est  l oad f or  l oad appl i ed t o f ast ener s.   Pr ovi de vi br at i on 
r esi st ant  and shock- r esi st ant  f ast ener s at t ached t o concr et e cei l i ng.   Do 
not  cut  mai n r ei nf or ci ng bar s f or  any hol es cut  t o dept h of  mor e t han 1 
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1/ 2 i nches i n r ei nf or ced concr et e beams or  t o dept h of  mor e t han 3/ 4 i nch 
i n concr et e j oi nt s.   Fi l l  unused hol es.   I n par t i t i ons of  l i ght  st eel  
const r uct i on,  use sheet  met al  scr ews.   I n suspended- cei l i ng const r uct i on,  
r un condui t  above cei l i ng.   Do not  suppor t  condui t  by cei l i ng suppor t  
syst em.   Condui t  and box syst ems:   suppor t ed i ndependent l y of  bot h ( a)  t i e 
wi r es suppor t i ng cei l i ng gr i d syst em,  and ( b)  cei l i ng gr i d syst em i nt o 
whi ch cei l i ng panel s ar e pl aced.   Do not  shar e suppor t i ng means bet ween 
el ect r i cal  r aceways and mechani cal  pi pi ng or  duct s.   I dent i f y i ndependent  
condui t  suppor t  i n bot h f i r e and non- f i r e r at ed assembl i es per  NFPA 70.   
Coor di nat e i nst al l at i on wi t h above- cei l i ng mechani cal  syst ems t o assur e 
maxi mum accessi bi l i t y  t o al l  syst ems.   Spr i ng- st eel  f ast ener s may be used 
f or  l i ght i ng br anch ci r cui t  condui t  suppor t s i n suspended cei l i ngs i n dr y 
l ocat i ons.  Wher e condui t  cr osses bui l di ng expansi on j oi nt s,  pr ovi de 
sui t abl e wat er t i ght  expansi on f i t t i ng t hat  mai nt ai ns condui t  el ect r i cal  
cont i nui t y by bondi ng j umper s or  ot her  means.   For  condui t s gr eat er  t han 2 
1/ 2 i nches i nsi de di amet er ,  pr ovi de suppor t s t o r esi st  f or ces of  0. 5 t i mes 
t he equi pment  wei ght  i n any di r ect i on and 1. 5 t i mes t he equi pment  wei ght  
i n t he downwar d di r ect i on.

3. 1. 4. 9   Di r ect i onal  Changes i n Condui t  Runs

Make changes i n di r ect i on of  r uns wi t h symmet r i cal  bends or  cast - met al  
f i t t i ngs.   Make f i el d- made bends and of f set s wi t h hi ckey or  
condui t - bendi ng machi ne.   Do not  i nst al l  cr ushed or  def or med condui t s.   
Avoi d t r apped condui t s.   Pr event  pl ast er ,  di r t ,  or  t r ash f r om l odgi ng i n 
condui t s,  boxes,  f i t t i ngs,  and equi pment  dur i ng const r uct i on.   Fr ee 
cl ogged condui t s of  obst r uct i ons.

3. 1. 4. 10   Locknut s and Bushi ngs

Fast en condui t s t o sheet  met al  boxes and cabi net s wi t h t wo l ocknut s wher e 
r equi r ed by NFPA 70,  wher e i nsul at ed bushi ngs ar e used,  and wher e bushi ngs 
cannot  be br ought  i nt o f i r m cont act  wi t h t he box;  ot her wi se,  use at  l east  
mi ni mum si ngl e l ocknut  and bushi ng.   Pr ovi de l ocknut s wi t h shar p edges f or  
di ggi ng i nt o wal l  of  met al  encl osur es.   I nst al l  bushi ngs on ends of  
condui t s,  and pr ovi de i nsul at i ng t ype wher e r equi r ed by NFPA 70.

3. 1. 4. 11   Fl exi bl e Connect i ons

Pr ovi de f l exi bl e st eel  condui t  bet ween 3 and 6 f eet  i n l engt h f or  r ecessed 
and semi r ecessed l i ght i ng f i x t ur es;  f or  equi pment  subj ect  t o v i br at i on,  
noi se t r ansmi ssi on,  or  movement ;  and f or  mot or s.   I nst al l  f l exi bl e condui t  
t o al l ow 20 per cent  s l ack.   Mi ni mum f l exi bl e st eel  condui t  s i ze:   1/ 2 i nch 
di amet er .   Pr ovi de l i qui d t i ght  f l exi bl e condui t  i n wet  and damp l ocat i ons 
and i n f i r e pump r ooms f or  equi pment  subj ect  t o v i br at i on,  noi se 
t r ansmi ssi on,  movement  or  mot or s.   Pr ovi de separ at e gr ound conduct or  
acr oss f l exi bl e connect i ons.   Pl ast i c cabl e t i es ar e not  accept abl e as a 
suppor t  met hod.

3. 1. 4. 12   Tel ecommuni cat i ons and Si gnal  Syst em Pat hway

I nst al l  t el ecommuni cat i ons pat hway i n accor dance wi t h TI A- 569.

a.   Hor i zont al  Pat hway:   Tel ecommuni cat i ons pat hways f r om t he wor k ar ea t o 
t he t el ecommuni cat i ons r oom:   i nst al l ed and cabl i ng l engt h 
r equi r ement s i n accor dance wi t h TI A- 568. 1.   Si ze condui t s as i ndi cat ed.
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3. 1. 5   Cabl e Tr ay I nst al l at i on

I nst al l  and gr ound i n accor dance wi t h NFPA 70.   I n addi t i on,  i nst al l  and 
gr ound t el ecommuni cat i ons cabl e t r ay i n accor dance wi t h TI A- 569,  and 
TI A- 607.   I nst al l  cabl e t r ays par al l el  wi t h or  at  r i ght  angl es t o 
cei l i ngs,  wal l s,  and st r uct ur al  member s.   Cabl e t r ay and t r ay suppor t s 
must  not  par t i al l y  nor  compl et el y obst r uct  access t o t he r oom.    Adj acent  
cabl e t r ay sect i ons:   bonded t oget her  by connect or  pl at es of  an i dent i cal  
t ype as t he cabl e t r ay sect i ons.   For  gr oundi ng of  cabl e t r ay syst em 
pr ovi de No.  2 AWG bar e copper  wi r e t hr oughout  cabl e t r ay syst em,  and bond 
t o each sect i on,  except  use No.  1/ 0 al umi num wi r e i f  cabl e t r ay i s 
al umi num.   Ter mi nat e cabl e t r ays 10 i nches f r om bot h s i des of  smoke and 
f i r e par t i t i ons.   I nst al l  conduct or s r un t hr ough smoke and f i r e par t i t i ons 
i n 4 i nch r i gi d st eel  condui t s wi t h gr oundi ng bushi ngs,  ext endi ng 12 i nches
 beyond each si de of  par t i t i ons.   Seal  condui t  on bot h ends t o mai nt ai n 
smoke and f i r e r at i ngs of  par t i t i ons.   Fi r est op penet r at i ons i n accor dance 
wi t h Sect i on 07 84 00,  FI RESTOPPI NG.   Pr ovi de suppor t s t o r esi st  f or ces of  
0. 5 t i mes t he equi pment  wei ght  i n any di r ect i on and 1. 5 t i mes t he 
equi pment  wei ght  i n t he downwar d di r ect i on.

I n addi t i on,  i nst al l  and gr ound t el ecommuni cat i ons cabl e t r ay i n 
accor dance wi t h TI A- 569,  and TI A- 607.   Ensur e edges,  f i t t i ngs,  and 
har dwar e ar e f i ni shed f r ee f r om bur r s and shar p edges.   Use No.  1/ 0 
al umi num wi r e i f  cabl e t r ay i s al umi num.

3. 1. 6   Boxes,  Out l et s,  and Suppor t s

Pr ovi de boxes i n wi r i ng and r aceway syst ems wher ever  r equi r ed f or  pul l i ng 
of  wi r es,  maki ng connect i ons,  and mount i ng of  devi ces or  f i x t ur es.   Boxes 
f or  met al l i c  r aceways:   cast - met al ,  hub- t ype when l ocat ed i n wet  
l ocat i ons,  when sur f ace mount ed on out si de of  ext er i or  sur f aces,  when 
sur f ace mount ed on i nt er i or  wal l s exposed up t o 7 f eet  above f l oor s and 
wal kways,  and when speci f i cal l y i ndi cat ed.   Boxes i n ot her  l ocat i ons:   
sheet  st eel ,  except  t hat  al umi num boxes may be used wi t h al umi num condui t  .   
Pr ovi de each box wi t h vol ume r equi r ed by NFPA 70 f or  number  of  conduct or s 
encl osed i n box.   Boxes f or  mount i ng l i ght i ng f i x t ur es:   mi ni mum 4 i nches 
squar e,  or  oct agonal ,  except  t hat  smal l er  boxes may be i nst al l ed as 
r equi r ed by f i x t ur e conf i gur at i ons,  as appr oved.   Boxes f or  use i n 
masonr y- bl ock or  t i l e wal l s:   squar e- cor ner ed,  t i l e- t ype,  or  st andar d 
boxes havi ng squar e- cor ner ed,  t i l e- t ype cover s.   Pr ovi de gasket s f or  
cast - met al  boxes i nst al l ed i n wet  l ocat i ons and boxes i nst al l ed f l ush wi t h 
out si de of  ext er i or  sur f aces.   Pr ovi de separ at e boxes f or  f l ush or  
r ecessed f i xt ur es when r equi r ed by f i x t ur e t er mi nal  oper at i ng t emper at ur e;  
pr ovi de r eadi l y r emovabl e f i x t ur es f or  access t o boxes unl ess cei l i ng 
access panel s ar e pr ovi ded.   Suppor t  boxes and pendant s f or  
sur f ace- mount ed f i xt ur es on suspended cei l i ngs i ndependent l y of  cei l i ng 
suppor t s.   Fast en boxes and suppor t s wi t h wood scr ews on wood,  wi t h bol t s 
and expansi on shi el ds on concr et e or  br i ck,  wi t h t oggl e bol t s on hol l ow 
masonr y uni t s,  and wi t h machi ne scr ews or  wel ded st uds on st eel .   Thr eaded 
st uds dr i ven i n by powder  char ge and pr ovi ded wi t h l ock washer s and nut s 
or  nai l - t ype nyl on anchor s may be used i n l i eu of  wood scr ews,  expansi on 
shi el ds,  or  machi ne scr ews.   I n open over head spaces,  cast  boxes t hr eaded 
t o r aceways need not  be separ at el y suppor t ed except  wher e used f or  f i x t ur e 
suppor t ;  suppor t  sheet  met al  boxes di r ect l y f r om bui l di ng st r uct ur e or  by 
bar  hanger s.   Wher e bar  hanger s ar e used,  at t ach bar  t o r aceways on 
opposi t e s i des of  box,  and suppor t  r aceway wi t h appr oved- t ype f ast ener  
maxi mum 24 i nches f r om box.   When penet r at i ng r ei nf or ced concr et e member s,  
avoi d cut t i ng r ei nf or ci ng st eel .
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3. 1. 6. 1   Boxes

Boxes f or  use wi t h r aceway syst ems:   mi ni mum 1 1/ 2 i nches deep,  except  
wher e shal l ower  boxes r equi r ed by st r uct ur al  condi t i ons ar e appr oved.   
Boxes f or  ot her  t han l i ght i ng f i x t ur e out l et s:   mi ni mum 4 i nches squar e,  
except  t hat  4 by 2 i nch boxes may be used wher e onl y one r aceway ent er s 
out l et .

3. 1. 6. 2   Pul l  Boxes

Const r uct  of  at  l east  mi ni mum si ze r equi r ed by NFPA 70 of  code- gauge 
al umi num or  gal vani zed sheet  st eel ,  except  wher e cast - met al  boxes ar e 
r equi r ed i n l ocat i ons speci f i ed her ei n.   Pr ovi de boxes wi t h scr ew- f ast ened 
cover s.   Wher e sever al  f eeder s pass t hr ough common pul l  box,  t ag f eeder s 
t o i ndi cat e c l ear l y el ect r i cal  char act er i st i cs,  c i r cui t  number ,  and panel  
desi gnat i on.

3. 1. 6. 3   Ext ensi on Ri ngs

Ext ensi on r i ngs ar e not  per mi t t ed f or  new const r uct i on.   Use onl y on 
exi st i ng boxes i n conceal ed condui t  syst ems wher e wal l  i s  f ur r ed out  f or  
new f i ni sh.

3. 1. 7   Mount i ng Hei ght s

Mount  panel boar ds,  c i r cui t  br eaker s,  and di sconnect i ng swi t ches so hei ght  
of  cent er  of  gr i p of  t he oper at i ng handl e of  t he swi t ch or  c i r cui t  br eaker  
at  i t s  hi ghest  posi t i on i s maxi mum 79 i nches above f l oor  or  wor ki ng 
pl at f or m or  as al l owed i n Sect i on 404. 8 per  NFPA 70.   Mount  l i ght i ng 
swi t ches 48 i nches above f i ni shed f l oor .   Mount  r ecept acl es and 
t el ecommuni cat i ons out l et s 18 i nches above f i ni shed f l oor ,  unl ess 
ot her wi se i ndi cat ed  Mount  ot her  devi ces as i ndi cat ed.  Measur e mount i ng 
hei ght s of  wi r i ng devi ces and out l et s i n non- hazar dous ar eas t o cent er  of  
devi ce or  out l et .

3. 1. 8   Conduct or  I dent i f i cat i on

Pr ovi de conduct or  i dent i f i cat i on wi t hi n each encl osur e wher e t ap,  spl i ce,  
or  t er mi nat i on i s made.   For  conduct or s No.  6 AWG and smal l er  di amet er ,  
pr ovi de col or  codi ng by f act or y- appl i ed,  col or - i mpr egnat ed i nsul at i on.   
For  conduct or s No.  4 AWG and l ar ger  di amet er ,  pr ovi de col or  codi ng by 
pl ast i c- coat ed,  sel f - st i cki ng mar ker s;  col or ed nyl on cabl e t i es and 
pl at es;  or  heat  shr i nk- t ype sl eeves.    Pr ovi de t el ecommuni cat i ons syst em 
conduct or  i dent i f i cat i on as speci f i ed i n Sect i on 27 10 00 BUI LDI NG 
TELECOMMUNI CATI ONS CABLI NG SYSTEMS.

3. 1. 8. 1   Mar ki ng St r i ps

Pr ovi de mar ki ng st r i ps f or  i dent i f i cat i on of  power  di st r i but i on,  cont r ol ,  
dat a,  and communi cat i ons cabl es i n accor dance wi t h t he f ol l owi ng:

a.   Pr ovi de whi t e or  ot her  l i ght - col or ed pl ast i c mar ki ng st r i ps,  f ast ened 
by scr ews t o each t er mi nal  bl ock,  f or  wi r e desi gnat i ons.

b.   Use per manent  i nk f or  t he wi r e number s

c.   Pr ovi de r ever si bl e mar ki ng st r i ps t o per mi t  mar ki ng bot h s i des,  or  
pr ovi de t wo mar ki ng st r i ps wi t h each bl ock.
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d.   Si ze mar ki ng st r i ps t o accommodat e t he t wo set s of  wi r e number s.

e.   Assi gn a devi ce desi gnat i on i n accor dance wi t h NEMA I CS 1 t o each 
devi ce t o whi ch a connect i on i s made.   Mar k each devi ce t er mi nal  t o 
whi ch a connect i on i s made wi t h a di st i nct  t er mi nal  mar ki ng 
cor r espondi ng t o t he wi r e desi gnat i on used on t he Cont r act or ' s 
schemat i c and connect i on di agr ams.

f .   The wi r e ( t er mi nal  poi nt )  desi gnat i ons used on t he Cont r act or ' s wi r i ng 
di agr ams and pr i nt ed on t er mi nal  bl ock mar ki ng st r i ps may be accor di ng 
t o t he Cont r act or ' s st andar d pr act i ce;  however ,  pr ovi de addi t i onal  
wi r e and cabl e desi gnat i ons f or  i dent i f i cat i on of  r emot e ( ext er nal )  
c i r cui t s f or  t he Gover nment ' s wi r e desi gnat i ons.

g.   Pr i nt s of  t he mar ki ng st r i ps dr awi ngs submi t t ed f or  appr oval  wi l l  be 
so mar ked and r et ur ned t o t he Cont r act or  f or  addi t i on of  t he 
desi gnat i ons t o t he t er mi nal  st r i ps and t r aci ngs,  al ong wi t h any 
r ear r angement  of  poi nt s r equi r ed.

3. 1. 9   El ect r i cal  Penet r at i ons

Seal  openi ngs ar ound el ect r i cal  penet r at i ons t hr ough f i r e r esi st ance- r at ed 
wal l s,  par t i t i ons,  f l oor s,  or  cei l i ngs i n accor dance wi t h Sect i on 07 84 00 
FI RESTOPPI NG.

3. 1. 10   Gr oundi ng and Bondi ng

Pr ovi de i n accor dance wi t h NFPA 70 and NFPA 780.   Gr ound exposed,  
non- cur r ent - car r y i ng met al l i c  par t s of  el ect r i cal  equi pment ,  met al l i c  
r aceway syst ems,  gr oundi ng conduct or  i n met al l i c  and nonmet al l i c  r aceways,  
t el ecommuni cat i ons syst em gr ounds,  and neut r al  conduct or  of  wi r i ng syst ems.
  Make gr ound connect i on at  mai n ser vi ce equi pment ,  and ext end gr oundi ng 
conduct or  t o poi nt  of  ent r ance of  met al l i c  wat er  ser vi ce.   Make connect i on 
t o wat er  pi pe by sui t abl e gr ound cl amp or  l ug connect i on t o pl ugged t ee.  
I f  f l anged pi pes ar e encount er ed,  make connect i on wi t h l ug bol t ed t o 
st r eet  s i de of  f l anged connect i on.   Suppl ement  met al l i c  wat er  ser vi ce 
gr oundi ng syst em wi t h addi t i onal  made el ect r ode i n compl i ance wi t h NFPA 70.
    I nt er connect  al l  gr oundi ng medi a i n or  on t he st r uct ur e t o pr ovi de a 
common gr ound pot ent i al .   Thi s i ncl udes l i ght ni ng pr ot ect i on,  el ect r i cal  
ser vi ce,  t el ecommuni cat i ons syst em gr ounds,  as wel l  as under gr ound 
met al l i c  pi pi ng syst ems.   Make i nt er connect i on t o t he gas l i ne on t he 
cust omer ' s s i de of  t he met er .   Use mai n s i ze l i ght ni ng conduct or s f or  
i nt er connect i ng t hese gr oundi ng syst ems t o t he l i ght ni ng pr ot ect i on syst em.
  I n addi t i on t o t he r equi r ement s speci f i ed her ei n,  pr ovi de 
t el ecommuni cat i ons gr oundi ng i n accor dance wi t h TI A- 607.   Wher e gr ound 
f aul t  pr ot ect i on i s empl oyed,  ensur e t hat  connect i on of  gr ound and neut r al  
does not  i nt er f er e wi t h cor r ect  oper at i on of  f aul t  pr ot ect i on.

3. 1. 10. 1   Gr ound Rods

Pr ovi de gr ound r ods and measur e t he r esi st ance t o gr ound usi ng t he 
f al l - of - pot ent i al  met hod descr i bed i n I EEE 81.   Do not  exceed 25 ohms 
under  nor mal l y dr y condi t i ons f or  t he maxi mum r esi st ance of  a dr i ven 
gr ound.   I f  t hi s r esi st ance cannot  be obt ai ned wi t h a s i ngl e r od,  3 
addi t i onal  r ods,  spaced on cent er .    Spaci ng f or  addi t i onal  r ods must  be a 
mi ni mum of  10 f eet ,  or  i f  sect i onal  t ype r ods ar e used,  3 addi t i onal  
sect i ons may be coupl ed and dr i ven wi t h t he f i r st  r od.   I f  t he r esul t ant  
r esi st ance exceeds 25 ohms measur ed not  l ess t han 48 hour s af t er  r ai nf al l ,  
not i f y t he Cont r act i ng Of f i cer  who wi l l  deci de on t he number  of  gr ound 
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r ods t o add.

 3. 1. 10. 2   Gr oundi ng Connect i ons

Make gr oundi ng connect i ons whi ch ar e bur i ed or  ot her wi se nor mal l y 
i naccessi bl e,  except i ng speci f i cal l y t hose connect i ons f or  whi ch access 
f or  per i odi c t est i ng i s r equi r ed,  by exot her mi c wel d or  hi gh compr essi on 
connect or .

a.   Make exot her mi c wel ds st r i ct l y i n accor dance wi t h t he wel d 
manuf act ur er ' s wr i t t en r ecommendat i ons.   Wel ds whi ch ar e " puf f ed up"  
or  whi ch show convex sur f aces i ndi cat i ng i mpr oper  c l eani ng ar e not  
accept abl e.   Mechani cal  connect or s ar e not  r equi r ed at  exot her mi c 
wel ds.

b.   Make hi gh compr essi on connect i ons usi ng a hydr aul i c or  el ect r i c 
compr essi on t ool  t o pr ovi de t he cor r ect  c i r cumf er ent i al  pr essur e.   
Pr ovi de t ool s and di es as r ecommended by t he manuf act ur er .   Use an 
embossi ng di e code or  ot her  st andar d met hod t o pr ovi de vi s i bl e 
i ndi cat i on t hat  a connect or  has been adequat el y compr essed on t he 
gr ound wi r e.

3. 1. 10. 3   Resi st ance

Maxi mum r esi st ance- t o- gr ound of  gr oundi ng syst em:   do not  exceed 25 ohms 
under  dr y condi t i ons.   Wher e r esi st ance obt ai ned exceeds 25ohms,  cont act  
Cont r act i ng Of f i cer  f or  f ur t her  i nst r uct i ons.

3. 1. 10. 4   Tel ecommuni cat i ons Syst em

Pr ovi de t el ecommuni cat i ons gr oundi ng i n accor dance wi t h t he f ol l owi ng:

a.   Tel ecommuni cat i ons Gr oundi ng Busbar s:   Pr ovi de a Pr i mar y bondi ng 
busbar  ( PBB)  i n t he t el ecommuni cat i ons ent r ance f aci l i t y .    

b.   Tel ecommuni cat i ons Bondi ng Conduct or s:   Pr ovi de mai n 
t el ecommuni cat i ons ser vi ce equi pment  gr ound consi st i ng of  separ at e 
bondi ng conduct or  f or  t el ecommuni cat i ons,  bet ween t he PBB and r eadi l y 
accessi bl e gr oundi ng connect i on of  t he el ect r i cal  ser vi ce.   Gr oundi ng 
and bondi ng conduct or s shoul d not  be pl aced i n f er r ous met al l i c  
condui t .   I f  i t  i s  necessar y t o pl ace gr oundi ng and bondi ng conduct or s 
i n f er r ous met al l i c  condui t  t hat  exceeds 3 f eet  i n l engt h,  bond t he 
conduct or s t o each end of  t he condui t  usi ng a gr oundi ng bushi ng or  a 
No.  6 AWG conduct or ,  mi ni mum.

c.   Tel ecommuni cat i ons Gr oundi ng Connect i ons:   Tel ecommuni cat i ons 
gr oundi ng connect i ons t o t he PBB:   ut i l i ze l i s t ed compr essi on t wo- hol e 
l ugs,  exot her mi c wel di ng,  sui t abl e and equi val ent  one hol e 
non- t wi st i ng l ugs,  or  ot her  i r r ever si bl e compr essi on t ype 
connect i ons.   Bond al l  met al l i c  pat hways,  cabi net s,  and r acks f or  
t el ecommuni cat i ons cabl i ng and i nt er connect i ng har dwar e l ocat ed wi t hi n 
t he comm r oom t o t he PBB.   I n a met al  f r ame ( st r uct ur al  st eel )  
bui l di ng,  wher e t he st eel  f r amewor k i s r eadi l y accessi bl e wi t hi n t he 
r oom;  bond each PBB t o t he ver t i cal  st eel  met al  f r ame usi ng a mi ni mum 
No.  6 AWG conduct or .   Al l  connect or s used f or  bondi ng t o t he met al  
f r ame of  a bui l di ng must  be l i s t ed f or  t he i nt ended pur pose.
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3. 1. 11   Equi pment  Connect i ons

Pr ovi de power  wi r i ng f or  t he connect i on of  mot or s and cont r ol  equi pment  
under  t hi s sect i on of  t he speci f i cat i on.   Except  as ot her wi se speci f i cal l y 
not ed or  speci f i ed,  aut omat i c cont r ol  wi r i ng,  cont r ol  devi ces,  and 
pr ot ect i ve devi ces wi t hi n t he cont r ol  c i r cui t r y ar e not  i ncl uded i n t hi s 
sect i on of  t he speci f i cat i ons and ar e pr ovi ded under  t he sect i on 
speci f y i ng t he associ at ed equi pment .

3. 1. 12   Gover nment - Fur ni shed Equi pment

Cont r act or  make connect i ons t o Gover nment - f ur ni shed equi pment  t o make 
equi pment  oper at e as i nt ended,  i ncl udi ng pr ovi di ng mi scel l aneous i t ems 
such as pl ugs,  r ecept acl es,  wi r e,  cabl e,  condui t ,  f l exi bl e condui t ,  and 
out l et  boxes or  f i t t i ngs.

3. 1. 13   Repai r  of  Exi st i ng Wor k

Per f or m r epai r  of  exi st i ng wor k,  demol i t i on,  and modi f i cat i on of  exi st i ng 
el ect r i cal  di st r i but i on syst ems as f ol l ows:

3. 1. 13. 1   Wor kmanshi p

Lay out  wor k i n advance.   Exer ci se car e wher e cut t i ng,  channel i ng,  
chasi ng,  or  dr i l l i ng of  f l oor s,  wal l s,  par t i t i ons,  cei l i ngs,  or  ot her  
sur f aces i s necessar y f or  pr oper  i nst al l at i on,  suppor t ,  or  anchor age of  
condui t ,  r aceways,  or  ot her  el ect r i cal  wor k.   Repai r  damage t o bui l di ngs,  
pi pi ng,  and equi pment  usi ng ski l l ed cr af t smen of  t r ades i nvol ved.

3. 1. 13. 2   Exi st i ng Conceal ed Wi r i ng t o be Removed

Di sconnect  exi st i ng conceal ed wi r i ng t o be r emoved f r om i t s sour ce.   
Remove conduct or s;  cut  condui t  f l ush wi t h f l oor ,  under si de of  f l oor ,  and 
t hr ough wal l s;  and seal  openi ngs.

3. 1. 13. 3   Removal  of  Exi st i ng El ect r i cal  Di st r i but i on Syst em

Removal  of  exi st i ng el ect r i cal  di st r i but i on syst em equi pment  i ncl udes 
equi pment ' s associ at ed wi r i ng,  i ncl udi ng conduct or s,  cabl es,  exposed 
condui t ,  sur f ace met al  r aceways,  boxes,  and f i t t i ngs, as i ndi cat ed.

3. 1. 14   Wat t hour  Met er s

ANSI  C12. 1.

3. 1. 15   Sur ge Pr ot ect i ve Devi ces

Connect  t he sur ge pr ot ect i ve devi ces i n par al l el  t o t he power  sour ce,  
keepi ng t he conduct or s as shor t  and st r ai ght  as pr act i cal l y possi bl e.   
Maxi mum al l owed l ead l engt h i s 3 f eet  avoi di ng 90 degr ee bends.   Do not  
l ocat e sur ge pr ot ect i ve devi ces i nsi de a panel boar d or  swi t chboar d 
encl osur e.

3. 2   FI ELD FABRI CATED NAMEPLATE MOUNTI NG

Pr ovi de number ,  l ocat i on,  and l et t er  desi gnat i on of  namepl at es as 
i ndi cat ed.   Fast en namepl at es t o t he devi ce wi t h a mi ni mum of  t wo 
sheet - met al  scr ews or  t wo r i vet s.   Pr ovi de namepl at e on al l  equi pment  i n 
access cont r ol l ed spaces and ar eas.
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3. 3   WARNI NG SI GN MOUNTI NG

Pr ovi de t he number  of  s i gns r equi r ed t o be r eadabl e f r om each accessi bl e 
s i de.   Space t he si gns i n accor dance wi t h NFPA 70E.

3. 4   FI ELD APPLI ED PAI NTI NG

Pai nt  el ect r i cal  equi pment  as r equi r ed t o mat ch f i ni sh of  adj acent  
sur f aces or  t o meet  t he i ndi cat ed or  speci f i ed saf et y cr i t er i a.   
Pai nt i ng:   as speci f i ed i n Sect i on 09 90 00 PAI NTS AND COATI NGS.

3. 5   FI ELD QUALI TY CONTROL

Fur ni sh t est  equi pment  and per sonnel  and submi t  wr i t t en copi es of  t est  
r esul t s.   Gi ve Cont r act i ng Of f i cer  5 wor ki ng days not i ce pr i or  t o each t est .   
Wher e appl i cabl e,  t est  el ect r i cal  equi pment  i n accor dance wi t h NETA ATS.

3. 5. 1   Devi ces Subj ect  t o Manual  Oper at i on

Oper at e each devi ce subj ect  t o manual  oper at i on at  l east  f i ve t i mes,  
demonst r at i ng sat i sf act or y oper at i on each t i me.

3. 5. 2   600- Vol t  Wi r i ng Test

Test  wi r i ng r at ed 600 vol t  and l ess t o ver i f y t hat  no shor t  c i r cui t s or  
acci dent al  gr ounds exi st .   Per f or m i nsul at i on r esi st ance t est s on wi r i ng 
No.  6 AWG and l ar ger  di amet er  usi ng i nst r ument  whi ch appl i es vol t age of  
1, 000 vol t s DC f or  600 vol t  r at ed wi r i ng and 500 vol t s DC f or  300 vol t  
r at ed wi r i ng per  NETA ATS t o pr ovi de di r ect  r eadi ng of  r esi st ance.   Al l  
exi st i ng wi r i ng t o be r eused must  al so be t est ed.

3. 5. 3   Gr ound- Faul t  Recept acl e Test

Test  gr ound- f aul t  r ecept acl es wi t h a " l oad"  ( such as a pl ug i n l i ght )  t o 
ver i f y t hat  t he " l i ne"  and " l oad"  l eads ar e not  r ever sed.   Pr ess t he TEST 
but t on and t hen t he RESET but t on t o ver i f y by LED st at us t hat  t he devi ce 
i s a sel f - t est  model  as speci f i ed i n UL 943.

3. 5. 4   Gr oundi ng Syst em Test

Test  gr oundi ng syst em t o ensur e cont i nui t y,  and t hat  r esi st ance t o gr ound 
i s not  excessi ve.   Test  each gr ound r od f or  r esi st ance t o gr ound bef or e 
maki ng connect i ons t o r od;  t i e gr oundi ng syst em t oget her  and t est  f or  
r esi st ance t o gr ound.   Make r esi st ance measur ement s i n dr y weat her ,  not  
ear l i er  t han 48 hour s af t er  r ai nf al l .   Submi t  wr i t t en r esul t s of  each t est  
t o Cont r act i ng Of f i cer ,  and i ndi cat e l ocat i on of  r ods as wel l  as 
r esi st ance and soi l  condi t i ons at  t i me measur ement s wer e made.

3. 5. 5   Wat t hour  Met er

a.   Vi sual  and mechani cal  i nspect i on

( 1)  Exami ne f or  br oken par t s,  shi ppi ng damage,  and t i ght ness of  
connect i ons.

( 2)  Ver i f y t hat  met er  t ype,  scal es,  and connect i ons ar e i n accor dance 
wi t h appr oved shop dr awi ngs.
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b.   El ect r i cal  t est s

( 1)  Det er mi ne accur acy of  met er .

( 2)  Cal i br at e wat t hour  met er s t o one- hal f  per cent .

( 3)  Ver i f y t hat  cor r ect  mul t i pl i er  has been pl aced on f ace of  met er ,  
wher e appl i cabl e.

3. 5. 6   Phase Rot at i on Test

Per f or m phase r ot at i on t est  t o ensur e pr oper  r ot at i on of  ser vi ce power  
pr i or  t o oper at i on of  new or  r ei nst al l ed equi pment  usi ng a phase r ot at i on 
met er .   Fol l ow t he met er  manual  di r ect i ons per f or mi ng t he t est .

        - -  End of  Sect i on - -
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 SECTI ON 26 29 23

ADJUSTABLE SPEED DRI VE ( ASD)  SYSTEMS UNDER 600 VOLTS
02/ 20,  CHG 1:  05/ 21

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

EUROPEAN COMMI TTEE FOR STANDARDI ZATI ON ( CEN/ CENELEC)

EN 61800- 3 ( 2017)  Requi r ement s f or  t he Cont r ol  of  
El ect r omagnet i c I nt er f er ence 
Char act er i st i cs of  Subsyst ems and Equi pment

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE 519 ( 2014)  Recommended Pr act i ces and 
Requi r ement s f or  Har moni c Cont r ol  i n 
El ect r i cal  Power  Syst ems

I EEE C62. 41. 1 ( 2002;  R 2008)  Gui de on t he Sur ges 
Envi r onment  i n Low- Vol t age ( 1000 V and 
Less)  AC Power  Ci r cui t s

I EEE C62. 41. 2 ( 2002)  Recommended Pr act i ce on 
Char act er i zat i on of  Sur ges i n Low- Vol t age 
( 1000 V and Less)  AC Power  Ci r cui t s

I NTERNATI ONAL ELECTROTECHNI CAL COMMI SSI ON ( I EC)

I EC 61000- 3- 12 ( 2012)  El ect r omagnet i c Compat i bi l i t y  ( EMC)  
-  Par t  3- 12:  Li mi t s -  Li mi t s f or  har moni c 
cur r ent s pr oduced by equi pment  connect ed 
t o publ i c l ow- vol t age syst ems wi t h i nput  
cur r ent  >16 A and </ =75 A per  phase

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA 250 ( 2020)  Encl osur es f or  El ect r i cal  Equi pment  
( 1000 Vol t s Maxi mum)

NEMA I CS 1 ( 2000;  R 2015)  St andar d f or  I ndust r i al  
Cont r ol  and Syst ems:  Gener al  Requi r ement s

NEMA I CS 3. 1 ( 2019)  Gui de f or  t he Appl i cat i on,  
Handl i ng,  St or age,  I nst al l at i on and 
Mai nt enance of  Medi um- Vol t age AC 
Cont act or s,  Cont r ol l er s and Cont r ol  Cent er s

NEMA I CS 6 ( 1993;  R 2016)  I ndust r i al  Cont r ol  and 
Syst ems:   Encl osur es

NEMA I CS 7 ( 2020)  Adj ust abl e- Speed Dr i ves
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NEMA I CS 7. 2 ( 2015)  Appl i cat i on Gui de f or  AC Adj ust abl e 
Speed Dr i ve Syst ems

NEMA MG 1 ( 2021)  Mot or s and Gener at or s

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 70 ( 2020;  TI A 22- 1;  ERTA 1 2022)  Nat i onal  
El ect r i cal  Code

U. S.  NATI ONAL ARCHI VES AND RECORDS ADMI NI STRATI ON ( NARA)

47 CFR 15 Radi o Fr equency Devi ces

UNDERWRI TERS LABORATORI ES ( UL)

UL 489 ( 2016;  Rev 2019)  UL St andar d f or  Saf et y 
Mol ded- Case Ci r cui t  Br eaker s,  Mol ded- Case 
Swi t ches and Ci r cui t - Br eaker  Encl osur es

UL 61800- 5- 1 ( 2016)  Adj ust abl e Speed El ect r i cal  Power  
Dr i ve Syst ems -  Par t  5- 1:  Saf et y 
Requi r ement s -  El ect r i cal ,  Ther mal  and 
Ener gy

1. 2   RELATED REQUI REMENTS

Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM appl i es t o t hi s sect i on wi t h 
addi t i ons and modi f i cat i ons speci f i ed her ei n.

1. 3   SYSTEM DESCRI PTI ON

1. 3. 1   Per f or mance Requi r ement s

1. 3. 1. 1   El ect r omagnet i c I nt er f er ence Suppr essi on

Comput i ng devi ces,  as def i ned by 47 CFR 15 and EN 61800- 3  r ul es and 
r egul at i ons,  must  be cer t i f i ed t o compl y wi t h t he r equi r ement s f or  c l ass A 
comput i ng devi ces and l abel ed.

1. 3. 1. 2   El ect r omechani cal  and El ect r i cal  Component s

Ensur e el ect r i cal  and el ect r omechani cal  component s of  t he Adj ust abl e Speed 
Dr i ve ( ASD)  do not  cause el ect r omagnet i c i nt er f er ence t o adj acent  
el ect r i cal  or  el ect r omechani cal  equi pment  whi l e i n oper at i on.

1. 3. 2   El ect r i cal  Requi r ement s

1. 3. 2. 1   Power  Li ne Sur ge Pr ot ect i on

I EEE C62. 41. 1 and I EEE C62. 41. 2,  I EEE 519,  I EC 61000- 3- 12 Cont r ol  panel  
must  have sur ge pr ot ect i on,  i ncl uded wi t hi n t he panel  t o pr ot ect  t he uni t  
f r om damagi ng t r ansi ent  vol t age sur ges.   Sur ge pr ot ect i ve devi ce must  be 
mount ed near  t he i ncomi ng power  sour ce and pr oper l y wi r ed t o al l  t hr ee 
phases and gr ound.   Fuses must  not  be used f or  sur ge pr ot ect i on.
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1. 3. 2. 2   Sensor  and Cont r ol  Wi r i ng Sur ge Pr ot ect i on

I / O f unct i ons as speci f i ed must  be pr ot ect ed agai nst  sur ges i nduced on 
cont r ol  and sensor  wi r i ng i nst al l ed out door s and as shown.   Test  t he 
i nput s and out put s i n bot h nor mal  mode and common mode usi ng t he f ol l owi ng 
t wo wavef or ms:

a.   A 10 mi cr osecond by 1000 mi cr osecond wavef or m wi t h a peak vol t age of  
1500 vol t s and a peak cur r ent  of  60 amper es.

b.   An 8 mi cr osecond by 20 mi cr osecond wavef or m wi t h a peak vol t age of  
1000 vol t s and a peak cur r ent  of  500 amper es.

1. 4   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  c l assi f i cat i on.   
Submi t t al s not  havi ng a " G"  c l assi f i cat i on ar e f or  Cont r act or  Qual i t y 
Cont r ol  appr oval .  Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 
SUBMI TTAL PROCEDURES:

SD- 02 Shop Dr awi ngs

Schemat i c Di agr ams;  G

I nt er connect i ng Di agr ams;  G

I nst al l at i on Dr awi ngs;  G

As- Bui l t  Dr awi ngs;  G

SD- 03 Pr oduct  Dat a

Adj ust abl e Speed Dr i ves;  G

Wi r es and Cabl es

Equi pment  Schedul e

SD- 06 Test  Repor t s

ASD Test

Per f or mance Ver i f i cat i on Test s

Endur ance Test

SD- 07 Cer t i f i cat es

Test i ng Agency' s Fi el d Super vi sor  NETA Cer t i f i cat e;  G

SD- 08 Manuf act ur er ' s I nst r uct i ons

I nst al l at i on i nst r uct i ons

SD- 09 Manuf act ur er ' s Fi el d Repor t s

ASD Test  Pl an;  G

St andar d Pr oduct s
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SD- 10 Oper at i on and Mai nt enance Dat a

Adj ust abl e Speed Dr i ves,  Dat a Package 4

1. 5   QUALI TY ASSURANCE

1. 5. 1   Schemat i c Di agr ams

Submi t  di agr ams showi ng ci r cui t s and devi ce el ement s f or  each r epl aceabl e 
modul e.   Schemat i c di agr ams of  pr i nt ed ci r cui t  boar ds ar e per mi t t ed t o 
gr oup f unct i onal  assembl i es as devi ces,  pr ovi ded t hat  suf f i c i ent  
i nf or mat i on i s pr ovi ded f or  gover nment  mai nt enance per sonnel  t o ver i f y 
pr oper  oper at i on of  t he f unct i onal  assembl i es.

1. 5. 2   I nt er connect i ng Di agr ams

Show i nt er connect i ons bet ween equi pment  assembl i es,  and ext er nal  
i nt er f aces,  i ncl udi ng power  and si gnal  conduct or s.   I ncl ude f or  encl osur es 
and ext er nal  devi ces.

1. 5. 3   I nst al l at i on Dr awi ngs

Show f l oor  pl an of  each si t e,  wi t h ASD' s and mot or s i ndi cat ed.   I ndi cat e 
vent i l at i on r equi r ement s,  adequat e c l ear ances,  and cabl e r out es.   Submi t  
dr awi ngs f or  gover nment  appr oval  pr i or  t o equi pment  const r uct i on or  
i nt egr at i on.   I mmedi at el y r ecor d modi f i cat i ons t o or i gi nal  dr awi ngs made 
dur i ng i nst al l at i on f or  i ncl usi on i nt o t he as- bui l t  dr awi ngs.

1. 5. 4   Equi pment  Schedul e

Pr ovi de schedul e of  equi pment  suppl i ed.  Schedul e must  pr ovi de a cr oss 
r ef er ence bet ween manuf act ur er  dat a and i dent i f i er s i ndi cat ed i n shop 
dr awi ngs.   Schedul e must  i ncl ude t he t ot al  quant i t y of  each i t em of  
equi pment  suppl i ed and dat a i ndi cat i ng compat i bi l i t y  wi t h mot or s bei ng 
dr i ven.   For  compl et e assembl i es,  such as ASD' s,  pr ovi de t he ser i al  
number s of  each assembl y,  and a sub- schedul e of  component s wi t hi n t he 
assembl y.   Pr ovi de r ecommended spar e par t s l i s t i ng f or  each assembl y or  
component .

1. 5. 5   I nst al l at i on I nst r uct i ons

Pr ovi de i nst al l at i on i nst r uct i ons i ssued by t he manuf act ur er  of  t he 
equi pment ,  i ncl udi ng not es and r ecommendat i ons,  pr i or  t o shi pment  t o t he 
s i t e.   Pr ovi de oper at i on i nst r uct i ons pr i or  t o accept ance t est i ng.

1. 5. 6   St andar d Pr oduct s

Pr ovi de mat er i al s and equi pment  t hat  ar e pr oduct s of  manuf act ur er s 
r egul ar l y engaged i n t he pr oduct i on of  such pr oduct s whi ch ar e of  equal  
mat er i al ,  desi gn and wor kmanshi p and:

a.   Have been i n sat i sf act or y commer ci al  or  i ndust r i al  use f or  2 year s 
pr i or  t o bi d openi ng i ncl udi ng appl i cat i ons of  equi pment  and mat er i al s 
under  s i mi l ar  c i r cumst ances and of  s i mi l ar  s i ze.

b.   Have been on sal e on t he commer ci al  mar ket  t hr ough adver t i sement s,  
manuf act ur er s '  cat al ogs,  or  br ochur es dur i ng t he 2- year  per i od.
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c.   Wher e t wo or  mor e i t ems of  t he same cl ass of  equi pment  ar e r equi r ed,  
pr ovi de pr oduct s of  a s i ngl e manuf act ur er ;  however ,  t he component  
par t s of  t he i t em need not  be t he pr oduct s of  t he same manuf act ur er  
unl ess st at ed i n t hi s sect i on.

1. 6   DELI VERY AND STORAGE

St or e del i ver ed equi pment  t o pr ot ect  f r om t he weat her ,  humi di t y and 
t emper at ur e var i at i ons,  di r t  and dust ,  or  ot her  cont ami nant s.

1. 7   WARRANTY

The compl et e syst em must  be war r ant ed by t he manuf act ur er  f or  a per i od of  
one year .   Repai r  or  r epl ace any component  f ai l i ng t o per f or m i t s f unct i on 
as speci f i ed and document ed at  no addi t i onal  cost  t o t he Gover nment .   
I t ems r epai r ed or  r epl aced must  be war r ant ed f or  an addi t i onal  per i od of  
at  l east  one year  f r om t he dat e t hat  i t  becomes f unct i onal  agai n,  as 
speci f i ed i n FAR 52. 246- 21 War r ant y of  Const r uct i on.

1. 8   MAI NTENANCE

1. 8. 1   Spar e Par t s

Manuf act ur er s pr ovi de spar e par t s i n accor dance wi t h r ecommended spar e 
par t s l i s t .

1. 8. 2   Oper at i on and Mai nt enance Dat a

Pr ovi de i n accor dance wi t h Sect i on 01 78 23 OPERATI ON AND MAI NTENANCE 
DATA.   Pr ovi de ser vi ce and mai nt enance i nf or mat i on i ncl udi ng pr event i ve 
mai nt enance,  assembl y,  and di sassembl y pr ocedur es.   I ncl ude el ect r i cal  
dr awi ngs f r om el ect r i cal  gener al  sect i ons.   Pr ovi de addi t i onal  i nf or mat i on 
necessar y t o pr ovi de compl et e oper at i on,  r epai r ,  and mai nt enance 
i nf or mat i on,  det ai l ed t o t he smal l est  r epl aceabl e uni t .   I ncl ude copi es of  
as- bui l t  submi t t al s.   Pr ovi de r out i ne pr event at i ve mai nt enance 
i nst r uct i ons,  and equi pment  r equi r ed.   Pr ovi de i nst r uct i ons on how t o 
modi f y pr ogr am set t i ngs,  and modi f y t he cont r ol  pr ogr am.   Pr ovi de 
i nst r uct i ons on dr i ve adj ust ment ,  t r oubl e- shoot i ng,  and conf i gur at i on.   
Pr ovi de i nst r uct i ons on pr ocess t uni ng and syst em cal i br at i on.

1. 8. 3   Mai nt enance Suppor t

Dur i ng t he war r ant y per i od,  pr ovi de on- si t e,  on- cal l  mai nt enance ser vi ces 
by dr i ve manuf act ur er ' s per sonnel  on t he f ol l owi ng basi s:   The ser vi ce 
must  be on a per - cal l  basi s wi t h 36 hour  r esponse.   Cont r act or  i s 
r esponsi bl e f or  t he mai nt enance of  al l  har dwar e and sof t war e of  t he syst em 
dur i ng t he war r ant y per i od.   Var i ous per sonnel  of  di f f er ent  exper t i se must  
be sent  on- si t e dependi ng on t he nat ur e of  t he mai nt enance ser vi ce 
r equi r ed.   Cost s must  i ncl ude t r avel ,  l ocal  t r anspor t at i on,  l i v i ng 
expenses,  and l abor  r at es of  t he ser vi ce per sonnel  whi l e r espondi ng t o t he 
ser vi ce r equest .   The pr ovi s i ons of  t hi s Sect i on ar e not  i n l i eu of ,  nor  
r el i eve t he Cont r act or  of ,  war r ant y r esponsi bi l i t i es cover ed i n t hi s 
speci f i cat i on.   Shoul d t he r esul t  of  t he ser vi ce r equest  be t he uncover i ng 
of  a syst em def ect  cover ed under  t he war r ant y pr ovi s i ons,  al l  cost s f or  
t he cal l ,  i ncl udi ng t he l abor  necessar y t o i dent i f y t he def ect ,  must  be 
bor ne by t he Cont r act or .
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1. 8. 4   Techni cal  Suppor t

Pr ovi de t he ASDs wi t h manuf act ur er ' s t echni cal  t el ephone suppor t  i n 
Engl i sh,  r eadi l y avai l abl e dur i ng nor mal  wor ki ng hour s.

PART 2   PRODUCTS

2. 1   ADJUSTABLE SPEED DRI VES ( ASD)

Pr ovi de adj ust abl e speed dr i ve t o cont r ol  t he speed of  i nduct i on 
mot or ( s) .   The ASD must  i ncl ude t he f ol l owi ng mi ni mum f unct i ons,  f eat ur es 
and r at i ngs.

a.   I nput  c i r cui t  br eaker  per  UL 489 wi t h a mi ni mum of  10, 000 amps 
symmet r i cal  i nt er r upt i ng capaci t y and door  i nt er l ocked ext er nal  
oper at or .

b.   A conver t er  st age per  UL 61800- 5- 1 must  change f i xed vol t age,  f i xed 
f r equency,  ac l i ne power  t o a f i xed dc vol t age.  The conver t er  must  
ut i l i ze a f ul l  wave br i dge desi gn i ncor por at i ng di ode r ect i f i er s.  
Si l i con Cont r ol l ed Rect i f i er s ( SCR)  ar e not  accept abl e.   The conver t er  
must  be i nsensi t i ve t o t hr ee phase r ot at i on of  t he ac l i ne and must  
not  cause di spl acement  power  f act or  of  l ess t han . 95 l aggi ng under  any 
speed and l oad condi t i on.

c.   An i nver t er  st age must  change f i xed dc vol t age t o var i abl e f r equency,  
var i abl e ac vol t age f or  appl i cat i on t o a st andar d NEMA MG 1 Par t  30 
mot or  desi gned f or  use wi t h adj ust abl e f r equency power  suppl i es.   
Swi t ch t he i nver t er  t o pr oduce a s i ne coded pul se wi dt h modul at ed 
( PWM)  out put  wavef or m.

d.   The ASD shal l  be capabl e of  suppl y i ng 110 per cent  of  r at ed f ul l  l oad 
cur r ent  f or  one mi nut e at  maxi mum ambi ent  t emper at ur e.

e.   The ASD must  be desi gned t o oper at e f r om a 480 vol t ,  pl us or  mi nus 10 
per cent ,  t hr ee phase,  60 Hz suppl y,  and cont r ol  mot or s wi t h a 
cor r espondi ng vol t age r at i ng.

f .   Accel er at i on and decel er at i on t i me must  be i ndependent l y adj ust abl e 
f r om one second t o 60 seconds.

Requi r ed decel er at i on t i me may be achi eved usi ng not  onl y dynami c br aki ng 
r esi st or  but  wi t h ot her  met hods descr i bed i n NEMA I CS 7. 2- 2015 par agr aph 
5. 2. 5.

g.   Adj ust abl e f ul l - t i me cur r ent  l i mi t i ng must  l i mi t  t he cur r ent  t o a 
pr eset  val ue whi ch must  not  exceed 110 per cent  of  t he cont r ol l er  r at ed 
cur r ent .   The cur r ent  l i mi t i ng act i on must  mai nt ai n t he V/ Hz r at i o 
const ant  so t hat  var i abl e t or que can be mai nt ai ned.   Shor t  t i me 
st ar t i ng over r i de must  al l ow st ar t i ng cur r ent  t o r each 175 per cent  of  
cont r ol l er  r at ed cur r ent  t o maxi mum st ar t i ng t or que.

h.   The cont r ol l er s must  be capabl e of  pr oduci ng an out put  f r equency over  
t he r ange of  3 Hz t o 60 Hz ( 20 t o one speed r ange) ,  wi t hout  l ow speed 
coggi ng.   Over  f r equency pr ot ect i on must  be i ncl uded such t hat  a 
f ai l ur e i n t he cont r ol l er  el ect r oni c c i r cui t r y must  not  cause 
f r equency t o exceed 110 per cent  of  t he maxi mum cont r ol l er  out put  
f r equency sel ect ed.
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i .   Mi ni mum and maxi mum out put  f r equency must  be adj ust abl e over  t he 
f ol l owi ng r anges:   1)  Mi ni mum f r equency 3 Hz t o 50 per cent  of  maxi mum 
sel ect ed f r equency;  2)  Maxi mum f r equency 40 Hz t o 60 Hz.

j .   The cont r ol l er  ef f i c i ency at  any speed must  not  be l ess t han 96 
per cent .

k.   The cont r ol l er s must  be capabl e of  bei ng r est ar t ed i nt o a mot or  
coast i ng i n t he f or war d di r ect i on wi t hout  t r i ppi ng.

l .   Pr ot ect i on of  power  semi conduct or  component s must  be accompl i shed 
wi t hout  t he use of  f ast  act i ng semi conduct or  out put  f uses.   Subj ect i ng 
t he cont r ol l er s t o any of  t he f ol l owi ng condi t i ons must  not  r esul t  i n 
component  f ai l ur e or  t he need f or  f use r epl acement :

( 1)  Shor t  c i r cui t  at  cont r ol l er  out put

( 2)  Gr ound f aul t  at  cont r ol l er  out put

( 3)  Open ci r cui t  at  cont r ol l er  out put

( 4)  I nput  under vol t age

( 5)  I nput  over vol t age

( 6)  Loss of  i nput  phase

( 7)  AC l i ne swi t chi ng t r ansi ent s

( 8)  I nst ant aneous over l oad

( 9)  Sust ai ned over l oad exceedi ng 115 per cent  of  cont r ol l er  r at ed 
cur r ent

( 10)  Over  t emper at ur e

( 11)  Phase r ever sal  

m.   Sol i d st at e mot or  over l oad pr ot ect i on must  be i ncl uded such t hat  
cur r ent  exceedi ng an adj ust abl e t hr eshol d must  act i vat e a 60 second 
t i mi ng ci r cui t .   Shoul d cur r ent  r emai n above t he t hr eshol d 
cont i nuousl y f or  t he t i mi ng per i od,  t he cont r ol l er  wi l l  aut omat i cal l y 
shut  down.

n.   I ncl ude sl i p compensat i on c i r cui t  t hat  wi l l  sense changi ng mot or  l oad 
condi t i ons and adj ust  out put  f r equency t o pr ovi de speed r egul at i on of  
NEMA MG 1 Par t  30 desi gned f or  use wi t h adj ust abl e f r equency power  
suppl i es  mot or s t o wi t hi n pl us or  mi nus 0. 5 per cent  of  maxi mum speed 
wi t hout  t he necessi t y of  a t achomet er  gener at or .

o.   The ASD must  be f act or y set  f or  manual  r est ar t  af t er  t he f i r st  
pr ot ect i ve c i r cui t  t r i p f or  mal f unct i on ( over cur r ent ,  under vol t age,  
over vol t age or  over t emper at ur e)  or  an i nt er r upt i on of  power .   The ASD 
must  be capabl e of  bei ng set  f or  aut omat i c r est ar t  af t er  a sel ect ed 
t i me del ay.   I f  t he dr i ve f aul t s agai n wi t hi n a speci f i ed t i me per i od 
( adj ust abl e 0- 60 seconds) ,  a manual  r est ar t  wi l l  be r equi r ed.   Pr ovi de 
Bi di r ect i onal  Aut ospeed Sear ch capabl e of  st ar t i ng t he ASD i nt o 
r ot at i ng l oads spi nni ng i n ei t her  di r ect i on and r et ur ni ng mot or  t o set  
speed i n pr oper  di r ect i on,  wi t hout  causi ng damage t o dr i ve,  mot or ,  or  
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l oad.

p.   The ASD must  i ncl ude ext er nal  f aul t  r eset  capabi l i t y .   Al l  t he 
necessar y l ogi c t o accept  an ext er nal  f aul t  r eset  cont act  must  be 
i ncl uded.

q.   Pr ovi de cr i t i cal  speed l ockout  c i r cui t r y t o pr event  oper at i ng at  
f r equenci es wi t h cr i t i cal  har moni cs t hat  cause r esonant  v i br at i ons.   
The ASD must  have a mi ni mum of  t hr ee user  sel ect abl e bandwi dt hs.

r .   Pr ovi de pr eper l y s i zed NEMA r at ed by- pass and i sol at i on cont act or s t o 
enabl e oper at i on of  mot or  i n t he event  of  ASD f ai l ur e and f or  saf et y 
t r ansf er s mot or  bet ween power  conver t er  out put  and bypass ci r cui t  
usi ng a f i el d- sel ect abl e aut omat i c and manual  bypass mode.   I nst al l  
mechani cal  and el ect r i cal  i nt er l ocks bet ween t he by- pass and i sol at i on 
cont act or s.   Pr ovi de a sel ect or  swi t ch and t r ansf er  del ay t i mer .   
Mot or  over l oad and shor t  c i r cui t  pr ot ect i ve f eat ur es must  r emai n i n 
use dur i ng t he bypass mode.

s.   Each i ndi v i dual  ASD must  meet  t he f ol l owi ng Tot al  Har moni c Di st or t i on 
( THD)  r equi r ement s at  t he i nput  t er mi nal s t o t he f act or y assembl y of  
t he ASD or  at  t he l oad di sconnect i ng means ser vi ng t he ASD and f i l t er  
assembl y.   These measur ement s shoul d be t aken wi t h t he dr i ve set  at  90 
per cent  f r equency ( r pms)  and t he mot or  under  a mi ni mum of  50 per cent  
demand.

( 1)  The Vol t age THD shoul d not  exceed 2. 0 per cent  THD.

( 2)  The Cur r ent  THD shoul d not  exceed 15. 0 per cent  THD.

( 3)  I f  t he st andar d f act or y ASD does not  meet  or  exceed t hese 
r equi r ement s t he f act or y must  i nst al l  appr opr i at e equi pment  
( Har moni c Tr aps,  Fi l t er s,  di f f er ent  Dr i ve t echnol ogy,  et c. )  t o 
mi t i gat e t he di st or t i on t o assur e per f or mance of  t he VFD i s wi t hi n 
t he l i mi t s.

( 4)  These t est s shoul d be per f or med at  t he Manuf act ur er s Labor at or y 
f aci l i t i es and submi t t ed as par t  of  t he Pr oduct  Dat a Submi t t al s,  
i n or der  t o pr event  t he necessi t y of  addi ng mi t i gat i on equi pment  
i n t he f i el d.  I f  t he r equi r ement s l i s t ed above ar e met ,  I EEE 519 
wi l l  al so be met .

t .   Mi ni mum Oper at i ng Condi t i ons.   Desi gned and const r uct ed ASD' s t o 
oper at e wi t hi n t he f ol l owi ng ser vi ce condi t i ons:

( 1)  Ambi ent  Temper at ur e Rat i ng:   0 t o 120 degr ees F.

( 2)  Non- condensi ng r el at i ve humi di t y r at i ng:   l ess t han 95 per cent .

( 3)  Ambi ent  r at i ng:   Not  exceed 3, 300 f eet .

2. 1. 1   ASD f or  HVAC Appl i cat i on

ASDs must  have t he f ol l owi ng f eat ur es:

a.   A l ocal  oper at or  cont r ol  pr ovi di ng t he f ol l owi ng f unct i ons:

( 1)  Remot e/ Local  oper at or  sel ect i on wi t h passwor d access.
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( 2)  Run/ St op and manual  speed commands.

( 3)  Al l  pr ogr ammi ng f unct i ons.

( 4)  Scr ol l i ng t hr ough al l  di spl ay f unct i ons.

b.   A l ocal  oper at or  cont r ol  panel  wi t h t he f ol l owi ng dat a di spl ayed:

( 1)  ASD st at us.

( 2)  Fr equency.

( 3)  Mot or  RPM.

( 4)  Phase cur r ent .

( 5)  Scr ol l i ng t hr ough al l  di spl ay f unct i ons.

( 6)  Faul t  di agnost i cs i n descr i pt i ve t ext .

( 7)  Al l  pr ogr ammed par amet er s.

c.   St andar d PI  l oop cont r ol l er  wi t h i nput  t er mi nal  f or  cont r ol l ed 
var i abl e and par amet er  set t i ngs.

d.   User  i nt er f ace t er mi nal s f or  r emot e cont r ol  of  ASD speed,  speed 
f eedback,  and an i sol at ed f or m C SPDT r el ay,  whi ch ener gi zes on a 
dr i ve f aul t  condi t i on.

e.   An i sol at ed f or m C SPDT auxi l i ar y r el ay whi ch ener gi zes on a r un 
command.

f .   An adj ust abl e car r i er  f r equency wi t h 16 KHz mi ni mum upper  l i mi t .

g.   A bui l t - i n or  ext er nal  l i ne r eact or  wi t h 3 per cent  mi ni mum i mpedance 
t o pr ot ect  t he DC bus capaci t or s and r ect i f i er  sect i on di odes,  r educe 
power  l i ne t r ansi ent  vol t age,  l i ne not chi ng,  DC bus over - vol t age 
t r i ppi ng and i mpr ove t he i nver t er  over - cur r ent  and over - vol t age 
condi t i ons.

h.   Hi st or i cal  l oggi ng i nf or mat i on and di spl ays:

( 1)  Real - t i me cl ock wi t h cur r ent  t i me and dat e.

( 2)  Runni ng l og of  t ot al  power  ver sus t i me.

( 3)  Tot al  r un t i me.

( 4)  Faul t  l og,  mai nt ai ni ng l ast  f our  f aul t s wi t h t i me and dat a st amp 
f or  each.

i .   The ASD must  be capabl e of  aut omat i c cont r ol  by a r emot e 0 t o 10 VDC 
si gnal ,  by DDC net wor k command,  or  manual l y by t he ASD cont r ol  panel .

j .   ASDs must  i ncl ude t he f ol l owi ng oper at or  pr ogr ammabl e par amet er s:

( 1)  Upper  and l ower  l i mi t  f r equency.

( 2)  Accel er at i on and decel er at i on r at e.
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( 3)  Var i abl e t or que vol t s per  Her t z cur ve.

( 4)  St ar t i ng vol t age l evel .

( 5)  St ar t i ng f r equency l evel .

( 6)  Di spl ay speed scal i ng.

( 7)  Enabl e/ di sabl e sof t  st al l  f eat ur e.

( 8)  Mot or  over l oad l evel .

( 9)  Mot or  st al l  l evel .

( 10)  Jump f r equency and hyst er esi s band.

( 11)  PWM car r i er  f r equency.

k.   ASD must  have t he f ol l owi ng pr ot ect i ve f eat ur es:

( 1)  An el ect r oni c adj ust abl e i nver se t i me cur r ent  l i mi t  wi t h 
consi der at i on f or  addi t i onal  heat i ng of  t he mot or  at  f r equenci es 
bel ow 45Hz,  f or  t he pr ot ect i on of  t he mot or .

( 2)  An el ect r oni c adj ust abl e sof t  st al l  f eat ur e,  al l owi ng t he ASD t o 
l ower  t he f r equency t o a poi nt  wher e t he mot or  wi l l  not  exceed t he 
f ul l - l oad amper age when an over l oad ASD wi l l  aut omat i cal l y r et ur n 
t o t he r equest ed f r equency when l oad condi t i ons per mi t .

( 3)  A separ at e el ect r oni c st al l  at  110 per cent  ASD r at ed cur r ent ,  and 
a separ at e har dwar e t r i p at  190 per cent  cur r ent .

( 4)  The abi l i t y  t o shut  down i f  i nadver t ent l y st ar t ed i nt o a r ot at i ng 
l oad wi t hout  damagi ng t he ASD or  t he mot or .

( 5)  The abi l i t y  t o keep a l og of  a mi ni mum of  f our  pr evi ous f aul t  
condi t i ons,  i ndi cat i ng t he f aul t  t ype and t i me of  occur r ence i n 
descr i pt i ve t ext .

( 6)  The abi l i t y  t o sust ai n 110 per cent  r at ed cur r ent  f or  60 seconds.

( 7)  The abi l i t y  t o shut down saf el y or  pr ot ect  agai nst  and r ecor d t he 
f ol l owi ng f aul t  condi t i ons:

( a)  Over  cur r ent  ( and an i ndi cat i on i f  t he over  cur r ent  was dur i ng 
accel er at i on,  decel er at i on,  or  r unni ng) .

( b)  Over  cur r ent  i nt er nal  t o t he dr i ve.

( c)  Mot or  over l oad at  st ar t - up.

( d)  Over  vol t age f r om ut i l i t y  power .

( e)  Mot or  r unni ng over l oad.

( f )  Over  vol t age dur i ng decel er at i on.

( g)  ASD over  heat .
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( h)  Load and gr ound f aul t .

( h)  Abnor mal  par amet er s or  dat a i n ASD EEPROM.

2. 2   ENCLOSURES

Pr ovi de equi pment  encl osur es conf or mi ng t o NEMA 250,  NEMA I CS 7,  and 
NEMA I CS 6,  wi t h a heat er  i f  l ocat ed out door s.   An HMCP devi ce shal l  
pr ovi de t he di sconnect i ng means.   The oper at i ng handl e shal l  pr ot r ude 
t hr ough t he door ,  but  t he di sconnect  shal l  not  be mount ed on t he door .   
The handl e shal l  i ndi cat e ON,  OFF,  and t r i pped condi t i ons.   The handl e 
shal l  have pr ovi s i ons t o accommodat e a mi ni mum of  t hr ee padl ocks i n t he 
OFF posi t i on.   I nt er l ocks shal l  pr event  unaut hor i zed openi ng or  c l osi ng of  
t he ASD door  wi t h t he di sconnect  handl e i n t he ON posi t i on.   The door  
handl e i nt er l ock shoul d have pr ovi s i ons t o be def eat ed by qual i f i ed 
mai nt enance per sonnel .

2. 3   WI RES AND CABLES

Al l  wi r es and cabl es must  conf or m t o NEMA 250,  NEMA I CS 7,  NFPA 70.

2. 4   NAMEPLATES

Namepl at es ext er nal  t o NEMA encl osur es must  conf or m wi t h t he r equi r ement s 
of  Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.   Pr ovi de manuf act ur er ' s 
st andar d,  per manent  namepl at es f or  i nt er nal  ar eas of  encl osur es.

2. 5   SOURCE QUALI TY CONTROL

2. 5. 1   ASD Test  Pl an

To ensur e qual i t y,  each ASD must  be subj ect  t o a ser i es of  i n- pl ant  
qual i t y cont r ol  i nspect i ons bef or e appr oval  f or  shi pment  f r om t he 
manuf act ur er ' s f aci l i t i es.   Pr ovi de t est  pl ans.

2. 5. 2   ASD Test  Repor t

To ensur e qual i t y,  each ASD must  be subj ect  t o a ser i es of  i n- pl ant  
qual i t y cont r ol  i nspect i ons bef or e appr oval  f or  shi pment  f r om t he 
manuf act ur er ' s f aci l i t i es.   Pr ovi de t est  r epor t s.

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

Per  NEMA I CS 3. 1,  i nst al l  equi pment  i n accor dance wi t h t he appr oved 
manuf act ur er ' s pr i nt ed i nst al l at i on dr awi ngs,  i nst r uct i ons,  wi r i ng 
di agr ams,  and as i ndi cat ed on pr oj ect  dr awi ngs and t he appr oved shop 
dr awi ngs.   A f i el d r epr esent at i ve of  t he dr i ve manuf act ur er  must  super vi se 
t he i nst al l at i on of  al l  equi pment ,  and wi r i ng.

3. 2   GROUNDI NG

Per  NEMA I CS 7. 2,  ASD must  be sol i dl y gr ounded t o t he mai n di st r i but i on.

3. 3   FI ELD QUALI TY CONTROL

Speci f i ed pr oduct s must  be t est ed as a syst em f or  conf or mance t o 
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speci f i cat i on r equi r ement s pr i or  t o schedul i ng t he accept ance t est s.   
Conduct  per f or mance ver i f i cat i on t est s i n t he pr esence of  Gover nment  
r epr esent at i ve,  obser vi ng and document i ng compl et e compl i ance of  t he 
syst em t o t he speci f i cat i ons.   Submi t  a s i gned copy of  t he t est  r esul t s,  
cer t i f y i ng pr oper  syst em oper at i on bef or e schedul i ng t est s.

3. 3. 1   ASD Test

A pr oposed t est  pl an must  be submi t t ed t o t he cont r act i ng of f i cer  at  l east  
28 cal endar  days pr i or  t o pr oposed t est i ng f or  appr oval .   The t est s must  
conf or m t o NEMA I CS 1,  NEMA I CS 7,  and al l  manuf act ur er ' s saf et y 
r egul at i ons.   The Gover nment  r eser ves t he r i ght  t o wi t ness al l  t est s and 
r evi ew any document at i on.   I nf or m t he Gover nment  at  l east  14 wor ki ng days 
pr i or  t o t he dat es of  t est i ng.   Per f or m t he ASD t est  engagi ng a qual i f i ed 
t est i ng agency' s f i el d super vi sor  cur r ent l y cer t i f i ed by NETA t o super vi se 
on- si t e t est i ng.

3. 3. 2   Per f or mance Ver i f i cat i on Test s

" Per f or mance Ver i f i cat i on Test "  pl an must  pr ovi de t he st ep by st ep 
pr ocedur e r equi r ed t o est abl i sh f or mal  ver i f i cat i on of  t he per f or mance of  
t he ASD.   Compl i ance wi t h t he speci f i cat i on r equi r ement s must  be ver i f i ed 
by i nspect i ons,  r evi ew of  cr i t i cal  dat a,  demonst r at i ons,  and t est s.   The 
Gover nment  r eser ves t he r i ght  t o wi t ness al l  t est s,  r evi ew dat a,  and 
r equest  ot her  such addi t i onal  i nspect i ons and r epeat  t est s as necessar y t o 
ensur e t hat  t he syst em and pr ovi ded ser vi ces conf or m t o t he st at ed 
r equi r ement s.   I nf or m t he Gover nment  14 cal endar  days pr i or  t o t he dat e 
t he t est  i s  t o be conduct ed.

3. 3. 3   Endur ance Test

I mmedi at el y upon compl et i on of  t he per f or mance ver i f i cat i on t est ,  t he 
endur ance t est  must  commence.   The syst em must  be oper at ed at  var yi ng 
r at es f or  not  l ess t han 192 consecut i ve hour s,  at  an aver age ef f ect i veness 
l evel  of  0. 9998,  t o demonst r at e pr oper  f unct i oni ng of  t he compl et e PCS.   
Cont i nue t he t est  on a day- t o- day basi s unt i l  per f or mance st andar d i s 
met .   The cont r act or  i s not  al l owed i n t he bui l di ng dur i ng t he endur ance 
t est .   The syst em must  r espond as desi gned.

3. 4   DEMONSTRATI ON

3. 4. 1   Tr ai ni ng

Coor di nat e t r ai ni ng r equi r ement s wi t h t he Cont r act i ng Of f i cer .     Pr ovi de 
vi deo t apes,  i f  avai l abl e,  of  al l  t r ai ni ng pr ovi ded t o t he Gover nment  f or  
subsequent  use i n t r ai ni ng new per sonnel .   Pr ovi de al l  t r ai ni ng ai ds,  
t ext s,  and expendabl e suppor t  mat er i al  f or  a sel f - suf f i c i ent  pr esent at i on 
shal l  be pr ovi ded,  t he amount  of  whi ch t o be det er mi ned by t he cont r act i ng 
of f i cer .

3. 4. 1. 1   I nst r uct i ons t o Gover nment  Per sonnel

Pr ovi de t he ser vi ces of  compet ent  i nst r uct or s wi t h mi ni mum t wo- year  f i el d 
exper i ence wi t h t he oper at i on and mai nt enance of  s i mi l ar  ASDs who wi l l  
gi ve f ul l  i nst r uct i on t o desi gnat ed per sonnel  i n oper at i on,  mai nt enance,  
cal i br at i on,  conf i gur at i on,  and pr ogr ammi ng of  t he compl et e cont r ol  
syst em.   Or i ent  t he t r ai ni ng speci f i cal l y t o t he syst em i nst al l ed.   
I nst r uct or s must  be t hor oughl y f ami l i ar  wi t h t he subj ect  mat t er  t hey ar e 
t o t each.   The number  of  t r ai ni ng days of  i nst r uct i on f ur ni shed must  be as 
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speci f i ed.   A t r ai ni ng day i s def i ned as ei ght  hour s of  i nst r uct i on,  
i ncl udi ng t wo 15- mi nut e br eaks and excl udi ng l unch t i me;  Monday t hr ough 
Fr i day.   Pr ovi de a t r ai ni ng manual  f or  each st udent  at  each t r ai ni ng phase 
whi ch descr i bes i n det ai l  t he mat er i al  i ncl uded i n each t r ai ni ng pr ogr am.   
Pr ovi de one addi t i onal  copy f or  ar chi v i ng.   Pr ovi de equi pment  and 
mat er i al s r equi r ed f or  c l assr oom t r ai ni ng.   Pr ovi de a l i s t  of  addi t i onal  
r el at ed cour ses,  and of f er s,  not i ng any cour ses r ecommended.   Li st  each 
t r ai ni ng cour se i ndi v i dual l y by name,  i ncl udi ng dur at i on,  appr oxi mat e cost  
per  per son,  and l ocat i on of  cour se.   Unused copi es of  t r ai ni ng manual s 
must  be t ur ned over  t o t he Gover nment  at  t he end of  l ast  t r ai ni ng sessi on.

3. 4. 1. 2   Oper at i ng Per sonnel  Tr ai ni ng Pr ogr am

Pr ovi de one 2- hour  t r ai ni ng sessi on at  t he s i t e at  a t i me and pl ace 
mut ual l y agr eeabl e bet ween t he Cont r act or  and t he Gover nment .   Pr ovi de 
sessi on t o t r ai n 4 oper at i on per sonnel  i n t he f unct i onal  oper at i ons of  t he 
syst em and t he pr ocedur es t hat  per sonnel  wi l l  f ol l ow i n syst em oper at i on.   
Thi s t r ai ni ng shal l  i ncl ude:

a.   Syst em over vi ew

b.   Gener al  t heor y of  oper at i on

c.   Syst em oper at i on

d.   Al ar m f or mat s

e.   Fai l ur e r ecover y pr ocedur es

f .   Tr oubl eshoot i ng

3. 4. 1. 3   Engi neer i ng/ Mai nt enance Per sonnel  Tr ai ni ng

Accompl i sh t he t r ai ni ng pr ogr am as speci f i ed.   Tr ai ni ng must  be conduct ed 
on si t e at  a l ocat i on desi gnat ed by t he Gover nment .   Pr ovi de a one- day 
t r ai ni ng sessi on t o t r ai n f our   engi neer i ng per sonnel  i n t he f unct i onal  
oper at i ons of  t he syst em.   Thi s t r ai ni ng must  i ncl ude:

a.   Syst em over vi ew

b.   Gener al  t heor y of  oper at i on

c.   Syst em oper at i on

d.   Syst em conf i gur at i on

e.   Al ar m f or mat s

f .   Fai l ur e r ecover y pr ocedur es

g.   Tr oubl eshoot i ng and r epai r

h.   Mai nt enance and cal i br at i on

i .   Syst em pr ogr ammi ng and conf i gur at i on

        - -  End of  Sect i on - -
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SECTI ON 26 41 00

LI GHTNI NG PROTECTI ON SYSTEM
08/ 23

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE 81 ( 2012)  Gui de f or  Measur i ng Ear t h 
Resi st i v i t y,  Gr ound I mpedance,  and Ear t h 
Sur f ace Pot ent i al s of  a Gr ound Syst em

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 70 ( 2023;  ERTA 4 2023;  ERTA 5 2023;  ERTA 6 
2023)  Nat i onal  El ect r i cal  Code

NFPA 780 ( 2023)  St andar d f or  t he I nst al l at i on of  
Li ght ni ng Pr ot ect i on Syst ems

U. S.  AI R FORCE ( USAF)

DAFMAN 32- 1065 ( 2020)  Gr oundi ng and El ect r i cal  Syst ems

U. S.  DEPARTMENT OF DEFENSE ( DOD)

UFC 3- 575- 01 ( 2012;  wi t h Change 1,  2021)  Li ght ni ng and 
St at i c El ect r i c i t y Pr ot ect i on Syst ems

UNDERWRI TERS LABORATORI ES ( UL)

UL 96 ( 2016;  May 2023)  UL St andar d f or  Saf et y 
Li ght ni ng Pr ot ect i on Component s

UL 96A ( 2023)  UL St andar d f or  Saf et y I nst al l at i on 
Requi r ement s f or  Li ght ni ng Pr ot ect i on 
Syst ems

UL El ect r i cal  Const r uct i on ( 2012)  El ect r i cal  Const r uct i on Equi pment  
Di r ect or y

1. 2   RELATED REQUI REMENTS

1. 2. 1   Ver i f i cat i on of  Di mensi ons

Conf i r m al l  det ai l s of  wor k,  ver i f y al l  di mensi ons i n f i el d,  and advi se 
Cont r act i ng Of f i cer  of  any di scr epancy bef or e per f or mi ng wor k.   Obt ai n 
pr i or  appr oval  of  Cont r act i ng Of f i cer  af t er  engi neer i ng appr oval  and 
bef or e maki ng any depar t ur es f r om t he desi gn.
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1. 2. 2   Syst em Requi r ement s

Pr ovi de a syst em f ur ni shed under  t hi s speci f i cat i on consi st i ng of  t he 
l at est  pr oduct s of  a manuf act ur er  r egul ar l y engaged i n pr oduct i on of  
l i ght ni ng pr ot ect i on syst em component s.   Pr oduct s must  be UL l i s t ed f or  
use on l i ght ni ng pr ot ect i on syst ems unl ess t hi s r at i ng does not  exi st  f or  
i t ems i n quest i on.

Compl y wi t h NFPA 70,  NFPA 780,  UL 96,  and UFC 3- 575- 01.

1. 3   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
Cont r act or  Qual i t y Cont r ol  appr oval .   When used,  a code f ol l owi ng t he " G"  
c l assi f i cat i on i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  
t he Gover nment .   Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 
SUBMI TTAL PROCEDURES:

SD- 06 Test  Repor t s

Li ght ni ng Pr ot ect i on and Gr oundi ng Syst em Test  Pl an;  G

Gr oundi ng Syst ems Test i ng;  G

SD- 07 Cer t i f i cat es

Component  UL Li st ed and Label ed;  G

Li ght ni ng Pr ot ect i on Syst em I nspect i on Cer t i f i cat e;  G

Roof  Manuf act ur er ' s War r ant y;  G

1. 4   QUALI TY ASSURANCE

I n each st andar d r ef er r ed t o her ei n,  consi der  t he advi sor y pr ovi s i ons t o 
be mandat or y,  as t hough t he wor d " shal l "  or  " must "  has been subst i t ut ed 
f or  " shoul d, "  wher ever  i t  appear s.   I nt er pr et  r ef er ences t hat  r equi r e LPS 
exper t i se i n t hese st andar ds t o mean Base Ci vi l  Engi neer  ( BCE)  or  
BCE- desi gnat ed r epr esent at i ve wi t h LPS t r ai ni ng cer t i f i cat i on.

1. 4. 1   Component  UL Li st ed and Label ed

Submi t  pr oof  of  compl i ance t hat  component s ar e UL Li st ed and Label ed f or  
use on l i ght ni ng pr ot ect i on syst ems.   Li st i ng al one i n 
UL El ect r i cal  Const r uct i on,  whi ch i s t he UL El ect r i cal  Const r uct i on 
Di r ect or y,  i s  not  accept abl e evi dence.   I n l i eu of  Li st ed and Label ed,  
submi t  wr i t t en cer t i f i cat e f r om an appr oved,  nat i onal l y- r ecogni zed t est i ng 
or gani zat i on equi pped t o per f or m such ser vi ces,  st at i ng t hat  i t ems have 
been t est ed and conf or m t o r equi r ement s and t est i ng met hods of  
Under wr i t er s Labor at or i es ( UL) .

1. 4. 2   Li ght ni ng Pr ot ect i on and Gr oundi ng Syst em Test  Pl an

Pr ovi de l i ght ni ng pr ot ect i on syst em and gr oundi ng syst em t est  pl ans i n 
compl i ance wi t h NFPA 780
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1. 4. 3   Li ght ni ng Pr ot ect i on Syst em I nspect i on Cer t i f i cat e of  Qual i f i cat i ons

Pr ovi de an appr oved t hi r d- par t y i nspect or  who meet s t r ai ni ng cer t i f i cat i on 
r equi r ement s f or  f i nal  accept ance of  t he LPS.   I nspect i on and 
cer t i f i cat i on of  t he LPS must  be compl et ed and cer t i f i ed i n wr i t i ng,  
bef or e occupancy of  t he bui l di ng.   Compl i ance r equi r ement s ar e i n 
UFC 3- 575- 01.   Si gned Cer t i f i cat e of  Qual i f i cat i ons must  be pl aced i n t he 
LPS r ecor ds.

Not e t hat  t he Cont r act i ng Of f i cer  may not  accept  t he LPS syst em wi t hout  a 
r ecommendat i on f r om a qual i f i ed per son i dent i f i ed i n t he pr oj ect  document s.

1. 5   SI TE CONDI TI ONS

Conf i r m al l  det ai l s of  wor k,  ver i f y al l  di mensi ons i n t he f i el d,  and 
advi se t he Cont r act i ng Of f i cer  of  any di scr epancy bef or e st ar t i ng any 
wor k,  i f  known at  t hat  t i me,  or  when i t  becomes known whi l e per f or mi ng 
wor k.   Obt ai n pr i or  appr oval  of  t he BCE or  BCE- desi gnat ed r epr esent at i ve 
wi t h LPS t r ai ni ng cer t i f i cat i on bef or e desi gn changes ar e made.

PART 2   PRODUCTS

2. 1   MATERI ALS

See NFPA 70,  NFPA 780,  UFC 3- 575- 01.   Do not  use a combi nat i on of  
mat er i al s t hat  f or ms an el ect r ol yt i c coupl e of  such nat ur e t hat  cor r osi on 
i s accel er at ed i n t he pr esence of  moi st ur e unl ess moi st ur e i s per manent l y 
excl uded f r om t he j unct i on of  such met al s.   Wher e unusual  condi t i ons exi st  
whi ch woul d cause cor r osi on of  conduct or s,  pr ovi de conduct or s wi t h 
pr ot ect i ve coat i ngs,  such as t i n or  l ead,  or  over si ze conduct or s.   Wher e a 
mechani cal  hazar d i s i nvol ved,  i ncr ease conduct or  s i ze t o compensat e f or  
t he hazar d or  pr ot ect  conduct or s.   When met al l i c  condui t  or  t ubi ng i s 
pr ovi ded,  el ect r i cal l y bond conduct or  t o condui t  or  t ubi ng at  t he upper  
and l ower  ends by c l amp t ype connect or s or  wel ds ( i ncl udi ng exot her mi c) .   
Al l  l i ght ni ng pr ot ect i on component s,  such as bondi ng pl at es,  ai r  
t er mi nal s,  ai r  t er mi nal  suppor t s and br aces,  chi mney bands,  c l i ps,  
connect or  f i t t i ngs,  and f ast ener s ar e t o compl y wi t h t he r equi r ement s of  
UL 96 cl asses,  as appl i cabl e.

2. 1. 1   Mai n and Bondi ng Conduct or s

Mai n and Bondi ng Conduct or s shoul d be NFPA 780 and UL 96 Cl ass I  or  Cl ass 
I I  mat er i al s,  as appl i cabl e.   For  expl osi ves,  Cl ass I I  mat er i al s ar e i n 
accor dance wi t h NFPA 780,  Chapt er  8.

2. 1. 2   Conduct or s

Pr ovi de copper  or  al umi num conduct or s,  as appl i cabl e.   See NFPA 780,  
UFC 3- 575- 01.

2. 2   COMPONENTS

2. 2. 1   Ai r  Ter mi nal s on I nt egr al  Syst ems

Pr ovi de sol i d ai r  t er mi nal s.  Tubul ar  ai r  t er mi nal s ar e not  per mi t t ed.   
Suppor t  ai r  t er mi nal s mor e t han 24 i nches i n l engt h by sui t abl e br ace,  
suppor t ed at  not  l ess t han one- hal f  t he hei ght  of  t he t er mi nal .
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2. 2. 2   Gr ound Rods

Pr ovi de gr ound r ods conf or mi ng t o NFPA 780.   Pr ovi de gr ound r ods t hat  ar e 
not  l ess t han 5/ 8 i nch i n di amet er  and 8 f eet  i n l engt h.   Do not  mi x 
gr ound r ods of  copper - c l ad st eel  and sol i d copper  on t he j ob.

2. 2. 3   Connect i ons and Ter mi nat i ons

Pr ovi de connect or s f or  spl i c i ng conduct or s t hat  conf or m t o UL 96,  c l ass as 
appl i cabl e.   Conduct or  connect i ons can be made by compr essi on cl amps or  
wel ds ( i ncl udi ng exot her mi c) .   Pr ovi de st y l e and si ze connect or s r equi r ed 
f or  t he i nst al l at i on.

2. 2. 4   Connect or  Fi t t i ngs

Pr ovi de connect or  f i t t i ngs f or  " end- t o- end" ,  " Tee" ,  or  " Y"  spl i ces t hat  
conf or m t o NFPA 780 and UL 96.

PART 3   EXECUTI ON

3. 1   LI GHTNI NG PROTECTI ON SYSTEMS

Pr ovi de a l i ght ni ng pr ot ect i on syst em t hat  meet s t he r equi r ement s of  
NFPA 780 and UFC 3- 575- 01.

3. 1. 1   I nt egr al  Li ght ni ng Pr ot ect i on Syst em

The i nt egr al  t ype l i ght ni ng pr ot ect i on syst em consi st s of  ai r  t er mi nal s,  
r oof  conduct or s,  down conduct or s,  gr ound connect i ons,  gr oundi ng el ect r odes 
and gr ound r i ng el ect r ode conduct or  f or  t he pur pose of  car r y i ng l i ght ni ng 
cur r ent  f r om a di r ect  st r i ke t o gr ound i n a manner  t hat  wi l l  pr ot ect  
asset s and per sonnel .   Expose al l  conduct or s on t he st r uct ur es except  
wher e ext er i or  down conduct or s ar e r equi r ed t o be i n pr ot ect i ve s l eeves 
f or  pr event i on of  mechani cal  damage ( 6 f eet  above gr ade l evel ) .   I nt egr al  
syst ems ar e t he l east  pr ef er r ed,  especi al l y f or  expl osi ves and 
communi cat i ons f aci l i t i es.   When use of  i nt egr al  syst ems i s det er mi ned by 
t he desi gner  or  s i t e condi t i ons t o be necessar y,  do not  r un down 
conduct or s i nsi de col umns or  ot her  met hods whi ch wi l l  pr event  v i sual  
access f or  r equi r ed i nspect i ons.   Vi sual  access i s r equi r ed by NFPA 780 so 
t hat  t he annual  v i sual  i nspect i on may be per f or med on al l  LPS component s.

Make i nt er connect i ons wi t hi n s i de- f l ash di st ances bet ween down conduct or s 
and met al l i c  equi pment  mount ed on t he ext er i or  or  i nt er i or  of  a f aci l i t y ,  
at  or  bel ow t he l evel  of  t he gr ounded met al l i c  par t s.   Cal cul at e 
s i de- f l ash di st ances i n accor dance wi t h NFPA 780.   Be awar e of  s i de 
f l ashes t hat  may occur  t hr ough ext er i or  wal l s.

Not e t hat  i nt egr al  syst ems shoul d be avoi ded as LPS f or  Expl osi ves and 
Communi cat i ons f aci l i t i es and i s di scour aged f or  gener al  f aci l i t i es.   
I nst al l at i on and mai nt enance cost s of  an i nt egr al  syst em ar e excessi ve and 
t hi s met hod i s mai nt enance i nt ensi ve.   The compl exi t y and number  of  t est  
poi nt s di ct at es f r equent  i nt er r upt i on t o mi ssi ons and dai l y oper at i ons f or  
r equi r ed annual  i nspect i ons and t est i ng.   I nt egr al  syst ems r equi r e f al l  
pr ot ect i on and mai nt enance of  t hat  f al l  pr ot ect i on syst em.   For  f al l  
pr ot ect i on,  mai nt ai n NFPA 780- compl i ant  separ at i on di st ance bet ween t he 
i nt egr al  syst em and met al l i c  f al l  pr ot ect i on.
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3. 1. 1. 1   Roof - Mount ed Component s

Coor di nat e wi t h t he r oof i ng manuf act ur er  and pr ovi de cer t i f i cat i on t hat  
t he r oof  manuf act ur er ' s war r ant y i s not  v i ol at ed by t he i nst al l at i on 
met hods f or  ai r  t er mi nal s and r oof  conduct or s.   Adhesi ve f ast ener s may be 
used on t he r oof  i f  t he i nst al l at i on i s obser ved by base- qual i f i ed 
per sonnel  t o be compl i ant  wi t h manuf act ur er ' s i nst r uct i ons.   I nst al l at i on 
must  be obser ved unt i l  t he obser ver  i s sat i sf i ed t hat  t he pr oper  met hods 
f or  pr epar i ng t he sur f ace ar e bei ng per f or med.   These f ast ener s wi l l  be 
added and consi der ed a t est  poi nt  i n Base r ecor ds and must  be par t  of  t he 
annual  i nspect i on.   Obser ver  must  dat e and si gn t he t est  r ecor d.

No connect i on or  physi cal  at t achment  i s al l owed t o any copi ng syst em on 
t he r oof  as t hi s v i ol at es t he i nt egr i t y and war r ant y of  t he copi ng syst em.

3. 1. 1. 2   Ai r  Ter mi nal s

Use of  adhesi ve f ast ener s,  when i nst al l i ng ai r  t er mi nal s on " r ubber "  
( EPDM)  t ype r oof s,  shoul d be i n accor dance wi t h adhesi ve and r oof  
manuf act ur es’  r ecommendat i ons.   See par agr aph ROOF- MOUNTED COMPONENTS.

3. 1. 1. 3   Roof  Conduct or s

Roof  conduct or s shoul d compl y wi t h NFPA 780.

3. 1. 2   Down Conduct or s

A mi ni mum of  t wo pat hs t o gr ound shal l  be pr ovi ded on any syst em.   Thi s 
may be by t wo down conduct or s or  wi t h a down conduct or  i n combi nat i on wi t h 
ot her  met al l i c  connect i ons t o gr ound.   Pr ot ect  exposed down conduct or s 
f r om physi cal  damage f r om gr ound l evel  up t o 6 f eet .   I f  t hi s pr ot ect i on 
i s a met al  condui t ,  bot h ends must  be bonded t o t he down conduct or  passi ng 
t hr ough i t .   For  Schedul e 80 condui t  pr ovi di ng t hi s pr ot ect i on,  no bondi ng 
at  bot h ends i s necessar y.   Schedul e 80 condui t  or  met al l i c  condui t  may be 
pai nt ed t o mat ch t he sur r oundi ng sur f ace.   NO CONNECTI ONS OR FASTENERS OF 
ANY LI GHTNI NG PROTECTI ON SYSTEM MAY BE PAI NTED because t hi s af f ect s t he 
ease wi t h whi ch l i ght ni ng cur r ent  can pass t o gr ound.

3. 1. 3   Gr ound Connect i ons

At t ach each down conduct or  and gr ound r i ng el ect r ode t o a gr ound r od bel ow 
gr ade by exot her mi c wel d f or  al l  bur i ed connect i ons and exot her mi c wel d or  
compr essi on connect or s f or  connect i ons i nsi de t est  wel l s.   Ter mi nat e al l  
down conduct or s t o a gr oundi ng el ect r ode i nsi de a t est  wel l .   Test  
connect i ons and r ecor d r esi st ances and cont i nui t y r eadi ngs pr i or  t o 
cover i ng.

Accessi bl e connect i ons above gr ound l evel  and i n t est  wel l s can be 
gr ounded wi t h mechani cal  c l ampi ng,  meet i ng i nst al l at i on r equi r ement s i n 
NFPA 780.

3. 1. 4   I nst al l at i on of  Gr oundi ng El ect r odes ( Gr ound Rods)

Ext end dr i ven gr ound r ods ver t i cal l y i nt o t he exi st i ng undi st ur bed ear t h 
f or  a di st ance of  not - l ess- t han 8 f eet  i f  exot her mi c wel ds ar e used f or  
bonds.   I nsi de t est  wel l s,  t he 5/ 8 i n.  by 8 f t  r od may be dr i ven t o a 
poi nt  above t he base of  t he t est  wel l ,  t hat  wi l l  pr ovi de wor ki ng/ t est i ng 
access t o t he mechani cal l y- f ast ened bond.   Set  gr ound r ods not  l ess t han 3 
f eet  nor  mor e t han 6 f eet  ( see NFPA 780)  f r om t he st r uct ur al  f oundat i on,  
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and at  l east  3 f eet  beyond t he dr i p l i ne f or  t he f aci l i t y .   Af t er  t he 
compl et ed i nst al l at i on,  measur e t he t ot al  r esi st ance t o gr ound usi ng t he 
f al l - of - pot ent i al  met hod descr i bed i n I EEE 81.   Maxi mum al l owed r esi st ance 
of  a s i ngl e dr i ven gr ound r od i s 25 ohms ( NFPA 70) .   I f  
r esi st ance- t o- gr ound of  a s i ngl e gr ound r od f or  t he l i ght ni ng pr ot ect i on 
syst em exceeds 25 ohms and anot her  gr ound r od i s dr i ven i n accor dance wi t h 
NFPA 780,  25 ohms does not  appl y t o t hi s t est  poi nt .   See NFPA 70 
except i on t o Ar t i c l e 250. 53.

3. 2   APPLI CATI ONS

3. 2. 1   Per sonnel  Ramps and Cover ed Passageways

Li ght ni ng Pr ot ect i on i s r equi r ed i n accor dance wi t h NFPA 780 and 
UFC 3- 575- 01.

3. 3   I NTERFACE WI TH OTHER STRUCTURES

3. 3. 1   Fences

Bond met al  f ence and gat e syst ems t o t he l i ght ni ng pr ot ect i on syst em at  
t he poi nt  wher e t he f ence,  any f ence post ,  or  gat e i s wi t hi n 6 f eet  of  any 
par t  of  t he l i ght ni ng pr ot ect i on syst em ( usual l y a down conduct or )  i n 
accor dance wi t h ANSI  C2 and NFPA 780 and UFC 3- 575- 01.

3. 4   RESTORATI ON

Wher e sod has been r emoved,  r epl ace sod as soon as possi bl e af t er  
compl et i ng t he backf i l l i ng.   Rest or e ar eas di st ur bed by t r enchi ng,  st or i ng 
of  di r t ,  cabl e l ayi ng,  and ot her  wor k,  t o or i gi nal  condi t i on.   Over f i l l  
t he t r ench t o accommodat e f or  set t l i ng.   I ncl ude necessar y t opsoi l ,  
f er t i l i z i ng,  l i mi ng,  seedi ng,  soddi ng,  spr i ggi ng or  mul chi ng i n any 
r est or at i on,  t o mat ch exi st i ng.   Mai nt ai n di st ur bed sur f aces and 
r epl acement s unt i l  f i nal  accept ance.   Ret ur n t o s i t e af t er  s i x mont hs t o 
f i l l  i n compact ed sur f ace.

3. 5   FI ELD QUALI TY CONTROL

3. 5. 1   Li ght ni ng Pr ot ect i on Syst ems Test i ng

A 100 per cent  t est  poi nt  t est  and i nspect i on i s r equi r ed by al l  ser vi ces.   
I dent i f y t est  poi nt s f or  l i ght ni ng pr ot ect i on syst em connect i ons and 
bonds.   Pr ovi de a sket ch ( NTS)  wi t h i dent i f i ed t est  poi nt s as par t  of  t he 
cont r act  accept ance.   Number  poi nt s i n a manner  consi st ent  wi t h t he 
i nst al l at i on ( Base or  Post )  nomencl at ur e f or  exi st i ng l i ght ni ng pr ot ect i on 
syst ems;  f or  exampl e,  use l et t er s or  number s t o t r ack t he t est  r esul t s.   
Test  each l i ght ni ng pr ot ect i on syst em connect i on t o ensur e cont i nui t y 
acr oss each connect i on or  bond i s 1 ohm or  l ess,  and r ecor d t he val ue 
i ndi cat ed on a copy of  t he t est  f or m l ocat ed at  t he back of  DAFMAN 32- 1065,  
At t achment  7.

a.   LPS t est i ng must  al so be accompl i shed on smal l er  pr oj ect s,  such as 
r oof i ng and HVAC pr oj ect s,  wher e l i ght ni ng pr ot ect i on syst ems ar e 
i nst al l ed on any f aci l i t y  wi t h exi st i ng LPS,  t o ensur e t he LPS i s not  
damaged or  r econf i gur ed dur i ng const r uct i on.

b.   Compl y wi t h UL 96A.   A t hi r d- par t y i nspect or  ( not  t he desi gner  and not  
t he i nst al l er )  must  be pr esent  f or  t he 100 per cent  i nspect i on and dat a 
document at i on by t he cont r act or .   Thi s i s t o t ake pl ace pr i or  t o 
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pr oj ect  accept ance.   Not e t hat  i n many cases Ai r  For ce per sonnel  have 
been t r ai ned t o i nspect  and accept  pr oj ect s as t he t hi r d- par t y 
i nspect or .   Ver i f y t hi s bef or e cont r act  awar d.

3. 5. 2   Gr oundi ng Syst ems Test i ng

A 100 per cent  t est  poi nt  r esi st ance t est  and i nspect i on i s r equi r ed.   
I dent i f y al l  t est  poi nt s f or  gr oundi ng syst em connect i ons and bonds.   
Pr ovi de a sket ch ( NTS)  wi t h i dent i f i ed t est  poi nt s as par t  of  t he cont r act  
accept ance.   Number  poi nt s i n a manner  consi st ent  wi t h t he i nst al l at i on 
( Base or  Post )  nomencl at ur e f or  exi st i ng gr oundi ng syst ems;  f or  exampl e,  
use l et t er s or  number s t o t r ack t he t est  r esul t s.   Test  each gr oundi ng 
syst em connect i on or  bond t o ensur e r esi st ance- t o- gr ound i s 25 ohms or  
l ess or  as except ed by NFPA 70 or  NFPA 780.   Recor d t he r esi st ance 
measur ement  on a copy of  t he t est  f or m l ocat ed at  t he back of  
DAFMAN 32- 1065 f or  Ai r  For ce or  a s i mi l ar  f or m pr ovi ded by t he Ar my or  
Navy.   Test  t he gr ound r od f or  r esi st ance t o gr ound bef or e maki ng 
connect i ons t o t he r od.   Ti e t he gr oundi ng syst em t oget her  and t est  f or  
r esi st ance t o gr ound.   Make r esi st ance measur ement s i n dr y weat her ,  and 
not  ear l i er  t han 48 hour s af t er  r ai nf al l .   I ncl ude i n t he wr i t t en r epor t :  
l ocat i ons of  t est  poi nt s,  measur ed val ues f or  cont i nui t y and gr ound 
r esi st ances,  and soi l  condi t i ons at  t he t i me t hat  measur ement s wer e made.   
Submi t  r esul t s of  each t est  t o t he Cont r act i ng Of f i cer .

        - -  End of  Sect i on - -
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I NTERI OR LI GHTI NG
05/ 20,  CHG 2:  11/ 21

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

EUROPEAN UNI ON ( EU)

Di r ect i ve 2011/ 65/ EU ( 2011)  Rest r i ct i on of  t he Use of  Cer t ai n 
Hazar dous Subst ances i n El ect r i cal  and 
El ect r oni c Equi pment

I LLUMI NATI NG ENGI NEERI NG SOCI ETY ( I ES)

ANSI / I ES LM- 79 ( 2019)  Appr oved Met hod:  El ect r i cal  and 
Phot omet r i c Measur ement s of  Sol i d St at e 
Li ght i ng Pr oduct s

ANSI / I ES LM- 80 ( 2020)  Appr oved Met hod:  Measur i ng Lumi nous 
Fl ux and Col or  Mai nt enance of  LED 
Packages,  Ar r ays and Modul es

ANSI / I ES LS- 1 ( 2020)  Li ght i ng Sci ence:  Nomencl at ur e and 
Def i ni t i ons f or  I l l umi nat i ng Engi neer i ng

ANSI / I ES TM- 21 ( 2021)  Techni cal  Memor andum:  Pr oj ect i ng 
Long- Ter mLumi nous,  Phot on,  and Radi ant  
Fl ux Mai nt enance of  LED Li ght  Sour ces

ANSI / I ES TM- 30 ( 2020)  Techni cal  Memor andum:  I ES Met hod 
f or  Eval uat i ng Li ght  Sour ce Col or  Rendi t i on

I ES Li ght i ng Li br ar y I ES Li ght i ng Li br ar y

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE 100 ( 2000;  Ar chi ved)  The Aut hor i t at i ve 
Di ct i onar y of  I EEE St andar ds Ter ms

I EEE C2 ( 2023)  Nat i onal  El ect r i cal  Saf et y Code

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA C82. 77- 10 ( 2020)  Har moni c Emi ssi on Li mi t s -  Rel at ed 
Power  Qual i t y Requi r ement s

NEMA SSL 1 ( 2016)  El ect r oni c Dr i ver s f or  LED Devi ces,  
Ar r ays,  or  Syst ems
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NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 70 ( 2023;  ERTA 4 2023)  Nat i onal  El ect r i cal  
Code

NFPA 101 ( 2024)  Li f e Saf et y Code

NFPA 110 ( 2022)  St andar d f or  Emer gency and St andby 
Power  Syst ems

U. S.  NATI ONAL ARCHI VES AND RECORDS ADMI NI STRATI ON ( NARA)

47 CFR 15 Radi o Fr equency Devi ces

UNDERWRI TERS LABORATORI ES ( UL)

UL 924 ( 2016;  Repr i nt  Dec 2022)  UL St andar d f or  
Saf et y Emer gency Li ght i ng and Power  
Equi pment

UL 1598 ( 2021;  Repr i nt  Jun 2021)  Lumi nai r es

UL 8750 ( 2015;  Repr i nt  Sep 2021)  UL St andar d f or  
Saf et y Li ght  Emi t t i ng Di ode ( LED)  
Equi pment  f or  Use i n Li ght i ng Pr oduct s

1. 2   RELATED REQUI REMENTS

Mat er i al s not  consi der ed t o be l umi nai r es,  l umi nai r e accessor i es,  or  
l i ght i ng equi pment  ar e speci f i ed i n Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON 
SYSTEM.   Lumi nai r es and accessor i es t hat  ar e mount ed i n ext er i or  
envi r onment s and not  at t ached t o t he ext er i or  of  t he bui l di ng ar e 
speci f i ed i n Sect i on 26 56 00 EXTERI OR LI GHTI NG.   Cyber secur i t y 
r equi r ement s ar e speci f i ed i n Sect i on 25 05 11.  CYBERSECURI TY FOR 
FACI LI TY- RELATED CONTROL SYSTEMS.   Emer gency l i ght i ng r equi r ement s ar e 
speci f i ed i n Sect i on 26 52 00. 00 40 EMERGENCY LI GHTI NG.

1. 3   DEFI NI TI ONS

a.   Unl ess ot her wi se speci f i ed or  i ndi cat ed,  el ect r i cal  and el ect r oni cs 
t er ms used i n t hese speci f i cat i ons and on t he dr awi ngs,  must  be as 
def i ned i n I EEE 100 and ANSI / I ES LS- 1.

b.   For  LED l umi nai r e l i ght  sour ces,  " Usef ul  Li f e"  i s t he oper at i ng hour s 
bef or e r eachi ng 70 per cent  of  t he i ni t i al  r at ed l umen out put  ( L70)  
wi t h no cat ast r ophi c f ai l ur es under  nor mal  oper at i ng condi t i ons.   Thi s 
i s al so known as 70 per cent  " Rat ed Lumen Mai nt enance Li f e"  as def i ned 
i n ANSI / I ES LM- 80.

c.   For  LED l umi nai r es,  " Lumi nai r e Ef f i cacy"  ( LE)  i s t he appr opr i at e 
measur e of  ener gy ef f i c i ency,  measur ed i n l umens/ wat t .   Thi s i s 
gat her ed f r om LM- 79 dat a f or  t he l umi nai r e,  i n whi ch absol ut e 
phot omet r y i s used t o measur e t he l umen out put  of  t he l umi nai r e as one 
ent i t y,  not  t he sour ce separ at el y and t hen t he sour ce and housi ng 
t oget her .

d.   Tot al  har moni c di st or t i on ( THD)  i s t he r oot  mean squar e ( RMS)  of  al l  
t he har moni c component s di v i ded by t he t ot al  f undament al  cur r ent .
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1. 4   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
Cont r act or  Qual i t y Cont r ol  appr oval . .   When used,  a code f ol l owi ng t he " G"  
c l assi f i cat i on i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  
t he Gover nment .   Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 
SUBMI TTAL PROCEDURES:

SD- 02 Shop Dr awi ngs

Lumi nai r e Dr awi ngs;  G

Occupancy/ Vacancy Sensor  Cover age Layout ;  G;  S

Emer gency I nver t er s;  G

Li ght i ng Cont r ol  Syst em One- Li ne Di agr am;  G

Sequence of  Oper at i on f or  Li ght i ng Cont r ol  Syst em;  G

SD- 03 Pr oduct  Dat a

Lumi nai r es;  G

Li ght  Sour ces;  G

LED Dr i ver s;  G

Lumi nai r e War r ant y;  G

Li ght i ng Cont r ol s War r ant y;  G

Li ght i ng Cont act or ;  G

Swi t ches;  G

Occupancy/ Vacancy Sensor s;  G

Phot osensor s;  G

Room Cont r ol l er s;  G

Emer gency I nver t er s;  G

Exi t  Si gns;  G

Emer gency Dr i ver s;  G,  

SD- 05 Desi gn Dat a

Lumi nai r e Desi gn Dat a;  G

SD- 06 Test  Repor t s

ANSI / I ES LM- 79 Test  Repor t ;  G

ANSI / I ES LM- 80 Test  Repor t ;  G
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ANSI / I ES TM- 21 Test  Repor t ;  G

ANSI / I ES TM- 30 Test  Repor t ;  G

Occupancy/ Vacancy Sensor  Ver i f i cat i on Test ;  G

Phot osensor  Ver i f i cat i on Test ;  G

SD- 10 Oper at i on and Mai nt enance Dat a

Li ght i ng Cont r ol  Syst em,  Dat a Package 5;  G

Mai nt enance St af f  Tr ai ni ng Pl an;  G,  

End- User  Tr ai ni ng Pl an;  G

1. 5   QUALI TY ASSURANCE

Dat a,  dr awi ngs,  and r epor t s must  empl oy t he t er mi nol ogy,  c l assi f i cat i ons 
and met hods pr escr i bed by t he I ES Li ght i ng Li br ar y as appl i cabl e,  f or  t he 
l i ght i ng syst em speci f i ed.

1. 5. 1   Lumi nai r e Dr awi ngs

I ncl ude di mensi ons,  accessor i es i nst al l at i on det ai l s,  and const r uct i on 
det ai l s.   Phot omet r i c dat a,  i ncl udi ng CRI ,  CCT,  LED dr i ver  t ype,  zonal  
l umen dat a,  and candl epower  di st r i but i on dat a must  accompany shop dr awi ngs.

1. 5. 2   Lumi nai r e Desi gn Dat a

a.   Pr ovi de saf et y cer t i f i cat i on and f i l e number  f or  t he l umi nai r e f ami l y 
t hat  must  be l i s t ed,  l abel ed,  or  i dent i f i ed i n accor dance wi t h t he 
NFPA 70.   Appl i cabl e t est i ng bodi es ar e det er mi ned by t he US 
Occupat i onal  Saf et y Heal t h Admi ni st r at i on ( OSHA)  as Nat i onal l y 
Recogni zed Test i ng Labor at or i es ( NRTL)  and i ncl ude:  CSA ( Canadi an 
St andar ds Associ at i on) ,  ETL ( Edi son Test i ng Labor at or y) ,  and UL 
( Under wr i t er s Labor at or i es) .

b.   Pr ovi de l ong t er m l umen mai nt enance pr oj ect i ons f or  each LED l umi nai r e 
i n accor dance wi t h ANSI / I ES TM- 21.   Dat a used f or  pr oj ect i ons must  be 
obt ai ned f r om t est i ng i n accor dance wi t h ANSI / I ES LM- 80.

1. 5. 3   ANSI / I ES LM- 79 Test  Repor t

Submi t  t est  r epor t  on manuf act ur er ' s st andar d pr oduct i on model  of  
speci f i ed l umi nai r e.   Test i ng must  be per f or med at  t he same oper at i ng 
dr i ve cur r ent  as speci f i ed l umi nai r e.   I ncl ude al l  appl i cabl e and r equi r ed 
dat a i n I ES f or mat  as out l i ned under  " 14. 0 Test  Repor t "  i n ANSI / I ES LM- 79.

1. 5. 4   ANSI / I ES LM- 80 Test  Repor t

Submi t  r epor t  on manuf act ur er ' s st andar d pr oduct i on LED l i ght  sour ce 
( package,  ar r ay,  or  modul e)  of  speci f i ed l umi nai r e.   Test i ng must  be 
per f or med at  t he same oper at i ng dr i ve cur r ent  as speci f i ed l umi nai r e.   
I ncl ude al l  appl i cabl e and r equi r ed dat a as out l i ned under  " 8. 0 Test  
Repor t "  i n ANSI / I ES LM- 80.
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1. 5. 5   ANSI / I ES TM- 21 Test  Repor t

Submi t  t est  r epor t  on manuf act ur er ' s st andar d pr oduct i on LED l i ght  sour ce 
( package,  ar r ay,  or  modul e)  of  speci f i ed l umi nai r e.   Test i ng must  be 
per f or med at  t he same oper at i ng dr i ve cur r ent  as speci f i ed l umi nai r e.   
I ncl ude al l  appl i cabl e and r equi r ed dat a,  as wel l  as r equi r ed 
i nt er pol at i on i nf or mat i on as out l i ned under  " 7. 0 Repor t "  i n ANSI / I ES TM- 21.

1. 5. 6   ANSI / I ES TM- 30 Test  Repor t

Submi t  col or  vect or  gr aphi c i n accor dance wi t h ANSI / I ES TM- 30 on 
manuf act ur er ' s st andar d pr oduct i on LED l i ght  sour ce ( package,  ar r ay,  or  
modul e)  of  speci f i ed l umi nai r e.   I ncl ude spect r al  di st r i but i on of  t est  LED 
l i ght  sour ce.

1. 5. 7   Test  Labor at or i es

Test  l abor at or i es f or  t he ANSI / I ES LM- 79 and ANSI / I ES LM- 80 t est  r epor t s 
must  be one of  t he f ol l owi ng:

a.   Nat i onal  Vol unt ar y Labor at or y Accr edi t at i on Pr ogr am ( NVLAP)  accr edi t ed 
f or  sol i d- st at e l i ght i ng t est i ng as par t  of  t he Ener gy- Ef f i c i ent  
Li ght i ng Pr oduct s l abor at or y accr edi t at i on pr ogr am f or  bot h LM- 79 and 
LM- 80 t est i ng.

b.   One of  t he qual i f i ed l abs l i s t ed on t he Depar t ment  of  Ener gy -  LED 
Li ght i ng Fact s Appr oved Test i ng Labor at or i es Li st  f or  LM- 79 t est i ng.

c.   One of  t he EPA- Recogni zed Labor at or i es l i s t ed f or  LM- 80 t est i ng.

1. 5. 8   Regul at or y Requi r ement s

Equi pment ,  mat er i al s,  i nst al l at i on,  and wor kmanshi p must  be i n accor dance 
wi t h t he mandat or y and advi sor y pr ovi s i ons of  NFPA 70,  unl ess mor e 
st r i ngent  r equi r ement s ar e speci f i ed or  i ndi cat ed.   Pr ovi de l umi nai r es and 
assembl ed component s t hat  ar e appr oved by and bear  t he l abel  of  UL f or  t he 
appl i cabl e l ocat i on and condi t i ons unl ess ot her wi se speci f i ed.

1. 5. 9   St andar d Pr oduct s

Pr ovi de mat er i al s and equi pment  t hat  ar e pr oduct s of  manuf act ur er s 
r egul ar l y engaged i n t he pr oduct i on of  such pr oduct s whi ch ar e of  equal  
mat er i al ,  desi gn,  and wor kmanshi p.  Pr oduct s must  have been i n sat i sf act or y 
commer ci al  or  i ndust r i al  use f or  s i x mont hs pr i or  t o bi d openi ng.   The 
si x- mont h per i od must  i ncl ude appl i cat i ons of  equi pment  and mat er i al s 
under  s i mi l ar  c i r cumst ances and of  s i mi l ar  s i ze.   The pr oduct  must  have 
been on sal e on t he commer ci al  mar ket  t hr ough adver t i sement s,  
manuf act ur er s '  cat al ogs,  or  br ochur es dur i ng t he si x- mont h per i od.   Wher e 
t wo or  mor e i t ems of  t he same cl ass of  equi pment  ar e r equi r ed,  t hese i t ems 
must  be pr oduct s of  a s i ngl e manuf act ur er ;  however ,  t he component  par t s of  
t he i t em need not  be t he pr oduct s of  t he same manuf act ur er  unl ess st at ed 
i n t hi s sect i on.

1. 5. 9. 1   Al t er nat i ve Qual i f i cat i ons

Pr oduct s havi ng l ess t han a s i x- mont h f i el d ser vi ce r ecor d wi l l  be 
accept abl e i f  a cer t i f i ed r ecor d of  sat i sf act or y f i el d oper at i on f or  not  
l ess t han 6000 hour s,  excl usi ve of  t he manuf act ur er s '  f act or y or  
l abor at or y t est s,  i s  f ur ni shed.
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1. 5. 9. 2   Mat er i al  and Equi pment  Manuf act ur i ng Dat e

Do not  use pr oduct s manuf act ur ed mor e t han si x mont hs pr i or  t o dat e of  
del i ver y t o s i t e,  unl ess speci f i ed ot her wi se.

1. 6   WARRANTY

Suppor t  al l  equi pment  i t ems by ser vi ce or gani zat i ons whi ch ar e r easonabl y 
conveni ent  t o t he equi pment  i nst al l at i on i n or der  t o r ender  sat i sf act or y 
ser vi ce t o t he equi pment  on a r egul ar  and emer gency basi s dur i ng t he 
war r ant y per i od of  t he cont r act .

1. 6. 1   Lumi nai r e War r ant y

Pr ovi de and t r ansf er  t o t he gover nment  t he or i gi nal  LED l umi nai r e 
manuf act ur er s st andar d commer ci al  war r ant y f or  each di f f er ent  l umi nai r e 
manuf act ur er  used i n t he pr oj ect .

a.   Pr ovi de a wr i t t en f i ve year  mi ni mum r epl acement  war r ant y f or  mat er i al ,  
l umi nai r e f i ni sh,  and wor kmanshi p.  Pr ovi de wr i t t en war r ant y document  
t hat  cont ai ns al l  war r ant y pr ocessi ng i nf or mat i on needed,  i ncl udi ng 
cust omer  ser vi ce poi nt  of  cont act ,  whet her  or  not  a r et ur n 
aut hor i zat i on number  i s r equi r ed,  r et ur n shi ppi ng i nf or mat i on,  and 
cl osest  r et ur n l ocat i on t o t he l umi nai r e l ocat i on.

( 1)  Fi ni sh war r ant y must  i ncl ude f ai l ur e and subst ant i al  det er i or at i on 
such as bl i st er i ng,  cr acki ng,  peel i ng,  chal k i ng,  or  f adi ng.

( 2)  Mat er i al  war r ant y must  i ncl ude:

( a)  Al l  LED dr i ver s and i nt egr al  cont r ol  equi pment .

( b)  Repl acement  when mor e t han 15 per cent  of  LED sour ces i n any 
l i ght bar  or  subassembl y( s)  ar e def ect i ve,  non- st ar t i ng,  or  
oper at i ng bel ow 70 per cent  of  speci f i ed l umen out put .

( c)  Repl acement  when mor e t han 15 per cent  of  LED sour ces i n any 
l i ght bar  or  subassembl y( s)  show a col or  shi f t  gr eat er  t han 0. 003 
del t a u' v '  f r om t he zer o hour  measur ement  st at ed i n t he 
ANSI / I ES LM- 79 Test  Repor t .

b.   War r ant y per i od must  begi n i n accor dance wi t h t he manuf act ur er ' s 
st andar d war r ant y st ar t i ng dat e.

c.   Pr ovi de r epl acement s t hat  ar e pr ompt l y shi pped,  wi t hout  char ge,  t o t he 
usi ng Gover nment  f aci l i t y  poi nt  of  cont act  and t hat  ar e i dent i cal  t o 
or  an i mpr ovement  upon t he or i gi nal  equi pment .   Al l  r epl acement s must  
i ncl ude t est i ng of  new component s and assembl y.

1. 6. 2   Li ght i ng Cont r ol s War r ant y

Pr ovi de and t r ansf er  t o t he gover nment  t he or i gi nal  l i ght i ng cont r ol s 
manuf act ur er s st andar d commer ci al  war r ant y f or  each di f f er ent  l i ght i ng 
cont r ol s manuf act ur er  used i n t he pr oj ect .   War r ant y cover age must  begi n 
f r om dat e of  f i nal  syst em commi ssi oni ng or  t hr ee mont hs f r om dat e of  
del i ver y,  whi chever  i s t he ear l i est .   War r ant y ser vi ce must  be per f or med 
by a f act or y- t r ai ned engi neer  or  t echni c i an.
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a.   Unl ess ot her wi se not ed,  pr ovi de a wr i t t en f i ve year  mi ni mum war r ant y 
on t he compl et e syst em f or  al l  syst ems wi t h f act or y commi ssi oni ng.   
Pr ovi de war r ant y t hat  cover s 100 per cent  of  t he cost  of  any 
r epl acement  par t s and ser vi ces r equi r ed over  t he f i ve year s whi ch ar e 
di r ect l y at t r i but abl e t o t he pr oduct  f ai l ur e.   Fai l ur es i ncl ude,  but  
ar e not  l i mi t ed t o,  t he f ol l owi ng:

( 1)  Sof t war e:  Fai l ur e of  i nput / out put  t o execut e swi t chi ng or  di mmi ng 
commands.

( 2)  Damage of  el ect r oni c component s due t o t r ansi ent  vol t age sur ges.

( 3)  Fai l ur e of  cont r ol  devi ces,  i ncl udi ng but  not  l i mi t ed t o occupancy 
sensor s,  phot osensor s,  and manual  wal l  st at i on cont r ol  devi ces.

b.   Pr ovi de a wr i t t en f i ve year  mi ni mum war r ant y on al l  i nput  devi ces 
agai nst  def ect  i n wor kmanshi p or  mat er i al s pr ovi ded by devi ce 
manuf act ur er .

c.   Pr ovi de a wr i t t en f i ve year  mi ni mum war r ant y on al l  cont r ol  component s 
at t ached t o l umi nai r es agai nst  def ect  i n wor kmanshi p or  mat er i al s.

1. 7   OPERATI ON AND MAI NTENANCE MANUALS

1. 7. 1   Li ght i ng Cont r ol  Syst em

Pr ovi de oper at i on and mai nt enance manual s f or  t he l i ght i ng cont r ol  syst em 
i n accor dance wi t h Sect i on 01 78 23 OPERATI ON AND MAI NTENANCE DATA t hat  
pr ovi de basi c dat a r el at i ng t o t he desi gn,  oper at i on,  and mai nt enance of  
t he l i ght i ng cont r ol  syst em f or  t he bui l di ng.  I ncl ude t he f ol l owi ng:

a.   Li ght i ng cont r ol  syst em l ayout  and wi r i ng pl an.

b.   Li ght i ng cont r ol  syst em one- l i ne di agr am.

c.   Pr oduct  dat a f or  al l  devi ces,  i ncl udi ng i nst al l at i on and pr ogr ammi ng 
i nst r uct i ons.

d.   Occupancy/ vacancy sensor  cover age l ayout .

e.   Tr ai ni ng mat er i al s,  such as v i deos or  i n- dept h manual s,  t hat  cover  
basi c oper at i on of  t he l i ght i ng cont r ol  syst em and i nst r uct i ons on 
modi f y i ng t he l i ght i ng cont r ol  syst em.   Tr ai ni ng mat er i al s must  
i ncl ude cal i br at i on,  adj ust ment ,  t r oubl eshoot i ng,  mai nt enance,  r epai r ,  
and r epl acement .

f .   Sequence of  oper at i on descr i pt i ons f or  each t ypi cal  r oom t ype,  
i ncl udi ng f i nal  pr ogr ammi ng,  schedul es,  and cal i br at i on set t i ngs.

PART 2   PRODUCTS

2. 1   PRODUCT COORDI NATI ON

2. 2   LUMI NAI RES

UL 1598,  NEMA C82. 77- 10.   Pr ovi de l umi nai r es as i ndi cat ed i n t he l umi nai r e 
schedul e and NL pl at es or  det ai l s on pr oj ect  pl ans,  compl et e wi t h l i ght  
sour ce,  wat t age,  and l umen out put  i ndi cat ed.   Al l  l umi nai r es of  t he same 
t ype must  be pr ovi ded by t he same manuf act ur er .   Lumi nai r es must  be 
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speci f i cal l y desi gned f or  use wi t h t he dr i ver  and l i ght  sour ce pr ovi ded.

2. 2. 1   Lumi nai r es

UL 8750,  ANSI / I ES LM- 79,  ANSI / I ES LM- 80.   For  al l  l umi nai r es,  pr ovi de:

a.   Compl et e syst em wi t h LED dr i ver s and l i ght  sour ces.

b.   Housi ngs const r uct ed of  non- cor r osi ve mat er i al s.   Al l  new al umi num 
housi ngs must  be anodi zed or  powder - coat ed.   Al l  new st eel  housi ngs 
must  be t r eat ed t o be cor r osi on r esi st ant .

c.   ANSI / I ES TM- 21,  ANSI / I ES LM- 80.   Mi ni mum L70 l umen mai nt enance val ue 
of  50, 000 hour s unl ess ot her wi se i ndi cat ed i n t he l umi nai r e schedul e.   
Lumi nai r e dr i ve cur r ent  val ue must  be i dent i cal  t o t hat  pr ovi ded by 
t est  dat a f or  l umi nai r e i n quest i on.

d.   Mi ni mum ef f i cacy as speci f i ed i n t he l umi nai r e schedul e.   Theor et i cal  
model s of  i ni t i al  l amp l umens per  wat t  ar e not  accept abl e.   I f  
ef f i cacy val ues ar e not  l i s t ed i n t he l umi nai r e schedul e,  pr ovi de 
l umi nai r es t hat  meet  t he f ol l owi ng mi ni mum val ues:

Lumi nai r e St yl e Mi ni mum Lumi nai r e Ef f i cacy

Recessed 1 by 4,  2 by 4,  and 2 by 2 100 LPW

Recessed Downl i ght  ( f i xed,  adj ust abl e,  wal l wash) 80 LPW

Li near ,  Accent  ( under cabi net ,  cove) 45 LPW

Li near ,  Ambi ent  ( i ndi r ect  wal l  mount ,  l i near  
pendent )

100 LPW

Hi gh Bay,  Low Bay,  and I ndust r i al  Locat i ons 100 LPW

Food Ser vi ce and Hazar dous Locat i ons 60 LPW

Ot her  ( t r ack,  r esi dent i al  di f f user s) 50 LPW

Ext er i or  Wal l  Sconce 50 LPW

St epl i ght 30 LPW

Par ki ng Gar age Lumi nai r e 100 LPW

e.   UL l i s t ed f or  dr y or  damp l ocat i on t ypi cal  of  i nt er i or  i nst al l at i ons.   
Any l umi nai r e mount ed on t he ext er i or  of  t he bui l di ng must  be UL 
l i s t ed f or  wet  l ocat i on t ypi cal  of  ext er i or  i nst al l at i ons.

f .   LED dr i ver  and l i ght  sour ce package,  ar r ay,  or  modul e ar e accessi bl e 
f or  ser vi ce or  r epl acement  wi t hout  r emoval  or  dest r uct i on of  l umi nai r e.

g.   Lenses const r uct ed of  heat  t emper ed bor osi l i cat e gl ass,  UV- r esi st ant  
acr yl i c,  or  s i l i cone.

2. 3   LED DRI VERS

NEMA SSL 1,  UL 8750.   Pr ovi de LED dr i ver s t hat  ar e el ect r oni c,  UL Cl ass 1 
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or  Cl ass 2,  const ant - cur r ent  t ype and t hat  compl y wi t h t he f ol l owi ng 
r equi r ement s:

a.   The combi ned dr i ver  and LED l i ght  sour ce syst em does not  exceed t he 
mi ni mum l umi nai r e ef f i cacy val ues as l i s t ed i n t he l umi nai r e schedul e 
pr ovi ded.

b.   Oper at es at  a vol t age of  120- 277 vol t s at  50/ 60 her t z,  wi t h i nput  
vol t age f l uct uat i ons of  pl us/ mi nus 10 per cent .

c.   Power  Fact or  ( PF)  gr eat er  t han or  equal  t o 0. 90 at  f ul l  i nput  power  
and acr oss speci f i ed di mmi ng r ange.

d.   Maxi mum Tot al  Har moni c Di st or t i on ( THD)  l ess t han 20 per cent  at  f ul l  
i nput  power  and acr oss speci f i ed di mmi ng r ange.

e.   Oper at es f or  at  l east  50, 000 hour s at  maxi mum case t emper at ur e and 90 
per cent  non- condensi ng r el at i ve humi di t y.

f .   Wi t hst ands Cat egor y A sur ges of  2 kV wi t hout  i mpai r ment  of  
per f or mance.   Pr ovi de sur ge pr ot ect i on t hat  i s i nt egr al  t o t he dr i ver .

g.   I nt egr al  t her mal  pr ot ect i on t hat  r educes t he out put  power  t o pr ot ect  
t he dr i ver  and l i ght  sour ce f r om damage i f  t he case t emper at ur e 
appr oaches or  exceeds t he dr i ver ' s maxi mum oper at i ng t emper at ur e.

h.   47 CFR 15.   Compl i es wi t h t he r equi r ement s of  t he Feder al  
Communi cat i ons Commi ssi on ( FCC)  r ul es and r egul at i ons,  Non- Consumer  
( Cl ass A)  f or  EMI / RFI  ( conduct ed and r adi at ed) .

i .   Cl ass A sound r at i ng.

j .   Di r ect i ve 2011/ 65/ EU.   Rest r i ct i on of  Hazar dous Subst ances ( RoHS)  
compl i ant .

2. 4   EXI T AND EMERGENCY LI GHTI NG EQUI PMENT

2. 4. 1   Exi t  Si gns

UL 924,  NFPA 101.   Pr ovi de wat t age as i ndi cat ed i n t he l umi nai r e schedul e 
on pr oj ect  pl ans.   Pr ovi de LED Exi t  Si gns t hat  meet  t he f ol l owi ng cr i t er i a:

a.   Housi ng const r uct ed of  UV- st abl e,  t her mo- pl ast i c

b.   UL l i s t ed f or  damp l ocat i on.

c.   Conf i gur ed f or  uni ver sal  mount i ng.

d.   6 i nch hi gh,  3/ 4 i nch st r oke r ed l et t er i ng on f ace of  s i gn wi t h 
chevr ons on ei t her  s i de of  l et t er i ng t o i ndi cat e di r ect i on.

e.   Si ngl e or  doubl e f ace as i ndi cat ed i n pr oj ect  pl ans and l umi nai r e 
schedul e.

2. 4. 1. 1   Exi t  Si gns wi t h Bat t er y Backup

Equi p wi t h aut omat i c power  f ai l ur e devi ce,  t est  swi t ch,  and pi l ot  l i ght ,  
and f ul l y aut omat i c hi gh/ l ow t r i ckl e char ger  i n a sel f - cont ai ned power  
pack.   Bat t er y must  be seal ed,  mai nt enance f r ee ni ckel - cadmi um t ype,  and 
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must  oper at e unat t ended f or  a per i od of  not  l ess t han f i ve year s.   
Emer gency r un t i me must  be a mi ni mum of  1- 1/ 2 hour s.   LEDs must  have a 
mi ni mum r at ed l i f e of  10 year s.   Pr ovi de sel f - di agnost i c c i r cui t r y 
i nt egr al  t o emer gency LED dr i ver .

2. 4. 2   LED Emer gency Dr i ver s

UL 924,  NFPA 101.   Pr ovi de LED emer gency dr i ver  wi t h aut omat i c power  
f ai l ur e det ect i on,  t est  swi t ch and LED i ndi cat or  ( or  combi nat i on 
swi t ch/ i ndi cat or )  l ocat ed on l umi nai r e ext er i or ,  and f ul l y- aut omat i c 
sol i d- st at e char ger ,  bat t er y and i nver t er  i nt egr al  t o a sel f - cont ai ned 
housi ng.   Pr ovi de sel f - di agnost i c f unct i on i nt egr al  t o emer gency dr i ver .   
I nt egr al  ni ckel - cadmi um or  l ead- cal c i um bat t er y i s r equi r ed t o suppl y a 
mi ni mum of  90 mi nut es of  emer gency power  at  10wat t s,  10- 50VDCcompat i bl e 
wi t h LED f or war d vol t age r equi r ement s,  const ant  out put .   Dr i ver  must  be 
RoHS compl i ant ,  r at ed f or  i nst al l at i on i n pl enum- r at ed spaces and damp 
l ocat i ons,  and be war r ant ed f or  a mi ni mum of  f i ve year s.

2. 4. 3   Sel f - Di agnost i c Ci r cui t r y f or  LED Dr i ver s

UL 924,  NFPA 101.   Pr ovi de emer gency l i ght i ng uni t  wi t h f ul l y- aut omat i c,  
i nt egr al  sel f - t est i ng/ di agnost i c el ect r oni c c i r cui t r y.   Ci r cui t r y must  
pr ovi de f or  a one mi nut e di agnost i c t est  ever y 28 days,  and a 30 mi nut e 
di agnost i c t est  ever y s i x mont hs,  mi ni mum.   Any mal f unct i on of  t he uni t  
must  be i ndi cat ed by LED( s)  v i s i bl e f r om t he ext er i or  of  t he l umi nai r e.   A 
manual  t est  swi t ch must  al so be pr ovi ded t o per f or m a di agnost i c t est  at  
any gi ven t i me.

2. 4. 4   Cent r al  Emer gency Li ght i ng Syst em

UL 924,  NFPA 101,  NFPA 110 l evel  1,  NFPA 70.   Pr ovi de a cent r al  power  
syst em pr ovi di ng emer gency power  at   120 vol t s,  60 her t z,  f or  a mi ni mum 
per i od of  90 mi nut es.   Desi gn t he syst em t o handl e sur ges dur i ng l oss and 
r ecover y of  t he vol t age,  and t o del i ver  i t s f ul l  r at ed out put  t o t he 
desi gnat ed l amp l oad.   

2. 4. 4. 1   Oper at i on

Pr ovi de syst em such t hat  when t he l i ght i ng syst em l oses nor mal  suppl y 
vol t age,  i t  aut omat i cal l y di sengages i t sel f  f r om t he nor mal  i nput  l i ne,  
and swi t ches t o a sel f - cont ai ned i nver t er  wi t h bui l t - i n pr ot ect i on when 
t he out put  i s shor t ed or  over l oaded.   Ensur e t hat ,  when nor mal  l i ne 
vol t age r esumes,  t he emer gency syst em aut omat i cal l y swi t ches back t o 
nor mal  oper at i on.   Si ze t he t r ansf er  swi t ch f or  t hi s f unct i on t o handl e 125
  per cent  of  f ul l  l oad.   Pr ovi de t he bat t er y syst em wi t h sel f - cont ai ned 
i nver t er s wi t h over l oad pr ot ect i on.

2. 4. 4. 2   Char ger

Pr ovi de a compl et el y aut omat i c bat t er y char ger  t hat  mai nt ai ns t he 
bat t er i es i n a f ul l y  char ged condi t i on and r echar ges t he bat t er i es t o f ul l  
capaci t y wi t hi n 24 hour s af t er  f ul l  di schar ge i n accor dance wi t h UL 924.

2. 4. 4. 3   Bat t er i es

Pr ovi de seal ed l ead- aci d or   ni ckel - cadmi um bat t er i es,  mai nt enance- f r ee 
f or  a per i od of  not  l ess t han 10 year s under  nor mal  oper at i ng condi t i ons.
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2. 4. 4. 4   Accessor i es

Pr ovi de vi sual  i ndi cat or s t o i ndi cat e nor mal  power ,  i nver t er  power ,  and 
bat t er y- char ger  oper at i on.   Pr ovi de a l ow- vol t age t est  swi t ch t o s i mul at e 
power  f ai l ur e by i nt er r upt i ng t he i nput  l i ne,  vol t age met er ,  el ect r ol yt e 
l evel  det ect or  t o aut omat i cal l y di sabl e t he char gi ng ci r cui t  i n t he event  
of  a f aul t ,  and l ow- vol t age cut of f  t o pr event  ext r eme bat t er y power  
di ssi pat i on.

2. 5   LUMI NAI RE MOUNTI NG ACCESSORI ES

2. 5. 1   Suspended Lumi nai r es

a.   Pr ovi de hanger s capabl e of  suppor t i ng t wi ce t he combi ned wei ght  of  
l umi nai r es suppor t ed by hanger s.

b.   Hanger s must  al l ow l umi nai r es t o swi ng wi t hi n an angl e of  45 degr ees.   
Br ace pendent s 4 f eet  or  l onger  t o l i mi t  swi ngi ng.   Pr ovi de wi t h 
swi vel  hanger s t o ensur e a pl umb i nst al l at i on f or  r i gi d st em 
pendent s.   Pr ovi de cadmi um- pl at ed st eel  wi t h a swi vel - bal l  t apped f or  
t he condui t  s i ze i ndi cat ed.

2. 6   LI GHTI NG CONTROLS

Pr ovi de l i ght i ng cont r ol  syst ems t hat  do not  swi t ch of f  bat t er y- opr eat ed 
or  emer gency backup l umi nai r es or  exi t  s i gns i n pat h of  egr ess.  

2. 6. 1   Syst em

Pr ovi de l i ght i ng cont r ol  syst em t hat  oper at es t he l i ght i ng syst em as 
descr i bed i n t he l i ght i ng cont r ol  det ai l s i n t he pr oj ect  pl ans.   Submi t  
Sequence of  Oper at i on f or  Li ght i ng Cont r ol  Syst em descr i bi ng t he oper at i on 
of  t he pr oposed l i ght i ng cont r ol  syst em and devi ces.   Sequence of  
Oper at i on must  pr ovi de t he st r at egi es i dent i f i ed i n t he l i ght i ng cont r ol  
st r at egi es.  

2. 6. 2   Local i zed Cont r ol  Syst ems

Pr ovi de r oom l i ght i ng cont r ol  syst em capabl e of  manual  cont r ol ,  and 
r ecei v i ng i nput  f r om occupancy/ vacancy sensor s.   See dr awi ngs f or  
r equi r ement s.

2. 7   EQUI PMENT I DENTI FI CATI ON

2. 7. 1  Manuf act ur er ' s Namepl at e

Each i t em of  equi pment  must  have a namepl at e bear i ng t he manuf act ur er ' s 
name,  addr ess,  model  number ,  and ser i al  number  secur el y af f i xed i n a 
conspi cuous pl ace;  t he namepl at e of  t he di st r i but i ng agent  wi l l  not  be 
accept abl e.  

2. 7. 2  Label s

Al l  l umi nai r es must  be cl ear l y mar ked f or  oper at i on of  speci f i c  l i ght  
sour ces and LED dr i ver s.   The l abel s must  be easy t o r ead when st andi ng 
next  t o t he equi pment ,  and dur abl e t o mat ch t he l i f e of  t he equi pment  t o 
whi ch t hey ar e at t ached.   Not e t he f ol l owi ng l i ght  sour ce char act er i st i cs 
i n t he f or mat  " Use Onl y _____" .
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a.   Cor r el at ed Col or  Temper at ur e ( CCT)  and Col or  Render i ng I ndex ( CRI )  
f or  al l  l umi nai r es.

b.   Dr i ver  and di mmi ng pr ot ocol .

Al l  mar ki ngs r el at ed t o l i ght  sour ce t ype must  be cl ear  and l ocat ed t o be 
r eadi l y v i sbl e t o ser vi ce per sonnel ,  but  unseen f r om nor mal  v i ewi ng angl es 
when l i ght  sour ces ar e i n pl ace.   LED dr i ver s must  have cl ear  mar ki ngs 
i ndi cat i ng di mmi ng t ype and i ndi cat e pr oper  t er mi nal s f or  t he var i ous 
out put s.

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

I EEE C2,  NFPA 70.

3. 1. 1   Li ght  Sour ces

When l i ght  sour ces ar e not  pr ovi ded as an i nt egr al  par t  of  t he l umi nai r e,  
del i ver  l i ght  sour ces of  t he t ype,  wat t age,  l umen out put ,  col or  
t emper at ur e ( CCT) ,  col or  r ender i ng i ndex ( CRI ) ,  and vol t age r at i ng 
i ndi cat ed t o t he pr oj ect  s i t e and i nst al l  j ust  pr i or  t o pr oj ect  
compl et i on,  i f  not  al r eady i nst al l ed i n t he l umi nai r es f r om t he f act or y.

3. 1. 2   Lumi nai r es

Set  l umi nai r es pl umb,  squar e,  and l evel  wi t h cei l i ng and wal l s,  i n 
al i gnment  wi t h adj acent  l umi nai r es and secur e i n accor dance wi t h 
manuf act ur er s '  di r ect i ons and appr oved dr awi ngs.   Pr ovi de accessor i es as 
r equi r ed f or  cei l i ng const r uct i on t ype i ndi cat ed on Fi ni sh Schedul e.   
Lumi nai r e cat al og number s do not  necessar i l y  denot e speci f i c  mount i ng 
accessor i es f or  t ype of  cei l i ng i n whi ch a l umi nai r e may be i nst al l ed.   
Pr ovi de wi r es,  st r aps,  or  r ods f or  l umi nai r e suppor t  i n t hi s sect i on.   
I nst al l  l umi nai r es wi t h vent  hol es f r ee of  ai r  bl ocki ng obst acl es.

3. 1. 2. 1   Suspended Lumi nai r es

Measur e mount i ng hei ght s f r om t he bot t om of  t he l umi nai r e f or  
cei l i ng- mount ed l umi nai r es and t o cent er  of  l umi nai r e f or  wal l - mount ed 
l umi nai r es.   Obt ai n ar chi t ect  appr oval  of  t he exact  mount i ng hei ght  on t he 
j ob bef or e commenci ng i nst al l at i on and,  wher e appl i cabl e,  af t er  
coor di nat i ng wi t h t he t ype,  st y l e,  and pat t er n of  t he cei l i ng bei ng 
i nst al l ed.   Suppor t  suspended l umi nai r es f r om st r uct ur al  f r amewor k of  
cei l i ng or  f r om i nser t s cast  i nt o s l ab.

a.   Pr ovi de suspended l umi nai r es wi t h 45 degr ee swi vel  hanger s so t hat  
t hey hang pl umb and l evel .

b.   Locat e so t hat  t her e ar e no obst r uct i ons wi t hi n t he 45 degr ee r ange i n 
al l  di r ect i ons.

c.   The st em,  canopy and l umi nai r e must  be capabl e of  45 degr ee swi ng.

d.   Ri gi d pendent  st em,  ai r cr af t  cabl e,  r ods,  or  chai ns 4 f eet  or  l onger  
excl udi ng l umi nai r e must  be br aced t o pr event  swayi ng usi ng t hr ee 
cabl es at  120 degr ee separ at i on.

e.   Suspended l umi nai r es i n cont i nuous r ows must  have i nt er nal  wi r eway 
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syst ems f or  end t o end wi r i ng and must  be pr oper l y al i gned t o pr ovi de 
a st r ai ght  and cont i nuous r ow wi t hout  bends,  gaps,  l i ght  l eaks or  
f i l l er  pi eces.

f .   Ut i l i ze al i gni ng spl i nes on ext r uded al umi num l umi nai r es t o assur e 
mi ni mal  hai r l i ne j oi nt s.

g.   Suppor t  st eel  l umi nai r es t o pr event  " oi l - canni ng"  ef f ect s.

h.   Mat ch suppor t i ng pendent s wi t h suppor t ed l umi nai r e.   Ai r cr af t  cabl e 
must  be st ai nl ess st eel .

i .   Mat ch f i ni sh of  canopi es t o mat ch t he cei l i ng,  and pr ovi de l ow pr of i l e 
canopi es unl ess ot her wi se shown.

j .   Maxi mum di st ance bet ween suspensi on poi nt s must  be 10 f eet  or  as 
r ecommended by t he manuf act ur er ,  whi chever  i s l ess.

3. 1. 2. 2   Recessed and Semi - Recessed Lumi nai r es

a.   Suppor t  r ecessed and semi - r ecessed l umi nai r es i ndependent l y f r om t he 
bui l di ng st r uct ur e by a mi ni mum of  t wo wi r es,  st r aps or  r ods per  
l umi nai r e and l ocat ed near  opposi t e cor ner s of  t he l umi nai r e.   Secur e 
hor i zont al  movement  wi t h c l i ps pr ovi ded by manuf act ur er .   Cei l i ng gr i d 
c l i ps ar e not  al l owed as an al t er nat i ve t o i ndependent l y suppor t ed 
l umi nai r es.

b.   Suppor t  r ound l umi nai r es or  l umi nai r es smal l er  i n s i ze t han t he 
cei l i ng gr i d i ndependent l y f r om t he bui l di ng st r uct ur e by a mi ni mum of  
f our  wi r es,  st r aps or  r ods per  l umi nai r e,  spaced appr oxi mat el y 
equi di st ant  ar ound.

c.   Do not  suppor t  l umi nai r es by acoust i cal  t i l e cei l i ng panel s.

d.   Wher e l umi nai r es of  s i zes l ess t han t he cei l i ng gr i d ar e i ndi cat ed t o 
be cent er ed i n t he acoust i cal  panel ,  suppor t  each i ndependent l y and 
pr ovi de at  l east  t wo 3/ 4 i nch met al  channel s spanni ng,  and secur ed t o,  
t he cei l i ng t ees f or  cent er i ng and al i gni ng t he l umi nai r e.

e.   Lumi nai r es i nst al l ed i n suspended cei l i ngs must  al so compl y wi t h t he 
r equi r ement s of  Sect i on 09 51 00 ACOUSTI CAL CEI LI NGS.

f .   Adj ust  aper t ur e r i ngs on al l  appl i cabl e cei l i ng r ecessed l umi nai r es t o 
accommodat e var i ous cei l i ng mat er i al  t hi ckness.   Coor di nat e cut - out  
s i ze i n cei l i ng t o ensur e aper t ur e cover s cut - out  ent i r el y.   I nst al l  
aper t ur e r i ngs such t hat  t he bot t om of  t he r i ng i s f l ush wi t h f i ni shed 
cei l i ng or  not  mor e t han 1/ 16 i nch above.   Do not  i nst al l  l umi nai r es 
such t hat  t he aper t ur e r i ng ext ends bel ow t he f i ni shed cei l i ng sur f ace.

3. 1. 3   Exi t  Si gns

NFPA 101.   Wi r e exi t  s i gns and emer gency l i ght i ng uni t s ahead of  t he l ocal  
swi t ch,  t o t he nor mal  l i ght i ng c i r cui t  l ocat ed i n t he same r oom or  ar ea.

 3. 1. 4   Li ght i ng Cont r ol s

3. 1. 4. 1   Occupancy/ Vacancy Sensor s

a.   Pr ovi de quant i t y of  sensor  uni t s i ndi cat ed as a mi ni mum.   Pr ovi de 
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addi t i onal  uni t s t o gi ve f ul l  cover age over  cont r ol l ed ar ea.   Ful l  
cover age must  pr ovi de hand and ar m mot i on det ect i on f or  of f i ce and 
admi ni st r at i on t ype ar eas and wal ki ng mot i on f or  i ndust r i al  ar eas,  
war ehouses,  st or age r ooms and hal l ways.

b.   Locat e cei l i ng- mount ed sensor s no cl oser  t han 6 f eet  f r om t he near est  
HVAC suppl y or  r et ur n di f f user .

c.   Locat e t he sensor ( s)  as i ndi cat ed and i n accor dance wi t h t he 
manuf act ur er ' s r ecommendat i ons.

3. 1. 4. 2   Phot osensor s

Locat e and ai m sensor  as i ndi cat ed and i n accor dance wi t h t he 
manuf act ur er ' s r ecommendat i ons.   Adj ust  sensor  set - poi nt  i n accor dance 
wi t h t he manuf act ur er ' s r ecommendat i ons and f or  t he i ndi cat ed l i ght  l evel  
of  t he ar ea of  cover age,  measur ed at  t he wor k pl ane.

3. 2   FI ELD QUALI TY CONTROL

3. 2. 1   Test s

3. 2. 1. 1   Li ght i ng Cont r ol  Ver i f i cat i on Test s

Ver i f y l i ght i ng cont r ol  syst em and devi ces oper at e accor di ng t o appr oved 
sequence of  oper at i ons.   Ver i f i cat i on t est s ar e t o be compl et ed af t er  
commi ssi oni ng.

a.   Ver i f y occupancy/ vacancy sensor s oper at e as descr i bed i n sequence of  
oper at i ons.   Pr ovi de t est i ng of  sensor  cover age,  sensi t i v i t y,  and 
t i me- out  set t i ngs i n al l  spaces wher e sensor s ar e pl aced.   Thi s i s t o 
be compl et ed onl y af t er  al l  f ur ni shi ngs have been i nst al l ed.   Submi t  
occupancy/ vacancy sensor  ver i f i cat i on t est .

b.   Ver i f y phot osensor s oper at e as descr i bed i n sequence of  oper at i ons.   
Pr ovi de t est i ng of  sensor  cover age,  ai mi ng,  and cal i br at i on i n al l  
spaces wher e sensor s ar e pl aced.   Thi s i s t o be compl et ed onl y af t er  
al l  f ur ni shi ngs have been i nst al l ed.   Submi t  phot osensor  ver i f i cat i on 
t est .

c.   Ver i f y wal l  box di mmer s and scene wal l st at i ons oper at e as descr i bed i n 
sequence of  oper at i ons.

3. 2. 1. 2   Emer gency Li ght i ng Test

I nt er r upt  power  suppl y t o demonst r at e pr oper  oper at i on of  emer gency 
l i ght i ng.   I f  adj ust ment s ar e made t o t he l i ght i ng syst em,  r e- t est  syst em 
t o show compl i ance wi t h st andar ds.

3. 3   CLOSEOUT ACTI VI TI ES

3. 3. 1   Commi ssi oni ng

NFPA 101.   Commi ssi on al l  component s of  t he l i ght i ng syst em and l i ght i ng 
cont r ol  syst em i n accor dance wi t h Sect i on 01 91 00. 15 BUI LDI NG 
COMMI SSI ONI NG.   Fact or y Tr ai ned Fi el d Ser vi ce Techni c i an i s r esponsi bl e 
f or  cal i br at i on and pr ogr ammi ng sequences f or  i nput  devi ces and syst ems i n 
accor dance wi t h t he r equi r ement s descr i bed i n t he sequence of  oper at i on.
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3. 3. 2   Tr ai ni ng

3. 3. 2. 1   Mai nt enance St af f  Tr ai ni ng

Submi t  a Mai nt enance St af f  Tr ai ni ng Pl an at  l east  30 cal endar  days pr i or  
t o t r ai ni ng sessi on t hat  descr i bes t r ai ni ng pr ocedur es f or  Owner ' s 
per sonnel  i n t he oper at i on and mai nt enance of  l i ght i ng and l i ght i ng 
cont r ol  syst em.   Pr ovi de on- si t e t r ai ni ng whi ch demonst r at es f ul l  syst em 
f unct i onal i t y,  assi gni ng schedul es,  cal i br at i on adj ust ment s f or  l i ght  
l evel s and sensor  sensi t i v i t y,  i nt egr at i on pr ocedur es f or  connect i ng t o 
t hi r d- par t y devi ces,  and manual  over r i de i ncl udi ng i nf or mat i on on 
appr opr i at e use.   Pr ovi de pr ot ocol s f or  t r oubl eshoot i ng,  mai nt enance,  
r epai r ,  and r epl acement ,  and l i t er at ur e on avai l abl e syst em updat es and 
pr ocess f or  i mpl ement i ng updat es.

3. 3. 2. 2   End- User  Tr ai ni ng

Submi t  an End- User  Tr ai ni ng Pl an at  l east  30 cal endar  days pr i or  t o 
t r ai ni ng sessi on t hat  descr i bes t r ai ni ng pr ocedur es f or  end- user s on t he 
l i ght i ng cont r ol  syst em.   Pr ovi de user s wi t h a l i s t  of  cont r ol  devi ces 
l ocat ed wi t hi n user - occupi ed spaces,  such as phot osensor s and occupancy 
and vacancy sensor s,  i ncl udi ng i nf or mat i on on t he pr oper  oper at i on and 
schedul e f or  each devi ce.   Pr ovi de demonst r at i on f or  each t ype of  
i nt er f ace.   Pr ovi de user s wi t h t he bui l di ng schedul e as cur r ent l y 
commi ssi oned,  i ncl udi ng condi t i onal  pr ogr ammi ng based on ast r onomi c t i me 
cl ock f unct i onal i t y.   Pr ovi de user s wi t h t he cor r ect  cont act  i nf or mat i on 
f or  mai nt enance per sonnel  who wi l l  be avai l abl e t o addr ess any l i ght i ng 
cont r ol  i ssues.

Pr ovi de l ami nat ed i nst r uct i ons t o t he user  at  each scene wal l st at i on.   
Pr ovi de onl y i nst r uct i ons r el evant  t o t he f unct i onal i t y of  t he speci f i c  
scene wal l st at i on.   Pr ovi de a descr i pt i on of  each l abel ed scene cont r ol  
but t on.   I f  t he r oom ut i l i zes occupancy/ vacancy sensor s or  phot osensor s,  
i ncl ude a descr i pt i on of  t hi s f unct i onal i t y on t he i nst r uct i on sheet .

        - -  End of  Sect i on - -
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SECTI ON 27 10 00

BUI LDI NG TELECOMMUNI CATI ONS CABLI NG SYSTEM
08/ 11

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

ASTM I NTERNATI ONAL ( ASTM)

ASTM D709 ( 2017)  St andar d Speci f i cat i on f or  
Lami nat ed Ther moset t i ng Mat er i al s

ELECTRONI C COMPONENTS I NDUSTRY ASSOCI ATI ON ( ECI A)

ECI A EI A/ ECA 310- E ( 2005)  Cabi net s,  Racks,  Panel s,  and 
Associ at ed Equi pment

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE 100 ( 2000;  Ar chi ved)  The Aut hor i t at i ve 
Di ct i onar y of  I EEE St andar ds Ter ms

I NSULATED CABLE ENGI NEERS ASSOCI ATI ON ( I CEA)

I CEA S- 83- 596 ( 2021)  I ndoor  Opt i cal  Cabl e

I CEA S- 90- 661 ( 2021)  Cat egor y 3 and 5E I ndi v i dual l y 
Unshi el ded Twi st ed Pai r s,  I ndoor  Cabl es 
( Wi t h or  Wi t hout  an Over al l  Shi el d)  f or  
Use i n Gener al  Pur pose and LAN 
Communi cat i ons Wi r i ng Syst ems

NATI ONAL ELECTRI CAL CONTRACTORS ASSOCI ATI ON ( NECA)

NECA/ BI CSI  568 ( 2006)  St andar d f or  I nst al l i ng Bui l di ng 
Tel ecommuni cat i ons Cabl i ng

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

ANSI / NEMA WC 66 ( 2019)  Per f or mance St andar d f or  Cat egor y 6 
and Cat egor y 7 100 Ohm Shi el ded and 
Unshi el ded Twi st ed Pai r s

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 70 ( 2023;  ERTA 4 2023)  Nat i onal  El ect r i cal  
Code

TELECOMMUNI CATI ONS I NDUSTRY ASSOCI ATI ON ( TI A)

TI A- 568. 0 ( 2020e)  Gener i c Tel ecommuni cat i ons Cabl i ng 
f or  Cust omer  Pr emi ses
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TI A- 568. 1 ( 2020e)  Commer ci al  Bui l di ng 
Tel ecommuni cat i ons I nf r ast r uct ur e St andar d

TI A- 568. 2 ( 2018d)  Bal anced Twi st ed- Pai r  
Tel ecommuni cat i ons Cabl i ng and Component s 
St andar ds

TI A- 568. 3 ( 2022e)  Opt i cal  Fi ber  Cabl i ng Component s 
St andar d

TI A- 569 ( 2019e;  Add 1 2022)  Tel ecommuni cat i ons 
Pat hways and Spaces

TI A- 606 ( 2021d)  Admi ni st r at i on St andar d f or  
Tel ecommuni cat i ons I nf r ast r uct ur e

TI A- 607 ( 2019d)  Gener i c Tel ecommuni cat i ons Bondi ng 
and Gr oundi ng ( Ear t hi ng)  f or  Cust omer  
Pr emi ses

TI A- 1152 ( 2016;  R 2021)  Requi r ement s f or  Fi el d Test  
I nst r ument s and Measur ement s f or  Bal anced 
Twi st ed- Pai r  Cabl i ng

U. S.  FEDERAL COMMUNI CATI ONS COMMI SSI ON ( FCC)

FCC Par t  68 Connect i on of  Ter mi nal  Equi pment  t o t he 
Tel ephone Net wor k ( 47 CFR 68)

UNDERWRI TERS LABORATORI ES ( UL)

UL 50 ( 2015)  UL St andar d f or  Saf et y Encl osur es 
f or  El ect r i cal  Equi pment ,  
Non- Envi r onment al  Consi der at i ons

UL 444 ( 2017;  Repr i nt  Jun 2021)  UL St andar d f or  
Saf et y Communi cat i ons Cabl es

UL 467 ( 2022)  UL St andar d f or  Saf et y Gr oundi ng 
and Bondi ng Equi pment

UL 514C ( 2014;  Repr i nt  Feb 2020)  UL St andar d f or  
Saf et y Nonmet al l i c  Out l et  Boxes,  
Fl ush- Devi ce Boxes,  and Cover s

UL 969 ( 2017;  Repr i nt  May 2023)  UL St andar d f or  
Saf et y Mar ki ng and Label i ng Syst ems

UL 1286 ( 2022;  Repr i nt  Aug 2023)  UL St andar d f or  
Saf et y Of f i ce Fur ni shi ngs

UL 1863 ( 2004;  Repr i nt  Oct  2019)  UL St andar d f or  
Saf et y Communi cat i on Ci r cui t  Accessor i es

1. 2   RELATED REQUI REMENTS

Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM and Sect i on 33 82 00 
TELECOMMUNI CATI ONS,  OUTSI DE PLANT ( OSP) ,  appl y t o t hi s sect i on wi t h 
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addi t i ons and modi f i cat i ons speci f i ed her ei n.

1. 3   DEFI NI TI ONS

Unl ess ot her wi se speci f i ed or  i ndi cat ed,  el ect r i cal  and el ect r oni cs t er ms 
used i n t hi s speci f i cat i on shal l  be as def i ned i n TI A- 568. 1,  TI A- 568. 2,  
TI A- 568. 3,  TI A- 569,  TI A- 606 and I EEE 100 and her ei n.

1. 3. 1   Campus Di st r i but or  ( CD)

A di st r i but or  f r om whi ch t he campus backbone cabl i ng emanat es.  
( I nt er nat i onal  expr essi on f or  mai n cr oss- connect  ( MC) . )

1. 3. 2   Bui l di ng Di st r i but or  ( BD)

A di st r i but or  i n whi ch t he bui l di ng backbone cabl es t er mi nat e and at  whi ch 
connect i ons t o t he campus backbone cabl es may be made.   ( I nt er nat i onal  
expr essi on f or  i nt er medi at e cr oss- connect  ( I C) . )

1. 3. 3   Fl oor  Di st r i but or  ( FD)

A di st r i but or  used t o connect  hor i zont al  cabl e and cabl i ng subsyst ems or  
equi pment .   ( I nt er nat i onal  expr essi on f or  hor i zont al  cr oss- connect  ( HC) . )

1. 3. 4   Tel ecommuni cat i ons Room ( TR)

An encl osed space f or  housi ng t el ecommuni cat i ons equi pment ,  cabl e,  
t er mi nat i ons,  and cr oss- connect s.   The r oom i s t he r ecogni zed 
cr oss- connect  bet ween t he backbone cabl e and t he hor i zont al  cabl i ng.

1. 3. 5   Ent r ance Faci l i t y  ( EF)  ( Tel ecommuni cat i ons)

An ent r ance t o t he bui l di ng f or  bot h pr i vat e and publ i c net wor k ser vi ce 
cabl es ( i ncl udi ng wi r el ess)  i ncl udi ng t he ent r ance poi nt  at  t he bui l di ng 
wal l  and cont i nui ng t o t he equi pment  r oom.

1. 3. 6   Equi pment  Room ( ER)  ( Tel ecommuni cat i ons)

An envi r onment al l y cont r ol l ed  cent r al i zed space f or  t el ecommuni cat i ons 
equi pment  t hat  ser ves t he occupant s of  a bui l di ng.   Equi pment  housed 
t her ei n i s consi der ed di st i nct  f r om a t el ecommuni cat i ons r oom because of  
t he nat ur e of  i t s  compl exi t y.

1. 3. 7   Open Cabl e

Cabl i ng t hat  i s not  r un i n a r aceway as def i ned by NFPA 70.   Thi s r ef er s 
t o cabl i ng t hat  i s " open"  t o t he space i n whi ch t he cabl e has been 
i nst al l ed and i s t her ef or e exposed t o t he envi r onment al  condi t i ons 
associ at ed wi t h t hat  space.

1. 3. 8   Open Of f i ce

A f l oor  space di v i s i on pr ovi ded by f ur ni t ur e,  moveabl e par t i t i ons,  or  
ot her  means i nst ead of  by bui l di ng wal l s.

1. 3. 9   Pat hway

A physi cal  i nf r ast r uct ur e ut i l i zed f or  t he pl acement  and r out i ng of  
t el ecommuni cat i ons cabl e.
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1. 4   SYSTEM DESCRI PTI ON

The bui l di ng t el ecommuni cat i ons cabl i ng and pat hway syst em shal l  i ncl ude 
per manent l y i nst al l ed backbone and hor i zont al  cabl i ng,  hor i zont al  and 
backbone pat hways,  ser vi ce ent r ance f aci l i t i es,  wor k ar ea pat hways,  
t el ecommuni cat i ons out l et  assembl i es,  condui t ,  r aceway,  and har dwar e f or  
spl i c i ng,  t er mi nat i ng,  and i nt er connect i ng cabl i ng necessar y t o t r anspor t  
t el ephone and dat a ( i ncl udi ng LAN)  bet ween equi pment  i t ems i n a bui l di ng.   
The hor i zont al  syst em shal l  be wi r ed i n a st ar  t opol ogy f r om t he 
t el ecommuni cat i ons wor k ar ea t o t he f l oor  di st r i but or  or  campus 
di st r i but or  at  t he cent er  or  hub of  t he st ar .   The backbone cabl i ng and 
pat hway syst em i ncl udes i nt r abui l di ng and i nt er bui l di ng i nt er connect i ng 
cabl i ng,  pat hway,  and t er mi nal  har dwar e.   The i nt r abui l di ng backbone 
pr ovi des connect i v i t y f r om t he f l oor  di st r i but or s t o t he bui l di ng 
di st r i but or s or  t o t he campus di st r i but or  and f r om t he bui l di ng 
di st r i but or s t o t he campus di st r i but or  as r equi r ed.   The backbone syst em 
shal l  be wi r ed i n a st ar  t opol ogy wi t h t he campus di st r i but or  at  t he 
cent er  or  hub of  t he st ar .   The i nt er bui l di ng backbone syst em pr ovi des 
connect i v i t y bet ween t he campus di st r i but or s and i s speci f i ed i n Sect i on 
33 82 00 TELECOMMUNI CATI ONS OUTSI DE PLANT ( OSP) .   Pr ovi de 
t el ecommuni cat i ons pat hway syst ems r ef er enced her ei n as speci f i ed i n 
Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.

1. 5   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
Cont r act or  Qual i t y Cont r ol  appr oval .   When used,  a code f ol l owi ng t he " G"  
c l assi f i cat i on i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  
t he Gover nment .  See al so speci f i c  96CS r equi r ement s i ncl uded i n t he 
appendi x.  Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 
SUBMI TTAL PROCEDURES:

SD- 02 Shop Dr awi ngs

Tel ecommuni cat i ons Dr awi ngs;  G

Tel ecommuni cat i ons Space Dr awi ngs;  G

I n addi t i on t o Sect i on 01 33 00 SUBMI TTAL PROCEDURES,  pr ovi de shop 
dr awi ngs i n accor dance wi t h par agr aph SHOP DRAWI NGS.

SD- 03 Pr oduct  Dat a

Tel ecommuni cat i ons Cabl i ng ( backbone and hor i zont al ) ;  G

Pat ch Panel s;  G

Tel ecommuni cat i ons Out l et / Connect or  Assembl i es;  G

Communi cat i ons Cabi net ;  G

Connect or  Bl ocks;  G

Spar e Par t s;  G

Submi t t al s shal l  i ncl ude t he manuf act ur er ' s name,  t r ade name,  
pl ace of  manuf act ur e,  and cat al og model  or  number .   I ncl ude 
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per f or mance and char act er i st i c cur ves.   Submi t t al s shal l  al so 
i ncl ude appl i cabl e f eder al ,  mi l i t ar y,  i ndust r y,  and t echni cal  
soci et y publ i cat i on r ef er ences.   Shoul d manuf act ur er ' s dat a 
r equi r e suppl ement al  i nf or mat i on f or  c l ar i f i cat i on,  t he 
suppl ement al  i nf or mat i on shal l  be submi t t ed as speci f i ed i n 
par agr aph REGULATORY REQUI REMENTS and as r equi r ed i n Sect i on 
01 33 00 SUBMI TTAL PROCEDURES.

SD- 06 Test  Repor t s

Tel ecommuni cat i ons Cabl i ng Test i ng;  G

SD- 07 Cer t i f i cat es

Tel ecommuni cat i ons Cont r act or  Qual i f i cat i ons;  G

Key Per sonnel  Qual i f i cat i ons;  G

Manuf act ur er  Qual i f i cat i ons;  G

Test  Pl an;  G

SD- 09 Manuf act ur er ' s Fi el d Repor t s

Fact or y Reel  Test s;  G

SD- 10 Oper at i on and Mai nt enance Dat a

Tel ecommuni cat i ons Cabl i ng and Pat hway Syst em Dat a Package 5;  G

SD- 11 Cl oseout  Submi t t al s

Recor d Document at i on;  G

1. 6   QUALI TY ASSURANCE

1. 6. 1   96CS Requi r ement s See Appendi x

1. 6. 2   Shop Dr awi ngs

I n except i on t o Sect i on 01 33 00 SUBMI TTAL PROCEDURES,  submi t t ed pl an 
dr awi ngs shal l  be a mi ni mum of  11 by 17 i nches i n s i ze usi ng a mi ni mum 
scal e of  1/ 8 i nch per  f oot .   I ncl ude wi r i ng di agr ams and i nst al l at i on 
det ai l s of  equi pment  i ndi cat i ng pr oposed l ocat i on,  l ayout  and ar r angement ,  
cont r ol  panel s,  accessor i es,  pi pi ng,  duct wor k,  and ot her  i t ems t hat  must  
be shown t o ensur e a coor di nat ed i nst al l at i on.   Wi r i ng di agr ams shal l  
i dent i f y c i r cui t  t er mi nal s and i ndi cat e t he i nt er nal  wi r i ng f or  each i t em 
of  equi pment  and t he i nt er connect i on bet ween each i t em of  equi pment .   
Dr awi ngs shal l  i ndi cat e adequat e c l ear ance f or  oper at i on,  mai nt enance,  and 
r epl acement  of  oper at i ng equi pment  devi ces.   Submi t t al s shal l  i ncl ude t he 
namepl at e dat a,  s i ze,  and capaci t y.   Submi t t al s shal l  al so i ncl ude 
appl i cabl e f eder al ,  mi l i t ar y,  i ndust r y,  and t echni cal  soci et y publ i cat i on 
r ef er ences.

1. 6. 2. 1   Tel ecommuni cat i ons Dr awi ngs

Pr ovi de dr awi ngs i n accor dance wi t h TI A- 606.   The i dent i f i er  f or  each 
t er mi nat i on and cabl e shal l  appear  on t he dr awi ngs.   Dr awi ngs shal l  depi ct  
f i nal  t el ecommuni cat i ons i nst al l ed wi r i ng syst em i nf r ast r uct ur e i n 
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accor dance wi t h TI A- 606.   The dr awi ngs shoul d pr ovi de det ai l s r equi r ed t o 
pr ove t hat  t he di st r i but i on syst em shal l  pr oper l y suppor t  connect i v i t y 
f r om t he EF t el ecommuni cat i ons and ER t el ecommuni cat i ons,  CD' s,  BD' s,  and 
FD' s t o t he t el ecommuni cat i ons wor k ar ea out l et s.   Pr ovi de a pl ast i c 
l ami nat ed schemat i c of  t he as- i nst al l ed t el ecommuni cat i ons cabl e syst em 
showi ng cabl i ng,  CD' s,  BD' s,  FD' s,  and t he EF and ER f or  
t el ecommuni cat i ons keyed t o f l oor  pl ans by r oom number .   Mount  t he 
l ami nat ed schemat i c i n t he EF t el ecommuni cat i ons space as di r ect ed by t he 
Cont r act i ng Of f i cer .   The f ol l owi ng dr awi ngs shal l  be pr ovi ded as a 
mi ni mum:

a.   T1 -  Layout  of  compl et e bui l di ng per  f l oor  -  Bui l di ng Ar ea/ Ser vi ng 
Zone Boundar i es,  Backbone Syst ems,  and Hor i zont al  Pat hways.   Layout  of  
compl et e bui l di ng per  f l oor .  The dr awi ng i ndi cat es l ocat i on of  
bui l di ng ar eas,  ser vi ng zones,  ver t i cal  backbone di agr ams,  
t el ecommuni cat i ons r ooms,  access poi nt s,  pat hways,  gr oundi ng syst em,  
and ot her  syst ems t hat  need t o be vi ewed f r om t he compl et e bui l di ng 
per spect i ve.

b.   T2 -  Ser vi ng Zones/ Bui l di ng Ar ea Dr awi ngs -  Dr op Locat i ons and Cabl e 
I dent i f i cat i on ( I D’ S) .   Shows a bui l di ng ar ea or  ser vi ng zone.   These 
dr awi ngs show dr op l ocat i ons,  t el ecommuni cat i ons r ooms,  access poi nt s 
and det ai l  cal l  out s f or  common equi pment  r ooms and ot her  congest ed 
ar eas.

c.   T4 -  Typi cal  Det ai l  Dr awi ngs -  Facepl at e Label i ng,  Fi r est oppi ng,  
Amer i cans wi t h Di sabi l i t i es Act  ( ADA) ,  Saf et y,  Depar t ment  of  
Tr anspor t at i on ( DOT) .   Det ai l ed dr awi ngs of  symbol s and t ypi cal s such 
as f acepl at e l abel i ng,  f acepl at e t ypes,  f acepl at e popul at i on 
i nst al l at i on pr ocedur es,  det ai l  r acki ng,  and r aceways.

1. 6. 2. 2   Tel ecommuni cat i ons Space Dr awi ngs

Pr ovi de T3 dr awi ngs i n accor dance wi t h TI A- 606 t hat  i ncl ude 
t el ecommuni cat i ons r ooms pl an vi ews,  pat hway l ayout  ( cabl e t r ay,  r acks,  
l adder - r acks,  et c. ) ,  mechani cal / el ect r i cal  l ayout ,  and  r ack backboar d and 
wal l  el evat i ons.   Dr awi ngs shal l  show l ayout  of  appl i cabl e equi pment  
i ncl udi ng i ncomi ng cabl e st ub or  connect or  bl ocks,  bui l di ng pr ot ect or  
assembl y,  out goi ng cabl e connect or  bl ocks,  pat ch panel s and equi pment  
spaces and cabi net / r acks.   Dr awi ngs shal l  i ncl ude a compl et e l i s t  of  
equi pment  and mat er i al ,  equi pment  r ack det ai l s,  pr oposed l ayout  and 
anchor age of  equi pment  and appur t enances,  and equi pment  r el at i onshi p t o 
ot her  par t s of  t he wor k i ncl udi ng cl ear ance f or  mai nt enance and 
oper at i on.   Dr awi ngs may al so be an enl ar gement  of  a congest ed ar ea of  T1 
or  T2 dr awi ngs.

1. 6. 3   Tel ecommuni cat i ons Qual i f i cat i ons

Wor k under  t hi s sect i on shal l  be per f or med by and t he equi pment  shal l  be 
pr ovi ded by t he appr oved t el ecommuni cat i ons cont r act or  and key per sonnel .   
Qual i f i cat i ons shal l  be pr ovi ded f or :   t he t el ecommuni cat i ons syst em 
cont r act or ,  t he t el ecommuni cat i ons syst em i nst al l er ,  and t he super vi sor  
( i f  di f f er ent  f r om t he i nst al l er ) .   A mi ni mum of  30 days pr i or  t o 
i nst al l at i on,  submi t  document at i on of  t he exper i ence of  t he 
t el ecommuni cat i ons cont r act or  and of  t he key per sonnel .

1. 6. 3. 1   Tel ecommuni cat i ons Cont r act or

The t el ecommuni cat i ons cont r act or  shal l  be a f i r m whi ch i s r egul ar l y and 
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pr of essi onal l y engaged i n t he busi ness of  t he appl i cat i ons,  i nst al l at i on,  
and t est i ng of  t he speci f i ed t el ecommuni cat i ons syst ems and equi pment .   
The t el ecommuni cat i ons cont r act or  shal l  demonst r at e exper i ence i n 
pr ovi di ng successf ul  t el ecommuni cat i ons syst ems wi t hi n t he past  3 year s of  
s i mi l ar  scope and si ze.   Submi t  document at i on f or  a mi ni mum of  t hr ee and a 
maxi mum of  f i ve successf ul  t el ecommuni cat i on syst em i nst al l at i ons f or  t he 
t el ecommuni cat i ons cont r act or .

1. 6. 3. 2   Key Per sonnel

Pr ovi de key per sonnel  who ar e r egul ar l y and pr of essi onal l y engaged i n t he 
busi ness of  t he appl i cat i on,  i nst al l at i on and t est i ng of  t he speci f i ed 
t el ecommuni cat i ons syst ems and equi pment .   Ther e may be one key per son or  
mor e key per sons pr oposed f or  t hi s sol i c i t at i on dependi ng upon how many of  
t he key r ol es each has successf ul l y pr ovi ded.   Each of  t he key per sonnel  
shal l  demonst r at e exper i ence i n pr ovi di ng successf ul  t el ecommuni cat i ons 
syst ems wi t hi n t he past  3 year s.   Syst em shop dr awi ngs/ desi gn dr awi ngs 
shal l  be by BI CSI  r egi st er ed communi cat i ons desi gner  ( RCDD) .  

Super vi sor s and i nst al l er s assi gned t o t he i nst al l at i on of  t hi s syst em or  
any of  i t s  component s shal l  be Bui l di ng I ndust r y Consul t i ng Ser vi ces 
I nt er nat i onal  ( BI CSI )  Regi st er ed Cabl i ng I nst al l er s,  Techni c i an Level .   
Submi t  document at i on of  cur r ent  BI CSI  cer t i f i cat i on f or  each of  t he key 
per sonnel .

I n l i eu of  BI CSI  cer t i f i cat i on,  super vi sor s and i nst al l er s assi gned t o t he 
i nst al l at i on of  t hi s syst em or  any of  i t s  component s shal l  have a mi ni mum 
of  3 year s exper i ence i n t he i nst al l at i on of  t he speci f i ed copper  and 
f i ber  opt i c cabl e and component s.   They shal l  have f act or y or  f act or y 
appr oved cer t i f i cat i on f r om each equi pment  manuf act ur er  i ndi cat i ng t hat  
t hey ar e qual i f i ed t o i nst al l  and t est  t he pr ovi ded pr oduct s.   Submi t  
document at i on f or  a mi ni mum of  t hr ee and a maxi mum of  f i ve successf ul  
t el ecommuni cat i on syst em i nst al l at i ons f or  each of  t he key per sonnel .   
Document at i on f or  each key per son shal l  i ncl ude at  l east  t wo successf ul  
syst em i nst al l at i ons pr ovi ded t hat  ar e equi val ent  i n syst em si ze and i n 
const r uct i on compl exi t y t o t he t el ecommuni cat i ons syst em pr oposed f or  t hi s 
sol i c i t at i on.   I ncl ude speci f i c  exper i ence i n i nst al l i ng and t est i ng 
t el ecommuni cat i ons syst ems and pr ovi de t he names and l ocat i ons of  at  l east  
t wo pr oj ect  i nst al l at i ons successf ul l y compl et ed usi ng copper  
t el ecommuni cat i ons cabl i ng syst ems.   Al l  of  t he exi st i ng 
t el ecommuni cat i ons syst em i nst al l at i ons of f er ed by t he key per sons as 
successf ul  exper i ence shal l  have been i n successf ul  f ul l - t i me ser vi ce f or  
at  l east  18 mont hs pr i or  t o t he i ssuance dat e f or  t hi s sol i c i t at i on.   
Pr ovi de t he name and r ol e of  t he key per son,  t he t i t l e,  l ocat i on,  and 
compl et ed i nst al l at i on dat e of  t he r ef er enced pr oj ect ,  t he r ef er enced 
pr oj ect  owner  poi nt  of  cont act  i nf or mat i on i ncl udi ng name,  or gani zat i on,  
t i t l e,  and t el ephone number ,  and gener al l y,  t he r ef er enced pr oj ect  
descr i pt i on i ncl udi ng syst em si ze and const r uct i on compl exi t y.

I ndi cat e t hat  al l  key per sons ar e cur r ent l y empl oyed by t he 
t el ecommuni cat i ons cont r act or ,  or  have a commi t ment  t o t he 
t el ecommuni cat i ons cont r act or  t o wor k on t hi s pr oj ect .   Al l  key per sons 
shal l  be empl oyed by t he t el ecommuni cat i ons cont r act or  at  t he dat e of  
i ssuance of  t hi s sol i c i t at i on,  or  i f  not ,  have a commi t ment  t o t he 
t el ecommuni cat i ons cont r act or  t o wor k on t hi s pr oj ect  by t he dat e t hat  t he 
bi d was due t o t he Cont r act i ng Of f i cer .

Not e t hat  onl y t he key per sonnel  appr oved by t he Cont r act i ng Of f i cer  i n 
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t he successf ul  pr oposal  shal l  do wor k on t hi s sol i c i t at i on' s 
t el ecommuni cat i ons syst em.   Key per sonnel  shal l  f unct i on i n t he same r ol es 
i n t hi s cont r act ,  as t hey f unct i oned i n t he of f er ed successf ul  
exper i ence.   Any subst i t ut i ons f or  t he t el ecommuni cat i ons cont r act or ' s key 
per sonnel  r equi r es appr oval  f r om The Cont r act i ng Of f i cer .

1. 6. 3. 3   Mi ni mum Manuf act ur er  Qual i f i cat i ons

Cabl i ng,  equi pment  and har dwar e manuf act ur er s shal l  have a mi ni mum of  3  
year s exper i ence i n t he manuf act ur i ng,  assembl y,  and f act or y t est i ng of  
component s whi ch compl y wi t h TI A- 568. 1,  TI A- 568. 2 and TI A- 568. 3.

1. 6. 4   Test  Pl an

Pr ovi de a compl et e and det ai l ed t est  pl an f or  t he t el ecommuni cat i ons 
cabl i ng syst em i ncl udi ng a compl et e l i s t  of  t est  equi pment  f or  t he 
component s and accessor i es f or  each cabl e t ype speci f i ed,  60 days pr i or  t o 
t he pr oposed t est  dat e.   I ncl ude pr ocedur es f or  cer t i f i cat i on,  val i dat i on,  
and t est i ng.

1. 6. 5   Regul at or y Requi r ement s

I n each of  t he publ i cat i ons r ef er r ed t o her ei n,  consi der  t he advi sor y 
pr ovi s i ons t o be mandat or y,  as t hough t he wor d,  " shal l "  had been 
subst i t ut ed f or  " shoul d"  wher ever  i t  appear s.   I nt er pr et  r ef er ences i n 
t hese publ i cat i ons t o t he " aut hor i t y havi ng j ur i sdi ct i on, "  or  wor ds of  
s i mi l ar  meani ng,  t o mean t he Cont r act i ng Of f i cer .   Equi pment ,  mat er i al s,  
i nst al l at i on,  and wor kmanshi p shal l  be i n accor dance wi t h t he mandat or y 
and advi sor y pr ovi s i ons of  NFPA 70 unl ess mor e st r i ngent  r equi r ement s ar e 
speci f i ed or  i ndi cat ed.

1. 6. 6   St andar d Pr oduct s

Pr ovi de mat er i al s and equi pment  t hat  ar e pr oduct s of  manuf act ur er s 
r egul ar l y engaged i n t he pr oduct i on of  such pr oduct s whi ch ar e of  equal  
mat er i al ,  desi gn and wor kmanshi p.   Pr oduct s shal l  have been i n 
sat i sf act or y commer ci al  or  i ndust r i al  use f or  2 year s pr i or  t o bi d 
openi ng.   The 2- year  per i od shal l  i ncl ude appl i cat i ons of  equi pment  and 
mat er i al s under  s i mi l ar  c i r cumst ances and of  s i mi l ar  s i ze.   The pr oduct  
shal l  have been on sal e on t he commer ci al  mar ket  t hr ough adver t i sement s,  
manuf act ur er s '  cat al ogs,  or  br ochur es dur i ng t he 2- year  per i od.   Wher e t wo 
or  mor e i t ems of  t he same cl ass of  equi pment  ar e r equi r ed,  t hese i t ems 
shal l  be pr oduct s of  a s i ngl e manuf act ur er ;  however ,  t he component  par t s 
of  t he i t em need not  be t he pr oduct s of  t he same manuf act ur er  unl ess 
st at ed i n t hi s sect i on.

1. 6. 6. 1   Al t er nat i ve Qual i f i cat i ons

Pr oduct s havi ng l ess t han a 2- year  f i el d ser vi ce r ecor d wi l l  be accept abl e 
i f  a cer t i f i ed r ecor d of  sat i sf act or y f i el d oper at i on f or  not  l ess t han 
6000 hour s,  excl usi ve of  t he manuf act ur er s '  f act or y or  l abor at or y t est s,  
i s  f ur ni shed.

1. 6. 6. 2   Mat er i al  and Equi pment  Manuf act ur i ng Dat e

Pr oduct s manuf act ur ed mor e t han 1 year  pr i or  t o dat e of  del i ver y t o s i t e 
shal l  not  be used,  unl ess speci f i ed ot her wi se.
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1. 7   DELI VERY AND STORAGE

Pr ovi de pr ot ect i on f r om weat her ,  moi st ur e,  ext r eme heat  and col d,  di r t ,  
dust ,  and ot her  cont ami nant s f or  t el ecommuni cat i ons cabl i ng and equi pment  
pl aced i n st or age.

1. 8   ENVI RONMENTAL REQUI REMENTS

Connect i ng har dwar e shal l  be r at ed f or  oper at i on under  ambi ent  condi t i ons 
of  32 t o 140 degr ees F and i n t he r ange of  0 t o 95 per cent  r el at i ve 
humi di t y,  noncondensi ng.

1. 9   WARRANTY

The equi pment  i t ems shal l  be suppor t ed by ser vi ce or gani zat i ons whi ch ar e 
r easonabl y conveni ent  t o t he equi pment  i nst al l at i on i n or der  t o r ender  
sat i sf act or y ser vi ce t o t he equi pment  on a r egul ar  and emer gency basi s 
dur i ng t he war r ant y per i od of  t he cont r act .

1. 10   MAI NTENANCE

1. 10. 1   Oper at i on and Mai nt enance Manual s

Commer ci al  of f  t he shel f  manual s shal l  be f ur ni shed f or  oper at i on,  
i nst al l at i on,  conf i gur at i on,  and mai nt enance of  pr oduct s pr ovi ded as a 
par t  of  t he t el ecommuni cat i ons cabl i ng and pat hway syst em,  Dat a Package 
5.   Submi t  oper at i ons and mai nt enance dat a i n accor dance wi t h Sect i on 
01 78 23 OPERATI ON AND MAI NTENANCE DATA and as speci f i ed her ei n not  l at er  
t han 2  mont hs pr i or  t o t he dat e of  benef i c i al  occupancy.   I n addi t i on t o 
r equi r ement s of  Dat a Package 5,  i ncl ude t he r equi r ement s of  par agr aphs 
TELECOMMUNI CATI ONS DRAWI NGS,  TELECOMMUNI CATI ONS SPACE DRAWI NGS,  and RECORD 
DOCUMENTATI ON.   Ensur e t hat  t hese dr awi ngs and document s depi ct  t he 
as- bui l t  conf i gur at i on.

1. 10. 2   Recor d Document at i on

Pr ovi de T5 dr awi ngs i ncl udi ng document at i on on cabl es and t er mi nat i on 
har dwar e i n accor dance wi t h TI A- 606.   T5 dr awi ngs shal l  i ncl ude schedul es 
t o show i nf or mat i on f or  cut - over s and cabl e pl ant  management ,  pat ch panel  
l ayout s and cover  pl at e assi gnment s,  cr oss- connect  i nf or mat i on and 
connect i ng t er mi nal  l ayout  as a mi ni mum.   T5 dr awi ngs shal l  be pr ovi ded i n 
har d copy f or mat  and  on el ect r oni c medi a usi ng Wi ndows based comput er  
cabl e management  sof t war e.   A l i censed copy of  t he cabl e management  
sof t war e i ncl udi ng document at i on,  shal l  be pr ovi ded.   Pr ovi de t he 
f ol l owi ng T5 dr awi ng document at i on as a mi ni mum:

a.   Cabl es -  A r ecor d of  i nst al l ed cabl e shal l  be pr ovi ded i n accor dance 
wi t h TI A- 606.   The cabl e r ecor ds shal l  i ncl ude onl y t he r equi r ed dat a 
f i el dsi ncl ude t he r equi r ed dat a f i el ds f or  each cabl e and compl et e 
end- t o- end ci r cui t  r epor t  f or  each compl et e c i r cui t  f r om t he assi gned 
out l et  t o t he ent r y f aci l i t y  i n accor dance wi t h TI A- 606.   I ncl ude 
manuf act ur e dat e of  cabl e wi t h submi t t al .

b.   Ter mi nat i on Har dwar e -  A r ecor d of  i nst al l ed pat ch panel s,  
cr oss- connect  poi nt s,  di st r i but i on f r ames,  t er mi nat i ng bl ock 
ar r angement s and t ype,  and out l et s shal l  be pr ovi ded i n accor dance 
wi t h TI A- 606.   Document at i on shal l  i ncl ude t he r equi r ed dat a f i el ds as 
a mi ni mum i n accor dance wi t h TI A- 606.
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1. 10. 3   Spar e Par t s

I n addi t i on t o t he r equi r ement s of  Sect i on 01 78 23 OPERATI ON AND 
MAI NTENANCE DATA,  pr ovi de a compl et e l i s t  of  par t s and suppl i es,  wi t h 
cur r ent  uni t  pr i ces and sour ce of  suppl y,  and a l i s t  of  spar e par t s 
r ecommended f or  st ocki ng.

PART 2   PRODUCTS

2. 1   COMPONENTS

Component s shal l  be UL or  t hi r d par t y cer t i f i ed.   Wher e equi pment  or  
mat er i al s ar e speci f i ed t o conf or m t o i ndust r y and t echni cal  soci et y 
r ef er ence st andar ds of  t he or gani zat i ons,  submi t  pr oof  of  such 
compl i ance.   The l abel  or  l i s t i ng by t he speci f i ed or gani zat i on wi l l  be 
accept abl e evi dence of  compl i ance.   I n l i eu of  t he l abel  or  l i s t i ng,  
submi t  a cer t i f i cat e f r om an i ndependent  t est i ng or gani zat i on,  compet ent  
t o per f or m t est i ng,  and appr oved by t he Cont r act i ng Of f i cer .   The 
cer t i f i cat e shal l  st at e t hat  t he i t em has been t est ed i n accor dance wi t h 
t he speci f i ed or gani zat i on' s t est  met hods and t hat  t he i t em compl i es wi t h 
t he speci f i ed or gani zat i on' s r ef er ence st andar d.   Pr ovi de a compl et e 
syst em of  t el ecommuni cat i ons cabl i ng and pat hway component s usi ng st ar  
t opol ogy.   Pr ovi de suppor t  st r uct ur es and pat hways,  compl et e wi t h out l et s,  
cabl es,  connect i ng har dwar e and t el ecommuni cat i ons cabi net s/ r acks.   
Cabl i ng and i nt er connect i ng har dwar e and component s f or  t el ecommuni cat i ons 
syst ems shal l  be UL l i s t ed or  t hi r d par t y i ndependent  t est i ng l abor at or y 
cer t i f i ed,  and shal l  compl y wi t h NFPA 70 and conf or m t o t he r equi r ement s 
speci f i ed her ei n.

2. 2   TELECOMMUNI CATI ONS PATHWAY

Pr ovi de t el ecommuni cat i ons pat hways i n accor dance wi t h TI A- 569 and as 
speci f i ed i n Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.   Pr ovi de 
syst em f ur ni t ur e pat hways i n accor dance wi t h UL 1286.

2. 3   TELECOMMUNI CATI ONS CABLI NG

Cabl i ng shal l  be UL l i s t ed f or  t he appl i cat i on and shal l  compl y wi t h 
TI A- 568. 0,  TI A- 568. 1,  TI A- 568. 2,  TI A- 568. 3 and NFPA 70.   Pr ovi de a 
l abel i ng syst em f or  cabl i ng as r equi r ed by TI A- 606 and UL 969.   Shi p cabl e 
on r eel s or   i n boxes bear i ng manuf act ur e dat e f or  f or  unshi el ded t wi st ed 
pai r  ( UTP)  i n accor dance wi t h I CEA S- 90- 661 and opt i cal  f i ber  cabl es i n 
accor dance wi t h I CEA S- 83- 596 f or  al l  cabl e used on t hi s pr oj ect .   Cabl i ng 
manuf act ur ed mor e t han 12 mont hs pr i or  t o dat e of  i nst al l at i on shal l  not  
be used.

2. 3. 1   Hor i zont al  Cabl i ng

Pr ovi de hor i zont al  cabl e i n compl i ance wi t h NFPA 70 and per f or mance 
char act er i st i cs i n accor dance wi t h TI A- 568. 1.

2. 3. 1. 1   Hor i zont al  Copper

Pr ovi de hor i zont al  copper  cabl e,  UTP,  100 ohm i n accor dance wi t h TI A- 568. 2,  
UL 444,  ANSI / NEMA WC 66,  I CEA S- 90- 661 .   Pr ovi de f our  each i ndi v i dual l y 
t wi st ed pai r ,  mi ni mum si ze 24 AWG conduct or s,  Cat egor y 6,  wi t h a   
t her mopl ast i c j acket .   Cabl e shal l  be i mpr i nt ed wi t h manuf act ur er s name or  
i dent i f i er ,  f l ammabi l i t y  r at i ng,  gauge of  conduct or ,  t r ansmi ssi on 
per f or mance r at i ng ( cat egor y desi gnat i on)  and l engt h mar ki ng at  r egul ar  
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i nt er val s i n accor dance wi t h I CEA S- 90- 661.   Pr ovi de pl enum ( CMP) ,  r i ser  
( CMR) ,  or  gener al  pur pose ( CM or  CMG)  communi cat i ons r at ed cabl i ng i n 
accor dance wi t h NFPA 70.   Subst i t ut i on of  a hi gher  r at ed cabl e shal l  be 
per mi t t ed i n accor dance wi t h NFPA 70.  Cabl es i nst al l ed i n condui t  wi t hi n 
and under  s l abs shal l  be UL l i s t ed and l abel ed f or  wet  l ocat i ons i n 
accor dance wi t h NFPA 70.

2. 4   TELECOMMUNI CATI ONS SPACES

Pr ovi de connect i ng har dwar e and t er mi nat i on equi pment  i n t he 
t el ecommuni cat i ons ent r ance f aci l i t y  and t el ecommuni cat i on equi pment  r oom 
t o f aci l i t at e i nst al l at i on as shown on desi gn dr awi ngs f or  t er mi nat i ng and 
cr oss- connect i ng per manent  cabl i ng.   Pr ovi de t el ecommuni cat i ons 
i nt er connect i ng har dwar e col or  codi ng i n accor dance wi t h TI A- 606.

2. 4. 1   Backboar ds

Pr ovi de voi d- f r ee,  i nt er i or  gr ade A- C pl ywood 3/ 4 i nch t hi ck s i ze as 
i ndi cat ed.   Backboar ds shal l  be f i r e r at ed by manuf act ur i ng pr ocess.   Fi r e 
st amp shal l  be c l ear l y v i s i bl e.   Backboar ds shal l  be pr ovi ded on a mi ni mum 
of  t wo adj acent  wal l s i n t he t el ecommuni cat i on spaces.

2. 4. 2   Equi pment  Suppor t  Fr ame

Pr ovi de i n accor dance wi t h ECI A EI A/ ECA 310- E and UL 50.

a.   Cabi net s,  f r eest andi ng modul ar  t ype,  16 gauge st eel  or  11 gauge 
al umi num const r uct i on,  mi ni mum,  t r eat ed t o r esi st  cor r osi on.   Cabi net  
shal l  have r emovabl e and l ockabl e s i de panel s,  f r ont  and r ear  door s,  
and have adj ust abl e f eet  f or  l evel i ng.   Cabi net shal l  be vent ed i n t he 
r oof  and r ear  door .   Cabi net  shal l  have cabl e access i n t he r oof  and 
base and be compat i bl e wi t h 19 i nches panel  mount i ng.   Pr ovi de cabi net  
wi t h gr oundi ng bar  pr ot ect ed power  st r i p wi t h 6.   See dr awi ngs f or  
speci f i c  r equi r ement s.

2. 4. 3   Cabl e Gui des

Pr ovi de cabl e gui des speci f i cal l y manuf act ur ed f or  t he pur pose of  r out i ng 
cabl es,  wi r es and pat ch cor ds hor i zont al l y and ver t i cal l y on 19 i nches
equi pment  r acks and cabi net s and t el ecommuni cat i ons backboar ds.   Cabl e 
gui des of  r i ng or  br acket  t ype devi ces mount ed on r ack panel s f or  
hor i zont al  cabl e management  and i ndi v i dual l y mount ed f or  ver t i cal  cabl e 
management .   Mount  cabl e gui des wi t h scr ews,  and or  nut s and l ockwasher s.

2. 4. 4   Pat ch Panel s

Pr ovi de por t s f or  t he number  of  hor i zont al  and backbone cabl es t er mi nat ed 
on t he panel  pl us 25 per cent  spar e.   Pr ovi de pr e- connect or i zed copper  
pat ch cor ds f or  pat ch panel s.   

2. 4. 4. 1   Modul ar  t o 110 Bl ock Pat ch Panel

Pr ovi de i n accor dance wi t h TI A- 568. 1 and TI A- 568. 2.   Panel s shal l  be t hi r d 
par t y ver i f i ed and shal l  compl y wi t h EI A/ TI A Cat egor y 6 r equi r ement s.   
Panel  shal l  be const r uct ed of  0. 09 i nches mi ni mum al umi num and shal l  be 
r ack mount ed and compat i bl e wi t h an ECI A EI A/ ECA 310- E19 i nchesequi pment  
r ack.   Panel  shal l  pr ovi de 48 non- keyed,  8- pi n modul ar  por t s,  wi r ed t o 
T568A or  T568B as i ndi cat ed.   Pat ch panel s shal l  t er mi nat e t he bui l di ng 
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cabl i ng on Type 110 I DCs and shal l  ut i l i ze a pr i nt ed ci r cui t  boar d 
i nt er f ace.   The r ear  of  each panel  shal l  have i ncomi ng cabl e st r ai n- r el i ef  
and r out i ng gui des.   Panel s shal l  have each por t  f act or y number ed and be 
equi pped wi t h l ami nat ed pl ast i c namepl at es above each por t .

2. 4. 4. 2   Fi ber  Opt i c Pat ch Panel

Twent y f our  ( 24)  por t  FODP wi t h LC connect i ons ( basi s of  desi gn Cor ni ng 
pr emi um f i ber  opt i c pat ch panel  wi t h LC connect or s) .   Spl i ce cent er s ar e 
al so r equi r ed at  each t er mi nat i on poi nt .

2. 5   TELECOMMUNI CATI ONS OUTLET/ CONNECTOR ASSEMBLI ES

2. 5. 1   Out l et / Connect or  Copper

Out l et / connect or s shal l  compl y wi t h FCC Par t  68,  TI A- 568. 1,  and TI A- 568. 2.   
UTP out l et / connect or s shal l  be UL 1863 l i s t ed,  non- keyed,  8- pi n modul ar ,  
const r uct ed of  hi gh i mpact  r at ed t her mopl ast i c housi ng and shal l  be t hi r d 
par t y ver i f i ed and shal l  compl y wi t h TI A- 568. 2 Cat egor y 6 r equi r ement s.   
Out l et / connect or s pr ovi ded f or  UTP cabl i ng shal l  meet  or  exceed t he 
r equi r ement s f or  t he cabl e pr ovi ded.   Out l et / connect or s shal l  be 
t er mi nat ed usi ng a Type 110 I DC PC boar d connect or ,  col or - coded f or  bot h 
T568A and T568B wi r i ng.   Each out l et / connect or  shal l  be wi r ed T568A or  
T568Bas i ndi cat ed.   UTP out l et / connect or s shal l  compl y wi t h TI A- 568. 2 f or  
200  mat i ng cycl es.

2. 5. 2   Cover  Pl at es

Tel ecommuni cat i ons cover  pl at es shal l  compl y wi t h UL 514C,  and TI A- 568. 1,  
f l ush desi gn const r uct ed of  hi gh i mpact  t her mopl ast i c mat er i al   col or t o 
mat ch col or  of  r ecept acl e/ swi t ch cover  pl at es speci f i ed i n Sect i on 26 20 00
 I NTERI OR DI STRI BUTI ON SYSTEM.   Pr ovi de l abel i ng i n accor dance wi t h t he 
par agr aph LABELI NG i n t hi s sect i on.

2. 6   GROUNDI NG AND BONDI NG PRODUCTS
 

Pr ovi de i n accor dance wi t h UL 467,  TI A- 607,  and NFPA 70.   Component s shal l  
be i dent i f i ed as r equi r ed by TI A- 606.   Pr ovi de gr ound r ods,  bondi ng 
conduct or s,  and gr oundi ng busbar s  as speci f i ed i n Sect i on 26 20 00 
I NTERI OR DI STRI BUTI ON SYSTEM.

2. 7   FI RESTOPPI NG MATERI AL

Pr ovi de as speci f i ed i n Sect i on 07 84 00 FI RESTOPPI NG.

2. 8   MANUFACTURER' S NAMEPLATE

Each i t em of  equi pment  shal l  have a namepl at e bear i ng t he manuf act ur er ' s 
name,  addr ess,  model  number ,  and ser i al  number  secur el y af f i xed i n a 
conspi cuous pl ace;  t he namepl at e of  t he di st r i but i ng agent  wi l l  not  be 
accept abl e.

2. 9   FI ELD FABRI CATED NAMEPLATES

ASTM D709.   Pr ovi de l ami nat ed pl ast i c namepl at es f or  each equi pment  
encl osur e,  r el ay,  swi t ch,  and devi ce;  as speci f i ed or  as i ndi cat ed on t he 
dr awi ngs.   Each namepl at e i nscr i pt i on shal l  i dent i f y t he f unct i on and,  
when appl i cabl e,  t he posi t i on.   Namepl at es shal l  be mel ami ne pl ast i c,  
0. 125 i nches t hi ck,  whi t e wi t h bl ack cent er  cor e.   Sur f ace shal l  be mat t e 
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f i ni sh.   Cor ner s shal l  be squar e.   Accur at el y al i gn l et t er i ng and engr ave 
i nt o t he cor e.   Mi ni mum si ze of  namepl at es shal l  be one by 2. 5 i nches.   
Let t er i ng shal l  be a mi ni mum of  0. 25 i nches hi gh nor mal  bl ock st y l e.

2. 10   TESTS,  I NSPECTI ONS,  AND VERI FI CATI ONS

2. 10. 1   Fact or y Reel  Test s

Pr ovi de document at i on of  t he t est i ng and ver i f i cat i on act i ons t aken by 
manuf act ur er  t o conf i r m compl i ance wi t h TI A- 568. 1,  TI A- 568. 2.

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

I nst al l  t el ecommuni cat i ons cabl i ng and pat hway syst ems,  i ncl udi ng t he 
hor i zont al  and backbone cabl e,  pat hway syst ems,  t el ecommuni cat i ons 
out l et / connect or  assembl i es,  and associ at ed har dwar e i n accor dance wi t h 
NECA/ BI CSI  568,  TI A- 568. 1,  TI A- 568. 2,   NFPA 70,  and UL st andar ds as 
appl i cabl e.   Pr ovi de cabl i ng i n a st ar  t opol ogy net wor k.     Pat hways and 
out l et  boxes shal l  be i nst al l ed as speci f i ed i n Sect i on 26 20 00 I NTERI OR 
DI STRI BUTI ON SYSTEM.   I nst al l  t el ecommuni cat i ons cabl i ng wi t h copper  medi a 
i n accor dance wi t h t he f ol l owi ng cr i t er i a t o avoi d pot ent i al  
el ect r omagnet i c i nt er f er ence bet ween power  and t el ecommuni cat i ons 
equi pment .   The i nt er f er ence cei l i ng shal l  not  exceed 3. 0 vol t s per  met er  
measur ed over  t he usabl e bandwi dt h of  t he t el ecommuni cat i ons cabl i ng.

3. 1. 1   Cabl i ng

I nst al l  UTP,  t el ecommuni cat i ons cabl i ng syst em as det ai l ed i n TI A- 568. 1, .   
Scr ew t er mi nal s shal l  not  be used except  wher e speci f i cal l y i ndi cat ed on 
pl ans.   Use an appr oved i nsul at i on di spl acement  connect i on ( I DC)  t ool  k i t  
f or  copper  cabl e t er mi nat i ons.   Do not  exceed manuf act ur er s '  cabl e pul l  
t ensi ons f or  copper  and opt i cal  f i ber  cabl es.   Pr ovi de a devi ce t o moni t or  
cabl e pul l  t ensi ons.   Do not  exceed 25 pounds pul l  t ensi on f or  f our  pai r  
copper  cabl es.   Do not  chaf e or  damage out er  j acket  mat er i al s.   Use onl y 
l ubr i cant s appr oved by cabl e manuf act ur er .   Do not  over  c i nch cabl es,  or  
cr ush cabl es wi t h st apl es.   For  UTP cabl e,  bend r adi i  shal l  not  be l ess 
t han f our  t i mes t he cabl e di amet er .   Cabl es shal l  be t er mi nat ed;  no cabl e 
shal l  cont ai n unt er mi nat ed el ement s.   Cabl es shal l  not  be spl i ced.   Label  
cabl i ng i n accor dance wi t h par agr aph LABELI NG i n t hi s sect i on.

3. 1. 1. 1   Hor i zont al  Cabl i ng

I nst al l  hor i zont al  cabl i ng as i ndi cat ed on dr awi ngs  Do not  unt wi st  
Cat egor y 6 UTP cabl es mor e t han one hal f  i nch f r om t he poi nt  of  
t er mi nat i on t o mai nt ai n cabl e geomet r y.   Pr ovi de sl ack cabl e i n t he f or m 
of  a f i gur e ei ght  ( not  a ser vi ce l oop)  on each end of  t he cabl e,  10 f eet  
i n t he t el ecommuni cat i ons r oom,  and 12 i nches i n t he wor k ar ea out l et .

3. 1. 2   Pat hway I nst al l at i ons

Pr ovi de i n accor dance wi t h TI A- 569 and NFPA 70.   Pr ovi de bui l di ng pat hway 
as speci f i ed i n Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.

3. 1. 3   Cabl e Tr ay I nst al l at i on

I nst al l  cabl e t r ay as speci f i ed i n Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON 
SYSTEM.   .
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3. 1. 4   Wor k Ar ea Out l et s

3. 1. 4. 1   Ter mi nat i ons

Ter mi nat e UTP cabl e i n accor dance wi t h TI A- 568. 1,  TI A- 568. 2 and wi r i ng 
conf i gur at i on as speci f i ed.

3. 1. 4. 2   Cover  Pl at es

As a mi ni mum,  each out l et / connect or  shal l  be l abel ed as t o i t s f unct i on 
and a uni que number  t o i dent i f y cabl e l i nk i n accor dance wi t h t he 
par agr aph LABELI NG i n t hi s sect i on.

3. 1. 4. 3   Cabl es

Unshi el ded t wi st ed pai r  and f i ber  opt i c cabl es shal l  have a mi ni mum of  12 
i nches of  s l ack cabl e l oosel y coi l ed i nt o t he t el ecommuni cat i ons out l et  
boxes.   Mi ni mum manuf act ur er ' s bend r adi us f or  each t ype of  cabl e shal l  
not  be exceeded.

3. 1. 4. 4   Pul l  Cor ds

Pul l  cor ds shal l  be i nst al l ed i n condui t  ser vi ng t el ecommuni cat i ons 
out l et s t hat  do not  have cabl e i nst al l ed.

3. 1. 5   Tel ecommuni cat i ons Space Ter mi nat i on

I nst al l  t er mi nat i on har dwar e r equi r ed f or  Cat egor y 6 syst em.   An 
i nsul at i on di spl acement  t ool  shal l  be used f or  t er mi nat i ng copper  cabl e t o 
i nsul at i on di spl acement  connect or s.

3. 1. 5. 1   Pat ch Panel s

Pat ch panel s shal l  be mount edr acks wi t h suf f i c i ent  por t s t o accommodat e 
t he i nst al l ed cabl e pl ant  pl us 25 per cent  spar es.

a.   Copper  Pat ch Panel .   Copper  cabl e ent er i ng a pat ch panel  shal l  be 
secur ed t o t he panel as r ecommended by t he manuf act ur er  t o pr event  
movement  of  t he cabl e.

3. 1. 5. 2   Equi pment  Suppor t  Fr ames

I nst al l  i n accor dance wi t h TI A- 569:

a.     Per manent l y anchor  cabl i ng t o t he f l oor  i n accor dance wi t h 
manuf act ur er ' s r ecommendat i ons.

3. 1. 6   El ect r i cal  Penet r at i ons

Seal  openi ngs ar ound el ect r i cal  penet r at i ons t hr ough f i r e r esi st ance- r at ed 
wal l ,  par t i t i ons,  f l oor s,  or  cei l i ngs as speci f i ed i n Sect i on 07 84 00 
FI RESTOPPI NG.

3. 1. 7   Gr oundi ng and Bondi ng

Pr ovi de i n accor dance wi t h TI A- 607,  NFPA 70 and as speci f i ed i n Sect i on 
26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.
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3. 2   LABELI NG

3. 2. 1   Label s

Pr ovi de l abel i ng i n accor dance wi t h TI A- 606.   Handwr i t t en l abel i ng i s 
unaccept abl e.   St enci l ed l et t er i ng f or  voi ce and dat a c i r cui t s shal l  be 
pr ovi ded usi ng t her mal  i nk t r ansf er  pr ocess or   l aser  pr i nt er .

3. 2. 2   Cabl e

Cabl es shal l  be l abel ed usi ng col or  l abel s on bot h ends wi t h i dent i f i er s 
i n accor dance wi t h TI A- 606.

3. 2. 3   Ter mi nat i on Har dwar e

Wor kst at i on out l et s and pat ch panel  connect i ons shal l  be l abel ed usi ng 
col or  coded l abel s wi t h i dent i f i er s i n accor dance wi t h TI A- 606.

3. 3   FI ELD APPLI ED PAI NTI NG

Pai nt  el ect r i cal  equi pment  as r equi r ed t o mat ch f i ni sh of  adj acent  
sur f aces or  t o meet  t he i ndi cat ed or  speci f i ed saf et y cr i t er i a.   Pai nt i ng 
shal l  be as speci f i ed i n Sect i on 09 90 00 PAI NTS AND COATI NGS.

3. 3. 1   Pai nt i ng Backboar ds

I f  backboar ds ar e r equi r ed t o be pai nt ed,  t hen t he manuf act ur ed f i r e 
r et ar dant  backboar d must  be pai nt ed wi t h f i r e r et ar dant  pai nt ,  so as not  
t o i ncr ease f l ame spr ead and smoke densi t y and must  be appr opr i at el y 
l abel ed.   Label  and f i r e r at i ng st amp must  be unpai nt ed.

3. 4   FI ELD FABRI CATED NAMEPLATE MOUNTI NG

Pr ovi de number ,  l ocat i on,  and l et t er  desi gnat i on of  namepl at es as 
i ndi cat ed.   Fast en namepl at es t o t he devi ce wi t h a mi ni mum of  t wo 
sheet - met al  scr ews or  t wo r i vet s.

3. 5   TESTI NG

3. 5. 1   Tel ecommuni cat i ons Cabl i ng Test i ng

Per f or m t el ecommuni cat i ons cabl i ng i nspect i on,  ver i f i cat i on,  and 
per f or mance t est s i n accor dance wi t h TI A- 568. 1.   Test  equi pment  shal l  
conf or m t o TI A- 1152.   Per f or m opt i cal  f i ber  f i el d i nspect i on t est s v i a 
at t enuat i on measur ement s on f act or y r eel s and pr ovi de r esul t s al ong wi t h 
manuf act ur er  cer t i f i cat i on f or  f act or y r eel  t est s.   Remove f ai l ed cabl e 
r eel s f r om pr oj ect  s i t e upon at t enuat i on t est  f ai l ur e.

3. 5. 1. 1   I nspect i on

Vi sual l y i nspect  UTP and opt i cal  f i ber  j acket  mat er i al s f or  UL or  t hi r d 
par t y cer t i f i cat i on mar ki ngs.   I nspect  cabl i ng t er mi nat i ons i n 
t el ecommuni cat i ons r ooms and at  wor kst at i ons t o conf i r m col or  code f or  
T568A or  T568B pi n assi gnment s,  and i nspect  cabl i ng connect i ons t o conf i r m 
compl i ance wi t h TI A- 568. 1,  TI A- 568. 2.   Vi sual l y conf i r m  Cat egor y 6,  
mar ki ng of  out l et s,  cover  pl at es,  out l et / connect or s,  and pat ch panel s.
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3. 5. 1. 2   Ver i f i cat i on Test s

UTP backbone copper  cabl i ng shal l  be t est ed f or  DC l oop r esi st ance,  
shor t s,  opens,  i nt er mi t t ent  f aul t s,  and pol ar i t y bet ween conduct or s,  and 
bet ween conduct or s and shi el d,  i f  cabl e has over al l  shi el d.   Test  
oper at i on of  shor t i ng bar s i n connect i on bl ocks.   Test  cabl es af t er  
t er mi nat i on but  pr i or  t o bei ng cr oss- connect ed.

3. 5. 1. 3   Per f or mance Test s

Per f or m t est i ng f or  each out l et   as f ol l ows:

 a.   Per f or m Cat egor y 6 l i nk t est s i n accor dance wi t h TI A- 568. 1 and 
TI A- 568. 2.   Test s shal l  i ncl ude wi r e map,  l engt h,  i nser t i on l oss,  
NEXT,  PSNEXT,  ELFEXT,  PSELFEXT,  r et ur n l oss,  pr opagat i on del ay,  and 
del ay skew.

3. 5. 1. 4   Fi nal  Ver i f i cat i on Test s

Per f or m ver i f i cat i on t est s f or  UTP syst ems af t er  t he compl et e 
t el ecommuni cat i ons cabl i ng and wor kst at i on out l et / connect or s ar e i nst al l ed.

a.   Voi ce Test s.   These t est s assume t hat  di al  t one ser vi ce has been 
i nst al l ed.   Connect  t o t he net wor k i nt er f ace devi ce at  t he demar cat i on 
poi nt .   Go of f - hook and l i s t en and r ecei ve a di al  t one.   I f  a t est  
number  i s avai l abl e,  make and r ecei ve a l ocal ,  l ong di st ance,  and DSN 
t el ephone cal l .

b.   Dat a Test s.   These t est s assume t he I nf or mat i on Technol ogy St af f  has a 
net wor k i nst al l ed and ar e avai l abl e t o assi st  wi t h t est i ng.   Connect  
t o t he net wor k i nt er f ace devi ce at  t he demar cat i on poi nt .   Log ont o 
t he net wor k t o ensur e pr oper  connect i on t o t he net wor k.

        - -  End of  Sect i on - -
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SECTI ON 31 00 00

EARTHWORK

PART 1   GENERAL

1. 1   CRI TERI A FOR BI DDI NG

Base bi ds on t he f ol l owi ng cr i t er i a:

a.   Sur f ace el evat i ons ar e as i ndi cat ed.

b.   Pi pes or  ot her  ar t i f i c i al  obst r uct i ons,  except  t hose i ndi cat ed,  wi l l  
not  be encount er ed.

c.   Gr ound wat er  el evat i ons i ndi cat ed by t he bor i ng l og wer e t hose 
exi st i ng at  t he t i me subsur f ace i nvest i gat i ons wer e made and do not  
necessar i l y  r epr esent  gr ound wat er  el evat i on at  t he t i me of  
const r uct i on.

d.   Mat er i al  char act er  i s i ndi cat ed by t he bor i ng l ogs.

1. 2   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.  Publ i cat i ons used shal l  be t he most  cur r ent  
i ssue.

AMERI CAN ASSOCI ATI ON OF STATE HI GHWAY AND TRANSPORTATI ON OFFI CI ALS 
( AASHTO)

AASHTO T 180 ( 2017)  St andar d Met hod of  Test  f or  
Moi st ur e- Densi t y Rel at i ons of  Soi l s Usi ng 
a 4. 54- kg ( 10- l b)  Rammer  and a 457- mm 
( 18- i n. )  Dr op

AASHTO T 224 ( 2010)  St andar d Met hod of  Test  f or  
Cor r ect i on f or  Coar se Par t i c l es i n t he 
Soi l  Compact i on Test

AMERI CAN WATER WORKS ASSOCI ATI ON ( AWWA)

AWWA C600 ( 2017)  I nst al l at i on of  Duct i l e- I r on Mai ns 
and Thei r  Appur t enances

AMERI CAN WELDI NG SOCI ETY ( AWS)

AWS D1. 1/ D1. 1M ( 2020;  Er r at a 1 2021)  St r uct ur al  Wel di ng 
Code -  St eel

ASTM I NTERNATI ONAL ( ASTM)

ASTM A139/ A139M ( 2022)  St andar d Speci f i cat i on f or  
El ect r i c- Fusi on ( ARC) - Wel ded St eel  Pi pe 
( NPS 4 and over )
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ASTM A252 ( 2010)  St andar d Speci f i cat i on f or  Wel ded 
and Seaml ess St eel  Pi pe Pi l es

ASTM C136 ( 2006)  St andar d Test  Met hod f or  Si eve 
Anal ysi s of  Fi ne and Coar se Aggr egat es

ASTM C33/ C33M ( 2018)  St andar d Speci f i cat i on f or  Concr et e 
Aggr egat es

ASTM D1140 ( 2017)  St andar d Test  Met hods f or  
Det er mi ni ng t he Amount  of  Mat er i al  Fi ner  
t han 75- µm ( No.  200)  Si eve i n Soi l s by 
Washi ng

ASTM D1556 ( 2007)  Densi t y and Uni t  Wei ght  of  Soi l  i n 
Pl ace by t he Sand- Cone Met hod

ASTM D1557 ( 2012;  E 2015)  St andar d Test  Met hods f or  
Labor at or y Compact i on Char act er i st i cs of  
Soi l  Usi ng Modi f i ed Ef f or t  ( 56, 000 
f t - l bf / f t 3)  ( 2700 kN- m/ m3)

ASTM D2167 ( 2015)  Densi t y and Uni t  Wei ght  of  Soi l  i n 
Pl ace by t he Rubber  Bal l oon Met hod

ASTM D2487 ( 2017;  E 2020)  St andar d Pr act i ce f or  
Cl assi f i cat i on of  Soi l s f or  Engi neer i ng 
Pur poses ( Uni f i ed Soi l  Cl assi f i cat i on 
Syst em)

ASTM D4318 ( 2017;  E 2018)  St andar d Test  Met hods f or  
Li qui d Li mi t ,  Pl ast i c Li mi t ,  and 
Pl ast i c i t y I ndex of  Soi l s

ASTM D4944 ( 2018)  St andar d Test  Met hod f or  Fi el d 
Det er mi nat i on of  Wat er  ( Moi st ur e)  Cont ent  
of  Soi l  by t he Cal c i um Car bi de Gas 
Pr essur e Test er  Met hod

ASTM D6938 ( 2017a)  St andar d Test  Met hod f or  I n- Pl ace 
Densi t y and Wat er  Cont ent  of  Soi l  and 
Soi l - Aggr egat e by Nucl ear  Met hods ( Shal l ow 
Dept h)

ASTM D7928 ( 2017)  St andar d Test  Met hod f or  
Par t i c l e- Si ze Di st r i but i on ( Gr adat i on)  of  
Fi ne- Gr ai ned Soi l s Usi ng t he Sedi ment at i on 
( Hydr omet er )  Anal ysi s

1. 3   DEFI NI TI ONS

1. 3. 1   Sat i sf act or y Mat er i al s

Sat i sf act or y mat er i al s compr i se any mat er i al s c l assi f i ed by ASTM D2487 as 
GW,  GP,  GM,  GP- GM,  GW- GM,  GC,  GP- GC,  GM- GC,  SW,  SP,  SM,  SP- SM.   
Sat i sf act or y mat er i al s f or  gr adi ng compr i se st ones l ess t han 8 i nches.  To 
be consi der ed sat i sf act or y,  any of f s i t e soi l s i mpor t ed f or  use as backf i l l  
shal l  be t est ed and cer t i f i ed as meet i ng l ocal ,  st at e,  and f eder al  
r egul at i on f or  c l ean f i l l  pr i or  t o br i ngi ng t o t he s i t e.  Pr ovi de at  l east  
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one bor r ow si t e t est i ng f r om each bor r ow si t e used.

1. 3. 2   Unsat i sf act or y Mat er i al s

Mat er i al s whi ch do not  compl y wi t h t he r equi r ement s f or  sat i sf act or y 
mat er i al s ar e unsat i sf act or y.   Unsat i sf act or y mat er i al s al so i ncl ude 
man- made f i l l s ;  t r ash;  r ef use;  backf i l l s  f r om pr evi ous const r uct i on;  and 
mat er i al  c l assi f i ed as sat i sf act or y whi ch cont ai ns r oot  and ot her  or gani c 
mat t er  or  f r ozen mat er i al .   Not i f y t he Cont r act i ng Of f i cer  when 
encount er i ng any cont ami nat ed mat er i al s.

1. 3. 3   Cohesi onl ess and Cohesi ve Mat er i al s

Cohesi onl ess mat er i al s i ncl ude mat er i al s c l assi f i ed i n ASTM D2487 as GW,  
GP,  SW,  and SP.   Cohesi ve mat er i al s i ncl ude mat er i al s c l assi f i ed as GC,  
SC,  ML,  CL,  MH,  and CH.   Mat er i al s c l assi f i ed as GM and SM wi l l  be 
i dent i f i ed as cohesi onl ess onl y when t he f i nes ar e nonpl ast i c.   Per f or m 
t est i ng,  r equi r ed f or  c l assi f y i ng mat er i al s,  i n accor dance wi t h ASTM D4318,  
ASTM C136,  ASTM D1140 and ASTM D7928.

1. 3. 4   Degr ee of  Compact i on

Degr ee of  compact i on r equi r ed,  except  as not ed i n t he second sent ence,  i s 
expr essed as a per cent age of  t he maxi mum densi t y obt ai ned by t he t est  
pr ocedur e pr esent ed i n ASTM D1557 abbr evi at ed as a per cent  of  l abor at or y 
maxi mum densi t y.   Si nce ASTM D1557 appl i es onl y t o soi l s t hat  have 30 
per cent  or  l ess by wei ght  of  t hei r  par t i c l es r et ai ned on t he 3/ 4 i nch 
si eve,  expr ess t he degr ee of  compact i on f or  mat er i al  havi ng mor e t han 30 
per cent  by wei ght  of  t hei r  par t i c l es r et ai ned on t he 3/ 4 i nch si eve as a 
per cent age of  t he maxi mum densi t y i n accor dance wi t h AASHTO T 180 and 
cor r ect ed wi t h AASHTO T 224.   To mai nt ai n t he same per cent age of  coar se 
mat er i al ,  use t he " r emove and r epl ace"   pr ocedur e as descr i bed i n NOTE 8 
of  Par agr aph 7. 2 i n AASHTO T 180.

1. 3. 5   Topsoi l

Mat er i al  sui t abl e f or  t opsoi l s obt ai ned f r om of f s i t e ar eas i s def i ned as:   
Nat ur al ,  f r i abl e soi l  r epr esent at i ve of  pr oduct i ve,  wel l - dr ai ned soi l s i n 
t he ar ea,  f r ee of  subsoi l ,  st umps,  r ocks l ar ger  t han one i nch di amet er ,  
br ush,  weeds,  t oxi c subst ances,  and ot her  mat er i al  det r i ment al  t o pl ant  
gr owt h.   Amend t opsoi l  pH r ange t o obt ai n a pH of  5. 5 t o 7.

1. 3. 6   Har d/ Unyi el di ng Mat er i al s

Har d/ Unyi el di ng mat er i al s compr i se weat her ed r ock,  dense consol i dat ed 
deposi t s,  or  congl omer at e mat er i al s whi ch ar e not  i ncl uded i n t he 
def i ni t i on of  " r ock"  wi t h st ones gr eat er  t han 3 i nch i n any di mensi on or  
as def i ned by t he pi pe manuf act ur er ,  whi chever  i s smal l er .   These 
mat er i al s usual l y r equi r e t he use of  heavy excavat i on equi pment ,  r i pper  
t eet h,  or  j ack hammer s f or  r emoval .

1. 3. 7   Unst abl e Mat er i al

Unst abl e mat er i al s ar e t oo wet  t o pr oper l y suppor t  t he ut i l i t y  pi pe,  
condui t ,  or  appur t enant  st r uct ur e.
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1. 3. 8   Sel ect  Gr anul ar  Mat er i al

1. 3. 8. 1   Gener al  Requi r ement s

Sel ect  gr anul ar  mat er i al  consi st  of  mat er i al s c l assi f i ed as GW,  GP,  SW,  or  
SP,  by ASTM D2487 wher e i ndi cat ed.   The l i qui d l i mi t  of  such mat er i al  must  
not  exceed 15 per cent  when t est ed i n accor dance wi t h ASTM D4318.   The 
pl ast i c i t y i ndex must  not  be gr eat er  t han 12 per cent  when t est ed i n 
accor dance wi t h ASTM D4318,  and not  mor e t han 30 per cent  by wei ght  may be 
f i ner  t han No.  200 si eve,  and not  mor e t han 65 per cent  by wei ght  f i ner  
t han a No.  40 si eve when t est ed i n accor dance wi t h ASTM C136.

1. 3. 9   I ni t i al  Backf i l l  Mat er i al

I ni t i al  backf i l l  consi st s of  sel ect  gr anul ar  mat er i al  or  sat i sf act or y 
mat er i al s f r ee f r om r ocks 3 i nches or  l ar ger  i n any di mensi on or  f r ee f r om 
r ocks of  such si ze as r ecommended by t he pi pe manuf act ur er ,  whi chever  i s 
smal l er .   When t he pi pe i s coat ed or  wr apped f or  cor r osi on pr ot ect i on,  
f r ee t he i ni t i al  backf i l l  mat er i al  of  st ones l ar ger  t han 1 i nch i n any 
di mensi on or  as r ecommended by t he pi pe manuf act ur er ,  whi chever  i s smal l er .

1. 4   SYSTEM DESCRI PTI ON

Subsur f ace soi l  bor i ng l ogs ar e i ncl uded on pl an sheet  C002.   These dat a 
r epr esent  t he best  subsur f ace i nf or mat i on avai l abl e;  however ,  var i at i ons 
may exi st  i n t he subsur f ace bet ween bor i ng l ocat i ons.

1. 4. 1   Cl assi f i cat i on of  Excavat i on

No consi der at i on wi l l  be gi ven t o t he nat ur e of  t he mat er i al s,  and al l  
excavat i on wi l l  be desi gnat ed as uncl assi f i ed excavat i on.

1. 4. 2   Bl ast i ng

Bl ast i ng wi l l  not  be per mi t t ed.

1. 4. 3   Dewat er i ng Wor k Pl an

Submi t  pr ocedur es f or  accompl i shi ng dewat er i ng wor k.

1. 5   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  desi gnat i on;  
submi t t al s not  havi ng a " G"  desi gnat i on ar e f or  Cont r act or  Qual i t y Cont r ol  
appr oval .   When used,  a desi gnat i on f ol l owi ng t he " G"  desi gnat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 01 Pr econst r uct i on Submi t t al s

Dewat er i ng Wor k Pl an

SD- 03 Pr oduct  Dat a

Ut i l i zat i on of  Excavat ed Soi l s

SD- 06 Test  Repor t s
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Test i ng

Bor r ow Si t e Test i ng  Wi t hi n 24 hour s of  concl usi on of  physi cal  
t est s,  submi t  di gi t al  copi es of  t est  r esul t s,  i ncl udi ng 
cal i br at i on cur ves and r esul t s of  cal i br at i on t est s,  and 
cer t i f i cat i on t hat  i mpor t ed mat er i al  i s  f r ee of  cont ami nat i on and 
meet s al l  l ocal ,  st at e,  and f eder al  r egul at i ons f or  c l ean f i l l .

SD- 07 Cer t i f i cat es

Test i ng

Qual i f i cat i ons of  t he Cor ps val i dat ed commer ci al  t est i ng 
l abor at or y or  t he cont r act or ' s val i dat ed t est i ng f aci l i t i es.

PART 2   PRODUCTS

2. 1   BURI ED WARNI NG AND I DENTI FI CATI ON TAPE

Pr ovi de met al l i c  cor e or  met al l i c- f aced,  aci d-  and al kal i - r esi st ant ,  
pol yet hyl ene pl ast i c war ni ng t ape manuf act ur ed speci f i cal l y f or  war ni ng 
and i dent i f i cat i on of  bur i ed ut i l i t y  l i nes.   Pr ovi de t ape on r ol l s,   3 
i nches mi ni mum wi dt h,  col or  coded as speci f i ed bel ow f or  t he i nt ended 
ut i l i t y  wi t h war ni ng and i dent i f i cat i on i mpr i nt ed i n bol d bl ack l et t er s 
cont i nuousl y over  t he ent i r e t ape l engt h.   War ni ng and i dent i f i cat i on t o 
r ead,  " CAUTI ON,  BURI ED ( i nt ended ser vi ce)  LI NE BELOW"  or  s i mi l ar  wor di ng.   
Pr ovi de per manent  col or  and pr i nt i ng,  unaf f ect ed by moi st ur e or  soi l .

War ni ng Tape Col or  Codes

Red El ect r i c

Yel l ow Gas

Or ange Tel ephone and Ot her  Communi cat i ons

Bl ue Wat er  Syst ems

Gr een Sewer  Syst ems

2. 1. 1   War ni ng Tape f or  Met al l i c  Pi pi ng

Pr ovi de aci d and al kal i - r esi st ant  pol yet hyl ene pl ast i c t ape conf or mi ng t o 
t he wi dt h,  col or ,  and pr i nt i ng r equi r ement s speci f i ed above,  wi t h a 
mi ni mum t hi ckness of  0. 003 i nch and a mi ni mum st r engt h of  1500 psi  
l engt hwi se,  and 1250 psi  cr osswi se,  wi t h a maxi mum 350 per cent  el ongat i on.

2. 1. 2   Det ect abl e War ni ng Tape f or  Non- Met al l i c  Pi pi ng

Pr ovi de pol yet hyl ene pl ast i c t ape conf or mi ng t o t he wi dt h,  col or ,  and 
pr i nt i ng r equi r ement s speci f i ed above,  wi t h a mi ni mum t hi ckness of  0. 004 
i nch,  and a mi ni mum st r engt h of  1500 psi  l engt hwi se and 1250 psi  
cr osswi se.   Manuf act ur e t ape wi t h i nt egr al  wi r es,  f oi l  backi ng,  or  ot her  
means of  enabl i ng det ect i on by a met al  det ect or  when t ape i s bur i ed up t o 
3 f eet  deep.   Encase met al l i c  el ement  of  t he t ape i n a pr ot ect i ve j acket  
or  pr ovi de wi t h ot her  means of  cor r osi on pr ot ect i on.
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2. 2   MATERI AL FOR RI P- RAP

Pr ovi de f i l t er  f abr i c and r ock conf or mi ng t o t hese r equi r ement s f or  
const r uct i on i ndi cat ed.

2. 2. 1   Rock

Pr ovi de r ock f r agment s suf f i c i ent l y dur abl e t o ensur e per manence i n t he 
st r uct ur e and t he envi r onment  i n whi ch i t  i s  t o be used.   Use r ock 
f r agment s f r ee f r om cr acks,  seams,  and ot her  def ect s t hat  woul d i ncr ease 
t he r i sk of  det er i or at i on f r om nat ur al  causes.   Pr ovi de f r agment s s i zed so 
t hat  no i ndi v i dual  f r agment  exceeds a wei ght  of  150 pounds and t hat  no 
mor e t han 10 per cent  of  t he mi xt ur e,  by wei ght ,  consi st s of  f r agment s 
wei ghi ng 2 pounds or  l ess each.   Pr ovi de r ock wi t h a mi ni mum speci f i c  
gr avi t y of  2. 50.

2. 3   CAPI LLARY WATER BARRI ER

Pr ovi de capi l l ar y wat er  bar r i er  of  c l ean,  poor l y gr aded cr ushed r ock,  
cr ushed gr avel ,  or  uncr ushed gr avel  pl aced beneat h a bui l di ng s l ab wi t h or  
wi t hout  a vapor  bar r i er  t o cut  of f  t he capi l l ar y f l ow of  por e wat er  t o t he 
ar ea i mmedi at el y bel ow.   Conf or m t o ASTM C33/ C33M f or  f i ne aggr egat e 
gr adi ng wi t h a maxi mum of  3 per cent  by wei ght  passi ng ASTM D1140,   No.  200 
si eve.

2. 4   PI PE CASI NG

2. 4. 1   Casi ng Pi pe

ASTM A139/ A139M,  Gr ade B,  or  ASTM A252,  Gr ade 2,  smoot h wal l  pi pe.   Mat ch 
casi ng si ze t o t he out si de di amet er  and wal l  t hi ckness as i ndi cat ed.   
Pr ot ect i ve coat i ng i s not  r equi r ed on casi ng pi pe.

PART 3   EXECUTI ON

3. 1   STRI PPI NG OF TOPSOI L

Wher e i ndi cat ed or  di r ect ed,  st r i p t opsoi l  t o a dept h of  4 i nches.   Spr ead 
t opsoi l  on ar eas al r eady gr aded and pr epar ed f or  t opsoi l ,  or  t r anspor t ed 
and deposi t ed i n st ockpi l es conveni ent  t o ar eas t hat  ar e t o r ecei ve 
appl i cat i on of  t he t opsoi l  l at er ,  or  at  l ocat i ons i ndi cat ed or  speci f i ed.   
Keep t opsoi l  separ at e f r om ot her  excavat ed mat er i al s,  br ush,  l i t t er ,  
obj ect i onabl e weeds,  r oot s,  st ones l ar ger  t han 1 i nch i n di amet er ,  and 
ot her  mat er i al s t hat  woul d i nt er f er e wi t h pl ant i ng and mai nt enance 
oper at i ons.   Remove f r om t he si t e any sur pl us of  t opsoi l  f r om excavat i ons 
and gr adi ngs.

3. 2   GENERAL EXCAVATI ON

Per f or m excavat i on of  ever y t ype of  mat er i al  encount er ed wi t hi n t he l i mi t s 
of  t he pr oj ect  t o t he l i nes,  gr ades,  and el evat i ons i ndi cat ed and as 
speci f i ed.   Per f or m t he gr adi ng i n accor dance wi t h t he t ypi cal  sect i ons 
shown and t he t ol er ances speci f i ed i n par agr aph FI NI SHI NG.   Tr anspor t  
sat i sf act or y excavat ed mat er i al s and pl ace i n f i l l  or  embankment  wi t hi n 
t he l i mi t s of  t he wor k.   Excavat e unsat i sf act or y mat er i al s encount er ed 
wi t hi n t he l i mi t s of  t he wor k bel ow gr ade and r epl ace wi t h sat i sf act or y 
mat er i al s as di r ect ed.   I ncl ude such excavat ed mat er i al  and t he 
sat i sf act or y mat er i al  or der ed as r epl acement  i n excavat i on.   Di spose 
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sur pl us sat i sf act or y excavat ed mat er i al  not  r equi r ed f or  f i l l  or  
embankment  i n ar eas appr oved f or  sur pl us mat er i al  st or age or  desi gnat ed 
wast e ar eas.   Di spose unsat i sf act or y excavat ed mat er i al  i n desi gnat ed 
wast e or  spoi l  ar eas.   Dur i ng const r uct i on,  per f or m excavat i on and f i l l  i n 
a manner  and sequence t hat  wi l l  pr ovi de pr oper  dr ai nage at  al l  t i mes.   
Excavat e mat er i al  r equi r ed f or  f i l l  or  embankment  i n excess of  t hat  
pr oduced by excavat i on wi t hi n t he gr adi ng l i mi t s f r om t he bor r ow ar eas 
i ndi cat ed or  f r om ot her  appr oved ar eas sel ect ed by t he Cont r act or  as 
speci f i ed.

3. 2. 1   Di t ches,  Gut t er s,  and Channel  Changes

Fi ni sh excavat i on of  di t ches,  gut t er s,  and channel  changes by cut t i ng 
accur at el y t o t he cr oss sect i ons,  gr ades,  and el evat i ons shown.   Do not  
excavat e di t ches and gut t er s bel ow gr ades shown.   Backf i l l  t he excessi ve 
open di t ch or  gut t er  excavat i on wi t h sat i sf act or y,  t hor oughl y compact ed,  
mat er i al  or  wi t h sui t abl e st one or  cobbl e t o gr ades shown.   Di spose 
excavat ed mat er i al  as shown or  as di r ect ed,  except  i n no case al l ow 
mat er i al  be deposi t ed a maxi mum 4 f eet  f r om edge of  a di t ch.   Mai nt ai n 
excavat i ons f r ee f r om det r i ment al  quant i t i es of  l eaves,  br ush,  st i cks,  
t r ash,  and ot her  debr i s unt i l  f i nal  accept ance of  t he wor k.

3. 2. 2   Dr ai nage St r uct ur es

Make excavat i ons t o t he l i nes,  gr ades,  and el evat i ons shown,  or  as 
di r ect ed.   Pr ovi de t r enches and f oundat i on pi t s of  suf f i c i ent  s i ze t o 
per mi t  t he pl acement  and r emoval  of  f or ms f or  t he f ul l  l engt h and wi dt h of  
st r uct ur e f oot i ngs and f oundat i ons as shown.   Cl ean r ock or  ot her  har d 
f oundat i on mat er i al  of  l oose debr i s and cut  t o a f i r m,  l evel ,  st epped,  or  
ser r at ed sur f ace.   Remove l oose di s i nt egr at ed r ock and t hi n st r at a.   Do 
not  di st ur b t he bot t om of  t he excavat i on when concr et e or  masonr y i s t o be 
pl aced i n an excavat ed ar ea.   Do not  excavat e t o t he f i nal  gr ade l evel  
unt i l  j ust  bef or e t he concr et e or  masonr y i s t o be pl aced.

3. 2. 3   Dr ai nage

Pr ovi de f or  t he col l ect i on and di sposal  of  sur f ace and subsur f ace wat er  
encount er ed dur i ng const r uct i on.   Compl et el y dr ai n const r uct i on s i t e 
dur i ng per i ods of  const r uct i on t o keep soi l  mat er i al s suf f i c i ent l y dr y.   
Const r uct  st or m dr ai nage f eat ur es at  t he ear l i est  st ages of  s i t e 
devel opment ,  and t hr oughout  const r uct i on gr ade t he const r uct i on ar ea t o 
pr ovi de posi t i ve sur f ace wat er  r unof f  away f r om t he const r uct i on act i v i t y 
and or  pr ovi de t empor ar y di t ches,  swal es,  and ot her  dr ai nage f eat ur es and 
equi pment  as r equi r ed t o mai nt ai n dr y soi l s.   When unsui t abl e wor ki ng 
pl at f or ms f or  equi pment  oper at i on and unsui t abl e soi l  suppor t  f or  
subsequent  const r uct i on f eat ur es devel op,  r emove unsui t abl e mat er i al  and 
pr ovi de new soi l  mat er i al  as speci f i ed her ei n.   I t  i s  t he r esponsi bi l i t y  
of  t he Cont r act or  t o assess t he soi l  and gr ound wat er  condi t i ons pr esent ed 
by t he pl ans and speci f i cat i ons and t o empl oy necessar y measur es t o per mi t  
const r uct i on t o pr oceed.

3. 2. 4   Dewat er i ng

Cont r ol  gr oundwat er  f l owi ng t owar d or  i nt o excavat i ons t o pr event  
s l oughi ng of  excavat i on s l opes and wal l s,  boi l s,  upl i f t  and heave i n t he 
excavat i on and t o el i mi nat e i nt er f er ence wi t h or der l y pr ogr ess of  
const r uct i on.   Do not  per mi t  Fr ench dr ai ns,  sumps,  di t ches or  t r enches 
wi t hi n 3 f eet  of  t he f oundat i on of  any st r uct ur e,  except  wi t h speci f i c  
wr i t t en appr oval ,  and af t er  speci f i c  cont r act ual  pr ovi s i ons f or  
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r est or at i on of  t he f oundat i on ar ea have been made.   Take cont r ol  measur es 
by t he t i me t he excavat i on r eaches t he wat er  l evel  i n or der  t o mai nt ai n 
t he i nt egr i t y of  t he i n s i t u mat er i al .   Whi l e t he excavat i on i s open,  
mai nt ai n t he wat er  l evel  cont i nuousl y,  at  l east  2 f oot  bel ow t he wor ki ng 
l evel .   Oper at e dewat er i ng syst em cont i nuousl y unt i l  const r uct i on wor k 
bel ow exi st i ng wat er  l evel s i s compl et e.

3. 2. 5   Tr ench Excavat i on Requi r ement s

Excavat e t he t r ench as r ecommended by t he manuf act ur er  of  t he pi pe t o be 
i nst al l ed.   Sl ope t r ench wal l s bel ow t he t op of  t he pi pe,  or  make 
ver t i cal ,  and of  such wi dt h as r ecommended i n t he manuf act ur er ' s pr i nt ed 
i nst al l at i on manual .   Pr ovi de ver t i cal  t r ench wal l s wher e no 
manuf act ur er ' s pr i nt ed i nst al l at i on manual  i s avai l abl e.   Shor e t r ench 
wal l s mor e t han 5 f eet  hi gh,  cut  back t o a st abl e s l ope,  or  pr ovi de wi t h 
equi val ent  means of  pr ot ect i on f or  empl oyees who may be exposed t o movi ng 
gr ound or  cave i n.   Shor e ver t i cal  t r ench wal l s mor e t han 4 f eet  hi gh.   
Excavat e t r ench wal l s whi ch ar e cut  back t o at  l east  t he angl e of  r epose 
of  t he soi l .   Gi ve speci al  at t ent i on t o s l opes whi ch may be adver sel y 
af f ect ed by weat her  or  moi st ur e cont ent .   Do not  exceed t he t r ench wi dt h 
bel ow t he pi pe t op of  24 i nches pl us pi pe out si de di amet er  ( O. D. )  f or  
pi pes of  l ess t han 24 i nches i nsi de di amet er ,  and do not  exceed 36 i nches 
pl us pi pe out si de di amet er  f or  s i zes l ar ger  t han 24 i nches i nsi de 
di amet er .   Wher e r ecommended t r ench wi dt hs ar e exceeded,  pr ovi de r edesi gn,  
st r onger  pi pe,  or  speci al  i nst al l at i on pr ocedur es by t he Cont r act or .   The 
Cont r act or  i s r esponsi bl e f or  t he cost  of  r edesi gn,  st r onger  pi pe,  or  
speci al  i nst al l at i on pr ocedur es wi t hout  any addi t i onal  cost  t o t he 
Gover nment .

3. 2. 5. 1   Bot t om Pr epar at i on

Gr ade t he bot t oms of  t r enches accur at el y t o pr ovi de uni f or m bear i ng and 
suppor t  f or  t he bot t om quadr ant  of  each sect i on of  t he pi pe.   Excavat e 
bel l  hol es t o t he necessar y s i ze at  each j oi nt  or  coupl i ng t o el i mi nat e 
poi nt  bear i ng.   Remove st ones of  3 i nch or  gr eat er  i n any di mensi on,  or  as 
r ecommended by t he pi pe manuf act ur er ,  whi chever  i s smal l er ,  t o avoi d poi nt  
bear i ng.

3. 2. 5. 2   Removal  of  Unyi el di ng Mat er i al

Wher e unyi el di ng mat er i al  i s  encount er ed i n t he bot t om of  t he t r ench,  
r emove such mat er i al  12 i nch bel ow t he r equi r ed gr ade and r epl aced wi t h 
sui t abl e mat er i al s as pr ovi ded i n par agr aph BACKFI LLI NG AND COMPACTI ON.

3. 2. 5. 3   Removal  of  Unst abl e Mat er i al

Wher e unst abl e mat er i al  i s  encount er ed i n t he bot t om of  t he t r ench,  r emove 
such mat er i al  t o t he dept h di r ect ed and r epl ace i t  t o t he pr oper  gr ade 
wi t h sel ect  gr anul ar  mat er i al  as pr ovi ded i n par agr aph BACKFI LLI NG AND 
COMPACTI ON.   When r emoval  of  unst abl e mat er i al  i s  r equi r ed due t o t he 
Cont r act or ' s f aul t  or  negl ect  i n per f or mi ng t he wor k,  t he Cont r act or  i s 
r esponsi bl e f or  excavat i ng t he r esul t i ng mat er i al  and r epl aci ng i t  wi t hout  
addi t i onal  cost  t o t he Gover nment .

3. 2. 5. 4   Excavat i on f or  Appur t enances

Pr ovi de excavat i on f or  manhol es,  cat ch- basi ns,  i nl et s,  or  s i mi l ar  
st r uct ur es suf f i c i ent  t o l eave at  l east  12 i nches cl ear  bet ween t he out er  
st r uct ur e sur f aces and t he f ace of  t he excavat i on or  suppor t  member s.   
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Speci f y r emoval  of  unst abl e mat er i al .   When concr et e or  masonr y i s t o be 
pl aced i n an excavat ed ar ea,  t ake speci al  car e not  t o di st ur b t he bot t om 
of  t he excavat i on.   Do not  excavat e t o t he f i nal  gr ade l evel  unt i l  j ust  
bef or e t he concr et e or  masonr y i s t o be pl aced.

3. 2. 5. 5   Jacki ng,  Bor i ng,  and Tunnel i ng

Unl ess ot her wi se i ndi cat ed,  pr ovi de excavat i on by open cut  except  t hat  
sect i ons of  a t r ench may be j acked,  bor ed,  or  t unnel ed i f ,  i n t he opi ni on 
of  t he Cont r act i ng Of f i cer ,  t he pi pe,  cabl e,  or  duct  can be saf el y and 
pr oper l y i nst al l ed and backf i l l  can be pr oper l y compact ed i n such sect i ons.

3. 2. 6   Under gr ound Ut i l i t i es

The Cont r act or  i s r esponsi bl e f or  movement  of  const r uct i on machi ner y and 
equi pment  over  pi pes and ut i l i t i es dur i ng const r uct i on.   Per f or m wor k 
adj acent  t o ut i l i t i es as i ndi cat ed i n accor dance wi t h pr ocedur es out l i ned 
by ut i l i t y  pr ovi der .   For  wor k i mmedi at el y adj acent  t o or  f or  excavat i ons 
exposi ng a ut i l i t y  or  ot her  bur i ed obst r uct i on,  excavat e by hand.   St ar t  
hand excavat i on on each si de of  t he i ndi cat ed obst r uct i on and cont i nue 
unt i l  t he obst r uct i on i s uncover ed or  unt i l  c l ear ance f or  t he new gr ade i s 
assur ed.   Suppor t  uncover ed l i nes or  ot her  exi st i ng wor k af f ect ed by t he 
cont r act  excavat i on unt i l  appr oval  f or  backf i l l  i s  gr ant ed by t he 
Cont r act i ng Of f i cer .   Repor t  damage t o ut i l i t y  l i nes or  subsur f ace 
const r uct i on i mmedi at el y t o t he Cont r act i ng Of f i cer .

3. 2. 7   St r uct ur al  Excavat i on

Ensur e t hat  f oot i ng subgr ades have been i nspect ed and appr oved by t he 
Cont r act i ng Of f i cer  pr i or  t o concr et e pl acement .

3. 3   SELECTI ON OF BORROW MATERI AL

Sel ect  bor r ow mat er i al  t o meet  t he r equi r ement s and condi t i ons of  t he 
par t i cul ar  f i l l  or  embankment  f or  whi ch i t  i s  t o be used.   Obt ai n bor r ow 
mat er i al  f r om appr oved pr i vat e sour ces.   Unl ess ot her wi se pr ovi ded i n t he 
cont r act ,  t he Cont r act or  i s r esponsi bl e f or  obt ai ni ng t he r i ght  t o pr ocur e 
mat er i al ,  pay r oyal t i es and ot her  char ges i nvol ved,  and bear  t he expense 
of  devel opi ng t he sour ces,  i ncl udi ng r i ght s- of - way f or  haul i ng f r om t he 
owner s. Unl ess speci f i cal l y pr ovi ded,  do not  obt ai n bor r ow wi t hi n t he 
l i mi t s of  t he pr oj ect  s i t e wi t hout  pr i or  wr i t t en appr oval .   Consi der  
necessar y c l ear i ng,  gr ubbi ng,  and sat i sf act or y dr ai nage of  bor r ow pi t s and 
t he di sposal  of  debr i s t her eon r el at ed oper at i ons t o t he bor r ow excavat i on.

3. 4   SHORI NG

3. 4. 1   Gener al  Requi r ement s

Fi ni sh shor i ng,  i ncl udi ng sheet  pi l i ng,  and i nst al l  as necessar y t o 
pr ot ect  wor kmen,  banks,  adj acent  pavi ng,  st r uct ur es,  and ut i l i t i es.   
Remove shor i ng,  br aci ng,  and sheet i ng as excavat i ons ar e backf i l l ed,  i n a 
manner  t o pr event  cavi ng.

3. 5   FI NAL GRADE OF SURFACES TO SUPPORT CONCRETE

Do not  excavat e t o f i nal  gr ade unt i l  j ust  bef or e concr et e i s t o be 
pl aced.   Roughen t he l evel  sur f aces,  and cut  t he s l oped sur f aces,  as 
i ndi cat ed,  i nt o r ough st eps or  benches t o pr ovi de a sat i sf act or y bond.   
Pr ot ect  al l  sur f aces f r om er osi on r esul t i ng f r om pondi ng or  wat er  f l ow.
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3. 6   GROUND SURFACE PREPARATI ON

3. 6. 1   Gener al  Requi r ement s

Remove and r epl ace unsat i sf act or y mat er i al  wi t h sat i sf act or y mat er i al s,  as 
di r ect ed by t he Cont r act i ng Of f i cer ,  i n sur f aces t o r ecei ve f i l l  or  i n 
excavat ed ar eas.   Scar i f y t he sur f ace t o a dept h of  6 i nches bef or e t he 
f i l l  i s  st ar t ed.   Pl ow,  st ep,  bench,  or  br eak up sl oped sur f aces st eeper  
t han 1 ver t i cal  t o 4 hor i zont al  so t hat  t he f i l l  mat er i al  wi l l  bond wi t h 
t he exi st i ng mat er i al .   When subgr ades ar e l ess t han t he speci f i ed 
densi t y,  br eak up t he gr ound sur f ace t o a mi ni mum dept h of  6 i nches,  
pul ver i z i ng,  and compact i ng t o t he speci f i ed densi t y.   When t he subgr ade 
i s par t  f i l l  and par t  excavat i on or  nat ur al  gr ound,  scar i f y t he excavat ed 
or  nat ur al  gr ound por t i on t o a dept h of  12 i nches and compact  i t  as 
speci f i ed f or  t he adj acent  f i l l .

3. 6. 2   Fr ozen Mat er i al

Do not  pl ace mat er i al  on sur f aces t hat  ar e muddy,  f r ozen,  or  cont ai n 
f r ost .   Fi ni sh compact i on by sheepsf oot  r ol l er s,  pneumat i c- t i r ed r ol l er s,  
st eel - wheel ed r ol l er s,  or  ot her  appr oved equi pment  wel l  sui t ed t o t he soi l  
bei ng compact ed.   Moi st en mat er i al  as necessar y t o pr ovi de t he moi st ur e 
cont ent  t hat  wi l l  r eadi l y f aci l i t at e obt ai ni ng t he speci f i ed compact i on 
wi t h t he equi pment  used.

3. 7   UTI LI ZATI ON OF EXCAVATED SOI LS

3. 7. 1   Soi l  Reuse

Sat i sf act or y mat er i al s may be r e- used on t he j ob s i t e.  Unsat i sf act or y 
mat er i al s,  i f  encount er ed,  shal l  be spr ead uni f or ml y i n non- st r uct ur al  
ar eas.

3. 8   BURI ED TAPE AND DETECTI ON WI RE

3. 8. 1   Bur i ed War ni ng and I dent i f i cat i on Tape

Pr ovi de bur i ed ut i l i t y  l i nes wi t h ut i l i t y  i dent i f i cat i on t ape.   Bur y t ape 
12 i nches bel ow f i ni shed gr ade;  under  pavement s and sl abs,  bur y t ape 6 
i nches bel ow t op of  subgr ade.

3. 8. 2   Bur i ed Det ect i on Wi r e

Bur y det ect i on wi r e di r ect l y above non- met al l i c  pi pi ng at  a di st ance not  
t o exceed 12 i nches above t he t op of  pi pe.   Ext end t he wi r e cont i nuousl y 
and unbr oken,  f r om manhol e t o manhol e.   Ter mi nat e t he ends of  t he wi r e 
i nsi de t he manhol es at  each end of  t he pi pe,  wi t h a mi ni mum of  3 f eet  of  
wi r e,  coi l ed,  r emai ni ng accessi bl e i n each manhol e.   Fur ni sh i nsul at ed 
wi r e over  i t ' s  ent i r e l engt h.   I nst al l  wi r es at  manhol es bet ween t he t op 
of  t he cor bel  and t he f r ame,  and ext end up t hr ough t he chi mney seal  
bet ween t he f r ame and t he chi mney seal .   For  f or ce mai ns,  t er mi nat e t he 
wi r e i n t he val ve pi t  at  t he pump st at i on end of  t he pi pe.

3. 9   BACKFI LLI NG AND COMPACTI ON

Pl ace backf i l l  adj acent  t o any and al l  t ypes of  st r uct ur es,  and compact  t o 
at  l east  95 per cent  l abor at or y maxi mum densi t y f or  cohesi onl ess mat er i al s,  
t o pr event  wedgi ng act i on or  eccent r i c l oadi ng upon or  agai nst  t he 

SECTI ON 31 00 00  Page 10



D51 Hangar  Conver si on t o Human Per f or mance Cent er  FTFA 23- VH59
Egl i n AFB,  Fl or i da

st r uct ur e.   Pr epar e gr ound sur f ace on whi ch backf i l l  i s  t o be pl aced and 
pr ovi de compact i on r equi r ement s f or  backf i l l  mat er i al s i n conf or mance wi t h 
t he appl i cabl e por t i ons of  par agr aphs GROUND SURFACE PREPARATI ON.   Fi ni sh 
compact i on by pneumat i c- t i r ed r ol l er s,  st eel - wheel ed r ol l er s,  v i br at or y 
compact or s,  or  ot her  appr oved equi pment .

3. 9. 1   Tr ench Backf i l l

Backf i l l  t r enches t o t he gr ade shown.

3. 9. 1. 1   Repl acement  of  Unyi el di ng Mat er i al

Repl ace unyi el di ng mat er i al  r emoved f r om t he bot t om of  t he t r ench wi t h 
sel ect  gr anul ar  mat er i al  or  i ni t i al  backf i l l  mat er i al .

3. 9. 1. 2   Repl acement  of  Unst abl e Mat er i al

Repl ace unst abl e mat er i al  r emoved f r om t he bot t om of  t he t r ench or  
excavat i on wi t h sel ect  gr anul ar  mat er i al  pl aced i n l ayer s not  exceedi ng 6 
i nches l oose t hi ckness.

3. 9. 1. 3   Beddi ng and I ni t i al  Backf i l l

Pl ace i ni t i al  backf i l l  mat er i al , ( i n compact ed l i f t s  of  8"  or  l ess f or  
mechani cal  compact i on and 4"  or  l ess f or  manual  compact i on) ,  and compact  
i t  wi t h appr oved t amper s t o a hei ght  of  at  l east  one f oot  above t he 
ut i l i t y  pi pe or  condui t .   Br i ng up t he backf i l l  evenl y on bot h s i des of  
t he pi pe f or  t he f ul l  l engt h of  t he pi pe.   Take car e t o ensur e t hor ough 
compact i on of  t he f i l l  under  t he haunches of  t he pi pe.   Except  as 
speci f i ed ot her wi se i n t he i ndi v i dual  pi pi ng sect i on,  pr ovi de beddi ng f or  
bur i ed pi pi ng i n accor dance wi t h AWWA C600,  Type 4,  except  as speci f i ed 
her ei n.   Compact  backf i l l  t o t op of  pi pe t o 95 per cent  of  ASTM D1557 
maxi mum densi t y.   Pr ovi de pl ast i c pi pi ng wi t h beddi ng t o spr i ng l i ne of  
pi pe.   Pr ovi de mat er i al s as f ol l ows:

3. 9. 1. 3. 1   Cl ass I

Angul ar ,   0. 25 t o 1. 5 i nch,  gr aded st one,  i ncl udi ng a number  of  f i l l  
mat er i al s t hat  have r egi onal  s i gni f i cance such as cor al ,  s l ag,  c i nder s,  
cr ushed st one,  and cr ushed shel l s.

3. 9. 1. 3. 2   Cl ass I I

Coar se sands and gr avel s wi t h maxi mum par t i c l e s i ze of  1. 5 i nch,  i ncl udi ng 
var i ous gr aded sands and gr avel s cont ai ni ng smal l  per cent ages of  f i nes,  
gener al l y gr anul ar  and noncohesi ve,  ei t her  wet  or  dr y.   Soi l  Types GW,  GP,  
SW,  and SP ar e i ncl uded i n t hi s c l ass as speci f i ed i n ASTM D2487.

3. 9. 1. 4   Fi nal  Backf i l l

Fi l l  t he r emai nder  of  t he t r ench,  except  f or  speci al  mat er i al s f or  
r oadways,  r ai l r oads and ai r f i el ds,  wi t h sat i sf act or y mat er i al .   Pl ace 
backf i l l  mat er i al  and compact  as f ol l ows:

3. 9. 1. 4. 1   Roadways

Pl ace backf i l l  up t o t he r equi r ed el evat i on as speci f i ed.   Do not  per mi t  
wat er  f l oodi ng or  j et t i ng met hods of  compact i on.
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3. 9. 1. 4. 2   Si dewal ks,  Tur f ed or  Seeded Ar eas and Mi scel l aneous Ar eas

Deposi t  backf i l l  i n l ayer s of  a maxi mum of  12 i nches l oose t hi ckness,  and 
compact  i t  t o 90 per cent  maxi mum densi t y f or  cohesi onl ess soi l s.

3. 9. 2   Backf i l l  f or  Appur t enances

Af t er  t he manhol e,  cat chbasi n,  i nl et ,  or  s i mi l ar  st r uct ur e has been 
const r uct ed and t he concr et e has been al l owed t o cur e f or  7 days,  pl ace 
backf i l l  i n such a manner  t hat  t he st r uct ur e i s not  be damaged by t he 
shock of  f al l i ng ear t h.   Deposi t  t he backf i l l  mat er i al ,  compact  i t  as 
speci f i ed f or  f i nal  backf i l l ,  and br i ng up t he backf i l l  evenl y on al l  
s i des of  t he st r uct ur e t o pr event  eccent r i c l oadi ng and excessi ve st r ess.

3. 10   SPECI AL REQUI REMENTS

Speci al  r equi r ement s f or  bot h excavat i on and backf i l l  r el at i ng t o t he 
speci f i c  ut i l i t i es ar e as f ol l ows:

3. 10. 1   Gas Di st r i but i on

Excavat e t r enches t o a dept h t hat  wi l l  pr ovi de a mi ni mum 24 i nch of  cover  
i n ot her  excavat i on.

3. 10. 2   Wat er  Li nes

Excavat e t r enches t o a dept h t hat  pr ovi des a mi ni mum cover  of  3 f eet  f r om 
t he exi st i ng gr ound sur f ace,  or  f r om t he i ndi cat ed f i ni shed gr ade,  
whi chever  i s l ower ,  t o t he t op of  t he pi pe.

3. 10. 3   El ect r i cal  Di st r i but i on Syst em

Pr ovi de a mi ni mum cover  of  24 i nches f r om t he f i ni shed gr ade t o di r ect  
bur i al  cabl e and condui t  or  duct  l i ne,  unl ess ot her wi se i ndi cat ed.

3. 10. 4   Pi pel i ne Casi ng

Pr ovi de new smoot h wal l  st eel  pi pel i ne casi ng under  new exi st i ng pavement  
by t he bor i ng and j acki ng met hod of  i nst al l at i on.   Pr ovi de each new 
pi pel i ne casi ng,  wher e i ndi cat ed and t o t he l engt hs and di mensi ons shown,  
compl et e and sui t abl e f or  use wi t h t he new pi ped ut i l i t y  as i ndi cat ed.   
I nst al l  pi pel i ne casi ng by dr y bor i ng and j acki ng met hod as f ol l ows:

3. 10. 4. 1   Bor e Hol es

Mechani cal l y bor e hol es and case t hr ough t he soi l  wi t h a cut t i ng head on a 
cont i nuous auger  mount ed i nsi de t he casi ng pi pe.   Wel d l engt hs of  pi pe 
t oget her  i n accor dance wi t h AWS D1. 1/ D1. 1M.   Do not  use wat er  or  ot her  
f l ui ds i n connect i on wi t h t he bor i ng oper at i on.

3. 10. 4. 2   Cl eani ng

Cl ean i nsi de of  t he pi pel i ne casi ng of  di r t ,  wel d spl at t er s,  and ot her  
f or ei gn mat t er  whi ch woul d i nt er f er e wi t h i nser t i on of  t he pi ped ut i l i t i es 
by at t achi ng a pi pe cl eani ng pl ug t o t he bor i ng r i g and passi ng i t  t hr ough 
t he pi pe.
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3. 10. 4. 3   End Seal s

Af t er  i nst al l at i on of  pi ped ut i l i t i es i n pi pel i ne casi ng,  pr ovi de 
wat er t i ght  end seal s at  each end of  pi pel i ne casi ng bet ween pi pel i ne 
casi ng and pi pi ng ut i l i t i es.

3. 10. 5   Ri p- Rap Const r uct i on

Const r uct  r i p- r ap on f i l t er  f abr i c i n t he ar eas i ndi cat ed.   Tr i m and dr ess 
i ndi cat ed ar eas t o conf or m t o cr oss sect i ons,  l i nes and gr ades shown 
wi t hi n a t ol er ance of  0. 1 f oot .

3. 10. 5. 1   Beddi ng Pl acement

Spr ead f i l t er  f abr i c on pr epar ed subgr ade as i ndi cat ed.

3. 10. 5. 2   St one Pl acement

Pl ace r ock f or  r i p- r ap on f i l t er  f abr i c t o pr oduce a wel l  gr aded mass wi t h 
t he mi ni mum pr act i cabl e per cent age of  voi ds i n conf or mance wi t h l i nes and 
gr ades i ndi cat ed.   Di st r i but e l ar ger  r ock f r agment s,  wi t h di mensi ons 
ext endi ng t he f ul l  dept h of  t he r i p- r ap t hr oughout  t he ent i r e mass and 
el i mi nat e " pocket s"  of  smal l  r ock f r agment s.   Rear r ange i ndi v i dual  pi eces 
by mechani cal  equi pment  or  by hand as necessar y t o obt ai n t he di st r i but i on 
of  f r agment  s i zes speci f i ed above.   

3. 11   EMBANKMENTS

3. 11. 1   Ear t h Embankment s

Const r uct  ear t h embankment s f r om sat i sf act or y mat er i al s f r ee of  or gani c or  
f r ozen mat er i al  and r ocks wi t h any di mensi on gr eat er  t han 3 i nches.   Pl ace 
t he mat er i al  i n successi ve hor i zont al  l ayer s of  l oose mat er i al  not  mor e 
t han 8 i nches i n dept h.   Spr ead each l ayer  uni f or ml y on a soi l  sur f ace 
t hat  has been moi st ened or  aer at ed as necessar y,  and scar i f i ed or  
ot her wi se br oken up so t hat  t he f i l l  wi l l  bond wi t h t he sur f ace on whi ch 
i t  i s  pl aced.   Af t er  spr eadi ng,  pl ow,  di sk,  or  ot her wi se br ake up each 
l ayer ;  moi st en or  aer at e as necessar y;  t hor oughl y mi x;  and compact  t o at  
l east  95 per cent  l abor at or y maxi mum densi t y f or  cohesi onl ess mat er i al s.   
Compact i on r equi r ement s f or  t he upper  por t i on of  ear t h embankment s f or mi ng 
subgr ade f or  pavement s ar e i dent i cal  wi t h t hose r equi r ement s speci f i ed i n 
par agr aph SUBGRADE PREPARATI ON.   Fi ni sh compact i on by pneumat i c- t i r ed 
r ol l er s,  st eel - wheel ed r ol l er s,  v i br at or y compact or s,  or  ot her  appr oved 
equi pment .

3. 12   SUBGRADE PREPARATI ON

3. 12. 1   Pr oof  Rol l i ng

Fi ni sh pr oof  r ol l i ng on an exposed subgr ade f r ee of  sur f ace wat er  ( wet  
condi t i ons r esul t i ng f r om r ai nf al l )  whi ch woul d pr omot e degr adat i on of  an 
ot her wi se accept abl e subgr ade.   Af t er  st r i ppi ng,  pr oof  r ol l  t he exi st i ng 
subgr ade of  t he r oadway and par ki ng l ot s wi t h s i x passes of  a 15 t on ( mi n)  
v i br at or y r ol l er .   Oper at e t he r ol l er  i n a syst emat i c manner  t o ensur e t he 
number  of  passes over  al l  ar eas,  and at  speeds bet ween 2- 1/ 2 t o 3- 1/ 2 mph.
  Not i f y t he Cont r act i ng Of f i cer  a mi ni mum of  3 days pr i or  t o pr oof  
r ol l i ng.   Under cut  r ut t i ng or  pumpi ng of  mat er i al  as di r ect ed by t he 
Cont r act i ng Of f i cer  and r epl ace wi t h f i l l  and backf i l l  mat er i al .
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3. 12. 2   Const r uct i on

Shape subgr ade t o l i ne,  gr ade,  and cr oss sect i on,  and compact  as 
speci f i ed.   I ncl ude pl owi ng,  di ski ng,  and any moi st eni ng or  aer at i ng 
r equi r ed t o obt ai n speci f i ed compact i on f or  t hi s oper at i on.   Remove sof t  
or  ot her wi se unsat i sf act or y mat er i al  and r epl ace wi t h sat i sf act or y 
excavat ed mat er i al  or  ot her  appr oved mat er i al  as di r ect ed.   Br i ng up l ow 
ar eas r esul t i ng f r om r emoval  of  unsat i sf act or y mat er i al  t o r equi r ed gr ade 
wi t h sat i sf act or y mat er i al s,  and shape t he ent i r e subgr ade t o l i ne,  gr ade,  
and cr oss sect i on and compact  as speci f i ed.   Af t er  r ol l i ng,  t he sur f ace of  
t he subgr ade f or  r oadways shal l  not  show devi at i ons gr eat er  t han 1/ 2 i nch 
when t est ed wi t h a 12- f oot  st r ai ght edge appl i ed bot h par al l el  and at  r i ght  
angl es t o t he cent er l i ne of  t he ar ea.   Do not  var y t he el evat i on of  t he 
f i ni sh subgr ade mor e t han 0. 05 f oot  f r om t he est abl i shed gr ade and cr oss 
sect i on.

3. 12. 3   Compact i on

Fi ni sh compact i on by pneumat i c- t i r ed r ol l er s,  st eel - wheel ed r ol l er s,  
v i br at or y compact or s,  or  ot her  appr oved equi pment .   Except  f or  paved ar eas 
compact  each l ayer  of  t he embankment  t o at  l east  90 per cent  of  l abor at or y 
maxi mum densi t y.

3. 12. 3. 1   Subgr ade f or  Pavement s and Bui l di ng Pads

Compact  subgr ade f or  pavement s and bui l di ng pads t o at  l east  98 per cent age 
l abor at or y maxi mum densi t y f or  t he dept h bel ow t he sur f ace of  t he pavement  
shown.   When mor e t han one soi l  c l assi f i cat i on i s pr esent  i n t he subgr ade,  
t hor oughl y bl end,  r eshape,  and compact  t he t op 12 i nch of  subgr ade.

3. 13   FI NI SHI NG

Fi ni sh t he sur f ace of  excavat i ons,  embankment s,  and subgr ades t o a smoot h 
and compact  sur f ace i n accor dance wi t h t he l i nes,  gr ades,  and cr oss 
sect i ons or  el evat i ons shown.   Pr ovi de t he degr ee of  f i ni sh f or  gr aded 
ar eas wi t hi n 0. 1 f oot  of  t he gr ades and el evat i ons i ndi cat ed except  t hat  
t he degr ee of  f i ni sh f or  subgr ades speci f i ed i n par agr aph SUBGRADE 
PREPARATI ON.   Fi ni sh gut t er s and di t ches i n a manner  t hat  wi l l  r esul t  i n 
ef f ect i ve dr ai nage.   Fi ni sh t he sur f ace of  ar eas t o be t ur f ed f r om 
set t l ement  or  washi ng t o a smoot hness sui t abl e f or  t he appl i cat i on of  
t ur f i ng mat er i al s.   Repai r  gr aded,  t opsoi l ed,  or  backf i l l ed ar eas pr i or  t o 
accept ance of  t he wor k,  and r e- est abl i shed gr ades t o t he r equi r ed 
el evat i ons and sl opes.

3. 13. 1   Subgr ade and Embankment s

Dur i ng const r uct i on,  keep embankment s and excavat i ons shaped and dr ai ned.   
Mai nt ai n di t ches and dr ai ns al ong subgr ade t o dr ai n ef f ect i vel y at  al l  
t i mes.   Do not  di st ur b t he f i ni shed subgr ade by t r af f i c  or  ot her  
oper at i on.   Pr ot ect  and mai nt ai n t he f i ni shed subgr ade i n a sat i sf act or y 
condi t i on unt i l  bal l ast ,  subbase,  base,  or  pavement  i s pl aced.   Do not  
per mi t  t he st or age or  st ockpi l i ng of  mat er i al s on t he f i ni shed subgr ade.   
Do not  l ay subbase,  base cour se,  bal l ast ,  or  pavement  unt i l  t he subgr ade 
has been checked and appr oved,  and i n no case pl ace subbase,  base,  
sur f aci ng,  pavement ,  or  bal l ast  on a muddy,  spongy,  or  f r ozen subgr ade.

3. 13. 2   Gr adi ng Ar ound St r uct ur es

Const r uct  ar eas wi t hi n 5 f eet  out si de of  each bui l di ng and st r uct ur e l i ne 
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t r ue- t o- gr ade,  shape t o dr ai n,  and mai nt ai n f r ee of  t r ash and debr i s unt i l  
f i nal  i nspect i on has been compl et ed and t he wor k has been accept ed.

3. 14   PLACI NG TOPSOI L

On ar eas t o r ecei ve t opsoi l ,  pr epar e t he compact ed subgr ade soi l  t o a 2 
i nches dept h f or  bondi ng of  t opsoi l  wi t h subsoi l .   Spr ead t opsoi l  evenl y 
t o a t hi ckness of  3 i nch and gr ade t o t he el evat i ons and sl opes shown.   Do 
not  spr ead t opsoi l  when f r ozen or  excessi vel y wet  or  dr y.   Obt ai n mat er i al  
r equi r ed f or  t opsoi l  i n excess of  t hat  pr oduced by excavat i on wi t hi n t he 
gr adi ng l i mi t s f r om of f s i t e ar eas.

3. 15   TESTI NG

Per f or m t est i ng by a Cor ps val i dat ed commer ci al  t est i ng l abor at or y or  t he 
Cont r act or ' s val i dat ed t est i ng f aci l i t y .   Submi t  qual i f i cat i ons of  t he 
Cor ps val i dat ed commer ci al  t est i ng l abor at or y or  t he Cont r act or ' s 
val i dat ed t est i ng f aci l i t i es.   I f  t he Cont r act or  el ect s t o est abl i sh 
t est i ng f aci l i t i es,  do not  per mi t  wor k r equi r i ng t est i ng unt i l  t he 
Cont r act or ' s f aci l i t i es have been i nspect ed,  Cor ps val i dat ed and appr oved 
by t he Cont r act i ng Of f i cer .

a.   Det er mi ne f i el d i n- pl ace densi t y i n accor dance wi t h ASTM D1556 
ASTM D2167 or  ASTM D6938.   When ASTM D6938 i s used,  check t he 
cal i br at i on cur ves and adj ust  usi ng onl y t he sand cone met hod as 
descr i bed i n ASTM D1556.   ASTM D6938 r esul t s i n a wet  uni t  wei ght  of  
soi l  i n det er mi ni ng t he moi st ur e cont ent  of  t he soi l  when usi ng t hi s 
met hod.

b.   Check t he cal i br at i on cur ves f ur ni shed wi t h t he moi st ur e gauges al ong 
wi t h densi t y cal i br at i on checks as descr i bed i n ASTM D6938;  check t he 
cal i br at i on of  bot h t he densi t y and moi st ur e gauges at  t he begi nni ng 
of  a j ob on each di f f er ent  t ype of  mat er i al  encount er ed and at  
i nt er val s as di r ect ed by t he Cont r act i ng Of f i cer .   When t est  r esul t s 
i ndi cat e,  as det er mi ned by t he Cont r act i ng Of f i cer ,  t hat  compact i on i s 
not  as speci f i ed,  r emove t he mat er i al ,  r epl ace and r ecompact  t o meet  
speci f i cat i on r equi r ement s.

c.   Per f or m t est s on r ecompact ed ar eas t o det er mi ne conf or mance wi t h 
speci f i cat i on r equi r ement s.   The f ol l owi ng number  of  t est s,  i f  
per f or med at  t he appr opr i at e t i me,  wi l l  be t he mi ni mum accept abl e f or  
each t ype oper at i on.

3. 15. 1   Fi l l  and Backf i l l  Mat er i al  Gr adat i on

One t est  per  1000 cubi c yar ds st ockpi l ed or  i n- pl ace sour ce mat er i al .  Test  
each vi sual l y di f f er ent  mat er i al  separ at el y.   Det er mi ne gr adat i on of  f i l l  
and backf i l l  mat er i al  i n accor dance wi t h ASTM C136 or  ASTM D1140.

3. 15. 2   I n- Pl ace Densi t i es

a.   One t est  per  2500 squar e f eet ,  or  f r act i on t her eof ,  of  each l i f t  of  
f i l l  or  backf i l l  ar eas compact ed by ot her  t han hand- oper at ed machi nes.

b.   One t est  per  1000 squar e f eet ,  or  f r act i on t her eof ,  of  each l i f t  of  
f i l l  or  backf i l l  ar eas compact ed by hand- oper at ed machi nes.

c.   Ref er  t o Geot echni cal  Repor t  f or  t est i ng r equi r ement  wi t hi n t he l i mi t s 
of  t he bui l di ng.
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3. 15. 3   Check Test s on I n- Pl ace Densi t i es

I f  ASTM D6938 i s used,  check i n- pl ace densi t i es by ASTM D1556 as f ol l ows:

a.   One check t est  per  l i f t  f or  each 5000 squar e f eet ,  or  f r act i on 
t her eof ,  of  each l i f t  of  f i l l  or  backf i l l  compact ed by ot her  t han 
hand- oper at ed machi nes.

b.   One check t est  per  l i f t  f or  each 2000 squar e f eet ,  of  f i l l  or  backf i l l  
ar eas compact ed by hand- oper at ed machi nes.

3. 15. 4   Moi st ur e Cont ent s

I n t he st ockpi l e,  excavat i on,  or  bor r ow ar eas,  per f or m a mi ni mum of  t wo 
t est s per  day per  t ype of  mat er i al  or  sour ce of  mat er i al  bei ng pl aced 
dur i ng st abl e weat her  condi t i ons.   Dur i ng unst abl e weat her ,  per f or m t est s 
as di ct at ed by l ocal  condi t i ons and appr oved by t he Cont r act i ng Of f i cer .  
Det er mi ne soi l  moi st ur e per  ASTM D4944.

3. 15. 5   Opt i mum Moi st ur e and Labor at or y Maxi mum Densi t y

Per f or m t est s f or  each t ype mat er i al  or  sour ce of  mat er i al  i ncl udi ng 
bor r ow mat er i al  t o det er mi ne t he opt i mum moi st ur e and l abor at or y maxi mum 
densi t y val ues per  ASTM D1557.   One r epr esent at i ve t est  per  1000 cubi c 
yar ds of  f i l l  and backf i l l ,  or  when any change i n mat er i al  occur s whi ch 
may af f ect  t he opt i mum moi st ur e cont ent  or  l abor at or y maxi mum densi t y.

3. 15. 6   Tol er ance Test s f or  Subgr ades

Per f or m cont i nuous checks on t he degr ee of  f i ni sh speci f i ed i n par agr aph 
SUBGRADE PREPARATI ON dur i ng const r uct i on of  t he subgr ades.

3. 15. 7   Di spl acement  of  Sewer s

Af t er  ot her  r equi r ed t est s have been per f or med and t he t r ench backf i l l  
compact ed t o 1,  f oot  above t he t op of  t he pi pe,  i nspect  t he pi pe t o 
det er mi ne whet her  s i gni f i cant  di spl acement  has occur r ed.   Conduct  t hi s 
i nspect i on i n t he pr esence of  t he Cont r act i ng Of f i cer .   I nspect  pi pe by 
shi ni ng a l i ght  or  l aser  bet ween manhol es or  manhol e l ocat i ons,  or  by t he 
use of  t el evi s i on camer as passed t hr ough t he pi pe.   I f ,  i n t he j udgment  of  
t he Cont r act i ng Of f i cer ,  t he i nt er i or  of  t he pi pe shows poor  al i gnment  or  
any ot her  def ect s t hat  woul d cause i mpr oper  f unct i oni ng of  t he syst em,  
r epl ace or  r epai r  t he def ect s as di r ect ed at  no addi t i onal  cost  t o t he 
Gover nment .

3. 16   DI SPOSI TI ON OF SURPLUS MATERI AL

Di spose sur pl us soi l  mat er i al s of f  gover nment  pr oper t y i n a l egal  manner .

        - -  End of  Sect i on - -
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SECTI ON 31 11 00

CLEARI NG AND GRUBBI NG
11/ 18

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

U. S.  DEPARTMENT OF DEFENSE ( DOD)

DODI  4150. 07 ( 2019)  DOD Pest  Management  Pr ogr am

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  desi gnat i on;  
submi t t al s not  havi ng a " G"  desi gnat i on ar e f or  Cont r act or  Qual i t y Cont r ol  
appr oval .   When used,  a desi gnat i on f ol l owi ng t he " G"  desi gnat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .  
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 01 Pr econst r uct i on Submi t t al s

Her bi c i de Appl i cat i on Pl an

SD- 03 Pr oduct  Dat a

Her bi c i de

SD- 11 Cl oseout  Submi t t al s

Pest  Management  Repor t

1. 3   QUALI TY CONTROL

1. 3. 1   Regul at or y Requi r ement s

Compl y wi t h DODI  4150. 07 f or  r equi r ement s on Cont r act or ' s l i censi ng,  
cer t i f i cat i on,  and r ecor d keepi ng.   Mai nt ai n dai l y r ecor ds usi ng t he Pest  
Management  Mai nt enance Recor d,  DD For m 1532- 1,  or  a comput er  gener at ed 
equi val ent .   These f or ms may be obt ai ned f r om t he mai n web si t e:  
ht t p: / / www. dt i c. mi l / whs/ di r ect i ves/ f or ms/ ef or ms/ dd1532- 1. pdf

1. 3. 2   Qual i f i cat i ons

For  t he appl i cat i on of  her bi c i des,  use t he ser vi ces of  an appl i cat or  who 
i s commer ci al l y cer t i f i ed i n t he st at e wher e t he wor k i s t o be per f or med 
as r equi r ed by DODI  4150. 07.

1. 4   DELI VERY,  STORAGE,  AND HANDLI NG

Del i ver  mat er i al s t o t he s i t e,  and handl e i n a manner  whi ch wi l l  mai nt ai n 
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t he mat er i al s i n t hei r  or i gi nal  manuf act ur ed or  f abr i cat ed condi t i on unt i l  
r eady f or  use.

1. 4. 1   St or age

St or age of  her bi c i des on t he i nst al l at i on wi l l  not  be per mi t t ed unl ess i t  
i s  wr i t t en i nt o t he cont r act .

1. 4. 2   Handl i ng

Handl e her bi c i des i n accor dance wi t h t he manuf act ur er ' s l abel  and Saf et y 
Dat a Sheet  ( SDS) ,  pr event i ng cont ami nat i on by di r t ,  wat er ,  and or gani c 
mat er i al .   Pr ot ect  her bi c i des f r om weat her  el ement s as r ecommended by t he 
manuf act ur er ' s l abel  and SDS.   Spi l l  k i t s must  be mai nt ai ned on her bi c i de 
cont r ol  vehi c l es.  Mi xi ng of  her bi c i des on t he i nst al l at i on wi l l  not  be 
per mi t ed unl ess i t  i s  wr i t t en i nt o t he cont r act .

PART 2   PRODUCTS

2. 1   MATERI ALS

2. 1. 1   Tr ee Wound Pai nt

Use bi t umi nous based pai nt  f r om st andar d manuf act ur e speci al l y f or mul at ed 
f or  t r ee wounds.

2. 1. 2   Her bi c i de

I f  used,  pr ovi de her bi c i des cur r ent l y r egi st er ed by t he EPA or  appr oved 
f or  such use by t he appr opr i at e agency of  t he host  count y and appr oved by 
t he Cont r act i ng Of f i cer .   Sel ect  a her bi c i de t hat  i s sui t abl e f or  t he 
c l i mat i c condi t i ons at  t he pr oj ect  s i t e.   Submi t  manuf act ur er ' s l abel  and 
SDS f or  her bi c i des pr oposed f or  use.

PART 3   EXECUTI ON

3. 1   PREPARATI ON

3. 1. 1   Her bi c i de Appl i cat i on Pl an

Pr i or  t o commenci ng appl i cat i on of  her bi c i de,  submi t  a her bi c i de 
appl i cat i on pl an wi t h pr oposed sequence of  t r eat ment  wor k i ncl udi ng dat es 
and t i mes of  appl i cat i on.   I ncl ude t he her bi c i de t r ade name,  EPA 
r egi st r at i on number ,  chemi cal  composi t i on,  f or mul at i on,  appl i cat i on r at e 
of  act i ve i ngr edi ent s,  met hod of  appl i cat i on,  ar ea or  vol ume t r eat ed,  and 
amount  appl i ed.   I ncl ude a copy of  t he pest i c i de appl i cat or  cer t i f i cat es.

3. 1. 2   Pr ot ect i on

3. 1. 2. 1   Roads and Wal ks

Keep r oads and wal ks f r ee of  di r t  and debr i s at  al l  t i mes.

3. 1. 2. 2   Tr ees,  Shr ubs,  and Exi st i ng Faci l i t i es

Pr ovi de pr ot ect i on i n accor dance wi t h Sect i on 01 57 19 TEMPORARY 
ENVI RONMENTAL CONTROLS.  Pr ot ect  t r ees and veget at i on t o be l ef t  st andi ng 
f r om damage i nci dent  t o c l ear i ng,  gr ubbi ng,  and const r uct i on oper at i ons by 
t he er ect i on of  bar r i er s or  by such ot her  means as t he c i r cumst ances 
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r equi r e.

3. 1. 2. 3   Ut i l i t y  Li nes

Pr ot ect  exi st i ng ut i l i t y  l i nes t hat  ar e i ndi cat ed t o r emai n f r om damage.   
Not i f y t he Cont r act i ng Of f i cer  i mmedi at el y of  damage t o or  an encount er  
wi t h an unknown exi st i ng ut i l i t y  l i ne.   The Cont r act or  i s r esponsi bl e f or  
t he r epai r  of  damage t o exi st i ng ut i l i t y  l i nes t hat  ar e i ndi cat ed or  made 
known t o t he Cont r act or  pr i or  t o st ar t  of  c l ear i ng and gr ubbi ng 
oper at i ons.   When ut i l i t y  l i nes whi ch ar e t o be r emoved ar e encount er ed 
wi t hi n t he ar ea of  oper at i ons,  not i f y t he Cont r act i ng Of f i cer  i n ampl e 
t i me t o mi ni mi ze i nt er r upt i on of  t he ser vi ce.   Ref er  t o Sect i on 01 30 00 
ADMI NI STRATI VE REQUI REMENTS and Sect i on 01 57 19 TEMPORARY ENVI RONMENTAL 
CONTROLS f or  addi t i onal  ut i l i t y  pr ot ect i on.

3. 2   Appl i cat i on

3. 2. 1   Her bi c i de Appl i cat i on

Adher e t o saf et y pr ecaut i ons as r ecommended by t he manuf act ur er  concer ni ng 
handl i ng and appl i cat i on of  t he her bi c i de.

3. 2. 1. 1   Cl ean Up,  Di sposal ,  And Pr ot ect i on

Once appl i cat i on has been compl et ed,  pr oceed wi t h c l ean up and pr ot ect i on 
of  t he s i t e wi t hout  del ay.   Cl ean t he si t e of  al l  mat er i al  associ at ed wi t h 
t he t r eat ment  measur es,  accor di ng t o l abel  i nst r uct i ons,  and as 
i ndi cat ed.   Remove and di spose of  excess and wast e mat er i al  of f  Gover nment  
pr oper t y.

3. 2. 1. 1. 1   Di sposal  of  Her bi c i de

Di spose of  r esi dual  her bi c i des and cont ai ner s of f  Gover nment  pr oper t y,  and 
i n accor dance wi t h t he appr oved di sposal  pl an,  l abel  i nst r uct i ons and EPA 
r equi r ement s.

3. 3   CLEARI NG

Cl ear i ng consi st s of  t he f el l i ng,  t r i mmi ng,  and cut t i ng of  t r ees i nt o 
sect i ons and t he sat i sf act or y di sposal  of  t he t r ees and ot her  veget at i on 
desi gnat ed f or  r emoval ,  i ncl udi ng downed t i mber ,  snags,  br ush,  and r ubbi sh 
occur r i ng wi t hi n t he ar eas t o be cl ear ed.  Cut  of f  f l ush wi t h or  bel ow t he 
or i gi nal  gr ound sur f ace t r ees,  st umps,  r oot s,  br ush,  and ot her  veget at i on 
i n ar eas t o be cl ear ed,  except  such t r ees and veget at i on as may be 
i ndi cat ed or  di r ect ed t o be l ef t  st andi ng.  Tr i m dead br anches 1- 1/ 2 i nches 
or  mor e i n di amet er  on t r ees desi gnat ed t o be l ef t  st andi ng wi t hi n t he 
c l ear ed ar eas and t r i m al l  br anches t o t he hei ght s i ndi cat ed or  di r ect ed.  
Neat l y cut  c l ose t o t he bol e of  t he t r ee or  mai n br anches,  l i mbs and 
br anches t o be t r i mmed.   Pai nt ,  wi t h an appr oved t r ee- wound pai nt ,  cut s 
mor e t han 1- 1/ 2 i nches i n di amet er .  Appl y her bi c i de i n accor dance wi t h t he 
manuf act ur er ' s l abel  t o t he t op sur f ace of  st umps desi gnat ed not  t o be 
r emoved.

3. 3. 1   Tr ee Removal

Wher e i ndi cat ed or  di r ect ed,  t r ees and st umps t hat  ar e desi gnat ed as t r ees 
shal l  be r emoved f r om ar eas out si de t hose ar eas desi gnat ed f or  c l ear i ng 
and gr ubbi ng.   Thi s wor k i ncl udes t he f el l i ng of  such t r ees and t he 
r emoval  of  t hei r  st umps and r oot s as speci f i ed i n par agr aph GRUBBI NG.   
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Di spose of  t r ees as speci f i ed i n par agr aph DI SPOSAL OF MATERI ALS.

3. 3. 2   Pr uni ngPr une t r ees desi gnat ed t o be l ef t  st andi ng wi t hi n t he c l ear ed 
ar eas of  dead br anches 1- 1/ 2 i nches or  mor e i n di amet er .   Neat l y cut  l i mbs 
and br anches t o be t r i mmed cl ose t o t he bol e of  t he t r ee or  mai n 
br anches.   Pai nt  cut s mor e t han 1- 1/ 4 i nches i n di amet er  wi t h an appr oved 
t r ee wound pai nt .

3. 3. 3   Gr ubbi ng

Gr ubbi ng consi st s of  t he r emoval  and di sposal  of  st umps,  r oot s l ar ger  t han 
3 i nches i n di amet er ,  and mat t ed r oot s f r om t he desi gnat ed gr ubbi ng 
ar eas.   Remove mat er i al  t o be gr ubbed,  t oget her  wi t h l ogs and ot her  
or gani c or  met al l i c  debr i s not  sui t abl e f or  f oundat i on pur poses,  t o a 
dept h of  not  l ess t han 18 i nches bel ow t he or i gi nal  sur f ace l evel  of  t he 
gr ound i n ar eas i ndi cat ed t o be gr ubbed and i n ar eas i ndi cat ed as 
const r uct i on ar eas under  t hi s cont r act ,  such as ar eas f or  bui l di ngs,  and 
ar eas t o be paved.   Fi l l  depr essi ons made by gr ubbi ng wi t h sui t abl e 
mat er i al  and compact  t o make t he sur f ace conf or m wi t h t he or i gi nal  
adj acent  sur f ace of  t he gr ound.

3. 4   DI SPOSAL OF MATERI ALS

Di spose of  excess mat er i al s i n accor dance wi t h t he appr oved sol i d wast e 
management  per mi t  and i ncl ude t hose mat er i al s i n t he sol i d wast e 
management  r epor t .

Al l  wood or  wood l i ke mat er i al s,  except  f or  sal abl e t i mber ,  r emai ni ng f r om 
cl ear i ng,  pr unni ng or  gr ubbi ng such as l i mbs,  t r ee t ops,  r oot s,  st umps,  
l ogs,  r ot t en wood,  and ot her  s i mi l i ar  mat er i al s shal l  become t he pr oper t y 
of  t he Cont r act or  and di sposed of  as speci f i ed.   Al l  t i mber  and wood or  
wood l i ke mat er i al s r emai ni ng f r om t i mber  har vest i ng such as l i mbs,  t r ee 
t ops,  r oot s,  st umps,  l ogs,  r ot t en wood,  and ot her  s i mi l i ar  mat er i al s shal l  
become t he pr oper t y of  t he Cont r act or  and di sposed as speci f i ed.

3. 5   CLOSEOUT ACTI VI TI ES

3. 5. 1   Her bi c i des

Upon compl et i on of  t hi s wor k,  submi t  t he Pest  Management  Repor t  DD For m 
1532,  or  an equi val ent  comput er  pr oduct ,  t o t he I nt egr at ed Pest  Management  
Coor di nat or .   Thi s f or m i dent i f i es t he t ype of  oper at i on,  br and name and 
manuf act ur er  of  her bi c i de,  f or mul at i on,  concent r at i on or  r at e of  
appl i cat i on used.

       - -  End of  Sect i on - -
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SECTI ON 32 16 19

CONCRETE CURBS,  GUTTERS AND SI DEWALKS
05/ 18

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AMERI CAN ASSOCI ATI ON OF STATE HI GHWAY AND TRANSPORTATI ON OFFI CI ALS 
( AASHTO)

AASHTO M 182 ( 2005;  R 2017)  St andar d Speci f i cat i on f or  
Bur l ap Cl ot h Made f r om Jut e or  Kenaf  and 
Cot t on Mat s

ASTM I NTERNATI ONAL ( ASTM)

ASTM A1064/ A1064M ( 2022)  St andar d Speci f i cat i on f or  
Car bon- St eel  Wi r e and Wel ded Wi r e 
Rei nf or cement ,  Pl ai n and Def or med,  f or  
Concr et e

ASTM A615/ A615M ( 2022)  St andar d Speci f i cat i on f or  Def or med 
and Pl ai n Car bon- St eel  Bar s f or  Concr et e 
Rei nf or cement

ASTM C143/ C143M ( 2020)  St andar d Test  Met hod f or  Sl ump of  
Hydr aul i c- Cement  Concr et e

ASTM C171 ( 2020)  St andar d Speci f i cat i on f or  Sheet  
Mat er i al s f or  Cur i ng Concr et e

ASTM C172/ C172M ( 2017)  St andar d Pr act i ce f or  Sampl i ng 
Fr eshl y Mi xed Concr et e

ASTM C173/ C173M ( 2016)  St andar d Test  Met hod f or  Ai r  
Cont ent  of  Fr eshl y Mi xed Concr et e by t he 
Vol umet r i c Met hod

ASTM C231/ C231M ( 2022)  St andar d Test  Met hod f or  Ai r  
Cont ent  of  Fr eshl y Mi xed Concr et e by t he 
Pr essur e Met hod

ASTM C309 ( 2019)  St andar d Speci f i cat i on f or  Li qui d 
Membr ane- For mi ng Compounds f or  Cur i ng 
Concr et e

ASTM C31/ C31M ( 2022)  St andar d Pr act i ce f or  Maki ng and 
Cur i ng Concr et e Test  Speci mens i n t he Fi el d

ASTM C920 ( 2018)  St andar d Speci f i cat i on f or  
El ast omer i c Joi nt  Seal ant s
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ASTM D1751 ( 2018)  St andar d Speci f i cat i on f or  
Pr ef or med Expansi on Joi nt  Fi l l er  f or  
Concr et e Pavi ng and St r uct ur al  
Const r uct i on ( Nonext r udi ng and Resi l i ent  
Bi t umi nous Types)

ASTM D1752 ( 2018)  St andar d Speci f i cat i on f or  
Pr ef or med Sponge Rubber ,  Cor k and Recycl ed 
PVC Expansi on Joi nt  Fi l l er s f or  Concr et e 
Pavi ng and St r uct ur al  Const r uct i on

ASTM D5893/ D5893M ( 2016)  St andar d Speci f i cat i on f or  Col d 
Appl i ed,  Si ngl e Component ,  Chemi cal l y 
Cur i ng Si l i cone Joi nt  Seal ant  f or  Por t l and 
Cement  Concr et e Pavement s

I NTERNATI ONAL CODE COUNCI L ( I CC)

I CC A117. 1 COMM ( 2017)  St andar d And Comment ar y Accessi bl e 
and Usabl e Bui l di ngs and Faci l i t i es

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  desi gnat i on;  
submi t t al s not  havi ng a " G"  desi gnat i on ar e f or  Cont r act or  Qual i t y Cont r ol  
appr oval .   When used,  a desi gnat i on f ol l owi ng t he " G"  desi gnat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 03 Pr oduct  Dat a

Concr et e

Bi odegr adabl e For m Rel ease Agent

SD- 06 Test  Repor t s

Fi el d Qual i t y Cont r ol

1. 3   EQUI PMENT,  TOOLS,  AND MACHI NES

1. 3. 1   Gener al  Requi r ement s

Pl ant ,  equi pment ,  machi nes,  and t ool s used i n t he wor k wi l l  be subj ect  t o 
appr oval  and must  be mai nt ai ned i n a sat i sf act or y wor ki ng condi t i on at  al l  
t i mes.   Use equi pment  capabl e of  pr oduci ng t he r equi r ed pr oduct ,  meet i ng 
gr ade cont r ol s,  t hi ckness cont r ol  and smoot hness r equi r ement s as 
speci f i ed.   Di scont i nue usi ng equi pment  t hat  pr oduces unsat i sf act or y 
r esul t s.   Al l ow t he Cont r act i ng Of f i cer  access at  al l  t i mes t o t he pl ant  
and equi pment  t o ensur e pr oper  oper at i on and compl i ance wi t h 
speci f i cat i ons.

1. 3. 2   Sl i p For m Equi pment

Sl i p f or m paver  or  cur b f or mi ng machi nes,  wi l l  be appr oved based on t r i al  
use on t he j ob and must  be sel f - pr opel l ed,  aut omat i cal l y cont r ol l ed,  
cr awl er  mount ed,  and capabl e of  spr eadi ng,  consol i dat i ng,  and shapi ng t he 
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pl ast i c concr et e t o t he desi r ed cr oss sect i on i n one pass.

1. 4   ENVI RONMENTAL REQUI REMENTS

1. 4. 1   Pl aci ng Dur i ng Col d Weat her

Do not  pl ace concr et e when t he ai r  t emper at ur e r eaches 40 degr ees F and i s 
f al l i ng,  or  i s  al r eady bel ow t hat  poi nt .   Pl acement  may begi n when t he ai r  
t emper at ur e r eaches 35 degr ees F and i s r i s i ng,  or  i s al r eady above 40 
degr ees F.   Make pr ovi s i ons t o pr ot ect  t he concr et e f r om f r eezi ng dur i ng 
t he speci f i ed cur i ng per i od.

1. 4. 2   Pl aci ng Dur i ng War m Weat her

The t emper at ur e of  t he concr et e as pl aced must  not  exceed 85 degr ees F 
except  wher e an appr oved r et ar der  i s used.   Cool  t he mi xi ng wat er  and 
aggr egat es as necessar y t o mai nt ai n a sat i sf act or y pl aci ng t emper at ur e.   
The pl aci ng t emper at ur e must  not  exceed 95 degr ees F at  any t i me.

PART 2   PRODUCTS

2. 1   CONCRETE

Pr ovi de concr et e consi st i ng of  por t l and cement  Type I  or  I I  and mi x desi gn 
appr opr i at e f or  t he appl i cat i on.   Concr et e must  have a mi ni mum compr essi ve 
st r engt h of  3500 psi  at  28 days.   Si ze of  aggr egat e must  not  exceed 1- 1/ 2 
i nches.   Submi t  copi es of  cer t i f i ed del i ver y t i cket s f or  al l  concr et e used 
i n t he const r uct i on.

2. 1. 1   Ai r  Cont ent

Use concr et e mi xt ur es t hat  have an ai r  cont ent  by vol ume of  concr et e of  3 
t o 6 per cent ,  based on measur ement s made i mmedi at el y af t er  di schar ge f r om 
t he mi xer .

2. 1. 2   Sl ump

Use concr et e wi t h a s l ump of  2 i nches pl us or  mi nus 1 i nch f or  hand pl aced 
concr et e or  1 i nch pl us or  mi nus 1/ 2 i nch f or  s l i pf or med concr et e as 
det er mi ned i n accor dance wi t h ASTM C143/ C143M.

2. 1. 3   Rei nf or cement  St eel

Use r ei nf or cement  bar s conf or mi ng t o ASTM A615/ A615M.   Use wi r e mesh 
r ei nf or cement  conf or mi ng t o ASTM A1064/ A1064M.

2. 2   CONCRETE CURI NG MATERI ALS

2. 2. 1   I mper vi ous Sheet  Mat er i al s

Use i mper vi ous sheet  mat er i al s conf or mi ng t o ASTM C171,  t ype opt i onal ,  
except  t hat  pol yet hyl ene f i l m,  i f  used,  must  be whi t e opaque.

2. 2. 2   Bur l ap

Use bur l ap conf or mi ng t o AASHTO M 182.
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2. 2. 3   Whi t e Pi gment ed Membr ane- For mi ng Cur i ng Compound

Use whi t e pi gment ed membr ane- f or mi ng cur i ng compound conf or mi ng t o 
ASTM C309,  Type 2.

2. 3   CONCRETE PROTECTI ON MATERI ALS

Use concr et e pr ot ect i on mat er i al s consi st i ng of  a l i nseed oi l  mi xt ur e of  
equal  par t s,  by vol ume,  of  l i nseed oi l  and ei t her  mi ner al  spi r i t s,  
napht ha,  or  t ur pent i ne.   At  t he opt i on of  t he Cont r act or ,  commer ci al l y 
pr epar ed l i nseed oi l  mi xt ur es,  f or mul at ed speci f i cal l y f or  appl i cat i on t o 
concr et e t o pr ovi de pr ot ect i on agai nst  t he act i on of  dei c i ng chemi cal s may 
be used,  except  t hat  emul si f i ed mi xt ur es ar e not  accept abl e.

2. 4   JOI NT FI LLER STRI PS

2. 4. 1   Cont r act i on Joi nt  Fi l l er  f or  Cur b and Gut t er

Use har d- pr essed f i ber boar d cont r act i on j oi nt  f i l l er  f or  cur b and gut t er .

2. 4. 2   Expansi on Joi nt  Fi l l er ,  Pr emol ded

Onl ess ot her wi se i ndi cat ed,  use  1/ 2 i nch t hi ck pr emol ded expansi on j oi nt  
f i l l er  conf or mi ng t o ASTM D1751 or  ASTM D1752.

2. 5   JOI NT SEALANTS

Use col d- appl i ed j oi nt  seal ant  conf or mi ng t o ASTM C920 or  ASTM D5893/ D5893M.

2. 6   FORM WORK

Desi gn and const r uct  f or m wor k t o ensur e t hat  t he f i ni shed concr et e wi l l  
conf or m accur at el y t o t he i ndi cat ed di mensi ons,  l i nes,  and el evat i ons,  and 
wi t hi n t he t ol er ances speci f i ed.   Use wood or  st eel  f or ms t hat  ar e 
st r ai ght  and of  suf f i c i ent  st r engt h t o r esi st  spr i ngi ng dur i ng deposi t i ng 
and consol i dat i ng concr et e.

2. 6. 1   Wood For ms

Use f or ms t hat  ar e sur f aced pl ank,   2 i nches nomi nal  t hi ckness,  st r ai ght  
and f r ee f r om war p,  t wi st ,  l oose knot s,  spl i t s or  ot her  def ect s.   Use 
f or ms wi t h a nomi nal  l engt h of  10 f eet .   Radi us bends may be f or med wi t h 
3/ 4 i nch boar ds,  l ami nat ed t o t he r equi r ed t hi ckness.

2. 6. 2   St eel  For ms

Use channel - f or med sect i ons wi t h a f l at  t op sur f ace and wel ded br aces at  
each end and at  not  l ess t han t wo i nt er medi at e poi nt s.   Use f or ms wi t h 
i nt er l ocki ng and sel f - al i gni ng ends.   Pr ovi de f l exi bl e f or ms f or  r adi us 
f or mi ng,  cor ner  f or ms,  f or m spr eader s,  and f i l l er s as needed.   Use f or ms 
wi t h a nomi nal  l engt h of  10 f eet  and t hat  have a mi ni mum of  3 wel ded st ake 
pocket s per  f or m.   Use st ake pi ns consi st i ng of  sol i d st eel  r ods wi t h 
chamf er ed heads and poi nt ed t i ps desi gned f or  use wi t h st eel  f or ms.

2. 6. 3   Si dewal k For ms

Use si dewal k f or ms t hat  ar e of  a hei ght  equal  t o t he f ul l  dept h of  t he 
f i ni shed si dewal k.
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2. 6. 4   Cur b and Gut t er  For ms

Use cur b and gut t er  out si de f or ms t hat  have a hei ght  equal  t o t he f ul l  
dept h of  t he cur b or  gut t er .   Use r i gi d f or ms f or  cur b r et ur ns,  except  
t hat  bender s or  t hi n pl ank f or ms may be used f or  cur b or  cur b r et ur ns wi t h 
a r adi us of  10 f eet  or  mor e,  wher e gr ade changes occur  i n t he r et ur n,  or  
wher e t he cent r al  angl e i s such t hat  a r i gi d f or m wi t h a cent r al  angl e of  
90 degr ees cannot  be used.   Back f or ms f or  cur b r et ur ns may be made of  
1- 1/ 2 i nch bender s,  f or  t he f ul l  hei ght  of  t he cur b,  c l eat ed t oget her .   I n 
l i eu of  i nsi de f or ms f or  cur bs,  a cur b " mul e"  may be used f or  f or mi ng and 
f i ni shi ng t hi s sur f ace,  pr ovi ded t he r esul t s ar e appr oved.

2. 6. 5   Bi odegr adabl e For m Rel ease Agent

Wher e pr act i cabl e,  use f or m r el ease agent  t hat  i s  col or l ess and 
bi odegr adabl eand t hat  i s composed of  at  l east  87 per cent  bi obased 
mat er i al .   Pr ovi de pr oduct  t hat  does not  bond wi t h,  st ai n,  or  adver sel y 
af f ect  concr et e sur f aces and does not  i mpai r  subsequent  t r eat ment s of  
concr et e sur f aces.   Pr ovi de f or m r el ease agent  t hat  does not  cont ai n 
di esel  f uel ,  pet r ol eum- based l ubr i cat i ng oi l s,  waxes,  or  ker osene.

2. 7   Det ect abl e War ni ng Syst em

Det ect abl e War ni ng Syst ems shown on t he Cont r act  pl ans ar e t o meet  
r equi r ement s of  I CC A117. 1 COMM -  Sect i on 705.

PART 3   EXECUTI ON

3. 1   SUBGRADE PREPARATI ON

Const r uct  subgr ade t o t he speci f i ed gr ade and cr oss sect i on pr i or  t o 
concr et e pl acement .

3. 1. 1   Si dewal k Subgr ade

Pl ace and compact  t he subgr ade i n accor dance wi t h Sect i on 31 00 00 
EARTHWORK.   Test  t he subgr ade f or  gr ade and cr oss sect i on wi t h a t empl at e 
ext endi ng t he f ul l  wi dt h of  t he s i dewal k and suppor t ed bet ween si de f or ms.

 3. 1. 2   Cur b and Gut t er  Subgr ade

Pl ace and compact  t he subgr ade i n accor dance wi t h Sect i on 31 00 00 
EARTHWORK.   Test  t he subgr ade f or  gr ade and cr oss sect i on by means of  a 
t empl at e ext endi ng t he f ul l  wi dt h of  t he cur b and gut t er .   Use subgr ade 
mat er i al s equal  i n bear i ng qual i t y t o t he subgr ade under  t he adj acent  
pavement .

3. 1. 3   Mai nt enance of  Subgr ade

Mai nt ai n subgr ade i n a smoot h,  compact ed condi t i on i n conf or mi t y wi t h t he 
r equi r ed sect i on and est abl i shed gr ade unt i l  t he concr et e i s pl aced.   The 
subgr ade must  be i n a moi st  condi t i on when concr et e i s pl aced.   Pr epar e 
and pr ot ect  subgr ade so t hat  i t  i s  f r ee f r om f r ost  when t he concr et e i s 
deposi t ed.

3. 2   FORM SETTI NG

Set  f or ms t o t he i ndi cat ed al i gnment ,  gr ade and di mensi ons.   Hol d f or ms 
r i gi dl y i n pl ace by a mi ni mum of  3 st akes per  f or m pl aced at  i nt er val s not  
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t o exceed 4 f eet .   Use addi t i onal  st akes and br aces at  cor ner s,  deep 
sect i ons,  and r adi us bends,  as r equi r ed.   Use cl amps,  spr eader s,  and 
br aces wher e r equi r ed t o ensur e r i gi di t y i n t he f or ms.   Remove f or ms i n a 
manner  t hat  wi l l  not  i nj ur e t he concr et e.   Do not  use bar s or  heavy t ool s 
agai nst  t he concr et e when r emovi ng t he f or ms.   Pr ompt l y and sat i sf act or i l y  
r epai r  concr et e f ound t o be def ect i ve af t er  f or m r emoval .   Cl ean f or ms and 
coat  wi t h f or m oi l  or  bi odegr adabl e f or m r el ease agent  each t i me bef or e 
concr et e i s pl aced.   Wood f or ms may,  i nst ead,  be t hor oughl y wet t ed wi t h 
wat er  bef or e concr et e i s pl aced,  except  t hat  wi t h pr obabl e f r eezi ng 
t emper at ur es,  oi l i ng i s mandat or y.

3. 2. 1   Si dewal ks

Set  f or ms f or  s i dewal ks wi t h t he upper  edge t r ue t o l i ne and gr ade wi t h an 
al l owabl e t ol er ance of  1/ 8 i nch i n any 10 f oot  l ong sect i on.   Af t er  f or ms 
ar e set ,  gr ade and al i gnment  must  be checked wi t h a 10 f oot  st r ai ght edge.   
Si dewal ks must  have a t r ansver se sl ope as i ndi cat ed or  of  1/ 4 i nch per  f oot
 wher e not  i ndi cat ed as t he pl ans.  Unl ess ot her wi se i ndi cat ed,  const r uct  
s i dewal ks t hat  ar e l ocat ed adj acent  t o cur bs wi t h t he l ow si de adj acent  t o 
t he cur b.   Do not  r emove si de f or ms l ess t han 12 hour s af t er  f i ni shi ng has 
been compl et ed.

 3. 2. 2   Cur bs and Gut t er s

Remove f or ms used al ong t he f r ont  of  t he cur b not  l ess t han 2 hour s nor  
mor e t han 6 hour s af t er  t he concr et e has been pl aced.   Do not  r emove f or ms 
used al ong t he back of  cur b unt i l  t he f ace and t op of  t he cur b have been 
f i ni shed,  as speci f i ed f or  concr et e f i ni shi ng.   Do not  r emove gut t er  f or ms 
whi l e t he concr et e i s suf f i c i ent l y pl ast i c t o s l ump i n any di r ect i on.

3. 3   SI DEWALK CONCRETE PLACEMENT AND FI NI SHI NG

3. 3. 1   For med Si dewal ks

Pl ace concr et e i n t he f or ms i n one l ayer .   When consol i dat ed and f i ni shed,  
t he s i dewal ks must  be of  t he t hi ckness i ndi cat ed.   Use a st r i ke- of f  gui ded 
by s i de f or ms af t er  concr et e has been pl aced i n t he f or ms t o br i ng t he 
sur f ace t o pr oper  sect i on t o be compact ed.   Consol i dat e concr et e by 
t ampi ng and spadi ng or  wi t h an appr oved vi br at or .  Fi ni sh t he sur f ace t o 
gr ade wi t h a st r i ke of f .

3. 3. 2   Concr et e Fi ni shi ng

Af t er  st r ai ght edgi ng,  when most  of  t he wat er  sheen has di sappear ed,  and 
j ust  bef or e t he concr et e har dens,  f i ni sh t he sur f ace wi t h a wood or  
magnesi um f l oat  or  dar by t o a smoot h and uni f or ml y f i ne gr anul ar  or  sandy 
t ext ur e f r ee of  waves,  i r r egul ar i t i es,  or  t ool  mar ks.   Pr oduce a scor ed 
sur f ace by br oomi ng wi t h a f i ber - br i st l e br ush i n a di r ect i on t r ansver se 
t o t hat  of  t he t r af f i c ,  f ol l owed by edgi ng.

3. 3. 3   Edge and Joi nt  Fi ni shi ng

Fi ni sh al l  s l ab edges,  i ncl udi ng t hose at  f or med j oi nt s,  wi t h an edger  
havi ng a r adi us of  1/ 8 i nch.   Edge t r ansver se j oi nt s bef or e br oomi ng.   
El i mi nat e t he f l at  sur f ace l ef t  by t he sur f ace f ace of  t he edger  wi t h 
br oomi ng.   Cl ean and sol i dl y f i l l  cor ner s and edges whi ch have cr umbl ed 
and ar eas whi ch l ack suf f i c i ent  mor t ar  f or  pr oper  f i ni shi ng wi t h a 
pr oper l y pr opor t i oned mor t ar  mi xt ur e and t hen f i ni sh.
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3. 3. 4   Sur f ace and Thi ckness Tol er ances

Fi ni shed sur f aces must  not  var y mor e t han 5/ 16 i nch f r om t he t est i ng edge 
of  a 10- f oot  st r ai ght edge.   Per mi ssi bl e def i c i ency i n sect i on t hi ckness 
wi l l  be up t o 1/ 4 i nch.

3. 4   CURB AND GUTTER CONCRETE PLACEMENT AND FI NI SHI NG

3. 4. 1   For med Cur b and Gut t er

Pl ace concr et e t o t he r equi r ed sect i on i n a s i ngl e l i f t .   Consol i dat e 
concr et e usi ng appr oved mechani cal  v i br at or s.   Cur ve shaped gut t er s must  
be f i ni shed wi t h a st andar d cur b " mul e" .

3. 4. 2   Cur b and Gut t er  Fi ni shi ng

Appr oved sl i pf or med cur b and gut t er  machi nes may be used i n l i eu of  hand 
pl acement .

3. 4. 3   Concr et e Fi ni shi ng

Fl oat  and f i ni sh exposed sur f aces wi t h a smoot h wood f l oat  unt i l  t r ue t o 
gr ade and sect i on and uni f or m i n t ext ur e.   Br ush f l oat ed sur f aces wi t h a 
f i ne- hai r  br ush usi ng l ongi t udi nal  st r okes.   Round t he edges of  t he gut t er  
and t op of  t he cur b wi t h an edgi ng t ool  t o a r adi us of  1/ 2 i nch.   
I mmedi at el y af t er  r emovi ng t he f r ont  cur b f or m,  r ub t he f ace of  t he cur b 
wi t h a wood or  concr et e r ubbi ng bl ock and wat er  unt i l  bl emi shes,  f or m 
mar ks,  and t ool  mar ks have been r emoved.   Br ush t he f r ont  cur b sur f ace,  
whi l e st i l l  wet ,  i n t he same manner  as t he gut t er  and cur b t op.   Fi ni sh 
t he t op sur f ace of  gut t er  and ent r ance t o gr ade wi t h a wood f l oat .

3. 4. 4   Joi nt  Fi ni shi ng

Fi ni sh cur b edges at  f or med j oi nt s as i ndi cat ed.

3. 4. 5   Sur f ace and Thi ckness Tol er ances

Fi ni shed sur f aces must  not  var y mor e t han 1/ 4 i nch f r om t he t est i ng edge 
of  a 10- f oot  st r ai ght edge.   Per mi ssi bl e def i c i ency i n sect i on t hi ckness 
wi l l  be up t o 1/ 4 i nch.

3. 5   SI DEWALK JOI NTS

Const r uct  s i dewal k j oi nt s t o di v i de t he sur f ace i nt o r ect angul ar  ar eas.   
Space t r ansver se cont r act i on j oi nt s at  a di st ance equal  t o t he s i dewal k 
wi dt h or  5 f eet  on cent er s,  whi chever  i s l ess,  and cont i nuous acr oss t he 
sl ab.   Const r uct  l ongi t udi nal  cont r act i on j oi nt s al ong t he cent er l i ne of  
al l  s i dewal ks 10 f eet  or  mor e i n wi dt h.   Const r uct  t r ansver se expansi on 
j oi nt s at  s i dewal k r et ur ns and opposi t e expansi on j oi nt s i n adj oi ni ng 
cur bs.   Wher e t he si dewal k i s not  i n cont act  wi t h t he cur b,  i nst al l  
t r ansver se expansi on j oi nt s as i ndi cat ed.   For m expansi on j oi nt s ar ound 
st r uct ur es and f eat ur es whi ch pr oj ect  t hr ough or  i nt o t he s i dewal k 
pavement ,  usi ng j oi nt  f i l l er  of  t he t ype,  t hi ckness,  and wi dt h i ndi cat ed.   
Expansi on j oi nt s ar e not  r equi r ed bet ween si dewal ks and cur b t hat  abut  t he 
s i dewal k l ongi t udi nal l y.

3. 5. 1   Si dewal k Cont r act i on Joi nt s

For m cont r act i on j oi nt s i n t he f r esh concr et e by cut t i ng a gr oove i n t he 
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t op por t i on of  t he s l ab t o a dept h of  at  l east  one- f our t h of  t he s i dewal k 
s l ab t hi ckness.   Unl ess ot her wi se appr oved or  i ndi cat ed,  ei t her  use a 
j oi nt er  t o cut  t he gr oove or  saw a gr oove i n t he har dened concr et e wi t h a 
power - dr i ven saw.   Const r uct  sawed j oi nt s by sawi ng a gr oove i n t he 
concr et e wi t h a 1/ 8 i nch bl ade.   Pr ovi de an ampl e suppl y of  saw bl ades on 
t he j obsi t e bef or e concr et e pl acement  i s st ar t ed.   Pr ovi de at  l east  one 
st andby sawi ng uni t  i n good wor ki ng or der  at  t he j obsi t e at  al l  t i mes 
dur i ng t he sawi ng oper at i ons.

3. 5. 2   Si dewal k Expansi on Joi nt s

For m expansi on j oi nt s usi ng  1/ 2 i nch j oi nt  f i l l er  st r i ps.   Joi nt  f i l l er  
i n expansi on j oi nt s sur r oundi ng st r uct ur es and f eat ur es wi t hi n t he 
s i dewal k may consi st  of  pr ef or med f i l l er  mat er i al  conf or mi ng t o ASTM D1752 
or  bui l di ng paper .   Hol d j oi nt  f i l l er  i n pl ace wi t h st eel  pi ns or  ot her  
devi ces t o pr event  war pi ng of  t he f i l l er  dur i ng f l oat i ng and f i ni shi ng.   
I mmedi at el y af t er  f i ni shi ng oper at i ons ar e compl et ed,  r ound j oi nt  edges 
usi ng an edgi ng t ool  havi ng a r adi us of  1/ 8 i nch.   Remove any concr et e 
over  t he j oi nt  f i l l er .   At  t he end of  t he cur i ng per i od,  c l ean t he t op of  
expansi on j oi nt s and f i l l  wi t h col d- appl i ed j oi nt  seal ant .   Use j oi nt  
seal ant  t hat  i s  gr ay or  st one i n col or .   Thor oughl y c l ean t he j oi nt  
openi ng bef or e t he seal i ng mat er i al  i s  pl aced.   Do not  spi l l  seal i ng 
mat er i al  on exposed sur f aces of  t he concr et e.   Appl y j oi nt  seal i ng 
mat er i al  onl y when t he concr et e at  t he j oi nt  i s  sur f ace dr y and 
at mospher i c and concr et e t emper at ur es ar e above 50 degr ees F.   I mmedi at el y 
r emove any excess mat er i al  on exposed sur f aces of  t he concr et e and cl ean 
t he concr et e sur f aces.

3. 6   CURB AND GUTTER JOI NTS

Const r uct  cur b and gut t er  j oi nt s at  r i ght  angl es t o t he l i ne of  cur b and 
gut t er .

3. 6. 1   Cont r act i on Joi nt s

Const r uct  cont r act i on j oi nt s di r ect l y opposi t e cont r act i on j oi nt s i n 
abut t i ng por t l and cement  concr et e pavement s and spaced so t hat  monol i t hi c 
sect i ons bet ween cur b r et ur ns wi l l  not  be l ess t han 5 f eet  nor  gr eat er  t han
 15 f eet  i n l engt h.

a.   Const r uct  cont r act i on j oi nt s ( except  f or  s l i p f or mi ng)  by means of  1/ 8 
i nch t hi ck separ at or s and of  a sect i on conf or mi ng t o t he cr oss sect i on 
of  t he cur b and gut t er .   Remove separ at or s as soon as pr act i cabl e 
af t er  concr et e has set  suf f i c i ent l y t o pr eser ve t he wi dt h and shape of  
t he j oi nt  and pr i or  t o f i ni shi ng.

b.   When sl i p f or mi ng i s used,  cut  t he cont r act i on j oi nt s i n t he t op 
por t i on of  t he gut t er / cur b har dened concr et e i n a cont i nuous cut  
acr oss t he cur b and gut t er ,  usi ng a power - dr i ven saw.   Cut  t he 
cont r act i on j oi nt  t o a dept h of  at  l east  one- f our t h of  t he gut t er / cur b 
dept h usi ng a 1/ 8 i nch saw bl ade.

3. 6. 2   Expansi on Joi nt s

For m expansi on j oi nt s by means of  pr ef or med expansi on j oi nt  f i l l er  
mat er i al  cut  and shaped t o t he cr oss sect i on of  cur b and gut t er .   
Const r uct  expansi on j oi nt s i n cur b and gut t er  di r ect l y opposi t e expansi on 
j oi nt s of  abut t i ng por t l and cement  concr et e pavement  usi ng t he same t ype 
and t hi ckness of  j oi nt s as j oi nt s i n t he pavement .   Wher e cur b and gut t er  
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do not  abut  por t l and cement  concr et e pavement ,  pr ovi de expansi on j oi nt s at  
l east  1/ 2 i nch i n wi dt h at  i nt er val s not  l ess t han 30 f eet  nor  gr eat er  t han
 120 f eet .   Seal  expansi on j oi nt s i mmedi at el y f ol l owi ng cur i ng of  t he 
concr et e or  as soon t her eaf t er  as weat her  condi t i ons per mi t .   Seal  
expansi on j oi nt s and t he t op 1 i nch dept h of  cur b and gut t er  
cont r act i on- j oi nt s wi t h j oi nt  seal ant .   Thor oughl y c l ean t he j oi nt  openi ng 
bef or e t he seal i ng mat er i al  i s  pl aced.   Do not  spi l l  seal i ng mat er i al  on 
exposed sur f aces of  t he concr et e.   Concr et e at  t he j oi nt  must  be sur f ace 
dr y and at mospher i c and concr et e t emper at ur es must  be above 50 degr ees F 
at  t he t i me of  appl i cat i on of  j oi nt  seal i ng mat er i al .   I mmedi at el y r emove 
excess mat er i al  on exposed sur f aces of  t he concr et e and cl ean concr et e 
sur f aces.

3. 7   CURI NG AND PROTECTI ON

3. 7. 1   Gener al  Requi r ement s

Pr ot ect  concr et e agai nst  l oss of  moi st ur e and r api d t emper at ur e changes 
f or  at  l east  7 days f r om t he begi nni ng of  t he cur i ng oper at i on.   Pr ot ect  
unhar dened concr et e f r om r ai n and f l owi ng wat er .   Al l  equi pment  needed f or  
adequat e cur i ng and pr ot ect i on of  t he concr et e must  be on hand and r eady 
f or  use bef or e act ual  concr et e pl acement  begi ns.   Pr ot ect  concr et e as 
necessar y t o pr event  cr acki ng of  t he pavement  due t o t emper at ur e changes 
dur i ng t he cur i ng per i od.

3. 7. 1. 1   Mat  Met hod

Cover  t he ent i r e exposed sur f ace wi t h t wo or  mor e l ayer s of  bur l ap.   
Over l ap mat s at  l east  6 i nches.   Thor oughl y wet  t he mat  wi t h wat er  pr i or  
t o pl aci ng on concr et e sur f ace and keep t he mat  cont i nuousl y i n a 
sat ur at ed condi t i on and i n i nt i mat e cont act  wi t h concr et e f or  not  l ess 
t han 7 days.

3. 7. 1. 2   I mper vi ous Sheet i ng Met hod

Wet  t he ent i r e exposed sur f ace wi t h a f i ne spr ay of  wat er  and t hen cover  
wi t h i mper vi ous sheet i ng mat er i al .   Lay sheet s di r ect l y on t he concr et e 
sur f ace wi t h t he l i ght - col or ed si de up and over l apped 12 i nches when a 
cont i nuous sheet  i s not  used.   Use sheet i ng t hat  i s not  l ess t han 18- i nches
 wi der  t han t he concr et e sur f ace t o be cur ed.   Secur e sheet i ng usi ng heavy 
wood pl anks or  a bank of  moi st  ear t h pl aced al ong edges and l aps i n t he 
sheet s.   Sat i sf act or i l y  r epai r  or  r epl ace sheet s t hat  ar e t or n or  
ot her wi se damaged dur i ng cur i ng.   Sheet i ng must  r emai n on t he concr et e 
sur f ace t o be cur ed f or  not  l ess t han 7 days.

3. 7. 1. 3   Membr ane Cur i ng Met hod

Appl y a uni f or m coat i ng of  whi t e- pi gment ed membr ane- cur i ng compound t o t he 
ent i r e exposed sur f ace of  t he concr et e as soon af t er  f i ni shi ng as t he f r ee 
wat er  has di sappear ed f r om t he f i ni shed sur f ace.   Coat  f or med sur f aces 
i mmedi at el y af t er  t he f or ms ar e r emoved and i n no case l onger  t han 1 hour  
af t er  t he r emoval  of  f or ms.   Do not  al l ow concr et e sur f ace t o dr y bef or e 
appl i cat i on of  t he membr ane.   I f  dr y i ng has occur r ed,  moi st en t he sur f ace 
of  t he concr et e wi t h a f i ne spr ay of  wat er  and appl y t he cur i ng compound 
as soon as t he f r ee wat er  di sappear s.   Appl y cur i ng compound i n t wo coat s 
by hand- oper at ed pr essur e spr ayer s at  a cover age of  appr oxi mat el y 200 
squar e f eet / gal l on f or  t he t ot al  of  bot h coat s.   Appl y t he second coat  i n 
a di r ect i on appr oxi mat el y at  r i ght  angl es t o t he di r ect i on of  appl i cat i on 
of  t he f i r st  coat .   The compound must  f or m a uni f or m,  cont i nuous,  coher ent  
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f i l m t hat  wi l l  not  check,  cr ack,  or  peel  and must  be f r ee f r om pi nhol es or  
ot her  i mper f ect i ons.   I f  pi nhol es,  abr asi on,  or  ot her  di scont i nui t i es 
exi st ,  appl y an addi t i onal  coat  t o t he af f ect ed ar eas wi t hi n 30 mi nut es.   
Respr ay concr et e sur f aces t hat  ar e subj ect ed t o heavy r ai nf al l  wi t hi n 3 
hour s af t er  t he cur i ng compound has been appl i ed by t he met hod and at  t he 
cover age speci f i ed above.   Respr ay ar eas wher e t he cur i ng compound i s 
damaged by subsequent  const r uct i on oper at i ons wi t hi n t he cur i ng per i od.   
Take pr ecaut i ons necessar y t o ensur e t hat  t he concr et e i s pr oper l y cur ed 
at  sawed j oi nt s,  and t hat  no cur i ng compound ent er s t he j oi nt s.   Ti ght l y 
seal  t he t op of  t he j oi nt  openi ng and t he j oi nt  gr oove at  exposed edges 
bef or e t he concr et e i n t he r egi on of  t he j oi nt  i s  r espr ayed wi t h cur i ng 
compound.   Use a met hod used f or  seal i ng t he j oi nt  gr oove t hat  pr event s 
l oss of  moi st ur e f r om t he j oi nt  dur i ng t he ent i r e speci f i ed cur i ng 
per i od.   Pr ovi de appr oved st andby f aci l i t i es f or  cur i ng concr et e pavement  
at  a l ocat i on accessi bl e t o t he j obsi t e f or  use i n t he event  of  mechani cal  
f ai l ur e of  t he spr ayi ng equi pment  or  ot her  condi t i ons t hat  mi ght  pr event  
cor r ect  appl i cat i on of  t he membr ane- cur i ng compound at  t he pr oper  t i me.   
Adequat el y pr ot ect  concr et e sur f aces t o whi ch membr ane- cur i ng compounds 
have been appl i ed dur i ng t he ent i r e cur i ng per i od f r om pedest r i an and 
vehi cul ar  t r af f i c ,  except  as r equi r ed f or  j oi nt - sawi ng oper at i ons and 
sur f ace t est s,  and f r om ot her  possi bl e damage t o t he cont i nui t y of  t he 
membr ane.

3. 7. 2   Backf i l l i ng

Af t er  cur i ng,  r emove debr i s and backf i l l ,  gr ade,  and compact  t he ar ea 
adj oi ni ng t he concr et e t o conf or m t o t he sur r oundi ng ar ea i n accor dance 
wi t h l i nes and gr ades i ndi cat ed.

3. 7. 3   Pr ot ect i on

Pr ot ect  compl et ed concr et e f r om damage unt i l  accept ed.   Repai r  damaged 
concr et e and cl ean concr et e di scol or ed dur i ng const r uct i on.   Remove and 
r econst r uct  concr et e t hat  i s  damaged f or  t he ent i r e l engt h bet ween 
r egul ar l y schedul ed j oi nt s.   Ref i ni shi ng t he damaged por t i on wi l l  not  be 
accept abl e.   Di spose of  r emoved mat er i al  as di r ect ed.

3. 8   FI ELD QUALI TY CONTROL

Submi t  copi es of  al l  t est  r epor t s wi t hi n 24 hour s of  compl et i on of  t he 
t est .

3. 8. 1   Gener al  Requi r ement s

Per f or m t he i nspect i on and t est s descr i bed and meet  t he speci f i ed 
r equi r ement s f or  i nspect i on det ai l s and f r equency of  t est i ng.   Based upon 
t he r esul t s of  t hese i nspect i ons and t est s,  t ake t he act i on and submi t  
r epor t s as r equi r ed bel ow,  and addi t i onal  t est s t o ensur e t hat  t he 
r equi r ement s of  t hese speci f i cat i ons ar e met .

3. 8. 2   Concr et e Test i ng

3. 8. 2. 1   St r engt h Test i ng

Take concr et e sampl es i n accor dance wi t h ASTM C172/ C172M not  l ess t han 
once a day nor  l ess t han once f or  ever y 250 cubi c yar ds of  concr et e 
pl aced.   Mol d cyl i nder s i n accor dance wi t h ASTM C31/ C31M f or  st r engt h 
t est i ng by an appr oved l abor at or y.   Each st r engt h t est  r esul t  must  be t he 
aver age of  2 t est  cyl i nder s f r om t he same concr et e sampl e t est ed at  28 
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days,  unl ess ot her wi se speci f i ed or  appr oved.   Concr et e speci f i ed on t he 
basi s of  compr essi ve st r engt h wi l l  be consi der ed sat i sf act or y i f  t he 
aver ages of  al l  set s of  t hr ee consecut i ve st r engt h t est  r esul t s equal  or  
exceed t he speci f i ed st r engt h,  and no i ndi v i dual  st r engt h t est  r esul t  
f al l s  bel ow t he speci f i ed st r engt h by mor e t han 500 psi .

3. 8. 2. 2   Ai r  Cont ent

Det er mi ne ai r  cont ent  i n accor dance wi t h ASTM C173/ C173M or  ASTM C231/ C231M.   
Use ASTM C231/ C231M wi t h concr et es and mor t ar s made wi t h r el at i vel y dense 
nat ur al  aggr egat es.   Make t wo t est s f or  ai r  cont ent  on r andoml y sel ect ed 
bat ches of  each cl ass of  concr et e pl aced dur i ng each shi f t .   Make 
addi t i onal  t est s when excessi ve var i at i on i n concr et e wor kabi l i t y  i s  
r epor t ed by t he pl aci ng f or eman or  t he Gover nment  i nspect or .   Not i f y t he 
pl aci ng f or man i f  r esul t s ar e out  of  t ol er ance.  The pl aci ng f or eman must  
t ake appr opr i at e act i on t o have t he ai r  cont ent  cor r ect ed at  t he pl ant .   
Addi t i onal  t est s f or  ai r  cont ent  wi l l  be per f or med on each t r uckl oad of  
mat er i al  unt i l  such t i me as t he ai r  cont ent  i s wi t hi n t he t ol er ance 
speci f i ed.

3. 8. 2. 3   Sl ump Test

Per f or m t wo sl ump t est s on r andoml y sel ect ed bat ches of  each cl ass of  
concr et e f or  ever y 250 cubi c yar ds,  or  f r act i on t her eof ,  of  concr et e 
pl aced dur i ng each shi f t .   Per f or m addi t i onal  t est s when excessi ve 
var i at i on i n t he wor kabi l i t y  of  t he concr et e i s not ed or  when excessi ve 
cr umbl i ng or  s l umpi ng i s not ed al ong t he edges of  s l i p- f or med concr et e.

3. 8. 3   Thi ckness Eval uat i on

Det er mi ne t he ant i c i pat ed t hi ckness of  t he concr et e pr i or  t o pl acement  by 
passi ng a t empl at e t hr ough t he f or med sect i on or  by measur i ng t he dept h of  
openi ng of  t he ext r usi on t empl at e of  t he cur b f or mi ng machi ne.   I f  a s l i p 
f or m paver  i s used f or  s i dewal k pl acement ,  const r uct  t he subgr ade t r ue t o 
gr ade pr i or  t o concr et e pl acement .   The t hi ckness wi l l  be det er mi ned by 
measur i ng each edge of  t he compl et ed sl ab.

3. 8. 4   Sur f ace Eval uat i on

Pr ovi de f i ni shed sur f aces f or  each cat egor y of  t he compl et ed wor k t hat  ar e 
uni f or m i n col or  and f r ee of  bl emi shes and f or m or  t ool  mar ks.

3. 9   SURFACE DEFI CI ENCI ES AND CORRECTI ONS

3. 9. 1   Thi ckness Def i c i ency

When measur ement s i ndi cat e t hat  t he compl et ed concr et e sect i on i s 
def i c i ent  i n t hi ckness by mor e t han 1/ 4 i nch t he def i c i ent  sect i on wi l l  be 
r emoved,  bet ween r egul ar l y schedul ed j oi nt s,  and r epl aced.

3. 9. 2   Hi gh Ar eas

I n ar eas not  meet i ng sur f ace smoot hness and pl an gr ade r equi r ement s,  
r educe hi gh ar eas ei t her  by r ubbi ng t he f r eshl y f i ni shed concr et e wi t h 
car bor undum br i ck and wat er  when t he concr et e i s l ess t han 36 hour s ol d or  
by gr i ndi ng t he har dened concr et e wi t h an appr oved sur f ace gr i ndi ng 
machi ne af t er  t he concr et e i s 36 hour s ol d or  mor e.   The ar ea cor r ect ed by 
gr i ndi ng t he sur f ace of  t he har dened concr et e must  not  exceed 5 per cent  of  
t he ar ea of  any i nt egr al  s l ab,  and t he dept h of  gr i ndi ng must  not  exceed 
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1/ 4 i nch.   Remove and r epl ace pavement  ar eas r equi r i ng gr ade or  sur f ace 
smoot hness cor r ect i ons i n excess of  t he l i mi t s speci f i ed.

3. 9. 3   Appear ance

Exposed sur f aces of  t he f i ni shed wor k wi l l  be i nspect ed by t he Cont r act i ng 
Of f i cer  and def i c i enci es i n appear ance wi l l  be i dent i f i ed.   Remove and 
r epl ace ar eas whi ch exhi bi t  excessi ve cr acki ng,  di scol or at i on,  f or m mar ks,  
or  t ool  mar ks or  whi ch ar e ot her wi se i nconsi st ent  wi t h t he over al l  
appear ances of  t he wor k.

3. 10   DETECTABLE WARNI NG SYSTEM

I nst al l  Det ect abl e War ni ng Syst ems r equi r ed by Cont r act  pl ans i n 
accor dance wi t h I CC A117. 1 COMM,  Sect i on 705,  and by manuf act ur er s '  
i nst al l at i on i nst r uct i ons.

         - -  End of  Sect i on - -
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SECTI ON 32 92 23

SODDI NG
04/ 06

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.  Publ i cat i ons used shal l  be t he most  cur r ent  
i ssue.

ASTM I NTERNATI ONAL ( ASTM)

ASTM C602 ( 2020)  Agr i cul t ur al  Li mi ng Mat er i al s

ASTM D4427 ( 2018)  St andar d Cl assi f i cat i on of  Peat  
Sampl es by Labor at or y Test i ng

ASTM D4972 ( 2018)  St andar d Test  Met hods f or  pH of  
Soi l s

TURFGRASS PRODUCERS I NTERNATI ONAL ( TPI )

TPI  GSS ( 1995)  Gui del i ne Speci f i cat i ons t o 
Tur f gr ass Soddi ng

U. S.  DEPARTMENT OF AGRI CULTURE ( USDA)

DOA SSI R 42 ( 1996)  Soi l  Sur vey I nvest i gat i on Repor t  
No.  42,  Soi l  Sur vey Labor at or y Met hods 
Manual ,  Ver si on 3. 0

1. 2   DEFI NI TI ONS

1. 2. 1   St and of  Tur f

100 per cent  gr ound cover  of  t he est abl i shed speci es.

1. 3   RELATED REQUI REMENTS

Sect i on 31 00 00 EARTHWORK appl i es t o t hi s sect i on f or  pest i c i de use and 
pl ant  est abl i shment  r equi r ement s,  wi t h addi t i ons and modi f i cat i ons her ei n.

1. 4   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  desi gnat i on;  
submi t t al s not  havi ng a " G"  desi gnat i on ar e f or  i nf or mat i on onl y.   When 
used,  a desi gnat i on f ol l owi ng t he " G"  desi gnat i on i dent i f i es t he of f i ce 
t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   The f ol l owi ng shal l  be 
submi t t ed i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL PROCEDURES:

SD- 03 Pr oduct  Dat a

Fer t i l i zer
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I ncl ude physi cal  char act er i st i cs,  and r ecommendat i ons.

SD- 06 Test  Repor t s

Topsoi l  composi t i on t est s ( r epor t s and r ecommendat i ons) .

SD- 07 Cer t i f i cat es

Sod f ar m cer t i f i cat i on f or  sods.   I ndi cat e t ype of  sod i n 
accor dance wi t h TPI  GSS.

1. 5   DELI VERY,  STORAGE,  AND HANDLI NG

1. 5. 1   Del i ver y

1. 5. 1. 1   Sod Pr ot ect i on

Pr ot ect  f r om dr yi ng out  and f r om cont ami nat i on dur i ng del i ver y,  on- si t e 
st or age,  and handl i ng.

1. 5. 1. 2   Fer t i l i zer  and Li me Del i ver y

Del i ver  t o t he s i t e i n or i gi nal ,  unopened cont ai ner s bear i ng 
manuf act ur er ' s chemi cal  anal ysi s,  name,  t r ade name,  t r ademar k,  and 
i ndi cat i on of  conf or mance t o st at e and f eder al  l aws.   I nst ead of  
cont ai ner s,  f er t i l i zer  and l i me may be f ur ni shed i n bul k wi t h cer t i f i cat e 
i ndi cat i ng t he above i nf or mat i on.

1. 5. 2   St or age

1. 5. 2. 1   Sod St or age

Li ght l y spr i nkl e wi t h wat er ,  cover  wi t h moi st  bur l ap,  st r aw,  or  ot her  
appr oved cover i ng;  and pr ot ect  f r om exposur e t o wi nd and di r ect  sunl i ght  
unt i l  pl ant ed.   Pr ovi de cover i ng t hat  wi l l  al l ow ai r  t o c i r cul at e so t hat  
i nt er nal  heat  wi l l  not  devel op.  Do not  st or e sod l onger  t han 24 hour s.  Do 
not  st or e di r ect l y on concr et e or  bi t umi nous sur f aces.

1. 5. 2. 2   Topsoi l

Cl ear  and gr ub exi st i ng veget at i on t hr ee t o f our  weeks pr i or  t o 
st ockpi l i ng t opsoi l .

1. 5. 2. 3   Handl i ng

Do not  dr op or  dump mat er i al s f r om vehi c l es.

1. 6   TI ME RESTRI CTI ONS AND PLANTI NG CONDI TI ONS

1. 6. 1   Rest r i ct i ons

Do not  pl ant  when t he gr ound i s muddy,  or  when ai r  t emper at ur e exceeds 90 
degr ees Fahr enhei t .

1. 7   TI ME LI MI TATI ONS

1. 7. 1   Sod

Pl ace sod a maxi mum of  t hi r t y s i x hour s af t er  i ni t i al  har vest i ng,  i n 
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accor dance wi t h TPI  GSS as modi f i ed her ei n.

PART 2   PRODUCTS

2. 1   SODS

2. 1. 1   Cl assi f i cat i on

Nur ser y gr own,  cer t i f i ed as c l assi f i ed i n t he TPI  GSS.   Machi ne cut  sod at  
a uni f or m t hi ckness of  3/ 4 i nch wi t hi n a t ol er ance of  1/ 4 i nch,  excl udi ng 
t op gr owt h and t hat ch.   Each i ndi v i dual  sod pi ece shal l  be st r ong enough 
t o suppor t  i t s  own wei ght  when l i f t ed by t he ends.   Br oken pads,  
i r r egul ar l y shaped pi eces,  and t or n or  uneven ends wi l l  be r ej ect ed. Wood 
pegs and wi r e st apl es f or  anchor age shal l  be as r ecommended by sod 
suppl i er .

2. 1. 2   Pur i t y

Sod speci es shal l  be genet i cal l y pur e,  f r ee of  weeds,  pest s,  and di sease.

2. 1. 3   Pl ant i ng Dat es

Lay sod f r om Febr uar y t o August  f or  war m season spr i ng pl ant i ng and f r om 
Sept ember  t o November  f or  cool  season f al l  pl ant i ng.

2. 1. 4   Composi t i on

2. 1. 4. 1   Pr opor t i on

Pr opor t i on gr ass speci es as i ndi cat ed on pl ans.

2. 2   TOPSOI L

2. 2. 1   On- Si t e Topsoi l

Sur f ace soi l  st r i pped and st ockpi l ed on si t e and modi f i ed as necessar y t o 
meet  t he r equi r ement s speci f i ed f or  t opsoi l  i n par agr aph ent i t l ed 
" Composi t i on. "   When avai l abl e t opsoi l  shal l  be exi st i ng sur f ace soi l  
st r i pped and st ockpi l ed on- si t e i n accor dance wi t h Sect i on 31 00 00 
EARTHWORK.  

2. 2. 2   Of f - Si t e Topsoi l

Conf or m t o r equi r ement s speci f i ed i n par agr aph ent i t l ed " Composi t i on. "  
Addi t i onal  t opsoi l  shal l  be f ur ni shed by t he Cont r act or ,  i f  r equi r ed.

2. 2. 3   Composi t i on

Cont ai ni ng f r om 5 t o 10 per cent  or gani c mat t er  as det er mi ned by t he 
t opsoi l  composi t i on t est s of  t he Or gani c Car bon,  6A,  Chemi cal  Anal ysi s 
Met hod descr i bed i n DOA SSI R 42.   Maxi mum par t i c l e s i ze,  3/ 4 i nch,  wi t h 
maxi mum 3 per cent  r et ai ned on 1/ 4 i nch scr een.   The pH shal l  be t est ed i n 
accor dance wi t h ASTM D4972.   Topsoi l  shal l  be f r ee of  st i cks,  st ones,  
r oot s,  and ot her  debr i s and obj ect i onabl e mat er i al s.   Ot her  component s 
shal l  conf or m t o t he f ol l owi ng l i mi t s:
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Si l t 7 t o 17 per cent

Cl ay 4 t o 12 per cent

Sand 70 t o 82 per cent

pH 5. 5 t o 7. 0

Sol ubl e Sal t s 600 ppm maxi mum

2. 3   SOI L CONDI TI ONERS

Add condi t i oner s t o t opsoi l  as r equi r ed t o br i ng i nt o compl i ance wi t h 
" composi t i on"  st andar d f or  t opsoi l  as speci f i ed her ei n.

2. 3. 1   Li me

Commer ci al  gr ade hydr at e or  bur nt  l i mest one cont ai ni ng a cal c i um car bonat e 
equi val ent  ( C. C. E. )  as speci f i ed i n ASTM C602 of  not  l ess t han 110 per cent .

2. 3. 2   I r on

100 per cent  el ement al

2. 3. 3   Peat

Nat ur al  pr oduct  of  peat  moss der i ved f r om a f r eshwat er  s i t e and conf or mi ng 
t o ASTM D4427.   Shr ed and gr anul at e peat  t o pass a 1/ 2 i nch mesh scr een 
and condi t i on i n st or age pi l e f or  mi ni mum 6 mont hs af t er  excavat i on.

2. 3. 4   Sand

Cl ean and f r ee of  mat er i al s har mf ul  t o pl ant s.

2. 3. 5   Per l i t e

Hor t i cul t ur al  gr ade.

2. 3. 6   Compost ed Der i vat i ves

Gr ound bar k,  ni t r ol i zed sawdust ,  humus or  ot her  gr een wood wast e mat er i al  
f r ee of  st ones,  st i cks,  and soi l  st abi l i zed wi t h ni t r ogen and havi ng t he 
f ol l owi ng pr oper t i es:

2. 3. 6. 1   Par t i c l e Si ze

Mi ni mum per cent  by wei ght  passi ng:

No.  4 mesh scr een      95
No.  8 mesh scr een      80

2. 3. 6. 2   Ni t r ogen Cont ent

Mi ni mum per cent  based on dr y wei ght :

Fi r  Sawdust             0. 7
Fi r  or  Pi ne Bar k       1. 0
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2. 4   FERTI LI ZER

2. 4. 1   Gr anul ar  Fer t i l i zer

Synt het i c,  gr anul ar  cont r ol l ed r el ease f er t i l i zer  cont ai ni ng t he f ol l owi ng 
mi ni mum per cent ages,  by wei ght ,  of  pl ant  f ood nut r i ent s:

12 per cent  avai l abl e ni t r ogen
 8 per cent  avai l abl e phosphor us
 8 per cent  avai l abl e pot assi um

2. 5   WATER

Sour ce of  wat er  shal l  be appr oved by Cont r act i ng Of f i cer  and of   sui t abl e 
qual i t y f or  i r r i gat i on cont ai ni ng no el ement  t oxi c t o pl ant  l i f e.

PART 3   EXECUTI ON

3. 1   PREPARATI ON

3. 1. 1   Ext ent  Of  Wor k

Pr ovi de soi l  pr epar at i on ( i ncl udi ng soi l  condi t i oner s) ,  f er t i l i z i ng,   and 
soddi ng of  al l  newl y gr aded f i ni shed ear t h sur f aces,  unl ess i ndi cat ed 
ot her wi se,  and at  al l  ar eas i nsi de or  out si de t he l i mi t s of  const r uct i on 
t hat  ar e di st ur bed by t he Cont r act or ' s oper at i ons.

3. 1. 2   Soi l  Pr epar at i on

Pr ovi de 4 i nches of  t opsoi l  t o meet  i ndi cat ed f i ni sh gr ade.  Af t er  ar eas 
have been br ought  t o i ndi cat ed f i ni sh gr ade,  i ncor por at e f er t i l i zer  pH 
adj ust er s and soi l  condi t i oner s i nt o soi l  a mi ni mum dept h of  3 i nches by 
di ski ng,  har r owi ng,  t i l l i ng or  ot her  met hod appr oved by t he Cont r act i ng 
Of f i cer .  Remove debr i s and st ones l ar ger  t han 3/ 4 i nch i n any di mensi on 
r emai ni ng on t he sur f ace af t er  f i ni sh gr adi ng.  Cor r ect  i r r egul ar i t i es i n 
f i ni sh sur f aces t o el i mi nat e depr essi ons.  Pr ot ect  f i ni shed t opsoi l  ar eas 
f r om damage by vehi cul ar  or  pedest r i an t r af f i c .

3. 1. 2. 1   Soi l  Condi t i oner  and Fer t i l i zer  Appl i cat i on Rat es

Appl y soi l  condi t i oner s at  r at es as det er mi ned by l abor at or y soi l  anal ysi s 
of  t he soi l s at  t he j ob s i t e.  

3. 2   SODDI NG

3. 2. 1   Fi ni shed Gr ade and Topsoi l

Pr i or  t o t he commencement  of  t he soddi ng oper at i on,  t he Cont r act or  shal l  
ver i f y t hat  f i ni shed gr ades ar e as i ndi cat ed on dr awi ngs;  t he pl aci ng of  
t opsoi l ,  smoot h gr adi ng,  and compact i on r equi r ement s have been compl et ed 
i n accor dance wi t h Sect i on 31 00 00 EARTHWORK.

The pr epar ed sur f ace shal l  be a maxi mum 1 i nch bel ow t he adj oi ni ng gr ade 
of  any sur f aced ar ea.   New sur f aces shal l  be bl ended t o exi st i ng ar eas.   
The pr epar ed sur f ace shal l  be compl et ed wi t h a l i ght  r aki ng t o r emove f r om 
t he sur f ace debr i s and st ones over  a mi ni mum 5/ 8 i nch i n any di mensi on.
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3. 2. 2   Pl aci ng

Pl ace sod a maxi mum of  36 hour s af t er  i ni t i al  har vest i ng,  i n accor dance 
wi t h TPI  GSS as modi f i ed her ei n.

3. 2. 3   Soddi ng Sl opes and Di t ches

For  s l opes 2: 1 and gr eat er ,  l ay sod wi t h l ong edge per pendi cul ar  t o t he 
cont our .   For  V- di t ches and f l at  bot t omed di t ches,  l ay sod wi t h l ong edge 
per pendi cul ar  t o f l ow of  wat er .  Anchor  each pi ece of  sod wi t h wood pegs or  
wi r e st apl es maxi mum 2 f eet  on cent er .  On sl ope ar eas,  st ar t  soddi ng at  
bot t om of  t he s l ope.

3. 2. 4   Fi ni shi ng

Af t er  compl et i ng soddi ng,  bl end edges of  sodded ar ea smoot hl y i nt o 
sur r oundi ng ar ea.   Ai r  pocket s shal l  be el i mi nat ed and a t r ue and even 
sur f ace shal l  be pr ovi ded.   Fr ayed edges shal l  be t r i mmed and hol es and 
mi ssi ng cor ner s shal l  be pat ched wi t h sod.

3. 2. 5   Rol l i ng

I mmedi at el y af t er  soddi ng,  f i r m ent i r e ar ea except  f or  s l opes i n excess of  
3 t o 1 wi t h a r ol l er  not  exceedi ng 90 pounds f or  each f oot  of  r ol l er  wi dt h.

3. 2. 6   Wat er i ng

St ar t  wat er i ng ar eas sodded as r equi r ed by dai l y t emper at ur e and wi nd 
condi t i ons.  Appl y wat er  at  a r at e suf f i c i ent  t o ensur e t hor ough wet t i ng of  
soi l  t o mi ni mum dept h of  4 i nches.   Run- of f ,  puddl i ng,  and wi l t i ng shal l  
be pr event ed.   Unl ess ot her wi se di r ect ed,  wat er i ng t r ucks shal l  not  be 
dr i ven over  t ur f  ar eas.   Wat er i ng of  ot her  adj acent  ar eas or  pl ant  
mat er i al  shal l  be pr event ed.

Wat er  suf f i c i ent l y t o ensur e t hat  sod r ecei ves at  l east  2 i nches of  wat er  
per  week ( i ncl udi ng r ai nf al l ) .  Cont i nue wat er i ng unt i l  sod i s 
wel l - r oot ed.   Mi ni mum wat er i ng t i me shal l  be s i xt y ( 60)  days f r om pl acement .

3. 3   PROTECTI ON OF TURF AREAS

I mmedi at el y af t er  t ur f i ng,  pr ot ect  ar ea agai nst  t r af f i c  and ot her  use.

3. 4   ESTABLI SHMENT PERI OD

Cont r act or  shal l  moni t or  and mai nt ai n sod unt i l  such t i me t hat  al l  sod i s 
wel l - r oot ed and no bar e spot s exi st  exceedi ng 1 squar e f oot  i n di mensi on.  
Al l  r i l l s  and ar eas of  er osi on shal l  be pr ompt l y r epai r ed dur i ng t he 
mai nt enance per i od.  Moni t or i ng per i od shal l  be a mi ni mum of  s i xt y ( 60)  
days f ol l owi ng i nst al l at i on.         - -  End of  Sect i on - -
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SECTI ON 33 11 00

WATER UTI LI TY DI STRI BUTI ON PI PI NG

PART 1   GENERAL

Amer i can St at es Ut i l i t y  Ser vi ces,  I nc.  ( ASUS)  r equi r ement s and 
speci f i cat i ons shal l  gover n t he const r uct i on of  Wat er  Ut i l i t y  Di st r i but i on 
Pi pi ng r el at ed component s.  See ASUS speci f i cat i ons.

     - -  End of  Sect i on - -
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SECTI ON 33 30 00

SANI TARY SEWERS

PART 1   GENERAL

1. 1   SUMMARY

1. 1. 1   Sani t ar y Sewer  

Amer i can St at es Ut i l i t y  Ser vi ces,  I nc.  ( ASUS)  r equi r ement s and 
speci f i cat i ons shal l  gover n t he const r uct i on of  Sani t ar y Sewer  r el at ed 
component s.  See ASUS speci f i cat i ons at t ached.

      - -  End of  Sect i on - -
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SECTI ON 33 40 00

STORM DRAI NAGE UTI LI TI ES
02/ 10

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AMERI CAN ASSOCI ATI ON OF STATE HI GHWAY AND TRANSPORTATI ON OFFI CI ALS 
( AASHTO)

AASHTO M 294 ( 2021)  St andar d Speci f i cat i on f or  
Cor r ugat ed Pol yet hyl ene Pi pe,  300-  t o 
1500- mm ( 12-  t o 60- i n. )  Di amet er

ASTM I NTERNATI ONAL ( ASTM)

ASTM A48/ A48M ( 2003;  R 2021)  St andar d Speci f i cat i on f or  
Gr ay I r on Cast i ngs

ASTM A536 ( 1984;  R 2019;  E 2019)  St andar d 
Speci f i cat i on f or  Duct i l e I r on Cast i ngs

ASTM B26/ B26M ( 2018;  E 2018)  St andar d Speci f i cat i on f or  
Al umi num- Al l oy Sand Cast i ngs

ASTM C1433 ( 2020)  St andar d Speci f i cat i on f or  Pr ecast  
Rei nf or ced Concr et e Monol i t hi c Box 
Sect i ons f or  Cul ver t s,  St or m Dr ai ns,  and 
Sewer s

ASTM C1433M ( 2022)  St andar d Speci f i cat i on f or  Pr ecast  
Rei nf or ced Concr et e Monol i t hi c Box 
Sect i ons f or  Cul ver t s,  St or m Dr ai ns,  and 
Sewer s ( Met r i c)

ASTM C425 ( 2021)  St andar d Speci f i cat i on f or  
Compr essi on Joi nt s f or  Vi t r i f i ed Cl ay Pi pe 
and Fi t t i ngs

ASTM C443 ( 2021)  St andar d Speci f i cat i on f or  Joi nt s 
f or  Concr et e Pi pe and Manhol es,  Usi ng 
Rubber  Gasket s

ASTM C443M ( 2021)  St andar d Speci f i cat i on f or  Joi nt s 
f or  Concr et e Pi pe and Manhol es,  Usi ng 
Rubber  Gasket s ( Met r i c)

ASTM C478 ( 2018)  St andar d Speci f i cat i on f or  Ci r cul ar  
Pr ecast  Rei nf or ced Concr et e Manhol e 
Sect i ons
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ASTM C478M ( 2018)  St andar d Speci f i cat i on f or  Pr ecast  
Rei nf or ced Concr et e Manhol e Sect i ons 
( Met r i c)

ASTM C76 ( 2022a)  St andar d Speci f i cat i on f or  
Rei nf or ced Concr et e Cul ver t ,  St or m Dr ai n,  
and Sewer  Pi pe

ASTM C76M ( 2022a)  St andar d Speci f i cat i on f or  
Rei nf or ced Concr et e Cul ver t ,  St or m Dr ai n,  
and Sewer  Pi pe ( Met r i c)

ASTM C877 ( 2021)  St andar d Speci f i cat i on f or  Ext er nal  
Seal i ng Bands f or  Concr et e Pi pe,  Manhol es,  
and Pr ecast  Box Sect i ons

ASTM C877M ( 2021)  St andar d Speci f i cat i on f or  Ext er nal  
Seal i ng Bands f or  Concr et e Pi pe,  Manhol es,  
and Pr ecast  Box Sect i ons ( Met r i c)

ASTM C923 ( 2008;  R 2013;  E 2016)  St andar d 
Speci f i cat i on f or  Resi l i ent  Connect or s 
Bet ween Rei nf or ced Concr et e Manhol e 
St r uct ur es,  Pi pes and Lat er al s

ASTM C923M ( 2008b;  R 2013)  St andar d Speci f i cat i on f or  
Resi l i ent  Connect or s Bet ween Rei nf or ced 
Concr et e Manhol e St r uct ur es,  Pi pes and 
Lat er al s ( Met r i c)

ASTM C990 ( 2009;  R 2019)  St andar d Speci f i cat i on f or  
Joi nt s f or  Concr et e Pi pe,  Manhol es,  and 
Pr ecast  Box Sect i ons Usi ng Pr ef or med 
Fl exi bl e Joi nt  Seal ant s

ASTM D1056 ( 2020)  St andar d Speci f i cat i on f or  Fl exi bl e 
Cel l ul ar  Mat er i al s -  Sponge or  Expanded 
Rubber

ASTM D1171 ( 2018)  St andar d Test  Met hod f or  Rubber  
Det er i or at i on -  Sur f ace Ozone Cr acki ng 
Out door s ( Tr i angul ar  Speci mens)

ASTM D1557 ( 2012;  E 2015)  St andar d Test  Met hods f or  
Labor at or y Compact i on Char act er i st i cs of  
Soi l  Usi ng Modi f i ed Ef f or t  ( 56, 000 
f t - l bf / f t 3)  ( 2700 kN- m/ m3)

ASTM D1784 ( 2020)  St andar d Speci f i cat i on f or  Ri gi d 
Pol y( Vi nyl  Chl or i de)  ( PVC)  Compounds and 
Chl or i nat ed Pol y( Vi nyl  Chl or i de)  ( CPVC)  
Compounds

ASTM D2167 ( 2015)  Densi t y and Uni t  Wei ght  of  Soi l  i n 
Pl ace by t he Rubber  Bal l oon Met hod

ASTM D2321 ( 2020)  St andar d Pr act i ce f or  Under gr ound 
I nst al l at i on of  Ther mopl ast i c Pi pe f or  
Sewer s and Ot her  Gr avi t y- Fl ow Appl i cat i ons
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ASTM D3034 ( 2016)  St andar d Speci f i cat i on f or  Type PSM 
Pol y( Vi nyl  Chl or i de)  ( PVC)  Sewer  Pi pe and 
Fi t t i ngs

ASTM D6938 ( 2017a)  St andar d Test  Met hod f or  I n- Pl ace 
Densi t y and Wat er  Cont ent  of  Soi l  and 
Soi l - Aggr egat e by Nucl ear  Met hods ( Shal l ow 
Dept h)

ASTM F477 ( 2014;  R 2021)  St andar d Speci f i cat i on f or  
El ast omer i c Seal s ( Gasket s)  f or  Joi ni ng 
Pl ast i c Pi pe

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  desi gnat i on;  
submi t t al s not  havi ng a " G"  desi gnat i on ar e f or  Cont r act or  Qual i t y Cont r ol  
appr oval .   When used,  a desi gnat i on f ol l owi ng t he " G"  desi gnat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .    
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 04 Sampl es

Pi pe f or  Cul ver t s and St or m Dr ai ns

SD- 07 Cer t i f i cat es

Resi n Cer t i f i cat i on

Oi l  Resi st ant  Gasket

Det er mi nat i on of  Densi t y

Fr ame and Cover  f or  Gr at i ngs

SD- 08 Manuf act ur er ' s I nst r uct i ons

Pl aci ng Pi pe

1. 3   DELI VERY,  STORAGE,  AND HANDLI NG

1. 3. 1   Del i ver y and St or age

Mat er i al s del i ver ed t o s i t e shal l  be i nspect ed f or  damage,  unl oaded,  and 
st or ed wi t h a mi ni mum of  handl i ng.   Mat er i al s shal l  not  be st or ed di r ect l y 
on t he gr ound.   The i nsi de of  pi pes and f i t t i ngs shal l  be kept  f r ee of  
di r t  and debr i s.   Bef or e,  dur i ng,  and af t er  i nst al l at i on,  pl ast i c pi pe and 
f i t t i ngs shal l  be pr ot ect ed f r om any envi r onment  t hat  woul d r esul t  i n 
damage or  det er i or at i on t o t he mat er i al .   Keep a copy of  t he 
manuf act ur er ' s i nst r uct i ons avai l abl e at  t he const r uct i on s i t e at  al l  
t i mes and f ol l ow t hese i nst r uct i ons unl ess di r ect ed ot her wi se by t he 
Cont r act i ng Of f i cer .   Sol vent s,  sol vent  compounds,  l ubr i cant s,  el ast omer i c 
gasket s,  and any si mi l ar  mat er i al s r equi r ed t o i nst al l  pl ast i c pi pe shal l  
be st or ed i n accor dance wi t h t he manuf act ur er ' s r ecommendat i ons and shal l  
be di scar ded i f  t he st or age per i od exceeds t he r ecommended shel f  l i f e.   
Sol vent s i n use shal l  be di scar ded when t he r ecommended pot  l i f e i s 
exceeded.
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1. 3. 2   Handl i ng

Mat er i al s shal l  be handl ed i n a manner  t hat  ensur es del i ver y t o t he t r ench 
i n sound,  undamaged condi t i on.   Pi pe shal l  be car r i ed t o t he t r ench,  not  
dr agged.

PART 2   PRODUCTS

2. 1   PI PE FOR CULVERTS AND STORM DRAI NS

Pi pe f or  cul ver t s and st or m dr ai ns shal l  be of  t he s i zes i ndi cat ed and 
shal l  conf or m t o t he r equi r ement s speci f i ed.

2. 1. 1   Concr et e Pi pe ( I f  r equi r ed)

Manuf act ur ed i n accor dance wi t h and conf or mi ng t o ASTM C76,  Cl ass I I I .

2. 1. 2   Pol y Vi nyl  Chl or i de ( PVC)  Pi pe

PVC pi pe and f i t t i ngs may be used f or  r oof  l eader  col l ect i on syst em.  
Submi t  t he pi pe manuf act ur er ' s r esi n cer t i f i cat i on,  i ndi cat i ng t he cel l  
c l assi f i cat i on of  PVC used t o manuf act ur e t he pi pe,  pr i or  t o i nst al l at i on 
of  t he pi pe.

2. 1. 2. 1   Type PSM PVC Pi pe

ASTM D3034,  Type PSM,  maxi mum SDR 35,  pr oduced f r om PVC cer t i f i ed by t he 
Manuf act ur er  as meet i ng t he r equi r ement s of  ASTM D1784,  mi ni mum cel l  c l ass 
12454- B.

2. 1. 3   Pol yet hyl ene ( PE)  Pi pe

2. 1. 3. 1   Cor r ugat ed PE Pi pe ( Doubl e Wal l )

AASHTO M 294,  Type S.   For  s l ow cr ack gr owt h r esi st ance,  accept ance of  
r esi ns shal l  be det er mi ned by usi ng t he not ched const ant  l i gament - st r ess 
( NCLS)  t est  meet i ng t he r equi r ement s of  AASHTO M 294.   Pi pe wal l s shal l  
have mi ni mum OD ( i nch)  22 i nches f or  18 i nch nomi nal  pi pe and 28 i nches 
f or  24 i nch nomi nal  pi pe.

2. 2   DRAI NAGE STRUCTURES

2. 2. 1   Pr ecast  Rei nf or ced Concr et e Box

Manuf act ur ed i n accor dance wi t h and conf or mi ng t o ASTM C1433.

2. 3   MI SCELLANEOUS MATERI ALS

2. 3. 1   Pr ecast  Rei nf or ced Concr et e Manhol es

Conf or m t o ASTM C478.   Joi nt s bet ween pr ecast  concr et e r i ser s and t ops 
shal l  be made wi t h f l exi bl e wat er t i ght ,  r ubber - t ype gasket s meet i ng t he 
r equi r ement s of  par agr aph JOI NTS.

2. 3. 2   Fr ame and Cover  f or  Gr at i ngs

Submi t  cer t i f i cat i on on t he abi l i t y  of  f r ame and cover  or  gr at i ngs t o 
car r y t he i mposed l i ve l oad.   Fr ame and cover  f or  gr at i ngs shal l  be cast  
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gr ay i r on,  ASTM A48/ A48M,  Cl ass 35B;  cast  duct i l e i r on,  ASTM A536,  Gr ade 
65- 45- 12;  or  cast  al umi num,  ASTM B26/ B26M,  Al l oy 356. O- T6.   Wei ght ,  shape,  
s i ze,  and wat er way openi ngs f or  gr at es and cur b i nl et s shal l  be as 
i ndi cat ed on t he pl ans.   The wor d " St or m Sewer "  shal l  be st amped or  cast  
i nt o cover s so t hat  i t  i s  pl ai nl y v i s i bl e.

2. 3. 3   Joi nt s

2. 3. 3. 1   Fl exi bl e Wat er t i ght  Joi nt s

a.   Fl exi bl e wat er t i ght  j oi nt s shal l  be made wi t h pl ast i c or  r ubber - t ype 
gasket s f or  concr et e pi pe and wi t h f act or y- f abr i cat ed r esi l i ent  
mat er i al s f or  c l ay pi pe.   The desi gn of  j oi nt s and t he physi cal  
r equi r ement s f or  pr ef or med f l exi bl e j oi nt  seal ant s shal l  conf or m t o 
ASTM C990,  and r ubber - t ype gasket s shal l  conf or m t o ASTM C443.   
Fact or y- f abr i cat ed r esi l i ent  j oi nt  mat er i al s shal l  conf or m t o ASTM C425.   
Gasket s shal l  have not  mor e t han one f act or y- f abr i cat ed spl i ce,  except  
t hat  t wo f act or y- f abr i cat ed spl i ces of  t he r ubber - t ype gasket  ar e 
per mi t t ed i f  t he nomi nal  di amet er  of  t he pi pe bei ng gasket ed exceeds 
54 i nches.

b.   Rubber  gasket s shal l  compl y wi t h t he oi l  r esi st ant  gasket  r equi r ement s 
of  ASTM C443.   Cer t i f i ed copi es of  t est  r esul t s shal l  be del i ver ed t o 
t he Cont r act i ng Of f i cer  bef or e gasket s or  j oi nt i ng mat er i al s ar e 
i nst al l ed.   Al t er nat e t ypes of  wat er t i ght  j oi nt  may be f ur ni shed,  i f  
speci f i cal l y appr oved.

2. 3. 3. 2   Ext er nal  Seal i ng Bands

Requi r ement s f or  ext er nal  seal i ng bands shal l  conf or m t o ASTM C877.

2. 3. 3. 3   Fl exi bl e Wat er t i ght ,  Gasket ed Joi nt s

a.   Gasket s:   When i nf i l t r at i on or  exf i l t r at i on i s a concer n f or  pi pe 
l i nes,  t he coupl i ngs may be r equi r ed t o have gasket s.   The cl osed- cel l  
expanded r ubber  gasket s shal l  be a cont i nuous band appr oxi mat el y 7 
i nches wi de and appr oxi mat el y 3/ 8 i nch t hi ck,  meet i ng t he r equi r ement s 
of  ASTM D1056,  Type 2,  and shal l  have a qual i t y r et ent i on r at i ng of  
not  l ess t han 70 per cent  when t est ed f or  weat her  r esi st ance by ozone 
chamber  exposur e,  Met hod B of  ASTM D1171.   Rubber  O- r i ng gasket s shal l  
be 13/ 16 i nch i n di amet er  f or  pi pe di amet er s of  36 i nches or  smal l er  
and 7/ 8 i nch i n di amet er  f or  l ar ger  pi pe havi ng 1/ 2 i nch deep end 
cor r ugat i on.   Rubber  O- r i ng gasket s shal l  be 1- 3/ 8 i nches i n di amet er  
f or  pi pe havi ng 1 i nch deep end cor r ugat i ons.   O- r i ngs shal l  meet  t he 
r equi r ement s of  ASTM C990 or   ASTM C443.  Pr ef or med f l exi bl e j oi nt  
seal ant s shal l  conf or m t o ASTM C990,  Type B.

2. 3. 3. 4   PVC Pl ast i c Pi pes

Joi nt s shal l  be sol vent  cement  or  el ast omer i c gasket  t ype i n accor dance 
wi t h t he speci f i cat i on f or  t he pi pe and as r ecommended by t he pi pe 
manuf act ur er .

2. 3. 3. 5   Cor r ugat ed PE Pl ast i c Pi pe

Pi pe j oi nt s shal l  be wat er  t i ght  and shal l  conf or m t o t he r equi r ement s i n 
AASHTO M 294.   Wat er  t i ght  j oi nt s shal l  be made usi ng a PE coupl i ng and 
r ubber  gasket s as r ecommended by t he pi pe manuf act ur er .   Rubber  gasket s 
shal l  conf or m t o ASTM F477.
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2. 4   RESI LI ENT CONNECTORS

Fl exi bl e,  wat er t i ght  connect or s used f or  connect i ng pi pe t o manhol es and 
i nl et s shal l  conf or m t o ASTM C923.

2. 5   EROSI ON CONTROL RI P RAP

Pr ovi de non- er odi bl e r ock not  exceedi ng 15 i nches i n i t s gr eat est  
di mensi on and choked wi t h suf f i c i ent  smal l  r ocks t o pr ovi de a dense mass 
wi t h a mi ni mum t hi ckness of  8 i nches.

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON OF PI PE CULVERTS,  STORM DRAI NS,  AND DRAI NAGE STRUCTURES

Excavat i on of  t r enches,  and f or  appur t enances and backf i l l i ng f or  cul ver t s 
and st or m dr ai ns,  shal l  be i n accor dance wi t h t he appl i cabl e por t i ons of  
Sect i on 31 00 00 EARTHWORK, .

3. 1. 1   Tr enchi ng

The wi dt h of  t r enches at  any poi nt  bel ow t he t op of  t he pi pe shal l  be not  
gr eat er  t han t he out si de di amet er  of  t he pi pe pl us 12 i nches t o per mi t  
sat i sf act or y j oi nt i ng and t hor ough t ampi ng of  t he beddi ng mat er i al  under  
and ar ound t he pi pe.   Sheet i ng and br aci ng,  wher e r equi r ed,  shal l  be 
pl aced wi t hi n t he t r ench wi dt h as speci f i ed,  wi t hout  any over excavat i on.   
Wher e t r ench wi dt hs ar e exceeded,  r edesi gn wi t h a r esul t ant  i ncr ease i n 
cost  of  st r onger  pi pe or  speci al  i nst al l at i on pr ocedur es wi l l  be 
necessar y.   Cost  of  t hi s r edesi gn and i ncr eased cost  of  pi pe or  
i nst al l at i on shal l  be bor ne by t he Cont r act or  wi t hout  addi t i onal  cost  t o 
t he Gover nment .

3. 1. 2   Removal  of  Rock

Rock i n ei t her  l edge or  boul der  f or mat i on shal l  be r epl aced wi t h sui t abl e 
mat er i al s t o pr ovi de a compact ed ear t h cushi on havi ng a t hi ckness bet ween 
unr emoved r ock and t he pi pe of  at  l east  8 i nches or  1/ 2 i nch f or  each f oot  
of  f i l l  over  t he t op of  t he pi pe,  whi chever  i s gr eat er ,  but  not  mor e t han 
t hr ee- f our t hs t he nomi nal  di amet er  of  t he pi pe.   Wher e bel l - and- spi got  
pi pe i s used,  t he cushi on shal l  be mai nt ai ned under  t he bel l  as wel l  as 
under  t he st r ai ght  por t i on of  t he pi pe.   Rock excavat i on shal l  be as 
speci f i ed and def i ned i n Sect i on 31 00 00 EARTHWORK.

3. 1. 3   Removal  of  Unst abl e Mat er i al

Wher e wet  or  ot her wi se unst abl e soi l  i ncapabl e of  pr oper l y suppor t i ng t he 
pi pe,  as det er mi ned by t he Cont r act i ng Of f i cer ,  i s  unexpect edl y 
encount er ed i n t he bot t om of  a t r ench,  such mat er i al  shal l  be r emoved t o 
t he dept h r equi r ed and r epl aced t o t he pr oper  gr ade wi t h sel ect  gr anul ar  
mat er i al ,  compact ed as pr ovi ded i n par agr aph BACKFI LLI NG.   When r emoval  of  
unst abl e mat er i al  i s  due t o t he f aul t  or  negl ect  of  t he Cont r act or  whi l e 
per f or mi ng shor i ng and sheet i ng,  wat er  r emoval ,  or  ot her  speci f i ed 
r equi r ement s,  such r emoval  and r epl acement  shal l  be per f or med at  no 
addi t i onal  cost  t o t he Gover nment .

3. 2   BEDDI NG

The beddi ng sur f ace f or  t he pi pe shal l  pr ovi de a f i r m f oundat i on of  
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uni f or m densi t y t hr oughout  t he ent i r e l engt h of  t he pi pe.

3. 2. 1   Concr et e Pi pe Requi r ement s

When no beddi ng cl ass i s speci f i ed or  det ai l ed on t he dr awi ngs,  concr et e 
pi pe shal l  be bedded i n gr anul ar  mat er i al  mi ni mum 4 i nch i n dept h i n 
t r enches wi t h soi l  f oundat i on.   Dept h of  gr anul ar  beddi ng i n t r enches wi t h 
r ock f oundat i on shal l  be 1/ 2 i nch i n dept h per  f oot  of  dept h of  f i l l ,  
mi ni mum dept h of  beddi ng shal l  be 8 i nch up t o maxi mum dept h of  24 i nches.   
The mi ddl e t hi r d of  t he gr anul ar  beddi ng shal l  be l oosel y pl aced.   Bel l  
hol es and depr essi ons f or  j oi nt s shal l  be r emoved and f or med so ent i r e 
bar r el  of  pi pe i s uni f or ml y suppor t ed.   The bel l  hol e and depr essi ons f or  
t he j oi nt s shal l  be not  mor e t han t he l engt h,  dept h,  and wi dt h r equi r ed 
f or  pr oper l y maki ng t he par t i cul ar  t ype of  j oi nt .

3. 2. 2   Pl ast i c Pi pe

Beddi ng f or  PVC and PEpi pe shal l  meet  t he r equi r ement s of  ASTM D2321.   Use 
Cl ass I B or  I I  mat er i al  f or  beddi ng,  haunchi ng,  and i ni t i al  backf i l l .   Use 
Cl ass I ,  I I ,  or  I I I  mat er i al  f or  PP pi pe beddi ng,  haunchi ng and i ni t i al  
backf i l l .

3. 3   PLACI NG PI PE

Each pi pe shal l  be t hor oughl y exami ned bef or e bei ng l ai d;  def ect i ve or  
damaged pi pe shal l  not  be used.   Pl ast i c pi pe,  excl udi ng SRPE pi pe shal l  
be pr ot ect ed f r om exposur e t o di r ect  sunl i ght  pr i or  t o l ayi ng,  i f  
necessar y t o mai nt ai n adequat e pi pe st i f f ness and meet  i nst al l at i on 
def l ect i on r equi r ement s.   Pi pel i nes shal l  be l ai d t o t he gr ades and 
al i gnment  i ndi cat ed.   Pr oper  f aci l i t i es shal l  be pr ovi ded f or  l ower i ng 
sect i ons of  pi pe i nt o t r enches.   Li f t i ng l ugs i n ver t i cal l y el ongat ed pi pe 
shal l  be pl aced i n t he same ver t i cal  pl ane as t he maj or  axi s of  t he pi pe.   
Pi pe shal l  not  be l ai d i n wat er ,  and pi pe shal l  not  be l ai d when t r ench 
condi t i ons or  weat her  ar e unsui t abl e f or  such wor k.   Di ver si on of  dr ai nage 
or  dewat er i ng of  t r enches dur i ng const r uct i on shal l  be pr ovi ded as 
necessar y.   Def l ect i on of  i nst al l ed f l exi bl e pi pe shal l  not  exceed t he 
f ol l owi ng l i mi t s:

TYPE OF PI PE MAXI MUM ALLOWABLE
DEFLECTI ON ( per cent )

Pl ast i c PVC or  PE 5

Not e post  i nst al l at i on r equi r ement s of  par agr aph DEFLECTI ON TESTI NG i n 
PART 3 of  t hi s speci f i cat i on f or  al l  pi pe pr oduct s i ncl udi ng def l ect i on 
t est i ng r equi r ement s f or  f l exi bl e pi pe.

3. 3. 1   Concr et e,  PVC,  Pi pe

Layi ng shal l  pr oceed upgr ade wi t h spi got  ends of  bel l - and- spi got  pi pe and 
t ongue ends of  t ongue- and- gr oove pi pe poi nt i ng i n t he di r ect i on of  t he 
f l ow.
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3. 4   JOI NTI NG

3. 4. 1   Concr et e Pi pe

3. 4. 1. 1   Fl exi bl e Wat er t i ght  Joi nt s

Gasket s and j oi nt i ng mat er i al s shal l  be as r ecommended by t he par t i cul ar  
manuf act ur er  i n r egar d t o use of  l ubr i cant s,  cement s,  adhesi ves,  and ot her  
speci al  i nst al l at i on r equi r ement s.   Sur f aces t o r ecei ve l ubr i cant s,  
cement s,  or  adhesi ves shal l  be c l ean and dr y.   Gasket s and j oi nt i ng 
mat er i al s shal l  be af f i xed t o t he pi pe not  mor e t han 24 hour s pr i or  t o t he 
i nst al l at i on of  t he pi pe,  and shal l  be pr ot ect ed f r om t he sun,  bl owi ng 
dust ,  and ot her  del et er i ous agent s at  al l  t i mes.   Gasket s and j oi nt i ng 
mat er i al s shal l  be i nspect ed bef or e i nst al l i ng t he pi pe;  any l oose or  
i mpr oper l y af f i xed gasket s and j oi nt i ng mat er i al s shal l  be r emoved and 
r epl aced.   The pi pe shal l  be al i gned wi t h t he pr evi ousl y i nst al l ed pi pe,  
and t he j oi nt  pushed home.   I f ,  whi l e t he j oi nt  i s  bei ng made t he gasket  
becomes vi s i bl y di s l ocat ed t he pi pe shal l  be r emoved and t he j oi nt  r emade.

3. 5   DRAI NAGE STRUCTURES

3. 5. 1   Manhol es and I nl et s

Const r uct i on shal l  be of  r ei nf or ced concr et e,  pl ai n concr et e,  br i ck,  
pr ecast  r ei nf or ced concr et e,  pr ecast  concr et e segment al  bl ocks,  
pr ef abr i cat ed cor r ugat ed met al ,  or  bi t umi nous coat ed cor r ugat ed met al ;  
compl et e wi t h f r ames and cover s or  gr at i ngs;  and wi t h f i xed gal vani zed 
st eel  l adder s wher e i ndi cat ed.   Pi pe st uds and j unct i on chamber s of  
pr ef abr i cat ed cor r ugat ed met al  manhol es shal l  be f ul l y  bi t umi nous- coat ed 
and paved when t he connect i ng br anch l i nes ar e so t r eat ed.   Pi pe 
connect i ons t o concr et e manhol es and i nl et s shal l  be made wi t h f l exi bl e,  
wat er t i ght  connect or s.

3. 5. 2   Wal l s and Headwal l s

Const r uct i on shal l  be as i ndi cat ed.

3. 6   BACKFI LLI NG

3. 6. 1   Backf i l l i ng Pi pe i n Tr enches

Af t er  t he pi pe has been pr oper l y bedded,  sel ect ed mat er i al  f r om excavat i on 
or  bor r ow,  at  a moi st ur e cont ent  t hat  wi l l  f aci l i t at e compact i on,  shal l  be 
pl aced al ong bot h s i des of  pi pe i n l ayer s not  exceedi ng 6 i nches i n 
compact ed dept h.   The backf i l l  shal l  be br ought  up evenl y on bot h s i des of  
pi pe f or  t he f ul l  l engt h of  pi pe.   The f i l l  shal l  be t hor oughl y compact ed 
under  t he haunches of  t he pi pe.   Each l ayer  shal l  be t hor oughl y compact ed 
wi t h mechani cal  t amper s or  r ammer s.   Thi s met hod of  f i l l i ng and compact i ng 
shal l  cont i nue unt i l  t he f i l l  has r eached an el evat i on equal  t o t he 
mi dpoi nt  ( spr i ng l i ne)  of  concr et e pi pe or  has r eached an el evat i on of  at  
l east  12 i nches above t he t op of  t he pi pe f or  f l exi bl e pi pe.   The 
r emai nder  of  t he t r ench shal l  be backf i l l ed and compact ed by spr eadi ng and 
r ol l i ng or  compact ed by mechani cal  r ammer s or  t amper s i n l ayer s not  
exceedi ng 12 i nches.   Test s f or  densi t y shal l  be made as necessar y t o 
ensur e conf or mance t o t he compact i on r equi r ement s speci f i ed bel ow.   Wher e 
i t  i s  necessar y,  i n t he opi ni on of  t he Cont r act i ng Of f i cer ,  t hat  sheet i ng 
or  por t i ons of  br aci ng used be l ef t  i n pl ace,  t he cont r act  wi l l  be 
adj ust ed accor di ngl y.   Unt r eat ed sheet i ng shal l  not  be l ef t  i n pl ace 
beneat h st r uct ur es or  pavement s.
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3. 6. 2   Movement  of  Const r uct i on Machi ner y

When compact i ng by r ol l i ng or  oper at i ng heavy equi pment  par al l el  wi t h t he 
pi pe,  di spl acement  of  or  i nj ur y t o t he pi pe shal l  be avoi ded.   Movement  of  
const r uct i on machi ner y over  a cul ver t  or  st or m dr ai n at  any st age of  
const r uct i on shal l  be at  t he Cont r act or ' s r i sk.   Any damaged pi pe shal l  be 
r epai r ed or  r epl aced.

3. 6. 3   Compact i on

3. 6. 3. 1   Gener al  Requi r ement s

Cohesi onl ess mat er i al s i ncl ude gr avel s,  gr avel - sand mi xt ur es,  sands,  and 
gr avel l y sands.   Cohesi ve mat er i al s i ncl ude cl ayey and si l t y gr avel s,  
gr avel - s i l t  mi xt ur es,  c l ayey and si l t y sands,  sand- cl ay mi xt ur es,  c l ays,  
s i l t s ,  and ver y f i ne sands.   When r esul t s of  compact i on t est s f or  
moi st ur e- densi t y r el at i ons ar e r ecor ded on gr aphs,  cohesi onl ess soi l s wi l l  
show st r ai ght  l i nes or  r ever se- shaped moi st ur e- densi t y cur ves,  and 
cohesi ve soi l s wi l l  show nor mal  moi st ur e- densi t y cur ves.

3. 6. 3. 2   Mi ni mum Densi t y

Backf i l l  over  and ar ound t he pi pe and backf i l l  ar ound and adj acent  t o 
dr ai nage st r uct ur es shal l  be compact ed at  t he appr oved moi st ur e cont ent  t o 
t he f ol l owi ng appl i cabl e mi ni mum densi t y,  whi ch wi l l  be det er mi ned as 
speci f i ed bel ow.

a.   Under  paved r oads,  st r eet s,  par ki ng ar eas,  and si mi l ar - use pavement s 
i ncl udi ng adj acent  shoul der  ar eas,  t he densi t y shal l  be not  l ess t han 
90 per cent  of  maxi mum densi t y f or  cohesi ve mat er i al  and 95 per cent  of  
maxi mum densi t y f or  cohesi onl ess mat er i al ,  up t o t he el evat i on wher e 
r equi r ement s f or  pavement  subgr ade mat er i al s and compact i on shal l  
cont r ol .

b.   Under  unpaved or  t ur f ed t r af f i c  ar eas,  densi t y shal l  not  be l ess t han 
90 per cent  of  maxi mum densi t y f or  cohesi ve mat er i al  and 95 per cent  of  
maxi mum densi t y f or  cohesi onl ess mat er i al .

c.   Under  nont r af f i c  ar eas,  densi t y shal l  be not  l ess t han t hat  of  t he 
sur r oundi ng mat er i al .

3. 7   FI ELD QUALI TY CONTROL

3. 7. 1   Test s

Test i ng i s t he r esponsi bi l i t y  of  t he Cont r act or .   Per f or m al l  t est i ng and 
r et est i ng at  no addi t i onal  cost  t o t he Gover nment .

3. 7. 1. 1   Det er mi nat i on of  Densi t y

Test i ng shal l  be per f or med by an appr oved commer ci al  t est i ng l abor at or y or  
by t he Cont r act or  subj ect  t o appr oval .   Test s shal l  be per f or med i n 
suf f i c i ent  number  t o ensur e t hat  speci f i ed densi t y i s bei ng obt ai ned.   
Labor at or y t est s f or  moi st ur e- densi t y r el at i ons shal l  be made i n 
accor dance wi t h ASTM D1557 except  t hat  mechani cal  t amper s may be used 
pr ovi ded t he r esul t s ar e cor r el at ed wi t h t hose obt ai ned wi t h t he speci f i ed 
hand t amper .   Fi el d densi t y t est s shal l  be det er mi ned i n accor dance wi t h 
ASTM D2167 or  ASTM D6938.   When ASTM D6938 i s used,  t he cal i br at i on cur ves 
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shal l  be checked and adj ust ed,  i f  necessar y,  usi ng t he sand cone met hod as 
descr i bed i n par agr aph Cal i br at i on of  t he r ef er enced publ i cat i ons.   
ASTM D6938 r esul t s i n a wet  uni t  wei ght  of  soi l  and ASTM D6938 shal l  be 
used t o det er mi ne t he moi st ur e cont ent  of  t he soi l .   The cal i br at i on 
cur ves f ur ni shed wi t h t he moi st ur e gauges shal l  be checked al ong wi t h 
densi t y cal i br at i on checks as descr i bed i n ASTM D6938.   Test  r esul t s shal l  
be f ur ni shed t he Cont r act i ng Of f i cer .   The cal i br at i on checks of  bot h t he 
densi t y and moi st ur e gauges shal l  be made at  t he begi nni ng of  a j ob on 
each di f f er ent  t ype of  mat er i al  encount er ed and at  i nt er val s as di r ect ed.

3. 7. 2   I nspect i on

3. 7. 2. 1   Post - I nst al l at i on I nspect i on

Vi sual l y i nspect  each segment  of  concr et e pi pe f or  al i gnment ,  set t l ement ,   
j oi nt  separ at i ons,  soi l  mi gr at i on t hr ough t he j oi nt ,  cr acks,  buckl i ng,  
bul gi ng and def l ect i on.

3. 7. 2. 1. 1   Concr et e

Cr acks wi t h a wi dt h gr eat er  t han 0. 01 i nches.   An engi neer  must  eval uat e 
al l  pi pes wi t h cr acks wi t h a wi dt h gr eat er  t han 0. 01 i nches but  l ess t han 
0. 10 i nches t o det er mi ne i f  any r emedi at i on or  r epai r  i s  r equi r ed.

3. 7. 2. 1. 2   Fl exi bl e Pi pe

Check each f l exi bl e pi pe ( PE or  PVC)   f or  r i ps,  t ear s,  j oi nt  separ at i ons,  
soi l  mi gr at i on t hr ough t he j oi nt ,  cr acks,  l ocal i zed bucki ng,  bul ges,  
set t l ement  and al i gnment .

        - -  End of  Sect i on - -
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SECTI ON 33 71 02

UNDERGROUND ELECTRI CAL DI STRI BUTI ON
08/ 21

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AMERI CAN ASSOCI ATI ON OF STATE HI GHWAY AND TRANSPORTATI ON OFFI CI ALS 
( AASHTO)

AASHTO HB- 17 ( 2002;  Er r at a 2003;  Er r at a 2005,  17t h 
Edi t i on)  St andar d Speci f i cat i ons f or  
Hi ghway Br i dges

AMERI CAN CONCRETE I NSTI TUTE ( ACI )

ACI  318M ( 2014;  ERTA 2015)  Bui l di ng Code 
Requi r ement s f or  St r uct ur al  Concr et e & 
Comment ar y

ACI  SP- 66 ( 2004)  ACI  Det ai l i ng Manual

ASTM I NTERNATI ONAL ( ASTM)

ASTM B1 ( 2013)  St andar d Speci f i cat i on f or  
Har d- Dr awn Copper  Wi r e

ASTM B3 ( 2013)  St andar d Speci f i cat i on f or  Sof t  or  
Anneal ed Copper  Wi r e

ASTM B8 ( 2011;  R 2017)  St andar d Speci f i cat i on f or  
Concent r i c- Lay- St r anded Copper  Conduct or s,  
Har d,  Medi um- Har d,  or  Sof t

ASTM C32 ( 2023)  St andar d Speci f i cat i on f or  Sewer  
and Manhol e Br i ck ( Made f r om Cl ay or  Shal e)

ASTM C139 ( 2022)  St andar d Speci f i cat i on f or  Concr et e 
Masonr y Uni t s f or  Const r uct i on of  Cat ch 
Basi ns and Manhol es

ASTM C309 ( 2019)  St andar d Speci f i cat i on f or  Li qui d 
Membr ane- For mi ng Compounds f or  Cur i ng 
Concr et e

ASTM C478 ( 2018)  St andar d Speci f i cat i on f or  Ci r cul ar  
Pr ecast  Rei nf or ced Concr et e Manhol e 
Sect i ons

ASTM C478M ( 2018)  St andar d Speci f i cat i on f or  Pr ecast  
Rei nf or ced Concr et e Manhol e Sect i ons 
( Met r i c)
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ASTM C857 ( 2016)  St andar d Pr act i ce f or  Mi ni mum 
St r uct ur al  Desi gn Loadi ng f or  Under gr ound 
Pr ecast  Concr et e Ut i l i t y  St r uct ur es

ASTM C990 ( 2009;  R 2019)  St andar d Speci f i cat i on f or  
Joi nt s f or  Concr et e Pi pe,  Manhol es,  and 
Pr ecast  Box Sect i ons Usi ng Pr ef or med 
Fl exi bl e Joi nt  Seal ant s

ASTM C990M ( 2009;  R 2019)  St andar d Speci f i cat i on f or  
Joi nt s f or  Concr et e Pi pe,  Manhol es,  and 
Pr ecast  Box Sect i ons Usi ng Pr ef or med 
Fl exi bl e Joi nt  Seal ant s ( Met r i c)

ASTM F2160 ( 2022a)  St andar d Speci f i cat i on f or  Sol i d 
Wal l  Hi gh Densi t y Pol yet hyl ene ( HDPE)  
Condui t  Based on Cont r ol l ed Out si de 
Di amet er  ( OD)

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE 81 ( 2012)  Gui de f or  Measur i ng Ear t h 
Resi st i v i t y,  Gr ound I mpedance,  and Ear t h 
Sur f ace Pot ent i al s of  a Gr ound Syst em

I EEE C2 ( 2023)  Nat i onal  El ect r i cal  Saf et y Code

I EEE St ds Di ct i onar y ( 2009)  I EEE St andar ds Di ct i onar y:  Gl ossar y 
of  Ter ms & Def i ni t i ons

I NTERNATI ONAL ELECTRI CAL TESTI NG ASSOCI ATI ON ( NETA)

NETA ATS ( 2021)  St andar d f or  Accept ance Test i ng 
Speci f i cat i ons f or  El ect r i cal  Power  
Equi pment  and Syst ems

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

ANSI  C119. 1 ( 2023)  El ect r i c Connect or s -  Seal ed 
I nsul at ed Under gr ound Connect or  Syst ems 
Rat ed 600 Vol t s

NEMA RN 1 ( 2005;  R 2013)  Pol yvi nyl - Chl or i de ( PVC)  
Ext er nal l y Coat ed Gal vani zed Ri gi d St eel  
Condui t  and I nt er medi at e Met al  Condui t

NEMA TC 2 ( 2020)  St andar d f or  El ect r i cal  Pol yvi nyl  
Chl or i de ( PVC)  Condui t

NEMA TC 3 ( 2021)  Pol yvi nyl  Chl or i de ( PVC)  Fi t t i ngs 
f or  Use Wi t h Ri gi d PVC Condui t  and Tubi ng

NEMA TC 7 ( 2021)  Smoot h- Wal l  Coi l abl e and St r ai ght  
El ect r i cal  Pol yet hyl ene Condui t

NEMA TC 9 ( 2020)  St andar d f or  Fi t t i ngs f or  Pol yvi nyl  
Chl or i de ( PVC)  Pl ast i c Ut i l i t i es Duct  f or  
Under gr ound I nst al l at i on
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NEMA WC 70 ( 2021)  Power  Cabl e Rat ed 2000 Vol t s or  
Less f or  t he Di st r i but i on of  El ect r i cal  
Ener gy

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 70 ( 2023;  ERTA 4 2023)  Nat i onal  El ect r i cal  
Code

SOCI ETY OF CABLE TELECOMMUNI CATI ONS ENGI NEERS ( SCTE)

ANSI / SCTE 77 ( 2013)  Speci f i cat i on f or  Under gr ound 
Encl osur e I nt egr i t y

TELECOMMUNI CATI ONS I NDUSTRY ASSOCI ATI ON ( TI A)

TI A- 758 ( 2012b)  Cust omer - Owned Out si de Pl ant  
Tel ecommuni cat i ons I nf r ast r uct ur e St andar d

U. S.  DEPARTMENT OF AGRI CULTURE ( USDA)

RUS Bul l  1751F- 644 ( 2002)  Under gr ound Pl ant  Const r uct i on

UNDERWRI TERS LABORATORI ES ( UL)

UL 6 ( 2022)  UL St andar d f or  Saf et y El ect r i cal  
Ri gi d Met al  Condui t - St eel

UL 44 ( 2018;  Repr i nt  May 2021)  UL St andar d f or  
Saf et y Ther moset - I nsul at ed Wi r es and Cabl es

UL 83 ( 2017;  Repr i nt  Mar  2020)  UL St andar d f or  
Saf et y Ther mopl ast i c- I nsul at ed Wi r es and 
Cabl es

UL 94 ( 2023;  Repr i nt  May 2023)  UL St andar d f or  
Saf et y Test s f or  Fl ammabi l i t y  of  Pl ast i c 
Mat er i al s f or  Par t s i n Devi ces and 
Appl i ances

UL 467 ( 2022)  UL St andar d f or  Saf et y Gr oundi ng 
and Bondi ng Equi pment

UL 486A- 486B ( 2018;  Repr i nt  Jul  2023)  UL St andar d f or  
Saf et y Wi r e Connect or s

UL 510 ( 2020;  Dec 2022)  UL St andar d f or  Saf et y 
Pol yvi nyl  Chl or i de,  Pol yet hyl ene and 
Rubber  I nsul at i ng Tape

UL 514B ( 2012;  Repr i nt  May 2020)  Condui t ,  Tubi ng 
and Cabl e Fi t t i ngs

UL 651 ( 2011;  Repr i nt  May 2022)  UL St andar d f or  
Saf et y Schedul e 40,  80,  Type EB and A 
Ri gi d PVC Condui t  and Fi t t i ngs

UL 854 ( 2020;  Repr i nt  Jan 2022)  St andar d f or  
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Ser vi ce- Ent r ance Cabl es

UL 1242 ( 2006;  Repr i nt  Apr  2022)  UL St andar d f or  
Saf et y El ect r i cal  I nt er medi at e Met al  
Condui t  - -  St eel

1. 2   SYSTEM DESCRI PTI ON

I t ems pr ovi ded under  t hi s sect i on must  be speci f i cal l y sui t abl e f or  t he 
f ol l owi ng ser vi ce condi t i ons.   

a.   Al t i t ude _500_f eet .

b.   Ambi ent  Temper at ur e 98 degr ees.

c.   Fr equency 60

1. 3   DEFI NI TI ONS

a.   Unl ess ot her wi se speci f i ed or  i ndi cat ed,  el ect r i cal  and el ect r oni cs 
t er ms used i n t hese speci f i cat i ons,  and on t he dr awi ngs,  ar e as 
def i ned i n I EEE St ds Di ct i onar y.

b.   I n t he t ext  of  t hi s sect i on,  t he wor ds condui t  and duct  ar e used 
i nt er changeabl y and have t he same meani ng.

c.   I n t he t ext  of  t hi s sect i on,  " medi um vol t age cabl e spl i ces, "  and 
" medi um vol t age cabl e j oi nt s"  ar e used i nt er changeabl y and have t he 
same meani ng.

1. 4   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
Cont r act or  Qual i t y Cont r ol  appr oval .   When used,  a code f ol l owi ng t he " G"  
c l assi f i cat i on i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  
t he Gover nment .   Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 
SUBMI TTAL PROCEDURES:

SD- 02 Shop Dr awi ngs

Pr ecast  Under gr ound St r uct ur es;  G

SD- 03 Pr oduct  Dat a

Pr ecast  Concr et e St r uct ur es;  G

Seal i ng Mat er i al

Pul l i ng- I n I r ons

Manhol e Fr ames and Cover s;  G

Cabl e Suppor t s ( r acks,  ar ms and i nsul at or s) ;  G

SD- 06 Test  Repor t s

Di r ect i onal  Bor i ng Cer t i f i cat e of  Conf or mance;  G
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1. 5   QUALI TY ASSURANCE

1. 5. 1   Pr ecast  Under gr ound St r uct ur es

Submi t t al  r equi r ed f or  each t ype used.   Pr ovi de cal cul at i ons and dr awi ngs 
f or  pr ecast  manhol es and handhol es bear i ng t he seal  of  a r egi st er ed 
pr of essi onal  engi neer  i ncl udi ng:

a.   Mat er i al  descr i pt i on ( i . e. ,  f ' c  and Fy)

b.   Manuf act ur er ' s pr i nt ed assembl y and i nst al l at i on i nst r uct i ons

c.   Desi gn cal cul at i ons

d.   Rei nf or ci ng shop dr awi ngs i n accor dance wi t h ACI  SP- 66

e.   Pl ans and el evat i ons showi ng openi ng and pul l i ng- i n i r on l ocat i ons and 
det ai l s

1. 5. 2   Di r ect i onal  Bor i ng Cer t i f i cat e of  Conf or mance

Pr ovi de cer t i f i cat i on of  compl i ance wi t h t he r egi st er ed Pr of essi onal  
Engi neer ' s desi gn r equi r ement s f or  each di r ect i onal  bor e,  i ncl udi ng:   HDPE 
condui t  s i ze and t ype,  bend r adi us,  el evat i on changes,  ver t i cal  and 
hor i zont al  pat h devi at i ons,  conduct or  s i ze and t ype and any conduct or  
der at i ng due t o dept h of  condui t .   Recor d l ocat i on and dept h of  al l  
di r ect i onal - bor e i nst al l ed HDPE condui t s usi ng Gl obal  Posi t i oni ng Syst em 
( GPS)  r ecor di ng means wi t h " r esour ce gr ade"  accur acy.

1. 5. 3   Regul at or y Requi r ement s

I n each of  t he publ i cat i ons r ef er r ed t o her ei n,  consi der  t he advi sor y 
pr ovi s i ons t o be mandat or y,  as t hough t he wor d,  " must "  had been 
subst i t ut ed f or  " shoul d"  wher ever  i t  appear s.   I nt er pr et  r ef er ences i n 
t hese publ i cat i ons t o t he " aut hor i t y havi ng j ur i sdi ct i on, "  or  wor ds of  
s i mi l ar  meani ng,  t o mean t he Cont r act i ng Of f i cer .   Equi pment ,  mat er i al s,  
i nst al l at i on,  and wor kmanshi p must  be i n accor dance wi t h t he mandat or y and 
advi sor y pr ovi s i ons of  I EEE C2 and NFPA 70 unl ess mor e st r i ngent  
r equi r ement s ar e speci f i ed or  i ndi cat ed.

1. 5. 4   St andar d Pr oduct s

Pr ovi de mat er i al s and equi pment  t hat  ar e pr oduct s of  manuf act ur er s 
r egul ar l y engaged i n t he pr oduct i on of  such pr oduct s whi ch ar e of  equal  
mat er i al ,  desi gn and wor kmanshi p.   Pr oduct s must  have been i n sat i sf act or y 
commer ci al  or  i ndust r i al  use f or  2 year s pr i or  t o bi d openi ng.   The 2- year  
per i od must  i ncl ude appl i cat i ons of  equi pment  and mat er i al s under  s i mi l ar  
c i r cumst ances and of  s i mi l ar  s i ze.   The pr oduct  must  have been f or  sal e on 
t he commer ci al  mar ket  t hr ough adver t i sement s,  manuf act ur er s '  cat al ogs,  or  
br ochur es dur i ng t he 2- year  per i od.   Wher e t wo or  mor e i t ems of  t he same 
cl ass of  equi pment  ar e r equi r ed,  t hese i t ems must  be pr oduct s of  a s i ngl e 
manuf act ur er ;  however ,  t he component  par t s of  t he i t em need not  be t he 
pr oduct s of  t he same manuf act ur er  unl ess st at ed i n t hi s sect i on.

1. 5. 4. 1   Al t er nat i ve Qual i f i cat i ons

Pr oduct s havi ng l ess t han a 2- year  f i el d ser vi ce r ecor d wi l l  be accept abl e 
i f  a cer t i f i ed r ecor d of  sat i sf act or y f i el d oper at i on f or  not  l ess t han 
6000 hour s,  excl usi ve of  t he manuf act ur er s '  f act or y or  l abor at or y t est s,  
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i s f ur ni shed.

1. 5. 4. 2   Mat er i al  and Equi pment  Manuf act ur i ng Dat e

Pr oduct s manuf act ur ed mor e t han 3 year s pr i or  t o dat e of  del i ver y t o s i t e 
ar e not  accept abl e,  unl ess speci f i ed ot her wi se.

PART 2   PRODUCTS

2. 1   CONDUI T,  DUCTS,  AND FI TTI NGS

2. 1. 1   Ri gi d Met al  Condui t

UL 6.

2. 1. 1. 1   Ri gi d Met al l i c  Condui t ,  PVC Coat ed

NEMA RN 1,  Type A40,  except  t hat  har dness must  be nomi nal  85 Shor e A 
dur omet er ,  di el ect r i c st r engt h must  be mi ni mum 400 vol t s per  mi l  at  60 Hz,  
and t ensi l e st r engt h must  be mi ni mum 3500 psi .

2. 1. 2   I nt er medi at e Met al  Condui t

UL 1242.

2. 1. 2. 1   I nt er medi at e Met al  Condui t ,  PVC Coat ed

NEMA RN 1,  Type A40,  except  t hat  har dness must  be nomi nal  85 Shor e A 
dur omet er ,  di el ect r i c st r engt h must  be mi ni mum 400 vol t s per  mi l  at  60 Hz,  
and t ensi l e st r engt h must  be mi ni mum 3500 psi .

2. 1. 3   Pl ast i c Condui t  f or  Di r ect  Bur i al  and Ri ser  Appl i cat i ons

UL 651 and NEMA TC 2,  EPC- 40 or  EPC- 80.  ( See addi t i onal  r equi r ement s i n 
Speci f i cat i on sect i on 33 82 00 Tel ecommuni cat i ons Out si de Pl ant . )

2. 1. 4   Pl ast i c Duct  f or  Concr et e Encasement

Pr ovi de Type EPC- 40 per  UL 651 and NEMA TC 2.

2. 1. 5   Hi gh Densi t y Pol yet hyl ene ( HDPE)  El ect r i cal  Condui t  f or  Di r ect i onal  
Bor i ng

Smoot hwal l ,  appr oved/ l i s t ed f or  di r ect i onal  bor i ng,  mi ni mum Schedul e 80,  
ASTM F2160,  NEMA TC 7.

2. 1. 6   Duct  Seal ant

UL 94,  Cl ass HBF.   Pr ovi de hi gh- expansi on ur et hane f oam duct  seal ant  t hat  
expands and har dens t o f or m a c l osed,  chemi cal l y and wat er  r esi st ant ,  
r i gi d st r uct ur e.   Seal ant  must  be compat i bl e wi t h common cabl e and wi r e 
j acket s and capabl e of  adher i ng t o met al s,  pl ast i cs and concr et e.   Seal ant  
must  be capabl e of  cur i ng i n t emper at ur e r anges of  35 degr ees F t o 95 
degr ees F.   Cur ed seal ant  must  wi t hst and t emper at ur e r anges of  - 20 degr ees 
F t o 200 degr ees F wi t hout  l oss of  f unct i on.
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2. 1. 7   Fi t t i ngs

2. 1. 7. 1   Met al  Fi t t i ngs

UL 514B.

2. 1. 7. 2   PVC Condui t  Fi t t i ngs

UL 514B,  UL 651NEMA TC 3.

2. 1. 7. 3   PVC Duct  Fi t t i ngs

NEMA TC 9.

2. 2   LOW VOLTAGE I NSULATED CONDUCTORS AND CABLES

I nsul at ed conduct or s must  be r at ed 600 vol t s and conf or m t o t he 
r equi r ement s of  NFPA 70,  i ncl udi ng l i s t i ng r equi r ement s,  or  i n accor dance 
wi t h NEMA WC 70.   Wi r es and cabl es manuf act ur ed mor e t han 24 mont hs pr i or  
t o dat e of  del i ver y t o t he s i t e ar e not  accept abl e.   Ser vi ce ent r ance 
conduct or s must  conf or m t o UL 854,  t ype USE.

2. 2. 1   Conduct or  Types

Cabl e and duct  s i zes i ndi cat ed ar e f or  copper  conduct or s and THHN/ THWN 
unl ess ot her wi se not ed.   Conduct or s No.   10 AWG and smal l er  must  be 
sol i d.   Conduct or s No.  8 AWG and l ar ger  must  be st r anded.   Al l  conduct or s 
must  be copper .

2. 2. 2   Conduct or  Mat er i al

Unl ess speci f i ed or  i ndi cat ed ot her wi se or  r equi r ed by NFPA 70,  wi r es i n 
condui t ,  ot her  t han ser vi ce ent r ance,  must  be 600- vol t ,  Type THWN/ THHN 
conf or mi ng t o UL 83 or  Type XHHW or  RHW conf or mi ng t o UL 44.   Copper  
conduct or s must  be anneal ed copper  compl yi ng wi t h ASTM B3 and ASTM B8.

2. 2. 3   I n Duct

Cabl es must  be si ngl e- conduct or  cabl e.

2. 2. 4   Cabl e Mar ki ng

I nsul at ed conduct or s must  have t he dat e of  manuf act ur e and ot her  
i dent i f i cat i on i mpr i nt ed on t he out er  sur f ace of  each cabl e at  r egul ar  
i nt er val s t hr oughout  t he cabl e l engt h.

I dent i f y each cabl e by means of  a f i ber ,  l ami nat ed pl ast i c,  or  non- f er r ous 
met al  t ags i n each manhol e,  handhol e,  j unct i on box,  and each t er mi nal .   
Each t ag must  cont ai n t he f ol l owi ng i nf or mat i on;  cabl e t ype,  conduct or  
s i ze,  c i r cui t  number ,  c i r cui t  vol t age,  cabl e dest i nat i on and phase 
i dent i f i cat i on.

Col or  code conduct or s.   Pr ovi de conduct or  i dent i f i cat i on wi t hi n each 
encl osur e wher e a t ap,  spl i ce,  or  t er mi nat i on i s made.   Conduct or  
i dent i f i cat i on must  be by col or - coded i nsul at ed conduct or s,  pl ast i c- coat ed 
sel f - st i cki ng pr i nt ed mar ker s,  col or ed nyl on cabl e t i es and pl at es,  heat  
shr i nk t ype sl eeves, or  col or ed el ect r i cal  t ape.   Pr oper l y i dent i f y cont r ol  
c i r cui t  t er mi nat i ons.   Col or  must  be gr een f or  gr oundi ng conduct or s and 
whi t e f or  neut r al s;  except  wher e neut r al s of  mor e t han one syst em ar e 
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i nst al l ed i n same r aceway or  box,  ot her  neut r al s may be whi t e wi t h a 
di f f er ent  col or ed ( not  gr een)  st r i pe f or  each.   Col or  of  ungr ounded 
conduct or s i n di f f er ent  vol t age syst ems ar e as f ol l ows:

a.   208/ 120 vol t ,  t hr ee- phase

( 1)  Phase A -  bl ack

( 2)  Phase B -  r ed

( 3)  Phase C -  bl ue

b.   On t hr ee- phase,  f our - wi r e del t a syst em,  hi gh l eg must  be or ange,  as 
r equi r ed by NFPA 70.

2. 3   LOW VOLTAGE WI RE CONNECTORS AND TERMI NALS

Pr ovi de a uni f or m compr essi on over  t he ent i r e conduct or  cont act  sur f ace.   
Use sol der l ess t er mi nal  l ugs on st r anded conduct or s.

a.   For  use wi t h copper  conduct or s:   UL 486A- 486B.

2. 4   LOW VOLTAGE SPLI CES

Pr ovi de spl i ces i n conduct or s wi t h a compr essi on connect or  on t he 
conduct or  and by i nsul at i ng and wat er pr oof i ng usi ng one of  t he f ol l owi ng 
met hods whi ch ar e sui t abl e f or  cont i nuous submer si on i n wat er  and compl y 
wi t h ANSI  C119. 1.

2. 4. 1   Heat  Shr i nkabl e Spl i ce

Pr ovi de heat  shr i nkabl e spl i ce i nsul at i on by means of  a t her mopl ast i c 
adhesi ve seal ant  mat er i al  appl i ed i n accor dance wi t h t he manuf act ur er ' s 
wr i t t en i nst r uct i ons.

2. 4. 2   Col d Shr i nk Rubber  Spl i ce

Pr ovi de a col d- shr i nk r ubber  spl i ce whi ch consi st s of  EPDM r ubber  t ube 
whi ch has been f act or y st r et ched ont o a spi r al ed cor e whi ch i s r emoved 
dur i ng spl i ce i nst al l at i on.   The i nst al l at i on must  not  r equi r e heat  or  
f l ame,  or  any addi t i onal  mat er i al s such as cover i ng or  adhesi ve.   I t  must  
be desi gned f or  use wi t h i nl i ne compr essi on t ype connect or s,  or  i ndoor ,  
out door ,  di r ect - bur i al  or  submer ged l ocat i ons.

2. 5   TELECOMMUNI CATI ONS CABLI NG

Pr ovi de t el ecommuni cat i ons cabl i ng i n accor dance wi t h Sect i on 33 82 00 
TELECOMMUNI CATI ONS OUTSI DE PLANT ( OSP) .

2. 6   TAPE

2. 6. 1   I nsul at i ng Tape

UL 510,  pl ast i c i nsul at i ng t ape,  capabl e of  per f or mi ng i n a cont i nuous 
t emper at ur e envi r onment  of  80 degr ees C.

2. 6. 2   Bur i ed War ni ng and I dent i f i cat i on Tape

Pr ovi de det ect abl e t ape i n accor dance wi t h Sect i on 31 00 00 EARTHWORK.

SECTI ON 33 71 02  Page 8



D51 Hangar  Conver si on t o Human Per f or mance Cent er  FTFA 23- VH59
Egl i n AFB,  Fl or i da

2. 7   PULL ROPE

Pl ast i c or  f l at  pul l  l i ne ( bul l  l i ne)  havi ng a mi ni mum t ensi l e st r engt h of  
200 pounds.

2. 8   GROUNDI NG AND BONDI NG

2. 8. 1   Dr i ven Gr ound Rods

Pr ovi de copper - c l ad st eel  gr ound r ods conf or mi ng t o UL 467 not  l ess t han 
3/ 4 i nch i n di amet er  by 10 f eet  i n l engt h.   Sect i onal  t ype r ods may be 
used f or  r ods 20 f eet  or  l onger .

2. 8. 2   Gr oundi ng Conduct or s

St r anded- bar e copper  conduct or s must  conf or m t o ASTM B8,  Cl ass B,  
sof t - dr awn unl ess ot her wi se i ndi cat ed.   Sol i d- bar e copper  conduct or s must  
conf or m t o ASTM B1 f or  s i zes No.  8 and smal l er .   I nsul at ed conduct or s must  
be of  t he same mat er i al  as phase conduct or s and gr een col or - coded,  except  
t hat  conduct or s must  be r at ed no mor e t han 600 vol t s.   Al umi num i s not  
accept abl e.

2. 9   CAST- I N- PLACE CONCRETE

Pr ovi de concr et e i n accor dance wi t h Sect i on 03 30 00 CAST- I N- PLACE 
CONCRETE.   I n addi t i on,  pr ovi de concr et e f or  encasement  of  under gr ound 
duct s wi t h 3000 psi  mi ni mum 28- day compr essi ve st r engt h.   Concr et e 
associ at ed wi t h el ect r i cal  wor k f or  ot her  t han encasement  of  under gr ound 
duct s must  be 4000 psi  mi ni mum 28- day compr essi ve st r engt h unl ess 
speci f i ed ot her wi se.

2. 10   UNDERGROUND STRUCTURES

Pr ovi de pr ecast  concr et e under gr ound st r uct ur es or  st andar d t ype 
cast - i n- pl ace manhol e t ypes as i ndi cat ed,  conf or mi ng t o ASTM C857 and 
ASTM C478.   Top,  wal l s,  and bot t om must  consi st  of  r ei nf or ced concr et e.   
Wal l s and bot t om must  be of  monol i t hi c concr et e const r uct i on.   Locat e duct  
ent r ances and wi ndows near  t he cor ner s of  st r uct ur es t o f aci l i t at e cabl e 
r acki ng.   Cover s must  f i t  t he f r ames wi t hout  undue pl ay.   For m st eel  and 
i r on t o shape and si ze wi t h shar p l i nes and angl es.   Cast i ngs must  be f r ee 
f r om war p and bl ow hol es t hat  may i mpai r  st r engt h or  appear ance.   Exposed 
met al  must  have a smoot h f i ni sh and shar p l i nes and ar i ses.   Pr ovi de 
necessar y l ugs,  r abbet s,  and br acket s.   Set  pul l i ng- i n i r ons and ot her  
bui l t - i n i t ems i n pl ace bef or e deposi t i ng concr et e.   I nst al l  a pul l i ng- i n 
i r on i n t he wal l  opposi t e each duct  l i ne ent r ance.   Cabl e r acks,  i ncl udi ng 
r ack ar ms and i nsul at or s,  must  be adequat e t o accommodat e t he cabl e.

2. 10. 1   Cast - I n- Pl ace Concr et e St r uct ur es

Concr et e must  conf or m t o Sect i on 03 30 00 CAST- I N- PLACE CONCRETE.   
Const r uct  wal l s on a f oot i ng of  cast - i n- pl ace concr et e except  t hat  pr ecast  
concr et e base sect i ons may be used f or  pr ecast  concr et e manhol e r i ser s.   
Concr et e bl ock must  conf or m t o ASTM C139 and Sect i on 04 20 00,  MASONRY.

2. 10. 2   Pr ecast  Concr et e St r uct ur es,  Ri ser s and Tops

Pr ecast  concr et e under gr ound st r uct ur es may be pr ovi ded i n l i eu of  
cast - i n- pl ace subj ect  t o t he r equi r ement s speci f i ed bel ow.   Pr ecast  uni t s 
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must  be t he pr oduct  of  a manuf act ur er  r egul ar l y engaged i n t he manuf act ur e 
of  pr ecast  concr et e pr oduct s,  i ncl udi ng pr ecast  manhol es.

2. 10. 2. 1   Gener al

Pr ecast  concr et e st r uct ur es must  have t he same accessor i es and f aci l i t i es 
as r equi r ed f or  cast - i n- pl ace st r uct ur es.   Li kewi se,  pr ecast  st r uct ur es 
must  have pl an ar ea and cl ear  hei ght s not  l ess t han t hose of  cast - i n- pl ace 
st r uct ur es.   Concr et e mat er i al s and met hods of  const r uct i on must  be t he 
same as f or  cast - i n- pl ace concr et e const r uct i on,  as modi f i ed her ei n.   
Sl ope i n f l oor  may be omi t t ed pr ovi ded pr ecast  sect i ons ar e pour ed i n 
r ei nf or ced st eel  f or ms.   Concr et e f or  pr ecast  wor k must  have a 28- day 
compr essi ve st r engt h of  not  l ess t han 4000 psi .   St r uct ur es may be pr ecast  
t o t he desi gn and det ai l s i ndi cat ed f or  cast - i n- pl ace const r uct i on,  
pr ecast  monol i t hi cal l y and pl aced as a uni t ,  or  st r uct ur es may be 
assembl ed sect i ons,  desi gned and pr oduced by t he manuf act ur er  i n 
accor dance wi t h t he r equi r ement s speci f i ed.   St r uct ur es must  be i dent i f i ed 
wi t h t he manuf act ur er ' s name embedded i n or  ot her wi se per manent l y at t ached 
t o an i nt er i or  wal l  f ace.

2. 10. 2. 2   Desi gn f or  Pr ecast  St r uct ur es

ACI  318M.   I n t he absence of  det ai l ed on- si t e soi l  i nf or mat i on,  desi gn f or  
t he f ol l owi ng soi l  par amet er s/ s i t e condi t i ons:

a.   Angl e of  I nt er nal  Fr i ct i on ( phi )  =  30 degr ees

b.   Uni t  Wei ght  of  Soi l  ( Dr y)  =  110 pcf ,  ( Sat ur at ed)
=  130 pcf

c.   Coef f i c i ent  of  Lat er al  Ear t h Pr essur e ( Ka)  = 0. 33

d.   Gr ound Wat er  Level  =  3 f eet  bel ow gr ound el evat i on

e.   Ver t i cal  desi gn l oads must  i ncl ude f ul l  dead,  super i mposed dead,  and 
l i ve l oads i ncl udi ng a 30 per cent  magni f i cat i on f act or  f or  i mpact .   
Li ve l oads must  consi der  al l  t ypes and magni t udes of  vehi cul ar  
( aut omot i ve,  i ndust r i al ,  or  ai r cr af t )  t r af f i c  t o be encount er ed.   The 
mi ni mum desi gn ver t i cal  l oad must  be f or  H20 hi ghway l oadi ng per  
AASHTO HB- 17.

f .   Hor i zont al  desi gn l oads must  i ncl ude f ul l  geost at i c and hydr ost at i c 
pr essur es f or  t he soi l  par amet er s,  wat er  t abl e,  and dept h of  
i nst al l at i on t o be encount er ed.   Al so,  hor i zont al  l oads i mposed by 
adj acent  st r uct ur e f oundat i ons,  and hor i zont al  l oad component s of  
ver t i cal  desi gn l oads,  i ncl udi ng i mpact ,  must  be consi der ed,  al ong 
wi t h a pul l i ng- i n i r on desi gn l oad of  6000 pounds.

g.   Each st r uct ur al  component  must  be desi gned f or  t he l oad combi nat i on 
and posi t i oni ng r esul t i ng i n t he maxi mum shear  and moment  f or  t hat  
par t i cul ar  component .

h.   Desi gn must  al so consi der  t he l i ve l oads i nduced i n t he handl i ng,  
i nst al l at i on,  and backf i l l i ng of  t he manhol es.   Pr ovi de l i f t i ng 
devi ces t o ensur e st r uct ur al  i nt egr i t y dur i ng handl i ng and 
i nst al l at i on.
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2. 10. 2. 3   Const r uct i on

Pr ovi de a uni f or m t hi ckness f or  st r uct ur e t op,  bot t om,  and wal l  not  l ess 
t han 6 i nches.   Thi n- wal l ed knock- out  panel s f or  desi gned or  f ut ur e duct  
bank ent r ances ar e not  per mi t t ed.   Pr ovi de quant i t y,  s i ze,  and l ocat i on of  
duct  bank ent r ance wi ndows as di r ect ed,  and cast  compl et el y open by t he 
pr ecast er .   Si ze of  wi ndows must  exceed t he nomi nal  duct  bank envel ope 
di mensi ons by at  l east  12 i nches ver t i cal l y and hor i zont al l y t o pr ecl ude 
i n- f i el d wi ndow modi f i cat i ons made necessar y by duct  bank mi sal i gnment .   
However ,  t he s i des of  pr ecast  wi ndows must  be a mi ni mum of  6 i nches f r om 
t he i nsi de sur f ace of  adj acent  wal l s,  f l oor s,  or  cei l i ngs.   For m t he 
per i met er  of  pr ecast  wi ndow openi ngs t o have a keyed or  i nwar d f l ar ed 
sur f ace t o pr ovi de a posi t i ve i nt er l ock wi t h t he mat i ng duct  bank 
envel ope.   Pr ovi de wel ded wi r e f abr i c r ei nf or ci ng t hr ough wi ndow openi ngs 
f or  i n- f i el d cut t i ng and f l ar i ng i nt o duct  bank envel opes.   Pr ovi de 
addi t i onal  r ei nf or ci ng st eel  compr i sed of  at  l east  t wo No.  4 bar s ar ound 
wi ndow openi ngs.   Pr ovi de dr ai n sumps a mi ni mum of  12 i nches i n di amet er  
and 4 i nches deep f or  pr ecast  st r uct ur es.

2. 10. 2. 4   Joi nt s

Pr ovi de t ongue- and- gr oove j oi nt s on mat i ng edges of  pr ecast  component s.   
Shi pl ap j oi nt s ar e not  al l owed.   Desi gn j oi nt s t o f i r ml y i nt er l ock 
adj oi ni ng component s and t o pr ovi de wat er pr oof  j unct i ons and adequat e 
shear  t r ansf er .   Seal  j oi nt s wat er t i ght  usi ng pr ef or med pl ast i c st r i p 
conf or mi ng t o ASTM C990.   I nst al l  seal i ng mat er i al  i n st r i ct  accor dance 
wi t h t he seal ant  manuf act ur er ' s pr i nt ed i nst r uct i ons.   Pr ovi de 
wat er pr oof i ng at  condui t / duct  ent r ances i nt o st r uct ur es,  and wher e access 
f r ame meet s t he t op sl ab,  pr ovi de cont i nuous gr out  seal .

2. 10. 3   Man Mai nenance Hol e

See Speci f i cat i on sect i on 33 82 00 Tel ecommuni cat i ons Out si de Pl ant .

2. 10. 4   Handhol e Fr ames and Cover s

Fr ames and cover s of  st eel  must  be wel ded by qual i f i ed wel der s i n 
accor dance wi t h st andar d commer ci al  pr act i ce.   Pr ovi de r ol l ed- st eel  f l oor  
pl at e cover s havi ng an appr oved ant i s l i p sur f ace.   Hi nges must  be of  
st ai nl ess st eel  wi t h br onze hi nge pi n  5 by 5 i nches by appr oxi mat el y 3/ 16 
i nch t hi ck,  wi t hout  scr ew hol es,  and must  be f or  f ul l  sur f ace appl i cat i on 
by f i l l et  wel di ng.   Hi nges must  have nonr emovabl e pi ns and f i ve knuckl es.   
The sur f aces of  pl at es under  hi nges must  be t r ue af t er  t he r emoval  of  
r ai sed ant i s l i p sur f ace,  by gr i ndi ng or  ot her  appr oved met hod.

2. 10. 5   Br i ck f or  Manhol e Col l ar

Pr ovi de sewer  and manhol e br i ck conf or mi ng t o ASTM C32,  Gr ade MS.

2. 10. 6   Composi t e/ Fi ber gl ass Handhol es and Cover s

ANSI / SCTE 77.   Pr ovi de handhol es and cover s of  pol ymer  concr et e,  
r ei nf or ced wi t h heavy weave f i ber gl ass wi t h a desi gn l oad ( Ti er  r at i ng)  
appr opr i at e f or  or  gr eat er  t han t he i nt ended use.   Al l  cover s ar e r equi r ed 
t o have t he Ti er  l evel  r at i ng embossed on t he sur f ace whi ch must  not  
exceed t he desi gn l oad of  t he box.
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2. 11   CABLE SUPPORTS ( RACKS,  ARMS,  AND I NSULATORS)

Zi nc coat  t he met al  por t i on of  r acks and ar ms af t er  f abr i cat i on.

2. 11. 1   Cabl e Rack St anchi ons

The wal l  br acket  or  st anchi on must  be 4 i nches by appr oxi mat el y 1- 1/ 2 i nch 
by 3/ 16 i nch channel  st eel ,  or  4 i nches by appr oxi mat el y 1 i nch 
gl ass- r ei nf or ced nyl on wi t h r ecessed bol t  mount i ng hol es,  48 i nches l ong 
( mi ni mum)  i n manhol es.   Space sl ot s f or  mount i ng cabl e r ack ar ms at  8 i nch 
i nt er val s.

2. 11. 2   Rack Ar ms

Cabl e r ack ar ms must  be st eel  or  mal l eabl e i r on or  gl ass r ei nf or ced nyl on 
and must  be of  t he r emovabl e t ype.   Rack ar m l engt h must  be a mi ni mum of  8 
i nches and a maxi mum of  12 i nches.

2. 11. 3   I nsul at or s

I nsul at or s f or  met al  r ack ar ms must  be dr y- pr ocess gl azed por cel ai n.   
I nsul at or s ar e not  r equi r ed f or  nyl on ar ms.

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

I nst al l  equi pment  and devi ces i n accor dance wi t h t he manuf act ur er ' s 
publ i shed i nst r uct i ons and wi t h t he r equi r ement s and r ecommendat i ons of  
NFPA 70.   I n addi t i on t o t hese r equi r ement s,  i nst al l  t el ecommuni cat i ons i n 
accor dance wi t h TI A- 758 and RUS Bul l  1751F- 644.

3. 2   CABLE I NSPECTI ON

I nspect  each cabl e r eel  f or  cor r ect  st or age posi t i ons,  s i gns of  physi cal  
damage,  and br oken end seal s pr i or  t o i nst al l at i on.   I f  end seal  i s  
br oken,  r emove moi st ur e f r om cabl e pr i or  t o i nst al l at i on i n accor dance 
wi t h t he cabl e manuf act ur er ' s r ecommendat i ons.

3. 3   UNDERGROUND FEEDERS SUPPLYI NG BUI LDI NGS

Ter mi nat e under gr ound f eeder s suppl y i ng bui l di ng at  a poi nt  5 f eet  out si de 
t he bui l di ng and pr oj ect i ons t her eof ,  except  t hat  conduct or s must  be 
cont i nuous t o t he t er mi nat i ng poi nt  i ndi cat ed.   Coor di nat e connect i ons of  
t he f eeder s t o t he ser vi ce ent r ance equi pment  wi t h Sect i on 26 20 00 
I NTERI OR DI STRI BUTI ON SYSTEM.   Pr ovi de PVC,  Type EPC- 40 condui t  f r om t he 
suppl y equi pment  t o a poi nt  5 f eet  out si de t he bui l di ng and pr oj ect i ons 
t her eof .   Pr ot ect  ends of  under gr ound condui t  wi t h pl ast i c pl ugs unt i l  
connect i ons ar e made.

3. 4   UNDERGROUND STRUCTURE CONSTRUCTI ON

Pr ovi de st andar d t ype cast - i n- pl ace const r uct i on as speci f i ed her ei n and 
as i ndi cat ed,  or  pr ecast  const r uct i on as speci f i ed her ei n.   Hor i zont al  
concr et e sur f aces of  f l oor s must  have a smoot h t r owel  f i ni sh.   Cur e 
concr et e by appl y i ng t wo coat s of  whi t e pi gment ed membr ane f or mi ng- cur i ng 
compound i n st r i ct  accor dance wi t h t he manuf act ur er ' s pr i nt ed 
i nst r uct i ons,  except  t hat  pr ecast  concr et e may be st eam cur ed.   Cur i ng 
compound must  conf or m t o ASTM C309.   Locat e duct  ent r ances and wi ndows i n 
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t he cent er  of  end wal l s ( shor t er )  and near  t he cor ner s of  s i dewal l s 
( l onger )  t o f aci l i t at e cabl e r acki ng and spl i c i ng.   Cover s f or  under gr ound 
st r uct ur es must  f i t  t he f r ames wi t hout  undue pl ay.   For m st eel  and i r on t o 
shape and si ze wi t h shar p l i nes and angl es.   Cast i ngs must  be f r ee f r om 
war p and bl ow hol es t hat  may i mpai r  st r engt h or  appear ance.   Exposed met al  
must  have a smoot h f i ni sh and shar p l i nes and ar i ses.   Pr ovi de necessar y 
l ugs,  r abbet s,  and br acket s.   Set  pul l i ng- i n i r ons and ot her  bui l t - i n 
i t ems i n pl ace bef or e deposi t i ng concr et e.   Manhol e l ocat i ons,  as 
i ndi cat ed,  ar e appr oxi mat e.   Coor di nat e exact  manhol e l ocat i ons wi t h ot her  
ut i l i t i es and f i ni shed gr adi ng and pavi ng.

3. 4. 1   Pr ecast  Concr et e Const r uct i on

Set  commer ci al  pr ecast  st r uct ur es on 6 i nches of  l evel ,  90 per cent  
compact ed gr anul ar  f i l l ,  3/ 4 i nch t o 1 i nch si ze,  ext endi ng 12 i nches 
beyond t he st r uct ur e on each si de.   Compact  gr anul ar  f i l l  by a mi ni mum of  
f our  passes wi t h a pl at e t ype vi br at or .   I nst al l at i on must  addi t i onal l y 
conf or m t o t he manuf act ur er ' s i nst r uct i ons.

3. 4. 2   Pul l i ng- I n I r ons

Pr ovi de st eel  bar s bent  as i ndi cat ed,  and cast  i n t he wal l s and f l oor s.   
Al t er nat i vel y,  pi pe s l eeves may be pr ecast  i nt o t he wal l s and f l oor s wher e 
r equi r ed t o accept  U- bol t s or  ot her  t ypes of  pul l i ng- i n devi ces possessi ng 
t he st r engt hs and cl ear ances st at ed her ei n.   The f i nal  i nst al l at i on of  
pul l i ng- i n devi ces must  be made per manent .   Cover  and seal  ext er i or  
pr oj ect i ons of  t hr u- wal l  t ype pul l i ng- i n devi ces wi t h an appr opr i at e 
pr ot ect i ve coat i ng.   I n t he f l oor ,  l ocat e t he i r ons a mi ni mum of  6 i nches 
f r om t he edge of  t he sump,  and i n t he wal l s,  l ocat e t he i r ons wi t hi n 6 
i nches of  t he pr oj ect ed cent er  of  t he duct  bank pat t er n or  pr ecast  wi ndow 
i n t he opposi t e wal l .   However ,  t he pul l i ng- i n i r on must  not  be l ocat ed 
wi t hi n 6 i nches of  an adj acent  i nt er i or  sur f ace,  or  duct  or  pr ecast  wi ndow 
l ocat ed wi t hi n t he same wal l  as t he i r on.   I f  a pul l i ng- i n i r on cannot  be 
l ocat ed di r ect l y opposi t e t he cor r espondi ng duct  bank or  pr ecast  wi ndow 
due t o t hi s c l ear ance l i mi t at i on,  l ocat e t he i r on di r ect l y above or  bel ow 
t he pr oj ect ed cent er  of  t he duct  bank pat t er n or  pr ecast  wi ndow t he 
mi ni mum di st ance r equi r ed t o pr eser ve t he 6 i nch cl ear ance pr evi ousl y 
st at ed.   I n t he case of  di r ect l y opposi ng pr ecast  wi ndows,  pul l i ng- i n 
i r ons consi st i ng of  a 3 f oot  l engt h of  No.  5 r ei nf or ci ng bar ,  f or med i nt o 
a hai r pi n,  may be cast - i n- pl ace wi t hi n t he pr ecast  wi ndows si mul t aneousl y 
wi t h t he end of  t he cor r espondi ng duct  bank envel ope.   I r ons i nst al l ed i n 
t hi s manner  must  be posi t i oned di r ect l y i n l i ne wi t h,  or  when not  
possi bl e,  di r ect l y above or  bel ow t he pr oj ect ed cent er  of  t he duct  bank 
pat t er n ent er i ng t he opposi t e wal l ,  whi l e mai nt ai ni ng a mi ni mum cl ear  
di st ance of  3 i nches f r om any edge of  t he cast - i n- pl ace duct  bank envel ope 
or  any i ndi v i dual  duct .   Pul l i ng- i n i r ons must  have a c l ear  pr oj ect i on 
i nt o t he st r uct ur e of  appr oxi mat el y 4 i nches and must  be desi gned t o 
wi t hst and a mi ni mum pul l i ng- i n l oad of  6000 pounds.   Hot - di p gal vani ze 
i r ons af t er  f abr i cat i on.

3. 4. 3   Cabl e Racks,  Ar ms and I nsul at or s

Cabl e r acks,  ar ms and i nsul at or s must  be suf f i c i ent  t o accommodat e t he 
cabl es.   Space r acks i n power  manhol es not  mor e t han 3 f eet  apar t ,  and 
pr ovi de each manhol e wal l  wi t h a mi ni mum of  t wo r acks.   Space r acks i n 
s i gnal  manhol es not  mor e t han 16 1/ 2 i nches apar t  wi t h t he end r ack bei ng 
no f ur t her  t han 12 i nches f r om t he adj acent  wal l .   Met hods of  anchor i ng 
cabl e r acks ar e as f ol l ows:
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a.   Pr ovi de a 5/ 8 i nch di amet er  by 5 i nch l ong anchor  bol t  wi t h 3 i nch 
f oot  cast  i n st r uct ur e wal l  wi t h 2 i nch pr ot r usi on of  t hr eaded por t i on 
of  bol t  i nt o st r uct ur e.   Pr ovi de 5/ 8 i nch st eel  squar e head nut  on 
each anchor  bol t .   Coat  t hr eads of  anchor  bol t s wi t h sui t abl e coat i ng 
i mmedi at el y pr i or  t o i nst al l i ng nut s.

b.   Pr ovi de concr et e channel  i nser t  wi t h a mi ni mum l oad r at i ng of  800 
pounds per  f oot .   I nser t  channel  must  be st eel  of  t he same l engt h as 
" ver t i cal  r ack channel ; "  and cast  f l ush i n st r uct ur e wal l .   Pr ovi de 
5/ 8 i nch st eel  nut s i n channel  i nser t  t o r ecei ve 5/ 8 i nch di amet er  by 
3 i nch l ong st eel ,  squar e head anchor  bol t s.

c.   Pr ovi de concr et e " spot  i nser t "  at  each anchor  bol t  l ocat i on,  cast  
f l ush i n st r uct ur e wal l .   Each i nser t  must  have mi ni mum 800 pound l oad 
r at i ng.   Pr ovi de 5/ 8 i nch di amet er  by 3 i nch l ong st eel ,  squar e head 
anchor  bol t  at  each anchor  poi nt .   Coat  t hr eads of  anchor  bol t s wi t h 
sui t abl e coat i ng i mmedi at el y pr i or  t o i nst al l i ng bol t s.

3. 4. 4   Fi el d Pai nt i ng

Cl ean cast - i r on f r ames and cover s not  bur i ed i n concr et e or  masonr y of  
mor t ar ,  r ust ,  gr ease,  di r t  and ot her  del et er i ous mat er i al s,  and coat  wi t h 
bi t umi nous pai nt .

3. 5   UNDERGROUND CONDUI T AND DUCT SYSTEMS

3. 5. 1   Requi r ement s

Run condui t  i n st r ai ght  l i nes except  wher e a change of  di r ect i on i s 
necessar y.   Pr ovi de number s and si zes of  duct s as i ndi cat ed.     Bond bar e 
copper  gr oundi ng conduct or  t o gr ound r i ngs ( l oops)  i n al l  manhol es .   
Rout e gr oundi ng conduct or  i nt o manhol es wi t h t he duct  bank ( s l eevi ng i s 
not  r equi r ed) .   Duct s must  have a cont i nuous sl ope downwar d t owar d 
under gr ound st r uct ur es and away f r om bui l di ngs,  l ai d wi t h a mi ni mum sl ope 
of  3  i nches per  100 f eet .   Dependi ng on t he cont our  of  t he f i ni shed 
gr ade,  t he hi gh- poi nt  may be at  a t er mi nal ,  a manhol e,  a handhol e,  or  
bet ween manhol es or  handhol es.   Ter mi nat e al l  PVC condui t  end poi nt s i n 
ut i l i t y  hol es,  swi t chi ng cabi net s,  t r ansf or m handhol es and bui l di ngs wi t h 
end bel l s.   The bel l  end of  t he condui t s t hat  ent er  manhol es and handhol es 
must  be f l ush wi t h t he wal l .

Per f or m changes i n duct bank di r ect i on as f ol l ows:

a.   Shor t - r adi us manuf act ur ed 90- degr ee duct  bends may be used onl y f or  
pol e or  equi pment  r i ser s,  unl ess speci f i cal l y i ndi cat ed as accept abl e.

b.   The mi ni mum manuf act ur ed bend r adi us must  be 18 i nches f or  duct s of  
l ess t han 3 i nch di amet er ,  and 36 i nches f or  duct s 3 i nches or  gr eat er  
i n di amet er .  

c.   As an except i on t o t he bend r adi us r equi r ed above,  pr ovi de f i el d 
manuf act ur ed l ongsweep bends havi ng a mi ni mum r adi us of  25 f eet  f or  a 
change of  di r ect i on of  mor e t han 5 degr ees,  ei t her  hor i zont al l y or  
ver t i cal l y,  usi ng a combi nat i on of  cur ved and st r ai ght  sect i ons.   
Maxi mum manuf act ur ed cur ved sect i ons al l owed f or  use i n f i el d 
manuf act ur ed l ongsweep bend:   30 degr ees.
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3. 5. 2   Tr eat ment

Keep duct s c l ean of  concr et e,  di r t ,  or  f or ei gn subst ances dur i ng 
const r uct i on.   Make f i el d cut s r equi r i ng t aper s wi t h pr oper  t ool s and 
mat ch f act or y t aper s.   Use a coupl i ng r ecommended by t he duct  manuf act ur er  
whenever  an exi st i ng duct  i s connect ed t o a duct  of  di f f er ent  mat er i al  or  
shape.   St or e duct s t o avoi d war pi ng and det er i or at i on wi t h ends 
suf f i c i ent l y pl ugged t o pr event  ent r y of  any wat er  or  sol i d subst ances.   
Thor oughl y c l ean duct s bef or e bei ng l ai d.   St or e pl ast i c duct s on a f l at  
sur f ace and pr ot ect ed f r om t he di r ect  r ays of  t he sun.

3. 5. 3   Condui t  Cl eani ng

As each condui t  r un i s compl et ed,  f or  condui t  s i zes 3 i nches and l ar ger ,  
dr aw a f l exi bl e t est i ng mandr el  appr oxi mat el y 12 i nches l ong wi t h a 
di amet er  l ess t han t he i nsi de di amet er  of  t he condui t  t hr ough t he 
condui t .   Af t er  whi ch,  dr aw a st i f f  br i st l e br ush t hr ough unt i l  condui t  i s  
c l ear  of  par t i c l es of  ear t h,  sand and gr avel ;  t hen i mmedi at el y i nst al l  
condui t  pl ugs.   For  condui t  s i zes l ess t han 3 i nches,  dr aw a st i f f  br i st l e 
br ush t hr ough unt i l  condui t  i s  c l ear  of  par t i c l es of  ear t h,  sand and 
gr avel ;  t hen i mmedi at el y i nst al l  condui t  pl ugs.  

3. 5. 4   Mul t i pl e Condui t s

Separ at e mul t i pl e condui t s by a mi ni mum di st ance of  3 i nches,  except  t hat  
l i ght  and power  condui t s must  be separ at ed f r om cont r ol ,  s i gnal ,  and 
t el ephone condui t s by a mi ni mum di st ance of  12 i nches.   St agger  t he j oi nt s 
of  t he condui t s by r ows ( hor i zont al l y)  and l ayer s ( ver t i cal l y)  t o 
st r engt hen t he condui t  assembl y.   Pr ovi de pl ast i c duct  spacer s t hat  
i nt er l ock ver t i cal l y and hor i zont al l y.   Spacer  assembl y must  consi st  of  
base spacer s,  i nt er medi at e spacer s,  t i es,  and l ocki ng devi ce on t op t o 
pr ovi de a compl et el y encl osed and l ocked- i n condui t  assembl y.   I nst al l  
spacer s per  manuf act ur er ' s i nst r uct i ons,  but  pr ovi de a mi ni mum of  t wo 
spacer  assembl i es per  10 f eet  of  condui t  assembl y.

3. 5. 5   Condui t  Pl ugs and Pul l  Rope

Pr ovi de new condui t  i ndi cat ed as bei ng unused or  empt y wi t h pl ugs on each 
end.   Pl ugs must  cont ai n a weephol e or  scr een t o al l ow wat er  dr ai nage.   
Pr ovi de a pl ast i c pul l  r ope havi ng 3 f eet  of  s l ack at  each end of  unused 
or  empt y condui t s.

3. 5. 6   Condui t  and Duct  Wi t hout  Concr et e Encasement

Dept hs t o t op of  t he condui t  must  be not  l ess t han 24 i nches bel ow 
f i ni shed gr ade.   Pr ovi de not  l ess t han 3 i nches cl ear ance f r om t he condui t  
t o each si de of  t he t r ench.   Gr ade bot t om of  t r ench smoot h;  wher e r ock,  
sof t  spot s,  or  shar p- edged mat er i al s ar e encount er ed,  excavat e t he bot t om 
f or  an addi t i onal  3 i nches,  f i l l  and t amp l evel  wi t h or i gi nal  bot t om wi t h 
sand or  ear t h f r ee f r om par t i c l es,  t hat  woul d be r et ai ned on a 1/ 4 i nch 
si eve.  The f i r st  6 i nch l ayer  of  backf i l l  cover  must  be sand compact ed as 
pr evi ousl y speci f i ed.   The r est  of  t he excavat i on must  be backf i l l ed and 
compact ed i n 3 t o 6 i nch l ayer s.  Pr ovi de col or ,  t ype and dept h of  war ni ng 
t ape as speci f i ed i n Sect i on 31 00 00 EARTHWORK.

3. 5. 6. 1   Encasement  Under  Roads and St r uct ur es

Under  r oads,  paved ar eas,  and r ai l r oad t r acks,  i nst al l  condui t s i n 
concr et e encasement  of  r ect angul ar  cr oss- sect i on pr ovi di ng a mi ni mum of  3 
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i nch concr et e cover  ar ound duct s.   Ext end concr et e encasement  at  l east  5 
f eet  beyond t he edges of  paved ar eas and r oads,  and 12 f eet  beyond t he 
r ai l s on each si de of  r ai l r oad t r acks.   Dept hs t o t op of  t he concr et e 
envel ope must  be not  l ess t han 24 i nches bel ow f i ni shed gr ade,  and under  
r ai l r oad t r acks not  l ess t han 50 i nches bel ow t he t op of  t he r ai l s.  

3. 5. 6. 2   Di r ect i onal  Bor i ng

HDPE condui t s must  be i nst al l ed bel ow t he f r ost l i ne and as speci f i ed 
her ei n.

  For  di st r i but i on vol t ages l ess t han 1000 vol t s,  dept hs t o t he t op of  t he 
condui t  must  not  be l ess t han 48 i nches i n pavement -  or  
non- pavement - cover ed ar eas.   For  br anch ci r cui t  wi r i ng l ess t han 600 
vol t s,  dept hs t o t he t op of  t he condui t  must  not  be l ess t han 24 i nches i n 
pavement -  or  non- pavement - cover ed ar eas.

3. 6   CABLE PULLI NG

Test  exi st i ng duct  l i nes wi t h a mandr el  and t hor oughl y swab out  t o r emove 
f or ei gn mat er i al  bef or e pul l i ng cabl es.   

3. 6. 1   Cabl e Lubr i cant s

Use l ubr i cant s t hat  ar e speci f i cal l y r ecommended by t he cabl e manuf act ur er  
f or  assi st i ng i n pul l i ng j acket ed cabl es.

3. 7   CABLES I N UNDERGROUND STRUCTURES

Do not  i nst al l  cabl es ut i l i z i ng t he shor t est  pat h bet ween penet r at i ons,  
but  r out e al ong t hose wal l s pr ovi di ng t he l ongest  r out e and t he maxi mum 
spar e cabl e l engt hs.  For m cabl es t o c l osel y par al l el  wal l s,  not  t o 
i nt er f er e wi t h duct  ent r ances,  and suppor t  on br acket s and cabl e 
i nsul at or s.   Suppor t  cabl e spl i ces i n under gr ound st r uct ur es by r acks on 
each si de of  t he spl i ce.   Locat e spl i ces t o pr event  cycl i c bendi ng i n t he 
spl i ced sheat h.   I nst al l  cabl es at  mi ddl e and bot t om of  cabl e r acks,  
l eavi ng t op space open f or  f ut ur e cabl es,  except  as ot her wi se i ndi cat ed 
f or  exi st i ng i nst al l at i ons.   Pr ovi de one spar e t hr ee- i nsul at or  r ack ar m 
f or  each cabl e r ack i n each under gr ound st r uct ur e.

3. 8   CONDUCTORS I NSTALLED I N PARALLEL

Gr oup conduct or s such t hat  each condui t  of  a par al l el  r un cont ai ns one 
Phase A conduct or ,  one Phase B conduct or ,  one Phase C conduct or ,  and one 
neut r al  conduct or .

3. 9   LOW VOLTAGE CABLE SPLI CI NG AND TERMI NATI NG

Make t er mi nat i ons and spl i ces wi t h mat er i al s and met hods as i ndi cat ed or  
speci f i ed her ei n and as desi gnat ed by t he wr i t t en i nst r uct i ons of  t he 
manuf act ur er .   Do not  al l ow t he cabl es t o be moved unt i l  af t er  t he 
spl i c i ng mat er i al  has compl et el y set .   Make spl i ces i n under gr ound 
di st r i but i on syst ems onl y i n accessi bl e l ocat i ons such as manhol es,  
handhol es,  or  abovegr ound t er mi nat i on pedest al s.

3. 10   GROUNDI NG SYSTEMS

NFPA 70 and I EEE C2,  except  pr ovi de gr oundi ng syst ems wi t h a r esi st ance t o 
sol i d ear t h gr ound not  exceedi ng 25 ohms.
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3. 10. 1   Gr oundi ng El ect r odes

Pr ovi de cone poi nt ed dr i ven gr ound r ods dr i ven f ul l  dept h pl us 6 i nches ,  
i nst al l ed t o pr ovi de an ear t h gr ound of  t he appr opr i at e val ue f or  t he 
par t i cul ar  equi pment  bei ng gr ounded.
I f  t he speci f i ed gr ound r esi st ance i s not  met ,  pr ovi de an addi t i onal  
gr ound r od i n accor dance wi t h t he r equi r ement s of  NFPA 70 ( pl aced not  l ess 
t han 6 f eet  f r om t he f i r st  r od) .   Shoul d t he r esul t ant  ( combi ned)  
r esi st ance exceed t he speci f i ed r esi st ance,  measur ed not  l ess t han 48 
hour s af t er  r ai nf al l ,  not i f y t he Cont r act i ng Of f i cer  i mmedi at el y.

3. 10. 2   Gr oundi ng Connect i ons

Make gr oundi ng connect i ons whi ch ar e bur i ed or  ot her wi se nor mal l y 
i naccessi bl e,  by exot her mi c wel d or  compr essi on connect or .

a.   Make exot her mi c wel ds st r i ct l y i n accor dance wi t h t he wel d 
manuf act ur er ' s wr i t t en r ecommendat i ons.   Wel ds whi ch ar e " puf f ed up"  
or  whi ch show convex sur f aces i ndi cat i ng i mpr oper  c l eani ng ar e not  
accept abl e.   Mechani cal  connect or s ar e not  r equi r ed at  exot her mi c 
wel ds.

b.   Make compr essi on connect i ons usi ng a hydr aul i c compr essi on t ool  t o 
pr ovi de t he cor r ect  c i r cumf er ent i al  pr essur e.   Tool s and di es must  be 
as r ecommended by t he manuf act ur er .   An embossi ng di e code or  ot her  
st andar d met hod must  pr ovi de vi s i bl e i ndi cat i on t hat  a connect or  has 
been adequat el y compr essed on t he gr ound wi r e.

3. 10. 3   Gr oundi ng Conduct or s

Pr ovi de bar e gr oundi ng conduct or s,  except  wher e i nst al l ed i n condui t  wi t h 
associ at ed phase conduct or s.   Gr ound cabl e sheat hs,  cabl e shi el ds,  
condui t ,  and equi pment  wi t h No.  6 AWG.  Gr ound ot her  noncur r ent - car r y i ng 
met al  par t s and equi pment  f r ames of  met al - encl osed equi pment .   Gr ound 
met al l i c  f r ames and cover s of  mai nt enance hol es wi t h a br ai ded,  copper  
gr ound st r ap wi t h equi val ent  ampaci t y of  No.  6 AWG.

3. 11   EXCAVATI NG,  BACKFI LLI NG,  AND COMPACTI NG

Pr ovi de i n accor dance wi t h NFPA 70 and Sect i on 31 00 00 EARTHWORK.

3. 11. 1   Recondi t i oni ng of  Sur f aces

3. 11. 1. 1   Unpaved Sur f aces

Rest or e t o t hei r  or i gi nal  el evat i on and condi t i on unpaved sur f aces 
di st ur bed dur i ng i nst al l at i on of  duct  .   Pr eser ve sod and t opsoi l  r emoved 
dur i ng excavat i on and r ei nst al l  af t er  backf i l l i ng i s compl et ed.   Repl ace 
sod t hat  i s damaged by sod of  qual i t y equal  t o t hat  r emoved.   When t he 
sur f ace i s di st ur bed i n a newl y seeded ar ea,  r e- seed t he r est or ed sur f ace 
wi t h t he same quant i t y and f or mul a of  seed as t hat  used i n t he or i gi nal  
seedi ng,  and pr ovi de t opsoi l i ng,  f er t i l i z i ng,  l i mi ng,  seedi ng,  soddi ng,  
spr i ggi ng,  or  mul chi ng.   Pr ovi de wor k i n accor dance wi t h Sect i on 32 92 19 
SEEDI NG and Sect i on 32 93 00 EXTERI OR PLANTS.

3. 11. 1. 2   Pavi ng Repai r s

Wher e t r enches,  pi t s,  or  ot her  excavat i ons ar e made i n exi st i ng r oadways 
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and ot her  ar eas of  pavement  wher e sur f ace t r eat ment  of  any k i nd exi st s ,  
r est or e such sur f ace t r eat ment  or  pavement  t he same t hi ckness and i n t he 
same ki nd as pr evi ousl y exi st ed,  except  as ot her wi se speci f i ed,  and t o 
mat ch and t i e i nt o t he adj acent  and sur r oundi ng exi st i ng sur f aces.

3. 12   CAST- I N- PLACE CONCRETE

3. 12. 1   Seal i ng

When t he i nst al l at i on i s compl et e,  seal  al l  condui t  and ot her  ent r i es i nt o 
t he equi pment  encl osur e wi t h an appr oved seal i ng compound.   Seal s must  be 
of  suf f i c i ent  st r engt h and dur abi l i t y  t o pr ot ect  al l  ener gi zed l i ve par t s 
of  t he equi pment  f r om r odent s,  i nsect s,  or  ot her  f or ei gn mat t er .

3. 13   FI ELD QUALI TY CONTROL

3. 13. 1   Per f or mance of  Fi el d Accept ance Checks and Test s

Per f or m i n accor dance wi t h t he manuf act ur er ' s r ecommendat i ons,  and i ncl ude 
t he f ol l owi ng vi sual  and mechani cal  i nspect i ons and el ect r i cal  t est s,  
per f or med i n accor dance wi t h NETA ATS.

3. 13. 1. 1   Low Vol t age Cabl es,  600- Vol t

Per f or m t est s af t er  i nst al l at i on of  cabl e,  spl i ces and t er mi nat i ons and 
bef or e t er mi nat i ng t o equi pment  or  spl i c i ng t o exi st i ng c i r cui t s.

a.   Vi sual  and Mechani cal  I nspect i on

( 1)  I nspect  exposed cabl e sect i ons f or  physi cal  damage.

( 2)  Ver i f y t hat  cabl e i s suppl i ed and connect ed i n accor dance wi t h 
cont r act  pl ans and speci f i cat i ons.

( 3)  Ver i f y t i ght ness of  accessi bl e bol t ed el ect r i cal  connect i ons.

( 4)  I nspect  compr essi on- appl i ed connect or s f or  cor r ect  cabl e mat ch and 
i ndent at i on.

( 5)  Vi sual l y i nspect  j acket  and i nsul at i on condi t i on.

( 6)  I nspect  f or  pr oper  phase i dent i f i cat i on and ar r angement .

b.   El ect r i cal  Test s

( 1)  Per f or m i nsul at i on r esi st ance t est s on wi r i ng No.  6 AWG and l ar ger  
di amet er  usi ng i nst r ument  whi ch appl i es vol t age of  appr oxi mat el y 
1000 vol t s dc f or  one mi nut e.

( 2)  Per f or m cont i nui t y t est s t o i nsur e cor r ect  cabl e connect i on.

3. 13. 1. 2   Gr oundi ng Syst em

a.   Vi sual  and mechani cal  i nspect i on

I nspect  gr ound syst em f or  compl i ance wi t h cont r act  pl ans and 
speci f i cat i ons.

b.   El ect r i cal  t est s
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Per f or m gr ound- i mpedance measur ement s ut i l i z i ng t he f al l - of - pot ent i al  
met hod i n accor dance wi t h I EEE 81.   On syst ems consi st i ng of  
i nt er connect ed gr ound r ods,  per f or m t est s af t er  i nt er connect i ons ar e 
compl et e.   On syst ems consi st i ng of  a s i ngl e gr ound r od per f or m t est s 
bef or e any wi r e i s connect ed.   Take measur ement s i n nor mal l y dr y 
weat her ,  not  l ess t han 48 hour s af t er  r ai nf al l .   Use a por t abl e gr ound 
r esi st ance t est er  i n accor dance wi t h manuf act ur er ' s i nst r uct i ons t o 
t est  each gr ound or  gr oup of  gr ounds.   The i nst r ument  must  be equi pped 
wi t h a met er  r eadi ng di r ect l y i n ohms or  f r act i ons t her eof  t o i ndi cat e 
t he gr ound val ue of  t he gr ound r od or  gr oundi ng syst ems under  t est .   
Pr ovi de si t e di agr am i ndi cat i ng l ocat i on of  t est  pr obes wi t h 
associ at ed di st ances,  and pr ovi de a pl ot  of  r esi st ance vs.  di st ance.

3. 13. 2   Fol l ow- Up Ver i f i cat i on

Upon compl et i on of  accept ance checks and t est s,  show by demonst r at i on i n 
ser vi ce t hat  c i r cui t s and devi ces ar e i n good oper at i ng condi t i on and 
pr oper l y per f or mi ng t he i nt ended f unct i on.   As an except i on t o 
r equi r ement s st at ed el sewher e i n t he cont r act ,  t he Cont r act i ng Of f i cer  
must  be gi ven 5 wor ki ng days advance not i ce of  t he dat es and t i mes of  
checki ng and t est i ng.

. . . .     - -  End of  Sect i on - -
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SECTI ON 33 82 00

TELECOMMUNI CATI ONS OUTSI DE PLANT ( OSP)
04/ 06

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

ASTM I NTERNATI ONAL ( ASTM)

ASTM B1 ( 2013)  St andar d Speci f i cat i on f or  
Har d- Dr awn Copper  Wi r e

ASTM B8 ( 2011;  R 2017)  St andar d Speci f i cat i on f or  
Concent r i c- Lay- St r anded Copper  Conduct or s,  
Har d,  Medi um- Har d,  or  Sof t

ASTM D709 ( 2017)  St andar d Speci f i cat i on f or  
Lami nat ed Ther moset t i ng Mat er i al s

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE 100 ( 2000;  Ar chi ved)  The Aut hor i t at i ve 
Di ct i onar y of  I EEE St andar ds Ter ms

I EEE C2 ( 2023)  Nat i onal  El ect r i cal  Saf et y Code

I NSULATED CABLE ENGI NEERS ASSOCI ATI ON ( I CEA)

I CEA S- 87- 640 ( 2023)  Opt i cal  Fi ber  Out si de Pl ant  
Communi cat i ons Cabl e;  4t h Edi t i on

I CEA S- 98- 688 ( 2012)  Br oadband Twi st ed Pai r  
Tel ecommuni cat i on Cabl e,  Ai r cor e,  
Pol yol ef i n I nsul at ed,  Copper  Conduct or s 
Techni cal  Requi r ement s

I CEA S- 99- 689 ( 2012)  Br oadband Twi st ed Pai r  
Tel ecommuni cat i on Cabl e Fi l l ed,  Pol yol ef i n 
I nsul at ed,  Copper  Conduct or s Techni cal  
Requi r ement s

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 70 ( 2023;  ERTA 4 2023)  Nat i onal  El ect r i cal  
Code

TELECOMMUNI CATI ONS I NDUSTRY ASSOCI ATI ON ( TI A)

TI A- 455- 78- B ( 2020c)  FOTP- 78 Opt i cal  Fi br es -  Par t  
1- 40:   Measur ement  Met hods and Test  
Pr ocedur es -  At t enuat i on
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TI A- 492CAAA ( 1998;  R 2002)  Det ai l  Speci f i cat i on f or  
Cl ass I Va Di sper si on- Unshi f t ed Si ngl e- Mode 
Opt i cal  Fi ber s

TI A- 526- 7 ( 2015a;  R 2022)  Measur ement  of  Opt i cal  
Power  Loss of  I nst al l ed Si ngl e- Mode Fi ber  
Cabl e Pl ant ,  Adopt i on of  I EC 61280- 4- 2 
edi t i on 2:   Fi br e- Opt i c Communi cat i ons 
Subsyst em Test  Pr ocedur es -  Par t  4- 2:   
I nst al l ed Cabl e Pl ant  -  Si ngl e- Mode 
At t enuat i on and Opt i cal  Ret ur n Loss 
Measur ement

TI A- 526- 14 ( 2023d)  OFSTP- 14A Opt i cal  Power  Loss 
Measur ement s of  I nst al l ed Mul t i mode Fi ber  
Cabl e Pl ant

TI A- 568. 1 ( 2020e)  Commer ci al  Bui l di ng 
Tel ecommuni cat i ons I nf r ast r uct ur e St andar d

TI A- 568. 2 ( 2018d)  Bal anced Twi st ed- Pai r  
Tel ecommuni cat i ons Cabl i ng and Component s 
St andar ds

TI A- 568. 3 ( 2022e)  Opt i cal  Fi ber  Cabl i ng Component s 
St andar d

TI A- 569 ( 2019e;  Add 1 2022)  Tel ecommuni cat i ons 
Pat hways and Spaces

TI A- 606 ( 2021d)  Admi ni st r at i on St andar d f or  
Tel ecommuni cat i ons I nf r ast r uct ur e

TI A- 607 ( 2019d)  Gener i c Tel ecommuni cat i ons Bondi ng 
and Gr oundi ng ( Ear t hi ng)  f or  Cust omer  
Pr emi ses

TI A- 758 ( 2012b)  Cust omer - Owned Out si de Pl ant  
Tel ecommuni cat i ons I nf r ast r uct ur e St andar d

TI A/ EI A- 455 ( 1998b)  St andar d Test  Pr ocedur e f or  Fi ber  
Opt i c Fi ber s,  Cabl es,  Tr ansducer s,  
Sensor s,  Connect i ng and Ter mi nat i ng 
Devi ces,  and Ot her  Fi ber  Opt i c Component s

TI A/ EI A- 598 ( 2014D;  Add 2 2018)  Opt i cal  Fi ber  Cabl e 
Col or  Codi ng

U. S.  DEPARTMENT OF AGRI CULTURE ( USDA)

RUS 1755 Tel ecommuni cat i ons St andar ds and 
Speci f i cat i ons f or  Mat er i al s,  Equi pment  
and Const r uct i on

RUS Bul l  1751F- 630 ( 1996)  Desi gn of  Aer i al  Pl ant

RUS Bul l  1751F- 643 ( 2002)  Under gr ound Pl ant  Desi gn

RUS Bul l  1753F- 201 ( 1997)  Accept ance Test s of  

SECTI ON 33 82 00  Page 2



D51 Hangar  Conver si on t o Human Per f or mance Cent er  FTFA 23- VH59
Egl i n AFB,  Fl or i da

Tel ecommuni cat i ons Pl ant  ( PC- 4)

UNDERWRI TERS LABORATORI ES ( UL)

UL 83 ( 2017;  Repr i nt  Mar  2020)  UL St andar d f or  
Saf et y Ther mopl ast i c- I nsul at ed Wi r es and 
Cabl es

1. 2   RELATED REQUI REMENTS

Sect i on 27 10 00,  BUI LDI NG TELECOMMUNI CATI ONS CABLI NG SYSTEM,  Sect i on  and
Sect i on 33 71 02,  UNDERGROUND ELECTRI CAL DI STRI BUTI ON appl y t o t hi s 
sect i on wi t h addi t i ons and modi f i cat i ons speci f i ed her ei n.

1. 3   DEFI NI TI ONS

Unl ess ot her wi se speci f i ed or  i ndi cat ed,  el ect r i cal  and el ect r oni cs t er ms 
used i n t hi s speci f i cat i on shal l  be as def i ned i n TI A- 568. 1,  TI A- 568. 2,  
TI A- 568. 3,  TI A- 569,  TI A- 606,  and I EEE 100 and her ei n.

1. 3. 1   Campus Di st r i but or  ( CD)

A di st r i but or  f r om whi ch t he campus backbone cabl i ng emanat es.  
( I nt er nat i onal  expr essi on f or  mai n cr oss- connect  -  ( MC) . )

1. 3. 2   Ent r ance Faci l i t y  ( EF)  ( Tel ecommuni cat i ons)

An ent r ance t o t he bui l di ng f or  bot h pr i vat e and publ i c net wor k ser vi ce 
cabl es ( i ncl udi ng ant ennae)  i ncl udi ng t he ent r ance poi nt  at  t he bui l di ng 
wal l  and cont i nui ng t o t he ent r ance r oom or  space.

1. 3. 3   Ent r ance Room ( ER)  ( Tel ecommuni cat i ons)

A cent r al i zed space f or  t el ecommuni cat i ons equi pment  t hat  ser ves t he 
occupant s of  a bui l di ng.   Equi pment  housed t her ei n i s consi der ed di st i nct  
f r om a t el ecommuni cat i ons r oom because of  t he nat ur e of  i t s  compl exi t y.

1. 3. 4   Bui l di ng Di st r i but or  ( BD)

A di st r i but or  i n whi ch t he bui l di ng backbone cabl es t er mi nat e and at  whi ch 
connect i ons t o t he campus backbone cabl es may be made.   ( I nt er nat i onal  
expr essi on f or  i nt er medi at e cr oss- connect  -  ( I C) . )

1. 3. 5   Pat hway

A physi cal  i nf r ast r uct ur e ut i l i zed f or  t he pl acement  and r out i ng of  
t el ecommuni cat i ons cabl e.

1. 4   SYSTEM DESCRI PTI ON

The t el ecommuni cat i ons out si de pl ant  consi st s of  cabl e,  condui t ,  manhol es,  
pol es,  et c.  r equi r ed t o pr ovi de si gnal  pat hs f r om t he cl osest  poi nt  of  
pr esence t o t he new f aci l i t y ,  i ncl udi ng f r ee st andi ng f r ames or  
backboar ds,  i nt er connect i ng har dwar e,  t er mi nat i ng cabl es,  l i ght ni ng and 
sur ge pr ot ect i on modul es at  t he ent r ance f aci l i t y .   The wor k consi st s of  
pr ovi di ng,  t est i ng and maki ng oper at i onal  cabl i ng,  i nt er connect i ng 
har dwar e and l i ght ni ng and sur ge pr ot ect i on necessar y t o f or m a compl et e 
out si de pl ant  t el ecommuni cat i ons syst em f or  cont i nuous use.
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1. 5   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
Cont r act or  Qual i t y Cont r ol  appr oval . f or  i nf or mat i on onl y.   When used,  a 
code f ol l owi ng t he " G"  c l assi f i cat i on i dent i f i es t he of f i ce t hat  wi l l  
r evi ew t he submi t t al  f or  t he Gover nment .   Submi t  t he f ol l owi ng i n 
accor dance wi t h Sect i on 01 33 00 SUBMI TTAL PROCEDURES:

SD- 02 Shop Dr awi ngs

Tel ecommuni cat i ons Out si de Pl ant ;  G

Tel ecommuni cat i ons Ent r ance Faci l i t y  Dr awi ngs;  G

Al l  shop dr awi ngs shal l  be desi gned and st amped by a BI CSI  
r egi st er ed communi cat i ons desi gner  ( RCDD) .  

I n addi t i on t o Sect i on 01 33 00 SUBMI TTAL PROCEDURES,  pr ovi de shop 
dr awi ngs i n accor dance wi t h par agr aph SHOP DRAWI NGS.

SD- 03 Pr oduct  Dat a

Wi r e and Cabl e;  G

Cabl e Spl i ces,  and Connect or s;  G

Cl osur es;  G

 SD- 06 Test  Repor t s

Pr e- i nst al l at i on Test s;  G

Accept ance Test s;  G

Out si de Pl ant  Test  Pl an;  G

SD- 07 Cer t i f i cat es

 Tel ecommuni cat i ons Cont r act or  Qual i f i cat i ons;  G

Key Per sonnel  Qual i f i cat i ons;  G

Mi ni mum Manuf act ur er ' s Qual i f i cat i ons;  G

SD- 08 Manuf act ur er ' s I nst r uct i ons

Cabl e Tensi ons;  G

Fi ber  Opt i c Spl i ces;  G

 Submi t  i nst r uct i ons pr i or  t o i nst al l at i on.

SD- 09 Manuf act ur er ' s Fi el d Repor t s

Fact or y Reel  Test  Dat a;  G

SD- 10 Oper at i on and Mai nt enance Dat a
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Tel ecommuni cat i ons Out si de Pl ant  ( OSP) ,  Dat a Package 5;  G

Commer ci al  of f - t he- shel f  manual s shal l  be pr ovi ded f or  oper at i on,  
i nst al l at i on,  conf i gur at i on,  and mai nt enance of  pr oduct s pr ovi ded 
as a par t  of  t he t el ecommuni cat i ons out si de pl ant  ( OSP) .   Submi t  
oper at i ons and mai nt enance dat a i n accor dance wi t h Sect i on 01 78 23,  
OPERATI ON AND MAI NTENANCE DATA and as speci f i ed her ei n not  l at er  
t han 2 mont hs pr i or  t o t he dat e of  benef i c i al  occupancy.   I n 
addi t i on t o r equi r ement s of  Dat a package 5,  i ncl ude t he 
r equi r ement s of  par agr aphs TELECOMMUNI CATI ONS OUTSI DE PLANT SHOP 
DRAWI NGS and TELECOMMUNI CATI ONS ENTRANCE FACI LI TY DRAWI NGS.

SD- 11 Cl oseout  Submi t t al s

Recor d Document at i on;  G

I n addi t i on t o ot her  r equi r ement s,  pr ovi de i n accor dance wi t h 
par agr aph RECORD DOCUMENTATI ON.

1. 6   QUALI TY ASSURANCE

1. 6. 1   Shop Dr awi ngs

I ncl ude wi r i ng di agr ams and i nst al l at i on det ai l s of  equi pment  i ndi cat i ng 
pr oposed l ocat i on,  l ayout  and ar r angement ,  cont r ol  panel s,  accessor i es,  
pi pi ng,  duct wor k,  and ot her  i t ems t hat  must  be shown t o ensur e a 
coor di nat ed i nst al l at i on.   Wi r i ng di agr ams shal l  i dent i f y c i r cui t  
t er mi nal s and i ndi cat e t he i nt er nal  wi r i ng f or  each i t em of  equi pment  and 
t he i nt er connect i on bet ween each i t em of  equi pment .   Dr awi ngs shal l  
i ndi cat e adequat e c l ear ance f or  oper at i on,  mai nt enance,  and r epl acement  of  
oper at i ng equi pment  devi ces.   Submi t t al s shal l  i ncl ude t he namepl at e dat a,  
s i ze,  and capaci t y.   Submi t t al s shal l  al so i ncl ude appl i cabl e f eder al ,  
mi l i t ar y,  i ndust r y,  and t echni cal  soci et y publ i cat i on r ef er ences.

1. 6. 1. 1   Tel ecommuni cat i ons Out si de Pl ant  Shop Dr awi ngs

Pr ovi de Out si de Pl ant  Desi gn i n accor dance wi t h TI A- 758,  RUS Bul l  1751F- 630
 f or  aer i al  syst em desi gn,  and RUS Bul l  1751F- 643 f or  under gr ound syst em 
desi gn.   Pr ovi de T0 shop dr awi ngs t hat  show t he physi cal  and l ogi cal  
connect i ons f r om t he per spect i ve of  an ent i r e campus,  such as act ual  
bui l di ng l ocat i ons,  ext er i or  pat hways and campus backbone cabl i ng on pl an 
vi ew dr awi ngs,  maj or  syst em nodes,  and r el at ed connect i ons on t he l ogi cal  
syst em dr awi ngs i n accor dance wi t h TI A- 606.   Dr awi ngs shal l  i ncl ude wi r i ng 
and schemat i c di agr ams f or  f i ber  opt i c and copper  cabl i ng and spl i ces,  
copper  conduct or  gauge and pai r  count ,  f i ber  pai r  count  and t ype,  pat hway 
duct  and i nner duct  ar r angement ,  associ at ed const r uct i on mat er i al s,  and any 
det ai l s r equi r ed t o demonst r at e t hat  cabl e syst em has been coor di nat ed  
and wi l l  pr oper l y suppor t  t he swi t chi ng and t r ansmi ssi on syst em i dent i f i ed 
i n speci f i cat i on and dr awi ngs.  The t el ecommuni cat i ons out si de pl ant  ( OSP)  
shop dr awi ngs shal l  be i ncl uded i n t he oper at i on and mai nt enance manual s.   
See al so 96CS r equi r ement s i ncl uded i n t he appendi x.

1. 6. 2   Tel ecommuni cat i ons Qual i f i cat i ons

Wor k under  t hi s sect i on shal l  be per f or med by and t he equi pment  shal l  be 
pr ovi ded by t he appr oved t el ecommuni cat i ons cont r act or  and key per sonnel .   
Qual i f i cat i ons shal l  be pr ovi ded f or :   t he t el ecommuni cat i ons syst em 
cont r act or ,  t he t el ecommuni cat i ons syst em i nst al l er ,  t he super vi sor  ( i f  
di f f er ent  f r om t he i nst al l er ) ,  and t he cabl e spl i c i ng and t er mi nat i ng 
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per sonnel .   A mi ni mum of  30 days pr i or  t o i nst al l at i on,  submi t  
document at i on of  t he exper i ence of  t he t el ecommuni cat i ons cont r act or  and 
of  t he key per sonnel .

1. 6. 2. 1   Tel ecommuni cat i ons Cont r act or  Qual i f i cat i ons

The t el ecommuni cat i ons cont r act or  shal l  be a f i r m whi ch i s r egul ar l y and 
pr of essi onal l y engaged i n t he busi ness of  t he appl i cat i ons,  i nst al l at i on,  
and t est i ng of  t he speci f i ed t el ecommuni cat i ons syst ems and equi pment .   
The t el ecommuni cat i ons cont r act or  shal l  demonst r at e exper i ence i n 
pr ovi di ng successf ul  t el ecommuni cat i ons syst ems t hat  i ncl ude out si de pl ant  
and br oadband cabl i ng wi t hi n t he past  3 year s.   Submi t  document at i on f or  a 
mi ni mum of  t hr ee and a maxi mum of  f i ve successf ul  t el ecommuni cat i on syst em 
i nst al l at i ons f or  t he t el ecommuni cat i ons cont r act or .   Each of  t he key 
per sonnel  shal l  demonst r at e exper i ence i n pr ovi di ng successf ul  
t el ecommuni cat i ons syst ems i n accor dance wi t h TI A- 758 wi t hi n t he past  3 
year s.

1. 6. 2. 2   Key Per sonnel  Qual i f i cat i ons

Pr ovi de key per sonnel  who ar e r egul ar l y and pr of essi onal l y engaged i n t he 
busi ness of  t he appl i cat i on,  i nst al l at i on and t est i ng of  t he speci f i ed 
t el ecommuni cat i ons syst ems and equi pment .   Ther e may be one key per son or  
mor e key per sons pr oposed f or  t hi s sol i c i t at i on dependi ng upon how many of  
t he key r ol es each has successf ul l y pr ovi ded.   Each of  t he key per sonnel  
shal l  demonst r at e exper i ence i n pr ovi di ng successf ul  t el ecommuni cat i ons 
syst ems wi t hi n t he past  3 year s.

Cabl e spl i c i ng and t er mi nat i ng per sonnel  assi gned t o t he i nst al l at i on of  
t hi s syst em or  any of  i t s  component s shal l  have t r ai ni ng i n t he pr oper  
t echni ques and have a mi ni mum of  3 year s exper i ence i n spl i c i ng and 
t er mi nat i ng t he speci f i ed cabl es.   Modul ar  spl i ces shal l  be per f or med by 
f act or y cer t i f i ed per sonnel  or  under  di r ect  super vi s i on of  f act or y t r ai ned 
per sonnel  f or  pr oduct s used.

Super vi sor s and i nst al l er s assi gned t o t he i nst al l at i on of  t hi s syst em or  
any of  i t s  component s shal l  have f act or y or  f act or y appr oved cer t i f i cat i on 
f r om each equi pment  manuf act ur er  i ndi cat i ng t hat  t hey ar e qual i f i ed t o 
i nst al l  and t est  t he pr ovi ded pr oduct s.

Submi t  document at i on f or  a mi ni mum of  t hr ee and a maxi mum of  f i ve 
successf ul  t el ecommuni cat i on syst em i nst al l at i ons f or  each of  t he key 
per sonnel .   Document at i on f or  each key per son shal l  i ncl ude at  l east  t wo 
successf ul  syst em i nst al l at i ons pr ovi ded t hat  ar e equi val ent  i n syst em 
si ze and i n const r uct i on compl exi t y t o t he t el ecommuni cat i ons syst em 
pr oposed f or  t hi s sol i c i t at i on.   I ncl ude speci f i c  exper i ence i n i nst al l i ng 
and t est i ng t el ecommuni cat i ons out si de pl ant  syst ems,  i ncl udi ng br oadband 
cabl i ng,  and pr ovi de t he names and l ocat i ons of  at  l east  t wo pr oj ect  
i nst al l at i ons successf ul l y compl et ed usi ng opt i cal  f i ber  and copper  
t el ecommuni cat i ons cabl i ng syst ems.   Al l  of  t he exi st i ng 
t el ecommuni cat i ons syst em i nst al l at i ons of f er ed by t he key per sons as 
successf ul  exper i ence shal l  have been i n successf ul  f ul l - t i me ser vi ce f or  
at  l east  18 mont hs pr i or  t o t he i ssuance dat e f or  t hi s sol i c i t at i on.   
Pr ovi de t he name and r ol e of  t he key per son,  t he t i t l e,  l ocat i on,  and 
compl et ed i nst al l at i on dat e of  t he r ef er enced pr oj ect ,  t he r ef er enced 
pr oj ect  owner  poi nt  of  cont act  i nf or mat i on i ncl udi ng name,  or gani zat i on,  
t i t l e,  and t el ephone number ,  and gener al l y,  t he r ef er enced pr oj ect  
descr i pt i on i ncl udi ng syst em si ze and const r uct i on compl exi t y.
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I ndi cat e t hat  al l  key per sons ar e cur r ent l y empl oyed by t he 
t el ecommuni cat i ons cont r act or ,  or  have a commi t ment  t o t he 
t el ecommuni cat i ons cont r act or  t o wor k on t hi s pr oj ect .   Al l  key per sons 
shal l  be empl oyed by t he t el ecommuni cat i ons cont r act or  at  t he dat e of  
i ssuance of  t hi s sol i c i t at i on,  or  i f  not ,  have a commi t ment  t o t he 
t el ecommuni cat i ons cont r act or  t o wor k on t hi s pr oj ect  by t he dat e t hat  t he 
bi d was due t o t he Cont r act i ng Of f i cer .

Not e t hat  onl y t he key per sonnel  appr oved by t he Cont r act i ng Of f i cer  i n 
t he successf ul  pr oposal  shal l  do wor k on t hi s sol i c i t at i on' s 
t el ecommuni cat i ons syst em.   Key per sonnel  shal l  f unct i on i n t he same r ol es 
i n t hi s cont r act ,  as t hey f unct i oned i n t he of f er ed successf ul  
exper i ence.   Any subst i t ut i ons f or  t he t el ecommuni cat i ons cont r act or ' s key 
per sonnel  r equi r es appr oval  f r om The Cont r act i ng Of f i cer .

1. 6. 2. 3   Mi ni mum Manuf act ur er ' s Qual i f i cat i ons

Cabl i ng,  equi pment  and har dwar e manuf act ur er s shal l  have a mi ni mum of  3 
year s exper i ence i n t he manuf act ur i ng,  assembl y,  and f act or y t est i ng of  
component s whi ch compl y wi t h,  TI A- 568. 1,  TI A- 568. 2 and TI A- 568. 3.   I n 
addi t i on,  cabl i ng manuf act ur er s shal l  have a mi ni mum of  3year s exper i ence 
i n t he manuf act ur i ng and f act or y t est i ng of  cabl i ng whi ch compl y wi t h 
I CEA S- 87- 640,  I CEA S- 98- 688,  and I CEA S- 99- 689.

1. 6. 3   Out si de Pl ant  Test  Pl an

Pr epar e and pr ovi de a compl et e and det ai l ed t est  pl an f or  f i el d t est s of  
t he out si de pl ant  i ncl udi ng a compl et e l i s t  of  t est  equi pment  f or  t he  
opt i cal  f i ber  cabl es,  component s,  and accessor i es f or  appr oval  by t he 
Cont r act i ng Of f i cer .   I ncl ude a cut - over  pl an wi t h pr ocedur es and 
schedul es f or  r el ocat i on of  f aci l i t y  st at i on number s wi t hout  i nt er r upt i ng 
ser vi ce t o any act i ve l ocat i on.   Submi t  t he pl an at  l east 30 days pr i or  t o 
t est s f or  Cont r act i ng Of f i cer  appr oval .   Pr ovi de out si de pl ant  t est i ng and 
per f or mance measur ement  cr i t er i a i n accor dance wi t h TI A- 568. 1 and 
RUS Bul l  1753F- 201.   I ncl ude pr ocedur es f or  cer t i f i cat i on,  val i dat i on,  and 
t est i ng t hat  i ncl udes f i ber  opt i c l i nk per f or mance cr i t er i a.

1. 6. 4   St andar d Pr oduct s

Pr ovi de mat er i al s and equi pment  t hat  ar e st andar d pr oduct s of  
manuf act ur er s r egul ar l y engaged i n t he pr oduct i on of  such pr oduct s whi ch 
ar e of  equal  mat er i al ,  desi gn and wor kmanshi p and shal l  be t he 
manuf act ur er ' s l at est  st andar d desi gn t hat  has been i n sat i sf act or y 
commer ci al  or  i ndust r i al  use f or  at  l east 2 year s pr i or  t o bi d openi ng.   The
 2 - year  per i od shal l  i ncl ude appl i cat i ons of  equi pment  and mat er i al s 
under  s i mi l ar  c i r cumst ances and of  s i mi l ar  s i ze.   The pr oduct  shal l  have 
been on sal e on t he commer ci al  mar ket  t hr ough adver t i sement s,  
manuf act ur er s '  cat al ogs,  or  br ochur es dur i ng t he 2- year  per i od.   Pr oduct s 
suppl i ed shal l  be speci f i cal l y desi gned and manuf act ur ed f or  use wi t h 
out si de pl ant  t el ecommuni cat i ons syst ems.   Wher e t wo or  mor e i t ems of  t he 
same cl ass of  equi pment  ar e r equi r ed,  t hese i t ems shal l  be pr oduct s of  a 
s i ngl e manuf act ur er ;  however ,  t he component  par t s of  t he i t em need not  be 
t he pr oduct s of  t he same manuf act ur er  unl ess st at ed i n t hi s sect i on.

1. 6. 4. 1   Al t er nat i ve Qual i f i cat i ons

Pr oduct s havi ng l ess t han a 2year  f i el d ser vi ce r ecor d wi l l  be accept abl e 
i f  a cer t i f i ed r ecor d of  sat i sf act or y f i el d oper at i on f or  not  l ess t han 
6000 hour s,  excl usi ve of  t he manuf act ur er s '  f act or y or  l abor at or y t est s,  
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i s pr ovi ded.

1. 6. 4. 2   Mat er i al  and Equi pment  Manuf act ur i ng Dat e

Pr oduct s manuf act ur ed mor e t han 3 year s pr i or  t o dat e of  del i ver y t o s i t e 
shal l  not  be used,  unl ess speci f i ed ot her wi se.

1. 6. 5   Regul at or y Requi r ement s

I n each of  t he publ i cat i ons r ef er r ed t o her ei n,  consi der  t he advi sor y 
pr ovi s i ons t o be mandat or y,  as t hough t he wor d,  " shal l "  had been 
subst i t ut ed f or  " shoul d"  wher ever  i t  appear s.   I nt er pr et  r ef er ences i n 
t hese publ i cat i ons t o t he " aut hor i t y havi ng j ur i sdi ct i on, "  or  wor ds of  
s i mi l ar  meani ng,  t o mean t he Cont r act i ng Of f i cer .   Equi pment ,  mat er i al s,  
i nst al l at i on,  and wor kmanshi p shal l  be i n accor dance wi t h t he mandat or y 
and advi sor y pr ovi s i ons of  NFPA 70 unl ess mor e st r i ngent  r equi r ement s ar e 
speci f i ed or  i ndi cat ed.

1. 6. 5. 1   I ndependent  Test i ng Or gani zat i on Cer t i f i cat e

I n l i eu of  t he l abel  or  l i s t i ng,  submi t  a cer t i f i cat e f r om an i ndependent  
t est i ng or gani zat i on,  compet ent  t o per f or m t est i ng,  and appr oved by t he 
Cont r act i ng Of f i cer .   The cer t i f i cat e shal l  st at e t hat  t he i t em has been 
t est ed i n accor dance wi t h t he speci f i ed or gani zat i on' s t est  met hods and 
t hat  t he i t em compl i es wi t h t he speci f i ed or gani zat i on' s r ef er ence 
st andar d.

1. 7   DELI VERY,  STORAGE,  AND HANDLI NG

Shi p cabl e on r eel s.  Radi us of  t he r eel  dr um shal l  not  be smal l er  t han t he 
mi ni mum bend r adi us of  t he cabl e.   Wi nd cabl e on t he r eel  so t hat  
unwi ndi ng can be done wi t hout  k i nki ng t he cabl e.   Two met er s of  cabl e at  
bot h ends of  t he cabl e shal l  be accessi bl e f or  t est i ng.   At t ach per manent  
l abel  on each r eel  showi ng l engt h,  cabl e i dent i f i cat i on number ,  cabl e 
s i ze,  cabl e t ype,  and dat e of  manuf act ur e.   Pr ovi de wat er  r esi st ant  l abel  
and t he i ndel i bl e wr i t i ng on t he l abel s.   Appl y end seal s t o each end of  
t he cabl es t o pr event  moi st ur e f r om ent er i ng t he cabl e.   Reel s wi t h cabl e 
shal l  be sui t abl e f or  out s i de st or age condi t i ons when t emper at ur e r anges 
f r om mi nus 40 degr ees C t o pl us 65 degr ees C,  wi t h r el at i ve humi di t y f r om 
0 t o 100 per cent .   Equi pment ,  ot her  t han cabl e,  del i ver ed and pl aced i n 
st or age shal l  be st or ed wi t h pr ot ect i on f r om weat her ,  humi di t y and 
t emper at ur e var i at i on,  di r t  and dust ,  or  ot her  cont ami nant s i n accor dance 
wi t h manuf act ur er ' s r equi r ement s.

1. 8   MAI NTENANCE

1. 8. 1   Recor d Document at i on

Pr ovi de t he act i v i t y r esponsi bl e f or  t el ecommuni cat i ons syst em mai nt enance 
and admi ni st r at i on a s i ngl e compl et e and accur at e set  of  r ecor d 
document at i on f or  t he ent i r e t el ecommuni cat i ons syst em wi t h r espect  t o 
t hi s pr oj ect .

a.   Cabl es -  A r ecor d of  i nst al l ed cabl e shal l  be pr ovi ded i n accor dance 
wi t h TI A- 606.   The cabl e r ecor ds shal l  i ncl ude onl y t he r equi r ed dat a 
f i el dsi ncl ude t he r equi r ed dat a f i el ds f or  each cabl e and compl et e 
end- t o- end ci r cui t  r epor t  f or  each compl et e c i r cui t  f r om t he assi gned 
out l et  t o t he ent r y f aci l i t y  i n accor dance wi t h TI A- 606.   I ncl ude 
manuf act ur e dat e of  cabl e wi t h submi t t al .

SECTI ON 33 82 00  Page 8



D51 Hangar  Conver si on t o Human Per f or mance Cent er  FTFA 23- VH59
Egl i n AFB,  Fl or i da

b.   Ter mi nat i on Har dwar e -  Pr ovi de a r ecor d of  i nst al l ed pat ch panel s,  
cr oss- connect  poi nt s,  campus di st r i but or  and t er mi nat i ng bl ock 
ar r angement s and t ype i n accor dance wi t h TI A- 606.   Document at i on shal l  
i ncl ude onl y t he r equi r ed dat a f i el ds as a mi ni mum i n accor dance wi t h 
TI A- 606.

Pr ovi de r ecor d document at i on as speci f i ed i n Sect i on 27 10 00 BUI LDI NG 
TELECOMMUNI CATI ONS CABLI NG SYSTEM.

1. 9   WARRANTY

The equi pment  i t ems shal l  be suppor t ed by ser vi ce or gani zat i ons whi ch ar e 
r easonabl y conveni ent  t o t he equi pment  i nst al l at i on i n or der  t o r ender  
sat i sf act or y ser vi ce t o t he equi pment  on a r egul ar  and emer gency basi s 
dur i ng t he war r ant y per i od of  t he cont r act .

PART 2   PRODUCTS

2. 1   MATERI ALS AND EQUI PMENT

Pr oduct s suppl i ed shal l  be speci f i cal l y desi gned and manuf act ur ed f or  use 
wi t h out si de pl ant  t el ecommuni cat i ons syst ems.  See al so speci f i c  96CS 
r equi r ement s i ncl uded i n t he appendi x.

2. 2   TELECOMMUNI CATI ONS ENTRANCE FACI LI TY

2. 2. 1   Fi ber  Opt i c Ter mi nat i ons

Pr ovi de f i ber  opt i c cabl e t er mi nat i ons as speci f i ed i n 27 10 00 BUI LDI NG 
TELECOMMUNI CATI ONS CABLI NG SYSTEM AND I N THE APPENDI X.

2. 3   CONDUI T

Pr ovi de condui t  as speci f i ed i n t hi s and as i ndi cat ed i n Sect i on 33 71 02 
UNDERGROUND ELECTRI CAL DI STRI BUTI ON.

 
2. 4   WI RE AND CABLE

2. 4. 1   Fi ber  Opt i c Cabl e

Pr ovi de si ngl e- mode,  8/ 125- um,  0. 10 aper t ur e 1310 nm f i ber  opt i c cabl e i n 
accor dance wi t h TI A- 492CAAAi ncl udi ng any speci al  r equi r ement s made 
necessar y by a speci al i zed desi gn.   Pr ovi de opt i cal  f i ber  count s as 
i ndi cat ed on t he dr awi ngs.   Fi ber  opt i c cabl e shal l  be speci f i cal l y 
desi gned f or  out si de use wi t h l oose buf f er  const r uct i on.   Pr ovi de f i ber  
opt i c col or  code i n accor dance wi t h TI A/ EI A- 598

2. 4. 1. 1   St r engt h Member s

Pr ovi de cent r al ,  non- met al l i c  st r engt h member s wi t h suf f i c i ent  t ensi l e 
st r engt h f or  i nst al l at i on and r esi dual  r at ed l oads t o meet  t he appl i cabl e 
per f or mance r equi r ement s i n accor dance wi t h I CEA S- 87- 640.   The st r engt h 
member  i s i ncl uded t o ser ve as a cabl e cor e f oundat i on t o r educe st r ai n on 
t he f i ber s,  and shal l  not  ser ve as a pul l i ng st r engt h member .

2. 4. 1. 2   Per f or mance Requi r ement s

Pr ovi de f i ber  opt i c cabl e wi t h opt i cal  and mechani cal  per f or mance 
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r equi r ement s i n accor dance wi t h I CEA S- 87- 640.

2. 4. 2   Gr oundi ng and Bondi ng Conduct or s

Pr ovi de gr oundi ng and bondi ng conduct or s i n accor dance wi t h RUS 1755. 200,  
TI A- 607,  I EEE C2,  and NFPA 70.   Sol i d bar e copper  wi r e meet i ng t he 
r equi r ement s of  ASTM B1 f or  s i zes No.  8 AWG and smal l er  and st r anded bar e 
copper  wi r e meet i ng t he r equi r ement s of  ASTM B8,  f or  s i zes No.  6 AWG and 
l ar ger .   I nsul at ed conduct or s shal l  have 600- vol t ,  Type TW i nsul at i on 
meet i ng t he r equi r ement s of  UL 83.

2. 5   CABLE TAGS I N MAI NTENANCE HOLES

Pr ovi de t ags f or  each t el ecommuni cat i ons cabl e or  wi r e l ocat ed i n 
manhol es,  handhol es,  and vaul t s.   Cabl e t ags shal l  be st ai nl ess st eel  or
pol yet hyl ene and l abel ed  i n accor dance wi t h TI A- 606.   Handwr i t t en 
l abel i ng i s unaccept abl e.

2. 5. 1   St ai nl ess St eel

Pr ovi de st ai nl ess st eel ,  cabl e t ags 1 5/ 8 i nches i n di amet er  1/ 16 i nch 
t hi ck mi ni mum,  and ci r cul ar  i n shape.   Tags shal l  be di e st amped wi t h 
number s,  l et t er s,  and symbol s not  l ess t han 0. 25 i nch hi gh and 
appr oxi mat el y 0. 015 i nch deep i n nor mal  bl ock st y l e.

2. 5. 2   Pol yet hyl ene Cabl e Tags

Pr ovi de t ags of  pol yet hyl ene t hat  have an aver age t ensi l e st r engt h of  3250 
pounds per  squar e i nch;  and t hat  ar e 0. 08 i nch t hi ck ( mi ni mum) ,  
non- cor r osi ve non- conduct i ve;  r esi st i ve t o aci ds,  al kal i s,  or gani c 
sol vent s,  and sal t  wat er ;  and di st or t i on r esi st ant  t o 170 degr ees F.   
Pr ovi de 0. 05 i nch ( mi ni mum)  t hi ck bl ack pol yet hyl ene t ag hol der .   Pr ovi de 
a one- pi ece nyl on,  sel f - l ocki ng t i e at  each end of  t he cabl e t ag.   Ti es 
shal l  have a mi ni mum l oop t ensi l e st r engt h of  175 pounds.   The cabl e t ags 
shal l  have bl ack bl ock l et t er s,  number s,  and symbol s one i nch hi gh on a 
yel l ow backgr ound.   Let t er s,  number s,  and symbol s shal l  not  f al l  of f  or  
change posi t i ons r egar dl ess of  t he cabl e t ags'  or i ent at i on.

2. 6   MANUFACTURER' S NAMEPLATE

Each i t em of  equi pment  shal l  have a namepl at e bear i ng t he manuf act ur er ' s 
name,  addr ess,  model  number ,  and ser i al  number  secur el y af f i xed i n a 
conspi cuous pl ace;  t he namepl at e of  t he di st r i but i ng agent  wi l l  not  be 
accept abl e.

2. 7   FI ELD FABRI CATED NAMEPLATES

Pr ovi de l ami nat ed pl ast i c namepl at es i n accor dance wi t h ASTM D709 f or  each 
pat ch panel ,  pr ot ect or  assembl y,  r ack,  cabi net  and ot her  equi pment  or  as 
i ndi cat ed on t he dr awi ngs.   Each namepl at e i nscr i pt i on shal l  i dent i f y t he 
f unct i on and,  when appl i cabl e,  t he posi t i on.  Namepl at es shal l  be mel ami ne 
pl ast i c,  0. 125 i nch t hi ck,  whi t e wi t h bl ackcent er  cor e.   Sur f ace shal l  be 
mat t e f i ni sh.   Cor ner s shal l  be squar e.   Accur at el y al i gn l et t er i ng and 
engr ave i nt o t he cor e.   Mi ni mum si ze of  namepl at es shal l  be one by 2. 5 
i nches.   Let t er i ng shal l  be a mi ni mum of  0. 25 i nch hi gh nor mal  bl ock st y l e.
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2. 8   TESTS,  I NSPECTI ONS,  AND VERI FI CATI ONS

2. 8. 1   Fact or y Reel  Test  Dat a

Test  100 per cent  OTDR t est  of  FO medi a at  t he f act or y i n accor dance wi t h 
TI A- 568. 1 and TI A- 568. 3.   Use TI A- 526- 7 f or  s i ngl e mode f i ber  and 
TI A- 526- 14 Met hod B f or  mul t i  mode f i ber  measur ement s.   Cal i br at e OTDR t o 
show anomal i es of  0. 2 dB mi ni mum.   Enhanced per f or mance f i l l ed OSP copper  
cabl es,  r ef er r ed t o as Br oadband Out si de Pl ant  ( BBOSP) ,  shal l  meet  t he 
r equi r ement s of  I CEA S- 99- 689.   Enhanced per f or mance ai r  cor e OSP copper  
cabl es shal l  meet  t he r equi r ement s of  I CEA S- 98- 688.   Submi t  t est  r epor t s,  
i ncl udi ng manuf act ur e dat e f or  each cabl e r eel  and r ecei ve appr oval  bef or e 
del i ver y of  cabl e t o t he pr oj ect  s i t e.

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

I nst al l  al l  syst em component s and appur t enances i n accor dance wi t h 
manuf act ur er ' s i nst r uct i ons I EEE C2,  NFPA 70,  and as i ndi cat ed.   Pr ovi de 
al l  necessar y i nt er connect i ons,  ser vi ces,  and adj ust ment s r equi r ed f or  a 
compl et e and oper abl e t el ecommuni cat i ons syst em.  

3. 1. 1   Cabl e Racks and Cabl e Rack Suppor t s

Cabl e r acks shal l  be i nst al l ed i n Mai nt enance Hol es as r equi r ed -  t hi s 
i ncl udes new and exi st i ng Mai nt enance Hol es.   Spl i ces shal l  not  be 
suppor t ed by t he cabl es t hat  ent er  each end of  t he spl i ce case.   The 
spl i ces shal l  be suppor t ed by cabl e hooks under  t he spl i ce case.   
Tel ecommuni cat i ons i ndust r y st andar d cabl e hooks of  t he appr opr i at e l engt h 
shal l  be pr ovi ded t o suppor t  cabl es and spl i ce cases.   The cabl e hooks 
shal l  be secur ed usi ng cabl e r ack l ocki ng cl i ps.   Al l  cabl es shal l  be 
suppor t ed usi ng r acki ng cl i ps,  cabl e r acks,  and cabl e hooks.

3. 1. 2   Label i ng

The Cont r act or  shal l  l abel  al l  equi pment  and cabl es t hey i nst al l ,  and 
cabl es i dent i f i ed f or  r e- use I AW TI A- 606- B- 2012,  ANSI / TI A 606- C- 2017 and 
as di r ect ed by t he base communi cat i ons or gani zat i on.   New duct s shal l  be 
per manent l y l abel ed on t he wal l  of  each bui l di ng/ Mai nt enance Hol e 
i ndi cat i ng t he connect i ng bui l di ng/ Mai nt enance Hol e at  t he ot her  end of  
t he duct  ( f or  exampl e,  " To MH- 200" ) .   Taggi ng and l abel i ng of  new cabl es 
shal l  be I AW t he f ol l owi ng:   
            A48L8. 3F
            FO 1234- 5678,  1- 12 
Li ne One:   A = Ar mor ed Sheat h ( ot her wi se l eave bl ank)  48 = Fi ber  Count .   L 
= Loose Tube Buf f er  or  T = Ti ght  Tube Buf f er .   8. 3 = Si ngl e Mode.   F = 
Fi l l ed cor e ( ot her wi se l eave bl ank) .
Li ne Two:   1234- 5678 = Fr om- To Bui l di ng number s.   1- 12 = Cabl e/ st r and 
Count .

3. 1. 3   Cabl e Tags

Al l  t ags shal l  be per manent l y l abel ed,  easi l y v i s i bl e and cor r osi on 
r esi st ant .   I nst al l  cabl e t ags i n al l  Mai nt enance Hol es,  cabl e vaul t s,  
pul l  boxes and bui l di ng ent r ance t er mi nal  l ocat i ons.   When cabl es pass 
t hr ough a Mai nt enance Hol e a t ag wi l l  be pl aced on t he cabl e appr oxi mat el y 
2 f eet  f r om each duct  ent r ance.   I nf or mat i on on t he cabl e t ag shal l  
i dent i f y cabl e by s i ze,  t ype,  cabl e number  and count .   See Par a 2. 2. 5 
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( above)  f or  nomencl at ur e f or  t aggi ng.

3. 1. 4   Pul l i ng Tape

 Al l  newl y i nst al l ed duct s l ef t  vacant  shal l  be pr ovi ded wi t h a wat er pr oof ,  
cor r osi on r esi st ant ,  pr e- l ubr i cat ed f l at  woven pol yest er  pul l  t ape wi t h 
sequent i al  f oot age mar ki ngs ( 1250 l b.  pul l i ng st r engt h)  f or  f ut ur e cabl e 
i nst al l at i ons.   The pul l  t ape shal l  ext end i nt o t he Mai nt enance Hol es and 
be secur ed t o a cabl e r ack or  pul l i ng i r on,  et c.

3. 1. 5   Cabl e Ter mi nat i ons 
Fi ber  opt i c cabl es shal l  be t er mi nat ed vi a f usi on spl i ce t o spl i ce 
casset t es wi t h LC connect or s.   The pi gt ai l s shal l  be s i zed t he same as t he 
OSP f i ber  t hey ar e spl i ced t o,  i . e. ,  125/ 8. 3 mi cr on t o 125/ 8. 3 mi cr on.   
The pi gt ai l s shal l  be dupl ex ( or  s i mpl ex)  unl ess ot her wi se agr eed t o by 96 
CS/ SCXP.

3. 1. 6   FOC Mai nt enance Loop( s)

The Cont r act or  shal l  i nst al l  a mi ni mum of  a 50- f oot  f i ber  opt i c cabl e 
mai nt enance l oop at  t he f i r st  Mai nt enance Hol e f r om t he bui l di ng,  and at  
ever y 3r d Mai nt enance Hol e i n t he r out e.   At  al l  ot her  mai nt enance hol es,  
do not  i nst al l  cabl e al ong t he shor t est  r out e ( r out e ar ound t he compl et e 
per i met er  of  t he mai nt enance hol e pr i or  t o exi t i ng) .  The mai nt enance l oop 
sl ack shal l  be pr oper l y l abel ed,  secur el y suppor t ed t o t he cabl e l adder  
and of f  t he Mai nt enance Hol e f l oor .

3. 1. 7   New Mai nenance Hol es

Mai nt enance Hol es ( MHs)  i nst al l ed under  t hi s pr oj ect  shal l  have an 
Amer i can Associ at i on of  St at e Hi ghway and Tr anspor t at i on Of f i c i al s 
( AASHTO)  r at i ng of  H- 20 or  equi val ent .   As st at ed i n t hi s PWS,  MHs shal l  
have mi ni mum i nt er i or  di mensi ons of  3 f eet  W x 5 f eet  L x 4 f eet  H ( Wi dt h,  
Lengt h,  and Hei ght ) ,  unl ess i dent i f i ed i n PWS.   MHs shal l  be f ur ni shed 
wi t h a l ockabl e MH cover ,  l adder ,  cabl e r acks har dwar e,  pul l i ng i r ons,  a 
sump,  wat er  r esi st ance gasket s,  bondi ng r i bbon and a gr oundi ng syst em.   MH 
shal l  meet  t he r equi r ement s of  TI A- 758- B,  par agr aph 4. 2. 1.   MH cover s 
shal l  be l abel ed wi t h 1/ 8 i nch r ai sed l et t er s st at i ng " COMMUNI CATI ONS" .   
Mai nt enance Hol es shal l  be pr e- cast  r ei nf or ced concr et e,  spl ayed,  
mul t i - di r ect i onal  t ype wi t h cast - i n mul t i pl e pl ast i c t er mi nat or s t o accept  
t he condui t s.   Thi n concr et e knockout  sect i ons may be pr ovi ded f or  
t er mi nat i ng mul t i pl e- bor e condui t s.   Fur ni sh wi t h cabl e r acks and sump 
wi t h dr ai n.  
Mai nt enance hol es shal l  be equi pped wi t h t or s i on assi st ed r ect angul ar  
di amond pl at e cover s and sel f - l at chi ng st ai nl ess st eel  s l am l ocks.   
Pol ymer  concr et e ( i . e. ,  Quazi t e)  const r uct i on i s NOT aut hor i zed.   
Coor di nat e number i ng/ l abel i ng of  new MH wi t h 96 CS/ SCOW.  

3. 1. 8   Gr oundi ng

Gr oundi ng har dwar e such as cor r osi on r esi st ant  wi r e,  bondi ng r i bbon,  
c l amps,  gr ound r od,  et c.  necessar y t o pr oper l y bond/ gr ound t he cabl e i n 
MHs shal l  be pr ovi ded by t he Cont r act or .   Ref er ence ANSI / TI A 607- C- 2017.

3. 1. 8. 1   Under gr ound Condui t  Syst em

The Cont r act or  shal l  be r esponsi bl e f or  any r equi r ed t r enchi ng and/ or  
bor i ng necessar y t o l ay t he duct  syst em.   The Cont r act or  i s al so 
r esponsi bl e f or  backf i l l i ng di t ch l i nes and compact i on of  f i l l  mat er i al s 

SECTI ON 33 82 00  Page 12



D51 Hangar  Conver si on t o Human Per f or mance Cent er  FTFA 23- VH59
Egl i n AFB,  Fl or i da

wi t h appr opr i at e compact i on t ool s.   Di r ect i onal  dr i l l i ng shal l  be used f or  
maj or  r oad cr ossi ngs.

3. 1. 9   Composi t i on.

3. 1. 10   Typi cal  Si t uat i ons

The duct s shal l  be 4- i nch i nsi de di amet er  ( I . D. )  r ound or  met r i c 
equi val ent .   The duct s shal l  be made of  EPC- 40 Pol yvi nyl  Chl or i de ( PVC)  
( Schedul e 40)  I AW NEMA TC- 2.   The duct s shal l  be appr opr i at el y l abel ed 
i ndi cat i ng t he composi t i on mat er i al .   Duct s shal l  have a s l eeve or  
bel l - end t ype coupl i ng and shal l  be wat er t i ght  when assembl ed.   I n 
addi t i on,  t he Cont r act or  shal l  adher e t o any addi t i onal  Host  Base/ si t e 
speci f i c  r equi r ement s.

3. 1. 11   Uni que/ Si t e Speci f i c  Si t uat i ons

The duct s shal l  be 4- i nch i nsi de di amet er  ( I . D. )  r ound or  met r i c 
equi val ent .   The duct s shal l  be made of  EPC- 80- PVC ( Schedul e 80)  I AW NEMA 
TC- 2;  hi gh densi t y pol yet hyl ene ( HDPE)  SI DR 13. 5,  Gal vani zed I r on Pi pe 
( GI P)  or  " Thi ck wal l "  st ai nl ess st eel .   Hi gh densi t y pol yet hyl ene ( HDPE)  
SI DR 11. 5 shal l  be used when di r ect i onal  bor i ng i s used.   The duct s shal l  
be appr opr i at el y l abel ed i ndi cat i ng t he composi t i on mat er i al .   Duct s shal l  
have a s l eeve or  bel l - end t ype coupl i ng and shal l  be wat er t i ght  when 
assembl ed.   I n addi t i on,  t he Cont r act or  shal l  adher e t o any addi t i onal  
Host  Base/ si t e speci f i c  r equi r ement .

3. 1. 12   I nst al l at i on

I nst al l at i on of  under gr ound condui t s/ duct s shal l  be I AW RUS Bul l et i n 
1751F- 643 and RUS Bul l et i n 1753F- 151.   Duct s i nst al l ed beneat h r oads,  
s i dewal ks,  par ki ng ar eas,  ot her  paved sur f aces or  ar eas t o be paved,  et c.  
shal l  be i nst al l ed a mi ni mum of  36"  bel ow gr ade.   I n a MH wi t h knockout s,  
duct s shal l  st ar t  at  t he bot t om knockout ,  al l owi ng f or  upwar d ar eas t o 
expansi on i n t he MH.   Al l  duct s not  i nst al l ed under  r oads,  s i dewal ks,  
par ki ng ar eas,  et c. ,  shal l  have a mi ni mum of  36 i nches gr ound cover ,  wher e 
possi bl e.   The Cont r act or  shal l  pr ovi de ot her  pr ot ect i ve measur es,  
concr et e cap,  et c. ,  i n t hose ar eas wher e t he mi ni mum gr ound cover  cannot  
be achi eved.   Gr adi ng of  duct s shal l  be accompl i shed I AW RUS Bul l et i n 
1751F- 643.   Al l  condui t s shal l  be cont i nuous bet ween MH ( i . e. ,  no br eaks 
or  separ at i ons i n t he condui t  r uns bet ween MH) .

3. 1. 13   Bends and Seal i ng

Al l  bends bet ween MHs shal l  be a mi ni mum of  t en t i mes ( 10X)  t he di amet er  
of  t he duct  s i ze ( i . e. ,  4- i nch duct  = 40 i nches)  wi t h t he sum of  bends i n 
al l  di r ect i ons not  exceedi ng a t ot al  of  90 degr ees,  wher e pr act i cal .   
Coor di nat e wi t h 96 CS/ SCXP i f  r uns have bends t hat  t ot al  mor e t han 90 
degr ees i s r equi r ed.   Duct s shal l  have bel l - ends and ent er  a MH 
per pendi cul ar  t o t he sur f ace of  t he wal l  t hr ough whi ch i t  i s  ent er i ng.   
Al l  duct s/ i nner  duct s ent er i ng MH shal l  be seal ed.   Uni ver sal  duct  pl ugs 
or  r emovabl e put t y seal ant s may be used.   Upon compl et i on of  condui t  
sect i ons,  a r i gi d 12"  l ong t est  mandr el  ¼"  ( 6. 4mm)  smal l er  t han t he i nsi de 
di amet er  of  t he condui t  shal l  be pul l ed t hr ough t wo di agonal l y opposi t e 
duct s t o ensur e pr oper  al i gnment .   I n addi t i on,  al l  duct s shal l  be c l ear ed 
of  l oose mat er i al s such as concr et e,  mud,  di r t ,  st ones,  et c.
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3. 1. 14   Ut i l i t y  Separ at i on

When communi cat i ons duct s cr oss ei t her  power  duct  or  bur i ed power  cabl e,  
mai nt ai n a mi ni mum separ at i on of  3 i nches of  concr et e or  12 i nches of  
wel l - t amped ear t h bet ween t he t wo or  12 i nches of  wel l  t amped ear t h when 
par al l el ;  f or  pi pes ( e. g. ,  gas,  wat er ,  oi l )  mai nt ai n 6 i nches when 
cr ossi ng or  12 i nches when par al l el .

3. 1. 15   Spacer s and Tr acer  Wi r e

Al ong t he l engt h of  t he duct  r un,  i f  t he duct s ar e i nst al l ed by t r enchi ng,  
spacer s shal l  be pl aced at  f i ve ( 5)  f oot  i nt er val s and cabl e war ni ng t ape 
shal l  be bur i ed one ( 1)  f oot  bel ow t he sur f ace and shal l  f ol l ow t he duct  
r out e.   The t ape shal l  be a mi ni mum of  t hr ee i nches wi de and or ange i n 
col or  wi t h t he appr opr i at e war ni ng message.   Tr ace- Saf e,  wat er  bl ocki ng 
t r acer  wi r e shal l  be i nst al l ed as a means of  pr ovi di ng t r aceabi l i t y  f or  
each new duct  bank.   I nst al l  t he ' Tr ace- Saf e'  24"  bel ow f i ni shed gr ade 
di r ect l y over  t he duct  banks and 12"  bel ow t he ' mar ki ng/ war ni ng t ape' .   
Al l  new Tr ace- Saf e syst ems i nst al l ed f or  t hi s pr oj ect  shal l  use a 
Tr ace- Saf e appr oved spl i ce,  t er mi nat i on end,  et c.  connect or s wher e needed 
and an appr oved l abel  i nst al l ed at  al l  wi r e ends,  and t hose wi r e ends 
secur ed t o t he mai nt enance hol e wal l s wi t hi n 6 i nches of  t he t op of  t he 
mai nt enance hol e,  accessi bl e wi t hout  havi ng t o ent er  t he mai nt enance hol e 
and not  connect ed t o gr ounds.   The t r acer  wi l l  be secur ed t o t he 
mai nt enance whol e wal l ,  and t agged wi t h a l abel  i ndi cat i ng i t  as " Duct  
Tr acer  Wi r e t o xxx -  Do Not  Remove ( wher e xxx i s t he ot her  end of  t he 
wi r e) . "  Tr acer  wi r e ent er i ng any f aci l i t y  shal l  be gr ounded I AW appl i cabl e 
st andar ds.  ( Fol l ow t he 96 CS Cyber  I nf r ast r uct ur e St andar ds and 
I nst al l at i on Speci f i cat i ons)    

3. 1. 16   Ent r ance Condui t s i nt o Exi st i ng Mai nt enance Hol es

When new ent r ance condui t s/ duct s or  s l eeves ar e r equi r ed,  t he Cont r act or  
shal l  bor e and i nst al l  t he necessar y hol es and i nst al l  t he duct s or  
s l eeves,  i f  a knockout  does not  exi st .   Penet r at i on shal l  not  be i n such a 
l ocat i on t hr ough t he wal l  as t o bl ock use of  exi st i ng duct s i n t he 
Mai nt enance Hol e.   New duct s wi l l  be a mi ni mum of  18 i nches f r om ei t her  
t he Mai nt enance Hol e f l oor  or  cei l i ng,  i f  pr act i cal .   The mi ni mum bendi ng 
r adi us f or  ent r y condui t / duct s shal l  be no l ess t han 10 t i mes t he i nsi de 
di amet er  of  t he condui t .   Duct s and openi ngs ar ound duct s shal l  be seal ed 
t o pr event  moi st ur e f r om ent er i ng t he Mai nt enance Hol es.

3. 1. 17   Excavat i on/ Bui l di ng Penet r at i ons

Al l  wal l  penet r at i ons,  i ncl udi ng i nsi de bui l di ngs,  shal l  be r est or ed t o 
meet  t he r equi r ed base f i r e r at i ngs.  

3. 1. 18   Out si de Pl ant  I nst al l at i on

The Cont r act or  i nst al l  Out si de Pl ant  Tel ecommuni cat i ons I nf r ast r uct ur e i n 
accor dance wi t h ANSI / TI A- 758- B and 96 CS Cyber  I nf r ast r uct ur e St andar ds 
and I nst al l at i on Speci f i cat i ons.   Each cabl e i nst al l at i on shal l  be 
coor di nat ed wi t h 96 CS/ SCXP so t hat  t he i mpact  on t he bui l di ng user s i s 
pr oper l y coor di nat ed.   The sequence of  i nst al l at i on i s at  t he Cont r act or ' s 
di scr et i on.

3. 1. 19   Cabl e Pul l i ng

Test  duct  l i nes wi t h a mandr el  and swab out  t o r emove f or ei gn mat er i al  
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bef or e t he pul l i ng of  cabl es.   Avoi d damage t o cabl es i n set t i ng up 
pul l i ng appar at us or  i n pl aci ng t ool s or  har dwar e.   Do not  st ep on cabl es 
when ent er i ng or  l eavi ng t he manhol e.   Do not  pl ace cabl es i n duct s ot her  
t han t hose shown wi t hout  pr i or  wr i t t en appr oval  of  t he Cont r act i ng 
Of f i cer .   Rol l  cabl e r eel s i n t he di r ect i on i ndi cat ed by t he ar r ows 
pai nt ed on t he r eel  f l anges.   Set  up cabl e r eel s on t he same si de of  t he 
manhol e as t he condui t  sect i on i n whi ch t he cabl e i s t o be pl aced.   Level  
t he r eel  and br i ng i nt o pr oper  al i gnment  wi t h t he condui t  sect i on so t hat  
t he cabl e pays of f  f r om t he t op of  t he r eel  i n a l ong smoot h bend i nt o t he 
duct  wi t hout  t wi st i ng.   Under  no ci r cumst ances shal l  t he cabl e be pai d of f  
f r om t he bot t om of  a r eel .   Check t he equi pment  set  up pr i or  t o begi nni ng 
t he cabl e pul l i ng t o avoi d an i nt er r upt i on once pul l i ng has st ar t ed.   Use 
a cabl e f eeder  gui de of  sui t abl e di mensi ons bet ween cabl e r eel  and f ace of  
duct  t o pr ot ect  cabl e and gui de cabl e i nt o t he duct  as i t  i s  pai d of f  t he 
r eel .   As cabl e i s pai d of f  t he r eel ,  l ubr i cat e and i nspect  cabl e f or  
sheat h def ect s.   When def ect s ar e not i ced,  st op pul l i ng oper at i ons and 
not i f y t he Cont r act i ng Of f i cer  t o det er mi ne r equi r ed cor r ect i ve act i on.   
Cabl e pul l i ng shal l  al so be st opped when r eel  bi nds or  does not  pay of f  
f r eel y.   Rect i f y cause of  bi ndi ng bef or e r esumi ng pul l i ng oper at i ons.   
Pr ovi de cabl e l ubr i cant s r ecommended by t he cabl e manuf act ur er .   Avoi d 
bends i n cabl es of  smal l  r adi i  and t wi st s t hat  mi ght  cause damage.   Do not  
bend cabl e and wi r e i n a r adi us l ess t han 10 t i mes t he out si de di amet er  of  
t he cabl e or  wi r e.

3. 1. 19. 1   Cabl e Tensi ons

Obt ai n f r om t he cabl e manuf act ur er  and pr ovi de t o t he Cont r act i ng Of f i cer ,  
t he maxi mum al l owabl e pul l i ng t ensi on.   Thi s t ensi on shal l  not  be exceeded.

3. 2   FI ELD QUALI TY CONTROL

Pr ovi de t he Cont r act i ng Of f i cer  10 wor ki ng days not i ce pr i or  t o each 
t est .   Pr ovi de l abor ,  equi pment ,  and i nci dent al s r equi r ed f or  t est i ng.   
Cor r ect  def ect i ve mat er i al  and wor kmanshi p di scl osed as t he r esul t s of  t he 
t est s.   Fur ni sh a s i gned copy of  t he t est  r esul t s t o t he Cont r act i ng 
Of f i cer  wi t hi n 3 wor ki ng days af t er  t he t est s f or  each segment  of  
const r uct i on ar e compl et ed.   Per f or m t est i ng as const r uct i on pr ogr esses 
and do not  wai t  unt i l  al l  const r uct i on i s compl et e bef or e st ar t i ng f i el d 
t est s.

3. 2. 1   Pr e- I nst al l at i on Test s

Per f or m t he f ol l owi ng t est s on cabl e at  t he j ob s i t e bef or e i t  i s  r emoved 
f r om t he cabl e r eel .   For  cabl es wi t h f act or y i nst al l ed pul l i ng eyes,  
t hese t est s shal l  be per f or med at  t he f act or y and cer t i f i ed t est  r esul t s 
shal l  accompany t he cabl e.

3. 2. 1. 1   Pr e- I nst al l at i on Test  Resul t s

Pr ovi de r esul t s of  pr e- i nst al l at i on t est s t o t he Cont r act i ng Of f i cer  at  
l east  5 wor ki ng days bef or e i nst al l at i on i s t o st ar t .   Resul t s shal l  
i ndi cat e r eel  number  of  t he cabl e,  manuf act ur er ,  s i ze of  cabl e,  pai r s 
t est ed,  and r ecor ded r eadi ngs.   When pr e- i nst al l at i on t est s i ndi cat e t hat  
cabl e does not  meet  speci f i cat i ons,  r emove cabl e f r om t he j ob s i t e.

3. 2. 2   Accept ance Test s

Per f or m accept ance t est i ng i n accor dance wi t h RUS Bul l  1753F- 201 and as 
f ur t her  speci f i ed i n t hi s sect i on.   Pr ovi de per sonnel ,  equi pment ,  
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i nst r ument at i on,  and suppl i es necessar y t o per f or m r equi r ed t est i ng.   
Not i f i cat i on of  any pl anned t est i ng shal l  be gi ven t o t he Cont r act i ng 
Of f i cer  at  l east  14 days pr i or  t o any t est  unl ess speci f i ed ot her wi se.   
Test i ng shal l  not  pr oceed unt i l  af t er  t he Cont r act or  has r ecei ved wr i t t en 
Cont r act i ng Of f i cer ' s appr oval  of  t he t est  pl ans as speci f i ed.   Test  pl ans 
shal l  def i ne t he t est s r equi r ed t o ensur e t hat  t he syst em meet s t echni cal ,  
oper at i onal ,  and per f or mance speci f i cat i ons.   The t est  pl ans shal l  def i ne 
mi l est ones f or  t he t est s,  equi pment ,  per sonnel ,  f aci l i t i es,  and suppl i es 
r equi r ed.   The t est  pl ans shal l  i dent i f y t he capabi l i t i es and f unct i ons t o 
be t est ed.   Pr ovi de t est  r epor t s i n bookl et  f or m showi ng al l  f i el d t est s 
per f or med,  upon compl et i on and t est i ng of  t he i nst al l ed syst em.   
Measur ement s shal l  be t abul at ed on a pai r  by pai r  or  st r and by st r and 
basi s.

3. 2. 2. 1   Fi ber  Opt i c Cabl e

Test  f i ber  opt i c cabl e i n accor dance wi t h TI A/ EI A- 455 and as f ur t her  
speci f i ed i n t hi s sect i on.   Two opt i cal  t est s shal l  be per f or med on al l  
opt i cal  f i ber s:  Opt i cal  Ti me Domai n Ref l ect omet r y ( OTDR)  Test ,  and 
At t enuat i on Test .   I n addi t i on,  a Bandwi dt h Test  shal l  be per f or med on al l  
mul t i mode opt i cal  f i ber s.   These t est s shal l  be per f or med on t he compl et ed 
end- t o- end spans whi ch i ncl ude t he near - end pr e- connect or i zed si ngl e f i ber  
cabl e assembl y,  out s i de pl ant  as speci f i ed,  and t he f ar - end 
pr e- connect or i zed si ngl e f i ber  cabl e assembl y.

a.   OTDR Test :   The OTDR t est  shal l  be used t o det er mi ne t he adequacy of  
t he cabl e i nst al l at i ons by showi ng any i r r egul ar i t i es,  such as 
di scont i nui t i es,  mi cr o- bendi ngs or  i mpr oper  spl i ces f or  t he cabl e span 
under  t est .   Har d copy f i ber  s i gnat ur e r ecor ds shal l  be obt ai ned f r om 
t he OTDR f or  each f i ber  i n each span and shal l  be i ncl uded i n t he t est  
r esul t s.   For  s i nge- mode opt i cal  f i ber ,  per f or m 100% ( Al l  
St r ands) opt i cal  f i ber  end- t o- end at t enuat i on t est s i n accor dance wi t h 
OFSTP- 14,  OFSTP- 7,  TI A- 568- C. 3 and TI A 526- 7 usi ng t i er  one,  Opt i cal  
Power  Met er  and Li ght  Sour ce or  t i er  t wo,  and OTDR f or  s i ngl e- mode 
opt i cal  f i ber  i n a bi - di r ect i onal .   Per f or m ver i f i cat i on accept ance 
t est s.   Opt i cal  f i ber s f ound wi t h damage or  def ect i ve st r ands shal l  be 
r epl aced ( f r om end t o end) and wi l l  not  be accept ed by 96 CS/ QAR.   
Revi ew 96 CS Cyber  I nf r ast r uct ur e St andar ds and I nst al l at i on 
Speci f i cat i ons f or  t est i ng r equi r ement s ( CDRL A005) .

b.   At t enuat i on Test :  End- t o- end at t enuat i on measur ement s shal l  be made on 
al l  f i ber s,  i n bot h di r ect i ons,  usi ng a 1300 nanomet er  l i ght  sour ce at  
one end and t he opt i cal  power  met er  on t he ot her  end t o ver i f y t hat  
t he cabl e syst em at t enuat i on r equi r ement s ar e met  i n accor dance wi t h 
f i ber  opt i c cabl es.   The measur ement  met hod shal l  be i n accor dance 
wi t h TI A- 455- 78- B.   At t enuat i on l osses shal l  not  exceed 0. 5 db/ km at  
1310 nm and 1550 nm f or  s i ngl e- mode f i ber .   At t enuat i on l osses shal l  
not  exceed 5. 0 db/ km at  850 nm and 1. 5 db/ km at  1300 nm f or  mul t i mode 
f i ber .

        - -  End of  Sect i on - -
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Chapter 6 – Structural Interior Design Requirements (SID) 

 Chapter 6 – Structural Interior Design Requirements (SID)  
  

 

 
A. Design Criteria   

 

The following is a list of DoD and Eglin AFB specific criteria that shall be utilized for the design of this facility. 
Refer to other chapters for additional criteria specific to each design element.  
 
1. Engineering Design Manual Eglin AFB, Florida, February 2019 with referenced: 

a. Eglin AFB Architectural Compatibility Plan – 2023    
b. 96th Communications Squadron Cyber Infrastructure Design Guide November 2022 
c. CHELCO Design and Construction Standards, December 1, 2008 
d. American States Utility Services, Inc. (ASUS) Standard Details Water and Sewer 

2. UFC 1-200-01 General Building Design, September 1, 2022 
3. UFC 3-600-01 Fire Protection Engineering for Facilities, 8 August 2016, Change 6, 6 May 2021 
4. UFC 4-010-01 DoD Minimum Antiterrorism Standards for Buildings, 12 Dec. 2018, Change 2, 30 July 

2022 
5. UFC 4-021-01 Mass Notification System, 9 April 2008, Change 1, 1 Jan. 2010  
6. International Building Code 2022 
7. NFPA 101 2021 
8. ABA Accessibility guidelines, 2015 
9. FLHPSB - Federal Leadership in High Performance and Sustainable Buildings MOU (HPSB) (Issued 

2006) 
 

B. Design Statement 

 

The design approach for this project is to convert the existing facade hangar into a Human Performance 
Center to support the physical requirements of the NSEOD HHP STRIKE Program. The design goal is to 
develop a physical fitness center that is comparable to those found in college athletic programs.  
 

C. Structural Interior Design Statement 

 

The finish materials used throughout are proposed based on specific performance requirements for each of the 
functional areas. Materials must respond to intense use and enhance the experience and safety of the users. 
The color palette is selected to provide a professional and polished athletic facility that will encourage and 
support the users in their goal to complete the training programs. Contributing to the acoustics within the 
building will be the use of acoustical panels in decorative formations to provide visual interest while improving 
the acoustics within the main area of the facility.  

  

D. Individual Room Finish Requirements 

 

This section provides specific functional finish requirements by room. Materials are listed to provide a basis 
of design for cost estimating purposes.  
 
1. Entrance – This area serves as the primary entrance into the building. The flooring is a continuation of 

the seamless rubber strength and conditioning flooring that is designed to handle heavy weights and 
equipment. On the entry flooring will be an inkjet printed logo identifying the group. Outside the entry 
door is a recessed grid type walk-off mat designed to minimize the dirt, sand and grit brought into the 
facility from the exterior.   
 

2. Main Fitness Area – The gym will receive both seamless rubber strength and conditioning flooring at 
the perimeter and under the rows of equipment and the center will be a turf area. The turf will be resilient 
and designed to perform with sleds and other equipment. The thickness of both the rubber flooring and 
the turf product will be coordinated to provide the technical requirements and to eliminate variances in 
floor height. In collaboration with the users at the review meeting, we reviewed flooring options for this 
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area as the technical requirements are the key to the selection. The rubber flooring will also be used as 
the wall base to provide impact resistance and durability. The primary colors in this area will be greys 
and black with a green accent color banding at the turf area. The design intent is to have the equipment 
racks provided in the selected accent color as well. The perimeter walls will have large textured acoustic 
panels and panels with digital graphics applied to the surface face.  
 

3. Unisex Restroom – The unisex restroom will have solid body porcelain floor tile, 12” x 24” minimum tile 
size. Walls will have porcelain wall tiles in all areas except the north wall. The mix of neutral tone will be 
installed in vertical stripes. The ceiling will be painted gypsum board. The porcelain tiles are gray tones 
with accent color used on the toilet wall of each individual space. The sink/water cooler area will be 
accented with a mosaic horizontal tile pattern using polished and matte finishes. 
 

4. Shower – the shower accessed from the outside will have solid surface wall panels for ease of cleaning 
and long-term durability. The flooring will be a ½” mosaic tile in a mix of gray, black, white, and ivory. 
The mosaic floor tile will be used with a linear drain. This product will provide a slip resistant floor and 
cover the surface wall to wall.  
   

5. Janitor – The porcelain tile flooring of the restroom continues into the janitor’s space. FRP panels will be 
on all walls for protection and durability. 

   
6. Corridors – The porcelain floor tiles will continue through the corridors and into the laundry rooms and 

break room. This will provide easily maintained flooring and reduce changes of height at floor material 
changes. All walls will be painted, and ceilings will be high NRC value acoustical ceiling tile. The 
acoustical tile will also have a high recycled content to contribute to sustainability points.  
  

7. Training Rooms and Office – Located adjacent to the main fitness area, these spaces will have high 
performance sheet vinyl bonded to vulcanized composition rubber base. This material will provide the 
performance demanded with 12.1% force reduction and 64.5% energy restitution in a working 
environment. The surface is easy to maintain and used with thermoplastic rubber cove base. Walls will 
be painted with an eggshell finish. The ceiling shall be 2’ x 2’ Acoustical Tiles with high recycled content 
and high NRC value. The flooring will be in a light wood appearance as a visual contrast to the darker 
gym flooring.  
 

8. Breakroom – Located adjacent to the back corridor, the flooring will be the large-scale porcelain tiles 
used in the front corridor and laundry.  Cabinets will be a stainless visual plastic laminate with the light 
color quartz countertop.  Wall paint continues the neutral beige. 
 

9. Laundry/Corridor – Selected for performance flooring is large scale porcelain tile with medium dark 
grout. The tile has a slip resistant finish for use in potentially wet areas.  Counter tops are quartz with 
neutral wall paint.  
   

10. Mechanical/Electrical – These spaces will have sealed concrete floors, painted walls, and open 
exposed ceilings. A Thermoplastic rubber cove base will be used on walls finished with gypsum board. 
 

11. COMM – COMM spaces will have a static dissipative solid vinyl tile (SDVT) to respond to the 
requirements of the COMM Squadron. Walls will have paint with an eggshell finish. 
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 Chapter 7 – Furniture, Fixtures & Equipment (FF&E) 
  

 

 
A. Design Criteria   

The following is a list of DoD and Eglin AFB specific criteria that shall be utilized for the design of this facility. 
Refer to other chapters for additional criteria specific to each design element.  
 
1. Engineering Design Manual Eglin AFB, Florida, February 2019 with referenced: 

a. Eglin AFB Architectural Compatibility Plan – 2023    
b. 96th Communications Squadron Cyber Infrastructure Design Guide November 2022 
c. CHELCO Design and Construction Standards, December 1, 2008 
d. American States Utility Services, Inc. (ASUS) Standard Details Water and Sewer 

2. UFC 1-200-01 General Building Design, September 1, 2022 
3. UFC 3-600-01 Fire Protection Engineering for Facilities, 8 August 2016, Change 6, 6 May 2021 
4. UFC 4-010-01 DoD Minimum Antiterrorism Standards for Buildings, 12 Dec. 2018, Change 2, 30 July 

2022 
5. UFC 4-021-01 Mass Notification System, 9 April 2008, Change 1, 1 Jan. 2010  
6. International Building Code 2022 
7. NFPA 101 2021 
8. ABA Accessibility guidelines, 2015 
9. FLHPSB - Federal Leadership in High Performance and Sustainable Buildings MOU (HPSB) (Issued 

2006) 

 

B. Furniture Fixtures & Equipment Design Statement 

There is no FF&E component for this project.  For coordination purposes, we have provided a furniture plan 
for each area that indicates the types, sizes and quantities of FF&E that can be accommodated in the facility.   
All FF&E will be government furnished/government installed. 

 

C. Individual Room FF&E Requirements 

This section provides a listing of the specific items shown for each space.  
 

Main Exercise Area –We are showing rows of bench sets at the perimeter of the turf area.  Currently we are 
showing 16 stations.  In addition are five exercise bikes, five rowing machines, four sleds, five ski simulators, 
3 hyperextension,  medicine ball racks, and dumbbell racks.   Power is located in the northeast corner for a 
future anti-gravity treadmill. Flat panels displays are located around the perimeter of the main space. The 
mezzanine has five treadmills and five rowing machines with flat panel displays and two shelving units.    
 
Training Rooms – The FF&E shall be flexible, easily rearranged.  In each of the two training rooms we are 
showing two treatment tables, two stools on casters, one desk with task chair, one hydrocollator, one 
electrotherapy system, two waste receptacles, shared desk and task chair and built in counters and storage 
with room for ice maker.  
 
Office – The office has space for four L-shape desks, four task chairs, one guest chair and waste 
receptacles. 
 
Storage – The furniture plan shows 6 feet of 12-inch-deep shelving, 24 feet of 18-inch-deep shelving, and 
27’ of 24” deep shelving.  All shelving would be 84” high with multiple shelves.  
 
Equipment – The laundry rooms can accommodate two washers and two dryers, commercial grade 
stacking.  The ice machine is located adjacent to the side door. The break room has space for one 1000-watt 
microwave, one coffee machine and one 18 cu.ft. refrigerator.   
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1. REFER TO REFLECTED CEILING PLAN SHEET A-111 FOR 
CEILING HEIGHTS.

2. REFER TO SHEETS I-101 AND I-601 FOR EXTENT OF FLOOR 
FINISHES.

3. REFER TO SHEETS I-105 AND I-602 FOR SIGNAGE AND 
CORNER GUARD PLAN, SCHEDULE, AND DETAILS.

4. ALL INTERIOR HOLLOW METAL DOORS AND FRAMES SHALL 
BE PAINTED PT2 EXCEPT NORTH WALL ROOM 103.

5. ALL ELECTRICAL SWITCHES, RECEPTACLES, VOICE AND 
DATA PLATES SHALL BE STAINLESS STEEL.

6. ALL PLUMBING FIXTURES SHALL BE WHITE.
7. INSTALL FLOOR TRANSITION TRIM AT JUNCTURE OF 

DISSIMILAR MATERIALS;  I.E. PORCELAIN PAVER AND 
RESILIENT FLOORING.

8. ALL EXPOSED STRUCTURE SHALL BE PAINTED PT3. IN 
EXISTING GYM AREA 100B, PAINT STRUCTURAL STEEL ONLY. 
IN NEW GYM AREA 100A, PAINT STRUCTURAL STEEL AND 
SPRAYED ON INSULATION.

9. CORNER GUARDS SHALL EXTEND FROM TOP OF WALL BASE 
TO CEILING. PROVIDE CORNER GUARDS AT ALL OUTSIDE 
CORNERS IN CORRIDORS.

10. AP (ACOUSTICAL PANELS) SHALL BE MOUNTED AT 
LOCATIONS SHOWN ON INTERIOR ELEVATION SHEETS, I-201, 
I-202, AND I-203.

11. PROVIDE FRP PANELS TO HEIGHT OF 48" ON ALL WALLS IN 
JANITOR ROOMS. INCLUDE ALL CORNER AND TRIM PIECES. 

12. ALL CEILING MOUNTED DEVICES SHALL BE CENTERED ON 
THE ACOUSTICAL CEILING TILE.

13. PROVIDE VERTICAL (SQUARE PROFILE) METAL EDGE TRIM 
ON ALL OUTSIDE CORNERS OF WALL TILE. SEE DETAIL 
SHEET I-501.

14. PROVIDE PREFABRICATED COVE TILE TRIM TO RECEIVE 
FLOOR AND WALL TILE EDGES. SEE DETAIL SHEET I-501.

15. FOR CMU WALLS, PROVIDE 2 COATS BLOCK FILLER AND 2 
COATS SEMI-GLOSS PAINT.

16. FLOOR DRAINS SHALL BE LINEAR IN SHOWER AND SQUARE 
IN ALL OTHER AREAS.

17. FINISH SCHEDULE IS BASED ON PLAN NORTH.
18. PATCH AND REPAIR ADJACENT WALLS DUE TO DEMOLITION.
19. SEE WALL TYPE LEGEND ON SHEET A-002 FOR WALL 

SUBSTRATE.
20. INTERIOR AND EXTERIOR FINISH MATERIALS AND COLORS 

SHALL BE AS REFERENCED IN THE SPECIFICATION SECTION 
09 06 00 SCHEDULE FOR FINISHES WHICH PROVIDES DETAILS 
INFORMATION OF THE FINISH CODES SHOWN ON THE FINISH 
LEGEND. 

21. REFERENCE FINISH SPECIFICATION SECTIONS FOR THE 
BASIS OF DESIGN EQUIVALENT MANUFACTURER TECHNICAL 
REQUIREMENTS.

22. INTERIOR CAULKING TO MATCH ADJACENT WALL FINISH 
COLOR. 

23. CLEAN AND PREP ALL EXISTING SURFACES FOR NEW FINISH.
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FURNITURE LEGEND
MARK DESCRIPTION

A ACCESSORIES
C SEATING
D DESKING
E EQUIPMENT
F FILES
G GOV'T FURNISHED / GOV'T INSTALLED (GFGI)
REF REFRIGERATOR
S STORAGE
T TABLE

FURNITURE NOTES
1. FURNITURE PLAN IS FOR COORDINATION ONLY. 
2. ALL FURNITURE AND EQUIPMENT TAGGED AND LISTED IN THE 

SCHEDULE  IS GFGI. 
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FURNITURE SCHEDULE - GFGI
TYPE MARK DESCRIPTION

A1 GLASS MAGNETIC MARKERBOARD - 60" x 42"

A2 GLASS MAGNETIC MARKERBOARD - 48" x 36"

A3 BULLET TOP HANDSFREE WASTEBASKET

A4 WASTEBASKET - 28 QT

A5 WASTEBASKET - 41 QT

A6 GLASS MAGNETIC MARKERBOARD - 36" x 36"

C BULLET TOP HANDSFREE WASTEBASKET

C1 TASK CHAIR

C2 STOOL ON CASTERS

C3 GUEST CHAIR

D1 L-SHAPED DESK WITH HEIGHT ADJUSTABLE TABLE

D2 FLIP TOP TABLE ESK - 30" X 72"

E1 REFRIGERATOR WITH BOTTOM FREEZER

E2 COFFEE MAKER

E3 COMMERCIAL WASHER - STACKING FRONT LOAD

E4 COMMERCIAL DRYER - STACKING

E5 FLAT PANEL DISPLAY - 65"

E6 BENCH SET

E8 ASSAULT AIR BIKE

E9 ROWING MACHINE

E10 MEDICINE BALL RACK

E11 TREADMILL

E12 DRIVE SLED

E13 HYDROCOLLATOR

E14 ELECTROTHERAPY SYSTEM

E15 TREATMENT TABLE

E16 MICROWAVE

E17 ICE MACHINE - FREESTANDING

E18 STATIONARY PEDAL BIKE

E19 SKI SIMULATOR

E20 REVERSE HYPER

E21 DUMBBELL RACK

E22 UNDERCOUNTER ICEMAKER

S1 OPEN CUBBIES - 3HIGH

S2 UTILITY SHELVING - 48"W X 12"D x 85.25"H

S3 STORAGE SHELVING - 60" X 24" X 86"

S4 STORAGE SHELVING - 72" X 12" X 86"

S5 STORAGE SHELVING - 72" X 18" X 86"

S6 STORAGE SHELVING - 72" X 24" X 86"

NORTHNORTH
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MEZZANINE

1. SIGNAGE SHALL BE FABRICATED AND INSTALLED IN 
ACCORDANCE WITH ADA / ABA GUIDELINES.

2. REFER TO THE INTERIOR FINISH LEGEND ON SHEET I-601 FOR 
SIGNAGE FINISHES.

3. REFER TO SHEET I-602 FOR SIGNAGE SCHEDULE AND 
DETAILS.

4. REFERENCE FINISH SPECIFICATION SECTIONS FOR THE BASIS 
OF DESIGN EQUIVALENT MANUFACTURERS TECHNICAL 
REQUIREMENTS. 

5. CONFIRM / COORDINATE COPY TEXT WITH USER BEFORE 
PURCHASING SIGNAGE.

GENERAL NOTES

SIGNAGE TAG DESIGNATION

ROOM NAME / 
NUMBER DESIGNATION101

ROOM NAME

GRAPHIC LEGEND
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PORCELAIN WALL TILE - PA-3, 4, 5, 6

METAL COVE TRIM SIMILAR TO 
STYLE DILEX AHK; SATIN NICKEL 
ANODIZED FINISH (WITH MATCHING 
CAPS/CONNECTORS AS REQUIRED)

PORCELAIN FLOOR TILE - PA-1

CEMENTITIOUS BACKER BOARD

FLOOR SUBSTRATE

SQUARE PROFILE METAL TRIM AT 
OUTSIDE CORNERS OF RESTROOM 
WALL TILE - EXTEND FLOOR TO 
CEILING

PORCELAIN WALL TILE

CEMENTITIOUS BACKER 
BOARD

PORCELAIN WALL TILE

SQUARE PROFILE METAL TRIM AT 
OUTSIDE CORNERS OF WALL TILE 
WHERE NOTED - EXTEND FLOOR TO 
CEILING

PORCELAIN WALL TILE

CEMENTITIOUS BACKER 
BOARD

GYPSUM WALL BOARD

1'
-4

"

RB3B - RUBBER BASE

RB3A - FLOORING; 
SEE SCHEDULE

GYPSUM WALL BOARD; 
SEE WALL TYPES

CONCRETE SLAB

DIRECT ATTACH PANEL

1X FURRING STRIPS @ 
24" O.C. OR EQUAL

WALL TYPE PER A-002

GYM FLOORING
(14MM THICKNESS)

FLOORING TRANSITION 
BASIS OF DESIGN: SCHLUTER RENO-U

TRAINING RM FLOORING
(7MM THICKNESS)

EXISTING CONCRETE SLAB; 
SEE STRUCTURAL

GYM FLOORING
(14MM THICKNESS)

FLOORING TRANSITION 
BASIS OF DESIGN: SCHLUTER RENO-U

PORCELAIN TILE FLOORING
(10MM THICKNESS)

NEW CONCRETE SLAB; 
SEE STRUCTURAL
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1. TREADS AND RISERS SHALL BE  RM-8, ONE PIECE WITH STAIR NOSING, RISER AND TREAD TO FIT 
EXISTING STRAIGHT METAL STAIRS WITH CONCRETE  AND AN ANGLED EDGE.  

2. ALL COUNTERTOPS SHALL RECEIVE SS1. ALL UPPER AND BASE CABINETS SHALL RECEIVE PL1.
3. PROVIDE FULL HEIGHT SOLID SURFACE WALL PANELS AT SHOWER ALL WALLS.
4. RESTROOM WALL TILE SHALL HAVE PA-6 ON NORTH WALL OF EACH SEPARATE TOILET STALL.  SEE 

ENLARGED RESTROOM FINISH PLAN.

FINISH SCHEDULE REMARKS

1. REFER TO REFLECTED CEILING PLAN SHEET A-111 FOR CEILING HEIGHTS.
2. REFER TO SHEETS I-101 AND I-601 FOR EXTENT OF FLOOR FINISHES.
3. REFER TO SHEETS I-105 AND I-602 FOR SIGNAGE AND CORNER GUARD PLAN, SCHEDULE, AND DETAILS.
4. ALL INTERIOR HOLLOW METAL DOORS AND FRAMES SHALL BE PAINTED PT2 EXCEPT NORTH WALL 

ROOM 103.
5. ALL ELECTRICAL SWITCHES, RECEPTACLES, VOICE AND DATA PLATES SHALL BE STAINLESS STEEL.
6. ALL PLUMBING FIXTURES SHALL BE WHITE.
7. INSTALL FLOOR TRANSITION TRIM AT JUNCTURE OF DISSIMILAR MATERIALS;  I.E. PORCELAIN PAVER 

AND RESILIENT FLOORING.
8. EXPOSED STRUCTURE SHALL BE PAINTED PT3. IN EXISTING GYM AREA 100B, PAINT STRUCTURAL 

STEEL ONLY. IN NEW GYM AREA 100A, PAINT STRUCTURAL STEEL AND SPRAYED ON INSULATION.
9. CORNER GUARDS SHALL EXTEND FROM TOP OF WALL BASE TO CEILING. PROVIDE CORNER GUARDS AT 

ALL OUTSIDE CORNERS IN HALLWAYS
10. AP (ACOUSTICAL PANELS) SHALL BE MOUNTED AT LOCATIONS SHOWN ON INTERIOR ELEVATION 

SHEETS, I-201, I-202, AND I-203.
11. PROVIDE FRP PANELS TO HEIGHT OF 48" ON ALL WALLS IN JANITOR ROOMS. INCLUDE ALL CORNER AND 

TRIM PIECES. 
12. ALL CEILING MOUNTED DEVICES SHALL BE CENTERED ON THE ACOUSTICAL CEILING TILE.
13. PROVIDE VERTICAL (SQUARE PROFILE) METAL EDGE TRIM ON ALL OUTSIDE CORNERS OF WALL TILE. 

SEE DETAIL SHEET I-501.
14. PROVIDE PREFABRICATED COVE TILE TRIM TO RECEIVE FLOOR AND WALL TILE EDGES. SEE DETAIL 

SHEET I-501.
15. FOR CMU WALLS, PROVIDE 2 COATS BLOCK FILLER AND 2 COATS SEMI-GLOSS PAINT.
16. FLOOR DRAINS SHALL BE LINEAR IN SHOWER AND SQUARE IN ALL OTHER AREAS.
17. FINISH SCHEDULE IS BASED ON PLAN NORTH.
18. PATCH AND REPAIR ADJACENT WALLS DUE TO DEMOLITION.
19. SEE WALL TYPE LEGEND ON SHEET A-002 FOR WALL SUBSTRATE.
20. INTERIOR AND EXTERIOR FINISH MATERIALS AND COLORS SHALL BE AS REFERENCED IN THE 

SPECIFICATION SECTION 09 06 00 SCHEDULE FOR FINISHES WHICH PROVIDES DETAILS INFORMATION 
OF THE FINISH CODES SHOWN ON THE FINISH LEGEND. 

21. REFERENCE FINISH SPECIFICATION SECTIONS FOR THE BASIS OF DESIGN EQUIVALENT 
MANUFACTURER TECHNICAL REQUIREMENTS.

22. INTERIOR CAULKING TO MATCH ADJACENT WALL FINISH COLOR. 
23. CLEAN AND PREP ALL EXISTING SURFACES FOR NEW FINISH.

GENERAL NOTES
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I-601

ROOM FINISH SCHEDULE

ROOM NO. ROOM NAME

FLOOR BASE WALLS MILLWORK CEILING

REMARKSFIN - COLOR FIN - COLOR

NORTH EAST SOUTH WEST

FIN - COLOR FIN - COLORFIN - COLOR FIN - COLOR FIN - COLOR FIN - COLOR

100A GYM RM-1, RM-2, RM-3, RM-4, RM-5 RM-3, RM-7 PT-1, PA-5 --- PT-1 PT-1 SS-1 EXP - PT-3

100B GYM RM-1, RM-2, RM-3, RM-4 RM-3 PT-1 PT-1 PT-1 --- --- EXP - PT-3 R2, R3

101 LAUNDRY PA-1 PAB-1 PT-1 PT-1 PT-1 PT-1 SS-1 ACT-1

102 HALLWAY PA-1 PAB-1 PT-1 PT-1 PT-1 PT-1 PL-1 ACT-1

103 SHOWER PA-2 SS-3 SS-3 SS-3 SS-3 SS-3 --- GWB - PT-3 R5

104 JAN. PA-1 PAB-1 PT-1 / FRP-1 PT-1 / FRP-1 PT-1 / FRP-1 PT-1 / FRP-1 --- GWB - PT-3

105 RESTROOMS PA-1 PA-3, PA-4, PA-5, PA-6 PA-6 / PT-1 PA-3, PA-4, PA-5 PA-3, PT-1 PA-3, PA-4, PA-5 SS-1 / PL-1 GWB - PT-3 R6

106 TRAINING 1 RM-6 RM-7 PT-1 PT-1 PT-1 PT-1 SS-1 / PL-1 ACT-1 R2, R4

107 TRAINING 2 RM-6 RM-7 PT-1 PT-1 PT-1 PT-1 SS-1 / PL-1 ACT-1 R2, R4

108 ADMIN RM-6 RM-7 PT-1 PT-1 PT-1 PT-1 --- ACT-1 R2

109 BREAK RM RM-3 PAB-1 PT-1 PT-1 PT-1 PT-1 SS-1 / PL-1 ACT-1 R2, R4

110 COMM SDVT-1 RM-7 PT-1 PT-1 PT-1 PT-1 --- GWB - PT-3 R2

111 HALLWAY RM-3 PAB-1 PT-1 PT-1 PT-1 PT-1 --- ACT-1 R2

112 MECH / ELEC SC RM-7 PT-1 PT-1 PT-1 PT-1 --- EXP - PT-3 R2

113 STORAGE PT-4 RM-7 PT-1 PT-1 PT-1 PT-1 --- EXP - PT-3 R2

R201 MEZZANINE RM-1 RM-7 PT-1 PT-1 PT-1 --- --- EXP - PT-3 R2

INTERIOR FINISH LEGEND
UFGS SPEC

NUMBER

MATERIAL

CODE DESCRIPTION

BASIS OF DESIGN

MANUFACTURER PRODUCT / STYLE NUMBER / SIZE COLOR NAME / NUMBER ADDITIONAL COMMENTS

1 - INTERIOR FLOOR FINISHES

G-1 GROUT - FLOORS LATICRETE TYPE: URETHANE 60 DUSTY GRAY

PA-1 PORCELAIN TILE - FLOOR CASALGRANDE PADANA COLLECTION: ARCHITECTURE; SIZE: 12" X 24"; FINISH: MATTE DARK GREY

PA-2 PORCELAIN TILE - FLOOR CASALGRANDE PADANA COLLECTION: ARCHITECTURE; PATTERN: DECOR MOSAIC; SIZE: 12" X 12" MOSAIC SHEET WITH 3/8" X 3/8" TILES IN RANDOM 4 COLOR PATTERN. ARCHITECTURAL B

PT-4 FLOOR COATING H & C SHIELD PLUS ULTRA ACRYLIC CONCRETE SEALER GULL GRAY HC132

RM-1 RESILIENT MATERIAL - FLOOR ECORE COLLECTION: PERFORMANCE BEAST PLUS, 4' WIDE SHEETS. 14MM THICK, VULCANIZED COMPOSITION RUBBER GRANULES WITH AN EPDM SURFACE LAYER. 12MM
BASE LAYER, 2.5MM SURFACE LAYER.

ES503 RAIDERS FIELD COLOR

RM-2 RESILIENT MATERIAL - FLOOR ECORE COLLECTION: RAGE TURF; PATTERN: MOTIVATE; SIZE: 35LF X 72" WIDE X 17MM THICK. POLYETHYLENE TURF WITH VULCANIZED COMPOSITION RUBBER BASE LAYER,
FUSION BONDED.

BLACK TURF FLOORING; CONFIRM
STRIPING FOR TURF

RM-3A RESILIENT MATERIAL - FLOOR ECORE COLLECTION: PERFORMANCE BEAST PLUS, 4' WIDE SHEETS. 14MM THICK, VULCANIZED COMPOSITION RUBBER GRANULES WITH AN EPDM SURFACE LAYER. 12MM
BASE LAYER, 2.5MM SURFACE LAYER.

ES15A STEEL APPEAL 2 RUBBER ACCENT BORDER
COLOR AND WALL BASE

RM-4 RESILIENT MATERIAL - FLOOR ECORE COLLECTION: PERFORMANCE BEAST PLUS, 4' WIDE SHEETS. 14MM THICK, VULCANIZED COMPOSITION RUBBER GRANULES WITH AN EPDM SURFACE LAYER. 12MM
BASE LAYER, 2.5MM SURFACE LAYER.

ES509 GREEN RUBBER ACCENT BORDER
COLOR AROUND PERIMETER OF
TURF

RM-5 RESILIENT MATERIAL - FLOOR ECORE CUSTOM INK JET LOGO MATCH LOGO COLORS CONFIRM LOGO BEFORE
ORDERING MATERIAL

RM-6 RESILIENT MATERIAL - FLOOR ECORE COLLECTION: BALANCED MOTIVATE CLASS 1, VULCANIZED RUBBER, 7MM X 70"W SHEET CATALINA

SC SEALED CONCRETE --- --- CLEAR

SDVT-1 STATIC DISSIPATIVE VINYL TILE AMERICAN BILTRITE COLLECTION: ELECTROTILE; SOLID VINYL TILE; SIZE: 12" X 12" WHITE / BLACK SDT-111

WM-1 WALK OFF MAT CS CONSTRUCTION SPECIALTIES,
PEDIGRID

PEDIGRID, G1, RECESSED LEVEL FRAME, TREADS WITH EXTERIOR CARPET INSERTS, POLYPROPYLENE FIBERS AND ALUMINUM FRAME FRAME: MILL FINISH, CARPET
INSERTS: 7325 WROUGHT IRON
EXTERIOR BRUSH TREAD.

2 - INTERIOR BASE FINISHES

PAB-1 PORCELAIN TILE - BASE CASALGRANDE PADANA COLLECTION: ARCHITECTURE; BULLNOSE; SIZE: 9cmX60cm DARK GREY

RM-3B RESILIENT MATERIAL - WALL ECORE PERFORMANCE MOTIVATE, 16" H  RUBBER WALL BASE; MATERIAL TO MATCH FLOOR BORDER TOP LAYER PATTERN AND COLOR OF  MATERIAL RM-3A BUT BE 7.5 MM
THICK

RM-3: PF-00

RM-7 RUBBER WALL BASE MANNINGTON 4" RUBBER COVE WALL BASE 603 ASH

3 - INTERIOR WALL FINISHES

AP-1 ACOUSTICAL WALL PANELS ARMSTRONG ACOUSTICAL WALL
PANELS

PRODUCT: TECTUM CREATE; DIRECT ATTACH, 1" THICK ACOUSTICAL WALL PANELS  MOUNTED TO WALLS USING 1X  FURRING STRIPS 24" O.C. LAID ON 3/4" FURRING
STRIPS. PRINTED DIGITAL PHOTOGRAPHS   TO BE PROVIDED BY USERS IN HIGH RESOLUTION FORMAT AS REQUIRED  FOR PRINTING ON SURFACE OF TECTUM
PANELS IN COLOR .SEE ELEVATIONS FOR OVERALL SIZE OF EACH PANEL. CONTRACTOR TO COORDINATE WITH USERS THE SELECTION OF GRAPHIC DIGITAL
PHOTOS TO BE PRINTED ON EACH SHEET.  USERS TO PROVIDE  PICTURES IN REQUIRED FORMAT FOR USE BY CONTRACTOR FOR APPLICATION TO TECTUM
ACOUSTIC PANELS. EACH PANEL WILL BE A DIFFERENT DIGITAL PHOTOGRAPH.

SEE ELEVATIONS FOR SIZES
AND DETAILS.

AP-2 ACOUSTICAL WALL PANELS - HEXAGONAL ARMSTRONG ACOUSTICAL WALL
PANELS

PRODUCT: TECTUM CREATE DIRECT-ATTACH PANELS; PATTERN: TEXTURED HEX. SEE DRAWINGS FOR OVERALL SIZE AND LOCATION. TEXTURED HEX (CXH) INSTALL WITH FURRING STRIPS

FRP-1 FIBERGLASS REINFORCED PANELS CRANE COMPOSITES VARIETEX LINEN TEXTURE MORNING MIST GRAY, 363 INCLUDE ALL CORNER AND TRIM
PIECES.

G-2 GROUT - WALLS LATICRETE TYPE: URETHANE SMOKE GRAY

PA-3 PORCELAIN TILE - WALL CASALGRANDE PADANA COLLECTION: ARCHITECTURE; SIZE: 12" X 24"; INSTALLATION METHOD: VERTICAL STRAIGHT STACK; FINISH: MATTE MEDIUM GREY

PA-4 PORCELAIN TILE - WALL CASALGRANDE PADANA COLLECTION: ARCHITECTURE; SIZE: 12" X 24"; INSTALLATION METHOD: VERTICAL STRAIGHT STACK; FINISH: POLISHED LIGHT GREY

PA-5 PORCELAIN TILE - WALL CASALGRANDE PADANA COLLECTION: ARCHITECTURE; SIZE: 12" X 24"; INSTALLATION METHOD: VERTICAL STRAIGHT STACK; FINISH: POLISHED DARK GREY

PA-6 PORCELAIN TILE - WALL CASALGRANDE PADANA COLLECTION: R-EVOLUTION; SIZE: 12" X 24"; INSTALLATION: VERTICAL STRAIGHT STACK BLUE

PA-7 PORCELAIN TILE - WALL CASALGRANDE PADANA COLLECTION: ARCHITECTURE; PATTERN: MIX LISTELLI; SIZE: 11-3/4" X 11-3/4" MOSAIC SHEET WITH ROWS OF 1/2" X 11-3/4" STRIPS. INSTALL WITH STRIPS HORIZONTAL. ARCHITECTURE B

PT-1 PAINT - WALLS PPG - PITTSBURGH PAINT EGGSHELL FINISH; PPG0993-1 PEREGRINE

SS-2 SOLID SURFACE - SHOWER WALLS CORIAN THICKNESS: 1/2"; FULL HEIGHT PANELS MODERN WHITE

4 - INTERIOR CEILING FINISHES

ACT-1 ACOUSTICAL CEILING TILE ARMSTRONG CEILING SOLUTIONS PRODUCT: ULTIMA HIGH NRC; STYLE: BEVELED TEGULAR; SIZE: 24" X 24"; SUSPENSION SYSTEM: PRELUDE; SIZE: 15/16"; COLOR: WHITE WHITE

EXP-1 EXPOSED STRUCTURE - PAINTED PPG - PITTSBURGH PAINT SEMI-GLOSS FINISH; PPG1002-1 SILVER FEATHER

PT-3 PAINT - CEILING PPG - PITTSBURGH PAINT EGGSHELL FINISH; PPG1002-1 SILVER FEATHER

5 - INTERIOR TRIM

CG-1 CORNER GUARD CS ACROVYN TEXTURED ACRYLIC, 2" WINGS, FULL HEIGHT 927 FOLKSTONE

PT-2 PAINT - HOLLOW METAL DOORS AND TRIM PPG - PITTSBURGH PAINT SEMI GLOSS PPG0996-4 CLOUDY SLATE

6 - INTERIOR MISCELLANEOUS

PL-1 PLASTIC LAMINATE - BASE CABINET WILSONART HPL 18 LINEARITY FINISH WITH AEON 5058K-18 TITANIUM ALLOY

PL-2 PLASTIC LAMINATE - PIPESKIRT WILSONART HPL 18 LINEARITY FINISH WITH AEON 5058K-18 TITANIUM ALLOY

PT-4 PAINT - STAIR AND RAILING PPG - PITTSBURGH PAINT SEMI-GLOSS FINISH; PPG1133-6 PAINTED TURTLE PAINTED TURTLE

RM-8 RUBBER STAIR TREADS AND RISERS NORA PRODUCT: NORAMENT ARAGO - STAIR TREAD / RISER COMBO, 100% RUBBER 5172 STAMINA  WITH CORAL
RED SMOOTH VISUAL STRIP

SS-1 SOLID SURFACE - COUNTERTOP CORIAN QUARTZ, THICKNESS: 1/2" WITH BUILT UP FRONT LIP AND EASED EDGES STRATUS WHITE LEATHERED

WD-1 WOOD DOORS VT INDUSTRIES WHITE BIRCH, PLAIN SLICED, BOOK MATCHED WHEAT WH18

7 - INTERIOR SIGNAGE

IS INTERIOR SIGNAGE - FACE MATERIAL TAKEFORM PRODUCT STYLE: FUSION 01 WILSONART 5058K-18
TITANIUM ALLOY

IS INTERIOR SIGNAGE - RAISED COPY TAKEFORM --- BLACK

IS INTERIOR SIGNAGE - INSERT TEXT TAKEFORM HELVETICA PRINTED ON PAPER

IS INTERIOR SIGNAGE - METAL ACCENT BAR TAKEFORM --- SILVER

IS INTERIOR SIGNAGE - INSERT BACKGROUND TAKEFORM --- WHITE

IS INTERIOR SIGNAGE - TEXT STYLE TAKEFORM HELVETICA ADA/ABA COMPLIANT



1. SIGNAGE SHALL BE FABRICATED AND INSTALLED IN ACCORDANCE WITH ADA / ABA GUIDELINES.
2. REFER TO THE INTERIOR FINISH LEGEND ON SHEET I-601 FOR SIGNAGE FINISHES.
3. REFER TO SHEET I-105 FOR SIGNAGE PLAN AND TAG LOCATIONS.
4. REFERENCE FINISH SPECIFICATION SECTIONS FOR THE BASIS OF DESIGN EQUIVALENT MANUFACTURERS TECHNICAL 

REQUIREMENTS. 
5. CONFIRM / COORDINATE COPY TEXT WITH USER BEFORE PURCHASING SIGNAGE.

GENERAL NOTES

SIGN TYPE MOUNTING TYPICAL
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MECHANICALMECHANICAL

SIGN TYPES - TAKEFORM FUSION 01

SIGN TYPE "A"

PROVIDE EXTERIOR GRADE 
SIGN. SEE MOUTNING TYPICAL 
FOR SIGN MOUNTING.

MECHANICAL
FACE PLATE 

8 1/2"

3"

SIGN TYPE "C"

USE FOR ALL OFFICES AND ROOMS NOT 
SPECIFICALLY LISTED AS TYPES B OR C.  
SIGNS WILL HAVE ROOM NUMBERS, 
BRAILLE, AND ONE PERMANENT MESSAGE. 
SEE MOUNTING TYPICAL FOR SIGN 
MOUNTING.

PERMANENT
MESSAGE

TRAINING

101 FACE PLATE 

METAL TRIM 

8 1/2"

5
 3

/4
"

SIGN TYPE "B"

CHANGEABLE
MESSAGE

USE FOR ALL OFFICES AND ROOMS NOT 
SPECIFICALLY LISTED AS TYPES A OR C.  
SIGNS WILL HAVE ROOM NUMBERS, BRAILLE, 
AND ONE CHANGEABLE MESSAGE SLOT. SEE 
MOUNTING TYPICAL FOR SIGN MOUNTING. 

BOB SMITH

105 FACE PLATE 

METAL TRIM

9
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D51 HANGAR CONVERSION, HUMAN
PERFORMANCE CENTER

SIGNAGE SCHEDULE, NOTES, AND DETAILS

FTFA 23-VH59

23 MAY 2024

K.MCMURRAY

BTA

I-602

SIGNAGE SCHEDULE
MARK ROOM NUMBER ROOM NAME PERMANENT COPY CHANGEABLE COPY TYPE MOUNT LOCATION

1 100B GYM GYM --- TYPE C EXTERIOR WALL

2 100A GYM GYM --- TYPE C EXTERIOR WALL

3 101 LAUNDRY LAUNDRY --- TYPE A INTERIOR WALL

4 102 HALLWAY ICE / HALLWAY --- TYPE C EXTERIOR WALL

5 103 SHOWER SHOWER --- TYPE C EXTERIOR WALL

6 104 JAN. JANITOR --- TYPE A INTERIOR WALL

7 106 TRAINING 1 TRAINING --- TYPE A INTERIOR WALL

8 106 TRAINING 1 TRAINING --- TYPE C EXTERIOR WALL

9 107 TRAINING 2 TRAINING --- TYPE A INTERIOR WALL

10 107 TRAINING 2 TRAINING --- TYPE C EXTERIOR WALL

11 108 ADMIN --- ADMIN NAMES TYPE B INTERIOR WALL

12 108 ADMIN ADMIN --- TYPE C EXTERIOR WALL

13 109 BREAK RM BREAK ROOM --- TYPE A INTERIOR WALL

14 110 COMM COMM --- TYPE C EXTERIOR WALL

15 111 HALLWAY HALLWAY --- TYPE C EXTERIOR WALL

16 112 MECH / ELEC MECHANICAL / ELECTRICAL --- TYPE C EXTERIOR WALL

17 113 STORAGE STORAGE --- TYPE A INTERIOR WALL
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BULLOCK TICE ASSOCIATES

RM-2 - RESILIENT FLOORING
TURF

RM-7 - RUBBER 
WALL BASE

D51 HANGAR CONVERSION
HUMAN PERFORMANCE CENTER

STRUCTURAL INTERIOR DESIGN FINISH BOARD

RM-3 - RESILIENT FLOORING
ACCENT BAND

RM-5 - RESILIENT FLOORING
CUSTON LASER JET LOGO

RM-4 - RESILIENT FLOORING
ACCENT BAND

RM-1 - RESILIENT FLOORING
MAIN FLOORING COLOR

RM-6 - RESILIENT FLOORING
TRAINING AND ADMIN AREAS
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BULLOCK TICE ASSOCIATES

D51 HANGAR CONVERSION
HUMAN PERFORMANCE CENTER

STRUCTURAL INTERIOR DESIGN FINISH BOARD

PA-1 - PORCELAIN FLOOR TILE 
PAB-1 - PORCELAIN TILE BASE

PA-2 - PORCELAIN FLOOR TILE
MOSAIC TILE

PA-6 - PORCELAIN WALL TILE
ACCENT WALL

PORCELAIN  
WALL TILE

PA-7- PORCELAIN WALL TILE
ACCENT TILE

SS-2 - SOLID SURFACE 
WALL PANELS

PA-3 PA-4

PA-5

SDVT-1 - STATIC DISSIPATIVE 
VINYL TILE

RM-8 - STAIR TREAD AND 
RISER
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D51 HANGAR CONVERSION
HUMAN PERFORMANCE CENTER

STRUCTURAL INTERIOR DESIGN FINISH BOARD

ACT-1 - ACOUSTICAL CEILING TILE

PT-2 - TRIM

PT-3 - CEILINGCG-1 - CORNER GUARD

PT-1 - WALLS

PT-4 - STAIR AND RAILING

SS-1 - QUARTZ COUNTERTOP

PL-1, PL-2 - PLASTIC LAMINATE

FRP-1 -  FIBERGLASS 
REINFORCED PANELS

WM-1 - WALK-OFF MAT 
EXTERIOR CARPET INSERT
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BULLOCK TICE ASSOCIATES

D51 HANGAR CONVERSION
HUMAN PERFORMANCE CENTER

STRUCTURAL INTERIOR DESIGN FINISH BOARD

ENTRY LOGO STYLE - 3FORM

WALL LOGO - 3FORM MATERIAL 
CONTRACTOR TO PROVIDE SELECTIONS & 
DRAWINGS FOR USER APPROVAL.

INTERIOR SIGNAGE

FACE MATERIAL

INSERT BACKGROUND

METAL ACCENT STRIP

TEXT
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BULLOCK TICE ASSOCIATES

D51 HANGAR CONVERSION
HUMAN PERFORMANCE CENTER

STRUCTURAL INTERIOR DESIGN FINISH BOARD

ACOUSTICAL PANELS

AP-1 - ACOUSTICAL WALL PANELS 
PRINTED IMAGE 

TECTUM IMAGE SHOWN IS FOR EXAMPLE 
ONLY. USERS TO PROVIDE DIGITAL 
PHOTOS FOR CONTRACTOR USE.

AP-2 - ACOUSTICAL WALL PANELS 
HEXAGON SHAPES
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armstrongceilings.com/ultima

Ultima® Beveled Tegular panels with Silhouette® 1/4" reveal 9/16" suspension system

Smooth-texture panels that are washable, impact- and scratch-resistant with a non-directional visual.  
Offer both Sustain® and Total Acoustics® panel performance for flexible spaces.

DETAILS   (Other Suspension Systems compatible. Refer to listing on next page.)

1.   Ultima® Beveled Tegular
2.  Ultima® with Suprafine® 9/16" suspension system 
3.  Ultima® with Silhouette® XL® 9/16" suspension system with 1/4" reveal

1 2 3

COLOR

White 
(WH)

ULTIMA® 
ULTIMA® High NRC 

Tegular
fine texture

KEY SELECTION ATTRIBUTES
•  DesignFlex® options include shapes 

and made-to-order sizes available to ship  
in 3 weeks

•  Get total noise control and floor plan  
versatility with Total Acoustics® ceiling panels: 
NRC + CAC = Total Acoustics performance

•  Ultima® panels are part of the Sustain®  
portfolio, and meet the most stringent industry  
sustainability compliance standards today

•  High sound absorption options available up 
to 0.85 NRC

•  CleanAssure™ family of products – includes 
disinfectable panels, suspension systems, 
and trim

•  Mold- and mildew-resistant surface

•  Smooth, clean, durable finish – 
     Washable, Impact-resistant,  

Scratch-resistant, Soil-resistant

•  Ceiling-2-Ceiling™ Post-consumer Recycled 
Content options: items 1911HRC, 1912HRC, 
1914HRC, 1915HRC. 71% Pre-consumer;  
15% Post-consumer

•  USDA-Certified Biobased  
Product – 95%

•  Available with AirGuard™ coating

•  Item 1912 available with Create!™  
printed images and patterns

•  Non-directional visual reduces scrap  
and installation time

•  Compatible with the TechZone®  
Ceiling Systems

•  30-Year Limited System Warranty  
against visible sag (excludes items  
1905 and 1929), mold, and mildew

•  10-Year replacement  
panel available for  
items 1911, 1912, 
1914, 1915

•  Available with factory-cut holes for USAI® 
trimless downlight fixture integration. 

TYPICAL APPLICATIONS
•  Offices – closed spaces for privacy  

and confidentiality; open spaces  
for focus, collaboration, and  
teaming

•  Healthcare – assists in addressing  
HIPAA, HCAHPS, and FGI  
acoustical requirements

•  Classrooms

•  Corridors

•  Lobbies/reception areas

•  Department stores/retail

CAD/Revit® drawings at: 
armstrongceilings.com/cadrevit

plus capabilities
to do more

armstrongceilings.com/capabilities
See more photos at:
armstrongceilings.com/photogallery
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M
INERAL FIBER – Standard

armstrongceilings. 
com/suspdwgs

Susp. 
Dwg. Item No.
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(Inches)
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ULTIMA® High NRC
15/16"  
Beveled Tegular

 
HRC items not  
included in  
made-to-order  
panels.

15 2081 24 x 24 x 1" 0.85 
•

35 
•

BEST 170 
•

Class  
A

0.85 
•

• • • • • • • • • •

2084 24 x 48 x 1" 0.85 
•

35 
•

BEST 170 
•

Class  
A

0.85 
•

• • • • • • • • • •

1941 24 x 24 x 7/8" 0.80 
•

35 
•

BEST 170 
•

Class  
A

0.87 
•

• • • • • • • • • •

1944 24 x 48 x 7/8" 0.80 
•

35 
•

BEST 170 
•

Class  
A

0.87 
•

• • • • • • • • • •

1433 24 x 60 x 7/8" 0.80 
•

35 
•

BEST 170 
•

Class  
A

0.87 
•

• • • • • • • • • •

1436 24 x 72 x 7/8" 0.80 
•

35 
•

BEST 170 
•

Class  
A

0.87 
•

• • • • • • • • • •

ULTIMA® High NRC
9/16"  
Beveled Tegular

 
HRC items not  
included in  
made-to-order  
panels.

29,  
44,  
48, 52, 
56

2082 24 x 24 x 1" 0.85 
•

35 
•

BEST 170 
•

Class  
A

0.85 
•

• • • • • • • • • •

2085 24 x 48 x 1" 0.85 
•

35 
•

BEST 170 
•

Class  
A

0.85 
•

• • • • • • • • • •

1942 24 x 24 x 7/8" 0.80 
•

35 
•

BEST 170 
•

Class  
A

0.87 
•

• • • • • • • • • •

1942HRC 24 x 24 x 3/4" 0.75 
•

35 
•

BEST 170 
•

Class  
A

0.87 
•

• • • • • • • • • •

1945 24 x 48 x 7/8" 0.80 
•

35 
•

BEST 170 
•

Class  
A

0.87 
•

• • • • • • • • • •

1431 30 x 30 x 7/8" 0.80 
•

35 
•

BEST 170 
•

Class  
A

0.87 
•

• • • • • • • • • •

1434 24 x 60 x 7/8" 0.80 
•

35 
•

BEST 170 
•

Class  
A

0.87 
•

• • • • • • • • • •

1437 24 x 72 x 7/8" 0.80 
•

35 
•

BEST 170 
•

Class  
A

0.87 
•

• • • • • • • • • •

7/8" & 1" Thick – 15/16" & 9/16" Beveled Tegular

Made-to-Order 
Sizes
Visit the product  
page online and see  
“Configure an Item” to  
verify capabilities. Questions?  
email Techline@armstrongceilings.com

Width 
(short side)

Length 
(long side)

N/A N/A N/A N/A Class  
A

0.87 
•

• • • • • • • • • •

4" – 30" 12" – 72"

 1  Total Acoustics® ceiling panels have an ideal combination of sound absorption and sound blocking in one product.  
  GOOD (NRC 0.60-0.65; CAC 35+)  BETTER (NRC 0.70-0.75; CAC 35+)  BEST (NRC 0.80+; CAC 35+)

VISUAL SELECTION PERFORMANCE SELECTION   Dots represent high level of performance. $$$$

ULTIMA® 
ULTIMA® High NRC 

Tegular
fine texture

95%

GREENGUARD
Gold Certified

(details below) en
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VISUAL SELECTION PERFORMANCE SELECTION   Dots represent high level of performance. $$$$

ULTIMA® 
ULTIMA® High NRC 

Tegular
fine texture GREENGUARD

Gold Certified

95%

armstrongceilings. 
com/suspdwgs

Susp. 
Dwg. Item No.

Dimensions 
(Inches)

  
UL Classified  

Acoustics To
ta

l  
Ac

ou
st

ic
s1

Fi
re

  
Pe

rfo
rm

an
ce

Li
gh

t R
efl

ec
t

Bio- 
Block

Humi- 
Guard+

Ce
rti

fie
d 

Lo
w

  
VO

C 
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s   CleanAssure™ DURABILITY

Disinfectable Panels
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ULTIMA® 
15/16"  
Beveled Tegular

HRC items not  
included in  
made-to-order  
panels.

15 1422 6 x 48 x 3/4" N/A N/A N/A Class  
A

0.88 
•

• • • • • • • • • •

1917 12 x 24 x 3/4" N/A N/A N/A Class  
A

0.88 
•

• • • • • • • • • •

1993 12 x 48 x 3/4" 0.65* N/A N/A Class  
A

0.88 
•

• • • • • • • • • •

1994 12 x 60 x 3/4" 0.65* N/A N/A Class  
A

0.88 
•

• • • • • • • • • •

1995 12 x 72 x 3/4" 0.65* N/A N/A Class  
A

0.88 
•

• • • • • • • • • •

1911 
1911HRC

24 x 24 x 3/4"  
24 x 24 x 3/4"

0.75 
•

35 
•

BETTER Class  
A

0.88 
•

• • • • • • • • • •

1951 24 x 24 x 3/4" 0.60 40 
•

GOOD Class  
A

0.88 
•

• • • • • • • • • •

1894 24 x 24 x 3/4" 0.60 40 
•

GOOD Fire 
Guard™

0.88 
•

• • • • • • • • • •

1914 
1914HRC

24 x 48 x 3/4"  
24 x 48 x 3/4"

0.75 
•

35 
•

BETTER Class  
A

0.88 
•

• • • • • • • • • •

1985 24 x 60 x 3/4" 0.75 
•

35 
•

BETTER Class  
A

0.88 
•

• • • • • • • • • •

1981 24 x 72 x 3/4" 0.75 
•

35 
•

BETTER Class  
A

0.88 
•

• • • • • • • • • •

9/16"  
Beveled Tegular

HRC items not  
included in  
made-to-order  
panels.

29, 44,  
48, 52,  
56

1423 6 x 48 x 3/4" N/A N/A N/A Class  
A

0.88 
•

• • • • • • • • • •

1427 6 x 60 x 3/4" N/A N/A N/A Class  
A

0.88 
•

• • • • • • • • • •

1916 12 x 24 x 3/4" N/A N/A N/A Class  
A

0.88 
•

• • • • • • • • • •

1996 12 x 48 x 3/4" 0.65* N/A N/A Class  
A

0.88 
•

• • • • • • • • • •

1997 12 x 60 x 3/4" 0.65* N/A N/A Class  
A

0.88 
•

• • • • • • • • • •

1998 12 x 72 x 3/4" 0.65* N/A N/A Class  
A

0.88 
•

• • • • • • • • • •

1912 
1912HRC

24 x 24 x 3/4"  
24 x 24 x 3/4"

0.75 
•

35 
•

BETTER Class  
A

0.88 
•

• • • • • • • • • •

1952 24 x 24 x 3/4" 0.60 40 
•

GOOD Class  
A

0.88 
•

• • • • • • • • • •

1895 24 x 24 x 3/4" 0.60 40 
•

GOOD Fire 
Guard

0.88 
•

• • • • • • • • • •

1915 
1915HRC

24 x 48 x 3/4"  
24 x 48 x 3/4"

0.75 
•

35 
•

BETTER Class  
A

0.88 
•

• • • • • • • • • •

1986 24 x 60 x 3/4" 0.75 
•

35 
•

BETTER Class  
A

0.88 
•

• • • • • • • • • •

1982 24 x 72 x 3/4" 0.75 
•

35 
•

BETTER Class  
A

0.88 
•

• • • • • • • • • •

Red Numbers are Fire Guard items.
 1  Total Acoustics® ceiling panels have an ideal combination of sound absorption and sound blocking in one product. 
  GOOD (NRC 0.60-0.65; CAC 35+)  BETTER (NRC 0.70-0.75; CAC 35+)  BEST (NRC 0.80+; CAC 35+)
 * Item not UL tested
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M
INERAL FIBER – Standard

TechLine / 1 877 276-7876 
armstrongceilings.com/ultima 

BPCS-3039-1023

LEED® is a registered trademark of the U.S. Green Building Council; Declare® and Living Building Challenge®  
(LBC) are registered trademarks of the International Living Future Institute®; WELL™ and WELL Building Standard  
are trademarks of the International WELL Building Institute; UL and UL Certified are trademarks of UL LLC;  
USAI Lighting is a registered trademark of USAI Lighting, LLC; all other trademarks used herein  
are the property of AWI Licensing LLC and/or its affiliates   © 2023 AWI Licensing LLC

VISUAL SELECTION PERFORMANCE SELECTION   Dots represent high level of performance. $$$$

ULTIMA® 
ULTIMA® High NRC 

Tegular
fine texture

Weight; Square Feet/Carton
1945 – 1.14 LBS/SF; 48 SF/CTN 
1941, 1942 – 1.125 LBS/SF; 40 SF/CTN 
1944, 1942HRC – 1.125 LBS/SF; 48 SF/CTN 
1433, 1434 – 1.05 LBS/SF; 60 SF/CTN
1436, 1437 – 1.04 LBS/SF; 72 SF/CTN
2081, 2082 - 1.0 LBS/SF; 40 SF/CTN
2084, 2085 - 1.0 LBS/SF; 48 SF/CTN
1431 – 1.06 LBS/SF; 62.5 SF/CTN 
1917, 1993 – 1.05 LBS/SF; 24 SF/CTN  
1422, 1423 – 1.08 LBS/SF; 24 SF/CTN 
1905, 1905HRC – 1.05 LBS/SF; 62.5 SF/CTN  
1911, 1911HRC, 1912, 1912HRC, 1914,  
1914HRC, 1915 – 1.05 LBS/SF; 48 SF/CTN  
1916, 1996 – 1.05 LBS/SF; 24 SF/CTN  
1427 – 1.07 LBS/SF; 24 SF/CTN  
1929, 1929HRC – 1.02 LBS/SF; 68 SF/CTN  
1895, 1952, 1951 – 1.31 LBS/SF; 48 SF/CTN  
1901, 1902, 1904, 1906,  
1894 – 1.08 LBS/SF; 48 SF/CTN 
1997, 1994 – 1.05 LBS/SF; 30 SF/CTN 
1998, 1995 – 1.05 LBS/SF; 36 SF/CTN
1981, 1982 - 1.08 LBS/SF; 72 SF/CTN
1985, 1986 – 1.08 LBS/SF; 80 SF/CTN
Minimum Order Quantity
1 carton
Metric Items Available
1941M, 1944M, 1945M, 1905M, 1912M, 1912MHRC, 1914M, 1915M, 
1916M – Metric items are subject to extended lead times and 
minimum quantities. Contact your representative for more details.

PHYSICAL DATA 
Material
Wet-formed mineral fiber with DuraBrite®  
acoustically transparent membrane
Surface Finish
DuraBrite with factory-applied latex paint
Fire Performance 
Class A: ASTM E84 and CAN/ULC S102 surface  
burning characteristics. Flame Spread Index of 25 or  
less. Smoke Developed Index of 50 or less (UL labeled).
Fire Guard™: A fire-resistive ceiling when used  
in applicable UL assemblies
ASTM E1264 Classification
Type IV, Form 2, Pattern E; Fire Class A
Humidity/Sag Resistance
HumiGuard® Plus ceiling panels are recommended  
for areas subject to high humidity, up to, but not  
including, standing water and outdoor applications. 
(Excludes items 1905 and 1929). 
Anti-Mold/Mildew
Ceiling panels with BioBlock® performance  
resist the growth of mold and mildew on the tile surface.

VOC Emissions 
GREENGUARD Gold Certified
Third-party certified compliant 
with California Department of Public 
Health CDPH/EHLB/Standard Method 
Version 1.2, 2017. This standard is the 
guideline for low emissions in LEED®, WELL 
Building Standard™, Living Building Challenge® 
(LBC), CalGreen Title 24, ANSI/ASHRAE/USGBC/IES 
Standard 189; ANSI/GBI Green Building Assessment Protocol.
Acoustical Performance
CAC testing conducted using Prelude® XL® suspension system  
for 15/16" edge detail and Silhouette® suspension system for  
9/16" edge detail. 
Primary (Embodied) Energy
See all LCA information on our EPDs.
High Recycled Content
Contains greater than 50% total recycled content. Total recycled  
content based on product composition of post-consumer and 
pre-consumer (post-industrial) recycled content per FTC guidelines.  
HRC items contain 15% or greater post-consumer recycled ceilings.
Insulation Value
R Factor – 2.2 (BTU units); R Factor – 0.39 (Watts units) 
2081, 2081, 2084, 2085 – R Factor – 2.9 (BTU units);  
0.445 (Watts units)
Cleaning and Disinfecting
Cleaning and CDC recommended disinfecting options available on 
armstrongceilings.com/cleaning 
30-Year Performance Guarantee & Warranty
When installed with Armstrong® Suspension System.  
Details at armstrongceilings.com/warranty 

SUSPENSION SYSTEMS

15/16"    9/16" Blizzard White – Suspension System Finish 
A color and texture coordinated suspension 
system to complement Ultima® ceiling panels  
for a monolithic look and feel.

Prelude®   Silhouette® 

1/4" Reveal 
Silhouette 

1/8" Reveal 
   Suprafine®   Interlude® XL® HRC   

95%

GREENGUARD
Gold Certified

(details below)

armstrongceilings. 
com/suspdwgs

Susp. 
Dwg. Item No.

Dimensions 
(Inches)

  
UL Classified  
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9/16"  
Beveled Tegular

HRC items not  
included in  
made-to-order  
panels.

29,  
44,  
48,  
52, 56

1905 
1905HRC

30 x 30 x 3/4"  
30 x 30 x 3/4"

0.75 
•

35 
•

BETTER Class  
A

0.88 
•

• Std • • • • • • • 1-Yr

1929 
1929HRC

30 x 54 x 3/4"  
30 x 54 x 3/4"

0.75 
•

35 
•

BETTER Class  
A

0.88 
•

• Std • • • • • • • 1-Yr

3/4" Thick – 15/16" & 9/16" Beveled Tegular

Made-to-Order 
Sizes
Visit the product  
page online and see  
“Configure an Item” to  
verify capabilities. Questions?  
email Techline@armstrongceilings.com

Width 
(short side)

Length 
(long side)

N/A N/A N/A Class  
A

0.88 
•

• • • • • • • • • •

4" – 30" 12" – 72"

ULTIMA®  
with AirGuard™ Coating
15/16"  
Beveled Tegular

15 1901 24 x 24 x 3/4" 0.75 
•

35 
•

BETTER Class  
A

0.88 
•

• • • • • • • • • •

1904 24 x 48 x 3/4" 0.75 
•

35 
•

BETTER Class  
A

0.88 
•

• • • • • • • • • •

9/16"  
Beveled Tegular

AirGuard™ Coating actively  
removes formaldehyde  
from indoor air.

29,  
44, 
48, 52,  
56

1902 24 x 24 x 3/4" 0.75 
•

35 
•

BETTER Class  
A

0.88 
•

• • • • • • • • • •

1906 24 x 48 x 3/4" 0.75 
•

35 
•

BETTER Class  
A

0.88 
•

• • • • • • • • • •

 1  Total Acoustics® ceiling panels have an ideal combination of sound absorption and sound blocking in one product. 
  GOOD (NRC 0.60-0.65; CAC 35+)  BETTER (NRC 0.70-0.75; CAC 35+)  BEST (NRC 0.80+; CAC 35+)
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FOR LOW CHEMICAL

EMISSIONS
UL.COM/GG

UL 2818
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TechLine 877 276-7876  
armstrongceilings.com/preludeml

PRELUDE® ML 

15/16" Exposed Tee Suspension System

•    Rotary-stitched during manufacture for additional torsional 
strength and extra stability during installation

•    Hook staked-on end detail provides secure locked connection; 
easy to remove, reuse, and relocate

•    10-Year Limited Warranty; 30-Year Limited Warranty with  
HumiGuard® Plus products

•   Made-to-Order main beams and cross tees can be ordered with 
special sizing and rout spacing for your project needs in one 
carton minimums with two-week lead times

KEY SELECTION ATTRIBUTES
•  PeakForm® profile increases  

strength and stability for improved  
performance during installation  

•  Prelude® ML is part of the Sustain™ portfolio  
and meets the most stringent industry  
sustainability compliance standards today –  
White only

•  CleanAssure™ family of products – includes  
disinfectable panels, suspension systems, and trim 
(Cleaning and CDC approved disinfecting options 
available on armstrongceilings.com/cleaning)

•    SuperLock™ main beam clip is engineered for a 
strong, secure connection and fast, accurate 
alignment confirmed with an audible click;  
easy to remove/relocate

•    Hot-dipped galvanized coating inhibits red rust 
better than electro galvanized or painted systems

A 15/16" suspension system with hook-end details.

PRELUDE 
ML Main 
Beam

PRELUDE 
ML Cross 
Tee

Varies

PRELUDE ML 
Main Beam

PRELUDE ML 
Cross Tee

DETAILS

 Prelude® ML suspension system

COLORS

White  
(WH)

Black  
(BL)

Standard

7/8" Hemmed 
Angle Molding

7/8"
(22mm)

7/8"
(22mm)

*  Colors that are pre-qualified to meet 
Sustain™ portfolio requirements are 
available upon request. Other made-to-
order colors must be evaluated  
if sustainability criteria is required. Lead 
time will increase.

Custom Colors  
Available*



SUSPENSION SYSTEM
S – Standard

TechLine / 1 877 276-7876 
armstrongceilings.com/suspensionsystems 

BPCS-3346-823

 
LEED® is a registered trademark of the U.S. Green Building Council; Declare® and Living Building Challenge®  
(LBC) are registered trademarks of the International Living Future Institute®; WELL™ and WELL Building  
Standard™ are trademarks of the International WELL Building Institute; all other trademarks used herein  
are the property of AWI Licensing LLC and/or its affiliates   © 2023 AWI Licensing LLC

PRELUDE® ML 

15/16" Exposed Tee Suspension System

VISUAL SELECTION PERFORMANCE PACKAGING

Item No.◆ Description
Rout 
Spacing

Dimensions 
(Inches)

HANGER SPACING** 
LBS./LFT

Fi
re

 
Gu

ar
d™

Se
is

m
ic

 
Ca

te
go

ry

Pi
ec

es
/ 

Ca
rto

n

LF
T/

 
Ca

rto
n

4 Ft. 5 Ft.

PRELUDE® ML
15/16"

7301 _ _ 12' HD Main Beam 6" O.C. 144 x 15/16 x 1-11/16" 16.73 8.73 N/A • 20 240

7300 12' ID Main Beam 6" O.C. 144 x 15/16 x 1-11/16" 13.50 6.35 N/A N/A 20 240

7302 10' ID Main Beam 6" O.C. 120 x 15/16 x 1-11/16" 13.50 6.35 N/A N/A 20 200

ML7357 5' Cross Tee 10", 30", 50", 56", 76",  
96", 116", 122"

60 x 15/16 x 1-11/16" N/A 7.61 N/A N/A 60 300

ML7343 _ _ 4' Cross Tee 10", 30", 50", 70", 90", 
110", 116"

48 x 15/16 x 1-1/2" 7.80 N/A N/A N/A 60 240

ML7323 _ _ 2' Cross Tee 6" O.C 24 x 15/16 x 1-1/2" 38.63 N/A N/A N/A 60 120

15/16" Prelude® ML

Size Capabilities
NOTE: Up to 6 weeks  
for color and size  
combinations. 

Main Beams Length Cross Tees Length N/A N/A N/A N/A N/A N/A Varies Varies

36"  –  144"
Rout spacing  
3" from ends,  
4" thereafter

3"  –  144"

Suggested Moldings
(Additional  
molding options  
available. Visit  
armstrongceilings. 
com/moldings)

7800 _ _
7800HRC

12' Hemmed Angle Molding (7/8") 144 x 7/8 x 7/8" N/A N/A N/A N/A 30 360

7808 _ _** 10' Hemmed Angle Molding (9/16") 120 x 2 x 2" N/A N/A N/A N/A 10 100

780812 _ _** 12' Hemmed Channel Molding (9/16") 120 x 2 x 2" N/A N/A N/A N/A 10 100

 ** Simple Span
 ◆ When specifying or ordering, add 2-letter color suffix to item number (ex. 7301 B L)

Dots represent high  
level of performance.

ASTM Class      
HD - Heavy-duty 
ID - Intermediate-duty 
LD - Light-duty

End Detail
Main Beam: Staked-on clip 
Cross Tee: Staked-on hook clip
Duty Classification
Intermediate or Heavy-duty
Cleaning & Disinfecting
Cleaning and CDC-approved disinfecting options available  
on armstrongceilings.com/cleaning

PHYSICAL DATA 
Material
Hot-dipped galvanized steel
Surface Finish
Baked polyester paint, anodized, or powder coated  
Manufactured and tested in accordance 
with ASTM C635
Face Dimension
15/16"
Profile
Exposed tee
Cross Tee/Main Beam Interface
Flush fit

Design Considerations  
Physical product samples for standard and custom colors are 
available upon request. Please refer to the physical product 
sample prior to making a final selection. While we strive to ensure 
exact color matches, various factors such as differences in 
materials, texture, substrate porosity, painting processes, lighting, 
and observer subjectivity can all affect how paint colors appear on 
ceiling and wall panels, suspension systems, and trim products. 
Due to these and other differences, ceiling and wall panels, trim 
products, and suspension systems with the same color name will 
coordinate but may not be an exact color match. Product is dye-
lotted. Order sufficient initial quantities and attic stock to minimize 
possible color variation.

ICC Reports
For areas under ICC jurisdiction, see ICC evaluation report 
number ESR-1308 for allowable values and/or conditions of use 
concerning the suspension system components listed on this 
page. The report is subject to re-examination, revisions, and 
possible cancellation.

SEISMIC PERFORMANCE
Main Beams
7300, 7302, 7301
Minimum Lbs. To Pull Out Compression/Tension
334.0 
330.0

Cross Tees
All ML cross tees exceed 130 lbs. in both 
compression and tension.

Configuration Item  
No.

Fixture Planning Module Hanger Spacing Maximum Weight
A B A B A B A B A B

Main Beam to 
Main Beam

•
••

• •
••

•

7300/7302 
7301

24" x 48" 
24" x 48"

24" x 48" 
24" x 48"

48" x 48" 
48" x 48"

48" x 48" 
48" x 48"

48" 
48"

48" 
48"

72.0 lbs. 
76.0 lbs.

72.0 lbs. 
76.0 lbs.

•
••

• •
••

•
7300/7302 
7301

12" x 48" 
12" x 48"

12" x 48" 
12" x 48"

48" x 48" 
48" x 48"

48" x 48" 
48" x 48"

48" 
48"

– 
–

72.0 lbs. 
76.0 lbs.

54.0 lbs. 
76.0 lbs.

Main beams tested as follows: 7300 tested at 13.0 lbs./LF to 1/360 of 4' span; 7301 tested at 16.5 lbs./LF to 1/360 of 4' span; 

Cross Tee to  
Cross Tee

• •

••

• •

••

ML7343 24" x 48" 24" x 24" 48" x 48" 48" x 48" 48" 48" 51.0 lbs. 36.0 lbs.

• •

••

• •

••

ML7343 24" x 48" 12" x 48" 48" x 48" 48" x 48" 48" 48" 51.0 lbs. 47.0 lbs.

Fixtures weighing more than 56 lbs. should be independently supported. Fixture weight is based on single fixture only. For end-to-end fixtures or other configurations not shown, consult your 
Armstrong Ceilings representative.
NOTE: The above data is based on 48" hanger wire spacing, board weight of 1 lb./SF,  maximum deflection of tees not to exceed 1/360 of the span, and suspension system installed in accordance 
with ASTM C636.

MAXIMUM FIXTURE WEIGHT   Drawing Key: Main beam (  )  Cross tee ( --- ) Hanger wire ( +•  )
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Tectum®

Ceiling & Wall Panels



Direct-Attach in 
custom colors; 

Kalamazoo 
Public Library, 

Kalamazoo, MI; 
David Milling 

Architects, Ann 
Arbor, MI

4 86 10
Sustainability

Lay-in & Tegular and 
Lay-in & Tegular  
High NRC

Tectum® Create!™

Blades & Baffles

Direct-Attach & 
Direct-Attach  
High NRC

Finale™ & Finale™ PB

DesignArt™  – Shapes 
& DesignArt™ – Lines

Shapes & Clouds

12 13 14 15

2

Tectum®

Ceiling & Wall Panels
Tectum® ceiling and wall panels provide durable,  
sustainable, acoustical solutions with unlimited 
design options. Tectum 1" thick panels are part 
of the Sustain® portfolio and meet the most 
stringent sustainability standards today. Tectum 
panels also have UL® Certified acoustics with 
acoustical testing and reporting that align with 
industry-wide best practices.
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Here's how:
•  Contribute to LEED® v4 (including new 

Materials and Resources credits)
•  Have Health Product Declarations (HPDs) 

which tell you what's in the products
•  Are free of Red List chemicals per  

Living Building Challenge® 3.0  
(including no added formaldehyde)

•  Have Declare® labels – easy  
reference “nutrition labels”

•  Meet California Department  
of Public Health (CDPH)  
low- emissions standards

•  Have Environmental Product  
Declarations (EPDs) which tell  
you the impact of the products

•  Contribute to WELL Building Standard™

The Sustain® 
Portfolio Contributes 
to Better Spaces
1" Thick Tectum® Panels in Standard Colors

Tectum Direct-Attach Ceiling Panels; Temple School of Architecture,  
Philadelphia, PA; NELSON, Philadelphia, PA

Custom Colors 
 Available*

*  Colors that are 
pre-qualified to meet 
Sustain portfolio 
requirements are 
available upon 
request. Other 
made-to-order colors 
must be evaluated if 
sustainability criteria  
is required. Lead time 
will increase.

Basalt  
(TBT)

Feldspar  
(TFS)

Twilight  
(TTT)

Sandstone 
(TSS)

Polar  
(TPO)

Rose  
(TRO)

Fern  
(TFN)

Mist  
(TMT)

Oat  
(TOT)

Riverstone  
(TRV)

Topaz  
(TTZ)

Ocean  
(TOC)

Rainstorm  
(TRS)

Limestone  
(TLM)

Honeysuckle  
(THS)

Ivy  
(TIV)

Lilac  
(TLC)

White 
(TWH)

Hay  
(THY)

Coffee  
(TCE)

Bronzite  
(TBZ)

Boxwood  
(TBW)

Natural 
(TNA)

Pacific  
(TPC)

Fossil  
(TFL)

Marigold  
(TMG)

Available as standard colors for Tectum® DesignArt™ – Shapes and Tectum DesignArt – Lines only



5

Made from Nature
Tectum® products are made of fibers from one of the most sustainably 
harvested trees of its kind - the Wisconsin Aspen. The part of the Aspen 
that grows above ground can live between 40-150 years. The root system 
of the Aspen can survive thousands of years. Aspens quickly regenerate 
from their root system after the trunks have been harvested. Tectum 
panels are certified by the Forest Stewardship Council® (FSC),  
ensuring wood comes from responsibly managed forests.

Tectum products are made of natural fibers and binders that are turned 
into unique, sound-absorbing, textured ceiling and wall panels that bring 
nature inside. Ideal for spaces where sustainability, durability, and noise 
control are needed.

 Wisconsin Aspen Trees
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Direct-Attach &  
Direct-Attach  
High NRC 
Fit the Bill
Install panels directly to ceilings and 
walls to add durability and noise 
reduction to a wide variety of spaces 
using a sustainable solution.

•  Tectum® Direct-Attach panels now have  
UL® Certified acoustics with acoustical testing and 
reporting that align with industry-wide best practices 

•  Tectum High NRC panels have a proprietary,  
factory-applied acoustical backing, adding  
sound absorption that is UL-certified 

•  1" thick panels are part of the  
Sustain® and CleanAssure™ portfolios

•  Excellent sound absorption –  
NRC up to 1.0 (mounting and  
thickness dependent)

•  Retrofit solution for noise reduction
•  Can be mechanically fastened to a  

wide variety of surfaces 
•  Install 1" thick Tectum on Trusses and  

I-Beams for added acoustics while  
maintaining an exposed structure visual  
on the deck

•  Durable for heavy-use interiors, pools,  
and exterior-covered spaces

Tectum® 
Direct- 
Attach 
Panel

Laid  
on 3/4" 
 Furring  
Strips

1X  
Furring   
Strips  24"  
O.C. or  
 Equal

Tectum High NRC 47-3/4" x 96" Direct-Attach  
wall panels in White



Boys & Girls Club 
of Lancaster
The Challenge

The gymnasium at the Boys & Girls Club of Lancaster 
is in use every day, not only for sports activities but 
for a variety of other functions as well. Its acoustic 
environment, however, was not always ideal. Acoustical 
testing showed that reverberation time in the gym was 
5.05 seconds, far above the 2.00 seconds or less 
recommended for this type of space. As Karen Schloer, 
the Club’s chief executive officer, notes, “The noise 
level was putting a real strain on the staff because they 
had to shout so often when trying to communicate with 
the kids.”

The Solution 

To solve the problem, Armstrong Ceiling and Wall 
Solutions installed more than 3,500 square feet 
of Tectum® Direct-Attach wall panels to the gym’s 
masonry walls. The panels were chosen because of 
their ability to absorb both sound and the impact of 
basketballs, volleyballs, and other objects that hit  
the walls.

Aesthetically, the two-inch-thick, 2' x 4' panels are 
installed in ribbons of white and a custom blue that 
match the Club’s colors. They start nearly 10 feet off 
the floor and continue up the wall another 18 feet.

In addition, a re-creation of the Boys & Girls Club logo 
is installed at each end of the gym. The 15-foot wide 
and 13-foot high visual of two interlocking hands was 
created using eight-inch triangular custom Tectum 
panels. The white triangles are one-inch thick, while 
the blue triangles are two-inches thick so that they 
stand out from the wall. Two rows of 12 Soundsoak® 
Baffles were installed in the center of the ceiling for 
added noise absorption.

Acoustically, the 2" Direct-Attach Tectum wall panels 
have a Noise Reduction Coefficient (NRC) of 0.70. 
Acoustical testing conducted after the installation of 
the combination acoustical treatment showed that 
reverberation time dropped to 1.85 seconds, a 63% 
reduction. According to Chief Operations Officer, Scott 
McLellan, "The difference is like night and day. The 
biggest takeaway is how much easier it is now for the 
staff to gain control of the space because the kids can 
hear directions much more clearly."

Looking back at the difference in the gym’s acoustic 
comfort, McLellan adds, “The staff simply didn’t realize 
how bad it was because they didn’t realize how good it 
could be.”

Case Study
Location: Lancaster, PA

Product: Tectum Direct-Attach  
Wall Panels, Tectum  
Panel Art Shapes and  
Soundsoak Baffles

Architect: You Inspire™ Solutions Center
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Tectum® Create!™ 
Direct- Attach 
Fit the Aesthetic
Transform interior spaces with  
distinctive image depth and  
personality with texture-rich  
custom panels.

•  1" thick Tectum® Create!™ Direct-Attach 
panels are now available in four standard 
designs, or you can submit your own 
custom artwork

•  Repeat panel patterns that can span 
wall surfaces in both vertical and 
horizontal directions 

•  Marry art with excellent sound 
absorption – NRC up to 0.85  
(mounting method dependent) 

•  Panel sizes include 23-3/4" x 48" 
and 47-3/4" x 96" with long and short 
beveled edges (no additional custom 
sizes available) 

•  Panels can be directly attached to a 
wide variety of interior wall surfaces

•  Tectum Create! panels are part of the 
Sustain® and CleanAssure™ portfolios 

Tectum® 
Direct- 
Attach 
Panel

Laid  
on 3/4" 
 Furring  
Strips

1X  
Furring   
Strips  24"  
O.C. or  
 Equal

1" thick Tectum Create! Direct-Attach 47-3/4" x 96" Rustic Plank 
ceiling & wall panels

8
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1" thick Tectum® Create!™ Direct-Attach 47-3/4" x 96" custom wall panels

9
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•  Mix and match standard Shapes  
and Lines to create your own  
unique visual
-  30 standard Shapes direct-attach  

ceiling and wall panels
-  29 standard Lines direct-attach  

ceiling and wall panels
-  29 standard Lines tegular  

ceiling panels
-  24 new standard colors  

inspired by nature 
•  Over 100 variations of pre-designed  

patterns ready to add energy and  
beauty to your interiors

•  Tectum DesignArt – Lines High NRC panels have 
a proprietary, factory-applied acoustical backing, 
adding sound absorption that is UL-certified

•  1" thick panels are part of the Sustain®  
and CleanAssure™ portfolios

•  Tectum® DesignArt™ panels have UL® Certified 
acoustics with testing and reporting that align  
with industry-wide best practices

•  Color-coordinated suspension systems available

DesignArt™ 
Fit to Transform
Combining texture, shapes, linear  
designs, patterns, and colors with  
sustainable, acoustical Tectum®  
DesignArt™ Ceiling and Wall panels.

Tectum DesignArt – Shapes Direct-Attach and Tectum  
DesignArt – Lines Direct-Attach Wall panels pattern TDSL - 0005 

Visit our online pattern gallery at:
armstrongceilings.com/patterngallery Tectum® 

Direct- 
Attach 
Panel

Laid  
on 3/4" 
 Furring  
Strips

1X  
Furring   
Strips  24"  
O.C. or  
 Equal



Our Town Brewery
The Challenge

Our Town Brewery, a 6,000-square-foot pub housed 
in a former auto showroom, opened in September 
2020. According to owner Rob Tarves, a common 
complaint soon after opening was acoustics. 
“Patrons said they couldn’t hear themselves think,” 
he says. “In addition, we weren’t able to conduct 
trivia contests as we had hoped and had to limit 
our live music choices.” Improving acoustics while 
maintaining the brewery’s aesthetic thus became 
the challenge.

The Solution 

To help remedy the situation, Tarves contacted 
Armstrong Ceiling & Wall Solutions. “The space was 
full of flat surfaces including picture windows on three 
sides,” Armstrong designer Marie DePaul explains. 
“Plus, the owner wanted to preserve the brewery’s 
91-year-old tin ceiling, which meant there were not a 
lot of surfaces to treat acoustics. The challenge was to 
install enough acoustic treatment to make a difference 
and also contribute to the design of the space.” 

Selected for use were Armstrong Tectum® DesignArt™ - 
Shapes, which are direct-attach wall panels. The durable 
panels feature a unique textured wood fiber visual 
and are ideally suited for high-traffic interiors. Tectum 
DesignArt panels transform interior spaces by combining 
texture, shapes, patterns, and colors with sustainability 
and acoustics. As part of the Armstrong Sustain® 
portfolio, standard Tectum DesignArt panels meet 
the most stringent industry sustainability compliance 
standards today.

The focal point of the space is now a 33-foot-long by 
7-foot-high mosaic-type wall pattern above the bar. 
It was created using Tectum DesignArt - Shapes and 
consists of 48 full hexagons and 37 partial hexagons  
in Polar, the standard color, and three custom colors: 
light gray, medium gray, and dark gray. Hexagonal  
panels in a blue/green color were installed on the  
side and front walls.

All together, 167 two-foot-wide Tectum DesignArt 
hexagons were installed. The colors were chosen to 
match the pub’s brand design and to complement the 
existing aesthetics. “The ability to work with a brand’s 
standards to coordinate custom colors was key,”  
DePaul adds. 

According to Tarves, installation went quickly and 
smoothly. One reason was that each panel was labeled 
as to where it went in the pattern. The panels were 
installed on 1" thick furring strips which results in a Noise 
Reduction Coefficient (NRC) of 0.85, meaning they 
absorb 85% of the sound that strikes them.

Once complete, Tarves notes both the patrons and 
the staff noticed the improvement. Acoustical tests 
confirmed it. Reverberation time fell from 4.94 seconds 
to 2.88 seconds, a 42% reduction. As Tarves says, “The 
efficacy of the panels was quickly evident. You could 
hear the difference as each panel was installed.

“We wanted the space to look great and control sound 
at the same time,” Tarves adds. “The Tectum DesignArt 
panels accomplished that by combining aesthetics  
and acoustics.”

Case Study
Location: Lancaster, PA

Product: Tectum DesignArt – Shapes

11
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•  Tectum® Lay-in and Tegular panels 
now have UL® Certified acoustics 
with acoustical testing and 
reporting that align with  
industry-wide best practices 

•  Tectum High NRC panels have 
a proprietary, factory-applied 
acoustical backer, adding sound 
absorption that is UL-certified

•  1" thick panels are part of  
the Sustain® and CleanAssure™ 
portfolios

•  Tegular panels have Total 
Acoustics® Performance (NRC 
0.90 CAC 35) with 1713 infill panel

•  Durable for heavy-use interiors
•  Lay-In and Tegular panels are part 

of the automated ceiling solutions 
in ProjectWorks®

Lay-in & Tegular 
and Lay-in & 
Tegular High NRC 
Fit For Purpose
Durable, sustainable, noise control  
for spaces requiring acoustics and  
design flexibility.

Tectum Tegular 24" x 48" panels in White with Prelude® XL®  
15/16" suspension system

Prelude® XL®

Main Beam

Lay-in  
Panels

Tegular  
Panels
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•  Tectum Finale and Finale PB now 
have UL® Certified acoustics with 
acoustical testing and reporting 
that align with industry-wide  
best practices

•  Finale PB panels are 
manufactured with a  
plant-based binder infill

•  Finale PB panels are part  
of the Sustain® portfolio

•  All panels are part of the  
CleanAssure™ portfolio 

•  Select products are included  
in the FAST134 program –  
ready to ship in 4 weeks or less

•  Excellent sound absorption –  
NRC up to 0.90 (mounting 
method dependent) 

•  Available in White, Natural,  
and custom colors

Tectum Finale PB ceiling and wall panels in White

Finale™ & Finale PB 
A Sound Fit
Tectum® Finale™ and Finale PB ceiling and  
wall panels have built-in furring pieces with 
factory-filled panels that provide maximum 
sound control and install 2.5x faster than 
C-20 mount Direct-Attach panels for reduced 
installation costs. A perfect way to add 
acoustics to exposed structure spaces.

Integrated  
Acoustical 
Insulation

Integrated 
Furring  
Strip
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Blades & Baffles  
Fit to the Max
Vertical elements control acoustics  
with an upscale linear visual.

•  Upscale linear visual adds acoustics and 
aesthetics to any space  

•  Noise absorption up to 0.60 Sabins/SF 
•  Custom shapes and sizes available to meet 

your project needs
•  Mounting channels available to extend panel 

length beyond four feet

Tectum® Blades custom acoustical panels; 
Cisco Umbrella, San Francisco, CA

Hang with hanger wire  
or aircraft cables
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•  Noise absorption up to 0.50 Sabins/SF
•  Wide variety of color options available
•  Installs with Prelude® XL® 15/16"  

heavy-duty main beams
•  Square or radius edges
•  Made in sizes up to 4' and can be suspended  

or direct-attached to drywall grid system

Tectum® Clouds; Retail Me Not, Austin, TX; STG Design, Austin, TX

Shapes & Clouds 
Flexible Fit
Shapes and Clouds offer design  
flexibility in a floating system.

Tectum Cloud

Prelude® XL® 15/16" Heavy-duty
Main Beam and Hanger Wire

1-1/4" Hi-Low Screw
Spaced 12" O.C.
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Fabric Walls 
Twice the Fit
Tectum® fabric walls do double duty, 
providing both acoustics and a tackable 
surface for displays and bulletin boards.

•  Abuse-resistant, fabric-wrapped 
panels attach directly to walls

•  Excellent Noise Absorption – NRC 
up to 0.90

•  Mounting is quick and easy using 
internal spline system

•  Durable fabric options available 

Tectum Fabric wall panels; Southland 
Christian Church, Lexington, KY

Fabric Wall – Decor Clip
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1" thick Tectum® Create!™ Direct-Attach 47-3/4" x 96" custom wall panels

TECTUM®   
Made to Fit
Tectum® ceiling and wall panels are available 
in a variety of sizes, shapes, forms, and 
colors. Select from a natural factory finish, 
white, or made-to-order colors. Panels can be 
field painted up to six times without impacting 
acoustic or fire performance. Tectum panels 
are made to fit your design needs.

1X Furring
Strips
24" O.C. or
Equal

Tectum® 
Direct-Attach 
Panel

Laid On 3/4"
Furring Strips

Tectum® DesignArt™ - Lines Direct-Attach Wall Panels
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TECTUM® Panels
Width Length Thickness

Blades & Baffles 23-3/4" – 47-3/4" 11-3/4" – 23-3/4"* 1", 1-1/2", 2"

Shapes & Clouds 23-3/4" – 47-3/4" Up to 96" 1-1/2", 2"

Direct-Attach 23-3/4" – 47-3/4" 48" – 144" 1", 1-1/2", 2"

DesignArt™ – Shapes 6" – 48" 6-15/16" – 48" 1"

DesignArt – Lines 24" 24" 1"

Finale™ and Finale PB 23-3/4" – 47-3/4" 48" – 144" 1", 1-1/2", 2"

Lay-in & Tegular 23-3/4" – 47-3/4" 23-3/4" – 47-3/4" 1", 1-1/2", 2"

Fabric Walls 23-3/4" – 47-3/4" 48" – 120" 1", 1-1/2", 2"

* Available height for Blades & Baffles. Length can extend beyond 48" with mounting channels.

Sizes 
Colors 
Acoustics

Product Panel Thickeness

Mounting
NRC Rating

Weight (SF) Suspended
A 

Mounting  
D-20 

Mounting
C-20 

Mounting
C-40 

Mounting 

  
Tectum® Blades & Baffles 1" 1.63 LBS/SF 0.40 

(Sabins/SF)
– – – –

1-1/2" 2.53 LBS/SF 0.50 
(Sabins/SF)

– – – –

Tectum® Create!™ Direct-Attach  
Ceiling & Wall Panels 

1" 1.63 LBS/SF – 0.40 0.45 0.80 0.85

Tectum Direct-Attach 
Ceiling & Wall Panels

1" 1.63 LBS/SF I-Beam: 3.8  
(Sabins/24 x 48 x 1" 

Tectum panel)
Truss: 2.9  

(Sabins/24 x 48 x 1" 
Tectum panel)

0.40 0.45 0.80 0.85

Tectum® DesignArt™ – Shapes  
& Tectum DesignArt – Lines 
Direct-Attach Ceiling & Wall Panels

1" 1.63 LBS/SF – 0.40 0.45 0.80 0.85

Tectum DesignArt – Lines High NRC 
Direct-Attach Ceiling & Wall Panels 

1" 1.63 LBS/SF – – 0.60 – –

Tectum DesignArt – Lines 
Tegular Ceiling Panels

1" 1.63 LBS/SF 0.40 – – – –

Tectum DesignArt – Lines High NRC 
Tegular Ceiling Panels

1" 1.63 LBS/SF 0.85 – – – –

Tectum® Finale™ 
Ceiling & Wall Panels

1" Panel with Integral 
Minwool Insert &  
1" Furring

3.00 LBS/SF – 0.85 0.90 – –

Tectum Fabric Walls 1" 1.63 LBS/SF – 0.50 0.60 – 0.90

Tectum Finale PB 
Ceiling & Wall Panels

1" Panel with Plant-based 
Binder Infill & 1" Furring

3.00 LBS/SF – 0.80 0.85 – –

Tectum High NRC Direct-Attach  
Ceiling & Wall Panels

1" 1.63 LBS/SF – – 0.60 – –

Tectum High NRC Lay-in &  
Tegular Ceiling Panels

1" 1.63 LBS/SF 0.85 – – – –

Tectum Lay-in & Tegular 
Ceiling Panels

1" 1.63 LBS/SF 0.40 – – – –

1" w/ 1713 Infill 2.94 LBS/SF 0.90/CAC 33 – – – –

1-1/2" 2.53 LBS/SF 0.50 – – – –

Tectum Shapes & Clouds 1-1/2" 2.55 LBS/SF 0.50 
(Sabins/SF)

– – – –
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Edge Detail Recommendations
Long edges beveled

Short 
edges 
beveled

Layout not recommended. Contractor will likely 
need to �eld trim to achieve desired �t.

Long 
edges 
beveled

Short 
edges 
squared

Beveled edge

Square
edge

Long 
edges
beveled

Short edges
beveled

Long edges beveled

Short 
edges
beveled

Long edges beveled

Short edges beveled Beveled
edge

NOTE: Stacked bond patterns are possible, but 
not recommended. Field trimming panels may 
be required to achieve desired fit and alignment.    

NOTE: Use Beveled Edge/Square End for the 
above panel layout.

NOTE: Use Beveled Edge/Beveled End 
panels for all adjoining panel installations.

NOTE: All exposed edges of the 
panel are factory painted.



Take  
the Next  
Step

BPCS-5496-623

armstrongceilings.com/tectum

FSC® is a registered trademark of FSC Forest Stewardship Council®, A.C., license code FSC-
C007626; LEED® is a registered trademark of the U.S. Green Building Council; Revit® is a registered 
trademark of Autodesk, Inc.; SketchUp® is a registered trademark of Trimble, Inc.; Declare® is 
a registered trademark and Living Building Challenge® (LBC) are registered trademarks of the 
International Living Future Institute®; WELL Building Standard™ is a trademark of The International 
WELL Building Institute (IWBI); UL® and UL Certified are registered trademarks of UL LLC  
All other trademarks used herein are the property of AWI Licensing LLC and/or its affiliates 
© 2023 AWI Licensing LLC •  Printed in the United States of America

1 877 276-7876

Customer Service Representatives 
7:45 a.m. to 5:00 p.m. EST  
Monday through Friday

TechLine – Technical information, detail drawings,  
CAD design assistance, installation information,  
other technical services – 8:00 a.m. to 5:30 p.m. EST,  
Monday through Friday. FAX 1 800 572 8324  
or email: techline@armstrongceilings.com  

armstrongceilings.com/commercial

Latest product news

Standard and custom product information

 Online catalog

CAD, Revit®, SketchUp® files

A Ceiling for Every Space® Visual Selection Tool

Product literature and samples – express service  
or regular delivery

Contacts – reps, where to buy, who will install

armstrongceilings.com/projectworks

The power of ProjectWorks® Design and  
Pre-Construction Service

Mix and match different sizes, shapes, colors,  
and materials to reinvent your standard, specialty,  
or custom ceiling.

Visit our pattern gallery online to see ideas for your 
next project at armstrongceilings.com/patterngallery

Contact your local representative to get a design 
started! Not sure who your local rep is?  
Visit armstrongceilings.com/findarep



TechLine 877 276-7876 
armstrongceilings.com/tectumcreate

DETAILS

1. Rustic Plank design on multiple Tectum Create! Direct-Attach panels viewed from greater than 5'
2.  Close-up of Rustic Plank Tectum Create! image from Detail 1
NOTE:  For optimal visual, product is best viewed at a distance with direct lighting. Panel face and bevel  

are printed, while vertical edges are painted white. Custom solid color edge painting is available  
upon request.1 2

TECTUM® Create!™  
Direct-Attach
Standard & Custom Wall Panels
coarse texture

 1" thick Tectum Create! Direct-Attach 47-3/4" X 96" vertical wall panels in standard Textured Hex design

Transform interior spaces with distinctive image depth and personality on texture-rich Tectum® Create!™ Direct-Attach wall panels.

KEY SELECTION ATTRIBUTES
•  Now, 1" thick Tectum® Create!™ Direct-Attach 

panels are available in four standard designs  
or submit your own custom artwork

•  Repeat panel patterns can span wall surfaces  
in both vertical and horizontal directions

•  Excellent sound absorption – NRC up  
to 0.85 (mounting method dependent)

•  Panel sizes include 23-3/4" x 48"  
and 47-3/4" x 96" with long and short beveled edg-
es (No additional custom sizes available)

•  Panels can be directly attached to a wide variety of 
interior wall surfaces

•  Great retrofit solution for noise reduction

•  CleanAssure™ family of products –  
includes disinfectable panels,  
suspension systems, and trim 

•  Sustainable Beyond Standard: Custom sizes 
in 1" thickness and all standard panels are 
part of the Sustain® portfolio and meet the 
most stringent industry  
sustainability compliance standards today

•  Create your one-of-a kind acoustic artwork! 
To get started, contact 
ASQuote@armstrongceilings.com

STANDARD DESIGNS

Exposed 
Brick (CXB)

Rustic Plank 
(CXP)

Steady 
Wave (CXW)

Textured 
Hex (CXH)

Multiple panels are used to create full patterns.

1X Furring
Strips
24" O.C. or
Equal

Tectum® 
Direct-Attach 
Panel

Laid On 3/4"
Furring Strips

BABA

A B A B

BABA A

5334W4L08T10CXWA
4' x 8' Steady Wave 

Panel A

5334W4L08T10CXWA
4' x 8' Steady Wave 

Panel B

4' x 8' Steady Wave Pattern Size

96"

95.5"

96"96"

47.75" 47.75"

4' x 8' Steady Wave Pattern Repeat

Steady Wave 47-3/4" x 96"

BABA

A B A B

BABA A

5334W4L08T10CXWA
4' x 8' Steady Wave 

Panel A

5334W4L08T10CXWA
4' x 8' Steady Wave 

Panel B

4' x 8' Steady Wave Pattern Size

96"

95.5"

96"96"

47.75" 47.75"

4' x 8' Steady Wave Pattern Repeat

C B

C

D

A BC D

A

BC D A

BC

D A

A

A

A

A B

B

B

B

5334W2L04T10CXWA
2' x 4' Steady Wave 

Panel A

5334W2L04T10CXWC
2' x 4' Steady Wave 

Panel C

2' x 4' Steady Wave Pattern Size

2' x 4' Steady Wave Pattern Repeat

5334W2L04T10CXWD
2' x 4' Steady Wave 

Panel D

5334W2L04T10CXWB
2' x 4' Steady Wave 

Panel B

48"

23.75" 23.75"

48"

48"

48"

95"

23.75" 23.75"

48"

Steady Wave 23-3/4" x 48"

C B

C

D

A BC D

A

BC D A

BC

D A

A

A

A

A B

B

B

B

5334W2L04T10CXWA
2' x 4' Steady Wave 

Panel A

5334W2L04T10CXWC
2' x 4' Steady Wave 

Panel C

2' x 4' Steady Wave Pattern Size

2' x 4' Steady Wave Pattern Repeat

5334W2L04T10CXWD
2' x 4' Steady Wave 

Panel D

5334W2L04T10CXWB
2' x 4' Steady Wave 

Panel B

48"

23.75" 23.75"

48"

48"

48"

95"

23.75" 23.75"

48"

CAD/Revit® drawings at: 
armstrongceilings.com/cadrevit
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BPCS-6550-322

LEED® is a registered trademark of the U.S. Green Building Council; Declare® and Living Building Challenge™  
(LBC) are trademarks of the International Living Future InstituteSM; WELL™ and WELL Building Standard™  
are trademarks of the International WELL Building Institute; Adobe®, Illustrator®, and Photoshop® are registered  
trademarks of Adobe in the United States and/or other countries; Revit® is a registered trademark  
of Autodesk, Inc.; UL and UL Certified are registered trademarks of UL LLC; all other trademarks used  
herein are the property of AWI Licensing LLC and/or its affiliates   © 2023 AWI Licensing LLC
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Mounting  
Methods
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C-20 
 

C-40

TECTUM® Create!™  
Direct-Attach
Standard & Custom Wall Panels
coarse texture

Bio- 
Block

Humi- 
Guard+

 CleanAssure™  DURABILITY
Disinfectable Panels

Item 
No. ◆

Dimensions  
W x L x H 
(Inches)

Fi
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ol

d/
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ew
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g  
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TECTUM® Create!™  
Direct-Attach  
Standard Wall Panels 
Long Edges       
Beveled/Short  
Edges  
Beveled* 

5334W2L04T10_ _ _ _ 23-3/4 x 48 x 1"    Class A • • • •

5334W4L08T10_ _ _ _  47-3/4 x 96 x 1"      Class A  •  •  • •

 * Printed image will continue on beveled edge. Vertical edge of panel will be painted Tectum White (TWH) unless specified otherwise.
 ◆  When specifying or ordering, include the appropriate 3-digit design suffix (CXH = Textured Hex, CXB = Exposed Brick, CXP = Rustic Plank,  

CXW = Steady Wave) and panel identifier = A-D (e.g. 5334W2L04T10 C X B C )

PHYSICAL DATA
Material 
Cementitious Wood Fiber
Surface Finish
Factory-applied latex paint with powerful LED curing 
technology.
Fire Performance
Class A. Flame Spread Index 25 or less and Smoke 
Developed Index 50 or less when tested in accordance with 
ASTM E84.
Humidity/Sag Resistance
HumiGuard® Plus performance panels are recommended  
for areas subject to high humidity, up to, but not including, 
standing water and outdoor applications.  
Anti-Mold/Mildew
Ceiling panels with BioBlock® performance resist the growth 
of mold and mildew on the panel surface.

Installation Considerations
The face and bevels of the panel are printed. Vertical edges of 
the panel are painted Tectum White (TWH). Custom solid colors 
may be available upon specification. 
Viewing angles and direct light will impact the viewing surface. 
The surface has a great deal of texture and results may vary.
Primary (Embodied) Energy
See all LCA information on our EPDs.
Application Considerations
Color variation among panels is common due to the natural 
characteristics of the wood.
Tectum Create! is not for use in exterior spaces.
The rich texture of the panels enhances images with high 
contrast, and appear almost three-dimensional when viewed from 
greater than 5'.
Design Considerations
For touch-up solutions, use colored permanent markers to  
touch-up any defects on the board or to blend white or  
unfinished screw faces.

For each design, the standard order quantity is 128 square feet: 
four 2 x 4' panels or two 4 x 8' panels. Panels may be ordered as a 
single piece, however a minimum order quantity fee applies to any 
order under 128 square feet.
Imagery with linear patterns may not align perfectly, panel to panel.
For optimal visual, product is best viewed at a distance.
Cleaning and Disinfecting
Cleaning and CDC recommended disinfecting options  
available on armstrongceilings.com/cleaning
Seismic Restraint
Tectum Direct-Attach panels are approved for application  
in all seismic areas when installed per the seismic guidelines  
in the Armstrong Ceilings & Walls Installation Instructions.
Weight, Pcs and SF/Pallet
1" – 1.65 lbs/SF

ACOUSTICAL MOUNTING METHODS

Mounting A Mounting C-20 Mounting C-40Mounting D-20

Tectum® 
Direct-Attach 
Panel 1X Furring

Strips 
24" O.C. 
Or Equal

Tectum® 
Direct-Attach 
Panel

Laid on 3/4"
Furring Strips
With 1", 3 lb.
Density Fiberglass

2X Furring
Strips
24" O.C. 
Or Equal

Tectum® 
Direct-Attach 
Panel

Laid on 1-1/2"
Furring Strips
With 2-1/2" 
Batt Insulation

1X Furring
Strips
24" O.C. 
Or Equal

Tectum® 
Direct-Attach 
Panel

Laid On 3/4"
Furring Strips

Based on desired final aesthetic, installer may want to field-color screw heads using permanent markers (by others) to coordinate with image colors. 

Dots represent high  
level of performance.VISUAL SELECTION PERFORMANCE ACOUSTICAL INFORMATION

Tailor Designs with Custom Tectum Create! Wall Panels
Create beautiful, unique spaces with printed imagery on Direct-Attach wall panels

Higher resolution files will have best results. The rich texture of the panels enhances images with high contrast, and appears almost three-dimensional when viewed from greater than 5'.

Raster Images: Digital photographs should be created  
in a raster based program such as Adobe® Photoshop®.
•  Image must be 150 dpi at full print size

•   Acceptable file types: 
- Joint Photographic Experts Group – .jpg 
- Tagged Image File Format – .tiff 

•   Acceptable color mode: RGB

Vector Graphics: Logos and illustrations should  
be created in a vector-based program such as  
Adobe® Illustrator®.
•    Acceptable file types: 

- Encapsulated PostScript – .eps 
- Scalable Vector Graphics – .svg

•   Acceptable color mode: CMYK

*  Armstrong will not be held liable for 
artwork color variances from com-
puter screen to completed project, 
or between runs of similar material.
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VARIETEX®  Innovative Textured + Colored Wall Panels

STYLED + DURABLE

surface systems

12 STANDARD COLORS + 3 TEXTURE OPTIONS



style + hygiene

When you need grace under pressure, fiberglass 
reinforced plastic (FRP) panels are the perfect choice 
for your walls. From moisture and germs to daily dirt 
and grime, our FRP panels are able to stand up to 
even the toughest environments - without sacrificing 
style and beauty.

As the first and largest global manufacturer of FRP 
wall paneling, Crane Composites offers the industry’s 
most innovative and resilient FRP panels, backed by 
our expert technical and installation support staff.  

VARIETEX (STCS + STDSC) panels are the first FRP 
panels that are HACCP certified. Hazard Analysis 
Control Point (HACCP) certifies that VARIETEX
panels are suitable for use in food and beverage 
facilities that operate in accordance with a HACCP 
based Food Safety Program. Orientation of 
embossed panels  must be installed/ run vertically 
for any areas that require a sanitary finish under 
HACCP certification.

frpsamples.comorder samples at

ALMOND BREEZE SANDSTONE (866)

Take your surfaces beyond the traditional frp 
white bumpy board. Our VARIETEX resilient wall 
coverings offer you a wide range of stylish 
finishes and colors, while still meeting the 
sanitary requirements of even the toughest 
commercial environments.

VARIETEX®  Innovative Textured + Colored Wall Panels

Add depth and dimension to walls, with our unique textures 
including sandstone, linen, tile and beaded finishes. Beyond 
the beauty, VARIETEX offers all the same benefits of 
traditional fiberglass reinforced plastic (FRP) wallcoverings, 
including stain, abrasion and moisture resistance. Plus it’s 
easy to install and even easier to keep clean. VARIETEX 
provides stability and a simple, stylish solution for your walls 
that’s designed to last.

SUGARLOAF SAND (1294)

MAUNA RED SANDSTONE (1296) + MORNING MIST GRAY SANDSTONE (636)

APPLICATIONS:
• School Hallways
• Cafeterias
• Restrooms
• Dining Rooms
• Reception Areas
• Health Clubs
• Hospitals

FEATURES:
• Mold + Mildew Free
• Meets USDA/FSIS Requirements
• Easy to Install 
• Cleanable
• Durable



Sugarloaf Sand | 1294*

Cotton White | 1130

Clear Water | 1277* Shelter Cove Gray | 1281* Morning Mist Gray | 636

Graphite Vik | 1276* South Beach Ivory | 1282* Almond Breeze | 866 Pepper Dust | 8044

Sand Dune | 8043* Mauna Red | 1295*

AVAILABLE SIZES:
4' x 8' | 4' x 10'

FIRE RATINGS:**
Class A + C per ASTM E-84 | CAN/ULC-S102 
** see technical data sheets for fire rating information by color options

product specs

THICKNESSES:
0.09" (sandstone + linen) | 0.075" (beaded)

ACCESSORIES:
Color Rite™ Color-Matched Silicone Caulk
Silhouette Trims Moldings | Aluminum Moldings 
Beaded Panel Moldings

LINEN TEXTURE

SANDSTONE TEXTURE

Sugarloaf Sand | 1294*

Cotton White | 1130

Clear Water | 1277*

Color + Finish Options

MINIMUM ORDER QUANTITIES AND OTHER TERMS MAY APPLY.

DUE TO LIMITATIONS OF THE PRINTING PROCESS, PATTERNS AND COLORS MAY VARY.  THEY ARE A REPRESENTATION 
OF THE PRODUCT. PLEASE OBTAIN A SAMPLE BEFORE MAKING A FINAL SELECTION AT FRPSAMPLES.COM

Cotton White |  1130 *  

AVAILABLE IN CLASS C PER  ASTM E-84 AND CAN/ULC-S102 ONLY* 

Shelter Cove Gray | 1281* Morning Mist Gray | 636

Graphite Vik | 1276* South Beach Ivory | 1282* Almond Breeze | 866 Pepper Dust | 8044

Sand Dune | 8043* Mauna Red | 1295*

BEADED TEXTURE



cranecomposites.com    |    1.800.435.0080   |     sales@cranecomposites.com

Finishing Touches Seam Treatment Accessories

SILHOUETTE TRIMS®

Silhouette Trims offer a narrow profile to minimize the 
seam. Crane Composites Silhouette Trims feature 
patterned expansion control guides to assist with proper 
FRP installation. Available in 10' lengths in Classic 
collection.

COLOR SIL COLOR-MATCHED CAULK
Use Color Rite's Color Sil caulk for professional looking 
panel installations without the use of moldings. Crane has 
teamed up with Color Rite to provide materials that 
compliment Crane wall panels in over 40 colors. Use 
with Color Rite's Pre-Tooling Mist to install with ease.

BEADED PANEL MOLDINGS
Specially designed beaded division bar to compliment 
our beaded panels. Available in 10' lengths in cotton 
white (1130) color.

aluminum TRIMS
Designed for a contrasting and upscale look. Available in 
10' lengths in silver color.
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architecture white
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architecture atelier caleidoscopio earth elementi nuances unicolorelandscape

architecture
GRANITOGRES

FLOOR: architecture white cm 60x60 - 235/8”x235/8”

307ecocolore



COLORI COLOURS COULEURS FARBEN

Caratteristiche tecniche ed estetiche a pagina: Technical and aesthetics features on page:
Caractéristiques techniques et esthétiques à la page : Technische und ästhetische Eigenschaften auf Seite: 471

architecture black architecture dark grey

architecture light grey

architecture medium grey

architecture cool grey architecture warm grey

308 architecture | ecocolore



architecture atelier caleidoscopio earth elementi nuances unicolorelandscape

architecture light brown architecture dark ivory architecture light ivory

architecture beige architecture white

architecture
GRANITOGRES

309ecocolore | architecture



COLORI COLOURS COULEURS FARBEN

* Su richiesta On request Sur demande Auf Anfrage können

Caratteristiche tecniche ed estetiche a pagina: Technical and aesthetics features on page:
Caractéristiques techniques et esthétiques à la page : Technische und ästhetische Eigenschaften auf Seite: 471

architecture purple*

architecture acid green*

310 architecture | ecocolore



architecture atelier caleidoscopio earth elementi nuances unicolorelandscape

architecture
GRANITOGRES

FLOOR: architecture white, architecture black cm 30x60 - 113/4”x235/8”

311ecocolore | architecture



FORMATI SIZES FORMATS FORMATE 

Formati Sizes
Formats Formate

cm 30x30
113/4”x113/4”

cm 30x60
113/4”x235/8”

cm 60x60
235/8”x235/8”

cm 45x90**
173/4”x353/8”

cm 90x90**
353/8”x353/8”

cm 60x120
235/8”x471/4”

Spessori Thicknesses*
Epaisseurs Stärken

mm 9,4 mm 9,4 mm 9,4 mm 10 mm 10 mm 9,4

Superfici Surfaces
Surfaces Oberflächen ● ● ● ● ● ● ●

● Naturale Matt Naturelle Matt R9
 (A richiesta On request Sur demand Auf Anfrage R10)  
● Levigata Polished Polie Poliert

Rettificate in un unico calibro Rectified version in a single caliber Rectifiés en un unique calibre Boden Sie in einem einzigen Kaliber

* Spessore su superficie naturale Thickness on matt surface Épaisseur sur surface naturelle Stärke der Fliesen mit Mattoberfläche 

** Ad eccezione di: Except for: À l’exception de: Mit Ausnahme von: Architecture Acid Green, Architecture Purple

Nel caso di combinazioni di formati di spessori diversi, specificarlo espressamente nell’ordine
Please specify in your order if you wish to purchase formats including more than one thickness
Prière de spécifier dans votre commande si vous souhaitez acheter des formats avec différentes épaisseurs
Bitte weisen Sie im Bestellungsformular ausdrücklich darauf hin, wenn Sie Formatkombinationen mit verschiedenen Stärken wünschen

Caratteristiche tecniche ed estetiche a pagina: Technical and aesthetics features on page:
Caractéristiques techniques et esthétiques à la page : Technische und ästhetische Eigenschaften auf Seite: 471

SUPERFICI SURFACES SURFACES OBERFLÄCHEN

Levigata

Naturale R9

Uniforme 
Uniform 
Uniforme
Einheitliche

Vedi pagina: See page: Voir page : Siehe Seite: 482

312 architecture | ecocolore



architecture atelier caleidoscopio earth elementi nuances unicolorelandscape

architecture
GRANITOGRES

PEZZI SPECIALI TRIMS ACCESSOIRES FORMSTÜCKE

30 cm 60/120 cm
33 cm 60 cm

4 cm

2 cm

33 cm 60 cm

4 cm

Battiscopa
Bullnose

Plinthe à bord arrondi
Stehsockel

Gradino
Step tread

Nez de marche
Stufenplatte

Gradone
(assemblato)

Angolare
(assemblato)

Formati Sizes
Formats Formate

cm 9x60
31/2”x235/8”

cm 30x60
113/4”x235/8”

cm 60x33
235/8”x13”

cm 60x33
235/8”x13”

cm 9x90
31/2”x353/8”

cm 30x120
113/4”x471/4”

 Disponibile in tutti i colori della serie. Listelli in superfice gloss e naturale. Available in all the colours of the series. Listellos in gloss and matt surface.
 Disponible dans toutes les couleurs de la série. Listelli en surface naturelle et gloss. Verfügbar in allen Farben. Listelli Gloss und Natur Oberfläche.

mix listelli architecture A

mosaico architecture A

mix listelli architecture B

mosaico architecture B

mix listelli architecture C

mosaico architecture C mosaico architecture E

mix listelli 

cm 30x30 - 113/4”x113/4”
tessera cm 1,4x30 - 1/2”x113/4”
su rete on net sur trame auf Netz

architecture beige, architecture dark ivory,  
architecture light ivory, architecture white

Naturale Matt Naturelle Matte

cm 30x30 - 113/4”x113/4”
tessera cm 1x1 - 3/8”x3/8”
su rete on net sur trame auf Netz

architecture beige, architecture dark ivory,  
architecture light ivory, architecture white

cm 30x30 - 113/4”x113/4”
tessera cm 1,4x30 - 1/2”x113/4”
su rete on net sur trame auf Netz

architecture medium grey,  
architecture dark grey, architecture black

Naturale Matt Naturelle Matte

cm 30x30 - 113/4”x113/4”
tessera cm 1x1 - 3/8”x3/8”
su rete on net sur trame auf Netz

architecture medium grey,  
architecture dark grey, architecture black

cm 30x30 - 113/4”x113/4”
tessera cm 1,4x30 - 1/2”x113/4”
su rete on net sur trame auf Netz

architecture warm grey, architecture  
cool grey, architecture light grey, 
architecture medium grey

Naturale Matt Naturelle Matte

cm 30x30 - 113/4”x113/4”
tessera cm 1,4x30 - 1/2x113/4”
su rete on net sur trame auf Netz

architecture warm grey, architecture  
cool grey, architecture light grey, 
architecture white

cm 30x30 - 113/4”x113/4”
tessera cm 1,4x30 - 1/2x113/4”
su rete on net sur trame auf Netz

architecture dark grey, architecture  
medium grey, architecture light grey, 
architecture cool grey

cm 30x30 - 113/4”x113/4”
tessera cm 1,4x30 - 1/2”x113/4”
su rete on net sur trame auf Netz

DECORI DECORS DÉCORS DEKORE

313ecocolore | architecture



**

CARATTERISTICHE TECNICHE TECHNICAL FEATURES 
CARACTÉRISTIQUES TECHNIQUES TECHNISCHE EIGENSCHAFTEN

Al pari dei materiali naturali di riferimento, l’aspetto estetico, la differenza di tono e le venature possono essere diverse da piastrella a piastrella. Per una corretta comprensione della variabilità del prodotto è consigliabile 
prendere visione delle immagini a tutto ambiente sul catalogo di collezione, sul nostro sito all’indirizzo www.casalgrandepadana.it o chiedere maggiori informazioni ai nostri concessionari.

Just like the natural materials they are inspired by, the aesthetics, colouration and veining of the tiles can differ. To properly gauge the suitability of a product, we advise that you view the full-space photos that you can find 
in our collection catalogue and on our website at www.casalgrandepadana.com. Alternatively, please ask a reseller for more information.

Tout comme pour les matières naturelles de référence, la différence de tonalité, les veines ainsi que l’aspect esthétique peuvent varier d’une dalle à l’autre. Pour bien comprendre la variabilité du produit, il est conseillé de 
consulter les images d’ambiance présentes sur le catalogue de la collection, sur notre site à l’adresse www. casalgrandepadana.fr ou de demander plus d’informations à nos concessionnaires.

Wie bei den als Vorbild dienenden Naturmaterialien können sich auch hier das ästhetische Erscheinungsbild, der Farbtonunterschied und die Maserung von Fliese zu Fliese unterscheiden. Um die Variabilität des Produkts 
besser zu verstehen, raten wir Ihnen, die Bilder mit ausgestatteten Räumen im Kollektionskatalog auf unserer Website www.casalgrandepadana.de zu konsultieren. Weitere Informationen können Sie auch bei unseren 
Vertragshändlern erhalten.

*  valore indicativo  approx value  donnée approximative  Ungefähre Werte
** si rimanda all’elenco prodotti UPEC ufficiale, consultabile sul sito:  please see the official UPEC product list:
 veuillez consulter la liste officielle produits UPEC:  sihe die offizielle UPEC-Produktliste auf der Website: http://webapp.cstb.fr/upec-ceramique/
*** prova su superficie asciutta  test on a dry surface  essai sur surface sèche  Test auf trockener Oberfläche

 PT0050   

norma  
standards
norme  
Norm

risultato prova*  
test results*
resultats des essais*  
Ergebnisse*

classificazione prodotto
product classification
classement  
Klassifizierung

UNI EN 14411-G
ISO 13006

gruppo Bla UGL completamente greificato
group Bla UGL fully vitrified
group Bla UGL grès cérame fin 
Gruppe BIa UGL Feinsteinzeug  

caratteristiche dimensionali e d’aspetto
dimensional and surface quality
caractéristiques de la surface
Oberflächenqualität

UNI EN ISO 10545-2

tolleranze minime nella 1ª scelta
very low tolerance
des tolérances minimes en 1er choix
Entspricht Normen

assorbimento di acqua   
water absorption
absorption d’eau   
Wasseraufnahme

UNI EN ISO 10545-3 < 0,1%

resistenza alla flessione   
flexural strength
résistance à la flexion   
Biegezug-Festigkeit

UNI EN ISO 10545-4 45 N/mm2

resistenza al gelo   
frost resistance
résistance au gel  
Frostwiderstandsfähigkeit

qualsiasi norma  
all standards
toute norme   
alle normen

garantita   
guaranteed
garantie   
Garantiert

resistenza attacco chimico  
(esclusione acido fluoridrico)  
resistance to acids and alkalis  
(with the exception of hydrofluoric acid)
résistance à l’attaque chimique  
(exclusion de l’acide fluorhydrique)  
Saüre und Laugen Beständigkeit  
(mit Ausnahme von Fluorwasserstoff)

UNI EN ISO 10545-13 A

resistenza usura e abrasione   
wear and abrasion resistance
résistance à l’usure et abrasion   
Abriebhärte

UNI EN ISO 10545-6 ≤ 150 mm3

dilatazione termica lineare   
linear thermal expansion
coefficient linéaire de  
dilatation thermique   
Lineare Wärmeausdehnung

UNI EN ISO 10545-8 6 x 10-6

resistenza alle macchie   
stain resistance
résistance aux taches   
Fleckenfestigkeit

UNI EN ISO 10545-14
4 - 5 
garantita guaranteed
garantie Garantiert

resistenza alla scivolosità (Superficie Naturale)
slip resistance (Matt surface)
résistance au glissement (Surface naturelle)
Trittsicherheit (Natur Oberflächen)

DIN 51130 Naturale Matt Naturelle Matt R9 
(A richiesta On request Sur demande Auf Anfrage R10)

D.M. N° 236 DEL 14.06.89
METODO B.C.R. valore µ > 0,40***

BS7976-2:2002
BSEN13036-4:201 PTV > 36***

resistenza dei colori alla luce
colour resistance to sunlight exposure
résistance de la couleur à la lumière
Unveränderlichkeit der Farben wenn Strahlung zugesetzt wird

DIN 51094

nessuna variazione  
no change of colours
couleurs inchangées  
Keinerlei Farbänderung

ARCHITECTURE
GRANITOGRES

Gres porcellanato Fully vitrified porcelain  
Grès cerame vitrifié Feinsteinzeug



via Statale 467, n. 73 - 42013 Casalgrande (Re) Italy
tel + 39 0522 9901 - fax + 39 0522 996121

info@casalgrandepadana.it - www.casalgrandepadana.com



**

CARATTERISTICHE TECNICHE TECHNICAL FEATURES 
CARACTÉRISTIQUES TECHNIQUES TECHNISCHE EIGENSCHAFTEN

Al pari dei materiali naturali di riferimento, l’aspetto estetico, la differenza di tono e le venature possono essere diverse da piastrella a piastrella. Per una corretta comprensione della variabilità del prodotto è consigliabile 
prendere visione delle immagini a tutto ambiente sul catalogo di collezione, sul nostro sito all’indirizzo www.casalgrandepadana.it o chiedere maggiori informazioni ai nostri concessionari.

Just like the natural materials they are inspired by, the aesthetics, colouration and veining of the tiles can differ. To properly gauge the suitability of a product, we advise that you view the full-space photos that you can find 
in our collection catalogue and on our website at www.casalgrandepadana.com. Alternatively, please ask a reseller for more information.

Tout comme pour les matières naturelles de référence, la différence de tonalité, les veines ainsi que l’aspect esthétique peuvent varier d’une dalle à l’autre. Pour bien comprendre la variabilité du produit, il est conseillé de 
consulter les images d’ambiance présentes sur le catalogue de la collection, sur notre site à l’adresse www. casalgrandepadana.fr ou de demander plus d’informations à nos concessionnaires.

Wie bei den als Vorbild dienenden Naturmaterialien können sich auch hier das ästhetische Erscheinungsbild, der Farbtonunterschied und die Maserung von Fliese zu Fliese unterscheiden. Um die Variabilität des Produkts 
besser zu verstehen, raten wir Ihnen, die Bilder mit ausgestatteten Räumen im Kollektionskatalog auf unserer Website www.casalgrandepadana.de zu konsultieren. Weitere Informationen können Sie auch bei unseren 
Vertragshändlern erhalten.

*  valore indicativo  approx value  donnée approximative  Ungefähre Werte
** si rimanda all’elenco prodotti UPEC ufficiale, consultabile sul sito:  please see the official UPEC product list:
 veuillez consulter la liste officielle produits UPEC:  sihe die offizielle UPEC-Produktliste auf der Website: http://webapp.cstb.fr/upec-ceramique/
*** prova su superficie asciutta  test on a dry surface  essai sur surface sèche  Test auf trockener Oberfläche

 PT0050   

norma  
standards
norme  
Norm

risultato prova*  
test results*
resultats des essais*  
Ergebnisse*

classificazione prodotto
product classification
classement  
Klassifizierung

UNI EN 14411-G
ISO 13006

gruppo Bla UGL completamente greificato
group Bla UGL fully vitrified
group Bla UGL grès cérame fin 
Gruppe BIa UGL Feinsteinzeug  

caratteristiche dimensionali e d’aspetto
dimensional and surface quality
caractéristiques de la surface
Oberflächenqualität

UNI EN ISO 10545-2

tolleranze minime nella 1ª scelta
very low tolerance
des tolérances minimes en 1er choix
Entspricht Normen

assorbimento di acqua   
water absorption
absorption d’eau   
Wasseraufnahme

UNI EN ISO 10545-3 < 0,1%

resistenza alla flessione   
flexural strength
résistance à la flexion   
Biegezug-Festigkeit

UNI EN ISO 10545-4 45 N/mm2

resistenza al gelo   
frost resistance
résistance au gel  
Frostwiderstandsfähigkeit

qualsiasi norma  
all standards
toute norme   
alle normen

garantita   
guaranteed
garantie   
Garantiert

resistenza attacco chimico  
(esclusione acido fluoridrico)  
resistance to acids and alkalis  
(with the exception of hydrofluoric acid)
résistance à l’attaque chimique  
(exclusion de l’acide fluorhydrique)  
Saüre und Laugen Beständigkeit  
(mit Ausnahme von Fluorwasserstoff)

UNI EN ISO 10545-13 A

resistenza usura e abrasione   
wear and abrasion resistance
résistance à l’usure et abrasion   
Abriebhärte

UNI EN ISO 10545-6 ≤ 150 mm3

dilatazione termica lineare   
linear thermal expansion
coefficient linéaire de  
dilatation thermique   
Lineare Wärmeausdehnung

UNI EN ISO 10545-8 6 x 10-6

resistenza alle macchie   
stain resistance
résistance aux taches   
Fleckenfestigkeit

UNI EN ISO 10545-14
4 - 5 
garantita guaranteed
garantie Garantiert

resistenza alla scivolosità (Superficie Naturale)
slip resistance (Matt surface)
résistance au glissement (Surface naturelle)
Trittsicherheit (Natur Oberflächen)

DIN 51130 Naturale Matt Naturelle Matt R9 
(A richiesta On request Sur demande Auf Anfrage R10)

D.M. N° 236 DEL 14.06.89
METODO B.C.R. valore µ > 0,40***

BS7976-2:2002
BSEN13036-4:201 PTV > 36***

resistenza dei colori alla luce
colour resistance to sunlight exposure
résistance de la couleur à la lumière
Unveränderlichkeit der Farben wenn Strahlung zugesetzt wird

DIN 51094

nessuna variazione  
no change of colours
couleurs inchangées  
Keinerlei Farbänderung

ARCHITECTURE
GRANITOGRES

Gres porcellanato Fully vitrified porcelain  
Grès cerame vitrifié Feinsteinzeug



ecocemento

GRANITOKER

r-evolution



r-evolution light pink

408 ecocemento



beton cemento città eco concrete manhattan metropolis resina spazio the city collection timelessopus r-evolution

r-evolution
GRANITOKER

WALL / FLOOR: light pink cm 90x90 - 353/8”x353/8”_cm 90x180 - 353/8”x707/8”

PLAY VIDEO

409ecocemento



COLORI COLOURS COULEURS FARBEN

r-evolution black r-evolution dark grey

r-evolution terra

r-evolution blue

r-evolution tortora r-evolution sand

Caratteristiche tecniche ed estetiche a pagina: Technical and aesthetics features on page:
Caractéristiques techniques et esthétiques à la page : Technische und ästhetische Eigenschaften auf Seite: 481

410 r-evolution | ecocemento



r-evolution azure r-evolution green r-evolution light pink

r-evolution grey r-evolution white r-evolution total white

r-evolution
GRANITOKER

beton cemento città eco concrete manhattan metropolis resina spazio the city collection timelessopus r-evolution

411ecocemento | r-evolution



FORMATI SIZES FORMATS FORMATE 

Formati Sizes
Formats Formate

cm 30x60
113/4”x235/8”

cm 60x60
235/8”x235/8”

cm 45x90
173/4”x353/8”

cm 90x90
353/8”x353/8”

cm 60x120
235/8”x471/4”

cm 90x180
353/8”x707/8”

Spessori Thicknesses
Epaisseurs Stärken

mm 9 mm 9 mm 9 mm 9 mm 9 mm 9

Superfici Surfaces
Surfaces Oberflächen ● ● ● ● ● ● ● ● ●

● Naturale Matt Naturelle Matt
● Naturale Matt Naturelle Matt R10 A+B PTV>36

Rettificate in un unico calibro Rectified version in a single caliber Rectifiés en un unique calibre Boden Sie in einem einzigen Kaliber

Consigliata per residenziale e commerciale leggero Suitable for residential or light commercial  
Conseillé pour résidentielle et commerciale à circulation légère Geeignet für wohn oder leichte kommerzielle

Caratteristiche tecniche ed estetiche a pagina: Technical and aesthetics features on page:
Caractéristiques techniques et esthétiques à la page : Technische und ästhetische Eigenschaften auf Seite: 481

PEZZI SPECIALI TRIMS ACCESSOIRES FORMSTÜCKE

30 cm 60/120 cm
33 cm 120 cm

4 cm

2 cm

33 cm 120 cm

4 cm

Battiscopa
Bullnose

Plinthe à bord arrondi
Stehsockel

Gradino
Step tread

Nez de marche
Stufenplatte

Gradone
(assemblato)

Angolare
(assemblato)

Formati Sizes
Formats Formate

cm 7x60
23/4”x235/8”

cm 30x60
113/4”x235/8”

cm 120x33
471/4”x13”

cm 120x33
471/4”x13”

cm 7x90
23/4”x353/8”

cm 30x120
113/4”x471/4”

Leggera 
Minimal 
Légère
Leichte

Vedi pagina: See page: Voir page : Siehe Seite: 490

412 r-evolution | ecocemento



r-evolution
GRANITOKER

DECORI DECORS DÉCORS DEKORE

 Disponibile in tutti i colori della serie Available in all the colours of the series
 Disponible dans toutes les couleurs de la série Verfügbar in allen Farben

** Disponibile nei colori: Available in the colours:  
 Disponible dans les couleurs : Verfügbar in den folgenden Farben:  
 R-evolution Black, R-evolution Blue, R-evolution Dark Grey,  
 R-evolution Green, R-evolution Light Pink, R-evolution Terra

*** Solo per posa affiancata Only for side-by-side installation
 Uniquement pour une installation côte à côte Nur fuer die Installierung nebeneinander geignet
 Disponibile nei colori: Available in the colours:  
 Disponible dans les couleurs : Verfügbar in den folgenden Farben:  
 A (Total White/Black), B (White/Grey), C (Sand/Tortora), D (Total White/Blue) 

mosaico 6x6 

r-evo row 

stripes***inserto r-evo**

bacchetta r-evo**

cm 30x30 - 113/4”x113/4”
tessera cm 6x6 - 23/8”x23/8”
su rete on net sur trame auf Netz

cm 30x60 - 113/4”x235/8”
Abbinabile a Combined with Combiné avec Kombiniert mit

cm 60x120 - 235/8”x471/4”

cm 16,5x0,5 - 61/2”x1/4”

cm 60x0,5 - 235/8”x1/4”

beton cemento città eco concrete manhattan metropolis resina spazio the city collection timelessopus r-evolution

413ecocemento | r-evolution



**

CARATTERISTICHE TECNICHE TECHNICAL FEATURES 
CARACTÉRISTIQUES TECHNIQUES TECHNISCHE EIGENSCHAFTEN

Al pari dei materiali naturali di riferimento, l’aspetto estetico, la differenza di tono e le venature possono essere diverse da piastrella a piastrella. Per una corretta comprensione della variabilità del prodotto è consigliabile 
prendere visione delle immagini a tutto ambiente sul catalogo di collezione, sul nostro sito all’indirizzo www.casalgrandepadana.it o chiedere maggiori informazioni ai nostri concessionari.

Just like the natural materials they are inspired by, the aesthetics, colouration and veining of the tiles can differ. To properly gauge the suitability of a product, we advise that you view the full-space photos that you can find 
in our collection catalogue and on our website at www.casalgrandepadana.com. Alternatively, please ask a reseller for more information.

Tout comme pour les matières naturelles de référence, la différence de tonalité, les veines ainsi que l’aspect esthétique peuvent varier d’une dalle à l’autre. Pour bien comprendre la variabilité du produit, il est conseillé de 
consulter les images d’ambiance présentes sur le catalogue de la collection, sur notre site à l’adresse www. casalgrandepadana.fr ou de demander plus d’informations à nos concessionnaires.

Wie bei den als Vorbild dienenden Naturmaterialien können sich auch hier das ästhetische Erscheinungsbild, der Farbtonunterschied und die Maserung von Fliese zu Fliese unterscheiden. Um die Variabilität des Produkts 
besser zu verstehen, raten wir Ihnen, die Bilder mit ausgestatteten Räumen im Kollektionskatalog auf unserer Website www.casalgrandepadana.de zu konsultieren. Weitere Informationen können Sie auch bei unseren 
Vertragshändlern erhalten.

*  valore indicativo  approx value  donnée approximative  Ungefähre Werte
** si rimanda all’elenco prodotti UPEC ufficiale, consultabile sul sito:  please see the official UPEC product list:
 veuillez consulter la liste officielle produits UPEC:  sihe die offizielle UPEC-Produktliste auf der Website: http://webapp.cstb.fr/upec-ceramique/
*** prova su superficie asciutta  test on a dry surface  essai sur surface sèche  Test auf trockener Oberfläche

 PT0078   

norma  
standards
norme  
Norm

risultato prova*  
test results*
resultats des essais*  
Ergebnisse*

classificazione prodotto
product classification
classement  
Klassifizierung

UNI EN 14411-G
ISO 13006

gruppo Bla completamente greificato
group Bla fully vitrified
group Bla grès cérame fin 
Gruppe BIa Feinsteinzeug  

caratteristiche dimensionali e d’aspetto
dimensional and surface quality
caractéristiques de la surface
Oberflächenqualität

UNI EN ISO 10545-2

tolleranze minime nella 1ª scelta
very low tolerance
des tolérances minimes en 1er choix
Entspricht Normen

assorbimento di acqua   
water absorption
absorption d’eau   
Wasseraufnahme

UNI EN ISO 10545-3 < 0,1%

resistenza alla flessione   
flexural strength
résistance à la flexion   
Biegezug-Festigkeit

UNI EN ISO 10545-4 45 N/mm2

resistenza al gelo   
frost resistance
résistance au gel  
Frostwiderstandsfähigkeit

qualsiasi norma  
all standards
toute norme   
alle normen

garantita   
guaranteed
garantie   
Garantiert

resistenza attacco chimico  
(esclusione acido fluoridrico)  
resistance to acids and alkalis  
(with the exception of hydrofluoric acid)
résistance à l’attaque chimique  
(exclusion de l’acide fluorhydrique)  
Saüre und Laugen Beständigkeit  
(mit Ausnahme von Fluorwasserstoff)

UNI EN ISO 10545-13 A

resistenza usura e abrasione   
wear and abrasion resistance
résistance à l’usure et abrasion   
Abriebhärte

UNI EN ISO 10545-6 ≤ 150 mm3

dilatazione termica lineare   
linear thermal expansion
coefficient linéaire de  
dilatation thermique   
Lineare Wärmeausdehnung

UNI EN ISO 10545-8 6 x 10-6

resistenza alle macchie   
stain resistance
résistance aux taches   
Fleckenfestigkeit

UNI EN ISO 10545-14
4 - 5 
garantita guaranteed
garantie Garantiert

resistenza alla scivolosità (Superficie Naturale)
slip resistance (Matt surface)
résistance au glissement (Surface naturelle)
Trittsicherheit (Natur Oberflächen)

DIN 51130 Naturale R10 A+B PTV>36

D.M. N° 236 DEL 14.06.89
METODO B.C.R. valore µ > 0,40***

BS7976-2:2002
BSEN13036-4:201 PTV > 36***

resistenza dei colori alla luce
colour resistance to sunlight exposure
résistance de la couleur à la lumière
Unveränderlichkeit der Farben wenn Strahlung zugesetzt wird

DIN 51094

nessuna variazione  
no change of colours
couleurs inchangées  
Keinerlei Farbänderung

R-EVOLUTION
GRANITOKER

Gres porcellanato Fully vitrified porcelain  
Grès cerame vitrifié Feinsteinzeug



via Statale 467, n. 73 - 42013 Casalgrande (Re) Italy
tel + 39 0522 9901 - fax + 39 0522 996121

info@casalgrandepadana.it - www.casalgrandepadana.com



**

CARATTERISTICHE TECNICHE TECHNICAL FEATURES 
CARACTÉRISTIQUES TECHNIQUES TECHNISCHE EIGENSCHAFTEN

Al pari dei materiali naturali di riferimento, l’aspetto estetico, la differenza di tono e le venature possono essere diverse da piastrella a piastrella. Per una corretta comprensione della variabilità del prodotto è consigliabile 
prendere visione delle immagini a tutto ambiente sul catalogo di collezione, sul nostro sito all’indirizzo www.casalgrandepadana.it o chiedere maggiori informazioni ai nostri concessionari.

Just like the natural materials they are inspired by, the aesthetics, colouration and veining of the tiles can differ. To properly gauge the suitability of a product, we advise that you view the full-space photos that you can find 
in our collection catalogue and on our website at www.casalgrandepadana.com. Alternatively, please ask a reseller for more information.

Tout comme pour les matières naturelles de référence, la différence de tonalité, les veines ainsi que l’aspect esthétique peuvent varier d’une dalle à l’autre. Pour bien comprendre la variabilité du produit, il est conseillé de 
consulter les images d’ambiance présentes sur le catalogue de la collection, sur notre site à l’adresse www. casalgrandepadana.fr ou de demander plus d’informations à nos concessionnaires.

Wie bei den als Vorbild dienenden Naturmaterialien können sich auch hier das ästhetische Erscheinungsbild, der Farbtonunterschied und die Maserung von Fliese zu Fliese unterscheiden. Um die Variabilität des Produkts 
besser zu verstehen, raten wir Ihnen, die Bilder mit ausgestatteten Räumen im Kollektionskatalog auf unserer Website www.casalgrandepadana.de zu konsultieren. Weitere Informationen können Sie auch bei unseren 
Vertragshändlern erhalten.

*  valore indicativo  approx value  donnée approximative  Ungefähre Werte
** si rimanda all’elenco prodotti UPEC ufficiale, consultabile sul sito:  please see the official UPEC product list:
 veuillez consulter la liste officielle produits UPEC:  sihe die offizielle UPEC-Produktliste auf der Website: http://webapp.cstb.fr/upec-ceramique/
*** prova su superficie asciutta  test on a dry surface  essai sur surface sèche  Test auf trockener Oberfläche

 PT0078   

norma  
standards
norme  
Norm

risultato prova*  
test results*
resultats des essais*  
Ergebnisse*

classificazione prodotto
product classification
classement  
Klassifizierung

UNI EN 14411-G
ISO 13006

gruppo Bla completamente greificato
group Bla fully vitrified
group Bla grès cérame fin 
Gruppe BIa Feinsteinzeug  

caratteristiche dimensionali e d’aspetto
dimensional and surface quality
caractéristiques de la surface
Oberflächenqualität

UNI EN ISO 10545-2

tolleranze minime nella 1ª scelta
very low tolerance
des tolérances minimes en 1er choix
Entspricht Normen

assorbimento di acqua   
water absorption
absorption d’eau   
Wasseraufnahme

UNI EN ISO 10545-3 < 0,1%

resistenza alla flessione   
flexural strength
résistance à la flexion   
Biegezug-Festigkeit

UNI EN ISO 10545-4 45 N/mm2

resistenza al gelo   
frost resistance
résistance au gel  
Frostwiderstandsfähigkeit

qualsiasi norma  
all standards
toute norme   
alle normen

garantita   
guaranteed
garantie   
Garantiert

resistenza attacco chimico  
(esclusione acido fluoridrico)  
resistance to acids and alkalis  
(with the exception of hydrofluoric acid)
résistance à l’attaque chimique  
(exclusion de l’acide fluorhydrique)  
Saüre und Laugen Beständigkeit  
(mit Ausnahme von Fluorwasserstoff)

UNI EN ISO 10545-13 A

resistenza usura e abrasione   
wear and abrasion resistance
résistance à l’usure et abrasion   
Abriebhärte

UNI EN ISO 10545-6 ≤ 150 mm3

dilatazione termica lineare   
linear thermal expansion
coefficient linéaire de  
dilatation thermique   
Lineare Wärmeausdehnung

UNI EN ISO 10545-8 6 x 10-6

resistenza alle macchie   
stain resistance
résistance aux taches   
Fleckenfestigkeit

UNI EN ISO 10545-14
4 - 5 
garantita guaranteed
garantie Garantiert

resistenza alla scivolosità (Superficie Naturale)
slip resistance (Matt surface)
résistance au glissement (Surface naturelle)
Trittsicherheit (Natur Oberflächen)

DIN 51130 Naturale R10 A+B PTV>36

D.M. N° 236 DEL 14.06.89
METODO B.C.R. valore µ > 0,40***

BS7976-2:2002
BSEN13036-4:201 PTV > 36***

resistenza dei colori alla luce
colour resistance to sunlight exposure
résistance de la couleur à la lumière
Unveränderlichkeit der Farben wenn Strahlung zugesetzt wird

DIN 51094

nessuna variazione  
no change of colours
couleurs inchangées  
Keinerlei Farbänderung

R-EVOLUTION
GRANITOKER

Gres porcellanato Fully vitrified porcelain  
Grès cerame vitrifié Feinsteinzeug



Performance Beast Plus
Durable Strength & Conditioning Surfacing

Designed to withstand extreme weight impacts while minimizing bar 
bounce, Performance Beast Plus is the ideal floor for power, strength, and 
functional training applications.

APPLICATIONS
• Selectorized Strength
• Free Weights
• Functional Training
• Olympic Style Lifting

BENEFITS
 • Extrreme durability
• Sustainable
• Slip-resistant
•  Provides substrate 

protection

ecoreintl.com  866.795.2732

NOMINAL DIMENSIONS
Available as a standard in rolls. Talk to your 
local sales rep to determine availability, pricing, 
minimums, and lead times.

Typical Deltec Field Tester Results

PRODUCT ATTRIBUTES

14.5mm (2.5mm + 12mm) x 48” (1.22m)

Force Reduction: 17.4%
Absorption of impact energy

Energy Restitution: 66.3%
Useful return of impact energy

•   2.5mm Vulcanized Composition Rubber (VCR) Surface Layer
Provides excellent durability and slip resistance 

•   12mm Factory Fusion-Bonded VCR Beast Plus Base Layer
Beast, PLUS an additional 4mm of toughness. This extremely 
dense, upcycled VCR base layer minimizes bar bounce and 
provides ultimate durability

*Transition-free to Performance Rally, allowing you to tailor the performance 
characteristics throughout your facility.



ecoreintl.com  866.795.2732

Performance Beast Plus

TECHNICAL DETAILS

COLOR SWATCHES

Medium Gray ES504 Charcoal ES505 Dark Taupe ES506 Warm Gray ES507 Navy ES508

Green  ES509 Maroon ES510 Red ES511 Steel Appeal 2 ES15A Dark Gray ES502

Mocha Latte 2 ES43A Blue ES500 Blue Jays ES103 Cardinals ES104 Raiders ES503

Basic Black  ES00Buff Blue 20 ES45 Rippin Red 20 ES47 Grippin Gray 20 ES46 Whey Protein 2 ES97A

Performance Criteria Test Standard Typical Results

Recovery after Static Load ASTM F970 0.008"

Coefficient of Friction ASTM D2047 >0.8

Abrasion Resistance ASTM D3389 Pass

Flammability - Pill Test ASTM D2859 Pass

Force Reduction Deltec Field Tester 17.4%

Energy Restitution Deltec Field Tester 66.3%

Impact Insulation Class (IIC)* ASTM E492 55

Delta IIC* ASTM E2179 25

 
*Tested on a 6” concrete slab with no ceiling.



Custom Colors & Logos

Custom Colors

Ecore offers more than 35 standard EPDM colors 
(see page 2)! These colors are created through 
Ecore’s ColorMill®. Ecore is unique, because it is 
one of a few flooring manufacturers to develop 
its own EPDM products at its facility in Lancaster, 
PA. The exclusive ColorMill® process ensures your 
design will feature the most vivid colors and exhibit 
a smooth, even finish. There are no limits to the 
imagination! Create a new shade with various 
formulations from the color palette. 

Custom Logos

Whether you want to boost your school’s spirit 
with an inlaid mascot logo or add sophisticated 
design to your facility with freeform shapes, 
Ecore can make it happen with our custom logos 
program! Your design ambitions don’t have to 
come second to production capabilities — our 
custom color options and superior pattern abilities 
can make achieving your design a reality.



ecoreintl.com  |  866.795.2732

1102 Eggshell

1210 Dark Grey

1412 Cobalt

1620 True Lime

1703 Yellow

1816 Shadow Red

1908 Melon

2120 Tan Sage 2125 Dark Chocolate 2170 Brown SBR Black

2100 Dark Camel 2105 Deep Taupe 2110 Mid Taupe 2115 Mid Camel

1818 Red Orange 1820 Maroon 1904 Orange*

*Note: 1904 Orange is for indoor use only.

1708 Gold 1806 Bright Red 1808 Brick Red

1812 Fuchsia

1622 Shadow Lime 1624 Veggie Green 1630 Olive

1635 Emerald Green

1414 Navy 1503 Purple 1509 Blue Purple

1610 Army Green

1306 Sand 1403 Sky Blue 1407 Midnight Blue

1410 Retro Deep Aqua

1202 Light Grey 1205 Greige1204 Medium Grey 1206 Warm Grey

1208 Clay Grey



Product Safety Data Sheet 

Turf & Carpet Products 
 

1. IDENTIFICATION OF THE 
PRODUCT & MANUFACTURER 

 
 
 

2. HAZARD(S) IDENTIFICATION 
 

3. COMPOSITION / INFORMATION 
ON INGREDIENTS 

 
4. FIRST AID MEASURES 

 
 

5. FIRE FIGHTING MEASURES 
 
 
 
 
 
 

6. ACCIDENTAL RELEASE 
MEASURES 

 
 

7. HANDLING & STORAGE 
 
 
 

8. EXPOSURE CONTROLS/ P.P.E. 
 

9. PHYSICAL & CHEMICAL PROPERTIES 
 

10. STABILITY & REACTIVITY 
 
 
 
 

11. TOXICOLOGICAL 
INFORMATION 

 
 

12. ECOLOGICAL INFORMATION 
 
 
 

13. DISPOSAL CONSIDERATIONS 
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16. OTHER INFORMATION 
 

Doc. Number: CRP01.RD.PSL.PS.0065 
Rev.: 009 
Original Issue: 22-Aug-2014 
Reviewed: 8-Dec-2021 
Reviewed by:  W. Welch 

Product Name: RageTurf Motivate, RageTurf Rally, RageTurf UltraTile, RageTurf dBTile, 
FlexTurf Motivate, FlexTurf Monster, FierceTurf Monster 
1.1 Company Details: Ecore International Inc., 715 Fountain Avenue, Lancaster, PA 17601 

Phone: 717.295.3400 Fax: 717.295.3414 

These products are non-hazardous 
 
There are no substances in this product presenting a health or environmental hazard within the 
meaning of the Chemicals (Hazard Information & Packaging for Supply) Regulations 

 
Inhalation: no specific measures required Eye contact: no specific measures required 
Skin contact: no specific measures required Ingestion: no specific measures required 

 
5.1 Suitable extinguishing media: Water spray jet, foam, dry powder, carbon dioxide 
5.2 Extinguishing media that MUST NOT be used: Not applicable 
5.3 Special exposure hazard arising from combustion products, resulting gases: carbon 

monoxide, carbon dioxide, hydrogen chloride, sulfur oxides, nitrogen oxides, aromatic 
hydrocarbons, PAH’s, traces of hydrogen cyanide, particulate matter, ozone, heavy metals. 

5.4 Special protective equipment for firefighting: Use respiratory protection independent of 
recirculated air. 

 
6.1 Personal precautions: No special measures required 
6.2 Environmental precautions: No special measures required 
6.3 Methods for cleaning up: Dispose of according to regulations 

 
7.1 General information: No special protective measures required 
7.2 Handling: Normal safe handling practices must be applied 
7.3 Storage: Rolls should be stored horizontally 

Personal protection equipment: None required 

Appearance: Polyethylene, polypropylene or Nylon fibers with polyurethane or rubber backing. 
 
10.1 General information: If stored and handled in accordance with standard industry practices, no 

hazardous reactions are known 
10.2 Hazardous decomposition information: Thermal decomposition in the presence of air may 

yield hydrogen chloride gas, carbon dioxide and carbon monoxide 
 
11.1 General information: No harmful effects have been reported to date 

Inhalation: not applicable Eye contact: not applicable 
Skin contact: no known hazard Ingestion: not applicable 

 
12.1 Environmental fate and distribution: The products have no mobility in soil; are insoluble in 

water; are not expected to bioaccumulate 
12.2 Persistence and degradability: The products will not biodegrade 

Dispose of in accordance with local and national legislation 

The products are not classified as dangerous for transportation 
 
The products are defined as “not hazardous” in the Chemicals Hazard Information and 
Packaging regulations (CHIP3) 

 
Ecore International provides a Product Safety Data Sheet (PSDS) for finished floor covering products based 
on the “article exemption” found in 29 CFR 1910.1200 (b) (6) (v). An article is defined as: “a manufactured 
item other than a fluid or particle: (i) which is formed to a specific shape or design during manufacture; (ii) 
which has an end use function dependent in whole or in part upon its shape or design during end use; and 
(iii) which under normal conditions of use, does not release more than very small quantities, e.g. minute or 
trace amounts of a hazardous chemical and does not pose a physical hazard or health risk to employees.” 

 
Disclaimer: Although the above information is presented in good faith and believed to be correct as of the 
current date, Ecore International gives no guarantee and disclaims responsibility for individual items being 
incomplete or incorrect. Furthermore, Ecore gives no guarantee that all possible measures are contained 
within the safety data sheet (including exceptional circumstances) 



 

 

https://www.ecoreintl.com/circularity/environmental-responsibility/transparency-certifications


22
96
6_
BU

RK
EB

A
SE

1

BurkeBase®

   BurkeBase (PVC-Free) Premium TS Molded  BurkeBase Type TP 1/8” **   

 Style Wall Base  1/8” * (Non-Ortho Phthalate) 

Construction Thermoset Rubber Thermoplastic Rubber

Finish Satin Matte 

Classification ASTM F1861 Type TS, Group 1 ASTM F1861 Type TP, Group 1 

Total Thickness 1/8” (3.2 mm) 1/8” (3.2 mm) 

Profile Coved  Coved or Toeless   

   4” (102 mm) 2.5” (64 mm)

   6” (152 mm) 4” (102 mm)

    4.5” (114 mm) 

    6” (152 mm) 

Colors 25 100 (36 are Accord)

Packaging  25-4’ pieces = 100’ per carton                              1-100’ continuous roll or 25-4’ pieces

   

Weight Per Carton –  Coved = 39/53 lbs. Coved = 25/38/41/53 lbs.               

2.5” / 4” / 4.5 “ / 6”   Toeless = 24/36/40/52 lbs.                                

                           

Weight Per Carton – Corners Coved = 4/7 lbs.   Coved = 3/4/4/9 lbs. 

    Coved = 3/4/4/9 lbs. 

   

Corners (must be ordered at time of  Factory molded corners available Factory pre-formed corners available 
wall base order to ensure color match)

Adhesive MR-101 MR-101

Testing

Static Load (ASTM E970) 500 psi 

Flooring Radiant Panel (ASTM E648) Passes - Class I; ≥ 0.45 watts/cm2 

Smoke Density (ASTM E662) Passes - < 450

Environmental Data  

Indoor Air Quality FloorScore Certified 

Product Declarations Third party verified EPD, HPD   

Carbon Offset 105% Cradle to Gate (A1-A3); see website for additional information 

LEED Scoreboard May contribute to LEED and Green Globes credits

   LEED 2009: MRc5 Regional Material; IEQ4.1 Low Emitting Adhesives; IEQ4.3 Low Emitting Materials - Flooring

   LEEDv4: IEQc2 - Low Emitting Materials 

mindful MATERIALS For more information on environmental and material health data, visit mindfulmaterials at https://portal. 

   mindfulmaterials.com/?query=mannington

Manufacturing  Calhoun, GA and Eustis, FL (USA); Buy American Act compliant     

  

Warranty

   Limited 5-Year Commercial Warranty

•  Maintain a minimum temperature in the spaces to receive the wall base and accessories of 65°F (18°C) and a maximum temperature of 85°F (29°C) for at least 48 hours before, during and for not less than 

48 hours after installation. Thereafter, maintain a minimum temperature of 55°F (13°C) in areas where work is completed. Dirt, wetness and improper maintenance may cause significant variation in actual 

performance. Such variations do not affect product performance.

•  Specifications are based on averages from normal manufacturing tolerances.

•  This product is intended solely for use indoors and is not recommended or sold for any other purpose.

*  Type TS Coved 4’ lengths available in 4” and 6”.

**  Type TP & TV Coved and Toeless 4’ lengths & 100’ rolls available in 2.5”, 4”, 4.5”, and 6” heights. 

page 1 of 2 For more information, contact your local Mannington representative or visit manningtoncommercial.com 1/24
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BurkeBase®

  BurkeBase Type TV 1/8” ** BurkeBase Type TV .080” **    

Style (Non-Ortho Phthalate) (Non-Ortho Phthalate) 

Construction Vinyl Vinyl

Finish Matte Matte 

Classification ASTM F1861 Type TV, Group 1 ASTM F1861 Type TV, Group 1

Total Thickness 1/8” (3.2 mm) .080” (2.0 mm) & 1/8” (3.2 mm)

Profile Coved or Toeless Coved or Toeless   

Sizes 2.5” (64 mm) 2.5” (64 mm)

  4” (102 mm) 4” (102 mm)

  4.5” (114 mm) 6” (152 mm)

  6” (152 mm)  

Colors 100 100 

Packaging  1-100’ continuous roll or 25-4’ pieces 1-100’ continuous roll or 25-4’ pieces

Weight Per Carton –  Coved (1/8”) = 24/37/41/53 lbs.               Coved (.080”) = 19/27/42 lbs.   

2.5” / 4” / 4.5 “ / 6”  Toeless (1/8”) = 23/36/39/52 lbs. Toeless (.080”) = 17/25/39 lbs.              

Weight Per Carton – Corners Coved = 3/4/4/9 lbs.  Coved (.080”) = 2/3/8 lbs.  

  Toeless = 3/4/4/9  lbs.         Toeless (.080”) = 2/3/8 lbs

Corners (must be ordered at time of  Factory pre-formed corners available Factory pre-formed corners available 
wall base order to ensure color match)

Adhesive MR-101 MR-101

Testing

Static Load (ASTM E970) 500 psi 

Flooring Radiant Panel (ASTM E648) Passes - Class I; ≥ 0.45 watts/cm2 

Smoke Density (ASTM E662) Passes - < 450 

Environmental Data 

Indoor Air Quality FloorScore Certified   

Product Declarations Third party verified EPD, HPD 

Carbon Offset 105% Cradle to Gate (A1-A3); see website for additional information

LEED Scoreboard May contribute to LEED and Green Globes credits

   LEED 2009: MRc5 Regional Material; IEQ4.1 Low Emitting Adhesives; IEQ4.3 Low Emitting Materials - Flooring

   LEEDv4: IEQc2 - Low Emitting Materials 

mindful MATERIALS For more information on environmental and material health data, visit mindfulmaterials at https://portal. 

   mindfulmaterials.com/?query=mannington

Manufacturing  Calhoun, GA and Eustis, FL (USA); Buy American Act compliant    

 

Warranty

  Limited 5-Year Commercial Warranty 

•  Maintain a minimum temperature in the spaces to receive the wall base and accessories of 65°F (18°C) and a maximum temperature of 85°F (29°C) for at least 48 hours before, during and for not less than 

48 hours after installation. Thereafter, maintain a minimum temperature of 55°F (13°C) in areas where work is completed. Dirt, wetness and improper maintenance may cause significant variation in actual 

performance. Such variations do not affect product performance.

•  Specifications are based on averages from normal manufacturing tolerances.

•  This product is intended solely for use indoors and is not recommended or sold for any other purpose.

*  Type TS Coved 4’ lengths available in 4” and 6”.

**  Type TP & TV Coved and Toeless 4’ lengths & 100’ rolls available in 2.5”, 4”, 4.5”, and 6” heights. 

page 2 of 2 For more information, contact your local Mannington representative or visit manningtoncommercial.com 1/24





























S O L I D  V I N Y L  T I L EELECTROTILE



S O L I D  V I N Y L  T I L EELECTROTILE

ELECTROTILE CONDUCTIVE (CVT) AND 
STATIC DISSIPATIVE (SDT) TILES PLAY 
AN ESSENTIAL ROLE IN SAFEGUARDING 
CRITICAL ELECTRONIC EQUIPMENT.

Electrotile FEATURES & BENEFITS
• Meets static dissipative and conductive 

requirements
• Easy maintenance with only dry buffing 

 means no waxing is required
• Excellent wear resistance
• Lifetime warranty of conductivity
• A dynamic chip pattern

With more and more sensitive medical and electronic 
machinery in need of protection from static charge, 
the call for Electrotile flooring products has never been 
greater. Engineered specifically to meet the strict 
electrical resistance performance requirements that 
healthcare and high tech applications demand, 
Electrotile is the ESD flooring solution companies turn 
to time and time again. For decades now, American 
Biltrite has provided industry with millions of square 
feet of flooring to address ESD concerns worldwide. 
American Biltrite was the first to bring electrostatic 
flooring and carbon filament matrix technology to the 
market in 1965. As pioneers in the field of electrostatic 
flooring, American Biltrite’s goal isn’t simply to sell 
flooring that meets your ESD requirements. Our goal is 
to become an integrated part of your ESD protocol team 
and assist in the development of your ESD program. 
From specifying the flooring itself to the subfloor to the 
adhesive to ongoing ESD evaluations, we’re there. 
Once the floor is evaluated a warranty is issued based 
on all these factors. No one else does it, WE DO.



Homogeneous 
Conductive
and Static 
Dissipative tile
Protecting your business from ESD damage 
is critical. From electronics and clean rooms, 
to healthcare, pharmaceutical and telecommunications 
environments, Electrotile gives wafer or fiber optics 
manufacturers, hospitals, radiological facilities, or even 
munitions facilities, the reliability and durability they 
demand without forsaking aesthetics. 

All the while meeting strict electrical resistance 
performance requirements. Engineered to be durable 
and easy to maintain, Electrotile provides a specific 
electrical resistance range to protect your business. 

With its dynamic pattern 
and range of colors, 
Electrotile is as beautiful 
as it is functional. 
Available in three sizes, 
Electrotile’s flexibility 
makes it an indispensable 
design tool regardless of 
the application.



NEUTRALS EARTH TONES CHROMATIC

The Electrotile color palette consists of earth, neutral and chromatic tones that allow for mix and match harmony throughout the line.

CVT/SDT-147 Mission WhiteCVT/SDT-130 White | Gray

CVT/SDT-135 Gray CVT/SDT-122 Black

CVT/SDT-111 White | Black CVT/SDT-143 White | Taupe

CVT/SDT-145 TaupeCVT/SDT-146 Almond Shell

CVT/SDT-190 White | Blue CVT/SDT-153 White | Rose

CVT/SDT-195 Blue CVT/SDT-183 White | Green

Electrotile is backed by proven performance over decades 
of use in heavy commercial environments.
Perfect for all healthcare, institutional and commercial 
environments where sensitive electronic equipment 
is in use.
 12" x 12" (305 mm x 305 mm)     24" x 24" (610 mm x 610 mm)     36" x 36" (915 mm x 915 mm)    Gauge: 0.125" (3.17 mm)



VHW-15
WHITE

VHW-17
LIGHT GREY

VHW-35
DARK GREY

VHW-19
BEIGE

VHW-46
ALMOND

VHW-95
BLUE

VHW-77
AMBER

VHW-45
TAUPE

VHW-22
BLACK

Flash Cove Base
Electrotile can be flash coved and 
heat welded for increased hygiene.

Heat welding rods are available 
in 9 coordinating colors. 

Gloss Options
Electrotile can be buffed to achieve different shine levels. 
From a high gloss to a low gloss, you’ve got options!*

*Shine levels are achieved 
from buffing during 
maintenance. Factory tiles 
available in standard gloss 
finish only (slightly less 
shiny than high gloss 
example shown). 

High Gloss 

Low Gloss 

Medium Gloss 



T E C H N I C A L  S P E C I F I C A T I O N S

ELECTROTILE®

3.17 mm

305 mm x 305 mm Micro-GroundTM

610 mm x 610 mm Micro-GroundTM  
915 mm x 915 mm

Gauge

Sizes

0.125"

12" X 12" Micro-GroundTM* 

24" X 24" Micro-GroundTM*
36" X 36"

Please note that technical website documents prevail.

ASTM D 3389 Abrasion Resistance (H-22 500 g @ 1,000 cycles) Pass

ASTM E 648 Critical Radiant Flux CRF (W/cm2) > 0.45

ASTM E 662 Smoke Density ≤ 450 

ASTM F 137 Flexibility Pass

ASTM F 925 Chemical Resistance Meets requirements (details upon request)

ASTM F 970 Static Load (modified at 2,500 psi) ≤ 0.005”

ASTM F 1700 Solid Vinyl Floor Tile Class I, Type A

Static Propensity  Complies

Indoor Air Quality (IAQ)  FloorScore Certified by SCS Certification
Volatile Organic Compounds (VOC’s)  Registration Number SCS-FS-01495

Adhesive AD-555SF (two-part epoxy) Regular traffic & heavy rolling traffic

Grounding  Required – use 1/2" wide copper foil tape

Maintenance  No waxing

Limited Wear Warranty  10 years - product

   Lifetime - conductivity

ASTM F 150 Electrical Resistance : Conductive Tile Greater than 25 kilo-ohms (> 25 x 103 Ohms) &
  Less than 1 megohms (<1 x 106 Ohms)

ASTM F 150 Electrical Resistance : Dissipative Tile Equal to or greater than 1 megohms (≥106 Ohms) &
  Equal to or less than 1,000 megohms (≤109 Ohms)

Federal Standard Test Method 101 B, Method 4048 Complies
(Static Decay 5,000 Volts to 0 Volts)  

 

 
*Micro-Ground: Tiles are factory sanded on all 4 sides to form perfect squares resulting in a seamless looking floor.

American Biltrite 200 Bank Street, Sherbrooke, 
Quebec  J1H 4K3  Canada  |  american-biltrite.com
To order samples: flooring@american-biltrite.com
1.800.437.8743  |  Technical Services: 1.800.479.0190
® Registered Trademark of American Biltrite

PRINTED IN CANADA  BRO-E6-ESD  ISSUED 02/2017

INSTALLATION
Optimal results can only be achieved
by following manufacturer’s instructions
closely. Only adhesives approved
by American Biltrite specifically
for Electrotile should be used for gluing.
Detailed installation instructions
can be found at american-biltrite.com
and should be carefully followed. 



Advantages
• Capable of trapping large amounts of snow and debris

• Easy to clean

• Multiple insert options

• Available with or without drain pans

• Aluminum tread rails and key lock bar

• Completely customizable

Applications
• Vestibules

• Interior & exterior entries

• New construction or renovation

Building Segments
• Aviation & Transportation

• Education

• Healthcare

• Office & Mixed Use

• Retail & Hospitality

• Senior Living

• Sports & Entertainment

Stop dirt at the door with durable Pedigrid flooring systems. Ideal for high-traffic areas, these aluminum recessed grids with 
scraping capabilities enhance traction and trap large amounts of dirt, mud, slush and snow. WIth many aesthetic choices, 
Pedigrid looks as good as it performs.

Pedigrid®

Model Pedigrid G1

Questions? Connect with a CS Representative.
c-sgroup.com/representative-locator

c-sgroup.com | 800.233.8493
©2023 Construction Specialties, Inc.Construction Specialties®

Questions? Connect with a CS Representative.
c-sgroup.com/representative-locator

c-sgroup.com | 800.233.8493
©2023 Construction Specialties, Inc.Construction Specialties®

Questions? Connect with a CS Representative.
c-sgroup.com/representative-locator

c-sgroup.com | 800.233.8493
©2023 Construction Specialties, Inc.Construction Specialties®
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Product Details

Certifications/Testing
• Static Coefficient of Friction Test

• Pedigrid ASTM E-648 Test

• CDPH Standard Method v1.1 VOC Emission Testing

Mounting & Frame Options

Rail/Frame Finish Options*

Insert Options

Model Options 

Pedigrid G1 Pedigrid SA G8

Heavy-duty 
Carpet

Exterior 
Carpet

Rubber Logo

Abrasive Recycled 
Rubber

Poured 
Abrasive

MODEL
GRID 
DEPTH

PRODUCT 
WEIGHT

ROLLING 
LOAD

TREAD 
SPACING

MULTIPLE 
INSERT 
OPTIONS

G1 111/16" 
(42.9mm)

3.14 lbs/
sq ft

400 lbs/
wheel

11/2" 
(38.1mm) on 
center

Yes

SA G8 111/16" 
(42.9mm)

3.14 lbs/
sq ft

400 lbs/
wheel

11/2" 
(38.1mm) on 
center

Aluminum 
Serrated 
Tread Only

FRAME TYPE G1 SA G8

Recessed Level Base  

Recessed Deep Pit 
w/ Optional Drain Pan  

Recessed Level Base 
w/ Optional Drain Pan  

Recessed Deep Pit Frame  
w/ Optional Slope to Drain  

Learn More

See all frame & finish options online at c-sgroup.com.

Warranty
• Two-Year Limited Warranty

*Rolling load for deep pit frame applications is 300 lbs./wheel

*SA G8 is available ONLY in Clear Anodized

Questions? Connect with a CS Representative.
c-sgroup.com/representative-locator

c-sgroup.com | 800.233.8493
©2023 Construction Specialties, Inc.Construction Specialties®

Questions? Connect with a CS Representative.
c-sgroup.com/representative-locator

c-sgroup.com | 800.233.8493
©2023 Construction Specialties, Inc.Construction Specialties®

Questions? Connect with a CS Representative.
c-sgroup.com/representative-locator

c-sgroup.com | 800.233.8493
©2023 Construction Specialties, Inc.Construction Specialties®
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Chapter 1 
 

INTRODUCTION 
 
1.1. Purpose: The 96th Communications Squadron Cyber Infrastructure Standards and Installation 
Specifications provides the compliance requirements for Eglin Air Force Base Command, Control, 
Communications and Computer (C4) requirements. This Cyber Infrastructure typically includes 
telecommunications spaces, pathways, inside and outside plant cabling and interconnecting Base Area 
Network (BAN) equipment and Air Force Network (AFNET) components. Therefore, the design of 
interior and exterior telecommunications infrastructure shall be designed by a Registered 
Communications Distribution Designer (RCDD) using current Department of Defense, Air Force, and 
industry standards. Moreover, the 96th Communications Squadron Cyber Infrastructure Standards and 
Installation Specifications provides compliance specifications to those employed or tasked with 
implementing existing and emerging interior and exterior BAN telecommunications Cyber 
infrastructure task orders, work orders, contracts, customer information technology and Simplified 
Acquisition of Base Engineering Requirements (SABER). Furthermore, these specifications shall be 
used and included as a whole when implementing, engineering, and designing communications 
requirements in order to meet mission operating and maintenance standards for protecting 96 TW 
Cyber Space domain. 
 
1.2. Scope: These mandatory specification and technical requirements, parts, materials register, and 
referenced applicable publications contained within this document, shall be adhered to, and 
incorporated within all project designs, contracts and SABER renovations for implementation on the 
Cyber Infrastructure. Deviation from this guide requires Communications Squadron (CS) approval. 
The telecommunications contractor(s) herein must coordinate with the 96th Communications 
Squadron concerning layout and configuration of the BAN. Outside Plant (OSP) is defined as network 
transportation (copper and fiber) outside a building (e.g., underground or buried) and Inside Plant (ISP) 
is defined as network transport (copper and fiber) within a building supporting the cyber infrastructure. 
 
1.3. Communications and Information Systems Officer: The 96th Communications Squadron, 
Commander is designated by Technical Order (TO) 00-33A-1001 as the Communications and 
Information Systems Officer (CSO) for the base. The 96 CS Commander is the operational and 
maintaining authority for Cyber Infrastructure that supports the base and tenant units and has final 
approval over all Cyber Infrastructure C4 processes, procedures, requirements, and installations. 

 
NOTE: The term approved is defined in this document and other standards as acceptable to the 
authority having jurisdiction.
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Chapter 2 
 

TECHNICAL REQUIREMENTS 

2.The following standards and installation specification criteria provides additional installation 
specification requirements for 96th Test Wing, Eglin AFB. These compliance specific requirements 
shall be executed IAW Department of Defense, Air Force, industry standards, applicable 
publications and documents referenced within attachment G of this document. In the case of 
conflicting guidance, defer to the most stringent communications applicable standard. 

Contractor and subcontractor(s) are recommended to read and understand the Cyber Infrastructure 
Standards and Installation Specifications prior to working on or changing the BAN Cyber 
Infrastructure and should pose any questions to the 96 CS/SCXP, in a formal Request for 
Interpretation or Information (RFI), for Telecommunications design, product submittals, test results 
and other communications related issues that may need clarification for a complete understanding. 

All coordination shall exist in writing, preferably electronic format using industry standard 
compatible documentation software available to all parties. i.e., Word or Outlook. 

 
2.1. Land Mobile Radio (LMR) Equipment 

 
2.1.1. Construction and Renovation: For new construction and renovation of existing buildings, 
coordinate with 96 CS/SCXP, Projects and Requirements work center regarding the installation, 
relocation or removal of any land mobile radio equipment and air-to-ground radio equipment. A 
Project Manager will provide guidance on the purchase and installation of new equipment, removal 
and disposition of installed equipment and removal and re-installation of equipment being moved. 
 
2.1.2. Planning: For planning purposes, the Eglin LMR infrastructure is currently version 2022HS. 
All Eglin LMR equipment is tied to the United States Space Force’s LMR zone core at Peterson 
AFB, CO. All changes to the LMR infrastructure will require coordination with AF Installation and 
Mission Support Center (AFIMSC). 
 
2.1.3. Subscriber Equipment: All subscriber equipment intended to operate on the Eglin LMR 
infrastructure will be compatible and interoperable with the Motorola system. Subscriber equipment 
will have the required feature set and capabilities required to operate on the Eglin system. Subscriber 
programming will be completed by the 96 CS. 
 
2.1.4. Antenna Systems and Cabling: All radio frequency antenna systems and cabling shall be 
installed, terminated, protected, and tested based on industry standards, manufacturer instructions 
and design technical specifications. 

 
2.2. Telecommunication Spaces 

 
2.2.1. Floor Mount Equipment Cabinet: All 72-inch or taller cabinet enclosures shall be 4-Post 
and blend seamlessly into existing or new fixed ladder rack assemblies. In order to support, internal 
to the cabinet, copper and fiber cable installation; all 4-Post cabinet enclosures shall be outfitted 
with all necessary cable management accessories IAW Attachment E. All 4-Post cabinet enclosures 
shall be Great Lakes model GL790ES-2442MS or equal with two sidecars and end panels (P/N 
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SC67942 and P/N SCP7942) cable managers or equal, however customer requirements may dictate 
the size. All 4-Post cabinet enclosures shall follow the rack elevation layout in Attachment D. All 
4-Post cabinet enclosures shall be lockable with unique lock cylinders and corresponding keys turned 
over to 96 CS that are compliant and only accessible by 96 CS technicians in accordance with 
Attachment F. Dedicated circuits with electrical receptacles depicted in the rack elevations shall be 
supplied by onsite contractor and shall be placed in accordance with Attachment D. Exact electrical 
receptacles shall be identified in all iterations of the design drawings based on customer requirements 
and any future changes. 
 

Any cabinet requiring fiber patch cables in excess of 6-foot fiber patch cords to access switches 
shall require horizontal cable management accessories. All Surge Arrestors shall always be 1U 
higher than the top mounted UPS. In narrow or crowded telecommunication rooms, equipment 
cabinets shall be floor-mounted adjacent to a wall but shall provide a minimum 36-inches of space 
both in front of and behind the cabinet and behind any installed equipment. A minimum side 
clearance of 24-inches shall be provided on end cabinets. Provide 100 percent spare cabinet capacity 
based on the amount of cabinet capacity utilized by the patch panels provided. Spare cabinets shall 
be provided for the mounting of Government-purchased/installed LAN equipment, if required. Only 
96 CS network equipment shall reside within the confines of 96 CS lockable enclosures in 
accordance with Attachment F. Wall-mounted cabinets may be utilized in small buildings or smaller 
areas not conducive for floor mount cabinet enclosures. 

 
2.2.2. Wall Mount Equipment Cabinet: All wall mount lockable enclosures shall be Great Lakes, 
Model:  GL48WDXM-B-SH-AF, GL36WDXM-B-SH-AF, or GL24WMCMS-B-SH-AF or equal 
based on customer requirements mounted to fire rated backboard and grounded IAW para 2.2.11. All 
wall-mount lockable enclosures shall follow elevation layout IAW Attachment D.  Dedicated circuits 
with electrical receptacles depicted in the rack elevation shall be supplied by onsite contractor and 
shall be placed IAW rack elevation drawings in Attachment D. Exact electrical receptacles shall be 
identified in all iterations of the design drawings based on customer requirements and any future 
changes. 
 
2.2.3. Information Processing System (IPS) Container: A SIPR switch not located in an 
approved classified storage safe, vault, approved open storage area (AKA: secure room), or in a SCIF 
shall be secured in an IPS container. All IPS containers shall follow elevation layout IAW Attachment 
D. All IPS containers shall be Hamilton Class 5 Single Door Model 23-36-19 or equal based on 
customer requirements. Dedicated circuits with electrical receptacles depicted in the rack elevation 
shall be supplied by onsite contractor and shall be placed in the nearest wall next to the IPS container. 
Exact electrical receptacles shall be identified in all iterations of the design drawings based on 
customer requirements and any future changes. End user encryption equipment shall reside outsider 
the IPS container IAW DISA STIG V-245788 under Traditional Security or most current applicable 
STIG. 
 
2.2.4. Network Switches: All network switches and or network design solutions providing LAN 
connectivity for NIPR and SIPR shall be specified by 96 CS and funded by the occupying customer. 
 
2.2.5. Temporary Network Switches:  Temporary switches shall meet all aspects of this Cyber 
Infrastructure Standards and Installation Specification. Temporary switches shall only remain active 
for a period of 120 days at which a permanent solution shall be implemented and funded by the 
occupying customer. 
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2.2.6. Voice Networking Services:  All voice networking services will be provided utilizing Voice 
over Internet Protocol (VoIP). All VoIP devices and equipment to provide voice service shall be 
specified by 96 CS and funded by the occupying customer. 
 
2.2.7. Intrusion Detection System (IDS) Services: All IDS services will be coordinated through 
the 96 SFS prior to request for installation. SF’s IDS provider will engineer a solution based on 
customer’s requirements. Any variation to a fiber solution shall be approved through 96 
CS/Authority Having Jurisdiction (AHJ). Customer may be required to purchase IDS Network 
Switches. Telecommunications design engineer or supporting contractor shall be responsible for 
incorporating an appropriately sized conduit from IDS provider security panel to the nearest 
supporting 96 CS communications room. Appropriate CAT-6 plenum-rated cable or fiber optic 
cable shall be installed inside the IDS supporting conduit to ensure the IDS controller and the 
supporting IDS switch are interconnected to complete the IDS path. 96 CS personnel will 
interconnect the cable/fiber in the 96 CS communications room to establish the remainder of the 
IDS path to the Base Defense Operations Center (BDOC). 
 
2.2.8. Copper Patch Panels: Modular patch panels shall consist of a metal panel that accepts all 
Panduit Mini-Com® Modules to mix and match media types in the same panel. Patch panels shall 
accept all modules for UTP and ScTP applications and shall mount to standard 19" racks. A 1RU 
cable management panel shall be installed between all equipment and patch panels as necessary.  
For existing patch panels, see Note 4.11 
 

NOTE:  Users must provide and install factory-produced patch cords for work area outlet 
locations. Patch cables must be CAT-6 and cable jacket must match the horizontal cabling 1-
GBASE-T connections. 
Cable jacket colors: GREEN - NIPR/VOIP, RED - SIPR, BLUE - Wireless, YELLOW – 
SCI, VIOLET – DDC. 
NOTE: 7 SFG (A) jacket colors: BLUE – Air Force NIPR/VOIP, GREEN – Army 
NIPR/VOIP, RED – SIPR, VIOLET - DDC 

 
2.2.9. Fiber Optic Distribution Panels: Shall be populated for maximum density utilizing LC 
type connectors. Optical fiber termination shall use fusion splices with factory produced pigtails for 
all backbone and premise cabling with a 3-foot slack loop, strain relieve cables at panel and other 
termination points included with each panel in the Communications Equipment Room (CER). 

 
2.2.10. Distribution Pathway: All pathways shall be installed IAW all applicable industry standards. 
Cable tray shall consist of a welded wire cable tray with flat solid bottom or plenum rated tray 
insert in the telecommunication spaces to provide distribution between the plywood backboard, 
equipment racks, backbone conduits, and the pathway cable tray to alleviate micro/macro bends on 
cabling. When multiple distributor rooms are located on the same floor, they should be 
interconnected by a minimum of (2-each 4-inch) conduit or equivalent pathway.  The CER 
distributors shall be dedicated to the telecommunications function and related communications 
support facilities. These CERs shall not be shared with electrical installations other than those 
supporting telecommunications or associated equipment. Equipment not related to the support of the 
distributor room (e.g., piping, ductwork, pneumatic tubing) shall not be installed in, pass through, or 
enter the space. 

 
Cable Installation Clearances:  

1. Cables shall not rest upon any other structure not intended for the direct support of the cable(s). 
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2. Provide minimum clearance of 6-inches from any electromagnetic interference EMI/radio 
frequency interference RFI sources. 
3. Provide minimum clearance of 4-feet from any motor or transformer. 
4. Provide minimum clearance of 12-inches from HVAC ducts, flue, hot water, steam line or 
other heat-producing source. 
5. Copper and Fiber cable separation of any classification shall be 3-inches or as designed.  
 

Cable jacket colors: GREEN - NIPR/VOIP, RED - SIPR, BLUE – Wireless Access Points, 
YELLOW – SCI, VIOLET – DDC. 
 NOTE: 7 SFG (A) jacket colors: BLUE – Air Force NIPR/VOIP, GREEN – Army 
NIPR/VOIP, RED – SIPR, VIOLET - DDC 

 
Commercial Communications: Commercial ISP services shall be installed and terminated in 
customer owned spaces only. Commercial OSP/ISP services shall not be housed or routed 
through any 96 CS CERs, spaces, or communication equipment locations (CEL’s). The 96 CS 
CERs shall not contain any user system equipment or cabling such as ACS, A/V, CCTV, CATV, 
and similar type systems or networks. Facilities acting as distribution facilities for IDS services 
supporting IDS connectivity to other outlying facilities shall house the IDS network switch only 
in the 96 CS CERs. For larger facilities with multiple floors acting as an access or distribution 
facility, the IDS network switch shall be housed in the 96 CS CERs. IDS network switch(s) shall 
not be installed in 96 CS communication equipment racks. The IDS controller and supporting 
IDS panel(s) shall always be housed in end user security or IT room. The 96 CS Comm Rooms 
will only contain equipment relevant to AFNET maintained systems. 
 

NOTE: Hook and loop straps shall be used to secure/bundle both fiber/copper cables within 
cable trays, ladders and racks throughout pathway. The hook and loop straps should be evenly 
spaced (4-feet on center) throughout the dressed length end-to-end. Hook and loop straps 
shall be used to prevent a change in the physical geometry of the cable that typically results 
from use of nylon tie wraps. Vinyl tape will not be accepted - Reference drawing T-305: 

2.2.11. Grounding, Bonding, Shielding, and Labeling: All grounding shall be performed 
IAW ANSI/TIA-607-D, 606-D, and Rural Utility Services standards. Cyber infrastructure antenna 
systems, network equipment, OSP/ISP components, cabinets, racks and lockable enclosures shall 
be grounded to applicable standards.   
 
Additional specifications for Class 2 Facilities on Eglin 

1. On Primary Bonding Busbar (PBB) Label per 606-D, 5.1.12, add Grounding Service Tags 
2. On Secondary Bonding Busbar (SBB) Label per 606-D, 5.1.13, add Grounding Service Tags 
3. On Telecommunications Bonding Backbone (TBB) Label per 606-D, 5.1.17, add Grounding 

Service Tags 
4. On conductors leaving the Primary Bonding Bar (PBB) Label per 606-D, 5.1.19, add Grounding 

Service Tags 
5. On conductors leaving a Secondary Bonding Bar (SBB) Label per 606-D, 5.1.20, add Grounding 

Service Tags 
6. On Backbone Bonding Conductors (BBC) Label per 606-D, 5.1.18, add Grounding Service Tags 
7. On Telecommunications Equipment Bonding Conductor (TEBC), add Grounding Service Tags 
8. On Metallic pathways (cable tray sections, conduits), add Grounding Service Tags 
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Communications Equipment Room Busbar Example:

  
 
2.2.12. Work Area Outlets: All recessed gang boxes and surface mount deep device boxes 
shall    be a minimum of 2.5 inches in depth. All faceplates shall be four-port compatible minimum (2-
active/2-blanks) fed by a 1-inch EMT conduit stubbed-up to cable pathway above ceiling. Panduit 
Mini-Com® Classic series single gang downward sloped faceplate that accepts four modular jacks, 
color shall match cabling jacket.  Contractor shall provide fiber and copper cable slack for 
maintenance within the horizontal cabling system configuration as follows in: CER - cable ladder - 
UTP/ScTP 10-feet and SM/MM 10-feet, work area outlet - UTP/ScTP 1-foot and SM/MM 3.5-Feet 
above ceiling.  Do not put slack or service loops in communications equipment cabinets or racks.  
(See attachment G - Applicable Publications) 

 
 
2.2.13. Cable Specifications: All premise wiring supporting NIPR/VoIP/POTS work area outlets 
shall be GREEN - NIPR/VOIP, RED - SIPR, BLUE - Wireless Access Points, YELLOW - SCI, 
VIOLET - DDC. 
 NOTE: 7 SFG (A) jacket colors: BLUE - Air Force NIPR/VOIP, GREEN - Army 
NIPR/VOIP, RED - SIPR, YELLOW - SCI, VIOLET - DDC.  
Specific color types to support users’ classification shall differ from above. 
 

2.2.13.1 All cable subsystems labels shall use a permanent identifier that can be easily traced using 
methods in Attachment B and ANSI/TIA 606 for other system labeling requirements as described 
below. 
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2.2.14. Existing Legacy: CAT-3, 5 & 5e cabling shall not be reutilized, relocated, moved or re-
terminated for design planning, construction, or renovation. i.e., modular and cubical furniture.   
Ensure the Designer of Record (DOR) and Customers are aware of cost/detail requirements prior to 
Planning, Programming and Budgeting. All Legacy (CAT-3, 5 & 5e) / (OM1) cabling shall be 
brought to CAT-6/OM3/OM4 or current industry standards and codes during renovations, 
MILCONs, SABER projects or planned facility upgrades. (See attachment G - Applicable 
Publications) 
 
2.2.15. New Systems: All cabling shall be CAT-6/OM3/OM4/OS2 for all new installations.   Ensure 
the Designer of Record (DOR) and Customers are aware of cost/detail requirements prior to Planning, 
Programming and Budgeting. (See attachment G - Applicable Publications) 
 
2.2.16. Abandoned ISP Cables:  The accessible portion of all ISP abandoned communications cables shall 
be removed end-to-end after cut-over and before final inspection. Where cables are identified for future use 
with a tag, the tag shall be of sufficient durability to withstand the environment involved. 
 
2.2.17. Labeling Standard:  Label all ISP/OSP telecommunications infrastructure IAW ANSI/TIA 606-D. 
Cable tags shall be polyethylene. Handwritten labeling will not be accepted. Stenciled lettering for cable and 
termination hardware shall be provided using thermal ink transfer process. Existing OSP cable(s) that 
have been spliced shall be relabeled/retagged back to the origination demark.  Label each ISP cable 
at both ends (patch panels/work area outlets) within 6-inches of each termination. 

2.2.17.1. Use the examples in Attachment B to assist with labeling the cable subsystem on 
(patch panel to equipment outlet) outlets, and patch panels.  From left to right the label reads, 
Telecomm space feeding outlet. Row letter (if there's one row then it's not needed) rack 
number, Patch panel elevation letter, Port number on patch panel in sequential order. 
2.2.17.2. Contractor shall use a period between information to save space. 
2.2.17.3. Contractor shall use elevation letter over RU's because older racks aren't marked. 
(Request deviation approval from 96 CS/SCOW)  
2.2.17.4. A "/" is authorized between port numbers if all the previous information is the same 
in the outlet labeling window. i.e., 129.A1.B.47/48. 
2.2.17.5. Each cable, conduit, sleeve, and pathway within the ISP shall be labeled showing 
TO & FROM information. 
2.2.17.6. All labels shall meet requirements for legibility, defacement, and adhesion, specified 
in UL 969. 
2.2.17.7. All outlet jacks, connectors, patch panels, and block hardware shall be labeled. 
2.2.17.8. All labels must match design and permanent record as-built documentation. 
  

Example:    RM # 129.    Row # A /Rack# 1.     PP# B.     Port# 44 
                             129.                A1.                          B.              44 
 

NOTE: All ISP/OSP requirements stated shall be used unless otherwise specified and 
approved during design by maintaining organization. ISP/OSP terminations shall be installed 
IAW all applicable local standards, industry standards and/or manufacturer specifications 
with the more stringent applying. (See attachment G - Applicable Publications) 

 
2.2.18. Voice Communications: Work area outlets shall be installed in all telecommunication 
rooms, break rooms, mechanical rooms, and entryways that are secured vestibules to support 
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phone installation for safety, courtesy, and convenience purposes.  Each CER shall have one wall-
outlet installed at or near the entry door for emergency and voice communications. 
   
 
2.3.  OUTSIDE PLANT (OSP) 
 

*SEE ATTACHMENT C:  FIBER DESIGN NOTES 
 
2.3.1. Fiber Optic Cables (FOCA): All OSP cables installed shall be loose tube design with 
either water block tape or gel filled. All fiber optic cable installed shall be all dielectric with no 
metallic content. A minimum 24-strand single-mode fiber shall be installed to support core service 
for all fiber optic installations. FOCA shall be installed for long distances using a figure-8 to 
prevent twisting and protect the cable when pulling as one piece (home run) without splices 
between connections except where the distance exceeds the lengths in which cables are 
manufactured. Fiber cables may be installed by jetting or blown applications using special 
installed ducts with compressed air. Where splices are required, install splices only in 96 CS 
approved lockable maintenance communications holes to maximum extent possible. Avoid all 
unnecessary splicing to prevent excess attenuation and reflection. Follow manufacturer’s 
instructions and pulling tensions. Ensure fibers are installed using strength members “aramid 
yarn” during installation.  Fiber and Copper cables shall not reside together in a 4-inch 
conduit/duct within the infrastructure, nor shall fiber and copper cabling be installed or exist 
within the same innerduct/GEO-textile mesh/Micro-duct.  To maximize comm pathway 
availability and spacing ensure 4-inch conduit and duct systems are populated with 
innerduct/GEO-textile mesh/Micro-ducts before installing any cables. (Reference NECA 301-16) 
 
2.3.2. Fiber Optic Distribution Panels (FODP) for OSP Termination: Shall be populated for 
maximum density utilizing LC type connectors. All new FODP’s installed in an Information 
Transfer Building, Main Access Node, and Critical Edge Buildings will be capable of housing 288-
strand terminations (Corning CCH-04U Housing with CCH-CS24-A9-P00RE Cassettes) 
regardless of cable size being installed. Utilize existing 4RU FODP if space is available. All 
terminations shall be fusion spliced to pre-manufactured cassettes with factory pigtails unless 
otherwise approved by the maintaining organization. No mechanical terminations shall be used to 
terminate OSP FOCA. 
 
2.3.3. Fiber Optic Splice Enclosures: All fiber optic OSP underground splices shall be encased in 
a dome type enclosure with a 50-foot service loop for the main cable and 50-foot for each cable 
serviced by the splice case. Provide an additional 10-foot for racking of cables and splice case. 
Additionally, every other maintenance hole starting from the entrance MH shall have a 25-foot 
service loop installed. (TYCO 450 Fiber Optic Splice Enclosure). Direct buried fiber splices shall 
NOT be allowed for any permanent or temporary communications requirements or fix actions. 
 
2.3.4. Copper Cables: OSP copper core cables shall be PE-89 OSP Telephone Cable with an 
expanded polyethylene (Foam Skin) and external layer of solid, high-density polyethylene. Fiber 
and copper cabling shall not be installed within the same duct, pathway or mesh/inner ducts at any 
point.  Copper design intra-building and cross-connects terminals from the Point-of-Presence 
(POP) or DMARC campus backbone for house cabling terminals shall utilize CAT 6 plenum rated 
UTP for connection/terminations.  CAT-3, CAT-5, and CAT-5e cabling solution(s) will not be 
accepted. 
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NOTE:  An entrance transition point shall be required for unlisted OSP cable when the 
termination point is greater than (50 feet) from the point of entrance, and the cable cannot be 
installed in a properly rated conduit (e.g., rigid metal conduit or intermediate metal conduit) 
or as directed by the authority having jurisdiction.  This provision does not apply to a listed 
indoor/outdoor fire-rated optical fiber cable. The OSP cable can be spliced to a building 
backbone cable to meet local codes for fire-rated cables. 

 
2.3.5. Copper Cable Terminations: OSP copper cable shall be terminated on a Protected 
Entrance Terminal (PET) 110 type/710 splice connectors or 388 central office connectors with 
primary protector blocks equipped with 5-pin solid state or gas protector module accessories 
installed. 

 
2.3.6. Copper Cable Splice Enclosures: All copper cable OSP underground splices shall be 
encased in an appropriate size and type enclosure and installed IAW manufacturer installation 
guidelines (Preformed Line Armadillo Stainless Steel Splice Enclosure or equivalent). For Copper 
OSP no service loop/slack shall be allowed at the terminal or within MHDS. Direct buried cables 
shall be spliced above ground only in a buried distribution terminal or cabinet for ease of 
maintenance.  Note: Fiber and Copper splices shall be installed in Pre-cast concrete maintenance 
holes to accommodate the splice case(s) and required splicing service, copper racking and fiber 
service loop materials. 
 

NOTE: Some splice enclosures may require re-enterable encapsulation compound and shall 
be determined by the maintaining organization. 

 
2.3.7. Backboards: Fire rated Backboards shall be provided on a minimum of two adjacent walls 
in the telecommunication spaces near cable entry ports. (Backboards) Provide void-free, interior 
grade A-C plywood 3/4-inch thick 4-feet by 8-feet. Backboards shall be fire rated by manufacturing 
process. Painting the backboard is optional however, if paint is applied over fire retardant backboard 
it shall be UL 723 fire retardant paint.  Provide fire retardant paint information via product submittal.  
When painted, Fire Stamp shall be clearly visible. Permanently mount backboards vertically to the 
wall by means of a countersunk stainless steel flat head bolt and washer providing a finished flush 
surface. Drywall screws or any other screw types shall not be acceptable. 
 
2.3.8. Maintenance Holes (MH): The preferred term for communications underground closures 
or holes on Eglin AFB shall be “Maintenance Hole or Maintenance Vault”, as Manhole or hand 
hole will not be used.  All Maintenance Holes and vaults shall be pre-cast reinforced concrete, multi-
directional type with cast-in single or multiple plastic terminators to accept the conduits. Thin 
concrete knockout sections may be provided for terminating multiple-bore conduits. New MHs shall 
be placed to support the locations of junction points, offsets, load points, and curvature in the duct 
line. The contractor shall form and install a 1-foot-wide x 8-inch-deep concrete perimeter around 
new maintenance holes being installed. The contractor shall ensure the appropriate MHs number is 
permanently stenciled by the application of paint with 3.5-inch lettering, on the inside top interior 
within the first 12-inches with a number designated by the 96 CS Authority Having Jurisdiction. All 
new ducts shall be permanently stenciled by the application of paint with 2-inch lettering on the 
wall above each duct back and in each building and maintenance hole indicating the connecting 
building/maintenance hole at the other end of the duct (for example, “To MH-200”). All MHs shall 
be installed IAW all applicable industry standards. 
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2.3.8.1. Cast-in-place (site-poured) MHs may be required when overbuilding on existing 
infrastructure, rebuilding, or enlarging existing MHs that are congested, oddly configured, or 
contain excessive cables that are improperly routed through the MH. 
 
2.3.8.2. All MHs shall be installed on a leveled, crushed, washed, gravel base of sufficient 
depth, a minimum thickness of 6-inches under the entire structure and extending past foundation 
or all outer edges by 6-inches or more, to allow for drainage and stability. In cantonment areas 
that have or will potentially have multiple cables, they shall not be spaced more than 600-feet 
apart using the ground plane view.  In sparsely populated areas (i.e., range test area) containing 
only fiber cables, they may be spaced up to 800-feet apart using the ground plain view, providing 
spacing does not exceed the manufacture’s recommended pulling tension for the cables being 
installed. The above distances (600-feet and 800-feet) may be modified with the approval of the 
96 CS.  Every effort should be made to implement Jetted or blown fiber optic cabling system 
designs IAW industry standards to reduce the underground cyber infrastructure and Base Civil 
Engineering real property footprint towards OSP pathways and maintenance hole requirements.  
MHs may be placed closer together to accommodate distribution designs when needed. Placed 
IAW ASTM C891-11 and all other applicable industry and local standards. Accessories shall be 
designed and provided for use IAW RUS Bulletin 1751F-643, and RUS Bulletin 1753F-151 to 
support the weight of the cable(s) and splice case(s). 

 
NOTE: Precast polymer concrete or combination of polymers supporting communications 
cyber infrastructure shall not be utilized on Eglin AFB. 

 
2.3.8.3. New construction shall have a maintenance hole installed within 50-feet of facility 
telecommunication entrance, CER demarcation point. Furthermore, existing or new conduit feeding a 
MH or located beyond 50-feet and servicing an Information Transfer Building or Critical Edge 
Building shall be concrete encased. Additionally, a concrete cap is required when infrastructure 
backbone cables enter the facility within 40-feet of each other to truly support backbone diversity and 
protection. 
 
2.3.8.4. In projects where explosive materials may be used or maintained, (such as munition 
facilities), ensure the last 50-feet of conduit is steel going into the facility to meet building 
codes. 

 
2.3.9.  Maintenance Hole Grounding: MH shall be grounded in accordance with RUS 1751F 802 
and NEC, Article 25, the resistance for OSP grounding shall be nominally 25 ohms. All new MHs 
installed shall include ground rods and bonding ribbon. The surface mounted bonding ribbon may 
only be omitted when the following conditions apply: 
 

2.3.9.1.  MHs are designed and constructed with an integral ground system with all ironwork 
bonded together. 
  

2.3.9.2.  MHs are identified as containing an integral ground system with a manufacturer’s label. 
 
2.3.10. Main Distribution Maintenance Holes: The preferred main distribution maintenance holes 
system interior size is 12-feet (length) x 6-feet (width) x 7-feet. (height) and shall have a load rating 
of HS-20 for heavy vehicular traffic. (Deviations from this size must be pre-approved by the 96 CS) 
 
2.3.11. Sub-Distribution Maintenance Holes: Other size approved for sub-distribution systems 
depending on location and project design are pre-cast reinforced concrete interior size 3-feet (width) 
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x 5-feet (length) x 4-feet (height) and shall have a load rating of HS-20 for heavy vehicular traffic. 
(Deviations from this size must be pre-approved by the 96 CS)  

 
Maintenance holes shall be equipped with all accessories to provide complete system: 
 
2.3.11.1. Torsion assisted rectangular diamond plate covers 
2.3.11.2. Self-latching stainless steel slam locks 
2.3.11.3. 1/8” raised letters stating “COMMUNICATIONS” 
2.3.11.4. A sump pan with insert for drainage, and a grounding/bonding system 
2.3.11.5. Corrosion resistant cable racks 
2.3.11.6. Pulling irons 

 
2.3.12. Concrete Encasement: In new construction, the duct system shall be concrete encased 
in all government areas as follows: At a minimum, the duct system shall be encased under all traffic 
areas; where any bend/sweep exceeds 10 degrees in any direction; in any stream/drainage area 
subject to washing out; and in major construction zones. Concrete encasement of the ducts for a 
“core path” shall be required where no alternate paths are present. Concrete encased duct, 
galvanized RSC, pipe casings, or HDPE duct placed by horizontal directional drilling (HDD) shall 
also be placed under all paved road surfaces and certain heavy traffic non-surfaced roads as 
documented in the design package. Concrete forms shall be utilized when encasing ducts into a 
maintenance hole to limit blockage of empty duct knockouts or windows in the maintenance hole. 
The encasement/pipe shall be extended a minimum of 6-feet beyond the roadbed for all road 
crossings. The installer shall use only one brand of Portland cement that conforms to American 
Society for Testing and Materials (ASTM) C 150. The concrete shall be a wet-type mix and shall 
be placed in such a manner as to ensure the concrete completely surrounds all ducts and that no air 
or voids are trapped in the mix. (A dry bag of ready-mix type cement that has not been mixed with 
water but has been dumped in the trench is not acceptable.) Prior to pouring any concrete over the 
duct, the installer shall obtain the signature of the on-site U.S. Government AHJ representative to 
signify the acceptability of the duct placement and spacing. Concrete used to encase conduits shall 
be a minimum compressive strength of 20,700 kPa (3,000 PSI). 

 
NOTE - Concrete encasement of conduits should be considered for the following conditions: 
a. Road or street crossings having earth covers that are equal to or less than 30-inches. 
b. Railroad crossings 
c. Earth covers parallel to and within street, highway, or road travel areas that are less than  
30-inches. 
d. Stream crossings, storm canals, ditches, ponds, parking lots and heavy vehicle traffic areas. 
e. Bend angles of 20-degress or greater in conduit lengths equal to or greater than 550-feet 

 
2.3.13. Duct Placement: New ducts shall be swept down and installed in the lowest available 
duct positions within the lowest available duct window in the MH. Duct placement shall not 
prevent placement of future ducts in the upper duct positions. Conduits shall terminate in bell ends 
or duct terminators at the point of entrance into the MHs and buildings. Main conduits entering 
poured-in-place or precast MHs shall be located in the lower portion of the end wall and centered 
between end walls. Conduits entering sidewalls shall be located a minimum of 4-inches from the 
end walls that are located farthest from the central office or serving node. Clearances of 12-inches 
should be maintained between main conduit formations and the roofs or floors of MHs unless the 
construction drawings indicate otherwise, wall recesses shall be provided at conduit entrances. 
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Subsidiary conduits entering MHs shall be located to provide clearances of 4-inches from roofs 
and adjacent walls. 
 
2.3.14. Four Inch Duct Fill: A minimum of one 4-inch or larger conduit/duct installed in any 
given duct bank/system shall be populated with three each, 3-inch, three cell geotextile or Micro-
Ducts for maximum cable placement. Determination will be conducted during design reviews. 
(Other sizes/options may be used only with 96 CS pre-approval.)  When installing conduits near 
other ducts or electrical, installers shall provide a minimum concrete separation of 3-inches or dirt 
separation of 12-inches. When installing conduits/ducts parallel other utilities, provide separation 
of 6 and 12-inches respectively.  Other direct buried or underground utilities systems shall not be 
installed above or over-the-top any communications cables. 
 

2.3.15. Rerouting of Existing Ducts: Existing ducts shall be joined to new MHs (pre- cast or 
cast-in-place) by rerouting the designated ducts from the demolished or abandoned MH to the new 
MH. Rerouting shall begin 30-feet from the old MH, to allow for standard bending radius and 
pulling tension. Continuity of operations on the affected cables shall be maintained during the duct 
rerouting actions. 
 
2.3.16. Pull String, Rope, and Tape: A pull string, pull rope, or pull tape rated at not less than 
600-lbs (2700-newtons (N)) tensile strength shall be installed in each new individual conduit, duct, 
and/or sub-duct. A minimum of 5-feet shall be provided at each end of the conduit. The 
string/rope/tape shall be coiled and secured to the closest maintenance hole rack or pulling eye in 
such a manner as to prevent it from being accidentally pulled back into the duct. 
 
2.3.17. Plugs: All ducts, sub-ducts, HDPE roll pipes and innerducts, whether main or 
subsidiary runs, shall be plugged using universal duct plugs or removable putty sealants in all MHs, 
vaults and building entrances. Foam sealant is not acceptable in a building. Outdoor-rated ducts 
(sub-ducts, etc.) entering a building will be fire-stopped IAW the National Electrical Code, local 
codes, and per manufacturer’s instructions. 
 
2.3.18. Duct and Acoustical Sealants: The area between the entrance conduits and the 
penetrated floors and/or walls of a building or MH shall be sealed to be waterproof or shall be fire-
stopped as appropriate. Use of hydraulic cement between the duct and wall is acceptable for 
waterproofing the duct entry point. 
 
2.3.19. Duct Tie-Downs: Duct systems to be concrete-encased shall be tied down to eliminate 
movement of the duct system during the placement of concrete. All sections of conduit systems to 
be concrete-encased shall be tied down using an industry recognized method such as metal rods 
(four stakes) and metal strapping (for securing the duct system). The metal strapping shall be 
wrapped completely around the conduit structure and securely attached to the metal rods. The 
metal rods shall be a minimum of ¼-inch thick. Rods will be driven into the ground a minimum 
depth of 12-inches and the ducts shall be tied down every 10-feet or closer. 
 
2.3.20. Conduit Spacers: Spacers shall be installed at minimum of one spacer every 5-feet on 
center.  The duct shall not be damaged, cracked, or crushed prior to or during installation: 
 

2.3.20.1. Ensure the integrity of the orientation of the duct bank between MHs. Do not allow 
the ducts to twist or tangle between MHs. 
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2.3.20.2. Ducts that are classified as stub-outs shall be plugged inside the MH or building; 
tagged, identifying them as stub-outs; and capped on the far end to prevent soil and water from 
entering the duct. An orange communications locator ball shall be placed at the stub-out end 
location to facilitate future locating of the stub-out. 

 
2.3.21. Joints and Connectors: Ducts shall be joined using manufacturer specific requirements and 
industry standard such as RUS/ANSI/TIA, to ensure complete end-to-end watertight system and 
connections. Joints shall not be damaged when pulled past the joint. Joints between dissimilar types 
of ducts (PVC, HDPE, galvanized steel pipe (GSP), EB, DB, etc.) shall use the appropriate 
connectors designed for the purpose of providing a seal between the ducts and preventing damage 
to cables pulled through these joints. All joint surfaces shall be prepared IAW the manufacturer’s 
instructions, and, at a minimum, the mating surfaces shall be wiped clean before they are joined. 
Locating marker balls shall be placed at all HDPE splice points or duct system repairs. 
 
2.3.22. Bends and Sweeps: Accomplish changes in the direction of runs exceeding a total of 10-
degrees, either vertically or horizontally, by long sweeping bends having a minimum radius of 20-
feet. Long sweeps may be made up of one or more curved or straight sections and/or combinations 
thereof. Bends made manually shall not reduce the internal diameter of the conduit. There shall be no 
more than the equivalent of two 90-degree bends (180-degrees total) between pull points, including 
offsets and kicks with a curvature radius of less than 10-feet. Back-to-back 90-degree bends shall not 
be utilized.  NOTE:  Use a large sweep bend that does not abruptly turn the corner. A sweep bends 
should have a much larger radius then a standard elbow, this allows for improved cable installation. 
 

NOTE: All bends, sweeps, couplers, bend radius/angles, bell ends, adapters, and connection 
points shall be inspected during construction and prior to burial, concrete encasement or 
back-filling operations by 96 CS representative to signify the acceptability of installation, 
placement, and spacing requirements.  Follow Rural Utility Services Underground Plant 
Design, Underground Plant Construction, Construction of Buried Plant, and ANSI/TIA-758-
B Customer-Owned Outside Plant for reference. 

 
The following definitions apply: 

 
2.3.22.1. 90-degree bend: Any radius bends in a piece of pipe that changes the direction of the 
pipe by 90 degrees. 
 
2.3.22.2. Kick: A bend in a piece of pipe, usually less than 45-degrees, made to change the 
direction of the pipe. 
 
2.3.22.3. Offset: Two bends usually having the same degree of bend, made to avoid and 
obstruction blocking the run of the pipe. 
 
2.3.22.4. 90-degree sweep: A bend that exceeds the manufacturer’s standard size 90-degree 
bend (e.g., 24-inches is standard for 4-inch conduit). 
 
2.3.22.5. Back-to-back 90-degree bend: Any two 90-degree bends placed closer together than 
10 feet in a conduit run. Utilize radius-manufactured bends to the maximum extent possible. 
Manufactured bends may be used on subsidiary/lateral conduits at the riser pole or building 
entrance. Manufactured bends shall have a minimum radius of 10-times the internal diameter of 
the conduit IAW Chapter 9 of the National Electrical Code and the ANSI/TIA-758 standard. Bends 
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and sweeps shall be concrete encased to protect the duct from the pressures developed while 
pulling cables. Where a duct enters a building and sweeps up through a floor slab, galvanized 
RSC shall be used. For ducts transitioning from the lower duct window of a maintenance hole to 
the nominal trench depth, the transition shall be accomplished in no less than 30-linear feet from 
the maintenance hole in order to reduce the radius of the bends. The duct shall be concrete 
encased in the transition area. 

 
2.3.23. Section Lengths: Without prior U.S. Government AHJ approval, the section length of 
conduit shall not exceed 600-feet between pulling points in main conduit runs. The section length 
of duct is limited mainly by the size of the cable to be pulled into it and by the number of bends 
it shall contain. 

 
2.3.24. Minimum Duct Bank Sizing: Duct bank sizing shall be a minimum of 4-inches for each 
design, build, construction, and renovation application: 

 
2.3.24.1. The minimum sizing for new duct banks is listed below. The total number of conduits 
required shall be determined, including existing conduits, conduits installed by this effort, and 
known future requirements, along with 50-percent of this total for spares. 
 
2.3.24.2. Ducts between the cable vault and the first maintenance hole shall be based upon 
the size of the switch, the number of outside cable pairs served from the switch location, the 
FO requirements, and future growth. 
 
2.3.24.3. A main duct run includes the maintenance holes and ducts from a DCO or node and 
provides the pathways for large feeder cables and/or core FOCs. New main duct runs shall 
consist of a minimum of 6-way, 4-inch duct banks. 
 
2.3.24.4. A lateral duct run is defined as a minor branch run from the main duct run between 
maintenance holes. New lateral duct runs shall be a minimum of four-way, 4-inch duct banks. 
 
2.3.24.5. Entrance ducts are defined as ducts from a maintenance hole or hand hole to an Edge- 
Building (EB). New EB entrance ducts shall be a minimum of two-way, 4-inch duct bank. 
 
2.3.24.6. Entrance conduits in minor buildings, as listed in the design package, shall be a 
minimum of two-way, 4-inch ducts if the entrance cables are less than one-inch in diameter 
and if less than 40-percent of the duct area shall be used. 
 
2.3.24.7. In accordance with the National Electrical Code, cables entering a building from the 
outside and not rated for inside plant use may not extend beyond 50-feet from the cable’s point 
of entry into the building. The point of entry is defined as the point at which the cable penetrates 
the exterior wall or floor. The point of entry for metallic cables may be extended beyond the 
50-foot limitation by using either rigid metal conduit (RMC) or IMC, both of which shall be 
grounded. Electrical metallic tubing shall not be used for extending the point of entry of 
metallic cables (transmission media, shields, or strength members). The point of entry for non-
metallic cables may be extended using EMT or PVC. Refer to the National Electrical Code, 
Sections 770.50 and 800.50. 

 
2.3.25. Depth of Cover: At least 36-inches of cover are required above the top of the duct bank. 
At least 24-inches of cover are required under roads or sidewalks (if duct is concrete-encased). For 
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ducts installed in solid rock, the cover shall consist of at least 6-inches of concrete. If rock is 
encountered below grade, the minimum cover above the concrete-encased duct shall be 12-inches.  

 
2.3.26. Trench Width: The installer shall engineer the trench width to the minimum width required 
to support the size of the duct bank being installed. When installing ducts, the trench width depends 
on the number of ducts, size of ducts, arrangement of ducts, and space around ducts (at least 2-
inches). Additional width may be required to work in deep trenches or with large-count duct banks. 
Shoring of walls or sloping shall be performed as required by the OSHA and/or local requirements. 
The trench width for direct buried conduit shall be of sufficient width to permit tamping of dirt on 
the sides of the conduit formation. (See attachment H - Standard Installation Specification 
Drawings) 

 
2.3.27. Split Duct: Pre-manufactured split ducts shall be of adequate material and approved by the 
AHJ.  Installation shall be done IAW all manufacturer and industry standards. 

 
2.3.28. Existing Ducts: Existing vacant ducts that are to be used in new cable installations, as 
defined in the design package, shall be cleaned and tested with a test mandrel to detect any 
obstructions, collapsed ducts, or duct inconsistencies. The installer may need to repair damaged 
ducts by installing new ducts with couplers, split ducts or cured in place pipe lining solutions  

 
2.3.29. Marking/Warning Tape: The tape shall be a minimum of three inches wide and orange in 
color with the appropriate warning message and shall not be utilized as the sole tracing capability. 
Locating tape/wire shall be installed 18-inches above any communications cable or duct system. 
Copper wire installed in self-supporting duct shall be minimum 14-gauge and shall not be utilized 
as the sole tracing capability. Shall be installed IAW all applicable standards. 

 
2.3.30. Trace-Safe: Install 24-inches below finished grade directly over the duct banks and 12-
inches below the “marking/warning tape”. All new Trace-Safe systems installed shall use an 
approved splice, termination end, connectors, etc.… where needed and an approved label installed 
at all wire ends. Each wire end shall be secured to the MHs walls at around 8-inches within the top 
of the MHs (rationale: the new clamshell MHs have concrete cap of around 8-inches thick, 
therefore it is recommended to mount the Trace-Safe below the cap/MH joint (and in the actual 
MH) to ensure the Trace-Safe will not be damaged in the event of the MH cap moving), accessible 
without having to enter the hole and not connected to grounds. The tracer will be secured to the 
MHs wall and tagged with a label indicating it as a "Tracer Wire to xxx - Do Not Remove” (where 
xxx is the other end of the wire). Do not connect to grounding/bonding system. 

 
2.3.31. Marker Poles: Marker Poles: Two route markers shall be installed at every maintenance 
hole at a height of 4-feet above finished grade. Additional markers are required along all 
communications pathways at a maximum of 500-feet, line- of-sight or less; whichever is shorter 
and/or at each change in route direction, on both sides of street crossings at a height of 4-feet 
above finished grade (to standardize Height). Stenciled at the top section of each marker pole: 
 

“CONTACT EGLIN BASE COMMUNICATIONS PRIOR TO EXCAVATION AT 882.2581” 
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2.3.32. Duct and Conduit Mandrelling Requirements  
 

2.3.32.1. Mandrel inspections are a requirement under industry standards for quality control.  
Prime/Contractor of record shall provide reports on all mandrel tests accomplished for record 
to ensure compliance with industry standards noted herein.   
 
2.3.32.2. New ducts in main and subsidiary duct runs shall be mandrelled before pulling 
anything into the duct system with a mandrel that is ¼-inch less than inside diameter of duct.  
If a design will require installing new cable in existing, empty duct, the OSP designer should 
consider requiring a mandrel test of the existing duct before installing the cable to verify that 
the duct is usable. 

   
2.3.32.3. Prior to pouring concrete over the duct, the installer shall obtain the signature of the 
on-site 96 CS representative to signify the acceptability of the conduit mandrelling, placement 
and spacing. 

  
2.3.32.4. Duct Cleaning:  Duct shall be cleaned with an assembly that consists of a flexible 
mandrel (manufacturers standard product in lengths recommended for the specific size and 
type of duct) that is ¼-inch less than inside diameter of duct, 2 wire brushes, and a rag. The 
cleaning assembly shall be pulled through conduit a minimum of two times or until less than 
a volume of 8 cubic inches of debris is expelled from the duct. Do not install cables in ducts 
without an approved witness test and written approval of the 96 CS. (See attachment G - 
Applicable Publications) 
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Chapter 3 

 
3. DELIVERABLES 

 

The Contractor shall submit all applicable deliverables and test reports and as-built for review 15-
duty days prior to final test and acceptance inspection to the 96 CS/SCXP, Projects and 
Requirements work center. 

 
3.1. Fiber and Copper Verification Tests 

 
3.1.1. Factory Reel Test/Inspection: The contractor/installer shall provide a copy of the reel 
tests/physical inspection reports of factory delivered cable(s) verifying good condition upon 
delivery. 

 
   NOTE: 96 CS review/approval of reel tests/physical inspection reports of factory delivered     

cable(s) is not required.   
 

3.1.2. Pre-Installation Tests: Contractor/installer shall test all existing ISP/OSP cable(s) that will 
be moved, re-terminated, or spliced before any modification. This testing phase is the sole 
responsibility of the contractor/installer and should be performed prior to the installation of any 
ISP/OSP cable(s) as to provide a baseline of the fiber/copper quality. If pre-installation tests show 
any failures contractor shall provide the test reports to 96CS for corrective actions. 

 
3.1.3. Post-Installation Test: The contractor/installer shall perform final configuration post-
installation test and provide all tests results to 96 CS 15-days prior to final QA inspection of all 
installed ISP/OSP cabling. 

 
NOTE: Optical fibers or copper cable(s) found with damage or defective strands or pairs, shall 
be replaced (from end to end) and will not be accepted by 96 CS Authority Having 
Jurisdiction (AHJ). 

 
3.1.4. Copper Testing: End-to-end testing for Unshielded Twisted Pair/Screened Twisted Pair 
(UTP/ScTP) copper shall be conducted for 100-percent of pairs and shall identify any discrepancies. 
All new UTP/ScTP copper installations shall be free from any and all cable faults or splicer’s errors 
to allow for 100-percent cable usage. Cat-6 network ISP wiring will require a test report showing DB 
loss, head room, wire map, length, delay skew, and attenuation. The test results shall be documented, 
corrections implemented, and retesting conducted and documented as required. In addition, 
documentation shall be presented to show the length of the cable between the telecommunications 
room and the work area. Testing shall be per industry standards. Copper cabling shall be tested 100-
percent (All Pairs) for DC loop resistance, shorts, opens, intermittent faults, and polarity between 
conductors, and between conductors and shield, if cable has overall shield. Test operation of shorting 
bars in connection blocks. Test cables after termination but prior to being cross connected (See 
attachment G - Applicable Publications) 
 

NOTE: Test report results shall reflect the wiring scheme that was selected during 
design/installation (i.e. 568A or 568B).  Fiber and Copper test equipment must be calibrated 
within one year of test date.  Test results shall be test equipment exported products from 
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calibrated device only, fiber links will illustrate bi-directional results.  No handwritten or typed 
out results will be accepted.  All test cables shall be factory made. 

 
3.1.5. Fiber Testing: All testing shall be accomplished IAW all applicable industry standards. 
Attenuation testing for optical fiber shall be performed and documented 1) from manufacturer, 2) 
upon delivery acceptance/prior to installation, 3) after cable placement/post installation and 4) after 
all splicing/end terminations have been completed. Any errors or above allowable loss readings will 
be repaired to bring the faulted fibers to within acceptable parameters. No additional splicing will 
be allowed in lieu of fiber end-to-end replacement due to manufacturer or installation damage. All 
strands are to be usable and free of errors providing 100-percent cable usage. Test Results: 
Certification of the cable(s) being tested is required to ensure it meets/exceeds requirements. 

 
3.1.5.1. Perform 100-percent verification acceptance test for single-mode and multi-mode 
optical fibers, (all strands) end-to-end attenuation tests IAW OFSTP-14, OFSTP-7, TIA-568-
C.3 and TIA-526-7.   

 
3.1.5.2. Installer shall use Tier One Testing using an Optical Power Meter and Light Source 
for all Inside Plant (ISP) and Outside Plant (OSP) single-mode and multi-mode optical fibers 
in a bi-directional manner. Fiber test equipment must be calibrated within one year of 
installation.  

 
3.1.5.3. Installer shall use Tier Two Testing using an Optical Time Domain Reflectometer 
(OTDR) and Optical Power Meter and Light Source for all Outside Plant (OSP) single-mode 
and multi-mode optical fiber in a bi-directional manner.  Fiber test equipment must be 
calibrated within one year of installation.  All launch and test cables shall be factory made 
with lengths for OTDR 150-meters (SM/MM) and light source/power meter 7-feet (SM/MM). 

 
NOTE: Optical fibers or copper cable(s) found with damage or defective strands, or pairs will 
not be accepted by 96 CS Authority Having Jurisdiction (AHJ) and shall be replaced (from 
end to end).   

 
3.2. As-Built Documentation: The installer shall provide accurate As-Built documentation of the entire 
OSP and ISP install system to include schedule T-5 documentation (i.e., rack elevations, cable route drawings 
“T-Sheets”). The Telecommunications Contractor(s) of Record shall maintain “red-lined” drawings at 
the job site under direct control of the Site POC. The red lines shall represent changes made.  

 
As a minimum, the following information will be on each drawing for OSP/ISP requirements: 

3.2.1. Accurate, reasonable facsimile of the OSP/ISP cable pathways and maintenance hole 
duct/cable tray system as installed 
3.2.2. Accurate, reasonable facsimile of the building floor plan 
3.2.3. Room and area numbers assigned for identification purposes 
3.2.4. Location and designation of all CERs 
3.2.5. Telecommunication Room Layout diagram for all CERs 
3.2.6. Location and designation of all work area outlets installed 
3.2.7. Rack elevations 
3.2.8. Location of all vertical/horizontal penetrations 
3.2.9. Routes for all cables, including horizontal, tie, and backbone 
3.2.10. Location of vertical/horizontal penetrations through firewalls/floors 
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3.2.11. Geospatial data of new outside plant distribution system with accuracy of the GNSS points 
no more than 6-12-inches after differential correction/post-processing 
3.2.12. Drawing Reference Details (ANSI/TIA 606) 

 
T-1 - Layout of complete building per floor showing: Building area/serving zone boundaries, 
backbone systems, and horizontal pathways. 
T-2 - Serving zone/building area: Drop locations and cable identification. 
T-4 - Typical Details: Faceplate labeling, fire stopping, symbols, installation procedures, detail 
racking and raceways data. 
T-5 Schedule: Documentation on cables showing cut overs and cable management, patch panel 
layouts, faceplate assignments, cross-connects information, and terminal layout as a minimum. 

 
3.3. Shape Files: The installer shall provide Global Navigation Satellite System (GNSS) collected OSP 
infrastructure features and communications pathways attribute, metadata, and location information shall 
be converted to, stored, and submitted in an Environmental Systems Research Institute (ESRI) Shape 
File format. The shape files must be compatible with the Cyberspace Infrastructure Planning System 
(CIPS) Visualization Component (CVC) web-based application. The shape files shall have a geospatial 
reference (.prj, .dbf, .shp, .shx and .cor) files included that specifies the parameters of the coordinate 
system.  (See Attachment A for more information) 

 
NOTE: Installer(s) shall coordinate with the 96 CS/SCXP office through a Request for 
Information (RFI) to ensure they have the latest data dictionary before accomplishing any 
project GIS actions. The accuracy of the GNSS points shall be no more than 6-12-inches after 
differential correction/post-processing.: 

 
Coordinate system: UTM 
Zone: 16 North 
Datum: NAD 1983(conus) 
Coordinate units: Meters 
Altitude units: Meters 
Altitude Reference: HAE 

 
3.4. Test and Acceptance Documentation (AFTO 747): The Contractor shall submit all test reports 
and as-built deliverables for review 15-duty days prior to final test and acceptance inspection. The test 
reports shall show the tests performed to verify compliance with the specified performance criteria. Test 
reports shall include record of the physical parameters verified during testing. As-builts shall show all 
communications pathways, cabling with correct labeling as installed. The contractor shall correct any 
errors or performance deficiencies detected by testing. The assigned 96 CS/SCXP Project Manager will 
sign an AFTO Form 747 in Block 11A upon government QA acceptance of contractor's final test results. 
The 96 CS reserves the right to refuse final acceptance until all discrepancies have been resolved to the 
satisfaction of the Authority Having Jurisdiction. 

 
3.5. Projects, Designs, USACE, SABER Requirement Support Timelines: 

 
3.5.1. Task Timelines: Once accepted by SCX and SCO production work center(s).   

3.5.1.1. Survey Inputs: 96 CS 5 full duty days (internal use only SCX 1/SCO 4)  
3.5.1.2. Project/Design Reviews: 96 CS 12 full duty days (internal use only SCX 2 /SCO 10) 
3.5.1.3. Comm path segment verifications: 96 CS 13 full duty days (internal use only SCX 1 / 
SCO 12) 
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3.5.1.4. Product submittals: 96 CS 6 full duty days (internal use only SCX 1/SCO 5) 
3.5.1.5. Official Request for Interpretation (RFI): 96 CS 5 full duty days (internal use only 
SCX 1/SCO 4) 
3.5.1.6. Request for Escort: 96 CS 5 full duty days (internal use only SCX 1/SCO 4) 
3.5.1.7. Deliverables documentation reviews (Shape files, As-built, final test results, reviews: 
96 CS 17 full duty days prior to final inspection (internal use only SCX 2/SCO 15) 
3.5.1.8. Fiber and copper in-progress test result: 96 CS 9 full duty days (internal use only SCX 
1 / SCO 8) 
3.5.1.9. Request for in-progress checks or final inspections: 96 CS 6 full duty days (internal 
use only SCX 1/SCO 5) 
3.5.1.10. Rough Order Magnitude (ROM):  96 CS 23 full duty days (internal use only SCX 
3/SCO 20) 
 
NOTE: It is imperative on each requirement the 96 CEG, USACE, etc. project manager(s) 
notifies the required 96 CS discipline in a timely manner. 
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Chapter 4 
 

4. PARTS AND MATERIALS REGISTER 
 
The salient physical, functional, and performance characteristics of the following 
telecommunication parts and materials specified shall be adhered to for all installations or like items.  
Replacement parts shall be standard and readily available through commercial means. Discontinued 
products will not be accepted unless approved by the Contracting Officer and 96 CS Authority 
Having Jurisdiction: 

NOTE: The term approved is defined in this document as acceptable to the authority having 
jurisdiction. 

 
4.1. Data Jack: Category 6, RJ45, 8-position, 8-wire UTP Mini-Com® universal jack module has TG-
style termination. Color shall match cable jacket. 
 
4.2. Blank Inserts: Mini-Com® 1-port blank module, reserves space for future use, Off-
White/International White. 

 
4.3. Surface Mount Raceway System: Tamper resistant two-piece latching surface raceway. Supplied 
with pre-punched mounting holes. Available in 6', 8', and 10' lengths, Off-White/International White. 
Compatible with surface mount outlet box. All surface mounted raceway systems shall be screwed to 
the wall to prevent detachment from the mounted surface. 

 
4.4. Riser CAT-6: CAT-6 (600MHz), 4-Pair, U/UTP-Unshielded, Riser-CMR, Premise Horizontal 
Cable, 23 AWG Solid Bare Copper Conductors, Polyolefin Insulation, X Spline, Ripcord, PVC Jacket. 

 
4.5. Plenum CAT-6: Copper Cable, Giga SPEED XL 2071E, 23 AWG, 4 Pair, Unshielded, UTP, Solid 
Bare Copper Conductor, FEP/PVC, CMP.  Plenum CAT-6: Copper Cable, Giga SPEED XL 2071, 23 
AWG, 4 Pair, Shielded, ScTP, Solid Bare Copper Conductor, FEP/PVC, CMP, (RED). 

 
4.6. Intra-Building Distribution Cables: Used after 15m (50ft) of “exposed” outside plant copper 
cable enters building. “Fold back” splicing method preferred. 

 
4.7. 25-pair – 3600-pair: CMR rated. Pair count varies. Use applicable count determined by the pair 
count from the outside plant cable. 

 
4.8. Splice Enclosure: An intra-building splice closure is a strong, lightweight, fire-retardant covering 
that protects non-pressurized splices. The closure shields the splice against humidity and moisture and 
may even resist temporary immersion in water. When you install the closure, properly support it, 
ground it and test it for air leaks according to manufacturer's recommendations. Affix labels to all cables 
entering the splice, indicating cable number and pair counts. Clearly designate the "In" and "Out" for 
the spliced cables. 

 
4.9. Building Station Terminal Blocks (110-Type): Terminates intra-building cables and horizontal 
cables. Must clearly label intra-building cable using stencils above 110 type (IDC) block with 
applicable information during pre-installation survey. 
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4.10. Building Entrance Terminal Blocks (110-Type): 16 AWG steel building entrance terminals 
feature an industry standard 110 - style connector for both the input and output terminals.  Also included 
are multiple external and internal ground lugs. UL approved standard on all terminals and standard 5-
pin protection modules. 

 
4.11. Cat-6 Connector Block 24/48 Port (Patch Panel): Constructed for maximum strength and 
durability. Rack-mount modular panels shall include an integrated cable management requirement for 
cable routing and strain relieve cables at patch panel and other termination points. Provide a complete 
modular system from patch panel to work area outlet.  NOTE: When terminating new Twisted Pair 
cabling onto existing Cat-6 rated patch panel(s), strain relief requirements will be adhered to as 
referenced in section 4.12 Strain Relief Requirements.  

 
4.12. Strain Relief Requirements: All Strain relief bars shall consist of a metal bar that mounts to the 
rear of a standard EIA 19-inch rack to support a minimum of 24 cables exiting from the back of a patch 
panel with a 2-inch to 5-inch inward mounted offset. Cables shall be secured with integrated adjustable 
clips, hook and loop strips or cable ties. Optional quick release brackets shall provide an easy way to 
remove the strain relief bar without the use of tools. 

 
NOTE: Vinyl tape will not be accepted 

 
4.13. Fiber Optic Cabling for Inside Structure Installation: Inside plant single-mode fiber will have 
a (YELLOW) Polyvinyl Difluoride jacket and multi-mode will have a (ORANGE) Polyvinyl Difluoride 
jacket for quick identification unless otherwise noted for specified network.) Cable medium and strand 
count shall be determined by 96 CS Authority Having Jurisdiction and customer requirement(s). 

 
4.14. Fiber Optic Connectors: All new installations requiring the installation of a fiber optic 
distribution panel will use the connector style below: 

4.14.1. Fiber Optic Connector — LC, SM: Splice Cassette, 24 fiber strands, LC, UPC, Duplex, 
Single- Mode (OS2), Single-Fiber (250 µm). 
4.14.2. Fiber Optic Connector — LC, MM: Splice Cassette, 24 fiber strands, LC, UPC, 
Duplex, 50 µm (OM 3 and 4). 
 

4.15.  Fiber Optic Patch Panel: All fiber optic housing units shall be compatible to support fiber 
splice cassettes mentioned in 4.14. 

 
4.16. Fiber Optic Core Cables: Non-Armored ALTOS® / MiniXtend® Fiber (or equivalent) is to be 
used for new installations. Due to damages caused by lightning, all fiber optic cables will contain zero 
conductive materials. 

 
4.17. ALTOS® / MiniXtend® Fiber Single-Mode Cable (or equivalent): Minimum 24 strand count 
to be installed unless otherwise approved by 96 CS. 

 
4.18. Maintenance-Holes: Shall be equipped with all accessories to provide a complete system as or 
like Oldcastle Precast concreted MH design and meet applicable ASTM standards specification.
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4.18.1.  Main distribution MH system interior size is 12-feet (length) x 6-feet (width) x 7-
feet (height) and shall have a load rating of HS-20 for heavy vehicular traffic. 
 
4.18.2. Sub-distribution MH systems depending on location and project design are pre-cast 
reinforced concrete interior size 3-feet (width) x 5-feet (length) x 4-feet (height) and shall have 
a load rating of HS-20 for heavy vehicular traffic. 

 
4.19. Underground Plant Conduit HDPE: UL Listed HDPE is a flexible, non-metallic raceway used 
to protect underground cables. It has superior crush resistance, low coefficient of friction, and high 
tensile strength. Size, length and type will be determined during design.  Smooth wall, approved/listed 
for directional boring, minimum Schedule 80 HDPE SLR 11.5, ASTM F2160, NEMA TC 7. 

 
4.20. Underground Plant Conduit Schedule 40/80: Non-metallic conduits shall be encased in 
concrete of minimum 3,000 lb/in2 (20,700kPa) compressive strength where vehicular traffic (i.e. 
automotive, railway) is above the pathway or where a bend or sweep is placed. 
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Chapter 5 
 

5. EMERGENCY REPAIR PROCEDURES 
 

5.1. ISP/OSP Telecommunication Infrastructure Copper/Fiber Repair Guidelines: Contractor 
shall notify Eglin’s 96 CS Communications Focal Point (CFP) at 850-882-2666 or immediately upon 
discovery of any damaged Eglin communications cyber infrastructure. Extent of repairs required will 
be assessed and determined by 96 CS/CC or designated Authority Having Jurisdiction (AHJ). 

 
NOTE: All temporary and/or permanent repairs shall be made at no additional cost to the 
government.  Repairs shall be IAW all applicable industry and local standards. 
 

5.2. Temporary Repair Actions: Temporary repairs shall be initiated within 12-hours of 
reported/identified damage and must restore all circuits (pairs, strands, etc...) to full mission capability 
within 24-hours unless otherwise approved by AHJ. Contractor shall provide 24 hour/7 day a week 
on-call maintenance service for temporary repairs until all permanent repairs have been completed and 
accepted by the AHJ. 

 
5.3. Permanent Repair Actions: All fiber optic and copper communications cyber infrastructure shall 
be restored to its original state or better prior to damage for all permanent repairs. All damaged 
communications cyber infrastructure shall be replaced, at a minimum, to the closest, pre-existing, 
splice/terminal locations regardless of distance and/or cost incurred. New or additional splices shall not 
be allowed for permanent repairs without written approval from the designated AHJ. 

 
5.3.1.  Contractors shall provide a Statement of Work (SOW), test plan and product submittals for 
all proposed permanent repair solutions within 5 business days from date of reported damage to 96 
CS/CFP and AHJ for written approval prior to beginning any permanent repairs. 
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Chapter 6 
 

TELECOMMUNICATIONS CONTRACTOR(S) QUALIFICATIONS 
 

6.1. Telecommunications Contractor(s) Qualifications Requirements:  
  

6.1.1. Work under communications requirements shall be performed by and the equipment shall be 
provided by the approved telecommunications contractor and key personnel.  Qualifications shall 
be provided for: The Telecommunications System Contractor, the telecommunications system 
installer, and the supervisor (if different from the installer). A minimum of 30 days prior to 
installation, submit documentation of the experience of the Telecommunications Contractor and of 
the key personnel.   
 

6.1.2. Telecommunications Contractor shall be a firm which is regularly and professionally engaged 
in the business of the applications, installation, and testing of the specified telecommunications fiber 
optic and copper OSP/ISP systems and equipment. The Telecommunications Contractor shall 
demonstrate experience in providing successful telecommunications systems within the past 3 years 
of similar scope and size. Submit documentation for a minimum of three and a maximum of five 
successful telecommunication system installations for the Telecommunications Contractor.   

 
6.1.3. Provide key personnel who are regularly and professionally engaged in the business of the 
application, installation and testing of the specified telecommunications fiber optic and copper 
OSP/ISP systems and equipment. There may be one key person or more key persons proposed for 
this solicitation depending upon how many of the key roles each has successfully provided. Each of 
the key personnel shall demonstrate experience in providing successful telecommunications systems 
within the past 3 years.  

 
6.1.4. Supervisors and installers assigned to the installation of this system or any of its components 
shall be Building Industry Consulting Services International (BICSI) Registered Cabling Installers, 
Technician Level. Submit documentation of current BICSI certification for each of the key 
personnel.  In lieu of BICSI certification, supervisors and installers assigned to the installation of 
this system or any of its components shall have a minimum of 3-years’ experience in the installation 
of the specified copper and fiber optic cable and components. They shall have factory or factory 
approved certification from each equipment manufacturer indicating that they are qualified to install 
and test the provided products. Submit documentation for a minimum of three and a maximum of 
five successful telecommunication system installations for each of the key personnel. 
Documentation for each key person shall include at least two successful system installations 
provided that are equivalent in system size and in construction complexity to the 
telecommunications system proposed for this solicitation. Include specific experience in installing 
and testing telecommunications systems and provide the names and locations of at least two project 
installations successfully completed using optical fiber and copper telecommunications.   

 
6.1.5. Indicate that all key persons are currently employed by the Telecommunications Contractor 
or have a commitment to the Telecommunications Contractor to work on this Project. All key 
persons shall be employed by the Telecommunications Contractor at the date of issuance of this 
solicitation, or if not, have a commitment to the Telecommunications Contractor to work on this 
Project by the date that the bid was due to the Contracting Officer. 
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NOTE: Only the key personnel approved by the Contracting Officer in the successful proposal 
shall do work on this solicitation's telecommunications system. Key personnel shall function 
in the same roles in this Contract, as they functioned in the offered successful experience. Any 
substitutions for the Telecommunications Contractor's key personnel requires approval from 
the Contracting Officer. 
 

NOTE: The term approved is defined in this document and other standards as acceptable to 
the authority having jurisdiction. 
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Chapter 7 

 
CRITICAL EDGE BUILDING 

 
7.1. Classification and Criteria  

  
7.1.1. Specific criteria shall be met in order for a facility to be classified as a critical edge building 
(CEB) on Eglin AFB. Discussions to classify a facility as a CEB will take place during the design 
kickoff, charrette, or SATAF meetings. If the organization wishes to seek the CEB classification, 
customer shall complete the Critical Edge Building Classification and Criteria template coordinated 
by 96 CS/SCOI. Responses to the specified criteria will dictate an approved/disapproved CEB 
classification. In accordance with current Air Force Base Area Network Specifications (AFBAN) 
policy, a facility shall be classified as a CEB prior to implementing redundant links to two different 
Information Transfer Buildings (ITBs) or Core Nodes. If the mission set changes throughout the 
lifecycle of the facility, customers shall reassess their responses to the criteria to ensure the 
justification for being a CEB is still warranted. Additionally, if a facility meets compliance to be 
classified as a CEB, the alternate fiber path shall be physically diverse. If all means necessary have 
been exhausted to ensure physically diverse fiber paths have been implemented, but physical 
diversity is still unachievable, logically diverse cable paths are an exception, but are not guaranteed.  
Physically diverse fiber paths shall be classified as the following: Fiber Point of Entry to the facility 
for alternate route should be different from primary point of entry, but same point of entry is also 
authorized up to 50-feet maximum. Then both FOCA's are required to be in separate ducts using 
different communication pathways in different geographical directions. See current AFBAN for 
additional pathway information. 

 
7.1.2. Once approval for the classification and criteria document has been completed, the 96 CS 
network engineers will conduct extensive network assessments to determine the most viable core 
node infrastructure capable of supporting the customer’s new CEB requirement.  Following network 
assessment completion for each core node where logical path and ITB has been determined, the 
physical path and duct assessment will be conducted by the 96 CS Cyber Infrastructure personnel. 
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Chapter 8 

 
COMMUNICATIONS EQUIPMENT LOCATION (CEL) 

 
8.1. Eglin AFB CEL Requirements: 

 
8.1.1. CEL’s must be locked and secured IAW DoD 5200.08-R, paragraph C6.2.4. 

 
8.1.2. CEL’s must be clean and in good order IAW AFMAN 91-203, paragraph 30.1. 

 
8.1.3. CEL’s cannot be used as a storage room and must only contain 96 CS information technology 
equipment IAW UFC 3-580-01, paragraph 2-4.2.1. 

 
8.2. 96 CS managed CEL’s house installation network equipment and shall be protected IAW Defense 
Information Systems Agency (DISA) Traditional Security Guidance. 

 
8.3. Access to CEL’s or cohabiting space within a CEL shall only be provided as a last resort. 

 
8.3.1. Cohabiting space within a CEL should only be requested if there is absolutely no other suitable 
space within the facility to house non-core networking equipment.  Valid justification is required 
and must be accompanied by documentation preventing units from installing non-core equipment 
elsewhere within the facility. 

 
8.3.2. If a CEL shall be deemed a cohabiting space, specific criteria must be met to retrofit an 
existing CEL: 

 If existing keying mechanism is standard Z5 key lock, then entire door handle and lock 
mechanism shall be replaced to support cipher lock and Z5 lock keying mechanisms. 
Cohabiting unit shall use cipher lock for entry and 96 CS will use standard Z5 lock keying 
mechanism. 

 A survey shall be conducted by 796 CES in coordination with 96 CS to assess electrical 
loads and heating/ventilation air conditioning (HVAC) requirements for proposed unit 
equipment. 

 The requesting unit shall submit a request to 796 CES when current or existing electrical 
loads and or HVAC loads will be exceeded or limitations to existing provisions will not 
support user’s requirement. 

 The requesting unit shall fund for any expansions to electrical, HVAC, door handle 
retrofits, etc. to satisfy unit’s requirement. 

 
8.4. Units requesting space for equipment installation in a CEL shall adhere to all DoD policies and 
regulations, to include but not limited to: 

 Air Force Base Area Network Functional Specifications (AFBAN) 
 DISA Security Technical Implementation Guides (STIGs) 

Unified Facilities Criteria (UFC) 3-580-01, Telecommunications Interior Infrastructure 
Planning and Design 

 DoD 5200.08.R, Physical Security Program 
 AFMAN 91-203, Air Force Occupational Safety, Fire, and Health Standards 
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T.O. 00-33A-1001, General Cyberspace Support Activities Management Procedures and 
Practice Requirements 

 AFI 33-200, Air Force Cybersecurity Program Management 
 

8.5. All 96 CS core network equipment shall reside in its own separate lockable enclosure.  All non-
core network equipment shall reside in a separate enclosure from 96 CS network equipment. 

 
8.5.1. Core network equipment includes: all NIPRNet, SIPRNet, VoIP, and SONET-Transport 
equipment managed by the 96 CS. 

 
8.5.2. A lockable enclosure is defined as either a lockable equipment rack or lockable wall mount 
cabinet that is controlled and accessed by 96 CS authorized personnel only. 96 CS lockable 
enclosures are outlined in Attachment D. 

 
8.6. All network connections must be secured within a locked communications closet or secured within 
a CEL if room is accessed by non-network personnel. 

 
8.7. Outside Plant cabling infrastructure shall only reside in designated 96 CS lockable enclosures. 

 
8.8. 96 CS managed patch panels and premise wiring shall not be cross utilized with other unit services. 

 
8.9.  The final approver for 96 CS CEL usage or cohabiting space within a CEL is the 96 CS/CC. 

 
8.9.1. CEL access requests shall use the 96 CS Communications Focal Point (CFP) Remedy process. 

 
8.9.2. 96 CS personnel shall change the cipher lock code when personnel on the access roster change 
or when CEL access privileges have been revoked. 

 
8.10. 96 CS shall provide a tech solution in collaboration with 796 CES for all CEL usage requests.  CEL 
usage is not guaranteed and is subject to 96 CS/CC approval. 

 
8.11. CEL building manager shall submit names of personnel requiring CEL access to their unit’s 
security manager for vetting.  Unescorted access shall only be granted to personnel with a minimally 
favorable adjudicated National Agency Check (NAC), appropriate security clearance, and a need-to-
know IAW the DISA Traditional Security STIG.  Vetted access lists names shall be approved and signed 
by the submitting unit’s commander or appointed representative. 

 
8.11.1. Approved access list personnel shall be provided cipher lock codes for CEL access, but codes 
may not be shared with other unit members. 
 
8.11.2.  When unit member access for cohabiting space is no longer required or personnel no longer 
require access to the shared space, units shall remove names from the access list and submit updates 
to the 96 CS. 
 
8.11.3. Units shall audit their access lists every six months IAW the DISA Traditional Security 
STIG.  The unit security managers, facility managers, and work center SMEs shall revalidate each 
unit’s access list. 
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8.11.4. CEL Inspection 

 
8.11.4.1. 96 CS Policy and Evaluation (96 CS/SCQ) are the lead inspectors for 96 CS 
managed CELs. 
 
8.11.4.2. Inspection results shall be sent to the associated units for further actions. 
 
8.11.4.3. Any unit in breach of the CEL guidance shall be considered for removal from the 96 
CS CEL 

 
8.12. Any new building projects or facility renovations shall adhere to this guidance and be 
incorporated into the standard architecture. 
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Attachment A 
 

6. DRAWING SPECIFICATIONS 
 

A.1. Cable Route: The outside plant communications cable shall be depicted as installed, showing 
street/road locations and names, building ‘footprints’ accurately oriented as actually located. 
Maintenance Holes shall be depicted accurately oriented as located in reference to buildings and 
streets/roads. Extraneous information of other utility disciplines shall NOT be accepted on the as- 
built drawings.  The information on the as-built drawings shall pertain to COMM specific. 
 
A.2.  

 
Sample Cable Route Drawing 
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A.3. Butterfly: Drawing of the interior of individual Maintenance Holes that were installed, passed 
through, or modified in any way. Reference drawing below. 
 
A.4. The Installer shall augment the GNSS survey by using conventional land surveying equipment 
and electronic cable locating (underground utility toning) equipment to meet requirements. The 
Installer shall ensure collected/provided data is compatible with the CVC.  The accuracy of the GNSS 
points shall be no more than 6-12-inches after differential correction/post-processing. 

 
A.5.  

 

Example:  Maintenance Hole Butterfly with GIS Metadata 
 
A.6. Geographic Information Systems (GIS) data: Provide technical/field services necessary to 
locate and perform Geographic Information System (GIS) data collection of Outside Plant (OSP) cable 
infrastructure and communications pathways for government entry into the Cyberspace Infrastructure 
Planning System (CIPS) Visualization Component (CVC). Additionally, the Contractor shall enter into 
all communication "containers" to include communication Maintenance Vaults, Maintenance-Holes 
(MH), and Pedestals in order to record/document detailed container information by means of field 
drawings. Outside plant features/containers include vaults, maintenance-holes, pedestals, underground 
cables, direct buried splices, terminals, etc. The communications pathways include duct routes, aerial 
and direct-buried cable, trench routes, communication pathway entry points on building exterior walls 
that lead to interior building entry terminals, etc. The Installer shall augment the GPS survey by using 
conventional land surveying equipment and electronic cable locating (underground utility toning) 
equipment to meet requirements.  The Installer shall ensure collected/provided data is compatible with 
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the CVC.  The accuracy of the GPS points shall be no more than 6-12-inches after differential 
correction/post-processing. 
 

NOTE: Contractor/Installer(s) shall coordinate with the AHJ through a Request for 
Information (RFI) to ensure they have the latest data dictionary before accomplishing any project 
GIS actions. 

 
Shapefile filename extensions: 
.prj. = projection description, using a well-known text representation of coordinate reference systems 
.dbf = attribute format; columnar attributes for each shape, in dBase IV format 
.shp = shape format; the feature geometry itself 
.shx =  shape index format; a positional index of the feature geometry to allow seeking forwards and 
backwards quickly 
.cor = COR files generated by GPS Pathfinder Office after post processing the positions captured by 
GPS devices 
 
A.7. GPS_MAINTENANCE HOLE 
 

A.7.1. Definition: An enclosed structure MHs. A butterfly layout is used that shows the floor and 
walls flattened out so that duct openings can be drawn on the walls. This must be represented 
as one polygon (one row in the table). The point is used to show the center of the MHs cover. 
 

A.7.2. Geometry type:  Site (Point). 
 

A.7.3. Attributes: 

 
Column Name 

SDSFIE 
Common 
Name 

 
Description 

Data 
Type 

 
Use 

Domain 
Table 

MH_NAME Identifier Name The standard 
identifier name (e.g., 
MH-19) 

Char 
(60) 

Required  

 MATERIAL  Used to describe the 
material composition 
of the maintenance 
hole 

Menu Required PreCast 
Concrete 
Fiberglass 
Quazite 
Unknown 
Other 

SIZE Dimension of 
the structure 

The width, length, 
and height (or depth) 
of the structure 
measured from the 
inside 

Char 
(30) 

Required  
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Column Name 

SDSFIE 
Common 
Name 

 
Description 

Data 
Type 

 
Use 

Domain 
Table 

LID  Shape of the structure 
lid 

Menu Required Round 
Clamshell 
Rectangle 
Other 

DRAINAGE_TYPE   Menu Required Sump Hole 
Seepage Pit 
Other 
None 

SPLICE_RACK  Support braces on the 
side of the structure 

Menu Required Yes 
No 

LOCK_PRESENT  Is the structure able to 
be locked 

Menu Required Yes 
No 

SPLICE_PRESENT  Type of splice case is 
in the structure 

Menu Required Copper 
Fiber Optics 
Both 
None 

BONDED   Menu  Yes 
No 

GROUND BAR   Menu  Yes 
No 

ARE DUCTS 
PLUGGED 

  Menu  All 
Some 
None 

 

A.8. COMM_PATH_SEGMENT 
 
A.8.1. Definition: Link that represents an enclosure path of comm, items outside of a building, 
maintenance hole, General Container, or other enclosed structure. For duct banks, comm-path segment 
can represent the virtual path, duct bank, duct, and innerducts. For ducts, comm-path segment can 
represent the virtual path, duct, and innerducts. For direct-buried cables at road-crossings, comm- path 
segment can represent the virtual path, road-crossing duct, and direct-buried cables. It can also 
represent the path of aerial cable, cable-bridges, and cable-troughs. 
 
A.8.2. Geometry type: Polyline 
 
 
 
 
 
 
A.8.3. Attributes
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Column Name 

SDSFIE 
Common 
Name 

 
Description 

Data 
Type 

 
Use 

 
Domain Table 

FROM  Origination Char (60) Required  

TO  Destination Char (60) Required  

CABLE_ID  A field that 
describes the 
originating and 
end structure 
this segment is 
representing 

Char (60) Required  

INSTALL_TYPE  Type of path Menu Required Duct 
Duct Bank 
Direct Buried 

NUMBER_OF_DUCTS  Condition, 
Install Type = 
Duct Bank 

Numeric 
Min=1 
Max=20 
Default=1 

  

DUCT_SIZE  Dimension  of 
the duct 
measured in 
inches 

Numeric 
Min=1 
Max=12 
Default=4 

Required  

MATERIAL  Composition of 
the Duct 

 Required Schedule 40 PVC 
Schedule 80 PVC 
HDPE 
Micr-Duct 

DEPTH  The minimum 
depth of this 
part of the path 
from grade, in 
inches 

Numeric Required  

COMMENTS      



Standards and Installation Specifications  

A-6 

 

 

 
 

A.9. PEDESTAL 
 

A.9.1. Definition: An above ground container used as a splice point, testing point, or termination. 
 

A.9.2. Geometry type:  Site (Point). 
 

A.9.3. Attributes: 

Column Name Description 
Data 
Type 

Use Domain Table 

TERMINAL_ID A unique 
container 
identifier 

Char (60) Required  

SIZE Dimensions 
of the 
container 

Menu Required BD1 = 2”x2”  
BD2 = 4”x4”  
BD3 = 6”x6”  
BD4 = 8”x8”  
BD5 = 10”x10” 
BD7 = Cabinet – 23”x12”  
BD8 = Cabinet – 32”x18” 

GROUNDED/BONDED  Menu Required Yes  
No 

BONDING_SECURED  Menu Required Yes  
No  
Some 

TERMINAL  Menu Required Yes  
No 

MATERIAL  Menu Required Metal  
Fiberglass 

CABLE TAGS 
PRESENT 

 Menu Required Yes  
No  
Some 

COMMENTS  Char 
(230) 
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A.9. MARKER POLE 
 

A.9.1. Definition: An above ground marker used to identify MH or Cable Route. 
 

A.9.2. Geometry type:  Site (Point). 
 

A.9.3. Attributes: 

Column Name Description 
Data 
Type 

Use Domain Table 

LOCATION  Char (60) Required  

TYPE What the 
marker is 
used for 

Menu Required MH/HH Marker  
Cable Route 

 
 
A.10. MARKER BALL 

 
A.10.1. Definition: A below ground marker used to identify entrances, road crossings, routes, 
stub out locations. 
 
A.10.2. Geometry type:  Site (Point). 
 

A.10.3. Attributes:  

Column Name Description 
Data 
Type 

Use Domain Table 

TYPE What the 
marker is 
used for 

Char (60) Required Ball Disk 

MARKER PURPOSE  Menu Required Splice 
Bldg Entrance  
Road Crossing  
Cable/Duct Route  
MH Stub out 

MANUFACTURER  Char (60) Required  
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A.11. SPLICE 
 

A.11.1. Definition: A below ground splice used to connect cables or tracing wire. 
 
A.11.2. Geometry type:  Site (Point). 
 

A.11.3. Attributes: 

Column Name Description 
Data 
Type 

Use Domain Table 

LOCACTION Where the 
splice is 

Char 
(200) 

Required  

TYPE What type 
of splice 

Menu Required Auto-Wire  
Trace Safe  
Copper  
Fiber Optic 
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Attachment B 
 

LABELING SPECIFICATIONS 
 
B.1. LABELING SPECIFICATIONS 

 
   

B-1 
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Attachment C 
 

FIBER DESIGN REQUIREMENTS 
 
 
C.1. FIBER DESIGN NOTES 
 
Eglin AFB Core Fiber Optic Baseline 
 
References: (a) AF Base Area Network Functional Specification (AFBAN), dated February 2021 
 

C.1.1. Per the AF Base Area Network Functional Specification (AFBAN), dated February 2021, 
section 4.1.3. 

  
 New ITB construction shall contain a minimum of 72 single-mode (OS1 and 

OS2) fiber strand cables, one each Home Run to separate existing (or new) 
ITBs.  Higher strand counts may be used based on known and future 
requirements. 

 Existing ITB-to-ITB cable with less than 18 available strands is a candidate 
for additional fiber cables between the ITBs. 

 Additional fiber cables installed between existing ITBs shall contain a 
minimum of 48 single-mode (OS1 and OS2) fiber strands.  Higher strand 
counts may be used based on known and future requirements. 

 New EB construction shall contain a minimum of 12 single-mode fiber 
strands dedicated between that EB and its ITB.  Higher strand counts may be 
used based on known and future requirements. 

 Existing EB-to-ITB cables with 4 or less available strands is a candidate for 
additional fiber between the EB and the ITB. 

 Additional fiber cables installed between existing EBs and ITBs shall contain 
a minimum of 12 single-mode (OS1 or OS2) fiber strands.  Higher strand 
counts may be used based on known and future requirements. 

 With any cable installation, 10% of the total fiber strands (rounded to the 
nearest pair of fibers) should be unused to provide emergency routing should 
the need arise. 

Home Run cable design is the recommended method of fiber distribution when adequate OSP 
pathway is available.  In order to conserve preinstalled available pathways, fiber optic trunk 
design should be considered if ITB to EB fiber routes must traverse existing available pathway 
routes that are near capacity. 

 
 

The above standards cover minimum OSP fiber optic requirements needed to provide minimal 
connectivity and required spare fiber for maintenance purposes only. 
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C.1.2. The organizational requirements supporting advanced warfighter missions and the demand 
for increased fiber optic capabilities to support “gray” or “other” networks, Intrusion Detection 
Systems (IDS), high resolution video graphics imaging and global environmental management 
control systems has increased. To ensure these requirements and all core services are satisfied and 
IAW the AFENT architecture specifications and Assured Services LAN (ASLAN), Eglin’s minimum 
fiber requirements have been determined to be the following: 
 

a) Information Transfer Building to Edge Building = 24 Single Mode fiber optic strands 
 

b) Edge Building main telecommunication room to other downstream communication 
equipment locations within the same building = 24 Single Mode fiber optic strands 

 
c) Fiber Optic strands 1-18 shall be recorded in the circuit actions installation reporting system 
as reserved for 96 CS management/use to support and maintain base core services only. 

 
d) Fiber optic strands 19-24 will be available to satisfy design requirements like Intrusion 
Detection System (IDS) "Alarms" and/or other temporary mission support requirements. All 
additional fiber optic strand requirements for customer specific use that will deplete or diminish 
the core service reservations shall be in addition to the baseline 24 strands to include additional 
maintenance spare fiber optic strands. Final fiber optic cable sizing shall be determined by 96 
CS during network design and project requirement reviews. 

 
C.1.3. Cable replacement will be the first design consideration for installation requirements of new 
cable to existing EBs or through legacy underground plant infrastructure with limited duct 
availability. 

 
C.1.4.   All network designs will be IAW the most current AFBAN, applicable Unified Facilities 
Criteria, applicable industry standards, and local specifications. (See attachment G - Applicable 
Publications) 
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Attachment D 
 

RACK ELEVATION STANDARDS FOR NIPR/SIPR/DATA/VOIP 
 
 
D.1. FLOOR-MOUNT LOCKABLE NETWORK ENCLOSURE 
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D.2. WALL-MOUNT LOCKABLE NETWORK ENCLOSURE 
(VERTICAL EQUIPMENT MOUNT) 
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D.3.  IPS CONTAINER 
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Attachment E 
 

CABLE MANAGEMENT ACCESSORIES 
 
 
E.1. Cable Management. 
 
BGS-79 – Brush grommet to cover rear vertical cable pass through 
ESC-K12 – Cable management rail kit for front or rear rails; includes 12 sections of “fingers” (each 
section 7 RMU); rails will need to be recessed 4.5” 
GL790ES-2242MS - Great Lakes 79” x 24” x 42” D Complete Rack Mount Enclosure, Black 
SC67942 - Great Lakes External Cable Manager/Sidecar 
SCP7942 Great Lakes Side Car End Panel  
VCT-79 – Vertical cable trough 
VCT-79C – Cover for VCT-79 
VCB-7936 – Vertical cable bar kit (includes 1 vertical cable bar, 2 horizontal bars and 6-inch straps); 
use with optional ¼ turn “D” rings 
CM-26 – Kit of 10, ¼ turn “D” rings, 3.5”x 5” 
 
E.2. Other Accessories. 
 
HDW-105-50 – Package of 50 M6 cage nuts with screws (12mm screw length) 
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Attachment F 
 

SECURITY TECHNICAL IMPLEMENTATION GUIDE 
 
 
F.1. PHYSICAL SECURITY 
 
Based on the AFI 31-101 section 2.7.1.3 all locations where active communications equipment is used 
are designed as Protection Level 4 (PL) and have to be secured as such. 
 
Every data switch in the network shall reside in a physically locked CEL closet, data center, or a lockable 
enclosure. Controlled areas are legally defined areas containing PL4 resources. Only authorized 
personnel, designated by a unit commander, have access to controlled areas. 
 
The designation "controlled area" carries the same legal and moral restrictions as a physical barrier. 
Unless physical barriers are specifically required, the actual effectiveness of a controlled area may 
depend entirely on the security awareness of the people working in it. Installation commanders must 
designate areas containing the resources identified below. 
 

APPLICABLE AFI 
REFERENCES 

 

AFI 31-101, Section 2.7.1.3. - Mission essential communications facilities and computer centers, 
RAPCONs to include off installation navigational aids and related resources, control towers, power 
plants, and environmental control systems critical to operational capability. 

 

The protection implemented shall be sufficient to protect the network from unauthorized personnel. 
The keys to the locked cabinets and dedicated communications rooms shall be controlled and only 
provided to authorized individuals appointed by 96 CS leadership. 
 

APPLICABLE 
STIG 
REFERENCES

 

CAT III: NET0140 - The IAO/NSO will ensure the connection between the CSU/DSU and the local 
exchange carriers (LEC) data service jack (i.e., demarc) is in a secured environment. 
CAT II: NET0210 - The IAO/NSO will ensure that all network devices (i.e., IDS, routers, RAS, 
NAS, firewalls, etc.) are located in a secure room with limited access. 
CAT II: NET1730 - The IAO/NSO will ensure that the management workstation (NMS) is located in 
a secure environment. 
CAT II: NET1832 - The ISSM will ensure the VPN tunnel demarcation is located in facilities 
authorized to process classified US government information, classified at the Secret Level (for 
SIPRNet). 
CAT II: NET-VLAN-001 - The IAO/NSO will ensure that all switches and associated cross-
connects hardware are kept in a secured IDF or an enclosed cabinet that is kept locked. 
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Attachment G 
 

APPLICABLE PUBLICATIONS 
 
 
Publications current time of contract or design build award or latest editions of the following 
publications shall apply and be utilized as applicable for engineering, installations, progress checks, 
quality controls, and final acceptance quality assurance inspections. 
 

 Air Force Systems Security Instruction 7700, Emission Security 
 Air Force Systems Security Instruction 7702, Emission Security Countermeasures Reviews 
 Air Force Systems Security Instruction 7703, Communications Security: 

Protected Distribution Systems (PDS) 
 ANSI C2-1997, National Electric Safety Code (NESC) 
 ANSI/NEMA WC 66, Performance Standard for Category 6 and Category 7 100 

Ohm Shielded and Unshielded Twisted Pairs 
 ANSI/TIA-526-7, OFSTP-7 Measurement of Optical Power Loss of Installed Single-

Mode Fiber Cable Plant 
 ANSI/TIA-568-E.0, Generic Telecommunications Cabling for Customer Premises 
 ANSI/TIA-568-E.1, Commercial Building Telecommunications Cabling Standard 
 ANSI/TIA-568-E.2, Balanced Twisted-Pair Telecommunications Cabling and 

Components Standards 
 ANSI/TIA-568-E.3, Optical Fiber Cabling Components Standard 
 ANSI/TIA-568-E, Commercial Building Telecommunications Cabling Standard 
 ANSI/TIA-569-E, Commercial Building Standard for Telecom Pathways & Spaces 

Wiring 
 ANSI/TIA-570-D, Residential Telecommunications Cabling Standard 
 ANSI/TIA-598, Optical Fiber Cable Color Coding 
 ANSI/TIA-604-10, FOCIS 10 Fiber Optic Connector Intermateability Standard - 

Type LC 
 ANSI/TIA-606-D, Administration Standard for the Telecommunications 

Infrastructure 
 ANSI/TIA-607-D, Commercial Building Grounding and Bonding Requirements for 

Telecommunications 
 ANSI/TIA-758, Customer-Owned Outside Plant Telecommunications Cabling 

Standard 
 ANSI/TIA-1152, Requirements for Field Test 
 ANSI/TIA 942 B DATA CENTER INFRASTRUCTURE 
 ASTM C 478, Standard Specification for Precast Reinforced Concrete Maintenance 

Hole Sections 
 ASTM D 709, Laminated Thermosetting Materials 
 ASTM C 789, Standard Specification for Precast Reinforced Concrete Box Sections 

for Culverts, Storm Drains, and Sewers 
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 ASTM C 850, Standard Specification for Precast Reinforced Concrete Box Sections 
for Culverts, Storm Drains, and Sewers with Less Than 2 Ft of Cover Subjected to 
Highway Loadings 

 ASTM C 857, Standard Practice for Minimum Structural Design Loading for 
Underground Precast Utility Structures 

 ASTM C 858, Standard Specification for Underground Precast Concrete Utility 
Structures 

 ASTM C 890, Standard Practice for Minimum Structural Design Loading for 
Monolithic or Sectional Precast Concrete Water and Wastewater Structures 

 ASTM C 891, Standard Practice for Installation of Underground Precast Concrete 
Utility Structures 

 ASTM C 891.11, Standard Practice for Installation of Underground Precast Concrete Utility 
Structures 

 ASTM C 913, Standard Specification for Precast Concrete Water and Wastewater 
Structures 

 ASTM C 1037, Standard Practice for Inspection of Underground Precast Concrete Utility 
Structures 

 CFR Title 47, Parts 68, Telecommunications, Federal Communications 
Commission Connection of terminal equipment to the telephone network 

 DODI 5000.2, Part 6, System Safety, Health Hazards, and Environmental Impact 
 ECA EIA/ECA 310, Cabinets, Racks, Panels, and Associated Equipment 
 EPA CFR 40, Parts 1500-1508, Protection of Environment, Council on 

Environment Quality 
 EPA CFR 40, Parts 260, 261, 262, 263, 264, 265, Hazardous Waste Generation 

and Transportation 
 EPS-98-38EITS-001, Equipment Performance Specification for Maintenance 

and Operations Services for Base Telecommunications System 

 FCC Part 68, Connection of Terminal Equipment to the Telephone Network (47 CFR 68) 
 ICEA S-83-596, Indoor Optical Fiber Cables 
 IEEE 100, The Authoritative Dictionary of IEEE Standards Terms 
 MIL-STD-188-124B, Grounding, Bonding, and Shielding for Common/ Long Haul/ 

Tactical Systems Including Ground Based Communications-Electronics Facilities and 
Equipment 

 MIL-STD-882-D, System Safety Program 
 NECA/FOA 301-2016 Standard for Installing and Testing Fiber Optics  
 NECA/NEMA 605-201X Standard for Installing Underground Nonmetallic Utility Duct 
 NEMA Standards Publication TC-7 
 NEMA Standards Publication TC-2 
 NFPA 70, National Electrical Code 
 NFPA 70-2002, National Electrical Code (NEC) 
 OSHA CFR 29, Asbestos 
 OSHA CFR 29, Excavation 
 OSHA CFR 29, Hazardous Waste Operation and Emergency Response 
 OSHA CFR 29, Occupational Safety and Health Standards 
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 OSHA CFR 29, Part 1910.1200, Hazard Communications 
 OSHA CFR 29, Part 1910.147, The Control of Hazardous energy (Lockout/Tagout) 
 OSHA CFR 29, Permit-required Confined Spaces 
 OSHA CFR 29, Telecommunications 
 REA Standard PC-5A, Bulletin 345-52, REA Standard for Service Entrance 
 REA TE & CM Section 451.2, Shield Continuity 
 REA TE & CM Section 644, Design and Construction of Underground Cable (Physical 

Plant) 
 REA TE & CM Section 823, Electrical Protection by Use of Gas Tube Arresters 
 REA TE & CM, Section 643, Underground Conduit and Maintenance hole Design and 

Construction 
 REA TE & CM, Section 810, Electrical Protection of Electronic Analog Section Digital 

Central Office Equipment 
 REA TE & CM, Section 825, Situations Requiring Special Protection 
 Unified Facilities Criteria (UFC) 3-520-1 Interior Electrical Systems 
 Unified Facilities Criteria (UFC) 3-580-1, Telecommunications Interior 

Infrastructure Planning and Design 
 Unified Facilities Criteria (UFC) 4-010-05 - Sensitive Compartmented Information 

Facilities Planning, Design, and Construction 
 Unified Facilities Criteria (UFC) 4-010-06 Cybersecurity of Facility 
 Unified Facilities Criteria (UFC) Facilities Criteria (UFC) 4-510-01 Design: Military 

Medical Facilities 
 Unified Facilities Criteria (UFC) 4-711-01 Family Housing 
 UL 1286, Office Furnishings 
 UL 1863, Communication Circuit Accessories 
 UL 444, Communications Cables 
 UL 467, Grounding and Bonding Equipment 
 UL 50, Enclosures for Electrical 
 UL 514C, Nonmetallic Outlet Boxes, Flush-Device Boxes, and Covers 
 UL 723, Test for Surface Burning Characteristics of Building Materials 
 UL 969, Standard for Marking and Labeling Systems 
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Attachment H 
 

STANDARD INSTALLATION DRAWINGS 
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March 5, 2024 
 
Bullock Tice Associates, LLC 
909 East Cervantes Street 
Pensacola, Florida 32501 
 
Attention:  Mr. Bob Maggiore, R.A. 
  b.maggiore@bulltice.com   
 
Reference: Geotechnical Exploration Report 
  D51 Hangar Conversion, Human Performance Center 
  FTFA 23-VH59 
  Eglin AFB, Walton County, Florida 
  UES Project Number 1730.2300082.0000 

UES Report Number 2074984 
 
Mr. Maggiore: 
 
Universal Engineering Sciences (UES) has completed a geotechnical exploration of the above 
referenced site at Eglin Air Force Base in Walton County, Florida. These services were performed in 
general accordance with our authorized Proposal Number 2038958 dated September 7, 2023. 
 
The following report presents the results of our field exploration, and a geotechnical engineering 
interpretation of those results with respect to the project characteristics provided to us. We have 
included our estimates of the seasonal high groundwater level at the boring locations, and 
geotechnical recommendations for building addition foundation design, stormwater management 
system design, site preparation, and construction related services.  
 
We appreciate the opportunity to have worked with you on this project and look forward to a continued 
association. Please contact us if you have any questions, or if we may further assist you as your plans 
proceed. 
 
Respectfully Submitted, 
UNIVERSAL ENGINEERING SCIENCES 
Certificate of Authorization No. 549  
 
 
 
 
 
 
 
 
 
 
 
Garrett P. Smith, E.I.      Travis W. Monsalvatge, P.E. 
Geotechnical Staff Professional    Pensacola Branch Manager   
Florida E.I. No. 1100024070      Florida P.E. No. 82244  
 
     

                                                               
 

This item has been electronically signed and sealed by 
Travis W. Monsalvatge, P.E. using a digital signature. Printed 
copies of this document are not considered signed and 
sealed, and the signature must be verified on any electronic 
copies. 
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1.0 INTRODUCTION 
 
1.1 GENERAL 
 
In this report, we have presented the results of the geotechnical exploration of the site for the 
proposed project. We have divided this report into the following sections: 
 

• SCOPE OF SERVICES – Discusses what we did; 
• FINDINGS – Discusses what we encountered; 
• RECOMMENDATIONS – Discusses what we encourage you to do; 
• LIMITATIONS – Discusses the restrictions inherent in this report; and 
• APPENDICES – Presents support materials referenced in this report. 

 
2.0 SCOPE OF SERVICES 

 
2.1 PROJECT DESCRIPTION 
 
Project information was provided to us by the Client via email correspondence on September 
6, 2023. Included in this correspondence were documents including a diagram entitled “D51 
Hangar Add Alter Eglin Geotech Diagram” prepared by the Client and dated August 30, 2023, 
and an undated map with the vicinity of the site for the facility marked. The provided 
documents were used in conjunction with the performance of this exploration and report.  
 
The project site was located adjacent to the existing Facility 59040 Hangar in the D51 Hangar 
area on Eglin Air Force Base in Walton County, Florida. At the time of our field exploration, the 
site was developed with the existing Facility 59040 Hangar and its associated paved 
entrance drive. 
 
Based on the provided information, UES has understood the proposed construction will 
include renovating approximately 7,800 square feet of the existing Facility 59040 Hangar and 
constructing an approximately 5,200 square foot addition to the northwest side of the existing 
building, as well as one stormwater management pond. The existing facility was previously 
used as a training façade to represent an airplane hangar and was never meant to serve as 
a manned facility. The facility now requires modification to support the Human Performance 
(HP) STRIKE Program mission requirements. Per the Client’s request, our geotechnical 
exploration and this report have addressed the proposed building addition and stormwater 
management pond areas only. 
 
Structural loading and final grading information was not provided to UES. It was assumed for 
purposes of our exploration and this report that the proposed building addition could be 
supported using conventional shallow foundation systems with maximum loads of 200 kips 
per column. It was further assumed that minimal amounts (i.e., 2 feet or less) of fill and/or 
excavation would be required to achieve finished grades in the proposed building addition 
area, and that the proposed stormwater management pond would be relatively shallow (i.e., 
approximately 5 feet deep or less). 
 
Our recommendations have been based upon the previously discussed supplied or assumed 
information. If any of this information should be incorrect or changes, please inform UES so 
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that we may review our recommendations. Without such a review, the recommendations 
herein may not be valid. No other site or project facilities should be designed using the soil 
information contained herein. As such, UES would not be responsible for the performance of 
any other site improvement designed using the data in this report. 
 
2.2  PURPOSES 
 
The purposes of this exploration program were: 
 

• To explore the general subsurface conditions in the proposed building addition and 
stormwater management areas of the site; 
 

• To interpret and review the subsurface conditions with respect to the proposed 
construction; 
 

• To perform a series of laboratory tests on selected subsurface soil samples to assist 
with engineering soil classification and to establish relevant soil engineering 
characteristics; and 
 

• To provide geotechnical engineering recommendations for groundwater control, 
building addition foundation design, stormwater management pond design, and site 
preparation, as well as a discussion of the Seismic Site Classification. 

 
This report has presented an evaluation of site conditions on the basis of traditional 
geotechnical engineering procedures for site characterization. The recovered samples were 
not examined, either visually or analytically, for chemical composition or environmental 
hazards. UES would be pleased to perform these services, if desired. 
 
The exploration was confined to the zone of soil likely to be stressed by the proposed 
construction. The exploration has not addressed the potential for surface expression of deep 
geological conditions. Such an evaluation would require a more extensive range of field 
services than was performed for this exploration. UES would be pleased to provide a proposal 
for an exploration to evaluate the probable effect of the regional geology upon the proposed 
construction, if desired. 
 
2.3  GEOTECHNICAL EXPLORATION 
 
The field exploration program was initiated on February 6, 2024 and completed on February 
7, 2024. The approximate boring locations have been shown on the attached Boring Location 
Plan in Appendix B. The approximate boring locations were determined in the field using the 
provided site aerial plan, a hand-held GPS, Google Earth aerial imagery, and existing field 
reference points on and adjacent to the site. The boring locations should be considered 
accurate only to the degree implied by the method of measurement used.  
 
UES was not provided with topographic information for the project site. As such, the elevations 
at the boring locations have not been presented and/or discussed in this report or on the 
attachments. 
 



 

 
  
 3 

Upon completion of the field tests and sampling, recovered soil samples were placed in 
labeled plastic containers, sealed, and transported to our laboratory where they were 
examined by a member of the UES geotechnical engineering staff. Select samples of the soils 
were then chosen for specific laboratory tests. The recovered soil samples not used for 
laboratory testing would be held in our laboratory for the Client’s inspection for 90 days 
following the issue date of this report. The samples would then be discarded unless UES has 
been notified, and other arrangements have been made. 
 
2.4 FIELD EXPLORATION 
 
The field exploration for this project consisted of the following:  
 

• Performing three (3) Standard Penetration Test (SPT) borings, with two borings 
advanced to depths of 30 feet below existing grade (BEG) and one boring advanced 
to a depth of 80 feet BEG, in the proposed building addition area; and 

• Performing two (2) SPT borings, each boring advanced to depths of 30 feet BEG, in the 
proposed stormwater management pond area. 
 

Descriptions of the procedures used to perform the borings have been presented in the Field 
Procedures attachment in Appendix B. 
 
2.5 LABORATORY TESTING PROGRAM 
 
2.5.1 Visual Classification  
 
In the laboratory, the soil samples recovered from the field exploration were visually and 
physically examined by a member of the UES geotechnical engineering staff. Approximate soil 
classifications were estimated in general accordance with the Unified Soil Classification 
System (ASTM D2487). The resulting soil descriptions and estimated soil classifications have 
been presented on the Boring Logs in Appendix B. Where applicable, the descriptions and 
classifications presented on the Boring Logs have been revised to reflect the results of any 
laboratory testing performed on the samples.  
 
2.5.2 Laboratory Index Testing 
 
Laboratory soil tests were performed on selected soil samples recovered during the field 
exploration to aid in the classification of the soils, and to help in the evaluation of pertinent 
engineering characteristics of the soils. The classifications and laboratory testing completed 
for this project consisted of performing the following procedures/tests in general accordance 
with the methods listed. 
 

• Soil Classification per the Unified Soil Classification System – ASTM D2487 
• Natural Moisture Content Tests – ASTM D2216 
• Percent -200 Soil Fines Content Tests – ASTM D1140 
• Atterberg Limits Tests – ASTM D4318 
• Laboratory Remolded Falling-Head Permeability Tests – FM 5-513 
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Detailed descriptions of these test procedures have been presented in the Laboratory Testing 
Procedures attachment in Appendix C. The results of the tests have been summarized on the 
boring logs attached in Appendix B.  
 

3.0 FINDINGS 
 
3.1 USDA NRCS SOIL SURVEY  
 
Based on the published and Web Soil Surveys for Walton County, Florida, as prepared by the 
USDA NRCS, the predominant, soil type at the site has been identified as 17 – Lakeland sand, 
0 to 5 percent slopes. A summary of the characteristics of this soil type was obtained from the 
Soil Surveys and has been included in Table 1. Please note the soils presented in the following 
table are the pre-development soils and have been altered during past development of the 
site. 
 

Table 1 – Summary of USDA NRCS Soil Survey Information 

Soil Type Constituents 
(Depth-in.) 

Internal 
Drainage  

Hydrologic 
Soil Group 

Soil Permeability Seasonal 
High Water 

Table  

(ft) 

Corrosion Potential 

Depth  

(in) 

Perm 

(in/hr) 

Uncoated  

Steel 
Concrete 

17– Lakeland 
sand, 0% to 5% 

slopes 

SP-SM (0-
42)  

SP, SP-SM  

(42-80) 

Excessively 
drained A 

0-42 

42-80 

6.0-20 

6.0-20 
>6.0 Low Moderate 

 
Fill and/or possible fill materials consisting of sands with silt [SP-SM], occasionally with 
trace gravel, were encountered in the upper 2 to 4 feet below the existing ground surface 
in each of the boring locations. Below the fill materials, the subsurface conditions 
encountered were generally similar to those presented in Table 1. 
 
3.2 SURFACE CONDITIONS 
 
UES personnel visited the project site during the performance of the field exploration. At the 
time of the field exploration program, the site was developed with an existing hangar building 
and paved driveway, and the remainder of the site consisted of grassed land. 
 
As discussed previously, existing topographic information for the project site was not 
provided. Based on available elevation data from Google Earth, elevations on the site ranged 
from approximately 61 to 63 feet. Based on observation of the site during the field exploration, 
the existing building and driveway sat a few feet higher in elevation than the surrounding 
grassed areas, indicating that grades were likely raised with fill during previously 
development. 
 
3.3 SUBSURFACE CONDITIONS 
 
The general subsurface conditions encountered during the subsurface exploration have been 
described in Table 2. For more detailed soil descriptions and stratifications at the boring 
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locations, the Boring Logs attached in Appendix B should be reviewed. Also, see the Key to 
Boring Logs in Appendix B for further explanation of the symbols and placement of data on 
the Boring Logs.  
 
The Boring Logs represented our interpretation of the subsurface conditions based on a 
review of the field logs, an engineering examination of the samples, and a limited number of 
laboratory tests. The horizontal stratification lines designating the interface between various 
strata represented approximate boundaries. Transition between different strata in the field 
may be gradual in both the horizontal and vertical directions. Groundwater, or lack thereof, 
encountered in the borings, and noted on the Boring Logs, represented conditions only at the 
time of the exploration. 
 

Table 12– General Soil Profile  

Stratum 
No. 

Typical depth (ft) 
Soil Descriptions 

Range of SPT “N” 
Blow Counts From To 

1 0 0.1  Sandy TOPSOIL with roots and organics1   --- 

2 0.1 2 to 4 Medium dense to loose FILL consisting of SAND with silt 
[SP-SM], occasionally with trace gravel 

6 to 22 

3 2 to 4 17 to 22 Loose to medium dense relatively clean SAND [SP] and 
occasionally SAND with silt [SP-SM] 5 to 28 

4 17 to 22 77 Dense to very dense relatively clean SAND [SP] and 
occasionally SAND with silt [SP-SM] 36 to 50/4” 

5 77 802 Dense silty SAND [SM] 31 

1 Topsoil is a term used to describe organic soils, which are usually dark in color, and typically suitable for the 
support of plant life. 
2 Termination depth of the deepest boring B-3.  

[ ] Brackets indicate Unified Soil Classification System (ASTM D2487) 

 
At the time of our field exploration, groundwater was not apparent in the borings during drilling 
activities or upon completion of the borings. Please refer to Section 4.2 for further discussion 
of the groundwater conditions at the time of our field exploration. 
 
3.3.1 Notable Findings – Existing Fill Materials 
 
Existing fill materials were encountered in each of the borings during the field exploration, 
beginning below the topsoil and continuing to approximate depths of up to 2 to 4 feet BEG. 
Based on our examination of the samples recovered, the existing fill materials appeared to 
be sands with silt [SP-SM], occasionally with trace gravel. 
 
On sites where undocumented/uncontrolled fill materials have been encountered, it should 
be anticipated that the undocumented/uncontrolled fill materials may vary in quality, relative 
density, and consistency from what was observed at the time of our field exploration. As such, 
unsuitable and/or unstable conditions may be encountered during construction requiring 
remediation consisting of removal of unsuitable soils and replacement with structural fill, 
and/or re-working of the on-site soils.  
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4.0 RECOMMENDATIONS 

 
4.1 GEOTECHNICAL ASSESSMENT 
 
In this section of the report, UES has presented recommendations for building addition 
foundation design, stormwater management system design, site preparation, and 
construction related services. The following geotechnical design recommendations have 
been developed on the basis of the previously described project characteristics, and the 
subsurface conditions encountered. If there should be any changes in these project criteria, 
including the locations of the proposed building addition and/or stormwater pond, a review 
should be made by UES to determine if modifications to the recommendations are warranted.  
 
After final design plans and specifications have been completed, a general review by UES has 
been recommended. The review would be a means to check that the evaluations made in the 
preparation of this report have been correct, and that earthwork recommendations have 
been properly interpreted and implemented. 
 
4.2 GROUNDWATER CONSIDERATIONS 
 
The groundwater level would fluctuate seasonally depending upon local rainfall. The typical 
wet season groundwater level has been defined as the highest groundwater level sustained 
for a period of 2 to 4 weeks during the "wet" season of the year, for existing site conditions, in 
a year with average normal rainfall amounts. Based on historical data and the Web Soil 
Survey, the rainy season in Northwest Florida would typically be between June and September 
of any given year. 
 
At the time of our field exploration, groundwater was not apparent in the borings. However, 
mud rotary drilling methods were used to advance Boring B-3 starting at 15 feet BEG. When 
using mud rotary techniques, the borehole is filled with a slurry of bentonite drilling fluid and 
soil cuttings which stabilizes the borehole to prevent it from collapsing. However, the drilling 
fluid coats the sides of the borehole with low permeability bentonite and greatly slows the 
rate at which the fluid level within the borehole equalizes with the surrounding groundwater 
level. Therefore, a stabilized groundwater reading was not obtained from Boring B-3. Because 
groundwater was not encountered to the termination depths of 30 feet in the rest of the 
borings performed during this exploration, UES has estimated the normal stabilized seasonal 
high groundwater level at the boring locations to be at a depth greater than 30 feet BEG. The 
presented best estimates for seasonal high groundwater level have been based upon Walton 
County Soil Survey information, data obtained from the UES exploration, regional 
hydrogeology, local climate/rainfall data, experience, and a review of USGS data. 
 
It should be noted that the estimated seasonal high water levels would not provide any 
assurance that groundwater levels would not be higher/shallower than the estimated levels 
in the future. Should impediments to surface water drainage be present, or should rainfall 
intensity, duration, and/or quantities, exceed the normally anticipated rainfall conditions, 
then groundwater levels could be higher/shallower than our seasonal high estimates. 
Furthermore, it should be understood that changes in the surface hydrology and subsurface 
drainage from on-site, and/or off-site improvements could have significant effects on the 
normal and seasonal high groundwater levels.  
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UES has recommended that positive drainage be established and maintained on the site 
during construction. UES has further recommended that permanent measures be constructed 
to maintain positive drainage throughout the life of the project. All site improvement designs 
should incorporate the seasonal high groundwater levels as appropriate. 
 
4.3 BUILDING ADDITION FOUNDATIONS 
 
4.3.1 General 
 
Based on the results of the exploration, UES has considered the subsurface/subsoil conditions 
on the site to be adaptable for support of the proposed building addition when constructed 
on properly designed conventional shallow foundation systems. Provided the site preparation 
and earthwork construction recommendations outlined in Section 4.6 of this report have been 
performed, the information presented in the following sections may be used for building 
addition foundation design.  
 
As noted previously, the building addition foundation recommendations provided in this report 
have been predicated on the following assumptions:  fill/excavation depths required to 
achieve finished site elevations not exceeding 2 feet; single-story building construction with 
concrete slab-on-grade floor system; and assumed maximum structural loading of 200 kips 
per column.  
 
When the actual structural loads and finished elevations have been finalized, UES should be 
provided this information. The recommendations presented in this report should be reviewed 
and verified or revised accordingly based on the provided final design information or the 
recommendations presented in this report would not be considered valid.  
 
4.3.2 Allowable Net Soil Bearing Pressure 
 
The maximum allowable net soil bearing pressure for use in the shallow foundation design 
should not exceed 2,000 psf for the foundations for code dead and live loads plus any short 
duration loadings. This bearing pressure has been predicated on the bearing subgrade soils 
to a depth of 1 foot below the foundation bearing elevation(s) being densified to at least 95 
percent of the modified Proctor maximum dry density (ASTM D1557) prior to foundation 
construction. 
 
Net bearing pressure has been defined as the soil bearing pressure at the base of the 
foundation in excess of the natural overburden pressure. The building addition foundations 
should be designed based upon the maximum load that could be imposed by all loading 
conditions.  
 
The building addition foundations in areas adjacent to the existing structure may need special 
consideration. It is recommended that the addition be structurally independent of the existing 
building since additional loads of the new structure on existing footings may cause 
detrimental settlement and unsightly cracking. For the same reason, new footings should be 
located in such a way that the stresses under new footings will not overstress the soil under 
existing footings. This applies to new footings in the critical zone which extends about 5 feet 
laterally from the existing footings. 
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4.3.3 Foundation Size 
 
The minimum width recommended for isolated column foundations would be 24 inches. Even 
though the maximum allowable net soil bearing pressure may not be achieved, this width 
recommendation would control the minimum size of the foundations to prevent “shear punch” 
deformations. 
 
4.3.4 Bearing Depths 
 
The building addition foundations should bear at a depth of at least 24 inches below the 
finished exterior grades, and the interior foundations should bear at a depth of at least 18 
inches below the finish floor elevation, to provide confinement to the bearing level soils. 
Stormwater should be diverted away from the building exteriors to reduce the possibility of 
erosion beneath the exterior foundations. 
 
4.3.5 Bearing Material 
 
The building addition foundations may bear in either the compacted native soils or 
compacted structural fill. The foundation excavation bottoms should be level or suitably 
benched, and free of any loose soils that have been disturbed by seepage or the construction 
process. Furthermore, the foundation excavation bottoms should be free of ponded water. 
The bearing level soils, after compaction, should exhibit densities equivalent to at least 95 
percent of the modified Proctor maximum dry density (ASTM D1557) to a depth of at least 1 
foot below the foundation bearing level.  
 
4.3.6 Settlement Estimates 
 
Post-construction settlement of the proposed building addition structure would be influenced 
by several interrelated factors, such as:  subsurface stratification and strength/compressibility 
characteristics; foundation sizes, bearing levels, applied loads, and resulting bearing 
pressures beneath the foundations; and site preparation and earthwork construction 
techniques used by the Contractor. Our settlement estimates for the proposed structure have 
been based on the assumed structural loading information, and compliance with the site 
preparation/earthwork recommendations presented in Section 4.6. Any deviation from these 
recommendations could result in an increase in the estimated post-construction settlement 
of the building addition structure. 
 
Based on the subsurface/subsoil conditions encountered by the exploration and the 
recommended earthwork operations, UES would expect the majority of settlement to occur 
fairly rapidly during construction. Using the recommended maximum net allowable bearing 
pressure, the assumed maximum structural loading conditions, and the field data which has 
been correlated with geotechnical engineering strength and compressibility characteristics 
of the subsurface soils, UES has estimated that total settlement of the proposed building 
addition structure would be approximately 1 inch or less.  
 
Differential settlements result from differences in applied bearing pressures and variations in 
the compressibility characteristics of the subsurface soils. Because of the general uniformity 
of the subsurface/subsoil conditions encountered by the exploration, and pending 
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compliance with the site preparation and earthwork construction recommendations 
presented in Section 4.6, UES has estimated that differential settlement of the proposed 
building addition structure should be within tolerable magnitudes on the order of about ½ inch 
or less between isolated foundations spaced approximately 40 feet apart. 
 
Based on experience, the estimated differential settlements would typically be considered to 
be structurally tolerable. However, aesthetic cracking in masonry and brick walls or stucco 
finishes could occur. If such cracking was to be undesirable, then the Structural Engineer would 
need to design the wall/foundation system with sufficient stiffness as to minimize such 
cracking. 
 
4.3.7 Foundation Evaluations 
 
Foundation excavations should be evaluated by the Geotechnical Engineer of Record, or his 
Representative, to determine that the soils present at and immediately below the bearing 
levels would be capable of supporting the recommended design bearing pressure. We have 
recommended that the bearing soils at the bottom of and below the foundation excavations 
be checked using a hand-held steel probe rod and/or dynamic cone penetrometer to assess 
the suitability of the soils. Foundation evaluations should be performed prior to steel 
reinforcement and concrete placement.  
 
It should be anticipated that undercutting of select areas may be required because of 
variations in the soil matrix, fill quality, and/or Contractor means and methods. If unsuitable 
bearing soils should be undercut and removed, then the foundations can then be established 
at the new, lower bearing elevation (pending compaction of the upper 1 foot of soils at the 
newer bearing elevation) or backfilled with lean concrete or flowable fill. If compacted 
structural fill should be used as backfill, then the undercut excavations to remove unsuitable 
materials should be centered beneath the foundations and widened 1 foot for each foot of 
undercut depth. If number 57 crushed stone should be used as backfill, then the foundation 
excavations need not be widened. However, depending on finished elevations, the number 57 
stone may have to be placed/wrapped within a suitable filter fabric material to prevent the 
migration of surrounding soil materials into the stone fill. 
 
4.4 FLOOR SLABS  
 
Conventional concrete floor slab systems may be supported upon the compacted fill and/or 
site subgrade soils and should be structurally isolated from other foundation elements or 
adequately reinforced to prevent distress due to differential movements. For the slab design, 
UES has recommended using a subgrade modulus (k) of 125 pounds per cubic inches, which 
can be achieved by compacting the subgrade soils as recommended in this report.  
 
UES has recommended the use of a vapor barrier which would cover the bearing soils beneath 
ground supported floor slabs in accordance with Florida Building Code (FBC) requirements. 
The FBC has recommended a minimum 6-mil thick polyvinyl chloride or polyethylene sheet 
membrane for this purpose. The performance of the vapor barrier has often been ultimately 
dependent upon its proper installation, including lapping and sealing plus repair of tears and 
punctures prior to placement of concrete. In addition, stormwater should be diverted away 
from all floor slab areas to prevent the infiltration of water into the slab subgrade soils, and 
the associated deterioration of the slab subgrade(s).  
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4.5 STORMWATER DESIGN CONSIDERATIONS 
 
As discussed previously, UES understood that one stormwater management pond has been 
planned to be constructed as part of the proposed development. Based on the provided 
diagram and project assumptions, it was anticipated that the proposed stormwater 
management pond would be relatively shallow (i.e., 5 feet or less below existing grades). UES 
advanced two borings (SW-1 and SW-2) to depths of 30 feet BEG in the proposed stormwater 
management pond area. The soils encountered in the borings generally consisted of possible 
fill [SP-SM] extending from the ground surface to approximately 2 feet BEG, underlain by 
relatively clean sands and sands with silt [SP, SP-SM] to the approximate termination depth 
of 30 feet BEG. Groundwater was not apparent in the stormwater borings at the time of the 
field exploration. For pond design purposes, seasonal high groundwater levels at the 
stormwater boring locations have been estimated to be at a depth 29 ½ feet BEG. Based on 
the boring data obtained, the site conditions were suitable for the use of a conventional 
shallow dry pond for stormwater management.  
 
In the following sections, soil design parameters, along with discussions of the possible design 
considerations, have been presented for the proposed stormwater pond area. The soil design 
parameters presented/discussed in this section have been predicated upon the following. 
 

• UES has recommended considering the remolded permeability values to be 
representative of the saturated vertical coefficient of permeability (Kvs). Unsaturated 
vertical permeability (Kvu) is generally less than saturated values due to the lack of 
laminar flow through the soil. The Northwest Florida Water Management District 
(NWFWMD) has suggested that the unsaturated vertical permeability may be 
estimated as about 2/3 of the saturated values.  
 

• The saturated horizontal coefficient of permeability (Khs) would typically range from 1 
to 10 times the saturated vertical permeability rate (Kvs), because the flow direction 
would be parallel to the direction of depositional planes. 

 
• The results of the individual laboratory permeability tests performed on samples 

recovered from the boring locations have been presented on the boring logs included 
in Appendix B. It should be noted that the coefficients of permeability indicated on the 
boring logs were not an infiltration rate. The actual infiltration rate would be influenced 
by the coefficient of permeability as well as several other factors, including the 
elevation of the pond bottom, the water level in the pond, the elevation of the wet 
season water table, and the confining layer. These factors must be accounted for in 
an appropriate groundwater model to determine the infiltration rate of a given soil 
stratum.  

 
• Based upon our visual and physical examination of the soil samples recovered from 

the pond area, the results of our laboratory testing, and observation of the existing site 
conditions, we have recommended, where applicable, a fillable porosity for the 
estimated drainage stratum. 
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• No Factor of Safety has been applied to any of the values presented in the subsequent 
tables. 

 
• UES performed the hydraulic conductivity/remolded laboratory permeability testing 

using generally accepted practices of the local engineering community. This common 
test has been the quickest and most economical for stormwater management system 
design. However, the User of this information should be cautioned that the potential 
variability of results and reproducibility associated with this type of test can be 
significant. It would be important to note that there are many factors influencing the 
permeability of a soil. These factors include, but would not be limited to, soil grain size, 
soil particle arrangement and structure, dispersion of soil fines, density, degree of 
saturation, soil heterogeneity, and soil anisotropy. Also, the permeability measured by 
such a test may not be representative of the total effective aquifer thickness. Factors 
of safety can compensate for part of the inherent test limitations but the Designer must 
exercise judgment regarding final selection and applicability of provided soil design 
input parameters.  

 
• Should the modeling analysis indicate marginally acceptable compliance with 

NWFWMD design criteria, it may be advisable to perform more extensive and 
representative in-situ permeability testing by collecting “undisturbed” horizontal and 
vertical soil samples and/or installing grouted piezometers or wells for slug testing. UES 
can perform these field tests, if desired.  

 
• The actual exfiltration rates from the pond may be influenced by the pond geometry, 

natural soil variability, in-situ depositional characteristics in-situ soil density, retention 
volume, and groundwater mounding effects. Due to the previously noted numerous 
factors, published literature suggests that the permeability of a soil can only be 
estimated to within an order of magnitude. Therefore, appropriate factors of safety 
should be incorporated into the design process. 

 
UES performed laboratory falling-head permeability testing on two remolded test specimens 
prepared using bulk samples of representative soils obtained from 4 to 6 feet BEG in borings 
SW-1 and SW-2. The saturated vertical permeability rates were approximately 27 feet per day 
for sands with 3.6 percent silt-clay fines for the sample from SW-1 and 22 feet per day for 
sands with 2.9 percent silt-clay fines for the sample from SW-2. Additionally, UES performed a 
third laboratory falling-head permeability test on a remolded test specimen prepared by 
compositing split-spoon samples obtained from Borings SW-1 and SW-2 between 12 and 30 
feet BEG. The saturated vertical permeability rate was approximately 19 feet per day for sands 
with 2.3 percent silt-clay fines. However, it is important to note that due to the relatively high 
density of the sands encountered at and below approximately 17 feet BEG, the sands below 
that depth may be less permeable than the results of the remolded permeability test would 
indicate for that stratum. The results of the laboratory permeability tests performed have 
been presented on the Boring Logs attached in Appendix B.  
 
The results of the permeability tests on the bulk samples indicated that the stratum of clean 
sands [SP] from 4 to 8 feet BEG in Boring SW-1 and from 4 to 6 feet BEG in SW-2 would be 
suitable for drainage. However, these clean sands [SP] were underlain by a layer of sands with 
silt [SP-SM] from 8 to 9 feet BEG in Boring SW-1 and from 6 to 9 feet in Boring SW-2. It has been 
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anticipated that these sands with silt [SP-SM] would be marginally less permeable than the 
clean sands [SP] which were tested. Therefore, the third permeability test was performed on 
the composite sample in order to provide data for the option of deepening the pond such 
that the bottom elevation will be below the stratum of sands with silt [SP-SM] if that should be 
determined to be necessary by the pond Designer. 
 
A summary of recommended dry shallow pond design soil parameters has been presented in 
Table 3. Please note that a Factor of Safety has not been applied to the values presented in 
the table. 
 

Table 3 – Soil Design Parameters for Dry Shallow Pond Design 

Corresponding Soil 
Boring Locations 

SW-1 SW-2 SW-1 and SW-2 

Estimated 
Drainage Stratum 
Depths (ft. BEG) 

4 to 8 4 to 6 12 to 30 

Saturated 
Horizontal 
Hydraulic 

Conductivity Khs 
(ft./day) 

27 22 19 

Saturated Vertical 
Hydraulic 

Conductivity, Kvs 
(ft./day) 

27 22 19 

Unsaturated 
Vertical Hydraulic 
Conductivity, Kvu 

(ft./day) 

18 15 12 

Estimated Fillable 
Porosity of Soil 
(percentage) 

25 25 25 

Depth of Measured 
Groundwater 

Table (ft.) 
>30 >30 >30 

Estimated 
Seasonal High 
Groundwater 

Table (ft.) 

29.52  29.52  29.52 

Base of aquifer (ft.) 303 303 303 

General Notes: 

1) A factor of safety (F.O.S) has not been applied to the values presented in this Table. 

2) Estimated Seasonal High Groundwater Table assumed 6 inches above the SW-1 and SW-2 boring termination 
depths. 

3) Base of Aquifer has been set as the termination depth of the borings. 

 
4.6 SITE PREPARATION 
 

We have recommended normal, good practice site preparation procedures. These 
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procedures include: stripping the proposed construction areas of surficial vegetation, roots, 
topsoil, existing site improvements including pavements not intended to remain, and other 
deleterious materials present; proofrolling and compacting the exposed subgrade; verifying 
subgrade compaction; and placing engineered fill to the desired grades. An expanded and 
more detailed synopsis of this work is provided in the following sections. 
 
4.6.1 Nearby Structures and Vibrations 
 
Care should be exercised to avoid damaging any nearby structures while the site preparation 
and earthwork operations are underway. Prior to commencing site work operations in areas 
of this site that will be constructed near adjacent structures and/or developments, we have 
recommended that occupants of adjacent structures should be notified, and the existing 
conditions of the structures should be documented with photographs and survey. 
Compaction should cease if deemed detrimental to adjacent structures.  
 
In the absence of pre-construction building surveys of all on-site/off-site adjacent structures 
and the performance of vibration monitoring, we have recommended that the vibratory 
function of any vibratory compaction equipment used on the site be turned off when 
operating within 50 feet of any adjacent structures. UES can provide vibration monitoring 
services to help document and evaluate the effects of the surface compaction operations on 
existing structures.  
 
4.6.2 Existing Underground Utilities 
 
It has been our experience that poorly compacted backfill has commonly been found above and 
around underground utilities. Therefore, it has been recommended that the location of any 
existing underground utility lines within the proposed construction areas be established prior 
to initiating construction. Where feasible, provisions should be made to relocate or abandon 
interfering utilities. It should be noted that if abandoned underground pipes are not properly 
removed or plugged, they might serve as conduits for subsurface erosion, which may 
subsequently lead to excessive settlement of overlying pavements and structures. 
 
Any trenches/excavations required to remove the abandoned utilities should be backfilled in 
accordance with recommendations presented in subsequent sections of this report. Whether 
existing utility lines are abandoned or not, it has been recommended that existing trench and 
excavation fill materials be excavated to undisturbed native soils; the exposed utilities be 
evaluated for any deterioration or damage (pressure testing being recommended for any water 
bearing utilities); any damage or deterioration discerned be properly repaired; and the utility 
trenches be backfilled to finished elevations in accordance with recommendations presented in 
subsequent sections of this report. 
 
4.6.3 Site Preparation and Grading 
 
Strip the proposed construction limits of all deleterious materials including any root systems 
greater than ½-inch in diameter, surficial vegetation, topsoil, existing site improvements 
including pavements not intended to remain, and any other deleterious materials present 
within and 5 feet beyond the limits of construction. All excavations required to remove any 
underground appurtenances (i.e. stumps and associated root systems, utilities, etc.) should 
be extended down to undisturbed soils, and the excavations backfilled to finished elevations 
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in accordance with the recommendations presented in subsequent sections of this report. 
Expect typical stripping at this site to depths of 1 inch over most of the site. However, 
significant areas of possibly greater stripping depths may be required to remove localized 
areas of greater thicknesses of organic surficial soils. All materials removed in conjunction with 
the initial stripping operations should be hauled offsite.  
 
After stripping, removal of unsuitable surface soils, and rough excavation grading, we have 
recommended that areas to provide support for structural fill be evaluated carefully for the 
presence of soft, surficial soils, and/or excessively plastic soils. In addition, finished subgrade 
elevations in cut areas should also be carefully evaluated after excavation operations. Such 
evaluation should include observing, probing, and proofrolling operations performed by others 
and witnessed by the Geotechnical Engineer of Record or his designated representative.  
 
The proofrolling should be performed using a loaded tandem axle dump truck, or similar rubber-
tired equipment, weighing between 15 and 20 tons. The vehicle should make at least four passes 
over each location, with the last two passes being perpendicular to the first two. In areas where 
sufficient space is not available, the proofrolling pattern may be limited to overlapping passes 
in a parallel direction. Areas that wave, rut, or deflect significantly, and continue to do so after 
several passes of the proofrolling equipment, should be undercut to firmer soils. Undercut areas 
should be backfilled in thin lifts with approved, compacted fill materials. For any required 
undercutting operations, undercut volumes should be determined by field measurement. 
Methods such as counting trucks should not be used for determination of undercut volume, as 
they are less accurate.  
 
It has been recommended that all proofrolled subgrades be moisture conditioned and 
compacted to at least 95 percent of the materials’ modified Proctor (ASTM D1557) maximum dry 
densities to a depth of at least 12 inches below the proofrolled subgrade elevations. This should 
be done prior to placement of fill on the proofrolled subgrades. 
 
Based on our understanding of the proposed construction, it has been anticipated that there 
will most likely not be extensive areas where excavation operations, beyond the initial site 
stripping operations, will be required to achieve final site grades. However, in areas where 
excavation operations will be required to achieve final site grades, it has been recommended 
that the final exposed subgrade elevations be checked and proofrolled in a manner similar to 
the operations discussed in the previous paragraphs. 
 
All proofrolling operations should be witnessed and monitored carefully by the Geotechnical 
Engineer of Record or his designated representative. It is imperative to the success of the site 
and subgrade preparation operations that the UES Geotechnical Engineer or Representative 
be on the site immediately prior to, and during the performance of any proofrolling operations 
on the project site. The Engineer/Representative will be able to observe site conditions at the 
time of the proofrolling operations and be immediately available to make recommendations 
regarding subgrade preparation or assist in developing appropriate stabilization procedures 
based on the observed conditions encountered during construction.  
 
During general construction operations, loose sandy soils will likely be encountered at the 
stripped subgrade level. As a result, unstable subgrade conditions may be anticipated during 
general construction operations. The use of light construction equipment would aid in 
reducing subgrade disturbance. The use of remotely operated equipment, such as a backhoe, 
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would be beneficial to perform cuts and reduce subgrade disturbance. Where unstable 
subgrade conditions develop, stabilization measures will need to be employed. 
 
Subgrade improvement should include scarification, moisture conditioning (e.g., aerate or 
wet), and compaction of the exposed subgrade soils. The success of this procedure will 
depend primarily upon favorable weather conditions. Even with adequate time and favorable 
weather conditions, stable subgrades may not be achieved if the thickness of the unstable 
material is greater than about 1 to 1.5 feet. A UES representative should observe subgrade 
preparation and could assist in developing appropriate stabilization procedures based on 
conditions encountered during construction. 
 
Upon completion of grading, care should be taken to maintain the subgrade moisture 
contents prior to subsequent construction. Construction traffic over the completed 
subgrade(s) should be avoided to the extent practical. The site should also be graded to 
prevent ponding of surface water on the prepared subgrades or in excavations. If the 
subgrade(s) should become frozen, desiccated, saturated, or disturbed, the affected 
materials should be removed or these materials should be scarified, moisture conditioned, and 
re-compacted prior to any subsequent construction. 
 
4.6.4 Fill Placement 
 
Once the site has been stripped and prepared, place fill material as required to meet finished 
grades. The recommended criteria for soil fill characteristics (both on-site and imported 
materials) and compaction procedures are listed in Sections 4.6.6 and 4.6.7. The project 
design documents should include the following recommendations to address proper 
placement and compaction of project fill materials. Earthwork operations should not begin 
until representative samples of native and proposed fill soils to be compacted and/or used 
have been collected and tested (allow 3 to 4 days for sampling and testing). The maximum 
dry density and optimum moisture content should be determined. In addition, gradation, 
organic content, and Atterberg limits testing may be necessary, and should be performed at 
the Geotechnical Engineer’s discretion. 
 
4.6.5 Earth Fill Materials 
 
Engineered fill should meet the following material properties: 
 

• Imported and on-site material satisfactory for use as structural fill should include 
granular soils containing less than 12 percent passing the number 200 sieve and be non-
plastic. Suitable soils will have USCS classifications of SP and SP-SM. Excavated on-site 
soils that exceed the recommended fines content and plastic soils should not be used 
as structural fill material. These excavated soils should be hauled off-site and replaced 
with suitable fill materials with suitable moisture contents. The fill material should have a 
modified Proctor (ASTM D1557) maximum dry density of at least 100 pcf. 
 

• Organic content or other foreign matter (debris) should be no greater than 5 percent by 
dry weight, and no large roots (greater than ¼ inch in diameter) should be allowed. 
Excavated on-site soils that exceed the recommended organics content should not be 
re-used as structural fill material. These excavated soils should be hauled off-site and 
replaced with suitable fill materials with suitable moisture contents. 
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• Material utilized as fill should not contain rocks greater than 3 inches in diameter or 

greater than 30 percent retained on the ¾-inch sieve. 
 

4.6.6 Compaction Recommendations 
 
The following recommendations have been presented for fill placement and compaction. The 
recommendations are also applicable for the compaction of existing soil materials on the 
project site.  
 

• Maximum loose lift thicknesses – 12 inches with 10-inch thick compacted lifts, mass fill. 
Loose lifts of 4 to 6 inches in trenches and other confined spaces where hand operated 
equipment is used. 

 
• Minimum Compaction requirements – Unless noted otherwise in other sections of this 

report, 95 percent of the maximum dry density as determined by the modified Proctor 
(ASTM D1557) test. Under lawn or unpaved areas, compact each layer of backfill or fill 
material to at least 92 percent of the modified Proctor maximum dry density. 

 
• Soil moisture content at time of compaction should be within ±2 percent of the optimum 

moisture content. 
  

• Where required, aerate or add moisture to the fill soils until they are within the 
previously recommended moisture range prior to placement and compaction. 
 

• Work in small areas that are graded to shed water and avoid ponding. Positive 
drainage must be maintained both during and after construction in order to direct 
rainwater off the compacted fill area as quickly as possible.  
 

• Disc and aerate areas that are subjected to rainfall or otherwise become wet. Do not 
leave these soils exposed to the elements for long periods of time as soils that have 
already been compacted may become wet and unstable. Protect the fill soil each 
night and before rain events by methods such as mounding the soil or grading the 
surface to positive outfall and smooth-rolling to minimize water infiltration. 

 
4.6.7 Test Criteria to Evaluate Fill and Compaction 
 
The following minimum criteria for the evaluation and compaction of fill materials has been 
recommended. The recommendations are also applicable for the evaluation and compaction 
of existing soil materials on the project site.  
 

• One modified Proctor compaction test for each soil type compacted and/or used as 
project fill. Gradation, organic content, and Atterberg limits testing may be necessary, 
and should be performed at the Geotechnical Engineer’s discretion. 

 
• Trench fill areas – One density test for every 75 linear feet per lift, or two tests per lift, 

whichever is greater. 
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• Building Addition Area – For every fill lift, one density test for every 2,500 square feet, or 
three tests per lift, whichever is greater. 

 
• Foundation areas – Test all foundation bearing subgrades for compaction to a depth 

of 1 foot below bearing subgrade elevation(s) prior to the placement of reinforcing steel 
and concrete. We have recommended testing every column foundation, and one test 
per every 50 linear feet of wall foundation. Recompaction of the foundation excavation 
bearing level soils, if loosened by the excavation process, can typically be achieved by 
making several passes with a walk-behind vibratory sled or jumping jack compactor, or 
by undercutting to more firm underlying soils and backfilling with compacted structural 
fill, flowable fill, lean concrete, or compacted No. 57 stone. If number 57 crushed stone 
should be used as backfill, then the foundation excavations need not be widened. 
However, depending on finished elevations, the number 57 stone may have to be 
placed/wrapped within a suitable filter fabric material to prevent the migration of 
surrounding soil materials into the stone fill. 

 
4.7 FILL SUITABILITY EVALUATION 
 
Often soils excavated from stormwater pond areas are re-used as structural fill throughout 
the development. Refer to Table 4 for suitability for re-use as fill based on percent fines 
content. 
 

Table 4 – Suitability of Excavated Soils for Re-use as Fill 

Designation* % fines passing 
No. 200 sieve 

USCS Soil 
Classification Suitability for re-use as fill material 

Group A 0 – 5 SP Favorable, freely draining, clean sands 

Group B 5 – 12 SP - SM, SP - SC Suitable, will require some aeration and moisture control 

Group C 12 – 50 SM, SC, SC-SM Poor, impedes infiltration, limit overall use, use with caution 
in pavement or pond areas 

Group D > 50 CL, CH, ML, MH, 
CL-ML 

Very Poor, not recommended for fill material, may be used 
as stabilizing material in pavement subgrade 

Group E Organic PT, OL, OH,  
SP-OL, SM-OL 

Unsuitable, must be completely removed/demucked and 
replaced with Group A or B soils 

 
Based on the results of our exploration, the soils to be excavated at the stormwater boring 
locations would consist of Groups A and B soils. More detailed discussions concerning these 
soils Groups, as well as the other Group designations presented in Table 4, have been 
presented in the following paragraphs. 
  
Clean sandy soils (Group A) with less than 5 percent soil fines would typically be best suited 
for fill usage. They would typically be free-draining and would require minimal moisture control 
during placement and compaction. The sands with silt and clay (Group B), with contents of 5 
to 12 percent soil fines, would require some extra care during placement and compaction. 
These soils would be less freely-draining and might require aeration and drying prior to usage, 
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during use in the rainy season and when placed near the groundwater table. We have 
recommended that imported fill material meet the Group A and non-plastic Group B 
qualifications. 
 
Soils classified as silty or clayey, Group C and D (greater than 12 percent fines), will impede 
infiltration and cause a perched water condition. These soils will require stringent moisture 
control during stockpiling, placement, and compaction. Group C and Group D soils have not 
been recommended for re-use as structural fill at the site.  
 
Although not encountered in the borings during this exploration, Group E soils include 
excessively organic soils. Group E soils would not be suitable for use as structural fill. 
Depending upon the organic content and composition of the material, it may be possible for 
Group E soils to be blended with Group A and B soils and reused in landscape and green areas 
(i.e. not suitable for use in pond berms, pavements, building pads, and utility support). Please 
note these soils will tend to retain moisture and will not be freely draining and may lead to 
soggy ground conditions following rainfall and irrigation. Drainage improvements (i.e. 
underdrains) may be required in areas adjacent to these soils.  
 
4.8 SEISMIC SITE CLASSIFICATION 
 
UES attempted to advance one boring (B-3) to a depth of 100 feet BEG to provide information 
for seismic site classification purposes. However, the boring was terminated at 80 feet BEG 
due to having insufficient time to complete the boring before the Naval School Explosive 
Ordnance Demolition (NAVSCOLEOD) facility closed and our personnel would be required to 
leave the D51 hangar site. Because of the inability to advance a boring to the required depth 
of 100 feet below existing grade, calculations to determine the seismic site class were 
performed by extrapolating the SPT “N” value encountered at 80 feet to a depth of 100 feet. 
Using this extrapolation and the calculation procedure presented in ASCE 7-16, we have 
determined that the subsurface conditions within the site will be consistent with the 
characteristics of Site Class D. 
 
4.9 CONSTRUCTION RELATED SERVICES 
 
UES would recommend that the Owner retain UES to provide construction monitoring and 
testing services during the site preparation procedures for confirmation of the adequacy of 
the earthwork operations. Field tests and observations would include proofroll observation 
and performing quality assurance tests during the placement of compacted structural fill. We 
can also provide other material testing and general construction observation services. 
 
The geotechnical engineering design has not ended with the advertisement of the 
construction documents. The design would be an on-going process throughout construction. 
Because of our familiarity with the site conditions and the intent of the engineering design, 
UES would be most qualified to address problems that might arise during construction in a 
timely and cost-effective manner. 
 
4.10 EXCAVATION AND SAFETY 
 
In Federal Register, Volume 54, No. 209 (October 1989), the United States Department of Labor, 
Occupational Safety and Health Administration (OSHA) amended its “Construction Standards 
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for Excavations, 29 CFR, Part 1926, Subpart P”. This document was issued to better allow for 
the safety of workers entering trenches or excavations. It has been mandated by this federal 
regulation that excavations, whether they be utility trenches, basement excavations or 
footing excavations, be constructed in accordance with the new OSHA guidelines. It has been 
UES’ understanding that these regulations have been strictly enforced and if they were not 
closely followed, the Owner and the Contractor have been liable for substantial penalties. 
 
The Contractor would be solely responsible for designing and constructing stable, temporary 
excavations and should shore, slope, or bench the sides of the excavations as required to 
maintain stability of both the excavation sides and bottom. The Contractor's “responsible 
person”, as defined in 29 CFR Part 1926, should evaluate the soil exposed in the excavations 
as part of the Contractor’s safety procedures. In no case should slope height, slope inclination, 
or excavation depth, including utility trench excavation depth, exceed those specified in all 
local, state, and federal safety regulations. 
 
UES has provided this information solely as a service to our Client. UES has not assumed 
responsibility for construction site safety or the Contractor’s or other parties' compliance with 
local, state, and federal safety or other regulations. 
 

5.0 LIMITATIONS 
 
This report has been prepared for the exclusive use of Bullock Tice Associates, LLC and other 
designated members of their Design/Construction Team associated with the proposed 
construction, for the specific project discussed in this report. No other site or project facilities 
should be designed using the soil information contained in this report. As such, UES would not 
be responsible for the performance of any other site improvement designed using the data in 
this report.  
 
This report should not be relied upon for final design recommendations or professional 
opinions by unauthorized third parties without the expressed written consent of UES. 
Unauthorized third parties that rely upon the information contained herein without the 
expressed written consent of UES would have assumed all risk and liability for such reliance.  
 
The recommendations submitted in this report have been based upon the data obtained from 
the soil borings performed at the locations indicated on the Boring Location Plan and from 
other information as referenced. This report has not reflected any variations which may occur 
between performance of construction operations. If variations became evident, it would then 
be necessary for a re-evaluation of the recommendations of this report to be performed after 
performing on-site observations during the construction period and noting the characteristics 
of the variations. 
 
Borings for a typical geotechnical report have been widely spaced, and generally were not 
sufficient for reliably detecting the presence of isolated, anomalous surface or subsurface 
conditions, or reliably estimating unsuitable or suitable material quantities. Accordingly, UES 
has recommended that the boring information from this exploration not be relied upon for 
estimation of material quantities. Therefore, UES would not be responsible for any 
extrapolation or use of our data by others beyond the purpose(s) for which it was applicable 
or intended. 
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All users of this report should be cautioned that there was no requirement for UES to attempt 
to locate any man-made buried objects or identify any other potentially hazardous conditions 
that may exist at the site during the course of this exploration. Therefore, no attempt was 
made by UES to locate or identify such concerns. UES would not be responsible for any buried 
man-made objects or environmental hazards which may be subsequently encountered during 
construction that were not discussed within the text of this report. UES can provide this service, 
if desired, and would be pleased to provide the Client with a proposal to perform this service. 
 
During the early stages of most construction projects, geotechnical issues not addressed in 
this report may arise.  Because of the natural limitations inherent in working with the 
subsurface, it would not be possible for a geotechnical engineer to predict and address all 
possible problems. A Geotechnical Business Council (GBC) document, entitled "Important 
Information About Your Geotechnical Engineering Report", has been attached in Appendix D, 
and would help explain the nature of geotechnical issues. Further, UES has presented a 
document in Appendix D, entitled “Constraints and Restrictions”, that would bring to the 
reader’s attention the potential concerns and the basic limitations of a typical geotechnical 
engineering report.  

*  *  *  *  *  *  *  *  *  *  *  *  * 
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19-29-30

11-15-16 NP18

50/4"

50/5"

50/6"

50/6"

61

59

31 2626

50/4"

50/5"

50/6"

50/6"

61

59

31

Very dense white SAND [SP]

Very dense orangish brown SAND [SP]

Very dense orange SAND, with silt [SP-SM]

Dense orange silty SAND [SM]

Boring Terminated at 80'

44-50/4"

50/5"

50/6"

45-50/6"

20-28-33

19-29-30

11-15-16 NP18

Very dense white SAND [SP]

Very dense orangish brown SAND [SP]

Very dense orange SAND, with silt [SP-SM]

Dense orange silty SAND [SM]

Boring Terminated at 80'
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5-7-7-6

4-3-3-4

3-3-4-4

3-3-4-5

3-4-4-4

6-6-8

15-22-32

18-25-30

25-50/6"

7.4

3.6

3.3

9.3

1.9

3.1

1.1

3.2

27

14

6

7

7

8

14

54

55

50/6"

5.0

4.3

4.4

6.8

4.4

6.8

4.1

5.2

5.0

4.3

4.4

6.8

4.4

6.8

4.1

5.2

14

6

7

7

8

14

54

55

50/6"

Approximately 1" of Topsoil / Root mat
Medium dense brown SAND, with silt [SP-SM]
(Possible Fill)
Loose light brown SAND, with silt [SP-SM]

Loose light tan SAND [SP]

Loose orangish brown SAND, with silt [SP-SM]

Loose light brown SAND [SP]

Medium dense to very dense light tan to white
SAND [SP]

Boring Terminated at 30'

5-7-7-6

4-3-3-4

3-3-4-4

3-3-4-5

3-4-4-4

6-6-8

15-22-32

18-25-30

25-50/6"

7.4

3.6

3.3

9.3

1.9

3.1

1.1

3.2

27

Approximately 1" of Topsoil / Root mat
Medium dense brown SAND, with silt [SP-SM]
(Possible Fill)
Loose light brown SAND, with silt [SP-SM]

Loose light tan SAND [SP]

Loose orangish brown SAND, with silt [SP-SM]

Loose light brown SAND [SP]

Medium dense to very dense light tan to white
SAND [SP]

Boring Terminated at 30'
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6-6-5-5

2-2-3-3

2-2-3-3

3-3-4-4

4-4-4-5

5-6-8

11-17-23

13-18-31

10-30-49

7.3

2.9

7.1

8.2

1.8

1.9

1.5

1.9

22

11

5

5

7

8

14

40

49

79

6.6

3.5

6.4

7.1

4.3

4.5

5.7

4.4

6.6

3.5

6.4

7.1

4.3

4.5

5.7

4.4

11

5

5

7

8

14

40

49

79

Approximately 1" of Topsoil / Root mat
Medium dense brown SAND, with silt [SP-SM]
(Possible Fill)
Loose light brown SAND, with silt [SP-SM]

Loose light tan SAND [SP]

Loose light tan SAND, with silt [SP-SM]

Loose orangish brown SAND, with silt [SP-SM]

Loose to medium dense light tan to white SAND
[SP]

Dense gray SAND [SP]

Very dense gray to white SAND [SP]

Boring Terminated at 30'

6-6-5-5

2-2-3-3

2-2-3-3

3-3-4-4

4-4-4-5

5-6-8

11-17-23

13-18-31

10-30-49

7.3

2.9

7.1

8.2

1.8

1.9

1.5

1.9

22

Approximately 1" of Topsoil / Root mat
Medium dense brown SAND, with silt [SP-SM]
(Possible Fill)
Loose light brown SAND, with silt [SP-SM]

Loose light tan SAND [SP]

Loose light tan SAND, with silt [SP-SM]

Loose orangish brown SAND, with silt [SP-SM]

Loose to medium dense light tan to white SAND
[SP]

Dense gray SAND [SP]

Very dense gray to white SAND [SP]

Boring Terminated at 30'
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KEY TO BORING LOGS 

UNIFIED SOIL CLASSIFICATION SYSTEM 

MAJOR DIVISIONS GROUP 
SYMBOLS TYPICAL NAMES 

GW Well-graded gravels and gravel-
sand mixtures, little or no fines CLEAN 

GRAVELS 
GP 

Poorly graded gravels and 
gravel-sand mixtures, little or no 

fines 

GM Silty gravels and gravel-sand-
silt mixtures 

GRAVELS
50% or 
more of 
coarse 
fraction 

retained on 
No. 4 sieve 

GRAVELS 
WITH FINES 

GC Clayey gravels and gravel-
sand-clay mixtures 

SW** Well-graded sands and gravelly 
sands, little or no fines 

CLEAN 
SANDS 

5% or less 
passing No. 
200 sieve SP** Poorly graded sands and 

gravelly sands, little or no fines 

SM** Silty sands, sand-silt mixtures 

C
O

A
R

S
E

 G
R

A
IN

E
D
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O

IL
S
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 5
0%

 re
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in
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e 

N
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SANDS 
More than 

50% of 
coarse 
fraction 

passes No. 
4 sieve 

SANDS with 
12% or more 
passing No. 
200 sieve SC** Clayey sands, sand-clay 

mixtures 

ML 
Inorganic silts, very fine sands, 

rock flour, silty or clayey fine 
sands 

CL 
Inorganic clays of low to 

medium plasticity, gravelly 
clays, sandy clays, lean clays 

SILTS AND CLAYS  
Liquid limit 
50% or less 

OL Organic silts and organic silty 
clays of low plasticity 

MH 
Inorganic silts, micaceous or 
diamicaceous fine sands or 

silts, elastic silts 

CH Inorganic clays or clays of high 
plasticity, fat clays 

OH Organic clays of medium to 
high plasticity 

FI
N

E
-G

R
A

IN
E

D
 S

IO
LS

 
50

%
 o

r m
or

e 
pa

ss
es

 th
e 

N
o.

 2
00

 s
ie

ve
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SILTS AND CLAYS 
Liquid limit 

greater than 50% 

PT Peat, muck and other highly 
organic soils 

*Based on the material passing the 3-inch (75 mm) sieve
** Use dual symbol (such as SP-SM and SP-SC) for soils with more 
than 5% but less than 12% passing the No. 200 sieve 

RELATIVE DENSITY  
(Sands and Gravels) 

Very loose – Less than 4 Blow/Foot 
Loose – 4 to 10 Blows/Foot 

Medium Dense – 11 to 30 Blows/Foot 
Dense – 31 to 50 Blows/Foot 

Very Dense – More than 50 Blows/Foot 

CONSISTENCY 
(Silts and Clays) 

Very Soft – Less than 2 Blows/Foot 
Soft – 2 to 4 Blows/Foot 
Firm – 5 to 8 Blows/Foot 
Stiff – 9 to 15 Blows/Foot 

Very Stiff – 16 to 30 Blows/Foot 
Hard – More than 30 Blows/Foot 

RELATIVE HARDNESS  
(Limestone)  

Soft – 100 Blows for more than 2 Inches 
Hard – 100 Blows for less than 2 Inches

MODIFIERS 

These modifiers Provide Our Estimate of the Amount of Minor 
Constituents (Silt or Clay Size Particles) in the Soil Sample 

Trace – 5% or less 
With Silt or With Clay – 6% to 11% 

Silty or Clayey – 12% to 30% 
Very Silty or Very Clayey – 31% to 50% 

These Modifiers Provide Our Estimate of the Amount of Organic 
Components in the Soil Sample 

Trace – Less than 3% 
Few – 3% to 4% 

Some – 5% to 8% 
Many – Greater than 8% 

These Modifiers Provide Our Estimate of the Amount of Other 
Components (Shell, Gravel, Etc.) in the Soil Sample 

Trace – 5% or less 
Few – 6% to 12% 

Some – 13% to 30% 
Many – 31% to 50% 

SYMBOLS AND ABBREVIATIONS 
SYMBOL DESCRIPTION 

N-Value 
No. of Blows of a 140-lb. Weight Falling 30  
Inches Required to Drive a Standard Spoon  
1 Foot 

WOR Weight of Drill Rods 

WOH Weight of Drill Rods and Hammer 

Sample from Auger Cuttings 

Standard Penetration Test Sample 

Thin-wall Shelby Tube Sample 
(Undisturbed Sampler Used) 

RQD Rock Quality Designation 

Stabilized Groundwater Level 

Seasonal High Groundwater Level  
(also referred to as the W.S.W.T.) 

NE Not Encountered 

GNE Groundwater Not Encountered 

BT Boring Terminated 

-200 (%) Fines Content or % Passing No. 200 Sieve 

MC (%) Moisture Content 

LL Liquid Limit (Atterberg Limits Test) 

PI Plasticity Index (Atterberg Limits Test) 

NP Non-Plastic (Atterberg Limits Test) 

K Coefficient of Permeability 

Org. Cont.  Organic Content 

G.S. Elevation Ground Surface Elevation 



FIELD PROCEDURES 

Standard Penetration Test (SPT) Borings (Flight Auger Advanced) 

Borings B-1, B-2, SW-1, and SW-2 were advanced to an approximate depth of 30 feet below existing 
grade (BEG) and Boring B-3 was advanced to an approximate depth of 15 feet BEG by 
mechanically twisting continuous flight augers in to the soils. On intervals of 2 feet down to a 
depth of 10 feet BEG and intervals of 5 feet thereafter, Standard Penetration Testing and split-
barrel sampling were performed in the borings. At the selected test/sampling depth, a split-barrel 
sampler was inserted to the bottom of the boring and driven 18 or 24-inches into the soil using a 
manual safety hammer with a 140-pound hammer falling an average of 30 inches per hammer 
blow. The blow counts for every 6 inches of penetration/driving were recorded. The sum of the 
hammer blow counts for the second and third 6-inch intervals of penetration is termed the 
standard penetration resistance blow count or N-value. This value is an index of several in-situ 
geotechnical engineering properties of the material tested, such as relative density and Young’s 
Modulus.

After driving the sampler 18 or 24 inches, the sampler was retrieved from the boring, and 
a representative sample of the material within the split-barrel sampler was placed in a labeled 
plastic container and sealed. The samples obtained from the borings were transported to the 
laboratory where they were examined by members of the UES geotechnical engineering staff. This 
procedure was performed in general accordance with the latest revision of ASTM Designation 
D1586 entitled “Standard Test Method for Standard Penetration Test (SPT) and Split-Barrel Sampling 
of Soils”. 

Standard Penetration Test (SPT) Borings (Mud-Rotary Advanced) 

Below an approximate depth of 15 feet BEG, Boring B-3 was extended to an approximate termination 
depths of 80 feet BEG by means of rotary drilling techniques using a circulating bentonite 
fluid/”mud” for borehole flushing and stability. On intervals of 5 feet in the rotary portion of the 
borings, the drilling tools were removed from each boring, and a split-barrel sampler was inserted to 
the boring bottom. The sampler was then driven 18 inches in to the soils using a manual safety hammer 
with a 140-pound hammer falling 30 inches per hammer blow. The blow counts for every 6 inches of 
penetration/driving were recorded. The sum of the hammer blow counts for the second and 
third 6-inch intervals of penetration is termed the standard penetration resistance blow count or 
“N-value”. This value is an index of several in-situ geotechnical engineering properties of the 
materials tested, such as relative density and Young’s Modulus. 

After driving the sampler 18 inches, the sampler was retrieved from each boring, and a representative 
sample of the material within the split-barrel sampler was placed in a labeled plastic container 
and sealed. The samples obtained from the borings were transported to the laboratory where they 
were examined by members of the UES geotechnical engineering staff. This procedure was 
performed in general accordance with the latest revision of the ASTM Designation D1586 entitled 
“Standard Test Method for Standard Penetration Test (SPT) and Split-Barrel Sampling of Soils”. 





LABORATORY PROCEDURES 

Natural Moisture Content Test 

A number of the soil samples recovered during the field exploration were chosen for natural 
moisture content testing. In this test, the soil sample is placed into a metal pan of known weight, 
weighed, dried for a minimum of 12 hours in a 110 ± 5°C oven, and then weighed again to record 
the weight of water released during drying. The natural moisture content of the soil is termed the ratio 
of “pore” or “free” water in a given mass of material to the mass of solid material particles. This test 
was conducted in general accordance with ASTM Designation D2216 entitled “Standard Test Methods 
for Laboratory Determination of Water (Moisture) Content of Soil and Rock by Mass”. 

Percent -200 Soil Fines Content Test 

A number of the soil samples recovered during the subsurface exploration were chosen to determine 
the percentage of silt and clay fines present in the individual samples. In this test, the Natural 
Moisture Content test (ASTM D2216) was performed and the sample was then washed over a No. 
200 mesh sieve. The materials present in the sample that did not pass through the No. 200 sieve 
was then placed back in its original pan and dried until the water retained from the wet-sieve process 
was totally evaporated. Once dried, the sample was weighed again to determine the weight of fines 
removed during the wet-sieve process. The percent of soil by weight passing the No. 200 sieve is 
termed the percentage of fines or portion of the sample in the silt and clay size range. This test 
was conducted in general accordance with ASTM D1140, Standard Test Methods for Determining 
the Amount of Material Finer than the No. 200 (75-µm) Sieve in Soils by Washing. 

Falling-Head Permeability Testing 

Using bulk samples of auger cuttings recovered from specific depth intervals in the stormwater pond 
borings during the field exploration, laboratory falling head permeability testing was performed to 
determine the permeability rate (a.k.a., hydraulic conductivity values) of the soils. In this test, the 
sampled material was compacted in three lifts in a 4-in permeability mold of known weight and 
volume. Once the material was compacted into the mold, the mold and material were then weighed. 
In addition to weighing the mold and soil, the natural moisture content test (ASTM D2216) was 
performed on the trimmings left over from the sample compaction. The dry density of the material 
was then calculated using the volume, weight, and moisture content of the compacted sample. 

Once the density procedure was performed, the permeability mold with the compacted material 
was then covered with a porous stone and spring system to control loosening of the materials during 
the permeability test. A support collar and top plate was then placed atop the permeability mold 
(the top plate is equipped with a vent port to allow air to escape the mold/sample as well as an 
influent port to allow water to saturate the compacted sample). Once the apparatus was 
assembled and properly tightened, a one-half inch diameter vertical tube, marked with one-foot 
increments, was attached to the influent port. The tubing was then filled with water and permitted to 
drain into the influent port, through the sample, and out of the effluent tube at the bottom of the 
apparatus. Once the sample was saturated and nearly devoid of air, the tubing was filled with water to 
seven feet above the apparatus and allowed to drain thrrough the sample while the time (in seconds) 
it took for the water to drop each one foot increment was recorded. The vertical permeability rate of 
the compacted soils was then calculated using data obtained from the procedure. This test was 
conducted in general accordance with the State of Florida Department of Transportation test 
procedure Designation FM 5-513 entitled “Florida Method of Test for Coefficient of Permeability – Falling 
Head Method”. 





Geotechnical-Engineering Report

Geotechnical Services Are Performed for 
Specific Purposes, Persons, and Projects 
Geotechnical engineers structure their services to meet the 
specific needs of their clients. A geotechnical-engineering 
study conducted for a civil engineer may not fulfill the needs of 
a constructor  — a construction contractor — or even another 
civil engineer. Because each geotechnical- engineering study 
is unique, each geotechnical-engineering report is unique, 
prepared solely for the client. No one except you should rely on 
this geotechnical-engineering report without first conferring 
with the geotechnical engineer who prepared it. And no one 
 — not even you — should apply this report for any purpose or 
project except the one originally contemplated.

Read the Full Report
Serious problems have occurred because those relying on 
a geotechnical-engineering report did not read it all. Do  
not rely on an executive summary. Do not read selected 
elements only.

Geotechnical Engineers Base Each Report on  a 
Unique Set of Project-Specific Factors 
Geotechnical engineers consider many unique, project-specific 
factors when establishing the scope of a study. Typical factors 
include: the client’s goals, objectives, and risk-management 
preferences; the general nature of the structure involved, its 
size, and configuration; the location of the structure on the 
site; and other planned or existing site improvements, such as 
access roads, parking lots, and underground utilities. Unless 
the geotechnical engineer who conducted the study specifically 
indicates otherwise, do not rely on a geotechnical-engineering 
report that was:
• not prepared for you;
• not prepared for your project;
• not prepared for the specific site explored; or
• completed before important project changes were made.

Typical changes that can erode the reliability of an existing 
geotechnical-engineering report include those that affect: 
• the function of the proposed structure, as when it’s changed

from a parking garage to an office building, or from a light-
industrial plant to a refrigerated warehouse;

• the elevation, configuration, location, orientation, or weight
of the proposed structure;

• the composition of the design team; or
• project ownership.

As a general rule, always inform your geotechnical engineer 
of project changes—even minor ones—and request an 

assessment of their impact. Geotechnical engineers cannot 
accept responsibility or liability for problems that occur because 
their reports do not consider developments of which they were 
not informed.

Subsurface Conditions Can Change
A geotechnical-engineering report is based on conditions that 
existed at the time the geotechnical engineer performed the 
study. Do not rely on a geotechnical-engineering report whose 
adequacy may have been affected by: the passage of time; 
man-made events, such as construction on or adjacent to the 
site; or natural events, such as floods, droughts, earthquakes, 
or groundwater fluctuations. Contact the geotechnical engineer 
before applying this report to determine if it is still reliable. A 
minor amount of additional testing or analysis could prevent 
major problems.

Most Geotechnical Findings Are Professional 
Opinions
Site exploration identifies subsurface conditions only at those 
points where subsurface tests are conducted or samples are 
taken. Geotechnical engineers review field and laboratory 
data and then apply their professional judgment to render 
an opinion about subsurface conditions throughout the 
site. Actual subsurface conditions may differ — sometimes 
significantly — from those indicated in your report. Retaining 
the geotechnical engineer who developed your report to 
provide geotechnical-construction observation is the most 
effective method of managing the risks associated with 
unanticipated conditions.

A Report’s Recommendations Are Not Final    
Do not overrely on the confirmation-dependent 
recommendations included in your report. Confirmation-
dependent recommendations are not final, because 
geotechnical engineers develop them principally from 
judgment and opinion. Geotechnical engineers can finalize 
their recommendations only by observing actual subsurface 
conditions revealed during construction. The geotechnical 
engineer who developed your report cannot assume 
responsibility or liability for the report’s confirmation-dependent 
recommendations if that engineer does not perform the 
geotechnical-construction observation required to confirm the 
recommendations’ applicability.

A Geotechnical-Engineering Report Is Subject 
to Misinterpretation
Other design-team members’ misinterpretation of 
geotechnical-engineering reports has resulted in costly 

Important Information about This

Subsurface problems are a principal cause of construction delays, cost overruns, claims, and disputes. 

While you cannot eliminate all such risks, you can manage them. The following information is provided to help.



problems. Confront that risk by having your geo technical 
engineer confer with appropriate members of the design team 
after submitting the report. Also retain your geotechnical 
engineer to review pertinent elements of the design team’s 
plans and specifications. Constructors can also misinterpret 
a geotechnical-engineering report. Confront that risk by 
having your geotechnical engineer participate in prebid and 
preconstruction conferences, and by providing geotechnical 
construction observation.

Do Not Redraw the Engineer’s Logs 
Geotechnical engineers prepare final boring and testing logs 
based upon their interpretation of field logs and laboratory 
data. To prevent errors or omissions, the logs included in a 
geotechnical-engineering report should never be redrawn 
for inclusion in architectural or other design drawings. Only 
photographic or electronic reproduction is acceptable, but 
recognize that separating logs from the report can elevate risk.

Give Constructors a Complete Report and 
Guidance
Some owners and design professionals mistakenly believe they 
can make constructors liable for unanticipated subsurface 
conditions by limiting what they provide for bid preparation. 
To help prevent costly problems, give constructors the 
complete geotechnical-engineering report, but preface it with 
a clearly written letter of transmittal. In that letter, advise 
constructors that the report was not prepared for purposes 
of bid development and that the report’s accuracy is limited; 
encourage them to confer with the geotechnical engineer 
who prepared the report (a modest fee may be required) and/
or to conduct additional study to obtain the specific types of 
information they need or prefer. A prebid conference can also 
be valuable. Be sure constructors have sufficient time to perform 
additional study. Only then might you be in a position to 
give constructors the best information available to you, 
while requiring them to at least share some of the financial 
responsibilities stemming from unanticipated conditions.

Read Responsibility Provisions Closely
Some clients, design professionals, and constructors fail to 
recognize that geotechnical engineering is far less exact than 
other engineering disciplines. This lack of understanding 
has created unrealistic expectations that have led to 
disappointments, claims, and disputes. To help reduce the risk 
of such outcomes, geotechnical engineers commonly include 
a variety of explanatory provisions in their reports. Sometimes 
labeled “limitations,” many of these provisions indicate where 
geotechnical engineers’ responsibilities begin and end, to help 

others recognize their own responsibilities and risks. Read 
these provisions closely. Ask questions. Your geotechnical 
engineer should respond fully and frankly.

Environmental Concerns Are Not Covered    
The equipment, techniques, and personnel used to perform 
an environmental study differ significantly from those used to 
perform a geotechnical study. For that reason, a geotechnical-
engineering report does not usually relate any environmental 
findings, conclusions, or recommendations; e.g., about 
the likelihood of encountering underground storage tanks 
or regulated contaminants. Unanticipated environmental 
problems have led to numerous project failures. If you have not 
yet obtained your own environmental information,  
ask your geotechnical consultant for risk-management 
guidance. Do not rely on an environmental report prepared for 
someone else.

Obtain Professional Assistance To Deal  
with Mold
Diverse strategies can be applied during building design, 
construction, operation, and maintenance to prevent 
significant amounts of mold from growing on indoor surfaces. 
To be effective, all such strategies should be devised for 
the express purpose of mold prevention, integrated into a 
comprehensive plan, and executed with diligent oversight by a 
professional mold-prevention consultant. Because just a small 
amount of water or moisture can lead to the development of 
severe mold infestations, many mold- prevention strategies 
focus on keeping building surfaces dry. While groundwater, 
water infiltration, and similar issues may have been addressed 
as part of the geotechnical- engineering study whose findings 
are conveyed in this report, the geotechnical engineer in 
charge of this project is not a mold prevention consultant; 
none of the services performed in connection with the 
geotechnical engineer’s study were designed or conducted for 
the purpose of mold prevention. Proper implementation of the 
recommendations conveyed in this report will not of itself be 
sufficient to prevent mold from growing in or on the structure 
involved. 

Rely, on Your GBC-Member Geotechnical Engineer 
for Additional Assistance
Membership in the Geotechnical Business Council of the 
Geoprofessional Business Association exposes geotechnical 
engineers to a wide array of risk-confrontation techniques 
that can be of genuine benefit for everyone involved with 
a construction project. Confer with you GBC-Member 
geotechnical engineer for more information.

8811 Colesville Road/Suite G106, Silver Spring, MD  20910
Telephone: 301/565-2733    Facsimile: 301/589-2017

e-mail: info@geoprofessional.org    www.geoprofessional.org

Copyright 2015 by Geoprofessional Business Association (GBA). Duplication, reproduction, or copying of this document, or its contents, in whole or in part,  
by any means whatsoever, is strictly prohibited, except with GBA’s specific written permission. Excerpting, quoting, or otherwise extracting wording from this document  

is permitted only with the express written permission of GBA, and only for purposes of scholarly research or book review. Only members of GBA may use  
this document as a complement to or as an element of a geotechnical-engineering report. Any other firm, individual, or other entity that so uses this document without  

being a GBA member could be commiting negligent or intentional (fraudulent) misrepresentation.



WARRANTY 

Universal Engineering Sciences has prepared this report for our client 
for his exclusive use, in accordance with generally accepted soil and 
foundation engineering practices, and makes no other warranty either 
expressed or implied as to the professional advice provided in the 
report. 

UNANTICIPATED SOIL CONDITIONS 

The analysis and recommendations submitted in this report are based 
upon the data obtained from soil borings performed at the locations 
indicated on the Boring Location Plan.  This report does not reflect any 
variations which may occur between these borings. 

The nature and extent of variations between borings may not become 
known until excavation begins.  If variations appear, we may have to 
re-evaluate our recommendations after performing on-site 
observations and noting the characteristics of any variations. 

CHANGED CONDITIONS 

We recommend that the specifications for the project require that the 
contractor immediately notify Universal Engineering Sciences, as well 
as the owner, when subsurface conditions are encountered that are 
different from those present in this report. 

No claim by the contractor for any conditions differing from those 
anticipated in the plans, specifications, and those found in this report, 
should be allowed unless the contractor notifies the owner and 
Universal Engineering Sciences of such changed conditions.  Further, 
we recommend that all foundation work and site improvements be 
observed by a representative of Universal Engineering Sciences to 
monitor field conditions and changes, to verify design assumptions 
and to evaluate and recommend any appropriate modifications to this 
report. 

MISINTERPRETATION OF SOIL ENGINEERING REPORT 

Universal Engineering Sciences is responsible for the conclusions and 
opinions contained within this report based upon the data relating only 
to the specific project and location discussed herein.  If the 
conclusions or recommendations based upon the data presented are 
made by others, those conclusions or recommendations are not the 
responsibility of Universal Engineering Sciences. 

CHANGED STRUCTURE OR LOCATION 

This report was prepared in order to aid in the evaluation of this 
project and to assist the architect or engineer in the design of this 
project.  If any changes in the design or location of the structure as 
outlined in this report are planned, or if any structures are included or 
added that are not discussed in the report, the conclusions and 
recommendations contained in this report shall not be considered 
valid unless the changes are reviewed and the conclusions modified 
or approved by Universal Engineering Sciences. 

USE OF REPORT BY BIDDERS 

Bidders who are examining the report prior to submission of a bid are 
cautioned that this report was prepared as an aid to the designers of 
the project and it may affect actual construction operations. 

Bidders are urged to make their own soil borings, test pits, test 
caissons or other investigations to determine those conditions that 
may affect construction operations.  Universal Engineering Sciences 
cannot be responsible for any interpretations made from this report or 
the attached boring logs with regard to their adequacy in reflecting 
subsurface conditions which will affect construction operations. 

STRATA CHANGES 

Strata changes are indicated by a definite line on the boring logs 
which accompany this report.  However, the actual change in the 
ground may be more gradual.  Where changes occur between soil 
samples, the location of the change must necessarily be estimated 
using all available information and may not be shown at the exact 
depth. 

OBSERVATIONS DURING DRILLING 

Attempts are made to detect and/or identify occurrences during drilling 
and sampling, such as:  water level, boulders, zones of lost circulation, 
relative ease or resistance to drilling progress, unusual sample 
recovery, variation of driving resistance, obstructions, etc.; however, 
lack of mention does not preclude their presence. 

WATER LEVELS 

Water level readings have been made in the drill holes during drilling 
and they indicate normally occurring conditions.  Water levels may not 
have been stabilized at the last reading.  This data has been reviewed 
and interpretations made in this report.  However, it must be noted 
that fluctuations in the level of the groundwater may occur due to 
variations in rainfall, temperature, tides, and other factors not evident 
at the time measurements were made and reported.  Since the 
probability of such variations is anticipated, design drawings and 
specifications should accommodate such possibilities and construction 
planning should be based upon such assumptions of variations. 

LOCATION OF BURIED OBJECTS 

All users of this report are cautioned that there was no requirement for 
Universal Engineering Sciences to attempt to locate any man-made 
buried objects during the course of this exploration and that no 
attempt was made by Universal Engineering Sciences to locate any 
such buried objects.  Universal Engineering Sciences cannot be 
responsible for any buried man-made objects which are subsequently 
encountered during construction that are not discussed within the text 
of this report. 

TIME 

This report reflects the soil conditions at the time of exploration.  If the 
report is not used in a reasonable amount of time, significant changes 
to the site may occur and additional reviews may be required. 

CONSTRAINTS & RESTRICTIONS
The intent of this document is to bring to your attention the potential concerns and the basic limitations of a typical geotechnical report. 



UES 
GENERAL CONDITIONS 

 
SECTION 1:  RESPONSIBILITIES  1.1 UES, and its subsidiaries and affiliated companies (“UES”), is responsible for providing the services described under the Scope of 
Services. The term "UES" as used herein includes all of UES’s agents, employees, professional staff, and subcontractors. 1.2 The Client or a duly authorized 
representative is responsible for providing UES with a clear understanding of the project nature and scope. The Client shall supply UES with sufficient and adequate 
information, including, but not limited to, maps, site plans, reports, surveys, plans and specifications, and designs, to allow UES to properly complete the specified 
services. The Client shall also communicate changes in the nature and scope of the project as soon as possible during performance of the work so that the changes 
can be incorporated into the work product. 1.3 The Client acknowledges that UES’s responsibilities in providing the services described under the Scope of Services 
section is limited to those services described therein, and the Client hereby assumes any collateral or affiliated duties necessitated by or for those services. Such 
duties may include, but are not limited to, reporting requirements imposed by any third party such as federal, state, or local entities, the provision of any required 
notices to any third party, or the securing of necessary permits or permissions from any third parties required for UES’s provision of the services so described, unless 
otherwise agreed upon by both parties in writing. 
   
SECTION 2:  STANDARD OF CARE 2.1 Services performed by UES under this Agreement will be conducted in a manner consistent with the level of care and skill 
ordinarily exercised by members of UES's profession practicing contemporaneously under similar conditions in the locality of the project. No other warranty, express 
or implied, is made. 2.2 Execution of this document by UES is not a representation that UES has visited the site, become generally familiar with local conditions under 
which the work is to be performed, or correlated personal observations with the requirements of the Scope of Services. It is the Client’s responsibility to provide UES 
with all information necessary for UES to provide the services described under the Scope of Services, and the Client assumes all liability for information not provided 
to UES that may affect the quality or sufficiency of the services so described. 
 
SECTION 3:  SITE ACCESS AND SITE CONDITIONS 3.1 Client will grant or obtain free access to the site for all equipment and personnel necessary for UES to perform 
the work set forth in this Agreement.  The Client will notify any possessors of the project site that Client has granted UES free access to the site. UES will take 
reasonable precautions to minimize damage to the site, but it is understood by Client that, in the normal course of work, some damage may occur, and the 
correction of such damage is not part of this Agreement unless so specified in the Scope of Services. 3.2 The Client is responsible for the accuracy of locations for 
all subterranean structures and utilities. UES will take reasonable precautions to avoid known subterranean structures, and the Client waives any claim against UES, 
and agrees to defend, indemnify, and hold UES harmless from any claim or liability for injury or loss, including costs of defense, arising from damage done to 
subterranean structures and utilities not identified or accurately located. In addition, Client agrees to compensate UES for any time spent or expenses incurred by 
UES in defense of any such claim with compensation to be based upon UES's prevailing fee schedule and expense reimbursement policy. 
 
SECTION 4:  BILLING AND PAYMENT 4.1 UES will submit invoices to Client monthly or upon completion of services.  Invoices will show charges for different personnel 
and expense classifications. 4.2 Payment is due 30 days after presentation of invoice and is past due 31 days from invoice date. Client agrees to pay a finance 
charge of one and one-half percent (1 ½ %) per month, or the maximum rate allowed by law, on past due accounts. 4.3 If UES incurs any expenses to collect overdue 
billings on invoices, the sums paid by UES for reasonable attorneys' fees, court costs, UES's time, UES's expenses, and interest will be due and owing by the Client. 
 
SECTION 5:  OWNERSHIP AND USE OF DOCUMENTS 5.1 All reports, boring logs, field data, field notes, laboratory test data, calculations, estimates, and other 
documents prepared by UES, as instruments of service, shall remain the property of UES. Neither Client nor any other entity shall change or modify UES’s instruments 
of service. 5.2 Client agrees that all reports and other work furnished to the Client or his agents, which are not paid for, will be returned upon demand and will not 
be used by the Client for any purpose. 5.3 UES will retain all pertinent records relating to the services performed for a period of five years following submission of 
the report or completion of the Scope of Services, during which period the records will be made available to the Client in a reasonable time and manner. 5.4 All 
reports, boring logs, field data, field notes, laboratory test data, calculations, estimates, and other documents prepared by UES, are prepared for the sole and 
exclusive use of Client, and may not be given to any other entity, or used or relied upon by any other entity, without the express written consent of UES. Client is the 
only entity to which UES owes any duty or duties, in contract or tort, pursuant to or under this Agreement. 
 
SECTION 6:  DISCOVERY OF UNANTICIPATED HAZARDOUS MATERIALS 6.1 Client represents that a reasonable effort has been made to inform UES of known or 
suspected hazardous materials on or near the project site. 6.2 Under this agreement, the term hazardous materials include hazardous materials, hazardous wastes, 
hazardous substances (40 CFR 261.31, 261.32, 261.33), petroleum products, polychlorinated biphenyls, asbestos, and any other material defined by the U.S. EPA as a 
hazardous material. 6.3 Hazardous materials may exist at a site where there is no reason to believe they are present. The discovery of unanticipated hazardous 
materials constitutes a changed condition mandating a renegotiation of the scope of work. The discovery of unanticipated hazardous materials may make it 
necessary for UES to take immediate measures to protect health and safety. Client agrees to compensate UES for any equipment decontamination or other costs 
incident to the discovery of unanticipated hazardous materials. 6.4 UES will notify Client when unanticipated hazardous materials or suspected hazardous materials 
are encountered. Client will make any disclosures required by law to the appropriate governing agencies. Client will hold UES harmless for all consequences of 
disclosures made by UES which are required by governing law. In the event the project site is not owned by Client, Client it is the Client's responsibility to inform the 
property owner of the discovery of unanticipated hazardous materials or suspected hazardous materials. 6.5 Notwithstanding any other provision of the Agreement, 
Client waives any claim against UES, and to the maximum extent permitted by law, agrees to defend, indemnify, and save UES harmless from any claim, liability, 
and/or defense costs for injury or loss arising from UES's discovery of unanticipated hazardous materials or suspected hazardous materials including any costs 
created by delay of the project and any cost associated with possible reduction of the property's value. Client will be responsible for ultimate disposal of any 
samples secured by UES which are found to be contaminated. 
 
SECTION 7:  RISK ALLOCATION 7.1 Client agrees that UES's liability for any damage on account of any breach of contract, error, omission, or professional negligence 
will be limited to a sum not to exceed $50,000 or UES’s fee, whichever is greater. If Client prefers to have higher limits on contractual or professional liability, UES 
agrees to increase the limits up to a maximum of $1,000,000.00 upon Client’s written request at the time of accepting UES’s proposal provided that Client agrees 
to pay an additional consideration of four percent of the total fee, or $400.00, whichever is greater. If Client prefers a $2,000,000.00 limit on contractual or 
professional liability, UES agrees to increase the limits up to a maximum of $2,000,000.00 upon Client’s written request at the time of accepting UES’s proposal 
provided that Client agrees to pay an additional consideration of four percent of the total fee, or $800.00, whichever is greater. The additional charge for the 
higher liability limits is because of the greater risk assumed and is not strictly a charge for additional professional liability insurance. 7.2 Client shall not be liable to 
UES and UES shall not be liable to Client for any incidental, special, or consequential damages (including lost profits, loss of use, and lost savings) incurred by 
either party due to the fault of the other, regardless of the nature of the fault, or whether it was committed by Client or UES, their employees, agents, or 
subcontractors; or whether such liability arises in breach of contract or warranty, tort (including negligence), statutory, or any other cause of action. 7.3  As 
used in this Agreement, the terms “claim” or “claims” mean any claim in contract, tort, or statute alleging negligence, errors, omissions, strict liability, statutory 
liability, breach of contract, breach of warranty, negligent misrepresentation, or any other act giving rise to liability. 
   
SECTION 8:  INSURANCE 8.1 UES represents it and its agents, staff and consultants employed by UES, is and are protected by worker's compensation insurance and 
that UES has such coverage under public liability and property damage insurance policies which UES deems to be adequate. Certificates for all such policies of 
insurance shall be provided to Client upon request in writing. Within the limits and conditions of such insurance, UES agrees to indemnify and save Client harmless 
from and against loss, damage, or liability arising from negligent acts by UES, its agents, staff, and consultants employed by it. UES shall not be responsible for any 
loss, damage or liability beyond the amounts, limits, and conditions of such insurance or the limits described in Section 7, whichever is less. The Client agrees to 
defend, indemnify, and save UES harmless for loss, damage or liability arising from acts by Client, Client's agents, staff, and others employed by Client. 8.2 Under 
no circumstances will UES indemnify Client from or for Client’s own actions, negligence, or breaches of contract. 8.3 To the extent damages are covered by property 
insurance, Client and UES waive all rights against each other and against the contractors, consultants, agents, and employees of the other for damages, except 
such rights as they may have to the proceeds of such insurance. 
 
 
 



SECTION 9:  DISPUTE RESOLUTION 9.1 All claims, disputes, and other matters in controversy between UES and Client arising out of or in any way related to this 
Agreement will be submitted to mediation or non-binding arbitration, before and as a condition precedent to other remedies provided by law. 9.2 If a dispute arises 
and that dispute is not resolved by mediation or non-binding arbitration, then: (a) the claim will be brought in the state or federal courts having jurisdiction where 
the UES office which provided the service is located; and (b) the prevailing party will be entitled to recovery of all reasonable costs incurred, including staff time, 
court costs, attorneys’ fees, expert witness fees, and other claim related expenses. 
 
SECTION 10:  TERMINATION 10.1 This agreement may be terminated by either party upon seven (7) days written notice in the event of substantial failure by the other 
party to perform in accordance with the terms hereof, or in the case of a force majeure event such as terrorism, act of war, public health or other emergency. Such 
termination shall not be effective if such substantial failure or force majeure has been remedied before expiration of the period specified in the written notice.  In 
the event of termination, UES shall be paid for services performed to the termination notice date plus reasonable termination expenses. 10.2 In the event of 
termination, or suspension for more than three (3) months, prior to completion of all reports contemplated by the Agreement, UES may complete such analyses and 
records as are necessary to complete its files and may also complete a report on the services performed to the date of notice of termination or suspension. The 
expense of termination or suspension shall include all direct costs of UES in completing such analyses, records, and reports. 
 
SECTION 11:  REVIEWS, INSPECTIONS, TESTING, AND OBSERVATIONS 11.1 Plan review, private provider inspections, and building inspections are performed for the 
purpose of observing compliance with applicable building codes. Threshold inspections are performed for the purpose of observing compliance with an approved 
threshold inspection plan.  Construction materials testing (“CMT”) is performed to document compliance of certain materials or components with applicable 
testing standards. UES’s performance of plan reviews, private provider inspections, building inspections, threshold inspections, or CMT, or UES’s presence on the 
site of Client’s project while performing any of the foregoing activities, is not a representation or warranty by UES that Client’s project is free of errors in either 
design or construction. 11.2 If UES is retained to provide construction monitoring or observation, UES will report to Client any observed work which, in UES’s opinion, 
does not conform to the plans and specifications provided to UES. UES shall have no authority to reject or terminate the work of any agent or contractor of Client. 
No action, statements, or communications of UES, or UES’s site representative, can be construed as modifying any agreement between Client and others. UES’s 
performance of construction monitoring or observation is not a representation or warranty by UES that Client’s project is free of errors in either design or 
construction. 11.3 Neither the activities of UES pursuant to this Agreement, nor the presence of UES or its employees, representatives, or subcontractors on the 
project site, shall be construed to impose upon UES any responsibility for means or methods of work performance, superintendence, sequencing of construction, 
or safety conditions at the project site.  Client acknowledges that Client or its contractor is solely responsible for project jobsite safety. 11.4 Client is responsible 
for scheduling all inspections and CMT activities of UES. All testing and inspection services will be performed on a will-call basis. UES will not be responsible for 
tests and inspections that are not performed due to Client’s failure to schedule UES’s services on the project, or for any claims or damages arising from tests and 
inspections that are not scheduled or performed. 
 
SECTION 12: ENVIRONMENTAL ASSESSMENTS Client acknowledges that an Environmental Site Assessment (“ESA”) is conducted solely to permit UES to render a 
professional opinion about the likelihood or extent of regulated contaminants being present on, in, or beneath the site in question at the time services were 
conducted. No matter how thorough an ESA study may be, findings derived from the study are limited and UES cannot know or state for a fact that a site is 
unaffected by reportable quantities of regulated contaminants as a result of conducting the ESA study. Even if UES states that reportable quantities of regulated 
contaminants are not present, Client still bears the risk that such contaminants may be present or may migrate to the site after the ESA study is complete. 

SECTION 13: SUBSURFACE EXPLORATIONS 13.1 Client acknowledges that subsurface conditions may vary from those observed at locations where borings, surveys, 
samples, or other explorations are made, and that site conditions may change with time.  Data, interpretations, and recommendations by UES will be based solely 
on information available to UES at the time of service.  UES is responsible for those data, interpretations, and recommendations, but will not be responsible for other 
parties’ interpretations or use of the information developed or provided by UES. 13.2 Subsurface explorations may result in unavoidable cross-contamination of 
certain subsurface areas, as when a probe or boring device moves through a contaminated zone and links it to an aquifer, underground stream, or other hydrous 
body not previously contaminated. UES is unable to eliminate totally cross-contamination risk despite use of due care. Since subsurface explorations may be an 
essential element of UES’s services indicated herein, Client shall, to the fullest extent permitted by law, waive any claim against UES, and indemnify, defend, and 
hold UES harmless from any claim or  liability  for  injury  or  loss  arising  from  cross-contamination  allegedly caused by UES’s subsurface explorations. In addition, 
Client agrees to compensate UES for any time spent or expenses incurred by UES in defense of any such claim with compensation to be based upon UES's prevailing 
fee schedule and expense reimbursement policy.  
 
SECTION 14: SOLICITATION OF EMPLOYEES Client agrees not to hire UES's employees except through UES. In the event Client hires a UES employee within one year 
following any project through which Client had contact with said employee, Client shall pay UES an amount equal to one-half of the employee's annualized salary, 
as liquidated damages, without UES waiving other remedies it may have. 

SECTION 15:  ASSIGNS Neither Client nor UES may delegate, assign, sublet, or transfer its duties or interest in this Agreement without the written consent of the other 
party. 
 
SECTION 16:  GOVERNING LAW AND SURVIVAL 16.1 This Agreement shall be governed by and construed in accordance with the laws of the jurisdiction in which the 
UES office performing the services hereunder is located. 16.2 In any of the provisions of this Agreement are held illegal, invalid, or unenforceable, the enforceability 
of the remaining provisions will not be impaired and will survive. Limitations of liability and indemnities will survive termination of this agreement for any cause. 
 
SECTION 17:  INTEGRATION CLAUSE 17.1 This Agreement represents and contains the entire and only agreement and understanding among the parties with respect 
to the subject matter of this Agreement, and supersedes any and all prior and contemporaneous oral and written agreements, understandings, representations, 
inducements, promises, warranties, and conditions among the parties. No agreement, understanding, representation, inducement, promise, warranty, or condition 
of any kind with respect to the subject matter of this Agreement shall be relied upon by the parties unless expressly incorporated herein. 17.2 This Agreement may 
not be amended or modified except by an agreement in writing signed by the party against whom the enforcement of any modification or amendment is sought. 
 
SECTION 18: WAIVER OF JURY TRIAL Both Client and UES waive trial by jury in any action arising out of or related to this Agreement. 
 
SECTION 19: INDIVIDUAL LIABILTY PURSUANT TO FLORIDA STAT. 558.0035, AN INDIVIDUAL EMPLOYEE OR AGENT OF UES MAY NOT BE HELD INDIVIDUALLY LIABLE 
FOR NEGLIGENCE. 
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