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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-governmentat, I _faison with 1ISO, also take part In the Wwork. SO collaborates closely with] the

Internationgl Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Internationgl Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part2.

The main thsk of technical committees is to prepare International Standards. Draft International Standards

adopted byl the technical committees are circulated to the member bodies for voting- -Publication ag an

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

Attention is|drawn to the possibility that some of the elements of this document miay be the subject of pgtent

rights. 1ISO ghall not be held responsible for identifying any or all such patent rights.

ISO 163121 was prepared by Technical Committee ISO/TC 92, Fire safety, Subcommittee SC 3, Fire threat

to people ahd environment.

This seconf edition cancels and replaces the first edition (ISO 16312-1:2006), of which it constitutes a njinor

revision, with the following modifications.

a) The normative and bibliographic references have been‘updated.

b) Individdial terms and definitions have been remeved from this part of ISO 16312 and replaced by a
reference to ISO 13943:2008, in which they now-appear.

ISO 16312 |consists of the following parts,. under the general title Guidance for assessing the validity of

physical firg models for obtaining fire effluént toxicity data for fire hazard and risk assessment:

— Part 1:|Criteria

— Part 2:|Evaluation of individtal physical fire models

© 1SO 2010 — All rights reserved
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Providing the desired degree of life safety for an occupancy increasingly involves an explicit fire hazard or risk
assessment. This assessment includes such components as

information on the room/building properties;

This
the

moq
moq

The)
feat
vary

representation of some phenomena occurring in full*scale fires can be difficult or even not po

SM4

a)

b)

This
anir
sSMa

the nature of the occupancy;

the nature of the occupants;

the types of potential fires;

the outcomes to be avoided, etc.

type of determination also requires information on the potential for,harm due to the effluent
fire. Because of the prohibitive cost of real-scale product testing under the wide range of fire

el, a reduced-scale test apparatus and procedure for its use:

role of a physical fire model for generating accurate toxic’effluent composition is to recreate t
ures of the complex thermal and reactive chemical_énvironment in full-scale fires. These e
with the physical characteristics of the fire scenarioxand with time during the course of the fir

ll-scale. The accuracy of the physical fire model/ then, depends on two features:

degree to which the combustion conditions in the bench-scale apparatus mirror those in th
being replicated;

degree to which the yields of the important combustion products obtained from burning of the
product at full scale are replicated by the yields from burning specimens of the product in the
model. This measure is generally performed for a small set of products, and the derived accu
presumed to extend to other test subjects. At least one methodology for effecting this com
been developed!'],

part of ISO 16312 provides guidance for accuracy assessment with and without the use ¢
hals. Generally,-accurate estimation of the toxic potency of the effluent can be obtained from g

for

unupual texicants have been generated in bench-scale apparatus. Thus, for novel commer
formulations, confidence in the accuracy of the toxic potency measurement in the bench-scale de
impfoved by a confirming bioassay and correlation with real-scale fire tests.

Il number_of’gases (the N-gas hypothesis), as described in ISO 13571. This is especially true]
ulationssimilar to those for which the N-gas model has been confirmed. There are, however, @

broduced in
conditions,

t estimates of the potential harm from the fire effluent depend{on data generated from a physical fire

ne essential
vironments
, and close
ssible on a

e fire stage

commercial
small-scale
racy is then
pbarison has

f laboratory
nalysis of a
for product
ases where
Cial product
vice can be
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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 1:
Cﬂiteria

1 |Scope
Thig part of ISO 16312 provides technical criteria and guidance for evaluating physical fire fnodels (i.e.
labqratory combustion devices and operating protocols) used in effluent.toxicity studies for obtaining data on
the |effluent from products and materials under fire conditions relevant to life safetyl2l. Relevanpt analytical

methods, calculation methods, bioassay procedures and predictiomof the toxic effects of fire efflupnts can be
refefenced in 1ISO 1970131, ISO 197021, ISO 19703[5], ISO 19706!€l, ISO 13344[7], and ISO 1357{.

2 [Normative references
The| following referenced documents are indispensable for the application of this document{ For dated
references, only the edition cited applies. Foriundated references, the latest edition of the|referenced
docpment (including any amendments) applies:

ISO[13571:2007, Life-threatening compenents of fire — Guidelines for the estimation of time gvailable for
escape using fire data

ISO[13943:2008, Fire safety —Viocabulary

3 [Terms and definitions

For the purposes(af-this document, the terms and definitions given in ISO 13943:2008 apply.

4 |[General principles

4.1 Physical fire model

A physical fire model is characterized by the requirements placed on the form of the test specimen, the
operational combustion conditions and the capability of analysing the products of combustion.

4.2 Model validity

For use in providing data for effluent toxicity assessment, the validity of a physical fire model is determined by
the degree of accuracy with which it reproduces the yields of the principal toxic components in real-scale fires.

© 1SO 2010 — All rights reserved 1
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4.3 Test

specimens

Fire safety engineering requires data on commercial products or product components. In a reduced-scale test,
the manner in which a specimen of the product is composed can affect the nature and yields of the

combustion

4.4 Com

products.

bustion conditions

The yields of combustion products depend on such apparatus conditions as the fuel/air equivalence ratio,
whether the decomposition is flaming or non-flaming, the persistence of flaming of the sample, the

temperaturn of the cnecimen-and-tha aoffluant nraduced—the-ctahilitv of the dacomposition—conditionse—an
otRe-SpecieR—ahRathe-eHdeRtproadcea—he-Stapshity—o—Re-ae6ompoSHOR-6eRaHoRS—H

the

interaction

bf the apparatus with the decomposition process, with the effluent and the flames.

4.5 Effluent characterization
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5 Signi

51 Most
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5.2 The

the effluent from most common materials, the major acute toxic effects have.been show
bn a small number of major asphyxiant gases and a somewhat wider range’of inorganic
ants. In 1ISO 13571, a base set of combustion products has been identified- for routine anal
Fials can evolve previously unidentified toxic products. Thus a more detailed chemical analysis
in order to provide a full assessment of acute effects and to assess-chronic or environme
bioassay can provide guidance on the importance of toxicants-not included in the base
Pl contains a fuller discussion of the utility of bioassays.

5 essential that the physical fire model enable accuratedeterminations of chemical effl

desirable that the physical fire model accommodatea bioassay method.

ficance and use

computational models of fire hazard(and risk require information regarding the potential off
ses, heat, and smoke) to cause harm to people and to affect their ability to escape or to §

uality of the data on fire éffluent has a profound effect on the accuracy of the prediction of

degree of life safety offered by an occupancy design.

5.3 Due
performing
effluent toxi

to the large numhér~0f products to be included in fire safety assessments, the high cog
real-scale tests 6fyproducts, and the small number of large-scale test facilities, informatior
city is most oftén obtained from physical fire models.

5.4 Ther¢ are numerous physical fire models cited in national regulations. These apparatus vary in de

and operati

bn, as wellas in their degree of characterization. This part of ISO 16312 defines what appar

characteris

a physical fire_model and provides technical criteria for evaluating them with regard to the accuracy of

data releva

n to
and
Sis.
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ntal
set.
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t of
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[cs should define a physical fire model, identifies the data appropriate for assessing the validi

t to life c:\fnfy

5.5 This part of 1ISO 16312 does not address means for combining the effluent component yields to
estimate the effects on laboratory animals (see 1SO 13344[7]) or for extrapolating the test results to people
(see ISO 13571).

6 The ideal fire effluent toxicity test method

6.1

6.1.1

Fire stages

conditions in one or more stages of actual fires, including incipient, growing and fully developed fires.

The combustion and/or pyrolysis conditions in the combustor section of the apparatus reproduce the

© 1SO 2010 — All rights reserved
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6.1.2 Specimens are burned under constant, pre-selected conditions of thermal insult and oxygen
availability (ventilation). The decomposition conditions and decomposition behaviour of the specimen enable
yields to be characterized for specific condition parameters.

6.1.3 For initial and progressive smouldering, the effects of specimen bulk and thermal properties are
considered.

6.1.4 For growth and early fire simulations, including oxidative pyrolysis and well ventilated flaming, the
in-use exposed surface of a material or product is exposed to the appropriate thermal insult.

6.1.5 For simulation of the developed stages of a fire, full burning of the test specimen is required.

6.2| Applicability

Thig method tests homogeneous materials (both solid and cellular) and commercial, products| (especially
laydred, non-uniform specimens), both melting and non-melting, in relevant form @nd under sifnulated fire
sceparios. The nature and quantity of the decomposition products are representativeyof actual fire $cenarios.

6.3| Apparatus independence

The| apparatus does not impose any significant influence on the results, i.e. the results reflect the burning
behpviour of the test specimen and not apparatus effects. Flame quenching on surfaces should npt affect the
natdre of the effluent and the effluent should not be subject totageing effects. The combustion zone and
efflyent plume treatment are designed to ensure that these are achieved.

6.4| Operational efficiency

Theltest equipment is as simple as possible and capable of safe operation.

6.5| Data generated

6.51 The method produces direct<measurements of the yields of toxic gases and smoke and/or
measurements of the mass concentration of gases and smoke over time, from which the yie|[ds may be
caldulated. The gases include thosg expected to contribute to the toxic potency of fire effluent: CO}p, CO, HCN,
HCIf HBr, HF, NO, NO,, SO,, aetglein and formaldehyde.

NOTE The relative importance of the various gases can depend on the harmful effect being considered.
6.5.2 The method produces a measurement of the mass of the test specimen. Preferably, this|is obtained
throughout the tesito determine whether the yields of the combustion products are changing as the
combustion proceeds. A determination of the final mass allows for the calculation of average yields over the
duration of the-{est.

6.5.8 _The'physical fire model is compatible with the use of bioassay methods.

6.6 —Accuracy
Sufficient test data and especially gas yield data from the physical fire model have been validated against full
scale and/or real scale fire scenarios. The fire stages for which agreement is achieved and the degree of

agreement are included in Annex A. The test conditions required to achieve that agreement with the specified
fire stages are given.

6.7 Repeatability and reproducibility

Repeatability and reproducibility of data and limits of accuracy have been established by inter-laboratory trial
and are incorporated as part of the standard method.

© 1SO 2010 — All rights reserved 3
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7 Characteristics of fire stages

71

7.2

heat fly

The stages of fire are characterized in ISO 19706.

ambient temperature;

temperature at the combustion site (for non-radiation-controlled burning);

witaotha fual curfaca (faor radiatian contrallad hitrnina)
»—tothe+Her-StHaeetoraaiatoR-6oRtroneaourh

The environmental conditions that characterize the stages of both a fire and a physical fire model are

surfacg
mass |
oxyger
availab
7.21 The
7.22 Tyq

7.3 Theq

yields ¢

carbon

ratios

dioxidg.

8

8.1 Ther
8.1.1 Gen
The three-¢

I/

temperature of the test specimen;
DSS rate;
concentration at the fuel surface and around the flame;
ility of fresh oxygen to replenish that depleted by combustion (ventilation rate and mixing).
last three of these parameters are captured in the fuel/air equivalence ratio.
ical values of these parameters for the various fire stages arepresented in Table 1 of ISO 197

utcomes of the combustion process also form a basis for characterization of the fire stage:

f a (toxicologically important) subset of the hundreds of combustion products;

monoxide to carbon dioxide ratio ([CO]/[CO,});

bf “telltale” second-order products of _incomplete combustion, such as an aldehyde to ca

Characterization of physicalfire models

mal environment in the test specimen

eral

imensional\temperature profile around a product undergoing combustion determines both

burning rat¢ and the yields of the combustion products. The nature of this profile varies with the fire type

the time at

whichtene is observing the burning. (See Annex A.)

8.1.2 Smouwldering

D6.

bon

the
and

This type of combustion, occurring only in porous materials, is characterized by

a)

and
b) apeak
4

fuel temperature.

the direction in which the combustion front moves relative to the direction from which the air is arriving,
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8.1.3 Pyrolysis
Radiative pyrolysis is characterized by a radiant flux to the surface (kW/m2), a surface temperature, and the

thermal inertia of the test specimen. Conductive and convective heating are characterized by a surface
temperature and the thermal inertia of the test specimen.

8.1.4 Flaming

Flaming combustion is characterized by any imposed radiant flux from the flames and from the apparatus
surfaces, the fuel surface temperature and the thermal inertia of the test specimen.

8.2 Oxygen availability
8.2.1 General
Thel oxygen percentage (generally expressed as a mole, mass, or volume fractioncor percent) determines the

locq acterize the

ava

| and instantaneous burning rate of the product or material. There are multiple”ways to char
lability of oxygen for burning.

8.2.2 Fuel/air equivalence ratio

8.2,
follg

2.1 Global equivalence ratios are most often cited (although not always cited as sU
wing reasons.

ch) for the

The equivalence ratio is not usually uniform over the total-combusting surface.
The local values are not known.

The instantaneous values vary during a test-and there are rarely sufficient data to follow the changes.

Calgulation methods are given in ISO 19703.
8.2p.2 For a flow-through apparatus, the air flow is generally metered. The instantaneous mass loss is
obtgined by weighing the sample ‘during the test or estimated from measurement of the principal

carh
dete

onaceous by-products (mainly"'CO, and CO) and knowledge of the chemical formula of the
rmination of a global equivalence ratio, the total mass lost is determined by weighing the tes

sample. For
5t specimen

befgre and after the test.

NOTE Since differénf*products burn at different rates and since products have varying chemical formulge, using the
samg air flow for all testsleads to global equivalence ratios that differ from product to product.

8.2p.3 Foria closed-cabinet apparatus, the instantaneous global equivalence ratio is determirled from the
sample massvoss rate (or the cumulative concentrations of carbonaceous by-products) and fthe oxygen
congentration in the chamber.

Generalhywith- these—apparatus—thereis—alocal - decrease—in—oxygen—concentration—and-the—mixing of the

chamber gases during the test might not be sufficient to create a homogeneous atmosphere. Thus,
determination of the instantaneous equivalence ratio is not possible, and it is necessary to determine a global
equivalence ratio. The decreasing oxygen availability decreases the completeness of combustion and the
nature of the combustion off-gases. Thus, the production of toxic gases is weighted toward the end of the test,
and the length of the procedure affects the determination of toxic potency of the effluent. This change in
decomposition conditions during the test makes it difficult to determine yields for a specified fire condition if
the specimen mass is not monitored.

NOTE The long residence time of the combustion products during a test can lead to significant depositing of
combustion products on the chamber walls.

© 1SO 2010 — All rights reserved
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8.2.3 Combustion efficiency

8.2.31 Combustion efficiency should be measured continuously during a test since a change in its value
indicates a change in the combustion conditions. However, it is often reported as a global value, averaged
over the full burning time. As noted above, this can be misleading when considering toxicological implications,
since most of the impact results from that period(s) when the combustion efficiency is low. The different
measures (heat release efficiency, oxygen consumption efficiency, carbon dioxide formation efficiency) can

give different values. The equations and examples are given in ISO 19703.

8.2.3.2
extend into

The combustion efficiency is affected if the flames impact surfaces within the test apparatu
a vitiated region.

S or

8.3 Test

8.3.1 Thg
portion of t
representat
the extent

layers are p

8.3.2 For
physical fir
intermediat
conditions.

8.4 Yield

8.41 The

8.4.2 Yie
calculation

8.4.3 Thg
species. D
continuous

specimen

yields of effluent components from non-homogeneous materials are sensitive to the selection
ne finished product for testing. For the test output to be accurate, the tested specimen sha
ve of the composition and conformation of the finished product. Loss of accuracy is manifestg
hat component materials are disproportionately sampled, new surfaces are‘exposed, protec
erforated, etc.

layered commercial products, the yields depend upon the layers exposed to decomposition in

»)
7
»)
=

and later stages, the whole composite can be involved. /Fhis shall be reflected in the

s of combustion products
species of interest are toxic gases, soot particulates and total aerosols.

ds shall be expressed as mass of a species-formed per mass of test specimen lost. This ena
Df generation rates of effluent per mass of:fuel studied and surface area of specimen studied.

mass of a species formed is generally calculated from measurement of the concentration of
bpending on whether the concentration is measured continuously or from a grab sani
por global values of the speciestyield are obtained.

8.5 Anal

tical instrumentation

model. For early non-flaming or flaming stages, only the uppéer surface can be involved.

of a
| be
d to
tive

the
At
test

bles

that
ple,

ent,
the
the

The description of the method. shall include the instrumentation used to characterize the fire environm
determine the sample mass,loss, and measure the combustion product yields. This includes details off
sampling lines if chemical.species are extracted from the combustor for analysis. ISO 19701 describes

V5 als—arewsede g - od-sha ain-a-detailed
description of the apparatus in which the animals are exposed to the effluent, the means for transporting the
effluent to the apparatus, the effect on the animals to be assessed and the means for determining the effect of
the effluent on the animals.

9 Physical fire model accuracy
9.1 The experimental uncertainty in the data from the physical fire model is to be determined and reported.

9.2 A physical fire model can be validated using data from analytical instruments and/or live test animals.
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9.2.1 Chemical measurement enables calculation of the yields of individual gases and aerosols that have
previously been identified as important. Experience has shown that this is nearly always sufficient. However,
not using test animals compromises the confidence in the toxic potency data generated using a test apparatus
in two ways:

a)

b)

9.2.
efflu

the

9.2.

toxi

9.2
leve
proq

9.2.

9.3

buring under conditions simulating a selected fire stage and yield data from the same stage of b
con

deg
the

qua

accuracy assessment without the use of animals leaves undetermined the sufficiency of the array of

analytical instruments;

routine analytical testing cannot identify those materials or products whose effluent shows
extreme toxic potency; it fails to include the value of components that have not been incl
instrumentation due to, for example, economy or lack of awareness of their existence.

unusual or
uded in the

R
fire model.

2.1 Unless coupled with appropriate instruments, it does not enable determining the c
cological effect or extrapolation to humans.

R.2 Additional experimental restrictions and criteria are necessarily-imposed, e.g. redu
Is and heat shall not, in themselves, be unduly compromising to exposed animals, and it is n

B True validation of a small-scale test apparatus requires a~combination of the two approach

The primary comparison is between the yield data.for combustion products from a tes

mercial product at real scale. The accuracy of yield\data from a physical fire model is determ
ree of numerical agreement with yield data from_real-scale fire tests. The determination takes i
repeatability and reproducibility of the data from’both the reference tests and the physical fire
lity of the accuracy assessment depends. onh the number of complex commercial product

The use of laboratory animals provides an integrated assessment of the toxic potency
ent on the animal species used. Alone, it, too, has shortcomings that can reduce the apparent validity of

uce sufficiently high concentrations of fire effluents so as to obtain measurable toxicological ef

of the fire

ause of the

ced oxygen
ecessary to
fects.

ES.

t specimen
rning of the
ined by the
nto account
model. The
5 for which

assessment has been performed.
9.3.1 The yields of CO, from the physical fire model and the real-scale fire tests are consiglered to be
equjvalent if there is overlap between the numerical ranges defined by their respective mpasurement

uncertainties. These uncertainties.are generally under 20 % of the yield value.

9.3.2 The yields of CO frem the physical fire model and the real-scale fire tests are consigered to be

equjvalent if

a) |the bench-scale-value is within = 30 % of the real-scale value, or

b) |there is overlap between the numerical ranges defined by their respective measurement uncertainties,
whichever s larger.

9.3.8 A 'compilation of post-flashover CO vyields[8] shows that the yield of CO from post-flashover room fire

testp of’a variety of combustibles is 0,24 + 0,09. Since this results from vitiation (and thus truncatioh of the fuel

oxidation process) in the upper layer of the burn room, a physical fire model might be unable to replicate this

result.

9.3.4  The yields of HCI, HBr, HF and HCN from the physical fire model and the real-scale fire tests are

considered to be equivalent if

a) the bench-scale value is within £ 50 % of the real-scale value, or

b) there is overlap between the numerical ranges defined by their respective measurement uncertainties,
whichever is larger.
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There can be significant losses of these gases during sampling, and these losses can differ between the two
apparatus. These losses need to be considered in comparing the results.

9.3.5

fire model and the real-scale fire tests are considered to be equivalent if

a)

b)

the bench-scale value is within a factor of two of the real-scale value, or

whichever is larger.

The vyields of partially oxidized organic compounds (e.g. acrolein, formaldehyde) from the physical

there is overlap between the numerical ranges defined by their respective measurement uncertainties,

9.3.6 If th
the real-sca
fire model s

9.3.7 If th
by the ratio
uncertainty

9.3.8 An
ISO 13571:

e yield of any of the above gases constitutes less than 2 % of the FED or FEC, as calculated
le test in accordance with ISO 13571:2007, Equations (2) or (4), then the yield from the_phys
hall be deemed equivalent if it is within a factor of 5 of the real-scale test value.

e yield values from the validation tests are not equivalent, the degree of agreemeént is descr
of the value from the physical fire model divided by the value from the realrscale fire test.
in this ratio is also reported.

additional criterion is that the relative importance of the individual terms-in-Equations (2) and (4
PO07 shall not change in importance due to the different values~from the real-scale

bench-scal¢ determinations, nor shall the relative importance of the two equations change relative to €

other.

9.4 The
predicted E
secondary
hazard dets

9.41 Wh
determined
from the sa

9.4.2 Wh
from the sp
ECsq value
real scale.

bverall accuracy of a physical fire model is also described by the accuracy of measure
Cso values. The accuracy is adjusted to account for significant disagreement over the yield
oxic species if that species can become significant under the circumstances of a particular
rmination.

en laboratory animals are exposed to the efflient, the comparison is between the ECgy v
from a test specimen burning under conditions simulating a selected fire stage and the ECg, v
me stage of combustion of the commercialproduct at real scale.

en no animals are exposed to the“effluent, the comparison is between the ECy( value estim
bcies yields from a test specimen burning under conditions simulating a selected fire stage and
estimated for the species yields from the same stage of combustion of the commercial produ
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