
SECTION 23 05 93
TESTING, ADJUSTING AND BALANCING

PART 1 - GENERAL

1.1 WORK INCLUDED

A. Perform testing and balancing of the following systems:

1. New and existing air distribution systems.

2. Deionized and distilled water systems.

3. New and existing heating water, condenser water and chilled water systems.

4. New and existing domestic hot water re-circulating system.

5. Smoke evacuation systems.

6. Temperature control systems.

7. Sound measurement of equipment operating conditions.

8. Vibration measurement of equipment operating conditions.

9. Duct leakage testing of new and existing systems.

1.2 RELATED SECTIONS

A. Section 23 05 00:  Common Work Results for HVAC
B. Section 23 05 13:  Motors and Drives

C. Section 15410:  Plumbing Piping

D. Section 15455:  Plumbing Pumps

E. Section 23 11 00:  Fuel Systems

F. Section 23 05 16:  Hydronic Piping

G. Section 23 21 23:  HVAC Pumps

H. Section 23 31 10:  Ductwork

I. Section 23 09 00:  Building Control Systems

J. Section 15960:  Air Flow Control Systems

K. Section 15965:  Laboratory Air Flow Control Systems

1.3 QUALITY ASSURANCE

A. For the heating, chilled water, condenser water systems and air handling systems, the Contractor shall obtain the services of an independent and certified Testing and Balancing (TAB) Agency for the testing and balancing of air conditioning systems. The agency shall be a fully Certified Member of the Associated Air Balance Council (AABC) or the National Environmental Balancing Bureau (NEBB). The Contractor shall not use his own forces for this work even if they meet the criteria hereinbefore stated.

B. For the heating, chilled water, condenser water systems and air handling systems, the Contractor shall use either his own qualified personnel or else obtain the services of a balancing agency for the testing and balancing of the air conditioning systems. The Contractor or Agency shall be a fully Certified Member of the Associated Air Balance Council (AABC) or the National Environmental Balancing Bureau (NEBB).

C. Personnel performing testing and balancing functions shall be Certified by the AABC or NEBB for those functions.

D. Perform testing and balancing in complete accordance with AABC Standards for Field Measurement and Instrumentation Form No. 81266 Volume One, as published by the Associated Air Balance Council, or equivalent NEBB Form. Perform testing and balancing on all air and hydronic systems.

E. Instruments used for testing and balancing of air and hydronic systems must have been calibrated within a period of six months prior to balancing. All final test analysis reports shall include a letter of certification listing instrumentation used and last date of calibration.

1.4 PERFORMANCE REQUIREMENTS

A. Be responsible for rebalancing entire water and air systems if balance reports are found to be inaccurate by Owner/Engineer.

B. Select and pay for services of a separate testing agency to perform rebalancing work.

C. Perform in accordance with commissioning requirements if applicable.

1.5 SUBMITTALS

A. Submit name of testing, adjusting, and balancing agency for approval within 30 days after award of Contract. 

B. Submit three (3) copies of the complete test reports to the Engineer prior to final acceptance of the project.

C. Prior to commencing work, submit draft reports indicating adjusting, balancing, and equipment data required.

D. Submit draft copies of report for review prior to final acceptance of Project. Provide final copies for Architect/Engineer and for inclusion in operating and maintenance manuals.

E. Provide reports in soft cover, letter size, 3-ring binder manuals, complete with index page and indexing tabs, with cover identification at front and side. Include set of reduced drawings with air outlets and equipment identified to correspond with data sheets, and indicating thermostat locations.  Identify each outlet and inlet with an identification tag indicating ID No., CFM, neck size and face size.  

F. Include a fan curve for each individual fan plotting actual performance measured versus design performance.
G. Include detailed procedures, agenda, sample report forms, and copy of AABC National Project Performance Guaranty prior to commencing system balance.

PART 2 - MATERIALS

(Not Applicable)

PART 3 - EXECUTION

3.1 GENERAL

A. Test piping systems after erection and before concealing or covering. Arrange and pay for all tests of mechanical systems as required by code and as herein specified. Replace any materials or workmanship found faulty and retest the system.

B. Repair any damage resulting from leakage of piping during testing or guarantee periods without any expense to Owner.

C. Perform tests in the presence of the proper inspectors or an authorized representative of Architect/Engineer.

D. With remodeling projects, where it is not possible to isolate new piping for testing, take special care in the installation and in the inspection for leaks after connecting into an existing system. Where it is possible to isolate new piping, perform tests as required by governing codes or requirements hereinafter specified.

E. Furnish certificates to Architect/Engineer that tests have been satisfactorily completed.

3.2 TESTING AND BALANCING OF AIR AND HYDRONIC SYSTEMS

A. Verify the completeness and operational readiness of the air distribution systems prior to balancing as follows:

1. Verify installation for conformity to design. All supply, return and exhaust ducts terminated and pressure tested for leakage.

2. All volume and fire dampers properly located and functional. Dampers serving requirements of minimum and maximum outside air, return and relief shall provide tight closure and full opening, smooth and free operation.

3. All systems started up and operating in a safe and normal condition.

4. All supply, return, exhaust and transfer grilles, registers, diffusers and terminal units installed.

5. Air handling systems, units and associated apparatus, such as filter sections, access doors, etc., shall be blanked and/or sealed to eliminate excessive by-pass of leakage of air.

6. All coils are cleaned and combed.

7. All fans (supply, return, and exhaust) operating and verified for freedom from vibration, proper fan rotation and belt tension; heater elements to be of proper size and rating; record motor amperage and voltage and verify they do not exceed nameplate ratings.

B. Verify the completeness and operational readiness of the water circulating systems prior to balancing as follows:

1. Check and verify pump alignment and rotation.

2. Position all valves pertinent to system design to permit full flow of water through all system components. Operate hydronic systems under full flow conditions until circulating water is clean. All strainers shall be removed and cleaned as required during this cycle of operation.

3. Record each pump motor amperage and voltage. Readings shall not exceed nameplate rating.

4. Verify electric heater elements to be of proper size and rating.

5. All water circulating systems shall be full of water and free of air; expansion tanks set for proper water level; all air vents installed at high points of systems and operating freely.

6. Check and set operating temperatures of heat exchangers to design requirements.

C. Verify the completeness and operational readiness of the automatic controls prior to balancing as follows:

1. Verify that all control components are installed in accordance with project requirements and functional, including all electrical interlocks, damper sequences, firestats and smoke detectors.

2. All controlling instruments shall be functional and set for designed operating conditions. Factory precalibration of room thermostats, etc., will not be acceptable.

D. Testing and Balancing of Air Systems:

1. Test and adjust all air systems to the conditions set forth in the Plans and Specifications. The air systems are to include:

a. Supply air systems (including stairwell pressurization).

b. Return air systems.

c. Exhaust and/or relief air systems (including smoke control).

d. Minimum and maximum outdoor air systems.

2. Testing Procedures:

a. Air quantity measurements in primary ducts and plenums shall be made by pitot tube traverse of the entire cross sectional area of the ducts.

b. Traverse readings shall be taken at the fan discharge main duct and at other key duct locations where major mains separate to serve separate distinct areas of the building such as branch mains to individual floors.  Readings shall be taken in the supply, return and exhaust duct mains.
c. Outlet and inlet air quantities shall be determined by direct reading velocity meters in accordance with outlet and inlet manfuacturer's recommendations. Where flow hoods are utilized to measure outlet air volumes, the summation of all outlet values may be used to represent total fan air volume if the air volume so derived is within 5% of design and can be correlated with fan operating data and a manufacturer's performance curves.

3. Adjustment Procedures:

a. Total system air quantities shall be varied by adjustment of fan speeds or blade pitch.

b. Branch duct air quantities shall be adjusted by damper regulation.

c. Volume control devices shall be used to regulate air quantities of supply and exhaust air outlets, only to the extent that adjustments do not create objectionable air motion or sound levels in excess of specified limits. Final measurements of air quantities shall be made after supply air outlets have been adjusted to provide the optimum air patterns of diffusion.

d. Test and adjust blowers and fans to deliver the cfm required by the systems with concurrent recording of rpm, supply voltage and full load amperes. Report any changes of belts and sheaves required.

e. Test and adjust all fresh air intake and return air dampers and louvers to the conditions scheduled or required.

f. Test static pressure on the entering and leaving side of each supply fan, exhaust fan, filter, coil, and other major components of the system.

g. Test and adjust all supply air diffusers, grilles, return air registers, etc. to the requirements of the Specification and as shown on the Drawings. Adjust supply diffuser pattern blades for proper air distribution in each room or space.

h. Measure building static pressure and adjust supply, return and exhaust air systems to obtain the required relationship to maintain approximately 0.05 inches w.g. positive static pressure near the building entrance.

E. Testing and Balancing Hydronic Systems:

1. Test and adjust all water systems to the conditions set forth in the Plans and Specifications. The water systems are to include:

a. Chilled water system.

b. Condenser water system.

c. Heating water system.

d. Domestic hot water re-circulating system.

2. Adjustment of water distribution systems shall be effected by means of balancing valves and fittings. Service valves shall not be used for balancing unless indexed for balance point.

3. Calibrated venturi tubes, orifices, or other metering fittings and pressure gauges installed in the piping systems, shall be used where provided, in conjunction with the permanent and portable type flow meters, to determine water flow rates for system balance.

4. Systems shall be adjusted to provide the approved pressure drops through the heat transfer elements prior to the thermal testing. A crosscheck of the balancing by measuring differential temperature shall be performed in conjunction with the air balancing.

5. When three-way valves are used, rated pressure drop shall first be adjusted through the heat transfer elements in each of the systems and the temperature differential between inlet and outlet shall be determined to be in accordance with its rating. The by-pass valves shall then be adjusted on each heat transfer element until an equal pressure drop between supply and return connections is obtained with the three-way valves set to by-pass all heat transfer elements in each of the systems.

F. Testing and Adjusting Automatic Controls:

1. Test all automatic controls, controlled devices, interlocks, and safety devices associated with the HVAC system for proper operation and sequence during heating, cooling, intermediate and smoke control modes of operation. Check the adjustment of the automatic controls to deliver the required quantities of air at temperatures specified or scheduled on the Plans and to maintain proper conditions in each room of the building.

G. Testing of Smoke Evacuation Systems:

1. Smoke evacuation system tests shall be performed by an independent testing agency under contract to the Mechanical Contractor. Testing agency shall be experienced in smoke testing procedures.

2. Test procedures shall be developed by the independent testing agency with the approval of governing codes, local officials and the Engineer.

3. Verify the operation of all systems, including fan operation, damper operation and air flow for manual and automatic operation, providing tests under both standard and emergency power.

H. Marking of Settings:

1. Upon completion of testing and balancing of each system, permanently mark the settings of all major valves, primary dampers, controls, etc.

3.3 TEST DATA

A. Before final acceptance of the mechanical systems are made, the TAB firm shall furnish the Owner the following data:

B. Forms shall include the following information:

1. Title Page:

a. Company name.

b. Company address.

c. Company telephone number.

d. Project name.

e. Project location.

f. Project Architect.

g. Project Engineer.

h. Project Contractor.

i. Project altitude.

2. Instrument List:

a. Instrument.

b. Manufacturer.

c. Model.

d. Serial number.

e. Range.

f. Calibration date.

3. Air Moving Equipment:

a. Location.

b. Manufacturer.

c. Model.

d. Air flow, specified and actual.

e. Return air flow, specified and actual.

f. Outside air flow, specified and actual.

g. Total static pressure (total external), specified and actual.

h. Inlet pressure.

i. Discharge pressure.

j. Fan RPM.

4. Exhaust Fan Data:

a. Location.

b. Manufacturer.

c. Model.

d. Air flow, specified and actual.

e. Total static pressure (total external), specified and actual.

f. Inlet pressure.

g. Discharge pressure.

h. Fan RPM.

5. Return Air/Outside Air Data:

a. Identification/location.

b. Design airflow.

c. Actual airflow.

d. Design return airflow.

e. Actual return airflow.

f. Design outside airflow.

g. Actual outside airflow.

h. Return air temperature.

i. Outside air temperature.

j. Required mixed air temperature.

k. Actual mixed air temperature.

l. Design outside/return air ratio.

m. Actual outside/return air ratio.

6. Electric Motors:

a. Manufacturer.

b. HP/BHP.

c. Phase, voltage, amperage; nameplate, actual, no load.

d. RPM.

e. Service factor.

f. Starter size, rating, heater elements.

7. V-Belt Drive:

a. Identification/location.

b. Required driven RPM.

c. Driven sheave, diameter and RPM.

d. Belt, size and quantity.

e. Motor sheave, diameter and RPM.

f. Center to center distance, maximum, minimum, and actual.

8. Duct Traverse:

a. System zone/branch.

b. Duct size.

c. Area.

d. Design velocity.

e. Design airflow.

f. Test velocity.

g. Test airflow.

h. Duct static pressure.

i. Air temperature.

j. Air correction factor.

9. Air Flow Monitoring Station Data:

a. Identification/location.

b. System.

c. Size.

d. Area.

e. Design velocity.

f. Design airflow.

g. Test velocity.

h. Test airflow.

10. Air Distribution Test Sheet:

a. Air terminal number.

b. Room number/location.

c. Terminal type.

d. Terminal size.

e. Area factor.

f. Design velocity.

g. Design airflow.

h. Test (final) velocity.

i. Test (final) airflow.

j. Percent of design airflow.

11. Terminal Unit Data:

a. Manufacturer.

b. Type, constant, variable, single, dual duct.

c. Identification/number.

d. Location.

e. Model.

f. Size.

g. Minimum static pressure.

h. Minimum design airflow.

i. Maximum design airflow.

j. Maximum actual airflow.

k. Inlet static pressure.

12. Pump Data:

a. Identification/number.

b. Manufacturer.

c. Size/model.

d. Impeller.

e. Service

f. Design flow rate, pressure drop, BHP.

g. Actual flow rate, pressure drop, BHP.

h. Discharge pressure.

i. Suction pressure.

j. Total operating head pressure.

k. Shut off, discharge and suction pressures.

l. Shut off, total head pressure.

13. Cooling Tower:

a. Tower identification/number.

b. Manufacturer.

c. Model.

d. Rated capacity.

e. Entering air WB temperature, specified and actual.

f. Leaving air WB temperature, specified and actual.

g. Ambient air DB temperature.

h. Condenser water entering temperature.

i. Condenser water leaving temperature.

j. Condenser water flow rate.

k. Fan RPM.

14. Chiller:

a. Identification/number.

b. Manufacturer.

c. Capacity.

d. Model.

e. Evaporator entering water temperature, design and actual.

f. Evaporator leaving water temperature, design and actual.

g. Evaporator pressure drop, design and actual.

h. Evaporator water flow rate, design and actual.

i. Condenser entering water temperature, design and actual.

j. Condenser leaving water temperature, design and actual.

k. Condenser pressure drop, design and actual.

l. Condenser water flow rate, design and actual.

15. Air Cooled Condenser:

a. Identification/number.

b. Location.

c. Manufacturer.

d. Model.

e. Entering DB air temperature, design and actual.

f. Leaving DB air temperature, design and actual.

g. Number of compressors.

16. Heat Exchanger:

a. Identification/number.

b. Location.

c. Service.

d. Manufacturer.

e. Model.

f. Steam pressure, design and actual.

g. Primary water entering temperature, design and actual.

h. Primary water leaving temperature, design and actual.

i. Primary water flow, design and actual.

j. Primary water pressure drop, design and actual.

k. Secondary water entering temperature, design and actual.

l. Secondary water leaving temperature, design and actual.

m. Secondary water flow, design and actual.

n. Secondary water pressure drop, design and actual.

17. Cooling Coil Data:

a. Identification/number.

b. Location.

c. Service.

d. Manufacturer.

e. Air flow, design and actual.

f. Entering air DB temperature, design and actual.

g. Entering air WB temperature, design and actual.

h. Leaving air DB temperature, design and actual.

i. Leaving air WB temperature, design and actual.

j. Water flow, design and actual.

k. Water pressure drop, design and actual.

l. Entering water temperature, design and actual.

m. Leaving water temperature, design and actual.

n. Air pressure drop, design and actual.

18. Heating Coil Data:

a. Identification/number.

b. Location.

c. Service.

d. Manufacturer.

e. Air flow, design and actual.

f. Water flow, design and actual.

g. Water pressure drop, design and actual.

h. Entering water temperature, design and actual.

i. Leaving water temperature, design and actual.

j. Entering air temperature, design and actual.

k. Leaving air temperature, design and actual.

l. Air pressure drop, design and actual.

19. Water Flow Measuring Station:

a. Identification/station.

b. Location.

c. Size.

d. Manufacturer.

e. Model.

f. Design flow rate.

g. Design pressure drop.

h. Actual/final pressure drop.

i. Actual/final flow rate.

j. Station calibrated setting.

20. Reheat Coil:

a. Manufacturer.

b. Type.

c. Identification/number.

d. Location.

e. Model.

f. Size.

21. Sound Level Report

a. Equipment location, tag and description.

b. Measure eight octave bands: 31.5, 63, 125, 250, 500, 1000, 2000, 4000 Hz.

1) Octave bands with equipment off.

2) Octave bands with equipment on.

c. Provide RC level with equipment on.

22. Vibration Test:

a. Location of points:

1) Fan bearing, drive end.

2) Fan bearing, opposite end.

3) Motor bearing, center (if applicable).

4) Motor bearing, drive end.

5) Motor bearing, opposite end.

6) Casing (bottom or top).

7) Casing (side).

8) Duct after flexible connection (discharge).

9) Duct after flexible connection (suction).

b. Test readings:

1) Horizontal, velocity and displacement.

2) Vertical, velocity and displacement.

3) Axial, velocity and displacement.

c. Normally acceptable readings, velocity and acceleration.

d. Unusual conditions at time of test.

e. Vibration source (if non-complying).

23. Duct Leak Test:

a. Description of ductwork under test.

b. Duct design operating pressure.

c. Duct design test static pressure.

d. Duct capacity, air flow.

e. Maximum allowable leakage duct capacity times leak factor.

f. Test apparatus.

1) Blower.

2) Orifice, tube size.

3) Orifice size.

4) Calibrated.

g. Test static pressure.

h. Test orifice differential pressure.

i. Leakage.

24. Combustion Test:

a. Boiler manufacturer.

b. Model.

c. Firing rate.

d. Overfire draft.

e. Gas meter timing dial size.

f. Gas meter time per revolution.

g. Gas pressure at meter outlet.

h. Gas flow rate.

i. Heat input.

j. Burner manifold gas pressure.

k. Percent carbon monoxide (CO).

l. Percent carbon dioxide (CO2).

m. Percent oxygen (O2).

n. Percent excess air.

o. Flue gas temperature at outlet.

p. Ambient temperature.

q. Net stack temperature.

r. Percent stack loss.

s. Percent combustion efficiency.

t. Heat output.

25. Fume Hood, Canopy Hood, and Biological Safety Cabinets:

a. Identification.

b. Location.

c. Size.

d. Manufacturer.

e. Design flow rate.

f. Actual/final flow rate.

26. Duct Smoke Detector Test:

a. Detector Manufacturer.

b. Model.

c. System Addressable No.

d. Indicate Detector Location.

e. Indicate Supply/Return/Exhaust Air.

f. Indicate Air Handling System.

27. Fire Damper Test:

a. Damper Manufacturer.

b. Model.

c. Indicate Detector Location.

d. Indicate Supply/Return/Exhaust Air.

e. Indicate Air Handling System.

28. Combination Fire and Smoke Damper Test:

a. Damper Manufacturer.

b. Model.

c. System Addressable No.

d. Indicate Detector Location.

e. Indicate Supply/Return/Exhaust Air.

f. Indicate Air Handling System.

29. Variable Frequency Controllers (VFDs):

a. Location.

b. Manufacturer.

c. Model.

d. Serial number.

e. Motor/Equipment designation.

f. Horsepower.

g. Input voltage.

h. Input/Output current at 60 Hz.

i. Bypass current.

j. Overload setting.

k. Acceleration/Deceleration time.

l. Skip frequencies.

m. Minimum motor speed.

n. Interlock for shutdown.

3.4 FINAL TEST REPORT

A. The final test report shall certify test methods, instrumentation used and test data obtained. Air and water balancing problems encountered, recommendations and uncompleted punch list items shall also be recorded at this time.

B. A summary of actual operating conditions shall be included with each system outlining normal and/or ventilation cycles of operation. The intent of the final report will provide a reference of actual operating conditions for the Owner's operating personnel.

3.5 PRE-DEMOLITION AIR TESTS

A. Provide pre-demolition testing of existing systems. Submit bound report of testing results with completed test forms and sketches.

B. Pre-demolition testing shall include the following:

1. Measure airflow at inlets and outlets including the air inlets above the ceilings.

a. Supply, return, and exhaust inlets/outlets for areas directly and indirectly affected by the scope of this project including other floors. The areas, which will be directly affected by this project, are the areas of remodel. The areas indirectly affected by this project are all other areas served by the systems as noted below.

b. Where noted on drawings.

2. Measure airflow by traverse readings for the following:

a. Supply, return, and exhaust duct serving areas directly and indirectly affected by the scope of this project including other floors. The areas, which will be directly affected by this project, are the areas of remodel. The areas indirectly affected by this project are all other areas served by the systems as noted below.

b. Exhaust airflow at shaft openings.

c. Supply fans, return fans, exhaust fans, fan discharges and each duct main and duct submain.

d. Where noted on drawings.

3. Systems included within the pre-demolition air test are as follows:

a. ____________________

b. ____________________

c. ____________________

4. Procure more complete system distribution layout drawings from the Owner to determine extent of systems. Not all existing ductwork has been shown.

3.6 PRE-DEMOLITION SURVEY OF EXISTING FANS

A. Provide pre-demolition survey of the existing fan systems as noted above. Submit bound report of survey results with completed survey forms. Include data listed as specified herein.

3.7 EXISTING AIR SYSTEM BALANCE

A. Upon completion of the demolition and subsequent new work, balance the airflow to the areas affected by the scope of this project to air quantities if shown. If air quantities are not shown, balance to match the pre-demolition conditions.

B. Adjust the fan systems as required to achieve CFM quantities shown and to match airflow conditions of pre-demolition work.

C. Follow direction as indicated on drawings.

3.8 DUCT LEAKAGE TESTING

A. Perform test and record results. Identifying leakage source.

B. Arrange for equipment necessary to perform test including portable blower, airflow measuring device, flexible tubing, and manometers as required.

C. Test to be witnessed by Owner's representative.

D. Systems to be tested are main supply and return air systems and exhaust air systems.

E. The allowable duct leakage rate shall be as noted in schedule below. Test in accordance with Chapter of the National Standards as written by AABC.

1. Constant Volume Systems/Supply Ductwork

Allowable Leakage – 1 percent of design cfm

2. Constant Volume Systems/Return Ductwork

Allowable Leakage – 2 percent of design cfm

3. Variable Air Volume Systems/Supply Ductwork

Fan to VAV Boxes – 1 percent of design cfm

VAV Boxes to Registers – 2 percent of design cfm

4. Variable Air Volume Systems/Return Ductwork

Allowable Leakage – 2 percent of design cfm

F. Test pressure shall be 1-1/4 times system operating pressure. System operating pressure is the pressure expected during operating conditions for that portion of the system.

3.9 IN-DUCT TYPE, SAMPLING TUBE TYPE AND AREA TYPE SMOKE DETECTOR PROCEDURE

A. Test each smoke detector and provide data as listed on report forms.

B. Verify that each detector properly:

1. Operates to detect smoke.

2. Signals the fire alarm system.

3. Shuts down associated air handling equipment and closes associated combination fire and smoke dampers.

C. Demonstrate proper operation to the Owners Representative.
3.10 FIRE DAMPER PROCEDURE

A. Test [50] [100] percent of the fire dampers and provide data as listed on report forms.

B. Remove fusible link and demonstrate proper operation of damper. Reset and replace fusible link.

3.11 COMBINATION FIRE AND SMOKE DAMPER PROCEDURE

A. Test 100 percent of the combination fire and smoke dampers and provide data as listed on report forms.

B. Test damper operation with fusible link and signal from associated smoke detector.

C. Verify that each damper tested, properly:

1. Operates via detector signal.

2. Operates via fusible link.

3. Signals fire alarm system.

4. Shuts down associated air handling equipment.

D. Demonstrate proper operation to the Owner's Representative.

END OF SECTION
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