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INTERNATIONAL STANDARD

I1ISO

7730-1984 (E)

Moderate thermal environments — Determination of the
PMYV and PPD indices and specification of the conditions

for thermal comfort

0 Introduction

This Interrfational Standard is one of a series of standards,
specifying nethods of measuring and evaluating moderate and
extreme thermal environments to which man is exposed. It
covers the|evaluation of moderate thermal environments.

Man’s thermal sensation is mainly related to the thermal
balance of|his body as a whole. This balance is influenced by
his physicdl activity and clothing, as well as the environmental
parameterd: air temperature, mean radiant temperature, air
velocity and air humidity.

When these factors have been estimated or measured the ther-
mal sensation for the body as a whole can be predicted by
calculating| the predicted mean vote (PMV)-index as described
in clause

The predigted percentage of dissatisfied (PPD)-index provides
informatioh on thermal discomfort or thermal dissatisfaction by
predicting [the percentage of people likely to feel too hot or too
cold in a given environment. The PPD can be obtained from the
PMV as dgscribed in clause 4.

Clause 5 dleals with specifications on (thermal environmental
conditions| acceptable for comfort—Dissatisfaction may be
caused by hot or cold discomfort for the body as a whole. Com-
fort limits fan in this case be expressed by the PMV and PPD-
indices. Blit thermal dissatisfaction may also be caused by an
unwanted| local heating of cooling of one particular part of the
body.

Recommehded comfort requirements are given separately in
annex A. [|f requifed, wider comfort limits than recommended
in annex ACmay be established following the principles laid

b) to specify acceptable thermal envirenmental conditions

for comfort.

The International Standard applies’to healthy jmen and women

exposed to indoor environménts where the ai

is to attain ther-

mal comfort, or indoor environments where|moderate devia-
tions from comfort ocetr. In extreme thernpal environments

other International Standards apply (see clau
International Standard may be used in the
environments-oriin assessing existing ones.

2 References

IS0.7243, Hot environments — Estimation of
working man, based on the WBGT index
temperature).

2). The present
design of new

he heat stress on
(wet bulb globe

IS0 7726, Thermal environments — Instruments and methods

for measuring physical quantities.
ISO 7933, Hot environments — Analytical d|

interpretation of thermal stress based on the
quired sweat rate.2)

3 Predicted mean vote (PMV)

3.1 Determination

The PMV is an index that predicts the mean

btermination and
calculation of re-

alue of the votes

of a large group of persons on the following 7-point thermal

sensation scale:

+3 hot

down in thistrtermatiorat-Stardard—H

1 Scope and field of application
The purpose of this International Standard is
a) to present a method for predicting the thermal sensa-

tion and the degree of discomfort (thermal dissatisfaction)
of people exposed to moderate thermal environments;

+2 warm

+1 slightly warm
0 neutral

—1 slightly cool

-2

cool

-3 cold

1) A bibliographic reference list may be obtained from I’ Association frangaise de normalisation (AFNOR).

2) At present at the stage of draft.


https://standardsiso.com/api/?name=9a98f98701fd070898fd6f6138a67ef2

ISO 7730-1984 (E)

The PMV-index can be determined when the activity (metabolic
rate) and the clothing (thermal resistance) are estimated, and
the following environmental parameters are measured: air
temperature, mean radiant temperature, relative air velocity
and partial water vapour pressure (see 1SO 7726).

The PMV-index is based on heat balance of the human body.
Man is in thermal balance when the internal heat production in
the body is equal to the loss of heat to the environment.

In a moderate environment man'’s thermoregulatory system will
automatically try, i i at

7, is the mean radiant temperature, in degrees

V,

Celsius;

o 1S the relative air velocity, in metres per second;

P, s the partial water vapour pressure, in pascals;

h. is the convective heat transfer coefficient, in watts per

square metre degree Celsius;

ty is the surface temperature of clothing,

secretion to mgintain heat balance. In the PMV-index the
physiological regponse of the thermoregulatory system has

Cetsius:

in degrees

been related sta
from more than |1 300 subjects.

The PMYV is givgn by the equation:

where

x [ty f 27304 = (2, + 27304 + fuhglty — ta)} M = 46 to 232 W/m2 (0,8 to 4 met);
_ 23808 — 1007 for 2,38(1y — £)0% >12,1 /vy I, = 010 0,310 m2-°C/W (0 to 2 clo);
¢ 11214/, for 2,38l — 1,95 <12,1 /v,
t, = 101030 °C;
oo { 1,00 } 1,2001, for 7, <0,078 m2-°C/W 2 °
“ ) 1,05 } 06451, for I, >0,078 m2-°CIW 7 = 101040 °C;
where ’ v, = 0to 1 m/s;

1
2)

From equation (1) the PMV can be calculated for different
combinations of metabolic rate, clothing," air tgmperature,
mean radiant temperature, air velocity.and air humidity. The
equations for 7, and /. may be solved by iteration.

istically to thermal sensation votes collected

The PMV-index is derived for steady-state conditigns but can
be applied with good approximation during minor fluctuations
of one or more of the varjables, provided that time-weighted
averages of the variables during the previous 1 h| period are
applied.

PMV = (0,308¢-0.03M +0,028) { (M ~ W) ~ 3,06 x 10-3
x [5/33 - 6,99(M - W) — p,] — 0,42
X [(M — W) — 58,15] — 1,7 x 10~5M(5867 — p,)
— 0,001 4 M(34 — 1) — 3,96 x 10-8f,
x [(tly+ 273)% — (£ + 27304 = fhelte — ta)} ) it is recommended to use the PMV-index only for values of
PMV between —2 and +2. Furthermore it is oply recom-

mended-to’use the PMV-index when the six main parameters

are inside the following intervals:
ty =357 — 0,028(M — W) - 10.{3,96 x 10-81,

PMV is the jpredicted mean vote; L . .
) NOTE — During light, mainly sedentary activity a mpan velocity

M s the mefabolic rate, in watts per square metre of body above 0,15 m/s may be felt as a draught (see annex A).

surface area'l;
Py = 010 2700 Pa.

W is the external work;»in watts per square metre, equal to
zero for mosty activities;

The metabolic rate can be estimated using table 2 {s¢e annex B)
ated using
able-3-(see-anne aking work and
the time of year. For varying metabolic rates, it is recom-
mended to estimate a time-weighted average during the
previous 1 h period.

I, is the therma 3
degree Celsius per watt?;

Jo is the ratio of man’s surface area while clothed, to
man’s surface area while nude;

The PMV may then be determined in one of the following

t, is the air temperature, in degrees Celsius; ways:

1 metabolic unit = 1 met = 58 W/m2,
1 unit of thermal resistance of clothing = 1 clo = 0,155 m2-°C/W.
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a) From equation {1) using a digital computer. A For-
tran IV program is given in annex D. This program can easily
be modified for use with small programmable table or
pocket calculators.

b) Directly from annex E, where a table of PMV values is
given for different activities, operative temperatures,
clothing and relative air velocities.

NOTE — The operative temperature Z, is the uniform temperature
of a radiantly black enclosure in which an occupant would ex-

1SO 7730-1984 (E)

The PMV-index may also be used to establish wider limits for
acceptability in spaces with comfort requirements lower than
those specified in clause 5 and annex A.

By setting PMV = 0, an equation is established (the comfort
equation) which predicts combinations of activity, clothing and
environmental parameters which will provide a thermally
neutral sensation.

As an example figure 2 {annex A) shows the optimal operative
temperature as a function of activity and clothing.

Change the-sameamotnt-of-heat by rachaton p:uo eoRveetionasih
the actugl non-uniform environment. In most practical cases where
the relatfve velocity is small (<0,2 m/s), or where the difference
between| mean radiant and air temperature is small (<4 °C}, the
operativg temperature can be calculated with sufficient approxima-
tion as the mean value of air and mean radiant temperature. For
higher plecision the following formula may be used:

t, =|Af, + (1 - A)¢,

o

where thie value of 4 can be found from the values below as a func-

tion of tie relative air velocity v, , in metres per second.

v <0,2

ar

0,2t00,6 0,6t01,0
A 0,5 0,6 0,7

The PMV-values in annex E apply for a relative humidity of
50 %. Thelinfluence of humidity on thermal sensation is small
at moderatg temperatures close to comfort and may usually be
neglected ywhen determining the PMV-value.

c) By dirgct measurement, using an integrating sensor.

3.2 Applications

The PMV-ihdex can be used to check whethena given thermal
environmeft complies with the comfort seriteria specified in
clause 5 and annex A.

%

4 Predicted percentage of dissatlisfied (PPD)

The PMV-index predicts the mean value of thq thermal votes of
a large group of people exposed to.the same gnvironment. But
individual votes are scattered, around this mean value and it is
useful to predict the number of people likely to feel uncomfor-
tably warm or cool.

The PPD-index establishes a quantitative grediction of the
number of thermally/dissatisfied persons.

The PPD predicts the percentage of a large|group of people
likely to feel thermally uncomfortable, i.e. Joting hot (+ 3},
warmc2), cool {—2) or cold ( —3) on the 7-foint thermal sen-
sation scale.

When the PMV-value has been determined, |[the PPD can be
found from figure 1 or determined from the gquation

PPD = 100 — 95 x e —{0,03363 x PMV* +0,217 9 x PMV?)

The PPD-index predicts the number of therpnally dissatisfied
persons among a large group of people.

The rest of the group will feel thermally neutrpl, slightly warm,
or slightly cool. The predicted distribution of|votes is given in
table 1.
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Figure 1 — Predicted percentage of dissatisfied (PPD) as a function of predicted mean vote (PMV)
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Table 1 — Distribution of individual thermal sensation votes (based on experiments
involving 1 300 subjects) for different values of mean vote

Percentage of persons predicted to vote
PMV PPD
0 —-1,00r +1 -2, -1,0, +1or +2
+2 75 5 25 70
+1 25 27 75 95
0 5 55 95 100
-1 25 27 75 95
-2 75 5 25 70

5 Acceptable thermal environments for

comfort

Thermal comfort is defined as that condition of mind which ex-
presses satisfaction with the thermal environment. Dissatisfac-

tion may be cau
a whole as expr
mal dissatisfacti
or cooling of on

Due to individua
mal environmen

ed by warm or cool discomfort for the body as
bssed by the PMV and PPD-indices. But ther-
n may also be caused by an unwanted heating
b particular part of the body (local discomfort).

| differences it is impossible to specify a ther-
that will satisfy everybody.

There will always be a percentage of dissatisfied
But it is possible to specify environments-known tg

occupants.
be accept-

able by a certain percentage of thecoccupants. In annex A,

recommended comfort requirements, are specified
be acceptable for at least 80 %._of the occupants.

There may be reasons (for‘example economy, eng
for specifying reduced eomfort requirements, sa

, known to

rgy saving)
isfying less

than 80 % of the ocCupants. This International Stendard may
be used to determine’a wider range of PMV, arising from a
greater PPD, and hence a wider range of enyironmental
parameters which are likely to be more easily attaiped.

®
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Annex A

Recommended comfort requirements
(This annex does not form part of the standard.)

A.1 General

7730-1984 (E)

In this annex thermal comfort requirements are recommended for spaces for human occupancy. It is recommended that the PPD be

lower than10 % This corresponds {see figure 1) to the following criteria for the PMV:

-0,6

Correspor
example d

As anothg

K PMV < +0,5

ding comfort limits for the operative temperature may be found from the PMV index as described in clause 3. As an

pomfort limits for the operative temperature are given in figure 2 as a function of activity,and clothing.

r important example, comfort limits for the operative temperature are listed in A.1.}and A.1.2 for light

activity (70 W/m2 = 1,2 met). This activity is characteristic of many occupied spaces, for gxample offices, home

Sub-clausp A.1.1 covers winter conditions where clothing of 1 clo = 0,155 m2- °C/W is'assumed. Sub-clause A.1|.

conditions

where clothing of 0,5 clo = 0,078 m2-°C/W is assumed.

The PMV

mainly sedentary
B, etc.

2 covers summer

nd PPD indices express warm and cool discomfort for the body as a whole. But thermal dissatisfaction may also be caused
by unwanled heating or cooling of one particular part of the body (iocal discomfort). This can be caused by af abnormally high
vertical aiff temperature difference between head and ankles, by a too warm.or cool floor, by air velocity being tod high, or by a too
high radiapt temperature asymmetry. Limits for these factors are listed forlight, mainly sedentary activity in A.1.1 gnd A.1.2. If these
limits are met, less than 5 % of the occupants are predicted to feel unecomfortable due to local heating or cooling of the body caused
by each of the above mentioned factors. The percentages are notito be added.

The exper|mental data base concerning local discomfort is less complete than for the PMV and PPD indices. Suffic
thus not ajailable to establish local comfort fimits for highér.activities than sedentary. But in general man seems to be less sensitive at

higher ac

If the envi
the occup

A11 L

vities.

ent information is

ronmental conditions are inside the comfort limits recommended in this annex, it can be estimated that more than 80 % of

ants find the thermal conditions aceeptable.

ight, mainly sedentary activity during winter conditions (heating period)

The condi

b) T

ions are the following(
operative temperature shall be between 20 and 24 °C (i.e. 22 + 2 °C).

e vertical air temperature difference between 1,1 m and 0,1 m above floor (head and ankie level) shall

be less than 3 °C.

may be designed

than 0,15 1m/s,

e) The radiant temperature asymmetry from windows or other cold verttcal surfaces shall be less than 10 °C (in relation to a smali
vertical plane 0,6 m above the floor).

f)  The radiant temperature asymmetry from a warm {heated) ceiling shall be less than 5 °C (in relation to a small horizontal plane
0,6 m above the floor).
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A.1.2 Light, mainly sedentary activity during summer conditions (cooling period)

The conditions are the following:
a) The operative temperature shail be between 23 and 26 °C {i.e. 24,5 + 1,5 °C).

b} The vertical air temperature difference between 1,1 m and 0,1 m above floor (head and ankle level) shall be less than 3 °C.

¢} The mean air velocity shall be less than 0,25 m/s.

Activity

0 0.5 1.0 15 cld

Clothing

Figure 2 — The optimal operative temperature {corresponding to PMV = 0) as a function of activity and ¢ lothing

NOTE — The shaded.areas indicate the comfort range + A ¢ around the optimal temperature inside which — 05 < PMV < +05

The relative air velocity caused by body movement is estimated to be zero for M < 1 met and Voo = 0,3 (M — 1) for M > 1 met — Relative
humidity = 50 %.
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Annex B

Metabolic rates of different activities!

(This annex forms part of the standard.)

Table 2 — Metabolic rates

ISO 7730-1984 (E)

Metabolic rate

Activity

W/m?] Tmet]
Reclining 46 0,8
Seated, relaxed 58 1,0
Standing, relaxed 70 1,2
Sedentary activity 70 1,2
(office, dwelling, school, laboratory)
Standing activity 93 1,6
{shopping, laboratory, light industry)
Standing activity 16 2,0
{shop assistant, domestic work, machine work)
Medium activity 165 2,8

{heavy machine work, garage work}

A separate International Standard describing several methods for estimating metabolic rates is under preparation.
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Annex C

Estimation of the thermal resistance of clothing ensembles"
{This annex forms part of the standard.)

The resistance may be estimated directly from table 3 where values for typical ensembles are given.

Table 3 — Values of typical clothing ensembles

Icl
(m2-°C/W) {clo)
Nude 0 0

Clothing ensembie

Shorts 0,015 0,1

Typical tropical ciothing ensembie: 0,045 0,3
briefs, shorts, open-neck shirt with short sleeves,
light socks and sandals

Light summer clothing: 0,08 < 0,5
briefs, long light-weight-trousers, open-neck shirt
with short sleeves, light socks and shoes

Light working ensemble: 0,11 0,7
light underwear, cotton work shirt with long sleeves,
work trousers, woollen socks and shoes

Typical indoor winter clothing ensemble: 0,16 1,0
underwear, shirt with long sleeves, trousers,
jacket or sweater with long sleeves, heavy soacks
and shoes

Heavy traditional European business suit: 0,23 1,5
cotton underwear with long legs and sieeves, shirt,

suit including trousers, jacket and waistcoat, woollen socks
i and heavy shoes

The following alternative method may be used, when the clothing ensemble is known in detail:

The individual r¢sistance () of variots garments can be estimated from table 4. The total resistance for the entire clothing ensemble
(I) is then detdrmined by the sum X7 of all garments worn and using the following equation

Ic| = 0,82 Ic"

1) A separate International Standard describing several methods for estimating the thermal resistance of clothing is under preparation.
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Table 4 — The thermal resistance of individual garments

ISO 7730-1984 (E)

I
Garment

{m2.°C/W) (clo)
Pantyhose 0,002 0,01
Socks: light 0,005 0,03
heavy 0,006 0,04
Underwear: bras and panties 0,008 0,05
half slip 0,020 0,13
full slip 0,029 0,19
briefs 0,008 0,05
undershirt 0,009 0,06
Shirt: T-shirt 0,014 0,09
light, short sleeved 0,031 0,20
light, long sleeved 0,043 0,28
heavy, short sleeved 0,039 0,25
Skirt: warm 0,034 0,22
Dress: light 0,026 0,17
heavy 0,098 0,63
Sweater: light, short sleeved 0,026 0,17
heavy, long sleeved 0,057 0,37
Jacket: heavy 0,076 0,49
Trousers: light 0,040 0,26
medium 0,050 0,32
heavy 0,068 0,44
Shoes: light 0,006 0,04
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Annex D

Computer program for calculation of predicted mean vote (PMV)
and predicted percentage of dissatisfied (PPD)

{This annex forms part of the standard.)

The foliowing example is a FORTRAN IV program used for the caiculation of PMV and PPD.

This program cgn easily be modified for use with small programmable table or pocket calculators.

The program computes the PMV and PPD for a given set of variables:

R
Metabolism, M, W/m?2 M (F4.0)
External work, W, W/m?2 w (F3.0)
Clothing, Iy | m2-°C/W ICL (F8.3)
Air temperattire, f,, °C \ TA (F4.1)
Mean radian{ temperature, 7,, °C TR (F4.1)
Relative air vplocity, v,., m/s VAR {F4.2)
Partial water [vapour pressure, p,, Pa PA (F§.0)

On the first datq input card the number of variable sets are specified agcording to the format in line 52 (14). On the following card(s)
each set of varigbles are specified according to the format in line 533 An example of the output is listed at the end of the program.

Example

CJLCULATLON OF THE PMV, AND PPD INDICES
RTRAN 1V PROGRAM

(alalsle!
n

REAL My ICL s MW
WRITE(64,199)
WRITE(6,299)
WRITE(6+399)

SUN -

aOn

REJAD INPUT_ DATA

READ{(54499) N

DG 300" 1=1,N

READLS»599) M W, ICLsTASTRyWAR,PA

EPS=0.00015

MW=M-—W

C COMPUTE THE CORRESPONDING FCL VALUL
FCL=1+s054+0e545%1CL
IF {ICLWLTe0s4078) FCL=FCL—=0s0540.645%xICL
FCIC=ICL*FCL
P2=FCIC%3,96
P3=FCIC%100
TRA=TR+273

80 TAA=TA+273

P1=FCIC*TAA
P4=308e7— 0. 028« MW+P2X{TRA/100)*%4

- €C FIRST GUESS FOR SURFACE TEMPERATURE

19 TCLASTAA+(35e5~TA)/(3+45%(645%ICL+041))

20 XN=TCLA/Z100

21 XF=XN

L L N
INCUPLPWN=O VONOW

22 HCF=12.1%¥SOQRT(VAR)
23 NOI=0 :

10
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24
25
26
27
28

30
31

32

34
35
36
37

33
39
40
41

43
44
45
46

47

48

49
S0

51

52
53

54

55
56
S7
58

Cc C
C .
100

C

ISO

OMPUTE SURFACE TEMPERATURE OF CLUOTHING By ITERATICNS

’

XF=(XF+XN) /2
HCN=238%«ABS{100%XF~-TAA)*%0.,25
HC=AMAX1 (HCF s HCNY
XN=(P4+P1XHC—P2%XF¥*4) /{100+P3%H(_)
NOI=NOL+1

IF {(NOI«GT«150) GOTO 200

IF {(ABS(XN-=XF).GT.EP5) GOTO 100
TCL=100%XN-273

C COMPUTE PREDICTED MEAN VQTE
C

PM1=3.96%¥FCL ¥( XN*¥%4—~(TRA/100) %%4) -

7730-1984 (E)

PM2=FCL¥HCX(TCLL-TA2
PM3=0e303%EXP(—~0+030%¥M)+0,028
PM4=0.0
IF (MW eGT 658215) PMATD 42 (M¥N—-58.15)
PMV=PM3I% (MW —~3205%¥0 4001 % {5733~ 5099 %XMW—PA)
¥ =PM4~1eT7%000001%¥M¥(SB67T-PA)}~0.0014%MX{34—TA)-PM1-PM2)
IF (ABS({PMV).GT.3) GOTD 200
GOTO 240
200 PMV=999999,999
PPD=100.
GOTD 250
240 PPD=100—-95%EXP({—~De03353%PMVE%4—-0,2179%PMVE%D)
250 IM=M
Iw=Ww
IPA=PA
WRITE(6+699) IMsIWSICLsTAsTRs VAR, IPALPMV,PPD
300 CONTINUE
q
199 FORMAT(LH1 6 X *CALCULATIONNDOF THE PMV AND PPD INDICESY'/
*¥4Xet4 (1 HK))
299 FORMAT{LHO/ /48X s " M® 35X s " WALS X e Y ICL Y s5Xs"TA? 45X, *TR?
Xs4XsOVAR? ySEX, *PA? ¢ BXs "PMV? 44X, 'PPD? )
K//BXsOW/MZ 32X o P W/ M2 32Xy *M2C /W 9 SX P 0T 56X P C® 44X, PM/SY55X
¥y TPAY 416X, *%Y)
399 FORMAT (1HO)
( READING FORMATS
499 FORMAT(X4)
999 FORMAT(F4 e 041X s FFa0s 1l X oFS5e391XaFlhalolXsFdalsIXsFbePylXsFEWD)
q WRITING FORMATS
699 FORMATI1HO o2X9 03 48X 123X sF54333XsFA441,3XsF48,1,3X%
*¥9FG4293X9146XsF40133XsF4el)
WRITE(6,799)
199 FORMAT(1H1)
S5TOP
END
CALCULATION OF THE PMV AND PPD INDICES
Ao 3 Ak ok de ok & K o g ok Fk 3k o ko K Rk ki Kok koo ok ok ok okl ok Rk ok
M w ICL TA TR VAR PA MY PPC
W/ M2 W/ M2 M2C/ W C C M/S PA %
81 0 0116 30.0 300 0.10 100¢ le6 5648
70 0 0155 2240 2240 0.00 1000 Oe1 Sl
70 0 0.073 2540 25.0 000 2000 Qa2 6ol
70 0 O0+124 24,0 2240 O.15 1500 —0.0 SeC

1
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ISO 7730-1984 (E)

Annex E

Tables for determination of predicted mean vote (PMV) at 50 %
relative humidity

(This annex forms part of the standard.)

E.1 Activity level: 58 W/m2 (1 met)

Operative oL L.
Clothing tem- Relative-velocity
perature m/s
clo m24{°C/W °C <0,10 0,10 0,16 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 —-1,06
29 0,21 0,13 -0,15 -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 1,7 1,61
33 2,50 2,4 2,34 2,29
0,25 0j039 24 - 1,52 -1,62 -1,80 —-2,06 ~2,47 .
25 - 1,06 —-1,06 -1,33 - 1,67 ~.1)94 -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 -0,563 -0,70 ~-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 01
3 1,7 1,61 1,61 1,43 1,30 1,20 1,12 0,83
0,50 0j078 23 -1,10 -1,10 -1,33 -1,51 -1,78 -1,99 ~2,16
24 ~0,72 —-0,74 -0,95 -1 —-1,36 -1,55 -1,70 ~2,22
25 -0,34 -0,38 —-0,56 -0,71 -0,94 -1.1 -1,25 -1,71
26 0,04 -0,01 +0,18 -0,31 -0,51 —-0,66 -0,79 -1,19
27 0,42 0,36 0,20 0,09 -0,08 —-0,22 -0,33 -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 0,60 0,34
30 1,54 1,45 1,37 1,30 1,20 1,13 1,06 0,86
0,75 oj116 21 -1.1 1,1 -1,30 -1,44 —-1,66 -1,82 —-1,95 -2,36
22 -0,79 <0,81 -0,98 -1.1 -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
25 017 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 -1.1 -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 0,63 0,48 0,38 0,31 021 | 0,13 0,07 -0,12
26 0,81 0,76 0,66 0,60 0,51 0,44 0,39 0,22
27 308 102 6,95 689 6,84 6,75 6;74 0,56
1,25 0,194 16 -1,37 -1,37 -1,51 -1,62 -1,78 —-1,89 -1,98 -2,26
18 -0,89 -0,91 - 1,04 -1,14 -1,28 -1,38 -1,46 -1,70
20 ~0,42 —-0,46 ~0,567 —-0,65 -0,77 -0,86 —-0,93 -1,14
22 0,07 0,02 -0,07 —-0,14 ~-0,25 -0,32 -0,38 —-0,56
24 0,56 0,50 0,43 0,37 0,28 . 022 0,17 0,02
26 1,04 0,99 0,93 0,88 0,81 0,76 0,72 0,61
28 1,53 1,48 1,43 1,40 1,34 1,31 1,28 1,19
. 30 2,01 1,97 1,93 1,91 1,88 1,85 1,83 1,77
1,50 0,233 14 -1,36 -1,36 -1,49 —-1,68 -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 -0,09 -0,13 -0,22 -0,28 -0,37 -0,44 —~0,49 -0,65
22 0,35 0,30 0,23 0,18 0,10 0,04 0,00 -0,14
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 1,68 1,56 1,52 1,49 1,47 1,40

12


https://standardsiso.com/api/?name=9a98f98701fd070898fd6f6138a67ef2

E.2 Activity level: 69,6 W/mZ2 (1,2 met)

ISO 7730-1984 (E)

Clothing Op;r:::_lve Relative velocity
perature m/s
clo m2:°C/W °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 -1,1 -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 1.01 084 0.69
31 1,57 1,47 1,34 1,24
32 2,03 1,93 1,85 1,78
0,25 0,039 23 -1,18 -1,18 -1,39 -1,61 -1,97 ~2,25
24 -0,79 -0,79 -1,02 -1,22 —1,64 -1,80 -2j01
25 -0,42 -0,42 -0,64 -0,83 ~-1,1 —1)34 —-1/54 -2,21
26 -0,04 -0,07 -0,27 -0,43 -0,68 ~0,89 —1J06 -1,65
27 0,33 0,29 0,1 -0,03 -0,256 —0,43 —-0J58 -1,09
28 0,71 0,64 0,49 0,37 0,18 0,03 —-0J10 -0,54
29 1,07 0,99 0,87 0,77 0,61 0,49 0)39 0,02
30 1,43 1,35 1,256 1,17 1,05 0,95 0/87 0,58
0,50 0,078 18 —-2,01 -2,01 -2,17 -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 ~0J95 -1,35
26 0,44 0,39 0,26 0,16 -0,01 -0 -021 -0,52
28 1,05 0,98 0,88 0,81 0,70 0,61 0/54 -0,31
30 1,64 1,57 1,61 1,46 1,39 1,33 129 1,14
32 2,25 2,20 2,17 2,15 2,1 2,09 2[07 1,99
0,75 0,116 16 -1,77 -1,77 - 1,91 -2,07 -2,31 —2,49
18 -1,27 -1,27 142 - 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 - 027 -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 1,68 1/55 1,46
1,00 0,155 16 -1,18 -1,18 -1,31 -1,43 -1,59 -1,72 -~ 1182 -2,12
18 -0,75 -0,75 -0,88 -0,98 -1,13 -1,24 - 1133 -1,69
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 0119 0,02
26 1,03 0,98 0,91 0,86 0,79 0,74 070 0,57
28 1,47 1,42 1,37 1,34 1,28 1,24 1121 1,12
30 1,91 1,86 1,83 1,81 1,78 1,75 1173 1,67
1,25 0,194 14 -1,12 -1,12 —1,24 -1,34 —1,48 —1,68 - 1166 -1,90
16 -0,74 -0,75 -0,86 -0,95 -1,07 -1,16 - 1123 -1,45
18 -0,36 -0,38 -0,48 -0,55 -0,66 -0,74 —0}81 ~-1,00
20 0,02 -0,01 -0,10 -0,16 -0,26 -0,33 -0}38 -0,55
22 0,42 0,38 0,31 0,25 0,17 0,11 0{07 -0,08
24 0,81 0,77 0,71 0,66 0,60 0,55 0f51 0,39
26 1,21 1,16 1,1 1,08 1,03 0,99 0,96 0,87
28 1,60 1,66 1,52 1,50 1,46 1,43 1,41 1,34
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 -1,1 -~1,17 -1,35
16 -0,41 -0,42 -0,51 -0,58 -0,67 -0,74 -0,79 -0,9
18 -0,06 -0,09 ~0,17 -0,22 -0,31 -0,37 -0,42 -0,56
20 0,28 0,256 0,18 0,13 0,05 0,00 -0,04 ~0,16
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 1,356 1,31 1,27 1,24 1,20 1,18 1,15 1,08
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ISO 7730-1984 (E)

E.3 Activity level: 81,2 W/m? (1,4 met)

Clothing Opteer;t-nve Relative velocity
perature m/s
clo m2:°C/W °C <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 0,1 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 1,62 1,45
0,256 01039 22 -0,95 -0,95 -1,12 -1,33 -1,64 -1,90 =2M
23 -0,63 -0,63 -0,81 -0,99 -1,28 -1,51 -1,7 -2,38
24 -0,31 -0,31 -0,50 -0,66 -0,92 -1,13 -1,31 -1,9
25 0,01 0,00 -0,18 -0,33 —-0,56 -0,75 —-0,90 —-1,45
26 0,33 0,30 0,14 0,01 -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 0,72 0,43
0,50 0j078 18 -1,36 -1,36 -1,49 —1,66 ~1,93 -2,12 -2,29
20 -0,85 -0,85 -1,00 -1,14 —4,87 —-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 1,22 1,16 1,09 1,03 0,94 0,87 0,81 0,63
30 1,72 1,66 1,62 1058 1,62 1,48 1,44 1,33
32 2,23 2,19 2,17 2,16 2,13 2,11 2,10 2,05
0,75 0116 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 -1,39 -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 0,62 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 1,66 1,58
1,00 0]155 14 —1,05 =1,05 -1,16 -1,26 -1,42 -1,63 -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 0,256 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
1,26 0]|194 12 -0,97 -0,97 -1,06 -1,15 -1,28 -1,37 -1,45 -1,67
14 -0,65 —-0,65 -0,75 -0,82 -0,94 -1,02 -1,09 -1,29
16 -0,33 -0,33 -0,43 -0,50 —-0,60 —-0,67 -0,73 -0,91
18 -0,01 -0,02 -0,10 -0,17 -0,26 -0,32 -0,37 -0,53
20 0,32 0,29 0,22 0,17 0,09 0,03 -0,01 -0,15
22 0,65 0,62 0,56 0,52 0,45 0,40 0,36 0,25
24 0,99 0,95 0,90 0,87 0,81 0,77 0,74 0,65
26 1,32 1,28 1,25 1,22 1,18 1,14 1,12 1,05
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 -0,05 —0,06 -0,14 -0,19 -0,27 -0,33 -0,37 -0,50
18 0,24 0,22 0,15 01 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 0,60 0,62
24 1,13 1,10 1,06 1,03 0,99 0,96 0,94 0,87
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E.4 Activity level: 92,8 W/mZ2 (1,6 met)

ISO 7730-1984 (E)

Clothing Op:eer;t_lve Relative velocity
perature m/s
clo m2:°C/W °C <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 1.1 1,04 0,90 0,79
30 1,46 1,38 1,27 1,19
0,256 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 ~2,26
22 —0,58 —0,58 -0,73 ~0,90 -1,17 -1,38 - 1,56 ~-2,17
24 -0,01 ~0,01 -0,17 ~0,31 -0,53 -0,70 -q,84 -1,35
26 0,56 0,53 0,39 0,29 0,12 -0,02 -@,13 -0,52
28 1,12 1,06 0,96 0,89 0,77 0,67 0,59 0,31
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 -2,1 ~24,26
18 -0,95 -0,95 -1,07 -1,21 -1,43 —1,59 -1,73 -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 -(,65 -0,98
24 0,43 0,41 0,30 0,21 0,08 -0,02 -q,10 -0,37
26 0,89 0,85 0,76 0,70 0,60 0,52 d,46 0,256
28 1,34 1,29 1,23 1,18 1,11 1,06 1,01 0,86
0,75 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 -1,39 ~1,70
18 -0,41 -0,41 —0,52 -0,62 -0,76 -0,87 -(,96 -1,23
20 -0,04 -0,04 -0,15 -0,23 -0,36 -0,45 —(@,52 -0,76
22 0,35 0,33 0,24 0,17 0,07 -0,01 -Q,07 -0,27
24 0,74 6,71 0,63 0,58 0,49 0,43 q,38 0,21
26 1,12 1,08 1,03 0,98 0,92 0,87 q,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 -Q,80 -1,01
18 +0,04 -0,04 -0,13 -0,20 -0,30 -0,38 -Q,44 -0,62
20 0,28 0,27 0,19 0,13 0,04 -0,02 -Q,07 -0,23
22 0,62 0,59 0,53 0,48 0,41 0,35 Q,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
1,25 0,194 10 -0,90 -0,90 ~0,98 -1,06 -1,18 -1,27 -1.33 -1,54
12 -0,62 -0,62 -0,70 -0,77 ~0,88 -0,96 -1,02 -1,21
14 -0,33 -0,33 -0,42 ~0,48 —-0,58 -0,65 -Q,70 -0,87
16 —0,05 -0,05 -0,13 -0,19 -0,28 -0,34 -q,39 -0,54
18 0,24 0,22 0,15 0,10 0,03 -0,03 -Q,07 -0,20
20 0,52 0,50 044 0.40 033 0.29 0,25 0,14
22 0,82 0,79 0,74 0,71 0,65 0,61 0,58 0,49
24 1,12 1,09 1,05 1,02 0,97 0,94 0,92 0,84
1,50 0,233 10 -0,57 ~0,57 0,65 -0,7 -0,80 -0,86 ~0,92 -1,07
12 -0,32 -0,32 -0,39 -0,45 -0,563 -0,59 -0,64 -0,78
14 -0,06 -0,07 -0,14 -0,19 ~0,26 -0,31 -~0,36 -0,48
16 0,19 0,18 0,12 0,07 0,01 -0,04 -0,07 -0,19
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
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