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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 m
electrotechnical standardization.

atters of

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

ttention is drawn to the possibility that some of the elements of this documéntmay be the g
htent rights. ISO shall not be held responsible for identifying any or all suchpatent rights. I

o LT >

h the [SO list of patent declarations received (see www.iso.org/patents).

Ay trade name used in this document is information given for the.convenience of users and
cpnstitute an endorsement.

Fpr an explanation of the voluntary nature of standards, the meaning of ISO specific te
ekpressions related to conformity assessment, as welkas information about ISO's adheren
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see www
do/foreword.html.

—

This document was prepared by Technical Committee ISO/TC 92, Fire safety, Subcommittee §
threat to people and environment.

technically revised.
The main changes compared to the previous edition are as follows:

— fire models have been-updated following the publication of certain other standards, i
I§0/TS 19021 and ISO/T$5660-5;

— deprecated methods have been moved to Annex A.
list of all parts-in-the ISO 16312 series can be found on the ISO website.

Al
Ay feedback-er questions on this document should be directed to the user’s national standard
cpmpletelisting of these bodies can be found at www.iso.org/members.html.

Ance are
d for the
with the

ubject of
etails of

hy patent rights identified during the development of the document will be'in the Introduction and/or

does not

rms and
e to the

.iso.org/

C 3, Fire

This second edition cancels and replaees the first edition (ISO/TR 16312-2:2007) which has been

ncluding

s body. A
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Introduction

Providin
or risk a

g the desired degree of life safety for an occupancy increasingly involves an explicit fire hazard
ssessment. This assessment includes such components as information on the room/building

properties, the nature of the occupancy, the nature of the occupants, the types of potential fires, the
outcomes to be avoided, etc.

This type of determination also requires information on the potential for harm to people due to the
effluent produced in the fire. Because of the prohibitive cost of real-scale product testing under the

wide rar
data gen

The role
essentia
environi
course o
difficult
two feat
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For all m

the combustion (or pyrolysis) products remain within the apparatus except for the fraction removgd

for chen
combust

Referend
of the to;

ge of Tire conditions, most estimates of the potential harm from the fire efiluent depend dn
brated from a physical fire model, a reduced-scale test apparatus and procedure for its use.

of a physical fire model for generating accurate toxic effluent composition is to simulate tH
features of the complex thermal and reactive chemical environment in full-scalg,fires. Thej
hents vary with the physical characteristics of the fire scenario and with time”during th
f the fire, and close representation of some phenomena occurring in full-seale fires can &
pr even not possible on a small scale. The accuracy of the physical fire model;then, depends d
ires:

= @ @ oo

legree to which the combustion conditions in the bench-scale appardtus mirror those in the
btage being simulated;

legree to which the yields of the important combustion products obtained from the burning
e commercial product at full scale are matched by the yields from burning specimens of the
uct in the small-scale model. This measure is generally performed for a small set of products,
the derived accuracy is then presumed to extend to other test subjects. Since the publication pf
irst edition of this document, in which a methodolegy for effecting this comparison was citgd
eference [1], ISO 29903-1 has been developed.

ument provides a set of technical criteria for evaluating physical fire models used to obtajn
fion and toxic potency data on the effluent'from products and materials under fire conditions
to life safety. This document covers the’application by experts of these criteria to currently
t methods that are used for generating data on smoke effluent from burning materials and
fial products.

=

e 10 physical fire models discussed in this document, plus 4 depreciated methods in Annex |
al apparatus can be addéd)as they are developed or adapted with the intent of generating
ion regarding the toxic pdtency of smoke.

odels in this document, several are closed systems. In these, no external air is introduced and

ical analysis;) The second seven are open apparatus, with air continuously flowing past the
ing sampletand exiting the apparatus, along with the combustion products.

e documents useful for discussions of analytical methods, bioassay procedures, and predictign
Kic.effects of fire effluents are listed in the Bibliography at the end of this document.

Vi
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Guidance for assessing the validity of physical fire models
for obtaining fire effluent toxicity data for fire hazard and

risk assessment —

Part 2-

Evaluation of individual physical fire models

Scope

sed, and/or are cited in national or international standards, for generating fire effluent toxi
 known accuracy. This is achieved by using the criteria established indSO 16312-1 and the g
stablished in ISO 19706. The aspects of the models that are considerédyare: the intended appli
tme model, the combustion principles it manifests, the fire stage(s) that the model attempts to 1
the types of data generated, the nature and appropriateness of theé.combustion conditions to w
specimens are exposed, and the degree of validity established/forthe model.

1
This document assesses the utility of physical fire models that have been standardized, are cq
u
0
e

2| Normative references

The following documents are referred to in the.text in such a way that some or all of thei
lcmdated references, the latest edition of the referenced document (including any amendments]
1§0 13943, Fire safety — Vocabulary

[§0 19703, Generation and analysis ofitoxic gases in fire — Calculation of species yields, equivaler
nd combustion efficiency in experimental fires

Q

W

Terms and definitions

1]

br the purposes of this document, the terms and definitions given in ISO 13943 and ISO 19707
ollowing apply.

—

§0 and IEC maintain terminological databases for use in standardization at the following add

- 1SO Quline browsing platform: available at https://www.iso.org/obp

- [ECElectropedia: available at http://www.electropedia.org/

mmonly
city data
hidelines
cation of
eplicate,
hich test

content

bnstitutes requirements of this document. For'dated references, only the edition cited applies. For

applies.

ce ratios

B and the

[esses:

3l1

vitiation-controlled

type of conditions under which the volume concentration of oxygen is intentionally controlled or

reduced in the combustion environment
Note 1 to entry: Vitiation controlled conditions represent an oxygen depleted fire environment.

[SOURCE: ISO/TS 5660-5:2020, 3.3, modified.]

© IS0 2021 - All rights reserved
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3.2

ventilation-controlled

type of conditions un which the supply rate of (ambient or vitiated) air to the combustion environment
is intentionally controlled or limited

Note 1 to entry: Ventilation-controlled conditions represent a fire environment with limited fresh air supply.

[SOURCE: ISO/TS 5660-5:2020, 3.4, modified.]

4 G ool sz ozl oo
e Clidl Pl lllLlPlCD

4.1 Physical fire model

A physichpl fire model is characterized by the requirements placed on the form of the test spécimen, the
operatiohal combustion conditions and the capability of analysing the products of combustion.

4.2 Meodel validity

For use [in providing data for effluent toxicity assessment, the validity of a‘physical fire model fs
determiped by the degree of accuracy with which it reproduces the yi€lds of the principal toxjic
compongnts in real-scale fires.

ISO 128p8-1, ISO 12828-2 and ISO/TS 12828-3 are guidance documents for model validity. Thijs
includes|limits of detection and quantification, range of application, trueness and fidelity in terms pf
repeatalility and reproducibility.

4.3 Test specimens

Fire safdty engineering requires data on commercial)products or product components. In a reduceg-
scale tes|, the manner in which a specimen of the product is composed can affect the nature and yields
of the combustion products. This is especially the case for products of non-uniform composition, su¢h
as thoselconsisting of layered materials.

4.4 Combustion conditions

[¢)

The yielfls of combustion produets/depend on such apparatus conditions as the fuel/air equivalend
ratio, whether the decomposijtion’is flaming or non-flaming, the persistence of flaming of the sample
the temperature of the specimen and the effluent produced, the thermal radiation incident on th
specimeq, the stability of.the decomposition conditions and the interaction of the apparatus with th
decompgqsition process; with the effluent and the flames.

-

@ O

The condlitions of-pyrolysis and combustion may differ locally and globally in a physical fire model,
leading to difficulties in scale with real-fire conditions in reduced experiments.

The expprimental conditions may be vitiation-controlled and/or ventilation-controlled, or may he
unknowh and vary during the test

It is essential that the physical fire model enable accurate determinations of chemical effluent
composition. Validation of the method according to ISO 12828-2 is a suitable way to validate the
chemical analysis.

4.5 Effluent characterization

For the effluent from most common materials, the major acute toxic effects have been shown to depend
upon a small number of major asphyxiant gases and a somewhat wider range of inorganic and organic
irritants. In ISO 13571, a base set of combustion products has been identified for routine analysis.
Novel materials may evolve previously unidentified toxic products. Thus, a more detailed chemical

2 © IS0 2021 - All rights reserved
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analysis may be needed in order to provide a full assessment of acute effects and to assess chronic or
environmental toxicants.

A bioassay can provide guidance on the importance of toxicants not included in the base set. ISO 19706
contains a fuller discussion of the utility of integrating assays. It is desirable that the physical fire
model accommodate a bioassay method. However, due to bioethics practices, such use and comparisons
are limited. The use of laboratory animals as test subjects or living tissues are means of insuring
inclusion of the impact of all combustion gases. However, it is recognized that the adoption and use of
such protocols may be prohibited in some jurisdictions and tend to disappear. An animal-free protocol
can_capture the effects of known combustion gases, but can miss the impact of any unexpected or
uhcommon and highly toxic species, the smoke components of which are most in need of ident{fication.

5 Significance and use

Most computational models of fire hazard and risk require information regarding the potential of
fire effluent (gases, heat and smoke) to cause harm to people and to affect théir-ability to eschpe or to
s¢ek refuge.

The quality of the data on fire effluent has a profound effect on the accuracy of the predictipn of the
dpgree of life safety offered by an occupancy design. Uncertainty in such predictions commonly leads to
the use of safety factors that can compromise functionality and increase cost.

Flre safety engineering requires data on commercial products. Real-scale tests of such products
generally provide accurate fire effluent data. However, due'to the large number of available products,
the high cost of performing real-scale tests of produgts and the small number of large-scale test
fgcilities, information on effluent toxicity is most oftenrobtained from physical fire models.

There are numerous physical fire models cited if national regulations. These models vary in design
nd operation, as well as in their degree of chakacterization. The assessments of these mode]s in this
bcument provide product manufacturers, ;reégulators and fire safety professionals with insight into
bpropriate and inappropriate sources of fire effluent data for their defined purposes.

=T

—

he assessments of physical fire models in this document do not address means for cgmbining
e effluent component yields to-€stimate the effects on laboratory animals (see ISO 1334#) or for
ktrapolating the test results to.people (see ISO 13571).

D ct

he methods that do not include animal exposure and are not amenable to such an adaptatipn might
bt allow identification of extreme and/or unusual toxicity.

5

Z

[ote that four depreciated methods are detailed in Annex A.

o))

Physicakfire models

611 Smoke chambers - Closed cabinet toxicity tests (international)

611 NBS smoke chamber

6.1.1.1 Application

This physical fire model is described in ASTM E662, with a vertically-orientated sample and heat
flux limited to 25 kW/m?2. It was first designed to generate smoke optical density data. The physical
fire model has also been implemented by the European Union in EN 2824, EN 2825, and EN 2826 for
determination of smoke density and gas components in smoke. It is also used in ABD-0031 (Airbus) and
BSS 7239 (Boeing) for smoke in passenger aircraft.

© IS0 2021 - All rights reserved 3
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Principle

A vertically mounted specimen, 76 mm square and up to 25 mm thick, is exposed to a radiant heater
for a minimum of 10 min. Tests are conducted at 25 kW/m?2 with and without pilot flame. The gases are
sampled through probes positioned at various positions in the smoke box depending on the standard

applied.

6.1.1.3

The fire

6.1.1.4

The sta

Fire stage(s)

tage(s) according to ISO 19706 are not clearly defined and may change during the test

Types of data

hdard procedure includes measurement of smoke obscuration and specific effluent g:

concentrjations (CO,, CO, HCN, HCl, HF, HBr, NO,, SO,) with a large number of analyticalitechnique

Dependi
when th

hg on the standard applied, gas data can be provided continuously during test)or at the tin
e maximum smoke concentration is reached. In the two aircraft tests, the’specific optic

density ¢f the smoke and the gas concentrations are determined at 90 s and 240,s.

6.1.1.5

Presentation of results

The spedific optical density of the smoke and the combustion fire gas concentrations are compared 1
specified values.

6.1.1.6

Apparatus assessment

6.1.1.6.1 Advantages

The apparatus is simple to use and widely available. The test specimen can be a reasonab
represerijtation of a finished product.

6.1.1.6.4 Disadvantages

The com

bustion conditions are not well characterized as they are linked to oxygen consumption insic

the chamber. At the beginning of the\test, they are well-ventilated if it is flaming but their evolutiqg

depends

The test

on sample behaviour. Vitiation can occur and affects the yields of combustion products.

specimen is vertical and melting materials can flow into the trough below the specimen hold¢

or even ¢nto the floor of theZfest chamber, thereby altering the combustion mode or even reducing th

amount

f specimen destroyed.

The gasgs are mixed by natural convection and possible stratification can lead to non-representatiy
sampling of the combustion gases.

6.1.1.6.3 Repeatability and reproducibility

LS

o ¥V

T

e

No data reported.

6.1.1.7

Toxicological results

6.1.1.7.1 Advantages

The initi

al conditions are few and well prescribed.

6.1.1.7.2 Disadvantages

Possible vitiation could lead to time dependent generation of toxicants, which are only sampled at a
specified time in some applications of the standard.

4
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Condensation could occur on the wall of the chamber leading to removal of some gases from the sampled
environment. The prescribed set of gases to be measured may be insufficient for estimating lethal toxic
potency.

6.1.1.8 Miscellaneous

No animals are exposed in the test, nor is the apparatus compatible with such an addition. The use of
the chemical data is typically limited to a comparison with critical concentrations of listed toxic gases.

6119 —Vatidation
No data reported.

6/1.1.10 Conclusion

While relatively easy to perform, this method is of questionable value for generating smoke toxicity
dpta for use in fire hazard analysis. It is also necessary to verify its use as a screening tool agajnst real-
s¢ale fire test data. The absence of animal-exposure data means that extrefite or unusual toxiq potency
of smoke is not identified.

1.2 ISO smoke chamber

(=)

1.2.1 Application

his physical fire model is described in ISO 5659-2 and~ASTM E 1995, with a horizontally-ofientated
nmple and heat fluxes up to 50 kW/m2. It was first designed to generate smoke optical dengity data.
he International Maritime Organization (IMO)(also requires use of this apparatus for foxic gas
bncentration data for qualification of materials. The physical fire model has also been implemented
7 the European Union in EN 45545-2 for detérmination of burning behaviour, smoke densityf and gas
bmponents in smoke on materials used for~the railway sector.

cTo 03 o

[

§O/TS 19021 has been developed to'propose suitable specifications to operate this fire model with a
IR gas analyser according to ISO*19702 (see Reference [33]).

1]

1.2.2 Principle

6

Alschematic of this closed dabinet test is shown in Figure 1. A horizontally mounted specimen| 75 mm?
square and up to 25 mi thick, is exposed to a radiant heater for a minimum of 10 min. A test is conducted
at 25 kW/m? and at 50 kW/m?2, with and without pilot flame. The gases are sampled through probes
ppsitioned at various positions of the smoke box depending on the standard applied. ISO/TS 19021
proposes a small'multi-hole probe close to the ceiling of the chamber.

6}{1.2.3 —Fire stage(s)

—

he-fire stage(s) according to ISO 19706 are not clearly defined and may change during the tesf.

6.1.2.4 Types of data

The standard procedure includes measurement of total mass loss, smoke obscuration and specific
effluent gas concentrations (CO,, CO, HCN, HCIl, HF, HBr, NO,, SO,). ISO/TS 19021 uses measurement
of concentrations with FTIR following ISO 19702. Depending on the standard applied, gas data could
be provided continuously during the test or at the time when the maximum smoke concentration is
reached.

6.1.2.5 Presentation of results

The specific optical density of the smoke and the combustion fire gas concentrations are compared to
specified values.

© IS0 2021 - All rights reserved 5
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Apparatus assessment

6.1.2.6.1 Advantages

The apparatus is simple to use and widely available. The test specimen can be a reasonable
representation of a finished product.

6.1.2.6.2 Disadvantages

depends

The gasq
sampling

6.1.2.6.3

Inter-lab
results f
in ISO/T

6.1.2.7

6.1.2.7.1

The initi

6.1.2.7.2
Possible
specified
but this {

Condens
environi
potency.

6.1.2.8

No anim
the chen

6.1.2.9

ber. At the beginning of the test, they are well-ventilated if it is flaming but their evolutiqg
on sample behaviour. Vitiation can occur and affects the yields of combustion products

s are mixed by natural convection and possible stratification can lead to non-representatiy
r of the combustion gases.

Repeatability and reproducibility

oratory evaluations have been performed for the smoke density test and gave satisfactol
br a range of materials. Inter-laboratory evaluation of toxic gas preduction has been reporte
5 19021.

Toxicological results

Advantages

hl conditions are few and well prescribed.

Disadvantages

vitiation could lead to time dependent:generation of toxicants, which are only sampled at
time in some applications of the standard. ISO/TS 19021 proposes a continuous monitorin
ampling has to be reduced in orderto avoid modifying the behaviour of the material tested.

htion could occur on the wall‘'of the chamber leading to removal of some gases from the samplg
hent. The prescribed set of gases to be measured may be insufficient for estimating lethal tox

Miscellaneous

hls are exposed-in the test, nor is the apparatus compatible with such an addition. The use

Validation

ical data isitypically limited to a comparison with critical concentrations of listed toxic gaseg.

d

a

ic

bf

There an

n

ISO/TS 1

6.1.2.10

several reparted comparisons of toxic gas generation with data from real-scale fire tests

9021. They highlight the difficulty in relating this fire scenario to any real-scale application.

Conclusion

While relatively easy to perform, this method is of questionable value for generating smoke toxicity
data for use in fire hazard analysis. It is also necessary to verify its use as a screening tool against real-
scale fire test data. The absence of animal-exposure data means that extreme or unusual toxic potency
of smoke is not identified.
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e —
= \
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1
(=)

N

Key

1| photomultiplier-tube housing 4  light source window
2| radiator cone 5 blow-out panel

3| pilotburner

Figure-1 — Schematic of the closed cabinet toxicity test apparatus

612 NES 713 (United Kingdom)

6{2.1 . Application

Thisapparatus was designed to provide values of a toxicity index for use in short-listing material$ and end
products for warship marine use!2l. It is also known as UK Ministry of Defence Standard DEFSTAN 02-713.

6.2.2 Principle

A photograph of this closed cabinet test is shown in Figure 2. A specimen of size chosen to provide
optimal analytical precision (typically a few grams) is exposed to a premixed Bunsen burner flame. The
burner is turned off after the specimen has burned to completion, and the atmosphere is mixed with a
fan before being sampled for gas measurement.

© IS0 2021 - All rights reserved 7
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6.2.3 Fire stage(s)
The fire stage from ISO 19706 is as follows:
— 2, well-ventilated flaming.

However, this might not relate to a real fire, as the burner is actually a premixed blow-torch-type flame
at about 850 °C and not a free-burning fire.

6.2.4 Types of data

The starldard procedure includes measurement of CO, CO,, formaldehyde, NO,, HCN, acrylonitrille,
phosgeng, SO,, H,S, HCI, NH;, HF, HBr and phenol. Corrections are applied for the concentrations.of CD,
CO, and NO, produced by the gas flame alone burning for the same period as the test specimen.

6.2.5 Presentation of results
The output is an FED-like toxicity index for the 14 gases. The weightings of the gases are the

concentrjations considered nominally lethal to a man for a 30 min exposure. Thé.ihdex is calculated for
1 g of sample or for 1 m of wire or cable.

6.2.6 Apparatus assessment

6.2.6.1 | Advantages

The appfgratus is simple to use. The combustion period isshert, so the combustion environment fs
stable throughout. The test specimen can be a reasonable representation of a finished product.

6.2.6.2 | Disadvantages

Nearly 4l materials and end products are composed of multiple components. These can gasify at
differeny times during burning. The test specimen is immersed in a pre-mixed gas flame and is burngd
to compleetion, but this might not produce .gases representative of the combustion of the sample in refl
fire conditions. The test specimen is small'and is immersed in the test flame and combusted from 4l
sides angl to completion. In common with many physical fire models, no indication is given about the
rate of burning, so highly fire-retarded materials can be forced to burn at the same rate as materials
without pny fire retardants. Therefore, additional data input on burning rates at different fire staggs
are needed for fire safety engineéering calculations. Colorimetric tubes are not a reliable measurement
technique for combustion pfeducts due to possible interferences.

6.2.6.3 | Repeatability.and reproducibility

There arje no reported results of an inter-laboratory evaluation. However, repeatability is reported fo
be reasopably.go0od, since the specimen is relatively small, is completely immersed in the gas flame ar{d
is burnegl to‘completion.

6.2.7 Toxicological results

6.2.7.1 Advantages

The initial conditions are few and well prescribed.

6.2.7.2 Disadvantages

The gases selected are those considered by the originators of the standard to be a hazard in warship
fires. The levels specified were considered to be relevant when the standard was reviewed in 2000. The
coefficients for the toxicity index calculation are not current. The basis for the index equation is unclear.
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6.2.8 Miscellaneous

No animals are exposed in the test, nor is the apparatus compatible with such an addition.

6.2.9 Validation

There are no reported comparisons of toxic gas generation with data from real-scale fire tests.

6.2.10 Conclusion

While relatively easy to perform, this method is of questionable value for generating smoksg

mjethod. Its use as a screening tool has not been verified against real-scale fire test data(a; is
that short-listed materials would be retested with more relevant tests. The small s nﬁl}é size |
upe for evaluation of finished products. The absence of animal-exposure data meéas that ex
uhusual toxic potency of smoke will not be identified. ng

ey &v
mi an
l§stampling tube

toxicity

dpta for use in fire hazard analysis because of its unsatisfactory fire model and its Wék/alnalytical
t

intended
imits the
treme or

%’Jc burner
(=)

specimen support

Figure 2 — Photograph of the NES 713 apparatus
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6.3 Rotative cages smoke toxicity tests
6.3.1 Japanese and Korean methods

6.3.1.1 Application

This model was designed to obtain toxic potency data for building and furnishing materials[2l.[10], It
is the basis for the method prescribed in the fireproof performance test and evaluation procedure
which is used by performance evaluation bodies designated by the Ministry of Land, Infrastructure and
TranspofTof Japan, and also used 1n the Republic of Korea as KSF2271.

6.3.1.2 | Principle

This is a two-chamber apparatus (see Figure 3). The sample is placed in a gas furnace and effluents
are relegsed to the first chamber. There is a slow flow of air through the combustion chamber in order
to keep the oxygen in the mouse-exposure chamber above 16 %. The samples, 220 mm Square and n¢t
more thgn 15 mm thick, are exposed in moderately vitiated air to convective and radiative heating. The
exhaust gas is introduced into an animal-exposure chamber in which there afe"8 rotary cages, ea¢h
containipg a mouse. The movement of the mice is monitored and reflected tothe evaluation of toxicity:.

The critgria are based on time to incapacitation, normally expressed as relative to that obtained with{a
“Red Layan” wood reference, giving a time to incapacitation of 6,8 min ‘i Japan. Korea uses a criterign
of 9 min|

6.3.1.3 | Fire stage(s)
The fire ptage from ISO 19706 is as follows:

— 3.3, $mall, localized fire, generally in a poorly ventilated compartment.

6.3.1.4 | Types of data

The standard procedure is to measure the.times to incapacitation of the mice. In addition, gas samplgs
can be extracted for external analysis. Following the test, blood samples can be extracted for analysig.

6.3.1.5 | Presentation of results

The repdrted information is thé incapacitation times of the eight mice. Usually, 15 min is the maximum
amount ¢f time.

6.3.1.6 | Apparatusi@ssessment

6.3.1.6.1 Advantages

The single_combustion test condition is well defined. The method could be adapted to produce data

H 1 1 : £ LI DA | £ :
enablingteateutationof yrerasof-toxteants:

6.3.1.6.2 Disadvantages

The test is limited to a single fire stage.

6.3.1.6.3 Repeatability and reproducibility

In a 4-laboratory examination of the method for six materials[?], the interlaboratory standard deviation
of the times to incapacitation of the mice was under 15 %. The agreement of duplicate tests within each
laboratory was within 5 %.
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6.3.1.7 Toxicological results

6.3.1.7.1 Advantages

The test provides a direct measure of the incapacitation capability of the smoke. It can identify instances

of extreme and unusual fire effluents toxic potency.

6.3.1.7.2 Disadvantages

foct raoiiirac cancialioad oo nnd Fo ool A oo

a
T TCCCSTTCqUuIT OSSPt o ZC O COUIpIICITC TOT attttirar CAPUSUTes

=)

3.1.8 Miscellaneous

—

his is primarily an animal-exposure test with limited chemical instrumentation.Hewever, a
halytical instrumentation can be added with little interference in the standard.method.

o)

(=)

3.1.9 Validation

No comparison against real-scale fire tests has been published.

(=)

3.1.10 Conclusion

—3

his method is useful for screening the incapacitation poteney of smoke from various produc
ktent that the mouse response to the effluent is similar toiuman response. The combustion cc
imulate only a single fire stage. If the potency varies with the degree of vitiation, multiple tes
eed to be performed.

=<

dditional

Ls, to the
nditions
ts would
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3 furngce 10 heater and stirrer

4  mixef 11 rotary cages

5 flowmeter(s) 12 exhaust

6 LPgds 13 animal-exposure box
7  primpry air

Figure 3 = Schematic of the rotative cages smoke-toxicity apparatus

6.3.2 Chinese method

6.3.2.1 | Application

The device (GB 20285) is used to test the risk of smoke toxicity of combustible materials and has
been applied to GB 8624 (Classification for burning of building materials and products) as additional
classification criteria for the combustion performance of materials.

6.3.2.2 Principle

The schematic of the apparatus is shown in Figure 4. The homogeneous strip material is heated by
a tubular furnace with constant velocity primary air and stable heating. The stable pyrolysis and
combustion of the material can be realized, and the smoke with stable composition concentration can
be obtained.
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For different materials, animal tests are carried out under sufficient pyrolysis and flameless conditions.
The smoke concentration that indicates the end of the animal study is used as the basis for smoke
toxicity classification of materials.

6.3.2.3 Fire stage(s)

According to ISO 19706 the fire stage(s) is as follows:

— 1.b, oxidative pyrolysis from externally applied radiation.

- O

v o

(=)

(=)

o O wm

¢

5

3.2.4 Types of data

he smoke concentration, smoke yield, and smoke toxicity degree of the tested materials is ob

3.2.5 Presentation of results

moke toxicity of materials.
3.2.6 Apparatus assessment

3.2.6.1 Advantages

eady fire effluents can be quantitatively produced, and thecOncentration and animal exposur
in be obtained, which is conducive to the study of tolerance toxicity mechanism. The smokg
F different building materials can be classified into saféty, quasi-safety and dangerous levels 4
the smoke concentration, which is helpful to the promotion of low-smoke and low-toxicity
aterials.

3.2.6.2 Disadvantages

represents only one fire stage. It is adapted to simple materials.

3.2.7 Repeatability and reproducibility

his method has good repeatability and reproducibility. It is adopted in GB 8624 (Classific
irning behaviour of building materials and products) and GB 20286 (Requirements and
irning behaviour of fire.rétarded products and subassemblies in public place).

3.2.8 Toxicolegical results

3.2.8.1 Advantages

he symptoms of the animals after exposure can be observed directly, and the general anat
stopathological examination can be carried out to accurately describe the toxic effect and ¢

tllle smoke.

ained.

eresults
e toxicity
ccording
building

ation for
mark on

omy and
legree of

6

.3.2.8.2 Disadvantages

It is difficult to control the respiratory rate and degree of the exposure animal when they are awake,
therefore, the inhaled dose or concentration is difficult to obtain.

6

.3.2.9 Miscellaneous

In this process, the smoke composition and concentration of the material can be used for smoke toxicity
evaluation and can be compared with the experimental results presented by this method.

© IS0 2021 - All rights reserved
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6.3.2.10 Validation

Sichuan fire laboratory stated that the same toxicity of fire smoke of the same material was obtained

using ISO/TS 19700 and this method.

6.3.2.11 Conclusion

This method can classify the smoke toxicity of building materials according to the concentration,
which is conducive to the promotion of low-smoke and low-toxicity materials. Steady-state smoke,

smoke concentration and animal exposure effect could be obtained, which is conducive to toxicologic

researchl. This method can only represent one fire stage.

13
1 \
1
8
\ — 9 |
10 |
| 10 |
11
Key
1 testgpecimen boat 8
2 thred-way cock 9
3  expopure box 10
4 rotoy cage 11
5 computer 12
6  air nlixing tube 13
7  tubular furnace

6.4 Cdne calorimeter (international)

Pl
zg%\t:%s

3 L
|

1 6

NS

quartz tube

furnace movement system
air supply system

primary air

secondary air

temperature control system

Figure 4 — Schematic of the apparatus

6.4.1 Application

1

The physical fire model in this apparatus is the one used in ISO 5660-1, ASTM E 1354[11], NFPA 271[12]
and NFPA 2720131, The apparatus is designed to generate measurement of the rate of heat release
(RHR) and smoke from samples of materials and finished products. An alternative fire model to allow
vitiated conditions has been recently developed as ISO/TS 5660-5. Coupling with ISO 19702 FTIR for
gas analysis is under development in ISO/TC 92/SC 1.

The data are used in fire-hazard analyses. Some workers have used the apparatus to measure other
combustion products, especially with FTIR, and to calculate LC; values, but it has not been accepted as

a smoke toxicity measurement device.

14
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6.4.2 Principle

A schematic of the apparatus is shown in Figure 5. A sample, up to 100 mm x 100 mm in area and up
to 50 mm thick and representative of the end-use configuration of the finished product, is exposed
to thermal radiation in the range 0-100 kW/mZ2. In addition, ISO/TS 5660-5 allows the exploration of
oxygen conditions from 21 % down to 15 %. The vapours can be ignited by a spark. They are drawn
by a downstream fan through a hole in the radiation source into an instrumented duct. The calculation
of rate of heat release is from oxygen consumption, smoke by light obscuration. The gases measured,
0,, CO,, and CO, are those needed for the heat-release-rate calculation. Additional coupling with FTIR
allows measurement of CO,, CO, HCN, HCl, HF, HBr, NO_, SO,.

6{4.3 Fire stage(s)

—

he fire stage(s) from ISO 19706, are as follows:

- 1.b, oxidative pyrolysis from externally applied radiation;

- 2, well-ventilated flaming.

When a ISO/TS 5660-5 test chamber is used, additional conditions cap-also be explored, such gs:

- 1.c, anaerobic pyrolysis from externally applied radiation;

- 3.3, small, localized fire, generally in a poorly ventilated edmpartment;

- 3.b, post-flashover fire.

(=)

4.4 Types of data

—

he standard procedure includes continuous measurement of mass loss and effluent gas concerjtrations,
hs yields, smoke obscuration and exhaust gagwvitiation. The exhaust duct flow is pre-set.

[o)e]

4.5 Presentation of results

6

There are calculation procedures foirrate of heat release, effective heat of combustion, smoke ggneration
ahd gas yields. ISO/TS 21397;—UYfocusses on calculation procedures to obtain gas emission vectors
ahd gas yields.

6/4.6 Apparatus assessment

4.6.1 Advantages

6

The representation and exposure of finished products is accurate. There are numerous apparatus
worldwidé€ for “classical cone” and few for vitiated cone. Obtaining toxic-potency data linke¢d to the
heat-reléase rate enables linking of the former to the fire development curve in the hazard analysis. The
njass=burning rate is recorded, enabling direct use of the yield data in engineering calculationg.

6.4.6.2 Disadvantages

Under ISO 5660-1 conditions, the flames are highly over-ventilated, so the gas yields are not clearly
linked to real-scale results, especially for post-flashover fires[l.

Under ISO/TS 5660-5 conditions, the conditions between pyrolysis and combustion can be different,
and post-combustion can occur, modifying the results. This is reduced by the presence of a chimney.

The fraction of the air flow passing through the combustion zone is unknown, making values of the
global equivalence ratio somewhat uncertain.

1) To be published.
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The effluents are flowed across to the radiant heater, leading to possible modifications.

6.4.6.3 Repeatability and reproducibility
Multiple inter-laboratory evaluations for rate of heat release have been performed successfully.

For gas yield, ISO 19702 presents in appendix several results from SAFIR research programme where
such data has been produced. ISO/TS 12828-3 also summarizes some values.

6.4.7 T nvirnlngir‘al results

6.4.7.1 | Advantages

Since thq heat-release rate and smoke density correlate to real-scale data in pre-flashover flaming fire
it is possjible that toxic gas yields also correlate, but this has not been confirmed.

[72)
~

6.4.7.2 | Disadvantages

The prodluct gases are highly diluted in the exhaust stream, making quantitative assessment of sonje
toxic gades difficult and highlighting the importance of LoQ determination-according to ISO 128281.
The gasds pass through the conical heater, which can cause some chemicalchange. The prescribed sgt
of gases measured might be insufficient to estimate lethal toxic potency.

6.4.8 Validation

The toxif potency and gas yield data do not replicate real-$cale post-flashover test data welllll. The
method has not been assessed against real-scale test datd’for oxidative pyrolysis or well-ventilatgd
flaming.

6.4.9 Conclusion

With no pnimals, the method is not usable fordirect measurement of LCs or IC; values. The flames are
highly oyer-ventilated under normal opepatiitg conditions, so yields of organic gases other than CO, afe
likely to be low, perhaps even for replicating well-ventilated combustion. The apparatus can be used {o
generate yield data for oxidative pyralysis with additional chemical instrumentation. Tests have begn
carried qut using a reduced entry{air flow and/or oxygen concentration, which can enable vitiated fire
conditiofs and effluents to be simulated. However, no validation experiments have been conducted.
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1| temperature- and differential-pressure 7  soot-sampling port
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2| laser extinction beam 8 exhaust hood

3| exhaustblower 9  cone heater

4| soot-collection filter 10 sparkigniter

5| exhaust 11 sample

6| gas-sampling port 12 load cell

Figure 5 — Schematic of the cone calorimeter

6.5 Flame propagation apparatus (International)

6|5.1, Application

Thephysical fire model in this apparatus is the one described in ISO 12136, and also in NFPA|287 and
ASTM E 2058. This method is designed to measure the heat release rate, fixed gases (CO, CO,) and
smoke from samples of materials and finished products for use in fire hazard models. It has been used
by some workers to measure other combustion products, especially with FTIR. It has been shown that
the apparatus can be used to measure other combustion products using either conventional on-line
gas measuring equipment or FTIR spectroscopy. Calculating LC; values lies also within the apparatus
capacity, however, it has not been proposed or accepted as a smoke toxicity measurement device.

6.5.2 Principle

A schematic of the apparatus is shown in Figure 6. The test specimens are up to 102 mm x 102 mm
in area and up to 25 mm thick (horizontal sample) or 102 mm wide x 300 mm high and up to 13 mm
thick (vertical sample) and are representative of the end-use configuration of the finished product. The
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vapours from the sample, exposed to thermal radiation, can be ignited by a pilot flame. The sample
and its holder are mounted within a vertical quartz tube, enabling control of the equivalence ratio. The
vapours are collected in an instrumented duct. The calculation of rate of heat release relies primarily
on CO, generation, but some laboratories have measured HRRs using both oxygen consumption and
CO, generation techniques. Smoke is determined by optical obscuration. The gases measured, 0,, CO,,
and CO, are those needed for the heat release rate calculation.

6.5.3 Fire stage(s)

The fire ~fagn(c) fram ISQ 107“6[ are as follows:

— 1.b, pxidative pyrolysis from externally applied radiation;

— 1.c, dnaerobic pyrolysis from externally applied radiation;

— 2, well-ventilated flaming;

— 3.3, $mall, localized fire, generally in a poorly ventilated compartment;

— 3.b, post-flashover fire.

6.5.4 Types of data

The standard procedure includes continuous measurement of mass ldss and effluent gas concentrationis,
gas yieldls, smoke obscuration and exhaust gas vitiation.

6.5.5 resentation of results

There arg calculation procedures for rate of heat release,effective heat of combustion, smoke generatign
and gas yields. No method for obtaining toxicity dataisispecified.

6.5.6 pparatus assessment

6.5.6.1 | Advantages

The repriesentation and exposure of.finished products is accurate. There is over 25 years of experienge
with the|device. Since the mass-ldss rate is measured continuously and the air flow is controlled, it is
possible|to determine and controlthe fuel/air equivalence ratio and hence the combustion conditionfs.
Measurement of the mass-loss rate enables direct use of the effluent data in engineering models. The
fire effldent is containedwithin a vertical tube and does not contact heaters, etc. Obtaining toxjic
potency data linked to the-heat-release rate enables linking the former to the fire-development curve in
the hazafd analysis.

6.5.6.2 | Disadvantages

While theyield of CO has been related to real-scale results[1€], thlS comparlson has not been made fg
other componentso . A apparatus . 3 s cblents
ofpost—combustlon can occur.

6.5.6.3 Repeatability and reproducibility

No formal inter-laboratory evaluation of this method has been performed. However, some inter-
laboratory comparison tests have been performed, with satisfactory resultsl1el.
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6.5.7 Toxicological results

6.5.7.1 Advantages

The CO yield correlates with real-scale, flaming fires. Since the method enables defined combustion
conditions to be reproduced and since CO yield data correlate well with those in full-scale fires under
similar combustion conditions, the method can provide a good indication of the yields of major toxic
products for comparable full-scale fire conditions. However, this has not been confirmed.

6[5:7-2—Disadvamtages

—

here have been no reported attempts to obtain toxic potency data. Thus, there is no list of‘pilescribed
ghs measurements.

=)

5.8 Miscellaneous

—3

he prescribed method does not include test animals. Thus, smoke of extreme and/or unusually toxicity
4 not identified.

—e

(=)

5.9 Validation

)

D yields have been related to real-scale results.

6/5.10 Conclusion

With no animals, the prescribed method is not usable fer direct measurement of LC; or IC; values. The
apparatus can be used to generate yield data for a varfiety of fire stages with additional instrumgntation.
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Figure 6. — Schematic of the flame propagation apparatus

6.6 Tybe furnacémethods
6.6.1 $tatic tube furnace (International)
6.6.1.1 | Application

This apparatus initially came from France, but is used nowadays in railways at European level
(EN 45545-2) and at international level (UITP E6, NATO AFAP-3). It was initially described in NFX 70-
100[27L.[28] (see Figure 7) and is designed to generate concentrations of gases in fire effluents produced
by combustion in a tubular furnace. The data collected are used for the evaluation of a toxicity index.

6.6.1.2 Principle
This is a flow-through system designed for use in choosing materials, not finished products. The 1 g

sample is thermally degraded in a tube furnace at 350 °C, 400 °C, 600 °C and/or 800 °C. Auto-ignition to
flaming occurs episodically.
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6.6.1.3 Fire stage(s)

The method does not specify any particular fire stage or stages.

Appropriate fire stage(s) from ISO 19706 are as follows:

— 1.b, oxidative pyrolysis from externally applied radiation;

— 1.c, anaerobic pyrolysis from externally applied radiation;

— 2. well-ventilated flaming:

= o

(=)

=)

© -

(=)

g

9

- 3.3, small, localized fire, generally in a poorly ventilated compartment;
- 3.b, post-flashover fire.

he different stages are reproduced by the choice of furnace temperature and the résulting b
F the test specimen. A stage is difficult to determine because the local amount,ef oxygen ava
bmbustion (and so the fire stage) depends on the combustion rate of the sample.

6.1.4 Types of data

he standard procedure includes measurement of total mass losts.concentrations and yields of
Cl, HBr, HF, HCN, SO,, NOx (NO and NO,), formaldehyde and a¢rolein using ILC, HPLC and
halytical methods according to ISO 19701. FTIR according e 1SO 19702 can also be used.

6.1.5 Presentation of results

he data are presented as gas yields.
6.1.6 Apparatus assessment

6.1.6.1 Advantages

he apparatus is easy to use. The"operating conditions (temperature, air flow, mass of sampl
hsily modified.

6.1.6.2 Disadvantages

he small specimen size'limits the apparatus to testing of homogenous materials. The thermal ¢
unrealistic for non-homogenous finished products. The combustion conditions can vary dur
nd thus canno€ be readily identified with any particular fire stage. Samples of low-density 1
hve a low saniple mass which may limit gas detection. Several runs are needed to measurt
inge of toxic products. The lack of an igniter may lead to unrepeatable flaming. Flaming
1enched~on the upper surface of the tube, resulting in distorted concentrations of some cof
Foducts. In common with many physical fire models, no indication is given about the rate of

chaviour
lable for

CO, CO,,
classical

b) can be

bXposure
ng a test
naterials
e the full
r will be
nbustion
burning,
any fire

b highly fire retarded materials may be forced to burn at the same rate as materials without

a
h
r
q
p
S
r

tardants. T herefore, additional data iMput ol burming Tates at different fire Stages are neede

safety engineering calculations.

6

.6.1.6.3 Repeatability and reproducibility

d for fire

Inter-laboratory evaluations have been performed in which the gases have been introduced into the
furnacel2Z], with good results. Data on materials are available in ISO 19701. Data on the temperature
profile of furnaces are available and these are fairly uniform across the laboratories.
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6.6.1.7 Toxicological results

6.6.1.7.1 Advantages

The method does not generate direct toxicological results. However, the test enables the yields of toxic
gases to be determined under controlled conditions.

6.6.1.7.2 Disadvantages

Th t Te—matanerafaxaatarial 10 o an d o n oo dabr o oo o o 7ol
e oXl PUL\,II\—] Ul A TIIALCT IAI TIT Il CUITU UoL LUIIUILIVUIT CAITIIIULT UC I

6.6.1.8 | Miscellaneous

No animfls are used with this method.

6.6.1.9 | Validation

Results have been tested against gas yields in real-scale tests of materials used on'trains(22l. Reasonable
correlations were found for toxicity of structural materials between (a) thetoxicity index found with
the NFX[70-100 method (at 400 °C and 600 °C) when combined with nfass’loss, determined using
ISO 566(-1 and (b) the fractional effective dose (FED).

6.6.1.10| Conclusion

This method can be used to screen materials for their yields.ef known toxicants from the pyrolysi
under-vgntilated flaming and well-ventilated flaming of homogeneous materials. However, if the
combustfion conditions vary for different materials, compatison among those materials can be difficu
The small sample size limits the use for evaluation of finished products. The absence of animal-exposure
data medns that extreme or unusual toxic potency of'sthoke cannot be identified.

wn
~

(.
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Figure 7-— Schematic of the NFX 70-100 tube furnace

6(6.2 Tube furnace (Germany)

(=)

6.2.1 Application

—3

his apparatis—(see Reference [22] and DIN 53436-1), was designed to thermally degrade
luid substances under predefined temperature conditions in an adjustable air flow. Orig
was coupled to an apparatus to expose rodents in order to determine the toxic effects of the
missions, but this part of DIN 53436-3 has been withdrawn, as well as the calculation metho
1) DIN'53436-5: The furnace can also be linked to suitable analytical methods, i.e. Fourier-trary

—

—

solid or
inally, it
gaseous
s stated
sformed

—e

ufrared spectroscopy (F T IR}, to quantify gaseous Species. T e origimat purpose was to gene
potency data for liquid/solid test articles, building and furnishing materials and end products.

6.6.2.2 Principle

A schematic of the apparatus is shown in Figure 8. This is a flow-through system. The

ate toxic

sample,

approximately, is cut from the end product and heated by radiation, convection and heat conduction
in a tube furnace. The furnace moves continuously across the specimen in the tube, countercurrent to
the air-flow direction, to facilitate a constant combustion rate over the duration of the 30 min test. Due
to the possibility of using different temperature exposures and to vary the air flow, substances can be
tested under smouldering or under flaming conditions. The airflow carrying the combustion effluents

© IS0 2021 - All rights reserved

23


https://standardsiso.com/api/?name=52cd2cfb5c25845da3b80207f3a65103

ISO/TR 16312-2:2021(E)

can be analysed with suitable continuous methods (i.e. FTIR) or accumulating methods (i.e. bubblers or
filters which subsequently undergo analysis).

6.6.2.3 Fire stage(s)

The method does not specify any particular fire stage(s). The fire conditions in any particular test
depend on the specimen behaviour.

Appropriate fire stage(s) from ISO 19706, are as follows:

— 1.b, pxidative pyrolysis from externally applied radiation;
— 1.c, dnaerobic pyrolysis from externally applied radiation;
— 3.3, $mall, localized fire, generally in a poorly ventilated compartment;

— 3.b, post-flashover fire.

6.6.2.4 | Types of data

The standard procedure includes measurement of mass loss, gas and particlé.concentrations, including

yields, apd exhaust gas vitiation. Gas analyses of CO, CO,, NO,, and total hydrocarbons have begn
reportedl22}.126],

6.6.2.5 | Presentation of results

Dependihg on the utilized analysis method, concentrations ofithe gaseous emissions can be determine
for different furnace temperatures. When used with animal exposure, sufficient tests are performe
to determine LCg, values and confidence limits for within exposure and within-plus-post-exposus
periods, [including threshold levels for critical sublethal*effects. Also included are the yields of gaseoy
and particulate effluent components, identification™of the critical mode of toxicological action arf
identification of specimens exhibiting unexpected, toxicity.

[eFgaB

QL wn @

6.6.2.6 | Apparatus assessment

6.6.2.6.1 Advantages

The test| conditions are well defihed. The flow-through system provides for a constant atmosphere
composifion with a low residénce time. The basic apparatus is versatile, providing control over both fugl
and air rptios and temperatires. It is theoretically possible to cover a range of fire stages under defingd
equivalepce ratios by medifying the operating protocol. The effluent is generated in a steady state go
that multiple analytiCalprocedures can be used sequentially rather than concurrently. If applicabIe,
there is flirect access-to the test animals for specific determination during the course of exposure ¢r
immediately thereafter. The apparatus can be connected to commonly used animal-exposure systems.

6.6.2.6.2 cDisadvantages

The tube is of small diameter, limiting the sample size. Thus, the relation between the sample
exposure in the test and that in real-scale is questionable, especially for non-homogeneous products.
For condensable effluent components, there can be significant condensation on surfaces, resulting in
lower measured yields. The lack of an igniter can lead to unrepeatable flaming. The test conditions are
defined in terms of sample mass, furnace temperature and air flow. The combustion conditions depend
upon the behaviour of each individual specimen and can change during the course of a test run (i.e.
intermittent flaming/non-flaming). It is, therefore, difficult to compare the test conditions to those
in full-scale fires. In common with many physical fire models, no indication is given about the rate of
burning, so highly fire-retarded materials can be forced to burn at the same rate as materials without
any fire retardants. Therefore, additional data input on burning rates at different fire stages is required
for fire safety engineering calculations.
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6.6.2.7 Repeatability and reproducibility

Three-laboratory evaluation of this method using reference materials has been performed[22}.[26] and

has shown sufficient repeatability and reproducibility.

6.6.2.8 Toxicological results

6.6.2.8.1 Advantages

hen used with analytical methods the method produces results\for different stages
(femperature and ventilation conditions can be changed). The test epables the yields of toxic g4
dptermined under controlled conditions.

6(6.2.8.2 Disadvantages

Flaming is quenched on the upper surface of the tube;xesulting in distorted concentrations
cpmbustion products reaching the test animals.

6.2.9 Miscellaneous

6
This was designed as an animal-exposure-test with limited chemical instrumentation.
a
a

Hded with little interference with theistandard method.

=)

6.2.10 Validation

6.2.11 Conclusion

aterials. Theysmall sample size limits the use for evaluation of finished products. It can be

6
This method is uséful for obtaining toxicological data and gas yields from pyrolysis of homd
nj
dptermine whether the chemical measurements are sufficient to explain the observed toxicolo

jon) and
lethality,
Huration,
bke toxic
unusual
through
measure

bf a fire
sesto be

of some

However,

lditional analytical instrumentation andanalysis methods have been developed since then and can be

No comparison of the toxicpotency and gas yield data against real-scale test data has been published.

geneous
used to

gy
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Figure 8 — Schematic of the DIN 53436-1:2015 tube furnace

SO/TS 19700 Tube furnace (International)

Application

aratus is currently described in ISO/T$ 19700 and was previously described in BS 7990.
gned to obtain toxic gas yields for\decomposing and burning materials under various fij
1S.

Principle

htic of the apparatus is shown in Figure 9. This is a flow-through system. The sample is fed int
furnace at a fixed rate ‘(typically 1 g/min-1) alongside a fixed air flow, which may be abov
ow the stoichiometric (chemical) air requirement. As the sample moves into the furnace, 5
ences increasing radiant flux intensity (and some conductive and convective heating), until
hen the flanie_spreads to a slightly cooler part of the furnace. At low oxygen concentration
nition is mere difficult, the sample reaches a hotter part of the furnace before igniting, an

again, t

excess ofgas for the full range of :mn]ycpc

flamewill stabilize itself as it spreads a little way back up the tube. The fixed fuel feed rat
and fixed air, flow allows the equivalence ratio to be pre-determined. The fire effluent leaving the tuh
furnace js-diluted to a total flow of 50 1/min-1, providing a constant concentration base, and a larg

It
e

e

6.6.3.3

Fire stage(s)

The fire stage(s) from ISO 19706, are as follows:

— 1.b, oxidative pyrolysis from externally applied radiation;

— 1.c, anaerobic pyrolysis from externally applied radiation;

— 2, well-ventilated flaming;

— 3.3, small, localized fire, generally in a poorly ventilated compartment;

26
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— 3.b, post-flashover fire.

6.6.3.4 Types of data

Oxygen concentrations are measured to confirm the fire stage and as input for estimation of

hypoxia.

The concentrations of CO,, CO, HF, HCI, HBr, NO, NO,, HCN, SO,, H;PO,, acrolein, formaldehyde and a
range of other organic species may be measured as gas concentrations in the diluted fire effluent or
collected for a fixed period through bubblers. Smoke generation is determined using a light/photocell
system and expressed as optical density and smoke yield. Although this method is intended primarily

d other

for—chemical analvsis animal expgosure can-be carried out for irritancy acute lethality 3
J T ) ol 7 J

toxicological investigations.

6.3.5 Presentation of results

xicant and the extinction coefficient and specific extinction area of smoke.. The data can
calculate an estimated fractional effective dose (FED) of the effluent. With animal expos

6

Fpr a given equivalence ratio and temperature, the test produces a concentration’and yielg
t

t

values can be determined.

(=)

6.3.6 Apparatus assessment

6.3.6.1 Advantages

he apparatus allows small-scale replication, under steady state conditions, of three fire stag
ell suited for the highly toxic, vitiated stages (3a and 3b). This has been shown for solid thern
Foducts only - for a number of other products this has not yet been achieved.

S == o

6.3.6.2 Disadvantages

e-testing can be necessary for determining the desired operating conditions for test sped
hknown composition. Samples of non-hemogeneous products, accommodated by the furna
bt be indicative of end-use configuration. The lack of an igniter can lead to unrepeatable flg
pbmmon with many physical firesmodels, no indication is given about the rate of burning, {
fre-retarded materials can be forced to burn at the same rate as materials without any fire ref
herefore, additional data input on burning rates at different fire stages is required for fi
hgineering calculations,

® 9o S c g

6/6.3.6.3 Repeatability and reproducibility

I§0/TS 19700 presents interlaboratory reproducibility data for selected homogenous thern
materials.

6}6.3.7 <-Toxicological results

| of each
be used
ire, LCc

es and is
hoplastic

imens of
Ce, might
ming. In
o highly
ardants.
e safety

noplastic

6/63.7.1 Advantages

The test enables the yields of toxic gases to be determined under controlled conditions
estimation of an FED. With the addition of animal exposure, LC;, data can be obtained.

6.6.3.7.2 Disadvantages

The standard method does not generate direct toxicological results.

© IS0 2021 - All rights reserved
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6.6.3.8 Miscellaneous
There can be advantages in supplementing the lower air flows used for vitiated combustion with a

balance of nitrogen. On one occasion, this variation gave significantly different toxic-product yields for
a particular material.

6.6.3.9 Validation

Published work shows a correlation between CO yields in real-scale fires and those found in the tube
furnacet31L.32]

6.6.3.10| Conclusion

This method generates combustion product yield data for a range of equivalence ratios_and a range
of fire stjages. With validation, this can be a useful test for obtaining estimates of the toxic’potency pf
smoke fijom materials and some end products for input to fire hazard models. The addition of anim4gl-
exposur¢ data can lead to quantitative toxic potency information.

2 3
/

1/'< | z |/ 5 %:JJ

8

S 9 10 = 1
Key
1  mixing chamber 7  sample-drive mechanism
2 gasspmpling 8 smoke meter
3  secopdary air, 9  aspirated bubbler chain
4  furndce 10 metering pump
5 sample-boat 11 exhaust
6 prilual_y air
a

Direction of sample movement.

Figure 9 — Schematic of the ISO/TS 19700 tube furnace
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Apparatus Fire model Intended Apparatus assessment Toxicological results
(section) fire stage advantages | disadvan- advantages disadvan-
tages tages
NBS smoke cham- | Vertically-orientated | 1.b, oxida-  |Simple to use|Combustion |Initial conditions | Possible vitia-
ber (6.1.1) 76 mmx 76 mmsample |tive pyrol- |and widely|conditions not|are few and well |tion. Possible
Heat flux 25 KW/m2, ysis from available. yvell character- |prescribed. condensation.
externally . ized.
Waith and uzithont nilorlannliod radi. Test specimen
AR AL S DL can be area-|Not adapted
flame. ation; .
sonable rep-|tomelting and
2, well-ven- |resentation|dripping mate-
tilated of a finished|rials.
flaming. product. Gases mixed
by natural con-
vection.
[P0 smoke cham- | Horizontally-oriented | 1.b, oxida-  |Simple to use|CombustionHnitial conditions | Poss]ble vitia-
Her 75mmx 75 mmsample |tive pyrol- |and widely|conditions notfare few and well |tion.|Possible
b.1.2) Heat flux 25 and|YSiS from available. yvell charaeter-|prescribed. condgensation.
[ 2 externally . ized.
50 kW/m?. . .| Test specimen
applied radi- .
. . . . can be a rea-|Gases mixed
With and without pilot | ation;
fl sonable rep-|by hatural con-
ame. 2, Well-ven- |resentation{Vection.
tilated of a finished
flaming. product,
NES 713 Specimen exposed to |2, well-ven- |Simpléto use.|The specimen |Initial conditions|The| gases
| a premixed Bunsen |tilated . combustion|arefewandwell |selefted are
(b.2) . Testspecimen| . . i
burner flame. Atmos- |flaming. might not be|prescribed. representing
; : can be a rea- . .
phere mixed with afan representative hazafd in war-
However, sonable rep- . .
then sampled for gas|,,. . . of the real fire shipg.
measurement. this might~ ~ |resentation conditions.
not relate to |of a finished The| coeffi-
arealfire. |product. Colorimet- cients for the
ric tubes are toxidity index
not a reliable calcylation are
measurement not current.
techmque-for The pasis for
combustion :
theindex equa-
products due .
o tion is unclear.
to possible in-
terferences.
Jppanese and|Twoichamberappara-|3.a, small, lo-|Single com-|Thetestislim-|Adirectmeasure|Requires spe-
Horean rotative,tus, animal model ex-|calized fire, |bustion test|ited to asingle |oftheincapacita- |cialized equip-
dages posure and optionally | generally condition well | fire stage. tion capability of | ment for ani-
| gas analysis. ina poorly |defined. the smoke. It can | mal ¢xposure.
(p.3.1) . . e
ventilated identify instanc-
The method
compart- es of extreme
could be adapt- .
ment. and unusual fire
ed to calculate .
effluents toxic
yietds of Toxi- otency
cants. P ’
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Apparatus Fire model Intended Apparatus assessment Toxicological results
(section) fire stage advantages | disadvan- advantages disadvan-
tages tages
Chinese method |[Homogeneous strip|1.b, oxida- Steady fire ef-| The testis lim- | The symptoms of | It is difficult to
material is heated by |tive pyrol- |fluents can be |ited to a single|the animalsafter|control the res-
(6.3.2) . . o : X
atubular furnace with | ysis from quantitatively | fire stage. exposure canbe|piratory rate
constant velocity pri-|externally |produced, and observeddirect-|and degree
mary air and stable |applied radi- |the concentra- ly,and the gener-|of exposure
heating. ation. tion and ani- al anatomy and |of the animal
mal exposure histopathologi-|when they are
results can be cal examination|awake. Therd-
obtained. can be carried|fore, the ,in-
out to accurate-|haledydose gr
ly describe the|concentration
toxic effect and |is difficult tp
degree of thé|{obtain.
smoke.
Cone calofimeter | Sample up to 100 mm |In ISO 5660- |[The rep-|{InISO 5660-|Since. "the|The prod-
(6.4) x 100 mm in area. 1: resentation|1 conditions,| heat-t€tease|uct gases are
= T . and exposure|the flames|rate\ahd smoke|highly diluted
Thermal radiation in|1.b, oxida- CE . \ .
. of finished|are highly|dénsitycorrelate|in the exhauqt
the range 0-100 kW/|tive pyrol- . .
2 s from productsisac-|over-ventilats '-coreal-scaledata §tream, m.al~-
m SIS ; curate. There|ed, so the gds|in pre-flashover|ing quantitg-
L externally . : . s
In addition, IS0/ lied radi- [3T€ numerous yields are not|flaming fires, it|tive assesg-
TS 5660-5 allows ex-| PP ed Tadl apparatus|clearlylinked|is possible that|ment of somje
. . |ation; . . . .
ploring oxygen condi- worldwide. |to ¥eal-scale|toxic gas yields|toxic gasels
tions from 21 % down | 2, well-ven- Obtainin results, es-|also correlate,|difficult.
to 15 %. tilated . & pJe ¢ i all y|but this has not
flaming toxic-potency post-flashover |been confirmed The gases pass
) data linked\te fires ‘[through thle
In addition |heat-release ' conical heat-
inISO/ rate_enables|I n ISO/ er, which cap
TS 5660-5: |linking of the|TS 5660-5 cause somfe
former to the|conditions, chemicall
12C' anaero- “{ire develop-|the conditions change.
bic pyrolysis | o nt curve |between pyrol-
from EXEEF” 1in the hazard ysis and com-
nall_y a.pplled analysis. The |bustion may be
radiation; mass-burning |different, and
3:a, small, lo- |rate isrecord-|post-combus-
calized fire, |ed, enabling|tion may occur,
generally direct use of|modifying the
in a poorly the yield data|results.
ventilated (I f:ngline_ering The fraction
compart- calculations. of the air
ment; flow passing
3.b, through the
post—ﬂasho- combustion
ver fire. zone 1S un-
known, mak-
ing values
of the global
equivalence
ratio some-
what uncer-
tain.
The effluents
are flowed
across to the
radiant heat-
er, leading to
possible mod-
ifications.
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Apparatus Fire model Intended Apparatus assessment Toxicological results
(section) fire stage advantages | disadvan- advantages disadvan-
tages tages
Flame propaga-|Samples up to|l.b, oxida- The rep-|There are few|TheCOyieldcor-|There have
tion apparatus (102 mm x 102 mm/|tive pyrol- |resentation|apparatus|relates with re-|beennoreport-
6.5 in area (horizon-|ysisfrom and exposure|worldwide. |al-scale, flaming|ed attempts to
T ta sample or|externa () inishe - ires. The meth-|{obtain toxic
(©.3) 1 1 lly |of finished fires. The meth-| obtai i
102 . . . . |In vitiated .
mmwidex 300 mm |applied radi- |products is diti od can provide a|potency data.
high (vertical sample). |ation; accurate. conbll 1ons% good indication|Thus, there
Pilot flame. . . o Probiems Ol ¢ the yields oflis no list of
1.C, dI1d€T'O- IUIS POSSIDICTOTPOST=COINIDUS= majortoxicprod- pre c rlb e d
Control of the equiva- | bic pyrolysis |determine and |tion can occur.
. ucts for compa-|gas measure-
lence ratio. from exter- |[control the
. . . rable full-scaleyments.
nally applied |fuel/air equiv- . o
7o . fire conditiens!
radiation; alence ratio
and hence the
2, well-ven- .
; combustion
tilated diti
flaming; conditions.
’ Measurement
3.3, small, lo- |of the mass-
calized fire, |loss rate en-
generally ables direct
inapoorly |use of the ef-
ventilated |fluent data in
compart- engineering
ment; models.
3.b,
post-flasho-
ver fire.
Static tube fur-|Thisis a flow-through | The method |Theapparatus|The small The test ena-|The foxic po-
race system designed for|does not is easy to use. |specimen size |bles the yields|tency of a ma-
| use in choosing ma-|specify any . |limits the of toxic gasesto|terigl in its
(h.6.1) teri S . The operating )
erials, not finished |particular o apparatusto |be determined|end-use con-
: conditions can . o
products. fire stage. . the testing of |under controlled |dition cannot
be easily mod- "
. e homogenous |conditions. be eyaluated.
The 1 gsample s ther- ified. :
. materials.
mally degraded insa
tube furnace at 350 °C; The thermal
400°C, 600 °C.and/or exposure is
800 °C. unrealistic
Auto-ignition to flam- for non-ho-
i isodically. mogenous
ing occlirsepiso . finished
products.
The com-

bustion con-
ditions can
vary during a
test and thus
cannot be
readily iden-

tified with
any particu-
lar fire stage.

The lack of
an igniter
may lead to
unrepeatable
flaming.

© IS0 2021 - All rights reserved

31


https://standardsiso.com/api/?name=52cd2cfb5c25845da3b80207f3a65103

ISO/TR 16312-2:2021(E)

data input on
burning rates
at different
fire stages is
required for
fire safety
engineering
calculations.

Apparatus Fire model Intended Apparatus assessment Toxicological results
(section) fire stage advantages | disadvan- advantages disadvan-
tages tages
Tube furnace|This apparatus was|The method |Thetestcondi-|The relation |Whenusedwith|Flaming is
(Germany) designed to thermally |does not tions are well |between the |animal expo-|quenched on
degrade solid or fluid [specify any |defined. sample expo- |sure,themethod|the upper
(6.6.2) :
substances under pre- | particular sure and that |produces both|surface of the
. . The flow-|; s .
defined temperature |fire stage. inreal-scale |a qualitative|tube,resulting
o . through sys-|; . : . .
conditions in an ad- . is question-  |(mode ofaction) |in distorted
. . tem provides : ;
justable air flow. . able. and a quantita-|concentrations
101" d COIISUdIIU .
tive measure of|of some cenl-
atmosphere|There can be : .
f e smoke lethality. |bustion {prog-
composition |significant ucts réachinl
withalowres-|condensation |When used with P
; ; . the,test anl-
idence time. |on surfaces. |analytical meth- 1
ods, the method [ T2
The test con-|The lack of ’
e S produces resutts
ditions are de- |an igniter .
. ; for different
fined in terms|can lead to .
stages of a fire.
of sample|unrepeatable
mass, furnace |flaming. The |[The{test ena-
temperature|combustion |bles)the yields
and air flow. |conditions ofitoxic gases to
depend upon. [be determined
the behay- under controlled
iour of-each |conditions.
indjvidual
specimen and
can change
during the
course of a
test run.
ISO/TS [19700|Thisisaflow-through|1.b, oxida- |Theapparatus|Pre-test- The testenables|The standard
tube furrjace system. tive pyrol-  |allows small- |ing can be theyields of toxic| method doels
(6.6.3) The sample is fed into ysis from s_cale replica- needed.to gases to be de- not generate
s externally [_[tion, under|determine the |termined under|direct toxicd-
the tube furnace at a : , . . i
. . appliedradi- |steady state|desired oper- |controlled con-|logical results.
fixed rate alongside a| _.. it . ) o
. . . |ation; conditions, of|ating condi- |ditions and the
fixed air flow, which . . . .
three fire stag- |tions for test |estimation ofan
may be above, at, or|1', ahaero- . .
o . . |es and is well |specimens FED.
below the stoichio={bic pyrolysis | _ .
. : ) suited for the |of unknown . .
metric (chemical)@ir{from exter- . . - With the addi-
. . |highly toxic,|composition. |, . .
requirement. nally applied |_.5 tion of animal
S vitiated stages
radiation; Samples of exposure, LC;
non-homo- data can be ob-
2, well-ven- .
) geneous tained.
tilated d
flaming; products,
’ might not be
3.a,small, lo- indicative of
calized fire, end-use con-
generally figuration.
na P.Oorl?’ The lack of
VCIILIIdLlEd : :
an igniter
compart-
can lead to
ment;
unrepeatable
3.b, flaming.
post-flasho- Additional
ver fire.
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Annex A
(informative)

Deprecated methods

.1 Cup-furnace smoke-toxicity test method

.1.1 Application

This method is designed to generate toxic potency data for materials and, perhaps)end prodi
npt a national or international standard!2l.

.1.2 Principle

schematic of the apparatus is shown in Figure A.1. The furnace is.open to an 0,2 m3 closed 1}
fiom which (air) oxygen is supplied by natural buoyancy. Vitiationin the reservoir is measy
sample (approximately 10 g) is cut into pieces and heated conductively, convectively and (:
temperatures) radiatively to just below or just above its auto-ignition temperature.

.1.3 Fire stage(s)
The fire stage(s) from ISO 19706, are as follows:
1.b, oxidative pyrolysis from externally applied radiation;

2, well-ventilated flaming.

.1.4 Types of data

The standard procedure includes'measurement of total mass loss, averaged mass consumed 3
charged concentrations, gas concentrations and gas yields. The gases to be measured are: CO
CN, HCI and HBr. In addition; the procedure includes measurement of the incapacitation (by
flexion or immobilizatior) and mortality of six rats, the times to these effects and documentati
physiological harm, détérmined post-mortem. Blood samples are taken during and after exp
syibsequent analysis.

Al.1.5 Presentation of results

[%2)]

hfficienttests are performed, at different mass loadings, to determine LCg, and ICg, values
bnfidenee limits for within exposure and within-plus-post-exposure periods.

(@)

icts. It is

eservoir
red. The
it higher

nd mass
b, CO, 0,,
hind-leg
bn of any
bsure for

ind their

1.6 Apparatus assessment

A.1.6.1 Advantages

Each test uses a small sample. The apparatus is inexpensive and easy to operate. Data for a wi

de range

of materials and products have been published. There is a close similarity to the oxidative pyrolysis

conditions in real-scale fires.

A.1.6.2 Disadvantages

The realism of sample exposure is questionable due to the cutting up of the sample, especially for non-

homogeneous products. For well-ventilated combustion, the simulation of real-scale heating,

which is

primarily radiative, is poor. Mixing by natural buoyancy makes values of the global equivalence ratio

© IS0 2021 - All rights reserved
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somewhat uncertain. In common with many physical fire models, no indication is given about the rate
of burning; therefore, additional data input on burning rates at different fire stages are necessary for
fire safety engineering calculations.

A.1.6.3

Repeatability and reproducibility

A successful inter-laboratory evaluation of this method has been performedI(3].

A.1.7 Toxicological results

Al1.71

The method produces true measures of smoke lethality and incapacitation and identifies instances
extreme|and unusual smoke toxic potency. It also produces data enabling calculation of-the“yields
measured toxicants. It can identify cases where unusual toxicity occurs as a result of constituents n
identifiefl by the analytical procedures applied.

A1.7.2

The relationship between data for a finished product and data for its comp@nent materials has not bed
determimed. The concentration of combustion products is not truly uniform over the entire anima
exposur¢ period, introducing some reduction in the precision of the lethality and incapacitatia
measures.

A.1.8

This is
major t

the stanflard method. The apparatus can be used without test animals, but it then loses the ability {

identify

A.1.9 Validation

The tox
method
flaming

A.1.10

This method is potentially)a useful test for screening the toxic potency of materials and homogeneot
producty. However, cutting the specimen into pieces makes it unlikely that the test results relate {
the real|fire exposure of heterogeneous end products. Thus, with validation, it can produce usef
information for.hazard models for oxidative pyrolysis and well-ventilated flaming of homogeneot

materia

34

Advantages

Disadvantages

Miscellaneous

Primarily an animal-exposure test with chemicaldnstrumentation to quantify the expectg
dxicants. Additional analytical instrumentation~can be added with little interference wit

he principal cases of real interest.

if potency and gas yield data did-hot replicate real-scale post-flashover test data wellll, T
has not been assessed against real-scale test data for oxidative pyrolysis or well-ventilatg

(Conclusion

I, but.net of complex commercial products.
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1| furnace 7  thermocouple
2| gas-sampling port 8 1000 ml quartz beaker
3| pressure-relief panel 9  ceramic
4| animal ports 10 thermocouple well
5| galvanized sheet 11 heating element in bottom
6| insulation
Figure A.1 — Schematic of the cup-furnace smoke-toxicity apparatus
A.2_ Radiant furnace toxicity test method (United States)

A.2.1 Application

This apparatus, used in NFPA 269 and ASTM E 1678, was designed to generate toxic potency data for
building and furnishing materials and end products for use in fire and hazard analyses.

A.2.2 Principle

A photograph of the apparatus is shown in Figure A.2. A sample, up to 76 mm x 127 mm in area and
up to 50 mm in thickness and representative of the end-use configuration of the finished product, is
exposed to thermal radiation. Buoyancy from the burning sample entrains air from a closed reservoir
similar to that described in 6.1.
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