SECTION 230593

TESTING, ADJUSTING AND BALANCING FOR HVAC

PART 1 - GENERAL

1.01 SECTION INCLUDES

A.

General testing, adjustment, and balancing requirements.

Testing, adjustment, and balancing of air systems.

Testing, adjustment, and balancing of hydronic systems.

Testing, adjustment, and balancing of domestic water systems.

Sound and vibration measurement of equipment operating conditions.

This section excludes:

1. Testing boilers and pressure vessels for compliance with safety codes;
. Specifications for materials for patching mechanical systems;
3. Specifications for materials and installation of adjusting and balancing

devices. If devices must be added to achieve proper adjusting and
balancing, refer to the respective system sections for materials and
installation requirements.

4. Requirements and procedures for piping and ductwork systems leakage
tests.

1.02 DEFINITIONS

A. TAB: Testing, adjusting, and balancing.

B. Test: To determine quantitative performance of equipment.

C. Adjust: To regulate the specified fluid flow rate and air patterns at the terminal
equipment (e.g., reduce fan speed, throttling).

D. Balance: To proportion flows within the distribution system (submains, branches,
and terminals) according to specified design quantities.

E. Procedure: Standardized approach and execution of sequence of work operations
to yield reproducible results.
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Report forms: Data sheets arranged for collecting test data in logical order for
submission and review. Data should also form the permanent record to be used as
the basis for required future testing, adjusting, and balancing.

Terminal: The point where the controlled fluid enters or leaves the distribution
system. Examples include inlets and outlets on water terminals, inlets and outlets
from air terminal units, and inlets and outlets on air terminals such as registers,
grilles, diffusers, louvers, and hoods.

Main: Duct or pipe containing the major or entire fluid flow of the system.

Submain: Duct or pipe containing part of the system capacity and serving two or
more branch mains.

Branch main: Duct or pipe serving two or more terminals.

Branch: Duct or pipe serving a single terminal.

1.03 SUBMITTALS

A. Qualifications:
1. Submit qualifications of TAB agency.
2. Submit qualifications of TAB supervisor.

B. TAB Plan: Submit a written plan indicating the testing, adjusting, and balancing
standard to be followed and the specific approach for each system and component.

C. Sample Forms: Submit sample forms if they are other than the standard forms
available from the certification association followed for the project.

D. Control System Coordination Reports: Communicate in writing to the controls
installer all setpoint and parameter changes made or problems and discrepancies
identified during TAB that affect, or could affect, the control system setup and
operation.

E. Progress Reports.

F. Certified TAB Reports:

I. General:
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a) Submit within two weeks after completion of testing, adjusting, and
balancing.

b) Revise TAB plan to reflect actual procedures and submit as part of
final report.

C) Indicate deficiencies in systems that would prevent proper testing,
adjusting, and balancing of systems and equipment to achieve
specified performance.

Draft Report: Submit draft copies of report for review prior to final
acceptance of Project. Draft reports may be hand written, but must be
complete, factual, accurate, and legible. Organize and format draft reports
in the same manner specified for the final reports. Submit 2 complete sets
of draft reports. Only 1 complete set of draft reports will be returned.
Final Report: Upon verification and approval of draft reports, prepare final
reports, type written, and organized and formatted as specified below.
Submit 2 complete sets of final reports. The final report shall be certified
proof of the following:

a) The systems have been tested, adjusted, and balanced in accordance
with the referenced standards.

b) The report reflects an accurate representation of how the systems
have been installed.

C) The report reflects a true representation of how the systems are
operating at the completion of the testing, adjusting, and balancing
procedures.

d) The report is an accurate record of all final quantities measured to

establish normal operating values of the systems.

Report Format: Provide reports in soft cover, letter size, 3-ring binder
manuals, complete with index page and indexing tabs, and cover
identification at front and side. Include set of reduced size drawings
indicating air outlets, equipment, and thermostat locations identified to
correspond with report forms. Divide the report into the following
divisions:

a) General Information and Summary
1) Include project name, location, altitude, and date.
2) Identify TAB agency, contractor, owner, architect, and
engineer.
3) Include addresses, contact names, and telephone numbers.
4) Include certification sheet containing the seal, name,

address, telephone number, and signature of the certified
TAB Supervisor.

5) Include actual instrument list, with manufacturer name,
serial number, and date of calibration.
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G.

b) Air Systems
C) Hydronic Systems

d) Temperature Control Systems
e) Special Systems
f) Sound and Vibration Systems
5. Report Forms: Standard forms prepared by the TAB certification standard

being followed for each respective item and system to be tested, adjusted,
and balanced. If not specified, follow ASHRAE 111.
6. Units of Measure: Report data in I-P (inch-pound) units only.

Project Record Documents: Provide drawings that record actual locations of flow
measuring stations and balancing devices.

1.04 QUALITY ASSURANCE

A. Comply with ASHRAE Standard 111, Practices for Measurement, Testing,
Adjusting, and Balancing of Building Heating, Ventilation, Air-Conditioning, and
Refrigeration Systems.

B. Comply with ASHRAE Handbook, HVAC Applications Volume, Chapter
“Testing, Adjusting, and Balancing”, most current edition.

C. TAB Agency Qualifications:

1. Act as the single source of responsibility for TAB of the HVAC systems.
Staff the project at all times by qualified personnel.
3. Have a minimum of 5 years documented experience on projects with TAB
requirements similar to those required for the project.
4. Certified by one of the following Certification Associations:
a) AABC (NSTSB): Associated Air Balance Council, National
Standards for Total System Balance.
b) NEBB: National Environmental Balancing Bureau, Procedural
Standards for Testing, Adjusting, and Balancing of Environmental
Systems.
C) TABB: Testing, Adjusting, and Balancing Bureau, SMACNA TAB
Procedural Guide.
D. TAB Supervisor and Technician Qualifications:
1. Certified by the same organization as TAB agency.
2. TAB Supervisor shall be a professional engineer licensed in the state in
which the project is located.
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Pre-Qualified TAB Agencies:

AccuTech

Doyle Field Services.
Precisionaire of the Midwest.
Pro Balance.

Total Air Balance.

M

PART 2 - PRODUCTS AND MATERIALS — NOT USED

PART 3 - EXECUTION

3.01 GENERAL REQUIREMENTS

A.

Begin work after systems to be tested, adjusted, or balanced are fully operational,
duct systems are sealed, piping systems have been tested for leaks, and equipment
is operational. Complete work prior to Substantial Completion of the project.

Test, adjust, and balance the air systems before hydronic, steam, and refrigerant
systems.

Test, adjust and balance air conditioning systems during summer season and
heating systems during winter season, including at least a period of operation at
outside conditions within 5 deg. F wet bulb temperature of maximum summer
design condition, and within 10 deg. F dry bulb temperature of minimum winter
design condition. Take final temperature readings during seasonal operation.

Coordinate with Division 22 drawings for testing, adjusting, and balancing scope
of work.

Coordinate the efforts of factory-authorized service representatives for systems and
equipment, HVAC controls installers, and other mechanics to operate HVAC
systems and equipment to support and assist TAB activities.

Submit progress reports at least once a week to the General Contractor to
communicate status of work so that the TAB work is completed in a timely manner.

Notice of Tests: Provide seven days advance notice for each test. Include
scheduled test dates and times.
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Where HVAC systems and/or components interface with life safety systems,
including fire and smoke detection, alarm, and control, coordinate scheduling and
testing and inspection procedures with the authorities having jurisdiction.

All required instrumentation shall be calibrated to tolerances specified in the
referenced standards within a period of six months prior to starting the project.

3.02 EXAMINATION

A. Verify that systems are complete and operable before commencing work. Ensure
the following conditions:
1. Systems are started and operating in a safe and normal condition.
2. Temperature control systems are installed complete and operable.
3. Proper thermal overload protection is in place for electrical equipment.
4. Motors and bearings are lubricated.
5. Final filters are clean and in place. If required, install temporary media in
addition to final filters.
6. Duct systems are clean of debris.
7. Fans are rotating correctly and belts have tension.
8. Fire, smoke, fire/smoke, and volume dampers are in place and open.
0. Air coil fins are cleaned and combed.
10. Volume dampers are installed at locations needed for balancing the air
systems.
11. Access doors are closed and duct end caps are in place.
12. Air outlets are installed and connected.
13. Visually inspect duct systems to ensure they are sealed and leakage is
minimized.
14.  Hydronic systems are flushed, filled, and vented.
15. Hydronic systems are tested for leaks.
16. Test ports, gauge cocks, thermometer wells, flow-control devices, and
balancing valves are properly installed and that their location is accessible.
17. Pumps are rotating correctly.
18. Proper strainer baskets are clean and in place.
19. Service and balance valves are open.
20. Expansion tanks are not air bound and have appropriate charge.
21. Air vents are operating freely.
B. Submit field reports. Report defects and deficiencies that will or could prevent
proper system balance.
C. Beginning of work means acceptance of existing conditions.
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3.03 PREPARATION

A.

Pre-Balancing Conference: Prior to beginning of the testing, adjusting, and
balancing procedures, schedule and conduct a coordination meeting with all
installers whose work will be tested, adjusted, or balanced.

Furnish all instruments required for testing, adjusting, and balancing operations.

1. Verify all instruments have been calibrated.
Furnish instruments as recommended by the manufacturer for the TAB
application.

3. Furnish instruments that are best suited to the function being measured.

4. Furnish instruments with minimum scale and maximum subdivisions and

with scale ranges proper for the value being measured.

Furnish additional balancing devices as required for TAB to the appropriate
contractor for installation.

Obtain copies of approved shop drawings of air handling equipment, terminal
outlets, and temperature control diagrams.

Obtain manufacturer's fan and terminal device outlet factors and recommended
procedures for testing. Prepare a summation of required outlet volumes to permit
a crosscheck with required fan volumes.

Determine best locations in main and branch ductwork for most accurate duct
traverses.

Prepare schematic diagrams of system "as-built" ductwork and piping layouts to
facilitate reporting.

3.04 ADJUSTMENT TOLERANCES

A. Air Handling Systems: Balance main ducts and equipment to within plus or minus
5 percent of design airflow.
B. Air Outlets and Inlets: Balance branch ducts and terminal devices to within plus or
minus 10 percent of design airflow.
C. Hydronic Systems: Balance to within plus or minus 5 percent of design flow.
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3.05 RECORDING AND ADJUSTING

A. Record data regarding design conditions from contract documents and installed
conditions from shop drawings including equipment identification number, model
number, location, area served, manufacturer, model number, serial number, motor
nameplate horsepower and rpm, fan rpm, capacity and electrical voltage, amps and
phases.

B. For all systems measure and record the ambient conditions at the time of testing
and balancing. Include the following:

1. Dry bulb temperature.
2. Relative humidity.
3. Cloud cover.
4. Wind speed.
5. Time.
C. Field Logs: Maintain written logs including:
1. Running log of events and issues.
2. Discrepancies, deficient or uncompleted work by others.
3. Contract interpretation requests.
4. Lists of completed tests.

D. Ensure recorded data represents actual measured or observed conditions.

E. Permanently mark settings of valves, dampers, and other adjustment devices
allowing settings to be restored. Set and lock memory stops.

F. Mark on drawings the locations where traverse and other critical measurements
were taken and cross reference the location in the final report.

G. After adjustment, take measurements to verify balance has not been disrupted or
that such disruption has been rectified.

H. Cut insulation around ductwork and piping for installation of test probes to the
minimum extent necessary to allow adequate performance of procedures.

L. Patch and seal insulation, vapor barrier, ductwork, and housings, using materials
identical to those removed.

J. Seal ducts and piping and test and repair leaks.
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Leave systems in proper working order, replacing belt guards, closing access doors,
closing doors to electrical switch boxes, and restoring thermostats to specified
settings.

At final inspection, recheck random selections of data recorded in report. Recheck
points or areas as selected and witnessed by the Owner.

Check and adjust systems approximately six months after final acceptance and
submit report.

When averaging values, take a sufficient quantity of readings which will result in a
repeatability error of less than 5 percent. When measuring a single point, repeat
readings until 2 consecutive values are obtained.

Take all readings at eye level of the indicated value to prevent parallax.

Use pulsation dampeners where necessary to eliminate error involved in estimating
average of rapidly fluctuation readings.

Take measurements in the system where best suited for the task.

Retest, adjust, and balance systems subsequent to significant system modifications,
and resubmit test results.

3.06 AIRSYSTEM TESTING, ADJUSTMENT, AND BALANCING PROCEDURE

AWSOM

Check filters for cleanliness.

Check dampers (both volume and fire) for correct and locked position, and
temperature control for completeness of installation before starting fans.

Verify volume dampers are installed at locations needed for balancing the air
systems.

Prepare report test sheets for both fans and outlets. Obtain manufacturer's outlet
factors and recommended procedures for testing. Prepare a summation of required
outlet volumes to permit a crosscheck with required fan volumes.

Determine best locations in main and branch ductwork for most accurate duct
traverses.

Place outlet dampers in the full open position.
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G. Prepare schematic diagrams of system "as-built" ductwork and piping layouts to
facilitate reporting.

H. Lubricate all motors and bearings.

L Check fan belt tension.

J. Check fan rotation.

K. Energize fan motors and adjust air handling and distribution systems to provide
required or design supply, return, and exhaust air quantities at site altitude. Replace
fan and motor pulleys as required to achieve design conditions.

L. Make air quantity measurements in ducts by Pitot tube traverse of entire cross
sectional area of duct.

M. Measure air quantities at air inlets and outlets.

N. Adjust distribution system to obtain uniform space temperatures free from
objectionable drafts and noise.

0. Use volume control devices to regulate air quantities only to extent that adjustments
do not create objectionable air motion or sound levels. Affect volume control by
duct internal devices such as dampers and splitters.

P. Vary total system air quantities by adjustment of fan speeds. Provide drive changes
required. Vary branch air quantities by damper regulation.

Q. Provide system schematic with required and actual air quantities recorded at each
outlet or inlet.

R. Measure static air pressure conditions on air supply units, including filter and coil
pressure drops, and total pressure across the fan. Make allowances for 50 percent
loading of filters.

S. Adjust outside air automatic dampers, outside air, return air, and exhaust dampers
for design conditions.

T. Measure temperature conditions across outside air, return air, and exhaust dampers
to check leakage.
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Where modulating dampers are provided, take measurements and balance at design
conditions. Balance variable volume systems at design air flow rate and at
minimum air flow rate.

Measure building static pressure and adjust supply, return, and exhaust air systems
to provide required relationship to maintain building pressure setpoint.

Multi-Zone units with Mixing Dampers: Check for motorized damper leakage.
Adjust air quantities with mixing dampers set first at design cooling, then at design
heating.

For variable air volume boxes, set volume controller to air flow setting indicated.
Confirm connections properly made and confirm proper operation for automatic
variable air volume temperature control.

Procedure for establishing minimum and absolute minimum outdoor air damper
position on air handling units:

1. Open the minimum outdoor air damper and return air damper fully. Close
the economizer air damper.

2. Operate supply fan at design speed and measure the outdoor airflow.

3. If the outdoor airflow is above the scheduled minimum ventilation airflow,

adjust the damper linkage on the minimum outdoor air damper so that
outdoor airflow equals the scheduled minimum ventilation airflow with
damper fully stroked.

4, If outdoor airflow is below the scheduled minimum ventilation airflow,
adjust the damper linkage on the return air damper so that outdoor airflow
equals the schedule minimum ventilation airflow with the damper fully

stroked.

5. Convey the measured setpoint and/or damper position to the BAS installer
and note on air balance report.

6. Repeat this procedure to determine damper position for absolute minimum
ventilation.

3.07 HYDRONIC SYSTEM TESTING, ADJUSTMENT, AND BALANCING

PROCEDURE
A. Open valves to full open position. Close coil bypass valves.
B. Remove and clean all strainers.
C. Check pump rotation.
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D. Clean and set automatic fill valves for required system pressure.

E. Check expansion tanks to determine that they are not air bound and that the system
is completely full of water.

F. Check air vents at high points of systems and determine if all are installed and
operating freely (automatic type) or to bleed air completely (manual type).

G. Set temperature controls so all coils are calling for full flow.

H. Check operation of automatic bypass valves.

L. Check and set operating temperatures of chillers to design requirements.

J. Lubricate all motors and bearings.

K. Adjust water systems to provide required or design quantities.

L. Use calibrated Venturi tubes, orifices, or other metered fittings and pressure gages
to determine flow rates for system balance. Where flow metering devices are not
installed, base flow balance on correlated flow from temperature and pressure
gauges across the heat transfer elements in the system.

M. Adjust systems to provide specified pressure drops and flows through heat transfer
elements prior to thermal testing. Perform balancing by measurement of
temperature differential in conjunction with air balancing.

N. Affect system balance with automatic control valves fully open to heat transfer
elements.

0. Affect adjustment of water distribution systems by means of balancing cocks,
valves, and fittings. Do not use service or shut-off valves for balancing unless
indexed for balance point.

P. Where available pump capacity is less than total flow requirements or individual
system parts, full flow in one part may be simulated by temporary restriction of
flow to other parts.

Q. Balance cooling tower water distribution systems to ensure even water flow to each
tower cell.
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Test cooling tower systems for capacity, recording pump flow and head, fan
airflow, ambient air wet and dry bulb temperatures at tower inlet and outlet and
tower inlet and outlet water temperatures.

Record the necessary information for optimizing pump operation as defined on the
controls drawings. Give this information to the controls contractor for building
automation system programming.

3.08 DOMESTIC WATER SYSTEM TESTING, ADJUSTMENT, AND BALANCING
PROCEDURE

A.

Before balancing the system perform these steps:

1. Open valves to full open position.
Examine plumbing system and equipment installations to verify that
indicated balancing devices, such as test ports, gauge cocks, thermometer
wells, flow-control devices and balancing valves and fittings are properly
installed, and that their locations are accessible and appropriate for effective
balancing and for efficient system and equipment operation.

3. Remove and clean all strainers.

4. Check pump rotation.

5. Check expansion tanks to determine that they are not air bound and that the
system is completely full of water.

6. Lubricate all motors and bearings.

3.09 TESTING FOR SOUND AND VIBRATION

A.

Test and adjust mechanical systems for sound and vibration in accordance with the
detailed instructions of the referenced standards:

1. ASHRAE: ASHRAE Handbook, HVAC Applications Volume, Chapter
“Sound and Vibration Control”, most current edition.

2. NEBB: "Procedural Standards for the Measurement and Assessment of
Sound and Vibration."

Other than sound data, failure of an item includes a deviation of more than 10
percent from setpoint. Failure of more than 10 percent of selected items shall result
in rejection of final testing, adjusting, and balancing report.

1. For sound pressure readings, a deviation of 3 dB shall result in rejection of
final testing. Variations in background noise must be considered.
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C. Prepare and submit report of recommendations for correcting any sound or
vibration levels that are outside of manufacturer’s tolerances, ASHRAE standards
and/or values specified in the contract documents.

END OF SECTION
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