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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
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Introduction

Wind chill is commonly encountered in cold climates, but it is low temperatures that first of all endanger body
heat balance. By proper adjustment of clothing, human beings can often control and regulate body heat loss,
to balance a change in the ambient climate. The method presented here is based therefore on the evaluation
of the clothing insulation required to maintain the thermal balance of the body in equilibrium. The heat balance
equation used takes into account the mast recent scientific findings concerning heat exchanges at the surface

of thg skin as well as the clothing.

© 1SO 2007 — All rights reserved \4
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Ergonomics of the thermal environment — Determination and
interpretation of cold stress when using required clothing
insulation (IREQ) and local cooling effects

1

This
exposure to cold environments. These methods apply to continuous, intermittent’ as well a
expogure and type of work, indoors and outdoors. They are not applicable to specific effects as
certaln meteorological phenomena (e.g. precipitation), which are assessed by (other methods.

2

The following referenced documents are indispensable for .the* application of this documen
refergnces, only the edition cited applies. For undated references, the latest edition of th
document (including any amendments) applies.

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

ISO 9237, Textiles — Determination of permeability of fabrics to air

ISO ¢

ISO

ISO
contgct with surfaces=—-Part 3: Cold surfaces

ISO
manikin

EN 5[11;" Protective gloves against cold

$cope

nternational Standard specifies methods and strategies for assessing the thermal stress as

ormative references

1726, Ergonomics of the thermal environment —.lastruments for measuring physical quantiti

13731, Ergonomics of the‘thermal environment — Vocabulary and symbols

13732-3, Ergonomics-of the thermal environment — Methods for the assessment of human

15831, Clothing — Physiological effects — Measurement of thermal insulation by means

sociated with
5 occasional
sociated with

t. For dated
b referenced

PS

920, Ergonomics of the thermal environment — Estimation of thermal insulation and wWater vapour
resistance of a clothing ensemble

yesponses to

of a thermal
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3 Terms, definitions and symbols

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

3.1 Terms and definitions

3.1.1
cold stress

climatic conditions under which the body heat exchange is just equal to or too large for heat balance at the

expense of s

ignificant and sometimes uncompensable physiological strain (heat debt)

3.1.2

heat stress
climatic cong
expense of s

313
IREQ
required clot

3.1.4
thermoneut
temperature

3.1.5

itions under which the body heat exchange is just equal to or too small for heat(balance at the

gnificant and sometimes uncompensable physiological strain (heat storage)

hing insulation for the preservation of body heat balance at defined levels’of physiological str

al zone

nterval within which the body maintains heat balance exclusively by vasomotor reactions

wind chill temperature

AN

temperature felated to the cooling effect on a local skin segment

3.2 Symbpls

Apy, Dubois body surface area, m?

ap air permeability, |- m-2.s-1

C convective heat flow (exchange), W - m—2

Ce water latent heat of {aporization, J-kg~!

Cp specific heat ofdry air at constant pressure, J-kg=1- K1
Cres respiratory.convective heat flow (loss), W - m=2

Diim duratien'limited exposure, h

Dyec recovery time, h

E evaporative heat flow (exchange) at the skin, W - m—2
Eres respiratory evaporative heat flow (loss), W - m—2

S clothing area factor, dimensionless

he convective heat transfer coefficient, W - m=2. K-

h, radiative heat transfer coefficient, W - m=2. K1

I, boundary layer thermal insulation, m2-K-W-1

Iy resultant boundary layer thermal insulation, m2- K- W~
2
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Iy basic clothing insulation, m?- K- W-1

. resultant clothing insulation, m2. K- W1

It basic total insulation, m2- K- W~-1

I, resultant total insulation, m2. K- W-1

im moisture permeability index, dimensionless

IREQ required clothing insulation, m2. K. W-1

IREQmim minimal required clothing insulation, m2. K. \W-1
IREQeutral  Neutral required clothing insulation, m2- K- W-"

K conductive heat flow (exchange), W - m—2

M metabolic rate, W - m—2

Pa water vapour partial pressure, kPa

Dex saturated water vapour pressure at expired air temperature; kPa
DPsk water vapour pressure at skin temperature, kPa

Psk.s saturated water vapour pressure at the skin surface; kPa
0 body heat gain or loss, kJ - m—2

Oiim limit value for Q, kJ - m=2

R radiative heat flow (exchange), W - m=2

ReT total evaporative resistance of clothing and boundary air layer, m2-kPa-W-1
S body heat storage rate, W--m~2

ta air temperature, °C

tol clothing surfacetemperature, °C

tex expired airtemperature, °C

to operative-temperature, °C

t radiant temperature

tsk local skin temperature, °C

ok mean skin temperature, °C

twe wind chill temperature, °C

vV respiratory ventilation rate, kg air-s~1

V10 wind speed measured 10 m above ground level, m - s~
Vy air velocity, m - s~

Vi walking speed, m - s~1

/4 effective mechanical power, W - m—2

w skin wettedness, dimensionless

© 1SO 2007 — All rights reserved
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humidity ratio of inhaled air, kg water/kg dry air
humidity ratio of exhaled air, kg water/kg dry air
Stefan-Boltzmann constant

emissivity of clothing surface, dimensionless

4 Principles of methods for evaluation

Cold stress is

body (e.g. eX

a) General

For geniral cooling, an analytical method is presented in Clause 5 for the evaluation and interpretat

the ther
(IREQ) 1
useor a

b) Local cooling

1) con
2) con
3) extr
4) airw
For loca

and Ann

In the followi

5 Gener

5.1 OverV

A general ed
production a
for the requin
strain. IREQ
insulation is
levels of bod

cooling

al stress. It is based on a calculation of the body heat exchange, the required\Clothing insu
or the maintenance of thermal equilibrium and the insulation provided by clothing ensem
hticipated to be used.

vective cooling (wind chill)
Huctive cooling

emity cooling

ay cooling

cooling, methods are proposed in Clause-6. Criteria and limit values are also given in Cla
ex B.

ng sections, the main steps of evaluation are described.

al cooling
iew

uation for body.heat balance is defined. In this equation clothing thermal properties, body
nd physical eharacteristics of the environment are the determinant factors. The equation is s

is subsequently compared with the protection (insulation) offered by the worker's clothing. If
less, than required, a duration limited exposure (Dj;,) is calculated on the basis of acceg

on of
ation
Dle in

Ise 6

heat
plved

ed clothing\insulation (IREQ) for maintained heat balance under specified criteria of physiolggical

worn
table

y cooling. Detailed formulas, coefficients and criteria are proposed in Annexes A and B.

The method involves the following steps, outlined schematically in Figure 1:

— measurements of the thermal parameters of the environment;

— determination of activity level (metabolic rate);

— calculation of IREQ;

— comparison of IREQ with resultant insulation provided by clothing in use;

— evaluation of the conditions for thermal balance and calculation of the recommended maximal exposure
time (Djim)-

© 1SO 2007 — All rights reserved
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Cold environment

Measure

air temperature
mean radiant temp.
air velocity
humidity

A J

~ Measure-or-estimate

Local cooling activity level
thermal insulation of clothing

Draught, wind chill )
contact skin cooling General cooling
extremity cooling
airway cooling

Calculaté&IREQ,

compare with / .and
calculate D)

l

/cl,r <IREQ min IREQmin < /cl,r < IREQneutraI /cl,r > IREQ neutral
Clothing insufficient — Clothing sufficient Clothing sufficient —
limit duration'of to prevent cooling — possible risk of over-
exposure “slightly cool to heating at high
neutral” sensation levels of activity
\ | Y
Calculation recommended Calculation recommended
exposure time, Dy, exposure time, D),

Figure 1 — Procedure for evaluation of cold environments

© 1SO 2007 — All rights reserved 5
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5.2 Defini

tion of required clothing insulation, IREQ

IREQ is the resultant clothing insulation required in the actual environmental conditions to maintain the body in
a state of thermal equilibrium at acceptable levels of body and skin temperatures.

IREQis

a)

humidity and air velocity for defined levels of metabolic rate,

a measure of cold stress integrating the effects of air temperature, mean radiant temperature, relative

a method for the analysis of effects of the thermal environment and metabolic rate on the human body,

b)

c) ametho
be used

d) a metho
and plar

5.3 Derivation of IREQ

5.3.1

Calculation d
The following

The general

M -W 4
where the ¢
right-hand si

skin and the
the meaning

5.3.2 Meta

M is the metabolic rate and is evaluated in accordance with ISO 8996.

5.3.3 Effec

W is the effe

information in ISO 8996

Gengral heat balance equation

[ for specification of clothing insulation requirements and the subsequent selection of cloth
under the actual conditions, and

d for evaluation of changes in heat balance parameters as measures for improvement of d
ning of work time and work regimes under cold conditions.

f IREQ is based on a rational analysis of a human being's hieat exchange with the environ
subclauses review the general principles for calculation of:the various factors affecting IRE

heat balance equation [Equation (1)] is as follows:

Erog +Crogg *E+K+R+CH+S

ft-hand side of the equation represents.the internal heat production, which is balanced b

tive mechanicalpower

ctive mechanical power. In most industrial situations this is small and can be neglected. See¢

5.34 Respliratory heat exchange

He which represents the sum of heat exchanges in the respiratory tract, heat exchanges o
heat storage accumulating in the body-’Variables of Equation (1) are defined in the following.
of symbols, see also 3.2.

bolic rate

ng to

Eesign

ment.
D).

(1)

y the
n the
For

also

Heat is lost from the respiratory tract by warming and saturating inspired air, and is the sum of convective heat
loss (Ces) and evaporative heat loss (E,), determined, respectively, by

Cres =¢

Ereg =c

o Vtex —ta)! Apy

e 'V(Wex _Wa)/ADu

)

@)
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5.3.5 Evaporative heat exchange

The evaporative heat exchange, E, is defined by
E=(psk _pa)/Re,T (4)

5.3.6 Conductive heat exchange

Conductive heat exchange, K, is related to the area of body parts in direct contact with external surfaces.
Although it may be of significant importance for local heat balance, conductive heat exchange is mostly small
and can be accounted for by the expressions for convective and radiation heat exchange.

5.3.7| Radiative heat exchange

The fadiative heat exchange, R, between the clothing surface including uncovered skin and the epvironment is
defingd by

R:fcl'hr'(lcl_?r) (5)
5.3.8] Convective heat exchange

The ¢onvective heat exchange, C, between the clothing surface ineluding uncovered skin and the|environment
is defined by

C:fcl'hc'(tcl_ta) ©)
5.3.9] Heat exchange through clothing

Heat|exchange through clothing takes place byjconduction, convection and radiation and by the transfer of
evapprated sweat. The effect of clothing on.atent heat exchange is accounted for by Equation (4). The effect
of clgthing on dry heat exchange is determined by the thermal insulation of the clothing ensefnble and the
skin-{o-clothing surface temperature gradient. Dry heat flow to the clothing surface is equivaler|t to the heat
transfer between the clothing surface.and the environment. Heat exchange through clothing, |therefore, is
exprgssed by the resultant, thermakinsulation of clothing:

oi — 1
<—S|; CI=R+C:M—W_Eres_CreS_E_S "
cl,r

5.4 | Calculation‘of IREQ

On the basis-of“Equations (1) to (7), in steady state and using the hypothesis made concerning|heat flow by
conductionythe required clothing insulation, IREQ, is calculated on the basis Equation (8):

IREQ = ko 8)
R+C

Equations (7) and (8) express the dry heat exchange at the clothing surface when the body is in thermal

equilibrium and state the relationship between [ . and IREQ. [ . is the value of clothing insulation corrected

for the effects of wind penetration and activity, taking into account the air permeability of the outer garment
layer. IREQ is the thermal insulation required for the maintenance of thermal equilibrium.

Equation (8) contains two unknown variables (IREQ and ¢). Therefore, Equation (8) is solved for ¢, as follows

te = Tax —IREQ-(M — W — Eyoq — Cres — E) )

© 1SO 2007 — All rights reserved 7
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This expression replaces ¢ in the computation formulas for the variables in Equation (8), where the formulas
for R and C contain ¢, [see Equations (5) and (6)]. The value of IREQ that satisfies Equation (8) is then
calculated by iteration. A computer program is referenced in Annex F for this purpose. IREQ is expressed in
square metre degrees Kelvin per watt (m2-K-W-1). It may also be expressed in clo?).

5.5 Interpretation of IREQ

5.5.1 IREQ as a cold index

IREQ is a measure of the thermal stress presented by the combined effects of internal heat production and
heat exchange with the environment. The greater the cooling power of the environment, the higher the value
of IREQ at gny given activity level. At any given set of climatic conditions, cold stress and thereby AREQ is
reduced with|increasing activity due to the extra demand for dissipation of metabolic heat.

5.5.2 IREQ and physiological strain

Thermal equjlibrium can be achieved at different levels of thermoregulatory strain, defined in terms of values
for mean skip temperature, sweating (skin wettedness) and change in body temperature,

IREQ is defined at the following two levels of physiological strain.

a) IREQ,,| defines a minimal thermal insulation required to maintainybody thermal equilibrium|at a
subnormal level of mean body temperature. The minimal IREQ{represents some body coolirg, in
particulgr of peripheral parts of the body. With prolonged exposures extremity cooling may become a
limiting factor for duration of exposure.

b) IREQ,/fira is defined as the thermal insulation required to-provide conditions of thermal neutrality, i.e.
thermal pquilibrium maintained at a normal level of mean-body temperature. This level represents ngne or
minimal |cooling of the human body.

The relevant|physiological criteria are presented in Annex B.

5.5.3 IREQ and clothing insulation

IREQ is a repultant clothing insulation valye that is required for the actual conditions. It may, therefore, gerve
as a basis fof the evaluation of the prétection provided by clothing in use or as a guideline for the selecton of
appropriate ¢lothing. The IREQ valUe is compared with the resultant insulation value of the selected clgthing
ensembles. This evaluation is deseribed in 5.6.

5.5.4 |IREQ and design of work

Any of the pprameters _of the heat balance equation can be changed and the calculated value of IREQ will
indicate the relative.importance of this particular factor.

5.6 Com

The primary purpose of the IREQ method is to analyse whether or not the selected clothing provides
insulation that is sufficient to establish a defined level of heat balance. The most commonly reported insulation
value of a clothing ensemble is its basic insulation value, I (see ISO 9920). In order to use this information
for a comparison with IREQ, the value must be corrected for several factors. The corrected value, [ , is not
readily available, as it depends on the user conditions. Therefore it needs to be determined on the basis of
available information for the actual clothing (basic insulation, air permeability) wind and activity level.

1) 1clo=0,155m2. K- W,

8 © 1SO 2007 — All rights reserved
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Values for basic insulation of clothing ensembles and air permeability shall be determined in accordance with
ISO 9920. Examples of values are provided in Annex C. The final correction algorithms are given in Annex A.

Ie

made:

Icl,r > IREQneutral

1 s < |REQmih

REQqin < I < IREQ neutral, regulatory zone — no action required

neutral

cold, cooling zone — clothing insulation shall b

.r iIs compared with the calculated IREQ for the given conditions and criteria. The following interpretation is

warm, overheating zone — clothing insulation shall be reduced

e increased

The i
indivi
progn
overh
need

5.7

or Dy, calculated (see 5.7).

hterval between IREQ,,,;, and IREQ,,¢ 451 May be regarded as a clothing regulatoryzore, i
dual chooses the appropriate protection level. With insulation values lower than IREQ,;, the
essive body cooling. With values higher than IREQq 5 conditions will be ‘considere
eating can occur. In the final evaluation, the result can also be presented in.terms of ba
bd for the given conditions (see Annex E).

Definition and calculation of duration limited exposure, Dy,

Whe

insulgtion (IREQ), exposure has to be time limited to prevent progressive body cooling. A certair
body|heat content (Q) is acceptable during an exposure of a-few hours and can be used to

dura

Dura

available or selected clothing. D, is calculated using-Equation (10):

the corrected value of a selected or used clothing ensemble is less than the calculs

on of exposure when the rate of heat storage is known.

ion limited exposure (Dj,,) to cold is defined as the recommended maximum time of e

h which each
re is a risk of
d warm and
Sic insulation

ted required
reduction in
calculate the

Kposure with

Pim ==~ (10)
where O, is the limit value of O (see Annex B) and §'is calculated from

S =M —W — Ergg — Cros —ECR—C (11)
Equation (11) contains unknown ¢ . Therefore, it is solved by mathematical iteration:

o = sk ~ Lol M =W = Eeg = Cres —E = S) (12)

Equa
calcu

tion (12)4s)similar to Equation (9), the difference being that Equation (9) is used in ste
late IREQ and Equation (12) in the actual conditions when clothing insulation is known.

Djim

shall be calculated from IREQ,q 4 (default) (see 5.5.2). Other values for thermal sens

ady state to

htion can be

selec

ted [see 5.5.2., b)]. It the worker at the onset of exposure has adopted a certain heat debt,

time shall be reduced accordingly.

he exposure

After an exposure with body cooling, a recovery period shall be allowed to restore normal body heat balance.
Recovery time (D,¢.) is calculated in the same way as Dy;,,, substituting the “cold conditions” with the exposure
conditions during the recovery period. In other words:

Drgc = Qjim/S (13)

where S is the rate of body heat storage (positive) calculated from Equation (11) for the exposure conditions
during the recovery period.

© 1SO 2007 — All rights reserved
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Since recovery is supposed to start when the body has achieved a certain heat debt, the value of Q;,, shall be

the same w
changed dur

hen calculating D,o./D),- The calculation of D, requires a new determination if clothi
ing the recovery period, as S will change with different clothing.

ng is

The physiological criteria to be used are presented in Annex B and examples of the application of Dj;,, and

D

rec

in Annex E.

6 Local cooling

6.1 Gene

ral

Local coolin
deterioration
local cooling
proposed an

The indoor (
makes a per
heat loss to ¢

The outdoor
comprise aq
simultaneous

6.2 Convective cooling

The combin
unprotected
temperatures
[Equation (14

R+C=

The wind chi
Equation (14

The express

6.3 Cond

The contact
risk of incurr
ISO 13732-3

of manual and physical performance and cold injury. The amount of knowledge on fespons
is insufficient for the development of a single evaluation method. Several ,dpproache
] more research work is encouraged on the subject.

old environment is relatively easy to modify by engineering techniques=Light, stationary

5on more prone to unpleasant effects of local cooling, caused by for example draught or rad
old surfaces. Particular attention should be paid to the evaluation ofdiscomfort.

justment of clothing or control of exposure. All types/)of local cold stress may ¢
ly or independently.

ption of low temperature and wind accelerates' heat loss from warm surfaces. Accord
parts of the body, such as face and sometimes hands, may cool very quickly and reac
with considerable risk of injury. Local convéctive cold stress is evaluated with a general equ
)] for convective and radiative heat loss(of a bare skin surface:

hr '(tsk _t_r)"'hc '(tsk _Ia)

| temperature, #,,c, is a temperature that describes a cooling effect on the skin. It is derived
, which is solved for ¢, for combinations of wind and heat losses.

on to be used for the-evaluation of 4, is presented in Annex D.

ictive cooling

bf cold surfaces produces an immediate heat exchange between warm skin and cold surface

j of any part of the body with emphasis on hands, feet and head may produce discomfort,

es to

5 are

work
ation

cold environment is determined by weather and climate,-and protective measures mostly

Ccur,

ingly,
h low
ation

(14)

from

. The

ng unpleasant tissue cooling or at worst a local cold injury shall be assessed in accordance with

6.4 Extremity cooling

Even at thermoneutral conditions the extremities, the hands in particular may suffer unwanted cooling. This
depends to a large extent on the local climatic conditions, local protection and heat input by blood circulation.
The latter factor is much dependent on the overall thermal balance. If the heat balance is negative, as for
example when protective clothing does not match IREQ, extremity blood flow is reduced due to
vasoconstriction. This may reduce heat input to very low levels. Extremities, in particular fingers and toes, will
gradually cool down and reach unacceptably low temperatures.

Extremity cooling is prevented or reduced by putting on adequate protection, e.g. insulative hand and footgear.
Test methods for determination of thermal insulation of hand-wear shall be in accordance with EN 511.
Required insulation for various wear conditions are also given in EN 511.

10 © IS0 2007 — All rights reserved
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Hand cooling shall be evaluated by the methods and procedures specified in EN 511.

Extremity cooling can also be evaluated by direct skin temperature measurements. Recommended criteria

and

6.5

temperature levels are given in Annex B.

Airway cooling

Inhalation of air at low temperatures cools the membranes of the airway walls and can be harmful to the
tissues. Cooling is more pronounced when the ventilated air volume is high (e.g. at high physical activity).

Recommendations for lowest temperatures of inspired air is given in Annex B.

7

71

Practical assessment of cold environments and interpretation

General

Procgdures for the practical determination of IREQ, Dy, and local cooling Jeffects are des
following subclauses.

7.2

The

Procedure for determination of IREQ and Dy,

brocedure for the assessment of cold environments is specified in steps a) to g), below, a

schematically in Figure 1.

NOTEH A link to a computer program is provided in Annex:F\for a complete evaluation of the steps from

a)

Measure or estimate the following climate parammeters in accordance with ISO 7726:

— air temperature;

+ mean radiant temperature;

+— air velocity;

+ humidity.

The operative temperature may replace the air temperature and mean radiant temperatu
¢alculated as aaveighted average of the two using the convective and radiative heat transfe

spectively. Water content of air at low temperature is very small, so a standard value of
umidity may be used below -5 °C.

eterMine the metabolic rate in accordance with 1ISO 8996. Values for selected example
ctivity are given in Annex C.

cribed in the

nd described

C) to f).

e when it is
coefficients,
b0 % relative

5 of physical

Determine external work rate. For most types of manual work and movements on the ground, the work

rate can be set to 0.

Determine the basic clothing insulation of the cold protective clothing in use in accordance with
ISO 15831 or from the corresponding tables given in ISO 9920 and Annex C. The program provided in

Annex F can be used to calculate the resultant clothing insulation value, /1 , (see Annex C).

Calculate IREQ from Equation (8). With intermittent exposure or activity (e.g. fixed work—rest regimens),
IREQ is calculated for each different work and rest period, and the time-weighted average for a minimum

of 1 h then calculated. The individual period may depend on the organization and nature of
should be at least 15 min.

© 1SO 2007 — All rights reserved
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f) Evaluate the conditions for heat balance by comparison of IREQ with the corrected clothing insulation

value, [ .

Three cases apply:

1) Icl,r > IREQneutral
The selected clothing ensemble provides more than sufficient insulation. Too much insulation can
increase the risk of overheating, excessive sweating and moisture absorption by clothing and a
prospective risk of progressive hypothermia. Clothing insulation shall be reduced.

2) IREQmin < Icl,r < IREQneutral
Selg¢cted clothing ensemble provides adequate insulation. The level of physiological strain"may vary
froi high to low and the thermal conditions are perceived as “slightly cold” to “neutral’) No actjon is
reqdiired, except for further evaluation of local cooling effects.

3) Iy K IREQpn
Thel selected clothing ensemble does not provide adequate insulation to‘prevent body cooling. There
is ap increasing risk of hypothermia with progressive exposure:
i) [clothing insulation shall be increased;
ii) |atime limited exposure shall be selected and Dy, calculated [see g) below].

g) Determipe the duration limited exposure time (D) and.the required recovery time (D) if I i§ less
than IREQ, oo If the clothing is changed during recavery, a new calculation shall be made. Dy and
D, are|by default calculated for neutral conditions.

The IREQ inflex applies to cool and cold environments. It is recommended that the index be used within the

following limifs of the main parameters:
ty <10 1C;
04m-sft<v,<18m-s7';

I > 0,078 m2-K-W-1(0,5-clo).

7.3 Local|cooling

In cold envirpnments there is always a risk of local cold stress. This problem is dealt with according to the

following:

— convective cooling (see Annex D);

— conductive cooling (see ISO 13732-3);

— extremity cooling (see EN 511);

— airway cooling (see Annex B).

12 © IS0 2007 — All rights reserved
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Annex A
(normative)

Computation of thermal balance

General

The 1
this g
recer
and

A.2

Resp
respi

ormulas, coefficients and values for the calculation of the various forms of heat exchange
nnex should only be applied within the limit values of the main parameters. They are based
t and accepted experimental investigations available in the literature (see the Bibliography).
nits given in 3.2 apply.

Determination of respiratory heat exchange

iratory heat loss is related to M and is calculated from the formulas for convective and
atory heat loss presented below.

Fros = 0,017 3- M -(pex - pa)
Cros =0,0014- M (1o ~t5)

ex =29+0,2-1,

It is assumed that expired air is saturated and-has a temperature (z,), that is related to inspir

temp

A3

Skin

The
heat
evap
press

erature (7,) using Equation (A.3).

Determination of evaporative heat exchange

bvaporative heat exchange’(F) is determined by
= w-(psks — PadlRE T

bkin wettedness factor may be regarded as the wetted fraction of the skin, participating ir
exchange\The factor, w, can vary approximately from 0,06, when skin diffusion is the
brationst0*1,0, when evaporation is maximal and the skin is fully wet. The saturated
ureatthe skin surface, pg ¢, is calculated from the mean skin temperature by

presented in
on the most
The symbols

evaporative

(A1)
(A.2)

(A.3)

ed (ambient)

(A.4)

evaporative
only form of
vater vapour

42052
(T7,2715K)

pSk,S = 610,78.e(tsk+23,3)

(A.5)

The mean skin temperature is determined automatically as a function of the metabolic rate (see Annex C).

©I1SO

2007 — All rights reserved
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A.4 Determination of evaporative resistance

The value of R, 1 is calculated on the basis of clothing insulation and permeation properties to water vapour.
Due to the limitéd contribution from evaporative heat loss in the cold for defined levels of physiological strain,
itis sufficient with the following approximate estimation of R,

0,06
Re,T [

Im

tly, A6
2 I j (A.6)

The expression within brackets is the total insulation value. I, , is calculated using Equation (A.13). A limited
number of yaltes—fer—R-—ane—-—are—available—in—thelitorature {see—S0-8926)—Fer—eommen—vapour

avamraorc—ir TS TteTat

permeable) glothing, an im’ of 0,38 is assumed and Equation (A.6) becomes

Re:r C 16- [f—-i—]drj (A?)

Jcl

A.5 Determination of the clothing area factor

In all calculations, f, is calculated with

Ja =10+197 -1 (A.8)

A.6 Determination of the convective heat transfer‘coefficient

h. is calculated with

he =2, (A.9)
Ia,
For0,4m-sf'<v,<18m-s'and 0 m-89'< v, < 1,2m-s71; I, . is determined using Equation (A.13).

A.7 Determination of radiation heat transfer coefficient

In environmgnts with a predominantly low temperature radiation, #, is approximated by

1 273)* —(z. +273)*
e~ o by LeET3) T (0 #273) (A.10)
tcl_tr

where o is the Stefan-Boltzmann constant, equal to (5,67 x 10 8) W .-m=2.K=4, ¢, is the emissivity of the
clothing.

The emissivity of the clothing depends on the temperature of the radiation source.
With low temperature radiation, emissivity is independent of the colour of clothing and shall be 0,97.
With high temperature radiation (e.g. sunshine), the colour of clothing is important and an appropriate value

shall be chosen. A completely dark outer surface layer may absorb up to 100 W-m—2 more than a white
surface.

14 © IS0 2007 — All rights reserved
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Determination of resultant clothing insulation

The basic insulation value (/) of a selected clothing ensemble is corrected for the effects of wind penetration
and activity, taking into account the air permeability of the outer garment layer. Air permeability shall be
determined in accordance with ISO 9237. This correction gives a resultant insulation value (/; ) that is more
realistic for a comparison with IREQ.

Ie

.r is calculated using Equation (A.11) from corrected values of total insulation [Equation (A.12)] and

boundary layer thermal insulation [Equation (A.13)]. This value of . is used for the calculation of Dy, (see

5.7).
Ia,r

[cl,r :IT,I' _f_cl (A11)

(1, = I7 -[o, 54.¢(00751n(ap)-015v4-022vw) _ 0 06 .In(ap) + 0,5} (A.12)
The |relationship for air layer reduction calculations is derived from/Equation (A.12) y inserting
ap =0 000 I-m~2-s~1 and replacing I7 by I, = 0,085 m2- K- W-1. The formdla then becomes:

[, =0,002.e(013va~022vw) _0 004 5 (A.13)
Equations (A.12) and (A.13) apply for 0,4 m-s~1 < vy<18m- sandOm-s1 < Vp<1,2m- s7[', and for the
condjtions of Equation (A.14).

If wa
veloo

lking speed is unknown or not applicable (stationary work), the movement generated,
ity around the body, can be calculated by

w =0,005 2 (M —58)

The gffect of body movement is limited to.values lower than 0,7 m-s~1.

Equa
provi
progr
Anne

1

cre

tion (A.15) shall be used to determine the required 7, as a function of the previous eq
les a complementary evaluation of required insulation. The necessary corrections are
am and the result is a required /, value that can be compared directly with information fron
x C) or static manikin data:

juired is determined by replacing /;, . in Equation (A.15) with the IREQ value:

0,15v,-0,22v )

A +[0,092.e( ~0,004 5} / fa

-0,06-In(ap)+0,5

/

-0,085/ f4

cl =

{O 54 . o(0.0754n(ap)-01 5~va—0,22.vw)j|

ncreased air

(A.14)

Lations. This
made by the
n tables (see

(A.15)

Examples of basic insulation values are given in Annex C.

©I1SO

2007 — All rights reserved

15


https://standardsiso.com/api/?name=07404f314f9d6344316c0d6b42e1703f

ISO 11079:2007(E)

Annex B
(informative)

Physiological criteria in cold exposure

B.1 General cooling

Two sets of
a) low phys
thermal
b) high phy
correspg

The low leve
thermoregulg

hysiological criteria are defined to identify

iological strain, characterized by a neutral thermal state of the body, corresponding-to-a “ng
sensation, and

siological strain, characterized by peripheral vasoconstriction and no regulatory sweating
nding to a thermal sensation of “cold”.

| of strain corresponds to thermoneutral conditions. Heat balance isxmaintained at a minim
tory load for given conditions. In such conditions, a person wishes to be neither warme

cooler. Comprehensive investigations under indoor conditions have provided, sets of comfort criteria tha

be used to
conform with
used for the

The high le
vasoconstric
“cold”. This @

physiologically define thermal neutrality. Equations for pfediction of mean skin tempe
results from cold environments. A modified set of “comfort.eriteria” in terms of skin wettedn
calculations. Values for proposed criteria are given in Table B.1.

vel of strain corresponds to conditions under which heat balance is maintained only
ion of skin and extremities. In such conditions;a person would perceive a thermal sensat

utral”

and

im of
r nor
may

lature

Ss is

with
on of

ondition is reached when heat balance cannot'te maintained at the low level of strain. On sfart of

exposure thq
skin and ext

re is an initial cooling period of 20 min to @0 min, when heat content of body tissues, prefe
emities, is reduced. Thermal equilibrium is then restored for the high strain values of mear

rably
skin

temperature |and skin wettedness given in Tahlé.B.1. This corresponds to a heat debt of approximately
140 kJ - m~2 pompared to the low level strain. Heat balance under these cold conditions is maintained w
regulatory sweating. Evaporative heat exchange takes place by skin diffusion only (w = 0,06). This state

body coinci
extended ex

B.2 Durat

Two levels o

When the rg
maintain eqy

s with a subjective thermalisensation of “cold” and is tolerated (though not comfortabl
osures.

on limited exposure

strain also@pply for the calculation of Dj;,.

sultaptinsulation of selected or used clothing (/) is less than IREQ the body c

neutral’

th no
bf the
p) for

Annot
and

ilibfium under defined levels of strain during long exposure. The difference between I}

IREQneutral r

eSUlts in a negative heat storage rate (see 5.7). Dy, for low strain conditions is calculatedl and

corresponds

For high strain conditions, Dy, is calculated on the basis of the difference between I

to the time to lose 144 kJ - m=¢ of body heat content.

 and IREQ

min-

starting condition assumes that the body is already slightly cooled and mean skin temperature is lowered (see

Table B.1, column 2). From these conditions, an additional drop in body heat content (144 kJ - m~

16

2) occurs.
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Table B.1 — Suggested physiological criteria for determination of IREQ, D;,, and local cooling

General cooling “High strain” “Low strain”

IREQ Minimal Neutral
tsk (°C) tsk = 33,34 -0,0354 - M tsk = 35,7-0,0285 - M
w (dimensionless) 0,06 w=0,001-M
Djim Long Short
Ojim (kJ - m=2) 144 144
Local-caaling “High strain” “| ow strain”
Wind chill temperature, ¢, -30 -15
Fingér temperature (°C) 15 24
Respgiratory tract:

Loy activity (M < 115 W - m™2) t, = -40 1, =-20

High activity (M > 115 W - m2) t,=-30 t,=-15
B.3 |Local cooling

Valugs for proposed criteria are given in Table B.1 for two levels of strain.

For ¢
to An

Cond
Extre
Airwa

-15 1
temp

nex D.

onvective cooling, two values are given for the effective cooling temperature (4,,c) determing

uctive cooling is assessed on the basis of ISO 13732-3.

mity cooling is evaluated by finger skif.temperature.

©I1SO

2007 — All rights reserved

d according

y cooling is evaluated as a lowest temperature of air recommended for inhalation. At tempefatures below
C, respiratory protection is recommended for high activity levels (with increased ventilatior
eratures below —30 °C, respiratory protection is strongly recommended.

volume). At
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Annex C
(informative)

Metabolic rate and thermal properties of clothing

C.1 Metabolic heat production

Methods for fetermination of metabolic heat production are given in ISO 8996. Table C.1 depicts examp|es of
activities and the associated values for metabolic heat production.

Table C.1 — Classification of metabolic rate for kinds of activities (modified from-1SO 8996)

m

Class @ W m-2 Examples
Rest|ng 65 Resting, sitting
Very low mefabolic rate 80 ITlght manqal work (writing, typing, drawing); inspection, assembly or sorting of yery
light materials)
Low metabolic rate 100 Hand \(vork (smalll bench tools).; arm V\'IO'I’k (dr'lvmg vehicle in nor.m.al condltl'ons,
operating foot switch or pedal); machiningwith low power tools; light strolling
Low-to-mpderate 140 Hand and arm work at moderate pace; mounting and assembling light pieces of]
metabollc rate material

Sustained hand and arm work (hammering in nails, filing); work with light equipment
Moderate metabolic rate 165 |and tools; arm and leg work (eff<road operation of lorries, tractors or construction
equipment

Arm and trunk work; werkwith pneumatic hammer; intermittent handling of
175 | moderately heavy material; pushing or pulling light-weight carts or wheelbarrows;
walking at a speed.of 4 km/h to 5 km/h; snowmobile driving

Moderatefto-high
metaboljc rate

Intense arm and-trunk work; carrying heavy material; shovelling; sledgehammer
work; cutting, trees by chainsaw; hand mowing; digging; walking at a speed of 5 km/h
to 6 km/h; pushing or pulling heavily loaded handcarts or wheelbarrows; chipping
castings;-concrete block laying; snowmobile in heavy terrain

High metalbolic rate 230

Very intense activity at fast to maximum pace; working with an axe; intense
Very high metabolic rate | 290 _|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 sfow

Very, vefy high
metabol|c rate 400
(upto1hto2h)

Very intense activity sustained without breaks; emergency and rescue work at high
intensity

@ Indicated etabolic'rate refers to the average of 60 min over a shift's continuous work.

C.2 Basic and resultant insulation

Basic insulation specifies the insulation value under standardized (static, wind-still) conditions. Most insulation
values available in the literature are basic insulation values (/) and have been measured with a standing,
static thermal manikin. ISO 9920 compiles a large variety of such data. Values of / for selected ensembles
are presented here in Table C.2.

Resultant insulation defines the factual insulation provided by clothing under given conditions. Body
movements and wind disturb still air layers and reduce clothing insulation. The effect depends on the air
permeability of the fabrics, on the design and construction of garments, on the type of activity and how the
clothing is worn. Garments made of windproof fabrics are less affected by wind. IREQ determined according
to the present method is a resultant insulation value.

18 © IS0 2007 — All rights reserved
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I, and its variation with, for example, body movements and wind, are inherent properties of a clothing
ensemble and must be determined or estimated before a comparison can be made with IREQ. Measurements
of clothing insulation on a movable thermal manikin under the influence of wind will provide more reliable
information about the effective protection (resultant insulation) provided by the actual clothing in a real
situation and whether or not it corresponds to IREQ.

NOTE EN 342 describes a method for determination of insulation values under walking conditions.
For the interpretation of IREQ, the I, of selected clothing must be corrected for wind, walking and air

permeability of the outer layer (see Annex A). The corrected value, I, is used for comparison with the
calculated IREQ value.

It neJads to be emphasized that calculated IREQ is assumed to be evenly distributed over the hody surface.
IREQ refers to whole body thermal equilibrium, which does not necessarily mean that extremitigs are always
kept warm. Local climate and protection influence the heat balance of hands and feet, for example, and must
often|be considered separately.

NOTE EN 511 describes methods for evaluation of cold protective gloves.

C.3 |Air permeability

Valugs for the air permeability of different outer layer fabrics aré given in 1ISO 9920. Most types of outer
garments for outdoor use are made of windproof fabrics and for these cases a standard value off8 |- m—2.s1
can he used.

C.4 |Moisture absorption

Too much clothing insulation compared to the required value (IREQ, o), Particularly in compination with
high [activity, causes overheating. The assocCiated sweating, sweat absorption and progressiye wetting of
clothing layers impair the insulation properties and can endanger an adequate body heat bglance during
prolohged stay in the cold. Under such conditions persons must have access to extra clothing forjreplacement
and/qr heated shelter for rest and pause:

C.5 [Individual behaviour‘and clothing requirements

Calcylation of IREQ and-the concomitant evaluation of heat balance apply to the average |person. The
intergretation of IREQ'in"terms of a required clothing insulation may only serve as a guideline for fhe individual.
The ipdividual variation in terms of physiological capacities, clothing behaviour and subjective derhand is great.
Prefgrably, the-final choice and adjustment of clothing to the environment are to be made by the individual,
accoflding to his-and her experiences, needs and preferences.

© IS0 2007 — Al rights reserved 19
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Table C.2 — Basic insulation values (/) of selected garment ensembles measured
with a thermal manikin (based on ISO 9920)

]cl
Clothing ensemble

m2.K.w-1 clo
1. Briefs, short-sleeve shirt, fitted trousers, calf length socks, shoes 0,08 0,5
2. Underpants, shirt, fitted trousers, socks, shoes 0,10 0,6
3. Underpants, coverall, socks, shoes 0,11 0,7
4. Underpants, shirt, coverall, socks, shoes 0.13 0.8
5. Underpants, shirt, trousers, smock, socks, shoes 0,14 0,9
6. Briefs, undprshirt, underpants, shirt, overalls, calf length socks, shoes 0,16 1,
7. Underpant$, undershirt, shirt, trousers, jacket, vest, socks, shoes 0,17 1,
8. Underpants, shirt, trousers, jacket, coverall, socks, shoes 0,19 1,
9. Undershirt) underpants, insulated trousers, insulated jacket, socks, shoes 0,22 1.4
10. Briefs, T-ghirt, shirt, fitted trousers, insulated coveralls, calf length socks, shoes 0,23 1,
11. Underpants, undershirt, shirt, trousers, jacket, overjacket, hat, gloves, socks, shogs 0,25 1,6
12. Underpants, undershirt, shirt, trousers, jacket, overjacket, overtrousers, socks;'shoes 0,29 1,9
13. Underpants, undershirt, shirt, trousers, jacket, overjacket, overtrousers, sacks, shoes, 0,31 2,
hat, gloves
14. Undershint, underpants, insulated trousers, insulated jacket, overtrousers, overjacket, 0,34 2,2
socks, shoes
15. Undershint, underpants, insulated trousers, insulated jacket, evertrousers, overjacket, 0,40 2,6
socks, shoes] hat, gloves
16. Arctic clothing systems 0,46 to 0,70 3to#5
17. Sleeping bags 0,46t0 1,4 3199
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Determination of wind cooling
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The wind causes a cooling effect on the skin. This effect may be expressed as a wind chill temperature. The
wind chill temperature (4,,c) defines the ambient temperature, which at a wind speed of 4,2 km - h=1 produces
the same cooling power (sensation) as the actual environmental conditions. The wind chill temperature (in

degrges Celsius) is determined by the following formula:

we =13,12+0,6215-1, —11,37 v +0,396 51,12

Wind| velocity (v4q) is defined as the standard meteorological value measured 10 mabove grou
valug is obtained from weather stations and weather forecasts. If the local wind velocity (v,) at g

meagured, it must be multiplied by 1,5 before it is inserted in Equation (D.1).

(D.1)

Td level. This
ound level is

Calcylated values for 4, and criteria associated with the evaluation ofthe risk of cold injury based on the

indeX are given in Tables D.1 and D.2.

Table D.1 — Cooling power of wind on exposed flesh-expressed as a comparative wind chill
temperature (1) at a defined wind.speed of 4,2 km- h-1

Y10 oté

km-h1 m-s1 0 -5 -10 15 -20 -25 -30 -35 -40 45 -50

5 1,4 -2 -7 -13 -19 -24 -30 -36 -41 47 53 -58

10 2,8 -3 -9 =15 -21 =27 -33 -39 -45 -51 57 -63

15 4,2 -4 -1 -17 -23 -29 -35 -41 -48 -54 60 —66

20 5,6 -5 312 -18 -24 -31 -37 -43 -49 -56 62 —-68

25 6,9 -6 -12 -19 —25 -32 -38 -45 -51 -57 64 -70

30 8,3 =7 -13 -20 -26 -33 -39 -46 -52 -59 65 72

35 9,7 -7 -14 -20 27 -33 -40 -47 -53 —60 66 -73

40 1,1 -7 -14 -21 =27 -34 -41 -48 -54 —61 68 74

45 12,5 -8 -15 —21 —28 -35 42 -48 -55 —62 69 75

50 13,9 -8 -15 -22 -29 -35 —42 -49 -56 —-63 70 —76

55 45;3 9 46 22 29 36 43 50 57 63 70 =77

60 16,7 -9 -16 -23 -30 -37 -43 -50 -57 -64 71 -78

65 18,1 -9 -16 -23 -30 -37 -44 -51 -58 —65 72 -79

70 19,4 -9 -16 -23 -30 -37 -44 -51 -59 —66 -73 -80

75 20,8 -10 -17 -24 -31 -38 -45 -52 -59 —66 -73 -80

80 22,2 -10 -17 -24 =31 -38 -45 -52 -60 —67 -74 -81

The shaded areas refer to the different classes of risk according to Table D.2.
© IS0 2007 — Al rights reserved 21
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Table D.2 — Wind chill temperature (1) and freezing time of exposed skin

Classification of risk tl’\g Effect
1 -10 to -24 Uncomfortably cold
Very cold,
2 ~251t0-34 risk of skin freezing
3 ~3510 -59 Bitterly cold,
exposed skin may freeze in 10 min
Extremely cold
ul —60 and colder ?

exposed skin may freeze within 2 min

22
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E.1

As prIevioust mentioned, different procedures apply to the determination of IREQ and Dj;,, wher

cold

expo
neutr

E.2

IREQ
illustfated in Figures E.1 and E.2. In Figure E.3, minimal and neutrdl levels of IREQ are calcu
activi
“cloth

The
laye

a ga
expre

A coftinuous work at 175 W-m~=2 in —10 °Cland calm wind gives an IREQp¢ ¢4 Of 1,6 clo (Figu
IREQ
respg

E.3 [Intermittent exposure
Work is often organized‘in-more or less fixed work—rest regimens. An evaluation of cold stress is
analysis of the following-
a) The “coldest”interval, defined either by the lowest activity or the lowest temperature. The ba
alue of\the selected clothing determines whether heat balance can be maintained or
ecommended exposure time (Dj,)-
b) The “warmest” interval defined either hy the highncf nr‘fi\/ify orthe highnef temperatur

ISO 11079:2007(E)

Annex E
(informative)

Examples of evaluation of IREQ

General

s continuous or intermittent. For extreme exposures with insufficient clothing insulation;~a-du
sure (Dji,,) and a required recovery time (D) is calculated. Examples are given for,both
ol “criteria”. IREQ values are given in clo?).

Continuous exposure

min @nd IREQq a1 @s a function of activity level (metabolic rate) and operative tem

ty levels as function of operative temperature. The area between the lines may be re

pffect of wind depends on the air permeability of thé selected clothing ensemble, in partict
A value of 8 |-m~2-s~1is a typical value for many outdoor clothing materials. The effect of
fment assembly at an activity level of 90 Wem—2 is given in Figure E.4. The required
ssed as the basic insulation value (cf. Table-G.2).

r

min Of 1,3 clo (Figure E.2). This corresponds to a basic insulation value (/) of approx. 1,7 cl
ctively, calculated using Equation (A.15).

exposure to
ration limited
minimal and

perature are
ated for four
parded as a

ing regulatory zone”, in which an insulation level corresponding to various degrees of thermal strain and
sensation may be selected. Values are given for a wind velogity.of 0,4 m-s~1.

lar the outer
vind on such
insulation is

re E.1) or an
p and 1,4 clo,

based on an

Sic insulation
calculates a

p. The basic

insulation value of selected clothing, as in a), determines whether heat balance can be maintained

(usually the case) or calculates a recommended exposure time (Dj;,)-

Clothing that permits adjustments within this range of required insulation/exposure time is required. Outer
layers are required to be easy to open and close and to don and doff. Removal of an insulated outer garment

can

correspond to a decrease in basic insulation by 1 clo or more.

2)

1 clo =0,155 m2- KW,

© 1SO 2007 — All rights reserved
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EXAMPLE 1 A worker operates a forklift in a cold store at —25 °C. He transports goods from the store room to an
adjacent packing room with an air temperature at +5 °C, spending approximately an equal amount of time in the two
conditions. His activity level is estimated at 115W.m™=2. IREQ o ytra for —25°C and +5°C is 3,6 clo and 1,5 clo,
respectively (Figure E.1). Due to driving wind speed the selected clothing must provide a basic insulation value of at least
4,3clo and 2,0 clo, respectively, with windproof outer layer (cf. Table C.2). These values are calculated using
Equation (A.15). The available clothing provides 3,5 clo, which is likely to be a sufficient compromise between the two
requirements.

EXAMPLE 2 In the same workplace as in Example 1, a worker is placing orders of frozen food in containers for the
forklift driver. His activity is estimated at about 175 W - m2. His clothing provides a basic insulation of 3,5 clo (same as for
the driver). IREQ, ¢4 iS determined at 2,2 clo (Figure E.1), requiring a basic insulation of at least 2,7 clo (Table C.2). This
value is calculated using Equation (A.12). His clothing meets the insulation requirements and ought to be, in fact, a little bit

too warm for

hic acotivity laval Daoduction of incilatian mauict ha madg hy tha wwarlear himeoglf hy maane Af angni
HE— St B <8 aHcHORA—E R Sthato T RdSt+— 98—+ Raa8-— Y RE—WorRE T HRSB B Yy—HEa RS-0 pPeRH

g the

garment and/d

NOTE In
pauses in hea

E.4 Durat

At very low t{
subject canr
normally prg
maximal exp
activity and i

EXAMPLE

I value of 2,
(Figure E.6). |
recovery time
54 min.

The operatiV
weighted acq
for environm

r removing insulative under layers.

both examples, clothing needs to be flexible and allow for easy adjustment and doffing durihg, break
ed rooms.

on limited exposure

bmperatures and low activity levels IREQ becomes high, indicating ‘a_high level of cold stre
ot sustain this cold stress, since available clothing for work under these conditions doeg
vide such a high insulation level. When I of available clothing is known, a recommg
psure time (Dy;,,) can be calculated. Figures E.5 to E.8 depict Calculated Dy, values for se
hsulation levels, expressed in terms of the basic insulationivalue (/).

A person working at 115 W-m~2 at —15 °C (IREQ = 2,9 cl6), dressed in a garment assembly provid
D clo is not permitted to work for a period longer than ‘about 1 h and 20 min applying low strain cr
ncreasing available garment insulation to 2,5 clo increéases Dy, to about 4 h. The corresponding re

(D) calculated for 1,5 clo at 90 W - m=2 in a room‘at 25 °C, 0,2 m-s~' and 50 % r.h. (relative humig

ording to values of the convectiverand radiation heat transfer coefficients, respectively. It is
bntal temperature in the following figures.

s and

ss. A
5 not
nded
veral

ng an
terion
uired
ity) is

e temperature is the integrated value“of the air temperature and mean radiant tempenature

used
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Figure E.1 — IREQ,¢ 5 @s function of operative temperature at eight levels of metabolic rate

25


https://standardsiso.com/api/?name=07404f314f9d6344316c0d6b42e1703f

ISO 11079:2007(E)

Y

10

9

8 \\

7 \\

6 ‘\\ AN

5 \\ \\a

4 \\ \ \‘

- \ )

3 5\\\\\ C

, ~>\\>Q\\\ <

1 \§\\§\\\\
— T~
X 50 -40 -30 -20 -10 0 10 20 X

Key
X operative femperature, ¢,, °C
Y IREQ, clo
Air velocity: 0, m-s~!

Air permeabilify of outer layer: 8 | - m=2 . 517

a 70W-m+¥

b oow.m#¢

¢ 115W-m[2
d 145 W.m[2
e 175W.m[?2
f 200w -m[2
9 230W-m32
h 260 W.m2

Figure E.2 — IREQ,,., as function of operative temperature at eight levels of metabolic rate

min

26 © 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=07404f314f9d6344316c0d6b42e1703f

ISO 11079:2007(E)

10

/,

NN

N

8 \k

/

/

N

~
N

NN

~

6 \

T~

N

7

—~

N
=

X
\

20

a
&\
4 ~ \{\\
\ % \
2 \ g & &
T SN
1 —
\§
<-|—0
X -50 -40 -30 -20 -10 0 10
Key
X operative temperature, ¢,, °C
Y IREQ, clo
Air veJocity: 0,4 m-s™!
Air pdrmeability of outer layer: 8 1{m™2 . s~
a 7pW-m?2  IREQua
b 7pw-m?2  IREQ,
C PW-m?  UREQ,.yqal
d 9pw.mZLV IREQ,,,
e sV m?  IREQ,qyqal
f 1t W—m—iREQ—
9 175W-m?  IREQ, e qal
h 175w.-m2 IREQ

min

Figure E.3 — Comparison of IREQ,,;;, and IREQ, o5 at four levels of metabolic rate
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