
CONTENTS

ANSI/ASHRAE Standard 111-2008 (RA 2017)
Measurement, Testing, Adjusting, and Balancing of Building HVAC Systems

SECTION PAGE

Foreword................................................................................................................................................................... 2

1 Purpose .......................................................................................................................................................... 2

2 Scope ............................................................................................................................................................. 2

3 Definitions and Symbols ................................................................................................................................. 2

4 Instrumentation............................................................................................................................................... 3

5 Flow-Measuring and Balancing Devices ...................................................................................................... 15

6 System Effect ............................................................................................................................................... 19

7 Air System Measurements ........................................................................................................................... 25

8 Hydronic Measurements............................................................................................................................... 36

9 Air Testing, Adjusting, and Balancing........................................................................................................... 40

10 Hydronic Testing and Balancing................................................................................................................... 47

11 Equipment Field Testing............................................................................................................................... 48

12 Reporting Procedures and Forms ................................................................................................................ 51

13 Commissioning for Test and Balances ......................................................................................................... 57

14 References ................................................................................................................................................... 58

Informative Appendix A: Bibliography................................................................................................................. 58

Informative Appendix B: Sample Specifications ................................................................................................. 59

Informative Appendix C: System Effect .............................................................................................................. 60

Informative Appendix D: Air Measurements ....................................................................................................... 61

Informative Appendix E: Pumps ......................................................................................................................... 81

NOTE

Approved addenda, errata, or interpretations for this standard can be downloaded free of charge from the ASHRAE
website at www.ashrae.org/technology.

© 2017 ASHRAE
1791 Tullie Circle NE · Atlanta, GA 30329 · www.ashrae.org · All rights reserved.

ASHRAE is a registered trademark of the American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc.
ANSI is a registered trademark of the American National Standards Institute.

© ASHRAE. Per international copyright law, additional reproduction, distribution, or transmission in either 
print or digital form is not permitted without ASHRAE's prior written permission.



2 ANSI/ASHRAE Standard 111-2008 (RA 2017)

(This foreword is not part of this standard. It is merely
informative and does not contain requirements necessary
for conformance to the standard. It has not been
processed according to the ANSI requirements for a
standard and may contain material that has not been
subject to public review or a consensus process.
Unresolved objectors on informative material are not
offered the right to appeal at ASHRAE or ANSI.)

FOREWORD

ANSI/ASHRAE Standard 111 was first published in
1988 with the title Practices for Measurement, Testing,
Adjusting, and Balancing of Building Heating, Ventilation,
Air-Conditioning, and Refrigeration Systems. At the time of
publication, the cognizant Technical Committee was TC 9.7,
Testing and Balancing, which is now designated as Technical
Committee 7.7. In 1992 the TC recommended that the stan-
dard be rewritten for testing and balancing in order to
update procedures for the industry and to aid design engi-
neers in writing a testing and balancing specification that
would encompass the design ramifications of present-day
HVAC systems.

Field test results are considered essential to designers,
manufacturers, and installers to better enable them to evaluate
the results of their design, equipment performance, and instal-
lation techniques under actual operating conditions. The 2008
edition of the standard updated the testing procedures for air,
hydronics, and control verification; identified new instrumen-
tation used in testing; and incorporated the findings of several
research projects that had established new means for testing.
The standard was also updated to suggest how the Test and
Balance Agency could interface with the Commissioning team.

This current version is a reaffirmation of Standard 111-
2008. This standard was prepared under the auspices of
ASHRAE. It may be used, in whole or in part, by an associa-
tion or government agency with due credit to ASHRAE.
Adherence is strictly on a voluntary basis and merely in the
interests of obtaining uniform guidelines throughout the
industry. This version of the reaffirmation has no changes.

This standard covers causes affecting a system's perfor-
mance. Its intent is to convey the message that field testing can
be repeated but will not necessarily provide the accuracy of
factory testing. However, when the proper conditions exist—
good engineering practices, realistic ratings, and good crafts-
manship installation—adequate results can be obtained to sat-
isfy a given set of design conditions within a reasonable set of
limitations. Testing and balancing provides the means to
determine and monitor system performance and may be uti-
lized repeatedly long after the project is completed.

Testing and balancing reports provide many benefits that
can be used

a. to assist personnel responsible for the efficient operation
of HVAC systems;

b. to provide a record of existing conditions;
c. to compare periodic tests to original conditions as a way

to determine possible system deterioration or reduced
efficiency;

d. to establish operating conditions whenever modifications
or changes are made in the HVAC system;

e. to determine existing conditions for base energy-level cal-
culations used in energy conservation programs;

f. to create procedures and reports that can be used to verify
energy conservation results; and

g. to provide a comparison of design versus actual field per-
formance.

1. PURPOSE

To provide uniform procedures for measurement, testing,
adjusting, balancing, evaluating, and reporting the perfor-
mance of building heating, ventilating, and air-conditioning
systems in the field.

2. SCOPE

2.1 This standard applies to building heating, ventilating,
and air-conditioning (HVAC) systems of the air-moving and
hydronic types and their associated heat transfer, distribution,
refrigeration, electrical power, and control subsystems.

2.2 This standard includes

a. methods for determining thermodynamic, hydraulic,
hydronic, mechanical, and electrical conditions;

b. methods for determining room air-change rates, room
pressurization, and cross contamination of spaces;

c. procedures for measuring and adjusting outdoor ventila-
tion rates to meet specified requirements; and

d. methods for validating collected data while considering
system effects.

2.3 This standard establishes

a. minimum system configuration requirements to ensure
that the system can be field tested and balanced;

b. minimum instrumentation required for field measure-
ments;

c. procedures for obtaining field measurements in HVAC
testing and balancing and equipment testing; and

d. formats for recording and reporting results.

2.4 The field data collected and reported under this standard
are intended for use by building designers, operators, and
users, and by manufacturers and installers of HVAC systems.

3. DEFINITIONS AND SYMBOLS

The following terms are used in this standard as they are
defined below. For definitions of other technical terms, refer
to the ASHRAE Terminology of Heating, Ventilation, Air
Conditioning, and Refrigeration.

Ak factor: the effective area of an air terminal, which is equal
to the measured airflow rate divided by the velocity reading of
a particular instrument used in a prescribed manner.

fan velocity pressure: the velocity pressure corresponding to
the average velocity through the fan outlet; the kinetic energy
per unit volume of air exiting the fan.
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