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SECTION 01010


SUMMARY OF WORK
PART 1 - GENERAL
1.01
SUMMARY

A.
It is the declared and acknowledged intention and meaning to provide and secure the interior renovation of the DEO Building at the National Conservation Training Center, complete and ready for use.  The Contractor shall furnish all labor, materials and equipment required to perform the work indicated and specified by the Contract Documents.  The work under this contract includes the removal and disposal of portions of the existing building as indicated, including partitions, finishes, heating, ventilating, air conditioning and electrical system components, including protection of existing property; the provision of doors and frames, interior trim, interior partitions, sound attenuation blankets, sound absorbing panels, resilient flooring, carpeting, gypsum board finishes, painting, acoustical panel ceilings, sprinkler system, HVAC systems, power and wiring, electrical distribution, lighting, fire alarm system and incidental related work as indicated on the drawings and specified herein.

B.
The work under this contract is described in the following documents:

1.
Specifications entitled: DEO Building Renovation.
2.
Contract Drawings consisting of 18 sheets.  The Contract Drawings are titled as specified above and numbered 5-WV-1170-2.0.

1.02
WORKSITE SAFETY

Reference FAR 52.236-13 supplemented as follows:

A. The Contractor shall have the ultimate responsibility for safety on the project at all times until final completion and acceptance of the project.

B. The Contractor shall comply with all Occupational Safety and Health Administration (OSHA) regulations, as found in 29 CFR 1910 and 1926, which are applicable to the construction project, including requirements set forth within solicitation provisions and contract clauses.  In addition to OSHA safety standards, the Contractor shall also adhere to all current local, federal, and state safety requirements.  In the event where any safety standard referenced herein conflicts with another, the more stringent shall govern.

C. The Contractor shall develop a Safety Plan (see U.S. Bureau of Reclamation guide found at www.usbr.gov/safety ) and shall practice an effective safety program throughout the performance of this contract, one that provides adequate systematic, policies, procedures, and practices to protect their employees from and allow them to recognize job-related safety and health hazards.  The program shall include provisions for the systematic identification, evaluation, prevention and control of general work site hazards, specific job hazards, and potential hazards that may arise from foreseeable construction methods and conditions, as well as providing a competent person to conduct frequent and regular inspections.  Each employee must be instructed in the recognition and avoidance of unsafe conditions and the regulations applicable to the work environment.  The Safety Plan must also address the health and safety of NCTC employees, and the general public.

D. The Contractor shall immediately notify the Contracting Officer (CO) of any accident, incident, or exposure resulting in a fatality, lost-time injury, or property loss/damage of $2,500.00 or more arising out of work preformed under this contract.  The Contractor shall investigate all work related accidents/incidents to the extent necessary to determine their cause(s) and furnish the CO an investigative report outlining findings and proposed or completed corrective actions.  The Contractor shall, when required by the CO, have a separate and complete independent investigation of the accident/incident, and submit a comprehensive report findings and recommendations to the CO.  The CO shall consult with the Contracting Officer(s Technical Representative (COR) and Service safety personnel in reviewing the investigation report and corrective actions.  If the Contractor fails or refuses to institute prompt corrective action, as required by this clause, the CO may invoke any remedy available to the Government, including, but not limited to, the Suspension-of-Work clause.  Any delay or cost resulting from a safety-related suspension of work will be borne by the Contractor.

E. In the event of an accident/incident, the Contractor shall be responsible for providing and obtaining appropriate medical and emergency assistance.  Except for rescue and emergency measures, the scene of the accident/incident shall not be disturbed or the operation resumed until the on-site aspect of the investigation has been completed.

F. Service safety personnel and representatives from Federal, State, and local government agencies shall have the right to examine and conduct an investigation at sites or areas where work under this contract is being performed.  The absence of such investigations shall not relieve the Contractor of their safety program responsibilities.

1.03
LOCATION AND INSPECTION OF THE SITE

A.
Prospective bidders are responsible for inspecting the site and satisfying themselves as to the condition under which they will work or which will affect the work in any manner.

B.
Inspection of the site can be arranged by contacting the Contracting Officer.
C.
The Facility is located at 698 Conservation Way, Shepherdstown, West Virginia 25443.

D.
All inquiries concerning the contract documents shall be made to the Contracting Officer.

1.04
OPERATIONAL RESTRICTIONS

A.
The Contractor is advised that these facilities are opened to the general public and that visitation by individuals, school groups and organizations is highly encouraged.  The Contractor shall take all necessary measures required to insure a clean, safe environment for the Contractor's work force, facility personnel and the general public for the duration of this project.

B.
The Contractor shall notify the COR if it becomes necessary to interrupt any function of the Facility.  The Contractor shall not proceed without the expressed approval of the COR and not until such time as provisions are made to modify the Facility operations, as required.  
1.05
SEQUENCING AND SCHEDULING

A.
Contractor shall submit a Construction Schedule that outlines the order of work to occur with start and end dates for the various building components and trades. Schedule to be reviewed by CO and COR, and adjusted by Contractor to reflect true time frames.

B.
Normal work hours are from 7:30 AM through 4:30 PM, Monday through Friday.  The Contractor will not be permitted to work on Saturday, Sunday or legal holidays unless otherwise authorized by the COR.

C. 
The exclusion of work on Saturday, Sunday and legal holidays has been considered in computing the performance time of this contract.

D.
The following legal holidays are observed:  Third Monday in January, Third Monday in February, Last Monday in May, July 4th, First Monday of September, Second Monday of October, November 11th, Fourth Thursday of November and December 25th.  When a legal holiday falls on a Sunday, the following Monday is observed as a holiday.  When a legal holiday falls on a Saturday the preceding Friday is observed as a holiday. 

E.
Requests to perform work during times other than the normal work hours and work days shall be made in writing.  With the exception of legal holidays, every effort will be made to accommodate such requests. 

1.06
ORGANIZATION AT THE SITE

A.
Contractor Use of the Premises

1. Storage Areas

a.
The Contractor shall confine storage areas to the limits as designated or approved by the COR and the Contractor shall be responsible for the security of these areas.

      


c.
The Contractor and contractor’s employees and sub-contractors are not allowed to use any amenities on the NCTC campus, specifically to include the Commons-dining Room/Lounge and the PT-Gymnasium. Violators are subject to removal from the project. 

B.
Work Limits

1.
Work shall be restricted to those areas assigned to the Contractor.

2.
The Contractor shall maintain all areas in a clean, organized manner.

C.
Contractor Receipt of Supplies

1.
The Contractor shall be responsible for making all arrangements required for the receipt of materials and supplies at the job site.

2.
Government personnel are not permitted to receive or to sign for items delivered to the site.

D.
Access to the Work Site

1.
The Contractor shall make all necessary investigations for any equipment, highway and roadway route restrictions which may hinder access to the site.

2.
The Contractor shall observe all Federal, State and local roadway restrictions, as applicable.

1.07
PRE-BID and PRE-CONSTRUCTION CONFERENCES

A.
The CO will conduct a pre-bid conference to review the scope of the contract documents and answer questions.  The CO will be the point of contact for the pre-bid, on-site meeting.   

B. It is mandatory that the contractor's project manager and field superintendent be available for a preconstruction conference prior to the start of any work for this contract.  The CO will conduct the preconstruction conference to review the requirements, conditions, and processes of this contract.  The COR will be the point of contact for the pre-construction, on-site meeting.

C. Reference in specifications and drawings to approvals required by the CO is by extension a requirement to have COR approval.  The COR will be the point of contact for the contract.  All work must be approved by the COR.

1.08
TESTING 

A.
During the progress of the work, the Government will require that testing be performed to determine that materials provided for the work meet the specified requirements.  Such testing includes, but is not limited to:

1.
HVAC

It shall be the responsibility of the Contractor to schedule and pay for any testing.

B.
Codes and Standards

Testing will be in accordance with all pertinent codes and regulations and with standards of the American Society of Testing and Materials.

C.
All specimens and samples for testing shall be paid for, and are the responsibility of, the Contractor.  All sampling equipment and personnel necessary to perform the tests will be provided by the Contractor.

D.
Inspections and tests required by codes or ordinances or by a plan approval authority shall be the responsibility of and shall be paid for by the Contractor.

1.09
AS-BUILT DRAWINGS

A.
The Contractor shall maintain one set of full size contract drawings at the job site, marked to show all deviations from the contract drawings that were made in the field.  As-built drawings shall be available at all times for review by COR.

B.
As-built drawings shall include buried or concealed construction and utility features revealed during the course of construction.  The Contractor shall record the actual horizontal and vertical location of all existing and new structures.

C.
If the as-built drawings are not current, funds shall be retained from partial payments and the request for final payment will not be approved until final as-built drawings are submitted to the Contracting Officer for review and approval.

D.
See Section 01720 for any additional requirements.

1.10
MATERIAL SUBMITTALS

Submit for Government approval information concerning the quality of all materials and equipment to be used on this project.  Submittal will include enough information for the Government to determine if the material and equipment meets the specified quality requirements.  See Specification section 01300 for further information.

1.11
PERMITS

The Contractor shall obtain and pay for all permits required to complete the work.

PART 2 - PRODUCTS (Not Used)

PART 3- EXECUTION (Not Used)


-  END OF SECTION 01010 -


SECTION 01300


SUBMITTALS
PART 1 - GENERAL

1.01 
SUMMARY

A.
Government approval is required for all materials incorporated into the work and all work procedures, equipment, and materials used in accomplishing the work.  In addition, Government approval is required for specific administrative documentation as specified by this contract, deviations from the contract documents, and other items as designated by the Contracting Officer.  The Contracting Officer’s Technical Representative (COR) will be the point of contact for the contract.  All work must be approved by the COR.  Reference in specifications and drawings to approvals required by the CO is, by extension, a requirement to have COR approval.  

B.
Submittals are required to insure compliance with the contract documents and shall include, but not be limited to drawings by the Contractor, descriptive literature, test and inspection reports, samples, and progress schedules as applicable. 

C.
Within the terms of the Contract Clause entitled "Specifications and Drawings for Construction", submittals are considered to be "shop drawings".  The terms "shop drawings" and "submittals" shall be used interchangeably within this specification. 

D.
APPROVED SUBMITTALS

1.
The approval of submittals by the Contracting Officer shall not be construed as a complete check, but will indicate only that the general method of construction, materials, detailing and other information are satisfactory.

2.
Approval will not relieve the Contractor of any error which may exist in the review of submittals, as the Contractor under the Contractor Quality Control requirements of this contract is responsible for furnishing and installing all materials that meet the minimum acceptable level of quality established by the contract documents, and the satisfactory construction of all work.

3.
After submittals have been approved by the Contracting Officer, no re-submittal for the purpose of substituting materials will be given consideration unless accompanied by an explanation as to why such a substitution is necessary.

E. 
DISAPPROVED SUBMITTALS

   

1.
The Contractor shall make all corrections required by the Contracting Officer and promptly furnish a corrected submittal in the format and number of copies as specified for the initial submittal.

2.
If the Contractor considers any correction or notation by the Government on a submittal to constitute a change to the contract, the Contractor shall give prompt notice to the Contracting Officer in accordance with the Contract Clause entitled "Changes".

PART 2 - PRODUCTS  (Not Used)

PART 3 - EXECUTION

3.01
GENERAL 

A.
The Contractor shall submit all items listed within this specification section and as specified within the contract documents.  The Contracting Officer may request submittals in addition to those listed when deemed necessary to adequately describe the work covered in the respective specification sections.

B.
Submittals shall be made in the number of copies and mailed to the respective address(es) as set forth below.

C.
Each submittal shall be complete and in sufficient detail to allow ready determination of compliance with contract compliance.

D.
All submittals shall be thoroughly reviewed by the Contractor to insure complete compliance with the contract documents prior to forwarding any submittal(s) to the Government.

1.
The Contractor shall review all submittals prepared by subcontractors and/or manufacturer's representatives and return those submittals that do not comply with the contract documents directly to the party responsible for preparing the submittal.

2.
Under no circumstances shall submittals be mailed directly from a subcontractor or manufacturer's representative to the Government.  

E.
Proposed deviations from the contract documents shall be clearly identified on the submittal form.

F.
Submittals shall be prepared and submitted in a timely manner prior to the acquisition of the materials covered by the submittal.

G.
The acquisition and/or installation of materials without prior approval of the applicable submittal is at the Contractor's risk only. Any modifications required, including removal and replacement of the materials, shall be performed at no cost to the Government.

3.02 
SUBMITTAL REGISTER

A.
A partial listing of items for which submittals are required is included at the end of this section.

B.
The Contractor shall coordinate the submission of all submittals with the project schedule and shall maintain an updated listing (log) of all submittal actions.

3.04 
SUBMITTAL FORM

A.
The Contractor shall use standard submittal forms provided by the government. 

B.
Submittal forms shall be properly completed by filling out all the heading blank spaces and identifying each item submitted.

C.
The Contractor shall list the specification section and/or contract drawing number pertinent to the information submitted in each shop drawing.

D.
Submittals not properly completed will be returned to the Contractor disapproved.

3.05 
SUBMITTAL PROCEDURE

A.
Six (6) copies of each submittal item shall be provided to the Contracting Officer’s Representative for review; two (2) copies of each will be returned to the Contractor. Each copy of a submittal item shall have an attached submittal form. These submittals shall be provided to the Contracting Officer’s Representative, at 698 Conservation Way, Shepherdstown, WV 25443. 

B.
All Contractor requests for the current status of submittal reviews shall be made through the COR.

C.
Submittals shall not be delivered to, nor received by, facility personnel.

D.
Contractor shall maintain a submittal log that is to be available upon request by the CO and COR and shall distribute the log regularly throughout the project.

3.06 
DEVIATIONS OR SUBSTITUTIONS

A.
Submittals which include proposed deviations or substitutions from the contract documents shall be clearly noted as such.

B.
The Contractor shall include specific reasons, in writing, regarding the reason for the proposed deviation and shall highlight and note such deviations, as the deviations occur throughout the submittal package.

C.
The Government reserves the right to rescind the inadvertent approval of submittals which contain unnoted deviations to the contract documents.

D.
The contractor warrants the suitability of the deviation/substitution and the compatibility of the deviation/substitution with all elements of the project. The contractor will coordinate the deviation/substitution with all aspects of the project and will bear all costs associated with the deviation/substitution.

3.07 
SUBMITTALS REQUIRED

A.
The Contractor shall submit documentation to the COR for review and approval. A partial list of required submittals provided below includes, but is not limited to:

DIVISION 1

Safety Plan

As-builts

Demolition Plan

Progress Schedule

Schedule of Values

DIVISIONS 2 - 5

Not applicable

DIVISION 6

Lumber

Door frames

DIVISION 7

Not applicable

DIVISION 8

Doors 

Door Hardware

Glazing

DIVISION 9

Gypsum Board

Joint Treatment & Accessories

Sound Insulation

Sound Absorbing Panels

Acoustical Ceiling

Resilient Flooring

Carpet

Painting

DIVISION 10 – 14

Not applicable

DIVISION 15


HVAC equipment

DIVISION 16

Light fixtures







Electrical Equipment


- END OF SECTION 01300 -

SECTION 01400

QUALITY CONTROL 

PART 1 - GENERAL 

1.04 SECTION INCLUDES 


“Work” includes, but is not limited to, materials, workmanship, and manufacture and fabrication of components.  Quality Control is a system comprised of plans, procedures, and personnel necessary to produce an end product which complies with the contract requirements.

1.02 
CONTRACTOR RESPONSIBILITIES

A.
The Contractor is responsible for quality control and shall maintain an adequate inspection system and perform such inspections as will ensure that the work performed under the contract conforms to contract requirements. The Contractor shall maintain complete inspection records and make them available to the Government. All work shall be conducted under the general direction of the COR and is subject to Government inspection and test at all places and at all reasonable times before acceptance to ensure strict compliance with the terms of the contract.  The Contractor shall identify the individual from his organization who shall be responsible for overall management and quality control, and have the authority to act in quality control matters for the Contractor.

B.

Government inspections and tests are for the sole benefit of the Government and do not— 

(1) Relieve the Contractor of responsibility for providing adequate quality control measures; 

(2) Relieve the Contractor of responsibility for damage to or loss of the material before acceptance; 

(3) Constitute or imply acceptance; or 

(4) Affect the continuing rights of the Government after acceptance of the completed work under paragraph 3.01 E of this section. 

C.

The presence or absence of a Government inspector does not relieve the Contractor from any contract requirement, nor is the inspector authorized to change any term or condition of the specification without the Contracting Officer’s authorization.
1.03
TESTS

A.

The Contractor shall provide all tests required by these specifications, unless exempted by the COR.

B.

The Contractor shall notify Contracting Officer's Representative a minimum of 2 (two) working days in advance of times when work will be tested. 

C.

Tests shall be conducted in accordance with the requirements of the specifications. 

1.04 


SUBMITTALS 

A.

Submit in accordance with the requirements of Section 01300 - Submittals and the requirements of the individual specification section governing the work.

B.

Specific requirements for testing methods and frequencies are contained within individual sections of these specifications. 

C.

Contracting Officer's Representative may designate locations of tests.

PART 2 - PRODUCTS 

Not Used 

PART 3- EXECUTION 

3.01
TESTING

A.

The Contractor shall promptly furnish, at no increase in contract price, all facilities, labor, and material reasonably needed for performing such safe and convenient inspections and tests as may be required by the Contracting Officer. The Government may charge to the Contractor any additional cost of inspection or test when work is not ready at the time specified by the Contractor for inspection or test, or when prior rejection makes re-inspection or re-test necessary. The Government shall perform all inspections and tests in a manner that will not unnecessarily delay the work. Special, full size, and performance tests shall be performed as described in the contract.

B.

The Contractor shall, without charge, replace or correct work found by the Government not to conform to contract requirements, unless in the public interest the Government consents to accept the work with an appropriate adjustment in contract price. The Contractor shall promptly segregate and remove rejected material from the premises.
C.

If the Contractor does not promptly replace or correct rejected work, the Government may:

(1) By contract or otherwise, replace or correct the work and charge the cost to the Contractor; or (2) Terminate for default the Contractor’s right to proceed.
D. 
If, before acceptance of the entire work, the Government decides to examine already completed work by removing it or tearing it out, the Contractor, on request, shall promptly furnish all necessary facilities, labor, and material. If the work is found to be defective or nonconforming in any material respect due to the fault of the Contractor or its subcontractors, the Contractor shall defray the expenses of the examination and of satisfactory reconstruction. However, if the work is found to meet contract requirements, the Contracting Officer shall make an equitable adjustment for the additional services involved in the examination and reconstruction, including, if completion of the work was thereby delayed, an extension of time. 

E. 

Unless otherwise specified in the contract, the Government shall accept, as promptly as practicable after completion and inspection, all work required by the contract or that portion of the work the Contracting Officer determines can be accepted separately. Acceptance shall be final and conclusive except for latent defects, fraud, gross mistakes amounting to fraud, or the Government’s rights under any warranty or guarantee. 

- END OF SECTION 01400 -

SECTION 01500
TEMPORARY FACILITIES AND CONTROLS
E. GENERAL

A. SECTION REQUIREMENTS

A. Use Charges:  Contractor shall pay use charges for temporary utilities.

B. The contractor is responsible for acquiring and paying for utilities to any temporary facilities, such as a construction trailer, etc.  The government will provide a staging area for the contractor’s use during the project.  The staging area is located on behind the Support Services building on the south side of the NCTC campus.  The staging area has a power pole.  There is no water at the staging area.

C. The contractor shall acquire and pay for sanitary facilities in the staging area, if the staging area is utilized. 

First paragraph below assume services are available and Owner will permit tapping into existing system without charge.

D. The government will allow the contractor to use water and electric power at the DEO Building.    

E. Contractor use of the DEO Building heating and cooling system is permitted.

F. Contractor use of the DEO Building sanitary facilities is permitted.

F. PRODUCTS (NOT USED)
G. EXECUTION

A. TEMPORARY UTILITIES

A. General:  Engage appropriate local utility company to install temporary service or connect to existing service.  Where utility company provides only part of the service, provide the remainder.

B. TEMPORARY FACILITIES

A. Provide field offices, storage trailers, and other support facilities as necessary for the Work.

B. Collect waste daily and, when containers are full, legally dispose of waste off-site.

A. Handle hazardous, dangerous, or unsanitary waste materials in separate closed waste containers.  Dispose of material according to applicable laws and regulations.

C. Install project identification and other signs in locations approved by Owner to inform the public and persons seeking entrance to Project.

C. TEMPORARY CONTROLS

A. Provide temporary environmental controls as required by authorities having jurisdiction including, but not limited to, dust control, and pollution control.

B. Provide temporary barricades, warning signs, and lights to protect the public and construction personnel from construction hazards.

A. Enclose construction areas with fences with lockable entrance gates, to prevent unauthorized access.

C. Provide temporary fire protection until permanent systems supply fire-protection needs.  Comply with NFPA 241.

D. TERMINATION AND REMOVAL

A. Remove temporary facilities and controls before Substantial Completion.  Personnel remaining after Substantial Completion will be permitted to use permanent facilities, under conditions acceptable to Owner.

END OF SECTION 01500

SECTION 01720PRIVATE 

AS-BUILT DRAWINGS

PART listnum "WP List 2" \l 1 - GENERAL


listnum "WP List 2" \l 2
GENERAL



listnum "WP List 2" \l 3 This section covers the preparation of as‑built marked drawings complete, as a requirement of this Contract.  See Section 01010 and Section 01300 for additional requirements.


listnum "WP List 2" \l 2
PROGRESS MARKED-UP AS‑BUILT PRINTS


listnum "WP List 2" \l 3 The Contractor shall mark up one set of paper prints to show the as‑built conditions.




listnum "WP List 2" \l 4 These as‑built marked prints shall be kept current and shall be available for review by the COR on the jobsite at all times.




listnum "WP List 2" \l 4 All changes from the Contract Drawings which are made in the work, or additional information which might be uncovered in the course of construction, shall be accurately and neatly recorded as they occur by means of details and notes.




listnum "WP List 2" \l 4 The as‑built marked prints will be jointly inspected for accuracy and completeness by the Contracting Officer and a responsible representative of the Contractor prior to submission of each monthly pay estimate.



listnum "WP List 2" \l 3 The drawings shall show the following information, but not be limited thereto:




listnum "WP List 2" \l 4 The location and description of utility lines or other installations of any kind or description known to exist within the construction area.  The location includes dimensions to permanent features.




listnum "WP List 2" \l 4  The location and dimensions of changes within the buildings or structures.




listnum "WP List 2" \l 4 Correct grade or alignment of roads, structures or utilities if changes were made from Contract Drawings.




listnum "WP List 2" \l 4 Correct elevations if changes were made in site grading.




listnum "WP List 2" \l 4 Changes in details of design or additional information obtained from shop drawings specified to be prepared and/or furnished   by the Contractor, including but not limited to fabrication, erection, installation plans and placing details, pipe sizes, insulation material, dimensions of equipment, foundations, etc.




listnum "WP List 2" \l 4 The topography and grades of all drainage installed or affected as a part of the project construction.




listnum "WP List 2" \l 4 All changes or modifications which result from the final inspection.




listnum "WP List 2" \l 4 Where Contract Drawings or Specifications allow options, only the option selected for construction shall be shown on the as‑built prints.  As-built drawings shall be titled AS-BUILTS with sheet content; all changes and modifications on drawings numbered and notated in the revision blocks, dated. 



listnum "WP List 2" \l 3 Submittal:




listnum "WP List 2" \l 4 The Contractor shall provide the original marked-up set of as-built drawings to the COR for review.  One copy of the originals shall also be provided to the COR.

 



listnum "WP List 2" \l 5 These as‑built marked prints shall be neat, legible and accurate.





listnum "WP List 2" \l 5 At time of final inspection, these prints shall be made available to the Government for its use in facility operation.





listnum "WP List 2" \l 5 These prints shall be delivered to the COR within thirty (30) calendar days of final inspection, for his review and approval.




listnum "WP List 2" \l 4 The review by Government personnel will be expedited to the maximum extent possible.  Upon review, the marked up drawings with any comments from the COR will be returned to the Contractor for incorporation into the electronic drawings. 




listnum "WP List 2" \l 4 The Contractor shall complete the corrections.  


a. The final as-built submission shall include (1) one electronic copy (AutoCAD 2002 or later) on compact discs.

b. Contractor shall provide the final submission within ten (10) calendar days after receiving the Government review comments.

PART listnum "WP List 2" \l 1 - PRODUCTS




Not used.

PART listnum "WP List 2" \l 1 - EXECUTION




Not used.

- END OF SECTION  01720 -

SECTION 01732

SELECTIVE DEMOLITION
H. GENERAL

A. SECTION REQUIREMENTS

A. Unless otherwise indicated, demolished materials become Contractor's property.  Remove from Project site.

B. Items indicated to be removed and salvaged remain Owner's property.  Remove, clean, and deliver to Owner's designated storage area.

C. Comply with EPA regulations and disposal regulations of authorities having jurisdiction.

D. Conduct demolition without disrupting Owner's use of the building.

E. It is not expected that hazardous materials will be encountered in the Work.  If materials suspected of containing hazardous materials are encountered, do not disturb; immediately notify Architect and Owner.  Hazardous materials will be removed by Owner.

I. PRODUCTS (Not Applicable)

J. EXECUTION

A. DEMOLITION

A. Maintain and protect existing utilities to remain in service before proceeding with demolition, providing bypass connections to other parts of the building.

B. Locate, identify, shut off, disconnect, and cap off utility services to be demolished.

C. Conduct demolition operations and remove debris to prevent injury to people and damage to adjacent buildings and site improvements.

D. Provide and maintain shoring, bracing, or structural support to preserve building stability and prevent movement, settlement, or collapse.

E. Protect building structure and interior from weather and water leakage and damage.

F. Protect walls, ceilings, floors, and exposed finishes that are to remain.  Erect and maintain dustproof partitions.  Cover and protect fixtures, furnishings, and equipment that are to remain.

G. Neatly cut openings and holes plumb, square, and true to dimensions required.  Use cutting methods least likely to damage construction to remain or adjoining construction.

H. Promptly patch and repair holes and damaged surfaces of building caused by demolition.  Restore exposed finishes of patched areas and extend finish restoration into remaining adjoining construction.

I. Promptly remove demolished materials from Owner's property and legally dispose of them.  Do not burn demolished materials.

- END OF SECTION 01732 -

SECTION 06100

ROUGH CARPENTRY
K. GENERAL (NOT USED)

L. PRODUCTS

A. WOOD PRODUCTS, GENERAL

A. Lumber:  Provide dressed lumber, S4S, 19 percent maximum moisture content for 2-inch nominal (38-mm actual) thickness or less, marked with grade stamp of inspection agency.

B. LUMBER

A. Dimension Lumber:  The following grades are per inspection agency indicated:

Select one grade requirement and one or more species group in subparagraphs below for each application depending on availability and suitability for Project.  Designate load-bearing walls on Drawings.

A. Non-Load-Bearing Interior Partitions:  Standard, Stud, or No. 3:  Eastern softwoods:  NELMA; Northern species:  NLGA; Mixed southern pine:  SPIB; or Western woods:  WCLIB or WWPA.

B. Framing Other Than Non-Load-Bearing Partitions:  No. 2 Southern pine:  SPIB.

Retain subparagraph below for better appearance for exposed work.

B. Concealed Boards:  19 percent maximum moisture content:  Eastern softwoods:  No. 3 Common per NELMA rules; Northern species:  No. 3 Common per NLGA rules; Mixed southern pine:  No. 2 per SPIB rules; or Western woods:  Standard per WCLIB rules or No. 3 Common per WWPA rules.

C. Miscellaneous Lumber:  Standard, Stud, or No. 3 grade of any species for nailers, blocking, and similar members.

C. MISCELLANEOUS PRODUCTS

A. Fasteners:  Size and type indicated.  

A. Power-Driven Fasteners:  CABO NER-272.

B. Bolts:  Steel bolts complying with ASTM A 307, Grade A (ASTM F 568, Property Class 4.6); with ASTM A 563 (ASTM A 563M) hex nuts and, where indicated, flat washers.

B. Metal Framing Anchors:  Hot-dip galvanized steel of structural capacity, type, and size indicated.

M. EXECUTION

A. INSTALLATION

A. Set rough carpentry to required levels and lines, with members plumb, true to line, cut, and fitted.  Locate nailers, blocking, and similar supports to comply with requirements for attaching other construction.

B. Securely attach rough carpentry to substrates, complying with the following:

A. CABO NER-272 for power-driven fasteners.

B. Published requirements of metal framing anchor manufacturer.

C. Table 2305.2, "Fastening Schedule," in the BOCA National Building Code.

END OF SECTION 06100

SECTION 06400
WOOD DOOR FRAMES

PART 1 - GENERAL
1.01
DESCRIPTION OF WORK - THIS SECTION INCLUDES THE FOLLOWING:
A. Standing and running wood trim with transparent finish including bases, casings and mullion covers.

B. Door frames and glazing frames with transparent finish.

C. Glass and glazing in conjunction with above.

D. Blocking and furring in conjunction with above.

E. Finishing and installation in conjunction with above.

1.02
RELATED SECTIONS
A.
Section 08210 – Wood Doors.
B.
Section 08710 - Door Hardware. 

C.
Section 08800 - Glazing:  Glass for sidelights.
D.
Section 09900 - Paints and Coatings:  Field painting.
1.03
SUBMITTALS
A.
See Division One for submittal procedures.
B.
Shop Drawings:  Include configurations, details, elevations, conditions at openings and anchorage.

C. Product Data:  Specifications and installation instructions for each component.

D. Shop-finished samples. 

1.04
QUALITY ASSURANCE
A.
Comply with applicable provisions of AWI “Architectural Woodwork Quality Standards”.

B.
Manufacturer, or personnel approved by manufacturer, shall install all woodwork.
1.05
DELIVERY, STORAGE AND HANDLING
A.
Protect wood against damage during handling, transit and storage.  
B. Provide extra protection for vulnerable corners and edges.

1.06
PROJECT CONDITIONS
A.
Verify dimensions before proceeding and obtain measurements at job site for work required to be accurately fitted to other construction.  Measurements shall be accurate so that the finish work is precisely assembled and fitted.  
B. Remedy unsatisfactory tolerances in adjoining work.

PART 2 - PRODUCTS
2.01
SOLID LUMBER MATERIALS
A.
Hardwood Solid Stock:  Comply with AWI 100 lumber grading rules for Premium Grade Work.  Provide lumber surfaced four sides (S4S) and work to patterns indicated on Contract Drawings.

B.
Hardwood for shop-applied transparent finish:  GRADE I, quarter sawn red oak.  Select hardwood to match veneer color and graining of adjacent veneer materials.

2.02
GLASS
A.
Glass in wood doors and frames shall be clear fully tempered glass, minimum 6 mm thick.

B.
See section 08800 GLASS AND GLAZING for requirements.

2.03
FABRICATION
A.
Comply with AWI standards listed in specification, premium grade.
B.
Provide details and profiles indicated on Contract Drawings.

C.
Fabricate units rigid, neat, free from defects, warp or buckle in accordance with final submittals.

D.
Where possible, factory glaze units indicated on Contract Drawings to receive glass; glazing system shall be as recommended by manufacturer, suitable for condition and location of installation.

E.
Assemble units at the factory and disassemble only as required for shipping to the site.  Accurately mark units for assembly at site.

2.04
STANDING AND RUNNING TRIM

A.
Comply with AWI 300, Premium Grade.

2.05
DOOR FRAMES AND GLAZING FRAMES:

A. Comply with AWI 900, Premium Grade.

B. Fabricate from solid stock material.

C. Dado, dowel and blind attach head members to vertical jambs.

2.06
SHOP FINISHING

A. Finish in strict accordance with requirements of AWI 1500, Premium Grade.

PART 3 - EXECUTION
3.01
INSPECTION
A.
Examine substrates and adjoining construction, and conditions under which Work is to be installed.
B.
Do not proceed with Work until unsatisfactory conditions are corrected.
3.02
PREPARATION
A.
Install surface-mounted wood blocking, nailers, furring and grounds on partitions, located as required, whether or not such blocking and similar items are indicated on the Contract Drawings.
B.
See Section 06100 ROUGH CARPENTRY for installation of blocking and furring within partitions, ie. Below gypsum board.
C.
Coordination with Section 09250 GYPSUM BOARD.

3.03
INSTALLATION
A.
Comply with AWI 1700, Premium Grade.
B.
Install in accordance with final submittals and manufacturer’s instructions.
C.
Assemble and install Work without machine and tool marks.

D.
Neatly fit and scribe Work to adjacent surfaces.
3.04
DOOR FRAMES AND GLAZING FRAMES
A. Plumb and level door frames and glazing frames.

B. Secure frames vertically by fastening to blocking members within wall construction.

C. Coordinate with installation of doors and glass.

3.05
ADJUSTING AND REPAIR
A.
Touch-up marred finished, including shop primers to match adjacent surfaces.

B.
Remove and replace units which are warped, bowed, not properly fitted or finished or otherwise damaged.

3.06
CLEANING AND PROTECTION
A. Clean work upon completion.

B. Protect  units during construction so that they will be without evidence of damage or use at time of acceptance.
- END OF SECTION 06400 -
SECTION 07210 

SOUND ATTENUATION BLANKET
N. GENERAL

A. SECTION REQUIREMENTS

A. Submittals:  Product Data.

B. Surface-Burning Characteristics:  ASTM E 84, and as follows:

Revise first subparagraph below to suit requirements of authorities having jurisdiction.  The International Building Code also requires a flame-spread index of 25 or less for concealed insulation in Types I and II construction.

A. Flame-Spread Index:  25 or less where exposed; otherwise, as indicated in Part 2 "Insulation Products" Article.

B. Smoked-Developed Index:  450 or less.

O. PRODUCTS

A. INSULATION PRODUCTS

Usually select Type IV below if extruded polystyrene is used.

A. Mineral-Fiber Blanket Insulation:  ASTM C 665, with flame-spread index of 25 or less.

P. EXECUTION

A. INSTALLATION

A. Install insulation in areas and in thicknesses indicated or required to produce STC’s indicated.  Cut and fit tightly around obstructions and fill voids with insulation.

END OF SECTION 07210

SECTION 08210
WOOD DOORS

PART 1 - GENERAL
1.01
SECTION INCLUDES
A.
Transparent finish interior stile and rail/glass panel wood doors.

B.
Transparent finish interior wood flush doors.
1.02
RELATED SECTIONS
A.
Section 06400 – Wood Door Frames.
B.
Section 08710 - Door Hardware. 

C.
Section 08800 - Glazing:  Glass for sidelights.
D.
Section 09900 - Paints and Coatings:  Field painting.
1.03
REFERENCES
A.
National Wood Window & Door Association (NWWDA):  ANSI/NWWDA Industry Standard I.S. – 1 “Wood Flush Doors”.
B.
NWWDA Industry Standard I.S. – 6 “Wood Stile and Rail Doors”.
C.
“Quality Standards, Sections 1300, 1400 and 1500”; Architectural Woodwork Institute (AWI).
1.04
SUBMITTALS
A.
See Division One for submittal procedures.
B.
Shop Drawings:  Include configurations, details, elevations, conditions at openings, hardware locations, mounting details and anchorage.

E. Product Data:  Specifications and installation instructions for each component and finish.

F. Warranties:  Submit signed and dated warranty. 

1.05
QUALITY ASSURANCE
A.
Manufacturer Qualifications:  Firm must comply with NWMA and AWI standards.  
B. Comply with applicable provisions of referenced standards.

1.06
DELIVERY, STORAGE AND HANDLING
A.
Protect doors against damage during handling, transit and storage.  
B.
Protect doors from dampness, moisture and weather.
1.07
WARRANTY
A.
Provide written warranty signed by door manufacturer, agreeing to repair or replace defective doors that have warped (bow, cup or twist) or that show telegraphing of core construction in face veneers, or do not conform to tolerance limitations of referenced standards.  
PART 2 - PRODUCTS
2.01
SOLID CORE FLUSH DOORS
A.
Face:  Plain sliced red oak, Premium Grade face veneer.

B.
Crossband:  Manufacturer’s standard hardwood veneer.

C.
Stiles and rails:  Manufacturer’s standard construction, bonded to core.  Apply red oak veneer over exposed edges of stiles.

D.
Core:  Mat-formed particle board core, complying with AWI PC-5.  Particle board shall comply with ANSI A208.1, Grade 1-LD-2.
2.02
STILE AND RAIL DOORS WITH GLASS PANELS
A.
Stiles and rails:  Plain sliced red oak, Premium Grade face veneer; with staved lumber core.  Apply red oak veneer over exposed edges of stiles and rails.

B.
Exposed glass beads:  Solid plain sawn red oak, Premium Grade.

C.
Glass panels:  See Section 08800 GLASS AND GLAZING.

D.
Adhesive:  Type II water-resistant, formaldehyde-free.
2.03
FABRICATION
A.
Fabricate units rigid, neat, free from defects, warp or buckle.
B.
Fabricate to match configurations and profiles indicated on Contract Drawings.  Fabricate in accordance with AWI 1400, PREMIUM GRADE.
C.
Glazing:
1.
Refer to SECTION 08800 GLASS AND GLAZING for glass requirements.
2.
Glazing system shall be door manufacturer’s standard system suitable for condition and location of installation, with fixed and removable wood beads flush with face of door.  Beads which overlap door face are not acceptable.  Metal beads or stops are not acceptable.

2.04
SHOP FINISHING
A.
Transparent Finish:
1.
Finish faces and tops, bottoms and edges of doors and transom panels.  Comply with AWI recommendations.
2.
Finish:  Clear, non-yellowing, water-reducible polyurethane coating, low lustre.
3. Factory finish cutouts after fabrication. 
PART 3 - EXECUTION
3.01
EXAMINATION
A.
Examine substrates and adjoining construction, and conditions under which Work is to be installed.
B.
Do not proceed with Work until unsatisfactory conditions are corrected.
3.02
INSTALLATION
A.
Install in accordance with final Shop Drawings, manufacturer’s instructions and referenced standards.
B.
Do not field cut, trim, fit or machine transparent finish veneer doors.
C.
Install hardware in accordance with hardware manufacturer’s instructions and as specified in Section 08700 FINISH HARDWARE.


1.  Adjust installation to provide uniform clearance at head and jambs and to contact stops uniformly.


2.  Provide minimum 1/16 inch clearance on hinge stile, and 1/8 inch clearance on lock stile, meeting stiles, and top rail.  

3.03
ADJUSTING, REPAIR AND CLEANING
A.
Adjusting:  Before completion of Work, adjust hardware until doors operate properly.  Adjust doors to provide uniform clearance at head and jambs and to contact stops uniformly.
B.
Repair:  Remove and replace doors which are warped, bowed, not properly finished, fitted to frames or otherwise damaged; and doors which do not swing or operate freely.
C.
Touch-up marred finishes to match adjacent unmarred surfaces.

D.
Replace defective, damaged, missing or stolen hardware.
3.04
PROTECTION
A.
Protect units during construction so that they will be without evidence of damage or use at time of acceptance.
- END OF SECTION 08210 -
SECTION 08305
ACCESS PANELS

PART 1 - GENERAL
1.01
SUMMARY
A. Work of this Section includes:

1.    Access panels as indicated on the drawings. 

2.    Access panels for items of mechanical, plumbing and electrical work located behind or above finished walls or ceilings which require access, whether or not such panels are indicated on the Contract Drawings.

3.    Accessories.

1.02
SUBMITTALS
A.
Product Data:  Submit manufacturer’s specifications and installation instructions for each component and finish.
PART 2 - PRODUCTS
2.01
ACCESS PANELS – FLUSH PANEL – GYPSUM BOARD WALLS:
A.
Frame: 16 gage steel with integral galvanized steel drywall bead.

B.
Door:  14 gage steel fitted flush with drywall bead.

C.
Hardware:  Concealed spring hinges or concealed continuous piano hinge.

D.
Finish:  Factory prime coat.

2.02
ACCESS PANELS – FLUSH PANEL – GYPSUM BOARD CEILINGS:
A.
Frame:  16 gage steel, recessed to coordinate with gypsum board ceiling suspension framing members.

B.
Door:  18 gage steel, recessed to accept 2 layers of gypsum board.

C. Hardware:  Continuous steel piano type hinge with stainless steel pin.  Sleeved and grommeted screwdriver operated cam locks.

         D.
Finish:  Factory prime coat.

2.03
LATCHING AND LOCKING DEVICES:
A.
Provide number of latches for each access panel in sufficient quantity to hold door in flush, smooth plane when closed; but at least one latch per door.
B.
For panels so specified, provide key operated cylinder lock in lieu of screwdriver-operated latch.  If more than 1 latch is required for a panel, provide lock in lieu of 1 latch.  Provide 2 keys for each panel with lock.

C.
For panels with recessed doors, provide access sleeves for each latch and each lock.  Furnish plastic grommets, for installation in hole cut through applied finish material.

2.04
ACCESSORIES:

A.
Fasteners:  Provide fasteners recommended by access panel manufacturer, as appropriate for attachment to each type of substrates.

PART 3 - EXECUTION
3.01
EXAMINATION
A.
Examine substrates and adjoining construction, and conditions under which Work is to be installed.  Do not proceed with Work until unsatisfactory conditions have been corrected.
3.02
INSTALLATION
A.
Install in accordance with manufacturer’s instructions.


1.
Set frames in position and fasten to supporting structure.


2.
Install face panel flush with adjacent finished surface.


3. 
For panels with recessed doors, install plastic grommets in hole cut through applied finish material.
B.
Adjust hardware for smooth operation.
C.
Remove and replace panels and frames that are warped, bowed or damaged.

- END OF SECTION 08305 -
SECTION 08700
FINISH HARDWARE

PART 1 - GENERAL
1.01
SECTION INCLUDES
A.
Finish hardware and related accessories.

B.
Deliver keys to owner.

1.02
SUBMITTALS
A.
Product data:  Submit copies of manufacturer’s specifications, keying manuals, and installation instructions for each item of finish hardware.  Include photographs, catalog cuts, marked templates and other data as may be required to show compliance with Contract Documents.
B.
Finish hardware schedule:  Submit finish hardware schedule covering complete identification of every item required for each opening, including the following information:


1.  Type, finish, style, function and size of each device.


2.  Manufacturer’s names.


3.  Fastenings and accessories required to suit substrate and conditions of installation.


4.  Explanation of any abbreviations, symbols and codes shown.


5.  Mounting locations. 


6.  Locksets:  Strikeplates, length of spindle, hand, backset and bevel.

C.
Operation and Maintenance Data:  Submit operation, cleaning and maintenance data for materials and systems provided.  Include list of replacement parts and sources.  Provide a complete set of any specialized tools required for continued adjustment, maintenance and removal of finish hardware.
1.03
QUALITY ASSURANCE
A.
Hardware supplier shall be a firm or company specializing in architectural finish hardware.  Hardware suppliers shall have within his organization competent hardware consultant who is a member in good standing of the American Society of Architectural Hardware Consultants.

B.
Regulatory Requirements:  Comply with applicable requirements and provisions of the Americans with Disabilities Act and the Architectural Barriers Act Accessibility Guidelines (ADAABAAG).
C.
“Quality Standards, Sections 1300, 1400 and 1500”; Architectural Woodwork Institute (AWI).

D.
Reference Standards:  Except as otherwise required by Contract Documents, comply with applicable provisions of Door and Hardware Institute.
PART 2 - PRODUCTS
2.01
FINISH HARDWARE
A.
Fabricate finish hardware of base metal specified or scheduled, using manufacturer’s standard metal alloy, composition, temper, and hardness, but in no case of lesser (commercially recognized) quality than specified by applicable ANSI/BHMA A156 series standards for each type of hardware item.

B.
Scheduled finishes are derived from ANSI/BHMA A156.18.  Provide finishes complying with this standard.

2.02
HINGES
A.
Comply with ANSI/BHMA A156.1.

B.
Pack hinges with wood screws as required by door and frame construction.

C.
Furnish hinges of sufficient width to allow door to clear frame and trim.

D. Provide full mortise, square corner, button tip, with non-rising pins that are 4-1/2 inch x 4-1/2 inch.

E. Acceptable products and manufacturers: The following listed products are provided to establish the standard of quality consistent with the salient characteristics identified above.

1.
Bommer #5002 SS with SS NR pin as manufactured by Bommer Industries; Landrum, South Carolina.

2.03
MORTISE LOCKS AND LATCHES
A.
Salient characteristics:
1.
Heavy-duty commercial mortise type, complying with ANSI/BHMA A156.13, Series 1000, Grade 1 Operational, at least Grade 3 Security.
2.
Furnish mortise type lock and latch sets with anti-friction deadlocking latch and deadlocks.

3.
Furnish complete with trim, armor fronts, and extended spindles as required to suit door thickness, and capable of accepting 7-pin interchangeable core cylinders.
4. Conceal fastenings, washers and bushings.

5. Provide strike box and square corner strike with curved lips of sufficient length to protect frames.

B.
Acceptable products and manufacturers:  The following listed products are provided to establish the standard of quality consistent with the salient characteristics identified above.
1.
M521 Lockset with QG handle by Falcon Lock; Colorado Springs, CO.

2.04
KEYS AND KEYING
A.
Key locks to government’s existing master key system.  NCTC Master key plan uses Falcon 7-pin interchangeable core cylinders.  Coordinate keying with NCTC Operations and Maintenance Contractor.  

B. Finish to be BHMA 612.

C. Provide keys of nickel silver.

D. Color of bumper:  Gray.

2.05
STOPS
A.
Comply with ANSI/BHMA A156.16.

B. Provide attachment devices as suitable for substrates.

C. Coordinate stop requirements with installation configurations, and provide other types of stops where required by conditions of installation.

D. Made of stainless steel and rubber.

E. Color of bumper:  Gray.

2.06
SILENCERS
A. Comply with ANSI/BHMA A156.16.  Provide silencers for door frames.  Provide 3 for single swinging doors.

2.07
PUSH PLATE
A. Comply with ANSI/BHMA A156.6

B. Stainless steel, 4” x 16”.

2.08
DOOR PULL
A. Stainless steel, 9” x 1” diameter door pull.

2.09
KICKPLATE
A. Comply with ANSI/BHMA A156.6

B. Stainless steel, 0.050” thick.

2.10
CLOSER
A. Comply with ANSI/BHMA A156.4, Grade 1.

B. Acceptable products and manufacturers:  The following listed products are provided to establish the standard of quality consistent with the salient characteristics identified above.

1.
Norton 8301BF or 8501 BF closer manufactured by Norton Monroe, NC.

PART 3 - EXECUTION
3.01
INSTALLATION
A.
Examine substrates, adjoining construction and conditions under which Work is to be installed.  Do not proceed with Work until unsatisfactory conditions have been corrected.

B.
Mount hardware in locations recommended by the Door and Hardware Institute, unless otherwise indicated.

C.
Install each hardware item in accordance with hardware schedule and manufacturer’s instructions.

D.
Hardware Mounting Heights:  Comply with mounting requirements of NBHA “Recommended Locations for Builder’s Hardware” and ANSI A117.1 “American National Standard for Buildings and Facilities”.

E.
Install wall stops centered on spindle of lever handles.

F.
Adjusting:  Adjust and check each operating item of hardware and each door, to ensure proper operation of function of every unit.  Replace defective, damaged, missing or stolen hardware.

G.
The following set schedules are to be used with Drawings as a Guide for furnishing finish hardware.  Review sets with door types, sizes and details, verify function of each item and provide complete and proper hardware required for each opening whether or not specifically scheduled.  Lockset functions are identified by the number from ANSI/BHMA A156.13.
3.02
HARDWARE SCHEDULE
A.
Hardware Set No. 1


Type




ANSI No.


Finish



4 Butt Hinges


A8133



652


1 Lockset F04


Series 1000


626


1 Wall Bumper


L02101



626


Silencers




B.
Hardware Set No. 2


Type




ANSI No.


Finish


4 Butt Hinges


A8133



652


1 Latchset F01


Series 1000


626


1 Push Plate


1 Door Pull


1 Kick Plate


1 Closer


1 Wall Bumper


L02101



626


Silencers

- END OF SECTION 08700 -
SECTION 08800
GLAZING

PART 1 - GENERAL
1.01
SECTION INCLUDES
A.
Glazing materials for wood doors and side lights.
1.02
RELATED SECTIONS
A.
Section 06400 – Wood Door Frames.
B.
Section 08210 – Wood Doors. 

1.03
REFERENCES
A. Reference Standards:  Unless otherwise required to comply with regulatory requirements, comply with the Flat Glass Manufacturer's Association (FGMA) "Glazing Manual".

B. Comply with applicable provisions of referenced standards.

1.04
SUBMITTALS
A.
See Division One for submittal procedures.
B.
Product Data:  Submit manufacturer's specifications and installation instructions for each glass, sealants and accessories required.

G. Submit cleaning and maintenance data for materials provided.
1.05
QUALITY ASSURANCE


  A.
Single Source Responsibility:  Provide glass and glazing materials from one source for each type of glass.  
C. Comply with applicable provisions of referenced standards.

1.06
DELIVERY, STORAGE AND HANDLING
A. Protect glass against damage during handling, transit and storage.

B. Glass shall bear manufacturer's labels indicating type and quality. Labels shall be left on glass until final cleaning, unless directed to be removed earlier by Contracting Officer.
C. Provide cushions at glass edges to prevent damage during handling or storage.
1.07  SYSTEM REQUIREMENTS



   A.
  Glass thicknesses when indicated in Contract Documents are for convenience of detailing only and are to be determined by Contractor or glass manufacturer as required to fulfill performance requirements.


1.08  PRE‑INSTALLATION CONFERENCE

          A.
Prior to commencing Work, meet at site and review installation procedures and coordination with other Work.
PART 2 - PRODUCTS
2.01
GLASS
A. Fully Tempered Glass:




listnum "WP List 2" \l 4ASTM C1048, Kind FT.




listnum "WP List 2" \l 4Provide fully tempered glass certified by SGCC or other recognized certification agency, acceptable to Contracting Officer as complying with requirements of CPSC  16CFR, Part 1201.




listnum "WP List 2" \l 4Temper clear float glass to increase flexural strength 4‑5 times strength before treatment.




listnum "WP List 2" \l 4Treat glass in horizontal batch type reciprocating furnace, unless otherwise recommended by manufacturer to fulfill performance requirements.




listnum "WP List 2" \l 4Make roller distortion parallel to horizontal dimension of installed glass.

listnum "WP List 2" \l 4Wherever possible, locate tong marks along edge which will be concealed in glazing system.
2.02
GLAZING MATERIALS
A.
Glazing Sealants and Accessories:  Provide materials with proven record of compatibility with surfaces and other materials contacted in installation.  Provide materials that meet the requirements of all manufacturers and of the referenced standards.
PART 3 - EXECUTION
3.01
EXAMINATION
A.
Examine substrates, and adjoining construction, and conditions under which Work is to be installed.  Do not proceed with Work until unsatisfactory conditions are corrected.


   B.
Ensure that frame openings are plumb, level, true to line and otherwise properly installed.

C.
Inspect each piece of glass immediately before installation, and discard pieces which evidence damage or deterioration including edge damage or face imperfections.

3.02
INSTALLATION
A. Comply with combined recommendations of referenced standards, glass manufacturer and manufacturer of sealants and other materials used in glazing, except where more stringent requirements are indicated in Contract Documents, and except where manufacturer's technical representatives direct otherwise.

B. Clean glazing channel and other framing members to receive glass immediately before glazing.

C. Apply primer or sealer to joint surfaces where recommended by sealant manufacturer.

3.03
CLEANING
A.
Clean excess sealant or compound from glass and framing members immediately after application.
B.
Wash and polish glass on both faces not more than 4 days prior to final acceptance.  Comply with glass manufacturer's recommendations for final cleaning.
3.04
PROTECTION
A. Protect glass from breakage after installation.  Do not apply markers to surfaces of glass.
B. Remove non‑permanent labels.
C. Remove and replace glass which is broken, chipped, cracked, abraded or damaged.
· END OF SECTION 08800 –
SECTION 09250
GYPSUM BOARD ASSEMBLIES
PART 1 - GENERAL
1.01
SECTION INCLUDES
A.
Acoustic insulation.
B.
Gypsum wallboard.
C.
Joint treatment and accessories.
1.02
RELATED SECTIONS
A.
Section 06100 - Rough Carpentry
1.03
REFERENCES
A.
ASTM C 36/C 36M - Standard Specification for Gypsum Wallboard.
B.
ASTM C 475 - Standard Specification for Joint Compound and Joint Tape for Finishing Gypsum Board.
C.
ASTM C 665 - Standard Specification for Mineral-Fiber Blanket Thermal Insulation for Light Frame Construction and Manufactured Housing.
D.
ASTM C 840 - Standard Specification for Application and Finishing of Gypsum Board.
E.
ASTM C 1002 - Standard Specification for Steel Drill Screws for the Application of Gypsum Panel Products or Metal Plaster Bases.
F.
GA-216 - Application and Finishing of Gypsum Board; Gypsum Association.
1.04
SUBMITTALS
A.
See Division One for submittal procedures.
B.
Product Data:  Provide data on gypsum board, accessories, sound insulation, and joint finishing system.
1.05
QUALITY ASSURANCE
A.
Perform in accordance with ASTM C 840.
1.06
REGULATORY REQUIREMENTS
A.
Conform to applicable code for fire rated assemblies as indicated on drawings.
PART 2 - PRODUCTS
2.01
MANUFACTURERS
A.
Gypsum Board:  One of the following or approved equal:
1.
G-P Gypsum Corporation:  www.gp.com.
2.
Lafarge Gypsum.
3.
National Gypsum Company:  www.nationalgypsum.com.
4.
USG Corporation:  www.usg.com.
2.02
GYPSUM BOARD MATERIALS
A.
Gypsum Board:  ASTM C 36/C 36M; regular type with manufacturer’s standard edges.
1.
Thickness:  1/2 inch.
2. Edges: Tapered.

B.
Ceiling Board:  ASTM C 36; non-sag type with manufacturer’s standard edges.

1.
Thickness:  1/2 inch.
3. Edges: Tapered.

2.03
ACCESSORIES
A.
Acoustic Insulation:  ASTM C 665; preformed glass fiber, friction fit type, kraft paper faced, ASTM E84 Flame spread 15 or less. ASTM E84 smoke developed equal to 0.  Thickness: 3-1/2 inch.  Acceptable manufacturer: Thermafiber Sound Attenuation Fire Blankets SAFB by USG, Chicago, IL., or approved equal.
B.
Acoustic Sealant:  Manufacturer recommended.
C.
Corner Beads:  Galvanized steel.
D.
Edge Trim:  Knurled flange with spaced holes, requiring finishing with joint compound; “J-bead” type not requiring finishing is not acceptable.
E.
Joint Materials:  ASTM C 475 and as recommended by gypsum board manufacturer for project conditions.
F.
Screws:  ASTM C 1002; self-drilling type, for wood framing.
G.
Anchorage to Substrate:  Tie wire, nails, screws, and other metal supports, of type and size to suit application; to rigidly secure materials in place.
PART 3 - EXECUTION
3.01
EXAMINATION
A.
Verify that project conditions are appropriate for work of this section to commence.
3.02
ACOUSTIC ACCESSORIES INSTALLATION
A.
Acoustic Insulation:  Place tightly within spaces, around cut openings, behind and around electrical and mechanical items within partitions, and tight to items passing through partitions.

B.
Acoustic Sealant:  Provide continuous beads of acoustic sealant at juncture of both faces of plates with floor and ceiling construction, and wherever gypsum board abuts dissimilar materials, prior to installation of gypsum board.   Fill open spaces between gypsum board and fixtures, cabinets, ducts and other flush or penetrating items with a continuous bead of sealant.  Seal sides and backs of electrical boxes to completely close off openings and joints.

3.03
GYPSUM BOARD INSTALLATION
A.
Comply with ASTM C 840.  Install to minimize butt end joints, especially in highly visible locations.
B.
Single-Layer Non-Rated:  Install gypsum board horizontally, with ends and edges occurring over firm bearing.
C.
Installation on Wood Framing:  For non-rated assemblies, install as follows:
1.
Single-Layer Applications:  Screw attachment.
3.04
INSTALLATION OF TRIM AND ACCESSORIES
A.
Corner Beads:  Install at external corners, using longest practical lengths.  
B.
Edge Trim:  Install at locations where gypsum board abuts dissimilar materials.
3.05
JOINT TREATMENT
A.
Finish gypsum board in scheduled areas in accordance with levels defined in ASTM C 840.
3.06
TOLERANCES
A.
Maximum Variation of Finished Gypsum Board Surface from True Flatness:  1/8 inch in 10 feet in any direction.

B.
Do not exceed 1/16 inch variation between planes of abutting edges or ends.

3.07
FINISHING 
A.
Finish gypsum wallboard in accordance with all manufacturer’s recommendations.

B.
There shall be no visible seams or fasteners after paint if applied.  See specification section 09900.
3.08
ADJUSTING
A. Correct damage and defects which may telegraph through finish work.

B. Leave work smooth and uniform.
- END OF SECTION 09250 -
SECTION 09510


SOUND ABSORBING PANELS
Q. GENERAL - Surface-Burning Characteristics of Panels:  ASTM E 1264, Class A materials, tested per ASTM E 84.  Fire-Resistance-Rated Assemblies:  Provide materials and construction identical to those tested in assemblies per ASTM E 119 by an independent testing and inspecting agency acceptable to authorities having jurisdiction.

R. PRODUCTS

A. SOUND ABSORBING PANELS – Tectum direct applied ceiling panels or equal.  

For proprietary or semiproprietary specification, retain paragraph above.  For descriptive specification, retain all paragraphs below; first six paragraphs are unnecessary if manufacturers' product designations are used.

A. Color:  White.  

B. Type: Continuous interlocking ceiling panels.

C. Thickness: 1” thick.

D. Noise Reduction Coefficient (NRC):  Not less than 0.55.

E. Renewable wood and sustainable raw materials: All materials shall be renewable or sustainable.

B. CEILING MOUNTING - Direct-applied.

A. Attachment Devices:  Screws and furring in accordance with manufacturer’s recommendations and requirements.  All fasteners shall be hidden or shall match panel color.  Any exposed fasteners shall be evenly spaced.

S. EXECUTION 

A. CEILING SYSTEM INSTALLATION - Comply with the Ceiling and Interior Construction Association’s CISCA's Code of Practices.

3.2
Install will evenly spaced joints throughout.

END OF SECTION 09510

SECTION 09665


RESILIENT SHEET FLOORING
T. GENERAL – This section includes linoleum sheet, setting materials and accessories.  Linoleum sheet shall have minimum five-year written warranty covering defects in workmanship and materials, and guaranteeing that products will not require replacement due to normal wear within warranty period.  The flooring installer must be a certified installer by the flooring manufacturer.

U. PRODUCTS

A. LINOLEUM SHEET 

For proprietary or semiproprietary specification, retain paragraph above.  For descriptive specification, retain all paragraphs below; first six paragraphs are unnecessary if manufacturers' product designations are used.

A. Color:  To match existing.  

B. Description:  All-natural sheet linoleum composed of linseed oil, pine resin, ground cork and wood flour, with natural jute backing; with pattern and color extending through total thickness of material; asbestos-free.  Sheet vinyl products are not acceptable.

C. Width:  Approximately 79 inches wide rolls, lengths as required to accommodate installations with minimum seaming.  

D. Thickness:  1/10 inch minimum.

B. ACCEPTABLE  PRODUCTS AND MANUFACTURERS 

A. Marmoleum Real by Forbo Industries, Hazelton, PA., or approved equal.

B. DLW Linoleum, Colorette Avant Garde, by Gerber Ltd., Cooper-Beckman Associates, Columbia, MD, or approved equal. 

C. ACCESSORIES

A. Provide materials which are recommended by resilient sheet flooring manufacturers.  Compounds, primers and adhesives shall be low odor, solvent free or low VOC non-toxic and anti-microbial.

B. Patching compounds:  Latex types recommended by resilient flooring manufacturer.

C. Primers and adhesives: Primers as recommended by adhesive manufacturer for the substrates and for use with recommended adhesives.  Adhesives shall be waterproof, solvent free or low VOC adhesives, as recommended by resilient flooring manufacturers for each product.

D. Detergents and polish:  Products as recommended by flooring manufacturers for each product.  Provide neutral pH detergent.  Provide matte shine polish. 

PART 3 - EXECUTION 

3.1 PREPARATION

A. Remove existing flooring.  Remove ridges and bumps in substrate.

B. Clean substrate to remove deleterious substances which would impair work, including coating or curing compounds which are incompatible with setting materials.

C. Broom clean or vacuum surfaces to be covered.

D. Prime or seal substrate in accordance with flooring manufacturer’s instructions.  Use materials complying with manufacturer’s recommendations.

E. Prepare the floor in accordance with flooring manufacturer’s recommendations and requirements.

3.2 INSTALLATION

A. Install resilient sheet in accordance with manufacturer’s instructions.

B. Lay sheet flooring in Rooms 213 and 214 with no seams.  

C. Tightly cement flooring to subfloor without open cracks, voids, raising and puckering at joints, telegraphing of adhesive spreader marks.

D. Roll flooring with 100 pound roller.  Hand roll flooring at perimeter and seams to assure adhesion.  Roll in accordance with flooring manufacturer’s directions.

E. Scribe, cut and fit exposed edges of flooring where flooring adjoins other materials.  Neatly abut flooring with tight joints.  Extend flooring into closets and offsets and under movable equipment.  Extend unexposed edges of flooring under bases and similar trim work.

3.3 CLEANING AND PROTECTION

A. Immediately remove excess adhesive from surfaces.

B. Sweep or vacuum thoroughly.

C. Prohibit traffic on floor finish for a minimum of 48 hours after installation.

D. Do not wash or scrub flooring for at least five days after installation, to prevent excess moisture from interfering with adhesive bond and/or seam treatments.

E. After adhesive and/or seams have set up, clean flooring by damp-mopping with very dilute neutral detergent solution in accordance with flooring manufacturer’s instructions.

F. Protect work from damage during construction period.

G. Clean flooring at completion of project.  Apply 3 thin coats of floor polish, allowing at least 30 minutes dry time between each coat.   Follow flooring and polish manufacturer’s instructions.

END OF SECTION 09665

SECTION 09680


CARPET
V. GENERAL  

1.1 This section includes broadloom carpet for adhesive installation, installation materials and accessories.  

1.2 Provide submittal including manufacturer’s specifications, installation requirements, seam locations, 12” x 16” samples, certificates, test reports, maintenance data and warranty.

1.3
Flammability requirements

A. DOC-FF1-70 – Methenamine Pill Test: Passes.

B. ASTM-E84: 75 or less flame spread rate.

C. ASTM E662: 450 or less smoke developed.

D. ASTM-E648 – Floor Radiant Panel Test: 0.45 Watts/cm squared or greater.

1.4
Contractor Qualifications: approved by manufacturer.  The flooring installer must be a certified installer of the flooring manufacturer.  

1.5
Carpet shall be manufactured from a single dye lot.

1.6
Provide manufacturer’s ten-year written warranty for carpet materials and installation, covering defects in workmanship, materials and installation; delamination and edge ravel; and loss of more than 10 percent of carpet’s pile surface.

1.7
Deliver 5 percent extra square yardage of carpet.  

W. PRODUCTS

A. CARPET

For proprietary or semiproprietary specification, retain paragraph above.  For descriptive specification, retain all paragraphs below; first six paragraphs are unnecessary if manufacturers' product designations are used.

A. Carpet type: Broadloom.

B. Color: to match existing.

C. Acceptable manufacturer: Bentley Mills, Inc., City of Industry, CA., or approved equal.

D. Type weave: Multi-level textured cut and loop.

E. Face weight: 44 oz/sy.

F. Total weight: 84 oz/sy.

G. Gage: 1/8 inch.

H. Pile height: Cut 0.375 inch and loop 0.281 inch.

I. Primary backing: Polypropylene.

J. Secondary backing: Synthetic burlap.

K. Width: 12 feet.

L. Comply with specified flammability requirements.

B. ACCESSORIES

A. General: Provide materials which are recommended by carpet manufacturers.  Fillers, adhesives, sealers and tapes shall be low odor, solvent free or low VOC, not-toxic and anti-microbial.

B. Sub-floor filler: pre-mixed latex; type as recommended by carpet manufacturer.

C. Adhesive: Provide premium type as recommended by carpet manufacturer.  Adhesive shall be water-resistant and flame-resistant multi-purpose carpet adhesive for sealing substrate and bonding high-density foam backed carpet to concrete and other hard surface floors.

D. Seam Sealer:  Water-resistant and flame-resistant seam sealer for sealing raw edges, seaming, reinforcing seams and patching.  Provide fast drying, easy spreading sealer, latex or low-VOC solvent type as recommended by carpet manufacturer for the application, having excellent aging characteristics.

E. Plastic-coated fabric tape:  Woven fabric impregnated with plastic and coated with adhesive having high-tack adhesion forming a secure bond.  Provide water-resistant plastic-coated tape which will unwind without adhesive transfer.  Provide products as recommended by manufacturer.

F. Seaming tapes:  Hot melt, reinforced and backed tape, specifically manufactured for carpet seaming, and of type as recommended by carpet manufacturer.  Tape shall provide maximum adhesive bond, with either flat or ribbed adhesive.

G. Reducer strips:  1-3/8 inch transition reducer for adhesive set carpet.  Color to be selected from manufacturer’s full range of standard colors.

PART 3 - EXECUTION 

3.4 PREPARATION

F. Remove existing flooring.  Remove ridges and bumps in substrate.

G. Fill in low spots, cracks, joints and holes with sub-floor filler.  Provide substrate with maximum variation of ¼ inch in 10 feet.

H. Clear away debris and vacuum clean immediately before installation.  Check surfaces to ensure no “dusting” through installed carpet.

I. Prepare the floor in accordance with the flooring manufacturer’s requirements and recommendations.

3.5 INSTALLATION

F. Tolerances:

A. Bowing: ¾ inch in 12 foot width

B. Skewing: 1-1/2 inch in 12 foot width

C. Pattern repeat: 1 percent, or 1.44 inches in 12 feet, or 2.88 inches in 24 feet.

G. Install all carpet from the same dye lot.

H. Install in accordance with manufacturer’s instructions and in compliance with final submittals.  Maintain pile lay and weave in same direction shown. 

I. Run carpet and cushion tight against walls.

J. Roll carpet uniformly, removing air pockets or bubbles.

K. Extend carpet under open-bottomed obstructions and under removable flanges and furnishings, and into alcoves and closets of each space.

L. Center seams under doors.  Do not place seams in traffic direction at doorways.

M. Provide cutting of seams in accordance with manufacturer’s recommendations, using tools designed for carpet being installed.

N. Install carpet in a manner that will minimize the number of seams.

O. Apply seam sealer prior to using seaming tape.

P. Provide continuous, carefully prepared dege at cuts and raw seam edges, buttered with uniformly dense application of seam sealer that will prevent raveling of exposed yarn.

Q. Encapsulate base of face yarn, primary backing and onto secondary backing with seam sealer.

R. Hold down seam sealer from top of pile so that it is not visible at surface.

S. Press seams by hand or suitable tool to produce best possible even top pile width-to-width.  Install adjacent widths of carpet to finish at exactly same elevation.

T. Provide cutouts at penetrations and other locations where required to accommodate adjoining work, and bind cut edges properly where not concealed by protective edge guards or overlapping flanges.

U. Install carpet reducer strips at openings and doors wherever carpet terminates and where edge of carpet is exposed.

V. Lay adhesive in accordance with manufacturer’s instructions.

W. Maintain straight seams and eliminate wrinkles and bubbles.

X. Apply multi-purpose adhesive in quantity and using methods and tools recommended by carpet manufacturer.

Y. Make cuts straight, true and unfrayed, to intended seam and pattern match.

Z. Do not double cut carpet unless specifically recommended by carpet manufacturer for the type of carpet.

AA. Finish and fit seams as recommended by manufacturer.

AB. Roll out bubbles and wrinkles.

3.6 CLEANING AND PROTECTION

H. Vacuum carpet using commercial machine with face-beater element.

I. Remove spots in accordance with manufacturer’s instructions.  Replace entire area of broadloom, damaged carpet tiles, where spots cannot be removed.

J. Avoid placement of equipment and furniture, and heavy traffic, for at least 48 hours after adhesive installation.

K. Protect work from damage during construction period so that it will be without evidence of damage or wear at completion.

END OF SECTION 09680

SECTION 09900

PAINTING

PART 1 - GENERAL 

1.01 SECTION REQUIREMENTS

A. Summary:  Paint/stain exposed surfaces, unless otherwise indicated.  Finishes shall match existing finishes.

1. Paint/stain the wood doors and frames.

2. Paint the interior gypsum wallboard.

3. Do not paint glass or other prefinished surfaces.

1.02 SUBMITTALS

A. General: Submit each item in this article according to the Conditions of the Contract and Division 1 Specification Sections. 

B. Submit product data, including specifications, installation instructions, material safety data sheets and data describing VOC content.

C. Submit samples.  Provide samples on material to receive finish.  

PART 2 - PRODUCTS 

2.01 WOOD DOORS AND FRAMES – TRANSPARENT FINISH

A. First coat: 

1. Non-yellowing polyurethane transparent satin finish.

B. Second coat:

1. Same as first coat.

2.02 PAINT FOR GYPSUM WALLBOARD

A. Eggshell Latex Finish:  

1. First coat: Sherwin Williams Promar latex primer (B28W200). 

2. Second coat: Sherwin Williams Promar 200 latex Eggshell (B28W200), Color P1.

3. Third coat same as second coat.

2.03 GENERAL

A. Obtain fillers and primers for each coating system from same manufacturer as finish coats.  Provide materials that are compatible with one another and with substrates.

B. Interior paints shall be capable of withstanding washing with mild detergent solution, without loss of color, sheen or pigments.

C. Provide “best quality grade” of various types of coatings as produced by acceptable paint manufacturer’s.

PART 3 - EXECUTION 

3.01 EXAMINATION-INSTALLATION 

A. Examine substrates with Installer present for compliance with requirements for installation tolerances and other conditions affecting performance of paint. Do not proceed with installation until unsatisfactory conditions have been corrected.

1. 
Clean and prepare all surfaces in an area before beginning painting in that area.  Schedule painting so that cleaning operations will not damage newly painted surfaces.

2. Remove hardware, lighting fixtures and similar items that are not to be painted.  Mask items that cannot be removed.  Reinstall items in each area after painting is complete.

3. Touch up prime coats before applying succeeding coats.  Touch-up primers and underdercoats and remove foreign matter from surface.  Feather spot-prime or spot-coat into adjacent coating to produce a smooth and level surface.

4. Do not apply final coats until other trades, whose operations would be detrimental to finish painting, have completed their work in areas to be painted.

B. Gypsum Board: 


1.  Repair surface defects including cracks, depressions or holes with gypsum board joint finishing compound as specified in Section 09250 GYPSUM BOARD.


 2.  Fill out flush and sand smooth.

       3.  Clean surfaces of dust, dirt and other contaminants.

       4.  Allow surfaces to completely dry before applying paint.

C. Wood: 


1.  Sand wood surfaces and edges smooth and even, before finishing or painting between coats.  Remove dust after each sanding.


 2.  Countersink nails and fill nail holes, cracks, open joints and other defects with tinted putty or wood filler after primer is dry and before second coat.

3.02 APPLICATION

A. Apply coatings by brush, roller, spray or other applicator according to coating manufacturer’s written instructions.  

1. Use brushes only where the use of other applicators is not practical.

2. Use rollers for finish coat on interior surfaces.

B. Painting, General:

1. The number of coats specified are the minimum number acceptable.

2. Allow each coat to dry thoroughly before applying succeeding coats.

3. Make edges of paint adjoining other materials sharp and clean, without overlapping.

4. Make each coat of paint a slightly different shade from preceding coat.

5. Final colors shall match approved samples.

C. Pigmented (Opaque) Finishes:  Completely cover surfaces to provide a smooth opaque surface of uniform appearance.  Provide a finish free of cloudiness, spotting, holidays, laps, brush marks, runs, sags, ropiness, or other surface imperfections. 

C. Transparent (Clear) Finishes:  Use multiple coats to produce a glass-smooth surface film of even luster.  Provide a finish free of laps, runs, cloudiness, color irregularity, brush marks, orange peel, nail holes, or other surface imperfections.

D. Touch-up and restore finish where damaged.  If stain, dirt or undercoats show through final coat of paint, correct defects and cover with additional coats until coating or paint film is of uniform finish, color, appearance and coverage.  Give special attention to edges, corners, crevices, welds, exposed fasteners and similar items to be sure these areas receive dry film thickness equivalent to flat surfaces.

E. Clean off paint spots, oil and other soiling from pre-finished surfaces and surfaces with integral finish.  Use solvents which will not damage finished surface.

END OF SECTION 09900
SECTION 230500 - COMMON WORK RESULTS FOR HVAC
- GENERAL

1.1 
SUMMARY

A. 
Modify existing HVAC system to accommodate in VAV boxes, grilles, and diffusers, controls, and piping changes.  This Section includes the following:

1. 
Piping materials and installation instructions common to most piping systems.

2. 
Dielectric fittings.

3. 
Sleeves.

4. 
HVAC demolition.

5. 
Equipment installation requirements common to equipment sections.

6. 
Supports and anchorages.

1.2 
DEFINITIONS

A. 
Finished Spaces:  Spaces other than mechanical and electrical equipment rooms, furred spaces, pipe and duct chases, unheated spaces immediately below roof, spaces above ceilings, unexcavated spaces, crawlspaces, and tunnels.

B. 
Exposed, Interior Installations:  Exposed to view indoors.  Examples include finished occupied spaces and mechanical equipment rooms.

C. 
Exposed, Exterior Installations:  Exposed to view outdoors or subject to outdoor ambient temperatures and weather conditions.  Examples include rooftop locations.

D. 
Concealed, Interior Installations:  Concealed from view and protected from physical contact by building occupants.  Examples include above ceilings and chases.

E. 
Concealed, Exterior Installations:  Concealed from view and protected from weather conditions and physical contact by building occupants but subject to outdoor ambient temperatures.  Examples include installations within unheated shelters.

- PRODUCTS

1.3 
PIPE, TUBE, AND FITTINGS

A. 
Refer to Division 23 Section “232113 Hydronic Piping” for pipe, tube, and fitting materials and joining methods.

B. 
Pipe Threads:  ASME B1.20.1 for factory-threaded pipe and pipe fittings.


JOINING MATERIALS

C. 
Refer to Division 23 Section“232113 Hydronic Piping” for special joining materials not listed below.

D. 
Pipe-Flange Gasket Materials:  ASME B16.21, nonmetallic, flat, asbestos-free, 1/8-inch (3.2-mm) maximum thickness unless thickness or specific material is indicated.

E. 
Solder Filler Metals:  ASTM B 32, lead-free alloys.  Include water-flushable flux according to ASTM B 813.

F. 
Brazing Filler Metals:  AWS A5.8, BCuP Series or BAg1, unless otherwise indicated.

1.4 
DIELECTRIC FITTINGS

A. 
Description:  Combination fitting of copper alloy and ferrous materials with threaded, solder-joint, plain, or weld-neck end connections that match piping system materials.

B. 
Insulating Material:  Suitable for system fluid, pressure, and temperature.

C. 
Dielectric Unions:  Factory-fabricated, union assembly, for 250-psig (1725-kPa) minimum working pressure at 180 deg F (82 deg C).

D. 
Dielectric Flanges:  Factory-fabricated, companion-flange assembly, for 150- or 300-psig (1035- or 2070-kPa) minimum working pressure as required to suit system pressures.

E. 
Dielectric Couplings:  Galvanized-steel coupling with inert and noncorrosive, thermoplastic lining; threaded ends; and 300-psig (2070-kPa) minimum working pressure at 225 deg F (107 deg C).

F. 
Dielectric Nipples:  Electroplated steel nipple with inert and noncorrosive, thermoplastic lining; plain, threaded, or grooved ends; and 300-psig (2070-kPa) minimum working pressure at 225 deg F (107 deg C).

1.5 
SLEEVES

A. 
Galvanized-Steel Sheet:  0.0239-inch (0.6-mm) minimum thickness; round tube closed with welded longitudinal joint.

B. 
Steel Pipe:  ASTM A 53, Type E, Grade B, Schedule 40, galvanized, plain ends.

- EXECUTION

1.6 
HVAC DEMOLITION

A. 
Refer to Division 01 Section "Cutting and Patching" for general demolition requirements and procedures.

B. 
Disconnect, demolish, and remove HVAC systems, equipment, and components indicated to be removed.

1. 
Piping to Be Removed:  Remove portion of piping indicated to be removed and cap or plug remaining piping with same or compatible piping material.

2. 
Piping to Be Abandoned in Place:  Drain piping and cap or plug piping with same or compatible piping material.

3. 
Ducts to Be Removed:  Remove portion of ducts indicated to be removed and plug remaining ducts with same or compatible ductwork material.

4. 
Equipment to Be Removed:  Disconnect and cap services and remove equipment.

5. 
Equipment to Be Removed and Reinstalled:  Disconnect and cap services and remove, clean, and store equipment; when appropriate, reinstall, reconnect, and make equipment operational.

6. 
Equipment to Be Removed and Salvaged:  Disconnect and cap services and remove equipment and deliver to Owner.

C. 
If pipe, insulation, or equipment to remain is damaged in appearance or is unserviceable, remove damaged or unserviceable portions and replace with new products of equal capacity and quality.

1.7 
PIPING SYSTEMS - COMMON REQUIREMENTS

A. 
Install piping according to the following requirements and Division 23 Sections specifying piping systems.

B. 
Drawing plans, schematics, and diagrams indicate general location and arrangement of piping systems.  Indicated locations and arrangements were used to size pipe and calculate friction loss, expansion, pump sizing, and other design considerations.  Install piping as indicated unless deviations to layout are approved on Coordination Drawings.

C. 
Install piping in concealed locations, unless otherwise indicated and except in equipment rooms and service areas.

D. 
Install piping indicated to be exposed and piping in equipment rooms and service areas at right angles or parallel to building walls.  Diagonal runs are prohibited unless specifically indicated otherwise.

E. 
Install piping above accessible ceilings to allow sufficient space for ceiling panel removal.

F. 
Install piping to permit valve servicing.

G. 
Install piping at indicated slopes.

H. 
Install piping free of sags and bends.

I. 
Install fittings for changes in direction and branch connections.

J. 
Install piping to allow application of insulation.

K. 
Select system components with pressure rating equal to or greater than system operating pressure.

L. 
Install sleeves for pipes passing through concrete and masonry walls, gypsum-board partitions, and concrete floor and roof slabs.

M. 
Verify final equipment locations for roughing-in.

N. 
Refer to equipment specifications in other Sections of these Specifications for roughing-in requirements.

1.8 
PIPING JOINT CONSTRUCTION

A. 
Join pipe and fittings according to the following requirements and Division 23 Sections specifying piping systems.

B. 
Ream ends of pipes and tubes and remove burrs.  Bevel plain ends of steel pipe.

C. 
Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before assembly.

D. 
Soldered Joints:  Apply ASTM B 813, water-flushable flux, unless otherwise indicated, to tube end.  Construct joints according to ASTM B 828 or CDA's "Copper Tube Handbook," using lead-free solder alloy complying with ASTM B 32.

E. 
Brazed Joints:  Construct joints according to AWS's "Brazing Handbook," "Pipe and Tube" Chapter, using copper-phosphorus brazing filler metal complying with AWS A5.8.

F. 
Threaded Joints:  Thread pipe with tapered pipe threads according to ASME B1.20.1.  Cut threads full and clean using sharp dies.  Ream threaded pipe ends to remove burrs and restore full ID.  Join pipe fittings and valves as follows:

1. 
Apply appropriate tape or thread compound to external pipe threads unless dry seal threading is specified.

2. 
Damaged Threads:  Do not use pipe or pipe fittings with threads that are corroded or damaged.  Do not use pipe sections that have cracked or open welds.

G. 
Flanged Joints:  Select appropriate gasket material, size, type, and thickness for service application.  Install gasket concentrically positioned.  Use suitable lubricants on bolt threads.

1.9 
PIPING CONNECTIONS

A. 
Make connections according to the following, unless otherwise indicated:

1. 
Install unions, in piping NPS 2 (DN 50) and smaller, adjacent to each valve and at final connection to each piece of equipment.

2. 
Install flanges, in piping NPS 2-1/2 (DN 65) and larger, adjacent to flanged valves and at final connection to each piece of equipment.

3. 
Wet Piping Systems:  Install dielectric coupling and nipple fittings to connect piping materials of dissimilar metals.


EQUIPMENT INSTALLATION - COMMON REQUIREMENTS

B. 
Install equipment to allow maximum possible headroom unless specific mounting heights are not indicated.

C. 
Install equipment level and plumb, parallel and perpendicular to other building systems and components in exposed interior spaces, unless otherwise indicated.

D. 
Install HVAC equipment to facilitate service, maintenance, and repair or replacement of components.  Connect equipment for ease of disconnecting, with minimum interference to other installations.  Extend grease fittings to accessible locations.

1.10 
ERECTION OF METAL SUPPORTS AND ANCHORAGES

A. 
Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and elevation to support and anchor HVAC materials and equipment.

B. 
Field Welding:  Comply with AWS D1.1.

1.11 
ERECTION OF WOOD SUPPORTS AND ANCHORAGES

A. 
Cut, fit, and place wood grounds, nailers, blocking, and anchorages to support, and anchor HVAC materials and equipment.

B. 
Select fastener sizes that will not penetrate members if opposite side will be exposed to view or will receive finish materials.  Tighten connections between members.  Install fasteners without splitting wood members.

C. 
Attach to substrates as required to support applied loads.

END OF SECTION 230500

SECTION 230523 - GENERAL-DUTY VALVES FOR HVAC PIPING
 - GENERAL

1.12 
SUMMARY

A. 
This Section includes the following general-duty valves:

1. 
Copper-alloy ball valves.

2. 
Ferrous-alloy butterfly valves.

3. 
Cast-iron gate valves.

B. 
See Division 23 Section "Instrumentation and Control for HVAC" for control valves and actuators.

C. 
See Division 23 piping Section “232113 Hydronic Piping” for specialty valves applicable to those Sections only.

1.13 
SUBMITTALS

A. 
Product Data:  For each type of valve indicated.  Include body, seating, and trim materials; valve design; pressure and temperature classifications; end connections; arrangement; dimensions; and required clearances.  Include list indicating valve and its application.  Include rated capacities; furnished specialties; and accessories.

1.14 
QUALITY ASSURANCE

A. 
ASME Compliance:  ASME B31.9 for building services piping valves.

B. 
ASME Compliance for Ferrous Valves:  ASME B16.10 and ASME B16.34 for dimension and design criteria.

C. 
NSF Compliance:  NSF 61 for valve materials for potable-water service.

 - PRODUCTS

1.15 
MANUFACTURERS

A. 
In other Part 2 articles where subparagraph titles below introduce lists, the following requirements apply for product selection:

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 manufacturers specified.

1.16 
VALVES, GENERAL

A. 
Refer to Part 3 "Valve Applications" Article for applications of valves.

B. 
Bronze Valves, NPS 2 (DN 50) and Smaller:  Threaded ends, unless otherwise indicated.

C. 
Ferrous Valves, NPS 2-1/2 (DN 65) and Larger:  Flanged ends, unless otherwise indicated.

D. 
Valve Pressure and Temperature Ratings:  Not less than indicated and as required for system pressures and temperatures.

E. 
Valve Sizes:  Same as upstream pipe, unless otherwise indicated.

F. 
Valve Actuators:
1. 
Handwheel:  For valves other than quarter-turn types.

2. 
Lever Handle:  For quarter-turn valves NPS 6 (DN 150) and smaller, except plug valves.

G. 
Extended Valve Stems:  On insulated valves.

H. 
Valve Flanges:  ASME B16.1 for cast-iron valves, ASME B16.5 for steel valves, and ASME B16.24 for bronze valves.

I. 
Threaded:  With threads according to ASME B1.20.1.

J. 
Valve Bypass and Drain Connections:  MSS SP-45.

1.17 
COPPER-ALLOY BALL VALVES

A. 
Available Manufacturers:
1. 
Two-Piece, Copper-Alloy Ball Valves:

a. 
Crane Co.; Crane Valve Group; Crane Valves.

b. 
Grinnell Corporation.

c. 
Hammond Valve.

d. 
Milwaukee Valve Company.

e. 
Nexus Valve Specialties.

f. 
NIBCO INC.

g. 
Watts Industries, Inc.; Water Products Div.

B. 
Copper-Alloy Ball Valves, General:  MSS SP-110.

C. 
Two-Piece, Copper-Alloy Ball Valves:  Brass or bronze body with full-port, chrome-plated bronze ball; PTFE or TFE seats; and 600-psig (4140-kPa) minimum CWP rating and blowout-proof stem.


FERROUS-ALLOY BUTTERFLY VALVES

D. 
Available Manufacturers:
1. 
Single-Flange, Ferrous-Alloy Butterfly Valves:

a. 
Crane Co.; Crane Valve Group; Center Line.

b. 
Grinnell Corporation.

c. 
Milwaukee Valve Company.

d. 
NIBCO INC.

E. 
Ferrous-Alloy Butterfly Valves, General:  MSS SP-67, Type I, for tight shutoff, with disc and lining suitable for potable water, unless otherwise indicated.

F. 
Single-Flange, 150-psig (1035-kPa) CWP Rating, Ferrous-Alloy Butterfly Valves:  Wafer-lug type with one- or two-piece stem.

1.18 
BRONZE GATE VALVES

A. 
Available Manufacturers:
1. 
Type 2, Bronze, Rising-Stem, Solid-Wedge Gate Valves:

a. 
Crane Co.; Crane Valve Group; Crane Valves.

b. 
Grinnell Corporation.

c. 
Milwaukee Valve Company.

d. 
NIBCO INC.

B. 
Bronze Gate Valves, General:  MSS SP-80, with ferrous-alloy handwheel.

C. 
Type 2, Class 150, Bronze Gate Valves:  Bronze body with rising stem and bronze solid wedge and union-ring bonnet.

1.19 
CAST-IRON GATE VALVES

A. 
Available Manufacturers:
1. 
Type I, Cast-Iron, Nonrising-Stem Gate Valves:

a. 
Crane Co.; Crane Valve Group; Crane Valves.

b. 
Grinnell Corporation.

c. 
Milwaukee Valve Company.

d. 
NIBCO INC.

e. 
Watts Industries, Inc.; Water Products Div.

B. 
Cast-Iron Gate Valves, General:  MSS SP-70, Type I.

C. 
Class 125, NRS, Bronze-Mounted, Cast-Iron Gate Valves:  Cast-iron body with bronze trim, nonrising stem, and solid-wedge disc.

- EXECUTION

1.20 
VALVE APPLICATIONS

A. 
Refer to piping Sections for specific valve applications.  If valve applications are not indicated, use the following:

1. 
Shutoff Service:  Ball, butterfly, or gate valves.

2. 
Throttling Service:  Angle, ball, or butterfly valves.

B. 
If valves with specified SWP classes or CWP ratings are not available, the same types of valves with higher SWP class or CWP ratings may be substituted.

C. 
Chilled-Water Piping:  Use the following types of valves:

1. 
Ball Valves, NPS 2 (DN 50) and Smaller:  Two-piece, 600-psig (4140-kPa) CWP rating, copper alloy.

2. 
Butterfly Valves, NPS 2-1/2 (DN 65) and Larger:  Single-flange, 150-psig (1035-kPa) CWP rating, ferrous alloy, with EPDM liner.

3. 
Gate Valves, NPS 2 (DN 50) and Smaller:  Type 2, Class 150, bronze.

4. 
Gate Valves, NPS 2-1/2 (DN 65) and Larger:  Type I, Class 125, NRS, bronze-mounted cast iron.

D. 
Heating Water Piping:  Use the following types of valves:

1. 
Ball Valves, NPS 2 (DN 50) and Smaller:  Two-piece, 600-psig (4140-kPa) CWP rating, copper alloy.

2. 
Butterfly Valves, NPS 2-1/2 (DN 65) and Larger:  Single-flange, 150-psig (1035-kPa) CWP rating, ferrous alloy, with EPDM liner.

3. 
Gate Valves, NPS 2 (DN 50) and Smaller:  Type  2, Class  150, bronze.

4. 
Gate Valves, NPS 2-1/2 (DN 65) and Larger:  Type I, Class  125, NRS, bronze-mounted cast iron.

E. 
Select valves, except wafer and flangeless types, with the following end connections:

1. 
For Copper Tubing, NPS 2 (DN 50) and Smaller:  Solder-joint or threaded ends, except provide valves with threaded ends for heating hot water, steam, and steam condensate services.

2. 
For Copper Tubing, NPS 2-1/2 to NPS 4 (DN 65 to DN 100):  Flanged ends.

3. 
For Copper Tubing, NPS 5 (DN 125) and Larger:  Flanged ends.

4. 
For Steel Piping, NPS 2 (DN 50) and Smaller:  Threaded ends.

5. 
For Steel Piping, NPS 2-1/2 to NPS 4 (DN 65 to DN 100):  Flanged ends.

6. 
For Steel Piping, NPS 5 (DN 125) and Larger:  Flanged ends.


VALVE INSTALLATION

F. 
Piping installation requirements are specified in other Division 23 Sections.  Drawings indicate general arrangement of piping, fittings, and specialties.

G. 
Install valves with unions or flanges at each piece of equipment arranged to allow service, maintenance, and equipment removal without system shutdown.

H. 
Locate valves for easy access and provide separate support where necessary.

I. 
Install valves in horizontal piping with stem at or above center of pipe.

J. 
Install valves in position to allow full stem movement.

K. 
Install check valves for proper direction of flow and as follows:

1. 
Swing Check Valves:  In horizontal position with hinge pin level.

1.21 
JOINT CONSTRUCTION

A. 
Soldered Joints:  Use ASTM B 813, water-flushable, lead-free flux; ASTM B 32, lead-free-alloy solder; and ASTM B 828 procedure, unless otherwise indicated.

1.22 
ADJUSTING

A. 
Adjust or replace valve packing after piping systems have been tested and put into service but before final adjusting and balancing.  Replace valves if persistent leaking occurs.

END OF SECTION 230523

SECTION 230553 - IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT
- GENERAL

1.23 
SUMMARY

A. 
Section Includes:
1. 
Equipment labels.

2. 
Pipe labels.

1.24 
SUBMITTAL

A. 
Product Data:  For each type of product indicated.

 - PRODUCTS

1.25 
EQUIPMENT LABELS

A. 
Plastic Labels for Equipment:
1. 
Material and Thickness:  Multilayer, multicolor, plastic labels for mechanical engraving, 1/8 inch (3.2 mm) thick, and having predrilled holes for attachment hardware.

2. 
Letter Color:  Black.

3. 
Background Color:  White.

4. 
Maximum Temperature:  Able to withstand temperatures up to 160 deg F (71 deg C).

5. 
Minimum Label Size:  Length and width vary for required label content, but not less than 2-1/2 by 3/4 inch (64 by 19 mm).

6. 
Minimum Letter Size:  1/4 inch (6.4 mm) for name of units if viewing distance is less than 24 inches (600 mm), 1/2 inch (13 mm) for viewing distances up to 72 inches (1830 mm), and proportionately larger lettering for greater viewing distances.  Include secondary lettering two-thirds to three-fourths the size of principal lettering.

7. 
Fasteners:  Stainless-steel rivets or self-tapping screws.

8. 
Adhesive:  Contact-type permanent adhesive, compatible with label and with substrate.

B. 
Label Content:  Include equipment's Drawing designation or unique equipment number, Drawing numbers where equipment is indicated (plans, details, and schedules).

1.26 
PIPE LABELS

A. 
General Requirements for Manufactured Pipe Labels:  Preprinted, color-coded, with lettering indicating service, and showing flow direction.

B. 
Pretensioned Pipe Labels:  Precoiled, semirigid plastic formed to partially cover circumference of pipe and to attach to pipe without fasteners or adhesive.

C. 
Pipe Label Contents:  Include identification of piping service using same designations or abbreviations as used on Drawings, pipe size, and an arrow indicating flow direction.

1. 
Flow-Direction Arrows:  Integral with piping system service lettering to accommodate both directions, or as separate unit on each pipe label to indicate flow direction.

2. 
Lettering Size:  At least 1-1/2 inches (38 mm) high.

- EXECUTION

1.27 
PREPARATION

A. 
Clean piping and equipment surfaces of substances that could impair bond of identification devices, including dirt, oil, grease, release agents, and incompatible primers, paints, and encapsulants.

1.28 
EQUIPMENT LABEL INSTALLATION

A. 
Install or permanently fasten labels on each major item of mechanical equipment.

B. 
Locate equipment labels where accessible and visible.

1.29 
PIPE LABEL INSTALLATION

A. 
Locate pipe labels where piping is exposed or above ceilings in finished spaces; machine rooms; accessible maintenance spaces such as shafts, tunnels, and plenums; and exterior exposed locations as follows:

1. 
Near each valve and control device.

2. 
Near each branch connection, excluding short takeoffs for fixtures and terminal units.  Where flow pattern is not obvious, mark each pipe at branch.

3. 
Near penetrations through walls, floors, ceilings, and inaccessible enclosures.

4. 
At access doors, manholes, and similar access points that permit view of concealed piping.

5. 
Near major equipment items and other points of origination and termination.

6. 
Spaced at maximum intervals of 50 feet (15 m) along each run.  Reduce intervals to 25 feet (7.6 m) in areas of congested piping and equipment.

7. 
On piping above removable acoustical ceilings.  Omit intermediately spaced labels.

B. 
Pipe Label Color Schedule:
1. 
Heating Water Piping:

a. 
Background Color:  Yellow.

b. 
Letter Color:  Black.

END OF SECTION 230553

SECTION 230593 - TESTING, ADJUSTING, AND BALANCING FOR HVAC
- GENERAL

1.30 
SUMMARY

A. 
Work shall include testing and balancing of existing systems and modifications.  The test and balance contractor shall coordinate with the controls contractor in commissioning of control systems and building systems.  Work shall include existing AHU, VAV boxes, maximum and minimum setting, OA damper setting, traverse of supply, return and outside air flows and hot and chilled water systems flows.

B. 
This Section includes TAB to produce design objectives for the following:

1. 
Air Systems:

a. 
Constant-volume air systems.

b. 
Variable-air-volume systems.

2. 
Hydronic Piping Systems:

a. 
Variable-flow systems.

3. 
HVAC equipment quantitative-performance settings.

4. 
Existing systems TAB.

5. 
Verifying that automatic control devices are functioning properly.

6. 
Reporting results of activities and procedures specified in this Section.

1.31 
SUBMITTALS

A. 
Strategies and Procedures Plan:  Within 60 days from Contractor's Notice to Proceed, submit 4 copies of TAB strategies and step-by-step procedures as specified in Part 3 "Preparation" Article.  Include a complete set of report forms intended for use on this Project.

B. 
Certified TAB Reports:  Submit two copies of reports prepared, as specified in this Section, on approved forms certified by TAB firm.

C. 
Warranties specified in this Section.
1.32 
QUALITY ASSURANCE

A. 
TAB Firm Qualifications:  Engage a TAB firm certified by either AABC or NEBB.

B. 
Certification of TAB Reports:  Certify TAB field data reports.  This certification includes the following:

1. 
Review field data reports to validate accuracy of data and to prepare certified TAB reports.

2. 
Certify that TAB team complied with approved TAB plan and the procedures specified and referenced in this Specification.

C. 
TAB Report Forms:  Use standard forms from TAB firm's forms approved by Architect/Engineer.  TAB Report Form shall be edited to indicated information to be submitted for this project.

1.33 
PROJECT CONDITIONS

A. 
Full Owner Occupancy:  Owner will occupy the site and existing building during entire TAB period.  Cooperate with Owner during TAB operations to minimize conflicts with Owner's operations.

1.34 
COORDINATION

A. 
Coordinate the efforts, HVAC controls installers, and building maintenance mechanics to operate HVAC systems and equipment to support and assist TAB activities.

1.35 
WARRANTY

A. 
National Project Performance Guarantee:  Provide a guarantee on AABC's "National Standards for Testing and Balancing Heating, Ventilating, and Air Conditioning Systems" forms stating that AABC will assist in completing requirements of the Contract Documents if TAB firm fails to comply with the Contract Documents.  Guarantee includes the following provisions:

B. 
Special Guarantee:  Provide a guarantee on NEBB forms stating that NEBB will assist in completing requirements of the Contract Documents if TAB firm fails to comply with the Contract Documents.  Guarantee shall include the following provisions:

1. 
The certified TAB firm has tested and balanced systems according to the Contract Documents.

2. 
Systems are balanced to optimum performance capabilities within design and installation limits.

 - PRODUCTS (Not Applicable)

 - EXECUTION

1.36 
EXAMINATION

A. 
Examine the Contract Documents to become familiar with Project requirements and to discover conditions in systems' designs that may preclude proper TAB of systems and equipment.

1. 
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 system and equipment installations to verify that they are complete and that testing, cleaning, adjusting, and commissioning specified in individual Sections have been performed.

D. 
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 that their locations are accessible and appropriate for effective balancing and for efficient system and equipment operation.

E. 
Examine systems for functional deficiencies that cannot be corrected by adjusting and balancing.

F. 
Examine HVAC equipment to ensure that clean filters have been installed, bearings are greased, belts are aligned and tight, and equipment with functioning controls is ready for operation.

G. 
Examine terminal units, such as variable-air-volume boxes, to verify that they are accessible and their controls are connected and functioning.

H. 
Examine strainers for clean screens and proper perforations.

I. 
Examine automatic temperature system components to verify the following:

1. 
Dampers, valves, and other controlled devices are operated 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 two-way valves and three-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 indicated values.

9. 
Interlocked systems are operating.

10. 
Changeover from heating to cooling mode occurs according to indicated values.

J. 
Report deficiencies discovered before and during performance of TAB procedures.  Observe and record system reactions to changes in conditions.  Record default set points if different from indicated values.


PREPARATION

K. 
Prepare a TAB plan that includes strategies and step-by-step procedures.

L. 
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 dampers are open.

6. 
Isolating and balancing valves are open and control valves are operational.

7. 
Windows and doors can be closed so indicated conditions for system operations can be met.

1.37 
GENERAL PROCEDURES FOR TESTING AND BALANCING

A. 
Perform testing and balancing procedures on each system according to the procedures contained in AABC's "National Standards for Testing and Balancing Heating, Ventilating, and Air Conditioning Systems" or NEBB's "Procedural Standards for Testing, Adjusting, and Balancing of Environmental Systems" and this Section.

B. 
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 insulation Specifications for this Project.

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

1.38 
GENERAL PROCEDURES FOR BALANCING AIR SYSTEMS

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. 
Determine the best locations in main and branch ducts for accurate duct airflow measurements.

D. 
Check dampers for proper position to achieve desired airflow path.

E. 
Check for airflow blockages.
1.39 
PROCEDURES FOR CONSTANT-VOLUME AIR SYSTEMS

A. 
Adjust fans to deliver total indicated airflows within the maximum allowable fan speed listed by 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 component that makes up an air-handling unit, rooftop unit, and other air-handling and -treating equipment.

3. 
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.

4. 
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 that no overload will occur.  Measure amperage in full cooling, full heating, economizer, and any other operating modes to determine the maximum required brake horsepower.

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

C. 
Measure terminal outlets and inlets without making adjustments.

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

D. 
Adjust terminal outlets and inlets for each space to indicated airflows within specified tolerances of indicated values.  Make adjustments using volume dampers rather than extractors and the dampers at air terminals.

1. 
Adjust each outlet in same room or space to within specified tolerances of indicated quantities without generating noise levels above the limitations prescribed by the Contract Documents.

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

1.40 
PROCEDURES FOR VARIABLE-AIR-VOLUME SYSTEMS

A. 
Compensating for Diversity:  When the total airflow of all terminal units is more than the indicated airflow of the fan, place a selected number of terminal units at a maximum set-point airflow condition until the total airflow of the terminal units equals the indicated airflow of the fan.  Select the reduced airflow terminal units so they are distributed evenly among the branch ducts.

B. 
Pressure-Independent, Variable-Air-Volume Systems:  After the fan systems have been adjusted, adjust the variable-air-volume systems as follows:

1. 
Set outside-air dampers at minimum, and return- and exhaust-air dampers at a position that simulates full-cooling load.

2. 
Select the terminal unit that is most critical to the supply-fan airflow and static pressure.  Measure static pressure.  Adjust system static pressure so the entering static pressure for the critical terminal unit is not less than the sum of terminal-unit manufacturer's recommended minimum inlet static pressure plus the static pressure needed to overcome terminal-unit discharge system losses.

3. 
Measure total system airflow.  Adjust to within indicated airflow.

4. 
Set terminal units at maximum airflow and adjust controller or regulator to deliver the designed maximum airflow.  Use terminal-unit manufacturer's written instructions to make this adjustment.  When total airflow is correct, balance the air outlets downstream from terminal units as described for constant-volume air systems.

5. 
Set terminal units at minimum airflow and adjust controller or regulator to deliver the designed minimum airflow.  Check air outlets for a proportional reduction in airflow as described for constant-volume air systems.

a. 
If air outlets are out of balance at minimum airflow, report the condition but leave outlets balanced for maximum airflow.

6. 
Remeasure the return airflow to the fan while operating at maximum return airflow and minimum outside airflow.  Adjust the fan and balance the return-air ducts and inlets as described for constant-volume air systems.

7. 
Measure static pressure at the most critical terminal unit and adjust the static-pressure controller at the main supply-air sensing station to ensure that adequate static pressure is maintained at the most critical unit.

8. 
Record the final fan performance data.

1.41 
GENERAL PROCEDURES FOR HYDRONIC SYSTEMS

A. 
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 flow-control valves for specified sequence of operation and set at indicated flow.

3. 
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.

4. 
Check air vents for a forceful liquid flow exiting from vents when manually operated.

1.42 
PROCEDURES FOR HYDRONIC SYSTEMS

A. 
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.

B. 
Measure flow at main balancing station and set main balancing device to achieve flow.

C. 
Adjust balancing stations to within specified tolerances of indicated flow rate as follows:

1. 
Determine the balancing station with the highest percentage over indicated flow.

2. 
Adjust each station in turn, beginning with the station with the highest percentage over indicated flow and proceeding to the station with the lowest percentage over indicated flow.

3. 
Record settings and mark balancing devices.

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

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

1.43 
PROCEDURES FOR VARIABLE-FLOW HYDRONIC SYSTEMS

A. 
Balance systems with automatic two- and three-way control valves by setting systems at maximum flow through heat-exchange terminals and proceed as specified above for hydronic systems.

1.44 
PROCEDURES FOR 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.

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.

1.45 
PROCEDURES FOR TESTING, ADJUSTING, AND BALANCING EXISTING SYSTEMS

A. 
Perform a preconstruction inspection of existing equipment that is to remain and be reused.

1. 
Measure and record the operating speed, airflow, and static pressure of each fan.

2. 
Measure motor voltage and amperage.  Compare the values to motor nameplate information.

3. 
Check the condition of filters.

4. 
Check the condition of coils.

5. 
Check the operation of the drain pan and condensate drain trap.

6. 
Check bearings and other lubricated parts for proper lubrication.

7. 
Report on the operating condition of the equipment and the results of the measurements taken.  Report deficiencies.

B. 
Before performing testing and balancing of existing systems, inspect existing equipment that is to remain and be reused to verify that existing equipment has been cleaned.

1. 
New filters are installed.

2. 
Coils are clean and fins combed.

3. 
Drain pans are clean.

4. 
Fans are clean.

5. 
Bearings and other parts are properly lubricated.

6. 
Deficiencies noted in the preconstruction report are corrected.

C. 
Perform testing and balancing of existing systems to the extent that existing systems are affected by the renovation work.

1. 
Compare the indicated airflow of the renovated work to the measured fan airflows and determine the new fan, speed, filter, and coil face velocity.

2. 
Verify that the indicated airflows of the renovated work result in filter and coil face velocities and fan speeds that are within the acceptable limits defined by equipment manufacturer.

3. 
Air balance each air outlet.

1.46 
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. 
Check the operation of limiting controllers (i.e., high- and low-temperature controllers).

E. 
Check free travel and proper operation of control devices such as damper and valve operators.

F. 
Check the 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. 
Check the interaction of interlock and lockout systems.
H. 
Note operation of electric actuators using spring return for proper fail-safe operations.

1.47 
TOLERANCES

A. 
Set HVAC system airflow and water flow rates within AABC or NEBB standards:

1.48 
FINAL REPORT

A. 
General:  Typewritten, or computer printout in letter-quality font, on standard bond paper, in three-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 instruments used for procedures, along with proof of calibration.

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

1. 
Title page.

2. 
Name and address of TAB firm.

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 TAB firm who certifies the report.

10. 
Table of Contents with the total number of pages defined for each section of the report.  Number each page in the report.

11. 
Summary of contents including the following:

a. 
Indicated versus final performance.

b. 
Notable characteristics of systems.

c. 
Description of system operation sequence if it varies from the Contract Documents.

12. 
Nomenclature sheets for each item of equipment.

13. 
Data for terminal units, including manufacturer, type size, and fittings.

14. 
Notes to explain why certain final data in the body of reports varies from indicated values.

15. 
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. 
Fan drive settings including settings and percentage of maximum pitch diameter.

e. 
Settings for supply-air, static-pressure controller.

f. 
Other system operating conditions that affect performance.

D. 
System Diagrams:  Include schematic layouts of air and hydronic distribution systems.  Present each system with single-line diagram and include the following:

1. 
Quantities of outside, supply, return, and exhaust airflows.

2. 
Water flow rates.

3. 
Duct, outlet, and inlet sizes.

4. 
Pipe and valve sizes and locations.

5. 
Terminal units.

6. 
Balancing stations.

7. 
Position of balancing devices.

1.49 
ADDITIONAL TESTS

A. 
Within 90 days of completing TAB, perform additional testing and balancing to verify that balanced conditions are being maintained throughout and to correct unusual conditions.

END OF SECTION 230593

SECTION 230700 - HVAC INSULATION
- GENERAL

1.50 
SUMMARY

A. 
Section Includes:
1. 
Insulation Materials:

a. 
Flexible elastomeric.

b. 
Mineral fiber.

c. 
Polyolefin.

2. 
Fire-rated insulation systems.

3. 
Insulating cements.

4. 
Adhesives.

5. 
Mastics.

6. 
Sealants.

7. 
Factory-applied jackets.

8. 
Field-applied jackets.

9. 
Tapes.

10. 
Securements.

B. 
Related Sections:
1. 
Section 233113 "Metal Ducts” for duct liners.

1.51 
SUBMITTALS

A. 
Product Data:  For each type of product indicated.

B. 
Shop Drawings:
1. 
Detail application of protective shields, saddles, and inserts at hangers for each type of insulation and hanger.

2. 
Detail insulation application at elbows, fittings, flanges, valves, and specialties for each type of insulation.

3. 
Detail application of field-applied jackets.

4. 
Detail application at linkages of control devices.

C. 
Field quality-control reports.

QUALITY ASSURANCE

D. 
Fire-Test-Response Characteristics:  Insulation and related materials shall have fire-test-response characteristics indicated, as determined by testing identical products per ASTM E 84, by a testing and inspecting agency acceptable to authorities having jurisdiction.  Factory label insulation and jacket materials and adhesive, mastic, tapes, and cement material containers, with appropriate markings of applicable testing and inspecting agency.

1. 
Insulation Installed Indoors:  Flame-spread index of 25 or less, and smoke-developed index of 50 or less.

2. 
Insulation Installed Outdoors:  Flame-spread index of 75 or less, and smoke-developed index of 150 or less.

 - PRODUCTS

1.52 
INSULATION MATERIALS

A. 
Comply with requirements in Part 3 schedule articles for where insulating materials shall be applied.

B. 
Products shall not contain asbestos, lead, mercury, or mercury compounds.

C. 
Products that come in contact with stainless steel shall have a leachable chloride content of less than 50 ppm when tested according to ASTM C 871.

D. 
Insulation materials for use on austenitic stainless steel shall be qualified as acceptable according to ASTM C 795.

E. 
Foam insulation materials shall not use CFC or HCFC blowing agents in the manufacturing process.

F. 
Flexible Elastomeric:  Closed-cell, sponge- or expanded-rubber materials.  Comply with ASTM C 534, Type I for tubular materials and Type II for sheet materials.

1. 
Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:

a. 
Aeroflex USA Inc.; Aerocel.

b. 
Armacell LLC; AP Armaflex.

c. 
RBX Corporation; Insul-Sheet 1800 and Insul-Tube 180.

G. 
Mineral-Fiber Blanket Insulation:  Mineral or glass fibers bonded with a thermosetting resin.  Comply with ASTM C 553, Type II and ASTM C 1290, Type III with factory-applied FSK jacket.  Factory-applied jacket requirements are specified in "Factory-Applied Jackets" Article.

1. 
Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:

a. 
CertainTeed Corp.; Duct Wrap.

b. 
Johns Manville; Microlite.

c. 
Knauf Insulation; Duct Wrap.

H. 
Mineral-Fiber Board Insulation:  Mineral or glass fibers bonded with a thermosetting resin.  Comply with ASTM C 612, Type IA or Type IB.  For duct and plenum applications, provide insulation with factory-applied FSK jacket.  Factory-applied jacket requirements are specified in "Factory-Applied Jackets" Article.

1. 
Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:

a. 
CertainTeed Corp.; Commercial Board.

b. 
Fibrex Insulations Inc.; FBX.

c. 
Johns Manville; 800 Series Spin-Glas.

I. 
Mineral-Fiber, Preformed Pipe Insulation, Hot Water Piping:
1. 
Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:

a. 
Fibrex Insulations Inc.; Coreplus 1200.

b. 
Johns Manville; Micro-Lok.

c. 
Knauf Insulation; 1000 Pipe Insulation.

2. 
Type I, 850 deg F (454 deg C) Materials:  Mineral or glass fibers bonded with a thermosetting resin.  Comply with ASTM C 547, Type I, Grade A, with factory-applied ASJ.  Factory-applied jacket requirements are specified in "Factory-Applied Jackets" Article.

J. 
Polyolefin:  Unicellular, polyethylene thermal plastic insulation.  Comply with ASTM C 534 or ASTM C 1427, Type I, Grade 1 for tubular materials and Type II, Grade 1 for sheet materials.

1. 
Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:

a. 
Armacell LLC; Tubolit.

b. 
Nomaco Inc.; IMCOLOCK, IMCOSHEET, NOMALOCK, and NOMAPLY.

c. 
RBX Corporation; Therma-cell.

1.53 
INSULATING CEMENTS

A. 
Mineral-Fiber, Hydraulic-Setting Insulating and Finishing Cement:  Comply with ASTM C 449/C 449M.

1. 
Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:

a. 
Insulco, Division of MFS, Inc.; SmoothKote.

b. 
P. K. Insulation Mfg. Co., Inc.; PK No. 127, and Quik-Cote.

c. 
Rock Wool Manufacturing Company; Delta One Shot.

1.54 
ADHESIVES

A. 
Materials shall be compatible with insulation materials, jackets, and substrates and for bonding insulation to itself and to surfaces to be insulated, unless otherwise indicated.

B. 
Flexible Elastomeric and Polyolefin Adhesive:  Comply with MIL-A-24179A, Type II, Class I.

C. 
Mineral-Fiber Adhesive:  Comply with MIL-A-3316C, Class 2, Grade A.

1. 
Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:

D. 
ASJ Adhesive, and FSK and PVDC Jacket Adhesive:  Comply with MIL-A-3316C, Class 2, Grade A for bonding insulation jacket lap seams and joints.

1. 
Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:

1.55 
MASTICS

A. 
Materials shall be compatible with insulation materials, jackets, and substrates; comply with MIL-C-19565C, Type II.

B. 
Vapor-Barrier Mastic:  Water based; suitable for indoor and outdoor use on below ambient services.

1. 
Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:

2. 
Water-Vapor Permeance:  ASTM E 96, Procedure B, 0.013 perm (0.009 metric perm) at 43-mil (1.09-mm) dry film thickness.

3. 
Service Temperature Range:  Minus 20 to plus 180 deg F (Minus 29 to plus 82 deg C).

4. 
Solids Content:  ASTM D 1644, 59 percent by volume and 71 percent by weight.

5. 
Color:  White.

C. 
Breather Mastic:  Water based; suitable for indoor and outdoor use on above ambient services.

1. 
Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:

2. 
Water-Vapor Permeance:  ASTM F 1249, 3 perms (2 metric perms) at 0.0625-inch (1.6-mm) dry film thickness.

3. 
Service Temperature Range:  Minus 20 to plus 200 deg F (Minus 29 to plus 93 deg C).

4. 
Solids Content:  63 percent by volume and 73 percent by weight.

5. 
Color:  White.

1.56 
SEALANTS

A. 
Joint Sealants:
1. 
Joint Sealants for Cellular-Glass Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:

a. 
Childers Products, Division of ITW; CP-76.

b. 
Foster Products Corporation, H. B. Fuller Company; 30-45.

c. 
Marathon Industries, Inc.; 405.

2. 
Joint Sealants for Polystyrene Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:

a. 
Childers Products, Division of ITW; CP-70.

b. 
Foster Products Corporation, H. B. Fuller Company; 30-45/30-46.

c. 
Marathon Industries, Inc.; 405.

3. 
Materials shall be compatible with insulation materials, jackets, and substrates.

4. 
Permanently flexible, elastomeric sealant.

5. 
Service Temperature Range:  Minus 100 to plus 300 deg F (Minus 73 to plus 149 deg C).

6. 
Color:  White or gray.

B. 
FSK and Metal Jacket Flashing Sealants:
1. 
Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:

a. 
Childers Products, Division of ITW; CP-76-8.

b. 
Foster Products Corporation, H. B. Fuller Company; 95-44.

c. 
Marathon Industries, Inc.; 405.

2. 
Materials shall be compatible with insulation materials, jackets, and substrates.

3. 
Fire- and water-resistant, flexible, elastomeric sealant.

4. 
Service Temperature Range:  Minus 40 to plus 250 deg F (Minus 40 to plus 121 deg C).

5. 
Color:  Aluminum.

1.57 
FACTORY-APPLIED JACKETS

A. 
Insulation system schedules indicate factory-applied jackets on various applications.  When factory-applied jackets are indicated, comply with the following:

1. 
ASJ:  White, kraft-paper, fiberglass-reinforced scrim with aluminum-foil backing; complying with ASTM C 1136, Type I.

2. 
ASJ-SSL:  ASJ with self-sealing, pressure-sensitive, acrylic-based adhesive covered by a removable protective strip; complying with ASTM C 1136, Type I.

3. 
FSK Jacket:  Aluminum-foil, fiberglass-reinforced scrim with kraft-paper backing; complying with ASTM C 1136, Type II.

4. 
FSP Jacket:  Aluminum-foil, fiberglass-reinforced scrim with polyethylene backing; complying with ASTM C 1136, Type II.

5. 
PVDC Jacket for Indoor Applications:  4-mil- (0.10-mm-) thick, white PVDC biaxially oriented barrier film with a permeance at 0.02 perms (0.013 metric perms) when tested according to ASTM E 96 and with a flame-spread index of 5 and a smoke-developed index of 20 when tested according to ASTM E 84.

6. 
PVDC-SSL Jacket:  PVDC jacket with a self-sealing, pressure-sensitive, acrylic-based adhesive covered by a removable protective strip.

7. 
Vinyl Jacket:  White vinyl with a permeance of 1.3 perms (0.86 metric perms) when tested according to ASTM E 96, Procedure A, and complying with NFPA 90A and NFPA 90B.

1.58 
FIELD-APPLIED JACKETS

A. 
Field-applied jackets shall comply with ASTM C 921, Type I, unless otherwise indicated.

B. 
FSK Jacket:  Aluminum-foil-face, fiberglass-reinforced scrim with kraft-paper backing.

C. 
PVC Jacket:  High-impact-resistant, UV-resistant PVC complying with ASTM D 1784, Class 16354-C; thickness as scheduled; roll stock ready for shop or field cutting and forming.  Thickness is indicated in field-applied jacket schedules.

1. 
Adhesive:  As recommended by jacket material manufacturer.

2. 
Color:  White.

3. 
Factory-fabricated fitting covers to match jacket if available; otherwise, field fabricate.

a. 
Shapes:  45- and 90-degree, short- and long-radius elbows, tees, valves, flanges, unions, reducers, end caps, soil-pipe hubs, traps, mechanical joints, and P-trap and supply covers for lavatories.

4. 
Factory-fabricated tank heads and tank side panels.

D. 
PVDC Jacket for Indoor Applications:  4-mil- (0.10-mm-) thick, white PVDC biaxially oriented barrier film with a permeance at 0.02 perms (0.013 metric perms) when tested according to ASTM E 96 and with a flame-spread index of 5 and a smoke-developed index of 20 when tested according to ASTM E 84.

E. 
PVDC-SSL Jacket:  PVDC jacket with a self-sealing, pressure-sensitive, acrylic-based adhesive covered by a removable protective strip.

1.59 
TAPES

A. 
ASJ Tape:  White vapor-retarder tape matching factory-applied jacket with acrylic adhesive, complying with ASTM C 1136.

1. 
Width:  3 inches (75 mm).

2. 
Thickness:  11.5 mils (0.29 mm).

3. 
Adhesion:  90 ounces force/inch (1.0 N/mm) in width.

4. 
Elongation:  2 percent.

5. 
Tensile Strength:  40 lbf/inch (7.2 N/mm) in width.

6. 
ASJ Tape Disks and Squares:  Precut disks or squares of ASJ tape.

B. 
FSK Tape:  Foil-face, vapor-retarder tape matching factory-applied jacket with acrylic adhesive; complying with ASTM C 1136.

1. 
Width:  3 inches (75 mm).

2. 
Thickness:  6.5 mils (0.16 mm).

3. 
Adhesion:  90 ounces force/inch (1.0 N/mm) in width.

4. 
Elongation:  2 percent.

5. 
Tensile Strength:  40 lbf/inch (7.2 N/mm) in width.

6. 
FSK Tape Disks and Squares:  Precut disks or squares of FSK tape.

C. 
Aluminum-Foil Tape:  Vapor-retarder tape with acrylic adhesive.

1. 
Width:  2 inches (50 mm).

2. 
Thickness:  3.7 mils (0.093 mm).

3. 
Adhesion:  100 ounces force/inch (1.1 N/mm) in width.

4. 
Elongation:  5 percent.

5. 
Tensile Strength:  34 lbf/inch (6.2 N/mm) in width.

D. 
PVDC Tape for Indoor Applications:  White vapor-retarder PVDC tape with acrylic adhesive.

1. 
Width:  3 inches (75 mm).

2. 
Film Thickness:  4 mils (0.10 mm).

3. 
Adhesive Thickness:  1.5 mils (0.04 mm).

4. 
Elongation at Break:  145 percent.

5. 
Tensile Strength:  55 lbf/inch (10.1 N/mm) in width.

1.60 
SECUREMENTS

A. 
Insulation Pins and Hangers:
1. 
Metal, Adhesively Attached, Perforated-Base Insulation Hangers:  Baseplate welded to projecting spindle that is capable of holding insulation, of thickness indicated, securely in position indicated when self-locking washer is in place.  Comply with the following requirements:

a. 
Baseplate:  Perforated, galvanized carbon-steel sheet, 0.030 inch (0.76 mm) thick by 2 inches (50 mm) square.

b. 
Spindle:  Copper- or zinc-coated, low carbon steel, fully annealed, 0.106-inch- (2.6-mm-) diameter shank, length to suit depth of insulation indicated.

c. 
Adhesive:  Recommended by hanger manufacturer.  Product with demonstrated capability to bond insulation hanger securely to substrates indicated without damaging insulation, hangers, and substrates.

2. 
Self-Sticking-Base Insulation Hangers:  Baseplate welded to projecting spindle that is capable of holding insulation, of thickness indicated, securely in position indicated when self-locking washer is in place.  Comply with the following requirements:

a. 
Baseplate:  Galvanized carbon-steel sheet, 0.030 inch (0.76 mm) thick by 2 inches (50 mm) square.

b. 
Spindle:  Stainless steel, fully annealed, 0.106-inch- (2.6-mm-) diameter shank, length to suit depth of insulation indicated.

c. 
Adhesive-backed base with a peel-off protective cover.

3. 
Insulation-Retaining Washers:  Self-locking washers formed from 0.016-inch- (0.41-mm-) thick, stainless-steel sheet, with beveled edge sized as required to hold insulation securely in place but not less than 1-1/2 inches (38 mm) in diameter.

a. 
Protect ends with capped self-locking washers incorporating a spring steel insert to ensure permanent retention of cap in exposed locations.

4. 
Nonmetal Insulation-Retaining Washers:  Self-locking washers formed from 0.016-inch- (0.41-mm-) thick nylon sheet, with beveled edge sized as required to hold insulation securely in place but not less than 1-1/2 inches (38 mm) in diameter.

B. 
Staples:  Outward-clinching insulation staples, nominal 3/4-inch- (19-mm-) wide, stainless steel or Monel.

C. 
Wire:  0.062-inch (1.6-mm) soft-annealed, stainless steel.

- EXECUTION

1.61 
PREPARATION

A. 
Surface Preparation:  Clean and dry surfaces to receive insulation.  Remove materials that will adversely affect insulation application.

B. 
Mix insulating cements with clean potable water; if insulating cements are to be in contact with stainless-steel surfaces, use demineralized water.

1.62 
GENERAL INSTALLATION REQUIREMENTS

A. 
Install insulation materials, accessories, and finishes with smooth, straight, and even surfaces; free of voids throughout the length of equipment, ducts and fittings, and piping including fittings, valves, and specialties.

B. 
Install insulation materials, forms, vapor barriers or retarders, jackets, and thicknesses required for each item of equipment, duct system, and pipe system as specified in insulation system schedules.

C. 
Install accessories compatible with insulation materials and suitable for the service.  Install accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet or dry state.

D. 
Install insulation with longitudinal seams at top and bottom of horizontal runs.

E. 
Install multiple layers of insulation with longitudinal and end seams staggered.

F. 
Do not weld brackets, clips, or other attachment devices to piping, fittings, and specialties.

G. 
Keep insulation materials dry during application and finishing.

H. 
Install insulation with tight longitudinal seams and end joints.  Bond seams and joints with adhesive recommended by insulation material manufacturer.

I. 
Install insulation with least number of joints practical.

J. 
Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at hangers, supports, anchors, and other projections with vapor-barrier mastic.

1. 
Install insulation continuously through hangers and around anchor attachments.

2. 
For insulation application where vapor barriers are indicated, extend insulation on anchor legs from point of attachment to supported item to point of attachment to structure.  Taper and seal ends at attachment to structure with vapor-barrier mastic.

3. 
Install insert materials and install insulation to tightly join the insert.  Seal insulation to insulation inserts with adhesive or sealing compound recommended by insulation material manufacturer.

4. 
Cover inserts with jacket material matching adjacent pipe insulation.  Install shields over jacket, arranged to protect jacket from tear or puncture by hanger, support, and shield.

K. 
Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate and wet and dry film thicknesses.

L. 
Install insulation with factory-applied jackets as follows:

1. 
Draw jacket tight and smooth.

2. 
Cover circumferential joints with 3-inch- (75-mm-) wide strips, of same material as insulation jacket.  Secure strips with adhesive and outward clinching staples along both edges of strip, spaced 4 inches (100 mm) o.c.

3. 
Overlap jacket longitudinal seams at least 1-1/2 inches (38 mm).  Install 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 2 inches (50 mm) o.c.

a. 
For below ambient services, apply vapor-barrier mastic over staples.

4. 
Cover joints and seams with tape as recommended by insulation material manufacturer to maintain vapor seal.

5. 
Where vapor barriers are indicated, apply vapor-barrier mastic on seams and joints and at ends adjacent to duct and pipe flanges and fittings.

M. 
Cut insulation in a manner to avoid compressing insulation more than 75 percent of its nominal thickness.

N. 
Finish installation with systems at operating conditions.  Repair joint separations and cracking due to thermal movement.

O. 
Repair damaged insulation facings by applying same facing material over damaged areas.  Extend patches at least 4 inches (100 mm) beyond damaged areas.  Adhere, staple, and seal patches similar to butt joints.

P. 
For above ambient services, do not install insulation to the following:
1. 
Nameplates and data plates.

1.63 
PENETRATIONS

A. 
Insulation Installation at Interior Wall and Partition Penetrations (That Are Not Fire Rated):  Install insulation continuously through walls and partitions.

B. 
Insulation Installation at Fire-Rated Wall and Partition Penetrations:  Install insulation continuously through penetrations of fire-rated walls and partitions.  Terminate insulation at fire damper sleeves for fire-rated wall and partition penetrations.  Externally insulate damper sleeves to match adjacent insulation and overlap duct insulation at least 2 inches (50 mm).

1.64 
GENERAL PIPE INSULATION INSTALLATION

A. 
Requirements in this article generally apply to all insulation materials except where more specific requirements are specified in various pipe insulation material installation articles.

B. 
Insulation Installation on Fittings, Valves, Strainers, Flanges, and Unions:
1. 
Install insulation over fittings, valves, strainers, flanges, unions, and other specialties with continuous thermal and vapor-retarder integrity, unless otherwise indicated.

2. 
Insulate pipe elbows using preformed fitting insulation or mitered fittings made from same material and density as adjacent pipe insulation.  Each piece shall be butted tightly against adjoining piece and bonded with adhesive.  Fill joints, seams, voids, and irregular surfaces with insulating cement finished to a smooth, hard, and uniform contour that is uniform with adjoining pipe insulation.

3. 
Insulate tee fittings with preformed fitting insulation or sectional pipe insulation of same material and thickness as used for adjacent pipe.  Cut sectional pipe insulation to fit.  Butt each section closely to the next and hold in place with tie wire.  Bond pieces with adhesive.

4. 
Insulate valves using preformed fitting insulation or sectional pipe insulation of same material, density, and thickness as used for adjacent pipe.  Overlap adjoining pipe insulation by not less than two times the thickness of pipe insulation, or one pipe diameter, whichever is thicker.  For valves, insulate up to and including the bonnets, valve stuffing-box studs, bolts, and nuts.  Fill joints, seams, and irregular surfaces with insulating cement.

5. 
Insulate strainers using preformed fitting insulation or sectional pipe insulation of same material, density, and thickness as used for adjacent pipe.  Overlap adjoining pipe insulation by not less than two times the thickness of pipe insulation, or one pipe diameter, whichever is thicker.  Fill joints, seams, and irregular surfaces with insulating cement.  Insulate strainers so strainer basket flange or plug can be easily removed and replaced without damaging the insulation and jacket.  Provide a removable reusable insulation cover.  For below ambient services, provide a design that maintains vapor barrier.

6. 
Insulate flanges and unions using a section of oversized preformed pipe insulation.  Overlap adjoining pipe insulation by not less than two times the thickness of pipe insulation, or one pipe diameter, whichever is thicker.

7. 
Cover segmented insulated surfaces with a layer of finishing cement and coat with a mastic.  Install vapor-barrier mastic for below ambient services and a breather mastic for above ambient services.  Reinforce the mastic with fabric-reinforcing mesh.  Trowel the mastic to a smooth and well-shaped contour.

8. 
For services not specified to receive a field-applied jacket except for flexible elastomeric and polyolefin, install fitted PVC cover over elbows, tees, strainers, valves, flanges, and unions.  Terminate ends with PVC end caps.  Tape PVC covers to adjoining insulation facing using PVC tape.

9. 
Stencil or label the outside insulation jacket of each union with the word "UNION."  Match size and color of pipe labels.

1.65 
FLEXIBLE ELASTOMERIC INSULATION INSTALLATION

A. 
Seal longitudinal seams and end joints with manufacturer's recommended adhesive to eliminate openings in insulation that allow passage of air to surface being insulated.

B. 
Insulation Installation on Pipe Flanges:
1. 
Install pipe insulation to outer diameter of pipe flange.

2. 
Make width of insulation section same as overall width of flange and bolts, plus twice the thickness of pipe insulation.

3. 
Fill voids between inner circumference of flange insulation and outer circumference of adjacent straight pipe segments with cut sections of sheet insulation of same thickness as pipe insulation.

4. 
Secure insulation to flanges and seal seams with manufacturer's recommended adhesive to eliminate openings in insulation that allow passage of air to surface being insulated.

C. 
Insulation Installation on Pipe Fittings and Elbows:
1. 
Install mitered sections of pipe insulation.

2. 
Secure insulation materials and seal seams with manufacturer's recommended adhesive to eliminate openings in insulation that allow passage of air to surface being insulated.

D. 
Insulation Installation on Valves and Pipe Specialties:
1. 
Install preformed valve covers manufactured of same material as pipe insulation when available.

2. 
When preformed valve covers are not available, install cut sections of pipe and sheet insulation to valve body.  Arrange insulation to permit access to packing and to allow valve operation without disturbing insulation.

3. 
Install insulation to flanges as specified for flange insulation application.

4. 
Secure insulation to valves and specialties and seal seams with manufacturer's recommended adhesive to eliminate openings in insulation that allow passage of air to surface being insulated.

1.66 
MINERAL-FIBER INSULATION INSTALLATION

A. 
Insulation Installation on Straight Pipes and Tubes:
1. 
Secure each layer of preformed pipe insulation to pipe with wire or bands and tighten bands without deforming insulation materials.

2. 
Where vapor barriers are indicated, seal longitudinal seams, end joints, and protrusions with vapor-barrier mastic and joint sealant.

3. 
For insulation with factory-applied jackets on above ambient surfaces, secure laps with outward clinched staples at 6 inches (150 mm) o.c.

4. 
For insulation with factory-applied jackets on below ambient surfaces, do not staple longitudinal tabs but secure tabs with additional adhesive as recommended by insulation material manufacturer and seal with vapor-barrier mastic and flashing sealant.

B. 
Insulation Installation on Pipe Flanges:
1. 
Install preformed pipe insulation to outer diameter of pipe flange.

2. 
Make width of insulation section same as overall width of flange and bolts, plus twice the thickness of pipe insulation.

3. 
Fill voids between inner circumference of flange insulation and outer circumference of adjacent straight pipe segments with mineral-fiber blanket insulation.

4. 
Install jacket material with manufacturer's recommended adhesive, overlap seams at least 1 inch (25 mm), and seal joints with flashing sealant.

C. 
Insulation Installation on Pipe Fittings and Elbows:
1. 
Install preformed sections of same material as straight segments of pipe insulation when available.

2. 
When preformed insulation elbows and fittings are not available, install mitered sections of pipe insulation, to a thickness equal to adjoining pipe insulation.  Secure insulation materials with wire or bands.

D. 
Insulation Installation on Valves and Pipe Specialties:
1. 
Install preformed sections of same material as straight segments of pipe insulation when available.

2. 
When preformed sections are not available, install mitered sections of pipe insulation to valve body.

3. 
Arrange insulation to permit access to packing and to allow valve operation without disturbing insulation.

4. 
Install insulation to flanges as specified for flange insulation application.

E. 
Blanket Insulation Installation on Ducts and Plenums:  Secure with adhesive and insulation pins.

1. 
Apply adhesives according to manufacturer's recommended coverage rates per unit area, for 100 percent coverage of duct and plenum surfaces.

2. 
Apply adhesive to entire circumference of ducts and to all surfaces of fittings and transitions.

3. 
Install either capacitor-discharge-weld pins and speed washers or cupped-head, capacitor-discharge-weld pins on sides and bottom of horizontal ducts and sides of vertical ducts as follows:

a. 
On duct sides with dimensions 18 inches (450 mm) and smaller, place pins along longitudinal centerline of duct.  Space 3 inches (75 mm) maximum from insulation end joints, and 16 inches (400 mm) o.c.

b. 
On duct sides with dimensions larger than 18 inches (450 mm), place pins 16 inches (400 mm) o.c. each way, and 3 inches (75 mm) maximum from insulation joints.  Install additional pins to hold insulation tightly against surface at cross bracing.

c. 
Pins may be omitted from top surface of horizontal, rectangular ducts and plenums.

d. 
Do not overcompress insulation during installation.

e. 
Impale insulation over pins and attach speed washers.

f. 
Cut excess portion of pins extending beyond speed washers or bend parallel with insulation surface.  Cover exposed pins and washers with tape matching insulation facing.

4. 
For ducts and plenums with surface temperatures below ambient, install a continuous unbroken vapor barrier.  Create a facing lap for longitudinal seams and end joints with insulation by removing 2 inches (50 mm) from 1 edge and 1 end of insulation segment.  Secure laps to adjacent insulation section with 1/2-inch (13-mm) outward-clinching staples, 1 inch (25 mm) o.c.  Install vapor barrier consisting of factory- or field-applied jacket, adhesive, vapor-barrier mastic, and sealant at joints, seams, and protrusions.

a. 
Repair punctures, tears, and penetrations with tape or mastic to maintain vapor-barrier seal.

b. 
Install vapor stops for ductwork and plenums operating below 50 deg F (10 deg C) at 18-foot (5.5-m) intervals.  Vapor stops shall consist of vapor-barrier mastic applied in a Z-shaped pattern over insulation face, along butt end of insulation, and over the surface.  Cover insulation face and surface to be insulated a width equal to 2 times the insulation thickness but not less than 3 inches (75 mm).

5. 
Overlap unfaced blankets a minimum of 2 inches (50 mm) on longitudinal seams and end joints.  At end joints, secure with steel bands spaced a maximum of 18 inches (450 mm) o.c.

6. 
Install insulation on rectangular duct elbows and transitions with a full insulation section for each surface.  Install insulation on round and flat-oval duct elbows with individually mitered gores cut to fit the elbow.

7. 
Insulate duct stiffeners, hangers, and flanges that protrude beyond insulation surface with 6-inch- (150-mm-) wide strips of same material used to insulate duct.  Secure on alternating sides of stiffener, hanger, and flange with pins spaced 6 inches (150 mm) o.c.

F. 
Board Insulation Installation on Ducts and Plenums:  Secure with adhesive and insulation pins.

1. 
Apply adhesives according to manufacturer's recommended coverage rates per unit area, for 100 percent coverage of duct and plenum surfaces.

2. 
Apply adhesive to entire circumference of ducts and to all surfaces of fittings and transitions.

3. 
Install either capacitor-discharge-weld pins and speed washers or cupped-head, capacitor-discharge-weld pins on sides and bottom of horizontal ducts and sides of vertical ducts as follows:

a. 
On duct sides with dimensions 18 inches (450 mm) and smaller, place pins along longitudinal centerline of duct.  Space 3 inches (75 mm) maximum from insulation end joints, and 16 inches (400 mm) o.c.

b. 
On duct sides with dimensions larger than 18 inches (450 mm), space pins 16 inches (400 mm) o.c. each way, and 3 inches (75 mm) maximum from insulation joints.  Install additional pins to hold insulation tightly against surface at cross bracing.

c. 
Pins may be omitted from top surface of horizontal, rectangular ducts and plenums.

d. 
Do not overcompress insulation during installation.

e. 
Cut excess portion of pins extending beyond speed washers or bend parallel with insulation surface.  Cover exposed pins and washers with tape matching insulation facing.

4. 
For ducts and plenums with surface temperatures below ambient, install a continuous unbroken vapor barrier.  Create a facing lap for longitudinal seams and end joints with insulation by removing 2 inches (50 mm) from 1 edge and 1 end of insulation segment.  Secure laps to adjacent insulation section with 1/2-inch (13-mm) outward-clinching staples, 1 inch (25 mm) o.c.  Install vapor barrier consisting of factory- or field-applied jacket, adhesive, vapor-barrier mastic, and sealant at joints, seams, and protrusions.

a. 
Repair punctures, tears, and penetrations with tape or mastic to maintain vapor-barrier seal.

b. 
Install vapor stops for ductwork and plenums operating below 50 deg F (10 deg C) at 18-foot (5.5-m) intervals.  Vapor stops shall consist of vapor-barrier mastic applied in a Z-shaped pattern over insulation face, along butt end of insulation, and over the surface.  Cover insulation face and surface to be insulated a width equal to 2 times the insulation thickness but not less than 3 inches (75 mm).

5. 
Install insulation on rectangular duct elbows and transitions with a full insulation section for each surface.  Groove and score insulation to fit as closely as possible to outside and inside radius of elbows.  Install insulation on round and flat-oval duct elbows with individually mitered gores cut to fit the elbow.

6. 
Insulate duct stiffeners, hangers, and flanges that protrude beyond insulation surface with 6-inch- (150-mm-) wide strips of same material used to insulate duct.  Secure on alternating sides of stiffener, hanger, and flange with pins spaced 6 inches (150 mm) o.c.

1.67 
POLYOLEFIN INSULATION INSTALLATION

A. 
Insulation Installation on Straight Pipes and Tubes:
1. 
Seal split-tube longitudinal seams and end joints with manufacturer's recommended adhesive to eliminate openings in insulation that allow passage of air to surface being insulated.

B. 
Insulation Installation on Pipe Flanges:
1. 
Install pipe insulation to outer diameter of pipe flange.

2. 
Make width of insulation section same as overall width of flange and bolts, plus twice the thickness of pipe insulation.

3. 
Fill voids between inner circumference of flange insulation and outer circumference of adjacent straight pipe segments with cut sections of polyolefin sheet insulation of same thickness as pipe insulation.

4. 
Secure insulation to flanges and seal seams with manufacturer's recommended adhesive to eliminate openings in insulation that allow passage of air to surface being insulated.

C. 
Insulation Installation on Pipe Fittings and Elbows:
1. 
Install mitered sections of polyolefin pipe insulation.

2. 
Secure insulation materials and seal seams with manufacturer's recommended adhesive to eliminate openings in insulation that allow passage of air to surface being insulated.

D. 
Insulation Installation on Valves and Pipe Specialties:
1. 
Install cut sections of polyolefin pipe and sheet insulation to valve body.

2. 
Arrange insulation to permit access to packing and to allow valve operation without disturbing insulation.

3. 
Install insulation to flanges as specified for flange insulation application.

4. 
Secure insulation to valves and specialties, and seal seams with manufacturer's recommended adhesive to eliminate openings in insulation that allow passage of air to surface being insulated.

1.68 
FIELD-APPLIED JACKET INSTALLATION

A. 
Where FSK jackets are indicated, install as follows:

1. 
Draw jacket material smooth and tight.

2. 
Install lap or joint strips with same material as jacket.

3. 
Secure jacket to insulation with manufacturer's recommended adhesive.

4. 
Install jacket with 1-1/2-inch (38-mm) laps at longitudinal seams and 3-inch- (75-mm-) wide joint strips at end joints.

5. 
Seal openings, punctures, and breaks in vapor-retarder jackets and exposed insulation with vapor-barrier mastic.

B. 
Where PVC jackets are indicated, install with 1-inch (25-mm) overlap at longitudinal seams and end joints; for horizontal applications, install with longitudinal seams along top and bottom of tanks and vessels.  Seal with manufacturer's recommended adhesive.

1. 
Apply two continuous beads of adhesive to seams and joints, one bead under lap and the finish bead along seam and joint edge.

C. 
Where PVDC jackets are indicated, install as follows:

1. 
Apply three separate wraps of filament tape per insulation section to secure pipe insulation to pipe prior to installation of PVDC jacket.

2. 
Wrap factory-presized jackets around individual pipe insulation sections with one end overlapping the previously installed sheet.  Install presized jacket with an approximate overlap at butt joint of 2 inches (50 mm) over the previous section.  Adhere lap seal using adhesive or SSL, and then apply 1-1/4 circumferences of appropriate PVDC tape around overlapped butt joint.

3. 
Continuous jacket can be spiral wrapped around a length of pipe insulation.  Apply adhesive or PVDC tape at overlapped spiral edge.  When electing to use adhesives, refer to manufacturer's written instructions for application of adhesives along this spiral edge to maintain a permanent bond.

4. 
Jacket can be wrapped in cigarette fashion along length of roll for insulation systems with an outer circumference of 33-1/2 inches (850 mm) or less.  The 33-1/2-inch- (850-mm-) circumference limit allows for 2-inch- (50-mm-) overlap seal.  Using the length of roll allows for longer sections of jacket to be installed at one time.  Use adhesive on the lap seal.  Visually inspect lap seal for "fishmouthing," and use PVDC tape along lap seal to secure joint.

5. 
Repair holes or tears in PVDC jacket by placing PVDC tape over the hole or tear and wrapping a minimum of 1-1/4 circumferences to avoid damage to tape edges.

1.69 
FIELD QUALITY CONTROL

A. 
Perform tests and inspections.

B. 
Tests and Inspections:
1. 
Inspect ductwork, randomly selected by Architect, by removing field-applied jacket and insulation in layers in reverse order of their installation.  Extent of inspection shall be limited to one location(s) for each duct system defined in the "Duct Insulation Schedule, General" Article.

2. 
Inspect pipe, fittings, strainers, and valves, randomly selected by Architect, by removing field-applied jacket and insulation in layers in reverse order of their installation.  Extent of inspection shall be limited to three locations of straight pipe.

C. 
All insulation applications will be considered defective Work if sample inspection reveals noncompliance with requirements.

1.70 
DUCT INSULATION SCHEDULE, GENERAL

A. 
Plenums and Ducts Requiring Insulation:
1. 
Indoor, concealed supply and outdoor air.

2. 
Indoor, exposed supply and outdoor air.

B. 
Items Not Insulated:
1. 
Metal ducts with duct liner of sufficient thickness to comply with energy code and ASHRAE/IESNA 90.1.

2. 
Factory-insulated flexible ducts.

3. 
Factory-insulated plenums and casings.

4. 
Flexible connectors.

5. 
Vibration-control devices.

6. 
Factory-insulated access panels and doors.

1.71 
INDOOR DUCT AND PLENUM INSULATION SCHEDULE

A. 
Concealed, Supply-Air Duct and Plenum Insulation:  Mineral-fiber blanket 2 inches (50 mm) thick and 1.5-lb/cu. ft. (24-kg/cu. m) nominal density.

B. 
Concealed, Return-Air Duct and Plenum Insulation:  Mineral-fiber blanket, 2 inches (50 mm) thick and 1.5-lb/cu. ft. (24-kg/cu. m) nominal density.

C. 
Exposed, Return-Air Duct and Plenum Insulation:  Mineral-fiber board, 1-1/2 inches (38 mm) thick and 1.5-lb/cu. ft. (24-kg/cu. m) nominal density.

1.72 
PIPING INSULATION SCHEDULE, GENERAL

A. 
Acceptable preformed pipe and tubular insulation materials and thicknesses are identified for each piping system and pipe size range.  If more than one material is listed for a piping system, selection from materials listed is Contractor's option.

1.73 
INDOOR PIPING INSULATION SCHEDULE

A. 
Chilled Water and Brine, above 40 Deg F (5 Deg C):  Insulation shall be one of the following:

1. 
Flexible Elastomeric:  1 inch (25 mm) thick.

2. 
Polyolefin:  1 inch (25 mm) thick.

B. 
Heating-Hot-Water Supply and Return, 200 Deg F (93 Deg C) and below:  Insulation shall be the following:

  1. Mineral-Fiber Pipe and Tank:  1 inch (25 mm) thick
END OF SECTION 230700

SECTION 230800 - COMMISSIONING OF HVAC
- GENERAL

1.74 
SUMMARY

A. 
This Section includes requirements for commissioning the HVAC system and its subsystems and equipment.  

1.75 
DEFINITIONS

A. 
Architect:  Includes Architect identified in the Contract for Construction between Owner and Contractor, plus consultant/design professionals responsible for design of HVAC, electrical, communications, controls for HVAC systems, and other related systems.

B. 
BoD-HVAC:  HVAC systems basis of design.

C. 
CxA:  Commissioning Authority.

D. 
OPR:  Owner's Project Requirements.

E. 
Systems, Subsystems, and Equipment:  Where these terms are used together or separately, they shall mean "as-built" systems, subsystems, and equipment.

F. 
TAB:  Testing, Adjusting, and Balancing.

1.76 
CONTRACTOR'S RESPONSIBILITIES

A. 
Each Contractor:
1. 
Attend procedures meeting for TAB Work.

2. 
Certify that TAB Work is complete.

B. 
Mechanical Subcontractor:
1. 
Attend TAB verification testing.

2. 
Provide measuring instruments and logging devices to record test data, and data acquisition equipment to record data for the complete range of testing for the required test period.

C. 
HVAC Instrumentation and Control Subcontractor:  With the CxA, review control designs for compliance with the OPR and BoD, controllability with respect to actual equipment to be installed, and recommend adjustments to control designs and sequence of operation descriptions.

D. 
TAB Subcontractor:
1. 
Contract Documents Review:  With the CxA, review the Contract Documents before developing TAB procedures.

a. 
Verify the following:

1) 
Accessibility of equipment and components required for TAB Work.

2) 
Adequate number and placement of duct balancing dampers to allow proper balancing while minimizing sound levels in occupied spaces.

3) 
Adequate number and placement of balancing valves to allow proper balancing and recording of water flow.

4) 
Adequate number and placement of test ports and test instrumentation to allow reading and compilation of system and equipment performance data needed to conduct both TAB and commissioning testing.

5) 
Air and water flow rates have been specified and compared to central equipment output capacities.

b. 
Identify discontinuities and omissions in the Contract Documents.

c. 
This review of the Contract Documents by the TAB Subcontractor satisfies requirements for a design review report as specified in Division 23 Section "Testing, Adjusting, and Balancing for HVAC."

1.77 
COMMISSIONING DOCUMENTATION

A. 
BoD HVAC:  Owner will provide BoD-HVAC documents, prepared by Architect/Engineer and approved by Owner, to the CxA and Contractor for use in developing the commissioning plan, systems manual, and operation and maintenance training plan.

B. 
Test Checklists:  CxA, with assistance of Architect/Engineer, shall develop test checklists for HVAC systems, subsystems, and equipment, including interfaces and interlocks with other systems.  CxA shall prepare separate checklists for each mode of operation and provide space to indicate whether the mode under test responded as required.  

1. 
Calibration of sensors and sensor function.

2. 
Testing conditions under which test was conducted, including (as applicable) ambient conditions, set points, override conditions, and status and operating conditions that impact the results of test.

3. 
Control sequences for HVAC systems.

4. 
Responses to control signals at specified conditions.

5. 
Sequence of response(s) to control signals at specified conditions.

6. 
Expected performance of systems, subsystems, and equipment at each step of test.

7. 
Narrative description of observed performance of systems, subsystems, and equipment.  Notation to indicate whether the observed performance at each step meets the expected results.

8. 
Interaction of auxiliary equipment.

9. 
Issues log.

1.78 
SUBMITTALS

A. 
Testing Procedures:  CxA shall submit detailed testing plan, procedures, and checklists for each series of tests.  Submittals shall include samples of data reporting sheets that will be part of the reports.

B. 
Certificate of Readiness:  CxA shall compile certificates of readiness from Contractor certifying that systems, subsystems, equipment, and associated controls are ready for testing.

C. 
Certificate of Completion of Installation, Prestart, and Startup:  CxA shall certify that installation, prestart, and startup activities have been completed.  Certification shall include completed checklists provided by TAB Subcontractor as specified in Division 23 Section "Testing, Adjusting, and Balancing for HVAC."

D. 
Test and Inspection Reports:  CxA shall compile and submit test and inspection reports and certificates, and shall include them in systems manual and commissioning report.

E. 
Corrective Action Documents:  CxA shall submit corrective action documents.

F. 
Certified TAB Reports:  CxA shall submit verified, certified TAB reports.

 - PRODUCTS (Not Used)

 - EXECUTION

1.79 
TESTING PREPARATION

A. 
Prerequisites for Testing:
1. 
Certify that HVAC systems, subsystems, and equipment have been completed, calibrated, and started; are operating according to the OPR, BoD, and Contract Documents; and that Certificates of Readiness are signed and submitted.

2. 
Certify that HVAC instrumentation and control systems have been completed and calibrated; are operating according to the OPR, BoD, and Contract Documents; and that pretest set points have been recorded.

3. 
Certify that TAB procedures have been completed, and that TAB reports have been submitted, discrepancies corrected, and corrective work approved.

4. 
Test systems and intersystem performance after approval of test checklists for systems, subsystems, and equipment.

5. 
Set systems, subsystems, and equipment into operating mode to be tested (e.g., normal shut down, normal auto position, normal manual position, unoccupied cycle, emergency power, and alarm conditions).

6. 
Verify each operating cycle after it has been running for a specified period and is operating in a steady-state condition.

7. 
Inspect and verify the position of each device and interlock identified on checklists.  Sign off each item as acceptable, or failed.  Repeat this test for each operating cycle that applies to system being tested.

8. 
Annotate checklist or data sheet when a deficiency is observed.

9. 
Verify equipment interface with monitoring and control system and TAB criteria; include the following:

a. 
Supply and return flow rates for VAV and constant volume systems in each operational mode.

b. 
Operation of terminal units in both heating and cooling cycles.

c. 
Minimum outdoor-air intake in each operational mode and at minimum and maximum airflows.

d. 
Total exhaust airflow and total outdoor-air intake.

10. 
Verify proper responses of monitoring and control system controllers and sensors to include the following:

a. 
For each controller or sensor, record the indicated monitoring and control system reading and the test instrument reading.  If initial test indicates that the test reading is outside of the control range of the installed device, check calibration of the installed device and adjust as required.  Retest malfunctioning devices and record results on checklist or data sheet.

b. 
Report deficiencies and prepare an issues log entry.

11. 
Verify that HVAC equipment field quality-control testing has been completed and approved.  CxA shall direct, witness, and document field quality-control tests, inspections, and startup specified in individual Division 23 Sections.

1.80 
TAB VERIFICATION

A. 
TAB Subcontractor shall coordinate with CxA for work required in Division 23 Section 230593 "Testing, Adjusting, and Balancing for HVAC." TAB Subcontractor shall copy CxA with required reports, sample forms, checklists, and certificates.

B. 
Contractor, HVAC Subcontractor, and CxA shall witness TAB Work.

C. 
TAB Preparation:
1. 
TAB Subcontractor shall provide CxA with data required for "Pre-Field TAB Engineering Reports" specified in Division 23 Section "Testing, Adjusting, and Balancing for HVAC."

a. 
CxA shall use this data to certify that prestart and startup activities have been completed for systems, subsystems, and equipment installation.

D. 
Verification of Final TAB Report:
1. 
CxA shall select, at random, 10 percent of report for field verification.

2. 
CxA shall notify TAB Subcontractor 10 days in advance of the date of field verification; however, notice shall not include data points to be verified.  The TAB Subcontractor shall use the same instruments (by model and serial number) that were used when original data were collected.

3. 
Failure of an item is defined as follows:

a. 
For all readings other than sound, a deviation of more than 10 percent.

4. 
Failure of more than 10 percent of selected items shall result in rejection of final TAB report.

E. 
If deficiencies are identified during verification testing, CxA shall notify the HVAC Subcontractor and Architect, and shall take action to remedy the deficiency.  Architect shall review final tabulated checklists and data sheets to determine if verification is complete and that system is operating according to the Contract Documents.

F. 
CxA shall certify that TAB Work has been successfully completed.

1.81 
TESTING

A. 
Test systems and intersystem performance after test checklists for systems, subsystems, and equipment have been approved.

B. 
Perform tests using design conditions whenever possible.

1. 
Simulate conditions by imposing an artificial load when it is not practical to test under design conditions and when written approval for simulated conditions is received from CxA.  Before simulating conditions, calibrate testing instruments.  Set and document simulated conditions and methods of simulation.  After tests, return settings to normal operating conditions.

2. 
Alter set points when simulating conditions is not practical and when written approval is received from CxA.

3. 
Alter sensor values with a signal generator when design or simulating conditions and altering set points are not practical.  Do not use sensor to act as signal generator to simulate conditions or override values.

C. 
Scope of HVAC Subcontractor Testing:
1. 
Test all operating modes, interlocks, control responses, responses to abnormal or emergency conditions, and verify proper response of building automation system controllers and sensors.

D. 
Detailed Testing Procedures:  CxA, with HVAC Subcontractor, TAB Subcontractor, and HVAC Instrumentation and Control Subcontractor, shall prepare detailed testing plans, procedures, and checklists for HVAC systems, subsystems, and equipment.

E. 
HVAC Instrumentation and Control System Testing:
1. 
Field testing plans and testing requirements are specified in Division 23 Sections 230900 "Instrumentation and Control for HVAC" and The CxA, HVAC Subcontractor, and the HVAC Instrumentation and Control Subcontractor shall collaborate to prepare testing plans.

2. 
CxA shall convene a meeting of appropriate entities to review test report of HVAC instrumentation and control systems.

F. 
Testing Reports:
1. 
Reports shall include measured data, data sheets, and a comprehensive summary describing the operation of systems at the time of testing.

2. 
Include data sheets for each controller to verify proper operation of the control system, the system it serves, the service it provides, and its location.  For each controller, provide space for recording its readout, the reading at the controller's sensor(s), plus comments.  Provide space for testing personnel to sign off on each data sheet.

3. 
Prepare a preliminary test report.  Deficiencies will be evaluated by Architect to determine corrective action.  Deficiencies shall be corrected and test repeated.

G. 
If it is determined that the system is constructed according to the Contract Documents, Owner will decide whether modifications required to bring the performance of the system to the OPR and BoD documents shall be implemented or if tests will be accepted as submitted.  If corrective Work is performed, Owner will decide if tests shall be repeated and a revised report submitted.

END OF SECTION 230800

SECTION 230900 - INSTRUMENTATION AND CONTROL FOR HVAC
- GENERAL

1.82 
SUMMARY

A. 
This Section includes control equipment for HVAC systems and components, including control components for terminal heating and cooling units not supplied with factory-wired controls.

B. 
Provide support for TAB contractor during TAB procedures and commissioning of systems.

1.83 
SUBMITTALS

A. 
Product Data:  For each control device indicated.

B. 
Shop Drawings:
1. 
Schematic flow diagrams.

2. 
Power, signal, and control wiring diagrams.

3. 
Details of control panel faces.

4. 
Damper schedule.

5. 
Valve schedule.

6. 
DDC System Hardware:  Wiring diagrams, schematic floor plans, and schematic control diagrams.

7. 
Control System Software:  Schematic diagrams, written descriptions, and points list.

C. 
Software and firmware operational documentation.
D. 
Field quality-control test reports.
E. 
Operation and maintenance data.
1.84 
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.

 - PRODUCTS

1.85 
MANUFACTURERS

A. 
In other Part 2 articles where titles below introduce lists, the following requirements apply to product selection:

1. 
Manufacturers:  Subject to compliance with requirements, provide products by the manufacturers specified.

1.86 
CONTROL SYSTEM

A. 
Available Manufacturers:
1. 
Johnson Controls, Inc.; Controls Group.

B. 
Control system shall consist of sensors, indicators, actuators, final control elements, interface equipment, other apparatus, and accessories to control mechanical systems.

C. 
Control system shall consist of sensors, indicators, actuators, final control elements, interface equipment, other apparatus, accessories, and software connected to distributed controllers operating in multiuser, multitasking environment on token-passing network and programmed to control mechanical systems.  An operator workstation permits interface with the network via dynamic color graphics with each mechanical system, building floor plan, and control device depicted by point-and-click graphics.

1.87 
DDC EQUIPMENT

A. 
Operator Workstation:  Existing.

B. 
Control Units:  Modular, comprising processor board with programmable, nonvolatile, random-access memory; local operator access and display panel; integral interface equipment; and backup power source.

1. 
Units monitor or control each I/O point; process information; execute commands from other control units, devices, and operator stations; and download from or upload to operator workstation.

2. 
Stand-alone mode control functions operate regardless of network status.  Functions include the following:

a. 
Global communications.

b. 
Discrete/digital, analog, and pulse I/O.

c. 
Monitoring, controlling, or addressing data points.

d. 
Software applications, scheduling, and alarm processing.

e. 
Testing and developing control algorithms without disrupting field hardware and controlled environment.

C. 
Local Control Units:  Modular, comprising processor board with electronically programmable, nonvolatile, read-only memory; and backup power source.

1. 
Units monitor or control each I/O point, process information, and download from or upload to operator workstation or diagnostic terminal unit.

2. 
Stand-alone mode control functions operate regardless of network status.  Functions include the following:

a. 
Global communications.

b. 
Discrete/digital, analog, and pulse I/O.

c. 
Monitoring, controlling, or addressing data points.

3. 
Local operator interface provides for download from or upload to operator workstation.

D. 
I/O Interface:  Hardwired inputs and outputs may tie into system through controllers.  Protect points so that shorting will cause no damage to controllers.

1. 
Binary Inputs:  Allow monitoring of on-off signals without external power.

2. 
Pulse Accumulation Inputs:  Accept up to 10 pulses per second.

3. 
Analog Inputs:  Allow monitoring of low-voltage (0- to 10-V dc), current (4 to 20 mA), or resistance signals.

4. 
Binary Outputs:  Provide on-off or pulsed low-voltage signal, selectable for normally open or normally closed operation.

5. 
Analog Outputs:  Provide modulating signal, either low voltage (0- to 10-V dc) or current (4 to 20 mA).

6. 
Tri-State Outputs:  Provide two coordinated binary outputs for control of three-point, floating-type electronic actuators.

7. 
Universal I/Os:  Provide software selectable binary or analog outputs.

E. 
Power Supplies:  Transformers with Class 2 current-limiting type or overcurrent protection; limit connected loads to 80 percent of rated capacity.  DC power supply shall match output current and voltage requirements and be full-wave rectifier type with the following:

1. 
Output ripple of 5.0 mV maximum peak to peak.

2. 
Combined 1 percent line and load regulation with 100-mic.sec. response time for 50 percent load changes.

3. 
Built-in overvoltage and overcurrent protection and be able to withstand 150 percent overload for at least 3 seconds without failure.

F. 
Power Line Filtering:  Internal or external transient voltage and surge suppression for workstations or controllers with the following:

1. 
Minimum dielectric strength of 1000 V.

2. 
Maximum response time of 10 nanoseconds.

3. 
Minimum transverse-mode noise attenuation of 65 dB.

4. 
Minimum common-mode noise attenuation of 150 dB at 40 to 100 Hz.

1.88 
UNITARY CONTROLLERS

A. 
Unitized, capable of stand-alone operation with sufficient memory to support its operating system, database, and programming requirements, and with sufficient I/O capacity for the application.

1. 
Configuration:  Local keypad and display; diagnostic LEDs for power, communication, and processor; wiring termination to terminal strip or card connected with ribbon cable; memory with bios; and 72-hour battery backup.

2. 
Operating System:  Manage I/O communication to allow distributed controllers to share real and virtual object information and allow central monitoring and alarms.  Perform scheduling with real-time clock. Perform automatic system diagnostics; monitor system and report failures.

3. 
Enclosure:  Dustproof rated for operation at 32 to 120 deg F (0 to 50 deg C).

1.89 
ELECTRONIC SENSORS

A. 
Description:  Vibration and corrosion resistant; for wall, immersion, or duct mounting as required.

B. 
Thermistor Temperature Sensors and Transmitters:
1. 
Accuracy:  Plus or minus 0.5 deg F (0.3 deg C) at calibration point.

2. 
Wire:  Twisted, shielded-pair cable.

3. 
Insertion Elements in Ducts:  Single point, 8 inches (200 mm) or 18 inches (460 mm) long; use where not affected by temperature stratification or where ducts are smaller than 9 sq. ft. (0.84 sq. m).

4. 
Insertion Elements for Liquids:  Brass or stainless-steel socket with minimum insertion length of 2-1/2 inches (64 mm).

5. 
Room Sensor Cover Construction:  Match existing metasys.

a. 
Set-Point Adjustment:  Concealed.

b. 
Set-Point Indication:  Concealed.

c. 
Thermometer:  Concealed.

C. 
RTDs and Transmitters:
1. 
Accuracy:  Plus or minus 0.2 percent at calibration point.

2. 
Wire:  Twisted, shielded-pair cable.

3. 
Insertion Elements in Ducts:  Single point, 8 inches (200 mm) long; use where not affected by temperature stratification or where ducts are smaller than 9 sq. ft. (0.84 sq. m).

4. 
Room Sensor Cover Construction:  Manufacturer's standard locking covers.

a. 
Set-Point Adjustment:  Concealed.

b. 
Set-Point Indication:  Concealed.

c. 
Thermometer:  Concealed.

D. 
Room Sensor Cover Construction:  To match existing Metasys covers by Johnson Controls.

1. 
Set-Point Adjustment:  Concealed.

2. 
Set-Point Indication:  Concealed.

3. 
Thermometer:  Concealed.

E. 
Room sensor accessories include the following:
1. 
Insulating Bases:  For sensors located on exterior walls.
1.90 
ACTUATORS

A. 
Electric Motors:  Size to operate with sufficient reserve power to provide smooth modulating action or two-position action.

1. 
Permanent Split-Capacitor or Shaded-Pole Type:  Gear trains completely oil immersed and sealed.  Equip spring-return motors with integral spiral-spring mechanism in housings designed for easy removal for service or adjustment of limit switches, auxiliary switches, or feedback potentiometer.

2. 
Nonspring-Return Motors for Valves Larger Than NPS 2-1/2 (DN 65):  Size for running torque of 150 in. x lbf (16.9 N x m) and breakaway torque of 300 in. x lbf (33.9 N x m).

3. 
Spring-Return Motors for Valves Larger Than NPS 2-1/2 (DN 65):  Size for running and breakaway torque of 150 in. x lbf (16.9 N x m).

4. 
Nonspring-Return Motors for Dampers Larger Than 25 Sq. Ft. (2.3 sq. m):  Size for running torque of 150 in. x lbf (16.9 N x m) and breakaway torque of 300 in. x lbf (33.9 N x m).

5. 
Spring-Return Motors for Dampers Larger Than 25 Sq. Ft. (2.3 sq. m):  Size for running and breakaway torque of 150 in. x lbf (16.9 N x m).

B. 
Electronic Actuators:  Direct-coupled type designed for minimum 60,000 full-stroke cycles at rated torque.

1. 
Valves:  Size for torque required for valve close off at maximum pump differential pressure.

2. 
Dampers:  Size for running torque calculated as follows:

a. 
Parallel-Blade Damper with Edge Seals:  7 inch-lb/sq. ft. (86.8 kg-cm/sq. m) of damper.

b. 
Opposed-Blade Damper with Edge Seals:  5 inch-lb/sq. ft. (62 kg-cm/sq. m) of damper.

c. 
Parallel-Blade Damper without Edge Seals:  4 inch-lb/sq. ft (49.6 kg-cm/sq. m) of damper.

d. 
Opposed-Blade Damper without Edge Seals:  3 inch-lb/sq. ft. (37.2 kg-cm/sq. m) of damper.

e. 
Dampers with 2- to 3-Inch wg (500 to 750 Pa) of Pressure Drop or Face Velocities of 1000 to 2500 fpm (5 to 13 m/s):  Increase running torque by 1.5.

3. 
Coupling:  V-bolt and V-shaped, toothed cradle.

4. 
Overload Protection:  Electronic overload or digital rotation-sensing circuitry.

5. 
Fail-Safe Operation:  Mechanical, spring-return mechanism.  Provide external, manual gear release on nonspring-return actuators.

6. 
Power Requirements (Modulating):  Maximum 10 VA at 24-V ac or 8 W at 24-V dc.

7. 
Proportional Signal:  2- to 10-V dc or 4 to 20 mA, and 2- to 10-V dc position feedback signal.

8. 
Temperature Rating:  Minus 22 to plus 122 deg F (Minus 30 to plus 50 deg C).

1.91 
CONTROL VALVES

A. 
Control Valves:  Factory fabricated, of type, body material, and pressure class based on maximum pressure and temperature rating of piping system, unless otherwise indicated.

B. 
Hydronic system globe valves shall have the following characteristics:

1. 
NPS 2 (DN 50) and Smaller:  Class 250 bronze body, bronze trim, rising stem, renewable composition disc, and screwed ends with backseating capacity repackable under pressure.

2. 
NPS 2-1/2 (DN 65) and Larger:  Class 125 iron body, bronze trim, rising stem, plug-type disc, flanged ends, and renewable seat and disc.

3. 
Internal Construction:  Replaceable plugs and stainless-steel or brass seats.

a. 
Single-Seated Valves:  Cage trim provides seating and guiding surfaces for plug on top and bottom.

4. 
Sizing:  3-psig (21-kPa) maximum pressure drop at design flow rate or the following:

a. 
Two-Way Modulating:  Either the value specified above or twice the load pressure drop, whichever is more.

5. 
Flow Characteristics:  Two-way valves shall have equal percentage characteristics; three-way valves shall have linear characteristics.

6. 
Close-Off (Differential) Pressure Rating:  Combination of actuator and trim shall provide minimum close-off pressure rating of 150 percent of total system (pump) head for two-way valves and 100 percent of pressure differential across valve or 100 percent of total system (pump) head.

C. 
Terminal Unit Control Valves:  Bronze body, bronze trim, two or three ports as indicated, replaceable plugs and seats, and union and threaded ends.

1. 
Rating:  Class 125 for service at 125 psig (860 kPa) and 250 deg F (121 deg C) operating conditions.

2. 
Sizing:  3-psig (21-kPa) maximum pressure drop at design flow rate, to close against pump shutoff head.

3. 
Flow Characteristics:  Two-way valves shall have equal percentage characteristics; three-way valves shall have linear characteristics.

1.92 
DAMPERS

A. 
Dampers:  AMCA-rated, parallel-blade design; 0.108-inch- (2.8-mm-) minimum thick, galvanized-steel or 0.125-inch- (3.2-mm-) minimum thick, extruded-aluminum frames with holes for duct mounting; damper blades shall not be less than 0.064-inch- (1.6-mm-) thick galvanized steel with maximum blade width of 8 inches (200 mm) and length of 48 inches (1220 mm).

1. 
Secure blades to 1/2-inch- (13-mm-) diameter, zinc-plated axles using zinc-plated hardware, with oil-impregnated sintered bronze blade bearings, blade-linkage hardware of zinc-plated steel and brass, ends sealed against spring-stainless-steel blade bearings, and thrust bearings at each end of every blade.

2. 
Operating Temperature Range:  From minus 40 to plus 200 deg F (minus 40 to plus 93 deg C).

3. 
Edge Seals, Standard Pressure Applications:  Closed-cell neoprene.

4. 
Edge Seals, Low-Leakage Applications:  Use inflatable blade edging or replaceable rubber blade seals and spring-loaded stainless-steel side seals, rated for leakage at less than 10 cfm per sq. ft. (50 L/s per sq. m) of damper area, at differential pressure of 4-inch wg (1000 Pa) when damper is held by torque of 50 in. x lbf (5.6 N x m); when tested according to AMCA 500D.

- EXECUTION

1.93 
INSTALLATION

A. 
Verify location of thermostats, humidistats, and other exposed control sensors with Drawings and room details before installation.  Install devices 48 inches (1220 mm) above the floor.

B. 
Install automatic dampers according to Division 23 Section "Air Duct Accessories."

C. 
Install damper motors on outside of duct in warm areas, not in locations exposed to outdoor temperatures.

D. 
Install duct volume-control dampers according to Division 23 Sections specifying air ducts.

E. 
Install electronic and fiber-optic cables according to Division 27 Section "Communications Horizontal Cabling."

1.94 
ELECTRICAL WIRING AND CONNECTION INSTALLATION

A. 
Install raceways, boxes, and cabinets according to contract specifications.

B. 
Install building wire and cable according to contract specifications.

C. 
Install signal and communication cable according to contract specifications.

1. 
Conceal cable, except in mechanical rooms and areas where other conduit and piping are exposed.

2. 
Install exposed cable in raceway.

3. 
Install concealed cable in raceway.

4. 
Bundle and harness multiconductor instrument cable in place of single cables where several cables follow a common path.

5. 
Fasten flexible conductors, bridging cabinets and doors, along hinge side; protect against abrasion.  Tie and support conductors.

6. 
Number-code or color-code conductors for future identification and service of control system, except local individual room control cables.

7. 
Install wire and cable with sufficient slack and flexible connections to allow for vibration of piping and equipment.

1.95 
FIELD QUALITY CONTROL

A. 
Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect, test, and adjust field-assembled components and equipment installation, including connections, and to assist in field testing.  Report results in writing.


Perform the following field tests and inspections and prepare test reports:

1. 
Operational Test:  After electrical circuitry has been energized, start units to confirm proper unit operation.  Remove and replace malfunctioning units and retest.

2. 
Test and adjust controls and safeties.

3. 
Test calibration of controllers by disconnecting input sensors and stimulating operation with compatible signal generator.

4. 
Test each point through its full operating range to verify that safety and operating control set points are as required.

5. 
Test each control loop to verify stable mode of operation and compliance with sequence of operation.  Adjust PID actions.

6. 
Test each system for compliance with sequence of operation.

7. 
Test software and hardware interlocks.

B. 
DDC Verification:
1. 
Verify that instruments are installed before calibration, testing, and loop or leak checks.

2. 
Check instruments for proper location and accessibility.

3. 
Check instrument installation for direction of flow, elevation, orientation, insertion depth, and other applicable considerations.

4. 
Check instrument tubing for proper fittings, slope, material, and support.

5. 
Check temperature instruments and material and length of sensing elements.

6. 
Check control valves.  Verify that they are in correct direction.

7. 
Check air-operated dampers.  Verify that pressure gages are provided and that proper blade alignment, either parallel or opposed, has been provided.

8. 
Check DDC system as follows:

a. 
Verify that DDC controller power supply is from emergency power supply, if applicable.

b. 
Verify that wires at control panels are tagged with their service designation and approved tagging system.

c. 
Verify that spare I/O capacity has been provided.

d. 
Verify that DDC controllers are protected from power supply surges.

C. 
Replace damaged or malfunctioning controls and equipment and repeat testing procedures.

1.96 
DEMONSTRATION

A. 
Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, operate, and maintain HVAC instrumentation and controls 4 hours of instruction.

END OF SECTION 230900

SECTION 232113 - HYDRONIC PIPING
- GENERAL

1.97 
SUMMARY

A. 
This Section includes pipe and fitting materials, joining methods, special-duty valves, and specialties for the following:

1. 
Hot-water heating piping.

2. 
Chilled-water piping.

1.98 
PERFORMANCE REQUIREMENTS

A. 
Hydronic piping components and installation shall be capable of withstanding the following minimum working pressure and temperature:

1. 
Hot-Water Heating Piping:  100 psig (kPa)> at 200 deg F (93 deg C).

2. 
Chilled-Water Piping:  100 psig (kPa)> at 200 deg F (93 deg C).

1.99 
SUBMITTALS

A. 
Product Data:  For each type of the following:

1. 
Valves.  Include flow and pressure drop curves based on manufacturer's testing for calibrated-orifice balancing valves and automatic flow-control valves.

2. 
Hydronic specialties.

B. 
Field quality-control test reports.
C. 
Operation and maintenance data.
1.100 
QUALITY ASSURANCE

A. 
ASME Compliance:  Comply with ASME B31.9, "Building Services Piping," for materials, products, and installation.  Safety valves and pressure vessels shall bear the appropriate ASME label.  Fabricate and stamp air separators and expansion tanks to comply with ASME Boiler and Pressure Vessel Code:  Section VIII, Division 1.

 - PRODUCTS

1.101 
COPPER TUBE AND FITTINGS

A. 
Drawn-Temper Copper Tubing:  ASTM B 88, Type L (ASTM B 88M, Type B).

B. 
Wrought-Copper Fittings:  ASME B16.22.

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. 
Grooved-End Copper Fittings:  ASTM B 75 (ASTM B 75M), copper tube or ASTM B 584, bronze casting.

C. 
Wrought-Copper Unions:  ASME B16.22.

1.102 
STEEL PIPE AND FITTINGS

A. 
Steel Pipe:  ASTM A 53/A 53M, black steel with plain ends; type, grade, and wall thickness as indicated in Part 3 "Piping Applications" Article.

B. 
Cast-Iron Threaded Fittings:  ASME B16.4; Classes 125 and 250 as indicated in Part 3 "Piping Applications" Article.

C. 
Malleable-Iron Threaded Fittings:  ASME B16.3, Classes 150 and 300 as indicated in Part 3 "Piping Applications" Article.

D. 
Malleable-Iron Unions:  ASME B16.39; Classes 150, 250, and 300 as indicated in Part 3 "Piping Applications" Article.

E. 
Wrought Cast- and Forged-Steel Flanges and Flanged Fittings:  ASME B16.5, including bolts, nuts, and gaskets of the following material group, end connections, and facings:

1. 
Material Group:  1.1.

2. 
End Connections:  Butt welding.

3. 
Facings:  Raised face.

1.103 
JOINING MATERIALS

A. 
Pipe-Flange Gasket Materials:  Suitable for chemical and thermal conditions of piping system contents.

1. 
ASME B16.21, nonmetallic, flat, asbestos free, 1/8-inch (3.2-mm) maximum thickness unless thickness or specific material is indicated.

a. 
Full-Face Type:  For flat-face, Class 125, cast-iron and cast-bronze flanges.

b. 
Narrow-Face Type:  For raised-face, Class 250, cast-iron and steel flanges.

B. 
Flange Bolts and Nuts:  ASME B18.2.1, carbon steel, unless otherwise indicated.

C. 
Plastic, Pipe-Flange Gasket, Bolts, and Nuts:  Type and material recommended by piping system manufacturer, unless otherwise indicated.

D. 
Solder Filler Metals:  ASTM B 32, lead-free alloys.  Include water-flushable flux according to ASTM B 813.

E. 
Brazing Filler Metals:  AWS A5.8, BCuP Series, copper-phosphorus alloys for joining copper with copper; or BAg-1, silver alloy for joining copper with bronze or steel.

F. 
Gasket Material:  Thickness, material, and type suitable for fluid to be handled and working temperatures and pressures.

1.104 
DIELECTRIC FITTINGS

A. 
Description:  Combination fitting of copper-alloy and ferrous materials with threaded, solder-joint, plain, or weld-neck end connections that match piping system materials.

B. 
Insulating Material:  Suitable for system fluid, pressure, and temperature.

C. 
Dielectric Unions:
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:

a. 
Capitol Manufacturing Company.

b. 
Hart Industries International, Inc.

c. 
Watts Regulator Co.; a division of Watts Water Technologies, Inc.

d. 
Zurn Plumbing Products Group; AquaSpec Commercial Products Division.

2. 
Factory-fabricated union assembly, for 250-psig (1725-kPa) minimum working pressure at 180 deg F (82 deg C).

D. 
Dielectric Couplings:
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:

a. 
Calpico, Inc.

b. 
Lochinvar Corporation.

2. 
Galvanized-steel coupling with inert and noncorrosive thermoplastic lining; threaded ends; and 300-psig (2070-kPa) minimum working pressure at 225 deg F (107 deg C).

1.105 
VALVES

A. 
Gate, Globe, Check, Ball, and Butterfly Valves:  Comply with requirements specified in Division 23 Section "General-Duty Valves for HVAC Piping."

B. 
Automatic Temperature-Control Valves, Actuators, and Sensors:  Comply with requirements specified in Division 23 Section "Instrumentation and Control for HVAC."


Automatic Flow-Control Valves:
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. 
Basis-of-Design Product:  Subject to compliance with requirements, provide or a comparable product by one of the following:

a. 
Flow Design Inc.

b. 
Griswold Controls.

3. 
Body:  Brass or ferrous metal.

4. 
Piston and Spring Assembly:  Stainless steel, tamper proof, self cleaning, and removable.

5. 
Combination Assemblies:  Include bonze or brass-alloy ball valve.

6. 
Identification Tag:  Marked with zone identification, valve number, and flow rate.

7. 
Size:  Same as pipe in which installed.

8. 
Performance:  Maintain constant flow, plus or minus 5 percent over system pressure fluctuations.

9. 
Minimum CWP Rating:  175 psig (1207 kPa).

10. 
Maximum Operating Temperature:  250 deg F (121 deg C).

1.106 
HYDRONIC PIPING SPECIALTIES

A. 
Y-Pattern Strainers:
1. 
Body:  ASTM A 126, Class B, cast iron with bolted cover and bottom drain connection.

2. 
End Connections:  Threaded ends for NPS 2 (DN 50) and smaller; flanged ends for NPS 2-1/2 (DN 65) and larger.

3. 
Strainer Screen:  40-mesh startup strainer, and perforated stainless-steel basket with 50 percent free area.

4. 
CWP Rating:  125 psig (860 kPa).

- EXECUTION

1.107 
PIPING APPLICATIONS

A. 
Hot-water heating piping, aboveground, NPS 2 (DN 50) and smaller, shall be any of the following:

1. 
Type L (B), drawn-temper copper tubing, wrought-copper fittings, and brazed joints.

2. 
Schedule 40 steel pipe; Class 150, malleable-iron fittings; cast-iron flanges and flange fittings; and threaded joints.

B. 
Hot-water heating piping, aboveground, NPS 2-1/2 (DN 65) and larger, shall be the following:

1. 
Schedule 40 steel pipe, wrought-steel fittings and wrought-cast or forged-steel flanges and flange fittings, and welded and flanged joints.

C. 
Chilled-water piping, aboveground, NPS 2 (DN 50) and smaller, shall be any of the following:

1. 
Type L (B), drawn-temper copper tubing, wrought-copper fittings, and brazed joints.

2. 
Schedule 40 steel pipe; Class 150, malleable-iron fittings; cast-iron flanges and flange fittings; and threaded joints.

D. 
Chilled-water piping, aboveground, NPS 2-1/2 (DN 65) and larger, shall be the following:

1. 
Schedule 40 steel pipe, wrought-steel fittings and wrought-cast or forged-steel flanges and flange fittings, and welded and flanged joints.

1.108 
VALVE APPLICATIONS

A. 
Install shutoff-duty valves at each branch connection to supply mains, and at supply connection to each piece of equipment.

B. 
Install calibrated-orifice, balancing valves in the return pipe of each heating or cooling terminal.

1.109 
PIPING INSTALLATIONS

A. 
Drawing plans, schematics, and diagrams indicate general location and arrangement of piping systems.  Indicate piping locations and arrangements if such were used to size pipe and calculate friction loss, expansion, pump sizing, and other design considerations.  Install piping as indicated unless deviations to layout are approved on Coordination Drawings.

B. 
Install piping in concealed locations, unless otherwise indicated and except in equipment rooms and service areas.

C. 
Install piping indicated to be exposed and piping in equipment rooms and service areas at right angles or parallel to building walls.  Diagonal runs are prohibited unless specifically indicated otherwise.

D. 
Install piping above accessible ceilings to allow sufficient space for ceiling panel removal.

E. 
Install piping to permit valve servicing.

F. 
Install piping free of sags and bends.

G. 
Install fittings for changes in direction and branch connections.

H. 
Install piping to allow application of insulation.

I. 
Select system components with pressure rating equal to or greater than system operating pressure.

J. 
Install groups of pipes parallel to each other, spaced to permit applying insulation and servicing of valves.

K. 
Install drains, consisting of a tee fitting, NPS 3/4 (DN 20) ball valve, and short NPS 3/4 (DN 20) threaded nipple with cap, at low points in piping system mains and elsewhere as required for system drainage.

L. 
Reduce pipe sizes using eccentric reducer fitting installed with level side up.

M. 
Install branch connections to mains using tee fittings in main pipe, with the branch connected to the bottom of the main pipe.  For up-feed risers, connect the branch to the top of the main pipe.

N. 
Install valves according to Division 23 Section 230523 "General-Duty Valves for HVAC Piping."

O. 
Install unions in piping, NPS 2 (DN 50) and smaller, adjacent to valves, at final connections of equipment, and elsewhere as indicated.

P. 
Install flanges in piping, NPS 2-1/2 (DN 65) and larger, at final connections of equipment and elsewhere as indicated.

Q. 
Install strainers on inlet side of each control valve, pressure-reducing valve, solenoid valve, in-line pump, and elsewhere as indicated.  Install NPS 3/4 (DN 20) nipple and ball valve in blowdown connection of strainers NPS 2 (DN 50) and larger.  Match size of strainer blowoff connection for strainers smaller than NPS 2 (DN 50).

R. 
Identify piping as specified in Division 23 Section 230553 "Identification for HVAC Piping and Equipment."

1.110 
HANGERS AND SUPPORTS

A. 
Hanger, support, and anchor comply with the following requirements for maximum spacing of supports.

B. 
Install the following pipe attachments:
1. 
Adjustable steel clevis hangers for individual horizontal piping less than 20 feet (6 m) long.

2. 
Provide copper-clad hangers and supports for hangers and supports in direct contact with copper pipe.

C. 
Install hangers for steel piping with the following maximum spacing and minimum rod sizes:

1. 
NPS 3/4 (DN 20):  Maximum span, 7 feet (2.1 m); minimum rod size, 1/4 inch (6.4 mm).

2. 
NPS 1 (DN 25):  Maximum span, 7 feet (2.1 m); minimum rod size, 1/4 inch (6.4 mm).

3. 
NPS 1-1/2 (DN 40):  Maximum span, 9 feet (2.7 m); minimum rod size, 3/8 inch (10 mm).

4. 
NPS 2 (DN 50):  Maximum span, 10 feet (3 m); minimum rod size, 3/8 inch (10 mm).

5. 
NPS 2-1/2 (DN 65):  Maximum span, 11 feet (3.4 m); minimum rod size, 3/8 inch (10 mm).

6. 
NPS 3 (DN 80):  Maximum span, 12 feet (3.7 m); minimum rod size, 3/8 inch (10 mm).

7. 
NPS 4 (DN 100):  Maximum span, 14 feet (4.3 m); minimum rod size, 1/2 inch (13 mm).

D. 
Install hangers for drawn-temper copper piping with the following maximum spacing and minimum rod sizes:

1. 
NPS 3/4 (DN 20):  Maximum span, 5 feet (1.5 m); minimum rod size, 1/4 inch (6.4 mm).

2. 
NPS 1 (DN 25):  Maximum span, 6 feet (1.8 m); minimum rod size, 1/4 inch (6.4 mm).

3. 
NPS 1-1/2 (DN 40):  Maximum span, 8 feet (2.4 m); minimum rod size, 3/8 inch (10 mm).

4. 
NPS 2 (DN 50):  Maximum span, 8 feet (2.4 m); minimum rod size, 3/8 inch (10 mm).

5. 
NPS 2-1/2 (DN 65):  Maximum span, 9 feet (2.7 m); minimum rod size, 3/8 inch (10 mm).

6. 
NPS 3 (DN 80):  Maximum span, 10 feet (3 m); minimum rod size, 3/8 inch (10 mm).

E. 
Support vertical runs at roof, at each floor, and at 10-foot (3-m) intervals between floors.

1.111 
PIPE JOINT CONSTRUCTION

A. 
Join pipe and fittings according to the following requirements and specifying piping systems.

B. 
Ream ends of pipes and tubes and remove burrs.  Bevel plain ends of steel pipe.

C. 
Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before assembly.

D. 
Brazed Joints:  Construct joints according to AWS's "Brazing Handbook," "Pipe and Tube" Chapter, using copper-phosphorus brazing filler metal complying with AWS A5.8.

E. 
Threaded Joints:  Thread pipe with tapered pipe threads according to ASME B1.20.1.  Cut threads full and clean using sharp dies.  Ream threaded pipe ends to remove burrs and restore full ID.  Join pipe fittings and valves as follows:

1. 
Apply appropriate tape or thread compound to external pipe threads unless dry seal threading is specified.

2. 
Damaged Threads:  Do not use pipe or pipe fittings with threads that are corroded or damaged.  Do not use pipe sections that have cracked or open welds.

F. 
Flanged Joints:  Select appropriate gasket material, size, type, and thickness for service application.  Install gasket concentrically positioned.  Use suitable lubricants on bolt threads.

1.112 
HYDRONIC SPECIALTIES INSTALLATION

A. 
Install manual air vents at high points in piping, at heat-transfer coils, and elsewhere as required for system air venting.

1.113 
TERMINAL EQUIPMENT CONNECTIONS

A. 
Sizes for supply and return piping connections shall be the same as or larger than equipment connections.

B. 
Install control valves in accessible locations close to connected equipment.

1.114 
FIELD QUALITY CONTROL

A. 
Prepare hydronic piping according to ASME B31.9 and as follows:

1. 
Leave joints, including welds, uninsulated and exposed for examination during test.

2. 
Provide temporary restraints for expansion joints that cannot sustain reactions due to test pressure.  If temporary restraints are impractical, isolate expansion joints from testing.

3. 
Flush hydronic piping systems with clean water; then remove and clean or replace strainer screens.

4. 
Isolate equipment from piping.  If a valve is used to isolate equipment, its closure shall be capable of sealing against test pressure without damage to valve.  Install blinds in flanged joints to isolate equipment.

B. 
Perform the following tests on hydronic piping:

1. 
Use ambient temperature water as a testing medium unless there is risk of damage due to freezing.  Another liquid that is safe for workers and compatible with piping may be used.

2. 
While filling system, use vents installed at high points of system to release air.  Use drains installed at low points for complete draining of test liquid.

3. 
Isolate expansion tanks and determine that hydronic system is full of water.

4. 
Subject piping system to hydrostatic test pressure that is not less than 1.5 times the system's working pressure.  Test pressure shall not exceed maximum pressure for any vessel, pump, valve, or other component in system under test.  Verify that stress due to pressure at bottom of vertical runs does not exceed 90 percent of specified minimum yield strength or 1.7 times "SE" value in Appendix A in ASME B31.9, "Building Services Piping."

5. 
After hydrostatic test pressure has been applied for at least 10 minutes, examine piping, joints, and connections for leakage.  Eliminate leaks by tightening, repairing, or replacing components, and repeat hydrostatic test until there are no leaks.

6. 
Prepare written report of testing.

C. 
Perform the following before operating the system:

1. 
Open manual valves fully.

2. 
Inspect pumps for proper rotation.

3. 
Set makeup pressure-reducing valves for required system pressure.

4. 
Inspect air vents at high points of system and determine if all are installed and operating freely (automatic type), or bleed air completely (manual type).

5. 
Set temperature controls so all coils are calling for full flow.

6. 
Inspect and set operating temperatures of hydronic equipment, such as boilers, chillers, cooling towers, to specified values.

7. 
Verify lubrication of motors and bearings.

END OF SECTION 232113

SECTION 233113 - METAL DUCTS
- GENERAL

1.115 
SUMMARY

A. 
This Section includes metal, rectangular ducts and fittings for supply, return, outside, and exhaust air-distribution systems in pressure classes from minus 2- to plus 10-inch wg (minus 500 to plus 2500 Pa).

B. 
See Division 23 Section 233300 "Air Duct Accessories" for dampers, sound-control devices, duct-mounting access doors and panels, turning vanes, and flexible ducts.

1.116 
SUBMITTALS

A. 
Shop Drawings:  Show fabrication and installation details for metal ducts.

1. 
Duct accessories, including access doors and panels.

1.117 
QUALITY ASSURANCE

A. 
NFPA Compliance:
1. 
NFPA 90A, "Installation of Air Conditioning and Ventilating Systems."

2. 
NFPA 90B, "Installation of Warm Air Heating and Air Conditioning Systems."

 - PRODUCTS

1.118 
MANUFACTURERS

A. 
In other Part 2 articles where titles below introduce lists, the following requirements apply to product selection:

1. 
Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, manufacturers specified.

1.119 
SHEET METAL MATERIALS

A. 
Comply with SMACNA's "HVAC Duct Construction Standards--Metal and Flexible" for acceptable materials, material thicknesses, and duct construction methods, unless otherwise indicated.  Sheet metal materials shall be free of pitting, seam marks, roller marks, stains, discolorations, and other imperfections.

B. 
Galvanized Sheet Steel:  Lock-forming quality; complying with ASTM A 653/A 653M and having G60 (Z180) coating designation; ducts shall have mill-phosphatized finish for surfaces exposed to view.

C. 
Reinforcement Shapes and Plates:  Galvanized-steel reinforcement where installed on galvanized sheet metal ducts.

D. 
Tie Rods:  Galvanized steel, 1/4-inch (6-mm) minimum diameter for lengths 36 inches (900 mm) or less; 3/8-inch (10-mm) minimum diameter for lengths longer than 36 inches (900 mm).

1.120 
SEALANT MATERIALS

A. 
Water-Based Joint and Seam Sealant:  Flexible, adhesive sealant, resistant to UV light when cured, UL 723 listed, and complying with NFPA requirements for Class 1 ducts.

B. 
Flanged Joint Mastic:  One-part, acid-curing, silicone, elastomeric joint sealant complying with ASTM C 920, Type S, Grade NS, Class 25, Use O.

C. 
Flange Gaskets:  Butyl rubber or EPDM polymer with polyisobutylene plasticizer.

1.121 
HANGERS AND SUPPORTS

A. 
Hanger Materials:  Galvanized sheet steel or threaded steel rod.

1. 
Hangers Installed in Corrosive Atmospheres:  Electrogalvanized, all-thread rods or galvanized rods with threads painted with zinc-chromate primer after installation.

2. 
Strap and Rod Sizes:  Comply with SMACNA's "HVAC Duct Construction Standards--Metal and Flexible" for steel sheet width and thickness and for steel rod diameters.

B. 
Duct Attachments:  Sheet metal screws, blind rivets, or self-tapping metal screws; compatible with duct materials.

C. 
Trapeze and Riser Supports:  Galvanized-steel shapes and plates complying with ASTM A 36/A 36M.

1.122 
RECTANGULAR DUCT FABRICATION

A. 
Fabricate ducts, elbows, transitions, offsets, branch connections, and other construction according to SMACNA's "HVAC Duct Construction Standards--Metal and Flexible" and complying with requirements for metal thickness, reinforcing types and intervals, tie-rod applications, and joint types and intervals.

1. 
Lengths:  Fabricate rectangular ducts in lengths appropriate to reinforcement and rigidity class required for pressure class.

2. 
Deflection:  Duct systems shall not exceed deflection limits according to SMACNA's "HVAC Duct Construction Standards--Metal and Flexible."

B. 
Transverse Joints:  Prefabricated slide-on joints and components constructed using manufacturer's guidelines for material thickness, reinforcement size and spacing, and joint reinforcement.

1. 
Available Manufacturers:

a. 
Ductmate Industries, Inc.

b. 
Nexus Inc.

c. 
Ward Industries, Inc.

C. 
Formed-On Flanges:  Construct according to SMACNA's "HVAC Duct Construction Standards--Metal and Flexible," Figure 1-4, using corner, bolt, cleat, and gasket details.

1. 
Available Manufacturers:

a. 
Ductmate Industries, Inc.

b. 
Lockformer.

2. 
Duct Size:  Maximum 30 inches (750 mm) wide and up to 2-inch wg (500-Pa) pressure class.

3. 
Longitudinal Seams:  Pittsburgh lock sealed with noncuring polymer sealant.

D. 
Cross Breaking or Cross Beading:  Cross break or cross bead duct sides 19 inches (480 mm) and larger and 0.0359 inch (0.9 mm) thick or less, with more than 10 sq. ft. (0.93 sq. m) of nonbraced panel area unless ducts are lined.

 - EXECUTION

1.123 
DUCT APPLICATIONS

A. 
Static-Pressure Classes:  Unless otherwise indicated, construct ducts according to the following:

1. 
Supply Ducts (before Air Terminal Units):  3-inch wg (750 Pa).

2. 
Supply Ducts (after Air Terminal Units):  1-inch wg (250 Pa).

3. 
Supply Ducts (in Mechanical Equipment Rooms):  3-inch wg (750 Pa).

4. 
Return Ducts (Negative Pressure):  1-inch wg (250 Pa).

1.124 
DUCT INSTALLATION

A. 
Construct and install ducts according to SMACNA's "HVAC Duct Construction Standards--Metal and Flexible," unless otherwise indicated.

B. 
Install ducts with fewest possible joints.

C. 
Install fabricated fittings for changes in directions, size, and shape and for connections.

D. 
Install couplings tight to duct wall surface with a minimum of projections into duct.  Secure couplings with sheet metal screws.  Install screws at intervals of 12 inches (300 mm), with a minimum of 3 screws in each coupling.

E. 
Install ducts, unless otherwise indicated, vertically and horizontally and parallel and perpendicular to building lines; avoid diagonal runs.

F. 
Install ducts close to walls, overhead construction, columns, and other structural and permanent enclosure elements of building.

G. 
Install ducts with a clearance of 1 inch (25 mm), plus allowance for insulation thickness.

H. 
Conceal ducts from view in finished spaces.  Do not encase horizontal runs in solid partitions unless specifically indicated.

I. 
Coordinate layout with suspended ceiling, fire- and smoke-control dampers, lighting layouts, and similar finished work.

J. 
Seal all joints and seams.  Apply sealant to male end connectors before insertion, and afterward to cover entire joint and sheet metal screws.

K. 
Electrical Equipment Spaces:  Route ducts to avoid passing through transformer vaults and electrical equipment spaces and enclosures.

L. 
Non-Fire-Rated Partition Penetrations:  Where ducts pass through interior partitions and exterior walls and are exposed to view, conceal spaces between construction openings and ducts or duct insulation with sheet metal flanges of same metal thickness as ducts.  Overlap openings on 4 sides by at least 1-1/2 inches (38 mm).

M. 
Fire-Rated Partition Penetrations:  Where ducts pass through interior partitions and exterior walls, install appropriately rated fire dampers, sleeves, and firestopping sealant.  Fire and smoke dampers are specified in Division 23 Section "Air Duct Accessories." Firestopping materials and installation methods are specified in Division 07 Section "Penetration Firestopping."

N. 
Protect duct interiors from the elements and foreign materials until building is enclosed.  

1.125 
SEAM AND JOINT SEALING

A. 
Seal duct seams and joints.  Seal all supply and return transverse joint and longitudinal seams for seal Class B and pressure construction Class 3” w.g.

B. 
Seal ducts before external insulation is applied.

1.126 
HANGING AND SUPPORTING

A. 
Support horizontal ducts within 24 inches (600 mm) of each elbow and within 48 inches (1200 mm) of each branch intersection.

B. 
Support vertical ducts at maximum intervals of 16 feet (5 m) and at each floor.

C. 
Install upper attachments to structures with an allowable load not exceeding one-fourth of failure (proof-test) load.

1.127 
CONNECTIONS

A. 
Make connections to equipment with flexible connectors according to Division 23 Section 233300 "Air Duct Accessories."

B. 
Comply with SMACNA's "HVAC Duct Construction Standards--Metal and Flexible" for branch, outlet and inlet, and terminal unit connections.

END OF SECTION 233113

SECTION 233300 - AIR DUCT ACCESSORIES
- GENERAL

1.128 
SUMMARY

A. 
This Section includes the following:

1. 
Volume dampers.

2. 
Turning vanes.

3. 
Duct-mounting access doors.

4. 
Flexible ducts.

5. 
Duct accessory hardware.

B. 
See Division 23 Section 230900 "Instrumentation and Control for HVAC" for electric and pneumatic damper actuators.

1.129 
SUBMITTALS

A. 
Product Data:  For the following:

1. 
Volume dampers.

2. 
Turning vanes.

3. 
Duct-mounting access doors.

4. 
Flexible ducts.

B. 
Shop Drawings:  Detail equipment assemblies and indicate dimensions, weights, loads, required clearances, method of field assembly, components, and location and size of each field connection.

1. 
Special fittings.

2. 
Manual-volume damper installations.

1.130 
QUALITY ASSURANCE

A. 
Comply with NFPA 90A, "Installation of Air Conditioning and Ventilating Systems," and NFPA 90B, "Installation of Warm Air Heating and Air Conditioning Systems."

 - PRODUCTS

1.131 
MANUFACTURERS

A. 
In other Part 2 articles where titles below introduce lists, the following requirements apply to product selection:

1. 
Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, manufacturers specified.

1.132 
SHEET METAL MATERIALS

A. 
Comply with SMACNA's "HVAC Duct Construction Standards--Metal and Flexible" for acceptable materials, material thicknesses, and duct construction methods, unless otherwise indicated.

B. 
Galvanized Sheet Steel:  Lock-forming quality; complying with ASTM A 653/A 653M and having G60 (Z180) coating designation; ducts shall have mill-phosphatized finish for surfaces exposed to view.

C. 
Reinforcement Shapes and Plates:  Galvanized-steel reinforcement where installed on galvanized sheet metal ducts; compatible materials for aluminum and stainless-steel ducts.

D. 
Tie Rods:  Galvanized steel, 1/4-inch (6-mm) minimum diameter for lengths 36 inches (900 mm) or less; 3/8-inch (10-mm) minimum diameter for lengths longer than 36 inches (900 mm).

1.133 
VOLUME DAMPERS

A. 
Available Manufacturers:
1. 
Air Balance, Inc.

2. 
Flexmaster U.S.A., Inc.

3. 
Penn Ventilation Company, Inc.

4. 
Ruskin Company.

B. 
General Description:  Factory fabricated, with required hardware and accessories.  Stiffen damper blades for stability.  Include locking device to hold single-blade dampers in a fixed position without vibration.  Close duct penetrations for damper components to seal duct consistent with pressure class.

C. 
Standard Volume Dampers:  Multiple- or single-blade, parallel- or opposed-blade design as indicated, standard leakage rating, and suitable for horizontal or vertical applications.

1. 
Steel Frames:  Hat-shaped, galvanized sheet steel channels, minimum of 0.064 inch (1.62 mm) thick, with mitered and welded corners; frames with flanges where indicated for attaching to walls and flangeless frames where indicated for installing in ducts.

2. 
Roll-Formed Steel Blades:  0.064-inch- (1.62-mm-) thick, galvanized sheet steel.

3. 
Blade Axles:  Galvanized steel.

4. 
Bearings:  Molded synthetic.

5. 
Tie Bars and Brackets:  Galvanized steel.

D. 
Jackshaft:  1-inch- (25-mm-) diameter, galvanized-steel pipe rotating within pipe-bearing assembly mounted on supports at each mullion and at each end of multiple-damper assemblies.

1. 
Length and Number of Mountings:  Appropriate to connect linkage of each damper in multiple-damper assembly.

E. 
Damper Hardware:  Zinc-plated, die-cast core with dial and handle made of 3/32-inch- (2.4-mm-) thick zinc-plated steel, and a 3/4-inch (19-mm) hexagon locking nut.  Include center hole to suit damper operating-rod size.  Include elevated platform for insulated duct mounting.

1.134 
TURNING VANES

A. 
Fabricate to comply with SMACNA's "HVAC Duct Construction Standards--Metal and Flexible" for vanes and vane runners.  Vane runners shall automatically align vanes.

B. 
Manufactured Turning Vanes:  Fabricate 1-1/2-inch- (38-mm-) wide, single or double vane, curved blades of galvanized sheet steel set 3/4 inch (19 mm) o.c.; support with bars perpendicular to blades set 2 inches (50 mm) o.c.; and set into vane runners suitable for duct mounting.

1. 
Available Manufacturers:

a. 
Ductmate Industries, Inc.

b. 
Duro Dyne Corp.

c. 
METALAIRE, Inc.

d. 
Ward Industries, Inc.

1.135 
DUCT-MOUNTING ACCESS DOORS

A. 
General Description:  Fabricate doors airtight and suitable for duct pressure class.

B. 
Door:  Double wall, duct mounting, and rectangular; fabricated of galvanized sheet metal with insulation fill and thickness as indicated for duct pressure class.  Include vision panel where indicated.  Include 1-by-1-inch (25-by-25-mm) butt or piano hinge and cam latches.

1. 
Available Manufacturers:

a. 
American Warming and Ventilating.

b. 
CESCO Products.

c. 
Ductmate Industries, Inc.

d. 
Greenheck.

e. 
Ventfabrics, Inc.

f. 
Ward Industries, Inc.

2. 
Frame:  Galvanized sheet steel, with bend-over tabs and foam gaskets.

3. 
Provide number of hinges and locks as follows:

a. 
Less Than 12 Inches (300 mm) Square:  Secure with two sash locks.

b. 
Up to 18 Inches (450 mm) Square:  Two hinges and two sash locks.

c. 
Up to 24 by 48 Inches (600 by 1200 mm):  Three hinges and two compression latches.

d. 
Sizes 24 by 48 Inches (600 by 1200 mm) and Larger:  One additional hinge.


FLEXIBLE DUCTS

C. 
Available Manufacturers:
1. 
Flexmaster U.S.A., Inc.

2. 
Hart & Cooley, Inc.

3. 
McGill AirFlow Corporation.

D. 
Insulated-Duct Connectors:  UL 181, Class 1, 2-ply vinyl film supported by helically wound, spring-steel wire; fibrous-glass insulation; aluminized vapor barrier film.

1. 
Pressure Rating:  10-inch wg (2500 Pa) positive and 1.0-inch wg (250 Pa) negative.

2. 
Maximum Air Velocity:  4000 fpm (20.3 m/s).

3. 
Temperature Range:  Minus 10 to plus 160 deg F (Minus 23 to plus 71 deg C).

E. 
Flexible Duct Clamps:  Nylon strap, in sizes 3 through 18 inches (75 to 450 mm) to suit duct size.

1.136 
DUCT ACCESSORY HARDWARE

A. 
Adhesives:  High strength, quick setting, neoprene based, waterproof, and resistant to gasoline and grease.

 - EXECUTION

1.137 
APPLICATION AND INSTALLATION

A. 
Install duct accessories according to applicable details in SMACNA's "HVAC Duct Construction Standards--Metal and Flexible" for metal ducts and in NAIMA AH116, "Fibrous Glass Duct Construction Standards," for fibrous-glass ducts.

B. 
Provide duct accessories of materials suited to duct materials; use galvanized-steel accessories in galvanized-steel and fibrous-glass ducts, stainless-steel accessories in stainless-steel ducts, and aluminum accessories in aluminum ducts.

C. 
Install volume dampers in ducts with liner; avoid damage to and erosion of duct liner.

D. 
Provide balancing dampers at points on supply, return, and exhaust systems where branches lead from larger ducts as required for air balancing.  Install at a minimum of two duct widths from branch takeoff.

E. 
Install duct access doors to allow for inspecting, adjusting, and maintaining accessories and terminal units as follows:

1. 
Downstream from volume dampers and equipment.


Install the following sizes for duct-mounting, rectangular access doors:

2. 
Two-Hand Access:  12 by 6 inches (300 by 150 mm).

3. 
Head and Hand Access:  18 by 10 inches (460 by 250 mm).

4. 
Head and Shoulders Access:  21 by 14 inches (530 by 355 mm).

5. 
Body Access:  25 by 14 inches (635 by 355 mm).

6. 
Body Plus Ladder Access:  25 by 17 inches (635 by 430 mm).

F. 
Install the following sizes for duct-mounting, round access doors:

1. 
One-Hand or Inspection Access:  8 inches (200 mm) in diameter.

2. 
Two-Hand Access:  10 inches (250 mm) in diameter.

3. 
Head and Hand Access:  12 inches (300 mm) in diameter.

4. 
Head and Shoulders Access:  18 inches (460 mm) in diameter.

5. 
Body Access:  24 inches (600 mm) in diameter.

G. 
Connect terminal units to supply ducts with maximum 12-inch (300-mm) lengths of flexible duct.  Do not use flexible ducts to change directions.

H. 
Connect diffusers or light troffer boots to low pressure ducts with maximum 60-inch (1500-mm) lengths of flexible duct clamped or strapped in place.

I. 
Connect flexible ducts to metal ducts with draw bands.

1.138 
ADJUSTING

A. 
Adjust duct accessories for proper settings.

B. 
Final positioning of manual-volume dampers is specified in Division 23 Section 230593 "Testing, Adjusting, and Balancing for HVAC."

END OF SECTION 233300

SECTION 233600 - AIR TERMINAL UNITS
- GENERAL

1.139 
SUMMARY

A. 
This Section includes the following:

1. 
Shutoff single-duct air terminal units

1.140 
SUBMITTALS

A. 
Product Data:  For each type of product indicated, include rated capacities, furnished specialties, sound-power ratings, and accessories.

B. 
Operation and maintenance data.
1.141 
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. 
NFPA Compliance:  Install air terminal units according to NFPA 90A, "Standard for the Installation of Air Conditioning and Ventilating Systems."

 - PRODUCTS

1.142 
MANUFACTURERS

A. 
In other Part 2 articles where titles below introduce lists, the following requirements apply to product selection:

1. 
Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, manufacturers specified.

1.143 
SHUTOFF SINGLE-DUCT AIR TERMINAL UNITS

A. 
Available Manufacturers:
1. 
Anemostat; a Mestek Company.

2. 
Carnes.

3. 
Environmental Technologies, Inc.; Enviro-Air Div.

4. 
METALAIRE, Inc.; Metal Industries Inc.

5. 
Nailor Industries of Texas Inc.

6. 
Price Industries.

7. 
Titus.

8. 
Tuttle & Bailey.

B. 
Configuration:  Volume-damper assembly inside unit casing with control components located inside a protective metal shroud.

C. 
Casing:  0.034-inch (0.85-mm) steel.

1. 
Casing Lining:  3/4-inch- (19-mm-) thick, coated, fibrous-glass duct liner complying with ASTM C 1071; secured with adhesive. Cover liner with nonporous foil.

2. 
Air Inlet:  Round stub connection or S-slip and drive connections for duct attachment.

3. 
Air Outlet:  S-slip and drive connections.

4. 
Access:  Removable panels for access to dampers and other parts requiring service, adjustment, or maintenance; with airtight gasket.

D. 
Regulator Assembly:  Extruded-aluminum or galvanized-steel components; key damper blades onto shaft with nylon-fitted pivot points located inside unit casing.

1. 
Factory-calibrated and field-adjustable assembly with shaft extension for connection to externally mounted control actuator.

E. 
Volume Damper:  Galvanized steel with peripheral gasket and self-lubricating bearings.

1. 
Maximum Damper Leakage:  ARI 880 rated, 2 percent of nominal airflow at 3-inch wg (750-Pa) inlet static pressure.

2. 
Damper Position:  Normally open.

F. 
Controls:  See Section “Instrumentation and Control for HVAC”.

- EXECUTION

1.144 
INSTALLATION

A. 
Install air terminal units level and plumb.  Maintain sufficient clearance for normal service and maintenance.

B. 
Connect ducts to air terminal units according to Division 23 Section "Metal Ducts."

1.145 
FIELD QUALITY CONTROL

A. 
Perform the following field tests and inspections and prepare test reports:

1. 
After installing air terminal units and after electrical circuitry has been energized, test for compliance with requirements.

2. 
Leak Test:  After installation, fill water coils and test for leaks.  Repair leaks and retest until no leaks exist.

3. 
Operational Test:  After electrical circuitry has been energized, start units to confirm proper motor rotation and unit operation.

4. 
Test and adjust controls and safeties.  Replace damaged and malfunctioning controls and equipment.

B. 
Remove and replace malfunctioning units and retest as specified above.

END OF SECTION 233600

SECTION 233713 - DIFFUSERS, REGISTERS, AND GRILLES
- GENERAL

1.146 
SUMMARY

A. 
This Section includes ceiling- and wall-mounted diffusers, registers, and grilles.

1.147 
SUBMITTALS

A. 
Product Data:  For each product indicated, include the following:

1. 
Data Sheet:  Indicate materials of construction, finish, and mounting details; and performance data including throw and drop, static-pressure drop, and noise ratings.

2. 
Diffuser, Register, and Grille Schedule:  Indicate Drawing designation, room location, quantity, model number, size, and accessories furnished.

 - PRODUCTS

1.148 
MANUFACTURERS

A. 
In other Part 2 articles where titles below introduce lists, the following requirements apply to product selection:

1. 
Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, manufacturers specified.

1.149 
GRILLES AND REGISTERS

A. 
Adjustable Bar Grille Returns:
1. 
Available Manufacturers:

a. 
Anemostat; a Mestek Company.

b. 
Carnes.

c. 
Nailor Industries of Texas Inc.

d. 
Titus.

e. 
Tuttle & Bailey.

2. 
Material:  Steel.

3. 
Finish:  Baked enamel, white.

4. 
Face Blade Arrangement:  Fixed horizontal spaced 3/4 inch (19 mm) apart.

5. 
Frame:  1-1/4 inches (32 mm) wide.

6. 
Mounting:  Countersunk screw.

7. 
Damper Type:  Adjustable opposed-blade assembly.

8. 
Accessories:  Front-blade gang operator.

B. 
Fixed Face Grille Exhaust:
1. 
Available Manufacturers:

a. 
Anemostat; a Mestek Company.

b. 
Carnes.

c. 
Nailor Industries of Texas Inc.

d. 
Price Industries.

e. 
Titus.

f. 
Tuttle & Bailey.

2. 
Material:  Aluminum.

3. 
Finish:  Baked enamel, white.

4. 
Face Arrangement:  1/2-by-1/2-by-1/2-inch (13-by-13-by-13-mm) grid core.

5. 
Frame:  1-1/4 inches (32 mm) wide.

6. 
Mounting:  Lay in.

7. 
Damper Type:  Adjustable opposed-blade assembly.

1.150 
CEILING DIFFUSER OUTLETS

A. 
Rectangular and Square Ceiling Diffusers Supply Air:
1. 
Available Manufacturers:

a. 
Anemostat; a Mestek Company.

b. 
Carnes.

c. 
METALAIRE, Inc.; Metal Industries Inc.

d. 
Titus.

e. 
Tuttle & Bailey.

2. 
Material:  Steel.

3. 
Finish:  Baked enamel, white.

4. 
Face Size:  20 by 20 inches (500 by 500 mm).

5. 
Face Style:  Three cone.

6. 
Mounting:  T-bar.

7. 
Pattern:  Fixed.

8. 
Dampers:  Butterfly.

9. 
Accessories:

a. 
Equaling grid.

b. 
Operating rod extension.

1.151 
SOURCE QUALITY CONTROL

A. 
Verification of Performance:  Rate diffusers, registers, and grilles according to ASHRAE 70, "Method of Testing for Rating the Performance of Air Outlets and Inlets."

 - EXECUTION

1.152 
INSTALLATION

A. 
Install diffusers, registers, and grilles level and plumb.

B. 
Ceiling-Mounted Outlets and Inlets:  Drawings indicate general arrangement of ducts, fittings, and accessories.  Air outlet and inlet locations have been indicated to achieve design requirements for air volume, noise criteria, airflow pattern, throw, and pressure drop.  Make final locations where indicated, as much as practicable.  For units installed in lay-in ceiling panels, locate units in the center of panel.  Where architectural features or other items conflict with installation, notify Architect for a determination of final location.

C. 
Install diffusers, registers, and grilles with airtight connections to ducts and to allow service and maintenance of dampers, air extractors, and fire dampers.

1.153 
ADJUSTING

A. 
After installation, adjust diffusers, registers, and grilles to air patterns indicated, or as directed, before starting air balancing.

END OF SECTION 233713

SECTION 260500 - COMMON WORK RESULTS FOR ELECTRICAL
X. GENERAL

A. 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. SUMMARY

A. Section Includes:

A. Electrical equipment coordination and installation.

B. Common electrical installation requirements.

C. COORDINATION

A. Coordinate arrangement, mounting, and support of electrical equipment:

A. To allow maximum possible headroom unless specific mounting heights that reduce headroom are indicated.

B. To provide for ease of disconnecting the equipment with minimum interference to other installations.

C. To allow right of way for piping and conduit installed at required slope.

D. So connecting raceways, and cables will be clear of obstructions and of the working and access space of other equipment.

B. Coordinate location of access panels and doors for electrical items that are behind finished surfaces or otherwise concealed.  

Y. PRODUCTS (Not Applicable)

Z. EXECUTION

A. 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.

F. Fire-Rated-Assembly Penetrations:  Maintain fire rating of walls, partitions, ceilings, and floors at raceway and cable penetrations.  Seal raceway and cable penetration sleeves with listed firestop materials.  

B. FIRESTOPPING

A. Apply firestopping to penetrations of fire-rated floor and wall assemblies for electrical installations to restore original fire-resistance rating of assembly.  

END OF SECTION 260500

SECTION 260519 - LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES
AA. GENERAL

A. SUMMARY

A. This Section includes the following:

A. Building wires and cables rated 600 V and less.

B. Connectors, splices, and terminations rated 600 V and less.

B. SUBMITTALS

A. Product Data:  For each type of product indicated.

C. 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.

AB. PRODUCTS

A. CONDUCTORS AND CABLES

A. Copper Conductors:  Comply with NEMA WC 70.

B. Conductor Insulation:  Comply with NEMA WC 70 for Types THHN-THWN.

C. Multiconductor Cable:  Comply with NEMA WC 70 for armored cable, Type AC and metal-clad cable, Type MC with ground wire.

B. 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:

A. AFC Cable Systems, Inc.

B. Hubbell Power Systems, Inc.

C. O-Z/Gedney; EGS Electrical Group LLC.

D. 3M; Electrical Products Division.

E. Tyco Electronics Corp.

B. Description:  Factory-fabricated connectors and splices of size, ampacity rating, material, type, and class for application and service indicated.

AC. EXECUTION

A. CONDUCTOR MATERIAL APPLICATIONS

A. Branch Circuits:  Copper.  Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger.

B. CONDUCTOR INSULATION AND MULTICONDUCTOR CABLE APPLICATIONS AND WIRING METHODS

A. Exposed Branch Circuits, Including in Crawlspaces:  Type THHN-THWN, single conductors in raceway.

B. Branch Circuits Concealed in Ceilings, Walls, and Partitions:  Type THHN-THWN, single conductors in raceway.

C. Class 1 Control Circuits:  Type THHN-THWN, in raceway.

D. Class 2 Control Circuits:  Type THHN-THWN, in raceway.

C. 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. Identify and color-code conductors and cables according to Division 26 Section "Identification for Electrical Systems."

F. 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.

G. Make splices and taps that are compatible with conductor material and that possess equivalent or better mechanical strength and insulation ratings than unspliced conductors.

H. Wiring at Outlets:  Install conductor at each outlet, with at least 6 inches (150 mm) of slack.

D. FIRESTOPPING

A. Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore original fire-resistance rating of assembly.

END OF SECTION 260519

SECTION 260523 - CONTROL-VOLTAGE ELECTRICAL POWER CABLES
AD. GENERAL

A. SUMMARY

A. Section Includes:

A. UTP cabling.

B. RS-232 cabling.

C. RS-485 cabling.

D. Low-voltage control cabling.

E. Control-circuit conductors.

F. Identification products.

B. DEFINITIONS

A. Low Voltage:  As defined in NFPA 70 for circuits and equipment operating at less than 50 V or for remote-control and signaling power-limited circuits.

B. Open Cabling:  Passing telecommunications cabling through open space (e.g., between the studs of a wall cavity).

C. SUBMITTALS

A. Product Data:  For each type of product indicated.

B. Maintenance data.

D. QUALITY ASSURANCE

A. Testing Agency Qualifications:  Member company of an NRTL.

B. Surface-Burning Characteristics:  As determined by testing identical products according to ASTM E 84 by a qualified testing agency.  Identify products with appropriate markings of applicable testing agency.

A. Flame-Spread Index:  25 or less.

B. Smoke-Developed Index:  50 or less.

C. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.

E. DELIVERY, STORAGE, AND HANDLING

A. Test cables upon receipt at Project site.

B. Test each pair of UTP cable for open and short circuits.

AE. PRODUCTS

A. PATHWAYS

A. Support of Open Cabling:  NRTL labeled for support of cabling, designed to prevent degradation of cable performance and pinch points that could damage cable.

A. Support brackets with cable tie slots for fastening cable ties to brackets.

B. Lacing bars, spools, J-hooks, and D-rings.

C. Straps and other devices.

B. Conduit and Boxes:  Comply with requirements in Division 26 Section "Raceway and Boxes for Electrical Systems.

A. Outlet boxes shall be no smaller than 2 inches (50 mm) wide, 3 inches (75 mm) high, and 2-1/2 inches (64 mm) deep.

B. UTP CABLE

A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:

A. Belden CDT Inc.; Electronics Division.

B. Berk-Tek; a Nexans company.

C. CommScope, Inc.

D. Draka USA.

E. Genesis Cable Products; Honeywell International, Inc.

F. KRONE Incorporated.

G. Mohawk; a division of Belden CDT.

H. Nordex/CDT; a subsidiary of Cable Design Technologies.

I. Superior Essex Inc.

J. SYSTIMAX Solutions; a CommScope, Inc. brand.

K. 3M.

L. Tyco Electronics/AMP Netconnect; Tyco International Ltd.

B. Description:  100-ohm, four-pair UTP.

A. Comply with ICEA S-90-661 for mechanical properties.

B. Comply with TIA/EIA-568-B.1 for performance specifications.

C. Comply with TIA/EIA-568-B.2, Category 5e.

D. Listed and labeled by an NRTL acceptable to authorities having jurisdiction as complying with UL 444 and NFPA 70 for the following types:

A. Communications, General Purpose:  Type CM or Type CMG.

B. Communications, Plenum Rated:  Type CMP, complying with NFPA 262.

C. Communications, Riser Rated:  Type CMR, complying with UL 1666.

D. Communications, Limited Purpose:  Type CMX.

E. Multipurpose:  Type MP or Type MPG.

F. Multipurpose, Plenum Rated:  Type MPP, complying with NFPA 262.

G. Multipurpose, Riser Rated:  Type MPR, complying with UL 1666.

C. UTP CABLE HARDWARE

A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:

A. American Technology Systems Industries, Inc.

B. Dynacom Corporation.

C. Hubbell Premise Wiring.

D. KRONE Incorporated.

E. Leviton Voice & Data Division.

F. Molex Premise Networks; a division of Molex, Inc.

G. Nordex/CDT; a subsidiary of Cable Design Technologies.

H. Panduit Corp.

I. Siemon Co. (The).

J. Tyco Electronics/AMP Netconnect; Tyco International Ltd.

B. UTP Cable Connecting Hardware:  IDC type, using modules designed for punch-down caps or tools.  Cables shall be terminated with connecting hardware of the same category or higher.

D. RS-232 CABLE

A. Standard Cable:  NFPA 70, Type CM.

A. Paired, two pairs, No. 22 AWG, stranded (7x30) tinned-copper conductors.

B. Polypropylene insulation.

C. Individual aluminum foil-polyester tape shielded pairs with 100 percent shield coverage.

D. PVC jacket.

E. Pairs are cabled on common axis with No. 24 AWG, stranded (7x32) tinned-copper drain wire.

F. Flame Resistance:  Comply with UL 1581.

B. Plenum-Rated Cable:  NFPA 70, Type CMP.

A. Paired, two pairs, No. 22 AWG, stranded (7x30) tinned-copper conductors.

B. Plastic insulation.

C. Individual aluminum foil-polyester tape shielded pairs with 100 percent shield coverage.

D. Plastic jacket.

E. Pairs are cabled on common axis with No. 24 AWG, stranded (7x32) tinned-copper drain wire.

F. Flame Resistance:  Comply with NFPA 262.

E. RS-485 CABLE

A. Standard Cable:  NFPA 70, Type CM.

A. Paired, two pairs, twisted, No. 22 AWG, stranded (7x30) tinned-copper conductors.

B. PVC insulation.

C. Unshielded.

D. PVC jacket.

E. Flame Resistance:  Comply with UL 1581.

B. Plenum-Rated Cable:  NFPA 70, Type CMP.

A. Paired, two pairs, No. 22 AWG, stranded (7x30) tinned-copper conductors.

B. Fluorinated ethylene propylene insulation.

C. Unshielded.

D. Fluorinated ethylene propylene jacket.

E. Flame Resistance:  NFPA 262, Flame Test.

F. LOW-VOLTAGE CONTROL CABLE

A. Paired Cable:  NFPA 70, Type CMG.

A. One pair, twisted, No. 16 AWG, stranded (19x29) tinned-copper conductors.

B. PVC insulation.

C. Unshielded.

D. PVC jacket.

E. Flame Resistance:  Comply with UL 1581.

B. Plenum-Rated, Paired Cable:  NFPA 70, Type CMP.

A. One pair, twisted, No. 16 AWG, stranded (19x29) tinned-copper conductors.

B. PVC insulation.

C. Unshielded.

D. PVC jacket.

E. Flame Resistance:  Comply with NFPA 262.

G. CONTROL-CIRCUIT CONDUCTORS

A. Class 1 Control Circuits:  Stranded copper, Type THHN-THWN, in raceway, complying with UL 83.

B. Class 2 Control Circuits:  Stranded copper, Type THHN-THWN, in raceway, complying with UL 83.

C. Class 3 Remote-Control and Signal Circuits:  Stranded copper, Type TW or Type TF, complying with UL 83.

H. IDENTIFICATION PRODUCTS

A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:

A. Brady Corporation.

B. HellermannTyton.

C. Kroy LLC.

D. Panduit Corp.

B. Comply with UL 969 for a system of labeling materials, including label stocks, laminating adhesives, and inks used by label printers.

C. Comply with requirements in Division 26 Section "Identification for Electrical Systems."

AF. EXECUTION

A. INSTALLATION OF PATHWAYS

A. Comply with TIA/EIA-569-A for pull-box sizing and length of conduit and number of bends between pull points.

B. Comply with requirements in Division 26 Section "Raceway and Boxes for Electrical Systems" for installation of conduits and wireways.

C. Install manufactured conduit sweeps and long-radius elbows if possible.

D. Pathway Installation in Equipment Rooms:

A. Position conduit ends adjacent to a corner on backboard if a single piece of plywood is installed or in the corner of room if multiple sheets of plywood are installed around perimeter walls of room.

B. Install cable trays to route cables if conduits cannot be located in these positions.

C. Secure conduits to backboard if entering room from overhead.

D. Extend conduits 3 inches (75 mm) above finished floor.

E. Install metal conduits with grounding bushings and connect with grounding conductor to grounding system.

B. INSTALLATION OF CONDUCTORS AND CABLES

A. Comply with NECA 1.

B. General Requirements for Cabling:

A. Comply with TIA/EIA-568-B.1.

B. Terminate all conductors; no cable shall contain unterminated elements.  Make terminations only at indicated outlets, terminals, and cross-connect and patch panels.

C. Cables may not be spliced.  Secure and support cables at intervals not exceeding 30 inches (760 mm) and not more than 6 inches (150 mm) from cabinets, boxes, fittings, outlets, racks, frames, and terminals.

D. Bundle, lace, and train conductors to terminal points without exceeding manufacturer's limitations on bending radii, but not less than radii specified in BICSI ITSIM, "Cabling Termination Practices" Chapter.  Install lacing bars and distribution spools.

E. Do not install bruised, kinked, scored, deformed, or abraded cable.  Do not splice cable between termination, tap, or junction points.  Remove and discard cable if damaged during installation and replace it with new cable.

F. Cold-Weather Installation:  Bring cable to room temperature before dereeling.  Heat lamps shall not be used for heating.

G. Pulling Cable:  Comply with BICSI ITSIM, Ch. 4, "Pulling Cable."  Monitor cable pull tensions.

C. UTP Cable Installation:

A. Comply with TIA/EIA-568-B.2.

B. Install 110-style IDC termination hardware unless otherwise indicated.

C. Do not untwist UTP cables more than 1/2 inch (12 mm) from the point of termination to maintain cable geometry.

D. Installation of Control-Circuit Conductors:

A. Install wiring in raceways.  Comply with requirements specified in Division 26 Section "Raceway and Boxes for Electrical Systems."

E. Open-Cable Installation:

A. Install cabling with horizontal and vertical cable guides in telecommunications spaces with terminating hardware and interconnection equipment.

B. Suspend copper cable not in a wireway or pathway a minimum of 8 inches (200 mm) above ceilings by cable supports not more than 60 inches (1525 mm) apart.

C. Cable shall not be run through structural members or in contact with pipes, ducts, or other potentially damaging items.

F. Separation from EMI Sources:

A. Comply with BICSI TDMM and TIA/EIA-569-A recommendations for separating unshielded copper voice and data communication cable from potential EMI sources, including electrical power lines and equipment.

B. Separation between open communications cables or cables in nonmetallic raceways and unshielded power conductors and electrical equipment shall be as follows:

A. Electrical Equipment Rating Less Than 2 kVA:  A minimum of 5 inches (127 mm).

B. Electrical Equipment Rating between 2 and 5 kVA:  A minimum of 12 inches (305 mm).

C. Electrical Equipment Rating More Than 5 kVA:  A minimum of 24 inches (600 mm).

C. Separation between communications cables in grounded metallic raceways and unshielded power lines or electrical equipment shall be as follows:

A. Electrical Equipment Rating Less Than 2 kVA:  A minimum of 2-1/2 inches (64 mm).

B. Electrical Equipment Rating between 2 and 5 kVA:  A minimum of 6 inches (150 mm).

C. Electrical Equipment Rating More Than 5 kVA:  A minimum of 12 inches (305 mm).

D. Separation between communications cables in grounded metallic raceways and power lines and electrical equipment located in grounded metallic conduits or enclosures shall be as follows:

A. Electrical Equipment Rating Less Than 2 kVA:  No requirement.

B. Electrical Equipment Rating between 2 and 5 kVA:  A minimum of 3 inches (75 mm).

C. Electrical Equipment Rating More Than 5 kVA:  A minimum of 6 inches (150 mm).

E. Separation between Cables and Electrical Motors and Transformers, 5 kVA or HP and Larger:  A minimum of 48 inches (1200 mm).

F. Separation between Cables and Fluorescent Fixtures:  A minimum of 5 inches (127 mm).

C. REMOVAL OF CONDUCTORS AND CABLES

A. Remove abandoned conductors and cables.

D. CONTROL-CIRCUIT CONDUCTORS

A. Minimum Conductor Sizes:

A. Class 1 remote-control and signal circuits, No 14 AWG.

B. Class 2 low-energy, remote-control, and signal circuits, No. 16 AWG.

C. Class 3 low-energy, remote-control, alarm, and signal circuits, No 12 AWG.

E. FIRESTOPPING

A. Comply with TIA/EIA-569-A, Annex A, "Firestopping."

B. Comply with BICSI TDMM, "Firestopping Systems" Article.

F. GROUNDING

A. For data communications wiring, comply with ANSI-J-STD-607-A and with BICSI TDMM, "Grounding, Bonding, and Electrical Protection" Chapter.

B. For low-voltage wiring and cabling, comply with requirements in Division 26 Section "Grounding and Bonding for Electrical Systems."

G. IDENTIFICATION

A. Identify system components, wiring, and cabling according to TIA/EIA-606-A.  Comply with requirements for identification specified in Division 26 Section "Identification for Electrical Systems."

H. FIELD QUALITY CONTROL

A. Perform tests and inspections.

B. Tests and Inspections:

A. Visually inspect UTP cable jacket materials for UL or third-party certification markings.  Inspect cabling terminations to confirm color-coding for pin assignments, and inspect cabling connections to confirm compliance with TIA/EIA-568-B.1.

B. Visually inspect cable placement, cable termination, grounding and bonding, equipment and patch cords, and labeling of all components.

END OF SECTION 260523

SECTION 260526 - GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS
AG. GENERAL

A. SUMMARY

A. This Section includes methods and materials for grounding systems and equipment.

B. SUBMITTALS

A. Product Data:  For each type of product indicated.

B. Field quality-control test reports.

C. 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.

AH. PRODUCTS

A. 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:

A. Solid Conductors:  ASTM B 3.

B. Stranded Conductors:  ASTM B 8.

C. Tinned Conductors:  ASTM B 33.

D. Bonding Cable:  28 kcmil, 14 strands of No. 17 AWG conductor, 1/4 inch (6 mm) in diameter.

E. Bonding Conductor:  No. 4 or No. 6 AWG, stranded conductor.

F. Bonding Jumper:  Copper tape, braided conductors, terminated with copper ferrules; 1-5/8 inches (41 mm) wide and 1/16 inch (1.6 mm) thick.

G. Tinned Bonding Jumper:  Tinned-copper tape, braided conductors, terminated with copper ferrules; 1-5/8 inches (41 mm) wide and 1/16 inch (1.6 mm) thick.

B. 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.

A. Pipe Connectors:  Clamp type, sized for pipe.

AI. EXECUTION

A. APPLICATIONS

A. Conductors:  Install solid conductor for No. 10 AWG and smaller, and stranded conductors for No. 8 AWG and larger, unless otherwise indicated.

B. Conductor Terminations and Connections:

A. Pipe and Equipment Grounding Conductor Terminations:  Bolted connectors.

B. EQUIPMENT GROUNDING

A. Install insulated equipment grounding conductors with the following items, in addition to those required by NFPA 70:

A. Branch circuits.

B. Lighting circuits.

C. Receptacle circuits.

D. Single-phase motor and appliance branch circuits.

E. Three-phase motor and appliance branch circuits.

F. Flexible raceway runs.

G. Armored and metal-clad cable runs.

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. 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. Bonding Straps and Jumpers:  Install in locations accessible for inspection and maintenance, except where routed through short lengths of conduit.

A. Bonding to Structure:  Bond straps directly to basic structure, taking care not to penetrate any adjacent parts.

B. Bonding to Equipment Mounted on Vibration Isolation Hangers and Supports:  Install so vibration is not transmitted to rigidly mounted equipment.

C. 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.

D. FIELD QUALITY CONTROL

A. Perform the following tests and inspections and prepare test reports:

A. After installing grounding system but before permanent electrical circuits have been energized, test for compliance with requirements.

B. Test completed grounding system at each location where a maximum ground-resistance level is specified.

B. Report measured ground resistances that exceed the following values:

A. Power and Lighting Equipment or System with Capacity 500 kVA and Less:  10 ohms.

C. Excessive Ground Resistance:  If resistance to ground exceeds specified values, notify Architect promptly and include recommendations to reduce ground resistance.

END OF SECTION 260526

SECTION 260533 - RACEWAY AND BOXES FOR ELECTRICAL SYSTEMS
AJ. GENERAL

A. SUMMARY

A. This Section includes raceways, fittings, boxes, enclosures, and cabinets for electrical wiring.

B. SUBMITTALS

A. Product Data:  For surface raceways, wireways and fittings, floor boxes, hinged-cover enclosures, and cabinets.

C. 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.

AK. PRODUCTS

A. 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.

A. Fittings for EMT:  Steel or die-cast, set-screw or compression type.

B. 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.

C. 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. Small Sheet Metal Pull and Junction Boxes:  NEMA OS 1.

E. Cast-Metal Access, Pull, and Junction Boxes:  NEMA FB 1, cast aluminum with gasketed cover.

AL. EXECUTION

A. RACEWAY APPLICATION

A. Comply with the following indoor applications, unless otherwise indicated:

A. Exposed, Not Subject to Physical Damage:  EMT.

B. Exposed, Not Subject to Severe Physical Damage:  EMT.

C. Exposed and Subject to Severe Physical Damage:  Rigid steel conduit.

D. Concealed in Ceilings and Interior Walls and Partitions:  EMT.

E. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, Electric Solenoid, or Motor-Driven Equipment):  FMC, except use LFMC in damp or wet locations.

F. Damp or Wet Locations:  Rigid steel conduit.

G. Raceways for Optical Fiber or Communications Cable:  EMT.

H. Boxes and Enclosures:  NEMA 250, Type 1, except use NEMA 250, Type 4, nonmetallic in damp or wet locations.

B. Minimum Raceway Size:  1/2-inch (16-mm) trade size.

C. Raceway Fittings:  Compatible with raceways and suitable for use and location.

A. Rigid and Intermediate Steel Conduit:  Use threaded rigid steel conduit fittings, unless otherwise indicated.

B. 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 (150 mm) 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. Arrange stub-ups so curved portions of bends are not visible above the finished slab.

E. Conceal conduit and EMT within finished walls, ceilings, and floors, unless otherwise indicated.

F. Install pull wires in empty raceways.  Use polypropylene or monofilament plastic line with not less than 200-lb (90-kg) tensile strength.  Leave at least 12 inches (300 mm) of slack at each end of pull wire.

G. Raceways for Optical Fiber and Communications Cable:  Install as follows:

A. 3/4-Inch (19-mm) Trade Size and Smaller:  Install raceways in maximum lengths of 50 feet (15 m).

B. 1-Inch (25-mm) Trade Size and Larger:  Install raceways in maximum lengths of 75 feet (23 m).

C. 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.

H. Flexible Conduit Connections:  Use maximum of 72 inches (1830 mm) of flexible conduit for recessed and semirecessed lighting fixtures, equipment subject to vibration, noise transmission, or movement; and for transformers and motors.

A. Use LFMC in damp or wet locations subject to severe physical damage.

B. Use LFMC or LFNC in damp or wet locations not subject to severe physical damage.

I. 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.

C. FIRESTOPPING

A. Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore original fire-resistance rating of assembly.  

END OF SECTION 260533

SECTION 260553 - IDENTIFICATION FOR ELECTRICAL SYSTEMS
AM. GENERAL

A. SUMMARY

A. Section Includes:

A. Identification for raceways.

B. Identification of power and control cables.

C. Identification for conductors.

B. 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.

AN. PRODUCTS (Not Applicable)

AO. EXECUTION

A. IDENTIFICATION SCHEDULE

A. Power-Circuit Conductor Identification, 600 V or Less:  For conductors in pull and junction boxes, use color-coding conductor tape to identify the phase.

A. Color-Coding for Phase and Voltage Level Identification, 600 V or Less:  Use colors listed below for ungrounded branch-circuit conductors.

A. Color shall be factory applied or field applied for sizes larger than No. 8 AWG, if authorities having jurisdiction permit.

B. Colors for 208/120-V Circuits:

A. Phase A:  Black.

B. Phase B:  Red.

C. Phase C:  Blue.

C. Colors for 480/277-V Circuits:

A. Phase A:  Brown.

B. Phase B:  Orange.

C. Phase C:  Yellow.

D. Field-Applied, Color-Coding Conductor Tape:  Apply in half-lapped turns for a minimum distance of 6 inches (150 mm) 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.

B. Auxiliary Electrical Systems Conductor Identification:  Identify field-installed alarm, control, and signal connections.

A. Identify conductors, cables, and terminals in enclosures and at junctions, terminals, and pull points.  Identify by system and circuit designation.

B. Use system of marker tape designations that is uniform and consistent with system used by manufacturer for factory-installed connections.

C. Coordinate identification with manufacturer's wiring diagrams, and the Operation and Maintenance Manual.

END OF SECTION 260553

SECTION 262726 - WIRING DEVICES
AP. GENERAL

A. SUMMARY

A. This Section includes the following:

A. Receptacles, receptacles with integral GFCI, and associated device plates.

B. Snap switches.

C. Communications outlets.

B. SUBMITTALS

A. Product Data:  For each type of product indicated.

B. Operation and Maintenance Data:  For wiring devices to include in all manufacturers' packing label warnings and instruction manuals that include labeling conditions.

C. 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.

AQ. PRODUCTS

A. MANUFACTURERS

A. Manufacturers' Names:  Shortened versions (shown in parentheses) of the following manufacturers' names are used in other Part 2 articles:

A. Cooper Wiring Devices; a division of Cooper Industries, Inc. (Cooper).

B. Hubbell Incorporated; Wiring Device-Kellems (Hubbell).

C. Leviton Mfg. Company Inc. (Leviton).

D. Pass & Seymour/Legrand; Wiring Devices & Accessories (Pass & Seymour).

B. STRAIGHT BLADE RECEPTACLES

A. Convenience Receptacles, 125 V, 20 A:  Comply with NEMA WD 1, NEMA WD 6 configuration 5-20R, and UL 498.

A. Available Products:  Subject to compliance with requirements, products that may be incorporated into the Work include, but are not limited to, 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).

C. 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:

A. Available Products:  Subject to compliance with requirements, products that may be incorporated into the Work include, but are not limited to, the following:

A. Cooper; GF20.

B. Pass & Seymour; 2084.

D. SNAP SWITCHES

A. Comply with NEMA WD 1 and UL 20.

B. Switches, 120/277 V, 20 A:

A. Available Products:  Subject to compliance with requirements, products that may be incorporated into the Work include, but are not limited to, the following:

A. Cooper; 2221 (single pole), 2222 (two pole), 2223 (three way), 2224 (four way).

B. Hubbell; CS1221 (single pole), CS1222 (two pole), CS1223 (three way), CS1224 (four way).

C. Leviton; 1221-2 (single pole), 1222-2 (two pole), 1223-2 (three way), 1224-2 (four way).

D. Pass & Seymour; 20AC1 (single pole), 20AC2 (two pole), 20AC3 (three way), 20AC4 (four way).

E. COMMUNICATIONS OUTLETS

A. Telephone Outlet:

A. Available Products:  Subject to compliance with requirements, products that may be incorporated into the Work include, but are not limited to, the following:

A. Cooper; 3560-6.

B. Leviton; 40649.

B. 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.

F. WALL PLATES

A. Single and combination types to match corresponding wiring devices.

A. Plate-Securing Screws:  Metal with head color to match plate finish.

B. Material for Finished Spaces:  Smooth, high-impact thermoplastic.

C. Material for Unfinished Spaces:  Smooth, high-impact thermoplastic.

D. Material for Damp Locations:  Thermoplastic 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,  thermoplastic with lockable cover.

G. FINISHES

A. Color:  Wiring device catalog numbers in Section Text do not designate device color.

A. Wiring Devices Connected to Normal Power System:  As selected by Owner, unless otherwise indicated or required by NFPA 70 or device listing.

AR. EXECUTION

A. INSTALLATION

A. Comply with NECA 1, including the mounting heights listed in that standard, unless otherwise noted.

B. Coordination with Other Trades:

A. 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.

B. 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.

C. 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.

D. Install wiring devices after all wall preparation, including painting, is complete.

C. Conductors:

A. Do not strip insulation from conductors until just before they are spliced or terminated on devices.

B. 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.

C. The length of free conductors at outlets for devices shall meet provisions of NFPA 70, Article 300, without pigtails.

D. 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:

A. 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.

B. Keep each wiring device in its package or otherwise protected until it is time to connect conductors.

C. Do not remove surface protection, such as plastic film and smudge covers, until the last possible moment.

D. Connect devices to branch circuits using pigtails that are not less than 6 inches (152 mm) in length.

E. 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.

F. Use a torque screwdriver when a torque is recommended or required by the manufacturer.

G. When conductors larger than No. 12 AWG are installed on 15- or 20-A circuits, splice No. 12 AWG pigtails for device connections.

H. Tighten unused terminal screws on the device.

I. 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. Receptacle Orientation:

A. Install ground pin of vertically mounted receptacles down, and on horizontally mounted receptacles to the right.

F. 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.

G. Arrangement of Devices:  Unless otherwise indicated, mount flush, with long dimension vertical.  Group adjacent switches under single, multigang wall plates.

B. FIELD QUALITY CONTROL

A. Perform tests and inspections and prepare test reports.

A. Test Instruments:  Use instruments that comply with UL 1436.

B. Test Instrument for Convenience Receptacles:  Digital wiring analyzer with digital readout or illuminated LED indicators of measurement.

B. Tests for Convenience Receptacles:

A. Line Voltage:  Acceptable range is 105 to 132 V.

B. Percent Voltage Drop under 15-A Load:  A value of 6 percent or higher is not acceptable.

C. Ground Impedance:  Values of up to 2 ohms are acceptable.

D. GFCI Trip:  Test for tripping values specified in UL 1436 and UL 943.

E. Using the test plug, verify that the device and its outlet box are securely mounted.

F. 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 262726

SECTION 265100 - INTERIOR LIGHTING
AS. GENERAL

A. SUMMARY

A. This Section includes the following:

A. Interior lighting fixtures, lamps, and ballasts.

B. Lighting fixture supports.

B. SUBMITTALS

A. Product Data:  For each type of lighting fixture, arranged in order of fixture designation.  Include data on features, accessories, finishes.

C. 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.

AT. PRODUCTS

A. LIGHTING FIXTURES AND COMPONENTS, GENERAL REQUIREMENTS

A. Recessed Fixtures:  Comply with NEMA LE 4 for ceiling compatibility for recessed fixtures.

B. Fluorescent Fixtures:  Comply with UL 1598.  Where LER is specified, test according to NEMA LE 5 and NEMA LE 5A as applicable.

C. Metal Parts:  Free of burrs and sharp corners and edges.

D. Sheet Metal Components:  Steel, unless otherwise indicated.  Form and support to prevent warping and sagging.

E. 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.

F. Reflecting surfaces shall have minimum reflectance as follows, unless otherwise indicated:

A. White Surfaces:  85 percent.

B. Specular Surfaces:  83 percent.

C. Diffusing Specular Surfaces:  75 percent.

D. Laminated Silver Metallized Film:  90 percent.

G. Plastic Diffusers, Covers, and Globes:

A. 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 (3.175 mm) minimum unless different thickness is indicated.

B. UV stabilized.

B. BALLASTS

A. Electronic Ballasts for Linear Fluorescent Lamps:  Comply with ANSI C82.11; rapid-start type, unless otherwise indicated, and designed for type and quantity of lamps served.  Ballasts shall be designed for full light output unless dimmer or bi-level control is indicated.

A. Sound Rating:  A.

B. Total Harmonic Distortion Rating:  Less than 10 percent.

C. Transient Voltage Protection:  IEEE C62.41, Category A or better.

D. Operating Frequency:  42 kHz or higher.

E. Lamp Current Crest Factor:  1.7 or less.

F. BF:  0.85 or higher.

G. Power Factor:  0.95 or higher.

C. LAMPS

A. Low-Mercury Fluorescent Lamps:  Comply with EPA's toxicity characteristic leaching procedure test; shall yield less than 0.2 mg of mercury per liter when tested according to NEMA LL 1.

B. T8 Rapid-Start low-mercury Fluorescent Lamps:  Rated 32 W maximum, nominal length 48 inches (1220 mm), 2800 initial lumens (minimum), CRI 75 (minimum), color temperature 3500 K, and average rated life 20,000 hours, unless otherwise indicated.

D. LIGHTING FIXTURE SUPPORT COMPONENTS

A. Wires:  ASTM A 641/A 641M, Class 3, soft temper, zinc-coated steel, 12 gage (2.68 mm).

AU. EXECUTION

A. 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. Connect wiring according to Division 26 Section "Low-Voltage Electrical Power Conductors and Cables."

END OF SECTION 265100
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