TECHNICAL
SPECIFICATION

ISO/TS
14415

First edition
2005-04-15

Ergonomics of the thermal

environment — Application of

International Standards to people wiith

special requirements

Ergonomie de I'environnément thermique — Application des Normes
internationales aux petsennes ayant des exigences particuliéfes

Reference number
ISO/TS 14415:2005(E)

© SO 2005


https://standardsiso.com/api/?name=2d3171a8356e32a4a9e1a268efea22b0

ISO/TS 14415:2005(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

© 1S0 2005

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. +412274901 11

Fax +41 22749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

i © IS0 2005 — All rights reserved


https://standardsiso.com/api/?name=2d3171a8356e32a4a9e1a268efea22b0

ISO/TS 14415:2005(E)

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

no
Inte

Int
Th
ad
Int

In
tec

An
fur

h-governmental, in liaison with 1SO, also take part in the work. ISO collaborates closel
brnational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization;

brnational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Pa
b main task of technical committees is to prepare International Standards. Draft’International
ppted by the technical committees are circulated to the member bodies fer voting. Publica

brnational Standard requires approval by at least 75 % of the member bodies.casting a vote.

other circumstances, particularly when there is an urgent market .fequirement for such dog
hnical committee may decide to publish other types of normative doéument:

an ISO Publicly Available Specification (ISO/PAS) represents an agreement between technica
of the parent committee casting a vote;

an I1SO Technical Specification (ISO/TS) represents<an agreement between the members of
committee and is accepted for publication if it is approved by 2/3 of the members of the commit

a vote.

ISO/PAS or ISO/TS is reviewed after thtée years in order to decide whether it will be confi
her three years, revised to become an(International Standard, or withdrawn. If the ISO/PAS or
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ention is drawn to the possibility that some of the elements of this document may be the subjeq
hts. ISO shall not be heldresponsible for identifying any or all such patent rights.

D/TS 14415 was prepared by Technical Committee ISO/TC 159, Ergonomics, Subcommi
yonomics of the phiysical environment.
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Introduction

This Technical Specification is a supplementary document to International Standards which specify methods
for measuring and evaluating hot, cold or moderate thermal environments (see Clause 2). It provides the
necessary considerations and underlying principles for the application of each of those International
Standards to the assessment of thermal environments for the disabled, the aged and other persons with

special requirements.

In working[towards the ideal of “Full Participation and Equality” declared for the International Year for)Disabjed
People, in[ 1981, a considerable number of disabled persons having various types of disabilities are row

integrated into workplaces.

Ergonomids is not only applicable to workplaces but also to other human physical situatiens, such as thosg in
the home,|during transportation and at leisure, in which a wide variety of persons have special ergono}xic
requirements due to disability, age, pregnancy or sickness. Many such persons™have additional thergal
requirements which must be considered when measuring and evaluating the thermal environment. Howeyer,

thermal efflects differ widely between individuals with disabilities.
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Ergonomics of the thermal environment — Application of
International Standards to people with special requirements
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s Technical Specification provides background information on the thermal responses and needs
bersons with special requirements so that International Standards concerned withithe assessn
rmal environment can be appropriately applied for their benefit. It is applicable to the U
prnational Standards listed in Clause 2 and includes

a description of the range and variety of responses and adaptations t6 thermal environmentg
with special requirements, and the consequences for measuring and evaluating those environm

the application of the PMV/PPD index when considering persgns-with special requirements a
comfort in moderate environments,

the application of International Standards for the assessment of hot and cold thermal environnj
such environments are occupied by people with speciakrequirements, and

brief descriptions of thermal disabilities and their relevant thermal response characteristics w
information from available knowledge on several of the most important of these (see Annex A).

Normative references

following referenced documents”are indispensable for the application of this document.
rences, only the edition cited applies. For undated references, the latest edition of the
cument (including any amendments) applies.

w1

D 7243, Hot environmeénts — Estimation of the heat stress on working man, based on the WBGT]
b globe temperature)

D 7726, Thermal\environments — Instruments and methods for measuring physical quantities

D 7730, Moderate thermal environments — Determination of the PMV and PPD indices and spe(
condijtions for thermal comfort

IS(C

of groups
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se of the
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For dated
referenced

Hindex (wet

bification of

D 8996, Ergonomics — Determination of metabolic heat production

ISO 7933, Hot environments — Analytical determination and interpretation of thermal stress using calculation
of required sweat rate

ISO 9886, Evaluation of thermal strain by physiological measurements

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

ISO 10551, Ergonomics of the thermal environment — Assessment of the influence of the thermal
environment using subjective judgement scales
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ISO/TR 11079, Evaluation of cold environments — Determination of required clothing insulation (IREQ)

ISO 13732 (all parts), Ergonomics of the thermal environment — Methods for the assessment of human
responses to contact with surfaces

ISO 12894, Ergonomics of the thermal environments — Medical supervision of individuals exposed to extreme
hot or cold environments

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

3 Factors requiring special consideration when assessing the thermal environmept

3.1 Sensory impairment and paralysis

Some physical disabilities and methods of treatment (e.g. drugs) will affect thermal*sensation gnd
requirements for thermal comfort. Additional issues include methods for collecting valid-and reliable datajon
the comfort responses of people with special requirements (the pregnant, aged, babies;.etc.).

3.2 Difference in body shape

The loss of or atrophy of a limb makes the application of the Dubois' surface area formula difficult and prgne
to error. Jonsequently, it will have some influence on the concept of‘mean skin temperature. Infants and
babies will have somewhat different body proportions compared.to{average adults. This influences the
projected gurface area available for heat exchange, from different parts of the body, and hence the impact of
thermal ragliation, convection and evaporation.

3.3 Imppirment of sweat secretion

It is not uncommon for more than 80 % of the sweat-secreting skin area to be impaired in quadriplegic
persons (ligh-level spinal-cord-injured persons) and some other paralytic diseases. This will affect the
interpretation of thermal environment indices_for hot environments, especially rational ones in which a
“normal” Igvel of sweating is assumed and the concept of wettedness plays an important role.

3.4 Imppirment of vasomotor control
Impairment of peripheral vasemotor control, which is often found in such groups as the aggd,

spinal-cord-injured persons or_pefsons taking vasodilator drugs, affects adaptability to both cold and hot
environmepts and often requires special consideration when accounting for thermal conditions.

3.5 Differences in-metabolic rate

People with physical disabilities who use technical aids such as wheelchairs often have low metabolic rates
due to thelr sedentary activity level. Conversely, others (such as those suffering athetosic cerebral palsy) will
require gre¢ater energy to perform tasks and hence have a higher metabolic rate due to the greater effort
involved. Aged persons are often less active and have a lower metabolic rate than average adults buf there
are large individual differences.

3.6 Influence of thermal stress on other physiological functions

Cerebral apoplexy and cardiovascular attacks are often evoked by thermal stress in (cold) winters and
unusually hot summers. Sweat secretion can cause some cutaneous chronic diseases such as epidermolysis
bullosa hereditaria. Cold environments may affect kidney functions and cause pollakisuri. Strain is greater
after exhaustive work, night work, jet-lag, etc.
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4 Moderate thermal environments and people with special requirements

4.1 General considerations

Thermal conditions that are “normally” considered as moderate and provide thermal comfort, may not be
moderate or acceptable to people with disabilities. People with paralysis due to injury to the spinal cord, for
example, may report thermal sensation even on the paralysed part of the body, which will also affect overall
body sensation and comfort. Peripheral vasomotor disorders will affect heat exchange with the environment
and studies have reported deterioration of thermal sensation and slow thermoregulatory responses in the
aged.

n of health
tion votes,
heart rate
likely to be

Pepple with special requirements are particularly sensitive to thermal conditions and the preservatig
angl comfort. To evaluate whether an environment is acceptable or not, in addition to taking,'sensg
soine simple physiological measurement such as oral temperature, using a clinical thermometer,
etg. may be necessary on a regular basis. Most people with special requirements when at.work are
in \vhat are moderate thermal environments for the average healthy person.
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2 IS0 7730: Moderate thermal environments — Determination of PMV and PPD in
d specification of conditions for thermal comfort
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mdthod given in ISO 7730 may not therefore be able to adequately predict the thermal sensa
disgatisfaction of the disabled and the aged with thermoregulatory impairments without modifig
mdthod is not intended for predicting the thermal sensation.of persons, but more for predicting wh
conmditions (temperature, humidity, air velocity, clothing;.activity) are acceptable or preferred. Both
and field studies suggest that the PMV/PPD indices,may adequately predict mean thermal respon
mgjority of the disabled; however, it also shews a wide variation in responses, demonst
comsideration of individual requirements may be even more necessary than for standard persons.

b PMV (predicted mean vote) and PPD (predicted percentage of. dissatisfied) indices are ptatistically
ived from a theoretical comfort equation and experimental data,from a large number of subjefts, mainly
Ithy young adults, and although some older persons were considered, generally the aged weie not. The
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e comfort equation itself seems to be useful for evaluating moderate thermal environments, i.e. t
thermal environment on various persons with and without special requirements.

e problem with the structure of the comfort equation is the physiological background of the ¢
porative heat loss related-{o;*activity level. However, in a questionnaire about thermal ada
driplegic persons in Japan earried out in 1991, nearly 80 % of respondents claimed lack of pers
y in hot environments or, with mental stress but also when exercising. Thus, it is not yet clear whq
sweating is under nervous control and further examination is necessary to determine if the e

coinfortable evaporationis appropriate for the disabled with impaired nervous control of sweating.
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en estimatingdthe mean radiant temperature, differences in body shape can be taken into accou
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is ¢nly of importance in environments with large directional differences in radiant temperature.

Pefsons\with physical handicaps (e.g. spinal cord injury) often have vasoconstriction disorder and impaired

sweating. This means their thermoregulation system does not compensate well if the ambient tgmperature
de ture—Fhereforeit s that the
ambient temperature be close to the neutral temperature. Most studies show that the preferred neutral
ambient temperature is the same as for the standard group of people and the method in ISO 7730 can be
used. Generally, the physically disabled also have lower activity levels (1 to 1,2 met)!) than standard persons
(1,2 to 2,0 met). They also cannot easily change their activity or clothing level. Furthermore, the insulation of a

wheel chair (0,1 to 0,2 clo)2) must be taken into account.
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1 metabolic unit = 1 met = 58,2 W/m?

1)

2) 1 clothing unit = 1 clo = 0,155 m?2 - °C/W
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Under the same clothing and activity conditions, elderly persons prefer the same neutral temperature as
standard persons. Nevertheless, many elderly persons have a lower activity level (seated more hours each
day) than younger persons with a corresponding elevation in the neutral temperature.

Owing to lack of vasoconstriction and decreased thermal sensation, ambient temperatures on the cool side of
thermal neutrality should be avoided. It is therefore recommended that an acceptable temperature range
corresponding to 0 < PMV < + 0,5 be selected.

Many of the above factors will be taken into account in the PMV/PPD method, as they affect estimates of the
six basic parameters (inputs to the method). Additional modification is often required, however, especially

when deviqfing from thermal net |1'r:||ify and where individual characteristics are impnri‘an’r

5 Hot environments and people with special requirements

5.1 General considerations

Except in [tropical countries, normally, only a limited number of people with special requirements will|be
working in[ hot environments. But they may be exposed to severe conditions inthe home, during outdpor
activities, gporting activities or travelling. It is recommended in all cases that médjcal advice be sought and
followed.

5.2 1S0|7243: Hot environments — Estimation of heat stresson working man, based on
WBGT index

ISO 7243 (s used for estimating heat stress during work in hot gnvironments based on the WBGT (wet bulb
globe temperature) index.

Reference|values should naturally be re-established, allowing for a maximum rectal temperature but takjing
into consifleration the physiological tolerance and reactions of the persons with special requirements
concerned

For persoms with sweat secretion disorders,~the” WBGT index itself should be modified, as the usual ¢ne
assumes healthy average persons. The WBGT index underestimates heat stress on the disabled becausg of
their reduged sweat secretion.

5.3 1S0|7933: Hot environments — Analytical determination and interpretation of thermal
stress uging calculation of-required sweat rate

The requirpd sweat rate may-be used as an index for hot environments for people with special requirements
but it will require careful-modification and application. Naturally, impairments of sweat secretion must|be
considered when applying the standard to aged and disabled persons and when comparing estimated and
measured jvalues forsweat rate.

For severdl types of the disabled, such as spinal-cord-injured persons whose sweat-secretible skin areas are

reduced, the formula for calculating the maximum evaporation rate, ..., expressedby |

Psks — P
Emax:¥ (1)
T

should be modified to

H(Psk,s _pa)

Emax = Rt
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where
Enax  is the maximum evaporation rate;
H is the ratio of sweat secreting skin area to total body surface area;
Py s s the saturated vapour pressure at the skin temperature;
P, is the vapour pressure at the air temperature;
Rt is the total evaporative resistance of the limiting layer of air and clothing in squ
kilopascals per watt only for the sweating area.
As|all methods in ISO 7933 are posited on the assumption of steady state, substitution of slo
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ponses on thermoregulation, which for example are often found in the aged or disabled pers
5sible.

ISO 9886: Evaluation of thermal strain by physiological measurements

dical advice is required for physiological measurement. The selection*of measurement methods

calefully considered for disabled persons because of abnormal action"like athetosic motion and

sations.

me of the limit values should be modified corresponding to_the types of disability. For example

m
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hexrt rate may be lower for disorders of circulatory organs.-and allowable body mass loss may be

aired kidney function.

asurement of blood pressure should be added forpersons suffering circulatory disorder.

ISO 13732: Methods for the assessment of human responses to contact with st

ralysis of temperature sensation of.the skin should be considered when selecting the controll
peratures if it is possible for them_to be touched by the aged and several kinds of disabled p¢g
y hot and cold surfaces, but also.those with higher moderate temperatures, are dangerous as

calise so-called low-temperatute~burn to the skin of such persons after long contact because

det
likg

NO
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6.1

eriorated sensation and decreased skin blood flow. This must be considered when using heate
radiators, convectors,or wall heating for space heating purposes.

TE In EN 12182,"a’maximum surface temperature of 41 °C is specified.

Cold environments and people with special requirements

General considerations

are metre
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rsons. Not
they often
of lost or
d surfaces

Normally, only a limited number of people with special requirements will be working in cold environments. But
they may be exposed to severe conditions in the home, during outdoor activities, sporting activities or during
transportation. Medical advice will be required on an individual basis.

6.2

insulation (IREQ)

ISO/TR 11079: Evaluation of cold environments — Determination of required clothing

Physiological factors such as metabolic rate, sweating and heat loss should be considered when using
ISO/TR 11079 for certain kinds of disabled persons. It is recommended that the neutral IREQ be used, which
may differ according to the disorders of the circulatory system.
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Extrapolation of IREQ considering the above-mentioned factors may be useful for preventing general body
cooling, cardio- and cerebral vascular attack etc. during daily life in cold districts for the aged or various
disabled persons.

7 Supporting standards for evaluation of thermal environments

71 1SO

7726: Thermal environments — Instruments and methods for measuring physical

quantities

ISO 7726

environme
posture of
factors us¢
disabled a

7.2 1SO

ensemblé¢

bd in the standard for calculation of mean radiant temperature are based on the data, from n
jults.

the concerned disabled person should be considered. It should be noted that the projéected a

9920: Estimation of thermal insulation and evaporative resistance’of a clothing

s concerned with the instruments and methods for measuring the physical quantities of therfal
hts and therefore requires only limited modification. For selecting measuring points, the size™@

nd
rea
bN-

As the inslilation values are given per square metre of body surface area the yalues in the standard can dlso

be used fd
the persor
chairs (0,1

7.3 1ISO

For the ath

disease (t:l:yreotoxicsis), the tables in the annexes of ISO.8996 for level 1 and level 2 estimation cannot

used, as t
persons cq

Many sucH
work and 1

Many othe
internal se
person. Th
formula.

74 1SO
judgeme

ISO 10551
disorder o

r those persons where the body surface area differs from that of a~'standard” person. As many
s with special requirements are sedentary, it is important to fake into account the insulation
to 0,3 clo), especially wheelchairs (0,1 to 0,2 clo).

8996: Ergonomics — Determination of metabolic_heat production
etosic-disabled such as those suffering from cerebral palsy and the metabolic disability, Based

e efficiency of consumed energy for useful work is considerably lower for these types of disab)
mpared with the standard person. Only the-measured metabolic rate is applicable.

disabled persons are working today.and the above-mentioned consideration is necessary for th
st environments.

r persons with special requirements, including the physically handicapped, aged, pregnant, infa
cretive disabled etc. often‘have different size, shape and/or posture of the body to the stand
e surface area may then-not always be calculated with sufficient accuracy using the Dubois-A

10551: Assessment of influence of thermal environment using subjective
ht scales

will be-useful for all persons including the handicapped. However, when analysing the answg
thermal and comfort sensations should be considered. In addition, special consideration may

required fg

of
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ow
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nt,
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r the collection of subjective data.
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Annex A
(informative)

Thermal disabilities and handicaps

A.1 Outline

Table A.1 presents a list of significant thermal disabilities with their corresponding primary-disa
thgrmal conditions. Various diseases also show disorders in body temperature control, thermal sen
other thermo-physiological homeostasis, as well as the influences of the thermal, environmg
deferioration, recovery and/or pain control of the disease itself. However, only a feW. examples
dispases where patients seek social integration outside hospitals are given.

A.
di

A.j

Pa
an
pa
ag
up
se

Important disabilities and diseases accompanying thermo-physiological
abilities
p.1 Spinal cord injury
raplegia and quadriplegia are included in this item. In many.cases of disability of this type, swea
I thermal vasomotor control, as well as thermal sensation are lost at the skin surfaces of the

ts of the body, i.e. the part of the body which was governed by the spinal cord below the point of

per part of the body surfaces remain healthy and the disorder of thermo-regulation is general
ere. However, even in this case, disorder .ofsmicturition is often serious (cooler environment

avgided) and many hot and cold materials are"dangerous because of lost sensation.
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Pe

rfect (severe) quadriplegic persons;have greater disorders of thermo-regulation and thermal
order of micturition is common to_all levels of spinal cord injury. Even an imperfect quadriple
pse spinal cord is injured at the neck, but who retains some sensations and mobility of his/her
t, have some loss of sweat sécretion and peripheral vasomotor control which is often complete.
ome cases cause heat disorders (heat stroke, heat exhaustion) in summer and hypothermia in w

nal cord injuries areccommon among the disabled in modern society as this kind of disability is
idents from traffig; Jabour, sports etc. Many paraplegic persons and some imperfect quadripled
mental as well(as-light physical work. Even perfect quadriplegic persons are coming into the °
rket” using newly developed technical aids.

p.2 Cerebral palsy

bilities and
sation and
nt on the
of chronic

t secretion
paralysed
injury. For

araplegic person, when the position of the spinal.cord injury is relatively low, the thermal responses of the

y not very
should be

sensation.
gic person
hands and
This might
inter.

caused by

ic persons
brain work

alkers with

pbple with cerebral palsy are often wheelchair users. Also, cerebral palsy persons are found as wj

va

IOUS levels o1 walking handicap. Viany cerebral palSy persons are atnetosiC and use much more

energy for

certain working tasks (including daily behaviour) in comparison with average persons. Usually they eat more,
sweat more and want a cooler environment because of a higher metabolic rate.

Too low a temperature is also unsuitable for cerebral palsy persons, as the palsy grows worse in such an
environment. Dry and/or dusty air is more harmful to them than it is to average persons, as many are forced to
breathe through the mouth deeply because of disorder of breathing motion. Thermal sensation and thermo-
regulation are not usually impaired. However, spinal cord injury occurs in some cerebral palsy persons of
above middle age, caused by the repetition of strong convulsions.

Cerebral palsy is not progressive and many disabled persons of this type are working and want to work.
Modern developments of electronics are making the integration of severer cerebral palsy persons into various
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work markets easier. Many inherently disabled persons of this type have a strong desire to be integrated into
normal social life (church-going, shopping, restaurants, concerts, theatre etc.) whether they are working or not.

A.2.3 After effects of acute anterior poliomyelitis

The thermo-regulating function is usually retained in this type of disability; however, as the original disease is
a kind of infectious disease with intestinal viruses, the intestines of sufferers are still weak even after its acute
period. They easily suffer from diarrhoea and lower temperature environments, especially those around the
lower half of the body are to be avoided. They also often have an abnormal cold sensation over the lower half
of their body and should avoid cooler environments.

For a sevefer poliomyelitis person using respiratory aids such as an iron lung, dry and/or dusty air is harmfyl.
Although gnly fewer new poliomyelitis patients now appear each year, thanks to advances in diseas€ contyol,

there are $till many older disabled persons suffering the effects of acute anterior poliomyelitis, living in the
world, working and wanting to work, and join in various social activities.

A.2.4 Digeases of circulatory organs

Hemiplegig, another major type of disability, is mainly caused by cerebral infarction, cerebral haemorrhage
and other [cerebrovascular diseases. Myocardial infarction causes permanentideterioration of heart capagity
and hence| work capacity. These types of disability usually have a high risk-of\repeated (often fatal) attackg of
the disease which may easily be caused by too-cold or extremely hot environments as well as exposurg to
rapid changes of temperature.

Some othpr diseases of the circulatory organs such as chronic nephritis also grow worse in codgler
environmepts. Persons who have hypertension and/or arteriosclerosis are candidates for the above kindg of
diseases gnd also have a high risk of attacks under cold, hot and changing environments.

Vasodilating drugs are often prescribed for hypertension” and/or coronary diseases and sometimes calise
ia, with suppression of the thermal vasoconstrictioning as a side effect.

mal aging

against cold environments, as well as;vasodilatation and sweat secretion against hot environments, is weaker
and starts|later in an aged person. y;Thermal sensations become dulled and many cases of spontanegus
hypothermiia in the elderly are reported.

Even among healthy aged persons, shifts ‘of thermal circadian rhythms are often found. Vasoconstric}on
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