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National foreword

This Draft for Development is the English language version of ENV 13234:1998.
This publication is not to be regarded as a British Standard.

It is being issued in the Draft for Development series of publications and is of a
provisional nature because it is considered further experience is required in
its application before it is converted into a British Standard. It should be
applied on this provisional basis, so that information and experience of its practical
application may be obtained.

In addition, after the ratified text had been approved by CEN, a small number of
errors were found in the text and the opportunity has been taken to correct the
Draft for Development.

Comments arising from the use of this Draft for Development are requested so that
UK experience can be reported to the European organizations responsible for its
conversion into a European Standard. A review of this publication will be initiated 2
years after its publication by the European organization so that a decision can be
taken on its status at the end of its three-year life. The commencement of the review
period will be notified by an announcement in Update Standards.

According to the replies received by the end of the review period, the responsible
BSI Committee will decide whether to support the conversion into a European
Standard, to extend the life of the prestandard or to withdraw it. Comments should
be sent in writing to the Secretary of BSI Technical RPI/13, Advanced technical
ceramics, at 389 Chiswick High Road, London W4 4AL, giving the document
reference and clause number and proposing, where possible, am appropriate
revision of the text.

A list of organizations represented on this committee can be obtained on request to
its secretary.

Cross-references

The British Standards which implement international or European publications
referred to in this document may be found in the BSI Standards Catalogue under the
section entitled “International Standards Correspondence Index”, or by using the
“Find” facility of the BSI Standards Electronic Catalogue.

Summary of pages

This document comprises a front cover, an inside front cover, the ENV title page,
pages 2 to 14, an inside back cover and a back cover.

The BSI copyright notice displayed in this document indicates when the document
was last issued.

This Draft for Development, Amendments issued since publication
having been prepared under the
direction of the Sector Amd. No. Date Comments

Committee for Materials and
Chemicals, was published under
the authority of the Standards
Committee and comes into effect
on 15 September 2000
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This European Prestandard (ENV) was approved by CEN on 10 August 1998 as a prospective standard for provisional application.
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comments, particularly on the question whether the ENV can be converted into a European Standard.
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at national level in an appropriate form. It is permissible to keep conflicting national standards in force (in parallel to the ENV) until the final
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Foreword

This European Prestandard has been prepared by Technical committee CEN/TC 184
“Advanced technical ceramics”, the secretariat of which is held by BSI. Since the ratified text
was made available, a number of minor corrections have been made to the text.

According to the CEN/CENELEC Internal Regulations, the national standards organizations
of the following countries are bound to announce this European Prestandard: Austria,
Belgium, Czech Republic, Denmark, Finland, France, Germany, Greece, Iceland, Ireland,
Italy, Luxembourg, Netherlands, Norway, Portugal, Spain, Sweden, Switzerland and the
United Kingdom.

1 Scope

This European prestandard describes a method for the classification of ceramic matrix
composite (CMC) materials with respect to their sensitivity to crack propagation using
tensile tests on notched specimens with different notch depths.

This parameter, K, is defined as the fracture toughness of a homogeneous material which
presents the same sensitivity to crack propagation as the ceramic matrix composite material
which is being considered. The definition of the K., parameter offers the possibility to
compare ceramic matrix composite materials with other materials with respect to sensitivity to
crack propagation. For notch insensitive materials, the concept of K.q does not apply.

This European prestandard applies to all ceramic matrix composites with a continuous fibre
reinforcement, unidirectional (1D), bidirectional (2D), and tridirectional (xD, with 2 < x < 3),
loaded along one principal axis of reinforcement.

2 Normative references

This European prestandard incorporates by dated or undated reference, provisions from
other publications. These normative references are cited at appropriate places in the text
and in the publications listed hereafter. For dated references, subsequent amendments to or
revisions of any of these publications apply to this European pre-standard only when
incorporated in it by amendment or revision. For undated references the latest edition of
publication referred to, applies.

EN 658-1 Advanced technical ceramics - Mechanical properties of ceramic composites
at room temperature - Part 1 : Determination of tensile properties

EN 10002-2 Metallic materials - Tensile testing - Part 2 : Verification of the force
measuring system of the tensile testing machines

W1 136 Code of practice: Code of practice for the measurement of misalignment
induced bending in uniaxially loaded tension compression test pieces

ISO 3611 Micrometer callipers for external measurement
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3 Principle

Tensile tests are carried out on double edge notched test specimens with notches of
different depths. The results of these tests are compared with the results of tensile tests on
specimens without notches. The cross sectional dimensions of the notched specimens
between the notches are equal to those of the unnotched specimens.

The strength values observed on both types of specimens as a function of notch depth allow
the determination of the range of notch size for which the tested composite is sensitive to the
presence of notches.

4 Significance and use

The fracture toughness is a material property which characterises the initiation of fracture
from a sharp crack (usually obtained by fatigue cracking under plane strain conditions). The
fracture toughness of materials at the onset of crack extension from a pre-existing fatigue
crack is characterised by the value of one of the following parameters -

(i) K., a critical value of A (the stress intensity factor of the elastic stress field in the
vicinity of the crack front), at the point of instability of the crack extension,

(i) Gy, a critical value of G, (the strain-energy release rate with crack extension per unit
area of newly created crack surface ) at the point of instability of the crack extension,

(iii) 4, a critical value of J (a line or surface integral used to characterise the local stress-
strain field around the crack front) at the onset of stable crack extension.

The J integral plays an important role in non-linear fracture mechanics. It applies to non-
linear elastic bodies, whereas linear elastic fracture mechanics (K and G) consider linear
elastic bodies.

Several problems arise in determining and even in defining A, Gic and J_ in fibre reinforced
ceramic matrix composites, as a result of the following features :

(i) CMC are generally highly heterogeneous, consisting of different constituents (fibres
and matrix), and containing pores and cracks,

(i) in some CMC a damage zone of multiple matrix cracks forms ahead of a notch prior
to ultimate failure,

(iii) the associated deformations are non-linear.

The load versus load line displacement curve from a fracture test on a notched specimen
involves a non-linear domain induced by diffuse microcracking within the matrix at the notch
tip. The damage zone is in the millimetre to centimetre scale (from one to several tow
diameters). At maximum load, a macroscopic crack is created from the random failure of
fibres within those tows located in the damage zone. Crack extension in CMC, hence, does
not result from the mechanism of extension of a single macroscopic crack as observed in
monolithic materials.

Because of the presence of the damage zone and of heterogenous microstructure, the
stress distribution in the damage zone differs from the one induced ahead of the crack tip in
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