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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
establlshed has the r|ght to be represented on that commlttee Internatlonal organ|zat|ons governmental and

Standards
ication as an

jgct of patent

bration with
e physical
EN (Vienna

Throughout the text of this document, read “...this European Standard...” to mean “...this International
Standard...”.

ISO[ 13732 consists of the following parts, under the general titte Ergonomics of the thermal envjronment —
Methods for the assessment of human responses to contact with surfaces:

— | Part 1: Hot surfaces
— | Part 2: Human contact with-stirfaces at moderate temperature [Technical Specification]
— | Part 3: Cold surfaces

For|the purposes of-this part of ISO 13732, the CEN annex regarding fulfiilment of Europgan Council
Dirgctives has been.removed.
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Foreword

This document (EN ISO 13732-3:2005) has been prepared by Technical Committee CEN/TC 122 “Ergonomics”,
the secretariat of which is held by DIN, in collaboration with Technical Committee ISO/TC 159 “Ergonomics”.

This European Standard shall be given the status of a national standard, either by publication of an identical text or

by endor
June 200

This doc
Free Tra

EN ISO
Methods

[—PRart
[ BRart
Accordin

countries
Estonia,

Netherlapds, Norway, Poland, Portugal, Slovakia, Slovenia, ‘Spain, Sweden, Switzerland and United Kin

Sement, at the latest by June 2000, and contlicting national standards shall be withdrawn at {
6.

Iment has been prepared under a mandate given to CEN by the European Commissigh.and th
e Association, and supports essential requirements of EU Directives.

13732 consists of the following parts, under the general title "Ergonomics, ofythe thermal en
for the assessment of human responses to contact with surfaces"!):

1: Hot surfaces;
3: Cold surfaces.
h to the CEN/CENELEC Internal Regulations, the national standards organizations of th

are bound to implement this European Standard: Austria, Belgium, Cyprus, Czech Republi
Finland, France, Germany, Greece, Hungary, Iceland{dreland, Italy, Latvia, Lithuania, Luxemb

e latest by

e European

vironment -

e following
, Denmark,
burg, Malta,
gdom.

1) Part 2: has been published as ISO Technical specification ISO/TS 13732-2:2001 Human contact with surfaces at moderate
temperature.
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Introduction

This European Standard is a type B standard as stated in EN ISO 12100. The provisions of this document may be
supplemented or modified by a type C standard.

NOTE

For machines which are covered by the scope of a type C standard and which have been designed and built

according to
type B stand

Working wi
However th
discomfort,
induce non
standards g
of contactin

To assess
cooling on ¢

[droperfies of the object surface;

[ f&mper
[—duratio
[dharac

In practice,
the contact
cold surfac
temperatur
database o
individuals

This Europ
human fing
hand/finger

the provisions of that standard, the provisions of that type C standard take precedence over the provist
ard.

th unprotected hands is often inevitable in the cold operation when a precision task-is de
e contact of bare skin with cold surfaces reduces skin temperature, causing acute’ effects
pain, numbness or frostbite. In addition repeated cold exposures with severe cooling of the
-freezing cold injury (possible damage of nerves or vessels). Although Ahe “existing inte
re at hand for the assessment of the cold hazards involved, no standard concerns the special
g cold surfaces so far. Assessment of contact cooling is thus considered hecessary.

the risk of the cold injury, it is necessary to know the major factors "affecting principally hg
old surfaces. These factors involve:

ature of the cold surface and ambience;
h of contact between the skin and the surface;
eristics of hand/finger skin and the type and nature of the contact.

these factors are somewhat interacted'and complicated. The type of contact material has an i
time at various cold temperatures—Thus, the contact time for the critical contact temperature,
s were empirically correlated with the major factors such as thermal penetration coefficient an
of the material, respectively:\The statistically non-linear models (empirical models) base]
lower quartile (75 % protected) are able to estimate the finger/hand contact cooling of a large
bn the cold surfaces.

ban Standard is designed to integrate all results obtained from the experimental research
ers and an artificial finger. It outlines a guideline document for the specification of safe timg
contact with yarious cold surfaces.

ns of this

manded.
such as
skin may
rnational
problems

nd/finger

mpact on
limits on
d surface
d on the
range of

ith both
limits of

Vi

© 1SO 2005 - All rights reserved


https://standardsiso.com/api/?name=c4058f31a09ca9d6ec2f61206b44e3b7

ISO 13732-3:2005(E)

1 Scope

This European Standard describes methods for the assessment of the risk of cold injury and other adverse effects
when a cold surface is touched by bare hand/finger skin.

This standard provides ergonomics data to establish temperature limit values for cold solid surfaces. The values
established can be used in the development of special standards, where surface temperature limit values are

required.

The data
numbneg

The data

The stan
applicatic

of this standard will be applicable to all fields where cold solid surfaces cause a risk of acute €
s and frostbite.

are not limited to the hands but apply to human skin in general.

ns are given in Annex B.

2 Nommative references

The follo
only the
amendm

EN I1SO
terminold

3 Ter

For the
apply.

3.1
touchab
surface @

3.2
surface
Ts

wing referenced documents are indispensable for the application of this document. For dated
bdition cited applies. For undated references the latestedition of the referenced document (in
bnts) applies.

12100-1:2003, Safety of machinery - Basic concepts, general principles for design - P4
gy, methodology (ISO 12100-1:2003)

ms and definitions

e surface
f a product, which-can’be touched by a person

emperature

temperature ofra-material surface in °C

3.3

ffects: pain,

dard is applicable to the healthy skin of adults (females and males). Considerations on the ¢xtension of

references,
cluding any

rt 1: Basic

purposes of this document, the terms and definitions given in EN ISO 12100-1:2003 and the following

critical contact temperature

Te

contact temperature at which defined skin response criteria are elicited in °C

34

contact period

D

duration during which contact of the skin with the surface takes place in s

3.5

thermal inertia
product of density (p), thermal conductivity (K) and specific thermal capacity (c) of a material

© 1SO 2005 - All rights reserved
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3.6

contact factor

Fe

thermal penetration coefficient, computed as square root of the thermal inertia

NOTE The mathematical definition is: F, = /o [K' [¢ .
where
p is the density of a material;
K is the thermal conductivity of a material;
c is the thermal capacity of a material.
3.7
percentile
percentage| of population of which specific characteristics fall below or above a given value'in"a ciimulative
distribution
[EN ISO 11p64-4]
4 Princjples for risk assessment
4.1 General
In order to assess the risk of cold injury and other effects, the following.steps (4.2 to 4.8) shall be carried oyt.

4.2 Identifjcation of cold touchable surfaces

All essentidl information concerning the cold touchable surfaces of the object shall be gathered. This shg

the objects

a) access
b)

c) materia
d) all ope
4.3 Task @
According
surface shg

attributes:

bility of the surface;

rough gstimation of surface temperatures\(above or below 0 °C);

| and texture of the cold surface;

ating conditions of the-object where contact with the cold surface is needed (including the wors

bservation and-analysis

o the activities and tasks required, all necessary information concerning the contact with

Il include

t case).

the cold

Il be collécted, by observation or analysis. Particular attention should be paid to possible intentjonal and

the task

unintentional contact’ with cold surfaces. The type and nature of the contact shall be identified from
observation and.analysis:

a) cold surfaces which are or can be touched;

b) intentional or unintentional touching;

c) frequency of intentional touching;

d) probability of unintentional touching;

e) duration of contact with the cold surface;

f)  contacting area;

g) contacting force.

2 © 1SO 2005 — All rights reserved
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4.4 Classification of contact with a cold surface

4.41 General

The type

442 F

of contact is classified according to the following two categories:

inger touching

-3:2005(E)

Subjects contact a defined material during a short period (up to 120 s). The contact area is small (only finger pad).

4.4.3 Hand gripping

Subjects

4.5 Mea

The surface temperatures shall be measured on those parts of the object where skin _contact with the

occur.

The megsurement shall be carried out under real operating conditions of the object by thermocq
accuracy| of the instrument shall be + 0,5 °C in a range from — 25 to+ %°C and + 1 °C below —
ISO 7726:2001 and [4]).

NOTE
Clause 5,
threshold

results which are not comparable with the threshold values.

4.6 Peri

The cont

4.7 Classification of type of effect on'skin during contact

471 General

Type of gffect shall be determined according to the following criteria.

472 F

The effe
freeze.

4.7.3 h‘umbness

grip an object of defined material. Gripping is applied constantly for a longer period (upto-1 20

surement of surface temperature

The results of the measurement of the surface temperature:can only be compared with the thresh
if they are realized using the same physical measurement*principle which was used for the determi
values of Clause 5. The application of a different measuring’principle, e.g. a radiation thermometer, can

pd

hct period of bare skin with a cold surfage ¢an be measured or estimated according to values ir

rostbite

bt is predicted from a drop in contact temperature to below 0 °C, at which the contacting ski

surface can

uples. The
25 °C (see

bld values of
nation of the
lead to other

Table D.1.

n tissue will

The effect is predicted from a drop in contact temperature to around 7 °C, at which sensory receptors of contacting
skin will be blocked and numbness will occur.

474 P

ain

The effect is predicted from a drop in contact temperature to around 15 °C, at which a subjective sensation of pain
at the contacting skin will be experienced.

© 1SO 2005 - All rights reserved


https://standardsiso.com/api/?name=c4058f31a09ca9d6ec2f61206b44e3b7

ISO 13732-3:2005(E)

4.8 Risk evaluation

On the basis of this information the data in Clause 5 shall be used for final evaluation to establish if there is a risk
for the selected type of effect to occur. An estimate of the risk is made on the basis of surface temperature and
contact period specified in 5.2 and 5.3.

5 Threshold data

5.1 General

This Clausla provides surface temperature data for cooling thresholds from the ergonomics database:|Figure 1
shows the principal relation between material, time and temperature for skin in contact with a cold,surfage. Below
the curve of each material there is a risk of an adverse effect of skin cooling. This figure is presented for lguidance
only of the femperature/time relationship and the relative effects of different materials. The quantitative information
is provided jn the subsequent Clauses.

1

E

]
,/

N=
BAVaY,
NTAN

N
\
\

N
N\

Aluminiurm 3 Stone 5 Wood
Stefl 4 Nylon

C 4 4 HPRgA | Ta S 4 4 4
ontact MTTTUU I's LUITavt 1TIipTtiatuic

on -

Figure 1 — Principal relationship between material, duration and temperature
for skin in contact with a cold surface

The thermal properties of the mentioned materials (Aluminium, Steel, Stone, Nylon, and Wood) and other selected
materials are given in Annex C.

5.2 Finger touching

5.21 General

Thresholds for finger skin touching are specified in 5.2.2 (Figures 2 to 4).

4 © 1SO 2005 - All rights reserved
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5.2.2 Thresholds for finger contacting cold surfaces

The freezing (frostbite) threshold values of finger touching three cold surfaces (aluminium, steel and stone) are
shown in Figure 2.

b 1
A gl
- R
oA +—1
-15 /// /)—/
-20 /é/

-25
-30
-35
-40
0 10 20 30 40 50 60 70 80 90 100
0 (s) —
Key
1 Aluminium 3 Stone
Steel

Figure 2 — Frostbite threshold as function of contact period (finger touching)

The numbness thresholds for finger touching the five’materials are indicated in Figure 3.

5 —
J O >/ //
L0 TN | —
-5 I
10 >
. //
75
-30 S —
_35 7 — —
40 //
0 10 20 30 L0 50 60 70 80 90 100
D (s) —
Key
1 Aluminium 3 Stone 5 Wood

Steel 4 Nylon
Figure 3 — Numbness threshold as function of contact period (finger touching)

The pain thresholds for finger touching different materials are indicated in Figure 4.

© 1SO 2005 - All rights reserved 5
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1/

-25

-30

-35

-4L0

0 10 20 30 L0 50 60 10 80 90 100
D (s) —

Key
1 Aluminium 3 Stone 5 Wood
2 Stepl 4 Nylon

Figure 4 — Pain threshold as function of contact period (finger touching)
5.2.3 Thresholds for different materials
Figures 5 tq 6 show the three criteria thresholds for contact with metals (aluminium and steel).
%
LN ey
T, (°C) P </ _—
-10 / 3
-15 /

B

-25

-30

-35

-40

0 10 20 30 40 50 60 70 80 90 100
D (s) —

Key
1 Pain 3 Frostbite
2 Numbness

Figure 5 — Threshold curves for contact with an aluminium surface (finger touching)
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a. 0
7, °0) B I/’\2 i
-10 —

-15 /

-30
-35
-40
0 10 20 30 L0 50 60 10 80 90 100
0 (s) —
Key
1 Rain 3 Frostbite

Numbness
Figure 6 — Threshold curves for contact with a.steel surface (finger touching)

The cooljng thresholds for contact with stone are shown in Figure 7. The data was predicted from the model of
finger toyching database.

5
} 1
oo 0 Y/
T. (°0) /
_5 l/
-15 ’ /
-20 ///
-25
-30
-35
-40
0 10 20 30 L0 50 60 70 80 90 100
D (s) —
Key
1 Pain 3 Frostbite
2 Numbness

Figure 7 — Threshold curves for contact with a stone surface (finger touching)

The pain and numbness thresholds for the case of contact with nylon or wood are shown in the Figures 8 to 9. The
data did not show any occurrence of freezing for the case of finger touching nylon or wood.

© 1SO 2005 - All rights reserved 7
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Key

Key

1
2

7. (°0

s

Paip
Numbness

Paip

20 30 L0 50 60 10 80 90

D (s)

100

—_—

Figure 8 — Threshold curves for contact with a nylon/surface (finger touching)

L

L
1 »/

20 30 40 50 60 70 80 90 100

D (s)

—

Numbness

Figure 9 — Threshold curves for contact with a wood surface (finger touching)
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5.3 Hand gripping

The pain thresholds for hand gripping different materials are shown in Figure 10. The limit values are based on the
actually reported perception of pain by subjects.

A difference is observed between the touching and gripping curves due to different types of contact. The pain
thresholds during gripping the material can be lower than that for touching (see Annex A). The main reasons for
this are:

[_fileedom for small adjustments of the hand grip allowed for better control of the response reaction;

[dizeland mass of rods gripped were smaller than of blocks touched;
[—donthct area of the hand grip was larger than for the finger touch;
[_during hand gripping blood flow is less obstructed than with finger touching;

& very low air temperatures radiative or convective heat loss may contribute te~pain sensation.

5
ory 0 /7;' o
-5 /< T
-10 2 ,/ //

iyt
-20 /y
9t 4Ry
L
—35/ /
40 /

——
3//
// 7
5
v

-45
100 200 300 400 500 600 100 800 900 1000
Dy (s) ——
Key
1 Aluminium 3 Stone 5 Wood
2 Steel 4 Nylon
D5 Time to reach a contact temperature (at the skin of the hand) of 15 °C

Figure 10 — Pain thresholds as function of gripping duration for five materials

6 Risk assessment

6.1 General

Due to large individual variations, the risk level is calculated for the 25 percentile (see EN ISO 11064-4) responses.
The threshold values should be interpreted as safe for % of the exposed population. For the remaining 2 of a

© 1SO 2005 - All rights reserved 9
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minute risk of an adverse cooling effect may still exist. This remaining group comprises people with increased
susceptibility to cooling (see Annex B).

The curves and the suggested risk interpretation therefore, should only serve as guidance for evaluation and

selection of

limit values or additional action to minimize the risk.

6.2 Surface temperature higher than thresholds

If the measured surface temperature is higher than the thresholds for defined contact period (up to 10 °C), there is
no risk for the defined effects to occur.

6.3 SurfaJe temperature lower than or equal to thresholds

If the meas
pain, numb

6.4 Furthe
The risk be
[ wWhen't
[—the lon
[—the sm
[ihe mo
[1he hig

[—1he mo

[ wWhen Igss previous knowledge of the contact material is to be expected.

Ifariskisd
NOTE |
applied dep¢
7 Princ
The inform3

[Timit va

ired surface temperature is below or equal to the thresholds for defined contact period; there is
ness or frostbite of the skin to occur.

r risk parameter

comes higher:

ne measured surface temperature is far below the cooling threshold;
jer the contact period exceeds the cooling threshold;

bller the chance is for quick withdrawal;

re accessible the cold surface is;

ner the probability is for unintended touching;

re frequent the contact is likely to occur

btected, measured shall betaken to minimize that risk.

N addition, national regulations may require the application of protective measures. The particular meas|
nd on the operational Context. Examples of protective measures are given in Annex E.

ples for establishing limit values

tion provided in this standard can help to establish:

a risk of

ures to be

ueés of surface temperature, or

[—dontact periods for use in product standards or for other purposes, or

[dontact periods and measures to minimize the risk for use.

A procedure for the determination of surface temperature limit values requires information about:

[mhaterials to be used;

[—TYypes of contact (touching or gripping);

[—dontact periods;

10
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[T¥pes of effect (frostbite, numbness or pain).
A procedure for the determination of contact period limit values requires information about:
[mhaterials to be used;

[—slurface temperatures;

[f¥pes of contact (touching, numbness or pain).

In the FI\ ures 2 to 10 the relations hetween fypn of mah:\ngl’ fnmpnrqfnrn and cantact pnnnri for defined effects are

given. Allimit value can be selected from the corresponding figure based on effect and material. (Edamples are
given in Annex D.

8 Principles for measures to minimize the risk

The folloying shall be considered to minimize the risk of contact with cold surface:
[T1isk assessment according to Clause 6;

[ T¥pef of operations where the contact is required (seldom, often or frequently);
[posdibility of surface treatment of the contact area (e.g. painting, plastic coating);
[dosdibility of protection of area which can be unintentionally touched;

[ Iihuigs at temperatures below 0 °C shall not come ifrt‘contact with skin because of the imminent|risk of skin
freezing and development of frostbite. Similarly e.g.8olid carbon dioxide gives rise to a risk of frosthite.

© IS0 2005 - All rights reserved 1M
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Annex A
(informative)

Scientific background

A.1 General

The contag
surfaces rg
investigated

determined

compiled in

The details

A.2 Data

A.2.1 Ger

The databa

subjects, w|

project. Th

materials (V

Each indivi

for the given combinations of type of material and their surface temperature. The results h
a database that can serve as a basis for the development of an ergonomics database in this
of the database are presented as follows [4]:

base

eral

5e, which contains experimental data of finger touching and-hand gripping the cold surfaces wi

b five partners used a common methodology [6,°7+°8, 9, 11, 12 and 13]. Experiments o
bood, nylon, stone, steel and aluminium) at surface temperature (Ts, -40 °C to +5 °C) were p
Hual curve of the finger skin-surface contacttemperature (T¢) versus contact time in the

subsequenfly plotted from all the records. The contacttime of critical contact temperature (T¢ = 15 °C,

0 °C) foreqa

Two databg

include the

[—dharac

[——dxperin

a cold

[darameéters such as’ duration of the resting period in the climatic room, skin temperature before cq
temper

ch cooling curve was obtained by inter orextrapolations [5 and 9].

ses on touching and gripping experiments were established according to the experimental res
essential information from each test:

eristics of the subject: age,(weight, height, hand surface, hand volume, contact area;

hental set-up: surface (temperature of the material (Ts), exposure hand into a cold box or whol
Climatic chamber;

ature, pain and numbness sensation were determined before each test;

[dara

ters such as criteria used to stop the test (risk of frostbite, pain or time limit reached), durati

test, sKin.temperature, temperature, pain and numbness sensation were determined after each test;

i

t cooling threshold values specified in 5 are based on the scientific research carried{out
search group [4]. Firstly, depending on criteria applied, safe contact temperatunes hg
for the given materials under cold exposure conditions. Secondly, safe contact-time H

as compiled based on the pooled data obtained from all experiments run by five laboratori

by Cold
ve been
as been
hve been
standard.

h human
es in the
various
rformed.
cold was
7 °C and

Llts. Both

e body in

ntacting,

on of the

[_darameters like time, the temperature, the pain and the numbness sensations were recorded during each test;

[_dharacterisation and evolution of the skin temperature with time (to reach a contact temperature of 15 °C, 7 °C

and0°

C);

[Qharacterisation of the material: thermal conductivity, specific heat, density and contact factor.

In addition, the contact time to reach the critical temperature had a large variation among individuals [4 and 14].
The individual variation should be considered when the contact time for the critical temperature is determined. To
avoid the complexity caused by individuals and secure the manual or finger protection on the cold touchable
surfaces, the contact time for the critical T was determined by using the statistical results of the lower quartile. In
addition, graphs for threshold lines are only given between —40 °C and +5 °C, because this was the range of
experimental conditions. Mathematical extrapolations beyond these temperatures are not validated.

12
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A.2.2 Database for touching

The number of touching experiments are 1657 tests for 24 exposure conditions. The results showed that for most
of the experiments with wood and nylon, the limit duration of 120 s could be reached. For steel and aluminium, this
time limits could also be reached at certain surface temperatures. The 120 s were chosen as a longest time for
which people would maintain physical contact with a cold surface. In most practical situations people would
probably release the contact long before that.

From the evolution of the contact temperature with time, the time to reach a temperature of 15 °C (pain threshold ¢
(15 °C)) was either interpolated or extrapolated. The times to reach 7 °C (numbness threshold t (7 °C)) and 0 °C
(freezing threshold ¢ (0 °C)) were also extrapolated.

A.2.3 Database for gripping
The datgbase for gripping includes 584 tests for 21 exposure conditions. The fifth material (stong¢) was also
involved |for the studies in addition to wood, nylon, steel and aluminium. The experiments of handg in cold air
(exposurg to cold but without gripping) were conducted to obtain the reference values.

The interf and extrapolation of the duration to different temperatures were only pgssible for 15 °C. For|most of the
cases, the contact temperatures at the end of the tests were higher than 15 °C(45,9 °C £ 5,2 °C).

A.3 Enppirical modelling

A non-lim}ear regression analysis was used to empirically predict the duration as a function of fhe surface
temperature (Ts) and the contact factor (F¢) of the material for various critical contact temperature limits

The non-inear model obtained has the following form:
Timd = (A] F® ) [@xp(C FeP )

where A,|B, C and D were constants, which cah-be estimated by the non-regression iterative procedure| The model
provides |specific equations for each material and effect. In some cases the equation was simplified when one or
more of the coefficients did not significantly contribute to the prediction. Values for the constants in the equation
were obfained for combinations of ;materials and contact temperatures. Each prediction model was used with
following|restrictions:

[dredictions for touching experiments were limited to 100 s;

[—Skepgarate equations‘were used for the three different contact temperatures;
[do vplid prediction could be derived for wood and nylon at {(0 °C).

These exXtrapolations for all the materials give plausible results. The predicted values are lower than the observed
values, suggestlng a certain degree of safety However, in the cases of fmger touchmg wood and nylon, the

extrapolcteu vatues for LY u} are muchtowerthamthevatuesfor 7 L/} Theexpression forthe prediction of
t(0°C) cannot be used for these non-metallic materials.

In a large portion of the cases in the gripping experiments, the subjects spontaneously interrupted before 20 min,
due to experience of pain, and at skin temperatures lower than 15 °C. For this reason an additional regression
equation was derived for surface temperature and spontaneous duration of exposure. All data points were used to
derive this model for gripping duration. The regression correlated well with the temperature prediction model and
was subsequently used for the derivation of the temperature limit values (Figure 10). Gripping experiments lasted
for longer exposure times, therefore data are given for exposures between 100 s and 1 000 s.
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Annex C
(informative)

Thermal properties of selected materials

ISO 13732-3:2005(E)

Table C.1 shows the thermal properties of selected materials. Thermal properties and additional information on
materials can be found in prEN ISO 13732-1.

Table C.1 — Thermal properties of selected material

Thermal Specific thermal Density Thermal Contact| factor
conductivity capacity p inertia F¢
: a
Mpterial K c 10° kg / m’ 10°7 /s m’K
W/mK 10° T /kgK 10° 12/ $m*K?
Humagn skin 0,55 4,61 0,90 2,28 1,91
Aluminium b 180 0,90 2,77 449 2112
Brasges 85,5 0,38 8,90 287 169
Steel 14,8 0,46 7,75 52,9 7,247
Concrete 2,43 0,92 2,47 5,52 2,35
Marble 2,30 0,88 2,70 5,47 2,34
Stond® 2,07 0,75 2,80 4,35 2,08
Glasg ¢ 0,88 0,67 2,60 1,53 1,24
Brick 0,63 0,84 1,70 0,90 0,95
Nylon b 0,34 1,48 1,20 0,61 0,78
Wood"® 0,22 2,20 0,56 0,27 0,92
@  Fqr the terms.and symbols see Clause 3.
b THesesnaterials were used in the experimental studies and their properties were measured.
¢ Oudinaty glass
NOTE Slight variation in material properties might be expected. For highly accurate applications the measured properties

of the actual material should be used.
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Annex D
(informative)

Examples of cold risk assessment

D.1 The prnhlnm

Work with [bare hands occurs in various cold conditions when some manual precision tasks are required| It is often
in conjunction with operations of machinery and tools, handling goods or fine repair or assembly'work. Indoor cold
exposure |s common in combination with storing and distribution of chilled or frozen food _(e.g. food processing
industry). |ntentionally or accidentally, a person may then contact a cold surface and sufferfrom a sefious local
cooling. Two types of contact exposure can be identified:

a) Tpuching a cold surface with a fingertip for short period, usually for seconds:

b) Qripping cold materials with the hand, usually from seconds to minute's and often intermittent.
Contacting a cold surface is often intentional but can also by unintentional,for example by accident. In the second
case the ¢ontact is often short (a few seconds) and normally interrdpted by behavioural action. The |conscious

response, |however, takes longer time with unintentional contact. A¢cordingly, an extra safety margin |[should be
added for the case of such contacts. This recommendation applies‘particularly to contact with metals.

D.2 Protedure

D.2.1 General

A procedure for the risk assessment and determination of a temperature limit value requires information| about the
following factors:

D.2.2 Mdterial
Material inj use is determined and-their thermal properties identified. Examples are given in Table C.1. If material is

not found [an approximation“ean be done by selection of the nearest similar material or by interpolation between
materials.

D.2.3 Temperature

Temperatyre -6f the material surface is measured or estimated on the basis of exposure conditions. It is| likely that
equipmen{ stored and used in a cold environment adopt the same temperatures as the environment.

D.2.4 Type of contact

Contact conditions are determined (touching or gripping).

D.2.5 Time of contact

Time of contact is determined or estimated on the basis of observations or other relevant information. Example of
contact times are given in Table D.1.
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