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1.1 GENERAL INTENTION  

A. Contractor shall completely prepare site for building operations, 

including demolition and removal of existing equipment, and furnish labor 

and materials and perform work.  

 Brief Summary of Scope of Work: 

 Many of Clean/Sterile Storage Rooms listed on the drawings do not comply 

with code required air changes per hour.  In some rooms, new VAV boxes, 

dual duct boxes, new ductwork, reheat coils, diffusers, grilles, 

temperature controls have been added.  In some rooms air volumes can be 

increased by adding a new volume damper or adjust air volume from existing 

air volume dampers.  After new work is done, contractor is required to 

provide air and water testing and balancing of supply air diffusers, 

return air grilles and hot water reheat coils.  All existing temperature 

controls are pneumatic.  Contractor shall replace pneumatic controls with 

digital controls.  Cap pneumatic tubing at mains.  Tie points from 

temperature controls to Building Automation System.   

 All existing VAV boxes to remain shall be tested; controls replaced with 

digital controls.  Clean all reheat coils.                                         

 Project includes clean rooms.  Contractor is required to maintain 

cleanliness in these rooms per VA standards.  Contractor shall inform COTR 

a few days in advance when he/she is planning to work in any specific 

room.  Use of the space need adequate time to remove critical storage 

things from the room prior to any mechanical work done in that room. 

 All work shall be done in night shift as per COTR’s instruction. 

 Some room numbers listed on the chart may be different room numbers listed 

on doors.  Coordinate with design engineer to clarify. 

 Contractor shall remove ceiling tiles, drywall/plaster ceilings to install 

new HVAC/electrical work.  After mechanical/electrical work is completed, 

contractor shall replace ceiling as required. 

B. Visits to the site by Bidders may be made only by appointment with the 

Medical Center Project Planning.  

C. Offices of T & M Associates, Inc., as Engineers, will render certain 

technical services during construction. Such services shall be considered 

as advisory to the Government and shall not be construed as expressing or 

implying a contractual act of the Government without affirmations by 

Contracting Officer or his duly authorized representative.  
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D. All employees of general contractor and subcontractors shall comply with 

VA security management program and obtain permission of the VA police, be 

identified by project and employer, and restricted from unauthorized 

access.  All employees at the site shall be picture-badged and 

fingerprinted per VA security regulations. 

E. Training: 

1. All employees of general contractor or subcontractors shall have the 

10-hour OSHA Construction Safety course and other relevant competency 

training, as determined by RE/COR acting as the Construction Safety 

Officer with input from the facility Construction Safety Committee.  

Site Supervisor shall have 30-hr OSHA Construction Safety course. 

2. Submit training records of all such employees for approval before the 

start of work. 

F. VHA Directive 2011-36, Safety and Health during Construction, dated 

9/22/2011 in its entirety is made a part of this section. 

G. All work shall be done during night shift.  Include necessary overtime in 

the base bid.  Work must be scheduled through COTR and users min. 2 weeks 

in advance. 

1.2 STATEMENT OF BID ITEM(S)  

A. ITEM I, GENERAL CONSTRUCTION: Work includes general construction, 

alterations, walks, grading, mechanical and electrical work, utility 

systems, necessary removal of existing equipment and construction and 

certain other items.  

1.3 SPECIFICATIONS AND DRAWINGS FOR CONTRACTOR 

A. AFTER AWARD OF CONTRACT, contractor will be furnished a disk that will 

consist of contract documents i.e. drawings and specifications.  

1.4 CONSTRUCTION SECURITY REQUIREMENTS 

A. Security Plan: 

1. The security plan defines both physical and administrative security 

procedures that will remain effective for the entire duration of the 

project. 
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2. The General Contractor is responsible for assuring that all sub-

contractors working on the project and their employees also comply with 

these regulations. 

B. Security Procedures: 

1. General Contractor’s employees shall not enter the project site without 

appropriate badge.  They may also be subject to inspection of their 

personal effects when entering or leaving the project site.  All 

employees will be picture-badged and fingerprinted by the VA security. 

2. For working outside the “regular hours” as defined in the contract, The 

General Contractor shall give 3 days notice to the Contracting Officer 

Representative so that security arrangements can be provided for the 

employees.  This notice is separate from any notices required for 

utility shutdown described later in this section. 

3. No photography of VA premises is allowed without written permission of 

the Contracting Officer Representative. 

4. VA reserves the right to close down or shut down the project site and 

order General Contractor’s employees off the premises in the event of a 

national emergency.  The General Contractor may return to the site only 

with the written approval of the Contracting Officer. 

C. Motor Vehicle Restrictions 

1. Motor vehicles parked in designated contractor areas only. 

1.5 FIRE SAFETY 

A. Applicable Publications: Publications listed below form part of this 

Article to extent referenced. Publications are referenced in text by basic 

designations only.  

1. American Society for Testing and Materials (ASTM): 

E84-2009.............Surface Burning Characteristics of Building 

Materials 

2. National Fire Protection Association (NFPA): 

10-2010..............Standard for Portable Fire Extinguishers 
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30-2008..............Flammable and Combustible Liquids Code 

51B-2009.............Standard for Fire Prevention During Welding, 

Cutting and Other Hot Work 

70-2011..............National Electrical Code 

241-2009.............Standard for Safeguarding Construction, 

Alteration, and Demolition Operations 

3. Occupational Safety and Health Administration (OSHA): 

29 CFR 1926..........Safety and Health Regulations for Construction 

B. Fire Safety Plan: Establish and maintain a fire protection program in 
accordance with 29 CFR 1926. Prior to start of work, prepare a plan 

detailing project-specific fire safety measures and submit to COTR and 

Facility Safety Officer for review for compliance with contract as 

required.  Contractors shall undergo a safety briefing provided by the 

general contractor’s competent person per OSHA requirements. This briefing 

shall include information on the construction limits, VAMC safety 

guidelines, means of egress, break areas, work hours, locations of 

restrooms, use of VAMC equipment, etc. Documentation shall be provided to 

the COTR that individuals have undergone contractor’s safety briefing. 

C. Site and Building Access: Maintain free and unobstructed access to 

facility emergency services and for fire, police and other emergency 

response forces in accordance with NFPA 241. 

D. Temporary Electrical: Install, use and maintain installations in 

accordance with 29 CFR 1926, NFPA 241 and NFPA 70. 

E. Means of Egress: Do not block exiting for occupied buildings, including 

paths from exits to roads. Minimize disruptions and coordinate with COTR. 

F. Egress Routes for Construction Workers: Maintain free and unobstructed 

egress. Inspect daily.  

G. Fire Extinguishers: Provide and maintain extinguishers in construction 

areas and temporary storage areas in accordance with 29 CFR 1926, NFPA 241 

and NFPA 10.  
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H. Flammable and Combustible Liquids: Store, dispense and use liquids in 

accordance with 29 CFR 1926, NFPA 241 and NFPA 30.  

I. Existing Fire Protection: Do not impair automatic sprinklers, smoke and 

heat detection, and fire alarm systems, except for portions immediately 

under construction, and temporarily for connections. All existing or 

temporary fire protection systems (fire alarms, sprinklers) located in 

construction areas shall be tested as coordinated with the medical center. 

Parameters for the testing and results of any tests performed shall be 

recorded by the medical center and copies provided to the COTR. 

J. Smoke Detectors: Prevent accidental operation. Remove temporary covers at 

end of work operations each day. Coordinate with COTR. 

K. Smoking: Smoking is prohibited in and adjacent to construction areas 

inside existing buildings and additions under construction. In separate 

and detached buildings under construction, smoking is prohibited except in 

designated smoking rest areas. 

L. Dispose of waste and debris in accordance with NFPA 241. Remove from 

buildings daily. 

M. Perform other construction, alteration and demolition operations in 

accordance with 29 CFR 1926. 

N. Construction Safety: Place orange safety fence around construction areas 

as required to prevent entry. 

1.6 OPERATIONS AND STORAGE AREAS  

A. The Contractor shall confine all operations (including storage of 

materials) on Government premises to areas authorized or approved by the 

Contracting Officer. The Contractor shall hold and save the Government, 

its officers and agents, free and harmless from liability of any nature 

occasioned by the Contractor's performance. 

B. Working space and space available for storing materials shall be as 

determined by the COTR.  There is limited space available in the hospital 

for contractor to store material.  Contractor shall be responsible to 

provide trailer or space to store its bulk storage items such as ductwork, 

diffusers, VAV boxes, reheat coils, etc.  Coordinate with COTR space he 



T&M ASSOCIATES, INC. 
HVAC VENTILATION/EXHAUST FOR SUPPLY & STORAGE, BLDG 200 
HINES VA MEDICAL CENTER                            HINES, ILLINOIS         
GENERAL REQUIREMENTS            SECTION 01 00 00 
 

PROJ#578-12-056 01 00 00 
6 

can allocate to store material in the building and where contractor can 

install his trailer for storage of material.  

C. Workmen are subject to rules of Medical Center applicable to their 

conduct.  

D. Execute work so as to interfere as little as possible with normal 

functioning of Medical Center as a whole, including operations of utility 

services, fire protection systems and any existing equipment. Use of 

equipment and tools that transmit vibrations and noises through the 

building structure, are not permitted in buildings that are occupied, 

during construction, jointly by patients or medical personnel, and 

Contractor's personnel, except as permitted by COTR where required by 

limited working space.   

1. Do not store materials and equipment in other than assigned areas.  

1.7 ALTERATIONS  

A. Survey: Before any work is started, the Contractor shall make a thorough 

survey with the COTR of areas of building in which alterations occur and 

areas which are anticipated routes of access, and furnish a report, signed 

to the Contracting Officer. This report shall list by rooms and spaces: 

1. Shall note any discrepancies between drawings and existing conditions 

at site.  

2. Shall designate areas for working space, materials storage and routes 

of access to areas within buildings where alterations occur and which 

have been agreed upon by Contractor and COTR.  

1.8 INFECTION PREVENTION MEASURES 

A. Implement the requirements of VAMC’s Infection Control Risk Assessment 

(ICRA) team. ICRA Group may monitor dust in the vicinity of the 

construction work and require the Contractor to take corrective action 

immediately if the safe levels are exceeded.  Keep dust out of hallways 

near kitchen. 

1.9 DISPOSAL AND RETENTION 

A. Materials and equipment accruing from work removed and from demolition of 

buildings or structures, or parts thereof, shall be disposed of as 

follows:  
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1. Reserved items which are to remain property of the Government are 

identified by attached tags as items to be stored. Items that remain 

property of the Government shall be removed or dislodged from present 

locations in such a manner as to prevent damage which would be 

detrimental to re-installation and reuse. Store such items where 

directed by COTR.  

2. Items not reserved shall become property of the Contractor and be 

removed by Contractor from Medical Center. 

1.10 RESTORATION  

A. Remove, cut, alter, replace, patch and repair existing work as necessary 

to install new work. Except as otherwise shown or specified, do not cut, 

alter or remove any structural work, and do not disturb any ducts, or 

electric work without approval of the COTR. Existing work to be altered or 

extended and that is found to be defective in any way, shall be reported 

to the COTR before it is disturbed. Materials and workmanship used in 

restoring work, shall conform in type and quality to that of original 

existing construction, except as otherwise shown or specified.  

B. At Contractor's own expense, Contractor shall immediately restore to 

service and repair any damage caused by Contractor's workmen to existing 

piping and conduits, wires, cables, etc., of utility services or of fire 

protection systems which are indicated on drawings and which are not 

scheduled for discontinuance or abandonment.  

C. Expense of repairs to such utilities and systems not shown on drawings or 

locations of which are unknown will be covered by adjustment to contract 

time and price in accordance with clause entitled "CHANGES" (FAR 52.243-4 

and VAAR 852.236-88) and "DIFFERING SITE CONDITIONS" (FAR 52.236-2).  

1.11 PHYSICAL DATA  

A. Government does not guarantee that other materials will not be encountered 

nor that proportions, conditions or character of several materials will 

not vary from those indicated by explorations. Bidders are expected to 

examine site of work and logs of borings; and, after investigation, decide 

for themselves character of materials and make their bids accordingly.  
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1.12 LAYOUT OF WORK  

A. The Contractor shall lay out the work from Government established base 

lines and bench marks, indicated on the drawings, and shall be responsible 

for all measurements in connection with the layout. The Contractor shall 

furnish, at Contractor's own expense, all stakes, templates, equipment, 

tools, materials, and labor required to lay out any part of the work. The 

Contractor shall be responsible for executing the work to the lines and 

grades that may be established or indicated by the Contracting Officer. 

The Contractor shall also be responsible for maintaining and preserving 

all stakes and other marks established by the Contracting Officer until 

authorized to remove them. If such marks are destroyed by the Contractor 

or through Contractor's negligence before their removal is authorized, the 

Contracting Officer may replace them and deduct the expense of the 

replacement from any amounts due or to become due to the Contractor.   

1.13 AS-BUILT DRAWINGS 

A. The contractor shall maintain two full size sets of as-built drawings 

which will be kept current during construction of the project, to include 

all contract changes, modifications and clarifications. 

B. All variations shall be shown in the same general detail as used in the 

contract drawings. To insure compliance, as-built drawings shall be made 

available for the COTR's review, as often as requested. 

1.14 USE OF ROADWAYS 

A. For hauling, use only established public roads and roads on Medical Center 

property and, when authorized by the COTR. 

1.15 TEMPORARY USE OF MECHANICAL AND ELECTRICAL EQUIPMENT  

A. Use of new installed mechanical and electrical equipment to provide light 

and power will be permitted subject to compliance with the following 

provisions:  

1. Permission to use each unit or system must be given by COTR. If the 

equipment is not installed and maintained in accordance with the 

following provisions, the COTR will withdraw permission for use of the 

equipment.  
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1.16 TESTS  

A. Pre-test mechanical and electrical equipment and systems and make 

corrections required for proper operation of such systems before 

requesting final tests. Final test will not be conducted unless 

pre-tested.  

B. Conduct final tests required in various sections of specifications in 

presence of an authorized representative of the Contracting Officer. 

Contractor shall furnish all labor, materials, equipment, instruments, and 

forms, to conduct and record such tests.  

C. Mechanical and electrical systems shall be balanced, controlled and 

coordinated. A system is defined as the entire complex which must be 

coordinated to work together during normal operation to produce results 

for which the system is designed.  

D. All related components as defined above shall be functioning when any 

system component is tested. Tests shall be completed within a reasonably 

short period of time during which operating and environmental conditions 

remain reasonably constant.  

E. Individual test result of any component, where required, will only be 

accepted when submitted with the test results of related components and of 

the entire system.  

1.17 ASBESTOS 

A. During construction or prior to construction, if contractor finds out 
there is asbestos present in piping, ductwork, etc., contractor shall 
inform COTR for his action to get asbestos removed. 

1.18 CONSTRUCTION SAFETY PROGRAM 

   A. Contractor shall provide construction safety program to COTR prior to   
      starting construction.  

1.19 INSTRUCTIONS  

A. Contractor shall furnish Maintenance and Operating manuals and verbal 

instructions when required by the various sections of the specifications 

and as hereinafter specified.  

B. Manuals: Maintenance and operating manuals (four copies each) for each 

separate piece of equipment shall be delivered to the COTR coincidental 

with the delivery of the equipment to the job site. Manuals shall be 
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complete, detailed guides for the maintenance and operation of equipment. 

They shall include complete information necessary for starting, adjusting, 

maintaining in continuous operation for long periods of time and 

dismantling and reassembling of the complete units and sub-assembly 

components. Manuals shall include an index covering all component parts 

clearly cross-referenced to diagrams and illustrations. Illustrations 

shall include "exploded" views showing and identifying each separate item. 

The function of each piece of equipment, component, accessory and control 

shall be clearly and thoroughly explained. All necessary precautions for 

the operation of the equipment and the reason for each precaution shall be 

clearly set forth. Manuals must reference the exact model, style and size 

of the piece of equipment and system being furnished. Manuals referencing 

equipment similar to but of a different model, style, and size than that 

furnished will not be accepted.  

- - - E N D - - - 
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PART 1- GENERAL 

1.1 DESCRIPTION: 

A. The Contractor shall develop a Critical Path Method (CPM) plan and 

schedule demonstrating fulfillment of the contract requirements (Project 

Schedule), and shall keep the Project Schedule up-to-date in accordance 

with the requirements of this section and shall utilize the plan for 

scheduling, coordinating and monitoring work under this contract 

(including all activities of subcontractors, equipment vendors and 

suppliers). Conventional Critical Path Method (CPM) technique shall be 

utilized to satisfy both time and cost applications. 

1.2 CONTRACTOR'S REPRESENTATIVE: 

A. The Contractor shall designate an authorized representative responsible 

for the Project Schedule including preparation, review and progress 

reporting with and to the Contracting Officer's Representative (COTR). 

B. The Contractor's representative shall have direct project control and 

complete authority to act on behalf of the Contractor in fulfilling the 

requirements of this specification section. 

1.3 CONTRACTOR'S CONSULTANT: 

A. The Contractor shall submit a qualification proposal to the COTR, within 

10 days of bid acceptance. The qualification proposal shall include: 

1. The name and address of the proposed consultant. 

2. Information to show that the proposed consultant has the qualifications 

to meet the requirements specified in the preceding paragraph.  

1.4 COMPUTER PRODUCED SCHEDULES 

A. The contractor shall provide monthly, to the Department of Veterans 

Affairs (VA), all computer-produced time/cost schedules and reports 

generated from monthly project updates. This monthly computer service will 

include: three copies of up to five different reports (inclusive of all 

pages) available within the user defined reports of the scheduling 

software approved by the Contracting Officer; a hard copy listing of all 

project schedule changes, and associated data, made at the update and an 

electronic file of this data; and the resulting monthly updated schedule 

in PDM format.  These must be submitted with and substantively support the 

contractor’s monthly payment request and the signed look ahead report. The 

COTR shall identify the five different report formats that the contractor 

shall provide. 
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1.5 THE COMPLETE PROJECT SCHEDULE SUBMITTAL 

A. Within 20 calendar days after receipt of Notice to Proceed, the Contractor 

shall submit for the Contracting Officer's review; three blue line copies 

of the interim schedule on sheets of paper 765 x 1070 mm (30 x 42 inches) 

and an electronic file in the previously approved CPM schedule program. 

The submittal shall also include three copies of a computer-produced 

activity/event ID schedule showing project duration; phase completion 

dates; and other data, including event cost. Each activity/event on the 

computer-produced schedule shall contain as a minimum, but not limited to, 

activity/event ID, activity/event description, duration, budget amount, 

early start date, early finish date, late start date, late finish date and 

total float. Work activity/event relationships shall be restricted to 

finish-to-start or start-to-start without lead or lag constraints. 

Activity/event date constraints, not required by the contract, will not be 

accepted unless submitted to and approved by the Contracting Officer. The 

contractor shall make a separate written detailed request to the 

Contracting Officer identifying these date constraints and secure the 

Contracting Officer’s written approval before incorporating them into the 

network diagram. The Contracting Officer’s separate approval of the 

Project Schedule shall not excuse the contractor of this requirement. 

Logic events (non-work) will be permitted where necessary to reflect 

proper logic among work events, but must have zero duration. The complete 

working schedule shall reflect the Contractor's approach to scheduling the 

complete project. The final Project Schedule in its original form shall 

contain no contract changes or delays which may have been incurred during 

the final network diagram development period and shall reflect the entire 

contract duration as defined in the bid documents.  These changes/delays 

shall be entered at the first update after the final Project Schedule has 

been approved. The Contractor should provide their requests for time and 

supporting time extension analysis for contract time as a result of 

contract changes/delays, after this update, and in accordance with 

Article, ADJUSTMENT OF CONTRACT COMPLETION. 

1.6 WORK ACTIVITY/EVENT COST DATA 

A. The Contractor shall cost load all work activities/events except 

procurement activities. The cumulative amount of all cost loaded work 

activities/events (including alternates) shall equal the total contract 

price. Prorate overhead, profit and general conditions on all work 

activities/events for the entire project length. The contractor shall 
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generate from this information cash flow curves indicating graphically the 

total percentage of work activity/event dollar value scheduled to be in 

place on early finish, late finish. These cash flow curves will be used by 

the Contracting Officer to assist him in determining approval or 

disapproval of the cost loading. Negative work activity/event cost data 

will not be acceptable, except on VA issued contract changes.  

B. The Contractor shall cost load work activities/events for guarantee period 

services, test, balance and adjust various systems in accordance with the 

provisions in Article, FAR 52.232 – 5 (PAYMENT UNDER FIXED-PRICE 

CONSTRUCTION CONTRACTS) and VAAR 852.236 – 83 (PAYMENT UNDER FIXED-PRICE 

CONSTRUCTION CONTRACTS).  

C. In accordance with FAR 52.236 – 1 (PERFORMANCE OF WORK BY THE CONTRACTOR) 

and VAAR 852.236 – 72 (PERFORMANCE OF WORK BY THE CONTRACTOR), the 

Contractor shall submit, simultaneously with the cost per work 

activity/event of the construction schedule required by this Section, a 

responsibility code for all activities/events of the project for which the 

Contractor's forces will perform the work.  

D. Contracting officer is decision maker about schedule and changes to 

construction schedule per users’ requirements.  Contractor shall 

coordinate construction scheduling with contracting office and COTR. 

1.7 PROJECT SCHEDULE REQUIREMENTS 

A. Show on the project schedule the sequence of work activities/events 

required for complete performance of all items of work. The Contractor 

shall: 

1. Show activities/events as:  

a. Contractor's time required for submittal of shop drawings, 

templates, fabrication, delivery and similar pre-construction work.  

b. Contracting Officer's and Architect-Engineer's review and approval 

of shop drawings, equipment schedules, samples, template, or similar 

items.  

c. Interruption of VA Facilities utilities, delivery of Government 

furnished equipment, and rough-in drawings, project phasing and any 

other specification requirements.  

d. Test, balance and adjust various systems and pieces of equipment, 

maintenance and operation manuals, instructions and preventive 

maintenance tasks. 

2. Describe work activities/events clearly, so the work is readily 

identifiable for assessment of completion. Activities/events labeled 
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"start," "continue," or "completion," are not specific and will not be 

allowed. Lead and lag time activities will not be acceptable.  

B. The Contractor shall submit the following supporting data in addition to 

the project schedule:  

1. The appropriate project calendar including working days and holidays.  

2. The planned number of shifts per day.  

3. The number of hours per shift.   

Failure of the Contractor to include this data shall delay the review of 

the submittal until the Contracting Officer is in receipt of the missing 

data.  

C. Compact Disk Requirements and CPM Activity/Event Record Specifications: 

Submit to the VA an electronic file(s) containing one file of the data 

required to produce a schedule, reflecting all the activities/events of 

the complete project schedule being submitted. 

1.8 PAYMENT TO THE CONTRACTOR: 

A. Monthly, the contractor shall submit the AIA application and certificate 

for payment documents G702 & G703 reflecting updated schedule activities 

and cost data in accordance with the provisions of the following Article, 

PAYMENT AND PROGRESS REPORTING, as the basis upon which progress payments 

will be made pursuant to Article, FAR 52.232 – 5 (PAYMENT UNDER 

FIXED-PRICE CONSTRUCTION CONTRACTS) and VAAR 852.236 – 83 (PAYMENT UNDER 

FIXED-PRICE CONSTRUCTION CONTRACTS). The Contractor shall be entitled to a 

monthly progress payment upon approval of estimates as determined from the 

currently approved updated project schedule. Monthly payment requests 

shall include: a listing of all agreed upon project schedule changes and 

associated data; and an electronic file (s) of the resulting monthly 

updated schedule. 

B. Approval of the Contractor’s monthly Application for Payment shall be 

contingent, among other factors, on the submittal of a satisfactory 

monthly update of the project schedule. 

1.9 PAYMENT AND PROGRESS REPORTING 

A. Monthly schedule update meetings will be held on dates mutually agreed to 

by the COTR and the Contractor. The Contractor shall accurately update the 

Project Schedule and all other data required and provide this information 

to the COTR three work days in advance of the schedule update meeting. Job 

progress will be reviewed to verify: 

1. Actual start and/or finish dates for updated/completed 

activities/events. 
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2. Remaining duration for each activity/event started, or scheduled to 

start, but not completed. 

3. Logic, time and cost data for change orders, and supplemental 

agreements that are to be incorporated into the Project Schedule. 

4. Changes in activity/event sequence and/or duration which have been 

made, pursuant to the provisions of following Article, ADJUSTMENT OF 

CONTRACT COMPLETION. 

5. Completion percentage for all completed and partially completed 

activities/events. 

6. Logic and duration revisions required by this section of the 

specifications. 

7. Activity/event duration and percent complete shall be updated 

independently. 

B. After completion of the joint review, the contractor shall generate an 

updated computer-produced calendar-dated schedule and supply the 

Contracting Officer’s representative with reports in accordance with the 

Article, COMPUTER PRODUCED SCHEDULES, specified. 

C. Following approval of the CPM schedule, the VA, the General Contractor, RE 

office representatives, and all subcontractors needed, as determined by 

the SRE, shall meet to discuss the monthly updated schedule. The main 

emphasis shall be to address work activities to avoid slippage of project 

schedule and to identify any necessary actions required to maintain 

project schedule during the reporting period. The Government 

representatives and the Contractor should conclude the meeting with a 

clear understanding of those work and administrative actions necessary to 

maintain project schedule status during the reporting period. This 

schedule coordination meeting will occur after each monthly project 

schedule update meeting utilizing the resulting schedule reports from that 

schedule update. If the project is behind schedule, discussions should 

include ways to prevent further slippage as well as ways to improve the 

project schedule status, when appropriate. 

1.10 RESPONSIBILITY FOR COMPLETION 

A. If it becomes apparent from the current revised monthly progress schedule 

that phasing or contract completion dates will not be met, the Contractor 

shall execute some or all of the following remedial actions:  

1. Increase construction manpower in such quantities and crafts as 

necessary to eliminate the backlog of work. 
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2. Increase the number of working hours per shift, shifts per working day, 

working days per week, the amount of construction equipment, or any 

combination of the foregoing to eliminate the backlog of work.  

B. Prior to proceeding with any of the above actions, the Contractor shall 

notify and obtain approval from the COTR for the proposed schedule 

changes. If such actions are approved, the representative schedule 

revisions shall be incorporated by the Contractor into the Project 

Schedule before the next update, at no additional cost to the Government. 

1.11 CHANGES TO THE SCHEDULE 

A. Within 30 calendar days after VA acceptance and approval of any updated 

project schedule, the Contractor shall submit a revised electronic file 

(s) and a list of any activity/event changes including predecessors and 

successors for any of the following reasons: 

1. Delay in completion of any activity/event or group of 

activities/events, which may be involved with contract changes, 

strikes, unusual weather, and other delays will not relieve the 

Contractor from the requirements specified unless the conditions are 

shown on the CPM as the direct cause for delaying the project beyond 

the acceptable limits. 

2. Delays in submittals, or deliveries, or work stoppage are encountered 

which make rescheduling of the work necessary. 

3. The schedule does not represent the actual prosecution and progress of 

the project. 

4. When there is, or has been, a substantial revision to the 

activity/event costs regardless of the cause for these revisions. 

B. Contracting Officer's approval for the revised project schedule and all 

relevant data is contingent upon compliance with all other paragraphs of 

this section and any other previous agreements by the Contracting Officer 

or the VA representative. 

C. The cost of revisions to the project schedule resulting from contract 

changes will be included in the proposal for changes in work as specified 

in FAR 52.243 – 4 (Changes) and VAAR 852.236 – 88 (Changes – 

Supplemental), and will be based on the complexity of the revision or 

contract change, man hours expended in analyzing the change, and the total 

cost of the change.  

D. The cost of revisions to the Project Schedule not resulting from contract 

changes is the responsibility of the Contractor. 
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1.12 ADJUSTMENT OF CONTRACT COMPLETION 

A. The contract completion time will be adjusted only for causes specified in 

this contract. Request for an extension of the contract completion date by 

the Contractor shall be supported with a justification, CPM data and 

supporting evidence as the COTR may deem necessary for determination as to 

whether or not the Contractor is entitled to an extension of time under 

the provisions of the contract. Submission of proof based on revised 

activity/event logic, durations (in work days) and costs is obligatory to 

any approvals. The schedule must clearly display that the Contractor has 

used, in full, all the float time available for the work involved in this 

request. The Contracting Officer's determination as to the total number of 

days of contract extension will be based upon the current 

computer-produced calendar-dated schedule for the time period in question 

and all other relevant information. 

B. Actual delays in activities/events which, according to the computer- 

produced calendar-dated schedule, do not affect the extended and predicted 

contract completion dates shown by the critical path in the network, will 

not be the basis for a change to the contract completion date. The 

Contracting Officer will within a reasonable time after receipt of such 

justification and supporting evidence, review the facts and advise the 

Contractor in writing of the Contracting Officer's decision. 

C. The Contractor shall submit each request for a change in the contract 

completion date to the Contracting Officer in accordance with the 

provisions specified under FAR 52.243 – 4 (Changes) and VAAR 852.236 – 88 

(Changes – Supplemental). The Contractor shall include, as a part of each 

change order proposal, a sketch showing all CPM logic revisions, duration 

(in work days) changes, and cost changes, for work in question and its 

relationship to other activities on the approved network diagram. 

D. All delays due to non-work activities/events such as RFI’s, WEATHER, 

STRIKES, and similar non-work activities/events shall be analyzed on a 

month by month basis. 

- - - E N D - - - 
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PART 1 - GENERAL  

1.1 DESCRIPTION  

A. The requirements of this Section apply to all sections of Division 23.  

B. Definitions: 

1. Exposed: Piping, ductwork, and equipment exposed to view in finished 

rooms.  

2. Option or optional: Contractor's choice of an alternate material or 

method.  

3. COTR: Contracting Officer’s Technical Representative. 

1.2 RELATED WORK  

A. Section 01 00 00, GENERAL REQUIREMENTS. 
B. Section 23 05 80, SHOP DRAWINGS, PRODUCT DATA, AND SAMPLES. 

1.3 QUALITY ASSURANCE  

A. Mechanical, electrical and associated systems shall be safe, reliable, 

efficient, durable, easily and safely operable and maintainable, easily 

and safely accessible, and in compliance with applicable codes as 

specified. The systems shall be comprised of high quality institutional-

class and industrial-class products of manufacturers that are 

experienced specialists in the required product lines. All construction 

firms and personnel shall be experienced and qualified specialists in 

industrial and institutional HVAC, as applicable.  

B. Flow Rate Tolerance for HVAC Equipment: Section 23 05 93, TESTING, 

ADJUSTING, AND BALANCING FOR HVAC. 

C. Products Criteria: 

1. Standard Products: Material and equipment shall be the standard 

products of a manufacturer regularly engaged in the manufacture of 

the products for at least 3 years. The design, model and size of each 

item shall have been in satisfactory and efficient operation on at 

least three installations for approximately three years. However, 

digital electronics devices, software and systems such as controls, 

instruments, shall be the current generation of technology and basic 

design that has a proven satisfactory service record of at least 

three years. 

2. All items furnished shall be free from defects that would adversely 

affect the performance, maintainability and appearance of individual 

components and overall assembly. 

3. Conform to codes and standards as required by the specifications. 

Conform to local codes, if the local codes are more stringent then 
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those specified. Refer any conflicts to the Contracting Officers 

Technical Representative (COTR). 

4. Multiple Units: When two or more units of materials or equipment of 

the same type or class are required, these units shall be products of 

one manufacturer. 

5. Assembled Units: Manufacturers of equipment assemblies, which use 

components made by others, assume complete responsibility for the 

final assembled product. 

6. Nameplates: Nameplate bearing manufacturer's name or identifiable 

trademark shall be securely affixed in a conspicuous place on 

equipment, or name or trademark cast integrally with equipment, 

stamped or otherwise permanently marked on each item of equipment. 

7. Asbestos products or equipment or materials containing asbestos shall 

not be used. 

D. Equipment Service Organizations:  

1. HVAC: Products and systems shall be supported by service 

organizations that maintain a complete inventory of repair parts and 

are located reasonably close to the site.  

E. HVAC Mechanical Systems Welding: Before any welding is performed, 

contractor shall submit a certificate certifying that welders comply 

with the following requirements: 

1. Qualify welding processes and operators for piping according to ASME 

"Boiler and Pressure Vessel Code", Section IX, "Welding and Brazing 

Qualifications". 

2. Comply with provisions of ASME B31 series "Code for Pressure Piping". 

3. Certify that each welder has passed American Welding Society (AWS) 

qualification tests for the welding processes involved, and that 

certification is current. 

F. Execution (Installation, Construction) Quality: 

1. Apply and install all items in accordance with manufacturer's written 

instructions. Refer conflicts between the manufacturer's instructions 

and the contract drawings and specifications to the COTR for 

resolution. Provide written hard copies or computer files of 

manufacturer’s installation instructions to the COTR at least two 

weeks prior to commencing installation of any item. Installation of 

the item will not be allowed to proceed until the recommendations are 

received. Failure to furnish these recommendations is a cause for 

rejection of the material. 
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2. All items that require access, such as for operating, cleaning, 

servicing, maintenance, and calibration, shall be easily and safely 

accessible. Examples of these items include, but are not limited to: 

all types of valves, filters and strainers, transmitters, control 

devices.  Prior to commencing installation work, refer conflicts 

between this requirement and contract drawings to the COTR for 

resolution.   

3. Provide complete layout drawings required by Paragraph, SUBMITTALS.  

Do not commence construction work on any system until the layout 

drawings have been approved. 

1.4 SUBMITTALS  

A. Submit in accordance with Section 23 05 80, SHOP DRAWINGS, PRODUCT DATA, 

AND SAMPLES, and with requirements in the individual specification 

sections.  

B. Contractor shall make all necessary field measurements and 

investigations to assure that the equipment and assemblies will meet 

contract requirements. 

C. If equipment is submitted which differs in arrangement from that shown, 

provide drawings that show the rearrangement of all associated systems. 

Approval will be given only if all features of the equipment and 

associated systems, including accessibility, are equivalent to that 

required by the contract. 

D. Prior to submitting shop drawings for approval, contractor shall certify 

in writing that manufacturers of all major items of equipment have each 

reviewed drawings and specifications, and have jointly coordinated and 

properly integrated their equipment and controls to provide a complete 

and efficient installation. 

E. Upon request by Government, provide lists of previous installations for 

selected items of equipment.  Include contact persons who will serve as 

references, with telephone numbers and e-mail addresses. 

F. Submittals and shop drawings for interdependent items, containing 

applicable descriptive information, shall be furnished together and 

complete in a group. Coordinate and properly integrate materials and 

equipment in each group to provide a completely compatible and efficient 

installation. Final review and approvals will be made only by groups. 
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1.5 APPLICABLE PUBLICATIONS  

A. The publications listed below form a part of this specification to the 

extent referenced. The publications are referenced in the text by the 

basic designation only.  

B. Air Conditioning and Refrigeration Institute (ARI):  

430-99..................Central Station Air-Handling Units  

C. American National Standard Institute (ANSI):  

B31.1-2004..............Power Piping  

D. Rubber Manufacturers Association (ANSI/RMA):  

IP-20-2007..............Drives Using Classical V-Belts and Sheaves 

IP-21-1991(1997)........Drives Using Double-V (Hexagonal) Belts  

IP-22-2007..............Drives Using Narrow V-Belts and Sheaves  

E. Air Movement and Control Association (AMCA):  

410-96..................Recommended Safety Practices for Air Moving 

Devices  

F. American Society of Mechanical Engineers (ASME):  

Boiler and Pressure Vessel Code (BPVC):  

Section I-2007..........Power Boilers 

Section IX-2007.........Welding and Brazing Qualifications  

 Code for Pressure Piping: 

B31.1-2004..............Power Piping, with Amendments 

G. American Society for Testing and Materials (ASTM):  

A36/A36M-05.............Carbon Structural Steel 

A575-96(2002)...........Steel Bars, Carbon, Merchant Quality, M-Grades R 

(2002) 

E84-07..................Standard Test Method for Burning Characteristics 

of Building Materials  

E119-07.................Standard Test Method for Fire Tests of Building 

Construction and Materials  

H. Manufacturers Standardization Society (MSS) of the Valve and Fittings 

Industry, Inc:  

SP-58-2002..............Pipe Hangers and Supports-Materials, Design and 

Manufacture  

SP 69-2003..............Pipe Hangers and Supports-Selection and 

Application 

SP 127-2001.............Bracing for Piping Systems, Seismic – Wind – 

Dynamic, Design, Selection, Application 

I. National Fire Protection Association (NFPA):  
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70-08...................National Electrical Code 

90A-02..................Installation of Air Conditioning and Ventilating 

Systems  

1.6 DELIVERY, STORAGE AND HANDLING  

A. Protection of Equipment:  

1. Equipment and material placed on the job site shall remain in the 

custody of the Contractor until phased acceptance, whether or not the 

Government has reimbursed the Contractor for the equipment and 

material. The Contractor is solely responsible for the protection of 

such equipment and material against any damage. 

2. Place damaged equipment in first class, new operating condition; or, 

replace same as determined and directed by the COTR. Such repair or 

replacement shall be at no additional cost to the Government. 

3. Protect interiors of new equipment and piping systems against entry 

of foreign matter. Clean both inside and outside before painting or 

placing equipment in operation. 

4. Existing equipment and piping being worked on by the Contractor shall 

be under the custody and responsibility of the Contractor and shall 

be protected as required for new work. 

B. Cleanliness of Piping and Equipment Systems: 

1. Exercise care in storage and handling of equipment and piping 

material to be incorporated in the work. Remove debris arising from 

cutting, threading and welding of piping. 

2. Piping systems shall be flushed, blown or pigged as necessary to 

deliver clean systems. 

3. Contractor shall be fully responsible for all costs, damage, and 

delay arising from failure to provide clean systems. 

 
PART 2 - PRODUCTS  

2.1 FACTORY-ASSEMBLED PRODUCTS 

A. Provide maximum standardization of components to reduce spare part 

requirements. 

B. Manufacturers of equipment assemblies that include components made by 

others shall assume complete responsibility for final assembled unit. 

1. All components of an assembled unit need not be products of same 

manufacturer. 

2. Constituent parts that are alike shall be products of a single 

manufacturer. 
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3. Components shall be compatible with each other and with the total 

assembly for intended service. 

4. Contractor shall guarantee performance of assemblies of components, 

and shall repair or replace elements of the assemblies as required to 

deliver specified performance of the complete assembly. 

C. Components of equipment shall bear manufacturer's name and trademark, 

model number, serial number and performance data on a name plate 

securely affixed in a conspicuous place, or cast integral with, stamped 

or otherwise permanently marked upon the components of the equipment. 

D. Major items of equipment, which serve the same function, must be the 

same make and model. Exceptions will be permitted if performance 

requirements cannot be met. 

2.2 COMPATIBILITY OF RELATED EQUIPMENT  

 Equipment and materials installed shall be compatible in all respects 

with other items being furnished and with existing items so that the 

result will be a complete and fully operational plant that conforms to 

contract requirements. 

2.3 EQUIPMENT AND MATERIALS IDENTIFICATION  

A. Use symbols, nomenclature and equipment numbers specified, shown on the 

drawings and shown in the maintenance manuals. In addition, provide bar 

code identification nameplate for all equipment which will allow the 

equipment identification code to be scanned into the system for 

maintenance and inventory tracking.  

B. Interior (Indoor) Equipment: Engraved nameplates, with letters not less 

than 48 mm (3/16-inch) high of brass with black-filled letters, or rigid 

white plastic with black letters. Identify unit components such as 

coils, VAV boxes, etc.  

C. Control Items: Label all temperature sensors, controllers and control 

dampers. Identify and label each item as they appear on the control 

diagrams.  

D. Valve Tags and Lists:  

1. HVAC: Provide for all valves other than for equipment.  

2. Valve tags: Engraved black filled numbers and letters not less than 

13 mm (1/2-inch) high for number designation, and not less than 6.4 

mm(1/4-inch) for service designation on 19 gage 38 mm (1-1/2 inches) 

round brass disc, attached with brass "S" hook or brass chain.  

3. Valve lists: Typed or printed plastic coated card(s), sized 216 

mm(8-1/2 inches) by 280 mm (11 inches) showing tag number, valve 
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function and area of control, for each service or system. Punch 

sheets for a 3-ring notebook. 

4. Provide detailed plan for each floor of the building indicating the 

location and valve number for each valve. Identify location of each 

valve with a color coded thumb tack in ceiling. 

2.4 HVAC PIPE AND EQUIPMENT SUPPORTS AND RESTRAINTS  

A. Pipe Supports: Comply with MSS SP-58. Type Numbers specified refer to 

this standard. For selection and application comply with MSS SP-69.  

B. Attachment to Steel Building Construction:  

1. Welded attachment: MSS SP-58, Type 22.  

2. Beam clamps: MSS SP-58, Types 20, 21, 28 or 29. Type 23 C-clamp may 

be used for individual copper tubing up to 23mm (7/8-inch) outside 

diameter.  

C. Hanger Rods: Hot-rolled steel, ASTM A36 or A575 for allowable load 

listed in MSS SP-58. For piping, provide adjustment means for 

controlling level or slope. Types 13 or 15 turn-buckles shall provide 38 

mm (1-1/2 inches) minimum of adjustment and incorporate locknuts. 

All-thread rods are acceptable.  

D. Hangers Supporting Multiple Pipes (Trapeze Hangers): Galvanized, cold 

formed, lipped steel channel horizontal member, not less than 41 mm by 

41 mm (1-5/8 inches by 1-5/8 inches), 2.7 mm (No. 12 gage), designed to 

accept special spring held, hardened steel nuts.  

1. Allowable hanger load: Manufacturers rating less 91kg (200 pounds).  

2. Guide individual pipes on the horizontal member of every other 

trapeze hanger with 6 mm (1/4-inch) U-bolt fabricated from steel rod. 

Provide Type 40 insulation shield, secured by two 13mm (1/2-inch) 

galvanized steel bands, or preinsulated calcium silicate shield for 

insulated piping at each hanger.  

E. Supports for Piping Systems: 

1. Select hangers sized to encircle insulation on insulated piping. 

Refer to Section 23 07 11, HVAC, PLUMBING, AND BOILER PLANT 

INSULATION for insulation thickness. To protect insulation, provide 

Type 39 saddles for roller type supports or preinsulated calcium 

silicate shields. Provide Type 40 insulation shield or preinsulated 

calcium silicate shield at all other types of supports and hangers 

including those for preinsulated piping. 
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2.5 PIPE PENETRATIONS 

A. To prevent accidental liquid spills from passing to a lower level, 

provide the following:  

1. For sleeves: Extend sleeve 25 mm (one inch) above finished floor and 

provide sealant for watertight joint.  

2. For blocked out floor openings: Provide 40 mm (1-1/2 inch) angle set 

in silicone adhesive around opening.  

3. For drilled penetrations: Provide 40 mm (1-1/2 inch) angle ring or 

square set in silicone adhesive around penetration.  

B. Penetrations are not allowed through beams or ribs, but may be installed 

in concrete beam flanges. Any deviation from these requirements must 

receive prior approval of the COTR.  

C. Sheet Metal, Plastic, or Moisture-resistant Fiber Sleeves: Provide for 

pipe passing through floors, interior walls, and partitions, unless 

brass or steel pipe sleeves are specifically called for below. 

D. Sleeve Clearance: Sleeve through walls, partitions shall be one inch 

greater in diameter than external diameter of pipe. Sleeve for pipe with 

insulation shall be large enough to accommodate the insulation. Interior 

openings shall be caulked tight with fire stopping material and sealant 

to prevent the spread of fire, smoke, and gases.  

2.6 ASBESTOS 

 Materials containing asbestos are not permitted. 

PART 3 - EXECUTION  

3.1 ARRANGEMENT AND INSTALLATION OF EQUIPMENT AND PIPING  

A. Coordinate location of piping, sleeves, inserts, hangers, ductwork and 

equipment. Locate piping, sleeves, inserts, hangers, ductwork and 

equipment clear of windows, doors, openings, light outlets, and other 

services and utilities. Prepare equipment layout drawings to coordinate 

proper location and personnel access of all facilities. Submit the 

drawings for review as required by Part 1. Follow manufacturer's 

published recommendations for installation methods not otherwise 

specified.  

B. Location of pipe sleeves and chases shall be accurately coordinated with 

equipment and piping locations. 

C. Cutting Holes: 

1. Locate holes to avoid interference with structural members such as 

beams or grade beams. Holes shall be laid out in advance and drilling 

done only after approval by the COTR. If the Contractor considers it 
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necessary to drill through structural members, this matter shall be 

referred to the COTR for approval. 

D. Interconnection of Instrumentation or Control Devices: Generally, 

electrical interconnections are not shown but must be provided. 

E. Minor Piping: Generally, small diameter pipe runs from drips and drains, 

and other service are not shown but must be provided. 

F. Electrical Interconnection of Controls and Instruments: This generally 

not shown but must be provided. This includes interconnections of 

sensors, transmitters, transducers, control devices, control and 

instrumentation panels. Comply with NFPA-70. 

G. Protection and Cleaning:  

1. Equipment and materials shall be carefully handled, properly stored, 

and adequately protected to prevent damage before and during 

installation, in accordance with the manufacturer's recommendations 

and as approved by the COTR. Damaged or defective items in the 

opinion of the COTR, shall be replaced.  

2. Protect all finished parts of equipment, such as shafts and bearings 

where accessible, from rust prior to operation by means of protective 

grease coating and wrapping. Close pipe openings with caps or plugs 

during installation. Tightly cover and protect fixtures and equipment 

against dirt, water chemical, or mechanical injury. At completion of 

all work thoroughly clean fixtures, exposed materials and equipment.  

H. Inaccessible Equipment: 

1. Where the Government determines that the Contractor has installed 

equipment not conveniently accessible for operation and maintenance, 

equipment shall be removed and reinstalled or remedial action 

performed as directed at no additional cost to the Government. 

3.2 PIPE AND EQUIPMENT SUPPORTS  

A. Where hanger spacing does not correspond with joist or rib spacing, use 

structural steel channels secured directly to joist and rib structure 

that will correspond to the required hanger spacing, and then suspend 

the equipment and piping from the channels. Drill or burn holes in 

structural steel only with the prior approval of the COTR.  

B. Use hanger rods that are straight and vertical. Turnbuckles for vertical 

adjustments may be omitted where limited space prevents use. Provide a 

minimum of 15 mm (1/2-inch) clearance between pipe or piping covering 

and adjacent work.  
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C. HVAC Horizontal Pipe Support Spacing: Refer to MSS SP-69. Provide 

additional supports at valves, strainers, and other heavy components. 

Provide a support within one foot of each elbow.  

D. Overhead Supports: 

1. The basic structural system of the building is designed to sustain 

the loads imposed by equipment and piping to be supported overhead. 

2. Provide steel structural members, in addition to those shown, of 

adequate capability to support the imposed loads, located in 

accordance with the final approved layout of equipment and piping. 

3.3 MECHANICAL DEMOLITION 

A. Completely remove all piping, wiring, conduit, and other devices 

associated with the equipment not to be re-used in the new work. This 

includes all pipe, valves, fittings, insulation, and all hangers 

including the top connection and any fastenings to building structural 

systems. Seal all openings, after removal of equipment, pipes, ducts, 

and other penetrations in walls, in an approved manner and in accordance 

with plans and specifications where specifically covered. Structural 

integrity of the building system shall be maintained. Reference shall 

also be made to the drawings and specifications of the other disciplines 

in the project for additional facilities to be demolished or handled. 

B. All valves including gate, globe, ball, butterfly and check, all 

pressure gages and thermometers with wells shall remain Government 

property and shall be removed and delivered to the COTR and stored as 

directed. VAV boxes, valves, etc. that are to be reused shall be 

properly labeled and stored in clean areas.  The Contractor shall remove 

all other material and equipment, devices and demolition debris under 

these plans and specifications. Such material shall be removed from 

Government property expeditiously and shall not be allowed to 

accumulate. 

3.4 CLEANING AND PAINTING 

A. The following special conditions apply: 

1. Cleaning shall be thorough. Use solvents, cleaning materials and 
methods recommended by the manufacturers for the specific tasks. 

Remove all rust prior to painting and from surfaces to remain 

unpainted. Repair scratches, scuffs, and abrasions prior to applying 

prime and finish coats.  

2. Material And Equipment Not To Be Painted Includes: 
a. Control and interlock devices. 



T&M ASSOCIATES, INC. 
HVAC VENTILATION/EXHAUST FOR SUPPLY & STORAGE, BLDG 200 
HINES VA MEDICAL CENTER                            HINES, ILLINOIS 
COMMON WORK RESULTS FOR HVAC AND STEAM GENERATION        SECTION 23 05 11 
 

PROJ#578-12-056 23 05 11 
11 

b. Control valves and thermostatic elements. 

c. Lubrication devices and grease fittings. 

d. Name plates. 

3. Control and instrument panels shall be cleaned, damaged surfaces 

repaired, and shall be touched-up with matching paint obtained from 

panel manufacturer. 

4. Motors, steel and cast iron bases, and coupling guards shall be 

cleaned, and shall be touched-up with the same color as utilized by 

the equipment manufacturer  

3.5 IDENTIFICATION SIGNS 

A. Provide laminated plastic signs, with engraved lettering not less than 

5 mm (3/16-inch) high, designating functions, for all equipment, 

switches, motor controllers, relays, meters, control devices, including 

automatic control valves. Nomenclature and identification symbols shall 

correspond to that used in maintenance manual, and in diagrams specified 

elsewhere.  

B. Factory Built Equipment: Metal plate, securely attached, with name and 

address of manufacturer, serial number, model number, size, performance. 

C. Identify all hot water heating supply and return piping with arrow in 

direction of flow of water. 

D. Identify all supply, return and exhaust ductwork with arrow flow of air 

direction and system number ductwork is connected to. 

3.6 OPERATING AND PERFORMANCE TESTS  

A. Prior to the final inspection, perform required tests as specified in 

Section 01 00 00, GENERAL REQUIREMENTS, Article, TESTS.  

B. Should evidence of malfunction in any tested system, or piece of 

equipment or component part thereof, occur during or as a result of 

tests, make proper corrections, repairs or replacements, and repeat 

tests at no additional cost to the Government.  

C. When completion of certain work or system occurs at a time when final 

control settings and adjustments cannot be properly made to make 

performance tests, then make performance tests for heating systems and 

for cooling systems respectively during first actual seasonal use of 

respective systems following completion of work.  

- - - E N D - - - 
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PART 1 - GENERAL 
 
1.1   RELATED WORK 
 

A. 01 33 23 - Shop Drawings, Product Data & Samples. 
 
1.2   DESCRIPTION 
 

A. Work includes submission of schedule of exhibits and specific exhibits 
(shop drawings, product data and samples) required by specification 
sections to the Architect/Engineer. 

 
PART 2 - PRODUCTS 
 
2.1   SHOP DRAWINGS 
 

A. Shop drawings, product data and/or samples shall be submitted for all 
equipment as specified or scheduled. 

 
1. General requirements for shop drawings submittals given in 

Specifications Section 013323 will govern. 
 

B. Submittals shall conform to the following: 
 

Prefix   Type of Submittal 
 

 1    Manufacturer's Name Only 
 2    Product Data 
 3    Detailed Drawing and/or Information 
 4    Sample 
 5    Test Data 
 6    Descriptive Letter 

 
    Prefix    Section No. Item 
 2    232113 Hydronic Specialties (see items) 
 2    232113 Gate, Globe & Check Valves 
 2    232113 Spring Loaded Check Valves 
 2    232113 Dielectric Fittings 
 2    232113 Hangers & Supports – Pipe Insulation 
 2    232113 Inserts, Shields & Beam Clamps 
 2    232113 Pipe Service Marking 
 2    232113 Valve Tags 
 2    233600 Heating Booster Coils 
 2    233100 Detailed Ductwork Layout 
 2    233100 Ductwork Construction Standards 
 2    233100 Flexible Duct 

   2    233700 Diffusers, Grilles, Variable Air  
         Volume Units (single duct & dual duct) 

 2    230593 Testing, Adjusting & Balancing 
 2,3    238000 Automatic Temperature Controls 
 2    230711 HVAC & Plumbing Insulation 

 
PART 3 – EXECUTION 
 
3.1     SUBMITTAL REQUIREMENTS 
 

 A. Shop Drawings, product data, and samples shall be submitted in 
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accordance with the requirements of Specifications Section 013323, 
General Requirements and the following: 

 
 1. Submittals shall be in groups, with each group including 

complete  submittals of related systems, devices, equipment, 
etc. 

 
 2. Catalog cuts showing more than one model of a product shall be 

clearly marked indicating which model is being proposed. 
 

 3. Capacity and performance data shall be given in same form, 
units, and completeness given in Contract Documents. 

 
 4. Identifying Symbols used on Drawings shall be clearly cross 

referenced on  shop drawings. 
 

5.  Electrical controls and wiring diagrams for all packaged      
equipment. 

 
     6. A) The ventilation sub-contractor will prepare  
   installation drawings giving bottom of duct elevations. 

 
B) A coordinated set of drawings indicating sheet metal, 

piping, electrical conduits etc.  Shall be prepared by 
mechanical contractor. 

 
 B. As built drawings:  After completion and acceptance of the project, 

submit as built drawings of equipment, sheet metal and piping, etc. 
As builts shall be prepared on cad system.  Submit 2 prints of As-
Builts and cad disk. 

 
- - - END - - - 
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PART 1 - GENERAL  

1.1 DESCRIPTION  

A. Testing, adjusting, and balancing (TAB) of heating, ventilating and air 

conditioning (HVAC) systems. TAB includes the following:  

1. Planning systematic TAB procedures.  

2. Design Review Report. 

3. Systems Inspection report. 

4. Duct Air Leakage test report. 

5. Systems Readiness Report. 

6. Balancing air and water distribution systems; adjustment of total 

system to provide design performance; and testing performance of 

equipment and automatic controls.  

7. Recording and reporting results.  

B. Definitions:  

1. Basic TAB used in this Section: Chapter 37, "Testing, Adjusting and 

Balancing" of ASHRAE Handbook, "HVAC Applications".  

2. TAB: Testing, Adjusting and Balancing; the process of checking and 

adjusting HVAC systems to meet design objectives.  

3. AABC: Associated Air Balance Council.  

4. NEBB: National Environmental Balancing Bureau.  

5. Hydronic Systems: Includes heating hot water.  

6. Air Systems: Includes all supply air, return air, exhaust air systems.  

7. Flow rate tolerance: The allowable percentage variation, minus to plus, 

of actual flow rate from values (design) in the contract documents.  

1.2 RELATED WORK  

A. Section 23 07 11, HVAC, PLUMBING, AND BOILER PLANT INSULATION: Piping and 

Equipment Insulation. 

B. Section 23 36 00, AIR TERMINAL UNITS: Terminal Units Performance. 

C. Section 23 31 00, HVAC DUCTS AND CASINGS: Duct Leakage. 

D. Section 23 80 00, AUTOMATIC TEMPERATURE CONTROLS 

1.3 QUALITY ASSURANCE 

A. Qualifications: 

1. TAB Agency: The TAB agency shall be a subcontractor of the General 

Contractor and shall report to and be paid by the General Contractor. 
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2. The TAB agency shall be either a certified member of AABC or certified 

by the NEBB to perform TAB service for HVAC, water balancing and 

vibrations and sound testing of equipment. The certification shall be 

maintained for the entire duration of duties specified herein. If, for 

any reason, the agency loses subject certification during this period, 

the General Contractor shall immediately notify the COTR and submit 

another TAB firm for approval. Any agency that has been the subject of 

disciplinary action by either the AABC or the NEBB within the five 

years preceding Contract Award shall not be eligible to perform any 

work related to the TAB. All work performed in this Section and in 

other related Sections by the TAB agency shall be considered invalid if 

the TAB agency loses its certification prior to Contract completion, 

and the successor agency’s review shows unsatisfactory work performed 

by the predecessor agency. 

3. TAB Specialist: The TAB specialist shall be either a member of AABC or 

an experienced technician of the Agency certified by NEBB. The 

certification shall be maintained for the entire duration of duties 

specified herein. If, for any reason, the Specialist loses subject 

certification during this period, the General Contractor shall 

immediately notify the COTR and submit another TAB Specialist for 

approval. Any individual that has been the subject of disciplinary 

action by either the AABC or the NEBB within the five years preceding 

Contract Award shall not be eligible to perform any duties related to 

the HVAC systems, including TAB. All work specified in this Section and 

in other related Sections performed by the TAB specialist shall be 

considered invalid if the TAB Specialist loses its certification prior 

to Contract completion and must be performed by an approved successor. 

4. TAB Specialist shall be identified by the General Contractor within 

60 days after the notice to proceed. The TAB specialist will be 

coordinating, scheduling and reporting all TAB work and related 

activities and will provide necessary information as required by the 

COTR. The responsibilities would specifically include: 

a. Shall directly supervise all TAB work. 

b. Shall sign the TAB reports that bear the seal of the TAB standard. 

The reports shall be accompanied by report forms and schematic 

drawings required by the TAB standard, AABC or NEBB.  
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c. Would follow all TAB work through its satisfactory completion. 

d. Shall provide final markings of settings of all HVAC adjustment 

devices. 

e. Permanently mark location of duct test ports. 

5. All TAB technicians performing actual TAB work shall be experienced and 

must have done satisfactory work on a minimum of 3 projects comparable 

in size and complexity to this project. Qualifications must be 

certified by the TAB agency in writing. 

B. Test Equipment Criteria: The instrumentation shall meet the 

accuracy/calibration requirements established by AABC National Standards 

or by NEBB Procedural Standards for Testing, Adjusting and Balancing of 

Environmental Systems and instrument manufacturer. Provide calibration 

history of the instruments to be used for test and balance purpose. 

C. Tab Criteria:  

1. One or more of the applicable AABC, NEBB or SMACNA publications, 

supplemented by ASHRAE Handbook "HVAC Applications" Chapter 36, and 

requirements stated herein shall be the basis for planning, procedures, 

and reports.  

2. Flow rate tolerance: Following tolerances are allowed. For tolerances 

not mentioned herein follow ASHRAE Handbook "HVAC Applications", 

Chapter 36, as a guideline.  

a. Air terminal units (maximum values): Minus 2 percent to plus l0 

percent.  

b. Individual room air outlets and inlets, and air flow rates not 

mentioned above: Minus 2 percent to plus 5 percent.  

3. Systems shall be adjusted for energy efficient operation as described 

in PART 3.  

4. Typical TAB procedures and results shall be demonstrated to the COTR 

for one air distribution system as follows:  

a. When field TAB work begins.  

b. During each partial final inspection and the final inspection for 

the project if requested by VA.  

1.4 SUBMITTALS  

A. Submit in accordance with Section 23 05 80, SHOP DRAWINGS, PRODUCT DATA, 

AND SAMPLES. 
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B. Submit names and qualifications of TAB agency and TAB specialists within 

60 days after the notice to proceed. Submit information on three recently 

completed projects and a list of proposed test equipment.  

C. For use by the COTR staff, submit one complete set of applicable AABC or 

NEBB publications that will be the basis of TAB work. 

D. Submit Following for Review and Approval:  

1. Design Review Report within 90 days after the system layout on air and 

water side is completed by the Contractor. 

2. Systems inspection report on equipment and installation for conformance 

with design. 

3. Duct Air Leakage Test Report. 

4. Systems Readiness Report. 

5. Intermediate and Final TAB reports covering flow balance and 

adjustments, performance tests, vibration tests and sound tests. 

6. Include in final reports uncorrected installation deficiencies noted 

during TAB and applicable explanatory comments on test results that 

differ from design requirements.  

E. Prior to request for Final or Partial Final inspection, submit completed 

Test and Balance report for the area. 

1.5 APPLICABLE PUBLICATIONS 

A. The following publications form a part of this specification to the extent 

indicated by the reference thereto. In text the publications are 

referenced to by the acronym of the organization.  

B. American Society of Heating, Refrigerating and Air Conditioning Engineers, 

Inc. (ASHRAE):  

2003....................HVAC Applications ASHRAE Handbook, Chapter 37, 

Testing, Adjusting, and Balancing and Chapter 47, 

Sound and Vibration Control 

C. Associated Air Balance Council (AABC):  

2002....................AABC National Standards for Total System Balance 

D. National Environmental Balancing Bureau (NEBB):  

7th Edition 2005 ........Procedural Standards for Testing, Adjusting, 

Balancing of Environmental Systems 

1st Edition 1994 ........Procedural Standards for the Measurement and 

Assessment of Sound and Vibration 
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2nd Edition 1999 ........Procedural Standards for Building Systems 

Commissioning 

E. Sheet Metal and Air Conditioning Contractors National Association 

(SMACNA):  

3rd Edition 2002 ........HVAC SYSTEMS-Testing, Adjusting and Balancing 

PART 2 - PRODUCTS  

2.1 PLUGS  

 Provide plastic plugs to seal holes drilled in ductwork for test purposes. 

2.2 INSULATION REPAIR MATERIAL  

 See Section 23 07 11, HVAC & PLUMBING INSULATION. Provide for repair of 

insulation removed or damaged for TAB work.  

PART 3 - EXECUTION  

3.1 GENERAL  

A. The project will be done in number of phases as HVAC work is done on 

various floors of the Building 200 at various time schedules.  This 

contractor shall coordinate phasing schedule with general contractor.  

This contractor shall submit complete testing & balancing schedule of the 

project prior to start of the project for approval from VA. 

B. Refer to TAB Criteria in Article, Quality Assurance.  

C. Obtain applicable contract documents and copies of approved submittals for 

HVAC equipment and automatic control systems.  

3.2 DESIGN REVIEW REPORT 

 The TAB Specialist shall review the Contract Plans and specifications and 

advise the COTR of any design deficiencies that would prevent the HVAC 

systems from effectively operating in accordance with the sequence of 

operation specified or prevent the effective and accurate TAB of the 

system. The TAB Specialist shall provide a report individually listing 

each deficiency and the corresponding proposed corrective action necessary 

for proper system operation. 

3.3 SYSTEMS INSPECTION REPORT 

A. Inspect equipment and installation for conformance with design.  

B. The inspection and report is to be done after air distribution equipment 

is on site and duct installation has begun, but well in advance of 

performance testing and balancing work. The purpose of the inspection is 

to identify and report deviations from design and ensure that systems will 

be ready for TAB at the appropriate time.  
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C. Verify diffuser and grille sizes are correct.  Verify air terminal sizes 

and capacities.  

3.4 SYSTEM READINESS REPORT 

A. Inspect each System to ensure that it is complete including installation 

and operation of controls. 

B. Verify that all items such as ductwork piping, ports, terminals, 

connectors, etc., that is required for TAB are installed. Provide a report 

to the COTR. 

3.5 TAB REPORTS 

A. The TAB contractor shall provide raw data immediately in writing to the 

COTR if there is a problem in achieving intended results before submitting 

a formal report. 

B. If over 20 percent of readings in the intermediate report fall outside the 

acceptable range, the TAB report shall be considered invalid and all 

contract TAB work shall be repeated and re-submitted for approval. 

C. Do not proceed with the remaining systems until intermediate report is 

approved by the COTR. 

3.6 TAB PROCEDURES  

A. Tab shall be performed in accordance with the requirement of the Standard 

under which TAB agency is certified by either AABC or NEBB. 

B. General: During TAB all related system components shall be in full 

operation. Fan and pump rotation, motor loads and equipment vibration 

shall be checked and corrected as necessary before proceeding with TAB. 

Set controls and/or block off parts of distribution systems to simulate 

design operation of variable volume air and water systems for test and 

balance work.  

C. Coordinate TAB procedures with any phased construction completion 

requirements for the project. Provide TAB reports for each phase of the 

project prior to partial final inspections of each phase of the project. 

D. Allow sufficient time in construction schedule for TAB and submission of 

all reports for an organized and timely correction of deficiencies. 

E. Air Balance and Equipment Test: Include terminal units, room 

diffusers/outlets/inlets.  

1. Test and balance systems in all specified modes of operation, including 

variable volume, economizer, and fire emergency modes. Verify that 

dampers and other controls function properly.  
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2. Variable air volume (VAV) systems:  

a. Coordinate TAB, including system volumetric controls, with Section 

23 80 00, AUTOMATIC TEMPERATURE CONTROLS. 

b. Section 23 36 00, AIR TERMINAL UNITS, specifies that maximum and 

minimum flow rates for air terminal units (ATU) be factory set. 

Check and readjust ATU flow rates if necessary. Balance air 

distribution from ATU on full cooling maximum scheduled cubic meters 

per minute (cubic feet per minute). Reset room thermostats and check 

ATU operation from maximum to minimum cooling, to the heating mode, 

and back to cooling. Record and report the heating coil leaving air 

temperature when the ATU is in the maximum heating mode.  

3. Record final measurements for air handling equipment performance data 

sheets.  

F. Water Balance and Equipment Test: Include coils: All new and existing 

reheat coils   

1. Primary-secondary (variable volume) systems: Coordinate TAB with 

Section 23 80 00, AUTOMATIC TEMPERATURE CONTROLS. Balance systems at 

design water flow and then verify that variable flow controls function 

properly.  Final setting shall be at constant air volume.  

2. Record final measurements for hydronic equipment on performance data 

sheets. Include entering and leaving water temperatures for heating 

coils. Make air and water temperature measurements at the same time.  

3.7 MARKING OF SETTINGS 

 Following approval of Tab final Report, the setting of all HVAC adjustment 

devices including valves, splitters and dampers shall be permanently 

marked by the TAB Specialist so that adjustment can be restored if 

disturbed at any time. Style and colors used for markings shall be 

coordinated with the COTR.  

3.8 IDENTIFICATION OF TEST PORTS 

 The TAB Specialist shall permanently and legibly identify the location 

points of duct test ports. If the ductwork has exterior insulation, the 

identification shall be made on the exterior side of the insulation. All 

penetrations through ductwork and ductwork insulation shall be sealed to 

prevent air leaks and maintain integrity of vapor barrier. 

- - - E N D - - - 
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PART 1 - GENERAL 

1.1 DESCRIPTION 

A. Field applied insulation for thermal efficiency and condensation control 

for  

1. HVAC piping, ductwork and equipment. 

2. Re-insulation of HVAC piping, ductwork and equipment after asbestos 

abatement. 

B. Definitions   

1. ASJ: All service jacket, white finish facing or jacket.  

2. Cold: Equipment, ductwork or piping handling media at design 

temperature of 16 degrees C (60 degrees F) or below.  

3. Concealed: Ductwork and piping above ceilings and in chases, 

interstitial space, and pipe spaces.  

4. Exposed: Piping, ductwork, and equipment exposed to view in finished 

areas including mechanical and electrical equipment rooms Shafts, 

chases, unfinished attics, crawl spaces and pipe basements are not 

considered finished areas. 

5. FSK: Foil-scrim-kraft facing.  

6. Density: kg/m3 - kilograms per cubic meter (Pcf - pounds per cubic 

foot).  

7. Runouts: Branch pipe connections up to 25-mm (one-inch) nominal size to 

reheat coils for terminal units and constant air volume system. 

 8. Thermal Conductivity (k): Watt per meter, per degree C (BTU per inch 

thickness, per hour, per square foot, per degree F temperature 

difference). 

 9. HWS: Hot water heating supply. 

10. HWR: Hot water heating return. 

1.2 RELATED WORK  

A. Section 23 05 11, COMMON WORK RESULTS FOR HVAC AND STEAM GENERATION: 

General mechanical requirements and items, which are common to more than 

one section of Division 23.  

B. Section 23 21 13, HYDRONIC PIPING. 

1.3 QUALITY ASSURANCE  

A. Refer to article QUALITY ASSURANCE, in Section 23 05 11, COMMON WORK 

RESULTS FOR HVAC. 

B. Criteria:  
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1. Comply with NFPA 90A, particularly paragraphs 4.3.3.1 through 4.3.3.6, 

4.3.10.2.6, and 5.4.6.4, parts of which are quoted as follows: 

4.3.3.1 Pipe insulation and coverings, duct coverings, duct linings, 
vapor retarder facings, adhesives, fasteners, tapes, and 
supplementary materials added to air ducts, plenums, panels, and 
duct silencers used in duct systems, unless otherwise provided for 
in  4.3.3.1.2 or  4.3.3.1.3, shall have, in the form in which they 
are used, a maximum flame spread index of 25 without evidence of 
continued progressive combustion and a maximum smoke developed index 
of 50 when tested in accordance with  NFPA 255, Standard Method of 
Test of Surface Burning Characteristics of Building Materials.  

4.3.3.1.1 Where these products are to be applied with adhesives, 
they shall be tested with such adhesives applied, or the adhesives 
used shall have a maximum flame spread index of 25 and a maximum 
smoke developed index of 50 when in the final dry state.  

4.3.3.1.2 The flame spread and smoke developed index requirements 
of  4.3.3.1.1 shall not apply to air duct weatherproof coverings 
where they are located entirely outside of a building, do not 
penetrate a wall or roof, and do not create an exposure hazard.  

4.3.3.1.3 Smoke detectors required by  6.4.4 shall not be required 
to meet flame spread index or smoke developed index requirements.  

4.3.3.2 Closure systems for use with rigid and flexible air ducts 
tested in accordance with UL 181, Standard for Safety Factory-Made 
Air Ducts and Air Connectors, shall have been tested, listed, and 
used in accordance with the conditions of their listings, in 
accordance with one of the following:  

(1) UL 181A, Standard for Safety Closure Systems for Use with 
Rigid Air Ducts and Air Connectors  

(2) UL 181B, Standard for Safety Closure Systems for Use with 
Flexible Air Ducts and Air Connectors  

4.3.3.3.1 In no case shall the test temperature be below 121°C 
(250°F).  

4.3.3.5 Air duct linings inside shall not be permitted on this 
project.  

4.3.3.6 Air duct coverings shall not be installed so as to conceal 
or prevent the use of any service opening.  

4.3.10.2.6 Materials exposed to the airflow shall be noncombustible 
or limited combustible and have a maximum smoke developed index of 
50 or comply with the following.  

4.3.10.2.6.1 Electrical wires and cables shall be listed as 
noncombustible or limited combustible and have a maximum smoke 
developed index of 50 or shall be listed as having a maximum peak 
optical density of 0.5 or less, an average optical density of 0.15 
or less, and a maximum flame spread distance of 1.5 m (5 ft) or less 
when tested in accordance with  NFPA 262, Standard Method of Test 
for Flame Travel and Smoke of Wires and Cables for Use in Air-
Handling Spaces.  

http://www.nfpa.org/codesonline/document.asp?action=load&scope=0&path=NFPA/codes/nfpa0050-0099/0090a/codes-0121752&sub=&default=false%23codes-id00090a00290%23codes-id00090a00290
http://www.nfpa.org/codesonline/document.asp?action=load&scope=0&path=NFPA/codes/nfpa0050-0099/0090a/codes-0121752&sub=&default=false%23codes-id00090a00292%23codes-id00090a00292
javascript:parent.loadDoc('/nfpa0200-0299/0255',%20'',%20'codes-nfc0255')
http://www.nfpa.org/codesonline/document.asp?action=load&scope=0&path=NFPA/codes/nfpa0050-0099/0090a/codes-0121752&sub=&default=false%23codes-id00090a00288%23codes-id00090a00288
javascript:parent.loadDoc('/nfpa0050-0099/0090a/codes-0122044',%20'/',%20'codes-id00090a00681')
javascript:parent.loadDoc('/nfpa0050-0099/0090a/codes-0122085',%20'',%20'codes-id00090a00304')
javascript:parent.loadDoc('/nfpa0200-0299/0262',%20'',%20'codes-nfc262')
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4.3.10.2.6.6 Supplementary materials for air distribution systems 
shall be permitted when complying with the provisions of  4.3.3.  

5.4.6.4 Where air ducts pass through walls, or partitions that are 
required to have a fire resistance rating and where fire dampers are 
not required, the opening in the construction around the air duct 
shall be as follows:  

(1)      Not exceeding a 25.4 mm (1 in.) average clearance on all 
sides  

(2)      Filled solid with an approved material capable of 
preventing the passage of flame and hot gases sufficient to ignite 
cotton waste when subjected to the time-temperature fire conditions 
required for fire barrier penetration as specified in NFPA 251, 
Standard Methods of Tests of Fire Endurance of Building Construction 
and Materials  

2. Test methods: ASTM E84, UL 723, or NFPA 255.  

3. Specified k factors are at 24 degrees C (75 degrees F) mean temperature 

unless stated otherwise. Where optional thermal insulation material is 

used, select thickness to provide thermal conductance no greater than 

that for the specified material. For pipe, use insulation 

manufacturer's published heat flow tables. For domestic hot water 

supply and return, run out insulation and condensation control 

insulation, no thickness adjustment need be made.  

4. All materials shall be compatible and suitable for service temperature, 

and shall not contribute to corrosion or otherwise attack surface to 

which applied in either the wet or dry state.  

C. Every package or standard container of insulation or accessories delivered 

to the job site for use must have a manufacturer's stamp or label giving 

the name of the manufacturer and description of the material.  

1.4 SUBMITTALS  

A. Submit in accordance with Section 01 33 23, SHOP DRAWINGS, PRODUCT DATA, 

AND SAMPLES. 

B. Shop Drawings:  

1. All information, clearly presented, shall be included to determine 

compliance with drawings and specifications and ASTM, federal and 

military specifications. 

a. Insulation materials: Specify each type used and state surface 

burning characteristics.  

http://www.nfpa.org/codesonline/document.asp?action=load&scope=0&path=NFPA/codes/nfpa0050-0099/0090a/codes-0121752&sub=&default=false%23codes-id00090a00285%23codes-id00090a00285
javascript:parent.loadDoc('/nfpa0200-0299/0251',%20'',%20'codes-nfc0251')
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b. Insulation facings and jackets: Each type used. Make it clear that 

white finish will be furnished for exposed ductwork, casings and 

equipment.  

c. Insulation accessory materials: Each type used.  

d. Manufacturer's installation and fitting fabrication instructions for 

flexible unicellular insulation.  

e. Make reference to applicable specification paragraph numbers for 

coordination.  

C. Samples:  

1. Each type of insulation: Minimum size 100 mm (4 inches) square for 

board/block/ blanket; 150 mm (6 inches) long, full diameter for round 

types.  

2. Each type of facing and jacket: Minimum size 100 mm (4 inches square).  

3. Each accessory material: Minimum 120 ML (4 ounce) liquid container or 

120 gram (4 ounce) dry weight for adhesives / mastic. 

1.5 STORAGE AND HANDLING OF MATERIAL 

 Store materials in clean and dry environment, pipe covering jackets shall 

be clean and unmarred. Place adhesives in original containers. Maintain 

ambient temperatures and conditions as required by printed instructions of 

manufacturers of adhesives, mastics and finishing cements.  

1.6 APPLICABLE PUBLICATIONS  

A. The publications listed below form a part of this specification to the 

extent referenced. The publications are referenced in the text by basic 

designation only.  

B. Federal Specifications (Fed. Spec.):  

L-P-535E (2)-91.........Plastic Sheet (Sheeting): Plastic Strip; Poly 

(Vinyl Chloride) and Poly (Vinyl Chloride - Vinyl 

Acetate), Rigid. 

C. Military Specifications (Mil. Spec.):  

MIL-A-3316C (2)-90......Adhesives, Fire-Resistant, Thermal Insulation 

MIL-A-24179A (1)-87.....Adhesive, Flexible Unicellular-Plastic 

Thermal Insulation  

MIL-C-19565C (1)-88.....Coating Compounds, Thermal Insulation, Fire-and 

Water-Resistant, Vapor-Barrier 

MIL-C-20079H-87.........Cloth, Glass; Tape, Textile Glass; and Thread, 

Glass and Wire-Reinforced Glass  
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D. American Society for Testing and Materials (ASTM):  

A167-99.................Standard Specification for Stainless and 

Heat-Resisting Chromium-Nickel Steel Plate, Sheet, 

and Strip  

B209-04.................Standard Specification for Aluminum and 

Aluminum-Alloy Sheet and Plate  

C411-97.................Standard test method for Hot-Surface Performance 

of High-Temperature Thermal Insulation  

C449-00.................Standard Specification for Mineral Fiber 

Hydraulic-Setting Thermal Insulating and Finishing 

Cement 

C533-04.................Standard Specification for Calcium Silicate Block 

and Pipe Thermal Insulation  

C534-05.................Standard Specification for Preformed Flexible 

Elastomeric Cellular Thermal Insulation in Sheet 

and Tubular Form 

C547-06.................Standard Specification for Mineral Fiber pipe 

Insulation  

C552-03.................Standard Specification for Cellular Glass Thermal 

Insulation 

C553-02.................Standard Specification for Mineral Fiber Blanket 

Thermal Insulation for Commercial and Industrial 

Applications 

C585-90.................Standard Practice for Inner and Outer Diameters of 

Rigid Thermal Insulation for Nominal Sizes of Pipe 

and Tubing (NPS System) R (1998) 

C612-04.................Standard Specification for Mineral Fiber Block and 

Board Thermal Insulation 

C1126-04................Standard Specification for Faced or Unfaced Rigid 

Cellular Phenolic Thermal Insulation  

C1136-06................Standard Specification for Flexible, Low Permeance 

Vapor Retarders for Thermal Insulation 

D1668-97a (2006)........Standard Specification for Glass Fabrics (Woven 

and Treated) for Roofing and Waterproofing  

E84-06..................Standard Test Method for Surface Burning 

Characteristics of Building  
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Materials 

E119-05a................Standard Test Method for Fire Tests of Building 

Construction and Materials  

E136-04.................Standard Test Methods for Behavior of Materials in 

a Vertical Tube Furnace at 750 degrees C (1380 F) 

E. National Fire Protection Association (NFPA):  

90A-02..................Installation of Air Conditioning and Ventilating 

Systems 

96-04...................Standards for Ventilation Control and Fire 

Protection of Commercial Cooking Operations 

101-06..................Life Safety Code 

251-06..................Standard methods of Tests of Fire Endurance of 

Building Construction Materials 

255-06..................Standard Method of tests of Surface Burning 

Characteristics of Building Materials 

F. Underwriters Laboratories, Inc (UL): 

723.....................UL Standard for Safety Test for Surface Burning 

Characteristics of Building Materials with 

Revision of 08/03 

G. Manufacturer’s Standardization Society of the Valve and Fitting Industry 

(MSS): 

SP58-2002...............Pipe Hangers and Supports Materials, Design, and 

Manufacture 

PART 2 - PRODUCTS  

2.1 MINERAL FIBER  

A. ASTM C612 (Board, Block), Class 1 or 2, k = 0.037 Watt per meter, per 

degree C (0.26), external insulation for temperatures up to 204 degrees C 

(400 degrees F). 

B. ASTM C553 (Blanket, Flexible) Type I, Class B-3, Density 16 kg/m3 (1 pcf), 

k = 0.045 (0.31) Class B-5, Density 32 kg/m3 (2 pcf), k = 0.04 (0.27), for 

use at temperatures up to 204 degrees C (400 degrees F) 

2.2 MINERAL WOOL OR REFRACTORY FIBER 

A. Comply with Standard ASTM C612, Class 3, 450 degrees C (850 degrees F). 

2.3 RIGID CELLULAR PHENOLIC FOAM 

A. Preformed (molded) pipe insulation, ASTM C1126, type III, grade 1, k = 

0.021(0.15), for temperatures up to 121 degrees C (250 degrees F) with 
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vapor retarder and all service jacket with polyvinyl chloride premolded 

fitting covering. 

B. Equipment and Duct Insulation, ASTM C 1126, type II, grade 1, k = 0.021 

(0.15), for temperatures up to 121 degrees C (250 degrees F) with rigid 

cellular phenolic insulation and covering, vapor retarder and all service 

jacket. 

2.4 CELLULAR GLASS CLOSED-CELL 

A. Comply with Standard ASTM C177, C518, density 120 kg/m3 (7.5 pcf) nominal, 

k = 0.033 (0.29) at 0 degrees C (75 degrees F). 

B. Pipe insulation for temperatures up to 200 degrees C (400 degrees F). 

2.5 POLYISOCYANURATE CLOSED-CELL RIGID 

A. Preformed (fabricated) pipe insulation, ASTM C591, type IV, K=0.027(0.19), 

for use at temperatures up to 149 degree C (300 degree F) with factory 

applied PVDC or all service jacket vapor retarder with polyvinyl chloride 

premolded fitting covers. 

B. Equipment and duct insulation, ASTM C 591,type IV, K=0.027(0.19), for use 

at temperatures up to 149 degrees C (300 degrees F) with PVDC or all 

service jacket vapor retarder jacket. 

2.6 INSULATION FACINGS AND JACKETS 

A. Vapor Retarder, higher strength with low water permeance = 0.02 or less 

perm rating, Beach puncture 50 units for insulation facing on exposed 

ductwork, casings and equipment, and for pipe insulation jackets. Facings 

and jackets shall be all service type (ASJ) or PVDC Vapor Retarder 

jacketing.  

B. ASJ jacket shall be white kraft bonded to 0.025 mm (1 mil) thick aluminum 

foil, fiberglass reinforced, with pressure sensitive adhesive closure. 

Comply with ASTM C1136. Beach puncture 5 units, Suitable for painting 

without sizing. Jackets shall have minimum 40 mm (1-1/2 inch) lap on 

longitudinal joints and minimum 100 mm (4 inch) butt strip on end joints. 

Butt strip material shall be same as the jacket. Lap and butt strips shall 

be self-sealing type with factory-applied pressure sensitive adhesive. 

C. Vapor Retarder medium strength with low water vapor permeance of 0.02 or 

less perm rating), Beach puncture 25 units: Foil-Scrim-Kraft (FSK) or PVDC 

vapor retarder jacketing type for concealed ductwork and equipment.  

D. Glass Cloth Jackets: Presized, minimum 0.18 kg per square meter (7.8 

ounces per square yard), 2000 kPa (300 psig) bursting strength with 
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integral vapor retarder where required or specified. Weather proof if 

utilized for outside service. 

E. Factory composite materials may be used provided that they have been 

tested and certified by the manufacturer. 

F. Pipe fitting insulation covering (jackets): Fitting covering shall be 

premolded to match shape of fitting and shall be polyvinyl chloride (PVC) 

conforming to Fed Spec L-P-335, composition A, Type II Grade GU, and Type 

III, minimum thickness 0.7 mm (0.03 inches). Provide color matching vapor 

retarder pressure sensitive tape. 

G. Aluminum Jacket-Piping systems: ASTM B209, 3003 alloy, H-14 temper, 0.6 mm 

(0.023 inch) minimum thickness with locking longitudinal joints. Jackets 

for elbows, tees and other fittings shall be factory-fabricated to match 

shape of fitting and of 0.6 mm (0.024) inch minimum thickness aluminum.  

Fittings shall be of same construction as straight run jackets but need 

not be of the same alloy.  Factory-fabricated stainless steel bands shall 

be installed on all circumferential joints. Bands shall be 20 mm (0.75 

inch) wide on 450 mm (18 inch) centers. System shall be weatherproof if 

utilized for outside service. 

2.7 PIPE COVERING PROTECTION SADDLES 

A. Cold pipe support: Premolded pipe insulation 180 degrees (half-shells) on 

bottom half of pipe at supports. Material shall be cellular glass or high 

density Polyisocyanurate insulation of the same thickness as adjacent 

insulation. Density of Polyisocyanurate insulation shall be a minimum of 

48 kg/m3 (3.0 pcf). 

Nominal Pipe Size and Accessories Material (Insert Blocks) 

Nominal Pipe Size mm (inches) Insert Blocks mm (inches) 

Up through 125 (5) 150 (6) long 

 

B. Warm or hot pipe supports: Premolded pipe insulation (180 degree half-

shells) on bottom half of pipe at supports.  Material shall be high 

density Polyisocyanurate (for temperatures up to 149 degrees C [300 

degrees F]), cellular glass.  Insulation at supports shall have same 

thickness as adjacent insulation.  Density of Polyisocyanurate insulation 

shall be a minimum of 48 kg/m3 (3.0 pcf). 
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2.8 ADHESIVE, MASTIC, CEMENT 

A. Mil. Spec. MIL-A-3316, Class 1: Jacket and lap adhesive and protective 

finish coating for insulation.  

B. Mil. Spec. MIL-A-3316, Class 2: Adhesive for laps and for adhering 

insulation to metal surfaces.  

C. Mil. Spec. MIL-A-24179, Type II Class 1: Adhesive for installing flexible 

unicellular insulation and for laps and general use.  

D. Mil. Spec. MIL-C-19565, Type I: Protective finish for outdoor use.  

E. Mil. Spec. MIL-C-19565, Type I or Type II: Vapor barrier compound for 

indoor use.  

F. ASTM C449: Mineral fiber hydraulic-setting thermal insulating and 

finishing cement.  

G. Other: Insulation manufacturers' published recommendations.  

2.9 MECHANICAL FASTENERS 

A. Pins, anchors: Welded pins, or metal or nylon anchors with tin-coated or 

fiber washer, or clips. Pin diameter shall be as recommended by the 

insulation manufacturer.  

B. Staples: Outward clinching monel or stainless steel.  

C. Wire: 1.3 mm thick (18 gage) soft annealed galvanized or 1.9 mm (14 gage) 

copper clad steel or nickel copper alloy.  

D. Bands: 20 mm (3/4 inch) nominal width, brass, galvanized steel, aluminum. 

2.10 REINFORCEMENT AND FINISHES  

A. Tape for Flexible Elastomeric Cellular Insulation: As recommended by the 

insulation manufacturer.  

B. Hexagonal wire netting: 25 mm (one inch) mesh, 0.85 mm thick (22 gage) 

galvanized steel.  

C. Corner beads: 50 mm (2 inch) by 50 mm (2 inch), 0.55 mm thick (26 gage) 

galvanized steel; or, 25 mm (1 inch) by 25 mm (1 inch), 0.47 mm thick (28 

gage) aluminum angle adhered to 50 mm (2 inch) by 50 mm (2 inch) Kraft 

paper. 

D. PVC fitting cover: Fed. Spec L-P-535, Composition A, 11-86 Type II, Grade 

GU, with Form B Mineral Fiber insert, for media temperature 4 degrees C 

(40 degrees F) to 121 degrees C (250 degrees F). Below 4 degrees C (40 

degrees F) and above 121 degrees C (250 degrees F). Provide double layer 

insert. Provide color matching vapor barrier pressure sensitive tape. 
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2.11 FLAME AND SMOKE 

 Unless shown otherwise all assembled systems shall meet flame spread 25 

and smoke developed 50 rating as developed under ASTM, NFPA and UL 

standards and specifications. See paragraph 1.3 "Quality Assurance". 

PART 3 - EXECUTION 

3.1 GENERAL REQUIREMENTS  

A. Required pressure tests of duct and piping joints and connections shall be 

completed and the work approved by the COTR for application of insulation. 

Surface shall be clean and dry with all foreign materials, such as dirt, 

oil, loose scale and rust removed.  

B. Except for specific exceptions, insulate entire specified equipment, 

piping (pipe, fittings, valves, accessories), and duct systems. Insulate 

each pipe and duct individually. Do not use scrap pieces of insulation 

where a full length section will fit.  

C. Insulation materials shall be installed in a first class manner with 

smooth and even surfaces, with jackets and facings drawn tight and 

smoothly cemented down at all laps. Insulation shall be continuous through 

all sleeves and openings, except at fire dampers and duct heaters (NFPA 

90A). Vapor retarders shall be continuous and uninterrupted throughout 

systems with operating temperature 16 degrees C (60 degrees F) and below.  

Lap and seal vapor barrier over ends and exposed edges of insulation. 

Anchors, supports and other metal projections through insulation on cold 

surfaces shall be insulated and vapor sealed for a minimum length of 150 

mm (6 inches).  

D. Insulation on hot piping shall be terminated square at items not to be 

insulated, access openings and nameplates. Cover all exposed raw 

insulation with white sealer or jacket material.  

E. Protect all insulations outside of buildings with aluminum jacket using 

lock joint or other approved system for a continuous weather tight system.  

Access doors and other items requiring maintenance or access shall be 

removable and sealable. 

F. HVAC work not to be insulated:  

1. Exhaust air ducts and plenums, and ventilation exhaust air shafts.  

2. In hot piping: Unions, flexible connectors, control valves. Insulate 

piping to within approximately 75 mm (3 inches) of uninsulated items.  

G. Plumbing work not to be insulated:  
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1. Small horizontal cold water branch runs in partitions to individual 

fixtures may be without insulation for maximum distance of 900 mm (3 

feet).  

H. Apply insulation materials subject to the manufacturer's recommended 

temperature limits. Apply adhesives, mastic and coatings at the 

manufacturer's recommended minimum coverage. 

I. Elbows, flanges and other fittings shall be insulated with the same 

material as is used on the pipe straights. The elbow/ fitting insulation 

shall be field-fabricated, mitered or factory prefabricated to the 

necessary size and shape to fit on the elbow/ fitting. Use of polyurethane 

spray-foam to fill a PVC elbow jacket is prohibited on cold applications. 

J. Firestop Pipe and Duct insulation: 

1. Provide firestopping insulation at fire and smoke barriers through 

penetrations. 

2. Pipe and duct penetrations requiring fire stop insulation including, 

but not limited to the following: 

a. Pipe risers through floors 

b. Pipe or duct chase walls and floors 

c. Fire partitions 

3.2 INSULATION INSTALLATION 

A. Mineral Fiber Board:  

1. Faced board: Apply board on pins spaced not more than 300 mm (12 

inches) on center each way, and not less than 75 mm (3 inches) from 

each edge of board. In addition to pins, apply insulation bonding 

adhesive to entire underside of horizontal metal surfaces. Butt 

insulation edges tightly and seal all joints with laps and butt strips. 

After applying speed clips cut pins off flush and apply vapor seal 

patches over clips. 

2. Plain board:  

a. Insulation shall be scored, beveled or mitered to provide tight 

joints and be secured to equipment with bands spaced 225 mm (9 

inches) on center for irregular surfaces or with pins and clips on 

flat surfaces. Use corner beads to protect edges of insulation.  

B. Flexible Mineral Fiber Blanket:  

1. Adhere insulation to metal with 100 mm (4 inch) wide strips of 

insulation bonding adhesive at 200 mm (8 inches) on center all around 
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duct. Additionally secure insulation to bottom of ducts exceeding 600 

mm (24 inches) in width with pins welded or adhered on 450 mm (18 inch) 

centers. Secure washers on pins. Butt insulation edges and seal joints 

with laps and butt strips. Staples may be used to assist in securing 

insulation. Seal all vapor retarder penetrations with mastic. Sagging 

duct insulation will not be acceptable. Install firestop duct 

insulation where required. 

2. Supply air ductwork to be insulated includes branch ducts from AHU 

discharge mains to room supply outlets, and the bodies of ceiling 

outlets to prevent condensation. To prevent condensation insulate 

trapeze type supports and angle iron hangers for flat oval ducts that 

are in direct contact with metal duct.  

3. Concealed supply air ductwork. (Hot duct/cold duct) 

a. Above ceilings: 40 mm (1 ½ inch) thick insulation faced with FSK. 

4. Concealed return air duct above ceilings at unconditioned areas and in 

chases with external wall; 40 mm (1-1/2 inch) thick, insulation faced 

with FSK. Concealed return air ductwork in other locations need not be 

insulated. 

C. Molded Mineral Fiber Pipe and Tubing Covering:  

1. Fit insulation to pipe or duct, aligning longitudinal joints. Seal 

longitudinal joint laps and circumferential butt strips by rubbing hard 

with a nylon sealing tool to assure a positive seal. Staples may be 

used to assist in securing insulation. Seal all vapor retarder 

penetrations on cold piping with a generous application of vapor 

barrier mastic. Provide inserts and install with metal insulation 

shields at outside pipe supports.  All valves shall be insulated with 

custom made covers strapped on.  Cover to have easy access to valves.  

2. Contractor's options for fitting, flange and valve insulation:  

a. Valves to be insulated with custom made covers strapped on 

insulating and finishing cement for sizes less than 100 mm (4 

inches) operating at surface temperature of 16 degrees C (61 degrees 

F) or more.  

b. Factory molded, ASTM C547 or field mitered sections, joined with 

adhesive or wired in place. For hot piping finish with a smoothing 

coat of finishing cement. For cold fittings, 16 degrees C (60 
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degrees F) or less, vapor seal with a layer of glass fitting tape 

imbedded between two 2 mm (1/16 inch) coats of vapor barrier mastic.  

c. Fitting tape shall extend over the adjacent pipe insulation and 

overlap on itself at least 50 mm (2 inches). 

3. Nominal thickness in millimeters and inches specified in table below, 

for piping above ground: 

 

Nominal Thickness of Molded Mineral Fiber Insulation 

Nominal Pipe Size, 
millimeters (inches): 

25 

(1) & 
below 

32- 75 
(1-1/4- 
3)  

100-150 

 (4-6) 

 

a. 38-99 degrees C (100-
211 degrees F) (HWS, 
HWR) 

25 (1.0) 40 (1.5) 50 
(2.0) 

 

     

1. Runouts to reheat 

coils, air terminal 

unit and reheat 

coils  

25 (1.0) - - - 

 

D. Rigid Cellular Phenolic Foam: 

1. Rigid closed cell phenolic insulation may be provided for piping, 

ductwork and equipment for temperatures up to 121 degrees C (250 

degrees F). 

2. Note the NFPA 90A burning characteristics requirements of 25/50 in 

paragraph 1.3.B 

3. Provide secure attachment facilities such as welding pins. 

4. Apply insulation with joints tightly drawn together  

5. Apply adhesives, coverings, neatly finished at fittings, and valves. 

6. Final installation shall be smooth, tight, neatly finished at all 

edges. 
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Nominal Thickness of Rigid Closed-Cell Phenolic Foam Insulation 

Nominal Pipe Size 
millimeters (inches): 

25 

(1) & 
below 

32-75 
(1 1/4-3) 

100-150 
(4-6) 

  

2. 38-99 degrees C (100-
211 degrees F), HWH, 
HWHR 

25 (1) 20 (0.75) 25 (1)   

a. Run outs to reheat 
coils. 

25 (1) -- --   

 

7. Condensation control insulation: Minimum 20 mm (0.75 inch) thick for 

all pipe sizes. 

a. Plumbing piping as follows: 

1) Body of horizontal runs and offsets (including elbows) of 

interior downspout piping in all areas above pipe basement. 

- - - E N D - - - 
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PART 1 - GENERAL  

1.1 DESCRIPTION  

A. Water piping to connect HVAC equipment, including the following:  

1. Heating hot water piping.  

1.2 RELATED WORK  

A. Section 01 00 00, GENERAL REQUIREMENTS. 

B. Section 01 33 23, SHOP DRAWINGS, PRODUCT DATA, and SAMPLES. 

C. Section 23 07 11, HVAC AND PLUMBING INSULATION: Piping insulation. 

D. Section 23 80 00, AUTOMATIC TEMPERATURE CONTROLS. 

1.3 QUALITY ASSURANCE  

A. Submit prior to welding of steel piping a certificate of Welder’s 

certification. The certificate shall be current and not more than one year 

old. 

B. For mechanical pressed sealed fittings, only tools of fitting manufacturer 

shall be used. 

C. Mechanical pressed fittings shall be installed by factory trained workers. 

D. All grooved joint couplings, fittings, valves, and specialties shall be 

the products of a single manufacturer.  Grooving tools shall be the same 

manufacturer as the grooved components. 

1. All castings used for coupling housings, fittings, valve bodies, etc., 

shall be date stamped for quality assurance and traceability. 

1.4 SUBMITTALS  

A. Submit in accordance with Section 01 33 23, SHOP DRAWINGS, PRODUCT DATA, 

and SAMPLES. 

B. Manufacturer's Literature and Data:  

1. Pipe and equipment supports. Submit calculations for variable spring 

and constant support hangers.  

2. Pipe and tubing, with specification, class or type, and schedule.  

3. Pipe fittings, including miscellaneous adapters and special fittings.  

4. Flanges, gaskets and bolting.  

5. Grooved joint couplings and fittings.  

6. Valves of all types.  

7. Strainers.  

8. Pipe alignment guides.  

C. Submit the welder’s qualifications in the form of a current (less than one 

year old) and formal certificate.  



T&M ASSOCIATES, INC. 
HVAC VENTILATION/EXHAUST FOR SUPPLY & STORAGE, BLDG 200 
HINES VA MEDICAL CENTER                                 HINES, ILLINOIS         
HYDRONIC PIPING                         SECTION 23 21 13 
 

PROJ#578-12-056 23 21 13 
 2 

D. Coordination Drawings: Refer to Article, SUBMITTALS of Section 23 05 11, 

COMMON WORK RESULTS FOR HVAC and STEAM GENERATION.  

1.5 APPLICABLE PUBLICATIONS  

A. The publications listed below form a part of this specification to the 

extent referenced. The publications are referenced in the text by the 

basic designation only. American National Standards Institute, Inc. 

B. American Society of Mechanical Engineers/American National Standards 

Institute, Inc. (ASME/ANSI):  

B1.20.1-83(R2006).......Pipe Threads, General Purpose (Inch) 

B16.4-06................Gray Iron Threaded FittingsB16.18-01 Cast Copper 

Alloy Solder joint Pressure fittings  

B16.23-02...............Cast Copper Alloy Solder joint Drainage fittings  

B40.100-05..............Pressure Gauges and Gauge Attachments 

C. American National Standards Institute, Inc./Fluid Controls Institute 

(ANSI/FCI):  

70-2-2006...............Control Valve Seat Leakage 

D. American Society of Mechanical Engineers (ASME): 

B16.1-98................Cast Iron Pipe Flanges and Flanged Fittings 

B16.9-07................Factory Made Wrought Butt Welding Fittings 

B16.11-05...............Forged Fittings, Socket Welding and Threaded 

B16.18-01...............Cast Copper Alloy Solder Joint Pressure Fittings 

B16.39-06...............Malleable Iron Threaded Pipe Unions 

E. American Society for Testing and Materials (ASTM):  

A47/A47M-99 (2004)......Ferritic Malleable Iron Castings  

A53/A53M-07.............Standard Specification for Pipe, Steel, Black and 

Hot-Dipped, Zinc-Coated, Welded and Seamless  

B32-08 ................. Standard Specification for Solder Metal  

B88-03 ................. Standard Specification for Seamless Copper Water 

Tube  

B209-07 ................ Aluminum and Aluminum Alloy Sheet and Plate  

F477-08 ................ Elastomeric Seals Gaskets) for Joining Plastic Pipe 

F. American Water Works Association (AWWA):  

C110-08.................Ductile Iron and Grey Iron Fittings for Water 

G. American Welding Society (AWS):  

B2.1-02.................Standard Welding Procedure Specification 
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H. Copper Development Association, Inc. (CDA):  

CDA A4015-06............Copper Tube Handbook 

I. Manufacturers Standardization Society (MSS) of the Valve and Fitting 

Industry, Inc.:  

SP-67-02a...............Butterfly Valves  

SP-80-08................Bronze Gate, Globe, Angle and Check Valves  

SP-85-02................Cast Iron Globe and Angle Valves, Flanged and 

Threaded Ends 

SP-110-96...............Ball Valves Threaded, Socket-Welding, Solder 

Joint, Grooved and Flared Ends 

PART 2 - PRODUCTS 

2.1 PIPE AND EQUIPMENT SUPPORTS, PIPE SLEEVES, AND WALL AND CEILING PLATES  

A. Provide in accordance with Section 23 05 11, COMMON WORK RESULTS FOR HVAC 

and STEAM GENERATION.  

2.2 PIPE AND TUBING  

A. Heating Hot Water Piping:  

1. Steel: ASTM A53 Grade B, seamless or ERW, Schedule 40. 

 2. Copper water tube option: ASTM B88, Type K or L, hard drawn.  

B. Pipe supports, including insulation shields, for above ground piping: 

Section 23 05 11, COMMON WORK RESULTS FOR HVAC and STEAM GENERATION. 

2.3 FITTINGS FOR STEEL PIPE  

A. 50 mm (2 inches) and Smaller: Screwed or welded joints.  

1. Butt welding: ASME B16.9 with same wall thickness as connecting piping. 

2. Forged steel, socket welding or threaded: ASME B16.11.  

3. Screwed: 150 pound malleable iron, ASME B16.3. 125 pound cast iron, 

ASME B16.4, may be used in lieu of malleable iron. Bushing reduction of 

a single pipe size, or use of close nipples, is not acceptable.  

4. Unions: ASME B16.39.  

B. Welded Branch and Tap Connections: Forged steel weldolets, or branchlets 

and threadolets may be used for branch connections up to one pipe size 

smaller than the main. Forged steel half-couplings, ASME B16.11 may be 

used for drain, vent and gage connections.  

C. Grooved Mechanical Pipe Couplings and Fittings (Contractor’s Option): 

Grooved Mechanical Pipe Couplings and Fittings may be used, with cut or 

roll grooved pipe, in water service up to 110 degrees C (230 degrees F) in 
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lieu of welded, screwed or flanged connections.  All joints must be rigid 

type.  

1. Grooved mechanical couplings: Malleable iron, ASTM A47 or ductile iron, 

ASTM A536, fabricated in two or more parts, securely held together by 

two or more track-head, square, or oval-neck bolts, ASTM A449 and A183.  

2. Grooved end fittings: Malleable iron, ASTM A47; ductile iron, ASTM 

A536; or steel, ASTM A53 or A106, designed to accept grooved mechanical 

couplings. Tap-in type branch connections are acceptable.  

2.4 FITTINGS FOR COPPER TUBING  

A. Joints:  

1. Solder Joints: Joints shall be made up in accordance with recommended 

practices of the materials applied. Apply 95/5 tin and antimony on all 

copper piping. 

2. Mechanically formed tee connection in water and drain piping: Form 

mechanically extracted collars in a continuous operation by drilling 

pilot hole and drawing out tube surface to form collar, having a height 

of not less than three times the thickness of tube wall. Adjustable 

collaring device shall insure proper tolerance and complete uniformity 

of the joint. Notch and dimple joining branch tube in a single process 

to provide free flow where the branch tube penetrates the fitting.  

B. Bronze Flanges and Flanged Fittings: ASME B16.24.  

C. Fittings: ANSI/ASME B16.18 cast copper or ANSI/ASME B16.22 solder wrought 

copper. 

2.5 FITTINGS FOR PLASTIC PIPING (ONLY WHERE SHOWN ON PLANS) 

A. Schedule 40, socket type for solvent welding.  

B. Schedule 40 PVC drain piping: Drainage pattern.  

2.6 DIELECTRIC FITTINGS  

A. Provide where copper tubing and ferrous metal pipe are joined.  

B. 50 mm (2 inches) and Smaller: Threaded dielectric union, ASME B16.39.  

C. 65 mm (2 1/2 inches) and Larger: Flange union with dielectric gasket and 

bolt sleeves, ASME B16.42.  

D. Temperature Rating, 99 degrees C (210 degrees F).  

E. Contractor’s option: On pipe sizes 2” and smaller, screwed end brass ball 

valves or dielectric nipples may be used in lieu of dielectric unions. 

2.7 SCREWED JOINTS  

A. Pipe Thread: ANSI B1.20.  
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B. Lubricant or Sealant: Oil and graphite or other compound approved for the 

intended service.  

2.8 VALVES  

A. Asbestos packing is not acceptable.  

B. All valves of the same type shall be products of a single manufacturer.  

C. Shut-Off Valves 

1. Ball Valves (Pipe sizes 2” and smaller): MSS-SP 110, screwed or solder 

connections, brass or bronze body with chrome-plated ball with full 

port and Teflon seat at 2760 kPa (400 psig) working pressure rating. 

Provide stem extension to allow operation without interfering with pipe 

insulation. 

2) Gate Valves (Contractor’s Option in lieu of Ball or Butterfly 

Valves):  

a) 50 mm (2 inches) and smaller: MSS-SP 80, Bronze, 1034 kPa (150 

psig), wedge disc, rising stem, union bonnet.  

b) 65 mm (2 1/2 inches) and larger: Flanged, outside screw and 

yoke. MSS-SP 70, iron body, bronze mounted, 861 kPa (125 psig) 

wedge disc.  

D. Globe and Angle Valves    

1. Globe Valves 

a. 50 mm (2 inches) and smaller: MSS-SP 80, bronze, 1034 kPa (150 lb.) 

Globe valves shall be union bonnet with metal plug type disc.  

2. Angle Valves:  

a. 50 mm (2 inches) and smaller: MSS-SP 80, bronze, 1034 kPa (150 lb.) 

Angle valves shall be union bonnet with metal plug type disc.  

b. 65 mm (2 1/2 inches) and larger: 861 kPa (125 psig), flanged, iron 

body, bronze trim, MSS-SP-85 for angle. 

E. Check Valves 

1. Swing Check Valves:  

a. 50 mm (2 inches) and smaller: MSS-SP 80, bronze, 1034 kPa (150 lb.), 

45 degree swing disc.  

F. Water Flow Balancing Valves: For flow regulation and shut-off. Valves 

shall be line size rather than reduced to control valve size. 

1. Ball or Globe style valve.  

2. A dual purpose flow balancing valve and adjustable flow meter, with 

bronze or cast iron body, calibrated position pointer, valved pressure 
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taps or quick disconnects with integral check valves and preformed 

polyurethane insulating enclosure.  

G. Automatic Balancing Control Valves: Factory calibrated to maintain 

constant flow (plus or minus five percent) over system pressure 

fluctuations of at least 10 times the minimum required for control. 

Provide standard pressure taps and four sets of capacity charts. Valves 

shall be line size and be one of the following designs:  

1. Gray iron (ASTM A126) or brass body rated 1205 kPa (175 psig) at 93 

degrees C (200 degrees F), with stainless steel piston and spring.  

2. Brass or ferrous body designed for 2067 kPa (300 psig) service at 121 

degrees C (250 degrees F), with corrosion resistant, tamper proof, 

self-cleaning piston/spring assembly that is easily removable for 

inspection or replacement.  

3. Combination assemblies containing ball type shut-off valves, unions, 

flow regulators, strainers with blowdown valves and pressure 

temperature ports shall be acceptable.  

 
2.9 STRAINERS  

A. Y Type.  

PART 3 - EXECUTION  

3.1 GENERAL  

A. The drawings show the general arrangement of pipe and equipment but do not 

show all required fittings and offsets that may be necessary to connect 

pipes to coils, etc., and to coordinate with other trades. Provide all 

necessary fittings, offsets and pipe runs based on field measurements and 

at no additional cost to the government. Coordinate with other trades for 

space available and relative location of HVAC equipment and accessories to 

be connected on ceiling grid. Pipe location on the drawings shall be 

altered by contractor where necessary to avoid interferences and clearance 

difficulties. 

B. Store materials to avoid excessive exposure to weather or foreign 

materials. Keep inside of piping relatively clean during installation and 

protect open ends when work is not in progress.  

C. Install piping generally parallel to walls and column center lines, unless 

shown otherwise on the drawings. Space piping, including insulation, to 

provide 25 mm (one inch) minimum clearance between adjacent piping or 
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other surface. Unless shown otherwise, slope drain piping down in the 

direction of flow not less than 25 mm (one inch) in 12 m (40 feet). 

Provide eccentric reducers to keep bottom of sloped piping flat.  

D. Locate and orient valves to permit proper operation and access for 

maintenance of packing, seat and disc. Generally locate valve stems in 

overhead piping in horizontal position. Provide a union adjacent to one 

end of all threaded end valves. Control valves usually require reducers to 

connect to pipe sizes shown on the drawing.  

E. Tee water piping runouts or branches into the side of mains or other 

branches. Avoid bull-head tees, which are two return lines entering 

opposite ends of a tee and exiting out the common side.  

F. Provide manual air vent at all piping system high points and drain valves 

at all low points.   

G. Where copper piping is connected to steel piping, provide dielectric 

connections. 

3.2 PIPE JOINTS  

A. Welded: Beveling, spacing and other details shall conform to ASME B31.1 

and AWS B2.1. See Welder’s qualification requirements under "Quality 

Assurance" in Section 23 05 11, COMMON WORK RESULTS FOR HVAC and STEAM 

GENERATION.  

B. Screwed: Threads shall conform to ASME B1.20; joint compound shall be 

applied to male threads only and joints made up so no more than three 

threads show. Coat exposed threads on steel pipe with joint compound, or 

red lead paint for corrosion protection.  

C. Mechanical Joint: Pipe grooving shall be in accordance with joint 

manufacturer's specifications. Lubricate gasket exterior including lips, 

pipe ends and housing interiors to prevent pinching the gasket during 

installation. Lubricant shall be as recommended by coupling manufacturer. 

D. 125 Pound Cast Iron Flange (Plain Face): Mating flange shall have raised 

face, if any, removed to avoid overstressing the cast iron flange.  

E. Solvent Welded Joints: As recommended by the manufacturer. 

3.3 LEAK TESTING ABOVEGROUND PIPING 

A. Inspect all joints and connections for leaks and workmanship and make 

corrections as necessary, to the satisfaction of the Resident Engineer. 

Tests may be either of those below, or a combination, as approved by the 

COTR.  
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B. An operating test at design pressure, and for hot systems, design maximum 

temperature.  

C. A hydrostatic test at 1.5 times design pressure.  

3.4 FLUSHING AND CLEANING PIPING SYSTEMS  

A. Water Piping: Clean systems as recommended by the suppliers of chemicals.  

1. Initial flushing: Remove loose dirt, mill scale, metal chips, weld 

beads, rust, and like deleterious substances without damage to any 

system component. Open all valves, drains, vents and strainers at all 

system levels. Remove plugs, caps, spool pieces, and components to 

facilitate early debris discharge from system. Sectionalize system to 

obtain debris carrying velocity of 1.8 m/S (6 feet per second), if 

possible. Connect dead-end supply and return headers as necessary. 

Install temporary strainers where necessary to protect down-stream 

equipment. Supply and remove flushing water and drainage by various 

type hose, temporary and permanent piping and Contractor's booster 

pumps. Flush until clean as approved by the COTR.  

2. Final Flushing: Return systems to conditions required by initial 

flushing after all cleaning solution has been displaced by clean 

make-up. Flush all dead ends and isolated clean equipment. Gently 

operate all valves to dislodge any debris in valve body by throttling 

velocity. Flush for not less than one hour.  

3.5 WATER TREATMENT  

A. Close and fill system as soon as possible after final flushing to minimize 

corrosion.  

B. Utilize this activity, by arrangement with the COTR, for instructing VA 

operating personnel.  

- - - E N D - - - 
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PART 1 - GENERAL  
  
1.1 SUMMARY  
         

A. Provide equipment, materials, tools, labor and supervision necessary 
to label and identify piping systems as specified in this section or 
specified elsewhere in the specifications. 

  
1.2 SUBMITTALS  
  

A. Submit manufacturer's catalog cuts showing complete descriptive 
data.  

  
PART 2 - PRODUCTS  
  

A. Acceptable manufacturers:  
 

1. BRADY  
2. SETON  

  
2.2 MATERIALS  
  

A. Non-insulated piping: Identify with vinyl cloth identification 
markers.  

 
1. Brady B-500.  
2. Comparable product of other specified manufacturers.  

  
B. Insulated piping systems: Identify with thin film marker.  

 
1. Brady, B-350  
2. Comparable product of other specified manufacturers.  

 
  C. Pipes under 3/4" O.D. (too small for color bands and legends):  

Identify with stamped metal tags at locations of pipe markers 
attached to pipe with 16 gauge wire.  

 
2.3 LABEL AND COLOR  
  

A. Labeling and color coding shall be in accordance with "Scheme for 
the Identification of Piping Systems" (ANSI A13.1-1975).  

 
B. Each marker must show:  

 
1. Approved color-coded back-ground.  
2. Proper color of legend in relation to background color.  
3. Approved legend letter size.  
4. Approved marker length.  
5. Directional flow arrow.  

  
C. Provide legend indicating color and service in the operating and 

maintenance manuals.  
  
2.4 LOCATION OF PIPE MARKERS  
  

A. Locate pipe markers in equipment rooms shall be as follows:  
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1. Adjacent to each valve and fitting (except on plumbing 
fixtures and equipment).  

2. At each branch and riser take-off  
  

B. Locations for pipe markers above ceilings in finished areas.  
           

1. Adjacent to each valve.  
2. On all horizontal pipe runs-marked every 25 feet.  

  
C. Label piping in accordance with following schedule:  

  
  Labels      Piping                 Letter Background  
            Hot Water,Heating       White on Blue          Light Blue 
            Supply & Return 
 
2.5 VALVES  
 

A. Identify each valve with stamped metal tag.  (Adhesive tape is not 
allowed.) 

B. Provide schedule listing valve number and their location. 
 
2.6 DUCT MARKERS 
 

A. Marker must show System Numbers, Supply, Return or Exhaust and 
direction of flow of air.  Use color tape for all duct 
identification. 

 
2.7 TERMINAL BOXES 
 

A. Identify all VAV boxes with box number, CFM, etc.  Identify 
thermostats with VAV box or reheat coils that are controlled by 
thermostat. 

 
PART 3 - EXECUTION  
  
3.1 INSTALLATION  
  

A. Labels  
 

1. Install flow arrows and labels to be visible from room floor.  
 

- - - END - - - 
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PART 1 - GENERAL  

1.1 DESCRIPTION  

A. Ductwork and accessories for HVAC including the following:  

1. Supply air, return air and exhaust systems.  

B. Definitions:  

1. SMACNA Standards as used in this specification means the HVAC Duct 

Construction Standards, Metal and Flexible.  

2. Seal or Sealing: Use of liquid or mastic sealant, with or without 

compatible tape overlay, or gasketing of flanged joints, to keep air 

leakage at duct joints, seams and connections to an acceptable minimum.  

3. Duct Pressure Classification: SMACNA HVAC Duct Construction Standards, 

Metal and Flexible.  

4. Exposed Duct: Exposed to view in a finished room. 

1.2 RELATED WORK  

A. General Mechanical Requirements: Section 23 05 11, COMMON WORK RESULTS FOR 

HVAC and STEAM GENERATION.  

B. Duct Insulation: Section 23 07 11, HVAC, PLUMBING, and BOILER PLANT 

INSULATION 

C. Air Flow Control Valves and Terminal Units: Section 23 36 00, AIR TERMINAL 

UNITS.  

D. Testing and Balancing of Air Flows: Section 23 05 93, TESTING, ADJUSTING, 

and BALANCING FOR HVAC. 

1.3 QUALITY ASSURANCE  

A. Refer to article, QUALITY ASSURANCE, in Section 23 05 11, COMMON WORK 

RESULTS FOR HVAC and STEAM GENERATION.  

B. Fire Safety Code: Comply with NFPA 90A.  

C. Duct System Construction and Installation: Referenced SMACNA Standards are 

the minimum acceptable quality. 

D. Duct Sealing, Air Leakage Criteria, and Air Leakage Tests: Ducts shall be 

sealed as per duct sealing requirements of SMACNA HVAC Air Duct Leakage 

Test Manual for duct pressure classes shown on the drawings. 

1.4 SUBMITTALS  

A. Submit in accordance with Section 01 33 23, SHOP DRAWINGS, PRODUCT DATA, 

and SAMPLES.  

B. Manufacturer's Literature and Data:  

1. Rectangular ducts:  
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a. Schedules of duct systems, materials and selected SMACNA 

construction alternatives for joints, sealing, gage and 

reinforcement.  

b. Sealants and gaskets.  

c. Access doors.  

2. Round and flat oval duct construction details:  

a. Manufacturer's details for duct fittings.  

b. Sealants and gaskets.  

c. Access sections.  

c. Installation instructions.  

3. Volume dampers, back draft dampers.  

4. Upper hanger attachments.  

5. Fire dampers with installation instructions. (where applicable) 

6. Flexible ducts and clamps, with manufacturer's installation 

instructions.  

7. Flexible connections.  

8. Instrument test fittings.  

9. Details and design analysis of alternate or optional duct systems.  

1.5 APPLICABLE PUBLICATIONS  

A. The publications listed below form a part of this specification to the 

extent referenced. The publications are referenced in the text by the 

basic designation only.  

B. American Society of Civil Engineers (ASCE): 

ASCE7-05................Minimum Design Loads for Buildings and Other 

Structures  

C. American Society for Testing and Materials (ASTM):  

A167-99(2009)...........Standard Specification for Stainless and 

Heat-Resisting Chromium-Nickel Steel Plate, Sheet, 

and Strip  

A653-09.................Standard Specification for Steel Sheet, 

Zinc-Coated (Galvanized) or Zinc-Iron Alloy coated 

(Galvannealed) by the Hot-Dip process 

A1011-09a...............Standard Specification for Steel, Sheet and Strip, 

Hot rolled, Carbon, structural, High-Strength Low-

Alloy, High Strength Low-Alloy with Improved 

Formability, and Ultra-High Strength 

B209-07.................Standard Specification for Aluminum and 

Aluminum-Alloy Sheet and Plate 
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E84-09a.................Standard Test Method for Surface Burning 

Characteristics of Building Materials 

D. National Fire Protection Association (NFPA):  

90A-09..................Standard for the Installation of Air Conditioning 

and Ventilating Systems  

E. Sheet Metal and Air Conditioning Contractors National Association 

(SMACNA):  

2nd Edition – 2005......HVAC Duct Construction Standards, Metal and    

Flexible  

1st Edition - 1985......HVAC Air Duct Leakage Test Manual  

6th Edition – 2003......Fibrous Glass Duct Construction Standards  

F. Underwriters Laboratories, Inc. (UL):  

181-08..................Factory-Made Air Ducts and Air Connectors  

555-06 .................Standard for Fire Dampers  

PART 2 - PRODUCTS  

2.1 DUCT MATERIALS AND SEALANTS  

A. General: Except for systems specified otherwise, construct ducts, casings, 

and accessories of galvanized sheet steel, ASTM A653, coating G90; or, 

aluminum sheet, ASTM B209, alloy 1100, 3003 or 5052. 

B. Joint Sealing: Refer to SMACNA HVAC Duct Construction Standards, paragraph 

S1.9.  

1. Sealant: Elastomeric compound, gun or brush grade, maximum 25 flame 

spread and 50 smoke developed (dry state) compounded specifically for 

sealing ductwork as recommended by the manufacturer. Generally provide 

liquid sealant, with or without compatible tape, for low clearance slip 

joints and heavy, permanently elastic, mastic type where clearances are 

larger. Oil base caulking and glazing compounds are not acceptable 

because they do not retain elasticity and bond.  

2. Tape: Use only tape specifically designated by the sealant manufacturer 

and apply only over wet sealant. Pressure sensitive tape shall not be 

used on bare metal or on dry sealant.  

3. Gaskets in Flanged Joints: Soft neoprene.  

C. Approved factory made joints may be used.  

2.2 DUCT CONSTRUCTION AND INSTALLATION  

A. Regardless of the pressure classifications outlined in the SMACNA 

Standards, fabricate and seal the ductwork in accordance with the 

following pressure classifications:   

B. Duct Pressure Classification:  
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 0 to 50 mm (2 inch) 
> 50 mm to 75 mm (2 inch to 3 inch) 

> 75 mm to 100 mm (3 inch to 4 inch) 

Show pressure classifications on the floor plans.    
C. Seal Class: All ductwork shall receive Class A Seal 

D. Round and Flat Oval Ducts: Furnish duct and fittings made by the same 

manufacturer to insure good fit of slip joints. When submitted and 

approved in advance, round and flat oval duct, with size converted on the 

basis of equal pressure drop, may be furnished in lieu of rectangular duct 

design shown on the drawings.  

1. Elbows: Diameters 80 through 200 mm (3 through 8 inches) shall be two 

sections die stamped, all others shall be gored construction, maximum 

18 degree angle, with all seams continuously welded or standing seam. 

Coat galvanized areas of fittings damaged by welding with corrosion 

resistant aluminum paint or galvanized repair compound. 

2. Provide bell mouth, conical tees or taps, laterals, reducers, and other 

low loss fittings as shown in SMACNA HVAC Duct Construction Standards.  

3. Ribbed Duct Option: Lighter gage round/oval duct and fittings may be 

furnished provided certified tests indicating that the rigidity and 

performance is equivalent to SMACNA standard gage ducts are submitted.  

a. Ducts: Manufacturer's published standard gage, G90 coating, spiral 

lock seam construction with an intermediate standing rib. 

b. Fittings: May be manufacturer's standard as shown in published 

catalogs, fabricated by spot welding and bonding with neoprene base 

cement or machine formed seam in lieu of continuous welded seams.  

4. Provide flat side reinforcement of oval ducts as recommended by the 

manufacturer and SMACNA HVAC Duct Construction Standard S3.13. Because 

of high pressure loss, do not use internal tie-rod reinforcement unless 

approved by the COTR.  

E. Volume Dampers: Single blade or opposed blade, multi-louver type as 

detailed in SMACNA Standards. Refer to SMACNA Detail Figure 2-12 for 

Single Blade and Figure 2.13 for Multi-blade Volume Dampers.  

F. Duct Hangers and Supports: Refer to SMACNA Standards Section IV. Avoid use 

of trapeze hangers for round duct.  

 
2.3 DUCT ACCESS DOORS, PANELS AND SECTIONS  

A. Provide access doors, sized and located for maintenance work, upstream, in 

the following locations:  

1. Each duct mounted coil.  
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2. Each fire damper (for link service. 

B. Openings shall be as large as feasible in small ducts, 300 mm by 300 mm 

(12 inch by 12 inch) minimum where possible. Transparent shatterproof 

covers are preferred for uninsulated ducts.  

1. For rectangular ducts: Refer to SMACNA HVAC Duct Construction Standards 

(Figure 2-12).  

2. For round and flat oval duct: Refer to SMACNA HVAC duct Construction 

Standards (Figure 2-11).  

2.4 FIRE DAMPERS (WHERE APPLICABLE ON PLANS)  

A. Galvanized steel, interlocking blade type, UL listing and label, 1-1/2 

hour rating, 70 degrees C (160 degrees F) fusible line, 100 percent free 

opening with no part of the blade stack or damper frame in the air stream.  

B. Minimum requirements for fire dampers:  

1. The damper frame may be of design and length as to function as the 

mounting sleeve, thus eliminating the need for a separate sleeve, as 

allowed by UL 555. Otherwise provide sleeves and mounting angles, 

minimum 1.9 mm (14 gage), required to provide installation equivalent 

to the damper manufacturer's UL test installation.  

2. Submit manufacturer's installation instructions conforming to UL rating 

test.  

2.5 FLEXIBLE AIR DUCT  

A. General: Factory fabricated, complying with NFPA 90A for connectors not 

passing through floors of buildings. Flexible ducts shall not penetrate 

any fire or smoke barrier which is required to have a fire resistance 

rating of one hour or more. Flexible duct length shall not exceed 1.5 m (5 

feet). Provide insulated acoustical air duct connectors in supply air duct 

systems and elsewhere as shown.  

B. Flexible ducts shall be listed by Underwriters Laboratories, Inc., 

complying with UL 181. Ducts larger than 200 mm (8 inches) in diameter 

shall be Class 1. Ducts 200 mm (8 inches) in diameter and smaller may be 

Class 1 or Class 2.  

C. Insulated Flexible Air Duct: Factory made including mineral fiber 

insulation with maximum C factor of 0.25 at 24 degrees C (75 degrees F) 

mean temperature, encased with a low permeability moisture barrier outer 

jacket, having a puncture resistance of not less than 50 Beach Units. 

Acoustic insertion loss shall not be less than 3 dB per 300 mm (foot) of 

straight duct, at 500 Hz, based on 150 mm (6 inch) duct, of 750 m/min 

(2500 fpm).  

D. Application Criteria:  
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1. Temperature range: -18 to 93 degrees C (0 to 200 degrees F) internal.  

2. Maximum working velocity: 1200 m/min (4000 feet per minute).  

3. Minimum working pressure, inches of water gage: 2500 Pa (10 inches) 

positive, 500 Pa (2 inches) negative.  

E. Duct Clamps: 100 percent nylon strap, 80 kg (175 pounds) minimum loop 

tensile strength manufactured for this purpose or stainless steel strap 

with cadmium plated worm gear tightening device. Apply clamps with sealant 

and as approved for UL 181, Class 1 installation.  

PART 3 - EXECUTION 

3.1 INSTALLATION  

A. Comply with provisions of Section 23 05 11, COMMON WORK RESULTS FOR HVAC 

and STEAM GENERATION, particularly regarding coordination with other 

trades and work in existing buildings.  

B. Fabricate and install ductwork and accessories in accordance with 

referenced SMACNA Standards:  

1. Drawings show the general layout of ductwork and accessories but do not 

show all required fittings and offsets that may be necessary to connect 

ducts to equipment, boxes, diffusers, grilles, etc., and to coordinate 

with other trades. Fabricate ductwork based on field measurements. 

Provide all necessary fittings and offsets at no additional cost to the 

government. Coordinate with other trades for space available and 

relative location of HVAC equipment and accessories on ceiling grid. 

Duct sizes on the drawings are inside dimensions.  

2. Provide duct transitions, offsets and connections to dampers, coils, 

and other equipment in accordance with SMACNA Standards, Section II. 

Provide streamliner, when an obstruction cannot be avoided and must be 

taken in by a duct. Repair galvanized areas with galvanizing repair 

compound.  

3. Provide bolted construction and tie-rod reinforcement in accordance 

with SMACNA Standards.  

 

C. Install duct hangers and supports in accordance with SMACNA Standards, 

Chapter 4.  

D. Seal openings around duct penetrations of floors and fire rated partitions 

with fire stop material as required by NFPA 90A.  

E. Flexible duct installation: Refer to SMACNA Standards, Chapter 3. Ducts 

shall be continuous, single pieces not over 1.5 m (5 feet) long (NFPA 

90A), as straight and short as feasible, adequately supported. Centerline 

radius of bends shall be not less than two duct diameters. Make 
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connections with clamps as recommended by SMACNA. Clamp per SMACNA with 

one clamp on the core duct and one on the insulation jacket. Flexible 

ducts shall not penetrate floors, or any chase or partition designated as 

a fire or smoke barrier, including corridor partitions fire rated one hour 

or two hour. Support ducts SMACNA Standards.  

F. Where diffusers, registers and grilles cannot be installed to avoid seeing 

inside the duct, paint the inside of the duct with flat black paint to 

reduce visibility.  

G. Protection and Cleaning: Adequately protect equipment and materials 

against physical damage. Place equipment in first class operating 

condition, or return to source of supply for repair or replacement, as 

determined by the COTR. Protect equipment and ducts during construction 

against entry of foreign matter to the inside and clean both inside and 

outside before operation and painting. When new ducts are connected to 

existing ductwork, clean both new and existing ductwork by mopping and 

vacuum cleaning inside and outside before operation.  

3.2 DUCT LEAKAGE TESTS AND REPAIR (EXISTING AND NEW IN THE SCOPE OF THIS 
PROJECT) 

A. Ductwork leakage testing shall be performed by the Testing and Balancing 

Contractor directly contracted by the General Contractor and independent 

of the Sheet Metal Contractor. 

B. Ductwork leakage testing shall be performed for the entire new 

distribution system (including all supply, return, exhaust ductwork), 

section by section, coils, etc.  Based upon satisfactory initial duct 

leakage test results, the scope of the testing may be reduced by the COTR 

on ductwork constructed to the 500 Pa (2" WG) duct pressure 

classification.  In no case shall the leakage testing of ductwork 

constructed above the 500 Pa (2" WG) duct pressure classification or 

ductwork located in shafts or other inaccessible areas be eliminated. 

C. Test procedure, apparatus and report shall conform to SMACNA Leakage Test 

manual. The maximum leakage rate allowed is 4 percent of the design air 

flow rate. 

D. All ductwork shall be leak tested first before covered in other 

inaccessible areas. 

E. All tests shall be performed in the presence of the COTR and the Test and 

Balance agency. The Test and Balance agency shall measure and record duct 

leakage and report to the COTR and identify leakage source with excessive 

leakage. 
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F. If any portion of the duct system tested fails to meet the permissible 

leakage level, the Contractor shall rectify sealing of ductwork to bring 

it into compliance and shall retest it until acceptable leakage is 

demonstrated to the COTR. 

G. All tests and necessary repairs shall be completed prior to insulation or 

concealment of ductwork. 

H. Make sure all openings used for testing flow and temperatures by TAB 

Contractor are sealed properly. 

3.3 TESTING, ADJUSTING AND BALANCING (TAB) 

A. Refer to Section 23 05 93, TESTING, ADJUSTING, and BALANCING FOR HVAC. 

3.4 DUCT CLEANING 

   A. Clean all new supply, return and exhaust ducts from inside. 

- - - E N D - - - 
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PART 1 - GENERAL 

A. RELATED DOCUMENTS  
 

1. The other Contract Documents complement the requirements of this 
Section.  The General Requirements apply to the work of this Section.  

 
B. SCOPE  
 

1. Where required, provide materials, devices, labor and supervision 
necessary for the installation of Fire Dampers in ductwork as required 
by the Drawings and this Section.  Identify these dampers in the duct 
connected to its specific air handling system.  

 
C. CODES AND STANDARDS   
 

1. Installation in accordance with NFPA-90A.  
 

2. Constructed and tested in accordance with UL Safety Standard 55 for 
1-1/2 hour fire protection rating, with min. 180 deg.F. fusible link, 
and shall bear UL label.  

 
D. SUBMITTALS  
 

1. Submittal data shall include construction materials and performance 
data developed from testing in accordance with AMCA Standard 500 
illustrating pressure drops for all size dampers required.  

  
PART 2 - PRODUCTS 
 
A. MANUFACTURERS 
 

1. Acceptable Manufacturers:  
 

a. Ruskin Manufacturing Company  
b. Air Balance  
c. Architect approved equivalent  

 
2. Design, specification and model numbers based on Ruskin Manufacturing 

Company.  
 
B. MATERIALS  
 

1. Fire dampers shall be of the curtain type, suitable for either 
vertical or horizontal  
installation, with 20 gauge steel channel frames, 24 gauge steel 
blades, and 18 gauge steel enclosure with duct collars.  All parts 
galvanized mill finish.  

 
a. Type IBD2 of the following style enclosures:  

(1) Style C: for square and rectangular ducts.  
 
PART 3 - EXECUTION 
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A. INSTALLATION 
 

1. Install fire dampers in all locations where ducts penetrate fire walls 
and floors, as required and as indicated on the Drawings.  

 
2. Install dampers in accordance with manufacturer's recommendations, 

utilizing steel sleeves, angles, and practices as required to provide 
an installation equivalent to that utilized by the manufacturer when 
the dampers were UL tested.  Each damper shall have a breakaway 
connection. 

 
3. At each damper, install access panel arranged for servicing fusible 

link.  
 

4. Demonstrate, in presence of Owner's Representative, the operation of 
each fire damper. 

 
a. Disconnect fusible link and allow damper to close. 
  
b. If no binding or sticking is evident, set damper in the open 

position and reinstall fusible link. 
- - - END - - - 
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PART 1 - GENERAL  

1.1 DESCRIPTION  

 Air terminal units, air flow control valves. 

1.2 RELATED WORK 

A. Section 23 05 11, COMMON WORK RESULTS FOR HVAC AND STEAM GENERATION: 

General mechanical requirements and items, which are common to more than 

one section of Division 23. 

B. Section 23 31 00, HVAC DUCTS AND CASINGS: Ducts and flexible connectors. 

C. Section 23 80 00, AUTOMATIC TEMPERATURE CONTROLS. 

D. Section 23 05 93, TESTING, ADJUSTING, AND BALANCING FOR HVAC: Flow rates 

adjusting and balancing. 

1.3 QUALITY ASSURANCE  

 Refer to Paragraph, QUALITY ASSURANCE, in Section 23 05 11, COMMON WORK 

RESULTS FOR HVAC AND STEAM GENERATION.  

1.4 SUBMITTALS  

A. Submit in accordance with Section 23 05 80, SHOP DRAWINGS, PRODUCT DATA, 

and SAMPLES. 

B. Manufacturer's Literature and Data:  

1. Air Terminal Units: Submit test data.  

2. Air flow control valves.  

C. Certificates:  

1. Compliance with paragraph, QUALITY ASSURANCE.  

2. Compliance with specified standards.  

D. Operation and Maintenance Manuals: Submit in accordance with paragraph, 

INSTRUCTIONS, in Section 01 00 00, GENERAL REQUIREMENTS.  

1.5 APPLICABLE PUBLICATIONS  

A. The publications listed below form a part of this specification to the 

extent referenced. The publications are referenced in the text by the 

basic designation only.  

B. Air Conditioning and Refrigeration Institute (AHRI)/(ARI):  

880-08..................Air Terminals Addendum to ARI 888-98 incorporated 

into standard posted 15th December 2002 

C. National Fire Protection Association (NFPA): 

90A-09..................Standard for the Installation of Air Conditioning 

and Ventilating Systems 
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D. Underwriters Laboratories, Inc. (UL):  

181-08..................Standard for Factory-Made Air Ducts and Air 

Connectors  

E. American Society for Testing and Materials (ASTM):  

C 665-06................Standard Specification for Mineral-Fiber Blanket 

Thermal Insulation for Light Frame Construction 

and Manufactured Housing  

1.6 GUARANTY  

 In accordance with the GENERAL CONDITIONS  

PART 2 - PRODUCTS  

2.1 GENERAL  

A. Coils:  

1. Water Heating Coils: 

a. ARI certified, continuous plate or spiral fin type, leak tested 

at 2070 kPa (300 PSI). 

b. Capacity: As indicated, based on scheduled entering water 

temperature. 

c. Headers: Copper or Brass. 

d. Fins: Aluminum, maximum 315 fins per meter (8 fins per inch).  

e. Tubes: Copper, arrange for counter-flow of heating water. 

f. Water Flow Rate: Minimum 0.032 Liters/second (0.5 GPM). 

g. Provide vent and drain connection at high and low point, 

respectively of each coil. 

h. Coils shall be guaranteed to drain. 

B. Labeling: Control box shall be clearly marked with an identification label 

that lists such information as nominal CFM, maximum and minimum factory-

set airflow limits, coil type and coil connection orientation, where 

applicable. 

C. Factory calibrate air terminal units to air flow rate indicated.  All 

settings including maximum and minimum air flow shall be field adjustable. 

D. Dampers with internal air volume control: See section 23 31 00 HVAC DUCTS 

and CASINGS. 

2.2 AIR TERMINAL UNITS (BOXES)  

A. General: Factory built, pressure independent units, factory set-field 

adjustable air flow rate, suitable for single duct and dual duct 

applications.  Clearly show on each unit the unit number and factory set 
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air volumes corresponding to the contract drawings. Section 23 05 93, 

TESTING, ADJUSTING, AND BALANCING FOR HVAC work assumes factory set air 

volumes. Coordinate flow controller sequence and damper operation details 

with the drawings and Section 23 80 00, AUTOMATIC TEMPERATURE CONTROLS.  

All air terminal units shall be brand new products of the same 

manufacturer. 

B. Casing: Unit casing shall be constructed of galvanized steel no lighter 

than 0.85 mm (22 Gauge).  Provide hanger brackets for attachment of 

supports.  

1. Lining material: Suitable to provide required acoustic performance, 

thermal insulation and prevent sweating.  Meet the requirements of NFPA 

90A and comply with UL 181 for erosion as well as ASTMC 665 

antimicrobial requirements.  Insulation shall consist of 13 mm (1/2 IN) 

thick non-porous foil faced rigid fiberglass insulation of 4-lb/cu.ft, 

secured by full length galvanized steel z-strips which enclose and seal 

all edges.  Tape and adhesives shall not be used.  Materials shall be 

non-friable and with surfaces, including all edges, fully encapsulated 

and faced with perforated metal or coated so that the air stream will 

not detach material. Provide Tydlar lining on insulation of each VAV 

box.        

2. Access panels (or doors): Provide panels large enough for inspection, 

adjustment and maintenance without disconnecting ducts, and for 

cleaning heating coils attached to unit, even if there are no moving 

parts. Panels shall be insulated to same standards as the rest of the 

casing and shall be secured and gasketed airtight.  It shall require no 

tool other than a screwdriver to remove.  

3. Total leakage from casing: Not to exceed 2 percent of the nominal 

capacity of the unit when subjected to a static pressure of 750 Pa (3 

inch WG), with all outlets sealed shut and inlets fully open.  

4. Octopus connector: Factory installed, lined air distribution terminal. 

Provide where flexible duct connections are shown on the drawings 

connected directly to terminals.  Provide butterfly-balancing damper, 

with locking means in connectors with more than one outlet. Octopus 

connectors and flexible connectors are not permitted in the Surgical 

Suite.  



T&M ASSOCIATES, INC. 
HVAC VENTILATION/EXHAUST FOR SUPPLY & STORAGE, BLDG 200 
HINES VA MEDICAL CENTER                                 HINES, ILLINOIS         
AIR TERMINAL UNITS                  SECTION 23 36 00 
 

PROJ#578-12-056 23 36 00 
 4 

C. Construct dampers and other internal devices of corrosion resisting 

materials which do not require lubrication or other periodic maintenance.  

1. Damper Leakage: Not greater than 2 percent of maximum rated capacity, 

when closed against inlet static pressure of 1 kPa (4 inch WG).  

D. Provide multi-point velocity pressure sensors with external pressure taps. 

1. Provide direct reading air flow rate table pasted to box. 

E. Provide static pressure tubes. 

F. Externally powered DDC variable air volume controller and damper actuator 

to be furnished under Section 23 80 00, AUTOMATIC TEMPERATURE CONTROLS for 

factory mounting on air terminal units.  The controller shall be digital. 

PART 3 - EXECUTION  

3.1 INSTALLATION  

A. Work shall be installed as shown and according to the manufacturer’s 

recommendations. 

B. Handle and install units in accordance with manufacturer's written 

instructions.  

C. Support units rigidly so they remain stationary at all times. 

Cross-bracing or other means of stiffening shall be provided as necessary. 

Method of support shall be such that distortion and malfunction of units 

cannot occur. 

D. Locate air terminal units to provide a straight section of inlet duct for 

proper functioning of volume controls.   

3.2 OPERATIONAL TEST  

 Refer to Section 23 05 11, COMMON WORK RESULTS FOR HVAC AND STEAM 

GENERATION. 

- - - E N D - - - 
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PART 1 - GENERAL  

1.1 DESCRIPTION  

A. Air Outlets and Inlets: Diffusers, Registers, and Grilles. 

1.2 RELATED WORK  

A. General Mechanical Requirements: Section 23 05 11, COMMON WORK RESULTS FOR 

HVAC AND STEAM GENERATION.  

B. Testing and Balancing of Air Flows: Section 23 05 93, TESTING, ADJUSTING, 

AND BALANCING FOR HVAC. 

1.3 QUALITY ASSURANCE  

A. Refer to article, QUALITY ASSURANCE, in Section 23 05 11, COMMON WORK 

RESULTS FOR HVAC AND STEAM GENERATION.  

B. Fire Safety Code: Comply with NFPA 90A.  

1.4 SUBMITTALS  

A. Submit in accordance with Section 01 33 23, SHOP DRAWINGS, PRODUCT DATA, 

and SAMPLES.  

B. Manufacturer's Literature and Data:  

1. Diffusers, registers, grilles and accessories.  

C. Coordination Drawings: Refer to article, SUBMITTALS, in Section 23 05 11, 

COMMON WORK RESULTS FOR HVAC AND STEAM GENERATION.  

1.5 APPLICABLE PUBLICATIONS  

A. The publications listed below form a part of this specification to the 

extent referenced. The publications are referenced in the text by the 

basic designation only.  

B. Air Diffusion Council Test Code:  

1062 GRD-84.............Certification, Rating, and Test Manual 4th Edition  

C. American Society of Civil Engineers (ASCE): 

ASCE7-05................Minimum Design Loads for Buildings and Other 

Structures  

D. American Society for Testing and Materials (ASTM):  

A167-99 (2004)..........Standard Specification for Stainless and 

Heat-Resisting Chromium-Nickel Steel Plate, Sheet 

and Strip  

B209-07.................Standard Specification for Aluminum and 

Aluminum-Alloy Sheet and Plate 

E. National Fire Protection Association (NFPA):  

90A-09..................Standard for the Installation of Air Conditioning 

and Ventilating Systems  
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F. Underwriters Laboratories, Inc. (UL):  

181-08..................UL Standard for Safety Factory-Made Air Ducts and 

Connectors 

PART 2 - PRODUCTS  

2.1 AIR OUTLETS AND INLETS  

A. Materials:  

1. All outlets & inlets shall be aluminum.   

2. Exposed Fastenings: The same material as the respective inlet or 

outlet. Fasteners for aluminum may be stainless steel.  

3. Contractor shall review all ceiling drawings and details and provide 

all ceiling mounted devices with appropriate dimensions and trim for 

the specific locations. 

B. Air Supply Outlets:  

1. Ceiling Diffusers: Suitable for surface mounting, exposed T-bar or 

special tile ceilings, off-white finish, square or round neck 

connection as shown on the drawings. Provide plaster frame for units in 

plaster ceilings.  

a. Square, louver, fully adjustable pattern: Round neck, surface 

mounting unless shown otherwise on the drawings. Provide equalizing 

or control grid and volume control damper.  

b. Louver face type: Square or rectangular, removable core for 1, 2, 3, 

or 4 way directional pattern. Provide equalizing or control grid and 

opposed blade damper.  

c. Perforated face type: Manual adjustment for one-, two-, three-, or 

four-way horizontal air distribution pattern without change of air 

volume or pressure. Provide equalizing or control grid and opposed 

blade over overlapping blade damper. Perforated face diffusers for 

VAV systems shall have the pattern controller on the inner face, 

rather than in the neck and designed to discharge air horizontally 

at the ceiling maintaining a Coanda effect.  

2. Supply Registers: Double deflection type with horizontal face bars and 

opposed blade damper with removable key operator.  

a. Margin: Flat, 30 mm (1-1/4 inches) wide.  

b. Bar spacing: 20 mm (3/4 inch) maximum.  

c. Finish: Off white baked enamel for ceiling mounted units. Wall units 

shall have a prime coat for field painting, or shall be extruded 

with manufacturer's standard finish.  

3. Supply Grilles: Same as registers but without the opposed blade damper.  
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C. Return and Exhaust Registers and Grilles: Provide opposed blade damper 

without removable key operator for registers.  

1. Finish: Off-white baked enamel for ceiling mounted units. Wall units 

shall have a prime coat for field painting, or shall be extruded 

aluminum with manufacturer's standard aluminum finish.  

2. Standard Type: Fixed horizontal face bars set at 30 to 45 degrees, 

approximately 30 mm (1-1/4 inch) margin.  

3. Perforated Face Type: To match supply units.  

4. Grid Core Type: 13 mm by 13 mm (1/2 inch by 1/2 inch) core with 30 mm 

(1-1/4 inch) margin. 

5. Egg Crate Grilles: Aluminum or Painted Steel 1/2 by 1/2 by 1/2 inch 

grid providing 90% free area. 

a. Heavy extruded aluminum frame shall have countersunk screw mounting. 

 Unless otherwise indicated, register blades and frame shall have 

factory applied white finish.  

b. Grille shall be suitable for duct or surface mounting as indicated 

on drawings.  All necessary appurtenances shall be provided to allow 

for mounting.  

PART 3 - EXECUTION 

3.1 INSTALLATION  

A. Comply with provisions of Section 23 05 11, COMMON WORK RESULTS FOR HVAC 

AND STEAM GENERATION, particularly regarding coordination with other 

trades and work in existing buildings.  

B. Protection and Cleaning: Protect equipment and materials against physical 

damage. Place equipment in first class operating condition, or return to 

source of supply for repair or replacement, as determined by the COTR. 

Protect equipment during construction against entry of foreign matter to 

the inside and clean both inside and outside before operation and 

painting.  

3.2 TESTING, ADJUSTING AND BALANCING (TAB) 

Refer to Section 23 05 93, TESTING, ADJUSTING, AND BALANCING FOR HVAC. 

3.3 OPERATING AND PERFORMANCE TESTS 

Refer to Section 23 05 11, COMMON WORK RESULTS FOR HVAC AND STEAM GENERATION 

- - - E N D - - - 
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PART 1 - GENERAL  
  
1.1 Related Documents  
     
   A. The other Contract Documents complement the requirements of this Section. 

The General requirements apply to the work of this Section.  

  
1.2 Scope  
  
   A. Provide materials, equipment, labor and supervision necessary to install 

Automatic Temperature Control Systems as required by the Drawings and this 

Section.  All controls shall be digital.  Provide digital controls to new 

and existing VAV single duct and dual duct boxes, hot water reheat coils, 

etc.  Extend control points to Building Automation System as described on 

drawings.  Existing VAV boxes shall be tested for operation and prior to 

changing digital controls.  Any defect shall be brought to the attention 

of COTR. 

 
1.3 Electrical Wiring  
  
   A. Provide electric wiring, conduit, duct, etc., and wiring connection 

required for the installation of the temperature control systems, as 

herein specified.  Contractor is required to hire electrical contractor to 

install conduits as required for temperature controls.  

 
1.4 Submittal Brochure  
  
   A. Submit brochure including the following:  
 
 1. Control system drawing containing all pertinent data to provide a 

functional operating system. 

  
 2. Data sheets for all control system components.  
 
1.5 General 
 
   A. Furnish and install a complete system for automatic environmental control 

and tie to existing building automation where shown on drawings.  New 

controls shall be extended to existing BAS.  Expand existing BAS as 

required to accommodate new control points.  

 
1.6 Applicable Publications 
 
   A. The publications listed below and in Section 01 00 00 GENERAL REQUIREMENTS 

form a part of this specification to the extent applicable. 

 
 1. ASHRAE Handbook of Fundamentals 
 
 2. National Standard Code for Information Interchange (ASCII), X3.64-1979 
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 3. NEMA - Enclosures for Electrical Equipment (1000 volts Maximum); 

         250-1979 

 
 4. NFPA 70 - National Electrical Code 
 
 5. NFPA 90A - Air Conditioning and Ventilating Systems; 2002 
 
PART 2 - PRODUCTS  
  
2.1 Manufacturers  
  
   A. Acceptable manufacturers for temperature controls: 
 
   1. To match existing. 
 
2.2  Instruments 

 
   A. Room thermostats, and transmitters: Miniature type, adjustable sensitivity 

and calibrated dial.  Provide metal cover with tamper proof screws on all 

instruments. 

B. Sensors (air and water) 

 1. Sensors’ measurements shall be read back to the DDC system, and shall  

  be visible by the ECC. 

 2. Temperature Sensors shall be electronic, vibration and  

  corrosion resistant for wall, immersion, and/or duct mounting. Provide  

  all remote sensors as required for the systems. 

 a. Temperature Sensors: thermistor type for terminal units and 

Resistance Temperature Device (RTD) with an integral transmitter 

type for all other sensors. 

b. Immersion sensors shall be provided with a separable well made of 

stainless steel, bronze or monel material. Pressure rating of well 

is to be consistent with the system pressure in which it is to be 

installed. 

c. Space sensors shall be equipped with in-space User set-point 

adjustment, override switch, numerical temperature display on sensor 

cover, and communication port. Match room thermostats.  Provide a 

tooled-access cover. 

d. Wire: Twisted, shielded-pair cable. 

e. Output Signal: 4-20 ma. 

C. Static Pressure Sensors: Non-directional, temperature compensated.  

1. 4-20 ma output signal. 

2. 0 to 5 inches wg for duct static pressure range. 

3. 0 to 0.25 inch wg for Building static pressure range. 

D. Water flow sensors: 
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1. Type:  Insertion vortex type with retractable probe assembly. 

a. Retractor:  ASME threaded, non-rising stem type with hand wheel. 

b. Mounting connection:  2 inch 150 PSI flange.  

c. Sensor assembly:  Design for expected water flow and pipe size. 

d. Seal: Teflon (PTFE). 

2. Controller:  

a. Output flow signal to BMCS:  Digital pulse type. 

3. Performance: 

a. Turndown: 20:1 

b. Response time: Adjustable from 1 to 100 seconds. 

c. Power: 24 volt DC 

2.3 Scope of Work 
 
   A. Existing building automation system is of Johnson Controls.  Contractor 

shall provide controls and extend points tied to building automation 

system.  Temperature control contractor shall be responsible to provide 

all control devices, thermostats, sensors, controllers, flow switches, 

control valves, control panels, required step down transformers, etc. to 

provide a complete local controls to tie to Building Automation System.  

If existing Building automation does not have adequate spare capacity, 

include cost to upgrade existing system. 

   B. Temperature Controls and Automation System shall be installed as a turn-

key project and shall consist of all sensors, actuators, direct digital 

controllers, electrical control wiring for a complete and operating 

installation as specified herein.  The system shall be a standard product 

with the manufacturer who will guarantee ongoing parts availability and 

factory trained field support for five (5) years after system acceptance. 

   C. Sequence of operation on drawings is intent of required controls.  It does 

not include details of required sensors, actuators, etc. to perform 

sequence of operation as listed.  Contractor shall be responsible for 

installing all necessary devices, controllers, etc. required to make 

systems functional. 

2.4 Installation 
 
   A. All electrical control wiring, transformers, conduits and terminations 

shall be provided by the controls contractor unless specifically indicated 

by others on the drawings or other sections of the specifications.   

   B. Wiring shall be installed per the requirements for low voltage control per 

VA standards.  All wire shall be number coded with mechanically reproduced 

numbers.  Hand written numbers will not be accepted. 

 
2.5 Coordination with Other Trades 
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   A. The project supervisor shall be a direct employee of the authorized 

control systems manufacturer.  The supervisor shall be factory trained in 

control technology, systems installation and commissioning software based 

systems.  The project supervisor shall also have the broad authority to 

schedule all control work, supervise the installation of control 

equipment, issue field change orders, provide technical consultation, 

commission system, provide acceptance testing, correct punchlist items and 

train the user's operators. 

 
   B. Work by Others 
 
 1. The mechanical contractor shall install all wells, pressure tappings 

for flow sensors, etc., and shall set all control valves in place under 

the manufacturer's supervision.  

 
2.6 Submittals 
 

A. Submit shop drawings in accordance with Section 01 33 23, SHOP DRAWINGS, 

PRODUCT DATA, AND SAMPLES. 

B. Manufacturer’s literature and data for all components including the 

following: 

1. A wiring diagram for each type of input device and output device 

including DDC controllers, modems, repeaters, etc. Diagram shall show 

how the device is wired and powered, showing typical connections at the 

digital controllers and each power supply, as well as the device 

itself. Show for all field connected devices, including but not limited 

to, control relays, motor starters, electric or electronic actuators, 

and temperature pressure. 

2. A diagram of each terminal strip, including digital controller terminal 

strips, terminal strip location, termination numbers and the associated 

point names. 

3. Control dampers and control valves schedule, including the size and 

pressure drop. 

4. Catalog cut sheets of all equipment used. This includes, but is not 

limited to software (by manufacturer and by third parties), DDC 

controllers, panels, peripherals, and associated components, and 

auxiliary control devices such as sensors, actuators, and control 

dampers. When manufacturer’s cut sheets apply to a product series 

rather than a specific product, the data specifically applicable to the 

project shall be highlighted. Each submitted piece of literature and 

drawings should clearly reference the specification and/or drawings 

that it supposed to represent. 
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5. Sequence of operations for each HVAC system xand the associated control 

diagrams. Equipment and control labels shall correspond to those shown 

on the drawings. 

6. Color prints of proposed graphics with a list of points for display.  

7. Furnish a BACnet Protocol Implementation Conformance Statement (PICS) 

for each BACnet-compliant device. 

8. Schematic wiring diagrams for all control, communication and power 

wiring. Provide a schematic drawing of the central system installation. 

Label all cables and ports with computer manufacturers’ model numbers 

and functions. Show all interface wiring to the control system. 

9. An instrumentation list for each controlled system. Each element of the 

controlled system shall be listed in table format. The table shall show 

element name, type of device, manufacturer, model number, and product 

data sheet number. 

10. Riser diagrams of wiring between central control unit and all control 

panels. 

11. Scaled plan drawings showing routing of LAN and locations of control 

panels, controllers, routers, gateways, ECC, and larger controlled 

devices. 

12. Construction details for all installed conduit, cabling, raceway, 

cabinets, and similar.  Construction details of all penetrations and 

their protection. 

13. Quantities of submitted items may be reviewed but are the 

responsibility of the contractor administered by this Section of the 

technical specifications. 

C. Product Certificates: Compliance with Article, QUALITY ASSURANCE. 

D. Licenses: Provide licenses for all software residing on and used by the 

Controls Systems and transfer these licenses to the Owner prior to 

completion. 

E. As Built Control Drawings:  

1. Furnish three (3) copies of as-built drawings for each control system. 

The documents shall be submitted for approval prior to final 

completion. 

2. Furnish one (1) stick set of applicable control system prints for each 

mechanical system for wall mounting. The documents shall be submitted 

for approval prior to final completion. 

3. Furnish one (1) CD-ROM in CAD DWG and/or .DXF format for the drawings 

noted in subparagraphs above.  

F. Operation and Maintenance (O/M) Manuals): 
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1. Submit in accordance with Article, INSTRUCTIONS, in Specification 

Section 01 00 00, GENERAL REQUIREMENTS. 

2. Include the following documentation: 

a. General description and specifications for all components, including 

logging on/off, alarm handling, producing trend reports, and 

changing set points and other variables. 

b. Detailed illustrations of all the control systems specified for ease 

of maintenance and repair/replacement procedures, and complete 

calibration procedures. 

c. One copy of the final version of all software provided including 

operating systems, programming language, operator workstation 

software, and graphics software. 

d. Complete troubleshooting procedures and guidelines for all systems. 

e. Complete operating instructions for all systems. 

f. Recommended preventive maintenance procedures for all system 

components including a schedule of tasks for inspection, cleaning 

and calibration. Provide a list of recommended spare parts needed to 

minimize downtime. 

g. Training Manuals: Submit the course outline and training material to 

the Owner for approval three (3) weeks prior to the training to VA 

facility personnel. These persons will be responsible for 

maintaining and the operation of the control systems, including 

programming. The Owner reserves the right to modify any or all of 

the course outline and training material.  Provide training to VA 

personnel at completion of the project. 

h. Licenses, guaranty, and other pertaining documents for all equipment 

and systems.  

G. Submit Performance Report to the COTR prior to final inspection. 

 
2.7 System Acceptance 
 
   A. The system installation shall be complete in all respects and tested for 

proper operation prior to acceptance testing for the owner's authorized 

representative.  A letter shall be submitted to the engineer requesting 

system acceptance.  This letter shall certify all controls are installed 

and the software programs have been completely exercised for proper 

equipment operation.  When the system has been deemed satisfactory in 

whole or in part by the owner's representative, the system will be 

accepted for beneficial use which will start the warranty period for the 

commissioned portion. 
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2.8 WARRANTY 

A. Labor and materials for control systems shall be warranted for a period of 

1 year from the date of acceptance of the project by VA. 

B. Control system failures during the warranty period shall be adjusted, 

repaired, or replaced at no cost or reduction in service to the owner. The 

system includes all computer equipment, transmission equipment, and all 

sensors and control devices. 

C. Controls and Instrumentation subcontractor shall be responsible for 

temporary operations and maintenance of the control systems during the 

construction period until final commissioning, training of facility 

operators and acceptance of the project by VA. 

2.9 INSTRUCTIONS 

A. Instructions to VA operations personnel: Perform in accordance with 

Article, INSTRUCTIONS, in Specification Section 01 00 00, GENERAL 

REQUIREMENTS, and as noted below. Contractor shall also video tape 

instruction sessions noted below.  

1. At Completion of Project: Formal instructions to the VA facilities 
personnel for a total of 12 hours, given in multiple training sessions 

(each no longer than three hours in length), conducted sometime between 

the completed installation and prior to the performance test period of 

the control system, at a time mutually agreeable to the Contractor and 

the VA. 

2. The O/M Manuals shall contain approved submittals. The Controls 
subcontractor will review the manual contents with VA facilities 

personnel during second phase of training. 

3. Training shall be given by direct employees of the controls system 
subcontractor. 

2.10 PROJECT CONDITIONS (ENVIRONMENTAL CONDITIONS OF OPERATION) 

A. The ECC and peripheral devices and system support equipment shall be 

designed to operate in ambient condition of 20 to 35°C (65 to 90°F) at a 

relative humidity of 20 to 80% non-condensing. 

B. All electronic equipment shall operate properly with power fluctuations of 

plus 10 percent to minus 15 percent of nominal supply voltage. 

C. Sensors and controlling devices shall be designed to operate in the 

environment, which they are sensing or controlling.  

2.11 CONTROL CABLES 

A. General: 

1. Ground cable shields, drain conductors, and equipment to eliminate 

shock hazard and to minimize ground loops, common-mode returns, noise 

pickup, cross talk, and other impairments.  
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2. Cable conductors to provide protection against induction in circuits. 

Crosstalk attenuation within the System shall be in excess of -80 dB 

throughout the frequency ranges specified. 

3. The as-installed drawings shall identify each cable as labeled, used 

cable, and bad cable pairs.  

4. Label system’s cables on each end.  Test and certify cables in writing 

to the VA before conducting proof-of-performance testing.  Minimum 

cable test requirements are for impedance compliance, inductance, 

capacitance, signal level compliance, opens, shorts, cross talk, noise, 

and distortion, and split pairs on all cables in the frequency ranges 

used. Make available all cable installation and test records at 

demonstration to the VA. All changes (used pair, failed pair, etc.) 

shall be posted in these records as the change occurs. 

5. Power wiring shall not be run in conduit with communications trunk 

wiring or signal or control wiring operating at 100 volts or less.  

B. Analogue control cabling shall be not less than No. 18 AWG solid, with 

thermoplastic insulated conductors as specified in Section 26 05 21. 

C. Copper digital communication cable between the ECC and the B-BC and B-AAC 

controllers shall be 100BASE-TX Ethernet, Category 6, not less than 

minimum 24 American Wire Gauge (AWG) solid, Shielded Twisted Pair (STP) or 

Unshielded Twisted Pair (UTP), with thermoplastic insulated conductors, 

enclosed in a thermoplastic outer jacket. 

1. Other types of media commonly used within IEEE Std 802.3 LANs (e.g., 

10Base-T and 10Base-2) shall be used only in cases to interconnect with 

existing media. 

D. Optical digital communication fiber, if used, shall be Multimode or 

Singlemode fiber, 62.5/125 micron for multimode or 10/125 micron for 

singlemode micron with SC or ST connectors as specified in TIA-568-C.1.   

  Fiber-optic cable shall be suitable for use with the 100Base-FX or the 

100Base-SX standard (as applicable) as defined in IEEE Std 802.3. 

2.12 THERMOSTATS  

A. Strap-on thermostats shall be enclosed in a dirt-and-moisture proof 

housing with fixed temperature switching point and single pole, double 

throw switch. 

2.13 FINAL CONTROL ELEMENTS AND OPERATORS 

A. Fail Safe Operation: Control valves and dampers shall provide "fail safe" 

operation in either the normally open or normally closed position as 

required for freeze, moisture, and smoke or fire protection. 

B. Spring Ranges: Range as required for system sequencing and to provide 

tight shut-off. 
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C. Control Valves:  

1. Valves shall be rated for a minimum of 150 percent of system operating 

pressure at the valve location but not less than 900 kPa (125 psig). 

2. Valves 50 mm (2 inches) and smaller shall be bronze body with threaded 

or flare connections. 

3. Brass or bronze seats except for valves controlling media above 100 

degrees C (210 degrees F), which shall have stainless steel seats. 

4. Flow characteristics: 

a. Two-way modulating valves shall be globe pattern.  Position versus 

flow relation shall be linear for steam and equal percentage for 

water flow control. 

b. Two-way 2-position valves shall be ball, gate or butterfly type.   

5. Maximum pressure drop: 

a. Modulating water flow control, greater of 3 meters (10 feet) of 

water or the pressure drop through the apparatus. 

6. Two position water valves shall be line size. 

D. Damper and Valve Operators and Relays: 

Electric operator shall provide full modulating control of dampers and 

valves. A linkage and pushrod shall be furnished for mounting the 

actuator on the damper frame internally in the duct or externally in 

the duct or externally on the duct wall, or shall be furnished with 

a direct-coupled design.  Metal parts shall be aluminum, mill finish 

galvanized steel, or zinc plated steel or stainless steel.  Provide 

actuator heads which allow for electrical conduit attachment.   

2. Electronic damper operators:  Metal parts shall be aluminum, mill 

finish galvanized steel, or zinc plated steel or stainless steel.  

Provide actuator heads which allow for electrical conduit attachment. 

The motors shall have sufficient closure torque to allow for complete 

closure of valve or damper under pressure.   

a. VAV Box actuator shall be mounted on the damper axle or shall be of 

the air valve design, and shall provide complete modulating control 

of the damper. The motor shall have a closure torque of 35-inch 

pounds minimum with full torque applied at close off to attain 

minimum leakage. 

 
PART 3 - EXECUTION 
 
3.1 INSTALLATION 

A. General: 



T&M ASSOCIATES, INC. 
HVAC VENTILATION/EXHAUST FOR SUPPLY & STORAGE, BLDG 200 
HINES VA MEDICAL CENTER                               HINES, ILLINOIS  
AUTOMATIC TEMPERATURE CONTROLS AND BAS            SECTION 23 80 00 
 

 
PROJ#578—12-056 23 80 00 
 10 
 

1. Examine project plans for control devices and equipment locations; and 

report any discrepancies, conflicts, or omissions to the COTR for 

resolution before proceeding for installation. 

2. Work Coordination: GENERAL CONDITIONS. 

3. Install wiring /conduit parallel to or at right angles to building 

lines. 

4. Do not run conduit concealed under insulation or inside ducts. 

5. Mount control devices and conduit located on ducts and apparatus with 

external insulation on standoff support to avoid interference with 

insulation. 

6. Provide sufficient slack and flexible connections to allow for 

vibration of piping and equipment. 

7. Run wire connecting devices on or in control cabinets parallel with the 

sides of the cabinet neatly racked to permit tracing.  

B. Electrical Wiring Installation: 

1. All wiring cabling shall be installed in conduits.  Conduits carrying 

control wiring and cabling shall be dedicated to the control wiring and 

cabling: these conduits shall not carry power wiring.  Provide plastic 

end sleeves at all conduit terminations to protect wiring from burrs. 

2. Install analog signal and communication cables in conduit.  Install 

digital communication cables in conduit. 

3. Install conduit and wiring between operator workstation(s), digital 

controllers, electrical panels, indicating devices, instrumentation, 

miscellaneous alarm points, thermostats, and relays as required under 

this section.  

4. Install all electrical work required for a fully functional system and 
not shown on electrical plans or required by electrical specifications. 

 Where low voltage (less than 50 volt) power is required, provide 

suitable Class B transformers. 

5. Install all system components in accordance with local Building Code 

and National Electric Code. 

a. Splices: Splices in shielded and coaxial cables shall consist of 

terminations and the use of shielded cable couplers. Terminations 

shall be in accessible locations. Cables shall be harnessed with 

cable ties. 

b. Cable Runs: Keep cable runs as short as possible. Allow extra length 

for connecting to the terminal board. Do not bend flexible coaxial 

cables in a radius less than ten times the cable outside diameter. 
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c. Use vinyl tape, sleeves, or grommets to protect cables from 

vibration at points where they pass around sharp corners, through 

walls, panel cabinets, etc. 

6. Permanently label or code each point of all field terminal strips to 

show the instrument or item served. Color-coded cable with cable 

diagrams may be used to accomplish cable identification. 

7. Grounding: ground electrical systems per manufacturer’s written 

requirements for proper and safe operation. 

C. Install Sensors and Controls: 

1. Temperature Sensors: 

a. Install all sensors and instrumentation according to manufacturer’s 

written instructions. Temperature sensor locations shall be readily 

accessible, permitting quick replacement and servicing of them 

without special skills and tools. 

b. Calibrate sensors to accuracy specified, if not factory calibrated. 

c. Use of sensors shall be limited to its duty, e.g., duct sensor shall 

not be used in lieu of room sensor. 

d. Install room sensors permanently supported on wall frame. They shall 

be mounted at 1.5 meter (5.0 feet) above the finished floor.  

e. Mount sensors rigidly and adequately for the environment within 

which the sensor operates.  Separate extended-bulb sensors from 

contact with metal casings and coils using insulated standoffs. 

f. All wires attached to sensors shall be air sealed in their conduits 

or in the wall to stop air transmitted from other areas affecting 

sensor reading.  

g. Permanently mark terminal blocks for identification. Protect all 

circuits to avoid interruption of service due to short-circuiting or 

other conditions. Line-protect all wiring that comes from external 

sources to the site from lightning and static electricity. 

2. Actuators: 

a. Mount and link damper and valve actuators according to 

manufacturer’s written instructions. 

b. Check operation of damper/actuator combination to confirm that 

actuator modulates damper smoothly throughout stroke to both open 

and closed position. 

c. Check operation of valve/actuator combination to confirm that 

actuator modulates valve smoothly in both open and closed position.  

3. Flow Switches: 

a. Install flow switch according to manufacturer’s written 

instructions. 
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b. Mount flow switch a minimum of 5 pipe diameters up stream and 5 pipe 

diameters downstream or 600 mm (2 feet) whichever is greater, from 

fittings and other obstructions. 

c. Assure correct flow direction and alignment. 

d. Mount in horizontal piping-flow switch on top of the pipe. 

3.2 SYSTEM VALIDATION AND DEMONSTRATION 

A. As part of final system acceptance, a system demonstration is required.  

Prior to start of this demonstration, the contractor is to perform a 

complete validation of all aspects of the controls and instrumentation 

system. 

B. Validation 

1. Prepare and submit for approval a validation test plan including test 

procedures for the performance verification tests.  Test Plan shall 

address all specified functions of the ECC and all specified sequences 

of operation.  Explain in detail actions and expected results used to 

demonstrate compliance with the requirements of this specification.  

Explain the method for simulating the necessary conditions of operation 

used to demonstrate performance of the system.  Test plan shall include 

a test check list to be used by the Installer’s agent to check and 

initial that each test has been successfully completed.  Deliver test 

plan documentation for the performance verification tests to the 

owner’s representative 30 days prior to start of performance 

verification tests.  Provide draft copy of operation and maintenance 

manual with performance verification test. 

2. After approval of the validation test plan, installer shall carry out 

all tests and procedures therein.  Installer shall completely check 

out, calibrate, and test all connected hardware and software to insure 

that system performs in accordance with approved specifications and 

sequences of operation submitted.  Installer shall complete and submit 

Test Check List. 

C. Demonstration 

1. System operation and calibration to be demonstrated by the installer in 

the presence of the Architect or VA's representative on random samples 

of equipment as dictated by the Architect or VA’s representative.  

Should random sampling indicate improper commissioning, the owner 

reserves the right to subsequently witness complete calibration of the 

system at no addition cost to the VA. 

2. Make accessible, personnel to provide necessary adjustments and 

corrections to systems as directed by balancing agency. 
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3. The following witnessed demonstrations of field control equipment shall 

be included: 

a. Test application software for its ability to communicate with 

digital controllers, operator workstation, and uploading and 

downloading of control programs. 

b. Demonstrate the software ability to edit the control program off-

line. 

c. Demonstrate reporting of alarm conditions for each alarm and ensure 

that these alarms are received at the assigned location, including 

operator workstations. 

d. Demonstrate ability of software program to function for the intended 

applications-trend reports, change in status etc. 

e. Demonstrate via graphed trends to show the sequence of operation is 

executed in correct manner, and that the HVAC systems operate 

properly through the complete sequence of operation. 

f. Demonstrate that each control loop responds to set point adjustment 

and stabilizes within one (1) minute. Control loop trend data shall 

be instantaneous and the time between data points shall not be 

greater than one (1) minute.  

----- END ----- 
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