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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
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Introduction

Other International Standards of this series describe how the parameters influencing the human
thermoregulation in a given environment must be estimated or quantified. Others specify how these
parameters must be integrated in order to predict the degree of discomfort or the health risk in these
environments. The present document was prepared to standardize the methods that occupational health
specialists should use to approach a given problem and progressively collect the information needed to
contrdl or prevent the problem.

The method of computation and interpretation of thermal balance is based on the latest sgcientific information.
Futur¢ improvements concerning the calculation of the different terms of the heat balance emuation, or its
interpretation, will be taken into account when they become available. In its present form, this method of
assespment is not applicable to cases where special protective clothing (reflective\clothing, actie cooling and
ventilgtion, impermeable, with personal protective equipment) is worn.

In addlition, occupational health specialists are responsible for evaluating, the risk encountergd by a given
indiviqual, taking into consideration his specific characteristics that/might differ from those ¢f a standard
subje¢t. ISO 9886 describes how physiological parameters must™be used to monitor the|physiological
behaviour of a particular subject and ISO 12894 describes how meédical supervision must be organized.

© 1SO 2004 - All rights reserved \
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Ergonomics of the thermal environment — Analytical
determination and interpretation of heat stress using

calculation of the predicted heat strain

1 S

This |
stress|

the infernal core temperature that the human body will develop in response to the working condit

The v,
the di
way,

should be modified, and to what extent, in order to reduce the risk of ‘physiological strains.

The m

a) th

water loss for the standard subject;

b) the determination of exposure times with-which the physiological strain is acceptable
dhmage is to be expected). In the context of this prediction mode, these exposure tim
“maximum allowable exposure times”.

This International Standard does not predict the physiological response of individual subjg

considers standard subjects in goed health and fit for the work they perform. It is therefore i

used by ergonomists, industrial hygienists, etc., to evaluate working conditions.

2 Normative references

The fpllowing referenced documents are indispensable for the application of this docume

references, only\the edition cited applies. For undated references, the latest edition of th

document (including any amendments) applies.

ISO7

cope

hternational Standard specifies a method for the analytical evaluation and interpretation
experienced by a subject in a hot environment. It describes a method for predicting the s

rious terms used in this prediction model, and in particular in the heat’balance, show th
ferent physical parameters of the environment on the thermal stress experienced by the g
his International Standard makes it possible to determine which parameter or group {

ain objectives of this International Standard are the following:

e evaluation of the thermal stress in conditions likely to lead to excessive core temperatu

V26, Ergonomics of the thermal environment — Instruments for measuring physical quantit,

bf the thermal
weat rate and
ons.

e influence of

ubject. In this
f parameters

re increase or

(no physical
es are called

cts, but only
tended to be

ht. For dated
e referenced

ISO 8996, Ergonomics of the thermal environment — Determination of metabolic rate

ISO 9886, Ergonomics — Evaluation of thermal strain by physiological measurements

ISO 9920, Ergonomics of the thermal environment — Estimation of the thermal insulation and evaporative
resistance of a clothing ensemble

© 1SO 2004 - All rights reserved
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3 Symbols

For the purposes of this document, the symbols and abbreviated terms, designated below as “symbols” with
their units, are in accordance with ISO 7726.

However, additional symbols are used to for the presentation of the Predicted Heat Strain index.

A complete list of symbols is presented in Table 1.

Symbol

Ce

Corr,cl

Corr,la

Corr,tot

Corr, E

‘p

Cres

Csp

Diim
Dlim tre
Diimloss50

Diimloss95

Dmax
Dmaxs0

Dmax9s
DRINK

Table 1 — Symbols and units

Term

code = 1 if walking speed entered, 0 otherwise
code = 1 if walking direction entered, 0 otherwise
fraction of the body mass at the skin temperature
5kin-core weighting at time ¢,

skin-core weighting at time ¢;_,

emissivity

bngle between walking direction and wind direction
PuBois body surface area

fraction of the body surface covered by the reflective clothing
bffective radiating area of a body

Convective heat flow

vater latent heat of vaporization

correction for the dynamic total dry thermal insulation at or above
D,6 clo

correction for the dynamic total'\dry thermal insulation at 0 clo

correction for the dynamigclething insulation as a function of the
actual clothing

correction for the dynmamic permeability index

specific heat ofdry air at constant pressure

respiratofy convective heat flow

spegific-heat of the body

unit

dimensionless

dimensionless
dimensionless

dimensionless
degrees

square metre
dimensionless
dimensionless

waltts per square metre
joules per kilogram

dimensionless

dimensionless

dimensionless

dimensionless

joules per kilogram of dry air
kelvin

watts per square metre

waltts per square meter per
kelvin

maximum allowable exposure time
maximum allowable exposure time for heat storage
maximum allowable exposure time for water loss, mean subject

maximum allowable exposure time for water loss, 95 % of the
working population

maximum water loss
maximum water loss to protect a mean subject
maximum water loss to protect 95 % of the working population

1 if workers can drink freely, O otherwise

minutes
minutes
minutes

minutes

grams
grams
grams

dimensionless

© ISO 2004 - All rights reserved
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Symbol

Term
body heat storage during the last time increment

body heat storage rate for increase of core temperature
associated with the metabolic rate

evaporative heat flow at the skin
maximum evaporative heat flow at the skin surface
predicted evaporative heat flow

required evaporative heat flow

ISO7

933:2004(E)

Unit

watts per square

watts per square

watts per square
watts per square
watts per square

watts per square

metre

meter

metre
metre
metre

metre

o]
o
=
Q
=
=]

Psk,s

respiratory evaporative heat flow
clothing area factor

reduction factor for radiation heat exchange due to wearing
clothes

emissivity of the reflective clothing

body height

dynamic convective heat transfer coefficient
radiative heat transfer coefficient

static boundary layer thermal insulation
static clothing insulation

clothing insulation

total static clothing insulation

dynamic boundary layer thermal insulation
dynamic clothing insulation

total dynamic clothing insulation

static moisture permeability index

dynamic moisture permeability index

time incrementfrom time ¢,_4 to time ¢
fraction k of prédicted sweat rate

conduetive heat flow

metabolic rate

water vapour partial pressure

saturated water vapour pressure at skin temperature

radiativia hao
ottty eHea

watts per square
dimensionless

dimensienless

dimensionless
meters

watts per square
watts per square
square meters k
square meters k
clo

square meters k
square meters k
square meters k
square meters k
dimensionless
dimensionless

minutes

dimensionless
watts per square
watts per square
kilopascals

kilopascals

metre

metre kelvin
metre kelvin
blvin per watt

blvin per watt

plvin per watt
plvin per watt
plvin per watt

plvin per watt

metre

meter

metre

Treq

thyn

S

Seq

SWmax
Swp

SWp’l

required evaporative efficiency of sweating

dynamic total evaporative resistance of clothing and boundary
air layer

body heat storage rate

body heat storage for increase of core temperature associated
with the metabolic rate

maximum sweat rate
predicted sweat rate

predicted sweat rate at time ¢,

© 1SO 2004 - All rights reserved
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watt

watts per square

watts per square

watts per square
watts per square
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metre

metre

metre
metre
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Symbol

Swp,i—1
SwWreq

t

la

lel

fer

fcr,egm

fer,eq
Ioreqi
fer,eq i—1
ler,i
ler,i-1
lex

Iy

Ire

Ire, max
Ire,i
Ire,i—1
Isk,eq
Isk,eq nu
Isk,eq cl
lsk,i
Isk,i—1

v

Va

Var

Yw

Wmax
Wp

Wreq

Term

predicted sweat rate at time ¢,_,

required sweat rate

time

air temperature

clothing surface temperature
core temperature

steady state value of core temperature as a function of the

Unit

watts per square metre

waltts per square metre

minutes

degrees celsius
degrees celsius
degrees celsius

degrees celsius

Mmetabolic rate
Core temperature as a function of the metabolic rate

Core temperature as a function of the metabolic rate at time ¢
Core temperature as a function of the metabolic rate at time ¢,_4
Core temperature at time ¢,

Core temperature at time #;_4

bxpired air temperature

mean radiant temperature

rectal temperature

maximum acceptable rectal temperature

fectal temperature at time ¢,
rectal temperature at time ¢,_4

steady state mean skin temperature
steady state mean skin temperature-for nude subjects
steady state mean skin temperature for clothed subjects

mean skin temperature at time ¢
mean skin temperature-at time #,_4
respiratory ventitation rate

air velocity

relative airwvelocity

walking speed

5kin wettedness

degrees celsius

degrees celsius
degrees celsius
degréescelsius
degrees celsius

degrees celsius
degrees celsius
degrees celsius
degrees celsius

degrees celsius
degrees celsius

degrees celsius
degrees celsius
degrees celsius

degrees celsius
degrees celsius

litres per minute
metres per second
metres per second
metres per second

dimensionless

effective mechanical power

humidity ratio

body mass

humidity ratio for the expired air

maximum skin wettedness
predicted skin wettedness

required skin wettedness

watts per square metre

kilograms of water per

kilogram of dry air

kilograms

kilograms of water per

kilogram of dry air
dimensionless
dimensionless

dimensionless

© ISO 2004 - All rights reserved
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4 Principles of the method of evaluation

The method of evaluation and interpretation calculates the thermal balance of the body from

a) the parameters of the thermal environment:

— air temperature, g;

— mean radiant temperature, #;

— partial vapour pressure, pg;

(Thes

b) tH

Claus
balan
of the

Claus

achie
tempsg

The p
mode

functipn of the accuracy of estimatien~and measurement of the physical parameters and of the

which

5 Main steps of the calculation

5.1

5.1.1

The th

- air velocity, vy;

b parameters are estimated or measured according to ISO 7726.)

e mean characteristics of the subjects exposed to this working situation:

- the metabolic rate, M, estimated on the basis of ISO 8996;

- the clothing thermal characteristics estimated on the basis of }SO 9920.

e 5 describes the principles of the calculation of the different heat exchanges occurring

be equation, as well as those of the sweat loss necessaty.for the maintenance of the thern
body. The mathematical expressions for these calculations are given in Annex A.

rature increase and maximum body waterloss. Maximum values for these criteria are give

recision with which the predicted sweat rate and the exposure times are estimated is a f|
(i.e. of the expressions proposed in Annex A) and the maximum values, which are adopts

the metabolic rate and the thermal insulation of the clothing are estimated.

General heat balance equation

General

ermal balance equation of the body may be written as:

n the thermal
al equilibrium

b 6 describes the method of interpretation whichileads to the determination of the predictg¢d sweat rate,
the predicted rectal temperature, and the maximum’ allowable exposure times and work-res

regimens to

e the predicted sweat rate. This determination is based on two criteria: maximum body core

n in Annex B.

unction of the
bd. It is also a
precision with

M~-W=Crgg+Egg +K+C+R+E+S

(1)

This equation expresses that the internal heat production of the body, which corresponds to the metabolic rate
(M) minus the effective mechanical power (W), is balanced by the heat exchanges in the respiratory tract by
convection (Cyes) and evaporation (Ees), as well as by the heat exchanges on the skin by conduction (X),
convection (C), radiation (R), and evaporation (), and by the eventual balance, heat storage (S), accumulating

in the

body.

The different terms of Equation (1) are successively reviewed in terms of the principles of calculation (detailed
expressions are shown in Annex A).

© 1SO 2004 - All rights reserved


https://standardsiso.com/api/?name=376e6ceb211a2269422aef96dac7e464

ISO 7933:2004(E)

5.1.2

Metabolic rate, M/

The estimation or measurement of the metabolic rate is described in ISO 8996.

Indications for the evaluation of the metabolic rate are given in Annex C.

5.1.3

Effective mechanical power, W

In most industrial situations, the effective mechanical power is small and can be neglected.

5.1.4

Heat flow by respiratory convection, Cig

The heat flow|

5.1.5 Heat

The heat flow

Eres =0,

5.1.6 Heat

As this Intern
by thermal cg

the heat lossgs by convection and radiation, which would occur if these surfaces were not in contact wi

solid body. In

ISO 13732-1

5.1.7 Heat

The heat flow
C= hcdyr

where the dy
into account t

Annex D proVv

by respiratory convection may be expressed, in principle, by the equation

lex —la
Du

072 cprx

flow by respiratory evaporation, E\g
by respiratory evaporation may be expressed, in principle, by the equation

07206><V><M

ADu

flow by conduction: K

nduction at the body surfaces in contact with'solid objects may be quantitatively assimila
this way, the heat flow by conduction is;not directly taken into account.

Heals specifically with the risks of pain and burns when parts of the body contact hot surfag

flow by convection at the-skin surface, C

by convection at the-skin surface may be expressed by the equation
x fol ><(l‘sk _ta)

hamic cofivective heat transfer coefficient between the clothing and the outside air, /cqyn,
ne clothing characteristics, the movements of the subject and the air movements.

des some indications for the evaluation of the clothing thermal characteristics.

)

ptional Standard deals with the risk of whole-b6dy dehydration and hyperthermia, the heat flow

ted to
th any

takes

5.1.8

The heat flow

Heat flow by radiation at the surface of the skin, R

by radiation may be expressed by the equation

R:hrxfclx(tsk _tr)

()

where the radiative heat transfer coefficient between the clothing and the outside air, 4, takes into account the
clothing characteristics, the movements of the subject and the air movements.

© ISO 2004 - All rights reserved
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5.1.9 Heat flow by evaporation at the skin surface, E

The maximum evaporative heat flow at the skin surface, Enax, is that which can be achieved in the
hypothetical case of the skin being completely wetted. In these conditions

Emax = Psks ~ Pa (6)
thyn

where the total evaporative resistance of the limiting layer of air and clothing, Rigyn, takes into account the
clothing characteristics, the movements of the subject and the air movements.

In the[case of a partially wetted skin, the evaporation heat flow, E, in watts per square meire, is dgiven by

B =wx Emax (7)

5.1.1Q Heat storage for increase of core temperature associated with the metabolic rate, |dSeq

Even [n neutral environment, the core temperature rises towards a steady statevalue 7 ¢q as a function of the
metalolic rate relative to the individual's maximal aerobic power.

The gore temperature reaches this steady state temperature expoénentially with time. The |heat storage

assocjated with this increase, dSeq, does not contribute to the onset of sweating and must therefore be
dedugted from the heat balance equation.

5.1.11 Heat storage, S

The hgat storage of the body is given by the algebraic:sum of the heat flows defined previously.

5.2 |Calculation of the required evaporative heat flow, the required skin wettedness and the
required sweat rate

Taking into account the hypotheses made concerning the heat flow by conduction, the general| heat balance
Equatjon (1) can be written as

B+S=M-W —Cres — Eres € —R (8)

The required evaporativecheat flow, Ereq, is the evaporation heat flow required for the maintgnance of the
thermpl equilibrium of thie,body and, therefore, for the heat storage to be equal to zero. It is given by

Broq =M ~W <€ o5 — Ergs —C— R—dSeq ©)

The requiredsskin wettedness, wyeq, is the ratio between the required evaporative heat flow and the maximum
evapdrative\heat flow at the skin surface:

. 10
Wreq = Kax ( )

The calculation of the required sweat rate is made on the basis of the required evaporative heat flow, but
taking account of the fraction of sweat that trickles away because of the large variations in local skin
wettedness. The required sweat rate is given by

Ereq (11)

SWreq =
q
Treq

NOTE  The sweat rate in watts per square meter represents the equivalent in heat of the sweat rate expressed in grams
of sweat per square metre of skin surface and per hour. 1 W-m2 corresponds to a flow of 1,47 g-m=2 h=" or 2,67 g-h~" for
a standard subject (1,8 m2 of body surface).

© 1SO 2004 - All rights reserved 7
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6

6.1

Interpretation of required sweat rate

Basis of the method of interpretation

The interpretation of the values calculated by the recommended analytical method is based on two stress

criteria:

the maximum skin wettedness, wmax

the maximum sweat rate: Swmax

and on two st

Fain criteria

— the maximum rectal temperature: fre max

The required
The required
subject. Thes

In the case g
maximum val

Finally, whate

the maximum water 10ss: Dpax-

skin wettedness, wreq, cannot exceed the maximum skin wettedness; wmax, achievable
b two maximum values are a function of the acclimatization of the subject.

f non-equilibrium of the thermal balance, the rectal temperature increase must be limite
e, fre max Such that the probability of any pathological effect.is extremely limited.

ver the thermal balance, the water loss should be _restricted to a value, Dy ¢, compatibl

the maintenance of the hydromineral equilibrium of the body.

Annex B incly
Dinax)- Differe
degree of pro

des reference values for the stress criteria (wmax and Swmax) and the strain criteria (fg m
nt values are presented for acclimatized and non-acclimatized subjects, and according
ection that is desired [mean level or 95 %"(alarm) level].

6.2 Analysis of the work situation

Heat exchang
and as a func

The req
Then the

consideri
sweating

es are computed at time, #;from the body conditions existing at the previous computatio
lion of the climatic and metabolic conditions prevailing during the time increment.

Tjired evaporative_heat flow (Ergq), skin wettedness (wreq) and sweat rate (Swrgq) ar
computed.

predicted.evaporative heat flow (£p), skin wettedness (wp) and sweat rate (Swp) are com
hg the_limitations of the body (wmax and Swmax) as well as the exponential response
system:

The rate

sweat rate, Swreq, cannot exceed the maximum sweat rate, Swmax, achievable by the siibject.

Dy the

d at a

e with

Lx and
to the

n time

e first

puted,
of the

of‘hant ctaranan e Actimatad hy tha Aiffaranan hatiwnan tha raagiirad AnA neadiatad Ay and

ration

O e otT Storag e To ot TatC U oy T U oot T o Ot Trogunm o U Pro tctT U T vap U

heat flow. This heat contributes to increase or decrease the skin and body temperatures. These two
parameters are then estimated, as well as the rectal temperature.

From these values, the heat exchanges during the next time increment are computed.

The evolutions of Swy, and ¢, are in this way iteratively computed.

This procedure makes possible to take into account not only constant working conditions, but also any
conditions with climatic parameters or work load characteristics varying in time.

© ISO 2004 - All rights reserved
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Determination of maximum allowable exposure time (D)

The maximum allowable exposure time, Djiy, is reached when either the rectal temperature or the cumulated

water

loss reaches the corresponding maximum values.

In work situations for which

— either the maximum evaporative heat flow at the skin surface, Enax, is negative, leading to condensation
of water vapour on the skin,

— or the estimated allowable exposure time is less than 30 min, so that the phenomenon of sweating onset

aves-a maior rola-in-tha-estimation-of the-evanorationloss-of the-subiect
SyS-a-HaHeoie-H—+h HARSHOA-6HR Ve pofraHoR— 3 H{8 6t

p
Specid

worké]
techni

6.4

This |
rest p

A con
of any
paran

Anney

ques to be used are described in ISO 9886.

Organization of work in the heat

hternational Standard makes it possible to compare different ways‘of*organizing work a
briods if it is necessary.

puter programme in Quick Basic is given in Annex E. It allows*for the calculation and the
combination of sequences where the metabolic rate, the clothing thermal characteristic
eters are known.

F provides some data (input data and results) to be-used for the validation of any comput

develgped on the basis of the model presented in Annex' A.

| precautionary measures need to be taken and direct and individual physiological~sups
rs is particularly necessary. The conditions for carrying out this surveillance' and the measuring

rvision of the

hd scheduling

interpretation
5 and climatic

Br programme
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Annex A
(normative)

Data necessary for the computation of thermal balance

A.1 Ranges of validity

The numericdl values and the equations given in this annex conform to the present state of knowledge. [Some
of them are likely to be amended in the light of increased knowledge.

The algorithms described in this annex were validated on a database including 747 lab €Xperimenis and
366 field experiments, from 8 research institutions. Table A.1 gives the ranges of conditions for whi¢h the
Predicted Heat Strain (PHS) model can be considered to be validated. When one or more parametefs are
outside this range, it is recommended to use the present model with care and to bring.special attention|to the
people exposgd.

Table A.1 — Ranges of validity of the PHS model

Parameters Minimum Maximum
ta °C 15 50
Pa kPa 0 4,5
t—ty °C 0 60
Va ms™! 0 3
M w 100 450
Iy clo 0,1 1,0

A.2 Determination of the heat flow by respiratory convection, C,s
The heat flow|by respiratory convection-can be estimated by the following empirical expression:

Cres =0[00152 M (28,56 40,885 ¢, +0,641 p,) (A1)

A.3 Determination.of the heat flow by respiratory evaporation, £,

The heat flow|by respiratory evaporation can be estimated by the following empirical expression:

Eres =0,00127 M (59,34 +0,53 1, —1163 p,) (A.2)

A.4 Determination of the steady state mean skin temperature
In climatic conditions for which this International Standard is applicable, the steady state mean skin

temperature can be estimated as a function of the parameters of the working situation, using the following
empirical expressions.

10 © 1SO 2004 — All rights reserved
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For nude subjects (/ < 0,2) For clothed subjects (/, > 0,6)

Isk.eqnu = 7,19 +0,064 1, tskeqal = 1217 +0,020 15
+ 0,061 ¢ +0,044 ¢,
—0,348 vy, —0,253 vy
+0,198 pq +0,194 p,
+ 0,000 M + 0,005 346 M
+0,616 ¢ +0,512 74 ¢

933:2004(E)

For I
two v4

| values between 0,2 and 0,6, the steady state skin temperature is extrapolated b
lues using:

~

bk,eq = Iskeqnu T 2,5x (tsk,eq ol —Iskeqnu )x(lg —0,2)

A.5 Determination of the instantaneous value of skin temperature

The skin temperature g ; at time ¢, can be estimated

=

om the skin temperature g ;.1 at time ¢,_4 one time increment earlier, and

fr
1

bm the steady state skin temperature 5 ¢q predicted from the conditions prevailing during
crement by the equations described in (A.4).

The time constant of the response of the skin temperature being equal to 3 min, the following eq

~

i = 0,716 5 1y ;1 +0,283 5 1y oq

A.6 DPetermination of the heat accumulation associated with the metabolic

In a neutral environment, the core temperature increases with time during exercise, as a fi
metaljolism rate relative tothe individual's maximum aerobic power.

For af average subjeet, it can be assumed that this equilibrium core temperature increases as
the metabolic rate;»according to the following expression:

~

- 0q,<0.003 6 (M —55)+ 36,8

btween these

(A.3)

) the last time

Liation is used.

(A.4)

rate, Seq

nction of the
a function of

(A.5)

The

ra” tamneraturae raaches thie aauilibrium core—temneratirefollowina -3 firet aorder svusted
Fe—teperatdie—+eaches—tis—equiHpHu—6orHe e peiattdre +oHoWiRg—a—HHSt+0oraet

with a time

Yot

constant equal to 10 min:
tor = 36,8+ (¢req —36,8)x (1 - eXp%J

This expression can be translated in the following

fereqi =fereqi—t1 >k +lcreq x(1-k)

© 1SO 2004 - All rights reserved
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10

where k= exp[

(A.6)

(A7)
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The heat storage associated with this increase is

dSeq = csp * (tereqi — tereqi=1) X (1 - @)

A.7 Determination of the static insulation characteristics of clothing

(A.8)

For a nude subject and in static conditions without movements either of the air or of the person, the sensible

heat exchang

C+R =

where the sta
For a clothed

Tiotst=1

where the rati

4}(;:|:1+1

A.8 Detern

Activity and v
both wind an

the static clothing insulation and the external air layer;insulation can be estimated with the following equa

[tot dyn =

Iy dyn:C

Corr,tot =

Forly > 0,6d

Corr,tot =

and for O clo

es (C + R) can be estimated by

Isk — la

Lot st
ic heat resistance for nude subjects can be estimated equal to 0,111 m2.K-W-1,

subject, this static heat resistance, /it st can be estimated using

T4 st

fcl

bl st +

o of the subject’s clothed to unclothed surface areas, f, is givenby

97 Ig st

hination of the dynamic insulation characteristics of clothing

bntilation modify the insulation characteristics of the clothing and the adjacent air layer. Be
I movement reduce the insulation, it therefore needs to be corrected. The correction fag

Lorrtot X Ttot st

brrla % 1a st

C _e(0,043 - 0,398wy + 0,066var2 - 0,378vy, + 0,094vW2)
orrcl =

lo for nude persons or the adjacent air layer, by

K0472v., + 004Tva 2 — 0,342vy + 0117 vy, 2
ar ar w w

Corr, la. =

14<10,6 clo, by

(A.9)

A.10)

A11)

cause
tor for
tions

A12)

A.13)

A.14)

A.15)

C

orr,ot =

(0,6 — 1)) Corrja + Lo % Corr,ci

with v, limited to 3 m-sec™! and v,,, limited to 1,5 m-sec™".

When the wal

vw =0,0

Finally, I dyn

I dyn = I

12

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

1

052 (M -58)  withvy, <0,7m-s”

can be derived as

I, dyn

fcl

ot dyn —

(A.16)

(A17)

(A.18)
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A.9 Estimation of the heat exchanges through convection and radiation
The dry heat exchanges can be estimated using the following equations:
C+R :féll X [hcdyn X (tC| - ta) + hr X (tC| - tl')] (A19)

which describes the heat exchanges between the clothing and the environment, and

C+R=|lsk"ld (A.20)
I dyn

which|describes the heat exchanges between the skin and the clothing surface.

The dynamic convective heat exchange, /cqyn, can be estimated as the greatest value of

2|38 |ty — 15]0:25 (A.21)
3|5 + 5,2 vyr (A.22)
87 v 0:6 (A.23)

The radiative heat exchange, 4, can be estimated using the equatioh

4, (ta+ 273)* — (¢, +273)*

e = 5,67 x10 S x
Du Lol —Ir

(A.24)

Ay
Du

The fifaction of skin surface involved in heat exchange by radiation, , is equal to 0,67 for a crouching
subjegt, 0,70 for a seated subject and 0,77 for a standing subject.

When|reflective clothing is being worn, /4, must be corrected by a factor F¢ r given by

S|

bR = (1—4p) 0,97 + Ap x Fy (A.25)

Both gxpressions computing C + R must be solved iteratively in order to derive ¢.

A.10| Estimationof the maximum evaporative heat flow at the skin surface, £\,

The maximum evaporative heat flow at the skin surface is given by

Hoigg = Dsks—Pa (A.26)

thyn

The evaporative resistance, Rigyn, is estimated from the following equation:

Ttot d
Rygyn = ——2 (A27)

Imdyn
16,7

where the dynamic clothing permeability index, imgyn, is equal to the static clothing permeability index imst
corrected for the influence of air and body movement.

Imdyn = Imst X Corr, E (A.28)

© ISO 2004 — Al rights reserved 13
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with

Corr,E=2,6 Corr,tot2 - 6,5 Corrtot + 4,9

In this expression, imgyn is limited to 0,9.

(A.29)

A.11 Determination of the predicted sweat rate (Sw,) and predicted evaporative heat

flow (E,)

The flow chart in Figure A.1 shows how the evaluations are performed.

This flow cha
R1: when the
expected to b

rather than th
than 1, the eV

For wreq

For Wreq

This value, hq

R2: the swes

Therefore, th¢ predicted sweat rate at time, ¢, (Swp,) isvequal to a fraction ks, of the predicted sweat

time (z_4) (S
conditions prg

ksw = exf
R3: as expla
computation (¢
layer, that is,
as soon as th

A.12 Eval

The heat stor

juation-of the rectal temperature

t requires the following explanations:

required evaporative heat flow Ergq is greater than the maximum evaporation ate, the
e fully wetted: wreq greater than 1. wreq implies then the thickness of the waterlayer on th
e equivalent fraction of the skin, which is covered with sweat. As the theoretical wyeq is ¢
aporation efficiency is expected to become lower.

2
- L 1- Wreq
1, the efficiency is given by Treq = 5
2~ Wpog?
1, it is given by Freq = Zreq

wever, is at the minimum 5 %. This is reached fera theoretical wettedness of 1,684.
t rate response can be described by acfirst order system with a time constant of 1

p,i—1) one time increment earlier plus the fraction (1-ksy) of the sweat rate required
vailing during the last time increment'(Swreq), and ksy, is given by.

(=incr /1 10)

ned above, the required .skin wettedness is allowed to be theoretically greater than 1 f
f the predicted sweat-rate. As the evaporative heat loss is restricted to the surface of the

b predicted sweat fate is more than twice the maximum evaporation heat flow.

nge during the last time increment at time, ¢,, is given by

sKin is
b skin,
reater

0 min.
ate at
Dy the

or the
water

the surface of thezbedy, the predicted skin wettedness cannot be greater than one. This ¢ccurs

S:Ereq -

(A.30)

This heat storage leads to an increase in core temperature, taking into account the increase in skin
temperature. The fraction of the body mass at the mean core temperature is given by

(1-a)=

14

0,7 + 0,09 (ts — 36,8)

(A.31)
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This fraction is limited to
0,7 for 1, < 36,8 °C
0,9 for 1, > 39,0 °C

Figure A.2 illustrates the distribution of the temperature in the body at time (¢,_4) and time ¢,. From this it can
be computed that

a .
et A 10, (h32)
p— b |

fori =

1 { ds; feri1 = Isk,it
L

o
= —
2

The rgctal temperature is estimated according to the following expression:

2 1o —1,962 frg,; 11,31
9

lte,i = tre,i-1t (A.33)

© I1SO 2004 — Al rights reserved 15
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max |

| ndy = 1- w2

Mreq = {1 -

Weeg)/2 |

<& >

| SWreq = Ereq/r

Y

Swp-0901+85w +00952$w

* =

[F7Ed /W, |

Key
N no
Y yes

Tl owy = -k Vk? 42
N
Y
WP > Wnax | WP = Wnax
N
Ep = ol |

Figure A.1 — Flow chart for the determination of the predicted sweat rate (Swp) and the predicted

16

evaporative heat flow (E)
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fcr,i
dSI' = al’ - ai-1

fcr, i1

fsk, /

fsk,i-1

X -1

Figure A.2 — Distribution of heat storage in the body at times',_; and ¢,
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Annex B
(informative)

Criteria for estimating acceptable exposure time in a hot work

B.1 Introd

environment

The physiolod

— acclimati

TTTOTT

ical criteria used for determining the maximum allowable exposure time are the following:

red and non-acclimatised subjects;

— a maximym wettedness wmzax;

— a maximym sweat rate Swmay;

— consider
populati

— amaxim

tion of the 50 % (“average” or “median” subject) and the-95 % percentile of the wj
(representative of the most susceptible subjects);

m water 0SS Dax;

— a maximyim rectal temperature.

B.2 Acclimatized and non-acclimatized subjects

Acclimatized

than non-acc
temperature)
salt through s

This distinctio)

B.3 Maxim

subjects are able to perspire more_abundantly, more uniformly on their body surface and
imatized subjects. In a given work/situation, this results in a lower heat storage (lowe

weating and therefore to be-able to endure a greater water loss.

h between acclimatized~and non-acclimatized is therefore essential. It concerns w5y, Swp,

um skin wettedness, w ax

The maximunp skin wettedness is set to 0,85 for non-acclimatized subjects and to 1,0 for acclimatized w

prking

earlier
r core

and lower cardiovascular constraint (lower heart rate). In addition, they are known to losg less

ax*

brkers.

B.4 Maxin

The maximum sweat rate can be estimated using the equations:

SWmax = 2,6 (M — 32 ) x Apy g-h™1 in the range from 650 g-h~' to 1 000 g-h~".
or
Swmax = (M — 32) x Ap, W-m=2 in the range from 250 W-m—2 to 400 W-m—2
For acclimatized subjects, the maximum sweat rate is, on average, 25 % greater than for un-acclimatized
subjects.
18 © 1SO 2004 — All rights reserved
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B.5 Maximum dehydration and water loss

A 3 % dehydration induces an increased heart rate and depressed sweating sensitivity and is therefore
adopted as the maximum dehydration in industry (not in the army or for sportsmen).

For exposure lasting 4 h to 8 h, a rehydration rate of 60 % is observed on average, regardless of the total
amount of sweat produced, and is greater than 40 % in 95 % of the cases.

Based on these figures, the maximum water loss is set at

— 7,5 % of the body mass for an average subject (Dmaxs0), OF

— 5|% of the body mass for 95 % of the working population (Dpyaxgs)-

Therefore, when the subjects can drink freely (DRINK = 1), the maximum allowable~exposurg time can be
complited for an average subject on the basis of a maximum water loss of 7,5 % of.the body mass and on the
basis pf 5 % of the body mass in order to protect 95 % of the working population.

If no water is provided (DRINK = 0), the total water loss should be limited to-3-%.

B.6 Maximum value of rectal temperature

Following the recommendations of the WHO technical report-No 412 (1969)") : “It is generally from the
rectal|temperature that is estimated the time at which it is necessary to interrupt a short duratior] exposure
to intgénse heat in laboratory”, and ‘It is inadvisable for*deep body temperature to exceed 38 °C in
proloriged daily exposure to heavy work”.

When| for a group of workers in a given working-conditions, the average rectal temperature is egual to 38 °C,
it can|be estimated that the probability for a particular individual to reach higher rectal temperatpres is limited
as follpws:

— fqQr42,0°C less than 107 (less than once every 40 years among 1 000 workers) (250 day per year);

— fqr39,2°C less than 104 (less than one person at risk among 10 000 shifts).

1) WHO (1969) Health factors involved in working under conditions of heat stress. Technical report 412. WHO Scientific
Group on Health Factors Involved in Working under Conditions of Heat Stress. Geneva, Switzerland.
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Annex C
(informative)

Metabolic rate

Methods for determination of metabolic rate are given in 1ISO 8996. Tables C.1, C.2 and C.3 depict three
different ways (from simple to more accurate) to estimate the metabolic rate for different activities.

Table G.1 — Classification of metabolic rate (in W-m—2) for kinds of activities (modified from
ISO 7R43[8]). Indicated metabolic rate refers to the average of 60 min of continuous work

Class W-m—2 Examples

Resting 70 Sitting, standing at rest.

Light manual work (writing, typing, drawing); hand:work (small bench(tools,
inspection, assembly or sorting of light materials).

—

Very light actiity 90

Arm work (driving vehicle in normal conditions, operating foot swifch or

Light activity 15 pedal); machining with low power toolsylight strolling.

Sustained hand and arm work (hammering in nails, filing); arm and leg work
(off-road operation of lorries, tractors' or construction equipment.

—

Moderate actiyity 145

Arm and trunk work; work (with pneumatic hammer, tractor ass¢mbly,
intermittent handling of moderately heavy material, pushing or pulling light-
weight carts or wheelbarrows, walking at a speed of 4 km/h to 5km/h;
snowmobile driving.

Moderate to high activity 175

Intense arm and trunk work, carrying heavy material, shoMelling;
sledgehammer work; cutting trees by chainsaw, hand mowing; digging;
High activity 200 walking at-a(speed of 5 km/h to 6 km/h

Pushing~or pulling heavily loaded hand carts or wheelbarrows; chipping
castings; concrete block laying; snowmobile in heavy terrain.

Very intense activity at fast to maximum pace; working with an axe; intense
shovelling or digging; climbing stairs, ramp or ladder; walking quickly with
small steps; running; walking at a speed greater than 6 km/h, walKing in
deep loose snow.

Very high acti

ity > 230

Table C.2|— Metaholic rate (in W-m~2) as a function of area of the body involved and the intengity
of the work with that part of the body

Areas of body Work
mvoived light medium heavy
both hands 65 85 95
one arm 100 120 140
both arms 135 150 165
whole body 190 255 345

20 © 1SO 2004 — All rights reserved
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Table C.3 — Metabolic rate (in W-m~2) for specific activities

Activities W.m™

Sleeping 40
At rest, sitting 55
At rest; standing 70

Walking on the level, even path, solid
1. without load at 2 km/h 110
at 3 km/h 140
at 4 km/h 165
at 5 km/h 2(0
2. with load 10 kg, 4 km/h 145
30 kg, 4 km/h 250

Walking uphill, even path, solid

1. without load 5° inclination, 4 km/h 140
15° inclination, 3 km/h 210
25° inclination, 3 km/h 330
2. with load of 20 kg 15° inclination, 4 km/h 270
25° inclination, 4 km/h 410
Walking downhill at 5 km/h, without load 5° inclination 135
15° inclination 140
25° inclination 140

Ladder at 70° going up at a rate of 11,2 m/min

without load 290
with a 20 kg load 340
Pushing or pulling a tip-wagon, 3,6 km/h;-even path, solid
pushing(foree: 12 kg 290
pulling force: 16 kg 3715
Pushing a wheelbarrow, even.path, 4,5 km/h, rubber tires, 100 kg load 230
Filing iron 42 file strokes/min 140
60 file strokes/min 190
Work with a hammer, 2 hands, weight of the hammer 4,4 kg, 15 strokes/min 290
Carpentry work hand sawing 220
machine sawing 140
hand planning 330
Brick-laying, 5 bricks/min 1710
Screw driving 140
Digging a trench 290
Work on a machine tool
light (adjusting, assembling) 100
medium (loading) 140
heavy 210
Work with a hand tool
light (light polishing) 100
medium (polishing) 160
heavy (heavy drilling) 230
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Annex D
(informative)

Clothing thermal characteristics

D.1 General

The thermal dharacteristics of the clothing that must be considered are
— its thermal insulation;
— its reflectjon of thermal radiation, and

— its permgability to water vapour.

D.2 Thermal insulation

The thermal |nsulation is defined in clo. Table D.1 gives the basic ifsulation values for selected ggrment
ensembles.

Table D.1 — Basic insulation values for selected garment ensembles

Garment ensembles Iy

clo

Briefs, short-sleeve shirt, fitted trousers, calf'length socks, shoes 0,5
Underpants, shirt, fitted trousers, socks; shoes 0,6
Underpants, coverall, socks, shoes 0,7
Underpants, shirt, coverall, (socks, shoes 0,8
Underpants, shirt, trousers, smock, socks, shoes 0,9
Briefs, undershirt, tnderpants, shirt, overalls, calf length socks, shoes 1,0
Underpants, ubdershirt, shirt, trousers, jacket, vest, socks, shoes 1,1
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Table D.2 gives the reflection coefficients (F,) for different special materials coated with aluminium to reflect
thermal radiation.

Table D.2 — Reflection coefficients, F;, for different special materials

This eduction only occurs for the part of the body covered by the reflective clothing. Table
ation to estimate the fraction (4,) of the area of the fsody concerned.

inform

Material Treatment Fy
Cotton with aluminium paint 0,42
Viscose with glossy aluminium foil 0,19
Aramid (Kevlar) with glossy aluminium foil 0,14
Wool with glossy aluminium foil 0,42
Cotton with glossy aluminium foil 0)04
Viscose vacuum metallized with aluminium 0,06
Aramid vacuum metallized with aluminium 0,04
Wool vacuum metallized with aluminium 0,05
Cotton vacuum metallized with aluminium 0,05
Glass fiber vacuum metallized with aluminium 0,07

Table D.3 — Ratio of the area of a part of the body to the total body surface

Area Ap
Head and face 0,07
Thorax and abdomen 0,175
Back 0,175
Arms 0,14
Hands 0,05
Tights 0,19
Legs 0,13
Feet 0,07

D.4

ermeability to water vapour

D.3 provides

The evaporative resistance of the clothing is strongly influenced by the permeability to vapour pressure of the
material, which can be defined by the static moisture permeability index (imst). As the present International

Standard is not applicable to special clothing, a mean value of i,st equal to 0,38 can be adopted.

© 1SO 2004 - All rights reserved
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Annex E
(informative)

Computer programme for the computation of the Predicted Heat Strain
Model

E.1 General

The correspgndence between the symbols given in Table 1 and those used in the following\eomputer
programme afe detailed in Table E.1.

An electronic copy of this programme for the predicted heat-strain model calculations can be’downloaded from
the Web at thg following address:

bttg://ww N.md.ucI.ac.be/hﬂr/new/DownIoad/iso7933n.tx!
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Table E.1 — Correspondence between the symbols given in Table 1 and those used in the computer

© 1SO 2004 - All rights reserved

programme
Symbol thsg :)nrtc)gr:a% Symbol thsg r:rtt))(;lr::n Symbol thsg :)nrtc)gr:a%

— defspeed For FcIR fereq i-1 TcreqO

— defdir Fy Fr teri Ter

a — Hy, height ter,ict Ter0

o TskTecrwg hedyn Hcdyn tex Texp

@1 TskTcrwg0 hy Hr tr Tr

£ — I st last tre —

0 Theta Ig st Iclst fre, max >

Apy Adu Ig Icl fre,i Tre

Ap Ap Tiot st ltotst tre #A1 Tre0

Ar Ardu I3 dyn ladyn tskleq Tskep

C Conv Il dyn Icldyn tsk,eq nu Tskegnu

Ce — Tiot dyn Itotdyn Isk,eq cl Tskepcl

Corr,d CORcl imst imst tsk,i Tsk

Corr)l CORia imdyn imdyn Isk, i—1 TskO

Corr tot CORtot incr Incr

Corr d CORe K — 14 —

p — M Met Va Va

Cres Cres Pa Pa Vi Walkisp

Csp spHeat Dsks Psk Var Var

Dijim Dlim R Rad w w

Diim te Dlimtre Treq Eveff w Work

Dijimidss50 | Dlimloss50 Ridyn Rtdyn Wa —

Diimidss95 | Dlimloss95 S — Wo weight

Dmaxl Dmax Seq — Wex —

Drmaxbo Dmax50 SWmax SWmax Wmax wmak

Dmaxbs Dmax95 Swp — Wp wp

DRINK DRINK Swp,; SWp Wreq wreq

ds; dStorage Swp,i—1 SWp0

dSeq dStoreq Swreq SWreq

E — ? t

Emax Emax ta Ta

Ep Ep Lol Tcl

Ereq Ereq tor Ter

Eres Eres fer.eqm Tcregm

el fcl lereqi Tcreq
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E.2 Programme

"INITIALISATION
CLS

The user must make sure that, at this point in the programme,

the following parameters are available.

Standard values must be replaced by actual values if necessary.

The waterteptacementissupposed to besufficient sothat theworkers
can drink| freely (DRINK=1), otherwise the value DRINK=0 must be used

weight =|75: ' body mass kilograms
height = .8: ' body height meters
Adu = .202 * weight * .425 * height * .725
spHeat =|57.83 * weight / Adu
SWp=0
SWtot = 0: Tre = 36.8: Tcr = 36.8: Tsk = 34.1: Tcreq = 36.8: TskTerwg = .3
Dlimtre =|0: Dlimloss50 = 0: Dlimloss95 = 0
Dmax50 [ .075 * weight * 1000
Dmax95 [ .05 * weight * 1000

' EXPONENT]AL AVERAGING CONSTANTS

' Core temperpture as a function of the metabolic rate: time constant: 10 minutes

ConstTeq = EXP(-1/ 10)

' Skin Tempefature: time constant;-3.minutes
ConstTsk = EXP(-1/3)

' Sweat rate: fme constant::10 minutes

ConstSW = EXP(=17 10)

Duration = 48D 'the duration of the work sequence in minutes

FOR time = 1 TO Duration

"INITIALISATION MIN PER MIN

TskO = Tsk: Tre0 = Tre: TcrO = Tcr: TcreqO = Tcreq: TskTerwg0 = TskTcrwg
"INPUT OF THE PRIMARY PARAMETERS

' The user must make sure that, at this point in the programme,

' the following parameters are available. In order for the user

' to test rapidly the programme, the data for the first case
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"in annex E of the ISO 7933 standard are introduced.
Ta = 40: 'air temperature degrees celsius

Tr = 40: 'mean radiant temperature degrees celsius
Pa = 2.5: 'partial water vapour pressure kilopascals
Va = .3: "air velocity metres per second

Met = 150: 'metabolic rate Watts per square meter

Work =0: 'effective mechanical power Watts per square metre
'Postyre posture = 1 sitting, =2 standing, =3 crouching

postufe = 2

Icl = .%: 'static thermal insulation clo

imst 5 .38: 'static moisture permeability index dimensionless
Ap = p4: 'fraction of the body surface covered

'y the reflective clothing dimensionless

Fr =.97: 'emissivity of the reflective clothing dimensionless

(py default: Fr=0.97)

'‘Ardu fimensionless

defspged = 0: 'code =1 if walking speed entered/Q otherwise

Walkgp = 0: 'walking speed metres per second

defdir|= 0: 'code =1 if walking direction-entered, 0 otherwise

THETA = 0: 'angle between walking direction and wind direction degrees
accl =/ 100: 'code =100 if ac¢limatised subject, 0 otherwise

' Effeqtive radiating area-qf the body

R posture = 1"EHEN Ardu = .7
IF posturen=-2 THEN Ardu = .77
IF posture = 3 THEN Ardu = .67

' EVALUATION OF THE MAXIMUM SWEAT RATE AS A FUNCTION OF THE METABOLIC RATE
SWmax = (Met - 32) * Adu
IF SWmax > 400 THEN SWmax = 400
IF SWmax < 250 THEN SWmax = 250
' For acclimatised subjects (accl=100), the maximum Sweat Rate is greater by 25%
IF accl >= 50 THEN SWmax = SWmax * 1.25

IF accl < 50 THEN Wmax = .85 ELSE Wmax = 1
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