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DOCUMENT 00 72 00 

GENERAL CONDITIONS 

1.1 SUMMARY  

A. Related Documents:

1. Document 00 7300 - Supplementary Conditions.
2. Division 01 - General Requirements.

1.2 DOCUMENT 

A. American Institute of Architects (AIA) Document A201-2007, General Conditions of the Contract for
Construction, forms a part of this Contract and by reference is incorporated herein as fully as if
repeated at length.

END OF DOCUMENT 
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DOCUMENT 01 11 00 
 

SUMMARY OF WORK 
 
PART 1  GENERAL  
 
1.1 SUMMARY 
 

A. Section Includes: 
 
1. Project description. 
2. Work by Others. 
3. Work sequence. 
4. Owner occupancy. 
5. Future work. 
6. Contractor’s use of site and premises. 
7. Owner furnished Products. 

 
1.2 PROJECT DESCRIPTION 
 

A. The project contemplates the remodeling of an interior office space, located on the 3rd floor of the 
Plaza Isabel II Building, located in 66 Reina Isabel St., Ponce, P.R. 00730. 

B. Work includes:  
 
1. Selective demolition of existing interior spaces. 
2. Area reconfiguration and interior remodeling to accommodate Client’s operation requirements. 

 
1.3 WORK SEQUENCE 
 

A. Coordinate construction schedule and operations with the Owner and Architect. 
 
1.4 CONTRACTOR’S USE OF SITE AND PREMISES 
 

A. Contractor shall have complete use of site and premises for execution of the Work. 
B. Assume full responsibility for protection and safekeeping of products under this Contract stored on 

site. 
C. Obtain and pay for use of any additional storage or work areas needed for operations. 
D. Coordinate use of site and premises with the Owner: 

 
1. Employee parking: In designated areas. 
2. Access to site and premises: In designated areas. 
3. Storage and staging areas: In designated areas. 
4. Transport materials and equipment to and from construction area along routes approved by 

Owner. 
 

E. Conform to PR Laws, Codes, Rules and Regulations. 
F. Confine operations to construction area unless otherwise approved by Owner. 
G. Prohibit smoking within interior spaces. 

 
 
PART 2  PRODUCTS 
 

Not used 
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PART 3  EXECUTION 

Not used 

END OF SECTION 
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DOCUMENT 01 25 00 

SUBSTITUTION PROCEDURES 

PART 1  GENERAL  

1.1 SUMMARY 

A. Section Includes:

1. Product Substitution Procedures.

1.2 GENERAL 

A. Definition: Proposal by Contractor Construction Manager to use manufacturer, product, material, or
system different from one required in Contract Documents.

B. Do not substitute Products unless a substitution request has been approved by Architect.
C. In case of non-availability of a specified Product notify Architect in writing as soon as non-availability

becomes apparent.

1.3 SUBSTITUTION REQUESTS 

A. Submit substitution requests on copy of form bound into Project Manual.
B. Document specified product and proposed substitution with complete data, including:

1. Product identification, including name and address of manufacturer.
2. Product description, performance and test data, and reference standards.
3. Sample, if requested.
4. Description of any anticipated effect that acceptance of proposed substitution will have on

Progress Schedule, construction methods, or other items of Work.
5. Description of any differences between specified product and proposed substitution.
6. Difference in cost between specified product and proposed substitution.

C. A request constitutes a representation that the Contractor:

1. Has investigated the proposed Product and determined that it meets or exceeds the quality
level of the specified Product.

2. Will provide the same warranty for the substitution as for the specified Product.
3. Will coordinate installation and make changes to other Work that may be required for the Work

to be complete with no additional cost to Owner.

D. Substitutions will not be considered if:

1. They are indicated or implied on Shop Drawings or other submittals without submittal of a
substitution request.

2. Approval will require substantial revision of Contract Documents without additional
compensation to Architect.

E. Architect will notify Contractor of approval or rejection of each Substitution Request.

PART 2  PRODUCTS 

Not used 
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PART 3  EXECUTION 

Not used 

END OF SECTION 
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DOCUMENT 01 25 19 

SUBSTITUTION REQUEST FORM 

DATE: _________________________________ 

TO: 

ATTENTION: 

PROJECT: 

We submit for your consideration the following product as a substitution for the specified product: 

Section No.  Paragraph Specified Product 

__________ __________ _______________________________________________________ 

Proposed Substitution: 

Reason for Substitution: 

Product Data: 

Attach complete technical data for both the specified product and the proposed substitution. Include 
information on changes to Contract Documents that the proposed substitution will require for its proper 
installation. 

Samples: 

___ Attached ___ Will be furnished upon request 

Does the substitution affect dimensions shown on Drawings? 

___ No  ___ Yes (explain) 

Effects of proposed substitution on other Work: 
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Differences between proposed substitution and specified Product: 

Manufacturer's warranties of the proposed substitution are: 

___ Same  ___ Different (explain) 

Maintenance service and spare parts are available for proposed substitution from: 

Previous installations where proposed substitution may be seen: 

Project:  Project: 

Owner:  Owner:  

Architect:   Architect:   

Date Installed: Date Installed: 

Cost savings to be realized by Owner, if proposed substitution is approved: 

Change to Contract Time, if proposed substitution is approved: 

___ No Change  ___ Add ________ days  ___ Deduct ________ days 

Submittal constitutes a representation that Contractor has read and agrees to the provisions of Section 01 2500. 

Submitted by Contractor: 

Signature 

Firm 
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For Use by Architect: 

Based on the information supplied by the Contractor, the Architect has reviewed the proposed substitution 
on the basis of design concept of the Work and conformance with information given in Contract Documents. 

___ Approved ___ Approved as Noted ___ Rejected 

Submit Additional Information:  

By:  Date: 

END OF SECTION 
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DOCUMENT 01 31 00 

PROJECT MANAGEMENT AND COORDINATION 

PART 1 GENERAL  

1.1 SUMMARY 

A. Section Includes:

1. Project coordination.
2. Coordination drawings.
3. Project meetings.

B. Related Sections:

1. Section 01 7700 - Contract Closeout.

1.2 PROJECT COORDINATION 

A. Submit required project submittals electronically in Abode PDF format.

B. Coordinate scheduling, submittals, and work of various Sections of specifications to assure efficient
and orderly sequence of installation of interdependent construction elements.

C. Verify that utility requirement characteristics of operating equipment are compatible with building
utilities. Coordinate work of various Sections having interdependent responsibilities for installing,
connecting to, and placing in service such equipment.

D. Coordinate space requirements and installation of mechanical and electrical items that are indicated
diagrammatically on Drawings.

1. Follow routing shown as closely as practical; place runs parallel with building lines.
2. Utilize spaces efficiently to maximize accessibility for other installations, for maintenance, and

for repairs.

E. In finished areas, conceal pipes, ducts, and wiring within construction. Coordinate locations of fixtures
and outlets with finish elements.

F. Coordinate completion and cleanup of work of separate Sections in preparation for Substantial
Completion.

G. After Owner occupancy, coordinate access to site for correction of defective Work and Work not in
accordance with Contract Documents to minimize disruption of Owner's activities.

1.3 COORDINATION DRAWINGS 

A. Coordination Drawings:

1. Prior to commencement of Work, prepare coordination drawings to define relationship of
mechanical, plumbing, fire protection, and electrical components with beams, columns, ceilings,
and walls.
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2. Include plans, elevations, sections, and details required to define relationships between
components.

3. Prepare drawings at 1/4 inch = 1'-0" scale for general layout and 3/8 inch = 1'-0" for plans and
sections in congested areas including equipment spaces.

B. Hold coordination meetings with trades providing mechanical, plumbing, fire protection, and electrical
work.

C. Resolve conflicts between trades, prepare composite coordination drawings and obtain signatures on
original composite coordination Drawings.

D. When conflicts cannot be resolved:

1. Cease work in areas of conflict and request clarification prior to proceeding.
2. Prepare drawings to define and to indicate proposed solution.
3. Submit drawings for approval when actual measurements and analysis of Drawings and Project

Manual indicate that various systems cannot be installed without significant deviation from
intent of Contract Documents.

E. Submit original composite coordination drawings as part of Project Record Documents specified in
Section 01 7700.

1.4 PROJECT MEETINGS 

A. Schedule and administer progress meetings and pre-installation conferences.

B. Make physical arrangements for meetings; notify involved parties.
C. Record significant proceedings and decisions at each meeting; reproduce and distribute copies to

parties in attendance and others affected by proceedings and decisions made.

1.5 PROGRESS MEETINGS 

A. Schedule weekly progress meetings.

B. Location: Contractor’s project field office.

C. Attendance:

1. Contractor.
2. Owner.
3. Architect and consultants as appropriate to agenda.
4. Subcontractors and suppliers as appropriate to agenda.
5. Others as appropriate to agenda.

D. Review and Discuss:

1. Work progress since previous meeting, including:

a. Field observations, deficiencies, conflicts, and problems.
b. Progress and completion date.
c. Corrective measures needed to maintain quality standards, progress, and completion

date.

2. Status of:

a. Requests for information.
b. Submittals.
c. Contract modifications.
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3. Coordination between various elements of Work.
4. Maintenance of Project Record Documents.

1.6 PRE-INSTALLATION CONFERENCES 

A. Where required in individual specification Section, convene a pre-installation conference at project
site or other designated location.

B. Require attendance of parties directly affecting or affected by work of the specific Section.

C. Review conditions of installation, preparation and installation procedures, and coordination with
related work.

PART 2 PRODUCTS 

Not used 

PART 3 EXECUTION 

Not used 

END OF SECTION 
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DOCUMENT 01 32 16 

CONSTRUCTION PROGRESS SCHEDULES 

PART 1 GENERAL  

1.1 SUMMARY 

A. Section Includes:

1. Construction progress schedule.

B. Related Sections:

1. Section 01 1100 - Summary of Work: Work sequence.
2. Section 01 2900 - Payment Procedures.

1.2 FORMAT 

A. Prepare Progress Schedule.
B. Sequence of Listings: The chronological order of the start of each item of Work.
C. Scale and Spacing: To provide space for notations and revisions.
D. Sheet Size: Multiples of 8-1/2 x 14 inches, or 11 x 17 inches.

1.3 CONTENT 

A. Show complete sequence of construction by activity, with dates for beginning and completion of each
element of construction.

B. Identify each item by specification Section number.
C. Identify work of separate floors and other logically grouped activities.
D. Provide sub schedules for each phase of Work identified in Section 01 1100.
E. Provide sub schedules to define critical portions of the entire Progress Schedule.
F. Show accumulated percentage of completion of each item, and total percentage of Work completed,

as of the first day of each month.
G. Provide separate schedule of submittal dates for Shop Drawings, Product Data, and Samples,

including:

1. Dates reviewed submittals will be required from Architect.
2. Decision dates for selection of finishes.
3. Delivery dates for Owner furnished products and Products identified under Allowance.

H. Coordinate content with Schedule of Values specified in Section 01 2900.
I. Revisions:

1. Indicate progress of each activity to date of submittal, and projected completion date of each
activity.

2. Identify activities modified since previous submittal, major changes in scope, and other
identifiable changes.

J. Provide narrative report to define problem areas, anticipated delays, and impact on Progress
Schedule. Report corrective action taken, or proposed, and its effect.

1.4 SUBMITTAL 

A. Submit revised Progress Schedule with each Application for Payment.
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1.5 DISTRIBUTION 

A. Distribute copies of approved Progress Schedule to project site file, Subcontractors, suppliers, and
other concerned parties.

B. Instruct recipients to promptly report, in writing, problems anticipated by projections indicated in
Progress Schedule.

PART 2 PRODUCTS 

 Not used 

PART 3 EXECUTION 

Not used 

END OF SECTION 
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DOCUMENT 01 32 33 

PHOTOGRAPHIC DOCUMENTATION 

PART 1 GENERAL  

1.1 SUMMARY 

A. Section Includes:

1. Construction photographs.

1.2 P\HOTOGRAPHY 

A. Provide photographs taken each month just prior to date for each scheduled Application for Payment.
B. Photograph project from different views at each specified time.
C. After interior finish work is commenced, take additional photographs of interior; views as directed by

Architect.
D. At successive periods of photography, take photographs from same overall view as previously taken.

1.3 PRINTS 

A. Printed on full color, 81/2 x 11 inches paper and pdf format.
B. Identify each print on printout:

1. Description
2. Orientation of view.
3. Date taken.
4. Sequential photograph number.

1.4 SUBMITTAL 

A. Submit prints with each Application for Payment.
B. Submit digital files along with Project Record Documents.

PART 2 PRODUCTS 

 Not used 

PART 3 EXECUTION 

Not used 

END OF SECTION 
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DOCUMENT 01 33 00 

SUBMITTAL PROCEDURES 

PART 1 GENERAL  

1.1 SUMMARY 

A. Section Includes:

1. Submittal procedures.
2. Proposed Products list.
3. Submittal schedule.
4. Shop Drawings.
5. Product Data.
6. Samples.
7. Quality control submittals.

B. Related Sections:

1. Section 01 4000 - Quality Requirements.

1.2 SUBMITTAL PROCEDURES 

A. Number each submittal with Project Manual section number and a sequential number within each
section. Number resubmittals with original number and an alphabetic suffix.

B. Identify Project, Contractor, Subcontractor or supplier, pertinent Drawing sheet and detail numbers,
and specification Section number, as appropriate.

C. Submit all submittals listed under “Submittals for Review” simultaneously for each Product or
Specification Section.

D. Where multiple products function as an assembly, group submittals for all related Products into single
submittal.

E. Architect will not review incomplete submittals.
F. Apply Contractor’s stamp, signed or initialed certifying that:

1. Submittal was reviewed.
2. Products, field dimensions, and adjacent construction have been verified.
3. Information has been coordinated with requirements of Work and Contract Documents.

G. Schedule submittals to expedite the Project and deliver to Architect. Coordinate submittal of related
items.

H. For each submittal, allow 7 days for Architect’s review, excluding delivery time to and from
Contractor.

I. Identify variations from Contract Documents and Product or system limitations that may be
detrimental to successful performance of completed Work.

J. Revise and resubmit submittals when required; identify all changes made since previous submittal.
K. Distribute copies of reviewed submittals to concerned parties and to Project Record Documents file.

Instruct parties to promptly report any inability to comply with provisions.

1.3 PROPOSED PRODUCTS LIST 

A. Within 7 days after date of Notice to Proceed, submit a complete list of major products proposed for
use, with name of manufacturer, trade name, and model number of each product.

B. For products specified only by reference standards, give manufacturer, trade name, model or catalog
designation, and reference standards.
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1.4 SUBMITTAL SCHEDULE 

A. Within 7 days after date of Notice to Proceed, submit a submittal schedule showing all submittals
proposed for project, including submittals listed as:

1. Submittals for Review.
2. Quality Control Submittals.
3. Closeout Submittals.

B. Include for each submittal:

1. Specification section number.
2. Description of submittal.
3. Type of submittal.
4. Anticipated submittal date.
5. For submittals requiring Architect’s review, date reviewed submittal will be required from

Architect.

1.5 SHOP DRAWINGS 

A. Present information in clear and thorough manner.
B. Identify details by reference to sheet and detail numbers or room numbers shown on Drawings.
C. Reproductions of details contained in Contract Documents are not acceptable.

1.6 PRODUCT DATA 

A. Mark each copy to identify applicable products, models, options, and other data.
B. Supplement manufacturers' standard data to provide information unique to this Project.

1.7 SAMPLES 

A. Submit samples to illustrate functional and aesthetic characteristics of Products, with integral parts
and attachment devices. Coordinate sample submittals for interfacing work.

B. Where so indicated, submit samples of finishes from the full range of manufacturers' standard colors,
textures, and patterns for Architect's selection.

C. Include identification on each sample, with full Project information.
D. Unless otherwise specified in individual specifications, submit two of each sample.
E. Architect will notify Contractor of approval or rejection of samples, or of selection of color, texture, or

pattern if full range is submitted.

1.8 QUALITY CONTROL SUBMITTALS 

A. Quality control submittals specified in Section 01 4000 are for information and do not require
Architect’s responsive action except to require resubmission of incomplete or incorrect information.

PART 2 PRODUCTS

Not used 

PART 3 EXECUTION 

Not used 
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END OF SECTION 
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DOCUMENT 01 35 46 

INDOOR AIR QUALITY MANAGEMENT 

PART 1 GENERAL 

1.1 SUMMARY  

A. Section Includes:

1. Indoor Air Quality Management Plan.
2. During construction:

a. Protection of heating, ventilating, and air conditioning systems.
b. Reducing emissions through source control.
c. Pathway interruption.
d. Housekeeping.
e. Scheduling.

3. Before occupancy: Flush-out and Air testing.

3.2 REFERENCES 

A. American Society of Heating, Refrigeration, and Air-Conditioning Engineers (ASHRAE) 52.2 - Method
of Testing General Ventilation Air-Cleaning Devices for Removal Efficiency by Particle Size.

B. Sheet Metal and Air Conditioning Manufacturer’s Association International (SMACNA) - IAQ
Guidelines for Occupied Buildings Under Construction.

C. U.S. Green Building Council (USGBC) - Leadership in Energy and Environmental Design (LEED)
2009 - Green Building Rating System for New Construction and Major Renovations.

3.3 SUBMITTALS 

A. Indoor Air Quality Management Plan:

1. Submit Indoor Air Quality Management Plan for review. Include:

a. Procedures for implementing requirements of SMACNA IAQ Guideline.
b. Substitution procedures for products that are responsibility of [Contractor] [Construction

Manager] and proposed source control implementation measures to minimize building
contamination.

c. Construction sequencing and storage plans for protection of stored on-site or installed
absorptive materials against moisture absorption and contamination.

d. Filter media change schedule and Product Data for filters including MERV ratings.
e. Name and phone number of [Contractor’s] [Construction Manager's] personnel

responsible for instructing workers and overseeing and documenting results of Indoor Air
Quality Management Plan.

2. If required, revise and resubmit plan within ten days after receipt of comments.
3. Distribute copies of approved Indoor Air Quality Management Plan to concerned parties.

B. Photographs: Document indoor air quality management measures with date-stamped photographs
including protection of ducts, on-site storage, and protection of installed absorptive materials.

C. Indoor Air Quality Testing Report showing results of air quality testing.
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3.4 QUALITY ASSURANCE 

A. Review and discuss Indoor Air Quality Management Plan implementation and progress at
Preconstruction Conference and Progress Meetings.

3.5 DELIVERY, STORAGE AND HANDLING 

A. Designate specific storage areas to facilitate protection of stored absorptive materials.
B. Clearly identify storage area. Keep clean and orderly; prevent contamination of materials.
C. Monitor storage areas for contamination; correct problems and implement preventative measures.

3.6 TRAINING 

A. Provide training of indoor air quality management methods to be used at appropriate stages of
Project.

B. Require participation of all subcontractors.

PART 2 PRODUCTS 

Not used 

PART 3 EXECUTION 

3.1 IMPLEMENTATION - DURING CONSTRUCTION 

A. Meet or exceed SMACNA minimum requirements for heating, ventilating, and air conditioning system
protection, source control, pathway interruption, housekeeping, and scheduling.

B. Protect stored on-site or installed absorptive materials from moisture damage and volatile organic
compound contamination through construction sequencing and proper storage.

C. If air handlers are used during construction, use filtration media with Minimum Efficiency Reporting
Value (MERV) of 8 per ASHRAE 52.2.

D. Replace filtration media just prior to occupancy.
E. Heating, Ventilating, and Air Conditioning System Protection:

1. Keep duct systems including supply air, return air, and exhaust air and associated equipment
including air handlers, variable air volume boxes, silencers, fans, and filter boxes, clean and
uncontaminated.

2. Seal taps and open ends not actively being worked on with plastic and tape.
3. Provide 1 inch polyester filter media over return and exhaust air inlets during construction and

until Substantial Completion.
4. Ensure that temporary and permanent filters are in place and openings are closed before

running fans.
5. Protect existing heating, ventilating, and air conditioning systems with 1 inch polyester media

installed over outside air intakes. Change out filter media on intakes to minimize pressure
drops. Provide frequent filter change out to keep filter pressure drop at existing fan-coils below
approximately 0.30-inch s.p.

F. Source Control:

1. For temporary and ancillary materials used in construction, follow requirements of similar
products to minimize indoor air quality impacts.
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2. Use nontoxic formulations and implement other control measures to minimize building
contamination.

G. Pathway Interruption: Isolate areas where work is being performed to prevent contamination of clean
spaces.

H. Housekeeping:

1. Implement cleaning activities concentrating on heating, ventilating, and air conditioning
systems and building space to remove contaminants prior to occupancy.

2. Protect materials from weather and store in clean area prior to unpacking.
3. Clean coils, air filters, and fans before performing testing and balancing.
4. Provide temporary walk off mats at entry points to construction areas; replace or clean daily.

I. Scheduling:

1. Sequence construction activities to reduce absorption of and volatile organic compounds by
materials.

2. Complete applications of wet and odorous materials before installing absorptive materials.

3.2 IMPLEMENTATION - BEFORE OCCUPANCY 

A. After completion of construction, prior to Owner occupancy, and after completion of interior finishes,
perform building flush-out:

1. Supply total air volume of 14,000 CF of outdoor air per square foot of floor area.

B. Replace filtration media after final cleaning.

C. Complete air testing and balancing prior to beginning baseline air testing.

END OF SECTION 
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DOCUMENT 01 40 00 

QUALITY REQUIREMENTS 

PART 1  GENERAL  

1.1 SUMMARY 

A. Section Includes:

1. References.
2. Quality assurance and control of installation.
3. Mockups.
4. Manufacturer's field services and reports.
5. Design data and calculations.
6. Test reports and certifications.
7. Manufacturer's installation instructions.

1.2 REFERENCES 

A. For products or workmanship specified by reference to association, trade, or industry standards,
comply with requirements of the standard, except when more rigid requirements are specified or are
required by applicable codes.

B. Should specified reference standards conflict with Contract Documents, request clarification from
Architect before proceeding.

1.3 QUALITY ASSURANCE AND CONTROL OF INSTALLATION 

A. Monitor quality control over suppliers, manufacturers, Products, services, site conditions, and
workmanship, to produce Work of specified quality.

B. Comply fully with manufacturers' instructions, including each step in sequence.
C. Should manufacturers' instructions conflict with Contract Documents, request clarification from

Architect before proceeding.
D. Comply with specified standards as a minimum quality for the Work except when more stringent

tolerances, codes, or specified requirements indicate higher standards or more precise workmanship.
E. Perform work by persons qualified to produce workmanship of specified quality.
F. Secure Products in place with positive anchorage devices designed and sized to withstand stresses,

vibration, physical distortion or disfigurement.

1.4 MOCKUPS 

A. Definition:

1. Mockups are field samples constructed, applied, or assembled at the project site for review by
the Owner and Architect that illustrate materials, equipment, or workmanship.

2. Approved mockups establish the standard of quality by which the Work will be judged.

B. Construct, apply, or assemble specified items, with related attachment and anchorage devices,
flashings, seals, and finishes.

C. Perform work in accordance with applicable specifications sections.
D. Erect at project site at location acceptable to Architect. Protect from damage.
E. Removal:

1. Mockups may remain as part of the Work only when so designated in individual specification
sections.

2. Do not remove mockups until removal is approved by Architect or upon Final Completion.
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3. Where mockup is not permitted to remain as part of the Work, clear area after removal of
mockup has been approved by Architect.

1.5 MANUFACTURERS' FIELD SERVICES AND REPORTS 

A. When specified in individual specification Sections, require material or Product suppliers or
manufacturers to provide qualified staff personnel to observe site conditions, conditions of surfaces
and installation, quality of workmanship, or startup of equipment, as applicable, and to initiate
instructions when necessary.

B. Individuals to report observations and site decisions or instructions given to applicators or installers
that are supplemental or contrary to manufacturers' written instructions.

C. Submit report to Architect within 10 days of observation.

1.6 DESIGN DATA AND CALCULATIONS 

A. When specified in individual specification Sections, require material or Product suppliers or
manufacturers to provide design data and calculations.

B. Accuracy of design data and calculations is the responsibility of the Contractor.
C. When so specified, prepare design data and calculations under the direction of a professional

engineer licensed in the state in which the Project is located. Affix engineer’s seal to submittals.

1.7 TEST REPORTS AND CERTIFICATIONS 

A. When specified in individual specification Sections, require material or Product suppliers or
manufacturers to provide test reports and manufacturers’ certifications.

B. Indicate that material or Product conforms to or exceeds specified requirements. Submit supporting
reference data, affidavits, and certifications as appropriate.

C. Submittals may be recent or previous test results on material or Product, but must be acceptable to
Architect.

1.8 MANUFACTURER'S INSTALLATION INSTRUCTIONS 

A. When Contract Documents require that Products be installed in accordance with manufacturer's
instructions:

1. Submit manufacturer's most recent printed instructions for delivery, storage, assembly,
installation, start-up, adjusting, and finishing, as applicable.

a. Submit in quantities specified for Product Data.
b. Indicate special procedures, perimeter conditions requiring special attention, and special

environmental criteria required for application or installation.
c. Identify conflicts between manufacturers' instructions and requirements of Contract

Documents.

2. Perform installation of Products to comply with requirements of manufacturer's instructions.
3. If installation cannot be performed in accordance with manufacturer's instructions, notify

Architect and await instructions.

PART 2  PRODUCTS 

Not used 
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PART 3  EXECUTION 

Not used 

END OF SECTION 
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DOCUMENT 01 50 00 

TEMPORARY FACILITIES AND CONTROLS 

PART 1  GENERAL  

1.1 SUMMARY 

A. Section Includes:

1. Temporary utilities.
2. Field offices and sheds.
3. Temporary controls.
4. Protection of installed Work.
5. Security.
6. Progress cleaning.
7. Water, erosion, sediment, dust, and mold and mildew control.
8. Access roads and parking areas.
9. Removal.

1.2 REFERENCES 

A. Green Seal, Inc. (GS) 37 - Environmental Standard for Industrial and Institutional Cleaners.

PART 2  PRODUCTS 

2.1 MATERIALS 

A. Cleaning Materials: Use only materials that:

1. Comply with GS 37.
2. Are not potentially hazardous to health or property.
3. Do not contain hazardous ingredients.
4. Are non-carcinogenic.
5. Are non or mildly irritating to skin, eyes, and mucous membranes.
6. Have an LD50 rating above 5 grams per kilogram.
7. Are non-reactive.
8. Contain minimum fragrance and dye.
9. Do not require respiratory protection.

PART 3 EXECUTION 

3.1 TEMPORARY ELECTRICITY 

A. Owner will provide temporary electricity required for construction and will charge according to meter
readings and PREPA billing rate. Contractor shall install sub-metering if required.

B. Provide temporary electrical service of capacity and characteristics required for construction.
C. Provide power outlets for construction operations, with branch wiring and distribution boxes located

as required. Provide flexible power cords as required.
D. Maintain distribution system and provide routine repairs.
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3.2 TEMPORARY LIGHTING 

A. Provide temporary lighting for construction and security purposes.
B. Provide branch wiring from power source to distribution boxes with lighting conductors, pigtails, and

lamps as required.
C. Maintain lamps and provide routine repairs.
D. Provide portable lights when required to provide minimum lighting levels necessary for specific work.

3.3 TEMPORARY VENTILATION 

A. Ventilate enclosed areas to facilitate curing of materials, disperse humidity, and prevent
accumulations of dust, fumes, vapors, or gases.

B. Provide temporary fan units as required to maintain clean air for construction.

3.4 TEMPORARY TELEPHONE, FACSIMILE, AND COMPUTER SERVICES 

A. Contractor shall be accessible during normal business hours via mobile telephone with voice mail or
an answering service.

B. Provide Internet access and email service in Contractor’s field office.

3.5 TEMPORARY WATER 

A. Owner will provide temporary water required for construction and will charge according to meter
readings and PRASA billing rate. Contractor shall install sub-metering if required.

B. Extend branch piping and provide temporary hoses so that water is available at locations needed for
work.

C. Maintain distribution system and provide routine repairs.

3.6 TEMPORARY SANITARY FACILITIES 

A. Provide chemical toilets for use during construction.
B. Permanent toilets may not be used during construction.
C. Maintain facilities in clean and sanitary condition.

3.7 FIELD OFFICES AND SHEDS 

A. Provide temporary field offices and storage sheds required for construction.
B. Provide temporary field offices for owner resident inspection.
C. Do not unreasonably encumber site or premises with excess materials or equipment.
D. Temporary Structures:

1. Portable or mobile buildings, structurally sound, weathertight, with floors raised above ground.
2. Temperature transmission resistance: Compatible with occupancy and storage requirements.
3. Provide connections for utility services when required.
4. Provide steps and landings at entrances.

E. Field Office:

1. Size required for Contractor’s use and to provide space for project meetings.
2. Adequate electrical power, lighting, heating, and cooling to maintain human comfort.
3. Provide facilities for storage of Project Record Documents.
4. Provide thermometer and rain gage mounted at convenient outside location, not in direct

sunlight.
5. Provide separate office for Owner Resident Inspection equip with:
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a. Drawing layout table.
b. Desk and chair.

c. 2-drawer filing cabinet.
d. Drawing hanging rack.
e. Air conditioning.

3.8 BARRIERS 

A. Provide barriers to prevent unauthorized entry to construction areas and to protect adjacent
properties from construction operations.

B. Provide barricades and covered walkways required by governing authorities for public rights-of-way
and for public access to existing facilities.

C. Fencing:

1. Provide temporary fencing for construction operations.
2. Construction: Contractor’s option.
3. Height: 6 feet.
4. Locate to protect construction operations, materials, and equipment.
5. Provide vehicular gates.

D. Tree and Plant Protection:

1. Protect existing trees and plants at site that are designated to remain.
2. Employ qualified tree surgeon to Remove roots and branches that interfere with construction.
3. Do not permit vehicular traffic, parking, storage of materials, dumping of harmful chemicals or

liquids, or standing or continuously running water within root zones.
4. Supervise earthwork operations to prevent damage to root zones.
5. Replace trees and plants that are damaged or destroyed due to construction operations.

3.9 EXTERIOR CLOSURES 

A. Provide temporary weathertight closures for exterior openings to provide acceptable interior working
conditions, to allow for temporary heating and maintenance of ambient temperatures required in
individual specification sections, to protect the Work, and to prevent entry of unauthorized persons.

B. Provide access doors with locking hardware.

3.10 PROTECTION OF INSTALLED WORK 

A. Protect installed work from construction operations; provide special protection when required in
individual specification sections.

B. Minimize traffic, storage, and construction activities on roof surfaces. If traffic, storage, or activity is
necessary, obtain recommendations for protection from roofing manufacturer.

C. Prohibit traffic from landscaped areas.

3.11 SECURITY 

A. Provide a project security program, to:

1. Protect the Work, stored products, and construction equipment from theft and vandalism.
2. Prevent entry by unauthorized persons.

3.12 PROGRESS CLEANING 
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A. Maintain areas free from waste materials, debris, and rubbish. Maintain site in clean and orderly
condition.

B. Provide containers for collection of waste materials, debris, and rubbish; remove and dispose of off-
site as required by construction activities.

C. Periodically clean interior areas to provide suitable conditions for finish work.

3.13 TEMPORARY CONTROLS 

A. Water Control:

1. Grade site to drain. Prevent puddling water.
2. Maintain excavations free of water. Provide, operate, and maintain pumping equipment.
3. Provide water barriers to protect site from soil erosion.

B. Erosion and Sediment Control:

1. Plan and execute methods to control surface drainage from cuts, fills, borrow areas, and waste
disposal areas. Prevent erosion and sedimentation.

2. Minimize amount of bare soil exposed at any one time.
3. Provide temporary measures such as silt fences, dikes, berms, settlement basins, and drainage

systems to prevent water flow and sedimentation.
4. Periodically inspect earthwork to detect erosion and sedimentation; promptly employ corrective

measures.

C. Dust Control:

1. Provide dust control materials and methods to minimize dust from construction operations.
2. Prevent dust from dispersing into atmosphere.

D. Mold and Mildew Control:

1. Provide continuous measures to prevent formation of mold and mildew in construction.
2. Do not install materials sensitive to mold and mildew growth until protection can be provided.
3. Promptly remove and replace materials exhibiting mold and mildew growth.

3.14 ACCESS ROADS AND PARKING AREAS 

A. Construct and maintain temporary roads accessing public thoroughfares to serve construction needs.
B. Existing roads designated by Owner may be used for construction purposes. Do not allow heavy

vehicles or construction equipment in parking areas.
C. Provide for access by emergency vehicles.
D. Keep fire hydrants and water control valves free from obstruction and accessible for use.
E. Provide parking facilities for construction personnel. When parking needs exceed on site capacity,

provide additional off-site facilities.
F. Maintain existing construction and restore to original or specified condition at completion of Work.

3.15 REMOVAL 

A. Remove temporary utilities, equipment, facilities, and services when construction needs can be met
by use of permanent construction or upon completion of Project.

B. Remove foundations and underground installations; grade site as indicated.
C. Clean and repair damage caused by installation or use of temporary work.
D. Restore permanent facilities used during construction to original or to specified condition.

END OF SECTION 

Gobierno de Puerto Rico DDEC REORGANIZATION OF PHYSICAL SPACES 
Remodeling of Interior Space 
OGPe Ponce HQ (3rd Floor) 

Integra Design Group 
Project: 58-2036.0 



FEB. 2022 01 58 00 - 1 

DOCUMENT 01 58 00 

PROJECT IDENTIFICATION 

PART 1  GENERAL  

1.1 SUMMARY 

A. Section Includes:

1. Project identification sign.
2. Maintenance and removal.

1.2 QUALITY ASSURANCE 

A. Project Sign:

1. Finishes, Printing or Painting: Adequate to withstand weathering, fading, and chipping for
duration of construction.

B. Do not erect other signs at site without Owner’s approval, except those required by governing
authorities.

PART 2 PRODUCTS 

2.1 MATERIALS 

A. Structure and Framing: New lumber or galvanized steel, structurally adequate.
B. Sign Surfaces: Exterior grade plywood with medium density overlay, nominally 3/4-inch thick,

standard large sizes to minimize joints.
C. Rough Hardware: Galvanized steel or aluminum.
D. Paints: Alkyd or Latex type, printing tint, exterior quality, gloss, semigloss or satin sheen.

2.2 FABRICATION 

A. Provide one sign.

1. Bottom edge of sign: 6 feet above ground.
2. Content:

a. Project title and logos.
b. Owner’s name.
c. Names and titles of Architect and Consultants.
d. Name of Contractor.
e. Permits Numbers (Demolition, Construction, Consolidado)

3. Graphic design, colors, and lettering style: As designated by Owner.
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PART 3 EXECUTION 

3.1 INSTALLATION 

A. Erect at designated location.
B. Erect supports and framing on secure foundation, rigidly braced and framed to resist wind loadings.
C. Install sign surface plumb and level, with butt joints. Anchor securely.
D. Paint exposed surfaces of sign, supports, and framing.

3.2 MAINTENANCE 

A. Maintain signs and supports clean. Repair deterioration and damage.

3.3 REMOVAL 

A. Remove signs, framing, supports, and foundations at completion of Project and restore the area.

END OF SECTION 
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DOCUMENT 01 74 19 

CONSTRUCTION WASTE MANAGEMENT 

PART 1  GENERAL  

1.1 SUMMARY 

A. Section Includes:

1. Construction waste management goals, plan, and records.

1.2 WASTE MANAGEMENT GOALS 

A. Reuse, salvage, or recycle non-hazardous waste materials.
B. Minimize waste sent to landfills.
C. Prioritize non-hazardous construction waste management in following order:

1. Reduce amount of waste generated.
2. Reuse material through on-site reuse or off-site salvaging, including sale or donation.
3. Recycle material including diverting materials for secondary uses whenever economically

feasible.
4. Dispose of materials with no practical use or economic benefit at landfill.

D. Divert minimum 75 percent of construction waste by weight (in tons) or volume (in cubic yards) from
landfills and incinerators.

E. Calculations may be performed using weight or volume but must be consistent throughout Project.

1.3 WASTE MANAGEMENT 

A. Pro-actively manage construction and demolition waste:

1. Practice efficient waste management when sizing, cutting, and installing products.
2. Use all reasonable means to divert construction and demolition waste from landfills, and to

facilitate recycling and reuse.
3. Return unused products and overages to supplier or donate to non-profit group.
4. Carefully install products; avoid removal of ill-timed and poorly installed products.
5. Use centralized cutting areas to facilitate waste collection.
6. Deliver, store, and handle products to prevent damage.

B. Require subcontractors and suppliers to participate in waste management efforts.

C. Construction waste includes:

1. Products from demolition and removal, excluding excavated soil and land-clearing debris.
2. Excess and unusable construction products.
3. Packaging materials for construction products.
4. Other materials generated during construction process but not incorporated into the Work.

D. Give consideration to:

1. Availability of viable recycling markets.
2. Condition of materials.
3. Ability to provide material in suitable condition and in quantities acceptable to available

markets.
4. Time constraints imposed by internal project completion mandates.
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E. Be responsible for implementation of special programs involving rebates and similar incentives
related to recycling of waste.

F. Revenues and other savings obtained for salvage and recycling accrue to Contractor.
G. Ensure that firms and facilities used for recycling, reuse, and disposal have legal permits for intended

uses.

1.4 SUBMITTALS 

A. Waste Management Plan:

1. Submit waste management plan.
2. Include:

a. Name of individual on Contractor’s staff responsible for waste prevention and
management.

b. Actions proposed to reduce solid waste generation and achieve waste management goal.
c. Description of proposed methods for recycling and reuse of materials generated,

including areas and equipment for processing, sorting, and temporary storage.
d. Estimated types and quantities of waste to be generated.
e. Name of landfills and incinerators to be used.
f. Identification of local and regional reuse programs that will accept waste materials.
g. List of waste materials to be salvaged for resale, salvaged and reused, or recycled.

Identify recycling facilities to be used.
h. Identification of materials that cannot be recycled or reused, with justification.

3. If required, revise and resubmit plan within ten days after receipt of comments.
4. Distribute copies of approved Waste Management Plan to concerned parties.
5. Update Waste Management Plan periodically through duration of Project to reflect changed

conditions.

1.5 QUALITY ASSURANCE 

A. Review and discuss waste management plan implementation and progress at Preconstruction
Conference and Progress Meetings.

1.6 DELIVERY, STORAGE AND HANDLING 

A. Designate separate areas to facilitate separation of materials for potential recycling, salvage, reuse
and return.

B. Clearly identify areas and receptacles.
C. Keep storage areas and receptacles clean and orderly; prevent contamination of materials.
D. Monitor storage areas; correct problems and implement preventative measures.

1.7 TRAINING 

A. Provide training of waste management methods to be used at appropriate stages of Project.
B. Require participation of all subcontractors.

PART 2 PRODUCTS 

Not used 

Gobierno de Puerto Rico DDEC REORGANIZATION OF PHYSICAL SPACES 
Remodeling of Interior Space 
OGPe Ponce HQ (3rd Floor) 

Integra Design Group 
Project: 58-2036.0 



FEB. 2022 01 74 19 - 3 

PART 3 EXECUTION 

3.1 WASTE COLLECTION 

A. Provide containers and storage areas to facilitate waste management, clearly identified.
B. Handle recyclable materials to prevent contamination by incompatible products and materials.
C. Separate materials by:

1. Placing into marked separate containers, then transporting to recycling facility.
2. Placing into single container, then transporting to recycling facility for separation.

3.2 DISPOSAL 

A. Dispose of nonhazardous waste materials that cannot be reused, recycled, or salvaged at licensed
landfill or incinerator.

B. Handle, store, and dispose of hazardous wastes in accordance with applicable codes, ordinances,
rules, and regulations.

END OF SECTION 
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DOCUMENT 01 77 00 

CLOSEOUT PROCEDURES 

PART 1  GENERAL  

1.1 SUMMARY 

A. Section Includes:

1. Closeout procedures.
2. Final cleaning.
3. Adjusting.
4. Project record documents.
5. Operation and maintenance data.
6. Warranties.
7. Spare parts and maintenance materials.
8. Starting of systems.
9. Demonstration and instructions.

B. Related Sections:

1. Section 01 1100 - Summary of Work.

1.2 CLOSEOUT PROCEDURES 

A. Final Inspection:

1. Submit written certification that Contract Documents have been reviewed, Work has been
inspected, and that Work is complete in accordance with the Contract Documents and ready for
Architect's inspection.

B. Closeout Submittals:

1. Evidence of compliance with requirements of governing authorities.
2. Certificate of Occupancy (“Permiso de Uso” of each structure to be obtained by Contractor).
3. Contractor shall provide acceptance by PRASA and PREPA of service facilities
4. Project Record Documents.
5. Operation and Maintenance Data.
6. Warranties.
7. Keys and keying schedule.
8. Spare parts and maintenance materials.
9. Evidence of payment of Subcontractors and suppliers.
10. Final lien waiver.
11. Certificate of insurance for products and completed operations.
12. Consent of Surety to final payment.

1.3 FINAL CLEANING 

A. Execute final cleaning prior to final inspection.

B. Clean surfaces exposed to view:

1. Clean glass.
2. Remove temporary labels, stains, and foreign substances.
3. Polish transparent and glossy surfaces.
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4. Vacuum carpeted surfaces; damp mop hard surface flooring.

C. Clean equipment and fixtures to a sanitary condition.
D. Clean or replace filters of operating equipment.
E. Clean debris from roofs and drainage systems.
F. Clean site, sweep paved areas, rake clean landscaped surfaces.
G. Remove waste and surplus materials, rubbish, and construction facilities from the site.

1.4 ADJUSTING 

A. Adjust operating Products and equipment to ensure smooth and unhindered operation.

1.5 PROJECT RECORD DOCUMENTS 

A. Maintain following record documents on site; record actual revisions to the Work:

1. Drawings.
2. Specifications.
3. Addenda.
4. Change Orders and other Modifications to the Contract.
5. Reviewed Shop Drawings, Product Data, and Samples.
6. Material Safety Data Sheets.

B. Store Record Documents separate from documents used for construction.
C. Record information concurrent with construction progress.
D. Make entries neatly and accurately.
E. Label each set or volume with title "PROJECT RECORD DOCUMENTS", project title, and description

of contents.

1. Organize contents according to Project Manual table of contents.
2. Provide table of contents for each volume.

F. Drawings: Mark each item to record actual construction including, and prepare as-built cad drawings:

1. Measured depths of foundations in relation to finish floor datum.
2. Measured horizontal and vertical locations of underground utilities and appurtenances,

referenced to permanent surface improvements.
3. Measured locations of internal utilities and appurtenances concealed in construction,

referenced to visible and accessible features of the Work.
4. Field changes of dimension and detail.
5. Details not on original Drawings.

G. Specifications: Mark each Product section description of actual Products installed, including the
following:

1. Manufacturer's name and product model and number.
2. Product substitutions or alternates utilized.
3. Changes made by Addenda and Modifications.

H. Shop Drawings: Mark each item to record actual construction including:

1. Field changes of dimension and detail.
2. Details not on original Shop Drawings.

1.6 OPERATION AND MAINTENANCE DATA 
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A. Identify as "OPERATION AND MAINTENANCE INSTRUCTIONS" and title of project.
B. Contents:

1. Directory: List names, addresses, and telephone numbers of Architect, Contractor,
Subcontractors, and major equipment suppliers.

2. Operation and maintenance instructions: Arranged by system and subdivided by specification
section. For each category, identify names, addresses, and telephone numbers of
Subcontractors and suppliers. Identify the following:

a. Significant design criteria.
b. List of equipment.
c. Parts list for each component.
d. Operating instructions.
e. Maintenance instructions for equipment and systems.
f. Maintenance instructions for special finishes, including recommended cleaning methods

and materials and special precautions identifying detrimental agents.

3. Project documents and certificates including:

a. Shop drawings and product data.
b. Air and water balance reports.
c. Certificates.
d. Copies of warranties and bonds.

C. Submittal:

1. Submit 2 copies.  Submit electronically in Adobe PDF format at least 15 days prior to final
inspection.

2. Architect will notify Contractor of any required revisions after final inspection.
3. Revise content of documents as required prior to final submittal.

1.7 WARRANTIES 

A. Execute and assemble documents from Subcontractors, suppliers, and manufacturers.
B. Include Table of Contents.

1.8 SPARE PARTS AND MAINTENANCE MATERIALS 

A. Provide products, spare parts, maintenance, and extra materials in quantities specified in individual
specification Sections.

B. Deliver to Project site in location as directed; obtain receipt prior to final payment.

1.9 STARTING OF SYSTEMS 

A. Notify Owner and Architect at least seven days prior to startup of each system or piece of equipment.
B. Prior to beginning startup verify that:

1. Lubrication has been performed.
2. Drive rotation, belt tension, control sequences, tests, meter readings, and electrical

characteristics are within manufacturer's requirements.
3. Utility connections and support components are complete and tested.

C. Execute start-up under supervision of applicable manufacturer's representative or Contractor’s
personnel in accordance with manufacturers' instructions, Owner Resident Inspector.
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D. When specified in individual specification Sections, require manufacturer to provide authorized
representative to be present at site to inspect, check, and approve equipment or system installation
prior to startup, and to supervise placing equipment or system in operation.

E. Submit written report that equipment or system has been properly installed and is functioning
correctly.

1.10 DEMONSTRATION AND INSTRUCTIONS 

A. Demonstrate operation and maintenance of Products to Owner's personnel two weeks prior to date of
Substantial Completion.

B. For equipment or systems requiring seasonal operation, perform demonstration for other season
within six months.

C. Utilize Operation and Maintenance Manuals as basis for instruction. Review contents of manual with
Owners' personnel in detail to explain all aspects of operation and maintenance.

D. Demonstrate startup, operation, control, adjustment, troubleshooting, servicing, maintenance, and
shutdown of each item of equipment at agreed upon times, at equipment location.

E. Prepare and insert additional data in Operation and Maintenance Manuals when need for additional
data becomes apparent during instruction.

PART 2 PRODUCTS 

Not used 

PART 3 EXECUTION 

Not used 

END OF SECTION 
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EXISTING CONITIONS 



FEB. 2022 02 41 20 - 1 

DOCUMENT 02 41 20 

SELECTIVE BUILDING DEMOLITION 

PART 1  GENERAL  

1.1 SUMMARY 

A. Section Includes:

1. Removal of designated building construction, equipment, and fixtures.
2. Identification of utilities.

B. Related Sections:

1. Division 01 - Administrative, procedural, and temporary work requirements.

1.2 SUBMITTALS 

A. Submittals for Review:

1. Shop Drawings: Indicate areas for demolition, removal sequence and location of salvageable
items, and location and construction of temporary work.

1.3 REGULATORY REQUIREMENTS 

A. Conform to applicable code for demolition work, safety of structure, and dust control.
B. Obtain required permits from authorities.
C. Notify affected utility companies before starting work and comply with their requirements.
D. Conform to applicable codes when hazardous or contaminated materials are discovered.
E. Do not close or obstruct exits.
F. Do not disable or disrupt building fire or life safety systems without 3 days prior written notice to

Owner.

1.4 PROJECT CONDITIONS 

A. Minimize interference with streets, walks, public rights-of-way, and adjacent facilities.
B. If hazardous materials are discovered, notify Architect and Owner resident Inspector, and await

instructions.
C. If any of the following conditions are encountered, cease work immediately, notify Architect, Owner

Resident Inspector and await instructions:

1. Structure is in danger of movement or collapse.
2. Materials or conditions encountered differ from those designated in the Contract Documents.

PART 2  PRODUCTS 

Not used 

PART 3 EXECUTION 

3.1 PREPARATION 

A. Erect temporary partitions, barricades, warning devices, and controls.
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B. Provide protective coverings, shoring, bracing, and supports for construction designated to remain.
C. Temporarily or permanently disconnect utilities as required.

3.2 DEMOLITION 

A. Remove existing construction to extent indicated and as necessary to join new work to existing. Do
not remove more than is necessary to allow for new construction.

B. Do not damage work designated to remain.
C. Minimize noise and spread of dirt and dust.
D. Assign work to trades skilled in procedures involved.
E. Plug ends of disconnected utilities with threaded or welded caps.
F. Protect and support active utilities designated to remain. Post warning signs showing location and

type of utility and type of hazard.
G. Store items designated to remain where directed by Owner.
H. Remove and dispose of waste materials off site.

END OF SECTION 
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DOCUMENT 06 10 00 

ROUGH CARPENTRY 

PART 1 GENERAL  

1.1 SUMMARY 

A. Section Includes:

1. Wood blocking and furring.
2. Telephone and electrical panel backboards.
3. Roof curbs.

B. Related Sections:

1. Division 01: Administrative, procedural, and temporary work requirements.

1.2 REFERENCES 

A. American Wood Protection Association (AWPA) U1 - Use Category System - User Specification for
Treated Wood.

B. ASTM International (ASTM):

1. A153/A153M - Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel Hardware.
2. E84 - Standard Test Method for Surface Burning Characteristics of Building Materials.
3. F593 - Standard Specification for Stainless Steel Bolts, Hex Cap Screws and Studs.

C. Engineered Wood Association (APA) PRP-108 - Performance Standards and Qualification Policy for
Structural-Use Panels.

D. Forest Stewardship Council (FSC) STD-40-004 - Chain of Custody Standard.
E. National Institute of Standards and Technology (NIST) - Product Standard PS 20 - American

Softwood Lumber Standard.
F. Northeastern Lumber Manufacturers Association (NELMA) - Standard Grading Rules for

Northeastern Lumber.
G. National Lumber Grades Authority (NLGA) - Standard Grading Rules for Canadian Lumber.
H. Redwood Inspection Service (RIS) - Standard Specifications for Grades of California Redwood

Lumber.
I. Southern Pine Inspection Bureau (SPIB) - Standard Grading Rules for Southern Pine Lumber.
J. West Coast Lumber Inspection Bureau (WCLIB) - Standard Grading Rules for West Coast Lumber.
K. Western Wood Products Association (WWPA) G-5 - Western Lumber Grading Rules.

1.3 QUALITY ASSURANCE 

A. Lumber Grading Agency: Certified to NIST PS 20.
B. Identify lumber and panel products by official grade mark.
C. Fire Retardant Treated Products: Bear label of recognized independent testing laboratory indicating

flame spread rating of 25 or less, tested to ASTM E84.
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1.4 DELIVERY, STORAGE AND HANDLING 

A. Store materials minimum 6 inches above ground on framework or blocking and cover with protective
waterproof covering providing for adequate air circulation.

B. Do not store seasoned or treated materials in damp location.
C. Protect edges and corners of sheet materials from damage.

PART 2 PRODUCTS 

2.1 MATERIALS 

A. Lumber:

1. Surfacing: Surfaced four sides (S4S) [unless otherwise indicated].
2. Maximum moisture content: 19 percent.
3. Certified to FSC STD-04-004.

B. Panel Products:

1. Type: APA Plywood.
2. Panel grade: APA Rated Sheathing.
3. Exposure:

a. Exterior applications: Exterior.
b. Interior applications: Exposure 1.

2.2 ACCESSORIES 

A. Fasteners:

1. Type and size: As required by conditions of use.
2. Exterior locations and treated products: Hot-dip galvanized steel, ASTM A153/A153M, G90

coating class.
3. Other interior locations: Plain steel.

2.3 FABRICATION 

A. Preservative Treatment:

1. Treat lumber and panel products in accordance with AWPA U1:

a. Interior locations protected from moisture sources: Category UC1 - Interior/Dry.
b. Interior locations subject to sources of moisture: Category UC2 - Interior/Damp.
c. Exterior locations above ground: Category UC3A - Above Ground/Protected. UC3B -

Above Ground/Exposed.
d. Exterior locations in contact with ground: Category UC4A - Ground Contact/General Use.

UC4B - Ground Contact/Heavy Duty.  UC4C - Ground Contact/Extreme Duty.

2. Treatment process: Type CCA - Chromated Copper Arsenate.

B. Fire Retardant Treatment; treat [lumber] [and] [panel products] in accordance with AWPA U1:

1. Interior locations: Category UCFA - Fire Retardant/Interior.
2. Exterior locations: Category UCFB - Fire Retardant/Exterior.
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PART 3 EXECUTION 

3.1 INSTALLATION 

A. Provide blocking, nailers, grounds, furring, and other similar items required to receive and support
work.

B. Set members level, plumb, and rigid.
C. Curb roof openings except where prefabricated curbs are provided. Form corners by alternating

lapping side members.
D. Install telephone and electrical panel backboards where indicated. Oversize panel by 12 inches on all

sides.

END OF SECTION 
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DOCUMENT 06 41 00 

ARCHITECTURAL WOOD CASEWORK 

PART 1GENERAL  

1.1 SUMMARY 

A. Section Includes:

1. Special fabricated cabinet units.
2. Plastic laminate countertops.
3. Shop finishing.
4. Cabinet hardware.

B. Related Sections:

1. Division 01: Administrative, procedural, and temporary work requirements.
2. Section 07 9200 - Joint Sealers.

1.2 REFERENCES 

A. Architectural Woodwork Institute/Architectural Woodwork Manufacturers of Canada/Woodwork
Institute (AWI/AWMAC/WI) - Architectural Woodwork Standards.

B. Association of Electrical and Medical Imaging Equipment Manufacturers (NEMA) LD-3 - High
Pressure Decorative Laminates.

C. Forest Stewardship Council (FSC) STD-40-004 - Chain of Custody Standard.

1.3 SUBMITTALS 

A. Submittals for Review:

1. Shop Drawings:

a. Include dimensioned plan, sections, elevations, and details, including interface with
adjacent work.

b. Designate wood species and finishes.

2. Samples:

a. 3 x 3 inch plastic laminate samples showing available colors and finishes.
b. Each hardware component.
c. 6 inch long lumber samples.
d. 12 x 12 inch sheet product samples.

1.4 QUALITY ASSURANCE 

A. Fabricator Qualifications:

1. Minimum Experience in work of this Section.
2. Certified under AWI/AWMAC/WI Quality Certification Program.

B. Mockup:

1. Size: Base and wall cabinet, minimum 48 inches wide.
2. Show: Cabinets, countertops, and hardware.
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3. Locate where directed.
4. Approved mockup may remain as part of the Work.

C. Pre-Installation Conference:

1. Convene 2 weeks prior to beginning work of this Section.
2. Attendance: Architect, Owner, Contractor, installer, and related trades.
3. Review, discuss and resolve:

a. Critical dimensions.
b. Product delivery and storage.
c. Staging and sequencing.
d. Protection of completed work.

1.5 DELIVERY, STORAGE AND HANDLING 

A. Do not deliver materials until proper protection can be provided, and until needed for installation.

PART 2 PRODUCTS 

2.1 MANUFACTURERS 

A. Acceptable Manufacturers - Plastic Laminate:

1. Formica Corp. (www.formica.com)
2. Nevamar Co. (www.nevamar.com)
3. Wilsonart International, Inc. (www.wilsonart.com)

B. Substitutions: Equal or similar.  Under provisions of Division 01.

2.2 MATERIALS 

A. Sheet Products:

1. Closed grain hardwood, of quality suitable for opaque finish.
2. Sheet core: Particleboard or Medium density fiberboard, fire-retardant treated.

B. Lumber:

1. Graded in accordance with AWI/AWMAC/WI Architectural Woodwork Standards, Section 3
requirements for quality grade specified, average moisture content of 6 percent.

2. Exposed and semi-exposed locations: quality suitable for [opaque] [transparent] finish.

C. Hardboard: Pressed wood fiber with resin binder; standard grade, 1/8 inch thick, smooth one side.
D. Plastic Laminate: NEMA LD-3.

1. High pressure decorative laminate:

a. Horizontal surfaces:

1) Backing sheet: Grade BGF.
2) Postformed surfaces: Grade HGP.
3) Acid resisting: Grade LGP.
4) Other surfaces: Grade HGS.

b. Vertical surfaces:
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1) Backing sheet: Grade BLF.
2) Cabinet liner: Grade CLS.
3) Other surfaces: Grade VGP.

2. Low pressure decorative laminate: Grade VGL.
3. Colors: To be selected from manufacturer's full color range.
4. Finish: To be selected.

2.3 ACCESSORIES 

A. Fasteners: Type and size as required by conditions of use.
B. Adhesives:

1. Waterproof, water based type, compatible with backing and veneer or laminate materials.

C. Finish Hardware: As scheduled at end of Section or approved substitute.
D. Joint Sealers: Specified in Section 07 9200.

2.4 FABRICATION 

A. Cabinets - Plastic Laminate Finish:

1. Quality: AWI/AWMAC/WI Architectural Woodwork Standards, Section 10, Custom Grade.
2. Construction type: Face frame.
3. Interface style: Overlay.
4. Semi-exposed surfaces: High pressure decorative laminate.
5. Fit exposed and semi-exposed sheet edges with matching laminate edging.
6. Fabricate drawer bodies to full depth of drawer fronts less 1/2 inch.

B. Plastic Laminate Countertops:

1. Quality: AWI/AWMAC/WI Architectural Woodwork Standards, Section 11, Custom Grade.
2. Fabricate from sheet product with lumber fronts.
3. Locate end joints centered or symmetrical. Join sections with concealed clamp fasteners.

Locate plastic laminate butt joints minimum 2 feet away from sinks.
4. Provide holes and cutouts for mounting of sinks, trim, and accessories.

C. Shop assemble for delivery to project site in units easily handled.
D. Prior to fabrication, field verify dimensions to ensure correct fit.
E. Apply plastic laminate in full uninterrupted sheets; fit corners and joints to hairline. Slightly bevel

arises. Apply laminate backing sheet to reverse side of laminate faced surfaces.
F. Where field fitting is required, provide ample allowance for cutting. Provide trim for scribing and site

conditions.
G. Provide cutouts and reinforcement for plumbing, electrical, appliances, and accessories. Prime paint

surfaces of cut edges.

PART 3 EXECUTION 

3.1 PREPARATION 

A. Prior to installation, condition cabinets to average humidity that will prevail after installation.
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3.2 INSTALLATION 

A. Install in accordance with AWI/AWMAC/WI Architectural Woodwork Standards.
B. Set plumb, rigid and level.
C. Scribe to adjacent construction with maximum 1/8 inch gaps.
D. Adhere countertops, splashes, and skirts with beads of adhesive.
E. Fill joints between tops and splashes with sealant as specified in Section 07 9200; finish flush.

END OF SECTION
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DOCUMENT 08 11 13 

HOLLOW METAL DOORS AND FRAMES 

PART 1 GENERAL  

1.1 SUMMARY 

A. Section Includes:

1. Hollow steel doors and frames.

B. Related Sections:

1. Division 01: Administrative, procedural, and temporary work requirements.
2. Section 08 7100 - Door Hardware.
3. Section 08 8000 - Glazing.

1.2 REFERENCES 

A. American National Standards Institute (ANSI)/Steel Door Institute (SDI):

1. A250.3 - Test Procedure and Acceptance Criteria for Factory Applied Finished Painted Steel for
Steel Doors and Frames.

2. A250.4 - Test Procedure and Acceptance Criteria for Physical Endurance for Steel Doors,
Frames, Frame Anchors and Hardware Reinforcing.

3. A250.8 - Recommended Specifications for Standard Steel Doors and Frames.
4. A250.10 - Test Procedure and Acceptance Criteria for Prime Painted Steel Surfaces for Steel

Doors and Frames.
5. A250.11 - Recommended Erection Instructions for Steel Frames.

B. ASTM International (ASTM):

1. A653/A653M - Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron
Alloy Coated (Galvannealed) by the Hot-Dip Process.

2. A924 - Standard Specification for General Requirements for Steel Sheet, Metallic-Coated by
the Hot-Dip Process.

3. A1008/A1008M - Standard Specification for Steel, Sheet, Cold-Rolled, Carbon, Structural,
High-Strength Low-Alloy and High-Strength Low-Alloy with Improved Formability.

4. E413 - Classification for Rating Sound Insulation.

C. National Fire Protection Association (NFPA) 80 - Standard for Fire Doors and Fire Windows.
D. Steel Door Institute (SDI) 117 - Manufacturing Tolerances for Standard Steel Doors and Frames.
E. Underwriters Laboratories (UL):

1. 10B - Standard for Fire Tests of Door Assemblies.
2. 10C - Standard for Positive Pressure Fire Tests of Door Assemblies.

1.3 SUBMITTALS 

A. Submittals for Review:

1. Shop Drawings: Show locations, elevations, dimensions, model designations, fire, thermal, and
acoustical ratings, preparation for hardware, and anchoring details.

2. Product Data: Show elevations, dimensions, gages of metal, hardware reinforcing gages and
locations, and anchor types.
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B. Quality Control Submittals:

1. Certificates of Compliance: Certification that products furnished comply with ANSI/SDI A250.3,
ANSI/SDI 250.4, and ANSI/SDI A250.10.

1.4 QUALITY ASSURANCE 

A. Fire Door and Frame Construction: Conform to UL.
B. Installed Fire Rated Door and Frame Assemblies: Conform to NFPA 80.

1.5 DELIVERY, STORAGE AND HANDLING 

A. Ship door frames with removable angle spreader; do not remove until frame is installed.
B. Do not cover with non vented coverings that create excessive humidity.
C. Remove wet coverings immediately.

PART 2 PRODUCTS 

2.1 MANUFACTURERS 

A. Acceptable Manufacturers:

1. North American Door Corporation
2. Trujillo Alto Metal Corp.
3. Pioneer Doors (American Agencies)

B. Substitutions: Equal or similar.

2.2 MATERIALS 

A. Steel Sheet:

1. Commercial quality steel Zinc-Iron Alloy-Coated by hot-dip process designation to ASTM
A653/A653M-95 ZF100 (A40) ASTM A755/A755M-95 ASTM A924/A924M - 95 known
commercially as Galvannealed.

2. RECYCLED CONTENT.

B. Door Core:

1. Polystyrene insulation

2.3 ACCESSORIES 

A. Glass, Glazing Sealers, and Accessories: Specified in Section 08 8000.
B. Primer: Rust inhibitive touch-up.

2.4 FABRICATION 

A. Fabricate doors and frames in accordance with ANSI/SDI A250.8.
B. Fabricate exterior doors and frames from galvanized or galvannealed steel sheet.
C. Doors:

1. Fabricate from minimum 16 to18 gage sheets as specified in construction drawings.
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D. Frames:

1. Fabricate from minimum 14 to18 gage sheets as specified in construction drawings.
2. Provide self aligning tabs and slots to hold corners in alignment.

E. Accurately form to required sizes and profiles.
F. Grind and dress exposed welds to form smooth, flush surfaces.
G. Do not use metallic filler to conceal manufacturing defects.
H. Fabricate with internal reinforcement for hardware specified in Section 08 7100; weld in place.
I. Glazing Stops:

1. Manufacturer's standard.

J. Louvers:

1. Manufacturer's standard.

2.5 FINISHES 

A. Apply manufacturer's standard rust inhibiting primer paint and metal paint according to Specification
09 91 00 Painting.

PART 3 EXECUTION 

3.1 INSTALLATION 

A. Install doors and frames in accordance with ANSI/SDI A250.11.
B. Set plumb and level.
C. Secure to adjacent construction using fastener type best suited to application.
D. Install glass as specified in Section 08 8000.
E. Install hardware in accordance with Section 08 7100.

3.2 ADJUSTING 

A. Touch up minor scratches and abrasions in primer paint to match factory finish.

END OF SECTION 
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DOCUMENT 08 14 00 

WOOD DOORS 

PART  1  GENERAL 

1.1  SUMMARY 

A. Provide wood doors.

1.2  SUBMITTALS 

A. Product Data:  Submit manufacturer's product data and installation instructions for each material and
product used.

B. Samples:  Submit two representative samples of each material specified indicating visual
characteristics and finish.  Include range samples if variation of finish is anticipated.

C. Warranty:  Submit manufacturer’s standard warranty.  Include labor and materials to repair or
replace defective materials.

1. Solid-Core Exterior Doors:  5 years.
2. Hollow-Core Interior Doors:  2 years.

1.3  QUALITY ASSURANCE 

A. Comply with governing codes and regulations.  Provide products of acceptable manufacturers, which
have been in satisfactory use in similar service for three years.  Use experienced installers.  Deliver,
handle, and store materials in accordance with manufacturer's instructions.

B. Quality Standards:  [NWWDA I.S.1-A, 'Architectural Wood Flush Doors.'] [AWI's 'Architectural
Woodwork Quality Standards Illustrated.'].

C. Quality Standards:  [NWWDA I.S.1-A, 'Architectural Wood Flush Doors.'] [WI’s 'Manual of Millwork.']
D. Fire Rated Wood Doors:  Meet NFPA 80 requirements.

PART  2  PRODUCTS 

2.1  MATERIALS 

A. Interior Flush Wood Doors:

1. Manufacturers: As approved by Project Owner.
2. Type:  semi solid.
3. Thickness:  1-3/8 inches thick.
4. Grade:  Premiun
5. Frames:  Astralis or Cedar Wood.
6. Face:  Astralis or Cedar Wood.
7. Finish:  Clear Gloss Varnish
8. Finish Application:  Shop primed and site finished.

B. Exterior Flush Wood Doors:

1. Manufacturers: As approved by Project Owner.
2. Type:  solid.
3. Thickness:  1-3/8 inches thick.
4. Grade:  Premiun
5. Frames:  Astralis or Cedar Wood.
6. Face:  Astralis or Cedar Wood.
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7. Finish:  Clear Gloss Varnish
8. Finish Application:  Shop primed and site finished.

PART  3  EXECUTION 

3.1  INSTALLATION 

A. Comply with NWMA I.S. 1A and specified quality standard.
B. Prefit doors to frames.  Premachine doors for hardware listed on final schedules.  Factory bevel

doors.
C. Install doors with not more than 1/8 inch clearance at top and sides, 1/4 inch at bottom.  Comply with

NFPA 80 for rated assemblies.
D. Adjust, clean, and protect.

END OF SECTION 
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DOCUMENT 08 71 00 

WOOD DOORS 

PART 1 GENERAL  

1.1 SUMMARY 

A. Section Includes:

1. Hardware for steel, wood, laminated plastic, aluminum doors.
2. Weatherstripping and thresholds.
3. Sound seals.
4. Hardware for other sections referencing this section.

B. Related Sections:

1. Division 01: Administrative, procedural, and temporary work requirements.

1.2 REFERENCES 

A. American National Standards Institute/Builders Hardware Manufacturers Association (ANSI/BHMA):

1. A156.1 - Butts and Hinges.
2. A156.2 - Bored and Preassembled Locks and Latches.
3. A156.3 - Exit Devices.
4. A156.4 - Door Controls - Closers.
5. A156.5 - Auxiliary Locks and Associated Products.
6. A156.13 - Mortise Locks and Latches.
7. A156.18 - Materials and Finishes.
8. A156.26 - Continuous Hinges.
9. A156.31 - Electric Strikes.

B. National Fire Protection Association (NFPA):

1. 80 - Standard for Fire Doors and Windows.
2. 105 - Installation of Smoke Control Door Assemblies.

1.3 SUBMITTALS 

A. Submittals for Review:

1. Shop Drawings: Schedule hardware by door type and location; show door size, hand,
thickness, edge bevel, hardware components and quantities, keying, and finishes.

2. Product Data: Manufacturer's descriptive data for each component.
3. Samples: two sample of each hardware item, if requested. Samples will be returned for

installation on Project.
4. Warranty: Sample warranty form.

B. Closeout Submittals:

1. Copy of approved hardware schedule.
2. Keying list.
3. Keys; tag with mark corresponding to keying schedule.
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1.4 QUALITY ASSURANCE 

A. Installer Qualifications: Documented experience in work of this Section.
B. Provide hardware labeled by recognized independent testing laboratory and meeting requirements of

NFPA 80 for fire rated doors.
C. Provide smoke gasketing at fire rated doors in accordance with NFPA 105.
D. Conform to applicable accessibility code for locating hardware and for door opening force

requirements.
E. Follow guidelines of DHI “Recommended Locations for Builder's Hardware” and

hardware manufacturers' instructions.
F. Pre-Installation Conference:

1. Convene at site prior to ordering permanent cylinders for Project.
2. Attendance: Architect, Owner, Owner resident Inspector, Contractor and hardware supplier.
3. Review, discuss, and finalize Owner’s keying requirements.

1.2 DELIVERY, STORAGE AND HANDLING 

A. Pack hardware items separately, with fasteners, installation instructions, and templates.
B. Mark containers with item number corresponding to hardware schedule.

PART 2 PRODUCTS 

2.1 MANUFACTURERS 

A. Acceptable Manufacturers - Butt Hinges:

1. Stanley Hardware. (www.stanleyhardware.com)

B. Acceptable Manufacturers - Continuous Hinges:

1. Stanley Hardware. (www.stanleyhardware.com)

C. Acceptable Manufacturers - Locksets, Latchsets, Deadbolts, and Cylinders:

1. PDQ Manufacturing. (www.pdqlocks.com)

D. Acceptable Manufacturers - Exit Devices:

1. American Eagle by PDQ Manufacturing. (www.pdqlocks.com)

E. Acceptable Manufacturers - Door Seals:

1. Pemko Manufacturing Co. (www.pemko.com)

A. Acceptable Manufacturers - Door silencer:

1. Trimco Architectural Hardware. (www.trimcobbw.com)

B. Substitutions: Equal or similar.

1.2 MANUFACTURED UNITS 

Gobierno de Puerto Rico DDEC REORGANIZATION OF PHYSICAL SPACES 
Remodeling of Interior Space 
OGPe Ponce HQ (3rd Floor) 

Integra Design Group 
Project: 58-2036.0 

http://www.stanleyhardware.com/
http://www.stanleyhardware.com/
http://www.pemko.com/
http://www.pemko.com/


FEB. 2022 08 71 00 - 3 

A. Butt Hinges:

1. Description: ANSI/BHMA A156.1, full mortise type, five knuckle, non removable pin. Stainless
Steel satin finish.

2. Exterior outswinging doors: Provide set screw in barrel making hinge non-removable when door
is closed.

3. Weight: Medium weight.
4. Bearing type: Ball bearing.
5. Size: 4-1/2 x 4-1/2 inches.

B. Locksets, Latchsets, Deadbolts, and Cylinders:

1. Locksets and latchsets:

a. Type: ANSI/BHMA A156.13, heavy duty and extra heavy duty Grade 1, mortise as
specified on construction drawings.

b. Interchangeable core.
c. Mastered Keked.
d. Satin Chrome finish.

2. Deadbolts:

a. Type: Heavy Duty Grade 1, double cylinder deadbolt.
b. Interchangeable core.
c. Mastered Keyed.
d. Satin Chrome finish.
e. Functions: As scheduled.

3. Cylinders:  removable core type.
4. Keys: Solid brass or nickel silver.

C. Exit Devices:

1. Type I. Description:  Hex Key Dogging, Rim, Double door Strike, Heavy Duty. Sating Stainless
Steel.

2. Type 2. Description:  Hex Key Dogging, Surface vertical Rod, Double door Strike, Heavy Duty.
Sating Stainless Steel.

D. Silencers: Trimco. Model 1229A. Grey rubber.

E. Smoke Seals:

1. Type AS: Astragal Smoke Seal. Clear anodized.
2. Type SS1; Adhesive Perimeter Gasketing, Dark Bonzed Anodized.
3. Type SS2: Adhesive Perimeter Gasketing, Clear Anodized.

1.3 FINISHES 

A. Thresholds:  Latching Panel Exit Saddle, Mill Finish Aluminum.

PART 3  EXECUTION 

1.4 INSTALLATION 

A. Install hardware in accordance with approved hardware schedule and manufacturer's instructions.
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B. Install mortise items flush with adjacent surfaces.
C. Install locksets, closers, and trim after finish painting.
D. Set thresholds in mastic and secure.
E. Mount closers so that closers and closer arms are not visible on corridor or public side of doors or on

exterior of building.

1.5 PROTECTION 

A. Remove or protect hardware until painting is completed.

1.6 ADJUSTING 

A. Test and adjust hardware for quiet, smooth operation, free from binding and rattling.

END OF SECTION 
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DOCUMENT 08 80 00 

GLAZING 

PART 1 GENERAL  

1.1 SUMMARY 

A. Section Includes:

1. Glass for other sections referencing this Section.
2. Framed mirrors.

B. Related Sections:

1. Division 01: Administrative, procedural, and temporary work requirements.

1.2 REFERENCES 

A. American Architectural Manufacturers Association (AAMA) 800 - Voluntary Specifications and Test
Methods for Sealants.

B. American National Standards Institute (ANSI) Z97.1 - Safety Performance Specifications and
Methods of Test for Safety Glazing Material Used in Buildings.

C. American Society of Civil Engineers (ASCE) 7 - Minimum Design Loads for Buildings and Other
Structures.

D. ASTM International (ASTM):

1. C509 - Standard Specification for Elastomeric Cellular Preformed Gasket and Sealing Material.
2. C794 - Standard Test Method for Adhesion-In-Peel of Elastomeric Joint Sealants.
3. C864 - Standard Specification for Dense Elastomeric Compression Seal Gaskets, Setting

Blocks, and Spacers.
4. C920 - Standard Specification for Elastomeric Joint Sealants.
5. C1036 - Standard Specification for Flat Glass.
6. C1048 - Standard Specification for Heat-Treated Flat Glass-Kind HS, Kind FT, Coated and

Uncoated Glass.
7. C1115 - Standard Specification for Dense Elastomeric Silicone Rubber Gaskets and

Accessories.
8. C1172 - Standard Specification for Laminated Architectural Flat Glass.
9. C1184 - Standard Specification for Structural Silicone Sealants.
10. C1281 - Standard Specification for Preformed Tape Sealants for Glazing Applications.
11. C1294 - Standard Test Method for Compatibility of Insulating Glass Edge Sealants with Liquid-

Applied Glazing Materials.
12. C1330 - Standard Specification for Cylindrical Sealant Backing for Use with Cold Liquid Applied

Sealants.
13. E119 - Standard Test Method for Fire Tests of Building Construction and Materials.
14. E152 - Standard Test Method for Fire Test of Door Assemblies.
15. E163 - Standard Test Method for Fire Tests of Window Assemblies.
16. E330 - Standard Test Method for Structural Performance of Exterior Windows, Curtain Walls,

and Doors By Uniform Static Air Pressure Difference.
17. E1300 - Standard Practice for Determining Load Resistance of Glass in Buildings.
18. E2190 - Standard Specification for Insulating Glass Unit Performance and Evaluation.
19. F1233 - Standard Specification for Security Glazing Materials and Systems.

E. Consumer Product Safety Commission (CPSC) 16 CFR 1201 - Safety Standard for Architectural
Glazing Materials.
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F. Glass Association of North America (GANA):

1. Engineering Standards Manual.
2. Glazing Manual.
3. Laminated Glass Design Guide.

G. Insulating Glass Manufacturers Alliance (IGMA):

1. IGMA TB-3001 - Sloped Glazing Guidelines.
2. SIGMA TM-3000 - Glazing Guidelines for Sealed Insulating Glass Units.

H. National Fenestration Rating Council (NFRC):

1. 100 - Procedure for Determining Fenestration Product Thermal Properties.
2. 200 - Procedure for Determining Fenestration Product Solar Heat Gain Coefficients at Normal

Incidence.
3. 300 - Procedures for Determining Solar Optical Properties of Simple Fenestration Products.

I. Underwriters Laboratories (UL) 752 - Standard for Safety Bullet-Resisting Equipment.

1.3 SYSTEM DESCRIPTION 

A. Glass Thicknesses:

1. Indicated thicknesses are minimums; select actual glass thicknesses by analyzing loads and
conditions.

2. Size glass to withstand positive and negative wind pressure acting normal to plane in
accordance with Building Code as measured in accordance with ASTM E330.

3. Provide glass in thicknesses and strengths to meet or exceed following criteria:
a. Comply with ASTM E1300.

B. Thermal and Optical Performance Properties: Provide glass meeting specified performance
properties, based on manufacturer's published test data for units of thickness indicated:

1. U-factor: Per NFRC 100 expressed as Btu/square foot x hour x degree F.
2. Solar heat gain coefficient: Per NFRC 200.
3. Solar optical properties: Per NFRC 300.

1.4 SUBMITTALS 

A. Submittals for Review:

1. Product Data: Descriptive data and performance attributes for insulated glass.
2. Samples:

a. 12 x 12 inch glass samples except clear.
b. 1/4 x 1/4 x 3 inch long sealant and] glazing compound samples showing available colors.

3. Warranty: Sample warranty form.

B. Quality Control Submittals:
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1. Test Report: Preconstruction adhesion and compatibility test report from glazing sealant
manufacturer, based on submitted samples or acceptable data from previous testing of current
formulations with similar products.

1.5 QUALITY ASSURANCE 

A. Installer Qualifications: Experience in work of this Section.
B. Regulatory Requirements:

1. Provide safety glass for locations subject to human impact as required by Building Code.
2. Safety glass: Tested and labeled to CPSC 16 CFR 1201.

C. Perform Work in accordance with GANA Glazing Manual, GANA Laminated Glass Design Guide,
SIGMA TM-3000 and IGMA TB-3001.

1.6 PROJECT CONDITIONS 

A. Perform glazing on dry surfaces.

1.7 WARRANTIES 

A. Laminated Glass Units: Provide manufacturer’s 5 year warranty against manufacturing defects
resulting in edge separation, delamination, or material obstruction of vision through glass surface.

B. Mirrors: Provide manufacturer’s 5 year warranty against silver spoilage resulting from manufacturing
defects.

PART 2 PRODUCTS 

2.1 MANUFACTURERS 

A. Acceptable Manufacturers - Glass:

1. AirMaster Windows and Doors Company. (www.airmasterpr.com)

B. Substitutions: Equal or similar.

2.2 ACCESSORIES 

A. Setting Blocks: ASTM C864, neoprene or EPDM, or ASTM C1115, silicone.
B. Spacers: ASTM C864, neoprene or EPDM, or ASTM C1115, silicone.
C. Glazing Gaskets:

1. Dense compression gaskets: ASTM C864, neoprene or EPDM, or ASTM C1115, silicone or
thermoplastic polyolefin rubber, molded or extruded shape to fit glazing channel retaining slot.

2. Soft compression gaskets: ASTM C509, Type II, molded or extruded, neoprene, EPDM,
silicone or thermoplastic polyolefin rubber, of profile and hardness required to maintain
watertight seal.

D. Contact Sealant:

1. Type: ASTM C1184, multi component, high modulus, neutral chemical curing silicone glazing
and curtain wall sealant.

2. Movement capability: 12 percent in extension and compression.
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3. Compatible with glass unit edge seals; tested to ASTM C1294.
4. Color: To be selected from manufacturer's full color range.

E. Contact Sealant:

1. Type: Single component, medium modulus, neutral moisture curing silicone sealant; ASTM
C1184 and ASTM C920, Type S, Grade NS, Class 25, Use NT, M, G and A.

2. Movement capability: 50 percent in extension and compression.
3. Compatible with glass unit edge seals; tested to ASTM C1294.
4. Color: To be selected from manufacturer's full color range.

F. Weatherseal Sealant:

1. Type: Single component, low modulus, neutral moisture curing silicone sealant; ASTM C920,
Type S, Grade NS, Class 25, Use NT, M, G and A.

2. Movement capability: 50 percent in extension and compression.
3. Compatible with glass unit edge seals; tested to ASTM C1294.
4. Color: To be selected from manufacturer's full color range.

G. Butt Joint Glazing Sealant: ASTM C920, Type S, Grade NS, Class 25; single component silicone, low
modulus type, non sag, color to be selected from manufacturer's full color range.

H. Glazing Sealant: ASTM C920, Type S, Grade NS, Class 25; single component silicone, low modulus,
non sag, color to be selected from manufacturer's full color range.

I. Sealant Backing: ASTM C1330, Type O, size and density to control glazing sealant depth and
produce optimum glazing sealant performance.

J. Primer: As recommended by glazing sealant manufacturer.
K. Glazing Tape: ASTM C1281 and AAMA 800; butyl based elastomeric tape with integral resilient tube

spacer, 10 to 15 Shore A durometer hardness, black color, coiled on release paper; widths required
for installation.

2.3 FABRICATION 

A. Sealed Insulating Glass:

1. Comply with ASTM E2190.
2. Fabricate spacer bar frame of tubular aluminum filled with desiccant.
3. Bond spacer bar frame to glass panes with twin primary seals.
4. Fill space outside frame to glass edge with elastomeric sealant.

B. Laminated Glass:

1. Comply with ASTM C1172 and ANSI Z97.1.
2. Laminate glass with laminating film by manufacturer's standard heat and pressure process.
3. Cut glass to required size at factory.
4. Discard glass with voids, delamination, or entrapped dirt or foreign matter.

C. Low-E Coated Glass: Apply low-emissivity coating to scheduled glass surface.

D. Mirror Glass:

1. Apply one coat of silver, one coat of electroplated copper, and one coat of organic mirror
backing compound to back surface of glass.

2. Arise and polish edges.
3. Isolate glass from frame with resilient, waterproof padding.
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E. Fabrication Tolerances: ASTM C1036 and ASTM C1048.

F. Glass Identification:

1. Apply manufacturer's label indicating type and thickness to each light of glass. Show position of
exterior face when installed, where applicable.

2. Etch manufacturer's label on each light of tempered glass.

G. Source Quality Control:

1. Preconstruction adhesion and compatibility testing:

a. Perform adhesion test including ultraviolet exposure through glass on production samples
of metals and glass in accordance with ASTM C794.

b. Test glass units, glazing materials, and glass framing members with specified finish for
sealant compatibility, priming, and preparation requirements for optimum adhesion and
performance.

PART 3 EXECUTION 

3.1 PREPARATION 

A. Clean glazing rabbets; remove loose and foreign matter.
B. Remove protective coatings on metal surfaces.
C. Clean glass just prior to installation.

3.2 INSTALLATION - GENERAL 

A. Install glass in accordance with glass manufacturer's instructions.
B. Maintain manufacturer's recommended edge and face clearances between glass and frame

members.

3.3 INSTALLATION - STRUCTURAL SILICONE GLAZING METHOD 

A. Mask aluminum and glass surfaces adjacent to sealant pockets.
B. Install temporary glass retainers to align faces of glass.
C. Apply contact sealant; completely fill pockets. Tool joints and remove masking tape before sealant

skim cure begins.
D. Allow sealant to cure minimum time required by manufacturer.
E. Remove temporary glass retainers.
F. Insert joint backing to fill void between glass unit edges and glass spacer.
G. Mask both sides of glass for full length of joint.
H. Apply weatherseal sealant; tool to smooth, slightly concave profile.

3.4 INSTALLATION - SILICONE GLAZING METHOD 

A. Mask both sides of joint for full length.
B. Install temporary glass retainers to align faces of glass.
C. Provide temporary joint backing for one side of joint.
D. Apply sealant to completely fill spaces; tool to smooth, slightly concave surface.
E. Allow sealant to cure minimum time required by manufacturer. Remove temporary backing and fill

voids with additional sealant.

3.5 INSTALLATION - GASKET GLAZING METHOD 
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A. Fabricate gaskets to fit openings; allow for stretching of gaskets during installation.
B. Set soft compression gasket against fixed stop or frame with bonded miter cut joints at corners.
C. Set glass centered in openings on setting blocks.
D. Install removable stops and insert dense compression gaskets at corners, working toward centers of

glass, compressing glass against soft compression gaskets to produce weathertight seal.
E. Seal joints in gaskets.
F. Allow gaskets to protrude past face of glazing stops.

3.6 INSTALLATION - PRESSURE GLAZING METHOD 

A. Set glass unit in opening as recommended by system manufacturer.
B. Tighten fasteners simultaneously at rate recommended by manufacturer to avoid unequal point

pressures on glass.
C. Torque fasteners to achieve required pressure against glass. Do not over tighten.

3.7 INSTALLATION - SEALANT GLAZING METHOD 

A. Apply sealant to full depth of permanent stops.
B. Press glass into sealant with slight lateral movement to ensure adhesion.
C. Apply sealant to full depth of removable stops. Secure stops in position, forcing contact with sealant

bead and completely filling joint.

3.8 INSTALLATION - SEALANT AND TAPE GLAZING METHOD 

A. Apply tape to permanent stops, projecting slightly above sight line.
B. Press glass into contact with tape.
C. Install removable stops with spacer shims between stop and glass.
D. Fill gap between removable stop and glass with glazing sealant.
E. Trim protruding tape edges.

3.9 INSTALLATION - TAPE GLAZING METHOD 

A. Apply tape to permanent stops, projecting slightly above sight line.
B. Press glass into contact with tape.
C. Place glazing tape on removable stop side of glass.
D. Install removable stop and apply pressure to ensure contact.
E. Trim protruding tape edges.

3.10 INSTALLATION - COMPOUND GLAZING METHOD 

A. Locate and secure glass using glazing clips.
B. Fill voids between glass and stops with glazing compound; tool to straight line. Slope to exterior for

watershed.

3.11 INSTALLATION - MIRRORS 

A. Set mirrors with stainless steel clips and apply mirror adhesive in accordance with manufacturer's
instructions to cover maximum 25 percent of back of mirror. Set mirror and press against substrate to
ensure adhesive bond.  Anchor rigidly to wall construction.

B. Place plumb and level without distortion.

1.2 PROTECTION 

A. After installation, mark glass with an 'X' using removable plastic tape.

END OF SECTION 
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TILING 

PART 1  GENERAL  

1.1 SUMMARY 

A. Section Includes:

1. Ceramic, Porcelain and Quarry tile floor and wall finishes.
2. Marble thresholds.

B. Related Sections:

1. Division 01: Administrative, procedural, and temporary work requirements.
2. Section 07 9200 - Joint Sealers.

1.2 REFERENCES 

A. American National Standards Institute (ANSI):

1. A108/A118/A136.1 - American National Standard for Installation of Ceramic Tile.
2. A137.1 - Specifications for Ceramic Tile.

B. ASTM International (ASTM):

1. A82/A82M - Standard Specification for Steel Wire, Plain, for Concrete Reinforcement.
2. A185/A185M - Standard Specification for Welded Steel Wire Reinforcement, Plain, for

Concrete.
3. C144 - Standard Specification for Aggregate for Masonry Mortar.
4. C150 - Standard Specification for Portland Cement.
5. C207 - Standard Specification for Hydrated Lime for Masonry Purposes.
6. C847 - Standard Specification for Metal Lath.
7. C1028 - Standard Test Method for Static Coefficient of Friction of Ceramic Tile and Other Like

Surfaces by the Horizontal Dynamometer Pull-Meter Method.
8. D226 - Standard Specification for Asphalt Saturated Organic Felt Used in Roofing and

Waterproofing.
9. D227 - Standard Specification for Coal-Tar Saturated Organic Felt Used in Roofing and

Waterproofing.
10. D4263 - Standard Test Method for Indicating Moisture in Concrete by the Plastic Sheet Method.
11. D4397 - Standard Specification for Polyethylene Sheeting for Construction, Industrial and

Agricultural Applications.

C. Tile Council of North America (TCNA) - Handbook for Ceramic Tile Installation.
D. Resilient Floor Covering Institute (RFCI) - FloorScore Certification Program.

1.3 SUBMITTALS 

A. Submittals for Review:

1. Product Data: Manufacturer's installation, cleaning, and maintenance instructions.
2. Samples:

a. Tile: 1 x 1 inch samples showing available colors.  Full size samples in each selected
color.
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b. Grout: 1/2 x 1/2 x 3 inch long samples in each color.

1.4 QUALITY ASSURANCE 

A. Installer Qualifications: Documented experience in work of this Section.
B. Tile and Trim Units: Meet ANSI A137.1, Standard Grade.
C. Mockup:

1. Size: 4 x 8 feet.
2. Show: Tile colors and patterns, joint profile, and control joint.
3. Locate where directed.
4. Approved mockup may remain as part of the Work.

1.5 DELIVERY, STORAGE AND HANDLING 

A. Deliver mortar, adhesive, and grout containers bearing hallmark certifying compliance with reference
standards.

B. Protect adhesive containers from freezing and overheating according to manufacturer's instructions.

PART 2 PRODUCTS 

2.1 MANUFACTURERS 

A. Acceptable Manufacturers - Tile:

1. Portobello Ceramica. (www.portobello.com)
2. Pamesa Ceramica. (www.pamesa.com)
3. American Marazzi Tile, Inc. (www.marazzitile.com)
4. American Olean Tile Co., Inc. (www.aotile.com)
5. Dal-Tile Corp. (www.daltileproducts.com)
6. Florida Tile Industries, Inc. (www.floridatile.com)
7. Interceramic USA. (www.interceramicusa.com)
8. Summitville Tiles, Inc. (www.summitville.com)

B. Acceptable Manufacturers - Setting and Grouting Materials:

1. BASF Corporation. (www.buildingsystems.basf.com)
2. Bostik Findley. (www.bostik-us.com)
3. Laticrete International, Inc. (www.laticrete.com)
4. Mapei Corporation. (www.mapei.us)
5. TEC. (www.tecspecialty.com)

C. Substitutions: Equal or similar.  Under provisions of Division 01.

2.2 MATERIALS 

A. Tile:

1. Size: As specified in drawings.
2. Color: As specified in drawings.
3. Floor Surface finish: Unglazed. Non slip.
4. Wall finish: ANSI A137.1 Glazed wall tile.
5. Trim units:

a. External corners: Bull nose, color to match tile.
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b. Internal corners: Rounded.

2.3 ACCESSORIES 

A. Latex-Portland Cement Mortar: ANSI A118.4, polymer modified dry set type.
B. Dry Set Portland Cement Mortar: ANSI A118.1, polymer modified dry set type.
C. Epoxy Adhesive:

1. ANSI A118.3, thin set bond type.

D. Portland Cement: ASTM C150, Type 1, white color.
E. Sand: ASTM C144, clean, free of organic matter.
F. Lime: ASTM C207, Type S, hydrated.
G. Water: Clean, potable.
H. Joint Sealers: Specified in Section 07 9200.
I. Joint Tape: Waterproof, perforated bedding tape.

PART 3 EXECUTION 

3.1 PREPARATION 

A. Clean surfaces to remove loose and foreign matter that could impair adhesion.
B. Remove ridges and projections. Fill voids and depressions with patching compound compatible with

setting materials.
C. Allowable Substrate Tolerances:

1. Thin set method:

a. Maximum variation in substrate surface: 1/8 inch in 8 feet.
b. Maximum height of abrupt irregularities: 1/32 inch.

2. Thick set method: Maximum 1/4 inch in 10 feet variation in substrate surface.

D. Test concrete substrate to ASTM D4263; do not install tile until surfaces are sufficiently dry.

3.2 INSTALLATION 

A. Methods:

1. Walls: ANSI A108.1A, thick set with latex portland cement mortar bed.
2. Floors: ANSI A108.1B, thick set with mortar bed and latex-portland cement mortar.
3. Shower walls [and ceilings]:

a. Fill joints between cementitious backer board with mortar. Apply tape centered over joint;
skim coat with mortar.

b. Install tile in accordance with ANSI A108.1B, thick set with mortar bed and latex-portland
cement.

4. Shower floors:

a. Surround floor drain with broken tile or crushed stone.
b. Install tile in accordance with A108.1B, thick set with reinforced portland cement mortar

and latex-portland cement mortar.
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B. Minimize pieces less than one half size. Locate cuts to be inconspicuous.
C. Lay tile to pattern shown on Drawings. Do not interrupt tile pattern through openings.

D. Joint Widths:

1. Ceramic and ceramic mosaic tile: 1/8 inch, plus or minus 1/16 inch.
2. Quarry tile: 1/4 inch, plus or minus 1/8 inch.

E. Make joints watertight, without voids, cracks, excess mortar, or excess grout. Align joints in wall and
floor of same-sized tile.

F. Fit tile around projections and at perimeter. Smooth and clean cut edges. Ensure that trim will
completely cover cut edges.

G. Install Trim:

1. Inside corners: Cove units.
2. Outside corners: Bead units.
3. Base: Base units.
4. Exposed tile ends: Bullnose units.

H. Install thresholds where tile abuts dissimilar floor finish. Center on door or opening.
I. Allow tile to set for a minimum of 48 hours before grouting.
J. Grout tile joints in accordance with ANSI A108.10 without excess grout.
K. Control Joints:

1. Provide control joints at:

a. Changes in backup material.
b. Changes in plane.
c. Over joints in substrate.
d. Maximum 32 feet on center at interior locations except maximum 12 feet at surfaces

exposed to direct sunlight.
e. Maximum 16 feet on center at exterior locations.

2. Form joints per TCNA Method EJ-171.
3. Install joint backing and joint sealer as specified in Section 07 9200.

3.3 ADJUSTING 

A. Remove and replace pieces that have been damaged during installation.

3.4 PROTECTION 

A. Provide protection for completed work using non-staining sheet coverings.
B. Prohibit traffic on tile floors for minimum 3 days after installation.

END OF SECTION 
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PAINTING 

PART 1GENERAL  

1.1 SUMMARY 

A. Section Includes:

1. Texturing of gypsum board.
2. Surface preparation and field application of paints.

B. Related Sections:

1. Division 01: Administrative, procedural, and temporary work requirements.

1.2 REFERENCES 

A. ASTM International (ASTM) D4442 - Standard Test Method for Direct Moisture Content Measurement
of Wood and Wood-Base Materials.

B. Master Painters Institute (MPI) - Architectural Painting Specification Manual.
C. Society for Protective Coatings (SSPC) - Painting Manual.

1.3 SUBMITTALS 

A. Submittals for Review:

1. Product Data: Manufacturer's data on materials proposed for use including:

a. Product designation and grade.
b. Product analysis and performance characteristics.
c. Standards compliance.
d. Material content.
e. Mixing and application procedures.

2. Samples:

a. 3 x 6 inch samples of each coating system on representative substrate. Step back
successive coats so that all coats remain exposed. Indicate type of material used for
each coat.

b. 12 x 12 inch texture samples on gypsum board backing.

3. Paint Schedule: Indicate types and locations of each surface, paint materials, and number of
coats to be applied.

1.4 QUALITY ASSURANCE 

A. Applicator Qualifications: Experience in work of this Section.
B. Materials, Preparation, and Workmanship: Conform to MPI Painting Manual.
C. Mockup:

1. Prepare mockup for interior wall finishes, 4 feet wide x 8 feet high.
2. Show: Each color and texture.
3. Locate where directed.
4. Approved mockup may not remain as part of the Work.
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1.5 DELIVERY, STORAGE AND HANDLING 

A. Container Labels: Include manufacturer's name, type of paint, brand name, lot number, brand code,
coverage rates, surface preparation, drying time, cleanup requirements, color designation, and
instructions for mixing and reducing.

B. Paint Materials: Store at ambient temperature from 45 to 90 degrees F in ventilated area, or as
required by manufacturer's instructions.

1.6 PROJECT CONDITIONS 

A. Do not apply materials when surface and ambient temperatures or relative humidity are outside
ranges required by paint manufacturer.

B. Maintain ambient and substrate temperatures above manufacturer’s minimum requirements for 24
hours before, during. and after paint application.

C. Do not apply materials when relative humidity is above 85 percent or when dew point is less than 5
degrees F different than ambient or surface temperature.

D. Provide lighting level of 30 footcandles at substrate surface.

PART 2 PRODUCTS 

2.1 MANUFACTURERS 

A. Acceptable Manufacturers:

1. Sherwin Williams. (www.sherwin-williams.com)
2. Benjamin Moore and Co. (www.benjaminmoore.com)
3. Glidden. (www.gliddenprofessional.com)
4. PPG Architectural Finishes, Inc. (www.pittsburghpaints.com)

B. Substitutions: Under provisions of Division 01.

2.2 MATERIALS 

A. Paints:

1. As scheduled at end of Section, or approved substitute.
2. Free from all forms of lead and mercury.

B. Gloss Ratings:

Gloss Designation Units at 60 Degrees Units at 85 Degrees 

Flat 0 to 5 Maximum 10 

Eggshell 10 to 25 10 to 35 

Satin 20 to 35 Minimum 35 

Semigloss 35 to 70 

Gloss 70 to 85 
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High Gloss Minimum 85 

2.3 ACCESSORIES 

A. Accessory Materials: Paint thinners and other materials required to achieve specified finishes;
commercial quality.

B. Patching Materials: Latex filler.
C. Fastener Head Cover Materials: Latex filler.

2.4 MIXES 

A. Deliver paints pre-mixed and pre-tinted.
B. Uniformly mix to thoroughly disperse pigments.
C. Do not thin in excess of manufacturer's recommendations.
D. Re-mix paint during application; ensure complete dispersion of settled pigment and uniformity of color

and gloss.

PART 3 EXECUTION 

3.1 EXAMINATION 

A. Test shop applied primer for compatibility with subsequent coatings.
B. Measure moisture content of surfaces using electronic moisture meter. Do not apply coatings unless

moisture content of surfaces are below following maximums:

1. Gypsum board and plaster: 12 percent.
2. Masonry and concrete: 12 percent.
3. Wood: 15 percent, measured to ASTM D4442.
4. Concrete floors: 8 percent.

3.2 PREPARATION 

A. General:

1. Protect adjacent and underlying surfaces.
2. Remove [or mask] electrical plates, hardware, light fixture trim, escutcheons, and fittings prior to

preparing surfaces or finishing.
3. Correct defects and clean surfaces capable of affecting work of this section.
4. Seal marks that may bleed through surface finishes with shellac.

B. Impervious Surfaces: Remove mildew by scrubbing with solution of trisodium phosphate and bleach.
Rinse with clean water and allow to dry.

C. Gypsum Board:

1. Fill minor defects with filler compound. Spot prime defects after repair.

D. Concrete and Masonry:

1. Remove dirt, loose mortar, scale, salt and alkali powder, and other foreign matter.
2. Remove oil and grease with solution of trisodium phosphate; rinse and allow to dry.
3. Remove stains caused by weathering of corroding metals with solution of sodium metasilicate

after thoroughly wetting with water. Allow to dry.
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E. Concrete Floors:

1. Remove contamination, acid etch, and rinse floors with clear water. Allow to dry.
2. Verify that required acid-alkali balance has been achieved.

F. Plaster:

1. Fill hairline cracks, small holes, and imperfections with latex patching plaster. Finish smooth
and flush with adjacent surfaces.

2. Wash and neutralize high alkali surfaces.

G. Galvanized Steel: SSPC Method SP1 - Solvent Cleaning.
H. Aluminum: SSPC Method SP1 - Solvent Cleaning.
I. Uncoated Ferrous Metals: SSPC Method SP2 - Hand Tool Cleaning or Method SP3 - Power Tool

Cleaning.
J. Shop Primed Ferrous Metals:

1. SSPC Method SP2 - Hand Tool Cleaning or Method SP3 - Power Tool Cleaning.
2. Feather edges to make patches inconspicuous.
3. Prime bare steel surfaces.

K. Interior Wood:

1. Wipe off dust and grit.
2. Seal knots, pitch streaks, and sappy sections with sealer.
3. Fill nail holes and cracks after primer has dried; sand between coats.

L. Exterior Wood:

1. Remove dust, grit, and foreign matter.
2. Seal knots, pitch streaks, and sappy sections.

M. Existing Surfaces:

1. Remove loose, flaking, powdery, and peeling paints.
2. Lightly sand glossy painted surfaces.
3. Fill holes, cracks, depressions and other imperfections with patching compound; sand flush with

surface.
4. Remove oil, grease, and wax by scraping; solvent wash and thoroughly rinse.
5. Remove rust by wire brushing to expose base metal.

3.3 APPLICATION 

A. Apply paints in accordance with MPI Painting Manual, Custom Grade finish requirements.
B. Apply primer or first coat closely following surface preparation to prevent recontamination.
C. Do not apply finishes to surfaces that are not dry.
D. Apply coatings to minimum dry film thickness recommended by manufacturer.
E. Apply each coat of paint slightly darker than preceding coat unless specified otherwise.
F. Apply coatings to uniform appearance without laps, sags, curtains, holidays, and brush marks.
G. Allow applied coats to dry before next coat is applied.
H. When required on deep and bright colors apply an additional finish coat to ensure color consistency.
I. Continue paint finishes behind wall-mounted accessories.
J. Sand between coats on interior wood and metal surfaces.
K. Match final coat to approved color samples.
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L. Where clear finishes are specified, tint fillers to match wood. Work fillers into grain before set. Wipe
excess from surface.

M. Prime concealed surfaces of exterior wood and interior wood in contact with masonry or cementitious
materials with one coat primer paint.

N. Mechanical and Electrical Components:

1. Paint factory primed equipment.
2. Remove unfinished and primed louvers, grilles, covers, and access panels; paint separately.
3. Paint exposed and insulated pipes, conduit, boxes, ducts, hangers, brackets, collars, and

supports unless factory finished.
4. Do not paint name tags or identifying markings.
5. Paint exposed conduit and electrical equipment in finished areas.
6. Paint duct work behind louvers, grills, and diffusers flat black to minimum of 18 inches or

beyond sight line.

O. Do not Paint:

1. Surfaces indicated on Drawings or specified to be unpainted or unfinished.
2. Surfaces with factory applied finish coat or integral finish.
3. Architectural metals, including brass, bronze, stainless steel, and chrome plating.

3.4 ADJUSTING 

A. Touch up or refinish disfigured surfaces.

3.5 CLEANING 

A. Remove paint from adjacent surfaces.

3.6 PAINT SCHEDULE 

A. Types of paint listed herein are set forth as standard of quality and type of coating required for each
type of surface.

1. Paint exposed surfaces of types listed in Paint Schedule.
2. Paint other exposed surfaces not specifically listed with not less than two coats of appropriate

type of coating.

B. Prime coat consists of touch up on shop primed and existing surfaces with intact coatings.

SUBSTRATE MANUFACTURER PRIMER TOP COATS 

Exterior Surfaces: SW 

Concrete, Masonry, 
Plaster, Gypsum Board, 
Latex Flat Finish 

SW 1 COAT, 350 SFPG 
Loxon Concrete & 
Masonry Primer 

2 COAT, 400 SFPGPC 
Resilience Exterior 
Acrylic Latex 

Ferrous and Galvanized 
Metals  

SW 1 coat 
KEM Aqua 50 P 

2 coats, 4 MDFT 
Kem Aqua 400 
Waterborne Enamel 

Wood, Opaque, Latex 
Enamel Finish 

SW 1 COAT, 400 SFPG 
Sher-Wood WB Stain 
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SUBSTRATE MANUFACTURER PRIMER TOP COATS 

Wood, Transparent 
Finish 

SW 1 COAT, 400 SFPG 
Sher-Wood KEM 
AQUA 

Pavement Markings SW 2 COAT, 240 SFPGPC 
Pro-Park Waterborne 
Traffic Paint 

Interior Surfaces: 

Concrete, Masonry, 
Plaster, Gypsum Board, 
Latex Flat Finish 

SW 1 COAT, 350 SFPG 
Loxon Concrete & 
Masonry Primer 

2 COAT, 400 SFPGPC 
Harmony Zero VOC 
Interior Acrylic Latex 

Ferrous and Galvanized 
Metals  

SW 1 coat 
KEM Aqua 50 P 

2 coats, 4 MDFT 
Kem Aqua 400 
Waterborne Enamel 

Wood, Opaque, Latex 
Enamel Finish 

SW 1 COAT, 400 SFPG 
Sher-Wood WB Stain 

Wood, Transparent 
Finish 

SW 1 COAT, 400 SFPG 
Sher-Wood KEM 
AQUA 

3.7 COLOR SCHEDULE 

INTERIOR AND EXTERIOR 

TO BE SELECTED BY 
ARCHITECT 

SW 

END OF SECTION 
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DOCUMENT 10 22 26 

OPERABLE PARTITIONS 

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. Manually operated, individual panel operable partitions.

B. Related Sections:

1. Division 03: Sections for concrete tolerances required.
2. Division 05: Sections for primary structural support, including pre-punching of support members

by structural steel supplier per operable partition supplier’s template.
3. Division 06: Sections for wood framing & supports, and all blocking at head and jambs as

required.
4. Division 09: Sections for wall and ceiling framing at head and jambs.

1.3 REFERENCES 

A. ASTM International

1. ASTM E557 Standard Practice for Architectural Application and Installation of Operable
Partitions.

2. ASTM E90 – Standard Test Method for Laboratory Measurement of Airborne Sound
Transmission Loss of Building Partitions and Elements

3. ASTM E84 – Surface Burning Characteristics of Building Materials
4. ASTM E413 – Classification for Rating Sound Insulation

B. Health Product Declaration Collaborative

1. Health Product Declaration Open Standard v2.1

C. International Standards Organization

1. ISO 14021 – Environmental Labels and Declarations – Self-Declared Environmental Claims
(Type II Environmental Labeling)

2. ISO 14025.2011-10, Environmental Labels and Declarations – Type III Environmental
Declarations – Principles and Procedures

3. ISO 14040: 2009-11, Environmental Management – Life Cycle Assessment – Principles and
Framework.

4. ISO 14044:2006-10, Environmental Management – Life Cycle Assessment – Requirements
and Guidelines

5. ISO 21930 – Sustainability in Buildings and Civil Engineering Works – Core Rules for
Environmental Product Declarations of Construction Products and Services

D. Other Standards

1. ADA – Americans with Disabilities Act
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1.4 QUALITY ASSURANCE 

A. Installer Qualifications: An experienced installed who is certified in writing by the operable partition
manufacturer, as qualified to install the manufacture’s partition systems for work similar in material,
design, and extent to that indicated for this Project.

B. Acoustical Performance: Test operable partitions in an independent acoustical laboratory in
accordance with ASTM E90 test procedure and classified in accordance with ASTM E413 to attain no
less than the STC rating specified. Provide a complete and unedited written test report by the testing
laboratory upon request.

C. Preparation of the opening shall conform to the criteria set forth per ASTM E557 Standard Practice
for Architectural Application and Installation of Operable Partitions.

D. The operable wall must be manufactured by a certified ISO-9001-2015 company or an equivalent
quality control system.

1.5 SUBMITTALS 

A. Product Data: Material descriptions, construction details, finishes, installation details, and operating
instruction for each type of operable partition, component, and accessory specified.

B. Shop Drawings: Show location and extent of operable partitions. Include plans, elevations, sections,
details, attachments to other construction, and accessories. Indicate dimensions, weights, conditions
at openings, and at storage areas, and required installation, storage, and operating clearances.
Indicate location and installation requirements for hardware and track, including floor tolerances
required and direction of travel. Indicate blocking to be provided by others.

C. Setting Drawings: Show imbedded items and cutouts required in other work, including support beam
punching template.

D. Samples: Color samples demonstrating full range of finishes available by architect. Verification
samples will be available in same thickness and material indicated for the work.

E. Reports: Provide a complete and unedited written sound test report indicating glass thickness and
spacing in test specimen matches product as submitted.

F. Create spaces that are healthy for occupants.

1. Furnish products and materials with Health Product Declaration (HPD), Manufacturer Inventory,
or other material health disclosure documentation. Products without an HPD or other disclosure
documentation are not acceptable.

G. Furnish materials that generate the least amount of pollution.

1. Furnish products and materials that have third party verified environmental product declarations
(EPD’s). Consider products and materials that have optimized environmental performance
(reduced life cycle impacts). Products without an EPD or other disclosure documentation are
not acceptable.

H. Buy American: Operable partition to be manufactured in the United States in compliance with
applicable U.S. Federal Trade Commission (FTC) and U.S. Customs Service and Border Protections
regulations and be labeled “Made in America”.

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Clearly mark packages and panels with numbering systems used on Shop Drawings. Do not use
permanent marking on panels.

B. Protect panels during delivery, storage, and handling to comply with manufacturer’s direction and as
required to prevent damage.
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1.7 WARRANTY 

A. Provide written warranty by manufacturer of operable partitions agreeing to repair or replace any
components with manufacturing defects.

B. Warranty Period: Three (3) years.

PART 2 PRODUCTS 

2.1 MANUFACTURERS, PRODUCTS, AND OPERATION 

A. Manufacturers: Subject to compliance with requirements, provide products by the following:

1. Modernfold, Inc.

B. Panels to be manufactured in the U.S.A.
C. Products: Subject to compliance with the requirements, provide the following product:

1. Acousti-Seal EncoreTM – Single Panel: Manually operated individual panel operable partition.

2.2 OPERATION 

A. Acousti-Seal EncoreTM – Single Panel: Series of individual flat panels, manually operated, top
supported with operable floor seals and automatic top seals.

B. Final Closure:

1. Horizontally expanding panel edge with removable crank.

2.3 PANEL CONSTRUCTION 

A. Nominal 4-1/4-inch (108 mm) thick panels in manufacturer’s standard 51-inch (1295 mm) widths. All
panel horizontal and vertical framing members fabricated from minimum 16-gage formed steel with
overlapped and welded corners for rigidity. Top channel is reinforced to support suspension system
components. Frame is designed so that full vertical edges of panels are of formed steel and provide
concealed protection of the edges of the panel skin.

B. Panel Skin Options:

1. Roll-formed steel wrapping around panel edge. Panel skins shall be lock formed and welded
directly to the frame for the unitized construction. Acoustical ratings of panels with this
construction:

a. 56 STC – 16-gage steel

C. Hinges for Pass Doors, and Pocket Doors shall be:

1. Full leaf butt hinges, attached directly to panel frame with welded hinge anchor plates within
panel to further support hinge mounting to frame. Lifetime Warranty on hinges. Hinges mounted
into panel edge or vertical astragal are not acceptable.

D. Panel Trim: No vertical or horizontal trim required or allowed on edges or panels; minimal groove
appearance at panel joints.

E. Panel Weight:

1. Steel Skin
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a. 56 STC – 11.9 lbs./square foot

2.4 PANEL FINISHES 

A. Panel face finish shall be:

1. Wall covering and upholstery fabric with surface treatment to resist stains.

B. Panel trim: No exposed panel trim required or allowed, hardware to be of one consistent color.
Contractor to submit samples from manufacturer’s selection for approval.

2.5 SOUND SEALS 

A. Vertical Interlocking Sound Seals between panels: Roll-formed steel astragals, with tongue and
groove configuration in each panel edge. Rigid plastic or aluminum astragals are not acceptable.

B. Horizontal Top Seals shall be Modernfold SureSetTM automatic operable top seals, manually operated
operable top seals top seals not required or permitted.

C. Horizontal Bottom Seals shall be Modernforld SureSetTM bottom seal (select one):

1. SA2 – Automatic bottom seals providing nominal 2-inch (51 mm) operating clearance with an
operating range of +1/2-inch (13 mm) to – 1-1/2-inch (38 mm) which automatically drop as
panels are positioned, without the need for tools or cranks. Extended seal shall exert nominal
120 pounds (54 kg) downward force to the floor throughout operating range.

2.6 SUSPENSION SYSTEM (select one) 

A. #17 Suspension System – Smart TrackTM

1. Suspension Tracks: Minimum 11-gage, 0.12-inch (3.04 mm) roll-formed steel track, supported
by adjustable steel hanger brackets, supporting the load-bearing surface of the track,
connected to structural support by pairs of 3/8-inch (9.5 mm) diameter threaded rods.
Aluminum track is not acceptable.

a. Exposed track soffit: Steel, integral to track, and pre-painted off-white.

2. Carriers: Two all-steel trolleys with steel-tired ball bearing wheels. Non-steel tires are not
acceptable. Suspension system shall provide automatic indexing of panels into stack area
using preprogrammed switches and trolleys without electrical, pneumatic, or mechanical
activation.

3. Warranty period: Five (5) years.

2.7 OPTIONS 

A. Single Pass Doors:

1. Matching pass door same thickness and appearance as the panels. ADA compliant pass door
to be trimless and equipped with friction latch and flush pulls for panic operation. No threshold
will be permitted.

2. Hardware:

a. Hand pull with push plate
b. Lever handles both sides of door
c. Panic hardware with or without locking lever handle
d. Automatic door closer
e. Door viewer
f. Self-illuminated exit signs:
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1) Chemical exit sign – recess mount
2) Chemical exit sign – surface mount
3) Photo luminescent exit sign – surface mount

B. Double Pass Doors:

1. Matching pass door same thickness and appearance as the panels. No center post is
permitted. Active leaf to be trimless and equipped for panic operation. No threshold will be
permitted.

2. Hardware:

a. Hand pull with push plate
b. Lever handles both sides of door
c. Panic hardware with or without locking lever handle
d. Automatic door closer
e. Self-illuminated exit signs:

1) Chemical exit sign – recess mount
2) Chemical exit sign – surface mount
3) Photo luminescent exit sign – surface mount

C. Work Surfaces:

1. Markerboard: White enamel on steel, bonded to the face of the panel with horizontal trim
without exposed fasteners. Trim is not acceptable on vertical edges to provide uninterrupted
work surface.

2. Tackboard: Minimum 1/4-inch (6.35 mm) natural cork, covered with vinyl or fabric, with
horizontal trim without exposed fasteners. Trim is not acceptable on vertical edges.

D. Available Accessories/Options:

1. Pocket Doors: Acousti-Seal Pocket Doors by Modernfold, Inc., with same finish and
appearance as the adjacent panels.

2. Intersecting partition interface.

PART 3 EXECUTION 

3.1 INSTALLATION 

A. General: Comply with ASTM E557, operable partition manufacturer’s written installation instructions,
Drawings, and approved Shop Drawings.

B. Install operable partitions and accessories after other finishing operations, including painting have
been completed.

C. Match operable partitions by installing panels from marked packages in numbered sequence
indicated on Shop Drawings.

D. Broken, cracked, chipped, deformed or unmatched panels are not acceptable.

3.2 CLEANING AND PROTECTION 

A. Clean partition surfaces upon completing installation of operable partitions to remove dust, dirt,
adhesives, and other foreign materials according to manufacturer’s written instructions.

B. Provide final protection and maintain conditions in a manner acceptable to the manufacturer and
installed that ensure operable partitions are without damage or deterioration at time of Substantial
Completion.

3.3 ADJUSTING 
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A. Adjust operable partitions to operate smoothly, easily, and quietly, free from binding, warp, excessive
deflection, distortion, nonalignment, misplacement, disruption, or malfunction, throughout entire
operational range. Lubricate hardware and other moving parts.

3.4 EXAMINATION 

A. Examine flooring, structural support, and opening, with Installer present, for compliance with
requirements for installation tolerances and other conditions affecting performance of operable
partitions. Proceed with installation only after unsatisfactory conditions have been corrected.

3.5 DEMONSTRATION 

A. Demonstrate proper operation and maintenance procedures to Owner’s representative.
B. Provide Operation and Maintenance Manual to Owner’s representative.

END OF SECTION 
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DOCUMENT 23 05 93 

TESTING, ADJUSTING, AND BALANCING FOR HVAC 

PART 1  GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and
Division 1 Specification Sections, apply to this Section.

1.2 SUMMARY

A. This Section includes testing, adjusting, and balancing HVAC systems to produce design objectives,
including the following:

1. Balancing airflow and water flow within distribution systems, including submains, branches, and
terminals, to indicated quantities according to specified tolerances.

2. Adjusting total HVAC systems to provide indicated quantities.
3. Measuring electrical performance of HVAC equipment.
4. Setting quantitative performance of HVAC equipment.
5. Verifying that automatic control devices are functioning properly.
6. Measuring sound and vibration.
7. Reporting results of the activities and procedures specified in this Section.

B. Related Sections include the following:

1. Testing and adjusting requirements unique to particular systems and equipment are included in
the Sections that specify those systems and equipment.

2. Field quality-control testing to verify that workmanship quality for system and equipment
installation is specified in system and equipment Sections.

1.3 DEFINITIONS 

A. Adjust:  To regulate fluid flow rate and air patterns at the terminal equipment, such as to reduce fan
speed or adjust a damper.

B. Balance:  To proportion flows within the distribution system, including submains, branches, and
terminals, according to design quantities.

C. Draft:  A current of air, when referring to localized effect caused by one or more factors of high air
velocity, low ambient temperature, or direction of airflow, whereby more heat is withdrawn from a
person's skin than is normally dissipated.

D. Procedure:  An approach to and execution of a sequence of work operations to yield repeatable results.
E. Report Forms:  Test data sheets for recording test data in logical order.
F. Static Head:  The pressure due to the weight of the fluid above the point of measurement.  In a closed

system, static head is equal on both sides of the pump.
G. Suction Head:  The height of fluid surface above the centerline of the pump on the suction side.
H. System Effect:  A phenomenon that can create undesired or unpredicted conditions that cause reduced

capacities in all or part of a system.
I. System Effect Factors:  Allowances used to calculate a reduction of the performance ratings of a fan

when installed under conditions different from those presented when the fan was performance tested.
J. Terminal:  A point where the controlled medium, such as fluid or energy, enters or leaves the distribution

system.
K. Test:  A procedure to determine quantitative performance of a system or equipment.
L. Testing, Adjusting, and Balancing Agent:  The entity responsible for performing and reporting the

testing, adjusting, and balancing procedures.
M. AABC:  Associated Air Balance Council.
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N. AMCA:  Air Movement and Control Association.
O. CTI:  Cooling Tower Institute.
P. NEBB:  National Environmental Balancing Bureau.
Q. SMACNA:  Sheet Metal and Air Conditioning Contractors' National Association.

1.4 SUBMITTALS

A. Quality-Assurance Submittals:  Within 30 days from the Contractor's Notice to Proceed, submit 2 copies
of evidence that the testing, adjusting, and balancing Agent and this Project's testing, adjusting, and
balancing team members meet the qualifications specified in the "Quality Assurance" Article below.

B. Contract Documents Examination Report:  Within 45 days from the Contractor's Notice to Proceed,
submit 2 copies of the Contract Documents review report as specified in Part 3 of this Section.

C. Strategies and Procedures Plan:  Within 60 days from the Contractor's Notice to Proceed, submit 2
copies of the testing, adjusting, and balancing strategies and step-by-step procedures as specified in
Part 3 "Preparation" Article below.  Include a complete set of report forms intended for use on this
Project.

D. Certified Testing, Adjusting, and Balancing Reports:  Submit 2 copies of reports prepared, as specified
in this Section, on approved forms certified by the testing, adjusting, and balancing Agent.

E. Sample Report Forms:  Submit 2 sets of sample testing, adjusting, and balancing report forms.
F. Warranty:  Submit 2 copies of special warranty specified in the "Warranty" Article below.

1.5 QUALITY ASSURANCE

A. Agent Qualifications:  Engage a testing, adjusting, and balancing agent certified by either AABC or
NEBB.

B. Testing, Adjusting, and Balancing Conference:  Meet with the Owner's and the Architect's
representatives on approval of the testing, adjusting, and balancing strategies and procedures plan to
develop a mutual understanding of the details.  Ensure the participation of testing, adjusting, and
balancing team members, equipment manufacturers' authorized service representatives, HVAC controls
Installer, and other support personnel.  Provide 7 days' advance notice of scheduled meeting time and
location.

1. Agenda Items:  Include at least the following:

a. Submittal distribution requirements.
b. Contract Documents examination report.
c. Testing, adjusting, and balancing plan.
d. Work schedule and Project site access requirements.
e. Coordination and cooperation of trades and subcontractors.
f. Coordination of documentation and communication flow.

C. Certification of Testing, Adjusting, and Balancing Reports:  Certify the testing, adjusting, and balancing
field data reports.  This certification includes the following:

1. Review field data reports to validate accuracy of data and to prepare certified testing, adjusting,
and balancing reports.

2. Certify that the testing, adjusting, and balancing team complied with the approved testing,
adjusting, and balancing plan and the procedures specified and referenced in this Specification.

D. Testing, Adjusting, and Balancing Reports:  Use standard forms from AABC's "National Standards for
Testing, Adjusting, and Balancing."

E. Testing, Adjusting, and Balancing Reports:  Use standard forms from NEBB's "Procedural Standards for
Testing, Adjusting, and Balancing of Environmental Systems."
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F. Testing, Adjusting, and Balancing Reports:  Use standard forms from SMACNA's "HVAC Systems--
Testing, Adjusting, and Balancing."

G. Instrumentation Type, Quantity, and Accuracy:  As described in AABC national standards.

H. Instrumentation Type, Quantity, and Accuracy:  As described in NEBB's "Procedural Standards for
Testing, Adjusting, and Balancing of Environmental Systems," Section II, "Required Instrumentation for
NEBB Certification."

I. Instrumentation Calibration:  Calibrate instruments at least every 6 months or more frequently if required
by the instrument manufacturer.

1.6 PROJECT CONDITIONS

A. Partial Owner Occupancy:  The Owner may occupy completed areas of the building before Substantial
Completion.  Cooperate with the Owner during testing, adjusting, and balancing operations to minimize
conflicts with the Owner's operations.

1.7 COORDINATION

A. Coordinate the efforts of factory-authorized service representatives for systems and equipment, HVAC
controls installers, and other mechanics to operate HVAC systems and equipment to support and assist
testing, adjusting, and balancing activities.

B. Notice:  Provide 7 days' advance notice for each test.  Include scheduled test dates and times.
C. Perform testing, adjusting, and balancing after leakage and pressure tests on air and water distribution

systems have been satisfactorily completed.

1.8 WARRANTY

A. General Warranty:  The national project performance guarantee specified in this Article shall not deprive
the Owner of other rights the Owner may have under other provisions of the Contract Documents and
shall be in addition to, and run concurrent with, other warranties made by the Contractor under
requirements of the Contract Documents.

B. National Project Performance Guarantee:  Provide a guarantee on AABC'S "National Standards" forms
stating that AABC will assist in completing the requirements of the Contract Documents if the testing,
adjusting, and balancing Agent fails to comply with the Contract Documents.  Guarantee includes the
following provisions:

C. Special Guarantee:  Provide a guarantee on NEBB forms stating that NEBB will assist in completing the
requirements of the Contract Documents if the testing, adjusting, and balancing Agent fails to comply
with the Contract Documents.  Guarantee includes the following provisions:

1. The certified Agent has tested and balanced systems according to the Contract Documents.
2. Systems are balanced to optimum performance capabilities within design and installation limits.

PART 2  PRODUCTS 

Not Used. 

PART 3  EXECUTION 

3.1 EXAMINATION 

A. Examine Contract Documents to become familiar with project requirements and to discover conditions in
systems' designs that may preclude proper testing, adjusting, and balancing of systems and equipment.

1. Contract Documents are defined in the General and Supplementary Conditions of the Contract.
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2. Verify that balancing devices, such as test ports, gage cocks, thermometer wells, flow-control
devices, balancing valves and fittings, and manual volume dampers, are required by the Contract
Documents.  Verify that quantities and locations of these balancing devices are accessible and
appropriate for effective balancing and for efficient system and equipment operation.

B. Examine approved submittal data of HVAC systems and equipment.
C. Examine project record documents described in Division 1 Section "Project Record Documents."
D. Examine Architect's and Engineer's design data, including HVAC system descriptions, statements of

design assumptions for environmental conditions and systems' output, and statements of philosophies
and assumptions about HVAC system and equipment controls.

E. Examine equipment performance data, including fan and pump curves.  Relate performance data to
project conditions and requirements, including system effects that can create undesired or unpredicted
conditions that cause reduced capacities in all or part of a system.  Calculate system effect factors to
reduce the performance ratings of HVAC equipment when installed under conditions different from
those presented when the equipment was performance tested at the factory.  To calculate system
effects for air systems, use tables and charts found in AMCA 201, "Fans and Systems," Sections 7
through 10; or in SMACNA's "HVAC Systems--Duct Design," Sections 5 and 6.  Compare this data with
the design data and installed conditions.

F. Examine system and equipment installations to verify that they are complete and that testing, cleaning,
adjusting, and commissioning specified in individual Specification Sections have been performed.

G. Examine system and equipment test reports.
H. Examine HVAC system and equipment installations to verify that indicated balancing devices, such as

test ports, gage cocks, thermometer wells, flow-control devices, balancing valves and fittings, and
manual volume dampers, are properly installed, and their locations are accessible and appropriate for
effective balancing and for efficient system and equipment operation.

I. Examine systems for functional deficiencies that cannot be corrected by adjusting and balancing.
J. Examine air-handling equipment to ensure clean filters have been installed, bearings are greased, belts

are aligned and tight, and equipment with functioning controls is ready for operation.
K. Examine terminal units, such as variable-air-volume boxes and mixing boxes, to verify that they are

accessible and their controls are connected and functioning.
L. Examine plenum ceilings, utilized for supply air, to verify that they are airtight.  Verify that pipe

penetrations and other holes are sealed.
M. Examine strainers for clean screens and proper perforations.
N. Examine 3-way valves for proper installation for their intended function of diverting or mixing fluid flows.
O. Examine heat-transfer coils for correct piping connections and for clean and straight fins.
P. Examine open-piping-system pumps to ensure absence of entrained air in the suction piping.
Q. Examine equipment for installation and for properly operating safety interlocks and controls.
R. Examine automatic temperature system components to verify the following:

1. Dampers, valves, and other controlled devices operate by the intended controller.
2. Dampers and valves are in the position indicated by the controller.
3. Integrity of valves and dampers for free and full operation and for tightness of fully closed and

fully open positions.  This includes dampers in multizone units, mixing boxes, and variable-air-
volume terminals.

4. Automatic modulating and shutoff valves, including 2-way valves and 3-way mixing and diverting
valves, are properly connected.

5. Thermostats and humidistats are located to avoid adverse effects of sunlight, drafts, and cold
walls.

6. Sensors are located to sense only the intended conditions.
7. Sequence of operation for control modes is according to the Contract Documents.
8. Controller set points are set at design values.  Observe and record system reactions to changes

in conditions.  Record default set points if different from design values.
9. Interlocked systems are operating.
10. Changeover from heating to cooling mode occurs according to design values.
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S. Report deficiencies discovered before and during performance of testing, adjusting, and balancing
procedures.

3.2 PREPARATION

A. Prepare a testing, adjusting, and balancing plan that includes strategies and step-by-step procedures.

B. Complete system readiness checks and prepare system readiness reports.  Verify the following:

1. Permanent electrical power wiring is complete.
2. Hydronic systems are filled, clean, and free of air.
3. Automatic temperature-control systems are operational.
4. Equipment and duct access doors are securely closed.
5. Balance, smoke, and fire dampers are open.
6. Isolating and balancing valves are open and control valves are operational.
7. Ceilings are installed in critical areas where air-pattern adjustments are required and access to

balancing devices is provided.
8. Windows and doors can be closed so design conditions for system operations can be met.

3.3 GENERAL TESTING AND BALANCING PROCEDURES 

A. Perform testing and balancing procedures on each system according to the procedures contained in
AABC national standards and this Section. Or

B. Perform testing and balancing procedures on each system according to the procedures contained in
NEBB's "Procedural Standards for Testing, Adjusting, and Balancing of Environmental Systems" and
this Section.

C. Cut insulation, ducts, pipes, and equipment cabinets for installation of test probes to the minimum extent
necessary to allow adequate performance of procedures.  After testing and balancing, close probe holes
and patch insulation with new materials identical to those removed.  Restore vapor barrier and finish
according to the insulation Specifications for this Project.

D. Mark equipment settings with paint or other suitable, permanent identification material, including
damper-control positions, valve indicators, fan-speed-control levers, and similar controls and devices, to
show final settings.

3.4 FUNDAMENTAL AIR SYSTEMS' BALANCING PROCEDURES

A. Prepare test reports for both fans and outlets.  Obtain manufacturer's outlet factors and recommended
testing procedures.  Crosscheck the summation of required outlet volumes with required fan volumes.

B. Prepare schematic diagrams of systems' "as-built" duct layouts.
C. For variable-air-volume systems, develop a plan to simulate diversity.
D. Determine the best locations in main and branch ducts for accurate duct airflow measurements.
E. Check the airflow patterns from the outside-air louvers and dampers and the return- and exhaust-air

dampers, through the supply-fan discharge and mixing dampers.
F. Locate start-stop and disconnect switches, electrical interlocks, and motor starters.
G. Verify that motor starters are equipped with properly sized thermal protection.
H. Check dampers for proper position to achieve desired airflow path.
I. Check for airflow blockages.
J. Check condensate drains for proper connections and functioning.
K. Check for proper sealing of air-handling unit components.

3.5 CONSTANT-VOLUME AIR SYSTEMS' BALANCING PROCEDURES

A. The procedures in this Article apply to constant-volume supply-, return-, and exhaust-air systems.
Additional procedures are required for variable-air-volume, multizone, dual-duct, induction-unit supply-
air systems and process exhaust-air systems.  These additional procedures are specified in other
articles in this Section.
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B. Adjust fans to deliver total design airflows within the maximum allowable rpm listed by the fan
manufacturer.

1. Measure fan static pressures to determine actual static pressure as follows:

a. Measure outlet static pressure as far downstream from the fan as practicable and
upstream from restrictions in ducts such as elbows and transitions.

b. Measure static pressure directly at the fan outlet or through the flexible connection.
c. Measure inlet static pressure of single-inlet fans in the inlet duct as near the fan as

possible, upstream from flexible connection and downstream from duct restrictions.
d. Measure inlet static pressure of double-inlet fans through the wall of the plenum that

houses the fan.

2. Measure static pressure across each air-handling unit component.

a. Simulate dirty filter operation and record the point at which maintenance personnel must
change filters.

3. Measure static pressures entering and leaving other devices such as sound traps, heat recovery
equipment, and air washers under final balanced conditions.

4. Compare design data with installed conditions to determine variations in design static pressures
versus actual static pressures.  Compare actual system effect factors with calculated system
effect factors to identify where variations occur.  Recommend corrective action to align design
and actual conditions.

5. Adjust fan speed higher or lower than design with the approval of the Architect.  Make required
adjustments to pulley sizes, motor sizes, and electrical connections to accommodate fan-speed
changes.

6. Do not make fan-speed adjustments that result in motor overload.  Consult equipment
manufacturers about fan-speed safety factors.  Modulate dampers and measure fan-motor
amperage to ensure no overload will occur.  Measure amperage in full cooling, full heating, and
economizer modes to determine the maximum required brake horsepower.

C. Adjust volume dampers for main duct, submain ducts, and major branch ducts to design airflows within
specified tolerances.

1. Measure static pressure at a point downstream from the balancing damper and adjust volume
dampers until the proper static pressure is achieved.

a. Where sufficient space in submains and branch ducts is unavailable for Pitot-tube traverse
measurements, measure airflow at terminal outlets and inlets and calculate the total airflow
for that zone.

2. Remeasure each submain and branch duct after all have been adjusted.  Continue to adjust
submains and branch ducts to design airflows within specified tolerances.

D. Measure terminal outlets and inlets without making adjustments.

1. Measure terminal outlets using a direct-reading hood or the outlet manufacturer's written
instructions and calculating factors.

E. Adjust terminal outlets and inlets for each space to design airflows within specified tolerances of design
values.  Make adjustments using volume dampers rather than extractors and the dampers at the air
terminals.
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1. Adjust each outlet in the same room or space to within specified tolerances of design quantities
without generating noise levels above the limitations prescribed by the Contract Documents.

2. Adjust patterns of adjustable outlets for proper distribution without drafts.

3.6 FUNDAMENTAL PROCEDURES FOR HYDRONIC SYSTEMS 

A. Prepare test reports with pertinent design data and number in sequence starting at pump to end of
system.  Check the sum of branch-circuit flows against approved pump flow rate.  Correct variations that
exceed plus or minus 5 percent.

B. Prepare schematic diagrams of systems' "as-built" piping layouts.

C. Prepare hydronic systems for testing and balancing according to the following, in addition to the general
preparation procedures specified above:

1. Open all manual valves for maximum flow.
2. Check expansion tank liquid level.
3. Check makeup-water-station pressure gage for adequate pressure for highest vent.
4. Check flow-control valves for specified sequence of operation and set at design flow.
5. Set differential-pressure control valves at the specified differential pressure.  Do not set at fully

closed position when pump is positive-displacement type, unless several terminal valves are kept
open.

6. Set system controls so automatic valves are wide open to heat exchangers.
7. Check pump-motor load.  If motor is overloaded, throttle main flow-balancing device so motor

nameplate rating is not exceeded.
8. Check air vents for a forceful liquid flow exiting from vents when manually operated.

3.7 HYDRONIC SYSTEMS' BALANCING PROCEDURES 

A. Determine water flow at pumps.  Use the following procedures, except for positive-displacement pumps:

1. Verify impeller size by operating the pump with the discharge valve closed.  Verify with the pump
manufacturer that this will not damage pump.  Read pressure differential across the pump.
Convert pressure to head and correct for differences in gage heights.  Note the point on the
manufacturer's pump curve at zero flow and confirm that the pump has the intended impeller size.

2. Check system resistance.  With all valves open, read pressure differential across the pump and
mark the pump manufacturer's head-capacity curve.  Adjust pump discharge valve until design
water flow is achieved.

3. Verify pump-motor brake horsepower.  Calculate the intended brake horsepower for the system
based on the pump manufacturer's performance data.  Compare calculated brake horsepower
with nameplate data on the pump motor.  Report conditions where actual amperage exceeds
motor nameplate amperage.

4. Report flow rates that are not within plus or minus 5 percent of design.

B. Set calibrated balancing valves, if installed, at calculated presettings.
C. Measure flow at all stations and adjust, where necessary, to obtain first balance.

1. System components that have Cv rating or an accurately cataloged flow-pressure-drop
relationship may be used as a flow-indicating device.

D. Measure flow at main balancing station and set main balancing device to achieve flow that is 5 percent
greater than design flow.

E. Adjust balancing stations to within specified tolerances of design flow rate as follows:

1. Determine the balancing station with the highest percentage over design flow.
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2. Adjust each station in turn, beginning with the station with the highest percentage over design
flow and proceeding to the station with the lowest percentage over design flow.

3. Record settings and mark balancing devices.

F. Measure pump flow rate and make final measurements of pump amperage, voltage, rpm, pump heads,
and systems' pressures and temperatures, including outdoor-air temperature.

G. Measure the differential-pressure control valve settings existing at the conclusions of balancing.

3.8 MOTORS

A. Motors, 1/2 HP and Larger:  Test at final balanced conditions and record the following data:

1. Manufacturer, model, and serial numbers.
2. Motor horsepower rating.
3. Motor rpm.
4. Efficiency rating if high-efficiency motor.
5. Nameplate and measured voltage, each phase.
6. Nameplate and measured amperage, each phase.
7. Starter thermal-protection-element rating.

B. Motors Driven by Variable-Frequency Controllers:  Test for proper operation at speeds varying from
minimum to maximum.  Test the manual bypass for the controller to prove proper operation.  Record
observations, including controller manufacturer, model and serial numbers, and nameplate data.

3.9 CONDENSING UNITS

A. Verify proper rotation of fans and measure entering- and leaving-air temperatures.  Record compressor
data.

3.10 TEMPERATURE TESTING

A. During testing, adjusting, and balancing, report need for adjustment in temperature regulation within the
automatic temperature-control system.

B. Measure indoor wet- and dry-bulb temperatures every other hour for a period of 2 successive 8-hour
days, in each separately controlled zone, to prove correctness of final temperature settings.  Measure
when the building or zone is occupied.

C. Measure outside-air, wet- and dry-bulb temperatures.

3.11 TEMPERATURE-CONTROL VERIFICATION

A. Verify that controllers are calibrated and commissioned.
B. Check transmitter and controller locations and note conditions that would adversely affect control

functions.
C. Record controller settings and note variances between set points and actual measurements.
D. Verify operation of limiting controllers (i.e., high- and low-temperature controllers).
E. Verify free travel and proper operation of control devices such as damper and valve operators.
F. Verify sequence of operation of control devices.  Note air pressures and device positions and correlate

with airflow and water-flow measurements.  Note the speed of response to input changes.
G. Confirm interaction of electrically operated switch transducers.
H. Confirm interaction of interlock and lockout systems.
I. Verify main control supply-air pressure and observe compressor and dryer operations.
J. Record voltages of power supply and controller output.  Determine if the system operates on a

grounded or nongrounded power supply.
K. Note operation of electric actuators using spring return for proper fail-safe operations.
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3.12 TOLERANCES 

A. Set HVAC system airflow and water flow rates within the following tolerances:

1. Supply, Return, and Exhaust Fans:  Plus 5 to plus 10 percent.
2. Air Outlets and Inlets:  0 to minus 10 percent.
3. Heating-Water Flow Rate:  0 to minus 10 percent.
4. Cooling-Water Flow Rate:  0 to minus 5 percent.

3.13 REPORTING 

A. Initial Construction-Phase Report:  Based on examination of the Contract Documents as specified in
"Examination" Article above, prepare a report on the adequacy of design for systems' balancing
devices.  Recommend changes and additions to systems' balancing devices to facilitate proper
performance measuring and balancing.  Recommend changes and additions to HVAC systems and
general construction to allow access for performance measuring and balancing devices.

B. Status Reports:  As Work progresses, prepare reports to describe completed procedures, procedures in
progress, and scheduled procedures.  Include a list of deficiencies and problems found in systems
being tested and balanced.  Prepare a separate report for each system and each building floor for
systems serving multiple floors.

3.14 FINAL REPORT

A. General:  Typewritten, or computer printout in letter-quality font, on standard bond paper, in 3-ring
binder, tabulated and divided into sections by tested and balanced systems.

B. Include a certification sheet in front of binder signed and sealed by the certified testing and balancing
engineer.

1. Include a list of the instruments used for procedures, along with proof of calibration.

C. Final Report Contents:  In addition to the certified field report data, include the following:

1. Pump curves.
2. Fan curves.
3. Manufacturers' test data.
4. Field test reports prepared by system and equipment installers.
5. Other information relative to equipment performance, but do not include approved Shop Drawings

and Product Data.

D. General Report Data:  In addition to the form titles and entries, include the following data in the final
report, as applicable:

1. Title page.
2. Name and address of testing, adjusting, and balancing Agent.
3. Project name.
4. Project location.
5. Architect's name and address.
6. Engineer's name and address.
7. Contractor's name and address.
8. Report date.
9. Signature of testing, adjusting, and balancing Agent who certifies the report.
10. Summary of contents, including the following:

a. Design versus final performance.
b. Notable characteristics of systems.
c. Description of system operation sequence if it varies from the Contract Documents.
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11. Nomenclature sheets for each item of equipment.
12. Data for terminal units, including manufacturer, type size, and fittings.
13. Notes to explain why certain final data in the body of reports vary from design values.
14. Test conditions for fans and pump performance forms, including the following:

a. Settings for outside-, return-, and exhaust-air dampers.
b. Conditions of filters.
c. Cooling coil, wet- and dry-bulb conditions.
d. Face and bypass damper settings at coils.

e. Fan drive settings, including settings and percentage of maximum pitch diameter.
f. Inlet vane settings for variable-air-volume systems.
g. Settings for supply-air, static-pressure controller.
h. Other system operating conditions that affect performance.

E. System Diagrams:  Include schematic layouts of air and hydronic distribution systems.  Present with
single-line diagrams and include the following:

1. Quantities of outside, supply, return, and exhaust airflows.
2. Water and steam flow rates.
3. Duct, outlet, and inlet sizes.
4. Pipe and valve sizes and locations.
5. Terminal units.
6. Balancing stations.

F. Air-Handling Unit Test Reports:  For air-handling units with coils, include the following:

1. Unit Data:  Include the following:

a. Unit identification.
b. Location.
c. Make and type.
d. Model number and unit size.
e. Manufacturer's serial number.
f. Unit arrangement and class.
g. Discharge arrangement.
h. Sheave make, size in inches, and bore.
i. Sheave dimensions, center-to-center and amount of adjustments in inches.
j. Number of belts, make, and size.
k. Number of filters, type, and size.

2. Motor Data:  Include the following:

a. Make and frame type and size.
b. Horsepower and rpm.
c. Volts, phase, and hertz.
d. Full-load amperage and service factor.
e. Sheave make, size in inches, and bore.
f. Sheave dimensions, center-to-center and amount of adjustments in inches.

3. Test Data:  Include design and actual values for the following:

a. Total airflow rate in cfm.
b. Total system static pressure in inches wg.
c. Fan rpm.
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d. Discharge static pressure in inches wg.
e. Filter static-pressure differential in inches wg.
f. Preheat coil static-pressure differential in inches wg.
g. Cooling coil static-pressure differential in inches wg.
h. Heating coil static-pressure differential in inches wg.
i. Outside airflow in cfm.
j. Return airflow in cfm.
k. Outside-air damper position.
l. Return-air damper position.
m. Vortex damper position.

G. Apparatus-Coil Test Reports:  For apparatus coils, include the following:

1. Coil Data:  Include the following:

a. System identification.
b. Location.
c. Coil type.
d. Number of rows.
e. Fin spacing in fins per inch.
f. Make and model number.
g. Face area in sq. ft.
h. Tube size in NPS.
i. Tube and fin materials.
j. Circuiting arrangement.

2. Test Data:  Include design and actual values for the following:

a. Airflow rate in cfm.
b. Average face velocity in fpm.
c. Air pressure drop in inches wg.
d. Outside-air, wet- and dry-bulb temperatures in deg F.
e. Return-air, wet- and dry-bulb temperatures in deg F.
f. Entering-air, wet- and dry-bulb temperatures in deg F.
g. Leaving-air, wet- and dry-bulb temperatures in deg F.
h. Water flow rate in gpm.
i. Water pressure differential in feet of head or psig.
j. Entering-water temperature in deg F.
k. Leaving-water temperature in deg F.
l. Refrigerant expansion valve and refrigerant types.
m. Refrigerant suction pressure in psig.
n. Refrigerant suction temperature in deg F.
o. Inlet steam pressure in psig.

H. Fan Test Reports:  For supply, return, and exhaust fans, include the following:

1. Fan Data:  Include the following:

a. System identification.
b. Location.
c. Make and type.
d. Model number and size.
e. Manufacturer's serial number.
f. Arrangement and class.
g. Sheave make, size in inches, and bore.
h. Sheave dimensions, center-to-center and amount of adjustments in inches.
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2. Motor Data:  Include the following:

a. Make and frame type and size.
b. Horsepower and rpm.
c. Volts, phase, and hertz.
d. Full-load amperage and service factor.
e. Sheave make, size in inches, and bore.
f. Sheave dimensions, center-to-center and amount of adjustments in inches.
g. Number of belts, make, and size.

3. Test Data:  Include design and actual values for the following:

a. Total airflow rate in cfm.
b. Total system static pressure in inches wg.
c. Fan rpm.
d. Discharge static pressure in inches wg.
e. Suction static pressure in inches wg.

I. Round, Flat-Oval, and Rectangular Duct Traverse Reports:  Include a diagram with a grid representing
the duct cross-section and record the following:

1. Report Data:  Include the following:

a. System and air-handling unit number.
b. Location and zone.
c. Traverse air temperature in deg F.
d. Duct static pressure in inches wg.
e. Duct size in inches.
f. Duct area in sq. ft.
g. Design airflow rate in cfm.
h. Design velocity in fpm.
i. Actual airflow rate in cfm.
j. Actual average velocity in fpm.
k. Barometric pressure in psig.

J. Air-Terminal-Device Reports:  For terminal units, include the following:

1. Unit Data:  Include the following:

a. System and air-handling unit identification.
b. Location and zone.
c. Test apparatus used.
d. Area served.
e. Air-terminal-device make.
f. Air-terminal-device number from system diagram.
g. Air-terminal-device type and model number.
h. Air-terminal-device size.
i. Air-terminal-device effective area in sq. ft.

2. Test Data:  Include design and actual values for the following:

a. Airflow rate in cfm.
b. Air velocity in fpm.
c. Preliminary airflow rate as needed in cfm.
d. Preliminary velocity as needed in fpm.
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e. Final airflow rate in cfm.
f. Final velocity in fpm.
g. Space temperature in deg F.

K. System-Coil Reports:  For reheat coils and water coils of terminal units, include the following:

1. Unit Data:  Include the following:

a. System and air-handling unit identification.
b. Location and zone.
c. Room or riser served.
d. Coil make and size.
e. Flowmeter type.

2. Test Data:  Include design and actual values for the following:

a. Airflow rate in cfm.
b. Entering-water temperature in deg F.
c. Leaving-water temperature in deg F.
d. Water pressure drop in feet of head or psig.
e. Entering-air temperature in deg F.
f. Leaving-air temperature in deg F.

L. Instrument Calibration Reports:  For instrument calibration, include the following:

1. Report Data:  Include the following:

a. Instrument type and make.
b. Serial number.
c. Application.
d. Dates of use.
e. Dates of calibration.

3.15 ADDITIONAL TESTS 

A. Within 90 days of completing testing, adjusting, and balancing, perform additional testing and balancing
to verify that balanced conditions are being maintained throughout and to correct unusual conditions.

B. Seasonal Periods:  If initial testing, adjusting, and balancing procedures were not performed during
near-peak summer and winter conditions, perform additional inspections, testing, and adjusting during
near-peak summer and winter conditions.

END OF SECTION 
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DOCUMENT 23 07 00 

HVAC INSULATION 

PART 1  GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of Contract, including General and Supplementary Conditions and
Division 1 Specification Sections, apply to this Section.

1.2 SUMMARY

A. This Section includes pipe and duct insulation.
B. Related Sections:  The following sections contain requirements that relate to this section:

1. Division 15 Section "Metal Ductwork" for duct lining.

1.3 DEFINITIONS 

A. Hot Surfaces:  Normal operating temperatures of 100 deg F or higher.
B. Dual-Temperature Surfaces:  Normal operating temperatures that vary from hot to cold.
C. Cold Surfaces:  Normal operating temperatures less than 75 deg F.
D. Thermal resistivity is designated by an r-value that represents the reciprocal of thermal conductivity (k-

value).  Thermal conductivity is the rate of heat flow through a homogenous material exactly 1 inch
thick.  Thermal resistivity (r-value) is expressed by the temperature difference in degrees Fahrenheit
between the two exposed faces required to cause 1 BTU per hour to flow through 1 square foot at mean
temperatures indicated.

E. Thermal Conductivity (k-value):  Measure of heat flow through a material at a given temperature
difference; conductivity is expressed in units of Btu x inch/h x sq. ft. x deg F.

F. Density:  Is expressed in pcf.

1.4 SUBMITTALS

A. General:  Submit the following in accordance with Conditions of Contract and Division 1 Specification
Sections.

B. Product data for each type of mechanical insulation identifying k-value, thickness, and accessories.
C. Samples of each type of insulation and jacket.  Identify each sample describing product and intended

use.  Submit the following sizes of sample materials:

1. Board and Block Insulation:  12 inches square section.
2. Pre-Formed Pipe Insulation:  12 inches long, 2-inch NPS.

D. Material certificates, signed by the manufacturer, certifying that materials comply with specified
requirements where laboratory test reports cannot be obtained.

E. Material test reports prepared by a qualified independent testing laboratory.  Certify insulation meets
specified requirements.

1.5 QUALITY ASSURANCE

A. Fire Performance Characteristics:  Conform to the following characteristics for insulation including
facings, cements, and adhesives, when tested according to ASTM E 84, by UL or other testing or
inspecting organization acceptable to the authority having jurisdiction.  Label insulation with appropriate
markings of testing laboratory.

1. Interior Insulation:  Flame spread rating of 25 or less and a smoke developed rating of 50 or less.
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2. Exterior Insulation:  Flame spread rating of 75 or less and a smoke developed rating of 150 or
less.

B. Field-Constructed Mock-Up:  Before installation, erect mock-up of size and at locations indicated to
demonstrate workmanship quality.  Include method of attachment and finishing for each.

1. Interior and exterior equipment.
2. Interior and exterior duct systems.
3. Interior and exterior piping systems.
4. Retain and protect mock-ups during construction as a standard for judging completed unit of

Work.
5. Accepted mock-ups may become part of completed unit of Work.

1.6 SEQUENCING AND SCHEDULING 

A. Schedule insulation application after testing of piping and duct systems.

PART 2  PRODUCTS 

2.1 MANUFACTURERS 

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products
that may be incorporated in the Work include, but are not limited to, the following:

1. Glass Fiber:

a. CertainTeed Corporation.
b. Knauf Fiberglass GmbH.
c. Manville.
d. Owens-Corning Fiberglas Corporation.
e. USG Interiors, Inc. - Thermafiber Division.

2. Flexible Elastomeric Cellular:

a. Armstrong World Industries, Inc.
b. Halstead Industrial Products.
c. IMCOA.
d. Rubatex Corporation.

2.2 GLASS FIBER 

A. Material:  Inorganic glass fibers, bonded with a thermosetting resin.
B. Jacket:  All-purpose, factory-applied, laminated glass-fiber-reinforced, flame-retardant kraft paper and

aluminum foil having self-sealing lap.
C. Board:  ASTM C 612, Class 2, semi-rigid jacketed board.

1. Thermal Conductivity:  0.26 Btu x inch/h x sq. ft. x deg F average maximum, at 75 deg F mean
temperature.

2. Density:  12 pcf average maximum.

D. Blanket:  ASTM C 553, Type II, Class F-1, jacketed flexible blankets.

1. Thermal Conductivity:  0.32 Btu x inch/h x sq. ft. x deg F average maximum, at 75 deg F mean
temperature.
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E. Preformed Pipe Insulation:  ASTM C 547, Class 1, rigid pipe insulation, jacketed.

1. Thermal Conductivity:  0.26 Btu x inch/h x sq. ft. x deg F average maximum at 75 deg F mean
temperature.

2. Density:  10 pcf average maximum.

F. Adhesive:  Produced under the UL Classification and Follow-up service.

1. Type:  Non-flammable, solvent-based.
2. Service Temperature Range:  Minus 20 to 180 deg F.

G. Vapor Barrier Coating:  Waterproof coating recommended by insulation manufacturer for outside
service.

2.3 FLEXIBLE ELASTOMERIC CELLULAR

A. Material:  Flexible expanded closed-cell structure with smooth skin on both sides.

1. Tubular Materials:  ASTM C 534, Type I.
2. Sheet Materials:  ASTM C 534, Type II.

B. Thermal Conductivity:  0.30 Btu x inch/h x sq. ft. x deg F average maximum at 75 deg F.
C. Coating:  Water based latex enamel coating recommended by insulation manufacturer.

2.4 INSULATING CEMENTS

A. Mineral Fiber:  ASTM C 195.

1. Thermal Conductivity:  1.0 Btu x inch/h x sq. ft. x deg F average maximum at 500 deg F mean
temperature.

2. Compressive Strength:  10 psi at 5 percent deformation.

B. Expanded or Exfoliated Vermiculite:  ASTM C 196.

1. Thermal Conductivity:  1.10 Btu x inch/h x sq. ft. x deg F average maximum at 500 deg F mean
temperature.

2. Compressive Strength:  5 psi at 5 percent deformation.

C. Mineral Fiber, Hydraulic-Setting Insulating and Finishing Cement:  ASTM C 449.

1. Thermal Conductivity:  1.2 Btu x inch/h x sq. ft. x deg F average maximum at 400 deg F mean
temperature.

2. Compressive Strength:  100 psi at 5 percent deformation.

2.5 ADHESIVES 
A. Flexible Elastomeric Cellular Insulation Adhesive:  Solvent-based, contact adhesive recommended by

insulation manufacturer.
B. Lagging Adhesive:  MIL-A-3316C, non-flammable adhesive in the following Classes and Grades:

1. Class 1, Grade A for bonding glass cloth and tape to unfaced glass fiber insulation, sealing edges
of glass fiber insulation, and bonding lagging cloth to unfaced glass fiber insulation.

2. Class 2, Grade A for bonding glass fiber insulation to metal surfaces.

2.6 JACKETS 

A. General:  ASTM C 921, Type 1, except as otherwise indicated.
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B. Foil and Paper Jacket:  Laminated glass-fiber-reinforced, flame-retardant kraft paper and aluminum foil.

1. Water Vapor Permeance:  0.02 perm maximum, when tested according to ASTM E 96.
2. Puncture Resistance:  50 beach units minimum, when tested according to ASTM D 781.

2.7 ACCESSORIES AND ATTACHMENTS 

A. Glass Cloth and Tape:  Woven glass fiber fabrics, plain weave, presized a minimum of 8 ounces per sq.
yd.

1. Tape Width:  4 inches.
2. Cloth Standard:  MIL-C-20079H, Type I.
3. Tape Standard:  MIL-C-20079H, Type II.

B. Wire:  14 gage nickel copper alloy, 16 gage, soft-annealed stainless steel, or 16 gage, soft-annealed
galvanized steel.

C. Corner Angles:  28 gage, 1 inch by 1 inch aluminum, adhered to 2 inches by 2 inches kraft paper.
D. Anchor Pins:  Capable of supporting 20 pounds each.  Provide anchor pins and speed washers of sizes

and diameters as recommended by the manufacturer for insulation type and thickness.

2.8 SEALING COMPOUNDS

A. Vapor Barrier Compound:  Water-based, fire-resistive composition.

1. Water Vapor Permeance:  0.08 perm maximum.
2. Temperature Range:  Minus 20 to 180 deg F.

B. Weatherproof Sealant:  Flexible-elastomer-based, vapor-barrier sealant designed to seal metal joints.

1. Water Vapor Permeance:  0.02 perm maximum.
2. Temperature Range:  Minus 50 to 250 deg F.
3. Color:  Aluminum.

PART 3  EXECUTION 

3.1 PREPARATION 

A. Surface Preparation:  Clean, dry, and remove foreign materials such as rust, scale, and dirt.
B. Mix insulating cements with clean potable water.  Mix insulating cements contacting stainless-steel

surfaces with demineralized water.

1. Follow cement manufacturer's printed instructions for mixing and portions.

3.2 INSTALLATION, GENERAL 

A. Refer to schedules at the end of this Section for materials, forms, jackets, and thicknesses required for
each mechanical system.

B. Select accessories compatible with materials suitable for the service.  Select accessories that do not
corrode, soften, or otherwise attack the insulation or jacket in either the wet or dry state.

C. Install vapor barriers on insulated pipes, ducts, and equipment having surface operating temperatures
below 60 deg F.

D. Apply insulation material, accessories, and finishes according to the manufacturer's printed instructions.
E. Install insulation with smooth, straight, and even surfaces.
F. Seal joints and seams to maintain vapor barrier on insulation requiring a vapor barrier.
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G. Seal penetrations for hangers, supports, anchors, and other projections in insulation requiring a vapor
barrier.

H. Seal Ends:  Except for flexible elastomeric insulation, taper ends at 45 degree angle and seal with
lagging adhesive.  Cut ends of flexible elastomeric cellular insulation square and seal with adhesive.

I. Apply adhesives and coatings at manufacturer's recommended coverage-per-gallon rate.
J. Keep insulation materials dry during application and finishing.

K. Items Not Insulated:  Unless otherwise indicated do not apply insulation to the following systems,
materials, and equipment:

1. Fibrous glass ducts.
2. Metal ducts with duct liner.
3. Factory-insulated flexible ducts.
4. Factory-insulated plenums, casings, terminal boxes, and filter boxes and sections.
5. Flexible connectors for ducts and pipes.
6. Vibration control devices.
7. Testing laboratory labels and stamps.
8. Nameplates and data plates.
9. Access panels and doors in air distribution systems.
10. Fire protection piping systems.
11. Sanitary drainage and vent piping.
12. Drainage piping located in crawl spaces, unless indicated otherwise.
13. Below grade piping.
14. Chrome-plated pipes and fittings, except for plumbing fixtures for the disabled.
15. Piping specialties including air chambers, unions, strainers, check valves, plug valves, and flow

regulators.

3.3 PIPE INSULATION INSTALLATION, GENERAL 

A. Tightly butt longitudinal seams and end joints.  Bond with adhesive.
B. Stagger joints on double layers of insulation.
C. Apply insulation continuously over fittings, valves, and specialties, except as otherwise indicated.
D. Apply insulation with a minimum number of joints.
E. Apply insulation with integral jackets as follows:

1. Pull jacket tight and smooth.
2. Cover circumferential joints with butt strips, at least 3 inches wide, and of same material as

insulation jacket. Secure with adhesive and outward clinching staples along both edges of butt
strip and space 4 inches on center.

3. Longitudinal Seams:  Overlap seams at least 1-1/2 inches.  Apply insulation with longitudinal
seams at bottom of pipe.  Clean and dry surface to receive self-sealing lap.  Staple laps with
outward clinching staples along edge at 4 inches on center.

a. Exception:  Do not staple longitudinal laps on insulation applied to piping systems with
surface temperatures at or below 35 deg F.

4. Vapor Barrier Coatings:  Where vapor barriers are indicated, apply on seams and joints, over
staples, and at ends butt to flanges, unions, valves, and fittings.

5. At penetrations in jackets for thermometers and pressure gages, fill and seal voids with vapor
barrier coating.

6. Repair damaged insulation jackets, except metal jackets, by applying jacket material around
damaged jacket.  Adhere, staple, and seal.  Extend patch at least 2 inches in both directions
beyond damaged insulation jacket and around the entire circumference of the pipe.

F. Roof Penetrations:  Apply insulation for interior applications to a point even with the top of the roof
flashing.  Seal with vapor barrier coating.  Apply insulation for exterior applications butted tightly to
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interior insulation ends.  Extend metal jacket for exterior insulation outside roof flashing at least 2 inches 
below top of roof flashing.  Seal metal jacket to roof flashing with vapor barrier coating. 

G. Exterior Wall Penetrations:  For penetrations of below grade exterior walls, extend metal jacket for
exterior insulation through penetration to a point 2 inches from interior surface of wall inside the building.
Seal ends of metal jacket with vapor barrier coating.  Secure metal jacket ends with metal band.  At
point where insulation metal jacket contacts mechanical sleeve seal, insert cellular glass preformed pipe
insulation to allow sleeve seal tightening against metal jacket.  Tighten and seal sleeve to jacket to form
a watertight seal.

H. Interior Walls and Partitions Penetrations:  Apply insulation continuously through walls and partitions,
except fire-rated walls and partitions.  Apply an aluminum jacket with factory-applied moisture barrier
over insulation.  Extend 2 inches from both surfaces of wall or partition.  Secure aluminum jacket with
metal bands at both ends.  Seal ends of jacket with vapor barrier coating.  Seal around penetration with
joint sealer.  Refer to Division 7 Section "Joint Sealants."

I. Fire-Rated Walls and Partitions Penetrations:  Terminate insulation at penetrations through fire-rated
walls and partitions.  Seal insulation ends with vapor barrier coating.  Seal around penetration with
firestopping or fire-resistant joint sealer.  Refer to Division 7 for firestopping and fire-resistant joint
sealers.

J. Floor Penetrations:  Terminate insulation underside of floor assembly and at floor support at top of floor.
K. Flanges, Fittings, and Valves - Interior Exposed and Concealed:  Coat pipe insulation ends with vapor

barrier coating.  Apply premolded, precut, or field-fabricated segments of insulation around flanges,
unions, valves, and fittings.  Make joints tight.  Bond with adhesive.

1. Use same material and thickness as adjacent pipe insulation.
2. Overlap nesting insulation by 2 inches or 1-pipe diameter, which ever is greater.
3. Apply materials with adhesive, fill voids with mineral fiber insulating cement.  Secure with wire or

tape.
4. Insulate elbows and tees smaller than 3 inches pipe size with premolded insulation.
5. Insulate elbows and tees 3 inches and larger with premolded insulation or insulation material

segments.  Use at least 3 segments for each elbow.
6. Cover insulation, except for metal jacketed insulation, with PVC fitting covers and seal

circumferential joints with butt strips.
7. Cover insulation, except for metal jacketed insulation, with 2 layers of lagging adhesive to a

minimum thickness of 1/16 inch. Install glass cloth between layers.  Overlap adjacent insulation
by 2 inches in both directions from joint with glass cloth and lagging adhesive.

L. Hangers and Anchors:  Apply insulation continuously through hangers and around anchor attachments.
Install saddles, shields, and inserts as specified in Division 15 Section "Supports and Anchors."  For
cold surface piping, extend insulation on anchor legs a minimum of 12 inches and taper and seal
insulation ends.

1. Inserts and Shields:  Cover hanger inserts and shields with jacket material matching adjacent
pipe insulation.

3.4 GLASS FIBER PIPE INSULATION INSTALLATION 

A. Bond insulation to pipe with lagging adhesive.
B. Seal exposed ends with lagging adhesive.
C. Seal seams and joints with vapor barrier compound.

3.5 FLEXIBLE ELASTOMERIC CELLULAR PIPE INSULATION INSTALLATION

A. Slip insulation on the pipe before making connections wherever possible.  Seal joints with adhesive.
Where the slip-on technique is not possible, cut one side longitudinally and apply to the pipe.  Seal
seams and joints with adhesive.

B. Valves, Fittings, and Flanges:  Cut insulation segments from pipe or sheet insulation.  Bond to valve,
fitting, and flange and seal joints with adhesive.
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1. Miter cut materials to cover soldered elbows and tees.
2. Fabricate sleeve fitting covers from flexible elastomeric cellular insulation for screwed valves,

fittings, and specialties.  Miter cut materials.  Overlap adjoining pipe insulation.

3.6 DUCT INSULATION 

A. Install block and board insulation as follows:

1. Adhesive and Band Attachment:  Secure block and board insulation tight and smooth with at least
50 percent coverage of adhesive.  Install bands spaced 12 inches apart.  Protect insulation under
bands and at exterior corners with metal corner angles.  Fill joints, seams, and chipped edges
with vapor barrier compound.

2. Speed Washers Attachment:  Secure insulation tight and smooth with speed washers and welded
pins.  Space anchor pins 18 inches apart each way and 3 inches from insulation joints.  Apply
vapor barrier coating compound to insulation in contact, open joints, breaks, punctures, and voids
in insulation.

B. Blanket Insulation:  Install tight and smooth.  Secure to ducts having long sides or diameters as follows:

1. Smaller Than 24 Inches:  Bonding adhesive applied in 6 inches wide transverse strips on 12
inches centers.

2. 24 Inches and Larger:  Anchor pins spaced 12 inches apart each way.  Apply bonding adhesive
to prevent sagging of the insulation.

3. Overlap joints 3 inches.
4. Seal joints, breaks, and punctures with vapor barrier compound.

3.7 JACKETS 

A. Foil and Paper Jackets (FP):  Install jackets drawn tight.  Install lap or butt strips at joints with material
same as jacket.  Secure with adhesive.  Install jackets with 1-1/2 inches laps at longitudinal joints and 3
inch wide butt strips at end joints.

1. Seal openings, punctures, and breaks in vapor barrier jackets and exposed insulation with vapor
barrier compound.

B. Interior Exposed Insulation:  Install continuous glass cloth jackets.
C. Install metal jacket with 2 inches overlap at longitudinal and butt joints.  Overlap longitudinal joints to

shed water.  Seal butt joints with weatherproof sealant recommended by insulation manufacturer.
Secure jacket with stainless-steel draw bands 12 inches on center and at butt joints.

D. Install glass cloth jacket directly over insulation.  On insulation with a factory applied jacket, install the
glass cloth jacket over the factory applied jacket.  Install jacket drawn smooth and tight with a 2 inch
overlap at joints.  Embed glass cloth between (2) 1/16 inch thick coats of lagging adhesive.  Completely
encapsulate the insulation with the jacket, leaving no exposed raw insulation.

3.8 FINISHES

A. Paint finished insulation as specified in Division 9 Section "Painting."
B. Flexible Elastomeric Cellular Insulation:  After adhesive has fully cured, apply 2 coats of protective

coating to exposed insulation.

3.9 APPLICATIONS

A. General:  Materials and thicknesses are specified in schedules at the end of this Section.
B. Interior, Exposed Piping Systems:  Unless otherwise indicated, insulate the following piping systems:
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1. Domestic hot water.
2. Recirculated hot water.
3. Low-temperature hydronic (0 to 34 deg F).
4. Refrigerant suction.
5. Hydronic piping (35 to 99 deg F).
6. Hydronic piping (100 to 250 deg F).
7. High-temperature hydronic, steam, and condensate (250 to 350 deg F).
8. High-temperature hydronic, steam, and condensate (350 to 450 deg F).
9. Diesel engine exhaust.

C. Interior, Concealed Piping Systems:  Unless otherwise indicated, insulate the following piping systems:

1. Domestic hot water.
2. Low-temperature hydronic (0 to 34 deg F).
3. Refrigerant suction.
4. Chilled water (35 to 55 deg F).
5. Hydronic piping (35 to 99 deg F).
6. Hydronic piping (100 to 250 deg F).
7. High-temperature hydronic, steam, and condensate (250 to 350 deg F).
8. High-temperature hydronic, steam, and condensate (350 to 450 deg F).
9. Diesel engine exhaust.

D. Exterior, Exposed Piping Systems:  Unless otherwise indicated, insulate the following piping systems:

1. Refrigerant suction.
2. Hydronic piping (35 to 99 deg F).
3. Diesel engine exhaust.

E. Exterior, Concealed Piping Systems:  Unless otherwise indicated, insulate the following piping systems:

1. Refrigerant suction.
2. Hydronic piping (35 to 99 deg F).
3. Diesel engine exhaust.

F. Duct Systems:  Unless otherwise indicated, insulate the following duct systems:

1. Interior concealed supply, return and outside air ductwork.
2. Interior exposed supply, return and outside air ductwork.
3. Exterior exposed supply and return ductwork.
4. Interior exposed and concealed supply fans, air handling unit casings and outside air plenums.

3.10 PIPE INSULATION SCHEDULES 

A. General:  Abbreviations used in the following schedules include:

1. Field-Applied Jackets:  P - PVC, K - Foil and Paper, A - Aluminum, SS - Stainless Steel.
2. Pipe Sizes:  NPS - Nominal Pipe Size.

B. Domestic Cold Water and Storm Water All Sizes (Interior):  1/2 inch thick glass fiber, cellular glass, or
flexible elastomeric insulation.  Field-applied jacket is not required.
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INTERIOR DOMESTIC HOT WATER AND RECIRCULATED HOT WATER 

PIPE SIZES 
(NPS) 

MATERIALS THICKNESS 
IN INCHES 

VAPOR 
BARRIER 
REQ'D 

FIELD- APPLIED 
JACKET 

1/2 TO 1-1/4 GLASS FIBER 1/2 NO NONE 
CELLULAR GLASS 1 NO NONE 
FLEXIBLE ELASTOMERIC 1/2 NO NONE 

1-1/2 TO 4 GLASS FIBER 1/2 NO NONE 
CELLULAR GLASS 1 NO NONE 
FLEXIBLE ELASTOMERIC 3/4 NO NONE 

5 TO 10 GLASS FIBER 3/4 NO NONE 
CELLULAR GLASS 1-1/2 NO NONE 
FLEXIBLE ELASTOMERIC 3/4 NO NONE 

12 TO 36 GLASS FIBER 1 NO NONE 
CELLULAR GLASS 1-1/2 NO NONE 
FLEXIBLE ELASTOMERIC 3/4 NO NONE 

INTERIOR LOW-TEMPERATURE HYDRONIC (0 TO 34 DEG F) EXPOSED AND CONCEALED 

PIPE SIZES 
(NPS) 

MATERIALS THICKNESS 
IN INCHES 

VAPOR 
BARRIER 
REQ'D 

FIELD- APPLIED 
JACKET 

1/2 TO 1-1/4 GLASS FIBER 1 YES NONE 
CELLULAR GLASS 1 YES NONE 
FLEXIBLE ELASTOMERIC 3/4 YES NONE 

1-1/2 TO 4 GLASS FIBER 1 YES NONE 
CELLULAR GLASS 1-1/2 YES NONE 
FLEXIBLE ELASTOMERIC 3/4 YES NONE 

5 TO 10 GLASS FIBER 1-1/2 YES NONE 
CELLULAR GLASS 1-1/2 YES NONE 

12 TO 36 GLASS FIBER 2 YES NONE 
CELLULAR GLASS 2 YES NONE 

INTERIOR REFRIGERANT SUCTION AND DUAL-TEMP HYDRONIC (35 TO 100 DEG F) EXPOSED AND 
CONCEALED 

PIPE SIZES 
(NPS) 

MATERIALS THICKNESS 
IN INCHES 

VAPOR 
BARRIER 
REQ'D 

FIELD- APPLIED 
JACKET 

1/2 TO 1-1/4 GLASS FIBER 1 YES NONE 
CELLULAR GLASS 1 YES NONE 
FLEXIBLE ELASTOMERIC 3/4 YES NONE 

1-1/2 TO 4 GLASS FIBER 1 YES NONE 
CELLULAR GLASS 1-1/2 YES NONE 
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FLEXIBLE ELASTOMERIC 3/4 YES NONE 

5 TO 10 GLASS FIBER 1-1/2 YES NONE 
CELLULAR GLASS 1-1/2 YES NONE 

12 TO 36 GLASS FIBER 1-1/2 YES NONE 
CELLULAR GLASS 2 YES NONE 

EXTERIOR REFRIGERANT SUCTION AND DUAL-TEMP HYDRONIC (35 TO 100 DEG F) EXPOSED AND 
CONCEALED 

PIPE SIZES 
(NPS) 

MATERIALS THICKNESS 
IN INCHES 

VAPOR 
BARRIER 
REQ'D 

FIELD- APPLIED 
JACKET 

1/2 TO 1-1/4 GLASS FIBER 2 YES (P)(A)(SS) 
CELLULAR GLASS 2 YES (P)(A)(SS) 
FLEXIBLE ELASTOMERIC 3/4 YES NONE 

1-1/2 TO 4 GLASS FIBER 2 YES (P)(A)(SS) 
CELLULAR GLASS 2-1/2 YES (P)(A)(SS) 
FLEXIBLE ELASTOMERIC 3/4 YES NONE 

5 TO 10 GLASS FIBER 2-1/2 YES (P)(A)(SS) 
CELLULAR GLASS 2-1/2 YES (P)(A)(SS) 

12 TO 36 GLASS FIBER 2-1/2 YES (P)(A)(SS) 
CELLULAR GLASS 3 YES (P)(A)(SS) 

INTERIOR HYDRONIC (100 TO 250 DEG F) EXPOSED AND CONCEALED 

PIPE SIZES 
(NPS) 

MATERIALS THICKNESS 
IN INCHES 

VAPOR 
BARRIER 
REQ'D 

FIELD- APPLIED 
JACKET 

1/2 TO 4 GLASS FIBER 1 NO NONE 
CELLULAR GLASS 1-1/2 NO NONE 
CALCIUM SILICATE 1-1/2 NO (P)(K)(A)(SS) 

5 TO 10 GLASS FIBER 2 NO NONE 
CELLULAR GLASS 2-1/2 NO NONE 
CALCIUM SILICATE 2 NO (P)(K)(A)(SS) 

12 TO 36 GLASS FIBER 2-1/2 NO NONE 
CELLULAR GLASS 3 NO NONE 
CALCIUM SILICATE 2-1/2 NO (P)(K)(A)(SS) 

1/2 TO 1-1/4 
ONLY 

FLEXIBLE ELASTOMERIC 3/4 NO NONE 

INTERIOR HYDRONIC AND L.P. STEAM (250 TO 350 DEG F) EXPOSED AND CONCEALED 

PIPE SIZES 
(NPS) 

MATERIALS THICKNESS 
IN INCHES 

VAPOR 
BARRIER 
REQ'D 

FIELD- APPLIED 
JACKET 
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1/2 TO 1-1/4 GLASS FIBER 1-1/2 NO NONE 
CELLULAR GLASS 2 NO NONE 
CALCIUM SILICATE 1-1/2 NO (P)(K)(A)(SS) 

1-1/2 TO 4 GLASS FIBER 2 NO NONE 
CELLULAR GLASS 2-1/2 NO NONE 
CALCIUM SILICATE 2 NO (P)(K)(A)(SS) 

5 TO 10 GLASS FIBER 3 NO NONE 
CELLULAR GLASS 3-1/2 NO NONE 
CALCIUM SILICATE 3 NO (P)(K)(A)(SS) 

12 TO 36 GLASS FIBER 3-1/2 NO NONE 
CELLULAR GLASS 4 NO NONE 
CALCIUM SILICATE 3-1/2 NO (P)(K)(A)(SS) 

INTERIOR HYDRONIC AND H.P. STEAM (350 TO 450 DEG F) EXPOSED AND CONCEALED 

PIPE SIZES 
(NPS) 

MATERIALS THICKNESS 
IN INCHES 

VAPOR 
BARRIER 
REQ'D 

FIELD- APPLIED 
JACKET 

1/2 TO 1-1/4 GLASS FIBER 2 NO NONE 
CELLULAR GLASS 2-1/2 NO NONE 
CALCIUM SILICATE 2 NO (K)(A)(SS) 

1-1/2 TO 4 GLASS FIBER 2-1/2 NO NONE 
CELLULAR GLASS 3 NO NONE 
CALCIUM SILICATE 2-1/2 NO (K)(A)(SS) 

5 TO 10 GLASS FIBER 3-1/2 NO NONE 
CELLULAR GLASS 4 NO NONE 
CALCIUM SILICATE 3-1/2 NO (K)(A)(SS) 

12 TO 36 GLASS FIBER 4 NO NONE 
CELLULAR GLASS 4-1/2 NO NONE 
CALCIUM SILICATE 4 NO (K)(A)(SS) 

INTERIOR HYDRONIC AND H.P. STEAM (350 TO 450 DEG F) EXPOSED AND CONCEALED 

PIPE SIZES 
(NPS) 

MATERIALS THICKNESS 
IN INCHES 

VAPOR 
BARRIER 
REQ'D 

FIELD- APPLIED 
JACKET 

1/2 TO 1-1/4 GLASS FIBER 3 NO (A)(SS) 
CELLULAR GLASS 3-1/2 NO (A)(SS) 
CALCIUM SILICATE 3 NO (A)(SS) 

1-1/2 TO 4 GLASS FIBER 3-1/2 NO (A)(SS) 
CELLULAR GLASS 4 NO (A)(SS) 
CALCIUM SILICATE 3-1/2 NO (A)(SS) 

5 TO 10 GLASS FIBER 4-1/2 NO (A)(SS) 
CELLULAR GLASS 5 NO (A)(SS) 
CALCIUM SILICATE 4-1/2 NO (A)(SS) 
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12 TO 36 GLASS FIBER 5 NO (A)(SS) 
CELLULAR GLASS 5-1/2 NO (A)(SS) 
CALCIUM SILICATE 5 NO (A)(SS) 

NOTE: INSTALL OVER FREEZE PROTECTION HEAT TRACING. 

INTERIOR DIESEL ENGINE EXHAUST (INCLUDING SILENCER) EXPOSED AND CONCEALED 

PIPE SIZES 
(NPS) 

MATERIALS THICKNESS 
IN INCHES 

VAPOR 
BARRIER 
REQ'D 

FIELD- APPLIED 
JACKET 

1 TO 1-1/4 CELLULAR GLASS 3 NO (A)(SS) 

1-1/2 TO 4 CELLULAR GLASS 3-1/2 NO (A)(SS) 

5 TO 10 CELLULAR GLASS 4 NO (A)(SS) 

12 TO 36 CELLULAR GLASS 5 NO (A)(SS) 

3.11 DUCT SYSTEMS INSULATION SCHEDULE 

INTERIOR CONCEALED HVAC SUPPLY AND RETURN DUCTS AND PLENUMS 

MATERIAL FORM THICKNESS IN 
INCHES 

VAPOR 
BARRIER 
REQ'D 

FIELD- APPLIED 
JACKET 

GLASS FIBER BLANKET 1-1/2 YES NONE 

INTERIOR EXPOSED HVAC SUPPLY AND RETURN DUCTS AND PLENUMS 

MATERIAL FORM THICKNESS IN 
INCHES 

VAPOR 
BARRIER 
REQ'D 

FIELD- APPLIED 
JACKET 

GLASS FIBER BOARD - 
RECT. 

1-1/2 YES NONE 

GLASS FIBER PIPE - 
ROUND 

1-1/2 YES NONE 

EXTERIOR CONCEALED HVAC SUPPLY AND RETURN DUCTS AND PLENUMS 

MATERIAL FORM THICKNESS IN 
INCHES 

VAPOR 
BARRIER 
REQ'D 

FIELD- APPLIED 
JACKET 

GLASS FIBER BOARD - 
RECT. 

2 YES NONE 

GLASS FIBER PIPE - 
ROUND 

2 YES NONE 
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CELLULAR GLASS BOARD - 
RECT. 

3 YES NONE 

GLASS FIBER PIPE - 
ROUND 

3 YES NONE 

FLEXIBLE ELASTOMERIC SHEET 2 YES NONE 

INTERIOR EXPOSED HVAC SUPPLY FANS, AIR HANDLING UNITS, CASING, AND PLENUMS 

MATERIAL FORM THICKNESS IN 
INCHES 

VAPOR 
BARRIER 
REQ'D 

FIELD- APPLIED 
JACKET 

GLASS FIBER BOARD 2 YES NONE 

END OF SECTION 
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DOCUMENT 23 31 13 

METAL DUCTS 

PART 1  GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of Contract, including General and Supplementary Conditions and
Division 1 Specification Sections, apply to this Section.

B. Requirements of the following Division 15 Sections apply to this section:

1. "Basic Mechanical Requirements."
2. "Basic Mechanical Materials and Methods."

1.2 SUMMARY 

A. This Section includes rectangular, round, and flat-oval metal ducts and plenums for heating, ventilating,
and air conditioning systems in pressure classes from minus 2 inches to plus 10 inches water gage.

1.3 DEFINITIONS

A. Sealing Requirements Definitions:  For the purposes of duct systems sealing requirements specified in
this Section, the following definitions apply:

1. Seams:  A seam is defined as joining of two longitudinally (in the direction of airflow) oriented
edges of duct surface material occurring between two joints.  All other duct surface connections
made on the perimeter are deemed to be joints.

2. Joints:  Joints include girth joints; branch and subbranch intersections; so-called duct collar tap-
ins; fitting subsections; louver and air terminal connections to ducts; access door and access
panel frames and jambs; duct, plenum, and casing abutments to building structures.

1.4 SYSTEM PERFORMANCE REQUIREMENTS 

A. The duct system design, as indicated, has been used to select and size air moving and distribution
equipment and other components of the air system.  Changes or alterations to the layout or
configuration of the duct system must be specifically approved in writing.  Accompany requests for
layout modifications with calculations showing that the proposed layout will provide the original design
results without increasing the system total pressure.

1.5 SUBMITTALS

A. General:  Submit the following in accordance with Conditions of Contract and Division 1 Specification
Sections.

B. Product data including details of construction relative to materials, dimensions of individual components,
profiles, and finishes for the following items:

1. Sealing Materials.
2. Fire-Stopping Materials.

C. Shop drawings from duct fabrication shop, drawn to a scale not smaller than 1/4 inch equals 1 foot, on
drawing sheets same size as the Contract Drawings, detailing:

1. Fabrication, assembly, and installation details, including plans, elevations, sections, details of
components, and attachments to other work.
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2. Duct layout, indicating pressure classifications and sizes in plan view.  For exhaust ducts
systems, indicate the classification of the materials handled as defined in this Section.

3. Fittings.
4. Reinforcing details and spacing.
5. Seam and joint construction details.
6. Penetrations through fire-rated and other partitions.
7. Terminal unit, coil, and humidifier installations.
8. Hangers and supports, including methods for building attachment, vibration isolation, and duct

attachment.

D. Coordination drawings for ductwork installation in accordance with Division 15 Section "Basic
Mechanical Requirements." In addition to the requirements specified in "Basic Mechanical
Requirements" show the following:

1. Coordination with ceiling suspension members.
2. Spatial coordination with other systems installed in the same space with the duct systems.
3. Coordination of ceiling- and wall-mounted access doors and panels required to provide access to

dampers and other operating devices.
4. Coordination with ceiling-mounted lighting fixtures and air outlets and inlets.

E. Welding certificates including welding procedures specifications, welding procedures qualifications test
records, and welders' qualifications test records complying with requirements specified in "Quality
Assurance" below.

F. Record drawings including duct systems routing, fittings details, reinforcing, support, and installed
accessories and devices, in accordance with Division 15 Section "Basic Mechanical Requirements" and
Division 1.

G. Maintenance data for volume control devices, fire dampers, and smoke dampers, in accordance with
Division 15 Section "Basic Mechanical Requirements" and Division 1.

1.6 QUALITY ASSURANCE

A. Qualify welding processes and welding operators in accordance with AWS D1.1 "Structural Welding
Code - Steel" for hangers and supports and AWS D9.1 "Sheet Metal Welding Code."

B. Qualify each welder in accordance with AWS qualification tests for welding processes involved.  Certify
that their qualification is current.

C. NFPA Compliance:  Comply with the following NFPA Standards:

1. NFPA 90A, "Standard for the Installation of Air Conditioning and Ventilating Systems," except as
indicated otherwise.

2. NFPA 96, "Standard for the Installation of Equipment for the Removal of Smoke and Grease-
Laden Vapors for Commercial Cooking Equipment," Chapter 3, "Duct System," for kitchen hood
duct systems, except as indicated otherwise.

D. Field-Constructed Mock-Up:  Prior to installation of duct systems erect mock-ups representing duct
systems pressure classifications greater than 2 inches.  Build mock-ups to comply with the following
requirements, using materials indicated for final unit of Work.

1. Locate mock-ups on the site.  Mock-up may be a representative section of the actual duct
system.

2. Include the minimum number of each of the following features and fittings:

a. Five transverse joints.
b. One access door.
c. Two typical branch connections each with at least one elbow.
d. Two typical flexible duct or flexible connector connections for each type duct and

apparatus.
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3. Perform tests specified in "Field Quality Control." Modify mock-up construction and perform
additional tests as required to achieve specified minimum acceptable results.

4. Obtain approval of mock-ups before beginning final fabrication.
5. Retain and maintain mock-ups during construction in undisturbed condition as a standard for

judging completed unit of Work.

1.7 DELIVERY, STORAGE, AND HANDLING 

A. Deliver sealant and fire-stopping materials to site in original unopened containers or bundles with labels
informing about manufacturer, product name and designation, color, expiration period for use, pot life,
curing time, and mixing instructions for multi-component materials.

B. Store and handle sealant fire-stopping materials in compliance with manufacturers' recommendations to
prevent their deterioration or damage due to moisture, high or low temperatures, contaminants, or other
causes.

PART 2  PRODUCTS 

2.1 SHEET METAL MATERIALS 

A. Sheet Metal, General:  Provide sheet metal in thicknesses indicated, packaged and marked as specified
in ASTM A 700.

B. Galvanized Sheet Steel:  Lock-forming quality, ASTM A 527, Coating Designation G 90.  Provide mill
phosphatized finish for exposed surfaces of ducts exposed to view.

C. Tie Rods:  Galvanized steel, 1/4-inch minimum diameter for 36-inch length or less; 3/8-inch minimum
diameter for lengths longer than 36 inches.

2.2 SEALING MATERIALS

A. Joint and Seam Sealants, General:  The term sealant used here is not limited to materials of adhesive
or mastic nature, but also includes tapes and combinations of open weave fabric strips and mastics.

B. Joint and Seam Tape:  2 inches wide, glass-fiber-fabric reinforced.
C. Tape Sealing System:  Woven-fiber tape impregnated with a gypsum mineral compound and a modified

acrylic/silicone activator to react exothermically with the tape to form a hard, durable, airtight seal.
D. Joint and Seam Sealant:  One-part, nonsag, solvent-release-curing, polymerized butyl sealant

complying with FS TT-S-001657, Type I; formulated with a minimum of 75 percent solids.
E. Flanged Joint Mastics:  One-part, acid-curing, silicone elastomeric joint sealants, complying with

ASTM C 920, Type S, Grade NS, Class 25, Use O.

2.3 FIRE-STOPPING

A. Fire-Resistant Sealant:  Provide one-part elastomeric sealant formulated for use in a through-
penetration fire-stop system for filling openings around duct penetrations through walls and floors,
having fire-resistance ratings indicated as established by testing identical assemblies per ASTM E 814
by Underwriters Laboratory, Inc. or other testing and inspecting agency acceptable to authorities having
jurisdiction.

B. Available Products:  Subject to compliance with requirements, products that may be incorporated in the
Work include, but are not limited to, the following:

1. "Dow Corning Fire Stop Foam"; Dow Corning Corp.
2. "Pensil 851"; General Electric Co.
3. "Dow Corning Fire Stop Sealant"; Dow Corning Corp.
4. "3M Fire Barrier Caulk CP-25"; Electrical Products Div./3M.
5. "RTV 7403"; General Electric Co.
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6. "Fyre Putty"; Standard Oil Engineered Materials Co.

2.4 HANGERS AND SUPPORTS 

A. Building Attachments:  Concrete inserts, powder actuated fasteners, or structural steel fasteners
appropriate for building materials.  Do not use powder actuated concrete fasteners for lightweight
aggregate concretes or for slabs less than 4 inches thick.

B. Hangers:  Galvanized sheet steel, or round, uncoated steel, threaded rod.

1. Hangers Installed In Corrosive Atmospheres:  Electro-galvanized, all-thread rod or hot-dipped-
galvanized rods with threads painted after installation.

2. Straps and Rod Sizes:  Conform with Table 4-1 in SMACNA HVAC Duct Construction Standards,
1985 Edition, for sheet steel width and gage and steel rod diameters.

C. Duct Attachments:  Sheet metal screws, blind rivets, or self-tapping metal screws; compatible with duct
materials.

D. Trapeze and Riser Supports:  Steel shapes conforming to ASTM A 36.

1. Where galvanized steel ducts are installed, provide hot-dipped-galvanized steel shapes and
plates.

2.5 RECTANGULAR DUCT FABRICATION 

A. General:  Except as otherwise indicated, fabricate rectangular ducts with galvanized sheet steel, in
accordance with SMACNA "HVAC Duct Construction Standards," Tables 1-3 through 1-19, including
their associated details.  Conform to the requirements in the referenced standard for metal thickness,
reinforcing types and intervals, tie rod applications, and joint types and intervals.

1. Fabricate rectangular ducts in lengths appropriate to reinforcement and rigidity class required for
pressure classification.

2. Provide materials that are free from visual imperfections such as pitting, seam marks, roller
marks, stains, and discolorations.

B. Fabricate kitchen hood exhaust ducts with 16-gage, carbon steel sheets for concealed ducts and 18-
gage stainless steels for exposed ducts.  Weld and flange seams and joints.  Conform to NFPA
Standard 96.

C. Fabricate dishwasher hood exhaust ducts with 18-gage stainless steels.  Weld and flange seams and
joints.

D. Acid-Resistant Ducts:  Provide factory-fabricated ducts and fittings only; no shop or field fabrication will
be allowed.  Refer to PVC-Coated Galvanized Steel Sheets in this Section for materials.

E. Static Pressure Classifications:  Except where otherwise indicated, construct duct systems to the
following pressure classifications:

1. Supply Ducts:  3 inches water gage.

2. Return Ducts:  2 inches water gage, negative pressure.
3. Exhaust Ducts:  2 inches water gage, negative pressure.

F. Crossbreaking or Cross Beading:  Crossbreak or bead duct sides that are 19 inches and larger and are
20 gage or less, with more than 10 sq. ft. of unbraced panel area, as indicated in SMACNA "HVAC Duct
Construction Standard," Figure 1-4, unless they are lined or are externally insulated.

2.6 RECTANGULAR DUCT FITTINGS

A. Fabricate elbows, transitions, offsets, branch connections, and other duct construction in accordance
with SMACNA "HVAC Metal Duct Construction Standard," 1985 Edition, Figures 2-1 through 2-10.
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2.7 ROUND AND FLAT OVAL DUCT FABRICATION 

A. General:  "Basic Round Diameter" as used in this article is the diameter of the size of round duct that
has a circumference equal to the perimeter of a given sized of flat oval duct.  Except where interrupted
by fittings, provide round and flat oval ducts in lengths not less than 12 feet.

B. Round Ducts:  Fabricate round supply ducts using seam types identified in SMACNA "HVAC Duct
Construction Standards," 1985 Edition, Figure 3-1, RL-1, RL-4, or RL-5.  Seams Types RL-2 or RL-3
may be used if spot-welded on 1-inch intervals.  Comply with SMACNA "HVAC Duct Construction
Standards," Table 3-2 for galvanized steel gages.

2.8 ROUND AND FLAT OVAL SUPPLY AND EXHAUST FITTINGS FABRICATION

A. 90-Degree Tees and Laterals and Conical Tees:  Fabricate to conform to SMACNA "HVAC Duct
Construction Standards," 1985 Edition, Figures 3-4 and 3-5 and with metal thicknesses specified for
longitudinal seam straight duct.

B. Diverging-Flow Fittings:  Fabricate with a reduced entrance to branch taps with no excess material
projecting from the body onto branch tap entrance.

C. Elbows:  Fabricate in die-formed, gored, pleated, or mitered construction.  Fabricate the bend radius of
die-formed, gored, and pleated elbows 1.5 times the elbow diameter.  Unless elbow construction type is
indicated, provide elbows meeting the following requirements:

1. Mitered Elbows:  Fabricate mitered elbows with welded construction in gages specified below.

a. Mitered Elbows Radius and Number of Pieces:  Unless otherwise indicated, construct
elbow to comply with SMACNA "HVAC Duct Construction Standards," Table 3-1.

b. Round Mitered Elbows:  Solid welded and with metal thickness listed below for pressure
classes from minus 2 inches to plus 2 inches:

1) 3 to 26 inches:  24 gage.
2) 27 to 36 inches:  22 gage.
3) 37 to 50 inches:  20 gage.
4) 52 to 60 inches:  18 gage.
5) 62 to 84 inches:  16 gage.

c. Round Mitered Elbows:  Solid welded and with metal thickness listed below for pressure
classes from 2 inches to 10 inches:

1) 3 to 14 inches:  24 gage.
2) 15 to 26 inches:  22 gage.
3) 27 to 50 inches:  20 gage.
4) 52 to 60 inches:  18 gage.
5) 62 to 84 inches:  16 gage.

d. Flat Oval Mitered Elbows:  Solid welded and with the same metal thickness as longitudinal
seam flat oval duct.

e. 90-Degree, 2-Piece, Mitered Elbows:  Use only for supply systems, or exhaust systems for
material handling classes A and B; and only where space restrictions do not permit the use
of 1.5 bend radius elbows.  Fabricate with a single-thickness turning vanes.

2. Round Elbows - 8 Inches and Smaller:  Die-formed elbows for 45- and 90-degree elbows and
pleated elbows for 30, 45, 60, and 90 degrees only.  Fabricate nonstandard bend angle
configurations or 1/2-inch-diameter (e.g. 3-1/2- and 4-1/2-inch) elbows with gored construction.
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3. Round Elbows - 9 Through 14 Inches:  Gored or pleated elbows for 30, 45, 60, and 90 degrees,
except where space restrictions require a mitered elbow.  Fabricate nonstandard bend angle
configurations or 1/2-inch-diameter (e.g. 9-1/2- and 10-1/2-inch) elbows with gored construction.

4. Round Elbows - Larger Than 14 Inches and All Flat Oval Elbows:  Gored elbows, except where
space restrictions require a mitered elbow.

5. Die-Formed Elbows for Sizes Through 8 Inches and All Pressures:  20 gage with 2-piece welded
construction.

6. Round Gored Elbows Gages:  Same as for nonelbow fittings specified above.
7. Flat Oval Elbows Gages:  Same as longitudinal seam flat oval duct.
8. Pleated Elbows Sizes Through 14 Inches and Pressures Through 10 Inches:  26 gage.

PART 3  EXECUTION 

3.1 DUCT INSTALLATION, GENERAL 

A. Duct System Pressure Class:  Construct and install each duct system for the specific duct pressure
classification indicated.

B. Install ducts with the fewest possible joints.
C. Use fabricated fittings for all changes in directions, changes in size and shape, and connections.
D. Install couplings tight to duct wall surface with projections into duct at connections kept to a minimum.
E. Locate ducts, except as otherwise indicated, vertically and horizontally, parallel and perpendicular to

building lines; avoid diagonal runs.  Install duct systems in shortest route that does not obstruct useable
space or block access for servicing building and its equipment.

F. Install ducts close to walls, overhead construction, columns, and other structural and permanent
enclosure elements of building.

G. Provide clearance of 1 inch where furring is shown for enclosure or concealment of ducts, plus
allowance for insulation thickness, if any.

H. Install insulated ducts with 1-inch clearance outside of insulation.
I. Conceal ducts from view in finished and occupied spaces by locating in mechanical shafts, hollow wall

construction, or above suspended ceilings.  Do not encase horizontal runs in solid partitions, except as
specifically shown.

J. Coordinate layout with suspended ceiling and lighting layouts and similar finished work.
K. Electrical Equipment Spaces:  Route ductwork to avoid passing through transformer vaults and

electrical equipment spaces and enclosures.
L. Non-Fire-Rated Partition Penetrations:  Where ducts pass 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 gage as duct.  Overlap opening on 4 sides by at least 1-1/2 inches.

3.2 KITCHEN HOOD EXHAUST DUCT INSTALLATIONS

A. Provide for thermal expansion of ductwork through 2,000-deg F temperature range.
B. Install without dips or traps that may collect residues, except where traps have continuous or automatic

residue removal.
C. Install access openings at each change in direction and at 50-foot intervals.  Locate on sides of duct 1-

1/2 inches minimum from bottom, and fit with grease-tight covers of same material as duct.
D. Do not penetrate fire-rated assemblies.

3.3 DISHWASHER EXHAUST DUCT INSTALLATIONS

A. Install dishwasher exhaust duct systems in accordance with SMACNA "HVAC Duct Construction
Standards," 1985 Edition, Figure 2-21.

3.4 SEAM AND JOINT SEALING

A. General:  Seal duct seams and joints as follows:
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B. Pressure Classifications Greater Than 3 Inches Water Gage:  All transverse joints, longitudinal seams,
and duct penetrations.

C. Pressure Classification 2 and 3 Inches Water Gage:  All transverse joints and longitudinal seams.

1. Pressure Classification Less than 2 Inches Water Gage:  Transverse joints only.

D. Seal externally insulated ducts prior to insulation installation.

3.5 HANGING AND SUPPORTING

A. Install rigid round, rectangular, and flat oval metal duct with support systems indicated in SMACNA
"HVAC Duct Construction Standards," Tables 4-1 through 4-3 and Figures 4-1 through 4-8.

B. Support horizontal ducts within 2 feet of each elbow and within 4 feet of each branch intersection.
C. Support vertical ducts at a maximum interval of 16 feet and at each floor.
D. Upper attachments to structures shall have an allowable load not exceeding 1/4 of the failure (proof

test) load but are not limited to the specific methods indicated.
E. Install concrete insert prior to placing concrete.
F. Install powder actuated concrete fasteners after concrete is placed and completely cured.

3.6 CONNECTIONS

A. Equipment Connections: Connect equipment with flexible connectors in accordance with Division 15
Section "Duct Accessories."

B. Branch Connections: Comply with SMACNA "HVAC Duct Construction Standards," Figures 2-7 and 2-8.
C. Outlet and Inlet Connections:  Comply with SMACNA "HVAC Duct Construction Standards," Figures 2-

16 through 2-18.
D. Terminal Units Connections:  Comply with SMACNA "HVAC Duct Construction Standards," Figure 2-19.

3.7 FIELD QUALITY CONTROL
A. The Owner will contract with an independent testing agency to perform, record, and report leakage

tests.
B. Remake leaking joints as required and apply sealants to achieve specified maximum allowable leakage.

3.8 ADJUSTING AND CLEANING

A. Adjust volume control devices as required by the testing and balancing procedures to achieve required
air flow.  Refer to Division 15 Section "TESTING, ADJUSTING, AND BALANCING" for requirements
and procedures for adjusting and balancing air systems.

B. Vacuum ducts systems prior to final acceptance to remove dust and debris.

END OF SECTION 

Gobierno de Puerto Rico DDEC REORGANIZATION OF PHYSICAL SPACES 
Remodeling of Interior Space 
OGPe Ponce HQ (3rd Floor) 

Integra Design Group 
Project: 58-2036.0 



FEB. 2022 23 37 13 - 1 

DOCUMENT 23 37 13 

DIFFUSERS, REGISTERS, AND GRILLES 

PART 1  GENERAL 

1.1 RELATED DOCUMENTS: 

A. Drawings and general provisions of Contract, including General and Supplementary Conditions and
Division-1 Specification sections, apply to work of this section.

1.2 DESCRIPTION OF WORK:

A. Extent of air outlets and inlets work is indicated by drawings and schedules, and by requirements of this
section.

B. Types of outlets and inlets required for project include the following:

1. Ceiling air diffusers.
2. Wall registers and grilles.
3. Louvers.

C. Refer to other Division-15 sections for ductwork and duct accessories required in conjunction with air
outlets and inlets; not work of this section.

D. Refer to other Division-15 sections for balancing of air outlets and inlets; not work of this section.

1.3 QUALITY ASSURANCE:

A. Manufacturer's Qualifications:  Firms regularly engaged in manufacture of air outlets and inlets of types
and capacities required, whose products have been in satisfactory use in similar service for not less
than 5 years.

B. Codes and Standards:

1. ARI Compliance:  Test and rate air outlets and inlets in accordance with ARI 650 "Standard for
Air Outlets and Inlets".

2. ASHRAE Compliance:  Test and rate air outlets and inlets in accordance with ASHRAE 70
"Method of Testing for Rating the Air Flow Performance of Outlets and Inlets".

3. ADC Compliance:  Test and rate air outlets and inlets in certified laboratories under requirements
of ADC 1062 "Certification, Rating and Test Manual".

4. ADC Seal:  Provide air outlets and inlets bearing ADC Certified Rating Seal.
5. AMCA Compliance:  Test and rate louvers in accordance with AMCA 500 "Test Method for

Louvers, Dampers and Shutters".
6. AMCA Seal:  Provide louvers bearing AMCA Certified Rating Seal.
7. NFPA Compliance:  Install air outlets and inlets in accordance with NFPA 90A "Standard for the

Installation of Air Conditioning and Ventilating Systems".

1.4 SUBMITTALS: 

A. Product Data:  Submit manufacturer's technical product data for air outlets and inlets including the
following:

1. Schedule of air outlets and inlets indicating drawing designation, room location, number
furnished, model number, size, and accessories furnished.

2. Data sheet for each type of air outlet and inlet, and accessory furnished; indicating construction,
finish, and mounting details.
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3. Performance data for each type of air outlet and inlet furnished, including aspiration ability,
temperature and velocity traverses; throw and drop; and noise criteria ratings.  Indicate selections
on data.

B. Samples:  3 samples of each type of finish furnished.
C. Shop Drawings:  Submit manufacturer's assembly-type shop drawing for each type of air outlet and

inlet, indicating materials and methods of assembly of components.
D. Maintenance Data:  Submit maintenance data, including cleaning instructions for finishes, and spare

parts lists.  Include this data, product data, and shop drawings in maintenance manuals; in accordance
with requirements of Division 1.

1.5 PRODUCT DELIVERY, STORAGE AND HANDLING:

A. Deliver air outlets and inlets wrapped in factory-fabricated fiber-board type containers.  Identify on
outside of container type of outlet or inlet and location to be installed.  Avoid crushing or bending and
prevent dirt and debris from entering and settling in devices.

B. Store air outlets and inlets in original cartons and protect from weather and construction work traffic.
Where possible, store indoors; when necessary to store outdoors, store above grade and enclose with
waterproof wrapping.

PART 2  PRODUCTS 

2.1 CEILING AIR DIFFUSERS: 

A. General:  Except as otherwise indicated, provide manufacturer's standard ceiling air diffusers where
shown; of size, shape, capacity and type indicated; constructed of materials and components as
indicated, and as required for complete installation.

B. Performance:  Provide ceiling air diffusers that have, as minimum, temperature and velocity traverses,
throw and drop, and noise criteria ratings for each size device as listed in manufacturer's current data.

C. Ceiling Compatibility:  Provide diffusers with border styles that are compatible with adjacent ceiling
systems, and that are specifically manufactured to fit into ceiling module with accurate fit and adequate
support.  Refer to general construction drawings and specifications for types of ceiling systems which
will contain each type of ceiling air diffuser.

D. Types:  Provide ceiling diffusers of type, capacity, and with accessories and finishes as listed on diffuser
schedule.  The following requirements shall apply to nomenclature indicated on schedule.

1. Diffuser Faces:

a. Round (RD):  Round housing, core of concentric rings, round duct connection.
b. Square (SQ):  Square housing, core of square concentric louvers, square or round duct

connection.
c. Rectangular (RCT):  Rectangular housing, core of rectangular concentric louvers, square

or round duct connection.
d. Perforated (PR):  Round, square, or rectangular housing covered with removable

perforated panel in frame.  Conceal air pattern devices above panel.
e. Linear (LR):  Extruded aluminum continuous slot, single or multiple.

2. Diffuser Mountings:

a. Flush (FL):  Diffuser housing above ceiling surface with flush perimeter flange and gasket
to seal against ceiling.

b. Lay-In (L-I):  Diffuser housing sized to fit between ceiling exposed suspension tee bars and
rest on top surface of tee bar.
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3. Diffuser Patterns:

a. Fixed (FX):  Fixed position core with concentric rings or louvers for radial air flow around
entire perimeter of diffuser.

b. 1 Way (1-W):  Fixed louver face for 1-direction air flow, direction indicated on drawings.
c. 2 Way (2-W):  Fixed louver face for 2-direction air flow, directions indicated on drawings.
d. 3 Way (3-W):  Fixed louver face for 3-direction air flow, directions indicated on drawings.
e. 4 Way (4-W):  Fixed louver face for 4-direction air flow, directions indicated on drawings.

4. Diffuser Dampers:

a. Opposed Blade (O-B):  Adjustable opposed blade damper assembly, key operated from
face of diffuser.

b. Butterfly (BTFY):  Two semicircular flaps connected to linkage adjustable from face of
diffuser with key, and with straightening grid.

5. Diffuser Accessories:

a. Plaster Ring (P-R):  Perimeter ring designed to act as a plaster stop and diffuser anchor.
b. Extractor (EXTR):  Curved blades mounted on adjustable frame to produce air scooping

action in duct at diffuser take-off.

6. Diffuser Finishes:

a. White Enamel (W-E):  Semi-gloss white enamel prime finish.
b. Aluminum Anodize (A-A):  Aluminum etched and anodized, covered with clear lacquer

finish.

E. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering diffusers
which may be incorporated in the work include, but are not limited to, the following:

1. Anemostat Products Div.; Dymanics Corp. of America.
2. Cranes Co.; Div. of Wehr Corp.
3. Krueger Mfg. Co.
4. Titus Products Div.; Philips Industries, Inc.
5. Tuttle & Bailey; Div. of Interpace Corp.

2.2 WALL REGISTERS AND GRILLES: 

A. General:  Except as otherwise indicated, provide manufacturer's standard wall registers and grilles
where shown; of size, shape, capacity and type indicated; constructed of materials and components as
indicated, and as required for complete installation.

B. Performance:  Provide wall registers and grilles that have, as minimum, temperature and velocity
traverses, throw and drop, and noise criteria ratings for each size device and listed in manufacturer's
current data.

C. Wall Compatibility:  Provide registers and grilles with border styles that are compatible with adjacent wall
systems, and that are specifically manufactured to fit into wall construction with accurate fit and
adequate support.  Refer to general construction drawings and specifications for types of wall
construction which will contain each type of wall register and grille.

D. Types:  Provide wall registers and grilles of type, capacity, and with accessories and finishes as listed
on register and grille schedule.  The following requirements shall apply to nomenclature indicated on
schedule:

1. Register and Griller Materials:
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a. Aluminum Construction (AL):  Manufacturer's standard extruded aluminum frame and
adjustable blades.

2. Register and Grille Faces:

a. Horizontal Straight Blades (H-S):  Horizontal blades, individually adjustable, at
manufacturer's standard spacing.

b. Vertically Straight Blades (V-S):  Vertical blades, individually adjustable, at manufacturer's
standard spacing.

c. Horizontal 45 Degree Fixed Blades (H-45 Degrees):  Horizontal blades, fixed at 45
degrees, at manufacturer's standard spacing.

3. Register and Grille Patterns:

a. Single Deflection (S-D):  1-set of blades in face.
b. Double Deflection (D-D):  2-sets of blades in face, rear set at 90 degrees to face set.

4. Register and Grille Dampers:

a. Opposed Blade (O-B):  Adjustable opposed blade damper assembly, key operated from
face of register.

5. Register and Grille Accessories:

a. Extractor (EXTR):  Curved blades mounted on adjustable frame to produce air scooping
action in duct at register or grille take-off.

b. Plaster Frame (P-F):  Perimeter frame designed to act as plaster stop and register or grille
anchor.

c. Operating Keys (OP-KY):  Tools designed to fit through register or grille face and operate
volume control device and/or pattern adjustable.

6. Register and Grille Finishes:

a. White Enamel (W-E):  Semi-gloss white enamel prime finish.
b. Aluminum Anodize (A-A):  Aluminum etched and anodized, covered with clear lacquer

finish.

E. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering registers
and grilles which may be incorporated in the work include, but are not limited to, the following:

1. Anemostat Products Div.; Dynamics Corp. of America.
2. Carnes Co.; Div. of Wehr Corp.
3. Titus Products Div.; Philips Industries, Inc.

2.3 LOUVERS: 

A. 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.

B. Performance:  Provide louvers that have minimum free area, and maximum pressure drop of each type
as listed in manufacturer's current data, complying with louver schedule.

C. Substrate Compatibility:  Provide louvers with frame and sill styles that are compatible with 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.
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D. Materials:  Construct of aluminum extrusions, ASTM B 221, Alloy 6063-T52.  Weld units or use stainless
steel fasteners.

E. Louver Screens:  On inside face of exterior louvers, provide 1/2" square mesh anodized aluminum wire
bird screens mounted in removable extruded aluminum frames.

F. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering louvers
which may be incorporated in the work include, but are not limited to, the following:

1. Airline Products Co.
2. Airolite Co.
3. American Warming & Ventilating Inc.
4. Arrow United Industries, Inc.
5. Construction Specialties, Inc.
6. Dowco Corp.
7. Industrial Louvers, Inc.
8. Louvers & Dampers, Inc.
9. Penn Ventilator Co., Inc.
10. Ruskin Mfg. Co.
11. Safe-Air Inc.
12. Snyder (E.G.) Co., Inc.
13. Vent Products Co., Inc.

PART 3  EXECUTION 

3.1 INSPECTION: 

A. Examine areas and conditions under which air outlets and inlets are to be installed.  Do not proceed
with work until unsatisfactory conditions have been corrected.

3.2 INSTALLATION:

A. General:  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 function.

B. Coordinate with other work, including ductwork and duct accessories, as necessary to interface
installation of air outlets and inlets with other work.

C. Locate ceiling air diffusers, registers, and grilles, as indicated on general construction "Reflected Ceiling
Plans".  Unless otherwise indicated, locate units in center of acoustical ceiling module.

3.3 SPARE PARTS: 

A. Furnish to Owner, with receipt, 3 operating keys for each type of air outlet and inlet that require them.

END OF SECTION 
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DOCUMENT 26 05 00 

COMMON WORK RESULTS FOR ELECTRICAL 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes:

1. Sleeves for raceways and cables.
2. Sleeve seals.
3. Grout.
4. Common electrical installation requirements.

1.2 SUBMITTALS 

A. Product Data:  For sleeve seals.

PART 2 - PRODUCTS 

2.1 SLEEVES FOR RACEWAYS AND CABLES 

A. Steel Pipe Sleeves:  ASTM A 53/A 53M, Type E, Grade B, Schedule 40, galvanized steel, plain ends.
B. Cast-Iron Pipe Sleeves:  Cast or fabricated "wall pipe," equivalent to ductile-iron pressure pipe, with

plain ends and integral waterstop, unless otherwise indicated.
C. Sleeves for Rectangular Openings:  Galvanized sheet steel.

1. Minimum Metal Thickness:
a. For sleeve cross-section rectangle perimeter less than 50 inches and no side more than 16

inches, thickness shall be 0.052 inch.
b. For sleeve cross-section rectangle perimeter equal to, or more than, 50 inches and 1 or

more sides equal to, or more than, 16 inches, thickness shall be 0.138 inch.

2.2 SLEEVE SEALS 

A. Description:  Modular sealing device, designed for field assembly, to fill annular space between sleeve
and raceway or cable.

1. Manufacturers:  Subject to compliance with requirements.
2. Basis-of-Design Product:  Subject to compliance with requirements

a. Advance Products & Systems, Inc.
b. Calpico, Inc.
c. Metraflex Co.
d. Pipeline Seal and Insulator, Inc.

3. Sealing Elements:  NBR interlocking links shaped to fit surface of cable or conduit.  Include type
and number required for material and size of raceway or cable.

4. Pressure Plates:  Stainless steel.  Include two for each sealing element.
5. Connecting Bolts and Nuts: Stainless steel of length required to secure pressure plates to sealing

elements.  Include one for each sealing element.

Gobierno de Puerto Rico DDEC REORGANIZATION OF PHYSICAL SPACES 
Remodeling of Interior Space 
OGPe Ponce HQ (3rd Floor) 

Integra Design Group 
Project: 58-2036.0 



FEB. 2022 26 05 00 - 2 

2.3 GROUT 

A. Nonmetallic, Shrinkage-Resistant Grout:  ASTM C 1107, factory-packaged, nonmetallic aggregate
grout, noncorrosive, nonstaining, mixed with water to consistency suitable for application and a 30-
minute working time.

PART 3 - EXECUTION 

3.1 COMMON REQUIREMENTS FOR ELECTRICAL INSTALLATION 

A. Comply with NECA 1.
B. Measure indicated mounting heights to bottom of unit for suspended items and to center of unit for wall-

mounting items.
C. Headroom Maintenance:  If mounting heights or other location criteria are not indicated, arrange and

install components and equipment to provide maximum possible headroom consistent with these
requirements.

D. Equipment:  Install to facilitate service, maintenance, and repair or replacement of components of both
electrical equipment and other nearby installations.  Connect in such a way as to facilitate future
disconnecting with minimum interference with other items in the vicinity.

E. Right of Way:  Give to piping systems installed at a required slope.

3.2 SLEEVE INSTALLATION FOR ELECTRICAL PENETRATIONS

A. Electrical penetrations occur when raceways, cables, wireways, cable trays, or busways penetrate
concrete slabs, concrete or masonry walls, or fire-rated floor and wall assemblies.

B. Concrete Slabs and Walls:  Install sleeves for penetrations unless core-drilled holes or formed openings
are used.  Install sleeves during erection of slabs and walls.

C. Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening.
D. Fire-Rated Assemblies:  Install sleeves for penetrations of fire-rated floor and wall assemblies unless

openings compatible with firestop system used are fabricated during construction of floor or wall.
E. Cut sleeves to length for mounting flush with both surfaces of walls.
F. Extend sleeves installed in floors 2 inches above finished floor level.
G. Size pipe sleeves to provide 1/4-inch annular clear space between sleeve and raceway or cable, unless

indicated otherwise.
H. Seal space outside of sleeves with grout for penetrations of concrete and masonry

1. Promptly pack grout solidly between sleeve and wall so no voids remain.  Tool exposed surfaces
smooth; protect grout while curing.

I. Interior Penetrations of Non-Fire-Rated Walls and Floors:  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 Section "Joint Sealants.".

J. Fire-Rated-Assembly Penetrations:  Maintain indicated fire rating of walls, partitions, ceilings, and floors
at raceway and cable penetrations.  Install sleeves and seal raceway and cable penetration sleeves with
firestop materials.  Comply with requirements in Division 07 Section "Penetration Firestopping."

K. Roof-Penetration Sleeves:  Seal penetration of individual raceways and cables with flexible boot-type
flashing units applied in coordination with roofing work.

L. Aboveground, Exterior-Wall Penetrations:  Seal penetrations using steel pipe sleeves and mechanical
sleeve seals.  Select sleeve size to allow for 1-inch annular clear space between pipe and sleeve for
installing mechanical sleeve seals.

M. Underground, Exterior-Wall Penetrations:  Install cast-iron pipe sleeves.  Size sleeves to allow for 1-inch
annular clear space between raceway or cable and sleeve for installing mechanical sleeve seals.
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3.3 SLEEVE-SEAL INSTALLATION 

A. Install to seal exterior wall penetrations.
B. Use 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.

3.4 FIRESTOPPING

A. Apply firestopping to penetrations of fire-rated floor and wall assemblies for electrical installations to
restore original fire-resistance rating of assembly.  Firestopping materials and installation requirements
are specified in Division 07 Section "Penetration Firestopping."

END OF SECTION 
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LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. This Section includes the following:
1. Building wires and cables rated 600 V and less.
2. Connectors, splices, and terminations rated 600 V and less.
3. Sleeves and sleeve seals for cables.

1.2 SUBMITTALS 

A. Product Data:  For each type of product indicated.
B. Field quality-control test reports.

1.3 QUALITY ASSURANCE

A. 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.

B. Comply with NFPA 70.

PART 2 - PRODUCTS 

2.1 CONDUCTORS AND CABLES 

A. Copper Conductors:  Comply with NEMA WC 70.
B. Conductor Insulation:  Comply with NEMA WC 70 for Types THHN-THWN.

2.2 CONNECTORS AND SPLICES

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products
that may be incorporated into the Work include, but are not limited to, the following:

B. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
1. AFC Cable Systems, Inc.
2. Hubbell Power Systems, Inc.
3. O-Z/Gedney; EGS Electrical Group LLC.
4. 3M; Electrical Products Division.
5. Tyco Electronics Corp.

C. Description:  Factory-fabricated connectors and splices of size, ampacity rating, material, type, and
class for application and service indicated.

2.3 SLEEVES FOR CABLES

A. Steel Pipe Sleeves:  ASTM A 53/A 53M, Type E, Grade B, Schedule 40, galvanized steel, plain ends.
B. Cast-Iron Pipe Sleeves:  Cast or fabricated "wall pipe," equivalent to ductile-iron pressure pipe, with

plain ends and integral waterstop, unless otherwise indicated.
C. Coordinate sleeve selection and application with selection and application of firestopping specified in

Division 07 Section "Penetration Firestopping."
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PART 3 - EXECUTION 

3.1 CONDUCTOR MATERIAL APPLICATIONS 

A. Feeders: Copper stranded.
B. Branch Circuits:  Copper stranded.

3.2 CONDUCTOR INSULATION

A. Exposed Feeders:  Type THHN-THWN, single conductors in raceway.
B. Feeders Concealed in Ceilings, Walls, Partitions, and Crawlspaces:  Type THHN-THWN, single

conductors in raceway.
C. Feeders Concealed in Concrete, below Slabs-on-Grade, and Underground:  Type THHN-THWN, single

conductors in raceway.
D. Exposed Branch Circuits, Including in Crawlspaces:  Type THHN-THWN, single conductors in raceway.
E. Branch Circuits Concealed in Ceilings, Walls, and Partitions:  Type THHN-THWN, single conductors in

raceway.
F. Branch Circuits Concealed in Concrete, below Slabs-on-Grade, and Underground:  Type THHN-THWN,

single conductors in raceway.
G. Class 1 Control Circuits:  Type THHN-THWN, in raceway.
H. Class 2 Control Circuits:  Type THHN-THWN, in raceway.

3.3 INSTALLATION OF CONDUCTORS AND CABLES

A. Conceal cables in finished walls, ceilings, and floors, unless otherwise indicated.
B. 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.

C. Use pulling means, including fish tape, cable, rope, and basket-weave wire/cable grips, that will not
damage cables or raceway.

D. Install exposed cables parallel and perpendicular to surfaces of exposed structural members and follow
surface contours where possible.

E. Support cables according to Division 26 Sections "Hangers and Supports for Electrical Systems."
F. Identify and color-code conductors and cables according to Division 26 Section "Identification for

Electrical Systems."
G. 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 and UL 486B.
H. Make splices 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 and tap conductor for aluminum conductors.

I. Wiring at Outlets:  Install conductor at each outlet, with at least 6 inches (150 mm) of slack.

3.4 SLEEVE INSTALLATION FOR ELECTRICAL PENETRATIONS

A. Not Used
B. Concrete Slabs and Walls:  Install sleeves for penetrations unless core-drilled holes or formed openings

are used.  Install sleeves during erection of slabs and walls.
C. Fire-Rated Assemblies:  Install sleeves for penetrations of fire-rated floor and wall assemblies unless

openings compatible with firestop system used are fabricated during construction of floor or wall.
D. Cut sleeves to length for mounting flush with both wall surfaces.
E. Extend sleeves installed in floors 2 inches above finished floor level.
F. Size pipe sleeves to provide 1/4-inch annular clear space between sleeve and cable unless sleeve seal

is to be installed.
G. Seal space outside of sleeves with grout for penetrations of concrete and masonry.
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H. Interior Penetrations of Non-Fire-Rated Walls and Floors:  Seal annular space between sleeve and
cable, using joint sealant appropriate for size, depth, and location of joint according to Division 07
Section "Joint Sealants."

I. Fire-Rated-Assembly Penetrations:  Maintain indicated fire rating of walls, partitions, ceilings, and floors
at cable penetrations.  Install sleeves and seal with firestop materials.

J. Roof-Penetration Sleeves:  Seal penetration of individual cables with flexible boot-type flashing units
applied in coordination with roofing work.

K. Aboveground Exterior-Wall Penetrations:  Seal penetrations using sleeves and mechanical sleeve
seals.  Size sleeves to allow for 1-inch annular clear space between pipe and sleeve for installing
mechanical sleeve seals.

L. Underground Exterior-Wall Penetrations:  Install cast-iron "wall pipes" for sleeves.  Size sleeves to allow
for 1-inch annular clear space between cable and sleeve for installing mechanical sleeve seals.

3.5 SLEEVE-SEAL INSTALLATION

A. Install to seal underground exterior-wall penetrations.
B. Use type and number of sealing elements recommended by manufacturer for cable material and size.

Position cable in center of sleeve.  Assemble mechanical sleeve seals and install in annular space
between cable and sleeve.  Tighten bolts against pressure plates that cause sealing elements to
expand and make watertight seal.

3.6 FIRESTOPPING

A. Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore original fire-
resistance rating of assembly.

3.7 FIELD QUALITY CONTROL

A. Perform tests and inspections and prepare test reports.
B. Tests and Inspections:

1. After installing conductors and cables and before electrical circuitry has been energized, test all
for compliance with requirements.

2. Perform each visual and mechanical inspection and electrical test stated in NETA Acceptance
Testing Specification.  Certify compliance with test parameters.

3. Infrared Scanning:  After Substantial Completion, but not more than 60 days after Final
Acceptance, perform an infrared scan of each splice in cables and conductors No. 3 AWG and
larger.  Remove box and equipment covers so splices are accessible to portable scanner.

a. Follow-up Infrared Scanning:  Perform an additional follow-up infrared scan of each splice
11 months after date of Substantial Completion.

b. Instrument:  Use an infrared scanning device designed to measure temperature or to
detect significant deviations from normal values.  Provide calibration record for device.

c. Record of Infrared Scanning:  Prepare a certified report that identifies splices checked and
that describes scanning results.  Include notation of deficiencies detected, remedial action
taken, and observations after remedial action.

C. Test Reports:  Prepare a written report to record the following:

1. Test procedures used.
2. Test results that comply with requirements.
3. Test results that do not comply with requirements and corrective action taken to achieve

compliance with requirements.

D. Remove and replace malfunctioning units and retest as specified above.
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END OF SECTION 
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DOCUMENT 26 05 26 

GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. This Section includes methods and materials for grounding systems and equipment.

1.2 SUBMITTALS

A. Product Data:  For each type of product indicated.
B. Field quality-control test reports.

1.3 QUALITY ASSURANCE

A. 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.

B. Comply with UL 467 for grounding and bonding materials and equipment.

PART 2 - PRODUCTS 

2.1 CONDUCTORS 

A. Insulated Conductors:  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 B 3.
2. Stranded Conductors:  ASTM B 8.
3. Tinned Conductors:  ASTM B 33.
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 inches

wide and 1/16 inch thick.
7. Tinned Bonding Jumper:  Tinned-copper tape, braided conductors, terminated with copper

ferrules; 1-5/8 inches wide and 1/16 inch thick.

2.2 CONNECTORS 

A. Listed and labeled by a nationally recognized testing laboratory acceptable to authorities having
jurisdiction for applications in which used, and for specific types, sizes, and combinations of conductors
and other items connected.

B. Bolted Connectors for Conductors and Pipes:  Copper or copper alloy, bolted pressure-type, with at
least two bolts.

1. Pipe Connectors:  Clamp type, sized for pipe.

C. Welded Connectors:  Exothermic-welding kits of types recommended by kit manufacturer for materials
being joined and installation conditions.
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2.3 GROUNDING ELECTRODES 

A. Ground Rods:  Copper-clad, sectional type 3/4 inch by10 feet in diameter.

PART 3 - EXECUTION 

3.1 APPLICATIONS 

A. Conductors:  Install solid conductor for No. 8 AWG and smaller, and stranded conductors for No. 6AWG
and larger, unless otherwise indicated.

B. Isolated Grounding Conductors:  Green-colored insulation with continuous yellow stripe.  On feeders
with isolated ground, identify grounding conductor where visible to normal inspection, with alternating
bands of green and yellow tape, with at least three bands of green and two bands of yellow.

C. 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.

3.2 EQUIPMENT GROUNDING 

A. Install insulated equipment grounding conductors with the following items, in addition to those required
by NFPA 70:

1. Feeders and branch circuits.
2. Lighting circuits.
3. Receptacle circuits.
4. Single-phase motor and appliance branch circuits.
5. Three-phase motor and appliance branch circuits.
6. Flexible raceway runs.
7. Armored and metal-clad cable runs.
8. Busway Supply Circuits:  Install insulated equipment grounding conductor from grounding bus in

the switchgear, switchboard, or distribution panel to equipment grounding bar terminal on
busway.

9. Computer and Rack-Mounted Electronic Equipment Circuits:  Install insulated equipment
grounding conductor in branch-circuit runs from equipment-area power panels and power-
distribution units.

10. X-Ray Equipment Circuits:  Install insulated equipment grounding conductor in circuits supplying
x-ray equipment.

B. Air-Duct Equipment Circuits:  Install insulated equipment grounding conductor to duct-mounted electrical
devices operating at 120 V and more, including air cleaners, heaters, dampers, humidifiers, and other
duct electrical equipment.  Bond conductor to each unit and to air duct and connected metallic piping.

C. 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.

D. Isolated Grounding Receptacle Circuits:  Install an insulated equipment grounding conductor connected
to the receptacle grounding terminal.  Isolate conductor from raceway and from panelboard grounding
terminals.  Terminate at equipment grounding conductor terminal of the applicable derived system or
service, unless otherwise indicated.

E. Isolated Equipment Enclosure Circuits:  For designated equipment supplied by a branch circuit or
feeder, isolate equipment enclosure from supply circuit raceway with a nonmetallic raceway fitting listed
for the purpose.  Install fitting where raceway enters enclosure, and install a separate insulated
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equipment grounding conductor.  Isolate conductor from raceway and from panelboard grounding 
terminals.  Terminate at equipment grounding conductor terminal of the applicable derived system or 
service, unless otherwise indicated. 

F. Signal and Communication Equipment:  For telephone, alarm, voice and data, and other communication
equipment, provide No. 4 AWG minimum insulated grounding conductor in raceway from grounding
electrode system to each service location, terminal cabinet, wiring closet, and central equipment
location.

1. Service and Central Equipment Locations and Wiring Closets:  Terminate grounding conductor on
a 1/4-by-2-by-12-inch grounding bus.

2. Terminal Cabinets:  Terminate grounding conductor on cabinet grounding terminal.

G. Metal 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.

3.3 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 Rods:  Drive rods until tops are 2 inches 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. For grounding electrode system, follow instruction in the drawings as per NEC requirements.

C. Test Wells:  Ground rod driven through drilled hole in bottom of handhole.  Handholes are specified in
Division 26 Section "Underground Ducts and Raceways for Electrical Systems," and shall be at least 12
inches deep, with cover.

1. Test Wells:  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.

D. 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 so vibration
is not transmitted to rigidly mounted equipment.

3. Use exothermic-welded connectors for outdoor locations, but if a disconnect-type connection is
required, use a bolted clamp.

E. 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, using a bolted clamp
connector or by bolting a lug-type connector to a pipe flange, 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.
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3. Bond each aboveground portion of gas piping system downstream from equipment shutoff valve.

F. Bonding Interior Metal Ducts:  Bond metal air ducts to equipment grounding conductors of associated
fans, blowers, electric heaters, and air cleaners.  Install bonding jumper to bond across flexible duct
connections to achieve continuity.

3.4 FIELD QUALITY CONTROL

A. Perform the following tests and inspections and prepare test reports:

1. After installing grounding system but before permanent electrical circuits have been energized,
test for compliance with requirements.

2. Test completed grounding system at each location where a maximum ground-resistance level is
specified, at service disconnect enclosure grounding terminal, and at ground test wells.

a. Measure ground resistance not less 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. Excessive Ground Resistance:  If resistance to ground exceeds specified values, notify Architect
promptly and include recommendations to reduce ground resistance.

END OF SECTION 
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DOCUMENT 26 05 29 

HANGERS AND SUPPORTS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes:

1. Hangers and supports for electrical equipment and systems.
2. Construction requirements for concrete bases.

1.2 PERFORMANCE REQUIREMENTS 

A. Delegated Design:  Design supports for multiple raceways, including comprehensive engineering
analysis by a qualified professional engineer, using performance requirements and design criteria
indicated.

B. Design supports for multiple raceways capable of supporting combined weight of supported systems
and its contents.

C. Design equipment supports capable of supporting combined operating weight of supported equipment
and connected systems and components.

D. Rated Strength:  Adequate in tension, shear, and pullout force to resist maximum loads calculated or
imposed for this Project, with a minimum structural safety factor of five times the applied force.

1.3 SUBMITTALS

A. Product Data:  For steel slotted support systems.
B. Shop Drawings: Signed and sealed by a qualified professional engineer. Show fabrication and

installation details and include calculations for the following:

1. Trapeze hangers.  Include Product Data for components.
2. Steel slotted channel systems.  Include Product Data for components.
3. Equipment supports.

C. Welding certificates.

1.4 QUALITY ASSURANCE

A. Welding:  Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural Welding Code -
Steel."

B. Comply with NFPA 70.

PART 2 - PRODUCTS 

2.1 SUPPORT, ANCHORAGE, AND ATTACHMENT COMPONENTS 

A. Steel Slotted Support Systems:  Comply with MFMA-4, factory-fabricated components for field
assembly.

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the
following:

a. Allied Tube & Conduit.
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b. Cooper B-Line, Inc.; a division of Cooper Industries.
c. ERICO International Corporation.
d. GS Metals Corp.
e. Thomas & Betts Corporation.
f. Unistrut; Tyco International, Ltd.
g. Wesanco, Inc.
h. Gripple

2. Metallic Coatings:  Hot-dip galvanized after fabrication and applied according to MFMA-4.
3. Nonmetallic Coatings:  Manufacturer's standard PVC, polyurethane, or polyester coating applied

according to MFMA-4.
4. Painted Coatings:  Manufacturer's standard painted coating applied according to MFMA-4.
5. Channel Dimensions:  Selected for applicable load criteria.

B. Raceway and Cable Supports:  As described in NECA 1 and NECA 101.
C. Conduit and Cable Support Devices:  aluminum hangers, clamps, and associated fittings, designed for

types and sizes of raceway or cable to be supported.
D. Support for Conductors in Vertical Conduit:  Factory-fabricated assembly consisting of threaded body

and insulating wedging plug or plugs for non-armored electrical conductors or cables in riser conduits.
Plugs shall have number, size, and shape of conductor gripping pieces as required to suit individual
conductors or cables supported.  Body shall be malleable iron.

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.

a. Manufacturers:  Subject to compliance with requirements, provide products by one of the
following:

1) Hilti Inc.
2) ITW Ramset/Red Head; a division of Illinois Tool Works, Inc.
3) MKT Fastening, LLC.
4) Simpson Strong-Tie Co., Inc.; Masterset Fastening Systems Unit.

2. Mechanical-Expansion Anchors:  Insert-wedge-type, stainless steel, for use in hardened portland
cement concrete with tension, shear, and pullout capacities appropriate for supported loads and
building materials in which used.

a. Manufacturers:  Subject to compliance with requirements, provide products by one of the
following:

1) Cooper B-Line, Inc.; a division of Cooper Industries.
2) Empire Tool and Manufacturing Co., Inc.
3) Hilti Inc.
4) ITW Ramset/Red Head; a division of Illinois Tool Works, Inc.
5) MKT Fastening, LLC.

3. Concrete Inserts:  Steel or malleable-iron, slotted support system units similar to MSS Type 18;
complying with MFMA-4 or MSS SP-58.

4. Clamps for Attachment to Steel Structural Elements:  MSS SP-58, type suitable for attached
structural element.

5. Through Bolts:  Structural type, hex head, and high strength.  Comply with ASTM A 325.
6. Toggle Bolts:  All-steel springhead type.
7. Hanger Rods:  Threaded steel.
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PART 3 - EXECUTION 

3.1 APPLICATION 

A. Comply with NECA 1 and NECA 101 for application of hangers and supports for electrical equipment
and systems except if requirements in this Section are stricter.

B. Maximum Support Spacing and Minimum Hanger Rod Size for Raceway:  Space supports for EMT,
IMC, and RMC as required by NFPA 70.  Minimum rod size shall be 1/4 inch (6 mm) in diameter.

C. Multiple Raceways or Cables:  Install trapeze-type supports fabricated with aluminum slotted support
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 single-bolt conduit clamps using spring
friction action for retention in support channel.

D. Spring-steel clamps designed for supporting single conduits without bolts may be used for 1-1/2-inch
(38-mm) and smaller raceways serving branch circuits and communication systems above suspended
ceilings and for fastening raceways to trapeze supports.

3.2 SUPPORT INSTALLATION

A. Comply with NECA 1 and NECA 101 for installation requirements except as specified in this Article.
B. Raceway Support Methods:  In addition to methods described in NECA 1, EMT, RMC may be supported

by openings through structure members, as permitted in NFPA 70.
C. 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 shall be weight of supported components plus 200 lb (90 kg).

D. 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 New Concrete:  Bolt to concrete inserts.
2. To Masonry:  Approved toggle-type bolts on hollow masonry units and expansion anchor

fasteners on solid masonry units.
3. To Existing Concrete:  Expansion anchor fasteners.
4. Instead of expansion anchors, powder-actuated driven threaded studs provided with lock washers

and nuts may be used in existing standard-weight concrete 4 inches (100 mm) thick or greater.
Do not use for anchorage to lightweight-aggregate concrete or for slabs less than 4 inches (100
mm) thick.

5. To Steel:  Beam clamps (MSS Type 19, 21, 23, 25, or 27) complying with MSS SP-69.
6. To Light Steel:  Sheet metal screws.
7. 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 by means that meet seismic-
restraint strength and anchorage requirements.

E. Drill holes for expansion anchors in concrete at locations and to depths that avoid reinforcing bars.

3.3 INSTALLATION OF FABRICATED METAL SUPPORTS

A. Comply with installation requirements in Division 05 Section "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.
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END OF SECTION 
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DOCUMENT 26 05 33 

RACEWAY AND BOXES FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. This Section includes raceways, fittings, boxes, enclosures, and cabinets for electrical wiring.
B. See Division 26 Section "Underground Ducts and Raceways for Electrical Systems" for exterior

ductbanks and manholes, and underground handholes, boxes, and utility construction.

1.2 SUBMITTALS

A. Product Data:  For surface raceways, wireways and fittings, floor boxes, hinged-cover enclosures, and
cabinets.

B. Shop Drawings:  For custom enclosures and cabinets.  Include plans, elevations, sections, details, and
attachments to other work.

1.3 QUALITY ASSURANCE

A. 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.

B. Comply with NFPA 70.

PART 2 - PRODUCTS 

2.1 METAL CONDUIT AND TUBING 

A. Rigid Steel Conduit:  ANSI C80.1.
B. IMC:  ANSI C80.6.
C. EMT:  ANSI C80.3.
D. FMC:  Zinc-coated steel.
E. LFMC:  Flexible steel conduit with PVC jacket.
F. Fittings for Conduit (Including all Types and Flexible and Liquidtight), EMT, and Cable:  NEMA FB 1;

listed for type and size raceway with which used, and for application and environment in which installed.

1. Conduit Fittings for Hazardous (Classified) Locations:  Comply with UL 886.
2. Fittings for EMT:  Steel or die-cast, set-screw or compression type.

2.2 NONMETALLIC CONDUIT AND TUBING 

A. ENT:  NEMA TC 13.
B. RNC:  NEMA TC 2, Type EPC-40-PVC, unless otherwise indicated.
C. LFNC:  UL 1660.
D. Fittings for ENT and RNC:  NEMA TC 3; match to conduit or tubing type and material.
E. Fittings for LFNC:  UL 514B.

2.3 METAL WIREWAYS

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products
that may be incorporated into the Work include, but are not limited to, the following:
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B. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

1. Cooper B-Line, Inc.
2. Hoffman.
3. Square D; Schneider Electric.

C. Description:  Sheet metal sized and shaped as indicated, NEMA 250, Type 1 or Type 3R, unless
otherwise indicated.

D. Fittings and Accessories:  Include 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.

E. Wireway Covers:  Flanged-and-gasketed type or as indicated.
F. Finish:  Manufacturer's standard enamel finish.

2.4 NONMETALLIC WIREWAYS

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products
that may be incorporated into the Work include, but are not limited to, the following:

B. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

1. Hoffman.
2. Lamson & Sessions; Carlon Electrical Products.

C. Description:  PVC plastic, extruded and fabricated to size and shape indicated, with snap-on cover and
mechanically coupled connections with plastic fasteners.

D. Fittings and Accessories:  Include 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.

2.5 SURFACE RACEWAYS

A. Surface Metal Raceways:  Galvanized steel with snap-on covers.  Manufacturer's standard enamel
finish in color selected by Architect.

1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering
products that may be incorporated into the Work include, but are not limited to, the following:

2. Manufacturers:  Subject to compliance with requirements, provide products by one of the
following:

a. Thomas & Betts Corporation.
b. Walker Systems, Inc.; Wiremold Company (The).
c. Wiremold Company (The); Electrical Sales Division.

B. Surface Nonmetallic Raceways:  Two-piece construction, manufactured of rigid PVC with texture and
color selected by Architect from manufacturer's standard colors.

1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering
products that may be incorporated into the Work include, but are not limited to, the following:

2. Manufacturers:  Subject to compliance with requirements, provide products by one of the
following:

a. Butler Manufacturing Company; Walker Division.
b. Enduro Systems, Inc.; Composite Products Division.
c. Hubbell Incorporated; Wiring Device-Kellems Division.
d. Lamson & Sessions; Carlon Electrical Products.
e. Panduit Corp.
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f. Walker Systems, Inc.; Wiremold Company (The).
g. Wiremold Company (The); Electrical Sales Division.

2.6 BOXES, ENCLOSURES, AND CABINETS 

A. Sheet Metal Outlet and Device Boxes:  NEMA OS 1.
B. Cast-Metal Outlet and Device Boxes:  NEMA FB 1, aluminum, Type FD, with gasketed cover.
C. Nonmetallic Outlet and Device Boxes:  NEMA OS 2.
D. Metal Floor Boxes:  Cast or sheet metal, rectangular.
E. Nonmetallic Floor Boxes:  Nonadjustable, round.
F. Small Sheet Metal Pull and Junction Boxes:  NEMA OS 1.
G. Cast-Metal Access, Pull, and Junction Boxes:  NEMA FB 1, cast aluminum with gasketed cover.
H. Hinged-Cover Enclosures:  NEMA 250, Type 1, with continuous-hinge cover with flush latch, unless

otherwise indicated.

1. Metal Enclosures:  Steel, finished inside and out with manufacturer's standard enamel.
2. Nonmetallic Enclosures:  Plastic, finished inside with radio-frequency-resistant paint.

I. Cabinets:

1. NEMA 250, Type 1, galvanized-steel box with removable interior panel and removable front,
finished inside and out with manufacturer's standard enamel.

2. Hinged door in front cover with flush latch and concealed hinge.
3. Key latch to match panelboards.
4. Metal barriers to separate wiring of different systems and voltage.
5. Accessory feet where required for freestanding equipment.

PART 3 - EXECUTION 

3.1 RACEWAY APPLICATION 

A. Outdoors:  Apply raceway products as specified below, unless otherwise indicated:

1. Exposed Conduit:  [Rigid steel conduit] [IMC] [RNC, Type EPC-40-PVC] [RNC, Type EPC-80-
PVC].

2. Concealed Conduit, Aboveground:  [Rigid steel conduit] [IMC] [EMT] [RNC, Type EPC-40-PVC].
3. Underground Conduit:  RNC, Type EPC-40-PVC, direct buried.
4. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, Electric

Solenoid, or Motor-Driven Equipment):  LFMC.
5. Boxes and Enclosures, Aboveground:  NEMA 250, Type 3R in stainless steel.

B. Comply with the following indoor applications, unless otherwise indicated:

1. Exposed, Not Subject to Physical Damage:  EMT.
2. Exposed, Not Subject to Severe Physical Damage:  EMT.
3. Exposed and Subject to Severe Physical Damage:  Rigid steel conduit.  Includes raceways in the

following locations:

a. Loading dock.
b. Corridors used for traffic of mechanized carts, forklifts, and pallet-handling units.
c. Mechanical rooms.

4. Concealed in Ceilings and Interior Walls and Partitions:  EMT.
5. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, Electric

Solenoid, or Motor-Driven Equipment):  FMC, except use LFMC in damp or wet locations.
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6. Damp or Wet Locations:  Rigid steel conduit.
7. Raceways for Optical Fiber or Communications Cable:  EMT.
8. Boxes and Enclosures:  NEMA 250, Type 1, except use NEMA 250, Type 4, stainless steel in

damp or wet locations.

C. Minimum Raceway Size: 3/4-inch trade size.
D. Raceway Fittings:  Compatible with raceways and suitable for use and location.

1. Rigid and Intermediate Steel Conduit:  Use threaded rigid steel conduit fittings, unless otherwise
indicated.

3.2 INSTALLATION 

A. Comply with NECA 1 for installation requirements applicable to products specified in Part 2 except
where requirements on Drawings or in this Article are stricter.

B. Keep raceways at least 6 inches away from parallel runs of flues and steam or hot-water pipes.  Install
horizontal raceway runs above water and steam piping.

C. Complete raceway installation before starting conductor installation.
D. Support raceways as specified in Division 26 Section "Hangers and Supports for Electrical Systems."
E. Arrange stub-ups so curved portions of bends are not visible above the finished slab.
F. Install no more than the equivalent of three 90-degree bends in any conduit run except for

communications conduits, for which fewer bends are allowed.
G. Conceal conduit and EMT within finished walls, ceilings, and floors, unless otherwise indicated.
H. Raceways Embedded in Slabs:

1. Run conduit larger than 1-inch trade size, parallel or at right angles to main reinforcement.
Where at right angles to reinforcement, place conduit close to slab support.

2. Arrange raceways to cross building expansion joints at right angles with expansion fittings.
3. Change from ENT to RNC, Type EPC-40-PVC, rigid steel conduit, or IMC before rising above the

floor.

I. Raceway Terminations at Locations Subject to Moisture or Vibration:  Use insulating bushings to protect
conductors, including conductors smaller than No. 4 AWG.

J. Install pull wires in empty raceways.  Use polypropylene or monofilament plastic line with not less than
200-lb  tensile strength.  Leave at least 12 inches of slack at each end of pull wire.

K. Raceways for Optical Fiber and Communications Cable:  Install as follows:

1. 3/4-Inch Trade Size and Smaller:  Install raceways in maximum lengths of 50 feet.
2. 1-Inch Trade Size and Larger:  Install raceways in maximum lengths of 75 feet.
3. Install with a maximum of two 90-degree bends or equivalent for each length of raceway unless

Drawings show stricter requirements.  Separate lengths with pull or junction boxes or terminations
at distribution frames or cabinets where necessary to comply with these requirements.

L. Install raceway sealing fittings at suitable, approved, and accessible locations and fill them with listed
sealing compound.  For concealed raceways, install each fitting in a flush steel box with a blank cover
plate having a finish similar to that of adjacent plates or surfaces.  Install raceway sealing fittings at the
following points:

1. Where conduits pass from warm to cold locations, such as boundaries of refrigerated spaces.
2. Where otherwise required by NFPA 70.

M. Expansion-Joint Fittings for RNC:  Install in each run of aboveground conduit that is located where
environmental temperature change may exceed 30 deg F, and that has straight-run length that exceeds
25 feet.
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1. Install expansion-joint fittings for each of the following locations, and provide type and quantity of
fittings that accommodate temperature change listed for location:

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 the Outdoors without Physical Separation: 125 deg F

temperature change.

2. 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.

3. Install each expansion-joint fitting with position, mounting, and piston setting selected according
to manufacturer's written instructions for conditions at specific location at the time of installation.

N. Flexible Conduit Connections:  Use maximum of 72 inches of flexible conduit for recessed and
semirecessed lighting fixtures, equipment subject to vibration, noise transmission, or movement; and for
transformers and motors.

1. Use LFMC in damp or wet locations subject to severe physical damage.
2. Use LFMC or LFNC in damp or wet locations not subject to severe physical damage.

O. 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.

P. Set metal floor boxes level and flush with finished floor surface.
Q. Set nonmetallic floor boxes level.  Trim after installation to fit flush with finished floor surface.

3.3 INSTALLATION OF UNDERGROUND CONDUIT

A. Direct-Buried Conduit:

1. Excavate trench bottom to provide firm and uniform support for conduit.  Prepare trench bottom
as specified in Division 31 Section "Earth Moving" for pipe less than 6 inches in nominal diameter.

2. Install backfill as specified in Division 31 Section "Earth Moving."
3. After installing conduit, backfill and compact.  Start at tie-in point, and work toward end of conduit

run, leaving conduit at end of run free to move with expansion and contraction as temperature
changes during this process.  Firmly hand tamp backfill around conduit to provide maximum
supporting strength.  After placing controlled backfill to within 12 inches of finished grade, make
final conduit connection at end of run and complete backfilling with normal compaction as
specified in Division 31 Section "Earth Moving."

4. Install manufactured duct elbows for stub-ups at poles and equipment and at building entrances
through the floor, unless otherwise indicated.  Encase elbows for stub-up ducts throughout the
length of the elbow.

5. Install manufactured rigid steel conduit elbows for stub-ups at poles and equipment and at
building entrances through the floor.

a. Couple steel conduits to ducts with adapters designed for this purpose, and encase
coupling with 3 inches of concrete.

b. For stub-ups at equipment mounted on outdoor concrete bases, extend steel conduit
horizontally a minimum of 60 inches from edge of equipment pad or foundation.  Install
insulated grounding bushings on terminations at equipment.

6. Warning Planks:  Bury warning planks approximately 12 inches above direct-buried conduits,
placing them 24 inches o.c.  Align planks along the width and along the centerline of conduit.

3.4 FIRESTOPPING 
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A. Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore original fire-
resistance rating of assembly.  Firestopping materials and installation requirements are specified in
Division 07 Section "Penetration Firestopping."

END OF SECTION 
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DOCUMENT 26 05 53 

IDENTIFICATION FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes:

1. Identification for raceways.
2. Identification of power and control cables.
3. Identification for conductors.
4. Underground-line warning tape.
5. Warning labels and signs.
6. Instruction signs.
7. Equipment identification labels.
8. Miscellaneous identification products.

1.2 SUBMITTALS 

A. Product Data:  For each electrical identification product indicated.

1.3 QUALITY ASSURANCE

A. Comply with ANSI A13.1.
B. Comply with NFPA 70.
C. Comply with 29 CFR 1910.144 and 29 CFR 1910.145.
D. Comply with ANSI Z535.4 for safety signs and labels.
E. Adhesive-attached labeling materials, including label stocks, laminating adhesives, and inks used by

label printers, shall comply with UL 969.

PART 2 - PRODUCTS 

2.1 POWER RACEWAY IDENTIFICATION MATERIALS 

A. Comply with ANSI A13.1 for minimum size of letters for legend and for minimum length of color field for
each raceway size.

B. Colors for Raceways Carrying Circuits at 600 V or Less:

1. Black letters on an orange field.
2. Legend:  Indicate voltage and system or service type.

C. Self-Adhesive Vinyl Labels for Raceways Carrying Circuits at 600 V or Less:  Preprinted, flexible label
laminated with a clear, weather- and chemical-resistant coating and matching wraparound adhesive
tape for securing ends of legend label.

D. Snap-Around Labels for Raceways Carrying Circuits at 600 V or Less:  Slit, pretensioned, flexible,
preprinted, color-coded acrylic sleeve, with diameter sized to suit diameter of raceway or cable it
identifies and to stay in place by gripping action.

E. Snap-Around, Color-Coding Bands for Raceways Carrying Circuits at 600 V or Less:  Slit, pretensioned,
flexible, solid-colored acrylic sleeve, 2 inches long, with diameter sized to suit diameter of raceway or
cable it identifies and to stay in place by gripping action.

F. Write-On Tags:  Polyester tag, 0.010 inch thick, with corrosion-resistant grommet and cable tie for
attachment to conductor or cable.
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1. Marker for Tags:  Permanent, waterproof, black ink marker recommended by tag manufacturer.
2. Marker for Tags:  Machine-printed, permanent, waterproof, black ink marker recommended by

printer manufacturer.

2.2 ARMORED AND METAL-CLAD CABLE IDENTIFICATION MATERIALS 

A. Comply with ANSI A13.1 for minimum size of letters for legend and for minimum length of color field for
each raceway and cable size.

B. Colors for Raceways Carrying Circuits at 600 V and Less:

1. Black letters on an orange field.
2. Legend:  Indicate voltage and system or service type

C. Self-Adhesive Vinyl Labels:  Preprinted, flexible label laminated with a clear, weather- and chemical-
resistant coating and matching wraparound adhesive tape for securing ends of legend label.

D. Self-Adhesive Vinyl Tape:  Colored, heavy duty, waterproof, fade resistant; 2 inches (50 mm) wide;
compounded for outdoor use.

2.3 POWER AND CONTROL CABLE IDENTIFICATION MATERIALS

A. Comply with ANSI A13.1 for minimum size of letters for legend and for minimum length of color field for
each raceway and cable size.

B. Self-Adhesive Vinyl Labels:  Preprinted, flexible label laminated with a clear, weather- and chemical-
resistant coating and matching wraparound adhesive tape for securing ends of legend label.

C. Write-On Tags:  Polyester tag, 0.010 inch  thick, with corrosion-resistant grommet and cable tie for
attachment to conductor or cable.

1. Marker for Tags:  Permanent, waterproof, black ink marker recommended by tag manufacturer.
2. Marker for Tags:  Machine-printed, permanent, waterproof, black ink marker recommended by

printer manufacturer.

D. Snap-Around Labels:  Slit, pretensioned, flexible, preprinted, color-coded acrylic sleeve, with diameter
sized to suit diameter of raceway or cable it identifies and to stay in place by gripping action.

E. Snap-Around, Color-Coding Bands:  Slit, pretensioned, flexible, solid-colored acrylic sleeve, 2 inches
long, with diameter sized to suit diameter of raceway or cable it identifies and to stay in place by
gripping action.

2.4 CONDUCTOR IDENTIFICATION MATERIALS

A. Color-Coding Conductor Tape:  Colored, self-adhesive vinyl tape not less than 3 mils thick by 1 to 2
inches wide.

B. Self-Adhesive Vinyl Labels:  Preprinted, flexible label laminated with a clear, weather- and chemical-
resistant coating and matching wraparound adhesive tape for securing ends of legend label.

C. Marker Tapes:  Vinyl or vinyl-cloth, self-adhesive wraparound type, with circuit identification legend
machine printed by thermal transfer or equivalent process.

D. Write-On Tags:  Polyester tag, 0.010 inch thick, with corrosion-resistant grommet and cable tie for
attachment to conductor or cable.

1. Marker for Tags:  Permanent, waterproof, black ink marker recommended by tag manufacturer.
2. Marker for Tags:  Machine-printed, permanent, waterproof, black ink marker recommended by

printer manufacturer.

2.5 FLOOR MARKING TAPE 
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A. 2-inch- wide, 5-mil pressure-sensitive vinyl tape, with black and white stripes and clear vinyl overlay.

2.6 UNDERGROUND-LINE WARNING TAPE

A. Tape:

1. Recommended by manufacturer for the method of installation and suitable to identify and locate
underground electrical and communications utility lines.

2. Printing on tape shall be permanent and shall not be damaged by burial operations.
3. Tape material and ink shall be chemically inert, and not subject to degrading when exposed to

acids, alkalis, and other destructive substances commonly found in soils.

B. Color and Printing:

1. Comply with ANSI Z535.1 through ANSI Z535.5.
2. Inscriptions for Red-Colored Tapes:  ELECTRIC LINE, HIGH VOLTAGE,.
3. Inscriptions for Orange-Colored Tapes:  TELEPHONE CABLE, CATV CABLE, 

COMMUNICATIONS CABLE, OPTICAL FIBER CABLE. 

2.7 WARNING LABELS AND SIGNS 

A. Comply with NFPA 70 and 29 CFR 1910.145.
B. Self-Adhesive Warning Labels:  Factory-printed, multicolor, pressure-sensitive adhesive labels,

configured for display on front cover, door, or other access to equipment unless otherwise indicated.
C. Baked-Enamel Warning Signs:

1. Preprinted aluminum signs, punched or drilled for fasteners, with colors, legend, and size
required for application.

2. 1/4-inch  grommets in corners for mounting.
3. Nominal size, 7 by 10 inches .

D. Metal-Backed, Butyrate Warning Signs:

1. Weather-resistant, nonfading, preprinted, cellulose-acetate butyrate signs with 0.0396-inch
galvanized-steel backing; and with colors, legend, and size required for application.

2. 1/4-inch  grommets in corners for mounting.
3. Nominal size, 10 by 14 inches.

E. Warning label and sign 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 "

2.8 INSTRUCTION SIGNS 

A. Engraved, laminated acrylic or melamine plastic, minimum 1/16 inch thick for signs up to 20 sq. inches
and 1/8 inch thick for larger sizes.

1. Engraved legend with black letters on white face.
2. Punched or drilled for mechanical fasteners.
3. Framed with mitered acrylic molding and arranged for attachment at applicable equipment.

B. Adhesive Film Label:  Machine printed, in black, by thermal transfer or equivalent process.  Minimum
letter height shall be 3/8 inch.
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C. Adhesive Film Label with Clear Protective Overlay:  Machine printed, in black, by thermal transfer or
equivalent process.  Minimum letter height shall be 3/8 inch .  Overlay shall provide a weatherproof and
UV-resistant seal for label.

2.9 EQUIPMENT IDENTIFICATION LABELS

A. Adhesive Film Label with Clear Protective Overlay:  Machine printed, in black, by thermal transfer or
equivalent process.  Minimum letter height shall be 3/8 inch.  Overlay shall provide a weatherproof and
UV-resistant seal for label.

B. Self-Adhesive, Engraved, Laminated Acrylic or Melamine Label:  Adhesive backed, with white letters on
a dark-gray background.  Minimum letter height shall be 3/8 inch.

C. Stenciled Legend:  In nonfading, waterproof, [black] <Insert color> ink or paint.  Minimum letter height
shall be 1 inch.

2.10 MISCELLANEOUS IDENTIFICATION PRODUCTS

A. Paint:  Comply with requirements in Division 09 painting Sections for paint materials and application
requirements.  Select 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 

3.1 INSTALLATION 

A. Location:  Install identification materials and devices at locations for most convenient viewing without
interference with operation and maintenance of equipment.

B. Apply identification devices to surfaces that require finish after completing finish work.
C. Self-Adhesive Identification Products:  Clean surfaces before application, using materials and methods

recommended by manufacturer of identification device.
D. Attach signs and plastic labels that are not self-adhesive type with mechanical fasteners appropriate to

the location and substrate.
E. System Identification Color-Coding Bands for Raceways and Cables:  Each color-coding band shall

completely encircle cable or conduit.  Place adjacent bands of two-color markings in contact, side by
side.  Locate bands 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. Underground-Line Warning Tape:  During backfilling of trenches install continuous underground-line
warning tape directly above line 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.

G. Painted Identification:  Comply with requirements in Division 09 painting Sections for surface
preparation and paint application.

3.2 IDENTIFICATION SCHEDULE

A. 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:  Install labels at 30-foot maximum intervals.

B. Accessible Raceways and Cables within Buildings:  Identify the covers of each junction and pull box of
the following systems with self-adhesive vinyl labels with the wiring system legend and system voltage.
System legends shall be as follows:

1. Emergency Power.
2. Power.
3. UPS.
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C. Power-Circuit Conductor Identification, 600 V or Less:  For conductors in vaults, pull and junction boxes,
manholes, and handholes, use color-coding conductor tape to identify the phase.

1. Color-Coding for Phase and Voltage Level Identification, 600 V or Less:  Use colors listed below
for ungrounded service, feeder and branch-circuit conductors.

a. Color shall be factory applied[ or field applied for sizes larger than No. 6 AWG.
b. Colors for 208/120-V Circuits:

1) Phase A:  Black.
2) Phase B:  Red.
3) Phase C:  Blue.

c. Colors for 480/277-V Circuits:

1) Phase A:  Brown.
2) Phase B:  Orange.
3) Phase C:  Yellow.

d. Field-Applied, Color-Coding Conductor Tape:  Apply in half-lapped turns for a minimum
distance of 6 inches  from terminal points and in boxes where splices or taps are made.
Apply last two turns of tape with no tension to prevent possible unwinding.  Locate bands
to avoid obscuring factory cable markings.

D. Install instructional sign including the color-code for grounded and ungrounded conductors using
adhesive-film-type labels.

E. Auxiliary Electrical Systems Conductor Identification:  Identify field-installed alarm, control, and signal
connections.

1. Identify conductors, cables, and terminals in enclosures and at junctions, terminals, and pull
points.  Identify by system and circuit designation.

2. Use system of marker tape designations that is uniform and consistent with system used by
manufacturer for factory-installed connections.

3. Coordinate identification with Project Drawings, manufacturer's wiring diagrams, and the
Operation and Maintenance Manual.

F. Locations of Underground Lines:  Identify with underground-line warning tape for power, lighting,
communication, and control wiring and optical fiber cable.

1. Limit use of underground-line warning tape to direct-buried cables.
2. Install underground-line warning tape for both direct-buried cables and cables in raceway.

G. Workspace Indication:  Install floor marking tape to show working clearances in the direction of access
to live parts.  Workspace shall be as required by NFPA 70 and 29 CFR 1926.403 unless otherwise
indicated.  Do not install at flush-mounted panelboards and similar equipment in finished spaces.

H. Warning Labels for Indoor Cabinets, Boxes, and Enclosures for Power and Lighting:  Self-adhesive
warning labels.

1. Comply with 29 CFR 1910.145.
2. Identify system voltage with black letters on an orange background.
3. Apply to exterior of door, cover, or other access.
4. 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.
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I. Operating Instruction Signs:  Install instruction signs to facilitate proper operation and maintenance of
electrical systems and items to which they connect.  Install instruction signs with approved legend where
instructions are needed for system or equipment operation.

J. Equipment Identification Labels:  On each unit of equipment, install unique designation label that is
consistent with wiring diagrams, schedules, and the Operation and Maintenance Manual.  Apply labels
to disconnect switches and protection equipment, central or master units, control panels, control
stations, terminal cabinets, and racks of each system.  Systems include power, lighting, control,
communication, signal, monitoring, and alarm systems unless equipment is provided with its own
identification.

1. Labeling Instructions:

a. Indoor Equipment:  Adhesive film label with clear protective overlay.  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.

b. Outdoor Equipment:  Engraved, laminated acrylic or melamine label.
c. Elevated Components:  Increase sizes of labels and letters to those appropriate for viewing

from the floor.
d. Unless provided with self-adhesive means of attachment, fasten labels with appropriate

mechanical fasteners that do not change the NEMA or NRTL rating of the enclosure.

END OF SECTION 
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DOCUMENT 26 05 73 

OVERCURRENT PROTECTIVE DEVICE COORDINATION STUDY 

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. This Section includes computer-based, fault-current and overcurrent protective device coordination
studies. Protective devices shall be set based on results of the protective device coordination study.

1. Coordination of series-rated devices is permitted where indicated on Drawings.

1.3 SUBMITTALS 

A. Product Data: For computer software program to be used for studies.
B. Product Certificates: For coordination-study and fault-current-study computer software programs,

certifying compliance with IEEE 399.
C. Qualification Data: For coordination-study specialist.
D. Other Action Submittals: The following submittals shall be made after the approval process for system

protective devices has been completed. Submittals may be in digital form.

1. Coordination-study input data, including completed computer program input data sheets.
2. Study and Equipment Evaluation Reports.
3. Coordination-Study Report.

1.4 QUALITY ASSURANCE 

A. Studies shall use computer programs that are distributed nationally and are in wide use. Software
algorithms shall comply with requirements of standards and guides specified in this Section. Manual
calculations are not acceptable.

B. Coordination-Study Specialist Qualifications: An entity experienced in the application of computer
software used for studies, having performed successful studies of similar magnitude on electrical
distribution systems using similar devices.

1. Professional engineer, licensed in the state where Project is located, shall be responsible for the
study. All elements of the study shall be performed under the direct supervision and control of
engineer.

C. Comply with IEEE 242 for short-circuit currents and coordination time intervals.
D. Comply with IEEE 399 for general study procedures.

PART 2 – PRODUCTS 

2.1 COMPUTER SOFTWARE DEVELOPERS 

A. Available Computer Software Developers: Subject to compliance with requirements, companies offering
computer software programs that may be used in the Work include, but are not limited to the following:

B. Computer Software Developers: Subject to compliance with requirements, provide products by one of the
following:
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C. Basis-of-Design Product: Subject to compliance with requirements, provide the product indicated on
Drawings or a comparable product by one of the following:

1. CGI CYME.
2. EDSA Micro Corporation.
3. ESA Inc.
4. Operation Technology, Inc.
5. SKM Systems Analysis, Inc.

2.2 COMPUTER SOFTWARE PROGRAM REQUIREMENTS 

A. Comply with IEEE 399.
B. Analytical features of fault-current-study computer software program shall include "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. 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.

PART 3 – EXECUTION 

3.1 EXAMINATION 

A. Examine Project overcurrent protective device submittals for compliance with electrical distribution system
coordination requirements and other conditions affecting performance. 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.

3.2 POWER SYSTEM DATA 

A. Gather and tabulate the following input data to support coordination study:

1. Product Data for overcurrent protective devices specified in other Division 26 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. Impedance of utility service entrance.
3. Electrical Distribution System Diagram: In hard-copy and electronic-copy formats, showing the

following:

a. Circuit-breaker and fuse-current ratings and types.
b. Relays and associated power and current transformer ratings and ratios.
c. Transformer kilovolt amperes, primary and secondary voltages, connection type,

impedance, and X/R ratios.
d. Generator kilovolt amperes, size, voltage, and source impedance.
e. Cables: Indicate conduit material, sizes of conductors, conductor material, insulation, and
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length. 
f. Busway ampacity and impedance.
g. Motor horsepower and code letter designation according to NEMA MG 1.

4. Data sheets to supplement electrical distribution system 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 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 ration for
overcurrent relays.

j. Panelboards, switchboards, motor-control center ampacity, and interrupting rating in
amperes rms symmetrical.

3.3 FAULT-CURRENT STUDY 

A. Calculate the maximum available short-circuit current in amperes rms symmetrical at circuit-breaker
positions of the electrical power distribution system. The calculation shall be for a current immediately
after initiation and for a three-phase bolted short circuit at each of the following:

1. Switchgear and switchboard bus.
2. Medium-voltage controller.
3. Motor-control center.
4. Distribution panelboard.
5. Branch circuit panelboard.

B. Study electrical distribution system from normal and alternate power sources throughout electrical
distribution system for Project. Include studies of system-switching configurations and alternate
operations that could result in maximum fault conditions.

C. Calculate momentary and interrupting duties on the basis of maximum available fault current.
D. Calculations to verity interrupting ratings of overcurrent protective devices shall comply with IEEE 141,

IEEE 241, and IEEE 242.

1. Transformers:

a. ANSI C57.12.10.
b. ANSI C57.12.22.
c. ANSI C57.12.40.
d. IEEE C57.12.00.
e. IEEE C57.96.

2. Medium-Voltage Circuit Breakers: IEEE C37.010.
3. Low-Voltage Circuit Breakers: IEEE 1015 and IEEE C37.20.1.
4. Low-Voltage Fuses:  IEEE C37.46.
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E. Study Report:

1. Show calculated X/R rations and equipment interrupting ratings (1/2-cycle) fault currents on
electrical distribution system diagram.

2. Show interrupting (5-cycle) and time-delayed currents (6 cycles and above) on medium- and
high-voltage breakers as needed to set relays and assess the sensitivity of overcurrent relays.

F. Equipment Evaluation Report:

1. For 600-V overcurrent protective devices, ensure that interrupting ratings are equal to or higher
than calculated ½-cycle symmetrical fault current.

2. For devices and equipment rated for asymmetrical fault current, apply multiplication factors listed
in the standards to ½-cycle symmetrical fault current.

3. 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 ½-cycle symmetrical fault current.

3.4 COORDINATION STUDY 

A. Perform coordination study using approved computer software program. Prepare a written report using
results of fault-current study. Comply with IEEE 399.

1. Calculate the maximum and minimum 1/2-cycle short-circuit currents.
2. Calculate the maximum and minimum interrupting duty (5 cycles to 2 seconds) short-circuit

currents.
3. Calculate the maximum and minimum ground-fault currents.

B. Comply with IEEE 242 recommendations for fault currents and time intervals.
C. 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.

D. Motors served by voltages more than 600 V shall be protected according to IEEE 620.
E. Conductor Protection: Protect cables against damage from fault currents according to ICEA P-32-382,

ICEA P-45-482, and conductor melting curves 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 the curves from
cable manufacturers or from listed standards indicating conductor size and short-circuit current.

F. Coordination-Study Report: Prepare a written report indicating the following results of coordination study:

1. Tabular Format of Settings Selected for Overcurrent Protective Devices:

a. Device tag.
b. Relay-current transformer ratios; and tap, time-dial, and instantaneous-pickup values.
c. Circuit-breaker sensor rating; and long-time, short-time, and instantaneous settings.
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d. Fuse-current rating and type.
e. Ground-fault relay-pickup and time-delay settings.

2. Coordination Curves: Prepared to 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:

a. Device tag.
b. Voltage and current ratio for curves.
c. Three-phase and single-phase damage points for each transformer.
d. No damage, melting, and clearing curves for fuses.
e. Cable damage curves.
f. Transformer inrush points.
g. Maximum fault-current cutoff point.

G. Completed data sheets for setting of overcurrent protective devices.

END OF SECTION 
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DOCUMENT 26 24 16 

PANELBOARDS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes distribution panelboards and lighting and appliance branch-circuit panelboards.

1.2 PERFORMANCE REQUIREMENTS

A. Seismic Performance:  Panelboards shall withstand the effects of earthquake motions determined
according to ASCE 7.

1. The term "withstand" means "the unit will remain in place without separation of any parts from the
device when subjected to the seismic forces specified and the unit will be fully operational after
the seismic event."

1.3 SUBMITTALS 

A. Product Data:  For each type of product indicated.
B. Shop Drawings:  For each panelboard and related equipment.

1. Include dimensioned plans, elevations, sections, and details.  Show tabulations of installed
devices, equipment features, and ratings.

2. Detail enclosure types and details for types other than NEMA 250, Type 1.
3. Detail bus configuration, current, and voltage ratings.
4. Short-circuit current rating of panelboards and overcurrent protective devices.
5. Include evidence of NRTL listing for series rating of installed devices.
6. Detail features, characteristics, ratings, and factory settings of individual overcurrent protective

devices and auxiliary components.
7. Include wiring diagrams for power, signal, and control wiring.
8. Include time-current coordination curves for each type and rating of overcurrent protective device

included in panelboards.

C. Seismic Qualification Certificates:  Submit certification that panelboards, overcurrent protective devices,
accessories, and components will withstand seismic forces defined in Division 26 Section "Vibration and
Seismic Controls for Electrical Systems."

D. Field quality-control reports.
E. Panelboard schedules for installation in panelboards.
F. Operation and maintenance data.

1.4 QUALITY ASSURANCE

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 PB 1.
C. Comply with NFPA 70.

1.5 WARRANTY

A. Special Warranty:  Manufacturer's standard form in which manufacturer agrees to repair or replace
transient voltage suppression devices that fail in materials or workmanship within specified warranty
period.

Gobierno de Puerto Rico DDEC REORGANIZATION OF PHYSICAL SPACES 
Remodeling of Interior Space 
OGPe Ponce HQ (3rd Floor) 

Integra Design Group 
Project: 58-2036.0 



FEB. 2022 26 24 16 - 2 

1. Warranty Period:  Five years from date of Substantial Completion.
PART 2 - PRODUCTS 

2.1 GENERAL REQUIREMENTS FOR PANELBOARDS 

A. Fabricate and test panelboards according to IEEE 344 to withstand seismic forces defined in Division 26
Section "Vibration and Seismic Controls for Electrical Systems."

B. Enclosures:  Flush- and surface - mounted 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 3R.
c. Outdoor Locations within a mile of saline water bodies:  NEMA 250, Type 4X stainless

steel.
d. Other Wet or Damp Indoor Locations:  NEMA 250, Type 4.

2. Front:  Secured to box with concealed trim clamps.  For surface-mounted fronts, match box
dimensions; for flush-mounted fronts, overlap box.

3. Hinged Front Cover:  Entire front trim hinged to box and with standard door within hinged trim
cover.

4. Directory Card:  Inside panelboard door, mounted in transparent card holder.
5. <Insert optional features>.

C. Incoming Mains Location:  Top and bottom.
D. Phase, Neutral, and Ground Buses:  Tin-plated aluminum.
E. Conductor Connectors:  Suitable for use with conductor material and sizes.

1. Material:  Tin-plated aluminum.
2. Main and Neutral Lugs:  Mechanicaltype.
3. Ground Lugs and Bus Configured Terminators:  Mechanical type.
4. Feed-Through Lugs Mechanical type, suitable for use with conductor material.  Locate at opposite

end of bus from incoming lugs or main device.
5. Subfeed (Double) Lugs:  Mechanical type suitable for use with conductor material.  Locate at

same end of bus as incoming lugs or main device.

F. Service Equipment Label:  NRTL labeled for use as service equipment for panelboards with one or
more main service disconnecting and overcurrent protective devices.

G. Future Devices:  Mounting brackets, bus connections, filler plates, and necessary appurtenances
required for future installation of devices.

H. Panelboard Short-Circuit Current Rating:  Rated for series-connected system with integral or remote
upstream overcurrent protective devices and labeled by an NRTL.  Include size and type of allowable
upstream and branch devices, and listed and labeled for series-connected short-circuit rating by an
NRTL.

I. Panelboard Short-Circuit Current Rating:  Fully rated to interrupt symmetrical short-circuit current
available at terminals.

2.2 DISTRIBUTION PANELBOARDS

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the available
manufacturers offering products that may be incorporated into the Work.

B. Basis-of-Design Product:  Subject to compliance with requirements, provide product indicated on
Drawings or comparable product by one of the following:

1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
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2. General Electric Company; GE Consumer & Industrial - Electrical Distribution.
3. Siemens Energy & Automation, Inc.
4. Square D; a brand of Schneider Electric.

C. Panelboards:  NEMA PB 1, power and feeder distribution type.
D. Doors:  Secured with vault-type latch with tumbler lock; keyed alike.
E. Mains: Circuit breaker or Lugs only
F. Branch Overcurrent Protective Devices:  For Circuit-Breaker Frame Sizes 125 A and Smaller:  Plug-in

circuit breakers.
G. Branch Overcurrent Protective Devices:  For Circuit-Breaker Frame Sizes Larger Than 125 A:  Bolt-on

circuit breakers; plug-in circuit breakers where individual positive-locking device requires mechanical
release for removal.

H. Branch Overcurrent Protective Devices:  Fused switches.

2.3 LIGHTING AND APPLIANCE BRANCH-CIRCUIT PANELBOARDS

A. Manufacturers:  Subject to compliance with requirements, provide products available manufacturers
offering products that may be incorporated into the Work

B. Retain option in first paragraph below if manufacturer's name and model number are indicated in
schedules or plans on Drawings; delete option and insert manufacturer's name and model number if not
included on Drawings.

C. Basis-of-Design Product:  Subject to compliance with requirements, provide product indicated on
Drawings Insert manufacturer's name; product name or designation or comparable product by one of
the following:

1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
2. General Electric Company; GE Consumer & Industrial - Electrical Distribution.
3. Siemens Energy & Automation, Inc.
4. Square D; a brand of Schneider Electric.

D. Panelboards:  NEMA PB 1, lighting and appliance branch-circuit type.
E. Mains:  Circuit breaker or lugs only
F. Branch Overcurrent Protective Devices:  Plug-in circuit breakers, replaceable without disturbing

adjacent units.
G. Doors:  Concealed hinges; secured with flush latch with tumbler lock; keyed alike.
H. Column-Type Panelboards:  Narrow gutter extension, with cover, to overhead junction box equipped

with ground and neutral terminal buses.

2.4 DISCONNECTING AND OVERCURRENT PROTECTIVE DEVICES

A. Manufacturers:  Subject to compliance with requirements, provide products available manufacturers
offering products that may be incorporated into the Work.

B. Basis-of-Design Product:  Subject to compliance with requirements, provide provide products available
manufacturers offering products that may be incorporated into the Work or comparable product by one
of the following:

1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
2. General Electric Company; GE Consumer & Industrial - Electrical Distribution.
3. Siemens Energy & Automation, Inc.
4. Square D; a brand of Schneider Electric.

C. Molded-Case Circuit Breaker (MCCB):  Comply with UL 489, with interrupting capacity to meet available
fault currents.
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1. Thermal-Magnetic Circuit Breakers:  Inverse time-current 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.

2. Adjustable Instantaneous-Trip Circuit Breakers:  Magnetic trip element with front-mounted, field-
adjustable trip setting.

3. Electronic trip circuit breakers with rms sensing; field-replaceable rating plug or field-replicable
electronic trip; and the following field-adjustable settings:

a. Instantaneous trip.
b. Long- and short-time pickup levels.
c. Long- and short-time time adjustments.
d. Ground-fault pickup level, time delay, and I2t response.

4. Current-Limiting Circuit Breakers:  Frame sizes 400 A and smaller; let-through ratings less than
NEMA FU 1, RK-5.

5. GFCI Circuit Breakers:  Single- and two-pole configurations with Class A ground-fault protection
(6-mA trip).

6. Ground-Fault Equipment Protection (GFEP) Circuit Breakers:  Class B ground-fault protection
(30-mA trip).

7. Arc-Fault Circuit Interrupter (AFCI) Circuit Breakers:  Comply with UL 1699; 120/240-V, single-
pole configuration.

8. Molded-Case Circuit-Breaker (MCCB) Features and Accessories:

a. Standard frame sizes, trip ratings, and number of poles.
b. Lugs:  Mechanical style, suitable for number, size, trip ratings, and conductor materials.
c. Application Listing:  Appropriate for application; Type SWD for switching fluorescent

lighting loads; Type HID for feeding fluorescent and high-intensity discharge (HID) lighting
circuits.

d. Ground-Fault Protection:  Integrally mounted relay and trip unit with adjustable pickup and
time-delay settings, push-to-test feature, and ground-fault indicator.

e. Handle Padlocking Device:  Fixed attachment, for locking circuit-breaker handle in on or off
position.

f. Handle Clamp:  Loose attachment, for holding circuit-breaker handle in on position.

D. 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 Division 26 Section
"Fuses."

2.5 ACCESSORY COMPONENTS AND FEATURES 

A. Portable Test Set:  For testing functions of solid-state trip devices without removing from panelboard.
Include relay and meter test plugs suitable for testing panelboard meters and switchboard class relays.

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Receive, inspect, handle, store and install panelboards and accessories according to NECA 407.
B. Comply with mounting and anchoring requirements specified in Division 26 Section "Vibration and

Seismic Controls for Electrical Systems."
C. Mount top of trim 90 inches  above finished floor unless otherwise indicated.
D. Mount panelboard cabinet plumb and rigid without distortion of box.  Mount recessed panelboards with

fronts uniformly flush with wall finish and mating with back box.
E. Install overcurrent protective devices and controllers not already factory installed.
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1. Set field-adjustable, circuit-breaker trip ranges.

F. Install filler plates in unused spaces.
G. Stub four 1-inch empty conduits from panelboard into accessible ceiling space or space designated to

be ceiling space in the future.  Stub four 1-inch empty conduits into raised floor space or below slab not
on grade.

H. Arrange conductors in gutters into groups and bundle and wrap with wire ties.
I. Comply with NECA 1.

3.2 IDENTIFICATION

A. Identify field-installed conductors, interconnecting wiring, and components; provide warning signs
complying with Division 26 Section "Identification for Electrical Systems."

B. Create a directory to indicate installed circuit loads and incorporating Owner's final room designations.
Obtain approval before installing.  Use a computer or typewriter to create directory; handwritten
directories are not acceptable.

C. Panelboard Nameplates:  Label each panelboard with a nameplate complying with requirements for
identification specified in Division 26 Section "Identification for Electrical Systems."

D. Device Nameplates:  Label each branch circuit device in distribution panelboards with a nameplate
complying with requirements for identification specified in Division 26 Section "Identification for Electrical
Systems."

3.3 FIELD QUALITY CONTROL

A. Perform tests and inspections.
B. Acceptance Testing Preparation:

1. Test insulation resistance for each panelboard bus, component, connecting supply, feeder, and
control circuit.

2. Test continuity of each circuit.

C. Tests and Inspections:

1. Perform each visual and mechanical inspection and electrical test stated in NETA Acceptance
Testing Specification.  Certify compliance with test parameters.

2. Correct malfunctioning units on-site, where possible, and retest to demonstrate compliance;
otherwise, replace with new units and retest.

D. Panelboards will be considered defective if they do not pass tests and inspections.
E. 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.

END OF SECTION 
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DOCUMENT 26 27 26 

WIRING DEVICES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. This Section includes the following:

1. Receptacles, receptacles with integral GFCI, and associated device plates.
2. Wall-box motion sensors.
3. Snap switches and wall-box dimmers.
4. Solid-state fan speed controls.
5. Wall-switch and exterior occupancy sensors.
6. Communications outlets.

B. See Division 27 Section "Communications Horizontal Cabling" for workstation outlets.

1.2 SUBMITTALS

A. Product Data:  For each type of product indicated.
B. Shop Drawings:  List of legends and description of materials and process used for premarking wall

plates.
C. Samples:  One for each type of device and wall plate specified, in each color specified.
D. Operation and Maintenance Data:  For wiring devices to include in all manufacturers' packing label

warnings and instruction manuals that include labeling conditions.

1.3 QUALITY ASSURANCE

A. 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.

B. Comply with NFPA 70.

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers' Names:  Shortened versions (shown in parentheses) of the following manufacturers'
names are used in other Part 2 articles:

1. Cooper Wiring Devices; a division of Cooper Industries, Inc. (Cooper).
2. Hubbell Incorporated; Wiring Device-Kellems (Hubbell).
3. Leviton Mfg. Company Inc. (Leviton).
4. Pass & Seymour/Legrand; Wiring Devices & Accessories (Pass & Seymour).

2.2 STRAIGHT BLADE RECEPTACLES 

A. Convenience Receptacles, 125 V, 20 A:  Comply with NEMA WD 1, NEMA WD 6 configuration 5-20R,
and UL 498.

1. Available Products:  Subject to compliance with requirements, products that may be incorporated
into the Work include, but are not limited to, the following:
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2. Products:  Subject to compliance with requirements, provide one of the following:

a. Cooper; 5351 (single), 5352 (duplex).
b. Hubbell; HBL5351 (single), CR5352 (duplex).
c. Leviton; 5891 (single), 5352 (duplex).
d. Pass & Seymour; 5381 (single), 5352 (duplex).

2.3 GFCI RECEPTACLES 

A. General Description:  Straight blade, feed-through type.  Comply with NEMA WD 1, NEMA WD 6,
UL 498, and UL 943, Class A, and include indicator light that is lighted when device is tripped.

B. Duplex GFCI Convenience Receptacles, 125 V, 20 A:

1. Available Products:  Subject to compliance with requirements, products that may be incorporated
into the Work include, but are not limited to, the following:

2. Products:  Subject to compliance with requirements, provide one of the following:

a. Cooper; GF20.
b. Pass & Seymour; 2084.
c. Hubbell

2.4 SNAP SWITCHES 

A. Comply with NEMA WD 1 and UL 20.
B. Switches, 120/277 V, 20 A:

1. Available Products:  Subject to compliance with requirements, products that may be incorporated
into the Work include, but are not limited to, the following:

2. Products:  Subject to compliance with requirements, provide one of the following:

a. Hubbell; CS1221 (single pole), CS1222 (two pole), CS1223 (three way), CS1224 (four
way).

b. Leviton; 1221-2 (single pole), 1222-2 (two pole), 1223-2 (three way), 1224-2 (four way).
c. Pass & Seymour; 20AC1 (single pole), 20AC2 (two pole), 20AC3 (three way), 20AC4 (four

way).

C. Pilot Light Switches, 20 A:

1. Available Products:  Subject to compliance with requirements, products that may be incorporated
into the Work include, but are not limited to, the following:

2. Products:  Subject to compliance with requirements, provide one of the following:

a. Cooper; 2221PL for 120 V and 277 V.
b. Hubbell; HPL1221PL for 120 V and 277 V.
c. Leviton; 1221-PLR for 120 V, 1221-7PLR for 277 V.
d. Pass & Seymour; PS20AC1-PLR for 120 V.

3. Description:  Single pole, with neon-lighted handle, illuminated when switch is "ON."

D. Key-Operated Switches, 120/277 V, 20 A:

1. Available Products:  Subject to compliance with requirements, products that may be incorporated
into the Work include, but are not limited to, the following:

2. Products:  Subject to compliance with requirements, provide one of the following:

a. Cooper; 2221L.
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b. Hubbell; HBL1221L.
c. Leviton; 1221-2L.
d. Pass & Seymour; PS20AC1-L.

3. Description:  Single pole, with factory-supplied key in lieu of switch handle.

E. Single-Pole, Double-Throw, Momentary Contact, Center-Off Switches, 120/277 V, 20 A; for use with
mechanically held lighting contactors.

1. Available Products:  Subject to compliance with requirements, products that may be incorporated
into the Work include, but are not limited to, the following:

2. Products:  Subject to compliance with requirements, provide one of the following:

a. Cooper; 1995.
b. Hubbell; HBL1557.
c. Leviton; 1257.
d. Pass & Seymour; 1251.

F. Key-Operated, Single-Pole, Double-Throw, Momentary Contact, Center-Off Switches, 120/277 V, 20 A;
for use with mechanically held lighting contactors, with factory-supplied key in lieu of switch handle.

1. Available Products:  Subject to compliance with requirements, products that may be incorporated
into the Work include, but are not limited to, the following:

2. Products:  Subject to compliance with requirements, provide one of the following:

a. Cooper; 1995L.
b. Hubbell; HBL1557L.
c. Leviton; 1257L.
d. Pass & Seymour; 1251L.

2.5 WALL-BOX DIMMERS 

A. Dimmer Switches:  Modular, full-wave, solid-state units with integral, quiet on-off switches, with audible
frequency and EMI/RFI suppression filters.

B. Control:  Continuously adjustable slider; with single-pole or three-way switching.  Comply with UL 1472.
C. Incandescent Lamp Dimmers:  120 V; control shall follow square-law dimming curve.  On-off switch

positions shall bypass dimmer module.

1. 600 W; dimmers shall require no derating when ganged with other devices.  Illuminated when
"OFF."

D. Fluorescent Lamp Dimmer Switches:  Modular; compatible with dimmer ballasts; trim potentiometer to
adjust low-end dimming; dimmer-ballast combination capable of consistent dimming with low end not
greater than 20 percent of full brightness.

2.6 OCCUPANCY SENSORS

A. Wall-Switch Sensors:

1. Available Products:  Subject to compliance with requirements, products that may be incorporated
into the Work include, but are not limited to, the following:

2. Products:  Subject to compliance with requirements, provide one of the following:

a. Cooper; 6111 for 120 V, 6117 for 277 V.
b. Hubbell; WS1277.
c. Leviton; ODS 10-ID.
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d. Pass & Seymour; WS3000.
e. Lutron Systems.

3. Description:  Passive-infrared type, 120/277 V, adjustable time delay up to 30 minutes, 180-
degree field of view, with a minimum coverage area of 900 sq. ft.

B. Wall-Switch Sensors:

1. Available Products:  Subject to compliance with requirements, products that may be incorporated
into the Work include, but are not limited to, the following:

2. Products:  Subject to compliance with requirements, provide one of the following:

a. Hubbell; AT120 for 120 V, AT277 for 277 V.
b. Leviton; ODS 15-ID.

3. Description:  Adaptive-technology type, 120/277 V, adjustable time delay up to 20 minutes, 180-
degree field of view, with a minimum coverage area of 900 sq. ft.

C. Long-Range Wall-Switch Sensors:

1. Available Products:  Subject to compliance with requirements, products that may be incorporated
into the Work include, but are not limited to, the following:

2. Products:  Subject to compliance with requirements, provide one of the following:

a. Hubbell; ATD1600WRP.
b. Leviton; ODW12-MRW.
c. Watt Stopper (The); DT-200.

3. Description:  Dual technology, with both passive-infrared- and ultrasonic-type sensing, 120/277 V,
adjustable time delay up to 30 minutes, 110-degree field of view, and a minimum coverage area
of 1200 sq. ft.

D. Wide-Range Wall-Switch Sensors:

1. Available Products:  Subject to compliance with requirements, products that may be incorporated
into the Work include, but are not limited to, the following:

2. Products:  Subject to compliance with requirements, provide one of the following:

a. Hubbell; ATP120HBRP.
b. Leviton; ODWHB-IRW.
c. Pass & Seymour; HS1001.
d. Watt Stopper (The); CX-100-3.

3. Description:  Passive-infrared type, 120/277 V, adjustable time delay up to 30 minutes, 150-
degree field of view, with a minimum coverage area of 1200 sq. ft.

2.7 COMMUNICATIONS OUTLETS 

A. Telephone Outlet:

1. Available Products:  Subject to compliance with requirements, products that may be incorporated
into the Work include, but are not limited to, the following:

2. Products:  Subject to compliance with requirements, provide one of the following:

a. Cooper; 3560-6.
b. Leviton; 40649.
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3. Description:  Single RJ-45 jack for terminating 100-ohm, balanced, four-pair UTP; TIA/EIA-568-
B.1 complying with Category 5e.  Comply with UL 1863.

B. Combination TV and Telephone Outlet:

1. Available Products:  Subject to compliance with requirements, products that may be incorporated
into the Work include, but are not limited to, the following:

2. Products:  Subject to compliance with requirements, provide one of the following:

a. Cooper; 3562.
b. Leviton; 40595.

3. Description:  Single RJ-45 jack for 100-ohm, balanced, four-pair UTP; TIA/EIA-568-B.1;
complying with Category 5e; and one Type F coaxial cable connector.

2.8 WALL PLATES 

A. Single and combination types to match corresponding wiring devices.

1. Plate-Securing Screws:  Metal with head color to match plate finish.
2. Material for Finished Spaces: 0.035-inch  thick, satin-finished stainless steel.
3. Material for Unfinished Spaces:  Galvanized steel.
4. Material for Damp Locations:  Cast aluminum with spring-loaded lift cover, and listed and labeled

for use in "wet locations."

B. Wet-Location, Weatherproof Cover Plates:  NEMA 250, complying with type 3R weather-resistant, die-
cast aluminum  with lockable cover.

2.9 FLOOR SERVICE FITTINGS

A. Type:  Modular, flush-type, dual-service units suitable for wiring method used.
B. Compartments:  Barrier separates power from voice and data communication cabling.
C. Service Plate:  Rectangular, die-cast aluminum with satin finish.
D. Power Receptacle:  NEMA WD 6 configuration 5-20R, gray finish, unless otherwise indicated.
E. Voice and Data Communication Outlet:  Two modular, keyed, color-coded, RJ-45 Category 5e jacks for

UTP cable.

2.10 FINISHES

A. Color:  Wiring device catalog numbers in Section Text do not designate device color.

1. Wiring Devices Connected to Normal Power System:  Color to be selected by architects, unless
otherwise indicated or required by NFPA 70 or device listing.

2. Wiring Devices Connected to Emergency Power System:  Red.
3. TVSS Devices:  Blue.

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Comply with NECA 1, including the mounting heights listed in that standard, unless otherwise noted.
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B. Coordination with Other Trades:

1. Take steps to insure that devices and their boxes are protected.  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 the 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.

C. Conductors:

1. Do not strip insulation from conductors until just 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 meet provisions of 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.
c. Pigtailing existing conductors is permitted provided the outlet box is large enough.

D. Device Installation:

1. Replace all devices that have been in temporary use during construction or that show signs that
they 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, 2/3 to 3/4 of the way around terminal screw.
6. Use a torque screwdriver when a torque is recommended or required by the 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.

E. 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.

F. Dimmers:

1. Install dimmers within terms of their listing.
2. Verify that dimmers used for fan speed control are listed for that application.
3. Install unshared neutral conductors on line and load side of dimmers according to manufacturers'

device listing conditions in the written instructions.

G. 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.

3.2 IDENTIFICATION
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A. Comply with Division 26 Section "Identification for Electrical Systems."

1. Receptacles:  Identify panelboard and circuit number from which served.  Use hot, stamped or
engraved machine printing with red filled lettering on face of plate, and durable wire markers or
tags inside outlet boxes.

3.3 FIELD QUALITY CONTROL 

A. Perform tests and inspections and prepare test reports.

1. Test Instruments:  Use instruments that comply with UL 1436.
2. Test Instrument for Convenience Receptacles:  Digital wiring analyzer with digital readout or

illuminated LED indicators of measurement.

B. Tests for Convenience Receptacles:

1. Line Voltage:  Acceptable range is 105 to 132 V.
2. Percent Voltage Drop under 15-A Load:  A value of 6 percent or higher is not acceptable.
3. Ground Impedance:  Values of up to 2 ohms are acceptable.
4. GFCI Trip:  Test for tripping values specified in UL 1436 and UL 943.
5. Using the test plug, verify that the device and its outlet box are securely mounted.
6. The tests shall be diagnostic, indicating damaged conductors, high resistance at the circuit

breaker, poor connections, inadequate fault current path, defective devices, or similar problems.
Correct circuit conditions, remove malfunctioning units and replace with new, and retest as
specified above.

END OF SECTION 
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ENCLOSED SWITCHES AND CIRCUIT BREAKERS 

PART 1 - GENERAL 

1.1 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.

1.2 DEFINITIONS 

A. NC:  Normally closed.
B. NO:  Normally open.
C. SPDT:  Single pole, double throw.

1.3 PERFORMANCE REQUIREMENTS

A. Seismic Performance:  Enclosed switches and circuit breakers shall withstand the effects of earthquake
motions determined according to ASCE/SEI 7.

1. The term "withstand" means "the unit will remain in place without separation of any parts from the
device when subjected to the seismic forces specified and the unit will be fully operational after
the seismic event."

1.4 SUBMITTALS 

A. Product Data:  For each type of enclosed switch, circuit breaker, accessory, and component indicated.
B. Shop Drawings:  For enclosed switches and circuit breakers.  Include plans, elevations, sections,

details, and attachments to other work.

1. Wiring Diagrams:  For power, signal, and control wiring.

C. Seismic Qualification Certificates:  For enclosed switches and circuit breakers, accessories, and
components, from manufacturer.

D. Field quality-control reports.
E. Operation and maintenance data.

1.5 QUALITY ASSURANCE

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 NFPA 70.
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PART 2 - PRODUCTS 

2.1 FUSIBLE SWITCHES 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following.

1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
2. General Electric Company; GE Consumer & Industrial - Electrical Distribution.
3. Siemens Energy & Automation, Inc.
4. Square D; a brand of Schneider Electric.

B. Type HD, Heavy Duty, Single Throw, voltage as indicated, 1200 A and Smaller:  UL 98 and
NEMA KS 1, horsepower rated, with clips or bolt pads to accommodate specified fuses, lockable handle
with capability to accept three padlocks, and interlocked with cover in closed position.

C. 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. Lugs:  Suitable for number, size, and conductor material.
5. Service-Rated Switches:  Labeled for use as service equipment.

2.2 NONFUSIBLE SWITCHES 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following.

1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
2. General Electric Company; GE Consumer & Industrial - Electrical Distribution.
3. Siemens Energy & Automation, Inc.
4. Square D; a brand of Schneider Electric.

B. 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. Lugs:  Suitable for number, size, and conductor material.

2.3 MOLDED-CASE CIRCUIT BREAKERS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following.

1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
2. General Electric Company; GE Consumer & Industrial - Electrical Distribution.
3. Siemens Energy & Automation, Inc.
4. Square D; a brand of Schneider Electric.

B. General Requirements:  Comply with UL 489, NEMA AB 1, and NEMA AB 3, with interrupting capacity
to comply with available fault currents.

C. Thermal-Magnetic Circuit Breakers:  Inverse time-current 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.
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D. Electronic Trip Circuit Breakers:  Field-replaceable rating plug, rms sensing, with the following field-
adjustable settings:

1. Instantaneous trip.
2. Long- and short-time pickup levels.
3. Long- and short-time time adjustments.

4. Ground-fault pickup level, time delay, and I2t response.

E. Current-Limiting Circuit Breakers:  Frame sizes 400 A and smaller, and let-through ratings less than
NEMA FU 1, RK-5.

F. Features and Accessories:

1. Standard frame sizes, trip ratings, and number of poles.
2. Lugs:  Suitable for number, size, trip ratings, and conductor material.
3. Application Listing:  Appropriate for application; Type SWD for switching fluorescent lighting

loads; Type HID for feeding fluorescent and high-intensity discharge lighting circuits.
4. Ground-Fault Protection:  Comply with UL 1053; integrally mounted type with mechanical ground-

fault indicator; relay with adjustable pickup and time-delay settings, push-to-test feature, internal
memory, and shunt trip unit; and three-phase, zero-sequence current transformer/sensor.

5. Shunt Trip:  Trip coil energized from separate circuit, with coil-clearing contact.

2.4 ENCLOSURES 

A. Enclosed Switches and Circuit Breakers:  NEMA AB 1, NEMA KS 1, NEMA 250, and UL 50, to comply
with environmental conditions at installed location.

1. Indoor, Dry and Clean Locations:  NEMA 250, Type 1.
2. Outdoor Locations:  NEMA 250, Type 3R, stainless steel.
3. Wash-Down Areas:  NEMA 250, Type 4X, stainless steel.
4. Other Wet or Damp, Indoor Locations:  NEMA 250, Type  3R .
5. Indoor Locations Subject to Dust, Falling Dirt, and Dripping Noncorrosive Liquids:  NEMA 250,

Type 12.

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install individual wall-mounted switches and circuit breakers with tops at uniform height unless otherwise
indicated.

B. Comply with mounting and anchoring requirements for seismic event withstand.
C. Temporary Lifting Provisions:  Remove temporary lifting eyes, channels, and brackets and temporary

blocking of moving parts from enclosures and components.
D. Install fuses in fusible devices.
E. Comply with NECA 1.

3.2 IDENTIFICATION

A. Comply with requirements in Division 26 Section "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.

3.3 FIELD QUALITY CONTROL 
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A. Perform tests and inspections.
B. Acceptance Testing Preparation:

1. Test insulation resistance for each enclosed switch and circuit breaker, component, connecting
supply, feeder, and control circuit.

2. Test continuity of each circuit.

C. Tests and Inspections:

1. Perform each visual and mechanical inspection and electrical test stated in NETA Acceptance
Testing Specification.  Certify compliance with test parameters.

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, including a certified report that identifies enclosed switches and
circuit breakers and that describes scanning results.  Include notation of deficiencies detected, remedial
action taken, and observations after remedial action.

END OF SECTION 
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DOCUMENT 26 51 00 

INTERIOR LIGHTING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes:

1. Interior lighting fixtures, lamps, and ballasts.
2. Emergency lighting units.
3. Exit signs.
4. Lighting fixture supports.
5. Retrofit kits for fluorescent lighting fixtures.

B. Related Sections:

1. Division 26 Section "Lighting Control Devices" for automatic control of lighting, including time
switches, photoelectric relays, occupancy sensors, and multipole lighting relays and contactors.

1.2 SUBMITTALS 

A. Product Data:  For each type of lighting fixture, arranged in order of fixture designation.  Include data on
features, accessories, and finishes.

B. Shop Drawings:  Show details of nonstandard or custom lighting fixtures.  Indicate dimensions, weights,
methods of field assembly, components, features, and accessories. Product Certificates:  For each type
of ballast for bi-level and dimmer-controlled fixtures, from manufacturer.

C. Field quality-control reports.

1.3 QUALITY ASSURANCE

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 NFPA 70.

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Products:  Subject to compliance with requirements, available products that may be incorporated into
the Work include, but are not limited to, product(s) indicated on Drawings.

2.2 GENERAL REQUIREMENTS FOR LIGHTING FIXTURES AND COMPONENTS

A. Recessed Fixtures:  Comply with NEMA LE 4 for ceiling compatibility for recessed fixtures.
B. Incandescent Fixtures:  Comply with UL 1598.  Where LER is specified, test according to NEMA LE 5A.
C. Fluorescent Fixtures:  Comply with UL 1598.  Where LER is specified, test according to NEMA LE 5 and

NEMA LE 5A as applicable.
D. HID Fixtures:  Comply with UL 1598.  Where LER is specified, test according to NEMA LE 5B.
E. Metal Parts:  Free of burrs and sharp corners and edges.
F. Sheet Metal Components:  Steel unless otherwise indicated.  Form and support to prevent warping and

sagging.
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G. 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.

H. Diffusers and Globes:

1. Acrylic Lighting Diffusers:  100 percent virgin acrylic plastic.  High resistance to yellowing and
other changes due to aging, exposure to heat, and UV radiation.

a. Lens Thickness:  At least 0.125 inch minimum unless otherwise indicated.
b. UV stabilized.

2. Glass:  Annealed crystal glass unless otherwise indicated.

I. Air-Handling Fluorescent Fixtures:  For use with plenum ceiling for air return and heat extraction and for
attaching an air-diffuser-boot assembly specified in Division 23 Section "Diffusers, Registers, and
Grilles."

1. Air-Supply Units:  Slots in one or both side trims join with air-diffuser-boot assemblies.
2. Heat-Removal Units:  Air path leads through lamp cavity.
3. Combination Heat-Removal and Air-Supply Unit:  Heat is removed through lamp cavity at both

ends of the fixture door with air supply same as for air-supply units.
4. Dampers:  Operable from outside fixture for control of return-air volume.
5. Static Fixture:  Air-supply slots are blanked off, and fixture appearance matches active units.

2.3 BALLASTS FOR LINEAR FLUORESCENT LAMPS 

A. General Requirements for Electronic Ballasts:

1. Comply with UL 935 and with ANSI C82.11.
2. Designed for type and quantity of lamps served.
3. Ballasts shall be designed for full light output unless another BF, dimmer, or bi-level control is

indicated.
4. Sound Rating:  Class A.
5. See Evaluations for discussion on harmonic considerations.
6. Total Harmonic Distortion Rating:  Less than 20 percent.
7. Transient Voltage Protection:  IEEE C62.41.1 and IEEE C62.41.2, Category A or better.
8. Operating Frequency:  42 kHz or higher.
9. Lamp Current Crest Factor: 1.7 or less.
10. BF:  0.88 or higher.
11. Power Factor 0.95 or higher.

B. luminaires controlled by occupancy sensors shall have programmed-start ballasts.
C. Electromagnetic Ballasts:  Comply with ANSI C82.1; energy saving, high-power factor, Class P, and

having automatic-reset thermal protection.

1. Ballast Manufacturer Certification:  Indicated by label.

D. Single Ballasts for Multiple Lighting Fixtures:  Factory wired with ballast arrangements and bundled
extension wiring to suit final installation conditions without modification or rewiring in the field.

E. Ballasts for Low-Temperature Environments:  Electronic type rated for 0 deg F  starting and operating
temperature with indicated lamp types.

F. Ballasts for Residential Applications:  Fixtures designated as "Residential" may use low-power-factor
electronic ballasts having a Class B sound rating and total harmonic distortion of approximately 30
percent.

G. Ballasts for Dimmer-Controlled Lighting Fixtures:  Electronic type.
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1. Dimming Range:  100 to 20 percent of rated lamp lumens.
2. Ballast Input Watts:  Can be reduced to 20 percent of normal.
3. Compatibility:  Certified by manufacturer for use with specific dimming control system and lamp

type indicated.
4. Control:  Coordinate wiring from ballast to control device to ensure that the ballast, controller, and

connecting wiring are compatible.

H. Ballasts for Bi-Level Controlled Lighting Fixtures:  Electronic type.

1. Operating Modes:  Ballast circuit and leads provide for remote control of the light output of the
associated lamp between high- and low-level and off.

a. High-Level Operation:  100 percent of rated lamp lumens.
b. Low-Level Operation:  30 percent of rated lamp lumens.

2. Ballast shall provide equal current to each lamp in each operating mode.
3. Compatibility:  Certified by manufacturer for use with specific bi-level control system and lamp

type indicated.

I. Ballasts for Tri-Level Controlled Lighting Fixtures:  Electronic type.

1. Operating Modes:  Ballast circuit and leads provide for remote control of the light output of the
associated lamp between high- and low-level and off.

a. High-Level Operation:  100 percent of rated lamp lumens.
b. Low-Level Operation:  30 and 50 percent of rated lamp lumens.

2. Ballast shall provide equal current to each lamp in each operating mode.
3. Compatibility:  Certified by manufacturer for use with specific tri-level control system and lamp

type indicated.

2.4 BALLASTS FOR COMPACT FLUORESCENT LAMPS 

A. Description: Electronic-programmed rapid-start type, complying with UL 935 and with ANSI C 82.11,
designed for type and quantity of lamps indicated.  Ballast shall be designed for full light output unless
dimmer or bi-level control is indicated:

1. Lamp end-of-life detection and shutdown circuit.
2. Automatic lamp starting after lamp replacement.
3. Sound Rating:  Class A.
4. Total Harmonic Distortion Rating:  Less than 20 percent.
5. Transient Voltage Protection:  IEEE C62.41.1 and IEEE C62.41.2, Category A or better.
6. Operating Frequency:  20 kHz or higher.
7. Lamp Current Crest Factor:  1.7 or less.
8. BF:  0.95 or higher unless otherwise indicated.
9. Power Factor:  0.95 or higher.
10. Interference:  Comply with 47 CFR 18, Ch. 1, Subpart C, for limitations on electromagnetic and

radio-frequency interference for nonconsumer equipment.

2.5 EMERGENCY FLUORESCENT POWER UNIT 

A. Internal Type:  Self-contained, modular, battery-inverter unit, factory mounted within lighting fixture body
and compatible with ballast.  Comply with UL 924.

Gobierno de Puerto Rico DDEC REORGANIZATION OF PHYSICAL SPACES 
Remodeling of Interior Space 
OGPe Ponce HQ (3rd Floor) 

Integra Design Group 
Project: 58-2036.0 



FEB. 2022 26 51 00 - 4 

1. Emergency Connection:  Operate one fluorescent lamp(s) continuously at an output of 1100
lumens each.  Connect unswitched circuit to battery-inverter unit and switched circuit to fixture
ballast.

2. Nightlight Connection:  Operate one fluorescent lamp continuously.

3. Test Push Button and Indicator Light:  Visible and accessible without opening fixture or entering
ceiling space.

a. Push Button:  Push-to-test type, in unit housing, simulates loss of normal power and
demonstrates unit operability.

b. Indicator Light:  LED indicates normal power on.  Normal glow indicates trickle charge;
bright glow indicates charging at end of discharge cycle.

4. Battery:  Sealed, maintenance-free, nickel-cadmium type.
5. Charger:  Fully automatic, solid-state, constant-current type with sealed power transfer relay.
6. Integral Self-Test:  Factory-installed electronic device automatically initiates code-required test of

unit emergency operation at required intervals.  Test failure is annunciated by an integral audible
alarm and a flashing red LED.

2.6 BALLASTS FOR HID LAMPS 

A. Electromagnetic Ballast for Metal-Halide Lamps:  Comply with ANSI C82.4 and UL 1029.  Include the
following features unless otherwise indicated:

1. Ballast Circuit:  Constant-wattage autotransformer or regulating high-power-factor type.
2. Minimum Starting Temperature:  Minus 22 deg F for single-lamp ballasts.
3. Rated Ambient Operating Temperature:  104 deg F
4. Open-circuit operation that will not reduce average life.
5. Low-Noise Ballasts:  Manufacturers' standard epoxy-encapsulated models designed to minimize

audible fixture noise.

B. Electronic Ballast for Metal-Halide Lamps:  Include the following features unless otherwise indicated:

1. Minimum Starting Temperature:  Minus 20 deg F for single-lamp ballasts.
2. Rated Ambient Operating Temperature:  130 deg F
3. Lamp end-of-life detection and shutdown circuit.
4. Sound Rating:  Class A.
5. Total Harmonic Distortion Rating:  Less than 20 percent.
6. Transient Voltage Protection:  IEEE C62.41.1 and IEEE C62.41.2, Category A or better.
7. Lamp Current Crest Factor:  1.5 or less.
8. Power Factor:  0.90 or higher.
9. Interference:  Comply with 47 CFR 18, Ch. 1, Subpart C, for limitations on electromagnetic and

radio-frequency interference for nonconsumer equipment.
10. Protection:  Class P thermal cutout.

C. High-Pressure Sodium Ballasts:  Electromagnetic type, with solid-state igniter/starter.  Igniter/starter
shall have an average life in pulsing mode of 10,000 hours at an igniter/starter-case temperature of 90
deg C.

1. Instant-Restrike Device:  Integral with ballast, or solid-state potted module, factory installed within
fixture and compatible with lamps, ballasts, and mogul sockets up to 150 W.

2. Minimum Starting Temperature:  Minus 40 deg F

2.7 EXIT SIGNS 
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A. General Requirements for Exit Signs:  Comply with UL 924; for sign colors, visibility, luminance, and
lettering size, comply with authorities having jurisdiction.

B. Internally Lighted Signs:

1. Lamps for AC Operation:  Fluorescent, two for each fixture, 20,000 hours of rated lamp life.
2. Lamps for AC Operation:  LEDs, 50,000 hours minimum rated lamp life.

3. Self-Powered Exit Signs (Battery Type):  Integral automatic charger in a self-contained power
pack.

a. Battery:  Sealed, maintenance-free, nickel-cadmium type.
b. Charger:  Fully automatic, solid-state type with sealed transfer relay.
c. Operation:  Relay automatically energizes lamp from battery when circuit voltage drops to

80 percent of nominal voltage or below.  When normal voltage is restored, relay
disconnects lamps from battery, and battery is automatically recharged and floated on
charger.

d. Test Push Button:  Push-to-test type, in unit housing, simulates loss of normal power and
demonstrates unit operability.

e. LED Indicator Light:  Indicates normal power on.  Normal glow indicates trickle charge;
bright glow indicates charging at end of discharge cycle.

2.8 EMERGENCY LIGHTING UNITS 

A. General Requirements for Emergency Lighting Units:  Self-contained units complying with UL 924.

1. Battery:  Sealed, maintenance-free, lead-acid type.
2. Charger:  Fully automatic, solid-state type with sealed transfer relay.
3. Operation:  Relay automatically turns lamp on when power-supply circuit voltage drops to 80

percent of nominal voltage or below.  Lamp automatically disconnects from battery when voltage
approaches deep-discharge level.  When normal voltage is restored, relay disconnects lamps
from battery, and battery is automatically recharged and floated on charger.

4. Test Push Button:  Push-to-test type, in unit housing, simulates loss of normal power and
demonstrates unit operability.

5. LED Indicator Light:  Indicates normal power on.  Normal glow indicates trickle charge; bright
glow indicates charging at end of discharge cycle.

6. Wire Guard:  Heavy-chrome-plated wire guard protects lamp heads or fixtures.
7. Integral Time-Delay Relay:  Holds unit on for fixed interval of 15 minutes when power is restored

after an outage.

2.9 FLUORESCENT LAMPS 

A. T8 rapid-start lamps, rated 32 W maximum, nominal length of 48 inches, 2800 initial lumens (minimum),
CRI 75 (minimum), color temperature 3500 K, and average rated life 20,000 hours unless otherwise
indicated.

B. T8 rapid-start lamps, rated 17 W maximum, nominal length of 24 inches, 1300 initial lumens (minimum),
CRI 75 (minimum), color temperature 3500 K, and average rated life of 20,000 hours unless otherwise
indicated.

C. Compact Fluorescent Lamps:  4-Pin, CRI 80 (minimum), color temperature 3500 K, average rated life of
10,000 hours at three hours operation per start.

1. 13 W:  T4, double or triple tube, rated 900 initial lumens (minimum).
2. 18 W:  T4, double or triple tube, rated 1200 initial lumens (minimum).
3. 26 W:  T4, double or triple tube, rated 1800 initial lumens (minimum).
4. 32 W:  T4, triple tube, rated 2400 initial lumens (minimum).
5. 42 W:  T4, triple tube, rated 3200 initial lumens (minimum).
6. 57 W:  T4, triple tube, rated 4300 initial lumens (minimum).
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7. 70 W:  T4, triple tube, rated 5200 initial lumens (minimum).

2.10 HID LAMPS 

A. High-Pressure Sodium Lamps:  ANSI C78.42, CRI 21 (minimum), color temperature 1900 K, and
average rated life of 24,000 hours, minimum.

B. Metal-Halide Lamps:  ANSI C78.43, with minimum CRI 65, and color temperature 4000 K.

C. Pulse-Start, Metal-Halide Lamps:  Minimum CRI 65, and color temperature 4000 K.
D. Ceramic, Pulse-Start, Metal-Halide Lamps:  Minimum CRI 80, and color temperature 4000 K.
E. Low-Pressure Sodium Lamps:  ANSI 78.41, CRI 0, and color temperature 1800 K.

2.11 LIGHTING FIXTURE SUPPORT COMPONENTS

A. Comply with Division 26 Section "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
fixture.

C. Twin-Stem Hangers:  Two, 1/2-inch steel tubes with single canopy designed to mount a single fixture.
Finish same as fixture.

D. Wires:  ASTM A 641/A 641M, Class 3, soft temper, zinc-coated steel, 12 gage
E. Wires for Humid Spaces:  ASTM A 580/A 580M, Composition 302 or 304, annealed stainless steel, 12

gage.
F. Rod Hangers:  3/16-inch minimum diameter, cadmium-plated, threaded steel rod.
G. Hook Hangers:  Integrated assembly matched to fixture and line voltage and equipped with threaded

attachment, cord, and locking-type plug.

2.12 RETROFIT KITS FOR FLUORESCENT LIGHTING FIXTURES

A. Reflector Kit:  UL 1598, Type I.  Suitable for two- to four-lamp, surface-mounted or recessed lighting
fixtures by improving reflectivity of fixture surfaces.

B. Ballast and Lamp Change Kit:  UL 1598, Type II.  Suitable for changing existing ballast, lamps, and
sockets.

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Lighting fixtures:  Set level, plumb, and square with ceilings and walls.  Install lamps in each fixture.
B. Comply with NFPA 70 for minimum fixture supports.
C. Suspended Lighting Fixture Support:

1. Pendants and Rods:  Where longer than 48 inches, brace to limit swinging.
2. Stem-Mounted, Single-Unit Fixtures:  Suspend with twin-stem hangers.
3. Continuous Rows:  Use tubing or stem for wiring at one point and tubing or rod for suspension for

each unit length of fixture chassis, including one at each end.

D. Air-Handling Lighting Fixtures:  Install with dampers closed and ready for adjustment.
E. Adjust aimable lighting fixtures to provide required light intensities.
F. Connect wiring according to Division 26 Section "Low-Voltage Electrical Power Conductors and

Cables."
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3.2 FIELD QUALITY CONTROL 

A. Test for Emergency Lighting:  Interrupt power supply to demonstrate proper operation.  Verify transfer
from normal power to battery and retransfer to normal.

B. 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.

END OF SECTION 
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DOCUMENT 27 05 00 

COMMON WORK RESULTS FOR COMMUNICATIONS 

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. Communications equipment coordination and installation.
2. Sleeves for pathways and cables.
3. Sleeve seals.
4. Grout.
5. Common communications installation requirements.

1.3 DEFINITIONS 

A. EPDM: Ethylene-propylene-diene terpolymer rubber.
B. NBR: Acrylonitrile-butadiene rubber.

1.4 SUBMITTALS 

A. Product Data: For sleeve seals.

1.5 COORDINATION 

A. Coordinate arrangement, mounting, and support of communications equipment:

1. To allow maximum possible headroom unless specific mounting heights that reduce headroom
are indicated.

2. To provide for ease of disconnecting the equipment with minimum interference to other
installations.

3. To allow right of way for piping and conduit installed at required slope.
4. So connecting pathways, cables, wireways, cable trays, and busways will be clear of obstructions

and of the working and access space of other equipment.

B. Coordinate location of access panels and doors for communications items that are behind finished
surfaces or otherwise concealed.

C. Coordinate sleeve selection and application with selection and application of firestopping specified.

PART 2 – PRODUCTS 

2.1 SLEEVES FOR PATHWAYS AND CABLES 

A. Steel Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40, galvanized steel,
plain ends.

B. Cast-Iron Pipe Sleeves: Cast or fabricated “wall pipe”, equivalent to ductile-iron pressure pipe, with plain
ends and integral waterstop, unless otherwise indicated.

C. Sleeves for Rectangular Openings: Galvanized sheet steel.
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1. Minimum Metal Thickness:

a. For sleeve cross-section rectangle perimeter less than 50 inches and no side more than
16 inches, thickness shall be 0.052 inch.

b. For sleeve cross-section rectangle perimeter equal to, or more than, 50 inches and 1 or
more sides equal to, or more than, 16 inches, thickness shall be 0.138 inch.

2.2 SLEEVE SEALS 

A. Description: Modular sealing device, designed for field assembly, to fill annular space between sleeve
and pathway or cable.

1. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:

2. Basis-of-Design Product: Subject to compliance with requirements, provide product indicated on
Drawings or comparable product by one of the following:

a. Advance Products & Systems, Inc.
b. Calpico, Inc.
c. Metraflex Co.
d. Pipeline Seal and Insulator, Inc.
e. SpecSeal

3. Sealing Elements: EPDM interlocking links shaped to fit surface of cable or conduit. Include type
and number required for material and size of pathway or cable.

4. Pressure Plates: Stainless steel. Include two for each sealing element.
5. Connecting Bolts and Nuts: Stainless steel of length required to secure pressure plates to sealing

elements. Include one for each sealing element.

2.3 GROUT 

A. Nonmetallic, Shrinkage-Resistant Grout: ASTM C 1107, factory-packaged, nonmetallic aggregate grout,
noncorrosive, nonstaining, mixed with water to consistency suitable for application and 30-minute working
time.

PART 3 – EXECUTION 

3.1 COMMON REQUIREMENTS FOR COMMUNICATIONS INSTALLATION 

A. Comply with NECA 1.
B. Measure indicated mounting heights to bottom of unit for suspended items and to center of unit for wall-

mounting items.
C. Headroom Maintenance: If mounting heights or other location criteria are not indicated, arrange and

install components and equipment to provide maximum possible headroom consistent with these
requirements.

D. Equipment: Install to facilitate service, maintenance, and repair or replacement of components of both
communications equipment and other nearby installations. Connect in such a way as to facilitate future
disconnecting with minimum interference with other items in the vicinity.

E. Right-of-Way: Give to piping systems installed at a required slope.

3.2 SLEEVE INSTALLATION FOR COMMUNICATIONS PENETRATIONS 

A. Communications penetrations occur when pathways, cables, wireways, or cable trays penetrate concrete
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slabs, concrete or masonry walls, or fire-rated floor and wall assemblies. 
B. Concrete Slabs and Walls: Install sleeves for penetrations unless core-drilled holes or formed openings

are used. Install sleeves during erection of slabs and walls.
C. Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening.
D. Fire-Rated Assemblies: Install sleeves for penetrations of fire-rated floor and wall assemblies unless

openings compatible with firestop system used are fabricated during construction of floor or wall.
E. Cut sleeves to length for mounting flush with both surfaces of walls.
F. Extend sleeves installed in floors 2 inches above finished floor level.
G. Size pipe sleeves to provide ¼-inch annular clear space between sleeve and pathway or cable, unless

indicated otherwise.
H. Seal space outside of sleeves with grout for penetrations of concrete and masonry.

1. Promptly pack grout solidly between sleeve and wall so no voids remain. Tool exposed surfaces
smooth; protect grout while curing.

I. Interior Penetrations of Non-Fire-Rated Walls and Floors: Seal annular space between sleeve and
pathway or cable, using joint sealant appropriate for size, depth, and location of joint.

J. Fire-Rated-Assembly Penetrations: Maintain indicated fire rating of walls, partitions, ceilings, and floors at
pathway and cable penetrations. Install sleeves and seal pathway and cable penetration sleeves with
firestop materials.

K. Roof-Penetration Sleeves: Seal penetration of individual pathways and cables with flexible boot-type
flashing units applied in coordination with roofing work.

3.3 SLEEVE-SEAL INSTALLATION 

A. Use type and number of sealing elements recommended by manufacturer for pathway or cable material
and size. Position pathway or cable in center of sleeve. Assemble mechanical sleeve seals and install in
annular space between pathway or cable and sleeve. Tighten bolts against pressure plates that cause
sealing elements to expand and make watertight seal.

3.4 FIRESTOPPING 

A. Apply firestopping to penetrations of fire-rated floor and wall assemblies for communications installations
to restore original fire-resistance rating of assembly.

END OF SECTION 
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DOCUMENT 28 46 21 

FIRE ALARM SYSTEM 

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.

B. Related Sections:

1. Division 01 General Requirements
2. Division 08 Openings
3. Division 23 Heating, Ventilating, and Air Conditioning (HVAC)

1.2 SUMMARY 

A. Section Includes:

1. This specification describes an addressable fire detection and alarm signaling system. The
control panel shall be an intelligent device, addressable, with analog detecting, low voltage and
modular, with digital communication techniques, and in full compliance with all applicable codes
and standards. The features and capacities described in this specification are required as a
minimum for this project and shall be furnished by the successful contractor.

2. The system shall be in full compliance with National and Local Codes.
3. The system shall include all required hardware, raceways, interconnecting wiring and software

to accomplish the requirements of this specification and the contract drawings, whether or not
specifically itemized herein.

4. All equipment furnished shall be new and the latest state-of the art product of a single
manufacturer, engaged in the manufacturing and sale of analog fire detection devices for over
ten (10) years.

5. The system, as specified, shall be supplied, installed, tested, and approved by the local
Authority Having Jurisdiction, and turned over to the Owner in an operational condition.

6. In the interest of job coordination and responsibilities, the installing contractor shall contract
with a single supplier for fire alarm equipment, engineering, programming, inspection, and tests.

1.3 SUBMITTALS 

A. Product Data: For each type of product indicated. Include construction details, material descriptions,
dimensions of individual components and profiles, and finishes. Include rated capacities, operating
characteristics, electrical characteristics, and furnished specialties and accessories. Complete
manufacturer’s catalog data including supervisory power usage, alarm power usage, physical
dimensions, and finish and mounting requirements.

B. Submit manufacturer’s requirements for testing signaling line circuits and device addresses prior to
connecting to control pane. At a minimum, the following tests shall be required: device address, the
usage (Alarm, Supervisory, etc.), environmental compensation, temperature ratings for thermal
detectors, and smoke detector sensitivities. This requirement shall need approval before any wiring is
connected to the control panel.

C. Shop Drawings: Include plans, elevations, sections, details, and attachments to other work.

1. Detail equipment assemblies and indicate dimensions, weights, loads, required clearances,
method of field assembly, components, and location and size of each field connection.

2. Wiring Diagrams: For power, signal, and control wiring.

D. Incomplete submittals shall be returned without review, unless with prior approval of the Architect.
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1.4 QUALITY ASSURANCE 

A. Supplier Qualifications:

1. The manufacturer of the supplied products must multi-channel product distribution on a national
basis to be considered for this bid. The manufacturer must have factory branches as well as
independent distributors to allow the end user with the ability to utilize factory trained and
authorized competitive service providers after system installation.

2. Provide the services of a factory trained and certified representative or technician, experienced
in the installation and operation of the type of system provided.

3. The technician shall supervise installation, software documentation, adjustment, preliminary
testing, final testing, and certification of the system. The technician shall provide the required
instruction to the Owner’s personnel int eh system operation and maintenance.

4. The suppliers shall furnish evidence that they have an experienced service organization, which
carries a stock of spare and repair parts for the system being furnished.

5. The equipment supplier shall be authorized and trained by the manufacturer to calculate,
design, install, test, and maintain the system and shall be able to produce a certificate stating
such upon request.

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. Pre-Installation Conference: Conduct conference at Project site.
D. Surface-Burning Characteristics: As determined by testing identical products according to

ASTM E84 by a qualified testing agency. Identify products with appropriate markings of
applicable testing agency.

1. Flame-Spread Index: 25 or less.
2. Smoke-Developed Index: 50 or less.
3. Combustion Characteristics: ASTM E 136.

1.5 FIELD QUALITY CONTROL 

A. Manufacturer’s Field Service: Engage a factory-authorized service representative to inspect
components, assemblies, and equipment installations, including connections, and to assist in
testing.

1.6 DELIVERY, STORAGE, AND HANDLING] 

A. Deliver products to project site in original, unopened packages with intact and legible manufacturer’s
labels identifying product and manufacturer, date of manufacture, and shelf life if applicable.

B. Store materials inside, under cover, above ground, and kept dry and protected from physical damage
until ready for use. Remove from site and discard wet or damaged materials.

1.7 PROJECT CONDITIONS 

A. Installed products or materials shall be free from any damage including, but not limited to, physical
insult, dirt and debris, moisture, and mold damage.

B. Environmental Limitations: Do not deliver or install products or materials until spaces are enclosed
and weather-tight, 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 the
remainder of the construction period.
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1.8 WARRANTY 

A. Special Warranty: Manufacturer’s standard form in which manufacturer agrees to repair or replace fire
alarm equipment that fail(s) in materials or workmanship within specified warranty period.

1. Warranty Period: 1 year from date of Substantial Completion.

1.9 SERVICE AGREEMENT 

A. Technical Support: Beginning with Substantial Completion, provide software support for one (1) year.
B. Upgrade Service; Update software to latest version at Project completion. Install and program

software upgrades that become available within two (2) years from date of Substantial Completion.
Upgrading software shall include operating system. Upgrade shall include new or revised licenses for
use of software.

1. Provide thirty (300 days’ notice to Owner to allow scheduling and access to system and to allow
owner to upgrade computer equipment if necessary.

PART 2 PRODUCTS  

2.1 MANUFACTURERS 

A. Acceptable Manufacturers – Subject to compliance with requirements.

1. Siemens – Basis of Design: Cerberus® PRO Fire Safety Model FV922/FV924 Networked to
Cerberus PRO DMS, PC based, display and software package, UL listed.

2. Honeywell
3. Eaton

B. Substitutions: Equal or similar.

2.2 SYSTEM DESCRIPTION 

A. The system shall be a complete, electrically supervised fire detection and notification system, with a
microprocessor-based operating system.

B. The system shall provide a field test function where one person can test the complete system or a
specific area while maintaining full operational function of other areas not being tested. Alarms,
supervisory signals, trouble signals shall be logged in system history during the walk-test.

2.3 MATERIALS 

A. CONTROL PANEL

1. The fire alarm control panel shall be microprocessor based using multiple microprocessors
through the system providing rapid processing of smoke detector and other initiation device
information to control system output functions.

2. There shall be a watchdog circuit, which shall verify the system processors and the software
program. Problems with either the processors or the system program the panel shall activate a
trouble signal and reset the panel.

3. The system modules shall communicate with an RS 485 communications protocol. All module
wiring shall be to terminal blocks.

4. Each Fire Safety panel shall operate as a stand-alone fire alarm control panel with complete
functionality int eh event of loss of communications with other Fire Safety panels on a network.

5. Reports: The system shall have the ability to provide configuration, status, queue and history
reports.
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B. POWER SUPPLY

1. The system Power Supply shall be a 170 Watt, 6.5-amp that provides 24VDC power for system
operation. The power supply shall be filtered and regulated. The power supply provides power for
all system operation, including signaling line circuits, notification appliance circuits, auxiliary
power, battery charger, and all optional modules.

C. SYSTEM ENCLOSURE

1. Provide the enclosure as specified. Provide the color to comply with local AHJ requirements.
2. Provide three-height-unit backbox as part of Fire Safety Intelligent Communication System

hardware for use with 3HU system enclosures. Specifically, each backbox is used to fasten with a
3HU outer door.

PART 3 EXECUTION 

3.1 EXAMINATION 

A. Examine areas and conditions for compliance with requirements for installation tolerances and other
conditions affecting performance of the Work.

B. Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 INSTALLATION 

A. Perform Work in accordance with the requirements of NFPA 70,NFPA 72 and NECA 1-2006,
Standard of Good Workmanship in Electrical Contracting.

B. Fasten equipment to structural member of building or metal supports attached to structure, or to
concrete surfaces.

C. In the event that limited energy cable installation is allowed, al cable runs shall be run at right angles
to building walls, supported from structure at intervals not exceeding 3feet and where installed in
environmental air plenums, be rated for such use and tied/supported by components listed for
environmental air plenums installation.

D. Wiring Method: Install cables in raceways and cable trays except within consoles, cabinets, desks,
and counters and except in accessible ceiling spaces and in gypsum board partitions where
unenclosed wiring method may be used. Conceal raceway and cables except in unfinished spaces.

E. Wiring Method: Conceal conductors and cables in accessible ceilings, walls, and floors where
possible.

F. Wiring within Enclosures: Bundle, lace, and train conductors to terminal points with no excess and
without exceeding manufacturer’s limitations on bending radii. Provide and use lacing bars and
distribution spools.

G. Provide primary power for each panel from normal/emergency panels as indicated on the Electrical
Power Plans.

3.3 BOXES, ENCLOSURES AND WIRING DEVICES 

A. Boxes shall be installed plumb and firmly in position.
B. Extension rings with blank covers shall be installed on junction boxes where required.
C. Junction boxes served by concealed conduit shall be flush mounted.
D. Upon initial installation, all wiring outlets, junction, pull and outlet boxes shall have dust covers

installed. Dust covers shall not be removed until wiring installation when permanent dust covers or
devices are installed.

E. “Fire Alarm System” decal or silk-screened label shall be applied to all junction box covers.
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3.4 CONDUCTORS 

A. Each conductor shall be identified as shone on the Drawings at each with wire markers at terminal
points. Attach permanent wire markers within 2 inches of eth wire termination. Marker legends shall
be visible.

B. All wiring shall be supplied and installed in compliance with the requirement of the NEC, NFPA 70,
Article 760, and that of the manufacturer.

C. Wiring for strobe and audible circuits shall be a minimum 14 AWG, signal line circuits minimum 18
AWG twisted.

3.5 IDENTIFICATION 

A. Identify system components, wiring, cabling, and terminals, in accordance with Division 26 Section
“Identification for Electrical Systems”.

B. Permanently label or ark each conductor or both ends with permanent alphanumeric wire markers.
C. Consistent color code for fire alarm system conductors throughout the installation.

3.6 ACCEPTANCE TESTING 

A. A written acceptance test procedure for testing the fire alarm system components and installation will
be prepared by the Engineer, in accordance with NFPA 72 and this specification. The Contractor shall
be responsible for the performance of the Test Procedure.

3.7 DOCUMENTATION 

A. System documentation shall be furnished to the Owner and shall include but not be limited to the
following:

1. System record drawings and wiring details.
2. System operation, installation, and maintenance manuals.
3. System matrix showing interaction of all input signals with output commands.
4. Documentation of system voltage, current and resistance readings taken during the

installation, testing and acceptance testing phases of the system installation.
5. System program showing system functions, controls, and labeling of equipment and

devices.

3.8 PROTECTION 

A. Remove and replace devices and panel components that are wet, moisture damaged, or mold
damaged.

END OF SECTION 
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	26 0500-COMMON WORKS RESULTS FOR ELECTICAL
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Sleeves for raceways and cables.
	2. Sleeve seals.
	3. Grout.
	4. Common electrical installation requirements.


	1.2 SUBMITTALS
	A. Product Data:  For sleeve seals.


	PART 2 -  PRODUCTS
	2.1 SLEEVES FOR RACEWAYS AND CABLES
	A. Steel Pipe Sleeves:  ASTM A 53/A 53M, Type E, Grade B, Schedule 40, galvanized steel, plain ends.
	B. Cast-Iron Pipe Sleeves:  Cast or fabricated "wall pipe," equivalent to ductile-iron pressure pipe, with plain ends and integral waterstop, unless otherwise indicated.
	C. Sleeves for Rectangular Openings:  Galvanized sheet steel.
	1. Minimum Metal Thickness:
	a. For sleeve cross-section rectangle perimeter less than 50 inches and no side more than 16 inches, thickness shall be 0.052 inch.
	b. For sleeve cross-section rectangle perimeter equal to, or more than, 50 inches and 1 or more sides equal to, or more than, 16 inches, thickness shall be 0.138 inch.



	2.2 SLEEVE SEALS
	A. Description:  Modular sealing device, designed for field assembly, to fill annular space between sleeve and raceway or cable.
	1. Manufacturers:  Subject to compliance with requirements.
	2. Basis-of-Design Product:  Subject to compliance with requirements
	a. Advance Products & Systems, Inc.
	b. Calpico, Inc.
	c. Metraflex Co.
	d. Pipeline Seal and Insulator, Inc.

	3. Sealing Elements:  NBR interlocking links shaped to fit surface of cable or conduit.  Include type and number required for material and size of raceway or cable.
	4. Pressure Plates:  Stainless steel.  Include two for each sealing element.
	5. Connecting Bolts and Nuts: Stainless steel of length required to secure pressure plates to sealing elements.  Include one for each sealing element.


	2.3 GROUT
	A. Nonmetallic, Shrinkage-Resistant Grout:  ASTM C 1107, factory-packaged, nonmetallic aggregate grout, noncorrosive, nonstaining, mixed with water to consistency suitable for application and a 30-minute working time.


	PART 3 -  EXECUTION
	3.1 COMMON REQUIREMENTS FOR ELECTRICAL INSTALLATION
	A. Comply with NECA 1.
	B. Measure indicated mounting heights to bottom of unit for suspended items and to center of unit for wall-mounting items.
	C. Headroom Maintenance:  If mounting heights or other location criteria are not indicated, arrange and install components and equipment to provide maximum possible headroom consistent with these requirements.
	D. Equipment:  Install to facilitate service, maintenance, and repair or replacement of components of both electrical equipment and other nearby installations.  Connect in such a way as to facilitate future disconnecting with minimum interference with...
	E. Right of Way:  Give to piping systems installed at a required slope.

	3.2 SLEEVE INSTALLATION FOR ELECTRICAL PENETRATIONS
	A. Electrical penetrations occur when raceways, cables, wireways, cable trays, or busways penetrate concrete slabs, concrete or masonry walls, or fire-rated floor and wall assemblies.
	B. Concrete Slabs and Walls:  Install sleeves for penetrations unless core-drilled holes or formed openings are used.  Install sleeves during erection of slabs and walls.
	C. Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening.
	D. Fire-Rated Assemblies:  Install sleeves for penetrations of fire-rated floor and wall assemblies unless openings compatible with firestop system used are fabricated during construction of floor or wall.
	E. Cut sleeves to length for mounting flush with both surfaces of walls.
	F. Extend sleeves installed in floors 2 inches above finished floor level.
	G. Size pipe sleeves to provide 1/4-inch annular clear space between sleeve and raceway or cable, unless indicated otherwise.
	H. Seal space outside of sleeves with grout for penetrations of concrete and masonry
	1. Promptly pack grout solidly between sleeve and wall so no voids remain.  Tool exposed surfaces smooth; protect grout while curing.

	I. Interior Penetrations of Non-Fire-Rated Walls and Floors:  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 Section "Joint Seala...
	J. Fire-Rated-Assembly Penetrations:  Maintain indicated fire rating of walls, partitions, ceilings, and floors at raceway and cable penetrations.  Install sleeves and seal raceway and cable penetration sleeves with firestop materials.  Comply with re...
	K. Roof-Penetration Sleeves:  Seal penetration of individual raceways and cables with flexible boot-type flashing units applied in coordination with roofing work.
	L. Aboveground, Exterior-Wall Penetrations:  Seal penetrations using steel pipe sleeves and mechanical sleeve seals.  Select sleeve size to allow for 1-inch annular clear space between pipe and sleeve for installing mechanical sleeve seals.
	M. Underground, Exterior-Wall Penetrations:  Install cast-iron pipe sleeves.  Size sleeves to allow for 1-inch annular clear space between raceway or cable and sleeve for installing mechanical sleeve seals.

	3.3 SLEEVE-SEAL INSTALLATION
	A. Install to seal exterior wall penetrations.
	B. Use 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 ...

	3.4 FIRESTOPPING
	A. Apply firestopping to penetrations of fire-rated floor and wall assemblies for electrical installations to restore original fire-resistance rating of assembly.  Firestopping materials and installation requirements are specified in Division 07 Secti...



	26 0519-LOW VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. This Section includes the following:
	1. Building wires and cables rated 600 V and less.
	2. Connectors, splices, and terminations rated 600 V and less.
	3. Sleeves and sleeve seals for cables.


	1.2 SUBMITTALS
	A. Product Data:  For each type of product indicated.
	B. Field quality-control test reports.

	1.3 QUALITY ASSURANCE
	A. 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.
	B. Comply with NFPA 70.


	PART 2 -  PRODUCTS
	2.1 CONDUCTORS AND CABLES
	A. Copper Conductors:  Comply with NEMA WC 70.
	B. Conductor Insulation:  Comply with NEMA WC 70 for Types THHN-THWN.

	2.2 CONNECTORS AND SPLICES
	A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	B. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	1. AFC Cable Systems, Inc.
	2. Hubbell Power Systems, Inc.
	3. O-Z/Gedney; EGS Electrical Group LLC.
	4. 3M; Electrical Products Division.
	5. Tyco Electronics Corp.

	C. Description:  Factory-fabricated connectors and splices of size, ampacity rating, material, type, and class for application and service indicated.

	2.3 SLEEVES FOR CABLES
	A. Steel Pipe Sleeves:  ASTM A 53/A 53M, Type E, Grade B, Schedule 40, galvanized steel, plain ends.
	B. Cast-Iron Pipe Sleeves:  Cast or fabricated "wall pipe," equivalent to ductile-iron pressure pipe, with plain ends and integral waterstop, unless otherwise indicated.
	C. Coordinate sleeve selection and application with selection and application of firestopping specified in Division 07 Section "Penetration Firestopping."


	PART 3 -  EXECUTION
	3.1 CONDUCTOR MATERIAL APPLICATIONS
	A. Feeders: Copper stranded.
	B. Branch Circuits:  Copper stranded.

	3.2 CONDUCTOR INSULATION
	A. Exposed Feeders:  Type THHN-THWN, single conductors in raceway.
	B. Feeders Concealed in Ceilings, Walls, Partitions, and Crawlspaces:  Type THHN-THWN, single conductors in raceway.
	C. Feeders Concealed in Concrete, below Slabs-on-Grade, and Underground:  Type THHN-THWN, single conductors in raceway.
	D. Exposed Branch Circuits, Including in Crawlspaces:  Type THHN-THWN, single conductors in raceway.
	E. Branch Circuits Concealed in Ceilings, Walls, and Partitions:  Type THHN-THWN, single conductors in raceway.
	F. Branch Circuits Concealed in Concrete, below Slabs-on-Grade, and Underground:  Type THHN-THWN, single conductors in raceway.
	G. Class 1 Control Circuits:  Type THHN-THWN, in raceway.
	H. Class 2 Control Circuits:  Type THHN-THWN, in raceway.

	3.3 INSTALLATION OF CONDUCTORS AND CABLES
	A. Conceal cables in finished walls, ceilings, and floors, unless otherwise indicated.
	B. 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.
	C. Use pulling means, including fish tape, cable, rope, and basket-weave wire/cable grips, that will not damage cables or raceway.
	D. Install exposed cables parallel and perpendicular to surfaces of exposed structural members and follow surface contours where possible.
	E. Support cables according to Division 26 Sections "Hangers and Supports for Electrical Systems."
	F. Identify and color-code conductors and cables according to Division 26 Section "Identification for Electrical Systems."
	G. 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 and UL 486B.
	H. Make splices 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 and tap conductor for aluminum conductors.

	I. Wiring at Outlets:  Install conductor at each outlet, with at least 6 inches (150 mm) of slack.

	3.4 SLEEVE INSTALLATION FOR ELECTRICAL PENETRATIONS
	A. Not Used
	B. Concrete Slabs and Walls:  Install sleeves for penetrations unless core-drilled holes or formed openings are used.  Install sleeves during erection of slabs and walls.
	C. Fire-Rated Assemblies:  Install sleeves for penetrations of fire-rated floor and wall assemblies unless openings compatible with firestop system used are fabricated during construction of floor or wall.
	D. Cut sleeves to length for mounting flush with both wall surfaces.
	E. Extend sleeves installed in floors 2 inches above finished floor level.
	F. Size pipe sleeves to provide 1/4-inch annular clear space between sleeve and cable unless sleeve seal is to be installed.
	G. Seal space outside of sleeves with grout for penetrations of concrete and masonry.
	H. Interior Penetrations of Non-Fire-Rated Walls and Floors:  Seal annular space between sleeve and cable, using joint sealant appropriate for size, depth, and location of joint according to Division 07 Section "Joint Sealants."
	I. Fire-Rated-Assembly Penetrations:  Maintain indicated fire rating of walls, partitions, ceilings, and floors at cable penetrations.  Install sleeves and seal with firestop materials.
	J. Roof-Penetration Sleeves:  Seal penetration of individual cables with flexible boot-type flashing units applied in coordination with roofing work.
	K. Aboveground Exterior-Wall Penetrations:  Seal penetrations using sleeves and mechanical sleeve seals.  Size sleeves to allow for 1-inch annular clear space between pipe and sleeve for installing mechanical sleeve seals.
	L. Underground Exterior-Wall Penetrations:  Install cast-iron "wall pipes" for sleeves.  Size sleeves to allow for 1-inch annular clear space between cable and sleeve for installing mechanical sleeve seals.

	3.5 SLEEVE-SEAL INSTALLATION
	A. Install to seal underground exterior-wall penetrations.
	B. Use type and number of sealing elements recommended by manufacturer for cable material and size.  Position cable in center of sleeve.  Assemble mechanical sleeve seals and install in annular space between cable and sleeve.  Tighten bolts against pr...

	3.6 FIRESTOPPING
	A. Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore original fire-resistance rating of assembly.

	3.7 FIELD QUALITY CONTROL
	A. Perform tests and inspections and prepare test reports.
	B. Tests and Inspections:
	1. After installing conductors and cables and before electrical circuitry has been energized, test all for compliance with requirements.
	2. Perform each visual and mechanical inspection and electrical test stated in NETA Acceptance Testing Specification.  Certify compliance with test parameters.
	3. Infrared Scanning:  After Substantial Completion, but not more than 60 days after Final Acceptance, perform an infrared scan of each splice in cables and conductors No. 3 AWG and larger.  Remove box and equipment covers so splices are accessible to...
	a. Follow-up Infrared Scanning:  Perform an additional follow-up infrared scan of each splice 11 months after date of Substantial Completion.
	b. Instrument:  Use an infrared scanning device designed to measure temperature or to detect significant deviations from normal values.  Provide calibration record for device.
	c. Record of Infrared Scanning:  Prepare a certified report that identifies splices checked and that describes scanning results.  Include notation of deficiencies detected, remedial action taken, and observations after remedial action.


	C. Test Reports:  Prepare a written report to record the following:
	1. Test procedures used.
	2. Test results that comply with requirements.
	3. Test results that do not comply with requirements and corrective action taken to achieve compliance with requirements.

	D. Remove and replace malfunctioning units and retest as specified above.



	26 0526-GROUNDING AND BONDING
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. This Section includes methods and materials for grounding systems and equipment.

	1.2 SUBMITTALS
	A. Product Data:  For each type of product indicated.
	B. Field quality-control test reports.

	1.3 QUALITY ASSURANCE
	A. 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.
	B. Comply with UL 467 for grounding and bonding materials and equipment.


	PART 2 -  PRODUCTS
	2.1 CONDUCTORS
	A. Insulated Conductors:  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 B 3.
	2. Stranded Conductors:  ASTM B 8.
	3. Tinned Conductors:  ASTM B 33.
	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 inches wide and 1/16 inch thick.
	7. Tinned Bonding Jumper:  Tinned-copper tape, braided conductors, terminated with copper ferrules; 1-5/8 inches wide and 1/16 inch thick.


	2.2 CONNECTORS
	A. Listed and labeled by a nationally recognized testing laboratory acceptable to authorities having jurisdiction for applications in which used, and for specific types, sizes, and combinations of conductors and other items connected.
	B. Bolted Connectors for Conductors and Pipes:  Copper or copper alloy, bolted pressure-type, with at least two bolts.
	1. Pipe Connectors:  Clamp type, sized for pipe.

	C. Welded Connectors:  Exothermic-welding kits of types recommended by kit manufacturer for materials being joined and installation conditions.

	2.3 GROUNDING ELECTRODES
	A. Ground Rods:  Copper-clad, sectional type 3/4 inch by10 feet in diameter.


	PART 3 -  EXECUTION
	3.1 APPLICATIONS
	A. Conductors:  Install solid conductor for No. 8 AWG and smaller, and stranded conductors for No. 6AWG and larger, unless otherwise indicated.
	B. Isolated Grounding Conductors:  Green-colored insulation with continuous yellow stripe.  On feeders with isolated ground, identify grounding conductor where visible to normal inspection, with alternating bands of green and yellow tape, with at leas...
	C. 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.


	3.2 EQUIPMENT GROUNDING
	A. Install insulated equipment grounding conductors with the following items, in addition to those required by NFPA 70:
	1. Feeders and branch circuits.
	2. Lighting circuits.
	3. Receptacle circuits.
	4. Single-phase motor and appliance branch circuits.
	5. Three-phase motor and appliance branch circuits.
	6. Flexible raceway runs.
	7. Armored and metal-clad cable runs.
	8. Busway Supply Circuits:  Install insulated equipment grounding conductor from grounding bus in the switchgear, switchboard, or distribution panel to equipment grounding bar terminal on busway.
	9. Computer and Rack-Mounted Electronic Equipment Circuits:  Install insulated equipment grounding conductor in branch-circuit runs from equipment-area power panels and power-distribution units.
	10. X-Ray Equipment Circuits:  Install insulated equipment grounding conductor in circuits supplying x-ray equipment.

	B. Air-Duct Equipment Circuits:  Install insulated equipment grounding conductor to duct-mounted electrical devices operating at 120 V and more, including air cleaners, heaters, dampers, humidifiers, and other duct electrical equipment.  Bond conducto...
	C. 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.
	D. Isolated Grounding Receptacle Circuits:  Install an insulated equipment grounding conductor connected to the receptacle grounding terminal.  Isolate conductor from raceway and from panelboard grounding terminals.  Terminate at equipment grounding c...
	E. Isolated Equipment Enclosure Circuits:  For designated equipment supplied by a branch circuit or feeder, isolate equipment enclosure from supply circuit raceway with a nonmetallic raceway fitting listed for the purpose.  Install fitting where racew...
	F. Signal and Communication Equipment:  For telephone, alarm, voice and data, and other communication equipment, provide No. 4 AWG minimum insulated grounding conductor in raceway from grounding electrode system to each service location, terminal cabi...
	1. Service and Central Equipment Locations and Wiring Closets:  Terminate grounding conductor on a 1/4-by-2-by-12-inch grounding bus.
	2. Terminal Cabinets:  Terminate grounding conductor on cabinet grounding terminal.

	G. Metal 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.

	3.3 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 Rods:  Drive rods until tops are 2 inches 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. For grounding electrode system, follow instruction in the drawings as per NEC requirements.

	C. Test Wells:  Ground rod driven through drilled hole in bottom of handhole.  Handholes are specified in Division 26 Section "Underground Ducts and Raceways for Electrical Systems," and shall be at least 12 inches deep, with cover.
	1. Test Wells:  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.

	D. 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 so vibration is not transmitted to rigidly mounted equipment.
	3. Use exothermic-welded connectors for outdoor locations, but if a disconnect-type connection is required, use a bolted clamp.

	E. 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 ser...
	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.

	F. Bonding Interior Metal Ducts:  Bond metal air ducts to equipment grounding conductors of associated fans, blowers, electric heaters, and air cleaners.  Install bonding jumper to bond across flexible duct connections to achieve continuity.

	3.4 FIELD QUALITY CONTROL
	A. Perform the following tests and inspections and prepare test reports:
	1. After installing grounding system but before permanent electrical circuits have been energized, test for compliance with requirements.
	2. Test completed grounding system at each location where a maximum ground-resistance level is specified, at service disconnect enclosure grounding terminal, and at ground test wells.
	a. Measure ground resistance not less 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 natura...
	b. Perform tests by fall-of-potential method according to IEEE 81.


	B. Excessive Ground Resistance:  If resistance to ground exceeds specified values, notify Architect promptly and include recommendations to reduce ground resistance.



	26 0529 HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section includes:
	1. Hangers and supports for electrical equipment and systems.
	2. Construction requirements for concrete bases.


	1.2 PERFORMANCE REQUIREMENTS
	A. Delegated Design:  Design supports for multiple raceways, including comprehensive engineering analysis by a qualified professional engineer, using performance requirements and design criteria indicated.
	B. Design supports for multiple raceways capable of supporting combined weight of supported systems and its contents.
	C. Design equipment supports capable of supporting combined operating weight of supported equipment and connected systems and components.
	D. Rated Strength:  Adequate in tension, shear, and pullout force to resist maximum loads calculated or imposed for this Project, with a minimum structural safety factor of five times the applied force.

	1.3 SUBMITTALS
	A. Product Data:  For steel slotted support systems.
	B. Shop Drawings: Signed and sealed by a qualified professional engineer. Show fabrication and installation details and include calculations for the following:
	1. Trapeze hangers.  Include Product Data for components.
	2. Steel slotted channel systems.  Include Product Data for components.
	3. Equipment supports.

	C. Welding certificates.

	1.4 QUALITY ASSURANCE
	A. Welding:  Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural Welding Code - Steel."
	B. Comply with NFPA 70.


	PART 2 -  PRODUCTS
	2.1 SUPPORT, ANCHORAGE, AND ATTACHMENT COMPONENTS
	A. Steel Slotted Support Systems:  Comply with MFMA-4, factory-fabricated components for field assembly.
	1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	a. Allied Tube & Conduit.
	b. Cooper B-Line, Inc.; a division of Cooper Industries.
	c. ERICO International Corporation.
	d. GS Metals Corp.
	e. Thomas & Betts Corporation.
	f. Unistrut; Tyco International, Ltd.
	g. Wesanco, Inc.
	h. Gripple

	2. Metallic Coatings:  Hot-dip galvanized after fabrication and applied according to MFMA-4.
	3. Nonmetallic Coatings:  Manufacturer's standard PVC, polyurethane, or polyester coating applied according to MFMA-4.
	4. Painted Coatings:  Manufacturer's standard painted coating applied according to MFMA-4.
	5. Channel Dimensions:  Selected for applicable load criteria.

	B. Raceway and Cable Supports:  As described in NECA 1 and NECA 101.
	C. Conduit and Cable Support Devices:  aluminum hangers, clamps, and associated fittings, designed for types and sizes of raceway or cable to be supported.
	D. Support for Conductors in Vertical Conduit:  Factory-fabricated assembly consisting of threaded body and insulating wedging plug or plugs for non-armored electrical conductors or cables in riser conduits.  Plugs shall have number, size, and shape o...
	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.
	a. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	1) Hilti Inc.
	2) ITW Ramset/Red Head; a division of Illinois Tool Works, Inc.
	3) MKT Fastening, LLC.
	4) Simpson Strong-Tie Co., Inc.; Masterset Fastening Systems Unit.


	2. Mechanical-Expansion Anchors:  Insert-wedge-type, stainless steel, for use in hardened portland cement concrete with tension, shear, and pullout capacities appropriate for supported loads and building materials in which used.
	a. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	1) Cooper B-Line, Inc.; a division of Cooper Industries.
	2) Empire Tool and Manufacturing Co., Inc.
	3) Hilti Inc.
	4) ITW Ramset/Red Head; a division of Illinois Tool Works, Inc.
	5) MKT Fastening, LLC.


	3. Concrete Inserts:  Steel or malleable-iron, slotted support system units similar to MSS Type 18; complying with MFMA-4 or MSS SP-58.
	4. Clamps for Attachment to Steel Structural Elements:  MSS SP-58, type suitable for attached structural element.
	5. Through Bolts:  Structural type, hex head, and high strength.  Comply with ASTM A 325.
	6. Toggle Bolts:  All-steel springhead type.
	7. Hanger Rods:  Threaded steel.



	PART 3 -  EXECUTION
	3.1 APPLICATION
	A. Comply with NECA 1 and NECA 101 for application of hangers and supports for electrical equipment and systems except if requirements in this Section are stricter.
	B. Maximum Support Spacing and Minimum Hanger Rod Size for Raceway:  Space supports for EMT, IMC, and RMC as required by NFPA 70.  Minimum rod size shall be 1/4 inch (6 mm) in diameter.
	C. Multiple Raceways or Cables:  Install trapeze-type supports fabricated with aluminum slotted support 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 single-bolt conduit clamps using spring friction action for retention in support channel.

	D. Spring-steel clamps designed for supporting single conduits without bolts may be used for 1-1/2-inch (38-mm) and smaller raceways serving branch circuits and communication systems above suspended ceilings and for fastening raceways to trapeze suppo...

	3.2 SUPPORT INSTALLATION
	A. Comply with NECA 1 and NECA 101 for installation requirements except as specified in this Article.
	B. Raceway Support Methods:  In addition to methods described in NECA 1, EMT, RMC may be supported by openings through structure members, as permitted in NFPA 70.
	C. 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 shal...
	D. 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 New Concrete:  Bolt to concrete inserts.
	2. To Masonry:  Approved toggle-type bolts on hollow masonry units and expansion anchor fasteners on solid masonry units.
	3. To Existing Concrete:  Expansion anchor fasteners.
	4. Instead of expansion anchors, powder-actuated driven threaded studs provided with lock washers and nuts may be used in existing standard-weight concrete 4 inches (100 mm) thick or greater.  Do not use for anchorage to lightweight-aggregate concrete...
	5. To Steel:  Beam clamps (MSS Type 19, 21, 23, 25, or 27) complying with MSS SP-69.
	6. To Light Steel:  Sheet metal screws.
	7. 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 by mea...

	E. Drill holes for expansion anchors in concrete at locations and to depths that avoid reinforcing bars.

	3.3 INSTALLATION OF FABRICATED METAL SUPPORTS
	A. Comply with installation requirements in Division 05 Section "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.



	26 0533-RACEWAYS AND BOXES
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. This Section includes raceways, fittings, boxes, enclosures, and cabinets for electrical wiring.
	B. See Division 26 Section "Underground Ducts and Raceways for Electrical Systems" for exterior ductbanks and manholes, and underground handholes, boxes, and utility construction.

	1.2 SUBMITTALS
	A. Product Data:  For surface raceways, wireways and fittings, floor boxes, hinged-cover enclosures, and cabinets.
	B. Shop Drawings:  For custom enclosures and cabinets.  Include plans, elevations, sections, details, and attachments to other work.

	1.3 QUALITY ASSURANCE
	A. 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.
	B. Comply with NFPA 70.


	PART 2 -  PRODUCTS
	2.1 METAL CONDUIT AND TUBING
	A. Rigid Steel Conduit:  ANSI C80.1.
	B. IMC:  ANSI C80.6.
	C. EMT:  ANSI C80.3.
	D. FMC:  Zinc-coated steel.
	E. LFMC:  Flexible steel conduit with PVC jacket.
	F. Fittings for Conduit (Including all Types and Flexible and Liquidtight), EMT, and Cable:  NEMA FB 1; listed for type and size raceway with which used, and for application and environment in which installed.
	1. Conduit Fittings for Hazardous (Classified) Locations:  Comply with UL 886.
	2. Fittings for EMT:  Steel or die-cast, set-screw or compression type.


	2.2 NONMETALLIC CONDUIT AND TUBING
	A. ENT:  NEMA TC 13.
	B. RNC:  NEMA TC 2, Type EPC-40-PVC, unless otherwise indicated.
	C. LFNC:  UL 1660.
	D. Fittings for ENT and RNC:  NEMA TC 3; match to conduit or tubing type and material.
	E. Fittings for LFNC:  UL 514B.

	2.3 METAL WIREWAYS
	A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	B. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	1. Cooper B-Line, Inc.
	2. Hoffman.
	3. Square D; Schneider Electric.

	C. Description:  Sheet metal sized and shaped as indicated, NEMA 250, Type 1 or Type 3R, unless otherwise indicated.
	D. Fittings and Accessories:  Include 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.
	E. Wireway Covers:  Flanged-and-gasketed type or as indicated.
	F. Finish:  Manufacturer's standard enamel finish.

	2.4 NONMETALLIC WIREWAYS
	A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	B. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	1. Hoffman.
	2. Lamson & Sessions; Carlon Electrical Products.

	C. Description:  PVC plastic, extruded and fabricated to size and shape indicated, with snap-on cover and mechanically coupled connections with plastic fasteners.
	D. Fittings and Accessories:  Include 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.

	2.5 SURFACE RACEWAYS
	A. Surface Metal Raceways:  Galvanized steel with snap-on covers.  Manufacturer's standard enamel finish in color selected by Architect.
	1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	2. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	a. Thomas & Betts Corporation.
	b. Walker Systems, Inc.; Wiremold Company (The).
	c. Wiremold Company (The); Electrical Sales Division.


	B. Surface Nonmetallic Raceways:  Two-piece construction, manufactured of rigid PVC with texture and color selected by Architect from manufacturer's standard colors.
	1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	2. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	a. Butler Manufacturing Company; Walker Division.
	b. Enduro Systems, Inc.; Composite Products Division.
	c. Hubbell Incorporated; Wiring Device-Kellems Division.
	d. Lamson & Sessions; Carlon Electrical Products.
	e. Panduit Corp.
	f. Walker Systems, Inc.; Wiremold Company (The).
	g. Wiremold Company (The); Electrical Sales Division.



	2.6 BOXES, ENCLOSURES, AND CABINETS
	A. Sheet Metal Outlet and Device Boxes:  NEMA OS 1.
	B. Cast-Metal Outlet and Device Boxes:  NEMA FB 1, aluminum, Type FD, with gasketed cover.
	C. Nonmetallic Outlet and Device Boxes:  NEMA OS 2.
	D. Metal Floor Boxes:  Cast or sheet metal, rectangular.
	E. Nonmetallic Floor Boxes:  Nonadjustable, round.
	F. Small Sheet Metal Pull and Junction Boxes:  NEMA OS 1.
	G. Cast-Metal Access, Pull, and Junction Boxes:  NEMA FB 1, cast aluminum with gasketed cover.
	H. Hinged-Cover Enclosures:  NEMA 250, Type 1, with continuous-hinge cover with flush latch, unless otherwise indicated.
	1. Metal Enclosures:  Steel, finished inside and out with manufacturer's standard enamel.
	2. Nonmetallic Enclosures:  Plastic, finished inside with radio-frequency-resistant paint.

	I. Cabinets:
	1. NEMA 250, Type 1, galvanized-steel box with removable interior panel and removable front, finished inside and out with manufacturer's standard enamel.
	2. Hinged door in front cover with flush latch and concealed hinge.
	3. Key latch to match panelboards.
	4. Metal barriers to separate wiring of different systems and voltage.
	5. Accessory feet where required for freestanding equipment.



	PART 3 -  EXECUTION
	3.1 RACEWAY APPLICATION
	A. Outdoors:  Apply raceway products as specified below, unless otherwise indicated:
	1. Exposed Conduit:  [Rigid steel conduit] [IMC] [RNC, Type EPC-40-PVC] [RNC, Type EPC-80-PVC].
	2. Concealed Conduit, Aboveground:  [Rigid steel conduit] [IMC] [EMT] [RNC, Type EPC-40-PVC].
	3. Underground Conduit:  RNC, Type EPC-40-PVC, direct buried.
	4. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, Electric Solenoid, or Motor-Driven Equipment):  LFMC.
	5. Boxes and Enclosures, Aboveground:  NEMA 250, Type 3R in stainless steel.

	B. Comply with the following indoor applications, unless otherwise indicated:
	1. Exposed, Not Subject to Physical Damage:  EMT.
	2. Exposed, Not Subject to Severe Physical Damage:  EMT.
	3. Exposed and Subject to Severe Physical Damage:  Rigid steel conduit.  Includes raceways in the following locations:
	a. Loading dock.
	b. Corridors used for traffic of mechanized carts, forklifts, and pallet-handling units.
	c. Mechanical rooms.

	4. Concealed in Ceilings and Interior Walls and Partitions:  EMT.
	5. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, Electric Solenoid, or Motor-Driven Equipment):  FMC, except use LFMC in damp or wet locations.
	6. Damp or Wet Locations:  Rigid steel conduit.
	7. Raceways for Optical Fiber or Communications Cable:  EMT.
	8. Boxes and Enclosures:  NEMA 250, Type 1, except use NEMA 250, Type 4, stainless steel in damp or wet locations.

	C. Minimum Raceway Size: 3/4-inch trade size.
	D. Raceway Fittings:  Compatible with raceways and suitable for use and location.
	1. Rigid and Intermediate Steel Conduit:  Use threaded rigid steel conduit fittings, unless otherwise indicated.


	3.2 INSTALLATION
	A. Comply with NECA 1 for installation requirements applicable to products specified in Part 2 except where requirements on Drawings or in this Article are stricter.
	B. Keep raceways at least 6 inches away from parallel runs of flues and steam or hot-water pipes.  Install horizontal raceway runs above water and steam piping.
	C. Complete raceway installation before starting conductor installation.
	D. Support raceways as specified in Division 26 Section "Hangers and Supports for Electrical Systems."
	E. Arrange stub-ups so curved portions of bends are not visible above the finished slab.
	F. Install no more than the equivalent of three 90-degree bends in any conduit run except for communications conduits, for which fewer bends are allowed.
	G. Conceal conduit and EMT within finished walls, ceilings, and floors, unless otherwise indicated.
	H. Raceways Embedded in Slabs:
	1. Run conduit larger than 1-inch trade size, parallel or at right angles to main reinforcement.  Where at right angles to reinforcement, place conduit close to slab support.
	2. Arrange raceways to cross building expansion joints at right angles with expansion fittings.
	3. Change from ENT to RNC, Type EPC-40-PVC, rigid steel conduit, or IMC before rising above the floor.

	I. Raceway Terminations at Locations Subject to Moisture or Vibration:  Use insulating bushings to protect conductors, including conductors smaller than No. 4 AWG.
	J. Install pull wires in empty raceways.  Use polypropylene or monofilament plastic line with not less than 200-lb  tensile strength.  Leave at least 12 inches of slack at each end of pull wire.
	K. Raceways for Optical Fiber and Communications Cable:  Install as follows:
	1. 3/4-Inch Trade Size and Smaller:  Install raceways in maximum lengths of 50 feet.
	2. 1-Inch Trade Size and Larger:  Install raceways in maximum lengths of 75 feet.
	3. Install with a maximum of two 90-degree bends or equivalent for each length of raceway unless Drawings show stricter requirements.  Separate lengths with pull or junction boxes or terminations at distribution frames or cabinets where necessary to c...

	L. Install raceway sealing fittings at suitable, approved, and accessible locations and fill them with listed sealing compound.  For concealed raceways, install each fitting in a flush steel box with a blank cover plate having a finish similar to that...
	1. Where conduits pass from warm to cold locations, such as boundaries of refrigerated spaces.
	2. Where otherwise required by NFPA 70.

	M. Expansion-Joint Fittings for RNC:  Install in each run of aboveground conduit that is located where environmental temperature change may exceed 30 deg F, and that has straight-run length that exceeds 25 feet.
	1. Install expansion-joint fittings for each of the following locations, and provide type and quantity of fittings that accommodate temperature change listed for location:
	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 the Outdoors without Physical Separation: 125 deg F  temperature change.

	2. 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.
	3. Install each expansion-joint fitting with position, mounting, and piston setting selected according to manufacturer's written instructions for conditions at specific location at the time of installation.

	N. Flexible Conduit Connections:  Use maximum of 72 inches of flexible conduit for recessed and semirecessed lighting fixtures, equipment subject to vibration, noise transmission, or movement; and for transformers and motors.
	1. Use LFMC in damp or wet locations subject to severe physical damage.
	2. Use LFMC or LFNC in damp or wet locations not subject to severe physical damage.

	O. 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.
	P. Set metal floor boxes level and flush with finished floor surface.
	Q. Set nonmetallic floor boxes level.  Trim after installation to fit flush with finished floor surface.

	3.3 INSTALLATION OF UNDERGROUND CONDUIT
	A. Direct-Buried Conduit:
	1. Excavate trench bottom to provide firm and uniform support for conduit.  Prepare trench bottom as specified in Division 31 Section "Earth Moving" for pipe less than 6 inches in nominal diameter.
	2. Install backfill as specified in Division 31 Section "Earth Moving."
	3. After installing conduit, backfill and compact.  Start at tie-in point, and work toward end of conduit run, leaving conduit at end of run free to move with expansion and contraction as temperature changes during this process.  Firmly hand tamp back...
	4. Install manufactured duct elbows for stub-ups at poles and equipment and at building entrances through the floor, unless otherwise indicated.  Encase elbows for stub-up ducts throughout the length of the elbow.
	5. Install manufactured rigid steel conduit elbows for stub-ups at poles and equipment and at building entrances through the floor.
	a. Couple steel conduits to ducts with adapters designed for this purpose, and encase coupling with 3 inches of concrete.
	b. For stub-ups at equipment mounted on outdoor concrete bases, extend steel conduit horizontally a minimum of 60 inches from edge of equipment pad or foundation.  Install insulated grounding bushings on terminations at equipment.

	6. Warning Planks:  Bury warning planks approximately 12 inches above direct-buried conduits, placing them 24 inches o.c.  Align planks along the width and along the centerline of conduit.


	3.4 FIRESTOPPING
	A. Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore original fire-resistance rating of assembly.  Firestopping materials and installation requirements are specified in Division 07 Section "Penetration Fi...



	26 0553-IDENTIFICATION
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Identification for raceways.
	2. Identification of power and control cables.
	3. Identification for conductors.
	4. Underground-line warning tape.
	5. Warning labels and signs.
	6. Instruction signs.
	7. Equipment identification labels.
	8. Miscellaneous identification products.


	1.2 SUBMITTALS
	A. Product Data:  For each electrical identification product indicated.

	1.3 QUALITY ASSURANCE
	A. Comply with ANSI A13.1.
	B. Comply with NFPA 70.
	C. Comply with 29 CFR 1910.144 and 29 CFR 1910.145.
	D. Comply with ANSI Z535.4 for safety signs and labels.
	E. Adhesive-attached labeling materials, including label stocks, laminating adhesives, and inks used by label printers, shall comply with UL 969.


	PART 2 -  PRODUCTS
	2.1 POWER RACEWAY IDENTIFICATION MATERIALS
	A. Comply with ANSI A13.1 for minimum size of letters for legend and for minimum length of color field for each raceway size.
	B. Colors for Raceways Carrying Circuits at 600 V or Less:
	1. Black letters on an orange field.
	2. Legend:  Indicate voltage and system or service type.

	C. Self-Adhesive Vinyl Labels for Raceways Carrying Circuits at 600 V or Less:  Preprinted, flexible label laminated with a clear, weather- and chemical-resistant coating and matching wraparound adhesive tape for securing ends of legend label.
	D. Snap-Around Labels for Raceways Carrying Circuits at 600 V or Less:  Slit, pretensioned, flexible, preprinted, color-coded acrylic sleeve, with diameter sized to suit diameter of raceway or cable it identifies and to stay in place by gripping action.
	E. Snap-Around, Color-Coding Bands for Raceways Carrying Circuits at 600 V or Less:  Slit, pretensioned, flexible, solid-colored acrylic sleeve, 2 inches long, with diameter sized to suit diameter of raceway or cable it identifies and to stay in place...
	F. Write-On Tags:  Polyester tag, 0.010 inch thick, with corrosion-resistant grommet and cable tie for attachment to conductor or cable.
	1. Marker for Tags:  Permanent, waterproof, black ink marker recommended by tag manufacturer.
	2. Marker for Tags:  Machine-printed, permanent, waterproof, black ink marker recommended by printer manufacturer.


	2.2 ARMORED AND METAL-CLAD CABLE IDENTIFICATION MATERIALS
	A. Comply with ANSI A13.1 for minimum size of letters for legend and for minimum length of color field for each raceway and cable size.
	B. Colors for Raceways Carrying Circuits at 600 V and Less:
	1. Black letters on an orange field.
	2. Legend:  Indicate voltage and system or service type

	C. Self-Adhesive Vinyl Labels:  Preprinted, flexible label laminated with a clear, weather- and chemical-resistant coating and matching wraparound adhesive tape for securing ends of legend label.
	D. Self-Adhesive Vinyl Tape:  Colored, heavy duty, waterproof, fade resistant; 2 inches (50 mm) wide; compounded for outdoor use.

	2.3 POWER AND CONTROL CABLE IDENTIFICATION MATERIALS
	A. Comply with ANSI A13.1 for minimum size of letters for legend and for minimum length of color field for each raceway and cable size.
	B. Self-Adhesive Vinyl Labels:  Preprinted, flexible label laminated with a clear, weather- and chemical-resistant coating and matching wraparound adhesive tape for securing ends of legend label.
	C. Write-On Tags:  Polyester tag, 0.010 inch  thick, with corrosion-resistant grommet and cable tie for attachment to conductor or cable.
	1. Marker for Tags:  Permanent, waterproof, black ink marker recommended by tag manufacturer.
	2. Marker for Tags:  Machine-printed, permanent, waterproof, black ink marker recommended by printer manufacturer.

	D. Snap-Around Labels:  Slit, pretensioned, flexible, preprinted, color-coded acrylic sleeve, with diameter sized to suit diameter of raceway or cable it identifies and to stay in place by gripping action.
	E. Snap-Around, Color-Coding Bands:  Slit, pretensioned, flexible, solid-colored acrylic sleeve, 2 inches long, with diameter sized to suit diameter of raceway or cable it identifies and to stay in place by gripping action.

	2.4 CONDUCTOR IDENTIFICATION MATERIALS
	A. Color-Coding Conductor Tape:  Colored, self-adhesive vinyl tape not less than 3 mils thick by 1 to 2 inches wide.
	B. Self-Adhesive Vinyl Labels:  Preprinted, flexible label laminated with a clear, weather- and chemical-resistant coating and matching wraparound adhesive tape for securing ends of legend label.
	C. Marker Tapes:  Vinyl or vinyl-cloth, self-adhesive wraparound type, with circuit identification legend machine printed by thermal transfer or equivalent process.
	D. Write-On Tags:  Polyester tag, 0.010 inch thick, with corrosion-resistant grommet and cable tie for attachment to conductor or cable.
	1. Marker for Tags:  Permanent, waterproof, black ink marker recommended by tag manufacturer.
	2. Marker for Tags:  Machine-printed, permanent, waterproof, black ink marker recommended by printer manufacturer.


	2.5 FLOOR MARKING TAPE
	A. 2-inch- wide, 5-mil pressure-sensitive vinyl tape, with black and white stripes and clear vinyl overlay.

	2.6 UNDERGROUND-LINE WARNING TAPE
	A. Tape:
	1. Recommended by manufacturer for the method of installation and suitable to identify and locate underground electrical and communications utility lines.
	2. Printing on tape shall be permanent and shall not be damaged by burial operations.
	3. Tape material and ink shall be chemically inert, and not subject to degrading when exposed to acids, alkalis, and other destructive substances commonly found in soils.

	B. Color and Printing:
	1. Comply with ANSI Z535.1 through ANSI Z535.5.
	2. Inscriptions for Red-Colored Tapes:  ELECTRIC LINE, HIGH VOLTAGE,.
	3. Inscriptions for Orange-Colored Tapes:  TELEPHONE CABLE, CATV CABLE, COMMUNICATIONS CABLE, OPTICAL FIBER CABLE.


	2.7 WARNING LABELS AND SIGNS
	A. Comply with NFPA 70 and 29 CFR 1910.145.
	B. Self-Adhesive Warning Labels:  Factory-printed, multicolor, pressure-sensitive adhesive labels, configured for display on front cover, door, or other access to equipment unless otherwise indicated.
	C. Baked-Enamel Warning Signs:
	1. Preprinted aluminum signs, punched or drilled for fasteners, with colors, legend, and size required for application.
	2. 1/4-inch  grommets in corners for mounting.
	3. Nominal size, 7 by 10 inches .

	D. Metal-Backed, Butyrate Warning Signs:
	1. Weather-resistant, nonfading, preprinted, cellulose-acetate butyrate signs with 0.0396-inch  galvanized-steel backing; and with colors, legend, and size required for application.
	2. 1/4-inch  grommets in corners for mounting.
	3. Nominal size, 10 by 14 inches.

	E. Warning label and sign 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 "


	2.8 INSTRUCTION SIGNS
	A. Engraved, laminated acrylic or melamine plastic, minimum 1/16 inch thick for signs up to 20 sq. inches and 1/8 inch thick for larger sizes.
	1. Engraved legend with black letters on white face.
	2. Punched or drilled for mechanical fasteners.
	3. Framed with mitered acrylic molding and arranged for attachment at applicable equipment.

	B. Adhesive Film Label:  Machine printed, in black, by thermal transfer or equivalent process.  Minimum letter height shall be 3/8 inch.
	C. Adhesive Film Label with Clear Protective Overlay:  Machine printed, in black, by thermal transfer or equivalent process.  Minimum letter height shall be 3/8 inch .  Overlay shall provide a weatherproof and UV-resistant seal for label.

	2.9 EQUIPMENT IDENTIFICATION LABELS
	A. Adhesive Film Label with Clear Protective Overlay:  Machine printed, in black, by thermal transfer or equivalent process.  Minimum letter height shall be 3/8 inch.  Overlay shall provide a weatherproof and UV-resistant seal for label.
	B. Self-Adhesive, Engraved, Laminated Acrylic or Melamine Label:  Adhesive backed, with white letters on a dark-gray background.  Minimum letter height shall be 3/8 inch.
	C. Stenciled Legend:  In nonfading, waterproof, [black] <Insert color> ink or paint.  Minimum letter height shall be 1 inch.

	2.10 MISCELLANEOUS IDENTIFICATION PRODUCTS
	A. Paint:  Comply with requirements in Division 09 painting Sections for paint materials and application requirements.  Select 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
	3.1 INSTALLATION
	A. Location:  Install identification materials and devices at locations for most convenient viewing without interference with operation and maintenance of equipment.
	B. Apply identification devices to surfaces that require finish after completing finish work.
	C. Self-Adhesive Identification Products:  Clean surfaces before application, using materials and methods recommended by manufacturer of identification device.
	D. Attach signs and plastic labels that are not self-adhesive type with mechanical fasteners appropriate to the location and substrate.
	E. System Identification Color-Coding Bands for Raceways and Cables:  Each color-coding band shall completely encircle cable or conduit.  Place adjacent bands of two-color markings in contact, side by side.  Locate bands at changes in direction, at pe...
	F. Underground-Line Warning Tape:  During backfilling of trenches install continuous underground-line warning tape directly above line at 6 to 8 inches  below finished grade.  Use multiple tapes where width of multiple lines installed in a common tren...
	G. Painted Identification:  Comply with requirements in Division 09 painting Sections for surface preparation and paint application.

	3.2 IDENTIFICATION SCHEDULE
	A. 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:  Install labels at 30-foot maximum intervals.
	B. Accessible Raceways and Cables within Buildings:  Identify the covers of each junction and pull box of the following systems with self-adhesive vinyl labels with the wiring system legend and system voltage.  System legends shall be as follows:
	1. Emergency Power.
	2. Power.
	3. UPS.

	C. Power-Circuit Conductor Identification, 600 V or Less:  For conductors in vaults, pull and junction boxes, manholes, and handholes, use color-coding conductor tape to identify the phase.
	1. Color-Coding for Phase and Voltage Level Identification, 600 V or Less:  Use colors listed below for ungrounded service, feeder and branch-circuit conductors.
	a. Color shall be factory applied[ or field applied for sizes larger than No. 6 AWG.
	b. Colors for 208/120-V Circuits:
	1) Phase A:  Black.
	2) Phase B:  Red.
	3) Phase C:  Blue.

	c. Colors for 480/277-V Circuits:
	1) Phase A:  Brown.
	2) Phase B:  Orange.
	3) Phase C:  Yellow.

	d. Field-Applied, Color-Coding Conductor Tape:  Apply in half-lapped turns for a minimum distance of 6 inches  from terminal points and in boxes where splices or taps are made.  Apply last two turns of tape with no tension to prevent possible unwindin...


	D. Install instructional sign including the color-code for grounded and ungrounded conductors using adhesive-film-type labels.
	E. Auxiliary Electrical Systems Conductor Identification:  Identify field-installed alarm, control, and signal connections.
	1. Identify conductors, cables, and terminals in enclosures and at junctions, terminals, and pull points.  Identify by system and circuit designation.
	2. Use system of marker tape designations that is uniform and consistent with system used by manufacturer for factory-installed connections.
	3. Coordinate identification with Project Drawings, manufacturer's wiring diagrams, and the Operation and Maintenance Manual.

	F. Locations of Underground Lines:  Identify with underground-line warning tape for power, lighting, communication, and control wiring and optical fiber cable.
	1. Limit use of underground-line warning tape to direct-buried cables.
	2. Install underground-line warning tape for both direct-buried cables and cables in raceway.

	G. Workspace Indication:  Install floor marking tape to show working clearances in the direction of access to live parts.  Workspace shall be as required by NFPA 70 and 29 CFR 1926.403 unless otherwise indicated.  Do not install at flush-mounted panel...
	H. Warning Labels for Indoor Cabinets, Boxes, and Enclosures for Power and Lighting:  Self-adhesive warning labels.
	1. Comply with 29 CFR 1910.145.
	2. Identify system voltage with black letters on an orange background.
	3. Apply to exterior of door, cover, or other access.
	4. 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.


	I. Operating Instruction Signs:  Install instruction signs to facilitate proper operation and maintenance of electrical systems and items to which they connect.  Install instruction signs with approved legend where instructions are needed for system o...
	J. Equipment Identification Labels:  On each unit of equipment, install unique designation label that is consistent with wiring diagrams, schedules, and the Operation and Maintenance Manual.  Apply labels to disconnect switches and protection equipmen...
	1. Labeling Instructions:
	a. Indoor Equipment:  Adhesive film label with clear protective overlay.  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.
	b. Outdoor Equipment:  Engraved, laminated acrylic or melamine label.
	c. Elevated Components:  Increase sizes of labels and letters to those appropriate for viewing from the floor.
	d. Unless provided with self-adhesive means of attachment, fasten labels with appropriate mechanical fasteners that do not change the NEMA or NRTL rating of the enclosure.





	26 0573-OVERCURRENT PROTECTION DEVICE
	26 2416-PANELBOARDS
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section includes distribution panelboards and lighting and appliance branch-circuit panelboards.

	1.2 PERFORMANCE REQUIREMENTS
	A. Seismic Performance:  Panelboards shall withstand the effects of earthquake motions determined according to ASCE 7.
	1. The term "withstand" means "the unit will remain in place without separation of any parts from the device when subjected to the seismic forces specified and the unit will be fully operational after the seismic event."


	1.3 SUBMITTALS
	A. Product Data:  For each type of product indicated.
	B. Shop Drawings:  For each panelboard and related equipment.
	1. Include dimensioned plans, elevations, sections, and details.  Show tabulations of installed devices, equipment features, and ratings.
	2. Detail enclosure types and details for types other than NEMA 250, Type 1.
	3. Detail bus configuration, current, and voltage ratings.
	4. Short-circuit current rating of panelboards and overcurrent protective devices.
	5. Include evidence of NRTL listing for series rating of installed devices.
	6. Detail features, characteristics, ratings, and factory settings of individual overcurrent protective devices and auxiliary components.
	7. Include wiring diagrams for power, signal, and control wiring.
	8. Include time-current coordination curves for each type and rating of overcurrent protective device included in panelboards.

	C. Seismic Qualification Certificates:  Submit certification that panelboards, overcurrent protective devices, accessories, and components will withstand seismic forces defined in Division 26 Section "Vibration and Seismic Controls for Electrical Syst...
	D. Field quality-control reports.
	E. Panelboard schedules for installation in panelboards.
	F. Operation and maintenance data.

	1.4 QUALITY ASSURANCE
	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 PB 1.
	C. Comply with NFPA 70.

	1.5 WARRANTY
	A. Special Warranty:  Manufacturer's standard form in which manufacturer agrees to repair or replace transient voltage suppression devices that fail in materials or workmanship within specified warranty period.
	1. Warranty Period:  Five years from date of Substantial Completion.



	PART 2 -  PRODUCTS
	2.1 GENERAL REQUIREMENTS FOR PANELBOARDS
	A. Fabricate and test panelboards according to IEEE 344 to withstand seismic forces defined in Division 26 Section "Vibration and Seismic Controls for Electrical Systems."
	B. Enclosures:  Flush- and surface - mounted 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 3R.
	c. Outdoor Locations within a mile of saline water bodies:  NEMA 250, Type 4X stainless steel.
	d. Other Wet or Damp Indoor Locations:  NEMA 250, Type 4.

	2. Front:  Secured to box with concealed trim clamps.  For surface-mounted fronts, match box dimensions; for flush-mounted fronts, overlap box.
	3. Hinged Front Cover:  Entire front trim hinged to box and with standard door within hinged trim cover.
	4. Directory Card:  Inside panelboard door, mounted in transparent card holder.
	5. <Insert optional features>.

	C. Incoming Mains Location:  Top and bottom.
	D. Phase, Neutral, and Ground Buses:  Tin-plated aluminum.
	E. Conductor Connectors:  Suitable for use with conductor material and sizes.
	1. Material:  Tin-plated aluminum.
	2. Main and Neutral Lugs:  Mechanicaltype.
	3. Ground Lugs and Bus Configured Terminators:  Mechanical type.
	4. Feed-Through Lugs Mechanical type, suitable for use with conductor material.  Locate at opposite end of bus from incoming lugs or main device.
	5. Subfeed (Double) Lugs:  Mechanical type suitable for use with conductor material.  Locate at same end of bus as incoming lugs or main device.

	F. Service Equipment Label:  NRTL labeled for use as service equipment for panelboards with one or more main service disconnecting and overcurrent protective devices.
	G. Future Devices:  Mounting brackets, bus connections, filler plates, and necessary appurtenances required for future installation of devices.
	H. Panelboard Short-Circuit Current Rating:  Rated for series-connected system with integral or remote upstream overcurrent protective devices and labeled by an NRTL.  Include size and type of allowable upstream and branch devices, and listed and labe...
	I. Panelboard Short-Circuit Current Rating:  Fully rated to interrupt symmetrical short-circuit current available at terminals.

	2.2 DISTRIBUTION PANELBOARDS
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the available manufacturers offering products that may be incorporated into the Work.
	B. Basis-of-Design Product:  Subject to compliance with requirements, provide product indicated on Drawings or comparable product by one of the following:
	1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
	2. General Electric Company; GE Consumer & Industrial - Electrical Distribution.
	3. Siemens Energy & Automation, Inc.
	4. Square D; a brand of Schneider Electric.

	C. Panelboards:  NEMA PB 1, power and feeder distribution type.
	D. Doors:  Secured with vault-type latch with tumbler lock; keyed alike.
	E. Mains: Circuit breaker or Lugs only
	F. Branch Overcurrent Protective Devices:  For Circuit-Breaker Frame Sizes 125 A and Smaller:  Plug-in circuit breakers.
	G. Branch Overcurrent Protective Devices:  For Circuit-Breaker Frame Sizes Larger Than 125 A:  Bolt-on circuit breakers; plug-in circuit breakers where individual positive-locking device requires mechanical release for removal.
	H. Branch Overcurrent Protective Devices:  Fused switches.

	2.3 LIGHTING AND APPLIANCE BRANCH-CIRCUIT PANELBOARDS
	A. Manufacturers:  Subject to compliance with requirements, provide products available manufacturers offering products that may be incorporated into the Work
	B. Retain option in first paragraph below if manufacturer's name and model number are indicated in schedules or plans on Drawings; delete option and insert manufacturer's name and model number if not included on Drawings.
	C. Basis-of-Design Product:  Subject to compliance with requirements, provide product indicated on Drawings Insert manufacturer's name; product name or designation or comparable product by one of the following:
	1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
	2. General Electric Company; GE Consumer & Industrial - Electrical Distribution.
	3. Siemens Energy & Automation, Inc.
	4. Square D; a brand of Schneider Electric.

	D. Panelboards:  NEMA PB 1, lighting and appliance branch-circuit type.
	E. Mains:  Circuit breaker or lugs only
	F. Branch Overcurrent Protective Devices:  Plug-in circuit breakers, replaceable without disturbing adjacent units.
	G. Doors:  Concealed hinges; secured with flush latch with tumbler lock; keyed alike.
	H. Column-Type Panelboards:  Narrow gutter extension, with cover, to overhead junction box equipped with ground and neutral terminal buses.

	2.4 DISCONNECTING AND OVERCURRENT PROTECTIVE DEVICES
	A. Manufacturers:  Subject to compliance with requirements, provide products available manufacturers offering products that may be incorporated into the Work.
	B. Basis-of-Design Product:  Subject to compliance with requirements, provide provide products available manufacturers offering products that may be incorporated into the Work or comparable product by one of the following:
	1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
	2. General Electric Company; GE Consumer & Industrial - Electrical Distribution.
	3. Siemens Energy & Automation, Inc.
	4. Square D; a brand of Schneider Electric.

	C. Molded-Case Circuit Breaker (MCCB):  Comply with UL 489, with interrupting capacity to meet available fault currents.
	1. Thermal-Magnetic Circuit Breakers:  Inverse time-current 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.
	2. Adjustable Instantaneous-Trip Circuit Breakers:  Magnetic trip element with front-mounted, field-adjustable trip setting.
	3. Electronic trip circuit breakers with rms sensing; field-replaceable rating plug or field-replicable electronic trip; and the following field-adjustable settings:
	a. Instantaneous trip.
	b. Long- and short-time pickup levels.
	c. Long- and short-time time adjustments.
	d. Ground-fault pickup level, time delay, and I2t response.

	4. Current-Limiting Circuit Breakers:  Frame sizes 400 A and smaller; let-through ratings less than NEMA FU 1, RK-5.
	5. GFCI Circuit Breakers:  Single- and two-pole configurations with Class A ground-fault protection (6-mA trip).
	6. Ground-Fault Equipment Protection (GFEP) Circuit Breakers:  Class B ground-fault protection (30-mA trip).
	7. Arc-Fault Circuit Interrupter (AFCI) Circuit Breakers:  Comply with UL 1699; 120/240-V, single-pole configuration.
	8. Molded-Case Circuit-Breaker (MCCB) Features and Accessories:
	a. Standard frame sizes, trip ratings, and number of poles.
	b. Lugs:  Mechanical style, suitable for number, size, trip ratings, and conductor materials.
	c. Application Listing:  Appropriate for application; Type SWD for switching fluorescent lighting loads; Type HID for feeding fluorescent and high-intensity discharge (HID) lighting circuits.
	d. Ground-Fault Protection:  Integrally mounted relay and trip unit with adjustable pickup and time-delay settings, push-to-test feature, and ground-fault indicator.
	e. Handle Padlocking Device:  Fixed attachment, for locking circuit-breaker handle in on or off position.
	f. Handle Clamp:  Loose attachment, for holding circuit-breaker handle in on position.


	D. 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 Division 26 Section "Fuses."


	2.5 ACCESSORY COMPONENTS AND FEATURES
	A. Portable Test Set:  For testing functions of solid-state trip devices without removing from panelboard.  Include relay and meter test plugs suitable for testing panelboard meters and switchboard class relays.


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Receive, inspect, handle, store and install panelboards and accessories according to NECA 407.
	B. Comply with mounting and anchoring requirements specified in Division 26 Section "Vibration and Seismic Controls for Electrical Systems."
	C. Mount top of trim 90 inches  above finished floor unless otherwise indicated.
	D. Mount panelboard cabinet plumb and rigid without distortion of box.  Mount recessed panelboards with fronts uniformly flush with wall finish and mating with back box.
	E. Install overcurrent protective devices and controllers not already factory installed.
	1. Set field-adjustable, circuit-breaker trip ranges.

	F. Install filler plates in unused spaces.
	G. Stub four 1-inch empty conduits from panelboard into accessible ceiling space or space designated to be ceiling space in the future.  Stub four 1-inch empty conduits into raised floor space or below slab not on grade.
	H. Arrange conductors in gutters into groups and bundle and wrap with wire ties.
	I. Comply with NECA 1.

	3.2 IDENTIFICATION
	A. Identify field-installed conductors, interconnecting wiring, and components; provide warning signs complying with Division 26 Section "Identification for Electrical Systems."
	B. Create a directory to indicate installed circuit loads and incorporating Owner's final room designations.  Obtain approval before installing.  Use a computer or typewriter to create directory; handwritten directories are not acceptable.
	C. Panelboard Nameplates:  Label each panelboard with a nameplate complying with requirements for identification specified in Division 26 Section "Identification for Electrical Systems."
	D. Device Nameplates:  Label each branch circuit device in distribution panelboards with a nameplate complying with requirements for identification specified in Division 26 Section "Identification for Electrical Systems."

	3.3 FIELD QUALITY CONTROL
	A. Perform tests and inspections.
	B. Acceptance Testing Preparation:
	1. Test insulation resistance for each panelboard bus, component, connecting supply, feeder, and control circuit.
	2. Test continuity of each circuit.

	C. Tests and Inspections:
	1. Perform each visual and mechanical inspection and electrical test stated in NETA Acceptance Testing Specification.  Certify compliance with test parameters.
	2. Correct malfunctioning units on-site, where possible, and retest to demonstrate compliance; otherwise, replace with new units and retest.

	D. Panelboards will be considered defective if they do not pass tests and inspections.
	E. 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.



	26 2726-WIRING DEVICES
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. This Section includes the following:
	1. Receptacles, receptacles with integral GFCI, and associated device plates.
	2. Wall-box motion sensors.
	3. Snap switches and wall-box dimmers.
	4. Solid-state fan speed controls.
	5. Wall-switch and exterior occupancy sensors.
	6. Communications outlets.

	B. See Division 27 Section "Communications Horizontal Cabling" for workstation outlets.

	1.2 SUBMITTALS
	A. Product Data:  For each type of product indicated.
	B. Shop Drawings:  List of legends and description of materials and process used for premarking wall plates.
	C. Samples:  One for each type of device and wall plate specified, in each color specified.
	D. Operation and Maintenance Data:  For wiring devices to include in all manufacturers' packing label warnings and instruction manuals that include labeling conditions.

	1.3 QUALITY ASSURANCE
	A. 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.
	B. Comply with NFPA 70.


	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	A. Manufacturers' Names:  Shortened versions (shown in parentheses) of the following manufacturers' names are used in other Part 2 articles:
	1. Cooper Wiring Devices; a division of Cooper Industries, Inc. (Cooper).
	2. Hubbell Incorporated; Wiring Device-Kellems (Hubbell).
	3. Leviton Mfg. Company Inc. (Leviton).
	4. Pass & Seymour/Legrand; Wiring Devices & Accessories (Pass & Seymour).


	2.2 STRAIGHT BLADE RECEPTACLES
	A. Convenience Receptacles, 125 V, 20 A:  Comply with NEMA WD 1, NEMA WD 6 configuration 5-20R, and UL 498.
	1. Available Products:  Subject to compliance with requirements, products that may be incorporated into the Work include, but are not limited to, the following:
	2. Products:  Subject to compliance with requirements, provide one of the following:
	a. Cooper; 5351 (single), 5352 (duplex).
	b. Hubbell; HBL5351 (single), CR5352 (duplex).
	c. Leviton; 5891 (single), 5352 (duplex).
	d. Pass & Seymour; 5381 (single), 5352 (duplex).



	2.3 GFCI RECEPTACLES
	A. General Description:  Straight blade, feed-through type.  Comply with NEMA WD 1, NEMA WD 6, UL 498, and UL 943, Class A, and include indicator light that is lighted when device is tripped.
	B. Duplex GFCI Convenience Receptacles, 125 V, 20 A:
	1. Available Products:  Subject to compliance with requirements, products that may be incorporated into the Work include, but are not limited to, the following:
	2. Products:  Subject to compliance with requirements, provide one of the following:
	a. Cooper; GF20.
	b. Pass & Seymour; 2084.
	c. Hubbell



	2.4 SNAP SWITCHES
	A. Comply with NEMA WD 1 and UL 20.
	B. Switches, 120/277 V, 20 A:
	1. Available Products:  Subject to compliance with requirements, products that may be incorporated into the Work include, but are not limited to, the following:
	2. Products:  Subject to compliance with requirements, provide one of the following:
	a. Hubbell; CS1221 (single pole), CS1222 (two pole), CS1223 (three way), CS1224 (four way).
	b. Leviton; 1221-2 (single pole), 1222-2 (two pole), 1223-2 (three way), 1224-2 (four way).
	c. Pass & Seymour; 20AC1 (single pole), 20AC2 (two pole), 20AC3 (three way), 20AC4 (four way).


	C. Pilot Light Switches, 20 A:
	1. Available Products:  Subject to compliance with requirements, products that may be incorporated into the Work include, but are not limited to, the following:
	2. Products:  Subject to compliance with requirements, provide one of the following:
	a. Cooper; 2221PL for 120 V and 277 V.
	b. Hubbell; HPL1221PL for 120 V and 277 V.
	c. Leviton; 1221-PLR for 120 V, 1221-7PLR for 277 V.
	d. Pass & Seymour; PS20AC1-PLR for 120 V.

	3. Description:  Single pole, with neon-lighted handle, illuminated when switch is "ON."

	D. Key-Operated Switches, 120/277 V, 20 A:
	1. Available Products:  Subject to compliance with requirements, products that may be incorporated into the Work include, but are not limited to, the following:
	2. Products:  Subject to compliance with requirements, provide one of the following:
	a. Cooper; 2221L.
	b. Hubbell; HBL1221L.
	c. Leviton; 1221-2L.
	d. Pass & Seymour; PS20AC1-L.

	3. Description:  Single pole, with factory-supplied key in lieu of switch handle.

	E. Single-Pole, Double-Throw, Momentary Contact, Center-Off Switches, 120/277 V, 20 A; for use with mechanically held lighting contactors.
	1. Available Products:  Subject to compliance with requirements, products that may be incorporated into the Work include, but are not limited to, the following:
	2. Products:  Subject to compliance with requirements, provide one of the following:
	a. Cooper; 1995.
	b. Hubbell; HBL1557.
	c. Leviton; 1257.
	d. Pass & Seymour; 1251.


	F. Key-Operated, Single-Pole, Double-Throw, Momentary Contact, Center-Off Switches, 120/277 V, 20 A; for use with mechanically held lighting contactors, with factory-supplied key in lieu of switch handle.
	1. Available Products:  Subject to compliance with requirements, products that may be incorporated into the Work include, but are not limited to, the following:
	2. Products:  Subject to compliance with requirements, provide one of the following:
	a. Cooper; 1995L.
	b. Hubbell; HBL1557L.
	c. Leviton; 1257L.
	d. Pass & Seymour; 1251L.



	2.5 WALL-BOX DIMMERS
	A. Dimmer Switches:  Modular, full-wave, solid-state units with integral, quiet on-off switches, with audible frequency and EMI/RFI suppression filters.
	B. Control:  Continuously adjustable slider; with single-pole or three-way switching.  Comply with UL 1472.
	C. Incandescent Lamp Dimmers:  120 V; control shall follow square-law dimming curve.  On-off switch positions shall bypass dimmer module.
	1. 600 W; dimmers shall require no derating when ganged with other devices.  Illuminated when "OFF."

	D. Fluorescent Lamp Dimmer Switches:  Modular; compatible with dimmer ballasts; trim potentiometer to adjust low-end dimming; dimmer-ballast combination capable of consistent dimming with low end not greater than 20 percent of full brightness.

	2.6 OCCUPANCY SENSORS
	A. Wall-Switch Sensors:
	1. Available Products:  Subject to compliance with requirements, products that may be incorporated into the Work include, but are not limited to, the following:
	2. Products:  Subject to compliance with requirements, provide one of the following:
	a. Cooper; 6111 for 120 V, 6117 for 277 V.
	b. Hubbell; WS1277.
	c. Leviton; ODS 10-ID.
	d. Pass & Seymour; WS3000.
	e. Lutron Systems.

	3. Description:  Passive-infrared type, 120/277 V, adjustable time delay up to 30 minutes, 180-degree field of view, with a minimum coverage area of 900 sq. ft.

	B. Wall-Switch Sensors:
	1. Available Products:  Subject to compliance with requirements, products that may be incorporated into the Work include, but are not limited to, the following:
	2. Products:  Subject to compliance with requirements, provide one of the following:
	a. Hubbell; AT120 for 120 V, AT277 for 277 V.
	b. Leviton; ODS 15-ID.

	3. Description:  Adaptive-technology type, 120/277 V, adjustable time delay up to 20 minutes, 180-degree field of view, with a minimum coverage area of 900 sq. ft.

	C. Long-Range Wall-Switch Sensors:
	1. Available Products:  Subject to compliance with requirements, products that may be incorporated into the Work include, but are not limited to, the following:
	2. Products:  Subject to compliance with requirements, provide one of the following:
	a. Hubbell; ATD1600WRP.
	b. Leviton; ODW12-MRW.
	c. Watt Stopper (The); DT-200.

	3. Description:  Dual technology, with both passive-infrared- and ultrasonic-type sensing, 120/277 V, adjustable time delay up to 30 minutes, 110-degree field of view, and a minimum coverage area of 1200 sq. ft.

	D. Wide-Range Wall-Switch Sensors:
	1. Available Products:  Subject to compliance with requirements, products that may be incorporated into the Work include, but are not limited to, the following:
	2. Products:  Subject to compliance with requirements, provide one of the following:
	a. Hubbell; ATP120HBRP.
	b. Leviton; ODWHB-IRW.
	c. Pass & Seymour; HS1001.
	d. Watt Stopper (The); CX-100-3.

	3. Description:  Passive-infrared type, 120/277 V, adjustable time delay up to 30 minutes, 150-degree field of view, with a minimum coverage area of 1200 sq. ft.


	2.7 COMMUNICATIONS OUTLETS
	A. Telephone Outlet:
	1. Available Products:  Subject to compliance with requirements, products that may be incorporated into the Work include, but are not limited to, the following:
	2. Products:  Subject to compliance with requirements, provide one of the following:
	a. Cooper; 3560-6.
	b. Leviton; 40649.

	3. Description:  Single RJ-45 jack for terminating 100-ohm, balanced, four-pair UTP; TIA/EIA-568-B.1 complying with Category 5e.  Comply with UL 1863.

	B. Combination TV and Telephone Outlet:
	1. Available Products:  Subject to compliance with requirements, products that may be incorporated into the Work include, but are not limited to, the following:
	2. Products:  Subject to compliance with requirements, provide one of the following:
	a. Cooper; 3562.
	b. Leviton; 40595.

	3. Description:  Single RJ-45 jack for 100-ohm, balanced, four-pair UTP; TIA/EIA-568-B.1; complying with Category 5e; and one Type F coaxial cable connector.


	2.8 WALL PLATES
	A. Single and combination types to match corresponding wiring devices.
	1. Plate-Securing Screws:  Metal with head color to match plate finish.
	2. Material for Finished Spaces: 0.035-inch  thick, satin-finished stainless steel.
	3. Material for Unfinished Spaces:  Galvanized steel.
	4. Material for Damp Locations:  Cast aluminum with spring-loaded lift cover, and listed and labeled for use in "wet locations."

	B. Wet-Location, Weatherproof Cover Plates:  NEMA 250, complying with type 3R weather-resistant, die-cast aluminum  with lockable cover.

	2.9 FLOOR SERVICE FITTINGS
	A. Type:  Modular, flush-type, dual-service units suitable for wiring method used.
	B. Compartments:  Barrier separates power from voice and data communication cabling.
	C. Service Plate:  Rectangular, die-cast aluminum with satin finish.
	D. Power Receptacle:  NEMA WD 6 configuration 5-20R, gray finish, unless otherwise indicated.
	E. Voice and Data Communication Outlet:  Two modular, keyed, color-coded, RJ-45 Category 5e jacks for UTP cable.

	2.10 FINISHES
	A. Color:  Wiring device catalog numbers in Section Text do not designate device color.
	1. Wiring Devices Connected to Normal Power System:  Color to be selected by architects, unless otherwise indicated or required by NFPA 70 or device listing.
	2. Wiring Devices Connected to Emergency Power System:  Red.
	3. TVSS Devices:  Blue.



	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Comply with NECA 1, including the mounting heights listed in that standard, unless otherwise noted.
	B. Coordination with Other Trades:
	1. Take steps to insure that devices and their boxes are protected.  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 the 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.

	C. Conductors:
	1. Do not strip insulation from conductors until just 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 meet provisions of 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.
	c. Pigtailing existing conductors is permitted provided the outlet box is large enough.


	D. Device Installation:
	1. Replace all devices that have been in temporary use during construction or that show signs that they 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, 2/3 to 3/4 of the way around terminal screw.
	6. Use a torque screwdriver when a torque is recommended or required by the 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.

	E. 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.
	F. Dimmers:
	1. Install dimmers within terms of their listing.
	2. Verify that dimmers used for fan speed control are listed for that application.
	3. Install unshared neutral conductors on line and load side of dimmers according to manufacturers' device listing conditions in the written instructions.

	G. 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.

	3.2 IDENTIFICATION
	A. Comply with Division 26 Section "Identification for Electrical Systems."
	1. Receptacles:  Identify panelboard and circuit number from which served.  Use hot, stamped or engraved machine printing with red filled lettering on face of plate, and durable wire markers or tags inside outlet boxes.


	3.3 FIELD QUALITY CONTROL
	A. Perform tests and inspections and prepare test reports.
	1. Test Instruments:  Use instruments that comply with UL 1436.
	2. Test Instrument for Convenience Receptacles:  Digital wiring analyzer with digital readout or illuminated LED indicators of measurement.

	B. Tests for Convenience Receptacles:
	1. Line Voltage:  Acceptable range is 105 to 132 V.
	2. Percent Voltage Drop under 15-A Load:  A value of 6 percent or higher is not acceptable.
	3. Ground Impedance:  Values of up to 2 ohms are acceptable.
	4. GFCI Trip:  Test for tripping values specified in UL 1436 and UL 943.
	5. Using the test plug, verify that the device and its outlet box are securely mounted.
	6. The tests shall be diagnostic, indicating damaged conductors, high resistance at the circuit breaker, poor connections, inadequate fault current path, defective devices, or similar problems.  Correct circuit conditions, remove malfunctioning units ...




	26 2816-ENCLOSED SWITCHES AND CIRCUIT BREAKERS
	PART 1 -  GENERAL
	1.1 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.


	1.2 DEFINITIONS
	A. NC:  Normally closed.
	B. NO:  Normally open.
	C. SPDT:  Single pole, double throw.

	1.3 PERFORMANCE REQUIREMENTS
	A. Seismic Performance:  Enclosed switches and circuit breakers shall withstand the effects of earthquake motions determined according to ASCE/SEI 7.
	1. The term "withstand" means "the unit will remain in place without separation of any parts from the device when subjected to the seismic forces specified and the unit will be fully operational after the seismic event."


	1.4 SUBMITTALS
	A. Product Data:  For each type of enclosed switch, circuit breaker, accessory, and component indicated.
	B. Shop Drawings:  For enclosed switches and circuit breakers.  Include plans, elevations, sections, details, and attachments to other work.
	1. Wiring Diagrams:  For power, signal, and control wiring.

	C. Seismic Qualification Certificates:  For enclosed switches and circuit breakers, accessories, and components, from manufacturer.
	D. Field quality-control reports.
	E. Operation and maintenance data.

	1.5 QUALITY ASSURANCE
	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 NFPA 70.


	PART 2 -  PRODUCTS
	2.1 FUSIBLE SWITCHES
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following.
	1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
	2. General Electric Company; GE Consumer & Industrial - Electrical Distribution.
	3. Siemens Energy & Automation, Inc.
	4. Square D; a brand of Schneider Electric.

	B. Type HD, Heavy Duty, Single Throw, voltage as indicated, 1200 A and Smaller:  UL 98 and NEMA KS 1, horsepower rated, with clips or bolt pads to accommodate specified fuses, lockable handle with capability to accept three padlocks, and interlocked w...
	C. 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. Lugs:  Suitable for number, size, and conductor material.
	5. Service-Rated Switches:  Labeled for use as service equipment.


	2.2 NONFUSIBLE SWITCHES
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following.
	1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
	2. General Electric Company; GE Consumer & Industrial - Electrical Distribution.
	3. Siemens Energy & Automation, Inc.
	4. Square D; a brand of Schneider Electric.

	B. 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. Lugs:  Suitable for number, size, and conductor material.


	2.3 MOLDED-CASE CIRCUIT BREAKERS
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following.
	1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
	2. General Electric Company; GE Consumer & Industrial - Electrical Distribution.
	3. Siemens Energy & Automation, Inc.
	4. Square D; a brand of Schneider Electric.

	B. General Requirements:  Comply with UL 489, NEMA AB 1, and NEMA AB 3, with interrupting capacity to comply with available fault currents.
	C. Thermal-Magnetic Circuit Breakers:  Inverse time-current 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.
	D. Electronic Trip Circuit Breakers:  Field-replaceable rating plug, rms sensing, with the following field-adjustable settings:
	1. Instantaneous trip.
	2. Long- and short-time pickup levels.
	3. Long- and short-time time adjustments.
	4. Ground-fault pickup level, time delay, and I2t response.

	E. Current-Limiting Circuit Breakers:  Frame sizes 400 A and smaller, and let-through ratings less than NEMA FU 1, RK-5.
	F. Features and Accessories:
	1. Standard frame sizes, trip ratings, and number of poles.
	2. Lugs:  Suitable for number, size, trip ratings, and conductor material.
	3. Application Listing:  Appropriate for application; Type SWD for switching fluorescent lighting loads; Type HID for feeding fluorescent and high-intensity discharge lighting circuits.
	4. Ground-Fault Protection:  Comply with UL 1053; integrally mounted type with mechanical ground-fault indicator; relay with adjustable pickup and time-delay settings, push-to-test feature, internal memory, and shunt trip unit; and three-phase, zero-s...
	5. Shunt Trip:  Trip coil energized from separate circuit, with coil-clearing contact.


	2.4 ENCLOSURES
	A. Enclosed Switches and Circuit Breakers:  NEMA AB 1, NEMA KS 1, NEMA 250, and UL 50, to comply with environmental conditions at installed location.
	1. Indoor, Dry and Clean Locations:  NEMA 250, Type 1.
	2. Outdoor Locations:  NEMA 250, Type 3R, stainless steel.
	3. Wash-Down Areas:  NEMA 250, Type 4X, stainless steel.
	4. Other Wet or Damp, Indoor Locations:  NEMA 250, Type  3R .
	5. Indoor Locations Subject to Dust, Falling Dirt, and Dripping Noncorrosive Liquids:  NEMA 250, Type 12.



	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Install individual wall-mounted switches and circuit breakers with tops at uniform height unless otherwise indicated.
	B. Comply with mounting and anchoring requirements for seismic event withstand.
	C. Temporary Lifting Provisions:  Remove temporary lifting eyes, channels, and brackets and temporary blocking of moving parts from enclosures and components.
	D. Install fuses in fusible devices.
	E. Comply with NECA 1.

	3.2 IDENTIFICATION
	A. Comply with requirements in Division 26 Section "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.


	3.3 FIELD QUALITY CONTROL
	A. Perform tests and inspections.
	B. Acceptance Testing Preparation:
	1. Test insulation resistance for each enclosed switch and circuit breaker, component, connecting supply, feeder, and control circuit.
	2. Test continuity of each circuit.

	C. Tests and Inspections:
	1. Perform each visual and mechanical inspection and electrical test stated in NETA Acceptance Testing Specification.  Certify compliance with test parameters.
	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, including a certified report that identifies enclosed switches and circuit breakers and that describes scanning results.  Include notation of deficiencies detected, remedial action taken, and observations after ...



	26 5100-INTERIOR LIGHTING
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Interior lighting fixtures, lamps, and ballasts.
	2. Emergency lighting units.
	3. Exit signs.
	4. Lighting fixture supports.
	5. Retrofit kits for fluorescent lighting fixtures.

	B. Related Sections:
	1. Division 26 Section "Lighting Control Devices" for automatic control of lighting, including time switches, photoelectric relays, occupancy sensors, and multipole lighting relays and contactors.


	1.2 SUBMITTALS
	A. Product Data:  For each type of lighting fixture, arranged in order of fixture designation.  Include data on features, accessories, and finishes.
	B. Shop Drawings:  Show details of nonstandard or custom lighting fixtures.  Indicate dimensions, weights, methods of field assembly, components, features, and accessories. Product Certificates:  For each type of ballast for bi-level and dimmer-contro...
	C. Field quality-control reports.

	1.3 QUALITY ASSURANCE
	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 NFPA 70.


	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	A. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, product(s) indicated on Drawings.

	2.2 GENERAL REQUIREMENTS FOR LIGHTING FIXTURES AND COMPONENTS
	A. Recessed Fixtures:  Comply with NEMA LE 4 for ceiling compatibility for recessed fixtures.
	B. Incandescent Fixtures:  Comply with UL 1598.  Where LER is specified, test according to NEMA LE 5A.
	C. Fluorescent Fixtures:  Comply with UL 1598.  Where LER is specified, test according to NEMA LE 5 and NEMA LE 5A as applicable.
	D. HID Fixtures:  Comply with UL 1598.  Where LER is specified, test according to NEMA LE 5B.
	E. Metal Parts:  Free of burrs and sharp corners and edges.
	F. Sheet Metal Components:  Steel unless otherwise indicated.  Form and support to prevent warping and sagging.
	G. 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 f...
	H. Diffusers and Globes:
	1. Acrylic Lighting Diffusers:  100 percent virgin acrylic plastic.  High resistance to yellowing and other changes due to aging, exposure to heat, and UV radiation.
	a. Lens Thickness:  At least 0.125 inch minimum unless otherwise indicated.
	b. UV stabilized.

	2. Glass:  Annealed crystal glass unless otherwise indicated.

	I. Air-Handling Fluorescent Fixtures:  For use with plenum ceiling for air return and heat extraction and for attaching an air-diffuser-boot assembly specified in Division 23 Section "Diffusers, Registers, and Grilles."
	1. Air-Supply Units:  Slots in one or both side trims join with air-diffuser-boot assemblies.
	2. Heat-Removal Units:  Air path leads through lamp cavity.
	3. Combination Heat-Removal and Air-Supply Unit:  Heat is removed through lamp cavity at both ends of the fixture door with air supply same as for air-supply units.
	4. Dampers:  Operable from outside fixture for control of return-air volume.
	5. Static Fixture:  Air-supply slots are blanked off, and fixture appearance matches active units.


	2.3 BALLASTS FOR LINEAR FLUORESCENT LAMPS
	A. General Requirements for Electronic Ballasts:
	1. Comply with UL 935 and with ANSI C82.11.
	2. Designed for type and quantity of lamps served.
	3. Ballasts shall be designed for full light output unless another BF, dimmer, or bi-level control is indicated.
	4. Sound Rating:  Class A.
	5. See Evaluations for discussion on harmonic considerations.
	6. Total Harmonic Distortion Rating:  Less than 20 percent.
	7. Transient Voltage Protection:  IEEE C62.41.1 and IEEE C62.41.2, Category A or better.
	8. Operating Frequency:  42 kHz or higher.
	9. Lamp Current Crest Factor: 1.7 or less.
	10. BF:  0.88 or higher.
	11. Power Factor 0.95 or higher.

	B. luminaires controlled by occupancy sensors shall have programmed-start ballasts.
	C. Electromagnetic Ballasts:  Comply with ANSI C82.1; energy saving, high-power factor, Class P, and having automatic-reset thermal protection.
	1. Ballast Manufacturer Certification:  Indicated by label.

	D. Single Ballasts for Multiple Lighting Fixtures:  Factory wired with ballast arrangements and bundled extension wiring to suit final installation conditions without modification or rewiring in the field.
	E. Ballasts for Low-Temperature Environments:  Electronic type rated for 0 deg F  starting and operating temperature with indicated lamp types.
	F. Ballasts for Residential Applications:  Fixtures designated as "Residential" may use low-power-factor electronic ballasts having a Class B sound rating and total harmonic distortion of approximately 30 percent.
	G. Ballasts for Dimmer-Controlled Lighting Fixtures:  Electronic type.
	1. Dimming Range:  100 to 20 percent of rated lamp lumens.
	2. Ballast Input Watts:  Can be reduced to 20 percent of normal.
	3. Compatibility:  Certified by manufacturer for use with specific dimming control system and lamp type indicated.
	4. Control:  Coordinate wiring from ballast to control device to ensure that the ballast, controller, and connecting wiring are compatible.

	H. Ballasts for Bi-Level Controlled Lighting Fixtures:  Electronic type.
	1. Operating Modes:  Ballast circuit and leads provide for remote control of the light output of the associated lamp between high- and low-level and off.
	a. High-Level Operation:  100 percent of rated lamp lumens.
	b. Low-Level Operation:  30 percent of rated lamp lumens.

	2. Ballast shall provide equal current to each lamp in each operating mode.
	3. Compatibility:  Certified by manufacturer for use with specific bi-level control system and lamp type indicated.

	I. Ballasts for Tri-Level Controlled Lighting Fixtures:  Electronic type.
	1. Operating Modes:  Ballast circuit and leads provide for remote control of the light output of the associated lamp between high- and low-level and off.
	a. High-Level Operation:  100 percent of rated lamp lumens.
	b. Low-Level Operation:  30 and 50 percent of rated lamp lumens.

	2. Ballast shall provide equal current to each lamp in each operating mode.
	3. Compatibility:  Certified by manufacturer for use with specific tri-level control system and lamp type indicated.


	2.4 BALLASTS FOR COMPACT FLUORESCENT LAMPS
	A. Description: Electronic-programmed rapid-start type, complying with UL 935 and with ANSI C 82.11, designed for type and quantity of lamps indicated.  Ballast shall be designed for full light output unless dimmer or bi-level control is indicated:
	1. Lamp end-of-life detection and shutdown circuit.
	2. Automatic lamp starting after lamp replacement.
	3. Sound Rating:  Class A.
	4. Total Harmonic Distortion Rating:  Less than 20 percent.
	5. Transient Voltage Protection:  IEEE C62.41.1 and IEEE C62.41.2, Category A or better.
	6. Operating Frequency:  20 kHz or higher.
	7. Lamp Current Crest Factor:  1.7 or less.
	8. BF:  0.95 or higher unless otherwise indicated.
	9. Power Factor:  0.95 or higher.
	10. Interference:  Comply with 47 CFR 18, Ch. 1, Subpart C, for limitations on electromagnetic and radio-frequency interference for nonconsumer equipment.


	2.5 EMERGENCY FLUORESCENT POWER UNIT
	A. Internal Type:  Self-contained, modular, battery-inverter unit, factory mounted within lighting fixture body and compatible with ballast.  Comply with UL 924.
	1. Emergency Connection:  Operate one fluorescent lamp(s) continuously at an output of 1100 lumens each.  Connect unswitched circuit to battery-inverter unit and switched circuit to fixture ballast.
	2. Nightlight Connection:  Operate one fluorescent lamp continuously.
	3. Test Push Button and Indicator Light:  Visible and accessible without opening fixture or entering ceiling space.
	a. Push Button:  Push-to-test type, in unit housing, simulates loss of normal power and demonstrates unit operability.
	b. Indicator Light:  LED indicates normal power on.  Normal glow indicates trickle charge; bright glow indicates charging at end of discharge cycle.

	4. Battery:  Sealed, maintenance-free, nickel-cadmium type.
	5. Charger:  Fully automatic, solid-state, constant-current type with sealed power transfer relay.
	6. Integral Self-Test:  Factory-installed electronic device automatically initiates code-required test of unit emergency operation at required intervals.  Test failure is annunciated by an integral audible alarm and a flashing red LED.


	2.6 BALLASTS FOR HID LAMPS
	A. Electromagnetic Ballast for Metal-Halide Lamps:  Comply with ANSI C82.4 and UL 1029.  Include the following features unless otherwise indicated:
	1. Ballast Circuit:  Constant-wattage autotransformer or regulating high-power-factor type.
	2. Minimum Starting Temperature:  Minus 22 deg F for single-lamp ballasts.
	3. Rated Ambient Operating Temperature:  104 deg F
	4. Open-circuit operation that will not reduce average life.
	5. Low-Noise Ballasts:  Manufacturers' standard epoxy-encapsulated models designed to minimize audible fixture noise.

	B. Electronic Ballast for Metal-Halide Lamps:  Include the following features unless otherwise indicated:
	1. Minimum Starting Temperature:  Minus 20 deg F for single-lamp ballasts.
	2. Rated Ambient Operating Temperature:  130 deg F
	3. Lamp end-of-life detection and shutdown circuit.
	4. Sound Rating:  Class A.
	5. Total Harmonic Distortion Rating:  Less than 20 percent.
	6. Transient Voltage Protection:  IEEE C62.41.1 and IEEE C62.41.2, Category A or better.
	7. Lamp Current Crest Factor:  1.5 or less.
	8. Power Factor:  0.90 or higher.
	9. Interference:  Comply with 47 CFR 18, Ch. 1, Subpart C, for limitations on electromagnetic and radio-frequency interference for nonconsumer equipment.
	10. Protection:  Class P thermal cutout.

	C. High-Pressure Sodium Ballasts:  Electromagnetic type, with solid-state igniter/starter.  Igniter/starter shall have an average life in pulsing mode of 10,000 hours at an igniter/starter-case temperature of 90 deg C.
	1. Instant-Restrike Device:  Integral with ballast, or solid-state potted module, factory installed within fixture and compatible with lamps, ballasts, and mogul sockets up to 150 W.
	2. Minimum Starting Temperature:  Minus 40 deg F


	2.7 EXIT SIGNS
	A. General Requirements for Exit Signs:  Comply with UL 924; for sign colors, visibility, luminance, and lettering size, comply with authorities having jurisdiction.
	B. Internally Lighted Signs:
	1. Lamps for AC Operation:  Fluorescent, two for each fixture, 20,000 hours of rated lamp life.
	2. Lamps for AC Operation:  LEDs, 50,000 hours minimum rated lamp life.
	3. Self-Powered Exit Signs (Battery Type):  Integral automatic charger in a self-contained power pack.
	a. Battery:  Sealed, maintenance-free, nickel-cadmium type.
	b. Charger:  Fully automatic, solid-state type with sealed transfer relay.
	c. Operation:  Relay automatically energizes lamp from battery when circuit voltage drops to 80 percent of nominal voltage or below.  When normal voltage is restored, relay disconnects lamps from battery, and battery is automatically recharged and flo...
	d. Test Push Button:  Push-to-test type, in unit housing, simulates loss of normal power and demonstrates unit operability.
	e. LED Indicator Light:  Indicates normal power on.  Normal glow indicates trickle charge; bright glow indicates charging at end of discharge cycle.



	2.8 EMERGENCY LIGHTING UNITS
	A. General Requirements for Emergency Lighting Units:  Self-contained units complying with UL 924.
	1. Battery:  Sealed, maintenance-free, lead-acid type.
	2. Charger:  Fully automatic, solid-state type with sealed transfer relay.
	3. Operation:  Relay automatically turns lamp on when power-supply circuit voltage drops to 80 percent of nominal voltage or below.  Lamp automatically disconnects from battery when voltage approaches deep-discharge level.  When normal voltage is rest...
	4. Test Push Button:  Push-to-test type, in unit housing, simulates loss of normal power and demonstrates unit operability.
	5. LED Indicator Light:  Indicates normal power on.  Normal glow indicates trickle charge; bright glow indicates charging at end of discharge cycle.
	6. Wire Guard:  Heavy-chrome-plated wire guard protects lamp heads or fixtures.
	7. Integral Time-Delay Relay:  Holds unit on for fixed interval of 15 minutes when power is restored after an outage.


	2.9 FLUORESCENT LAMPS
	A. T8 rapid-start lamps, rated 32 W maximum, nominal length of 48 inches, 2800 initial lumens (minimum), CRI 75 (minimum), color temperature 3500 K, and average rated life 20,000 hours unless otherwise indicated.
	B. T8 rapid-start lamps, rated 17 W maximum, nominal length of 24 inches, 1300 initial lumens (minimum), CRI 75 (minimum), color temperature 3500 K, and average rated life of 20,000 hours unless otherwise indicated.
	C. Compact Fluorescent Lamps:  4-Pin, CRI 80 (minimum), color temperature 3500 K, average rated life of 10,000 hours at three hours operation per start.
	1. 13 W:  T4, double or triple tube, rated 900 initial lumens (minimum).
	2. 18 W:  T4, double or triple tube, rated 1200 initial lumens (minimum).
	3. 26 W:  T4, double or triple tube, rated 1800 initial lumens (minimum).
	4. 32 W:  T4, triple tube, rated 2400 initial lumens (minimum).
	5. 42 W:  T4, triple tube, rated 3200 initial lumens (minimum).
	6. 57 W:  T4, triple tube, rated 4300 initial lumens (minimum).
	7. 70 W:  T4, triple tube, rated 5200 initial lumens (minimum).


	2.10 HID LAMPS
	A. High-Pressure Sodium Lamps:  ANSI C78.42, CRI 21 (minimum), color temperature 1900 K, and average rated life of 24,000 hours, minimum.
	B. Metal-Halide Lamps:  ANSI C78.43, with minimum CRI 65, and color temperature 4000 K.
	C. Pulse-Start, Metal-Halide Lamps:  Minimum CRI 65, and color temperature 4000 K.
	D. Ceramic, Pulse-Start, Metal-Halide Lamps:  Minimum CRI 80, and color temperature 4000 K.
	E. Low-Pressure Sodium Lamps:  ANSI 78.41, CRI 0, and color temperature 1800 K.

	2.11 LIGHTING FIXTURE SUPPORT COMPONENTS
	A. Comply with Division 26 Section "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 fixture.
	C. Twin-Stem Hangers:  Two, 1/2-inch steel tubes with single canopy designed to mount a single fixture.  Finish same as fixture.
	D. Wires:  ASTM A 641/A 641M, Class 3, soft temper, zinc-coated steel, 12 gage
	E. Wires for Humid Spaces:  ASTM A 580/A 580M, Composition 302 or 304, annealed stainless steel, 12 gage.
	F. Rod Hangers:  3/16-inch minimum diameter, cadmium-plated, threaded steel rod.
	G. Hook Hangers:  Integrated assembly matched to fixture and line voltage and equipped with threaded attachment, cord, and locking-type plug.

	2.12 RETROFIT KITS FOR FLUORESCENT LIGHTING FIXTURES
	A. Reflector Kit:  UL 1598, Type I.  Suitable for two- to four-lamp, surface-mounted or recessed lighting fixtures by improving reflectivity of fixture surfaces.
	B. Ballast and Lamp Change Kit:  UL 1598, Type II.  Suitable for changing existing ballast, lamps, and sockets.


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Lighting fixtures:  Set level, plumb, and square with ceilings and walls.  Install lamps in each fixture.
	B. Comply with NFPA 70 for minimum fixture supports.
	C. Suspended Lighting Fixture Support:
	1. Pendants and Rods:  Where longer than 48 inches, brace to limit swinging.
	2. Stem-Mounted, Single-Unit Fixtures:  Suspend with twin-stem hangers.
	3. Continuous Rows:  Use tubing or stem for wiring at one point and tubing or rod for suspension for each unit length of fixture chassis, including one at each end.

	D. Air-Handling Lighting Fixtures:  Install with dampers closed and ready for adjustment.
	E. Adjust aimable lighting fixtures to provide required light intensities.
	F. Connect wiring according to Division 26 Section "Low-Voltage Electrical Power Conductors and Cables."

	3.2 FIELD QUALITY CONTROL
	A. Test for Emergency Lighting:  Interrupt power supply to demonstrate proper operation.  Verify transfer from normal power to battery and retransfer to normal.
	B. 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.
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