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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.

International 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 International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an
International Standard requires approval by at least 75 % of the member bodies casting a vote.

In other circumstances, particularly when there is an urgent market requirement for such documents, a technical
committee may decide to publish other types of document:

— an ISO Publicly Available Specification (ISO/PAS) represents an agreement between technical experts in
an I1SO working group and is accepted for publication if it is approved by more than 50 % of the members
of the parent committee casting a vote;

— an ISO Technical Specification (ISO/TS) represents an agreement between the members of a technical
committee and is accepted for publication if it is approved by 2/3 of the members of the committee
casting a vote.

An ISO/PAS or ISO/TS is reviewed after three years in order to decide whether it will be confirmed for a further
three years, revised to become an International Standard, or withdrawn. If the ISO/PAS or ISO/TS is confirmed,
it is reviewed again after a further three years, at which time it must either be transformed into an International
Standard or be withdrawn.

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.

ISO/TS 16976-4 was prepared by Technical Committee ISO/TC 94, Personal Safety — Protective clothing and
equipment, Subcommittee SC 15, Respiratory protective devices.

ISO/TS 16976 consists of the following parts, under the general title Respiratory protective devices —
Human factors:

— Part 1: Metabolic rates and respiratory flow rates
— Part 2: Anthropometrics

— Part 3: Physiological responses and limitations of oxygen and limitations of carbon dioxide in the
breathing environment

— Part 4: Work of breathing and breathing resistance: Physiologically based limits
The following parts are under preparation:

— Part 5: Thermal effects

— Part 7: Hearing and speech

— Part 8: Ergonomic factors
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Introduction

A respiratory protective device (RPD) is designed to offer protection from the inhalation of hazardous
substances. However, this protection requires extra effort by the respiratory muscles as they need to generate
higher pressures to overcome the associated respiratory loads imposed by the RPD.
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TECHNICAL SPECIFICATION ISO/TS 16976-4:2012(E)

Respiratory protective devices — Human factors —

Part 4:
Work of breathing and breathing resistance: Physiologically
based limits

1 Scope

This Technical Specification describes how to calculate the work performed by a person’s respiratory muscles
with and without the external respiratory impediments that are imposed by RPD of all kinds, except diving
equipment. This Technical Specification describes how much additional impediment people can tolerate and
contains values that can be used to judge the acceptability of an RPD.

NOTE These calculations are explained in some textbooks on respiratory physiology (in the absence of an RPD), but
most omit them or are incomplete in their explanations.

2 Normative references

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

ISO 16972, Respiratory protective devices — Terms, definitions, graphical symbols and units of measurement

ISO/TS 16976-1, Respiratory protective devices — Human factors — Part 1: Metabolic rates and respiratory
flow rates

3 Terms and definitions, symbols and abbreviated terms

3.1 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 16972 and the following apply.

3141

body temperature pressure saturated

BTPS

standard condition for the expression of ventilation parameters

NOTE 1 Body temperature (37 °C), ambient pressure and water vapour pressure (6,27 kPa) in saturated air.
NOTE 2  Adapted from ISO 16972.

31.2
compliance
change in volume of the human lung that results from a change in pressure, measured in | kPa™'

NOTE This termis the typical term for the elastic behaviour of the lungs and chest. Compliance is the inverse of elastance.

31.3
elastance
change in pressure that results from a given volume change of the human lung, measured in kPal/l

NOTE This term is the typical term for the elastic behaviour of an RPD. Elastance is the inverse of compliance.
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31.4

relaxation volume

lung volume when respiratory muscles are relaxed, i.e. the volume at the beginning of an inspiration, also
known as functional residual capacity (FRC) and expiratory reserve volume (ERV)

3.1.5

tidal volume

43

volume of a breath, measured in litres BTPS

3.1.6

vital capacity

VvC

volume of the largest breath a person can take, i.e. the volume difference between a maximum inspiration and
a maximum expiration, measured in litres BTPS

31.7

work of breathing

woOB

work required for an entire breathing cycle, measured in Joules

NOTE Adapted from ISO 16972.

31.8

work of breathing per tidal volume

WOB/I't

normalized WOB (equivalent to volume-averaged pressure), measured in Joules per litre = kPa

3.2 Symbols and abbreviated terms

BTPS body temperature pressure saturated

ERV expiratory reserve volume

FRC functional residual capacity

RPD respiratory protective device

VC vital capacity

WOB work of breathing

Pel pressure required to overcome the elastance

Paw pressure required to overcome the flow resistance of the airways

Diext pressure required to overcome the inspiratory flow resistance of the RPD

4 Pressure and volume changes during breathing

4.1 Pressure and volume changes in the absence of an RPD

During an inspiration the inspiratory muscles contract which makes the chest expand and the diaphragm
flatten. This action causes the lungs to expand to a larger volume. Even in the absence of flow resistance, it
takes a certain pressure to expand the chest and lungs. The term used in respiratory physiology for this elastic
behaviour is compliance. The term compliance is also used in laws and regulations; to avoid confusion
with this use of the word, the remainder of this Technical Specification will use the term elastance instead.
By definition, elastance is the inverse of compliance. Elastance describes how much an elastic material
changes when a force or a pressure is applied.

Documents

Document Sharing Hub
2 © 1SO 2012 — All rights reserved

Full document details: ISO_TS 16976-4_2012


http://www.avadocuments.com/doc/iso-ts-16976-4-2012
http://www.avadocuments.com/doc/iso-ts-16976-4-2012

