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In the complex ecosystem of modern building services, the gap between theoretical mechanical design and 

operational reality is bridged by a critical process known as Testing, Adjusting, and Balancing (TAB). While a 

mechanical engineer may design an HVAC system to deliver specific cubic feet per minute (CFM) of air or gallons 

per minute (GPM) of water to various zones, the physical installation—complete with duct friction, pipe bends, and 

equipment tolerances—rarely matches the design perfectly upon initial startup. This technical analysis explores the 

methodologies, standards, and engineering rigors of TAB, focusing on the Associated Air Balance Council 

(AABC) standards and the broader implications for indoor air quality and energy efficiency.

The Fundamental Framework of TAB

Testing, Adjusting, and Balancing is not a singular event but a tripartite discipline required to ensure that 

environmental systems perform according to the Design Intent and the Basis of Design (BOD). Each component

of the acronym represents a distinct engineering phase:

•  Testing: The use of specialized and calibrated instruments to measure the quantitative performance of 

equipment. This includes measuring air velocities, static pressures, temperatures, electrical current, and fluid flow 

rates.

•  Adjusting: The physical manipulation of system components, such as setting terminal device dampers, 

adjusting fan speeds via Variable Frequency Drives (VFDs), or regulating valve positions to achieve the desired 

flow.

•  Balancing: The proportional adjustment of air and hydronic distribution to ensure that every branch and 

terminal in a system receives its specified portion of the total flow, maintaining the correct pressure relationships 

between spaces.

The importance of TAB cannot be overstated. Without precise balancing, a building may suffer from "hot and cold 

spots," excessive noise, poor humidity control, and, most critically, compromised Indoor Air Quality (IAQ).

Furthermore, an unbalanced system often forces fans and pumps to work harder than necessary, leading to

significantly higher operational costs and premature equipment failure.

AABC National Standards and the Role of Independence

The AABC National Standards for Total System Balance  (specifically the 7th Edition and subsequent updates) 

serve as the industry benchmark for procedural integrity. A core tenet of the AABC is the requirement for agency 

independence. This means the TAB agency must be a third party, separate from the mechanical contractor or

equipment manufacturer. This structural independence ensures that test results are verifiable, objective, and free

from the conflicts of interest that might arise if a contractor were tasked with "grading their own homework."

Total System Balance (TSB)

AABC defines Total System Balanceas the process of testing, adjusting, and balancing every component of the

HVAC system so that they work in harmony. This includes not just the airside (ducts and diffusers) but also the



hydronic side (chilled water, hot water) and the control systems that govern them. The TSB approach requires a

holistic review of the design documents for "balanceability"—the presence of sufficient dampers, test ports, and

access panels to actually perform the work.

Technical Analysis of Airside Balancing

Airside balancing is the most visible aspect of TAB. It involves reconciling the total air volume delivered by the Air

Handling Unit (AHU) with the sum of the air delivered to individual terminal units (such as VAV boxes) and

eventually to the room diffusers.

The Physics of Airflow: Fan Laws

The relationship between fan speed, pressure, and power is governed by the Fan Laws, which are mathematical

models used by TAB technicians to predict system behavior after adjustments. Understanding these is vital for

achieving balance without over-pressurizing the system.



Law Number Property Relationship Mathematical Formula Impact on System

Law 1 Flow vs. Speed CFM ‚ = CFM • * (RPM ‚ / RPM •)Airflow is directly 
proportional to fan speed.

Law 2 Pressure vs. Speed SP ‚ = SP • * (RPM ‚ / RPM •)² Static pressure increases 
by the square of the speed.

Law 3 Power vs. Speed BHP ‚ = BHP • * (RPM ‚ / 
RPM •)³

Power consumption 
increases by the cube of 
the speed.

As demonstrated by the third law, a 10% increase in fan speed results in approximately a 33% increase in power

consumption. This highlights why precise balancing—and avoiding over-engineered flow rates—is essential for

energy conservation.

VAV (Variable Air Volume) System Balancing

Modern commercial buildings predominantly use Variable Air Volume (VAV)systems. Balancing these systems is

more complex than constant volume systems because the air volume fluctuates based on thermal load. The TAB

process for VAV systems typically involves:

1.  Total Air Measurement: Measuring the total output of the AHU at the design maximum.

2.  Inlet Vane or VFD Adjustment: Setting the fan speed to meet the total required CFM plus a small safety 

factor (usually 5-10%).

3.  Terminal Unit Calibration: Verifying the airflow sensors at each VAV box. Technicians must calibrate the "K-

factor" or flow coefficient within the Digital Array Control (DDC) system to ensure the reported CFM matches the 

actual measured CFM at the box.

4.  Diversity Factors: Calculating the "diversity" of the system—the reality that not all VAV boxes will be at 100% 

cooling simultaneously—and ensuring the fan can handle the diversified peak load.

Hydronic Systems: The Fluid Dynamics of Balancing

Hydronic balancing involves the distribution of water for heating and cooling. Like air, water follows the path of least

resistance. Without proper balancing, terminal units closest to the pump will receive excess flow (overflow), while

units at the end of the line will be starved (underflow).

The Role of Differential Pressure

Balancing is achieved through the measurement of Differential Pressure (9E�•across valves, strainers, or heat

exchangers. By comparing the measured 9E� against the manufacturer’s flow curves, a technician can determine the

exact GPM flowing through a circuit. Common methods include:

•  Proportional Balancing: Similar to air balancing, where branch circuits are balanced to each other before the 

main pump flow is adjusted.

•  Variable Speed Pumping: Modern systems use 9E��6Vç6÷'2��B�F†R�Ö÷7B�&VÖ÷FR��� t of the system to modulate 

the pump speed, ensuring only the necessary pressure is maintained to satisfy the "critical leg."

Procedural Execution: The Step-by-Step Field Guide

A rigorous TAB project follows a systematic workflow to ensure no component is overlooked. Per AABC and NEBB

procedural standards, the following steps are mandatory:



Phase 1: Pre-Balancing and Document Review

Before entering the field, the TAB professional must conduct a thorough review of the mechanical drawings and 

specifications. This includes identifying the location of all Volume Control Dampers (VCDs), fire/smoke dampers,

and flow measuring stations. A "balanceability" report is often issued at this stage to notify the contractor of missing

components that would prevent successful balancing.

Phase 2: System Inspection and Readiness

The technician must verify that the system is physically ready. This includes:Ensuring filters are clean (dirty filters

increase static pressure and skew readings).Checking that all fire dampers are open and functional.Verifying fan

rotation (a fan rotating backward will still move air, but at significantly reduced efficiency).Confirming that the

Building Automation System (BAS) is operational and can command dampers/valves.

Phase 3: Measurement and Data Collection

Using Pitot tube transverses in the main ductwork, the technician measures the total system airflow. A duct 

traverse is the most accurate method for determining total air volume, as it accounts for the velocity profile across 

the duct's cross-section. Following this, individual room measurements are taken using a Flow Hood (Velometer).

Phase 4: Proportional Balancing

The technician identifies the "low" branch and restricts the "high" branches until all branches are within +/- 10% of 

the design flow(per AABC standards). This iterative process continues until the entire system is in proportion.

Only then is the main fan speed reduced to the final design point to save energy.

Instrument Accuracy and Calibration

The validity of a TAB report is only as good as the instruments used. AABC National Standardsrequire that all

instruments be calibrated annually, with certificates of calibration traceable to the National Institute of Standards

and Technology (NIST). Key instruments include:

•  Manometers: For measuring static and total pressure (resolution of 0.001 in. w.g. is often required).

•  Thermal Anemometers: For measuring low-velocity airflow.

•  Ultrasonic Flow Meters: For non-invasive hydronic flow measurement.

•  Tachometers: For measuring fan and motor RPM.

Comparative Analysis: AABC vs. NEBB vs. TABB

While several organizations provide certification for TAB, they differ in their philosophies and requirements. The

following table compares the primary entities in the United States.



Feature AABC (Associated Air 
Balance Council)

NEBB (National 
Environmental Balancing 
Bureau)

TABB (Testing, Adjusting 
and Balancing Bureau)

Independence Strictly independent (Third 
Party)

Allows contractor-based 
firms

Affiliated with SMACNA/
Union contractors

Certification Level Firm and Individual (TBE) Firm and Individual (CP) Technician and 
Supervisory levels

Standards Focus National Standards for TSB Procedural Standards for 
TAB

HVAC Systems 
Commissioning/TAB

Recertification Required periodically with 
CEUs

Required periodically Competency-based via iTI

Common Failure Modes and Troubleshooting in TAB

Despite careful design, TAB technicians often encounter "System Effect"—a loss in performance caused by the

proximity of elbows or transitions to the fan inlet or outlet. This is a common real-world challenge that requires

technical troubleshooting.

Case Study: The Starved Terminal Unit

In a recent multi-story office project, the TAB report indicated that a specific VAV box on the 4th floor could only 

achieve 60% of its design airflow, even with its primary damper 100% open and the main fan at full speed. 

Diagnosis: The TAB technician performed a static pressure profile along the duct run and found a significant 

pressure drop across an unrecorded fire damper that had partially closed. Solution:The damper was reset and

locked. This highlights the TAB professional's role as a forensic engineer, identifying physical obstructions that the

BAS cannot see.

Dealing with System Effect

System Effect occurs when the air hasn't had enough distance to develop a uniform velocity profile before hitting a 

component. If an elbow is placed directly at a fan outlet, the fan may only deliver 80% of its rated capacity. TAB 

technicians must account for these losses using System Effect Curvesprovided by AMCA (Air Movement and

Control Association) to explain discrepancies between laboratory fan curves and field performance.

The Critical Link to Indoor Air Quality (IAQ) and ASHRAE

With the rise of health-conscious building design (such as WELL and LEED standards), TAB has become a 

cornerstone of ASHRAE 62.1 (Ventilation for Acceptable Indoor Air Quality) compliance. If a building is not 

balanced, it cannot guarantee that the minimum outdoor air (OA) requirements are met in every zone. TAB 

technicians must measure the outdoor air intake and ensure that the building maintains a slight positive pressure

(typically 0.05 inches of water gauge) relative to the outdoors. This prevents the infiltration of unfiltered air,

moisture, and pollutants through the building envelope.

Broader Implications for Building Sustainability

The modern engineering landscape is shifting toward continuous commissioning and automated balancing. 

However, the physical reality of fluid dynamics ensures that manual, professional TAB remains an indispensable 



phase of construction. A properly balanced system reduces the carbon footprint of a building by ensuring that every 

watt of electricity consumed by motors is translated into useful cooling or heating. As building codes become more 

stringent regarding energy performance, the role of the TAB agency—as an independent verifier of mechanical 

integrity—will only grow in significance. The AABC National Standardsprovide the necessary framework to

ensure that these measurements are not just numbers on a page, but a true reflection of a system's ability to serve

its occupants efficiently and safely.
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