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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

electrotec

hnical standardization.

The procg¢dures used to develop this document and those intended for its further maintenance\
described|in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed-for {
different fypes of ISO documents should be noted. This document was drafted in accordance with {
editorial fules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention|is drawn to the possibility that some of the elements of this document may.be the subject

patent ri

any patenf rights identified during the development of the document will be in the.Introduction and

on the IS

Any trade
constitute

For an e
expressio
World Tra
iso/forew

ts. ISO shall not be held responsible for identifying any or all such patént rights. Details

list of patent declarations received (see www.iso.org/patents).

name used in this document is information given for the convénience of users and does 1}
an endorsement.

planation of the voluntary nature of standards, the 4¢ieaning of ISO specific terms a
hs related to conformity assessment, as well as information about ISO's adherence to f{
de Organization (WTO) principles in the Technical Barriers to Trade (TBT) see www.iso.01
prd.html.

This document was prepared by Technical Committee-ISO/TC 92, Fire safety, Subcommittee SC 2, H

containmd

nt.

This secol;nd edition cancels and replaces the first edition (ISO/TR 15655:2003), which has bg
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revised.

isting of these bodies can befound at www.iso.org/members.html.

ack or questions on this document should be directed to the user’s national standards body.
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Introduction

Fire engineering has developed to the stage whereby detailed calculation procedures are now being
carried out to establish the behaviour of structural elements and frames under the action of fire.
These cover standard fire resistance furnace tests such as ISO 834 (all parts)[ll as well as natural/real
fires, in which performance based criteria covering stability, integrity and insulation may need to be

determined.

As fire engineering is advanced through the development of design codes and standards, there is

andncreasing need to prnvidn as-inputs to the numerical calculations the thermal and

echanical

properties of construction materials at elevated temperatures. In addition, as part of theyj
applying rules for the interpolation and extension of fire resistance test results, specifi
mdterial properties is often required to conduct assessments on variations in construction ¢
those tested.

[tis recognized that the elevated temperature properties of materials can be detérmined unde
of conditions. Since fire is a relatively short transient process lasting from.a few minutes
holirs, ideally, the properties determined should reflect the transient thexrmal and loading
as[well as the duration of heating that may be experienced in practice. However, it is also r

brocess in
c data on
ther than

I avariety
fo several
onditions
bcognized

that some properties are relatively insensitive to the transient conditions and therefore, glternative

stdady state test methods may be appropriate. Some properties arée.sensitive to orientation ¢
example timber, and these should be considered with respect tg-how the tests are conducted,

ffects, for

In [cases where materials undergo either a chemical or a physical reaction during the heatinjg process,

it

ight be impossible to determine an individual property. This document gives guidance in
a fest method to determine an effective value representing a combination of properties.
re¢ognized that a test specimen may be comprised-of a small construction such as that u
teqting of masonry. This often involves building amini assembly to form a pyramid in order to
th¢ true behaviour.

Appart from the traditional construction materials such as metals, concrete, masonry and wod
of plastics and fibre reinforcement is becoming more common. Therefore, these materials
begn included in this document to xeflect possible future changes in design and advances in
teqhnology.

In [the past, the behaviour ofjointing systems in fire has received limited interest yet their

selecting
It is also
ted in the
represent

d, the use
have also
materials

behaviour

is fundamental to the performance of composite elements and structural frames. This document also

adflresses jointing systems under individual materials, e.g. welds for steel, glues for timber. H
mgny cases, the end use of an adhesive is not clear or it covers a range of applications. For thi

preparedsto:

[dentify the existence of national or International Standards that provide suitable test m

bwever, in
5 reason a

echanical
fore been

bthods for

UCLC e C C A d Ul C d d I UPC C d ClICVdLCTU I dlU C U dlC

load bearing construction.

Q

s used in

— Identify whether the test methods are based upon steady state or transient heating conditions

and provide information on the limits of experimental conditions. For steady state tests,

comment

where possible, on the sensitivity of the parameter to the heating conditions and/or the suitability

of the method being adopted for transient tests.

— Identify through the scientific literature, experimental techniques that have been used to determine
a material property, which may be adopted by a standards body as a basis for further development

into a full test standard. However, it should be noted that it is not the intention of this

document

to provide a definitive list of references but sources of information are given as an aid to initially

reviewing some of the work conducted in a particular field of research.

© IS0 2020 - All rights reserved
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prope

for fir

rty in which it may be more appropriate to measure a combination of properties.

e engineering calculations.

Comment on the limitations of developing a test method for a particular thermal or mechanical

Identify/prioritize the need for test methods that will have an immediate benefit in providing data

For some materials, it has not been possible to identify an existing standard or laboratory procedure
for conducting tests at elevated temperatures under either steady state or transient heating conditions.
In these cases, standards for conducting tests at ambient temperature are identified. These may be
considered to form the basis for development into a test method suitable at elevated temperatures.

Based upqn current fire design methodologies and those that are beginning to receive attention, Table 1
and Table| 2 summarize the requirements and availability of test methods for measuring the thermal
and mechpnical properties considered to have an immediate priority.

NOTE For composite concrete and steel structures the material properties required are addressed ungler
each individual material.

Table 1 4+~ Summary of test methods available for measuring the thermo-physical propertiesfat

elevated temperatures
Material
Plastics, fibre
Thermtal property Metals Concrete | Masonry Wood re;?;g:i‘ﬁr:lfgt, Adhesives
inorganic

Specific h¢at La L3, Sa Sa, Lb Lb Sa Lb Sa Lb
Thermal gonductivity Lb Lb, Sb Lb, Sb La, Sb Lb, Sb Lb
Thermal diffusivity La La, Sb L,3;-Sb La La, Sb La
Linear expansion La L3, Sb L3 Sb — Sa Sa
Linear corftraction La La,Sb La, Sb — Sa Sa
Density — Sa Sa La Sa La, Sa
Charring gate — - — La, Sa — —
Emissivity La La, Sa La, Sa Sa Sa Sa
Spalling — La, Sb La, Sa — — —
Shrinkagg ' Sa Sa — — —
Moisture > Sa Sa L2 — —

L laboratpry test method

S standaid test method

— propert{y not required

a  Laborgtory,orstandard test method is available for fire engineering but may still require further development.

b LaborgtdLy,or standard test method may be suitable for elevated temperature testing but requires further developmg¢nt
into a trand janttacttaba cuitahlg for fivg nnginaaring

viii © IS0 2020 - All rights reserved
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Table 2 — Summary of test methods available for measuring the mechanical properties at
elevated temperatures

Material
. Plastics, fibre
Mechanical property Metals | Concrete | Masonry | Wood rej:gfg;t;gr:sgt, Adhesives
inorganic
Elastic modulus La La, Sa La La X X
Shear modulus — — X — X —
Mg¢dulus of rupture — — Sb — — —
Pdissons ratio — La — La X —
Creep Sa La La, Sb La X X
Stress relaxation La, Sa La — — — —
Bduschinger effect X — — — — —
Stress/strain Steady state Sa L2 La — X —
Transient state La La La € X —
Ultimate strength  Compression X La La pb X X
Shear — — X Lb X X
Tension L3, Sa La =¥ Lb X X
Shear — — — Lb — Sb
Adhesive strength  Tension — — — Lb — Sb
Delamination — — — X — —
Bending/flexure strength — = X X — Sb
Jojnts (in general) L2 — X X X —
L | laboratory test method
S | standard test method
X | no elevated temperature test method,available
—| property not required
a | Laboratory or standard test method is available for fire engineering but may still require further developmjent.
b | Laboratory or standard test method may be suitable for elevated temperature testing but requires further d¢velopment
info a transient test to be suitable for fire engineering.
ISO/TR 15655 is ane* of a series of documents developed by ISO/TC 92 that provides gufidance on
important aspects)of calculation methods for fire resistance of structures. The others in this series
inqlude:
—| ISO/TRY5656;
—| ASO/TR 15657;
— ISO/TR 15658.

Other related documents developed by ISO/TC 92/SC 2 that also provide data and information for the
determination of fire resistance include:

— IS0 834 (all parts);
— ISO/TR 12470 (all parts);
— ISO/TR 12471.

© 1S0 2020 - All rights reserved ix
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Fire resistance — Tests for thermo-physical and
mechanical properties of structural materials at elevated
temperatures for fire engineering design

1

T
be
ele

It

calculations might be required to assess the performance of elements or,systems exposed

stg

Th

No
IS(

4,

4.1

In
an
ge
pr

1 Metals

Scope

is document identifies test methods already in existence and provides guidance on thp$e th
developed to characterize the thermo-physical and mechanical properties of structural m
vated temperatures for use in fire safety engineering calculations.

at need to
aterials at

is applicable to materials used in load-bearing construction in which stpuctural and thermal

ndard fire tests, real or design fire heating conditions.

Normative references

ere are no normative references in this document.

Terms and definitions

terms and definitions are listed in this document.

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at httg://www.electropedia.org/

Tests for thermal properties at elevated temperatures

.1 General

this Clausermetals that may be used as structural components include aluminium al
l micro-alloyed steels and stainless steels. Under fire conditions, the heating rates of inf
nerallyfall within the range 1 °C/min to 50 °C/min. The extremes represent situations frg
pteCted steelwork such as reinforcement encased within several inches of concrete cov

to either

and IEC maintain terminological databasesfor use in standardization at the following addiresses:

oys, mild
erest will
m heavily
er to fully

ex

osed members

It is recommended that test methods for thermal properties should be capable of evaluating steels at
temperatures up to 1 200 °C, and aluminium up to 600 °C.

4.1.2 Specific heat

4.1.2.1 National or International Standards

There is no standard identified specifically for metals although reference should be made to
I1SO 11357-1[3] for using the differential scanning calorimeter (DSC).

©lI
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4.1.2.2 Laboratory test methods or procedures under development
Laboratory test methods or procedures under development are being carried out by the following:

— The DSC has been used under transient heating conditions for heating rates up to 10 °C/min for
aluminium and steel. However, for steel it is not particularly suitable for temperatures greater than
the transformation temperature (approximately 720 °C).

— The potential drop calorimeter/spot methods have been carried out on steel at temperatures up
to 1 300 °C. Palllster[4][5] has reported a test procedure in whlch spec1mens are heated at rates of
up to 3 )
resulfing change in temperature is accurately measured The test method is also used to meds
specific heat during cooling. Although the test method was developed for steel, the technique car in
principle, be applied to aluminium.

— Asimiilar electrical adiabatic technique is reported by Awberrylfl in which measurenients on stgel
samples are taken continuously as they are heated at a rate of 3 °C/min.

A more ddtailed review of the specific heat data for steels and the measuring tecliniques are presented
in a paper by PrestonlZl,

Although |no test standard has been identified, techniques for measuring ‘the specific heat of metpls
have been established for several years and could readily form the basjs 6f a standard.

4.1.3 Thermal conductivity

4.1.3.1 [National or International Standards

See 1SO 830181 and 1SO 8302[21.

4.1.3.2 [Laboratory test methods or procedures under development
Laboratoi]y test methods or procedures underdevelopment are being carried out by the following:

— Powe|lll0] describes a method for measuring thermal conductivity under transient heating
conditions for steel using a heatingrate of 3 °C/min to 4 °C/min. The technique involves measuring
the elpctrical resistivity at elevated temperatures during continuous heating up to 1 300 °C.

— Measfirements of thermal@gnductivity during continuous (transient) longitudinal and radial heat
flow have been describedin Referencellll of the Bibliography. Tests have been conducted on stgel
for temperatures up.te)l 000 °C. As before, the methods rely on measuring changes in electrifal
resistiance for establishing thermal conductivity.

4.1.4 Thermaldiffusivity

4.1.4.1 [National or International Standards

No standards have been identified.

4.1.4.2 Laboratory test methods or procedures under development

A new method for measuring thermal conductivity and diffusivity that is similar in principle to the
hot wire, has been developed by Gustaffsson.[12] This is referred to as the transient plane source (TPS)
technique.

The experimental procedure has been described in papers by Grauers and Perssonl[13] and Log and
Gustaffsson.[14] A thin layer of electrically conducting material (nickel) which acts as both a heat source
and a temperature-measuring device is sandwiched between two samples of the material. The assembly
is heated in a conventional furnace to the desired temperature and stabilized to avoid any thermal

2 © IS0 2020 - All rights reserved
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gradients before the electrical pulse is triggered. The temperature rise of the metal strip, which is
measured by its change in resistivity, depends upon the rate heat is conducted into the material.

Success has been reported in applying the technique for measuring the thermal conductivity and
diffusivity for several materials including stainless steel and aluminium. However, no information has
been found to demonstrate that it has been used in metals and alloys at elevated temperatures. For
other materials, it has been used successfully at temperatures up to 1 000 K. Currently the test method
has only been developed for steady state heating conditions. Although the authors state that the
technique could be combined with the constant rate of temperature rise (CRTR) method for measuring
diffusivity, which is carried out under transient heating conditions, this is questionable. However, the

ad
pa

4.1

4.1

Thie national standards JIS A 1325[21] and JIS Z 2285[27] are used/at“Japan Testing (

Co

4.1
La

Alf
ac

pr
rat
po
Sp
fir
ter

Thie laboratory progcédures could be readily developed into a standard.

4.1

4.1

Fo

i L1 4 1 [} ] o1 L ] 1 i 4 1 L &1 h 1 LLC 4 L
\/dllLdgC Ul UIIC LCLlllllLiuC IS5 UllIdU 1T UIIl d blllglb‘ LESL, VAIUCS 10D UIC CUIIIDITICU CIITCU Ul 111014
Fameter are obtained.

.5 Thermal strain (expansion and contraction)

.5.1 National or International Standards

hstruction Materials at temperatures T =0 °C to 900 °C.

.5.2 Laboratory test methods or procedures under develepment

boratory test methods or procedures under development.dre being carried out by the folloy
British Steel Swinden Technology, UK;

National Physical Laboratory, UK;

Welding Institute, UK.

hough no test standards could be identjfied, commercial equipment exists that rely on bei
urately measure both expansion and centraction as part of studying metallurgical trans
pcesses in metals and alloys. These @re generally referred to as “dilatometer” tests in whi
es in excess of 100 °C/s can be(accurately controlled from ambient temperature up to th

ecimen itself, and are capableof replicating heating cycles used in fire resistance tests af

bs. For carbon steel there’ is a heating rate dependence through the magnetic trans
hperature (approximately 740 °C).

.6 Emissivity

.6.1 . “National or International Standards

- lon metals reference should be made to ISO 89901[12] for the calibrated and guarded ho

than one

entre for

ving:

ng able to
formation
th heating
e melting

nt. Specimens are generally heated by electrical induction or resistance heating often thirough the

1d natural
formation

t box. The

na

(ional standard [JSI A 1425 1s used tor tests at ambient temperature at Japan lesting

Construction Materials and General Building Research Corporation of Japan.

4.1.6.2 Laboratory test methods or procedures under development

“Black box” calibration methods are widely used in many laboratories.

Iti

©lI

s recommended to use steady state methods for measuring emissivity.
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4.2 Concrete

4.2.1 General

During heating, concrete undergoes both chemical and physical changes, e.g. loss of moisture,
dehydration, de-carbonization, quartz conversion. These effects can have a significant influence on the
thermal and mechanical performance of structural elements at elevated temperatures. For the majority
of test methods carried out to determine the thermal and mechanical properties, it is preferable that
these are conducted under transient heating conditions.

Since con
recomme
with an u

422 S

4.2.2.1

The DSC,
condition

4.2.2.2

Laborator
— Japan
— Gener

— Swed
423 T

4.2.3.1
The follov

Tete 1s a poor conductor o Ire conditions,.1
ded that tests be carried out at heating rates within the range of 0,5 °C/min to 10 ?C/f
per limit of 1 000 °C.

ecific heat

National or International standard

SO 11357-1[3,, has been successfully applied to evaluating concreté under transient heat
5 but is limitecli in its application to temperatures up to around 500.2€C.

Laboratory test methods or procedures under development

y test methods or procedures under development are being carried out by the following:
Testing Centre for Construction Materials, T = 20 5C to 100 °C;

al Building Research Corporation of Japan, T =20 °C to 90 °C;

sh National Testing Research Institute, transient test method is used.
hermal conductivity

National or International Standards

ying national standards Have been found which could be adopted or are already in place

testing co

crete. Each method is based upon steady state heating conditions:

a) BS 192-5.5[16];

b) BS 19p2-5.6[17];

¢ BS19p2-5.818F

d) JIS Al412[12%sed at:

ng

for

1) Jdpan Testing Centre for Construction Materials (cmn]] scale ‘rpc‘rq)-

2) G

eneral Building Research Corporation of Japan (small scale tests);

e) IS0 8301I8];

f) 1SO 8302[%;

g) JISR2616[20],
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4.2.3.2 Laboratory test methods or procedures under development

A new method for measuring thermal conductivity and diffusivity that is similar in principle to the
hot wire, has been developed by Gustaffssonl12]. This is referred to as the transient plane source (TPS)
technique.

The experimental procedure has been described in papers by Grauers and Perssonl13] and Log and
Gustaffssonl14l, A thin layer of electrically conducting material (nickel) which acts as both a heat
source and a temperature-measuring device, is sandwiched between two samples of the material. The
assembly is heated in a conventional furnace to the desired temperature and stabilized to avoid any
thermal gradie 2 ical pulseistriggered. Jerafurer alstrip, which
is measured by its change in resistivity, depends upon the rate heat is conducted into the matlerial.

Sufcess has been reported in applying the technique for measuring the thermal conductivity and
difffusivity for several materials including concrete at temperatures up to 1 000 K¥Gurrently the test
mdthod has only been developed for steady state heating conditions. However, the authors|state that
the technique could be combined with the CRTR method for measuring diffusivity, which is cprried out
unfder transient heating conditions. Furthermore, this technique is questiofiable and warranits further
inyestigation.

4.2.4 Thermal diffusivity

4.2.4.1 National or International Standards

Thee following standards have been identified for steady state heating conditions:
a) | JIS A1325I[21] js used at:

1) Japan Testing Centre for Construction Materials;

2) General Building Research Corporatien of Japan, T = 20 °C to 90 °C.

b) | ENV 1159-2[22] has been identifiedfor steady state heating conditions: This standard was|originally
developed for evaluating ceramie-matrix composites with continuous reinforcement. It involves
a laser flash experimental proeedure that is carried out under steady state heating conditions at
temperatures up to 2 800K

4.2.4.2 Laboratory testmethods or procedures under development

Thie TPS test method déscribed in 2.2.2.2 can also be used to determine thermal diffusivity] However,
the technique needs’to be further developed in conjunction with the constant rate temperpture rise
mdthod for tragsient heating conditions.

Mdasuring‘the diffusivity of concrete using the TPS technique avoids the necessity of reqpiring the
specific.hiedt to be determined for calculating heat transfer characteristics. In this resplect, more
acqurate information may be obtained particularly where physical and chemical changes affect mass
trgnsport properties.

Laboratory test methods or procedures under development are being carried by the Swedish National
Testing and Research Institute.

4.2.5 Thermal strain (expansion and contraction)

4.2.5.1 National or International Standards

BS 1902-5[23], describes a steady state method for refractory based materials for temperatures up to
1 100 °C, which may be considered for adoption for concrete. However, since concrete undergoes both
thermal and physical changes during heating, it is preferable that a transient test method be eventually
developed.

© IS0 2020 - All rights reserved 5
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JIS A 1325[21] can be adopted. This is used at the Japan testing Centre for Construction Materials for
T=0°Cto900 °C.

4.2.5.2 Laboratory test methods or procedures under development
Laboratory test methods or procedures under development are as follows:

— Within RILEM TC 129-MHTI2] a transient test method has been developed which enables axial
thermal strain to be measured over the temperature range of 20 °C to 1 000 °C and above. The
procedure is briefly described as follows:

Specimens are heated slowly between 0,5 °C/min and 2,0 °C/min to a specific surface temperatlllre
and Held for a period of 1 h. Thermal expansion is recorded as a function between theavérage
surfage and core temperatures. The test method also allows contraction of concrete during cooling
to be|measured. This involves a similar procedure described for expansion but undér reverse
heatipg conditions.

In this test, a distinction is made between specimens referred to as “drying’.and “non-dryimng”
concrete. Non-drying concrete condition exists when moisture is prevented from escaping durjng
the tgst. For structural elements in the fire state, this condition may occur/in large member sizes
when|the distance to the surface is greater than 200 mm. “Drying” conerete allows the moistyre
to freely escape. For the latter, where it is not possible to separate the effects of moisture gnd
therefore the thermal strain measured is regarded as the total thérmal strain for the specimen.

It is also fecognized for some types of low expansion concrete, shrinkage due to the loss in moistyre
and dehy(dration effects may result in net contraction during the heating phase.

Although p national standard currently exists for measuring€ontraction and expansion, due to changes
in chemicpl and physical properties during heating, it js preferable that a procedure be available for
transient heating conditions. In this respect, it is recommended the procedures given in RILEM TC 129-
MHTI2] be the basis for developing a standard.

4.2.6 Depnsity

4.2.6.1 |General

It is recompmended to use a steady-state method to measure density.

4.2.6.2 [National or International Standards

EN 678291 describes a€est method for the determination of the dry density of autoclaved aerated
concrete fhat may be.conisidered for adoption for concrete.

4.2.6.3 [Laboratory test methods or procedures under development

No standqrdshave been identified.

4.2.7 Emissivity

4.2.7.1 National or International Standards

The following standards have been identified.
a) JIS A 1423[23] js used by:

1) Japan Testing Centre for Construction Materials;
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2) General Building Research Corporation of Japan.
See also ISO 8990[12] for the calibrated and guarded hot box.

s recommended to use steady state methods for measuring emissivity.

4.2.7.2 Laboratory test methods or procedures under development

Laboratory test methods or procedures under development are standard “black box” methods.

4.7

4.2
BS

4.2
La

4.2

EN
for

.2.9 Expansion/shrinkage

.2.9.1 National or International Standards

.2.9.2 Laboratory test methads-or procedures under development

.2.10 Moisture

-8—Spatting
.8.1 National or International Standards

1902-5.11[2¢], developed for refractory materials, may be considered for adoption.

.8.2 Laboratory test methods and procedures under development
boratory test methods or procedures under development are being carried out at the folloy
General Building Research Corporation of Japan;

VTT building technology, Finland.
e also References [27] and [28] in the Bibliography.

680291 describes a test method for the determination of the drying shrinkage of autoclavg
\crete that is appropriate for in situ concrete.

test methods or procedures under development have been identified.

.10.1 Nationaljor International Standards

1353[30]-describes a test method for pre-fabricated autoclaved aerated concrete that is af
concrete:

4.2

ving:

d aerated

propriate

.10.2 Laboratory test methods or procedures under development

No

laboratory test methods or procedures under development have been identified.

4.3 Masonry

4.3.1 Specific heat

4.3.1.1 National or International Standards

ISO 11357-1[3] describes the use of the DSC under transient heating conditions.

©lI
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4.3.1.2 Laboratory test methods or procedures under development

Laboratory test methods or procedures under development are being carried out at the following:
— Japan Testing Centre for Construction Materials, T = 20 °C to 100 °C;

— General Building Research Corporation of Japan, T = 20 °C to 90 °C;

— Swedish National Research Institute.

4.3.2 Thermal conductivity

4.3.2.1 [National or International Standards

The following national standards have been found which may be considered for adoption, grare alreddy
in place fqr testing masonry. Each method is based upon steady state heating conditions:

a) BS19p2-5.50¢];

b) BS 19p2-5.6[17];

¢) BS19p2-5.8[18];

d) JIS A1412019] s used at:
1) Jgpan Testing Centre for Construction Materials;
2) Geeneral Building Research Corporation of Japan;

e) ASTM C201-47[31];

f) EN 993-14[32];

g) SO 8B94-1[33];

h) EN 993-14[34];

i) IS0 8po18l;

j) 1SO 8B02[2];

k) JISRZ616[201,

4.3.2.2 [Laboratory test methods or procedures under development

A new mdthod for_measuring thermal conductivity and diffusivity that is similar in principle to the
hot wire, has begn*developed by Gustafssonl12], This is referred to as the transient plane source (TFS)
techniquel

The expetimremntat procedure tras been described T papers by Grauers amd Perssont=-amttogand
Gustafsson[14l. A thin layer of electrically conducting material (nickel) which, acts as both a heat
source and a temperature-measuring device, is sandwiched between two samples of the material. The
assembly is heated in a conventional furnace to the desired temperature and stabilized to avoid any
thermal gradients before the electrical pulse is triggered. The temperature rise of the metal strip, which
is measured by its change in resistivity, depends upon the rate heat is conducted into the material.

Success has been reported in applying the technique for measuring the thermal conductivity and
diffusivity for several materials including concrete at temperatures up to 1 000 °C. Currently the test
method has only been developed for steady state heating conditions. However, the authors state that
the technique could be combined with the CRTR method for measuring diffusivity, which is carried
out under transient heating conditions. However, this technique is questionable and requires further
investigation.
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Laboratory test methods or procedures under development are being carried out at the following:

Swedish National Testing and Research Institute;

British Steel Technical.

4.3.3 Thermal diffusivity

4.3.3.1 National or International Standards

Th foltowing standard fras been [dentified for steady state heating conaitions:

a)

under steady state heating conditions at temperatures up to 2 800 K.

4.3.3.2 Laboratory test methods or procedures under development

ENV 1159-2[22], This standard was originally developed for ceramic matrix cémposites with
continuous reinforcements. It involves a laser flash experimental procedure that is carried out

Thie TPS test method described in 2.3.2.2, can also be used to determine\thermal diffusivity] However,

thg

mdgthod for transient heating conditions.

M¢
he

information may be obtained particularly where physicaland chemical changes affect mass

pr
La
Te
4.3

4.3

bperties.

sting and Research Institute.
4 Thermal strain (expansion and contraction)

4.1 National or InternationalStandards

Thee following standards have been identified:

a)

b)

4.3

masonry. However;since masonry undergoes both thermal and physical changes during
is preferable that'a transient test method be employed.

JIS A1325[2145 used at Japan Institute Testing Centre for Construction Materials.

4.2 <Laboratory test methods or procedures under development

 technique needs to be further developed in conjunction with the eonstant rate temperpture rise

asuring the diffusivity of masonry using this technique avoids the necessity of requiring the specific
ht to be determined for calculating heat transfer characteristics. In this respect, morg¢ accurate

transport

boratory test methods or procedures under devélopment are being carried by the Swedish National

BS 1902-5.14[33], describes a steady state method for refractory based materials for temjperatures
up to 1 100 °C. The-technique is based upon the split column method which could be adopted for

heating, it

Unjdér, RILEM TC129-MHTIZ2], a transient test method has been developed for concrete whig¢h enables
ax T ove. With

further work, the method may be developed for evaluating masonry under transient heating conditions.

Th
a)

b)

e procedure is briefly described as follows:

Specimens are heated slowly between 0,5 °C/min and 2,0 °C/min to a specific surface temperature
and held for a period of 1 h. During this time, thermal expansion is measured as heat is conducted
from the surface to the specimen core. Thermal expansion is recorded as a function between the

average surface and core temperatures. The test method also allows contraction during

cooling to

be measured. This involves a similar procedure described for expansion but under reverse heating

conditions.

In the test, a distinction is made between “drying” and “non-drying” specimens. The n
condition exists when moisture is prevented from escaping during the test. In the fire

© IS0 2020 - All rights reserved
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this may occur in large member sizes when the distance to the surface is greater than 200 mm. The
“drying” condition allows the moisture to freely escape. For the latter, where it is not possible to
separate the effects of moisture, the strain measured is regarded as the total thermal strain for the
specimen. For some masonry products, the influence of moisture on the thermal properties may
not be as severe as for concrete.

It is also recognized for some types of low expansion materials, shrinkage due to the loss in moisture
and dehydration effects may result in net contraction during the heating phase.

Although a national standard currently ex1sts for measurmg contraction and expansmn due to changes

transient heatmg condltlons In thls respect 1t is recommended that the procedures developed in

efor

RILEMI2] described above which have been developed for concrete could in principle, be appliéd|to
masonry products. These may be considered to provide the basis for developing a standard. However|as

with concfete, the temperature range would need to be extended to a surface temperaturée-0f 1 000 qC.
4.3.5 Density

4.3.5.1 [National or International Standards

EN 678[24 describes a method for measuring the dry density of autoclaved aerated concrete that may
be considpred for use with other masonry products. Reference should also be made to EN 772-1013¢]

and EN 772-13[37] for suitable test methods to be considered.

4.3.5.2 [Laboratory test methods or procedures under development

No laborafory test methods or procedures under development have been identified.
4.3.6 Emissivity

4.3.6.1 [National or International Standards

The following standards have been identified:

a)

b)

It is reconpmended.t0 use steady state methods for measuring emissivity.

4.3.6.2 aboratory test methods or procedures under development

JIS A1423[25], which is used by:

—

dpan Testing Centre for Construction Materials.

— General Building ReSearch Corporation of Japan.

See a]so I1SO 8990[%])for steady state methods describing the use of the calibrated and guarded
hot bgx.

Standard “black box” methods are laboratory test methods or procedures under development.

4.3.7 Spalling

4.3.7.1 National or International Standards

BS 1902-5.11[2¢], developed for refractory materials, may be considered for adoption.

10
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4.3.7.2 Laboratory test methods or procedures under development

Laboratory test methods or procedures under development are being carried out by the following:
— General Building Research Corporation of Japan;

— VTT Building Technology, Finland.

See also References [27] and [28] in the Bibliography for concrete that may be possible to adopt for
masonry products.

4.3.8 Expansion/shrinkage

4.3.8.1 National or International Standards

EN 680[22] describes a test method for the determination of the drying shrinkagéofautoclaved aerated
concrete. Reference should also be made to BS 6073:1981[38],

4.3.8.2 Laboratory test methods or procedures under development

No|laboratory test methods or procedures under development have beén identified.
4.3.9 Moisture content

4.3.9.1 National or International Standards

EN 1353[30] describes a test method for pre-fabricated autoclaved aerated concrete that| could be
adppted for other masonry products.

4.3.9.2 Laboratory test methods or procedures under development

No|laboratory test methods or procedures under development have been identified.
4.4 Wood

4.4.1 General

During heating, the d¢hermal properties are affected by both chemical and physical chgnges and
the¢refore transient_test methods are generally preferred for determining the majority of properties.
Thiis penalizes a number of steady state procedures since they rely upon achieving stdady state
conditions over<a considerable time before the measurements are made. A review of the various test
mgthods for thermal properties is presented in a report prepared under RILEM TC 74 THT. Reference
shuld also*be made to a major review by Tenwolde et all32] on the thermal properties of woof.

In peneral, it is recommended that transient tests be carried out using heating rates betweer} 1 °C/min

ESaWoVall) . il . £ - 4 FA B aVaVaWeYal
antTo G/ HHIIT WILIT TIHIA ATIITUTIT SUT'TdLC LCTHIPTIALUI TS U 1" UUU L.

4.4.2 Specific heat

4.4.2.1 National or International Standards

No standards have been identified.
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4.4.2.2

Laboratory test methods or procedures under development

Laboratory test methods or procedures under development are being carried out by the following:

— Building Research Institute, Prague. Samples are heated in an oven and placed within a non-adiabatic
calibrated calorimeter(40l,

— Japan

testing Centre for Construction Materials. Properties are determined up to 100 °C.

— General Building Research Corporation of Japan. Properties are determined up to 200 °C.

calor
443 T

4.4.3.1

Apart fro
moisture
important
and dry c
be consid

4.4.3.2
JIS A1412
a) Japan

b) Genej

4.4.3.3
Laboratoq]

— Build
the w

— Refer

of both wood and chariattemperatures up to 800 °C.

— Natio
in the

444 T

5SCATCt i 0 Anada, Operties are determir
metry up to 700 °C with heating rate of 2,5,10, 20 °C/min[130],

hermal conductivity

General

n grain orientation, the thermal conductivity of wood is a function gfits oven dry dens
rontent and temperature. For charred wood only, the oven, dry denS§ity and temperature 3
. References in the literature refer to deriving the thermal conductivity of wood for both y
pbnditions and are discussed in a review paper by Janssensl4ll, The methods employed shox
bred in addition to the test methods given in 2.4.3.3.

National or International Standards
19] js used at:
testing Centre for Construction Materials;

al Building Research Corporation of Japan.
Laboratory test methods or procedures under development

y test methods or procedures under development are being carried out by the following:

nll of an oven with temperature rise through the specimens recorded during heating.

bncel4ll in the Bibliography describes work carried out in measuring the thermal conductiv]

hal Research\€ouncil of Canada. Properties are determined using a thermal conductivity me
temperature range between 20°C and 1100°C[131],

herinal diffusivity

Mng

ty,
re
vet
hld

ng Research Institute, Prague. Transient test method is used in which samples are built into

ity

Ler

4.4.4.1

National or International Standards

No standards have been identified.

4.4.4.2

Laboratory test methods or procedures under development

Laboratory test methods or procedures under development are being carried out at the following:

— Japan Testing Centre for Construction Materials. Tests are conducted up to 600 °C in which
measurements are taken as the temperature is cycled above and below the temperature of interest.

— General Building Research Corporation of Japan. Tests are carried out at temperatures up to 200 °C.

12
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— Technical University of Prague/Building Research Institute, Prague have conducted transient tests
to measure the diffusivity at temperatures up to 300 °C.

4.4.5 Density

4.4.5.1 National or International Standards

ASTM D2395 is a referenced standard test method in North America for determining the moisture
content, density and specific gravity of wood and wood-based materials[132],

4.4.5.2 Laboratory methods or procedures under development

—| Mass loss determinations and measurements of dimensional changes are carried out on oven-dry
wood samples after heating to temperatures up to 600 °C[42],

—| National Research Council of Canada. Properties are determined using a thermal conductiyity meter
in the range between 20°C and 1 100 °C[133],

4.4.6 Charringrate

4.4.6.1 National or International Standard

No| standards have been identified.

4.4.6.2 Laboratory methods or procedures under development

L

5]

boratory test methods or procedures under devélopment are being carried as follows:

a) | samples of wood exposed to standard firétest heating conditions in accordance with ASTM E119[43]
or CAN/ULC S101[134],

b)| General Building Research Corporation of Japan;

c) | Fire research station have carried tests to measure charring rates using long pulses of low
irradiance from a gas fired furnace operating at 870 °C[45](46];

d)| Naval Radiological Defense Laboratory (NRDL) carried out similar test procedure to c) using short
pulses of high irradiances[4Zl;

e) | White and Tranl€1[49] have reported on tests carried out using the standard ASTM E9(6[2%] heat
release calorimeter in which specimen blocks were exposed to a constant heat flux. Thermocouples
were placed within the specimens and the depth of the char was regarded as the point atjwhich the
temperature attained 300 °C;

f) | at«the Technical University of Braunschweig studies based upon the standard heating curve have
Been conducted(>1l,

g) FP Innovations, Canada, conducted full-scale fire-resistance tests at the National Research Council
of Canada fire laboratory to assess the charring rates of mass timber components. Thermocouples
were inserted at various locations and depths within the specimens. The time to reach 300 °C,
divided by the depth of the thermocouple, results in the charring ratel135] to [139]-

There are extensive references covering the determination of charring rates for different wood species,
varying grain orientations, solid and laminated timber samples as well as exposure to different types of
heating conditions. However, a review by Janssens[41l highlighted the problem of providing predictions
when there is a considerable scatter in the data reported in the literature. In his paper, he proposes
that ASTM E119[43] (ISO 834)[1] standard fire be adopted as the exposure condition from which
measurements of the charring rates are made.
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While this approach provides suitable data for the standard fire test condition, it should also be
recognized that for the real fire condition, a wide range of exposure conditions will prevail. It is
therefore recommended that in addition to the standard fire, charring rate determinations should be
carried out for several standardized constant heat flux sources representing a range of fire conditions
that may be experienced in practice.

4.4.7 Emissivity

4.4.7.1 National or International Standards

The following standards have been identified:

a)

b)

It is reconpmended to use steady state methods for measuring emissivity.

4.4.7.2 |[Laboratory methods or procedures under development

No laborafory test methods or procedures under development havé been identified.
4.4.8 oisture

4.4.8.1 ational or International Standards

Testsjare carried out in accordance with JIS A1423[23] at:

—

dpan Testing Centre for Construction Materials;
— General Building Construction of Japan.

See also ISO 8990[13] for steady state methods using the calibrated and guarded hot box.

ASTM D2B95 is a reference standard test method in North America for determining the moistuyre

content, density and specific gravity of wood and Wood-based materials[132],

4.4.8.2 aboratory test methods or proecedures under development

Mass loss [determinations and measurements of dimensional changes are carried out on oven-dry wdod

samples after heating to temperatureés up to 600 °Cl421.
4.5 Plagtics, fibre reinforcement, organic and inorganic materials

4.5.1 General

The use df plasticimaterials, fibre reinforcement and organic and inorganic materials for structujral
support if receiving greater interest. However, since the type of material can vary enormously, specific
guidance prrheating rates, maximum temperatures and whether transient test methods are necessary,
cannot at ¥xis otasc be Sivcu. Huvvcvcl, trthe-absenceof any othertformationon exposure cotrditio S,

the following is recommended for developing suitable test methods:

a)
b)

<)

maximum test temperature = 1 000 °C or decomposition temperature whichever is lower;
heating rates for transient tests: within the range of 0,5 °C/min to 25 °C/min;

steady state tests are acceptable if there are no time dependent chemical or physical changes
involving adiabatic reactions.

Unless otherwise stated, the following test methods are conducted under steady state heating
conditions.

14
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4.5.2 Specific heat

4.5.2.1 National or International Standards
The following standards have been identified:

a) ISO 11357-1[3], describes the use of the DSC for measuring plastics under transient heating
conditions. Two methods are described:

1) power-compensation DSC;

2) heat-flux DSC.

b) | ENV 1159-3[22], describes two methods for ceramic based composites:
1) drop calorimeter, for temperatures up to 2 250 K;

2) DSC, for temperatures up to 1 900 K.

It is recommended that decomposition temperatures not be exceeded.

4.3.2.2 Laboratory test methods or procedures under developmeént

L

QO

boratory test methods or procedures under development arébeing carried out as follows:
—| Japan Testing Centre for Construction Materials, used at temperatures up to 100 °C;

—| General Building Research Corporation of Japan, used at temperatures up to 200 °C.
4.3.3 Thermal conductivity

4.3.3.1 National or International Standards
JIS|A1412[19] s used at:
a) | Japan Testing Centre for Construction Materials;

b)| General Building Research Corporation of Japan.

4.5.3.2 Laboratorytest methods or procedures under development

Laporatory test mrethods or procedures under development are being carried out as follows:

QO

—| UK Natiofial' Physical Laboratory for testing plastics.

—| A method for measuring thermal conductivity and diffusivity that is similar in principle|to the hot
wiré, has been developed by Gustaffssonl12l. This is referred to as the transient plane soyrce (TPS)
technique.

The experimental procedure has been described in papers by Grauers and Persson[13] and Log and
Gustaffssonl14l, A thin layer of electrically conducting material (nickel) which acts as both a heat source
and a temperature-measuring device is sandwiched between two samples of the material. The assembly
is heated in a conventional furnace to the desired temperature and stabilized to avoid any thermal
gradients before the electrical pulse is triggered. The temperature rise of the metal strip, which is
measured by its change in resistivity, depends upon the rate heat is conducted into the material.

Success has been reported in applying the technique for measuring the thermal conductivity and
diffusivity for several materials including plastic sheet. Currently the test method has only been
developed for steady state heating conditions. However, although the authors the state that the
technique could be combined with the CRTR method for measuring diffusivity under transient heating
conditions, this is questionable and needs to be re-examined.
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4.5.4 Thermal diffusivity

4.5.4.1 National or International Standards

ENV 1159-2[22] was originally developed for ceramic matrix composites with continuous reinforcements.
Itinvolves a laser flash experimental procedure that is carried out under steady state heating conditions
at temperatures up to 2 800°K. However, it requires the material to be chemically and physically stable
during the measurement.

aboratory test methods or procedures under development

4.5.4.2
Laborator]
— TheT
sheet
tempg
Meas.
speci
accur
mass
— Swed
— Japan
— Genet
455 T
4.5.5.1
The follow
a) BS63
b) ASTM
c) ENV]
d) ISO1
e) JISAZ
4.5.5.2
No labora

y test methods or procedures under development are being carried out as follows:

PS test method described in 2.5.3.2, can also be used to determine thermal diffusivity.of plas
However, the technique needs to be further developed in conjunction with the ¢onstant r
brature rise method for transient heating conditions.

hiring the diffusivity of plastic sheet using this technique avoids the necessity of requiring {
ic heat to be determined for calculating heat transfer characteristjes, In this respect, m
hte information may be obtained particularly where physical and ehemical changes aff
transport properties.

bn National Testing and Research Institute.
Testing Centre for Construction Materials.

al Building Research Corporation of Japan.
hermal strain (expansion and contraction)

National or International Standards

ing standards have been identifiedt

19-12[53], is used for measuring résin and polymer cements;
D 696[54], for plastics;

159-1[52], for measurihg composites up to 2 300 K;

| 359-2[56], for méaguring plastics.

3250211 which'is used at the Japan Testing Centre for Construction Materials.

Laboratory test methods or procedures under development

tic
hte

he
re
bct

Lary test methods or procedures under development have been identified.

4.5.6 Density

4.5.6.1 National or International Standards

ISO 1183 (all parts)[5Z] has been identified for measuring the density of plastics.

4.5.6.2 Laboratory test methods or procedures under development

No laboratory test methods or procedures under development have been identified.
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4.5.7 Emissivity

4.5.7.1 National or International Standards
The following standards have been identified:
a) JIS A1423[25] is used at:
1) Japan Testing Centre for Construction Materials;

2) General Bujlding Research Corporation of Japan

b) | See also ISO 8990[13] for the calibrated and guarded hot box.

4.3.7.2 Laboratory test methods or procedures under development
No|laboratory test methods or procedures under development have been identified.

It is recommended to use appropriate steady state test methods.
4.6 Adhesives

4.6.1 General

Adhesives may be used in a variety of materials under widely different applications, e.g. joits for the
asgembly of structural members or providing additionakstrengthening of existing members.

For adhesives used in joints, it can be assumed thatsince the mass of material is generally greater than
the actual member itself, the rates of heating and‘maximum temperatures at which tests are ¢onducted
ar¢ limited to the exposure conditions appropriate to those for the member itself.

As| with plastics, in the absence of specific information on exposure conditions, the following is
re¢ommended:

a) | maximum test temperature = 1-000 °C or decomposition temperature whichever is loweif;
b) | heating rates for transienttests are within the range of 0,5 °C/min to 25 °C/min.

Unfless stated otherwise-allthe test methods described below are conducted under steady stafte heating
conditions.

4.6.2 Specificheat

4.6.2.1 National or International Standards

IS¢ 14357-1[3], describes the use of the DSC for measuring plastics under transient heating cpnditions.
Thiistould be adopted for measurements on adhesives and binders. Two methods are describpd:

a) power-compensation DSC;
b) heat-flux DSC.

It is recommended that decomposition temperatures not be exceeded.

4.6.2.2 Laboratory test methods
Laboratory test methods or procedures under development are being carried out by the following:
— Japan Testing Centre for Construction Materials, tests for temperatures up to 100 °C;

— General Building Research Corporation of Japan, tests for temperatures up to 200 °C.
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4.6.3 Thermal conductivity

4.6.3.1

National or International Standards

JIS A1412[19] is used at:

— Japan

Testing Centre for Construction Materials;

— General Building Research Corporation of Japan.

4.6.3.2
Although

464 T

4.6.4.1

No standa

4.6.4.2
Laboratoq]

— Japan
stead

— Genet

— Altho
465 T

4.6.5.1

The follow
a) BS63
b) JISA]
c) ASTM
d) ISO1

4.6.5.2

aboratory test methods Or procedures under devetopment

hot stated, the hot-wire method described in 2.2.3.2 may be suitable for bulk speciméns*
hermal diffusivity

National or International Standards

rds have been identified.

Laboratory test methods or procedures under development
y test methods or procedures under development are being carried out by the following:

Testing Centre for Construction Materials tests at.temperatures up to 600 °C (perio
y state);

al Building Research Corporation of Japan, tests\at temperatures up to 200 °C;

ligh not stated, the hot wire method describéd in 2.2.3.2 may be suitable for bulk specimern
hermal strain (expansion and contraction)

National or International Standards
ing standards have beenddentified:
19-12[53] can be usedon bulk resins;
325[21], used at the-Japan Testing Centre for Construction Materials;
D 696[54], ugedfor testing plastics can be adopted on bulk specimens;

| 359-2[38], can be used on bulk specimens.

dic

Laboratory test methods or procedures under development

No laboratory test methods or procedures under development have been identified.

4.6.6 Density

4.6.6.1

National or International Standards

The following standards have been identified:

a) BS63

19-5[28], which provides two methods for resin-based mortars;

b) 1SO 1183 (all parts)[3Z], which can be used on bulk specimens.
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4.6.6.2 Laboratory test methods or procedures under development

Laboratory test methods or procedures under development are being carried by the following:

No

laboratory test methods or procedures under development have been identified.

4.6.7 Emissivity

4.6.7.1 National or International Standards

Th
a)

b)

4.4
No

5
5.

5.1

Th
are

po
ter
thg

5.1

5.1

E Tollowing standards have been identitied:

JIS A1423[25], is used by:

— Japan Testing Centre for Construction Materials;
— General Building Research Corporation of Japan.

See also 1SO 89902 for the calibrated and guarded hot box, which could be applig
specimens.

.7.2 Laboratory test methods or procedures under development

laboratory test methods or procedures under developmerthave been identified.

Tests for mechanical properties at elevated temperatures

1 Metals

.1 General

e mechanical (strength) propertieS;of metals generally decrease at elevated tempera
e well below 5 % of their ambient temperature at values representing 0,7 to 0,8 of the

hperatures need not exceed 000 °C for steels and 500 °C for aluminium alloys. A review
 test methods for mechanieal behaviour is given in Reference [59] in the Bibliography.

.2 Elastic modulus

.2.1 General

Thie elastieimodulus of metals at elevated temperatures can be determined using several met

of
teq

he most common approaches is to determine values from stress/strain curves derived fr
ts-Carried out at elevated temperatures using standards such as EN 10002-5[€%, Howe

d to bulk

fures and
r melting

nt. For practical use in fire erigineering design of load bearing members, test methods aft elevated

bf some of

hods. One
bm tensile
ver, while

va

ues of the elastic modulus can be determined, the elastic portion is often curvilinear and

therefore

a range of values can be obtained. More importantly, extensometry used for tensile tests does not have
the requisite level of accuracy for elastic modulus determination.

The following methods are preferred. Although these are based upon steady state heating conditions,
the influence of heating rate is generally small and therefore it is not necessary for transient test
methods to be developed.

5.1.2.2 National or International Standards

JIS

©lI
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5.1.2.3 Laboratory methods or procedures under development
Laboratory test methods or procedures under development are being carried out as follows:

— Static methods for elastic moduli can be determined by flexing a “mini” beam either under four-
point loading or as a cantilever. Deflections are measured by using optical lever systems in which
the accuracy of measurement is considered to be within 1 %l[611[62],

— There are two main types of dynamic methods:

1) Specimens in the form of a bar are set into vibration to their fundamental frequency. From the
ffequency, mass and dimensions of the bar Young's modulus is determinedl3lle2]162],

2) trasonic frequencies are sent along a bar in which the transit times of the ultrasonic'wayes

ate measured[66](67],

Both methods are carried out under steady state heating for temperatures up to 1 000526,

er
se
of creep results with tensile tests is still practised. There is therefore a need to have agreed standards

In the pakt, data used in structural design for the fire limit state/has often been derived frm} a

Q) SO 2470,

5.1.3.3 aboratory test methods or procedures under development

At the Tokyo Institute of Technology a similar method (see Reference [71] in the Bibliography) to the
standardq given above fortemperatures up to 600 °C is under development.

5.1.4 Siress relaxation

51.4.1 ational or International Standards

In BS 3500-6[72], a steady state test method is described.

5.1.4.2 Laboratory test methods or procedures under development

Tests have been carried out at the Tokyo Institute of Technology using the method given in Reference [73]
in the Bibliography on structural steel at temperatures between 400 °C and 600 °C.

During the cooling stages of a fire, structural elements try to contract thermally. If this is prevented, high
stress levels are created resulting in considerable forces being generated, usually at the connections.
This often manifests itself as localized fractures. In order to analyse these effects, it is necessary to
have an understanding of strain hardening during cooling as well as any associated creep behaviour. A
test method is therefore needed in which specimen strain is held at a constant level during cooling from
temperatures up to 1 000 °C during which time changes in stress are measured.
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5.1.5 Bauschinger effect

5.1.5.1 General

The Bauschinger effect is a hysteresis phenomenon that occurs in metals during strain reversal. It
manifests itself in structures during load redistribution that takes place between members within a
framework.

5.1.5.2 National or International Standards

No

5.1

No
for

5.1

5.1

Te
ter

us
du

Th
thd
he
sh

ty]

5.1
Th
EN

5.1

No

5.1

5.

standards have been identified.

.5.3 Laboratory test methods or procedures under development

laboratory test methods or procedures under development have been identified’which ar
single stage stress reversal.

.6  Stress-strain (steady state)

.6.1 General

hsile tests under steady state heating are carried out to derive stress-strain relationships
hperatures. Loading is generally applied under a constant\strain rate/crosshead speed. |
e the data for the transient condition of a fire, it is norimal to add to the plastic strain, a co
b to creep effects, see 3.1.3.

ere are several disadvantages with this type oftest compared to the transient method. Fo
 heating conditions are not replicated and thewnaterial properties can metallurgically chary
hting to the test temperature prior to the t&sts. However, since work reported in the litet
pwn correlation between numerical models using steady state results and actual performni
pe of test is included.

.6.2 National or International’Standards

e following standards havebeen identified:

10002-5[0] and JIS G-0567[122]

.6.3 Laboratery-test methods or procedures under development

laboratory test methods or procedures under development have been identified.
.7 Stress-strain (transient state)

74 National or International standard

e suitable

At various
h order to
htribution

rexample,
ge during
ature has
ance, this

No standards have been identified but some aspects of EN 10002-5[69] have been adopted, see 3.1.7.2.

5.1.7.2 Laboratory test methods or procedures under development

Tests carried out under transient heating conditions normally involve applying a constant stress to

a specimen at ambient temperature and then monitoring strain as the specimen is heated at a fixed
ratelZ41[75](76],

©lI
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The design of the specimens and methods of fitting instrumentation are often identical to those used
in conventional steady state tests at elevated temperatures as described in EN 10002-5[€0], However, it
has been found to be necessary to improve upon the existing hot tensile test methods by:

a) use of extensometers with increased accuracy and resolution;

b) better contacts between the thermocouples and specimens;

c) use of specimens with extended parallel lengths to minimize the effects of the gripping

arran

gements on longitudinal temperature profiles;

d) adjusfments to the surface temperature measurements are necessary to reflect "bulk” specin
temp¢ratures.

The stresk levels applied extend beyond those that may be used in practice and generally fall witl
the range|of 0,05 times to 1,3 times the value of the ambient temperature yield or 0,2 %vproof strg
Heating chn be provided by direct and indirect resistance furnaces, induction heatifig-as well as
halogen lamps. The heating rates adopted are usually in the range of 2,5 °C/min to 50 °C/min a

reflect th
tests and
apparent
ignored i
conservat

The advanptage of this type of test to the steady state method is that all the microstructural chang

that a load

Fromthe |
to derive
values for

Laboratoq]
— Britis
— BHP §

— Unive
518 U

5.1.8.1
The folloW
a) stead

b) trans

se that may be experienced by unprotected and heavily protected membeérs in both standg
real fires. There is an influence of heating rate on aluminium and steel which results in
mprovement in strength with increasing heating rates. For steel_this effect is small and

ive behaviour when applied to more severe fire scenarios.

I-bearing member will experience in reality, are replicated in the transient test.

esulting strain temperature curves derived for eaclrloading condition, the data is manipulaf
conventional stress-strain relationships as described in 3.1.6, as well as strength reduct
specific limits of critical strain.

y test procedures have been carried outat:
h Steel Swinden Technology Centre, UK;
teel, Australia;

rsity of Helsinki, Finland.
timate strength (tension)

National or International Standards
ing standdrds have been identified for:
y statehieating conditions, refer to EN 10002-5[60];

entheating conditions for which no standards have been identified.

en

nin
SS.
by
nd
rd
an

is

engineering design codes. Tests carried out under slow heatirig conditions provide slightly

res

ed
on

5.1.8.2

Laboratory test methods or procedures under development

British Steel Swinden Technology Centre. Data from the transient test described in 3.1.7.2 can be
manipulated providing the limits of strain adopted in the tests are sufficiently great.

5.1.9 Ultimate strength (compression)

5.1.9.1

National or International Standards

No standards have been identified.
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5.1.9.2 Laboratory test methods or procedures under development

No laboratory test methods or procedures under development have been identified.

5.1.10 Joints — Bolts (ultimate capacity: shear, slip and tension under steady state and transient
heating)

5.1.10.1 General

Bolts are one of the main components used in joining members to form structural frames. In general,
data is required primarily on the ultimate capacity and to a lesser extent on stress-strain. ehaviour.
For high strength friction grip bolts data on “slip” behaviour is also important.

In prder to evaluate the behaviour of steel bolts in joints as full components it is often/necessarny to carry
ouf tests within bulky couplings. This creates practical difficulties in achieving ‘heating rqtes under
trgnsient heating conditions of much greater than 10 °C/min. However, since the-apparent strength of
mdtals increase as the rate of heating increases, the results obtained under slow heating ¢onditions
wduld tend to be slightly conservative. It is recommended that tests be carried out at a heating rates up
to [L10 °C/min for maximum temperatures of 800 °C.

For aluminium bolts, heating rates up to 25 °C/min are practical with amaximum temperaturg of 500 °C.

5.1.10.2 National or International Standards

No standards have been identified.

5.1.10.3 Laboratory test methods or proceduresunder development

Te$t methods have been developed at British>Steel Swinden Technology Centre for evaludting steel
bolts used in structural connections. These-are carried out in tension or double shear under steady
stqtelZZ], or transient heating conditions«sing a heating rate of 5 °C/min. Similar work under steady
stdte heating conditions is reported in werk described in Reference [78] in the Bibliography.

Mdasurement of the slip loads of’high strength friction grip bolts at elevated temperatures is
important in moment resistingiconnections and has been described in References [79] and [[80] in the
Bibliography. Tests have beenycarried out on both painted and unpainted surfaces under stg¢ady state
hepting conditions at temperatures up to 500 °C. The procedures described could readily be fleveloped
foil conducting tests under-transient heating conditions.

5.1.11 Joints — Bolts (stress-strain under transient heating)

5.1.11.1 National or International Standards

No|stan@ards have been specifically identified but relevant parts of EN 10002-5[60] can be ad¢pted.

5.t 2—taboratory testmethods or procedures unmderdevelopment———————

These have been developed at British Steel Swinden Technology Centre. The stress-strain behaviour
for bolts can be obtained using exactly the same methods described in 3.1.7, in which samples machined
from individual bolts are used. Since the heating rates at connections during fire are generally lower
than the individual members, the heating rates employed during transient tests need only be taken up
to 25 °C/min. It is recommended that the maximum temperatures be limited to 500 °C and 1 000 °C for
aluminium and steel respectively. Tests carried out at slower heating rates provide slightly conservative
results.
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5.1.12 Joints — Welds (ultimate capacity: steady state and transient heating)

5.1.12.1 General

Welds are widely used in the fabrication of members and frequently in some countries also in the
construction of steel frames. For welded assemblies, tests to measure the ultimate capacity of fillet
welds can be carried out under both steady state and transient heating conditions. For the latter, due to
the bulk of steel being heated it is difficult on a practical level to achieve specimen-heating rates greater
than 10 °C/min in steel. However, research has shown that slow heating rates tend to provide slightly
conservative results. It is therefore recommended to adopt heating rates up to 10 °C/min for maximum
temperatiires of 1 000 °C.

For alumipium, heating rates up to 25 °C/min for maximum temperatures of 500 °C should be-adopted.

5.1.12.2 National or International Standards
The following standards have been identified:

a) Samp|es machined from butt welds can be tested according to the steady state'method described in
EN 1(002-5[60],

b) For fi]let weld assemblies, no standard could be identified.

5.1.12.3 [Laboratory test methods or procedures under development

Test procedures exist at British Steel Swinden Technology“€eéntre in which cruciform shapes are
fabricated from plate using fillet welds of different throat Sizes. These are subjected to tensile tepts
which are taken to failure to determine the ultimate capacity of the joint. The tests can be carried gut
under steqdy state or transient heating conditions at rates up to 5 °C/min with maximum temperatures
of 1 000 °C. It has been found that for slow rates of heating, differences in results obtained in the plagtic
range at hligh strains, between transient and steady state heating conditions are small.

5.1.13 ]dints — Welds (stress-strain undertransient heating)

5.1.13.1 |General

Since the heating rates at connections during fire are generally lower than the individual members, the
heating rdtes employed during transient tests need only be taken up to a maximum of 25 °C/min. There
is a small jheating rate dependénce on the properties obtained with the slower heating rates providing
slightly cqnservative results. It is recommended that the maximum temperatures be limited to 500(°C
and 1 000]°C for alumifiim and steel respectively.

©

5.1.13.2 [Nationalor International standard

No standqrds have been specifically identified but relevant parts of the EN 10002-5[60] can be adoptgd.

5.1.13.3 Laboratory test methods or procedures under development

British Steel Swinden Technology Centre has carried out transient tests described in 3.1.7 to determine
the strength reduction values for the fire limit state. Specimens were prepared from multi-pass butt-
welded joints in 12 mm and 25 mm plate of steel grades 275 and 355. MMA, SAW and GMAW welding
techniques were evaluated using different welding consumables. The transient tests were carried out
at a heating rate of 10 °C/min with initial applied stress levels of between 0,1 and 1,0 of the ambient
temperature yield strength or 0,2 % proof stress.
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5.2 Concrete

5.2.1 General

During heating, concrete undergoes both chemical and physical changes and therefore for the fire
condition itis usually necessary to be able to describe the properties under transient heating conditions.
In the development of new test procedures, heating rates should be within the range of 0,5 °C/min to
10 °C/min unless specifically stated otherwise with maximum surface temperatures during heating of
1000 °C.

5.2.2 Elastic modulus (compression)

5.2.2.1 National or International Standards
No standards have been identified for transient heating conditions.

For steady state heating conditions, the following standards have been identified. Although|these are
anjbient temperature tests, they could be developed for tests at elevated temperatures.

a) | BS 1881-121[81] s a static test method.

b) | BS 1881-209[82] is a dynamic test method.

¢) | EN 1352[83] js used for lightweight concrete.
d)[ ISO 1920-10[84],

5.2.2.2 Laboratory methods or procedures under development

Cufrently in RILEM TC 129 MHT, a procedureis’being developed for the fire condition.
5.2.3 Transient creep (under compression)

5.2.3.1 National or International Standards

No| standards have been identified.

5.2.3.2 Laboratory test methods or procedures under development

Cufrently, a procedure is being developed within RILEM TC129 MHTI85] for testing over the range 20 °C
to [750 °C and above under transient heating conditions.

Fof drying‘oncrete (i.e. moisture is lost during the heating process), the total strain, S;,,, is given by
th¢ relationship:

Stotal = Sthermal + Smovement + Snon—elastic + Selastic

where

Sthermal 1S the thermal strain;

Smovement 1S the movement strain;

S is the non-elastic strain;

non-elastic

S is elastic strain.

elastic

Transient creep is therefore determined after subtracting strains due to elastic deformation, thermal
expansion and shrinkage as a result of loss in moisture. However, it is stated in the test method that

© IS0 2020 - All rights reserved 25


https://standardsiso.com/api/?name=53e76db896c1f826d40a99703d35ea7d

ISO/TR 15655:2020(E)

it is not possible to separate the effects of moisture loss and therefore, measurements of creep strain
include the moisture component.

In the case of non-drying concrete (moisture is prevented from escaping) the total strain measured
does not include moisture shrinkage effects.

The test method involves heating the sample under a constant load at a rate of up to 4 °C/min to specific
temperatures measured on the surface. The surface temperature is then held constant while the core
temperatures are monitored. During this time, the change in specimen length is recorded. Transient
creep is therefore determined as a function of the average temperature between the specimen surface
and core.

It is reconmpmended that the procedures described form the basis for developing a standard in which the
temperatyire measured at the surface is increased to 1 000 °C.

5.2.4 Stress relaxation

5.2.4.1 ational or International Standards

No standqrds have been identified for transient heating conditions.

5.2.4.2 aboratory test methods or procedures under development

A test profedure is currently under development within RILEM TE 129 MHT.

5.2.5 Stress-strain (steady state)

Steady stdte test data for the fire condition can be used with a creep component added. Although if is
generally preferable to adopt data based upon transientheating conditions.

5.2.5.1 ational or International Standards

No standdqrds have been identified.

5.2.5.2 aboratory test methods er\procedures under development

A test method is being developed‘within RILEM TC129 MHT.
5.2.6 Stress-strain (transient)

5.2.6.1 ational or International standard

No standdrds have:been identified.

5.2.6.2 aboratory test methods or procedures under development

No laboratory test methods or procedures under development have been identified. However, by
numerical manipulation of the results from transient creep tests under compression described in
3.2.3.2, stress-strain relationships at elevated temperatures can be derived.

5.2.7 Ultimate strength (compression)

5.2.7.1 National or International Standards

No standards have been identified for transient heating conditions.
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5.2.7.2 Laboratory test methods or procedures under development

Within RILEM TC 129 MHTI8¢], a draft test method has been published. This method gives procedures
for establishing the compressive strength of concrete under different conditions and includes the
following:

a)

b)

compressive strength at elevated temperatures and after cooling back to ambient temperature in

which loads are applied during the complete fire exposure;

compressive strength at elevated temperatures and after returning to ambient with no load applied

during the heating process

In

5.2
At

5.3

Du
to

me
co
ma
It

pr
de

In

.2.8 Ultimate strength (tension)

.2.8.1 National or International Standards

.3 Masonry

pach case, concrete is evaluated in two conditions:
“drying concrete” whereby moisture is allowed to freely escape during the test;

“non-drying concrete” in which moisture does not escape and can be applied-to specimg
cross-section greater than 400 mm or moisture is physically prevented froni escaping.

bcimens are heated at rates up to 4 °C/min as determined by the surface‘temperature.

standards have been identified for transient heating ¢onditions.

.8.2 Laboratory test methods or proceduresiunder development

est method is being developed within RILEMFFC 129 MHT.

.1 General

ring heating, many masonfy products undergo chemical and physical changes in a similz
concrete. However, in seme cases the effects are less noticeable on the materials proper]

nditions are preferred; in cases where these do not currently exist, results from steady 5
y provide adequateinformation for design calculations.

pperties of\Concrete under transient heating conditions, this may be considered as a
yeloping-atest method for masonry products.

the testing of masonry products, it is often customary to construct a mini assembly, for

py

bns with a

I manner
ties being

asured. Therefore, whil€ it is recommended that properties determined under transiept heating

tate tests

s proposed<hewever, that where a test method has already been established for evalyating the

basis for

bxample a

amid to determine representative properties rather a single component

5.3.2 Elastic modulus

5.3.2.1 National or International Standards

No

standards have been identified for transient heating conditions.

For steady state heating conditions, the following have been identified. Although these are ambient
temperature tests they may be considered for developing tests at elevated temperatures.

a)
b)

©lI

BS 1881-121[81] is a static test method.

BS 1881-209!82] is a dynamic test method.
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¢) EN 1352[83] js used for lightweight concrete.

d) IS0 1920-10[84],

5.3.2.2

Laboratory test methods or procedures under development

No laboratory methods or procedures have been specifically identified although the test methods being
developed in RILEM TC129 MHT for concrete may be considered.

5.3.3 Shear modulus

5.3.3.1

National or International Standards

No standdqrds have been identified.

5.3.3.2

No labora

Laboratory test methods or procedures under development

fory test methods or procedures under development have been identified.

5.3.4 Modulus of rupture

5.3.4.1

National or International Standards

The following standards have been identified:

a) BS19

[02-4.5[87] is used for measuring dense and insulating products under steady state conditig

may He considered for masonry.

b) ISO5

5.3.4.2

No labora

D13[88] is technically similar to BS 1902-4.5[8Z],

Laboratory test methods or procedures under development

fory test methods or proceduresunder development have been identified.

5.3.5 Creep (in compression)

5.3.5.1

National or International Standards

The following standards have been identified:

a) BS19

b) EN 993- 9I82Nsused for evaluating refractory products under steady state heating conditions;

02-4.587], is\dsed for evaluating refractory products under steady state heating conditions;

ns

¢) IS0 3187199, is technically equivalent to EN 993-9[89];

d) EN 1355 [21], is used for evaluating autoclaved aerated concrete under steady state heating
conditions.

5.3.5.2 Laboratory test methods or procedures under development

Currently, a procedure is being developed within RILEM TC 129 MHTI83] for testing concrete over the
range 20 °C to 750 °C or higher under transient heating conditions. This test method could form the
basis for developing a suitable method for masonry. The test for concrete is briefly described as follows.
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For drying concrete (i.e. moisture is lost during the heating process), the total strain, S,

ISO/TR 15655

transient creep is given by the relationship:

Stotal = Sthermal + Smovement/shrinkage + Snon-elastic + Selastic

where

Sthermal is the thermal strain;

S ovement Lshrinkaae 1S the movement strain;

otal’

:2020(E)

during

Tr
ex

sepparate the effect of moisture loss and therefore the creep strain includes the moisture com

In
do

Th
teq]
teq]
Cr§
an

It
de
ind

5.3
5.3
No

5.3

No
for
ad

5.3

S

non-elastic

S

is the non-elastic strain;

elastic is elastic strain.

bansion and movement/shrinkage as a result of loss in moisture. HoweVer, it is not p

the case of non-drying concrete (moisture is prevented from escaping), the total strain
bs not include moisture shrinkage effects.

e test method involves heating the sample under a constant lpad at a rate of up to 4 °C/min
nperatures measured on the surface. The surface temperature is then held constant whil
nperatures are monitored. During this period, the change in specimen length is recorded.
ep is therefore determined as a function of the average temperature between the specim
1 core.

s recommended that the procedures described for evaluating concrete could form th
eloping into a standard for masonry produets in which the temperature measured at the
reased to 1 000 °C.

.6  Stress-strain (steady state)

.6.1 National or International Standards

standards have been identified.

.6.2 Laboratory-test methods or procedures under development

laboratory tést) methods or procedures under development have been identified. A te{
concrete is‘being developed within RILEM TC 129 MHT. This procedure may be cons
hptationd€oymasonry products.

.77\ Stress-strain (transient state)

insient creep is therefore determined after subtracting strains due to elastiec\deformation, thermal

ossible to
bonent.

measured

fo specific
e the core
Transient
bn surface

b basis of
surface is

t method
dered for

5.3.7.1 National or International Standards

No

standards have been identified.

5.3.7.2 Laboratory test methods or procedures under development

No laboratory test methods or procedures under development have been identified. However, by
numerical manipulation of the results from transient creep tests under compression described in
3.3.5.2, stress-strain relationships at elevated temperatures can be derived.
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5.3.8 Ultimate strength in compression

5.3.8.1

National or International Standards

No standards have been identified.

5.3.8.2

Test methods or procedures under development

Within RILEM TC129 MHTI&¢] a draft test method has been published. This paper describes procedures
for establishing the compressive strength of concrete under different conditions and includes the

following

a) comp

whicH loads are applied during the complete fire exposure;

b) comp
durin|

Fessive strength at elevated temperatures and after returning to ambient with-ie load appl
g the heating process.

In each calse, concrete is evaluated in two conditions:

“dryi

— “non-
Cross

Specimen

ng concrete” whereby moisture is allowed to freely escape during.the test;

drying concrete” in which moisture does not escape and can,be’applied to specimens wit
section greater than 400 mm or is physically prevented fronrescaping.

5 are heated at rates up to 4 °C/min as determined by the surface temperature.

It is suggdsted this procedure be considered for adoption in tésting masonry products.

539 U

5.3.9.1

timate strength in shear

National or International Standards

No standdrds have been identified.

5.3.9.2

No labora

5.3.10 B

5.3.10.1

Laboratory test methods er\procedures under development

fory test methods or precedures under development have been identified.
pnd /frictional strength

National or International Standards

No standdrds have:been identified.

5.3.10.2

No labora

Fessive strength at elevated temperatures and after cooling back to ambient temperature i

ed

na

Laboratory test methods or procedures under development

tory test methods or procedures under development have been identified.

5.3.11 Bending/flexure strength

5.3.11.1

National or International Standards

EN 1351[22] provides a method using a prism for measuring the flexure (tensile) strength of autoclaved
aerated concrete. This method is designed only for testing at ambient temperature.
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5.3.11.2 Laboratory test methods or procedures under development

No

laboratory test methods or procedures under development have been identified.

5.4 Wood

5.4.1 General

The mechanical properties of wood at elevated temperatures are dependent upon both chemical and
physical changes and therefore transient test methods are preferred. Ideally, tests should be conducted

un
or

arg
trg

Re

5.4

5.4

No
an

5.4
L

o8]

b)

5.4

5.4
No

5.4
Te

der the heating conditions similar to the exposure conditions of a standard fire resistance
a constant heat flux which is comparable to a real fire. However, most of the test methods
b based upon steady state heating conditions. Considerable further work is required 4
nsient heating methods.

Ference should be made to a technical report prepared under RILEMI[23],
1.2 Elastic modulus

1.2.1 National or International Standards

standards have been identified at elevated temperaturestbut EN 310[24] could be deve
bient temperature tests.

1.2.2 Laboratory test methods or procedures urider development
boratory test methods or procedures under development are being carried out by the folloj

Tests are carried out at VTT Building Techniology, Finland, under steady state heating cor
which specimens are heated in a kiln, removed and tested for about 1 min. The temperat
covered is from 20 °C to 200 °C.

Measurement of the elastic medulus has been reported in Reference [95] in the Biblig
which tests have been carried out on wood parallel to the grain at temperatures up to 20(
having moisture contents«f0 % and 12 % were evaluated.

1.3 Creep

1.3.1 Nationaller'International Standards

standards.hdve been identified.

1.3.2 _“Laboratory test methods or procedures under development

test, and/
available
o develop

tloped for

ving:

ditions in
ure range

graphy in
°C. Wood

onditions

bts-are being carried out at VT T Building Technology, Finland, under steady state heating

on specimens sampled perpendicular to the grain. A distinction is made between transient drying and
constant wet conditions. In each case, specimens are heated in a kiln and subjected to a constant load
over a period between 3 h and 24 h. The temperature range covered is from 20 °C to 125 °C.

5.4.4 Ultimate strength in compression

5.4.4.1 National or International standards

No

standards have been identified.

© IS0 2020 - All rights reserved

31


https://standardsiso.com/api/?name=53e76db896c1f826d40a99703d35ea7d

ISO/TR 15655:2020(E)

5.4.4.2

Laboratory test methods or procedures under development

Laboratory test methods or procedures under development are being carried out by the following:

a) Tests are carried out at VTT Building Technology, Finland, under steady state heating conditions
in which specimens are heated in a kiln, removed and tested within about 1 min. The temperature
range covered is from 20 °C to 200 °C.

b) Reference [96] in the Bibliography describes tests carried out to determine the compressive
strength at various temperatures ranging up to 200 °C.

c) Refer
stren

545 U

5.4.5.1

No stand3

5.4.5.2
Tests are

in which
range cov

54.6 U

5.4.6.1

No stand4d

5.4.6.2
Laborator

a) atVT
heate
20°C

b) Refer
vario

c) Refer
stren

ence [140] in the bibliography describes tests carried out to determine the axial compress
bth at various temperatures ranging up to 250 °C.

timate strength in shear

National or International Standards

rds have been identified.

Laboratory test methods or procedures under development

being carried out at VTT Building Technology, Finland, undér’steady state heating conditid

bred is from 20 °C to 200 °C.
timate strength in tension

National or International Standards

rds have been identified.

Laboratory test methods or procedures under development
y test methods or procedurestunder development are being carried out as follows:

[ Building Technology, Finland, under steady state heating conditions in which specimens 3
d in a kiln, removed @hd tested within about 1 min. The temperature range covered is fr
to 200 °C.

ence [96] in the Bibliography describes tests carried out to determine the tensile strength
1S temperatures ranging up to 200 °C.

bnce [$44] in the bibliography describes tests carried out to determine the axial tens
bthatwarious temperatures ranging up to 250 °C.

on

ns

Epecimens are heated in a kiln, removed and tested within about 1 min. The temperatyre

ire

at

on

5.4.7 Adhesive strength (tensile shear)

5.4.7.1

National or International Standards

EN 302-1[27] which may be considered being adopted for elevated temperatures.

ASTM D72471142] is widely used in North America for evaluating the comparative shear strength of a
planar adhesive bond at both ambient and elevated temperatures relative to the performance of solid

wood und

32

er the same conditions.

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=53e76db896c1f826d40a99703d35ea7d

ISO/TR 15655:2020(E)

5.4.7.2 Laboratory test methods or procedures under development

Tests are being carried out at VTT Building Technology, Finland, under steady state heating conditions
in which shear specimens are heated in a kiln, removed and tested within about 1 min. The temperature
range covered is from 20 °C to 200 °C.

A small-scale test method was developed by FPInnovations, Canada. It was demonstrated that the
method is able to evaluate and quantify the performance of adhesives using finger-jointed wood
specimens subjected to a constant axial tension stress when placed in a controlled elevated temperature
condition[143],

5.4

5.4

EN
res

Hel
po
wd
Sir
09
wi
sin

1.8 Adhesive strength (delamination)

1.8.1 National or International Standards

302-2[28] could be adopted for elevated temperature tests for determimng the del
istance of load-bearing timber structures.

at durability tests in accordance with CSA 0177, Annex A.2 could also be performed to

fential heat delamination of adhesives in the charred layer of glued:laminated and cross-
od products and thus eliminating adhesives that may exhibit heat\delamination character
hilar tests can also be done for plywood products, in accordance with CSA 0121-17 and

145][146], Moreover, bond strength at elevated temperatures may also be evaluated in a
th ASTM D7247 and Condition B2 of CSA 0112.9[142][147Condition B2 of CSA 0112.9 is in
hulate temperatures that wood-frame members in a fixe-protected assembly can be exp

sone point when exposed to fire conditions.

5.4
No

5.4

5.4

EN
for

5.4
No

5.4

1.8.2 Laboratory test methods or procedures'under development

laboratory test methods or procedures under development have been identified.
1.9 Bending strength

1.9.1 National or International Standards

310[24] describes a testmethod for testing wood-based panels in bending which could be ¢
elevated temperature transient heating conditions.

1.9.2 Laboratery-test methods or procedures under development

laboratory test methods or procedures under development have been identified.

.10 Joints (mechanical fixings)

5.

hmination

issess the
aminated
istics[144],
CSA 0151-
rcordance
tended to
bsed to at

onsidered

.10.1 National or International Standards

Th
a)
b)
c)
d)

e following standards have been identified:
BS 69481291, which is for ambient temperature tests;

1SO 896901001, which is similar to BS 6948[22], also for ambient temperature testing;

EN 26891[101], which describes general principles for evaluating joints with mechanical fasteners;

[SO 6891[192] which is identical to EN 26891[101],
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5.4.10.2 Laboratory test methods or procedures under development

No laboratory test methods or procedures under development have been identified.
5.5 Plastics, fibre reinforcement, organic and inorganic materials

5.5.1 General

The use of these types of materials in load-bearing members in buildings and structures is currently
limited to_a few specific applications. Since these may or may not undergo chemical and/or physical

changes
propertief in the temperature regime of interest, references to test methods carried out either un
steady stdte and transient heating conditions are provided. In cases where there is an absence of g
test methpd being available at elevated temperatures, reference to standards are providedywhich hjg
already b¢en adopted for testing conducted under ambient temperature conditions. At a later date, the
could then form the basis for developing a suitable method for determining the relevant properties
the fire cqnditions.

5.5.2 Elastic modulus

5.5.2.1 ational or International Standards
No elevat¢d temperature test has been identified.
ing standards have been identified:

a) BS 2782-3:Method 320A-F[103], describes a method fexiambient temperature tests on plastic sh
and dffferent types of injection moulding plastics.

b) 1SO 5p7[104] js technically similar to BS 2782-3:Method 320A-F[103],

5.5.2.2 [Laboratory test methods or procedures under development

No laboratory test methods or proceduresunder development have been identified.
5.5.3 Shear modulus

5.5.3.1 |National or International standard

No standdrds have beenfidentified.

5.5.3.2 [Laboratory test methods or procedures under development

No laborafory tést methods or procedures under development have been identified.

t elevated temperatures, which in turn, may have some or negligible influence on jihe

er
ny
Ve
bse
for

pet

5.5.4 Poisson's ratio

5.5.4.1 National or International standards

No standards have been identified.

5.5.4.2 Laboratory test methods or procedures under development

No laboratory test methods or procedures under development have been identified.
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5.5.5 Flexural creep

5.5.5.1 National or International Standards

ISO 899-2[105] describes a test method for measurements on plastics at ambient temperature under
three-point loading.

5.5.5.2 Laboratory test methods or procedures under development

No laboratory test methods or procedures under development have been identified.

5.3.6 Tensile creep

5.3.6.1 National or International Standards
Thee following standards have been identified:
a) [ BS 2782-3:Method 324A[106], which describes a method for plastics at ambient temperatyre;

b) [ 1SO 899-11107], which is technically the same as BS 2782-3:Methq@d324A[106],

5.3.6.2 Laboratory test methods or procedures under development

No|laboratory test methods or procedures under development have been identified.
5.3.7 Stress-strain (steady state heating)

5.3.7.1 National or International Standards
Thee following standards have been identified:

a) | 1SO 527-4[108] describes a methoddor measuring the tensile properties of isotropic and ofthotropic
fibre-reinforced plastic compo§ites at ambient temperature.

b) [ ISO 527-5[109] describes «a\test method for measuring the tensile properties of unidirectional
fibre-reinforced plastic composites at ambient temperature.

5.3.7.2 Laboratorytest methods or procedures under development

Nopne identified, higwever, test methods may be considered using the procedures described for steel
spgcimens (ENC20002-5)[e0],

5.3.8 StreSs-strain (transient heating)

5.3.8.1 National or International Standards

No standards have been identified.

5.5.8.2 Laboratory test methods or procedures under development

No standards have been identified. However, transient test methods may be considered using the
procedures described for steel specimens in 3.1.7.2.
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5.5.9

5.5.9.1

Ultimate strength (compression)

National or International Standards

The following standards have been identified:

a) IS0

604[110] describes a test method for plastics at ambient temperature;

b) JIS K 7191-1[111] JIS K 7191-2[112] and JIS K 7191-3[113] describe a test method to determine the
ultimate temperature for plastics under compressive loading.

5.5.9.2

Laboratory test methods or procedures under development

No laborafory test methods or procedures under development have been identified.

5.5.10

Ultimate strength (shear)

5.5.10.1 [National or International Standards

No standdqrds have been identified.

5.5.10.2 [Laboratory test methods or procedures under developmeént

No laboratory test methods or procedures under development have.been identified.

5.5.11

Ultimate tension

5.5.11.1 National or International Standards

No standdrds have been identified.

5.5.11.2 [Laboratory test methods or procedures under development

No laboratory test methods or procedures under development have been identified.

5.6 Adhesives

5.6.1

General

A review |of the available’ tests methods has indicated that while there is a wide range of tests

determi

ning the mechanical properties under ambient temperature conditions, there appears to

an extrenje lack of stuitable test methods at elevated temperatures and none of these involve transi

heating
may for

for
be
bnt
ds

rcr]:nditions. However, the following standards have been identified in which the test methd

the\basis for developing into a suitable standard for testing under elevated temperatlrre
transient heating-conditions-

It is recommended that should test methods be developed, the heating rates and the range of
temperatures over which the tests are conducted be governed by the requirements of the parent
material for which the adhesive or binder is used. In the absence of specific information on exposure
conditions the following is recommended:

a) maximum test temperature = 1 000 °C or decomposition temperature whichever is the lower;

b) heating rates for transient tests are within the range 0,5 °C/min to 25 °C/min.

Unless otherwise stated, the following tests are currently carried out at ambient temperature.
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