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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO

technical committees. Each member body interested in a subject for which a technical committee has

been

established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the

International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
International $tandards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main tagk of technical committees is to prepare International Standards. Draft International Star
adopted by the technical committees are circulated to the member bodies for voting\ Publication
International $tandard requires approval by at least 75 % of the member bodies casting a vote.

Attention is dfawn to the possibility that some of the elements of this document may be the subject of
rights. ISO shill not be held responsible for identifying any or all such patent rights.

ISO 7730 wag prepared by Technical Committee ISO/TC 159, Ergonomics, Subcommittee SC 5, Ergon
of the physicgl environment.

This third edjtion cancels and replaces the second edition (1ISO<7730:1994), which has been tech
revised. A mgthod for long term evaluation has been added, as well as information on local thermal disc
non-steady-state conditions and adaptation, and an annex stating how thermal comfort requirements g
expressed in different categories.
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Introduction

This International Standard covering the evaluation of moderate thermal environments was

730:2005(E)

developed in

parallel with the revised ASHRAE") standard 55 and is one of a series of ISO documents specifying methods

for the measurement and evaluation of the moderate and extreme thermal environments to

which human

beings are exposed (ISO 7243, 1ISO 7933 and ISO/TR 11079, all three dealing with extreme environmental

conditions, are others in the series).

A human being's thermal sensation is mainly related to the thermal balance of his or her®od

y as a whole.

This Balance is influenced by physical activity and clothing, as well as the environmental parameters: air

tempgrature, mean radiant temperature, air velocity and air humidity. When these.factor|
estimated or measured, the thermal sensation for the body as a whole can be predicted by g
predigted mean vote (PMV). See Clause 4.

The pgredicted percentage dissatisfied (PPD) index provides information on)thermal discomfq

5 have been
alculating the

brt or thermal

dissatjsfaction by predicting the percentage of people likely to feel too warm_or too cool in a given environment.

The PPD can be obtained from the PMV. See Clause 5.
Ther
local
local g
Claus

liscomfort factors are radiant temperature asymmetry (cold or warm surfaces), draught
b 6 specifies how to predict the percentage dissatisfied-owing to local discomfort paramete
Dissatfisfaction can be caused by hot or cold discomfort for the body as a whole. Comfort lim

case pe expressed by the PMV and PPD indices)\ But thermal dissatisfaction can also be ca
thermpl discomfort parameters. Clause 7 deals.with acceptable thermal environments for comfor

Claus
condifjons such as transients (temperaturé steps), cycling temperatures or temperature ramps
in Clause 8. The thermal environments:in buildings or at workplaces will change over time an
alwayp be possible to keep conditions within recommended limits. A method for long-term
thermpl comfort is given in Clause-9.

Clausg 10 gives recommefidations on how to take into account the adaptation of people when ¢
desiging buildings and systems.

al discomfort can also be caused by unwanted local coolingcor heating of the body. The most common

(defined as a

ooling of the body caused by air movement), vertical airtemperature difference, and cold ¢r warm floors.

[S.

ts can in this
used by local
"

bs 6 and 7 are based mainly on.:steady-state conditions. Means of evaluating non-steady-state

are presented
d it might not
evaluation of

valuating and

1)

American Society of Heating, Refrigerating and Air-conditioning Engineers.
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INTERNATIONAL STANDARD

ISO 7730:2005(E)

Ergonomics of the thermal environment — Analytical
determination and interpretation of thermal comfort using
calculation of the PMV and PPD indices and local thermal
comfort criteria

1 S

This |
discor

cope

hternational Standard presents methods for predicting the general thermal sensation g

analytical determination and interpretation of thermal comfort using calculationy of PMV (predictq
PD (predicted percentage of dissatisfied) and local thermal comfort criteria, giving the

and
condi
is app
but w
asses
other

consid
geogr

2 N

The f
refere

document (including any amendments) applies.

ISO 1

ISO/T]
to corl

ISO/T
peopl

hfort (thermal dissatisfaction) of people exposed to moderate thermal énvironments. |

ons considered acceptable for general thermal comfort as well as those representing loca
licable to healthy men and women exposed to indoor environmnents where thermal comfo
here moderate deviations from thermal comfort occur, in/the design of new environ
sment of existing ones. Although developed specifically-for the work environment, it is
kinds of environment as well. It is intended to be used with reference to ISO/TS 14415:20
ering persons with special requirements, such as th@se with physical disabilities. Ethn
bphical differences need also to be taken into account when considering non-conditioned s

ormative references

bllowing referenced documents areindispensable for the application of this docume
hces, only the edition cited applies. For undated references, the latest edition of th
B731, Ergonomics of the thermal environment — Vocabulary and symbols

S 13732-2, ErgonomiCs of the thermal environment — Methods for the assessment of hum
tact with surfaces<- Part 2: Human contact with surfaces at moderate temperature

S 14415:2005; Ergonomics of the thermal environment — Application of International
b with spécial requirements

3

Tlefms and definitions

nd degree of

enables the
d mean vote)
environmental
discomfort. It
it is desirable,
ments or the
applicable to
05, 4.2, when
ic, national or
paces.

ht. For dated
e referenced

an responses

Standards to

For the purposes of this document, the terms and definitions given in ISO 13731 and the following apply.

31

temperature cycle
variable temperature with a given amplitude and frequency

3.2

drift temperature
passive monotonic, steady, non-cyclic change in the operative temperature of an enclosed space

© I1SO 2005 — All rights reserved
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3.3

05(E)

ramp temperature
actively controlled monotonic, steady, non-cyclic change in the operative temperature of an enclosed space

3.4

operative temperature

lo

uniform temperature of an imaginary black enclosure in which an occupant would exchange the same amount
of heat by radiation and convection as in the actual non-uniform environment

3.5
transient tem

perature

sudden chang

3.6
draught

unwanted local cooling of the body caused by air movement

4 Predicted mean vote (PMV)

4.1 Determination

The PMV is
thermal sens

e in the thermal conditions due to step change in temperature, humidity, activity or clothing

n index that predicts the mean value of the votes of a large group of persons on the 7-point
tion scale (see Table 1), based on the heat balance 6f-the human body. Thermal balapce is

obtained whep the internal heat production in the body is equal tocthe loss of heat to the environment. In a
moderate enyironment, the human thermoregulatory system “will automatically attempt to modify skin

temperature 3

nd sweat secretion to maintain heat balance.

Table 1 — Seven-point thermal sensation scale

+ 3-\|\Hot

+2 |Warm

+1 | Slightly warm

0 |Neutral
—1 |Slightly cool
-2 | Cool
-3 |Cold

© I1SO 2005 — All rights reserved
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Calculate the PMV using Equations (1) to (4):

PMV =[0,303-exp(-0,036 - M)+0,028]-

(M-w)-3,05-107°.[5733-6,99-(M —W)- p, |-0,42-[ (M —W)-58,15 |
~1,7-107°-M -(5867 - p,)—-0,0014-M (34 —1,)
-3,96-1078. 1, -[(tc, +273)4 -(% +273)4}—fc| che (tg —ta)

1238 g - 1" for 2,38 15" > 121 frgr
0,25

=
©
|

12,1 \var for  2,38-|rg —t,] 7 <121 vy

10041290/,  for/y< 0,078 m2 KW
-

® 1105406451,  forly >0,078 M2 -K/W
where

M is the metabolic rate, in watts per square metre (W/m?2);

Jfq is the clothing surface area factor;

t{ is the air temperature, in degrees Celsius (°C);

f} is the mean radiant tempetature, in degrees Celsius (°C);
vi, is the relative air velocity, in metres per second (m/s);

pk is the water yapour partial pressure, in pascals (Pa);

t4 is the clothing surface temperature, in degrees Celsius (°C).

d

NOTE 1 metabolic unit = 1 met = 58,2 W/m?; 1 clothing unit = 1 clo = 0,155 m? - °C/W.

W is the effective mechanical power, in watts per.square metre (W/m?2);

is the clothing insulation, in square metreskelvin per watt (m2 - K/W);

hl is the cofvéctive heat transfer coefficient, in watts per square metre kelvin [W/(m?2 - K)];

ISO 7730:2005(E)

(1)

()

(©)

(4)

PMV may be calculated for different combinations of metabolic rate, clothing insulation, air temperature, mean
radiant temperature, air velocity and air humidity (see ISO 7726). The equations for ¢, and 4, may be solved

by iteration.

The PMV index is derived for steady-state conditions but can be applied with good approximation during minor
fluctuations of one or more of the variables, provided that time-weighted averages of the variables during the

previous 1 h period are applied.

The index should be used only for values of PMV between -2 and +2, and when the six main parameters are

within the following intervals:

M 46 W/m2 to 232 W/mZ2 (0,8 met to 4 met);

© I1SO 2005 — All rights reserved
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Iy 0m2-K/W to 0,310 m2 - K/W (O clo to 2 clo);
ty 10°Cto 30 °C;
7. 10°Cto 40 °C;
var 0m/sto1mfs;
py 0Pato 2700 Pa.
ZIOTEht In respect of v, during light, mainly sedentary, activity, a mean velocity within this range can be felt as a
raught.

Estimate the

metabolic rate using 1SO 8996 or Annex B, taking into account the type of work. FaonV

arying

metabolic rat¢s, a time-weighted average should be estimated during the previous 1 h period (Estimgte the

thermal resist

Determine the

ance of clothing and chair using ISO 9920 or Annex C, taking into account the time, of year

PMV in one of the following ways.

a) From Eqpation (1) using a digital computer. A BASIC program is given in Annex/D for this purpose. For
verificatign of other computer programs, Annex D provides example output.

b) Directly from Annex E, where tables of PMV values are given for.different combinations of aftivity,
clothing, pperative temperature and relative velocity.

c) By directimeasurement, using an integrating sensor (equivalent-and operative temperatures).

The PMV vallies given in Annex E apply for a relative humidity\of 50 %. The influence of humidity on th

sensation is

determining the PMV value (see Annex F).

4.2 Applic

small at moderate temperatures close to -comfort and may usually be disregarded

ations

ermal
when

The PMV can be used to check whether a given thermal environment complies with comfort criteria (see

Clause 7 and

By setting P
environmenta

5 Predicted percentage dissatisfied (PPD)

The PMV preg
environment.
the number o

Annex A), and to establish requirements for different levels of acceptability.

MV =0, an equation_is—established which predicts combinations of activity, clothin
parameters which on\average will provide a thermally neutral sensation.

dicts thesmean value of the thermal votes of a large group of people exposed to the
Butcindividual votes are scattered around this mean value and it is useful to be able to |
people likely to feel uncomfortably warm or cool.

j and

same
redict

The PPD is an index that establishes a quantitative prediction of the percentage of thermally dissatisfied
people who feel too cool or too warm. For the purposes of this International Standard, thermally dissatisfied
people are those who will vote hot, warm, cool or cold on the 7-point thermal sensation scale given in Table 1.

With the PMV value determined, calculate the PPD using Equation (5), see Figure 1:

PPD =100 -95-exp(-0,033 53 - PMV* —0,217 9- PMV ?) (5)

© I1SO 2005 — All rights reserved
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80 —

40
30

PPD
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Key
PMV |predicted mean vote

PPD |predicted percentage dissatisfied, %

0 0,5 1 1,5

Figure 1 — PPDas function of PMV

S |

2 PM

The PPD predicts the number of thermally:dissatisfied persons among a large group of people. The rest of the
group|will feel thermally neutral, slightly. warm or slightly cool. The predicted distribution of votes is given in

Table|2.

Table 2 — Distribution of individual thermal sensation votes for different values of m¢an vote

RMV PPD Persons predicted to vote @
%
0 -1,00r+1 -2,-1,00 +1 or +2

2 75 5 25 10
1 25 30 75 95
0,5 10 55 90 98
0 5 60 95 100
-0,5 10 55 90 98
-1 25 30 75 95
-2 75 5 25 70

@  Based on experiments involving 1 300 subjects.

© I1SO 2005 — All rights reserved
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6 Local thermal discomfort

6.1 General

The PMV and PPD express warm and cold discomfort for the body as a whole. But thermal dissatisfaction can
also be caused by unwanted cooling or heating of one particular part of the body. This is known as /ocal
discomfort. The most common cause of local discomfort is draught (6.2). But local discomfort can also be
caused by an abnormally high vertical temperature difference between the head and ankles (6.3), by too warm
or too cool a floor (6.4), or by too high a radiant temperature asymmetry (6.5). Annex A provides examples of

local and overall thermal comfort requirements for different categories of environment and types of space.

It is mainly pgopte @ i ; Rermal
sensation for [the whole body close to neutral. At higher levels of activity, people are less thermally-sepsitive
and consequently the risk of local discomfort is lower.
6.2 Draught
The discomfdrt due to draught may be expressed as the percentage of people predicted to be bothered by
draught. Calcplate the draught rate (DR) using Equation (6) (model of draught):
- 0,62 -

DR =(34-15))(va1-0,05) " (0,37 va, - Tu+314) (6)

For v,,40,05 m/s: use v, = 0,05 m/s

For DR >[100 %: use DR =100 %
where

ta) s the local air temperature, in degrees Celsius;-20 °C to 26 °C;

V4 is the local mean air velocity, in metres(per second, < 0,5 m/s;

Tu is the local turbulence intensity, inspercent, 10 % to 60 % (if unknown, 40 % may be used).
The model applies to people at light, mainly sedentary activity with a thermal sensation for the wholg body
close to neutral and for prediction‘\of draught at the neck. At the level of arms and feet, the model|could
overestimate fthe predicted draughtrate. The sensation of draught is lower at activities higher than sedgentary
(> 1,2 met) and for people feeling warmer than neutral. Additional information on the effect of air velocity can
be found in Apnex G.
6.3 Vertical air temperature difference
A high verticdl air,temperature difference between head and ankles can cause discomfort. Figure 2 shoys the
percentage dissatisfted (PD) as—afunctionof-the-verticatait tclllpclatulc differencebetweenmhead-and-ankles.

The figure applies when the temperature increases upwards. People are less sensitive under decreasing

temperatures.

Determine the PD using Equation (7):

100

:’I+

exp(5,76 - 0,856 - Ar,, )

(7)

Equation (7), derived from the original data using logistic regression analysis, should only be used at

Aty <8°C.

© I1SO 2005 — All rights reserved
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80 |-
60 |-

40 -

Key
PD |percentage dissatisfied, %
Aty |vertical air temperature difference between head and feet, °C

Figure 2 — Local discomfort caused by vertical air temperature difference

© I1SO 2005 — All rights reserved 7
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6.4 Warm and cool floors

If the floor is too warm or too cool, the occupants could feel uncomfortable owing to thermal sensation of their
feet. For people wearing light indoor shoes, it is the temperature of the floor rather than the material of the
floor covering which is important for comfort. Figure 3 shows the percentage dissatisfied as a function of the
floor temperature, based on studies with standing and/or sedentary people.

[ay

Key
PD percentage dissatisfied, %
t floor temperature, °C

Figure 3 — Local thermal discomfort caused by warm or cold floors

For people sitting or lyingon the floor, similar values may be used. Determine the PD using Equatipn (8),
derived from the originakdata using non-linear regression analysis:

PD =100 - 94 ‘&xp(~1,387 + 0,118, —0,002 5 17) (8)

For longer occupancy the results are not valid for electrically heated floors.

NOTE By electrical heating, a certain heat input is provided independent of the surface temperature. A water-based
heating system will not produce temperatures higher than the water temperature.

For spaces that people occupy with bare feet, see ISO/TS 13732-2.

8 © I1SO 2005 — All rights reserved
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Radiant asymmetry

Radiant asymmetry (A7) can also cause discomfort. People are most sensitive to radiant asymmetry caused
by warm ceilings or cool walls (windows). Figure 4 shows the percentage dissatisfied as a function of the
radiant temperature asymmetry caused by a warm ceiling, a cool wall, a cool ceiling or by a warm wall. For
horizontal radiant asymmetry, Figure 4 applies from side-to-side (left/right or right/left) asymmetry, the curves
providing a conservative estimate of the discomfort: no other positions of the body in relation to the surfaces
(e.g. front/back) cause higher asymmetry discomfort. Determine the PD using Equations (9) to (12), as
applicable.

a) Warm ceiling

Al
b) C
A
c) C
A

D 100 55
1+exp(2,84-0,174- At )
for <23 °C
ool wall
D 100
1+exp(6,61-0,345- Aty )
for < 15°C
ool ceiling
D 100
1+exp(9,93-0,50 - Aty )
for < 15 °C
d) Warm wall
100 35

A

Equat
used
to acc

D =
1+ exp(3,72.10,052- Ary,)
for < 35 °C

ons (9) t6,(12) were derived from the original data using logistic regression analysis, and
beyond the ranges shown above. Those for a) (warm ceiling) and for d) (warm wall) have
punt.for discomfort not caused by radiant asymmetry. See Figure 4.

9)

(10)

(11)

(12)

should not be
been adjusted

© I1SO 2005 — All rights reserved
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[a)]
D_“

80 |-
60 1 2

40

[e3)
[

0 5 10 15 20 25 30 35 At

PD percentage dissatisfied, %
Aty radiant t¢mperature asymmetry, °C

1 Warm cqiling.
2 Cool wall.

3 Cool ceiljng.
4 Warm wall.

Higure 4 — Local thermal discomfort caused by radiant temperature asymmetry

7 Acceptpble thermal environments for comfort

Thermal conffort is that condition of mind which expresses satisfaction with the thermal environment.
Dissatisfaction can be caused by warm or cool discomfort of the body as a whole, as expressed by the PMV
and PPD, or iy an unwanted cooling (or heating) of one particular part of the body.

There will always, be a percentage dissatisfied occupants. But it is possible to specify environments predicted

to be acceptaulc by acertain percet |tclgc of-the occupat 1tS-

Due to indivJIuaI differences, it is impossible to specify a thermal environment that will satisfy everybody.

Often it will be the same persons who are sensitive to different types of local discomfort. For instance, a
person sensitive to draught may also be sensitive to local cooling caused by radiant asymmetry or by a cold
floor. Such a cold-sensitive person may also more easily experience cool discomfort for the body as a whole.
Therefore, the PPD, DR or PD caused by other types of local discomfort should not be added.

Due to local or national priorities, technical developments and climatic regions, a higher thermal quality (fewer
dissatisfied) or lower quality (more dissatisfied) in some cases may be accepted. In such cases, the PMV and
PPD, the model of draught, the relation between local thermal discomfort parameters (see Clause 6), and the
expected percentage of dissatisfied people may be used to determine different ranges of environmental
parameters for the evaluation and design of the thermal environment.

Examples of different categories of requirements are given in Annex A.

10 © ISO 2005 — All rights reserved
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8 Non-steady-state thermal environments

8.1

General

730:2005(E)

The basis for the methods given in the preceding clauses is steady-state conditions. The thermal environment
is, however, often in a non-steady-state and the question arises as to whether the methods then apply. Three
types of non-steady-state conditions can occur: temperature cycles, temperature drifts or ramps, and

transients.

8.2 Temperature cycles

Tempgrature cycles can occur due to the control of the temperature in a space. If the peak-to-pe

less than 1 K, there will be no influence on the comfort and the recommendations for steady-

used. Higher peak variations can decrease comfort.

8.3 [Temperature drifts or ramps

If the[rate of temperature change for drifts or ramps is lower than 2,0 K/h,~the methods fo

variation apply.

8.4 [Transients

In genferal, the following statements regarding transients can be:made.

— Al step-change of operative temperature is felt instantaneously.

— After an up-step in operative temperature, the,“new steady-state thermal sensation ig
immediately, i.e. the PMV-PPD can be used to.predict comfort.

— Fpllowing a down-step in operative temperature, the thermal sensation drops at first to a
the one predicted by PMV, then increases and reaches under steady-state conditions thg
Igvel after approximately 30 min, i.e..the PMV-PPD predicts values that are too high for th
The time to reach a new steady-state condition depends on the initial conditions.

9 Long-term evaluation of the general thermal comfort conditions

Differ¢nt categories of-géneral comfort may be specified as ranges for the PMV-PPD (see Annex

If thege criteria are~to be met, including extreme situations, the heating- and/or cooling capacity
(heatipg, ventilation, air-conditioning) installation should be relatively high. Economic and/or
considerations. can lead to acceptable limited time intervals during which the PMV will be al
outside the specified ranges.

ak variation is
state may be

steady-state

experienced

level beneath
b steady-state
e first 30 min.

A).

of any HVAC
environmental
owed to stay

By computer simulation or measurements, comfort conditions are often tested during longer periods for
different types of building and/or HVAC design. The need here is to specify a characteristic value for the long-
term comfort conditions for comparison of designs and performances.

For this purpose, a non-exhaustive list of methods that could be applied is presented in Annex H.

© I1SO 2005 — All rights reserved
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10 Adaptation

In determining the acceptable range of operative temperature according to this International Standard, a
clothing insulation value that corresponds to the local clothing habits and climate shall be used.

In warm or cold environments, there can often be an influence due to adaptation. Apart from clothing, other
forms of adaptation, such as body posture and decreased activity, which are difficult to quantify, can result in
the acceptance of higher indoor temperatures. People used to working and living in warm climates can more
easily accept and maintain a higher work performance in hot environments than those living in colder climates
(see ISO 7933 and ISO 7243).

Extended accnpfahlo environments may be. applinrl for nf\f\npanf r\r\nl’rnllnrl, nahurally r\nnrlil’ir\nnrl’ spaces in

warm climatg regions or during warm periods, where the thermal conditions of the space are_regulated
primarily by the occupants through the opening and closing of windows. Field experiments have shown that
occupants of|such buildings could accept higher temperatures than those predicted by the PMV. In such
cases, the thermal conditions may be designed for higher PMV values than those given~in)Clause 6 and
Annex A.

12 © ISO 2005 — All rights reserved
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Annex A
(informative)

730:2005(E)

Examples of thermal comfort requirements for different categories

AA1

The d
accor

of environment and types of space

sired thermal environment for a space may be selected from among the three categeorie

ling to Table A.1. All the criteria should be satisfied simultaneously for each category:

Table A.1 — Categories of thermal environment

s,A,BandC

Catggory

Thermal state of the body as a whole Local discomfort

PPD PMV
%

DR
%

PD
%
caused by

warm or cool
floor

vertical air
temperature
difference

radiant
asymmetry

P

<6 -0,2<PMV<+0,2 <10 <3 <10

<5

W

<10 -0,5<PMV<+0,5 <20 <5 <10

<5

)

<15 <30 <10 <15

- 0,7 <PMV < + 057

<10

Each
each
quite
and w

Owing
the P

equivalent operative temperature range, as specified in A.2 and in Table A.5.

The th
envirg
establ
tempg

category prescribes a maximum percentage dissatisfied for the body as a whole (PPD)
bf the four types of local discemfort. Some requirements are difficult to meet in practice wh
basily met. The different percentages express a balance struck between the aim of a fe
hat is practically obtainable’using existing technology.

to the accuracy of\instrumentation for measuring the input parameters, it can be difficul
IV conforms tothe-Class A category (-0,2 < PMV < +0,2). Instead, the verification may be

ree categories presented in Table A.1 apply to spaces where persons are exposed to the
nment. Nt is an advantage if some kind of individual control of the thermal environ
shéd ‘for each person in a space. Individual control of the local air temperature,

and a PD for
ile others are
w dissatisfied

to verify that
based on the

same thermal
ment can be
mean radiant
en individual

rafure or air velocity can contribute to balancing the rather large differences betwsg

requirements and consequently can lead to fewer dissatisfied.

Modification of the clothing can also contribute to balance individual differences. The effect on the optimum
operative temperature of adding or removing different garments is described in Table C.2.

A.2 Operative temperature range

For a given space there exists an optimum operative temperature corresponding to PMV = 0, depending on
the activity and the clothing of the occupants. Figure A.1 shows the optimum operative temperature and the
permissible temperature range as a function of clothing and activity for each of the three categories. The
optimum operative temperature is the same for the three categories, while the permissible range around the
optimum operative temperature varies.

© IS0 2005 — Al rights reserved 13
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The operative temperature at all locations within the occupied zone of a space should at all times be within the
permissible range. This means that the permissible range should cover both spatial and temporal variations,
including fluctuations caused by the control system.

Figure A.1 applies for a relative humidity of 50 %; however, in moderate environments the air humidity has
only a modest impact on the thermal sensation. Typically, a 10 % higher relative humidity and a 0,3 °C higher
operative temperature are perceived as being warmer in equal measure.

The PDs in Table A.1 are not additive. In practice, a higher or lower number of dissatisfied persons may be
found when using subjective questionnaires in field investigations (see ISO 10551).

The air velocity in the space is assumed to be <01 m/s. The relative air velocity, v... caused by body
movement is pstimated to be zero for a metabolic rate, M, less than 1 metand v, =0,3 (M — 1) for M I met.
The diagramd are determined for a relative humidity = 50 %, but the humidity only has a slight influencé pn the
optimum and permissible temperature ranges.

A.3 Local thermal discomfort
Figure A.2 gije ranges for local thermal discomfort parameters for the three categories presented in Talle A.1.
The max. allpwable mean air velocity is a function of local air temperaturel and turbulence intensity. The

turbulence intensity may vary between 30 % and 60 % in spaces with mixed-flow air distribution. In spaces
with displacement ventilation or without mechanical ventilation, the turbulence intensity may be lower.

LY’
0,1 032 03| X'

175

150

125

100

75

Category A: PPD <6 %
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150

125

100

75

50

Xy

0 0,5 1 1,5

Category C: PPD <15 %
The diagrams also show the range around the optimum temperature for the three categories.

Key

PPD predicted percentage dissatisfied, %

X basic clothing insulation, in clothing units, (clo)

X' basic clothing insulation, in clothing units, m2-°C/W
Y metabolic rate, in metabolic units, (met)

Y’ metabolic rate, in metabolic units, W/m?2

Figure A.1 — Optimum operative temperature as function of clothing and activity
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Va, I

005(E)

>
Tu=20%
0,4 04 Tu=10%
Tu=20%
0,3 0,3
0,2 0,2
0,1 o1 7
U =40 % Tu=d0% |
Tu =60 % Tu =60 %
0 0 | |
182022 24 26 t,, 18 20 22 24 26 ¢,
Categoyy A: DR=10 % Category B: DR =20 % Category C: DR = 30 %)
Key
ta) local air femperature, °C

v, local megn air velocity, m/s

Tu turbulen

Fi

e intensity, %

jure A.2 — Max. allowable mean air velocity as function of local air temperature
and turbulence intensity

Tables A.2, A|3 and A.4 give values for the local thermal discomfort causes: vertical air temperature diffgrence,

warm/cold flo

br and radiant temperature asymmetry:

Table A.2 — Vertical air temperature difference between head and ankles

Category Vertical air temperature difference 2
°C
A <2
B <3
€ <4
2 1,1anfl 0,1 m above)floor.

Table A.3 — Range of floor temperature

Category Floor surface temperature range
°C
A 1910 29
B 19 to 29
C 17 to 31

16
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Table A.4 — Radiant temperature asymmetry
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Category Radiant temperature asymmetry
°C
Warm ceiling Cool wall Cool ceiling Warm wall
A <5 <10 <14 <23
<5 <10 <14 <23
C <7 <13 <18 <35

A4

Design criteria for different types of space — Examples

The dgsign criteria specified in Table A.5 are derived under certain assumptions. For the therma
the criteria for the operative temperature are based on typical levels of activity, for clothing of
summler (“cooling season”) and 1,0 clo during winter (“heating season”). The critefia for the me

apply

for a turbulence intensity of approximately 40 % (mixing ventilation). The.design criteria ar
occupgancy conditions as given, but could also be applicable to other types of;spaces used in sim

Table A.5 — Example design criteria for spaces in various types of building

environment,
0,5 clo during
an air velocity
e valid for the
ilar ways.

Type of Activity | Category Operative temperature Maximum mean air velocity @
buijlding/space W/m? °C m/s
Summer Winter Summer Winter
(cooling seasgn)\ (heating season) | (cooling season) | (heating season)
Singlg office
A 24,549,0 22,0+1,0 0,12 0,10
Landgcape office
Confgrence room
70 B 245+1,5 22,0+2,0 0,19 0,16
Auditgrium
Cafet¢ria/restaurant
C 245+25 22,0+3,0 0,24 0,21°
Classfoom
Kindefgarten 81 A 23,5+1,0 20,0+£1,0 0,11 0,10°
B 235+2,0 220+25 0,18 0,15°
C 235+25 22,0+3,5 0,23 0,19°
Depaitment store 93 A 23,0+1,0 19,0+ 1,5 0,16 0,13°
B 23,0+2,0 19,0 + 3,0 0,20 0,15°
C 23,0+ 3,0 19,0+4,0 0,23 0,18°

a 7

e maximum mean air velocity is based on a turbulence intensity of 40 % and air temperature equal to the opera

tive temperature

according to 6.2 and Figure A.2. A relative humidity of 60 % and 40 % is used for summer and winter, respectively. For both summer
and winter a lower temperature in the range is used to determine the maximum mean air velocity.

b Below 20 °C limit (see Figure A.2).

© I1SO 2005 — All rights reserved
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Annex B
(informative)

Metabolic rates of different activities

Further information on metabolic rates is given in ISO 8996. That elderly people often have a lower average
activity than younger people also needs to be taken into account.

Table B.1 — Metabolic rates

Activity Metabolic rate

W/m?2 met

Reclining 46 0,8

Seated, relaxed 58 1,0

Sedentary actiyity (office, dwelling, school, laboratory) 70 1,2

Standing, light|activity (shopping, laboratory, light industry) 93 1,6

Standing, medium activity (shop assistant, domestic work, machine work) 116 2,0
Walking on leyel ground:

2 km/h 110 1,9

3 km/h 140 2,4

4 km/h 165 2,8

5 km/h 200 3.4

18 © ISO 2005 — All rights reserved
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Annex C
(informative)

Estimation of thermal insulation of clothing ensembles

C.1 General

The glothing insulation (/) can be estimated directly from the data presented in Table.(.1 for typical
combinations of garments (the values are for static thermal insulation), or indirectly, by-summation of the
partial insulation values for each item of clothing, I, , as presented in Table C.2.
Table|C.2 gives the corresponding change in the optimum operative temperatute-necessary to maintain
thermal sensation at neutral when a garment is added or removed at light mainly sedentary activjty (1,2 met).
For s¢dentary persons, the chair can contribute an additional insulation of 0’clo to 0,4 clo (sge Table C.3).
Further information is given in ISO 9920.
Table C.1 — Thermal insulation for typical combinations of garments
Work clothing Iy Daily wear clothing Iy
clo m2 . K/W cl m2 . KIW
Undellpants, boiler suit, socks, shoes | 0,70 | 0,110, ~fFanties, T-shirt, shorts, light socks, 0,30 | 0,050
sandals
Undefpants, shirt, boiler suit, socks, 0.80 6125 Underpants, shirt with short sleeves, 040 0.080
shoe ’ ’ light trousers, light socks, shoes ™ ’
Undevlpants, shirt, trousers, smock, 090 0,140 Panties, petticoat, stockings, dress, 0,70 0,105
socks| shoes shoes
Undefwear with short sleeves and Underwear. shirt. trousers. socks
legs, $hirt, trousers, jacket, socks, 1,00 0,155 ’ ’ ’ ’ 0,70 0,110
shoes
shoes
Underwear with Ipng legs and 1,20 0,185 Panties, shirt, trousers, jacket, socks, 1.do 0,155
sleevgs, thermo-jacket, socks;’shoes shoes
Undefwear with short-sleeves and
Iegs, hirt, trqusers, jacket, heavy 1,40 0,220 Eantles, stockings, blouse, long skirt, 110 0,170
quilted outer jacket'and overalls, jacket, shoes
socks| shoesxcap; gloves
Undefwear with short sleeves and ith | |
legs, $hirt) trousers, jacket, heavy Underwgar with long sleeves and
g, ’ d ) ’ 2 00 0310 leqs shirt trousers \/-neck sweater 130 0.200
quilted outer jacket and overarls, Y '
jacket, socks, shoes
socks, shoes
Underwear with long sleeves and
legs, thermo-jacket and trousers, Underwear with short sleeves and
Parka with heavy quitting, overalls 2,55 0,395 |[legs, shirt, trousers, vest, jacket, coat, 1,50 0,230
with heave quilting, socks, shoes, socks, shoes
cap, gloves
© IS0 2005 — Al rights reserved 19
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Table C.2 — Thermal insulation for garments and changes of optimum operative temperature

Garment

Loy

Change of optimum operative

clo m2 . KIW temperature, °C
Underwear
Panties 0,03 0,005 0,2
Underpants with long legs 0,10 0,016 0,6
Singlet 0,04 0,006 0,3
T-shirt 0,09 0,014 0,6
Shirt with long sleeves 0,12 0,019 0,8
Panties and bra 0,03 0,005 0,2
Shirts/Blouses
Short sleeves 0,15 0,023 0,9
Light-weight, Ipng sleeves 0,20 0,031 1,3
Normal, long dleeves 0,25 0,039 1,6
Flannel shirt, Ipng sleeves 0,30 0,047 1,9
Light-weight blouse, long sleeves 0,15 0,023 0,9
Trousers
Shorts 0,06 0,009 04
Light-weight 0,20 0,031 1,3
Normal 0,25 0,039 1,6
Flannel 0,28 0,043 1,7
Dresses/Skirts
Light skirts (summer) 0,15 0,023 0,9
Heavy skirt (w{nter) 0,25 0,039 1,6
Light dress, sHort sleeves 0,20 0,031 1,3
Winter dress, Ipng sleeves 0,40 0,062 25
Boiler suit 0,55 0,085 3,4
Sweaters
Sleeveless vest 0,12 0,019 0,8
Thin sweater 0,20 0,031 1,3
Sweater 0,28 0,043 1,7
Thick sweater 0,35 0,054 2,2
Jackets
Light, summer{jacket 0,25 0,039 1,6
Jacket 0,35 0,054 2,2
Smock 0,30 0,047 1,9
High-insulative, fibre-pelt
Boiler suit 0,90 0,140 5,6
Trousers 0,35 0,054 2,2
Jacket 0,40 0,062 2,5
Vest 0,20 0,031 1,3
Outdoor clothing
Coat 0,60 0,093 3,7
Down jacket 0,55 0,085 34
Parka 070 0469 4-3
Fibre-pelt overalls 0,55 0,085 3,4
Sundries
Socks 0,02 0,003 0,1
Thick, ankle socks 0,05 0,008 0,3
Thick, long socks 0,10 0,016 0,6
Nylon stockings 0,03 0,005 0,2
Shoes (thin soled) 0,02 0,003 0,1
Shoes (thick soled) 0,04 0,006 0,3
Boots 0,10 0,016 0,6
Gloves 0,05 0,008 0,3
20 © IS0 2005 - All rights reserved
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Table C.3 — Thermal insulation values for chairs
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Type of chair Ioy
clo m2 . KIW
Net/metal chair 0,00 0,00
Wooden stool 0,01 0,002
Standard office chair 0,1 0,016
Executive chair 0,15 0,023

The vglues given in Table C.3 may be added to individual garment insulation values taken frém Table C.2 or
to thelensemble values from Table C.1.
C.2 Petermination of dynamic insulation characteristics of clothing
The aftivity as well as ventilation modify the insulation characteristics of the.clothing and the adjacent air layer.
Both Wind and body movement reduce the insulation, which therefore negéds to be corrected. The correction
factor| for the static total clothing insulation and the external air layer-insulation can be esfimated using
Equatjons (B.1) to (B.3).
For a glothed person in normal or light clothing (0,6 <1 < 1,4 cloor 1,2 < I+ < 2,0 clo):

It =17 -Corr, Iy =1t ~exp[—0,281.(var —-0,15)+0,44.-(v,, —0,15)2 -0,492-v,, +0,176- v&,] (B.1)
wherg

Iy, is the resultant total clothingsinsulation, in square metres kelvin per watt or clothing units

(m2 . K/W or clo);

K is the total clothing insulation, in square metres kelvin per watt or clothing units (m2[- K/W or clo);

Corr, I is the correction factor for the total clothing insulation;

Vi is the air veloeity relative to the person, in metres per second;

v, is the walking speed, in metres per second.
For a pude person (I = 0 clo):

1=y Corrdy =1, exp[—o, 533 (v, —0,15)+0,069- (v, —0,15)% —0,462-v,, +0,201-v2 (B.2)
where

Iy, is the resultant insulation provided by the boundary air layer under the current conditions, in

square metres kelvin per watt or clothing units (m2 - K/W or clo);
I is the insulation provided by the boundary air layer, in square metres kelvin per watt or clothing

units (m2 - K/W or clo);

Corr,I, is the correction factor for /,.

© I1SO 2005 — All rights reserved
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The resultant dynamic clothing insulation is determined by

Iar

Sl

Icl,r = IT,r -

where £, is the clothing area factor; the ratio of the surface area of the clothed body to the surface area of the
nude body, and where v, should be limited to 3,5 m/s and v, to 1,2 m/s.

When the walking speed is undefined or the person is stationary, the value for v,, can be calculated as

vy =0,0052(M —58) withv,, <0,7 m/s

For very low ¢lothing insulations, e.g. for 0 clo < /; < 0,6 clo, an interpolation between Equations B:Dand B.2
has been derived:

Ite ((),6 —1g) 17 rnude T Lal ‘1T,r,dressed) (B.3)
It 0,6 |

where
IT r dressely IS €qual to I1, as determined by Equation B.1, in clothing uhits (clo);

I7 r nude is equal to /, determined by Equation B.2, in clothing units (clo).

22 © 1SO 2005 — All rights reserved
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Annex D
(normative)

Computer program for calculating PMV and PPD
The following BASIC program computes the PMV and the PPD for a given set of input variables. Other

programming languages may also be used, but the output should be verified with the given BASIC code or
with the example values given in Table D.1.

Dynamic effects on clothing insulation shall be corrected for before inserting the resultant ¢hermal insulation
for the clothing (/; ;) in this equation.

Variables Symbols in program

Clothing, clo CLO

Metabolic rate, met MET

External work, met WME

Air temperature, °C TA

Mean radiant temperature, °C TR

Relative air velocity, m/s VEL

Relative humidity, % RH

Partial water vapour pressure, Pa PA
10 Computer program (BASIC) for calculation of
20 Predicted Mean Vote (PMV) and Predicted Percentage of Dissatisfied (PPD)
30 in accordance with International‘Standard, ISO 7730
40 CLS: PRINT "DATA-ENTRY" data entry
50 INPUT " Clothing (clo) ™; gLo
60 INPUT " Metabolic rate (met) " MET
70 INPUT " External work, normally around 0 (met) " WME
80 INPUT " Air temperature “c)" TA
90 INPUT - Mean radiant temperature “c)" TR
100 INPUT" Relative air velocity (m/s)" VEL
110 INPUT " ENTER EITHER RH OR WATER VAPOUR PRESSURE BUT NOT BOTH"
120 INPUT " Relative humidity (%)" RH
130 INPUT " Water vapour pressure (Pa)" PA
140 DEF FNPS (T) = EXP (16.6536-4030.183/T+235)) : saturated vapour pressure, kPa
150 IF PA=0THEN PA=RH * 10 * FNPS (TA) : water vapour pressure, Pa
160 ICL =.155* CLO : thermal insulation of the clothing in m2K/W
170 M= MET * 58.15 : metabolic rate in W/m?2
180 W =WME * 58.15 : external work in W/m?2
190 MW =M -W : internal heat production in the human body
200 IF ICL < .078 THEN FCL =1 +1.29*ICL

ELSE FCL = 1.05 + 0.645 * ICL : clothing area factor

210 HCF = 12.1 * SQR (VEL) : heat transf. coeff. by forced convection
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220
230
240
250

260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450

460
470
480
500
510
520
530
540
550
560
570
580

24

TAA =
TRA =

TA + 273
TR+ 273

: air temperature in Kelvin

: mean radiant temperature in Kelvin

----- CALCULATE SURFACE TEMPERATURE OF CLOTHING BY ITERATION ---

TCLA = TAA + (35.5-TA) / (3.5 * ICL + .1) : first guess for surface temperature
of clothing

P1=ICL * FCL : calculation term

P2 =P1*3.96 : calculation term

P3 =P1*100 : calculation term

P4 =P1*TAA : calculation term

P5 =308.7 - .028 * MW + P2 * (TRA/100) * 4

XN =TLCA /100

XF =XN

N=0 : N: number of iterations

EPS 5.00015 : stop criteria in iteration

XF = (KF + XN)/2

HCN 32.38 * ABS (100 * XF — TAA) * .25: heat transf. coeff. by natural convection

IF HCF>HCN THEN HC = HCF ELSE HC = HCN

XN = (P5+ P4 *HC - P2*XF *4)/(100 + P3 * HC)

N = N[+ 1

IF N >150 THEN GOTO 550

IF AB$ (XN — XF) > EPS GOTO 350

TCL =/100 * XN - 273 : surface temperature of the clothing
HEAT LOSS COMPONENTS

HL1 =[3.05 * .001 (5733-6.99 * MW-PA) : heat loss diff. through skin

IF MW > 58.15 THEN HL2 = .42 * (MW — 58.15)

ELSE[HL2 = 0! : heat loss by sweating (comfort)

HL3 =[1.7 * .00001 * m * (5867-PA) : latent respiration heat loss

HL4 =|.0014 * m * (34 - TA) : dry respiration heat loss

HL5 =[3.96 * FCL * (XN*4 — (TRA/100"4) : heat loss by radiation
CALCULATE PMV AND PPD

TS = .B03 * EXP (- .036.*)m) + .028 : thermal sensation trans coeff

PMV 3 TS * (MW K1 — HL2 — HL3 — HL4 — HL5 —HL#6) : predicted mean vote

PPD H 100 — 95"EXP (- .03353 * PMV * 4 - 2179 * PMV” 2) : predicted percentage dissat.

GOT(Q 570

PMV 3 999999!

PPD =100

PRINT:PRINT "OUTPUT"
PRINT " Predicted Mean Vote

:PRINT USING "# # . #": PMV

: output
(PMV): "
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590 PRINT " Predicted Percent of Dissatisfied (PPD): "
‘PRINT USING "### . #": PPD
600 PRINT: INPUT "NEXT RUN (Y/N)"; RS
610 IF (RS ="Y"OR RS ="y") THEN RUN
620 END
Example:
DATA ENTRY
CTothing (cloy 7 10
Metabolic rate (met) ?21.2
E xternal work, normally around 0 (met) 20
Air temperature (C)?19.0
Mean radiant temperature (C)?18.0
Relative air velocity (m/s) ? 0.1
ENTER EITHER RH OR WATER VAPOUR PRESSURE BUT NOT BOTH
Relative humidity (%) ? 40
Vater vapour pressure (Pa)r2
OUTPUT
Predicted Mean Vote (PMV): -0.7
Predicted Percent of Dissatisfied (PPD): 15.3
Table D.1 —"Example output
Run Air Mean radiant | Air velocity RH Metabolic rate | Clothing PMV PPD
no.| | temperature | temperature insulation
°C °C m/s % met clo
1 22,0 22,0 0,10 60 1,2 0,5 -0,75 17
2 27,0 27,0 0,10 60 1,2 0,5 0,77 17
3 27,0 27,0 0,30 60 1,2 0,5 0,44 9
4 23,5 25,5 0,10 60 1,2 0,5 -0,01 5
5 23,5 25,5 0,30 60 1,2 0,5 -0,55 11
6 19,0 19,0 0,10 40 1,2 1,0 -0,60 13
7 23,5 23,5 0,10 40 1,2 1,0 0,50 10
8 23,5 23,5 0,30 40 1,2 1,0 0,12 5
9 23,0 21,0 0,10 40 1,2 1,0 0,05 5
10 23,0 21,0 0,30 40 1,2 1,0 -0,16 6
11 22,0 22,0 0,10 60 1,6 0,5 0,05 5
12 27,0 27,0 0,10 60 1,6 0,5 1,17 34
13 27,0 27,0 0,30 60 1,6 0,5 0,95 24
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Annex E
(normative)

Tables for determination of predicted mean vote (PMV)

The accuracy of the tables in this annex is better than 0,1 PMV, provided the difference between air and mean
radiant temperature is less than 5 °C. The tables apply for a relative air humidity of 50 %.

The relative :[r velocity is relative To the human body in mefres per second.
NOTE 1 metabolic unit = 1 met = 58,2 W/m?; 1 clothing unit = 1 clo = 0,155 m?2 - K/W.

The resultantclothing insulation should be used with these tables.
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Table E.1 — Activity level: 46,4 W/mZ2 (0,8 met)
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Clothing Operative Relative air velocity
temperature
clo |m2.KW °C mis
<0,10 0,10 0,15 0,20 0,30 0,40 0,50 1,00
0 0 27 -2,55 -2,55
28 -1,74 -1,76 -2,23 -2,62
29 -0,93 -1,02 -1,42 -1,75
20 {'\,1/1 n’op n’Rn {'\’QQ
31 0,63 0,46 0,21 0,01
32 1,39 1,21 1,04 0,89
33 2,12 1,97 1,87 1,78
34 2,73 2,71 2,68
0,2 0,039
26 -1,92 -1,94 -2,29 -2,57
27 -1,30 -1,36 -1,67 -1,92 -2,31 -2,62
28 -0,69 -0,78 -1,05 -1,26 -1,60 -1,87 -2,10 -2,89
29 —-0,08 -0,20 -0,42 =0,60 -0,89 -1,12 -1,81 -1,97
30 0,53 0,39 0,21 0,06 -0,17 -0,36 -0,p1 -1,05
31 1,12 0,99 0,84 0,73 0,55 0,41 0,49 -0,13
32 1,71 1,58 1,49 1,41 1,28 1,18 1,49 0,80
33 2,29 2,19 2,13 2,08 2,01 1,95 1,90 1,73
0,5 0,078
25 -1,54 -1,59 -1,84 -2,04 -2,34 -2,57
26 —4,04 -1,12 -1,34 -1,51 -1,78 -1,98 -2,115
27 0,55 -0,64 -0,83 -0,98 -1,22 -1,40 —1,p4 -2,03
28 -0,05 -0,15 -0,32 -0,45 -0,65 -0,81 -0,93 -1,35
29 0,45 0,34 0,20 0,09 -0,09 -0,22 -0,B2 -0,67
30 0,94 0,83 0,72 0,63 0,49 0,38 0,49 0,01
31 1,44 1,33 1,24 1,17 1,06 0,98 0,91 0,69
32 1,92 1,83 1,76 1,71 1,64 1,58 1,94 1,38
0,7p 0,116 24 1,26 -1,31 -1,51 -1,65 -1,87 -2,03 2,17
25 —-0,84 —0,91 -1,08 -1,21 -1,41 —1,56 =1,67 -2,05
26 -0,42 -0,51 -0,66 -0,77 -0,95 -1,08 -1,18 -1,52
27 -0,01 -0,10 -0,23 -0,33 -0,49 -0,60 -0,69 -0,98
28 0,41 0,32 0,20 0,11 -0,02 -0,12 -0,19 -0,45
29 0,83 0,73 0,63 0,56 0,45 0,37 0,30 0,09
30 1,25 1,15 1,07 1,01 0,93 0,86 0,81 0,63
31 1,66 1,57 1,51 1,47 1,40 1,35 1,31 1,18
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ISO 7730:2005(E)

Table E.1 (continued)

Clothing Operative Relative air velocity
temperature

clo |m2.KW °C mie
<0,10 0,10 0,15 0,20 0,30 0,40 0,50 1,00
1,00 0,155 23 -1,06 -1,12 -1,28 -1,39 -1,56 -1,68 -1,78 —-2,08
24 -0,71 -0,77 -0,91 -1,02 -1,17 -1,28 -1,37 -1,65
25 -0,35 -0,42 -0,54 -0,64 -0,78 -0,88 —-0,96 -1,21
26 6;64 006 04 026 038 04+ 866 76
27 0,37 0,29 0,20 0,12 0,01 -0,06 -0,13 <D,32
28 0,74 0,66 0,57 0,51 0,41 0,35 0,30 0,13
29 1,10 1,02 0,95 0,90 0,82 0,76 0,72 0,58
30 1,46 1,39 1,33 1,29 1,22 1,18 1,14 ,03
1,50 0,p33 18 -1,67 -1,70 -1,84 -1,93 -2,07 2,47 -2,25 —p,49
20 -1,11 -1,16 -1,27 -1,36 -1,48 -1,57 -1,63 —{1,84
22 -0,55 -0,60 -0,70 -0,77 -0,88 -0,95 -1,01 1,18
24 0,02 -0,04 -0,12 -0,18 <0,27 -0,33 -0,38 D,52
26 0,60 0,53 0,46 0,42 0,35 0,30 0,26 0,15
28 1,17 1,11 1,06 1,02 0,97 0,94 0,91 0,82
30 1,76 1,70 1,67 1,64 1,61 1,58 1,57 ,51
32 2,34 2,30 2,28 2,27 2,26 2,24 2,23 2,20
2,00 0,p10 14 -1,84 -1,87 =1,98 —2,06 -2,18 -2,26 -2,32 —p,49
16 -1,39 -1,43 =1,52 -1,59 -1,69 -1,77 -1,82 -{1,98
18 -0,93 -0/97, -1,06 -1,12 -1,21 -1,27 -1,32 —{1,46
20 —-0,46 <0,52 -0,59 -0,64 -0,72 0,77 -0,82 -D,94
22 0,01 -0,05 -0,11 -0,15 -0,22 0,27 -0,30 -D,41
24 0,48 0,43 0,38 0,34 0,28 0,24 0,22 0,13
26 0,97 0,91 0,87 0,84 0,80 0,76 0,74 0,67
28 1,45 1,40 1,37 1,35 1,32 1,29 1,27 1,23

28
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Table E.2 — Activity level: 58 W/m?2 (1 met)

ISO 7730:2005(E)

Clothing Operative Relative air velocity
temperature
m/s
clo |m2.KW °C
<0,10 0,10 0,15 0,20 0,30 0,40 0,50 1,00
0 0 26 -1,62 -1,62 -1,96 -2,34
27 -1,00 -1,00 -1,36 -1,69
28 -0,39 -0,42 -0,76 -1,05
20 0,21 013 -015 -0.39
30 0,80 0,68 0,45 0,26
31 1,39 1,25 1,08 0,94
32 1,96 1,83 1,71 1,61
33 2,50 2,41 2,34 2,29
0,2p 0,039 24 -1,52 -1,52 -1,80 -2,06 -2,47
25 -1,05 -1,05 -1,33 -1,57 L -2,24 -2,48
26 -0,58 -0,61 -0,87 -1,08 >1,41 -1,67 -1,89 -2,66
27 -0,12 -0,17 -0,40 -0,58 -0,87 -1,10 -1,29 -1,97
28 0,34 0,27 0,07 <0{09 -0,34 -0,53 -0,Y0 -1,28
29 0,80 0,71 0,54 0,41 0,20 0,04 -0,/10 -0,58
30 1,25 1,15 1,02 0,91 0,74 0,61 0,50 0,11
31 1,71 1,61 1,51 1,43 1,30 1,20 1,12 0,83
0,50 0,078 23 -1,10 -1,10 -1,33 -1,51 -1,78 -1,99 -2,116
24 -0,72 -0,74 -0,95 -1,11 -1,36 -1,55 -1,¥0 -2,22
25 -0,34 +0,38 -0,56 -0,71 -0,94 -1,11 -1,p5 -1,71
26 0,04 -0,01 -0,18 -0,31 -0,51 -0,66 -0,Y9 -1,19
27 0,42 0,35 0,20 0,09 -0,08 -0,22 -0,83 -0,68
28 0,80 0,72 0,59 0,49 0,34 0,23 0,14 -0,17
29 1,17 1,08 0,98 0,90 0,77 0,68 0,40 0,34
30 1,54 1,45 1,37 1,30 1,20 1,13 1,06 0,86
0,7 0,116 21 -1,11 -1,11 -1,30 -1,44 -1,66 -1,82 -1,95 -2,36
22 -0,79 -0,81 -0,98 -1,11 -1,31 -1,46 -1,58 -1,95
23 -0,47 -0,50 -0,66 -0,78 -0,96 -1,09 -1,20 -1,55
24 -0,15 -0,19 -0,33 -0,44 -0,61 -0,73 -0,83 -1,14
25 0,17 0,12 -0,01 -0,11 -0,26 -0,37 -0,46 -0,74
26 0.49 0.43 0.31 0,23 0.09 0.00 —0.08 -0,33
27 0,81 0,74 0,64 0,56 0,45 0,36 0,29 0,08
28 1,12 1,05 0,96 0,90 0,80 0,73 0,67 0,48
1,00 0,155 20 -0,85 -0,87 -1,02 -1,13 -1,29 -1,41 -1,51 -1,81
21 -0,57 -0,60 -0,74 -0,84 -0,99 -1,11 -1,19 -1,47
22 -0,30 -0,33 -0,46 -0,55 -0,69 -0,80 -0,88 -1,13
23 -0,02 -0,07 -0,18 0,27 -0,39 -0,49 -0,56 -0,79
24 0,26 0,20 0,10 0,02 -0,09 -0,18 -0,25 -0,46
25 0,53 0,48 0,38 0,31 0,21 0,13 0,07 -0,12
26 0,81 0,75 0,66 0,60 0,51 0,44 0,39 0,22
27 1,08 1,02 0,95 0,89 0,81 0,75 0,71 0,56
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ISO 7730:2005(E)

Table E.2 (continued)

Clothing Operative Relative air velocity
temperature

clo |m2.KW °C mie
<0,10 0,10 0,15 0,20 0,30 0,40 0,50 1,00
1,50 0,233 14 -1,36 -1,36 -1,49 -1,58 -1,72 -1,82 -1,89 -2,12
16 -0,94 -0,95 -1,07 -1,15 -1,27 -1,36 -1,43 -1,63
18 -0,52 -0,54 -0,64 -0,72 -0,82 -0,90 —-0,96 -1,14
20 869 043 022 028 037 044 8:49 ,65
22 0,35 0,30 0,23 0,18 0,10 0,04 0,00 “D,14
24 0,79 0,74 0,68 0,63 0,57 0,52 0,49 0,37
26 1,23 1,18 1,13 1,09 1,04 1,01 0,98 0,89
28 1,67 1,62 1,58 1,56 1,52 1,49 1,47 ,40
2,00 0,p10 10 -1,38 -1,39 -1,49 -1,56 -1,67 1,74 -1,80 1,96
12 -1,03 -1,05 -1,14 -1,21 -1,30 -1,37 -1,42 1,57
14 -0,68 -0,70 -0,79 -0,85 -0,93 -0,99 -1,04 1,17
16 -0,32 -0,35 -0,43 -0,48 =0,56 -0,61 -0,65 D,77
18 0,03 -0,00 -0,07 -0,11 -0,18 -0,23 -0,26 D,37
20 0,40 0,36 0,30 0,26 0,20 0,16 0,13 0,04
22 0,76 0,72 0,67 0,64 0,59 0,55 0,53 0,45
24 1,13 1,09 1,05 1,02 0,98 0,95 0,93 0,87

30
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ISO 7730:2005(E)

Table E.3 — Activity level: 69,6 W/m2 (1,2 met)

Clothing Operative Relative air velocity
temperature
m/s
clo |[m2.KW °C
<0,10 0,10 0,15 0,20 0,30 0,40 0,50 1,00
0 0 25 -1,33 -1,33 -1,59 -1,92
26 -0,83 -0,83 -1,11 -1,40
27 -0,33 -0,33 -0,63 -0,88
28 0,15 0,12 -0,14 -0,36
29 0,63 0,56 0,35 0,17
30 1,10 1,01 0,84 0,69
31 1,57 1,47 1,34 1,24
32 2,03 1,93 1,85 1,78
0,2% 0,039 23 -1,18 -1,18 -1,39 -1,61 -1,97 -2,25
24 -0,79 -0,79 -1,02 -1,22 -1,54 -1,80 -2,01
25 -0,42 -0,42 -0,64 -0,83 =1,11 -1,34 -1,p4 -2,21
26 -0,04 -0,07 -0,27 -0,43 -0,68 -0,89 -1,06 -1,65
27 0,33 0,29 0,11 -0,03 -0,25 -0,43 -0,p8 -1,09
28 0,71 0,64 0,49 0,37 0,18 0,03 -0,[10 -0,54
29 1,07 0,99 0,87 0,77 0,61 0,49 0,39 0,03
30 1,43 1,35 1,25 1,17 1,05 0,95 0,47 0,58
0,50 0,078 18 -2,01 -2,01 =217 -2,38 -2,70
20 -1,41 -1,41 -1,58 -1,76 -2,04 -2,25 2,42
22 -0,79 -0,79 -0,97 -1,13 -1,36 -1,54 -1,69 -2,17
24 -0,17 0,20 -0,36 -0,48 -0,68 -0,83 -0,95 -1,35
26 0,44 0,39 0,26 0,16 -0,01 -0,11 -0,21 -0,52
28 1,05 0,98 0,88 0,81 0,70 0,61 0,94 -0,31
30 1,64 1,57 1,51 1,46 1,39 1,33 1,49 1,14
32 2,25 2,20 2,17 2,15 2,1 2,09 2,47 1,99
0,7% 0,116 16 -1,77 -1,77 -1,91 -2,07 -2,31 -2,49
18 -1,27 -1,27 -1,42 -1,56 -1,77 -1,93 -2,05 -2,45
20 -0,77 -0,77 -0,92 -1,04 -1,23 -1,36 -1.47 -1,82
22 -0,25 -0,27 -0,40 -0,51 -0,66 -0,78 -0,87 -1,17
24 0,27 0,23 0,12 0,03 -0,10 -0,19 -0,R7 -0,51
26 0,78 0,73 0,64 0,57 0,47 0,40 0,34 0,14
28 1,29 1,23 1,17 1,12 1,04 0,99 0,94 0,80
30 1,80 1,74 1,70 1,67 1,62 1,58 1,55 1,46
1,00 0,155 16 -1,18 -1,18 -1,31 -1,43 -1,59 -1,72 -1,82 -2,12
18 -0,75 -0,75 -0,88 -0,98 -1,13 -1,24 -1,33 -1,59
20 -0,32 -0,33 -0,45 -0,54 -0,67 -0,76 -0,83 -1,07
22 0,13 0,10 0,00 -0,07 -0,18 -0,26 -0,32 -0,52
24 0,58 0,54 0,46 0,40 0,31 0,24 0,19 0,02
26 1,03 0,98 0,91 0,86 0,79 0,74 0,70 0,58
28 1,47 1,42 1,37 1,34 1,28 1,24 1,21 1,12
30 1,91 1,86 1,83 1,81 1,78 1,75 1,73 1,67
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ISO 7730:2005(E)

Table E.3 (continued)

Clothing Operative Relative air velocity
temperature

clo |m2.KW °C mie
<0,10 0,10 0,15 0,20 0,30 0,40 0,50 1,00
1,50 0,233 12 -1,09 -1,09 -1,19 -1,27 -1,39 -1,48 -1,55 -1,75
14 -0,75 -0,75 -0,85 -0,93 -1,03 -1,11 -1,17 -1,35
16 -0,41 -0,42 -0,51 -0,58 -0,67 -0,74 -0,79 —-0,96
18 8,06 609 04 822 634 037 842 ,56
20 0,28 0,25 0,18 0,13 0,05 0,00 -0,04 <D,16
22 0,63 0,60 0,54 0,50 0,44 0,39 0,36 0,25
24 0,99 0,95 0,91 0,87 0,82 0,78 0,76 0,67
26 1,35 1,31 1,27 1,24 1,20 1,18 1,15 ,08
2,00 0,p10 10 -0,77 -0,78 -0,86 -0,92 -1,01 +1,06 -1,11 1,24
12 -0,49 -0,51 -0,58 -0,63 0,71 -0,76 -0,80 -P,92
14 -0,21 -0,23 -0,29 -0,34 -0,41 -0,46 -0,49 -P,60
16 0,08 0,06 -0,00 -0,04 0,10 -0,15 -0,18 D,27
18 0,37 0,34 0,29 0,26 0,20 0,17 0,14 0,05
20 0,67 0,63 0,59 0,56 0,52 0,48 0,46 0,39
22 0,97 0,93 0,89 0,87 0,83 0,80 0,78 0,72
24 1,27 1,23 1,20 1,18 1,15 1,13 1,11 ,06
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ISO 7730:2005(E)

Table E.4 — Activity level: 81,2 W/m2 (1,4 met)

Clothing Operative Relative air velocity
temperature
clo |[m2.KW °C mis
<0,10 0,10 0,15 0,20 0,30 0,40 0,50 1,00
0 0 24 -1,14 -1,14 -1,35 -1,65
25 -0,72 -0,72 -0,95 -1,21
26 -0,30 -0,30 -0,54 -0,78
27 0,11 0,11 -0,14 -0,34
28 0,52 0,48 0,27 0,10
29 0,92 0,85 0,69 0,54
30 1,31 1,23 1,10 0,99
31 1,71 1,62 1,52 1,45
0,2p 0,039 22 -0,95 -0,95 -1,12 -1,33 -1,64 -1,90 -2,111
23 -0,63 -0,63 -0,81 -0,99 -1{28 -1,51 -1,71 -2,38
24 -0,31 -0,31 -0,50 -0,66 -0,92 -1,13 -1,81 -1,91
25 0,01 0,00 -0,18 -0,33 -0,56 -0,75 -0,90 -1,45
26 0,33 0,30 0,14 001 -0,20 -0,36 -0,50 -0,98
27 0,64 0,59 0,45 0,34 0,16 0,02 -0,/10 -0,51
28 0,95 0,89 0,77 0,68 0,53 0,41 0,31 -0,04
29 1,26 1,19 1,09 1,02 0,89 0,80 0,742 0,43
0,50 0,078 18 -1,36 -1,36 1,49 -1,66 -1,93 -2,12 -2,p9
20 -0,85 -0,85 -1,00 -1,14 -1,37 -1,54 -1,68 -2,15
22 -0,33 -0,33 -0,48 -0,61 -0,80 -0,95 -1,06 -1,46
24 0,19 0,17 0,04 -0,07 -0,22 -0,34 -0,44 -0,76
26 0,71 0,66 0,56 0,48 0,35 0,26 0,18 -0,07
28 14,22 1,16 1,09 1,03 0,94 0,87 0,41 0,63
30 1,72 1,66 1,62 1,58 1,52 1,48 1,44 1,33
32 2,23 2,19 2,17 2,16 2,13 2,11 2,10 2,05
0,7 0,116 16 -1,17 -1,17 -1,29 -1,42 -1,62 1,77 -1,88 -2,26
18 -0,75 -0,75 -0,87 -0,99 -1,16 -1,29 -1,89 -1,72
20 -0,33 -0,33 -0,45 -0,55 -0,70 -0,82 -0,91 -1,19
22 0,11 0,09 -0,02 -0,10 -0,23 -0,32 -0,40 -0,64
24 0,55 0,51 0,42 0,35 0,25 0,17 0,11 -0,09
26 0,98 0,94 0,87 0,81 0,73 0,67 0,42 0,47
28 1,41 1,36 1,31 1,27 1,21 1,17 1,13 1,02
30 1,84 1,79 1,76 1,73 1,70 1,67 1,65 1,58
1,00 0,155 14 -1,05 -1,05 -1,16 -1,26 -1,42 -1,53 -1,62 -1,91
16 -0,69 -0,69 -0,80 -0,89 -1,03 -1,13 -1,21 -1,46
18 -0,32 -0,32 -0,43 -0,52 —-0,64 -0,73 -0,80 -1,02
20 0,04 0,03 -0,07 -0,14 -0,25 -0,32 -0,38 -0,58
22 0,42 0,39 0,31 0,25 0,16 0,10 0,05 -0,12
24 0,80 0,76 0,70 0,65 0,57 0,52 0,48 0,35
26 1,18 1,13 1,08 1,04 0,99 0,95 0,91 0,81
28 1,55 1,51 1,47 1,44 1,40 1,37 1,35 1,27
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ISO 7730:2005(E)

Table E.4 (continued)

Clothing Operative Relative air velocity
temperature

clo |m2.KW °C mie
<0,10 0,10 0,15 0,20 0,30 0,40 0,50 1,00
1,50 0,233 10 -0,91 -0,91 -1,00 -1,08 -1,18 -1,26 -1,32 -1,51
12 -0,63 -0,63 0,71 -0,78 -0,88 -0,95 -1,01 -1,17
14 -0,34 -0,34 -0,43 -0,49 -0,58 -0,64 -0,69 -0,84
16 865 006 044 849 027 033 037 ,50
18 0,24 0,22 0,15 0,11 0,04 -0,01 -0,05 0,17
20 0,53 0,50 0,45 0,40 0,34 0,30 0,27 0,17
22 0,83 0,80 0,75 0,72 0,67 0,63 9,60 0,52
24 1,13 1,10 1,06 1,03 0,99 0,96 0,94 0,87
2,00 0,p10 10 -0,37 -0,38 -0,44 -0,49 -0,56 0,61 -0,65 -D,76
12 -0,13 -0,14 -0,20 -0,25 -0,31 -0,35 -0,39 -P,49
14 0,11 0,09 0,04 0,00 -0,05 -0,09 -0,12 -D,21
16 0,36 0,34 0,29 0,25 0,20 0,17 0,14 0,06
18 0,60 0,58 0,54 0,51 0,46 0,43 0,41 0,34
20 0,85 0,83 0,79 0,77 0,73 0,70 0,68 0,62
22 1,11 1,08 1,05 1,03 0,99 0,97 0,95 0,91
24 1,36 1,34 1,31 1,29 1,27 1,25 1,23 ,19
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Table E.5 — Activity level: 92,8 W/m2 (1,6 met)

ISO 7730:2005(E)

Clothing Operative Relative air velocity
temperature
clo |[m2.KW °C mis
<0,10 0,10 0,15 0,20 0,30 0,40 0,50 1,00
0 0 23 -1,12 -1,12 -1,29 -1,57
24 -0,74 -0,74 -0,93 -1,18
25 -0,36 -0,36 -0,57 -0,79
26 0,01 0,01 -0,20 -0,40
27 0,38 0,37 0,17 0,00
28 0,75 0,70 0,53 0,39
29 1,11 1,04 0,90 0,79
30 1,46 1,38 1,27 1,19
0,2p 0,039 16 -2,29 -2,29 -2,36 -2,62
18 -1,72 -1,72 -1,83 -2,06 —2{42
20 -1,15 -1,15 -1,29 -1,49 -1,80 -2,05 -2,p6
22 -0,58 -0,58 -0,73 -0,90 -1,17 -1,38 -1,55 2,17
24 -0,01 -0,01 -0,17 -0,31 -0,53 -0,70 -0,84 -1,35
26 0,56 0,53 0,39 0,29 0,12 -0,02 -0,/13 -0,51
28 1,12 1,06 0,96 0,89 0,77 0,67 0,99 0,33
30 1,66 1,60 1,54 1,49 1,42 1,36 1,31 1,14
0,50 0,078 14 -1,85 -1,85 =1,94 -2,12 -2,40
16 -1,40 -1,40 -1,50 -1,67 -1,92 -2,11 -2,06
18 -0,95 -0,95 -1,07 -1,21 -1,43 -1,59 -1,¥3 -2,18
20 -0,49 0,49 -0,62 -0,75 -0,94 -1,08 -1,20 -1,59
22 -0,03 -0,03 -0,16 -0,27 -0,43 -0,55 -0,65 -0,98
24 0,43 0,41 0,30 0,21 0,08 -0,02 -0,/10 -0,37
26 0,89 0,85 0,76 0,70 0,60 0,52 0,46 0,25
28 1,34 1,29 1,23 1,18 1,11 1,06 1,01 0,86
0,7 0,116 14 -1,16 -1,16 -1,26 -1,38 -1,57 -1,71 -1,82 2,17
16 -0,79 -0,79 -0,89 -1,00 -1,17 -1,29 -1,89 -1,70
18 -0,41 -0,41 -0,52 -0,62 -0,76 -0,87 -0,96 -1,23
20 -0,04 -0,04 -0,15 -0,23 -0,36 -0,45 -0,92 -0,76
22 0,35 0,33 0,24 0,17 0,07 -0,01 -0,p7 -0,27
24 0,74 0,71 0,63 0,58 0,49 0,43 0,38 0,21
26 1,12 1,08 1,03 0,98 0,92 0,87 0,83 0,70
28 1,51 1,46 1,42 1,39 1,34 1,31 1,28 1,19
1,00 0,155 12 -1,01 -1,01 -1,10 -1,19 -1,34 -1,45 -1,53 -1,79
14 -0,68 -0,68 -0,78 -0,87 -1,00 -1,09 -1,17 -1,40
16 -0,36 -0,36 -0,46 -0,53 -0,65 -0,74 -0,80 -1,01
18 -0,04 -0,04 -0,13 -0,20 -0,30 -0,38 -0,44 -0,62
20 0,28 0,27 0,19 0,13 0,04 -0,02 -0,07 -0,21
22 0,62 0,59 0,53 0,48 0,41 0,35 0,31 0,17
24 0,96 0,92 0,87 0,83 0,77 0,73 0,69 0,58
26 1,29 1,25 1,21 1,18 1,14 1,10 1,07 0,99
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ISO 7730:2005(E)

Table E.5 (continued)

Clothing Operative Relative air velocity
temperature
clo |m2.KW °C mis
<0,10 0,10 0,15 0,20 0,30 0,40 0,50 1,00
1,50 0,223 10 -0,57 -0,57 -0,65 -0,71 -0,80 -0,86 -0,92 -1,07
12 -0,32 -0,32 -0,39 -0,45 -0,53 -0,59 -0,64 -0,78
14 —-0,06 -0,07 -0,14 -0,19 -0,26 -0,31 -0,36 -0,48
16 8149 848 842 867 864 864 807 19
18 0,45 0,43 0,38 0,34 0,28 0,24 0,21 0,11
20 0,71 0,68 0,64 0,60 0,55 0,52 0,49 0,41
22 0,97 0,95 0,91 0,88 0,84 0,81 0,79 0,72
2,00 0,p10 10 —-0,08 -0,08 -0,14 -0,18 -0,24 -0,29 -0,32 —-D,41
12 0,14 0,12 0,07 0,03 -0,02 0,06 -0,09 -P,17
14 0,35 0,33 0,29 0,25 0,20 0,17 0,14 0,07
16 0,57 0,54 0,50 0,47 0,43 0,40 0,38 0,31
18 0,78 0,76 0,73 0,70 0,66 0,63 0,61 0,56
20 1,00 0,98 0,95 0,93 0,89 0,87 0,85 0,80
22 1,23 1,20 1,18 1,16 1,13 1,11 1,10 ,06
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Table E.6 — Activity level: 104,4 W/m2 (1,8 met)

ISO 7730:2005(E)

Clothing Operative Relative air velocity
temperature
clo |[m2.KW °C mis
<0,10 0,10 0,15 0,20 0,30 0,40 0,50 1,00
0 0 22 -1,05 -1,05 -1,19 -1,46
23 -0,70 -0,70 -0,86 -1,11
24 -0,36 -0,36 -0,53 -0,75
25 -0,01 -0,01 -0,20 -0,40
26 0,32 0,32 0,13 -0,04
27 0,66 0,63 0,46 0,32
28 0,99 0,94 0,80 0,68
29 1,31 1,25 1,13 1,04
0,2p 0,039 16 -1,79 -1,79 -1,86 -2,09 -2,46
18 -1,28 -1,28 -1,38 -1,58 -1/90 -2,16 -2,87
20 -0,76 -0,76 -0,89 -1,06 =1,34 -1,56 -1,Y5 -2,39
22 -0,24 -0,24 -0,38 -0,53 -0,76 -0,95 -1,110 -1,65
24 0,28 0,28 0,13 001 -0,18 -0,33 -0,46 -0,90
26 0,79 0,76 0,64 0,55 0,40 0,29 0,19 -0,15
28 1,29 1,24 1,16 1,10 0,99 0,91 0,44 0,60
30 1,79 1,73 1,68 1,65 1,59 1,54 1,50 1,36
0,50 0,078 14 -1,42 -1,42 =1,50 -1,66 -1,91 -2,10 -2,p5
16 -1,01 -1,01 -1,10 -1,25 -1,47 -1,64 -1,¥7 -2,23
18 -0,59 -0,59 -0,70 -0,83 -1,02 -1,17 -1,R9 -1,69
20 -0,18 0,18 -0,30 -0,41 -0,58 -0,71 -0,81 -1,15
22 0,24 0,23 0,12 0,02 -0,12 -0,22 -0,B81 -0,60
24 0,66 0,63 0,54 0,46 0,35 0,26 0,19 -0,04
26 1,07 1,03 0,96 0,90 0,82 0,75 0,49 0,51
28 1,48 1,44 1,39 1,35 1,29 1,24 1,40 1,07
0,7 0,116 12 -1,15 -1,15 -1,23 -1,35 -1,53 -1,67 -1,Y8 -2,13
14 -0,81 -0,81 -0,89 -1,00 -1,17 -1,29 -1,89 -1,70
16 -0,46 -0,46 -0,56 -0,66 -0,80 -0,91 -1,00 -1,28
18 -0,12 -0,12 -0,22 -0,31 -0,43 -0,53 -0,61 -0,85
20 0,22 0,21 0,12 0,04 -0,07 -0,15 0,21 -0,42
22 0,57 0,55 0,47 0,41 0,32 0,25 0,40 0,02
24 0,92 0,89 0,83 0,78 0,71 0,65 0,60 0,46
26 1,28 1,24 1,19 1,15 1,09 1,05 1,02 0,91
1,00 0,155 10 -0,97 -0,97 -1,04 -1,14 -1,28 -1,39 -1,47 -1,73
12 -0,68 -0,68 -0,76 -0,84 -0,97 -1,07 -1,14 -1,38
14 -0,38 -0,38 -0,46 -0,54 -0,66 -0,74 -0,81 -1,02
16 -0,09 -0,09 -0,17 -0,24 -0,35 -0,42 -0,48 -0,67
18 0,21 0,20 0,12 0,06 -0,03 -0,10 -0,15 -0,31
20 0,50 0,48 0,42 0,36 0,29 0,23 0,18 0,04
22 0,81 0,78 0,73 0,68 0,62 0,57 0,53 0,41
24 1,11 1,08 1,04 1,00 0,95 0,91 0,88 0,78
© 1SO 2005 — Al rights reserved 37


https://standardsiso.com/api/?name=822f16d1c1e1cda3ac716ffbe5de6942

ISO 7730:2005(E)

Table E.6 (continued)

Clothing Operative Relative air velocity
temperature
m/s
clo m2 - KIW °C
<0,10 0,10 0,15 0,20 0,30 0,40 0,50 1,00
1,50 0,223 10 -0,29 -0,29 -0,36 -0,42 -0,50 -0,56 -0,60 -0,74
14 0,17 0,17 0,11 0,06 -0,01 -0,05 -0,09 -0,20
18 0,64 0,62 0,57 0,54 0,49 0,45 0,42 0,34
22 442 469 406 463 466 08,97 ;95 9,89
26 1,61 1,58 1,56 1,55 1,52 1,51 1,50 1,46
2,00 0,10 10 0,15 0,15 0,09 0,06 0,00 -0,03 -0,06 -0D,15
14 0,54 0,53 0,49 0,46 0,41 0,38 0,36 0,29
18 0,94 0,92 0,89 0,86 0,83 0,81 0,79 0,74
22 1,35 1,32 1,30 1,28 1,26 1,24 1,23 1,19
26 1,76 1,74 1,73 1,72 1,70 1,70 1,69 1,66
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Table E.7 — Activity level: 116 W/mZ2 (2,0 met)

Clothing Operative Relative air velocity
temperature
m/s
clo |m2.KW °C
<0,10 0,10 0,15 0,20 0,30 0,40 0,50 1,00
0 0 18 —2,00 -2,02 -2,35
20 -1,35 -1,43 -1,72
22 -0,69 -0,82 -1,06
24 =0,04 =021 —0.41
26 0,59 0,41 0,26
28 1,16 1,03 0,93
30 1,73 1,66 1,60
32 2,33 2,32 2,31
0,2 0,039 16 -1,41 -1,48 -1,69 -2,02 -2,29 -2,b1
18 -0,93 -1,03 -1,21 =750 -1,74 -1,93 -2,61
20 -0,45 -0,57 -0,73 20,98 -1,18 -1,85 -1,93
22 0,04 -0,09 -0,23 -0,44 -0,61 -0,Y5 -1,24
24 0,52 0,38 0,28 0,10 -0,03 -0,[14 -0,54
26 0,97 0,86 0,78 0,65 0,55 0,46 0,18
28 1,42 1,35 1,29 1,20 1,13 1,47 0,90
30 1,88 1,84 1,81 1,76 1,72 1,48 1,57
0,50 0,078 14 -1,08 -1,16 -1,31 -1,53 -1,71 -1,85 -2,32
16 —0,69 -0,79 -0,92 -1,12 -1,27 -1,40 -1,82
18 +0,31 -0,41 -0,53 -0,70 -0,84 -0,95 -1,31
20 0,07 -0,04 -0,14 -0,29 -0,40 -0,p0 -0,81
22 0,46 0,35 0,27 0,15 0,05 -0,p3 -0,29
24 0,83 0,75 0,68 0,58 0,50 0,44 0,23
26 1,21 1,15 1,10 1,02 0,96 0,91 0,75
28 1,59 1,55 1,51 1,46 1,42 1,38 1,27
0,7p 0,116 10 -1,16 -1,23 -1,35 -1,54 -1,67 -1,¥8 -2,14
12 -0,84 -0,92 -1,03 -1,20 -1,32 -1.42 -1,74
14 -0,52 -0,60 -0,70 -0,85 -0,97 -1,p6 -1,34
16 -0,20 -0,29 -0,38 -0,51 -0,61 -0,69 -0,95
18 0,12 0,03 -0,05 -0,17 -0,26 -0,p2 -0,55
20 0,43 0,34 0,28 0,18 0,10 0,04 -0,15
22 0,75 0,68 0,62 0,54 0,48 0,43 0,27
24 1,07 1,01 0,97 0,90 0,85 0,81 0,68
1,00 0,155 10 -0,68 -0,75 -0,84 -0,97 -1,07 -1,15 -1,38
12 -0,41 -0,48 -0,56 -0,68 -0,77 -0,84 -1,05
14 -0,13 -0,21 -0,28 -0,39 0,47 -0,53 -0,72
16 0,14 0,06 0,00 -0,10 -0,16 -0,22 -0,39
18 0,41 0,34 0,28 0,20 0,14 0,09 -0,04
20 0,68 0,61 0,57 0,50 0,44 0,40 0,28
22 0,96 0,91 0,87 0,81 0,76 0,73 0,62
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Table E.7 (continued)

Clothing Operative Relative air velocity
temperature
m/s
clo m2 - KIW °C
<0,10 0,10 0,15 0,20 0,30 0,40 0,50 1,00
1,50 0,233 10 -0,04 -0,11 -0,16 -0,24 -0,29 -0,33 -0,46
14 0,39 0,33 0,29 0,23 0,18 0,15 0,04
18 0,82 0,78 0,75 0,70 0,66 0,64 0,56
22 427 424 422 448 446 444 4,08
2,00 0,10 10 0,34 0,30 0,26 0,21 0,18 0,15 9,07
14 0,70 0,66 0,64 0,60 0,57 0,55 0,49
18 1,07 1,04 1,02 0,99 0,97 0,95 3,90
22 1,45 1,42 1,42 1,39 1,38 1,37 1,33
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Table E.8 — Activity level: 174 W/mZ2 (3,0 met)

Clothing Operative Relative air velocity
temperature
clo |m2.KW °C mie
<0,10 0,10 0,15 0,20 0,30 0,40 0,50 1,00
0 0 14 -1,92 -2,49
16 -1,36 -1,87
18 -0,80 -1,24
20 824 0-64
22 0,34 0,04
24 0,93 0,70
26 1,52 1,36
28 2,12 2,02
0,2p 0,039 12 -1,19 -143 -1,80 -2,02
14 -0,77 £1,07 -1,31 -1,p1 -2,21
16 -0,35 -0,61 -0,82 -1,p0 -1,61
18 0508 -0,15 -0,33 -0.418 -1,01
20 0,51 0,32 0,17 0,44 -0,41
22 0,96 0,80 0,68 0,97 0,24
24 1,41 1,29 1,19 1,11 0,87
26 1,87 1,78 1,71 1,85 1,45
0,50 0,078 10 -0,78 -1,00 -1,18 -1,82 -1,79
12 -0,43 -0,64 -0,79 -0,92 -1,34
14 -0,09 -0,27 0,41 -0,p2 -0,90
16 0,26 0,10 -0,02 0,112 -0,45
18 0,61 0,47 0,37 0,48 0,00
20 0,96 0,85 0,76 0,48 0,45
22 1,33 1,24 1,16 1,10 0,91
24 1,70 1,63 1,57 1,43 1,38
0,7p 0,116 10 -0,19 -0,34 -0,45 -0,p4 -0,83
12 0,10 -0,03 -0,14 -0,p2 -0,48
14 0,39 0,27 0,18 0,11 -0,12
16 0,69 0,58 0,50 0,44 0,24
18 0,98 0,89 0,82 0,77 0,59
20 1,28 1,20 1,14 1,10 0,95
1,00 0,155 10 0,22 0,12 0,04 -0,02 -0,22
14 0,73 0,64 0,58 0,53 0,38
18 1,24 1,18 1,13 1,09 0,97
22 1,77 1,73 1,69 1,67 1,59
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Table E.8 (continued)

Clothing Operative Relative air velocity
temperature
m/s
clo m2 - KIW °C
<0,10 0,10 0,15 0,20 0,30 0,40 0,50 1,00
1,50 0,233 10 0,76 0,70 0,66 0,62 0,52
14 1,17 1,12 1,09 1,06 0,98
18 1,58 1,54 1,52 1,50 1,44
2,00 0,10 10 1,14 1,10 1,07 1,05 9,99
14 1,48 1,45 1,43 1,41 1,36
18 1,84 1,81 1,80 1,79 1,75
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