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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.

The procedures used to develop this document and those intended for its further maintenance are 
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the 
different types of ISO documents should be noted. This document was drafted in accordance with the 
editorial rules of the ISO/IEC Directives, Part 2 (see www​.iso​.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of 
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of 
any patent rights identified during the development of the document will be in the Introduction and/or 
on the ISO list of patent declarations received (see www​.iso​.org/patents).

Any trade name used in this document is information given for the convenience of users and does not 
constitute an endorsement.

For an explanation on the voluntary nature of standards, the meaning of ISO specific terms and 
expressions related to conformity assessment, as well as information about ISO's adherence to the 
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the following 
URL: www​.iso​.org/iso/foreword​.html.

This document was prepared by Technical Committee ISO/TC 94, Personal safety, Subcommittee SC 14, 
Firefighters PPE.

A list of all parts in the ISO 18640 series can be found on the ISO website.
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Introduction

The main functions of protective clothing are protection against hazards and maintenance of health and 
comfort for the wearer. Furthermore, protective clothing against heat and flame prevents the wearer 
from health risks or even life threatening heat stress in extreme environmental conditions. Today’s 
standards provide requirements for the protective properties of protective clothing against heat and 
flame. However, the higher the protective properties of such clothing, the less the heat originating 
from the human body is dissipated. Firefighters reach metabolic rates above 500 W/m2 during their 
work[5][6]. Thereof 75-85  % is released as heat[7], which has to be dissipated from the human body 
by thermo-regulative processes to avoid an increase in body core temperature. If heat dissipation is 
not restricted, the human body is able to maintain its temperature in the range of 36,5 °C to 37,5 °C 
(normothermia)[8]. However, in harsh environmental conditions and/or in situations of restricted heat 
dissipation due to protective clothing the human body is not able to maintain body core temperature 
within normothermia and suffers from heat stress. The working performance is gradually reduced and 
any further increases in body core temperature can become life threatening[16]. To reduce the risk of 
heat stress during high intensity physical activities, protective clothing should additionally be assessed 
with regard to its impact on human thermoregulation and heat stress.

Different approaches exist for the assessment of thermo-physiological impact. On the one hand, 
established standard parameters such as water vapour resistance, Ret, and thermal insulation, Rct, of 
fabric samples are considered with regard to thermo-regulative impact. However, these parameters do 
not fully reflect the real impact of protective clothing; for example, moisture management properties 
and the combined effect of heat and moisture transfer are not considered. On the other hand, human 
subject trials reveal real thermo-physiological responses for a specific environmental condition 
and protective clothing ensemble. However, the outcome of this methodology does not only refer to 
the intrinsic properties of material samples but are influenced also by the design of the clothing and 
trapped air layers within the clothing. Furthermore, human subject trials are very time consuming and 
expensive, constricted by ethical guidelines and provide findings related to the collective of participants 
included. Thus, reproducibility between laboratories might be limited. The use of thermal manikins 
overcomes the limitations for human subject trials. As for human subject trials, full body manikins 
provide findings on ready-made protective garments including design and fit. Hence, the attribution to 
intrinsic material properties remains difficult.

A methodology referring to intrinsic clothing properties and taking into account combined heat and 
moisture transfer is the Sweating torso[9][10]. Sweating torso device is an upright standing heated 
cylinder, representing the surface of a human trunk, with the ability for perspiration[11]. The clothing 
sample is investigated by wrapping specimens around the sweating torso. Three phases are run to 
measure dry thermal insulation, dry and wet heat transfer and drying properties. Findings from the 
Sweating torso have been validated with standard methodologies, such as sweating guarded hotplate, 
and were shown to be highly reproducible[11]. Furthermore, validation studies have been conducted 
to relate human thermos-physiological measurements to Sweating torso findings under realistic 
environmental conditions and activities for firefighters. Based on this knowledge, guidelines are 
provided for intrinsic textile properties based on thermo-physiological responses. In addition to the 
standard procedure described above, the impact of more complex protective clothing systems including 
underwear, air gaps and/or design features is investigated optionally applying the same experimental 
protocol described in this document.
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