TECHNICAL ISO
REPORT TR 9122-4

First edition
1993-05-15

Toxicity testing of fire effluents —

Part 4:
The fire model (furnaces and combustion
apparatus used in small-scale testing)

Essais de toxicité des effluents du feu —

Partie 4: Modele feu (fours et appareillages de combustion utilisés dans
les essais & petite échelle)

Reference number
'Docinifelits

Document Sharing Hub

l""l!|||||...............uullmm

Full document details: ISO_TR 9122-4_1993


http://www.avadocuments.com/doc/iso-tr-9122-4-1993
http://www.avadocuments.com/doc/iso-tr-9122-4-1993

ISO/TR 9122-4:1993(E)

Contents
Page
T SCOPE oo 1
2 Characteristics of fire sStages  ....ccoceveeiiieiee e 1
3 Criteria for assessment of fire Models  ...o.ccoooovvvrreeiieeienns 2
3.1 Relevance to real fires ..o 2
3.1.1  Oxygen CONCENratioN  ..oeioiiiiiiiiie et 2
3.1.2 CO,/CO ratio oo 2
3.1.3 Temperature and heat flux ..o 2
3.2 Validity to toxic hazard assessment ... 3
3.3 Specimen composition and configuration ... 3
3.4 Documentation and eXperience  ...occoviiiiiiiiiiieeeeee 4
3.5 Exposure dose quantification ... 4
3.6 Procedural Criteria  ...ooociiiieiie e 4
4  Fire models oo 4
4.1 "Box"” furnace models ..o 4
4.1.1 NBS cUp fUrNBCE oo 4
4.1.2 UPiItt boX furNace oo 5
4.2 Tube furnace Models  ..oooiiiiiii e 6
4.2.1 DIN 53436 tube furnace  .....ccooieiiiniie 6
4.3 Radiant heat models ..o 7
4.3.1 US radiant furnace (modified) ..o, 7
4.3.2 Cone calorimeter ..o 9
4.3.3 Japanese cone furnaces ... 10
4.3.3.1 BRI (Building Research Institute) cone furnace  .............. 10
4.3.3.2 RIPT (Research Institute for Polymers and Textiles) cone
furnace 1

© I1SO 1993
All rights reserved. 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 per-
mission in writing from the publisher.

International Organization for Standardization

Case Postale 56 ¢ CH-1211 Genéve 20 ¢ Switzerland

Printed in Switzerland

Full document details: ISO_TR 9122-4_1993

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/iso-tr-9122-4-1993
http://www.avadocuments.com/doc/iso-tr-9122-4-1993

ISO/TR 9122-4:1993(E)

4.3.4 Japanese Ministry of Construction model  ........ccccoceee. 1"

5 Selection of a fire Model .o 12

Annex

A Bibliography oo 13
Documents

Document Sharingli!-lub

Full document details: ISO_TR 9122-4_1993


http://www.avadocuments.com/doc/iso-tr-9122-4-1993
http://www.avadocuments.com/doc/iso-tr-9122-4-1993

ISO/TR 9122-4:1993(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 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 main task of technical committees is to prepare International Stan-
dards, but in exceptional circumstances a technical committee may pro-
pose the publication of a Technical Report of one of the following types:

— type 1, when the required support cannot be obtained for the publi-
cation of an International Standard, despite repeated efforts;

— type 2, when the subject is still under technical development or where
for any other reason there is the future but not immediate possibility
of an agreement on an International Standard;

— type 3, when a technical committee has collected data of a different
kind from that which is normally published as an International Standard
(“state of the art”, for example).

Technical Reports of types 1 and 2 are subject to review within three years
of publication, to decide whether they can be transformed into Inter-
national Standards. Technical Reports of type 3 do not necessarily have to
be reviewed until the data they provide are considered to be no longer
valid or useful.

ISO/TR 9122-4, which is a Technical Report of type 2, was prepared by
Technical Committee ISO/TC 92, Fire tests on building materials, com-
ponents and structures, Sub-Committee SC 3, Toxic hazards in fire.

This document is being issued in the type 2 Technical Report series of
publications (according to subclause G.4.2.2 of part 1 of the ISOJIEC Di-
rectives) as a “prospective standard for provisional application” in the field
of toxicity testing of fire effluents because there is an urgent need for
guidance on how standards in this field should be used to meet an ident-
ified need.

This document is not to be regarded as an “International Standard”. It is
proposed for provisional application so that information and experience of
its use in practice may be gathered. Comments on the content of this
document should be sent to the ISO Central Secretariat.
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A review of this type 2 Technical Report will be carried out not later than
two years after its publication with the options of: extension for another
two years; conversion into an International Standard; or withdrawal.

ISO/TR 9122 consists of the following parts, under the general title
Toxicity testing of fire effluents:

— Part 1: General

— Part 2: Guidelines for biological assays to determine the acute
inhalation toxicity of fire effluents (basic principles, criteria and
methodology)

— Part 3: Methods for the analysis of gases and vapours in fire
effluents

— Part 4: The fire model (furnaces and combustion apparatus used in
small-scale testing)

— Part 5: Prediction of toxic effects of fire effluents

Annex A of this part of ISO/TR 9122 is for information only.
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introduction

Fire involves a complex and interrelated array of physical and chemical
phenomena. As a result, it is essentially impossible to simulate all aspects

of a real fire invlgb'ovrva;bry-scvalvev ;;)'baratus. This 6roblem of fire model val-
idity is perhaps the single most perplexing technical problem associated

with all of fire testing.

For fire models used in evaluating fire effluent toxicity, additional re-
strictions and criteria are necessarily imposed due to the need for the
laboratory combustion to be compatible with bioassay procedures using
live test animals. For example, reduced oxygen levels and heat must not,
in themselves, be unduly compromising to exposed animals. At the same
time, sufficiently high concentrations of fire effluents must be produced
so as to obtain measurable toxicological effects. As a result of these re-
strictions, compromises must often be made which can further reduce the
apparent validity of the fire model.

Essentially two approaches are used to evaluate the toxicity of fire
effluents; i.e. those using full-scale fire models and those using small-scale
fire models. In full-scale procedures, fire models consisting of a room,
multiple rooms or a complete building are used which are intended to
simulate as far as possible the full characteristics of fires including ignition,
growth and evolution of toxic fire effluents. Full-scale methods are usually
applied in tests of the toxic hazard presented by the fire, although some
attempts have been made to model the main features of toxic hazard in
small-scale tests.

In small-scale fire models, it is considered possible to re-create the reac-
tive chemical environments characteristic of various stages and types of
fire conditions in terms of temperature, the presence or absence of flame
and oxygen supply. Under these conditions, the relative yields of toxic
products in the fire effluents from materials will be similar to those
evolved at equivalent stages in full-scale fires. Thus, small-scale fire mod-
els are regarded as relevant to the testing of the toxic potencies of the
chemical products evolved from materials under the defined decompo-
sition conditions. These potency values may then be used as input data in
toxic hazard assessments which take into consideration the dynamic
characteristics of specific fire scenarios.
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Toxicity testing of fire effluents —

Part 4:

The fire model (furnaces and combustion apparatus used

in small-scale testing)

1 Scope

This part of ISO/TR 9122 is restricted to the con-
sideration of fire models (i.e. laboratory combustion
devices) used in fire effluent toxicity studies, together
with suggestions for the appropriate use of the fire
models in standard testing. Reference should be
made to other parts of ISO/TR 9122 for discussions
of analytical methods, bioassay procedures, toxicity
testing and prediction of toxic effects of fire effluents.

This part of ISO/TR 9122 defines the criteria for an
acceptable fire model, reviews existing fire models
against these criteria, and proposes that fire models

be selected for use through consideration of these
criteria which includes a capacity to generate fire
conditions characteristic of known stages of fire.

This part of ISO/TR 9122 does not give a detailed
analysis of the physics and chemistry of fire.

2 Characteristics of fire stages

For the purposes of a discussion of fire models and
their appropriate use, the combustion conditions
shown in table1 are generally accepted as being
characteristic of certain stages or phases of fire[1l.

Table 1 — General classification of fire stages

Oxygen . 3)
Stage or phase of fire content? C0,/CO ratio? Temperature Irradiance
(%) (°C) (kW/m2)
Non-flaming decomposition
a) Smouldering (self-sustaining) 21 not applicable <100 not applicable
b) Non-flaming (oxidative) 5to 21 not applicable < 500 <25
¢) Non-flaming (pyrolitic) <5 not applicable <1000 not applicable
Flaming developing fire 10 to 15 100 to 200 400 to 600 20 to 40
Flaming fully-developed fire
a) Relatively low ventilation 1t0b <10 600 to 900 40t0 70
b) Relatively high ventilation 5to0 10 <100 600 to 1 200 50 to 150
1) General environmental condition (average) within compartment.
2) Mean value in fire plume near to fire.
3) Incident irradiation on the sample (average).
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The primary chemical process Ieading to formation of
combustion products is that of the thermal bond-
breaking and decomposition of polymeric materials
which, in the presence of oxygen, leads to a variety
of oxygenated species. Carbon compounds are
pyrolysed into volatile hydrocarbon fragments which
can be oxidized to form various oxidized organic spe-
cies, carbon monoxide or carbon dioxide, depending
upon thermal and oxidative conditions. Both carbon
monoxide and carbon dioxide are usually present in a

fire effluent atmosphere, with the ratio of the two of-

tan hainn i i iati
ten being used as an indicator characteristic of the

particular type or stage of a fire. In small, developing
fires, a CO,/CO ratio of 100 or more would indicate
freely-ventilated (fuel-controlled) combustion. In large,

£l A ] £ arhink
luuy-ue'v'elf)peu fires which are usually ventilation-

controlled when they occur in buildings, a CO,/CO
ratio of 10 or less would indicate relatively low venti-
lation, while a ratio of more than 10 would be indic-
ative of relatively high ventilation.

Hydrogen is oxidized to water, chlorine is most com-
monly released as hydrogen chloride and nitrogen
appears as nitrogenous organic compounds (es-
pecially nitriles), hydrogen cyanide, nitrogen oxides
and molecular nitrogen, again depending upon the
thermal and oxidative conditions. All flaming and non-
flaming (including smouldering) fires can yield a myr-
iad of combustion products due to incomplete
decomposition and only partial oxidation of the fuels
involved; however, non-flaming fires produce the
highest yields of such products. It is important to re-
member that these are all chemical reactions, subject
to the usual principles of thermodynamics and
kinetics. Thus, stoichiometry and thermal energy play
significant roles in determining the products of com-
bustion that are formed over the range of fire classi-
fications.

3 Criteria for assessment of fire models

3.1 Relevance to real fires

The best approach to the selection of an appropriate
fire model for fire effluent toxicity testing involves
careful consideration of data which would relate lab-
oratory combustion conditions to the types and
stages of real fires (see table 1).

All the fire models to be described are capable of
simulating the conditions of non-flaming decompo-
sition. However, it is recognized that the majority of
fire injuries and deaths occur as a result of flaming
fires. These include both small fires (often restricted
to the item first ignited) where casualties occur in the
room of origin and also large, fully-developed fires,
where casualties occur remotely from the compart-
ment of origin. In the latter, the toxic threat usually
develops after flashover occurs[1] [2].

In terms of a correlation with most fire fatalities, the
most important criteria for an appropriate fire model

involve the conditions fora well-ventilated developing
fire and for either a low- or highly-ventilated, fully-
developed (high temperature) fire. Particularly import-
ant are considerations involving ventilation (oxygen
availability), CO,/CO ratios, temperature and/or heat
flux and residence times of fire effluents in the high

temperature zone.

3.1.1 Oxygen concentration

The oxygen concentration is the residual concen-
tration in the primary fire effluent before any dilution.
Its value decreases during fire development from the
normal ambient level of approximately 21 % to 10 %-
16 % in a small or developing fire, and further de-
creases to between 1% and 10% in a fully-
developed fire, depending upon the ventilation,
burning rate and room geometry.

3.1.2 CO,/CO ratio

The CO,/CO ratio is calculated from the concen-
trations of these gases in the fire effluent atmos-
phere. Since its value is independent of dilution, the
sampling point is not critical, providing it is beyond the
point where oxidation reactions are in progress. The
CO,/CO ratio undergoes rapid changes during the
development of a fire. Initially, in small fires under
well-ventilated conditions, it is usually high (100 to
200). In fully-developed, ventilation-controlled fires, it
reaches an almost constant value (1 to 10) depending
upon the ventilation. Real fire data for CO,/CO ratios
are shown in figure 1031,

3.1.3 Temperature and heat flux

The temperature is the mean value within a compart-
ment. It gives a measure of the thermal exposure to
the materials present and also to their thermal de-
composition products. The radiant heat flux is also
useful as a measure of exposure to thermal energy.
In small or early-developing fires, the temperature in
the immediate fire environment is typically in the
400 °C to 600 °C rangebwnh the radiant flux between
20 kW/m to 40 kW/m*. In fully-developed fires, the
temperature is in the 600 °C to 1 200 °C range with
radiant fluxes of 50 kW/m? to 150 KW/m?.

All these factors have a considerable influence on the
composition of the fire effluent atmosphere. The im-
portant features from a toxicity point of view are that
small or early-growing fires generally produce rela-
tively low yields of carbon monoxide and hydrogen
cyanide, together with a complex mixture of pyrolysis
and oxidation products which have escaped the flame
zone. Fully-developed fires, due to the high tempera-
tures and oxygen vitiated conditions, generally pro-
duce high vyields of toxic low molecular weight
species, such as carbon monoxide and hydrogen
cyanide.
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