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Foreword 

This document (CEN/TS 15963:2014) has been prepared by Technical Committee CEN/TC 336 “Bituminous 
binders”, the secretariat of which is held by AFNOR. 

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent 
rights. CEN [and/or CENELEC] shall not be held responsible for identifying any or all such patent rights. 

This document supersedes CEN/TS 15963:2010. 

According to the CEN-CENELEC Internal Regulations, the national standards organisations of the following 
countries are bound to announce this Technical Specification: Austria, Belgium, Bulgaria, Croatia, Cyprus, 
Czech Republic, Denmark, Estonia, Finland, Former Yugoslav Republic of Macedonia, France, Germany, 
Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, 
Portugal, Romania, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and the United Kingdom. 
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1 Scope 

This Technical Specification specifies a method for the determination of the Fracture Toughness temperature, 
TFT, of bituminous binders by means of a three point bending test on a notched binder sample. 

WARNING — The use of this Technical Specification can involve hazardous materials, operations and 
equipment. This Technical Specification does not purport to address all of the safety problems 
associated with its use. It is the responsibility of the user of this Technical Specification to establish 
appropriate safety and health practices and to determine the applicability of regulatory limitations 
prior to use. For environmental reasons, it is recommended to limit the use of products, solvents and 
energy to minimum in order to reduce the emissions to air, water and soil. 

2 Normative references 

The following documents, in whole or in part, are normatively referenced in this document and are 
indispensable for its application. For dated references, only the edition cited applies. For undated references, 
the latest edition of the referenced document (including any amendments) applies. 

EN 58, Bitumen and bituminous binders - Sampling bituminous binders 

EN 12594, Bitumen and bituminous binders - Preparation of test samples 

3 Terms and definitions 

For the purposes of this document, the following terms and definitions apply. 

3.1 
maximum force 
F 
highest force measured during the bending test 

Note 1 to entry: The test is done in the brittle state or close to that, so that the maximum force is considered as the 
onset of the crack propagation. 

Note 2 to entry: Force is expressed in newtons (N). 

3.2 
displacement at maximum force 
D 
bending of the test beam from the beginning of the test (from the zero point) to the break point 

Note 1 to entry: Displacement is expressed in millimetres (mm). 

3.3 
work 
W 
area under the force-displacement curve from the beginning of the test to the break of the sample, i.e. at the 
maximum force 

Note 1 to entry: Work is expressed in newtons⋅metres (N⋅m) or in Joules (J). 
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3.4 
Fracture Toughness temperature 
TFT 
temperature at which the displacement at the maximum force is 0,3 mm (from the zero point) 

Note 1 to entry: Fracture Toughness temperature is expressed in degrees Celsius (°C). 

3.5 
initial stiffness 
S 
value calculated as the slope of the tangent of the force-displacement curve at the inflection point 

Note 1 to entry: See Figure 1. 

Note 2 to entry: Stiffness is expressed in newtons per millimetre (N/mm). 

3.6 
zero point 
intersection of the x-axis and the tangent of the force-displacement curve at the inflection point expressed in 
millimetres (mm) 

Figure 1 presents an example of the force versus displacement curve at a temperature T close to TFT. 

 
Key 
X displacement, in millimetres (mm) A maximum force (defined as F) 
Y force, in newtons (N) B X point at maximum force 
    C tangent at the inflection point 
    D displacement at maximum force, (D = B - E) 
    E zero point 
    W work as defined in 3.3 
    I inflection point of F versus displacement 

Figure 1 — Example of a Force versus displacement curve at temperature T (close to TFT) 
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4 Principle 

The notched three point bending test is used to measure cracking performance of unmodified and modified 
bituminous binder samples. The test sample is a beam with a notch in the middle of one side of the beam. The 
sample is conditioned in a temperature controlled bath. The beam is placed on two supports with the notch 
facing downwards and a vertical downward force is applied on the middle of the upper face of the sample. The 
beam is loaded until failure with a specified displacement rate, whereby force is recorded versus 
displacement. 

NOTE 1 The fracture properties of bituminous binders are strongly dependent on test temperature, loading rate and 
sample preparation method. 

NOTE 2 This test is based on the work done by S. Hesp for the Ministry of Transportation in Ontario, Canada [1]. 

5 Apparatus 

5.1 Testing apparatus 

5.1.1 Tension-compression device 

A universal tension-compression device, which is capable of sustaining a constant, predetermined 
displacement rate. 

5.1.2 Bending rig 

A bending rig consisting of two cylindrical specimen supports, a cylindrical-nosed shaft to apply the load to the 
mid-point of the test specimen and a load cell mounted in line with the loading shaft. 

The dimensions and tolerances of the loading frame are given in Table 1. 

5.1.3 Loading system 

A loading system, which is capable of applying a rate of displacement of 0,01 mm/s. The specified 
displacement rate shall fluctuate by no more than ± 10 % over time. The maximum stroke of the instrument 
shall be at least 20 mm for this test. 

5.1.4 Loading shaft 

A loading shaft, which is continuous and in line with the load cell and deflection measuring transducer. The 
T-shape shaft shall have a cylindrical-shaped loading pin in the end. The diameter of the pin shall be 
(10,0 ± 0,1) mm. 

5.1.5 Load cell 

A load cell having a minimum capacity of no less than 500 N and an accuracy of ± 1 % above 5 N with a 
minimum resolution of at least 100 m·N is required. The load cell shall allow the measurement of the force at 
any time during the test. 

5.1.6 LVD-transducer 

An LVD transducer or other suitable device to measure the deflection of the sample is necessary. It shall have 
a linear range of at least 5 mm with an accuracy of 2 μm. The deflection may be measured using this separate 
transducer or by measuring the vertical movement of the tension/compression device. 

PD CEN/TS 15963:2014



CEN/TS 15963:2014 (E) 

7 

 

5.1.7 Specimen supports 

Specimen supports which shall consist of two non-corrosive metal half-rounds or cylinders with a diameter of 
(10,0 ± 0,1) mm that are spaced (100 ± 1) mm apart (cylinder centre point to cylinder centre point). The 
specimen shall be placed perpendicular to the supports and the loading pin. To facilitate that, two vertical 
alignment pins of 2 mm to 4 mm in diameter can be provided at the back of each support. A schematic 
diagram of the sample supports is shown in Figure 2. 

5.1.8 Ventilated oven, capable of maintaining a temperature up to 200 °C, with an accuracy of ± 1 °C. 

The specified temperature shall only be assessed in the surroundings of the sample (see 6.3). 

Dimensions in millimetres 

 
Key 
1 cylindrical loading shaft pin 4 alignment pin 
2 specimen (see details on Figure 3) F force applied 
3 specimen supports     

Figure 2 — Bending rig 

Table 1 — Measurement and tolerances of the rig 

Dimension Size, mm Tolerance, mm 

Loading shaft pin length 25 ±2 

Loading shaft diameter 10,0 ±0,1 

Specimen support length 25 ±2 

Specimen support diameter 10,0 ±0,1 

Specimen support span 100 ±1 

5.1.9 Temperature measurement device 

A calibrated temperature transducer capable of measuring the temperature with the accuracy of ± 0,1 °C over 
the range of - 40,0 °C to 0,0 °C. The temperature measuring head shall be mounted in the near vicinity of the 
specimen, at a distance of not more than 25 mm from the middle of the specimen. 
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5.1.10 Liquid bath 

A liquid bath shall be capable of maintaining the required test temperature near the test specimen 
within ± 0,2 °C during the isothermal conditioning and the test procedure, enabling to reach the lower 
temperature required for testing the specimen. 

Bath liquid shall not affect the properties of the bituminous binder being tested. 

NOTE 95 % volume ethanol or a 40 % to 50 % mass potassium acetate-water solution has been found to be suitable 
as a bath liquid. 

5.1.11 Data acquisition 

The data acquisition system shall resolve loads to the nearest 100 mN, record specimen deflection to the 
nearest 0,5 μm, record time to the nearest 0,1 s and temperature around the sample to the nearest 0,1 °C. 
The software shall control the measuring system and record time, load, deflection and temperature during the 
test. Sampling rate of force and displacement should be at least 0,1 s−1 (10 Hz). 

5.2 Test specimen 

A test specimen as shown on Figure 3 is used. The sample is moulded from the bituminous binder to be 
assessed. Two aluminium inserts are installed at the ends of the mould. The notch is made by installing two 
sheets of silicone paper into the pre-notched mould frame. 

NOTE Silicone paper with a weight of 135 g/m2 has been found suitable. 

 
Key 
LBe beam length H specimen height a notch depth 
L specimen length B specimen thickness b notch thickness 
LIn insert length         

Figure 3 — Specimen geometry 
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Table 2 —Test specimen dimensions and tolerances 

Dimension Size, mm Tolerance a, mm 

Beam length, LBe 120,0 ±0,3 

Insert length, LIn 40,0 ±0,1 

Specimen length, L 40,0 ±0,2 

Specimen height, H 25,0 ±0,5 

Specimen thickness, B 12,5 ±0,3 

Notch depth, a 5,0 ±0,1 

Notch thickness, b 2 × 25 µm - 

a Tolerance is related to the mould. 

6 Preparation of test samples 

6.1 Preparation of test samples 

The laboratory sample shall be taken in accordance with EN 58 and the test samples shall be prepared in 
accordance with EN 12594. 

6.2 Preparation of moulds 

The moulds for making the samples shall be assembled from aluminium side spacers. On the side spacers 
and on the bottom a plastic film is glued with an anti-sticking agent to prevent sticking of the bitumen binder to 
the mould. Two aluminium inserts are installed in the ends of the mould. The surfaces of the aluminium inserts 
that are in contact with bitumen should be roughened to ensure good adhesion. A series of such assemblies 
may be clamped together to make more than one specimen at a time. Figure 4 shows the different parts of the 
mould. Figure 5 shows a picture of such an example assembly and its parts. 
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Key 
LBe beam length 
L specimen length 
H specimen height 
B specimen thickness 
a notch depth 
b notch thickness 

Figure 4 — Mould assembly for specimen preparation 

The mould assembly should be sufficiently tight that no bitumen can flow from the cavity into the spaces 
between the different parts. 

As anti-sticking agent talcum-glycerine mixture in ratio 1/1 or a suitable commercial anti-slicking grease should 
be used. 
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Figure 5 — Photograph of a mould assembly 

6.3 Preparation of test specimen 

The binder is heated according to EN 12594 to ensure that it readily flows when dispensed from the container. 
Heat to not more than 100 °C above the expected softening point as defined in EN 1427. For modified 
bitumen use the same procedure if no other guidance is provided by the supplier. In any case, 200 °C shall 
not be exceeded. The binder shall be stirred prior to use. Air bubbles trapped in the binder should be avoided 
because it affects the result. 

Install the two sheets of silicone paper tightly into the mould. Install the silicone papers with the silicone sides 
to each other. The silicone papers shall not be taken away from the specimen after moulding otherwise the slit 
notch can close down prior to the test. 

Heat the mould for 10 min at the sample temperature (see first paragraph above) to ensure easy filling of the 
mould. It shall be ensured that the silicone papers remain straight, tight and are not glued together with 
bitumen. If necessary, tighten once again the silicone papers. 

The hot binder is poured into the mould. Slightly over-fill the mould to allow for shrinkage during cooling. Let 
the filled mould cool at the ambient temperature (between 18 °C and 28 °C) for (24 ± 1) h. After cooling, it is 
not necessary to remove any excess bitumen because this will be the bottom surface of the test sample and 
this does not affect testing. 

Just prior to demoulding, cool the mould containing the test specimens in a cold chamber or a liquid bath to 
stiffen the test specimens so that they can be readily demoulded without distortion; a temperature of −20 °C 
during 10 min is recommended. The temperature to which the specimens are brought for demoulding shall 
never be below the lowest testing temperature. 

Testing shall be completed within 4 h after demoulding. If the test is done at several temperatures then it may 
be necessary to have longer time between demoulding and testing. This may affect the precision of the test. In 
the meanwhile, between demoulding and conditioning (see 7.2), the demoulded test specimens shall be 
stored on a flat surface at a temperature that will prevent specimens from creeping. Storage between 
approximately 2 °C and 7 °C is appropriate (i.e. usual temperature in laboratory fridge). 

NOTE 1 Excessive duration of cooling can cause unwanted hardening of the binder and effect on the test result. 
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NOTE 2  During demoulding, the specimens will be handled with care to prevent distortion, a warped test specimen can 
affect the measured values. 

NOTE 3 After demoulding, specimen dimensions can change due to shrinkage. 

NOTE 4 The correct positioning of the beam on the supports of the bending rig is of vital importance. It may be helpful 
to put markings on the inserts to make the positioning on the supports easier. 

7 Procedure to determine the Fracture Toughness temperature TFT 

7.1 Number of tests 

Fracture tests at a specified temperature shall be repeated a minimum of three times. 

7.2 Specimen conditioning 

The specimens shall be conditioned at the test temperature in the liquid bath for (60 ± 5) min. The 
temperature of the liquid bath shall be set within ± 0,2 °C during the conditioning period. 

7.3 Loading rate and test temperature 

The loading rate shall be kept at 0,01 mm/s and shall vary by no more than ± 10 % during tests. 

The temperatures shall cover a range so as to yield both purely brittle failure (complete linearity) as well as a 
limited degree of ductility (nonlinearity) followed by a failure. At least one temperature should be below and 
one above the Fracture Toughness temperature. The temperature step is recommended to be maximum 5 °C. 

7.4 Validity of the test results 

If the displacement is more than 1 mm from the zero point, lower the test temperature. The test results with a 
1 mm displacement or less may be used for the final calculation of the Fracture Toughness temperature. 

At the end of the test, immediately finish disintegrating the specimen beam along the fracture plane and check 
the fracture surfaces. The fracture plane shall be perpendicular to the longitudinal axis of the beam. If the 
loading shaft is not perfectly perpendicular to the specimen, crack turns around the propagation axis and the 
fracture zone will not be a plane perpendicular to the longitudinal axis. Verify also that the pre-notch is 
correctly localized and not twisted or curved. These failings may cause a false result, which should be 
discarded. 

7.5 Fracture Toughness temperature, TFT 

Fracture Toughness temperature is considered as the lowest temperature at which this displacement at 
maximum force is 0,3 mm. 

8 Calculation 

8.1 Test sample 

For each test specimen, the data acquisition software shall record the applied displacement of the test 
specimen versus the measured force and the loading time. A force-displacement curve as shown on Figure 1 
is drawn. The zero point is sought by drawing the tangent at the inflection point of the curve (Figure 1). The 
software shall calculate values as follows or a manual evaluation is made in the same fashion: 
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— maximum force, F; 

— displacement at maximum force, D; 

— initial stiffness, S; 

— work done until maximum force, W. 

8.2 Results and temperature 

8.2.1 General 

The following values shall be calculated for each test temperature T. Three replicates per temperature shall be 
performed. And at least two test temperatures are required. 

8.2.2 Maximum force, F 

Maximum force, F, at the test temperature T, is calculated as the arithmetic mean of at least three successful 
measurements expressed in newtons (N), with two significant figures. 

8.2.3 Work, W 

Work, W, at a test temperature T, is calculated as the arithmetic mean of at least three successful 
measurements expressed in newtons·metres (N·m), with two significant figures. 

8.2.4 Displacement at maximum force, D 

Displacement at maximum force, D, at the test temperature T, is calculated as the arithmetic mean of at least 
three successful measurements. The resulting value is expressed in millimetres (mm) with three significant 
figures. 

8.2.5 Initial stiffness, S 

Initial stiffness, S, at the test temperature T, is calculated as the arithmetic mean of at least three successful 
measurements. The resulting value is expressed in newtons per millimetre (N/mm), with three significant 
figures. 

8.3 Fracture Toughness temperature, TFT 

The Fracture Toughness temperature TFT is the lowest temperature where the displacement at the maximum 
force is 0,3 mm. TFT is expressed in degrees Celsius (°C), rounded to the nearest integer. 

The Fracture Toughness temperature, TFT, is sought by fitting an exponential function to the temperature 
versus displacement data points and calculating the temperature corresponding to the displacement of 
0,3 mm (see Figure 6). A linear interpolation may be used if two temperatures are available on both sides of 
the Fracture Toughness temperature. Test temperatures that give a displacement at the maximum force less 
than 1 mm are allowed to be used in the final TFT calculation. 
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Key 
X temperature, in degrees Celsius (°C) 
Y displacement at the maximum force, in millimetres (mm) 
A fitted exponential curve from the experimental measurements 
TFT Fracture Toughness temperature 

Figure 6 — Example of displacement at maximum force versus T 

9 Expression of results 

9.1 Fracture Toughness temperature, TFT 

The Fracture Toughness temperature, TFT is expressed in degrees Celsius (°C), rounded to the nearest 
integer. 

9.2 Other properties 

The other calculated properties, maximum force, work, displacement at maximum force and initial stiffness, at 
test temperatures should be expressed, if especially asked for. 

10 Precision 

NOTE Precision values have been determined through a round robin test. 

10.1 Repeatability 

The difference between two successive results, obtained by the same operator with the same apparatus 
under constant operating conditions on identical test material would, in the long run, in the normal and correct 
operation of the test method, exceed the values given in Table 3 in only one case in twenty. 

10.2 Reproducibility 

The difference between two single and independent results obtained by different operators working in different 
laboratories on identical test material would, in the long run, in the normal and correct operation of the test 
method, exceed the values given in Table 3 in only one case in twenty. 
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Table 3 — Estimated repeatability and reproducibility 

  Repeatability, r, °C Reproducibility, R, °C 

Fracture Toughness temperature, TFT, (°C) 3 6 

11 Test report 

The test report shall contain at least the following information: 

a) testing laboratory; 

b) type and identification of the sample under test; 

c) a reference to this Technical Specification, i.e. CEN/TS 15963; 

d) any deviation, by agreement or otherwise, from the procedure specified; 

e) date of the test; 

f) results of the test (see Clause 9). 
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Annex A 
(informative) 

 
Calculation of Critical Stress Intensity factor 

A.1 General 

These calculations apply only when mechanical material behaviour can be considered as elastic. In a first 
approximation, these calculations can be applied when force-displacement curve is linear. 

A.2 Terms and definitions 

A.2.1 Critical stress intensity factor, KIC 

The critical stress intensity factor, KIC, refers to a measure of material strength in the brittle state in the 
presence of a sharp notch. (See ASTM D5045-96 [2], ASTM E399-90 [3], ASTM E616-89 [4] and 
ASTM E1290-93 [5] for further details.) 

It has been demonstrated that the geometry used in this Technical Specification (bitumen + aluminium) is 
comparable to a homogeneous sample for the stress intensity calculation [6]. 

A.2.2 Definitions 

F Load applied onto the specimen N 

Ff Maximum loading force N 

W Work up to failure N·m 

H Specimen height m 

B Specimen thickness m 

a Notch depth m 

α Notch versus height ratio (α = a/H) - 

LS Specimen support span m 

A.3 Calculations 

A.3.1 Critical stress intensity factor, KIC 

Critical stress intensity factor at the brittle state for this geometry is determined in the brittle state (linear-
elastic behaviour) from the failure load according to the following relationship: 

( ) ( )
( )( )[ ]2

2
3 7,293,35,2199,1

121
)(

2
3)( αααα

αα

α
+−−−

−×+
××

×
=

H
L

HB
F

K Sf
IC  
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With the geometry used in this Technical Specification: 

KIC = Ff × 2 377 N/m3/2 for α = a/H = 0,2 

where 

KIC is the fracture toughness or critical stress intensity factor in N/m3/2; 

Ff is the failure force in newtons (N). 

PD CEN/TS 15963:2014



CEN/TS 15963:2014 (E) 

18 

 

Bibliography 

[1] Test Method LS296 rev. No. 2 Laboratory standard for fracture performance grading of asphalt 
binders, Ministry of Transportation Ontario Canada 

[2] ASTM D5045-96, Plane Strain Fracture Toughness and Strain Energy Release Rate of Plastic 
Materials. Annual Book of ASTM Standards, Vol. 08.03 

[3] ASTM E399-90, Standard Test Method for Plane-Strain Fracture Toughness of Metallic Materials. 
Annual Book of ASTM Standards Vol. 03.01 

[4] ASTM E616-89, Terminology Related to Fracture Testing. Annual Book of ASTM Standards Vol. 03.01 

[5] ASTM E1290-93, Standard Test Method for Crack-Tip Opening Displacement (CTOD) Fracture 
Toughness Measurement. Annual Book of ASTM Standards, Vol. 03.01 

[6] Determination of the low temperature bitumen cracking properties: fracture mechanics principle 
applied to a three point bending test using a non homogeneous geometry. E. Chailleux, V. Mouillet, 
Proceedings, ICAP, August 2006, Quebec 

 

PD CEN/TS 15963:2014



This page deliberately left blank



BSI is the national body responsible for preparing British Standards and other 
standards-related publications, information and services.

BSI is incorporated by Royal Charter. British Standards and other standardization 
products are published by BSI Standards Limited.

British Standards Institution (BSI)

BSI Group Headquarters

389 Chiswick High Road London W4 4AL UK

About us
We bring together business, industry, government, consumers, innovators 
and others to shape their combined experience and expertise into standards 
-based solutions.

The knowledge embodied in our standards has been carefully assembled in 
a dependable format and refined through our open consultation process. 
Organizations of all sizes and across all sectors choose standards to help 
them achieve their goals.

Information on standards
We can provide you with the knowledge that your organization needs 
to succeed. Find out more about British Standards by visiting our website at 
bsigroup.com/standards or contacting our Customer Services team or 
Knowledge Centre.

Buying standards
You can buy and download PDF versions of BSI publications, including British 
and adopted European and international standards, through our website at 
bsigroup.com/shop, where hard copies can also be purchased. 

If you need international and foreign standards from other Standards Development 
Organizations, hard copies can be ordered from our Customer Services team.

Subscriptions
Our range of subscription services are designed to make using standards 
easier for you. For further information on our subscription products go to 
bsigroup.com/subscriptions.

With British Standards Online (BSOL) you’ll have instant access to over 55,000 
British and adopted European and international standards from your desktop. 
It’s available 24/7 and is refreshed daily so you’ll always be up to date. 

You can keep in touch with standards developments and receive substantial 
discounts on the purchase price of standards, both in single copy and subscription 
format, by becoming a BSI Subscribing Member. 

PLUS is an updating service exclusive to BSI Subscribing Members. You will 
automatically receive the latest hard copy of your standards when they’re 
revised or replaced. 

To find out more about becoming a BSI Subscribing Member and the benefits 
of membership, please visit bsigroup.com/shop.

With a Multi-User Network Licence (MUNL) you are able to host standards 
publications on your intranet. Licences can cover as few or as many users as you 
wish. With updates supplied as soon as they’re available, you can be sure your 
documentation is current. For further information, email bsmusales@bsigroup.com.

Revisions
Our British Standards and other publications are updated by amendment or revision. 

We continually improve the quality of our products and services to benefit your 
business. If you find an inaccuracy or ambiguity within a British Standard or other 
BSI publication please inform the Knowledge Centre.

Copyright
All the data, software and documentation set out in all British Standards and 
other BSI publications are the property of and copyrighted by BSI, or some person 
or entity that owns copyright in the information used (such as the international 
standardization bodies) and has formally licensed such information to BSI for 
commercial publication and use. Except as permitted under the Copyright, Designs 
and Patents Act 1988 no extract may be reproduced, stored in a retrieval system 
or transmitted in any form or by any means – electronic, photocopying, recording 
or otherwise – without prior written permission from BSI. Details and advice can 
be obtained from the Copyright & Licensing Department.

Useful Contacts:
Customer Services
Tel: +44 845 086 9001
Email (orders): orders@bsigroup.com
Email (enquiries): cservices@bsigroup.com

Subscriptions
Tel: +44 845 086 9001
Email: subscriptions@bsigroup.com

Knowledge Centre
Tel: +44 20 8996 7004
Email: knowledgecentre@bsigroup.com

Copyright & Licensing
Tel: +44 20 8996 7070
Email: copyright@bsigroup.com

NO COPYING WITHOUT BSI PERMISSION EXCEPT AS PERMITTED BY COPYRIGHT LAW

www.bsigroup.com/standards
www.bsigroup.com/shop
www.bsigroup.com/shop
www.bsigroup.com/subscriptions

	64_e_stf.pdf
	Foreword
	1 Scope
	2 Normative references
	3 Terms and definitions
	Figure 1 — Example of a Force versus displacement curve at temperature T (close to TFT)
	4 Principle
	5 Apparatus
	5.1 Testing apparatus

	Figure 2 — Bending rig
	Table 1 — Measurement and tolerances of the rig
	5.2 Test specimen

	Figure 3 — Specimen geometry
	Table 2 —Test specimen dimensions and tolerances
	6 Preparation of test samples
	6.1 Preparation of test samples
	6.2 Preparation of moulds

	Figure 4 — Mould assembly for specimen preparation
	Figure 5 — Photograph of a mould assembly
	6.3 Preparation of test specimen

	7 Procedure to determine the Fracture Toughness temperature TFT
	7.1 Number of tests
	7.2 Specimen conditioning
	7.3 Loading rate and test temperature
	7.4 Validity of the test results
	7.5 Fracture Toughness temperature, TFT

	8 Calculation
	8.1 Test sample
	8.2 Results and temperature
	8.2.1 General
	8.2.2 Maximum force, F
	8.2.3 Work, W
	8.2.4 Displacement at maximum force, D
	8.2.5 Initial stiffness, S

	8.3 Fracture Toughness temperature, TFT

	Figure 6 — Example of displacement at maximum force versus T
	9 Expression of results
	9.1 Fracture Toughness temperature, TFT
	9.2 Other properties

	10 Precision
	10.1 Repeatability
	10.2 Reproducibility

	Table 3 — Estimated repeatability and reproducibility
	11 Test report
	Annex A  (informative)  Calculation of Critical Stress Intensity factor
	A.1 General
	A.2 Terms and definitions
	A.2.1 Critical stress intensity factor, KIC
	A.2.2 Definitions
	A.3 Calculations
	A.3.1 Critical stress intensity factor, KIC
	Bibliography



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


