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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the

International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Interngtional Standards are drafted in accordance with the rules given in the ISO/IEC Directives,

Part 2.

The main task of technical committees is to prepare International Standards. Draft |Internatiopal Standards

adopted by the technical committees are circulated to the member bodies faryvoting. Publ
Internptional Standard requires approval by at least 75 % of the member bodie$ casting a vote.
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on is drawn to the possibility that some of the elements of this doctiment may be the sul
ISO shall not be held responsible for identifying any or all such patent rights.

D20 was prepared by Technical Committee ISO/TC 159, Ergonomics, Subcommittee SC §
physical environment.

econd edition cancels and replaces the first edition (1S© 9920:1995), which has been tech
ildes major changes to the sections on clothing\vapour resistance as well as those de
5 of air movement and body motion on clothing ifisulation and vapour resistance.

porrected version of ISO 9920:2007 incorporates the following corrections.

value and a symbol missing from Equation (38) have been reinstated.

Equation (15), the multiplication symbol has been substituted for an (incorrect) asterisk.

Figure A.1, traditional Korean garments erroneously captioned “China” and “Sokchin
prrected to read Chima and Sokchima.

the description of symbol H given with Equation (F.1), the minus sign missing from tk
tached to-the unit W-m=2 has been inserted.

lean. skin temperature”, given as the description for 7y with Equation (G.6), has been

Equation (F.8),-the subscript of the second representation of “I” has been changed to 7}

cation as an

ject of patent

, Ergonomics

nically revised.
aling with the

h” have been

e superscript

corrected to

néan outer clothing surface temperature”.

— In a number of instances, “weight” has been changed to the accepted ISO term, mass.

— V

alues in Table A.2, No. 134 for I, and /1 have been corrected.

— Introductory text similar to that present in the first edition has been reinstated in Annex A, and a new
introductory text has been added to Annex C.

— S

ome minor editorial corrections and additions have been made.
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Introduction

This International Standard is one of a series of International Standards intended for use in the study of
thermal environments. It is a basic document for evaluation of the thermal characteristics of a clothing
ensemble (thermal insulation and water vapour resistance). It is necessary to know these values when
evaluating the thermal stress or degree of comfort provided by the physical environment according to
standardized methods. The thermal characteristics determined in this International Standard are values for
steady-state gonditions. Properties like “buffering”, adsorption of water and similar are not dealt with.

The emphasis in this International Standard is on the estimation of the thermal characteristics. djhe heat and
vapour resistgnce may also be measured directly, and this is discussed in the annexes.

This Internatipnal Standard does not deal with the local thermal insulation on different_body parts, npr the
discomfort due to a non-uniform distribution of the clothing on the body.

Man’s thermal balance in neutral, cold and warm environments is influenced:by the clothing worn. For
evaluating the thermal stress on human beings in the cold (IREQ, see ISO/TR 11079, insulation index),
neutral envirgnments (PMV-PPD, see ISO 7730, indices) and the heat (predicted heat strain, see ISO|7933,
index), it is ngcessary to know the thermal characteristics of the clothing ®nsemble, i.e. the thermal insdilation
and the waten vapour resistance.

Vi © 1SO 2007 — All rights reserved
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INTERNATIONAL STANDARD ISO 9920:2007(E)

Ergonomics of the thermal environment — Estimation of
thermal insulation and water vapour resistance of a clothing
ensemble

1 Scope
This International Standard specifies methods for estimating the thermal characteristics-(resistanice to dry heat
loss apd evaporative heat loss) in steady-state conditions for a clothing ensemble-based on vallies for known
garménts, ensembles and textiles. It examines the influence of body movement-and air penefration on the
thermal insulation and water vapour resistance.

This Ipternational Standard does not

— deal with other effects of clothing, such as adsorption of water; buffering or tactile comfort,

—

gke into account the influence of rain and snow on the thermal characteristics,

|
[@]

bnsider special protective clothing (water-cooled suits, ventilated suits, heated clothing), or

|
Q.

bal with the separate insulation on different parts of the body and discomfort due to the agymmetry of a
othing ensemble.

O

2 Terms and definitions
For the purposes of this document;the following terms and definitions apply.

21
thermal insulation

resistance to dry heatlass between two surfaces, expressed in square metres Kelvin per watt (mZ2-K-W-1)

NOTE|1 In this)International Standard it is considered as the equivalent uniform thermal resistarice, or thermal
insulatlon, on ‘a-human body. This is the clothing heat resistance (thermal insulation) that, when uniformly covering the
whole pody surface (including hands, face, etc.), would result in the same heat loss as the actual, possiljly non-uniform,
clothing theat resistance. This heat resistance is the quotient of the temperature gradient between the surfages (the driving
force) i :

B temperature gradient
heat loss perunitof body surface area

(1)

For the human body, this resistance can be divided into specific layers, as illustrated in Figure 1 (see also Annex F).

NOTE 2 Because of the special definition of thermal insulation in this International Standard, it is usually expressed
in clo, the unit of thermal insulation of clothing. Although it can be converted into S| units in similar fashion to the thermal

insulation of, for example, textile samples [symbol: R; 1 clo = 0,155 (m2 CK-w-1 )], the meaning is not the same.

© 1SO 2007 — All rights reserved 1
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211

total insulation

Iy

thermal insulation from the body surface to the environment (including all clothing, enclosed air layers and
boundary air layer) under reference conditions, static

See Figure 1.

NOTE Based on Equation (1), it is expressed as:

lok —1
ITZ% (2)

where
1y is thg mean skin surface temperature, in degrees Celsius;

t, is thg operative temperature, in degrees Celsius (in most cases equal to the air temperatyre, ¢,);

H s thd dry heat loss per square metre of skin, in watts per square metre.

21.2
basic insulatjon
intrinsic insulation
Icl
thermal insulation from the skin surface to the outer clothing surface (including enclosed air layers) [under
reference conditions, static

See Figure 1.

NOTE Baged on Equation (1), it is expressed as:

|t
R T (3)

where 7, is thg mean outer clothing surface.temperature, in degrees Celsius.

21.3
air insulation

Ia

thermal insulgtion of the~boundary (surface) air layer around the outer clothing or, when nude, around the skin
surface

See Figure 1.

NOTE 1 Based on Equation (1), it is expressed as

[ _fate @

H

NOTE 2  The dry heat loss is composed of radiant and convective heat loss (see Annex G). These heat transfers
through the clothing layers are not considered separately in this International Standard; for the air layer, they can be
considered separately. The alternative representation is then:

I, = (5)

2 © 1SO 2007 — All rights reserved
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where
h. is the convective heat transfer coefficient, in watts per square metre Kelvin (W - m2 . K*1);
k. is the radiative heat transfer coefficient, in watts per square metre Kelvin (W - m=2 . K1),

r

NOTE 3 Such values are defined for standardized conditions (static body, wind still, i.e. speed < 0,2 m- 8*1). When air
movement is present, or when the body moves, this will affect the insulation (typically lowering it), in which case, it is
referred to as resultant or dynamic heat resistance.

A
Y

Key
surface (or boundary) air layer
erclosed air layer

clathing

bady

A WODN -

Figure 1= Schematic representation of total, basic and air insulations

214
clothing area factor

Jeal

ratio gf the olter surface area of the clothed body to the surface area of the nude body

NOTE|1 The outer surface area of a clothed person, 4, is greater than the surface area of a nude bpdy, 4p,,. Their
ratio is thereforefargertham -

— Acl
fcl - ADu (6)

NOTE 2 Basic and air insulation do not simply add up to total insulation. This is explained by the difference in surface

area between the outer clothing surface and the skin surface. Owing to this higher surface area, the insulative effect for
the body of the air insulation is reduced the thicker the clothing (the larger the outer clothing surface area):

1
It =14+-% (7)
T cl fcl

© 1SO 2007 — All rights reserved 3
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215

resultant total insulation

dynamic total insulation

IT,r

actual thermal insulation from the body surface to the environment (including all clothing, enclosed air layers
and boundary air layers) under given environmental conditions and activities

NOTE It is the total insulation () value in actual situations (as opposed to reference conditions), including the effects
of movements and wind. Values for £ given in this International Standard and in most of the literature are obtained on a
thermal manikin which remains static in a low wind condition, and such values need to be corrected for wind and
movement effects.

2.1.6 J

resultant bagic insulation
dynamic basi¢ insulation

I

cl,r
actual thermdl insulation from the body surface to the outer clothing surface (including enclosed air layers)
under given environmental conditions and activities

NOTE It ig the basic (intrinsic) insulation (/) value in actual situations (as opposed to reference conditions), ingluding
the effects of movements and wind.

21.7
effective inslilation
1

clu
increase in inpsulation provided to a thermal manikin by a single-garment compared to the nude njanikin
insulation

NOTE For insulation of individual garments, the term effectivezthermal insulation is used (I,,). The effective thermal
insulation of infividual garments making up the ensemble (see-Table B.2) is determined on a manikin wearing only that
single garmentfas:

-t
Iy, =17 F1a="5—2_1, (8)

I;  is thg total thermal insulation of the garment, in square metres Kelvin per watt (m2-K-Worin clo;

is thg operative temperature, in degrees Celsius (equal to the air temperature, ¢,, for most measuring corlditions
in clifnatic chambers),

2.2
water vapour resistance
evaporative rgsistance

Re
resistance to water vapour fransfer between two surfaces, expressed in square metres kilopascal per watt

NOTE 1 In this International Standard it is considered as the equivalent uniform vapour resistance. This is the
resistance that, when uniformly covering the whole body surface (including hands, face, etc.), would result in the same
heat loss through evaporation as the actual, possibly non-uniform, vapour resistance. This resistance is the quotient of the
vapour pressure gradient between the surfaces (the driving force) over the evaporative heat loss per unit of body surface
area:

R - vapour pressure gradient ©)
© evaporative heat loss per unit of body surface area

NOTE 2  Similarly to heat resistance, it is divided into specific layers.

4 © 1SO 2007 — All rights reserved
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total water vapour resistance

Re,T

vapour resistance from the body surface to the environment (including all clothing, enclosed air layers and
boundary air layers) under reference conditions, static

222

basic water vapour resistance

Re,cl

vapour resistance from the body surface to the outer clothing surface (including enclosed air layers) under
reference conditions, static

223
air water vapour resistance
R

e,a
vapour resistance of the boundary (surface) air layer around the outer clothing or, when-nude, afound the skin
surfade

NOTE In analogy to heat resistance:

R
EE,T = Re,cl +% (10)
cl

224
resulrlant total water vapour resistance
dynanic total water vapour resistance

Re,T,r
vapour resistance from the body surface to the environment (including all clothing, enclosed air layers and
boundary air layers) under given environmental conditions and activities

NOTE|1 It is the total water vapour resistance (Rg7) value in actual situations (as opposed to reference conditions),
includipg the effects of movements and wind.

NOTE[2  Values of R,  are defined for standardized conditions (static body, wind still, i.e. speed < 0,2 m| s~1). When air
movement is present, or when the body moves, this will affect the vapour resistance (typically lowering it), jn which case it
is refefred to as the resultant or dynamic.total water vapour resistance.

2.2.5

resulrlant basic water vapour resistance
dynanmic basic water vapour resistance

R

e,clr
vapour resistance_from the body surface to the outer clothing surface (including enclosed air |layers) under
given environmental conditions and activities

NOTE|1 Itis"the basic water vapour resistance (R, ) value in actual situations (as opposed to reference conditions),
includipg-the effects of movements and wind.

NOTE 2  Values of Re o are defined for standardized conditions (static body, wind still, i.e. speed < 0,2 m-s~'). When
air movement is present, or when the body moves, this will affect the vapour resistance (typically lowering it), in which
case it is referred to as the resultant or dynamic basic water vapour resistance.

3 Application of this International Standard

Where possible, the insulation and vapour resistance values of a clothing ensemble should be measured
using equipment such as thermal (wetted or sweating) manikins, or by performing experiments involving
human subjects. Test procedures for the measurement of heat and vapour resistance are outlined in
Annexes D and E. However, given the cost and the need for specialized equipment, actual measurement will
most likely be beyond the reach of most users of this International Standard. In that case, the insulation and
vapour resistance shall be estimated using the methods specified in the following clauses and Annexes A, B
and C.

© 1SO 2007 — All rights reserved 5
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For guidance, the stepwise approach is schematically represented in the flowcharts of Figure 2, for the

determination of heat resistance, and Figure 3, for the determination of vapour resistance. The various options
are described.

Measure clothing If not possible Estimate clothing
insulation insulation
Measure insulgtion Measure insulation Look for idfntical
on human subjects on manikin e:;:rlnnl])llzrin
Annex E Annex D
( ) ( ) Annex A
Compose
ensemble from
Annex B with
individual

Correct insulafion
found in Anngx A
with individyal

garments and
summate them or No
use alternative =

Yesy-similar

Wind and
activity equal to
ctual workplace?

estimation garments frgm
methods Annex B
(Clause 4).
\ Least preferred Yes,
option!

identical

Data on static
insulation
Ir, 1g, fyand 1

clr

Correct static
values for actual
conditions (air and
No
movement speed)
using correction
equations
(Clause 7)

/ Data on resultant
Yes L\ .
By (dynamic) insulation
; It ,and /
, a, r

Figure 2 — Determining clothing insulation
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Measure vapour If not possible

ISO9

Estimate vapour

resistance

Measure vapour
resistance on
human subjects
(Annex E)

Measure vapour
resistance on
sweating manikin
(Annex D)

resistance

Look for similar
ensemble in
Annex C

920:2007(E)

Use permeanjlity
index /__(Anngx C)
No d'blothi
Found? | anaQgning
insulation /4 to
estimate vappur
resistance

Wind and
activity equal to
actual workplace?

Yes

Data on stati€
vapalp
resistance Re’T

Correct static
values for actual
conditions (air and
movement speed)
using correction
equations
(Clause 8)

/ Data on resultant

Yes .

> (dynamic) vapour
; resistance R 1

Figure 3 — Determining clothing vapour resistance

4 Hstimation of thermal insulation of clothing ensemble based on tables and with
valug¢s measured on a standing thermal manikin

4.1 General

Tables in this International Standard provide data on the insulation of complete clothing ensembles, as well as
insulation values for individual garments that can be added to create complete ensembles. It is advisable to
use the tables of complete ensembles to match the actual ensemble, as this will provide a more accurate
value for clothing insulation than the summation of individual garments. Interpolation between the thermal
insulation of two ensembles may be used and, when an ensemble is found similar to the actual ensemble,
small corrections may also be made by adding or subtracting individual garment insulations to achieve the
best estimate of the insulation of the actual ensemble. Finally, corrections for movement and air velocity shall
be applied.

© I1SO 2007 — All rights reserved 7
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4.2 Insulation values of complete ensembles

In Annex A, I and / values are listed for a selection of clothing ensembles. All of the values were measured
on a static, standing, thermal manikin in low air movement (< 0,2 m-s=1). In Table A.1, a short description of
the clothing ensembles is given. Tables A.2 to A.10 present more extended lists that can be used for finding a
clothing ensemble that is comparable with the actual clothing ensemble; f values are also given. The total
clothing mass, where this is given, is based on garments that fit a standard person (European male size 52)
and does not include shoes. A number following the listing in the tables of individual garments making up most

of the ensembles refers to Annex B, where a more detailed description of the individual garment is presented,
including figures.

Annex A can

4.3 Ensen|

Instead of usi

estimated, bg

equation 311,

I =016

expressed in

I I I hing kol hen # red insulation is |

ble thermal insulation values based on individual garments

36]-
1+0,835) I,

Clo.

Or, with slightly reduced accuracy [32]. [37]:

IC| :ZJ

expressed in
individual gar!

Such values 3

The design of

clu

square metres Kelvin per watt, or clo, and awhere [, is the effective thermal insulation
ments making up the ensemble, in values,ofjeither square metres Kelvin per watt or clo.

re listed in Annex B.

the various garments in Annex.Bis indicated by a type number, referring to drawings sho

person dressgd in various garment designs (Figures B.1 to B.14).

In some case]
thermal insuld
body surface

5, the fabrics used are-also listed. The type of material, however, has a limited influence
tion. Instead, the insulation is mainly influenced by the thickness (indicated in Annex B) a
area covered (indicated on the drawings).

ng the ensembles in Annex A, the insulation for an ensemble, 7, expressed incle, may a
sed on a summation of the insulation of individual garments using the~following em

so be
pirical

(11)

(12)

of the

ving a

bn the
nd the

rather
ations
n was
barate
e, itis

It should be noted that the<summations presented in Equations (11) and (12) are based on data with
uniform insulation distributions over the body. Such summations should not be used for extreme situ
(e.g. three layers on<lower body and only a thin layer on upper body). The accuracy of the summatiol
acceptable when actually measured data for the respective garments were used. When the se
garments’ insplations were obtained from the tables, the accuracy of the summation was limited. Henc]
preferable to i

The application range for which these relationships [Equations (11) and (12)] were tested is between 0,2 clo
and 1,6 clo.

4.4 Complete ensemble insulation corrected for small differences in composition

The accuracy of the summation of individual garments (4.3) is much less than that of matching the actual
ensemble with an ensemble taken from Annex A (4.2). Hence, when an exact match of the actual ensemble
with those of the tables of Annex A is not possible, but similar ensembles can be found, it is best to take the
similar ensemble insulation value and correct this for the difference in ensemble composition. For example, if
the actual ensemble has a different type of sweater, the ensemble insulation may be corrected for the
difference in insulation between the actual sweater and that of the sweater in the ensemble description of

© 1SO 2007 — All rights reserved
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Annex A. For this purpose, the effective insulations of both clothing items are compared and the difference
used for adjustment of the ensemble value:

Iga=1ga +0,835x Aly, (13)

with the result expressed in clo or in m2.K-W-1, and where I, , is the basic insulation of the actual ensemble,
I p is the basic insulation of the ensemble according to Annex A, and Al is the correction for the difference
in individual garments (negative for subtracting a garment or when replacing with a less insulative garment).

This can be the difference between two garments of the same type (replacing one sweater by another), or the
effective insulation of an extra garment, or a negative value in the case where the actual ensemble contains

oot | Tk L Af it aka-tal n-frara-—Laanase—i=
one g T erC S S T I o, "V AT O arC AR T T O TR

Corregtions should be kept to a minimum, and interpolation between two relevant ensembles ig preferred. In
adding and removing garments, it should be considered how the insulation is distributed.: Adding|a thin layer to
an already covered part of a cold weather ensemble will have minimal impact, compared with thg large impact
of adding a thin layer to a nude part in such an ensembile.

4.5 |Calculation of thermal insulation for clothing ensembles

As an|alternative to the selection of an ensemble from the tables, it is’also possible to determine the clothing
insulalion of an ensemble using the following empirically determinedrélationship [32]. [371:

I = 0,919+ 0,255 x m — 0,008 74 x Aoy g — 0,005 10 x Aoy (14)
wherg

1 is the intrinsic clothing insulation, in ¢lo;

m is the clothing mass (without shoes), in kilograms;

Afovo is the body surface area notcovered by clothing, as a percentage of total body sufface area;

Afoy1  is the body surfacesarea covered by a single clothing layer, as a percentage|of total body
surface area.

In effgct, Equation (14) assumes a certain multi-layer insulation for a given clothing mass and then subtracts
insulafion for areas only.covered with a single layer and for areas without clothing. The application range for
which(this relation was-tested is between 0,2 clo and 1,8 clo.

Guidance on how'to calculate 4y is given in Annex H.

4.6 |Calculation of thermal insulation for individual garments

The etfective thermal insulation of an individual garment, 7, (m<-K-W~="), may also be estimated by

I, =0,00095 x Axpy (15)
or, if expressed in clo, using

I, =0,0061%x Aoy (16)
where 4y, is the body surface area covered by clothing (percentage of total skin area).

The values for body surface area covered by clothing are shown for garments in the figures of Annex B.
Garment mass on its own is not a good predictor of garment insulation [32].

© 1SO 2007 — All rights reserved 9
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When the thickness of the fabric used, dr,,, expressed in metres, is also known, a more exact estimation of
I, (M2 - K- W-1) may be made using

IC|M 20,00067 ACOV +0,217><dfab XACOV (17)
or, if expressed in clo, using
1C|u = 0,0043 ACOV + 1,4 X dfab X ACOV (18)

where dg,,, is the thickness of the fabric, in metres, measured in accordance with ASTM D1777 using a 7,5 cm
diameter pressure foot and 69,1 N-m~2 pressure.

NOTE As [the formula was derived using the ASTM method, no ISO alternative can be given, as this could. affect the
relation.
The applicatign range for which this relation [Equation (15)] was tested is between 0,02 clo and-0,5 clo ¢r 5 %
to 82 % Ac\t For Equation (17), the range was 0,02 clo to 1,05 clo.
5 Estimation of clothing area factor
The outer surface area of a clothed person, 4, is greater than the surface.area of a nude body, 4p,,. The ratio
of these is thq clothing area factor, 1 [Equation (6)].
The value of 4 is listed in Annex A for all clothing ensembles. It can.be measured by photographic [32]. [#5]. [47]
or whole bodly scanning methods. Pictures from different directions or whole body scans of the| nude
person/manikjn are compared with similar pictures/scans of the clothed person/manikin.
In view of the|fact that the surface area increase depends-on the clothing ensemble thickness, usually related
to its insulation, 1, the clothing area factor may also be.estimated [32]: [46]. [48] from the following equatiops:
— If I is expressed in square metres Kelvin per watt (m2-K-W-1y:

Sa $100+181x 1 (19)
— If I, is expressed in clo:

fcl 3 1,00+0,28XIC| (20)
It should be hoted that the correlation between f, and /; observed was low, so the estimate has limited
reliability, especially fof.non-western clothing ['l. Determination of /. based on the table examples in Anpex A,
or, ideally, by|actually.measuring it, is therefore preferable, although in general the actual impact of /., pn the
overall result forthe insulation values is small. The application range for which these relations were tegted is
between 0,2 g¢lo-and 1,7 clo.

6 Estimation of surface (or boundary) air layer insulation

In some cases, it is necessary to know the insulation of the surface air layer I, (also called “boundary air
layer”) — for example, if /7 is known, but I, is needed, or vice versa. In that case, Equation (7) may be used
with 7, and £, and either I or I, as input.

The static value of 7, ranges in most studies on which the tables in Annex A were based around 0,7 clo
(0,109 m2 . K- W-1) when measured at air velocities around 0,1m-s~1 to 0,15m-s-1. Thus, for static
conditions, this value may be used as an estimate. For some cold weather clothing measurements the
reference wind speed is set at 0,4 m-s~1; see Reference [6].

10 © IS0 2007 — All rights reserved
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The insulation provided by the outer surface (boundary layer) thermal insulation (see Figure 1) is disturbed
when air movement increases or the person starts to move. The following correction equation [171 shows by
how much this reduction takes place, compared to the static, no-wind (v, =0,15 m-s1) I, value taken
from Reference [11]:

[70,533 x (var— 0,15) + 0,069 x (var— 0,15)— 0,462v,, + 0,201v,,2

lar =e I3 static (21)
where

Iy is the boundary layer thermal insulation, in clo;

Vir is the relative air velocity, in metres per second (minimum = 0,15 m-s~1; maximum|=3,5m-s1);

W is the walking speed, in metres per second (maximum = 1,2 m-s™);

I] static  is the reference value for air insulation (= 0,7 clo).

Alterngtively, 7, may be calculated as:

1
T -

wherg

hl is the convective heat transfer coefficient;» in watt per metre squared per degree Celsius
(W-m-2.C1);

h} s the radiative heat transfer coefficient;in watt per metre squared per degree Celsius (\V-m=2.°C1).

This does not include a correction for thie effect of movement. The convective heat exchange goefficient, 4,
may bie estimated as the greatest value from the following:

438 |[rg 14| %*° (23)
35+52v, (24)
g7 v, 0 (25)

The rgdiative-heat exchange, /., may be estimated using:

o A (ty +273)* — (1, +273)*
X
Apy o —1tr

(26)

The fraction of skin surface involved in heat exchange by radiation, 4,/4p, is equal to 0,67 for a crouching
subject, 0,70 for a seated subject and 0,77 for a standing subject.
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7 Estimation of water vapour resistance

71

General

The water vapour resistance, R, 7, of a clothing ensemble may be measured in experiments with subjects or
with a wetted or sweating thermal manikin. If this is not possible, R e 7 May be estimated using existing data, or
using a relationship between vapour and heat resistance to derive |t from the latter.

7.2 Estimation of vapour resistance of clothing ensembles based on tables with values
measured on standing thermal manikin

In Annex C, |
measured on
clothing ense

A number foll
Table C.5, wh

7.3 Estim
heat resist

The total water vapour resistance, R, 1, in square metre kilopascals per watt (m2-kPa-W-1) m

estimated on
and the L¢g

ims

Ret =
n

with I, I and

Typical valug
insulation, bu
estimate Rg 1

For an air lay
the whole bg
permeable cl
(m2 - kPa - W

Ret =0,

Re, 7 @nd Ry . values are listed for a selection of clothing ensembles. All of the values
a static, standing thermal manikin in low air movement (< 0,2 m-s-). A short descrigtion
mbles is given and the f, values are also listed.

bwing the listing in the tables of individual garments making up most of the ensembles re
ere a detailed description of the garment fabric is presented.

tion of vapour resistance of clothing ensemble based on its relation with dry
nce

the basis of the thermal |nsulat|on of that ensemble, I7 or [, by means of the permeability
wis relation (L = 16,5 K - kPa~"):

Ia
[f ”°'J

cl
I expressed inm? - K- W-1.

0,06

Im

T

L

s for i, are given in Annex C, Fable C.1. These are not as such related to the clof
to the permeability of the fabric layers. Based on the data for /1 and i, it is now poss

br, i, as defined and used in Equation (27), is around 0,5. For impermeable garments that
dy including hands, feéet-and head it is close to zero. For many types of one- or two
bthing, the permeability index, i,,, may be set to 0,38 and the equation for vapour resig
1) simplified to:

a
_+IC|
cl

16x1T:0,16[1

For the clothirrg and air layer alone, similar relations apply:

were
of the

ers to

ay be
index,

(27)

hing’s

ble to

cover
Hlayer,
stance

(28)

_ 0,06
ea S xhe
Re 1 =0, 06><
lmcl

where iy, ¢ is the permeability index for the clothing layer alone.

For many permeable one- or two-layer clothing ensembles, i, ,, may be set to 0,34, giving:

0,

ecl—

12

18x1y m2.kPa- W'

(29)

(30)

(31)
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Clothing with specific protective properties against chemical, physical or biological agents such as oil, radiant
heat or bacteria, may have considerably lower values for i,,. Refer to the tabular values for heat protective
clothing given in Annex C.

CAUTION — For the application of ISO 7933 with such special garments, it is recommended that an
expert be consulted.

Typical values for the permeation efficiency ratio, or permeability index, i,,, are given in Tables C.1, C.2 and

C.3, in which the numbers of the clothing ensembles and garments refer to Annexes A and B.

8 Influence of body movement and air movement on the thermal insulation and
vapdur resistance of a clothing ensemble

8.1 |General

Most fypes of clothing ensembles have openings (e.g. collars, cuffs) which allow-a-¢ertain air gxchange with

the emvironment. When work is performed, this air exchange can increase, ,changing the ins

clothin
thickn
micro
transf

Toes
manik|
meas
air m
corred
clothin

For vapour resistance, this same procedure, can be followed with specialized “sweating man

huma

The e

The in

openings, though for many_ ensembles the effects have been shown to be similar. Ba

meas
the ta
prese

g. This is called the “pumping effect’. In addition, clothing may be compressed by wing
ess, and wind may enter through the fabrics or openings, increasing the air exc
Llimate air with the external environment. This would also change(he resistance to heat
br provided by the clothing.

imate the effect of body motion (pumping effect) and wind>on the clothing insulation, a mg
n may be used in simulated wind conditions. The metheds given in Annex D can be usg
ired with a nude manikin engaged in the appropriatecactivity (seated, standing, walking,
pvement and . or /7. on the clothed manikin in the same conditions. From these m
tions of the 1, I, and /1 values measured on the standing manikin can be estimated and

g ensembles. The pumping effect can also bé.measured on human subjects: see Annex E|.

N subjects.
fect of body motion is only measured on a whole clothing ensemble and not on each singlé
fluence of wind depends on the air permeability of the outer textile layer and on the types §
irements, correction.equations have been obtained that allow the correction of the values

bles in Annexes A.and C, which were derived from measurements on static manikins, wit
nt (v, < 0,2 m-s~1).

Var

Correction’ of clothing insulation

d to the'type of data that are available, the correction equations used to correct static cloth

ulation of the
, reducing its
nange of the
and moisture

vable thermal
d. I, is then
bicycling) and
easurements,
ised for other

kins”, or with

e garment.

nd number of
sed on such

presented in
hout any wind

ing insulation
value, I7. The

resultant total

— For aclothed person in normal or light clothing (0,6 clo < I < 1,4 clo or 1,2 clo < I < 2,0 clo):

[—0,281 x (vgr — 0,15) + 0,044 x (vg, —0,15)? —0,492v,, + 0,1 76vW2}

It =corr Iy xIt=e At (32)
— For anude person (/, = 0 clo):
-0,533 x (vgr — 0,15) + 0,069 x (v4, — 0,15)% — 0,462v,,, + 0,201y,
It =1, =0COM Iy x I gatic =€ Lo static (33)
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where

corr I7 is the correction factor for total insulation;

corr I, is the correction factor for air insulation;
Var is the air velocity relative to the person, in metres per second, from 0,15 m-s~1to 3,5 m-s~1;

is the walking speed, in metres per second, from 0 m-s~'to 1,2 m-s~1.

Y A

1,25 [T T T T 11

[ T TNl
\

0,75

0,5

0,25
N ——

0 [ N Y S I -
2 2,5 3 35 X

Valid up to 1,2m-s~! walking speed (vy) @nd 3,5 m-s~! relative wind speed (vo) (from Referencgs [17]
and [18])

Key
X relative wind speed, m-s~!
Y walking speed, m-s~"

Figure 4 — Correction factor (/1 /I7) for dressed subjects
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alid up to 1,2 m-s~1 walking speed (wy)and 3,5 m-s~1 relative wind speed (vg4y) (from Refergnce [4])
Key

X relative wind speed, m-s~!
Y wglking speed, m-s™"

Figure 5 — Correction factor (/, /I,) for nude subjects

For veryAow clothing insulations, i.e. I between 0 clo and 0,6 clo, an equation for interpolgtion between
Equatjdns (32) (I dressed) and (33) (I nude = I,) was derived [11]:

(0,6 —14)I + Iy x1
7 _ [ cl /£ T,r,nude cl T,r,dressed} 0< Ic| <0,6clo (34)
T,r 0,6

For specialized, insulating, cold weather clothing (/7> 2 clo), which typically has low air permeability, and
where high wind speeds occur more frequently, the formula for the correction factor to be used is [16], [41:

{[—0,0512 % (var — 0,4) + 0,794 x 10 73x (v, — 0,4)% - 0,0639 x vw:| x p°v144}
1

Iyp=e Iy (35)

r2 = 0,968 and SEE = 0,048

© 1SO 2007 — All rights reserved 15


https://standardsiso.com/api/?name=9c3488b500580f7804c3579efe38c5ec

ISO 9920:2007(E)

where
Var is the air velocity relative to the person, in metres per second, from 0,4 m-s~1t0 18 m-s~1;
Y is the walking speed, in metres per second, from 0 m-s~' to 1,2 m-s~1;
p is the air permeability of outer fabric, in litres per square metre per second, from 11m=—=2.s1 to

1000Im=2.s! [low (e.g. coating or laminate)=1; medium =50; high (open weave)
=1000Im=2.s 1.

SEE s the standard error of the estimate.

For the lower [area of the wind range, better results were obtained in a separate analysis [17]: [42]:

{[—0,0881 x (var — 0,4) +0,0779 x (vo — 0,4)% —0,0317 x (W)} x p0v2648}
It (36)

1T,r =e
with r2 = 0,931 and SEE = 0,023; 0 m-s~! < walking speed < 1,2 m-s~! and 0,4 m-s~1 gwind speed < 1|m-s~"
and1Im=2.¢1<p<1000Im2.s1,

Here, it is asgumed that the head and hands are covered with a hood or hat and'gloves, i.e. the body is|[totally
covered. This| relation is presented in Figure 6 for three wind speed ranges-and the three permeability levels.

Note that the feference wind speed in these data was 0,4 m-s—1 (6], [17], [42],

1\2 A 1\2 4 P =50
) S\I\ )
_\\
0.9 \
N
-\
0,6 )
"\
03 k \
N
0 A >
0,4 1 X
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Y“ P=1

II\IIII\IIII\IOI,(;II

|
0 3 6 9 12 15 9 15

from 0,4 m¢s—*to 18 m s~!

from0'm-s~1to0 1,2 m-s~1

p ~ffom 11m=2.s51to 1000 I m—2.s71:
low (e.g. coating or laminate)
=1lm2.s°1
medium =50 m—2 .51

high (open weave) = 1 000 I-m—2 - s~

Valid up to 1,2-m/s~1 walking speed (vy) and 18 m-s~1 relative wind speed (var)
(from References [17] and [42])

Key
X relative wind speed; m-s~!
Y walking spged;m-s"

Figure 6 — Correction factor for effects of wind and movement for cold weather clothing (/7 > 2 clo)

8.3 Correction of clothing vapour resistance

The reduction of R, 1 is shown to be related to the reduction in /7. Based on the reduction factor for /1, the
resultant vapour resistance in windy and moving conditions, R 1, can be calculated as [12] ['3l:

Re1, =(0,3-0,5xcorr I +12xcorr I72) Rg 1 (37)

where corr I is the correction factor for clothing insulation [as, for example, in Equation (32)]. This relation is
illustrated in Figure 7.
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Valid up to 1,2 m-s~1 walking_speed (vy) and 3,5 m-s~1 relative wind speed (var)
(from References [12] and [13])

v, from 0,15 m&="t03,5m s1

ar

v, from@m-s1to1,2m-s"

w

Key
X relative wind speedym-s~!
Y wglking speed,m-5~"

Figure 7 — Correction factor (R, 1 /R, 1) for reduction in clothing vapour resistange
in relation to air and body movements

Re 1, can also be calculated directly from air and walking speed as 112} [15:

[—0,468 x (var—0,15) + 0,080 x (v4;—0,15)2 0,874, +0,358VW2:|
Retr=e ‘Re T (38)

where

vy s the air velocity relative to the person, in metres per second, min. 0,15 m-s~1 max.3,5ms1;

v, Is the walking speed, in metres per second, max. 1,2 m-s~1.

NOTE Equations (37) and (38) were derived independently from the raw data and thus may yield slightly different
results.
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These equations can be used for garments with a wide range of vapour permeability, as it has been shown
that the relative change in vapour resistance due to movement and wind is similar [12] [13],

8.4 Activit

ies other than walking

When, instead of walking, other, less-defined activities are performed (e.g. conveyor belt work), the value for
walking speed in the equations may be replaced using:

vy =0,0052 (M —58)

where M is the metabolic rate, in watts per square metre (W-m—2), and v, is limited to 0,7 m-s—1.

(39)

8.5 Relatiy

The wind spe

re air velocity

velocity”. When the person walks facing the wind, the relative air velocity for the person is-simply the g

the walking 3

difference bet
as [111. [12]-

nd air velocities. With the wind at back, the relative air velocity is the-absolute value
ween walking and wind speeds. For all other angles, the relative air veloeity may be calc

v

w —Va -cos(oz)]2 +[va ~sin(a)]2

. is the absolute air velocity, in metres per second;

w 1S the walking speed, in metres per second;

a is the¢ angle between walking and air velogities (0° if both are in the same direction).

When the air

movement is not unidirectional, or when the person’s movement is not in a constant

relative to thg¢ air movement (e.g. moving.about a room) the relative airspeed towards the person ¢

calculated as
deduced from

the average of all possible ‘angles between air and walking directions. These values g
Figure 8.

bd used in Equations (32) to (38) is the air velocity relative to the person, also called “relatjve air

um of
of the
ulated

(40)

angle
an be
an be

20
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0

Key

y, m-s~!

walking speed, m-s~"
Figure 8 — Values for relative air velocity in relation to walking speed and absolute wind speed for

X absolute air velocit

Y

multidirectional movement assuming equal exposures to all wind angles [11]

21
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9 Otherf

9.1

actors influencing clothing insulation

General

Apart from air and body movement, other factors may also influence clothing insulation. The most notable of
these are body posture, use of chairs, hypo- or hyperbaric environments and clothing wetting.

9.2 Posture

On the one hand, changes in posture (e.g. sitting) affect the heat exchange surface of the human body, as

well as introd
the other han
thighs and b
between 10 9
clothing and 4
by 10 %. The

9.3 Effect

Jcing air pockets (knee, hip) which together lead to an increase in the air layer insulation,

[,. On

, the clothing insulation (/) usually decreases when a person sits, as the clothing on the
ittocks is compressed — 1 typically decreases by 6 % to 18 %, whereas I, increas
b and 25 %. The combined effect is therefore dependent on the ratio between theinsula
ir. For nude subjects, insulation typically increases by 10 %, while for thick clothing-it decr
be effects do not include the effect of the seat itself.

of seats

Depending on the type of seat, it may add or reduce the insulation of a person)due to the extra ins

material vers
increases the
chairs produd
and the thick
give a decrea

9.4 Effect

A change in

transfer. At al
dry insulation
on the balanc

9.5 Wettin

When clothin
thereby redud
increase heat|

9.6 Washi

Washing may
within the m
garments, buf
batting fillings

22

Is the compression of the clothing. For a manikin in 1,36 clofihsulation, a standard ca
insulation by 0,25 clo (1,61 clo). Ventilation of the car seat results in decreased insulation.
e an increase in insulation of from 0,04 clo to 0,17 clo, depending on the height of the ba
ness of the seat, and a sofa adds approximately 0,21 clo.»A net chair and a wooden stod
5e in insulation, by 0,03 clo [381,

of pressure

bir pressure, e.g. a reduction when goingcto altitude, will affect both dry and evaporative
itude, air is thinner, which causes a reduction in convective heat transfer and thus an incre
The low pressure will enhance evaporative heat transfer, however. The overall effect de
e between these processes, and on the level of sweating present.

g
j gets wet it will lose(part of its insulation. The liquid will increase the material’'s condu

ing insulation. The resence of moisture in the clothing will also cause extra evaporatio
loss [30],

ng

change the thermal insulation values. The effect depends on the type of textile, but is no
basUring accuracy. Insulation can increase due to contraction of fibres in woven or |

back,
es by
ion of
eases

Iilative
r seat
Office
ickrest
| both

b heat
ase in
pends

ctivity,
n and

rmally
nitted

mostly decreases due to reduced thickness. In particular, cold protective clothing with pol

yester

tends to decrease in thickness and insulation with washing.
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Annex A
(normative)

Thermal insulation values for clothing ensembles

The values are from measurements on a standing thermal manikin, with air movement below 0,2 m-s~1.

Table A.1 presents values for typical clothing ensembles. Tables A.2 to A.7 list detailed compound ensembles

and
ense
does
numb
numb
basis
conce

Wash
within
Anney

ombinations, while Tables A.8 to A.10 present information on special-application

bles. The numbers for the individual garments refer to the garments presented in Anhex
not include shoes. The number of the ensemble is given in the “No.” column of Tables A
pr of the individual garment making up the ensemble is given immediately after itssname. T

of the ensemble concerned, and also lists the clothing items that were added to obtain
rned.

ng can change the thermal insulation values. This effect depends on the type of textile, b
the measuring accuracy. The measurements were performed’ jn-accordance with the
D: operative temperature, mean skin temperature and mean heat loss from the manikin w

and regional
B. The mass
2to A7. The
he name and

br are those appearing in Annex B. The “Combination” column indicates which-other ensemble forms the

the ensemble

ut is normally
description in
ere recorded.
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Table A.1 — Insulation values of typical clothing ensembles

L L
Work clothing cl Daily wear clothing cl
clo |mZKw-1 clo |mZKw-1
Underpants, boiler suit, socks, shoes 0,7 0,11 Panties, T-shirt, shorts, light socks, 0,3 0,05
sandals
. Panties, petticoat, stockings, light dress
Underpants, shirt, trousers, socks, shoes | 0,75 [ 0,115 with sleeves, sandals 0,45 0,07
Underpants, shirt, boiler suit, socks, Underpants, shirt with short sleeves, light
shoes 0.8 0,125 trousers, light socks, shoes 0.5 0,08
Underpants, shirt, trousers, jacket, socks, 085 0135 Panties, stockings, shirt with short 0551 0085
shoes SIEEVES, SKirt, sandals
Underpants, |shirt, trousers, smock, Underpants, shirt, lightweight trousers,
socks, shoes 0.9 0.14 socks, shoes 0.6 0095
Underwear with short sleeves and legs, Panties, petticoat, stockings, dress,
shirt, trousers, |jacket, socks, shoes L 0,155 shoes 0.7 0105
Underwear with short legs and sleeves, 11 017 Underwear, shirt, trousers, socks, shoes 07 011
shirt, trousers,|boiler suit, socks, shoes ’ ’ ’ ’
Underwear with long legs and sleeves, 12 0185 Underwear, track suit (sweater and 075 | ol11s
thermojacket, frousers, socks, shoes ’ ’ trousers), long socks, runners ’
Underwear with short sleeves and legs, Panties, petticoat, shirt, skirt,-thick knee
shirt, trousers, jacket, thermojacket,| 1,25 0,19 socks, shoes 0,8 9,12
socks, shoes
Underwear with short sleeves and legs, Panties, shirt, skirty.roundneck sweater,
boiler suit, tQermojacket and trousers,| 1,4 0,22 |thick knee socks, shoes 0,9 0,14
socks, shoes
Underwear with short sleeves and legs, Underpants, singlet with short sleeves,
shirt, trousers| jacket, thermojacket and| 1,55 0,225 |[shirt, trotsers, V-neck sweater, socks, 0,95 0l145
trousers, sock$, shoes shoes
Underwear with short sleeves and legs, Panties, shirt, trousers, jacket, socks,
shirt, trousers |jacket, heavy quilted outer| 1,85 | 0,285 |Shoes 1 0[155
jacket and overalls, socks, shoes
Underwear with short sleeves and legs, Panties, stockings, shirt, skirt, vest, jacket
shirt, trousers |jacket, heavy quilted outer
jacket and oMeralls, socks, shoes, cap, 2 0:31 1 0155
gloves
Underwear with long sleeves and legs, Panties, stockings, blouse, long skirt,
thermojacket @and trousers, thermojacket [-2,2 0,34 |jacket, shoes 1,1 0,17
and trousers, gocks, shoes
Underwear with long sleeves and legs, 2,55 | 0,395 |Underwear, singlet with short sleeves, 11 017
thermojacket gnd trousers, parka with shirt, trousers, jacket, socks, shoes ’ ’
heavy quilting,|overalls with heavy : -
P Underwear, singlet with short sleeves,
quilting, socks, shoes, cap, gioves shirt, trousers, vest, jacket, socks, shoes 1,15 ¢.18
Underwear with long sleeves and legs,
shirt, trousers, V-neck sweater, jacket, 1,3 D,2
socks, shoes
Underwear with short sleeves and legs,
shirt, trousers, vest, jacket, coat, socks, 1,5 0,23

shoes

24
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Table A.2 — Additional insulation values of various clothing ensembles — Daily wear clothing [32]

ISO 9920:2007(E)

No.

Ensemble description
(numbers following garments refer
to Table B.2)

Mass
Combination

Ja
9

clo

I

cl

m2-K-w-"

clo

I

m2-K-wW-1

D

aily wear clothing: trousers, shirt

100

Briefs 8
T-shirt 30, undershorts 364

calf-length socks 264,
athletic shoes 262

318 1,10

0,33

0,051

0,98

0,151

101

Panties 1, tube top 69
short shorts 99
sandals 272

258 1,07

0,23

0,036

0,139

102

Briefs 8
short-sleeve shirt 79, shorts 97
calf-length socks 265, shoes 260

622

0,44

0,064

1,09

0,163

103

Briefs 8

3/4-length-sleeve shirt 66,
shorts 97

socks 263, athletic shoes 262

451

0,52

0,081

1,13

0,175

106

Panties 1

sleeveless blouse 68, fitted
trousers 102

sandals 272

523

0,44

0,068

1,04

0,165

107

Briefs 8

short-sleeve shirt 79, fitted
trousers 102

calf-length socks 265, shoes 260

725

0,50

0,078

1,12

0,174

108

Briefs 8

long-sleeve shirt 75;\fitted
trousers 102

calf-length socks 265, shoes 260

693

0,62

0,096

1,23

0,189

112

Briefs 8, -shirt 30

longsieeve shirt 76, loose
trousers 103

1072 1,30

0,89

0,138

1,44

161 41 L fa¥a¥ - } faYa¥al
LAIT=ICTTYUTSULRS 200, 35TTUTS 20U

0,223

121

Briefs 8
sweater 290, sweat pants 291

calf-length socks 264, athlectic
shoes 262

776

0,77

0,119

1,37

0,212

124

Briefs 8, T-shirt 30
coveralls 114
calf-length socks 264, shoes 260

1247 1,23

0,72

0,112

1,30

0,201
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ISO 9920:2007(E)

Table A.2 (continued)

Ensemble description Mass Iy I
No. | (numbers following garments refer | Combination Sy
to Table B.2) g co | mKW' | clo | m2KwW-

200 |Underpants 8

long-sleeve shirt 54, fitted
trousers 89

calf-length socks 265, shoes 258

924 1,19 | 0,61 0,095 1,21 0,187

201 |[Briefs 8
shirt 54, fitted trousers 87 911 1,19 0,63 0,098 1,23 0,190
socks 465, shoes 258

203 |Briefs §
shirt 54}, loose trousers 86 991 1,30 0,71 0,110 1,26 0,195
socks 465, shoes 258

204 |Briefs 8
shirt 54| walking shorts 85 673 1,16 0,53 0,082 1,14 0,177
socks 465, shoes 258

205 |Briefs §
shirt 54y, walking shorts 84 895 106 0,53 0,082 1,14 0,177
socks 465, shoes 258

206 |Briefs 8
shirt 54, shorts 83 820 1,15 0,48 0,074 1,10 0,170
socks 465, shoes 258

207 |Briefs 8

short-sleeve shirt 56, fitted
trousery 89

socks 465, shoes 258

846 1,16 | 0,55 0,085 1,16 0,180

208 |Briefs §

sleevelgss blouse 58, fitted
trousery 89

socks 465, shoes, 258

773 1,14 | 0,48 0,074 1,10 0,171

209 |Briefs §

turtlendck-bleuse 60, fitted
trouserg 89

socks 265, shoes 258

907 1,20 | 0,63 0,098 1,22 0,189

210 (Briefs 8
blouse 61, fitted trousers 89 945 1,20 0,63 0,098 1,22 0,189
socks 265, shoes 258

216 |(Briefs 8
coveralls 117 1140 1,27 0,70 0,109 1,26 0,195

socks 265, shoes 258

449 |Briefs 23
shirt 74, trousers 103 871 1,19 0,73 0,113 1,33 0,206
socks 254, shoes 255
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Table A.2 (continued)

ISO 9920:2007(E)

No.

Ensemble description
(numbers following garments refer
to Table B.2)

Combination

Mass

g

Ja

clo

m2-K-w-"

clo

m2-K-wW-1

Daily wear clothing: trousers, sweater

104

Briefs 8
short-sleeve shirt 77, shorts 97

V-neck cardigan 136

765

1,13

0,63

0,098

1,26

calr-length SOCKS Zb9, shoes ZoU

0,195

105

Panties 1
shirt 75, shorts 98

sleeveless, roundneck
sweater 146

knee socks (thick) 267, shoes 260

924

0,71

0,110

1,39

0,204

109

Briefs 8

short-sleeve shirt 77,
fitted trousers 102

V-neck sweater 135
calf-length socks 265, shoes 260

868

0,72

0,112

1,33

0,206

111

Panties 1
Sleeveless, V-neck sweater 141,

short-sleeve, V-neck cardigan
139,

fitted trousers 102, shoes 260

643

0,62

0,096

1,24

0,192

113

Briefs 8, T-shirt 30

shirt 75, loose trousers 103
V-neck sweater 135

calf-length socks 265, shoes 260

1174

1,27

0,95

0,147

1,51

0,234

114

Briefs 8, T-shirt 30

shirt 75, loose-trousers 103
round-neck sweater 142
calf-lefigth socks 265, shoes 260

1383

1,28

1,01

0,157

1,56

0,243

115

Briefs' 8, thermal underpants 27,
T=shirt 30

shirt 75, loose trousers 103

sleeveless, round-neck
sweater 146

calf-length socks 265, shoes 260

1470

1,29

1,06

0,164

1,61

0,250
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ISO 9920:2007(E)

Table A.2 (continued)

Ensemble description Mass Iy I
No. | (numbers following garments refer | Combination Sy
to Table B.2) g co | mKW' | clo | m2KwW-

120 |Briefs 8, thermal underpants 27,
T-shirt 30

turtleneck sweater (thick) 148,
loose trousers 103

calf-length socks 265, shoes 260

1351 1,28 1,02 0,158 1,57 0,244

447 | Briefs 43, T-shirt 31
shirt 78, trousers 96 1542 1,27 | 0,97 0,150 1,53 0,237
round-njeck cardigan 140
socks 454, shoes 255

Daily wear clothing: trousers, jacket, vest

110 |Briefs §
shirt 75, fitted trousers 102 1130 1,23 | 0,96 0,149 1,54 0,238
suit jacket 156

calf-length socks 265, shoes 260

116 |[Briefs §

shirt 75, loose trousers 103,
vest 16R

calf-length socks 265, shoes 260

1039 1,29 | 0,86 0,133 1,41 0,219

117 |Briefs §, T-shirt 30

shirt 75, loose trousers 103,

vest 160 118 1796 1,33 | 1,16 0,180 1,69 0,263
suit jacket 157 162
calf-length socks 265, shoes 260
118 |Briefs §, T-shirt 30
shirt 75, loose trousers 103 1611 1,32 1,13 0,175 1,67 0,259

suit jacket 157
calf-length socks 265;.shoes 260

119 [Pantied 1

turtlengck sveater (thin) 147,

1568 1,34 1,14 0,177 1,67 0,259
loose trlousers 103

double-breasted suit jacket 159
knee socks (thick) 267, shoes 260

129 |Briefs 8, thermal underpants 27,

T-shirt 30

shirt 75, loose trousers 103 118

\1’;;9‘* sweater 135, suit jacket 27 2036 | 133 | 1,30 | 0202 | 1,83 | 0,284
calf-length socks 265, shoes 260 135
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Table A.2 (continued)

ISO 9920:2007(E)

No.

Ensemble description

(numbers following garments refer

to Table B.2)

Combination

Mass

g

Ja

clo

m2-K-w-"

clo

m2-K-wW-1

211

Briefs 8

shirt 54, fitted trousers 89
suit jacket 169

socks 265, shoes 258

200
169

1442

1,23

0,93

0,144

1,51

0,234

212

Briefs8

shirt 54, fitted trousers 89
suit jacket 171

socks 265, shoes 258

200
171

1623

1,23

1,01

0,157

1,59

0,246

213

Briefs 8

shirt 54, fitted trousers 89
suit jacket 172

socks 265, shoes 258

200
172

1718

1,24

0,97

0,150

1,54

0,239

214

Briefs 8

shirt 54, fitted trousers 89,
vest 173

Socks 265, shoes 258

200

17

1131

1,20

0,78

0,121

0,213

444

Briefs 23, T-shirt 31
shirt 72, trousers 96
jacket 160, vest 162
socks 254, shoes 255

2080

1,41

1,11

0,172

1,61

0,250

445

Briefs 23, T-shirt 31

shirt 72, trousers 96, vest 162
coat 184, jacket 160

socks 254, shoes 255

444
184

3900

1,49

1,49

0,231

0,305

450

Pants 28, undershirt 37
shirt 78, trousers 96

round-neck’cardigan 140,
jacket;160

soeks 256, shoes 255

2 666

1,41

1,37

0,212

0,290

Daily wear clothing: skirt, shirt

130

Panties 1, pantyhose 3
short-sleeve shirt 77, skirt 304
sandals 272

451

1,26

0,54

0,084

1,10

0,171

131

Panties 1, full slip 5, pantyhose 3

shirt 75, skirt 304
sandals 272

573

1,29

0,67

0,104

1,22

0,189
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Table A.2 (continued)

No.

Ensemble description
(numbers following garments refer
to Table B.2)

Mass
Combination
g

Ja

clo

cl

m2.K-W-1 clo | mZ2Kw-1

135

Panties 1, pantyhose 3

3/4-length-sleeve shirt 66,
skirt 308

sandals 272

479

1,29

0,57

0,088 0,174

136

Panties 1, full slip 5

shirt 75, skirt 312
knee sqcks (thick) 267, shoes 260

912

1,32

0,78

0,121 1,32

145

Pantieq 1, pantyhose 3
cap-slepve blouse 67, skirt 306

sandalg 272

373

1,27

0,52

0,081 1,08 0,167

146

Pantieg
blouse

1, pantyhose 3, sleeveless
b8, ankle-length skirt 300

sandalg 272

511

1,39

0,62

0,096 75

Daily wear clothing: skirt,

sweater

132

Pantieq 1, half slip 4, pantyhose 3
short-sleeve shirt 77, skirt 304
V-neck|cardigan 136

sandalg 272

731

1,25

0,78

0,121 1,35

133

Pantieq 1, pantyhose 3

sleevelgss, V-neck sweater 141,
skirt 30[7

short-sleeve, V-neck cardigan 139

sandalg 272

670

1,29

0,64

0,099 85

137

Pantieq 1

shirt 75, skirt 305

round-njeck sweater 142

knee sagcks (thick)\267, shoes 260

1020

1,29

0,92

0,143 1,47

138

Pantieq 1, half’stip 4, pantyhose 3

shirt 75, sKirt 305

847

1,27

0,83

0,129 1,39 P15

v-neck sweater 135
shoes 260

139

Panties 1, full slip 5, pantyhose 3

turtleneck sweater (thick) 148,

skirt 309
shoes 260

966

1,29

0,85

0,132 1,40 0,217

30
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ISO 9920:2007(E)

Table A.2 (continued)

Ensemble description Mass Iy I
No. | (numbers following garments refer | Combination Sy
to Table B.2) g clo | m2KW-"| clo | mZKw-'

141 |Panties 1
bow-at-neck blouse 74, skirt 309

sleeveless, round-neck
sweater 146

knee socks (thick) 267, shoes 260

961 1,30 | 0,81 0,126 1,36 0,210

Daily wear clothing: skirt, jacket

134 | Panties 1, pantyhose 3, half slip 4
bow-at-neck blouse 74, skirt 304 1084 1,30 | 0,99 0,153 1,54 0,238
suit jacket 156
sandals 272

140 [ Panties 1, pantyhose 3
bow-at-neck blouse 74, skirt 312 1513 1,35¢4 1,05 0,163 1,54 0,244
double-breasted suit jacket 159
shoes 260

142 | Panties 1, pantyhose 3
shirt 75, skirt 305, vest 162 1404 1,33 | 1,02 0,158 1,55 0,241
suit jacket 157
shoes 260

143 | Panties 1, half slip 4, pantyhose 3

shirt 75, skirt 305, V-neck
sweater 135

suit jacket 157
shoes 260

1499 1,33 1,12 0,174 1,64 0,256

144 | Panties 1, pantyhosel3
shirt 75, skirt 305 1219 1,32 | 0,97 0,150 1,51 0,234
suit jacket 15%
shoes 260

147 | Panties-1, pantyhose 3,
bew-at-neck blouse 74, ankle-
length skirt 301

suit jacket 157 1302 1,46 1,10 0,171 1,59 0,246
shoes 260
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Table A.2 (continued)

No.

Ensemble description
(numbers following garments refer

to Table B.2)

Combination

Mass

g

Ja

clo

cl

m2-K-wW-1

clo

m2-K-w-"

Daily wear c

lothing: dress

148

Panties 1, pantyhose 3, full slip 5

short-sl

V-neck

eeve dress, belted 333

cardigan 136, Shoes 260

660

1,21

0,71

0,110

1,30

0,201

149

Pantieq
sleevel

sandalg

T, Tull sTip 5, pantyhose 3
pss dress 336
272

325

0,46

0,071

1,08

150

Pantieg
shirt 75

knee s

1, half slip 4
, sleeveless dress 335
cks (thick) 267, shoes 260

770

1,26

0,77

0,119

1,33

151

Pantieg

dress 3
cardiga

shoes 2

1, pantyhose 3, full slip 5

31, round-neck
n 143

60

852

1,25

0,93

0,144

1,50

217

Bra and panties 44, pantyhose 3

dress 3

shoes

39
60

1274

1,22

0,69

0,107

1,27

Dai

ly wear clothing

xSleeping

wear, robe

152

Long g
long wrj

slippers

bwn 351
ap robe 374
261

1970

1,49

1,71

0,265

2,19

0,339

153

Long p
long wrj

slippers

jamas 360
ap robe 371
261

1137

1,42

1,25

0,194

1,75

154

Short-g]
short W

sandalg

eeve long pyjamas’361
rap robe 375
272

595

1,33

0,93

0,144

1,46

155

Sleeve

ess short gown 356

short robe—3

sandals 272

wp
(<]
op

-4

b
-

<P
)

<P
L

156

T-shirt 30
undershorts 364

171

1,07

0,25

0,039

0,91

0,142

157

Short gown 357

short-sl

eeve short robe 380

sandals 272

325

1,29

0,66

0,102

1,21

0,188

32
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Table A.3 — Insulation values of various clothing ensembles — Work clothing [32]

ISO 9920:2007(E)

No.

Ensemble description
(numbers following garments refer
to Table B.2)

Combination

Mass

g

Ja

clo

I

cl

m2-K-w-"

clo

I

m2-K-wW-1

122

Briefs 8, T-shirt 30, work
jacket 153

work pants 90, belt
Calf-length socks 264, shoes 260

2050

1,39

0,99

0,153

1,50

0,233

123

Briefs 8, T-shirt 30

shirt 76, fitted trousers 102, belt
work jacket 153, work pants 90
calf-length socks 265, shoes 260

2628

1,40

1,27

0,197

1,79

0,275

125

Briefs 8
shirt 75, fitted trousers 102
coveralls 114

socks 265, shoes 260

1607

1,25

0,96

0,149

1,53

0,237

126

Briefs 8, thermal undershirt 41
thermal underpants 27

shirt 76, overalls 95

calf-length socks 265, shoes 260

1691

1,28

1,00

0,155

1,59

0,241

420

Briefs 23, T-shirt 31
shirt 70, trousers 91
coveralls 112

socks 254, shoes 255

2573

1,31

1,18

0,183

1,72

0,267

421

Briefs 23

shirt 70, overalls 94
jacket 151, coveralls 112
socks 254, shoes 255

3333

1,40

1,33

0,206

1,84

0,285

422

Briefs 20

shirt 71, overalls 93
jacket 15%coveralls 113
socks(254, shoes 255

2992

1,40

1,25

0,194

1,76

0,272

423

Briefs 23

shirt 71, trousers 92, jacket 152
socks 254, shoes 255

1708

1,36

0,79

0,122

1,31

0,203

424

Briefs 23

shirt 71, trousers 92
smock 154

socks 254, shoes 255

1645

1,40

0,91

0,141

1,42

0,220

© 1SO 2007 — All rights reserved

33


https://standardsiso.com/api/?name=9c3488b500580f7804c3579efe38c5ec

ISO 9920:2007(E)

Table A.3 (continued)

Mass I
Combination Ja

Ensemble description
No. | (numbers following garments refer

m2.K-W-1 clo | mZ2Kw-1

to Table B.2)

g clo

425

Briefs 23

shirt 71

coveralls 113

socks 254, shoes 255

1633

1,36

0,81

0,126

1,33

0,206

426

Briefs 23
shirt 71|, overalls 93
jacket 152

socks 454, shoes 255

1858

1,30

0,87

0,135

1,42

427

Briefs 43
shirt 70}, trousers 91
jacket 150

socks 454, shoes 255

434
150

1783

1,38

0,86

0,133

1,37

428

Briefs 43, T-shirt 31
shirt 71|, trousers 92
coveralls 113

socks 454, shoes 255

2538

N3

1,05

0,163

1,59

0,247

429

Briefs 43

shirt 70, trousers 91, jacket 151

socks 454, shoes 255

434
151

1803

1,29

0,87

0,135

1,42

430

Bra and panties 44
shirt 73, skirt 311
jacket 167

socks 454, shoes 255

1018

1,28

0,79

0,122

1,34

431

Bra anni panties 44
shirt 73, trousers 101
jacket 167

socks 454, shoes 255

1088

1,26

0,90

0,140

1,46

434

Briefs 43

trousers 9T, SNITT70

socks 254, shoes 255

I TUS

2%

0,116

132

0,205

435

Briefs 23, T-shirt 31
shirt 70, trousers 91
jacket 151

socks 254, shoes 255

429
31

1939

1,29

0,98

0,152

1,53

0,237

34
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Table A.3 (continued)

ISO 9920:2007(E)

No.

Ensemble description
(numbers following garments refer
to Table B.2)

Combination

Mass

g

Ja

clo

m2-K-w-"

clo

m2-K-wW-1

470

Undershirt 33, underpants 26
coveralls 120

socks 254, shoes 255

1344

1,25

0,84

0,130

1,41

0,218

471

Briefs 23

COveldlls 12U

socks 254, shoes 255

'Uol

525

0,112

0,200

480

Briefs 23, T-shirt 31
coveralls 120

socks 254, shoes 255

1210

1,30

0,82

05127

0,212

481

Undershirt 47, underpants 48
coveralls 120

socks 254, shoes 255

1300

1,30

0,84

0,130

0,215

483

Briefs 23, T-shirt 31
shirt 73

coveralls 120

socks 254, shoes 255

1430

1,30

0,94

0,146

0,230

500

Briefs 8, T-shirt 32
trousers 104, jacket 164
socks 263, shoes 258

1,36

0,93

0,144

1,49

0,225

501

Briefs 8
shirt 52, trousers 108
socks 263, shoes 258

0,65

0,101

1,29

0,193

502

Briefs 8, T-shirt 32
trousers 105, jackét~165
socks 263, shoes”258

1,39

1,00

0,155

1,51

0,234

503

Briefs 8
shirt 5. trousers 107
socks 263, shoes 258

1,20

0,61

0,095

1,2(

0,186

505

Briefs 8
shirt 50, trousers 106
socks 263, shoes 258

1,22

0,70

0,109

1,28

0,199

508

Briefs 8
short-sleeve shirt 53, trousers 107
socks 263, shoes 258

0,55

0,085

0,178

527

Briefs 8, T-shirt 32
coveralls 110
socks 263, shoes 258

0,65

0,101

1,25

0,193
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Table A.4 — Insulation values of various clothing ensembles — Cold protective clothing [32]

Ensemble description Mass I

!
No. | (numbers following garments refer | Combination Sy ¢
to Table B.2) g co | mKW' | clo | m2KwW-

I

127 |Briefs 8, thermal undershirt 41
thermal underpants 27 1841 1,25 1,36 0,211 1,93 0,299
insulated coveralls 214

calf-length socks 265, shoes 260

128 |Briefs 8, T-shirt 30
shirt 76, fitted trousers 102 2172 1,27 1,50 0,233 2,06 0,319

insulatgd coveralls 214

calf-length socks 264, shoes 260

400 [Undershirt 42, underpants 43
coveralls 115 1286 1,18 1,11 0,472 1,71 0,265
socks 454, shoes 255

401 | Undershirt 42, underpants 43

insulated trousers 201, 1363 1,27 1,20 0,186 1,76 0,273
insulatgd jacket 225

socks 454, shoes 255

402 | Undershirt 42, underpants 43

insulatgd trousers 201, 1205 1,22 0,85 0,132 1,43 0,222
insulatgd vest 226

socks 454, shoes 255

404 | Undershirt 42, underpants 43
insulatgd coveralls 210 2 564 1,40 1,88 0,291 2,39 0,870
overtropsers 182, overjacket 183

socks 456, clogs 257

405 | Undershirt 42, underpants 43

insulatgd trousers 201, 2 641 1,42 2,13 0,330 2,63 0,408
insulatgd jacket 225

overtropsers 182, overjacket 183

socks 456, clogs\257

406 | Undershirt 42)underpants 43

insulatgd “trousers 201, insulated
jacket 225

overtrousers 182, overjacket 183 2490 1,42 2,41 0,374 2,91 0,451
socks 254, shoes 255
407 | Undershirt 42, underpants 43

insulated trousers 200, 2 449 1,22 1,40 0,217 1,98 0,307
insulated jacket 221

socks 254, shoes 255
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No.

Ensemble description
(numbers following garments refer
to Table B.2)

Combination

Mass

g

Ja

clo

m2-K-w-"

clo

m2-K-wW-1

408

Undershirt 42, underpants 43

insulated trousers 200,
insulated jacket 222

socks 254, shoes 255

2445

1,22

1,38

0,214

1,96

0,304

409

Undershirt 42, underpants 43

insulated trousers 200,
insulated jacket 222

overtrousers 182, overjacket 183
socks 256, clogs 257

2631

1,42

2,22

0,344

2,73

0,422

410

Undershirt 42, underpants 43

insulated trousers 200,
insulated jacket 221

overtrousers 182, overjacket 183
socks 256, clogs 257

2884

1,42

2,17

0,336

0,414

411

Undershirt 42, underpants 43

insulated trousers 201,
insulated jacket 225

overtrousers 182, overjacket 183
socks 256, shoes 255

2666

1,42

2,16

0,335

2,64

0,412

436

Briefs 23, T-shirt 31
shirt 70, trousers 91, jacket 151

insulated jacket 228,
insulated trousers 203

socks 256, clogs 257

2618

1,36

1,53

0,237

2,09

0,318

438

Briefs 23, T-shirt 31

shirt 70, trousers 94

jacket 151, insulated jacket 228
socks 256;shoes 255

2326

1,30

0,18

0,183

0,73

0,113

439

Briefs.23, T-shirt 31
shirt*70, trousers 91, jacket 151

438

2618

1,35

1,46

0,226

1,99

insulated trousers 203,
insulated jacket 228

socks 256, shoes 255

203

0,308

482

Undershirt 47, underpants 48

insulated trousers 204,
insulated jacket 229

coveralls 120

socks 254, shoes 255

481

204
229

1970

1,32

1,43

0,222

1,97

0,305
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Table A.4 (continued)

Ensemble description Mass Iy I
No. | (numbers following garments refer | Combination Sy
to Table B.2) g clo | m2KW"' | clo | m2Kw-!
441 |Briefs 23, T-shirt 31
shirt 70, trousers 91 435 2404 1,36 | 1,23 0,191 1,75 0,272
jacket 151, insulated jacket 225 225
socks 256, shoes 255
442 | Briefs 233, T-stirt=31
shirt 70}, trousers 91
jacket 151, insulated jacket 225 441 2726 1,35 | 1,54 0,239 2,07 0,320
insulatgd trousers 201 201
socks 456, shoes 255
472 |Briefs 43, T-shirt 31
shirt 70
insulatgd jacket 228, insulated 3257 1,45 2,26 0,350 2,75 0,426
trousery 203
overtropsers 180, overjacket 198
socks 454, shoes 255, gloves 251,
cap 259
473 |Briefs 43, T-shirt 31
shirt 70
insulatgd jacket 228, insulated 3 697 1,48 2,30 0,357 2,78 0,431
trouserg 203
overtropsers 180, overjacket 188
socks 454, shoes 255, gloves 251,
hat 259
474 |Briefs 43, T-shirt 31
shirt 70
insulatgd jacket 228, insulated 3697 1,49 | 2,48 0,384 2,96 0,458
trousers 203
overtropsers 180 0overjacket 189
socks P54, shees 255, gloves
251, cap 259
475 |Briefs 43, T-shirt 31
shirt 70, trousers 91, jacket 151 4 405 1,49 | 2,15 0,333 2,63 0,407
overtrousers 180, overjacket 189
socks 254, shoes 255, gloves 251,
cap 259
476 |Briefs 23, T-shirt 31
shirt 70, trousers 91, jacket 151 477 3783 1,42 | 1,86 0,288 2,36 0,366
overjacket 188, overtrousers 180 251
socks 254, shoes 255, gloves 251, 259
cap 259
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Ensemble description Mass Iy I
No. | (numbers following garments refer | Combination Sy
to Table B.2) g clo | m2KW-1| clo | m2KwW-!
477 |Briefs 23, T-shirt 31
shirt 70, trousers 91, jacket 151 4223 1,45 | 1,87 0,290 2,36 0,366
overjacket 188, overtrousers 180
socks 254, shoes 255
478 [Briefs 23, T-shirt 31
shirt 70, trousers 91, jacket 151 251 3965 1,45 | 2,02 0,313 2,51 0,389
overjacket 198, overtrousers 180
socks 254, shoes 255, cap 259, 259
gloves 251
479 | Briefs 23, T-shirt 31
shirt 70, trousers 91, jacket 151 435 3783 1,42 | 1,86 0,288 2,36 0,366
overjacket 198, overtrousers 180 190
socks 254, shoes 255 198
484 | Briefs 23, T-shirt 31
coveralls 120 480 1780 1,35 | 1,42 0,220 1,99 0,302
insulated trousers 204, insulated 204
jacket 229
socks 254, shoes 255 229
491 || Undershirt 47, underpants 48 481
coveralls 120 188 2920 1,43 | 1,63 0,253 2,13 0,330
overjacket 188 251
socks 254, shoes 255, cap 259, 259
gloves 251
492 || Undershirt 47, underpants 48
coveralls 120, overjacket 188, 491 3720 1,49 2,34 0,363 2,82 0,437
overtrousers 180 190
gloves 251, _€ap 259 socks 254,
shoes 255
493 || Undershirt 47, underpants 48
insulated trousers 204, insulated 4 390 1,48 2,55 0,395 3,03 0,470
jacket 229
overtrousers 180, overjacket 188
socks 254, shoes 255, cap 259,
gloves 251
494 |Briefs 23, T-shirt 31
shirt 73, trousers 96, jacket 160 3552 1,43 | 1,60 0,248 2,10 0,325
overjacket 188
cap 259, gloves 251, socks 254,
shoes 255
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Table A.4 (continued)

Ensemble description Mass I

!
No. | (numbers following garments refer | Combination Sy ¢
to Table B.2) g co | mKW' | clo | m2KwW-

495 | Briefs 23, T-shirt 31
shirt 73, trousers 96, jacket 160 494 4 352 1,48 2,36 0,366 2,84 0,440
overtrousers 180, overjacket 188 190

cap 259, gloves 251, socks 254,
shoes 255

Table A.5 — Insulation values of various clothing ensembles — Cold protective clothing'— With
dynamic insulation values for walking (no wind), body surface area covered (BSAC) and mass|of
clothing without shoes and belts [2°]

Vg
BSAC | Mass {
No. Ensemble description <y Ja clo clo

0 9

bk

Static | Dynamic | Static | Dypamic

601 | Extreme cold weather expedition suit with hood
(downyfilled, one-piece suit), thermal long
undervear top and bottoms, mittens with fleece
liners thick socks, insulated waterproof boots

98,9 | 2804 | «1.,5 3,67 3,21 4,12 3,54

602 | One-giece ski suit, thermal long underwear top
and RQottoms, knited head/ear band, goggles,
insuIaFed ski gloves, thin knee-length ski socks,

97,1\N2357 | 1,28 1,6 1,13 2,13 1,51

insulated waterproof boots

long |underwear top and bottoms, goggdles,
insulafed ski gloves, thin knee-length ski socks,
insulated waterproof boots

604 | Ski japket with detachable fibrefill-liner, thermal
long |underwear bottoms, knited turtleneck
sweater, fibrefill ski pants, knited hat, goggles,| 98,5 | 2943 | 1,34 2,3 1,75 2,81 212
mitter] shell with fleece glove-inserts, thin knee-
length ski socks, insulated-waterproof boots

604a |No. 61)4 without jacket tiner 98,5 (2683 | 1,32 | 1,77 1,3 2,29 1,67

603 |One-giece fibrefill ski suit with hood, thermal
98,8 | 2494 | 1,27 | 1,97 1,53 2,51 1,92

605 Extrerhe cold -weather down-filled parka with
hood,| shell pants, fibrefill pants liner, thermal
long binderwear top and bottoms, sweatshirt,| 98,8 [ 2916 | 1,47 | 3,28 2,53 3,74 2,86
mitter] (shell with inner fleece gloves, thick
socks,imsutated VVatUIpIUUf boots

606 |Knee-length down-filled coat, thermal long
underwear bottoms, jeans, T-shirt, long-sleeve
flannel shirt, hat with fleece liner and ear flaps,| 97,8 | 3322 | 1,52 | 2,45 1,5 2,90 1,82
insulated ski gloves, thick socks, low-cut leather
work boots

607 |Fibrefill jacket, jeans, T-shirt, thermal long
underwear bottoms, long-sleeve flannel shirt,
baseball cap, thick socks, low-cut leather work
boots

91 2283 1,4 1,68 1,3 2,17 1,65
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Table A.5 (continued)

yA
BSAC | Mass o
No. Ensemble description o T clo clo

° 9

I

Static | Dynamic | Static | Dynamic

608 |[Down-filled vest, jeans, briefs, long-sleeve
knited rugby shirt, baseball cap, athletic socks,| 91 1707 | 1,25 | 1,12 0,83 1,66 1,22
athletic shoes

609 |[Fleece long-sleeve shirt, fleece pants, briefs,

athletic socks, athletic shoes 88,1 S 1,29 1,19 0.86 1,72 1,24

610| [Fleece long-sleeve shirt, fleece pants, briefs,
thermal long underwear top and bottoms,| 88,1 1370 | 1,29 1,34 1,04 1,87 1,42
athletic socks, athletic shoes

611| [Lightweight jacket, briefs, thermal long
underwear top and bottoms, shell pants, athletic| 88,1 1665 | 1,36 1,24 0,73 1,74 1,09
socks, athletic shoes

612| [Lightweight jacket, briefs, long-sleeve fleece
shirt, fleece pants, shell pants, athletic socks,| 88,1 | 1990 [ 1,37, |\}K67 1,16 2,17 1,52
athletic shoes

613| [Lightweight jacket, briefs, thermal long
underwear top and bottoms, long-sleeve fleece
shirt, fleece pants, shell pants, athletic socks,
athletic shoes

88,1 | 24664 1,37 | 1,81 1,34 2,81 1,70

614 |Insulated coverall, thermal long underwear top
and bottoms, knited work gloves, athletic socks,| 927\ 1833 | 1,27 1,51 1,16 2,05 1,55
low-cut leather work boots

615| | Shell windbreaker jacket, briefs, long-sleeve
T-shirt, bib overalls, baseball cap, knited werk
gloves, athletic socks, low-cut leather ‘work
boots

956 | 1940 | 1,26 | 1,15 0,8 1,69 1,19

616| |Heavy fibrefill hunting jacket with_detachable
liner, matching hunting bib ,overalls, briefs,
knited turtleneck sweater, jeans, hat with fleece| 97,8 | 4 386 1,5 2,98 2,32 3,43 2,65
liner and ear flaps, fibrefill(gloves, thick socks,
insulated waterproof boots

6168 | No. 616 without liner 97,8 [ 3683 | 148 | 2,13 1,56 2,59 1,89

617] | Windproof, watefproof jogging suit (shell jacket
and pants), <T-shirt, briefs, running shorts,| 88,1 [ 1024 [ 1,25 | 1,03 0,71 1,p7 1,10
athletic socks;-athletic shoes

618| | Double<breasted trench coat with detachable
liner,<F=shirt, briefs, dress socks, long-sleeve
dress™~shirt, tie, men’s business suit, belt on
trousers, leather street shoes

88,1 [ 2954 | 1,46 | 1,63 0,87 2,110 1,21

619 —[Belted, double-breasted trench coat with
detachable liner, long-sleeve oxford shirt, knee
length A-line skirt, long-sleeve, crewneck
sweater, pantyhose, vinyl street shoes

77 2568 [ 1,42 | 1,33 0,85 1,81 1,20

620 [Women’s knee-length dress coat, long-sleeve
blouse, knee-length A-line skirt, cardigan| 72,7 | 2435 | 1,41 1,22 0,81 1,70 1,16
sweater, pantyhose, vinyl street shoes

621 [Women’s below-knee-length wool cape, long-
sleeve blouse, knee-length A-line skirt,| 78,5 | 1960 | 1,53 1,1 0,53 1,54 0,85
pantyhose, vinyl street shoes

622 |[Casual lightweight jacket, T-shirt, briefs, thick
turtleneck wool sweater, chino trousers, dress| 88,1 1774 | 1,31 1,19 0,81 1,71 1,18
socks, leather street shoes
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Table A.6 — Insulation values of various clothing ensembles — Heat protective clothing

Ensemble description Mass Iy I
No. | (numbers following garments refer | Combination Sy
to Table B.2) g clo | m2KW"' | clo | m2Kw-!
488 |Briefs 23, T-shirt 31
coveralls 120 480 2710 1,45 | 1,48 0,229 1,97 0,305
overtrousers 194, overjacket 195 194
socks 254, shoes 255 195
489 |Briefs 23, T-shirt 31
coveralls 120 480 4630 1,50 | 1,55 0,240 2,02 0,314
overtropsers 191, overjacket 193 191
shoes 255, socks 254 193
510 |Briefs 8
shirt 52, trousers 108 501 — 1,24 | 0,82 0,427 1,39 0,216
socks 463, leggings 270, 266
shoes 258
512 |(Briefs §
shirt 52, trousers 108 501 — 1,30 {\0;86 0,133 1,41 0,218
arm prqtectors 271 267
socks 463, shoes 258
513 |Briefs §
shirt 52, trousers 108 501 = 1,28 | 0,77 0,119 1,32 0,205
arm prqtectors 268 268
socks 463, shoes 258
514 |Briefs §
shirt 52, trousers 108 501 — 1,26 | 0,77 0,119 1,33 0,207
apron 469 265
socks 463, shoes 258
524 |Briefs §
shirt 52, trousers 108 501 — 1,34 | 1,36 0,211 1,89 0,293
aluminiged hip-length coat 179 179
socks 463, shoes 258
525 |Briefs §
shirt 52, trousers 108 501 — 1,58 | 1,74 0,270 2,19 0,339
aluminized calf-length coat 199 199
socks 263, shoes 258
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Table A.7 — Insulation values of chemical protective clothing
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No.

Ensemble description
(numbers following garments refer
to Table B.2)

Combination

Mass

g

Ja

clo

I

cl

m2-K-w-"

clo

m2-K-wW-1

490

Undershirt 47, underpants 48
coveralls 120, coveralls 121

socks 254, shoes 255

481
121

2640

1,45

1,42

0,220

1,91

0,296

Table A.8 — Insulation values of nuclear power plant clothing [21]

No.

Ensemble description

Combination

Mass

g

Ja

clo

I

cl

m2-K-W-"1

clo

m2.-K-W-1

651

Polypropylene  coverall, hood,
shoes, shoe cover, cotton glove,
latex glove, short-sleeve
undershirt, briefs, socks

0,84

0,129

1,29

0,198

652

PET65/Rayon35 coverall, hood,
shoes, shoe cover, cotton glove,
latex glove, short-sleeve
undershirt, briefs, socks

0,81

0,126

1,25

0,195

653

PVC coverall over
PET65/Rayon35 coverall, hood,
shoes, shoe cover, cotton glove,
latex glove, short-sleeve

undershirt, briefs, socks

1,21

0,187

1,64

0,256

Tabjle A.9 — Insulation values for various clothing ensembles — Korean clothing (see Fi

jure A.1) [8]

Ensemble
type

Ensemble description

Mass

9

BSAC
%

T

clo

I

cl

m2-K-w-"

clo

h
m2.K-W-1

Male,
winter
(outdqor)

Durumagi, magoja, joki,
jugori, baji, long-sleeve
undershirtlong underwear,
briefs,.calf-length socks

3 341

88

1,37

1,55

0,240

2,09

0,318

Male,
winter

Magoja, joki, jugori, baiji,
long-sleeve undershirt, long
underwear, briefs, calf-length
socks

2088

86

1,29

1,27

0,197

1,04

0,167

Male,
summer

Joki, jugori, baji, sleeveless
undershirt, briefs, calf-length
socks

740

86

1,29

0,79

0,122

1,32

0,205

Female,
winter
(outdoor)

Durumagi, jugori, chima,
sokchima, sokbaiji, bosun,
3/4-length-sleeve undershirt,
panties

2 656

87

1,53

1,83

0,284

2,27

0,352

Female,
winter

Jugori, chima, sokchima,
sokbaji, bosun, 3/4-length-
sleeve undershirt, panties

1539

85

1,58

1,45

0,225

1,88

0,291

Female,
summer

Jugori, chima, sokchima,
sokbaiji, bosun, panties

1067

85

1,55

1,08

0,167

1,52

0,236
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)
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Key

undershirt, long-sleeve
undershirt, sleeveless
undershirt, 3/4-length-sleeve
long underwear

briefs

panties

socks

Male.
Female.

T O NO O ODN -

Figure A.1 — Korean garments
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Table A.10 — Insulation values for Gulf region male clothing ensembles (see Figure A.2) [1]

Ensemble — I Iy I
Ensemble description f a c
type . clo m2-K-W-1 clo | mzKw-1 clo | mzKw-
T-shirt with 1/3 sleeves, short| 4 4 0594 | 0092 | 059 | 0002 | 1,05 | 0,163
serwal, thowb and sandals
T-shirt with 1/3 sleeves, short
Male serwal, thowb, kuffiya, white 1,35 0,594 0,092 0,69 0,107 1,13 0,175
summer ghutra, eqal, sandals
clothing T-shirt with 1/3 sleeves, short
serwal, long serwal, thowb, 40 o cou Ao noo o 2o o409 4 99 0.191
kuffiya, white ghutra, eqal, LIFE®AY \YIToL O, UIZ LV v U, 29 T2 5
sandals
T-shirt with 1/3 sleeves, short
serwal, long cotton serwal,
thowb, kuffiya, ghutra 1,46 0,594 0,092 0,84 0,131 1,25 0,194
M_ale shemagh, eqal, shoes.
winter
clothifg T-shirt with 1/3 sleeves, short
serwal, long cotton serwal, 145 0594 | 0092 | 1202] 0200 | 1,74 | 0,264
thowb, ghutra shemagh,
eqal, jacket, shoes.
i JF i
E
] AN
( R
Thofb/dishdasha Serwal @ Serwal b 1
i
Ghutra, kuffiy,
Kuffiyafl.agia Ghutra/shemagh Eqal eqgal on
Key
1 pants
2  T-shirt
8 Long.
b Short.

Figure A.2 — Gulf region garments
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Annex B
(normative)

Thermal insulation values for individual garments

B.1 Lists of garments and their values

The thermal

Table B.1 listg
— the type
the body

— the fabrig
Washing may
within the md
Annex D, andg
recorded.

nsulation values refer to the whole body surface (as if the subject wears only this gar
the most typical values. Table B.2 presents detailed information where

numbers refer to the figures following the tables showing the different garment designs, in

surface area covered A4, is also indicated, and

numbers refer to Table B.3, which gives a more detailed description of-the‘fabric.
change the thermal insulation values. This effect depends on the type of textile, but is ng

asuring accuracy. The measurements were performed in accordance with the descrip
operating temperature, mean skin temperature and meanyheat loss from the manikin

Table B.1 — Insulation values of various.typical garments

ment).

which

rmally

ion in
were

46

Garment o
clo

Underwear
Panties 0,03
Underpants with long legs 0,1
Singlet 0,04
T-shirt 0,09
Shirt with long sleeves 0,12
Panties and)bra 0,03
Shirts-blouses
Short sleeves 0,15
Lightweight, long sleeves 0,2
Normal, long sleeves 0,25
Flannel shirt, long sleeves 0,3
Lightweight blouse, long sleeves 0,15
Trousers
Shorts 0,06
Lightweight 0,2
Normal 0,25
Flannel 0,28
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Table B.1 (continued)

Garment a
clo

Dresses, skirts
Light skirt (summer) 0,15
Heavy skirt (winter) 0,25
Light dress, short sleeves 0,2
Winter dress, long sleeves 0,4
Boiler suit 0,55
Sweaters
Sleeveless vest 0,12
Thin sweater 0,2
Sweater 0,28
Thick sweater 0,35
Jackets
Light summer jacket 0,25
Jacket 0,35
Smock 0,3
Highly insulating, fibre-pelt
Boiler suit 0,9
Trousers 0,35
Jacket 0,4
Vest 0,2
Outdoor clothing
Coat 0,6
Down jacket 0,55
Parka 0,7
Fibre-pelt overalls 0,55
Sundries
Socks 0,02
Thick ankle socks 0,05
Thick long socks 0,1
NyTon stockings 0,03
Shoes (thin-soled) 0,02
Shoes (thick-soled) 0,04
Boots 0,1
Gloves 0,05
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Table B.2 — Insulation values of various garments

No. Garment nge Fa:lt;r.ic G:‘::;nt ol
: g clo m2.Kw-"
Underwear — Pants
1 Panties 7 25 27 0,03 0,005
3 Pantyhose 8 — 39 0,02 0,003
6 Briefs 2 51 67 0,04 0,006
7 Pantsshert-egged 3 54 70 0,04 n,?os
8 |Briefs 2 24 65 004 | 0.006
9 |Pants| 1/2-long-legged 4 51 137 006} 0.909
10 | Pants| long-legged 6 51 198 0,12 0,4)19
20 |Briefs 2 52 66 0,03 0,4)05
22 | Pants| long-legged 6 52 162 0,08 0,4)12
23 |Briefs 2 50 80 0,04 0,4)06
25 | Pants| 3/4-long-legged 5 50 186 0,08 0,4)12
26 | Pants| long-legged 6 50 193 0,1 0,4)16
27 | Pants| long-legged, thermal 6 23 210 0,15 0,+23
28 | Pants| long-legged 6 53 291 0,1 0,016
43 | Pants| long-legged 6 54 165 0,13 0,02
44 Bra afd panties 6,7 57 87 0,04 O,q)OG
46 | Pants} long-legged 6 55 270 0,22 0,4)34
48 | Pants| long-legged 6 56 155 0,07 O,d)11
Underwear — Shirts

2 Bra 6 — 44 0,01 0,(PO2
4 Half s|ip 7 26 65 0,14 0,(#)22
5 |Fullslfp 8 26 82 0,16 0,425
13 [ Shirt, leeveless 1 50 150 0,06 0,4)09
29 [ Shirt, pleeveless 1 52 106 0,05 0,4)08
30 | T-shir 2 27 105 008 | 0912
31 | T-shir] 2 50 180 0,1 0,(#)16
32 |T-shir 2 _ _ 012 | ad19
33 Shirt, long sleeves 3 50 200 0,12 0,019
36 | T-shirt 2 53 196 0,09 0,014
37 | Shirt, long sleeves 3 53 236 0,16 0,025
41 | Shirt, long sleeves, thermal 3 23 200 0,2 0,031
42 | Shirt, long sleeves 4 54 182 0,16 0,025
45 | Shirt, long sleeves 3 55 360 0,25 0,039
47 Shirt, long sleeves 3 56 195 0,11 0,017
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No. Garment nge Fil::)ric Gfr:’amsesrlt el
' : g clo m2Kw-
Shirts
50 [Long sleeves, shirt collar 2 35 — 0,33 0,051
51 Long sleeves, shirt collar 2 36 — 0,31 0,048
52 Long sleeves, shirt collar 2 37 — 0,28 0,043
53 Shaort elaa\lno’ shirt collar 3 26 {'\”)R 0,039
54 | |Long sleeves, shirt collar 2 91 362 0;33 0,051
55 | |Long sleeves, shirt collar 2 93 846 0,33 0,051
56 | |Short sleeves, shirt collar 3 91 284 0,24 0,037
57 Short sleeves, shirt collar 3 93 651 0,25 0,039
58 Sleeveless, scoop neck 7 91 210 0,18 0,028
59 Sleeveless, scoop neck 7 93 470 0,17 0,026
60 Long-sleeve, turtleneck 9 91 344 0,34 0,053
61 | |Long-sleeve blouse, bow tied 1 91 382 0,33 0,051
66 | [3/4-length sleeves, boat neck 5 1 142 0,27 0,042
67 | | Cap sleeves, boat neck 6 1 113 0,21 0,033
68 | [Sleeveless, scoop neck 7 1 117 0,13 0,02
69 | | Tube top 8 4 67 0,06 0,009
70 Long sleeves, shirt collar 2 59 370 0,29 0,045
71 Long sleeves, shirt collar 2 60 360 0,21 0,033
72 Long sleeves, shirt collar 2 — 190 0,15 0,023
73 | |Long sleeves, shirt collar 2 — 220 0,18 0,028
74 | |Long sleeves, bow at neck 1 1 206 0,25 0,039
75 | |Long sleeves, shirt collar 2 1 196 0,25 0,039
76 | |Long sleeves,shirt’collar 2 2 309 0,34 0,053
77 Short sleeves, shirt collar 3 1 156 0,19 0,029
78 Long sleeves, shirt collar 2 - 245 0,26 0,04
79 Short sleeves, sport shirt 4 3 228 0,17 0,026
Trousers
83 | Short shorts 4 93 342 0,08 0,012
84 | Walking shorts 3 93 416 0,11 0,017
85 [Walking shorts 3 91 195 0,11 0,017
86 | Straight, loose 2 92 513 0,22 0,034
87 | Straight, fitted 1 95 433 0,22 0,034
88 | Straight, fitted 1 93 658 0,17 0,026
89 | Straight, fitted 1 92 446 0,18 0,028
90 |Work pants 6 11 832 0,24 0,037
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. Garment I
No. Garment nge Fa:]t;”c mass ol
: : g clo m2.Kw-"
91 Straight, loose 2 59 640 0,26 0,04
92 Straight, loose 2 60 605 0,2 0,031
93 |[Overalls 7 60 755 0,24 0,036
94 | Overalls 7 59 910 0,28 0,043
95 |Overalls i 12 854 03 n,rI\47
96 | Straight, fitted 1 — 542 0,19 0,029
97 | Walkihg shorts 3 9 195 0,08 0412
98 |Walking shorts 3 10 251 0,17 0,(#)26
99 | Short|shorts 4 9 164 0,06 0,4)09
100 | Straight, fitted 1 10 404 0,24 0,4)37
101 | Straight, loose 2 58 320 0,23 0,4)36
102 | Straight, fitted 1 9 298 015 | 0923
103 | Straight, loose 2 10 459 0,28 0,(#)43
104 | Straight, loose 2 38 — 0,21 0,433
105 [ Straight, loose 2 39 — 0,24 0,(#)37
106 | Straight, fitted 1 35 — 0,19 0,4)29
107 | Straight, fitted 1 40 — 0,16 0,4)25
108 | Straight, fitted 1 41 — 0,19 0,4)29
109 | Straight, loose 2 9 354 0,2 0,&)31
Coveralls
110 |[Work 3 35 — 0,5 O,q)78
11 |Work 3 42 — 0,52 0,481
112 |Work 3 59 1260 0,52 0,481
113 |Work 3 60 1140 0,49 0476
114 |Work 3 13 995 0,49 0476
115 | Daily wear, belted 2 91 579 0,49 0,(#)76
116 | Daily wear, belted 2 92 891 0,46 0,4)71
117 | Daily weat, belted 2 93 1331 0.49 0 (i)76
120 |[Work 3 — 890 0,51 0,079
121 | Chemical protective 1 — 1340 0,6 0,093
Sweaters

135 |[Long sleeves, V-neck 1 6 215 0,25 0,039
136 |Long-sleeve, V-neck cardigan 2 6 215 0,23 0,036
137 | Short sleeves, V-neck 3 6 188 0,2 0,031
138 |Long sleeves, turtleneck 11 — 815 0,54 0,084
139 | Short-sleeve, V-neck cardigan 4 6 188 0,17 0,026
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140 |Long-sleeve, round-neck cardigan 7 — 460 0,29 0,045
141 | Sleeveless, V-neck 5 6 130 0,13 0,02
142 |Long sleeves, round neck 6 7 424 0,36 0,056
143 |Long-sleeve, round-neck cardigan 7 7 424 0,31 0,048
144 _| Short sleeves_round neck 8 7z 355 0,28 0,043
145]| | Short-sleeve, round-neck cardigan 9 7 355 0;22 0,034
146| |Sleeveless, round neck 10 7 301 0,22 0,034
147] | Long sleeves, turtleneck (thin) 1 8 231 0,26 0,04
148] | Long sleeves, turtleneck (thick) 1 7 459 0,37 0,057
Jackets, vests and smocks
150| [Jacket, no buttons 6 60 640 0,26 0,04
151| | Work jacket 8 59 652 0,26 0,04
152| | Work jacket 8 60 610 0,21 0,033
153| |Work jacket 3 11 885 0,39 0,06
154| | Work smock, above knee length 5 — 547 0,34 0,053
155] | Work smock, below knee length 7 — 575 0,36 0,056
156 | Single-breasted suit jacket 1 9 518 0,36 0,056
157] | Single-breasted suit jacket 1 10 652 0,44 0,068
158| | Double-breasted suit jacket 2 9 562 0,42 0,065
159| | Double-breasted suit jacket 2 10 702 0,48 0,074
160| | Single-breasted, fitted suit jacket 1 — 850 0,32 0,05
161| |Vest 4 9 160 0,1 0,016
162| |Vest 4 10 185 0,17 0,026
163| | Suit-vest 4 — 185 0,07 0,011
164 | | Long-sleeve shirt-jacket 1 33 — 0,34 0,053
165| | Long-sleeve shirt-jacket 1 34 — 0,39 0,06
167 | Work jacket, female 3 58 400 0,24 0,037
169 | Single-breasted. fitted suit jacket 1 92 725 0.4 0,062
170 |Single-breasted suit jacket 1 93 1076 0,4 0,062
171 | Single-breasted suit jacket 1 95 699 0,45 0,07
172 | Single-breasted suit jacket 1 92 794 0,46 0,071
173 | Suit-vest 4 92 214 0,13 0,02
174 | Suit-vest 4 95 — 0,13 0,02
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Coats, overjackets and overtrousers
179 | Heat-reflective, hip-length coat, aluminized 6 44 — 0,63 0,098
180 |Trousers, loose 6 60 745 0,19 0,029
181 |[Jacket, above knee length 3 60 942 0,28 0,043
182 | Trousprs—locse 6 64 452 046 0,071
183 |[Jacke}, above knee length 3 61 945 0,69 0,107
184 | Coat, [pelow knee length 5 — 1820 0,65 0,101
185 | Downtjacket 4 — 880 0,55 O,(|)85
186 |Down|vest 1 — 620 03 0,047
187 | Coat, joelow knee length 5 — 650 0,56 0,087
188 |Parkalcoat, multicomponent 3 — +440 0,67 0,104
189 |Parkajcoat, multicomponent with hat 3 — 1440 0,79 0,122
190 |[Overdlls, multicomponent 7 — 800 0,52 0,(|)81
191 | Heat-protective felt trousers 6 — 1300 0,33 O,d)51
192 | Jacket, multicomponent 3 — 1350 0,69 0,107
193 | Heat-protective felt jacket 6 — 1620 0,42 0,(*)65
194 | Heat-{eflective, aluminized trousers 6 — 670 033 | 0051
195 |Heat-feflective, aluminized coat 6 — 830 0,42 0,4)65
196 | Rain-protective trousers 6 — 250 017 | 0026
197 Rain—||>rotective jacket 6 — 500 0,31 O,(i)48
198 | Jacket, multicomponent 2 — 1 000 0,36 O,d)56
199 | Heat-feflective, calf-length coat,.aluminized 5 43 — 0,94 0,146
Highly-insulating trousers
200 |Trouskrs, fibre-pelt 5 62 341 0,4 0,(|)62
201 | Trousgrs, multicomponent 5 63 322 0,3 0,(*)47
203 | Trousgrs, multicomponent 5 64 292 0,32 0,05
204 | TrousprsAnulticomponent 5 — 360 0,31 O,(|)48
205 | TrouskrsZmulticomponent 5 65 225 0,35 0 (*)54
Highly-insulating coveralls

210 |[Coverall, multicomponent 1 63 615 0,8 0,124
211 | Coverall, multicomponent, filling 4 — 1 500 1,03 0,16
212 |Coverall 1 — 1302 0,32 0,205
213 |[Coverall, fibre-pelt 1 62 1215 1,13 0,175
214 | Coverall, multicomponent 4 14 1313 0,96 0,149
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Highly-insulating jackets
220 |Jacket, lining at wrist and hip, fibre-pelt 5 62 417 0,39 0,06
221 | Jacket, lining at wrists, fibre-pelt 3 62 437 0,43 0,067
222 | Jacket, fibre-pelt on outside 2 62 434 0,4 0,062
224 1 Jacketfibre-pelt-head-covered va 62 472 0,37 0,057
225]| [Jacket, multicomponent, extra back length 4 63 370 0;39 0,06
226| | Vest, multicomponent 1 63 212 0,2 0,031
228| | Jacket, multicomponent 4 64 292 0,38 0,059
229\ | Jacket, multicomponent 3 — 390 0,32 0,05
230]| [Jacket, multicomponent 3 65 225 0,37 0,057
231| | Jacket, multicomponent 3 — 270 0,34 0,053
232| | Jacket, multicomponent 3 — 365 0,45 0,07
233| | Jacket, multicomponent 3 — 270 0,4 0,062
Socks, shoes, gloves, hats, etc.
251| [ Thick gloves, fibre-pelt 4 70 82 0,08 0,012
252| | Thick socks, calf-length, fibre-pelt 2 70 113 0,11 0,017
253| | Thick socks, ankle-length, fibre-pelt 1 70 77 0,05 0,008
254| | Socks, ankle-length 1 — 61 0,02 0,003
255| | Suede shoes, rubber sole 6 — — 0,02 0,003
256| | Thick socks, ankle-length 1 — 112 0,05 0,008
257| |Clogs 7 — — 0,03 0,005
258| | Shoes — — — 0,05 0,008
259| |Cap 12 — 100 0,01 0,002
260| [Hard-soled street-shoes, vinyl 6 — 1006 0,03 0,003
261| | Slippers, quilted fleece 10 — 186 0,03 0,005
262| | Soft-soled athletic shoes, canvas 1 — 812 0,02 0,003
263| | Aqkle-length athletic socks 1 — 49 0,02 0,003
264 L| €alf-length athletic socks 2 31 82 0,03 0,005
265 |Calf-length dress socks 2 32 53 0,03 0,005
266 |Knee socks (thin) 3 30 32 0,03 0,005
267 |Knee socks (thick) 3 29 68 0,06 0,009
268 [ Arm protectors, upper-arm-to-wrist, flame-retardant 16 45 — 0,05 0,008
269 | Apron, knee-length, flame-retardant 13 46 — 0,12 0,019
270 |Leggings, flame-retardant 14 46 — 0,08 0,012
271 | Arm protectors, shoulder to wrist, aluminized 15 44 — 0,11 0,017
272 | Thongs/sandals, vinyl 9 — 346 0,02 0,003
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Sportswear
280 |Sweater, cardigan 12 68 467 0,37 0,057
281 |Trousers 5 68 351 0,3 0,047
282 |Sweater, cardigan 12 69 496 0,3 0,047
283 Trousess 2 89 A47 ﬂy')Q {'\’?/1'3
284 | Sweater, V-neck 1 66 417 0,36 0,(*)56
285 |[Trousgrs 5 66 359 0,32 0,05
286 |Swealfer, cardigan 12 — 386 0,33 O,(|)51
287 |Trousprs 2 — 323 025 | 0039
288 |Swealer, cardigan, close-fitting 12 — 457 0,23 0,4)36
289 |[Trouskrs, close-fitting 1 — 344 0,14 0,4)22
290 |Sweafer 6 5 284 0,34 0,(|)53
291 |[Sweaf pants 5 5 345 0,28 +
Skirts
300 [A-line} ankle-length 1 09 284 0,23 O,(|)36
301 [A-linef ankle-length 1 10 378 0,28 0,4)43
302 [A-linef 0,15 m below knee 2 09 288 0,18 0,4)28
303 |[A-line} 0,15 m above knee 3 09 179 0,1 0,4)16
304 | A-line} knee-length 4 09 229 0,14 0,4)22
305 |A-line| knee-length 4 10 305 0,23 0,4)36
306 [ Straight, knee-length, with slit 5 09 194 0,14 O,(|)22
307 [Bias flair, knee-length 6 09 286 0,13 0,02
308 |Full gfthered, knee-length 7 09 271 0,14 0,1)22
309 |Full ghthered, knee-length 7 10 359 0,22 0,434
310 |Knife pleated, knee-length 8 09 410 0,16 0,4)25
311 [ A-linef knee-length 4 58 250 0,15 O,d)23
312 | Knife pleated, knee-length 8 10 539 0,26 0,04
313 | Straight,-knee-length 5 93 437 017 0,026
314 [ A-line, knee-length 4 93 519 0,17 0,026
315 [A-line, knee-length 4 95 330 0,19 0,029
316 | Full gathered, knee-length 7 93 612 0,18 0,028
Dresses

330 [Long sleeves, shirt collar, A-line 1 1 254 0,32 0,05
331 [Long sleeves, shirt collar, A-line 1 10 280 0,47 0,073
332 [Long sleeves, shirt collar, A-line, belt 2 1 283 0,35 0,054
333 | Short sleeves, shirt collar, A-line, belt 3 1 237 0,29 0,045
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334 |Sleeveless, scoop neck, A-line 4 1 153 0,23 0,036
335 |Sleeveless, scoop neck, A-line 4 10 141 0,27 0,042
336 |Sleeveless, scoop neck, gathered waistline 5 1 177 0,26 0,04
337 |Long sleeves, shirt collar, A-line 1 91 470 0,41 0,064
338 | Long sleeves, shirt collar A-line 1 Q2 732 04 0,062
339] |Long sleeves, shirt collar, A-line 1 93 1099 0;39 0,06
Sleepwear
350] |Long-sleeve, long gown 1 15 260 0,29 0,045
351] |Long-sleeve, long gown 1 16 435 0,46 0,071
352]| |Long-sleeve, short gown 2 15 180 0,24 0,037
353]| | Long-sleeve, short gown 2 16 305 0,39 0,06
354 | Short-sleeve, long gown 3 15 239 0,25 0,039
355] | Short-sleeve, short gown 4 15 157 0,21 0,033
356| |Sleeveless, short gown 5) 15 138 0,18 0,028
357 | Thin-strap, short gown 8 15 94 0,15 0,023
358]| |Hospital gown 9 17 270 0,31 0,048
359] |Long-sleeve, long pyjamas 10 1 327 0,48 0,074
360| |Long-sleeve, long pyjamas 10 16 447 0,57 0,088
361] | Short-sleeve, long pyjamas 11 1 297 0,42 0,065
362]| |Long pyjama trousers 12 1 149 0,17 0,026
363]| |Body sleeper with feet 13 18 599 0,72 0,112
364| [Undershorts 14 1 66 0,1 0,016
Robes
370] |Long sleeves,awrap, long 1 1 363 0,44 0,068
371] |Long sleeves; wrap, long 1 19 690 0,53 0,082
372]| |Long.sleeves, wrap, long 1 20 1196 0,68 0,105
373]| | Long sleeves, wrap, long 1 21 783 0,77 0,119
374 |tong sleeves wrap_long 1 22 1535 102 0,158
375 |Long sleeves, wrap, short 2 1 298 0,41 0,064
376 |Long sleeves, wrap, short 2 19 556 0,46 0,071
377 |Long sleeves, button front, long 4 19 586 0,49 0,076
378 |[Long sleeves, button front, short 5 1 260 0,4 0,062
379 |[Long sleeves, button front, short 5 19 472 0,45 0,07
380 |[Short sleeves, button front, short 6 1 231 0,34 0,053
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Table B.3 — Characteristics of various clothing materials used in garments listed in Table B.2

. Fabric .
Code Typelconstruction Fibre content Thickness® i":lit:‘::g"b Zzl::ﬁs perm::rbility ¢

mm m2.K-w-1 g-m=2 I-m2.s~1
01 | Broadcloth/plain weave 65 % polyester, 35 % cotton 0,38 0,029 110 426
02 |Flannel/plain weave 80 % cotton, 20 % polyester 1,08 0,045 150 355
03 | Double knit/weft knit 100 % cotton 0,96 — — 426
04 | Double-knithnefttanit 160-%petyester 106 8022 4453
05 |Fleecebacked double knit |0 /¢ POVester, 38 % cotion, 1|5 o3 — — D072
06 |Jerseyyweft knit 100 % acrylic 1,62 — — 1407
07 |Jerseyfweft knit 85 % wool, 15 % nylon 3,55 — > 1631
08 |Doublg¢ knit/weft knit 50 % cotton, 50 % polyester 1,1 — — 17237
09 | Denimftwill weave 100 % cotton 0,8 0,023 206 246
10 | Tweed/plain weave 50 % wool, 50 % polyester 1,27 0,04 310 899
11 | Duck/twill weave 100 % cotton 1,16 — 467 25
12 | Denimftwill weave 64 % cotton, 36 % polyester 1,17 — 480 128
13 [ Gabargline/twill weave 100 % cotton 0,91 — 390 50
14 iﬂh”e'ﬂci ;nbpe:)rg?nn;:fﬁ:irrllz: ?g(;/‘;/fg'ﬁiter' 35 % cotton, 15"y 35 — — 126

quilted
15 | Tricot/yarp knit 100 % nylon 0,31 0,009 90 26
16 |Flanngl/plain weave 100 % cotton 0,99 0,039 141 610
17 | Print cloth/plain weave 100 % cotton 0,48 — 126 44Y
18 |Fleecg-backed double knit | 100 % aerylic 3,34 — 241 1661
19 |Velourfbrushed warp knit |80 % triacetate, 20 % nylon 1,47 0,037 200 1433
20 ;I'erry cloth/_warp slack 88% cotton, 12 % polyester 3,13 0,071 335 68
ension plain weave
Face: 50 % polyester, 50 %
Back: 100 % nylon
Pile: 50 % polyester, 50 %
22 Flegcelpile jersey knit acrylic 5,91 0,153 467 1311
Back: 100 % polyester
23 | Waffle knit 50 % cotton, 50 % polyester 1,54 — — 2 057
24 | Jersey/weft knit 100 % cotton 0,9 — — 1534
25 | Tricot/warp knit 100 % nylon 0,3 — — 3327
26 | Tricot/warp knit 100 % nylon 0,32 — — 2 946
27 | Jersey/weft knit 100 % cotton 0,95 — — 1067
28 |Lining/plain weave 100 % polyester 0,09 0,009 80 276
29 | Weft knit 80 % acrylic, 20 % nylon 25 — — —
30 | Weft knit 100 % nylon 0,9 — — —
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. Fabric .
Thickness? | . Fabr!c p| surface A|r. .
Code Typelconstruction Fibre content insulation density permeability
mm m2.K-wW-1 g-m2 I-m2.s1

31 | Weft knit 85 % acrylic, 15 % nylon 2,3 — — —

32 | Weft knit 75 % acrylic, 25 % nylon 2 — — —

33 | Satin weave, 100 % cotton 0,76 — 375 —
flame-retardant

34 || Twill weave, 100 % cotton 0,89 — 448 —
flame-retardant

35 || TWill weave, antistatic 100 % SEF, modacrylic 0,53 — 231 —
acid-resistant

36 ||Flain weave, durable 65 % polyester, 35 % cotton 0,33 - 153 —
press, soil release

37 || Twill weave 65 % polyester, 35 % cotton 0,38 — 136 —

3g || Twil weave, 100 % cotton 0,86 — 468 —
flame-retardant

3g || Twill weave, 100 % cotton 0,94 — 451 —
flame-retardant

40 || Twill weave, durable press |65 % polyester, 35 % cotton 0,48 — 254 —

41 | [ Twill weave 65 % polyester, 35 % cotton 0,61 — 248 —

42 | [ Twill weave 100 % cotton 0,81 — 356 —

43 ||2x 2 basket weave 100 % PFR viscose 119 — 634 —
aluminized coating

44 |2 x 2 basket weave 100 % PFR viscose 1,32 — 644 —
aluminized coating

45 | |Plain weave, 100 % cotton 1,04 — 505 —
flame-retardant

46 | |Satin weave, 100 % cotton 0,84 — 305 —
flame-retardant

50 — Cotton 1,5 0,028 153 1741

51 — Wool 2 0,043 215 1432

52 — Cotton, polyester — — — —

53 — Cotton, wool — — — —

54 Polyporopylens 24 0,038 189 1382

55 — Wool, polyester, polyamide — — — —

56 — Modal, cotton — — — —

57 — Nylon — — — —

58 — 35 % cotton, 65 % polyester 0,8 0,01 221 139

59 — Cotton 1,4 0,023 339 32

60 — 35 % cotton, 65 % polyester 0,9 0,011 295 80

61 [Highly insulating Polyester, polyamide 11,6 0,252 255 24
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Table B.3 (continued)

. Fabric .
Code Typelconstruction Fibre content Thickness® i":lit:‘::g"b Zzl::ﬁs perm::rbility ¢
mm m2.K-w-1 g-m=2 I-m2.s~1
62 |Fibre-pelt Polyamide 12,9 0,254 297 1588
63 | Highly insulating Polyester, polyamide 7,5 0,137 234 1577
64 |Highly insulating Polyester, polyamide 6,7 — 160 204
65 |Highlypsuiating Relyester—pelyamide 8 0455 42 221
66 — Cotton 2,1 0,029 260 366
67 — 52 % cotton, 48 % polyester 1,8 0,025 245 400
68 — 37 % cotton, 63 % polyester 1,6 0,021 260 32%
69 — 40 % cotton, 60 % polyester 1,7 0,022 290 308
70 — Polyamide — — — —]
91 | Twill Weave Cotton 0,7 0,04 206 24
92 | Twill weave Cotton 1,0 0,038 322 84
93 | Twill weave Cotton 1,2 0,038 498 18
94 | Plain weave 35 % cotton, 65 % polyester 0,3 0,034 111 370
95 |Plain weave 80 % wool, 20 % nylon 1,5 0,056 306 978

@  Thickness: |Fabric codes 1 to 46 were measured in accordance with /ASTM D1777 using a 75 mm diameter presser fgot and

0,07 kPa pressure. The thickness of sock fabric codes 29 to 39 was estimated from circumference measurements taken on the njanikin.
Fabric codes 50|to 95 were measured in accordance with ISO 9073-2-with 0,0069 kPa pressure.

b Insulation: Fabric codes 1 to 46 were measured in accordarce with ASTM D1518. The insulation provided by the air, 0,64 clo, is
not included in the values in the table. Fabric codes 50 to 95 were' measured in accordance with BS 4745.

€ Air permeapility: Fabric codes 1 to 46 were measured in accordance with ASTM D737 at 1,7 kPa pressure. Fabric codes 5p to 95

were measured jn accordance with ISO 9237.
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B.2 lllustrations of garments
Figures B.1 to B.14 illustrate the garment types listed in Table B.2.

The number of each individual drawing corresponds to the type number given for that garment in Table B.2,
while the percentage below each drawing represents the percentage of body surface area covered by the

particular item of clothing (BSAC).

40% 44% 15%

Figure B.1 — Underwear — Pants
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Figure B.2 — Underwear — Shirts
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52% 51% 43% 4L0% L6%

12% 52%

Figure B.3 — Shirts
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25%

18%

Figure B.4 — Trousers
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81%

81% 81%

Figure B.5 — Coveralls

84%
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36%

34% 29%

Figure B.6 — Sweaters

L7% L%

64
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50% 61%

Figure B.7 — Jackets, vests, smocks
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64% 49%

Figure B.8 — Overjackets, coats

66

© 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=9c3488b500580f7804c3579efe38c5ec

ISO 9920:2007(E)

Figure B.9 — Highly-insulating jackets
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W% 15%

Figure B.10 — Socks, shoes, gloves, hats, etc.
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28% 35%

Figure B.11 — Skirts
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Figure B.12 — Dresses
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Figure B.13 — Sleepwear
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Figure B.14 — Robes
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Annex C
(normative)

Vapour permeability index values for clothing ensembles

The values are from measurements performed on a standing thermal manikin, with air movement below
0,2m-s 1.

Table

fabricg/coatings incorporated. Tables C.2 to C.4 list detailed compound ensembles and combin

heat 4

the garments in Annex B whose ensemble numbers are above 25. For ensemble numbers

individ

The measurements were performed in accordance with the descriptiongiven in Annex

tempg

C.T provides general vapour permeabllity Index values for clothing ensembles with typical types of

nd vapour resistances and permeability index values. The numbers for the individual)gar

ual garment numbers refer to Table C.5.

rature, mean skin temperature and mean heat loss from the manikin were recorded.

ions showing
ments refer to
below 25, the

D: operative
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