










3.3 DUCTWORK INSPECTION 

A. After completing the installation of the duct wrap and before operations are to commence, 
visually inspect the system and verify that it has been installed correctly. 

B. Open system dampers and turn on fans to blow scraps and other loose pieces of material out 
of the duct system; allow for a means of removal of such material. 

C. Check the duct system to ensure that there are no air leaks through joints. 

3.4 FIBERGLASS INSULATION 

A. Fiberglass insulation shall be securely held in place before the final covering is applied. 

B. A scrim fabric, similar to a 20 x 10 thread count mesh and 100 percent fiberglass, shall be 
pasted in place to hold the pipe insulation securely to the pipe. 

C. The scrim fabric shall be at least 4-in wide, with at least 2 applications per length of pipe 
insulation, and one at each joint. 

3.5 JACKETING 

A. Joints shall be neatly finished with no ragged ends. 

B. When finished, the covering shall show no exposed staples or other binding used during 
installation. 

C. Staples, if used, shall be stainless steel. 

3.6 LAGGING FABRIC 

A. The final lagging fabric shall be neatly pasted in place with a 3-in longitudinal overlap using a 
Luben No. 9 adhesive, or equal. 

B. Each transverse joint shall have a 3-in butt strip of the same fiberglass fabric. 

C. Final joints shall be neatly finished with no ragged ends and the covering shall present a neat, 
uniform surface when finished. 

D. The fabric shall show no exposed staples or other binding used during construction; staples, if 
used, shall be stainless steel. 
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SECTION 23 08 00- COMMISSIONING OF HVAC 

PART 1 GENERAL 

1.1 SUMMARY 

A. Related Documents 

1. Drawings and general provisions of the Subcontract apply to this Section. 

2. Review these documents for coordination with additional requirements and information 
that apply to Work under this Section. 

B. Section Includes: 

1. General requirements that apply to implementation of commissioning of HVAC systems, 
assemblies and components. 

C. Reference Specifications 

I Division 23 

D. Reference Standards 

I HVAC Sections 

Associated Air Balance Council (AABC) 
National Environmental Balancing Bureau (NEBB) 

1.2 REFERENCES 

A. General 

1. The following documents form part of the Specifications to the extent stated. Where 
differences exist between codes and standards, the one affording the greatest protection 
shall apply. 

2. Unless otherwise noted, the referenced standard edition is the current one at the time of 
commencement of the Work. 

1.3 DESCRIPTION 

A. The purpose of commission is to ensure the Owner and Engineer that Work has been 
completed as specified and that systems are functioning in the manner as described in the 
design documents and specified system operating criteria. It will assist operating staff training 
and familiarization with new systems. It will serve as a tool to reduce post-occupancy critical 
systems operational difficulty or failure. It will, also, be used to develop test protocol and 
record the associated test data in an effort to advance the building systems from a state of 
substantial completion to a full dynamic operation. 

B. Commission will commence after preliminary punch list items are completed by 
Subcontractors. 
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C. The steps associated with commissioning are outlined below: 

1. Step One - Installation Verification 
2. Step Two - System Start-Up. 
3. Step Three - Functional Performance Testing. 

D. Operational staff training is essential to the commission process and will run concurrently with 
steps one through three. 

E. The Commissioning Team will include representatives of the Owner, Construction and 
Installing Subcontractors, Test and Balance Subcontractor, Temperature Controls 
Subcontractor and Construction Subcontractor's Commissioning Agent. Equipment 
manufacturer's representatives will be present for start-up as specified in the equipment 
Specification Sections and for equipment training. 

1.4 SYSTEMS TO BE COMMISSIONED 

A. Commissioning will be performed on the following systems: 

1. Controls System 
2. Air Conditioning Equipment. 
3. Central Supply and Return Air Systems. 
4. Air Terminals. 
5. Smoke Detection (HSSD) System 

1.5 SUBMITTALS 

A. 

B. 

Commissioning Plan as prepared by the prime Subcontractor or his Commissioning Agent. 

Prime subcontractors or his Commissioning Agent shall provide Functional Performance Tests 
(FPT) procedures for the above listed systems. Prime subcontractors or his Commissioning 
Agent shall provide system narrative descriptions as part of the FPT procedures. 

PART2 PRODUCTS 

2.1 COMMISSIONING PLAN 

A. The commissioning plan shall outline the organization, scheduling, team members, and 
documentation pertaining to the overall commissioning process. 

2.2 NARRATIVE DESCRIPTIONS 

A. A narrative description of the design intents of the systems and their intended modes of 
sequences of operation. 

2.3 FUNCTIONAL PERFORMANCE TESTS (FPT) PROCEDURES 

A. The FPT procedures at the minimum shall consist of the following Sections: 

1. Narrative Description: 

a. This Section provides a narrative description of the design intents of the systems and 
their intended modes of sequences of operation. 
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2. Testing Prerequisites: 

a. This Section contains verification that primary mechanical, electrical, and controls 
systems that support or interact with the system that the FPT is prepared against are 
completed, tested and operational. 

3. Installation Verification: 

a. This Section contains verification that the system installation is completed and is ready 
for commissioning. 

4. Commencement of Functional Performance Testing: 

a. This Section records the date and time of the start of system commissioning. 

5. System Condition Prior to Staring Performance Testing: 

a. This Section records the current set points and parameters of the system at the start 
of commissioning. 

6. Functional Performance Test: 

a. This Section shall provide the following: 

1) Sequential steps required to set parameters and conditions required to test 
component and functions throughout intended ranges of operation. 

2) Full range of checks and tests carried out to determine if electric and pneumatic 
connections, components, subsystems, systems and interfaces between systems 
function in accordance with the contract documents and design intents. 

3) All modes and sequences of control operations, interlocks and conditional control 
responses and specified responses to abnormal emergency conditions. 

7. End of Functional Performance Test: 

a. This Section records the date and time of the end of system commissioning. 

8. Field Notes: 

a. This Section records notes or remarks during system commissioning. 

9. List systems modifications, not required by the Contract Documents, but provided by the 
Subcontractor. List other questions regarding such system modifications. 

10. List problems discovered during Commissioning that were corrected. 

11. List problems discovered during Commissioning that were not corrected. 

12. List recommended party that should take action on these problems. 
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2.4 COMMISSIONING OF HVAC VRF/VRV SYSTEMS 

A. VRF/VRV SYSTEM SUMMARY 

a. A. Section includes commissioning process requirements for HVAC VRF systems, 
assemblies, and equipment. The Commissioning agent shall be a third party sub­
contractor. That represents the equipment manufacture. He/she shall not be an 
employee of the Mechanical Contractor and be an Certified Building Commissioning 
Professional (CBCP) 

b. VRF/VRV SYSTEM DEFINITIONS 

1) Commissioning Plan: A document that outlines the organization, schedule, 
allocation of resources, and documentation requirements of the commissioning 
process. 

2) CxA: Commissioning Authority. 

3) HVAC&R: Heating, Ventilating, Air Conditioning, and Refrigeration. 

4) Systems, Subsystems, Equipment, and Components: Where these terms are used 
together or separately, they shall mean "as-built" systems, subsystems, 
equipment, and components. 

c. VRF/VRV SYSTEM INFORMATIONAL SUBMITTALS 

1) Certificates of readiness. 
2) Certificates of completion of installation, prestart, and startup checklists. 
3) LATS Drawings 

d. VRF/VRV SYSTEM ALLOWANCES 

1) Labor, instrumentation, tools, and equipment costs for technicians for the 
performance of commissioning testing are covered by a coast worked into the 
total equipment price. 

e. VRF/VRV SYSTEM Contractor's RESPONSIBILITIES 

1) Perform commissioning tests at the direction of the COMMISSIONING AUTHORITY 
(CxA) or owners representative. 

2) Provide information requested by the (CxA) for final commissioning 
documentation. 

f. VRF/VRV SYSTEM (CxA) COMMISIONING AUTHORITY RESPONSIBILITIES 

1) Provide Project-specific construction checklists and commissioning process test 
procedures for actual HVAC VFR systems, assemblies, equipment, and 
components to be furnished and installed as part of the construction contract. 

2) Direct commissioning testing. 
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3) Verify system components are installed per the installation instructions 

4) Provide Field inspection reports 

5) Provide job site progress pictures 

g. VRF/VRV SYSTEM COMMISSIONING DOCUMENTATION 

1) Provide the following information to the (CxA) for inclusion in the commissioning 
plan: 

2) Plan for delivery and review of submittals, systems manuals, and other documents 
and reports. 

3) Identification of installed systems, assemblies, equipment, and components 
including design changes that occurred during the construction phase. 

4) Process and schedule for completing construction checklists and manufacturer's 
prestart and startup checklists for HVAC systems, assemblies, equipment, and 
components to be verified and tested. 

5) Certificate of completion certifying that installation, prestart checks, and startup 
procedures have been completed. 

6) Certificate of readiness certifying that HVAC VRF systems, subsystems, 
equipment, and associated controls are ready for testing. 

7) Test and inspection reports 

8) Corrective action documents. 

9) Verification of testing, adjusting, and balancing reports. 

10) The installing contractor and all their installers are to be certified by the equipment 
manufacturer for the installation of variable refrigerant flow systems. 

h. VRF/VRV SYSTEM TESTING PREPARATION 

1) Certify that HVAC VRF systems, subsystems, and equipment have been installed, 
Per the installation instructions. 

2) Set systems, subsystems, and equipment into operating mode to be tested (e.g., 
normal shutdown, normal auto position, normal manual position, unoccupied 
cycle, emergency power, and alarm conditions). 

i. VRF/VRV SYSTEM TESTING AND BALANCING VERIFICATION 

1) Prior to performance of testing and balancing Work, provide copies of reports, 
sample forms, checklists, and certificates to the (CxA). 

2) Notify the (CxA) at least 10 days in advance of testing and balancing Work, and 
provide access for the (CxA) to witness testing and balancing Work. 
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3) Provide technicians, instrumentation, and tools to verify testing and balancing of 
HVAC systems at the direction of the (CxA) 

4) The Equipment provider is to provide factory authorized start-up service 

5) Successful variable refrigerant flow equipment vendor is to perform periodic site 
visits to field verify installation is within standards as outlined by the equipment 
manufacturer. Equipment vendor is to document variance from manufacturer 
installation guidelines and facilitate correction with the mechanical contractor 
prior to start-up. Site visits are to be carried out at minimum on a bi-weekly visit. 

6) The ((CxA) will notify testing and balancing Subcontractor 10 days in advance of 
the date of field verification. Notice will not include data points to be verified. 

7) The testing and balancing Subcontractor shall use the same instruments (by model 
and serial number) that were used when original data were collected. 

j. HVAC VRF/VRV SYSTEMS EQUIPMENT TESTING PROCEDURES 

1) Provide technicians, instrumentation, and tools to perform commissioning test at 
the direction of the (CxA). 

2) Scope of HVAC VRF/VRV testing shall include entire HVAC VRF/VRV installation, 
from central equipment for heat generation and refrigeration through distribution 
systems to each conditioned space. 

3) Tests will be performed using design conditions whenever possible. 

4) Simulated conditions may need to be imposed using an artificial load when it is not 
practical to test under design conditions. Before simulating conditions, calibrate 
testing instruments. Provide equipment to simulate loads. Set simulated 
conditions as directed by the (CxA) and document simulated conditions and 
methods of simulation. After tests, return settings to normal operating conditions. 

5) The (CxA) may direct that set points be altered when simulating conditions is not 
practical. 

6) If tests cannot be completed because of a deficiency outside the scope of the 
HVAC system, document the deficiency and report it to the Owner. After 
deficiencies are resolved, reschedule tests. 

7) HVAC VRF/VRV Instrumentation and Control System Testing: Field testing plans 
and testing requirements are specified in the manufacturer's installation 
instructions" Assist the (CxA) with preparation of testing plans. 

2.5 COMMISSIONING OF HVAC VRF/VRV SYSTEMS 

A. Summary 

1. Section includes commissioning process requirements for HVAC VRF systems, assemblies, 
and equipment. The Commissioning agent shall be a third party sub-contractor. That 
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represents the equipment manufacture. He/she shall not be an employee of the 
Mechanical Contractor and be an Certified Building Commissioning Professional (CBCP) 

B. Definitions 

1. Commissioning Plan: A document that outlines the organization, schedule, allocation of 
resources, and documentation requirements of the commissioning process. 

2. CxA: Commissioning Authority. 

3. HVAC&R: Heating, Ventilating, Air Conditioning, and Refrigeration. 

4. Systems, Subsystems, Equipment, and Components: Where these terms are used together 
or separately, they shall mean "as-built" systems, subsystems, equipment, and 
components. 

C. Informational Submittals 

1. Certificates of readiness. 
2. Certificates of completion of installation, prestart, and startup checklists. 
3. LATS Drawings 

D. Allowances 

1. Labor, instrumentation, tools, and equipment costs for technicians for the performance of 
commissioning testing are covered by a coast worked into the total equipment price. 

E. Contractor's Responsibilities 

1. Perform commissioning tests at the direction of the COMMISSIONING AUTHORITY (CxA) or 
owners representative. 

2. Provide information requested by the (CxA) for final commissioning documentation. 

F. (CxA) Commissioning Authority Responsibilities 

1. Provide Project-specific construction checklists and comm1ss1oning process test 
procedures for actual HVAC VFR systems, assemblies, equipment, and components to be 
furnished and installed as part of the construction contract. 

2. Direct commissioning testing. 

3. Verify system components are installed per the installation instructions 

4. Provide Field inspection reports 

5. Provide job site progress pictures 

G. Commissioning Documentation 

1. Provide the following information to the (CxA) for inclusion in the commissioning plan: 
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2. Plan for delivery and review of submittals, systems manuals, and other documents and 
reports. 

3. Identification of installed systems, assemblies, equipment, and components including 
design changes that occurred during the construction phase. 

4. Process and schedule for completing construction checklists and manufacturer's prestart 
and startup checklists for HVAC systems, assemblies, equipment, and components to be 
verified and tested. 

5. Certificate of completion certifying that installation, prestart checks, and startup 
procedures have been completed. 

6. Certificate of readiness certifying that HVAC VRF systems, subsystems, equipment, and 
associated controls are ready for testing. 

7. Test and inspection reports 

8. Corrective action documents. 

9. Verification of testing, adjusting, and balancing reports. 

10. The installing contractor and all their installers are to be certified by the equipment 
manufacturer for the installation of variable refrigerant flow systems. 

H. Testing Preparation of VRF/VRV System 

1. Certify that HVAC VRF systems, subsystems, and equipment have been installed, Per the 
installation instructions. 

2. Set systems, subsystems, and equipment into operating mode to be tested (e.g., normal 
shutdown, normal auto position, normal manual position, unoccupied cycle, emergency 
power, and alarm conditions). 

I. Testing and Balancing Verification of VRF/VRV System 

1. Prior to performance of testing and balancing Work, provide copies of reports, sample 
forms, checklists, and certificates to the (CxA). 

2. Notify the (CxA) at least 10 days in advance of testing and balancing Work, and provide 
access for the (CxA) to witness testing and balancing Work. 

3. Provide technicians, instrumentation, and tools to verify testing and balancing of HVAC 
systems at the direction of the (CxA) 

4. The Equipment provider is to provide factory authorized start-up service 

5. Successful variable refrigerant flow equipment vendor is to perform periodic site visits to 
field verify installation is within standards as outlined by the equipment manufacturer. 
Equipment vendor is to document variance from manufacturer installation guidelines and 
facilitate correction with the mechanical contractor prior to start-up. Site visits are to be 
carried out at minimum on a bi-weekly visit. 
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