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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
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governmental, in liaison with ISO, also take part in the work. ISO collaborates closely,
national Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

national Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part

main task of technical committees is to prepare International Standards. Draft International §
pted by the technical committees are circulated to the member bodies fory voting. Publicati
national Standard requires approval by at least 75 % of the member bodies/casting a vote.

xceptional circumstances, when a technical committee has collected-data of a different kind
h is normally published as an International Standard (“state of the @art”, for example), it may de
le majority vote of its participating members to publish a Technical-Report. A Technical Report
mative in nature and does not have to be reviewed until the~data it provides are considered
er valid or useful.

htion is drawn to the possibility that some of the elements of this document may be the subject
s. ISO shall not be held responsible for identifying any<or all such patent rights.

TR 15655 was prepared by Technical Committee ISO/TC 92, Fire safety, Subcommittee S
ainment.

TR 15655 is one of a series of documents developed by ISO/TC 92 that provide guidance on

aspects of calculation methods for fire:resistance of structures. The others in this series are cu

preg

aration and include:

ISO/TS 15656, Fire resistance’— Guide for evaluating the capability of calculation models for
fire behaviour

ISO/TS 15657, Firetesistance — Guidelines on computational structural fire design

ISO/TS 15658 Fire resistance — Guidelines for full scale structural fire tests

Other related™documents developed by ISO/TC 92/SC 2 that also provide data and informatio

detd

rminatiomof fire resistance include:

with the
2.
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cide by a
s entirely
to be no

of patent

C 2, Fire

important
rrently in

structural

n for the

ISO 834 (all parts), Fire-resistance tests — Elements of building construction

ISO/TR 10158, Principles and rationale underlying calculation methods in relation to fire resistance of

structural elements

ISO/TR 12470, Fire-resistance tests — Guidance on the application and extension of results

ISO/TR 124711), Computational structural fire design — State of the art and the need for further
development of calculation models and for fire tests for determination of input material data required

1) In preparation.
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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 1SO 834['l as well as natural/real fires, in which performance based
criteria covering stability, integrity and insulation may need to be determined.

As fire

increasing need to provide as inputs to the numerical calculations, the thermal and mechanical propertig
constructjon materials at elevated temperatures. In addition, as part of the process in applying-rules fo
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ngineering is advanced through the development of design codes and standards, there)id

on and extension of fire resistance test results, specific data on material properties;is-often requ
t assessments on variations in construction other than those tested.

rtant therefore, that information on the behaviour of structural materials at/€lévated temperatur

hg conditions that may be experienced in either real fires or standard’fire resistance tests.

ctives of this Technical Report relate to test methods for determining the thermal and mecha
5 of construction materials for use in fire engineering designiand has therefore been prepared to:

ify the existence of national or International Stapdards that provide suitable test methodg
mining the thermal and mechanical properties at elevated temperatures of materials used in
ng construction.

ify whether the test methods are based upon steady state or transient heating conditions and prg
mation on the limits of experimental conditions. For steady state tests, comment where possible
bensitivity of the parameter to the.heating conditions and/or the suitability of the method b
ted for transient tests.

rial property, which may be-adopted by a standards body as a basis for further development in
bst standard. However;, it“should be noted that it is not the intention of this Technical Repo
de a definitive list of references but sources of information are given as an aid to initially revie
p of the work conducted in a particular field of research.

ment on the limitations of developing a test method for a particular thermal or mechanical proper
h it may bevmore appropriate to measure a combination of properties.

ify/prieritize the need for test methods that will have an immediate benefit in providing data fo

engi

an
s of
the
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s is

to the fire engineer and confidence is provided in its use as a resultof\being determined using
bd and accepted laboratory techniques and test standards. Since it is_also possible to determing the
5 of materials under a variety of experimental conditions, those adepted should reflect the heating
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neering calculations.

Currently, there is an active technical group of leading experts working in the field of developing test methods
for concrete members. This work is being conducted within International Union of Testing and Research
Laboratories for Materials and Structures, RILEM TC 129-MHT, under the convenorship of Professor
Schneider. In this Technical Report, reference is made to test methods being currently developed which are
applicable to concrete structures exposed to fire. In some cases, the test methods being developed could be
applied to the testing of masonry products.
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TECHNICAL REPORT ISO/TR 15655:2003(E)

Fire resistance — Tests for thermo-physical and mechanical
properties of structural materials at elevated temperatures for

fire engineering design

1| Scope

Thfs Technical Report identifies test methods already in existence and provides guidance on those
to [be developed to characterize the thermo-physical and mechanical properties™of structural n
elgvated temperatures for use in fire safety engineering calculations.

It is applicable to materials used in load-bearing construction in which,structural and thermal ¢
might be required to assess the performance of elements or systems exposed to either standard
regl or design fire heating conditions.

It is recognized that the elevated temperature properties of materials can be determined under 4
conditions. Since fire is a relatively short transient process lasting from a few minutes to several hot
thqg properties determined should reflect the transient thermaliand loading conditions as well as the
heating that may be experienced in practice. However, it.is also recognized that some properties ar|
insensitive to the transient conditions and therefore, altérnative steady state test methods may be a
Some properties are sensitive to orientation effects; for example timber, and these should be cons
redpect to how the tests are conducted.

In cases where materials undergo either a chemical or a physical reaction during the heating proce
be|impossible to determine an individualproperty. This Technical Report gives guidance in seleqg
mgthod to determine an effective value.representing a combination of properties. It is also recogn
tegt specimen may be comprised of ‘& small construction such as that used in the testing of mas
often involves building a mini assémbly to form a pyramid in order to represent the true behaviour.

Apprt from the traditional construction materials such as metals, concrete, masonry and wood,
plastics and fibre reinfofcement is becoming more common. Therefore these materials have
induded in this Technical Report to reflect possible future changes in design and advances i
teghnology.

In the past, the,behaviour of jointing systems in fire has only received a little interest yet their bg
fundamental_to' the performance of composite elements and structural frames. This Technical R
ad@ressesijointing systems under individual materials, for example welds for steel, glues for timber|
in many ¢ases, the end use of an adhesive is not clear or it covers a range of applications. For thi

that need
aterials at
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5 reason a

separate category for adhesives is included.

For some materials, it has not been possible to identify an existing standard or laboratory pro

cedure 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 upon current fire design methodologies and those that are beginning to receive attention, T

able 1 and

Table 2 summarize the requirements and availability of test methods for measuring the thermal and

mechanical properties considered to have an immediate priority.

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

© 1SO 2003 — Al rights reserved
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Table 1 —Summary of test methods available for measuring the thermo-physical properties at
elevated temperatures

Material
Plastics, fibre
Thermal property Metals Concrete Masonry Wood re;?;:;(;.ir;\ﬁ;t, Adhesives
inorganic
Specific heat La La, sa sa Lb Lb sa Lb sa Lb
Thermal careduectivity LD Lb_gb Lb_gb La_gb Lb_gb LD
Thermal diffusivity L2 La, sb La, sb La La, sb [a
Linear expansion La La, sb La, sb — sa Sa
Linear confraction La La, sb La, sb — s@ s@
Density — Sa sa La sa L8, s@
Charring rgte — — — La, S2 - —
Emissivity L@ La, s2 La, sa Sa Sa SE
Spalling — La, sb La, sa — — —
Shrinkage — sa Sa — — —
Moisture — S@ Sa |2 — —
Others — — — — — —

L  Laboratory test method
S  Standprd test method
—  Propefty not required

@  Laboratpry or standard test method available suitable for fire engineering but may still require further development.

b Laboratpry or standard test method may be suitable for elevated temperature testing but requires further development intp a
transient tes} to be suitable for fire engineering.

2 © ISO 2003 — Al rights reserved
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Table 2 —Summary of test methods available for measuring the mechanical properties at elevated

temperatures
Material
Mechanical property rzli?,?;i:csé::g:
Metals | Concrete | Masonry | Wood organic and ’ | Adhesives
inorganic

Elastic modulus L2 L3, s2 La La X X
Shear modulus — — X — X —
Médulus of rupture — — sb — — —
Pqissons ratio — L2 — L2 X —
Crieep sa La La, sb La X X
Stress relaxation La, sa La — — — —
B3uschinger effect X — — — — —
Stress/strain Steady state Sa La La — X —
Transient state La L2 L2 — X —

Ultimate strength Compression X La La Lb X X
Shear — — X LP X X

Tension L8, s@ La — LP X X

Shear — — — Lb — sb

Adhesive strength Tension — — — Lb — sb
Delamination — S — X — —

Bé¢nding/flexure strength — — X X — sb
qunts (in general) La — X X X —
thers — — — — — —

Standard test method
No elevated temperature test method available
—| Property not required

O
L | Laboratory test method
S
X

@ | Laboratory or standard test method available suitable for fire engineering but may still require further development.
b
t

Laboratory or standard-test method may be suitable for elevated temperature testing but requires further development into a
apsient test to be suitablé)for fire engineering.

=

2 | Testsdor thermal properties at elevated temperatures

2.1 Metals

2.1.1 General

In this section metals that may be used as structural components include aluminium alloys, mild and micro-
alloyed steels and stainless steels. Under fire conditions, the heating rates of interest will generally fall within
the range 1 °C/min to 50 °C/min. The extremes represent situations from heavily protected steelwork such as
reinforcement encased within several inches of concrete cover to fully exposed 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.

© 1SO 2003 — Al rights reserved 3
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2.1.2 Specific heat

21.21

National or International Standards

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

21.2.2

Laboratory test methods or procedures under development

Laboratory test methods or procedures under development are being carried out by the following:
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10 °C/min for aluminium and steel. However, for steel it is not particularly suitable for temperatu
r than the transformation temperature (approximately 720 °C).

otential drop calorimeter/spot methods have been carried out on steel at temperatures up)
°C. Pallisterl41 [5] has reported a test procedure in which specimens are heatedat rates of ug

e in temperature is accurately measured. The test method is also used to measure specific h
cooling. Although the test method was developed for steel, the teChnique can in principle,
d to aluminium.

lar electrical adiabatic technique is reported by Awberryl®l in which measurements on steel samp
Ken continuously as they are heated at a rate of 3 °C/min.

tailed review of the specific heat data for steels and the'measuring techniques are presented i
restonl7].

o test standard has been identified, techniques-for measuring the specific heat of metals have bg
j for several years and could readily form the basis of a standard.

National or International Standards

B301(8] and 1SO 8302[°.

Laboratory test methods or procedures under development
test methods ar procedures under development are being carried out by the following:
I[10] describes a method for measuring thermal conductivity under transient heating conditions

using a-he€ating rate of 3 °C/min to 4 °C/min. The technique involves measuring the electr
vity at\elevated temperatures during continuous heating up to 1 300 °C.

fferential scanning calorimeter has been used under transient heating conditions for heating)rates

res

to
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min, momentarily stabilized and then subjected to a controlled electrical “pulse. The resulting
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been described in Reference [11] of the Bibliography. Tests have been conducted on steel for
temperatures up to 1 000 °C. As before, the methods rely on measuring changes in electrical resistance
for establishing thermal conductivity.

2.1.4 Thermal diffusivity

21.441

No standa

National or International Standards

rds have been identified.
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21.4.2 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 Gustaffssonl'2]. This is referred to as the transient plane source (TPS) technique.

The experimental procedure has been described in papers by Grauers and Perssonl!3 and Log and
Gustaffssonl'4l. 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

re icfi\/ify, r'lnrl_\nnr'lc upon the rate heat is conducted-into the material

Sufcess has been reported in applying the technique for measuring the thermal conductivity and’diffusivity for
seyeral 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 gother materfials, it has
been used successfully at temperatures up to 1 000 K. Currently the test method has. @nly been devyeloped for
stdady state heating conditions. Although the authors state that the technique could be combingd with the
constant rate of temperature rise (CRTR) method for measuring diffusivity, which’is carried out undgr transient
heating conditions, this is questionable. However, the advantage of the techfique is that from a single test,
values for the combined effect of more than one parameter are obtained.

2.1.5 Thermal strain (expansion and contraction)

2.1.51 National or International Standards

No| standards have been identified.

2.1.5.2 Laboratory test methods or procedures under development

Laboratory test methods or procedures under development are being carried out by the following:
—| British Steel Swinden Technology, UK;

—| National Physical Laboratory, UK;

—| Welding Institute, UK.

Although no test standards_could be identified, commercial equipment exist that rely on beipg able to
acgurately measure both(expansion and contraction as part of studying metallurgical transformation|processes
in metals and alloys. These are generally referred to as “dilatometer” tests in which heating rates i} excess of
100 °C/s can be accurately controlled from ambient temperature up to the melting point. Spegimens are
geperally heated)by electrical induction or resistance heating often through the specimen itself, and are
capable of replicating heating cycles used in fire resistance tests and natural fires. For carbon stee] there is a
heating rate’'dependence through the magnetic transformation temperature (approximately 740 °C).

ThE laboratory procedures could be readily developed into a standard.

2.1.6 Emissivity

2.1.6.1 National or International Standards

No standard identified specifically for metals but reference should be made to 1SO 8990['3] for calibrated and
guarded hot box.

2.1.6.2 Laboratory test methods or procedures under development
“Black box” calibration methods are widely used in many laboratories.

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

© 1SO 2003 — Al rights reserved 5
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2.2 Concrete

221 Ge

neral

During heating, concrete undergoes both chemical and physical changes such as loss of moisture,
dehydration, de-carbonization, quartz conversion, etc. 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
that tests
1 000 °C.

222 Sp

2221

The differ
concrete U
500 °C.

2222

Laboratory

2.2.3 Thermal conductivity

2231

The follow}
concrete. |

a)

b)

d)

Japan
Gene

Swed

BS 19
BS 19

BS 19

Tete IS a poor conductor of heat, in order to reflect the majority of fire conditions, It IS recommen
be carried out at heating rates within the range of 0,5 °C/min to 10 °C/min with an upperdimi
pcific heat

National or International standard

nder transient heating conditions but is limited in its application te“temperatures up to arot

Laboratory test methods or procedures under development

test methods or procedures under development are being,carried out by the following:
Testing Centre for Construction Materials, 7= 20 °C.t6 150 °C;

al Building Research Corporation of Japan, 7'=20 °C to 90 °C;

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

National or International Standards

Fach method is based-upon steady state heating conditions:
D2-5.5016];
D2-5.6[17)

D2-5.8118l;

JIS A1

4120191 ysed at:

1) Japan Testing Centre for Construction Materials (small scale tests);

2) General Building Research Corporation of Japan (small scale tests);

ISO 830118];

1ISO 830219

JIS R2618[20],

ed
of

bntial scanning calorimeter (DSC), 1SO 11357-1[31, has been successfully applied to evaluating

nd

ng national standards'have been found which could be adopted or are already in place for tesfing
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2.2.3.2 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 Gustaffssonl'2]. This is referred to as the transient plane source (TPS) technique.

The experimental procedure has been described in papers by Grauers and Perssonl!3 and Log and
Gustaffssonl'4l. 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

re icfi\/ify, r'lnrl_\nnr'lc upon the rate heat is conducted-into the material

Sufcess has been reported in applying the technique for measuring the thermal conductivity and’diffusivity for
seyeral materials including concrete at temperatures up to 1 000 K. Currently the test method has| only been
deyeloped for steady state heating conditions. However, the authors state that the fechniqug could be
combined with the constant rate of temperature rise (CRTR) method for measuring diffusivity, which is carried
ouf under transient heating conditions. Furthermore, this technique is questionable and warrapts further
investigation.

2.4.4 Thermal diffusivity
2341 National or International Standards
The following standards have been identified for steady state heating conditions:

JIS A1325[21] js used at:

[Y)
-~

1) Japan Testing Centre for Construction Materials;

2) General Building Research Corporationef'Japan, T'= 20 °C to 90 °C.

b) [ ENV 1159-2[22]. This standard was origihally developed for evaluating ceramic matrix comppsites with
continuous reinforcement. It involves.a laser flash experimental procedure that is carried out under steady
state heating conditions at temperatures up to 2 800 K.

2.24.2 Laboratory test methods or procedures under development

The transient plane sourceytest method described in 2.2.2.2 can also be used to determine thermal diffusivity.
However, the techniqué-needs to be further developed in conjunction with the constant rate tempgrature rise
mgthod for transienttheating conditions.

Mgasuring the-diffusivity of concrete using the transient plane source technique avoids the ngcessity of
requiring the specific heat to be determined for calculating heat transfer characteristics. In this respect, more
acgurate information may be obtained particularly where physical and chemical changes affect mass transport
praperties.

Laboratory testmethods or procedures under devetopment are being carried by the SwedishNational Testing
and Research Institute.

2.2.5 Thermal strain (expansion and contraction)

2.2.51 National or International Standards

BS 1902-523] describes a steady state method for refractory based materials for temperatures up to
1100 °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.

© 1SO 2003 — Al rights reserved 7
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2.25.2

Laboratory test methods or procedures under development

Laboratory test methods or procedures under development are as follows:

— Alaboratory test method (steady state) is used at the Japan Testing Centre for Construction Materials.

— Within RILEM TC 129-MHTI[2] 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:

Speci
held f
core t
This i

In this
Non-d
struct
the su
where
regarq

B [

r a period of 1 h. Thermal expansion is recorded as a function between the average surface 4
mperatures. The test method also allows contraction of concrete during cooling to be mieasur,
volves a similar procedure described for expansion but under reverse heating conditions.

test, a distinction is made between specimens referred to as “drying” and “nonsdfying” concrg
rying concrete condition exists when moisture is prevented from escaping during the test.
iral elements in the fire state, this condition may occur in large member sizes Avhen the distance
rface is greater than 200 mm. “Drying” concrete allows the moisture to freely escape. For the lat
it is not possible to separate the effects of moisture and therefore the.thermal strain measureq
ed as the total thermal strain for the specimen.

It is also
dehydrati

Although
chemical
heating co
basis for d

226 De
2261
It is recom
226.2

EN 678[24]
that may b

2.2.6.3

No standa

cognized for some types of low expansion concrete, shrinkage due to the loss in moisture §
effects may result in net contraction during the heating phaseg.

national standard currently exists for measuring contraction and expansion, due to changes
nd physical properties during heating, it is preferable that a procedure be available for transi

nditions. In this respect, it is recommended the pro¢edures given in RILEM TC 129-MHTI[2] be
eveloping a standard.

hsity

General

mended to use a steady state method to measure density.
National or International Standards

describes a test miethod for the determination of the dry density of autoclaved aerated concr
e considered for adoption for concrete.

Laboratory test methods or procedures under development

rds have.been identified.
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National or International Standards

The following standards have been identified.

a) JISA

14231251 js used by:

1) Japan Testing Centre for Construction Materials;

2) General Building Research Corporation of Japan.
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b) See also ISO 8990!13] for the calibrated and guarded hot box.

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

2.2.7.2 Laboratory test methods or procedures under development

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

2.2.8 Spalling

2.2.8.1 National or International Standards

BY 1902-5.11[26], developed for refractory materials, may be considered for adoption.

2.2.8.2 Laboratory test methods and procedures under development

Laboratory test methods or procedures under development are being carried out\atthe following:
—| Japan Testing Centre for Construction Materials;

—| General Building Research Corporation of Japan;

—| VTT building technology, Finland.

Sep also References [27] and [28] in the Bibliography.

2.4.9 Expansion/shrinkage

2.4.91 National or International Standards

EN 680[291 describes a test method for-the determination of the drying shrinkage of autoclaved aerated
confcrete that is appropriate for in situ-concrete.

2.4.9.2 Laboratory test methods or procedures under development
Noltest methods or procedures under development have been identified.
2.2.10 Moisture

2.2.10.1 National or International Standards

EN 135330 describes a test method for pre-fabricated autoclaved aerated concrete that is appfopriate for
concrete'and is used by:

a) Japan Testing Centre for Construction Materials (small scale tests);

b) General Building Research Corporation of Japan.

2.2.10.2 Laboratory test methods or procedures under development

No laboratory test methods or procedures under development have been identified.
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2.3 Masonry
2.3.1 Specific heat

2.3.1.1 National or International Standards

ISO 11357-1[3] describes the use of the differential scanning calorimeter (DSC) under transient heating
conditions.

2.3.1.2

Laboratory test methods or procedures under development are being carried out at the following:
— Japanr Testing Centre for Construction Materials, 7= 20 °C to 150 °C;

— Genefal Building Research Corporation of Japan, 7= 20 °C to 90 °C;

— Swed|sh National Research Institute.

2.3.2 Thermal conductivity

2.3.21 National or International Standards

The followjng national standards have been found which may be considered for adoption, or are already in
place for te¢sting masonry. Each method is based upon steady staté.heating conditions:

a) BS 1902-5.5[16];
b) BS 1902-5.6117];
c) BS 1902-5.8l"8l;

d) JIS A1412[19 s used at:

[

1) Japan Testing Centre for Cofistruction Materials;
2) (eneral Building Research Corporation of Japan;

e) ASTM C201-47[31];

f) EN 993-14[32];

g) 1SO 8p94,1(33k

h) EN 9934434l

) 1SO 8301I8l;
j) 1SO 8302
k) JIS R2618[20],

2.3.2.2 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 Gustafssonl12l. This is referred to as the transient plane source (TPS) technique.

10 © IS0 2003 — All rights reserved


https://standardsiso.com/api/?name=b9136009f8b500455f2ae0f76fc29fc4

ISO/TR 15655:2003(E)

The experimental procedure has been described in papers by Grauers and Perssonl!3 and Log and
Gustafssonl'4]. 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

CcO

hined with the constant rate of fnmppmhlrp rise ((‘RTR) method for mnncnring diffnei\/ihl/’ whic

is carried

ou

under transient heating conditions. However, this technique is questionable and redqui

inviestigation.

La

boratory test methods or procedures under development are being carried out at the fellowing:
Swedish National Testing and Research Institute;

British Steel Technical.

2.3.3 Thermal diffusivity

2.3.31 National or International Standards

Th

b)

b following standards have been identified for steady statesheating conditions:
JIS A1412[19] which is used at:

1) Japan Testing Centre for Construction Materials;

2) General Building Research Corporation of Japan, 7'= 20 °C to 200 °C;

ENV 1159-2[22]. This standard was-eriginally developed for ceramic matrix composites with
reinforcements. It involves a laser flash experimental procedure that is carried out under st
heating conditions at temperatures up to 2 800 K.

2.3.3.2 Laboratory test methods or procedures under development

Th

b transient plane saurce test method described in 2.3.2.2, can also be used to determine therma

However, the technigque needs to be further developed in conjunction with the constant rate temps
mgthod for transient’heating conditions.

Mgasuring the) diffusivity of masonry using this technique avoids the necessity of requiring the sped

be
ob

La

deternmiined for calculating heat transfer characteristics. In this respect, more accurate informati
ained‘particularly where physical and chemical changes affect mass transport properties.

es further

continuous
cady state

diffusivity.

rature rise

ific heat to
on may be

and Research Institute.

2.3.4 Thermal strain (expansion and contraction)

2.3.41 National or International Standards

Th

a)

e following standards have been identified:

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

BS 1902-5.14[3%], describes a steady state method for refractory based materials for temperatures up to
1100 °C. The technique is based upon the split column method which could be adopted for masonry.

© 1SO 2003 — Al rights reserved
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However, since masonry undergoes both thermal and physical changes during heating, it is preferable

that a

transient test method be employed.

b) JIS A1325[21] s used at Japan Institute Testing Centre for Construction Materials.

2.3.4.2

Laboratory test methods or procedures under development

Under RILEM TC129-MHTI[2], a transient test method has been developed for concrete which enables axial
thermal strain to be measured over the temperature range of 20 °C to 1 000 °C and above. With further work,
the method may be developed for evaluating masonry under transient heating conditions. The procedure is

briefly des
a) Speci
held fi
surfad
and c

involv

b) Inthe
exists
large
the m
the st

the influence of moisture on the thermal properties may not be as severe as for concrete.

It is also 1
dehydratio]

Although & national standard currently exists for measuring contraction and expansion, due to changes
nd physical properties during heating, it is preferable a procedure is available for transient heafing

chemical 4
conditions
which hav
considered
would nee

2.3.5 De

2.3.5.1
EN 678[24]

considered
EN 772-13

2.3.5.2

Criped as 1ollows:

mens are heated slowly between 0,5 °C/min and 2,0 °C/min to a specific surface temperature 3
pr a period of 1 h. During this time, thermal expansion is measured as heat is conducted“from

pre temperatures. The test method also allows contraction during cooling to be-measured. T
bs a similar procedure described for expansion but under reverse heating conditions.

when moisture is prevented from escaping during the test. In the fire~condition this may occu
member sizes when the distance to the surface is greater than 200 mm. “Drying” condition allg
bisture to freely escape. For the latter, where it is not possible to separate the effects of moist
ain measured is regarded as the total thermal strain for the spec¢imen. For some masonry produ

ecognized for some types of low expansion materialsshrinkage due to the loss in moisture 2
h effects may result in net contraction during the heating phase.

In this respect, it is recommended that the*procedures developed in RILEMI2] described abq
b been developed for concrete could in principle, be applied to masonry products. These may
to provide the basis for developing a-standard. However, as with concrete, the temperature rar
1 to be extended to a surface temperature of 1 000 °C.

hsity
National or International Standards

describes a method for measuring the dry density of autoclaved aerated concrete that may
for use with ©thér masonry products. Reference should also be made to EN 772-10[36] ¢
[37] for suitabletest methods to be considered.

Laboratory test methods or procedures under development

nd
the

e to the specimen core. Thermal expansion is recorded as a function between the average surface

his

test, a distinction is made between “drying” and “non-drying” specimens.-The non-drying condijon

in
WS
Lire
tts,

nd

in

ve
be

ge

be
nd

No laborat

bfy-test methods or procedures under development have been identified.

2.3.6 Emissivity

2.3.6.1

National or International Standards

The following standards have been identified:

a) JIS A1423[25], which is used by:

— Japan Testing Centre for Construction Materials.

— General Building Research Corporation of Japan.

12
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b) See also ISO 8990!19] for steady state methods describing the use of the calibrated and guarded hot box.

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

2.3.6.2 Laboratory test methods or procedures under development

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

2.3.7 Spalling

2.3.7.1  National or International Standards
BY 1902-5.11[26], developed for refractory materials, may be considered for adoption.

2.3.7.2 Laboratory test methods or procedures under development

Laboratory test methods or procedures under development are being carried outlby- the following:
—| Japan Testing Centre for Construction Materials;

—| General Building Research Corporation of Japan;

—| VTT Building Technology, Finland.

Sep also References [27] and [28] in the Bibliography for cencrete that may be possible to adopt for masonry
praducts.

2.3.8 Expansion/shrinkage

2.3.81 National or International Standards

EN 680129 describes a test method. for-the determination of the drying shrinkage of autoclaved aerated
cofcrete. Reference should also be made to BS 6073:1981[38],

2.3.8.2 Laboratory test méthods or procedures under development

Nol laboratory test methods)or procedures under development have been identified.

2.3.9 Moisture content

2.3.91 National or International Standards

EN 135380 describes a test method for pre-fabricated autoclaved aerated concrete that could be gdopted for
otHer-masonry products.

2.3.9.2 Laboratory test methods or procedures under development

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

241 General

During heating, the thermal properties are affected by both chemical and physical changes and therefore
transient test methods are generally preferred for determining the majority of properties. This penalizes a
number of steady state procedures since they rely upon achieving steady state conditions over a considerable
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time before the measurements are made. A review of the various test methods for thermal properties is
presented in a report prepared under RILEM TC 74 THT. Reference should also be made to a major review
by Tenwolde et a/l3%] on the thermal properties of wood.

In general, it is recommended that transient tests be carried out using heating rates between 1 °C/min and

10 °C/min

with maximum surface temperatures of 1 000 °C.

2.4.2 Specific heat

2421

National or International Standards

No standa

2422
Laboratory

— Buildi
calibr:

— Japan
— Gene

243 Th

2431

Apart from

content apd temperature. For charred wood only the oven, dry density and temperature are importa

Reference|
and are d
addition to

2.4.3.2

JIS A1412
a) Japan
b) Gene

2433

ds have been identified.

Laboratory test methods or procedures under development

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

ted calorimeterl40],
testing Centre for Construction Materials. Properties are determinediup to 150 °C.

al Building Research Corporation of Japan. Properties are determined up to 200 °C.
brmal conductivity

General

grain orientation, the thermal conductivity of\wood is a function of its oven dry density, moist
5 in the literature refer to deriving the thermal conductivity of wood for both wet and dry conditig
the test methods given in 2.4.3.3.
National or International Standards

19 is used at:

testing Centre fof.Gonstruction Materials;

al Building Research Corporation of Japan.

Laboratory test methods or procedures under development

Laboratory

iscussed in a review paper by Janssensl41l. The methods employed should be considered i

g Research Institute, Prague. Samples are heated in an oven and placed\within a non-adiabatic

Lire
nt.
ns

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

— Building Research Institute, Prague. Transient test method is used in which samples are built into the wall
of an oven with temperature rise through the specimens recorded during heating.

— Reference [41] in the Bibliography describes work carried out in measuring the thermal conductivity of
both wood and char at temperatures up to 800 °C.

14
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2.4.4 Thermal diffusivity

24.41 National or International Standards

No

standards have been identified.

24.4.2 Laboratory test methods or procedures under development

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

2.4

2.4

No

2.4

M3

safnples after heating to temperatures up to 600 °C[42}

24

2.4

Se

2.4

La

QO
~

b)

c)

Japan Testing Centre for Construction Materials.
General Building Research Corporation of Japan. Tests are carried out at temperaturestup-to 2P0 °C.

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

.5 Density
5.1 National or International Standards
standards have been identified.

.5.2 Laboratory methods or procedures under development

ss loss determinations and measurements of dimefsional changes are carried out on over}-dry wood

.6 Charring rate

.6.1  National or International Standard

e ASTM E119[43],

.6.2 Laboratory methoeds’'or procedures under development

poratory test methods er/procedures under development are being carried as follows:
samples of wgod-exposed to standard fire test heating conditions in accordance with ASTM E1{19[43l;
Japan Testing Centre for Construction Materials;

General Building Research Corporation of Japan;

Eira racaarch ctatinn havn ~areind thacte +n manciira Al
A2~ v e—GCa it ot ot

ew irradiance

e)

f)

9)

LB L~ ) carcr—otatror T o T U—tCoto—to—TrcaoourT

from a gas fired furnace operating at 870 °C[45] [46];
NRDL carried out similar test procedure to d) using short pulses of high irradiances[47];

White and Tranl481 491 have reported on tests carried out using the standard ASTM E906[50] 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 at which the temperature
attained 300 °C;

at the Technical University of Braunschweig studies based upon the standard heating curve have been
conducted[®1].
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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 Janssensl4'] 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 E1193] (1ISO 834)["] standard fire be adopted as the exposure condition from which measurements of
the charring rates are made.

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.

247 Enjissivity
2471 National or International Standards
The follow|ng standards have been identified:

a) Testslare carried out in accordance with JIS A1423[25] at:

[

bpan Testing Centre for Construction Materials;
— (Qeneral Building Construction of Japan.
b) See also ISO 8990!15] for steady state methods using the calibrated)and guarded hot box.
It is recommended to use steady state methods for measuring emissivity.
24.7.2 [Laboratory methods or procedures under development

No laboratpry test methods or procedures under development have been identified.
2.4.8 Mdisture

2.4.8.1 National or International Standards

No standafds have been identified.

2.4.8.2 [Laboratory test methods.or procedures under development

Mass loss determinations and”measurements of dimensional changes are carried out on oven-dry wgod
samples after heating to températures up to 600 °C[42],

2.5 Plastics, fibre reinforcement, organic and inorganic materials

2.51 Gereral

The use of plastic materials, fibre reinforcement and organic and inorganic materials for structural support is
receiving greater interest. However, since the type of material can vary enormously, specific guidance on
heating rates, maximum temperatures and whether transient test methods are necessary, cannot at this stage
be given. However, in the absence of any other information on exposure conditions, the following is
recommended for developing suitable test methods:

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

c) 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.
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2.5.2 Specific heat

2.5.21 National or International Standards

The following standards have been identified:

a)

ISO 11357-1[31 describes the use of the differential scanning calorimeter (DSC) for measuring plastics
under transient heating conditions. Two methods are described:

1) power-compensation DSC;

b)

Iti

2.8.2.2 Laboratory test methods or procedures under development

La

2.8.3.2 Laboratorytest methods or procedures under development

La

.9.3 Thermal conductivity

2) heat-flux DSC.

ENV 1159-3[52], describes two methods for ceramic based composites:
1) drop calorimeter, for temperatures up to 2 250 K;

2) differential scanning calorimeter, for temperatures up to 1 900 K.

5 recommended that decomposition temperatures not be exceeded.

poratory test methods or procedures under development aredbeing carried out as follows:
Japan Testing Centre for Construction Materials, used<at'temperatures up to 150 °C;

General Building Research Corporation of Japan, used at temperatures up to 200 °C.

.3.1  National or International Standards
A1412[191 s used at:
Japan Testing Centre for Coenstruction Materials;

General Building Research Corporation of Japan.

boratory test methods or procedures under development are being carried out as follows:
UK National Physical Laboratory for testing plastics.

Asnethod for measuring thermal conductivity and diffusivity that is similar in principle to the hgt wire, has

been developed by Gustaffssonl12]. This is referred to as the transient plane source (TPS) techhique.

The experimental procedure has been described in papers by Grauers and Perssonl'3] and Log and
Gustaffssonl'4l. 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 constant rate of temperature rise (CRTR) method for measuring diffusivity under
transient heating conditions, this is questionable and needs to be re-examined.
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2.5.4 Thermal diffusivity

2.5.41 National or International Standards

ENV 1159-2[22] was originally developed for ceramic matrix composites with continuous reinforcements. It
involves 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.

2542

Laboratory test methods or procedures under development

Laboratory

— The t

diffusivity of plastic sheet. However, the technique needs to be further developed in conjunction with

constant rate temperature rise method for transient heating conditions.

Measliring the diffusivity of plastic sheet using this technique avoids the necessity<firequiring the sped
0 be determined for calculating heat transfer characteristics. In this~respect, more accur
ation may be obtained particularly where physical and chemical changes affect mass transq

heat
inform

propefties.

— Sweden National Testing and Research Institute.

— Japan
— Gene
255 Th
2551

The follow
a) BS 63
b) ASTM
c) ENV 1
d) 1SO1

2552

Testing Centre for Construction Materials.

al Building Research Corporation of Japan.

brmal strain (expansion and contraction)

National or International Standards

ng standards have been identified:

19-12[53, is used for measuringresin and polymer cements;
D 696054, for plastics;

159-1[5%], for measiiring composites up to 2 300 K;

1359-2[56] formeasuring plastics.

Laboratory test methods or procedures under development

No laborat

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

ansient plane source test method described in 2.5.3.2, can also be used to determine thermal

the

ific
ate
ort

bfytest methods or procedures under development have been identified.

2.5.6 Density

2.5.6.1

National or International Standards

ISO 1183571 has been identified for measuring the density of plastics.

2.5.6.2

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

18
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2.5.7 Emissivity

2571 National or International Standards

The following standards have been identified:

a)

JIS A1423[29] js used at:

1) Japan Testing Centre for Construction Materials;

O
-

2) General bBuilding Research Corporation of Japan.

See also 1ISO 89901'%] for the calibrated and guarded hot box.

2.8.7.2 Laboratory test methods or procedures under development

No

Iti

laboratory test methods or procedures under development have been identified.

5 recommended to use appropriate steady state test methods.

2.6 Adhesives

2.6

Ad
as

Fo
act

.1 General

sembly of structural members or providing additional strengthening of existing members.

 adhesives used in joints, it can be assumed that since the mass of material is generally great
ual member itself, the rates of heating and maximum temperatures at which tests are conducted

to the exposure conditions appropriate to those for the member itself.

As
a)
b)

Un
co

2.6

2.6

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

ess stated otherwise\all the test methods described below are conducted under steady st3
nditions.

.2 Specific-heat

2.1 National or International Standards

1S(

hesives may be used in a variety of materials undér\widely different applications, e.g. joints for the

er than the
are limited

with plastics, in the absence of specific,information on exposure conditions, the following is recoinmended:

te heating

D41357-113], describes the use of the differential scanning calorimeter (DSC) for measuring pla

stics under

transient heating conditions. This could be adopted for measurements on adhesives and binders. Two
methods are described:

a)

b)

power-compensation DSC;

heat-flux DSC.

It is recommended that decomposition temperatures not be exceeded.
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2.6.2.2 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 150 °C;

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

2.6.3 Thermal conductivity

2.6.3.1 [|National or International Standards

JIS A1412]19] s used at:

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

2.6.3.2 [Laboratory test methods or procedures under development

Although not stated, the hot-wire method described in 2.2.3.2 may be suitablefor bulk specimens.
2.6.4 Thermal diffusivity

2.6.4.1 [|National or International Standards

No standafds have been identified.

2.6.4.2 [Laboratory test methods or procedures under development

Laboratory test methods or procedures under development are being carried out by the following:
— Japan Testing Centre for Construction Materials;

— Genefal Building Research Corparation of Japan, tests at temperatures up to 200 °C;

— Althoygh not stated, the hot'wire method described in 2.2.3.2 may be suitable for bulk specimens.
2.6.5 Thermal strain (expansion and contraction)

2.6.5.1 Nationalcor International Standards

The follow|ng standards have been identified:

a) BS 6319-12t53 tanbe used on bulk Tesins;

b) JIS A1325[21] used at the Japan Testing Centre for Construction Materials;
c) ASTM D 696054, used for testing plastics can be adopted on bulk specimens;
d) 1SO 11359-2[56] can be used on bulk specimens.

2.6.5.2 Laboratory test methods or procedures under development

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

2.6.6.1  National or International Standards

The following standards have been identified:

a) BS 6319-5[58] which provides two methods for resin based mortars;

b) 1SO 11830571 which can be used on bulk specimens.

2..6.2 Laboratory test methods or procedures under development
Laboratory test methods or procedures under development are being carried by the following:
—| Japan Testing Centre for Construction Materials;

—| General Building Research Corporation of Japan.
2..7 Emissivity

2.4.71 National or International Standards

The following standards have been identified:

a)| JIS A1423[25] is used by:
— Japan Testing Centre for Construction Materials;
— General Building Research Corporation\of Japan.
b) [ See also 1ISO 8990!15] for the calibrated.and guarded hot box, which could be applied to bulk spgcimens.

2.4.7.2 Laboratory test methods ‘or procedures under development

Nol laboratory test methods or(procedures under development have been identified.

3 | Tests for mechanical properties at elevated temperatures

3.1 Metals

3.1.1 General

The “mechanical (strength) properties of metals generally decrease at elevated temperatures anld are well
below 5 % of their ambient temperature at values representing 0,7 to 0,8 of their melting point. For practical
use in fire engineering design of load bearing members, test methods at elevated temperatures need not
exceed 1000 °C for steels and 500 °C for aluminium alloys. A review of some of the test methods for
mechanical behaviour is given in Reference [59] in the Bibliography.

3.1.2 Elastic modulus

3.1.21 General
The elastic modulus of metals at elevated temperatures can be determined using several methods. One of the

most common approaches is to determine values from stress/strain curves derived from tensile tests carried
out at elevated temperatures using standards such as EN 10002-5[601. However, while values of the elastic
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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.
3.1.2.2 National or International Standards
No standafdstrave beemidentified:
3.1.2.3 [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-pgint
loadinig or as a cantilever. Deflections are measured by using optical lever systems'in which the accuracy
of mefisurement is considered to be within 1 % (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
frequency, mass and dimensions of the bar Young's modulus4s déetermined(63] [64] [65],
2) Ultrasonic frequencies are sent along a bar in which the\ransit times of the ultrasonic waves are
measured![66] [67],
Both methods are carried out under steady state heating for temperatures up to 1 000 °C.
3.1.3 Cr¢ep
3.1.3.1 [General
In the pas{, data used in structural design:for the fire limit state has often been derived from a combination of
results obfained from conventional tensile tests and creep tests both conducted under steady state heating
conditions| Although properties derived from transient tests are preferred, the use of creep results with tensile
tests is stil| practised. There is therefore a need to have agreed standards for the steady state tests.
3.1.3.2 [National or International Standards
The follow|ng standards-have been identified:
a) BS 3500-3[68l;
b) 1SO 9594169l
c) IS0 204[70],
3.1.3.3 Laboratory test methods or procedures under development

At the Tokyo Institute of Technology a similar method (see Reference [71] in the Bibliography) to the

standards
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given above for temperatures up to 600 °C is under development.
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3.1.4 Stress relaxation

3.1.4.1 National or International Standards

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

3.1.4.2 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,

Is are created resulting in considerable forces being generated, usually at the connettions.

m4nifests itself as localized fractures. In order to analyse these effects, it is necessary tdg
un@lerstanding of strain hardening during cooling as well as any associated creep behaviour. A test
thgrefore needed in which specimen strain is held at a constant level during cooling/from tempera
1 00 °C during which time changes in stress are measured.

3.1.5 Bauschinger effect

5.1 General

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

5.2 National or International Standards

Nol standards have been identified.

.5.3 Laboratory test methods or procedures under development

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

3.1.6 Stress-strain (steadystate)

.6.1 General

Tepsile tests under’steady state heating are carried out to derive stress—strain relationships
temperatures. Loading is generally applied under a constant strain rate/crosshead speed. In order
data for the transient condition of a fire, it is normal to add to the plastic strain, a contribution du
effects, see3.1.3.

There“are several disadvantages with this type of test compared to the transient method. For ex

high stress
This often

have an
method is
ures up to

manifests

uitable for

at various
to use the
e to creep

ample, the

hegting conditions are not replicated and the material properties can metallurgically change during

heating to

the test temperature prior to the tests. However, since work reported in the literature has shown

correlation

between numerical models using steady state results and actual performance, this type of test is included.

3.1.6.2 National or International Standards

EN 10002-5[60] has been identified.

3.1.6.3 Laboratory test methods or procedures under development

No laboratory test methods or procedures under development have been identified.
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3.1.7 Stress-strain ( transient state)

3.1.71

National or International standard

No standards have been identified but some aspects of EN 10002-5[601 have been adopted, see 3.1.7.2.

3.1.7.2

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 ratel74] [75] [76]

The desig
conventior

been found to be necessary to improve upon the existing hot tensile test methods by:

a) use of
b) better

C) useo

longitlidinal temperature profiles;

d) adjusiments to the surface temperature measurements are necessary to reflect “bulk” specin

tempg

The stress
of 0,05 tim
provided |

heating rates adopted are usually in the range of 2,5 °G/min to 50 °C/min and reflect those that may

experiencq

influence ¢f heating rate on aluminium and steel which results in an apparent improvement in strength v

increasing
carried ouf
fire scenar

The advarntage of this type of test to the'steady state method is that all the microstructural changes tha
load-bearing member will experience- in-reality, are replicated in the transient test.

From the
derive con

specific limits of critical strain:

Laboratory test procedures have been carried out at:

— Britist Steet:Swinden Technology Centre, UK;

al steady state tests at elevated temperatures as described in EN 10002-5[601. However; it

extensometers with increased accuracy and resolution;
contacts between the thermocouples and specimens;

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

ratures.

levels applied extend beyond those that may be used in.practice and generally fall within the rar
es to 1,3 times the value of the ambient temperaturé&’yield or 0,2 % proof stress. Heating can
y direct and indirect resistance furnaces, induction heating as well as by halogen lamps. 1

d by unprotected and heavily protected members in both standard tests and real fires. There is
heating rates. For steel, this effect is;small and is ignored in engineering design codes. Te

under slow heating conditions providé_ slightly conservative behaviour when applied to more sev
os.

esulting strain temperature curves derived for each loading condition, the data is manipulated
ventional stress—strain relationships as described in 3.1.6, as well as strength reduction values

— BHP $teel. Australia;

— Unive

h of the specimens and methods of fitting instrumentation are often identical to those use% in

as

on

en

ge
be
'he
be
an
ith
sts
bre

to
for

rsity of Helsinki, Finland.

3.1.8 Ultimate strength (tension)

3.1.8.1

The follow

National or International Standards

ing standards have been identified for:

a) steady state heating conditions, refer to EN 10002-5[60];

b) transient heating conditions for which no standards have been identified.
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.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.

3.1

3.1

No

.9 Ultimate strength (compression)

9.1 National or International Standards

standards have been identified.

3.1

No

3.1
he

3.1

Bo
red
frig

In

tes
he
as
co
ten

Fo

3.1

No

3.1

Te
us
tra
co

M¢g

9.2 Laboratory test methods or procedures under development

laboratory test methods or procedures under development have been identified.

.10 Joints — bolts (ultimate capacity: shear, slip and tension under steady’state and trans
ating)

.10.1  General

ts are one of the main components used in joining members to fofm' structural frames. In gene
uired primarily on the ultimate capacity and to a lesser extent on¢tress—strain behaviour. For hig
tion grip bolts data on “slip” behaviour is also important.

prder to evaluate the behaviour of steel bolts in joints as.full components it is often necessary t
ts within bulky couplings. This creates practical difficulties in achieving heating rates unde
hting conditions of much greater than 10 °C/min. However, since the apparent strength of meta
the rate of heating increases, the results obtained under slow heating conditions would tend to
nservative. It is recommended that tests be garried out at a heating rates up to 10 °C/min for
hperatures of 800 °C.

[ aluminium bolts, heating rates up to 25-°C/min are practical with a maximum temperature of 50(

.10.2 National or International.Standards

standards have been identified.

.10.3 Laboratory test methods or procedures under development

5t methods have)been developed at British Steel Swinden Technology Centre for evaluating
ed in structural connections. These are carried out in tension or double shear under steady S

nditionssissreported in work described in Reference [78] in the Bibliography.

asurement of the slip loads of high strength friction grip bolts at elevated temperatures is in

ient

ral, data is
jh strength

b carry out
r transient
s increase
be slightly
maximum

°C.

steel bolts
tatel”?] or

nsient heating conditions using a heating rate of 5 °C/min. Similar work under steady state heating

hportant in

+ : n () 1 ! a1 [T o S [ 72t ] Lrant .. 41 [= S
moment ISSISUNTY CUTITICLUHUTTS AU TTasS DETITT UTCSUTNTUTU TIT INCITTCTIVES [7I] allu [OUT 1T TS DIDITUYUT

phy. Tests

have been carried out on both painted and unpainted surfaces under steady state heating conditions at
temperatures up to 500 °C. The procedures described could readily be developed for conducting tests under
transient heating conditions.

3.1

3.1

No

.11 Joints — bolts (stress—strain under transient heating)
.11.1 National or International Standards

standards have been specifically identified but relevant parts of EN 10002-5[60] can be adopted.
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3.1.11.2 Laboratory test methods or procedures under development

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.

3.1.12 Joints — welds (ultimate capacity: steady state and transient heating)

3.1.12.1 |General

Welds are|widely used in the fabrication of members and frequently in some countries also in the{eornstrucon
of steel frames. For welded assemblies tests to measure the ultimate capacity of fillet welds can'be carried put
under botH steady state and transient heating conditions. For the latter, due to the bulk of steelbeing heated it
is difficult pon a practical level to achieve specimen-heating rates greater than 10 °C/min in steel. Howeyer,
research has shown that slow heating rates tend to provide slightly conservativecresults. It is therefpre
recommended to adopt heating rates up to 10 °C/min for maximum temperatures of 4,000 °C.

For aluminium, heating rates up to 25 °C/min for maximum temperatures of 500. *€“should be adopted.

3.1.12.2 [National or International Standards
The follow|ng standards have been identified:

a) Samples machined from butt welds can be tested accardifig to the steady state method described in
EN 17002-5l601,

b) For fillet weld assemblies, no standard could be identified.

3.1.12.3 [Laboratory test methods or procedures under development

Test procgdures exist at British Steel Swinden Technology Centre in which cruciform shapes are fabricaled
from plate|using fillet welds of different throat sizes. These are subjected to tensile tests which are taken to
failure to getermine the ultimate capagity of the joint. The tests can be carried out under steady state| or
transient heating conditions at rat€s ;up to 5 °C/min with maximum temperatures of 1 000 °C. It has bgen
found that[for slow rates of heating; differences in results obtained in the plastic range at high strains, betwgen
transient and steady state heating conditions are small.

3.1.13 Joints — welds/(stress—strain under transient heating)

3.1.13.1 |General

Since the heating rates at connections during fire are generally lower than the individual members, the hea
rates emp i i i ° i i
heating rate dependence on the properties obtained with the slower heating rates providing slightly
conservative results. It is recommended that the maximum temperatures be limited to 500 °C and 1 000 °C for
aluminium and steel respectively.

3.1.13.2 National or International standard

No standards have been specifically identified but relevant parts of the EN 10002-5[69] can be adopted.
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.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.

3.2 Concrete

3.2
Du
is

de
un

3.2

3.2

No

Fo
ten

o
-

3.2

Cu

3.2

3.2

No

.1 General
ring heating, concrete undergoes both chemical and physical changes and therefore forthe fire
usually necessary to be able to describe the properties under transient heating conditio

elopment of new test procedures, heating rates should be within the range of/0,5 °C/min to
ess specifically stated otherwise with maximum surface temperatures during heating of 1 000 °C

.2 Elastic modulus (compression)
2.1 National or International Standards

standards have been identified for transient heating conditions,

" steady state heating conditions, the following standards Have been identified. Although these a
hperature tests, they could be developed for tests at elevated temperatures.

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

BS 1881-209[82] js a dynamic test method.
EN 1352[83] is used for lightweight concrete.
ISO 6784[84],

.2.2 Laboratory methods or procedures under development

rrently in RILEM TCA29 MHT, a procedure is being developed for the fire condition.
.3 Transient creep (under compression)

3.1 National or International Standards

standards have been identified.

condition it
ns. In the
10 °C/min

re ambient

3.2.3.2 Laboratory test methods or procedures under development

Currently, a procedure is being developed within RILEM TC129 MHTI83I for testing over the range 20 °C to
750 °C and above under transient heating conditions.

For drying concrete (i.e. moisture is lost during the heating process), the total strain, S,y is given by the
relationship:

S

Stotal = Sthermal + Smovement + Snon-elastic + elastic
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where

Sthermal 18 the thermal strain;

S

S

S

movement

non-elastic

elastic

is the movement strain;
is the non-elastic strain;

is elastic strain.

Transient ¢reep is therefore determined after subtracting strains due to elastic deformation, thermal expdns
and shrinkjage as a result of loss in moisture. However, it is stated in the test method that it is not pessiblg to
separate tfhe effects of moisture loss and therefore, measurements of creep strain include the|moist
componenf.

In the cas¢ of non-drying concrete (moisture is prevented from escaping) the total strain measured does
include maisture shrinkage effects.

The test

temperatu
temperatu
therefore ¢

It is recon
temperatu

EOT‘I

ure

hot

ethod involves heating the sample under a constant load at a rate of(up*to 4 °C/min to spedific

es measured on the surface. The surface temperature is then held constant while the c
etermined as a function of the average temperature between the’specimen surface and core.

mended that the procedures described form the basis for’ developing a standard in which
e measured at the surface is increased to 1 000 °C.

3.2.4 Stress relaxation

3.24.1

No standa

3.24.2

A test prod

3.2.5 St

National or International Standards

'ds have been identified for transient heating conditions.

Laboratory test methods or procedures under development

edure is currently under deyelopment within RILEM TC 129 MHT.

ess—strain (steady state)

Steady state test data for (the fire condition can be used with a creep component added. Although i

generally f

3.2.5.1

No standa

referable to adopt data based upon transient heating conditions.

National'or International Standards

[ds’have been identified.

pre

es are monitored. During this time, the change in specimen length:is recorded. Transient creep is

the

3.2.5.2

Laboratory test methods or procedures under development

A test method is being developed within RILEM TC129 MHT.

3.2.6 Stress-strain (transient)

3.2.6.1

National or International standard

No standards have been identified.
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3.2.6.2 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 3.2.3.2, stress—strain
relationships at elevated temperatures can be derived.

3.2.7 Ultimate strength (compression)

3.2.71 National or International Standards

Nol standards have been identified for transient heating conditions.

3.4.7.2 Laboratory test methods or procedures under development

Within RILEM TC 129 MHTI86], a draft test method has been published. This methad. gives prodedures for
esfablishing the compressive strength of concrete under different conditions and includes the following:

a) | compressive strength at elevated temperatures and after cooling back tosxambient temperature in which
loads are applied during the complete fire exposure;

b) | compressive strength at elevated temperatures and after returning*to ‘ambient with no load applied during
the heating process.

In gach case, concrete is evaluated in two conditions:
—| “drying concrete” whereby moisture is allowed to freely‘e€scape during the test;

—| “non-drying concrete” in which moisture does\not escape and can be applied to specimeéns with a
cross-section greater than 400 mm or moisturg,is physically prevented from escaping.

Specimens are heated at rates up to 4 °C/min.as determined by the surface temperature.
3.2.8 Ultimate strength (tension)

3.2.8.1 National or Internatienal Standards

Nol standards have been identified for transient heating conditions.

3.2.8.2 Laboratory.test methods or procedures under development

A test method is/being developed within RILEM TC 129 MHT.
3.3 Masonry

3.3.1" "General

During heating, many masonry products undergo chemical and physical changes in a similar manner to
concrete. However, in some cases the effects are less noticeable on the materials properties being measured.
Therefore, while it is recommended that properties determined under transient heating conditions are
preferred, in cases where these do not currently exist, results from steady state tests may provide adequate
information for design calculations.

It is proposed however, that where a test method has already been established for evaluating the properties of
concrete under transient heating conditions, this may be considered as a basis for developing a test method
for masonry products.

In the testing of masonry products, it is often customary to construct a mini assembly, for example a pyramid
to determine representative properties rather a single component.
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3.3.2 Elastic modulus

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

b) BS 1881-209[82] is a dynamic test method.
c) EN 1352[831s used for lightweight concrete.
d) ISO 684l84].

3.3.2.2 [Laboratory test methods or procedures under development

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

3.3.3 Shpar modulus

3.3.31 National or International Standards

No standafds have been identified.

3.3.3.2 [Laboratory test methods or procedures under development

No laboratpry test methods or procedures under dévelopment have been identified.
3.3.4 Mqgdulus of rupture

3.3.41 National or International.Standards

The follow|ng standards have been identified:

a) BS 1902-4.5[87] is used for measuring dense and insulating products under steady state conditions may
be comsidered for masonry.

b) 1SO 5p13[88ljs\technically similar to BS 1902-4.5[871,

3.3.4.2 [Laboratory test methods or procedures under development

No laboratory test methods or procedures under development have been identified.
3.3.5 Creep (in compression)

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

a) BS 1902-4.5[87] is used for evaluating refractory products under steady state heating conditions;

b) EN 993- 989 s used for evaluating refractory products under steady state heating conditions;
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ISO 31871901 is technically equivalent to EN 993-9[89l:

EN 1355 [91] is used for evaluating autoclaved aerated concrete under steady state heating conditions.

3.3.5.2 Laboratory test methods or procedures under development

Currently, a procedure is being developed within RILEM TC 129 MHTI85! 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.

For r‘lrying concrete (i e —moisture is lost dnring the hnnfing prnr‘ncc), the total strain, q[()[dl’ during transient
crgep is given by the relationship:

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

Sthermal is the thermal strain;

Smovement/shrinkage 1S the movement strain;

Son-elastic is the non-elastic strain;

Selastic is elastic strain.
Transient creep is therefore determined after subtracting,strains due to elastic deformation, thermallexpansion
angl movement/shrinkage as a result of loss in moisture."However, it is not possible to separate the effect of
mqisture loss and therefore the creep strain includes\the moisture component.
In fhe case of non-drying concrete (moisture is-prevented from escaping), the total strain measured does not
indude 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 whilg¢ the core
temperatures are monitored. Durihg this period, the change in specimen length is recorded. Transignt creep is
thgrefore determined as a function of the average temperature between the specimen surface and dore.
It i$ recommended the procedures described for evaluating concrete could form the basis of develgping into a
stgndard for masonry products in which the temperature measured at the surface is increased to 1 00 °C.

3.3

3.3

No

.6 Stress-strain (steady state)

.6.1 National or International Standards

standards have been identified.

3.3.6.2 Laboratory test methods or procedures under development

No laboratory test methods or procedures under development have been identified. A test method for
concrete is being developed within RILEM TC 129 MHT. This procedure may be considered for adaptation to
masonry products.

3.3.7 Stress-strain (transient state)

3.3.71 National or International Standards

No

standards have been identified.
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3.3.7.2

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.

3.3.8 Ultimate strength in compression

3.3.8.1

National or International Standards

No standafds have been identified.

3.3.8.2 [Test methods or procedures under development

Within RIL
establishin
a) comp
loads
b) comp
the he

In each ca
— “dryin

—  “non-(
Cross-

Specimen

It is sugge

3.3.9 Ultjmate strength in shear

3.3.9.1

No standa

3.3.9.2

No laborat

EM TC129 MHTI86] a draft test method has been published. This paper describes procedures
g the compressive strength of concrete under different conditions and includes the‘following:

essive strength at elevated temperatures and after cooling back to ambient temperature in wh
are applied during the complete fire exposure;

essive strength at elevated temperatures and after returning to ambient with no load applied dur
ating process.

5e, concrete is evaluated in two conditions:
j concrete” whereby moisture is allowed to freely escape during the test;

rying concrete” in which moisture does not escape and can be applied to specimens with
section greater than 400 mm or is physically preyented from escaping.

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

sted this procedure be considered foryadoption in testing masonry products.

National or International-Standards

'ds have been identified.

Laboratory. test methods or procedures under development

bry test:methods or procedures under development have been identified.

3.3.10 Bopdffrictional strength

for

ich

ng

3.3.10.1

National or International Standards

No standards have been identified.

3.3.10.2

Laboratory test methods or procedures under development

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

32

© ISO 2003 — Al rights reserved


https://standardsiso.com/api/?name=b9136009f8b500455f2ae0f76fc29fc4

ISO/TR 15655:2003(E)

3.3.11 Bending/flexure strength

3.3.111

National or International Standards

EN 1351[92] 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.

3.3.11.2 Laboratory test methods or procedures under development

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

3. Wood

3.41 General

The mechanical properties of wood at elevated temperatures are dependent upon boeth chemical ar
changes and therefore transient test methods are preferred. Ideally, tests should be conducted
hegting conditions similar to the exposure conditions of a standard fire resistance test, and/or a constant heat
flux which is comparable to a real fire. However, most of the test methods.available are based uy

stgte heating conditions. Considerable further work is required to develop\transient heating methods.

Reference should be made to a technical report prepared under RIKEMI93],

3.4.2 Elastic modulus

3421

National or International Standards

No| standards have been identified at elevated temperatures but EN 310[94] could be developed f
temperature tests.

3.4.2.2

Laboratory test methods or procedures under development

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

d physical
under the

bon steady

br ambient

a)| Tests are carried out at VT 1) Building Technology, Finland, under steady state heating conditions in which

specimens are heated inJja kiln, removed and tested for about 1 min. The temperature range
from 20 °C to 200 °C.

b) | Measurement.of’the elastic modulus has been reported in Reference [95] in the Bibliograph

tests have been carried out on wood parallel to the grain at temperatures up to 200 °C. W
moisture ¢ontents of 0 % and 12 % were evaluated.

3.43 Creep

3.434+—National-erlnternational- Standards

covered is

y in which
od having

No standards have been identified.

3.4.3.2

Laboratory test methods or procedures under development

Tests are being carried out at VTT Building Technology, Finland, under steady state heating conditions 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.
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3.4.4 Ultimate strength in compression

3.441

National or International standards

No standards have been identified.

3.44.2

Laboratory test methods or procedures under development

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

a) Testslare carried out at VTT Building Technology, Finland, under steady state heating conditions in wh

speci

is from 20 °C to 200 °C.

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

3.4.5 Ultjmate strength in shear

3.45.1

No standa

3.45.2

Tests are
which spe
is from 20

3.4.6 Ulmate strength in tension

3.4.6.1

No standa

3.4.6.2

Laboratory

a) at VT
heate

200 °(

b) Refer

ens are heated in a kiln, removed and tested within about 1 min. The temperature range_cove

National or International Standards

ds have been identified.

Laboratory test methods or procedures under development
being carried out at VTT Building Technology, Finland, under steady state heating conditions

Limens are heated in a kiln, removed and tested within' about 1 min. The temperature range cove
°C to 200 °C.

National or International Standards

ds have been identified.

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

T Building Technology, Finland, under steady state heating conditions in which specimens
j in a kiln, removed and tested within about 1 min. The temperature range covered is from 20 °C

N
-

bnce [96] in the Bibliography describes tests carried out to determine the tensile strength at varic

ich
red

at

in
red

are

us

tempg

ratures ranging up to 200 °C.

3.47 Ad

3.4.71

hesive strength (tensile shear)

National or International Standards

EN 302-1[97] which may be considered being adopted for elevated temperatures.

34

© ISO 2003 — Al rights reserved


https://standardsiso.com/api/?name=b9136009f8b500455f2ae0f76fc29fc4

ISO/TR 15655:2003(E)

3.4.7.2 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.

3.4.8 Adhesive strength (delamination)

3.4.8.1 National or International Standards

EN 302-2[98] could be adopted for elevated temperature tests for determining the delamination segistance of
logd-bearing timber structures.

3.4.8.2 Laboratory test methods or procedures under development

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

3.49.1 National or International Standards

EN 310094 describes a test method for testing wood based panels<in bending which could be congidered for
elgvated temperature transient heating conditions.

3.4.9.2 Laboratory test methods or procedures under.development

Nol laboratory test methods or procedures under development have been identified.
3.4.10 Joints (mechanical fixings)

3.410.1 National or International Standards

The following standards have been identified:

a) | BS 6948[991 which is for ambient temperature tests;

b) [ 1SO 89691001 whichris similar to BS 694899, also for ambient temperature testing;
c) | EN 2689101011 which describes general principles for evaluating joints with mechanical fasteners;

d) [ 1SO 68911192 Wwhich is identical to EN 26891[101],

3.4.10.2 Laboratory test methods or procedures under development

Nol laboratory test methods or procedures under development have been identified.

3.5 Plastics, fibre reinforcement, organic and inorganic materials

3.5.1 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 at
elevated temperatures, which in turn, may have some or negligible influence on the properties in the
temperature regime of interest, references to test methods carried out either under steady state and transient
heating conditions are provided. In cases where there is an absence of any test method being available at
elevated temperatures, reference to standards are provided, which have already been adopted for testing
conducted under ambient temperature conditions. At a later date, these could then form the basis for
developing a suitable method for determining the relevant properties for the fire conditions.
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3.5.2 Elastic modulus

3.5.2.1

National or International Standards

No elevated temperature test has been identified.

The following standards have been identified:

a) BS 2782-3:Method 320A-FI[103] describes a method for ambient temperature tests on plastic sheet and
different types of injection moulding plastics.

b) ISO5
3.5.2.2

No laborat|
3.5.3 Sh

3.5.3.1
No standa
3.5.3.2
No laborat|
3.54 Po
3.5.41
No standa
3542
No laborat|

3.5.5 Fle

3.5.5.1

ISO 899-2
three-poin

p71104] js technically similar to BS 2782-3:Method 320A-F[103],

Laboratory test methods or procedures under development

bry test methods or procedures under development have been identified.
par modulus

National or International standard

rds have been identified.

Laboratory test methods or procedures under development

bry test methods or procedures under development have been identified.
sson's ratio

National or International standards

'ds have been identified.

Laboratory test methods or._procedures under development

bry test methods or procedures under development have been identified.
xural creep

National or International Standards

105] destribes a test method for measurements on plastics at ambient temperature un
loading.

3.5.5.2

Laboratory test methods or procedures under development

Her

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

3.5.6 Tensile creep

3.5.6.1

National or International Standards

The following standards have been identified:

a) BS 2782-3:Method 324Al106] which describes a method for plastics at ambient temperature;

b) 1SO 899-1[107] which is technically the same as BS 2782-3:Method 324A[106],
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3.56.6.2 Laboratory test methods or procedures under development

No laboratory test methods or procedures under development have been identified.
3.5.7 Stress—strain (steady state heating)

3.5.71 National or International Standards

The following standards have been identified:

a)| 1SO 527-4[108] describes a method for measuring the tensile properties of isotropic and. forthotropic
fibre-reinforced plastic composites at ambient temperature.

b) [ 1SO 527-5[1091 describes a test method for measuring the tensile propertiés) - of unjdirectional
fibre-reinforced plastic composites at ambient temperature.

3.89.7.2 Laboratory test methods or procedures under development

None identified however, test methods may be considered using the. procedures describeq for steel
spgcimens (EN 10002-5)[60],

3.9.8 Stress—strain (transient heating)

3.9.8.1 National or International Standards

Nol standards have been identified.

3.59.8.2 Laboratory test methods or procedures under development

Nol standards have been identified. However({ransient test methods may be considered using the procedures
described for steel specimens in 3.1.7.2.

3.5.9 Ultimate strength (compression)

3.9.9.1 National or International Standards

The following standards-have been identified:

ISO 60411101 desctibes a test method for plastics at ambient temperature;

[)
-~

JISK 71921111 JIS K 7191-2[112] and JIS K 7191-3[113] describe a test method to detgrmine the
ultimaté.temperature for plastics under compressive loading.

O
-

3.1.9.2 Laboratory test methods or procedures under development

No laboratory test methods or procedures under development have been identified.
3.5.10 Ultimate strength (shear)

3.5.10.1 National or International Standards

No standards have been identified.

3.5.10.2 Laboratory test methods or procedures under development

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