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SECTION 230100 - MECHANICAL GENERAL  
        
1 GENERAL 
 
1.1 The work covered by this division consists of providing all labor, equipment and materials and 

performing all operations necessary for the installation of the mechanical work as herein called for and 
shown on the drawings.   

 
1.2 Related Documents: 
 
1.2.1 Drawings and general provisions of the Contract, including General and Supplementary Conditions and 

Division 1 Specification sections, apply to work of this section. 
 
1.2.2 This is a Basic Mechanical Requirements Section.  Provisions of this section apply to work of all 

Division 23 sections. 
 
1.2.3 Review all other contract documents to be aware of conditions affecting work herein. 
 
1.2.4 Definitions: 
 
1.2.4.1 Provide:  Furnish and install, complete and ready for intended use. 
 
1.2.4.2 Furnish:  Supply and deliver to project site, ready for subsequent requirements. 
 
1.2.4.3 Install:  Operations at project site, including unloading, unpacking, assembly, erection, placing, 

anchoring, applying, working to dimension, finishing, curing, protecting, cleaning, and similar 
requirements. 

 
1.3 Permits and Fees:  Contractor shall obtain all necessary permits, meters, and inspections required for his 

work and pay all fees and charges incidental thereto. 
 
1.4 Verification of Owner's Data:  Prior to commencing any work the Contractor shall satisfy himself as to 

the accuracy of all data as indicated in these plans and specifications and/or as provided by the Owner.  
Should the Contractor discover any inaccuracies, errors, or omissions in the data, he shall immediately 
notify the Architect/Engineer in order that proper adjustments can be anticipated and ordered.  
Commencement by the Contractor of any work shall be held as an acceptance of the data by him after 
which time the Contractor has no claim against the Owner resulting from alleged errors, omissions or 
inaccuracies of the said data. 

 
1.5 Delivery and Storage of Materials:  Materials delivered to site shall be inspected for damage, unloaded, 

and stored with a minimum of handling.  All material shall be stored to provide protection from the 
weather and accidental damage. 

 
1.6 Extent of work is indicated by the drawings, schedules, and the requirements of the specifications.  

Singular references shall not be constructed as requiring only one device if multiple devices are shown 
on the drawings or are required for proper system operation. 

 
1.7 Field Measurements and Coordination:     
 
1.7.1 The intent of the drawings and specifications is to obtain a complete and satisfactory installation.  

Separate divisional drawings and specifications shall not relieve the Contractor or subcontractors from 
full compliance of work of his trade indicated on any of the drawings or in any section of the 
specifications. 

 
1.7.2 Verify all field dimensions and locations of equipment to insure close, neat fit with other trades' work.  

Make use of all contract documents and approved shop drawings to verify exact dimension and 
locations. 
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1.7.3 Coordinate work in this division with all other trades in proper sequence to insure that the total work is 
completed within contract time schedule and with a minimum cutting and patching. 

 
1.7.4 Locate all apparatus symmetrical with architectural elements.  Install to exact height and locations when 

shown on architectural drawings.  When locations are shown only on mechanical drawings, be guided 
by architectural details and conditions existing at job and correlate this work with that of others. 

 
1.7.5 Install work as required to fit structure, avoid obstructions, and retain clearance, headroom, openings 

and passageways.  Cut no structural members without written approval. 
 
1.7.6 Carefully examine any existing conditions, piping, and premises.  Compare drawings with existing 

conditions.  Report any observed discrepancies.  It shall be the Contractor's responsibility to properly 
coordinate the work and to identify problems in a timely manner. Written instructions will be issued to 
resolve discrepancies. 

 
1.7.7 Because of the small scale of the drawings, it is not possible to indicate all offsets and fittings or to 

locate every accessory. Drawings are essentially diagrammatic.  Study carefully the sizes and locations 
of structural members, wall and partition locations, trusses, and room dimensions and take actual 
measurements on the job.  Locate piping, ductwork, equipment and accessories with sufficient space for 
installing and servicing.  Contractor is responsible for accuracy of his measurements and for 
coordination with all trades.  Contractor shall not order materials or perform work without such 
verification.  No extra compensation will be allowed because field measurements vary from the 
dimensions on the drawings.  If field measurements show that equipment or piping cannot be fitted, the 
Architect/Engineer shall be consulted.  Remove and relocate, without additional compensation, any item 
that is installed and is later found to encroach on space assigned to another use. 

 
1.8 Guarantee: 
 
1.8.1 The Contractor shall guarantee labor, materials and equipment for a period of five one (1 5) years from 

Final Completion, or from Owner's occupancy, whichever is earlier.  Contractor shall make good any 
defects and shall include all necessary adjustments to and replacement of defective items without 
expense to the Owner. 

 
1.8.2 Owner reserves right to make emergency repairs as required to keep equipment in operation without 

voiding Contractor's Guarantee Bond nor relieving Contractor of his responsibilities during guarantee 
period. 

 
1.9 Approval Submittals: 
 
1.9.1 When approved, the submittal control log and submittals shall be an addition to the specifications 

herewith, and shall be of equal force in that no deviation will be permitted except with the approval of 
the Architect/Engineer. 

 
1.9.1.1 Shop drawings, product literature, and other approval submittals will only be reviewed if they are 

submitted in full accordance with the General and Supplementary Conditions and Division 1 
Specification sections and the following. 

 
1.9.1.1.1 Submittals shall be properly organized in accordance with the approved submittal control log. 
 
1.9.1.1.2 Submittals shall not include items from more than one specification section in the same submittal 

package unless approved in the submittal control log. 
 
1.9.1.1.3 Submittals shall be properly identified by a cover sheet showing the project name, Architect and 

Engineer names, submittal control number, specification section, a list of products or item names with 
model numbers in the order they appear in the package, and spaces for approval stamps.  A sample 
cover sheet is included at the end of this section. 
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1.9.1.1.4 Submittals shall have been reviewed and approved by the General Contractor (or Prime Contractor).  
Evidence of this review and approval shall be an "Approved" stamp with a signature and date on the 
cover sheet. 

 
1.9.1.1.5 Submittals that include a series of fixtures or devices (such as plumbing fixtures or valves) shall be 

organized by the fixture number or valve type and be marked accordingly.  Each fixture must include all 
items associated with that fixture regardless of whether or not those items are used on other fixtures. 

 
1.9.1.1.6 The electrical design shown on the drawings supports the mechanical equipment basis of design 

specifications at the time of design.  If mechanical equipment is submitted with different electrical 
requirements, it is the responsibility of the mechanical contractor to resolve all required electrical design 
changes (wire and conduit size, type of disconnect or overload protection, point(s) of connection, etc.) 
and clearly show the new electrical design on the mechanical submittal with a written statement that this 
change will be provided at no additional cost.  Mechanical submittals made with no written reference to 
the electrical design will be presumed to work with the electrical design.  Any corrections required will 
be at no additional cost. 

 
1.9.2 If the shop drawings show variation from the requirements of contract because of standard shop practice 

or other reasons, the Contractor shall make specific mention of such variation in writing in his letter of 
transmittal and on the submittal cover sheet in order that, if acceptable, Contractor will not be relieved 
of the responsibility for executing the work in accordance with the contract. 

 
1.9.3 Review of shop drawings, product literature, catalog data, or schedules shall not relieve the Contractor 

from responsibility for deviations from contract drawings or specifications, unless he has in writing 
called to the attention of the Architect/Engineer each such deviation in writing at the time of submission, 
nor shall it relieve him from responsibility for errors of any sort in shop drawings, product literature, 
catalog data, or schedules.  Any feature or function specified but not mentioned in the submittal shall be 
assumed to be included per the specification. 

 
1.9.4 Submit shop drawings as called for in other sections after award of the contract and before any material 

is ordered or fabricated.  Shop drawings shall consist of plans, sections, elevations and details to scale 
(not smaller than ¼" per foot), with dimensions clearly showing the installation.  Direct copies of small 
scale project drawings issued to the Contractor are not acceptable.  Drawings shall take into account 
equipment furnished under other sections and shall show space allotted for it.  Include construction 
details and materials.  

 
1.10 Test Reports and Verification Submittals:  Submit test reports, certifications and verification letters as 

called for in other sections.  Contractor shall coordinate the required testing and documentation of 
system performance such that sufficient time exists to prepare the reports, submit the reports, review the 
reports and take corrective action within the scheduled contract time. 

 
1.11 O&M Data Submittals:  Submit Operation and Maintenance data as called for in other sections.  When a 

copy of approval submittals is included in the O&M Manual, only the final “Approved” or “Approved 
as Noted” copy shall be used.  Contractor shall organize these data in the O&M Manuals tabbed by 
specification number.  Prepare O&M Manuals as required by Division 1 and as described herein.  
Submit manuals at the Substantial Completion inspection. 

 
2 PRODUCTS 
 
2.1 All materials shall be new or Owner-supplied reused as shown on the drawings, the best of their 

respective kinds, suitable for the conditions and duties imposed on them at the building and shall be of 
reputable manufacturers.  The description, characteristics, and requirements of materials to be used shall 
be in accordance with qualifying conditions established in the following sections. 

 
2.2 Equipment and Materials: 
 
2.2.1 Shall be new and the most suitable grade for the purpose intended.  Equipment furnished under this 

division shall be the product of a manufacturer regularly engaged in the manufacture of such items for a 
period of three years.  Where practical, all of the components shall be products of a single manufacturer 



Deane Bozeman School                                                                                                                                    230100-4 
Classroom Addition & Site Work 

in order to provide proper coordination and responsibility.  Where required, Contractor shall furnish 
proof of installation of similar units or equipment. 

 
2.2.2 Each item of equipment shall bear a name plate showing the manufacturer's name, trade name, model 

number, serial number, ratings and other information necessary to fully identify it.  This plate shall be 
permanently mounted in a prominent location and shall not be concealed, insulated or painted. 

 
2.2.3 The label of the approving agency, such as UL, IBR, ASME, ARI, AMCA, by which a standard has 

been established for the particular item shall be in full view. 
 
2.2.4 The equipment shall be essentially the standard product of a manufacturer regularly engaged in the 

production of such equipment and shall be a product of the manufacturer's latest design. 
 
2.2.5 A service organization with personnel and spare parts shall be available within two hours for each type 

of equipment furnished. 
 
2.2.6 Install in accordance with manufacturer's recommendations.  Place in service by a factory trained 

representative where required. 
 
2.2.7 Materials and equipment are specified herein by a single or by multiple manufacturers to indicate 

quality, material and type of construction desired.  Manufacturer's products shown on the drawings have 
been used as basis for design; it shall be the Contractor's responsibility to ascertain that alternate 
manufacturer's products, or the particular products of named manufacturers, meet the detailed 
specifications and that size and arrangement of equipment are suitable for installation. 

 
2.2.8 Model Numbers:  Catalog numbers and model numbers indicated in the drawings and specifications are 

used as a guide in the selection of the equipment and are only listed for the contractor's convenience.  
The contractor shall determine the actual model numbers for ordering materials in accordance with the 
written description of each item and with the intent of the drawings and specifications. 

 
2.3 Requests for Substitution: 
 
2.3.1 Where a particular system, product or material is specified by name, consider it as standard basis for 

bidding, and base proposal on the particular system, product or material specified. 
 
2.3.2 Requests by Contractor for substitution will be considered only when reasonable, timely, fully 

documented, and qualifying under one or more of the following circumstances. 
 
2.3.2.1 Required product cannot be supplied in time for compliance with Contract time requirements. 
 
2.3.2.2 Required product is not acceptable to governing authority, or determined to be non-compatible, or 

cannot be properly coordinated, warranted or insured, or has other recognized disability as certified by 
Contractor. 

 
2.3.2.3 Substantial cost advantage is offered Owner after deducting offsetting disadvantages including delays, 

additional compensation for redesign, investigation, evaluation and other necessary services and similar 
considerations. 

 
2.3.3 All requests for substitution shall contain a "Comparison Schedule" and clearly and specifically indicate 

any and all differences or omissions between the product specified as the basis of design and the product 
proposed for substitution.  Differences shall include but shall not be limited to data as follows for both 
the specified and substituted products: 

 
 Principal of operation. 
 Materials of construction or finishes. 
 Thickness of gauge of materials. 
 Weight of item. 
 Deleted features or items. 
 Added features or items. 
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 Changes in other work caused by the substitution. 
 Performance curves. 

 
If the approved substitution contains differences or omissions not specifically called to the attention of 
the Architect/Engineer, the Owner reserves the right to require equal or similar features to be added to 
the substituted products (or to have the substituted products replaced) at the Contractor's expense. 

 
3 EXECUTION 
 
3.1 Workmanship:  All materials and equipment shall be installed and completed in a first-class 

workmanlike manner and in accordance with the best modern methods and practice.  Any materials 
installed which do not present an orderly and reasonably neat and/or workmanlike appearance, or do not 
allow adequate space for maintenance, shall be removed and replaced when so directed by the 
Architect/Engineer. 

 
3.2 Coordination: 
 
3.2.1 The Contractor shall be responsible for full coordination of the mechanical systems with shop drawings 

of the building construction so the proper openings and sleeves or supports are provided for piping, 
ductwork, or other equipment passing through slabs or walls. 

 
3.2.2 Any additional steel supports required for the installation of any mechanical equipment, piping, or 

ductwork shall be furnished and installed under the section of the specifications requiring the additional 
supports. 

 
3.2.3 It shall be the Contractor's responsibility to see that all equipment such as valves, dampers, filters and 

such other apparatus or equipment that may require maintenance and operation are made easily 
accessible, regardless of the diagrammatic location shown on the drawings. 

 
3.2.4 All connections to fixtures and equipment shown on the drawings shall be considered diagrammatic 

unless otherwise indicated by detail.  The actual connections shall be made to fully suit the requirements 
of each case and adequately provide for expansion and servicing. 

 
3.2.5 The contractor shall protect equipment, material, and fixtures at all times.  He shall replace all 

equipment, material, and fixtures which are damaged as a result of inadequate protection. 
 
3.2.6 Prior to starting and during progress of work, examine work and materials installed by others as they 

apply to work in this division.  Report conditions which will prevent satisfactory installation. 
 
3.2.7 Start of work will be construed as acceptance of suitability of work of others. 
 
3.3 Interruption of Service:  Before any equipment is shut down for disconnecting or tie-ins, arrangements 

shall be made with the Architect/Engineer and this work shall be done at the time best suited to the 
Owner.  This will typically be on weekends and/or holidays and/or after normal working hours.  
Services shall be restored the same day unless prior arrangements are made.  All overtime or premium 
costs associated with this work shall be included in the base bid. 

 
3.4 Phasing:  Provide all required temporary valves, piping, ductwork, equipment and devices as required.  

Maintain temporary services to areas as required.  Remove all temporary material and equipment on 
completion of work unless Engineer concurs that such material and equipment would be beneficial to 
the Owner on a permanent basis. 

 
3.5 Cutting and Patching:  Notify General Contractor to do all cutting and patching of all holes, chases, 

sleeves, and other openings required for installation of equipment furnished and installed under this 
section.  Utilize experienced trades for cutting and patching.  Obtain permission from 
Architect/Engineer before cutting any structural items. 

 
3.6 Equipment Setting:  Bolt equipment directly to concrete pads or vibration isolators as required, using 

hot-dipped galvanized anchor bolts, nuts and washers.  Level equipment. 
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3.7 Painting:  Touch-up factory finishes on equipment located inside and outside shall be done under 

Division 23.  Obtain matched color coatings from the manufacturer and apply as directed.  If corrosion 
is found during inspection on the surface of any equipment, clean, prime, and paint, as required. 

 
3.8 Clean-up:  Thoroughly clean all exposed parts of apparatus and equipment of cement, plaster, and other 

materials and remove all oil and grease spots.  Repaint or touch up as required to look like new.  During 
progress of work, contractor is to carefully clean up and leave premises and all portions of building free 
from debris and in a clean and safe condition.   

 
3.9 Start-up and Operational Test:  Start each item of equipment in strict accordance with the manufacturer's 

instructions; or where noted under equipment specification, start-up shall be done by a qualified 
representative of the manufacturer.  Alignment, lubrication, safety, and operating control shall be 
included in start-up check. 

 
3.10 Climate Control:  Operate heating and cooling systems as required after initial startup to maintain 

temperature and humidity conditions to avoid freeze damage and warping or sagging of ceilings and 
carpet.   

 
3.11 Record Drawings: 
 
3.11.1 During the progress of the work the Contractor shall record on their field set of drawings the exact 

location, as installed, of all piping, ductwork, equipment, and other systems which are not installed 
exactly as shown on the contract drawings. 

 
3.11.2 Upon completion of the work, record drawings shall be prepared as described in the General Conditions, 

Supplementary Conditions, and Division 1 sections. 
 
3.12 Acceptance: 
 
3.12.1 Punch List:  Submit written confirmation that all punch lists have been checked and the required work 

completed. 
 
3.12.2 Instructions:  At completion of the work, provide a competent and experienced person who is 

thoroughly familiar with project, for one day to instruct permanent operating personnel in operation of 
equipment and control systems.  This is in addition to any specific equipment operation and 
maintenance training. 

 
3.12.3 Operation and Maintenance Manuals:  Furnish four complete manuals bound in ring binders with Table 

of Contents, organized, and tabbed by specification section.  Manuals shall contain: 
 
 Detailed operating instructions and instructions for making minor adjustments. 
 Complete wiring and control diagrams. 
 Routine maintenance operations. 

Manufacturer's catalog data, service instructions, and parts lists for each piece of operating equipment. 
 Copies of approved submittals. 
 Copies of all manufacturer's warranties. 
 Copies of test reports and verification submittals. 
 
3.12.4 Record Drawings:  Submit record drawings. 
 
3.12.5 Test and Balance Report:  Submit four certified copies.  The Report shall be submitted for review prior 

to the Substantial Completion Inspection unless otherwise required by Division 1. 
 
3.12.6 Acceptance will be made on the basis of tests and inspections of job.  A representative of firm that 

performed test and balance work shall be in attendance to assist.  Contractor shall furnish necessary 
mechanics to operate system, make any necessary adjustments and assist with final inspection. 

 
3.12.7 Control Diagrams:  Frame under glass and mount on equipment room wall. 
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END OF SECTION 230100 
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SECTION 230513 - ELECTRIC MOTORS    

         

1 GENERAL 

 

1.1 Drawings and general provisions of the Contract, including General and Supplementary Conditions and 

Division 1 Specifications Section apply to work of this Section. 

 

1.2 This section is a Division 23 Basic Mechanical Materials and Methods section, and is part of each 

Division 23 section making reference to motors specified herein. 

 

1.3 Extent of motors required by this section is indicated on drawings and/or specified in other Division-23 

sections. 

 

1.4 Comply with the requirements of Division 26. 

 

1.5 UL Compliance:  Comply with applicable UL standards pertaining to motors. 

 

1.6 Approval Submittals:  

 

1.6.1 Product Data:  When required by other Division-23 sections, submit manufacturers standard product 

data sheets for each type of motor provided. Submit with Division-23 section using the motors, not as a 

separate submittal.  Mark data sheet with arrows indicating product being supplied and list by unique 

descriptive name all motors to which each data sheet applies.  Clearly indicate type, service factor, rpm, 

duty cycle, voltage, phase, nominal full load efficiency, power factor and insulation class.  Field verify 

and coordinate mounting and frame requirements for matching the drive.      

 

1.7 O&M Data Submittals:  Submit a copy of approval submittals.  Submit operation and maintenance data 

for each type of motor.  Include these data in O&M Manual.  Submit two copies of nameplate data sheet 

for each motor.  One copy shall be included with the O&M Manual and a second copy shall be inserted 

in a waterproof pouch or bag and attached to the motor.  Nameplate data sheets shall be typed or neatly 

printed and shall include all data on the motor nameplate plus a unique motor description such as 

"AHU-3 Fan Motor", "Distribution Pump #1" or similar description.      

 

2 PRODUCTS 

 

2.1 Acceptable Manufacturers:  Subject to compliance with requirements, General Electric, Baldor, US 

Electric, or approved equal. 

 

2.2 General: 

 

2.2.1 Motors shall conform to applicable portions of NEMA Standard MG-1, Motors and Generators. 

 

2.2.2 Motors shall be sized for the application such that when the driven equipment is operated at rated 

capacity the motor current will not exceed the full-load nameplate current.  Service factor shall not be 

used in normal operation. 

 

2.3 Motor Design:    

 

2.3.1 Integral Horsepower Motors: 

 

2.3.1.1 Motors shall be open drip-proof or totally enclosed fan cooled as shown on the drawings or listed in the 

Division 23 section requiring motors. 

 

2.3.1.2 Motors shall be three phase, 60 hertz, nominal 1800 rpm, rated at 200 volts for 208 volt systems, 230 

volts for 240 volt systems and 460 volts for 480 volt systems. 
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2.3.1.3 Motors shall be NEMA Design B and shall have 1.15 service factor or greater at 60 hertz. 

 

2.3.1.4  Motors shall include shaft grounding.  Grounding shall be internal or shall be factory mounted if 

external.  AEGIS or approved equal. 

 

2.3.1.5 Insulation Systems 

 

2.3.1.5.1 In fixed speed applications, motors shall have Class B insulation with 80ºC rise over 40ºC ambient. 

 

2.3.1.5.2 For variable frequency drive (VFD) applications, motors shall have Class F insulation with 105ºC rise 

over 40ºC ambient.  Motor manufacturer shall identify motors being used for VFD applications by 

marking the motor with a stainless steel name-plate “Inverter Ready”.   

 

2.3.1.6 Motor efficiencies shall be based on IEEE-112, 1984, Test Method B, as specified in NEMA Standard 

MG1-12.53.  NEMA motor efficiency and power factor shall be clearly shown on the motor nameplate.  

Inverter duty motors shall have a CIV rating based on NEMA.  

 

2.3.1.7 Motors shall be premium efficiency type and shall meet or exceed the following minimum nominal 

efficiencies at rated voltage. 

 

 230/460 VOLT, 3 PHASE

 

HORSEPOWER 

RANGE 

MINIMUM 

NOMINAL 

EFFICIENCY 

MINIMUM 

ACCEPTABLE 

POWER FACTOR 

1 to 2 hp 

3 to 5 hp 

7.5 hp 

10 hp 

15 hp 

20 to 25 hp 

30 hp 

40 to 50 hp 

60 hp 

75 hp 

100 to 125 hp 

150 to 200 hp 

over 200 hp 

84.0 pct. 

87.5 pct. 

89.5 pct. 

90.2 pct. 

91.0 pct. 

92.0 pct. 

92.4 pct. 

93.0 pct. 

93.6 pct. 

94.1 pct. 

94.5 pct. 

95.0 pct. 

95.4 pct. 

75.0 pct 

77.0 pct 

80.0 pct 

80.0 pct 

82.0 pct 

82.0 pct 

82.0 pct 

85.0 pct 

85.0 pct 

85.0 pct 

85.0 pct 

85.0 pct 

87.0 pct 
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 200 VOLT, 3 PHASE 

 

HORSEPOWER 

RANGE 

MINIMUM 

NOMINAL 

EFFICIENCY 

MINIMUM 

ACCEPTABLE 

POWER FACTOR 

1 to 2 hp 

3 to 5 hp 

7.5 hp 

10 hp 

15 hp 

20 to 25 hp 

84.0 pct. 

87.5 pct. 

89.5 pct. 

90.2 pct. 

91.0 pct. 

92.0 pct. 

75.0 pct 

77.0 pct 

80.0 pct 

80.0 pct 

80.0 pct 

80.0 pct 

 

2.3.1.8 Motors 25 hp and larger which are to be installed outdoors or in other high humidity areas shall be 

equipped with silicone rubber space heaters.  Space heaters shall be energized when motor is de-

energized. 

 

2.3.2 Fractional Horsepower Motors one-half hp and above: 

 

2.3.2.1 Motors shall be open drip-proof or totally enclosed fan cooled as shown on the drawings or listed in the 

Division 23 section requiring motors. 

 

2.3.2.2 Motors shall be three phase, 60 hertz, nominal 1800 rpm, rated at 200, 230 or 460 volts as shown on the 

drawings. 

 

2.3.2.3 Motors shall be NEMA Design B with class B insulation, unless used with variable frequency drives. 

 

2.3.3 Fractional Horsepower Motors less than one-half hp:  

 

2.3.3.1 Motors shall be single phase, 60 hertz, rated at 120 volts with integral thermal protection. 

 

2.4 Overload Protection:  Properly sized overload protection shall be provided for each motor.  This 

protection may be an integral part of the motor or may be part of the motor controller and shall interrupt 

each ungrounded conductor. 

 

3 EXECUTION 

 

3.1 Motor Size and Location: 

 

3.1.1 Size and location of motors shown on the drawings are based on a particular design and may change 

with a different manufacturer.  Submittal of shop drawings or product literature indicating motor sizes 

or locations different from that designed indicates that Contractor has fully coordinated any required 

changes to the electrical system with other trades.  Approval (if made) is on this basis and no additional 

cost will be allowed for any changes. 

 

3.1.2 Contractor shall verify and make any necessary adjustments to electrical service, branch circuit wiring, 

branch circuit protection, overload protection, disconnect and controller (starter), or VFD based on 

actual nameplate data of the motors supplied prior to installation.  Where applicable, connect motor 

winding thermostat to VFD.  

 

3.2 Motor Voltages:  Contractor shall field verify system voltage prior to ordering or installing any motors.  

Submittal of shop drawings or product literature indicating motor voltages indicates that Contractor has 

fully coordinated the motor with the electrical system and that any discrepancies have been resolved.  

Approval (if made) is on this basis and no additional cost will be allowed for any changes. 
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3.3 Motor Mounting:  Adjust motor mounting as required to adjust the drive train for proper belt operation 

and to accommodate sheave changes or other requirements of the test and balance work. 

 

END OF SECTION 230513 
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SECTION 230519 - METERS AND GAUGES     
  
1 GENERAL 
 
1.1 Drawings and general provisions of Contract, including General and Supplementary Conditions and 

Division-1 Specification sections, apply to work of this section. 
 
1.2 This section is a Division-23 Basic Mechanical Materials and Methods section, and is part of each 

Division-23 section making reference to or requiring meters and gauges specified herein. 
 
1.3 Extent of meters and gauges required by this section is indicated on drawings and/or specified in other 

Division-23 sections. 
 
1.4 UL Compliance:  Comply with applicable UL standards pertaining to meters and gauges. 
 
1.5 ANSI and ISA Compliance:  Comply with applicable portions of ANSI and Instrument Society of America 

(ISA) standards pertaining to construction and installation of meters and gauges. 
 
1.6 Approval Submittals:   
 
1.6.1 Product Data:  When required by other Division-23 sections, submit manufacturer's technical product data 

for each type of meter and gauge.  Submit with Division-23 section using meters and gauges, not as a 
separate submittal.  Include scale range, ratings, and calibrated performance curves, certified where 
indicated.  Submit for: 

 
 Thermometers 
 Pressure gauges 
 Gauge connector plugs 
 Venturi flow meters 
 Automatic balancing valves    
 
1.7 O&M Data Submittals:  Submit a copy of approval submittals.  Submit calibration curves and operating 

instructions for each type of meter or gauge.  Include this data in O&M Manual.     
 
2 PRODUCTS 
 
2.1 Acceptable Manufacturers (Thermometers and Pressure Gauges):  Subject to compliance with 

requirements, Ashcroft, Ernst Gauge Company, Weksler, Marshalltown Instruments, Trerice, Weiss 
Instruments, Wheatley, Fluidyne or approved equal. 

 
2.2 Glass Thermometers: 
 
2.2.1 General:  Provide glass thermometers of materials, capacities, and ranges indicated, designed and 

constructed for use in service indicated. 
 
2.2.2 Case:  Die cast aluminum finished in baked epoxy enamel, glass front, spring secured, 9" long. 
 
2.2.3 Adjustable Joint:  Die cast aluminum, finished to match case, 180° adjustment in vertical plane, 360° 

adjustment in horizontal plane, with locking device.  
 
2.2.4 Tube and Capillary:  Liquid filled, magnifying lens, 1% scale range accuracy, shock mounted.  
 
2.2.5 Scale:  Satin faced, non-reflective aluminum, permanently etched markings. 
 
2.2.6 Stem:  Copper-plated steel or brass for separable socket, length to suit installation. 
 
2.2.7 Range:  Conform to the following: 
 
2.2.7.1 Hot Water:  30° - 240°F with 2°F scale divisions.  
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2.2.7.2 Chilled Water:  30° - 180°F with 2°F scale divisions. 
 
2.3 Thermometer Wells:  Provide thermometer wells constructed of brass or stainless steel, pressure rated to 

match piping system design pressure.  Provide 2" extension for insulated piping.  Provide cap nut with 
chain fastened permanently to thermometer well if wells do not have a permanent instrument installed.  
Same manufacturer as thermometers. 

 
2.4 Pressure Gauges: 
 
2.4.1 General:  Provide pressure gauges of materials, capacities, and ranges indicated, designed and constructed 

for use in service indicated. 
 
2.4.2 Type:  General use, 1% accuracy, ANSI B40.1 grade A, phosphor bronze bourdon type, bottom connection. 
 
2.4.3 Case:  Drawn steel or brass, glass lens, 4-½" diameter.  
 
2.4.4 Connector:  Brass with ¼" male NPT.   
 
2.4.5 Scale:  White coated aluminum with black scale. 
 
2.4.6 Range:  Select so that highest possible pressure does not exceed 75% of full scale. 
 
2.5 Pressure Gauge Cocks: 
 
2.5.1 General:  Provide ¼" ball valves for use as pressure gauge cocks. 
 
2.5.2 Snubber:  ¼" brass bushing with corrosion resistance porous metal disc, through which pressure fluid is 

filtered.  Select disc material for fluid served and pressure rating. 
 
2.6 Gauge Connector Plugs: 
 
2.6.1 Provide temperature gauge connector plugs pressure rated for 500 psi and 200ºF.  Construct of brass and 

finish in nickel-plate, equip with 1/2" NPT fitting, with self-sealing valve core type neoprene gasketed 
orifice suitable for inserting 1/2" O.D. probe assembly from dial type insertion thermometer.  Equip orifice 
with gasketed screw cap and chain.  Provide extension, length equal to insulation thickness, for insulated 
piping.  Pete's Plug or approved equal. 

 
2.6.2 Provide pressure gauge connector plugs pressure rated for 500 psi and 200ºF.  construct of brass and finish 

in nickel-plate, equip with 1/2" NPT fitting, with self-sealing valve core type neoprene gasketed orifice 
suitable for inserting 1/2" O.D. probe assembly from dial type insertion pressure gauge.  Equip orifice with 
gasketed screw cap and chain.  Provide extension, length equal to insulation thickness, for insulated piping.  
Pete's Plug or approved equal. 

 
2.6.3 Provide master test kit with hard plastic case including one 2-1/2" test gauge of suitable range, one gauge 

adapter probe, and one stem pocket testing thermometer (0ºF-220ºF). 
 

2.7  Shutoff and Manual Throttling Venturi Valves 
 

2.7.1   Pipe 2” and Smaller:  Provide as indicated, threaded brass manual throttling venturi valve with large 
diameter plated ball and PTFE seats.  Provide blowout proof stem with EPDM O-ring and PTFE packing 
with packing nut.  Provide 2” extended stem and measurement ports with caps.   
 

2.7.2  Pipe Larger than 2”:  Provide as indicated, flanged steel manual throttling venturi valve with full lug type 
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butterfly valve body with EDPM seat and gasket, stainless steel stem and disc, and nylon bearings.  Provide 
2” extended stem and measurement ports with caps.   
 

2.7.3  Acceptable Manufacturers:  Flow Design, Griswold, Bell & Gossett, NuTech.  
 
2.8 Automatic Balancing Valves: 
 
2.8.1 General:  Provide as indicated, threaded automatic balancing valves equipped with optional valve kits to 

measure the flow rate.  Valves shall utilize a stainless steel flow mechanism that is factory-set with ±5% 
accuracy.  The flow mechanism shall be removable with standard tools to change the flow rate setting. 
Provide dual hose meter kit.  Provide threaded mini’s for terminal unit coils.  Provide metal nameplate to 
indicate flow rate.  Provide valves with pre-formed polyurethane insulation suitable for use on heating and 
cooling systems. 

            
2.8.2 Acceptable Manufacturers:  Griswold, Bell & Gossett, , Flow Design Inc., NuTech 
 
3 EXECUTION 
 
3.1 Installation of Temperature Gauges: 
 
3.1.1 General:  Install temperature gauges in vertical upright position, and tilt so as to be easily read by observer 

standing on floor. 
 
3.1.2 Locations:  Install in the following locations, and elsewhere as indicated: 
 
3.1.2.1 At inlet and outlet of each hydronic coil in air handling units. 
 
3.1.2.2 At inlet and outlet of each hydronic boiler and chiller. 
 
3.1.3 Thermometer Wells:  Install in piping tee where indicated, in vertical upright position.  Thermometers shall 

have at least 75% of stem in moving fluid. 
 
3.1.4 Temperature Gauge Connector Plugs:  Install in piping tee where indicated, located on pipe at most 

readable position.  Secure cap. 
 
3.2 Installation of Pressure Gauges: 
 
3.2.1 General:  Install pressure gauges in piping tee with pressure gauge cock, located on pipe at most readable 

position. 
 
3.2.2 Locations:  Install in the following locations, and elsewhere as indicated: 
 
3.2.2.1 At suction and discharge of each pump. 
 
3.2.2.2 At discharge of each water pressure reducing valve. 
 
3.2.2.3 At inlet and outlet of water cooled condensers and refrigerant cooled chillers. 
 
3.2.3 Pressure Gauge Cocks:  Install in piping tee with snubber.   
 
3.2.4 Pressure Gauge Connector Plugs:  Install in piping tee where indicated, located on pipe at most readable 

position.  Secure cap. 
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3.3 Automatic Balancing Valves:  Install on piping in accordance with the manufacturer’s printed instructions.  
Verify proper operation over full range of control valve and pump operation. 

 
3.4 Adjusting and Cleaning: 
 
3.4.1 Adjusting:  Adjust faces of meters and gauges to proper angle for best visibility. 
 
3.4.2 Cleaning:  Clean windows of meters and gauges and factory-finished surfaces.  Replace cracked or broken 

windows; repair any scratched or marred surfaces with manufacturer's touch-up paint. 
 

END OF SECTION 230519 
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SECTION 230520 - PIPES AND PIPE FITTINGS     
 
1 GENERAL 
 
1.1 Drawings and general provisions of Contract, including General and Supplementary Conditions and 

Division-1 Specification sections, apply to work of this section. 
 
1.2 This section is a Division-23 Basic Mechanical Materials and Methods section, and is part of each 

Division-21,22, or 23 section making reference to pipes and pipe fittings specified herein. 
 
1.3 Extent of pipes and pipe fittings required by this section is indicated on drawings and/or specified in 

other Division-21, 22, or 23 sections. 
  
1.4 Codes and Standards: 
 
1.4.1 Welding:  Qualify welding procedures, welders and operators in accordance with ASME B31.1, or 

ASME B31.9, as applicable, for shop and project site welding of piping work. 
 
1.4.2 Brazing:  Certify brazing procedures, brazers, and operators in accordance with ASME Boiler and 

Pressure Vessel Code, Section IX, for shop and job-site brazing of piping work. 
 
1.5 Test Report and Verification Submittals: 
 
 Submit welding certification for all welding installers. 
 Submit brazing certification for all brazing installers.    
 
2 PRODUCTS 
 
2.1 Piping Materials:  Provide pipe and tube of type, joint type, grade, size and weight (wall thickness or 

Class) indicated for each service.  Where type, grade or class is not indicated, provide proper selection 
as determined by Installer for installation requirements, and comply with governing regulations and 
industry standards. 

 
2.2 Pipe/Tube Fittings:  Provide factory-fabricated fittings of type, materials, grade, class and pressure 

rating indicated for each service and pipe size.  Provide sizes and types matching pipe, tube, valve or 
equipment connection in each case.  Where not otherwise indicated, comply with governing regulations 
and industry standards for selections, and with pipe manufacturer's recommendations where applicable. 

 
2.3 Piping Materials/Products: 
 
2.3.1 Soldering Materials: 
 
2.3.1.1 Tin-Antimony (95-5) Solder:  ASTM B-32, Grade 95TA. 
 
2.3.1.2 Silver-Phosphorus Solder:  ASTM B-32, Grade 96TS. 
 
2.3.2 Pipe Thread Tape:  Teflon tape.   
 
2.3.3 Protective Coating:  Koppers Bitumastic No. 505 or equal. 
 
2.3.4 Gaskets for Flanged Joints:  ANSI B16.21; full-faced for cast iron flanges; raised-face for steel flanges, 

unless otherwise noted. 
 
2.3.5 Welding Materials:  Comply with Section II, Part C, ASME Boiler and Pressure Vessel Code for 

welding materials.  Materials shall be determined by installer to comply with installation requirements. 
 
2.3.6 Brazing Materials:  Silver content of not less than 15%.  Materials shall be determined by installer to 

comply with installation requirements. 
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2.4 Copper Tube and Fittings: 
 
2.4.1 Copper Tube: 
 
2.4.1.1 Copper Tube:  ASTM B88; Type K or L as indicated for each service; hard-drawn temper unless 

specifically noted as annealed. 
 
2.4.1.2 ACR Copper Tube:  ASTM B280.   
 
2.4.2 Fittings: 
 
2.4.2.1 Wrought-Copper Solder-Joint Fittings:  ANSI B16.22. 
 
2.4.2.2 Copper Tube Unions:  Provide standard products recommended by manufacturer for use in service 

indicated. 
 
2.4.2.3 Cast-Copper Flared Tube Fittings:  ANSI B16.26. 
 
2.5 Steel Pipes and Pipe Fittings 
 
2.5.1 Pipes: 
 
2.5.1.1 Black Steel Pipe:  ASTM A-53 or A-120. 
 
2.5.1.2 Galvanized Steel Pipe:  ASTM A-53 or A-120. 

 
2.5.1.3  Stainless Steel Pipe:  Type 304, ASTM A269 
 
2.5.2 Pipe Fittings: 
 
2.5.2.1 Threaded Cast Iron:  ANSI B16.4. 
 
2.5.2.2 Threaded Malleable Iron:  ANSI B16.3; plain or galvanized as indicated. 
 
2.5.2.3 Malleable Iron Threaded Unions:  ANSI B16.39; selected by installer for proper piping fabrication and 

service requirements including style, end connections, and metal-to-metal seats (iron, bronze or brass); 
plain or galvanized as indicated. 

 
2.5.2.4 Threaded Pipe Plugs:  ANSI B16.14. 
 
2.5.2.5 Flanged Cast Iron:  ANSI B16.1, including bolting. 
 
2.5.2.6 Steel Flanges/Fittings:  ANSI B16.5, including bolting and gasketing. 
 
2.5.2.7 Wrought-Steel Buttwelding Fittings:  ANSI B16.9, except ANSI B16.28 for short radius elbows and 

returns, rated to match connected pipe. 
 
2.5.2.8 Pipe Nipples:  Fabricated from same pipe as used for connected pipe; except do not use less than 

schedule 80 pipe where length remaining unthreaded is less than 1 ½ inches, and where pipe size is less 
than 1 ½ inches, and do not thread nipples full length (no close-nipples). 

 
2.5.2.9  Stainless Steel Buttwelding Fittings:  ASTM A403  
 
2.6 Plastic Pipes and Fittings: 
 
2.6.1 Pipes: 
 
2.6.1.1 PVC DWV Pipe:  ASTM D-2665, Schedule 40. 
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2.6.2 Fittings: 
 
2.6.2.1 PVC Solvent Cement:  ASTM D-2564. 
 
2.6.2.2 PVC DWV Socket:  ASTM D-2665. 
 
3 EXECUTION 
 
3.1 Installation 
 
3.1.1 General:  Install pipes and pipe fittings in accordance with recognized industry practices which will 

achieve permanently-leak proof piping systems, capable of performing each indicated service without 
piping failure.  Install each run with minimum joints and couplings, but with adequate and accessible 
unions for disassembly and maintenance or replacement of valves and equipment.  Reduce sizes (where 
indicated) by use of reducing fittings, not bushings.  Align piping accurately at connections, within 
1/16" misalignment tolerance. 

 
3.1.2 Comply with ANSI B31 Code for Pressure Piping. 
 
3.1.3 Locate piping runs, except as otherwise indicated, vertically and horizontally (pitched to drain) and 

avoid diagonal runs wherever possible.  Orient horizontal runs parallel with walls and column lines.  
Locate runs as shown or described by diagrams, details and notations or, if not otherwise indicated, run 
piping in shortest route which does not obstruct usable space or block access for servicing building and 
its equipment.  Hold piping close to walls, overhead construction, columns and other structural and 
permanent-enclosure elements of building; limit clearance to ½" where furring is shown for enclosure or 
concealment of piping, but allow for insulation thickness, if any.  Where possible, locate insulated 
piping for 1" clearance outside insulation.   

 
3.1.4 Concealed Piping:  Unless specifically noted as “Exposed” on the drawings, conceal piping from view 

in finished and occupied spaces, by locating in column enclosures, chases, in hollow wall construction 
or above suspended ceilings; do not encase horizontal runs in solid partitions, except as indicated. 

 
3.1.5 Electrical Equipment Spaces:  Do not run piping through transformer vaults and other electrical, 

communications, or data equipment spaces and enclosures unless shown.  Install drip pan under piping 
that must run through electrical spaces. 

 
3.1.5.1 Cut pipe from measurements taken at the site, not from drawings.  Keep pipes free of contact with 

building construction and installed work. 
 
3.2 Piping System Joints:  Provide joints of the type indicated in each piping system. 
 
3.2.1 Solder copper tube-and-fitting joints where indicated, in accordance with recognized industry practice.  

Cut tube ends squarely, ream to full inside diameter, and clean outside of tube ends and inside of 
fittings.  Apply non-acid type solder flux to joint areas of both tubes and fittings.  Insert tube full depth 
into fitting, and solder in manner which will draw solder full depth and circumference of joint.  Wipe 
excess solder from joint before it hardens. 

 
3.2.2 Thread pipe in accordance with ANSI B2.1; cut threads full and clean using sharp dies.  Ream threaded 

ends to remove burrs and restore full inside diameter.  Apply pipe joint compound, or pipe joint tape 
(Teflon) where recommended by pipe/fitting manufacturer, on male threads at each joint and tighten 
joint to leave not more than 3 threads exposed.  Paint exposed threads to retard rusting. 

 
3.2.3 Flanged Joints:  Match flanges within piping system, and at connection with valves and equipment.  

Clean flange faces and install gaskets.  Tighten bolts to provide uniform compression of gaskets.  Bolts 
shall project 1/8" to 3/8" beyond nut face when tight. 

 
3.2.4 Weld pipe joints in accordance with recognized industry practice and as follows.  Be guided by ANSI 

B.31. 
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3.2.4.1 Weld pipe joints only when ambient temperature is above 0°F. 
 
3.2.4.2 Bevel pipe ends at a 37.5° angle where possible, smooth rough cuts, and clean to remove slag, metal 

particles and dirt. 
 
3.2.4.3 Use pipe clamps or tack-weld joints; 4 welds for pipe sizes to 10".  All welds shall be open-butt. 
 
3.2.4.4 Build up welds with root pass, followed by filler pass and then a cover pass.  Eliminate valleys at center 

and edges of each weld.  Weld by procedures which will ensure elimination of unsound or unfused 
metal, cracks, oxidation, blow-holes and non-metallic inclusions. 

 
3.2.4.5 Do not weld-out piping system imperfections by tack-welding procedures; refabricate to comply with 

requirements. 
 
3.2.4.6 At Installer's option, install forged branch-connection fittings wherever branch pipe is less than 3" and at 

least two pipe sizes smaller than main pipe indicated; or install regular "T" fitting.  Weld-O-Let or equal. 
 
3.2.5 Plastic Pipe Joints:  Comply with manufacturer's instructions and recommendations, and with applicable 

industry standards. 
 
3.2.5.1 Solvent-cemented joints shall be made in accordance with ASTM D-2235 and ASTM F-402. 
 
3.2.5.2 PVC sewer pipe bell/gasket joints shall be installed in accordance with ASTM D-2321. 
 
3.2.6 Braze copper tube-and-fitting joints where indicated, in accordance with ANSI B.31. 
 
3.3 Piping Installation 
 
3.3.1 Install piping to allow for expansion and contraction. 
 
3.3.2 Isolate all copper tubing from steel and concrete by wrapping the pipe at the contact point, and for one 

inch on each side, with a continuous plastic sleeve.  Isolate all copper tubing installed in block walls 
with a continuous plastic sleeve. 

 
3.3.3 Underground Piping: 
 
3.3.3.1 Provide plastic tape markers over all underground piping.  Provide copper wire over all underground 

plastic piping outside the building.  Locate markers 18" above piping. 
 
3.3.3.2 Provide an 8 mil polyvinyl sleeve for the following types of pipe buried underground:  black steel pipe, 

galvanized steel pipe, copper tubing.  
 

END OF SECTION 230520 
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SECTION 230521 - PIPING SPECIALTIES   

 

1 GENERAL 

         

1.1 Drawings and general provisions of contract, including General and Supplementary Conditions and 

Division-1 Specification sections, apply to work of this section. 

 

1.2 This section is a Division-23 Basic Mechanical Materials and Methods section, and is part of each 

Division-21, 22, or 23 section making reference to or requiring piping specialties specified herein. 

 

2 PRODUCTS 

 

2.1 General:  Provide factory-fabricated piping specialties recommended by manufacturer for use in service 

indicated.  Provide piping specialties of types and pressure ratings indicated for each service, or if not 

indicated, provide proper selection as determined by Installer to comply with installation requirements.  

Provide sizes as indicated, and connections, which properly mate with pipe, tube, and equipment 

connections.  Where more than one type is indicated, selection is Installer's option. 

 

2.2 Escutcheons: 

 

2.2.1 General:  Provide pipe escutcheons as specified herein with inside diameter closely fitting pipe outside 

diameter, or outside of pipe insulation where pipe is insulated.  Select outside diameter of escutcheon to 

completely cover pipe penetration hole in floors, walls, or ceilings; and pipe sleeve extension, if any.  

Furnish pipe escutcheons with nickel or chrome finish for occupied areas, prime paint finish for 

unoccupied areas. 

 

2.2.2 Pipe Escutcheons for Moist Areas:  For waterproof floors, and areas where water and condensation can 

be expected to accumulate, provide cast brass or sheet brass escutcheons, solid or split hinged. 

 

2.2.3 Pipe Escutcheons for Dry Areas:  Provide sheet steel escutcheons, solid or split hinged. 

 

2.3 Dielectric Unions:  Provide standard products recommended by manufacturer  for use in service 

indicated, which effectively isolate ferrous from non-ferrous piping (electrical conductance), prevent 

galvanic action and stop corrosion.  . 

 

2.4 Fire Barrier Penetration Seals: 

 

2.4.1 Provide seals for any opening through fire-rated walls, floors, or ceilings used as passage for mechanical 

components such as piping or ductwork in accordance with the requirements of Division 7. 

 

2.5 Fabricated Piping Specialties: 

 

2.5.1 Drip Pans:  Provide drip pans fabricated from corrosion-resistant sheet metal with watertight joints, and 

with edges turned up 2-1/2".  Reinforce top, either by structural angles or by rolling top over ¼" steel 

rod.  Provide hole, gasket, and flange at low point for watertight joint and 1" drain line connection.    

 

2.5.2 Pipe Sleeves:  Provide pipe sleeves of one of the following: 

 

2.5.2.1 Sheet-Metal:  Fabricate from galvanized sheet metal; round tube closed with snaplock joint, welded 

spiral seams, or welded longitudinal joint.  Fabricate from the following gages:  3" and smaller, 20 gage; 

4" to 6" 16 gage; over 6", 14 gage. 

 

2.5.2.2 Steel-Pipe:  Fabricate from Schedule 40 galvanized steel pipe; remove burrs. 

 

2.5.2.3 Iron-Pipe:  Fabricate from cast-iron or ductile-iron pipe; remove burrs. 

 

2.5.3 Sleeve Seals:  Provide sleeve seals for sleeves located in foundation walls below grade, or in exterior 

walls, of one of the following: 

 



 

Deane Bozeman School                                                                                                                                    230521-2 

Classroom Addition & Site Work 

2.5.3.1 Caulking and Sealant:  Provide foam or caulking and sealant compatible with piping materials used. 

 

2.6 Low Pressure Y-Type Pipeline Strainers: 

 

2.6.1 General:  Provide strainers full line size of connecting piping, with ends matching piping system 

materials.  Provide Type 304 stainless steel screens. 

 

2.6.1.1 Water Strainers:  Select for 200 psi working pressure (water, oil or gas).  Provide 20 mesh screens 

through 2" size and 1/16" perforations for 2½" size and larger. 

 

2.6.2 Select from the following types: 

 

2.6.2.1 Threaded Ends, 2" and Smaller:  Cast-iron body, screwed screen retainer with centered blowdown fitted 

with pipe plug. 

 

2.6.2.2 Threaded Ends, 2-1/2" and Larger:  Cast-iron body, bolted screen retainer with off-center blowdown 

fitted with pipe plug. 

 

2.6.2.3 Flanged Ends, 2-1/2" and Larger:  Cast-iron body, bolted screen retainer with off-center blowdown 

fitted with pipe plug. 

 

3 EXECUTION 

 

3.1 Pipe Escutcheons:  Install pipe escutcheons on each pipe penetration through floors, walls, partitions, 

and ceilings where penetration is exposed to view; and on exterior of building.  Secure escutcheon to 

pipe or insulation so escutcheon covers penetration hole, and is flush with adjoining surface. 

 

3.2 Dielectric Nipples:  Install at each piping joint between ferrous and non-ferrous piping.  Comply with 

manufacturer's installation instructions. 

 

3.3 Fire Barrier Penetration Seals:  Provide pipe sleeve as required.  Fill entire opening with sealing 

compound.  Adhere to manufacturer's installation instructions. Refer to Division 7. 

 

3.4 Drip Pans:  Locate drip pans under piping passing over or within 3' horizontally of electrical equipment, 

and elsewhere as indicated.  Hang from structure with rods and building attachments, weld rods to sides 

of drip pan.  Brace to prevent sagging or swaying.  Connect 1" drain line to drain connection, and run to 

nearest plumbing drain or elsewhere as indicated. 

 

3.5 Pipe Sleeves:  Install pipe sleeves of types indicated where piping passes through walls, floors, ceilings, 

and roofs.  Do not install sleeves through structural members of work, except as detailed on drawings, or 

as reviewed by Architect/Engineer.  Install sleeves accurately centered on pipe runs.  Size sleeves so that 

piping and insulation (if any) will have free movement in sleeve, including allowance for thermal 

expansion; but not less than 2 pipe sizes larger than piping run.  Where insulation includes vapor-barrier 

jacket, provide sleeve with sufficient clearance for installation.  Install length of sleeve equal to 

thickness of construction penetrated, and finish flush to surface; except floor sleeves.  Extend floor 

sleeves ¼" above level floor finish, and ¾" above floor finish sloped to drain.  Provide temporary 

support of sleeves during placement of concrete and other work around sleeves, and provide temporary 

closure to prevent concrete and other materials from entering sleeves. 

 

3.5.1 Install sleeves in fire-rated assemblies in accordance with the listing of the assembly and the fire barrier 

sealant. 

 

3.5.2 Install sheet-metal sleeves at interior partitions and ceilings other than suspended ceilings.  Fill annular 

space with caulking or fire barrier sealant as required. 

  

3.5.3 Install steel-pipe sleeves at floor penetrations.  Fill annular space with caulking or fire barrier sealant as 

required. 
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3.5.4 Install iron-pipe sleeves at all foundation wall penetrations and at exterior penetrations; both above and 

below grade.  Fill annular space with caulking or mechanical sleeve seals. 

 

3.6 Y-Type Strainers:  Install Y-type strainers full size of pipeline, in accordance with manufacturer's 

installation instructions.  Install pipe nipple and shutoff valve in strainer blow down connection, full size 

of connection, except for strainers ¾" and smaller installed ahead of control valves feeding individual 

terminals.  Where indicated, provide drain line from shutoff valve to plumbing drain, full size of blow 

down connection. 

 

3.7 Locate Y-type strainers in supply line ahead of the following equipment, and elsewhere as indicated, if 

integral strainer is not included in equipment: 

 

 Pumps 

 Temperature control valves. 

 Pressure reducing valves. 

 Temperature or pressure regulating valves. 

 

END OF SECTION 230521 
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SECTION 230523 - VALVES   

 

1 GENERAL 

 

1.1 Drawings and general provisions of Contract, including General and Supplementary Conditions and 

Division-1 Specification sections, apply to the work of this section. 

 

1.2 This section is a Division-23 Basic Materials and Methods section, and is part of each Division-21, 22, or 

23 section making reference to or requiring valves specified herein. 

 

1.3 Extent of valves required by this section is indicated on drawings and/or specified in other Division-21, 22, 

or 23 sections. 

 

1.4 Quality Assurance: 

 

1.4.1 Valve Dimensions:  For face-to-face and end-to-end dimensions of flanged or welding-end valve bodies, 

comply with ANSI B16.10. 

 

1.4.2 Valve Types:  Provide valves of same type by same manufacturer. 

 

 

1.4.3 Valve Listing:  For valves on fire protection piping, provide UL listing.   

 

1.4.4 Valves Installed in Boiler Rooms:  Comply with ASME Boiler and Pressure Vessel Code. 

 

1.5 Approval Submittals:  Submit product data, catalog cuts, specifications, and dimensioned drawings for each 

type of valve.  Include pressure drop curve or chart for each type and size of valve.  Submit valves with 

Division-23 section using the valves, not as a separate submittal. For each valve, identify systems where the 

valve is intended for use. 

 

 Gate Valves.  Type GA. 

 Check Valves.  Type CK. 

 Ball Valves.  Type BA. 

 Butterfly Valves.  Type BF.     

 

1.6 O&M Data Submittals:  Submit a copy of approval submittals.  Submit installation instructions, 

maintenance data and spare parts lists for each type of valve.  Include this data in the O&M Manual.      

 

2 PRODUCTS 

 

2.1 General:  Provide factory-fabricated valves recommended by manufacturer for use in service indicated.  

Provide valves of types and pressure ratings indicated; provide proper selection as determined by Installer 

to comply with specifications and installation requirements.  Provide sizes as indicated, and connections 

which properly mate with pipe, tube, and equipment connections. 

 

2.2 Acceptable Manufacturers:  Subject to compliance with requirements, provide valves of one of the 

producers listed for each valve type.  The model numbers are listed for contractor’s convenience only.  In 

the case of a model number discrepancy, the written description shall govern. 

   

2.3 Gate Valves: 

 

2.3.1 Packing:  Select valves designed for repacking under pressure when fully opened, equipped with non-

asbestos packing suitable for intended service.  Select valves designed so back seating protects packing and 

stem threads from fluid when valve is fully opened, and equipped with gland follower. 

 

2.3.2 Comply with the following standards: 

 

 Cast Iron Valves:  MSS SP-70.  Cast Iron Gate Valves, Flanged and Threaded Ends. 

 Bronze Valves:  MSS SP-80.  Bronze Gate, Globe, Angle and Check Valves. 
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 Steel Valves:  ANSI B16.34.  Steel Standard Class Valve Ratings. 

 

2.3.3 Types of gate (GA) valves: 

 

1 Threaded Ends 2" and Smaller (GA1):  Class 125, bronze body, screwed bonnet, rising stem, solid 

wedge.  Stockham B-100.  Nibco T-111.  Crane 428.  Milwaukee 148. 

 

2 Soldered Ends 2" and Smaller (GA2):  Class 125, bronze body, screwed bonnet, non-rising stem, 

solid wedge.  Stockham B-108 or B-109.  Nibco S-111.  Crane 1334.  Milwaukee 149. 

 

3 Flanged Ends 2½" and Larger (GA3):  Class 125, iron body, bronze mounted, bolted bonnet, 

rising stem, OS&Y, solid wedge.  Stockham G-623.  Nibco F617-0.  Crane 465½.  Milwaukee 

F2885. 

 

4 Threaded Ends 2" and Smaller (GA4):  Class 150, bronze body, screwed bonnet, rising stem, solid 

wedge.  Stockham B-122.  Nibco T-131.  Crane 431.  Milwaukee 1150. 

 

5 Soldered Ends 2" and Smaller (GA5):  Class 150, bronze body, screwed bonnet, rising stem, solid 

wedge.  Stockham B-124.  Nibco S-134.  Milwaukee 1169. 

 

6 Threaded Ends 2" and Smaller (GA6):  175 WWP, bronze body, screwed bonnet, rising stem, 

OS&Y, solid wedge, UL-listed.  Stockham B-133.  Nibco T-104-0. 

 

7 Flanged Ends 2½" and Larger (GA7):  175 WWP, iron body, bolted bonnet, rising stem, OS&Y, 

solid wedge, UL listed.  Stockham G-634.  Nibco F-607-0TS 

 

8 Threaded Ends 2" and Smaller (GA8):  Class 200, bronze body, union bonnet, rising stem, solid 

wedge, renewable seat.  Stockham B-132.  Nibco T-154-SS.  Milwaukee 1174. 

 

9 Flanged Ends 2½" and Larger (GA9):  Class 250, iron body bronze mounted, bolted bonnet, rising 

stem, OS&Y, solid wedge.  Stockham F-667.  Nibco F-667-0.  Crane 7½E.  Milwaukee F-2894. 

 

10 Threaded Ends 2" and Smaller (GA10):  Class 300, bronze body, union bonnet, rising stem, solid 

wedge, renewable seat.  Stockham B-145.  Nibco T-174-SS.  Crane 634E.  Milwaukee 1184. 

 

11 Flanged Ends 2½" and Larger (GA11):  Class 300, cast steel body, bolted bonnet, rising stem, 

solid wedge, seal-welded seat rings.  Provide trim to match use.  Stockham 30-0F.  Crane 33. 

 

12 Flanged Ends 2½" and Larger (GA12):  300 WWP, iron body, bolted bonnet, bronze mounted, 

rising stem, OS&Y, solid wedge, UL-listed.  Stockham F-670.  Nibco F-697-0. 

 

2.4        Check Valves: 

 

2.4.1 Construction:  Construct valves of castings free of any impregnating materials.  Construct valves with a 

bronze regrinding disc with a seating angle of 40º to 45º, unless a composition disc is specified.  Provide 

stop plug as renewable stop for disc hanger, unless otherwise specified.  Disc and hanger shall be separate 

parts with disc free to rotate.  Support hanger pins on both ends by removable side plugs. 

 

2.4.2 Comply with the following standards: 

 

 Cast Iron Valves:  MSS SP-71.  Cast Iron Swing Check Valves, Flanged and Threaded Ends. 

 Bronze Valves:  MSS SP-80.  Bronze Gate, Globe, Angle and Check Valves. 

 Steel Valves:  ANSI B16.34.  Steel Standard Class Valve Ratings. 

 

2.4.3 Types of check (CK) valves: 

 

1 Threaded Ends 2" and Smaller (CK1):  Class 125, bronze body, screwed cap, horizontal swing, 

bronze disc.  Stockham B-319.  Nibco T-413-BY.  Crane 1707.  Milwaukee 509. 
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2 Soldered Ends 2" and Smaller (CK2):  Class 125, bronze body, screwed cap, horizontal swing, 

bronze disc.  Stockham B-309.  Nibco S-413-B.  Crane 1707S.  Milwaukee 1509. 

 

3 Flanged Ends 2½" and Larger (CK3):  Class 125, iron body, bronze-mounted, bolted cap, 

horizontal swing, cast-iron or composition disc.  Stockham G-931 or G-932 as applicable.  Nibco 

F918-B.  Crane 373.  Milwaukee F2974 as applicable. 

 

4 Threaded Ends 2" and Smaller (CK4):  200 WWP, bronze body, screwed cap, horizontal swing, 

regrinding type bronze disc, for fire sprinkler use.  Nibco KT-403-W. 

 

5 Flanged Ends 2½" and Larger (CK5): 175 WWP, iron body, bolted cap, bronze mounted, 

composition disc, UL listed, with ball drip if required. Stockham G-940. Nibco F-908-W. 

 

6 Threaded Ends 2" and Smaller (CK6):  Class 200, bronze body, screwed cap, Y-pattern swing, 

regrinding bronze disc.  Stockham B-345.  Nibco T-453-B.  Crane 36.  Milwaukee 518/508. 

 

7 Flanged Ends 2½" and Larger (CK7):  Class 250, iron body, bronze mounted, bolted cap, cast-iron 

disc.  Stockham F-947.  Nibco F-968-B.  Crane 39E.  Milwaukee F2970. 

 

8 Threaded Ends 2" and Smaller (CK8):  Class 300, bronze body, screwed cap, Y-pattern swing, 

regrinding bronze disc.  Stockham B-375.  Nibco T-473-B.  Crane 76E.  Milwaukee 517/507. 

 

9 Flanged Ends 2½" and Larger (CK9):  Class 300, cast steel body, bolted cap, horizontal swing, 

seal welded seat rings, chromium stainless disc.  Stockham 30-SF.  Crane 159. 

 

10  Pump Discharge (CK10): Silent, Spring check valve, class 125 minimum, integral cast flanges, 

302SS springs, ductile iron or cast iron globe body, bronze disc.  Mueller 105MAP, StayFlow 

SIL-DG1, Titan CV 50-DI. 

 

2.5        Ball Valves: 

  

2.5.1 General:  Select with port area equal to or greater than connecting pipe area, include seat ring designed to 

hold sealing material. 

 

2.5.2 Construction:  Ball valves shall be rated for 150 psi saturated steam and 600 psi non-shock cold water.  

Pressure containing parts shall be constructed of ASTM B-584 alloy 844, or ASTM B-124 alloy 377.  

Valves shall be furnished with blow-out proof bottom loaded stem constructed of ASTM B-371 alloy 694 

or other approved low zinc material.  Provide TFE packing, TFE thrust washer, chrome-plated ball and 

reinforced teflon seats.  Valves 1" and smaller shall be full port design.  Valves 1¼" and larger shall be 

conventional port design.  Stem extensions shall be furnished for use in insulated piping where insulation 

exceeds ½” thickness. 

 

2.5.3 Comply with the following standards: 

 

MSS SP-72.  Ball Valves with Flanged or Butt Welding Ends for General Service. 

MSS SP-110.  Ball Valves Threaded, Socket-Welding, Solder Joint, Grooved and Flared Ends. 

 

2.5.4 Types of ball (BA) valves: 

          

1 Threaded Ends 2" and Smaller (BA1):  Bronze two-piece full port body with adjustable stem 

packing, stainless steel ball, trim, and handle.  Nibco T-585-66.  Stockham T285-BR-R-T.  

Milwaukee BA100S.  Apollo 77-100. 

 

2 Soldered Ends 2" and Smaller (BA2):  Bronze three-piece full port body with adjustable stem 

packing.   Nibco S-595-Y-66.  Milwaukee BA350.  Apollo 82-200. 

 

3 Threaded Ends 1" and Smaller (BA3):  Bronze two-piece full port body, UL listed (UL 842) for 

use with flammable liquids and LP gas.  Nibco T-585-70-UL.  
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4 Threaded Ends 2" and Smaller (BA4):  175 WWP, bronze two-piece body, UL listed for fire 

protection service.  Nibco KT-585-70-UL and KT-580-70-UL. 

 

5 Threaded Ends 2" and Smaller (BA5):  400 WWP, bronze two-piece body, for fire protection 

service.  Nibco KT-580. 

 

6 Threaded Ends 2½" and Smaller (BA6):  300 WWP, bronze three-piece body, gear operator with 

handwheel, indicator flag, accepts tamper switch, for fire protection, UL listed.  Nibco T-505-4 

and G-505-4. 

 

7 Flanged Ends 2½” and Larger (BA7): Class 150, carbon steel full bore two-piece body with 

adjustable stem packing, stainless steel ball, trim, and handle.  Nibco F515-S6 series.  Apollo 

88A-240. 

 

2.6        Butterfly Valves: 

 

2.6.1 General:  Comply with MSS SP-67, Butterfly Valves.  Provide butterfly valves designed for tight shut-off.  

Where used for terminal or equipment removal or repair, select lug type valves.  Select wafer type valves 

for other applications.  Provide gear operators on all butterfly valves 6" and larger. 

 

2.6.2 Types of butterfly (BF) valves: 

 

1 Wafer Type 3" and Larger (BF1):  200 CWP, cast-iron body, lever-operated, cadmium-plated 

ductile iron disc, Type 410 stainless steel stem, EPT seat.  Stockham LG-512.  Nibco WD 2110-3.  

Crane 42-FXB-TL.  Milwaukee MW222E-8416. 

 

2 Lug Type 3" and Larger (BF2):  200 CWP, cast-iron body, lever-operated, cadmium-plated ductile 

iron disc, Type 410 stainless steel stem, EPT seat.  Stockham LG-712.  Nibco LD 2110-3.  Crane 

44-FXB-TL.  Milwaukee ML132B-8416. 

 

3 Wafer Type 3" and Larger (BF3):  150/200 CWP, cast-iron body, gear-operated, cadmium-plated 

ductile iron disc, Type 410 stainless steel stem, EPT seat.  Stockham LG-522 and LG-521.  Nibco 

WD 2110-5.  Crane 42-FXB-G.  Milwaukee MW 122B-8115. 

 

4 Lug Type 3" and Larger (BF4):  150/200 CWP, cast-iron body, gear-operated, cadmium-plated 

ductile iron disc, Type 410 stainless steel stem, EPT seat.  Stockham LG-722 and LG-721.  Nibco 

LD 2110-5.  Crane 44-FXB-G.  Milwaukee ML 132B-8115. 

 

5 Wafer Type 4" and Larger (BF5):  175 WWP, cast-iron body, gear-operated, nickel-plated ductile 

iron disc, Type 410 stainless steel stem, EPT seat, UL listed.  Stockham LG-52U.  Nibco WD 

3510-8. 

 

6 Lug Type 4" and Larger (BF6):  175 WWP, cast-iron body, gear-operated, nickel-plated ductile 

iron or aluminum bronze disc, Type 410 stainless steel stem, EPT seat, UL listed.  Stockham LG-

72U.  Nibco LD 3510-8. 

 

7 Grooved Type 4" and Larger (BF7):  175 WWP, cast-iron body, gear-operated, nickel-plated 

ductile iron or aluminum bronze disc, Type 410 stainless steel stem, EPT seat, UL listed.  

Stockham LG-82U.  Nibco GD 1765-2. 

 

2.7        Valve Features: 

 

2.7.1 General:  Provide valves with features indicated and, where not otherwise indicated, provide proper valve 

features as determined by Installer for installation requirements.  Comply with ANSI B31.1 

 

2.7.2 Valve features specified or required shall comply with the following: 

 

1 Bypass:  Comply with MSS SP-45, and except as otherwise indicated, provide manufacturer's 

standard bypass piping and valving.  Provide for gate valves 8" and larger. 
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2 Drain:  Comply with MSS SP-45, and provide threaded pipe plugs complying with applicable 

Division-22 pipe or tube section.  Provide for gate valves 8" and larger. 

 

3 Flanged:  Provide valve flanges complying with ANSI B16.1 (cast iron), ANSI B16.5 (steel), or 

ANSI B16.24 (bronze). 

 

4 Threaded:  Provide valve ends complying with ANSI B2.1. 

 

5 Solder-Joint:  Provide valve ends complying with ANSI B16.18. 

 

6 Trim:  Fabricate pressure-containing components of valve, including stems (shafts) and seats from 

brass or bronze materials, of standard alloy recognized in valve manufacturing industry unless 

otherwise specified. 

 

7 Non-Metallic Disc:  Provide non-metallic material selected for service indicated in accordance 

with manufacturer's published literature. 

 

8 Renewable Seat:  Design seat of valve with removable disc, and assemble valve so disc can be 

replaced when worn. 

 

9 Extended Stem:  Increase stem length by 2" minimum, to accommodate insulation applied over 

valve. 

 

10 Mechanical Actuator:  Provide factory-fabricated gears, gear enclosure, external chain attachment 

and chain designed to provide mechanical advantage in operating valve for all valves 4" and larger 

that are mounted more than 7'-0" above the floor, or are otherwise difficult to operate regardless of 

height. 

 

3 EXECUTION 

 

3.1 Installation: 

 

3.1.1 General:  Install valves where required for proper operation of piping and equipment, including valves in 

branch lines to isolate sections of piping.  Locate valves so as to be accessible and so that separate support 

can be provided when necessary.  Install valves with stems pointed up, in vertical position where possible, 

but in no case with stems pointed downward below horizontal plane. 

 

3.1.2 Insulation:  Where insulation is indicated, install extended-stem valves, arranged in proper manner to 

receive insulation. 

 

3.1.3 Applications Subject to Corrosion:  Do not install bronze valves and valve components in direct contact 

with steel, unless bronze and steel are separated by dielectric insulator. 

 

3.1.4 Mechanical Actuators:  Install mechanical actuators as recommended by valve manufacturer. 

 

3.2 Selection of Valve Ends (Pipe Connections):  Except as otherwise indicated, select and install valves with 

the following ends or types of pipe/tube connections: 

 

3.2.1 Tube Size 2" and Smaller: Threaded valves.   

 

3.2.2 Pipe Size 2" and Smaller:  Threaded valves. 

 

3.2.3 Pipe Size 2½" and Larger:  Flanged valves. 

 

3.3 Non-Metallic Disc:  Limit selection and installation of valves with non-metallic disc to locations indicated 

and where foreign material in piping system can be expected to prevent tight shutoff of metal seated valves. 

 

3.4 Renewable Seats:  Select and install valves with renewable seats, except where otherwise indicated. 
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3.5 Installation of Check Valves:  Install in horizontal position with hinge pin horizontally perpendicular to 

center line of pipe.  Install for proper direction flow. 

 

END OF SECTION 230523 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

THIS PAGE INTENTIONALLY LEFT BLANK 

 

 

 



Deane Bozeman School                                                                                                                                    230529-1 
Classroom Addition & Site Work 

SECTION 230529 - SUPPORTS, ANCHORS, AND SEALS 
  
1 GENERAL 
 
1.1 Drawings and general provisions of Contract, including General Supplementary Conditions and 

Division-1 Specification sections, apply to work of this section. 
 
1.2 This section is a Division-23 Basic Materials and Methods section, and is a part of each Division-21, 22, 

or 23 section making reference to or requiring supports, anchors, and seals specified herein. 
 
1.3 Extent of supports, anchors, and seals required by this section is indicated on drawings and/or specified 

in other Division-21, 22, or 23 sections. 
 
1.4 Code Compliance:  Comply with applicable codes pertaining to product materials and installation of 

supports, anchors, and seals. 
 
1.5 MSS Standard Compliance: 
 
1.5.1 Provide pipe hangers and supports of which materials, design, and manufacture comply with ANSI/MSS 

SP-58. 
            
1.5.2 Select and apply pipe hangers and supports, complying with MSS SP-69. 
 
1.5.3 Fabricate and install pipe hangers and supports, complying with MSS SP-89. 
 
1.5.4 Terminology used in this section is defined in MSS SP-90.  
 
1.6 UL  Compliance:  Provide products which are Underwriters Laboratories listed   . 
 
2 PRODUCTS 
 
2.1 Acceptable Manufacturers:  Subject to compliance with requirements, provide supports and hangers by 

Grinnel, Michigan Hanger Company, B-Line Systems, or approved equal. 
 
2.2 Horizontal-Piping Hangers and Supports:  Except as otherwise indicated, provide factory-fabricated 

horizontal-piping hangers and supports complying with ANSI/MSS SP-58, of one of the following MSS 
types listed, selected by Installer to suit horizontal-piping systems, in accordance with MSS SP-69 and 
manufacturer's published product information.  Use only one type by one manufacturer for each piping 
service.  Select size of hangers and supports to exactly fit pipe size for bare piping, and to exactly fit 
around piping insulation with saddle or shield for insulated piping.  Provide copper-plated hangers and 
supports for copper-piping systems. 

 
2.2.1 Adjustable Steel Clevises:  MSS Type 1. 
 
2.2.2 Steel Double Bolt Pipe Clamps:  MSS Type 3.  
 
2.2.3 Adjustable Steel Band Hangers:  MSS Type 7. 
 
2.2.4 Steel Pipe Clamps:  MSS Type 4. 
 
2.2.5 Pipe Stanchion Saddles:  MSS Type 37, including steel pipe base support and cast-iron floor flange. 
 
2.2.6 Single Pipe Rolls:  MSS Type 41.  
 
2.2.7 Adjustable Roller Hanger:  MSS Type 43. 
 
2.2.8 Pipe Roll Stands:  MSS Type 44 or Type 47. 
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2.3 Vertical-Piping Clamps:  Except as otherwise indicated, provide factory-fabricated vertical-piping 
clamps complying with ANSI/MSS SP-58, of one of the following MSS types listed, selected by 
Installer to suit vertical piping systems, in accordance with MSS SP-69 and manufacturer's published 
product information.  Select size of vertical piping clamps to exactly fit pipe size of bare pipe.  Provide 
copper-plated clamps for copper-piping systems. 

 
2.3.1 Two-Bolt Riser Clamps:  MSS Type 8. 
 
2.3.2 Four-Bolt Riser Clamps:  MSS Type 42. 
 
2.4 Hanger-Rod Attachments:  Except as otherwise indicated, provide factory-fabricated hanger-rod 

attachments complying with ANSI/MSS SP-58, of one of the following MSS types listed, selected by 
Installer to suit horizontal-piping hangers and building attachments, in accordance with MSS SP-69 and 
manufacturer's published product information.  Use only one type by one manufacturer for each piping 
service.  Select size of hanger-rod attachments to suit hanger rods.  Provide copper-plated hanger-rod 
attachments for copper-piping systems. 

 
2.4.1 Steel Turnbuckles:  MSS Type 13. 
 
2.4.2 Malleable Iron Sockets:  MSS Type 16. 
 
2.5 Building Attachments:  Except as otherwise indicated, provide factory-fabricated building attachments 

complying with ANSI/MSS SP-58, of one of the following MSS types listed, selected by Installer to suit 
building substrate conditions, in accordance with MSS SP-69 and manufacturer's published product 
information.  Select size of building attachments to suit hanger rods.   

 
2.5.1 Center Beam Clamps:  MSS Type 21. 
 
2.5.2 C-Clamps:  MSS Type 23. 
 
2.5.3 Malleable Beam Clamps:  MSS Type 30. 
 
2.5.4 Side Beam Brackets:  MSS Type 34. 
 
2.5.5 Concrete Inserts:  MSS Type 18. 
 
2.6 Saddles and Shields:  Except as otherwise indicated, provide saddles or shields under piping hangers and 

supports, factory-fabricated, for all insulated piping.  Size saddles and shields for exact fit to mate with 
pipe insulation. 

 
2.6.1 Protection Shields:  MSS Type 40; of length recommended by manufacturer to prevent crushing of 

insulation. 
 
2.6.2 Protection Saddles:  MSS Type 39; use with rollers, fill interior voids with segments of insulation 

matching adjoining insulation. 
 
2.7 Miscellaneous Materials: 
 
2.7.1 Metal Framing:  Provide products complying with NEMA STD ML 1. 
 
2.7.2 Steel Plates, Shapes and Bars:  Provide products complying with ANSI/ASTM A 36. 
 
2.7.3 Cement Grout:  Portland cement (ANSI/ASTM C 150, Type I or Type III) and clean uniformly graded, 

natural sand (ANSI/ASTM C 404, Size No. 2).  Mix at a ratio of 1.0 part cement to 3.0 parts sand, by 
volume, with minimum amount of water required for placement and hydration. 

 
2.7.4 Heavy-Duty Steel Trapezes:  Fabricate from steel shapes or continuous channel struts selected for loads 

required; weld steel in accordance with AWS standards. 
 



Deane Bozeman School                                                                                                                                    230529-3 
Classroom Addition & Site Work 

3 EXECUTION 
 
3.1 Preparation 
 
3.1.1 Proceed with installation of hangers, supports and anchors only after required building structural work 

has been completed in areas where the work is to be installed.  Correct inadequacies including (but not 
limited to) proper placement of inserts, anchors and other building structural attachments. 

 
3.1.2 Prior to installation of hangers, supports, anchors and associated work, Installer shall meet at project site 

with Contractor, installer of each component of associated work, and installers of other work requiring 
coordination with work of this section for purpose of reviewing material selections and procedures to be 
followed in performing the work in compliance with requirements specified. 

 
3.2 Installation of Building Attachments: 
 
3.2.1 Install building attachments at required locations within concrete or on structural steel for proper piping 

support.  Space attachments within maximum piping span length indicated in MSS SP-69.  Install 
additional building attachments where support is required for additional concentrated loads, including 
valves, flanges, guides, strainers, expansion joints, and at changes in direction of piping.  Install concrete 
inserts before concrete is placed; fasten insert securely to forms.  Where concrete with compressive 
strength less than 2500 psi is indicated, install reinforcing bars through openings at top of inserts. 

 
3.2.2 In areas of work requiring attachments to existing concrete, use self drilling rod inserts, Phillips Drill 

Co., "Red-Head" or equal. 
 
3.3 Installation of Hangers and Supports: 
 
3.3.1 General:  Install hangers, supports, clamps and attachments to support piping properly from building 

structure; comply with MSS SP-69.  Arrange for grouping of parallel runs of horizontal piping to be 
supported together on trapeze type hangers where possible.  Install supports with maximum spacings 
complying with MSS SP-69 or as listed herein, whichever is most limiting.  Where piping of various 
sizes is to be supported together by trapeze hangers, space hangers for smallest pipe size or install 
intermediate supports for smaller diameter pipe.  Do not use wire or perforated metal to support piping, 
and do not support piping from other piping. 

 
3.3.1.1 Horizontal steel pipe and copper tube 1-1/4" diameter and smaller:  support on 6 foot centers. 
 
3.3.1.2 Horizontal steel pipe and copper tube 1-1/2" diameter and larger: support on 10 foot centers. 
 
3.3.1.3 Vertical steel pipe and copper tube:  support at each floor. 
 
3.3.1.4 Plastic pipe:  support in accordance with manufacturer's recommendations and the Florida Building 

Code, Plumbing. 
 
3.3.1.5 Fire protection piping:  support in accordance with NFPA 13. 
 
3.3.2 Install hangers and supports complete with necessary inserts, bolts, rods, nuts, washers and other 

accessories.   
 
3.3.3 Paint all black steel hangers with black enamel.  Galvanized steel and copper clad hangers do not require 

paint. 
 
3.3.4 Prevent electrolysis in support of copper tubing by use of hangers and supports which are copper plated, 

or by other recognized industry methods. 
 
3.3.5 Provision for Movement: 
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3.3.5.1 Install hangers and supports to allow controlled movement of piping systems and to permit freedom of 
movement between pipe anchors, and to facilitate action of expansion joints, expansion loops, expansion 
bends and similar units. 

 
3.3.5.2 Load Distribution:  Install hangers and supports so that piping live and dead loading and stresses from 

movement will not be transmitted to connected equipment. 
 
3.3.5.3 Pipe Slopes:  Install hangers and supports to provide indicated pipe slopes, and so that maximum pipe 

deflections allowed by ANSI B31 are not exceeded. 
 
3.3.6 Insulated Piping:  Comply with the following installation requirements. 
 
3.3.6.1 Shields:  Where low-compressive-strength insulation or vapor barriers are indicated, install coated 

protective shields.   
 
3.3.6.2 Clamps:  Attach clamps, including spacers (if any), to piping with clamps projecting through insulation; 

do not exceed pipe stresses allowed by ANSI B31. 
 
3.3.7 Support fire protection piping independently of other piping. 
 
3.4 Installation of Anchors: 
 
3.4.1 Install anchors at proper locations to prevent stresses from exceeding those permitted by ANSI B31, and 

to prevent transfer of loading and stresses to connected equipment. 
 
3.4.2 Fabricate and install anchors by welding steel shapes, plates and bars to piping and to structure.  Comply 

with ANSI B31 and with AWS standards. 
 
3.4.3 Anchor Spacings:  Where not otherwise indicated, install anchors at ends of principal pipe-runs, at 

intermediate points in pipe-runs between expansion loops and elbows.  Make provisions for preset of 
anchors as required to accommodate both expansion and contraction of piping. 

 
3.4.4 Where expansion compensators are indicated, install anchors in accordance with expansion unit 

manufacturer's written instructions to limit movement of piping and forces to maximums recommended 
by manufacturer for each unit. 

 
3.5 Equipment Bases: 

 
3.5.1  Provide concrete housekeeping bases for all floor mounted equipment furnished as part of the work of 

Division 23.  Size bases to extend minimum of 4" beyond equipment base in any direction; and 4" 
above finished floor elevation.  Construct of reinforced concrete, roughen floor slab beneath base for 
bond, and provide steel rod anchors between floor and base.  Locate anchor bolts using equipment 
manufacturer's templates.  Chamfer top and edge corners. 
 

3.5.2  Provide structural steel stands to support equipment not floor mounted or hung from structure.  
Construct of structural steel members or steel pipe and fittings.  Provide factory-fabricated tank saddles 
for tanks mounted on steel stands.  Prime and paint with black enamel. 

 
END OF SECTION 230529 
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SECTION 230548 - VIBRATION ISOLATION    
 
1 GENERAL 
 
1.1 Drawings and general provisions of Contract, including General and Supplementary Conditions and 

Division-1 Specification sections, apply to work of this section. 
 
1.2 This section is a Division-23 Basic Mechanical Materials and Methods section, and is part of each 

Division-23 section making reference to vibration isolation equipment. 
 
1.3 Extent of vibration isolation required by this section is indicated on drawings and/or specified in other 

Division-23 sections. 
 
1.4 Approval Submittals:  When required by other Division-23 sections, submit product data sheets for each 

type of vibration isolation equipment including configuration and rating data.  Submit with Division-23 
section using vibration isolation, not as a separate submittal.  Provide calculations showing supported 
weight, deflection, and isolator size and type for each item of supported equipment.  Submit for: 

 
 Equipment Mountings.  Type EM. 
 Hangers.  Type HA. 
 Bases and Frames.  Type BF. 
 Pipe Flexible Connections.  Type PF. 
 
1.5 O&M Data Submittals:  Submit a copy of approval submittals for each type of vibration isolation 

equipment.  Include this data in O&M Manual.   
 
2 PRODUCTS 
 
2.1 General:  Provide factory-fabricated products recommended by manufacturer for use in service 

indicated.  Provide products of types and deflections indicated; provide proper selection as determined 
by Installer to comply with specifications and installation requirements.  Provide sizes which properly fit 
with equipment.  All metal parts installed outside shall be hot dipped galvanized after fabrication. 

 
2.2 Acceptable Manufacturers:  Subject to compliance with requirements, provide vibration isolation 

equipment of:  Mason Industries, Keflex, Consolidated Kinetics, Vibration Mountings & Controls, 
Wheatley or approved equal.  All vibration isolators shall be supplied by a single approved 
manufacturer. 

 
2.3 Equipment Mountings: 
 
2.3.1 Select mountings with the required deflection and fastening means.  Provide steel rails or bases as 

required to compensate for equipment rigidity and overhang. 
 
2.3.2 Types of equipment mountings (EM): 
 

1 Spring Mountings (EM1):  Spring isolators shall be free-standing and laterally stable without any 
housing.  All mounts shall have leveling bolts.  Spring diameter shall be not  less than 0.8 of the 
compressed height of the spring at rated load.  Springs shall have a minimum additional travel to 
solid equal to 50% of the rated deflection.  Springs shall be so designed that the ratio of horizontal 
stiffness to vertical stiffness is approximately one.  Provide a nominal static deflection of at least 
1.0".  Basis of Design:  Mason Industries SLFH.   

 
2 Spring Mountings with Housings (EM2):  Spring isolators shall consist of open, stable steel 

springs and include vertical travel limit stops to control extension when weight is removed.  The 
housing of the spring unit shall serve as blocking during erection of equipment.  Provide a nominal 
static deflection of at least 1.0".  All mountings used outside shall be hot dipped galvanized.  Basis 
of Design:  Mason Industries SLR.  

 
3 Spring Mountings with Housings (EM3):  Spring isolators shall consist of open, stable steel 
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springs with neoprene inserts to limit movement between upper and lower housing on start and 
stop.  Provide a nominal static deflection of at least 1.0".  Mountings shall be specifically designed 
for critical areas on light-weight floors.  Basis of Design:  Mason Industries C. 

 
4 Neoprene Mountings (EM4):  Double deflection neoprene-in-shear mountings shall have a 

minimum static deflection of 0.35".  All metal surfaces shall be neoprene covered.  The top and 
bottom surfaces shall be neoprene ribbed and bolt holes shall be provided in the base.  Basis of 
design:  Mason Industries ND. 

 
5 Pads (EM5):  Waffle or ribbed pattern neoprene pads shall be fabricated from 40-50 durometer 

neoprene.  Provide rigid steel plate and mounting angles as required.  Basis of design:  Mason 
Industries Super W. 

 
2.4    Hangers: 
 
2.4.1         Select hangers with the required deflection.  Provide all required hanger rods and fasteners. 
 
2.4.2 Types of hangers (HA): 

 
1  Hangers (HA1):  Vibration hangers shall contain a steel spring set in a neoprene cup manufactured 

with a grommet to prevent short-circuiting of the hanger rod.  The cup shall contain a steel washer 
designed to properly distribute the load on the neoprene and prevent its extrusion.  Spring 
diameters and hanger box lower-hole sizes shall be large enough to permit the hanger rod to swing 
through a 30-degree arc before contacting the hole and short circuiting the spring.  Springs shall 
have a minimum additional travel to solid equal to 50% of the rated deflection.  Basis of Design:  
Mason Industries 30. 

 
2 Hangers (HA2):  Vibration hangers shall contain a laterally stable steel spring and 0.3" deflection 

neoprene or fiberglass element in series.  A neoprene neck shall be provided where the hanger rod 
passes through the steel box supporting the isolator mount to prevent metal to metal contact.  
Spring diameters and hanger box lower hole sizes shall be large enough to permit the hanger rod 
to swing through a 30 degree arc before contacting the hole and short circuiting the spring.  
Springs shall have a minimum additional travel to solid equal to 50% of the rated deflection.  
Basis of Design:  Mason Industries 30N. 

 
3 Hangers (HA3):  Double deflection neoprene-in-sheer or EPDM hangers. Units shall be complete 

with projected neoprene bushing to prevent steel-to-steel contact between hanger box and hanger 
rod.  Average static deflection shall be not less than 0.4 inches.  Basis of Design:  Mason 
Industries HD. 

 
2.5    Bases and Frames (BF): 
 
2.5.1 Select mounting bases and frames as required for equipment dimensions, service access and fastening 

means.  Provide all fasteners.  Coordinate and provide required vibration isolators to match mounting 
bases and frames. 

 
2.5.2 Types of bases and frames (BF): 

 
1 Steel Base Frame for Floor-Mounted Equipment (BF1):  Provide frames consisting of structural 

steel sections sized, spaced and connected to form a rigid base which will not twist, rack, deform 
or deflect in any manner that will negatively affect the operation of the supported equipment or the 
performance of the vibration-isolation mounts.  Frames shall be of adequate size and plan form to 
support basic equipment units and motors plus any associated pipe elbow or duct elbow supports 
and electrical control elements or other components closely related and requiring resilient support 
in order to prevent vibration transfer from equipment to the building structure.  Frames shall 
include side mounting brackets for attachment to vibration isolation floor mounts.  The clearance 
between the underside of any frame or mounted equipment unit and the top of the building 
structure below shall be at least 2 inches.  Basis of Design:  Mason Industries WFSL. 
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2 Concrete Inertia Block for Floor-Mounted Equipment (BF2):  Provide concrete inertia blocks 
formed of stone-aggregate concrete (150 lbs./cu.ft.) cast between appropriate steel reinforcing 
perimeter structural steel channels.  Inertia block thickness shall be not less than 1/12 the longest 
dimension of the mounted equipment or equipment assembly.  Inertia blocks shall be built to form 
a rigid base which will not twist, rack, deform, deflect or crack in any manner that will negatively 
affect the operation of the supported equipment or the performance of the vibration-isolation 
mounts.  Inertia blocks shall be of adequate size and plan form to support basic equipment units 
and motors plus any associated pipe or duct elbow supports, electrical control elements or other 
components closely related and requiring resilient support in order to prevent vibration transfer 
from equipment to the building structure.  Inertia blocks shall include side mounting bracket 
pockets for spring mounting.  The clearance between the underside of any inertia block and the top 
of the building structure below shall be at least 2 inches.  The vibration isolator supplier may 
furnish the structural steel perimeter frame, including reinforcing and anchor bolts.  Basis of 
Design:  Mason Industries KSL/BMK. 

 
3 Steel Rails (BF3):  Provide steel rails of channels or angles with vibration isolators as required.  

Basis of Design:  Mason Industries, RND or RC. 
 

4 Vibration Isolation Base for Rooftop Equipment (BF4):  Provide aluminum vibration isolation 
bases that fit over roof curb and under the equipment.  Provide spring isolators having a 1" 
minimum static deflection, resilient snubbers for wind resistance, closed cell weather seal at top 
and bottom, and EDPM flexible connection around entire perimeter.  The unit shall provide a 
water-tight system.  Basis of Design:  Mason Industries CMAB. 

 
5 Vibration Isolation Curb for Rooftop Equipment (BF5):  Provide steel spring isolation curb with 

cadmium or zinc electroplated steel springs on ¼" thick neoprene pads to support the upper frame.  
The upper frame must provide continuous support for the equipment and must be held captive by 
¼" thick neoprene snubber bushings.  Minimum spring deflection is  1½" .  Provide galvanized 
steel counter-flashing and EPDM bellows for the corners.  Provide access covers for all springs.  
The entire assembly shall be waterproof.  Curbs shall be a minimum of 12" high and shall include 
2" thick insulation.  Provide curbs designed to accommodate for roof pitch so that equipment is set 
level. 

 
 Provide perimeter angle and cross members with two layers of 5/8" waterproof sheetrock at the 

floating member of the curb.  Stagger sheetrock joints.  Sheetrock must completely surround all 
ducts and shall be caulked.  Where the mechanical arrangement prevents attaching to the floating 
member, the barrier shall be attached as high as possible on the fixed curb with 1" thick closed cell 
neoprene flexible seals around the ducts.  A 4" layer of 1.5 pcf fiberglass shall cover the entire 
solid roof surface under the unit.  Basis of Design:  Mason Industries RSC-dB. 

 
2.6   Pipe Flexible Connections: 
 
2.6.1    Select pipe flexible connections suitable for duty indicated with ends to match piping system. 
 
2.6. Types of pipe flexible connections (PF): 

 
1 Pump Connections (PF1):  Provide EPDM and dacron or neoprene and nylon flexible connectors 

rated at 200 psi and 250ºF.  Connectors shall have the number of spheres required and ductile iron 
floating flanges with baked enamel finish.  Provide control rods or cables as required for each 
application.  Basis of Design:  Mason Industries SFDEJ with reinforcing rings. 

 
2 Chiller Connections (PF2):  Provide EPDM and dacron or neoprene and nylon flexible connectors 

rated at 200 psi and 250ºF.  Connectors shall have the number of spheres required and ductile iron 
floating flanges with baked enamel finish.  Provide control rods or cables as required for each 
application.  Basis of Design:  Mason Industries SFEJ. 

 
3 Coil Connections (PF3):  Provide EPDM and dacron or neoprene and nylon flexible connectors 

rated at 200 psi at 250ºF.  Connectors shall have the number of spheres required and ductile iron 
floating flanged or threaded ends with baked enamel finish.  Provide control rods or cables as 
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required for each application.  Basis of Design:  Mason Industries SFU or SFEJ as required. 
 

4 Stainless Steel Flexible Hoses (PF4):  Provide 300 psi working pressure flexible hoses with 
corrugated seamless hose body and braided cover.  Basis of Design:  Mason Industries BSS 
threaded or RF flanged, as required. 

 
5 Bronze Flexible Hoses (PF5):  Provide 300 psi working pressure flexible hoses with corrugated 

bronze hose body and braided cover.  Basis of Design:  Mason Industries BBF with sweat ends. 
 
3 EXECUTION 
 
3.1 Install vibration isolation devices for the duty indicated and for ease of inspection, adjustment, and 

proper operation.  Install in accordance with the manufacturer's written instructions and coordinate with 
shop drawings of supported equipment. 

 
3.2 All connections to fixtures and equipment shown on the drawings shall be considered diagrammatic 

unless otherwise indicated by detail.  The actual connections shall be made to fully suit the requirements 
of each case and adequately provide for expansion and servicing. 

 
3.3 Piping, ductwork and conduit shall not be suspended from one another or physically contact one 

another.  Vibrating systems shall be kept free from non-vibrating systems. 
 
3.4 Equipment Mountings: 
 
3.4.1 Unless otherwise shown or specified, all floor-mounted equipment shall be set on housekeeping 

equipment bases.  Refer to Division-23 section “Supports, Anchors, and Seals”. 
 
3.4.2 No equipment unit shall bear directly on vibration isolators unless its own frame is suitably rigid to span 

between isolators, and such direct support is approved by the equipment manufacturer.  All support 
frames shall be sufficiently stiff and rigid so as to prevent distortion and misalignment of components 
installed thereon. 

 
3.4.3 Align equipment mountings for a free, plumb installation.  Isolators that are binding, offset or fully 

compressed will not be accepted. 
 
3.5 Hangers: 
 
3.5.1 Position vibration isolation hangers so that hanger housing may rotate a full 360 degrees without 

contacting any object. 
 
3.5.2 Install steel angles, channels, rods and fasteners to level equipment, piping or ductwork and to evenly 

distribute the supported weight. 
 
3.6 Bases and Frames: 
 
3.6.1 Unless otherwise indicated, all equipment mounted on vibration-isolated bases shall have a minimum 

operating clearance of 2 inches between the structural steel frame and the concrete housekeeping pad or 
floor beneath the equipment.  The clearance space shall be checked to ensure that no construction debris 
has been left to short-circuit or restrict the proper operation of the vibration isolation system. 

 
3.7 Pipe Flexible Connections: 
 
3.7.1 Piping connected to vibration isolated equipment shall be installed so that it does not strain or force out 

of alignment the vibration isolators supporting the basic equipment, nor shall pipes restrict such 
equipment from "floating" freely on its respective vibration isolation system.  Flexible connections shall 
be used to eliminate transferring vibration along piping. 

 
3.7.2 Flexible connections and hoses shall not be used to compensate for pipe misalignment.  Units shall be 

aligned so that the flexible connection is not distorted perpendicular to the axis of the piping. 
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3.7.3 Install flexible connections in pump suction and discharge, chiller inlet and outlet, water coil inlet and 

outlet and where shown on the drawings or required by equipment specifications. 
 
3.7.4 Drain piping connected to vibrating equipment shall not physically contact any building construction or 

non-isolated systems or components. 
 
3.8 Connections of Ducts:  Ducts shall be connected to fan intakes and discharges by means of flexible 

connectors in accordance with Division-23 section "Ductwork Accessories" so that all vibrating 
equipment is fully isolated. 

 
END OF SECTION 230548 
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SECTION 230553 - MECHANICAL IDENTIFICATION 
 
1 GENERAL 
 
1.1 Drawings and general provisions of Contract, including General and Supplementary Conditions and 

Division-1 Specification sections, apply to work of this section. 
 
1.2 This section is a Division-23 Basic Mechanical Materials and Methods section, and is part of each 

Division-2, 22, or 23 section making reference to or requiring identification devices specified herein. 
 
1.3 Extent of mechanical identification work required by this section is indicated on drawings and/or 

specified in other Division-21, 22, or 23 sections. 
 
1.4 Refer to Division-26 sections for identification requirements of electrical work; not work of this section.  

Refer to other Division-23 sections for identification requirements for controls; not work of this section. 
 
1.5 Codes and Standards:  Comply with ANSI A13.1 for lettering size, length of color field, colors, and 

viewing angles of identification devices. 
 
2 PRODUCTS 
 
2.1 General:  Provide manufacturer's standard products of categories and types required for each application 

as referenced in other Division-23 sections.  Where more than single type is specified for application, 
selection is Installer's option, but provide single selection for each product category. 

 
2.2 Painted Identification Materials 
 
2.2.1 Stencils:  Standard fiberboard stencils, prepared for required applications with letter sizes generally 

complying with recommendations of ANSI A13.1 for piping and similar applications, but not less than 
1-¼" high letters for ductwork and not less than ¾" high letters for access door signs and similar 
operational instructions. 

 
2.2.2 Stencil Paint:  Standard exterior type stenciling enamel; black, except as otherwise indicated; either 

brushing grade or pressurized spray-can form and grade. 
 
2.2.3 Identification Paint:  Standard identification enamel. 
 
2.3 Plastic Pipe Markers                                                                                
 
2.3.1 Pressure-Sensitive Type:  Provide manufacturer's standard pre-printed, permanent adhesive, color-

coded, pressure-sensitive vinyl pipe markers. 
 
2.3.1.1 Lettering: Manufacturer's standard pre-printed nomenclature which best describes piping system in each 

instance, as selected by Architect/Engineer in cases of variance with name as shown or specified.   
 
2.3.1.2 Arrows:  Print each pipe marker with arrows indicating direction of flow, either integrally with piping 

system service lettering (to accommodate both directions), or as separate unit of plastic. 
         
2.4 Valve Tags: 
 
2.4.1 Brass Valve Tags:  Provide 19-gage polished brass valve tags with stamp-engraved piping system 

abbreviation in ¼" high letters and sequenced valve numbers ½" high, and with 5/32" hole for fastener.  
Provide 1-½" diameter tags, except as otherwise indicated. 

 
2.4.2 Plastic Laminate Valve Tags:  Provide manufacturer's standard 3/32" thick engraved plastic laminate 

valve tags, with piping system abbreviation in ¼" high letters and sequenced valve numbers ½" high, 
and with 5/32" hole for fastener.  Provide 1-½" square black tags with white lettering, except as 
otherwise indicated. 
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2.5 Engraved Plastic-Laminate Signs: 
 
2.5.1 General:  Provide engraving stock melamine plastic laminate, in the sizes and thicknesses indicated, 

engraved with engraver's standard letter style a minimum of 3/4" tall and wording indicated, punched for 
mechanical fastening except where adhesive mounting is necessary because of substrate. 

 
2.5.2 Thickness:  1/16" for units up to 20 sq. in. or 8" length; 1/8” for larger units. 
 
2.5.3 Fasteners:  Self-tapping stainless steel screws, except contact-type permanent adhesive where screws 

cannot or should not penetrate the substrate. 
 

2.5.4  Ceiling Grid Mounted Tags:  White 1/2:” lettering engraved in a 3/4" black backgound, screwed parallel 
to the ceiling grid.   

 
2.6 Stamped Nameplates:  Provide equipment manufacturer's standard stamped nameplates for motors, 

AHUs, pumps, etc. 
 
3 EXECUTION 
 
3.1 Coordination:  Where identification is to be applied to surfaces which require insulation, painting or 

other covering or finish, including valve tags in finished mechanical spaces, install identification after 
completion of covering and painting.  Install identification prior to installation of acoustical ceilings and 
similar removable concealment. 

 
3.2 Ductwork Identification: 
 
3.2.1 General:  Identify air supply, return, exhaust, intake and relief ductwork with stenciled signs and arrows, 

showing ductwork service and direction of flow, in black or white.  Example:  AHU-1 Supply  
 
3.2.2 Location:  In each space where ductwork is exposed, or concealed only by removable ceiling system, 

locate signs near points where ductwork originates or continues into concealed enclosures, and at 50' 
spacings along exposed runs. 

 
3.2.3 Access Doors:  Provide stenciled signs on each access door in ductwork and housings, indicating 

purpose of access (to what equipment) and other maintenance and operating instructions, and 
appropriate and procedural information. 

 
3.3 Piping System Identification: 
 
3.3.1 General:  Install pipe markers of one of the following types on each system indicated to receive 

identification, and include arrows to show normal direction of flow: 
 
3.3.1.1 Plastic pipe markers. 
 
3.3.1.2 Stenciled markers, black or white for best contrast.  
 
3.3.2 Locate pipe markers as follows wherever piping is exposed to view in occupied spaces, machine rooms, 

accessible maintenance spaces and exterior non-concealed locations. 
 
3.3.2.1 Near each valve and control device. 
 
3.3.2.2 Near each branch, excluding short take-offs for fixtures and terminal units; mark each pipe at branch, 

where there could be question of flow pattern. 
 
3.3.2.3 Near locations where pipes pass through walls, floors, ceilings, or enter non-accessible enclosures. 
 
3.3.2.4 At access doors, manholes and similar access points which permit view of concealed piping. 
 
3.3.2.5 Near major equipment items and other points of origination and termination. 
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3.3.2.6 Spaced intermediately at maximum spacing of 50' along each piping run, except reduce spacing to 25' in 

congested areas of piping and equipment. 
 
3.3.2.7 On piping above removable acoustical ceilings, except omit intermediately spaced markers. 
 
3.3.3 The following piping shall be color-coded where exposed in mechanical and electrical rooms by 

completely painting the piping with the indicated color.  Use standard colors where exposed in finished 
spaces.  Use standard identification methods in concealed areas. 

 
Fire protection piping - Red  
Gas piping – Yellow 

 
3.4 Valve Identification:  Provide coded valve tag on every valve, cock and control device in each piping 

system; exclude check valves, valves within factory-fabricated equipment units, plumbing fixture 
faucets, convenience and lawn-watering hose bibs, and shut-off valves at plumbing fixtures, HVAC 
terminal devices and similar rough-in connections of end-use fixtures and units.  Coordinate code with 
operating instructions.  For valves located above acoustical lay in ceilings provide an additional 
engraved plastic valve tag, mechanically affixed to the ceiling grid below the valve (white letters on 
black background).  When multiple equipment and/or valve tags are installed in a room, orient all tags 
the same direction.   

 
3.5 Valve Charts:  Provide framed, glass covered valve charts in each mechanical room.  Identify coded 

valve number, valve function, and valve location for each valve.  Provide floor plan with approximate 
location of each valve identified.   

 
3.6 Mechanical Equipment Identification:  Install engraved plastic laminate sign on a vertical surface on or 

near each major item of mechanical equipment and each operational device.  Label shall indicate type of 
system and area served.  Provide signs for the following general categories of equipment and operational 
devices:  For equipment located above acoustical lay in ceilings provide an additional engraved plastic 
tag, mechanically affixed to the ceiling grid at the access point (white letters on black background).  
When multiple equipment and/or valve tags are installed in a room, orient all tags the same direction.   

 
3.6.1 Main control and operating valves, including safety devices. 
 
3.6.2 Meters, gauges, thermometers and similar units. 
 
3.6.3 Fuel-burning units including boilers, furnaces, and heaters. 
 
3.6.4 Pumps, compressors, chillers, condensers, and similar equipment. 
 
3.6.5 Heat exchangers, coils, evaporators, cooling towers, heat recovery units and similar equipment. 
 
3.6.6 Fans, blowers, primary balancing dampers and VAV boxes. 
 
3.6.7 HVAC air handlers and fan coil units. 
 
3.6.8 Air conditioning indoor and outdoor units. 
 
3.7 Stamped Nameplates:  Equipment manufacturers to provide standard stamped nameplates on all major 

equipment items such as motors, pumps, AHUs, etc.  Where motors are hidden from view (within 
equipment casing, or otherwise not easily accessible, etc.), the equipment supplier shall furnish a 
duplicate motor data nameplate to be affixed to the equipment casing in an easily visible location, unless 
data is already included on the equipment nameplate.] 

 
3.8 Adjusting and Cleaning: 
 
3.8.1 Adjusting:  Relocate any mechanical identification device which has become visually blocked by work 

of this division or other divisions. 
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3.8.2 Cleaning:  Clean face of identification devices, and glass frames of valve charts. 

END OF SECTION 230553 
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SECTION 230556 - ACCESS DOORS     
 
1 GENERAL 
 
1.1 Drawings and general provisions of Contract, including General and Supplementary Conditions and 

Division-1 Specification sections, apply to work of this section. 
 
1.2 This section is a Division-23 Basic Mechanical Materials and Methods section, and is part of each 

Division-22 or 23 section making reference to or requiring access panels specified herein. 
 
1.3 Approval Submittals:   
 
1.3.1 Product Data:  When required by other Division-22 or 23 sections, submit product data for access doors.  

Submit with Division-22 or 23 section using access doors, not as a separate submittal.  Include rating 
data.       

 
1.4 O&M Data Submittals:  Submit a copy of approval submittal.  Include this data in O&M Manuals.  
  
2 PRODUCTS 
 
2.1 Acceptable Manufacturers:  Subject to compliance with requirements, provide access doors by Milcor, 

Jay R. Smith, Zurn, BOICO, Elmdor, or approved equal. 
 
2.2 General:  Where floors, walls and ceilings must be penetrated for access to plumbing work, provide 

types of access doors indicated.  Furnish sizes indicated or, where not otherwise indicated, furnish 
adequate size for intended and necessary access.  Furnish manufacturer's complete units, of type 
recommended for application in indicated substrate construction, in each case, complete with 
anchorages and hardware. 

 
2.3 Access Door Construction:  Except as otherwise indicated, fabricate wall/ceiling door units of welded 

stainless steel construction with welds ground smooth and brushed finish; 16-gauge frames and 14-
gauge flush panel doors; 175° swing with concealed spring hinges; flush screw-driver-operated cam 
locks. 

 
2.4  Minimum Size:  Where equipment is located above hard ceilings, the minimum access door size shall be 

24x24 or the minimum size to remove the item serviced.   
 
3 EXECUTION 
 
3.1 Access doors shall be installed to operate and service all plumbing equipment including valves, 

dampers, duct access panels, and other items requiring maintenance that are concealed above or behind 
finished construction.  Access doors shall be installed in walls, chase and floors as necessary, but are not 
required in accessible suspended ceiling systems.   

 
3.2 Access doors shall be installed by the Division installing the substrate construction.  However, 

responsibility for furnishing and determining location of access doors is part of this Division's work.  
The style of access door shall be suitable for construction into which installed. 

 
3.3 Access doors shall be sized and located as required to provide proper maintenance and service access in 

accordance with the manufacturer's recommendations and code authority requirements for all devices 
and equipment.   

 
      END OF SECTION 230556 
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SECTION 230573 - EXCAVATION & BACKFILL 
 
1 GENERAL 
 
1.1 Drawings and general provisions of Contract, including General and Supplementary Conditions and 

Division-1 Specification sections, apply to work of this section. 
 
1.2 This section is a Division-23 Basic Mechanical Materials and Methods section, and is part of each 

Division-2, 22, or 23 section making reference to or requiring excavation and backfill specified herein. 
 
1.3 Refer to other Division-21, 22, and 23 sections and/or drawings for specific requirements of the 

particular piping system being installed.  Where another Division-21, 22, or 23 section or the drawings 
conflict with requirements of this section, the other Division-21, 22, or 23 section or the drawings shall 
take precedence over the general requirements herein. 

 
1.4 OSHA:  Contractor employee worker protection for all trenching and excavation operations shall 

comply with 29 CFR 1926.650 Subpart P and all current OSHA requirements.  
 
1.5 Trench Safety Act:  Contractor shall comply with all requirements of Florida Statutes Chapter 553, 

including the requirement to provide a separate line item to identify the cost to comply on a per lineal 
foot of trench and per square foot of shoring. 

 
2 PRODUCTS 
 
2.1 Sand:  Clean, hard, uncoated grains free from organic matter or other deleterious substances.  Sand for 

backfill shall be of a grade equal to mortar sand. 
 
2.2 Gravel:  Clean, well graded hard stone or gravel, free from organic material.  Size range to be from No. 

4 screen retentions to 1". 
 
2.3 Earth:  Fill free of clay, muck, stones, wood, roots or rubbish.  
 
2.4 Identification Tape:  Polyethylene 6 inches wide, 0.004 inches thick, continuously printed with 

"CAUTION" in large letters and type of pipe below. 
 
2.5 Copper Identification Wire:  14-gauge. 
         
3 EXECUTION 
 
3.1 Ditching and Excavation:  Shall be performed by hand wherever there is a possibility of encountering 

obstacles or any existing utility lines of any nature whatsoever.  Where clear and unobstructed areas are 
to be excavated, appropriate machine excavation methods may be employed.  Avoid use of machine 
excavators within the limits of the building lines. 

 
3.2 Bedding:  Excavate to bottom grade of pipe to be installed, and shape bed of undisturbed earth to 

contour of pipe for a width of at least 50% of pipe diameter.  If earth conditions necessitate excavation 
below grade of the pipe, such as due to the presence of clay, muck, or roots, subcut and bring bed up to 
proper elevation with clean, new sand (as described in paragraph 2.1), deposited in 6" layers and 
tamped.  Notify Architect/Engineer if subcut exceeds 12", or if bed is of an unstable nature.  In this case 
a 6" minimum layer of gravel will be required before sand bedding begins.  Submit cost proposal if the 
earth conditions require subcut in excess of 12" or if gravel is required to achieve proper bedding. 

 
3.3 Placing:  Pipe shall be carefully handled into place.  Avoid knocking loose soil from the banks of the 

trench into the pipe bed.  Rig heavier sections with nylon slings in lieu of wire rope to avoid crushing or 
chipping.  Pipe which is handled with insulation in place, coated pipe, and jacketed pipe shall have 
special handling slings as required to prevent damage to the material. 

 
3.4 Backfilling:  Deposit clean new sand (as described in paragraph 2.1) to 6" above the pipe and tamp.  

Then deposit sand or earth carefully in 6" layers, maintaining adequate side support, especially on 
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nonferrous piping materials.  Compact fill in 6" layers, using mechanical means, up to the top elevation 
of the pipe, and in 12" layers to rough or finish grade as required. Fine grade and restore surface to 
original condition.   

 
3.5 Special:  Excavations shall be installed and maintained in satisfactory condition during the progress of 

the work.  Subsurface structures are to be constructed in adequately sized excavations.  De-watering 
equipment shall be installed and properly maintained where required.  Shoring shall be employed in the 
event of unstable soil condition, and in all cases where required by OSHA regulations and necessary to 
protect materials and personnel from injury. 

 
3.6 Identification:  Install identification tape directly above all underground piping, one tape for each pipe 

where multiple pipes are installed.  Depth of tape shall be at least 6 inches below finished grade and 24" 
above buried pipe.  Install copper wire above non-metallic pipes. 

 
3.7 Depth of Cover:  Minimum cover for underground piping is two feet unless indicated otherwise. 
 
 

END OF SECTION 230573 
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SECTION 230590 - START-UP REQUIREMENTS FOR HEATING, VENTILATING, & AIR 
CONDITIONING (HVAC) SYSTEMS 
 
1 GENERAL 
          
1.1 Intent: It is the intent of this section to require that the startup requirements and report noted herein be 

performed prior to starting TAB work on each system.  Work can be phased with permission of the 
Engineer. 

 
1.2 Coordination:    
 
1.2.1 The Contractor shall furnish to the TAB Contractor a complete set of plans, specifications, addenda,  

shop drawings, equipment performance data sheets, change orders, etc. as requested by the TAB 
Contractor. 

 
1.2.2 The Contractor shall participate in a TAB coordination meeting to discuss interface requirements with 

the TAB Contractor and to establish a schedule for TAB work prior to start of TAB work. The TAB will 
be performed by an independent company contracted by the owner.   

 
1.3 Test Reports and Verification Submittals: 
 
1.3.1 Submit Startup Report as described herein for each system. Attach Factory Startup Report for   
 equipment as required by other Division-23 sections. 
 
2 PRODUCTS: None 
 
3 EXECUTION:   
 
3.1 The TAB work shall not commence until the Engineer has received written notice from the Contractor 

that HVAC systems are 100% complete and are fully operational.  Submit Startup Report as described 
herein. 

 
3.2 The Contractor shall place all HVAC systems and equipment into complete operation during each 

working day of TAB work. 
 
3.3 The Contractor shall provide access to HVAC systems and equipment by supplying ladders and/or 

scaffolding, and opening access panels and equipment room doors. 
 
3.4 The TAB Contractor will provide to the Contractor TAB punch lists of non-complying HVAC work as 

they are discovered.  The Contractor shall replace or repair non-complying work as soon as possible in 
order not to delay completion of TAB work. 

 
3.5 Airside Systems:  The Contractor shall provide the following information to the Engineer to substantiate 

proper start-up and preliminary adjustments of air handler units, belt driven fans, and duct systems. 
 
3.5.1 Verify that air grilles (supply, return, exhaust, transfer, outdoor, etc.) are installed and connected to the 

duct system. 
 
3.5.2 Verify that duct systems are clean of debris.                                                                 
 
3.5.3 Verify that ducts attached with flexible connectors are aligned within ½" and have a uniform gap 

between ducts of 1"-1.5".  Flexible connectors shall not leak and shall be insulated. 
 
3.5.4 Verify that filters are clean and filter spacers are installed. 
 
3.5.5 Verify that balancing dampers at grilles and branch ducts are operational and are fully opened. 
 
3.5.6 Verify that fire and smoke dampers are correctly installed and are fully opened. 
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3.5.7 Verify that fan discharges are appropriate for the outlet ductwork with regards to the "system effect" per 
AMCA Publication 201.  Inappropriate fan discharges will not be accepted. 

 
3.5.8 Verify proper fan rotation. 
 
3.5.9 Verify proper belt drive alignment. 
 
3.5.10 Verify fan motor overload elements are correctly sized. 
 
3.5.11 Adjust fan sheave until CFM is at or above design CFM.  Provide additional sheaves and belts as 

required.   Verify that motor is not overloaded. 
 
3.5.12 Verify that HVAC control systems are fully operational. 
 
3.6 Hydronic Systems:  The Contractor shall provide the following information to the Engineer to 

substantiate proper start-up and preliminary adjustments of HVAC pumps and piping systems. 
 
3.6.1 Verify that the hydronic systems are properly flushed, filled, vented, purged and chemically treated and 

that all leaks are repaired.  Verify proper air venting. 
 
3.6.2 Verify that the correct strainer screens are clean and installed. 
 
3.6.3 Verify that pump/motor shafts are correctly aligned. 
 
3.6.4 Verify proper pump rotation and flow direction. 
 
3.6.5 Verify that all balancing valves and circuit setters are fully opened. 
 
3.6.6 Verify that test ports, pressure gauges and thermometers are properly installed and are accessible at 

coils, boilers, pumps, and chillers.  Extensions to allow for pipe insulation are required.  Pressure gauges 
at pumps must utilize pump taps in order for head measurements to correlate with the pump 
performance curves. 
 

3.6.7 Verify pump motor overload elements are correctly sized.  
 
3.6.8 Adjust balancing valve at pump discharge until GPM is at or greater than design GPM.  Verify motor is 

not overloaded. 
 
3.6.9 Provide flow meter data (IN WC and GPM), pump performance chart with flow data plotted, actual 

motor volts/amps, rated motor volts/amps and motor overload element capacity. 
 
3.6.10 Verify that HVAC control systems for coils, boilers, and chillers are fully operational. 
 
3.7 VAV Systems:  The Contractor shall provide the following information to the Engineer to substantiate 

the proper start-up and preliminary adjustments of variable air volume boxes and control systems. 
 
3.7.1 Verify that the inlet duct to the box is straight for a minimum of five (5) inlet duct diameters. 
 
3.7.2 Verify that the discharge duct from the box has no branch takeoffs within five (5) feet of the box 

discharge. 
 
3.7.3 Set the box thermostat to 85ºF.  Verify that the box modulates to minimum cooling,  and the heating 

activates. 
 
3.7.4 Set the box thermostat to 55ºF.  Verify that the reverse operation occurs and the box modulates to 

maximum cooling. 
 
3.7.5 Set box thermostat to 75ºF.  Deadband shall not exceed 2ºF. 
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3.7.6 Set minimum and maximum CFM based on manufacturer's calibration curves. 
 
3.7.7 Verify that the static pressure probe is located 75% of the distance down the longest duct run.  Mark the 

location of the probe on the as-builts and notify the TAB Contractor of same. 
 
3.7.8 Verify that the static pressure control properly modulates the AHU fan's variable frequency drive. Set 

static pressure controller to maintain 1 in. w.g. as the initial setting. 
 
3.7.9 Verify that the supply air temperature controller properly modulates the chilled water control valve.  Set 

controller to maintain 55ºF. Verify that all heating coil control valves are properly modulated. 
 
3.8 Startup Report: The Contractor shall submit the startup information required by this section to the   

Engineer in a typed report organized as outlined herein.  The Startup Report is required to meet the 
written notice described herein prior to starting TAB work.  TAB work will not start until the Startup 
Report has been submitted and approved. 

 
END OF SECTION 230590 
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SECTION 230591 - TESTING, CLEANING, AND STERILIZATION OF PIPING SYSTEMS 
 
1 GENERAL 
 
1.1 Drawings and general provisions of Contract, including General and Supplementary Conditions and 

Division-1 Specification sections, apply to work of this section. 
 
1.2 This section is a Division-23 Basic Mechanical Materials and Methods section, and is part of each 

Division-21, 22, and 23 section making reference to or requiring the testing and other procedures 
specified herein. 

 
1.3 Notify the Architect/Engineer when system tests are ready to be witnessed at least 24 hours prior to the 

test. 
 
1.4 All materials, test equipment, and devices required for cleaning, testing, sterilizing or purging shall be 

provided by the Contractor. 
 
2 PRESSURE TESTS 
 
2.1 General:  Provide temporary equipment for testing, including pump and gauges.  Test piping systems 

before insulation is installed wherever feasible, and remove control devices before testing.  Test each 
natural section of each piping system independently but do not use piping system valves to isolate 
sections where test pressure exceeds valve pressure rating.  Fill each section with indicated medium and 
pressurize for indicated pressure and time. 

 
2.2 Required test period is four hours. 
 
2.3 No piping, fixtures, or equipment shall be concealed or covered until they have been tested.  The 

contractor shall apply each test and ensure that it is satisfactory for the period specified before calling 
the Architect/Engineer to observe the test.  Test shall be repeated upon request to the satisfaction of 
those making the inspection. 

 
2.4 Observe each test section for leakage at the end of the test period. Test fails if leakage is observed or if 

pressure drop exceeds 5% of the test pressure. 
 
2.5 Check of systems during application of test pressures should include visual check for water leakage and 

soap bubble or similar check for air and nitrogen leakage. 
 
2.6 During heating and cooling cycles, linear expansion shall be checked at all elbows and expansion joints 

for proper clearance. 
 
2.7 Repair piping systems sections which fail required piping test.  Disassemble and re-install using new 

materials to extent required to overcome leakage.  Do not use chemicals, stop-leak compounds, mastics, 
or other temporary repair methods. 

 
2.8 Pressure Test Requirements: 
 
2.8.1 Soil, Waste, and Vent  Test all piping within the building with a 10 foot head of water.  Test piping in 

sections so that all joints are tested.  Provide test tees as required. 
 
2.8.2 Domestic Water:  Perform hydrostatic test on all piping within the building at twice the normal static 

pressure at service point, but not less than 100 psig.  Once tested, flush out piping and leave under 
pressure of the supply main or 40 psig for the balance of the construction period. 

 
2.8.3 Chilled Water and Heating Hot Water:  Perform hydrostatic test at 150% of the normal operating 

pressure, but not less than 100 psig. 
 
2.8.4 Fire Sprinkler System:  Perform hydrostatic test at 200 psig.  
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2.8.5 Gas:  Test with air or nitrogen at 150% of normal working pressure, but not less than 25 psig.  The test 
and check for leaks shall be in accordance with NFPA-54. 

 
3 CLEANING AND STERILIZATION 
 
3.1 General:  Clean exterior surfaces of installed piping systems of superfluous materials, and prepare for 

application of specified coatings (if any).  Flush out piping systems with clean water or blowdown with 
air before proceeding with required tests.  Inspect each run of each system for completion of joints, 
supports and accessory items. 

 
3.2 Flush and drain all water systems at least three times.  Reverse flush systems from smallest piping to 

largest piping.  Replace startup strainers with operating strainers. 
 
3.3 Blowdown all gas systems with air or nitrogen (at a rate of flow exceeding design) at least three times or 

until no residue shows at each outlet.  Reverse blowdown systems from smallest piping to largest piping.   
 
3.4 Sterilization of Domestic Water Systems: 
 
3.4.1 Prerequisites:  All new hot and cold water piping installed (complete), all fixtures connected, system 

flushed out, and system filled with water. 
 
3.4.2 The shut off valve at the water main  shall be closed, all fixture outlets opened slightly, and a sterilizing 

solution shall be introduced at a manifold connection installed by the Contractor at the meter. 
 
3.4.3 The solution shall contain 50 parts per million of available chlorine.  The chlorinating material shall be 

either liquid chlorine or calcium hypochlorite.  The solution shall be allowed to stand in the system for 
at least eight hours after which the entire system shall be flushed. 

 
3.4.4 After final flushing, all aerators shall be removed, cleaned, and reinstalled.  After final flush the residual 

chlorine shall not exceed 0.2 parts per million. 
 
3.4.5 The Architect/Engineer shall be notified 24 hours prior to the procedure so that it can be witnessed. 
 
3.4.6 Provide sampling and certified report by an independent testing lab.  Provide written Health Department 

approval of disinfection samples. 
 
3.5 Chilled Water and Heating Hot Water Pipe Cleaning:  After completion of all work and operational 

check out of the HVAC installations and prior to acceptance of the project by the Owner, the following 
shall be accomplished.  The completed piping systems shall be thoroughly flushed (reversed flushing) as 
needed to remove all dirt, debris, and any foreign matter that may have been trapped in the piping 
systems during construction.  After flushing of systems is complete, the Contractor shall clean all main 
strainers and all strainers at air handlers, fan coil units, VAV boxes, reheat coils.  A second cleaning of 
all strainers will be required if requested by the Engineer.  Contractor shall furnish and install all valves 
and piping stub outs in the piping systems as needed to accommodate this flushing operation.  Install the 
valves and stub outs at a location and in a manner that will allow them to remain in place for future 
flushing operations.  The flushing and strainer cleaning operations shall be witnessed and approved by 
the Engineer and Owner's representative. 

 
3.6 Fuel Gas:  Purge all fuel gas systems in accordance with NFPA 54.  

 
END OF SECTION 230591 
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SECTION 230593 - TESTING AND BALANCING OF MECHANICAL SYSTEMS 
 
1 GENERAL 
 
1.1 The work of this section is intended to be performed by a test and balance contractor under a separate, 

stand-alone contract.  
 
1.2 Description of Work: 
 
1.2.1 Extent of testing, adjusting, and balancing work (TAB) is indicated by requirements of this section, and 

also by drawings and schedules, and is defined to include, but is not necessarily limited to, air 
distribution systems, hydronic distribution systems and associated equipment and apparatus of 
mechanical work.  The work consists of setting speed and volume (flow) adjusting facilities provided for 
systems, recording data, conducting tests, preparing and submitting reports, and recommending 
modifications to work as required.  

 
1.2.2 Coordination: Coordinate with the General Contractor and Mechanical Contractor responsible for the 

HVAC system installation as required to complete the TAB work.   
 
1.3 The intent of this specification is to balance HVAC systems within the tolerances listed, maintaining the 

pressure relationships indicated, with a minimum of noise.  
 
1.3.1 Airflow Tolerances:   
           
1.3.1.1 Air Handling: The supply air, return air and outdoor air quantities shall be balanced within 5% of design 

values.  
 
1.3.1.2 Exhaust Fans: The exhaust fan quantities shall be set as required to maintain the design exhaust terminal 

flows within 5% of design values.  If no exhaust terminals exist, exhaust fan air quantities shall be 
balanced within 10% of design values. 

 
1.3.1.3 Terminal Units: The air quantities associated with VAV boxes, fan coil units, self-regulating air valves, 

unit heaters and other similar devices shall be balanced within 5% of design values.  
 
1.3.1.4 Ceiling Diffusers, Supply Registers, Return and Exhaust Inlets: Balance to an air quantity within 10% of 

the design values.  
 
1.3.2 Temperature Tolerances:   
 
1.3.2.1 Air Handling Temperatures: The controlled temperatures at AHUs shall be verified to be under control 

within 1ºF of design values.  
 
1.3.2.2 Hot Water Temperatures: The heating hot water controlled temperatures from boilers and heat 

exchangers and other similar devices shall be under control within 5ºF. 
 
1.3.2.3 Chilled Water Temperatures: The chilled water controlled temperature from chillers shall be under 

control within 1ºF.  
 
1.3.2.4 Room Temperatures: Balance systems and controls within 2ºF of indicated settings.   
 
1.3.3 Hydronic Flow: Balance hydronic flow rates to within 10% of design values.  
 
1.4 Quality Assurance: The TAB Contractor shall be located within 125 miles of the job site and certified as 

one of the following: 
 
1.4.1 Tester:  A firm certified by National Environmental Balancing Bureau (NEBB) in those testing and 

balancing disciplines required for this project, who is not the Installer of the systems to be tested and is 
otherwise independent of the project.  Comply with NEBB's "Procedural Standards for Testing, 
Adjusting and Balancing of Environmental Systems" as applicable to this work. 
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1.4.2 Tester:  A firm certified by Associated Air Balance Council (AABC) in those testing and balancing 

disciplines required for this project.  AABC-certified firms are independent by definition.  Comply with 
AABC's Manual MN-1 "AABC National Standards", as applicable to this work. 

 
1.4.3 Industry Standards:  Comply with American Society of Heating, Refrigerating and Air-Conditioning 

Engineers, Inc. (ASHRAE) recommendations pertaining to measurements, instruments and testing, 
adjusting and balancing, except as otherwise indicated. 

 
1.5 Job Conditions: 
 
1.5.1 Do not proceed with testing, adjusting, and balancing work until HVAC work (including Controls) has 

been completed and is operable.  Ensure that there is no residual work still to be completed. 
 
1.5.2 Do not proceed until work scheduled for testing, adjusting, and balancing is clean and free from debris, 

dirt and discarded building materials. 
 
1.5.3 Do not proceed until architectural work that would affect balancing (walls, ceiling, windows, doors) 

have been installed.  
 
1.5.4 Testing may proceed system by system, but each HVAC system must be complete as describe herein.  
 
1.5.5 The mechanical contractor shall make any changes in pulleys, belts, and dampers, and/or add dampers 

as required for correct balancing. 
 
1.6 Approval Submittals 
 
1.6.1 Submit the name of the proposed test and balance company for the Engineer's approval within thirty 

(30) days after awarding of contract. 
 
1.7 Test Reports and Verification Submittals: 
 
1.7.1 Submit four (4) copies of the dated test and balance report upon completion of TAB work.  The report 

shall include a list of instruments used for the work.  The report shall be signed by the supervisor who 
performed the TAB work.  

 
2 PRODUCTS 
 
2.1 Patching Materials:  Except as otherwise indicated, use same products as used by original Installer for 

patching holes in insulation, ductwork and housings which have been cut or drilled for test purposes, 
including access for test instruments, attaching jigs, and similar purposes. 

         
2.2 Test Instruments:  Utilize test instruments and equipment of the type, precision, and capacity as 

recommended in the referenced standard.  All instruments shall be in good condition and shall have been 
calibrated within the previous six (6) months (or more recently if required by standard). 

 
3 EXECUTION 
 
3.1 General: 
 
3.1.1 Examine installed work and conditions under which testing is to be done to ensure that work has been 

completed, cleaned and is operable.  Do not proceed with TAB work until unsatisfactory conditions 
have been corrected in manner acceptable to Tester. 

 
3.1.2 Test, adjust and balance environmental systems and components, as indicated, in accordance with 

procedures outlined in applicable standards, and as modified or detailed herein. 
 
3.1.3 Test, adjust and balance systems during summer season for air conditioning systems and during winter 

season for heating systems, including at least a period of operation at outside conditions within 5ºF wet 
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bulb temperature of maximum summer design condition, and within 10ºF dry bulb temperature of 
minimum winter design condition.  When seasonal operation does not permit measuring final 
temperatures, then take final temperature readings when seasonal operation does permit.  The Contractor 
shall return for a change of seasons test at no additional cost to the Owner and submit the revised TAB 
report. 

 
3.1.4 Punch List: Prepare a deficiency (punch)list for the Contractor with a copy of the Engineer that lists all 

items that are incorrectly installed or are functioning improperly.  Provide a retest after all items are 
corrected.  

 
3.1.5 Prepare TAB report of test results, including instrumentation calibration reports, in format 

recommended by applicable standards, modified as required to include all data listed herein. 
 
3.1.6 Patch holes in insulation, ductwork and housings, which have been cut or drilled for test purposes, in 

manner recommended by original Installer. 
 
3.1.7 Permanently Mark equipment settings, including damper control positions, valve indicators, fan speed 

control levers, and similar controls and devices, to show final settings at completion of TAB work.  
Provide markings with paint or other suitable permanent identification materials. 

 
3.1.8 Include in the TAB report recommendations for correcting unsatisfactory mechanical performances 

when system cannot be successfully balanced. 
 
3.1.9 Include an extended warranty of ninety (90) days after completion of test and balance work, during 

which time the Engineer, at his discretion, may request a recheck, or resetting of any component as 
listed in test report.  The TAB company shall provide technicians and instruments and make any tests 
required by the Engineer during this time period. 

 
3.2 Controls 
 
3.2.1 Check all HVAC controls for proper location, calibration and sequence of operation.  
 
3.2.2 Check operation of all controllers and controlled devices to verify proper action and direction. Check the 

operation of all interlocks. 
 
3.2.3 Check all  zone damper motors for leakage when in closed position.  If leakage is more that 5%, 

mechanical contractor shall reset damper linkages. 
 
3.2.4 Check all control valves for complete closure and correct action under all operating conditions. 
 
3.3 Air Balancing 
 
3.3.1 Leakage tests on ductwork must have been completed before air balancing. 
 
3.3.2 Set dampers, volume controls and fan speeds to obtain specified air delivery with minimum noise level.  

Rebalance as required to accomplish this.  Simulate fully loaded filters during test. 
 
3.3.3 Set grille deflections as noted on plans.  Modify deflections if required to eliminate drafts or 

objectionable air movement. 
 
3.3.4 Record air terminal velocity after completion of balance work.  
 
3.3.5 Record final grille and register deflection settings if different from that specified on contract drawings. 
 
3.3.6 Record all fan speeds. 
 
3.3.7 Variable Volume Systems:  Measure static pressure at all major branches.  Adjust fan controllers for 

minimum required static pressure at the end of each branch.  Report the value of the minimum static 
pressure that will provide proper air flow in the TAB Report and set the static pressure controller for this 
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value.  Balance outlets.  Check at both modulated and full cooling condition.  Traverse main supply and 
return ducts. Balance the return system.  All branches must be above the minimum required static 
pressure.  The supply fan  must track and deliver the proper air quantity with no objectionable noise.  
The system must be stable and operate properly at 30% load.  Determine minimum fan speed to achieve 
minimum scheduled supply and outside air flows.   

 
3.4 Water Balancing: 
 
3.4.1 Verify proper operation of all hydronic system devices to ensure the proper flowrate, flow direction and 

pressure are maintained.  
 
3.4.2 Set balancing cocks and flow control devices to obtain specified water flow rates to all terminal units, 

coils, chillers, cooling towers, boilers, and heat exchangers. Coordinate set point for variable speed 
drives to achieve balance with minimum pump speed.  Report the value of the minimum differential 
pressure that will provide proper flow in the TAB Report and set the differential pressure controller for 
this value.  Pump balancing cocks (if present) shall be fully open.  Set maximum speed control for 
variable speed pumps. 

 
3.4.3 Variable Speed Pumps:  Verify proper operation of variable speed pumps and the associated distribution 

system at 30% and 100% flow.  
 
3.5 Data Collection: 
 
3.5.1 In addition to the data required for any specified performance tests, measure and record the 

temperatures, pressures, flow rates, and nameplate data for all components listed herein. 
 
3.5.2 It is the intent of this section to record data on balanced systems, under normal operating or design 

conditions. 
 
3.5.3 Temperatures: 
 
 1. Outside dry and wet bulb temperatures. 
 2. Dry bulb temperature in each room and at least one wet bulb temperature in each zone. 

3. Inlet and outlet temperature of each heat exchange device - both fluids. 
 
3.5.4 Pressures: 
 
 1. Suction and discharge static pressure of each fan. 
 2. Suction and discharge pressure of each pump. 
 3. Water pressure drop through each heat exchanger. 
 
3.5.5 Flow rates: 
 
 1. Flow rate through each fan. 
 2. Flow rate through each pump. 
 3. Flow rate through each coil or heat exchange device. 
 
3.5.6 Nameplate Data: 
 

1. Complete nameplate data for all equipment. 
2. Motor data to include horsepower, phase, voltage, RPM, full load nameplate current, fuse rating in 

disconnect switch, number or manufacturer's size designation, and ampere rating of overcurrent 
and low voltage protection devices in starters. 

 
3.6 All test openings in ductwork and ductwork insulation shall be sealed with flanged mounted screwed 

cap instrument test holes, Ventfabrics Model 699 or equal.   
 

END OF SECTION 230593
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SECTION 230713 - EXTERIOR INSULATION FOR DUCTWORK   
 
1 GENERAL 
 
1.1 Drawings and general provisions of Contract, including General and Supplementary Conditions and 

Division-1 Specification sections, apply to work of this section. 
 
1.2 Division-23 Basic Mechanical Materials and Methods sections apply to work of this section. 
 
1.3 Approval Submittals:   
 
1.3.1 Product Data:  Submit producer's data sheets and installation instructions on each insulation system 

including insulation, coverings, adhesives, sealers, protective finishes, and other material recommended 
by the manufacturer for applications indicated.  Submit for: 

 
 Rigid duct insulation 
 Flexible duct insulation 
 
1.4 O&M Data Submittals:  Submit a copy of all approval submittals.  Include in O&M Manual.   

     
2 PRODUCTS 
 
2.1 Acceptable Manufacturers:  Subject to compliance with requirements, provide insulation products by 

Knauf, Owens-Corning, Johns Manville, Certainteed. 
 
2.2 Flame/Smoke Ratings:  Provide composite mechanical insulation (insulation, coverings, sealers, mastic, 

and adhesive) with a flame spread rating of 25 or less, and a smoke-developed rating of 50 or less as 
tested by ANSI/ASTM 84. 

 
2.3 Rigid Fiberglass Insulation Board:  ASTM C612, Class 1 (non load bearing).  Boards shall be 3 pcf 

density with UL rated aluminum foil vapor barrier (FSK). 
 
2.4 Flexible Fiberglass Insulation:  ASTM C553, Type I, Class B-3 (temperature less than 350ºF).  Duct 

wrap shall be 1 pcf density with UL rated aluminum foil vapor barrier (FSK). 
 
2.5 General Purpose Mastic:  Benjamin Foster 35-00 Series, Insulcoustic VIAC Mastic, Childers CP-10, or 

approved equal.  The final selection of this product for the specific application indicated is the 
responsibility of the insulation supplier.  The insulation system must meet the specified application. 

 
2.6 Vapor Barrier Sealant:  Benjamin Foster 30-35, Insulcoustic IC-501, 3M EC-1378, Childers CP-30, or 

approved equal.  Provide "Low Odor" type.  The final selection of this product for the specific 
application indicated is the responsibility of the insulation supplier.  The insulation system must meet 
the specified application. 

 
2.7 Adhesive:  Benjamin Foster 85-20, Insulcoustic IC-205, 3M EC-35, Childers CP-82, Childers CP-89, or 

approved equal.  The final selection of this product for the specific application indicated is the 
responsibility of the insulation supplier.  The insulation system must meet the specified application. 

 
2.8 Fiber-Glas Mesh:  10x10 Mesh.  Foster Mastafab or equal. 
 
3 EXECUTION 
 
3.1 Insulate all rectangular supply, return and outdoor air ductwork exposed in mechanical rooms, 

mezzanines, fan lofts or in any finished spaces with 1½" thick rigid fiberglass insulation with vapor 
barrier. 

 
3.2 Installation of Rigid Insulation: 
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3.2.1 Clean and dry ductwork prior to insulating.  Butt insulation firmly together to ensure complete and tight 
fit over surfaces to be covered.  Install insulation materials with smooth and even surfaces.  Maintain 
integrity of aluminum vapor barrier wherever possible.  Extend insulation without interruption through 
walls, floors and similar ductwork penetrations except where otherwise indicated. 

 
3.2.2 Install with facing to the outside with a maximum of 25% compression.  Butt all insulation joints firmly 

together.  Longitudinal seam of the vapor retarder must be overlapped a minimum of 2”.  Staples shall 
be outward clinch and placed approximately 6” on center.  All penetrations, joints, seams, and damage 
to the facing shall be sealed with glass fabric and mastic prior to system startup.  For rectangular ducts 
over 24” wide, secure the insulation to the bottom of the duct with mechanical fasteners spaced on 12” 
centers to reduce sag.  Do not overcompress the insulation with the retainer.  Larger ducts shall be 
secured with fasteners on 12-inch centers and 3 inches from all edges.        

 
3.2.3 Apply open mesh glass fabric embedded in vapor barrier mastic.  Then apply a second coat of general 

purpose mastic with aluminum grey color.  This finish shall be complete over all rigid insulation. 
 
3.3 Insulate all supply, return and outdoor air ductwork concealed above ceilings, in chases, or elsewhere, 

and the backs of all ceiling supply outlets with 2" thick fiberglass blanket insulation with vapor barrier.  
 
3.4 Installation of Flexible Insulation: 
 
3.4.1 Insulate round elbows and fittings with wrap such that thickness is equal to adjoining duct covering. 

Clean and dry ductwork prior to insulating.   
 
3.4.2 Adhere insulation to duct with 50 percent coverage using approved insulation adhesive applied in 6-inch 

wide swaths with 6-inch spaces between swaths.  Additionally secure insulation with perforated pins and 
Tuff-Bond or by self-sticking pins with a 3/8" self-tapping screw.  Space on 12-inch centers and 3 
inches from all edges.  Ducts up through 24" wide only require one row of pins.  Ducts over 24" wide 
shall have pins spaced as described herein. 

 
3.4.3 Lap all joints 2 inches and seal joints with 4-inch wide strips of open mesh glass fabric embedded in two 

coats of general purpose mastic.  
 
3.4.4 Seal all punctures and breaks in aluminum vapor barrier with open mesh glass fabric and vapor barrier 

sealant. 
 

END OF SECTION 230713 
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SECTION 230716 - INSULATION FOR HVAC EQUIPMENT AND PIPING  
 
1 GENERAL 
 
1.1 Drawings and general provisions of Contract, including General and Supplementary Conditions and 

Division-1 Specification sections, apply to work of this section. 
 
1.2 Division-23 Basic Mechanical Materials and Methods Sections apply to work of this section. 
  
1.3 Approval Submittals:   
 
1.3.1 Product Data:  Submit producer's data sheets and installation instructions on each insulation system 

including insulation, coverings, adhesives, sealers, protective finishes, and other material recommended 
by the manufacturer for applications indicated.  Submit for: 

 
 Fiberglass pipe insulation   
 Cellular glass pipe above ground insulation   
 Cellular glass equipment insulation   
 Flexible unicellular piping insulation   
 Fiberglass equipment insulation      
 
1.4 O&M Data Submittals:  Submit a copy of all approval submittals.  Include in O&M Manual.     

  
2 PRODUCTS 
 
2.1 Acceptable Manufacturers:  Subject to compliance with requirements, provide insulation products by 

Armstrong, Johns Manville, Knauf, Owens Corning, Pittsburgh Corning, U.S. Rubber, or approved 
equal.  All products shall be asbestos-free. 

 
2.2 Flame/Smoke Ratings:  Provide composite mechanical insulation (insulation, jackets, coverings, sealers, 

mastics, and adhesive) with a flame-spread rating of 25 or less, and a smoke-developed rating of 50 or 
less, as tested by ANSI/ASTM E84. 

 
2.3 Pipe Insulation Materials: 
 
2.3.1 Fiberglass Pipe Insulation:  ASTM C547, Class 1 unless otherwise indicated.  (Preformed sleeving with 

white all-service jacket, suitable for temperatures up to 450°F) 
 
2.3.2 Cellular Glass Pipe Insulation:  ASTM C552, Type II, Class 1. (Uncovered.) 
 
2.3.3 Flexible Unicellular Pipe Insulation:  ASTM C534, Type I. (Tubular, suitable for use to 200F.) 
 
2.3.4 Staples, Bands, Wires, and Cement:  As recommended by the insulation manufacturer for applications 

indicated. 
 
2.3.5 Adhesives, Sealers, Protective Finishes:  Products recommended by the insulation manufacturer for the 

application indicated. 
 
2.3.6 Bedding Compound for CHW Systems:  Provide products to completely cover the piping or equipment 

being insulated.  Products shall be low odor type.  Foster 30-45 or Foster 95-50. 
 
2.3.7 Jackets:  ASTM C921, Type I (vapor barrier) for piping below ambient temperature, Type II (vapor 

permeable) for piping above ambient temperature.  Type I may be used for all piping at Installer's  
option.  Provide color coded PVC jacket for all insulated piping exposed inside mechanical rooms.  
CHW = WHITE; HW = GREY;  Domestic Water = BLUE;  

 
2.4 Equipment Insulation Materials: 
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2.4.1 Rigid Fiberglass Equipment Insulation:  ASTM C612, Class 1. (Boards, non-loading bearing, suitable 
for use to 400°F.) 

 
2.4.2 Flexible Fiberglass Equipment Insulation:  ASTM C553, Type I, Class B-3.  (Flexible blankets suitable 

for use to 350°F, 1 pcf). 
 
2.4.3 Cellular Glass Equipment Insulation:  ASTM C552, Type I (Flat, uncovered blocks.) 
 
2.4.4 Jacketing Material for Equipment Insulation:  Provide 8 ounce canvas jacket, except as otherwise 

indicated. 
 
2.4.5 Equipment Insulation Compounds:  Provide adhesives, cements, sealers, mastics and protective finishes 

as recommended by insulation manufacturer for applications indicated. 
 
2.4.6 Equipment Insulation Accessories:  Provide staples, bands, wire, wire netting, tape corner angles, 

anchors, stud pins and metal covers as recommended by insulation manufacturer for applications 
indicated. 

 
3 EXECUTION 
 
3.1 General: 
 
3.1.1 Install thermal insulation products in accordance with manufacturer's written instructions, and in 

compliance with recognized industry practices to ensure that insulation serves intended purpose. 
 
3.1.2 Install insulation materials with smooth and even surfaces and on clean and dry surfaces.  Redo poorly 

fitted joints.  Do not use mastic or joint sealer as filler for gapping joints and excessive voids resulting 
from poor workmanship. 

 
3.1.3 Maintain integrity of vapor-barrier on insulation and protect it to prevent puncture and other damage.  

Label all insulation "ASBESTOS FREE". 
     
3.1.4 Do not apply insulation to surfaces while they are hot or wet. 
 
3.1.5 Do not install insulation until systems have been checked and found free of leaks.  Surfaces shall be 

clean and dry before attempting to apply insulation.  A professional insulator with adequate experience 
and ability shall install insulation. 

 
3.1.6 Do not install insulation on pipe systems until acceptance tests have been completed except for flexible 

unicellular insulation.  Do not install insulation until the building is "dried-in". 
 
3.2 Fiberglass Pipe Insulation: 
 
3.2.1 Insulate the following piping systems (indoor locations): 
 
3.2.1.1 Heating hot water:  up to 1-1/4" pipe - 1½" thick, over 1-1/4" pipe 2" thick. 
 
3.2.2 Indoor Concealed Locations:  Apply insulation to pipe with all side and end joints butted tightly.  Seal 

longitudinal lap by pressurizing with plastic sealing tool.  Apply 3 inch wide self sealing butt strips to 
joints between insulation sections.  Insulate all fittings, flanges, valves and strainers with premolded 
insulation.  Apply coat of insulating cement to fittings and wrap with  glass cloth overlapping each wrap 
1" and adjacent pipe 2".  Finish with heavy coat of general purpose mastic.  Premolded PVC covers may 
also be used, but no flexible inserts are allowed. 
 

3.2.3  Indoor Exposed and Mechanical Rooms:   Apply insulation to pipe with all side and end joints butted 
tightly.  Seal longitudinal lap by pressurizing with plastic sealing tool.  Apply 3 inch wide self sealing 
butt strips to joints between insulation sections.  Insulate all fittings, flanges, valves and strainers with 
premolded insulation.  Apply coat of insulating cement to fittings and wrap with  glass cloth overlapping 
each wrap 1" and adjacent pipe 2".  Finish with heavy coat of general purpose mastic.  Cover straight 
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piping with smooth, gloss finished, color coded PVC jacket.  Use matching factory-made PVC covers 
for fittings and valves.  Provide removable end caps for strainers.  Jacketing shall be applied with the 
longitudinal seam positioned to shed water. 

 
3.2.4 Provide hanger or pipe support shields of 16 gauge (minimum) galvanized steel over the insulation 

which extends halfway up the pipe insulation cover and at least 6" on each side of the hanger. 
 
3.2.5 Omit insulation on unions, flanges, strainer blowoffs, flexible connections and expansion joints. 
 
3.3 Cellular Glass Pipe Insulation (Above Ground): 
 
3.3.1 Insulate the following piping systems: 
 
3.3.1.1 Chilled water:  smaller than 6" pipe - 1½" thick, 6" and larger pipe - 2" thick. 
 
3.3.1.2 Heating hot water:  smaller than 6" pipe - 1½" thick, 6" and larger pipe - 2" thick. 
 
3.3.2 Indoor Concealed Locations:  Cut insulation in sections at fittings and carefully fit to the pipe and 

fittings.  No stovepipe or single miter insulation is allowed.  Apply cellular glass bedding compound to 
the pipe surface to achieve 100% coverage (chilled water piping only).  Apply vapor barrier mastic to all 
edges of the cellular insulation and between joints in the insulation.  Wire the cellular glass in place with 
stainless steel wire 9 inches on center.  Provide hanger or pipe support shields of 16 gauge (minimum) 
galvanized steel over or embedded in the insulation which extend halfway up the pipe insulation cover 
and at least 4" on each side of the hanger.  Insulate anchors adequately to prevent moisture condensation 
problems.  Finish cellular glass insulation in concealed locations by applying a white fire rated jacket 
with self sealing lap.  Finish elbows and fittings with weather barrier sealant reinforced with white glass 
fabric. 

 
3.3.3  Indoor Exposed and Mechanical Rooms:   Cut insulation in sections at fittings and carefully fit to the 

pipe and fittings.  No stovepipe or single miter insulation is allowed.  Apply cellular glass bedding 
compound to the pipe surface to achieve 100% coverage (chilled water piping only).  Apply vapor 
barrier mastic to all edges of the cellular insulation and between joints in the insulation.  Wire the 
cellular glass in place with stainless steel wire 9 inches on center.  Provide hanger or pipe support 
shields of 16 gauge (minimum) galvanized steel over or embedded in the insulation which extend 
halfway up the pipe insulation cover and at least 4" on each side of the hanger.  Insulate anchors 
adequately to prevent moisture condensation problems.  Finish cellular glass by applying a heavy coat of 
weather barrier sealant reinforced with white glass fabric to the exterior of the cellular glass.  Cover 
straight piping with smooth, gloss finished, color coded PVC jacket.  Use matching factory-made PVC 
covers for fittings and valves.  Provide removable end caps for strainers.  Jacketing shall be applied with 
the longitudinal seam positioned to shed water. 

 
3.4 Cellular Glass Equipment Insulation: 
 
3.4.1 Insulate the following equipment: 
 
3.4.1.1 Chilled water pumps -2" thick.   
 
3.4.1.2 Chilled water compression tank -1½" thick.   
 
3.4.1.3 Hot water expansion tank -1½" thick. 
 
3.4.2 Carefully cut and fit blocks to curvature of the surface of the equipment in staggered joint fashion.  For 

pumps and other equipment requiring maintenance access, fabricate boxes with removable insulation 
sections.  Chilled water equipment metal surfaces in contact with cellular glass shall be carefully 
covered with bedding mastic, except pumps and other equipment requiring maintenance access.  Apply 
vapor barrier mastic to all edges and joints in the insulation.  Fasten insulation in place with stainless 
steel wire 9" on centers.  Provide heavy coat of vapor barrier sealant over the cellular glass.  Embed a 
layer of open weave glassfab cloth in mastic; overlap joints at least two inches and smooth surfaces.  
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Apply a finish coat of machinery grey general purpose mastic heavy enough to hide weave in cloth and 
finish to smooth surface. 

 
3.5 Flexible Unicellular Pipe Insulation: 
 
3.5.1 Insulate the following piping systems: 
 
3.5.1.1 Condensate drains from air conditioning units - ½" thick. 
 
3.5.1.2 Refrigerant piping - ¾" thick.   
 
3.5.2 Apply insulation in accordance with the manufacturer's recommendations and instructions.  Mitre cut 

insulation to fit pipe fittings.  Use approved cement to seal all joints and ends in the insulation. 
 
3.5.3 Insulation outside the building shall be protected by a smooth 0.016" thickness aluminum jacket secured 

with aluminum bands on 12" centers. 
 
3.6 Fiberglass Equipment Insulation: 
 
3.6.1 Insulate the following equipment: 
 
3.6.1.1 Hot water expansion tank - 1" thick. 
 
3.6.1.2 Hot water heat exchanger - 2" thick. 
 
3.6.2 Coat insulated surfaces with a layer of insulating cement, troweled in a workmanlike manner, leaving a 

smooth continuous surface.  Fill in scored block, seams, chipped edges, and depressions, and cover over 
joints with cement of sufficient thickness to remove surface irregularities.  Cover insulated surface with 
glass cloth jacketing neatly fitted and firmly secured.  Lap seams at least 2 inches.  Apply over vapor 
barrier where applicable. 

 
END OF SECTION 230716 
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SECTION 230913 - VARIABLE FREQUENCY DRIVES 
 
1 GENERAL 
 
1.1 Drawings and general provisions of Contract, including General and Supplementary Conditions and 

Division-1 Specification sections, apply to work of this section. 
 
1.2 Division-23 Basic Mechanical Materials and Methods sections apply to work of this section. 
 
1.3 Extent of variable frequency drive work required by this section is indicated on drawings and schedules, 

and by requirements of this section.  Motor characteristics are specified in Division-23 section “Electric 
Motors”.   Control sequences are specified in the mechanical drawings. 

 
1.4 Refer to other Division-23 sections for installation of pumps, AHUs, pressure taps, and flow stations in 

mechanical systems; not work of this section.  Coordinate with pump and air handling unit suppliers. 
 
1.5 Refer to Division-26 sections for the following work; not work of this section. 
 
1.5.1 Power supply wiring for power source to power connection on pumps, air handling units, drives, 

controls and/or unit control panels.   
 
1.6 Provide the following electrical work as work of this section, complying with requirements of Division-

16 sections:  Control wiring and signal wiring between field-installed controls, indicating devices, and 
unit control panels. 

 
1.7 Codes and Standards: 
 
1.7.1 Electrical Standards:  Provide electrical products which have been tested, listed and labeled by UL and 

comply with NEMA standards. 
 
1.7.2 NEMA Compliance:  Comply with NEMA standards pertaining to components and devices for electric 

control systems. 
 
1.7.3 NFPA Compliance:  Comply with NFPA 90A "Standard for the Installation of Air Conditioning and 

Ventilating Systems" where applicable to controls and control sequences. 
 
1.7.4 NEC Compliance:  Comply with NFPA 70 National Electric Code. 
           
1.8 Approval Submittals: 
 
1.8.1 Product Data:  Submit manufacturer's technical product data for each type of drive furnished, indicating 

dimensions, capacities, performance characteristics including harmonic contributions, electrical 
characteristics, finishes of materials, and including installation instructions and start-up instructions. 

 
1.9 Test Reports and Verification Submittals:    
 
1.9.1 Submit manufacturer’s representative startup report. 
 
1.10 O&M  Data:  Submit maintenance instructions and spare parts lists.  Include this data, a copy of 

approval data in O&M manual.  
 
2 PRODUCTS 
 
2.1 General:  Provide products in sizes and capacities indicated, consisting of variable frequency drives, 

bypass devices, disconnects, controllers, sensors, transmitters, and other components as required for a 
complete installation.  Except as otherwise indicated, provide manufacturer's standard system 
components as indicated by published product information, designed and constructed as recommended 
by manufacturer. 
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2.2 Variable Frequency Drives:  Provide UL or ETL approved, variable torque, variable frequency drives 
capable of being used with AC induction motors without causing overheating or excessive noises.  
Drives shall be housed in NEMA 1 enclosures.  The supplier shall perform all necessary electric power 
analyses as required to ensure the drives operate properly in the service indicated.  Provide the following 
performance and construction features: 

 
2.2.1 The drive may be either voltage or current source, but current source drives must incorporate a voltage 

clamping circuit.  Drives must be able to be tested under no-load conditions. 
 
2.2.2 The controller shall accept power as indicated on the drawings and provide a variable frequency output 

for speed control from 10% to 100% of base speed (1,800 rpm nominal).  Provide fused input. 
 
2.2.3 The drive shall produce a variable frequency, adjustable voltage output with a constant input power 

factor of at least 0.95 and a variable-torque constant volts/Hz ratio.  The input stage shall use a full wave 
diode bridge.  Provide DC switching power supply.   

 
2.2.4 The drive shall maintain an overall efficiency from input to output of at least 95% over the full range of 

operation. 
 
2.2.5 The output stages shall not generate unacceptable line noise, motor noise, or radio frequency 

interference.  Any isolation transformers, filters, or other devices required to prevent these problems, or 
to enable the drive to function properly with the available utility power shall be provided by the 
manufacturer. 

 
2.2.6 All units shall be warranted for a period of 18 months. All drives shall be pretested before shipment. 
 
2.2.7 Drive features: 
 
2.2.7.1 Minimum and maximum speed adjustment. 
 
2.2.7.2 Separately adjustable acceleration and deceleration. 
 
2.2.7.3 Adjustable current limit. 
 
2.2.7.4 Short circuit protection and ground fault protection.  Over current protection for driven load shall 

comply with NEC. 
 
2.2.7.5 4-20 mA current follower circuitry.   
 
2.2.7.6 Under voltage and over voltage protection. 
 
2.2.7.7 Over temperature protection. 
 
2.2.7.8 Automatic restarting of the drive after a power outage or power dip. 
 
2.2.7.9 Drive status indicator lights and digital display. 
 
2.2.7.10 Mode selector switch (manual, off, automatic). 
 
2.2.7.11 Manual speed potentiometer. 
 
2.2.7.12 Speed indicator and ammeter to indicate full range of operation. 

 
2.2.7.13 Motor starter circuit and drive input disconnect switch complying with NEC Article 430.   
 
2.2.7.14 Phase loss protection (input and output) and surge suppression. 
 
2.2.7.15 Start/stop control in any mode from a remote signal or contact closure. 
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2.2.7.16 Auxiliary contact indicating run status. 
 
2.2.7.17 BACnet MS/TP interface. 
 
2.2.7.18 Internal diagnostics displayed on unit panel. 
 
2.2.7.19 Drives shall be able to catch and drive into a spinning load. 

 
2.2.8 Acceptable Manufacturers:  Subject to compliance with requirements, provide drives of one of the 

following: 
 
 Toshiba 

Magnetek 
 Asea Brown Boveri 
 Yaskawa 
 
3 EXECUTION 
 
3.1 Examine areas and conditions under which variable volume systems are   to be installed.  Do not 

proceed with work until unsatisfactory conditions have been corrected in a manner acceptable to 
Installer. 

 
3.2 Install the variable frequency drives where shown on the drawings in accordance with the 

manufacturer's printed instructions.  If the drive is not located within sight of the motor, provide 
additional line side disconnect switch complying with the requirements of Division 21 and NEC Article 
430.  

 
3.3 Mounting:  Provide slotted angles or channel bars with mounting hardware for securing drives to the 

wall.  Combustible materials are not permitted. 
 
3.4 Refer to Division-26 sections for motor connections and testing requirements. 
 
3.5 Variable Volume Pumping Systems: 
 
3.5.1 System Adjustment:  The drive supplier shall coordinate the setting of all adjustments and setpoints for 

initial operation.  The system and all pumps and control valves shall be monitored for proper operation.  
It shall be recognized that final settings will be obtained by trial-and-error by necessity.  Call backs to 
achieve proper settings shall be included in the base bid. 

 
3.6 Variable Air Volume Systems: 
 
3.6.1 Verify that the drives control the air handling unit speeds properly over the full range of operation in 

response to control signals.  Coordinate drive operation with final sheave selection. 
 
3.6.2 System Adjustment:  The drive supplier shall coordinate the setting of all adjustments and setpoints for 

initial operation.  Monitor system boxes and AHUs for proper operation.  It shall be recognized that final 
settings and locations of static pressure transmitters will be obtained by trial-and-error by necessity.  
Call backs to achieve proper settings shall be included in the base bid.  Coordinate with TAB Contractor 
to determine minimum fan speed to achieve minimum scheduled supply and outside air flows.   

 
3.7 Start-up:  Start-up, test, and adjust variable volume systems in conjunction with DDC contractor and 

manufacturer's authorized representative.  Demonstrate compliance with requirements.  Replace 
damaged or malfunctioning equipment. 

 
3.8 Owner's Instructions:  Provide services of manufacturer's technical representative for one 4-hour day to 

instruct Owner's personnel in operation and maintenance of variable frequency drives.  Schedule 
instruction with Owner, provide at least 7-day notice to Contractor and Engineer of training date. 

 
3.9 System Verification:  The manufacturer's authorized representative shall state in writing to the Engineer 
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that the variable volume system is operating properly, final adjustments and calibrations are complete, 
and Owner training has been accomplished. 

 
END OF SECTION 230913 
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SECTION 230923 - DIRECT DIGITAL CONTROLS 
 
1 GENERAL 
 
1.1 Drawings and general provisions of Contract, including General and Supplementary Conditions and 

Division-1 Specification sections, apply to work of this section. 
 
1.2 Division-23 Basic Mechanical Materials and Methods sections apply to work of this section. 
 
1.3 Extent of Energy Management Control and DDC Systems (EMCS/DDC) work required by this section 

is indicated on drawings and input/output schedules, and by requirements of this section.   
 
1.4 Refer to other Division-23 sections for installation of instrument wells, valve bodies and dampers in 

mechanical systems; not work of this section. 
 
1.5 Refer to Division-26 sections for the following work; not work of this section.   Power supply wiring for 

power source to power connection on controls and/or EMCS panels.  Include starters, disconnects, and 
required electrical devices, except where specified as furnished, or factory-installed, by manufacturer. 

 
1.6 Provide the following electrical work as work of this section, complying with requirements of Division-

26 sections:  Control wiring between field-installed controls, equipment, indicating devices, and 
EMCS/DDC panels. 

 
1.7 Codes and Standards: 
 
1.7.1 Electrical Standards:  Provide electrical products which have been tested, listed and labeled by UL and 

comply with NEMA standards. 
 
1.7.2 NEMA Compliance:  Comply with NEMA standards pertaining to components and devices for electric 

control systems. 
 
1.7.3 NFPA Compliance:  Comply with NFPA 90A "Standard for the Installation of Air Conditioning and 

Ventilating Systems" where applicable to controls and control sequences. 
 
1.7.4 Federal Communication Commission (FCC) as required.  
          
1.8 Approval Submittals: 
 
1.8.1 Product Data:  Submit manufacturer's technical product data for each EMCS/DDC panel and control 

device furnished, indicating dimensions, capacities, performance characteristics, electrical 
characteristics, finishes of materials.  Include installation instructions and start-up instructions.  Provide 
technical specification data for each component and software module. 

 
1.8.2 Shop Drawings:  Submit shop drawings for the EMCS/DDC containing the following information:  
 
1.8.2.1 Schematic flow diagram of system showing fans, pumps, coils, dampers, valves, and control devices. 
 
1.8.2.2 Label each control device with setting or adjustable range of control. 
 
1.8.2.3 Indicate all required electrical wiring.  Clearly differentiate between portions of wiring that are factory-

installed and portions to be field-installed.  The point-to-point wiring diagram shall show all 
interconnections. 

  
1.8.2.4 Provide details of faces of EMCS/DDC panels, including controls instruments and labeling. 
 
1.8.2.5 Include written description of sequence of operation.   

 
1.8.2.6  Provide a scaled floor plan drawing showing location of all conduit, control cabling, junction boxes, 

control devices, and surge suppression devices.   
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1.9 Test Reports and Verification Submittals:  
 
1.9.1 Submit system verification letter from manufacturers representative stating that all HVAC controls have 

been checked, calibrated, started up and verified for proper operation.  State that the Owner training has 
been completed and provide a roster of attendees.     

 
1.10 O&M Data Submittals:   
 
1.10.1 Maintenance Data:  Submit maintenance instructions and spare parts lists for each type of control 

device.  Include that type data, and a copy of all approval submittals in O&M Manual.  
 
1.10.2 System Manual:  In addition to the maintenance data requirements, provide an EMCS/DDC Owner's 

Manual in a separate binder specifically for this project.  This manual shall provide a description of the 
information flow to and from panels and devices and shall describe the overall communications 
network.  The manual shall also include operating instructions, block diagrams, schematics, schedules, 
and system descriptions.  Instruct Owner's personnel with this manual during the required training 
periods. 

 
1.10.3 Software:  Submit a copy of all software. 
 
1.10.4 Service: Submit name, address, and telephone number of company that will provide service and training 

for the system.   
 

1.10.5  As-Built Drawings:  Provide a scaled floor plan drawing showing location of all conduit, control 
cabling, junction boxes, control devices, and surge suppression devices.   

 
2 PRODUCTS 
 
2.1 Acceptable Manufacturers:  Subject to compliance with requirements, provide EMCS/DDC control 

systems of one of the following: 
 
       Schneider Electric I/A Series 
 
2.2 General:  Provide EMCS/DDC control products in sizes and capacities indicated, consisting of   valves, 

dampers, sensors, controllers and other components as required for complete installation.  Except as 
otherwise indicated, provide manufacturer's standard control system components as indicated by 
published product information, designed and constructed as recommended by manufacturer.  Provide an 
EMCS/DDC controls system with the following functional and construction features as indicated.  
Communications between System Controllers and sub-networks of Custom Application Controllers 
and/or Application Specific Controllers shall utilize BACnet MSTP (RS485) communications. 
 

2.2.1  Each System Controller shall perform communications to a network of Custom Application and 
Application Specific Controllers using BACnet/MSTP (RS485) as prescribed by the BACnet standard.  
Each System Controller shall function as a BACnet Router to each unit controller providing a unique 
BACnet Device ID for all controllers within the system. 
 

2.2.2  The Controls Contractor shall provide all communication media, connectors, repeaters and network 
switches routers necessary for the high speed Ethernet communications network. 

 
2.2.3  All values within the system (i.e. schedules, datalogs, points, software variables, custom program 

variables) shall be readable and controllable (where appropriate) by any System Controller or BACnet 
Workstation on the communications network via BACnet. 

 
2.3 Quality Assurance:  
 
2.3.1 Provide equipment of firms regularly engaged in manufacture of EMCS/DDC equipment, of types 

required, whose products have been in satisfactory use in similar service for not less than three years.  
Provide evidence that software has been in use satisfactorily for at least one year.  
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2.3.2 Contractor shall have at least three years experience in the installation and servicing of EMCS/DDC 

equipment similar to that being installed.  Contractor shall have an office within 100 miles of the project 
and shall maintain a remote terminal capable of communication with the EMCS/DDC during the year 
warranty period. 

 
2.4 Control Valves: Provide factory-fabricated pressure independent electric control valves with constant 

differential pressure across the control valve for 100% valve authority.  The valve shall accurately 
control the flow with an operating pressure differential range of 4 to 60 psi.  Provide pressure regulation 
with EDPM diaphragm, stainless steel spring, and pressure control disc.  Pressure control seats shall be 
brass construction with vulcanized EPDM.  The valve shall be adjustable to indicate percentage of valve 
flow range, utilizing an adjustment collar and lock mechanism.  Where type or body material is not 
indicated, provided selection as determined by manufacturer for installation requirements and pressure 
class, based on maximum pressure and temperature rating of piping system.  Provide valve size in 
accordance with scheduled or specified maximum pressure drop across control valve.  Except as 
otherwise indicated, provide valves which mate and match material of connecting piping.  Equip control 
valves with control valve motors with proper shutoff ratings for each individual application.  

  
2.4.1   Acceptable Manufacturers:  Danfoss, Belimo, Griswold, Bell & Gossett, Flow Design Inc. 
 
2.5 Dampers: Refer to Division-23 Section “Ductwork Accessories” for dampers.  Actuators are work of 

this section.  
 
2.6 Actuator Motors: Size each motor to operate dampers or valves with sufficient reserve power to provide 

smooth modulating action or two position action as specified.  
 
2.6.1 Provide permanent split-capacitor or shaded pole type motors with gear trains completely oil-immersed 

and sealed.  Equip spring-return motors, where indicated on drawings or in operational sequence, with 
integral spiral-spring mechanism.  Furnish entire mechanism in housing designed for easy removal for 
service or adjustment of limit switches, auxiliary switches, or feedback potentiometer. 

 
2.6.2 Equip motors for outdoor locations and for outside air intakes with “O-ring” gaskets designed to make 

motors completely weatherproof, and equip with internal heaters to permit normal operation at 10ºF.  
 
2.6.3 Furnish non-spring return motors for dampers larger than 25 sq. ft. and for valves larger than 2½”.  Size 

for running torque rating of 150 inch-pounds and breakaway torque rating of 300 inch-pounds.  Size 
spring-return motors for running torque rating of 150 inch-pounds and breakaway torque rating of 150 
inch-pounds.   

 
2.7 EMCS/DDC Associated Components: 
 
2.7.1 Provide field-programmable microprocessor-based, stand-alone EMCS/DDC panels as specified herein.  

The EMCS/DDC panel manufacturer shall be responsible for the complete engineering of the panel.  
The panel shall be UL listed and housed in a key locked metal cabinet.  Parts shall be plug in (modular) 
for easy repair or expansion.  Power input shall be 24V or 120 V.  Relays and contacts shall be rated at 
24 VA at 24 VAC or 125 VA at 120 and 230 VAC, as required.  

 
1. The System Controller shall have sufficient memory to support its operating system, database, and 

programming requirements. 
2. The controller shall provide a USB communications port for connection to a PC 
3. The operating system of the Controller shall manage the input and output communications signals 

to allow distributed controllers to share real and virtual point information and allow central 
monitoring and alarms. 

4. All System Controllers shall have a real time clock. 
5. Data shall be shared between networked System Controllers. 
6. The System Controller shall continually check the status of its processor and memory circuits.  If 

an abnormal operation is detected, the controller shall: 
a. Assume a predetermined failure mode. 
b. Generate an alarm notification. 
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c. Create a retrievable file of the state of all applicable memory locations at the time of the 
failure. 

d. Automatically reset the System Controller to return to a normal operating mode. 
7. Environment.  Controller hardware shall be suitable for the anticipated ambient conditions. 

Controller used in conditioned ambient shall be mounted in an enclosure, and shall be rated for 
operation at -40 F to 122 F. 

8. Clock Synchronization.  
a. All System Controllers shall be able to synchronize with a NTP server for automatic time 

synchronization.   
b. All System Controllers shall be able to accept a BACnet time synchronization command for 

automatic time synchronization.   
c. All System Controllers shall automatically adjust for daylight savings time if applicable. 

9. Serviceability 
a. Provide diagnostic LEDs for power, communications, and processor.  
b. The System Controller shall have a display on the main board that indicates the current 

operating mode of the controller.   
c. All wiring connections shall be made to field removable, modular terminal connectors. 
d. The System controller shall utilize standard DIN mounting methods for installation and 

replacement. 
10. Memory.  The System Controller shall maintain all BIOS and programming information 

indefinitely without power to the System controller 
11. Immunity to power and noise.  Controller shall be able to operate at 90% to 110% of nominal 

voltage rating and shall perform an orderly shut-down below 80% nominal voltage 
12. BACnet Test Labs (BTL) Listing.  Each System Controller shall be listed as a Building Controller 

(B-BC) by the BACnet Test Labs. 
 
2.8 EMCS/DDC Functions:  Furnish the following applications software for building and energy 

management. All software applications shall reside and run in the system controllers.  Editing of 
applications shall occur at the operator interface. 

 
1. Scheduling.  Provide the capability to schedule each object or group of objects in the system. Each 

of these schedules shall include the capability for start, stop, optimal start, optimal stop, and night 
economizer actions.  Each schedule may consist of up to [10] events.  When a group of objects are 
scheduled together, provide the capability to define advances and delays for each member.  Each 
schedule shall consist of the following: 
a. Weekly Schedule.  Provide separate schedules for each day of the week. 
b. Exception Schedules.  Provide the ability for the operator to designate any day of the year as 

an exception schedule.  This exception schedule shall override the standard schedule for that 
day.  Exception schedules may be defined up to a year in advance.  Once an exception 
schedule is executed it will be discarded and replaced by the standard schedule for that day of 
the week. 

c. Holiday Schedules.  Provide the capability for the operator to define up to 99 special or 
holiday schedules.  These schedules may be placed on the scheduling calendar and will be 
repeated each year.  The operator shall be able to define the length of each holiday period.  

d. Optimal Start.  The scheduling application outlined above shall support an optimal start 
algorithm.  This shall calculate the thermal characteristics of a zone and start the equipment 
prior to occupancy to achieve the desired space temperature at the specified occupancy time.  
The algorithm shall calculate separate sets of heating and cooling rates for zones that have 
been unoccupied for less then and greater than 24 hours.  Provide the ability to modify the 
start algorithm based on outdoor air temperature.  Provide an early start limit in minutes to 
prevent the system from starting before an operator determined time limit. 

2. Trend Log Application 
a. Trend log data shall be sampled and stored on the System Controller panel and shall capable 

of being archived to a BACnet Workstation for longer term storage. 
1) Trend logs shall include interval, start-time, and stop-time. 
2) Trend log intervals shall be configurable as frequently as 1 minute and as infrequently as 

1 year. 
b. Automated Trend Logs. 
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1) The system controller shall automatically create trend logs for defined key measurements 
for each controlled HVAC device and HVAC application.  

2) The automatic trend logs shall monitor these parameters for a minimum of 7 days at 15 
minute intervals.  The automatic trend logs shall be user adjustable.   

3. Alarm/Event Log 
a. Any object in the system shall be configurable to generate an alarm when transitioning in and 

out of a normal or fault state.   
b. Any object in the system shall allow the alarm limits, warning limits, states, and reactions to 

be configured for each object in the system. 
c. An alarm/event shall be capable of triggering any of the following actions: 

1) Route the alarm/event to one or more alarm log.  The alarm message shall include the 
name of the alarm location, the device that generated the alarm, and the alarm message 
itself.   

2) Route an e-mail message to an operator(s)  
3) Log a data point(s) for a period of time 
4) Run a custom control program 

4. VAV System Coordination.  Provide applications software to properly coordinate and control the 
VAV system to ensure equipment safety and minimize energy use.  This application shall perform 
the following functions: 
a. Startup and shutdown the air handler safely. Ensure the VAV boxes are open sufficiently 

when the air handler is running, to prevent damage to the ductwork and VAV boxes due to 
high air pressure. 

b. Calibrate VAV boxes. 
c. Fan Pressure Optimization (ASHRAE 90.1) - Minimize energy usage by controlling system 

static pressure to the lowest level while maintaining zone airflow requirements. System static 
pressure controlled to keep the “most open” zone damper between 65% and 75% open. 
1) The Fan Pressure Optimization application shall have the ability to identify and display 

the discharge air setpoint of the air-handler and the VAV box that serves the critical zone 
(e.g., the zone with the most open VAV box damper). This information shall dynamically 
update with changes in the location of the critical zone. 

2) During commissioning, and with the engineer/owner, the controls contractor shall 
confirm the performance of Fan Pressure Optimization by conducting a field functional 
test that demonstrates critical zone reset. 

5. Point Control.  User shall have the option to set the update interval, minimum on/off time, event 
notification, custom programming on change of events. 

6. Timed Override.  A standard application shall be utilized to enable/disable temperature control 
when a user selects on/cancel at the zone sensor, operator interface, or the local operator display.  
The amount of time that the override takes precedence will be selectable from the operator 
interface. 

7. Anti-Short Cycling.  All binary output points shall be protected from short cycling 
 
2.9 Operator Interface: 
  

1. Operator Interface 
a. The operator interface shall be accessible via a web browser. 
b. The operator interface shall support the following Internet web browsers: 

1) Internet Explorer 8.0+ 
c. The operator interface shall support the following mobile web browsers: 

1) iOS (iPad/iPhone) V4.0+ 
2) Android (Phone) V2.3+ 

2. Mobile App Operator Interface  
a. Mobile App Operator Interface shall support the following Operating systems 

1) Apple iOS 5 
2) Apple iOS 6 
3) Android V2.3 
4) Android V4.0 
5) Android V4.1 

b. The operator interface shall support system access on a mobile device via a mobile app to: 
1) Alarm log 
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2) System Status 
3) Equipment status 
4) Space Status 
5) Standard Equipment graphics 

c. The operator interface shall support actions on a mobile device via a mobile app to: 
1) Override set points 
2) Override occupancy  
3) Acknowledge Alarms 
4) Comment on Alarms 

d. System Security 
1) Each operator shall be required to login to the system with a user name and password in 

order to view, edit, add, or delete data.   
2) User Profiles shall restrict the user to only the objects, applications, and system functions 

as assigned by the system administrator. 
3) Each operator shall be allowed to change their user password 
4) The System Administrator shall be able to manage the security for all other users  
5) The system shall include pre-defined “roles” that allow a system administrator to quickly 

assign permissions to a user. 
6) User logon/logoff attempts shall be recorded. 
7) The system shall protect itself from unauthorized use by automatically logging off 

following the last keystroke.  The delay time shall be user definable. 
8) All system security data shall be stored in an encrypted format. 

e. Database 
1) Database Save. A system operator with the proper password clearance shall be able to 

archive the database on the designated operator interface PC.  
2) Database Restore.  The system operator shall also be able to clear a panel database and 

manually initiate a download of a specified database to any panel in the system. 
f. On-Line Help and Training  

1) Provide a context sensitive, on line help system to assist the operator in operation and 
configuration of the system.   

2) On-line help shall be available for all system functions and shall provide the relevant data 
for each particular screen. 

g. System Diagnostics 
1) The system shall automatically monitor the operation of all network connections, 

building management panels, and controllers.   
2) The failure of any device shall be annunciated to the operators. 

h. Equipment & Application Pages 
1) The operator interface shall include standard pages for all equipment and applications.  

These pages shall allow an operator to obtain information relevant to the operation of the 
equipment and/or application, including: 
a) Animated Equipment Graphics for each major piece of equipment and floor plan in 

the System.  This includes: 
(1) Each Chiller, Air Handler, VAV Terminal, Fan Coil, Boiler, and Cooling 

Tower.  These graphics shall show all points dynamically as specified in the 
points list. 

(2) Animation capabilities shall include the ability to show a sequence of images 
reflecting the position of analog outputs, such as valve or damper positions. 
Graphics shall be capable of launching other web pages. 

b) Alarms relevant to the equipment or application without requiring a user to navigate 
to an alarm page and perform a filter. 

c) Historical Data (As defined in Automatic Trend Log section below) for the 
equipment or application without requiring a user to navigate to a data log page and 
perform a filter. 

i. System Graphics. Operator interface shall be graphically based and shall include at least one 
graphic per piece of equipment or occupied zone, graphics for each chilled water and hot 
water system, and graphics that summarize conditions on each floor of each building included 
in this contract. Indicate thermal comfort on floor plan summary graphics using colors to 
represent zone temperature relative to zone set point.  
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1) Functionality. Graphics shall allow operator to monitor system status, to view a summary 
of the most important data for each controlled zone or piece of equipment, to use point 
and-click navigation between zones or equipment, and to edit set points and other 
specified parameters.  

2) Graphic imagery – graphics shall use 3D images for all standard and custom graphics.  
The only allowable exceptions will be photo images, maps, schematic drawings, and 
selected floor plans. 

3) Animation. Graphics shall be able to animate by displaying different Image lies for 
changed object status. 

4) Alarm Indication. Indicate areas or equipment in an alarm condition using color or other 
visual indicator. 

5) Format. Graphics shall be saved in an industry-standard format such as BMP, JPEG, 
PNG, or GIF. Web-based system graphics shall be viewable on browsers compatible with 
World Wide Web Consortium browser standards. Web graphic format shall require no 
plug-in (such as HTML and JavaScript) or shall only require widely available no-cost 
plug-ins (such as Active-X and Macromedia Flash). 

j. Custom Graphics 
1) The operator interface shall be capable of displaying custom graphics in order to convey 

the status of the facility to its operators. 
2) Graphical Navigation. The operator interface shall provide dynamic color graphics of 

building areas, systems and equipment.  
3) Graphical Data Visualization.  The operator interface shall support dynamic points 

including analog and binary values, dynamic text, static text, and animation files.   
4) Custom background images. Custom background images shall be created with the use of 

commonly available graphics packages such as Adobe Photoshop. The graphics 
generation package shall create and modify graphics that are saved in industry standard 
formats such as GIF and JPEG.   

k. Graphics Library.  Furnish a library of standard HVAC equipment such as chillers, air 
handlers, terminals, fan coils, unit ventilators, rooftop units, and VAV boxes, in 3-
dimensional graphic depictions. The library shall be furnished in a file format compatible with 
the graphics generation package program. 

l. Manual Control and Override.  
1) Point Control.  Provide a method for a user to view, override, and edit if applicable, the 

status of any object and property in the system.  The point status shall be available by 
menu, on graphics or through custom programs.  

2) Temporary Overrides.  The user shall be able to perform a temporary override wherever 
an override is allowed, automatically removing the override after a specified period of 
time.   

3) Override Owners.  The system shall convey to the user the owner of each override for all 
priorities that an override exists. 

4) Provide a specific icon to show timed override or operator override, when a point, unit 
controller or application has been overridden manually. 

m. Engineering Units 
1) Allow for selection of the desired engineering units (i.e. Inch pound or SI) in the system.   
2) Unit selection shall be able to be customized by locality to select the desired units for 

each measurement.   
3) Engineering units on this project shall be IP. 

3. Scheduling.  A user shall be able to perform the following tasks utilizing the operator interface: 
a. Create a new schedule, defining the default values, events and membership. 
b. Create exceptions to a schedule for any given day. 
c. Apply an exception that spans a single day or multiple days. 
d. View a schedule by day, week and month. 
e. Exception schedules and holidays shall be shown clearly on the calendar. 
f. Modify the schedule events, members and exceptions. 

4. Trend Logs 
a. Trend Logs Definition. 

1) The operator interface shall allow a user with the appropriate security permissions to 
define a trend log for any data in the system. 
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2) The operator interface shall allow a user to define any trend log options as described in 
the Application and Control Software section. 

b. Trend Log Viewer.   
1) The operator interface shall allow Trend Log data to be viewed and printed.   
2) The operator interface shall allow a user to view trend log data in text-based (time –

stamp/value). 
3) The operator shall be able to view the data collected by a trend log in a graphical chart in 

the operator interface.   
4) Trend log viewing capabilities shall include the ability to show a minimum of 5 points on 

a chart.   
5) Each data point trend line shall be displayed as a unique color.   
6) The operator shall be able to specify the duration of historical data to view by scrolling 

and zooming. 
7) The system shall provide a graphical trace display of the associated time stamp and value 

for any selected point along the x-axis.   
c. Export Trend Logs.   

1) The operator interface shall allow a user to export trend log data in CSV or PDF format 
for use by other industry standard word processing and spreadsheet packages.   

5. Alarm/Event Notification 
a. An operator shall be notified of new alarms/events as they occur while navigating through any 

part of the system via an alarm icon. 
b. Alarm/Event Log.  The operator shall be able to view all logged system alarms/events from 

any operator interface. 
1) The operator shall be able to sort and filter alarms from events. Alarms shall be sorted in 

a minimum of 4 categories based on severity. 
2) Alarm/event messages shall use full language, easily recognized descriptors.   
3) An operator with the proper security level may acknowledge and clear alarms/events.   
4) All alarms/events that have not been cleared by the operator shall be stored by the 

building controller.   
5) The alarm/event log shall include a comment field for each alarm/event that allows a user 

to add specific comments associated with any alarm. 
c. Alarm Processing.   

1) The operator shall be able to configure any object in the system to generate an alarm 
when transitioning in and out of a normal state.   

2) The operator shall be able to configure the alarm limits, warning limits, states, and 
reactions for each object in the system. 

6. Reports and Logs.   
a. The operator interface shall provide a reporting package that allows the operator to select 

reports.   
b. The operator interface shall provide the ability to schedule reports to run at specified intervals 

of time.     
c. The operator interface shall allow a user to export reports and logs from the building 

controller in a format that is readily accessible by other standard software applications 
including spreadsheets and word processing. Acceptable formats include: 
1) CSV, HTML, XML, PDF 

d. Reports and logs shall be readily printed to the system printer.   
e. Provide a means to list and access the last 10 reports viewed by the user. 
f. The following standard reports shall be available without requiring a user to manually 

configure the report: 
1) All Points in Alarm Report: Provide an on demand report showing all current alarms. 
2) All Points in Override Report: Provide an on demand report showing all overrides in 

effect. 
3) Commissioning Report: Provide a one-time report that lists all equipment with the unit 

configuration and present operation. 
4) Points report: Provide a report that lists the current value of all points 

7. VAV Air System.  An operator shall be able to view and control (where applicable) the following 
parameters via the operator interface: 
a. System Mode 
b. System Occupancy 
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c. Ventilation (Outdoor air flow) setpoint 
d. Ventilation (Outdoor air flow) status 
e. Air Handler Static pressure setpoint 
f. Air Handler Static pressure status 
g. Air Handler occupancy status 
h. Air Handler Supply air cooling and heating set points 
i. Air Handler minimum, maximum and nominal static pressure setpoints 
j. VAV box minimum and maximum flow 
k. VAV box drive open and close overrides 
l. VAV box occupancy status 
m. VAV box Airflow to space 
n. Average space temperature 
o. Minimum space temperature 
p. Maximum space temperature 

8. Chilled Water System.  An operator shall be able to view and control (where applicable) the 
following parameters via the operator interface: 
a. System mode of the chiller plant 
b. Chiller enable/disable status 
c. System supply water setpoint 
d. System supply and return water temperature 
e. System Chilled water pump status 
f. System Chilled water flow 
g. Bypass pipe flow rate (if applicable) 
h. Chiller or system failure information 

9. Custom Application Programming.  Provide the tools to create, modify, and debug custom 
application programming.  The operator shall be able to create, edit, and download custom 
programs at the same time that all other system applications are operating.  The system shall be 
fully operable while custom routines are edited, compiled, and downloaded.   

10. Custom Graphic Editor.  Provide the tools to create, modify, and debug custom graphics.  The 
operator shall be able to create, edit, and download custom graphics at the same time that all other 
system applications are operating.  The system shall be fully operable while custom graphics are 
edited, compiled, and downloaded.   

 
2.10  Associated Hardware:  Provide actuators, relays, and other interface devices as required to execute the 

indicated control functions.   
 
2.11 EMCS/DDC Input Devices:   
 
2.11.1 Temperature Sensors:  Provide nickel resistance temperature detector (RTD) type sensors for duct, well 

or room mounting as required by duty indicated.  Accuracy:  plus or minus 0.5ºF. 
 
2.11.2 Temperature Transmitters:  Provide 3 or 4 wire resistance temperature detector (RTD) type transmitters 

for duct, well or room mounting as required by duty indicated.  Provide metal enclosure sealed against 
moisture.  Accuracy:  plus or minus 0.25ºF.  Install wells to accommodate sensors.  Wells must be of 
sufficient size to allow insertion of an electronic probe with the sensor for calibration.  Accutech AI-
1000 or approved equal. 

 
2.11.3 Current Transformers:  Provide current transformers (and potential transformers if required) and all 

associated interface equipment for sensing kW demand. 
 
2.11.4 Hydronic Differential Pressure Transmitter:  Provide self-contained, variable capacitance type 

differential pressure transmitters with the following features.  Subject to compliance with requirements, 
provide transmitters of one of the following: Rosemont, Foxboro, Leslie, Yokagawa. 

 
a. Sealed electronics compartment, suitable for duty at 90ºF, 100% RH.  Provide NEMA 4 enclosure. 
b. Output 4-20 ma DC, isolated linear signal. 
c. Design pressure:  2000 psi, design overrange differential: 2000 psi with minimal adverse affect on 

output. 
d. Accuracy:  plus or minus 0.25% of span.  



Deane Bozeman School                                                                                                                                  230923-10 
Classroom Addition & Site Work 

e. Stability:  plus or minus 0.25% of range limit. 
f. Provide zero and span adjustments.  Set span for each transmitter based on duty, not at maximum 

unless required.  
 
2.11.5 Differential and Static Pressure Sensors (Air): Provide 0-6" w.g. adjustable in 2" w.g. span pressure 

sensors with ±0.5% full scale accuracy.  Provide zero and span adjustments.  Provide over-pressure 
protection to 10 psig positive or negative. 

 
2.11.6 Differential Pressure Switches (Air): Provide 0.05 to 5" w.g. differential pressure switches with 

adjustable setpoint and SPDT contact rated for duty indicated.  Provide over-pressure protection to 1 
psig positive or negative. 

 
2.11.7  Insertion Type Flowmeters:  Provide electromagnetic insertion type flowmeters suitable for measuring 

electrically conductive liquids at a flow range velocity of 0.1 ft/s to 20 ft/s.  Provide ±1.0% accuracy of 
reading between 2 and 20 ft/second flow velocity.  No greater than 0.1 psi pressure drop at 12 ft/s flow 
velocity.  Onicon F-3500 or equal.   

 
2.11.8  Airflow Measuring Stations:  Provide airflow measuring station consisting of multiple hermetically 

sealed bead in glass thermistor probes capable of reading airflow with an accuracy of ±2% of reading.  
Ebron GTx116-p+ or engineer approved equal.  

 
2.11.9 Humidity Sensors: Relative-humidity sensing element shall use non-saturating sensing elements capable 

of withstanding a saturated condition without permanently affecting calibration or sustaining damage. 
Sensing elements shall have an accuracy of plus or minus 5 percent of full scale within the range of 20 
to 80 percent relative humidity. A 2-wire, loop-powered transmitter located at the sensing elements shall 
be provided to convert the sensing elements output to a linear 4-to-20 mAdc output corresponding to the 
required humidity measurement. The transmitter shall be a 2-wire, loop-powered device. The output 
error shall not exceed 0.1 percent of calibrated measurement. The transmitter shall include offset and 
span adjustments. 

 
2.12 Guarantee: 
 
2.12.1 All components, parts, and assemblies shall be guaranteed against defects in material and workmanship 

for a period of one year after acceptance.  Expressed warranties are conditionally based on the 
requirement that the items covered within the guarantee are used and maintained in accordance with the 
manufacturer's recommendations.  Guarantee commences at time of acceptance and continues for one 
year.  Acceptance shall not occur until the Owner's operators are able to use the EMCS/DDC and 
receive reliable information from inputs and outputs. 

 
2.12.2 The first year guarantee shall, as part of the base bid for the EMCS/DDC, include full service and 

maintenance of the EMCS/DDC.  This service and maintenance shall include all necessary repair, 
reprogramming, calibration, cleaning, minimum (4) quarterly inspections, call back service, etc.  This 
first year service, maintenance and guarantee shall be included in the base bid of the EMCS/DDC. 

 
3 EXECUTION 
 
3.1 Examine areas and conditions under which EMCS/DDC work is to be installed.  Do not proceed with 

work until unsatisfactory conditions have been corrected in manner acceptable to installer. 
 
3.2 Installation of EMCS/DDC: 
 
3.2.1 General:  Install systems and materials in accordance with manufacturer's instructions, shop  drawings, 

and details on drawings.  Install electrical components and use electrical products complying with 
requirements of applicable Division-26 sections of these specifications.  Mount panels at convenient 
locations and heights.   

 
3.2.2 Control Wiring:  The term "control wiring" is defined to include wire, conduit and miscellaneous 

materials as required for mounting and connecting electric control devices. Install all control wiring in 
conduit.  All low voltage control wiring shall be installed in conduit.   
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3.2.3 Wiring System:  Install complete control wiring system for the EMCS/DDC.  Conceal wiring, except in 

mechanical rooms and areas where other conduit and piping are exposed.  Provide multi-conductor 
instrument harness (bundle) in place of single conductors where number of conductors can be run along 
common path.  Fasten flexible conductors bridging cabinets and doors, neatly along hinge side, and 
protect against abrasion.  Tie and support conductors neatly. 

 
3.2.4 Install control wiring in accordance with the National Electric Code and Division 26 requirements. 
 
3.2.5 Number-code or color-code conductors, excluding those used for local individual room controls, 

appropriately for future identification and servicing of control system.  Tag all sensor wiring to identify 
zone number and room number where sensor is located. 

 
3.2.6 Label all sensors, valves, dampers, safety devices and controllers with engraved tags matching the shop 

drawings.  
 
3.3 Programming of EMCS/DDC: 
 
3.3.1 The Contractor shall obtain operational schedules for the controlled equipment from the Engineer.  

Submittal data relevant to operational schedules shall be forwarded from the Contractor to the Engineer.  
Upon receipt of approval, the Contractor shall proceed with installation, setup, calibration and check out 
of the various control and monitoring systems. 

 
Having completed component and system installation, the Contractor shall submit a written request to 
the Engineer to inspect and approve their satisfactory operation. 

 
3.3.2 The EMCS/DDC shall perform all functions on the equipment as describes in Division-23 section 

“HVAC Sequence of Operation and as called for in the input/output schedule on the drawings.  This, in 
conjunction with the drawings, defines the scope and extent of the project with regard to the required 
number of panels, control point relays, and devices.  Field verify voltages at point-of-interface and 
provide relays as required. 

 
3.3.3 Channel numbers may be reassigned by the Contractor during shop drawing submittal. 
 
3.3.4 Model numbers, horsepowers, voltages, and other information equipment where listed on the drawings 

are for Contractor's convenience.  Verify all information in the field as necessary for preparation of shop 
drawings. 

 
3.4 Functional Requirements of EMCS/DDC: 
 
3.4.1 Provide all necessary relays, sensors, wiring and contacts to achieve proper operation. 
 
3.4.2 Connect EMCS/DDC panels to remote panels where shown. 
 
3.4.3 Coordinate EMCS/DDC work with pneumatic control work.  Provide compatible equipment. 
 
3.5 Adjusting and Cleaning: 
 
3.5.1 Startup:  Startup, test, and adjust the EMCS/DDC in presence of manufacturer's authorized 

representative.  Demonstrate compliance with requirements.  Replace damaged or malfunctioning 
controls and equipment. 

 
3.5.2 Cleaning:  Clean factory-finished surfaces.  Repair any marred or scratched surfaces with manufacturer's 

touch-up paint. 
 
3.5.3 Final Adjustment:  After completion of installation, adjust the program, relays, interface devices, and 

similar equipment provided as work of this section for optimum operation. 
 
3.6 VFD System Adjustment:  The drive/controller supplier shall set all adjustments and setpoints for initial 
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operation. The hydronic system and all pumps and control valves shall be monitored for proper 
operation.    The ductwork and all fans and terminal units shall be monitored for proper operation .  It 
shall be recognized that final settings will be obtained by trial-and-error by necessity.  Call backs to 
achieve proper settings shall be included in the base bid. 

 
3.7 Owner's Instructions: 
 
3.7.1 During system startup and at such time acceptable performance of the EMCS/DDC hardware and 

software has been established, the Contractor shall provide on-site operator instruction.  This instruction 
shall be performed during normal working hours and shall be conducted by a competent representative 
of the Contractor familiar with the system's software, hardware and accessories.  The Contractor shall 
maintain a roster of all attendees at all training sessions.   

 
3.7.2 At a time mutually agreed upon during system training as stated above, the Contractor shall give up to 

40 hours (as needed) of instruction to the Owner's designated personnel on the operation of all 
equipment within the EMCS/DDC and describe its intended use with respect to the programmed 
functions specified. 

 
3.7.3 Operator orientation of the EMCS/DDC shall include, but not be limited to, the overall operational 

program, equipment functions both individually and as part of the total integrated system, commands, 
advisories, and appropriate operator intervention required in responding to the EMCS/DDC operation. 

 
3.7.4 Provide at least 14-day notice to Owner and Engineer of training dates. 
 
3.8 System Verification:  The manufacturer's authorized representative shall state in writing to the Engineer 

that the EMCS/DDC system is operating properly, final adjustments and calibrations are complete, and 
Owner training has been accomplished. 

 
END OF SECTION 230923  
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SECTION 232113 - HEATING HOT WATER AND CHILLED WATER SYSTEMS  
 
1 GENERAL 
 
1.1 Drawings and general provisions of Contract, including General and Supplementary Conditions and 

Division-1 Specification sections, apply to work of this section. 
 
1.2 Division-23 Basic Mechanical Materials and Methods sections apply to work of this section. 
 
1.3 Refer to other Division-23 sections for insulation of hydronic piping; not work of this section. 
 
1.4 Refer to other Division-23 sections for hydronic specialties; not work of this section. 
 
1.5 Refer to other Division-23 sections for HVAC pumps, chillers, and boilers; not work of this section. 
 
1.6 Refer to other Division-23 sections for testing, adjusting, and balancing of hydronic piping systems; not 

work of this section. 
 
1.7 Codes and Standards:  Fabricate and install hydronic piping in accordance with ASME B31.9 "Building 

Services Piping." 
 
1.8 Approval Submittals: 
 
1.8.1 Product Data:  Submit manufacturer's product data for: 
 
 Valves 
 Meters and Gauges 
 Vibration Control 
 Access doors 
 
1.8.2 Shop Drawings:  Submit scaled layout drawings of piping systems in mechanical rooms including, but 

not necessarily limited to, pipe sizes, location, offsets, connections, elevations, and  hydronic specialties.  
Indicate interface and spatial relationship between piping and equipment.  Coordinate with all other 
trades work and existing conditions.  Field verify final location of pipe prior to submittal of layout 
drawings and fabrication.   

 
1.9 Test Reports and Verification Submittals: 
 
 Submit welder's certificates. 
 Submit water treatment test report. 
 
1.10 O&M Manual Submittals:  Submit a copy of approval submittals.  Include this data in O&M manual.   
         
2 PRODUCTS 
 
2.1 General:  Provide piping materials and factory-fabricated piping products of sizes, types, pressure 

ratings, temperature ratings, and capacities as indicated.  Where not indicated, provide proper selection 
as determined by Installer to comply with installation requirements.  Provide materials and products 
complying with ASME B31.9 Code for Building Services Piping where applicable, base pressure rating 
on hydronic piping systems maximum design pressures.  Provide sizes and types matching piping and 
equipment connections; provide fittings of materials which match pipe materials used in hydronic piping 
systems.  Where more than one type of materials or products are indicated, selection is Installer's option. 

 
2.2 Basic Identification:  Provide identification complying with Division-23 Basic Mechanical Materials 

and Methods section "Mechanical Identification." 
 
2.3 Basic Pipes and Pipe Fittings:  Provide pipes and pipe fittings complying with Division-23 Basic 

Mechanical Materials and Methods section "Pipes and Pipe Fittings", in accordance with the following 
listing: 
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2.3.1 Pipe Size 2" and Smaller:  Black steel pipe; Schedule 40; Class 125 cast-iron fittings with threaded 

joints. 
 
2.3.2 Tube Size 2" and Smaller:  Copper tube; Type L, hard-drawn temper; wrought-copper fittings with 

soldered joints.   
 
2.3.3 Pipe Size 2½" and Larger:  Black steel pipe; Schedule 40; wrought-steel buttwelding fittings with 

welded joints. 
 
2.3.4 Underground Piping:  All underground piping regardless of size shall be welded. 
 
2.4 Basic Piping Specialties:  Provide piping specialties complying with Division-23 Basic Mechanical 

Materials and Methods section "Piping Specialties." 
 
2.5 Basic Supports and Anchors:  Provide supports and anchors complying with Division-23 Basic 

Mechanical Materials and Methods section "Supports and Anchors." 
 
2.6 Basic Valves:  Provide valves complying with Division-23 Basic Materials and Methods section 

“Valves” and the following list: 
 
2.6.1 Standard Service Sectional Valves:  Type GA1, GA3, BF1, BF2, BF3, BF4. 
 
2.6.2 Standard Service Shutoff Valves:  Type GA1, GA3, BA1, BF2, BF4. 
 
2.6.3 Standard Service Check Valves:  Type CK1, CK3. 
 
2.6.4 Standard Service Drain Valves:  Type GA1, BA1. 
 
2.6.5 Standard Service Terminal Runout Valves (Steel Runouts):  Type GA1, GA3, BA1. 
 
2.6.6 Standard Service Terminal Runout Valves (Copper Runouts):  Type GA2, BA2. 
 
2.7 Basic Meters and Gauges:  Provide meters and gauges complying with Division-23 Basic Mechanical 

Materials and Methods section "Meters and Gauges", in accordance with the following listing: 
 
2.7.1 Temperature gauges and fittings. 
 
2.7.2 Pressure gauges and fittings. 
 
2.7.3 Flow measuring meters. 
 
2.8 Basic Vibration Control:  Provide vibration control products complying with Division-23 Basic 

Mechanical Materials and Methods section “Vibration Control” and the following list: 
 
2.8.1 Pump Connections:  Type PF1. 
 
2.8.2 Chiller Connections:  Type PF2. 
 
2.9 Access Doors:  Provide access doors to service all valves and other devices as required in accordance 

with Division-23 Basic Materials and Methods Section “Access Doors”. 
 
3 EXECUTION 
 
3.1 General:  Examine areas and conditions under which hydronic piping systems materials and products are 

to be installed.  Do not proceed with work until unsatisfactory conditions have been corrected in manner 
acceptable to Installer. 

 
3.2 Installation of Hydronic Piping: 
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3.2.1 General:  Install hydronic piping in accordance with Division-23 Basic Mechanical Materials and 

Methods section "Pipes and Pipe Fittings". 
 
3.2.2 Install eccentric reducers where pipe is reduced in size in direction of flow, with tops of both pipes and 

reducer flush.  Do not use bushings. 
 
3.2.3 Install piping with 1/32" per foot (¼%) upward slope in direction of flow, or as indicated on the 

drawings.  The intent is to install piping sloped to drains at low points in the system for a drainable 
system. 

 
3.2.4 Connect branch-feed piping to mains at horizontal center line of mains, connect run-out piping to 

branches at horizontal center line of branches. 
 
3.2.5 Locate groups of pipes parallel to each other, spaced to permit applying full insulation and servicing of 

valves. 
 
3.3 Install piping specialties in accordance with Division-23 Basic Mechanical Materials and Methods 

section "Piping Specialties". 
 
3.4 Install supports and anchors in accordance with Division-23 Basic Mechanical Materials and Methods 

section "Supports and Anchors". 
 
3.5 Install valves in accordance with Division-23 Basic Mechanical Materials and Methods section 

"Valves". 
 
3.5.1 Sectional Valves:  Install on each branch and riser, close to main, where branch or riser serves 2 or more 

hydronic terminals or equipment connections, and elsewhere as indicated. 
 
3.5.2 Shutoff Valves: Install on inlet and outlet of each mechanical equipment item, and on inlet and outlet of 

each hydronic terminal, and elsewhere as indicated. 
 
3.5.3 Drain Valves:  Install on each mechanical equipment item located to completely drain equipment for 

service or repair.  Install at base of each riser, at base of each rise or drop in piping system, and 
elsewhere where indicated or required to completely drain hydronic piping system. 

 
3.5.4 Check Valves:  Install on discharge side of each pump, and elsewhere as indicated. 
 
3.6 Install meters and gauges in accordance with Division-23 Basic Materials and Methods section "Meters 

and Gauges". 
 
3.7 Equipment Connections: 
 
3.7.1 General:  Connect hydronic piping system to mechanical equipment as indicated on the drawings, and 

comply with equipment manufacturer's instructions where not otherwise indicated.  Install shutoff valve 
and union on supply and return and a drain valve on the drain connection.  Connections between 
dissimilar metals shall be made with dielectric devices.  

 
3.7.2 Hydronic Terminals: Install hydronic terminals with shutoff valves, unions and related devices as shown 

on the drawings.  Install manual air vent valve on element in accordance with manufacturer's 
instructions.  Locate valves and balancing cocks for ease of maintenance.  Where indicated, install 
automatic temperature control valve with unions on return line between coil and shutoff valve. 

 
3.8 Provide sufficient swing joints, expansion loops and devices necessary for a flexible piping system.  

Install drain valves at all low points of each system to enable complete drainage, and air vents at all high 
points in the piping system to enable complete air venting. 
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3.9 Pipe drains from pump glands, relief valves, strainers, etc., to spill over an open sight drain, floor drain 
or other acceptable discharge point, and terminate with a plain end (unthreaded pipe) 6" above the drain.  
Rigidly support all drains. 

 
3.10 Locate and coordinate installation of access doors for all valves and devices in accordance with 

Division-23 Basic Mechanical Materials and Methods section “Access Doors”. 
 
3.11 Testing, Cleaning, Flushing, and Inspecting:  Test, clean, flush, and inspect hydronic piping systems in 

accordance with requirements of Division-23 Basic Mechanical Materials and Methods section "Testing, 
Cleaning, and Sterilization of Piping Systems." 

 
3.12 Chemical Treatment:  Fill l hydronic piping systems, adding a nitriteborate, MBT based treatment for 

corrosion protection.  Add to establish the levels recommended by the water treatment company, but no 
less than 500 ppm nitrite and a minimum pH of 8.5.  Repeat measurements daily with system under full 
circulation and apply chemicals to adjust levels until no change is apparent.  The contractor shall 
maintain the chemical treatment throughout construction and the warranty period.    
     END OF SECTION 232113 
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SECTION 232126 - HYDRONIC SPECIALTIES 

 

1 GENERAL 

 

1.1 Drawings and general provisions of Contract, including General and Supplementary Conditions and 

Division-1 Specification sections, apply to work of this section. 

 

1.2 Division-23 Basic Mechanical Materials and Methods sections apply to work of this section. 

 

1.3 Refer to other Division-23 sections for insulation of hydronic specialties; not work of this section. 

 

1.4 Codes and Standards: 

 

1.4.1 ASME Compliance:  Manufacture and install hydronic specialties in accordance with ASME B31.9 

"Building Services Piping". 

 

1.5 Approval Submittals:   

 

1.5.1 Product Data:  Submit manufacturer's technical product data and installation instructions for each type 

of hydronic specialty.  Include pressure drop curve or chart for each type and size of hydronic 

specialty.  Submit schedule indicating manufacturer's figure number, size, location, rated capacities, 

and features for each required hydronic specialty. 

 

 Balancing Cocks 

 Vent Valves 

 Air Separators 

 Diaphragm Type Compression Tanks 

 Shot Feeders 

 Liquid Flow Switches 

 Water Relief Valves 

 Pressure-Reducing Valves 

 Pump Suction Diffusers 

 Flow Control Valves 

 Differential Pressure Relief Valves 

 

1.6 O&M Data Submittals: 

 

1.6.1 Maintenance Data: Submit a copy of approval submittals.  Submit maintenance data and spare parts 

lists for liquid flow switches, pressure-reducing valves, pump differential relief valves .  Include these 

data in the O&M manual.  

 

2 PRODUCTS 

 

2.1 General:  Provide factory-fabricated hydronic specialties recommended by manufacturer for use in 

service indicated.  Provide hydronic specialties of types and pressure ratings indicated for each service, 

or if not indicated, provide proper selection as determined by Installer to comply with installation 

requirements.  Provide sizes as indicated, and connections, which properly mate with pipe, tube, and 

equipment connections.  Where more than one type is indicated, selection is installer's option but more 

than one type cannot be used on project.  

 

2.2 Vent Valves: 

 

2.2.1 Manual Vent Valves:  Provide manual vent valves designed to be operated manually with screwdriver 

or thumbscrew, 1/8" N.P.T.  connection. 

 

2.2.2 Automatic Vent Valves:  Provide automatic vent valves designed to vent automatically with float 

principle, stainless steel float and mechanisms, brass cast iron body, pressure rated for 150 psi, ¾" NPS 

inlet connection.  Hoffman No. 792.  Use for central plant equipment. 
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2.2.3 Automatic Vent Valves:  Provide automatic vent valves designed to vent automatically with float 

principle, stamped brass body, pressure rated for 150 psi, ½" NPS inlet connection.  Bell & Gossett 

No. 87.  Use for all distribution piping. 

 

2.2.4 Acceptable Manufacturers:  Subject to compliance with requirements, provide vent valves of one of 

the following: 

 

Crane 

Bell & Gossett 

Hoffman 

NuTech 

Sarco 

Wheatley  

Taco, Inc. 

 

2.3 Air Separators:  Provide air separators pressure rated for 125 psi. Select capacity based on total system 

gpm. 

 

2.3.1 In-Line Air Separators:  Provide in-line air separators with tangential nozzles and stainless steel air 

collector tube as indicated.  Construct sizes 1½" and smaller of cast iron; and sizes 2" and larger of 

steel complying with ASME Boiler and Pressure Vessel Code and stamped with "U" symbol.  Furnish 

National Board Form U-1 denoting compliance. 

 

2.3.2 Acceptable Manufacturers:  Subject to compliance with requirements, provide air separators of one of 

the following: 

 

Amtrol, Inc. 

Bell & Gossett 

Flo-Fab 

John Wood Co. 

Wheatley 

Taco, Inc. 

 

2.4 Diaphragm-Type Compression Tanks:  Provide diaphragm compression tanks of size and number as 

indicated.  Construct tank of welded steel, constructed, tested, and stamped in accordance with Section 

VIII of ASME Boiler and Pressure Vessel Code for a working pressure of 125 psi.  Furnish National 

Board Form U-1 denoting compliance.  Support vertical tanks with steel legs or base; support 

horizontal tanks with steel saddles.  Provide specially compounded flexible diaphragm securely sealed 

into tank to permanently separate air charge from system water, to maintain design expansion capacity.  

Provide pressure gauge, air-charging fitting, and hose end drain fitting. 

 

2.4.1 Acceptable Manufacturers:  Subject to compliance with requirements, provide diaphragm-type 

compression tanks of one of the following: 

 

Amtrol, Inc. 

Bell & Gossett 

Flo-Fab 

Taco, Inc. 

Wheatley 

 

2.5 Shot Feeders:  Provide shot feeders of 5 gallon capacity or otherwise as indicated, construction of cast 

iron or steel, for introducing chemicals in hydronic system.  Provide 3-1/2” screwed on top with o ring 
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seal for loading, drain valve in bottom, and recirculating valves on side.  Construct for pressure rating 

of 125 psi. 

 

2.6 Liquid Flow Switches:  Provide liquid flow switches as indicated to sense flow and non-flow.  

Construct of brass for all wetted parts, provide packless construction.  Provide paddle with removable 

segments for pipe size and flow velocity.  Provide vapor proof electrical compartment for switches 

mounted on cold hydronic piping systems.  Coordinate switch electrical requirements with chiller and 

HVAC control requirements.  McDonald & Miller or equal. 

 

2.7 Water Relief Valves:  Provide water relief valves as indicated, of size and capacity as selected by 

Installer for proper relieving capacity, in accordance with ASME Boiler and Pressure Vessel Code. 

 

2.7.1 Combined Pressure-Temperature Relief Valves:  Bronze body, test lever, thermostat, complying with 

ANSI Z21.22 Listing Requirements for temperature discharge capacity.  Provide temperature relief at 

210ºF and pressure relief at 125 psi. 

 

2.7.2 Pressure Relief Valves:  Provide ASME pressure relief valves, bronze or iron body as required with 

test.  The set point shall be at or below the maximum allowable working pressure of the most limiting 

device in the system being protected.  Valves shall have enclosed spindles with gland seals to 

minimize leakage.  Coordinate pressure relief setting to protect all equipment. 

 

2.7.3 Acceptable Manufacturers:  Subject to compliance with requirements, provide water relief valves of 

one of the following: 

 

Amtrol, Inc. 

Bell & Gossett 

Watts Regulator Co. 

 McDonald & Miller 

 Kunkle  

 Manning, Maxwell & Moore 

Wheatley 

 

2.8 Pressure Reducing Valves:  Provide pressure reducing valves as indicated, of size and capacity as 

selected by Installer to maintain operating pressure on boiler system. 

 

2.8.1 Construction:  Cast iron or brass body, low inlet pressure check valve, inlet strainer removable without 

system shut-down, noncorrosive valve seat and stem, factory set at operating pressure. 

 

2.8.2 Acceptable Manufacturers:  Subject to compliance with requirements, provide pressure reducing 

valves of one of the following: 

 

Amtrol, Inc. 

Bell & Gossett 

Taco, Inc. 

Watts Regulator Co. 

Wheatley 

 

 

2.9 Pump Suction Diffusers:  Provide pump suction diffusers as indicated. Construct unit with angle 

pattern cast-iron body, threaded for 2" and smaller, flanged for 2½" and larger, pressure rated for 175 

psi.  Provide inlet vanes with length 2½ times pump suction diameter or greater.  Provide cylinder 

strainer with 3/16" diameter openings with total free area equal to or greater than 5 times cross-

sectional area of pump suction, designed to withstand pressure differential equal to pump shutoff head.  
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Provide disposable fine mesh strainer to fit over cylinder strainer.  Provide permanent magnet located 

in flow stream, removable for cleaning.  Provide adjustable foot support designed to carry weight of 

suction piping.  Provide blowdown tapping in bottom, gauge tapping in side. 

 

2.9.1 Acceptable Manufacturers:  Subject to compliance with requirements, provide pump suction diffusers 

of one of the following: 

 

Amtrol, Inc. 

Bell & Gossett 

Flo-Fab 

 Taco, Inc. 

Wheatley 

 

3 EXECUTION 

 

3.1 General:  Examine areas and conditions under which hydronic specialties are to be installed.  Do not 

proceed with work until satisfactory conditions have been corrected in manner acceptable to Installer. 

 

3.2 Vent Valves: 

 

3.2.1 Manual Vent Valves:  Install manual vent valves on each hydronic terminal at highest point, and on 

each hydronic piping drop in direction of flow for mains, branches, and runouts, and elsewhere as 

indicated. 

 

3.2.2 Automatic Vent Valves:  Install automatic vent valves at top of each hydronic riser and elsewhere as 

indicated.  Install shut-off valve between riser and vent valve, pipe outlet to suitable plumbing drain, or 

as indicated. 

 

3.3 Air Separators: 

 

3.3.1 In-Line Air Separators:  Install in-line air separators in pump suction lines.  Connect inlet and outlet 

piping.  Run piping to compression tank with ¼" per foot (2%) upward slope towards tank.  Install 

drain valve on units 2" and over. 

 

3.4 Diaphragm-Type Compression Tanks:  Install diaphragm-type compression tanks on floor as indicated, 

in accordance with manufacturer's instructions.  Vent and purge air from hydronic system, charge tank 

with proper air charge as recommended by manufacturer. 

 

3.5 Shot Feeders:  Install shot feeders on each hydronic system at pump discharge and elsewhere as 

indicated.  Install in upright position with top of funnel not more than 48" above floor.  Install globe 

valve in pump discharge line between recirculating lines.  Pipe drain to nearest plumbing drain or as 

indicated. 

 

3.6 Liquid Flow Switches:  Install liquid flow switches on inlet to water chiller inlet to water condenser  

and elsewhere as indicated.  Install in horizontal pipe with switch mounted in tee on top of pipe with 

minimum of 24" of straight pipe with no fittings both upstream and downstream of switch.  Remove 

segments of paddle to fit pipe in accordance with manufacturer's instructions. 

 

3.7 Water Relief Valves:  Install where indicated on the drawings.  Pipe discharge to drain.  Rigidly 

support discharge piping and route in the most direct manner possible.  Turn down relief piping so as 

not to injure personnel.  Comply with ASME Boiler and Pressure Vessel Code. 
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3.7.1 Pipe discharge from relief valve full size, sloping downward to a floor drain or outside the building.  

Cut the end of the pipe at a 45º angle and terminate the pipe six inches above the floor or grade. 

 

3.8 Pressure Reducing Valves:  Install for each piece of hydronic equipment requiring makeup water in 

accordance with manufacturer's installation instructions. 

 

 

3.9 Pump Suction Diffusers:  Install pump suction diffusers on each pump suction line in lieu of separate 

strainer, reducing elbow, entrance pipe, and pressure gauge outlet.  Install on pump suction inlet, adjust 

foot support to carry weight of suction piping.  Install nipple and shutoff valve in blowdown 

connection.  After cleaning and flushing hydronic piping system, but before balancing of hydronic 

piping system, remove disposable fine mesh strainer. 

 

END OF SECTION 232116 
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SECTION 232123 - HVAC PUMPS 
 
1 GENERAL 
 
1.1 Drawings and general provisions of Contract, including General and Supplementary Conditions and 

Division-1 Specification sections, apply to work of this section. 
 
1.2 Division-23 Basic Mechanical Materials and Methods sections apply to work of this section. 
 
1.3 Extent of HVAC pumps work required by this section is indicated on drawings and schedules, and by 

requirements of this section. 
 
1.4 Pumps furnished as part of factory-fabricated equipment, are specified as part of equipment assembly in 

other Division-23 sections. 
 
1.5 Refer to Division-26 sections for the following work; not work of this section. 
 
1.5.1 Power supply wiring from power source to power connection on pumps.  Include starters, disconnects, 

and required electrical devices, except where specified as furnished, or factory-installed, by 
manufacturer. 

 
1.5.2 Interlock wiring between pumps; and between pumps and field-installed control devices. 
 
1.6 Codes and Standards:  UL and NEMA Compliance:  Provide electric motors and components which are 

listed and labeled by Underwriters Laboratories and comply with NEMA standards. 
 
1.7 Submittals: 
 
1.7.1 Product Data:  Submit manufacturer's pump specifications, installation and start-up instructions, and 

current accurate pump characteristic performance curves with selection points clearly indicated. 
 
1.7.2 Shop Drawings:  Submit manufacturer's assembly-type shop drawings indicating dimensions, weight 

loadings, required clearances, and methods of assembly of components. 
 
1.7.3 Wiring Diagrams:  Submit manufacturer's electrical requirements for power supply wiring to HVAC 

pumps.  Submit manufacturer's ladder-type wiring diagrams for interlock and control wiring.  Clearly 
differentiate between portions of wiring that are factory-installed and portions to be field-installed. 

 
1.7.4 Maintenance Data:  Submit maintenance data and parts lists for each type of pump, control, and 

accessory; including "trouble-shooting" maintenance guide.  Include these data, product data, shop 
drawings, and wiring diagrams in maintenance manual; in accordance with requirements of Division 1. 

 
1.8 Manufacturer:  Subject to compliance with requirements, provide pumps of one of the following: 
 
 Aurora 
 Bell and Gossett 
 Flo-Fab    
 Taco 
 Patterson 
 
2 PRODUCTS 
 
2.1 General:  Provide factory-tested pumps, thoroughly cleaned, and painted with one coat of machinery 

enamel prior to shipment.  Type, size, and capacity of each pump is listed in pump schedule.  Provide 
pumps of same type by same manufacturer.  Select pumps to be non-overloading over full range of  
curve. 

 
 
2.2 Close-Coupled End Suction Pumps: 
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2.2.1 General:  Provide close-coupled end suction pumps where indicated, and of capacities and having 

characteristics as scheduled. 
 
2.2.2 Type:  Horizontal mount, single stage, vertical split case, designed for 175 psi working pressure. 
 
2.2.3 Casing:  Cast iron, bronze fitted, 125 psi ANSI flanges, tappings for gauge and drain connections. 
 
2.2.4 Shaft:  Steel with replaceable shaft sleeve. 
 
2.2.5 Seal:  Mechanical, with carbon seal ring and ceramic seat. 
 
2.2.6 Motor:  Non-overloading at any point on pump curve, open, drip-proof, with regreasable ball bearings, 

high efficiency as per Division 23, Basic Materials and Methods section, "Motors". 
 
2.2.7 Impeller:  Bronze, enclosed type, hydraulically and dynamically balanced, keyed to shaft and secured 

with locking screw. 
 
3 EXECUTION 
 
3.1 Examine areas and conditions under which HVAC pumps are to be installed.  Do not proceed with work 

until unsatisfactory conditions have been corrected in manner acceptable to Installer. 
 
3.2 Installation of Pumps:  Install HVAC pumps where indicated, in accordance with manufacturer's 

published installation instructions, complying with recognized industry practices to ensure that HVAC 
pumps comply with requirements and serve intended purposes. 

 
3.3 Access:  Provide access space around HVAC pumps for service as indicated, but in no case less than 

that recommended by manufacturer. 
 
3.4 Support:  Install base-mounted pumps on minimum of 4" high concrete inertia base equal or greater than 

3 times total weight of pump and motor, and anchor bolts poured in place.  Set and level pump, grout 
under pump base with non-shrink grout.  Refer to Division-23 section "Vibration Isolation" for support 
and mounting requirements of HVAC pumps (BF2). 

 
3.5 Piping Connections:  Refer to Division-23 HVAC piping sections.  Provide piping, valves, accessories, 

gages, supports, and flexible connections as indicated.  Provide 10 gage black steel drip pan under 
chilled water pumps with 3/4" drain line to floor drain. 

 
3.6 Alignment:  Check alignment, and where necessary, realign shafts of motors and pumps within 

recommended tolerances by manufacturer, and in presence of manufacturer's service representative. 
 
3.7 Start-Up:  Lubricate pumps before start-up.  Start-up in accordance with manufacturer's instructions. 
 
3.8 Refer to Division-23 section "HVAC Test-Adjust-Balance" for pump system balancing; not work of this 

section. 
 
3.9 Cleaning:  Clean factory-finished surfaces.  Repair any marred or scratched surfaces with manufacturer's 

touch-up paint. 
 

END OF SECTION 232123 
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SECTION 233113 - HVAC METAL DUCTWORK   
 
1 GENERAL 
 
1.1 Drawings and general provisions of Contract, including General and Supplementary Conditions and 

Division-1 Specification sections, apply to work of this section. 
 
1.2 Division-23 Basic Mechanical Materials and Methods Sections apply to work of this section. 
 
1.3 Extent of HVAC metal ductwork is indicated on drawings and in schedules, and by requirements of this 

section. 
 
1.4 Refer to other Division-23 sections for exterior insulation of metal ductwork. 
 
1.5 Refer to other Division-23 sections for ductwork accessories. 
 
1.6 Codes and Standards: 
 
1.6.1 SMACNA Standards:  Comply with SMACNA's "HVAC Duct Construction Standards, Metal and 

Flexible" 1985 Edition for fabrication and installation of metal ductwork, unless otherwise noted. 
 
1.6.2 NFPA 90A Compliance:  Comply with NFPA 90A "Standard for the Installation of Air Conditioning 

and Ventilating Systems". 
 
1.6.3 NFPA 96 Compliance:  Comply with NFPA 96 "Standard for Installation of Equipment for Removal of 

Smoke and Grease-Laden Vapors from Commercial Cooking Equipment". 
 
1.7 Approval Submittals: 
 
1.7.1 Product Data:  Submit manufacturer's technical product data and installation instructions for  the 

following. 
 
 Factory-fabricated ductwork 
 Sealants 
 Duct liner 
 Adhesive 
 Flexible duct 
 Spin-in fittings 
 Side take-off fittings 
  
1.7.2 Shop Drawings:  Submit scaled layout drawings of HVAC metal ductwork and fittings including, but 

not limited to, duct sizes, locations, elevations, and slopes of horizontal runs, wall and floor 
penetrations, and connections.  Show interface and spatial relationship between ductwork and proximate 
equipment.  Show modifications of indicated requirements, made to conform to local shop practice, and 
how those modifications ensure that free area, materials, and rigidity are not reduced.    

 
2 PRODUCTS 
 
2.1 Ductwork Materials: 
 
2.1.1 Exposed Ductwork Materials:  Where ductwork is indicated to be exposed to view in occupied spaces, 

provide materials which are free from visual imperfections including pitting, seam marks, roller marks, 
stains and discolorations, and other imperfections, including those which would impair painting. 
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2.1.2 Galvanized Sheet Metal:  Except as otherwise indicated, fabricate ductwork from galvanized sheet steel 

complying with ASTM A 527, lockforming quality; with G 90 zinc coating in accordance with ASTM A 
525; and mill phosphatized for exposed locations.  Stamp gauge and manufacturer's identification on 
each sheet.  Break sheets so that identification is exposed. 

 
2.2 Miscellaneous Ductwork Materials: 
 
2.2.1 General:  Provide miscellaneous materials and products of types and sizes indicated and, where not 

otherwise indicated, provide type and size required to comply with ductwork system requirements 
including proper connection of ductwork and equipment. 

 
2.2.2 Duct Liner:  Fibrous glass, 1½ pcf minimum density, complying with Thermal Insulation Manufacturers 

Association (TIMA) AHC-101; of thickness indicated.  Certainteed "Coated Ultralite", Owens Corning 
"Aeroflex",  PPG "Textrafine", or Manville "Linacoustic". 

 
2.2.3 Duct Liner Adhesive:  Comply with ASTM C 916 "Specifications for Adhesives for Duct Thermal 

Insulation". 
 
2.2.4 Duct Liner Fasteners: Comply with SMACNA HVAC Duct Construction Standards, Article S2.11. 
 
2.2.5 Duct Sealant:  Provide non-hardening, non-migrating mastic or liquid elastic sealant, type applicable for 

fabrication/installation detail, as compounded and recommended by manufacturer specifically for 
sealing joints and seams in ductwork. 

 
2.2.6 Ductwork Support Materials:  Except as otherwise indicated, provide hot-dipped galvanized steel 

fasteners, anchors, rods, straps, trim and angles for support of ductwork.  For exposed stainless steel 
ductwork, provide matching stainless steel support materials.  

 
2.2.7 Flexible Ducts: Provide flexible ductwork with an R-value of R-6unless the ductwork is in a ceiling 

return plenum.  The use of flexible ductwork for connection of supply air  including terminal units and 
return air devices is acceptable only where shown on the drawings.   

 
2.2.7.1 Construction: Provide reinforced metalized polyester jacket that is tear and puncture resistant, air tight 

inner core with no fiberglass erosion in the air stream and an encapsulated wire helix.  Flexible 
ductwork shall have a recommended operating pressure of 6" w.g. for sizes 4" through 12" diameter and 
4" w.g. for sizes 14" through 20" diameter.  All diameters shall be suitable for a negative operating 
pressure of 0.75" w.g.  Flexible ductwork shall meet the requirements of UL-181, the Florida Energy 
Code, Florida Building Code, NFPA 90A and NFPA 90B.  

 
2.2.7.2 Acceptable Manufacturers: Subject to compliance with requirements, provide R-6 flexible ductwork by: 

Atco 36, Flexmaster 8M-R6 or Thermaflex M-KE R6.  
 
2.2.8 Spin-in and Side Take-off Fittings: Provide round branch run-outs as follows.  
 
2.2.8.1 Spin in air device connections shall be straight sided spin in with damper and two inch high insulation 

stand-off equal to Crown 3720-DS.  
 
2.2.8.2 Where duct height does not permit the use of spin-in fittings, use low profile side take-off fittings equal 

to Crown 3300-DS or Flexmaster STOD-BO.  
 
2.2.9 Fittings:  Provide radius type fittings fabricated of multiple sections with maximum 15° change of 

direction per section.  Unless specifically detailed otherwise, use 45° laterals and 45° elbows for branch 
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takeoff connections.  Where 90° branches are indicated, provide conical type tees. 
 
2.3 Fabrication: 
 
2.3.1 Shop fabricate ductwork in 4, 8, 10 or 12-ft lengths, unless otherwise indicated or required to complete 

runs.  Preassemble work in shop to greatest extent possible, so as to minimize field assembly of systems.  
Disassemble systems only to extent necessary for shipping and handling.  Match-mark sections for 
reassembly and coordinated installation. 

 
2.3.2 Shop fabricate ductwork of gauges and reinforcement complying with SMACNA "HVAC Duct 

Construction Standards", except provide sealant at all joints.  Supply duct between AHU discharge and 
terminal units shall be minimum 4" pressure class.  Duct downstream of terminal units, supply duct from 
low pressure air conditioning units, and all return and exhaust duct shall be minimum 2" pressure class 
unless otherwise noted. 

 
2.3.3 Fabricate duct fittings to match adjoining ducts, and to comply with duct requirements as applicable to 

fittings.  Except as otherwise indicated, fabricate elbows with center-line radius equal to 1½ times 
associated duct width; and fabricate to include turning vanes in elbows where shorter radius is 
necessary.  Limit angular tapers to 30° for contracting tapers and 20° for expanding tapers. 

 
2.3.4 Fabricate ductwork with accessories installed during fabrication to the greatest extent possible.  Refer to 

Division-23 section "Ductwork Accessories" for accessory requirements. 
 
2.3.5 Fabricate duct plenums with duct liner where indicated.  Laminate liner to internal surfaces of duct 

(100% coverage) in accordance with instructions by manufacturers of lining and adhesive, and fasten 
with mechanical fasteners  (Grip Nails or Stic Klips) on 16 centers.  On horizontal runs install top and 
bottom first and wedge sides between top and bottom.  Apply a brush coat of fire retardant over all 
joints, visible cut edges, and leading edges to prevent erosion. 

 
2.4 Factory-Fabricated Low Pressure Ductwork (Maximum 2" W.G.): 
 
2.4.1 Material:  Galvanized sheet steel complying with ASTM A 527, lockforming quality, with ASTM A 

525, G90 zinc coating, mill phosphatized. 
 
2.4.2 Gauge:  28-gauge minimum for round ducts and fittings, 4" through 8" diameter.  26-gauge minimum 9" 

through 14", 24-gauge minimum 15" through 26". 
 
2.4.3 Elbows:  One piece construction for 90° and 45° elbows 14" and smaller.  Provide multiple gore 

construction for larger diameters with standing seam circumferential joint. 
 
2.4.4 Divided Flow Fittings:  90° tees, constructed with saddle tap spot welded and bonded to duct fitting 

body. 
 
2.4.5 Acceptable Manufacturers:  Subject to compliance with requirements, provide factory-fabricated 

ductwork by Semco Mfg., Inc. or United Sheet Metal Div., United McGill Corp, or approved equal. 
 
2.5 Factory-Fabricated High Pressure Ductwork (3" W.G. and Higher): 
 
2.5.1 Round Ductwork:  Construct of galvanized sheet steel complying with ASTM A 527 by the following 

methods and in minimum gauges listed. 
 
 Diameter           Minimum Gauge           Method of Manufacture 
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 3" to 14"    26 Spiral Lockseam 
       15" to 26"    24 Spiral Lockseam 
         27" to 36"    22 Spiral Lockseam 
         37" to 50"    20 Spiral Lockseam 
         51" to 60"    18 Spiral Lockseam 
         Over 60"    16 Longitudinal Seam 
 

Provide locked seams for spiral duct; fusion-welded butt seam for longitudinal seam duct. 
 

Fittings and Couplings:  Construct of minimum gauges listed.  Provide continuous welds along seams. 
 

Diameter               Minimum Gauge 
 
 3" to 36"    20  
 38" to 50"    18 
   Over 50"    16 
 
2.5.2 Flat-Oval Ductwork:  Construct of galvanized sheet steel complying with ASTM A 527, of spiral 

lockseam construction, in minimum gauges listed. 
 
 Maximum Width       Minimum Gauge 
 
         Under 25"    24 
         25" to 48"    22 
         49" to 70"    20 
         Over 70"    18 
 

Fittings and Couplings:  Construct of minimum gauges listed.  Provide continuous weld along seams. 
 
 Maximum Width       Minimum Gauge 
 
  Under 37"    20  
 37" to 50"    18 
   Over 50"    16 
 
2.5.3 Internally Insulated Duct and Fittings:  Construct with outer pressure shell, 2" thick insulation layer, and 

perforated inner liner.  Construct shell and liner of galvanized sheet steel complying with ASTM A 527, 
of spiral lockseam construction, use longitudinal seam for over 59", in minimum gauges listed. 

 
 Nominal Duct Diameter       Outer Shell         Inner Liner 
         3" to 12"    26 ga. 24 ga. 
         13" to 24"    24 ga. 24 ga. 
         25" to 34"    22 ga. 24 ga. 
         35" to 48"    20 ga. 24 ga. 
         49" to 58"    18 ga. 24 ga. 
         Over 59"    16 ga. 20 ga. 

 
Fittings and Couplings:  Construct of minimum gauges listed.  Provide continuous weld along seams of 
outer shell. 

  
 Nominal Duct Diameter      Outer Shell             Inner Liner 
 
     3" to 34"    20 ga. 20 ga. 
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    36" to 48"    18 ga. 20 ga. 
      Over 48"    16 ga. 20 ga. 
 

Inner Liner for Straight Duct:  Perforate with 3/32" holes for 22% open area.  Provide metal spacers 
welded in position to maintain spacing and concentricity.  Provide a plastic film between the perforated 
liner and insulation to act as a vapor barrier. 

 
Inner Liner for Fittings:  Solid sheet metal.  Provide metal spacers welded in position to maintain 
spacing and concentricity. 

 
2.5.4 Optional Ducts and Fittings:  At Installer's option, provided that certified tests by Manufacturer show 

that rigidity and performance is equivalent to SMACNA standard gauge ductwork, provide ducts and 
fittings as follows: 

 
Ducts:  Construct of Manufacturer's standard gauge, with spiral lock seam and intermediate standing rib. 

 
Fittings:  Construct by fabricating with spot welding and bonding with neoprene-base cement in lieu of 
continuous weld seams. 

 
2.5.5 Acceptable Manufacturers:  Subject to compliance with requirements, provide factory-fabricated 

ductwork Semco Mfg., Inc. or United Sheet Metal Div., United McGill Corp., or approved equal. 
 
3 EXECUTION 
 
3.1 General:  Examine areas and conditions under which HVAC metal ductwork is to be installed.  Do not 

proceed with work until unsatisfactory conditions have been corrected in manner acceptable to Installer. 
 
3.2 Installation of Metal Ductwork: 
 
3.2.1 General:  Assemble and install ductwork in accordance with recognized industry practices which will 

achieve air-tight (5% leakage for systems rated 3" and under; 1% for systems rated over 3") and 
noiseless (no objectionable noise) systems, capable of performing each indicated service.  Install each 
run with minimum number of joints.  Align ductwork accurately at connections, within 1/8" 
misalignment tolerance and with internal surfaces smooth.  Support ducts rigidly with suitable ties, 
braces, hangers and anchors of type which will hold ducts true-to-shape and to prevent buckling.  
Support vertical ducts at every floor. 

 
3.2.2 Supports:  Install concrete inserts for support of ductwork in coordination with formwork, as required to 

avoid delays in work.  Install self-drilling screw anchors in prestressed concrete or existing work. 
 
3.2.3 Field Fabrication:  Complete fabrication of work at project as necessary to match shop-fabricated work 

and accommodate installation requirements.  Seal joints in round or oval ductwork with hard cast or 
shrink bands, and sheet metal screws, or by welding.  High velocity rectangular ducts shall have 
approved joints and be made airtight with sealer or welding. 

 
3.2.4 Routing:  Locate ductwork runs, except as otherwise indicated, vertically and horizontally. Avoid 

diagonal runs wherever possible.  Locate runs as indicated by diagrams, details and notations or, if not 
otherwise indicated, run ductwork in shortest route which does not obstruct useable space or block 
access for servicing building and its equipment.  Hold ducts close to walls, overhead construction, 
columns, and other structural and permanent enclosure elements of building.  Limit clearance to ½" 
where furring is shown for enclosure or concealment of ducts, but allow for insulation thickness, if any.  
Where possible, locate insulated ductwork for 1" clearance outside of insulation.  In finished and 
occupied spaces, conceal ductwork from view by locating in mechanical shafts, hollow wall 
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construction or above suspended ceilings, unless specifically noted as "Exposed".  Do not encase 
horizontal runs in solid partitions, except as specifically shown.  Coordinate layout with suspended 
ceiling and lighting layouts and similar finished work. 
 

3.2.5  Internally Lined Ductwork:  Cover leading and trailing edge of duct liner with sheet metal nosing zee. 
 
3.2.6 Electrical Equipment Spaces:  Do not route ductwork through transformer vaults or other electrical 

equipment spaces and enclosures. 
 
3.2.7 Penetrations:  Where ducts pass through interior partitions and exterior walls, and are exposed to view, 

conceal space between construction opening and duct or duct insulation with sheet metal flanges of 
same gauge as duct.  Overlap opening on 4 sides by at least 1½".  Fasten to duct and substrate.  Where 
ducts pass through fire-rated floors, walls, or partitions, provide firestopping between duct and substrate. 

 
3.2.8 Coordination:  Coordinate duct installations with installation of accessories, dampers, coil frames, 

equipment, controls and other associated work of ductwork system. 
 
3.2.9 Installation:  Install metal ductwork in accordance with SMACNA HVAC Duct Construction Standards.  

Fan discharge outlet ducts shall be installed correctly with regard to "system effect" per AMCA 
Publication 201. 

 
3.3 Installation of Flexible Ducts: 
 
3.3.1 Maximum Length:  For any duct run using flexible ductwork, do not exceed 5'-0" extended length.  

Flexible duct shall only be allowed as detailed on the drawings.   
 
3.3.2 Installation:  Install in accordance with Section III of SMACNA's "HVAC Duct Construction Standards, 

Metal and Flexible".   Support flexible ducts to eliminate pinching and kinking which would restrict 
flow. 

 
3.3.3 Downstream of VAV Boxes: Peel back insulation and slide the inner core over the spin-in or diffuser 

neck, seal with duct sealant and install Panduit strap tightly.  Slide insulation back over the inner core 
and install another Panduit strap over the insulation outer jacket.  Tape is not acceptable.  

 
3.3.4 Upstream of VAV Boxes: Install same as downstream, except use stainless steel worm-gear clamps 

instead of Panduit straps.  
 
3.3.5 Seal all exposed edges of fiberglass insulation with glassfab and mastic.   
 
3.4 Installation of Kitchen Exhaust Ducts:  Fabricate joints and seams with continuous welds for watertight 

construction.  Provide for thermal expansion of ductwork through 2000° F temperature range.  Install 
without dips or traps which may collect residues, except where traps have continuous or automatic 
residue removal.  Provide access openings at each change in direction, located on the sides of the duct 
1½" minimum from bottom.  Provide access openings with grease-tight covers of same material as duct.  
Slope horizontal ducts at 1" per foot. 

 
3.5 Leakage Tests:  After each duct system is completed, test for duct leakage in accordance with Sections 3 

and 5 of the SMACNA HVAC Air Duct Leakage Test Manual.  Test pressure shall be equal to pressure 
class of duct, less 0.5" static pressure.  Repair leaks and repeat tests until total leakage is less than 5% of 
system design air flow for low pressure systems and less than 1% for systems rated over 3". 

 
3.6 Equipment Connections:  Connect metal ductwork to equipment as indicated, provide flexible 

connection for each ductwork connection to equipment mounted on vibration isolators, and/or 
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equipment containing rotating machinery.  Provide access doors as indicated. 
 
3.7 Clean ductwork internally free of dust and debris.  Clean external surfaces of foreign substances which 

might cause corrosive deterioration of metal or, where ductwork is to be painted, might interfere with 
painting or cause paint deterioration.  Keep ducts closed with poly during construction to prevent 
contamination by construction dust and debris. 
 

END OF SECTION 233113 
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SECTION 233300 - DUCTWORK ACCESSORIES 
 
1 GENERAL 
 
1.1 Drawings and general provisions of Contract, including General and Supplementary Conditions and 

Division-1 Specification sections, apply to work of this section. 
 
1.2 Division-23 Basic Mechanical Materials and Methods sections apply to work of this section. 
 
1.3 Extent of ductwork accessories work is indicated on drawings and in schedules, and by requirements of 

this section. 
 
1.4 Refer to other Division-23 sections for testing, adjusting, and balancing of ductwork accessories; not 

work of this section. 
 
1.5 Codes and Standards: 
 
1.5.1 SMACNA Compliance:  Comply with applicable portions of both SMACNA "HVAC Duct 

Construction Standards, Metal and Flexible" and "Fire, Smoke and Radiation Damper Installation Guide 
for HVAC Systems". 

 
1.5.2 UL Compliance:  Construct, test, and label fire dampers in accordance with UL Standard 555 "Fire 

Dampers and Ceiling Dampers".  Construct, test and label smoke dampers in accordance with UL 
Standard 555S "Leakage Rated Dampers for use in Smoke Control Systems" . 

 
1.5.3 NFPA Compliance:  Comply with applicable provisions of NFPA 90A "Air Conditioning and 

Ventilating Systems" pertaining to installation of ductwork accessories. 
 
1.6 Approval Submittals: 
 
 
1.6.1 Product Data:  Submit manufacturer's technical product data for each type of ductwork accessory, 

including dimensions, capacities, and materials of construction; and installation instructions as follows: 
 
 Low pressure manual dampers 
 Control dampers 
 Fire dampers 
 Smoke dampers 
 Duct access doors 
 Flexible connections 
 
1.6.2 O&M Data Submittals:  Submit manufacturer's maintenance data including parts lists for fire dampers, 

smoke dampers.  Include this data, product data, and a copy of approval submittals in O&M manual. 
 
2 PRODUCTS   
 
2.1 Dampers:                                                                  
        
2.1.1 Low Pressure Manual Dampers:  Provide 16 gauge dampers of single-blade type (12" maximum blade 

width) or multiblade type.  Damper blades to be gang-operated from a single shaft with nylon or ball 
bearings on each end.  Provide indexed locking quadrant.  Parallel or opposed blade style is acceptable.  
Provide 2" standoff on locking quadrant for externally insulated duct. 

 
 

 



Deane Bozeman School                                                                                                                                    233300-2 
Classroom Addition & Site Work 

2.1.2  Control Dampers:  Extruded aluminum (6063-T5) damper frame shall not be less than 0.080” in 
thickness. Damper frame shall be 4” deep x 1", with duct mounting flanges on both sides of frame. 
Damper frame shall have a 2" mounting flange on the rear of the damper when installed as Extended 
Rear Flange install type. Aluminum frame shall be clear anodized to a minimum thickness of 0.7 mil 
deep. Frame shall be assembled using stainless steel screws. Welded frames shall not be acceptable.  
Actuators (motors) are provided by control contractor. 
 

2.1.2.1  Blades shall be maximum 6.4” deep extruded aluminum (6063-T5) air-foil profiles with a minimum 
wall thickness of 0.06”, clear anodized to a minimum thickness of 0.7 mil deep. 
 

2.1.2.2  Blade seals shall be extruded silicone, secured in an integral slot within the aluminum blade extrusions 
and shall be mechanically fastened to prevent shrinkage and movement over the life of the damper. 
Adhesive or clip-on type blade seals will not be approved. 
 

2.1.2.3 Hexagonal control shaft shall be 7/16". It shall have an adjustable length and shall be an integral part of the 
blade axle. A field-applied control shaft shall not be acceptable. All parts shall be stainless steel. 
 

2.1.2.4 Linkage hardware shall be aluminum and stainless steel, installed in the frame side, out of the airstream, 
and accessible after installation. Linkage hardware shall be complete with stainless steel cup-point 
trunnion screws to prevent linkage slippage. Linkage that consists of metal rubbing metal will not be 
approved. 
 

2.1.2.5  Dampers shall be designed for operation in temperatures ranging from -40°F to 212°F. 
 

2.1.2.6  Dampers shall be AMCA rated for Leakage Class 1A at 1 in w.g. static pressure differential. Standard 
air leakage data to be certified under the AMCA Certified Ratings Program. 
 

2.1.2.7  Dampers shall be custom made to required size, with blade stops not exceeding 1¼” in height.  
 

2.1.2.8  Dampers shall be opposed blade for modulating dampers or parallel blade action for open/shut dampers. 
 

2.1.2.9  Dampers shall be installed in the following manner: Installed in Duct  
 

2.1.2.10  Installation of dampers must be in accordance with manufacturer’s current installation guidelines, 
provided with each damper shipment.  
 

2.1.2.11  Field supplied intermediate structural support is required to resist applied pressure loads for dampers 
that consist of two or more sections in both height and width.  
 

2.1.2.12  Acceptable Manufacturers:  Subject to compliance with requirements, provide thermally efficient 
control dampers by TAMCO (T.A. Morrison & Co, Inc), Ruskin TED50CE, Greenheck VCD33, or 
approved equal. 

 
 
2.2 Fire and Smoke Dampers: 
 
2.2.1 Fire Dampers:  Provide curtain type fire dampers, UL classified and labeled per UL 555, of types and 

sizes indicated.  Construct casings and blades of galvanized steel.  Damper shall not restrict duct free 
area when open.  Dampers shall be rated for dynamic closure under flow and pressure.  Provide sleeves 
and mounting angles.  Provide fusible link rated at 160 to 165° F unless otherwise indicated.  Provide 
damper with positive lock in closed position.  All dampers shall be spring activated.  Basis of design: 

 
1-1/2 HR:  Ruskin IBD2 - Style B for rectangular, Style CR for round, Style CO for oval. 

 
 1-1/2 HR:  Ruskin IBDT for transfer grilles in narrow partitions. 
 

3 HR:  Ruskin IBD23 - Style B for rectangular, Style CR for round, Style CO for oval. 
 
2.2.2 Smoke Dampers:  Provide motorized smoke dampers, UL classified under UL-555S, of types and sizes 
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indicated.  Construct frame and blades of galvanized steel.  Provide sleeves.  Provide damper assembly 
complete with electric  operator that will fail safe if fire interrupts operational power. Provide for remote 
testing or resetting capability after response to smoke detector operation.  Entire assembly shall be rated 
at least leakage class II (10 CFM/sq. ft. at 1" w.g. at 250ºF).  Basis of design: 

 
 Systems to 1,500 FPM duct velocity or 2.5" w.g.: Class II Ruskin SD36. 
 
 Systems over 1,500 FPM duct velocity or 2.5" w.g.: Class I, airfoil blades, Ruskin SD60. 
 
2.2.3 Acceptable Manufacturers:  Subject to compliance with requirements, provide fire and smoke dampers 

by Air Balance, Inc., American Warning & Ventilating, Arrow Louver and Damper, Penn Ventilator 
Co., or Ruskin Mfg. Co. 

 
2.3 Turning Vanes:  Provide manufactured or fabricated single wall turning vanes and vane runners, 

constructed in accordance with SMACNA "HVAC Duct Construction Standards". 
 
2.4 Duct Access Doors: 
 
2.4.1 General:  Provide duct access doors of size indicated, or as required for duty indicated. 
 
2.4.2 Construction:  Construct of same or greater gauge as ductwork served.  Provide insulated doors for 

insulated ductwork.  Provide flush frames for uninsulated ductwork, extended frames for externally 
insulated duct.  Provide one side hinged, other side with one handle-type latch for doors 12" high and 
smaller, 2 handle-type latches for larger doors. 

 
2.4.3 Acceptable Manufacturers:  Subject to compliance with requirements, provide access doors by Air 

Balance, Inc., Duro Dyne Corp., Ruskin Mfg. Co., or Ventfabrics, Inc. 
 
2.5 Flexible Connections: 
 
2.5.1 General:  Provide flexible duct connections wherever ductwork connects to vibration isolated 

equipment.  Construct flexible connections of neoprene-coated flameproof fabric crimped into duct 
flanges for attachment to duct and equipment.  Make airtight joint.  Provide adequate joint flexibility to 
allow for thermal, axial, transverse, and torsional movement, and also capable of absorbing vibrations of 
connected equipment. 

 
2.5.2 Acceptable Manufacturers: Subject to compliance with requirments, provide products by one of the 

following:  Duro Dyne Corp., Flexaust (The) Co., or Ventfabrics, Inc. 
 
3 EXECUTION 
 
3.1 Examine areas and conditions under which ductwork accessories will be installed.  Do not proceed with 

work until unsatisfactory conditions have been corrected in manner acceptable to Installer. 
 
3.2 Installation of Ductwork Accessories: 
 
3.2.1 Install ductwork accessories in accordance with manufacturer's installation instructions, with applicable 

portions of details of construction as shown in SMACNA standards, and in accordance with recognized 
industry practices to ensure that products serve intended function. 

 
3.2.2 Install balancing dampers at all main ducts adjacent to units in return air, outside air and where 

indicated. 
 
3.2.3 Install control dampers in the outside air duct and return air duct for each air handler.  Damper operator 

provided by control contractor. 
 
3.2.4 Install turning vanes in square or rectangular 90º elbows in supply, return, and exhaust air systems, and 

elsewhere as indicated. 
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3.2.5 Install access doors to open against system air pressure, with latches operable from either side, except 
outside only where duct is too small for person to enter.  Install on entering air side of reheat coils.  
Install at fire dampers and smoke dampers.  Opening size shall be per NFPA 90A for servicing fire and 
smoke dampers.  Provide label with 1-1/2" letters to indicate location of fire protection devices—FIRE 
DAMPER ACCESS or SMOKE DAMPER ACCESS. 

 
3.2.6 Install flexible connections in ductwork such that the clear length of the connector is approximately two 

inches.  Provide thrust restraints as required.  Flexible material shall not be so slack as to take a definite 
concave or convex shape during fan operation. 

 
3.2.7 Coordinate with other work, including ductwork, as necessary to interface installation of ductwork 

accessories properly with other work. 
 
3.2.8 Install fire dampers within fire walls and floors at locations shown on the mechanical drawings.  Install 

in strict accordance with the manufacturer's printed instructions, NFPA 90A, and UL  
 

3.2.9 Install smoke dampers at locations shown on the mechanical drawings.  Install in strict accordance with 
the manufacturer's printed instructions, NFPA 90A, and UL 555S.  Basis of design installation is 
detailed on the drawings. 

 
3.3 Fire and Smoke Dampers:  Notify Engineer at least 24 hours in advance of ceiling installation or chase 

closure so that complete fire and smoke damper installation can be observed.  A copy of the 
manufacturer’s printed installation instructions shall be available at the site. 

 
3.4 Operate installed ductwork accessories to demonstrate compliance with requirements.  Test for air 

leakage while system is operating.  Repair or replace faulty accessories as required to obtain proper 
operation and leakproof performance. 

 
3.5 Adjusting and Cleaning: 
 
3.5.1 Adjusting:  Adjust ductwork accessories for proper settings.  Install fusible links in fire dampers and 

adjust for proper action. 
 
3.5.2 Final positioning of manual dampers is specified in Division-23 section "Testing, Adjusting, and 

Balancing".  However, the system shall be left functional with all dampers open or throttled. 
 
3.5.3 Cleaning:  Clean factory-finished surfaces.  Repair any marred or scratched surfaces with manufacturer's 

touch-up paint. 
 
3.5.4 Furnish extra fusible links to Owner, one link for every 10 installed of each temperature range; obtain 

receipt. 
 

END OF SECTION 233300 
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SECTION 233400 - FANS   
 
1 GENERAL 
 
1.1 Drawings and general provisions of Contract, including General and Supplementary Conditions and 

Division-1 Specification sections, apply to work of this section. 
 
1.2 Division-23 Basic Mechanical Materials and Methods sections apply to work of this section. 
 
1.3 Extent of fan work required by this section as indicated on drawings and schedules, and by requirements 

of this section. 
 
1.4 Coordination: 
 
1.4.1 Refer to Division-7 sections for installation of prefabricated roof curbs; not work of this section.  

Furnishing prefabricated roof curbs is part of this section’s work. 
 
1.4.2 Refer to Division-23 section "Testing, Adjusting, and Balancing" for balancing of fans. 
 
1.4.3 Refer to Division-23 HVAC control systems sections for control work required in conjunction with fans. 
 
1.4.4 Refer to Division-26 sections for power supply wiring from power source to power connection on fans.  

Division-26 work will include starters, disconnects, and required electrical devices, except where 
specified as furnished, or factory-installed, by manufacturer. 

 
1.5 Codes and Standards: 
 
1.5.1 AMCA Compliance:  Provide fans which have been tested and rated in accordance with AMCA 

standards, and bear AMCA Certified Ratings Seal. 
 
1.5.2 UL Compliance:  Provide fans which are listed by UL and have UL label affixed. 
 
1.6 Approval Submittals: 
 
1.6.1 Product Data:  Submit manufacturer's technical data for fans, including specifications, capacity ratings, 

dimensions, weights, materials, accessories furnished, and installation instructions.  Submit assembly-
type drawings showing unit dimensions, construction details, methods of assembly of components, and 
field connection details.   

 
 Fans 
 Vibration Control 
 
1.7 O&M Data Submittals:  Submit maintenance data and parts list for each type of fan, accessory, and 

control.  Include these data, a copy of approved submittals, and wiring diagrams in O&M Manual. 
 
2 PRODUCTS    
 
2.1 General:  Except as otherwise indicated, provide standard prefabricated fans of type and size indicated, 

modified as necessary to comply with requirements, and as required for complete installation.  Provide 
accessories as listed in the schedule on the drawings and as described herein.  Motors shall be high 
efficiency per Division-23 section "Motors". 

 
2.2 Acceptable Manufacturers:  Subject to compliance with requirements provide fans manufactured by 

Acme, Greenheck, Loren Cook, Penn or approved equal unless otherwise noted herein. 
  
2.3 Centrifugal Roof Exhausters: 
 
2.3.1 Housing:  Provide heavy gauge aluminum hood, housing, and base with a galvanized steel frame. 
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2.3.2 Fan Wheels:  Provide aluminum air foil type, statically and dynamically balanced. 
 
2.3.3 Drive:  Provide direct or belt drive as scheduled with pre-lubricated, ball bearing, continuous duty type 

motors.  Provide vibration isolation equipment for the entire drive. 
 
2.3.4 Round Hood Fans:  Where indicated provide fans with motors mounted in a separate compartment out 

of the air stream. 
 
2.3.5 Upblast Fans:  Where indicated provide upblast discharge fans with integral grease trough and drain 

fitting.  Motors shall be out of the air stream and cooled by clean, outside air only. 
 

2.4  In-Line Centrifugal Fans: 
 
2.4.1 Housing:  Provide square weather tight housing constructed of aluminum or steel and painted inside and 

out with an epoxy finish. Provide venturi type inlet.  Provide heavy duty duct collars.  Housing and 
bearing supports shall be constructed of heavy gauge bolted and welded steel construction.  Provide two 
sided access panels, located perpendicular to the motor mounting plane.  Provide ½” insulated housing.  
Provide motor and drive cover for belt drive units. 

 
2.4.2 Fan Wheels:  Provide aluminum air foil type, backward curved, statically and dynamically balanced. 
 
2.4.3 Drive:  Provide direct or belt drive as scheduled with pre-lubricated, ball bearing, continuous duty type 

motors.  Provide vibration isolation equipment for the entire drive. 
 

2.4.4  Filter Housing:  Where indicated, provide insulated filter housing with 2-inch thick disposable MERV 8 
filters.  Provide construction set, a clean set installed at substantial completion, and one spare set for the 
owner.   

 
2.4.5 Isolation and Support:  Provide spring type vibration isolators and fan support brackets. 
 
2.5 Vibration Isolation:  Mount fans on vibration isolators in accordance with the requirements of Division-

23 section "Vibration Isolation" and the following list. 
 
2.5.1 Hangers:  Type HA3. 
 
3 EXECUTION 
 
3.1 General:  Except as otherwise indicated or specified, install fans in accordance with manufacturer's 

installation instructions and recognized industry practices to insure that fans serve their intended 
function. 

 
3.2 Coordinate fan work with work of roofing, walls, and ceilings as necessary for proper interfacing.  

Framing of openings, caulking, and curb installation is not work of this section. 
 
3.3 Ductwork:  Refer to Division-23 section "Ductwork".  Connect ducts to fans in accordance with 

manufacturer's installation instructions.  Provide flexible connections in ductwork at fans. 
 
3.4 Install fans on vibration isolation equipment as required.  Set level and plumb. 
 
3.5 Roof Curbs:  Furnish roof curbs to roofing Installer for Installation. 
 
3.6 Electrical Wiring:  Install electrical devices furnished by manufacturer but not specified to be factory-

mounted.  Furnish copy of manufacturer's wiring diagram submittal to electrical Installer.  Verify that 
electrical wiring installation is in accordance with manufacturer's submittal and installation requirements 
of Division-26 sections.  Verify proper rotation direction of fan wheels.  Do not proceed with equipment 
start-up until wiring installation is acceptable to equipment installer. 
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3.7 Remove shipping bolts and temporary supports within fans.  Adjust dampers for free operation. 
 
3.8 Testing:  After installation of fans has been completed, test each fan to demonstrate proper operation of 

units at performance requirements specified.  When possible, field correct malfunctioning units, then 
retest to demonstrate compliance.  Replace units which cannot be satisfactorily corrected. 

 
3.9 Cleaning:  Clean factory-finished surfaces.  Remove all tar and soil. Repair any marred or scratched 

surfaces with manufacturer's touch-up paint. 
 

END OF SECTION 233400 
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SECTION 233616 – VARIABLE VOLUME TERMINAL UNITS 

 

1 GENERAL 

        

1.1 Drawings and general provisions of Contract, including General and Supplementary Conditions and 

Division-1 Specification sections, apply to work of this section. 

 

1.2 Division-23 Basic Mechanical Materials and Methods sections apply to work of this section. 

          

1.3 Extent of air terminals work required by this section is indicated on drawings and schedules, and by 

requirements of this section. 

 

1.4 Refer to other Division-23 sections for external insulation of air terminals; not work of this section. 

 

1.5 Refer to other Division-23 sections for testing, adjusting and balancing of air terminals; not work of this 

section. 

 

1.6 Refer to other Division-23 sections for temperature controls which are to be furnished by others but 

installed as work of this section. 

 

1.7 Refer to Division-26 sections for the following work; not work of this section.  Power supply wiring 

from power source to power connection on air terminals.  Include starters, disconnects, and required 

electrical devices, except where specified as furnished, or factory-installed, by manufacturer. 

 

1.8 Codes and Standards: 

 

1.8.1 ADC Compliance:  Provide air terminals which have been tested and rated in accordance with ADC 

standards. 

 

1.8.2 NFPA Compliance:  Construct air terminals using acoustical and thermal insulations complying with 

NFPA 90A "Air Conditioning and Ventilating Systems". 

 

1.9 Approval Submittals: 

 

1.9.1 Product Data:  Submit manufacturer's technical product data, including performance data for each size 

and type of air terminal furnished; schedule showing drawing designation, room location, number 

furnished, model number, size, and accessories furnished; and installation and start-up instructions.  

Submit manufacturer's assembly-type drawings indicating dimensions, weight loadings, required 

clearances, and methods of assembly of components. 

 

Shutoff single duct VAV boxes 

 

1.10 O&M Data Submittals: 

 

1.10.1 Wiring Diagrams:  Submit ladder-type wiring diagrams for electric power and control components, 

clearly indicating required field electrical connections.  Include in O&M manual. 

 

1.10.2 Maintenance Data:  Submit maintenance data and parts list for each type of air terminal; including 

"trouble-shooting" maintenance guide.  Include this data and a copy of approval  submittals in O&M 

manual. 

 

2 PRODUCTS 

 

2.1 Acceptable Manufacturers:  Subject to compliance with requirements, provide air terminals of one of the 

following (unless otherwise noted):  Trane, Titus, Enviro-Tec, Price, or approved equal. 

 

2.2 General:  Provide factory-fabricated and tested air terminals as indicated, selected with performance 

characteristics which match or exceed those indicated on schedule. 
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2.3 Shutoff Single Duct:  Provide pressure independent single duct, shut-off variable volume terminal units 

with the following characteristics, features and accessories and as indicated on drawings and schedule. 

 

2.3.1 Casings:  The unit casing shall be minimum 22 gauge galvanized steel, internally lined with engineered 

polymer foam insulation which complies with UL 181 and NFPA 90A.  Insulation shall be 1.5 pound 

density, closed cell foam.  Exposed fiberglass is not acceptable.  The insulation shall be mechanically 

fastened to the unit casing.  All exposed insulation edges shall be coated with NFPA 90A approved 

sealant to prevent erosion.  Provide air valve access panel in the casing  Casing and panel shall be sealed 

to hold leakage to 2% of rated airflow at 3.0" w.g.   

 

2.3.2 Air Dampers:  Damper shall be heavy gauge metal, with shaft rotating in self-lubricating nylon or equal 

bearings.  Shaft shall be marked on the end to indicate the damper blade position.  Unit shall be designed 

for field conversion from normally open to normally closed, or vice versa, without relocating the 

actuator, changing parts or adding relays.  The damper shall seal against a closed-cell foam gasket, to 

limit close-off leakage to 10 cfm at 4.0" w.g.  The damper shall not unseat at 6.0"  w.g. 

 

2.3.3 Provide hanger brackets for attachment of supports.  

 

2.3.4 Access:  Provide tool-less removable panels in casings to permit access to air dampers and other parts 

requiring service, adjustment, or maintenance.  Panels shall be gasketed and secured with cam locks. 

 

2.3.5 Controls:  Units shall have pressure independent DDC controls provided by the DDC contractor.   

 

The unit inlet shall be equipped with a flow sensor with amplifying pressure pickup points connected to 

central averaging chambers.  The sensor shall maintain control accuracy with the same size inlet duct in 

any configuration.  The flow sensor shall have a minimum of three sensor points. 

 

The terminal unit manufacturer shall supply a metal enclosure with access panel sealed from air flow 

and mounted on the side of the terminal unit to house field mounted digital controls.  The terminal unit 

manufacturer shall provide a 120V to 24V controls transformer.     

 

The DDC contractor shall provide an actuator.  The damper shall move in a smooth, steady progression 

without dead spots.  Refer to controls drawings for sequence of operations. 

 

2.3.6 Hot Water Reheat Coils:  Provide factory mounted heating coils constructed of copper tubes and 

aluminum fins with galvanized steel casing. 

 

2.3.7 Noise Ratings:  Provide terminals with the NC performance data scheduled. 

 

3 EXECUTION 

 

3.1 Examine areas and conditions under which air terminals are to be installed.  Do not proceed with work 

until unsatisfactory conditions have been corrected in manner acceptable to Installer. 

 

3.2 General:  Install air terminals as indicated, and in accordance with manufacturer's installation 

instructions. 

 

3.3 Location:  Install each unit level and accurately in position indicated in relation to other work; and 

maintain sufficient clearance for normal service and maintenance, but in no case less than that 

recommended by manufacturer. 

 

3.4 Duct Connections:  Connect ductwork to air terminals in accordance with Division-23 ductwork 

sections. 

 

3.5 Upon completion of installation and prior to initial operation, test and demonstrate that air terminals, and 

duct connections to air terminals, are leak-tight. 

 

3.6 Repair or replace air terminals and duct connections as required to eliminate leaks, and retest to 

demonstrate compliance.  Leave operational and ready for Testing and balancing work. 
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3.7 Clean exposed factory-finished surfaces.  Repair any marred or scratched surfaces with manufacturers 

touch-up paint. 

 

END OF SECTION 233616 
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SECTION 233713 - GRILLES, REGISTERS AND CEILING DIFFUSERS 
 
1 GENERAL 
 
1.1 Drawings and general provisions of Contract, including General and Supplementary Conditions and 

Division-1 Specification sections, apply to work of this section. 
 
1.2 Division-23 Basic Mechanical Materials and Methods sections apply to work of this section. 
 
1.3 Extent of air outlets and inlets work is indicated by drawings and schedules, and by requirements of this 

section. 
 
1.4 Refer to other Division-23 sections for ductwork and duct accessories required in conjunction with air 

outlets and inlets and for balancing of air outlets and inlets; not work of this section. 
 
1.5 Codes and Standards: 
 
1.5.1 ADC Compliance:  Test and rate air outlets and inlets in certified laboratories under requirements of 

ADC 1062 "Certification, Rating and Test Manual".  Provide air outlets and inlets bearing ADC 
Certified Rating Seal. 

 
1.5.2 NFPA Compliance:  Install air outlets and inlets in accordance with NFPA 90A "Standard for the 

Installation of Air Conditioning and Ventilating Systems". 
 
1.6 Approval Submittals: 
 
1.6.1 Product Data:  Submit manufacturer's technical product data for air outlets and inlets indicating 

construction, finish, and mounting details. 
 
1.6.2 Performance Data:  For each type of air outlet and inlet furnished, provide aspiration ability, temperature 

and velocity traverses, throw and drop, and noise criteria ratings.  Indicate selections and data as 
required. 

 
1.7 O&M Data Submittals:  Submit cleaning instructions for finishes and spare parts lists.  Include this data 

and a copy of approval submittals in O&M manual. 
 
2 PRODUCTS 
 
2.1 General: 
 
2.1.1 Except as otherwise indicated, provide manufacturer's standard grilles, registers, and ceiling diffusers 

where shown; of size, shape, capacity and type indicated; constructed of materials and components as 
indicated, and as required for complete installation. 

 
2.1.2 Manufacturers not listed in the following specification will not be considered for approval unless 

accepted by addendum prior to bid.  
 
2.1.3 Performance:  Provide grilles, registers and ceiling diffusers that have, as minimum,  temperature and 

velocity traverses, throw and drop, and noise criteria ratings for each size device equal to the basis of 
design. 

 
2.1.4 Ceiling and Wall Compatibility:  Provide grilles, registers and diffusers with border styles that are 

compatible with adjacent wall and ceiling systems, and that are specifically manufactured to fit into 
ceiling module or wall with accurate fit and adequate support.  Refer to general construction drawings 
and specifications for types of ceiling systems and walls which will contain each type of ceiling diffuser, 
grille, or register. 

 
2.1.5 Appearance:  All grilles and registers shall be aluminum construction and all diffusers shall be 

aluminum construction, unless otherwise noted, with uniform matching appearance for each type of 
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outlet.  Ceiling mounted grilles and registers shall be set to be sight tight from the predominant 
exposure. 

 
2.1.6 Finish:  All ceiling mounted grilles, registers, and diffusers shall be finished with manufacturer’s 

standard color to be selected by the architect.  Wall and door mounted grilles and registers shall be 
finished with clear anodized finish . 

 
2.2 Acceptable Manufacturers:  Subject to compliance with requirements, provide products by Titus, Price, 

Krueger, or Metal Aire. 
 
2.3 Rectangular Ceiling Diffusers: Provide rectangular face, adjustable diffuser with removable inner core, 

no corner joints.  If square or rectangular neck is provided, provide square to round adaptor as required.  
Provide lay-in panel as required.  Provide beveled trim ring for diffusers in hard ceilings.  

 
2.4  Square Ceiling Diffusers:  Provide square face, adjustable, 360 degree pattern diffusers with one-piece 

stamped cones, no corner joints, round necks.  Provide lay-in panel as required.   
 

2.5  Perforated Ceiling Diffusers:  Provide steel flush square face diffusers with square adjustable modular 
cores. 

 
2.6 Return Grilles :  Provide return grilles  with one set of 45 degree fixed louvers, parallel to the long 

dimension.  Provide mounting frame for all wall and plaster ceiling installations.   
 

2.7 Sidewall Supply Registers: Provide supply registers with two sets of individually adjustable airfoil 
registers, spaced at 3/4", with the front set parallel to the long dimension.    Provide opposed blade 
damper, screwdriver operated from the face.  Provide mounting frame.   

 
3 EXECUTION 
 
3.1 Coordinate installation with ceiling and light fixture installation. Locate ceiling outlets as indicated on 

architectural Reflected Ceiling Plans.  Unless otherwise indicated, locate ceiling outlets in the center of 
acoustical ceiling modules with sides parallel to the grid. 

 
3.2 Install air outlets and inlets in accordance with manufacturer's written instructions and in accordance 

with recognized industry practices to insure that products serve intended functions. 
 
3.3 Coordinate with other work, including ductwork and duct accessories, as necessary to interface 

installation of air outlets and inlets with other work. 
 
3.4 Set air volumes to values shown on the drawings so that the system is functional.  Leave ready for test 

and balance contractor. 
 
3.5 Furnish to Owner three operating keys for each type of outlet and inlet that require them; obtain receipt. 
  

END OF SECTION 233713 
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SECTION 23 37 26 - WALL LOUVERS 

 

1 GENERAL 

 

1.1 Drawings and general provisions of Contract, including General and Supplementary Conditions and 

Division-1 Specification sections, apply to work of this section. 

 

1.2 Division-23 Basic Mechanical Materials and Methods sections apply to work of this section. 

 

1.3 Extent of wall louver work is indicated by drawings and schedules, and by the requirements of this 

section. 

 

1.4 Refer to other Division-23 sections for ductwork, duct accessories and controls work. 

 

1.5 AMCA Compliance:  Test and rate louvers in accordance with AMCA Standard 500.  Provide AMCA 

certified rating seal.  Ratings based on tests and procedures performed in accordance with AMCA 500-L 

and complying with the AMCA 511 Certified Ratings Program.  AMCA Certified Ratings Seal applies 

to air performance, water penetration and wind driven rain ratings. 

 

1.6 Product Qualifications: 

 

1.6.1 Florida Product Approved Louvers: 

 

1. Miami-Dade County, Florida Notice of Acceptance (NOA). 

2. Florida Building Code Approval. 

3. Louver shall be certified to Florida Building Code Testing Application Standards TAS 100(A) 

(Wind Driven Rain Resistance), TAS 201 (Large Missile Impact), TAS 202 (Uniform Static 

Air Pressure) and TAS 203 (Cyclic Wind Loading). 

4. AMCA Listed for compliance to AMCA 540 Level E and AMCA 550 standards. 

 

1.6.2 ICC 500 Approved Louvers: 

 

1. FEMA 361 

2. ICC 500 

3. Louver shall be UL classified wind-storm rated assembly to static and cyclical design pressures 

of positive/negative 250 psf and debris impact of a 15 lb 2x4 travelling at 100 mph. 

 

1.7 Approval Submittals: 

 

1.7.1 Product data:  Submit manufacturer's technical product data for louvers including:  model number, 

accessories furnished, construction, finish, mounting details, performance data. 

 

1.8 O&M Data Submittals:  Submit maintenance data, including cleaning of finishes and a copy of approval 

submittals.  Include in O&M manual. 

         

2 PRODUCTS                                     

 

2.1 Acceptable Manufacturers:  Subject to compliance with requirements, submit products by Ruskin, 

Greenheck, Arrow, American Warming and Ventilating, or AMCA labeled approved equal. 

 

2.2 General:  Except as otherwise indicated, provide manufacturer's standard louvers where shown; of size, 

shape, capacity and type indicated; constructed of materials and components as indicated, and as 

required for complete installation.  Provide Kynar 500 coated, corrosion resistant finish and 5 year 

warranty; color to be selected by the Owner. 

 

2.3 Substrate Compatibility:  Provide Florida Product approved louvers with 9 inch frame and FEMA 

louvers with 5-1/2 inch frame, each with flange and sill extension piece that are compatible with 
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adjacent substrate, and that are specifically manufactured to fit into construction openings with accurate 

fit and adequate support, for weatherproof installation.  Refer to general construction drawings and 

specifications for types of substrate which will contain each type of louver. 

 

2.4 Materials:   

 

2.4.1 Florida Product Approved Louvers: Construct of aluminum extrusions, Alloy 6063-T6 0.081” thick for 

frame and 0.081” thick for front blades and 0.060” thick for back blades.  Weld units or use stainless 

steel fasteners.   

 

2.4.2 FEMA Louvers: Frame shall be constructed of ¼” thick aluminum.  Blades shall be 3”x3”x1/4” thick 

inverted V style extruded aluminum. 

 

2.5 Sill Flashing:  Formed aluminum, 0.080” thick, upturned sides to prevent water leakage. 

 

2.6 Installation Angles:  Material:  1.375 x 2.25 inch x 0.125 inch thick continuous aluminum angles around 

louver perimeter for installation in concrete, deep CMU, steel and wood substrate wall systems. 

   

2.7 Installation Plates: Material: 0.250 inch (6.4 mm) thick continuous aluminum flat or zee plates for 

installation in thin CMU substrate wall systems. 

 

2.8 Louver Screens:  On inside face of exterior louvers, provide 1/2" square mesh anodized aluminum wire 

bird screens mounted in removable extruded aluminum frames. 

 

2.9 Stationary Florida Product Approved Louvers:  Hurricane and impact rated louvers, basis of design is 

Greenheck EHV-901D.   

 

2.10 FEMA Louvers:  Wind-storm rated louvers, basis of design is Greenheck AFL-501. 

 

2.11 Performance Data  

 

2.11.1 EHV-901D:   

 

1. Performance Ratings:  AMCA licensed. 

a. Based on testing 48 inches x 48 inches size unit in accordance with AMCA 500-L. 

2. Free Area:  42 percent, nominal. 

3. Free Area Size:  6.66 square feet. 

4. Maximum Recommended Air Flow through Free Area:  2,155 feet per minute. 

5. Air Flow:  10,431 cubic feet per minute. 

6. Maximum Pressure Drop (Intake):  0.60 inches w.g.. 

7. Water Penetration:  Beginning point of water penetration of 0.01 ounce per ft² of free area shall 

be above 1,250 feet per minute free area velocity. 

8. Wind Load Rating: Maximum wind load of ±150 PSF. 

9. AMCA 500-L Wind Driven Rain Performance:  99.9 percent effective at preventing water 

penetration through louver when tested at 50 miles per hour wind with 8 inches per hour 

rainfall and 2,155 feet per minute airflow through the free area. Penetration Class ‘A’ with 

Discharge Class (Intake) ‘3’ in accordance with AMCA 500-L Wind Driven Rain Test.  

 

2.11.2 AFL-501: 

 

1. Performance Ratings:  AMCA licensed. 

a. Based on testing 48 inches x 48 inches size unit in accordance with AMCA 500-L. 

2. Free Area:  47.5 percent, nominal. 

3. Free Area Size:  7.60 square feet. 

4. Maximum Recommended Air Flow through Free Area:  2,000 feet per minute. 

5. Air Flow:  15,200 cubic feet per minute. 

6. Maximum Pressure Drop (Intake):  1.0 inches w.g.. 

7. Water Penetration:  Beginning point of water penetration of 0.01 ounce per ft² of free area shall 

be above 552.5 feet per minute free area velocity. 
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8. Wind Load Rating: Maximum wind load of ±250 PSF. 

 

3 EXECUTION 

 

3.1 Install where shown on the drawings in accordance with the manufacturer's printed instruction and 

Florida Product Approval.  Exercise care to prevent scratches. 

 

3.2 Isolate dissimilar metals per the manufacturer’s recommendations.   

 

3.3 Verify size of louvers shown on drawings prior to fabrication. Coordinate with wall openings.  Sizes 

may be altered subject to approval by Engineer provided free area remains approximately the same as 

indicated. 

 

 

END OF SECTION 23 37 26 
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SECTION 235216 – CONDENSING BOILERS   
 
1. GENERAL 

 
1.1. SUMMARY 

 
1.1.1. This Section includes packaged, factory-fabricated and -assembled, gas-fired, firetube stainless steel 

ultra-high efficiency condensing boilers, trim and accessories for generating hot water. 
 

1.2. REFERENCES 
 

1.2.1. ASME Section IV 
 

1.2.2. CAN-1.3.1-77, Industrial and Commercial Gas Fired Packaged Boilers 
 

1.2.3. CSD-1, Controls and Safety Devices 
 

1.2.4. XL GAPS 
 

1.2.5. NEC, National Electric Code 
 

1.2.6. UL-795 7th Edition 
 

1.2.7. AHRI, BTS-2000 
 

1.2.8. ASHRAE 90.1 
 

1.3. SUBMITTALS 
 

1.3.1. Product Data: Include performance data, operating characteristics, technical product data, rated 
capacities of selected model, weights (shipping, installed and operating), installation and start-up 
instructions, and furnished accessory information. 
 

1.3.2. Shop Drawings: For boiler, standard boiler trim and accessories. 
 

1.3.3. End Assembly Drawing: Detail overall dimensions, connection sizes, connection locations, and 
clearance requirements. 
 

1.3.4. Wiring Diagrams: Detail electrical requirements for the boiler including ladder type wiring diagrams for 
power, interlock and control wiring. Clearly differentiate between portions of wiring that are factory 
installed and portions to be field installed. 
 

1.3.5. Certificate of Product Rating: Submit AHRI Certificate indicating Thermal Efficiency, Combustion 
Efficiency, Materials of Construction, Input, and Gross Output conform to the design basis. 
 

1.3.6. Thermal efficiency curves: Submit thermal efficiency curves for a minimum of 5 input rates between 
and including minimum and maximum rated capacities, for return water temperatures ranging from 80°F 
to 180°F.  
 

1.3.7. Water side pressure drop curve.    
 

1.3.8. Flue gas temperature curves: Submit flue gas temperature curves for minimum and maximum boiler 
capacity, for return water temperatures ranging from 80°F to 160°F. 
 

1.3.8.1. If submitted flue gas temperatures, minimum or maximum inputs are different from that of the basis of 
design manufacturer and model, the manufacturer shall be responsible for draft calculations and 
reselection of the flue gas exhaust system. 
 

1.3.9. Source quality-control test reports. 
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1.3.10. Field quality-control test reports: Start-up by a factory authorized service company. 

 
1.3.11. Operation and Maintenance Data: Data to be included in Installation and Operation Manual. 

 
1.3.12. Warranty: Standard warranty specified in this Section. 

 
1.4. QUALITY ASSURANCE 
1.4.1. Manufacturer Qualifications: Firms regularly engaged in the manufacture of condensing hydronic 

boilers with welded steel pressure vessels, whose products have been in satisfactory use in service for 
not less than twenty-five (25) years. The manufacturer must be headquartered in North America.  
 

1.4.2. Aftermarket Support and Service: The manufacturer shall have a factory authorized service training 
program, where boiler technicians can attend a training class and obtain certification to perform start-up, 
maintenance and basic troubleshooting specific to the product line.  
 

1.4.3. Electrical Components, Devices and Accessories: Listed and labeled as defined in NFPA 70, Article 
100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended use. 
 

1.4.4. ASME Compliance: Fabricate and label boilers to comply with ASME Boiler and Pressure Vessel Code, 
Section IV “Heating Boilers”, for a maximum allowable working pressure of 160 PSIG. 
 

1.4.5. CSD-1 Compliance: The boiler shall comply with ASME Controls and Safety Devices for 
Automatically Fired Boilers (CSD-1). 
 

1.4.6. ASHRAE/IESNA 90.1 Compliance: Boilers shall have minimum efficiency according to “Gas and Oil 
Fired Boilers - Minimum Efficiency Requirements.” 
 

1.4.7. UL Compliance: Boilers must be tested for compliance with UL 795, “Commercial-Industrial Gas 
Heating Equipment.” Boilers shall be listed and labeled by ETL. 
 

1.4.8. AHRI Compliance: Boilers shall be tested and rated according to the BTS-2000 test standard and 
verified by AHRI. 
 

1.4.9. NOx Emissions Compliance: Boiler shall be tested for compliance with SCAQMD and TCEQ. 
1.4.10. The equipment shall be of the type, design, and size that the manufacturer currently offers for sale and 

appears in the manufacturer’s current catalog. 
 

1.4.11. The equipment shall fit within the allocated space, leaving ample allowance for maintenance and 
inspection. 
 

1.4.12. The equipment shall be new and fabricated from new materials. The equipment shall be free from 
defects in materials and workmanship. 
 

1.4.13. All units of the same classification shall be identical to the extent necessary to ensure interchangeability 
of parts, assemblies, accessories, and spare parts wherever possible. 
 

1.4.14. In order to provide unit responsibility for the specified capacities, efficiencies, and performance, the 
boiler manufacturer shall certify in writing that the equipment being submitted shall perform as 
specified. 
 

1.5. COORDINATION 
 

1.5.1. Mechanical contractor shall coordinate the size and location of concrete bases. Provide anchor bolts for 
existing concrete base. 
 

1.6. WARRANTY 
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1.6.1. Standard Warranty: Manufacturer’s standard form in which manufacturer agrees to repair or replace 
components of boilers that fail in materials or workmanship within specified warranty period. 
 

1.6.1.1. Warranty Period for the Pressure Vessel and Heat Exchanger:  The boiler manufacturer shall warranty 
against failure due to thermal shock, flue gas condensate corrosion, and/or defective material or 
workmanship for a period of 10 years, non-prorated, from the date of shipment from the factory 
provided the boiler is installed, controlled, operated and maintained in accordance with the Installation, 
Operation and Maintenance Manual. 
 

1.6.1.2. Warranty Period for all other components: The boiler manufacturer will repair or replace any part of the 
boiler that is found to be defective in workmanship or material within eighteen (18) months of shipment 
from the factory or twelve (12) months from start-up, whichever comes first.   
 

2. PRODUCTS 
 

2.1. MANUFACTURERS 
 

2.1.1. This specification is based on the Endura series boilers as manufactured by Fulton Heating Solutions, 
Inc. Equivalent units by Viessman, Aerco, or Raypack must meet all performance criteria. 
 

2.1.2. Basis-of-Design Product: Fulton Heating Solutions, Inc.; Endura model EDR-750 stainless steel firetube 
condensing boiler. 
 

2.1.3. The boiler shall be a product of a single manufacturer. 
 

2.2. CONSTRUCTION 
 

2.2.1. Description: Factory-fabricated, -assembled, and -pressure tested, stainless steel firetube condensing 
boiler with heat exchanger sealed pressure tight, built on a steel base; including flue gas vent; 
combustion air intake connections, water supply, water return, condensate drain, and controls. The 
boiler, burner and controls shall be completely factory assembled as a self-contained unit. Each boiler 
shall be neatly finished, thoroughly tested, and properly packaged for shipping. Closed-loop water 
heating service only.  
 

2.2.2. Heat Exchanger: The heat exchanger is defined as the surfaces of the pressure vessel where flue gases 
transfer sensible and latent heat to the hydronic fluid. The heat exchanger shall be a three-pass firetube 
design constructed using only stainless steel. 
 

2.2.2.1. The boiler shall be a firetube design, such that all combustion chamber components are within water-
backed areas. Watertube boilers will not be accepted. 
 

2.2.2.2. Furnace: First pass of the combustion chamber shall be constructed of stainless steel with a minimum 
wall thickness of 0.25” and a minimum bottom head thickness of 0.625”. 
 

2.2.2.3. Firetubes: Second and third passes of the combustion chamber shall be constructed of stainless steel 
having a minimum wall thickness of  0.083”. 
 

2.2.2.4. Furnace to tube connections shall be constructed with low weld intensity, a tube to tube minimum 
spacing of 2” center to center, minimum 5/8” tube to tube ligament, and shall not contain any 
overlapping welds. 
 

2.2.2.5. Heat exchange capability shall be maximized within the heat exchanger via the use of corrugated 
firetube technology. The corrugation process shall not remove any material from the tubes. Aluminum 
heat transfer enhancements are dissimilar metals and are unacceptable. 
 

2.2.2.6. Material: The heat exchanger shall have the following material characteristics and properties: 
 

2.2.2.6.1. The metallic crystalline lattice microstructure shall contain approximately equal amounts of body center 
cubic (BCC) and face centered cubic (FCC) structures to offer high resistance to intergranular corrosion. 
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2.2.2.6.2. A minimum Pitting Resistance Equivalent Number (PREN) of 26. 

 
2.2.2.6.3. A minimum Yield Strength of 65 ksi at 0.2% plastic strain. 

 
2.2.2.6.4. A minimum Ultimate Tensile Strength of 94 ksi. 

 
2.2.2.6.5. To minimize stresses caused by uneven expansion and contraction, the Coefficient of Thermal 

Expansion at 212°F shall not be less than 7.0 in/in °F 10-6 and shall not be greater than 7.5 in/in °F 10-
6. 
 

2.2.2.6.6. To increase resistance to pitting and crevice corrosion, the Chromium content shall not be less than 21% 
by mass. 
 

2.2.2.6.7. For high mechanical strength, the Nitrogen content shall not be less than 0.17% by mass. 
 

2.2.2.6.8. Boilers with heat exchangers constructed of austenitic stainless steels, such as 316L or 304, and ferritic 
stainless steels, such as 439, are unacceptable. 
 

2.2.2.6.9. Boilers with heat exchangers constructed of cast aluminum, mild steel, cast iron or copper finned tube 
materials are unacceptable. 
 

2.2.3. Pressure Vessel: Design and construction shall be in accordance with Section IV of the ASME Code for 
heating boilers.  
 

2.2.3.1. The shell shall be minimum  0.25” thick steel, SA-790 or SA-516 Grade 70. 
 

2.2.3.2. The top head shall be a minimum 0.375” thick steel, SA-790 or SA-516 Grade 70. 
 

2.2.3.3. The water side of the pressure vessel shall be a counter-flow design with internal water-baffling plates. 
 

2.2.3.4. The boiler return and supply water connections shall be 2” threaded male NPT. The water connections 
shall not be designed to support an external structural load from the piping system. 
 

2.2.3.5. The water volume of the boiler shall not be less than 50 Gallons. 
 

2.2.3.6. For boilers with a lower water volume, the boiler manufacturer shall provide a buffer tank and all 
associated buffer tank ancillaries to make equivalent to the total volume of the design basis. 
 

2.2.3.7. The maximum water pressure drop across the boiler inlet and outlet connections, shall not exceed 0.5 
PSID at 75 GPM. 
 

2.2.4. Burner: Standard natural gas, forced draft. 
 

2.2.4.1. Burner Head: Shall be a woven fiber premix design. 
 

2.2.4.2. Excess Air: The burner shall operate at no greater than 7.0% excess O2 over the entire turndown range. 
Due to significant reductions in combustion efficiency at high levels of excess O2, boilers exceeding 
7.0% excess O2 at any operating condition shall not be accepted. 
 

2.2.4.3. Emissions: When operating on natural gas, the boiler shall maintain a NOx level of <20 ppm, and CO 
emissions less than 50 ppm, over the complete combustion range at a 3% O2 correction. 
 

2.2.5. Blower: Variable speed, non sparking, hardened aluminum impeller centrifugal fan to operate during 
each burner firing sequence and to pre-purge and post-purge the combustion chamber. 
 

2.2.5.1. Motor: Brushless DC variable speed motor with hall effect sensor feedback; internal electronic 
commutation controller with built in speed control and protection features; long life, sealed, ball bearing 
with high temperature grease. 
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2.2.5.2. Variable speed blower: PWM signal input with tachometer output. 

 
2.2.6. Main Fuel Train:  

 
2.2.6.1. The boiler shall have a pre-mix combustion system, capable of operating at a minimum 4” W.C. 

incoming propane gas pressure while simultaneously achieving emissions performance, full modulation, 
and full rated input capacity. Maximum natural gas pressure allowed to the inlet of the fuel train shall be 
no less than 28” W.C. 
 

2.2.6.2. A factory mounted main fuel train shall be supplied.  The fuel train shall be fully assembled complete 
with high and low gas pressure switches, wired, and installed on the boiler and shall comply with CSD-
1 code.  The fuel train components shall be enclosed within the boiler cabinet. 
 

2.2.6.3. A lock up regulator upstream of the fuel train shall be furnished by the boiler manufacturer as a standard 
component integral to the boiler cabinet.  Factory test fire of the boiler with the provided lock up 
regulator is required. 
 

2.2.6.4. Standard CSD-1 fuel train shall comply with IRI, which has been replaced by XL GAPS. 
 

2.2.7. Ignition: Direct spark ignition with transformer. Pilot assemblies are not accepted. A UV scanner shall 
be utilized to ensure precise communication of flame status back to the flame programmer. Flame rods 
are not accepted. 
 

2.2.8. Boiler Enclosure: 
 
2.2.8.1. Sealed Cabinet: Jacketed steel enclosure with left hinged full height front access door, fully removable 

latching access panels, gasketed seams to maintain sealed combustion, mounted on a steel skid with 
steel plate decking. 
 

2.2.8.2. Control Enclosure: NEMA 250, Type 1. 
 

2.2.8.3. Finish: Internally and externally primed and painted finish. 
 

2.2.8.4. Combustion Air: Drawn from the inside of the sealed cabinet, preheating the combustion air. 
 

2.2.9. Rigging and Placement: The boiler shall come with lifting eyes and fork hole accessibility for rigging. 
 

2.2.10. Exhaust Manifold: Shall be constructed of stainless steel, with an area for the collection and disposal of 
flue gas condensate. The exhaust outlet connection shall allow for immediate vertical rise off the boiler 
without requiring an elbow or tee. 
 

2.2.11. Characteristics and Capacities: 
 

2.2.11.1. Heating Medium: Closed loop hot water with up to 50% propylene or ethylene glycol by volume. 
Standard capacities shall be based on 100% water. 
 

2.2.11.2. Design Water Pressure Rating: 160 psig. 
 

2.2.11.3. Safety Relief Valve Setting: 60 psig. 
 
2.2.11.4. Minimum Return Water Temperature: No minimum temperature required. 

 
2.2.11.5. Maximum Allowable Water Temperature: 210°F. 

 
2.2.11.6. Minimum Water Flow Rate: No minimum flow rate required to protect the heat exchanger. 

 
2.2.11.7. Maximum Water Flow Rate: No maximum flow rate requirement. 
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2.2.11.8. Minimum Delta-T: No minimum delta-T required. 
 

2.2.11.9. Maximum Delta-T: 100°F 
 

2.2.11.10. Minimum Side Clearance: Shall not exceed 1” between any number of boilers. 
 

2.2.11.11. Jacket Losses: External convection and radiation heat losses to the boiler room from the boiler shall 
comply with IAW ASHRAE 103-2007, and shall not exceed 0.2% of the rated boiler input at maximum 
capacity. 
 

2.2.12. The boiler shall have its efficiency witnessed and certified by an independent third party, and the 
efficiency must be listed on the AHRI directory (www.ahridirectory.org) for natural gas operation. The 
test parameters for efficiency certification shall be the BTS-2000 standard. The certified thermal 
efficiency for natural gas firing shall not be less than 97.1%  
 

2.2.13. A zero flow or low flow condition shall not cause any harm to the pressure vessel or heat exchanger of 
the boiler. Flow switches, dedicated circulator pumps, or primary-secondary arrangements shall not be 
required to protect the boiler from thermal shock. Boilers requiring the use of flow switches or primary-
secondary piping arrangements are unacceptable. 
 

2.2.14. The equipment shall be in strict compliance with the requirements of this specification and shall be the 
manufacturer’s standard commercial product unless specified otherwise. Additional equipment features, 
details, accessories, etc. which are not specifically identified but which are a part of the manufacturer’s 
standard commercial product, shall be included in the equipment being furnished. 
 

2.3. TRIM 
 

2.3.1. Safety Relief Valve: ASME Rated. 
 

2.3.1.1. Pressure and Temperature Gauge: Minimum 3-1/2” diameter, combination pressure and -temperature 
gauge. Gauges shall have operating-pressure and -temperature ranges so normal operating range is 
about 50 percent of full range. 
 

2.3.1.2. Mounted in the field in the boiler supply water piping prior to the first isolation valve by the boiler 
installer. 
 

2.3.2. Combustion Air Inlet Filter: 50 Micron. 
 

2.3.3. Flue Gas Condensate Drain Trap: A flue gas condensate drain trap including a cast aluminum 
condensate tank with makeup water line to prevent positive pressure exhaust gases from entering the 
boiler room. 
 

2.3.4. Flue Gas Condensate Neutralization: Provide pH neutralization kit to handle a maximum combined 
boiler capacity of 12,000,000 BTU/hr with a year supply of neutralizing medium.  Polyethylene housing 
with MgO neutralizing medium.  accommodations available upon request. 
 

2.4. CONTROLS 
 

2.4.1. The boiler electrical control panel shall include the following devices and features: 
 

2.4.1.1. 7” color touch screen control display factory mounted on the front cabinet panel door. 
 

2.4.1.1.1. The control display shall serve as a user interface for programming parameters, boiler control and 
monitoring; and shall feature a screen saver, screen disable for cleaning, contrast control, volume control 
for alarm features, boiler status, configuration, history and diagnostics. 
 

2.4.1.2. The boiler control panel shall be constructed in a UL 508 approved panel shop. 
 

2.4.1.3. 24 VAC control transformer. 
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2.4.1.4. Control relay for 120 VAC motorized pump control. 

 
2.4.1.5. The flame safeguard control on the boiler shall be integrated with temperature control and lead/lag 

sequencing modular boiler plant functionality. 
 

2.4.1.6. All controls are to be cabinet, vessel or panel mounted and so located on the boiler as to provide ease of 
servicing the boiler without disturbing the controls.  All controls shall be mounted and wired according 
to UL requirements. 
 

2.4.2. Burner Operating Controls: To maintain safe operating conditions, factory mounted and wired burner 
safety controls limit burner operation: 
 

2.4.2.1. High Limit: A single UL 353 temperature probe shall function as a dual-element outlet temperature 
sensor and shall comply with CSD-1 CW-400 requirements for 2 independent temperature control 
devices. 
 

2.4.2.1.1. High limit sensor shall be NTC resistive 10KOhm +/- 1% at 77°F. Sensor shall have brass material bulb 
with 1.181 +/- 0.015” insertion and 0.370 +/- 0.005” bulb diameter. 
 

2.4.2.1.2. Manual reset stops burner if operating conditions rise above maximum boiler design temperature. 
 

2.4.2.2. Low-Water Cut Off: Electronic probe type mounted in the pressure vessel shall prevent burner operation 
on low water alarm. 
 

2.4.2.3. Air Safety Switch: Prevent operation unless sufficient combustion air is proven. 
 

2.4.2.4. High Condensate Probe: Prevent operation in the event of a blocked condensate drain. 
 

2.4.2.5. Blocked Exhaust: Prevent operation in the event of a blocked flue gas exhaust stack. 
 
2.4.3. Boiler Operating Controls and Features: 

 
2.4.3.1. Proportional Integral Derivative (PID) temperature load control capability for up to two loops, central 

heat and domestic hot water. 
 

2.4.3.2. Operating temperature limit for automatic start and stop. 
 

2.4.3.3. Flue gas exhaust temperature monitoring. 
 

2.4.3.4. Return water temperature monitoring. 
 

2.4.3.5. Time of day display. 
 

2.4.3.6. Customizable boiler name display. 
 

2.4.3.7. Alarm history for 15 most recent alarms including equipment status at time of lockout. 
 

2.4.3.8. Password protection options. 
 

2.4.3.9. Indirect domestic hot water priority. 
 

2.4.4. Sequencing Control of Modular Boiler Plants: Sequencing capabilities (lead/lag) shall be integral to the 
boiler controller for up to 8 boilers installed in the same hydronic loop and shall not require an external 
panel. 
 

2.4.4.1. The boiler manufacturer shall provide a supply water header temperature sensor. 
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2.4.4.1.1. The sensor shall be NTC resistive 10KOhm +/- 1% at 77°F, field installed in the common supply water 
piping, and field wired to the master boiler. 
 

2.4.4.2. One (1) boiler in the system shall be field programmed as the master and subsequent boilers will be 
programmed as lag units. 
 

2.4.4.3. Sequence of Operation: 
 

2.4.4.3.1. Upon call for heat and demand in the system, a boiler will be enabled at low fire and will modulate 
according to demand and PID settings up to the base load common value. The base load common shall 
be field adjustable with a default setting of 40%. 
 

2.4.4.3.2. If the heating load exceeds the output at the base load common firing rate, the next boiler in the 
sequence will be enabled at low fire. Modular boilers will modulate up and down in parallel as a 
cohesive unit with infinite modulation points to meet heating load requirements. 
 

2.4.4.3.3. This process continues until all available boilers are enabled, at which point they are released to 
modulate up to full fire if required. 
 

2.4.4.3.4. As the load decreases, the boilers will be sequentially disabled. 
 

2.4.4.3.5. Boiler sequence order shall be rotated on a programmable number of run hours. 
 

2.4.4.3.6. A boiler in lockout alarm shall be automatically removed from the sequence order. 
 

2.4.4.3.7. Lag boilers shall default to local control if the master boiler is fully powered off or removed. 
 

2.4.4.3.8. Each individual boiler shall enable and disable a water circulation control device. The enable of the 
device, for example a motorized isolation valve or boiler circulator, will be simultaneous with the heat 
demand for that boiler. The disable of each device will be based on a programmable time delay when the 
heat demand is no longer present. In variable primary arrangements, the control shall hold the lead 
boiler isolation valve open at all times. 
 

2.4.5. Building Automation System Interface: Hardware and software to enable building automation system 
(BAS) to monitor, control, and display boiler status and alarms and adjust setpoints through BACnet 
interface. 
 

2.4.5.1. Hardwired Contacts: 
 

2.4.5.1.1. Monitoring: Boiler Status, Burner Demand, General Alarm, Firing Rate. 
 

2.4.5.1.2. Control with Factory Installed Jumper: Safety Interlock for External Device, Remote Boiler Enable, 
Remote Lead/Lag Enable, Emergency Stop (E-Stop 
 

2.5. ELECTRICAL POWER 
 

2.5.1. Single-Point Field Power Connection: Factory-installed and factory-wired switches, transformers, 
control and safety devices and other devices shall provide a single-point field power connection to the 
boiler. 
 

2.5.2. Electrical Characteristics: 
 
2.5.2.1. Voltage: 120 V. 

 
2.5.2.2. Phase: Single. 

 
2.5.2.3. Frequency: 60 Hz. 

 
2.6. VENTING 
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2.6.1. The boiler shall be capable of operating with a stack effect not exceeding -0.04” W.C. and a combined 

air intake and exhaust venting pressure drop not exceeding +1.50” W.C. 
 

2.6.2. Combustion Air Intake: Combustion air shall be direct vented to the boiler using sealed combustion by 
drawing combustion air in from the outdoors. 
 

2.6.2.1. Sealed Combustion: Schedule 40 PVC pipe, vent termination with 1/4” x 1/4” mesh bird screen. 
 

2.6.3. Flue Gas Exhaust: The flue gas exhaust stack shall be AL 29-4C or 316L stainless steel, listed and 
labeled to UL-1738 / C-UL S636 for use with Category II/IV appliances, guaranteed appropriate for the 
application by the manufacturer and supplier of the venting. 
 

2.6.4. The boiler shall be capable of common exhaust and intake venting. The draft system shall be designed to 
prevent the backflow of exhaust gases through idle boilers.  
 

2.6.5. Condensate drain piping shall be stainless steel.  
 

2.7. SOURCE QUALITY CONTROL 
 

2.7.1. Test and inspect factory-assembled boilers, before shipping, according to ASME Boiler and Pressure 
Vessel Code. 
 

2.7.2. Each boiler shall be installed and operated in a functioning hydronic system, inclusive of venting, as part 
of the manufacturing process. A factory test fire report corresponding to the boiler configuration shall be 
included with each boiler. 
 

3. EXECUTION 
 

3.1. EXAMINATION 
3.1.1. Before boiler installation, examine roughing-in for concrete equipment bases, anchor-bolt sizes and 

locations, and piping and electrical connections to verify actual locations, sizes, and other conditions 
affecting boiler performance, maintenance, and operations. 
 

3.1.1.1. Final boiler locations indicated on Drawings are approximate. Determine exact locations before 
roughing-in for piping and electrical connections. 
 

3.1.2. Examine mechanical spaces for suitable conditions where boilers will be installed. 
 

3.1.3. Proceed with installation only after satisfactory conditions have been verified. 
 

3.2. BOILER INSTALLATION 
 

3.2.1. Install boilers level on existing concrete base. 
 

3.2.2. Install gas-fired boilers according to NFPA 54. Equipment and materials shall be installed in an 
approved manner and in accordance with the boiler manufacturer’s installation requirements. 
 

3.2.3. Assemble and install boiler trim. 
 

3.2.4. Install electrical devices furnished with the boiler but not specified to be factory mounted. 
 

3.2.5. Install control wiring to field-mounted electrical devices. 
 

3.2.6. Connect to existing digital controls enable signal. 
 

3.3. CONNECTIONS 
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3.3.1. Piping installation requirements are specified in other Division-15 Sections. Drawings indicate general 
arrangement of piping, fittings, and specialties. 
 

3.3.2. Install piping from equipment drain connection to nearest floor drain. Piping shall be at least full size of 
connection. Provide an isolation valve if required. 
 

3.3.3. Connect gas piping to boiler gas train inlet with isolation valve and union. Piping shall be at least full 
size of gas train connection. Provide a reducer if required. 
 

3.3.4. Connect hot water supply and return water connections with shutoff valve and union or flange at each 
connection. 
 

3.3.5. Install piping from safety relief valves to the nearest floor drain. 
 

3.3.6. Install piping from flue gas condensate drain connection to the condensate drain trap and to the nearest 
floor drain. 
 

3.3.7. Boiler Venting: 
 

3.3.7.1. Install flue venting and combustion air-intake. 
 

3.3.7.2. Connect to boiler connections, flue size and type as recommended by the manufacturer. 
 

3.3.8. Ground equipment according to Division-16 Specifications. 
 

3.3.9. Connect wiring according to Division-16 Specifications. 
 

3.4. FIELD QUALITY CONTROL 
 

3.4.1. Perform tests and inspections and prepare test reports. 
 

3.4.1.1. After boiler installation is completed, the manufacturer shall provide the services of a field 
representative to inspect components, assemblies, and equipment installations, including connections 
and provide startup of the boiler and training to the operator. 
 

3.4.1.2. Arrange with National Board of Boiler and Pressure Vessel Inspectors for inspection of boilers and 
piping.  Obtain certification for completed boiler units, deliver to Owner, and obtain receipt. 
 

3.4.2. Tests and inspections: 
 

3.4.2.1. Perform installation and startup checks according to manufacturer’s written instructions. 
 

3.4.2.2. Leak Test: Hydrostatic test. Repair leaks and retest until no leaks exist. 
 

3.4.2.3. Operational Test: Start units to confirm proper motor rotation and unit operation. Adjust air-fuel ratio 
and combustion. 
 

3.4.2.3.1. Check and adjust initial operating set points and high- and low-limit safety set points of fuel supply, 
water level and water temperature. 
 

3.4.2.3.2. Set field-adjustable switches and circuit-breaker trip ranges as indicated. 
 

3.4.3. Remove and replace malfunctioning units and retest as specified above. 
 

3.4.4. Occupancy Adjustments: When requested within 12 months of startup, provide on-site assistance in 
adjusting system to suit actual occupied conditions. Provide up to 2 visits to Project during other than 
normal occupancy hours for this purpose. 
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END OF SECTION 23 52 16 
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SECTION 236430 - PACKAGED AIR-COOLED CHILLERS  
  
1 GENERAL 
 
1.1 Drawings and general provisions of Contract, including General and Supplementary Conditions and 

Division-1 Specification sections, apply to work of this section. 
 
1.2 Division-23 Basic Mechanical Materials and Methods sections apply to work specified in this section. 
 
1.3 Extent of chiller work required by this section is indicated on drawings and schedules, and by 

requirements of this section. 
 
1.4 Refer to other Division-23 sections for concrete pads, piping, piping specialties, water temperature and 

pressure gauges, pumps, and valves which are required external to chillers for installation; not work of 
this section. 

 
1.5 Refer to other Division-23 sections for field-installed automatic temperature controls required in 

conjunction with chillers; not work of this section. 
 
1.6 Refer to Division-26 sections for electrical wiring work including wires/cables, raceways, and project 

required electrical devices; not work of this section. 
 
1.7 Codes and Standards: 
 
1.7.1 ARI Compliance:  Test and rate chillers in accordance with ARI Std 550/590, "Standard for Water-

Chilling Packages using Vapor Compression Cycle". 
 
1.7.2 NEC Compliance:  Comply with applicable NEC requirements pertaining to electrical power and control 

wiring for construction and installation of chillers. 
 
1.7.3 ANSI Compliance:  Comply with ANSI B9.1 safety code requirements pertaining to unit construction of 

chillers. 
 

Stamp cooler with ASME mark when cooler has been successfully tested in accordance with ASME 
Code.  Pressure test cooler for refrigerant working side pressure of not less than 235 psig and water side 
pressure of not less than 150 psig.  Leak test condenser coils at 150 psig and pressure test coils at 450 
psig. 

 
1.8 Approval Submittals: 
 
1.8.1 Product Data:  Submit manufacturer's technical product data, including rated capacities for chillers 

indicated, weights (shipping, installed, and operating), furnished specialties and accessories; and 
rigging, installation, and start-up instructions. 

 
1.8.2 Shop Drawings:  Submit manufacturer's assembly-type shop drawings indicating dimensions, weight 

loadings, and required clearances, methods of assembly of components, and location and size of each 
field-connection. 

 
1.9 O&M Data Submittals: 
 
1.9.1 Wiring Diagrams:  Submit manufacturer's electrical requirements for power supply wiring to units.  

Submit manufacturer's ladder-type wiring diagrams for interlock and control wiring.  Clearly 
differentiate between portions of wiring that are factory-installed and portions to be field-installed. 

 
1.9.2 Maintenance Data:  Submit a copy of approval submittals.  Submit maintenance data and parts list for 

each chiller, control, and accessory; including "trouble-shooting" maintenance guide.  Include these data 
in O&M manual. 

 
2 PRODUCTS 
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2.1 Acceptable Manufacturers:  Subject to compliance with requirements, provide chillers of one of the 

following: 
 

Daikin  
Trane  
York 
Carrier   

  
2.2 General:  Provide factory-assembled and tested packaged air-cooled scroll compressor liquid chillers as 

indicated, consisting of compressors, evaporator, condensers, thermal expansion valves, and control 
panels.  Provide capacity and electrical characteristics as scheduled. 

 
2.2.1 Specified capacity shall be met without overloading compressor motors when operating at a scale factor 

of 0.00010 at the temperatures scheduled. 
 
2.2.2 Unit shall be capable of operation at all conditions between 0ºF and 125ºF ambient. 
 
2.2.3 Chiller EER shall meet the requirements of Florida Energy Efficiency Code and schedules.   
 
2.3 Refrigerant:  Provide full operating charge or refrigerant and oil. 
 
2.4 Housing:  Provide manufacturer's standard equipment housing construction, corrosion protection 

coating, and exterior finish.  Provide removable panels and/or access doors for inspection and access to 
internal parts and components.  Provide wire guard to protect compressors and other components. 

 
2.5 Evaporator:  Single pass brazed plate heat exchanger shall be constructed of stainless steel with copper 

as the braze material. The heat exchanger shall be designed to withstand a refrigerant side working 
pressure of 430 psig (29.6 bars) and a waterside working pressure of 150 psig (10.5 bars). Test 
evaporator at 1.1 times maximum allowable refrigerant side working pressure and 1.5 times maximum 
allowable water side working pressure. Provide immersion heaters to protect the evaporator to an 
ambient of -20°F (-29°C). The evaporator shall be insulated with factory-installed 1.25 inch (19.05 mm) 
Armaflex II or equal (k=0.28) insulation. Foam insulation shall be used on the suction line. Water pipe 
extensions with insulation shall extend from the evaporator to the edge of the unit.  The heat exchanger 
shall be protected from freeze damage by electric heat trace tape, served with a separate 120V, 20 amp 
circuit and controlled by the chiller control panel.     

 
2.6 Condenser:  Air-cooled condenser coils shall have aluminum fins mechanically bonded to internally-

finned copper tubing or aluminum microchannel construction, either with an integral subcooling circuit. 
The maximum allowable working pressure of the condenser shall be 650 psig. Condensers shall be 
factory proof and leak tested at 715 psig. Provide balanced direct-drive vertical discharge condenser 
fans. Provide three-phase condenser fan motors with permanently lubricated ball bearings and external 
thermal overload protection. Units shall start and operate from 0°F to 125°F. Units shall operate down to 
0°F by a modulating variable speed fan on each circuit to maintain system differential pressure. 

  
2.6.1  Condenser Coil Coating:   The condenser box shall be submerged in an epoxy polymer bath where an 

electrostatic charge to uniformly deposit the epoxy onto the coil, heads, and frame. The coating shall 
resist bi-metallic corrosion and allow for operation in coastal environments. 

 
2.7 Compressors and Motors:  The unit shall be equipped with two or more hermetic, direct-drive, 3600 rpm 

60 Hz suction gas-cooled scroll compressors. The simple design shall have only three major moving 
parts and a completely enclosed compression.  Overload protection shall be provided. The compressor 
shall include: centrifugal oil pump, oil level sight glass and oil charging valve. Each compressor shall 
have 120v compressor heaters installed and properly sized to minimize the amount of liquid refrigerant 
present in the oil sump during off cycles.   

 
2.7.1 Provide 5 year compressor warranty covering parts, labor, and refrigerant. 
 
2.8 Refrigerant Circuits and Capacity Modulation:  Provide dual independent refrigerant circuits. Each 
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refrigerant circuit shall have scroll compressors piped in parallel with a passive oil management system. 
A passive oil management system shall maintain proper oil levels within compressors and have no 
moving parts. Each refrigerant circuit shall include filter drier, electronic expansion valve, and liquid 
line and discharge service valves. Capacity modulation shall be achieved by staging compressors on and 
off.  
 

2.9         Refrigerant Circuit:  Dual refrigerant circuits shall be completely independent of each other.  Provide for 
each refrigerant circuit the following: 
 
Relief valve. 

 Liquid line solenoid valve. 
 Liquid line sight glass/moisture indicator. 
 Insulated suction line. 
     Purge valve. 

 
2.10        Unit Controls:  The microprocessor-based control panel shall be factory-installed and factory-tested. The 

control system shall be powered by a pre-wired control power transformer, and shall turn on and off 
compressors to meet the load. Provide microprocessor-based chilled water reset based on return water. 
The microprocessor shall automatically act to prevent unit shutdown due to abnormal operating 
conditions associated with low evaporator refrigerant temperature and high condensing temperature. If 
an abnormal operating condition continues and the protective limit is reached, the machine shall shut 
down. The panel shall include machine protection for the following conditions: 
• Low evaporator refrigerant temperature and pressure 
• High condenser refrigerant pressure 
• Critical sensor or detection circuit faults 
• High compressor discharge temperature (with low temp evaporator) 
• Lost communication between modules 
• Electrical distribution faults:  phase loss, phase reversal or over temperature protection 
• External and local emergency stop 
• Loss of evaporator water flow  

 
When a fault is detected, the control system shall conduct diagnostic checks and displays results. The 
display will identify the fault, indicate date, time, and operating mode at time of occurrence, and 
provide type of reset required and a help message.  

 
Clear Language Display Panel Factory-mounted to the control panel door, the operator interface shall 
have an LCD touch-screen display for operator input and information output. This interface shall 
provide access to the following information: evaporator report, condenser report, compressor report, 
ASHRAE Guideline 3 report, operator settings, service settings, service tests, and diagnostics. All 
diagnostics and messages are displayed in “clear language.” Data contained in available reports shall 
include:  
• Water and air temperatures 
• Refrigerant pressures and temperatures 
• Flow switch status 
• EXV position 
• Compressor starts and run-time  
All necessary settings and setpoints shall be programmed into the microprocessor-based controller via 
the operator interface. The controller shall be capable of receiving signals simultaneously from a variety 
of control sources, in any combination, and priority order of control sources can be programmed. The 
control source with priority determines active setpoints via the signal it sends to the control panel.  
• Local operator interface 
• Hard-wired 4-20mA or 2-10V dc signal from an external source  



Deane Bozeman School                                                                                                                                    236430-4 
Classroom Addition & Site Work 

• Time of day scheduling(optional capability available from local operator interface) 
• BACNet  
• Trane Tracer Summit system  

 
2.11 Accessories:  Provide the following accessories: 
 
2.11.1 Suction and discharge gauges.   
 
2.11.2 Vapor-proof chilled water flow switch.   

 
2.12  Equipment Coating:  Provide clear inorganic reacted siloxane coating over all surfaces of the unit 

exposed to the outdoors that are not coated per Paragraph 2.6.1, MicroGuard AD35 by Adsil or equal.  
Completely coat cabinet, structural steel, doors, and all exposed refrigerant parts, covers, and shields.  
Provide 6 to 8 micron dry film thickness and all cleaning, prep, and finish work required for first class 
installation.  Provide 3 year warranty on the coating.  Provide 72 hour notice to engineer for witnessing 
of field applied coatings.       

 
3 EXECUTION 
 
3.1 Installer must examine areas and conditions under which chillers are to be installed and notify 

Contractor in writing of conditions detrimental to proper completion of the work.  Do not proceed with 
the work until unsatisfactory conditions have been corrected in a manner acceptable to Installer. 

 
3.2 General:  Install chillers in accordance with manufacturer's written instructions.  Install units plumb and 

level, firmly anchored in locations indicated; maintain manufacturer's recommended clearances. 
 
3.3 Support:  Install ground-mounted units on existing concrete pad. Secure to pad with vibration isolation 

as recommended by manufacturer.  If required for alternate manufacturer’s equipment, provide 
reinforced concrete extension to existing pad.      
 

3.4 Chilled Water Piping:  Refer to Division-23 section "Chilled Water Piping".  Connect inlet to evaporator 
with controller bulb well, shutoff valve, thermometer, strainer, flow switch, flexible pipe connection, 
pressure gauge, and union or flange.  Connect outlet to evaporator with shutoff valve, balancing cock, 
thermometer, flexible pipe connection, pressure gauge, and union or flange.  Align piping to eliminate 
strain on chiller heads.  Arrange piping to permit removal of chiller heads with minimal pipe removal.  
Thermometers and gauges shall be located in the equipment room. 

 
3.5 Electrical Wiring:  Install electrical devices furnished by manufacturer but not specified to be factory-

mounted, including electric strip cable for chiller to prevent freezing due to low ambient temperature.  
Heater cable shall be powered by a separate 120V circuit that may be energized when the unit is not.  
Furnish copy of manufacturer's wiring diagram submittal to Electrical Installer. 

 
Verify that electrical wiring installation is in accordance with manufacturer's submittal and installation 
requirements of Division-26 sections.  Do not proceed with equipment start-up until wiring installation 
is acceptable to manufacturer and equipment installer. 

 
3.6 Control:  Furnish field-installed automatic temperature control requirements to Control Installer.  Field-

installed automatic temperature controls are not work of this section. 
 
3.7 Provide services of manufacturer's factory-trained service representative for at least two days to start-up 

chillers.  Include in start-up procedures, testing controls, checking all wiring connections, demonstration 
of compliance with requirements, demonstration of performance, and replacement of damaged or 
malfunctioning controls and equipment.  Submit complete operating logs and service report following 
chiller startup. 

 
3.8 Provide services of manufacturer's technical representative for one 8-hour day to instruct Owner's 

personnel in operation and maintenance of chillers.  Schedule training with Owner.  Provide at least 7-
day notice to Contractor and Engineer of training date. 
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3.9 The chiller supplier shall employ servicemen qualified to repair the chillers and shall have an office and 

stock parts within 100 miles of the project.  All service mechanics must be factory trained with a State 
of Florida Class A license.  Servicemen shall maintain 24 hour per day emergency service. 

 
 END OF SECTION 
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SECTION 237323 - CUSTOM AIR HANDLING UNITS 

 

1 GENERAL 

 

1.1 Drawings and general provisions of Contract, including General and Supplementary Conditions and 

Division-1 Specification sections, apply to work of this section. 

 

1.2 Division-23 Basic Mechanical Materials and Methods sections apply to work of this section. 

 

1.3 Extent of air handling unit work is indicated on drawings, and schedules, and by requirements of this 

section.  

 

1.4 Refer to other Division-23 sections for field-applied insulation to air handling units. 

 

1.5 Refer to other Division-23 sections for condensate, hot and chilled water piping required in conjunction 

with air handling units. 

 

1.6 Refer to other Division-23 Sections for HVAC equipment to be included as part of the penthouse units 

or air handling units such as DDC Controls, Variable Frequency Drives, and Hydronic Specialties.  

 

1.7 Refer to Division-26 sections for the following work; not work of this section. 

 

1.7.1 Power supply wiring from power source to power connection on unit.  Include starters, disconnects, and 

required electrical devices, except where specified as furnished, or factory installed by manufacturer. 

 

1.8 Codes and Standards: 

 

1.8.1 AMCA Compliance:  Test and rate air handling units in accordance with AMCA standards. 

 

1.8.2 ARI Compliance:  Test and rate air handling units in accordance with ARI 430 "Standard for Central-

Station Air Handling Units", and ARI 410 for coils, display certification symbol on units of certified 

models. 

 

1.8.3 NFPA Compliance:  Provide air handling unit internal insulation, adhesives, and coatings having flame 

spread rating not over 25 and smoke developed rating no higher than 50; and complying with NFPA 

90A "Standard for the Installation of Air Conditioning and Ventilating Systems.” 

 

1.8.4 UL and NEMA Compliance:  Provide electrical components required as part of air handling units, which 

have been listed and labeled by UL and comply with NEMA Standards. 

 

1.8.5 NEC Compliance:  Comply with National Electrical Code (NFPA 70) as applicable to installation and 

electrical connections of ancillary electrical components of air handling units.  

 

1.9 Approval Submittals:                                                                         

 

1.9.1 Product Data:  Submit manufacturer's technical product data as follows showing dimensions, weights, 

capacities, certified ratings, fan performance with operating point clearly indicated, motor electrical 

characteristics, gauges and finishes of materials, and installation instructions.  Submit assembly-type 

drawings showing unit dimensions, weight loadings, required clearances, construction details, and field 

connection details. 

 

 Air handling unit components including casings, fans, coils and all related equipment.  

  Vibration Isolation     

 

1.9.2 Shop Drawings:  Submit shop drawings showing the actual installation of each air handling unit,  in plan 

and section.  Show coil access, filter access, motor access, controls access and access to any other 

components requiring service.  Show coordination with all related structural components of the building 

and show all unit supports.  Show relationship to drains and other equipment.  Show every electrical 

device and control panel with code-required service clearance clearly marked. 
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 Units mounted in mechanical rooms.  

  

1.10 O&M Data Submittals: 

 

1.10.1 Wiring Diagrams:  Submit manufacturer's electrical requirements for power supply wiring to air 

handling units.  Submit manufacturer's ladder-type wiring diagrams for interlock and control wiring.  

Clearly differentiate between portions of wiring that are factory-installed and portions to be field 

installed. 

 

1.10.2 Maintenance Data:  Submit a copy of approval submittals.  Submit maintenance instructions, including 

instructions for lubrication, filter replacement, motor and drive replacement, and spare parts lists.  

Include these data and wiring diagrams in O&M manuals.   

 

2 PRODUCTS 

 

2.1 Acceptable Manufacturers:  Subject to compliance with requirements, provide air handling units of one 

of the following: 

 

Daikin Vision 

Thermal 

Trane 

 

2.2 General: 

 

2.2.1 Factory fabricated air handling units shall be constructed of solid steel, formed outer panels secured to 

an integral steel frame or to a bolted steel frame.  Outer panels shall be removable without affecting the 

structural integrity of the units.  All units shall come complete with a structural steel base around the 

entire perimeter.  Construction shall result in a leakage rate of less than 1% of rated flow at maximum 

operating pressure.  

 

2.2.2 Multiple sectioned units shall be as a single factory assembled piece (except where shipping limitations 

prevent) demounted into modular sections in the field by Contractor.  Units shall be furnished with 

sufficient gasket and bolts for reassembly in the field by Contractor.  

 

2.2.3 All units shall be UL or ETL listed.  

 

2.2.4 All coil connections, access doors and drains shall be coordinated with field piping and electrical 

connections.  

 

2.2.5 Unit exterior dimensions shall be the size as shown on the drawings.  

 

2.3 Testing: 

 

2.3.1 The unit manufacturer shall provide a factory leak test on all units at 8 inches static pressure.  Cabinet 

leakage shall not exceed leak class 6 per ASHRAE 111 at 8 inches w.g.  Specified air leakage shall be 

obtained without the use of caulk at normally removed access panels.  Total estimated air leakage shall 

be reported for each unit in CFM, as a percentage of supply air, and as an ASHRAE 111 Leakage Class.  

 

2.3.2 Fan shall be factory balanced to limit vibration at operating speed to the values shown in the following 

table.  Measure vibration in all three planes.  AHU manufacturer shall provide vibration test results.  

 

2.4 Unit Base / Framework:: 

 

2.4.1 Unit base frame shall be structural steel cross members.  The base shall include “Double Bottom” 

insulate floor.  Base frames shall be fitted with lifting lugs at the corners of the unit or section (if 

demounted).  Floor panels shall be double-wall construction and designed to support a 250 lb load 
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during maintenance activities and shall deflect no more than 0.0042” per inch of panel span (L/240).   

 

2.5 Exterior Casing:   

 

2.5.1 The air handling unit casing shall be 2” thick double wall construction of the “no-through-metal” design.  

The casing structure shall incorporate insulating thermal breaks as required so that, when fully 

assembled, there exists no path of continuous unbroken metal to metal conduction from inner to outer 

surfaces.  Provide required structural frame and casing to withstand 8" static pressure.  Panels shall be 

gasketed and secured to the frame with screws.  Outer panels shall be constructed from 18 gauge G-90 

galvanized steel.  Provide support system for architectural finish panels.  Architectural finish panels are 

not a part of Division-23 work.   The exterior panels shall be coated with a painting system designed for 

long term corrosion.  

 

The paint shall meet or exceed the following criteria:  

 

(ASTM B-117) salt spray resistance 5% fog at 95 degrees F. Passes 750 hr.  

(ASTM D-2247) humidity resistance 100% salt at 95 degrees F. Passes 1,000 hr.  

 

2.6 Unit Casing Insulation: Insulation shall not be disturbed if panels are removed.  Insulation shall be 

secured to the entire panel with mechanical and adhesive over the entire panel surface.  Entire unit to be 

insulated with 2"  thick insulation.  The insulation shall have an effective thermal the resistance value of 

R13, minimum.  Insulation shall fill panels and external structural frame members completely in all 

direction such that no voids exist.  Panel insulation shall comply with NFPA 90A.  

 

2.7 Liners: The units shall be double wall construction and include a 20 gauge solid galvanized liner (unless 

otherwise noted) in the entire unit except for supply fan section.  The liner in the supply fan section shall 

be perforated galvanized steel construction.  Insulation facing perforated inner wall shall be covered by 

a Mylar or Tedlar film with spacers to preserve the acoustical properties of the assembly.  

 

2.8 Condensate Pan: Condensate drain pan shall be 16 gauge Type 304 stainless steel.  All pans shall be 

insulated “Double Bottom” construction with welded corners.  The drain shall be sloped in two planes 

for complete drainage with no standing water in the unit.  Drain connections shall be standard 1¼” NPT 

connection.  Drain pans shall be provided under all cooling unit sections. 

 

2.9 Access Doors: The unit shall be equipped with 2” double wall insulated, hinged access doors of the 

same construction as the interior and exterior wall panels.  Doors shall be located upstream and 

downstream of all coils and in all filter, access plenum and fan sections and access to major components.  

The fan section door shall be large enough to allow the removal of the fan wheel and motor without 

disassembly of the unit casing.   The door frame shall incorporate a built in thermal break barrier along 

with a gasket around the entire perimeter of the door.  The door shall be hinged using a minimum of 

three heavy duty butt hinges.  There shall be two heavy duty Ventlok (260/310) handles (or equal) per 

door.  Provide an ETL, UL 1995, and CAL-OSHA approved tool operated safety latch on all fan section 

access doors.  Operating tool shall be chained to each unit with tamper resistant fasteners within reach of 

the safety latch.  All doors to have windows where shown. All doors to be 60” high when sufficient unit 

height is available, or maximum height allowed by the unit height. 

 

2.10 Fans: Provide direct drive fans of type and class as specified on the schedule.  Fan shafts shall be solid 

steel, coated with a rust-inhibiting coating, and properly designed so that fan shaft does not pass through 

first critical speed as unit comes up to rated RPM. All fans shall be statically and dynamically tested by 

the manufacturer for vibration and alignment as an assembly at the operating RPM to meet design 

specifications. Fans controlled by variable frequency drives shall be statically and dynamically tested for 

vibration and alignment at speeds between 25% and 100% of design RPM. If fans are not factory-tested 

for vibration and alignment, the contractor shall be responsible for cost and labor associated with field 

balancing and certified vibration performance. Fan wheels shall be keyed to fan shafts to prevent 

slipping. 

 

2.11 Motors: Provide high efficiency motor. Provide motors suitable for inverter use.  
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2.11.1 Variable Frequency Drives shall be furnished by the Digital Controls Contractor.   

 

2.12 Coils:   

 

2.12.1 Coil sections shall be double wall with 304 stainless steel inner liner. 

 

2.12.2  All coil assemblies shall be tested under water at 315 psig and performance shall be certified under ARI 

Standard 410.  Coils exceeding the range of ARI standard rating conditions shall be as noted on a coil 

computer printout.  

 

2.12.3 Type WC (water coils) shall be constructed of seamless copper tubing mechanically expanded into fin 

collars.  Fins shall be the die formed plate type.  Headers shall be seamless copper with die formed tube 

holes.  Connections shall be male pipe thread (MPT) Schedule 40 red brass. 

  

Vents and drains (1/8)” shall be provided for complete coil drainage.  Coils shall be suitable for 250 psig 

working pressure.  Intermediate tube supports shall be supplied on coils over 44" fin length with an 

additional support every 42" multiple thereafter.  Coils shall have 5/8" o.d. x .035" wall copper tubes, 

.010" aluminum fins and 16 gauge Type 304 stainless steel casing.  Cooling coils shall have minimum 

of 8 rows.  All coils shall have a maximum of 12 FPI.  Coil tracks and supports shall be fabricated of 

Type stainless steel.  

 

2.12.4 Provide multiple sections of coils split vertically and horizontally as required for coil removal.  Safe off 

all spaces between coils to prevent air from bypassing coils.  

 

2.12.5 Provide intermediate stainless steel drain pans beneath each section of cooling coil above bottom 

section.  Provide a drain tube from each intermediate pan down to the base drain pan.  Intermediate 

drain pans shall extend a minimum of 8" past the downstream face of coil.  

 

2.12.6 Insulate all piping within the AHU in accordance with Division-23 section “Insulation for HVAC 

Equipment and Piping”.  Repair all cracks in insulation or covering at site after unit has been set.  Piping 

and hydronic devices as well as piping insulation for all units shall be completed in the field.  

 

2.13 Filter Boxes: Provide boxes to accommodate filters of the type indicated on the schedule.  Factory 

fabricated filter sections shall be of the same construction and finish as the units.  Side service filter 

sections shall include hinged access doors.  Internal safing shall be provided by the manufacturer as 

required to prevent air bypass around the filters.  

 

2.13.1 Filter Gauge:   Each filter bank shall be furnished with one (1) Magnehelic filter gauge (Dwyer Series 

2000).   

 

2.14 Ducted connection: Provide ductwork connection of sizes shown on the drawings.  

 

2.15 Lighting: Provide vapor-proof light fixtures in all accessible sections.  Factory mounted and wired to an 

external service switch.    

 

2.16   UVC Lights General:  Provide factory mounted and wired UVC light system.  UVC Light system shall 

be wired to a switched junction box on the front of the unit at the factory.  Provide door interlocking 

safety switch to turn off light when access door is opened.   

 

2.16.1  UVC Lights:  Provide factory assembled emitter and fixture consisting of housing, power source, 

reflector, Emitter sockets, and emitter.  The housing shall be constructed of 304 stainless steel with 

heavy gage reflector, specular finished aluminum alloy with approximately 85% reflectance at 254 nm 

wavelength.  Provide ½” conduit openings on each end to facilitate coupling and wiring fixture to 

fixture.  The power source shall be a Class P2, electronic, rapid start type with a power factor greater 

than 0.95 and a power conversion of greater than 75%.  The power supply shall include RF and EMI 

suppression and be designed to maximize photon production, irradiance, and reliability in cold or 
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moving airstreams of 35-170F, 100% RH and up to 2000 FPM velocity.  The fixture shall be 115V/60 

hz.  Emitter sockets shall be medium bi-pin, double click safety, twist lock type, constructed of UVC-

resistant polycarbonate.  Emitter tubes shall be very high output, hot cathode, T5 diameter, medium bi-

pin type that produces broadband UVC of 250-260 nm at 2000 FPM velocity and air temperatures of 35-

170F.  It shall produce no ozone or other secondary contaminants.  The unit shall be tested by an 

independent test laboratory in accordance with IES Lighting Handbook, 1981 and verified through 

independent testing to provide output per 1” arc length of not less than 10 uW/cm2 at 1 meter in a 400 

FPM airstream at 45F. Units shall comply with UL Standard 1995 for use in HVAC equipment and 

carry the UL and ULC labels.   Coil shall be covered with minimum of 200 microwatts/sq. cm.  

 

2.16.2  UVC Equipment Warranty:  Provide equipment parts and labor warranty covering the complete UVC 

assembly including the fixtures, bulbs, and power supply for a period of three years from the date of 

start-up.  The warranty does not cover normal emitter effectiveness loss due to aging.   

 

2.17 Drains: Provide a capped washdown drain in each coil section.  

 

2.18  Vibration Isolation:  Provide Type EM5 Vibration Isolation. 

 

3 EXECUTION 

 

3.1 Examine areas and conditions under which air handling units are to be installed.  Do not proceed with 

work until unsatisfactory conditions have been corrected in manner acceptable to Installer. 

 

3.2 General:  Install air handling units where indicated, in accordance with equipment manufacturer's 

published installation instructions, and with recognized industry practices, to ensure that units comply 

with requirements and serve intended purposes.  The work of this section includes all equipment 

necessary for a complete, packaged system, including work and equipment specified in other Division-

23 sections.  

 

3.3 Coordination:  Coordinate with other work, including architectural panels, ductwork, floor construction 

and piping, as necessary to interface installation of air handling units with other work.   

 

3.4 Access:  Provide access space around air handling units for service as indicated, but in no case less than 

that recommended by manufacturer. 

 

3.5 Support: 

 

3.5.1 Install floor-mounted air handling units on reinforced concrete housekeeping pads of sufficient height to 

properly trap condensate, but in no case less than 4”. 

 

3.6 Electrical Wiring:  Install electrical devices furnished by manufacturer but not specified to be factory-

mounted.  Furnish copy of manufacturer's wiring diagram submittal to electrical Installer.  Verify that 

electrical wiring installation is in accordance with manufacturer's submittal and installation requirements 

of Division-26 sections.  Do not proceed with equipment start-up until wiring installation is acceptable 

to equipment installer. 

 

3.7 Piping Connections:  Refer to Division-23 HVAC sections.  Provide piping, valves, accessories, gauges 

and supports as indicated.  Eliminate strain on coil headers.  Provide trapped, insulated, DWV copper 

condensate drain piping full size from the drain connection as shown and extend independently to 

disposal point as part of this section's work.  Provide individual trap from each drain.  

 

3.8 Duct Connections:  Refer to Division-23 Air Distribution sections. Provide ductwork, accessories, and 

flexible connections as indicated. 

 

3.9  Vibration Isolation:  Install in accordance with requirements of Division-23 Vibration Isolation.  

 

3.10 Brush out fins on all coils. 
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3.11 Testing:  Upon completion of installation, start-up and operate equipment to demonstrate capability and 

compliance with requirements.  Install final, fixed sheave package.  Field correct malfunctioning units, 

then retest to demonstrate compliance. 

 

3.12  Install new filters (prefilters and final filters as applicable) at final completion.  Provide two spare sets of 

filters to owner at final completion 

 

  

END OF SECTION 237323 
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SECTION 238103 - OUTSIDE AIR PRECONDITIONING UNITS 

PART 1  -  GENERAL 
 
1.01 Drawings and general provisions of Contract, including General and Supplementary Conditions and 

Division-1 Specification sections, apply to work of this section. 
 
1.02 Division-23 Basic Mechanical Materials and Methods sections apply to work of this section. 
 
1.03 Refer to other Division-23 sections for testing, adjusting, and balancing of air conditioning units 

(OAUs). 
 
1.04 Approval Submittals: 

 
A. Product Data:  Submit manufacturer's technical product data, including dimensions, ratings, 

electrical characteristics, weight, capacities, materials of construction, and installation instructions. 
 

  Preconditioning units 
  Vibration isolation 
  Refrigerant Line Shop Drawings 
 
1.05 Test Reports and Verification Submittals: 
 

A. Submit Startup Report by factory-trained representative. 
 
1.06 O&M Data Submittals:  Submit manufacturer's maintenance data including parts lists.  Include these 

data, a copy of approval submittals, product data, and wiring diagrams in O&M manual. 
 
PART 2  -  PRODUCTS 
 
2.01 Quality Assurance: 
 

A. Provide units tested by UL, ARL or ETL. 
 

B. Construct refrigeration system in accordance with ASHRAE 15 (ANSI B 9.1) "Safety Code for 
Mechanical Refrigeration". 

 
C. Provide units with an EER that meets the Florida Energy Efficiency Code and the schedules on the 

drawings. 
 

D. Acceptable Manufacturers:  Subject to compliance with requirements provide units by  Dectron, 
Desert-Aire, or Annexair. 

 
2.02 General: 
 

A. Units shall be factory-assembled, wired and tested.  All controls shall be factory-adjusted and 
preset to the design conditions. 

 
B. Casings:  Construct of heavy gauge steel formed panels rigidly reinforced and braced.  Each unit 

shall be provided with removable panels to permit the unit (including fans and compressors) to be 
properly maintained and serviced.  Entire casing shall be painted with factory-applied finish.  
Casing for outdoor units shall be provided with weatherproof construction with all seams bolted.  
Provide stainless steel hardware.  Units shall be sealed to minimize leakage. 

 
2.03 Remote Condenser:  
 

A. The size and capacity shall be in accordance with the unit schedule.  The system shall be able to 
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reject all the recovered heat (THR) to the outdoor condenser. 
 
B.  The unit shall be provided with a weatherproof electrical panel with factory mounted door 

interrupt disconnect switch. 
 

C.  The cabinet shall be constructed of heavy-gauge aluminum.  The sides shall be one-piece 
construction.  The unit shall be provided with lifting eyes located on the fan discharge panel.   

 
D.  The coil shall be constructed of copper tubing in a staggered design.  Tubes shall be hydraulically 

expanded into full-collared, plate-type aluminum fins.  Coils shall be factory lea-tested and sealed 
with caps.   

 
E.  The fan motors shall be heavy-duty PSC or three-phase with permanently lubricated ball bearings 

and built-in overload protection.  All motors shall be factory-wired with leads terminating in a 
weatherproof junction box located on the outside of the unit cabinet. 

 
F.  The fan diameter shall not exceed 30”.  All units shall have a dynamically balanced fan with 

aluminum blades and painted steel hubs. 
 

G.  The fans shall be cycled based on internal head pressure on multiple fan units. 
 

H.  Fan guards shall be heavy-gauge, closed-mesh steel wire with vinyl coating.  Guards shall be 
contoured for maximum rigidity. 

 
I.  The condenser shall use a low 1140 RPM motor designed fan blade to produce 85 dbA or less 

noise at 10 ft. 
 
J. Compressor:  Shall be scroll design for R410a refrigerant with vibration isolation.  Each 

compressor shall have separate refrigerant circuit.  Motors shall be ball bearing, high starting 
torque, low starting current type for compressor service.  Compressors shall not produce 
objectionable noise or vibration inside the building.  Compressors shall have five (5) year 
warranty.   

 
K. Service Valves:  Provide for high and low pressure readings.  

 
L.  Equipment Coating:  Provide clear inorganic reacted siloxane coating over all surfaces of the unit 

exposed to the outdoors, MicroGuard AD35 by Adsil or equal.  Completely coat condenser coils, 
base pan, cabinet, and all exposed refrigerant parts, covers, and shields.  Provide 6 to 8 micron dry 
film thickness and all cleaning, prep, and finish work required for first class installation.  Provide 
3 year warranty on the coating.  Provide 72 hour notice to engineer for witnessing of field applied 
coatings.       

 
2.04 Indoor Unit:  
 

A. Enclosure: 
 

1.  A 12-gauge galvanized base panel shall be incorporated in all units.  Panels shall be a 
minimum of 20-gauge galvanized steel.  Supports shall be constructed of a minimum 16-
gauge galvanized steel. 

 
2.  Removable panels shall be provided to allow easy access to all internal parts and 

components.  The electrical control box and switch panel shall be enclosed in a separate 
compartment. 

 
3.  4-15 Ton Cabinets:  The thermal and sound insulation shall be 3/4” closed cellular rubber 

insulation installed in the upper air handling section.   
 

4.  20-30 Ton Cabinets:  The unit shall be double wall with 16-gauge galvanized outer panels 
and 20-gauge inner liners.  The insulation shall be 1” solid foam in the double wall cabinet 
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with a minimum R value o 5.0. 
 

B.  Refrigeration System:   
 

1.  Compressors (4 and 5 HP):  The compressor shall be heavy-duty scroll type, single 
compressor complete with start kit on single-phase motors.  The compressor shall be 
equipped with low and high-pressure safety switches, with internal protection from 
overheating.  The compressor shall be externally vibration isolated.  The unit shall be 
provided with hot gas bypass for each system compressor.   

 
2.  Compressors (8 to 30 HP):  The compressors shall be a tandem pair, heavy-duty scroll type.  

A factory-mounted suction line sensor that will deactivate one compressor when the load 
reaches the mid-range of the system’s capacity shall stage the compressors.  The compressor 
shall be equipped with high and low pressure safety switches, with internal protection from 
overheating.  The compressor shall be externally vibration isolated.   

 
3.  Hot Gas Bypass:  The unit shall include hot gas bypass for each system compressor set.  The 

hot gas bypass is to be used only for coil freeze protection and not for compressor 
unloading.   

 
4.  Receiver:  The unit shall include a refrigerant receiver.  The receiver shall assist the unit in 

operating at the highest efficiency over a wide range of load conditions.     
 

5.  Evaporator Dehumidifier Coils:   
 

6.  Fins:  Fins shall be die-formed, raised lanced aluminum, and be damage resistant.  Fin 
collars shall be extruded.  Fin spacing shall not exceed 10 FPI.   

 
7.  Tubes:  Coil shall be fabricated from seamless drawn copper.  The inner tubing shall be 

rifled to produce turbulent refrigeration flow to enhance the heat transfer process.  The tubes 
shall be hydraulically expanded into the fins to form a permanent metal-to-metal bond for 
maximum heat transfer and stability.  The coil shall be a minimum of six rows deep.  Coils 
shall be leak tested with 540 psig of nitrogen. 

 
8.  Reheat Coil:  Finish shall be die-formed, raised lanced aluminum and shall be damage 

resistant.  Fin spacing shall be no greater than 12 FPI.  Coil tubes shall be seamless drawn 
copper.  The inner tubing shall be rifled to produce turbulent refrigeration flow to enhance 
the heat transfer process.  The tubes shall be hydraulically expanded into the fins to form a 
permanent metal-to-metal bond for maximum heat transfer and stability.  Leak test with 625 
psig of nitrogen.  The coil shall be a minimum of 2 rows, located a minimum of 5” from the 
evaporator coil. 

 
C.  Electric Heater:   
 

1.  Capacity shall be in accordance with unit schedule.  The heater coils shall be constructed of 
high grade nickel-chrome allow and insulated by floating ceramic bushings from the 
galvanized steel frame.  Coil terminal pins shall be stainless steel insulated by means of 
non-rotating ceramic bushings.  The heater shall be equipped with fail-safe, automatic reset 
and manual reset disc-type thermal cutouts.  The unit shall be wired to the units main power 
lugs to provide a single point of connection for unit power.   

 
D.  Air Filters:  Provide 4” filter rack with MERV 13 disposable filters.  Provide two sets of filters—

one for construction and one to be installed at substantial completion.   
 

2.05  Controls:  
 

A. All safety and operational controls shall be factory wired and preset in a control panel in a separate 
compartment.  Provide all necessary operational controls to heat, cool and dehumidify 100% 
outside air in accordance with the control diagrams on the drawings and the sequence of operation. 
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B. Safety and Operational Control Features: 

 
  Internal compressor overtemperature protection. 
  Hot gas reheat and thermostat to maintain supply air temperature. 
  Solid state adjustable trip overloads. 
  High pressure cutout. 
  Low pressure cutout. 
  Anti-recycle time delay start. 
  Phase failure and low voltage protection. 
  Hot gas bypass. 
  SCR controller for head pressure control. 
  Outside air thermostat to control compressor. 
  Thermal expansion valve. 
  Connection for remote on-off control. 

 
2.06 Coil Coating:  Provide factory applied ElectroFin E-Coating or equal on condenser, evaporator, and 

reheat coils.  The coating shall be applied to the entire coil assembly.  The coil shall be sealed, electro-
statically charged, coated, and baked.  Provide two year parts warranty on coated coils.   
 

2.07  Refrigerant Piping: 
 

A. Copper tubing ¾" and smaller:  Type ACR, soft annealed temper; cast copper-alloy fittings for 
flared copper tubes; flared joints. 

 
B. Copper tubing 7/8" – 4-1/8":  Type ACR, hard-drawn temper tubing; wrought-copper, solder-joint 

fitting; brazed joints. 
 

C. Silver solder material:  Silver solder bearing at least 15% silver; Sil Fos. 
 
2.08 Basic Vibration Isolation:  Provide vibration isolation products complying with Division-23 section 

"Vibration Isolation" and the following list: 
 

A. Equipment Mounting:  Type EM1  
 
2.09  Warranty:  Manufacturer shall provide two year parts and labor warranty.  \ 

 
2.10 Sequence of Operation: 

 
Refer to Mechanical construction documents for sequence of operation. 

 
2.11 Shop Drawings:  Provide scaled factory approved refrigerant line layout showing the actual routing on 

site, including all elevation changes and elbows.  Drawings should indicate total length and size of 
refrigerant piping between indoor and outdoor units and elevations for indoor and outdoor equipment.  

 
PART 3  -  EXECUTION 
 
3.01 Installation:  Install in accordance with producer's printed instructions.  Brush out fins on all coils.  
 
3.02 Mount units on vibration isolation and concrete housekeeping pads. 
 
3.03 Refrigerant Piping:  Comply with ANSI B31.5, “Refrigerant Piping,” (except lower pressure limits 

below 15 psig), and ASHRAE 15 (ANSI B9.1).  Make all joints carefully and neatly.  Clean pipe and 
fittings before fluxing.  Remove burrs.  Braze by the sweat method using Sil Fos.  Install field installed 
refrigerant devices and valves as required. 

 
A.  Refrigerant Piping Layout:  Any deviations from the factory approved shop drawings shall be 

approved by the factory prior to system startup.   
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3.04 Testing:  After job erection, or modification of factory installed piping, pressure test for leaks at 150 
psig using a nominal amount of a suitable tracer refrigerant and dry nitrogen or a suitable refrigerant.  
Perform leak tests with an electronic halide leak detector having a sensitivity of at least ½ ounce R-12 
per year.  Refrigeration piping will not be accepted unless it is gas tight. 

 
3.05 Evacuation:  After completing the successful pressure test, multiple-evacuate the system.  Leave the 

compressor isolation valves shut and connect the vacuum pump to both the high and low sides.  
Evacuate the system to an absolute pressure of 1,500 microns.  Then break vacuum to 2 psig with dry 
nitrogen.  Repeat this process.  Install the proper biflow drier in the liquid line and evacuate the system 
to 500 microns.  Leave vacuum pump running for at least two hours without interruption.  Break 
vacuum with the refrigerant to be used and raise pressure to 2 psig.  Do not operate compressors during 
the evacuation procedure. 

 
3.06 Charging:  After completing the successful evacuation procedure, charge refrigerant directly to the 

system from the original containers through a filter drier.  Charge to the manufacturer’s stated 
conditions of pressure for required temperature.  Weigh the refrigerant added and record on the startup 
report. 

 
3.07 Controls:  Set up controls for units as described in Sequence of Operations. 
 
3.08 Cleaning:  Clean tar and all other soil from housing exterior.  Leave ready for Division 7, Caulking 

Work.  Caulk around pipe sleeves. 
 
3.09 Construction Filters: Provide 4" thick filters in all units during construction.  After construction (but 

prior to the test and balance being performed) install clean final filters.  
 
3.10 Condensate Drain:  Pipe trapped copper condensate drain (full size of unit outlet) to nearest floor drain 

or as shown on the drawings.  Refer to Division-23 section "Insulation" for pipe insulation. 
 
3.11 Startup:  Startup by a factory-trained representative.  Check entire assembly for correctness of 

installation, alignment, and control sequencing.  Start all component parts in proper sequence.  Make all 
adjustments required to insure proper control and smooth quiet operation.  Submit Startup Report. 
  

END OF SECTION 23 81 03 
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SECTION 238126 – AIR SOURCE UNITARY SPLIT SYSTEM HEAT PUMP UNITS  

PART 1  -  GENERAL 
 
1.01 Drawings and general provisions of Contract, including General and Supplementary Conditions and 

Division-1 Specification sections, apply to work of this section. 
 
1.02 Division-23 Basic Mechanical Materials and Methods sections apply to work of this section. 
 
1.03 Refer to other Division-23 sections for testing, adjusting, and balancing of air conditioning units (AHUs). 
 
1.04 Approval Submittals: 
 

A. Product Data:  Submit manufacturer's technical product data, including dimensions, ratings, electrical 
characteristics, weight, capacities, materials of construction, and installation instructions. 

 
1. Split system units 

 
2. Vibration Isolation 

 
1.05 O&M Data Submittals:  Submit manufacturer's maintenance data including parts lists.  Include these data, a 

copy of approval submittals, product data, and wiring diagrams in O&M manual.  

PART 2   -  PRODUCTS 
   

2.01 Quality Assurance: 
 

A. Provide units tested by UL, ARL or ETL. 
 

B. Construct refrigeration system in accordance with ASHRAE 15 (ANSI B 9.1) "Safety Code for 
Mechanical Refrigeration". 

 
C. Test and rate AHUs in accordance with the applicable ARI standards and provide certified rating seal. 

 Sound test and rate units in accordance with ARI 270. 
 

D. Provide units with an EER or SEER that meets the Florida Energy Efficiency Code and the schedules 
on the drawings. 
 

E. Acceptable Manufacturers:  Subject to compliance with requirements provide units by:  Carrier, Trane, 
Lennox, York or approved equal. 

 
2.02 General: 
 

A. Units shall be factory-assembled, wired and tested.  All controls shall be factory-adjusted and preset to 
the design conditions. 

 
B. Casings:  Construct of heavy gauge steel (or aluminum) formed panels rigidly reinforced and braced.  

Each unit shall be provided with removable panels to permit the unit (including fans and compressors) 
to be properly maintained and serviced.  Entire casing shall be painted with factory-applied finish.  
Casing for outdoor units shall be provided with weatherproof construction with all seams bolted.  
Provide stainless steel hardware.    

 
C. Supports:   Provide concrete pad 4" larger than the unit on all sides. 

 
2.03 Condensing Unit:  
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A. Condenser Fans and Drives:  Fan shall of rustproof construction:  hot-dipped galvanized steel, stainless 
steel or aluminum.  Unit shall have a variable speed motor suitable for the duty indicated.  Provide a 
close fretwork galvanized steel or non-ferrous fan and guard.  Motors shall be the permanently 
lubricated type, resiliently mounted. 

 
B. Condenser Coil:  Construct of copper nonferrous  tubes and  nonferrous fins.  Provide inlet guard to 

protect condenser fins. Provide seacoast or heresite coating on the condenser coil. 
 

C. Compressor:  Shall be scroll hermetic or semi-hermetic reciprocating design for R410a refrigerant with 
vibration isolation.  Each compressor shall have separate refrigerant circuit.  Motors shall be ball 
bearing, high starting torque, low starting current type for compressor service.  Compressors shall not 
produce objectionable noise or vibration inside the building.  Compressors shall have five (5) year 
warranty.  Provide dual compressor machines if scheduled. 

 
D. Service Valves:  Provide for high and low pressure readings.  

 
E. Equipment Coating:  Provide clear inorganic reacted siloxane coating over all surfaces of the unit 

exposed to the outdoors, MicroGuard AD35 by Adsil or equal.  Completely coat condenser coils, base 
pan, cabinet, and all exposed refrigerant parts, covers, and shields.  Provide 6 to 8 micron dry film 
thickness and all cleaning, prep, and finish work required for first class installation.  Provide 3 year 
warranty on the coating.  Provide 72 hour notice to engineer for witnessing of field applied coatings.    
   

 
2.04 Evaporator Unit:  
 

A. Interior of unit shall be thermally and acoustically insulated with minimum R=4.2  insulation.  .  
Provide removable panels to permit the unit to be properly serviced and maintained. 

 
B. The evaporator shall include centrifugal fan, fan motor, direct drive  and lubricated bearings.  Motors 

shall be high efficiency type.  Provide cooling coils constructed of copper   tubes and     aluminum fins.  
Filters and coils shall be selected for a maximum face velocity of 500 fpm.  Provide thermal expansion 
valve, sight glass, refrigerant drier, strainer, controls and other necessary devices for a completely 
automatic unit.   

 
C. Each unit shall be equipped with sloped IAQ drain pans under the entire evaporator coil to prevent 

condensate carry-over.   
 
2.05 Electric Heater Section: 
 

A. Provide electric heating coils controlled by one or more magnetic contactors.  Three phase coils shall 
be wired for balanced current in each wire, if possible.  Furnish and install necessary overheating and 
air flow controls to meet the requirements of the National Electric Code.  Provide built-in air flow 
switch and heater interlock relay. 

 
B. Heaters shall be factory mounted and wired with all required fuses and contactors to provide single 

point connection. 
 
2.06 Unit Controls: 
 

A. All safety and operational controls shall be factory wired. 
 

B. Safety and Operational Control Features: 
 
  Internal compressor overtemperature protection.   
  Crankcase heaters. 
  Individual motor overcurrent protection. 
  High pressure cutout. 
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  Low pressure cutout.  
  Anti-recycle timer (5 minute) 
  Timer-type defrost control.  
   Liquid line solenoid. 
 
2.07 Refrigerant Piping: 
 

A. Copper tubing 3/4" and smaller:  Type ACR, hard-drawn temper tubing; wrought-copper, solder-joint 
fitting; brazed joints. 

 
B. Copper tubing 7/8" – 4-1/8":  Type ACR, hard-drawn temper tubing; wrought-copper, solder-joint 

fitting; brazed joints. 
 

C. Silver solder material:  Silver solder bearing at least 15% silver; Sil Fos. 
 
2.08 Basic Vibration Isolation:  Provide vibration isolation products complying with Division-23 section 

"Vibration Isolation" and the following list: 
 

A. Equipment Mounting (Indoor):  Type EM5 
 

PART 3  -  EXECUTION 
 
 
3.01 Installation:  Install in accordance with producer's printed instructions.  Brush out fins on all coils.  
 
3.02 Support:  Mount units on concrete pads with manufacturer’s recommended service and operating clearance. 
 
3.03  Mount units on vibration isolation. 
 
3.04 Brush out fins on all coils. 
 
3.05 Refrigerant Piping:  Comply with ANSI B31.5, “Refrigerant Piping,” (except lower pressure limits below 15 

psig), and ASHRAE 15 (ANSI B9.1).  Make all joints carefully and neatly.  Clean pipe and fittings before 
fluxing.  Remove burrs.  Braze by the sweat method using Sil Fos.  Install field installed refrigerant devices 
and valves as required. 

 
3.06 Testing:  After job erection, or modification of factory installed piping, pressure test for leaks at 150 psig 

using a nominal amount of a suitable tracer refrigerant and dry nitrogen or a suitable refrigerant.  Perform 
leak tests with an electronic halide leak detector having a sensitivity of at least ½ ounce R-12 per year.  
Refrigeration piping will not be accepted unless it is gas tight. 

 
3.07 Evacuation:  After completing the successful pressure test, multiple-evacuate the system.  Leave the 

compressor isolation valves shut and connect the vacuum pump to both the high and loq sides.  Evacuate the 
system to an absolute pressure of 1,500 microns.  Then break vacuum to 2 psig with dry nitrogen.  Repeat 
this process.  Install the proper biflow drier in the liquid  line and evacuate the system to 500 microns.  Leave 
vacuum pump running for at least two hours without interruption.  Break vacuum with the refrigerant to be 
used and raise pressure to 2 psig.  Do not operate compressors during the evacuation procedure. 

 
3.08 Charging:  After completing the successful evacuation procedure, charge refrigerant directly to the system 

from the original containers through a filter drier.  Charge to the manufacturer’s stated conditions of pressure 
for required temperature.  Weigh the refrigerant added and record on the startup report. 

 
3.09 Coordinate connection to gas supply and verify proper gas pressure to unit.  Install gas vents in accordance 

with 15440. 
 
3.10 Construction Filters: Provide 1" thick filters in all units during construction.  After construction (but prior to 
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the test and balance being performed) install clean final filters.  
 
3.11 Cleaning:  Clean tar and all other soil from housing exterior.  Leave ready for Division 7, Caulking Work.  

Caulk around pipe sleeves. 
 
3.12 Condensate Drain:  Pipe trapped copper condensate drain (full size of unit outlet) to nearest floor/roof drain 

or as shown on the drawings.  Refer to Division-23 section "Insulation" for pipe insulation. 
 
3.13 Startup:  Check entire assembly for correctness of installation, alignment, and control sequencing.  Start all 

component parts in proper sequence.  Make all adjustments required to insure proper smooth quiet operation. 
 

END OF SECTION 23 81 40 
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SECTION 238128 - DUCTLESS SPLIT SYSTEM AIR CONDITIONING UNITS 
 
1 GENERAL 
 
1.1 Drawings and general provisions of Contract, including General and Supplementary Conditions and 

Division-1 Specification sections, apply to work of this section. 
 
1.2 Division-23 Basic Mechanical Materials and Methods sections apply to work of this section. 
 
1.3 Refer to other Division-23 sections for testing, adjusting, and balancing of units; not work of this 

section. 
 
1.4 Approval Submittals: 
 
1.4.1 Product Data:  Submit manufacturer's technical product data, including dimensions, ratings, electrical 

characteristics, weight, capacities, materials of construction, and installation instructions. Submit 
assembly-type drawings showing all piping and electrical connections and all mounting requirements.  
Show methods of fastening and assembly of components.  Provide wiring diagrams. 

 
1.5 O&M Data Submittals:  Submit manufacturer's maintenance data including parts lists.  Include these 

data, product data, and a copy of approval submittals in O&M manual. 
 
2 PRODUCTS 
 
2.1 Quality Assurance: 
 
2.1.1 Test and rate split system air conditioning units in accordance with ARI Standard 210, 240 or 360 as 

applicable, and provide certified rating seal.   
 
2.1.2 Construct refrigeration system of split system air conditioning units in accordance with ASHRAE 15 

(ANSI B 9.1) "Safety Code for Mechanical Refrigeration". 
 
2.1.3 Provide split system air conditioning units with an SEER that meets the Florida Energy Efficiency Code 

and the schedule on the drawings. 
 
2.1.4 Provide split system air conditioning units that are designed, manufactured, and tested in accordance 

with UL or ETL requirements. 
 
2.1.5 Acceptable Manufacturers:  Submit to compliance with requirements, provide units by Mitsubishi, 

Daikin, LG, or approved equal. 
 
2.2 General: 
 
2.2.1 Casings:  Construct of painted mill galvanized steel (or aluminum) formed panels rigidly reinforced and 

braced.  Each unit shall be provided with removable panels to permit the unit (including fans and 
compressors) to be properly maintained and serviced.   

 
2.3 Condensing Unit:  
 
2.3.1 Condenser Fans and Drives:  Fan shall be of rustproof construction, hot dipped galvanized steel, 

stainless steel or aluminum.  Unit shall have weather protected totally enclosed motor.  Provide a close 
fretwork galvanized steel or non-ferrous fan guard.  Motors shall be the permanently lubricated type, 
resiliently mounted. 

 
2.3.2 Condenser Coil:  Construct of non-ferrous tubes and aluminum fins.  Provide inlet guard to protect 

condenser fins. 
 
2.3.3 Compressor:  Shall be twin rotary invertor driven with vibration isolation.  Compressor shall not 

produce objectionable noise or vibration inside the building.  Compressors shall have seven (7) year 
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warranty.   
 

2.3.4  Multi Zone Units:  Where indicated provide single outdoor units for use with multiple indoor units.   
 
2.3.5 Service Valves:  Provide for high and low pressure readings.  

 
2.3.6  Seacoast Protection:  Provide phosphate coating and acrylic enamel coating for external outer panels.  

Provide epoxy resin coating for fan motor support, separator assembly, and valve bed.  Provide zinc-
nickel coated and polyvinylidene chloride coating on fasteners.  Provide anti-corrosion treatment to 
condenser coil to protect from airborne contaminants.   

 
2.4 Evaporator Unit:  
 
2.4.1 Interior of unit shall be thermally and acoustically insulated with 1 inch fiberglass duct liner insulation.  

Provide removable panels to permit the unit to be properly serviced and maintained. 
 
2.4.2 The evaporator section shall include centrifugal fan, two-speed fan motor, and direct drive.  Provide 

cooling coil, snap out washable filters, refrigerant drier, controls and other necessary devices for a 
completely automatic unit.  Coils shall have copper tubes and aluminum fins.  Provide automatic 
oscillating louver action to facilitate air distribution. 

 
2.5 Controls:  
 
2.5.1 All safety and operational controls shall be factory wired.  
 
2.5.2 Provide remote microprocessor-based controls with room thermostat, timer and fan speed switch. 
 
2.6 Refrigerant Piping: 
 
2.6.1 Copper tubing 3/4" and smaller in concealed spaces:  Type ACR, soft annealed temper; cast copper-

alloy fittings for flared copper tubes; flared joints. 
 

2.6.2  Copper tubing 3/4" and smaller exposed outdoors, indoors, and inside mechanical rooms:  Type ACR, 
hard drawn temper; cast copper-alloy fittings for flared copper tubes; flared joints. 

 
2.6.3 Brazing material:  Silver solder bearing at least 15% silver; Sil Fos. 
 
3 EXECUTION 
 
3.1 Installation:  Install in accordance with producer's printed instructions. 
 
3.2 Refrigerant Piping:  Comply with ANSI B31.5, "Refrigerant Piping," (extend lower pressure limits 

below 15 psig), and ASHRAE 15 (ANSI B9.1).  Make all joints carefully and neatly.  Clean pipe and 
fittings before fluxing.  Remove burrs.  Braze by the sweat method using Sil Fos. 

 
3.3 Testing:  After job erection, pressure test for leaks at 150 psig using a nominal amount of a suitable 

tracer refrigerant and dry nitrogen or a suitable refrigerant.  Perform leak tests with an electronic halide 
leak detector having a sensitivity of at least 1/2 ounce R-12 per year.  Refrigeration piping will not be 
accepted unless it is gas tight. 

 
3.4 Evacuation:  After completing the successful pressure test, multiple-evacuate the system.  Leave the 

compressor isolation valves shut and connect the vacuum pump to both the high and low sides.  
Evacuate the system to an absolute pressure of 1,500 microns.  Then break vacuum to 2 psig with dry 
nitrogen.  Repeat this process.  Install the proper biflow drier in the liquid line and evacuate the system 
to 500 microns.  Leave vacuum pump running for at least two hours without interruption.  Break 
vacuum with the refrigerant to be used and raise pressure to 2 psig.  Do not operate compressors during 
the evacuation procedure. 

 
3.5 Charging:  After completing the successful evacuation procedure, charge refrigerant directly to the 
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system from the original containers through a filter drier.  Charge to the manufacturer's stated conditions 
of pressure for required temperature.  Weigh the refrigerant added and record on the startup report. 

 
3.6 Cleaning:  Clean tar and all other soil from housing exterior.  Leave ready for Division 7, Caulking 

Work.  Caulk around pipe sleeves. 
 
3.7 Condensate Drain:  Pipe trapped copper condensate drain to outside the building or to a point of disposal 

as shown on the drawings.  Pipe shall be full size of unit outlet.  Refer to Division-23 section 
"Insulation" for pipe insulation. 

 
3.8 Startup:  Check entire assembly for correctness of installation, alignment, and control sequencing.  Start 

all component parts in proper sequence.  Make all adjustments required to insure proper smooth quiet 
operation. 

 
END OF SECTION 238128 
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SECTION 238219 - FAN COIL UNITS 
 
1 GENERAL 
 
1.1 Drawings and general provisions of Contract, including General and Supplementary Conditions and 

Division-1 Specification sections, apply to work of this section. 
 
1.2 Division-23 Basic Mechanical Materials and Methods sections apply to work of this section. 
 
1.3 Extent of fan coil unit work is indicated by drawings and schedules, and by requirements of this section. 
 
1.4 Refer to other Division-23 sections for piping; ductwork; and testing, adjusting and balancing of fan coil 

units; not work of this section. 
 
1.5 Refer to Division-23 sections for the following work; not work of this section. 
 
1.5.1 Power supply wiring from power source to power connection on fan coil unit.  Include starters, 

disconnects, and required electrical devices, except where specified as furnished, or factory-installed, by 
manufacturer. 

 
1.6 Control wiring specified as work of Division-23 for Automatic Temperature Controls is work of that 

section. 
 
1.7 Codes and Standards: 
 
1.7.1 ARI Compliance:  Test and rate fan coil units in accordance with ARI Standard 440 "Room Fan Coil Air 

Conditioners." 
 
1.7.2 UL Compliance:  Construct and install fan-coil units in compliance with UL 883 "Safety Standards for 

Fan Coil Units and Room Fan Heater Units". 
 
1.8 Approval Submittals:   
 
1.8.1 Product Data:  Submit manufacturer's product data for fan coil units showing dimensions, capacities, 

ratings, performance characteristics, gauges and finishes of materials, and installation instructions.  
Submit assembly-type drawings showing unit dimensions, construction details, and field connection 
details. 

 
 Fan coil units 
 Vibration isolation 
 
1.9 O&M Data Submittals: 
 
1.9.1 Wiring Diagrams:  Submit manufacturer's electrical requirements for power supply wiring to fan coil 

units.  Submit manufacturer's ladder-type wiring diagrams for interlock and control wiring.  Clearly 
differentiate between portions of wiring that are factory-installed and portions to be field-installed.    

 
1.9.2 Maintenance Data:  Submit a copy of approval submittals.  Submit maintenance instructions, including 

lubrication instructions, filter replacement, motor and drive replacement, and spare parts lists.  Include 
these data in O&M Manual.                              

 
2 PRODUCTS 
 
2.1 Acceptable Manufacturers:  Subject to compliance with requirements, provide fan coil units of one of 

the following: 
 

Daikin  
Trane  
Carrier 
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2.2 General:  Provide fan coil units having cabinet sizes, and in locations indicated, and of capacities, style, 

and having accessories as scheduled.  The basic unit shall include chassis, coils, fanboard, drain pan 
assembly, fans, housing, motor, filter, and insulation. 

 
2.2.1 Chassis:  Construct chassis of galvanized steel with flanged edges. 
 
2.2.2 Insulation:  Faced, heavy density glass fiber per NFPA 90A. 
 
2.2.3 Cabinet:  Construct of 18-gauge steel removable panels, 16-gauge front.  Provide insulation over entire 

coil section.  Clean cabinet parts, bonderize, phosphatize, and flow-coat with baked-on primer. 
 
2.2.4 Coils:  Construct of seamless copper tubes mechanically bonded to aluminum fins.  Design for 300 psi 

working pressure, and leak test at 300 psi under water.  Provide manual air vents. 
 
2.2.5 Drain Pans:  Construct of abs plastic.  Insulate with polystyrene or polyurethane insulation and seal with 

mastic.  Pans shall be pitched to drain completely . 
 
2.2.6 Fans:  Provide DWDI centrifugal forward curved wheels in galvanized steel fan scrolls, statically and 

dynamically balanced. 
 
2.2.7 Manifold Piping:  Construct of type L copper tubing.  Manifold piping shall be provided by the unit 

manufacturer, but may be shipped separately as a sub-assembly to be fastened to coils in the field.  
Provide manually operated tight shutoff valves (150 psi working pressure) on each coil of each unit.  
Provide dielectric unions at all copper connections to steel pipe. 

 
2.2.8 Drip Pans: Provide full drip pan with drain under all manifold piping, valves, instrument wells, and 

controls. 
 
2.2.9 Motors:  Provide high efficiency motors per Division-23 section “Motors”. 
 
2.3 High Capacity Cabinet Fan Coil Units, Non-Ducted:  Provide horizontal console units with 1-inch thick 

insulation, a discharge opening suitable for mounting supply air register, a return air grille, and an 
insulated plenum.  Provide hinged access panels and 2-inch thick throwaway filters, primary and 
secondary drain pans.  Provide the minimum number of coil rows scheduled.  Provide open drip proof 
motor with electrical characteristics as scheduled permanent split capacitor motor with electrical 
characteristics as scheduled, direct drive , vibration isolation, and hinged type motor mount.  Provide 
three-speed motors with integral thermal overloads, automatic reset, sleeve bearings with oilers, and 
vibration isolation.  Provide three-speed switch with off position for remote mounting in a junction box. 

 
2.4 Accessories:  Provide the following accessories where indicated or scheduled. 
 
2.5 Vibration Isolation:  Provide vibration isolation in accordance with Division-23 section “Vibration 

Isolation” and the following listing. 
 
2.5.1 Equipment Mountings:  Type HA3. 
 
3 EXECUTION 
 
3.1 Examine areas and conditions under which fan coil units are to be installed.  Do not proceed with work 

until unsatisfactory conditions have been corrected in manner acceptable to Installer. 
 
3.2 General:  Install fan coil units as indicated, and in accordance with the manufacturer's installation 

instructions.   
 
3.3 Locate units as shown and coordinate with other trades  
 
3.4 Provide vibration isolation hangers in accordance with Division-23 section "Vibration Isolation." 
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3.5 Install trapped, insulated, copper condensate drain piping as shown and extend to disposal point as part 
of this section's work.   

 
3.6 Install hydronic piping as shown on the coil piping diagram.  
 
3.7 Install electrical devices furnished by manufacturer but not specified to be factory-mounted.  Furnish 

copy of manufacturer's wiring diagram submittal to electrical Installer. 
 
3.8 Verify that electrical wiring installation is in accordance with manufacturer's submittal and installation 

requirements of Division-16 sections.  Do not proceed with equipment start-up until wiring installation 
is acceptable to equipment installer. 

 
3.9 After construction is completed, including painting, clean unit exposed surfaces, vacuum clean terminal 

coils and inside of cabinets. 
 
3.10 Retouch any marred or scratched surfaces of factory-finished cabinets, using finish materials furnished 

by manufacturer. 
 
 END OF SECTION 238219 
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SECTION 260100 - GENERAL PROVISIONS FOR ELECTRICAL 

PART 1 - GENERAL 

1.01 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and 

Division 01 Specification Sections, apply to this Section. 

B. Provisions of this Section apply to all Division 26 Specification Sections. 

1.02 SUMMARY 

A. Section includes basic requirements for electrical systems. 

1.03 DEFINITIONS 

A. Experienced:  When used with an entity or individual, “experienced” unless otherwise further described means 

having successfully completed a minimum of five previous projects similar in nature, size, and extent to this 

Project; being familiar with special requirements indicated; and having complied with requirements of 

authorities having jurisdiction. 

B. Furnish:  Supply and deliver to project site, ready for subsequent requirements. 

C. Install:  Operations at project site, including unloading, unpacking, assembly, erection, placing, anchoring, 

applying, working to dimension, finishing, curing, protecting, cleaning, and similar requirements. 

D. Provide:  Furnish and install, complete and ready for intended use. 

E. Cutting: Removal of in-place construction necessary to permit installation or performance of subsequent work. 

F. Patching: Fitting and repair work required to restore construction to original conditions after installation of 

subsequent work. 

G. Concealed Work:  Work hidden from view, including inside chases, furred spaces, or above ceilings. 

H. Exposed Work:   Work open to view, including inside mechanical and equipment rooms. 

1.04 QUALITY ASSURANCE 

A. General: 

1. It is the intent of the plans and specifications to obtain a complete, operable and satisfactory installation. 

2. All materials shall be new, be properly labeled and/or identified and be in full compliance with the 

contract documents. 

3. All work shall comply with applicable Codes and Standards. 

4. Manufacturer's model names and numbers used in these specifications are subject to change per 

manufacturer's action.  Contractor shall therefore verify them with manufacturer's representative before 

ordering any product or equipment 

B. Furnish new and unused materials and equipment manufactured in the U.S.A.  Where two or more units of the 

same type or class of equipment are required provide units of a single manufacturer. 

1.05 CODES AND STANDARDS 
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A. Perform work in accordance with the following codes and any applicable statutes, ordinances, codes, and 

regulations of governmental authorities having jurisdiction.   

1. ASHRAE 

a. Standard 90.1    Energy Standard for Buildings Except Low Rise Residential Buildings 

2. ASME  

a. ASME A17.1  Safety Code for Elevators and Escalators - 2019 

3. Occupational Safety and Health Regulations (OSHA). 

4. National Fire Codes  

a. NFPA 1  Uniform Fire Code – 2021 (Florida Edition) 

b. NFPA 70  National Electrical Code – 2020 

c. NFPA 72  National Fire Alarm and Signaling Code - 2019 

d. NFPA 101   Life Safety Code – 2021 (Florida Edition) 

5. Florida Building Code, 2023 Edition 

a. Building Code 

b. Energy Conservation Code 

c. Accessibility Code 

6. Florida Statutes 

a. Chapter 471   Engineering 

b. Chapter 533.80  Building Construction Standards; Florida Building Code - Enforcement 

7. Florida Administrative Code 

a. Chapter 6A–2   Educational Facilities 

b. Chapter 9B-7   Florida Building Commission Handicapped Accessibility Standards 

c. Chapter 61C-5  Florida Elevator Safety Code 

d. Chapter 61G15-33  Responsibility Rules of Professional Engineers Concerning the Design of 

Electrical Systems 

e. Chapter 69A-3   Fire Prevention – General Provisions 

f. Chapter 69A-47   Uniform Fire Safety Standards for Elevators  

g. Chapter 69A–58   Fire Safety in Educational Facilities 

h. Chapter 69A-60   The Florida Fire Prevention Code 

B. Resolve, in writing, any code violation discovered in contract documents with the Engineer prior to bidding.  

After award of the contract, make any correction or addition necessary for compliance with applicable codes at 

no additional cost to Owner. 

C. The Contractor shall include in the Work, without extra cost to the Owner, any labor, materials, services, 

apparatus, and drawings required to comply with all applicable laws, ordinances, rules, and regulations. 

D. Where there is conflict between the Contract Documents and the applicable Codes, the Codes shall govern, 

except where the requirements of the Contract Documents are more stringent. 

1.06 REFERENCE SPECIFICATIONS AND STANDARDS 
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A. Materials which are specified by reference to Federal Specifications; ASTM, ASME, ANSI, or NEC 

Specifications; Federal Standards; or other standard specifications must comply with latest editions, revisions, 

amendments, or supplements in effect on date bids are received.  Specifications and standards are minimum 

requirements for all equipment, material and work.  In instances where capacities, size or other feature of 

equipment, devices or materials exceed these minimums, meet listed or shown capacities. 

B. Whenever a reference is made to a standard, installation and materials shall comply with the latest published 

edition of the standard at the time project is bid unless otherwise specified herein 

1.07 DELEGATED-DESIGN SERVICES 

A. Performance and Design Criteria: Where professional design services or certifications by a design professional 

are specifically required of Contractor by the Contract Documents, provide products and systems complying 

with specific performance and design criteria indicated. 

1.08 PERMITS FEES AND INSPECTIONS 

A. Obtain and pay for all permits, fees, tap fees, connection charges, demand charges, systems charges, impact fees, 

and inspections. 

B. Deliver all certificates of inspection issued by authorities having jurisdiction to the Engineer. 

1.09 CONFLICTING REQUIREMENTS 

A. Conflicting Standards and Other Requirements: If compliance with two or more standards or requirements are 

specified and the standards or requirements establish different or conflicting requirements for minimum 

quantities or quality levels, comply with the most stringent requirement. Refer conflicting requirements that are 

different, but apparently equal, to Engineer for direction before proceeding. 

1. If discrepancies or conflicts occur between drawings, or between drawings and specifications, notify the 

Engineer in writing prior to bid date; however, the most stringent requirement shall govern. 

B. Minimum Quantity or Quality Levels: The quantity or quality level shown or specified shall be the minimum 

provided or performed. The actual installation may comply exactly with the minimum quantity or quality 

specified, or it may exceed the minimum within reasonable limits. To comply with these requirements, indicated 

numeric values are minimum or maximum, as appropriate, for the context of requirements. Refer uncertainties to 

Engineer for a decision before proceeding. 

1.10 SUBMITTALS 

A. Submittals (including Product Data, Shop Drawings, and any other Action Submittal or Information Submittal) 

will only be reviewed if they are submitted in full accordance with the General and Supplementary Conditions, 

Division 01, and the following: 

1. Prepare and submit submittals required by individual Specification Sections.  Types of submittals are 

indicated in individual Specification Sections. 

2. Submit all submittal items required for each Specification Section concurrently unless partial submittals 

for portions of the Work are approved by the Engineer.  

3. Submittals shall only contain relevant product data.  Remove or strikeout irrelevant product data. 

4. Prepare submittals as PDF electronic files and electronically transmit to Engineer through email or web-

based project software site, in accordance with Division 01 Specification Sections.  Submittals shall be in 

searchable PDF format and not a scanned copy. 

5. Options:  Identify options requiring selection by Engineer. 

6. Deviations:  Clearly identify deviations from requirements in the Contract Documents, including minor 

variations and limitations. 
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7. Revisions:  Include relevant additional information and revisions, other than those specifically requested 

by Engineer on previous submittals.  Indicate by highlighting on each submittal or noting on attached 

submittal sheet. 

8. Contractor’s Review:   

a. Submittals shall have been reviewed and approved by the General Contractor / Construction 

Manager.  Include approval stamp, name of reviewer, date of Contractor’s approval, and statement 

certifying that submittal has been reviewed, checked, and approved for compliance with the 

Contract Documents. 

b. Engineer will not review submittals received from Contractor that do not have Contractor’s review 

and approval. 

9. Electrical Modifications: 

a. The electrical design indicated on the plans supports the Basis of Design specifications for the 

HVAC, plumbing, and fire-suppression systems at the time of design.   

b. If HVAC, plumbing, or fire-suppression equipment is submitted with different electrical 

requirements, it is the responsibility of the Contractor to resolve all required electrical design 

changes, including, but not limited to: wire and conduit size, type or size of disconnect or overload 

protection, breaker coordination, point(s) of connection, etc.  Any corrections required shall be 

provided at no additional cost. 

c. Submittal shall clearly show the electrical design revisions with a written statement that this 

change will be provided at no additional cost.  Submittals made with no written reference to the 

electrical design revisions will be presumed to work with the electrical design. 

B. Processing Time:  Allow 15 days for submittal review.  Time of review shall commence on Engineer’s receipt of 

submittal.  No extension of the Contract Time will be authorized because of the failure to transmit submittals 

enough in advance of the Work to permit processing, including resubmittals. 

1. Allow additional time if coordination with subsequent submittals is required.  Engineer will advise 

Contractor when a submittal being processed must be delayed for coordination. 

2. Engineer reserves the right to withhold action on a submittal requiring coordination with other submittals 

until related submittals are received. 

C. The Contractor shall not be relieved of responsibility for deviations from requirements of the contract documents 

by the Engineer's approval of shop drawings, product data, samples, or similar submittals unless the Contractor 

has specifically informed the Engineer in writing of such deviation at the time of submittal, and the Engineer has 

given written approval to the specific deviation.  The Contractor shall not be relieved of responsibility for errors 

or omissions in shop drawings, product data, samples, or similar submittals by the Engineer's approval thereof.  

1)  

b.  

1.11 SUBSTITUTIONS 

A. By submitting a bid, the Bidder represents that its bid is based on materials and equipment described in the 

Procurement and Contracting Documents, including Addenda.  Bidders are encouraged to request approval of 

qualifying substitute materials and equipment when the Specifications Sections list materials and equipment by 

product or manufacturer name. 

B. Substitution Requests shall include, at a minimum: 

1. Statement indicating why specified material, equipment, or installation method cannot be provided, if 

applicable. 
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2. Coordination of information, including a list of changes and revisions needed to other parts of the Work 

and to construction performed by Owner and separate contractors that will be necessary to accommodate 

proposed substitution. 

3. Detailed comparison of significant qualities of proposed substitutions with those of the Work specified. 

Include an annotated copy of applicable Specification Section. Significant qualities may include 

attributes, such as performance, weight, size, durability, visual effect, sustainable design characteristics, 

warranties, and specific features and requirements indicated. Indicate deviations, if any, from the Work 

specified. 

4. Product Data, including drawings and descriptions of products and fabrication and installation 

procedures. 

5. Detailed comparison of Contractor's construction schedule using proposed substitutions with products 

specified for the Work, including effect on the overall Contract Time. If specified product or method of 

construction cannot be provided within the Contract Time, include letter from manufacturer, on 

manufacturer's letterhead, stating date of receipt of purchase order, lack of availability, or delays in 

delivery. 

6. Cost information, including a proposal of change, if any, in the Contract Sum. 

7. Contractor's certification that proposed substitution complies with requirements in the Contract 

Documents, except as indicated in substitution request, is compatible with related materials and is 

appropriate for applications indicated. 

8. Contractor's waiver of rights to additional payment or time that may subsequently become necessary 

because of failure of proposed substitution to produce indicated results. 

C. Procurement Substitution Requests submitted prior to receipt of bids will be received and considered by Owner 

when the following conditions are satisfied, as determined by Engineer; otherwise, requests will be returned 

without action: 

1. Requests for substitution of materials and equipment are received no later than 10 days prior to date of 

bid opening. 

2. Extensive revisions to the Contract Documents are not required. 

3. Proposed changes are in keeping with the general intent of the Contract Documents, including the level of 

quality of the Work represented by the requirements therein. 

4. The request is fully documented and properly submitted. 

D. Substitutions for Cause, as required due to changed Project conditions, such as unavailability of product, 

regulatory changes, or unavailability of required warranty terms will be received and considered by Engineer, 

only when the following conditions are satisfied; otherwise, requests will be returned without action, except to 

record noncompliance with these requirements: 

1. Requested substitution is consistent with the Contract Documents and will produce indicated results.  

2. Substitution request is fully documented and properly submitted. 

3. Requested substitution has received necessary approvals of authorities having jurisdiction. 

4. Requested substitution is compatible with other portions of the Work. 

5. Requested substitution has been coordinated with other portions of the Work. 

6. Requested substitution provides specified warranty. 

7. If requested substitution involves more than one contractor, requested substitution has been coordinated 

with other portions of the Work, is uniform and consistent, is compatible with other products, and is 

acceptable to all contractors involved. 

E. Substitutions for Convenience, not required in order to meet other Project requirements but may offer advantage 

to Contractor or Owner, will be received and considered by Owner, as determined by Engineer, only when the 

following conditions are satisfied; otherwise, requests will be returned without action, except to record 

noncompliance with these requirements: 

1. Requested substitution is received within 60 days after the Notice of Award. 
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2. Requested substitution offers Owner a substantial advantage in cost, time, energy conservation, or other 

considerations, after deducting additional responsibilities Owner must assume.  Owner’s additional 

responsibilities may include compensation to Engineer for redesign and evaluation services, increased 

cost of other construction by Owner, and similar considerations. 

3. Requested substitution does not require extensive revisions to the Contract Documents. 

4. Requested substitution is consistent with the Contract Documents and will produce indicated results.  

5. Substitution request is fully documented and properly submitted. 

6. Requested substitution has received necessary approvals of authorities having jurisdiction. 

7. Requested substitution is compatible with other portions of the Work. 

8. Requested substitution has been coordinated with other portions of the Work. 

9. Requested substitution provides specified warranty. 

10. If requested substitution involves more than one contractor, requested substitution has been coordinated 

with other portions of the Work, is uniform and consistent, is compatible with other products, and is 

acceptable to all contractors involved. 

F. If a requested substitution is approved but contains differences or omissions not specifically identified to the 

attention of the Engineer in the substitution request, the Owner reserves the right to require equal or similar 

features to be added to the substituted products or to have the substituted products replaced at the Contractor’s 

expense. 

1.12 PROJECT RECORD DOCUMENTS 

A. Recording:  Maintain one copy of the Contract Documents and Shop Drawings during the construction period 

for project record document purposes.  Post changes and revisions to project record documents as they occur; do 

not wait until end of Project. 

B. Preparation:   

1. Contract Drawings and Shop Drawings: 

a. Mark revisions to show where the actual installation varies from that shown originally.   

b. Mark record sets completely and accurately, including important information that was either 

shown schematically or omitted from original Drawings.   

c. Mark record sets with erasable, red-colored pencil.  Use other colors to distinguish between 

changes for different categories of the Work at same location. 

d. Record underground and under-slab piping installed, dimensioning exact location and elevation of 

piping. 

2. Mark Specifications to indicate the actual product installation where installation varies from that 

indicated in Specifications, addenda, and contract modifications.  

3. Mark Product Data to indicate the actual product installation where installation varies substantially from 

that indicated in Product Data submittal. 

C. Deliver:  Prior to Final Completion, provide record documents to Owner as indicated below: 

1. Record Drawings:  Submit PDF electronic files of scanned record prints and one set of prints. 

2. Record Specifications:  Submit annotated PDF electronic files of Project’s Specifications, including 

addenda and contract modifications. 

3. Record Product Data:  Submit annotated PDF electronic files and directories of each submittal. 

4. Miscellaneous Record Submittals:  Submit annotated PDF electronic files directories of each submittal. 

1.13 OPERATION AND MAINTENANCE MANUALS 

A. Prepare and submit a comprehensive manual of emergency, operation, and maintenance data and materials in full 

accordance with the General and Supplementary Conditions, Division 01, and the following: 



 

 

SECTION 260100 - GENERAL PROVISIONS FOR ELECTRICAL (continued): 

Deane Bozeman School  

Classroom Addition & Site Work 

260100 - 7 

1. Operations and Maintenance Manuals:  Assemble a complete set of data indicating operation and 

maintenance of each system, subsystem, and piece of equipment not part of a system, including: 

a. Information required for daily operation and management, operating standards, and routine and 

special operating procedures. 

b. Manufacturers’ maintenance documentation, preventative maintenance procedures and frequency, 

repair procedures, wiring and systems diagrams, list of spare parts, and warranty information. 

2. Submit manuals as PDF electronic files and electronically transmit to Engineer through email or web-

based project software site, in accordance with Division 01 Specification Sections.  Submittals shall be in 

searchable PDF format and not a scanned copy. 

1.14 DEMONSTRATION AND TRAINING 

A. Prepare and provide services of qualified instructors to instruct Owner’s personnel to adjust, operate, and 

maintain systems, subsystems, and equipment not a part of a system in accordance with the General and 

Supplementary Conditions, Division 01, individual Specification Sections, and the following: 

1. Demonstration and training shall occur upon completion of the Work and at a time designated by the 

Owner’s representative. 

2. Provide a high-resolution, digital video recording of each training session to the Owner.   

1.15 DELIVERY, STORAGE, AND HANDLING 

A. Deliver, store, and handle products using means and methods that will prevent damage, deterioration, and loss, 

including theft and vandalism. Comply with manufacturer's written instructions. 

B. Inspect products on delivery to determine compliance with the Contract Documents and to determine that 

products are undamaged and properly protected. 

1.16 WARRANTY 

A. Warranty work and equipment within specified warranty period.  During the warranty period, provide labor and 

materials to make good any faults or imperfections that may arise due to defects or omissions in materials or 

workmanship without expense to the Owner. 

1. Warranty Period: One year from date of Substantial Completion. 

B. Warranties specified in other Sections shall be in addition to, and run concurrent with, other warranties required 

by the Contract Documents.  Manufacturer’s disclaimers and limitations on product warranties do not relieve 

Contractor of obligations under requirements of Contract Documents. 

C. Owner reserves the right to make emergency repairs as required to keep equipment in operation without voiding 

Contractor’s Guarantee Bond nor relieving the Contractor of responsibilities during the warranty period. 

PART 2 - PRODUCTS (NONE) 

PART 3 - EXECUTION 

3.01 CONTRACT DOCUMENTS 

A. Examine all drawings and specifications carefully before submitting a bid.  Architectural drawings take 

precedence over electrical drawings with reference to building construction. 
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B. For purposes of clearness and legibility, drawings are essentially diagrammatic and, although size and location of 

equipment are drawn to scale wherever possible, Contractor shall make use of all data in all of the contract 

documents and shall verify this information at the building site. 

C. The drawings indicate required size and points of termination of pipes, conduits, and ducts and suggest proper 

routes to conform to structure avoid obstructions and preserve clearances.  However, it is not intended that 

drawings indicate all necessary offsets, and it shall be the responsibility of the Contractor to make the installation 

in such a manner as to conform to structure, avoid obstructions, preserve headroom and keep openings and 

passageways clear, without further instructions or cost to the Owner. 

D. Furnish, install and/or connect with appropriate services all items shown on any drawing without additional 

compensation. 

E. Any and all questions about a subcontractor's scope of work responsibility shall be addressed to and answered by 

the General Contractor / Construction Manager. 

F. Questions About Construction Documents:  Any and all questions shall be submitted through the proper 

channels IN WRITING and, in turn, shall be answered by the Engineer in writing.  All telephone conversations 

shall be considered unofficial and, as such, shall not be considered official or binding responses to Contractor's 

questions. 

G. Drawings, specifications, or other documents issued by the Engineer in electronic format and/or electronic media 

are provided for convenience only and are not intended for use as Contract Documents.  

1. The electronic files are provided merely as a convenience to the Recipient.  

2. The electronic files do not replace or supplement the paper copies of any drawings, specifications, or 

other documents included in the Contract Documents for use on the project.  

3. The Engineer makes no representation, warranty, or guarantee that electronic files:  

a. Are suitable for any other usage or purpose. 

b. Have any particular durability.  

c. Will not damage or impair the Recipient’s computer or software. 

d. Contain no errors or mechanical flaws or other discrepancies that may render them unsuitable for 

the purpose intended by the Recipient.   

4. Due to the unsecured nature of the electronic files and the inability of Engineer or the Recipient to 

establish controls over their use, the Engineer assumes no responsibility for any consequences arising out 

of the use of the data. It is the sole responsibility of the Recipient to check the validity of all information 

contained therein. The Recipient shall at all times refer to the signed and sealed drawings, specification or 

other documents for the project during all phases of the project. The Recipient shall assume all risks and 

liabilities resulting from the use of the electronic files. 

3.02 SUPERVISION OF WORK 

A. Perform all work under the direct supervision of an experienced, qualified superintendent.  The Engineer has the 

right to remove a superintendent who, in the Engineer’s opinion, is not satisfactory. 

3.03 EXAMINATION 

A. Existing Conditions: The existence and location of underground and other utilities and construction indicated as 

existing are not guaranteed. Before beginning sitework, investigate and verify the existence and location of 

underground utilities, mechanical and electrical systems, and other construction affecting the Work. 
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B. Examination and Acceptance of Conditions: Before proceeding with each component of the Work, examine 

substrates, areas, and conditions, with Installer or Applicator present where indicated, for compliance with 

requirements for installation tolerances and other conditions affecting performance. 

1. Examine roughing-in for mechanical and electrical systems to verify actual locations of connections 

before equipment and fixture installation. 

2. Examine walls, floors, and roofs for suitable conditions where products and systems are to be installed. 

3. Verify compatibility with and suitability of substrates, including compatibility with existing finishes or 

primers. 

C. Proceed with installation only after unsatisfactory conditions have been corrected. Proceeding with the Work 

indicates acceptance of surfaces and conditions. 

3.04 PREPARATION 

A. Existing Utility Information: Furnish information to Owner that is necessary to adjust, move, or relocate existing 

utility structures, lines, services, or other utility appurtenances located in or affected by construction. Coordinate 

with authorities having jurisdiction. 

B. Field Measurements: Take field measurements as required to fit the Work properly. Recheck measurements 

before installing each product. Where portions of the Work are indicated to fit to other construction, verify 

dimensions of other construction by field measurements before fabrication. Coordinate fabrication schedule with 

construction progress to avoid delaying the Work. 

C. Space Requirements: Verify space requirements and dimensions of items shown diagrammatically on Drawings. 

D. Review of Contract Documents and Field Conditions: Immediately on discovery of the need for clarification of 

the Contract Documents caused by differing field conditions outside the control of Contractor, submit a request 

for information to Engineer. 

E. Interruption of Service:  Before any existing equipment or system is shut down for disconnecting or tie-ins, 

coordinate with Engineer and Owner regarding acceptable dates and times for this Work to be performed.  Work 

shall be performed at the time best suited for the Owner, which typically is either on weekends, holidays, and/or 

after normal working hours.  Services shall be restored the same day unless prior arrangements are made.  All 

overtime or premium costs associated with this Work shall be included in the Contractor’s bid. 

3.05 INSTALLATION 

A. Install materials and equipment in a professional manner.  The Engineer may direct replacement of items which, 

in the Engineer’s opinion, do not present a professional appearance or do not allow adequate space for 

maintenance.  Replace or reinstall items at the expense of the Contractor. 

B. General: Locate the Work and components of the Work accurately, in correct alignment and elevation, as 

indicated. 

1. Make vertical work plumb and make horizontal work level. 

2. Where space is limited, install components to maximize space available for maintenance and ease of 

removal for replacement. 

3. Conceal pipes, ducts, and wiring in finished areas unless otherwise indicated. 

4. Maintain minimum headroom clearance of 96 inches in occupied spaces and 90 inches in unoccupied 

spaces. 

C. Comply with manufacturer's written instructions and recommendations for installing products in applications 

indicated. 
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D. Install products at the time and under conditions that will ensure the best possible results. Maintain conditions 

required for product performance until Substantial Completion. 

E. Conduct construction operations so no part of the Work is subjected to damaging operations or loading in excess 

of that expected during normal conditions of occupancy. 

F. Sequence the Work and allow adequate clearances to accommodate movement of construction items on site and 

placement in permanent locations. 

G. Obstructions 

1. The drawings indicate certain information pertaining to surface and subsurface obstructions which has 

been taken from available drawings.  Such information is not guaranteed, however, as to accuracy of 

location or complete information. 

2. Before any cutting or trenching operations are begun, verify with Owner's representative, utility 

companies, municipalities, and other interested parties that all available information has been provided.  

Verify locations given. 

3. Should obstruction be encountered, whether shown or not, alter routing of new work, reroute existing 

lines, remove obstruction where permitted, or otherwise perform whatever work is necessary to satisfy 

the purpose of the new work and leave existing services and structures in a satisfactory and serviceable 

condition. 

4. Assume total responsibility for and repair any damage to existing utilities or construction, whether or not 

such existing facilities are shown. 

H. Where "rated" walls, floor, roofs and ceilings are penetrated or cut to install equipment, materials, devices, etc. 

the Contractor shall provide and install all materials required to re-establish the rating of the wall, floor, roof, or 

ceiling to the satisfaction of the authority having jurisdiction. 

I. Structural Elements: Do not cut structural elements without written approval from Engineer.  Notify Engineer of 

locations and details of cutting and await directions from Engineer before proceeding.  If approved by Engineer: 

1. Shore, brace, and support structural elements during cutting and patching. 

2. Do not cut and patch structural elements in a manner that could change their load-carrying capacity or 

increase deflection. 

J. Space Requirements:  Consider space limitations imposed by contiguous work in selection and location of 

equipment and material.  Do not provide equipment or material which is not suitable in this respect. 

K. Tools and Equipment:  Select equipment to operate with minimum noise and vibration.  If objectionable noise or 

vibration is produced or transmitted to or through the building structure by equipment, piping, ducts or other 

parts of work, rectify such conditions without cost to the Owner. 

L. Phasing:  Provide all temporary valves, piping, ductwork, equipment, and devices as required.  Maintain 

temporary services to areas as required.  Remove all temporary material and equipment on completion of work 

unless Engineer concurs that such material and equipment would be beneficial to the Owner on a permanent 

basis. 

3.06 OWNER-INSTALLED PRODUCTS 

A. Coordination: Coordinate construction and operations of the Work with work performed by Owner's 

construction personnel. 

3.07 PROTECTION OF EXISTING FINISHES, CARPET, AND FURNISHING 
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A. Protect existing finishes, carpet, casework, furnishing, and other building components against damage and 

soiling throughout construction activities.  Take care during construction not to damage existing items. 

Contractor shall be responsible for replacing damaged material or restoring damaged materials to the Owner’s 

satisfaction.  

B. When permitted by Engineer, items may be removed to a suitable, protected storage location during 

construction and cleaned and reinstalled in their original locations after construction operations are complete. 

C. Furniture may be relocated during construction and reinstalled in their original locations after construction 

operations are complete.  

D. Means and methods for protection are the responsibility of the Contractor. Utilize plywood, polyethylene 

sheeting, dust cloths, and other means as required.  

3.08 UTILITY SERVICES AND ELECTRICAL SYSTEMS 

A. Existing Services/Systems to Remain: Maintain services/systems indicated to remain and protect them against 

damage. 

B. Existing Services/Systems to Be Removed, Relocated, or Abandoned: Locate, identify, disconnect, and seal or 

cap off utility services and mechanical/electrical systems serving areas to be selectively demolished. 

1. Owner will arrange to shut off indicated services/systems when requested by Contractor. 

2. Arrange to shut off utilities with utility companies. 

3. If services/systems are required to be removed, relocated, or abandoned, provide temporary 

services/systems that bypass area of selective demolition and that maintain continuity of services/systems 

to other parts of building. 

4. Disconnect, demolish, and remove electrical connections for fire-suppression systems, plumbing, and 

HVAC systems, equipment, and components indicated on Drawings to be removed. 

a. Conduit to Be Removed: Remove portion of conduit indicated to be removed and cap or plug 

remaining piping with same or compatible conduit material. 

b. Conduit to Be Abandoned in Place: Remove wiring and cap or plug conduit with same or 

compatible conduit material and leave in place. 

c. Equipment to Be Removed: Disconnect and cap services and remove equipment. 

d. Equipment to Be Removed and Reinstalled: Disconnect and cap services and remove, clean, and 

store equipment; when appropriate, reinstall, reconnect, and make equipment operational. 

e. Equipment to Be Removed and Salvaged: Disconnect and cap services and remove equipment and 

deliver to Owner. 

3.09 CUTTING AND PATCHING 

A. Cutting and Patching, General: Employ skilled workers to perform cutting and patching. Proceed with cutting 

and patching at the earliest feasible time, and complete without delay. 

1. Cut in-place construction to provide for installation of other components or performance of other 

construction, and subsequently patch as required to restore surfaces to their original condition. 

B. Existing Warranties: Remove, replace, patch, and repair materials and surfaces cut or damaged during 

installation or cutting and patching operations, by methods and with materials so as not to void existing 

warranties. 

C. Temporary Support: Provide temporary support of work to be cut. 
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D. Protection: Protect in-place construction during cutting and patching to prevent damage. Provide protection from 

adverse weather conditions for portions of Project that might be exposed during cutting and patching operations. 

E. Structural Elements: When cutting and patching structural elements, notify Engineer of locations and details of 

cutting and await directions from Engineer before proceeding. Shore, brace, and support structural elements 

during cutting and patching. Do not cut and patch structural elements in a manner that could change their load-

carrying capacity or increase deflection. 

F. Operational Elements: Do not cut and patch operating elements and related components in a manner that results 

in reducing their capacity to perform as intended or that results in increased maintenance or decreased 

operational life or safety. 

G. Other Construction Elements: Do not cut and patch other construction elements or components in a manner that 

could change their load-carrying capacity, that results in reducing their capacity to perform as intended, or that 

result in increased maintenance or decreased operational life or safety. 

H. Visual Elements: Do not cut and patch construction in a manner that results in visual evidence of cutting and 

patching. Do not cut and patch exposed construction in a manner that would, in Engineer's opinion, reduce the 

building's aesthetic qualities. Remove and replace construction that has been cut and patched in a visually 

unsatisfactory manner. 

I. Cutting: Cut in-place construction by sawing, drilling, breaking, chipping, grinding, and similar operations, 

including excavation, using methods least likely to damage elements retained or adjoining construction. If 

possible, review proposed procedures with original Installer; comply with original Installer's written 

recommendations. 

1. In general, use hand or small power tools designed for sawing and grinding, not hammering and 

chopping. Cut holes and slots neatly to minimum size required, and with minimum disturbance of 

adjacent surfaces. Temporarily cover openings when not in use. 

2. Finished Surfaces: Cut or drill from the exposed or finished side into concealed surfaces. 

3. Concrete and Masonry: Cut using a cutting machine, such as an abrasive saw or a diamond-core drill. 

4. Excavating and Backfilling: Comply with requirements in applicable Sections where required by cutting 

and patching operations. 

5. Mechanical and Electrical Services: Cut off pipe or conduit in walls or partitions to be removed. Cap, 

valve, or plug and seal remaining portion of pipe or conduit to prevent entrance of moisture or other 

foreign matter after cutting. 

6. Proceed with patching after construction operations requiring cutting are complete. 

J. Patching: Patch construction by filling, repairing, refinishing, closing up, and similar operations following 

performance of other work. Patch with durable seams that are as invisible as practicable. Provide materials and 

comply with installation requirements specified in other Sections, where applicable or with in-place materials. 

1. For exposed surfaces, use materials that visually match in-place adjacent surfaces to the fullest extent 

possible. 

2. If identical materials are unavailable or cannot be used, use materials that, when installed, will provide a 

match acceptable to Engineer for the visual and functional performance of in-place materials. 

K. Cleaning: Clean areas and spaces where cutting and patching are performed. Remove paint, mortar, oils, putty, 

and similar materials from adjacent finished surfaces. 

3.10 PAINTING 

A. Comply with requirements with General and Supplementary Conditions, Division 01, Division 09, and 

individual Specification Sections. 
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B. Touch-up factory finishes on equipment provided under Division 26.  Obtain matched color coatings from the 

manufacturer and apply as directed.  If corrosion if found during inspection on the surface of any equipment, 

clean, prime, and paint, as required. 

C. Paint the following work where exposed to view: 

1. Metal conduit 

2. Plastic conduit 

D. Paint the following work where exposed in occupied spaces: 

1. Other items as directed by Engineer. 

3.11 REPAIR OF WORK 

A. Complete repair and restoration operations before requesting inspection for determination of Substantial 

Completion. 

B. Repair or remove and replace defective construction.  Repairing includes replacing defective parts, refinishing 

damaged surfaces, touching up with matching materials, and properly adjusting operating equipment.  Where 

damaged or worn items cannot be repaired or restored, provide replacements.  Remove and replace operating 

components that cannot be repaired. Restore damaged construction and permanent facilities used during 

construction to specified condition. 

1. Touch up and otherwise repair and restore marred or exposed finishes and surfaces.  Replace finishes and 

surfaces that that already show evidence of repair or restoration. 

a. Do not paint over "UL" and other required labels and identification, including mechanical and 

electrical nameplates.  Remove paint applied to required labels and identification. 

2. Replace parts subject to operating conditions during construction that may impede operation or reduce 

longevity. 

3.12 FIELD QUALITY CONTROL 

A. Manufacturer's Field Service:  Engage a factory-authorized service representative to test and inspect 

components, assemblies, and equipment installations, including connections. 

B. Tests 

1. Include all tests specified and/or required under laws, rules and regulations of all departments having 

jurisdiction.  Tests shall also be performed as indicated herein and other sections of the specifications. 

2. After all systems have been completed and put into operation, subject each system to an operating test 

under design conditions to ensure proper sequence and operation throughout the range of operation.  

Make adjustments as required to ensure proper functioning of all systems. 

3. All parts of the work and associated equipment shall be tested and adjusted to work properly and be left 

in perfect operating condition. 

4. Correct defects disclosed by these tests without any additional cost to the Owner.  Repeat tests on 

repaired or replaced work. 

5. Maintain a log of all tests being conducted and have it available for review by the Engineer.  Log to 

indicate date, type of tests, duration, and defects noted and when corrected. 

6. Special tests on individual systems are specified under individual Specification Sections. 
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C. Retesting/Reinspecting:  Regardless of whether original tests or inspections were Contractor's responsibility, 

provide quality-control services, including retesting and reinspecting, for construction that replaced Work that 

failed to comply with the Contract Documents. 

3.13 CLEANING 

A. Progress Cleaning: Clean Project site and work areas daily, including common areas. Enforce requirements 

strictly. Dispose of materials lawfully. 

1. Comply with requirements in NFPA 241 for removal of combustible waste materials and debris. 

2. Do not hold waste materials more than seven days during normal weather or three days if the temperature 

is expected to rise above 80 deg F. 

3. Containerize hazardous and unsanitary waste materials separately from other waste. Mark containers 

appropriately and dispose of legally, according to regulations. 

B. Final Cleaning:  Employ experienced workers or professional cleaners for final cleaning.  Clean each surface or 

unit to condition expected in an average commercial building cleaning and maintenance program.  Comply with 

manufacturer's written instructions. 

1. Complete the following cleaning operations before requesting inspection for certification of Substantial 

Completion for entire Project or for a designated portion of Project: 

a. Remove tools, construction equipment, machinery, and surplus material from Project site. 

b. Remove labels that are not permanent. 

c. Wipe surfaces of equipment.  Remove excess lubrication, paint and mortar droppings, and other 

foreign substances. 

END OF SECTION 260100 
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SECTION 260519 - LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES 

PART 1 - GENERAL 

1.01 SUMMARY 

A. Section Includes: 

1. Copper building wire. 
2. Aluminum building wire. 

3. Mineral-insulated cable, Type MI. 

4. Connectors and splices. 

B. Related Requirements: 

1. Section 260523 "Control-Voltage Electrical Power Cables" for control systems communications cables 

and Classes 1, 2, and 3 control cables. 

1.02 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1.03 INFORMATIONAL SUBMITTALS 

A. Field quality-control reports. 

PART 2 - PRODUCTS 

2.01 COPPER BUILDING WIRE 

A. Description: Flexible, insulated and uninsulated, drawn copper current-carrying conductor with an overall 

insulation layer or jacket, or both, rated 600 V or less. 

B. Standards: 

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended 

location and use. 

2. Conductor and Cable Marking: Comply with wire and cable marking according to UL's "Wire and Cable 

Marking and Application Guide." 

C. Conductors: Copper, complying with ASTM B3 for bare annealed copper and with ASTM B8 for stranded 

conductors. 

D. Conductor Insulation: 

1. Type THHN and Type THWN-2: Comply with UL 83. 

2.02 ALUMINUM BUILDING WIRE 

A. Description: Flexible, insulated and uninsulated, drawn aluminum current-carrying conductor with an overall 

insulation layer or jacket, or both, rated 600 V or less. 

B. Standards: 

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended 

location and use. 
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2. Conductor and Cable Marking: Comply with wire and cable marking according to UL's "Wire and Cable 

Marking and Application Guide." 

C. Conductors: Aluminum, complying with ASTM B800 and ASTM B801. 

D. Conductor Insulation: 

1. Type THHN and Type THWN-2: Comply with UL 83. 

2.03 MINERAL-INSULATED CABLE, TYPE MI 

A. Description: Solid copper conductors encased in compressed metal oxide with an outer metallic sheath, rated 

600 V or less. 

B. Standards: 

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended 

location and use. 

2. UL 2196 for fire resistance. 

3. Conductor and Cable Marking: Comply with wire and cable marking according to UL's "Wire and Cable 

Marking and Application Guide." 

C. Conductors: Copper, complying with ASTM B3 for bare annealed copper. 

D. Insulation: Compressed magnesium oxide. 

E. Sheath: Copper. 

2.04 CONNECTORS AND SPLICES 

A. Description: Factory-fabricated connectors, splices, and lugs of size, ampacity rating, material, type, and class 

for application and service indicated; listed and labeled as defined in NFPA 70, by a qualified testing agency, 

and marked for intended location and use. 

B. Lugs: One piece, seamless, designed to terminate conductors specified in this Section. 

1. Material: Copper  or Aluminum to match wire. 

2. Type:  Two hole with long barrels. 

3. Termination: Compression. 

PART 3 - EXECUTION 

3.01 CONDUCTOR MATERIAL APPLICATIONS 

A. Feeders: 

1. Copper; solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger. 

2. Copper for feeders smaller than No. 4 AWG; copper or aluminum for feeders No. 4 AWG and larger. 

Conductors must be solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger. 

B. Branch Circuits: 

1. Copper. Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger. 
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3.02 CONDUCTOR INSULATION AND MULTICONDUCTOR CABLE APPLICATIONS AND WIRING 

METHODS 

A. Service Entrance: Type THHN/THWN-2, single conductors in raceway . 

B. Feeders: Type THHN/THWN-2, single conductors in raceway. 

1. Emergency Feeders as defined by NEC 700: Emergency feeders within educational occupancies run 
above ceilings or other areas not within or below slabs or in protected by automatic sprinklers shall be UL 

listed (FHJR) 2-hour rated, type MI within IMC or RSC raceways.  

C. Branch Circuits: Type THHN/THWN-2, single conductors in raceway. 

3.03 INSTALLATION, GENERAL 

A. Conceal cables in finished walls, ceilings, and floors unless otherwise indicated. 

B. Complete raceway installation between conductor and cable termination points according to Section 260533 

"Raceways and Boxes for Electrical Systems" prior to pulling conductors and cables. 

C. Use manufacturer-approved pulling compound or lubricant where necessary; compound used must not 

deteriorate conductor or insulation. Do not exceed manufacturer's recommended maximum pulling tensions and 

sidewall pressure values. 

D. Use pulling means, including fish tape, cable, rope, and basket-weave wire/cable grips, that will not damage 

cables or raceway. 

E. Install exposed cables parallel and perpendicular to surfaces of exposed structural members, and follow surface 

contours where possible. 

F. Support cables according to Section 260529 "Hangers and Supports for Electrical Systems." 

G. Feeders for emergency systems, as defined by NEC Article 700, shall not be routed above ceilings but instead 

below grade or within a space protected by an automatic sprinkler system. 

3.04 CONNECTIONS 

A. Tighten electrical connectors and terminals according to manufacturer's published torque-tightening values. If 

manufacturer's torque values are not indicated, use those specified in UL 486A-486B. 

B. Make splices, terminations, and taps that are compatible with conductor material and that possess equivalent or 

better mechanical strength and insulation ratings than unspliced conductors. 

1. Use oxide inhibitor in each splice, termination, and tap for aluminum conductors. 

C. Wiring at Outlets: Install conductor at each outlet, with at least 6 inch of slack. 

3.05 IDENTIFICATION 

A. Identify and color-code conductors and cables according to Section 260553 "Identification for Electrical 

Systems." 

B. Identify each spare conductor at each end with identity number and location of other end of conductor, and 

identify as spare conductor. 
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3.06 SLEEVE AND SLEEVE-SEAL INSTALLATION FOR ELECTRICAL PENETRATIONS 

A. Install sleeves and sleeve seals at penetrations of exterior floor and wall assemblies. Comply with requirements 

in Section 260544 "Sleeves and Sleeve Seals for Electrical Raceways and Cabling." 

3.07 FIRESTOPPING 

A. Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore original fire-
resistance rating of assembly according to Division 07 "Penetration Firestopping." 

3.08 FIELD QUALITY CONTROL 

A. Tests and Inspections: 

1. After installing conductors and cables and before electrical circuitry has been energized, test service 

entrance and feeder conductors for compliance with requirements. 

2. After installing conductors and cables and before electrical circuitry has been energized, test service 

entrance and feeder conductors and conductors feeding the following critical equipment and services for 

compliance with requirements: 

a.  Critical operation power system (COPS). 

3. Perform each of the following visual and electrical tests: 

a. Inspect exposed sections of conductor and cable for physical damage and correct connection 

according to the single-line diagram. 
b. Test bolted connections for high resistance using one of the following: 

1) A low-resistance ohmmeter. 

2) Calibrated torque wrench. 

c. Inspect compression-applied connectors for correct cable match and indentation. 

d. Inspect for correct identification. 

e. Inspect cable jacket and condition. 

f. Insulation-resistance test on each conductor for ground and adjacent conductors. Apply a potential 

of 500 V(dc) for 300 V rated cable and 1000 V(dc) for 600 V rated cable for a one-minute 

duration. 

g. Continuity test on each conductor and cable. 

h. Uniform resistance of parallel conductors. 

B. Cables will be considered defective if they do not pass tests and inspections. 

C. Prepare test and inspection reports to record the following: 

1. Procedures used. 

2. Results that comply with requirements. 

3. Results that do not comply with requirements, and corrective action taken to achieve compliance with 

requirements. 

END OF SECTION 260519 
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SECTION 260523 - CONTROL-VOLTAGE ELECTRICAL POWER CABLES 

PART 1 - GENERAL 

1.01 SUMMARY 

A. Section Includes: 

1. Category 5e balanced twisted pair cable. 
2. Category 6 balanced twisted pair cable. 

3. Balanced twisted pair cable hardware. 

4. RS-485 cable. 

5. Control cable. 

6. Control-circuit conductors. 

1.02 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

PART 2 - PRODUCTS 

2.01 PERFORMANCE REQUIREMENTS 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified 

testing agency, and marked for intended location and application. 

B. Flame Travel and Smoke Density in Plenums: As determined by testing identical products according to 
NFPA 262, by a qualified testing agency. Identify products for installation in plenums with appropriate markings 

of applicable testing agency. 

1. Flame Travel Distance: 60 inch or less. 

2. Peak Optical Smoke Density: 0.5 or less. 

3. Average Optical Smoke Density: 0.15 or less. 

C. Flame Travel and Smoke Density for Riser Cables in Non-Plenum Building Spaces: As determined by testing 

identical products according to UL 1666. 

D. Flame Travel and Smoke Density for Cables in Non-Riser Applications and Non-Plenum Building Spaces: As 

determined by testing identical products according to UL 1685. 

2.02 CATEGORY 5e BALANCED TWISTED PAIR CABLE 

A. Description: Four-pair, balanced-twisted pair cable, certified to meet transmission characteristics of Category 5e 
cable at frequencies up to 100 MHz. 

B. Standard: Comply with ICEA S-90-661, NEMA WC 63.1, and TIA-568-C.2 for Category 5e cables. 

C. Conductors: 100 ohm, No. 24 AWG solid copper. 

D. Shielding/Screening: Unshielded twisted pairs (UTP). 

E. Cable Rating:  Plenum. 

F. Jacket:  Gray  thermoplastic. 
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2.03 CATEGORY 6 BALANCED TWISTED PAIR CABLE 

A. Description: Four-pair, balanced-twisted pair cable, with internal spline, certified to meet transmission 

characteristics of Category 6 cable at frequencies up to 250 MHz. 

B. Standard: Comply with NEMA WC 66/ICEA S-116-732 and TIA-568-C.2 for Category 6 cables. 

C. Conductors: 100 ohm, No. 23 AWG solid copper. 

D. Shielding/Screening: Unshielded twisted pairs (UTP). 

E. Cable Rating:  Plenum. 

F. Jacket: White thermoplastic. 

2.04 BALANCED TWISTED PAIR CABLE HARDWARE 

A. Description: Hardware designed to connect, splice, and terminate balanced twisted pair copper communications 

cable. 

B. General Requirements for Balanced Twisted Pair Cable Hardware: 

1. Comply with the performance requirements of Category 6. 

2. Comply with TIA-568-C.2, IDC type, with modules designed for punch-down caps or tools. 

3. Cables must be terminated with connecting hardware of same category or higher. 

C. Source Limitations: Obtain balanced twisted pair cable hardware from single source from single manufacturer. 

D. Plugs and Plug Assemblies: 
1. Male; eight position; color-coded modular telecommunications connector designed for termination of a 

single four-pair 100 ohm unshielded or shielded balanced twisted pair cable. 

2. Comply with IEC 60603-7-1, IEC 60603-7-2, IEC 60603-7-3, IEC 60603-7-4, and IEC 60603-7.5. 

2.05 RS-232 CABLE 

A. Plenum-Type, TIA 232-F: 

1. Nine, No. 22 AWG, stranded (7x30) tinned copper conductors. 

2. PE insulation. 

3. Aluminum foil-polyester tape shield with 100 percent shield coverage. 

4. Fluorinated ethylene propylene jacket. 

5. Conductors are cabled on common axis with No. 24 AWG, stranded (7x32) tinned copper drain wire. 

6. Flame Resistance: Comply with NFPA 262. 

2.06 RS-485 CABLE 

A. Plenum-Rated Cable: NFPA 70, Type CMP. 

1. Paired, two pairs, No. 22 AWG, stranded (7x30) tinned-copper conductors. 

2. Fluorinated ethylene propylene insulation. 

3. Unshielded. 

4. Fluorinated ethylene propylene jacket. 

5. Flame Resistance: NFPA 262. 

2.07 CONTROL CABLE 

A. Plenum-Rated, Paired Cable: NFPA 70, Type CMP. 
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1. One pair, twisted, No. 16 AWG, stranded (19x29) tinned-copper conductors. 

2. PVC insulation. 

3. Unshielded. 

4. PVC jacket. 

5. Flame Resistance: Comply with NFPA 262. 

2.08 CONTROL-CIRCUIT CONDUCTORS 

A. Class 1 Control Circuits: Stranded copper, Type THHN/THWN-2, complying with UL 83 in raceway. 

B. Class 2 Control Circuits: Stranded copper, Type THHN/THWN-2, complying with UL 83 in raceway. 

C. Class 3 Remote-Control and Signal Circuits: Stranded copper, Type THHN/THWN-2, complying with UL 83 in 

raceway. 

PART 3 - EXECUTION 

3.01 INSTALLATION OF RACEWAYS AND BOXES 

A. Comply with requirements in Section 260533 "Raceways and Boxes for Electrical Systems" for raceway 

selection and installation requirements for boxes, conduits, and wireways as supplemented or modified in this 

Section. 

1. Outlet boxes for cables must be no smaller than 4 inch square by 2-1/8 inch deep with extension ring 

sized to bring edge of ring to within 1/8 inch of the finished wall surface. 
2. Flexible metal conduit must not be used. 

B. Install manufactured conduit sweeps and long-radius elbows if possible. 

C. Raceway Installation in Equipment Rooms: 

1. Position conduit ends adjacent to a corner on backboard if a single piece of plywood is installed, or in the 

corner of the room if multiple sheets of plywood are installed around perimeter walls of the room. 

2. Secure conduits to backboard if entering the room from overhead. 

3. Extend conduits 3 inch above finished floor. 

4. Install metal conduits with grounding bushings and connect with grounding conductor to grounding 

system. 

3.02 INSTALLATION OF CONDUCTORS AND CABLES 

A. Comply with NECA 1. 

B. General Requirements for Cabling: 

1. Terminate all conductors; cable must not contain unterminated elements. Make terminations only at 

indicated outlets, terminals, and cross-connect and patch panels. 

2. Cables may not be spliced and must be continuous from terminal to terminal. Do not splice cable between 

termination, tap, or junction points. 

3. Cables serving a common system may be grouped in a common raceway. Install network cabling and 

control wiring and cable in separate raceway from power wiring. Do not group conductors from different 

systems or different voltages. 

4. Secure and support cables at intervals not exceeding 30 inch and not more than 6 inch from cabinets, 

boxes, fittings, outlets, racks, frames, and terminals. 

5. Do not install bruised, kinked, scored, deformed, or abraded cable. Remove and discard cable if damaged 

during installation and replace it with new cable. 
6. Support: Do not allow cables to lie on removable ceiling tiles. 

7. Secure: Fasten securely in place with hardware specifically designed and installed so as to not damage 

cables. 
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8. Keep runs short. Allow extra length for connecting to terminals. Do not bend cables in a radius less than 

10 times the cable OD. Use sleeves or grommets to protect cables from vibration at points where they 

pass around sharp corners and through penetrations. 

9. Ground wire must be copper, and grounding methods must comply with IEEE C2. Demonstrate ground 

resistance. 

C. Balanced Twisted Pair Cable Installation: 

1. Do not untwist balanced twisted pair cables more than 1/2 inch at the point of termination to maintain 

cable geometry. 

D. Installation of Control-Circuit Conductors: 

1. Install wiring in raceways. 

2. Use insulated spade lugs for wire and cable connection to screw terminals. 

3. Comply with requirements specified in Section 260533 "Raceways and Boxes for Electrical Systems." 

E. Open-Cable Installation: 

1. Suspend copper cable not in a wireway or pathway a minimum of 8 inch above ceilings by cable supports 

not more than 30 inch apart. 

2. Cable must not be run through or on structural members or in contact with pipes, ducts, or other 

potentially damaging items. Do not run cables between structural members and corrugated panels. 

3.03 REMOVAL OF CONDUCTORS AND CABLES 

A. Remove abandoned conductors and cables. Abandoned conductors and cables are those installed that are not 

terminated at equipment and are not identified with a tag for future use. 

3.04 CONTROL-CIRCUIT CONDUCTORS 

A. Minimum Conductor Sizes: 

1. Class 1 remote-control and signal circuits; No 14 AWG. 

2. Class 2 low-energy, remote-control, and signal circuits; No. 16 AWG. 

3. Class 3 low-energy, remote-control, alarm, and signal circuits; No 12 AWG. 

3.05 FIRESTOPPING 

A. Comply with requirements in Division 07 "Penetration Firestopping." 

3.06 GROUNDING 

A. For control-voltage wiring and cabling, comply with requirements in Section 260526 "Grounding and Bonding 

for Electrical Systems." 

3.07 IDENTIFICATION 

A. Comply with requirements for identification specified in Section 260553 "Identification for Electrical Systems." 

END OF SECTION 260523 
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SECTION 260525 - OPTICAL FIBER BACKBONE CABLING 

PART 1 - GENERAL 

1.01 SUMMARY 

A. Section Includes: 

1. Type OFNR optical fiber cable. 

2. Type OFNP optical fiber cable. 

3. Optical fiber cable hardware. 

1.02 DEFINITIONS 

A. Cross-Connect: A facility enabling termination of cable elements and their interconnection or cross-connection. 

B. Type OFNP: Nonconductive cable for use in plenums, ducts, and other spaces used for environmental air. 

C. Type OFNR: Nonconductive cable for use as riser in vertical shafts or from floor to floor. 

D. Types OFN and OFNG: Nonconductive cable for general purpose use. 

1.03 COORDINATION 

A. Coordinate layout and installation of telecommunications pathways and cabling with Owner's 

telecommunications and LAN equipment and service suppliers. 

1.04 ACTION SUBMITTALS 

A. Product Data: 

1. Type OFNR optical fiber cable. 

2. Type OFNP optical fiber cable. 

3. Types OFN and OFNG optical fiber cable. 

4. Optical fiber cable hardware. 

B. Shop Drawings: 

1. System Labeling Schedules: 

a. Electronic copy of labeling schedules, in software and format selected by Owner. 

2. Cabling administration drawings and printouts. 

3. Wiring diagrams showing typical schematic arrangement, including the following: 

a. Telecommunications pathways. 

C. Field Quality-Control Reports: Optical fiber cable testing plan. 

1.05 DELIVERY, STORAGE, AND HANDLING 

A. Environmental Limitations: Do not deliver or install cables and connecting materials until wet-work in spaces is 

complete and dry, and temporary HVAC system is operating and maintaining ambient temperature and humidity 

conditions at occupancy levels during remainder of construction period. 
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B. Test cables upon receipt at Project site. 

1. Test optical fiber cable to determine continuity of strand end to end. Use optical fiber flashlight oroptical 

loss test set . 

PART 2 - PRODUCTS 

2.01 TYPE OFNR OPTICAL FIBER CABLE 

A. Type OFNR Optical Fiber Cable: This category covers jacketed optical fiber cable for use as risers in vertical 

runs in shaft or between floors within buildings in accordance with Article 770 of NFPA 70 containing no 

electrically conductive materials. 

B. Performance Criteria: 

1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70, by qualified electrical testing 

laboratory recognized by authorities having jurisdiction, and marked for intended location and 

application. 

2. Listing Criteria: UL CCN QAYK; including UL 1651. 

3. General Characteristics: 

a. Performance: TIA-568.3. 

b. Inside Plant Mechanical Properties: ICEA S-83-596. 

c. Jacket: 

1) Cable cordage jacket, fiber, unit, and group color in accordance with TIA-598. 

2) Imprinted with fiber count, fiber type, and aggregate length at regular intervals not to 

exceed 40 inch. 

d.  

C. Type OFNR, Designation OS2, Inside Plant, Single-Mode Optical Fiber Cable: 

1. Source Limitations: Obtain products from single manufacturer. 

2. Additional Characteristics: 

a. Construction: TIA-492CAAA; 9 µm core diameter, 250 µm cladding diameter. 

b. Minimum Overfilled Modal Bandwidth-Length Product: 500 MHz-km at 850 nm wavelength; 

500 MHz-km at 1300 nm wavelength. 

3. Options: 

a. Configuration: 

1) 12-fiber and less: Tight buffered, non-unitized optical fiber cable. 

2) 24-fiber and greater:  Tight buffered, unitized optical fiber cable. 

b. Maximum Attenuation:  0.5 dB/km at 1310 nm wavelength; 0.5 dB/km at 1550 nm wavelength. 

c. Jacket Color: Yellow. 

2.02 TYPE OFNP OPTICAL FIBER CABLE 

A. Type OFNP Optical Fiber Cable: This category covers jacketed optical fiber cable for use in vertical runs in 

plenums, ducts, or other spaces used for environmental air within buildings in accordance with Article 770 of 

NFPA 70 containing no electrically conductive materials. 
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B. Performance Criteria: 

1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70, by qualified electrical testing 

laboratory recognized by authorities having jurisdiction, and marked for intended location and 

application. 

2. Listing Criteria: UL CCN QAYK; including UL 1651. 

3. General Characteristics: 

a. Performance: TIA-568.3. 

b. Inside Plant Mechanical Properties: ICEA S-83-596. 

c. Jacket: 

1) Cable cordage jacket, fiber, unit, and group color in accordance with TIA-598. 

2) Imprinted with fiber count, fiber type, and aggregate length at regular intervals not to 

exceed 40 inch. 

C. Type OFNP, Designation OS2, Inside Plant, Single-Mode Optical Fiber Cable: 

1. Source Limitations: Obtain products from single manufacturer. 

2. Additional Characteristics: 

a. Construction: TIA-492CAAA; 9 µm core diameter, 250 µm cladding diameter. 

b. Minimum Overfilled Modal Bandwidth-Length Product: 500 MHz-km at 850 nm wavelength; 

500 MHz-km at 1300 nm wavelength. 

3. Options: 

a. Configuration:  

1) 12-fiber and less: Tight buffered, non-unitized optical fiber cable. 

2) 24-fiber and greater:  Tight buffered, unitized optical fiber cable. 

b. Maximum Attenuation:  0.5 dB/km at 1310 nm wavelength; 0.5 dB/km at 1550 nm wavelength. 

c. Jacket Color: Yellow. 

2.03 TYPES OFN AND OFNG OPTICAL FIBER CABLE 

A. Types OFN and OFNG Optical Fiber Cable: This category covers jacketed optical fiber cable for general use 

within buildings in accordance with Article 770 of NFPA 70 containing no electrically conductive materials. 

B. Performance Criteria: 

1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70, by qualified electrical testing 

laboratory recognized by authorities having jurisdiction, and marked for intended location and 

application. 

2. Listing Criteria: UL CCN QAYK; including UL 1651. 

3. General Characteristics: 

a. Performance: TIA-568.3. 

b. Outside Plant Mechanical Properties: ICEA S-87-640. 

c. Jacket: 

1) Cable cordage jacket, fiber, unit, and group color in accordance with TIA-598. 

2) Imprinted with fiber count, fiber type, and aggregate length at regular intervals not to 

exceed 40 inch. 
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C. Types OFN and OFNG, Designation OS2, Outside Plant, Single-Mode Optical Fiber Cable: 

1. Source Limitations: Obtain products from single manufacturer. 

2. Additional Characteristics: 

a. Construction: TIA-492CAAB; 9 µm core diameter, 250 µm cladding diameter, gel-filled with low 

water peak. 

b. Minimum Overfilled Modal Bandwidth-Length Product: 500 MHz-km at 850 nm wavelength; 

500 MHz-km at 1300 nm wavelength. 

3. Options: 

a. Configuration: 

1) 6 or 12-fiber, single loose tube, optical fiber cable. 

2) 24-fiber or greater, stranded loose tube, optical fiber cable. 

b. Maximum Attenuation:  0.4 dB/km at 1310 nm wavelength; 0.3 dB/km at 1550 nm wavelength. 

c. Jacket Color: Black. 

2.04 OPTICAL FIBER CABLE HARDWARE 

A. Performance Criteria: 

1. Fiber Optic Connector Intermateability Standard (FOCIS) specifications of TIA-604 series. 

2. TIA-568.3. 

B. Patch Cords: Factory-made, dual-fiber cables in 36 inch lengths. 

C. Connector Type:  Type LC complying with TIA-604-10, connectors. 

D. Plugs and Plug Assemblies: 

1. Male; color-coded modular telecommunications connector designed for termination of single optical fiber 

cable. 

2. Insertion loss not more than 0.25 dB. 

3. Marked to indicate transmission performance. 

E. Jacks and Jack Assemblies: 

1. Female; quick-connect, simplex and duplex; fixed telecommunications connector designed for 

termination of single optical fiber cable. 

2. Insertion loss not more than 0.25 dB. 

3. Marked to indicate transmission performance. 

4. Designed to snap-in to patch panel or faceplate. 

PART 3 - EXECUTION 

3.01 PREPARATION 

A. Coordinate backbone cabling with protectors and demarcation point provided by communications service 

provider. 
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3.02 SELECTION OF OPTICAL FIBER TYPE 

A. Installed in Vertical Shaft or Floor-to-Floor Riser: 

1. Nonconductive: 

a. Type OFNR in metallic conduit. 

B. Installed in Plenum, Duct, or Other Space Handling Environmental Air: 

1. Nonconductive: 

a. Type OFNP in metallic conduit. 

C. Installed in Location Other Than Riser or Plenum within Buildings: 

1. Nonconductive: Type OFNP in conduit. 

D. Installed in Below Grade Duct: 

1. Nonconductive:  Type OFNG in non-metallic conduit. 

3.03 INSTALLATION OF OPTICAL FIBER BACKBONE CABLES 

A. Optical fiber backbone cabling system must provide interconnections between communications equipment 

rooms, main terminal space, and entrance facilities in telecommunications cabling system structure. Cabling 

system consists of backbone cables, intermediate and main cross-connects, mechanical terminations, and patch 

cords or jumpers used for backbone-to-backbone cross-connection. 

B. Backbone cabling cross-connects may be located in communications equipment rooms or at entrance facilities. 

Bridged taps and splitters may not be used as part of backbone cabling. 

C. Comply with BICSI N1, NECA NEIS 1, and NECA NEIS 301. 

D. Backbone cabling system must comply with transmission standards in TIA-568.1. 

E. Telecommunications Pathways and Spaces: Comply with TIA-569. 

F. Wiring Methods: 

1. In Raceway: Install cables in raceways and cable trays except within consoles, cabinets, desks, and 

counters. Conceal raceway and cables except in unfinished spaces. 

a. Install plenum cable in environmental airspaces, including plenum ceilings. 

b. Comply with requirements for pathways specified in Division 26 specifications. 

2. In Enclosures: Bundle, lace, and train cables within enclosures. Connect to terminal points with no excess 

and without exceeding manufacturer's limitations on bending radii. Provide and use lacing bars and 

distribution spools. 

G. Optical Fiber Cabling Installation: 

1. Comply with TIA-568.1 and TIA-568.3. 

2. Comply with BICSI ITSIMM, Ch. 6, "Cable Termination Practices." 
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3. Terminate all cables; no cable may contain unterminated elements. Make terminations only at indicated 

outlets, terminals, cross-connects, and patch panels. 

4. Cables may not be spliced. Secure and support cables at intervals not exceeding 30 inch and not more 

than 6 inch from cabinets, boxes, fittings, outlets, racks, frames, and terminals. 

5. Install lacing bars to restrain cables, to prevent straining connections, and to prevent bending cables to 

smaller radii than minimums recommended by manufacturer. 

6. Bundle, lace, and train cable to terminal points without exceeding manufacturer's limitations on bending 

radii, but not less than radii specified in BICSI ITSIMM, "Cabling Termination Practices" Chapter. Use 

lacing bars and distribution spools. 

7. Do not install bruised, kinked, scored, deformed, or abraded cable. Do not splice cable between 

termination, tap, or junction points. Remove and discard cable if damaged during installation and replace 

it with new cable. 

8. Cold-Weather Installation: Bring cable to room temperature before dereeling. Heat lamps may not be 

used for heating. 

9. In communications equipment room, provide 10 ft long service loop on each end of cable. 

10. Pulling Cable: Comply with BICSI ITSIMM, Ch. 4, "Pulling Cable." Monitor cable pull tensions. 

11. Cable may be terminated on connecting hardware that is rack or cabinet mounted. 

H. Open-Cable Installation: 

1. Install cabling with horizontal and vertical cable guides in telecommunications spaces with terminating 

hardware and interconnection equipment. 

2. Cable may not be run through structural members or in contact with pipes, ducts, or other potentially 

damaging items. 

I. Installation of Cable Exposed under Raised Floors: 

1. Install plenum-rated cable only. 

2. Install cabling after flooring system has been installed in raised floor areas. 

3. Coil cable 6 ft long not less than 12 inch in diameter below each feed point. 

J. Group connecting hardware for cables into separate logical fields. 

3.04 FIRESTOPPING 

A. Comply with requirements in Section 078413 "Penetration Firestopping." 

B. Comply with TIA-569, Annex A, "Firestopping." 

C. Comply with BICSI ITSIMM, "Firestopping" Chapter. 

3.05 GROUNDING 

A. Install grounding in accordance with BICSI ITSIMM, "Grounding (Earthing), Bonding, and Electrical 

Protection" Chapter. 

B. Comply with TIA-607 and NECA/BICSI-607. 

C. Bond metallic equipment to grounding bus bar, using not smaller than 6 AWG equipment grounding conductor. 

3.06 IDENTIFICATION 

A. Identify system components, wiring, and cabling complying with TIA-606. Comply with requirements for 

identification specified in Section 260553 "Identification for Electrical Systems." 
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B. Cable Schedule: Install in prominent location in each equipment room and wiring closet. List incoming and 

outgoing cables and their designations, origins, and destinations. Protect with rigid frame and clear plastic cover. 

Furnish electronic copy of final comprehensive schedules for Project. 

C. Cabling Administration Drawings: Show building floor plans with cabling administration-point labeling. Identify 

labeling convention and show labels for telecommunications closets, backbone pathways and cables, entrance 

pathways and cables, terminal hardware and positions, horizontal cables, work areas and workstation terminal 

positions, grounding buses and pathways, and equipment grounding conductors. 

D. Cable and Wire Identification: 

1. Label each cable within 4 inch of each termination and tap, where it is accessible in cabinet or junction or 

outlet box, and elsewhere as indicated. 

2. Each wire connected to building-mounted devices is not required to be numbered at device if color of 

wire is consistent with associated wire connected and numbered within panel or cabinet. 

3. Exposed Cables and Cables in Cable Trays and Wire Troughs: Label each cable at intervals not 

exceeding 15 ft. 

4. Label each unit and field within distribution racks and frames. 

5. Identification within Connector Fields in Equipment Rooms and Wiring Closets: Label each connector 

and each discrete unit of cable-terminating and connecting hardware. Where similar jacks and plugs are 

used for both voice and data communication cabling, use different color for jacks and plugs of each 

service. 

E. Labels must be preprinted or computer-printed type with printing area and font color that contrasts with cable 

jacket color but still complies with requirements in TIA 606, for the following: 

1. Flexible vinyl or polyester that flexes as cables are bent. 

3.07 FIELD QUALITY CONTROL 

A. Tests and Inspections: 

1. Visually inspect optical fiber jacket materials for qualified electrical testing laboratory certification 

markings. Inspect cabling terminations in communications equipment rooms for compliance with color-

coding for pin assignments, and inspect cabling connections for compliance with TIA-568.1. 

2. Visually inspect cable placement, cable termination, grounding and bonding, equipment and patch cords, 

and labeling of all components. 

3. Optical Fiber Cable Tests: 

a. Test instruments must meet or exceed applicable requirements in TIA-568.1. Use only test cords 

and adapters that are qualified by test equipment manufacturer for channel or link test 

configuration. 

b. Link End-to-End Attenuation Tests: 

1) Horizontal and multimode backbone link measurements: Test at 850 or 1300 nm in one 

direction in accordance with TIA-526-14, Method B, One Reference Jumper. 

2) Attenuation test results for backbone links must be less than 2.0 dB. Attenuation test results 

must be less than those calculated in accordance with equation in TIA-568.1. 

B. Nonconforming Work: 

1. Cables will be considered defective if they do not pass tests and inspections. 

2. Remove and replace defective cables and retest. 

C. Collect, assemble, and submit test and inspection reports. 
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1. Data for each measurement must be documented. 

2. Data for field quality-control report submittals must be printed in summary report that is formatted 

similar to Table 10.1 in BICSI TDMM, or transferred from instrument to computer, saved as text files, 

and printed and submitted. 

END OF SECTION 260525 
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SECTION 260526 - GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.01 SUMMARY 

A. Section includes grounding and bonding systems and equipment. 

B. Section includes grounding and bonding systems and equipment, plus the following special applications: 

1. Underground distribution grounding. 

2. Ground bonding common with lightning protection system. 

3. Foundation steel electrodes. 

1.02 ACTION SUBMITTALS 

A. Product Data: For each type of product indicated. 

1.03 INFORMATIONAL SUBMITTALS 

A. Field quality-control reports. 

PART 2 - PRODUCTS 

2.01 SYSTEM DESCRIPTION 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified 

testing agency, and marked for intended location and application. 

B. Comply with UL 467 for grounding and bonding materials and equipment. 

2.02 CONDUCTORS 

A. Insulated Conductors: Copper or tinned-copper wire or cable insulated for 600 V unless otherwise required by 

applicable Code or authorities having jurisdiction. 

B. Bare Copper Conductors: 

1. Solid Conductors: ASTM B3. 

2. Stranded Conductors: ASTM B8. 

3. Tinned Conductors: ASTM B33. 

4. Bonding Cable: 28 kcmil, 14 strands of No. 17 AWG conductor, 1/4 inch in diameter. 

5. Bonding Conductor: No. 4 or No. 6 AWG, stranded conductor. 

6. Bonding Jumper: Copper tape, braided conductors terminated with copper ferrules; 1-5/8 inch wide and 

1/16 inch thick. 
7. Tinned Bonding Jumper: Tinned-copper tape, braided conductors terminated with copper ferrules; 1-

5/8 inch wide and 1/16 inch thick. 

C. PGB Grounding Bus: Predrilled, wall-mounted, rectangular bars of hard-drawn solid copper, 1/4 by 4 inches in 

cross section, length as indicated on Drawings. The busbar shall be NRTL listed for use as TMGB. 

1. Predrilling shall be with holes for use with lugs specified in this Section. 

2. Mounting Hardware: Stand-off brackets that provide a 4-inch clearance to access the rear of the busbar. 

Brackets and bolts shall be stainless steel. 
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3. Stand-off insulators for mounting shall be Lexan or PVC. Comply with UL 891 for use in 600-V 

switchboards, impulse tested at 5000 V. 

D. SGB: Predrilled rectangular bars of hard-drawn solid copper, 1/4 by 2 inches in cross section, length as indicated 

on Drawings. The busbar shall be for wall mounting, shall be NRTL listed as complying with UL 467. 

1. Predrilling shall be with holes for use with lugs specified in this Section. 
2. Mounting Hardware: Stand-off brackets that provide at least a 2-inch clearance to access the rear of the 

busbar. Brackets and bolts shall be stainless steel. 

3. Stand-off insulators for mounting shall be Lexan or PVC. Comply with UL 891 for use in 600-V 

switchboards, impulse tested at 5000 V. 

2.03 CONNECTORS 

A. Listed and labeled by an NRTL acceptable to authorities having jurisdiction for applications in which used and 

for specific types, sizes, and combinations of conductors and other items connected. 

B. Welded Connectors: Exothermic-welding kits of types recommended by kit manufacturer for materials being 

joined and installation conditions. 

C. Mechanical-Type Bus-Bar Connectors: Cast silicon bronze, solderless compression-type wire terminals, and 

long-barrel, two-bolt connection to ground bus bar. 

D. Beam Clamps: Mechanical type, terminal, ground wire access from four directions, with dual, tin-plated or 
silicon bronze bolts. 

E. Cable-to-Cable Connectors: Compression type, copper or copper alloy. 

F. Cable Tray Ground Clamp: Mechanical type, zinc-plated malleable iron. 

G. Conduit Hubs: Mechanical type, terminal with threaded hub. 

H. Ground Rod Clamps: Mechanical type, copper or copper alloy, terminal with hex head bolt. 

I. Lay-in Lug Connector: Mechanical type, copper rated for direct burial terminal with set screw. 

J. Service Post Connectors: Mechanical type, bronze alloy terminal, in short- and long-stud lengths, capable of 

single and double conductor connections. 

K. Straps: Solid copper, copper lugs. Rated for 600 A. 

L. U-Bolt Clamps: Mechanical type, copper or copper alloy, terminal listed for direct burial. 

M. Water Pipe Clamps: 

1. Mechanical type, two pieces with stainless steel bolts. 

a. Material:  Die-cast zinc alloy. 

b. Listed for direct burial. 

2. U-bolt type with malleable-iron clamp and copper ground connector rated for direct burial. 

2.04 GROUNDING ELECTRODES 

A. Ground Rods: Copper-clad steel, sectional type; 3/4 inch by 10 ft.. 
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PART 3 - EXECUTION 

3.01 APPLICATIONS 

A. Conductors: Install solid conductor for No. 10 AWG and smaller, and stranded conductors for No. 8 AWG and 

larger unless otherwise indicated. 

B. Underground Grounding Conductors: Install bare tinned-copper conductor, No. 2/0 AWG minimum. 

1. Bury at least 30 inch below grade. 

2. Duct-Bank Grounding Conductor: Bury 12 inch above duct bank when indicated as part of duct-bank 

installation. 

C. Grounding Conductors: Green-colored insulation with continuous yellow stripe. 

D. Grounding Bus: Install in electrical equipment rooms, in rooms housing service equipment, and elsewhere as 

indicated. 

1. Install bus horizontally, on insulated spacers 2 inch minimum from wall, 6 inch above finished floor 

unless otherwise indicated. 

2. Where indicated on both sides of doorways, route bus up to top of door frame, across top of doorway, and 

down; connect to horizontal bus. 

3. Stacking of conductors under a single bolt is not permitted when connecting to busbars. 

E. Conductor Terminations and Connections: 

1. Pipe and Equipment Grounding Conductor Terminations: Bolted connectors. 

2. Underground Connections: Welded connectors except at test wells and as otherwise indicated. 

3. Connections to Ground Rods at Test Wells: Bolted connectors. 

4. Connections to Structural Steel: Welded connectors. 

3.02 GROUNDING AT THE SERVICE 

A. Equipment grounding conductors and grounding electrode conductors must be connected to the ground bus. 

Install a main bonding jumper between the neutral and ground buses. 

3.03 GROUNDING SEPARATELY DERIVED SYSTEMS 

A. Generator: Install grounding electrode(s) at the generator location. The electrode must be connected to the 

equipment grounding conductor and to the frame of the generator. 

B. Transformer: Install grounding electrode(s) at the transformer location. The electrode must be connected to the 
equipment grounding conductor and to the frame of the transformer. 

3.04 GROUNDING UNDERGROUND DISTRIBUTION SYSTEM COMPONENTS 

A. Comply with IEEE C2 grounding requirements. 

B. Grounding Manholes and Handholes: Install a driven ground rod through manhole or handhole floor, close to 

wall, and set rod depth so 4 inch will extend above finished floor. If necessary, install ground rod before 

manhole is placed and provide No. 1/0 AWG bare, tinned-copper conductor from ground rod into manhole 

through a waterproof sleeve in manhole wall. Protect ground rods passing through concrete floor with a double 

wrapping of pressure-sensitive insulating tape or heat-shrunk insulating sleeve from 2 inch above to 6 inch 

below concrete. Seal floor opening with waterproof, nonshrink grout. 
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C. Grounding Connections to Manhole Components: Bond exposed-metal parts such as inserts, cable racks, pulling 

irons, ladders, and cable shields within each manhole or handhole, to ground rod or grounding conductor. Make 

connections with No. 4 AWG minimum, stranded, hard-drawn copper bonding conductor. Train conductors level 

or plumb around corners and fasten to manhole walls. Connect to cable armor and cable shields according to 

written instructions by manufacturer of splicing and termination kits. 

D. Pad-Mounted Transformers and Switches: Install two ground rods and ground ring around the pad. Ground pad-

mounted equipment and noncurrent-carrying metal items associated with substations by connecting them to 

underground cable and grounding electrodes. Install tinned-copper conductor not less than No. 2 AWG for 

ground ring and for taps to equipment grounding terminals. Bury ground ring not less than 6 inch from the 

foundation. 

3.05 EQUIPMENT GROUNDING 

A. Install insulated equipment grounding conductors with all feeders and branch circuits. 

B. Water Heater, Heat-Tracing, and Antifrost Heating Cables: Install a separate insulated equipment grounding 

conductor to each electric water heater and heat-tracing cable. Bond conductor to heater units, piping, connected 

equipment, and components. 

C. Poles Supporting Outdoor Lighting Fixtures: Install grounding electrode and a separate insulated equipment 

grounding conductor in addition to grounding conductor installed with branch-circuit conductors. 

D. Metallic Fences: Comply with requirements of IEEE C2. 

1. Grounding Conductor: Bare, tinned copper, not less than No. 8 AWG. 

2. Gates: Must be bonded to the grounding conductor with a flexible bonding jumper. 

3. Barbed Wire: Strands must be bonded to the grounding conductor. 

3.06 FENCE GROUNDING 

A. Fence Grounding: Install at maximum intervals of 1500 ft. except as follows: 

1. Fences within 100 ft. of Buildings, Structures, Walkways, and Roadways: Ground at maximum intervals 

of 750 ft.. 

a. Gates and Other Fence Openings: Ground fence on each side of opening. 

1) Bond metal gates to gate posts. 

2) Bond across openings, with and without gates, except at openings indicated as intentional 
fence discontinuities. Use No. 2 AWG wire and bury it at least 18 inch below finished 

grade. 

B. Protection at Crossings of Overhead Electrical Power Lines: Ground fence at location of crossing and at a 

maximum distance of 150 ft. on each side of crossing. 

C. Fences Enclosing Electrical Power Distribution Equipment: Ground as required by IEEE C2 unless otherwise 

indicated. 

D. Grounding Method: At each grounding location, drive a grounding rod vertically until the top is 6 inch below 

finished grade. Connect rod to fence with No. 6 AWG conductor. Connect conductor to each fence component at 

grounding location. 

E. Bonding Method for Gates: Connect bonding jumper between gate post and gate frame. 
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F. Bonding to Lightning-Protection System: If fence terminates at lightning-protected building or structure, ground 

the fence and bond the fence grounding conductor to lightning-protection down conductor or lightning-

protection grounding conductor, complying with NFPA 780. 

3.07 INSTALLATION 

A. Grounding Conductors: Route along shortest and straightest paths possible unless otherwise indicated or required 
by Code. Avoid obstructing access or placing conductors where they may be subjected to strain, impact, or 

damage. 

B. Ground Bonding Common with Lightning Protection System: Comply with NFPA 780 and UL 96 when 

interconnecting with lightning protection system. Bond electrical power system ground directly to lightning 

protection system grounding conductor at closest point to electrical service grounding electrode. Use bonding 

conductor sized same as system grounding electrode conductor, and install in conduit. 

C. Ground Rods: Drive rods until tops are 2 inch below finished floor or final grade unless otherwise indicated. 

1. Interconnect ground rods with grounding electrode conductor below grade and as otherwise indicated. 

Make connections without exposing steel or damaging coating if any. 

2. Use exothermic welds for all below-grade connections. 

3. For grounding electrode system, install at least three rods spaced at least one-rod length from each other 

and located at least the same distance from other grounding electrodes, and connect to the service 
grounding electrode conductor. 

D. Test Wells: Ground rod driven through drilled hole in bottom of handhole. Handholes are specified in 

Section 260543 "Underground Ducts and Raceways for Electrical Systems," and must be at least 12 inch deep, 

with cover. 

1. Install at least one test well for each service unless otherwise indicated. Install at the ground rod 

electrically closest to service entrance. Set top of test well flush with finished grade or floor. 

E. Bonding Straps and Jumpers: Install in locations accessible for inspection and maintenance except where routed 

through short lengths of conduit. 

1. Bonding to Structure: Bond straps directly to basic structure, taking care not to penetrate any adjacent 

parts. 

2. Bonding to Equipment Mounted on Vibration Isolation Hangers and Supports: Install bonding so 
vibration is not transmitted to rigidly mounted equipment. 

3. Use exothermic-welded connectors for outdoor locations; if a disconnect-type connection is required, use 

a bolted clamp. 

F. Grounding and Bonding for Piping: 

1. Metal Water Service Pipe: Install insulated copper grounding conductors, in conduit, from building's 

main service equipment, or grounding bus, to main metal water service entrances to building. Connect 

grounding conductors to main metal water service pipes; use a bolted clamp connector or bolt a lug-type 

connector to a pipe flange by using one of the lug bolts of the flange. Where a dielectric main water 

fitting is installed, connect grounding conductor on street side of fitting. Bond metal grounding conductor 

conduit or sleeve to conductor at each end. 

2. Water Meter Piping: Use braided-type bonding jumpers to electrically bypass water meters. Connect to 

pipe with a bolted connector. 
3. Bond each aboveground portion of gas piping system downstream from equipment shutoff valve. 
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G. Bonding Interior Metal Ducts: Bond metal air ducts to equipment grounding conductors of associated fans, 

blowers, electric heaters, and air cleaners. Installbonding jumper to bond across flexible duct connections to 

achieve continuity. 

H. Grounding for Steel Building Structure: Install a driven ground rod at base of each corner column and at 

intermediate exterior columns at distances not more than 60 ft. apart. 

I. Ground Ring: Install a grounding conductor, electrically connected to each building structure ground rod and to 

each steel column, extending around the perimeter of building area or item indicated. 

1. Install tinned-copper conductor not less than No. 2/0 AWG for ground ring and for taps to building steel. 

2. Bury ground ring not less than 24 inch from building's foundation. 

J. Concrete-Encased Grounding Electrode (Ufer Ground): Fabricate according to NFPA 70; using electrically 

conductive coated steel reinforcing bars or rods, at least 20 ft. long. If reinforcing is in multiple pieces, connect 

together by the usual steel tie wires or exothermic welding to create the required length. 

K. Connections: Make connections so possibility of galvanic action or electrolysis is minimized. Select connectors, 

connection hardware, conductors, and connection methods so metals in direct contact are galvanically 

compatible. 

1. Use electroplated or hot-tin-coated materials to ensure high conductivity and to make contact points 

closer in order of galvanic series. 
2. Make connections with clean, bare metal at points of contact. 

3. Make aluminum-to-steel connections with stainless steel separators and mechanical clamps. 

4. Make aluminum-to-galvanized-steel connections with tin-plated copper jumpers and mechanical clamps. 

5. Coat and seal connections having dissimilar metals with inert material to prevent future penetration of 

moisture to contact surfaces. 

3.08 FIELD QUALITY CONTROL 

A. Tests and Inspections: 

1. After installing grounding system but before permanent electrical circuits have been energized, test for 

compliance with requirements. 

2. Inspect physical and mechanical condition. Verify tightness of accessible, bolted, electrical connections 

with a calibrated torque wrench according to manufacturer's written instructions. 
3. Test completed grounding system at each location where a maximum ground-resistance level is specified, 

at service disconnect enclosure grounding terminal, at ground test wells. Make tests at ground rods before 

any conductors are connected. 

a. Measure ground resistance no fewer than two full days after last trace of precipitation and without 

soil being moistened by any means other than natural drainage or seepage and without chemical 

treatment or other artificial means of reducing natural ground resistance. 

b. Perform tests by fall-of-potential method according to IEEE 81. 

B. Grounding system will be considered defective if it does not pass tests and inspections. 

C. Prepare test and inspection reports. 

D. Report measured ground resistances that exceed the following values: 

1. Power and Lighting Equipment or System with Capacity of 500 kVA and Less: 10 ohms. 

2. Power and Lighting Equipment or System with Capacity of 500 to 1000 kVA: 5 ohms. 
3. Power and Lighting Equipment or System with Capacity More Than 1000 kVA: 3 ohms. 
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4. Power Distribution Units or Panelboards Serving Electronic Equipment:  3 ohm(s). 

5. Substations and Pad-Mounted Equipment: 5 ohms. 

6. Manhole Grounds: 10 ohms. 

E. Excessive Ground Resistance: If resistance to ground exceeds specified values, notify Architect promptly and 

include recommendations to reduce ground resistance. 

END OF SECTION 260526 
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SECTION 260529 - HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.01 SUMMARY 

A. Section Includes: 

1. Support, anchorage, and attachment components. 
2. Fabricated metal equipment support assemblies. 

B. Related Requirements: 

1.02 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1. Include construction details, material descriptions, dimensions of individual components and profiles, and 

finishes for the following: 

a. Slotted support systems, hardware, and accessories. 

b. Clamps. 

c. Hangers. 

d. Sockets. 

e. Eye nuts. 

f. Fasteners. 
g. Anchors. 

h. Saddles. 

i. Brackets. 

2. Include rated capacities and furnished specialties and accessories. 

PART 2 - PRODUCTS 

2.01 SUPPORT, ANCHORAGE, AND ATTACHMENT COMPONENTS 

A. Steel Slotted Support Systems: Preformed steel channels and angles with minimum 13/32 inch diameter holes at 

a maximum of 8 inch on center in at least one surface. 

1. Standard: Comply with MFMA-4 factory-fabricated components for field assembly. 

2. Material for Channel, Fittings, and Accessories: Galvanized steel. 

3. Channel Width:  1-5/8 inch. 
4. Metallic Coatings: Hot-dip galvanized after fabrication and applied according to MFMA-4. 

B. Conduit and Cable Support Devices: Steel hangers, clamps, and associated fittings, designed for types and sizes 

of raceway or cable to be supported. 

C. Support for Conductors in Vertical Conduit: Factory-fabricated assembly consisting of threaded body and 

insulating wedging plug or plugs for nonarmored electrical conductors or cables in riser conduits. Plugs must 

have number, size, and shape of conductor gripping pieces as required to suit individual conductors or cables 

supported. Body must be made of malleable iron. 

D. Structural Steel for Fabricated Supports and Restraints: ASTM A36/A36M steel plates, shapes, and bars; black 

and galvanized. 
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E. Mounting, Anchoring, and Attachment Components: Items for fastening electrical items or their supports to 

building surfaces include the following: 

1. Powder-Actuated Fasteners: Threaded-steel stud, for use in hardened portland cement concrete, steel, or 

wood, with tension, shear, and pullout capacities appropriate for supported loads and building materials 

where used. 

2. Mechanical-Expansion Anchors: Insert-wedge-type, zinc-coated steel, for use in hardened portland 

cement concrete, with tension, shear, and pullout capacities appropriate for supported loads and building 

materials where used. 

3. Concrete Inserts: Steel or malleable-iron, slotted support system units are similar to MSS Type 18 units 

and comply with MFMA-4 or MSS SP-58. 

4. Clamps for Attachment to Steel Structural Elements: MSS SP-58 units are suitable for attached structural 

element. 

5. Through Bolts: Structural type, hex head, and high strength. Comply with ASTM F3125/F3125M, 

Grade A325. 

6. Toggle Bolts: All steel springhead type. 

7. Hanger Rods: Threaded steel. 

2.02 FABRICATED METAL EQUIPMENT SUPPORT ASSEMBLIES 

A. Description: Welded or bolted structural-steel shapes, shop or field fabricated to fit dimensions of supported 

equipment. 

B. Materials: Comply with requirements in Division 05 "Metal Fabrications" for steel shapes and plates. 

PART 3 - EXECUTION 

3.01 SELECTION 

A. Comply with the following standards for selection and installation of hangers and supports, except where 

requirements on Drawings or in this Section are stricter: 

1. NECA NEIS 101 

2. NECA NEIS 105. 

B. Comply with requirements in Division 07 "Penetration Firestopping" for firestopping materials and installation 

for penetrations through fire-rated walls, ceilings, and assemblies. 

C. Comply with requirements for raceways and boxes specified in Section 260533 "Raceway and Boxes for 

Electrical Systems." 

D. Maximum Support Spacing and Minimum Hanger Rod Size for Raceways: Space supports for EMT, IMC, and 

ERMC as required by NFPA 70. Minimum rod size must be 1/4 inch in diameter. 

E. Multiple Raceways or Cables: Install trapeze-type supports fabricated with steel slottedsupport system, sized so 

capacity can be increased by at least 25 percent in future without exceeding specified design load limits. 

1. Secure raceways and cables to these supports with two-bolt conduit clamps. 

3.02 INSTALLATION OF SUPPORTS 

A. Comply with NECA NEIS 101 for installation requirements except as specified in this article. 
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B. Strength of Support Assemblies: Where not indicated, select sizes of components so strength will be adequate to 

carry present and future static loads within specified loading limits. Minimum static design load used for strength 

determination must be weight of supported components plus 200 lb. 

C. Mounting and Anchorage of Surface-Mounted Equipment and Components: Anchor and fasten electrical items 

and their supports to building structural elements by the following methods unless otherwise indicated by code: 

1. To Wood: Fasten with lag screws or through bolts. 

2. To New Concrete: Bolt to concrete inserts. 

3. To Masonry: Approved toggle-type bolts on hollow masonry units and expansion anchor fasteners on 

solid masonry units. 

4. To Existing Concrete: Expansion anchor fasteners. 

5. Instead of expansion anchors, powder-actuated driven threaded studs provided with lock washers and 

nuts may be used in existing standard-weight concrete 4 inch thick or greater. Do not use for anchorage to 

lightweight-aggregate concrete or for slabs less than 4 inch thick. 

6. To Steel:  Beam clamps (MSS SP-58, Type 19, 21, 23, 25, or 27), complying with MSS SP-69. 

7. To Light Steel: Sheet metal screws. 

8. Items Mounted on Hollow Walls and Nonstructural Building Surfaces: Mount cabinets, panelboards, 

disconnect switches, control enclosures, pull and junction boxes, transformers, and other devices on 
slotted-channel racks attached to substrate. 

D. Drill holes for expansion anchors in concrete at locations and to depths that avoid the need for reinforcing bars. 

3.03 INSTALLATION OF FABRICATED METAL SUPPORTS 

A. Comply with installation requirements in Division 05 "Metal Fabrications" for site-fabricated metal supports. 

B. Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and elevation to support and 

anchor electrical materials and equipment. 

C. Field Welding: Comply with AWS D1.1/D1.1M. Submit welding certificates. 

3.04 CONCRETE BASES 

A. Construct concrete bases of dimensions indicated, but not less than 4 inch larger in both directions than 

supported unit, and so anchors will be a minimum of 10 bolt diameters from edge of the base. 

B. Use 3000 psi, 28-day compressive-strength concrete. Concrete materials, reinforcement, and placement 
requirements are specified in Division 03 "Cast-in-Place Concrete." 

C. Anchor equipment to concrete base as follows: 

1. Place and secure anchorage devices. Use supported equipment manufacturer's setting drawings, 

templates, diagrams, instructions, and directions furnished with items to be embedded. 

2. Install anchor bolts to elevations required for proper attachment to supported equipment. 

3. Install anchor bolts according to anchor-bolt manufacturer's written instructions. 

3.05 PAINTING 

A. Touchup: 

1. Clean field welds and abraded areas of shop paint. Paint exposed areas immediately after erecting hangers 

and supports. Use same materials as used for shop painting. Comply with SSPC-PA 1 requirements for 

touching up field-painted surfaces. 
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a. Apply paint by brush or spray to provide minimum dry film thickness of 2.0 mils. 

B. Galvanized Surfaces: Clean welds, bolted connections, and abraded areas and apply galvanizing-repair paint to 

comply with ASTM A780. 

END OF SECTION 260529 
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SECTION 260533 - RACEWAY AND BOXES FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.01 SUMMARY 

A. Section Includes: 

1. Type EMT-S raceways and elbows. 
2. Type ERMC-S raceways, elbows, couplings, and nipples. 

3. Type FMC-S raceways. 

4. Type LFMC raceways. 

5. Type PVC raceways and fittings. 

6. Fittings for conduit, tubing, and cable. 

7. Threaded metal joint compound. 

8. Solvent cements. 

9. Wireways and auxiliary gutters. 

10. Metallic outlet boxes, device boxes, rings, and covers. 

11. Termination boxes. 

12. Cabinets, cutout boxes, junction boxes, pull boxes, and miscellaneous enclosures. 

13. Cover plates for device boxes. 
14. Hoods for outlet boxes. 

1.02 ACTION SUBMITTALS 

A. Product Data: For the following: 

1. Wireways and auxiliary gutters. 

2. Cabinets, cutout boxes, and miscellaneous enclosures. 

PART 2 - PRODUCTS 

2.01 TYPE EMT-S RACEWAYS AND ELBOWS 

A. Steel Electrical Metal Tubing (EMT-S) and Elbows: 

1. Applicable Standards: 

a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and marked for 

intended location and use. 
b. General Characteristics: 

1) Reference Standards: UL 797 and UL Category Control Number FJMX. 

2) Material: Steel. 

3) Exterior Coating: Zinc. 

4) Interior Coating: Zinc with organic top coating. 

c. Options: 

1) Minimum Trade Size: 1/2 inch. 

2) Colors: Critical operations power system (COPS) feeders:  Orange. 

2.02 TYPE ERMC-S RACEWAYS, ELBOWS, COUPLINGS, AND NIPPLES 

A. Galvanized-Steel Electrical Rigid Metal Conduit (ERMC-S-G), Elbows, Couplings, and Nipples: 

1. Applicable Standards: 
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a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and marked for 

intended location and use. 

b. General Characteristics: 

1) Reference Standards: UL 6 and UL Category Control Number DYIX. 

2) Exterior Coating: Zinc. 
3) Interior Coating: Zinc with organic top coating. 

c. Options: 

1) Minimum Trade Size:  3/4 inch. 

2.03 TYPE FMC-S RACEWAYS 

A. Steel Flexible Metal Conduit (FMC-S): 

1. Applicable Standards: 

a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and marked for 

intended location and use. 

b. General Characteristics: 

1) Reference Standard: UL 1 and UL Category Control Number DXUZ. 

2) Material: Steel. 

c. Options: 

1) Minimum Trade Size: 1/2 inch. 

2.04 TYPE LFMC RACEWAYS 

A. Steel Liquidtight Flexible Metal Conduit (LFMC-S): 

1. Applicable Standards: 

a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and marked for 

intended location and use. 

b. General Characteristics: 

1) Reference Standard: UL 360 and UL Category Control Number DXHR. 

2) Material: Steel. 

c. Options: 

1) Minimum Trade Size: 1/2 inch. 

2.05 TYPE PVC RACEWAYS AND FITTINGS 

A. Schedule 40 Rigid PVC Conduit (PVC-40) and Fittings: 

1. Applicable Standards: 

a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and marked for 

intended location and use. 

b. General Characteristics: 

1) Reference Standards: UL 651 and UL Category Control Number DZYR. 

2) Dimensional Specifications: Schedule 40. 
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c. Options: 

1) Minimum Trade Size:  3/4 inch. 

2) Markings: For use with maximum 90 deg C wire. For directional boring applications. 

B. Schedule 80 Rigid PVC Conduit (PVC-80) and Fittings: 

1. Applicable Standards: 

a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and marked for 

intended location and use. 

b. General Characteristics: 

1) Reference Standards: UL 651 and UL Category Control Number DZYR. 

2) Dimensional Specifications: Schedule 80. 

c. Options: 

1) Minimum Trade Size:  3/4 inch. 

2) Markings: For use with maximum 90 deg C wire. For directional boring applications. 

2.06 FITTINGS FOR CONDUIT, TUBING, AND CABLE 

A. Fittings for Type ERMC, Type IMC, Type PVC, Type EPEC, and Type RTRC Raceways: 

1. Applicable Standards: 

a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and marked for 
intended location and use. 

b. General Characteristics: 

1) Reference Standards: UL 514B and UL Category Control Number DWTT. 

2) Material: Steel. 

3) Coupling Method: Compression coupling. 

c. Options: 

1) Conduit Fittings for Hazardous (Classified) Locations: UL 1203. 

2) Expansion and Deflection Fittings: UL 651 with flexible external bonding jumper. 

B. Fittings for Type EMT Raceways: 

1. Applicable Standards: 

a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and marked for 
intended location and use. 

b. General Characteristics: 

1) Reference Standards: UL 514B and UL Category Control Number FKAV. 

2) Material: Steel. 

3) Coupling Method:  Compression coupling. 

c. Options: 

1) Conduit Fittings for Hazardous (Classified) Locations: UL 1203. 

2) Expansion and Deflection Fittings: UL 651 with flexible external bonding jumper. 

C. Fittings for Type FMC Raceways: 
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1. Applicable Standards: 

a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and marked for 

intended location and use. 

b. General Characteristics: 

1) Reference Standards: UL 514B and UL Category Control Number ILNR. 

D. Fittings for Type LFMC and Type LFNC Raceways: 

1. Applicable Standards: 

a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and marked for 

intended location and use. 

b. General Characteristics: 

1) Reference Standards: UL 514B and UL Category Control Number DXAS. 

2.07 ELECTRICALLY CONDUCTIVE CORROSION-RESISTANT COMPOUNDS FOR THREADED CONDUIT 

A. Applicable Standards: 

1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and approved by authorities 

having jurisdiction for application to threaded conduit assemblies. 

2. General Characteristics: 

a. Reference Standards: UL 2419 and UL Category Control Number FOIZ. 

2.08 SOLVENT CEMENTS 

A. Solvent Cements for Type PVC Raceways and Fittings: 

1. Applicable Standards: 

a. General Characteristics: 

1) Reference Standards: As recommended by conduit manufacturer in accordance with 

UL 514B and UL Category Control Number DWTT. 

b. Sustainability Characteristics: 

2.09 WIREWAYS AND AUXILIARY GUTTERS 

A. Metal Wireways and Auxiliary Gutters: 

1. Applicable Standards: 

a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and marked for 
intended location and use. 

b. General Characteristics: 

1) Reference Standards: UL 870 and UL Category Control Number ZOYX. 

2) Fittings and Accessories: Include covers, couplings, offsets, elbows, expansion joints, 

adapters, hold-down straps, end caps, and other fittings to match and mate with wireways 

as required for complete system. 

3) Finish: Manufacturer's standard enamel finish. 

c. Options: 
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1) Degree of Protection: Type 1 inside; Type 3R outside unless otherwise indicated. 

2) Wireway Covers:  Screw-cover type unless otherwise indicated. 

2.10 METALLIC OUTLET BOXES, DEVICE BOXES, RINGS, AND COVERS 

A. Metallic Outlet Boxes: 

1. Description: Box having pryout openings, knockouts, threaded entries, or hubs in either the sides of the 
back, or both, for entrance of conduit, conduit or cable fittings, or cables, with provisions for mounting 

outlet box cover, but without provisions for mounting wiring device directly to box. 

2. Applicable Standards: 

a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and marked for 

intended location and use. 

b. General Characteristics: 

1) Reference Standards: UL 514A and UL Category Control Number QCIT. 

c. Options: 

1) Material: Sheet steel. 

2) Sheet Metal Depth: Minimum 2.5 inch. 

3) Luminaire Outlet Boxes and Covers: Nonadjustable, listed and labeled for attachment of 

luminaire weighing up to 50 lb. 

B. Metallic Conduit Bodies: 

1. Description: Means for providing access to interior of conduit or tubing system through one or more 

removable covers at junction or terminal point. In the United States, conduit bodies are listed in 

accordance with outlet box requirements. 

2. Applicable Standards: 

a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and marked for 

intended location and use. 

b. General Characteristics: 

1) Reference Standards: UL 514A and UL Category Control Number QCIT. 

C. Metallic Device Boxes: 

1. Description: Box with provisions for mounting wiring device directly to box. 
2. Applicable Standards: 

a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and marked for 

intended location and use. 

b. General Characteristics: 

1) Reference Standards: UL 514A and UL Category Control Number QCIT. 

c. Options: 

1) Material: Sheet steel. 

2) Sheet Metal Depth: minimum 2.5 inch. 

3) Luminaire Outlet Boxes and Covers: Nonadjustable, listed and labeled for attachment of 

luminaire weighing up to 50 lb. 
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D. Metallic Extension Rings: 

1. Description: Ring intended to extend sides of outlet box or device box to increase box depth, volume, or 

both. 

2. Applicable Standards: 

a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and marked for 
intended location and use. 

b. General Characteristics: 

1) Reference Standards: UL 514A and UL Category Control Number QCIT. 

2.11 TERMINATION BOXES 

A. Description: Enclosure for termination base consisting of lengths of bus bars, terminal strips, or terminal blocks 

with provision for wire connectors to accommodate incoming or outgoing conductors or both. 

B. Termination Boxes and Termination Bases for Installation on Line Side of Service Equipment: 

1. Applicable Standards: 

a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and marked for 

intended location and use. 

b. General Characteristics: 

1) Reference Standards: UL 1773 and UL Category Control Number XCKT. 
2) Listed and labeled for installation on line side of service equipment. 

C. Termination Boxes and Termination Bases for Installation on Load Side of Service Equipment: 

1. Applicable Standards: 

a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and marked for 

intended location and use. 

b. General Characteristics: 

1) Reference Standards: UL 1773 and UL Category Control Number XCKT. 

2) Listed and labeled for installation on load side of service equipment. 

2.12 CABINETS, CUTOUT BOXES, JUNCTION BOXES, PULL BOXES, AND MISCELLANEOUS 

ENCLOSURES 

A. Indoor Sheet Metal Cabinets: 

1. Description: Enclosure provided with frame, mat, or trim in which swinging door or doors are or can be 

hung. 

2. Applicable Standards: 

a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and marked for 

intended location and use. 

b. General Characteristics: 

1) Reference Standards: UL Category Control Number CYIV. 

a) Non-Environmental Characteristics: UL 50. 

b) Environmental Characteristics: UL 50E. 
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c. Options: 

1) Degree of Protection: Type 1. 

B. Indoor Sheet Metal Junction and Pull Boxes: 

1. Description: Box with a blank cover that serves the purpose of joining different runs of raceway or cable. 

2. Applicable Standards: 

a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and marked for 

intended location and use. 

b. General Characteristics: 

1) Reference Standards: UL Category Control Number BGUZ. 

a) Non-Environmental Characteristics: UL 50. 

b) Environmental Characteristics: UL 50E. 

c. Options: 

1) Degree of Protection: Type 1. 

C. Indoor Sheet Metal Miscellaneous Enclosures: 

1. Applicable Standards: 

a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and marked for 

intended location and use. 
b. General Characteristics: 

1) Reference Standards: 

a) UL 1773 and UL Category Control Number XCKT. 

b) Non-Environmental Characteristics: UL 50. 

c) Environmental Characteristics: UL 50E. 

c. Options: 

1) Degree of Protection: Type 1. 

D. Outdoor Sheet Metal Cabinets: 

1. Description: Enclosure provided with frame, mat, or trim in which swinging door or doors are or can be 

hung. 

2. Applicable Standards: 

a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and marked for 

intended location and use. 

b. General Characteristics: 

1) Reference Standards: UL Category Control Number CYIV. 

a) Non-Environmental Characteristics: UL 50. 

b) Environmental Characteristics: UL 50E. 

c. Options: 
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1) Degree of Protection: Type 4X. 

E. Outdoor Sheet Metal Junction and Pull Boxes: 

1. Description: Box with a blank cover that serves the purpose of joining different runs of raceway or cable. 

2. Applicable Standards: 

a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and marked for 
intended location and use. 

b. General Characteristics: 

1) Reference Standards: UL Category Control Number BGUZ. 

a) Non-Environmental Characteristics: UL 50. 

b) Environmental Characteristics: UL 50E. 

c. Options: 

1) Degree of Protection: Type 4X. 

F. Outdoor Sheet Metal Miscellaneous Enclosures: 

1. Applicable Standards: 

a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and marked for 

intended location and use. 

b. General Characteristics: 

1) Reference Standards: 

a) UL 1773 and UL Category Control Number XCKT. 

b) Non-Environmental Characteristics: UL 50. 

c) Environmental Characteristics: UL 50E. 

c. Options: 

1) Degree of Protection: Type 4X. 

2.13 COVER PLATES FOR DEVICES BOXES 

A. Metallic Cover Plates for Device Boxes: 

1. Applicable Standards: 

a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and marked for 

intended location and use. 
b. General Characteristics: 

1) Reference Standards: UL 514D and UL Category Control Numbers QCIT and QCMZ. 

2) Wallplate-Securing Screws: Metal with head color to match wall plate finish. 

c. Options: 

1) Damp and Wet Locations: Listed, labeled, and marked for location and use. Provide 

gaskets and accessories necessary for compliance with listing. 

2) Wallplate Material: 0.032 inch thick Type 302/304 non-magnetic stainless steel with 

brushed finish. 
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2.14 HOODS FOR OUTLET BOXES 

A. Extra-Duty, While-in-Use Hoods for Outlet Boxes: 

1. Applicable Standards: 

a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and marked for 

intended location and use. 
b. General Characteristics: 

1) Reference Standards: UL 514D and UL Category Control Numbers QCIT and QCMZ. 

2) Marked "Extra-Duty" in accordance with UL 514D. 

3) Receptacle, hood, cover plate, gaskets, and seals comply with UL 498 Supplement SA 

when mated with box or enclosure complying with UL 514A, UL 514C, or UL 50E. 

4) Mounts to box using fasteners different from wiring device. 

c. Options: 

1) Provides clear, weatherproof, "while-in-use" cover. 

2) Manufacturer may combine nonmetallic device box with hood as extra-duty rated 

assembly. 

PART 3 - EXECUTION 

3.01 SELECTION OF RACEWAYS 

A. Unless more stringent requirements are specified in Contract Documents or manufacturers' written instructions, 

comply with NFPA 70 for selection of raceways. Consult Architect for resolution of conflicting requirements. 

B. Outdoors: 

1. Exposed Conduit: ERMC. 

2. Concealed Conduit, Aboveground: ERMC. 

3. Direct-Buried Conduit: PVC-80 . 

4. Concrete-Encased Conduit Not in Trench:  PVC-40. 

5. Concrete-Encased Conduit in Trench:  PVC-40. 

6. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, Electric 

Solenoid, or Motor-Driven Equipment): LFMC. 

C. Indoors: 

1. Hazardous Classified Locations: ERMC. 

2. Exposed and Subject to Physical Damage: ERMC. Raceway locations include the following: 

a. Mechanical rooms. 

3. Exposed, Not Subject to Physical Damage: EMT. 

4. Concealed in Ceilings and Interior Walls and Partitions:  EMT. 

5. Damp or Wet Locations: ERMC. 

6. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, Electric 

Solenoid, or Motor-Driven Equipment):  FMC. 

D. Stub-ups to Above Recessed Ceilings: Provide EMT, IMC, or ERMC for raceways. 

E. Raceway Fittings: Select fittings in accordance with NEMA FB 2.10 guidelines. 

1. ERMC and IMC: Provide threaded type fittings unless otherwise indicated. 
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3.02 SELECTION OF BOXES AND ENCLOSURES 

A. Unless more stringent requirements are specified in Contract Documents or manufacturers' written instructions, 

comply with NFPA 70 for selection of boxes and enclosures. Consult Architect for resolution of conflicting 

requirements. 

B. Degree of Protection: 

1. Outdoors: 

a. Type 4X  unless otherwise indicated. 

b. Locations Exposed to Hosedown: Type 4X. 

c. Locations Subject to Potential Flooding: Type 6P. 

d. Locations in-Ground or Exposed to Corrosive Agents: Type 4X. 

2. Indoors: 

a. Type 1 unless otherwise indicated. 

b. Locations Exposed to Hosedown: Type 4X. 

c. Locations Exposed to Brief Submersion: Type 6. 

d. Locations Exposed to Prolonged Submersion: Type 6P. 

C. Exposed Boxes Installed Less Than 6.5 ft. Above Floor: 

1. Provide exposed cover. Flat covers with angled mounting slots or knockouts are prohibited. 

3.03 INSTALLATION OF RACEWAYS 

A. Installation Standards: 

1. Unless more stringent requirements are specified in Contract Documents or manufacturers' written 

instructions, comply with NFPA 70 for installation of raceways. Consult Architect for resolution of 

conflicting requirements. 

2. Comply with NFPA 70 limitations for types of raceways allowed in specific occupancies and number of 

floors. 

3. Comply with requirements in Section 260529 "Hangers and Supports for Electrical Systems" for hangers 

and supports. 

4. Comply with NECA NEIS 101 for installation of steel raceways. 

5. Comply with NECA NEIS 111 for installation of nonmetallic raceways. 
6. Install raceways square to the enclosure and terminate at enclosures without hubs with locknuts on both 

sides of enclosure wall. Install locknuts hand tight, plus one-quarter turn more. 

7. Terminate threaded conduits into threaded hubs or with locknuts on inside and outside of boxes or 

cabinets. Install bushings on conduits up to 1-1/4 inch trade size and insulated throat metal bushings on 1-

1/2 inch trade size and larger conduits terminated with locknuts. Install insulated throat metal grounding 

bushings on service conduits. 

8. Raceway Terminations at Locations Subject to Moisture or Vibration: 

a. Provide insulating bushings to protect conductors, including conductors smaller than No. 4 

AWG. Install insulated throat metal grounding bushings on service conduits. 

B. General Requirements for Installation of Raceways: 

1. Complete raceway installation before starting conductor installation. 

2. Provide stub-ups through floors with coupling threaded inside for plugs, set flush with finished floor. 
Plug coupling until conduit is extended above floor to final destination or a minimum of 2 ft. above 

finished floor. 
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3. Install no more than equivalent of three 90-degree bends in conduit run. Support within 12 inch of 

changes in direction. 

4. Make bends in raceway using large-radius preformed ells except for parallel bends. Field bending must 

be in accordance with NFPA 70 minimum radii requirements. Provide only equipment specifically 

designed for material and size involved. 
5. Conceal conduit within finished walls, ceilings, and floors unless otherwise indicated. Install conduits 

parallel or perpendicular to building lines. 

6. Support conduit within 12 inch of enclosures to which attached. 

7. Install raceway sealing fittings at accessible locations in accordance with NFPA 70 and fill them with 

listed sealing compound. For concealed raceways, install fitting in flush steel box with blank cover plate 

having finish similar to that of adjacent plates or surfaces. Install raceway sealing fittings in accordance 

with NFPA 70. 

8. Install devices to seal raceway interiors at accessible locations. Locate seals so no fittings or boxes are 

between the seal and the following changes of environments. Seal interior of raceways at the following 

points: 

a. Where conduits pass from warm to cold locations, such as boundaries of refrigerated spaces. 

b. Where an underground service raceway enters a building or structure. 
c. Conduit extending from interior to exterior of building. 

d. Conduit extending into pressurized duct and equipment. 

e. Conduit extending into pressurized zones that are automatically controlled to maintain different 

pressure set points. 

f. Where otherwise required by NFPA 70. 

9. Do not install conduits within 2 inch of the bottom side of a metal deck roof. 

10. Keep raceways at least 6 inch away from parallel runs of flues and steam or hot-water pipes. Install 

horizontal raceway runs above water and steam piping. 

11. Cut conduit perpendicular to the length. For conduits 2 inch trade size and larger, use roll cutter or a 

guide to make cut straight and perpendicular to the length. Ream inside of conduit to remove burrs. 

12. Install pull wires in empty raceways. Provide polypropylene or monofilament plastic line with not less 
than 200 lb tensile strength. Leave at least 12 inch of slack at both ends of pull wire. Cap underground 

raceways designated as spare above grade alongside raceways in use. 

C. Requirements for Installation of Specific Raceway Types: 

1. Types ERMC and IMC: 

a. Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or Outdoor Conditions: Apply listed 

compound that maintains electrical conductivity to threads of raceway and fittings before making 

up joints. Follow compound manufacturer's written instructions. 

2. Types FMC, LFMC, and LFNC: 

a. Comply with NEMA RV 3. Provide a maximum of 72 inch of flexible conduit for recessed and 

semirecessed luminaires,  equipment subject to vibration, noise transmission, or movement; and 

for transformers and motors. 

3. Types PVC and EPEC: 

a. Do not install Type PVC or Type EPEC conduit where ambient temperature exceeds 122 deg F. 

Conductor ratings must be limited to 75 deg C except where installed in a trench outside buildings 

with concrete encasement, where 90 deg C conductors are permitted. 

b. Comply with manufacturer's written instructions for solvent welding and fittings. 

D. Raceways Embedded in Slabs: 
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1. Run raceways larger than 1 inch trade size below concrete slab.. 

2. Arrange raceways to cross building expansion joints with expansion fittings at right angles to the joint. 

3. Arrange raceways to ensure that each is surrounded by a minimum of 1 inch of concrete without voids. 

4. Do not embed threadless fittings in concrete unless locations have been specifically approved by 

Architect. 
5. Change from ENT to ERMC before rising above floor. 

E. Stub-ups to Above Recessed Ceilings: 

1. Provide EMT, IMC, or ERMC for raceways. 

2. Provide a conduit bushing or insulated fitting to terminate stub-ups not terminated in hubs or in an 

enclosure. 

F. Raceway Fittings: Install fittings in accordance with NEMA FB 2.10 guidelines. 

1. EMT: Provide compression, steel fittings. Comply with NEMA FB 2.10. 

2. Flexible Conduit: Provide only fittings listed for use with flexible conduit type. Comply with 

NEMA FB 2.20. 

G. Expansion-Joint Fittings: 

1. Install in runs of aboveground PVC that are located where environmental temperature change may exceed 

30 deg F and that have straight-run length that exceeds 25 ft.. Install in runs of aboveground ERMC and 
EMT conduit that are located where environmental temperature change may exceed 100 deg F and that 

have straight-run length that exceeds 100 ft.. 

2. Install type and quantity of fittings that accommodate temperature change listed for the following 

locations: 

a. Outdoor Locations Not Exposed to Direct Sunlight: 125 deg F temperature change. 

b. Outdoor Locations Exposed to Direct Sunlight: 155 deg F temperature change. 

c. Indoor Spaces Connected with Outdoors without Physical Separation: 125 deg F temperature 

change. 

d. Attics: 135 deg F temperature change. 

3. Install fitting(s) that provide expansion and contraction for at least 0.00041 inch per foot of length of 

straight run per deg F of temperature change for PVC conduits. Install fitting(s) that provide expansion 
and contraction for at least 0.000078 inch per foot of length of straight run per deg F of temperature 

change for metal conduits. 

4. Install expansion fittings at locations where conduits cross building or structure expansion joints. 

5. Install expansion-joint fitting with position, mounting, and piston setting selected in accordance with 

manufacturer's written instructions for conditions at specific location at time of installation. Install 

conduit supports to allow for expansion movement. 

H. Raceways Penetrating Rooms or Walls with Acoustical Requirements: 

1. Seal raceway openings on both sides of rooms or walls with acoustically rated putty or firestopping. 

3.04 INSTALLATION OF BOXES AND ENCLOSURES 

A. Provide boxes in wiring and raceway systems wherever required for pulling of wires, making connections, and 

mounting of devices or fixtures. 

B. Mount boxes at heights indicated on Drawings. If mounting heights of boxes are not individually indicated, give 
priority to ADA requirements. Install boxes with height measured to center of box unless otherwise indicated. 
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C. Recessed Boxes in Masonry Walls: Saw-cut opening for box in center of cell of masonry block, and install box 

flush with surface of wall. Prepare block surfaces to provide a flat surface for a raintight connection between box 

and cover plate or supported equipment and box, whether installed indoors or outdoors. 

D. Horizontally separate boxes mounted on opposite sides of walls so they are not in the same vertical channel. 

E. Locate boxes so that cover or plate will not span different building finishes. 

F. Support boxes in recessed ceilings independent of ceiling tiles and ceiling grid. 

G. Support boxes of three gangs or more from more than one side by spanning two framing members or mounting 

on brackets specifically designed for purpose. 

H. Fasten junction and pull boxes to, or support from, building structure. Do not support boxes by conduits. 

I. Do not install aluminum boxes, enclosures, or fittings in contact with concrete or earth. 

J. Do not rely on locknuts to penetrate nonconductive coatings on enclosures. Remove coatings in the locknut area 

prior to assembling conduit to enclosure to ensure a continuous ground path. 

K. Boxes and Enclosures in Areas or Walls with Acoustical Requirements: 

1. Seal openings and knockouts in back and sides of boxes and enclosures with acoustically rated putty. 

2. Provide gaskets for wallplates and covers. 

3.05 FIRESTOPPING 

A. Install firestopping at penetrations of fire-rated floor and wall assemblies. Comply with requirements in Division 
07 "Penetration Firestopping." 

3.06 PROTECTION 

A. Protect coatings, finishes, and cabinets from damage and deterioration. 

1. Repair damage to galvanized finishes with zinc-rich paint recommended by manufacturer. 

3.07 CLEANING 

A. Boxes: Remove construction dust and debris from device boxes, outlet boxes, and floor-mounted enclosures 

before installing wallplates, covers, and hoods. 

END OF SECTION 260533 
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SECTION 260543 - UNDERGROUND DUCTS AND RACEWAYS FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.01 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and 

Division 01 Specification Sections, apply to this Section. 

1.02 SUMMARY 

A. Section Includes: 

1. Rigid nonmetallic duct. 

2. Polymer concrete handholes and boxes with polymer concrete cover. 

1.03 DEFINITIONS 

A. Direct Buried: Duct or a duct bank that is buried in the ground, without any additional casing materials such as 

concrete. 

B. Duct: A single duct or multiple ducts. Duct may be either installed singly or as component of a duct bank. 

C. Duct Bank: 

1. Two or more ducts installed in parallel, with or without additional casing materials. 

D. Trafficways: Locations where vehicular or pedestrian traffic is a normal course of events. 

1.04 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1.05 FIELD CONDITIONS 

A. Ground Water: Assume ground-water level is 36 inches below ground surface unless a higher water table is 

noted on Drawings. 

PART 2 - PRODUCTS 

2.01 RIGID NONMETALLIC DUCT 

A. Underground Plastic Utilities Duct:  Type EPC-80-PVC RNC, complying with NEMA TC 2 and UL 651, with 

matching fittings complying with NEMA TC 3 by same manufacturer as duct. 

B. Listed and labeled as defined in NFPA 70, by a nationally recognized testing laboratory, and marked for 

intended location and application. 

C. Solvents and Adhesives: As recommended by conduit manufacturer. 
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2.02 DUCT ACCESSORIES 

A. Duct Spacers: Factory-fabricated, rigid, PVC interlocking spacers; sized for type and size of duct with which 

used, and selected to provide minimum duct spacing indicated while supporting duct during concreting or 

backfilling. 

B. Underground-Line Warning Tape: Comply with requirements for underground-line warning tape specified in 

Section 260553 "Identification for Electrical Systems." 

2.03 POLYMER CONCRETE HANDHOLES AND BOXES WITH POLYMER CONCRETE COVER 

A. Description: Molded of sand and aggregate, bound together with a polymer resin, and reinforced with steel or 

fiberglass or a combination of the two.  

B. Manufacturers: Subject to compliance with requirements, provide products by one of the following: 

1. Armorcast Products Company; brand of Hubbell Utility Solutions; Hubbell Incorporated. 

2. Oldcastle Infrastructure Inc.; CRH Americas. 

3. Quazite; brand of Hubbell Utility Solutions; Hubbell Incorporated. 

C. Standard: Comply with SCTE 77. Comply with tier requirements in "Underground Enclosure Application" 

Article. 

D. Configuration: Units shall be designed for flush burial and have open bottom unless otherwise indicated. 

E. Cover: Weatherproof, secured by tamper-resistant locking devices and having structural load rating consistent 

with enclosure. 

F. Cover Finish: Nonskid finish shall have a minimum coefficient of friction of 0.50. 

G. Cover Legend: Molded lettering, "ELECTRIC." or as indicated for each service. 

H. Direct-Buried Wiring Entrance Provisions: Knockouts equipped with insulated bushings or end-bell fittings, 

selected to suit box material, sized for wiring indicated, and arranged for secure, fixed installation in enclosure 

wall. 

I. Duct Entrance Provisions: Duct-terminating fittings shall mate with entering duct for secure, fixed installation in 

enclosure wall. 

J. Handholes 12 inches wide by 24 inches long and larger shall have factory-installed inserts for cable racks and 

pulling-in irons. 

2.04 FLOWABLE FILL 

A. Description: Low-strength-concrete, flowable-slurry mix. 

1. Cement: ASTM C150, Type I, portland. 

2. Density:  115- to 145-lb/cu. ft.. 

3. Aggregates: 

a. ASTM C33, natural sand, fine and crushed gravel or stone, coarse. 

4. Admixture: ASTM C618, fly-ash mineral. 

5. Water: Comply with ASTM C94/C94M. 

6. Strength:  100 to 200 psig at 28 days. 
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7. Color:  

a. Electrical Power Lines and Cables:  Red. 

b. Fiber Optics, Communications, Alarms:  Orange. 

PART 3 - EXECUTION 

3.01 PREPARATION 

A. Coordinate layout and installation of duct, duct bank, manholes, handholes, and boxes with final arrangement of 

other utilities, site grading, and surface features as determined in the field. Notify Architect if there is a conflict 

between areas of excavation and existing structures or archaeological sites to remain. 

B. Coordinate elevations of duct and duct-bank entrances into manholes, handholes, and boxes with final locations 

and profiles of duct and duct banks, as determined by coordination with other utilities, underground obstructions, 

and surface features. Revise locations and elevations as required to suit field conditions and to ensure that duct 

and duct bank will drain to manholes and handholes, and as approved by Architect. 

3.02 UNDERGROUND DUCT APPLICATION 

A. Duct for Electrical Cables More Than 600 V:  Type EPC-80-PVC RNC, direct-buried unless otherwise 

indicated. 

B. Duct for Electrical Feeders 600 V and Less:  Type EPC-80-PVC RNC, direct-buried unless otherwise indicated. 

C. Duct for Electrical Branch Circuits:  Type EPC-40-PVC RNC, direct-buried unless otherwise indicated. 

D. Stub-ups: Concrete-encased RNC. 

3.03 UNDERGROUND ENCLOSURE APPLICATION 

A. Handholes and Boxes for 600 V and Less: 

1. Units in Driveway, Parking Lot, and Off-Roadway Locations, Subject to Occasional, Nondeliberate 

Loading by Heavy Vehicles:  Polymer concrete, SCTE 77, Tier 22 structural load rating. 

2. Units in Sidewalk and Similar Applications with a Safety Factor for Nondeliberate Loading by Vehicles: 

Polymer concrete units, SCTE 77, Tier 22 structural load rating. 

3. Cover design load shall not exceed the design load of the handhole or box. 

3.04 EARTHWORK 

A. Excavation and Backfill: Comply with Section 312000 "Earth Moving," but do not use heavy-duty, hydraulic-

operated, compaction equipment. 

B. Restoration: Replace area immediately after backfilling is completed or after construction vehicle traffic in 

immediate area is complete. 

C. Restore surface features at areas disturbed by excavation and re-establish original grades unless otherwise 

indicated. Replace removed sod immediately after backfilling is completed. 

D. Restore areas disturbed by trenching, storing of dirt, cable laying, and other work. Restore vegetation and 

include necessary topsoiling, fertilizing, liming, seeding, sodding, sprigging, and mulching.  

E. Cut and patch existing pavement in the path of underground duct, duct bank, and underground structures. 
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3.05 DUCT AND DUCT-BANK INSTALLATION 

A. Where indicated on Drawings, install duct, spacers, and accessories into the duct-bank configuration shown. 

Duct installation requirements in this Section also apply to duct bank. 

B. Install duct according to NEMA TCB 2. 

C. Slope: Pitch duct a minimum slope of 1:300 down toward manholes and handholes and away from buildings and 

equipment. Slope duct from a high point between two manholes, to drain in both directions. 

D. Curves and Bends: Use 5-degree angle couplings for small changes in direction. Use manufactured long sweep 

bends with a minimum radius of 48 inches, both horizontally and vertically, at other locations unless otherwise 

indicated. 

1. Duct shall have maximum of two 90 degree bends or the total of all bends shall be no more 180 degrees 

between pull points. 

E. Joints: Use solvent-cemented joints in duct and fittings and make watertight according to manufacturer's written 

instructions. Stagger couplings so those of adjacent duct do not lie in same plane. 

F. End Bell Entrances to Manholes and Concrete and Polymer Concrete Handholes: Use end bells, spaced 

approximately 10 inches o.c. for 5-inch duct, and vary proportionately for other duct sizes. 

1. Begin change from regular spacing to end-bell spacing 10 feet from the end bell, without reducing duct 

slope and without forming a trap in the line. 

2. Expansion and Deflection Fittings: Install an expansion and deflection fitting in each duct in the area of 

disturbed earth adjacent to manhole or handhole. Install an expansion fitting near the center of all straight 

line direct-buried duct with calculated expansion of more than 3/4 inch. 

3. Grout end bells into structure walls from both sides to provide watertight entrances. 

G. Sealing: Provide temporary closure at terminations of duct with pulled cables. Seal spare duct at terminations. 

Use sealing compound and plugs to withstand at least 15-psig hydrostatic pressure. 

H. Pulling Cord: Install 200-lbf-test nylon cord in empty ducts. 

I. Direct-Buried Duct and Duct Bank: 

1. Excavate trench bottom to provide firm and uniform support for duct. Comply with requirements in 

Section 312000 "Earth Moving" for preparation of trench bottoms for pipes less than 6 inches in nominal 

diameter. 

2. Width: Excavate trench 3 inches wider than duct on each side. 

3. Depth: Install top of duct at least 36 inches below finished grade unless otherwise indicated. Where cover 

over top of piping is less than required depth, cover with flowable fill up to 6 inches below finished 

grade. 

4. Support ducts on duct spacers coordinated with duct size, duct spacing, and outdoor temperature. 

5. Spacer Installation: Place spacers close enough to prevent sagging and deforming of duct, with not less 

than four spacers per 20 feet of duct. Place spacers within 24 inches of duct ends. Stagger spacers 

approximately 6 inches between tiers. Secure spacers to earth and to ducts to prevent floating during 

concreting. Tie entire assembly together using fabric straps; do not use tie wires or reinforcing steel that 

may form conductive or magnetic loops around ducts or duct groups. 

6. Install duct with a minimum of 3 inches between ducts for like services and 6 inches between power and 

communications duct. 

7. After installing first tier of duct, backfill and compact. Start at tie-in point and work toward end of duct 

run, leaving ducts at end of run free to move with expansion and contraction as temperature changes 

during this process. Repeat procedure after placing each tier. After placing last tier, hand place backfill to 
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4 inches (100 mm) over duct and hand tamp. Firmly tamp backfill around ducts to provide maximum 

supporting strength. Use hand tamper only. After placing controlled backfill over final tier, make final 

duct connections at end of run and complete backfilling with normal compaction. Comply with 

requirements in Section 312000 "Earth Moving" for installation of backfill materials. 

a. Place minimum 3 inches of sand as a bed for duct. Place sand to a minimum of 6 inches above top 

level of duct. 

J. Underground-Line Warning Tape: Bury conducting underground line specified in Section 260553 "Identification 

for Electrical Systems" no less than 12 inches above all duct and duct banks and approximately 12 inches below 

grade. Align tape parallel to and within 3 inches of centerline of duct bank. Provide an additional warning tape 

for each 12-inch increment of duct-bank width over a nominal 18 inches. Space additional tapes 12 inches apart, 

horizontally. 

3.06 INSTALLATION OF HANDHOLES AND BOXES OTHER THAN PRECAST CONCRETE 

A. Install handholes and boxes level and plumb and with orientation and depth coordinated with connecting duct, to 

minimize bends and deflections required for proper entrances. Use box extension if required to match depths of 

duct, and seal joint between box and extension as recommended by manufacturer. 

B. Unless otherwise indicated, support units on a level bed of crushed stone or gravel, graded from 1/2-inch sieve to 

No. 4 sieve and compacted to same density as adjacent undisturbed earth. 

C. Elevation: In paved areas and trafficways, set cover flush with finished grade. Set covers of other handholes 1 

inch above finished grade. 

D. Install removable hardware, including pulling eyes, cable stanchions, cable arms, and insulators, as required for 

installation and support of cables and conductors and as indicated. Select arm lengths to be long enough to 

provide spare space for future cables, but short enough to preserve adequate working clearances in enclosure. 

E. Field cut openings for duct according to enclosure manufacturer's written instructions. Cut wall of enclosure with 

a tool designed for material to be cut. Size holes for terminating fittings to be used, and seal around penetrations 

after fittings are installed. 

F. Form and pour a concrete ring encircling, and in contact with, enclosure and with top surface screeded to top of 

box cover frame. Bottom of ring shall rest on compacted earth. 

1. Concrete: 3000 psi, 28-day strength, complying with Division 03 "Cast-in-Place Concrete," with a 

troweled finish. 

3.07 GROUNDING 

A. Ground underground ducts and utility structures according to Section 260526 "Grounding and Bonding for 

Electrical Systems." 

3.08 CLEANING 

A. Pull leather-washer-type duct cleaner, with graduated washer sizes, through full length of duct until duct cleaner 

indicates that duct is clear of dirt and debris. Follow with rubber duct swab for final cleaning and to assist in 

spreading lubricant throughout ducts. 

END OF SECTION 260543 
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SECTION 260544 - SLEEVES AND SLEEVE SEALS FOR ELECTRICAL RACEWAYS AND CABLING 

PART 1 - GENERAL 

1.01 SUMMARY 

A. Section Includes: 

1. Round sleeves. 
2. Rectangular sleeves. 

3. Sleeve seal systems. 

4. Grout. 

PART 2 - PRODUCTS 

2.01 ROUND SLEEVES 

A. Wall Sleeves, Steel: 

1. Description: ASTM A53/A53M, Type E, Grade B, Schedule 40, zinc coated, plain ends and integral 

waterstop. 

2.02 RECTANGULAR SLEEVES 

A. Sheet Metal Sleeves, Galvanized Steel, Rectangular: 

1. Description: 

a. Material: Galvanized sheet steel. 
b. Minimum Metal Thickness: 

1) For sleeve cross-section rectangle perimeter less than 50 inch and with no side larger than 

16 inch, thickness must be 0.052 inch. 

2) For sleeve cross-section rectangle perimeter not less than 50 inch or with one or more sides 

larger than 16 inch, thickness must be 0.138 inch. 

2.03 SLEEVE SEAL SYSTEMS 

A. Description: Modular sealing device, designed for field assembly, to fill annular space between sleeve and 

raceway or cable or between raceway and cable. 

1. Sealing Elements: EPDM rubber interlocking links shaped to fit surface of pipe. Include type and number 

required for pipe material and size of pipe. 

2. Pressure Plates:  Stainless steel. 
3. Connecting Bolts and Nuts:  Stainless steel of length required to secure pressure plates to sealing 

elements. 

2.04 GROUT 

A. Description: Nonshrink; recommended for interior and exterior sealing openings in non-fire-rated walls or floors. 

1. Standard: ASTM C1107/C1107M, Grade B, post-hardening and volume-adjusting, dry, hydraulic-cement 

grout. 

2. Design Mix: 5000 psi, 28-day compressive strength. 

3. Packaging: Premixed and factory packaged. 
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PART 3 - EXECUTION 

3.01 INSTALLATION OF SLEEVES FOR NON-FIRE-RATED ELECTRICAL PENETRATIONS 

A. Sleeves for Conduits Penetrating Above-Grade, Non-Fire-Rated, Concrete and Masonry-Unit Floors and Walls: 

1. Interior Penetrations of Non-Fire-Rated Walls and Floors: 

a. Seal space outside of sleeves with mortar or grout. Pack sealing material solidly between sleeve 
and wall or floor so no voids remain. Tool exposed surfaces smooth; protect material while curing. 

b. Seal annular space between sleeve and raceway or cable, using joint sealant appropriate for size, 

depth, and location of joint. Comply with requirements in Division 07 "Joint Sealants." 

2. Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening. 

3. Size pipe sleeves to provide 1/4 inch annular clear space between sleeve and raceway or cable, unless 

sleeve seal system is to be installed. 

4. Install sleeves for wall penetrations unless core-drilled holes or formed openings are used. Install sleeves 

during erection of walls. Cut sleeves to length for mounting flush with both surfaces of walls. Deburr 

after cutting. 

B. Roof-Penetration Sleeves: Seal penetration of individual raceways and cables with flexible boot-type flashing 

units applied in coordination with roofing work. 

C. Aboveground, Exterior-Wall Penetrations: Seal penetrations using steel pipe sleeves and mechanical sleeve seal 
systems. Size sleeves to allow for 1 inch annular clear space between pipe and sleeve for installing mechanical 

sleeve seals. 

3.02 INSTALLATION OF RECTANGULAR SLEEVES AND SLEEVE SEALS 

A. Install sleeves in existing walls without compromising structural integrity of walls. Do not cut structural 

elements without reinforcing the wall to maintain the designed weight bearing and wall stiffness. 

B. Install conduits and cable with no crossings within the sleeve. 

C. Fill opening around conduits and cables with expanding foam without leaving voids. 

D. Provide metal sheet covering at both wall surfaces and finish to match surrounding surfaces. Metal sheet must be 

same material as sleeve. 

3.03 INSTALLATION OF SLEEVE SEAL SYSTEMS 

A. Install sleeve seal systems in sleeves in exterior concrete walls and slabs-on-grade at raceway entries into 
building. 

B. Install type and number of sealing elements recommended by manufacturer for raceway or cable material and 

size. Position raceway or cable in center of sleeve. Assemble mechanical sleeve seals and install in annular space 

between raceway or cable and sleeve. Tighten bolts against pressure plates that cause sealing elements to expand 

and make watertight seal. 

END OF SECTION 260544 
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SECTION 260553 - IDENTIFICATION FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.01 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and 

Division 01 Specification Sections, apply to this Section. 

1.02 SUMMARY 

A. Section Includes: 

1. Color and legend requirements for raceways, conductors, and warning labels and signs. 

2. Labels. 

3. Tapes and stencils. 

4. Signs. 

5. Paint for identification. 

1.03 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Delegated-Design Submittal: For arc-flash hazard study. 

PART 2 - PRODUCTS 

2.01 PERFORMANCE REQUIREMENTS 

A. Comply with NFPA 70. 

B. Comply with 29 CFR 1910.144 and 29 CFR 1910.145. 

C. Comply with ANSI Z535.4 for safety signs and labels. 

D. Comply with NFPA 70E and Section 260573.19 "Arc-Flash Hazard Analysis" requirements for arc-flash 

warning labels. 

E. Adhesive-attached labeling materials, including label stocks, laminating adhesives, and inks used by label 

printers, shall comply with UL 969. 

2.02 COLOR AND LEGEND REQUIREMENTS 

A. Raceways and Cables Carrying Circuits at 600 V or Less: 

1. Black letters on an white field. 

2. Legend: Indicate voltage and system or service type. 

B. Color-Coding for Phase- and Voltage-Level Identification, 600 V or Less: Use colors listed below for 

ungrounded service, feeder, and branch-circuit conductors. 

1. Color shall be factory applied or field applied for sizes larger than No. 8 AWG if authorities having 

jurisdiction permit. 

2. Colors for 208/120-V Circuits: 
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a. Phase A: Black. 

b. Phase B: Red. 

c. Phase C: Blue. 

3. Colors for 240-V Circuits: 

a. Phase A: Black. 
b. Phase B: Red. 

4. Colors for 480/277-V Circuits: 

a. Phase A: Brown. 

b. Phase B: Orange. 

c. Phase C: Yellow. 

5. Color for Neutral: White. 

6. Color for Equipment Grounds:  Bare copper or Green. 

C. Raceways and Cables Carrying Circuits at More Than 600 V: 

1. Black letters on an orange field. 

2. Legend: "DANGER - CONCEALED HIGH VOLTAGE WIRING." 

D. Warning Label Colors: 

1. Identify system voltage with black letters on an orange background. 

E. Warning labels and signs shall include, but are not limited to, the following legends: 

1. Multiple Power Source Warning: "DANGER - ELECTRICAL SHOCK HAZARD - EQUIPMENT HAS 

MULTIPLE POWER SOURCES." 

2. Workspace Clearance Warning: "WARNING - OSHA REGULATION - AREA IN FRONT OF 

ELECTRICAL EQUIPMENT MUST BE KEPT CLEAR FOR 36 INCHES." 

F. Equipment Identification Labels: 

1. White letters on a black field. 

 

2.03 LABELS 

A. Self-Adhesive Wraparound Labels: Preprinted, 3-mil-thick, vinyl flexible label with acrylic pressure-sensitive 

adhesive. 

B. Self-Adhesive Labels:  Vinyl, thermal, transfer-printed, 3-mil-thick, multicolor, weather- and UV-resistant, 

pressure-sensitive adhesive labels, configured for intended use and location. 

1. Minimum Nominal Size: 

a. 1-1/2 by 6 inches for raceway and conductors. 

b. 3-1/2 by 5 inches for equipment. 

c. As required by authorities having jurisdiction. 
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2.04 TAPES AND STENCILS 

A. Marker Tapes: Vinyl or vinyl-cloth, self-adhesive wraparound type, with circuit identification legend machine 

printed by thermal transfer or equivalent process. 

B. Self-Adhesive Vinyl Tape: Colored, heavy duty, waterproof, fade resistant; not less than 3 mils thick by 1 to 2 

inches wide; compounded for outdoor use. 

C. Tape and Stencil: 4-inch-wide black stripes on 10-inch centers placed diagonally over orange background and 

are 12 inches wide. Stop stripes at legends. 

D. Floor Marking Tape: 2-inch-wide, 5-mil pressure-sensitive vinyl tape, with yellow and black stripes and clear 

vinyl overlay. 

E. Underground-Line Warning Tape: 

1. Tape: 

a. Recommended by manufacturer for the method of installation and suitable to identify and locate 

underground electrical and communications utility lines. 

b. Printing on tape shall be permanent and shall not be damaged by burial operations. 

c. Tape material and ink shall be chemically inert and not subject to degradation when exposed to 

acids, alkalis, and other destructive substances commonly found in soils. 

2. Color and Printing: 

a. Comply with ANSI Z535.1, ANSI Z535.2, ANSI Z535.3, ANSI Z535.4, and ANSI Z535.5. 

b. Inscriptions for Red-Colored Tapes: "ELECTRIC LINE, HIGH VOLTAGE". 

c. Inscriptions for Orange-Colored Tapes: "TELEPHONE CABLE, CATV CABLE, 

COMMUNICATIONS CABLE, OPTICAL FIBER CABLE". 

3. Description: : 

a. Detectable three-layer laminate, consisting of a printed pigmented polyolefin film, a solid 

aluminum-foil core, and a clear protective film that allows inspection of the continuity of the 

conductive core; bright colored, compounded for direct-burial service. 

b. Width: 3 inches. 

c. Overall Thickness: 5 mils. 

d. Foil Core Thickness: 0.35 mil. 
e. Weight: 28 lb/1000 sq. ft.. 

f. Tensile according to ASTM D 882: 70 lbf and 4600 psi. 

2.05 SIGNS 

A. Laminated Acrylic or Melamine Plastic Signs: 

1. Engraved legend. 

2. Thickness: 

a. For signs up to 20 sq. in., minimum 1/16 inch thick. 

b. For signs larger than 20 sq. in., 1/8 inch thick. 

c. Engraved legend with black letters on white face. 

d. Punched or drilled for mechanical fasteners with 1/4-inch grommets in corners for mounting. 

e. Framed with mitered acrylic molding and arranged for attachment at applicable equipment. 
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2.06 MISCELLANEOUS IDENTIFICATION PRODUCTS 

A. Paint: Comply with requirements in painting Sections for paint materials and application requirements. Retain 

paint system applicable for surface material and location (exterior or interior). 

B. Fasteners for Labels and Signs: Self-tapping, stainless-steel screws or stainless-steel machine screws with nuts 

and flat and lock washers. 

PART 3 - EXECUTION 

3.01 PREPARATION 

A. Self-Adhesive Identification Products: Before applying electrical identification products, clean substrates of 

substances that could impair bond, using materials and methods recommended by manufacturer of identification 

product. 

3.02 INSTALLATION 

A. Verify and coordinate identification names, abbreviations, colors, and other features with requirements in other 

Sections requiring identification applications, Drawings, Shop Drawings, manufacturer's wiring diagrams, and 

operation and maintenance manual. Use consistent designations throughout Project. 

B. Install identifying devices before installing acoustical ceilings and similar concealment. 

C. Verify identity of each item before installing identification products. 

D. Coordinate identification with Project Drawings, manufacturer's wiring diagrams, and operation and 
maintenance manual. 

E. Apply identification devices to surfaces that require finish after completing finish work. 

F. Install signs with approved legend to facilitate proper identification, operation, and maintenance of electrical 

systems and connected items. 

G. System Identification for Raceways and Cables under 600 V: Identification shall completely encircle cable or 

conduit. Place identification of two-color markings in contact, side by side. 

1. Secure tight to surface of conductor, cable, or raceway. 

H. System Identification for Raceways and Cables over 600 V: Identification shall completely encircle cable or 

conduit. Place adjacent identification of two-color markings in contact, side by side. 

1. Secure tight to surface of conductor, cable, or raceway. 

I. Auxiliary Electrical Systems Conductor Identification: Identify field-installed alarm, control, and signal 
connections. 

J. Emergency Operating Instruction Signs: Install instruction signs with white legend on a red background with 

minimum 3/8-inch-high letters for emergency instructions at equipment used for power transfer and emergency 

operations. 

K. Elevated Components: Increase sizes of labels, signs, and letters to those appropriate for viewing from the floor. 

L. Accessible Fittings for Raceways: Identify the covers of each junction and pull box of the following systems 

with the wiring system legend and system voltage. System legends shall be as follows: 
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1. "EMERGENCY POWER." 

2. “LEGALLY REQUIRED STANDBY” 

3. "POWER." 

4. “OPTIONAL STANDBY” 

M. Self-Adhesive Wraparound Labels: Secure tight to surface at a location with high visibility and accessibility. 

N. Self-Adhesive Labels: 

1. On each item, install unique designation label that is consistent with wiring diagrams, schedules, and 

operation and maintenance manual. 

2. Unless otherwise indicated, provide a single line of text with 1/2-inch-high letters on 1-1/2-inch-high 

label; where two lines of text are required, use labels 2 inches high. 

O. Marker Tapes: Secure tight to surface at a location with high visibility and accessibility. 

P. Self-Adhesive Vinyl Tape: Secure tight to surface at a location with high visibility and accessibility. 

1. Field-Applied, Color-Coding Conductor Tape: Apply in half-lapped turns for a minimum distance of 6 

inches where splices or taps are made. Apply last two turns of tape with no tension to prevent possible 

unwinding. 

Q. Tape and Stencil: Comply with requirements in painting Sections for surface preparation and paint application. 

R. Floor Marking Tape: Apply stripes to finished surfaces following manufacturer's written instructions. 

S. Underground Line Warning Tape: 

1. During backfilling of trenches, install continuous underground-line warning tape directly above cable or 

raceway at 6 to 8 inches below finished grade. Use multiple tapes where width of multiple lines installed 

in a common trench or concrete envelope exceeds 16 inches overall. 

2. Limit use of underground-line warning tape to direct-buried cables. 

3. Install underground-line warning tape for direct-buried cables and cables in raceways. 

T. Nonmetallic Preprinted Tags: 

1. Place in a location with high visibility and accessibility. 

2. Secure using UV-stabilized cable ties. 

U. Laminated Acrylic or Melamine Plastic Signs: 

1. Attach signs that are not self-adhesive type with mechanical fasteners appropriate to the location and 
substrate. 

2. Unless otherwise indicated, provide a single line of text with 1/2-inch-high letters on 1-1/2-inch-high 

sign; where two lines of text are required, use labels 2 inches high. 

3.03 IDENTIFICATION SCHEDULE 

A. Install identification materials and devices at locations for most convenient viewing without interference with 

operation and maintenance of equipment. Install access doors or panels to provide view of identifying devices. 

B. Identify conductors, cables, and terminals in enclosures and at junctions, terminals, pull points, and locations of 

high visibility. Identify by system and circuit designation. 
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C. Concealed Raceways, Duct Banks, more than 600 V, within Buildings: Tape and stencil. Stencil legend 

"DANGER - CONCEALED HIGH-VOLTAGE WIRING" with 3-inch-high, black letters on 20-inch centers. 

1. Locate identification at changes in direction, at penetrations of walls and floors, and at 10-foot maximum 

intervals. 

D. Accessible Raceways, Armored and Metal-Clad Cables, More Than 600 V:  Self-adhesive labels. 

1. Locate identification at changes in direction, at penetrations of walls and floors, at 50-foot maximum 

intervals in straight runs, and at 25-foot maximum intervals in congested areas. 

E. Accessible Raceways and Metal-Clad Cables, 600 V or Less, for Service, Feeder, and Branch Circuits, More 

Than 30 A and 120 V to Ground: Identify with self-adhesive wraparound labels. 

1. Locate identification at changes in direction, at penetrations of walls and floors, at 50-foot maximum 

intervals in straight runs, and at 25-foot maximum intervals in congested areas. 

F. Accessible Fittings for Raceways and Cables within Buildings: Identify the covers of each junction and pull box 

of the following systems with self-adhesive labels containing the wiring system legend, circuit designation, and 

system voltage. System legends shall be as follows: 

1. "EMERGENCY POWER." 

2. "POWER." 

3. “LEGALLY REQUIRED STANDBY” 
4. “OPTIONAL STANDBY” 

G. Power-Circuit Conductor Identification, 600 V or Less: For conductors in vaults, pull and junction boxes, 

manholes, and handholes, use self-adhesive vinyl tape to identify the phase. 

1. Locate identification at changes in direction, at penetrations of walls and floors, at 50-foot maximum 

intervals in straight runs, and at 25-foot maximum intervals in congested areas. 

H. Power-Circuit Conductor Identification, More Than 600 V: For conductors in vaults, pull and junction boxes, 

manholes, and handholes, use nonmetallic preprinted tags colored and marked to indicate phase, and a separate 

tag with the circuit designation. 

I. Control-Circuit Conductor Identification: For conductors and cables in pull and junction boxes, manholes, and 

handholes, use self-adhesive labels with the conductor or cable designation, origin, and destination. 

J. Control-Circuit Conductor Termination Identification: For identification at terminations, provide self-adhesive 
labels with the conductor designation. 

K. Auxiliary Electrical Systems Conductor Identification: Marker tape that is uniform and consistent with system 

used by manufacturer for factory-installed connections. 

1. Identify conductors, cables, and terminals in enclosures and at junctions, terminals, and pull points. 

Identify by system and circuit designation. 

L. Locations of Underground Lines: Underground-line warning tape for power, lighting, communication, and 

control wiring and optical-fiber cable. 

M. Workspace Indication: Apply floor marking tape and stencil to finished surfaces. Show working clearances in 

the direction of access to live parts. Workspace shall comply with NFPA 70 and 29 CFR 1926.403 unless 

otherwise indicated. Do not install at flush-mounted panelboards and similar equipment in finished spaces. 
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N. Instructional Signs: Self-adhesive labels, including the color code for grounded and ungrounded conductors. 

O. Warning Labels for Indoor Cabinets, Boxes, and Enclosures for Power and Lighting: Self-adhesive labels. 

1. Apply to exterior of door, cover, or other access. 

2. For equipment with multiple power or control sources, apply to door or cover of equipment, including, 

but not limited to, the following: 

a. Power-transfer switches. 

b. Controls with external control power connections. 

P. Arc Flash Warning Labeling: Self-adhesive labels. 

Q. Operating Instruction Signs:  Laminated acrylic or melamine plastic signs. 

R. Emergency Operating Instruction Signs:  Laminated acrylic or melamine plastic signs with white legend on a red 

background with minimum 3/8-inch-high letters for emergency instructions at equipment used for power 

transfer. 

S. Equipment Identification Labels: 

1. Indoor Equipment:  Laminated acrylic or melamine plastic sign. 

2. Outdoor Equipment: Laminated acrylic or melamine sign. 

3. Equipment to Be Labeled: 

a. Panelboards: Typewritten directory of circuits in the location provided by panelboard 
manufacturer. Panelboard identification shall be in the form of a self-adhesive, engraved, 

laminated acrylic or melamine label. 

b. Enclosures and electrical cabinets. 

c. Access doors and panels for concealed electrical items. 

d. Switchboards. 

e. Transformers: Label that includes tag designation indicated on Drawings for the transformer, 

feeder, and panelboards or equipment supplied by the secondary. 

f. Emergency system boxes and enclosures. 

g. Motor-control centers. 

h. Enclosed switches. 

i. Enclosed circuit breakers. 
j. Enclosed controllers. 

k. Variable-speed controllers. 

l. Power-transfer equipment. 

m. Contactors. 

n. Battery-inverter units. 

o. Battery racks. 

p. Power-generating units. 

q. Monitoring and control equipment. 

r. UPS equipment. 

END OF SECTION 260553 



 

 

SECTION 260553 - IDENTIFICATION FOR ELECTRICAL SYSTEMS (continued): 

Deane Bozeman School  

Classroom Addition & Site Work 

260553 - 8 

This Page Intentionally Left Blank. 



 

 

 

Deane Bozeman School  

Classroom Addition & Site Work 

260573.13 - 1 

SECTION 260573.13 - SHORT-CIRCUIT STUDIES 

PART 1 - GENERAL 

1.01 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and 

Division 01 Specification Sections, apply to this Section. 

1.02 SUMMARY 

A. Section includes a computer-based, fault-current study to determine the minimum interrupting capacity of circuit 

protective devices. 

1.03 DEFINITIONS 

A. Existing to Remain: Existing items of construction that are not to be removed and that are not otherwise 

indicated to be removed and salvaged, or removed and reinstalled. Existing to remain items shall remain 

functional throughout the construction period. 

B. Field Adjusting Agency: An independent electrical testing agency with full-time employees and the capability to 

adjust devices and conduct testing indicated and that is a member company of NETA. 

C. One-Line Diagram: A diagram that shows, by means of single lines and graphic symbols, the course of an 

electric circuit or system of circuits and the component devices or parts used therein. 

D. Power System Analysis Software Developer: An entity that commercially develops, maintains, and distributes 
computer software used for power system studies. 

E. Power Systems Analysis Specialist: Professional engineer in charge of performing the study and documenting 

recommendations, licensed in the state where Project is located. 

F. Protective Device: A device that senses when an abnormal current flow exists and then removes the affected 

portion of the circuit from the system. 

G. SCCR: Short-circuit current rating. 

H. Service: The conductors and equipment for delivering electric energy from the serving utility to the wiring 

system of the premises served. 

I. Single-Line Diagram: See "One-Line Diagram." 

1.04 ACTION SUBMITTALS 

A. Product Data: 

1. For computer software program to be used for studies. 

2. Submit the following after the approval of system protective devices submittals. Submittals shall be in 

digital form. 

a. Short-circuit study input data, including completed computer program input data sheets. 

b. Short-circuit study and equipment evaluation report; signed, dated, and sealed by a qualified 

professional engineer. 
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1) Submit study report for action prior to receiving final approval of distribution equipment 

submittals. If formal completion of studies will cause delay in equipment manufacturing, 

obtain approval from Architect for preliminary submittal of sufficient study data to ensure 

that selection of devices and associated characteristics is satisfactory. 

2) Revised one-line diagram, reflecting field investigation results and results of short-circuit 
study. 

1.05 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: 

1. For overcurrent protective devices to include in emergency, operation, and maintenance manuals. 

2. The following are from the Short-Circuit Study Report: 

a. Final one-line diagram. 

b. Final Short-Circuit Study Report. 

c. Short-circuit study data files. 

d. Power system data. 

1.06 QUALITY ASSURANCE 

A. Study shall be performed using commercially developed and distributed software designed specifically for power 

system analysis. 

B. Software algorithms shall comply with requirements of standards and guides specified in this Section. 

C. Manual calculations are unacceptable. 

1. Power System Analysis Software Qualifications: Computer program shall be designed to perform short-

circuit studies or have a function, component, or add-on module designed to perform short-circuit studies. 

2. Computer program shall be developed under the charge of a licensed professional engineer who holds 

IEEE Computer Society's Certified Software Development Professional certification. 

D. Power Systems Analysis Specialist Qualifications: Professional engineer licensed in the state where Project is 

located. All elements of the study shall be performed under the direct supervision and control of this professional 

engineer. 

E. Short-Circuit Study Certification: Short-Circuit Study Report shall be signed and sealed by Power Systems 

Analysis Specialist. 

PART 2 - PRODUCTS 

2.01 POWER SYSTEM ANALYSIS SOFTWARE DEVELOPERS 

2.02 Manufacturers: Subject to compliance with requirements, provide products by one of the following: 

1. EasyPower, LLC (formerly ESA Inc.). 

2. Power Analytics, Corporation. 

3. SKM Systems Analysis, Inc. 

B. Comply with IEEE 399 and IEEE 551. 

http://www.specagent.com/Lookup?ulid=1919
http://www.specagent.com/Lookup?uid=123457172779
http://www.specagent.com/Lookup?uid=123457100634
http://www.specagent.com/Lookup?uid=123457100635
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1. Analytical features of power systems analysis software program shall have capability to calculate 

"mandatory," "very desirable," and "desirable" features as listed in IEEE 399. 

C. Computer software program shall be capable of plotting and diagramming time-current-characteristic curves as 

part of its output. 

2.03 SHORT-CIRCUIT STUDY REPORT CONTENTS 

A. Executive summary of study findings. 

B. Study descriptions, purpose, basis, and scope. Include case descriptions, definition of terms, and guide for 

interpretation of results. 

C. One-line diagram of modeled power system, showing the following: 

1. Protective device designations and ampere ratings. 

2. Conductor types, sizes, and lengths. 

3. Transformer kilovolt ampere (kVA) and voltage ratings. 

4. Motor and generator designations and kVA ratings. 

5. Switchgear, switchboard, motor-control center, and panelboard designations and ratings. 

6. Derating factors and environmental conditions. 

7. Any revisions to electrical equipment required by the study. 

D. Comments and recommendations for system improvements or revisions in a written document, separate from 
one-line diagram. 

E. Protective Device Evaluation: 

1. Evaluate equipment and protective devices and compare to available short-circuit currents. Verify that 

equipment withstand ratings exceed available short-circuit current at equipment installation locations. 

2. Tabulations of circuit breaker, fuse, and other protective device ratings versus calculated short-circuit 

duties. 

3. For 600-V overcurrent protective devices, ensure that interrupting ratings are equal to or higher than 

calculated 1/2-cycle symmetrical fault current. 

4. For devices and equipment rated for asymmetrical fault current, apply multiplication factors listed in 

standards to 1/2-cycle symmetrical fault current. 

5. Verify adequacy of phase conductors at maximum three-phase bolted fault currents; verify adequacy of 
equipment grounding conductors and grounding electrode conductors at maximum ground-fault currents. 

Ensure that short-circuit withstand ratings are equal to or higher than calculated 1/2-cycle symmetrical 

fault current. 

F. Short-Circuit Study Input Data: 

1. One-line diagram of system being studied. 

2. Power sources available. 

3. Manufacturer, model, and interrupting rating of protective devices. 

4. Conductors. 

5. Transformer data. 

G. Short-Circuit Study Output Reports: 

1. Low-Voltage Fault Report: Three-phase and unbalanced fault calculations, showing the following for 

each overcurrent device location: 

a. Voltage. 
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b. Calculated fault-current magnitude and angle. 

c. Fault-point X/R ratio. 

d. Equivalent impedance. 

2. Momentary Duty Report: Three-phase and unbalanced fault calculations, showing the following for each 

overcurrent device location: 

a. Voltage. 

b. Calculated symmetrical fault-current magnitude and angle. 

c. Fault-point X/R ratio. 

d. Calculated asymmetrical fault currents: 

1) Based on fault-point X/R ratio. 

2) Based on calculated symmetrical value multiplied by 1.6. 

3) Based on calculated symmetrical value multiplied by 2.7. 

3. Interrupting Duty Report: Three-phase and unbalanced fault calculations, showing the following for each 

overcurrent device location: 

a. Voltage. 

b. Calculated symmetrical fault-current magnitude and angle. 

c. Fault-point X/R ratio. 
d. No AC Decrement (NACD) ratio. 

e. Equivalent impedance. 

f. Multiplying factors for 2-, 3-, 5-, and 8-cycle circuit breakers rated on a symmetrical basis. 

g. Multiplying factors for 2-, 3-, 5-, and 8-cycle circuit breakers rated on a total basis. 

PART 3 - EXECUTION 

3.01 POWER SYSTEM DATA 

A. Obtain all data necessary for conduct of the study. 

1. Verify completeness of data supplied on one-line diagram. Call any discrepancies to Architect's attention. 

2. For equipment included as Work of this Project, use characteristics submitted under provisions of action 

submittals and information submittals for this Project. 

3. For relocated equipment and that which is existing to remain, obtain required electrical distribution 
system data by field investigation and surveys, conducted by qualified technicians and engineers. 

Qualifications of technicians and engineers shall be as defined by NFPA 70E. 

B. Gather and tabulate the required input data to support the short-circuit study. Comply with requirements in 

Division 01 "Project Record Documents" for recording circuit protective device characteristics. Record data on a 

Record Document copy of one-line diagram. Comply with recommendations in IEEE 551 as to the amount of 

detail that is required to be acquired in the field. Field data gathering shall be under direct supervision and 

control of the engineer in charge of performing the study, and shall be by the engineer or its representative who 

holds NETA ETT-Certified Technician Level III or NICET Electrical Power Testing Level III certification. Data 

include, but are not limited to, the following: 

1. Product Data for Project's overcurrent protective devices involved in overcurrent protective device 

coordination studies. Use equipment designation tags that are consistent with electrical distribution 

system diagrams, overcurrent protective device submittals, input and output data, and recommended 
device settings. 

2. Obtain electrical power utility impedance at the service. 

3. Power sources and ties. 
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4. For transformers, include kVA, primary and secondary voltages, connection type, impedance, X/R ratio, 

taps measured in percent, and phase shift. 

5. For circuit breakers and fuses, provide manufacturer and model designation. List type of breaker, type of 

trip, SCCR, current rating, and breaker settings. 

6. Generator short-circuit current contribution data, including short-circuit reactance, rated kVA, rated 
voltage, and X/R ratio. 

7. Busway manufacturer and model designation, current rating, impedance, lengths, and conductor material. 

8. Motor horsepower and NEMA MG 1 code letter designation. 

9. Conductor sizes, lengths, number, conductor material and conduit material (magnetic or nonmagnetic). 

10. Derating factors. 

3.02 SHORT-CIRCUIT STUDY 

A. Perform study following the general study procedures contained in IEEE 399. 

B. Calculate short-circuit currents according to IEEE 551. 

C. Base study on device characteristics supplied by device manufacturer. 

D. Begin short-circuit current analysis at the service, extending down to system overcurrent protective devices as 

follows: 

1. To normal system low-voltage load buses where fault current is 10 kA or less. 
2. Exclude equipment rated 240 V ac or less when supplied by a single transformer rated less than 125 kVA. 

E. Study electrical distribution system from normal and alternate power sources throughout electrical distribution 

system for Project. Study all cases of system-switching configurations and alternate operations that could result 

in maximum fault conditions. 

F. Include the ac fault-current decay from induction motors, synchronous motors, and asynchronous generators and 

apply to low- and medium-voltage, three-phase ac systems. Also account for the fault-current dc decrement to 

address asymmetrical requirements of interrupting equipment. 

G. Calculate short-circuit momentary and interrupting duties for a three-phase bolted fault and a single line-to-

ground fault at each equipment indicated on one-line diagram. 

1. For grounded systems, provide a bolted line-to-ground fault-current study for areas as defined for the 

three-phase bolted fault short-circuit study. 

H. Include in the report identification of any protective device applied outside its capacity. 

END OF SECTION 260573.13 
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SECTION 260573.16 - COORDINATION STUDIES 

PART 1 - GENERAL 

1.01 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and 

Division 01 Specification Sections, apply to this Section. 

1.02 SUMMARY 

A. Section includes computer-based, overcurrent protective device coordination studies to determine overcurrent 

protective devices and to determine overcurrent protective device settings for selective tripping. 

1. Study results shall be used to determine coordination of series-rated devices. 

1.03 DEFINITIONS 

A. Existing to Remain: Existing items of construction that are not to be removed and that are not otherwise 

indicated to be removed, removed and salvaged, or removed and reinstalled. Existing to remain items shall 

remain functional throughout the construction period. 

B. Field Adjusting Agency: An independent electrical testing agency with full-time employees and the capability to 

adjust devices and conduct testing indicated and that is a member company of NETA. 

C. One-Line Diagram: A diagram that shows, by means of single lines and graphic symbols, the course of an 

electric circuit or system of circuits and the component devices or parts used therein. 

D. Power System Analysis Software Developer: An entity that commercially develops, maintains, and distributes 

computer software used for power system studies. 

E. Power System Analysis Specialist: Professional engineer in charge of performing the study and documenting 

recommendations, licensed in the state where Project is located. 

F. Protective Device: A device that senses when an abnormal current flow exists and then removes the affected 

portion of the circuit from the system. 

G. SCCR: Short-circuit current rating. 

H. Service: The conductors and equipment for delivering electric energy from the serving utility to the wiring 

system of the premises served. 

I. Single-Line Diagram: See "One-Line Diagram." 

1.04 ACTION SUBMITTALS 

A. Product Data: 

1. For computer software program to be used for studies. 

2. Submit the following after the approval of system protective devices submittals. Submittals shall be in 

digital form. 

a. Coordination-study input data, including completed computer program input data sheets. 

b. Study and equipment evaluation reports. 
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3. Overcurrent protective device coordination study report; signed, dated, and sealed by a qualified 

professional engineer. 

a. Submit study report for action prior to receiving final approval of distribution equipment 

submittals. If formal completion of studies will cause delay in equipment manufacturing, obtain 

approval from Architect for preliminary submittal of sufficient study data to ensure that selection 
of devices and associated characteristics is satisfactory. 

1.05 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For overcurrent protective devices to include in emergency, operation, and 

maintenance manuals. 

1. The following are from the Coordination Study Report: 

a. Final one-line diagram. 

b. Final protective device coordination study. 

c. Coordination study data files. 

d. List of all protective device settings. 

e. Time-current coordination curves. 

f. Power system data. 

1.06 QUALITY ASSURANCE 

A. Studies shall be performed using commercially developed and distributed software designed specifically for 

power system analysis. 

B. Software algorithms shall comply with requirements of standards and guides specified in this Section. 

C. Manual calculations are unacceptable. 

D. Power System Analysis Software Qualifications: 

1. Computer program shall be designed to perform coordination studies or have a function, component, or 

add-on module designed to perform coordination studies. 

2. Computer program shall be developed under the charge of a licensed professional engineer who holds 

IEEE Computer Society's Certified Software Development Professional certification. 

E. Power Systems Analysis Specialist Qualifications: Professional engineer licensed in the state where Project is 

located. All elements of the study shall be performed under the direct supervision and control of this professional 
engineer. 

PART 2 - PRODUCTS 

2.01 POWER SYSTEM ANALYSIS SOFTWARE DEVELOPERS 

2.02 Manufacturers: Subject to compliance with requirements, provide products by one of the following: 

1. EasyPower, LLC (formerly ESA Inc.). 

2. Power Analytics, Corporation. 

3. SKM Systems Analysis, Inc. 

B. Comply with IEEE 242 and IEEE 399. 

http://www.specagent.com/Lookup?ulid=1919
http://www.specagent.com/Lookup?uid=123457172780
http://www.specagent.com/Lookup?uid=123457102111
http://www.specagent.com/Lookup?uid=123457102112
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C. Analytical features of device coordination study computer software program shall have the capability to 

calculate "mandatory," "very desirable," and "desirable" features as listed in IEEE 399. 

D. Computer software program shall be capable of plotting and diagramming time-current-characteristic curves as 

part of its output. Computer software program shall report device settings and ratings of all overcurrent 

protective devices and shall demonstrate selective coordination by computer-generated, time-current 
coordination plots. 

1. Optional Features: 

a. Arcing faults. 

b. Simultaneous faults. 

c. Explicit negative sequence. 

d. Mutual coupling in zero sequence. 

2.03 COORDINATION STUDY REPORT CONTENTS 

A. Executive summary of study findings. 

B. Study descriptions, purpose, basis, and scope. Include case descriptions, definition of terms, and guide for 

interpretation of results. 

C. One-line diagram of modeled power system, showing the following: 

1. Protective device designations and ampere ratings. 
2. Conductor types, sizes, and lengths. 

3. Transformer kilovolt ampere (kVA) and voltage ratings. 

4. Motor and generator designations and kVA ratings. 

5. Switchgear, switchboard, motor-control center, and panelboard designations. 

6. Any revisions to electrical equipment required by the study. 

7. Study Input Data: As described in "Power System Data" Article. 

a. Short-Circuit Study Output: As specified in "Short-Circuit Study Output Reports" Paragraph in 

"Short-Circuit Study Report Contents" Article in Section 260573.13 "Short-Circuit Studies." 

D. Protective Device Coordination Study: 

1. Report recommended settings of protective devices, ready to be applied in the field. Use manufacturer's 

data sheets for recording the recommended setting of overcurrent protective devices when available. 

a. Phase and Ground Relays: 

1) Device tag. 

2) Relay current transformer ratio and tap, time dial, and instantaneous pickup value. 

3) Recommendations on improved relaying systems, if applicable. 

b. Circuit Breakers: 

1) Adjustable pickups and time delays (long time, short time, and ground). 

2) Adjustable time-current characteristic. 

3) Adjustable instantaneous pickup. 

4) Recommendations on improved trip systems, if applicable. 

c. Fuses: Show current rating, voltage, and class. 
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E. Time-Current Coordination Curves: Determine settings of overcurrent protective devices to achieve selective 

coordination. Graphically illustrate that adequate time separation exists between devices installed in series, 

including power utility company's upstream devices. Prepare separate sets of curves for the switching schemes 

and for emergency periods where the power source is local generation. Show the following information: 

1. Device tag and title, one-line diagram with legend identifying the portion of the system covered. 
2. Terminate device characteristic curves at a point reflecting maximum symmetrical or asymmetrical fault 

current to which the device is exposed. 

3. Identify the device associated with each curve by manufacturer type, function, and, if applicable, tap, 

time delay, and instantaneous settings recommended. 

4. Plot the following listed characteristic curves, as applicable: 

a. Low-voltage equipment circuit-breaker trip devices, including manufacturer's tolerance bands. 

b. Transformer full-load current, magnetizing inrush current, and ANSI through-fault protection 

curves. 

c. Cables and conductors damage curves. 

d. Ground-fault protective devices. 

e. Motor-starting characteristics and motor damage points. 

f. Generator short-circuit decrement curve and generator damage point. 
g. The largest feeder circuit breaker in each motor-control center and panelboard. 

5. Maintain selectivity for tripping currents caused by overloads. 

6. Provide adequate time margins between device characteristics such that selective operation is achieved. 

7. Comments and recommendations for system improvements. 

PART 3 - EXECUTION 

3.01 EXAMINATION 

A. Examine Project overcurrent protective device submittals for compliance with electrical distribution system 

coordination requirements and other conditions affecting performance of the Work. Devices to be coordinated 

are indicated on Drawings. 

1. Proceed with coordination study only after relevant equipment submittals have been assembled. 

Overcurrent protective devices that have not been submitted and approved prior to coordination study 
may not be used in study. 

3.02 POWER SYSTEM DATA 

A. Obtain all data necessary for conduct of the overcurrent protective device study. 

1. Verify completeness of data supplied in one-line diagram on Drawings. Call any discrepancies to 

Architect's attention. 

2. For equipment included as Work of this Project, use characteristics submitted under provisions of action 

submittals and information submittals for this Project. 

3. For relocated equipment and that which is existing to remain, obtain required electrical distribution 

system data by field investigation and surveys, conducted by qualified technicians and engineers. 

Qualifications of technicians and engineers shall be as defined by NFPA 70E. 

B. Gather and tabulate all required input data to support the coordination study. List below is a guide. Comply with 

recommendations in IEEE 551 for the amount of detail required to be acquired in the field. Field data gathering 
shall be under direct supervision and control of the engineer in charge of performing the study, and shall be by 

the engineer or its representative who holds NETA ETT-Certified Technician Level III or NICET Electrical 

Power Testing Level III certification. Data include, but are not limited to, the following: 
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1. Product Data for overcurrent protective devices specified in other Sections and involved in overcurrent 

protective device coordination studies. Use equipment designation tags that are consistent with electrical 

distribution system diagrams, overcurrent protective device submittals, input and output data, and 

recommended device settings. 

2. Electrical power utility impedance at the service. 
3. Power sources and ties. 

4. Short-circuit current at each system bus (three phase and line to ground). 

5. Full-load current of all loads. 

6. Voltage level at each bus. 

7. For transformers, include kVA, primary and secondary voltages, connection type, impedance, X/R ratio, 

taps measured in percent, and phase shift. 

8. For circuit breakers and fuses, provide manufacturer and model designation. List type of breaker, type of 

trip and available range of settings, SCCR, current rating, and breaker settings. 

9. Generator short-circuit current contribution data, including short-circuit reactance, rated kVA, rated 

voltage, and X/R ratio. 

10. For relays, provide manufacturer and model designation, current transformer ratios, potential transformer 

ratios, and relay settings. 
11. Maximum demands from service meters. 

12. Busway manufacturer and model designation, current rating, impedance, lengths, size, and conductor 

material. 

13. Motor horsepower and NEMA MG 1 code letter designation. 

14. Low-voltage cable sizes, lengths, number, conductor material, and conduit material (magnetic or 

nonmagnetic). 

15. Data sheets to supplement electrical distribution system one-line diagram, cross-referenced with tag 

numbers on diagram, showing the following: 

a. Special load considerations, including starting inrush currents and frequent starting and stopping. 

b. Transformer characteristics, including primary protective device, magnetic inrush current, and 

overload capability. 
c. Motor full-load current, locked rotor current, service factor, starting time, type of start, and 

thermal-damage curve. 

d. Generator thermal-damage curve. 

e. Ratings, types, and settings of utility company's overcurrent protective devices. 

f. Special overcurrent protective device settings or types stipulated by utility company. 

g. Time-current-characteristic curves of devices indicated to be coordinated. 

h. Manufacturer, frame size, interrupting rating in amperes root mean square (rms) symmetrical, 

ampere or current sensor rating, long-time adjustment range, short-time adjustment range, and 

instantaneous adjustment range for circuit breakers. 

i. Manufacturer and type, ampere-tap adjustment range, time-delay adjustment range, instantaneous 

attachment adjustment range, and current transformer ratio for overcurrent relays. 

j. Switchgear, switchboards, motor-control centers, and panelboards ampacity, and SCCR in 
amperes rms symmetrical. 

3.03 COORDINATION STUDY 

A. Comply with IEEE 242 for calculating short-circuit currents and determining coordination time intervals. 

B. Comply with IEEE 399 for general study procedures. 

C. Base study on device characteristics supplied by device manufacturer. 

D. Extent of electrical power system to be studied is indicated on Drawings. 

E. Begin analysis at the service, extending down to system overcurrent protective devices as follows: 
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1. To normal system low-voltage load buses where fault current is 10 kA or less. 

2. Exclude equipment rated 240 V ac or less when supplied by a single transformer rated less than 125 kVA. 

F. Study electrical distribution system from normal and alternate power sources throughout electrical distribution 

system for Project. Study all cases of system-switching configurations and alternate operations that could result 

in maximum fault conditions. 

G. Transformer Primary Overcurrent Protective Devices: 

1. Device shall not operate in response to the following: 

a. Inrush current when first energized. 

b. Self-cooled, full-load current or forced-air-cooled, full-load current, whichever is specified for that 

transformer. 

c. Permissible transformer overloads according to IEEE C57.96 if required by unusual loading or 

emergency conditions. 

2. Device settings shall protect transformers according to IEEE C57.12.00, for fault currents. 

H. Motor Protection: 

1. Select protection for low-voltage motors according to IEEE 242 and NFPA 70. 

I. Conductor Protection: Protect cables against damage from fault currents according to ICEA P-32-382, ICEA P-

45-482, and protection recommendations in IEEE 242. Demonstrate that equipment withstands the maximum 
short-circuit current for a time equivalent to the tripping time of the primary relay protection or total clearing 

time of the fuse. To determine temperatures that damage insulation, use curves from cable manufacturers or from 

listed standards indicating conductor size and short-circuit current. 

J. Generator Protection: Select protection according to manufacturer's written instructions and to IEEE 242. 

K. Include the ac fault-current decay from induction motors, synchronous motors, and asynchronous generators and 

apply to low- and medium-voltage, three-phase ac systems. Also account for fault-current dc decrement, to 

address asymmetrical requirements of interrupting equipment. 

L. Calculate short-circuit momentary and interrupting duties for a three-phase bolted fault and a single line-to-

ground fault at each equipment indicated on one-line diagram. 

1. For grounded systems, provide a bolted line-to-ground fault-current study for areas as defined for the 

three-phase bolted fault short-circuit study. 

M. Protective Device Evaluation: 

1. Evaluate equipment and protective devices and compare to short-circuit ratings. 

2. Adequacy of switchgear, motor-control centers, and panelboard bus bars to withstand short-circuit 

stresses. 

3. Any application of series-rated devices shall be recertified, complying with requirements in NFPA 70. 

4. Include in the report identification of any protective device applied outside its capacity. 

3.04 FIELD ADJUSTING 

A. Adjust relay and protective device settings according to recommended settings provided by the coordination 

study.  
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B. Make minor modifications to equipment as required to accomplish compliance with short-circuit and protective 

device coordination studies. 

END OF SECTION 260573.16 
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SECTION 260573.19 - ARC-FLASH HAZARD ANALYSIS 

PART 1 - GENERAL 

1.01 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and 

Division 01 Specification Sections, apply to this Section. 

1.02 DEFINITIONS 

A. Existing to Remain: Existing items of construction that are not to be removed and that are not otherwise 

indicated to be removed, removed and salvaged, or removed and reinstalled. 

B. Field Adjusting Agency: An independent electrical testing agency with full-time employees and the capability to 

adjust devices and conduct testing indicated and that is a member company of NETA. 

C. One-Line Diagram: A diagram that shows, by means of single lines and graphic symbols, the course of an 

electric circuit or system of circuits and the component devices or parts used therein. 

D. Power System Analysis Software Developer: An entity that commercially develops, maintains, and distributes 

computer software used for power system studies. 

E. Power Systems Analysis Specialist: Professional engineer in charge of performing the study and documenting 

recommendations, licensed in the state where Project is located. 

F. Protective Device: A device that senses when an abnormal current flow exists and then removes the affected 
portion from the system. 

G. SCCR: Short-circuit current rating. 

H. Service: The conductors and equipment for delivering electric energy from the serving utility to the wiring 

system of the premises served. 

I. Single-Line Diagram: See "One-Line Diagram." 

1.03 ACTION SUBMITTALS 

A. Product Data: For computer software program to be used for studies. 

B. Study Submittals: Submit the following submittals after the approval of system protective devices submittals. 

Submittals shall be in digital form: 

1. Arc-flash study input data, including completed computer program input data sheets. 

2. Arc-flash study report; signed, dated, and sealed by Power Systems Analysis Specialist. 
3. Submit study report for action prior to receiving final approval of distribution equipment submittals. If 

formal completion of studies will cause delay in equipment manufacturing, obtain approval from 

Architect for preliminary submittal of sufficient study data to ensure that selection of devices and 

associated characteristics is satisfactory. 

1.04 QUALITY ASSURANCE 

A. Study shall be performed using commercially developed and distributed software designed specifically for power 

system analysis. 



 

 

SECTION 260573.19 - ARC-FLASH HAZARD ANALYSIS (continued): 

Deane Bozeman School  

Classroom Addition & Site Work 

260573.19 - 2 

B. Software algorithms shall comply with requirements of standards and guides specified in this Section. 

C. Manual calculations are unacceptable. 

D. Power System Analysis Software Qualifications: An entity that owns and markets computer software used for 

studies, having performed successful studies of similar magnitude on electrical distribution systems using similar 

devices. 

1. Computer program shall be designed to perform arc-flash analysis or have a function, component, or add-

on module designed to perform arc-flash analysis. 

2. Computer program shall be developed under the charge of a licensed professional engineer who holds 

IEEE Computer Society's Certified Software Development Professional certification. 

E. Power Systems Analysis Specialist Qualifications: Professional engineer in charge of performing the arc-flash 

study, analyzing the arc flash, and documenting recommendations, licensed in the state where Project is located. 

All elements of the study shall be performed under the direct supervision and control of this professional 

engineer. 

F. Arc-Flash Study Certification: Arc-Flash Study Report shall be signed and sealed by Power Systems Analysis 

Specialist. 

PART 2 - PRODUCTS 

2.01 COMPUTER SOFTWARE DEVELOPERS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the following: 

1. EasyPower, LLC (formerly ESA Inc.). 

2. Power Analytics, Corporation. 

3. SKM Systems Analysis, Inc. 

B. Comply with IEEE 1584 and NFPA 70E. 

C. Analytical features of device coordination study computer software program shall have the capability to 

calculate "mandatory," "very desirable," and "desirable" features as listed in IEEE 399. 

2.02 ARC-FLASH STUDY REPORT CONTENT 

A. Executive summary of study findings. 

B. Study descriptions, purpose, basis, and scope. Include case descriptions, definition of terms, and guide for 

interpretation of results. 

C. One-line diagram, showing the following: 

1. Protective device designations and ampere ratings. 

2. Conductor types, sizes, and lengths. 

3. Transformer kilovolt ampere (kVA) and voltage ratings, including derating factors and environmental 

conditions. 

4. Motor and generator designations and kVA ratings. 

5. Switchgear, switchboard, motor-control center, panelboard designations, and ratings. 

D. Study Input Data: As described in "Power System Data" Article. 

http://www.specagent.com/Lookup?ulid=1919
http://www.specagent.com/Lookup?uid=123457172778
http://www.specagent.com/Lookup?uid=123457102117
http://www.specagent.com/Lookup?uid=123457102118
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E. Short-Circuit Study Output Data: As specified in "Short-Circuit Study Output Reports" Paragraph in "Short-

Circuit Study Report Contents" Article in Section 260573.13 "Short-Circuit Studies." 

F. Protective Device Coordination Study Report Contents: As specified in "Coordination Study Report Contents" 

Article in Section 260573.16 "Coordination Studies." 

G. Arc-Flash Study Output Reports: 

1. Interrupting Duty Report: Three-phase and unbalanced fault calculations, showing the following for each 

equipment location included in the report: 

a. Voltage. 

b. Calculated symmetrical fault-current magnitude and angle. 

c. Fault-point X/R ratio. 

d. No AC Decrement (NACD) ratio. 

e. Equivalent impedance. 

f. Multiplying factors for 2-, 3-, 5-, and 8-cycle circuit breakers rated on a symmetrical basis. 

g. Multiplying factors for 2-, 3-, 5-, and 8-cycle circuit breakers rated on a total basis. 

H. Incident Energy and Flash Protection Boundary Calculations: 

1. Arcing fault magnitude. 

2. Protective device clearing time. 
3. Duration of arc. 

4. Arc-flash boundary. 

5. Restricted approach boundary. 

6. Limited approach boundary. 

7. Working distance. 

8. Incident energy. 

9. Hazard risk category. 

10. Recommendations for arc-flash energy reduction. 

I. Fault study input data, case descriptions, and fault-current calculations including a definition of terms and guide 

for interpretation of computer printout. 

2.03 ARC-FLASH WARNING LABELS 

A. Comply with requirements in Section 260553 "Identification for Electrical Systems" for self-adhesive equipment 

labels. Produce a 3.5-by-5-inch self-adhesive equipment label for each work location included in the analysis. 

B. Label shall have an orange header with the wording, "WARNING, ARC-FLASH HAZARD," and shall include 

the following information taken directly from the arc-flash hazard analysis: 

1. Location designation. 

2. Nominal voltage. 

3. Protection boundaries. 

a. Arc-flash boundary. 

b. Restricted approach boundary. 

c. Limited approach boundary. 

4. Arc flash PPE category. 

5. Required minimum arc rating of PPE in Cal/cm squared. 
6. Available incident energy. 

7. Working distance. 
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8. Engineering report number, revision number, and issue date. 

C. Labels shall be machine printed, with no field-applied markings. 

PART 3 - EXECUTION 

3.01 EXAMINATION 

A. Examine Project overcurrent protective device submittals. Proceed with arc-flash study only after relevant 
equipment submittals have been assembled. Overcurrent protective devices that have not been submitted and 

approved prior to arc-flash study may not be used in study. 

3.02 ARC-FLASH HAZARD ANALYSIS 

A. Comply with NFPA 70E and its Annex D for hazard analysis study. 

B. Preparatory Studies: Perform the Short-Circuit and Protective Device Coordination studies prior to starting the 

Arc-Flash Hazard Analysis. 

C. Calculate maximum and minimum contributions of fault-current size. 

1. Maximum calculation shall assume a maximum contribution from the utility and shall assume motors to 

be operating under full-load conditions. 

2. Calculate arc-flash energy at 85 percent of maximum short-circuit current according to IEEE 1584 

recommendations. 

3. Calculate arc-flash energy at 38 percent of maximum short-circuit current according to NFPA 70E 
recommendations. 

4. Calculate arc-flash energy with the utility contribution at a minimum and assume no motor contribution. 

D. Calculate the arc-flash protection boundary and incident energy at locations in electrical distribution system 

where personnel could perform work on energized parts. 

E. Include medium- and low-voltage equipment locations, except equipment rated 240 V ac or less fed from 

transformers less than 125 kVA. 

F. Calculate the limited, restricted, and prohibited approach boundaries for each location. 

G. Incident energy calculations shall consider the accumulation of energy over time when performing arc-flash 

calculations on buses with multiple sources. Iterative calculations shall take into account the changing current 

contributions, as the sources are interrupted or decremented with time. Fault contribution from motors and 

generators shall be decremented as follows: 

1. Fault contribution from induction motors shall not be considered beyond three to five cycles. 

2. Fault contribution from synchronous motors and generators shall be decayed to match the actual 

decrement of each as closely as possible (for example, contributions from permanent magnet generators 

will typically decay from 10 per unit to three per unit after 10 cycles). 

H. Arc-flash energy shall generally be reported for the maximum of line or load side of a circuit breaker. However, 

arc-flash computation shall be performed and reported for both line and load side of a circuit breaker as follows: 

1. When the circuit breaker is in a separate enclosure. 

2. When the line terminals of the circuit breaker are separate from the work location. 

I. Base arc-flash calculations on actual overcurrent protective device clearing time. Cap maximum clearing time at 

two seconds based on IEEE 1584, Section B.1.2. 
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3.03 POWER SYSTEM DATA 

A. Obtain all data necessary for conduct of the arc-flash hazard analysis. 

1. Verify completeness of data supplied on one-line diagram on Drawings and under "Preparatory Studies" 

Paragraph in "Arc-Flash Hazard Analysis" Article. Call discrepancies to Architect's attention. 

2. For new equipment, use characteristics from approved submittals under provisions of action submittals 
and information submittals for this Project. 

3. For existing equipment, whether or not relocated, obtain required electrical distribution system data by 

field investigation and surveys conducted by qualified technicians and engineers. 

B. Electrical Survey Data: Gather and tabulate the following input data to support study. Comply with 

recommendations in IEEE 1584 and NFPA 70E as to the amount of detail that is required to be acquired in the 

field. Field data gathering shall be under the direct supervision and control of the engineer in charge of 

performing the study, and shall be by the engineer or its representative who holds NETA ETT-Certified 

Technician Level III or NICET Electrical Power Testing Level III certification. Data include, but are not limited 

to, the following: 

1. Product Data for overcurrent protective devices specified in other Sections and involved in overcurrent 

protective device coordination studies. Use equipment designation tags that are consistent with electrical 

distribution system diagrams, overcurrent protective device submittals, input and output data, and 
recommended device settings. 

2. Obtain electrical power utility impedance or available short circuit current at the service. 

3. Power sources and ties. 

4. Short-circuit current at each system bus (three phase and line to ground). 

5. Full-load current of all loads. 

6. Voltage level at each bus. 

7. For transformers, include kVA, primary and secondary voltages, connection type, impedance, X/R ratio, 

taps measured in percent, and phase shift. 

8. For circuit breakers and fuses, provide manufacturer and model designation. List type of breaker, type of 

trip and available range of settings, SCCR, current rating, and breaker settings. 

9. Generator short-circuit current contribution data, including short-circuit reactance, rated kVA, rated 
voltage, and X/R ratio. 

10. For relays, provide manufacturer and model designation, current transformer ratios, potential transformer 

ratios, and relay settings. 

11. Busway manufacturer and model designation, current rating, impedance, lengths, size, and conductor 

material. 

12. Motor horsepower and NEMA MG 1 code letter designation. 

13. Low-voltage conductor sizes, lengths, number, conductor material and conduit material (magnetic or 

nonmagnetic). 

14. Medium-voltage conductor sizes, lengths, conductor material, conductor construction and metallic shield 

performance parameters, and conduit material (magnetic or nonmagnetic). 

3.04 LABELING 

A. Apply one arc-flash label on the front cover of each section of the equipment for each equipment included in the 
study. Base arc-flash label data on highest values calculated at each location. 

B. Each piece of equipment listed below shall have an arc-flash label applied to it: 

1. Motor-control center. 

2. Low-voltage switchboard. 

3. Switchgear. 

4. Medium voltage transformers 
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5. Low voltage transformers. Exclude transformers with high voltage side 240 V or less and less than 125 

kVA. 

6. Panelboard and safety switch over 250 V. 

7. Applicable panelboard and safety switch under 250 V. 

C. Note on record Drawings the location of equipment where the personnel could be exposed to arc-flash hazard 
during their work. 

1. Indicate arc-flash energy. 

2. Indicate protection level required. 

3.05 APPLICATION OF WARNING LABELS 

A. Install arc-flash warning labels under the direct supervision and control of Power System Analysis Specialist. 

END OF SECTION 260573.19 
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SECTION 260923 - LIGHTING CONTROL DEVICES 

PART 1 - GENERAL 

1.01 SUMMARY 

A. Section Includes: 

1. Electronic time switches. 
2. Outdoor photoelectric switches, solid state, flexible mounting. 

3. Outdoor photoelectric switches, solid state, luminaire-mounted. 

4. Outdoor photoelectric switches, low voltage. 

5. Daylight-harvesting dimming controls, digital. 

6. Indoor occupancy and vacancy sensors. 

7. Switchbox-mounted occupancy sensors. 

8. Lighting contactors. 

9. Emergency shunt relay. 

10. Conductors and cables. 

1.02 ACTION SUBMITTALS 

A. Product Data: 

1. For each type of product. 

PART 2 - PRODUCTS 

2.01 ELECTRONIC TIME SWITCHES 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the following: 

1. Cooper Industries, Inc. 

2. Intermatic, Inc. 

3. Leviton Manufacturing Co., Inc. 

B. Electronic Time Switches: Solid state, programmable, with alphanumeric display; complying with UL 917. 

1. Listed and labeled in accordance with NFPA 70, by a qualified electrical testing laboratory recognized by 

authorities having jurisdiction, and marked for intended location and application. 

2. Contact Configuration: SPST. 

3. Contact Rating: 30 A inductive or resistive, 240 V(ac). 
4. Programs: 

a. Eight channels; each channel is individually programmable with 40 on-off operations per week 

and an annual holiday schedule that overrides the weekly operation on holidays. 

5. Circuitry: Allow connection of a photoelectric relay as substitute for on-off function of a program on 

selected channels. 

6. Astronomic Time: All channels. 

7. Automatic daylight savings time changeover. 

8. Battery Backup: Not less than seven days reserve, to maintain schedules and time clock. 

http://www.specagent.com/Lookup?ulid=1931
http://www.specagent.com/Lookup?uid=123457186389
http://www.specagent.com/Lookup?uid=123457186390
http://www.specagent.com/Lookup?uid=123457186392
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2.02 OUTDOOR PHOTOELECTRIC SWITCHES, SOLID STATE, FLEXIBLE MOUNTING 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the following: 

1. Cooper Industries, Inc. 

2. Intermatic, Inc. 

3. Leviton Manufacturing Co., Inc. 

B. Description: Solid state, with SPST dry contacts rated for 1000 W incandescent or 1800 VA inductive, to operate 

connected relay, contactor coils, or microprocessor input; complying with UL 773A, and compatible with 

ballasts and LED lamps. 

1. Listed and labeled in accordance with NFPA 70, by a qualified electrical testing laboratory recognized by 

authorities having jurisdiction, and marked for intended location and application. 

2. Light-Level Monitoring Range: 1.5 to 10 fc, with an adjustment for turn-on and turn-off levels within that 

range, and a directional lens in front of the photocell to prevent fixed light sources from causing turn-off. 

3. Time Delay: Fifteen-second minimum, to prevent false operation. 

4. Surge Protection: Metal-oxide varistor. 

5. Mounting: Twist lock complies with ANSI C136.10, with base-and-stem mounting or stem-and-swivel 

mounting accessories as required to direct sensor to the north sky exposure from same source and 

manufacturer as switch. 
6. Failure Mode: Luminaire stays ON. 

2.03 OUTDOOR PHOTOELECTRIC SWITCHES, SOLID STATE, LUMINAIRE-MOUNTED 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the following: 

1. Cooper Industries, Inc. 

2. Intermatic, Inc. 

3. Leviton Manufacturing Co., Inc. 

B. Description: Solid state, with SPST dry contacts rated for 1000 W incandescent or 1800 VA inductive, to operate 

connected load, complying with UL 773, and compatible with CFL and LED lamps. 

1. Listed and labeled in accordance with NFPA 70, by a qualified electrical testing laboratory recognized by 

authorities having jurisdiction, and marked for intended location and application. 

2. Light-Level Monitoring Range: 1.5 to 10 fc, with an adjustment for turn-on and turn-off levels within that 
range. 

3. Time Delay: Thirty-second minimum, to prevent false operation. 

4. Lightning Arrester: Air-gap type. 

5. Mounting: Twist lock complying with ANSI C136.10, with base from same source and manufacturer as 

switch. 

6. Failure Mode: Luminaire stays ON. 

2.04 OUTDOOR PHOTOELECTRIC SWITCHES, LOW VOLTAGE 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the following: 

1. Cooper Industries, Inc. 

2. Intermatic, Inc. 

http://www.specagent.com/Lookup?ulid=1938
http://www.specagent.com/Lookup?uid=123457186396
http://www.specagent.com/Lookup?uid=123457186400
http://www.specagent.com/Lookup?uid=123457186399
http://www.specagent.com/Lookup?ulid=13566
http://www.specagent.com/Lookup?uid=123457186424
http://www.specagent.com/Lookup?uid=123457186428
http://www.specagent.com/Lookup?uid=123457186427
http://www.specagent.com/Lookup?ulid=13567
http://www.specagent.com/Lookup?uid=123457186429
http://www.specagent.com/Lookup?uid=123457186433
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3. Leviton Manufacturing Co., Inc. 

B. Description: Solid state; one set of NO dry contacts rated for 24 V(dc) at 1 A, to operate connected load, 

complying with UL 773, and compatible with luminaire, power pack or lighting control panelboard. 

1. Listed and labeled in accordance with NFPA 70, by a qualified electrical testing laboratory recognized by 

authorities having jurisdiction, and marked for intended location and application. 
2. Light-Level Monitoring Range: 1.5 to 10 fc, with an adjustment for turn-on and turn-off levels within that 

range. 

3. Time Delay: Thirty-second minimum, to prevent false operation. 

4. Mounting: 1/2 inch threaded male conduit. 

5. Failure Mode: Luminaire stays ON. 

6. Power Pack: 

a. Digital controller capable of accepting three 8PSJ inputs with two outputs rated for 10 A 

incandescent or LED load at 120 and 277 V(ac),. Sensor has 24 V(dc), Class 2 power source. 

1) With integral current monitoring. 

2) Plenum rated. 

2.05 DAYLIGHT-HARVESTING DIMMING CONTROLS, DIGITAL 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the following: 

1. WattStopper; Legrand North America, LLC. 

B. Description: Sensing daylight and electrical lighting levels, the system adjusts the indoor electrical lighting 

levels. As daylight increases, lights are dimmed. 

1. Lighting control set point is based on the following two lighting conditions: 

a. When no daylight is present (target level). 

b. When significant daylight is present. 

2. System programming is done with two hand-held, remote-control tools. 

a. Initial setup tool. 

b. Tool for occupants to adjust the target levels by increasing the set point up to 25 percent, or by 

minimizing the electric lighting level. 

C. Ceiling-Mounted Dimming Controls: Solid-state, light-level sensor unit, with separate power pack, to detect 
changes in indoor lighting levels that are perceived by the eye. 

D. Electrical Components, Devices, and Accessories: 

1. Listed and labeled in accordance with NFPA 70, by a qualified electrical testing laboratory recognized by 

authorities having jurisdiction, and marked for intended location and application. 

2. Sensor Output: zero to 10 V(dc) to operate luminaires. Sensor is powered by controller unit. 

3. Light-Level Sensor Set-Point Adjustment Range: 20 to 60 fc. 

E. Power Pack: Digital controller capable of accepting two or three 8PSJ inputs withone, two, or three output(s) 

rated for 10 A incandescent or LED load at 120 and 277 V(ac) each with a zero to 10 V(dc) diming output. 

Sensor has 24 V(dc) Class 2 power source. 

1. With integral current monitoring. 

http://www.specagent.com/Lookup?uid=123457186432
http://www.specagent.com/Lookup?ulid=13568
http://www.specagent.com/Lookup?uid=123457186434
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2. Plenum rated. 

2.06 INDOOR OCCUPANCY AND VACANCY SENSORS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the following: 

1. WattStopper; Legrand North America, LLC. 

B. General Requirements for Sensors: 

1. Wall or ceiling-mounted, solid-state indoor occupancy and vacancy sensors. 

2. Dual technology. 

3. Separate power pack. 

4. Hardwired connection to switch. 

5. Listed and labeled in accordance with NFPA 70, by a qualified electrical testing laboratory recognized by 

authorities having jurisdiction, and marked for intended location and application. 

6. Operation: 

a. Combination Sensor: Unless otherwise indicated, sensor must be programmed to turn lights on 

when coverage area is occupied and turn them off when unoccupied, or to turn off lights that have 

been manually turned on; with a time delay for turning lights off, adjustable over a minimum 

range of 1 to 15 minutes. 

7. Sensor Output:  Sensor is powered from the power pack. 
8. Power Pack: Digital controller capable of accepting two or three 8PSJ inputs with one, two, or three 

output(s) rated for 10 A incandescent or LED load at 120 and 277 V(ac) each with a zero to 10 V(dc) 

diming output. Sensor has 24 V(dc) Class 2 power source. 

a. With integral current monitoring. 

b. Plenum rated. 

9. Mounting: 

a. Sensor: Suitable for mounting in any position in a standard device box or outlet box. 

b. Relay: Externally mounted through a 1/2 inch knockout in a standard electrical enclosure. 

c. Time-Delay and Sensitivity Adjustments: Recessed and concealed behind hinged door. 

10. Indicator: Digital display, to show when motion is detected during testing and normal operation of sensor. 

11. Bypass Switch: Override the "on" function in case of sensor failure. 

C. Dual-Technology Type: Wall or  ceiling mounted; detect occupants in coverage area using PIR and ultrasonic 

detection methods. The particular technology or combination of technologies that control on-off functions is 

selectable in the field by operating controls on unit. 

1. Sensitivity Adjustment: Separate for each sensing technology. 

2. Detector Sensitivity: Detect occurrences of 6 inch minimum movement of any portion of a human body 

that presents a target of not less than 36 sq. inch, and detect a person of average size and weight moving 

not less than 12 inch in either a horizontal or a vertical manner at an approximate speed of 12 inch/s. 

3. Detection Coverage (Standard Room): Detect occupancy anywhere within a circular area of 1000 sq. ft. 

when mounted on a 96 inch high ceiling. 

4. Detection Coverage (Room, Wall Mounted): Detect occupancy anywhere within a 180-degree pattern 

centered on the sensor over an area of 2000 sq. ft. when mounted 48 inch above finished floor. 

2.07 MANUAL SWITCHES AND PLATES 

A. Push-Button Switches: Modular, momentary contact, three wire, for operating one or more relays and to override 

automatic controls. 

http://www.specagent.com/Lookup?ulid=1947
http://www.specagent.com/Lookup?uid=123457186353
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1. Match color and style specified in Section 262726 "Wiring Devices." 

2. Integral green LED pilot light to indicate when circuit is on. 

3. Internal white LED locator light to illuminate when circuit is off. 

B. Wall Plates: Single and multigang plates as specified in Section 262726 "Wiring Devices." 

C. Legend: Engraved or permanently silk-screened on buttons. Use designations indicated on Drawings. 

2.08 SWITCHBOX-MOUNTED OCCUPANCY SENSORS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the following: 

1. WattStopper; Legrand North America, LLC. 

B. General Requirements for Sensors: Automatic-wall-switch occupancy sensor with manual on-off switch, suitable 

for mounting in a single gang switchbox using hardwired connection. 

1. Listed and labeled in accordance with NFPA 70, by a qualified electrical testing laboratory recognized by 

authorities having jurisdiction, and marked for intended location and application. 

2. Occupancy Sensor Operation: Unless otherwise indicated, turn lights on when coverage area is occupied, 

and turn lights off when unoccupied; with a time delay for turning lights off, adjustable over a minimum 

range of 1 to 15 minutes. 

3. Operating Ambient Conditions: Dry interior conditions, 32 to 120 deg F. 

4. Switch Rating: Not less than 800 VA ballast or LED load at 120 V, 1200 VA ballast or LED load at 
277 V, and 800 W incandescent. 

C. Description: 

1. Standard Range: 180-degree field of view, field adjustable from 180 to 40 degrees; with a minimum 

coverage area of 900 sq. ft.. 

2. Sensing Technology:  Dual technology - PIR and ultrasonic. 

3. Switch Type:  SP, field-selectable automatic "on," or manual "on," automatic "off." Provide dual relay 

where indicated on plans. 

4. Capable of controlling load in three-way application. 

5. Voltage: Match the circuit voltage. 

6. Concealed, field-adjustable, "off" time-delay selector at up to 30 minutes. 

7. Concealed, "off" time-delay selector at 30 seconds and 5, 10, and 20 minutes. 
8. Adaptive Technology: Self-adjusting circuitry detects and memorizes usage patterns of the space and 

helps eliminate false "off" switching. 

9. Color:  Match color and style specified in Section 262726 "Wiring Devices." 

10. Faceplate: Match wiring device faceplates specified in Specification 262726 “Wiring Devices.”. 

2.09 LIGHTING CONTACTORS 

A. Description: Electrically operated and mechanically held, combination-type lighting contactors with nonfused 

disconnect, complying with NEMA ICS 2 and UL 508. 

1. Current Rating for Switching: Listing or rating consistent with type of load served, including tungsten 

filament, inductive, and high-inrush ballast (ballast with 15 percent or less THD of normal load current). 

2. Fault Current Withstand Rating: Equal to or exceeding the available fault current at the point of 

installation. 

3. Enclosure: Comply with NEMA 250. 
4. Provide with control and pilot devices as indicated on Drawings, matching the NEMA type specified for 

the enclosure. 

http://www.specagent.com/Lookup?ulid=1952
http://www.specagent.com/Lookup?uid=123457186367
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2.10 EMERGENCY SHUNT RELAY 

A. Description: NC, electrically held relay, arranged for wiring in parallel with manual or automatic switching 

contacts; complying with UL 924. 

2.11 CONDUCTORS AND CABLES 

A. Power Wiring to Supply Side of Remote-Control Power Sources: Not smaller than No. 12 AWG. Comply with 
requirements in Section 260519 "Low-Voltage Electrical Power Conductors and Cables." 

B. Balanced Twisted Pair Control Cable:  Comply with requirements in Section 260526 “Control-Voltage Electrical 

Power Cables.” 

C. Classes 2 and 3 Control Cable: Multiconductor cable with stranded-copper conductors not smaller than No. 18 

AWG. Comply with requirements in Section 260519 "Low-Voltage Electrical Power Conductors and Cables." 

D. Class 1 Control Cable: Multiconductor cable with stranded-copper conductors not smaller than No. 14 AWG. 

Comply with requirements in Section 260519 "Low-Voltage Electrical Power Conductors and Cables." 

PART 3 - EXECUTION 

3.01 EXAMINATION 

A. Examine lighting control devices before installation. Reject lighting control devices that are wet, moisture 

damaged, or mold damaged. 

B. Examine walls and ceilings for suitable conditions where lighting control devices will be installed. 

C. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.02 INSTALLATION OF SENSORS 

A. Coordinate layout and installation of ceiling-mounted devices with other construction that penetrates ceilings or 

is supported by them, including light fixtures, HVAC equipment, smoke detectors, fire-suppression systems, and 

partition assemblies. 

B. Install and aim sensors in locations to achieve not less than 90 percent coverage of areas indicated. Do not 

exceed coverage limits specified in manufacturer's instructions. 

3.03 INSTALLATION OF WIRING 

A. Wiring Method: Comply with Section 260519 "Low-Voltage Electrical Power Conductors and Cables." 

Minimum conduit size is 1/2 inch and Section 260526 “Control-Voltage Electrical Power Cables.” 

B. Wiring within Enclosures: Separate power-limited and nonpower-limited conductors in accordance with 
conductor manufacturer's instructions. 

C. Size conductors in accordance with lighting control device manufacturer's instructions unless otherwise 

indicated. 

D. Splices, Taps, and Terminations: Make connections only on numbered terminal strips in junction, pull, device, 

and outlet boxes; terminal cabinets; and equipment enclosures. 
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3.04 IDENTIFICATION 

A. Identify components and power and control wiring in accordance with Section 260553 "Identification for 

Electrical Systems. 

1. Identify controlled circuits in lighting contactors. 

2. Identify circuits or luminaires controlled by photoelectric and occupancy sensors at each sensor. 

B. Label time switches and contactors with a unique designation. 

3.05 FIELD QUALITY CONTROL 

A. Tests and Inspections: 

1. Operational Test: After installing time switches and sensors, and after electrical circuitry has been 

energized, start units to confirm proper unit operation. 

2. Test and adjust controls and safeties. Replace damaged and malfunctioning controls and equipment. 

B. Nonconforming Work: 

1. Lighting control devices will be considered defective if they do not pass tests and inspections. 

2. Remove and replace defective units and retest. 

C. Prepare test and inspection reports. 

D. Manufacturer Services: 

1. Engage factory-authorized service representative to support field tests and inspections. 

3.06 ADJUSTING 

A. Occupancy Adjustments: When requested within 12 months from date of Substantial Completion, provide on-

site assistance in adjusting lighting control devices to suit actual occupied conditions. Provide up to two visits to 

Project during other-than-normal occupancy hours for this purpose. 

1. For occupancy and motion sensors, verify operation at outer limits of detector range. Set time delay to 

suit Owner's operations. 

2. For daylighting controls, adjust set points and deadband controls to suit Owner's operations. 

END OF SECTION 260923 
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SECTION 260943.23 - RELAY-BASED LIGHTING CONTROLS 

PART 1 - GENERAL 

1.01 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and 

Division 01 Specification Sections, apply to this Section. 

1.02 SUMMARY 

A. Section Includes: Lighting control panels using mechanically held relays for switching. 

1.03 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1. Include construction details, material descriptions, dimensions of individual components and profiles, and 

finishes for control modules, power distribution components, relays, manual switches and plates, and 

conductors and cables. 

2. Include rated capacities, operating characteristics, electrical characteristics, and furnished specialties and 

accessories. 

3. Operational documentation for software and firmware. 

1.04 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For lighting controls to include in emergency, operation, and maintenance 
manuals. 

B. Software and Firmware Operational Documentation: 

1. Software operating and upgrade manuals. 

1.05 DELIVERY, STORAGE, AND HANDLING 

A. Handle and prepare panels for installation according to NECA 407. 

1.06 WARRANTY 

A. Special Warranty: Manufacturer agrees to repair or replace components of standalone multipreset modular 

controls that fail in materials or workmanship within specified warranty period. 

1. Failures include, but are not limited to, the following: 

a. Damage from transient voltage surges. 

2. Warranty Period: Cost to repair or replace any parts for two years from date of Substantial Completion. 
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PART 2 - PRODUCTS 

2.01 SYSTEM DESCRIPTION 

A. Sequence of Operations: Input signal from field-mounted manual switches, or digital signal sources, shall open 

or close one or more lighting control relays in the lighting control panels. Any combination of inputs shall be 

programmable to any number of control relays. 

B. Surge Protective Device: Factory installed as an integral part of control components or field-mounted surge 

suppressors complying with UL 1449, SPD Type 2. 

C. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified 

testing agency, and marked for intended location and application. 

D. Comply with 47 CFR 15, Subparts A and B, for Class A digital devices. 

E. Comply with UL 916. 

2.02 LIGHTING CONTROL RELAY PANELS 

A. Manufacturers: Subject to compliance with requirements, provide products by the following: 

1. WattStopper; Legrand North America, LLC. 

B. Description: Standalone lighting control panel using mechanically latched relays to control lighting and 

appliances. 

C. Lighting Control Panel: 

1. A single enclosure with incoming lighting branch circuits, control circuits, switching relays, and on-board 

timing and control unit. 

2. A vertical barrier separating branch circuits from control wiring. 

D. Control Unit: Contain the power supply and electronic control for operating and monitoring individual relays. 

1. Timing Unit: 

a. 365-day calendar, astronomical clock, and automatic adjustments for daylight savings and leap 

year. 

b. Clock configurable for 12-hour (A.M./P.M.) or 24-hour format. 

c. Eight independent schedules, each having 24 time periods. 

d. Schedule periods settable to the minute. 

e. Day-of-week, day-of-month, day-of-year with one-time or repeating capability. 
f. 16special date periods. 

2. Sequencing Control with Override: 

a. Automatic sequenced on and off switching of selected relays at times set at the timing unit, 

allowing timed overrides from external switches. 

b. Sequencing control shall operate relays one at a time, completing the operation of all connected 

relays in not more than 10 seconds. 

c. Override control shall allow any relay connected to it to be switched on or off by a field-deployed 

manual switch or by an automatic switch, such as an occupancy sensor. 

d. Override control "blink warning" shall warn occupants approximately five minutes before 

actuating the off sequence. 

http://www.specagent.com/Lookup?ulid=6997
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3. Nonvolatile memory shall retain all setup configurations. After a power failure, the controller shall 

automatically reboot and return to normal system operation, including accurate time of day and date. 

E. Relays: Electrically operated, mechanically held single-pole switch, rated at 20 A at 277 V. Short-circuit current 

rating shall be not less than 5 kA. Each relay shall have a matched zero to 10 V(dc) diming output.  Control shall 

be digital control network. 

F. Power Supply: NFPA 70, Class 2, sized for connected equipment, plus 20 percent spare capacity. Powered from 

a dedicated branch circuit of the panelboard that supplies power to the line side of the relays, sized to provide 

control power for the local panel-mounted relays, bus system, low-voltage inputs, field-installed occupancy 

sensors, and photo sensors. 

G. Operator Interface: 

1. Integral alphanumeric keypad and digital display, and intuitive drop-down menus to assist in 

programming. 

2. Log and display relay on-time. 

3. Connect relays to one or more time and sequencing schemes. 

2.03 MANUAL SWITCHES AND PLATES 

A. Push-Button Switches: Modular, momentary contact, three wire, for operating one or more relays and to override 

automatic controls. 

1. Match color and style specified in Section 262726 "Wiring Devices." 

2. Integral green LED pilot light to indicate when circuit is on. 

3. Internal white LED locator light to illuminate when circuit is off. 

B. Wall Plates: Single and multigang plates as specified in Section 262726 "Wiring Devices." 

C. Legend: Engraved or permanently silk-screened on wall plate where indicated. Use designations indicated on 

Drawings. 

2.04 FIELD-MOUNTED SIGNAL SOURCES 

A. Daylight Harvesting Switching Controls: Comply with Section 260923 "Lighting Control Devices." Control 

power may be taken from the lighting control panel, and signal shall be compatible with the relays. 

B. Indoor Occupancy Sensors: Comply with Section 260923 "Lighting Control Devices." Control power may be 

taken from the lighting control panel, and signal shall be compatible with the relays. 

2.05 CONDUCTORS AND CABLES 

A. Power Wiring to Supply Side of Class 2 Power Source: Not smaller than No. 12 AWG. Comply with 

requirements in Section 260519 "Low-Voltage Electrical Power Conductors and Cables." 

B. Classes 2 and 3 Control Cables: Multiconductor cable with copper conductors not smaller than No. 18 AWG. 

Comply with requirements in Section 260519 "Low-Voltage Electrical Power Conductors and Cables." 

C. Class 1 Control Cables: Multiconductor cable with copper conductors not smaller than No. 14 AWG. Comply 

with requirements in Section 260519 "Low-Voltage Electrical Power Conductors and Cables." 

D. Twisted-Pair Data Cable:  Category 6. Comply with requirements for twisted pair cabling in Section 260523 

"Control-Voltage Electrical Power Cables." 
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PART 3 - EXECUTION 

3.01 EXAMINATION 

A. Receive, inspect, handle, and store panels according to NECA 407. 

B. Examine panels before installation. Reject panels that are damaged or rusted or have been subjected to water 

saturation. 

C. Examine elements and surfaces to receive panels for compliance with installation tolerances and other conditions 

affecting performance of the Work. 

D. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.02 WIRING INSTALLATION 

A. Comply with NECA 1. 

B. Wiring Method: Install cables in raceways and cable trays except within consoles, cabinets, desks, and 

counters and except in accessible ceiling spaces where unenclosed wiring method may be used. Conceal raceway 

and cables except in unfinished spaces. 

1. Install plenum cable in environmental airspaces, including plenum ceilings. 

2. Comply with requirements for cable trays specified in Section 260536 "Cable Trays for Electrical 

Systems." 

3. Comply with requirements for raceways and boxes specified in Section 260533 "Raceways and Boxes for 
Electrical Systems." 

C. Wiring within Enclosures: Bundle, lace, and train conductors to terminal points with no excess and without 

exceeding manufacturer's limitations on bending radii. Install lacing bars and distribution spools. 

3.03 PANEL INSTALLATION 

A. Comply with NECA 1. 

B. Install panels and accessories according to NECA 407. 

C. Mount top of trim 90 inches above finished floor unless otherwise indicated. 

D. Mount panel cabinet plumb and rigid without distortion of box. 

E. Install filler plates in unused spaces. 

3.04 IDENTIFICATION 

A. Identify system components, wiring, cabling, and terminals. Comply with requirements for identification 
specified in Section 260553 "Identification for Electrical Systems." 

B. Identify field-installed conductors, interconnecting wiring, and components; provide warning signs complying 

with Section 260553 "Identification for Electrical Systems." 

C. Create a directory to indicate loads served by each relay; incorporate Owner's final room designations. Obtain 

approval before installing. Use a PC or typewriter to create directory; handwritten directories are unacceptable. 
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D. Lighting Control Panel Nameplates: Label each panel with a nameplate complying with requirements for 

identification specified in Section 260553 "Identification for Electrical Systems." 

3.05 STARTUP SERVICE 

A. Engage a factory-authorized service representative to perform startup service. 

1. Complete installation and startup checks according to manufacturer's written instructions. 
2. Confirm correct communications wiring, initiate communications between panels, and program the 

lighting control system according to approved configuration schedules, time-of-day schedules, and input 

override assignments. 

3.06 ADJUSTING 

A. Occupancy Adjustments: When requested within 12 months from date of Substantial Completion, provide on-

site assistance in adjusting system to suit actual occupied conditions. Provide up to two visits to Project during 

other-than-normal occupancy hours for this purpose. 

3.07 SOFTWARE SERVICE AGREEMENT 

A. Technical Support: Beginning at Substantial Completion, service agreement shall include software support for 

two years. 

B. Upgrade Service: At Substantial Completion, update software to latest version. Install and program software 

upgrades that become available within two years from date of Substantial Completion. Upgrading software shall 
include operating system and new or revised licenses for using software. 

1. Upgrade Notice: At least 30 days to allow Owner to schedule and access the system and to upgrade 

computer equipment if necessary. 

3.08 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, operate, 

and maintain the control unit and operator interface. 

END OF SECTION 260943.23 
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SECTION 262213 - LOW-VOLTAGE DISTRIBUTION TRANSFORMERS 

PART 1 - GENERAL 

1.01 SUMMARY 

A. Section includes distribution, dry-type transformers with a nominal primary and secondary rating of 600 V and 

less, with capacities up to 1500 kVA. 

1.02 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1. Include construction details, material descriptions, dimensions of individual components and profiles, and 

finishes for each type and size of transformer. 

2. Include rated nameplate data, capacities, weights, dimensions, minimum clearances, installed devices and 

features, and performance for each type and size of transformer. 

1.03 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For transformers to include in emergency, operation, and maintenance 

manuals. 

1.04 DELIVERY, STORAGE, AND HANDLING 

A. Inspection: On receipt, inspect for and note any shipping damage to packaging and transformer. 

1. If manufacturer packaging is removed for inspection, and transformer will be stored after inspection, re-
package transformer using original or new packaging materials that provide protection equivalent to 

manufacturer's packaging. 

B. Storage: Store in a warm, dry, and temperature-stable location in original shipping packaging. 

C. Handling: Follow manufacturer's instructions for lifting and transporting transformers. 

PART 2 - PRODUCTS 

2.01 MANUFACTURERS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the following: 

1. Eaton. 

2. Siemens Industry, Inc., Energy Management Division. 

3. Square D; Schneider Electric USA.  

4. ABB Inc 

B. Source Limitations: Obtain each transformer type from single source from single manufacturer. 

2.02 GENERAL TRANSFORMER REQUIREMENTS 

A. Description: Factory-assembled and -tested, air-cooled units for 60-Hz service. 

http://www.specagent.com/Lookup?ulid=9949
http://www.specagent.com/Lookup?uid=123457071531
http://www.specagent.com/Lookup?uid=123457071544
http://www.specagent.com/Lookup?uid=123457071546
http://www.specagent.com/Lookup?uid=123457077372
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B. Comply with NFPA 70. 

1. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a 

qualified testing agency, and marked for intended location and use. 

C. Transformers Rated 15 kVA and Larger: 

1. Comply with 10 CFR 431 (DOE 2016) efficiency levels. 
2. Marked as compliant with DOE 2016 efficiency levels by an NRTL. 

2.03 DISTRIBUTION TRANSFORMERS 

A. Comply with NFPA 70, and list and label as complying with UL 1561. 

B. Cores: Electrical grade, non-aging silicon steel with high permeability and low hysteresis losses. 

1. One leg per phase. 

2. Core volume shall allow efficient transformer operation at 10 percent above the nominal tap voltage. 

3. Grounded to enclosure. 

C. Coils: Continuous windings without splices except for taps. 

1. Coil Material: Aluminum. 

2. Internal Coil Connections: Brazed or pressure type. 

3. Terminal Connections:  Bolted. 

D. Encapsulation: Transformers smaller than 30 kVA shall have core and coils completely resin encapsulated. 

E. Indoor Enclosure: Ventilated. 

1. NEMA 250, Type 2: Core and coil shall be encapsulated within resin compound to seal out moisture and 

air. 

2. KVA Ratings: Based on convection cooling only and not relying on auxiliary fans. 

3. Wiring Compartment: Sized for conduit entry and wiring installation. 

4. Finish: Comply with NEMA 250. 

F. Outdoor Enclosure: Ventilated. 

1. NEMA 250, Type 4X: Core and coil shall be encapsulated within resin compound, sealing out moisture 

and air. 

2. Wiring Compartment: Sized for conduit entry and wiring installation. 

3. Finish: Comply with NEMA 250. 

G. Taps for Transformers 15 kVA and Larger:  Two 2.5 percent taps above and four 2.5 percent taps below normal 

full capacity. 

H. Insulation Class, 15 kVA and Larger: 220 deg C, UL-component-recognized insulation system with a maximum 

of 80 deg C rise above 40 deg C ambient temperature. 

I. Grounding: Provide ground-bar kit or a ground bar installed on the inside of the transformer enclosure. 

J. Electrostatic Shielding: Each winding shall have an independent, single, full-width copper electrostatic shield 

arranged to minimize interwinding capacitance. 
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1. Arrange coil leads and terminal strips to minimize capacitive coupling between input and output 

terminals. 

2. Include special terminal for grounding the shield. 

2.04 IDENTIFICATION 

A. Nameplates: Engraved, laminated-acrylic or melamine plastic signs for each distribution transformer, mounted 
with corrosion-resistant screws. Nameplates and label products are specified in Section 260553 "Identification 

for Electrical Systems." 

PART 3 - EXECUTION 

3.01 EXAMINATION 

A. Examine conditions for compliance with enclosure- and ambient-temperature requirements for each transformer. 

B. Verify that field measurements are as needed to maintain working clearances required by NFPA 70 and 

manufacturer's written instructions. 

C. Examine walls, floors, roofs, and concrete bases for suitable mounting conditions where transformers will be 

installed. 

D. Verify that ground connections are in place and requirements in Section 260526 "Grounding and Bonding for 

Electrical Systems" have been met. Maximum ground resistance shall be 5 ohms at location of transformer. 

E. Environment: Enclosures shall be rated for the environment in which they are located. Covers for NEMA 250, 
Type 4X enclosures shall not cause accessibility problems. 

F. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.02 INSTALLATION 

A. Install transformers level and plumb on a concrete base with vibration-dampening supports. Locate transformers 

away from corners and not parallel to adjacent wall surface. 

B. Construct concrete bases according to Section 033000 "Cast-in-Place Concrete" and anchor floor-mounted 

transformers according to manufacturer's written instructions and requirements in Section 260529 "Hangers and 

Supports for Electrical Systems." 

1. Coordinate size and location of concrete bases with actual transformer provided. Cast anchor-bolt inserts 

into bases. Concrete, reinforcement, and formwork requirements are specified with concrete. 

C. Secure transformer to concrete base according to manufacturer's written instructions. 

D. Secure covers to enclosure and tighten all bolts to manufacturer-recommended torques to reduce noise 

generation. 

E. Remove shipping bolts, blocking, and wedges. 

3.03 CONNECTIONS 

A. Ground equipment according to Section 260526 "Grounding and Bonding for Electrical Systems." 

B. Connect wiring according to Section 260519 "Low-Voltage Electrical Power Conductors and Cables." 
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C. Tighten electrical connectors and terminals according to manufacturer's published torque-tightening values. If 

manufacturer's torque values are not indicated, use those specified in UL 486A-486B. 

D. Provide flexible connections at all conduit and conductor terminations and supports to eliminate sound and 

vibration transmission to the building structure. 

3.04 FIELD QUALITY CONTROL 

A. Perform tests and inspections with the assistance of a factory-authorized service representative. 

B. Dry-Type Transformer Field Tests: 

1. Visual and Mechanical Inspection. 

a. Inspect physical and mechanical condition. 

b. Inspect anchorage, alignment, and grounding. 

c. Verify that resilient mounts are free and that any shipping brackets have been removed. 

d. Verify the unit is clean. 

e. Perform specific inspections and mechanical tests recommended by manufacturer. 

f. Verify that as-left tap connections are as specified. 

g. Verify the presence of surge arresters and that their ratings are as specified. 

2. Electrical Tests: 

a. Measure resistance at each winding, tap, and bolted connection. 
b. Perform insulation-resistance tests winding-to-winding and each winding-to-ground. Apply 

voltage according to manufacturer's published data. In the absence of manufacturer's published 

data, comply with NETA ATS, Table 100.5. Calculate polarization index: the value of the index 

shall not be less than 1.0. 

c. Perform turns-ratio tests at all tap positions. Test results shall not deviate by more than one-half 

percent from either the adjacent coils or the calculated ratio. If test fails, replace the transformer. 

d. Verify correct secondary voltage, phase-to-phase and phase-to-neutral, after energization and prior 

to loading. 

C. Remove and replace units that do not pass tests or inspections and retest as specified above. 

D. Test Labeling: On completion of satisfactory testing of each unit, attach a dated and signed "Satisfactory Test" 

label to tested component. 

3.05 ADJUSTING 

A. Record transformer secondary voltage at each unit for at least 48 hours of typical occupancy period. Adjust 

transformer taps to provide optimum voltage conditions at secondary terminals. Optimum is defined as not 

exceeding nameplate voltage plus 5 percent and not being lower than nameplate voltage minus 3 percent at 

maximum load conditions. Submit recording and tap settings as test results. 

B. Output Settings Report: Prepare a written report recording output voltages and tap settings. 

3.06 CLEANING 

A. Vacuum dirt and debris; do not use compressed air to assist in cleaning. 

END OF SECTION 262213 



 

 

 

Deane Bozeman School  

Classroom Addition & Site Work 

262416 - 1 

SECTION 262416 - PANELBOARDS 

PART 1 - GENERAL 

1.01 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and 

Division 01 Specification Sections, apply to this Section. 

1.02 SUMMARY 

A. Section Includes: 

1. Distribution panelboards. 

2. Lighting and appliance branch-circuit panelboards. 

1.03 DEFINITIONS 

A. ATS: Acceptance testing specification. 

B. GFCI: Ground-fault circuit interrupter. 

C. GFEP: Ground-fault equipment protection. 

D. HID: High-intensity discharge. 

E. MCCB: Molded-case circuit breaker. 

F. SPD: Surge protective device. 

G. VPR: Voltage protection rating. 

1.04 ACTION SUBMITTALS 

A. Product Data: For each type of panelboard. 

1. Include materials, switching and overcurrent protective devices, SPDs, accessories, and components 

indicated. 

2. Include dimensions and manufacturers' technical data on features, performance, electrical characteristics, 

ratings, and finishes. 

1.05 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For panelboards and components to include in emergency, operation, and 

maintenance manuals. Include the following: 

1. Manufacturer's written instructions for testing and adjusting overcurrent protective devices. 

2. Time-current curves, including selectable ranges for each type of overcurrent protective device that 
allows adjustments. 
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1.06 MAINTENANCE MATERIAL SUBMITTALS 

A. Furnish extra materials that match products installed and that are packaged with protective covering for storage 

and identified with labels describing contents. 

1. Keys: Two spares for each type of panelboard cabinet lock. 

1.07 QUALITY ASSURANCE 

A. Manufacturer Qualifications: ISO 9001 or 9002 certified. 

1.08 DELIVERY, STORAGE, AND HANDLING 

A. Remove loose packing and flammable materials from inside panelboards. 

B. Handle and prepare panelboards for installation according to NECA 407 and NEMA PB 1. 

1.09 FIELD CONDITIONS 

A. Environmental Limitations: 

1. Do not deliver or install panelboards until spaces are enclosed and weathertight, wet work in spaces is 

complete and dry, and work above panelboards is complete. 

2. Rate equipment for continuous operation under the following conditions unless otherwise indicated: 

a. Ambient Temperature: Not exceeding minus 22 deg F to plus 104 deg F. 

b. Altitude: Not exceeding 6600 feet. 

B. Service Conditions: NEMA PB 1, usual service conditions, as follows: 

1. Ambient temperatures within limits specified. 

2. Altitude not exceeding 6600 feet. 

C. Interruption of Existing Electric Service: Do not interrupt electric service to facilities occupied by Owner or 

others unless permitted under the following conditions and then only after arranging to provide temporary 

electric service according to requirements indicated: 

1. Notify Owner no fewer than5 days in advance of proposed interruption of electric service. 

2. Do not proceed with interruption of electric service without Owner's written permission. 

3. Comply with NFPA 70E. 

1.10 WARRANTY 

A. Manufacturer's Warranty: Manufacturer agrees to repair or replace panelboards that fail in materials or 

workmanship within specified warranty period. 

1. Panelboard Warranty Period: 18 months from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.01 PANELBOARDS COMMON REQUIREMENTS 

A. Product Selection for Restricted Space: Drawings indicate maximum dimensions for panelboards including 

clearances between panelboards and adjacent surfaces and other items. Comply with indicated maximum 

dimensions. 
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B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified 

testing agency, and marked for intended location and application. 

C. Comply with NEMA PB 1. 

D. Comply with NFPA 70. 

E. Enclosures: Flush and Surface-mounted, dead-front cabinets. 

1. Rated for environmental conditions at installed location. 

a. Indoor Dry and Clean Locations: NEMA 250, Type 1. 

b. Outdoor Locations: NEMA 250, Type 4X. 

2. Height: 84 inches maximum. 

3. Hinged Front Cover: Entire front trim hinged to box and with standard door within hinged trim cover. 

Trims shall cover all live parts and shall have no exposed hardware. 

4. Finishes: 

a. Panels and Trim: Steel, factory finished immediately after cleaning and pretreating with 

manufacturer's standard two-coat, baked-on finish consisting of prime coat and thermosetting 

topcoat. 

b. Back Boxes: Galvanized steel. 

F. Incoming Mains: 

1. Location: As indicated on plans. 

2. Main Breaker: Main lug interiors up to 400 amperes shall be field convertible to main breaker. 

G. Phase, Neutral, and Ground Buses: 

1. Material:  Hard-drawn copper, 98 percent conductivity. 

a. Bus shall be fully rated the entire length. 

2. Interiors shall be factory assembled into a unit. Replacing switching and protective devices shall not 

disturb adjacent units or require removing the main bus connectors. 

3. Equipment Ground Bus: Adequate for feeder and branch-circuit equipment grounding conductors; 

bonded to box. 

4. Full-Sized Neutral: Equipped with full-capacity bonding strap for service entrance applications. Mount 

electrically isolated from enclosure. Do not mount neutral bus in gutter. 
 

H. Conductor Connectors: Suitable for use with conductor material and sizes. 

1. Material:  Hard-drawn copper, 98 percent conductivity. 

2. Terminations shall allow use of 75 deg C rated conductors without derating. 

3. Size: Lugs suitable for indicated conductor sizes, with additional gutter space, if required, for larger 

conductors. 

4. Main and Neutral Lugs:  Mechanical type, with a lug on the neutral bar for each pole in the panelboard. 

5. Ground Lugs and Bus-Configured Terminators:  Mechanical type, with a lug on the bar for each pole in 

the panelboard. 

6. Feed-Through Lugs:  Mechanical type, suitable for use with conductor material. Locate at opposite end of 

bus from incoming lugs or main device. 

7. Subfeed (Double) Lugs:  Mechanical type suitable for use with conductor material. Locate at same end of 
bus as incoming lugs or main device. 
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I. NRTL Label: Panelboards shall be labeled by an NRTL acceptable to authority having jurisdiction for use as 

service equipment with one or more main service disconnecting and overcurrent protective devices. Panelboards 

shall have meter enclosures, wiring, connections, and other provisions for utility metering. Coordinate with 

utility company for exact requirements. 

J. Future Devices: Panelboards or shall have mounting brackets, bus connections, filler plates, and necessary 
appurtenances required for future installation of devices. 

1. Percentage of Future Space Capacity:  20 percent. 

K. Panelboard Short-Circuit Current Rating: Fully rated to interrupt symmetrical short-circuit current available at 

terminals. Assembly listed by an NRTL for 100 percent interrupting capacity. 

1. Panelboards and overcurrent protective devices rated 240 V or less shall have short-circuit ratings as 

shown on Drawings, but not less than 10,000 A rms symmetrical. 

2. Panelboards and overcurrent protective devices rated above 240 V and less than 600 V shall have short-

circuit ratings as shown on Drawings, but not less than 14,000 A rms symmetrical. 

2.02 POWER PANELBOARDS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the following: 

1. Eaton. 

2. SIEMENS Industry, Inc.; Energy Management Division. 

3. Square D; by Schneider Electric.  

4. ABB Inc 

B. Panelboards: NEMA PB 1, distribution type. 

C. Doors: Secured with vault-type latch with tumbler lock; keyed alike. 

1. For doors more than 36 inches high, provide two latches, keyed alike. 

D. Mains: Circuit breaker, Fused switch or Lugs only as indicated. 

E. Branch Overcurrent Protective Devices: Bolt-on circuit breakers or fused switches as indicated. 

2.03 LIGHTING AND APPLIANCE BRANCH-CIRCUIT PANELBOARDS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the following: 

1. Eaton. 

2. SIEMENS Industry, Inc.; Energy Management Division. 

3. Square D; by Schneider Electric.  

4. ABB Inc 

B. Panelboards: NEMA PB 1, lighting and appliance branch-circuit type. 

http://www.specagent.com/Lookup?ulid=11316
http://www.specagent.com/Lookup?uid=123457051621
http://www.specagent.com/Lookup?uid=123457051623
http://www.specagent.com/Lookup?uid=123457051624
http://www.specagent.com/Lookup?uid=123457077372
http://www.specagent.com/Lookup?ulid=11316
http://www.specagent.com/Lookup?uid=123457051621
http://www.specagent.com/Lookup?uid=123457051623
http://www.specagent.com/Lookup?uid=123457051624
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C. Mains: Circuit breaker or lugs only, as indicated. 

D. Branch Overcurrent Protective Devices:  Bolt-on circuit breakers, replaceable without disturbing adjacent units. 

E. Doors: Door-in-door construction with concealed hinges; secured with multipoint latch with tumbler lock; keyed 

alike. Outer door shall permit full access to the panel interior. Inner door shall permit access to breaker operating 

handles and labeling, but current carrying terminals and bus shall remain concealed. 

2.04 DISCONNECTING AND OVERCURRENT PROTECTIVE DEVICES 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the following: 

1. Eaton. 

2. SIEMENS Industry, Inc.; Energy Management Division. 

3. Square D; by Schneider Electric.  

4. ABB Inc 

B. MCCB: Comply with UL 489, with interrupting capacity to meet available fault currents. 

1. Thermal-Magnetic Circuit Breakers: 

a. Inverse time-current element for low-level overloads. 

b. Instantaneous magnetic trip element for short circuits. 

c. Adjustable magnetic trip setting for circuit-breaker frame sizes 250 A and larger. 

2. Adjustable Instantaneous-Trip Circuit Breakers: Magnetic trip element with front-mounted, field-
adjustable trip setting. 

3. Electronic Trip Circuit Breakers: 

a. RMS sensing. 

b. Field-replaceable rating plug or electronic trip. 

c. Digital display of settings, trip targets, and indicated metering displays. 

d. Multi-button keypad to access programmable functions and monitored data. 

e. Ten-event, trip-history log. Each trip event shall be recorded with type, phase, and magnitude of 

fault that caused the trip. 

f. Integral test jack for connection to portable test set or laptop computer. 

g. Field-Adjustable Settings: 

1) Instantaneous trip. 
2) Long- and short-time pickup levels. 

3) Long and short time adjustments. 

4) Ground-fault pickup level, time delay, and I squared T response. 

4. GFCI Circuit Breakers: Single- and double-pole configurations with Class A ground-fault protection (6-

mA trip). 

5. GFEP Circuit Breakers: Class B ground-fault protection (30-mA trip). 

6. Arc-Fault Circuit Interrupter Circuit Breakers: Comply with UL 1699; 120/240-V, single-pole 

configuration. 

7. Subfeed Circuit Breakers: Vertically mounted. 

8. MCCB Features and Accessories: 

a. Standard frame sizes, trip ratings, and number of poles. 

b. Breaker handle indicates tripped status. 
c. UL listed for reverse connection without restrictive line or load ratings. 

d. Lugs:  Mechanical style, suitable for number, size, trip ratings, and conductor materials. 

http://www.specagent.com/Lookup?ulid=2047
http://www.specagent.com/Lookup?uid=123457051640
http://www.specagent.com/Lookup?uid=123457051642
http://www.specagent.com/Lookup?uid=123457051643
http://www.specagent.com/Lookup?uid=123457077372
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e. Ground-Fault Protection: Integrally mounted relay and trip unit with adjustable pickup and time-

delay settings, push-to-test feature, and ground-fault indicator. 

f. Shunt Trip:  24-V trip coil energized from separate circuit, set to trip at 75 percent of rated 

voltage. 

g. Rating Plugs: Three-pole breakers with ampere ratings greater than 110 amperes shall have 
electronic adjustable trip units. 

h. Multipole units enclosed in a single housing with a single handle. 

C. Fused Switch: NEMA KS 1, Type HD; clips to accommodate specified fuses; lockable handle. 

1. Fuses and Spare-Fuse Cabinet: Comply with requirements specified in Section 262813 "Fuses." 

2. Fused Switch Features and Accessories: 

a. Standard ampere ratings and number of poles. 

b. Mechanical cover interlock with a manual interlock override, to prevent the opening of the cover 

when the switch is in the on position. The interlock shall prevent the switch from being turned on 

with the cover open. The operating handle shall have lock-off means with provisions for three 

padlocks. 

2.05 IDENTIFICATION 

A. Panelboard Label: Manufacturer's name and trademark, voltage, amperage, number of phases, and number of 
poles shall be located on the interior of the panelboard door. 

B. Breaker Labels: Faceplate shall list current rating, UL and IEC certification standards, and AIC rating. 

C. Circuit Directory: Computer-generated circuit directory mounted inside panelboard door with transparent plastic 

protective cover. 

1. Circuit directory shall identify specific purpose with detail sufficient to distinguish it from all other 

circuits. 

PART 3 - EXECUTION 

3.01 EXAMINATION 

A. Verify actual conditions with field measurements prior to ordering panelboards to verify that equipment fits in 

allocated space in, and comply with, minimum required clearances specified in NFPA 70. 

B. Receive, inspect, handle, and store panelboards according to NEMA PB 1.1. 

C. Examine panelboards before installation. Reject panelboards that are damaged, rusted, or have been subjected to 

water saturation. 

D. Examine elements and surfaces to receive panelboards for compliance with installation tolerances and other 

conditions affecting performance of the Work. 

E. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.02 INSTALLATION 

A. Coordinate layout and installation of panelboards and components with other construction that penetrates walls 

or is supported by them, including electrical and other types of equipment, raceways, piping, encumbrances to 

workspace clearance requirements, and adjacent surfaces. Maintain required workspace clearances and required 

clearances for equipment access doors and panels. 
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B. Comply with NECA 1. 

C. Install panelboards and accessories according to NEMA PB 1.1. 

D. Equipment Mounting: 

1. Attach panelboard to the vertical finished or structural surface behind the panelboard. 

E. Mount panelboard cabinet plumb and rigid without distortion of box. 

F. Mount recessed panelboards with fronts uniformly flush with wall finish and mating with back box. 

G. Mount surface-mounted panelboards to steel slotted supports 5/8 inch in depth. Orient steel slotted supports 

vertically. 

H. Install overcurrent protective devices and controllers not already factory installed. 

1. Set field-adjustable, circuit-breaker trip ranges. 

2. Tighten bolted connections and circuit breaker connections using calibrated torque wrench or torque 

screwdriver per manufacturer's written instructions. 

I. Make grounding connections and bond neutral for services and separately derived systems to ground. Make 

connections to grounding electrodes, separate grounds for isolated ground bars, and connections to separate 

ground bars. 

J. Install filler plates in unused spaces. 

K. Arrange conductors in gutters into groups and bundle and wrap with wire ties. 

3.03 IDENTIFICATION 

A. Identify field-installed conductors, interconnecting wiring, and components; install warning signs complying 

with requirements in Section 260553 "Identification for Electrical Systems." 

B. Create a directory to indicate installed circuit loads; incorporate Owner's final room designations. Obtain 

approval before installing. Handwritten directories are not acceptable. Install directory inside panelboard door. 

C. Panelboard Nameplates: Label each panelboard with a nameplate complying with requirements for identification 

specified in Section 260553 "Identification for Electrical Systems." 

D. Device Nameplates: Label each branch circuit device in power panelboards with a nameplate complying with 

requirements for identification specified in Section 260553 "Identification for Electrical Systems." 

E. Install warning signs complying with requirements in Section 260553 "Identification for Electrical Systems" 

identifying source of remote circuit. 

3.04 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 

1. Manufacturer's Field Service: Engage a factory-authorized service representative to inspect components, 

assemblies, and equipment installations, including connections, and to assist in testing. 

2. Perform the following infrared scan tests and inspections and prepare reports: 



 

 

SECTION 262416 - PANELBOARDS (continued): 

Deane Bozeman School  

Classroom Addition & Site Work 

262416 - 8 

a. Initial Infrared Scanning: After Substantial Completion, but not more than 60 days after Final 

Acceptance, perform an infrared scan of each panelboard. Remove front panels so joints and 

connections are accessible to portable scanner. 

b. Instruments and Equipment: 

1) Use an infrared scanning device designed to measure temperature or to detect significant 
deviations from normal values. Provide calibration record for device. 

B. Panelboards will be considered defective if they do not pass tests and inspections. 

C. Prepare test and inspection reports, including a certified report that identifies panelboards included and that 

describes scanning results. Include notation of deficiencies detected, remedial action taken, and observations 

after remedial action. 

3.05 ADJUSTING 

A. Adjust moving parts and operable components to function smoothly and lubricate as recommended by 

manufacturer. 

B. Set field-adjustable circuit-breaker trip ranges 

END OF SECTION 262416 
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SECTION 262726 - WIRING DEVICES 

PART 1 - GENERAL 

1.01 SUMMARY 

A. Section Includes: 

1. General-use switches. 
2. General-grade single straight-blade receptacles. 

3. General-grade duplex straight-blade receptacles. 

4. Receptacles with arc-fault and ground-fault protective devices. 

5. Locking receptacles. 

6. Connectors, cords, and plugs. 

1.02 ACTION SUBMITTALS 

A. Product Data: 

1. Toggle switches. 

2. Single straight-blade receptacles 

3. Duplex straight-blade receptacles. 

4. Receptacles with AFCI device. 

5. Receptacles with AFCI and GFCI devices. 
6. Receptacles with GFCI device. 

7. Locking receptacles. 

8. Cord connectors. 

PART 2 - PRODUCTS 

2.01 GENERAL WIRING-DEVICE REQUIREMENTS 

A. Wiring Devices, Components, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing 

agency, and marked for intended location and use. 

B. Devices for Owner-Furnished Equipment: 

1. Receptacles: Match plug configurations. 

2. Cord and Plug Sets: Match equipment requirements. 

C. Device Color: 

1. Wiring Devices Connected to Normal Power System:  White unless otherwise indicated or required by 

NFPA 70 or device listing. 

2. Wiring Devices Connected to Essential Power System:  Red. 

3. Wiring Devices Connected to Legally Required Standby Power System: Gray. 

4. SPD Devices: Blue. 

2.02 GENERAL-USE SWITCHES 

A. Toggle Switch: 

1. Regulatory Requirements: 
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a. Listed and labeled in accordance with NFPA 70, by qualified electrical testing laboratory 

recognized by authorities having jurisdiction, and marked for intended location and application. 

2. General Characteristics: 

a. Reference Standards: UL CCN WMUZ and UL 20. 

3. Options: 
a. Configuration: 

1) General-duty, 120-277 V, 20 A. 

2.03 GENERAL-GRADE SINGLE STRAIGHT-BLADE RECEPTACLES 

A. Single Straight-Blade Receptacle: 

1. Regulatory Requirements: 

a. Listed and labeled in accordance with NFPA 70, by qualified electrical testing laboratory 

recognized by authorities having jurisdiction, and marked for intended location and application. 

2. General Characteristics: 

a. Reference Standards: UL CCN RTRT and UL 498. 

3. Options: 

a. Configuration: 

1) General-duty, NEMA 5-20R. 
2) General-duty, NEMA 6-20R. 

3) Heavy-duty, NEMA 5-30R NEMA 5-50R. 

4) Heavy-duty, NEMA 6-30R NEMA 6-50R. 

5) Heavy-duty, NEMA 7-20R NEMA 7-30R NEMA 7-50R. 

6) Heavy-duty, NEMA 14-20R NEMA 14-30R (Dryer) NEMA 14-50R (Range) NEMA 14-

60R. 

7) Heavy-duty, NEMA 15-20R NEMA 15-30R NEMA 15-50R NEMA 15-60R. 

8) Heavy-duty, NEMA 18-20R NEMA 18-30R NEMA 18-50R NEMA 18-60R. 

2.04 GENERAL-GRADE DUPLEX STRAIGHT-BLADE RECEPTACLES 

A. Duplex Straight-Blade Receptacle: 

1. Regulatory Requirements: 

a. Listed and labeled in accordance with NFPA 70, by qualified electrical testing laboratory 

recognized by authorities having jurisdiction, and marked for intended location and application. 

2. General Characteristics: 

a. Reference Standards: UL CCN RTRT and UL 498. 

3. Options: 

a. Configuration: 

1) General-duty, NEMA 5-20R. 

2) General-duty, NEMA 6-20R. 

3) Heavy-duty, NEMA 7-15R. 
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B. Isolated Ground Duplex Straight-Blade Receptacle with Type 3 Surge Protective Device: 

1. Regulatory Requirements: 

a. Listed and labeled in accordance with NFPA 70, by qualified electrical testing laboratory 

recognized by authorities having jurisdiction, and marked for intended location and application. 

2. General Characteristics: 

a. Reference Standards: 

1) UL CCN RTRT and UL 498. 

2) Surge Protective Devices: UL 1449, Type 3. 

3. Options: 

a. Configuration: Heavy-duty, smooth face, NEMA 5-20R. 

C. Tamper-Resistant Duplex Straight-Blade Receptacle with USB Outlet to Power Class 2 Equipment: 

1. Regulatory Requirements: 

a. Listed and labeled in accordance with NFPA 70, by qualified electrical testing laboratory 

recognized by authorities having jurisdiction, and marked for intended location and application. 

2. General Characteristics: 

a. Reference Standards: UL CCN RTRT and UL 498. 

3. Options: 
a. Configuration: 

1) General-duty, NEMA 5-20R; one USB-A port; one USB-C port. 

2.05 RECEPTACLES WITH ARC-FAULT AND GROUND-FAULT PROTECTIVE DEVICES 

A. General-Grade, Tamper-Resistant Duplex Straight-Blade Receptacle with AFCI Device: 

1. Regulatory Requirements: 

a. Listed and labeled in accordance with NFPA 70, by qualified electrical testing laboratory 

recognized by authorities having jurisdiction, and marked for intended location and application. 

2. General Characteristics: 

a. Reference Standards: UL CCN AWBZ, UL 498, UL 1699, and UL Subject 1699A. 

3. Options: 

a. Configuration: Heavy-duty, NEMA 5-20R. 

B. General-Grade, Tamper-Resistant Duplex Straight-Blade Receptacle with AFCI and GFCI Device: 

1. Regulatory Requirements: 

a. Listed and labeled in accordance with NFPA 70, by qualified electrical testing laboratory 

recognized by authorities having jurisdiction, and marked for intended location and application. 

2. General Characteristics: 

a. Reference Standards: UL CCN KCXX, UL 498, UL 943, UL 1699, and UL Subject 1699A. 
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3. Options: 

a. Configuration: Heavy-duty, NEMA 5-20R. 

C. General-Grade, Weather-Resistant, Tamper-Resistant Duplex Straight-Blade Receptacle with GFCI Device: 

1. Regulatory Requirements: 

a. Listed and labeled in accordance with NFPA 70, by qualified electrical testing laboratory 
recognized by authorities having jurisdiction, and marked for intended location and application. 

2. General Characteristics: 

a. Reference Standards: UL CCN KCXS, UL 498, and UL 943. 

3. Options: 

a. Configuration: Heavy-duty, NEMA 5-20R. 

2.06 LOCKING RECEPTACLES 

A. NEMA, 125 V, Locking Receptacle: 

1. Regulatory Requirements: 

a. Listed and labeled in accordance with NFPA 70, by qualified electrical testing laboratory 

recognized by authorities having jurisdiction, and marked for intended location and application. 

2. General Characteristics: 

a. Reference Standards: UL CCN RTRT and UL 498. 

3. Options: 

a. Device Color: Black with yellow voltage indication on face. 

b. Configuration: 2 pole, 3 wire, grounding, NEMA L5-20R NEMA L5-30R. 

B. NEMA, 250 V, Locking Receptacle: 

1. Regulatory Requirements: 

a. Listed and labeled in accordance with NFPA 70, by qualified electrical testing laboratory 

recognized by authorities having jurisdiction, and marked for intended location and application. 

2. General Characteristics: 

a. Reference Standards: UL CCN RTRT and UL 498. 

3. Options: 

a. Device Color: Black with blue voltage indication on face. 
b. Configuration: 

1) 2 pole, 3 wire, grounding, NEMA L6-20R NEMA L6-30R. 

2) 3 pole, 4 wire, grounding, NEMA L15-20R NEMA L15-30R. 

3) 4 pole, 4 wire, non-grounding, NEMA L18-20R NEMA L18-30R. 

4) 4 pole, 5 wire, grounding, NEMA L21-20R NEMA L21-30R. 
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2.07 CONNECTORS, CORDS, AND PLUGS 

A. Outdoor-Use, Watertight, Sealed Cord Connector: 

1. Regulatory Requirements: 

a. Listed and labeled in accordance with NFPA 70, by qualified electrical testing laboratory 

recognized by authorities having jurisdiction, and marked for intended location and application. 

2. General Characteristics: 

a. Reference Standards: UL CCN AXUT and UL 498. 

2.08 WALL PLATES 

A. Single Source: Obtain wall plates from same manufacturer of wiring devices. 

B. Single and combination types shall match corresponding wiring devices. 

1. Plate-Securing Screws: Metal with head color to match plate finish. 

2. Material:  0.035-inch-thick, satin-finished, Type 302 stainless steel. 

3. Material for Damp Locations:  Cast aluminum with spring-loaded lift cover, and listed and labeled for use 

in wet and damp locations. 

PART 3 - EXECUTION 

3.01 EXAMINATION 

A. Receptacles: 

1. Verify that receptacles to be procured and installed for Owner-furnished equipment are compatible with 

mating attachment plugs on equipment. 

3.02 INSTALLATION 

A. Coordination with Other Trades: 

1. Protect installed devices and their boxes. Do not place wall finish materials over device boxes, and do not 

cut holes for boxes with routers that are guided by riding against outside of boxes. 

2. Keep outlet boxes free of plaster, drywall joint compound, mortar, cement, concrete, dust, paint, and 

other material that may contaminate the raceway system, conductors, and cables. 

3. Install device boxes in brick or block walls so that the cover plate does not cross a joint unless the joint is 

troweled flush with the face of the wall. 

4. Install wiring devices after all wall preparation, including painting, is complete. 

B. Conductors: 

1. Do not strip insulation from conductors until right before they are spliced or terminated on devices. 

2. Strip insulation evenly around the conductor using tools designed for the purpose. Avoid scoring or 

nicking of solid wire or cutting strands from stranded wire. 

3. The length of free conductors at outlets for devices shall comply with NFPA 70, Article 300, without 

pigtails. 

4. Existing Conductors: 

a. Cut back and pigtail, or replace all damaged conductors. 

b. Straighten conductors that remain and remove corrosion and foreign matter. 
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c. Pigtailing existing conductors is permitted, provided the outlet box is large enough. 

C. Device Installation: 

1. Replace devices that have been in temporary use during construction and that were installed before 

building finishing operations were complete. 

2. Keep each wiring device in its package or otherwise protected until it is time to connect conductors. 
3. Do not remove surface protection, such as plastic film and smudge covers, until the last possible moment. 

4. Connect devices to branch circuits using pigtails that are not less than 6 inches in length. 

5. When there is a choice, use side wiring with binding-head screw terminals. Wrap solid conductor tightly 

clockwise, two-thirds to three-fourths of the way around terminal screw. 

6. Use a torque screwdriver when a torque is recommended or required by manufacturer. 

7. When conductors larger than No. 12 AWG are installed on 15- or 20-A circuits, splice No. 12 AWG 

pigtails for device connections. 

8. Tighten unused terminal screws on the device. 

9. When mounting into metal boxes, remove the fiber or plastic washers used to hold device-mounting 

screws in yokes, allowing metal-to-metal contact. 

D. Device Plates: Do not use oversized or extra-deep plates. Repair wall finishes and remount outlet boxes when 

standard device plates do not fit flush or do not cover rough wall opening. 

E. Arrangement of Devices: Unless otherwise indicated, mount flush, with long dimension vertical and with 

grounding terminal of receptacles on top. Group adjacent switches under single, multigang wall plates. 

3.03 SELECTION OF GFCI RECEPTACLES 

A. Provide non-feed-through GFCI receptacles. 

3.04 INSTALLATION OF SWITCHES 

A. Comply with manufacturer's instructions. 

B. Reference Standards: 

1. Unless more stringent requirements are specified in Contract Documents or manufacturers' instructions, 

comply with installation instructions in NECA NEIS 130. 

2. Mounting Heights: Unless otherwise indicated in Contract Documents, comply with mounting heights 

recommended in NECA NEIS 1. 
3. Consult Architect for resolution of conflicting requirements. 

C. Identification: 

1. Identify cover or cover plate for device with panelboard identification and circuit number in accordance 

with Section 260553 "Identification for Electrical Systems." 

a. Mark cover or cover plate using hot, stamped, or engraved machine printing with black-filled 

lettering, and provide durable wire markers or tags inside device box or outlet box. 

3.05 INSTALLATION OF STRAIGHT-BLADE RECEPTACLES 

A. Comply with manufacturer's instructions. 

B. Reference Standards: 
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1. Unless more stringent requirements are specified in Contract Documents or manufacturers' instructions, 

comply with installation instructions in NECA NEIS 130. 

2. Mounting Heights: Unless otherwise indicated in Contract Documents, comply with mounting heights 

recommended in NECA NEIS 1. 

3. Receptacle Orientation: Install ground pin of vertically mounted receptacles up, and on horizontally 
mounted receptacles to the right. 

4. Consult Architect for resolution of conflicting requirements. 

C. Identification: 

1. Identify cover or cover plate for device with panelboard identification and circuit number in accordance 

with Section 260553 "Identification for Electrical Systems." 

a. Mark cover or cover plate using hot, stamped, or engraved machine printing with black-filled 

lettering, and provide durable wire markers or tags inside device box or outlet box. 

3.06 INSTALLATION OF LOCKING RECEPTACLES 

A. Comply with manufacturer's instructions. 

B. Reference Standards: 

1. Unless more stringent requirements are specified in Contract Documents or manufacturers' instructions, 

comply with installation instructions in NECA NEIS 130. 
2. Mounting Heights: Unless otherwise indicated in Contract Documents, comply with mounting heights 

recommended in NECA NEIS 1. 

3. Receptacle Orientation: Unless otherwise indicated in Contract Documents, orient receptacle to match 

configuration diagram in NEMA WD 6. 

4. Consult Architect for resolution of conflicting requirements. 

C. Identification: 

1. Identify cover or cover plate for device with panelboard identification and circuit number in accordance 

with Section 260553 "Identification for Electrical Systems." 

a. Mark cover or cover plate using hot, stamped, or engraved machine printing with black-filled 

lettering, and provide durable wire markers or tags inside device box or outlet box. 

3.07 FIELD QUALITY CONTROL OF STRAIGHT-BLADE RECEPTACLES 

A. Tests and Inspections: 

1. Insert and remove test plug to verify that device is securely mounted. 

2. Verify polarity of hot and neutral pins. 

B. Nonconforming Work: 

1. Device will be considered defective if it does not pass tests and inspections. 

2. Remove and replace defective units and retest. 

3.08 FIELD QUALITY CONTROL OF LOCKING RECEPTACLES 

A. Tests and Inspections: 
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1. Insert and remove test plug to verify that device is securely mounted. 

2. Verify polarity of hot and neutral pins. 

B. Nonconforming Work: 

1. Device will be considered defective if it does not pass tests and inspections. 

2. Remove and replace defective units and retest. 

C. Assemble and submit test and inspection reports. 

3.09 PROTECTION 

A. Devices: 

1. Schedule and sequence installation to minimize risk of contamination of wires and cables, devices, device 

boxes, outlet boxes, covers, and cover plates by plaster, drywall joint compound, mortar, cement, 

concrete, dust, paint, and other materials. 

2. After installation, protect wires and cables, devices, device boxes, outlet boxes, covers, and cover plates 

from construction activities. Remove and replace items that are contaminated, defaced, damaged, or 

otherwise caused to be unfit for use prior to acceptance by Owner. 

B. Connectors, Cords, and Plugs: 

1. After installation, protect connectors, cords, and plugs from construction activities. Remove and replace 

items that are contaminated, defaced, damaged, or otherwise caused to be unfit for use prior to acceptance 
by Owner. 

END OF SECTION 262726 
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SECTION 262813 - FUSES 

PART 1 - GENERAL 

1.01 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and 

Division 01 Specification Sections, apply to this Section. 

1.02 SUMMARY 

A. Section Includes: 

1. Cartridge fuses rated 600 V ac and less for use in the following: 

a. Control circuits. 

b. Motor-control centers. 

c. Panelboards. 

d. Switchboards. 

e. Enclosed controllers. 

f. Enclosed switches. 

2. Spare-fuse cabinets. 

1.03 ACTION SUBMITTALS 

A. Product Data: For each type of product. Include construction details, material descriptions, dimensions of 
individual components and profiles, and finishes for spare-fuse cabinets. Include the following for each fuse type 

indicated: 

1. Ambient Temperature Adjustment Information: If ratings of fuses have been adjusted to accommodate 

ambient temperatures, provide list of fuses with adjusted ratings. 

a. For each fuse having adjusted ratings, include location of fuse, original fuse rating, local ambient 

temperature, and adjusted fuse rating. 

b. Provide manufacturer's technical data on which ambient temperature adjustment calculations are 

based. 

2. Dimensions and manufacturer's technical data on features, performance, electrical characteristics, and 

ratings. 

3. Current-limitation curves for fuses with current-limiting characteristics. 
4. Time-current coordination curves (average melt) and current-limitation curves (instantaneous peak let-

through current) for each type and rating of fuse. Submit in electronic format suitable for use in 

coordination software. 

5. Coordination charts and tables and related data. 

6. Fuse sizes for elevator feeders and elevator disconnect switches. 

1.04 MAINTENANCE MATERIAL SUBMITTALS 

A. Furnish extra materials that match products installed and that are packaged with protective covering for storage 

and identified with labels describing contents. 

1. Fuses: Equal to 10 percent of quantity installed for each size and type, but no fewer than three of each 

size and type. 



 

 

SECTION 262813 - FUSES (continued): 

Deane Bozeman School  

Classroom Addition & Site Work 

262813 - 2 

1.05 FIELD CONDITIONS 

A. Where ambient temperature to which fuses are directly exposed is less than 40 deg F or more than 100 deg F, 

apply manufacturer's ambient temperature adjustment factors to fuse ratings. 

PART 2 - PRODUCTS 

2.01 MANUFACTURERS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following: 

1. Cooper Bussmann, Inc. 

2. Edison Fuse, Inc. 

3. Littelfuse, Inc. 

B. Source Limitations: Obtain fuses, for use within a specific product or circuit, from single source from single 

manufacturer. 

2.02 CARTRIDGE FUSES 

A. Characteristics: NEMA FU 1, current-limiting, nonrenewable cartridge fuses with voltage ratings consistent with 

circuit voltages. 

1. Type RK-1:  600-V, zero- to 600-A rating, 200 kAIC, time delay. 

2. Type RK-5:  600-V, zero- to 600-A rating, 200 kAIC, time delay. 

3. Type CC: 600-V, zero- to 30-A rating, 200 kAIC, fast acting. 
4. Type J: 600-V, zero- to 600-A rating, 200 kAIC, fast acting , time delay. 

5. Type L: 600-V, 601- to 6000-A rating, 200 kAIC, time delay. 

B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified 

testing agency, and marked for intended location and application. 

C. Comply with NEMA FU 1 for cartridge fuses. 

D. Comply with NFPA 70. 

E. Coordinate fuse ratings with utilization equipment nameplate limitations of maximum fuse size and with system 

short-circuit current levels. 

2.03 SPARE-FUSE CABINET 

A. Characteristics: Wall-mounted steel unit with full-length, recessed piano-hinged door and key-coded cam lock 

and pull. 

1. Size: Adequate for storage of spare fuses specified with 15 percent spare capacity minimum. 

2. Finish: Gray, baked enamel. 

3. Identification: "SPARE FUSES" in 1-1/2-inch-high letters on exterior of door. 

4. Fuse Pullers: For each size of fuse, where applicable and available, from fuse manufacturer. 

PART 3 - EXECUTION 

3.01 EXAMINATION 

A. Examine fuses before installation. Reject fuses that are moisture damaged or physically damaged. 
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B. Examine holders to receive fuses for compliance with installation tolerances and other conditions affecting 

performance, such as rejection features. 

C. Examine utilization equipment nameplates and installation instructions. Install fuses of sizes and with 

characteristics appropriate for each piece of equipment. 

D. Evaluate ambient temperatures to determine if fuse rating adjustment factors must be applied to fuse ratings. 

E. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.02 FUSE APPLICATIONS 

A. Cartridge Fuses: 

1. Service Entrance:  Class L, time delay or Class J, time delay. 

2. Feeders:  Class L, time delay or Class J, time delay. 

3. Motor Branch Circuits: Class RK1, time delay or Class J, time delay. 

4. Large Motor Branch (601-4000 A): Class L, time delay. 

5. Other Branch Circuits: Class RK1, time delay, Class J, fast acting or Class CC, fast acting. 

6. Control Transformer Circuits: Class CC, time delay, control transformer duty. 

7. Provide open-fuse indicator fuses or fuse covers with open fuse indication. 

3.03 INSTALLATION 

A. Install fuses in fusible devices. Arrange fuses so rating information is readable without removing fuse. 

B. Install spare-fuse cabinet(s) in location shown on the Drawings or as indicated in the field by Owner. 

3.04 IDENTIFICATION 

A. Install labels complying with requirements for identification specified in Section 260553 "Identification for 

Electrical Systems" and indicating fuse replacement information inside of door of each fused switch and adjacent 

to each fuse block, socket, and holder. 

END OF SECTION 262813 
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SECTION 262816 - ENCLOSED SWITCHES AND CIRCUIT BREAKERS 

PART 1 - GENERAL 

1.01 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and other 

Division 01 Specification Sections, apply to this Section. 

1.02 SUMMARY 

A. Section Includes: 

1. Fusible switches. 

2. Nonfusible switches. 

3. Receptacle switches. 

4. Shunt trip switches. 

5. Molded-case circuit breakers (MCCBs). 

6. Enclosures. 

1.03 DEFINITIONS 

A. NC: Normally closed. 

B. NO: Normally open. 

C. SPDT: Single pole, double throw. 

1.04 ACTION SUBMITTALS 

A. Product Data: For each type of enclosed switch, circuit breaker, accessory, and component indicated. Include 

nameplate ratings, dimensioned elevations, sections, weights, and manufacturers' technical data on features, 

performance, electrical characteristics, ratings, accessories, and finishes. 

1. Enclosure types and details for types other than NEMA 250, Type 1. 

2. Current and voltage ratings. 

3. Short-circuit current ratings (interrupting and withstand, as appropriate). 

4. Include evidence of a nationally recognized testing laboratory (NRTL) listing for series rating of installed 

devices. 

5. Detail features, characteristics, ratings, and factory settings of individual overcurrent protective devices, 

accessories, and auxiliary components. 
6. Include time-current coordination curves (average melt) for each type and rating of overcurrent protective 

device; include selectable ranges for each type of overcurrent protective device. Provide in PDF and 

CAPTOR, Systems Analysis, Inc. electronic format. 

1.05 INFORMATIONAL SUBMITTALS 

A. Field quality-control reports. 

1.06 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For enclosed switches and circuit breakers to include in emergency, operation, 

and maintenance manuals. 
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1. In addition to items specified in Division 01 "Operation and Maintenance Data," include the following: 

a. Manufacturer's written instructions for testing and adjusting enclosed switches and circuit 

breakers. 

b. Time-current coordination curves (average melt) for each type and rating of overcurrent protective 

device; include selectable ranges for each type of overcurrent protective device. Provide in PDF 
electronic format. 

1.07 FIELD CONDITIONS 

A. Environmental Limitations: Rate equipment for continuous operation under the following conditions unless 

otherwise indicated: 

1. Ambient Temperature: Not less than minus 22 deg F and not exceeding 104 deg F. 

2. Altitude: Not exceeding 6600 feet. 

1.08 WARRANTY 

A. Manufacturer's Warranty: Manufacturer and Installer agree to repair or replace components that fail in materials 

or workmanship within specified warranty period. 

1. Warranty Period: One year(s) from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.01 GENERAL REQUIREMENTS 

A. Source Limitations: Obtain enclosed switches and circuit breakers, overcurrent protective devices, components, 

and accessories, within same product category, from single manufacturer. 

B. Product Selection for Restricted Space: Drawings indicate maximum dimensions for enclosed switches and 

circuit breakers, including clearances between enclosures, and adjacent surfaces and other items. Comply with 

indicated maximum dimensions. 

C. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by an NRTL, and 

marked for intended location and application. 

D. Comply with NFPA 70. 

2.02 FUSIBLE SWITCHES 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the following: 

1. ABB Inc. 

2. Eaton. 

3. SIEMENS Industry, Inc.; Energy Management Division. 

4. Square D. 

B. Type HD, Heavy Duty, Three Pole, Single Throw, 600-V ac, 1200 A and Smaller: UL 98 and NEMA KS 1, 

horsepower rated, with clips or bolt pads to accommodate indicated fuses and lockable handle with capability to 

accept three padlocks, and interlocked with cover in closed position. 

http://www.specagent.com/Lookup?ulid=2151
http://www.specagent.com/Lookup?uid=123457077372
http://www.specagent.com/Lookup?uid=123457077369
http://www.specagent.com/Lookup?uid=123457077368
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C. Type HD, Heavy Duty, Three Pole, Double Throw, 600-V ac, 1200 A and Smaller: UL 98 and NEMA KS 1, 

horsepower rated, with clips or bolt pads to accommodate indicated fuses and lockable handle with capability to 

accept three padlocks, and interlocked with cover in closed position. 

D. Accessories: 

1. Equipment Ground Kit: Internally mounted and labeled for copper and aluminum ground conductors. 
2. Neutral Kit: Internally mounted; insulated, capable of being grounded and bonded; labeled for copper and 

aluminum neutral conductors. 

3. Class R Fuse Kit: Provides rejection of other fuse types when Class R fuses are specified. 

4. Auxiliary Contact Kit:  Two NO/NC (Form "C") auxiliary contact(s), arranged to activate before switch 

blades open. Contact rating - 24-V ac. 

5. Lugs: Mechanical type, suitable for number, size, and conductor material. 

6. Service-Rated Switches: Labeled for use as service equipment. 

2.03 NONFUSIBLE SWITCHES 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the following: 

1. Eaton. 

2. ABB Inc. 

3. SIEMENS Industry, Inc.; Energy Management Division. 

4. Square D. 

B. Type HD, Heavy Duty, Three Pole, Single Throw, 600-V ac, 1200 A and Smaller: UL 98 and NEMA KS 1, 

horsepower rated, lockable handle with capability to accept three padlocks, and interlocked with cover in closed 

position. 

C. Type HD, Heavy Duty, Three Pole, Double Throw, 600-V ac, 1200 A and Smaller: UL 98 and NEMA KS 1, 

horsepower rated, lockable handle with capability to accept three padlocks, and interlocked with cover in closed 

position. 

D. Accessories: 

1. Equipment Ground Kit: Internally mounted and labeled for copper and aluminum ground conductors. 

2. Neutral Kit: Internally mounted; insulated, capable of being grounded and bonded; labeled for copper and 

aluminum neutral conductors. 
3. Class R Fuse Kit: Provides rejection of other fuse types when Class R fuses are specified. 

4. Auxiliary Contact Kit:  Two NO/NC (Form "C") auxiliary contact(s), arranged to activate before switch 

blades open. Contact rating - 24-V ac. 

5. Lugs: Mechanical type, suitable for number, size, and conductor material. 

2.04 RECEPTACLE SWITCHES 

A. Type HD, Heavy-Duty, Three Pole, Single-Throw Nonfusible Switch: 240-V ac, 30 A; UL 98 and NEMA KS 1; 

horsepower rated, lockable handle with capability to accept three padlocks; interlocked with cover in closed 

position. 

http://www.specagent.com/Lookup?ulid=2152
http://www.specagent.com/Lookup?uid=123457077374
http://www.specagent.com/Lookup?uid=123457077372
http://www.specagent.com/Lookup?uid=123457077373
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2.05 SHUNT TRIP SWITCHES 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the following: 

1. Bussmann, an Eaton business. 

B. General Requirements: Comply with ASME A17.1, UL 50, and UL 98, with Class J fuse block and 200-kA 

interrupting and short-circuit current rating. 

C. Type HD, Heavy-Duty, Three Pole, Single-Throw Fusible Switch:  600-V ac, A; UL 98 and NEMA KS 1; 

integral shunt trip mechanism; horsepower rated, with clips or bolt pads to accommodate indicated fuses; 

lockable handle with capability to accept three padlocks; interlocked with cover in closed position. 

D. Control Circuit: 120-V ac; obtained from integral control power transformer, with primary and secondary fuses, 

with a control power transformer of enough capacity to operate shunt trip, pilot, indicating and control devices. 

E. Accessories: 

1. Oiltight key switch for key-to-test function. 

2. Oiltight red ON pilot light. 

3. Isolated neutral lug; 100 percent rating. 

4. Mechanically interlocked auxiliary contacts that change state when switch is opened and closed. 

5. Form C alarm contacts that change state when switch is tripped. 

6. Three-pole, double-throw, fire-safety and alarm relay; 120-V ac coil voltage. 
7. Three-pole, double-throw, fire-alarm voltage monitoring relay complying with NFPA 72. 

8. Neutral Kit: Internally mounted; insulated, capable of being grounded and bonded; labeled for copper and 

aluminum neutral conductors. 

9. Class R Fuse Kit: Provides rejection of other fuse types when Class R fuses are specified. 

10. Auxiliary Contact Kit:  Two NO/NC (Form "C") auxiliary contact(s), arranged to activate before switch 

blades open. Contact rating - 24-V ac. 

11. Lugs:  Compression type, suitable for number, size, and conductor material. 

2.06 MOLDED-CASE CIRCUIT BREAKERS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the following: 

1. Eaton. 

2. ABB Inc. 

3. SIEMENS Industry, Inc.; Energy Management Division. 

4. Square D. 

B. Circuit breakers shall be constructed using glass-reinforced insulating material. Current carrying components 

shall be completely isolated from the handle and the accessory mounting area. 

C. Circuit breakers shall have a toggle operating mechanism with common tripping of all poles, which provides 

quick-make, quick-break contact action. The circuit-breaker handle shall be over center, be trip free, and reside 

in a tripped position between on and off to provide local trip indication. Circuit-breaker escutcheon shall be 

clearly marked on and off in addition to providing international I/O markings. Equip circuit breaker with a push-

to-trip button, located on the face of the circuit breaker to mechanically operate the circuit-breaker tripping 

mechanism for maintenance and testing purposes. 

http://www.specagent.com/Lookup?ulid=2154
http://www.specagent.com/Lookup?uid=123457077383
http://www.specagent.com/Lookup?ulid=2155
http://www.specagent.com/Lookup?uid=123457077358
http://www.specagent.com/Lookup?uid=123457077357
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D. The maximum ampere rating and UL, IEC, or other certification standards with applicable voltage systems and 

corresponding interrupting ratings shall be clearly marked on face of circuit breaker.MCCBs shall be equipped 

with a device for locking in the isolated position. 

E. Lugs shall be suitable for 140 deg F rated wire on 125-A circuit breakers and below. 

F. Standard: Comply with UL 489 with interrupting capacity to comply with available fault currents. 

G. Thermal-Magnetic Circuit Breakers: Inverse time-current thermal element for low-level overloads and 

instantaneous magnetic trip element for short circuits. Adjustable magnetic trip setting for circuit-breaker frame 

sizes 250 A and larger. 

H. Adjustable, Instantaneous-Trip Circuit Breakers: Magnetic trip element with front-mounted, field-adjustable trip 

setting. 

I. Features and Accessories: 

1. Standard frame sizes, trip ratings, and number of poles. 

2. Lugs: Mechanical type, suitable for number, size, trip ratings, and conductor material. 

2.07 ENCLOSURES 

A. Enclosed Switches and Circuit Breakers: UL 489, NEMA KS 1, NEMA 250, and UL 50, to comply with 

environmental conditions at installed location. 

B. Enclosure Finish: The enclosure shall be finished with gray baked enamel paint, electrodeposited on cleaned, 
phosphatized steel (NEMA 250 Type 1), gray baked enamel paint, electrodeposited on cleaned, phosphatized 

galvannealed steel (NEMA 250 Types 3R, 12) or a brush finish on Type 304 stainless steel (NEMA 250 Type 4-

4X stainless steel), copper-free cast aluminum alloy (NEMA 250 Types 7, 9), as indicated. 

C. Conduit Entry: NEMA 250 Types 4, 4X, and 12 enclosures shall contain no knockouts. NEMA 250 Types 7 and 

9 enclosures shall be provided with threaded conduit openings in both endwalls. 

D. Operating Mechanism: The circuit-breaker operating handle shall be directly operable through the front cover of 

the enclosure (NEMA 250 Type 1), directly operable through the dead front trim of the enclosure (NEMA 250 

Type 3R), or externally operable with the operating mechanism being an integral part of the cover (NEMA 250 

Types 7, 9). The cover interlock mechanism shall have an externally operated override. The override shall not 

permanently disable the interlock mechanism, which shall return to the locked position once the override is 

released. The tool used to override the cover interlock mechanism shall not be required to enter the enclosure in 
order to override the interlock. 

E. Enclosures designated as NEMA 250 Type 4, 4X stainless steel, 12, or 12K shall have a dual cover interlock 

mechanism to prevent unintentional opening of the enclosure cover when the circuit breaker is ON and to 

prevent turning the circuit breaker ON when the enclosure cover is open. 

F. NEMA 250 Type 7/9 enclosures shall be furnished with a breather and drain kit to allow their use in outdoor and 

wet location applications. 

PART 3 - EXECUTION 

3.01 EXAMINATION 

A. Examine elements and surfaces to receive enclosed switches and circuit breakers for compliance with installation 

tolerances and other conditions affecting performance of the Work. 
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B. Proceed with installation only after unsatisfactory conditions have been corrected. 

1. Commencement of work shall indicate Installer's acceptance of the areas and conditions as satisfactory. 

3.02 ENCLOSURE ENVIRONMENTAL RATING APPLICATIONS 

A. Enclosed Switches and Circuit Breakers: Provide enclosures at installed locations with the following 

environmental ratings. 

1. Indoor, Dry and Clean Locations: NEMA 250, Type 1. 

2. Outdoor Locations: NEMA 250, Type 4X . 

3. Other Wet or Damp, Indoor Locations: NEMA 250, Type 4X. 

3.03 INSTALLATION 

A. Coordinate layout and installation of switches, circuit breakers, and components with equipment served and 

adjacent surfaces. Maintain required workspace clearances and required clearances for equipment access doors 

and panels. 

B. Install individual wall-mounted switches and circuit breakers with tops at uniform height unless otherwise 

indicated. 

C. Temporary Lifting Provisions: Remove temporary lifting of eyes, channels, and brackets and temporary blocking 

of moving parts from enclosures and components. 

D. Install fuses in fusible devices. 

E. Comply with NFPA 70 and NECA 1. 

3.04 IDENTIFICATION 

A. Comply with requirements in Section 260553 "Identification for Electrical Systems." 

1. Identify field-installed conductors, interconnecting wiring, and components; provide warning signs. 

2. Label each enclosure with engraved metal or laminated-plastic nameplate. 

3.05 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 

B. Tests and Inspections for Switches: 

1. Visual and Mechanical Inspection: 

a. Inspect physical and mechanical condition. 

b. Inspect anchorage, alignment, grounding, and clearances. 
c. Verify that the unit is clean. 

d. Verify blade alignment, blade penetration, travel stops, and mechanical operation. 

e. Verify that fuse sizes and types match the Specifications and Drawings. 

f. Verify that each fuse has adequate mechanical support and contact integrity. 

g. Inspect bolted electrical connections for high resistance using one of the two following methods: 

1) Verify tightness of accessible bolted electrical connections by calibrated torque-wrench 

method in accordance with manufacturer's published data or NETA ATS Table 100.12. 
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a) Bolt-torque levels shall be in accordance with manufacturer's published data. In the 

absence of manufacturer's published data, use NETA ATS Table 100.12. 

h. Verify that operation and sequencing of interlocking systems is as described in the Specifications 

and shown on the Drawings. 

i. Verify correct phase barrier installation. 
j. Verify lubrication of moving current-carrying parts and moving and sliding surfaces. 

C. Tests and Inspections for Molded Case Circuit Breakers: 

1. Visual and Mechanical Inspection: 

a. Verify that equipment nameplate data are as described in the Specifications and shown on the 

Drawings. 

b. Inspect physical and mechanical condition. 

c. Inspect anchorage, alignment, grounding, and clearances. 

d. Verify that the unit is clean. 

e. Operate the circuit breaker to ensure smooth operation. 

f. Inspect bolted electrical connections for high resistance using one of the two following methods: 

1) Verify tightness of accessible bolted electrical connections by calibrated torque-wrench 

method in accordance with manufacturer's published data or NETA ATS Table 100.12. 

a) Bolt-torque levels shall be in accordance with manufacturer's published data. In the 

absence of manufacturer's published data, use NETA ATS Table 100.12. 

g. Inspect operating mechanism, contacts, and chutes in unsealed units. 

h. Perform adjustments for final protective device settings in accordance with the coordination study. 

2. Correct malfunctioning units on-site, where possible, and retest to demonstrate compliance; otherwise, 

replace with new units and retest. 

D. Enclosed switches and circuit breakers will be considered defective if they do not pass tests and inspections. 

E. Prepare test and inspection reports. 

1. Test procedures used. 

2. Include identification of each enclosed switch and circuit breaker tested and describe test results. 

3. List deficiencies detected, remedial action taken, and observations after remedial action. 

END OF SECTION 262816 
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SECTION 263213.13 - DIESEL-ENGINE-DRIVEN GENERATOR SETS 

PART 1 - GENERAL 

1.01 SUMMARY 

A. Section Includes: 

1. Diesel engine. 
2. Diesel fuel-oil system. 

3. Control and monitoring. 

4. Generator overcurrent and fault protection. 

5. Generator, exciter, and voltage regulator. 

6. Outdoor engine generator enclosure. 

7. Vibration isolation devices. 

1.02 DEFINITIONS 

A. EPS: Emergency power supply. 

B. EPSS: Emergency power supply system. 

C. Operational Bandwidth: The total variation from the lowest to highest value of a parameter over the range of 

conditions indicated, expressed as a percentage of the nominal value of the parameter. 

1.03 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1. Include rated capacities, operating characteristics, electrical characteristics, and furnished specialties and 

accessories. 

2. Include thermal damage curve for generator. 

3. Include time-current characteristic curves for generator protective device. 

4. Include fuel consumption in gallons per hour at 0.8 power factor at 0.5, 0.75, and 1.0 times generator 

capacity. 

5. Include generator efficiency at 0.8 power factor at 0.5, 0.75, and 1.0 times generator capacity. 

6. Include airflow requirements for cooling and combustion air in cubic feet per minute at 0.8 power factor, 

with air-supply temperature of 95, 80, 70, and 50 deg F. Provide Drawings indicating requirements and 

limitations for location of air intake and exhausts. 
7. Include generator characteristics, including, but not limited to, kilowatt rating, efficiency, reactances, and 

short-circuit current capability. 

B. Shop Drawings: 

1. Include plans and elevations for engine generator and other components specified. Indicate access 

requirements affected by height of subbase fuel tank. 

2. Include details of equipment assemblies. Indicate dimensions, weights, loads, required clearances, 

method of field assembly, components, and location and size of each field connection. 

3. Identify fluid drain ports and clearance requirements for proper fluid drain. 

4. Include diagrams for power, signal, and control wiring. Complete schematic, wiring, and interconnection 

diagrams showing terminal markings for engine generators and functional relationship between all 

electrical components. 
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1.04 INFORMATIONAL SUBMITTALS 

A. Source Quality-Control Reports: Including, but not limited to, the following: 

1. Certified summary of prototype-unit test report. 

2. Certified Test Reports: For components and accessories that are equivalent, but not identical, to those 

tested on prototype unit. 
3. Report of factory test on units to be shipped for this Project, showing evidence of compliance with 

specified requirements. 

4. Report of sound generation. 

5. Report of exhaust emissions showing compliance with applicable regulations. 

6. Certified Torsional Vibration Compatibility: Comply with NFPA 110. 

B. Field quality-control reports. 

C. Warranty: For special warranty. 

1.05 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For packaged engine generators to include in emergency, operation, and 

maintenance manuals. 

1. In addition to items specified in Section 017823 "Operation and Maintenance Data," include the 

following: 

a. List of tools and replacement items recommended to be stored at Project for ready access. Include 

part and drawing numbers, current unit prices, and source of supply. 

b. Operating instructions laminated and mounted adjacent to generator location. 

c. Training plan. 

1.06 MAINTENANCE MATERIAL SUBMITTALS 

A. Furnish extra materials that match products installed and that are packaged with protective covering for storage 

and identified with labels describing contents. 

1. Filters: One set each of lubricating oil, fuel, and combustion-air filters. 

1.07 WARRANTY 

A. Manufacturer's Warranty: Manufacturer agrees to repair or replace components of packaged engine generators 

and associated auxiliary components that fail in materials or workmanship within specified warranty period. 

1. Warranty Period: Five years from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.01 MANUFACTURERS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the following: 

1. Caterpillar, Inc.; Electric Power Division. 

2. Cummins Power Generation. 

3. Generac. 

http://www.specagent.com/Lookup?ulid=13823
http://www.specagent.com/Lookup?uid=123457164084
http://www.specagent.com/Lookup?uid=123457164085
http://www.specagent.com/Lookup?uid=123457164086
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4. Kohler Power Systems. 

B. Source Limitations: Obtain packaged engine generators and auxiliary components from single source from single 

manufacturer. 

2.02 PERFORMANCE REQUIREMENTS 

A. B11 Compliance: Comply with B11.19. 

B. NFPA Compliance: 

1. Comply with NFPA 37. 

2. Comply with NFPA 70. 

3. Comply with NFPA 99. 

4. Comply with NFPA 110 requirements for Level 1 EPSS. 

C. UL Compliance: Comply with UL 2200. 

D. Engine Exhaust Emissions: Comply with EPA Tier  3 requirements and applicable state and local government 

requirements. 

E. Noise Emission: Comply with applicable state and local government requirements for maximum noise level at 

adjacent property boundaries due to sound emitted by engine generator including engine, engine exhaust, engine 

cooling-air intake and discharge, and other components of installation. 

F. Environmental Conditions: Engine generator system shall withstand the following environmental conditions 
without mechanical or electrical damage or degradation of performance capability: 

1. Ambient Temperature: 41 to 104 deg F. 

2. Altitude: Sea level to 1000 feet. 

G. Unusual Service Conditions: Engine generator equipment and installation are required to operate under the 

following conditions: 

1. High salt-dust content in the air due to sea-spray evaporation. 

2.03 ENGINE GENERATOR ASSEMBLY DESCRIPTION 

A. Factory-assembled and -tested, water-cooled engine, with brushless generator and accessories. 

B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified 

testing agency, and marked for intended location and use. 

C. Power Rating:  Standby. 

D. Induction Method: Naturally aspirated. 

E. Governor: Adjustable isochronous, with speed sensing. 

F. Mounting Frame: Structural steel framework to maintain alignment of mounted components without depending 

on concrete foundation. Provide lifting attachments sized and spaced to prevent deflection of base during lifting 

and moving. 

1. Rigging Diagram: Inscribed on metal plate permanently attached to mounting frame to indicate location 

and lifting capacity of each lifting attachment and engine generator center of gravity. 

http://www.specagent.com/Lookup?uid=123457164088
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G. Capacities and Characteristics: 

1. Power Output Ratings: Nominal ratings as indicated at 0.8 power factor excluding power required for the 

continued and repeated operation of the unit and auxiliaries. 

2. Nameplates: For each major system component to identify manufacturer's name and address, and model 

and serial number of component. 

H. Engine Generator Performance for Sensitive Loads: 

1. Oversizing generator compared with the rated power output of the engine is permissible to meet specified 

performance. 

a. Nameplate Data for Oversized Generator: Show ratings required by the Contract Documents rather 

than ratings that would normally be applied to generator size installed. 

2. Steady-State Voltage Operational Bandwidth: 1 percent of rated output voltage from no load to full load. 

3. Transient Voltage Performance: Not more than 10 percent variation for 50 percent step-load increase or 

decrease. Voltage shall recover and remain within the steady-state operating band within 0.5 second. 

4. Steady-State Frequency Operational Bandwidth: Plus or minus 0.25 percent of rated frequency from no 

load to full load. 

5. Steady-State Frequency Stability: When system is operating at any constant load within the rated load, 

there shall be no random speed variations outside the steady-state operational band and no hunting or 
surging of speed. 

6. Transient Frequency Performance: Less than 2-Hz variation for 50 percent step-load increase or decrease. 

Frequency shall recover and remain within the steady-state operating band within three seconds. 

7. Output Waveform: At no load, harmonic content measured line to neutral shall not exceed 2 percent total 

with no slot ripple. Telephone influence factor, determined according to NEMA MG 1, shall not exceed 

50 percent. 

8. Sustained Short-Circuit Current: For a three-phase, bolted short circuit at system output terminals, system 

shall supply a minimum of 300 percent of rated full-load current for not less than 10 seconds and then 

clear the fault automatically, without damage to winding insulation or other generator system 

components. 

9. Excitation System: Performance shall be unaffected by voltage distortion caused by nonlinear load. 

a. Provide permanent magnet excitation for power source to voltage regulator. 

10. Start Time: 

a. Comply with NFPA 110, Type 10 system requirements. 

2.04 DIESEL ENGINE 

A. Fuel: ASTM D975, diesel fuel oil, Grade 2-D S15. 

B. Rated Engine Speed: 1800 rpm. 

C. Lubrication System: Engine or skid-mounted. 

1. Filter and Strainer: Rated to remove 90 percent of particles 5 micrometers and smaller while passing full 

flow. 

2. Thermostatic Control Valve: Control flow in system to maintain optimum oil temperature. Unit shall be 

capable of full flow and is designed to be fail-safe. 

3. Crankcase Drain: Arranged for complete gravity drainage to an easily removable container with no 
disassembly and without use of pumps, siphons, special tools, or appliances. 
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D. Jacket Coolant Heater: Electric-immersion type, factory installed in coolant jacket system. Comply with 

UL 499 and with NFPA 110 requirements for Level 1 equipment for heater capacity. 

E. Integral Cooling System: Closed loop, liquid cooled, with radiator factory mounted on engine generator set 

mounting frame and integral engine-driven coolant pump. 

1. Coolant: Solution of 50 percent ethylene-glycol-based antifreeze and 50 percent water, with anticorrosion 
additives as recommended by engine manufacturer. 

2. Size of Radiator: Adequate to contain expansion of total system coolant from cold start to 110 percent 

load condition. 

3. Expansion Tank: Constructed of welded steel plate and rated to withstand maximum closed-loop coolant 

system pressure for engine used. Equip with gage glass and petcock. 

4. Temperature Control: Self-contained, thermostatic-control valve modulates coolant flow automatically to 

maintain optimum constant coolant temperature as recommended by engine manufacturer. 

5. Coolant Hose: Flexible assembly with inside surface of nonporous rubber and outer covering of aging-, 

UV-, and abrasion-resistant fabric. 

a. Rating: 50-psig maximum working pressure with coolant at 180 deg F, and noncollapsible under 

vacuum. 

b. End Fittings: Flanges or steel pipe nipples with clamps to suit piping and equipment connections. 

F. Muffler/Silencer: 

1. Critical type, sized as recommended by engine manufacturer and selected with exhaust piping system to 

not exceed engine manufacturer's engine backpressure requirements. 

a. Minimum sound attenuation of 25 dB at 500 Hz. 

b. Sound level measured at a distance of 25 feet from exhaust discharge after installation is complete 

shall be 78 dBA or less. 

G. Air-Intake Filter:  Heavy-duty, engine-mounted air cleaner with replaceable dry-filter element and "blocked 

filter" indicator. 

H. Starting System:  24-V electric, with negative ground. 

1. Components: Sized so they are not damaged during a full engine-cranking cycle with ambient 

temperature at maximum specified in "Performance Requirements" Article. 
2. Cranking Motor: Heavy-duty unit that automatically engages and releases from engine flywheel without 

binding. 

3. Cranking Cycle: As required by NFPA 110 for system level specified. 

4. Battery: Lead acid, with capacity within ambient temperature range specified in "Performance 

Requirements" Article to provide specified cranking cycle at least three times without recharging. 

5. Battery Cable: Size as recommended by engine manufacturer for cable length indicated. Include required 

interconnecting conductors and connection accessories. 

6. Battery Stand: Factory-fabricated, two-tier metal with acid-resistant finish designed to hold the quantity 

of battery cells required and to maintain the arrangement to minimize lengths of battery interconnections. 

7. Battery-Charging Alternator: Factory mounted on engine with solid-state voltage regulation and 35-A 

minimum continuous rating. 

8. Battery Charger: Current-limiting, automatic-equalizing, and float-charging type designed for lead-acid 
batteries. Unit shall comply with UL 1236 and include the following features: 

a. Operation: Equalizing-charging rate of 10 A shall be initiated automatically after battery has lost 

charge until an adjustable equalizing voltage is achieved at battery terminals. Unit shall then be 

automatically switched to a lower float-charging mode and shall continue to operate in that mode 

until battery is discharged again. 
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b. Automatic Temperature Compensation: Adjust float and equalize voltages for variations in 

ambient temperature from minus 40 to 140 deg F to prevent overcharging at high temperatures and 

undercharging at low temperatures. 

c. Automatic Voltage Regulation: Maintain constant output voltage regardless of input voltage 

variations up to plus or minus 10 percent. 
d. Ammeter and Voltmeter: Flush mounted in door. Meters shall indicate charging rates. 

e. Safety Functions: Sense abnormally low battery voltage and close contacts providing low battery 

voltage indication on control and monitoring panel. Sense high battery voltage and loss of ac input 

or dc output of battery charger. Either condition shall close contacts that provide a battery-charger 

malfunction indication at system control and monitoring panel. 

f. Enclosure and Mounting: NEMA 250, Type 1, wall-mounted cabinet. 

2.05 DIESEL FUEL-OIL SYSTEM 

A. Comply with NFPA 37. 

B. Piping: Fuel-oil piping shall be Schedule 40 black steel, complying with requirements in Section 231113 

"Facility Fuel-Oil Piping." Cast iron, aluminum, copper, and galvanized steel shall not be used in the fuel-oil 

system. 

C. Main Fuel Pump: Mounted on engine to provide primary fuel flow under starting and load conditions. 

D. Fuel Filtering: Remove water and contaminants larger than 1 micron. 

E. Relief-Bypass Valve: Automatically regulates pressure in fuel line and returns excess fuel to source. 

F. Subbase-Mounted, Double-Wall, Fuel-Oil Tank: Factory installed and piped, complying with UL 142 fuel-oil 

tank. Features include the following: 

1. Tank level indicator. 

2. Fuel-Tank Capacity: Minimum 133 percent of total fuel required for planned operation plus fuel for 

periodic maintenance operations between fuel refills. 

3. Leak detection in interstitial space. 

4. Vandal-resistant fill cap. 

5. Containment Provisions: Comply with requirements of authorities having jurisdiction. 

2.06 CONTROL AND MONITORING 

A. Automatic Starting System Sequence of Operation: When mode-selector switch on the control and monitoring 

panel is in the automatic position, remote-control contacts in one or more separate automatic transfer switches 

initiate starting and stopping of engine generator. When mode-selector switch is switched to the on position, 

engine generator starts. The off position of same switch initiates engine generator shutdown. When engine 

generator is running, specified system or equipment failures or derangements automatically shut down engine 

generator and initiate alarms. 

B. Provide minimum run time control set for 15 minutes with override only by operation of a remote emergency-

stop switch. 

C. Comply with UL 508A. 

D. Configuration: 

1. Operating and safety indications, protective devices, basic system controls, and engine gages shall be 

grouped in a common control and monitoring panel mounted on the engine generator. Mounting method 
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shall isolate the control panel from engine generator vibration. Panel shall be powered from the engine 

generator battery. 

E. Control and Monitoring Panel: 

1. Digital engine generator controller with integrated LCD display, controls, and microprocessor, capable of 

local and remote control, monitoring, and programming, with battery backup. 
2. Instruments: Located on the control and monitoring panel and viewable during operation. 

a. Engine lubricating-oil pressure gage. 

b. Engine-coolant temperature gage. 

c. DC voltmeter (alternator battery charging). 

d. Running-time meter. 

e. AC voltmeter, for each phase. 

f. AC ammeter, for each phase. 

g. AC frequency meter. 

h. Generator-voltage adjusting rheostat. 

3. Controls and Protective Devices: Controls, shutdown devices, and common alarm indication, including 

the following: 

a. Cranking control equipment. 
b. Run-Off-Auto switch. 

c. Control switch not in automatic position alarm. 

d. Overcrank alarm. 

e. Overcrank shutdown device. 

f. Low-water temperature alarm. 

g. High engine temperature prealarm. 

h. High engine temperature. 

i. High engine temperature shutdown device. 

j. Overspeed alarm. 

k. Overspeed shutdown device. 

l. Low fuel main tank. 

1) Low-fuel-level alarm shall be initiated when the level falls below that required for 

operation for duration required for the indicated EPSS class. 

m. Coolant low-level alarm. 

n. Coolant low-level shutdown device. 

o. Coolant high-temperature prealarm. 

p. Coolant high-temperature alarm. 

q. Coolant low-temperature alarm. 

r. Coolant high-temperature shutdown device. 

s. EPS load indicator. 

t. Battery high-voltage alarm. 

u. Low cranking voltage alarm. 

v. Battery-charger malfunction alarm. 
w. Battery low-voltage alarm. 

x. Lamp test. 

y. Contacts for local and remote common alarm. 

z. Remote manual stop shutdown device. 

aa. Air shutdown damper alarm when used. 

bb. Air shutdown damper shutdown device when used. 

cc. Generator overcurrent-protective-device not-closed alarm. 

dd. Hours of operation. 
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ee. Engine generator metering, including voltage, current, hertz, kilowatt, kilovolt ampere, and power 

factor. 

F. Connection to Datalink: 

1. A separate terminal block, factory wired to Form C dry contacts, for each alarm and status indication. 

2. Provide connections for datalink transmission of indications to remote data terminals via ModBus. Data 
system connections to terminals are covered in Section 260913 "Electrical Power Monitoring and 

Control." 

G. Remote Alarm Annunciator: An LED indicator light labeled with proper alarm conditions shall identify each 

alarm event, and a common audible signal shall sound for each alarm condition. Silencing switch in face of panel 

shall silence signal without altering visual indication. Connect so that after an alarm is silenced, clearing of 

initiating condition will reactivate alarm until silencing switch is reset. Cabinet and faceplate are surface- or 

flush-mounting type to suit mounting conditions indicated. 

1. Overcrank alarm. 

2. Low water-temperature alarm. 

3. High engine temperature prealarm. 

4. High engine temperature alarm. 

5. Low lube oil pressure alarm. 
6. Overspeed alarm. 

7. Low fuel main tank alarm. 

8. Low coolant level alarm. 

9. Low cranking voltage alarm. 

10. Contacts for local and remote common alarm. 

11. Audible-alarm silencing switch. 

12. Air shutdown damper when used. 

13. Run-Off-Auto switch. 

14. Control switch not in automatic position alarm. 

15. Low-cranking voltage alarm. 

H. Supporting Items: Include sensors, transducers, terminals, relays, and other devices and include wiring required 
to support specified items. Locate sensors and other supporting items on engine or generator unless otherwise 

indicated. 

I. Remote Emergency-Stop Switch: Flush; wall mounted unless otherwise indicated; and labeled. Push button shall 

be protected from accidental operation. 

2.07 GENERATOR OVERCURRENT AND FAULT PROTECTION 

A. Overcurrent protective devices shall be coordinated to optimize selective tripping when a short circuit occurs. 

1. Overcurrent protective devices for the entire EPSS shall be coordinated to optimize selective tripping 

when a short circuit occurs. Coordination of protective devices shall consider both utility and EPSS as the 

voltage source. 

2. Overcurrent protective devices for the EPSS shall be accessible only to authorized personnel. 

B. Generator Overcurrent Protective Device: 

1. Molded-case circuit breaker, electronic-trip type; 100 percent rated; complying with UL 489: 

a. Tripping Characteristics: Adjustable long-time and short-time delay and instantaneous. 

b. Trip Settings: Selected to coordinate with generator thermal damage curve. 

c. Shunt Trip: Connected to trip breaker when engine generator is shut down by other protective 

devices. 
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d. Mounting: Adjacent to, or integrated with, control and monitoring panel. 

C. Generator Protector: Microprocessor-based unit shall continuously monitor current level in each phase of 

generator output, integrate generator heating effect over time, and predict when thermal damage of alternator 

will occur. When signaled by generator protector or other engine generator protective devices, a shunt-trip 

device in the generator disconnect switch shall open the switch to disconnect the generator from load circuits. 
Protector performs the following functions: 

1. Initiates a generator overload alarm when generator has operated at an overload equivalent to 110 percent 

of full-rated load for 60 seconds. Indication for this alarm is integrated with other engine generator 

malfunction alarms. Contacts shall be available for load shed functions. 

2. Under single- or three-phase fault conditions, regulates generator to 300 percent of rated full-load current 

for up to 10 seconds. 

3. As overcurrent heating effect on the generator approaches the thermal damage point of the unit, protector 

switches the excitation system off, opens the generator disconnect device, and shuts down the engine 

generator. 

4. Senses clearing of a fault by other overcurrent devices and controls recovery of rated voltage to avoid 

overshoot. 

D. Ground-Fault Indication: Comply with NFPA 70, "Emergency System" signals for ground fault. 

1. Indicate ground fault with other engine generator alarm indications. 

2.08 GENERATOR, EXCITER, AND VOLTAGE REGULATOR 

A. Comply with NEMA MG 1. 

B. Drive: Generator shaft shall be directly connected to engine shaft. Exciter shall be rotated integrally with 

generator rotor. 

C. Electrical Insulation: Class H. 

D. Stator-Winding Leads: Brought out to terminal box to permit future reconnection for other voltages if required. 

Provide 12-lead alternator. 

E. Range: Provide broad range of output voltage by adjusting the excitation level. 

F. Construction shall prevent mechanical, electrical, and thermal damage due to vibration, overspeed up to 125 

percent of rating, and heat during operation at 110 percent of rated capacity. 

G. Enclosure: Dripproof. 

H. Instrument Transformers: Mounted within generator enclosure. 

I. Voltage Regulator: Solid-state type, separate from exciter, providing performance as specified and as required by 

NFPA 110. 

1. Adjusting Rheostat on Control and Monitoring Panel: Provide plus or minus 5 percent adjustment of 

output-voltage operating band. 

2. Maintain voltage within 15 percent on one step, full load. 

3. Provide anti-hunt provision to stabilize voltage. 

4. Maintain frequency within 10 percent and stabilize at rated frequency within 2 seconds. 

J. Strip Heater: Thermostatically controlled unit arranged to maintain stator windings above dew point. 
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K. Windings: Two-thirds pitch stator winding and fully linked amortisseur winding. 

L. Subtransient Reactance: 12 percent, maximum. 

2.09 OUTDOOR ENGINE GENERATOR ENCLOSURE 

A. Description: 

1. Vandal-resistant, sound-attenuating, weatherproof steel housing; wind resistant up to 200 mph (320 
km/h). Multiple panels shall be lockable and provide adequate access to components requiring 

maintenance. Panels shall be removable by one person without tools. Instruments and control shall be 

mounted within enclosure. 

a. Sound Attenuation Level: Level 2. 

2. Prefabricated or pre-engineered, galvanized-steel-clad, integral structural-steel-framed, walk-in enclosure; 

erected on concrete foundation. 

B. Structural Design and Anchorage: Comply with ASCE/SEI 7 for wind loads up to 200 mph (320 km/h). 

C. Hinged Doors: With padlocking provisions. 

D. Space Heater: Thermostatically controlled and sized to prevent condensation. 

E. Lighting: Provide weather-resistant LED lighting with 30 fc average maintained. 

F. Muffler Location: Within enclosure. 

G. Engine-Cooling Airflow through Enclosure: Maintain temperature rise of system components within required 
limits when unit operates at 110 percent of rated load for two hours with ambient temperature at top of range 

specified in system service conditions. 

1. Louvers: Fixed-engine, cooling-air inlet and discharge. AMCA 540 for missile impact, stormproof and 

drainable louvers prevent entry of rain and snow. 

H. Interior Lights with Switch: Factory-wired, vapor-proof luminaires within housing; arranged to illuminate 

controls and accessible interior. Arrange for external electrical connection. 

1. AC lighting system and connection point for operation when remote source is available. 

2. DC lighting system for operation when remote source and generator are both unavailable. 

I. Convenience Outlets: Factory-wired, GFCI. Arrange for external electrical connection. 

2.10 VIBRATION ISOLATION DEVICES 

A. Elastomeric Isolator Pads: Oil- and water-resistant elastomer or natural rubber, arranged in single or multiple 
layers, molded with a nonslip pattern and galvanized-steel baseplates of sufficient stiffness for uniform loading 

over pad area, and factory cut to sizes that match requirements of supported equipment. 

1. Material: Standard neoprene separated by steel shims. 

2. Minimum Deflection: 1 inch. 

B. Vibration isolation devices shall not be used to accommodate misalignments or to make bends. 



 

 

SECTION 263213.13 - DIESEL-ENGINE-DRIVEN GENERATOR SETS (continued): 

Deane Bozeman School  

Classroom Addition & Site Work 

263213.13 - 11 

2.11 FINISHES 

A. Indoor and Outdoor Enclosures and Components: Manufacturer's standard finish over corrosion-resistant 

pretreatment and compatible primer. 

2.12 SOURCE QUALITY CONTROL 

A. Project-Specific Equipment Tests: Before shipment, factory test engine generator and other system components 
and accessories manufactured specifically for this Project. Perform tests at rated load and power factor. Include 

the following tests: 

1. Test components and accessories furnished with installed unit that are not identical to those on tested 

prototype to demonstrate compatibility and reliability. 

2. Test generator, exciter, and voltage regulator as a unit. 

3. Full load run. 

4. Maximum power. 

5. Voltage regulation. 

6. Transient and steady-state governing. 

7. Single-step load pickup. 

8. Safety shutdown. 

9. Report factory test results within 10 days of completion of test. 

PART 3 - EXECUTION 

3.01 EXAMINATION 

A. Examine areas, equipment bases, and conditions, with Installer present, for compliance with requirements for 

installation and other conditions affecting packaged engine generator performance. 

B. Examine roughing-in for piping systems and electrical connections. Verify actual locations of connections before 

packaged engine generator installation. 

C. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.02 PREPARATION 

A. Interruption of Existing Electrical Service: Do not interrupt electrical service to facilities occupied by Owner or 

others unless permitted under the following conditions and then only after arranging to provide temporary 

electrical service according to requirements indicated: 

1. Notify Owner no fewer than five working days in advance of proposed interruption of electrical service. 

2. Do not proceed with interruption of electrical service without Owner's written permission. 

3.03 INSTALLATION 

A. Comply with NECA 1 and NECA 404. 

B. Comply with packaged engine generator manufacturers' written installation and alignment instructions and with 

NFPA 110. 

C. Equipment Mounting: 

1. Install packaged engine generators on cast-in-place concrete equipment bases. Comply with requirements 

for equipment bases and foundations specified in Section 033000 "Cast-in-Place Concrete." 
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2. Coordinate size and location of concrete bases for packaged engine generators. Cast anchor-bolt inserts 

into bases. Concrete, reinforcement, and formwork requirements are specified with concrete. 

D. Install packaged engine generator to provide access, without removing connections or accessories, for periodic 

maintenance. 

E. Install electrical devices furnished by equipment manufacturers but not specified to be factory mounted. 

3.04 CONNECTIONS 

A. Ground equipment according to Section 260526 "Grounding and Bonding for Electrical Systems." 

B. Connect wiring according to Section 260519 "Low-Voltage Electrical Power Conductors and Cables." Provide a 

minimum of one 90-degree bend in flexible conduit routed to the engine generator from a stationary element. 

C. Balance single-phase loads to obtain a maximum of 10 percent unbalance between any two phases. 

3.05 IDENTIFICATION 

A. Identify system components according to Section 230553 "Identification for HVAC Piping and Equipment" and 

Section 260553 "Identification for Electrical Systems." 

3.06 FIELD QUALITY CONTROL 

A. Testing Agency: 

1. Engage a factory-authorized service representative to test and inspect components, assemblies, and 

equipment installations, including connections. 

B. Tests and Inspections: 

1. Perform tests recommended by manufacturer and each visual and mechanical inspection and electrical 

and mechanical test listed in first two subparagraphs below, as specified in NETA ATS. Certify 

compliance with test parameters. 

a. Visual and Mechanical Inspection: 

1) Compare equipment nameplate data with Drawings and the Specifications. 

2) Inspect physical and mechanical condition. 

3) Inspect anchorage, alignment, and grounding. 

4) Verify that the unit is clean. 

b. Electrical and Mechanical Tests: 

1) Perform insulation-resistance tests according to IEEE 43. 

a) Machines Larger Than 200 hp: Test duration shall be 10 minutes. Calculate 

polarization index. 

b) Machines 200 hp or Less: Test duration shall be one minute. Calculate the 

dielectric-absorption ratio. 

2) Test protective relay devices. 

3) Verify phase rotation, phasing, and synchronized operation as required by the application. 

4) Functionally test engine shutdown for low oil pressure, overtemperature, overspeed, and 

other protection features as applicable. 

5) Perform vibration test for each main bearing cap. 
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6) Verify correct functioning of the governor and regulator. 

2. NFPA 110 Acceptance Tests: Perform tests required by NFPA 110 that are additional to those specified 

here, including, but not limited to, single-step full-load pickup test. 

3. Battery Tests: Equalize charging of battery cells according to manufacturer's written instructions. Record 

individual cell voltages. 

a. Measure charging voltage and voltages between available battery terminals for full-charging and 

float-charging conditions. Check electrolyte level and specific gravity under both conditions. 

b. Test for contact integrity of all connectors. Perform an integrity load test and a capacity load test 

for the battery. 

c. Verify acceptance of charge for each element of the battery after discharge. 

d. Verify that measurements are within manufacturer's specifications. 

4. Battery-Charger Tests: Verify specified rates of charge for both equalizing and float-charging conditions. 

5. System Integrity Tests: Methodically verify proper installation, connection, and integrity of each element 

of engine generator system before and during system operation. Check for air, exhaust, and fluid leaks. 

6. Noise Level Tests: Measure A-weighted level of noise emanating from engine generator installation, 

including engine exhaust and cooling-air intake and discharge, at four locations 25 feet from edge of the 

generator enclosure, and compare measured levels with required values. 

C. Coordinate tests with tests for transfer switches and run them concurrently. 

D. Test instruments shall have been calibrated within the past 12 months, traceable to NIST Calibration Services, 

and adequate for making positive observation of test results. Make calibration records available for examination 

on request. 

E. Leak Test: After installation, charge exhaust, coolant, and fuel systems and test for leaks. Repair leaks and retest 

until no leaks exist. 

F. Operational Test: After electrical circuitry has been energized, start units to confirm proper motor rotation and 

unit operation for generator and associated equipment. 

G. Test and adjust controls and safeties. Replace damaged and malfunctioning controls and equipment. 

H. Remove and replace malfunctioning units and retest as specified above. 

I. Retest: Correct deficiencies identified by tests and observations, and retest until specified requirements are met. 

J. Report results of tests and inspections in writing. Record adjustable relay settings and measured insulation 

resistances, time delays, and other values and observations. Attach a label or tag to each tested component 

indicating satisfactory completion of tests. 

3.07 MAINTENANCE SERVICE 

A. Initial Maintenance Service: Beginning at Substantial Completion, maintenance service shall include 12 months' 

full maintenance by skilled employees of manufacturer's authorized service representative. Include quarterly 

preventive maintenance and exercising to check for proper starting, load transfer, and running under load. 

Include routine preventive maintenance as recommended by manufacturer and adjusting as required for proper 

operation. Parts shall be manufacturer's authorized replacement parts and supplies. 

3.08 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, operate, 

and maintain packaged engine generators. 
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SECTION 263600 - TRANSFER SWITCHES 

PART 1 - GENERAL 

1.01 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and 

Division 01 Specification Sections, apply to this Section. 

1.02 SUMMARY 

A. Section includes automatic transfer switches rated 600 V and less, including the following: 

1. Bypass/isolation switches. 

2. Remote annunciator system. 

1.03 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1. Include construction details, material descriptions, dimensions of individual components and profiles, and 

finishes for transfer switches. 

2. Include rated capacities, operating characteristics, electrical characteristics, and accessories. 

1.04 INFORMATIONAL SUBMITTALS 

A. Field quality-control reports. 

1.05 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For each type of product to include in emergency, operation, and maintenance 

manuals. 

1.06 WARRANTY 

A. Manufacturer's Warranty: Manufacturer agrees to repair or replace components of transfer switch or transfer 

switch components that fail in materials or workmanship within specified warranty period. 

1. Warranty Period:  Two years from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.01 PERFORMANCE REQUIREMENTS 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified 

testing agency, and marked for intended location and application. 

B. Comply with NEMA ICS 1. 

C. Comply with NFPA 110. 

D. Comply with UL 1008 unless requirements of these Specifications are stricter. 
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E. Indicated Current Ratings: Apply as defined in UL 1008 for continuous loading and total system transfer, 

including tungsten filament lamp loads not exceeding 30 percent of switch ampere rating, unless otherwise 

indicated. 

F. Tested Fault-Current Closing and Short-Circuit Ratings: Adequate for duty imposed by protective devices at 

installation locations in Project under the fault conditions indicated, based on testing according to UL 1008. 

1. Where transfer switch includes internal fault-current protection, rating of switch and trip unit combination 

shall exceed indicated fault-current value at installation location. 

2. Short-time withstand capability for three cycles. 

G. Repetitive Accuracy of Solid-State Controls: All settings shall be plus or minus 2 percent or better over an 

operating temperature range of minus 20 to plus 70 deg C. 

H. Resistance to Damage by Voltage Transients: Components shall meet or exceed voltage-surge withstand 

capability requirements when tested according to IEEE C62.62. Components shall meet or exceed voltage-

impulse withstand test of NEMA ICS 1. 

I. Electrical Operation: Accomplish by a nonfused, momentarily energized solenoid or electric-motor-operated 

mechanism. Switches for emergency or standby purposes shall be mechanically and electrically interlocked in 

both directions to prevent simultaneous connection to both power sources unless closed transition. 

J. Neutral Switching: Where four-pole switches are indicated, provide neutral pole switched simultaneously with 
phase poles. 

K. Neutral Terminal: Solid and fully rated unless otherwise indicated. 

L. Annunciation, Control, and Programming Interface Components: Devices at transfer switches for 

communicating with remote programming devices, annunciators, or annunciator and control panels shall have 

communication capability matched with remote device. 

M. Factory Wiring: Train and bundle factory wiring and label, consistent with Shop Drawings, by color-code or by 

numbered or lettered wire and cable with printed markers at terminations. Color-coding and wire and cable 

markers are specified in Section 260553 "Identification for Electrical Systems." 

1. Designated Terminals: Pressure type, suitable for types and sizes of field wiring indicated. 

2. Power-Terminal Arrangement and Field-Wiring Space: Suitable for top, side, or bottom entrance of 

feeder conductors as indicated. 
3. Control Wiring: Equipped with lugs suitable for connection to terminal strips. 

4. Accessible via front access. 

N. Enclosures: General-purpose NEMA 250, Type 1, complying with NEMA ICS 6 and UL 508, unless otherwise 

indicated. 

2.02 CONTACTOR-TYPE AUTOMATIC TRANSFER SWITCHES 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the following: 

1. Caterpillar, Inc.; Electric Power Division. 

2. Cummins Power Generation. 

3. Eaton. 

4. Kohler Power Systems. 

http://www.specagent.com/Lookup?ulid=2210
http://www.specagent.com/Lookup?uid=123457142459
http://www.specagent.com/Lookup?uid=123457142455
http://www.specagent.com/Lookup?uid=123457142449
http://www.specagent.com/Lookup?uid=123457142453
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5. Vertiv, Co. (ASCO). 

B. Comply with Level 1 equipment according to NFPA 110. 

C. Switch Characteristics: Designed for continuous-duty repetitive transfer of full-rated current between active 

power sources. 

1. Limitation: Switches using molded-case switches or circuit breakers or insulated-case circuit-breaker 
components are unacceptable. 

2. Switch Action: Double throw; mechanically held in both directions. 

3. Contacts: Silver composition or silver alloy for load-current switching. Contactor-style automatic 

transfer-switch units, rated 600 A and higher, shall have separate arcing contacts. 

4. Conductor Connectors: Suitable for use with conductor material and sizes. 

5. Material:  Hard-drawn copper, 98 percent conductivity. 

6. Main and Neutral Lugs: Compression type. 

7. Ground Lugs and Bus-Configured Terminators: Compression type. 

8. Connectors shall be marked for conductor size and type according to UL 1008. 

D. Automatic Open-Transition Transfer Switches: Interlocked to prevent the load from being closed on both 

sources at the same time. 

1. Sources shall be mechanically and electrically interlocked to prevent closing both sources on the load at 
the same time. 

E. Electric Nonautomatic Switch Operation: Electrically actuated by push buttons designated "Normal Source" and 

"Alternative Source." Switch shall be capable of transferring load in either direction with either or both sources 

energized. 

F. Signal-Before-Transfer Contacts: A set of normally open/normally closed dry contacts operates in advance of 

retransfer to normal source. Interval shall be adjustable from 1 to 30 seconds. 

G. Digital Communication Interface: Matched to capability of remote annunciator or annunciator and control panel. 

H. Automatic Transfer-Switch Controller Features: 

1. Controller operates through a period of loss of control power. 

2. Undervoltage Sensing for Each Phase of Normal and Alternate Source: Sense low phase-to-ground 

voltage on each phase. Pickup voltage shall be adjustable from 85 to 100 percent of nominal, and dropout 
voltage shall be adjustable from 75 to 98 percent of pickup value. Factory set for pickup at 90 percent and 

dropout at 85 percent. 

3. Voltage/Frequency Lockout Relay: Prevent premature transfer to generator. Pickup voltage shall be 

adjustable from 85 to 100 percent of nominal. Factory set for pickup at 90 percent. Pickup frequency shall 

be adjustable from 90 to 100 percent of nominal. Factory set for pickup at 95 percent. 

4. Time Delay for Retransfer to Normal Source: Adjustable from zero to 30 minutes, and factory set for 10 

minutes. Override shall automatically defeat delay on loss of voltage or sustained undervoltage of 

emergency source, provided normal supply has been restored. 

5. Test Switch: Simulate normal-source failure. 

6. Switch-Position Pilot Lights: Indicate source to which load is connected. 

7. Source-Available Indicating Lights: Supervise sources via transfer-switch normal- and emergency-source 

sensing circuits. 

a. Normal Power Supervision: Green light with nameplate engraved "Normal Source Available." 

b. Emergency Power Supervision: Red light with nameplate engraved "Emergency Source 

Available." 
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8. Unassigned Auxiliary Contacts: Two normally open, single-pole, double-throw contacts for each switch 

position, rated 10 A at 240-V ac. 

9. Transfer Override Switch: Overrides automatic retransfer control so transfer switch will remain 

connected to emergency power source regardless of condition of normal source. Pilot light indicates 

override status. 
10. Engine Starting Contacts: One isolated and normally closed, and one isolated and normally open; rated 

10 A at 32-V dc minimum. 

11. Engine Shutdown Contacts: Time delay adjustable from zero to five minutes, and factory set for five 

minutes. Contacts shall initiate shutdown at remote engine-generator controls after retransfer of load to 

normal source. 

12. Engine-Generator Exerciser: Solid-state, programmable-time switch starts engine generator and transfers 

load to it from normal source for a preset time, then retransfers and shuts down engine after a preset cool-

down period. Initiates exercise cycle at preset intervals adjustable from 7 to 30 days. Running periods 

shall be adjustable from 10 to 30 minutes. Factory settings shall be for 7-day exercise cycle, 20-minute 

running period, and 5-minute cool-down period. Exerciser features include the following: 

a. Exerciser Transfer Selector Switch: Permits selection of exercise with and without load transfer. 

b. Push-button programming control with digital display of settings. 
c. Integral battery operation of time switch when normal control power is unavailable. 

2.03 TRANSFER SWITCH ACESSORIES 

PART 3 - EXECUTION 

3.01 INSTALLATION 

A. Floor-Mounting Switch: Anchor to floor by bolting. 

1. Install transfer switches on cast-in-place concrete equipment base(s). Comply with requirements for 

equipment bases and foundations specified in Division 03 "Cast-in-Place Concrete." 

2. Coordinate size and location of concrete bases. Cast anchor-bolt inserts into bases. 

3. Provide workspace and clearances required by NFPA 70. 

B. Annunciator and Control Panel Mounting: Flush in wall unless otherwise indicated. 

C. Identify components according to Section 260553 "Identification for Electrical Systems." 

D. Set field-adjustable intervals and delays, relays, and engine exerciser clock. 

E. Comply with NECA 1. 

3.02 CONNECTIONS 

A. Wiring to Remote Components: Match type and number of cables and conductors to generator sets,control, and 

communication requirements of transfer switches as recommended by manufacturer. Increase raceway sizes at 

no additional cost to Owner if necessary to accommodate required wiring. 

B. Wiring Method: Install cables in raceways and cable trays except within electrical enclosures. Conceal raceway 

and cables except in unfinished spaces. 

1. Comply with requirements for raceways and boxes specified in Section 260533 "Raceways and Boxes for 

Electrical Systems." 

C. Wiring within Enclosures: Bundle, lace, and train conductors to terminal points with no excess and without 

exceeding manufacturer's limitations on bending radii. 
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D. Ground equipment according to Section 260526 "Grounding and Bonding for Electrical Systems." 

E. Connect wiring according to Section 260519 "Low-Voltage Electrical Power Conductors and Cables." 

F. Connect twisted pair cable according to Section 260523 "Control-Voltage Electrical Power Cables." 

G. Route and brace conductors according to manufacturer's written instructions.  and Section 260529 "Hangers and 

Supports for Electrical Systems." Do not obscure manufacturer's markings and labels. 

H. Final connections to equipment shall be made with liquidtight, flexible metallic conduit no more than 18 inches 

in length. 

3.03 FIELD QUALITY CONTROL 

A. Manufacturer's Field Service: Engage a factory-authorized service representative to test and inspect components, 

assemblies, and equipment installations, including connections. 

1. After installing equipment, test for compliance with requirements according to NETA ATS. 

2. Visual and Mechanical Inspection: 

a. Compare equipment nameplate data with Drawings and Specifications. 

b. Inspect physical and mechanical condition. 

c. Inspect anchorage, alignment, grounding, and required clearances. 

d. Verify that the unit is clean. 

e. Verify appropriate lubrication on moving current-carrying parts and on moving and sliding 
surfaces. 

f. Verify that manual transfer warnings are attached and visible. 

g. Verify tightness of all control connections. 

h. Inspect bolted electrical connections for high resistance using one of the following methods, or 

both: 

1) Use of low-resistance ohmmeter. 

2) Verify tightness of accessible bolted electrical connections by calibrated torque-wrench 

method according to manufacturer's published data. 

i. Perform manual transfer operation. 

j. Verify positive mechanical interlocking between normal and alternate sources. 

k. Perform visual and mechanical inspection of surge arresters. 
l. Inspect control power transformers. 

1) Inspect for physical damage, cracked insulation, broken leads, tightness of connections, 

defective wiring, and overall general condition. 

2) Verify that primary and secondary fuse or circuit-breaker ratings match Drawings. 

3) Verify correct functioning of drawout disconnecting contacts, grounding contacts, and 

interlocks. 

3. Electrical Tests: 

a. Verify settings and operation of control devices. 

b. Calibrate and set all relays and timers. 

c. Verify phase rotation, phasing, and synchronized operation. 

d. Perform automatic transfer tests. 

e. Verify correct operation and timing of the following functions: 

1) Normal source voltage-sensing and frequency-sensing relays. 

2) Engine start sequence. 
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3) Time delay on transfer. 

4) Alternative source voltage-sensing and frequency-sensing relays. 

5) Automatic transfer operation. 

6) Interlocks and limit switch function. 

7) Time delay and retransfer on normal power restoration. 
8) Engine cool-down and shutdown feature. 

4. After energizing circuits, perform each electrical test for transfer switches stated in NETA ATS and 

demonstrate interlocking sequence and operational function for each switch at least three times. 

a. Simulate power failures of normal source to automatic transfer switches and retransfer from 

emergency source with normal source available. 

b. Simulate loss of phase-to-ground voltage for each phase of normal source. 

c. Verify time-delay settings. 

d. Verify pickup and dropout voltages by data readout or inspection of control settings. 

e. Test bypass/isolation unit functional modes and related automatic transfer-switch operations. 

f. Verify proper sequence and correct timing of automatic engine starting, transfer time delay, 

retransfer time delay on restoration of normal power, and engine cool-down and shutdown. 

B. Coordinate tests with tests of generator and run them concurrently. 

C. Report results of tests and inspections in writing. Record adjustable relay settings and measured insulation and 

contact resistances and time delays. Attach a label or tag to each tested component indicating satisfactory 

completion of tests. 

D. Transfer switches will be considered defective if they do not pass tests and inspections. 

E. Remove and replace malfunctioning units and retest as specified above. 

F. Prepare test and inspection reports. 

3.04 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, operate, 

and maintain transfer switches and related equipment. 

B. Coordinate this training with that for generator equipment. 

END OF SECTION 263600 
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SECTION 264113 - LIGHTNING PROTECTION FOR STRUCTURES 

PART 1 - GENERAL 

1.01 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and 

Division 01 Specification Sections, apply to this Section. 

1.02 SUMMARY 

A. Section includes lightning protection system for ordinary structures. 

1.03 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Shop Drawings: 

1. Include layouts of the lightning protection system, with details of the components to be used in the 

installation. 

2. Include raceway locations needed for the installation of conductors. 

3. Details of air terminals, ground rods, ground rings, conductor supports, splices, and terminations, 

including concealment requirements. 

4. Include roof attachment details, coordinated with roof installation. 

1.04 INFORMATIONAL SUBMITTALS 

A. Product Certificates: For each type of roof adhesive for attaching the roof-mounted air terminal assemblies, 

approved by the roofing-material manufacturer. 

B. Field quality-control reports. 

1.05 CLOSEOUT SUBMITTALS 

A. Maintenance Data: For lightning protection system to include in maintenance manuals. 

1. In addition to items specified in Division 01 "Operation and Maintenance Data," include the following: 

a. Dimensioned site plan showing dimensioned route of the ground loop conductor and the ground 

rod locations. Comply with requirements of Division 01 "Project Record Documents." 

B. Completion Certificate: 

1. UL Master Label Certificate. 

1.06 QUALITY ASSURANCE 

A. Installer Qualifications: UL-listed installer, category OWAY. 
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PART 2 - PRODUCTS 

2.01 PERFORMANCE REQUIREMENTS 

A. UL Lightning Protection Standard: Comply with UL 96A requirements for Class I buildings. 

B. Lightning Protection Components, Devices, and Accessories: Listed and labeled by a qualified testing agency as 

complying with UL 96, and marked for intended location and application. 

2.02 MATERIALS 

A. Air Terminals: 

1. Copper or Aluminum unless otherwise indicated. 

2. 1/2-inch diameter by 18 inches long. 

3. Pointed tip. 

4. Integral base support. 

B. Class 1 Main Conductors: 

1. Stranded Copper: 57,400 circular mils in diameter. 

2. Aluminum: 98,600 circular mils in diameter. 

C. Secondary Conductors: 

1. Stranded Copper: 26,240 circular mils in diameter. 

2. Aluminum: 41,400 circular mils in diameter. 

D. Ground Loop Conductor:  Tinned copper. 

E. Ground Rods: 

1. Material:  Copper-clad steel. 

2. Diameter:  3/4 inch. 

3. Rods shall be not less than 120 inches long. 

4. Sectional type, with integral threads. 

F. Conductor Splices and Connectors: Compression fittings that are installed with hydraulically operated tools, or 

exothermic welds, approved for use with the class type. 

PART 3 - EXECUTION 

3.01 INSTALLATION 

A. Install lightning protection components and systems according to UL 96A. 

B. Install conductors with direct paths from air terminals to ground connections. Avoid bends less than 90 degrees 

and 8 inches in radius and narrow loops. 

C. Conceal conductors within normal view from exterior locations at grade within 200 feet of building. Comply 

with requirements for concealed installations in UL 96A. 

1. Roof penetrations required for down conductors and connections to structural-steel framework shall be 

made using listed through-roof fitting and connector assemblies with solid rods and appropriate roof 

flashings. Use materials approved by the roofing manufacturer for the purpose. Conform to the methods 
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and materials required at roofing penetrations of the lightning protection components to ensure 

compatibility with the roofing specifications and warranty. 

2. Install conduit where necessary to comply with conductor concealment requirements. 

3. Air Terminals on Single-Ply Membrane Roofing: Comply with adhesive manufacturer's written 

instructions. 

D. Ground Ring Electrode: The conductor shall be not less than the main-size lightning conductor. 

3.02 CONNECTIONS 

A. Aboveground concealed connections, and connections in earth or concrete, shall be done by exothermic welds or 

by high-compression fittings listed for the purpose. 

B. Aboveground exposed connections shall be done using the following types of connectors, listed and labeled for 

the purpose: bolted connectors. 

C. Bonding Straps and Jumpers: Install in locations accessible for inspection and maintenance, except where routed 

through short lengths of conduit. 

1. Bonding to Structure: Bond straps directly to basic structure, taking care not to penetrate any adjacent 

parts. 

2. Bonding to Equipment Mounted on Vibration Isolation Hangers and Supports: Install bonding so 

vibration is not transmitted to rigidly mounted equipment. 

3.03 CORROSION PROTECTION 

A. Do not combine materials that can form an electrolytic couple that will accelerate corrosion in the presence of 

moisture unless moisture is permanently excluded from junction of such materials. 

B. Use conductors with protective coatings where conditions would cause deterioration or corrosion of conductors. 

3.04 FIELD QUALITY CONTROL 

A. Special Inspections:  Engage a qualified special inspector to perform the following special inspections: 

1. Perform inspections as required to obtain a UL Master Label for system. 

B. Prepare test and inspection reports and certificates. 

END OF SECTION 264113 
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SECTION 264313 - SURGE PROTECTIVE DEVICES FOR LOW-VOLTAGE ELECTRICAL POWER 

CIRCUITS 

PART 1 - GENERAL 

1.01 SUMMARY 

A. Section Includes: 
1. Type 2 surge protective devices. 

2. Enclosures. 

3. Conductors and cables. 

1.02 DEFINITIONS 

A. In: Nominal discharge current. 

B. Maximum Continuous Operating Voltage (MCOV): The maximum designated RMS value of the power 

frequency voltage that may be continuously applied to the mode of protection of an SPD. 

C. Metal-Oxide Varistor (MOV): An electronic component with a significant bidirectional, nonlinear current-

voltage characteristic. 

D. Mode(s), Modes of Protection, or Protection Modes: Electrical paths where the SPD offers defense against 

transient overvoltages. Examples include: line to neutral (L-N), line to ground (L-G), line to line (L-L), and 

neutral to ground (N-G). 

E. SCCR: Short-circuit current rating. 

F. Type 1 SPDs: Permanently connected SPDs intended for installation between the secondary of the service 

transformer and the line side of the service disconnect overcurrent device. 

G. Type 2 SPDs: Permanently connected SPDs intended for installation on the load side of the service disconnect 

overcurrent device, including SPDs located at the branch panel. 

H. Type 3 SPDs: Point of utilization SPDs. 

I. Type 4 SPDs: Component SPDs, including discrete components, as well as assemblies. 

J. Type 5 SPDs: Discrete component surge suppressors, such as MOVs that may be mounted on a printed wiring 

board, connected by its leads or provided within an enclosure with mounting means and wiring terminations. 

K. Voltage Protection Rating (VPR): A rating selected from UL 1449 list of preferred values assigned to each mode 

of protection. 

1.03 ACTION SUBMITTALS 

A. Product Data: 

1. For each type of product. 

a. Include electrical characteristics, specialties, and accessories for SPDs. 

b. Certification of compliance with UL 1449 by qualified electrical testing laboratory recognized by 

authorities having jurisdiction including the following information: 
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1) Tested values for VPRs. 

2) In ratings. 

3) MCOV, type designations. 

4) OCPD requirements. 

5) Manufacturer's model number. 
6) System voltage. 

7) Modes of protection. 

B. Field quality-control reports. 

1.04 INFORMATIONAL SUBMITTALS 

A. Sample Warranty: For manufacturer's special warranty. 

1.05 WARRANTY 

A. Special Manufacturer Extended Warranty: Manufacturer warrants that SPDs perform in accordance with 

specified requirements and agrees to provide repair or replacement of SPDs that fail to perform as specified 

within extended warranty period. 

1. Initial Extended Warranty Period: Five year(s) from date of Substantial Completion, for labor, materials, 

and equipment. 

PART 2 - PRODUCTS 

2.01 TYPE 2 SURGE PROTECTIVE DEVICES (SPDs) 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the following: 

1. ABB, Electrification Business. 

2. Advanced Protection Technologies Inc. (APT). 

3. Eaton. 

4. Liebert; Vertiv Holdings Co. 

5. Mersen USA. 

6. SSI, an ILSCO Company. 

7. Schneider Electric USA, Inc. 

8. Siemens Industry, Inc., Energy Management Division. 

B. Source Limitations: Obtain devices from single source from single manufacturer. 

C. General Characteristics: 

1. Reference Standards: UL 1449, Type 2. 

2. MCOV: Not less than 125 percent of nominal system voltage for 208Y/120 V and 120/240 V power 

systems, and not less than 115 percent of nominal system voltage for 480Y/277 V power systems. 

3. Peak Surge Current Rating: Minimum single-pulse surge current withstand rating per phase must not be 

less than 160 kA. Peak surge current rating must be arithmetic sum of the ratings of individual MOVs in a 

given mode. 

http://www.specagent.com/Lookup?ulid=2238
http://www.specagent.com/Lookup?uid=123457187621
http://www.specagent.com/Lookup?uid=123457187611
http://www.specagent.com/Lookup?uid=123457187615
http://www.specagent.com/Lookup?uid=123457187616
http://www.specagent.com/Lookup?uid=123457187619
http://www.specagent.com/Lookup?uid=123457187614
http://www.specagent.com/Lookup?uid=123457187617
http://www.specagent.com/Lookup?uid=123457187613
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4. Protection modes and UL 1449 VPR for grounded wye circuits with 480Y/277 V or 208Y/120 V, three-

phase, four-wire circuits must not exceed the following: 

a. Line to Neutral: 1200 V for 480Y/277 V 700 V for 208Y/120 V. 

b. Line to Ground: 1200 V for 480Y/277 V 700 V for 208Y/120 V. 

c. Neutral to Ground: 1200 V for 480Y/277 V 700 V for 208Y/120 V. 
d. Line to Line: 2000 V for 480Y/277 V 1200 V for 208Y/120 V. 

5. Protection modes and UL 1449 VPR for 240/120 V, single-phase, three-wire circuits must not exceed the 

following: 

a. Line to Neutral: 700 V. 

b. Line to Ground: 700 V. 

c. Neutral to Ground: 700 V. 

d. Line to Line: 1200 V. 

6. SCCR: Equal or exceed 200 kA. 

7. In Rating: 20 kA. 

D. Options: 

1. Include LED indicator lights for power and protection status. 

2. Include internal thermal protection that disconnects the SPD before damaging internal suppressor 
components. 

3. Include NEMA ICS 5, dry Form C contacts rated at 2 A and 24 V(ac) for remote monitoring of protection 

status. 

4. Include surge counter. 

2.02 TYPE 3, TYPE 4, AND TYPE 5 SURGE PROTECTIVE DEVICES (SPDs) 

A. Type 3, Type 4, and Type 5 SPDs are not approved for field installation. 

2.03 ENCLOSURES 

A. Indoor Enclosures: Type 1. 

B. Outdoor Enclosures:  Type 4X. 

2.04 CONDUCTORS AND CABLES 

A. Power Wiring: Same size as SPD leads, complying with Section 260519 "Low-Voltage Electrical Power 
Conductors and Cables." 

PART 3 - EXECUTION 

3.01 INSTALLATION 

A. Provide OCPD and disconnect for installation of SPD in accordance with UL 1449 and manufacturer's 

instructions. 

B. Install leads between disconnects and SPDs short, straight, twisted, and in accordance with manufacturer's 

instructions. Comply with wiring methods in Section 260519 "Low-Voltage Electrical Power Conductors and 

Cables." 

1. Do not splice and extend SPD leads unless specifically permitted by manufacturer. 
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2. Do not exceed manufacturer's recommended lead length. 

3. Do not bond neutral and ground. 

C. Use crimped connectors and splices only. Wire nuts are unacceptable. 

3.02 FIELD QUALITY CONTROL 

A. Tests and Inspections: 

1. Compare equipment nameplate data for compliance with Drawings and the Specifications. 

2. Inspect anchorage, alignment, grounding, and clearances. 

3. Verify that electrical wiring installation complies with manufacturer's installation requirements. 

3.03 STARTUP SERVICE 

A. Complete startup checks in accordance with manufacturer's instructions. 

B. Do not perform insulation-resistance tests of the distribution wiring equipment with SPDs installed. Disconnect 

SPDs before conducting insulation-resistance tests; reconnect them immediately after the testing is over. 

C. Energize SPDs after power system has been energized, stabilized, and tested. 

END OF SECTION 264313 
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SECTION 265119 - LED INTERIOR LIGHTING 

PART 1 - GENERAL 

1.01 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and 

Division 01 Specification Sections, apply to this Section. 

1.02 SUMMARY 

A. Section includes the following types of LED luminaires: 

1. Materials. 

2. Finishes. 

3. Luminaire support. 

1.03 DEFINITIONS 

A. CCT: Correlated color temperature. 

B. CRI: Color Rendering Index. 

C. Fixture: See "Luminaire." 

D. IP: International Protection or Ingress Protection Rating. 

E. LED: Light-emitting diode. 

F. Lumen: Measured output of lamp and luminaire, or both. 

G. Luminaire: Complete lighting unit, including lamp, reflector, and housing. 

1.04 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1. Arrange in order of luminaire designation. 

2. Include data on features, accessories, and finishes. 

3. Include physical description and dimensions of luminaires. 

4. Include emergency lighting units, including batteries and chargers. 

5. Include life, output (lumens, CCT, and CRI), and energy-efficiency data. 

6. Photometric data and adjustment factors based on laboratory tests, complying with IES "Lighting 

Measurements Testing and Calculation Guides" for each luminaire type. The adjustment factors shall be 

for lamps and accessories identical to those indicated for the luminaire as applied in this Project IES LM-
79 and IES LM-80. 

a. Manufacturers' Certified Data: Photometric data certified by manufacturer's laboratory with a 

current accreditation under the National Voluntary Laboratory Accreditation Program for Energy 

Efficient Lighting Products. 

B. Product Schedule: For luminaires and lamps. Use same designations indicated on Drawings. 
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1.05 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For luminaires and lighting systems to include in operation and maintenance 

manuals. 

1. Provide a list of all lamp types used on Project; use ANSI and manufacturers' codes. 

1.06 QUALITY ASSURANCE 

A. Luminaire Photometric Data Testing Laboratory Qualifications: Luminaire manufacturer's laboratory that is 

accredited under the NVLAP for Energy Efficient Lighting Products. 

B. Provide luminaires from a single manufacturer for each luminaire type. 

1.07 DELIVERY, STORAGE, AND HANDLING 

A. Protect finishes of exposed surfaces by applying a strippable, temporary protective covering before shipping. 

1.08 WARRANTY 

A. Warranty: Manufacturer and Installer agree to repair or replace components of luminaires that fail in materials or 

workmanship within specified warranty period. 

B. Warranty Period: Five year(s) from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.01 LUMINAIRE REQUIREMENTS 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified 
testing agency, and marked for intended location and application. 

B. Factory-Applied Labels: Comply with UL 1598. Include recommended lamps. Locate labels where they will be 

readily visible to service personnel, but not seen from normal viewing angles when lamps are in place. 

1. Label shall include the following lamp characteristics: 

a. "USE ONLY" and include specific lamp type. 

b. Lamp diameter, shape, size, wattage, and coating. 

c. CCT and CRI. 

2.02 MATERIALS 

A. Metal Parts: 

1. Free of burrs and sharp corners and edges. 

2. Sheet metal components shall be steel unless otherwise indicated. 
3. Form and support to prevent warping and sagging. 

B. Steel: 

1. ASTM A 36/A 36M for carbon structural steel. 

2. ASTM A 568/A 568M for sheet steel. 

C. Stainless Steel: 
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1. 1. Manufacturer's standard grade. 

2. 2. Manufacturer's standard type, ASTM A 240/240 M. 

D. Galvanized Steel: ASTM A 653/A 653M. 

E. Aluminum: ASTM B 209. 

2.03 METAL FINISHES 

A. Variations in finishes are unacceptable in the same piece. Variations in finishes of adjoining components are 

acceptable if they are within the range of approved Samples and if they can be and are assembled or installed to 

minimize contrast. 

2.04 LUMINAIRE SUPPORT 

A. Comply with requirements in Section 260529 "Hangers and Supports for Electrical Systems" for channel and 

angle iron supports and nonmetallic channel and angle supports. 

B. Single-Stem Hangers: 1/2-inch steel tubing with swivel ball fittings and ceiling canopy. Finish same as 

luminaire. 

C. Wires: ASTM A 641/A 641 M, Class 3, soft temper, zinc-coated steel, 12 gage. 

D. Rod Hangers: 3/16-inch minimum diameter, cadmium-plated, threaded steel rod. 

E. Hook Hangers: Integrated assembly matched to luminaire, line voltage, and equipment with threaded attachment, 

cord, and locking-type plug. 

PART 3 - EXECUTION 

3.01 EXAMINATION 

A. Examine substrates, areas, and conditions, with Installer present, for compliance with requirements for 

installation tolerances and other conditions affecting performance of the Work. 

B. Examine roughing-in for luminaire to verify actual locations of luminaire and electrical connections before 

luminaire installation. 

C. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.02 TEMPORARY LIGHTING 

A. If approved by the Architect, use selected permanent luminaires for temporary lighting. When construction is 

sufficiently complete, clean luminaires used for temporary lighting and install new lamps. 

3.03 INSTALLATION 

A. Comply with NECA 1. 

B. Install luminaires level, plumb, and square with ceilings and walls unless otherwise indicated. 

C. Install lamps in each luminaire. 

D. Supports: 
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1. Sized and rated for luminaire weight. 

2. Able to maintain luminaire position after cleaning and relamping. 

3. Provide support for luminaire without causing deflection of ceiling or wall. 

4. Luminaire-mounting devices shall be capable of supporting a horizontal force of 100 percent of luminaire 

weight and a vertical force of 400 percent of luminaire weight. 

E. Flush-Mounted Luminaires: 

1. Secured to outlet box. 

2. Attached to ceiling structural members at four points equally spaced around circumference of luminaire. 

3. Trim ring flush with finished surface. 

F. Wall-Mounted Luminaires: 

1.  Attached to a minimum 20 gauge backing plate attached to wall structural members . 

2. Do not attach luminaires directly to gypsum board. 

G. Suspended Luminaires: 

1. Ceiling Mount: 

a. Two 5/32-inch- diameter aircraft cable supports adjustable to 10 feet in length . 

b. Pendant mount with 5/32-inch- diameter aircraft cable supports adjustable to10 feet in length . 

c. Hook mount. 

2. Pendants and Rods: Where longer than 48 inches, brace to limit swinging. 

3. Stem-Mounted, Single-Unit Luminaires: Suspend with twin-stem hangers. Support with approved outlet 

box and accessories that hold stem and provide damping of luminaire oscillations. Support outlet box 

vertically to building structure using approved devices. 

4. Continuous Rows of Luminaires: Use tubing or stem for wiring at one point and wire support for 

suspension for each unit length of luminaire chassis, including one at each end. 

5. Do not use ceiling grid as support for pendant luminaires. Connect support wires or rods to building 

structure. 

H. Ceiling-Grid-Mounted Luminaires: 

1. Secure to any required outlet box. 

2. Secure luminaire to the luminaire opening using approved fasteners in a minimum of four locations, 
spaced near corners of luminaire. 

3. Use approved devices and support components to connect luminaire to ceiling grid and building structure 

in a minimum of four locations, spaced near corners of luminaire. 

I. Comply with requirements in Section 260519 "Low-Voltage Electrical Power Conductors and Cables" for wiring 

connections. 

3.04 FIELD QUALITY CONTROL 

A. Perform the following tests and inspections: 

1. Operational Test: After installing luminaires, switches, and accessories, and after electrical circuitry has 

been energized, test units to confirm proper operation. 

2. Test for Emergency Lighting: Interrupt power supply to demonstrate proper operation. Verify transfer 

from normal power to battery power and retransfer to normal. 

B. Luminaire will be considered defective if it does not pass operation tests and inspections. 
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C. Prepare test and inspection reports. 

END OF SECTION 265119 
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SECTION 265619 – LED EXTERIOR LIGHTING 

PART 1 - GENERAL 

1.01 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and 

Division 01 Specification Sections, apply to this Section. 

1.02 SUMMARY 

A. Section Includes: 

1. Exterior solid-state luminaires that are designed for and exclusively use LED lamp technology. 

2. Luminaire supports. 

3. Luminaire-mounted photoelectric relays. 

1.03 DEFINITIONS 

A. CCT: Correlated color temperature. 

B. CRI: Color rendering index. 

C. Fixture: See "Luminaire." 

D. IP: International Protection or Ingress Protection Rating. 

E. Lumen: Measured output of lamp and luminaire, or both. 

F. Luminaire: Complete lighting unit, including lamp, reflector, and housing. 

1.04 ACTION SUBMITTALS 

A. Product Data: For each type of luminaire. 

1. Arrange in order of luminaire designation. 

2. Include data on features, accessories, and finishes. 

3. Include physical description and dimensions of luminaire. 

4. Lamps, include life, output (lumens, CCT, and CRI), and energy-efficiency data. 

5. Photometric data and adjustment factors based on laboratory tests, complying with IES Lighting 

Measurements Testing and Calculation Guides, of each luminaire type. The adjustment factors shall be 

for lamps and accessories identical to those indicated for the luminaire as applied in this Project IES LM-

79 and IES LM-80. 

a. Manufacturer's Certified Data: Photometric data certified by manufacturer's laboratory with a 
current accreditation under the NVLAP for Energy Efficient Lighting Products. 

6. Wiring diagrams for power, control, and signal wiring. 

7. Photoelectric relays. 

8. Means of attaching luminaires to supports and indication that the attachment is suitable for components 

involved. 

B. Product Schedule: For luminaires and lamps. Use same designations indicated on Drawings. 
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1.05 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For luminaires and photoelectric relays to include in operation and 

maintenance manuals. 

1. Provide a list of all lamp types used on Project. Use ANSI and manufacturers' codes. 

2. Provide a list of all photoelectric relay types used on Project; use manufacturers' codes. 

1.06 QUALITY ASSURANCE 

A. Luminaire Photometric Data Testing Laboratory Qualifications: Luminaire manufacturers' laboratory that is 

accredited under the NVLAP for Energy Efficient Lighting Products. 

B. Provide luminaires from a single manufacturer for each luminaire type. 

1.07 DELIVERY, STORAGE, AND HANDLING 

A. Protect finishes of exposed surfaces by applying a strippable, temporary protective covering prior to shipping. 

1.08 FIELD CONDITIONS 

A. Verify existing and proposed utility structures prior to the start of work associated with luminaire installation. 

B. Mark locations of exterior luminaires for approval by Architect prior to the start of luminaire installation. 

1.09 WARRANTY 

A. Warranty: Manufacturer and Installer agree to repair or replace components of luminaires that fail in materials or 

workmanship within specified warranty period. 

1. Failures include, but are not limited to, the following: 

a. Structural failures, including luminaire support components. 

b. Faulty operation of luminaires and accessories. 

c. Deterioration of metals, metal finishes, and other materials beyond normal weathering. 

2. Warranty Period: 2 year(s) from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.01 LUMINAIRE REQUIREMENTS 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified 

testing agency, and marked for intended location and application. 

B. NRTL Compliance: Luminaires shall be listed and labeled for indicated class and division of hazard by an 

NRTL. 

C. UL Compliance: Comply with UL 1598 and listed for wet location. 

D. Lamp base complying with ANSI C81.61 or IEC 60061-1. 

E. Bulb shape complying with ANSI C79.1. 
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F. CRI of 80. CCT of 4100 K. 

G. L70 lamp life of 50,000 hours. 

H. Lamps dimmable from 100 percent to 0 percent of maximum light output. 

I. Internal driver. 

J. Lamp Rating: Lamp marked for outdoor use and in enclosed locations. 

K. Source Limitations: For luminaires, obtain each color, grade, finish, type, and variety of luminaire from single 

source with resources to provide products of consistent quality in appearance and physical properties. 

2.02 LUMINAIRE-MOUNTED PHOTOELECTRIC RELAYS 

A. Comply with UL 773 or UL 773A. 

B. Contact Relays: Factory mounted, single throw, designed to fail in the on position, and factory set to turn light 

unit on at 1.5 to 3 fc and off at 4.5 to 10 fc with 15-second minimum time delay. Relay shall have directional 

lens in front of photocell to prevent artificial light sources from causing false turnoff. 

1. Relay with locking-type receptacle shall comply with ANSI C136.10. 

2. Adjustable window slide for adjusting on-off set points. 

2.03 MATERIALS 

A. Metal Parts: Free of burrs and sharp corners and edges. 

B. Sheet Metal Components: Corrosion-resistant aluminum Epoxy-coated steel or as indicated on drawings. Form 
and support to prevent warping and sagging. 

C. Doors, Frames, and Other Internal Access: Smooth operating, free of light leakage under operating conditions, 

and designed to permit relamping without use of tools. Designed to prevent doors, frames, lenses, diffusers, and 

other components from falling accidentally during relamping and when secured in operating position. Doors 

shall be removable for cleaning or replacing lenses. 

D. Diffusers and Globes: 

1. Acrylic Diffusers: 100 percent virgin acrylic plastic, with high resistance to yellowing and other changes 

due to aging, exposure to heat, and UV radiation. 

2. Glass: Annealed crystal glass unless otherwise indicated. 

3. Lens Thickness: At least 0.125 inch minimum unless otherwise indicated. 

E. Lens and Refractor Gaskets: Use heat- and aging-resistant resilient gaskets to seal and cushion lenses and 
refractors in luminaire doors. 

F. Reflecting surfaces shall have minimum reflectance as follows unless otherwise indicated: 

1. White Surfaces: 85 percent. 

2. Specular Surfaces: 83 percent. 

3. Diffusing Specular Surfaces: 75 percent. 

G. Housings: 

1. Rigidly formed, weather- and light-tight enclosure that will not warp, sag, or deform in use. 
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2. Provide filter/breather for enclosed luminaires. 

H. Factory-Applied Labels: Comply with UL 1598. Include recommended lamps. Labels shall be located where 

they will be readily visible to service personnel, but not seen from normal viewing angles when lamps are in 

place. 

1. Label shall include the following lamp characteristics: 

a. "USE ONLY" and include specific lamp type. 

b. Lamp diameter, shape, size, wattage and coating. 

c. CCT and CRI for all luminaires. 

2.04 FINISHES 

A. Variations in Finishes: Noticeable variations in same piece are unacceptable. Variations in appearance of 

adjoining components are acceptable if they are within the range of approved Samples and are assembled or 

installed to minimize contrast. 

B. Luminaire Finish: Manufacturer's standard paint applied to factory-assembled and -tested luminaire before 

shipping. Where indicated, match finish process and color of pole or support materials. 

C. Factory-Applied Finish for Aluminum Luminaires: Comply with NAAMM's "Metal Finishes Manual for 

Architectural and Metal Products" for recommendations for applying and designating finishes. 

1. Finish designations prefixed by AA comply with the system established by the Aluminum Association for 
designating aluminum finishes. 

2. Natural Satin Finish: Provide fine, directional, medium satin polish (AA-M32); buff complying with AA-

M20 requirements; and seal aluminum surfaces with clear, hard-coat wax. 

3. Class I, Clear-Anodic Finish: AA-M32C22A41 (Mechanical Finish: Medium satin; Chemical Finish: 

Etched, medium matte; Anodic Coating: Architectural Class I, clear coating 0.018 mm or thicker) 

complying with AAMA 611. 

4. Class I, Color-Anodic Finish: AA-M32C22A42/A44 (Mechanical Finish: Medium satin; Chemical 

Finish: Etched, medium matte; Anodic Coating: Architectural Class I, integrally colored or 

electrolytically deposited color coating 0.018 mm or thicker), complying with AAMA 611. 

D. Factory-Applied Finish for Steel Luminaires: Comply with NAAMM's "Metal Finishes Manual for Architectural 

and Metal Products" for recommendations for applying and designating finishes. 

1. Surface Preparation: Clean surfaces to comply with SSPC-SP 1, to remove dirt, oil, grease, and other 

contaminants that could impair paint bond. Grind welds and polish surfaces to a smooth, even finish. 

Remove mill scale and rust, if present, from uncoated steel, complying with SSPC-SP 5/NACE No. 1 or 

SSPC-SP 8. 

2. Exterior Surfaces: Manufacturer's standard finish consisting of one or more coats of primer and two finish 

coats of high-gloss, high-build polyurethane enamel. 

a. Color: As selected by Architect from manufacturer's full range. 

2.05 LUMINAIRE SUPPORT COMPONENTS 

A. Comply with requirements in Section 260529 "Hangers and Supports for Electrical Systems" for channel and 

angle iron supports and nonmetallic channel and angle supports. 
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PART 3 - EXECUTION 

3.01 EXAMINATION 

A. Examine substrates, areas, and conditions, with Installer present, for compliance with requirements for 

installation tolerances and other conditions affecting performance of the Work. 

B. Examine roughing-in for luminaire electrical conduit to verify actual locations of conduit connections before 
luminaire installation. 

C. Examine walls, roofs, canopy ceilings and overhang ceilings for suitable conditions where luminaires will be 

installed. 

D. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.02 TEMPORARY LIGHTING 

A. If approved by the Architect, use selected permanent luminaires for temporary lighting. When construction is 

substantially complete, clean luminaires used for temporary lighting and install new lamps. 

3.03 GENERAL INSTALLATION REQUIREMENTS 

A. Comply with NECA 1. 

B. Use fastening methods and materials selected to resist seismic forces defined for the application and approved by 

manufacturer. 

C. Install lamps in each luminaire. 

D. Fasten luminaire to structural support. 

E. Supports: 

1. Sized and rated for luminaire weight. 

2. Able to maintain luminaire position after cleaning and relamping. 

3. Support luminaires without causing deflection of finished surface. 

4. Luminaire-mounting devices shall be capable of supporting a horizontal force of 100 percent of luminaire 

weight and a vertical force of 400 percent of luminaire weight. 

F. Wall-Mounted Luminaire Support: 

1. Attached to structural members in walls. 

G. Wiring Method: Install cables in raceways. Conceal raceways and cables. 

H. Install luminaires level, plumb, and square with finished grade unless otherwise indicated. Install luminaires at 
height and aiming angle as indicated on Drawings. 

I. Coordinate layout and installation of luminaires with other construction. 

J. Adjust luminaires that require field adjustment or aiming. Include adjustment of photoelectric device to prevent 

false operation of relay by artificial light sources, favoring a north orientation. 

K. Comply with requirements in Section 260519 "Low-Voltage Electrical Power Conductors and Cables" and 

Section 260533 "Raceways and Boxes for Electrical Systems" for wiring connections and wiring methods. 
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3.04 INSTALLATION OF INDIVIDUAL GROUND-MOUNTED LUMINAIRES 

A. Aim as indicated on Drawings. 

B. Install on concrete base with top 4 inches above finished grade or surface at luminaire location. Cast conduit into 

base, and finish by troweling and rubbing smooth. Concrete materials, installation, and finishing are specified in 

Division 03 "Cast-in-Place Concrete." 

3.05 CORROSION PREVENTION 

A. Aluminum: Do not use in contact with earth or concrete. When in direct contact with a dissimilar metal, protect 

aluminum by insulating fittings or treatment. 

B. Steel Conduits: Comply with Section 260533 "Raceways and Boxes for Electrical Systems." In concrete 

foundations, wrap conduit with 0.010-inch-thick, pipe-wrapping plastic tape applied with a 50 percent overlap. 

3.06 IDENTIFICATION 

A. Identify system components, wiring, cabling, and terminals. Comply with requirements for identification 

specified in Section 260553 "Identification for Electrical Systems." 

3.07 FIELD QUALITY CONTROL 

A. Inspect each installed luminaire for damage. Replace damaged luminaires and components. 

B. Perform the following tests and inspections: 

1. Operational Test: After installing luminaires, switches, and accessories, and after electrical circuitry has 
been energized, test units to confirm proper operation. 

2. Verify operation of photoelectric controls. 

C. Illumination Tests: 

1. Measure light intensities at night. Use photometers with calibration referenced to NIST standards. 

Comply with the following IES testing guide(s): 

a. IES LM-5. 

b. IES LM-50. 

c. IES LM-64. 

d. IES LM-72. 

2. Operational Test: After installing luminaires, switches, and accessories, and after electrical circuitry has 

been energized, test units to confirm proper operation. 

D. Luminaire will be considered defective if it does not pass tests and inspections. 

E. Prepare a written report of tests, inspections, observations, and verifications indicating and interpreting results. If 

adjustments are made to lighting system, retest to demonstrate compliance with standards. 

3.08 DEMONSTRATION 

A.  Train Owner's maintenance personnel to adjust, operate, and maintain luminaires and photocell relays. 

END OF SECTION 265619 
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SECTION 27000 - COMMUNICATIONS STRUCTURED CABLING SYSTEM  

PART 1 – GENERAL 

 

1.1 CONTRACTOR QUALIFICATIONS 

 

The Structured Cabling System Contractor shall be an experienced firm regularly engaged in the layout 

and installation of structured cabling systems of similar size and complexity as required for this 

installation.  The Structured Cabling System Contractor, under the same company name, shall have 

successfully completed the layout, installation, testing and warranty of not less than five Structured 

Cabling Systems of the scope of the largest system on this project for a minimum period of three years 

prior to the bid date, and shall have been regularly engaged in the business of Structured Cabling Systems 

contracting continuously since.  The Structured Cabling System Contractor shall have an existing 

permanent office located within 100 miles of the job site from which installation and warranty service 

operations will be performed.  

 

The Structured Cabling System Contractor shall be Pre-Qualified by Bay District Schools at the time of 

bids, and shall be one of two Structured Cabling System Contractors currently under multi-year contract 

with Bay District Schools for structured cabling system work. Contact Bill Drugan with ASSG 

(b.drugan@att.net) or Paul Dick with Powernet (pdick@powernetco.com). 

 

The Structured Cabling System Contractor shall be in good standing with the Structured Cabling System 

Manufacturer as a Belden Certified Installer.  The Structured Cabling System Contractor shall complete 

the Structured Cabling System Manufacturer’s Certified Installer training program.  The Structured 

Cabling System Manufacturer shall require that not less than two permanent employees of the Structured 

Cabling System Contractor each complete the full certification program.  Each Certified Installer shall 

attend re-certification classes every two years.  The Structured Cabling System certified employees shall 

include not less than one designer and one installation supervisor. The Structured Cabling System 

Contractor shall present, with his bid, the names and credentials of the Belden certified installers who will 

be responsible for this project. 

 

A. Contractor Qualifications – Conduit Installation: 

 

All conduit and related work shall be provided by a licensed electrical contractor using tradesmen who 

are skilled and experienced in the types of conduit installations indicated in the bid documents. 

 

B. Definitions 

 

CM - Construction Manager 

DB - Design Build Contractor 

GC - General Contractor 
 

Where the three terms CM, DB, and GC are used in the specifications and TEL drawings they are used 

interchangeably. The Contractor shall understand the terms to mean the construction entity in overall 

charge of the project, whether a CM, DB or GC. 

 

1.2 PROOF OF CONTRACTOR QUALIFICATIONS 

 

The Structured Cabling System Contractor shall provide the following documentation, to be presented 

with his bid to the GC and following bids to the Owner within three working days of a request, as 

evidence that the requirements for Structured Cabling System Contractor qualifications listed above are 

satisfied. The Structured Cabling System Contractor shall meet the requirements of this specification 

section for structured cabling system work. All work under this section shall be performed by permanent 



Deane Bozeman School                                                                                                                                  27000-2 

Classroom Building 

employees of the Structured Cabling System Contractor listed on the bid form, and shall not be 

performed by another subcontractor, employees of another company, or by temporary employees. The 

only exceptions to these requirements shall be for conduit work, which may be performed by an 

electrical contractor meeting the minimum requirements of paragraph 1.1.A. Under no circumstances 

shall temporary employees be used for any work for these systems. 

 

A. Provide a list of not less than five (5) references for jobs of similar size and complexity including 

project name, location, contact person and phone number. 

 

B. Provide location of existing permanent office from which installation and warranty work will be 

performed. 

 

C. Provide copies of certificates issued by Structured Cabling System Manufacturer proving that the 

Structured Cabling System Contractor is in good standing with the manufacturer Belden as a Certified 

Installer, and that the Structured Cabling System Contractor can offer the Owner a 25 year system 

warranty in partnership with the Structured Cabling System Manufacturer. 

 

1.3 RELATED REQUIREMENTS 

 

Drawings and general provisions of Contract apply to this section. 

 

Electrical Specification Sections regarding conduit and raceway apply to work under this section, with 

the additions and modifications specified herein and on the TEL drawings. The special requirements 

indicated on the TEL drawings and in this specification section for structured cabling system conduit and 

all cable pathways shall take precedence over any requirements specified in Electrical Specification 

Sections. 

 

See Specification Section 27500 for Intercom/PA System. 

 

See Specification Section 27800 for IP Security Camera System. 

 

See Specification Section 28100 for Electronic Access Control System. 

 

1.4 DESCRIPTION OF WORK 

 

The work consists of all labor, materials, equipment and services necessary to provide, install, test and 

certify all systems as described in the contract documents. The Structured Cabling System Contractor 

shall provide systems complete and ready for operation. The installation shall include all accessories 

and appurtenances required to provide a complete and operational system. Any materials not 

specifically mentioned in these specifications or not shown on the drawings but required for a complete 

and finished installation shall be furnished and installed at no additional cost to the Owner. 

 

A. Special Warranty – Structured Cabling System: 

 

The Structured Cabling System Contractor and The Structured Cabling System Manufacturer (Belden) 

shall provide a 25 year warranty for the completed Structured Cabling System. The 25 year warranty 

shall commence on the date of Final Completion and Final Acceptance by the Engineer and the Owner. 

 

The installed system shall be manufacturer certified and shall meet or exceed all performance criteria 

established by TIA/EIA Category 6 and Category 6A standards for unshielded UTP cabling. The 

electrical performance of all UTP cabling shall be characterized to 250 MHz for Category 6 cable and 

to 500 MHz for Category 6A cable and shall be proven by field testing of the Permanent Link. 

 

The 25 year warranty shall cover the Structured Cabling System end-to-end and shall include parts and 
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labor costs for replacement of defective parts or installation. The warranty shall also cover current 

applications plus all future applications approved to run on Category 6 and Category 6A cabling 

systems. The performance parameters guaranteed by The Structured Cabling System Manufacturer in 

published literature shall be based on worst case testing of a channel configuration using a 100 meter 

model constructed using four connection points consisting of a horizontal cross-connect, a consolidation 

point and a work area outlet. 

 

The Structured Cabling System Contractor shall test all Category 6 and Category 6A cabling for 

the Permanent Link in strict accordance with TIA standards. The test results shall indicate that 

each cable achieved a PASS rating without exception. 

 

The Structured Cabling System Contractor shall provide all necessary documentation to the 

Structured Cabling System Manufacturer required to properly register the system with the 

manufacturer for warranty purposes. 

 

B. Scheduling: 

 

The Structured Cabling System Contractor shall become thoroughly familiar with the overall project 

schedule and shall complete his work and make all systems fully operational prior to the date of 

occupancy of the facilities by the Owner. 

 

The Structured Cabling System Contractor shall coordinate all work with the General Contractor and 

the Electrical Contractor, as well as all other trades. 

 

The Structured Cabling System Contractor shall be responsible for coordinating all work related to cable 

pathways indicated on the TEL sheets, even if that work is being performed by the project electrical 

contractor.  The Structured Cabling System Contractor shall inform the General Contractor if: 

 

1)   The conduit work is not being completed in accordance with the requirements indicated on the TEL 

drawings and this specification. 

 

2)   The conduit work is not being completed in such a manner that will allow the Structured Cabling 

System Contractor to complete his work in a timely manner in accordance with the project 

schedule and this section 

 

The Structured Cabling System Contractor shall provide adequate training of the Owner’s forces prior to 

the date of occupancy and shall provide follow-up training after occupancy.  Total training time shall be as 

prescribed by this specification is considered a minimum requirement. 

 

1.5 EXAMINATION OF SITES AND TOTAL SYSTEM RESPONSIBILITY 

 

Prior to providing a proposal for this work, the Contractor shall visit the proposed site of work to 

become familiar with any condition that may affect the work to be performed in any way. No 

allowances shall be made because of lack of knowledge of these conditions. 

 

The Contractor shall have total system responsibility to assure a fully operational system. Any 

additional labor and components required for the installation of complete operating systems but not 

specifically required by the bid documents shall be provided and the cost borne by the Contractor. 

 

The Contractor shall remain the sole owner of the system and all of its components provided under this 

contract and is responsible for all risk of loss or damage of the system for the entire contract period up to 

and including the date and time of Final Acceptance by the Engineer and the Owner’s Project Manager. 

After the date of Final Acceptance, the Owner shall assume full ownership of the system with all 
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components, and the warranty period shall commence. 

 

1.6 QUALITY ASSURANCE 

 

Materials shall be new and shall be the best of their respective kinds. All work shall be accomplished in a 

workmanlike manner in keeping with the best practices and highest standards of the telecommunications 

industry. 

 

Protect materials and equipment from physical or environmental damage during shipping, storage and 

installation. Equipment and materials shall be received at the site in new condition and shall be 

maintained in new condition throughout the installation process. Damaged or deteriorated equipment 

and materials will not be acceptable. The Contractor shall be responsible for the safety and condition of 

all materials and equipment, whether stored or installed, until Final Acceptance by the Engineer and the 

Owner. 

 

1.7 CODES AND STANDARDS 

 

All work done under this contract shall be performed in accordance with the most recent issue of the 

following codes, standards and guidelines. Where there is a perceived conflict between a standard or 

guideline and the contract documents, the Contractor shall perform the work as directed by the Engineer. 

 

NFPA 70 National Electric Code - 2020 Edition 

 

NFPA 90A Standard for the installation of Air-Conditioning and Ventilating Systems – 

2021 edition 

 

NFPA 101 Life Safety Code - 2021 Edition 

 

FBC  Florida Building Code – 2023 8th Edition  

  Florida Fire Prevention Code - 2023 8th Edition 

  Florida Building Code Accessibility – 2023 8th Edition  

   

TIA  Telecommunications Industry Association, current edition of each standard at 

the time of bids applies (regardless of edition indicated below) 

 

TIA-568.0-D Generic Telecommunications Cabling for Customer Premises 

 

TIA-568.1-D Commercial Building Telecommunications Infrastructure Standard 

   

TIA-568.2-D Balanced Twisted-Pair Telecommunications Cabling and Components Standard 

 

TIA-568.3-D Optical Fiber Cabling and Components Standard 

 

TIA-568.4-D Broadband Coaxial Cabling and Components Standard 

 

TIA-569-D Telecommunications Pathways and Spaces 

 

TIA-598-B Optical Fiber Cable Color Coding 

 

TIA-526 Standard Test Procedures for Fiber Optic Systems (Singlemode Fiber 

Optical Power Loss measurement TIA-526-7 Revision A 2015 and 

Multimode Fiber Optical Power Loss measurement TIA-526-14 

Revision C 2015). 

 

TIA-606-C Administration Standard for Commercial 
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Telecommunications Infrastructure 

 

TIA-607-D Generic Telecommunications Bonding and 

Grounding (Earthing) for Customer Premises 

 

TIA-758-B Customer-Owned Outside Plant Telecommunications 

Infrastructure Standard 

 

TIA-862-B Structured Cabling Infrastructure Standard for Intelligent 

Building Systems 

 

IEEE Institute of Electrical and Electronics Engineers 

 

 IEEE 802-2001, IEEE Standard for Local and Metropolitan Area Networks: 

Overview and Architecture  

 

IEEE LAN/MAN Bridging & Management (802.1) 

 

 IEEE 802.1f-1993, IEEE Standard for Local and Metropolitan Area Networks: 

Common Definitions and Procedures for IEEE 802 Management Information 

 

 IEEE 802.1h, 1997 Edition (R2001) (ISO/IEC TR11802-5: 1997 ), IEEE 

Technical Report and Guidelines--Part 5: Media Access Control (MAC) 

Bridging of Ethernet V2.0 in Local Area Networks 

 

 IEEE 802.1b, 1995 Edition (ISO/IEC 15802-2-1995), IEEE Standard for 

Information technology--Telecommunications and information exchange 

between systems--IEEE standard for local and metropolitan area networks--

Common specifications--Part 2: LAN/MAN Management 

 

 IEEE 802.1d, 1998 Edition (ISO/IEC 15802-3:1998, IEEE Standard for 

Information technology--Telecommunications and information exchange 

between systems--IEEE standard for local and metropolitan area networks--

Common specifications--Media access control (MAC) Bridges 

 

 IEEE 802.1t-2001, Amendment to IEEE Std 802.1D, 1998 Edition IEEE 

Standard for Information technology--Telecommunications and information 

exchange between systems--Local and metropolitan area networks--Common 

specifications--Part 3: Media Access Control (MAC) Bridges: Technical and 

Editorial Corrections  

 

 IEEE 802.1w-2001, IEEE Standard for Information technology--

Telecommunications and information exchange between systems--Local and 

metropolitan area networks--Common specifications Part 3: Media Access 

Control (MAC) Bridges--Amendment 2--Rapid Reconfiguration [Amendment to 

IEEE Std 802.1D, 1998 Edition (ISO/IEC 15802-3:1998) and IEEE Std 802.1t-

2001] 

 

 IEEE 802.1e, 1994 Edition, IEEE Standard for Information technology--

Telecommunications and information exchange between systems--IEEE 

standard for local and metropolitan area networks--Common specifications--Part 

4: System Load Protocol 

 

 IEEE 802.1g, 1998 Edition, Information technology--Telecommunications and 

information exchange between systems--IEEE standard for local and 

metropolitan area networks--Common specifications--Part 5: Remote Media 
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Access Control (MAC) bridging 

 

 IEEE 802.1q-1998, IEEE standard for local and metropolitan area networks: 

Virtual Bridged Local Area Networks 

 

 P802.1s/D13, Draft IEEE Standard for Local and Metropolitan Area Networks--

Amendment 3 to IEEE 802.1q Virtual Bridged Local Area Networks: Multiple 

Spanning Trees 

 

 IEEE 802.1u-2001, (Amendment to IEEE Std 802.1q, 1998 Edition) IEEE 

Standard for Local and metropolitan area networks--Virtual Bridged Local Area 

Networks--Amendment 1: Technical and editorial corrections 

 

 IEEE 802.1v-2001, (Amendment to IEEE Std 802.1q, 1998 Edition) IEEE 

Standards Amendment to IEEE 802.1q: IEEE Standards for Local and 

Metropolitan Area Networks: Virtual Bridged Local Area Networks--

Amendment 2: VLAN Classification by Protocol and Port  

 

 IEEE 802.1x2001 IEEE Standards for Local and Metropolitan Area Networks: 

Port-Based Network Access Control 

 

IEEE CSMA/CD Access Method (802.3) 

 

IEEE 802.3-2002® IEEE Standard for Information technology--

Telecommunications and information exchange between systems-Local and 

metropolitan area networks--Specific requirements -Part 3: Carrier Sense 

Multiple Access with Collision Detection (CSMA/CD) Access Method and 

Physical Layer Specifications.  Incorporates the IEEE 802.3z Standard for 

1000BASE-X Gigabit Ethernet over fiber optic cabling and the IEEE 802.3ab 

Standard for 1000BASE-T Gigabit Ethernet over copper UTP cabling. 

  

 IEEE 802.3ae-2002 (standard ratified June 2002) 

  Supplement to IEEE 802.3 CSMA/CD Access Method & Physical Layer 

Specifications - Media Access Control (MAC) Parameters, Physical Layer, and 

Management Parameters for 10Gb/s Operation 

 

 IEEE 802.3at Amendment:  Data Terminal Equipment (DTE) Power Via the 

Media Dependent Interface (MDI) Enhancements (PoE Plus) 

 

IEEE Wireless LANs (802.11) 

 

 IEEE Std 802.11, 1999 Edition, IEEE Standard for Information Technology - 

Telecommunications and Information Exchange between Systems - Local and 

Metropolitan Area Network - Specific Requirements - Part 11: Wireless LAN 

Medium Access Control (MAC) and Physical Layer (PHY) Specifications 

 

 IEEE 802.11a-1999, Information technology—Telecommunications and 

information exchange between systems—Local and metropolitan area 

networks—Specific requirements—Part 11: Wireless LAN Medium Access 

Control (MAC) and Physical Layer (PHY) specifications—Amendment 1: High-

speed Physical Layer in the 5 GHz band (An errata is available) 

 

 IEEE 802.11b-1999 Supplement to 802.11-1999,Wireless LAN MAC and PHY 

specifications: Higher speed Physical Layer (PHY) extension in the 2.4 GHz 

band 
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IEEE 802.11d-2001, Amendment to IEEE 802.11-1999, (ISO/IEC 8802-11) 

Information technology--Telecommunications and information exchange 

between systems--Local and metropolitan area networks--Specific requirements-

-Part 11: Wireless LAN Medium Access Control (MAC) and Physical Layer 

(PHY) Specifications: Specification for Operation in Additional Regulatory 

Domains 

 

 IEEE 802.n-2009, Amendment 5 to IEEE 802.11-1999, Enhancements for 

Higher Throughput 

 

IEEE 802.11ac, Enhancements for very high throughput WLANs 

 

IEEE 802.11ax-2021, High Efficiency WLANs (Wi-Fi 6) 

 

BICSI  Building Industry Consulting Service International 

 

  Telecommunications Distribution Methods Manual (TDMM) Latest Edition 

 

  Network Design Reference Manual (NDRM) Latest Edition 

 

  Outside Plant Design Reference Manual (OSPDRM) – Latest Edition 

   

  Telecommunications Cabling Installation Manual (TCIM) Latest Edition 

 

AT&T  "Outside Plant Engineering Handbook" 

 

All materials and equipment shall be UL listed for the intended application. 

 

1.8 PRE-INSTALLATION SUBMITTALS 

 

A. Manufacturer's Catalog Data: 

 

Submit five (5) copies of manufacturer's standard descriptive data sheets to the Engineer for review and 

approval prior to commencing work. Furnish complete data sheets bearing the printed logo or trademark 

of the manufacturer for each type of product being provided. Mark each copy of the data sheets for the 

specific product being provided with an identifying mark, arrow, or highlighting.  The following items 

shall be submitted: 

 

1. Conduit and Pull Boxes, Fittings, Related Hardware & Accessories, each type 

2. Handholes 

3. Cable Runway, Fittings, Related Hardware & Accessories, each type 

4. Racks, Related Hardware & Accessories, each type 

5. Enclosures and Cabinets, each type 

6. WAP mounts, each type 

7. Copper Patch Panels, each type 

8. Copper Wiring/Patch Blocks, each type 

9. Fiber Optic Patch Panels, each type 

10. Fiber Optic Cable, each type 

11. Category 6 UTP Cable , each type 

12. Category 6A Cable, each type 

13. Category 6 and 6A horizontal patch panels, each type 

14. Patch Cables - Copper and Fiber Optic, each type 

15. Patch Cord Organizers and Cable Rings, each type 

16. Wire Management Devices, each type 

17. Communications Outlets (CO), each type 
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18. Special Purpose Outlets, each type 

19. Intercom/PA Speakers, each type 

20. Intercom/PA wiring, each type 

21. Other Intercom/PA system components 

22. Power Surge Protectors 

23. Uninterruptible Power Supplies (UPS), each type 

24. Grounding Busbars and Lugs, each type 

25. Firestopping Systems, each type 

26. Labeling Products, each type 

27. All other materials and equipment indicated to be furnished under this section, whether 

specifically listed here or not. 

 

B. Pre-Installation Drawings: 

 

As part of the Structured Cabling System installation, the Contractor shall provide detailed 

documentation to facilitate system administration, maintenance, and future moves, adds and changes. 

Drawings shall be provided which incorporate all information in the Contract Drawings, and which fully 

document any and all Engineer approved changes in materials and methods made by the Contractor. 

Drawings are not required if no changes to the design are made by the Contractor. Changes to the design 

shall not be made without the prior written approval of the Engineer. Drawings shall provide the same 

level of detail as the bid documents.  Electronic files of the Engineer’s AutoCAD drawings will not be 

provided to the Contractor. 

 

Drawings shall be prepared using AutoCAD Release 14 and shall be furnished in hard-copy 

format and on industry standard CD or ZIP drive media. 

 

Submit five (5) copies of pre-installation drawings to the Engineer for review and approval prior to 

commencing work. 

 

1.9 CONTRACTOR'S RECORD DOCUMENTS 

 

The Structured Cabling System Contractor shall maintain a full set of contract documents at the job 

site at all times, consisting of specifications, drawings, addenda, pre-installation submittals, change 

orders, and change directives. The record documents shall be updated by the Contractor, in red pen and 

on a daily basis, to show the following: 

 

1. Final location of all Communications Outlets, Wireless Access Points, Intercom/PA speakers and 

security cameras. 

2. Final conduit routing. 

3. Location of all buried utilities encountered during the course of work on this project. 

4. Final location of all handholes, pull boxes, and access doors. 

5. Any changes to the work authorized by the Owner/Engineer. 

6. Any other pertinent information that may be of value to the Owner in operating and 

maintaining the system. 

The Contractor's record documents shall be available for viewing by the Engineer or the Owner at the 

site at any time and shall be presented and reviewed by the Contractor at each construction progress 

meeting. The record documents shall be clearly marked "Record Set", shall be kept in a protected 

location, and shall not be used for general construction purposes. The record documents shall be 

provided to the Engineer at the close of the project. 

 

The Engineer will provide a full set of Adobe Acrobat *.PDF format drawings to the Contractor. The 

Contractor shall be required to annotate (redline) the Adobe Acrobat *.PDF format drawings using 

Adobe Acrobat to reflect all changes recorded in the field as required by the paragraph 

"CONTRACTOR'S RECORD DOCUMENTS". The Contractor shall provide a copy of the Adobe 
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Acrobat *.PDF files on CD with each set of O&M Manuals and shall provide an additional copy on CD 

to the Engineer. The Contractor shall also provide 11”x17” laser prints of Adobe Acrobat *.PDF 

drawings in each O&M Manual. 

 

 

PART 2 - PRODUCTS 

 

2.1 GENERAL 

 

All materials, equipment, and devices shall be new and unused, of current manufacture and of the 

highest grade, free from defects. 

 

All products shall be the manufacturer and model or part number specified. Where a model or part 

number is indicated in error for any reason, the Contractor shall verify the intent of the Engineer prior to 

providing a proposal and shall provide the product intended by the Engineer. Where a manufacturer has 

updated or improved a product subsequent to issuance of the bid documents by the Engineer, the 

Contractor shall provide the updated or improved product at no additional cost to the Owner. 

 

Provide new equipment and materials only. Each component shall be the most recent model number, 

revision, or update offered by the manufacturer at the time of purchase by the Contractor. Newly 

manufactured containing used or rebuilt parts, remanufactured, rebuilt, reconditioned, used, shopworn, 

demonstrator or prototype equipment is not acceptable and will be rejected. Each major component of 

telephone and data systems equipment provided under this contract shall include a certification from the 

manufacturer stating that the equipment is new and referencing the serial number of the delivered 

equipment. The Contractor shall track the placement of each major component in the field, and shall 

provide the Owner a list identifying each component by manufacturer, model number, serial number, and 

installed location (example rack number and rack position). 

 

All materials, equipment and devices shall meet the requirements of UL where UL standards are 

established for those items, and the requirements of NFPA 70. 

 

All like items of material or equipment shall be the same product of the same manufacturer, model 

number and production series. 

 

All materials and equipment shall be a standard catalogued product of a manufacturer regularly 

engaged in the manufacture of similar products. 

 

2.2 PRODUCT SPECIFICATIONS 

 

See drawings for all product requirements not indicated in these specifications. The Structured 

Cabling Contractor shall be responsible for providing and installing all components indicated in these 

specifications and on the drawings, unless specifically indicated to be provided by others. 

 

A.  Structured Cabling System: 

 

Provide all system components as indicated the drawings. To ensure a uniform basis for bidding, and 

to standardize the Owner’s facilities, base all bids on the particular systems, equipment and materials 

specified. 

 

B.  Data and Wireless Systems: 

 

See drawings for data cabling system specifications and equipment mounting requirements. 
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Data equipment and wireless LAN equipment shall be Owner Furnished Contractor Installed 

(OFCI) as indicated on the drawings, unless specifically indicated otherwise. 

 

Provide a system of data cabling as indicated on the drawings, to include wiring for Wireless Access 

Points, the Intercom/PA System, the security camera system and network interfaces to other systems as 

indicated on the drawings. 

 

Wireless Access Points: 

 

The Contractor shall install new WAPs furnished by the Owner at the approximate WAP locations 

indicated on the drawings and the final WAP locations selected by the Owner. WAPs shall be Owner 

Furnished Contractor Installed (OFCI) as indicated on the drawings. WAP mounts shall be Contractor 

Furnished Contractor Installed (CFCI). 

 

The Structured Cabling System Contractor shall provide two new Category 6A cables to each new and 

WAP location in support of Owner furnished equipment. Direct terminate and test, coil slack in 

associated mounting box. 

 

C.  Telephone System: 

 

See drawings for VOIP cabling system specifications. 

 

The Owner will provide handsets and any expansion of the existing VOIP telephone system required by 

the project. 

  

D. Classroom Audio/Visual Systems: 

 

  See drawings for Classroom A/V System requirements.  

 

Interactive Flat Panels (IFPs) and mounts for this project are furnished and installed by the Owner. 

 

The GC/CM shall provide blocking in the walls for Interactive Flat Panel support. 

 

The contractor shall coordinate the exact manufacturer/model, centerline location and mounting height of 

Interactive Flat Panels with the Owner and the General Contractor/Construction Manager and shall locate 

the communications outlet and power receptacle in relation each IFP as indicated on the drawings. 

 

The contractor shall install and shall connect all cabling and patch cords as indicated on the drawings and 

in coordination with the Owner’s technology specialist. 

 

 

PART 3 - EXECUTION 

 

3.1 GENERAL 

 

The installation shall be in strict accordance with all applicable codes and standards, the respective 

manufacturer's written recommendations, and the contract drawings and these specifications. 

 

Workmanship shall be of the highest grade in accordance with the best modern practice and the 

highest standards of the telecommunications industry. 

 

The installed system shall be neat, clean, and well organized in appearance. Provide working 

clearances for normal system operation, reconfiguration and repair. 

 



Deane Bozeman School                                                                                                                                  27000-11 

Classroom Building 

The completed installation shall meet with the approval of the Owner’s Project Manager and the Engineer. 

 

The General Contractor and the Structured Cabling System Contractor shall share full responsibility for 

protecting all communications outlets, the Communications Closets (CCs) and all structured cabling 

system components from dust and debris during construction and until final completion of the project. The 

SCS shall not install racks, wire managers and patch panels, or dress out and terminate cables until paint, 

backboards and floors in the CCs are completely finished and those rooms are completely isolated from 

dust infiltration with plastic sheeting and duct tape.  All COs jacks shall be protected by bagging and 

sealing dust tight at all times after connectivity devices are installed.  All system components that, in the 

sole judgment of the Engineer, are exposed to excessive accumulation of construction dust/debris at any 

stage of the project shall be removed and replaced with new components at no additional cost to the 

Owner.  Lay-in ceiling grids in the CCs shall be installed after conduits and cable trays and cable runways 

have been installed to allow the ceiling installer to trim around conduits.  Lay-in ceiling tiles in these areas 

should follow completion of cable dressing into racks. 

 

The SCS shall not install racks, wire managers, patch panels, or protector blocks or dress out and 

terminate cables until paint, backboards and floors in the CC is completely finished and those rooms are 

completely isolated from dust infiltration with plastic sheeting and duct tape. 

 

All COs jacks shall be protected by bagging and sealing dust tight at all times after connectivity devices 

are installed or where existing to remain.  All system components that, in the sole judgment of the 

Engineer, are exposed to excessive accumulation of construction dust/debris at any stage of the project 

shall be removed and replaced with new components at no additional cost to the Owner.  

 

Lay-in ceiling grids in the CCs shall be installed after conduits and cable trays and cable runways have been 

installed to allow the ceiling installer to trim around conduits. Lay-in ceiling tiles in these areas should 

follow completion of cable dressing into racks. 

 

 Delivery: 

 

Protect materials and equipment from physical or environmental damage during shipping, storage and 

installation. Equipment and materials shall be received at the site in new condition in original factory 

sealed cartons and shall be maintained in new condition throughout the installation process. Damaged or 

deteriorated equipment and materials will not be acceptable. The Contractor shall be responsible for 

receiving and storing of all equipment and materials and shall be responsible for the safety and condition 

of all materials and equipment, whether stored or installed, until Final Acceptance by the Engineer and 

the Owner. 

 

A.  Structured Cabling System: 

 

Provide all system components as indicated the drawings. To ensure a uniform basis for bidding, and 

to standardize the Owner’s facilities, base all bids on the particular systems, equipment and materials 

specified. 

 

B.  Data and Wireless Systems: 

 

See drawings for data cabling system specifications and equipment mounting requirements. 

 

Data equipment and wireless LAN equipment shall be Owner Furnished Contractor Installed 

(OFCI) as indicated on the drawings, unless specifically indicated otherwise. 

 

Provide a system of data cabling as indicated on the drawings, to include wiring for Wireless Access 

Points, the Intercom/PA System, the security camera system and network interfaces to other systems as 

indicated on the drawings. 



Deane Bozeman School                                                                                                                                  27000-12 

Classroom Building 

 

Wireless Access Points: 

 

The Contractor shall install new WAPs furnished by the Owner at the approximate WAP locations 

indicated on the drawings and the final WAP locations selected by the Owner. WAPs shall be Owner 

Furnished Contractor Installed (OFCI) as indicated on the drawings. WAP mounts shall be Contractor 

Furnished Contractor Installed (CFCI). 

 

The Structured Cabling System Contractor shall provide two new Category 6A cables to each new and 

WAP location in support of Owner furnished equipment. Direct terminate and test, coil slack in 

associated mounting box. 

 

Coordinate all related work with the Owner’s Project Manager and District IT staff. 

 

C. Telephone System: 
 

The Owner will provide a VOIP based telephone system with handsets (OFOI). 

 

Provide and install patch cords from VOIP connections to horizontal wiring connections as specified 

herein and as indicated on the drawings. 

 

D. Classroom Audio/Visual Systems: 

 

  See drawings for Classroom A/V System requirements.  

 

Interactive Flat Panels (IFPs) and mounts for this project are furnished and installed by the Owner. 

 

The GC/CM shall provide blocking in the walls for Interactive Flat Panel support. 

 

The contractor shall coordinate the exact manufacturer/model, centerline location and mounting height of 

Interactive Flat Panels with the Owner and the General Contractor/Construction Manager and shall locate 

the communications outlet and power receptacle in relation each IFP as indicated on the drawings. 

 

The contractor shall install and shall connect all cabling and patch cords as indicated on the drawings and 

in coordination with the Owner’s technology specialist. 

 

F.    Conduit Installation: 

 

All conduit shall be installed by a licensed electrical contractor using tradesmen who are skilled and 

experienced in the types of conduit installations indicated in the bid documents. 

 

All backbone cabling shall be run continuously in conduit.   

 

The following horizontal cabling, along with any other cabling so indicated on the drawings shall be run 

continuously in conduit: 

 

1. All Category 6 for special circuits shall be run continuously in conduit. 

2. All Category 6 for IP security cameras shall be run continuously in conduit. 

3. All Category 6 and 6A cabling run in exposed structure spaces without ceilings limited to 

mechanical equipment rooms, electrical equipment rooms and storage rooms with no ceilings 

shall be installed continuously in conduits extended to accessible lay-in ceiling areas at each 

end. Exposed cabling is not allowed in any finished space. 

4. All Category 6 and 6A cabling run above hard ceilings shall be installed continuously in 

conduits extended to accessible lay-in ceiling areas at each end. 

5. Where specifically indicated elsewhere horizontal cabling shall be installed continuously in 
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conduit. 

 

Do not pull cables in conduits until plastic insulating bushings have been installed.  Cables installed in 

conduits without plastic insulating bushings shall be removed and replaced with new cables. 

 

The same requirements shall apply to Category 6A cable provided to serve Wireless Access Points. 

 

Rack conduits and run together wherever possible. 

 

Conduit shall be installed with top-grade workmanship, using factory bends or field bends made with the 

proper tools.  Kinked, dented or otherwise improperly constructed bends will not be accepted.  All bends 

shall have a minimum radius of six times the internal conduit diameter. 

 

All conduit shall be routed parallel and perpendicular to building lines, up high and over piping, ductwork, 

conduit and other utilities.  Conduit in exposed locations shall be run as high as possible, hard against the 

underside of wall, floor, roof or walkway structures at all times, secured with heavy duty galvanized two-

hole supports, and otherwise installed to prevent damage from pulling, hanging, etc. 

  

Install plastic insulating bushings on the ends of all conduits prior to installing cables. Provide conduit end 

fitting with threaded end and threaded plastic insulating bushing on all EMT conduit ends. Provide UL 

listed threaded malleable iron insulated grounding bushing on all IMC or RMC conduit ends – add on 

grounding clamps will not be accepted. Cables installed without plastic insulated bushings or insulated 

grounding bushings in place shall be removed, the proper bushings installed, then the cables reinstalled, 

terminated and tested – no exceptions will be made to these requirements. 

 

Firestop all conduit penetrations of all floors and all conduit penetrations of all walls that extend to the 

underside of the floor or roof deck above.  Accomplish firestopping using UL classified systems with fire 

rating equal to or greater than the fire rating of the floor or wall assembly penetrated.  Firestop systems 

shall be 3M, Nelson or Engineer approved equal.  Install in strict accordance with the manufacturer's 

printed instructions and the conditions of the UL approval for each firestop system used. 

 

All conduit penetrations of walls that do not extend to the underside of the roof deck above shall be sealed 

smoketight and acoustically with smoke-sound caulking UL listed for the purpose such as USG Firecode, 

STI Smoke ‘N’ Sound, or Hilti CP 506. 

 

All buried conduit shall be Schedule 80 electrical grade PVC conduit.  All PVC conduit joints shall be 

cleaned and glued for a watertight connection.  Terminate ends of PVC conduit at closets and handholes 

with end bells. 

 

Seal all underground conduits at building entry points following cable installation to prevent the entry of 

water into buildings, and to prevent the entry of water or debris into the conduits from the building side. 

Sealant shall be POLYWATER FST-250 and shall be installed using factory caulking tube, mixing 

nozzle, damming strips (all included in FST-250KIT1) package. 

 

Buried warning and identification tape:  Provide metallic detection tape manufactured specifically for 

warning and identification of buried utilities.  Install tape directly above each buried conduit at depth of 10 

to 12 inches below grade for entire length of conduit.  Tape shall be detectable by any standard Non-Ferric 

Metal Detector.  Provide tape in rolls, 4 inches minimum width, color orange, with warning and 

identification imprinted in bold black letters continuously and repeatedly over entire tape length.  Warning 

and identification shall read "CAUTION BURIED COMMUNICATIONS LINE BELOW".  Use 

permanent code and letter coloring unaffected by moisture and other substances contained in backfill 

material. 

 

Underground Conduit Validation: 

 

Following installation of underground conduits, perform the following operation for each conduit:  
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Clean, lubricate and validate each installed conduit for serviceability by running a full size rubber duct 

swab through the conduit from end to end.  Conduits that are obstructed may be cleaned using a wire 

brush mandrel, then revalidated with the full size rubber duct swab.  Conduits that do not allow passage of 

the full size rubber duct swab shall be replaced. 

 

Pull Tapes:  As backbone cabling runs are installed, provide a continuous marked pull tape (Carlon 

TL3821800 lb. tensile strength) for the full length of the end-to-end cable run with 10 feet of slack at each 

end pulled in alongside cabling.  Bundle slack neatly at each end and tie off to conduit support strut at 

each end.  Provide continuous factory uncut lengths of pull tape from end-to-end - under no circumstances 

shall pull partial length section of pull tape be tied together. 

 

Spare Conduits:   For conduits that are indicated as spare, install a continuous marked pull tape (Carlon 

TL382 1800 lb. tensile strength) for the full length of the end-to-end conduit run with 10 feet of slack at 

each end, tie each end of the tape to a blank duct plug with rope tie tab, push slack tape back into conduit, 

and install a duct plug in each conduit end for a watertight seal. 

 

G. Cabling Installation: 

 

All backbone cabling shall be run continuously in conduit.   

 

The following horizontal cabling, along with any other cabling so indicated on the drawings shall be run 

continuously in conduit: 

 

1. All Category 6 for special circuits shall be run continuously in conduit. 

2. All Category 6 for IP security cameras shall be run continuously in conduit. 

3. All Category 6 and 6A cabling run in exposed structure spaces without ceilings limited to 

mechanical equipment rooms, electrical equipment rooms, storage rooms with no ceilings shall 

be installed continuously in conduits extended to accessible lay-in ceiling areas at each end. 

Exposed cabling is not allowed in any finished space. 

4. All Category 6 and 6A cabling run above hard ceilings shall be installed continuously in conduits 

extended to accessible lay-in ceiling areas at each end. 

5. Where specifically indicated elsewhere horizontal cabling shall be installed continuously in 

conduit. 

 

Do not pull cables in conduits until plastic insulating bushings have been installed.  Cables installed in 

conduits without plastic insulating bushings shall be removed and replaced with new cables. 

 

The same requirements shall apply to Category 6A cable provided to serve Wireless Access Points. 

 

Cabling free-routed above ceiling:  Category 6 and Category 6A cables allowed to be free-routed shall be 

free-routed only where concealed above lay-in ceilings only for those applications not identified to run 

continuously in conduit. Install horizontal cabling shown to be free-routed parallel and perpendicular to 

building lines, up high and over piping, ductwork, conduit and other utilities, and in protected locations. 

All cabling shall be neatly and symmetrically bundled (maximum individual bundle size shall be as 

indicated on the drawings), bound with blue velcro wraps at a minimum of four feet on center, properly 

supported, and otherwise installed as indicated on the drawings. Support all free-routed horizontal cabling 

bundles individually with Category 5 J-hooks (Erico "CABLCAT") at a minimum of four feet on center. 

Attach J-hooks to building structural members only using factory support system components. Secure 

cables bundles within J-hooks with factory contact free containment cable ties. Do not attach J-hooks to 

ceiling grids, ceiling supports, piping, ductwork, conduit or anything other than building structural 

members unless specifically approved by the Engineer. Do not support free-routed horizontal cabling by 

running over or directly attaching to building structural members, piping, ductwork, conduit or any other 

utility. 

 

Conduit sleeves for free-routed horizontal CAT 6 and CAT 6A cabling: Final routing paths for free-routed 
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horizontal cabling shall be determined by the contractor in the field. For this reason conduit sleeves are 

not indicated on the drawings. The contractor shall provide EMT conduit sleeves in the quantities and 

locations required to suit the contractor selected horizontal cable routing and as required for a complete 

installation, regardless of whether those sleeves are indicated on the drawings or not, and at no additional 

cost to the Owner. At locations where horizontal cabling runs through mechanical or electrical equipment 

rooms, the riser room, or storage rooms with exposed structure ceiling, all such cabling shall be run in 

continuous conduit sleeves extending to the nearest accessible lay-in ceiling at both ends. In addition, the 

contractor shall provide conduit sleeves traversing inaccessible (hard) ceiling or soffit areas and extending 

to the nearest accessible lay-in ceiling at both ends for cable pass-thru - provide access panels in 

inaccessible ceilings as required to install sleeves. Sleeves shall be sized for maximum 30 percent cable 

fill and shall be constructed and provided with pull boxes and access doors per the general aboveground 

conduit notes on the drawings. General contractor paint exposed conduit sleeves in all finished/occupied 

spaces with no ceilings to match adjacent surfaces. 

 

Provide wire management devices on backboards and racks as indicated and as required to facilitate 

organized routing of cables and patch cords. Bundle cables together behind racks and fan out to points of 

termination. The finished installation shall meet the approval of the Engineer for overall quality and 

neatness of appearance. 

 

The Contractor, in providing a bid for the system in accordance with the contract documents, agrees to 

install all cabling in the conduit and wireway paths indicated in the contract documents, or to provide 

larger conduit and wireway paths as he deems necessary, at no additional cost to the Owner.  The 

Contractor shall be fully responsible for any and all damage to cabling that may occur during the 

installation and shall replace any damaged cabling with new cabling of the type specified for the 

application. 

 

Firestop all cable penetrations of all floors and all walls that extend to the underside of the floor or roof 

deck above. Accomplish firestopping using UL classified systems with fire rating equal to or greater than 

the fire rating of the floor or wall assembly penetrated.  Firestop systems shall be 3M, Nelson or Engineer 

approved equal.  Install in strict accordance with the manufacturer's printed instructions and the conditions 

of the UL approval for each firestop system used. 

 

All cable penetrations of walls that do not extend to the underside of the roof deck above shall be 

sealed smoketight and acoustically with smoke-sound caulking UL listed for the purpose such as USG 

Firecode, STI Smoke ‘N’ Sound, or Hilti CP. 

 

H. Identification and Labeling: 

 

The Structured Cabling System Contractor shall purchase and use professional labeling software and 

labeling products to generate all labels for this project, with the exception of engraved plastic tags and 

laminated paper tags, which shall be fabricated as indicated on the drawings, and elsewhere as indicated 

below. The Contractor shall determine the proper labeling product for each application and include a list 

of each product and application with the Pre-Installation Submittals. 

 

All labels shall be produced using a laser printer and shall be clear and easily readable. Minimum text 

size shall be 12 point. Text font shall be ARIAL or ARIAL NARROW. Handwritten labels are not 

acceptable. 

 

Label each horizontal cable and backbone cable using self-adhesive self-laminating polyester 

wrap-around labels with laser printed text as follows: 

 

Label each Horizontal Category 6, Category 6A and Fiber Optic cable at each end. Label text shall 

be based on the nomenclature indicated on the drawings. 

 

Label each Fiber Optic Backbone at each end. Label text shall be based on the nomenclature 
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indicated on the drawings. 

 

Label each Communications Outlet using non-adhesive card labels with laser printed text. Insert labels 

under outlet manufacturer’s plastic label covers centered and straight. Label text shall be based on the 

Communication Outlet Identification Nomenclature and labeling details indicated on the drawings. 

 

Label each Category 6 and Category 6A Horizontal Patch Panel port using non-adhesive or self-adhesive 

labels with laser printed text. The Contractor shall first attach the adhesive labels to the perforated paper 

labels supplied by the patch panel manufacturer, then insert the paper labels into the plastic covered icon-

label holders supplied by the patch panel manufacturer. Label text for each patch panel port shall be 

based on the Horizontal Patch Panel Labeling Nomenclature and labeling details indicated on the 

drawings. 

 

Label each Backbone Fiber Optic Cable Drawer with 1” high bold text printed on clear self- adhesive 

paper and attached to the reverse side of drawer manufacturer’s paper label. Label text shall be based 

on the ‘Fiber Optic Backbone Cable Nomenclature’ indicated on the drawings to indicate source 

(CER) and each destination (respective CC). 

 

Label each Communications Panel, Rack, Enclosure/Cabinet and other devices as indicated on the 

drawings. 

 

Label each Main Conduit at each end with ½” high bold text printed on heavy stock paper and secured 

to conduit with clear self-adhesive sheets covering the label and extending out beyond the label 1” all 

around for adhesion to the conduit. Label text shall be based on source (CER) and each destination 

(respective CC). Where a main conduit serves more than one CC, indicate all CCs served at the CER 

end. 

 

Provide data sheets describing all proposed labeling products with Pre-installation Submittals. 

 

3.2 CABLE TESTING 

 

A. General: 

 

Prior to installation of cabling, visually inspect all cables, cable reels, and shipping cartons to detect 

possible cable damage incurred during shipping and transport. Return visibly damages goods to the 

supplier and replace with new. 

 

If post-manufacture performance data has been supplied by the manufacturer of cables or connecting 

hardware, copies of such data are to be kept for inclusion in the Documentation and made available 

to the Owner upon request. 

 

After cabling installation and labeling is complete, but prior to the installation of patch cords, the 

Contractor shall test all cables. As part of cable test procedures verify all labeling and correct all 

inaccurate labeling. 

 

The Contactor shall be in responsible charge of all cable testing procedures and shall provide an original 

signed letter in each project Operation & Maintenance (O&M) manual certifying that all cables have 

been tested in compliance with the contract documents and have met or exceeded the requirements stated 

therein. 

 

Tests shall be performed in strict accordance with the test instrument manufacturer's printed 

instructions. 

 

One hundred percent of all cables shall be tested. 



Deane Bozeman School                                                                                                                                  27000-17 

Classroom Building 

 

Technicians performing testing shall be thoroughly trained in the use of the test instruments 

employed. Factory certification of technicians is mandatory. The Contractor shall provide 

evidence of training and copies of certificates to the Engineer. 

 

The Contractor is responsible for supplying all test equipment and related materials required to test the 

entire Structured Cabling System. Test instruments shall be calibrated and traceable to the National 

Institute of Standards (NIST). Test instruments shall have been recently calibrated. The Contractor shall 

provide evidence of test instrument calibration if requested by the Engineer. 
 

The requirement for this project is full compliance/zero tolerance. Cables that do not comply with the 

stated standards shall be removed and replaced with new. Partial use of cables by claiming good pairs or 

strands and abandoning others is not allowable. Defective cables shall be removed and replaced with 

new. 

 

Notify the Owner in writing not less than five days prior to commencing cable testing. The Owner may 

elect to be present for and witness cable testing. 

 

The Contractor shall be required to retest installed cables in the Owner's presence to verify the 

Contractor's test documentation. The percentage of cables to be retested shall be determined by the 

Owner based on compliance of the installation with the contract documents, quality of workmanship, 

and results of initial cable tests. Retesting shall be performed as required until all cables, in the 

judgment of the Owner, comply with the requirements of the contract documents. 

 

B.  Cable Test Results: 

 

All cable test results shall be provided as part of the project Installation and Maintenance (O&M) 

Manuals. 

C.  Category 6 UTP Cable Testers: 

 

Each Category 6 cable shall be tested with Fluke Networks DSP-4300 Digital Cable Analyzers utilizing 

Fluke Networks DSP-LIA101 Universal Permanent Link Interface Adapters and the appropriate 

Personality Modules. In addition, each tester shall be calibrated prior to commencing testing for this 

project using a Fluke Networks DSP-PLCAL Universal Permanent Link Calibration Kit and Fluke 

Networks ‘Cable Manager’ software. 

 

Prior to testing, electronically update tester software using the tester manufacturer’s ‘Cable 

Manager’ software update utility. Update to the software version current at time tests are 

performed. Under no circumstances shall a tester with outdated software be used. 

 

General: 

 

Testing shall be of the Permanent Link. However, the Structured Cabling System Contractor and the 

Structured Cabling System Manufacturer shall warrant performance based on Channel performance and 

provide shall patch cords that meet Channel performance requirements. 

 

All test results shall be maintained in the native file format of the tester manufacturer’s ‘Cable Manager’ 

software. Under no circumstances shall be data be modified by other software, edited in any manner, or 

exported to a database, spreadsheet, work processor program or any other type of program that would 

allow access to the data for modification. Hardcopy printouts of test reports in Summary Format shall be 

generated directly from the ‘Cable Manager’ software. Detailed test results in Text Format shall be 

provided to the Owner in native ‘Cable Manager’ data format on a CD. In addition, detailed test results 

in Text Format shall be provided to the Owner in Adobe Acrobat *.PDF format on a CD. CDs shall be 
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included in the project Operation and Maintenance (O&M) manuals. 

 

Record all test conditions and setup parameters and include in a typed discussion to be provided with 

test documentation. 

 

Verify correct labeling of patch panels and communications outlets prior to and during testing. If any 

label is found to be in error, correct before proceeding with testing. Circuit Identification (cable I.D.) in 

cable test reports shall be exactly the same as the outlet labeling based on the nomenclature indicated on 

the drawings. 

 

Testing: 

 

After installation, termination and labeling of the Category 6 UTP cable is complete and approved by 

the Structured Cabling System Contractor’s RCDD, test each cable in accordance with all applicable 

TIA/EIA standards for UTP Category 6, and complete all operations required for a Belden Certified 

Cabling System and 25 year Belden System Warranty. 

 

Prior to testing, electronically update tester software using the tester manufacturer’s ‘Cable 

Manager’ software update utility. Update to the software version current at time tests are 

performed. Under no circumstances shall a tester with outdated software be used. 

 

Test each cable to verify compliance with TIA/EIA specifications for Category 6 UTP, Permanent Link 

configuration, Level III accuracy, with no allowable deviation. Test at the full range of frequencies 

indicated by TIA/EIA up to and including 250 MHz. 

 

Test using the tester manufacturer’s standard TIA/EIA Category 6 Autotest.  Under no circumstances 

shall a Custom Cable Autotest designed by the tester manufacturer specifically for a given cable 

manufacturer or structured cabling system manufacturer be used to test cables. All tests and testing 

procedures for this project shall be strictly based on TIA/EIA standards. Enter the proper Nominal 

Velocity of Propagation (NVP) for the specific cable(s) installed. Test for the following parameters: 

 

1. Wire Map – verify no shorts, opens, miswires, split, reversed or crossed pairs, and end-to- end 

connectivity is achieved. 

2. Cable Length 

3. Insertion Loss (attenuation) 

4. NEXT Loss 

5. PSNEXT Loss 

6. ELFEXT Loss 

7. PSELFEXT Loss 

8. Return Loss 

9. ACR 

10. PSACR 

11. Propagation Delay 

12. Delay Skew 

 

Documentation: 

 

Test documentation for Category 6 cabling shall include the following: 

 

1. An introductory discussion documenting each test instrument used, the Autotest routine used on 

each test instrument, qualifications of operators, test conditions, setup parameters, and any other 

pertinent information. 

 

2. A summary hardcopy printout for all cables using the tester manufacturer’s standard ‘Cable 
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Manager’ software to produce an “AutoTest Summary” report. The summary report shall 

include Project Name, Circuit I.D., Result (pass or fail) and the cable length. The report shall be 

printed directly out of the ‘Cable Manager’ program in native format and in *.PDF format – 

under no circumstances shall the data be exported to any other type of program at any time. 

 

3. A full-page text only detailed test result for each cable using the tester manufacturer's standard 

‘Cable Manager’ software to produce an "AutoTest Report". Each report shall be printed 

directly out of the ‘Cable Manager’ program in native format and in *.PDF format 

- under no circumstances shall the data be exported to any other type of program at any 

time. Each report shall include the following components: 

 

- Tester manufacturer, model, serial number, hardware version, and software version 

- Project Name 

- Operator Name 

- Cable manufacturer, cable part number/type and NVP 

- Circuit I.D. 

- Autotest specification used (must be standard TIA Category 6 autotest) 

- Identification of the tester interface used 

- Overall pass/fail indication 

- Date of Test 

- Wire Map 

- Cable Length in feet 

- Insertion Loss (attenuation) 

- NEXT Loss* 

- PSNEXT Loss* 

- ELFEXT Loss* 

- PSELFEXT Loss* 

- Return Loss* 

- ACR* 

- PSACR* 

- Propagation Delay 

- Delay Skew 

 

* Measure from both ends of each cable 

 

5. A PASS or FAIL result for each parameter shall be determined by comparing the measured 

values with the specified test limits for that parameter. The test result for each parameter shall 

be marked with an asterisk (*) when the result is closer to the test limit than the accuracy of 

the field tester. The field tester manufacturer shall provide documentation as an aid to 

interpret results marked with asterisks. 

 

Each individual test that fails the relevant performance specifications shall be marked as 

FAIL or FAIL*. Any FAIL or FAIL* result yields a FAIL rating for the link-under-test. In 

order to achieve an overall PASS rating, the results for each individual test parameter must 

yield a PASS or PASS* result. 

6. Cable identities (Circuit IDs) shall be based on the labeling nomenclature described on the 

drawings. 

 

7. Transfer of Software to Owner: Provide tester manufacturer's ‘Cable Manager’ software, latest 

version, to the Owner for the Owner’s use in viewing and managing test results. 

 

8. Provide all Category 6 cable test documentation in the project O&M Manuals. 

Category 6 Cable Performance Criteria: 
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If the test results for any cables, in the sole judgment of the Engineer, fail to 

confirm acceptable performance, the Contractor shall reconnectorize or replace 

with new the affected cables as required to achieve specified performance levels as 

demonstrated by retesting. 

 

D.  Category 6A UTP Cable 

The Structured Cabling System Contractor shall provide a Category 6A tester and shall test all 

Category 6A cabling for the Permanent Link in strict accordance with TIA standards for Category 6A 

testing and characterized to 500 MHz. The contractor shall provide a full test report equivalent in 

scope to the report required above for Category 6 cabling.  

 

The final test report shall indicate that each Category 6A cable achieved a PASS rating without 

exception. 

 

If the test results for any cables, in the sole judgment of the Engineer, fail to confirm acceptable 

performance, the Contractor shall reconnectorize or replace with new the affected cables as required to 

achieve specified performance levels as demonstrated by retesting. 

 

E. Fiber Optic Cable Testing General: 

Clean all fiber optic connectors, sleeves and test cords prior to testing. Follow all other 

recommendations of the test instrument manufacturer for cable and instrument preparation. 

 

Record all test conditions and setup parameters and include in a typed discussion to be provided with 

test documentation. 

 

On-the-Reel-Testing: 

 

Before commencing the installation and with the cable on the reel, test at least one fiber strand on each 

cable reel to verify that the cable is undamaged. Record and print test results for future reference. 

 

Post-Installation Testing: 

 

After installation, termination and labeling of fiber optic cable is complete, test each strand of fiber to 

verify that the installed cable meets the performance requirements described below. Prior to test clean all 

terminated fiber ends and ensure that terminations are properly polished. Test in accordance with 

applicable TIA standards with the additional (and more stringent) requirements following: 

 

Test singlemode fiber at TIA Tier 2 using both a Optical Loss Test Set (OLTS) and a Optical Time 

Domain Reflectometer (OTDR). Test criteria shall be as required by applicable TIA standards and the 

following requirements. Cable specifications shall be based on maximum attenuation of 0.40 dB/km @ 

1310nm and 0.30 dB/km @ 1550 nm. Test as follows: 

 

1.   Test two fiber links at the two specified wavelengths simultaneously. Perform bi-directional testing 

on both strands of the fibers-under-test and save results in one record. 

2.   Measure length for each cable link. 

3.   Measure attenuation for each cable link. 

4.   Utilize tester software to store test results and to generate reports. 

 

Test results shall include all TIA test parameters including length and attenuation at each wavelength 

for each fiber link (terminated strand). Attenuation shall be the worst case result yielded from bi-

directional testing. OTDR trace results for each strand shall also be provided in graphical format 

showing the entire OTDR trace to include the launch cord and terminations at each end.  All test results 
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shall be maintained in the native file format of the tester manufacturer’s test management software. 

Under no circumstances shall be data be modified by other software, edited in any manner, or exported 

to a database, spreadsheet, work processor program or any other type of program that would allow 

access to the data for modification. 

 

Detailed test results in Text Format shall be provided to the Owner in native tester management software 

format on a CD. In addition, detailed test results in Text Format shall be provided to the Owner in Adobe 

Acrobat *.PDF format on a CD. CDs shall be included in the project Operation and Maintenance (O&M) 

manuals. 

 

Insert all fiber optic cable test documentation in the project O&M manuals. 

Fiber Optic Cable Performance Requirements: 

Each strand of the installed fiber optic cabling, with mated connectors at each end, shall have a total 

attenuation (in db) less than or equal to the manufacturers' performance specifications for the cable and 

connectors called for in the contract documents, with the cable attenuation adjusted for the installed 

length, and with an allowable deviation of +0.25 db. If the test results for any strand, in the sole judgment 

of the Engineer, indicate excessive attenuation based on these requirements, the Contractor shall repolish, 

reconnectorize, or replace the entire affected cable as required to achieve the specified performance 

levels for each strand as demonstrated by retesting. 

 

The Contractor should note that these specifications are more stringent than the TIA criteria in terms 

of allowable link attenuation and shall plan the installation accordingly. 

 

3.3 Patch Cord Installation: 

 

Prior to Equipment Verification, the contractor shall install patch cords in a neat and workmanlike manner 

using the wire management devices indicated on the drawings. The contractor shall work side by side with 

the School’s Technology Specialist throughout the entire patch cord installation for purposes of 

coordination and training. 

 

Prior to installation of patch cords, the contractor shall account for all patch cords in the presence of the 

Owner’s Project Manager and the School’s Technology Specialist, and shall present to the Project 

Manager a typed inventory of the patch cords broken down by type and length as scheduled on the 

drawings. The Owner’s Project Manager will verify patch cord types, quantities, and lengths and will 

sign the inventory indicating that the contractor has delivered patch cords to the job site in accordance 

with the requirements of the contract documents. The contractor shall provide a copy of the inventory, 

signed by the Owner’s Project Manager, in the O&M Manuals. 

 

The signature of the Owner’s Project Manager does not indicate acceptance of ownership of the patch 

cords by the Owner. Ownership of patch cords shall be transferred to the Owner at the same time as the 

project as a whole. 

 

Following verification of patch cords types, quantities and lengths by the Owner’s Project Manager, the 

contractor shall complete the patch cord installations as follows: 

 

A.  Data and VOIP Copper Patch Cords – CC: 

 

Install data patch cords connecting each port of all data equipment from data equipment connections to 

horizontal patch panels. Horizontal wiring connections to be made active shall be as directed by the 

Owner’s Project Manager and the School’s Technology Specialist in the field. 

 

Patch cords shall be neatly routed and bundled with black velcro at 6 inches on center in wire 
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management devices from connection to connection. Patch cord lengths shall be selected by the 

Contractor from the stock supplied under the project to provide a neat installation in the racks and wire 

management systems without excess length. Note - Bundle data patch cords together – do not mix data 

patch cord bundles with VOIP patch cord bundles or fiber optic patch cord bundles. The entire 

installation shall require the site approval of the Engineer. 

 

B.  Fiber Patch Cords – CER and CCs: 

 

Install fiber optic patch cords to connect all data equipment fiber optic ports as directed by the Owner’s 

Project Manager in the field. Patch cords shall be neatly routed and bundled with black velcro at 3 

inches on center in wire management devices from connection to connection. Patch cord lengths shall be 

selected by the Contractor from the stock supplied under the project to provide a neat installation in the 

racks and wire management systems without excess length. 

 

C.  Workstation Patch Cords 

 

The Contractor shall, in coordination with the Owner’s Project Manager and the School’s Technology 

Specialist, install workstation data patch cords in the locations designated by the Technology 

Specialist as described above for connection of equipment room data patch cords to horizontal wiring 

connections. In addition, the Contractor shall work side by side with the Telephone System Provider 

to install telephone line cords as telephone instruments are set. 

 

3.4 EQUIPMENT VERIFICATION 

 

After installation of patch cords and before System Startup, the Contractor shall assist the Owner to 

power-up all data equipment and verify proper operation. The Contractor shall coordinate with the 

Owner to verify all cable interfaces are working and operational with the equipment. The contractor 

shall make any cabling system changes and additions as necessary and/or provide patch cables as 

required to complete the installation. 

 

3.5 SYSTEM STARTUP 

 

After Equipment Verification and before Final Checkout, the Contractor shall start the systems up, and 

in coordination with the Owner make them fully operational. The System Startup shall be made at a 

time, approved in writing by the School District, when school is not in regular session. 

 

3.6 FINAL CHECKOUT 

 

After System Startup and before the First Day of operation following System Startup, the Contractor 

shall perform a Final Checkout of all systems to verify that each is ready for use by Owner personnel. 

The Contractor shall utilize a Final Checklist to fully document Final Checkout. Provide a copy of the 

Final Checklist to the Engineer at the Final Inspection. 

 

3.7 FIRST DAY of OWNER OPERATION 

 

The Contractor shall have a senior technician present at the site for the first full 8 hour day of operation 

following the Final Checkout to train/assist Owner personnel and to verify/fine tune system operation. 

The senior technician shall make follow-up visits as required to bring the system into full operating 

condition to the satisfaction of the Owner’s Project Manager and the Engineer. 

 

3.8 FINAL CLEANUP 

 

Prior to the Substantial Completion Inspection, perform final cleanup of all work and all areas in which 
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work was performed. All work areas shall be left vacuum clean. All raceway, faceplates, jack 

assemblies, racks, panels, data equipment, and the like shall be thoroughly wiped down to remove 

small amounts of dust accumulated during the course of the project. Jacks, patch panels, wiring blocks 

and data and VOIP equipment shall be cleaned with a high powered vacuum cleaner to completely 

remove internal dust. All painted surfaces such as backboards shall be touched up with paint to remove 

scuff marks, pencil marks, scratches, etc. All factory surfaces shall be touched with matching paint 

obtained by the Contractor from the factory. 

 

3.9 CLOSE-OUT DOCUMENTATION 

 

A. Operation & Maintenance Manuals: 

 

Provide O&M Manuals as required by the architectural specifications and as follows. 

 

The O&M Manuals shall contain sufficient information to permit Owner personnel to operate the 

system with or without assistance from the Contractor. 

 

The Contractor shall provide O&M Manuals covering all equipment and materials furnished under this 

contract. The O&M Manuals shall contain all information necessary for the operation, maintenance, parts 

procurement, and parts replacement for the structured cabling system. The information shall include 

detailed documentation for firmware configuration. 

 

Quantity: Three (3). 

 

Format: Provide 8-1/2" x 11" loose-leaf 3-ring binders with clear vinyl overlay designed to receive 

identification inserts. 3-ring binders shall be heavy- duty D-Ring type, over-sized to allow the insertion 

of additional system documentation in the future. 
 

Project Identification: Furnish project identification inserted under the clear vinyl overlay on the front 

cover and the back spline as follows: 

 

Operating & Maintenance Manual 

Project Name 

Structured Cabling System Contractor 

 

Project Information: On the front page, enclosed in a 3-ring clear plastic sheet protector, provide the 

following information: 

 

Project Name 

Structured Cabling System Contractor Name 

Structured Cabling System Manufacturer Name 

Electrical Contractor Name 

Contractor’s Project Manager 

Contact list with name, address, contact person, phone number, and fax number for the each 

of the following: 

 

Structured Cabling System Contractor 

Structured Cabling System Manufacturer 

Electrical Contractor 

 

Index: On the second page, enclosed in a 3-ring clear plastic sheet protector, provide an index 

indicating the following section numbers and titles. 

 

Sections: All sections shall be separated with an appropriate tabbed section divider with the 
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appropriate number and title (typed) as follows: 

 

Section 1 – Cuts Sheets: 

 

Manufacturer’s original data/cut sheets for each system component. 

Section 2 – Data Equipment List: 

Typed list of each item of data equipment (including Owner 

furnished data equipment) with brief description, serial number, and 

part number. Note where each item of equipment is installed 

(CER/CC number, rack number and mounting position in rack). 

Enclose in a 3-ring clear plastic sheet protector. 

 

Section 3 – Factory Manuals: 

 

Manufacturer’s printed Installation and Operating Manuals for each 

item of equipment provided by the Contractor. Provide 3- ring zip-

lock pockets for each manual that is not factory 3-ring hole punched. 

Do not include manuals loose or inserted in binder pockets. 

 

Section 4 - Warranties: 

 

  Copy of Structured Cabling System Contractor’s and 3 year 

warranty. Enclose in a 3-ring clear plastic sheet protector. 

  Copy of Manufacturer’s printed warranty for each item of 

equipment. Enclose in a 3-ring clear plastic sheet protector. 

 

Section 5 - Transmittal of Loose Items: 

 

Copy of transmittal to the school of all loose items such as patch 

cords, spare surge protectors, spare parts, etc. signed-off by the 

Owner. Enclose in a 3-ring clear plastic sheet protector. 

 

Section 6 - Documentation of Training: 

 

Documentation of training signed-off by the School’s Technology 

Specialist or Principal. Enclose in a 3-ring clear plastic sheet 

protector. 

 

Section 7 - Cable Test Results: 

 

Part 1 – Contractor Certification: 

 

Provide written Certification of Contractor's Project Manager, 

stating that all fiber optic, Category 6 and Category 6A cables have 

been tested in compliance with the contract documents and have 

met or exceeded the requirements stated therein. Enclose in a 3- 

ring clear plastic sheet protector. 

 

Part 2 – Executive Summary: 

 

Provide Hardcopy Summary Report of test results in the 

following divisions: 
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• Category 6 and Category 6A Cabling – Generate report 

directly from Fluke Networks ‘Cable Manager’ software. 

• Fiber optic backbone cabling – Generate report directly from 

Fluke Networks ‘Cable Manager’ software. 

 

Enclose each report in a 3-ring clear plastic sheet protector. 

 

Part 3 – Fiber Optic Cables: 

 

Provide detailed printed test results for all fiber optic cables. Test 

results shall be printed on a laser printer. Enclose hardcopy in a 3-

ring clear plastic sheet protector. 

 

Part 4 – Category 6 and Category 6A Cables: 

 

Provide CD with Category 6 and Category 6A cable text only test 

results in native Fluke Networks ‘Cable Manager’ software *.FCM 

format and in Adobe Acrobat *.PDF format. Place CD in 3-ring 

clear plastic CD jacket. 

 

Part 5– Fiber Optic Backbone Cables: 

 

Provide CD with fiber optic backbone cable test results in native 

Fluke Networks ‘Cable Manager’ software *.FCM format and in 

Adobe Acrobat *.PDF format. Place CD in 3-ring clear plastic CD 

jacket. 

 

Section 8 - Patch Cord Spreadsheet (VOIP, data, WAP, Intercom/PA): 

 

Provide Hardcopy and CD of Excel Spreadsheet file.  Enclose 

hardcopy in a 3-ring clear plastic sheet protector. Place CD in 

3-ring clear plastic CD jacket. 

 

Section 9 – Annotated Adobe Acrobat *.PDF As-Built Drawings. 

 

Provide 11”x17” hardcopy laser prints and CD of *.PDF files. 

Enclose hardcopy in a 3-ring clear plastic sheet protector. Place CD 

in 3-ring clear plastic CD jacket. 

 

B. As-Built AutoCAD Drawings: 

 

Provide the same AutoCAD drawings as required under paragraph "Pre-Installation AutoCAD 

Drawings". Modify and correct to accurately reflect the finished installation. Provide five (5) hard-

copies and two (2) sets of electronic media. 

 

Submit As-Built AutoCAD Drawings to the Engineer at the Substantial Completion Inspection. Provide 

transmittal letter addressed to the Engineer indicating that the Contractor is providing five (5) hard-

copies and two (2) sets of electronic media of the As-Built AutoCAD Drawings. 

 

C. Red-Line Record Documents: 

 

Refer to paragraph "CONTRACTOR'S RECORD DOCUMENTS". Provide Record Documents, 

updated in red pen, to accurately reflect the finished installation. 
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Submit Red-Line Record Documents over to the Engineer at the Substantial Completion Inspection. 

Provide transmittal letter addressed to the Engineer indicating that the Contractor is providing one 

(1) set of Red-Line Record Documents. 

 

D. Annotated Adobe *.PDF A-Built Drawings: 

 

The Engineer will provide a full set of Adobe Acrobat *.PDF format As-Built Drawings to the 

Contractor. The Contractor shall be required to annotate (redline) the *.PDF format drawings using 

Adobe Acrobat to reflect all changes recorded in the field as required by the paragraph 

"CONTRACTOR'S RECORD DOCUMENTS". The Contractor shall provide a copy of the 

*.PDF files on CD with each set of O&M Manuals and shall provide an additional copy on CD to the 

Engineer. The Contractor shall also provide 11”x17” hardcopy laser prints of *.PDF drawings in each 

O&M Manual. 

 

3.10 SUBSTANTIAL COMPLETION 

 

Complete Final Checkout of system operation, Final Checklist, Cable Test Results, O&M Manuals and 

Record Documents prior to Substantial Completion. The Contractor's project manager and project senior 

technician shall be present for the Substantial Completion Inspection. 

 

3.11 OWNER PERSONNEL TRAINING 

 

Owner personnel training shall be provided for the Structured Cabling System. The cost of 

training shall be included in the cost of the system. Two copies of all manuals and training 

material shall be supplied to the Owner’s Project Manager at no additional cost. 

 

The Owner’s Project Manager shall be notified prior to each training session and may participate in the 

training at his or her discretion. 

 

All instruction shall be presented in an organized and professional manner by personnel who are 

thoroughly familiar with the installation and who certified by the manufacturer of the specific system 

and/or equipment for which they are providing training. 

 

The Structured Cabling System Contractor shall provide documentation of all training (including 

names of personnel present at each training session) to the Engineer at the Final Completion 

Inspection. The documentation shall be signed-off by the Owner. The documentation shall be three-

hole punched and ready for insertion in the O&M manuals. 

 

A. Structured Cabling System Training: 

 

Subsequent to Substantial Completion but prior to Final Completion, the Contractor shall provide on-

site training to Owner personnel on the operational use of the Structured Cabling System and the all 

related equipment. 

 

The Structured Cabling System Contractor shall schedule a time to provide not less than four (4) hours 

of formal training to school personnel on the Structured Cabling System. The Structured Cabling 

System Contractor shall provide an additional two (2) hours of follow-up training on the system when 

requested by the Owner at any time during the warranty period. 

 

Structured Cabling System training shall include a "walk-through" of the systems to identify and locate 

closets, panels, and important system components, a discussion of overall system concepts and 

configuration, specific instruction in labeling and patch cord move/changes, a review of the as-built 

drawings, a review of the system verification and acceptance documentation, and guidelines for basic 
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trouble-shooting and operation of the Structured Cabling System and all related equipment. 

 

3.12 FINAL COMPLETION 

 

Following completion of punch list items generated by the Engineer following the Substantial 

Completion Inspection, the Contractor shall notify the Engineer in writing, stating that all punch list 

items have been completed. 

 

3.13 WARRANTY 

 

The Structured Cabling System Contractor warrants all work performed by him directly and all work 

performed for him by others for a period of three years. Any work, material or equipment which during 

the warranty period is, in the opinion of the Engineer or the Owner’s Project Manager, defective or 

inferior and not in accordance with the contract documents, shall be made good at no additional cost to 

the Owner, including any other work which may have been damaged because of such deficiencies. The 

Contractor shall be the contact person and the person responsible for coordinating all warranty work for 

the Owner. 

 

When equipment cannot be repaired at the site, the Contractor shall be completely and solely 

responsible for the coordination and completion of equipment repairs, including pickup at the project 

site, transportation and shipping costs to and from the repair site, and reinstallation and reintegration 

into the system. Equal or better loaner equipment shall be provided and installed by the Contractor any 

time equipment cannot be repaired at the site, so that the system is maintained in continuous working 

order as before the equipment failed. 

 

A. Special Warranty – Structured Cabling System: 

All materials, equipment and workmanship incorporated in the work shall be guaranteed by the 

Structured Cabling System Contractor and the Structured Cabling System Manufacturer for a period 

of 25 years from the date of Final Completion of the project and Final Acceptance by the Owner. See 

paragraph 1.4.A Special Warranty - Structured Cabling System for detailed requirements. The 

Structured Cabling System Contractor shall provide all necessary documentation required by the 

Structured Cabling System Manufacturer to properly register the system with the manufacturer for 

warranty purposes. The Structured Cabling System Manufacturer shall issue certificates of warranty 

signed by a permanent employee of the Structured Cabling System Manufacturer who is authorized 

by the senior officers of the company to certify the fiber optic, Category 6 and Category 6A cabling 

systems. Original certificates of warranty shall be provided to the Owner, with copies to the Engineer. 

 

 

 

END OF SECTION 27000 
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SECTION 27500 – INTERCOM/PA SYSTEM 

PART 1 – GENERAL 

 

1.1 CONTRACTOR QUALIFICATIONS 

 

The Structured Cabling System Contractor shall perform all work related to the Intercom/PA System and 

shall meet all qualifications specified in this section for the Intercom/PA System Contractor.  Refer to 

Section 27000 – Communications Structured Cabling System for Structured Cabling System Contractor 

qualifications.  See Section 27000 for additional requirements for the Intercom/PA System installation 

including conduit work. 

 

The Intercom/PA System Contractor shall be an experienced firm regularly engaged in the layout and 

installation of Intercom/PA systems of similar size and complexity as required for this installation.  The 

Intercom/PA System Contractor, under the same company name, shall have successfully completed the 

layout, installation, testing and warranty of not less than three Intercom/PA Systems of the scope of the 

largest system on this project for a minimum period of three years prior to the bid date, and shall have been 

regularly engaged in the business of Intercom/PA Systems contracting continuously since.  The 

Intercom/PA System Contractor shall have an existing permanent office located within 50 miles of the job 

site from which installation and warranty service operations will be performed. 

 

The Structured Cabling System Contractor shall be Pre-Qualified by Bay District Schools at the time of 

bids and shall be one of two Structured Cabling System Contractors currently under multi-year contract 

with Bay District Schools for structured cabling system work. 

 

 Contractor Qualifications – Conduit Installation: 

 

All conduit and related work shall be provided by a licensed electrical contractor using tradesmen who are 

skilled and experienced in the types of conduit installations indicated in the bid documents.  If the 

Intercom/PA System Contractor is not a licensed electrical contractor, then a licensed electrical contractor 

shall provide all conduit and related work as a subcontractor to the Intercom/PA System Contractor. 

 

1.2 PROOF OF CONTRACTOR QUALIFICATIONS 

 

The Intercom/PA System Contractor shall provide the following documentation, to be presented with his 

bid, as evidence that the requirements for Intercom/PA System Contractor qualifications listed above are 

satisfied.  If the bidder does not meet the requirements of this specification section for Intercom/PA system 

work, he shall provide the following documentation, to be presented with the bid, as evidence that the 

requirements listed above are satisfied by the Intercom/PA System Contractor he proposes to use as a 

subcontractor to perform work under this section.  In either case, all work under this section shall be 

performed by permanent employees of the Intercom/PA System Contractor listed on the bid form, and shall 

not be performed by another subcontractor, employees of another company, or by temporary employees.  

The only exception to this requirement shall be for conduit work, which may be performed by a 

subcontractor meeting the minimum requirements of paragraph 1.1. 

 

A. Provide a list of not less than five (5) references for jobs of similar size and complexity including    project 

name, location, contact person and phone number.  

 

B. Provide location of office from which installation and warranty work will be performed. 

 

1.3 RELATED REQUIREMENTS 

 

 Drawings and general provisions of Contract apply to this section. 
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Division 26 Specification Sections regarding conduit and raceway apply to work under this section, with 

the additions and modifications specified herein and on the drawings. The special requirements indicated 

on the drawings and in this specification section for Intercom/PA system conduit and raceway shall take 

precedence over any requirements specified in Division 16 Specification Sections. 

 

1.4 DESCRIPTION OF WORK 

 

The work consists of all labor, materials, equipment and services necessary to provide, install, test and 

certify all systems as described in the contract documents.  The Intercom/PA System Contractor shall 

provide systems complete and ready for operation. The installation shall include all accessories and 

appurtenances required to provide a complete and operational system.  Any materials not specifically 

mentioned in these specifications or not shown on the drawings, but required for a complete and finished 

installation shall be furnished and installed at no additional cost to the Owner. 

 

Provide system complete with full configuration and programming of paging groups, class change 

schedules, system tones and all system features. Adjust all speaker volumes to the satisfaction of the 

Owner's Project Manager and the School Principal. Coordinate paging groups with the Owner's Project 

Manager and the School Principal. 

 

Provide the services of a senior PA technician who shall assist school staff in the proper operation of the 

system, shall trouble-shoot and correct any problems with the system, and shall fine-tune system 

programming to the satisfaction of school staff. 

 

A. Special Scheduling: 

 

The Intercom/PA System Contractor shall become thoroughly familiar with the overall project schedule 

and shall complete his work and make all systems fully operational prior to the date of occupancy of the 

facilities by the Owner.  The Intercom/PA System Contractor shall provide adequate training of the 

Owner’s forces prior to the date of occupancy and shall provide follow-up training after occupancy.  Total 

training time shall be as prescribed by this specification as a minimum requirement. 

 

1.5 EXAMINATION OF SITES AND TOTAL SYSTEM RESPONSIBILITY 

 

Prior to providing a proposal for this work, the Contractor shall visit the proposed sites of work to become 

familiar with any condition that may affect the work to be performed in any way.  No allowances shall be 

made because of lack of knowledge of these conditions. 

 

The Contractor shall have total system responsibility to assure a fully operational system.  Any additional 

labor and components required for the installation of complete operating systems but not specifically 

required by the bid documents shall be provided and the cost borne by the Contractor. 

 

The Contractor shall remain the sole owner of the system and all of its components provided under this 

contract and is responsible for all risk of loss or damage of the system for the entire contract period up to 

and including the date and time of Final Acceptance by the Engineer and the Owner’s Authorized 

Representative.  After the date of Final Acceptance, the Owner shall assume full ownership of the system 

with all components, and the warranty period shall commence. 

 

1.6 QUALITY ASSURANCE 

 

Materials shall be new and shall be the best of their respective kinds.  All work shall be accomplished in a 

workmanlike manner in keeping with the best practices and highest standards of the telecommunications 

industry. 

 

Protect materials and equipment from physical or environmental damage during shipping, storage and 

installation.  Equipment and materials shall be received at the site in new condition and shall be maintained 

in new condition throughout the installation process. Damaged or deteriorated equipment and materials will 
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not be acceptable.  The Contractor shall be responsible for the safety and condition of all materials and 

equipment, whether stored or installed, until Final Acceptance by the Engineer and the Owner. 

 

1.7 CODES AND STANDARDS 

 

Refer to Section 27 00 00 for listing of Codes, Standards and Guidelines. All work done under this contract 

shall be performed in accordance with the most recent issue of the listed codes, standards and guidelines.  

Where there is a perceived conflict between a standard or guideline and the contract documents, the 

Contractor shall perform the work as directed by the Engineer. 

 

1.8 PRE-INSTALLATION SUBMITTALS 

 

A. Manufacturer's Catalog Data: 

 

Submit five (5) copies of manufacturer's standard descriptive data sheets to the Engineer for review and 

approval prior to commencing work.  Furnish complete data sheets bearing the printed logo or trademark of 

the manufacturer for each type of product being provided.  Mark each copy of the data sheets for the 

specific product being provided with an identifying mark, arrow, or highlighting. The following items shall 

be submitted: 

 

1. Copper 110 Wiring Blocks, each type 

2. Category 6 patch panels, each type 

3. Category 6 UTP Cable, each type 

4. Cable End Connectors, each type 

5. Cross-connect Wiring, each type 

6. Wire Management Devices, each type 

7. Intercom/PA Headend Equipment 

8. Intercom/PA Speakers, each type 

9. Intercom/PA Power Supplies, each type 

10. Firestopping Systems, each type 

11. Labeling Products, each type 

12. All other materials and equipment indicated to be furnished under this section, whether 

specifically listed here or not. 

 

B. Pre-Installation Drawings: 

 

As part of the Intercom/PA System installation, the Contractor shall provide detailed documentation to 

facilitate system administration, maintenance, and future moves, adds and changes.  Drawings shall be 

provided which incorporate all information in the Contract Drawings, and which fully document all 

Engineer approved changes in materials and methods made by the Contractor.  Drawings are not required if 

no changes to the design are made by the Contractor. Changes to the design shall not be made without the 

prior written approval of the Engineer.  Drawings shall provide the same level of detail as the bid 

documents.  Electronic files of the Engineer’s AutoCAD drawings will not be provided to the Contractor. 

 

Drawings shall be prepared using AutoCAD Release 14 or higher and shall be furnished in hard-copy 

format and on industry standard CD or ZIP drive media. 

 

Submit five (5) copies of pre-installation drawings to the Engineer for review and approval prior to 

commencing work. 

 

1.9 CONTRACTOR'S RECORD DOCUMENTS 

 

The Intercom/PA System Contractor shall maintain a full set of contract documents at the job site at all 

times, consisting of specifications, drawings, addenda, pre-installation submittals, change orders, and 

engineering directives.  The record documents shall be updated by the Contractor, in red pen and on a daily 

basis, to show the following: 
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1. Final location of all speakers. 

2. Any other pertinent information that may be of value to the Owner in operating and maintaining the 

system. 

 

The Contractor's record documents shall be available for viewing by the Engineer or the Owner at the site 

at any time and shall be presented and reviewed by the Contractor at each construction progress meeting.  

The record documents shall be clearly marked "Record Set", shall be kept in a protected location, and shall 

not be used for general construction purposes.  The record documents shall be provided to the Engineer at 

the close of the project. 

 

The Engineer will provide a full set of Adobe Acrobat *.PDF format drawings to the Contractor.  The 

Contractor shall be required to annotate (redline) the Adobe Acrobat *.PDF format drawings using Adobe 

Acrobat to reflect all changes recorded in the field as required by the paragraph "CONTRACTOR'S 

RECORD DOCUMENTS".  The Contractor shall provide a copy of the Adobe Acrobat *.PDF files on CD 

with each set of O&M Manuals and shall provide an additional copy on CD to the Engineer.  The 

Contractor shall also provide 11”x17” laser prints of Adobe Acrobat *.PDF drawings in each O&M 

Manual. 

 

 

PART 2 - PRODUCTS 

 

2.1 GENERAL 

 

All materials, equipment, and devices shall be new and unused, of current manufacture and of the highest 

grade, free from defects. 

 

All products shall be the manufacturer and model or part number specified.  Where a model or part number 

is indicated in error for any reason, the Contractor shall verify the intent of the Engineer prior to providing 

a proposal, and shall provide the product intended by the Engineer.  Where a manufacturer has updated or 

improved a product subsequent to issuance of the bid documents by the Engineer, the Contractor shall 

provide the updated or improved product at no additional cost to the Owner. 

 

Provide new equipment and materials only.  Each component shall be the most recent model number, 

revision, or update offered by the manufacturer at the time of purchase by the Contractor.  Newly 

manufactured containing used or rebuilt parts, remanufactured, rebuilt, reconditioned, used, shopworn, 

demonstrator or prototype equipment is not acceptable and will be rejected.  Each major component of 

Intercom/PA systems equipment provided under this contract shall include a certification from the 

manufacturer stating that the equipment is new and referencing the serial number of the delivered 

equipment.  The Contractor shall track the placement of each major component in the field, and shall 

provide the Owner a list identifying each component by manufacturer, model number, serial number, and 

installed location (example rack number and rack position). 

 

All materials, equipment and devices shall meet the requirements of UL where UL standards are 

established for those items, and the requirements of NFPA 70. 

 

All like items of material or equipment shall be the same product of the same manufacturer, model number 

and production series. 

 

All materials and equipment shall be a standard catalogued product of a manufacturer regularly engaged in 

the manufacture of similar products. 

 

2.2 PRODUCT SPECIFICATIONS 

 

See drawings for all product requirements not indicated in these specifications.  The Intercom/PA 

Contractor shall be responsible for providing and installing all components indicated in these specifications 
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and on the drawings and as required for a completely functional system whether specifically called for or 

not. 

 

A. Intercom/PA System: 

 

Provide all system components as indicated the drawings.  To ensure a uniform basis for bidding, and to 

standardize the Owner’s facilities, base all bids on the particular systems, equipment and materials 

specified. 

 

In order to expedite warranty service and maximize support to the Owner, the Intercom/PA System 

Contractor shall procure all performance related components from a distributor with an existing distribution 

center located within 100 miles of the job site.  The distributor shall have an established relationship with 

the Intercom/PA System Manufacturer as a Stocking Distributor. 

 

 

PART 3 - EXECUTION 

 

3.1 GENERAL 

 

 The installation shall be in strict accordance with all applicable codes and standards, the respective 

manufacturer's written recommendations, and the contract drawings and these specifications. 

 

 Workmanship shall be of the highest grade in accordance with the best modern practice and the highest 

standards of the telecommunications industry. 

 

The installed system shall be neat, clean, and well organized in appearance.  Provide working clearances 

for normal system operation, reconfiguration and repair. 

 

The completed installation shall meet with the approval of the Owner’s Authorized Representative and the 

Engineer. 

 

The Contractor shall be fully responsible for protecting all system components from dust and debris during 

construction and until final completion of the project and acceptance by the Owner.  All system 

components that, in the sole judgment of the Engineer, are exposed to excessive accumulation of 

construction dust/debris shall be removed and replaced with new components at no additional cost to the 

Owner. 

 

A. Delivery: 

 

 Protect materials and equipment from physical or environmental damage during shipping, storage and 

installation.  Equipment and materials shall be received at the site in new condition in original factory 

sealed cartons, and shall be maintained in new condition throughout the installation process.  Damaged or 

deteriorated equipment and materials will not be acceptable.  The Contractor shall be responsible for 

receiving and storing of all equipment and materials, and shall be responsible for the safety and condition 

of all materials and equipment, whether stored or installed, until Final Acceptance by the Engineer and the 

Owner. 

 

B. Job-Site Conditions: 

 

 The Contractor shall be required to coordinate working hours at each site with the School Principal.  Work 

at the site shall not be allowed during hours when school is in session, unless specifically approved by the 

School Principal on a day-by-day and case-by-case basis.  Work on weekends will not be allowed unless 

specifically approved by the School Principal on a case-by-case basis.  The Contractor shall work at night 

(or at any time school is not in session) to meet these requirements at no additional charge to the Owner. 

 

 The Contractor shall be responsible for ensuring that his employees and any subcontractors: 
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• Refrain from smoking or the use of tobacco in any facility, property or vehicles owned by the School 

District.  Any person wishing to use tobacco products must leave School District property to do so. 

 

• Refrain from the use of vulgarities while on School District property. 

 

• Wear proper attire. Clothing shall have no vulgarities or sexually suggestive graphics. 

 

• Refrain from contact with students or staff.  Communications with staff shall be limited to that related 

to the work. 

 

 The School District retains the right to require that the Contractor dismiss any of his employees or any 

employee of his subcontractors deemed incompetent, careless, insubordinate or otherwise objectionable, or 

any personnel whose actions are deemed to be contrary to the public interest or inconsistent with the best 

interest of the School District. 

 

The Contractor shall be responsible for all damages to any building, equipment, furnishings, or other 

property of the School District that are caused by the Contractor or his subcontractors.  The Contractor 

shall, as directed by the Engineer or the Owner’s Authorized Representative, repair or replace with new any 

damaged item at the Contractor’s expense.  Any item which the Engineer or the Owner’s Authorized 

Representative allow to be repaired shall be restored to the condition which existed prior to the damage 

occurring, or better. 

 

C. Daily Cleanup: 

 

 Upon completion of the work on a task-by-task basis, and as a minimum on a daily basis, the Contractor 

shall reconnect any utilities, equipment, or appliances removed in the course of work and replace all 

furniture, etc., moved for the performance of the work. Debris and rubbish caused by the work shall be 

removed and the premises left vacuum clean.  All furniture, work surfaces, computers and the like shall be 

wiped down to remove dust generated by the work. 

 

D. Intercom/PA System: 

 

 Provide a system of cabling as indicated on the drawings. 

 

Install and properly mount all equipment in racks, backboards and enclosures as indicated on the drawings. 

 

 Provide cross-connects to interconnect wiring and equipment as indicated on the drawings. 

 

 The Intercom/PA System Contractor shall bear all costs associated with integration of the new Classroom 

Building into the existing PA system and to complete all programming of the existing PA systems for 

zoning, class change tones and schedules to the satisfaction of the Owner. 

 

E. Conduit Installation: 

 

See Section 27000 and the drawings for conduit requirements.  

 

 See the drawings for conduit rough-in requirements for speakers and call switches. 

 

No exposed conduit shall be allowed inside or outside of the building. 

 

F. Cabling Installation: 

 

Do not pull cables in conduits until plastic insulating bushings have been installed.  Cables installed in 

conduits without plastic insulating bushings shall be removed and replaced with new cables.  
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 See Section 27000 for cabling, firestopping, cable testing, and other installation requirements.  

 

The SCSC shall test each cable as indicated in Section 27000.  Document results of testing and submit to 

Engineer for review and approval. The test log shall include camera identifier, the test date, the initials of 

the technician who tested the cable, and the test results. 

 

G. Identification and Labeling: 

 

▪ All labels shall be produced using a laser printer and shall be clear and easily readable.  Minimum text 

size shall be 12 point.  Text font shall be ARIAL.  Handwritten labels are not acceptable. 

 

▪ Label each Horizontal Category 6 cable at each end.  Label text shall be based on the ‘Speaker 

Identification Nomenclature’ indicated on the drawings. 

 

▪ Label each Horizontal Category 6 patch panel as indicated on the drawings. 

 

▪ Label each indoor speaker using adhesive labels based on the labeling nomenclature indicated on the 

drawings.  Apply labels to the speaker housing above the ceiling. 

 

▪ Label each speaker Block using the manufacturer’s labels as indicated on the drawings. 

 

Label each Main Conduit at each end with ½” high bold text printed on heavy stock paper and secured 

to conduit with clear self-adhesive sheets covering the label and extending out beyond the label 1” all 

around for adhesion to the conduit.  Label text shall be based on source (CER, CC) and each 

destination. 

 

3.2 CABLE TESTING 

 

A. General: 

 

Prior to installation of cabling, visually inspect all cables, cable reels, and shipping cartons to detect 

possible cable damage incurred during shipping and transport.  Return visibly damages goods to the 

supplier and replace with new. 

 

After cabling installation and labeling is complete, but prior to the installation of patch cords, the 

Contractor shall test all cables.  As part of cable test procedures verify all labeling and correct all inaccurate 

labeling. 

 

The Contractor shall be in responsible charge of all cable testing procedures and shall provide an original 

signed letter in each project Operation & Maintenance (O&M) manual certifying that all cables have been 

tested in compliance with the contract documents and have met or exceeded the requirements stated 

therein. 

 

Tests shall be performed in strict accordance with the test instrument manufacturer's printed instructions. 

 

One hundred percent of all cables shall be tested. 

 

Technicians performing testing shall be thoroughly trained in the use of the test instruments employed.  

Factory certification of technicians is mandatory.  The Contractor shall provide evidence of training and 

copies of certificates to the Engineer. 

 

The Contractor is responsible for supplying all test equipment and related materials required to test the 

entire Intercom/PA System.  Test instruments shall have been recently calibrated.  The Contractor shall 

provide evidence of test instrument calibration if requested by the Engineer. 
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The requirement for this project is full compliance/zero tolerance.  Cables that do not comply with the 

stated standards shall be removed and replaced with new.  Partial use of cables by claiming good pairs or 

strands and abandoning others is not allowable.  Defective cables shall be removed and replaced with new. 

 

Notify the Owner in writing not less than five days prior to commencing cable testing.  The Owner may 

elect to be present for and witness cable testing. 

 

The Contractor shall be required to retest installed cables in the Owner's presence to verify the Contractor's 

test documentation.  The percentage of cables to be retested shall be determined by the Owner based on 

compliance of the installation with the contract documents, quality of workmanship, and results of initial 

cable tests.  Retesting shall be performed as required until all cables, in the judgment of the Owner, comply 

with the requirements of the contract documents. 

 

B. Cable Test Results: 

 

All cable test results shall be provided as part of the project Installation and Maintenance (O&M) Manuals. 

 

C. Category 6 UTP Cable Testing: 

 

Test all Category 6 UTP cabling serving talkback speakers as required for Category 6 cabling in Section 27 

00 00. Test Category 6 UTP cabling serving one-way speakers for impedance as described on the drawings 

and in accordance with the Intercom/PA system manufacturer’s printed installation instructions. 

 

3.3 SYSTEM STARTUP 

 

The Contractor shall start the systems up, and in coordination with the Owner make them fully operational. 

 The System Startup shall be made at a time, approved in writing by the School District, when school is not 

in regular session. 

 

3.4 FIRST DAY of OWNER OPERATION 

 

The Contractor shall have a senior technician present at the site all day on the day before the first day of 

school and on all day on the first day of school to train/assist school personnel and to verify/fine tune 

system operation.  The senior technician shall make follow-up visits as required to bring the system into 

full operating condition to the satisfaction of the School Principal, the Owner’s Project Manager and the 

Engineer. 

 

3.5 FINAL CLEANUP 

 

Prior to the Final Completion Inspection, perform final cleanup of all work and all areas in which work was 

performed.  All work areas shall be left vacuum clean.  All equipment shall be wiped down to remove dust 

accumulated during the course of the project.  All painted surfaces such as backboards shall be touched up 

with paint to remove scuff marks, pencil marks, scratches, etc.  All factory surfaces shall be touched with 

matching paint. 

 

3.6 CLOSE-OUT DOCUMENTATION 

 

A. Operation & Maintenance Manuals: 

 

Prior to the Substantial Completion Inspection, complete Operation & Maintenance (O&M) Manuals.  

Submit O&M Manuals to the Engineer at the Substantial Completion Inspection.  Provide transmittal letter 

addressed to the Engineer indicating that the Contractor is providing three (3) sets of O&M Manuals. 

 

The O&M Manuals shall contain sufficient information to permit school personnel to operate the system 

with or without assistance from the Contractor. 
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The Contractor shall provide O&M Manuals covering all equipment and materials furnished under this 

contract.  The O&M Manuals shall contain all information necessary for the operation, maintenance, parts 

procurement, and parts replacement for the Intercom/PA system.  The information shall include detailed 

documentation for firmware configuration. 

 

Quantity: Three (3). 

 

Format:  Provide 8-1/2" x 11" loose-leaf 3-ring binders with clear vinyl overlay designed to receive 

identification inserts.  3-ring binders shall be heavy- duty D-Ring type, over-sized to allow the insertion of 

additional system documentation in the future. 

 

Project Identification:  Furnish project identification inserted under the clear vinyl overlay on the front 

cover and the back spline as follows: 

 

 Operating & Maintenance Manual 

 Project Name 

 General Contractor 

 Electrical Contractor 

 Intercom/PA System Contractor 

 

Project Information:  On the front page, enclosed in a 3-ring clear plastic sheet protector, provide the 

following information: 

 

 Project Name 

 General Contractor 

 Intercom/PA System Contractor Name 

 Intercom/PA System Manufacturer Name 

 Electrical Contractor Name  

 Contractor’s Project Manager 

 Owner’s Project Number or Purchase Order Number 

 Contact list with name, address, contact person, phone number, and fax number for the each of the 

following: 

 

   General Contractor 

   Intercom/PA System Contractor 

   Intercom/PA System Manufacturer 

   Electrical Contractor 

      

 Index: On the second page, enclosed in a 3-ring clear plastic sheet protector, provide an index indicating 

the following section numbers and titles. 

 

Sections: All sections shall be separated with an appropriate tabbed section divider with the appropriate 

number and title (typed) as follows: 

 

  Section 1 – Cuts Sheets: 

 

     Manufacturer’s original data/cut sheets for each system component. 

 

   Section 2 – Factory Manuals:  

 

     Manufacturer’s printed Installation and Operating Manuals for each 

item of equipment provided by the Contractor.  Provide 3-ring zip-lock 

pockets for each manual that is not factory 3-ring hole punched.  Do 

not include manuals loose or inserted in binder pockets. 

    

   Section 3 - Warranties: 
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• Copy of Intercom/PA System Contractor’s 1 year warranty.  

Enclose in a 3-ring clear plastic sheet protector. 

• Copy of Manufacturer’s printed warranty for each item of 

equipment.  Enclose in a 3-ring clear plastic sheet protector. 

 

   Section 4 - Documentation of Training: 

 

     Documentation of training signed-off by the School’s Technology 

Specialist or Principal.  Enclose in a 3-ring clear plastic sheet 

protector. 

  

   Section 7 - Cable Test Results: 

      

     Provide Hardcopy Summary Report and detailed test results in the 

following divisions: 

 

• Category 6 Cabling 

 

Section 9 – Annotated Adobe Acrobat *.PDF As-Built Drawings. 

 

Provide 11”x17” hardcopy laser prints and CD of *.PDF files.  Enclose 

hardcopy in a 3-ring clear plastic sheet protector.  Place CD in 3-ring 

clear plastic CD jacket. 

 

B. As-Built AutoCAD Drawings: 

 

Provide the same AutoCAD drawings as required under paragraph "Pre-Installation AutoCAD Drawings".  

Modify and correct to accurately reflect the finished installation.  Provide five (5) hard-copies and two (2) 

sets of electronic media. 

 

Submit As-Built AutoCAD Drawings to the Engineer at the Substantial Completion Inspection.  Provide 

transmittal letter addressed to the Engineer indicating that the Contractor is providing five (5) hard-copies 

and two (2) sets of electronic media of the As-Built AutoCAD Drawings. 

 

C. Red-Line Record Documents: 

 

Refer to paragraph "CONTRACTOR'S RECORD DOCUMENTS".  Provide Record Documents, updated 

in red pen, to accurately reflect the finished installation. 

 

Submit Red-Line Record Documents over to the Engineer at the Substantial Completion Inspection. 

Provide transmittal letter addressed to the Engineer indicating that the Contractor is providing one (1) set of 

Red-Line Record Documents. 

 

D. Annotated Adobe *.PDF As-Built Drawings: 

 

 The Engineer will provide a full set of Adobe Acrobat *.PDF format As-Built Drawings to the Contractor.  

The Contractor shall be required to annotate (redline) the *.PDF format drawings using Adobe Acrobat to 

reflect all changes recorded in the field as required by the paragraph "CONTRACTOR'S RECORD 

DOCUMENTS".  The Contractor shall provide a copy of the *.PDF files on CD with each set of O&M 

Manuals and shall provide an additional copy on CD to the Engineer.  The Contractor shall also provide 

11”x17” hardcopy laser prints of  *.PDF drawings in each O&M Manual. 

 

3.7 INTERCOM/PA SYSTEM TRAINING 

 

Subsequent to Substantial Completion but prior to Final Completion, the Contractor shall provide on-site 
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training to Owner personnel on the operational use of the Intercom/PA System and all related equipment. 

 

The Intercom/PA System Contractor shall schedule a time to provide not less than four (4) hours of formal 

training to school personnel on the Intercom/PA System.  

 

Intercom/PA System training shall include a "walk-through" of the systems to identify and locate closets, 

panels, and important system components, a discussion of overall system concepts and configuration, 

specific instruction in labeling, a review of the as-built drawings, a review of the system verification and 

acceptance documentation, guidelines for basic trouble-shooting and detailed instructions in the operation 

of all aspects of the Intercom/PA System and all related equipment. 

 

3.8 WARRANTY 

 

The Intercom/PA System Contractor warrants all work performed by him directly and all work performed 

for him by others for a period of 1 year from the date of Final Completion of the project and Final 

Acceptance by the Owner. 

 

Any work, material or equipment which during the warranty period is, in the opinion of the Engineer or the 

Owner’s Authorized Representative, defective or inferior and not in accordance with the contract 

documents, shall be made good at no additional cost to the Owner, including any other work which may 

have been damaged because of such deficiencies.  The Contractor shall be the contact person and the 

person responsible for coordinating all warranty work for the Owner. 

 

When equipment cannot be repaired at the site, the Contractor shall be completely and solely responsible 

for the coordination and completion of equipment repairs, including pickup at the project site, 

transportation and shipping costs to and from the repair site, and reinstallation and reintegration into the 

system. Equal or better loaner equipment shall be provided and installed by the Contractor any time 

equipment cannot be repaired at the site, so that the system is maintained in continuous working order as 

before the equipment failed. 

 

The services of qualified technicians shall be available to make necessary warranty repairs in a timely 

manner during the warranty period. 

 

 

 

END OF SECTION 27500 
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SECTION 27800 – IP SECURITY CAMERA SYSTEM 

PART 1 - GENERAL 

 

1.1 SCOPE 

 

A. This specification delineates the requirements for a complete IP Camera Security System as 

specified herein and as indicated on the drawings. 

 

B. The scope is to provide a complete and warranted system ready for operation.  The installation 

shall include all accessories and appurtenances required to provide a complete and fully 

operational system.  Any materials not specifically mentioned in these specifications or not shown 

on the drawings but required for a finished installation shall be furnished and installed at no 

additional cost to the Owner. 

 

1.2 STRUCTURED CABLING SYSTEM CONTRACTOR 

 

The Structured Cabling System Contractor (SCSC) shall perform all work related to the structured 

cabling system serving the IP Security Camera System as described herein and on the drawings. Refer to 

Section 27000 Communications Structured Cabling System for Structured Cabling System Contractor 

qualifications.  

 

A. See Section 27000 for additional requirements for the IP Security Camera System structured 

cabling system installation. 

 

B. The Structured Cabling System Contractor shall be i-PRO Certified at the time of bids.  

 

C. The Structured Cabling System Contractor shall have completed projects of similar size and 

complexity and shall have a permanent office within 100 miles of the project location from which 

installation and warranty work will be performed. 

 

D. The Structured Cabling System Contractor shall provide warranty services related to the structured 

cabling system serving the IP Security Camera System.   

 

1.3 IP SECURITY CAMERA SYSTEM INTEGRATOR 

 

A third party approved by the Owner shall be the IP Security Camera System Integrator for this project 

and shall provide all work as specifically indicated to be provided by the Integrator in this specification 

section and as described on the drawings.  

 

THE IP SECURITY CAMERA SYSTEM INTEGRATOR SHALL BE i-PRO VIDEO-INSIGHT 

CERTIFIED AND SHALL BE APPROVED BY THE OWNER PRIOR TO BIDS. EACH GC/CM 

SUBMITTING A BID FOR THIS PROJECT SHALL CONTACT THE OWNER'S PROJECT 

MANAGER AND OBTAIN A LIST OF APPROVED IP SECURITY CAMERA SYSTEM 

INTEGRATORS FOR THIS PROJECT PRIOR TO BIDS.  

 

A. The IP Security Camera System Integrator shall be i-PRO Certified and shall be fully certified in 

and an authorized dealer for the Video Insight VMS at the time of bids. 

 

B. The Owner has standardized on i-PRO Video Insight software for a multi-site web-based video 

management system (VMS). The IP Security System Integrator shall fully integrate the IP 

Security Camera System for this project into the Video Insight VMS. 
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C. The IP Security Camera System Integrator shall furnish and install all security cameras and 

mounts as indicated on the drawings for the IP Security Camera System. 

 

D. The IP Security Camera System Integrator shall be responsible for coordinating final security 

camera locations and optimum views. 

 

E. The IP Security Camera System Integrator shall furnish and install all Halo Detectors shown on 

the drawings. 

 

F. The IP Security Camera System Integrator shall closely coordinate all work with the SCSC and 

the Owner’s Project Manager. 

 

G. The IP Security Camera System Integrator shall provide all related work as required for a 

complete and fully functional system and as directed by the Owner. 

 

E. The IP Security Camera System Integrator shall provide warranty services related to the security 

cameras, Halo detectors and integration of the system into the i-PRO VMS.   

 

1.4 RELATED REQUIREMENTS 

 

Drawings and general provisions of Contract, including General and Supplementary Conditions and 

Division 1 Specification Sections, apply to this section. 

 

Electrical Specification Sections regarding conduit and raceway apply to work under this section, with 

the additions and modifications specified herein and on the communications drawings. The special 

requirements indicated on the communications drawings and in this specification section for structured 

cabling system conduit and all cable pathways shall take precedence over any requirements specified in 

Electrical Specification Sections. 

 

Refer to Section 27000 Communications Structured Cabling System for all cabling and conduit 

requirements. 

  

1.5 EXAMINATION OF SITES AND TOTAL SYSTEM RESPONSIBILITY 

 

Prior to providing a proposal for this work, each bidder shall examine the drawings, specifications, and 

other contract documents to inform himself/herself thoroughly regarding any and all conditions and 

requirements that may in any manner affect the work to be performed under the contract. 

 

Any additional equipment and accessories required for the installation and operation of the complete 

operating system not specifically required by the bid documents shall be provided and the cost borne by 

the contractor. 

 

The contractor remains the owner of all equipment provided under this contract and is responsible for all 

risk of loss or damage to the equipment from any source up to and including the date and time of final 

acceptance by the Owner.  Upon the date of commencement of the warranty period, the Owner shall 

assume full ownership of the equipment. 

 

1.6 QUALITY ASSURANCE 

 

 Materials shall be new and shall be the best of their respective kinds. All work shall be accomplished in a 

workmanlike manner in keeping with the best practices and highest standards of the IP Security Camera 

System industry. 

 

Protect materials and equipment from physical or environmental damage during shipping, storage and 

installation.  Equipment and materials shall be received at the site in new condition and shall be 

maintained in new condition throughout the installation process.  Damaged or deteriorated equipment 
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and materials will not be acceptable.  The Contractor shall be responsible for the safety and condition of 

all materials and equipment, whether stored or installed, until final acceptance by the Engineer and the 

Owner. 

 

1.7 CODES AND STANDARDS 

 

Refer to Section 27 00 00 for listing of Codes, Standards and Guidelines. All work done under this 

contract shall be performed in accordance with the most recent issue of the following codes and 

standards.  Where there is a perceived conflict between a standard and the contract documents, the 

Contractor shall perform the work as directed by the Engineer.  Where no specific method or form of 

construction is called for in the Contract Documents, the Contractor shall comply with code requirements 

when carrying out such work. 

 

1.8 SUBMITTALS 

 

A. Submit three copies of the manufacturer’s catalog data and pre-installation drawings to the 

Engineer for approval prior to commencing work or ordering materials.  Receive approval of the 

Engineer in writing for each item of submittals prior to commencing work. 

 

B. Manufacturer's Catalog Data: Submit the producer's standard descriptive data sheets for each type 

of product being provided.  Provide products in accordance with the drawings.  Provide complete 

data sheets bearing the printed logo or trademark of the manufacturer. Mark each copy of the data 

sheets for the specific product being provided with an identifying mark, arrow, or highlighting. 

Submittals without such identifying marks shall be rejected without comment for resubmittal. The 

following are typical items that shall be submitted: 

 

 a. Cabling, each type (provided under Section 27000). 

 b. Cable Connectors 

 c. Security Cameras, each type, with all accessories including mounts 

 d. Halo Detectors 

 e. All camera mounting brackets, adapters and other accessories 

 f. Fire-stopping, each type (each UL listed Assembly) (submit under Section 27 00 00 

 g. All other materials and equipment indicated on the drawings to be furnished under this 

section, whether specifically listed here or not. 

 h. All other information indicated on the contract drawings, and all additional information 

required by the Engineer. 

 

1.9 CONTRACTOR'S RECORD DOCUMENTS 

 

 The Structured Cabling System Contractor shall maintain a full set of contract documents at the job site 

at all times, consisting of specifications, drawings, addenda, pre-installation submittals, change orders, 

and engineering directives. The record documents shall be updated by the Contractor, in red pen and on a 

daily basis, to show the following: 

 

a. Final location of all Cameras 

b. Final location of all Halo Detectors. 

c. Any changes to the work authorized by the Architect/Engineer. 

d. Any other pertinent information that may be of value to the Owner in operating and maintaining 

the system. 

 

 The Contractor's record documents shall be available for viewing by the Engineer or the Owner at the 

site at any time and shall be presented and reviewed by the Contractor at each construction progress 

meeting. The record documents shall be clearly marked "Record Set", shall be kept in a protected 

location, and shall not be used for general construction purposes. The record documents shall be provided 

to the Engineer at the close of the project. 
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 The Engineer will provide a full set of Adobe Acrobat *.PDF format drawings to the Contractor.  The 

Contractor shall be required to annotate (redline) the Adobe Acrobat *.PDF format drawings using 

Adobe Acrobat to reflect all information recorded in the field.  The Contractor shall provide a copy of the 

Adobe Acrobat *.PDF files on CD with each set of O&M Manuals and shall provide an additional copy 

on CD to the Engineer. The Contractor shall also provide 11”x17” laser prints of Adobe Acrobat *.PDF 

drawings in each O&M Manual. 

 

 

PART 2 - PRODUCTS 

 

2.1 General 

 

All materials, equipment, and devices shall be new and unused, of current manufacture and of the highest 

grade, free from defects. 

 

All products shall be the manufacturer and model or part number specified.  Bid shall be for new 

equipment only.  Newly manufactured (containing used or rebuilt parts), remanufactured, rebuilt, 

reconditioned, newly remanufactured, used, shopworn, demonstrator or prototype equipment is not 

acceptable and will be rejected.  If required by the Engineer, the Contractor shall provide a written 

certification from the manufacturer referencing the serial number each item of equipment and stating that 

the equipment is new. 

 

All materials, equipment and devices shall, as a minimum, meet the requirements of UL where UL 

standards are established for those items, and the requirements of NFPA 70. 

 

All like items of material or equipment shall be the same product of the same manufacturer. 

 

All materials and equipment shall be a standard catalogued product of a manufacturer regularly engaged 

in the manufacture of similar products. 

 

Where a model or part number is indicated in error for any reason, the Contractor shall verify the intent 

of the Engineer prior to providing a bid proposal, and shall provide the product intended by the Engineer.  

Where a manufacturer has updated or improved a product subsequent to issuance of the bid documents 

by the Engineer, the Contractor shall provide the updated or improved product at no additional cost to the 

Owner. 

 

2.2 Product Specifications: 

 

 To ensure a uniform basis for bidding, and to standardize the Owner’s facilities, base all bids on the 

particular systems, equipment and materials specified which are based on a School District standard. 

 

See drawings for all product requirements not indicated in these specifications. The Structured Cabling 

Contractor shall be responsible for providing and installing all components indicated in these 

specifications and on the drawings, unless specifically indicated to be provided by others. 

 

PART 3 - EXECUTION 

 

 General: The installation shall be in strict accordance with all applicable codes and standards, the 

respective manufacturer's written recommendations, and the contract drawings and these specifications. 

 

 All materials, equipment, and devices shall be new and unused, of current manufacture and of the highest 

grade, free from defects.  Workmanship shall be of the highest grade in accordance with modern practice. 

 

 The installed system shall be neat, clean, and well organized in appearance. Provide working clearances 

for normal system operation, reconfiguration and repair. 
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 All cabling shall be installed at times as determined by the Owner and may result in work being 

performed after normal business hours.  Any additional costs associated with work required after normal 

business hours shall be included in the contractor’s bid. 

 

3.1 CONDUIT INSTALLATION: 

 

See Section 27000 and the drawings for conduit requirements.  

 

See the drawings for conduit rough-in requirements for security cameras. 

 

No exposed conduit shall be allowed inside or outside of the building. 

 

3.2 CABLING INSTALLATION: 

 

All IP Security Camera System cabling not required to be run in conduit sleeves shall be free-routed 

above lay-in ceilings.   

 

Provide hangers, supports, Velcro, and cable bundles same as required for Category 6 cabling under 

Specification Section 27000. 

 

Do not pull cables in conduit until plastic insulating bushings have been installed.  Cables installed in 

conduits without plastic insulating bushings shall be removed and replaced with new cables.   

 

See Section 27000 for cabling, firestopping, cable testing, and other installation requirements.  

 

The SCSC shall test and label each cable and horizontal patch panel as indicated in Section 27 00 00.  

Document results of testing and submit to Engineer for review and approval. The test log shall include 

camera identifier, the test date, the initials of the technician who tested the cable, and the test results. 

 

3.3 CAMERA INSTALLATION 

 

Camera locations and heights indicated on the drawings are approximate and are provided for purposes 

of bidding and to indicate general design intent. 

 

The IP Security Camera System Integrator shall be responsible for coordinating final security camera 

locations, heights and optimum views. 

 

The General Contractor/Construction Manager shall schedule meetings at the site prior to 

commencement of any installation activities by the IP Security Camera System Integrator, SCSC and 

Electrical Contractor and additionally as construction proceeds to coordinate the exact location and 

coverage area of each camera prior to installation. The meetings shall include the General Contractor, the 

Owner’s Project Manager and/or his designee, the SCSC, the Electrical Contractor, and the IP Security 

Camera System Integrator.  Final camera locations may be placed up to 10 feet away from locations 

shown without additional cost to the Owner. Particular attention shall be given to coordination of camera 

locations relative to obstructions including but not limited to exterior covered walkways, entrance 

canopies, gutter downspouts, and other camera views. The General Contractor/Construction Manager 

shall be responsible for providing information to the contractors and IP Security Camera System 

Integrator concerning obstructions which may not be fully built at the time any camera location is 

determined if that obstruction will negatively impact that camera’s full field of view. 

 

The IP Security Camera System Integrator shall install the cameras in accordance with the 

manufacturer’s printed installation instructions and the mounting requirements indicated on the drawings, 

except that final camera locations shall be determined as indicated above. 

 

After final camera locations are determined the IP Security Camera System Integrator install the cameras 

and mounts, shall test the operation of each camera and shall set final camera viewing angles, fields of 
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view, lens settings and other camera settings with the Owner’s Project Manager or his designee. The IP 

Security Camera System Integrator shall also install, setup and configure the Halo Detectors.  

 

The IP Security Camera System Integrator shall notify the SCSC in writing if any wiring deficiencies are 

found, and the SCSC shall promptly correct those deficiencies. 

    

3.4 HEADEND EQUIPMENT INSTALLATION AND PROGRAMMING 

 

Headend equipment setup and programming shall be provided by the IP Security Camera System 

Integrator in coordination with the Owner’s IT staff. Cameras shall be recorded at the highest resolution 

offered for each camera type and at the frame rate (frames per second) directed by the district security 

office, but not less than 12 FPS. 

 

3.5 SYSTEM VERIFICATION AND ACCEPTANCE 

 

System Testing: Proof of performance of the IP Security Camera System to include a full system 

operational test shall be conducted in the presence of the Owner's Project Manager by the IP Security 

Camera System Integrator.  

 

3.6 CHECKOUT 

 

Subsequent to testing and verification and prior to the first day of normal operation following start-up, 

the IP Security Camera System Integrator shall be responsible for checking out the system to verify that 

it is operating properly and performing in compliance with the equipment manufacturer's specifications 

and the specifications. The checkout shall include a System Inspection Checklist to fully document 

checkout. 

 

3.7 CLEANUP 

 

Upon completion of the work each day the contractor shall reconnect any utilities, equipment, or 

appliances removed in the course of work and replace all furniture, etc., moved for the performance of 

the work. Debris and rubbish caused by the work shall be removed and the premises left clean each day.  

Vacuum clean all interior areas each day. 

   

3.8 SUBSTANTIAL COMPLETION 

 

The Structured Cabling System Contractor shall complete the installation of the IP Security Camera 

System prior to the scheduled date for Substantial Completion to allow sufficient time for the IP Security 

Camera System Integrator to complete all work indicated in this specification to be provided by the 

integrator, to include User Training, such that the IP Security Camera system shall be fully operational 

and ready for use by School Administration on the date of Substantial Completion. 

 

3.9 FINAL COMPLETION 

 

The contractor shall complete all punch list items and provide all additional work required by the Owner 

for a complete and fully functioning system. 

 

3.10 DOCUMENTATION 

 

A. Red-Line Record Documents: 

 

 Refer to paragraph "CONTRACTOR'S RECORD DOCUMENTS".  Provide Record Documents, 

updated in red pen, to accurately reflect the finished installation. 

 

 Submit Red-Line Record Documents over to the Engineer at the Substantial Completion 

Inspection. Provide transmittal letter addressed to the Engineer indicating that the Contractor is 
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providing one (1) set of Red-Line Record Documents. 

 

B. Annotated Adobe *.PDF A-Built Drawings: 

 

 The Engineer will provide a full set of Adobe Acrobat *.PDF format As-Built Drawings to the 

Contractor.  The Contractor shall be required to annotate (redline) the *.PDF format drawings 

using Adobe Acrobat to reflect all changes recorded in the field as required by the paragraph 

"CONTRACTOR'S RECORD DOCUMENTS".  The Contractor shall provide a copy of the 

*.PDF files on CD with each set of O&M Manuals and shall provide an additional copy on CD to 

the Engineer.  The Contractor shall also provide 11”x17” hardcopy laser prints of *.PDF drawings 

in each O&M Manual. 

 

C. O & M Manuals: The contractor shall provide operating and maintenance manuals covering all 

equipment and materials furnished under this contract. The O & M manuals shall contain all 

information necessary for the operation, maintenance, replacement, installation, and parts 

procurement for the System. The information shall include detailed documentation equipment 

configuration. A complete recommended spare parts inventory list shall be included with the lead 

time and expected frequency of use for each part clearly identified. 

 

 A quantity of three (3) 8-1/2" x 11" loose leaf 3-ring binders with clear vinyl overlay designed to 

receive identification inserts shall be provided.  The manuals shall contain the following sections: 

   

a. Cut sheets for all equipment. 

b. Installation instructions. 

c. Operating and maintenance instructions. 

d. Recommended spare parts inventory list. 

e. User's Guides and technical reference guides. 

f. Copy of warranty. 

 

 Provide a list with name, address, contact person, phone number, and fax number for two separate 

contacts with name and telephone number for warranty service and the manufacturer of each item 

of equipment with telephone number and sources of supply for parts. 

  

3.11 USER TRAINING 

 

 User training shall be provided by the IP Security Camera System Integrator. 

 

3.12 WARRANTY 

 

 All cameras and equipment including material used in the installation thereof shall be warranted for 

THREE YEARS by the IP Security Camera System Integrator against mechanical, electrical, and 

workmanship defects. In the event defects become evident within the warranty period, the Contractor 

shall repair or replace the defective parts and materials at no additional cost to the Owner. The warranty 

period shall start with the date of final acceptance. The warranty shall apply to all equipment provided 

under the provisions of this contract regardless of the location.  Warranties submitted with bids, either 

appearing separately or included in pre-printed literature and price lists, shall not be acceptable and 

provisions herein take precedence. 

 

 Cabling, patch panels, jacks and direct connect modular plugs shall be warranted for THREE YEARS by 

the Structured Cabling System Contractor as specified in Section 27000. In the event defects become 

evident within the warranty period, the Contractor shall repair or replace the defective parts and materials 

at no additional cost to the Owner. The warranty period shall start with the date of final acceptance. The 

warranty shall apply to all equipment provided under the provisions of this contract regardless of the 

location.  Warranties submitted with bids, either appearing separately or included in pre-printed literature 

and price lists, shall not be acceptable and provisions herein take precedence. 
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END OF SECTION 27800 
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SECTION 28100 – ELECTRONIC ACCESS CONTROL SYSTEM 

 

 

PART 1 - GENERAL 

 

1.1 SCOPE 

 

A. This specification delineates the requirements for a complete electronic Access Control System as 

specified herein and as indicated on the drawings. 

 

B. The scope is to provide a complete and warranted system ready for full operation in accordance with the 

contract documents and additional direction provided by the Owner to the Access Control System 

Contractor.  The installation shall include all accessories and appurtenances required to provide a 

complete and fully operational system.  Any materials not specifically mentioned in these specifications 

or not shown on the drawings but required for a complete and finished installation shall be furnished and 

installed at no additional cost to the Owner. 

 

C. Refer to the access control system drawings, electrical drawings, architectural drawings and door 

hardware specifications for additional information regarding the scope of related work for the 

Construction Manager and each subcontractor. Coordinate all work closely with the Owner’s Project 

Manager, Construction Manager, Electrical Contractor, Structured Cabling System Contractor, and door 

hardware provider. 

 

D. See the access control system drawings for conduit rough-in details at each door type. Coordinate those 

details with the door hardware prior to beginning construction and notify the Architect/Engineer if any 

problems are noted. 

 

1.2 ACCESS CONTROL SYSTEM CONTRACTOR ALLOWANCE 

 

A. The Construction Manager shall include an Allowance for all work by the Access Control System 

Contractor in the Base Bid. The Access Control System Contractor shall provide all work as specifically 

indicated in this specification section and all work as described on the drawings and in the Access 

Control System Contractor’s Allowance cost and scope of work statement. The Construction Manager 

shall include the cost of the allowance in the Base Bid, and the Access Control System Contractor shall 

be a subcontractor to the Construction Manager. See drawings for additional information. 

 

All references to materials and labor associated with the Access Control system within the contract 

documents shall be included in this allowance unless specifically indicated otherwise. The amount of the 

allowance shall be determined prior to the bid date. The scope of work shall include the Access Control 

System complete with all devices and equipment described in the access control system provider's cost 

proposal and associated statement of work along with all other devices and equipment required for a 

complete system, all wiring and cabling, all controllers and control modules, all panels, all power 

supplies, and all programming and setup required to make the system fully operational and functional to 

the satisfaction of the owner. 

 

THE ACCESS CONTROL SYSTEM CONTRACTOR SHALL BE DSX CERTIFIED AND SHALL BE 

APPROVED BY THE OWNER PRIOR TO BIDS. EACH GC/CM SUBMITTING A BID FOR THIS 

PROJECT SHALL CONTACT THE OWNER'S PROJECT MANAGER AND OBTAIN A LIST OF 

APPROVED ACCESS CONTROL SYSTEM CONTRACTORS FOR THIS PROJECT PRIOR TO 

BIDS.  

 

The Owner has standardized on DSX for a multi-site web-based access control system management, 

monitoring and control system. The Access Control System for this project shall be fully integrated by 

the Access Control System Contractor into the DSX system as required for a complete and fully 
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functional system and as directed by the Owner. 

 

Related work to be provided by others under the base bid but not included in the scope of the allowance 

shall include conduit for all access control system wiring and cabling to include rough-in at each secure 

or monitored door, and all power and grounding required for the access control system. Each Electrical 

Contractor providing a bid for this project shall be responsible for coordinating the associated conduit, 

power and grounding work with the access control system contractor - but the scope of conduit and 

power work shall not be less than that described on the drawings. 

 

The existing DSX system shall be reprogrammed to fully incorporate the new access control system 

installed under this project, to include incorporation of all new secure doors into the existing campus 

intrusion alarm and lockdown systems. See drawings for additional requirements. 

 

B. The Access Control System Contractor personnel performing work on the project shall be thoroughly 

knowledgeable in the installation and setup of all access control system materials and equipment required 

by the bid documents and as required for a complete and fully operational system. 

 

C. The Access Control System Contractor shall provide all wiring for each access control sub-system, 

except that Category 6 cabling to the Access Control System for emergency notification and Category 6 

cabling to Access Control System panels for Ethernet Network interfaces shall be provided by the 

Structured Cabling System Contractor under Section 27000 and as indicated on the T sheets of the 

drawings. 

 

D. The Access Control System Contractor shall include but not be limited to the following sub-systems and 

all related work: 

 

Access Control System. 

Intrusion Alarm System (using door position switches and request to exit switches). 

Lockdown. 

All life safety and accessibility interfaces. 

Remote Emergency Notification Interfaces. 

All other work indicated on the drawings and all other work required for a complete Access Control 

System to include intrusion alarm and lockdown. 

 

E. The Access Control System Contractor shall be responsible for providing a final detailed design for each 

sub-system incorporating the systems indicated schematically on the drawings with all additional 

components and features required for complete systems based on Owner standards and specific direction 

for this project. 

 

F. The Access Control System Contractor project manager shall periodically visit the site and inspect the 

work in progress. Project manager site visits shall be made not less than once per week when the job is in 

active progress. The project manager shall prepare a field report for each site visit for submission to the 

Owner. The project manager shall sign off on all system test results. 

 

G. Contractor Qualifications – Conduit Installation: 

 

All conduit and related work shall be provided by the project electrical contractor using tradesmen who 

are skilled and experienced in the types of conduit installations indicated in the bid documents. See 

drawings for conduit requirements. 

 

1.3 EQUIPMENT  PROVIDER 

 

The contractor shall procure all Access Control System equipment from a factory authorized reseller in 

the geographical area of the project for continued support. 
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1.4 RELATED REQUIREMENTS 

 

Drawings and general provisions of Contract, including General and Supplementary Conditions and 

Division 1 Specification Sections, apply to this section. 

 

Electrical Specification Sections regarding conduit apply to work under this section, with the additions 

and modifications specified herein and on the drawings. The special requirements indicated on the access 

control system drawings and in this specification section for Access Control System conduit shall take 

precedence over any requirements specified in Electrical Specification Sections. 

 

The Electrical Contractor shall provide power to the Access Control System panels and all other 

components of the Access Control System requiring power. 

 

Refer to Section 27000 Communications Structured Cabling System for related work by the 

Communications Structured Cabling System Contractor who shall provide two Category 6 connections to 

each Access Control System panel for emergency notification and Ethernet network connectivity. 

 

1.5 EXAMINATION OF SITES AND TOTAL SYSTEM RESPONSIBILITY 

 

Prior to providing a proposal for this work, each bidder shall examine the drawings, specifications, and 

other contract documents to inform himself/herself thoroughly regarding any and all conditions and 

requirements that may in any manner affect the work to be performed under the contract. 

 

Any additional equipment and accessories required for the installation and operation of the complete 

operating system not specifically required by the bid documents shall be provided and the cost borne by 

the contractor. 

 

The contractor remains the owner of all equipment provided under this contract and is responsible for all 

risk of loss or damage to the equipment from any source up to and including the date and time of final 

acceptance by the Owner.  Upon the date of commencement of the warranty period, the Owner shall 

assume full ownership of the equipment. 

 

1.6 QUALITY ASSURANCE 

 

 Materials shall be new and shall be the best of their respective kinds. All work shall be accomplished in a 

workmanlike manner in keeping with the best practices and highest standards of the Electronic Access 

Control & Intrusion Alarm System industry. 

 

Protect materials and equipment from physical or environmental damage during shipping, storage and 

installation.  Equipment and materials shall be received at the site in new condition and shall be 

maintained in new condition throughout the installation process.  Damaged or deteriorated equipment 

and materials will not be acceptable.  The Contractor shall be responsible for the safety and condition of 

all materials and equipment, whether stored or installed, until final acceptance by the Engineer and the 

Owner. 

 

1.7 CODES AND STANDARDS 

 

Refer to Section 27000 for listing of Codes, Standards and Guidelines. All work done under this contract 

shall be performed in accordance with the most recent issue of the listed codes, standards and guidelines.  

Where there is a perceived conflict between a standard or guideline and the contract documents, the 

Contractor shall perform the work as directed by the Engineer. 

 

A. Codes: 

 

 a. Florida Building Code 

 b. National Electrical Code (NFPA 70) 
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 c. National Electrical Safety Code (NESC) 

 

B. Standards:  All electrical materials, installation and systems shall meet the requirements of the following 

standards, including the latest addenda and amendments: 

 

 a. American National Standard Institutes (ANSI) 

 b. Institute of Electrical and Electronics Engineers (IEEE). 

 c. National Electrical Manufacturer's Associations (NEMA). 

 d. National Fire Protection Association (NFPA). 

 e. Occupational Safety and Health Act (OSHA). 

 f. Underwriter's Laboratories, Inc. (UL). 

 g. Electronic Industry Association (EIA). 

 h. Telecommunication Industry Association (TIA). 

 i. American Society of Industrial Security (ASIS)  

 

1.8 SUBMITTALS 

 

A. Submit three copies of the manufacturer’s catalog data and pre-installation drawings to the Engineer for 

approval prior to commencing work or ordering materials.  Receive approval of the Engineer in writing 

for each item of submittals prior to commencing work. 

 

B. Manufacturer's Catalog Data: Submit the producer's standard descriptive data sheets for each type of 

product being provided.  Provide products in accordance with the drawings.  Provide complete data 

sheets bearing the printed logo or trademark of the manufacturer. Mark each copy of the data sheets for 

the specific product being provided with an identifying mark, arrow, or highlighting. Submittals without 

such identifying marks shall be rejected without comment for resubmittal. 

 

Submit the following items and all other items required for a complete system: 

 

a. Cabling, each type to include burial grade cabling where conduit is required to be run underground 

b. Cabling connectors 

c. Card Reader, each type, with all accessories including enclosures 

d. All card reader mounting accessories 

e. Access Control System panels 

f. Access Control System power supplies 

g. Access Control System headend 

h. Fire-stopping, each type (each UL listed Assembly) 

i. Software 

j. All other materials and equipment indicated on the drawings to be furnished under this section, 

whether specifically listed here or not. 

k. All other materials and equipment required for complete and fully functional system in accordance 

with direction from the Owner, whether indicated elsewhere or not. 

l. All other information indicated on the contract drawings, and all additional information required by 

the Engineer. 

 

1.9 CONTRACTOR'S RECORD DOCUMENTS 

 

 The Access Control System Contractor shall maintain a full set of contract documents at the job site at all 

times, consisting of specifications, drawings, addenda, pre-installation submittals, change orders, and 

engineering directives. The record documents shall be updated by the Contractor, in red pen and on a 

daily basis, to show the following: 

 

a. Final location of all secure door power supplies. 

b. Final location of all Card Readers. 

c. Final locations of all system panels and power supplies. 

d. Final location of all other system components. 
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e. Any changes to the work authorized by the Architect/Engineer. 

f. Any other pertinent information that may be of value to the Owner in operating and maintaining 

the system. 

 

 The Contractor's record documents shall be available for viewing by the Engineer or the Owner at the 

site at any time and shall be presented and reviewed by the Contractor at each construction progress 

meeting. The record documents shall be clearly marked "Record Set", shall be kept in a protected 

location, and shall not be used for general construction purposes. The record documents shall be provided 

to the Engineer at the close of the project. 

 

 The Engineer will provide a full set of Adobe Acrobat *.PDF format drawings to the Contractor.  The 

Contractor shall be required to annotate (redline) the Adobe Acrobat *.PDF format drawings using 

Adobe Acrobat to reflect all information recorded in the field.  The Contractor shall provide a copy of the 

Adobe Acrobat *.PDF files on CD with each set of O&M Manuals and shall provide an additional copy 

on CD to the Engineer. The Contractor shall also provide 11”x17” laser prints of Adobe Acrobat *.PDF 

drawings in each O&M Manual. Electronic files of the Engineer’s AutoCAD floor plan drawings will be 

provided to the Contractor upon request. 

 

 

PART 2 - PRODUCTS 

 

2.1 GENERAL 

 

All materials, equipment, and devices shall be new and unused, of current manufacture and of the highest 

grade, free from defects. 

 

All products shall be the manufacturer and model or part number specified.  Bid shall be for new 

equipment only.  Newly manufactured (containing used or rebuilt parts), remanufactured, rebuilt, 

reconditioned, newly remanufactured, used, shopworn, demonstrator or prototype equipment is not 

acceptable and will be rejected.  If required by the Engineer, the Contractor shall provide a written 

certification from the manufacturer referencing the serial number each item of equipment and stating that 

the equipment is new. 

 

All materials, equipment and devices shall, as a minimum, meet the requirements of UL where UL 

standards are established for those items, and the requirements of NFPA 70. 

 

All like items of material or equipment shall be the same product of the same manufacturer. 

 

All materials and equipment shall be a standard catalogued product of a manufacturer regularly engaged 

in the manufacture of similar products. 

 

Where a model or part number is indicated in error for any reason, the Contractor shall verify the intent 

of the Engineer prior to providing a bid proposal and shall provide the product intended by the Engineer. 

Where a manufacturer has updated or improved a product subsequent to issuance of the bid documents 

by the Engineer, the Contractor shall provide the updated or improved product at no additional cost to the 

Owner. 

 

2.2 PRODUCT SPECIFICATIONS 

 

 To ensure a uniform basis for bidding, and to standardize the Owner’s facilities, base all bids on the 

particular systems, equipment and materials specified. 

 

See drawings for all product requirements not indicated in these specifications. The Access Control 

System Contractor shall be responsible for providing and installing all components indicated in these 

specifications and on the drawings, unless specifically indicated to be provided by others. 
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PART 3 - EXECUTION 

 

3.1 GENERAL 

 

 The installation shall be in strict accordance with all applicable codes and standards, the respective 

manufacturer's written recommendations, and the contract drawings and these specifications. 

 

 All materials, equipment, and devices shall be new and unused, of current manufacture and of the highest 

grade, free from defects.  Workmanship shall be of the highest grade in accordance with modern practice. 

 

 The installed system shall be neat, clean, and well organized in appearance. Provide working clearances 

for normal system operation, reconfiguration and repair. 

 

 The Access Control System Contractor shall test each cable as required by NEC and all requirements of 

the cable manufacturer and the manufacturer of connected equipment for operational and warranty 

compliance.  Document results of testing and submit to Engineer for review and approval. The test log 

shall include the system component identifier, the test date, the initials of the technician who tested the 

cable, and the test results. 

 

 All equipment mounting heights and locations shall be in accordance with the Americans with 

Disabilities Act (ADA). Coordinate with the Architect. 

 

 All wiring shall be terminated on terminal blocks – each wire shall be terminated using crimp on ring 

style lug connectors. Wire nuts or B-style crimp on connectors are not acceptable. 

 

  Run a single jacketed cable containing all necessary individually insulated cables plus 25% minimum 

spare of each conductor size to operate the access control system with all related functions at each secure 

door.  The cable shall be continuous with no splices from the serving CC to the point of connection at the 

secure door served. 

 

  All cabling shall have plenum rated jacket where ceiling cavities are used as an HVAC air plenum. 

 

3.1.1 Conduit Installation: 

 

See the drawings for conduit rough-in requirements for secure doors and access control devices. 

 

  No exposed conduit shall be allowed inside or outside of the building. 

 

3.1.2 Cabling Installation: 

 

  Run all cabling continuously in conduit. See drawings. 

 

  Do not pull cables in conduits until plastic insulating bushings have been installed.  Cables installed in 

conduits without plastic insulating bushings shall be removed and replaced with new cables. 

 

The Contractor, in providing a bid for the system in accordance with the contract documents, agrees to 

install all cabling in the conduit and wireway paths indicated in the contract documents, or to provide 

larger conduit and wireway paths as he deems necessary, at no additional cost to the Owner.  The 

Contractor shall be fully responsible for any and all damage to cabling that may occur during the 

installation and shall replace any damaged cabling with new cabling of the type specified for the 

application. 

 

Firestop all conduit penetrations of all walls that extend to the underside of the roof deck above.  Firestop 

all conduit penetrations of all walls that do not extend to the underside of the roof deck above but are 

indicated as a fire rated assembly on the architectural drawings. Accomplish firestopping using UL 
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classified systems with fire rating equal to or greater than the fire rating of the floor or wall assembly 

penetrated.  Firestop systems shall be 3M, Nelson or Engineer approved equal.  Install in strict 

accordance with the manufacturer's printed instructions and the conditions of the UL approval for each 

firestop system used. 

 

 All conduit penetrations of walls that do not extend to the underside of the roof deck above or that are not 

designated as a fire rated assembly on the architectural drawings shall be sealed smoketight and 

acoustically with smoke-sound caulking UL listed for the purpose such as USG Firecode, STI Smoke ‘N’ 

Sound, or Hilti CP. 

 

3.2 CARD READER LOCATIONS 

 

Card Reader locations indicated on the drawings are approximate – see “Card Reader Location Note” on 

the drawings. 

 

The Construction Manager shall schedule meetings at the site prior to commencement of any installation 

activities by the Access Control System Contractor and the system rough-in provider and additionally as 

construction proceeds to coordinate the exact location of each card reader prior to installation. The 

meetings shall include the Construction Manager, the Owner’s Project Manager, the Access Control 

System Contractor, and the Electrical Contractor. Final card reader locations may be placed up to 10 feet 

away from locations shown without additional cost to the Owner. Particular attention shall be given to 

coordination of card reader locations relative to clear visibility, easy user access, direction of door swing 

and open direct path for entry through the controlled door after unlock.  

 

The Access Control System Contractor shall install the card readers in accordance with the 

manufacturer’s printed installation instructions and the mounting requirements indicated on the drawings, 

except that final reader locations shall be determined as indicated above. All card readers shall be flush 

mounted. 

 

After final card reader locations are determined and the readers are mounted and wired the Access 

Control System Contractor shall test the operation of each reader with the Owner’s Project Manager and 

IT personnel. 

 

3.3 SYSTEM SETUP AND PROGRAMMING 

 

All required headend equipment installation, setup and programming shall be provided by the Access 

Control System Contractor in accordance with established Owner standards or as directed by the Owner. 

 

The Access Control System Contractor shall also complete all work required for the full application of 

the Owner standard DSX Security Management System to the Access Control System for this project as 

directed by and to the satisfaction of the Owner’s Project Manager and IT personnel. 

 

In general use all setup features provided by the manufacturer to provide the best system operation under 

all conditions of use. Describe to the Owner all available features of the system and provide setup as 

directed by the Owner and for the best overall operation and performance of the system as a whole for 

the intended purpose. 

 

Assign each secure door a schedule and assign door types. Setup time schedules and operating modes for 

each unique secure door type. Coordinate operating modes for each secure door type at different times of 

the day, week and year in detail with the Owner. Coordinate regularly scheduled events as well special 

events. Setup and program system accordingly for access to the facility by use of card readers using 

Owner issued proximity cards. Assign credentials provided by the Owner and provide all related entry of 

information into the software if so directed by the Owner. 

 

Setup system user interfaces as directed by the Owner. Setup user/host authentication, user access and 

user priorities. 
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Setup Intrusion Alarm System for arm/disarm as indicated on the drawings and for alarm notification as 

directed by Owner to include all methods and recipients of local and remote notification as directed by 

the Owner. 

 

Integrate all new secure doors provided under this project into the existing campus Lockdown System. 

Setup Lockdown event notification as directed by Owner to include all methods and recipients of local 

and remote notification as directed by the Owner. 

 

Coordinate all network interfaces with the Owner’s IT personnel. Contact the Owner’s project manager 

to schedule meetings with required personnel. 

 

3.4 SYSTEM VERIFICATION AND OWNER’S ACCEPTANCE TEST 

 

Proof of performance of the Security System to include a full system operational test shall be conducted 

in the presence of the Owner's Project Manager and Owner personnel. As part of proof of performance 

demonstrate system operation to Owner's personnel.  

 

The Contractor shall conduct a final inspection and pretest all equipment and system features required for 

project.  Contractor shall correct any deficiencies discovered as the result of the inspection and pre-test. 

 

The Contractor shall submit a request for Owner Acceptance Test in writing to the Owner’s Project 

Manager, no less than fourteen days prior to the requested test date. The request for Acceptance Test 

shall be accompanied by a certification from Contractor that all work is complete and has been pre-

tested, and that all corrections have been made. 

 

During Acceptance Test, Contractor shall demonstrate all equipment and system features to the Owner.  

The Contractor shall remove covers, open wiring connections, operate equipment, and perform other 

reasonable work as requested. 

 

Any portions of the work found to be deficient or not in compliance with the Drawings and 

Specifications will be rejected. The Contractor shall promptly correct all deficiencies and submit a 

request in writing to Owner’s Project Manager for a follow-up Acceptance Test. 

 

3.5 CHECKOUT 

 

Subsequent to testing and verification and prior to the first day of normal operation following start-up, 

the contractor shall be responsible for checking out the system to verify that it is operating properly and 

performing in compliance with the equipment manufacturer's specifications and the specifications. The 

checkout shall include a System Inspection Checklist to fully document checkout. 

   

3.6 SUBSTANTIAL COMPLETION 

 

The Access Control System Contractor shall complete the installation of the Access Control System prior 

to the scheduled date for Substantial Completion to allow sufficient time for Owner Training and final 

system setup such that the Access Control System shall be fully operational and ready for use on the date 

of Substantial Completion. 

 

3.7 FINAL COMPLETION 

 

The contractor shall complete all punch list items and provide all additional work required by the Owner 

for a complete and fully functioning system. 

 

3.8 DOCUMENTATION 

 

A. Red-Line Record Documents: 
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 Refer to paragraph "CONTRACTOR'S RECORD DOCUMENTS".  Provide Record Documents, 

updated in red pen, to accurately reflect the finished installation. 

 

 Submit Red-Line Record Documents over to the Engineer at the Substantial Completion Inspection. 

Provide transmittal letter addressed to the Engineer indicating that the Contractor is providing one (1) set 

of Red-Line Record Documents. 

 

B. Annotated Adobe *.PDF A-Built Drawings: 

 

 The Engineer will provide a full set of Adobe Acrobat *.PDF format As-Built Drawings to the 

Contractor.  The Contractor shall be required to annotate (redline) the *.PDF format drawings using 

Adobe Acrobat to reflect all changes recorded in the field as required by the paragraph 

"CONTRACTOR'S RECORD DOCUMENTS".  The Contractor shall provide a copy of the *.PDF files 

on CD with each set of O&M Manuals and shall provide an additional copy on CD to the Engineer.  The 

Contractor shall also provide 11”x17” hardcopy laser prints of *.PDF drawings in each O&M Manual. 

 

C. O & M Manuals:  

 The contractor shall provide operating and maintenance manuals covering all equipment and materials 

furnished under this contract. The O & M manuals shall contain all information necessary for the 

operation, maintenance, replacement, installation, and parts procurement for the System. The information 

shall include detailed documentation equipment configuration. A complete recommended spare parts 

inventory list shall be included with the lead time and expected frequency of use for each part clearly 

identified. 

 

 A quantity of three (3) 8-1/2" x 11" loose leaf 3-ring binders with clear vinyl overlay designed to receive 

identification inserts shall be provided.  The manuals shall contain the following sections: 

   

a. Cut sheets for all equipment. 

b. Detailed wiring diagrams and panel drawings 

b. Installation instructions. 

c. Operating and maintenance instructions. 

d. Recommended spare parts inventory list. 

e. User's Guides and technical reference guides. 

f. Copy of warranty. 

 

 Provide a list with name, address, contact person, phone number, and fax number for two separate 

contacts with name and telephone number for warranty service and the manufacturer of each item of 

equipment with telephone number and sources of supply for parts. 

  

3.9 USER TRAINING 

 

Subsequent to Substantial Completion but prior to Final Completion, the Contractor shall provide on-site 

training to Owner personnel on the operational use of the Access Control System and the all related 

equipment. 

 

The Access Control System Contractor shall schedule a time to provide not less than two (2) hours of 

formal training to Owner personnel on the Access Control System, divided into two one (1) hour 

sessions, one prior to building occupancy and the second following building occupancy at a time directed 

by the Owner. See drawings.  

 

Access Control System training shall include a "walk-through" of the systems to identify and locate 

closets, panels, and important system components, a discussion of overall system concepts and 

configuration, specific instruction in labeling, a review of the as-built drawings, a review of the system 

verification and acceptance documentation, guidelines for basic trouble-shooting and detailed 

instructions in the operation of all aspects of the Access Control System and all related equipment. 



 

Deane Bozeman School                                                                                                                                  28100-10 

Classroom Building 

 

3.10 WARRANTY 

 

 All equipment including material used in the installation thereof shall be warranted for THREE YEARS 

by the Access Control System Contractor against mechanical, electrical, and workmanship defects. In the 

event defects become evident within the warranty period, the Contractor shall repair or replace the 

defective parts and materials at no additional cost to the Owner. The warranty period shall start with the 

date of final acceptance. The warranty shall apply to all equipment provided under the provisions of this 

contract regardless of the location.  Warranties submitted with bids, either appearing separately or 

included in pre-printed literature and price lists, shall not be acceptable and provisions herein take 

precedence. 

 

 

 

 

END OF SECTION 28100 
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SECTION 290100 - GENERAL PROVISIONS FOR FIRE SAFETY AND EMERGENCY COMMUNICATIONS 

PART 1 - GENERAL 

1.01 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and 

Division 01 Specification Sections, apply to this Section. 

B. Provisions of this Section apply to all Division 29 Specification Sections. 

1.02 SUMMARY 

A. Section includes basic requirements for electronic safety and security systems. 

1.03 DEFINITIONS 

A. Experienced:  When used with an entity or individual, “experienced” unless otherwise further described means 

having successfully completed a minimum of five previous projects similar in nature, size, and extent to this 

Project; being familiar with special requirements indicated; and having complied with requirements of 

authorities having jurisdiction. 

B. Furnish:  Supply and deliver to project site, ready for subsequent requirements. 

C. Install:  Operations at project site, including unloading, unpacking, assembly, erection, placing, anchoring, 

applying, working to dimension, finishing, curing, protecting, cleaning, and similar requirements. 

D. Provide:  Furnish and install, complete and ready for intended use. 

E. Cutting: Removal of in-place construction necessary to permit installation or performance of subsequent work. 

F. Patching: Fitting and repair work required to restore construction to original conditions after installation of 

subsequent work. 

G. Concealed Work:  Work hidden from view, including inside chases, furred spaces, or above ceilings. 

H. Exposed Work:   Work open to view, including inside mechanical and equipment rooms. 

1.04 QUALITY ASSURANCE 

A. General: 

1. It is the intent of the plans and specifications to obtain a complete, operable and satisfactory installation. 

2. All materials shall be new, be properly labeled and/or identified and be in full compliance with the 

contract documents. 

3. All work shall comply with applicable Codes and Standards. 

4. Manufacturer's model names and numbers used in these specifications are subject to change per 

manufacturer's action.  Contractor shall therefore verify them with manufacturer's representative before 

ordering any product or equipment 

B. Furnish new and unused materials and equipment manufactured in the U.S.A.  Where two or more units of the 

same type or class of equipment are required provide units of a single manufacturer. 

1.05 CODES AND STANDARDS 
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A. Perform work in accordance with the following codes and any applicable statutes, ordinances, codes, and 

regulations of governmental authorities having jurisdiction.   

1. ASME  

a. ASME A17.1  Safety Code for Elevators and Escalators - 2019 

2. Occupational Safety and Health Regulations (OSHA). 

3. National Fire Codes  

a. NFPA 1  Uniform Fire Code – 2021 (Florida Edition) 

b. NFPA 70  National Electrical Code – 2020 

c. NFPA 72  National Fire Alarm and Signaling Code - 2019 

d. NFPA 101   Life Safety Code – 2021 (Florida Edition) 

4. Florida Building Code, 2023 Edition 

a. Building Code 

b. Existing Building Code 

c. Energy Conservation Code 

d. Mechanical Code 

e. Plumbing Code 

f. Fuel Gas Code 

g. Accessibility Code 

5. Florida Statutes 

a. Chapter 471   Engineering 

b. Chapter 533.80  Building Construction Standards; Florida Building Code - Enforcement 

6. Florida Administrative Code 

a. Chapter 6A–2   Educational Facilities 

b. Chapter 9B-7   Florida Building Commission Handicapped Accessibility Standards 

c. Chapter 61C-5  Florida Elevator Safety Code 

d. Chapter 61G15-32  Responsibility Rules of Professional Engineers Concerning the Design of Fire 

Protection Systems 

e. Chapter 61G15-33  Responsibility Rules of Professional Engineers Concerning the Design of 

Electrical Systems 

f. Chapter 69A-3   Fire Prevention – General Provisions 

g. Chapter 69A-47   Uniform Fire Safety Standards for Elevators  

h. Chapter 69A–58   Fire Safety in Educational Facilities 

i. Chapter 69A-60   The Florida Fire Prevention Code 

B. Resolve, in writing, any code violation discovered in contract documents with the Engineer prior to bidding.  

After award of the contract, make any correction or addition necessary for compliance with applicable codes at 

no additional cost to Owner. 

C. The Contractor shall include in the Work, without extra cost to the Owner, any labor, materials, services, 

apparatus, and drawings required to comply with all applicable laws, ordinances, rules, and regulations. 

D. Where there is conflict between the Contract Documents and the applicable Codes, the Codes shall govern, 

except where the requirements of the Contract Documents are more stringent. 

1.06 REFERENCE SPECIFICATIONS AND STANDARDS 
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A. Materials which are specified by reference to Federal Specifications; ASTM, ASME, ANSI, or NEC 

Specifications; Federal Standards; or other standard specifications must comply with latest editions, revisions, 

amendments, or supplements in effect on date bids are received.  Specifications and standards are minimum 

requirements for all equipment, material and work.  In instances where capacities, size or other feature of 

equipment, devices or materials exceed these minimums, meet listed or shown capacities. 

B. Whenever a reference is made to a standard, installation and materials shall comply with the latest published 

edition of the standard at the time project is bid unless otherwise specified herein 

1.07 DELEGATED-DESIGN SERVICES 

A. Performance and Design Criteria: Where professional design services or certifications by a design professional 

are specifically required of Contractor by the Contract Documents, provide products and systems complying 

with specific performance and design criteria indicated. 

1.08 PERMITS FEES AND INSPECTIONS 

A. Obtain and pay for all permits, fees, tap fees, connection charges, demand charges, systems charges, impact fees, 

and inspections. 

B. Deliver all certificates of inspection issued by authorities having jurisdiction to the Engineer. 

1.09 CONFLICTING REQUIREMENTS 

A. Conflicting Standards and Other Requirements: If compliance with two or more standards or requirements are 

specified and the standards or requirements establish different or conflicting requirements for minimum 

quantities or quality levels, comply with the most stringent requirement. Refer conflicting requirements that are 

different, but apparently equal, to Engineer for direction before proceeding. 

1. If discrepancies or conflicts occur between drawings, or between drawings and specifications, notify the 

Engineer in writing prior to bid date; however, the most stringent requirement shall govern. 

B. Minimum Quantity or Quality Levels: The quantity or quality level shown or specified shall be the minimum 

provided or performed. The actual installation may comply exactly with the minimum quantity or quality 

specified, or it may exceed the minimum within reasonable limits. To comply with these requirements, indicated 

numeric values are minimum or maximum, as appropriate, for the context of requirements. Refer uncertainties to 

Engineer for a decision before proceeding. 

1.10 SUBMITTALS 

A. Submittals (including Product Data, Shop Drawings, and any other Action Submittal or Information Submittal) 

will only be reviewed if they are submitted in full accordance with the General and Supplementary Conditions, 

Division 01, and the following: 

1. Prepare and submit submittals required by individual Specification Sections.  Types of submittals are 

indicated in individual Specification Sections. 

2. Submit all submittal items required for each Specification Section concurrently unless partial submittals 

for portions of the Work are approved by the Engineer.  

3. Submittals shall only contain relevant product data.  Remove or strikeout irrelevant product data. 

4. Prepare submittals as PDF electronic files and electronically transmit to Engineer through email or web-

based project software site, in accordance with Division 01 Specification Sections.  Submittals shall be in 

searchable PDF format and not a scanned copy. 

5. Options:  Identify options requiring selection by Engineer. 

6. Deviations:  Clearly identify deviations from requirements in the Contract Documents, including minor 

variations and limitations. 
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7. Revisions:  Include relevant additional information and revisions, other than those specifically requested 

by Engineer on previous submittals.  Indicate by highlighting on each submittal or noting on attached 

submittal sheet. 

8. Contractor’s Review:   

a. Submittals shall have been reviewed and approved by the General Contractor / Construction 

Manager.  Include approval stamp, name of reviewer, date of Contractor’s approval, and statement 

certifying that submittal has been reviewed, checked, and approved for compliance with the 

Contract Documents. 

b. Engineer will not review submittals received from Contractor that do not have Contractor’s review 

and approval. 

9. Electrical Modifications: 

a. The electrical design indicated on the plans supports the Basis of Design specifications for the Fire 

Safety and Emergency Communications systems at the time of design.   

b. If Fire Safety and Emergency Communications systems equipment is submitted with different 

electrical requirements, it is the responsibility of the Contractor to resolve all required electrical 

design changes, including, but not limited to: wire and conduit size, type or size of disconnect or 

overload protection, breaker coordination, point(s) of connection, etc.  Any corrections required 

shall be provided at no additional cost. 

c. Submittal shall clearly show the electrical design revisions with a written statement that this 

change will be provided at no additional cost.  Submittals made with no written reference to the 

electrical design revisions will be presumed to work with the electrical design. 

B. Processing Time:  Allow 15 days for submittal review.  Time of review shall commence on Engineer’s receipt of 

submittal.  No extension of the Contract Time will be authorized because of the failure to transmit submittals 

enough in advance of the Work to permit processing, including resubmittals. 

1. Allow additional time if coordination with subsequent submittals is required.  Engineer will advise 

Contractor when a submittal being processed must be delayed for coordination. 

2. Engineer reserves the right to withhold action on a submittal requiring coordination with other submittals 

until related submittals are received. 

C. The Contractor shall not be relieved of responsibility for deviations from requirements of the contract documents 

by the Engineer's approval of shop drawings, product data, samples, or similar submittals unless the Contractor 

has specifically informed the Engineer in writing of such deviation at the time of submittal, and the Engineer has 

given written approval to the specific deviation.  The Contractor shall not be relieved of responsibility for errors 

or omissions in shop drawings, product data, samples, or similar submittals by the Engineer's approval thereof.  

1)  

b.  

1.11 SUBSTITUTIONS 

A. By submitting a bid, the Bidder represents that its bid is based on materials and equipment described in the 

Procurement and Contracting Documents, including Addenda.  Bidders are encouraged to request approval of 

qualifying substitute materials and equipment when the Specifications Sections list materials and equipment by 

product or manufacturer name. 

B. Substitution Requests shall include, at a minimum: 

1. Statement indicating why specified material, equipment, or installation method cannot be provided, if 

applicable. 
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2. Coordination of information, including a list of changes and revisions needed to other parts of the Work 

and to construction performed by Owner and separate contractors that will be necessary to accommodate 

proposed substitution. 

3. Detailed comparison of significant qualities of proposed substitutions with those of the Work specified. 

Include an annotated copy of applicable Specification Section. Significant qualities may include 

attributes, such as performance, weight, size, durability, visual effect, sustainable design characteristics, 

warranties, and specific features and requirements indicated. Indicate deviations, if any, from the Work 

specified. 

4. Product Data, including drawings and descriptions of products and fabrication and installation 

procedures. 

5. Detailed comparison of Contractor's construction schedule using proposed substitutions with products 

specified for the Work, including effect on the overall Contract Time. If specified product or method of 

construction cannot be provided within the Contract Time, include letter from manufacturer, on 

manufacturer's letterhead, stating date of receipt of purchase order, lack of availability, or delays in 

delivery. 

6. Cost information, including a proposal of change, if any, in the Contract Sum. 

7. Contractor's certification that proposed substitution complies with requirements in the Contract 

Documents, except as indicated in substitution request, is compatible with related materials and is 

appropriate for applications indicated. 

8. Contractor's waiver of rights to additional payment or time that may subsequently become necessary 

because of failure of proposed substitution to produce indicated results. 

C. Procurement Substitution Requests submitted prior to receipt of bids will be received and considered by Owner 

when the following conditions are satisfied, as determined by Engineer; otherwise, requests will be returned 

without action: 

1. Requests for substitution of materials and equipment are received no later than 10 days prior to date of 

bid opening. 

2. Extensive revisions to the Contract Documents are not required. 

3. Proposed changes are in keeping with the general intent of the Contract Documents, including the level of 

quality of the Work represented by the requirements therein. 

4. The request is fully documented and properly submitted. 

D. Substitutions for Cause, as required due to changed Project conditions, such as unavailability of product, 

regulatory changes, or unavailability of required warranty terms will be received and considered by Engineer, 

only when the following conditions are satisfied; otherwise, requests will be returned without action, except to 

record noncompliance with these requirements: 

1. Requested substitution is consistent with the Contract Documents and will produce indicated results.  

2. Substitution request is fully documented and properly submitted. 

3. Requested substitution has received necessary approvals of authorities having jurisdiction. 

4. Requested substitution is compatible with other portions of the Work. 

5. Requested substitution has been coordinated with other portions of the Work. 

6. Requested substitution provides specified warranty. 

7. If requested substitution involves more than one contractor, requested substitution has been coordinated 

with other portions of the Work, is uniform and consistent, is compatible with other products, and is 

acceptable to all contractors involved. 

E. Substitutions for Convenience, not required in order to meet other Project requirements but may offer advantage 

to Contractor or Owner, will be received and considered by Owner, as determined by Engineer, only when the 

following conditions are satisfied; otherwise, requests will be returned without action, except to record 

noncompliance with these requirements: 

1. Requested substitution is received within 60 days after the Notice of Award. 
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2. Requested substitution offers Owner a substantial advantage in cost, time, energy conservation, or other 

considerations, after deducting additional responsibilities Owner must assume.  Owner’s additional 

responsibilities may include compensation to Engineer for redesign and evaluation services, increased 

cost of other construction by Owner, and similar considerations. 

3. Requested substitution does not require extensive revisions to the Contract Documents. 

4. Requested substitution is consistent with the Contract Documents and will produce indicated results.  

5. Substitution request is fully documented and properly submitted. 

6. Requested substitution has received necessary approvals of authorities having jurisdiction. 

7. Requested substitution is compatible with other portions of the Work. 

8. Requested substitution has been coordinated with other portions of the Work. 

9. Requested substitution provides specified warranty. 

10. If requested substitution involves more than one contractor, requested substitution has been coordinated 

with other portions of the Work, is uniform and consistent, is compatible with other products, and is 

acceptable to all contractors involved. 

F. If a requested substitution is approved but contains differences or omissions not specifically identified to the 

attention of the Engineer in the substitution request, the Owner reserves the right to require equal or similar 

features to be added to the substituted products or to have the substituted products replaced at the Contractor’s 

expense. 

1.12 PROJECT RECORD DOCUMENTS 

A. Recording:  Maintain one copy of the Contract Documents and Shop Drawings during the construction period 

for project record document purposes.  Post changes and revisions to project record documents as they occur; do 

not wait until end of Project. 

B. Preparation:   

1. Contract Drawings and Shop Drawings: 

a. Mark revisions to show where the actual installation varies from that shown originally.   

b. Mark record sets completely and accurately, including important information that was either 

shown schematically or omitted from original Drawings.   

c. Mark record sets with erasable, red-colored pencil.  Use other colors to distinguish between 

changes for different categories of the Work at same location. 

d. Record underground and under-slab piping installed, dimensioning exact location and elevation of 

piping. 

2. Mark Specifications to indicate the actual product installation where installation varies from that 

indicated in Specifications, addenda, and contract modifications.  

3. Mark Product Data to indicate the actual product installation where installation varies substantially from 

that indicated in Product Data submittal. 

C. Deliver:  Prior to Final Completion, provide record documents to Owner as indicated below: 

1. Record Drawings:  Submit PDF electronic files of scanned record prints and one set of prints. 

2. Record Specifications:  Submit annotated PDF electronic files of Project’s Specifications, including 

addenda and contract modifications. 

3. Record Product Data:  Submit annotated PDF electronic files and directories of each submittal. 

4. Miscellaneous Record Submittals:  Submit annotated PDF electronic files directories of each submittal. 

1.13 OPERATION AND MAINTENANCE MANUALS 

A. Prepare and submit a comprehensive manual of emergency, operation, and maintenance data and materials in full 

accordance with the General and Supplementary Conditions, Division 01, and the following: 
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1. Operations and Maintenance Manuals:  Assemble a complete set of data indicating operation and 

maintenance of each system, subsystem, and piece of equipment not part of a system, including: 

a. Information required for daily operation and management, operating standards, and routine and 

special operating procedures. 

b. Manufacturers’ maintenance documentation, preventative maintenance procedures and frequency, 

repair procedures, wiring and systems diagrams, list of spare parts, and warranty information. 

2. Submit manuals as PDF electronic files and electronically transmit to Engineer through email or web-

based project software site, in accordance with Division 01 Specification Sections.  Submittals shall be in 

searchable PDF format and not a scanned copy. 

1.14 DEMONSTRATION AND TRAINING 

A. Prepare and provide services of qualified instructors to instruct Owner’s personnel to adjust, operate, and 

maintain systems, subsystems, and equipment not a part of a system in accordance with the General and 

Supplementary Conditions, Division 01, individual Specification Sections, and the following: 

1. Demonstration and training shall occur upon completion of the Work and at a time designated by the 

Owner’s representative. 

2. Provide a high-resolution, digital video recording of each training session to the Owner.   

1.15 DELIVERY, STORAGE, AND HANDLING 

A. Deliver, store, and handle products using means and methods that will prevent damage, deterioration, and loss, 

including theft and vandalism. Comply with manufacturer's written instructions. 

B. Inspect products on delivery to determine compliance with the Contract Documents and to determine that 

products are undamaged and properly protected in Division 01 “Product Requirements”. 

1.16 WARRANTY 

A. Warranty work and equipment within specified warranty period.  During the warranty period, provide labor and 

materials to make good any faults or imperfections that may arise due to defects or omissions in materials or 

workmanship without expense to the Owner. 

1. Warranty Period: One year from date of Substantial Completion. 

B. Warranties specified in other Sections shall be in addition to, and run concurrent with, other warranties required 

by the Contract Documents.  Manufacturer’s disclaimers and limitations on product warranties do not relieve 

Contractor of obligations under requirements of Contract Documents. 

C. Owner reserves the right to make emergency repairs as required to keep equipment in operation without voiding 

Contractor’s Guarantee Bond nor relieving the Contractor of responsibilities during the warranty period. 

PART 2 - PRODUCTS (NONE) 

PART 3 - EXECUTION 

3.01 CONTRACT DOCUMENTS 

A. Examine all drawings and specifications carefully before submitting a bid.  Architectural drawings take 

precedence over mechanical or electrical drawings with reference to building construction. 
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B. For purposes of clearness and legibility, drawings are essentially diagrammatic and, although size and location of 

equipment are drawn to scale wherever possible, Contractor shall make use of all data in all of the contract 

documents and shall verify this information at the building site. 

C. The drawings indicate required size and points of termination of pipes, conduits, and ducts and suggest proper 

routes to conform to structure avoid obstructions and preserve clearances.  However, it is not intended that 

drawings indicate all necessary offsets, and it shall be the responsibility of the Contractor to make the installation 

in such a manner as to conform to structure, avoid obstructions, preserve headroom and keep openings and 

passageways clear, without further instructions or cost to the Owner. 

D. Furnish, install and/or connect with appropriate services all items shown on any drawing without additional 

compensation. 

E. Any and all questions about a subcontractor's scope of work responsibility shall be addressed to and answered by 

the General Contractor / Construction Manager. 

F. Questions About Construction Documents:  Any and all questions shall be submitted through the proper 

channels IN WRITING and, in turn, shall be answered by the Engineer in writing.  All telephone conversations 

shall be considered unofficial and, as such, shall not be considered official or binding responses to Contractor's 

questions. 

G. Drawings, specifications, or other documents issued by the Engineer in electronic format and/or electronic media 

are provided for convenience only and are not intended for use as Contract Documents.  

1. The electronic files are provided merely as a convenience to the Recipient.  

2. The electronic files do not replace or supplement the paper copies of any drawings, specifications, or 

other documents included in the Contract Documents for use on the project.  

3. The Engineer makes no representation, warranty, or guarantee that electronic files:  

a. Are suitable for any other usage or purpose. 

b. Have any particular durability.  

c. Will not damage or impair the Recipient’s computer or software. 

d. Contain no errors or mechanical flaws or other discrepancies that may render them unsuitable for 

the purpose intended by the Recipient.   

4. Due to the unsecured nature of the electronic files and the inability of Engineer or the Recipient to 

establish controls over their use, the Engineer assumes no responsibility for any consequences arising out 

of the use of the data. It is the sole responsibility of the Recipient to check the validity of all information 

contained therein. The Recipient shall at all times refer to the signed and sealed drawings, specification or 

other documents for the project during all phases of the project. The Recipient shall assume all risks and 

liabilities resulting from the use of the electronic files. 

3.02 SUPERVISION OF WORK 

A. Perform all work under the direct supervision of an experienced, qualified superintendent.  The Engineer has the 

right to remove a superintendent who, in the Engineer’s opinion, is not satisfactory. 

3.03 EXAMINATION 

A. Existing Conditions: The existence and location of underground and other utilities and construction indicated as 

existing are not guaranteed. Before beginning sitework, investigate and verify the existence and location of 

underground utilities, mechanical and electrical systems, and other construction affecting the Work. 
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B. Examination and Acceptance of Conditions: Before proceeding with each component of the Work, examine 

substrates, areas, and conditions, with Installer or Applicator present where indicated, for compliance with 

requirements for installation tolerances and other conditions affecting performance. 

1. Examine roughing-in for mechanical and electrical systems to verify actual locations of connections 

before equipment and fixture installation. 

2. Examine walls, floors, and roofs for suitable conditions where products and systems are to be installed. 

3. Verify compatibility with and suitability of substrates, including compatibility with existing finishes or 

primers. 

C. Proceed with installation only after unsatisfactory conditions have been corrected. Proceeding with the Work 

indicates acceptance of surfaces and conditions. 

3.04 PREPARATION 

A. Existing Utility Information: Furnish information to Owner that is necessary to adjust, move, or relocate existing 

utility structures, lines, services, or other utility appurtenances located in or affected by construction. Coordinate 

with authorities having jurisdiction. 

B. Field Measurements: Take field measurements as required to fit the Work properly. Recheck measurements 

before installing each product. Where portions of the Work are indicated to fit to other construction, verify 

dimensions of other construction by field measurements before fabrication. Coordinate fabrication schedule with 

construction progress to avoid delaying the Work. 

C. Space Requirements: Verify space requirements and dimensions of items shown diagrammatically on Drawings. 

D. Review of Contract Documents and Field Conditions: Immediately on discovery of the need for clarification of 

the Contract Documents caused by differing field conditions outside the control of Contractor, submit a request 

for information to Engineer. 

E. Interruption of Service:  Before any existing equipment or system is shut down for disconnecting or tie-ins, 

coordinate with Engineer and Owner regarding acceptable dates and times for this Work to be performed.  Work 

shall be performed at the time best suited for the Owner, which typically is either on weekends, holidays, and/or 

after normal working hours.  Services shall be restored the same day unless prior arrangements are made.  All 

overtime or premium costs associated with this Work shall be included in the Contractor’s bid. 

3.05 INSTALLATION 

A. Install materials and equipment in a professional manner.  The Engineer may direct replacement of items which, 

in the Engineer’s opinion, do not present a professional appearance or do not allow adequate space for 

maintenance.  Replace or reinstall items at the expense of the Contractor. 

B. General: Locate the Work and components of the Work accurately, in correct alignment and elevation, as 

indicated. 

1. Make vertical work plumb and make horizontal work level. 

2. Where space is limited, install components to maximize space available for maintenance and ease of 

removal for replacement. 

3. Conceal pipes, ducts, and wiring in finished areas unless otherwise indicated. 

4. Maintain minimum headroom clearance of 96 inches in occupied spaces and 90 inches in unoccupied 

spaces. 

C. Comply with manufacturer's written instructions and recommendations for installing products in applications 

indicated. 
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D. Install products at the time and under conditions that will ensure the best possible results. Maintain conditions 

required for product performance until Substantial Completion. 

E. Conduct construction operations so no part of the Work is subjected to damaging operations or loading in excess 

of that expected during normal conditions of occupancy. 

F. Sequence the Work and allow adequate clearances to accommodate movement of construction items on site and 

placement in permanent locations. 

G. Obstructions 

1. The drawings indicate certain information pertaining to surface and subsurface obstructions which has 

been taken from available drawings.  Such information is not guaranteed, however, as to accuracy of 

location or complete information. 

2. Before any cutting or trenching operations are begun, verify with Owner's representative, utility 

companies, municipalities, and other interested parties that all available information has been provided.  

Verify locations given. 

3. Should obstruction be encountered, whether shown or not, alter routing of new work, reroute existing 

lines, remove obstruction where permitted, or otherwise perform whatever work is necessary to satisfy 

the purpose of the new work and leave existing services and structures in a satisfactory and serviceable 

condition. 

4. Assume total responsibility for and repair any damage to existing utilities or construction, whether or not 

such existing facilities are shown. 

H. Where "rated" walls, floor, roofs and ceilings are penetrated or cut to install equipment, materials, devices, etc. 

the Contractor shall provide and install all materials required to re-establish the rating of the wall, floor, roof, or 

ceiling to the satisfaction of the authority having jurisdiction. 

I. Structural Elements: Do not cut structural elements without written approval from Engineer.  Notify Engineer of 

locations and details of cutting and await directions from Engineer before proceeding.  If approved by Engineer: 

1. Shore, brace, and support structural elements during cutting and patching. 

2. Do not cut and patch structural elements in a manner that could change their load-carrying capacity or 

increase deflection. 

J. Space Requirements:  Consider space limitations imposed by contiguous work in selection and location of 

equipment and material.  Do not provide equipment or material which is not suitable in this respect. 

K. Tools and Equipment:  Select equipment to operate with minimum noise and vibration.  If objectionable noise or 

vibration is produced or transmitted to or through the building structure by equipment, piping, ducts or other 

parts of work, rectify such conditions without cost to the Owner. 

L. Phasing:  Provide all temporary valves, piping, ductwork, equipment, and devices as required.  Maintain 

temporary services to areas as required.  Remove all temporary material and equipment on completion of work 

unless Engineer concurs that such material and equipment would be beneficial to the Owner on a permanent 

basis. 

3.06 PROTECTION OF EXISTING FINISHES, CARPET, AND FURNISHING 

A. Protect existing finishes, carpet, casework, furnishing, and other building components against damage and 

soiling throughout construction activities.  Take care during construction not to damage existing items. 

Contractor shall be responsible for replacing damaged material or restoring damaged materials to the Owner’s 

satisfaction.  
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B. When permitted by Engineer, items may be removed to a suitable, protected storage location during 

construction and cleaned and reinstalled in their original locations after construction operations are complete. 

C. Furniture may be relocated during construction and reinstalled in their original locations after construction 

operations are complete.  

D. Means and methods for protection are the responsibility of the Contractor. Utilize plywood, polyethylene 

sheeting, dust cloths, and other means as required.  

3.07 UTILITY SERVICES AND ELECTRONIC SAFETY AND SECURITY SYSTEMS 

A. Existing Services/Systems to Remain: Maintain services/systems indicated to remain and protect them against 

damage. 

B. Existing Services/Systems to Be Removed, Relocated, or Abandoned: Locate, identify, disconnect, and seal or 

cap off utility services and mechanical/electrical systems serving areas to be selectively demolished. 

1. Owner will arrange to shut off indicated services/systems when requested by Contractor. 

2. Arrange to shut off utilities with utility companies. 

3. If services/systems are required to be removed, relocated, or abandoned, provide temporary 

services/systems that bypass area of selective demolition and that maintain continuity of services/systems 

to other parts of building. 

4. Disconnect, demolish, and remove communication systems, equipment, and components indicated on 

Drawings to be removed. 

a. Conduit to Be Removed: Remove portion of conduit indicated to be removed and cap or plug 

remaining piping with same or compatible conduit material. 

b. Conduit to Be Abandoned in Place: Remove wiring and cap or plug conduit with same or 

compatible conduit material and leave in place. 

c. Equipment to Be Removed: Disconnect and cap services and remove equipment. 

d. Equipment to Be Removed and Reinstalled: Disconnect and cap services and remove, clean, and 

store equipment; when appropriate, reinstall, reconnect, and make equipment operational. 

e. Equipment to Be Removed and Salvaged: Disconnect and cap services and remove equipment and 

deliver to Owner. 

3.08 CUTTING AND PATCHING 

A. Cutting and Patching, General: Employ skilled workers to perform cutting and patching. Proceed with cutting 

and patching at the earliest feasible time, and complete without delay. 

1. Cut in-place construction to provide for installation of other components or performance of other 

construction, and subsequently patch as required to restore surfaces to their original condition. 

B. Existing Warranties: Remove, replace, patch, and repair materials and surfaces cut or damaged during 

installation or cutting and patching operations, by methods and with materials so as not to void existing 

warranties. 

C. Temporary Support: Provide temporary support of work to be cut. 

D. Protection: Protect in-place construction during cutting and patching to prevent damage. Provide protection from 

adverse weather conditions for portions of Project that might be exposed during cutting and patching operations. 

E. Structural Elements: When cutting and patching structural elements, notify Engineer of locations and details of 

cutting and await directions from Engineer before proceeding. Shore, brace, and support structural elements 
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during cutting and patching. Do not cut and patch structural elements in a manner that could change their load-

carrying capacity or increase deflection. 

F. Operational Elements: Do not cut and patch operating elements and related components in a manner that results 

in reducing their capacity to perform as intended or that results in increased maintenance or decreased 

operational life or safety. 

G. Other Construction Elements: Do not cut and patch other construction elements or components in a manner that 

could change their load-carrying capacity, that results in reducing their capacity to perform as intended, or that 

result in increased maintenance or decreased operational life or safety. 

H. Visual Elements: Do not cut and patch construction in a manner that results in visual evidence of cutting and 

patching. Do not cut and patch exposed construction in a manner that would, in Engineer's opinion, reduce the 

building's aesthetic qualities. Remove and replace construction that has been cut and patched in a visually 

unsatisfactory manner. 

I. Cutting: Cut in-place construction by sawing, drilling, breaking, chipping, grinding, and similar operations, 

including excavation, using methods least likely to damage elements retained or adjoining construction. If 

possible, review proposed procedures with original Installer; comply with original Installer's written 

recommendations. 

1. In general, use hand or small power tools designed for sawing and grinding, not hammering and 

chopping. Cut holes and slots neatly to minimum size required, and with minimum disturbance of 

adjacent surfaces. Temporarily cover openings when not in use. 

2. Finished Surfaces: Cut or drill from the exposed or finished side into concealed surfaces. 

3. Concrete and Masonry: Cut using a cutting machine, such as an abrasive saw or a diamond-core drill. 

4. Excavating and Backfilling: Comply with requirements in applicable Sections where required by cutting 

and patching operations. 

5. Mechanical and Electrical Services: Cut off pipe or conduit in walls or partitions to be removed. Cap, 

valve, or plug and seal remaining portion of pipe or conduit to prevent entrance of moisture or other 

foreign matter after cutting. 

6. Proceed with patching after construction operations requiring cutting are complete. 

J. Patching: Patch construction by filling, repairing, refinishing, closing up, and similar operations following 

performance of other work. Patch with durable seams that are as invisible as practicable. Provide materials and 

comply with installation requirements specified in other Sections, where applicable or with in-place materials. 

1. For exposed surfaces, use materials that visually match in-place adjacent surfaces to the fullest extent 

possible. 

2. If identical materials are unavailable or cannot be used, use materials that, when installed, will provide a 

match acceptable to Engineer for the visual and functional performance of in-place materials. 

K. Cleaning: Clean areas and spaces where cutting and patching are performed. Remove paint, mortar, oils, putty, 

and similar materials from adjacent finished surfaces. 

3.09 PAINTING 

A. Comply with requirements with General and Supplementary Conditions, Division 01, Division 09, and 

individual Specification Sections. 

B. Touch-up factory finishes on equipment provided under Division 28.  Obtain matched color coatings from the 

manufacturer and apply as directed.  If corrosion if found during inspection on the surface of any equipment, 

clean, prime, and paint, as required. 

C. Paint the following work where exposed to view: 
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1. Metal conduit 

2. Plastic conduit 

D. Paint the following work where exposed in occupied spaces: 

1. Other items as directed by Engineer. 

3.10 REPAIR OF WORK 

A. Complete repair and restoration operations before requesting inspection for determination of Substantial 

Completion. 

B. Repair or remove and replace defective construction.  Repairing includes replacing defective parts, refinishing 

damaged surfaces, touching up with matching materials, and properly adjusting operating equipment.  Where 

damaged or worn items cannot be repaired or restored, provide replacements.  Remove and replace operating 

components that cannot be repaired. Restore damaged construction and permanent facilities used during 

construction to specified condition. 

1. Touch up and otherwise repair and restore marred or exposed finishes and surfaces.  Replace finishes and 

surfaces that that already show evidence of repair or restoration. 

a. Do not paint over "UL" and other required labels and identification, including mechanical and 

electrical nameplates.  Remove paint applied to required labels and identification. 

2. Replace parts subject to operating conditions during construction that may impede operation or reduce 

longevity. 

3.11 FIELD QUALITY CONTROL 

A. Manufacturer's Field Service:  Engage a factory-authorized service representative to test and inspect 

components, assemblies, and equipment installations, including connections. 

B. Tests 

1. Include all tests specified and/or required under laws, rules and regulations of all departments having 

jurisdiction.  Tests shall also be performed as indicated herein and other sections of the specifications. 

2. After all systems have been completed and put into operation, subject each system to an operating test 

under design conditions to ensure proper sequence and operation throughout the range of operation.  

Make adjustments as required to ensure proper functioning of all systems. 

3. All parts of the work and associated equipment shall be tested and adjusted to work properly and be left 

in perfect operating condition. 

4. Correct defects disclosed by these tests without any additional cost to the Owner.  Repeat tests on 

repaired or replaced work. 

5. Maintain a log of all tests being conducted and have it available for review by the Engineer.  Log to 

indicate date, type of tests, duration, and defects noted and when corrected. 

6. Special tests on individual systems are specified under individual Specification Sections. 

C. Retesting/Reinspecting:  Regardless of whether original tests or inspections were Contractor's responsibility, 

provide quality-control services, including retesting and reinspecting, for construction that replaced Work that 

failed to comply with the Contract Documents. 

3.12 CLEANING 

A. Progress Cleaning: Clean Project site and work areas daily, including common areas. Enforce requirements 

strictly. Dispose of materials lawfully. 
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1. Comply with requirements in NFPA 241 for removal of combustible waste materials and debris. 

2. Do not hold waste materials more than seven days during normal weather or three days if the temperature 

is expected to rise above 80 deg F. 

3. Containerize hazardous and unsanitary waste materials separately from other waste. Mark containers 

appropriately and dispose of legally, according to regulations. 

B. Final Cleaning:  Employ experienced workers or professional cleaners for final cleaning.  Clean each surface or 

unit to condition expected in an average commercial building cleaning and maintenance program.  Comply with 

manufacturer's written instructions. 

1. Complete the following cleaning operations before requesting inspection for certification of Substantial 

Completion for entire Project or for a designated portion of Project: 

a. Remove tools, construction equipment, machinery, and surplus material from Project site. 

b. Remove labels that are not permanent. 

c. Wipe surfaces of equipment.  Remove excess lubrication, paint and mortar droppings, and other 

foreign substances. 

3.13 MAINTENANCE SERVICE 

A. Maintenance Service: Beginning at Substantial Completion, maintenance service shall include 12 months' full 

maintenance by skilled employees of systems and equipment Installer. Include quarterly preventive maintenance, 

repair or replacement of worn or defective components, lubrication, cleaning, and adjusting as required for 

proper operation. Parts and supplies shall be manufacture's authorized replacement parts and supplies. 

END OF SECTION 290100 
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SECTION 290523 - CONTROL-VOLTAGE CABLES FOR FIRE SAFETY AND EMERGENCY 

COMMUNICATIONS 

PART 1 - GENERAL 

1.01 SUMMARY 

A. Section Includes: 

1. Category 6 balanced twisted pair cable. 

2. Balanced twisted pair cable hardware. 

3. Control cable. 

4. Control-circuit conductors. 

1.02 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

PART 2 - PRODUCTS 

2.01 PERFORMANCE REQUIREMENTS 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified 

testing agency, and marked for intended location and application. 

B. Flame Travel and Smoke Density in Plenums: As determined by testing identical products according to 

NFPA 262, by a qualified testing agency. Identify products for installation in plenums with appropriate markings 

of applicable testing agency. 

1. Flame Travel Distance: 60 inch or less. 

2. Peak Optical Smoke Density: 0.5 or less. 

3. Average Optical Smoke Density: 0.15 or less. 

C. Flame Travel and Smoke Density for Riser Cables in Non-Plenum Building Spaces: As determined by testing 

identical products according to UL 1666. 

D. Flame Travel and Smoke Density for Cables in Non-Riser Applications and Non-Plenum Building Spaces: As 

determined by testing identical products according to UL 1685. 

2.02 CATEGORY 6 BALANCED TWISTED PAIR CABLE 

A. Description: Four-pair, balanced-twisted pair cable, certified to meet transmission characteristics of Category 6 

cable at frequencies up to 250 MHz. 

B. Standard: Comply with NEMA WC 66/ICEA S-116-732 and TIA-568-C.2 for Category 6 cables. 

C. Conductors: 100 ohm, No. 23 AWG solid copper. 

D. Shielding/Screening: Unshielded twisted pairs (UTP) . 

E. Cable Rating:  Plenum. 

F. Jacket: Red thermoplastic. 
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2.03 BALANCED TWISTED PAIR CABLE HARDWARE 

A. Description: Hardware designed to connect, splice, and terminate balanced twisted pair copper communications 

cable. 

B. General Requirements for Balanced Twisted Pair Cable Hardware: 

1. Comply with the performance requirements of Category 6. 

2. Comply with TIA-568-C.2, IDC type, with modules designed for punch-down caps or tools. 

3. Cables must be terminated with connecting hardware of same category or higher. 

C. Source Limitations: Obtain balanced twisted pair cable hardware from single source from single manufacturer. 

D. Plugs and Plug Assemblies: 

1. Male; eight position; color-coded modular telecommunications connector designed for termination of a 

single four-pair 100 ohm unshielded or shielded balanced twisted pair cable. 

2. Comply with IEC 60603-7-1, IEC 60603-7-2, IEC 60603-7-3, IEC 60603-7-4, and IEC 60603-7.5. 

2.04 RS-232 CABLE 

A. Plenum-Type, TIA 232-F: 

1. Nine, No. 22 AWG, stranded (7x30) tinned copper conductors. 

2. PE insulation. 

3. Aluminum foil-polyester tape shield with 100 percent shield coverage. 

4. Fluorinated ethylene propylene jacket. 

5. Conductors are cabled on common axis with No. 24 AWG, stranded (7x32) tinned copper drain wire. 

6. Flame Resistance: Comply with NFPA 262. 

2.05 CONTROL CABLE 

A. Plenum-Rated, Paired Cable: NFPA 70, Type CMP. 

1. One pair, twisted, No. 16 AWG, stranded (19x29) tinned-copper conductors. 

2. PVC insulation. 

3. Unshielded. 

4. PVC jacket. 

5. Flame Resistance: Comply with NFPA 262. 

2.06 CONTROL-CIRCUIT CONDUCTORS 

A. Class 1 Control Circuits: Stranded copper, Type THHN/THWN-2, complying with UL 83 in raceway. 

B. Class 2 Control Circuits: Stranded copper, Type THHN/THWN-2, complying with UL 83 in raceway. 

C. Class 3 Remote-Control and Signal Circuits: Stranded copper, Type THHN/THWN-2, complying with UL 83 in 

raceway. 

2.07 FIRE-ALARM WIRE AND CABLE 

A. General Wire and Cable Requirements: NRTL listed and labeled as complying with NFPA 70, Article 760. 

B. Signaling Line Circuits: Twisted, shielded pair, not less than No. 18 AWG in pathway. 
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1. Circuit Integrity Cable: Twisted shielded pair, NFPA 70, Article 760, Classification CI, for power-limited 

fire-alarm signal service Type FPL. NRTL listed and labeled as complying with UL 1424 and UL 2196 

for a two-hour rating. 

C. Non-Power-Limited Circuits: Solid-copper conductors with 600 V rated, 75 deg C, color-coded insulation, and 

complying with requirements in UL 2196 for a two-hour rating. 

1. Control-Voltage Circuits: No. 16 AWG, minimum, in pathway. 

2. Low-Voltage Circuits: No. 12 AWG, minimum, in pathway. 

3. Multiconductor Armored Cable: NFPA 70, Type MC, copper conductors, Type TFN/THHN conductor 

insulation, copper drain wire, copper armor with outer jacket with red identifier stripe, NTRL listed for 

fire-alarm and cable tray installation, plenum rated. 

PART 3 - EXECUTION 

3.01 INSTALLATION OF RACEWAYS AND BOXES 

A. Install underground pathways in accordance with Section 260543 “Underground Ducts and Raceways for 

Electrical Systems.” 

B. Comply with requirements in Section 260533 "Raceways and Boxes for Electrical Systems" for raceway 

selection and installation requirements for boxes, conduits, and wireways as supplemented or modified in this 

Section. 

1. Outlet boxes for cables must be no smaller than 4 inch square by 2-1/8 inch deep with extension ring 

sized to bring edge of ring to within 1/8 inch of the finished wall surface. 

2. Flexible metal conduit must not be used. 

3. Concealed and exposed junction boxes must be painted red enamel. 

C. Comply with TIA-569-D for pull-box sizing and length of conduit and number of bends between pull points. 

D. Install manufactured conduit sweeps and long-radius elbows if possible. 

E. Raceway Installation in Equipment Rooms: 

1. Position conduit ends adjacent to a corner on backboard if a single piece of plywood is installed, or in the 

corner of the room if multiple sheets of plywood are installed around perimeter walls of the room. 

2. Secure conduits to backboard if entering the room from overhead. 

3. Extend conduits 3 inch above finished floor. 

4. Install metal conduits with grounding bushings and connect with grounding conductor to grounding 

system. 

3.02 INSTALLATION OF CONDUCTORS AND CABLES 

A. Comply with NECA 1. 

B. Install optical fiber cabling in accordance with Section 260525 “Optical Fiber Backbone Cabling.” 

C. General Requirements for Cabling: 

1. Comply with TIA-568-C Series of standards. 

2. Comply with BICSI ITSIMM, Ch. 5, "Copper Structured Cabling Systems." 

3. Terminate all conductors; cable must not contain unterminated elements. Make terminations only at 

indicated outlets, terminals, and cross-connect and patch panels. 

4. Cables may not be spliced and must be continuous from terminal to terminal. Do not splice cable between 

termination, tap, or junction points. 
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5. Cables serving a common system may be grouped in a common raceway. Install network cabling and 

control wiring and cable in separate raceway from power wiring. Do not group conductors from different 

systems or different voltages. 

6. Secure and support cables at intervals not exceeding 30 inch and not more than 6 inch from cabinets, 

boxes, fittings, outlets, racks, frames, and terminals. 

7. Bundle, lace, and train conductors to terminal points without exceeding manufacturer's limitations on 

bending radii, but not less than radii specified in BICSI ITSIMM, Ch. 5, "Copper Structured Cabling 

Systems." Install lacing bars and distribution spools. 

8. Do not install bruised, kinked, scored, deformed, or abraded cable. Remove and discard cable if damaged 

during installation and replace it with new cable. 

9. Pulling Cable: Comply with BICSI ITSIMM, Ch. 5, "Copper Structured Cabling Systems." Monitor cable 

pull tensions. 

10. Keep runs short. Allow extra length for connecting to terminals. Do not bend cables in a radius less than 

10 times the cable OD. Use sleeves or grommets to protect cables from vibration at points where they 

pass around sharp corners and through penetrations. 

11. Ground wire must be copper, and grounding methods must comply with IEEE C2. Demonstrate ground 

resistance. 

D. Balanced Twisted Pair Cable Installation: 

1. Comply with TIA-568-C.2. 

2. Install termination hardware as specified in Section 271513 "Communications Copper Horizontal 

Cabling" unless otherwise indicated. 

3. Do not untwist balanced twisted pair cables more than 1/2 inch at the point of termination to maintain 

cable geometry. 

E. Installation of Control-Circuit Conductors: 

1. Use insulated spade lugs for wire and cable connection to screw terminals. 

3.03 CONTROL-CIRCUIT CONDUCTORS 

A. Minimum Conductor Sizes: 

1. Class 1 remote-control and signal circuits; No 14 AWG. 

2. Class 2 low-energy, remote-control, and signal circuits; No. 16 AWG. 

3. Class 3 low-energy, remote-control, alarm, and signal circuits; No 12 AWG. 

3.04 FIRESTOPPING 

A. Comply with requirements in Division 07 "Penetration Firestopping." 

3.05 GROUNDING 

A. For data communication wiring, comply with TIA-607-B and with BICSI TDMM, "Bonding and Grounding 

(Earthing)" Chapter. 

B. For control-voltage wiring and cabling, comply with requirements in Section 260526 "Grounding and Bonding 

for Electrical Systems." 

3.06 IDENTIFICATION 

A. Comply with requirements for identification specified in Section 260553 "Identification for Electrical Systems." 

B. Identify data and communications system components, wiring, and cabling according to TIA-606-B; label 

printers must use label stocks, laminating adhesives, and inks complying with UL 969. 
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C. Identify each wire on each end and at each terminal with a number-coded identification tag. Each wire must have 

a unique tag. 

END OF SECTION 290523 
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SECTION 294621.11 - ADDRESSABLE FIRE-ALARM SYSTEMS 

PART 1 - GENERAL 

1.01 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and 

Division 01 Specification Sections, apply to this Section. 

1.02 SUMMARY 

A. Section Includes: 

1. Addressable fire-alarm system. 

2. Fire-alarm control unit (FACU). 

3. Manual fire-alarm boxes. 

4. System smoke detectors. 

5. Duct smoke detectors. 

6. Heat detectors. 

7. Fire-alarm notification appliances. 

8. Fire-alarm remote annunciators. 

9. Fire-alarm addressable interface devices. 

10. Digital alarm communicator transmitters (DACTs). 

1.03 DEFINITIONS 

A. CIS: Common Intelligibility Scale. 

B. DACT: Digital alarm communicator transmitter. 

C. EMT: Electrical metallic tubing. 

D. FACU: Fire-alarm control unit. 

E. Mode: The terms "Active Mode," "Off Mode," and "Standby Mode" are used as defined in the 2007 Energy 

Independence and Security Act (EISA). 

F. NICET: National Institute for Certification in Engineering Technologies. 

G. PC: Personal computer. 

H. STI: Speech Transmission Index. 

I. STIPA: Speech Transmission Index – Public Address. 

J. Voltage Class: For specified circuits and equipment, voltage classes are defined as follows: 

1. Control Voltage: Listed and labeled for use in remote-control, signaling, and power-limited circuits 

supplied by a Class 2 or Class 3 power supply having rated output not greater than 150 V and 5 A, 

allowing use of alternate wiring methods complying with NFPA 70, Article 725. 

2. Low Voltage: Listed and labeled for use in circuits supplied by a Class 1 or other power supply having 

rated output not greater than 1000 V, requiring use of wiring methods complying with NFPA 70, 

Article 300, Part I. 
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1.04 ACTION SUBMITTALS 

A. Approved Permit Submittal: Submittals must be approved by authorities having jurisdiction prior to submitting 

them to Architect. 

B. Product Data: For each type of product, including furnished options and accessories. 

1. Include construction details, material descriptions, dimensions, profiles, and finishes. 

2. Include rated capacities, operating characteristics, and electrical characteristics. 

C. Shop Drawings: For fire-alarm system. 

1. Comply with recommendations and requirements in "Documentation" section of "Fundamentals" chapter 

in NFPA 72. 

2. Include plans, elevations, sections, and details, including details of attachments to other Work. 

3. Include details of equipment assemblies. Indicate dimensions, weights, loads, required clearances, 

method of field assembly, components, and locations. Indicate conductor sizes, indicate termination 

locations and requirements, and distinguish between factory and field wiring. 

4.  Annunciator panel details as required by authorities having jurisdiction. 

5. Detail assembly and support requirements. 

6. Include voltage drop calculations for notification-appliance circuits. 

7. Include battery-size calculations. 

8. Include input/output matrix. 

9. Include written statement from manufacturer that equipment and components have been tested as a 

system and comply with requirements in this Section and in NFPA 72. 

10. Include performance parameters and installation details for each detector. 

11. Verify that each duct detector is listed for complete range of air velocity, temperature, and humidity 

possible when air-handling system is operating. 

12. Provide program report showing that air-sampling detector pipe layout balances pneumatically within 

airflow range of air-sampling detector. 

13. Provide control wiring diagrams for fire-alarm interface to HVAC; coordinate location of duct smoke 

detectors and access to them. 

a. Show critical dimensions that relate to placement and support of sampling tubes, detector housing, 

and remote status and alarm indicators. 

b. Show field wiring and equipment required for HVAC unit shutdown on alarm. 

c. Locate detectors in accordance with manufacturer's written instructions. 

14. Include voice/alarm signaling-service equipment rack or console layout, grounding schematic, amplifier 

power calculation, and single-line connection diagram. 

15. Include floor plans to indicate final outlet locations showing address of each addressable device. Show 

size and route of cable and conduits and point-to-point wiring diagrams. 

D. Delegated Design Submittal: For notification appliances and smoke and heat detectors, in addition to submittals 

listed above, indicate compliance with performance requirements and design criteria, including analysis data in 

conformance with Fire Protection System Layout Documents. 

1. Drawings showing location of each notification appliance and smoke and heat detector, ratings of each, 

and installation details as needed to comply with listing conditions of device. 

2. Design Calculations: Calculate requirements for selecting spacing and sensitivity of detection, complying 

with NFPA 72. Calculate spacing and intensities for strobe signals and sound-pressure levels for audible 

appliances. 

3. Indicate audible appliances required to produce square wave signal per NFPA 72. 
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E. Fire Protection System Layout Documents:  Layout drawings, supporting calculations (battery calculations, 

voltage drop, spacing and sensitivity of detection, etc.), catalog information on standard products, and other 

construction data prepared by either a licensed contractor or a licensed Engineer that provides detail on the 

location of risers, distribution, devices, equipment, sizing of circuits, hanger locations, and supporting 

calculations and also serves as a guide for fabrication and installation of a fire protection system. Fire Protection 

System Layout Documents are based upon engineering direction (performance requirements and design criteria) 

provided in the Fire Protection System Engineering Documents and require no additional engineering input. 

1. If prepared by a licensed contractor, these documents do not require the seal of a licensed engineer. 

2. If prepared by a licensed engineer, these documents are Engineering Documents and therefore require 

sealing by a licensed engineer.  

1.05 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For fire-alarm systems and components to include in emergency, operation, 

and maintenance manuals. 

1. In addition to items specified in Division 01 “Operation and Maintenance Data” and Section 290100 

"General Provisions for Fire Safety and Emergency Communications," include the following and deliver 

copies to authorities having jurisdiction: 

a. Comply with "Records" section of "Inspection, Testing and Maintenance" chapter in NFPA 72. 

b. Provide "Fire-Alarm and Emergency Communications System Record of Completion Documents" 

in accordance with "Completion Documents" Article in "Documentation" section of 

"Fundamentals" chapter in NFPA 72. 

c. Complete wiring diagrams showing connections between devices and equipment. Each conductor 

must be numbered at every junction point with indication of origination and termination points. 

d. Riser diagram. 

e. Device addresses. 

f. Record copy of site-specific software. 

g. Provide "Inspection and Testing Form" in accordance with "Inspection, Testing and Maintenance" 

chapter in NFPA 72, and include the following: 

1) Equipment tested. 

2) Frequency of testing of installed components. 

3) Frequency of inspection of installed components. 

4) Requirements and recommendations related to results of maintenance. 

5) Manufacturer's user training manuals. 

h. Manufacturer's required maintenance related to system warranty requirements. 

i. Abbreviated operating instructions for mounting at FACU and each annunciator unit. 

B. Software and Firmware Operational Documentation: 

1. Software operating and upgrade manuals. 

2. Program Software Backup: On USB media. 

3. Device address list. 

1.06 QUALITY ASSURANCE 

A. Installer Qualifications: 

1. Installation must be by personnel certified by NICET as fire-alarm Level II or greater technician. 

1.07 WARRANTY 

A. Special Warranty: Manufacturer agrees to repair or replace fire-alarm system equipment and components that 

fail because of defects in materials or workmanship within specified warranty period. 

http://www.specagent.com/Lookup?ulid=13912
http://www.specagent.com/Lookup?uid=123457169833
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1. Warranty Period: Five years from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.01 PERFORMANCE REQUIREMENTS 

A. Fire alarm system equipment, specialties, accessories, installation, and testing shall comply with NFPA 72. 

B. Fire Protection System Layout Documents:  Engage either a licensed contractor or a qualified professional 

engineer to provide Fire Protection System Layout Documents for the fire alarm system based upon the 

engineering direction (performance requirements and design criteria) provided in the Fire Protection Engineering 

Documents.   

1. Fire alarm system design shall be approved by authorities having jurisdiction. 

a. Margin of Safety for Available Secondary Power Supply Duration: 20 percent, above the 

calculated amp-hour capacity required at design system demand. 

1) Battery backup must provide 24 hours standby, followed by 5 minutes at maximum 

connected load, unless otherwise required by system types below. 

2) In-Building Fire Emergency Voice / Alarm Communications Systems:  Battery backup 

must provide 24 hours standby, followed by 15 minutes at maximum connected load. 

3) Supervising Station Facilities and Equipment:  Battery backup must support operations for 

a minimum of 24 hours. 

b. Speech Intelligibility Requirements:  As indicated on the Drawings. 

2.02 EXISTING FIRE-ALARM SYSTEM TO BE MODIFIED 

A. Description: Edwards, EST-3. 

B. Source Limitations for Fire-Alarm System and Components: Components must be compatible with, and operate 

as extension of, existing system. Provide system manufacturer's certification that components provided have 

been tested as, and will operate as, a system. 

2.03 ADDRESSABLE FIRE-ALARM SYSTEM 

A. Manufacturers: Subject to compliance with requirements, provide products by the following: 

1. Edwards; Carrier Global Corporation. 

B. Description: 

1. Noncoded, UL-certified addressable system, with multiplexed signal transmission and voice-and-strobe 

notification for evacuation. 

C. Performance Criteria: 

1. Regulatory Requirements: 

a. Fire-Alarm Components, Devices, and Accessories: Listed and labeled by a NRTL in accordance 

with NFPA 70 for use with selected fire-alarm system and marked for intended location and 

application. 

2. General Characteristics: 

a. Automatic sensitivity control of certain smoke detectors. 

b. Fire-alarm signal initiation must be by one or more of the following devices and systems: 

1) Manual stations. 

2) Heat detectors. 
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3) Smoke detectors. 

4) Duct smoke detectors. 

5) Automatic sprinkler system water flow. 

c. Fire-alarm signal must initiate the following actions: 

1) Continuously operate alarm notification appliances, including voice evacuation notices. 

2) Identify alarm and specific initiating device at FACU and any connected network control 

panels, off-premises network control panels, and remote annunciators. 

3) Transmit alarm signal to remote alarm receiving station. 

4) Unlock electric door locks in designated egress paths. 

5) Release fire and smoke doors held open by magnetic door holders. 

6) Activate voice/alarm communication system. 

7) Switch HVAC equipment controls to fire-alarm mode. 

8) Close smoke dampers in air ducts of designated air-conditioning duct systems. 

9) Recall elevators to primary or alternate recall floors. 

10) Activate elevator power shunt trip. 

11) Activate emergency lighting control. 

12) Record events in system memory. 

13) Record events by system printer. 

14) Indicate device in alarm on graphic annunciator. 

d. Supervisory signal initiation must be by one or more of the following devices and actions: 

1) Valve supervisory switch. 

2) Elevator shunt-trip supervision. 

3) Independent fire-detection and -suppression systems. 

4) Zones or individual devices have been disabled. 

5) FACU has lost communication with network. 

e. System trouble signal initiation must be by one or more of the following devices and actions: 

1) Open circuits, shorts, and grounds in designated circuits. 

2) Opening, tampering with, or removing alarm-initiating and supervisory signal-initiating 

devices. 

3) Loss of communication with addressable sensor, input module, relay, control module, 

remote annunciator, printer interface, or Ethernet module. 

4) Loss of primary power at FACU. 

5) Ground or single break in internal circuits of FACU. 

6) Abnormal ac voltage at FACU. 

7) Break in standby battery circuitry. 

8) Failure of battery charging. 

9) Abnormal position of switch at FACU or annunciator. 

10) Voice signal amplifier failure. 

f. System Supervisory Signal Actions: 

1) Identify specific device initiating event at FACU and any connected network control 

panels, off-premises network control panels, and remote annunciators. 

2) Record event on system printer. 

3) After time delay of 200 seconds, transmit trouble or supervisory signal to remote alarm 

receiving station. 

g. Network Communications: 

1) Provide network communications for fire-alarm system in accordance with fire-alarm 

manufacturer's written instructions. 

2) Provide network communications pathway per manufacturer's written instructions and 

requirements in NFPA 72 and NFPA 70. 

h. System Printer: 

1) Printer must be listed and labeled as integral part of fire-alarm system. 

i. Device Guards: 

1) Description: Welded wire mesh of size and shape for manual station, smoke detector, gong, 

or other device requiring protection. 

a) Factory fabricated and furnished by device manufacturer. 
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b) Finish: Paint of color to match protected device. 

j. Document Storage Box: 

1) Description: Enclosure to accommodate standard 8-1/2-by-11 inch manuals and loose 

document records. Legend sheet will be permanently attached to door for system required 

documentation, key contacts, and system information. Provide two key ring holders with 

location to mount standard business cards for key contact personnel. 

2) Material and Finish: 18-gauge cold-rolled steel; four mounting holes. 

3) Color: Red powder-coat epoxy finish. 

4) Labeling: Permanently screened with 1 inch high lettering "SYSTEM RECORD 

DOCUMENTS" with white indelible ink. 

5) Security: Locked with 3/4 inch barrel lock. Provide solid 12 inch stainless steel piano 

hinge. 

2.04 FIRE-ALARM CONTROL UNIT (FACU) 

A. Description: Field-programmable, microprocessor-based, modular, power-limited design with electronic 

modules. 

B. Performance Criteria: 

1. Regulatory Requirements: Comply with NFPA 72 and UL 864. 

2. General Characteristics: 

a. System software and programs must be held in nonvolatile flash, electrically erasable, 

programmable, read-only memory, retaining information through failure of primary and secondary 

power supplies. 

b. Include real-time clock for time annotation of events on event recorder and printer. 

c. Provide communication between FACU and remote circuit interface panels, annunciators, and 

displays. 

d. FACU must be listed for connection to central-station signaling system service. 

e. Provide nonvolatile memory for system database, logic, and operating system and event history. 

System must require no manual input to initialize in the event of complete power down condition. 

FACU must provide minimum 500-event history log. 

f. Addressable Initiation Device Circuits: FACU must indicate which communication zones have 

been silenced and must provide selective silencing of alarm notification appliance by building 

communication zone. 

1) Addressable Control Circuits for Operation of Notification Appliances and Mechanical 

Equipment: FACU must be listed for releasing service. 

g. Fire-Alarm Annunciator: Arranged for interface between human operator at FACU and 

addressable system components including annunciation and supervision. Display alarm, 

supervisory, and component status messages and programming and control menu. 

1) Annunciator and Display: LCD, 80 characters, minimum. 

2) Keypad: Arranged to permit entry and execution of programming, display, and control 

commands. 

h. Alphanumeric Display and System Controls: Arranged for interface between human operator at 

FACU and addressable system components including annunciation and supervision. Display 

alarm, supervisory, and component status messages and programming and control menu. 

1) Annunciator and Display: LCD, three line(s) of 80 characters, minimum. 

2) Keypad: Arranged to permit entry and execution of programming, display, and control 

commands and to indicate control commands to be entered into system for control of 

smoke-detector sensitivity and other parameters. 

i. Initiating-Device, Notification-Appliance, and Signaling-Line Circuits: 

1) Pathway Class Designations: NFPA 72, Class B . 

2) Pathway Survivability:  Level 1. 

3) Install no more than 256 addressable devices on each signaling-line circuit. 
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4) Install fault circuit isolators to comply with circuit performance requirements of NFPA 72 

or with manufacturer's written instructions, whichever is more conservative. 

j. Serial Interfaces: 

1) One dedicated RS 485 port for central-station operation using point ID DACT. 

2) One RS 485 port for remote annunciators, Ethernet module, or multi-interface module 

(printer port). 

3) One USB or RS 232 port for PC configuration. 

4) One RS 232 port for voice evacuation interface. 

k. Smoke-Alarm Verification: 

1) Initiate audible and visible indication of "alarm-verification" signal at FACU. 

2) Activate approved "alarm-verification" sequence at FACU and detector. 

3) Record events by system printer. 

4) Sound general alarm if alarm is verified. 

5) Cancel FACU indication and system reset if alarm is not verified. 

l. Notification-Appliance Circuit: 

1) Audible appliances must sound in three-pulse temporal pattern, as defined in NFPA 72. 

2) Visual alarm appliances must flash in synchronization where multiple appliances are in 

same field of view, as defined in NFPA 72. 

m. Elevator Recall: Initiate by one of the following alarm-initiating devices: 

1) Elevator lobby detectors except lobby detector on designated floor. 

2) Smoke detectors in elevator machine room. 

3) Smoke detectors in elevator hoistway. 

n. Elevator controller must be programmed to move cars to alternate recall floor if lobby detectors 

located on designated recall floors are activated. 

o. Water-flow alarm connected to sprinkler in elevator shaft and elevator machine room must shut 

down elevators associated with location without time delay. 

1) Water-flow switch associated with sprinkler in elevator pit shall have delay to allow 

elevators to move to designated floor. 

p. Door Controls:  

1) Door hold-open devices that are controlled by smoke detectors at doors in smoke-barrier 

walls must be connected to fire-alarm system. 

2) Access Control System Interface: Provide addressable relay to release required egress 

doors upon activation of fire alarm. 

q. Remote Smoke-Detector Sensitivity Adjustment: Controls must select specific addressable smoke 

detectors for adjustment, display their current status and sensitivity settings, and change those 

settings. Allow controls to be used to program repetitive, time-scheduled, and automated changes 

in sensitivity of specific detector groups. Record sensitivity adjustments and sensitivity-adjustment 

schedule changes in system memory, and print out final adjusted values on system printer. 

r. Transmission to Remote Alarm Receiving Station: Automatically transmit alarm, supervisory, and 

trouble signals to remote alarm station. 

s. Voice/Alarm Signaling Service: Central emergency communication system with redundant 

microphones, preamplifiers, amplifiers, and tone generators provided as special module that is part 

of FACU. 

t. Indicate number of alarm channels for automatic, simultaneous transmission of different 

announcements to different zones or for manual transmission of announcements by use of central-

control microphone. Amplifiers must comply with UL 1711. 

1) Allow application of, and evacuation signal to, indicated number of zones and 

simultaneously allow voice paging to other zones selectively or in combination. 

2) Programmable tone and message sequence selection. 

3) Standard digitally recorded messages for "Evacuation" and "All Clear." 

4) Generate tones to be sequenced with audio messages of type recommended by NFPA 72 

and that are compatible with tone patterns of notification-appliance circuits of FACU. 

u. Status Annunciator: Indicate status of various voice/alarm speaker zones and status of firefighters' 

two-way telephone communication zones. 
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v. Preamplifiers, amplifiers, and tone generators must automatically transfer to backup units, on 

primary equipment failure. 

w. Printout of Events: On receipt of signal, print alarm, supervisory, and trouble events. Identify 

zone, device, and function. Include type of signal (alarm, supervisory, or trouble) and date and 

time of occurrence. Differentiate alarm signals from other printed indications. Also, print system 

reset event, including same information for device, location, date, and time. Commands initiate 

printing of list of existing alarm, supervisory, and trouble conditions in system and historical log 

of events. 

x. Primary Power: 24 V(dc) obtained from 120 V(ac) service and power-supply module. Initiating 

devices, notification appliances, signaling lines, trouble signals, and supervisory signals must be 

powered by 24 V(dc) source. 

y. Alarm current draw of entire fire-alarm system must not exceed 80 percent of power-supply 

module rating. 

z. Secondary Power: 24 V(dc) supply system with batteries, automatic battery charger, and automatic 

transfer switch. 

aa. Batteries:  Sealed, valve-regulated, recombinant lead acid. 

C. Accessories: 

1. Instructions: Computer printout or typewritten instruction card mounted behind plastic or glass cover in 

stainless steel or aluminum frame. Include interpretation and describe appropriate response for displays 

and signals. Briefly describe functional operation of system under normal, alarm, and trouble conditions. 

2.05 MANUAL FIRE-ALARM BOXES 

A. General Requirements for Manual Fire-Alarm Boxes: Comply with UL 38. Boxes must be finished in red with 

molded, raised-letter operating instructions in contrasting color; must show visible indication of operation; and 

must be mounted on recessed outlet box. If indicated as surface mounted, provide manufacturer's surface back 

box. 

1. Double-action mechanism requiring two actions to initiate alarm, breaking-glass or plastic-rod or pull-

lever type; with integral addressable module arranged to communicate manual-station status (normal, 

alarm, or trouble) to FACU. 

2. Station Reset: Key- or wrench-operated switch. 

3. Weatherproof Protective Shield: Factory-fabricated, clear plastic enclosure hinged at top to permit lifting 

for access to initiate alarm. 

4. Able to perform at up to 90 percent relative humidity at 90 deg F. 

5. Able to be used in outdoor areas. 

2.06 SYSTEM SMOKE DETECTORS 

A. Photoelectric Smoke Detectors: 

1. Performance Criteria: 

a. Regulatory Requirements: 

1) NFPA 72. 

2) UL 268. 

b. General Characteristics: 

1) Detectors must be two-wire type. 

2) Integral Addressable Module: Arranged to communicate detector status (normal, alarm, or 

trouble) to FACU. 

3) Base Mounting: Detector and associated electronic components must be mounted in twist-

lock module that connects to fixed base. Provide terminals in fixed base for connection to 

building wiring. 

4) Self-Restoring: Detectors do not require resetting or readjustment after actuation to restore 

them to normal operation. 
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5) Integral Visual-Indicating Light: LED type, indicating detector has operated and power-on 

status. 

6) Detector address must be accessible from FACU and must be able to identify detector's 

location within system and its sensitivity setting. 

7) Operator at FACU, having designated access level, must be able to manually access the 

following for each detector: 

a) Primary status. 

b) Device type. 

c) Present average value. 

d) Present sensitivity selected. 

e) Sensor range (normal, dirty, etc.). 

8) Detector must have functional humidity range within 10 to 90 percent relative humidity. 

9) Color: White. 

10) Remote Control: Unless otherwise indicated, detectors must be digital-addressable type, 

individually monitored at FACU for calibration, sensitivity, and alarm condition and 

individually adjustable for sensitivity by FACU. 

11) Rate-of-rise temperature characteristic of combination smoke- and heat-detection units 

must be selectable at FACU for 15 or 20 deg F per minute. 

12) Fixed-temperature sensing characteristic of combination smoke- and heat-detection units 

must be independent of rate-of-rise sensing and must be settable at FACU to operate at 135 

or 155 deg F. 

13) Multiple levels of detection sensitivity for each sensor. 

14) Sensitivity levels based on time of day. 

B. Ionization Smoke Detectors: 

1. Performance Criteria: 

a. Regulatory Requirements: 

1) NFPA 72. 

2) UL 268. 

b. General Characteristics: 

1) Detectors must be two-wire type. 

2) Integral Addressable Module: Arranged to communicate detector status (normal, alarm, or 

trouble) to FACU. 

3) Base Mounting: Detector and associated electronic components must be mounted in twist-

lock module that connects to fixed base. Provide terminals in fixed base for connection to 

building wiring. 

4) Self-Restoring: Detectors do not require resetting or readjustment after actuation to restore 

them to normal operation. 

5) Integral Visual-Indicating Light: LED type, indicating detector has operated and power-on 

status. 

6) Detector address must be accessible from FACU and must be able to identify detector's 

location within system and its sensitivity setting. 

7) Operator at FACU, having designated access level, must be able to manually access the 

following for each detector: 

a) Primary status. 

b) Device type. 

c) Present average value. 

d) Present sensitivity selected. 

e) Sensor range (normal, dirty, etc.). 

8) Detector must have functional humidity range within 10 to 90 percent relative humidity. 

9) Color: White. 

10) Remote Control: Unless otherwise indicated, detectors must be digital-addressable type, 

individually monitored at FACU for calibration, sensitivity, and alarm condition and 

individually adjustable for sensitivity by FACU. 
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11) Rate-of-rise temperature characteristic of combination smoke- and heat-detection units 

must be selectable at FACU for 15 or 20 deg F per minute. 

12) Fixed-temperature sensing characteristic of combination smoke- and heat-detection units 

must be independent of rate-of-rise sensing and must be settable at FACU to operate at 135 

or 155 deg F. 

13) Multiple levels of detection sensitivity for each sensor. 

14) Sensitivity levels based on time of day. 

2.07 DUCT SMOKE DETECTORS 

A. Description: Photoelectric-type, duct-mounted smoke detector. 

B. Performance Criteria: 

1. Regulatory Requirements: 

a. NFPA 72. 

b. UL 268A. 

2. General Characteristics: 

a. Detectors must be two-wire type. 

b. Integral Addressable Module: Arranged to communicate detector status (normal, alarm, or trouble) 

to FACU. 

c. Self-Restoring: Detectors do not require resetting or readjustment after actuation to restore them to 

normal operation. 

d. Integral Visual-Indicating Light: LED type, indicating detector has operated and power-on status. 

e. Detector address must be accessible from FACU and must be able to identify detector's location 

within system and its sensitivity setting. 

f. Operator at FACU, having designated access level, must be able to manually access the following 

for each detector: 

1) Primary status. 

2) Device type. 

3) Present average value. 

4) Present sensitivity selected. 

5) Sensor range (normal, dirty, etc.). 

g. Weatherproof Duct Housing Enclosure: NEMA 250, Type 4X; NRTL listed for use with supplied 

detector for smoke detection in HVAC system ducts. 

h. Each sensor must have multiple levels of detection sensitivity. 

i. Sampling Tubes: Design and dimensions as recommended by manufacturer for specific duct size, 

air velocity, and installation conditions where applied. 

j. Relay Fan Shutdown: Fully programmable relay rated to interrupt fan motor-control circuit. 

2.08 HEAT DETECTORS 

A. Combination-Type Heat Detectors: 

1. Performance Criteria: 

a. Regulatory Requirements: 

1) NFPA 72. 

2) UL 521. 

b. General Characteristics: 

1) Temperature sensors must test for and communicate sensitivity range of device. 

c. Actuated by fixed temperature of 135 deg F or rate of rise that exceeds 15 deg F per minute unless 

otherwise indicated. 

d. Mounting:  Twist-lock base interchangeable with smoke-detector bases. 

e. Integral Addressable Module: Arranged to communicate detector status (normal, alarm, or trouble) 

to FACU. 

f. Detector must have functional humidity range of 10 to 90 percent relative humidity. 

g. Color: White . 
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B. Fixed-Temperature-Type Heat Detectors: 

1. Performance Criteria: 

a. Regulatory Requirements: 

1) NFPA 72. 

2) UL 521. 

b. General Characteristics: 

1) Actuated by temperature that exceeds fixed temperature of 135 deg F, unless otherwise 

indicated. 

2) Mounting:  Twist-lock base interchangeable with smoke-detector bases. 

3) Integral Addressable Module: Arranged to communicate detector status (normal, alarm, or 

trouble) to FACU. 

4) Detector must have functional humidity range of 10 to 90 percent. 

5) Color: White. 

2.09 FIRE-ALARM NOTIFICATION APPLIANCES 

A. Fire-Alarm Voice/Tone Notification Appliances: 

1. Description: Notification appliances capable of outputting voice evacuation messages. 

2. Performance Criteria: 

a. Regulatory Requirements: 

1) NFPA 72. 

2) UL 1480. 

b. General Characteristics: 

1) Speakers for Voice Notification: Locate speakers for voice notification to provide 

intelligibility requirements of "Notification Appliances" and "Emergency Communications 

Systems" chapters in NFPA 72. 

2) High-Range Units: Rated 2 to 15 W. 

3) Low-Range Units: Rated 1 to 2 W. 

4) Mounting:  Surface mounted and bidirectional. 

5) Matching Transformers: Tap range matched to acoustical environment of speaker location. 

6) Combination Devices: Factory-integrated audible and visible devices in single-mounting 

assembly, equipped for mounting as indicated, and with screw terminals for system 

connections. 

B. Fire-Alarm Visible Notification Appliances: 

1. Performance Criteria: 

a. Regulatory Requirements: 

1) NFPA 72. 

2) UL 1971. 

b. General Characteristics: 

1) Rated Light Output: 

a) 15/30/75/110 cd, selectable in field. 

2) Clear or nominal white polycarbonate lens mounted on aluminum faceplate. 

3) Mounting: Wall mounted unless otherwise indicated. 

4) For units with guards to prevent physical damage, light output ratings must be determined 

with guards in place. 

5) Flashing must be in temporal pattern, synchronized with other units. 

6) Strobe Leads: Factory connected to screw terminals. 

7) Mounting Faceplate: Factory finished, white. 

2.10 FIRE-ALARM REMOTE ANNUNCIATORS 

A. Performance Criteria: 

1. Regulatory Requirements: 

a. NFPA 72. 
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2. General Characteristics: 

a. Annunciator functions must match those of FACU for alarm, supervisory, and trouble indications. 

Manual switching functions must match those of FACU, including acknowledging, silencing, 

resetting, and testing. 

1) Mounting: Flush cabinet, NEMA 250, Type 1. 

b. Display Type and Functional Performance: Alphanumeric display and LED indicating lights must 

match those of FACU. Provide controls to acknowledge, silence, reset, and test functions for 

alarm, supervisory, and trouble signals. 

2.11 FIRE-ALARM ADDRESSABLE INTERFACE DEVICES 

A. Performance Criteria: 

1. Regulatory Requirements: 

a. NFPA 72. 

2. General Characteristics: 

a. Include address-setting means on module. 

b. Store internal identifying code for control panel use to identify module type. 

c. Listed for controlling HVAC fan motor controllers. 

d. Monitor Module: Microelectronic module providing system address for alarm-initiating devices 

for wired applications with normally open contacts. 

e. Integral Relay: Capable of providing direct signal to elevator controller to initiate elevator recall or 

to circuit-breaker shunt trip for power shutdown. 

1) Allow control panel to switch relay contacts on command. 

2) Have minimum of two normally open and two normally closed contacts available for field 

wiring. 

f. Control Module: 

1) Operate notification devices. 

2) Operate solenoids for use in sprinkler service. 

2.12 DIGITAL ALARM COMMUNICATOR TRANSMITTERS (DACTs) 

A. Performance Criteria: 

1. Regulatory Requirements: 

a. NFPA 72. 

2. General Characteristics: 

a. DACT must be acceptable to remote central station and must be listed for fire-alarm use. 

b. Functional Performance: Unit must receive alarm, supervisory, or trouble signal from FACU and 

automatically capture two telephone line(s) and dial preset number for remote central station. 

When contact is made with central station(s), signals must be transmitted. If service on either line 

is interrupted for longer than 45 seconds, transmitter must initiate local trouble signal and transmit 

signal indicating loss of telephone line to remote alarm receiving station over remaining line. 

Transmitter must automatically report telephone service restoration to central station. If service is 

lost on both telephone lines, transmitter must initiate local trouble signal. 

c. Local functions and display at DACT must include the following: 

1) Verification that both telephone lines are available. 

2) Programming device. 

3) LED display. 

4) Manual test report function and manual transmission clear indication. 

5) Communications failure with central station or FACU. 

d. Digital data transmission must include the following: 

1) Address of alarm-initiating device. 

2) Address of supervisory signal. 

3) Address of trouble-initiating device. 

4) Loss of ac supply. 

5) Loss of power. 
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6) Low battery. 

7) Abnormal test signal. 

8) Communication bus failure. 

e. Secondary Power: Integral rechargeable battery and automatic charger. 

f. Self-Test: Conducted automatically every 24 hours with report transmitted to central station. 

PART 3 - EXECUTION 

3.01 EXAMINATION 

A. Examine areas and conditions for compliance with requirements for ventilation, temperature, humidity, and other 

conditions affecting performance of the Work. 

1. Verify that manufacturer's written instructions for environmental conditions have been permanently 

established in spaces where equipment and wiring are installed, before installation begins. 

B. Examine roughing-in for electrical connections to verify actual locations of connections before installation. 

C. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.02 PREPARATION 

A. Preinstallation Testing: Perform verification of functionality of installed components of existing system prior to 

starting work. Document equipment or components not functioning as designed. 

B. Interruption of Existing Fire-Alarm Service: Do not interrupt fire-alarm service to facilities occupied by Owner 

or others unless permitted under the following conditions and then only after arranging to provide temporary 

guard service in accordance with requirements indicated: 

1. Notify Owner no fewer than seven days in advance of proposed interruption of fire-alarm service. 

2. Do not proceed with interruption of fire-alarm service without Owner's written permission. 

C. Protection of In-Place Conditions: Protect devices during construction unless devices are placed in service to 

protect facility during construction. 

3.03 INSTALLATION OF EQUIPMENT 

A. Comply with NECA 305, NFPA 72, NFPA 101, and requirements of authorities having jurisdiction for 

installation and testing of fire-alarm equipment. Install electrical wiring to comply with requirements in 

NFPA 70 including, but not limited to, Article 760, "Fire Alarm Systems." 

1. Devices placed in service before other trades have completed cleanup must be replaced. 

2. Devices installed, but not yet placed, in service must be protected from construction dust, debris, dirt, 

moisture, and damage in accordance with manufacturer's written storage instructions. 

B. Connecting to Existing Equipment: Verify that existing fire-alarm system is operational before making changes 

or connections. 

1. Connect new equipment to existing control panel in existing part of building. 

2. Connect new equipment to existing monitoring equipment at supervising station. 

3. Expand, modify, and supplement existing monitoring equipment as necessary to extend existing 

monitoring functions to new points. New components must be capable of merging with existing 

configuration without degrading performance of either system. 

C. Install wall-mounted equipment, with tops of cabinets not more than 78 inch above finished floor. 

D. Manual Fire-Alarm Boxes: 

1. Install manual fire-alarm box in normal path of egress within 60 inch of exit doorway. 

2. Mount manual fire-alarm box on background of contrasting color. 
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3. Operable part of manual fire-alarm box must be 48 inch above floor level. Devices must be mounted at 

same height unless otherwise indicated. 

E. Smoke- and Heat-Detector Spacing: 

1. Comply with "Smoke-Sensing Fire Detectors" section in "Initiating Devices" chapter in NFPA 72, for 

smoke-detector spacing. 

2. Comply with "Heat-Sensing Fire Detectors" section in "Initiating Devices" chapter in NFPA 72, for heat-

detector spacing. 

3. Smooth ceiling spacing must not exceed 30 ft.. 

4. Spacing of detectors for irregular areas, for irregular ceiling construction, and for high ceiling areas must 

be determined in accordance with Annex A or Annex B in NFPA 72. 

5. HVAC: Locate detectors not closer than 36 inch from air-supply diffuser or return-air opening. 

6. Lighting Fixtures: Locate detectors not closer than 12 inch from lighting fixture and not directly above 

pendant mounted or indirect lighting. 

F. Install cover on each smoke detector that is not placed in service during construction. Cover must remain in 

place except during system testing. Remove cover prior to system turnover. 

G. Duct Smoke Detectors: Comply with NFPA 72 and NFPA 90A. Install sampling tubes so they extend full width 

of duct. Tubes more than 36 inch long must be supported at both ends. 

1. Do not install smoke detector in duct smoke-detector housing during construction. Install detector only 

during system testing and prior to system turnover. 

H. Elevator Shafts: Coordinate temperature rating and location with sprinkler rating and location. Do not install 

smoke detectors in sprinklered elevator shafts. 

I. Remote Status and Alarm Indicators: Install in visible location near each smoke detector, sprinkler water-flow 

switch, and valve-tamper switch that is not readily visible from normal viewing position. 

J. Audible Alarm-Indicating Devices: Install not less than 6 inch below ceiling. Install bells and horns on flush-

mounted back boxes with device-operating mechanism concealed behind grille. Install devices at same height 

unless otherwise indicated. 

K. Visible Alarm-Indicating Devices: Install adjacent to each alarm bell or alarm horn and at least 6 inch below 

ceiling. Install devices at same height unless otherwise indicated. 

L. Device Location-Indicating Lights: Locate in public space near device they monitor. 

3.04 ELECTRICAL CONNECTIONS 

A. Install optical fiber cabling in accordance with Section 260525 “Optical Fiber Backbone Cabling.” 

B. Connect wiring in accordance with Section 260519 "Low-Voltage Electrical Power Conductors and Cables." 

C. Ground equipment in accordance with Section 260526 "Grounding and Bonding for Electrical Systems." 

D. Install electrical devices furnished by manufacturer, but not factory mounted, in accordance with NFPA 70 and 

NECA 1. 

E. Install nameplate for each electrical connection, indicating electrical equipment designation and circuit number 

feeding connection. 

1. Nameplate must be laminated acrylic or melamine plastic signs, as specified in Section 260553 

"Identification for Electrical Systems." 
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3.05 CONTROL CONNECTIONS 

A. Install control and electrical power wiring to field-mounted control devices. 

B. Connect control wiring in accordance with Section 260523 "Control-Voltage Electrical Power Cables." 

C. Install nameplate for each control connection, indicating field control panel designation and I/O control 

designation feeding connection. 

3.06 PATHWAYS 

A. Install underground pathways in accordance with Section 260543 “Underground Ducts and Raceways for 

Electrical Systems.” 

 

B. Install pathways in accordance with Section 260533 “Raceway and Boxes for Electrical Systems.” 

1. Pathways must be installed in EMT or RSC. 

2. Exposed raceways must be painted red enamel. 

3. Concealed and exposed junction boxes must be painted red enamel. 

3.07 CONNECTIONS 

A. For fire-protection systems related to doors in fire-rated walls and partitions and to doors in smoke partitions, 

comply with requirements in Section 087100 "Door Hardware." Connect hardware and devices to fire-alarm 

system. 

1. Verify that hardware and devices are listed for use with installed fire-alarm system before making 

connections. 

B. Make addressable connections with supervised interface device to the following devices and systems. Install 

interface device less than 36 inch from device controlled. Make addressable confirmation connection when such 

feedback is available at device or system being controlled. 

1. Smoke dampers in air ducts of designated HVAC duct systems. 

2. Magnetically held-open doors. 

3. Electronically locked doors and access gates. 

4. Alarm-initiating connection to elevator recall system and components. 

5. Alarm-initiating connection to activate emergency lighting control. 

6. Supervisory connections at valve supervisory switches. 

7. Supervisory connections at elevator shunt-trip breaker. 

8. Data communication circuits for connection to building management system. 

9. Supervisory connections at fire-extinguisher locations. 

3.08 IDENTIFICATION 

A. Identify system components, wiring, cabling, and terminals. Comply with requirements for identification 

specified in Section 270553 "Identification for Communications Systems." 

B. Install framed instructions in location visible from FACU. 

3.09 GROUNDING 

A. Ground FACU and associated circuits in accordance with Section 260526 "Grounding and Bonding for 

Electrical Systems." 

B. Ground shielded cables at control panel location only. Insulate shield at device location. 
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3.10 FIELD QUALITY CONTROL 

A. Field tests must be witnessed by authorities having jurisdiction. 

B. Administrant for Tests and Inspections: 

1. Engage factory-authorized service representative to administer and perform tests and inspections on 

components, assemblies, and equipment installations, including connections. 

C. Tests and Inspections: 

1. Visual Inspection: Conduct visual inspection prior to testing. 

a. Inspection must be based on completed record Drawings and system documentation that is 

required by "Completion Documents, Preparation" table in "Documentation" section of 

"Fundamentals" chapter in NFPA 72. 

b. Comply with "Visual Inspection Frequencies" table in "Inspection" section of "Inspection, Testing 

and Maintenance" chapter in NFPA 72; retain "Initial/Reacceptance" column and list only 

installed components. 

2. System Testing: Comply with "Test Methods" table in "Testing" section of "Inspection, Testing and 

Maintenance" chapter in NFPA 72. 

3. Test audible appliances for public operating mode in accordance with manufacturer's written instructions. 

Perform test using portable sound-level meter complying with Type 2 requirements in ASA S1.4 

Part 1/IEC 61672-1. 

4. Test audible appliances for private operating mode in accordance with manufacturer's written 

instructions. 

5. Test visible appliances for public operating mode in accordance with manufacturer's written instructions. 

6. Factory-authorized service representative must prepare "Fire Alarm System Record of Completion" in 

"Documentation" section of "Fundamentals" chapter in NFPA 72 and "Inspection and Testing Form" in 

"Records" section of "Inspection, Testing and Maintenance" chapter in NFPA 72. 

D. Reacceptance Testing: Perform reacceptance testing to verify proper operation of added or replaced devices and 

appliances. 

E. Fire-alarm system will be considered defective if it does not pass tests and inspections. 

F. Prepare test and inspection reports. 

G. Maintenance Test and Inspection: Perform tests and inspections listed for weekly, monthly, quarterly, and 

semiannual periods. Use forms developed for initial tests and inspections. 

H. Annual Test and Inspection: One year after date of Substantial Completion, test fire-alarm system complying 

with visual and testing inspection requirements in NFPA 72. Use forms developed for initial tests and 

inspections. 

3.11 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, operate, 

and maintain fire-alarm system. Provide video recording of training to Owner. 

3.12 MAINTENANCE 

A. Maintenance Service: Beginning at Substantial Completion, maintenance service must include 12 months' full 

maintenance by skilled employees of manufacturer's designated service organization. Include preventive 

maintenance, repair or replacement of worn or defective components, lubrication, cleaning, and adjusting as 

required for proper operation. Parts and supplies must be manufacturer's authorized replacement parts and 

supplies. 



 

 

SECTION 294621.11 - ADDRESSABLE FIRE-ALARM SYSTEMS (continued): 

Deane Bozeman School  

Classroom Addition & Site Work 

294621.11 - 17 

1. Include visual inspections in accordance with "Visual Inspection Frequencies" table in "Testing" 

paragraph of "Inspection, Testing and Maintenance" chapter in NFPA 72. 

2. Perform tests in "Test Methods" table in "Testing" paragraph of "Inspection, Testing and Maintenance" 

chapter in NFPA 72. 

3. Perform tests per "Testing Frequencies" table in "Testing" paragraph of "Inspection, Testing and 

Maintenance" chapter in NFPA 72. 

3.13 SOFTWARE SERVICE AGREEMENT 

A. Comply with UL 864. 

B. Technical Support: Beginning at Substantial Completion, service agreement must include software support for 

two years. 

C. Upgrade Service: At Substantial Completion, update software to latest version. Install and program software 

upgrades that become available within two years from date of Substantial Completion. Upgrading software must 

include operating system and new or revised licenses for using software. 

1. Upgrade Notice: At least 30 days to allow Owner to schedule access to system and to upgrade computer 

equipment if necessary. 

END OF SECTION 294621.11 
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SECTION 311000 - TRENCH SAFETY ACT 
 
 
1.1 INTENT 
 

 The purpose and intent of this act is to provide for increased worker safety by requiring compliance with 
sufficient standards for trench safety. 
 

 
1.2 STATE STANDARD : The Occupational Safety and Health Administration's excavation safety 

standards, 29, C.F.R. s. 1926.650 Subpart P, are hereby incorporated as the state standard.  The 
Department of labor and Employment Security may, but rule, adopt updated or revised versions of those 
standards, provided that the updated or revised versions are consistent with the intent expressed in this 
act and s. 553.72, and are not otherwise inconsistent with state law.  Any rule adopted as provided in this 
section shall be complied with upon its effective date. 

 
 
1.3 TRENCH EXCAVATIONS IN EXCESS OF 5 FEET DEEP; REQUIRED INFORMATION. 
 

 On all specific contracts for trench excavation in which such excavation will exceed a depth of 5 feet: 
 
1. The contract bid submitted by the contractor who will perform such excavation shall include: 
 

a. A reference to the trench safety standards that will be in effect during the period of construction 
of the project. 

 
b. Written assurance by the contractor performing the trench excavation that such contractor will 

comply with the applicable trench safety standards. 
 

c. A separate item identifying the cost of compliance with the applicable trench safety standards. 
 
2. A contractor performing trench excavation shall: 
 

a. As a minimum, comply with the excavation safety standards which are applicable to a project. 
 

b. Adhere to any special shoring requirements, if any, of the State of other political subdivisions 
which may be applicable to such a project. 

 
c. If any geotechnical information is available from the owner, the contractor, or otherwise, the 

contractor performing trench excavation shall consider this information in the contractor's 
design of the trench safety system which it will employ on the project.  This paragraph shall not 
require the owner to obtain geotechnical information. 

 
d. The Trench safety system shall be designed by the Contractor. 

 
1.4 CERTAIN REQUIREMENTS FOR CONTRACT BIDS 
 

 The separate item identifying the cost of compliance with trench safety standards shall be based on the 
linear feet of trench to be excavated.  The separate item for special shoring requirements, if any, shall be 
based on the square feet of shoring used.  Every separate item shall indicate the specific method of 
compliance as well as the cost of that method. 

 
END OF SECTION 311000 
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1.1 INTENT 
 

It is the intent of these specifications to provide supplemental information to the contents of the 
construction drawings on the quality of materials, execution, measurement, etc.  These specifications are 
general in nature and may contain products and requirements which are not applicable to the project.  
Discrepancies between these specifications and the construction drawings, either imagined or real, shall be 
brought to the attention of the Owner's Engineer for clarification. 

 
1.2 DESCRIPTION OF WORK 
 

Extent of earth work is indicated on drawings and includes but is not limited to:  Preparation of subgrade 
for pavements; embankment for roadway; excavation and fill for site work; excavation of unsuitable 
material; excavation for stormwater system including ditches, channels, swales, detention areas, retention 
areas, etc.; excavation for Utilities:  Refer to Section 9, not Work of this section. 

 
1.3 DEFINITIONS 
 

Excavation:  Excavation consists of removal of material encountered to subgrade elevations indicated and 
subsequent disposal of materials removed. 
 
Embankment:  Fill for roadways interior to right of way, does not include backfill of unsuitable material.  
Embankment may be used generically to indicate all types of fill except backfill of unsuitable material. 
 
Subbase:  A constructed bed of material laid under a road or pavement base on the natural ground surface. 
 
Subgrade:  The prepared natural ground beneath a road or pavement base. 
 
The terms subbase and subgrade are used generically in certain instances to indicate the material beneath a 
road or pavement base without regard as to whether the material is naturally occurring or not.  It is the 
intent of these specifications to make a distinction where warranted.  However, on the construction plans, 
such a distinction may not be shown. 

 
1.4 RELATED WORK 
 

Section 14 
 
1.5 QUALITY ASSURANCE 
 

Codes and Standards:  Perform all Work in compliance with applicable requirements of governing 
authorities having jurisdiction. 
 
Comply with the provisions of the following codes and standards, except as otherwise shown or specified: 
 
Standard Specifications for Road and Bridge Construction, Florida Department of Transportation, latest 
edition.  Herein specified or shown on the plans as "Section XXX, FDOT Standard Specifications. 
 
Testing and Inspection:  Contractor will engage an independent soil testing service for quality control 
testing during earth work operations. 
 
It will be the responsibility of the Contractor to coordinate all testing and inspections.  Contractor shall 
employ, at his expense, an independent testing laboratory approved by the City Engineer.  The Contractor 
shall notify the Owner's Engineer, testing service, and applicable agency inspectors 48 hours in advance of 
testing and inspections. 
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1.6 SUBMITTALS 
 

Test Reports:  Submit following applicable reports directly to Engineer from the testing services with copy 
to Contractor:  Test reports on borrow material; field density test reports; optimum moisture-maximum 
density curves; gradation curves; bearing Test (LBR) for subbase or subgrade material; bearing Test (LBR) 
for base material. 

 
1.7 JOB CONDITIONS 
 

Site Information:  Data on indicated subsurface conditions are not intended as representations or warranties 
of accuracy or continuity between soil borings.  It is expressly understood that Owner will not be 
responsible for interpretations or conclusions drawn therefrom by Contractor.  Data is made available for 
convenience of Contractor. 
 
Additional test borings and other exploratory operations may be made by Contractor at no cost to Owner. 
 
Underground Utilities:  The plans show certain features of topography, and certain underground utilities, 
but they do not purport to show in complete detail all such lines or obstructions.   Such topography and 
notes on the plans were inserted from records available and are for the Contractor's convenience only and 
shall not be used as a basis for claims of extra compensation.  Whenever necessary to determine the 
location of existing pipes, valves, or other underground structures, the Contractor shall examine all 
available records and shall make all explorations and excavations for such purpose.  Any damage to 
existing facilities resulting from the Contractor's operations shall be immediately repaired by the Contractor 
at no cost to the Owner. 
 
Existing Utilities:  Locate existing underground utilities in areas of Work.  If utilities are to remain in place, 
provide adequate means of support and protection during earth work operations. 
 
Should uncharted or incorrectly charted piping or other utilities be encountered during excavation, consult 
utility owner immediately for directions.  Cooperate with Owner and utility companies in keeping 
respective services and facilities in operation. 
 
Do not interrupt existing utilities serving facilities occupied and used by Owner or others during occupied 
hours, except when permitted, in writing, by Engineer and then only after acceptable temporary utility 
services have been provided. 
 
Provide minimum of 48 hours notice to utility owner and receive written notice to proceed before 
interrupting any utility. 
 
Demolish and completely remove from site existing underground utilities indicated to be removed.  
Coordinate with utility companies for shut-off of services if lines are active. 
 
Protection of Persons and Property:  Barricade open excavations occurring as part of this Work and post 
with warning lights.  Operate warning lights as recommended by authorities having jurisdiction. 
 
Protect structures, utilities, sidewalks, pavements, and other facilities from damage caused by settlement, 
lateral movement, undermining, washout, and other hazards created by earth work operations.  Perform 
excavation by hand within drip-line of large trees to remain, and protect the root system from damage or 
dry out to the greatest extent possible.  Maintain moist condition for root system and cover exposed roots 
with burlap.  Paint root cuts of 1" diameter and larger with emulsified asphalt tree paint. 
 
 
 

 
1.8 SOIL MATERIALS 
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Definitions: 
 
Satisfactory Soil Materials: Those materials complying with AASHTO soil classification groups A-1, A-2-
4, A-2-5, A-3. 
 
Unsatisfactory Soil Materials: Those materials complying with AASHTO soil classification groups A-2-6, 
A-2-7, A-4, A-5, A-6, A-7, and A-8.  Unsatisfactory materials include but are not limited to those materials 
containing roots and other organic matter, trash, debris, frozen materials, and stones larger than three 
inches.  Unsatisfactory materials also include manmade fills, refuse, or backfills from previous 
construction. 
 
Subbase Material:  Naturally or artificially graded mixture of natural or crushed gravel, crushed stone, 
crushed slag, natural or crush sand with less than 15% passing No. 200 sieve and a limerock bearing ratio 
value of at least 40. 
 
Drainage Fill:  Washed, evenly graded mixture of crushed stone, or crushed or uncrushed gravel, with 
100% passing a 1-1/2" sieve and not more than 5% passing a No. 4 sieve. 
 
Backfill and Fill Materials:  Satisfactory soil materials free of clay, rock, or gravel larger than two inches in 
any dimension, debris, waste, vegetable, and other deleterious matter and less than 15% passing No. 200 
sieve. 

 
1.9 EXCAVATION 

 
General:  Excavation Work includes excavation to the lines, grades, and cross-sections indicated and 
includes excavation of pavements and other obstructions visible on ground surface; underground structures, 
utilities, and other items indicated to be demolished and removed; along with earth and other materials 
encountered. 
 
Unauthorized excavation consists of removal of materials beyond indicated lines, grades, and cross-
sections without specific direction of Engineer.  Unauthorized excavation, as well as remedial Work 
directed by Engineer, shall be at Contractor's expense. 
 
Unsuitable Materials:  Where muck, rock, clay, or other material within the limits of the roadway or other 
Work is unsuitable in its original position, the Contractor shall excavate materials to the cross sections 
indicated on the plans or as directed by the Engineer.  The unsuitable material, when so directed, shall be 
stockpiled on site at a location selected by Owner except for material containing deleterious matter larger 
than two inches in diameter which shall be disposed of off-site in accordance with applicable codes and 
regulations.  The excavated area shall be backfilled with suitable material to the lines, grades, and 
elevations indicated on the plans in accordance with these specifications.  
 
Stability of Excavations:  Slope sides of excavations to comply with local codes and ordinances having 
jurisdiction.  Shore and brace where sloping is not possible because of space restrictions or stability of 
material excavated. 
 
Maintain sides and slopes of excavations in safe condition until completion of backfilling. 
 
Provide materials for shoring and bracing, such as sheet piling, uprights, stringers, and cross-braces, in 
good, serviceable condition. 
 
Establish requirement for trench shoring and bracing to comply with local codes and authorities having 
jurisdiction. 
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Maintain shoring and bracing in excavations regardless of time period excavations will be open.  Carry 
down shoring and bracing as excavation progresses. 
 
De-watering:  Prevent surface water and subsurface or ground water from flowing into excavations and 
from flooding project site and surrounding area.  De-watering will be included in proposal cost of all items. 
 
Do not allow water to accumulate in excavations.  Remove water to prevent softening of foundation 
bottoms, undercutting footing, and soil changes detrimental to stability of subgrades and foundations.  
Provide and maintain pumps, well points, sumps, suction and discharge lines, and other de-watering system 
components necessary to convey water away from excavations. 
 
Establish and maintain temporary drainage ditches and other diversions outside excavation limits to convey 
rain water and water removed from excavations to collecting or runoff areas.  Do not use trench 
excavations as temporary drainage ditches. 
 
Material Storage:  Stockpile satisfactory excavated materials where directed, until required for backfill or 
fill.  Place, grade, and shape stockpiles for proper drainage. 
 
Locate and retain soil materials away from edge of excavations.  Do not store within drip lines of trees 
indicated to remain. 
 
Dispose of excess soil material and waste materials as herein specified. 
 
Excavation for Structures:  Excavations shall be to the lines, grades, and elevations indicated and extending 
a sufficient distance from footings and foundations to permit placing and removal of concrete form work, 
installation of piping, other construction, and for inspection. 
 
In excavating for footings and foundations, take care not to disturb bottom of excavation.  Excavate by 
hand to final grade just before concrete reinforcement is placed.  Trim bottoms to required lines and grades 
to leave solid base to receive other Work. 
 
Excavation for Pavements:  Excavation under pavements shall be to the lines, grades, and elevations as 
indicated. 
 
Excavation for Stormwater Systems:  Excavation shall be to the lines, grades, and cross-sections indicated. 

 
1.10 BACKFILL, FILL, AND EMBANKMENT 

 
General:  Backfill, fill, and embankment work includes fill to the lines, grades, and cross-sections 
indicated.  Place acceptable soil material in layers to required elevations, for each area classification as 
contained herein. 
 
Ground Surface Preparation:  Remove vegetation, debris, unsatisfactory soil materials, obstructions, and 
deleterious materials from ground surface prior to placement of fills.  Flow, strip, or break-up sloped 
surfaces steeper than one vertical to four horizontals so that fill material will bond with existing surface. 
 
When existing ground surface has a density less than that specified under "Compaction" for particular area 
classification, break up ground surface, pulverize, moisture-condition to optimum moisture content, and 
compact to required depth and percentage of maximum density. 
 
Placement and Compaction:  Place backfill and fill materials in layers not more than 12" in loose depth for 
material compacted by heavy compaction equipment, and not more than six inches in loose depth for 
material compacted by hand-operated tampers. 
 
Before compaction, moisten or aerate each layer as necessary to provide optimum moisture content.  
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Compact each layer to required percentage of maximum dry density or relative dry density for each area 
classification.  Do not place backfill or fill material on unsuitable material unless so indicated on plans. 
 
Place backfill and fill materials evenly adjacent to structures, piping, or conduit to required elevations.  
Take care to prevent wedging action of backfill against structures or displacement of piping or conduit by 
carrying material uniformly around structure, piping, or conduit to approximately same elevation in each 
lift. 
 
Placing in Unstable Areas:  Where the material is deposited in water or on low swampy ground that will not 
support the weight of hauling equipment, the fill shall be constructed by dumping successive loads in a 
uniformly distributed layer of a thickness not greater than necessary to support the hauling equipment while 
placing subsequent layers.  At the point where hauling equipment will be supported by the embankment, 
fill will be placed in successive layers of not more than eight inches, measured loose, for the full width of 
the area and to the necessary thickness. 
 
Placing on Steep Slopes:  When embankments are constructed on a hillside sloping more than 20 degrees 
from the horizontal, the surface of the original ground on which the embankment is to be placed shall be 
plowed deeply to cut into steps, as directed, before filling is started. 
 
Placing Outside Standard Minimum Slope:  Where material is unsuitable for normal embankment 
construction is to be used in the embankment outside the standard minimum slope (approximately 2 to 1), 
such material shall be placed in layers of not more than 18 inches in thickness, measured loose.  Material 
which is suitable for normal embankment but which is being placed outside such standard minimum slope, 
may also be placed in 18-inch layers. 
 
Backfill excavations as promptly as Work permits, but not until completion of the following:  Inspection, 
testing, approval, and recording locations of underground utilities; removal of concrete form work, no form 
work will be allowed to remain in place; removal of shoring and bracing and backfilling of voids with 
satisfactory materials; removal of trash and debris. 

 
1.11 GRADING 

 
General:  Uniformly grade areas within limits of grading under this section, including adjacent transition 
areas.  Smooth finished surface within specified tolerances, compact with uniform levels or slopes between 
point where elevations are indicated, or between such points and existing grades. 
 
Grading Outside Building Lines:  Grade areas adjacent to building lines to drain away from structures and 
to prevent ponding. 
 
Finish surface free from irregular surface changes and as follows: 
 
Lawn or Unpaved Areas:  Finish areas to receive topsoil to within not more than 0.10' above or below 
required subgrade elevations. 
 
Walks:  Shape surface of areas under walks to line, grade, and cross-section, with finish surface not more 
than 0.10' above or below required subgrade elevation. 
 
Ditches, Channels, and Swales:  Shape to line, grade, and cross-section, with finish surface not more than 
0.10' above or below required elevations and such that no water will be impounded unless so indicated on 
plans. 
 
Pavements:  Shape surface of areas under pavement to line, grade, and cross-section with finish surface not 
more than ½" above or below required subgrade elevation. 
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Compaction:  After grading, compact surfaces to the depth and indicated percentages of maximum or 
relative density for each area classification. 
 

1.12 COMPACTION 
 
General:  Control soil compaction during construction providing minimum percentage of density specified 
for each layer of material for the area classification indicated below. 
 
Percentage of Maximum Density Requirements:  Compact soil to not less than the following percentages of 
maximum density determined in accordance with AASHTO T-180. 
 
Drainage Structures:  Unless noted otherwise on plans, compact each layer of backfill or fill material at 
95% maximum density and top 12" of subgrade at 98% maximum density. 
 
Pavement:  Unless noted otherwise on plans, compact each layer of backfill or fill material at 95% 
maximum density.  Compact the top layer as shown on the plans to the specified maximum density.  The 
subgrade or subbase shall have a minimum Limerock Bearing Ratio (LBR) of 40.  In the event that the 
required LBR cannot be achieved using the native or fill material, then the subgrade or subbase shall be 
stabilized in accordance with other Division 2 sections for stabilization. 
 
Stormwater System:  Unless noted other on plans, compact top eight inches and each layer of backfill or fill 
material at 95% maximum density. 
 
Lawn or Unpaved Areas:  Unless noted otherwise on plans, compact top six inches and each layer of 
backfill or fill material at 90% maximum density or to the density of existing soils. 
 
Walkways, Slabs, Ditch Pavement, and Miscellaneous Structures:  Unless noted otherwise on plans, 
compact top eight inches of subgrade and each layer of backfill or fill material at 95% maximum density. 
 
Retaining wall footings: Compact the existing soils, prior to the placement of fill soils, until a density of 
95% of the Modified Proctor (ASTM D-1557) maximum dry density is achieved to a depth of two (2) feet 
below compacted grade. 
 
Moisture Control:  Where subgrade or layer of soil material must be moisture conditioned before 
compaction, uniformly apply water to surface of subgrade, or layer of soil material, to prevent free water 
appearing on surface during or subsequent to compaction operations. 
 
Remove and replace, or scarify and air dry, soil material that is too wet to permit compaction to specified 
density.  Soil material that has been removed because it is too wet to permit compaction may be stockpiled 
or spread and allowed to dry.  Assist drying by discing, harrowing, or pulverizing until moisture content is 
reduced to a satisfactory value. 

 
1.13 TESTING AND INSPECTION REQUIREMENTS 

 
General:  Testing and inspection requirements may also be contained on the plans for coordination 
purposes.  In the event of a discrepancy between the requirements contained herein and those shown on the 
plans, the more stringent of the two shall apply unless directed otherwise by the Owner's Engineer. 
 
Sub-Grade/Sub-Base:  Testing and inspection of the subgrade/subbase shall include the following.  Allow 
testing service to inspect and approve subgrade/subbase before further construction Work is performed. 
 
Bearing Value:  One limerock baring ratio test shall be performed for each material source or as material 
changes.  Test method shall be in accordance with FDOT requirements. 
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Maximum Density/Optimum Moisture Content:  One test shall be performed in accordance with AASHTO 
T-180/ASTM D-1557 for each soil type. 
 
Field Density and Thickness:  One test and thickness measurement shall be performed for each 500 linear 
feet of roadway or 750 square yards of pavement with not less than three tests.  Field density test shall be in 
accordance with AASHTO T-191/ASTM D-1556 (sand cone method) or AASHTO T-204/ASTM D-2937 
(drive cylinder method). 
 
Fill and Backfill under Roadways and Structures:  Testing and inspection shall include the following: 
 
Maximum Density/Optimum Moisture Content:  One test shall be performed in accordance with AASHTO 
T-180/ASTM D-1557 for each soil type. 
 
Field Density and Thickness:  One test and thickness measurement shall be performed on alternating lifts 
for each 500 linear feet of roadway or 750 square yards of pavement with not less than three tests per lift.  
Field density test shall be in accordance with AASHTO T-191/ASTM D-1556 (sand cone method) or 
AASHTO T-204/ASTM D-2937 (drive cylinder method). 
 
Gradation:  One gradation test shall be performed for each soil type in accordance with AASHTO M-92. 
 
Stormwater Systems:  Upon completion of earth work for a stormwater system to the lines, grades, and 
elevations indicated on the plans, the system shall be subject to a visual inspection prior to stabilization by 
vegetation. 
 
Testing and/or inspections which must be repeated due to unsatisfactory results will be at no additional cost 
to the Owner. 

 
1.14 MAINTENANCE 

 
Protection of Graded Areas:  Protect newly-graded areas from traffic and erosion.  Keep free of trash and 
debris.  Erosion control shall be by stabilizing vegetation, either permanent or temporary, placed within 
five days of grading. 
 
Repair and re-establish grades in settled, eroded, and rutted areas to specified tolerances. 
 
Reconditioning Compacted Areas:  Where completed compacted areas are disturbed by subsequent 
construction operations or adverse weather, scarify surface, re-shape and compact to required density prior 
to further construction. 
 
Settling:  Where settling is measurable or observable at excavated areas during general project warranty 
period, remove surface (pavement, lawn, or other finish), add backfill material, compact, and replace 
surface treatment.  Restore appearance, quality, and condition of surface or finish to match adjacent Work 
and eliminate evidence of restoration to greatest extent possible. 

 
1.15 DISPOSAL OF EXCESS AND WASTE MATERIALS 

 
Removal to Designated Areas on Owner's Property:  Transport acceptable excess excavated material to 
designated soil storage areas on Owner's property.  Stockpile soil or spread as directed by Engineer. 
 
Removal from Owner's Property:  Remove waste materials, including unacceptable excavated material, 
trash, and debris, and dispose of off Owner's property. 
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1.16 MEASUREMENT AND PAYMENT 
 
General:  The contract unit price for the various items shall be compensation in full for furnishing all 
materials, labor, equipment, tools, and incidentals necessary for completion in every detail in accordance 
with the plans and specifications.  There will be no direct payment for clean-up and restoration of property. 
 Payment for the Work of this section may be by areal measure, volumetric measure, per unit, or lump sum 
as shown on the proposal. 

 
 

Areal Payment:  When payment is on an areal basis, the quantities to be paid for shall be the areal extent of 
Work as calculated by the method coordinates, unless the Engineer determines that another method of 
calculation will provide a more accurate result.  The work in-place shall be measured by field survey and 
payment based on the calculations by the Engineer, unless otherwise specified herein.  Payment shall only 
include Work to the lines and grades shown on the plans or directed by the Engineer. 
Quantities shown on the proposal form are the Engineer's estimate of the Work in-place.  Differences in the 
actual measure of the material and the estimated measure of material will not constitute a change in the 
scope of the Work or be a basis for claim by the Contractor. 
 
Volumetric Payment:  When payment is on a volumetric basis, the quantities to be paid for shall be the 
volume between the original and final position of the Work as calculated by the method of average end 
area, unless the Engineer determines that another method of calculation will provide a more accurate result. 
 The Work in-place shall be measured by field survey and payment based on the calculations by the 
Engineer, unless otherwise specified herein.  Payment shall only include Work to the lines and grades 
shown on the plans or directed by the Engineer.  Quantities shown on the proposal form are the Engineer's 
estimate of the Work in-place.  Differences in the actual measure of the material and the estimated measure 
of the material will not constitute a change in the scope of Work or be a basis for claim by the Contractor. 
 
Lump Sum Payment:  When payment is on a lump sum basis, Engineer estimated in-place quantities of the 
Work may be provided on the proposal form for the benefit of the Contractor.  Differences between actual 
quantities and estimated quantities will not be a basis for claim by the Contractor.  It shall be the 
responsibility of the Contractor to familiarize himself with the scope of Work and necessary requirements 
thereto. 
 
Excavation and Embankment:  There will be no direct payment for excavation and embankment.  Full 
compensation for this Work will be included in the contract price for earth work. 
 
Compaction:  There will be no direct payment for compaction.  Full compensation for this Work will be 
included in the contract price for earth work, excavation and embankment, grading, and subbase. 
 
Unsuitable Materials:  The contract unit price shall be compensation in full for the excavation and 
backfilling of one cubic yard, in-place.  Measurement shall be as specified under Section 8. 
 
Grading:  There will be direct payment for grading.  Full compensation for this Work will be included in 
the contract unit price for earth work. 
 
Earth Work:  The contract price, LUMP SUM, shall be compensation in full for regular excavation and 
embankment or fill, necessary borrow, compaction, grading, and stabilization necessary to construct to the 
lines, grades, and cross-sections indicated. 

 
END OF SECTION 312000 
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SECTION 313116 - TERMITE CONTROL 
 
PART 1 - GENERAL 
 
1.01 RELATED DOCUMENTS 
 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 1 Specification Sections, apply to this Section. 

 
1.02 QUALITY ASSURANCE 
 

A. Qualifications:  Engage a licensed professional pest control operator, for application of soil 
treatment solution. 

 
B. Regulatory Requirements:  Use only termiticides which bear a Federal registration number of the 

U.S. Environmental Protection Agency. 
 

C. Comply with FBC Section 1816 - Termite Protection. 
 
1.03 JOB CONDITIONS 
 

A. Restrictions:  Do not apply soil treatment solution until excavating, filling and grading operations 
are completed, except as otherwise required in construction operations. 

 
B. To ensure penetration, do not apply soil treatment to frozen or excessively wet soils or during 

inclement weather.  Comply with handling and application instructions of soil toxicant 
manufacturer. 

 
1.04 SUBMITTALS 
 

A. Product Data: Treatments and application instructions, including EPA-Registered Label. 
 

B. Product Certificates: Signed by manufacturers of termite control products certifying that 
treatments furnished comply with requirements. 

 
1.05 WARRANTY 
 

A. Provide 5 year written warranty from date of treatment, signed by Applicator and Contractor, 
certifying that applied soil termiticide treatment will prevent infestation of subterranean termites 
and, that if subterranean termite activity is discovered during warranty period, Contractor will 
re-treat soil and repair or replace damage caused by termite infestation. 

 
PART 2 - PRODUCTS 
 
2.01 Materials 
 

A. Soil Treatment Solution:  Use emulsible concentrate termiticide for dilution with water, specially 
formulated to prevent termite infestation.  Provide a working solution of one of following 
chemical elements and concentrations. 

 
A. Permethrin ("Dragnet", "Torpedo"); 0.5% in water emulsion. 

 
B. Cypermethrin (APrevail FT@); 0.5% in water emulsion. 

 
C. Imidacloprid ("Premise 75"); 0.1% water emulsion. 
D. Fipronil (Termidor 80WG); 0.125% water emulsion. 

 
B. Other solutions may be used as recommended by Applicator if acceptable to local governing 
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authorities and to Architect.  Use only soil treatment solutions which are not injurious to planting. 
 
PART 3 - EXECUTION 
 
3.01 APPLICATION 
 

A. Surface Preparation:  Remove foreign matter which could decrease effectiveness of treatment on 
areas to be treated.  Loosen, rake, and level soil to be treated, except previously compacted areas 
under slabs and foundations.  Termiticide may be applied before placement of compacted fill 
under slabs, if recommended by manufacturer. 

 
B. Application Rates:  Apply soil treatment solution at rates recommended by soil termiticide 

manufacturer. 
 
C. Treatment Areas:  Treat areas required by applicable codes.  In addition, treat everything within 

one foot outside of building perimeter and as follows: 
 1. Slabs-On-Grade:  Under ground-supported slab construction, including footings, building 

slabs, and attached slabs as an overall treatment.  Treat soil materials before concrete 
footings and slabs are placed. 

 2. Foundations:  Adjacent soil including soil along the entire inside perimeter of foundation 
walls, around plumbing pipes and electric conduit penetrating the slab, and around 
interior column footers, and piers; also, along the entire outside perimeter, from grade to 
bottom of footing.  Avoid soil washout around footings. 

 
3.02 Post signs in areas of application warning workers that soil termiticide treatment has been applied.  Remove 

signs when areas are covered by other construction. 
 
3.03 Reapply soil termiticide treatment solution to areas disturbed by subsequent excavation or other 

construction activities following application. 
 
 
 
 
 END OF SECTION 313116 
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SECTION 323113 – CHAIN LINK FENCES AND GATES 
 

PART 1 - GENERAL 
 
1.01 SCOPE OF WORK: 
 Provide chain link fences, top enclosure and gates as complete units by a single supply source including 

necessary erection accessories, fittings, and fastenings.  Refer to Drawings for locations and sizes of chain 
link fencing and gates.   

 
1.02 SUBMITTALS:  
 Submit manufacturer's technical specifications and installation instructions for fence framing, fabric, gates, 

and accessories. 
 
PART 2 - PRODUCTS 
 
2.01 MANUFACTURER:  
 Subject to compliance with requirements, provide galvanized steel fencing and fabric by one of the 

following: 
 

Allied Tube and Conduit Corp.   Capitol Wire and Fence Co., Inc. 
American Chain Link Fence Company  Century Tube Corp. 
American Tube Company    Cyclone Fence Div./USX Corp. 
Anchor Fence, Inc.    Hoover Fence Company 

 
2.02 STEEL FABRIC:  
 Comply with Chain Link Fence Manufacturers Institute (CLFMI) Product Manual.  Furnish one-piece 

fabric widths for fencing up to 12 feet high.  Wire size includes zinc coating. 
 

A. Size: 2-inch mesh, 9 gauge (0.148-inch diameter) wire. 
 

B. Black Vinyl Finish:  ASTM A 392, Class 1, with not less than 1.2 oz. zinc per sq. ft. of uncoated 
wire surface. 

 
2.03 FRAMEWORK AND ACCESSORIES:   
 Except as indicated otherwise, conform to the Chain Link Fence Manufacturers Institute (CLFMI) Product 

Manual, Industrial Steel Guide for Fence Rails, Posts, Gates, and Accessories, including Table II. 
 

A. Strength requirements for posts and rails conforming to ASTM F 669. 
 

B. Type I Pipe:  Hot-dipped galvanized steel pipe conforming to ASTM F 1083, plain ends, standard 
weight (schedule 40) with not less than 1.8 oz. zinc per sq. ft. of surface area coated. 

 
C. Fittings:  Comply with ASTM F 626.  Mill finished aluminum or galvanized iron or steel, to suit 

manufacturer's standards. 
 

D. Top and Center Rails:  1-1/4-inch NPS (1.66-inch OD) Type I or II steel pipe or 1.625-inch x 
1.25-inch roll-formed C sections weighing 1.35 lbs. per ft.  Provide manufacturer's longest 
lengths, with expansion type couplings, approximately 6" long, for each joint.  Provide means for 
attaching top and middle rails securely to each gate corner, pull and end post. 

 
2.04 SWING GATES:  
 Comply with ASTM F 900.  Provide hardware and accessories for each gate, galvanized per ASTM A 153, 

and in accordance with the following: 
 

A. Hinges:  Non-lift-off type, offset to permit 180 deg. gate opening. 
 

B. Latch:  Forked type or plunger-bar type to permit operation from either side of gate, with padlock 
eye as integral part of latch. 
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C. Hold-Open Catch:  Self latching type mounted on wall to hold gate open, with padlock eye as 
integral part of catch.  Equal to Model #1933 by Hager.  (Mount @ bottom of gate). 

 
2.05 TUBULAR BARRIER GATES: 

 
 Comply with ASTM F 900.  Provide hardware and accessories for each gate, galvanized per ASTM A 153, 

and shall be or be equal to the following: 
 

A. Hoover Fence Company, 4’ high x 28’ wide Double Z-Series Tubular Barrier Gate,  
 (Galvanized Double Gate Kit).     

 
2.06 CONCRETE:   
 
 Provide concrete consisting of portland cement, ASTM C 150, aggregates ASTM C 33, and clean water.  

Mix materials to obtain concrete with a minimum 28-day compressive strength of 2500 psi using at least 4 
sacks of cement per cu. yd., 1-inch maximum size aggregate, maximum 3-inch slump, and 2 to 4 percent 
entrained air. 

 
PART 3 - EXECUTION 
 
3.01 EXCAVATION:  
 
 Drill or hand excavate holes for posts maximum 10 feet o.c., unless otherwise indicated and to diameters.  

If not indicated on drawings, excavate holes for each post to minimum diameter recommended by fence 
manufacturer, but not less than 4 times largest cross-section of post. 

 
3.02 INSTALLATION:   
 
 Install in accordance with ASTM F 567 and written installation instructions of fencing manufacturer to 

provide secure, aligned installation. 
 

A. Setting Posts:  Center and align posts in holes 3 inches above bottom of excavation. 
 

B. Top Rails:  Run rail continuously through line post caps.  Provide expansion couplings between 
each section. 

 
C. Center Rails:  Provide center rails where indicated.  Install in one piece between posts and flush 

with post on fabric side, using special offset fittings where necessary. 
 

D. Brace Assemblies:  Install braces so posts are plumb when diagonal rod is under proper tension. 
 

E. Bottom Tension Wire:  Install taut within 6 inches of bottom of fabric and attach to posts with tie 
wire.  Fasten fabric to tension wire with 11 gage hog rings spaced maximum 24 inches o.c. 

 
F. Tension or Stretcher Bars:  Thread through or clamp to fabric 4 inches o.c., and secure to end, 

corner, pull, and gate posts with tension bands spaced not over 15 inches o.c. 
 

G. Fabric:  Install approximately 2 inches above finish, unless otherwise indicated.  Pull fabric taut 
and tie to posts, rails, and tension wires. 

 
H. Tie Wires:  Use wire to secure fabric firmly to posts and rails with ends twisted at least 2 full 

turns.  Tie fabric to line posts 12 inches o.c. and to rails and braces 24 inches o.c. 
 

I. Gates:  Install gates plumb, level, and adjust hardware for smooth operation. 
 

END OF SECTION 323113 
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SECTION 329200 - TURF AND GRASSES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and 
Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 
1. Sodding. 
2. Turf renovation. 
3. Erosion-control material(s). 

B. Related Sections: 
1. Section 328400 "Planting Irrigation" for turf irrigation. 
2. Section 329300 "Plants" for border edgings. 

1.3 DEFINITIONS 

A. Duff Layer:  The surface layer of native topsoil that is composed of mostly decayed leaves, twigs, and 
detritus. 

B. Finish Grade:  Elevation of finished surface of planting soil. 

C. Manufactured Topsoil:  Soil produced off-site by homogeneously blending mineral soils or sand with 
stabilized organic soil amendments to produce topsoil or planting soil. 

D. Pesticide:  A substance or mixture intended for preventing, destroying, repelling, or mitigating a pest.  
This includes insecticides, miticides, herbicides, fungicides, rodenticides, and molluscicides.  It also 
includes substances or mixtures intended for use as a plant regulator, defoliant, or desiccant. 

E. Pests:  Living organisms that occur where they are not desired or that cause damage to plants, animals, or 
people.  These include insects, mites, grubs, mollusks (snails and slugs), rodents (gophers, moles, and 
mice), unwanted plants (weeds), fungi, bacteria, and viruses. 

F. Planting Soil:  Standardized topsoil; existing, native surface topsoil; existing, in-place surface soil; 
imported topsoil; or manufactured topsoil that is modified with soil amendments and perhaps fertilizers to 
produce a soil mixture best for plant growth. 

G. Subgrade:  Surface or elevation of subsoil remaining after excavation is complete, or top surface of a fill 
or backfill before planting soil is placed. 

H. Subsoil:  All soil beneath the topsoil layer of the soil profile, and typified by the lack of organic matter 
and soil organisms. 

I. Surface Soil:  Soil that is present at the top layer of the existing soil profile at the Project site.  In 
undisturbed areas, the surface soil is typically topsoil, but in disturbed areas such as urban environments, 
the surface soil can be subsoil. 

1.4 ACTION SUBMITTALS 

A. Product Data:  For each type of product indicated. 
1. Pesticides and Herbicides:  Include product label and manufacturer's application instructions 

specific to this Project. 
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1.5 INFORMATIONAL SUBMITTALS 

A. Certification of Grass Seed:  From seed vendor for each grass-seed monostand or mixture stating the 
botanical and common name, percentage by weight of each species and variety, and percentage of purity, 
germination, and weed seed.  Include the year of production and date of packaging. 
1. Certification of each seed mixture for turfgrass sod.  Include identification of source and name and 

telephone number of supplier. 

B. Qualification Data:  For qualified landscape Installer. 

C. Product Certificates:  For soil amendments and fertilizers, from manufacturer. 

D. Material Test Reports:  For standardized ASTM D 5268 topsoil, existing native surface topsoil, existing 
in-place surface soil and imported or manufactured topsoil. 

E. Maintenance Instructions:  Recommended procedures to be established by Owner for maintenance of turf 
during a calendar year.  Submit before expiration of required initial maintenance periods. 

1.6 QUALITY ASSURANCE 

A. Installer Qualifications:  A qualified landscape Installer whose work has resulted in successful turf 
establishment. 
1. Professional Membership:  Installer shall be a FNGLA Certified Landscape Contractor or have a 

degree in a related field plus three years of FDOT Roadway Landscape construction or 3 years of 
landscape construction experience.   

2. Experience:  Three years' experience in FDOT Roadway landscape construction. 
3. Installer's Field Supervision:  Require Installer to maintain an experienced full-time supervisor on 

Project site when work is in progress. 
4. Personnel Certifications:  Installer's field supervisor shall have certification in one of the following 

categories:  
a. Certified Landscape Technician - Exterior, with installation specialty area, designated 

CLT-Exterior. 
b. FNGLA Certified Landscape Contractor. 
c. Certified Ornamental Landscape Professional, designated COLP. 

5. Maintenance Proximity:  Not more than two hours' normal travel time from Installer's place of 
business to Project site. 

6. Pesticide Applicator:  State licensed, commercial. 

B. Soil-Testing Laboratory Qualifications:  An independent laboratory or university laboratory, recognized 
by the State Department of Agriculture, with the experience and capability to conduct the testing 
indicated and that specializes in types of tests to be performed. 

C. Soil Analysis:  For each unamended soil type, furnish soil analysis and a written report by a qualified 
soil-testing laboratory stating percentages of organic matter; gradation of sand, silt, and clay content; 
cation exchange capacity; sodium absorption ratio; deleterious material; pH; and mineral and plant-
nutrient content of the soil. 
1. Testing methods and written recommendations shall comply with USDA's Handbook No. 60. 
2. The soil-testing laboratory shall oversee soil sampling, with depth, location, and number of 

samples to be taken per instructions from Architect.  A minimum of three representative samples 
shall be taken from varied locations for each soil to be used or amended for planting purposes. 

3. Report suitability of tested soil for turf growth. 
a. Based on the test results, state recommendations for soil treatments and soil amendments to 

be incorporated.  State recommendations in weight per 1000 sq. ft. or volume per cu. yd. 
for nitrogen, phosphorus, and potash nutrients and soil amendments to be added to produce 
satisfactory planting soil suitable for healthy, viable plants. 

b. Report presence of problem salts, minerals, or heavy metals, including aluminum, arsenic, 
barium, cadmium, chromium, cobalt, lead, lithium, and vanadium.  If such problem 
materials are present, provide additional recommendations for corrective action. 
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D. Preinstallation Conference:  Conduct conference at Project site. 

1.7 DELIVERY, STORAGE, AND HANDLING 

A. Seed and Other Packaged Materials:  Deliver packaged materials in original, unopened containers 
showing weight, certified analysis, name and address of manufacturer, and indication of conformance 
with state and federal laws, as applicable. 

B. Sod:  Harvest, deliver, store, and handle sod according to requirements in "Specifications for Turfgrass 
Sod Materials" and "Specifications for Turfgrass Sod Transplanting and Installation" in TPI's "Guideline 
Specifications to Turfgrass Sodding."  Deliver sod in time for planting within 24 hours of harvesting.  
Protect sod from breakage and drying. 

C. Bulk Materials: 
1. Do not dump or store bulk materials near structures, utilities, walkways and pavements, or on 

existing turf areas or plants. 
2. Provide erosion-control measures to prevent erosion or displacement of bulk materials, discharge 

of soil-bearing water runoff, and airborne dust reaching adjacent properties, water conveyance 
systems, or walkways. 

3. Accompany each delivery of bulk fertilizers, lime, and soil amendments with appropriate 
certificates. 

1.8 PROJECT CONDITIONS 

A. Planting Restrictions:  Plant during one of the following periods.  Coordinate planting periods with initial 
maintenance periods to provide required maintenance from date of Substantial Completion. 
1. Spring Planting:  At appropriate times as approved by Owner. 
2. Winter / Fall Planting:  At appropriate times as approved by Owner. 

B. Weather Limitations:  Proceed with planting only when existing and forecasted weather conditions permit 
planting to be performed when beneficial and optimum results may be obtained.  Apply products during 
favorable weather conditions according to manufacturer's written instructions. 

1.9 MAINTENANCE SERVICE 

A. Initial Turf Maintenance Service:  Provide full maintenance by skilled employees of landscape Installer.  
Maintain as required in Part 3.  Begin maintenance immediately after each area is planted and continue 
until acceptable turf is established but for not less than the following periods: 
1. Seeded Turf:  12 months from date of Substantial Completion. 

a. When initial maintenance period has not elapsed before end of planting season, or if turf is 
not fully established, continue maintenance during next planting season. 

2. Sodded Turf:  12 months from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 TURFGRASS SOD 

A. Turfgrass Sod:  Certified, complying with "Specifications for Turfgrass Sod Materials" in TPI's 
"Guideline Specifications to Turfgrass Sodding."  Furnish viable sod of uniform density, color, and 
texture, strongly rooted, and capable of vigorous growth and development when planted. 

B. Turfgrass Species:  Bermuda Grass (Cynodon dactylon) 

2.2 INORGANIC SOIL AMENDMENTS 

A. Lime:  ASTM C 602, agricultural liming material containing a minimum of 80 percent calcium carbonate 
equivalent and as follows: 



Deane Bozeman School                                                                                                                                329200 - 4 
Classroom Addition  

1. Class:  T, with a minimum of 99 percent passing through No. 8 sieve and a minimum of 75 
percent passing through No. 60 sieve. 

2. Class:  O, with a minimum of 95 percent passing through No. 8 sieve and a minimum of 55 
percent passing through No. 60 sieve. 

3. Provide lime in form of ground dolomitic limestone. 

B. Sulfur:  Granular, biodegradable, containing a minimum of 90 percent sulfur, and with a minimum of 99 
percent passing through No. 6 sieve and a maximum of 10 percent passing through No. 40 sieve. 

C. Iron Sulfate:  Granulated ferrous sulfate containing a minimum of 20 percent iron and 10 percent sulfur. 

D. Aluminum Sulfate:  Commercial grade, unadulterated. 

E. Perlite:  Horticultural perlite, soil amendment grade. 

F. Agricultural Gypsum:  Minimum 90 percent calcium sulfate, finely ground with 90 percent passing 
through No. 50 sieve. 

G. Sand:  Clean, washed, natural or manufactured, and free of toxic materials. 

H. Diatomaceous Earth:  Calcined, 90 percent silica, with approximately 140 percent water absorption 
capacity by weight. 

I. Zeolites:  Mineral clinoptilolite with at least 60 percent water absorption by weight. 

2.3 ORGANIC SOIL AMENDMENTS 

A. Compost:  Well-composted, stable, and weed-free organic matter, pH range of 5.5 to 8; moisture content 
35 to 55 percent by weight; 100 percent passing through 3/4-inch sieve; soluble salt content of 5 to 10 
decisiemens/m; not exceeding 0.5 percent inert contaminants and free of substances toxic to plantings; 
and as follows: 
1. Organic Matter Content:  50 to 60 percent of dry weight. 
2. Feedstock:  Agricultural, food, or industrial residuals; biosolids; yard trimmings; or source-

separated or compostable mixed solid waste. 

B. Sphagnum Peat:  Partially decomposed sphagnum peat moss, finely divided or of granular texture, with a 
pH range of 3.4 to 4.8. 

C. Muck Peat:  Partially decomposed moss peat, native peat, or reed-sedge peat, finely divided or of granular 
texture, with a pH range of 6 to 7.5, and having a water-absorbing capacity of 1100 to 2000 percent. 

D. Wood Derivatives:  Decomposed, nitrogen-treated sawdust, ground bark, or wood waste; of uniform 
texture and free of chips, stones, sticks, soil, or toxic materials. 
1. In lieu of decomposed wood derivatives, mix partially decomposed wood derivatives with 

ammonium nitrate at a minimum rate of 0.15 lb/cu. ft. of loose sawdust or ground bark, or with 
ammonium sulfate at a minimum rate of 0.25 lb/cu. ft. of loose sawdust or ground bark. 

E. Manure:  Well-rotted, unleached, stable or cattle manure containing not more than 25 percent by volume 
of straw, sawdust, or other bedding materials; free of toxic substances, stones, sticks, soil, weed seed, and 
material harmful to plant growth. 

2.4 FERTILIZERS 

A. Bonemeal:  Commercial, raw or steamed, finely ground; a minimum of 4 percent nitrogen and 20 percent 
phosphoric acid. 

B. Superphosphate:  Commercial, phosphate mixture, soluble; a minimum of 20 percent available 
phosphoric acid. 
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C. Slow-Release Fertilizer:  Granular or pelleted fertilizer consisting of 50 percent water-insoluble nitrogen, 
phosphorus, and potassium in the following composition: 
1. Composition:  Nitrogen, phosphorous, and potassium in amounts recommended in soil reports 

from a qualified soil-testing laboratory. 

2.5 PLANTING SOILS 

A. Planting Soil (Option 1):  ASTM D 5268 topsoil, with pH range of 5.5 to 7, a minimum of 4 percent 
organic material content; free of stones 1 inch or larger in any dimension and other extraneous materials 
harmful to plant growth.  Mix ASTM D 5268 topsoil with the soil amendments and fertilizers in 
quantities recommended in the soils testing report to produce planting soil. 

B. Planting Soil (Option 2):  Existing, native surface topsoil formed under natural conditions with the duff 
layer retained during excavation process and stockpiled on-site.  Verify suitability of native surface 
topsoil to produce viable planting soil.  Clean soil of roots, plants, sod, stones, clay lumps, and other 
extraneous materials harmful to plant growth.  Contractor is responsible for the stock piled material and 
shall verify that the material is free of weed, weed seed, and other materials harmful to plant growth and 
plant maintenance. 
1. Supplement with another specified planting soil when quantities are insufficient. 
2. Mix existing, native surface topsoil with the soil amendments and fertilizers based on the 

recommendations provided in soils testing report to produce planting soil. 

C. Planting Soil (Option 3):  Imported topsoil or manufactured topsoil from off-site sources.  Obtain topsoil 
displaced from naturally well-drained construction or mining sites where topsoil occurs at least 4 inches 
deep; do not obtain from agricultural land, bogs, or marshes. 
1. Additional Properties of Imported Topsoil or Manufactured Topsoil:  Screened and free of stones 

1 inch or larger in any dimension; free of roots, plants, sod, clods, clay lumps, pockets of coarse 
sand, paint, paint washout, concrete slurry, concrete layers or chunks, cement, plaster, building 
debris, oils, gasoline, diesel fuel, paint thinner, turpentine, tar, roofing compound, acid, and other 
extraneous materials harmful to plant growth; free of obnoxious weeds and invasive plants 
including quackgrass, Johnsongrass, poison ivy, nutsedge, nimblewill, Canada thistle, bindweed, 
bentgrass, wild garlic, ground ivy, perennial sorrel, and bromegrass; not infested with nematodes; 
grubs; or other pests, pest eggs, or other undesirable organisms and disease-causing plant 
pathogens; friable and with sufficient structure to give good tilth and aeration.  Continuous, air-
filled pore space content on a volume/volume basis shall be at least 15 percent when moisture is 
present at field capacity.  Soil shall have a field capacity of at least 15 percent on a dry weight 
basis. 

2. Mix imported topsoil or manufactured topsoil with the soil amendments and fertilizers in 
quantities recommended in the soils testing report to produce planting soil. 

2.6 MULCHES 

A. Straw Mulch:  Provide air-dry, clean, mildew- and seed-free, salt hay or threshed straw of wheat, rye, 
oats, or barley. 

B. Sphagnum Peat Mulch:  Partially decomposed sphagnum peat moss, finely divided or of granular texture, 
and with a pH range of 3.4 to 4.8. 

C. Muck Peat Mulch:  Partially decomposed moss peat, native peat, or reed-sedge peat, finely divided or of 
granular texture, with a pH range of 6 to 7.5, and having a water-absorbing capacity of 1100 to 2000 
percent. 

D. Compost Mulch:  Well-composted, stable, and weed-free organic matter, pH range of 5.5 to 8; moisture 
content 35 to 55 percent by weight; 100 percent passing through 1-inch sieve; soluble salt content of 2 to 
5 decisiemens/m; not exceeding 0.5 percent inert contaminants and free of substances toxic to plantings; 
and as follows: 
1. Organic Matter Content:  50 to 60 percent of dry weight. 
2. Feedstock:  Agricultural, food, or industrial residuals; biosolids; yard trimmings; or source-

separated or compostable mixed solid waste. 
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E. Fiber Mulch:  Biodegradable, dyed-wood, cellulose-fiber mulch; nontoxic and free of plant-growth or 
germination inhibitors; with a maximum moisture content of 15 percent and a pH range of 4.5 to 6.5. 

F. Nonasphaltic Tackifier:  Colloidal tackifier recommended by fiber-mulch manufacturer for slurry 
application; nontoxic and free of plant-growth or germination inhibitors. 

G. Asphalt Emulsion:  ASTM D 977, Grade SS-1; nontoxic and free of plant-growth or germination 
inhibitors. 

2.7 PESTICIDES 

A. General:  Pesticide, registered and approved by EPA, acceptable to authorities having jurisdiction, and of 
type recommended by manufacturer for each specific problem and as required for Project conditions and 
application. Do not use restricted pesticides unless authorized in writing by authorities having 
jurisdiction. 

B. Pre-Emergent Herbicide (Selective and Non-Selective):  Effective for controlling the germination or 
growth of weeds within planted areas at the soil level directly below the mulch layer. 

C. Post-Emergent Herbicide (Selective and Non-Selective):  Effective for controlling weed growth that has 
already germinated. 

2.8 EROSION-CONTROL MATERIALS 

A. Erosion-Control Mats:  Cellular, non-biodegradable slope-stabilization mats designed to isolate and 
contain small areas of soil over steeply sloped surface, of 4-inch nominal mat thickness.  Include 
manufacturer's recommended anchorage system for slope conditions. 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide Geoweb GW20V by 

Presto Geosystems or one of the following: 
a. Invisible Structures, Inc.; Slopetame 2. 
b. Tenax Corporation  - USA; Tenweb. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas to be planted for compliance with requirements and other conditions affecting 
performance. 
1. Verify that no foreign or deleterious material or liquid such as paint, paint washout, concrete 

slurry, concrete layers or chunks, cement, plaster, oils, gasoline, diesel fuel, paint thinner, 
turpentine, tar, roofing compound, or acid has been deposited in soil within a planting area. 

2. Do not mix or place soils and soil amendments in frozen, wet, or muddy conditions. 
3. Suspend soil spreading, grading, and tilling operations during periods of excessive soil moisture 

until the moisture content reaches acceptable levels to attain the required results. 
4. Uniformly moisten excessively dry soil that is not workable and which is too dusty. 

B. Proceed with installation only after unsatisfactory conditions have been corrected. 

C. If contamination by foreign or deleterious material or liquid is present in soil within a planting area, 
remove the soil and contamination as directed by Architect and replace with new planting soil. 

3.2 PREPARATION 

A. Protect structures, utilities, sidewalks, pavements, and other facilities, trees, shrubs, and plantings from 
damage caused by planting operations. 
1. Protect adjacent and adjoining areas from hydroseeding and hydromulching overspray. 
2. Protect grade stakes set by others until directed to remove them. 
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B. Install erosion-control measures to prevent erosion or displacement of soils and discharge of soil-bearing 
water runoff or airborne dust to adjacent properties and walkways. 

3.3 TURF AREA PREPARATION 

A. Limit turf subgrade preparation to areas to be planted. 

B. Newly Graded Subgrades:  Loosen subgrade to a minimum depth of 8 inches.  Remove stones larger 
than 1-1/2 inches in any dimension and sticks, roots, rubbish, and other extraneous matter and legally 
dispose of them off Owner's property. 
1. Apply superphosphate fertilizer directly to subgrade before loosening. 
2. Spread planting soil to a depth of as required to meet finish grades after light rolling and natural 

settlement.  Do not spread if planting soil or subgrade is frozen, muddy, or excessively wet. 
a. Spread approximately 1/2 the thickness of planting soil over loosened subgrade.  Mix 

thoroughly into top 4 inches of subgrade.  Spread remainder of planting soil. 
b. Reduce elevation of planting soil to allow for soil thickness of sod. 

C. Unchanged Subgrades:  If turf is to be planted in areas unaltered or undisturbed by excavating, grading, 
or surface-soil stripping operations, prepare surface soil as follows: 
1. Remove existing grass, vegetation, and turf.  Do not mix into surface soil. 
2. Loosen surface soil to a depth of at least 6 inches.  Apply soil amendments and fertilizers 

according to planting soil mix proportions and mix thoroughly into top 4 inches of soil.  Till soil 
to a homogeneous mixture of fine texture. 
a. Apply superphosphate fertilizer directly to surface soil before loosening. 

3. Remove stones larger than 1-1/2 inches in any dimension and sticks, roots, trash, and other 
extraneous matter. 

4. Legally dispose of waste material, including grass, vegetation, and turf, off Owner's property. 

D. Finish Grading:  Grade planting areas to a smooth, uniform surface plane with loose, uniformly fine 
texture.  Grade to within plus or minus 1/2 inch of finish elevation.  Roll and rake, remove ridges, and 
fill depressions to meet finish grades.  Limit finish grading to areas that can be planted in the immediate 
future. 

E. Moisten prepared area before planting if soil is dry.  Water thoroughly and allow surface to dry before 
planting.  Do not create muddy soil. 

F. Before planting, obtain Architect's acceptance of finish grading; restore planting areas if eroded or 
otherwise disturbed after finish grading. 

3.4 PREPARATION FOR EROSION-CONTROL MATERIALS 

A. Prepare area as specified in "Turf Area Preparation" Article. 

B. For erosion-control mats, install planting soil in two lifts, with second lift equal to thickness of erosion-
control mats.  Install erosion-control mat and fasten as recommended by material manufacturer. 

C. Fill cells of erosion-control mat with planting soil and compact before planting. 

D. Moisten prepared area before planting if surface is dry.  Water thoroughly and allow surface to dry before 
planting.  Do not create muddy soil. 

3.5 SODDING 

A. Lay sod within 24 hours of harvesting.  Do not lay sod if dormant or if ground is frozen or muddy. 

B. Lay sod to form a solid mass with tightly fitted joints.  Butt ends and sides of sod; do not stretch or 
overlap.  Stagger sod strips or pads to offset joints in adjacent courses.  Avoid damage to subgrade or sod 
during installation.  Tamp and roll lightly to ensure contact with subgrade, eliminate air pockets, and form 
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a smooth surface.  Work sifted soil or fine sand into minor cracks between pieces of sod; remove excess 
to avoid smothering sod and adjacent grass. 
1. Lay sod across angle of slopes exceeding 1:3.  Additional erosion control and soil stabilization 

may be required for any slopes greater than 1:3.  Consult owner’s representatives if final site 
conditions require grading steeper than 1:3. 

2. Anchor sod on slopes exceeding 1:6 with wood pegs or steel staples spaced as recommended by 
sod manufacturer but not less than 2 anchors per sod strip to prevent slippage.   

C. Saturate sod with fine water spray within two hours of planting.  During first week after planting, water 
daily or more frequently as necessary to maintain moist soil to a minimum depth of 1-1/2 inches below 
sod. 

3.6 TURF RENOVATION 

A. Renovate existing turf damaged by Contractor's operations, such as storage of materials or equipment and 
movement of vehicles. 
1. Reestablish turf where settlement or washouts occur or where minor regrading is required. 
2. Install new planting soil as required. 

B. Remove sod and vegetation from diseased or unsatisfactory turf areas; do not bury in soil. 

C. Remove topsoil containing foreign materials such as oil drippings, fuel spills, stones, gravel, and other 
construction materials resulting from Contractor's operations, and replace with new planting soil. 

D. Mow, dethatch, core aerate, and rake existing turf. 

E. Remove weeds before seeding.  Where weeds are extensive, apply selective herbicides as required.  Do 
not use pre-emergence herbicides. 

F. Remove waste and foreign materials, including weeds, soil cores, grass, vegetation, and turf, and legally 
dispose of them off Owner's property. 

G. Till stripped, bare, and compacted areas thoroughly to a soil depth of 6 inches. 

H. Apply soil amendments and initial fertilizers required for establishing new turf and mix thoroughly into 
top 4 inches of existing soil.  Install new planting soil to fill low spots and meet finish grades. 

I. Apply sod as required for new turf. 

J. Water newly planted areas and keep moist until new turf is established. 

3.7 TURF MAINTENANCE 

A. Maintain and establish turf by watering, fertilizing, weeding, mowing, trimming, replanting, and 
performing other operations as required to establish healthy, viable turf.  Roll, regrade, and replant bare 
or eroded areas and remulch to produce a uniformly smooth turf.  Provide materials and installation the 
same as those used in the original installation. 
1. Fill in as necessary soil subsidence that may occur because of settling or other processes.  Replace 

materials and turf damaged or lost in areas of subsidence. 
2. In areas where mulch has been disturbed by wind or maintenance operations, add new mulch and 

anchor as required to prevent displacement. 
3. Apply treatments as required to keep turf and soil free of pests and pathogens or disease.  Use 

integrated pest management practices whenever possible to minimize the use of pesticides and 
reduce hazards. 

B. Watering:  Install and maintain irrigation system or temporary piping, hoses, and turf-watering equipment 
to convey water from sources and to keep turf uniformly moist to a depth of 4 inches. 
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1. Schedule watering to prevent wilting, puddling, erosion, and displacement of seed or mulch.  Lay 
out temporary watering system to avoid walking over muddy or newly planted areas. 

2. Water turf with fine spray at a minimum rate of 1 inch per week unless rainfall precipitation is 
adequate. 

C. Mow turf as soon as top growth is tall enough to cut.  Repeat mowing to maintain specified height 
without cutting more than 1/3 of grass height.  Remove no more than 1/3 of grass-leaf growth in initial or 
subsequent mowings.  Do not delay mowing until grass blades bend over and become matted.  Do not 
mow when grass is wet.  Schedule initial and subsequent mowings to maintain the following grass height: 
1. Mow St. Augustine grass to a height of 3 to 3 1/2 inches. 

D. Turf Postfertilization:  Apply fertilizer after initial mowing and when grass is dry. 
1. Use fertilizer that will provide actual nitrogen of at least 1 lb/1000 sq. ft. to turf area. 

3.8 SATISFACTORY TURF 

A. Turf installations shall meet the following criteria as determined by Architect: 
1. Satisfactory Seeded Turf:  At end of maintenance period, a healthy, uniform, close stand of grass 

has been established, free of weeds and surface irregularities, with coverage exceeding 90 percent 
over any 10 sq. ft. and bare spots not exceeding 5 by 5 inches. 

2. Satisfactory Sodded Turf:  At end of maintenance period, a healthy, well-rooted, even-colored, 
viable turf has been established, free of weeds, open joints, bare areas, and surface irregularities. 

B. Use specified materials to reestablish turf that does not comply with requirements and continue 
maintenance until turf is satisfactory. 

3.9 PESTICIDE APPLICATION 

A. Apply pesticides and other chemical products and biological control agents in accordance with 
requirements of authorities having jurisdiction and manufacturer's written recommendations.  Coordinate 
applications with Owner's operations and others in proximity to the Work.  Notify Owner before each 
application is performed. 

B. Post-Emergent Herbicides (Selective and Non-Selective):  Apply only as necessary to treat already-
germinated weeds and in accordance with manufacturer's written recommendations. 

3.10 CLEANUP AND PROTECTION 

A. Promptly remove soil and debris created by turf work from paved areas.  Clean wheels of vehicles before 
leaving site to avoid tracking soil onto roads, walks, or other paved areas. 

B. Erect temporary fencing or barricades and warning signs as required to protect newly planted areas from 
traffic.  Maintain fencing and barricades throughout initial maintenance period and remove after plantings 
are established. 

C. Remove nondegradable erosion-control measures after grass establishment period. 

END OF SECTION 329200 
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1.1 INTENT 
 

It is the intent of these specifications to provide supplemental information to the contents of the 
construction drawings on the quality of materials, execution, measurement, etc.  These specifications are 
general in nature and may contain products and requirements which are not applicable to the project.  
Discrepancies between these specifications and the construction drawings, either imaged or real, shall be 
brought to the attention of the engineer for clarification. 

 
1.2 DESCRIPTION OF WORK 
 

Extent of work is shown on the drawings. 
 

Domestic water system work includes but is not limited to:  Water mains, service laterals, appurtenances. 
 

Comply with the requirements of applicable Section 2 sections for excavation and backfilling required in 
connection with water distribution system work. 

 
Comply with requirements of applicable Section 2 sections for concrete work required in connection with 
water distribution system work. 
 
Comply with requirements of applicable section of UFC 3-230-10A, Unified Facilities Criteria, Water 
Supply: Water Distribution. 
 
Comply with requirement of applicable sections of UFC 3-600-01, Unified Facilities Criteria, Fire 
Protection Engineering for Facilities. 

 
1.3 QUALITY ASSURANCE 
 

Codes and Standards:  Perform all work in compliance with applicable requirements of governing 
authorities having jurisdiction and the applicable standards of the American Water Works Association 
(AWWA). 

 
Testing and Inspection Service:  Employ, at Contractor's expense, testing laboratory to perform 
bacteriological testing of water mains. 

 
It will be the responsibility of the Contractor to coordinate all testing and inspections.  The Contractor shall 
notify the engineer, testing service, and applicable agency inspectors 48 hours in advance of testing and 
inspections. 

 
1.4 SUBMITTALS 
 

Prior to construction commencement, the Contractor shall submit for approval by the engineer 
manufacturer's certifications and cut sheets for the following items: water main pipe, fittings, tapping 
sleeves, appurtenances.  Test Reports:  Submit the following applicable reports directly to the Engineer 
from the testing services with copy to Contractor:  Bacteriological Test Reports. 

 
1.5 PRODUCTS 
 

General:  All materials shall be accordance with the Material Standard and shall, in no event, be less than 
that necessary to conform to the requirements of any applicable law, ordinances, and codes. 

 
All materials shall be new, unused, and correctly designed.  They shall be of standard, first grade quality 
and intended for the use for which they are offered.  Materials or equipment which, in the opinion of the 
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engineer, are inferior or of a lower grade than indicated, specified, or required will not be accepted. 
 
1.6 WATER MAINS 
 

General:  Water main pipe shall be as shown on the drawings. 
 
1.7 POLYVINYL CHLORIDE (PVC) PIPE - SMALLER THAN 4" 
 

Pipe:  All PVC pipe less than four inches in diameter shall be manufactured in accordance with ASTM D-
2241, with a standard dimension ratio (SDR) of SDR 21, rated pressure 200 psi, and bear the National 
Sanitation Foundation Seal for potable water pipe. 

 
All PVC pipe shall be marked using a solid No. 10 copper wire buried between 3 and 6 inches above the 
top of the pipe.  Backfill shall be carefully placed to a depth of 3 inches by hand to assure that the wire is 
secured in place over the pipe.  It is the intent of the paragraph to provide a means to locate PVC pipe using 
standard pipe location equipment.  The wire shall be carried up through valve boxes and terminated at least 
2 feet above the ground line to permit connecting of location equipment.  Excess wire at valve boxes shall 
be neatly rolled and stored in the valve box for easy accessibility.  Number 10 locating wire splice shall be 
heat sealed or water proof splicing connector. 

 
Joints:  Joints shall be "push-on" and shall meet all requirements of ASTM Standard D-3139.  Each bell 
shall be an integral wall section joint assembly using elastomeric-gasket seals.  All gaskets shall meet all 
requirements for performance as specified by ASTM Standard F-477. 

 
Pipe Marking:  All pipe shall be marked as prescribed in ASTM 3-2241, i.e., nominal pipe size, type of 
plastic pipe material, pipe dimension ratio, pressure rating, ASTM specification designation number 
manufacturer's name and code, and the National Sanitation Foundation Seal for potable water. 

 
1.8 FITTINGS 
 

General:  Fittings three inches and larger shall be ductile iron manufactured in accordance with AWWA 
Standard C-110/A21.10 or C-153/A21.53.  The minimum pressure rating for fittings shall be 250 psi. 

 
Coating:  All fittings furnished shall be cement mortar lined and coated in accordance with AWWA 
Standard C-104. 

 
Anchoring Devices:  All anchoring devices shall be suitable for use with mechanical joint fittings meeting 
ANSI/AWWA Standards C-110, and/or C-111. 

 
All anchoring devices shall be constructed of ductile iron (at least ASTM A536 Grade 70-50-05) and 
manufactured in accordance with ANSI/AWWA C-110 and/or C-111. 

 
All anchoring devices shall have a sufficient number of set screws so as to properly restrain various fittings 
or pipes at the rated pressure without the need for additional thrust restraint. 

 
Retainer Glands:  Mechanical joint restraint shall be incorporated in the design of the follower gland and 
shall include a restraining mechanism which, when actuated, imparts multiple wedging action against the 
pipe, increasing its resistance as the pressure increases.  Flexibility of the joint shall be maintained after 
burial.  Glands shall be manufactured of ductile iron conforming to ASTM A 536-80.  Restraining devices 
shall be of ductile iron heat treated to a minimum hardness of 370 BHN.  Dimensions of the gland shall be 
such that it can be used with the standardized mechanical joint bell and tee-head bolts conforming to 
ANSI/AWWA A21.11 and ANSI/AWWA C153/A21.53 of latest revision.  Twist-off nuts shall be used to 
insure proper actuating of the restraining devices. 
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The mechanical joint restraining device shall have a working pressure of at least 350 psi with a minimum 
safety factor of 2:1 and shall be EBAA Iron, Inc., MEGALUG or equal. 
 
Push-on joint restraints shall be similar to EBAA iron, series 800 or approved equal. 

 
Coatings:  Coatings shall be as follows: 

 
Flange adapters shall be provided with a painted "shop coat". 

 
Retainer glands shall be provided with a bituminous coat. 

 
Push-on restraints shall be provided with a bituminous coat. 

 
1.9 PRECAST THRUST BLOCKS 
 

General:  Precast concrete thrust blocks shall be manufactured to provide the minimum dimensions and 
construction shown on the plans.  Precast thrust blocks will be subject to approval by the City. 

 
Concrete:  Refer to applicable Section 2 specification. 

 
1.10 GATE AND TAPPING VALVES 
 

General:  Gate and tapping valves shall be resilient seat and shall comply with all requirements of AWWA 
Standard C-509 and the following supplemental requirements: 

 
Valves 12 inches and smaller shall be bubble-tight at 200 psi water working pressure.  Test pressure shall 
be twice the rated working pressure and at all times zero leakage will be maintained. 

 
All valves shall be Class B gray iron body, non-rising stem, water valves suitable for buried vertical 
mounting. 

 
Non-rising stems shall be in full compliance with AWWA specifications with cast integral stem collar and 
furnished of bronze conforming to ASTM B132 Alloy A. 

 
Stem nuts shall be independent of wedge and shall be of solid bronze conforming to ASTM B-62. 

 
Sealing mechanism shall be either a replaceable, internally-reinforced, specially-contoured, molded rubber 
disc seat ring attached to the face of the disc with self-locking stainless-steel screws or a sealing surface 
permanently bonded with resilient material to meet ASTM D-429.  Replaceable seat rings shall be designed 
such that it cannot be installed improperly. 

 
Stuffing boxes shall be O-ring seal type with two rings located in the stem. 
Low friction torque reduction thrust bearings shall be located both above and below the stem collar. 

 
All valves shall open by turning a two-inch square AWWA operating nut. 

 
Joints:  Joints shall be mechanical joints and shall conform to AWWA Standard C-111, and all bolts and 
nuts for mechanical joints shall be high-strength, low-alloy steel in accordance with Section 11-6.5 of 
AWWA C-111.  All gaskets shall be for a standard mechanical joint of BUNA-S (SBR Buna) in 
accordance with ANSI A21.4 and AWWA C-111.  All mechanical joint accessories shall be furnished with 
the valves. 

 
All valves shall be furnished with operating nuts and two (2) operating wrenches. 

 



SECTION 331000 - WATER UTILITIES (continued) 
 

Deane Bozeman School 
Classroom Addition   

331000-4

All tapping valves shall have flange by mechanical joint ends. 
 

All tapping valves shall be interchangeable with other makes of tapping sleeves. 
 

Coating:  Body and cover bolts and nuts shall meet specifications ASTM A-307 and be rust proof.  Valve 
interior shall have protective coating meeting AWWA Standard C-550. 

 
1.11 TAPPING SLEEVES 
 

General:  Tapping sleeves shall be constructed of heavy gray cast iron, ductile cast iron, or high-strength 
steel and in two halves.  All tapping sleeves shall be suitable for Class C and D gray cast iron, ductile cast 
iron pipe, and all pipe manufactured in accordance with ANSI S 21 standards. 

 
Joints:  Tapping sleeves shall seal to the pipe by the use of a confined "O" ring gasket and able to withstand 
a pressure test of 150 psi with no leakage in accordance with AWWA C-110.  A 3/4 inch NPT test plug 
shall be provided for pressure testing.  All bolts joining the two halves shall be high-strength, low-alloy 
steel in accordance with Section 11-6.5 of AWWA C-111, and shall be included with the sleeve. 

 
The outlet branch flange shall be a 125# flange joint suitable for attachment by all other makes of tapping 
valves meeting AWWA standards. 

 
Coatings:  All gray cast iron and ductile cast iron sleeves shall have an outside bituminous coating in 
accordance with AWWA C-110 and an inside cement-mortar lining in accordance with AWWA C-104.  
All steel sleeves shall be finished with an epoxy coating both inside and outside. 

 
1.12 TAPPING SADDLES 
 

General:  Tapping saddles shall be constructed of heavy gray cast iron or ductile cast iron, with the 
attachment straps, nuts, and washers constructed of corrosion-resistant, alloy steel in accordance with 
AWWA C-111.  All tapping saddles shall be suitable for Class C & D gray cast iron, ductile cast iron pipe, 
and all pipe manufactured in accordance with ANSI A 21 Standards. 

 
Joints:  Tapping saddles shall seal to the pipe by the use of a confined "O" ring gasket and be able to 
withstand a pressure test of 150 psi with no leakage in accordance with AWWA C-110.  A 3/4 inch NPT 
test plug shall be provided for pressure testing. 

 
The outlet branch flange shall be a 125# flange joint suitable for attachment by all other makes of tapping 
valves meeting AWWA standards. 

 
Coatings:  Tapping saddles shall have outside bituminous coating in accordance with AWWA C-110 and 
an inside cement-mortar lining in the branch run in accordance with AWWA C-104. 

 
 
1.13 HANDLING PIPE 
 

General:  All material, unless otherwise directed, shall be unloaded at the job site and distributed at the site 
of the project by the Contractor.  Materials shall be handled with care to avoid damage.  In loading and 
unloading, pipe shall be lifted by hoists or slid or rolled on skidways in such a manner as to avoid shock.  
Under no circumstances shall pipe be dropped.  Pipe handled on skidways must not be allowed to roll 
against pipe already on the ground.  The Contractor shall be responsible for the safe handling of all 
materials.  Damaged materials will not be installed. 
Pipe shall be handled so as to avoid damage to the coating and lining.  If, however, any part of the coating 
or lining is damaged by the Contractor, the repair shall be made by the Contractor at his expense in a 
manner satisfactory to the engineer before installation. 
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Pipe shall be distributed on the site of the work parallel with and opposite or near the place it is to be laid in 
the trench and with bell ends facing the directions in which the installation will proceed unless otherwise 
directed. 

 
 
 
1.14 INSTALLATION OF PIPE 
 

General:  Upon satisfactory installation of the pipe bedding, as specified in the "Excavation and Backfill for 
Utility Systems" section of these specifications, a continuous trough for the pipe barrel and recesses for the 
pipe joints shall be excavated by hand digging so that, when the pipe is laid in the trench true to line and 
grade, the pipe barrel will receive continuous, uniform support, and the joint will receive no pressure from 
the trench bottom. 

 
The interior of all pipe shall be thoroughly cleaned of all foreign material before being lowered into the 
trench and shall be kept clean during laying operations by means of plugs or other approved methods. 

 
All pipe, fittings, valves, and hydrants shall be carefully lowered into the trench, piece by piece, by means 
of derrick, ropes, or other suitable tools or equipment, in such a manner as to prevent damage to pipe, pipe 
coating, and pipe lining.  Under no circumstances shall pipe or accessories be dropped or dumped into the 
trench. 

 
The gasket material for the joint shall be properly positioned before the pipe is lowered into the trench.  
The joining of the pipe shall proceed in accordance with the manufacturer's requirements. 

 
Watertight plugs shall be installed in the open ends of the pipe at all times when pipe laying is not in 
progress.  At no time shall trench water be permitted to enter pipe. 

 
Cutting of pipe for inserting valves, fittings, or closure pieces shall be done in a neat and workmanlike 
manner without damage to the pipe.  Wherever it is necessary to cut gray or ductile cast iron pipe which is 
equipped with a push-on joint type bell end, the cut end of the pipe shall be adequately beveled so as to 
prevent the edge of the cut pipe from cutting or tearing the gasket as the plain end is inserted into the bell of 
the adjoining pipe or fitting.  All field-cut pipe shall be beveled by the Contractor, and the pipe "short" shall 
be used as part of the pipeline construction. 

 
Whenever necessary to deflect pipe after proper homing from a straight line, either in the vertical or 
horizontal plane to avoid obstructions, the maximum allowable deflection shall be in accordance with the 
following: 

 
Push-on Joint Pipe 

 
Size                          Maximum Deflection 

 
4" thru 12"                      3/4" per foot 
16" thru 36"                    1/2" per foot 

 
Only after the pipe has been properly homed will it be allowed to deflect. 
No pipe shall be laid in water or when the trench conditions or the weather is unsuitable for such work. 

 
A vertical separation of 18 inches shall be maintained between water mains and sanitary or storm sewer.  
The water main shall be adjusted to provide necessary clearance.  In the event of a conflict, see encasement 
details located on the water details drawing. 
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A lateral separation of 6 feet shall be maintained between water main and sanitary or storm sewer. 
 

All sewer lines and laterals shall be located a minimum of 36 inches below grade. 
 

Any pipe which is disturbed or found to be defective after laying shall be taken up and re-laid or replaced. 
 

Prior to connecting new work to existing lines or appurtenances, the Contractor shall verify location and 
elevation of existing connection point and notify engineer of any conflicts or discrepancies. 

 
Joints:  Before laying the pipe, all lumps, blisters, and excess coal-tar coating shall be removed from the 
bell and plain ends of each length of pipe.  The pipe ends shall then be wire brushed and wiped until clean 
and dry.  Where mechanical joints or push-on joints are specified, oil and grease also shall be removed.  
Pipe ends shall be kept clean until joints are made.  The plain end of pipe for mechanical joints shall be 
lubricated with a soapy solution before installing the gaskets. 

 
In making up the push-on type joint, the gasket shall be placed in the socket with a large, round end 
entering first so that the groove fits over the bend in the seat.  A thin film of lubricant (approved by the pipe 
manufacturer) shall then be applied to the inside surface of the gasket that will come in contact with the 
entering pipe.  The plain end of the pipe to be entered shall be thoroughly brushed with a wire brush and 
placed in alignment with the bell of the pipe to which it is to be joined.  The joint shall be made up by 
exerting sufficient force on the entering pipe so that the plain end is moved past the gasket until it seats as 
per manufacturer's recommendation. 

 
Backhoe buckets or excavation equipment are not to be applied directly to the pipe. 

 
Mechanical joints shall be centered in the bells.  Soapy water shall be brushed over the gasket just prior to 
installation.  The gasket and gland shall be placed in position, the bolts inserted, and the nuts tightened 
finger-tight.  Mechanical joints shall be assembled in accordance with AWWA Standards. 

 
The bolts shall be tightened on opposite sides of the pipes by means of a torque wrench in such a manner 
that the gland shall be brought up evenly into the joint.  The following range of bolt torques shall be 
applied: 

 
Bolt Size (Inches)            Range of Torque 

 
  3/4" Diameter                85 to 95 ft.-lbs. 
     1" Diameter                95 to 100 ft.-lbs. 

 
If effective seal is not obtained at a maximum torque listed above, the joint shall be disassembled and 
reassembled after thorough cleaning. 

 
If a joint is defective, it shall be cut out and entirely replaced or, if permission is given by the engineer, it 
may be repaired by a suitable clamp. 

 
1.15 INSTALLATION OF FITTINGS, VALVES AND TAPS 
 

Fittings:  Fittings shall be handled with care to avoid damage.  All fittings shall be loaded and unloaded by 
lifting, and under no circumstances shall fittings be dropped, skidded, or rolled.  Fittings shall not be 
placed, under any circumstances, against pipe or other fittings in such a manner that damage could result.  
Slings, hooks, or tongs used for lifting shall be padded in such a manner as to prevent damage to exterior 
surface or interior lining of fittings.  If any part of the fittings' coating or lining is damaged by the 
Contractor, the repair or replacement shall be made by the Contractor, at his expense, in a manner 
satisfactory to the engineer before installing.  Fittings shall also be stored at all times in a safe manner to 
prevent damage and kept free of dirt, mud, or other foreign matter.  All fitting gaskets shall be stored and 
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placed in a cool location out of direct sunlight and out of contact with petroleum products.  All gaskets 
shall be used on a first-in, first-out basis. 

 
Fittings shall be set and joined to the pipe in a manner specified previously for joint assembly.  When 
conditions warrant, fittings should be provided with special support trussing and blocking. 

 
1.16 ANCHORAGE OF BENDS, TEES, AND PLUGS 
 

General:  Adequate precautions shall be taken to prevent the separation of joints at bends, tees, and plugged 
ends. 

 
Details:  Details of design, construction, applications, installation, and number of joints necessary for the 
restraint of a given thrust shall be as shown in the Construction Details.  Under no circumstances will gray 
iron pipe be used at restrained joints.  Ductile iron pipe will be used unless otherwise specified by the 
engineer. 

 
Thrust Blocking:  Where reaction or thrust blocking is required, it shall be of concrete of a mix not leaner 
than one cement, two and one-half sand, five stone and having a compressive strength of not less than 
3,000 pounds per square inch after 28 days and shall have a minimum curing time of three days.  The 
poured concrete shall be left exposed for a minimum of 24 hours before backfilling, but not more than 48 
hours.  Before concrete thrust blocks are covered, contractor will have City inspect placement. 

 
Blocking shall be placed between undisturbed earth and the fitting to be anchored; the area of bearing on 
pipe and on ground in each instance shall be that shown in the Construction Details.  The blocking shall, 
unless otherwise directed, be so placed that the pipe and fitting joints will be accessible for repair. 

 
Precast thrust blocks may be used in lieu of poured-in-place blocks on eight inch and smaller water mains 
only.  Approval by the Department must be obtained.  This type of block must be manufactured in 
accordance with the Construction Details.  The engineer has the authority to reject any damaged block or 
any block considered to be of questionable quality.  Placement will be in accordance with standard 
procedures for restraining thrust.  Earth behind such blocks will be either undisturbed or compacted to a 
minimum of 95% AASHTO T-180. 

 
1.17 INSTALLATION OF VALVES 
 

General:  Valves shall be handled with care to avoid damage.  All valves shall be loaded and unloaded by 
lifting, and under no circumstances shall valves be dropped, skidded, or rolled.  Valves shall not be placed, 
under any circumstances, against pipe or other fittings in such a manner that damage could result.  Slings, 
hooks, or tongs used for lifting shall be padded in such a manner as to prevent damage.  If any part of the 
valve's coating and lining is damaged by the Contractor, the repair or replacement shall be made by the 
Contractor, at his expense, in a manner satisfactory to the engineer before installing.  Valves shall also be 
stored at all times in a safe manner to prevent damage and kept free of dirt, mud, or other foreign matter.  
All valve gaskets shall be stored and placed in a cool location out of direct sunlight and out of contact with 
petroleum products.  All gaskets shall be used on a first-in, first-out basis. 

 
Gate valves and butterfly valves shall be set and joined to new pipe in the manner heretofore specified for 
cleaning, laying, and joining pipe. 

 
Valve Boxes:  Cast iron valve boxes shall be firmly supported and maintained centered and plumb over the 
operating nut of the valve by the Contractor with box cover flush with the surface of the finished pavement 
or at such other level as may be directed.  All valve boxes set in non-paved areas shall have concrete pads 
poured around the top section of the valve box.  The pad shall be 24 inches square or 24 inches in diameter 
and shall be centered on the valve box.  All water department valve covers shall be painted safety blue as 
prescribed by the American Public Works Association (APWA) uniform color code for utility systems. 
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Blow-Offs:  Blow-offs shall not be connected to any sewer or submerged in any stream or be installed in 
any other manner that will permit back-siphonage of contaminated water. 

 
The valve and valve box shall be installed so water department personnel can insert a valve key through the 
valve box and completely open and close the valve. 

 
1.18 INSTALLATION OF TAPS BY CONTRACTOR 
 

General:  All material supplied, and drilling and tapping equipment used to make taps, will be sterilized in 
accordance with AWWA Standards. 

 
After the tapping sleeve and valve have been installed and before the tap is made, the sleeve will be tested 
to ensure a watertight joint.  A test plug will be provided in the sleeve and after the sleeve has been 
installed it will be filled with water and the pressure increased between 150 psi and 190 psi.  All leaking 
joints will be repaired to the satisfaction of the engineer at the Contractor's expense. 

 
1.19 TESTING AND INSPECTION REQUIREMENTS 
 

It will be the responsibility of the Contractor to coordinate all testing and inspections.  The Contractor shall 
notify the engineer and applicable agency inspectors 48 hours in advance of testing and inspections. 

 
1.20 HYDROSTATIC TEST 
 

Hydrostatic Test:  Perform hydrostatic pressure test for a minimum of two hours on all mains and fittings at 
a minimum pressure of 150 psi in accordance with AWWA C-600 and all fire mains and fittings at a 
minimum pressure of 200 psi in accordance with NFPA 24-8-9.  Test shall occur at any convenient time 
upon backfill of lines and after all piping has been thoroughly cleaned and flushed to clear the lines of all 
foreign matter.  Prior to test, allow adequate curing time for reaction blocking. 

 
Gauges and Recorders:  The Contractor shall, upon request of the Engineer, furnish certified test data for 
pressure gauges and recorders used on hydrostatic test equipment.  At the option of the Engineer, flow 
meters and/or pressure gauges used for hydrostatic testing shall be equipped by the Contractor with 
approved strip or round chart recorders.  Tests shall be made in sections not exceeding one-half mile. 

 
Each valved section of pipe to be tested shall be slowly filled with water, and a test pump shall be installed 
at the low point of the section being tested.  All air in line will be expelled before applying specified test 
pressure.  To accomplish this, taps will be made, if necessary, at point of highest elevation and afterward 
tightly stopped with tapered brass plugs, all at the Contractor's expense. 
After installation and filling of the line as specified, the hydrostatic test, which will be at least two hours in 
duration (two hour test period), shall proceed as follows: 

 
The Contractor will pump his line to a pressure greater than 150 psi.  At no time shall the test or line 
pressure exceed 190 psi.  If required by the engineer, pump test equipment shall be equipped with pressure 
relief valves pre-set to 190 psi. 

 
Throughout the duration of the test, the Contractor is required to maintain a minimum pressure in excess of 
150 psi.  The Contractor is advised that, should the line pressure fall to or below 150 psi any time during 
the two-hour test, the test will be considered invalid and a re-test according to this procedure will be 
required.  Therefore, he is advised to pump water into the line as the line pressure approaches 150 psi.  The 
test will be conducted with a pressure variation of not more than 5 psi for the duration of the test. 

 
At the end of the two-hour test period, the Contractor will be required to pump the pipe lines back up to the 
highest pressure obtained during the duration of the test period.  If chart records are required for the 
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hydrostatic test, the Contractor shall furnish flow and/or pressure charts as a condition of concluding the 
test. 

 
The allowable leakage, as specified below, will be defined as any volume of water required to maintain a 
minimum pressure in excess of 150 psi during the duration of the test period plus that volume of water 
required at the conclusion of the test to bring the line pressure back up to the highest pressure obtained 
during the duration of the test period. 
 
 
 
 
 
 
 

 
Two Hour Hydrostatic Test Allowable Leakage 
 
 

Allowable Leakage for AWWA PVC Pipe 
 

 
Average Test Pressure In Line, PSI 
 
Nominal pipe size 

in. 

 
50 100 150 200 

 
250 

 
 

 
Allowable Leakage Per 1000 Ft or 50 Joints, gal/hr (L/hr) 

 
4 

 
.19 (.72) .27(1.02) .33 (1.25) .38 (1.44) 

 
.43 (1.63) 

 
6 

 
.29 (1.10) .41 (1.55) .50 (1.89) .57 (2.16) 

 
.64 (2.42) 

 
8 

 
.38 (1.44) .54 (2.04) .66 (2.50) .76 (2.88) 

 
.85 (3.22) 

 
10 

 
.48 (1.82) .68 (2.57) .83 (3.14) .96 (3.63) 

 
1.07 (4.05) 

 
12 

 
.57 (2.16) .81 (3.07) .99 (3.75) 1.15 (4.35) 

 
1.28 (4.84) 

 
Leakage detection at mechanical joints shall be stopped by tightening the gland (not to exceed required 
torque) and leaking slip joints shall be cut out and entirely replaced, or, if permission is given by the 
engineer, it may be repaired by a suitable clamp.  Any cracked or defective pipes, fittings, valves, or 
hydrants discovered as a result of this pressure test shall be removed and replaced by the Contractor with 
sound material and then the test shall be repeated until satisfactory. 

 
The Contractor is warned that pressure testing against existing "end-of-line" or blow-off valves is done at 
his own risk.  Failure of these valves to hold test pressure will not relieve the Contractor of the pressure 
testing nor will it entitle him to any additional compensation for the extra work performed. 

 
1.21 DISINFECTION 
 

Disinfection:  All new water lines shall be thoroughly flushed to remove all foreign material before 
sterilizing.  The Contractor shall sterilize the water mains in accordance with the applicable section of 
AWWA Specification C-651. 

 
Bacteriological Testing:  After disinfecting and final flushing and before the system is placed in service, 
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samples shall be collected and tested by a laboratory, state certified in accordance with Chapter 403, 
Florida Statutes, at least two samples, taken one per day on consecutive days, shall be collected from the 
end of the main for each one-half mile section of main and for each branch. 

 
If, during construction, trench water has entered the main, or if in the opinion of the engineer or job 
superintendent, excessive quantities of dirt or debris have entered the main, bacteriological samples shall be 
taken at intervals of approximately 200 feet and shall be identified by location. 

 
Samples shall be taken of water that has stood in the main for at least 16 hours after final flushing has been 
completed. 

 
Samples for bacteriological analysis shall be collected in sterile bottles treated with sodium thiosulfate as 
required by "Standard Methods for the Examination of Water and Wastewater."  No hose or fire hydrant 
shall be used in collection of samples.  A corporation cock may be installed in the main with a copper tube 
goose neck assembly.  After samples have been collected, the goose neck assembly may be removed and 
retained for future use. 

 
1.22 MEASUREMENT AND PAYMENT 
 

General:  The contract unit price for the various items shall be compensation in full for furnishing all 
materials, labor, equipment, tools, and incidentals necessary for the installation of the item complete in 
every detail in accordance with the plans and specifications. 

 
As part of the work of this section, the Contractor may be required to remove and relocate or stockpile for 
reinstallation upon completion of work certain items including, but not limited to, culverts and mailboxes.   

 
No separate compensation will be provided for these items, compensation should be included in the unit 
price for item to which it most logically belongs.  It shall be the responsibility of the Contractor to identify 
and be aware of these items by both field inspection and review of the plans. 

 
Concrete:  The contract unit price shall be compensation in full for one cubic yard of concrete used for 
foundations, anchors, encasement for pipe or concrete piers. 

 
Water Pipe:  The contract unit price for the various sizes and types of water pipe shall be compensation in 
full for one linear foot of pipe complete in place.  The length of pipe installed will be measured along the 
centerline of the installed pipe from center of installed pipe or junctions to center of junction or various 
ends with no deduction in measured length for specials, fittings, or valves. 

 
Cast Iron or Ductile Iron Fitting:  The contract unit price for the various sizes and types of fittings shall be 
compensation in full for furnishing all materials, labor, equipment, tools and incidental necessary to install 
and complete one fitting with required thrust blocks.  All fittings including bends, tees, crosses, slums etc., 
will be included under this item. 

 
Tapping Sleeve and Valve:  The contract unit price for the various types and sizes shall be compensation in 
full for one valve with valve box, concrete pad, and valve stem extension, if required, and tapping sleeve, 
size to suit existing water pipe complete in place. 

 
Rust Proof Rods for Anchorage:  The contract unit price shall be compensation in full for furnishing all 
labor, materials, equipment, tools, and incidentals necessary to install one linear foot of anchor rod.  The 
price shall include threading, bolts, and coating of the rod. 

 
Removing and Replacing Paving:  The contract unit price for this item will be compensation in full for 
furnishing all materials, labor, equipment, and incidentals to remove and replace one square yard of paving 
under which pipe is laid.  The term "Pavement" shall be construed to mean either concrete, bituminous, 
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cobblestones, or brick placed as a wearing surface in streets, driveways, or sidewalks; or placed as slope 
protection for ditches or drains.  Shell surfacing, sand-clay surfacing, gravel surfacing, and other such types 
of surfacing will not be considered paving and will not be paid for as such.  In measuring this item for 
payment, the length removed multiplied by a width of the inside pipe diameter plus 30 inches will be the 
amount paid for, or were shown as limits of payment for pavement repair on construction plans, regardless 
of the width removed and replaced.  No additional allowance will be made for bell holes or manholes.  
Where flexible pavement is replaced, no additional allowance will be made for base course or asphalt tack 
coat. 

 
Encasement Pipe:  The contract unit price for furnishing and installing encasement pipe shall be 
compensation in full for furnishing all material, labor, skids, equipment, and incidentals necessary to install 
and complete one linear foot of the encasement pipe of various sizes and types in accordance with the plans 
and specifications.  Measurement will be made along the centerline of the installed encasement pipe.  The 
carrier pipe inside encasement pipe will not be included in the contract unit price for encasement pipe. 

 
END OF SECTION 331000 
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1.1 INTENT 
 

It is the intent of these specifications to provide supplemental information to the contents of the 
construction drawings on the quality of materials, execution, measurement, etc.  These specifications are 
general in nature and may contain products and requirements which are not applicable to the project.  
Discrepancies between these specifications and the construction drawings, either imagined or real, shall be 
brought to the attention of the Engineer for clarification. 

 
1.2 DESCRIPTION OF WORK 
 

Extent of sewer collection system work is shown on the drawings. 
 

Sewer collection system work includes but is not limited to: sanitary sewer mains, sewer laterals (services). 
 

Comply with the requirements of applicable Section 2 sections for excavation and backfilling required in 
connection with sewer collection system work. 

 
Comply with requirements of applicable Section 2 sections for concrete work required in connection with 
sewer collection system work. 

 
1.3 QUALITY ASSURANCE 
 

Codes and Standards:  Perform all work in compliance with applicable requirements of governing 
authorities having jurisdiction and the applicable standards of the American Water Works Association 
(AWWA), American National Standards Institute (ANSI), and the American Society for Testing and 
Materials (ASTM), of latest edition. 

 
Testing and Inspection:  Testing and inspection shall be performed by the Contractor. 

 
It will be the responsibility of the Contractor to coordinate all testing and inspections.  The Contractor shall 
notify the Engineer, testing service, and applicable agency inspectors 48 hours in advance of testing and 
inspections. 

 
1.4 SUBMITTALS 
 

Prior to construction commencement, the Contractor shall submit for approval by the Engineer 
manufacturer's certifications and cut sheets for the following applicable items:  Sanitary sewer pipe, 
fittings, service laterals, clean outs. 

 
 
1.5 PRODUCTS 
 

General:  All materials shall be accordance with the Material Standard and shall, in no event, be less than 
that necessary to conform to the requirements of any applicable law, ordinances, and codes. 

 
All materials shall be new, unused, and correctly designed.  They shall be of standard, first grade quality 
and intended for the use for which they are offered.  Materials or equipment which, in the opinion of the 
Engineer, are inferior or of a lower grade than indicated, specified, or required will not be accepted. 
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1.6 GRAVITY SEWER 
 

General:  Sewer pipe construction shall be as shown on the drawings.  Furnish ells, tees, reducing tees, 
wyes, couplings, increasers, crosses, transitions, and end caps of same type and class of material as conduit, 
or of material having equal or superior physical and chemical properties as acceptable to the Engineer. 

 
1.7 (RESERVED) 
 
1.8 DUCTILE IRON PIPE 
 

Pipe:  All ductile iron pipe shall have a minimum tensile strength of 60,000 psi, a minimum yield strength 
of 42,000 psi, and a minimum elongation of 10% as specified by AWWA C-151/ANSI A21.51.  Thickness 
shall be a minimum of Class 52 in accordance with AWWA C-151/ANSI A 21.51. 

 
Joints:  Joints for ductile iron pipe shall be either of the slip-on type using a single rubber gasket, or 
mechanical joints in accordance with AWWA C-110/ANSI A 21.10. 

 
Coatings:  All pipe shall be cement mortar lined and seal coated in accordance with AWWA C-104.  The 
lining thickness shall be standard thickness.  Pipe shall receive interior and exterior bituminous coating in 
accordance with ANSI A-21.6, A-21.8, or A-21.51. 

 
1.9 POLYVINYL CHLORIDE (PVC) PIPE 
 

Pipe:  PVC pipe shall be manufactured in accordance with ASTM D-3034 and D-1784.  All PVC pipe shall 
meet the dimension requirements of standard dimension ratio (SDR) 35. 

 
Joints:  Joints for PVC sewer pipe shall be of the bell and spigot type conforming to ASTM D-3212 using 
factory installed, flexible elastomeric seals.  The elastomeric seals shall conform to ASTM F-477. 
Pipe Marking:  All pipe shall be marked as prescribed in ASTM 3-2241, i.e., nominal pipe size, type of 
plastic pipe material, pipe dimension ratio, pressure rating, ASTM specification designation number 
manufacturer's name and code, and the National Sanitation Foundation Seal for potable water. 

 
Coatings:  Not required. 

 
Cutting:  PVC sewer pipe may be field cut using hand or power saws in accordance with the manufacturer's 
recommendations.  The raw spigot end thus formed shall be filed to remove gasket damaging burrs and to 
form a standard bevel. 

 
Fittings:  PVC sewer pipe fittings shall comply with ASTM D3034, ASTM 3212, and have elastomeric 
seals conforming to ASTM F-477. 

 
1.10 INSTALLATION OF PIPE 
 

General:  Upon satisfactory installation of the pipe bedding, as specified in the "Excavation and Backfill for 
Utility Systems" section of these specifications, a continuous trough for the pipe barrel and recesses for the 
pipe joints shall be excavated by hand digging so that, when the pipe is laid in the trench true to line and 
grade, the pipe barrel will receive continuous, uniform support, and the joint will receive no pressure from 
the trench bottom. 

 
The interior of all pipe shall be thoroughly cleaned of all foreign material before being lowered into the 
trench and shall be kept clean during laying operations by means of plugs or other approved methods. 
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Pipe laying shall proceed up grade with spigot ends pointing in the direction of flow.  Before pipe is joined, 
gaskets shall be cleaned of all dirt and stones and other foreign material.  The spigot ends of the pipe shall 
be lubricated lightly with a lubricant specified by the pipe manufacturer and approved by the Engineer.  
Sufficient pressure shall be applied to the pipe so as to properly seat the socket in the bell of the pipe.  All 
pipe shall be laid straight, true to the lines and grades shown on the drawings in each manhole section. 

 
Under no circumstances shall pipe be laid in water or when trench conditions or the weather is unsuitable 
for such work, except by permission of the Engineer.  At all times when work is not in progress, the 
exposed ends of all pipes shall be fully protected by a board or other approved stopper to prevent earth or 
other substances from entering the pipe. 
A horizontal separation of 10 feet shall be maintained between water main and sanitary sewer.  A lesser 
horizontal separation may be used between water main and sanitary sewer if the bottom of the water main 
is 18 inches above the top of the sanitary sewer and located in a separate trench and if the lesser horizontal 
separation is specifically dimensioned on the plans or if prior approval is obtained from the Engineer. 

 
At crossings a vertical separation of 18 inches shall be maintained between the outside of the water main 
and the outside of the sanitary sewer.  The crossing shall be arranged so that the sanitary sewer joints will 
be equidistant and as far as possible from the water main joints.  Special structural support will be provided 
for the water main if necessary.  If necessary, the water main shall be adjusted to provide the necessary 
clearance.  If clearance between the water main and sanitary sewer is less than 18 inches, the sanitary sewer 
shall be encased in concrete as detailed on the plans. 
All sewer lines and laterals shall be located a minimum of 30 inches below grade and 36 inches below top 
of pavement. 

 
Any pipe which is disturbed or found to be defective after laying shall be taken up and relayed or replaced. 

 
Prior to connecting new work to existing lines or appurtenances, the Contractor shall verify location and 
elevations of existing connection point and notify Engineer of any conflicts or discrepancies. 

 
Wyes or tees of specified diameter shall be inserted in the sewer lines wherever designated.  All branches 
thus inserted, unless connected with a lateral, shall have at least one joint of pipe laid from the wye and 
shall be closed by means of covers or plugs.  The covers or plugs shall have a factory-molded joint of the 
same type as used in the main line and shall be of the same material as used in the main line except that 
approved PVC plugs may be used in V.C. branches. 

 
At each wye, a strip of 1 x 2 cypress lumber or treated southern pine extending from the bottom of the 
trench to within one foot of the street surface shall be placed to facilitate finding the connection after 
backfilling. 

 
Where laterals are called for on the plans, or instructed by the Owner, they shall be laid to a point two feet 
back of the existing or proposed curb line or as the Owner may direct.  Ends of laterals shall terminate 2' 
above grade as required to serve the adjacent property.  In sewers over eight feet in depth, or where 
directed, stacks shall be carried up from the wye connections at an angle of 45 degrees with the vertical, 
and the end shall terminate 2' above grade for laterals.  The ends of the stacks or laterals shall be closed 
with covers as specified for wye branches.  A mark shall be scribed permanently in concrete curbs, gutters, 
or valley gutters where present for location of laterals.  Materials for stacks and laterals shall be as shown 
on the drawings or designated in the proposal. 

 
Whenever pipe laying is stopped for the night or for any other cause, the end of the pipe shall be securely 
closed with a stopper to prevent the entrance of water, mud, or other obstructing matter, and shall be 
secured in such a manner as to prevent the end pipe from being dislodged by sliding or other movement of 
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the backfilling. 
 

Wherever house laterals are intercepted by the excavation for the new sewer, connection shall be 
maintained temporarily to the old sewer until the particular section of new sewer is completed and tested.  
Then the house lateral shall be broken and reconnected to the new sewer through a wye which shall have 
been placed in the sewer for that purpose. 

 
The dead end of the house lateral shall be capped with a cover or plug as specified for wyes as close as is 
practical to the side of the excavation from which it emerges.  If necessary, special concrete support shall 
be placed for these new house connections.  The method of support will be determined in the field and 
concrete so placed will be paid for at the unit price bid per cubic yard. 

 
After each pipe is laid, it shall be partly backfilled and made secure before the next joint is laid. 

 
Ductile Iron Pipe:  Installation shall be in accordance with the manufacturer's recommendations and the 
ductile iron pipe research association publication "A Guide for the Installation of Ductile Iron Pipe". 

 
Polyvinyl Chloride Pipe:  Installation shall be in accordance with the recommended practices in ASTM D-
2321 and Uni-Bell standard UNI-B-5. 

 
Transportation:  Care shall be taken during transportation of the pipe that it is not cut, kinked, or otherwise 
damaged. 

 
Handling Pipe Lengths:  Ropes, fabric, or rubber-protected slings and straps shall be used when handling 
pipes. 

 
Storage:  Pipes shall be stored on level ground, preferable turf or sand, free of sharp objects which could 
damage the pipe. 

 
Stacking of polyvinyl chloride pipe shall be limited to a height that will not cause excessive deformation of 
the bottom layers of pipes under anticipated temperature conditions.  Where necessary, due to ground 
conditions, the pipe shall be stored on wooden sleepers, spaced suitably and of such width as not to allow 
deformation of the pipe at the point of contact with sleeper or between supports. 

 
Handling Pipeline:  The handling of joined pipeline shall be in such a manner that the pipe is not damaged 
by dragging it over sharp and cutting objects.  Sections of the pipe with deep cuts and gouges shall be 
removed. 

 
Lowering Pipe Into Trench:  Care shall be exercised when lowering pipe into the trench to prevent damage 
to, or twisting of, the pipe. 

 
Special Precautions:  Polyvinyl chloride pipe connected to heavy fittings, manholes, and rigid structures 
shall be supported in such a manner that no subsequent relative movement between the pipe and the joint 
with the rigid structures is possible. 

 
Joint Adaptors:  Make joints between ductile iron pipe and other types of pipe with standard manufactured 
ductile iron adapters and fittings. 

 
Closing Abandoned Utilities:  Close open ends of abandoned underground utilities which are indicated to 
remain in place.  Provide sufficiently strong closures to withstand hydrostatic or earth pressure which may 
result after ends of abandoned utilities have been closed. 
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Close open ends of concrete or masonry utilities with not less than eight-inch-thick brick masonry 
bulkheads. 

 
Close open ends of conduit with plastic plugs, or other acceptable methods suitable for size and type 
material being closed.  Wood plugs are not acceptable. 

 
Interior Inspection:  Inspect pipe to determine whether line displacement or other damage has occurred. 

 
Make inspections after lines between manholes, or manhole locations, have been installed and 
approximately two feet of backfill is in place and at completion of project. 

 
If inspection indicates poor alignment, debris, displaced pipe, infiltration or other defects, correct such 
defects to satisfaction of Engineer. 

 
1.11 UNDERGROUND STRUCTURES 
 

Precast Concrete Manholes:  Place precast concrete sections as shown on drawings.  Where manholes occur 
in pavements, set top of frames and covers flush with finish surface.  Elsewhere, set top three inches above 
finish surface, unless otherwise indicated. 

 
Use epoxy bonding compound where manhole steps are mortared into manhole walls. 

 
Provide rubber joint gasket complying with ASTM C 443.  Provide drop manholes as shown on plans. 

 
1.12 JOINING PIPE TO MANHOLES OR OTHER STRUCTURES 
 

Downstream Side:  A flexible pipe joint shall be installed within three feet of the outside face of the 
manhole wall, and encased to within three inches of the bell of the second pipe.  For PVC only, a second 
flexible pipe joint shall be installed within 24 inches of the first flexible pipe joint.  All flexible pipe joints 
shall be kept clean of mortar and other materials that might bind the joint. 

 
No flexible joint provisions are required for PVC pipe except that first length of pipe entering manhole 
shall be maximum of three feet long and an approved standard groutable PVC-to-manhole fitting shall be 
used. 

 
If approved by the Engineer, a flexible rubber boot of the type described for use at the upstream manhole 
connection may also be used at the downstream manhole connection.  Any annular space inside the 
manhole at the connection shall be filled with approved caulking material or joint filler. 
Upstream Side (including services):  A flexible pipe joint shall be installed within eight inches of the 
outside face of the manhole wall and encased to the end of the bell.  This encasement shall not extend 
beyond the end of the bell so that the flexibility of the joint is maintained.  For VCP only, a second flexible 
pipe joint shall be installed within 24 inches of the fist flexible pipe joint.  All flexible pipe joints shall be 
kept clean of mortar and other materials that might bind the joints.  No flexible joint provisions are required 
for PVC pipe except that last length of pipe entering manhole shall be maximum of three feet long and an 
approved groutable, PVC-to-manhole fitting shall be used. 

 
Stubouts for future mains shall be constructed at the locations and to the elevations shown on the plans.  
The manhole benches shall be constructed to direct flows from all shown manhole inlets smoothly to the 
outlet.  Stubouts shall be plugged as detail shown on the plans. 

 
No short joint or cut joints required with D.I.P. 
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Clay pipe shall be cut only with patented pipe shears or a power saw. 
 

If approved by the Engineer, in lieu of multiple flexible pipe joints near the manhole wall, a flexible rubber 
boot cast into the manhole opening or installed following casting and coring of the manhole section may be 
supplied.  The connector shall be manufactured of neoprene or isoprene compounds formulated and tested 
to resist deterioration due to sewage, hydrogen sulfide, oils, fats, greases, petroleum products, and by-
products.  The connection at the manhole wall shall be flexible and watertight. 
 

 
1.13 TESTING AND INSPECTION REQUIREMENTS 
 

Flashing Lines:  Upon completion and in the presence of the Engineer, the sewer lines shall be flashed 
between manholes in each straight or working section of the sewer, a round circle of light from the finished 
or other end of the section shall remain constantly in plain view throughout the entire length of each section 
and shall show the true character and shape of the interior surface of the sewer.  The test shall be applied 
for each working section after the sewer is completed in all respects and before it is accepted.  On 
completion of the sewer lines, the Contractor may be required to float a ball through any line.  In each case, 
the size of the ball is to be one inch in diameter less than the sewer through which it is to pass. 

 
Leakage:  All gravity sewers, manholes, and service connections shall be tested for leakage as soon after 
backfill as is practical.  Service connections shall be provided with watertight plugs or end caps; properly 
braced and capable of withstanding test pressures. 

 
The total infiltration or exfiltration of any section of sewer shall not exceed 100 gallons per mile of pipe per 
24 hours per inch of nominal pipe diameter.  Manholes shall be considered as equivalent diameter pipe for 
leakage determination purposes. 

 
TEST PROCEDURE – After a manhole to manhole reach of pipe has been backfilled to final grade, 
prepared for testing and the specified waiting period has elapsed, the plugs shall be placed in the line at 
each manhole and secured. 

 
It is advisable to seal test all plugs before use.  Seal testing may be accomplished by laying one length of 
pipe on the ground and sealing it at both ends with the plugs to be checked.  The sealed pipe should be 
pressurized to 9 psig.  The plugs shall hold against this pressure without bracing and without any 
movement of the plugs out of the pipe.  No persons shall be allowed in the alignment of the pipe during 
plug testing. 

 
It is advisable to plug the upstream end of the line first to prevent any upstream water from collecting in the 
test line.  This is particularly important in high groundwater situations. 

 
When plugs are being placed, the pipe adjacent to the manhole shall be visually inspected to detect any 
evidence of shear in the pipe due to differential settlement between the pipe and the manhole.  A probable 
point of leakage is at the junction of the manhole and the pipe, and this fault may be covered by the pipe 
plug, and thus not revealed by the air test. 

 
LINE PRESSURE – Low pressure air shall be slowly introduced into the sealed line until the internal air 
pressure reaches 4.0 psig greater than the average back pressure of any groundwater above the pipe, but not 
greater than 9.0 psig.  If groundwater is present, refer to Section 8 – Determination of Ground Water 
Elevation and Air Pressure Adjustment.” 

 
PRESSURE STABILIZATION – After a constant pressure of 4.0 psig (greater than the average 
groundwater back pressure) is reached, the air supply shall be throttled to maintain that internal pressure for 
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at least 2 minutes.  This time permits the temperature of the entering air to equalize with the temperature of 
the pipe wall. 

 
TIMING PRESSURE LOSS – When temperatures have been equalized and the pressure stabilized at 4.0 
psig (greater than the average groundwater back pressure). The air hose from the control panel to the air 
supply shall be shut off or disconnected.  The continuous monitoring pressure gauge shall then be observed 
while the pressure is decreased to no less than 3.5 psig (greater than the average back pressure of any 
ground water over the pipe).  At reading of 3.5 psig, or any convenient observed pressure reading between 
3.5 psig and 4.0 psig (greater than the average groundwater back pressure). Timing shall commence with a 
stop watch or other timing device that is at least 99.8 percent accurate. 

 
A predetermined required time for a specific pressure drop shall be used to determine the lines 
acceptability.  Traditionally, a pressure drop of 1.0 psig has been specified.  However, other pressure drop 
values may be specified provided that the required holding times are adjusted accordingly.  If the specified 
pressure drop is 0.5 psig rather than the more traditional 1.0 psig, then the required test times for a 1.0 psig 
pressure drop must be halved.  Specifying a 0.5 psig pressure drop is desirable in that it can reduce the time 
needed to accomplish the air test without sacrificing test integrity.  Therefore, the following subsections 
contain provisions for both the traditional 1.0 psig pressure drop and the more efficient 0.5 psig pressure 
drip.  All requirements for a specified 0.5 psig drop are given in parentheses. 

 
DETERMINATION OF LINE ACCEPTANCE – If the time shown in Table I (or Table II), for the 
designated pipe size and length, elapses before the air pressure drops 1.0 psig (or 0.5 psig); the section 
undergoing test shall have passed and shall be presumed to be free of defects.  The test may be 
discontinued once the prescribed time has elapsed even through the 1.0 psig (or 0.5 psig) drop has not 
occurred. 

 
DETERMINATION OF LINE FAILURE – If the pressure drops 1.0 psig (or 0.5 psig) before the 
appropriate time shown in Table I (or Table II) has elapsed, the air loss rate shall be considered excessive 
and the section of pipe has failed the test. 

 
LINE REPAIR OR REPLACEMENT – If the section fails to meet these requirements, the Contractor shall 
determine at his own expense the source, or sources, of leakage, and he shall repair or replace all defective 
materials and/or workmanship to the satisfaction of the Engineer.  The extent and type of repair which may 
be allowed, as well as results, shall be subject to the approval of the Engineer.  The completed pipe 
installation shall then be retested and required to meet the requirements of this test.  

 
DETERMINATI0N OF GROUNDWATER ELEVATION AND AIR PRESSURE ADJUSTMENT 

 
APPLICABILITY – The requirements of this Section shall only apply where groundwater is known to exist 
or is anticipated above the sewer line to be tested. 

 
PIPE NIPPLE INSTALLATION – During manhole installation, a one-half inch diameter threaded pipe 
nipple shall be installed through the manhole wall directly on top of one of the sewer pipes entering the 
manhole.  The threaded end of the nipple shall extend no more than two inches on the inside of the 
manhole.  The total length of the nipple shall exceed the manhole wall thickness by no less than four 
inches.  The pipe nipple shall be non-corrosive and resistant to chemicals common in domestic sewage.  
Special attention shall be given to providing a permanent, watertight seal around the pipe nipple at the 
manhole wall.  The pipe nipple shall be sealed with a threaded one-half inch cap.  Every manhole need not 
have a pipe nipple.  A few key manhole locations shall be sufficient to establish a groundwater profile for 
the test area.  The Engineer shall assist the Contractor in selecting appropriate manholes for pipe nipple 
installation. 
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GROUNDWATER ELEVATION – Immediately before air testing, the groundwater level shall be 
determined by removing the threaded cap(s) from the nipple(s) nearest the section to be tested, blowing air 
through the pipe nipple(s) to remove any obstructions, and then connecting clear plastic tube(s) to the pipe 
nipple(s).  Each plastic tube shall be held vertically to allow groundwater to rise in it.  After the water level 
in the tube has stopped rising, a measurement of the height in feet of water over the invert of the sewer pipe 
shall be taken.  If the section to be tested is not immediately adjacent to an installed pipe nipple, the 
groundwater height shall be estimated based upon nearby height readings and the pipe’s invert elevation. 

 
AIR PRESSURE ADJUSTMENT – The air pressure correction, which must be added to the 3.5 psig 
normal test starting pressure, shall be calculated by dividing the average vertical height, in feet of 
groundwater above the invert of the sewer pipe to be tested by 2.31.  The result gives the air pressure 
correction in pounds per square inch to be added.  (for example, if the average vertical height of 
groundwater above the pipe invert is 2.8 feet; the additional air pressure required would equal 2.8 divided 
by 2.31 or 1.2 psig.  This would require a minimum starting pressure of 3.5 plus 1.2 or 4.7 psig.)  The 
allowable pressure drop of 1.0 psig (or 0.5 psig) and the timing in Table I (or Table II) are not affected and 
shall remain the same. 

 
MAXIMUM TEST PRESSURE – In no case should the starting test pressure exceed 9.0 psig.  If the 
average vertical height of groundwater above the pipe invert is more than 12.7 feet, the section so 
submerged may be tested using 9.0 psig as the starting test pressure.  The 9 psig limit is intended to further 
ensure workman safety and falls within the range of the pressure monitoring gauges normally used. 

 
RE-SEALING OF PIPE NIPPLES – After the groundwater height has been determined each pipe nipple 
shall be recapped and sealed to prevent any future infiltration. 

 
TEST TIMES – The Ramseier test time criteria requires that no test section shall be accepted if it loses 
more than Q cubic feet per minute per square foot of internal pipe surface area for any portion containing 
less than 625 square internal pipe surface area.  The total leakage from any test section shall not exceed 625 
Q cubic feet per minute. 

 
ALLOWABLE AIR LOSS RATE – A Q value of 0.0015 cubic feet per minute per square foot shall be 
utilized to assure the Owner of quality pipe materials, good workmanship and tight joints. 

 
TEST TIME CALCULATIONS – All test times shall be calculated using Ramseier’s equation: 

 
T = 0.085 (DK) / Q 

 
Where: T = Shortest time, in seconds, allowed for the air pressure to drop 1.0 psig. 

 K = 0.000419 DL, but not less than 1.0 psig 
 Q = 0.0015 cubic feet/minute/square feet of internal surface 
 D = Nominal pipe diameter in inches and 
 L = Length of pipe being tested in feet. 

 
For more efficient testing of long test sections and/or sections of larger diameter pipes, a timed pressure 
drop of 0.5 psig may be used in lieu of the 1.0 psig timed pressure drop.  If a 0.5 psig pressure drop is used, 
the appropriate required test times shall be exactly half as long as those obtained using Ramseier’s equation 
for T cited above. 
 
TESTING MAIN SEWERS WITH LATERAL SEWERS – It is often convenient to include connected 
lateral sewers when testing sewer mains having lateral sewers.  If the lateral sewers are included in the test, 
their lengths may generally be ignored for computing required test times.  This can be done because in 
practice, ignoring the branch, lateral or house sewers will normally increase the severity of the air test 
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whenever the tested surface area is less than 625 square feet so that the total rate of rejection may only be 
increased about 2 percent.  If the total tested surface area is greater than 625 square feet, ignoring the lateral 
sewers will only slightly decrease the severity of the test. 
 
In the event a test section, having a total internal surface area less than 625 square feet, fails to pass the air 
test when lateral sewers have been ignored the test time shall be recomputed to include all lateral sewers 
using the following formula: 
T=0.085 ((D1

2L1+D2
2L2+…+ Dn

2Ln) / (D1L1+D2L2+…+ DnLn))*(K/Q) 
 
 Where: T = Shortest time in seconds, allowed for the air pressure to drop 1.0 psig. 
  K = 0.000419 (D1L1+D2L2+…+ DnLn), but not less than 1.0; 
   D1 D2,, etc. …  = Nominal diameters of the different size pipes being tested; 
   L1 L2     etc …  = Respective lengths of the different size pipes being tested. 
 

If the recomputed test time is short enough to allow the section tested to pass, then the section shall be 
presumed to be free of defects and comply with this specification. 

 
SPECIFIED TIME TABLES – To facilitate the proper use of this recommended practice for air testing, the 
following tables are provided.  Table 1 contains the specified minimum times required for 1.0 psig pressure 
drop from a starting pressure of at least 3.5 psig greater than the average back pressure of any groundwater 
above the pipe’s invert.  Table II contains specified minimum times required for a 0.5 psig pressure drop 
from a starting pressure of at least 3.5 psig greater than the average back pressure of any groundwater 
above the pipe’s invert.  Both tables also include easy to use formulas for calculating required test times for 
various pipe sizes and odd lengths. 

 
 
 

ALLOWABLE TIME TABLE 
TABLE 1 

Minimum Specified Time Required for a 1.0 PSIG Pressure Drop for Size and Length of Pipe 
Indicated for Q = 0.0015 

100 ft 150 ft 200 ft 250 ft 300 ft 350 ft 400 ft 450 ft
4 3:46 597 0.380 L 3:46 3:46 3:46 3:46 3:46 3:46 3:46 3:46
6 5:40 398 0.854 L 5:40 5:40 5:40 5:40 5:40 5:40 5:42 6:24
8 7:34 298 1.520 L 7:34 7:34 7:34 7:34 7:36 8:52 10:08 11:24
10 9:46 239 2.374 L 9:26 9:26 9:26 9:53 11:52 13:51 15:49 17:48
12 11:20 199 3.418 L 11:20 11:20 11:24 14:15 17:05 19:56 22:47 25:38
15 14:10 159 5.342 L 14:10 14:10 17:48 22:15 26:42 31:09 35:36 40:04
18 17:00 133 7.692 L 17:00 19:13 25:38 32:03 38:27 44:52 51:16 57:41
21 19:50 114 10.470 L 19:50 26:10 34:54 43:37 52:21 61:00 69:48 78:31
24 22:40 99 13.674 L 22:47 34:11 45:34 56:58 68:22 79:46 91:10 102:33
27 25:30 88 17.306 L 28:51 43:16 57:41 72:07 86:32 100:57 115:22 129:48
30 28:20 80 21.366 L 35:37 53:25 71:13 89:02 106:50 124:38 142:26 160:15
33 31:10 72 25.852 L 43:05 64:38 86:10 107:43 129:16 150:43 172:21 193:53
36 34:00 66 30.768 L 51:17 76:55 102:34 128:12 153:50 179:29 205:07 230:46

Specification Time for Length (L) shown (min:sec)
Pipe 

Diameter 
(in.)

Minimum 
Time 

(min:sec)

Length for 
Minimum 
Time (ft)

Time for 
Longer 
Length 
(sec)
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ALLOWABLE TIME TABLE 
TABLE 2 

Minimum Specified Time Required for a 0.5 PSIG Pressure Drop for Size and Length of Pipe 
Indicated for Q = 0.0015 

 

100 ft 150 ft 200 ft 250 ft 300 ft 350 ft 400 ft 450 ft
4 1:53 597 0.190 L 1:53 1:53 1:53 1:53 1:53 1:53 1:53 1:53
6 2:50 398 0.427 L 2:50 2:50 2:50 2:50 2:50 2:50 2:51 3:12
8 3:47 298 0.760 L 3:47 3:47 3:47 3:47 3:48 4:26 5:04 5:42
10 4:43 239 1.187 L 4:43 4:43 4:43 4:57 5:56 6:55 7:54 8:54
12 5:40 199 1.709 L 5:40 5:40 5:42 7:08 8:33 9:58 11:24 12:50
15 7:05 159 2.671 L 7:05 7:05 8:54 11:08 13:21 15:35 17:48 20:02
18 8:30 133 3.846 L 8:30 9:37 12:49 16:01 19:14 22:26 25:38 28:51
21 9:55 114 5.235 L 9:55 13:05 17:27 21:49 26:11 30:32 34:54 39:16
24 11:20 99 6.837 L 11:24 17:57 22:48 28:30 34:11 39:53 45:35 51:17
27 12:45 88 8.653 L 14:25 21:38 28:51 36:04 43:16 50:30 57:42 64:54
30 14:10 80 10.683 L 17:48 26:43 35:37 44:31 53:25 62:19 71:13 80:07
33 15:35 72 12.926 L 21:33 32:19 43:56 53:52 64:38 75:24 86:10 96:57
36 17:00 66 15.384 L 25:39 38:28 51:17 64:06 76:55 89:44 102:34 115:23

Specification Time for Length (L) shown (min:sec)
Pipe 

Diameter 
(in.)

Minimum 
Time 

(min:sec)

Length for 
Minimum 
Time (ft)

Time for 
Longer 
Length 
(sec)

 
Plugs used to close the sewer pipe for the air test must be securely braced to prevent the 
unintentional release of a plug which can become a high velocity projectile.  Gauges, air piping 
manifolds and valves shall be located at the top of the ground.  No one shall be permitted to enter a 
man hole where a plugged 
Pipe is under pressure.  Four (4) pounds (gauge) air pressure develops a force against the plug in a 
12-inch diameter pipe of approximately 450 pounds.  A safety release device set to release at 10 
pounds per square inch is to be provided between the air supply and the sewer under test. 

 
The CONTRACTOR shall furnish all labor, tools, equipment and materials for the test.  The test 
must be scheduled at a time acceptable to the ENGINEER and shall be witnessed by his 
representative. 

 
DEFLECTION TEST – When PVC pipe is used, tests for the pipe deflection shall be run on a 
random basis with the ENGINEER determining the number and location depending on project size 
and soil conditions encountered.  Deflection shall be measured by pulling a mandrel or other device 
capable of measuring pipe I.D. of the deflection tests run, 100% must fall within 5% maximum (95% 
of pipe nominal I.D.).  Any lines found to exceed 5% shall be corrected prior to acceptance and shall 
be cause for additional lines being tested. 

 
In all sections of the gravity collection lines, the minimum acceptable variation from a straight barrel 
alignment will be a visible “half moon” of light when peering from one manhole to another with 
only enough light shining on the end of the opening (not down the pipe) to make it visible.  Anything 
less than a “half moon” will be cause for rejection of that section of line and reconduct all test at no 
cost to the OWNER. 

 
The CONTRACTOR shall provide all equipment, labor and materials required and conduct test in 
the presence of a representative of the ENGINEER.  Segments failing the deflection test shall be 
relayed to secure acceptable test results at no additional cost to the owner. 
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PRESSURE TEST FORCEMAINS – When the forcemains have been installed, backfilled and all 
thrust blocking is in place and has been adequate time to cure, the forcemain shall be subjected to a 
hydrostatic pressure test.  The CONTRACTOR is to furnish all equipment, to be conducted in the 
presence of a representative of the ENGINEER. 

 
The CONTRACTOR shall fill the forcemain with water, plug the ends, bring the pressure in the line 
to 100 pounds per square inch (p.s.i.).  If after 30 minutes the pressure in the forcemain has not 
dropped below 95 p.s.i. pressure, the pressure test will be acceptable.  If the test is not acceptable, 
the CONTACTOR will find and repair the leak and then retest the line until the line passes. 

 
 

END OF SECTION 333000 
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