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AABC Recommended Contractor/Subcontractor Provisions to be included in the Form of Agreement between the Contractor and the T&B Subcontractor or stipulated in the Agreement between the Owner and the T&B Agency.
Provide T&B agency one complete set of contract documents, change orders, and approved submittals in digital and hard copy formats
Controls contractor shall provide required BAS hardware, software, personnel and assistance to T&B agency as required to balance the systems. Controls contractor shall also provide trending report to demonstrate that systems are complete.
Coordinate meetings and assistance from suppliers and contractors as required by T&B agency.
Provide additional valves, dampers, sheaves and belts as required by T&B agency.
Flag all manual volume dampers with fluorescent or other high-visibility tape.
Provide access to all dampers, valves, test ports, nameplates and other appurtenances as required by T&B agency.
Replace or repair insulation as required by T&B agency.
Have the HVAC systems at complete operational readiness for T&B to begin. As a minimum verify the following:
Airside:
All ductwork is complete with all terminals installed.
All volume, smoke and fire dampers are open and functional.
Clean filters are installed.
All fans are operating, free of vibration, and rotating in correct direction.
VFD start-up is complete and all safeties are verified.
System readiness checklists are completed and returned to T&B agency.
Hydronics:
Piping is complete with all terminals installed.
Water treatment is complete.
Systems are flushed, filled and air purged.
Strainers are pulled and cleaned.
Control valves are functioning per the sequence of operation.
All shutoff and balance valves have been verified to be 100% open.
Pumps are started, and proper rotation is verified.
Pump gauge connections are installed directly at the pump inlet and outlet flange or in discharge and suction pipe prior to any valves or strainers.
VFD start-up is complete and all safeties have been verified.
System readiness checklists are completed and returned to T&B agency.
Promptly correct deficiencies identified during T&B.
Maintain a construction schedule that allows the T&B agency to complete work prior to occupancy.
SECTION 230593 - TESTING, ADJUSTING, AND BALANCING FOR HVAC
Revise this Section by deleting and inserting text to meet Project-specific requirements.

This Section uses the term "Architect."  Change this term to match that used to identify the design professional as defined in the General and Supplementary Conditions.

Verify that Section titles referenced in this Section are correct for this Project's Specifications; Section titles may have changed.

PART 1 -  GENERAL

1.1 SUMMARY

A. Section Includes:

1. Balancing Air Systems:

a. Constant-volume air systems.

b. Variable-air-volume systems.

2. Balancing Hydronic Piping Systems:

a. Constant-flow hydronic systems.

b. Variable-flow hydronic systems.

1.2 DEFINITIONS

Retain definition(s) remaining after this Section has been edited.

A. AABC:  Associated Air Balance Council.

B. T&B:  Testing, adjusting, & balancing

C. T&B Agency:  An independent entity certified by AABC to perform testing and balancing work.

D. TBE:  AABC certified test and balance engineer.

E. TBT:
 AABC certified test and balance technician.

F. HVAC:  Heating, ventilating, and air conditioning.

G. BAS:  Building automation systems.

1.3 INFORMATIONAL SUBMITTALS

A. Qualification Data:  Within [30] [60] [90] <Insert number> days of Contractor's Notice to Proceed, submit documentation  of AABC agency and personnel, including a sample copy of the AABC "National Performance Guaranty." If not submitted within the timeframe specified, the engineer has the right to choose an AABC agency at the Contractor’s expense.

B. Strategies and Procedures Plan:  Within [30] [60] [90] <Insert number> days of Contractor's Notice to Proceed, submit T&B strategies and step-by-step procedures as specified in "Preparation" Article.

C. System Readiness Checklists:  Within [30] [60] [90] <Insert number> days of Contractor's Notice to Proceed, submit system readiness checklists as specified in Preparation Article to be used and filled out by systems Installers verifying that systems are ready for T&B. 

D. Examination Report: Provide a summary report of the examination review required in Section 3.1, if issues are discovered that may preclude the proper testing and balancing of the systems.
E. Certified T&B Reports:  Within [14] [21] [30] <Insert number> days of completion of balancing work, submit AABC-certified T&B report.

1. Submit one copy of the final T&B Report directly to the [design professional] [Architect] of record.  Provide five additional copies to the contractor. 

1.4 QUALITY ASSURANCE

Retain first paragraph below if certified contractors are available and Project scope justifies this requirement.

A. T&B Agency Qualifications:  Engage a T&B entity certified by AABC.

1. T&B Field Supervisor:  Employee of the T&B Agency and certified by AABC as a TBE.

2. T&B Technician:  Employee of the T&B Agency and who is certified by AABC as a  TBT.

B. TBE shall perform the following:

1. Review field data reports to validate accuracy of data and to prepare certified T&B reports.

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

3. Certify the T&B report.

C. T&B Report Forms:  Use approved forms submitted with the Strategies and Procedures Plan.

D. Instrumentation Type, Quantity, Accuracy, and Calibration:  As described in the "AABC National Standards for Total System Balance."

PART 2 -  PRODUCTS (Not Applicable)

PART 3 -  EXECUTION

3.1 EXAMINATION

See Editing Instruction No. 2 in the Evaluations for discussion of the Contract Documents review.

A. Examine the Contract Documents to become familiar with Project requirements and to discover conditions in systems' designs that may preclude proper T&B of systems and equipment.

B. Examine systems for installed balancing devices, such as test ports, gage cocks, thermometer wells, flow-control devices, balancing valves and fittings, and manual volume dampers.  Note the locations of devices that are not accessible for testing and balancing.
C. Examine the approved submittals for HVAC systems and equipment.

D. Examine ceiling plenums and underfloor air plenums used for supply, return, or relief air to verify that are properly separated from adjacent areas.

E. Examine equipment performance data including fan and pump curves.

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

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

H. Examine strainers to verify that startup screens have been replaced with permanent screens and that all strainers have been cleaned. 
I. Examine two-way valves for proper installation and function.

J. Examine three-way valves for proper installation for their intended function of diverting or mixing fluid flows.

K. Examine heat-transfer coils for correct piping connections and for clean and straight fins.

L. Examine air vents to verify that mechanical contractor has removed all air from all hydronic systems.

3.2 PREPARATION

A. Prepare a T&B plan that includes the following:
1. Equipment and systems to be tested.

2. Strategies and step-by-step procedures for balancing the systems.

3. Instrumentation to be used.

4. Sample forms with specific identification for all equipment.

B. Prepare system-readiness checklists, as described in the "AABC National Standards for Total System Balance," for use by systems installers in verifying system readiness for T&B. These shall include, at a minimum, the following:

1. Airside:

a. Ductwork is complete with terminals installed.

b. Volume, smoke and fire dampers are open and functional.

c. Clean filters are installed.

d. Fans are operating, free of vibration, and rotating in correct direction.

e. Variable-frequency controllers' start-up is complete and safeties are verified.

f. Automatic temperature-control systems are operational.

g. Ceilings are installed.

h. Windows and doors are installed.

i. Suitable access to balancing devices and equipment is provided.

2. Hydronics:

a. Piping is complete with terminals installed.

b. Water treatment is complete.

c. Systems are flushed, filled and air purged.

d. Strainers are pulled and cleaned.

e. Control valves are functioning per the sequence of operation.

f. Shutoff and balance valves have been verified to be 100 percent open.

g. Pumps are started and proper rotation is verified.

h. Pump gage connections are installed directly at pump inlets and outlets flange or in discharge and suction pipe prior to valves or strainers.

i. Variable-frequency controllers' start-up is complete and safeties are verified.

j. Suitable access to balancing devices and equipment is provided.

3.3 GENERAL PROCEDURES FOR TESTING AND BALANCING

A. Perform testing and balancing procedures on each system according to the procedures contained in AABC's "National Standards for Total System Balance" and in this Section.

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

C. Take and report testing and balancing measurements in inch-pound (IP) units.

3.4 GENERAL PROCEDURES FOR BALANCING AIR SYSTEMS

A. Prepare test reports for both fans and outlets.  Obtain approved submittals and recommended testing procedures.  Crosscheck the summation of required outlet volumes with required fan volumes.

B. Prepare single-line schematic diagram of systems for the purpose of identifying HVAC components.
C. For variable-air-volume systems, develop a plan to simulate diversity.

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

E. Locate start-stop and disconnect switches, electrical interlocks, and motor starters.

F. Verify that motor starters are equipped with properly sized thermal protection.

G. Check condensate drains for proper connections and functioning.

H. Check for proper sealing of air-handling-unit components.

3.5 PROCEDURES FOR CONSTANT-VOLUME AIR SYSTEMS

A. Adjust fans to deliver total indicated airflows within the maximum allowable fan speed listed by fan manufacturer.

1. Measure total airflow.

a. Set outside air, return air and relief air dampers for proper position that simulates minimum outdoor air conditions.

b. Where duct conditions allow, measure airflow by Pitot-tube traverse. If necessary, perform multiple Pitot-tube traverses to obtain total airflow.

c. Where duct conditions are not suitable for Pitot-tube traverse measurements, a coil traverse may be acceptable.

d. If a reliable Pitot-tube traverse or coil traverse is not possible, measure airflow at terminals and calculate the total airflow.

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

a. Measure static pressure directly at the fan outlet or through the flexible connection.

b. Measure static pressure directly at the fan inlet or through the flexible connection.

c. Measure static pressure across each component that makes up the air-handling system.

d. Report any artificial loading of filters at the time static pressures are measured.

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

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

1. Measure airflow of submain and branch ducts.

2. Adjust sub-main and branch duct volume dampers for specified airflow.
3. Remeasure each submain and branch duct after all have been adjusted.
C. Adjust air outlets and inlets for each space to indicated airflows
1. Set airflow patterns of adjustable outlets for proper distribution without drafts.

2. Measure airflow at all inlets and outlets.

3. Adjust each inlet and outlet for specified airflow.

4. Re-measure each inlet and outlet after all have been adjusted.

D. Verify final system conditions.

1. Re-measure and confirm minimum outdoor air, return and relief airflows are within design. Readjust to design if necessary.

2. Re-measure and confirm total airflow is within design.

3. Re-measure all final fan operating data, rpms, volts, amps, static profile.

4. Mark all final settings.

5. Test system in economizer mode. Verify proper operation and adjust, if necessary. Measure and record all operating data.

6. Record final fan-performance data.
3.6 PROCEDURES FOR VARIABLE-AIR-VOLUME SYSTEMS

A. Adjust the variable-air-volume systems as follows:

1. Verify that the system static pressure sensor is located 2/3 of the distance down the duct from the fan discharge.

2. Verify that the system is under static pressure control.

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

4. Calibrate and balance each terminal unit for maximum and minimum design airflow as follows

a. Adjust controls so that terminal is calling for maximum airflow (note some controllers require starting with minimum airflow. Verify calibration procedure for specific project).

b. Measure airflow and adjust calibration factor as required for design maximum airflow. Record calibration factor.

c. When maximum airflow is correct, balance the air outlets downstream from terminal units.

d. Adjust controls so that terminal is calling for minimum airflow.

e. Measure airflow and adjust calibration factor as required for design minimum airflow. Record calibration factor. If no minimum calibration is available, note any deviation from design airflow.

5. After all terminals have been calibrated and balanced, test and adjust system for total airflow. Adjust fans to deliver total design airflows within the maximum allowable fan speed listed by fan manufacturer.

a. Set outside air, return air and relief air dampers for proper position that simulates minimum outdoor air conditions.

b. Set terminals for maximum airflow. If system design includes diversity, adjust terminals for maximum and minimum airflow so that connected total matches fan selection and simulates actual load in the building.

c. Where duct conditions allow, measure airflow by Pitot-tube traverse. If necessary, perform multiple Pitot-tube traverses to obtain total airflow.

d. Where duct conditions are not suitable for Pitot-tube traverse measurements, a coil traverse may be acceptable.

e. If a reliable Pitot-tube traverse or coil traverse is not possible, measure airflow at terminals and calculate the total airflow.

6. Measure fan static pressures as follows:

a. Measure static pressure directly at the fan outlet or through the flexible connection.

b. Measure static pressure directly at the fan inlet or through the flexible connection.

c. Measure static pressure across each component that makes up the air-handling system.

d. Report any artificial loading of filters at the time static pressures are measured.

7. Set final return and outside airflow to the fan while operating at maximum return airflow and minimum outdoor airflow.

a. Balance the return-air ducts and inlets the same as described for constant-volume air systems.

b. Verify all terminal units are meeting design airflow under system maximum flow.
8. Re-measure the inlet static pressure at the most critical terminal unit and adjust the system static pressure setpoint to the most energy-efficient setpoint to maintain the optimum system static pressure. Record setpoint and give to controls contractor.

9. Verify final system conditions as follows:

a. Re-measure and confirm minimum outdoor air, return and relief airflows are within design. Readjust to design if necessary.

b. Re-measure and confirm total airflow is within design.

c. Re-measure all final fan operating data, rpms, volts, amps, static profile.

d. Mark all final settings.

e. Test system in economizer mode. Verify proper operation and adjust, if necessary. Measure and record all operating data.

f. Verify tracking between supply and return fans.

10. Record final fan-performance data.

3.7 GENERAL PROCEDURES FOR HYDRONIC SYSTEMS

A. Prepare test reports for pumps, coils and heat exchangers  Obtain approved submittals and any manufacturer-recommended testing procedures. Crosscheck the summation of required coil and heat exchanger flow rates with pump design flow rate.
B. Prepare hydronic systems for testing and balancing according to the following, in addition to the general preparation procedures specified above:

C. Verify that hydronic systems are ready for testing and balancing:

1. Check liquid level in expansion tank.

2. Check that makeup water has adequate pressure to highest vent.

3. Check that control valves are in their proper positions.

4. Check that air has been purged from the system.

5. Locate start-stop and disconnect switches, electrical interlocks, and motor starters.

6. Verify that motor starters are equipped with properly sized thermal protection.

3.8 PROCEDURES FOR CONSTANT-FLOW HYDRONIC SYSTEMS

A. Adjust pumps to deliver total design gpm.

1. Measure total water flow.

a. Position valves for full flow through coils.

b. Measure flow by main flow meter, if installed.

c. If main flow meter is not installed determine flow by pump total dynamic head (TDH) or exchanger pressure drop.

2. Measure pump TDH as follows:

a. Measure discharge pressure directly at the pump outlet flange or in discharge pipe prior to any valves.

b. Measure inlet pressure directly at the pump inlet flange or in suction pipe prior to any valves or strainers.

c. Convert pressure to head and correct for differences in gauge heights.

d. Verify pump impeller size by measuring the TDH with the discharge valve closed. Note the point on manufacturer's pump curve at zero flow and verify that the pump has the intended impeller size.

e. With all valves open, read pump TDH. Adjust pump discharge valve until design water flow is achieved.

3. Monitor motor performance during procedures and do not operate motor in an overloaded condition.

B. Adjust flow measuring devices installed in mains and branches to design water flows.

1. Measure flow in main and branch pipes.

2. Adjust main and branch balance valves for design flow.

3. Re-measure each main and branch after all have been adjusted.

C. Adjust flow measuring devices installed at terminals for each space to design water flows.

1. Measure flow at all terminals.

2. Adjust each terminal to design flow.

3. Re-measure each terminal after all have been adjusted.

4. Position control valves to bypass the coil and adjust the bypass valve to maintain design flow.

5. Perform temperature tests after all flows have been balanced.

D. For systems with pressure-independent valves at the terminals:

1. Measure differential pressure and verify that it is within manufacturer’s specified range.

2. Perform temperature tests after all flows have been verified.

E. For systems without pressure-independent valves or flow measuring devices at the terminals:

1. Measure and balance coils by either coil pressure drop or temperature method.

2. If balanced by coil pressure drop, perform temperature tests after all flows have been verified.

F. Verify final system conditions as follows:

1. Re-measure and confirm that total water flow is within design.

2. Re-measure all final pump operating data, TDH, volts, amps, static profile.

3. Mark all final settings.

G. Verify that all memory stops have been set

H. .
3.9 PROCEDURES FOR VARIABLE-FLOW HYDRONIC SYSTEMS

A. Adjust the variable-flow hydronic system as follows:
1. Verify that the differential-pressure sensor is located per the contract documents.

2. Determine if there is diversity in the system.

B. For systems with no diversity:

1. Follow procedures outlined in "Procedures for Constant-Flow Hydronic Systems" Article. 

2. Prior to verifying final system conditions, determine the system differencial-pressure set point.

3. If the pump discharge valve was used to set total system flow with variable-frequency controller at 60 Hz, at completion open discharge valve 100 percent and allow variable-frequency controller to control system differencial-pressure set point. Record pump data under both conditions.

4. Mark all final settings and verify that all memory stops have been set.

C. For systems with diversity:

1. Determine diversity factor.

2. Simulate system diversity by closing required number of control valves, as approved by the design engineer.

3. Follow procedures outlined in "Procedures for Constant-Flow Hydronic Systems" Article.

4. Open control valves that were shut. Close a sufficient number of control valves that were previously open to maintain diversity, and balance the terminals that were just opened.

5. Prior to verifying final system conditions, determine the system differencial-pressure set point.

6. If the pump discharge valve was used to set total system flow with variable-frequency controller at 60 Hz, at completion open discharge valve 100 percent and allow variable-frequency controller to control system differencial-pressure set point. Record pump data under both conditions.

7. Mark all final settings and verify that all memory stops have been set.

3.10 TOLERANCES

A. Set HVAC system's air flow rates and water flow rates within the following tolerances:

1. Supply, Return, and Exhaust Fans and Equipment with Fans:  Plus or minus 10 percent.

2. Air Outlets and Inlets:  Plus or minus 10 percent.

3. Minimum Outside Air:  Zero to plus 10 percent.

4. Heating-Water Flow Rate:  Plus or minus 10 percent.

5. Cooling-Water Flow Rate:  Plus or minus 10 percent.

B. Maintaining pressure relationships as designed shall have priority over the tolerances specified above.

3.11 FINAL TEST & BALANCE REPORT
A. The report shall be a complete record of the HVAC system performance, including conditions of operation, items outstanding, and any deviations found during the T&B process. The final report also provides a reference of actual operating conditions for the owner and/or operations personnel. All measurements and test results that appear in the reports must be made on site and dated by the AABC technicians or test and balance engineers. 

B. The report must be organized by systems and shall include the following information as a minimum:

1. Title Page:
a. AABC certified company name

b. Company address

c. Company telephone number
d. Project identification number 

e. Location

f. Project Architect

g. Project Engineer

h. Project Contractor

i. Project number
j. Date of report

k. AABC Certification Statement
l. Name, signature, and certification number of AABC TBE
2. Table of Contents.

3. AABC National Performance Guaranty.

4. Report Summary:
a. The summary shall include a list of items that do not meet design tolerances, with information that may be considered in resolving deficiencies.
5. Instrument List:
a. Type.
b. Manufacturer.
c. Model.
d. Serial Number.

e. Calibration Date.
6. T&B Data:

a. Provide test data for specific systems and equipment as required by the most recent edition of the "AABC National Standards."

C. One copy of the final test and balance report shall be sent directly to the [design professional] [Architect] of record. Provide five additional copies to the contractor. 
END OF SECTION 230593
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