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SPECIAL NOTE

This American National Standard (ANS) is a national voluntary consensus standard developed under the auspices of the American
Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE). Consensus is defined by the American National Standards
Institute (ANSI), of which ASHRAE is a member and which has approved this standard as an ANS, as “substantial agreement reached
by directly and materially affected interest categories. This signifies the concurrence of more than a simple majority, but not necessarily
unanimity. Consensus requires that all views and objections be considered, and that an effort be made toward their resolution.”
Compliance with this standard is voluntary until and unless a legal jurisdiction makes compliance mandatory through legislation.

ASHRAE obtains consensus through participation of its national and international members, associated societies, and public
review.

ASHRAE Standards are prepared by a Project Committee appointed specifically for the purpose of writing the Standard. The
Project Committee Chair and Vice-Chair must be members of ASHRAE; while other committee members may or may not be ASHRAE
members, all must be technically qualified in the subject area of the Standard. Every effort is made to balance the concerned interests
on all Project Committees.

The Manager of Standards of ASHRAE should be contacted for:

a. interpretation of the contents of this Standard,

b. participation in the next review of the Standard,

c. offering constructive criticism for improving the Standard,
d. permission to reprint portions of the Standard.

DISCLAIMER

ASHRAE uses its best efforts to promulgate Standards and Guidelines for the benefit of the public in light of available
information and accepted industry practices. However, ASHRAE does not guarantee, certify, or assure the safety or
performance of any products, components, or systems tested, installed, or operated in accordance with ASHRAE’s Standards
or Guidelines or that any tests conducted under its Standards or Guidelines will be nonhazardous or free from risk.

ASHRAE INDUSTRIAL ADVERTISING POLICY ON STANDARDS

ASHRAE Standards and Guidelines are established to assist industry and the public by offering a uniform method of
testing for rating purposes, by suggesting safe practices in designing and installing equipment, by providing proper definitions
of this equipment, and by providing other information that may serve to guide the industry. The creation of ASHRAE Standards
and Guidelines is determined by the need for them, and conformance to them is completely voluntary.

In referring to this Standard or Guideline and in marking of equipment and in advertising, no claim shall be made, either
stated or implied, that the product has been approved by ASHRAE.
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(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 pro-
cessed according to the ANSI requirements for a stan-
dard and may contain material that has not been subject
to public review or a consensus process.)

FOREWORD

Standard 55-2004, “Thermal Environmental Conditions
for Human Occupancy,” is a revision of Standard 55-1992.
The standard specifies conditions in which a specified fraction
of the occupants will find the environment thermally accept-
able. The revision is a consensus standard that has undergone
public and ASHRAE review, it incorporates the relevant
research and experience gained since the 1992 revision. Such
changes include the addition of the PMV/PPD calculation
methods and the concept of adaptation. The standard is
intended for use in design, commissioning, and testing of
buildings and other occupied spaces and their HVAC systems
and for the evaluation of thermal environments. Because it is
not possible to prescribe the metabolic rate of occupants, and
because of variations in occupant clothing levels, operating
setpoints for buildings cannot be practically mandated by this
standard.

The designer may choose, in agreement with the owner or
owner’s representative (e.g., owner’s agent, developer, or
equivalent), the level of thermal comfort and appropriate
exceedance. The selected design criteria will influence the
HVAC system design and may also influence the building
design. This standard may also be used for evaluation of exist-
ing thermal environments in buildings, during experimental
conditions, and for the development and testing of products.

This standard is in close agreement with ISO Standards
7726" and 7730.2

1. PURPOSE

The purpose of this standard is to specify the combina-
tions of indoor thermal environmental factors and personal
factors that will produce thermal environmental conditions
acceptable to a majority of the occupants within the space.

2. SCOPE

2.1 The environmental factors addressed in this standard are
temperature, thermal radiation, humidity, and air speed; the
personal factors are those of activity and clothing.

2.2 It is intended that all of the criteria in this standard be
applied together since comfort in the indoor environment is
complex and responds to the interaction of all of the factors
that are addressed.

2.3 This standard specifies thermal environmental condi-
tions acceptable for healthy adults at atmospheric pressure
equivalent to altitudes up to 3000 m (10,000 ft) in indoor
spaces designed for human occupancy for periods not less
than 15 minutes.

2.4 This standard does not address such nonthermal envi-
ronmental factors as air quality, acoustics, and illumination or
other physical, chemical, or biological space contaminants
that may affect comfort or health.

3. DEFINITIONS

adaptive model: a model that relates indoor design tempera-
tures or acceptable temperature ranges to outdoor meteorolog-
ical or climatalogical parameters.

air speed: the rate of air movement at a point, without regard
to direction.

clo: a unit used to express the thermal insulation provided by
garments and clothing ensembles, where 1 clo=0.155 m? °C/
W (0.88 ft>h-°F/Btu).

comfort, thermal: that condition of mind which expresses
satisfaction with the thermal environment and is assessed by
subjective evaluation.

draft: the unwanted local cooling of the body caused by air
movement.

draft rate (DR): percentage of people predicted to be dissat-
isfied due to draft.

environment, thermal: the characteristics of the environment
that affect a person's heat loss.

environment, acceptable thermal: an environment that a
substantial majority of the occupants would find thermally
acceptable.

garment: a single piece of clothing.

humidity ratio: the ratio of the mass of water vapor to the mass
of dry air in a given volume.

humidity, relative (RH): the ratio of the partial pressure (or
density) of the water vapor in the air to the saturation pressure
(or density) of water vapor at the same temperature and the
same total pressure.

insulation, clothing/ensemble (I ): the resistance to sensible
heat transfer provided by a clothing ensemble. Expressed in
clo units. Note: The definition of clothing insulation relates to
heat transfer from the whole body and, thus, also includes the
uncovered parts of the body, such as head and hands.

insulation, garment (1, ): the increased resistance to sensi-
ble heat transfer obtained from adding an individual garment
over the nude body. Expressed in clo units.

met: a unit used to describe the energy generated inside the
body due to metabolic activity, defined as 58.2 W/m? (18.4
Btu/h~ft2), which is equal to the energy produced per unit
surface area of an average person, seated at rest. The surface
area of an average person is 1.8 m? (19 ftz).

metabolic rate (M): the rate of transformation of chemical
energy into heat and mechanical work by metabolic activities
within an organism, usually expressed in terms of unit area of
the total body surface. In this standard, this rate is expressed
in met units.
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naturally conditioned spaces, occupant controlled: those
spaces where the thermal conditions of the space are regulated
primarily by the opening and closing of windows by the occu-
pants.

neutrality, thermal: the indoor thermal index value corre-
sponding with a mean vote of neutral on the thermal sensation
scale.

percent dissatisfied (PD): percentage of people predicted to
be dissatisfied due to local discomfort.

predicted mean vote (PMV): an index that predicts the mean
value of the votes of a large group of persons on the seven-
point thermal sensation scale.

predicted percentage of dissatisfied (PPD): an index that
establishes a quantitative prediction of the percentage of ther-
mally dissatisfied people determined from PMV.

radiant temperature asymmetry: the difference between the
plane radiant temperature of the two opposite sides of a small
plane element.

response time (90%): the time for a measuring sensor to reach
90% of the final value after a step change. For a measuring
system that includes only one exponential time-constant func-
tion, the 90% response time equals 2.3 times the “time
constant.”

sensation, thermal: a conscious feeling commonly graded
into the categories cold, cool, slightly cool, neutral, slightly
warm, warm, and hot; it requires subjective evaluation.

step change: an incremental change in a variable, either by
design or as the result of an interval between measurement;
typically, an incremental change in a control setpoint.

temperature, air (t,): the temperature of the air surrounding
the occupant.

temperature, dew point (ty,): the temperature at which moist
air becomes saturated (100% relative humidity) with water
vapor (pyg, = p,) When cooled at constant pressure.

temperature, mean monthly outdoor air (¢, ): When used
as input variable in Figure 5.3.1 for the adaptive model, this
temperature is based on the arithmetic average of the mean
daily minimum and mean daily maximum outdoor (dry-bulb)
temperatures for the month in question.

temperature, mean radiant (t.): the uniform surface temper-
ature of an imaginary black enclosure in which an occupant
would exchange the same amount of radiant heat as in the
actual nonuniform space; see Section 7.2 for information on
measurement positions.

temperature, operative (t,): the uniform temperature of an
imaginary black enclosure in which an occupant would
exchange the same amount of heat by radiation plus convec-
tion as in the actual nonuniform environment; see Section 7.2
for information on body position within the imaginary enclo-
sure.
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temperature, plane radiant (t,,.): the uniform temperature of
an enclosure in which the incident radiant flux on one side of
a small plane element is the same as in the existing environ-
ment.

time constant: the time for a measuring sensor to reach 63%
of the final value after a step change.

turbulence intensity (Tu): the ratio of the standard devia-
tion of the air speed (SD,) to the mean air speed (v). Turbu-
lence intensity may also be expressed in percent (i.e., Tu =
[SD, /v,] - 100).

water vapor pressure (p,): the pressure that the water vapor
would exert if it alone occupied the volume occupied by the
humid air at the same temperature.

water vapor pressure, saturated dewpoint (psgy,): the water
vapor pressure at the saturation temperature corresponding to
the reference pressure and without any liquid phase.

velocity, mean (v, ): an average of the instantaneous air veloc-
ity over an interval of time.

velocity, standard deviation (SD,): ameasure of the scatter of
the instantaneous air velocity around the mean air velocity in
a frequency distribution, defined as the square root of the
arithmetic average of a set of square values of the difference
between the instantaneous air velocity and the mean air veloc-
ity. The standard deviation is based on individual values of air
speed that represent an average over no more than two seconds
each.

zone, occupied: the region normally occupied by people
within a space, generally considered to be between the floor
and 1.8 m (6 ft) above the floor and more than 1.0 m (3.3 ft)
from outside walls/windows or fixed heating, ventilating, or
air-conditioning equipment and 0.3 m (1 ft) from internal
walls.

4. GENERAL REQUIREMENTS

Use of this standard is specific to the space being consid-
ered and the occupants of that space. Any application of this
standard must specify the space to which it applies or the loca-
tions within that space to which it applies, if not to the entire
space. Any application of this standard must identify the occu-
pants (who must have a residency of more than 15 minutes in
the space) to which it applies.

The activity and clothing of the occupants must be consid-
ered in applying this standard. When there are substantial
differences in physical activity and/or clothing for occupants
of a space, these differences must be considered.

It may not be possible to achieve an acceptable thermal
environment for all occupants of a space due to individual
differences, including activity and/or clothing. If the require-
ments are not met for some known set of occupants, then these
occupants must be identified.



