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Foreword

ISO (the Inte

rnational Organization for Standardization) is a worldwide federation of national standards bodies

(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non-governm

ental, in liaison with 1SQ_also take part in the work 1SO collaborates closely with the

International
International
The main ta
adopted by

International

Attention is g
rights. ISO s

ISO 15732 w

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

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stanglards
the technical committees are circulated to the member bodies for voting’-Publication gs an

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

rawn to the possibility that some of the elements of this document may be the subject of gatent
pall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 206, Fine ceramics.

© ISO 2003 — Al rights reserved


https://standardsiso.com/api/?name=1d46d02add325482d14e7704157da012

INTERNATIONAL STANDARD

ISO 15732:2003(E)

Fin

e ceramics (advanced ceramics, advanced technical

ceramics) — Test method for fracture toughness of monolithic
ceramics at room temperature by single edge precracked beam
(SEPB) method

1 3

This
cerarl

This
cerar
reinfd

This
chard

Fract
this |

Bcope

nternational Standard describes a test method for the determination of fracture toughness
nic materials at room temperature by the Single Edge Precracked Beam (SEPB) method.

nternational Standard is intended for use with monolithic ceramics and whisker- or particulg
hics which are regarded as macroscopically homogeneous., It\.does not include con
rced ceramic composites.

International Standard is for material development,\ material comparison, quality|
cterization, reliability and design data generation.

Lire toughness values determined with other test methods cannot be interchanged with Kipp
nternational Standard, and may not be interchangeable with each other.

Valu

2

The following referenced documents are indispensable for the application of this documen

refer
docu

ISO 1
and 1

ISO

ISO 4
defin

3312:1987,Sintered metal materials and hardmetals — Determination of Young modulus

s expressed in this International Standardare in accordance with the International System @

ormative references
nces, only the edition (Cited applies. For undated references, the latest edition of th
ment (including any amendments) applies.

101:1983, Technieal drawings — Geometrical tolerancing — Tolerancing of form, orienta
Lin-out — Geneéralities, definitions, symbols, indications on drawings

287:1997, Geometrical Product Specifications (GPS) — Surface texture: Profile methd
tions and surface texture parameters

of monolithic

te-reinforced
inuous-fiber-

assurance,

as defined in

f Units (SI).

t. For dated
b referenced

fion, location

d — Terms,

ISO 6507-1:1997, Metallic materials — Vickers hardness test — Part 1: Test method
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3 Terms

and definitions

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

3.1

stress intensity factor

K

magnitude of the elastic stress field singularity at the tip of a crack subjected to opening mode displacement

NOTE

force times length=3/2.

It is a function of applied force and test specimen size, geometry and crack length, and has the dimensions of

3.2
fracture tou
generic term

3.3
fracture tou

Kipb
fracture toug

NOTE TH

phness
for the magnitude of resistance to crack extension

ghness value

hness value measured by the SEPB method

is represents the measured stress intensity factor corresponding to the’ extension resistance of a st

aight-

through pop-in crack formed via bridge loading of a Vickers indent or a saw nofch! The measurement is performped in

accordance wi

3.4
precrack
crack induce

3.5

th the operational procedure described in Clauses 5 and 10 and satisfies all the validity requirements.

4 artificially into a specimen, primarily so as to measure the fracture toughness

precrack frgnt line

line to indica

3.6
pop-in
phenomenor]

3.7
three-point
loading confi

3.8

e the position of the tip of the precrack

where a crack arrests aftersudden and unstable growth giving rise to an acoustic signature|

bending
guration where a beam specimen is loaded at a location midway between two support pins

four-point

bending
loading conf£

quarter of th

overall'span away from the outer two support pins

uration-where a beam specimen is symmetrically loaded at two locations that are situated one

3.9
compliance
reciprocal of

NOTE

the gradient of the load versus deflection curve

Accordingly, as the crack extends, the increase of deflection results in an increase of compliance.

© ISO 2003 — Al rights reserved
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4 Symbols and designations

The symbols used throughout this International Standard and their designations are given in Table 1.

Table 1 — Symbols and designations

Symbol Unit Designation References
b mm Width of central groove in anvil A.2.3, Fig. A1
d mm Thickness of specimen 7.1, Fig. 3
T T BistancebetweenmsupportimgTotterpims—mbernd—testfixture—ttower 64Fig. 2
span)
d mm Distance between loading roller pins in four-point bend test fixture 6.4, Fig. 2
(upper span)
Kb MPa-m?/2 | Critical stress intensity factor measured by the SEPB method Clause 10, Egs. 7 and 10
mm Length of precrack 8.7.3, Fig. 6, Eq. 2
Al mm Stable crack growth length 8.7.4, Fig. 6, Eq. 3
) mm Length of specimen 7.1,Fig. 3
I, mm Length of bottom surface of specimen positioning) groove of anvil A.2.3, Fig. A1
(including the width, b, of central groove)
Vi mm Length of lower surface of loading plate A.2.3,Fig. A1
e N Maximum load during fracture of specimen 8.5.3| Fig. 5
mm Width (depth) of specimen 7.1,Fig. 3
AAI|] A1 1 Compliance change 8.6,[Eq. 1

5 Principle

This method is to obtain the fracture.toughness value, Ky, from the precrack length, specimern dimensions
and gistance between the bending supports by measuring the fracture load of specimen accgrding to the
three| or four-point bending fracture test of a single-edge-precracked beam specimen. A straight-through pop-
in precrack is induced in the specimen via bridge loading of a Vickers indent or a saw notch. Generally, this
test i$ carried out under conditions of ambient temperature and environment.

© 1SO 2003 — Al rights reserved 3
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6 Apparatus

6.1 Precracking fixture

An appropriate apparatus is required to induce a pop-in precrack in the specimen in such a way that the crack
front is approximately parallel to the specimen surface.

An example of the basic components of the bridge compression precracking fixture are a loading plate with a
ball seat, an anvil with a central groove and a specimen-positioning groove, and a loading ball as shown in
Figure 1. The shapes of the loading plate and the anvil to be used are symmetric from right to left, and from
front to rear, and have depth exceeding at least three times the thickness of the specimen, d. The horizontal
distance bet]/een the centre of the loading ball and the centre of the anvil is less than 0,1 mm.

NOTE Annex A contains recommendations for the typical design of a suitable bridge compression fixfure that has

been found to|work satisfactorily for most types of ceramic materials.

1

Key 5 lower loading plate; e.g., of silicon nitride with mirror
1 compression load polished lower surface (joined to upper loading plate)
2 loading ball 6 specimen
3 loading plate 7 central groove
4 upper loading plate; e.g., of hardened steel with ball 8  specimen positioning groove

seat 9 anvil; e.g., of hardened steel (HV 10 > 5 GPa)

Figure 1 — Example of bridge compression precracking fixture

4 © ISO 2003 — Al rights reserved
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Precrack introduction loading apparatus

The loading apparatus shall be capable of smoothly applying the compression load to the fixture. High load
accuracy is not required.

6.3

Bend testing machine

A material testing machine capable of maintaining the cross-head-speed constant shall be used. The
accuracy of load measurement shall be £ 1 % over the entire range of load.

The rigidity of the entire testing system, including the bending test fixture specified in 6.4, shall be 3 MN/m or

more;

The figidity of the entire testing system, including the testing machine, loading rods andcbendin

shou

6.4

The
symn
the s
roll a
the s

The
show
spec
lengt
the p|
ISO §
mate
betw
ISO 4

6.5

At th
meag
two 9
meag
0,001

6.6

against the load applied to the bending test fixture.

d be evaluated in accordance with Annex B.

Bend test fixture

netrical about the centre line shown and have a depth exceeding at least three times the thi

bart slightly as the specimen is loaded, thus permitting rolling.contact and avoiding frictiona
pecimen.

oller pins are placed in the positioning grooves of the“support member and of the loading
n in Figure 2. The rollers shall be parallel to each.other to within 0,015 mm over a length
men thickness, d. Other types of fixtures are acceptable, however, roller pins shall be fre
n of each roller pin shall be equal to at least three times the specimen thickness. Material
arts of the roller pins to be used shall have a\modulus of elasticity not less than 196 GPa,
312 and a hardness of not less than 5 GPa Vickers (HV10) as defined in 1ISO 6507-1, an
rial free from plastic deformation and risk of fracture. The radius of curvature of rollers and

287 shall be not more than 0,4 um.

Compliance change measuring device

b time of the bend test,\the relation between the deflection of the test specimen and the
ured by using the deflection meter which can measure the load point deflection between
upporting roller_pins of the bend test fixtures and the centre of loading roller pin(s). T
uring device _shall have a resolution greater than 0,001 mm, and shall be calibrated to
mm of thetrie displacement. Measurements of displacement shall be made to a precision

Measuring instruments

Threg¢ fundamental measurements are necessary for the calculation of Xj,, namely, the V

y test fixture,

peneral features of the bend test fixtures are illustrated in Figure .2)The bend test fix{ure shall be

ckness, d, of

becimen to be used. The fixture is designed to minimize frictional effects by allowing the support roller to

| wedging of

member as
equal to the
p to roll. The
5 composing
hs defined in
d made of a
the distance

ben the rollers shall be as shown inEigure 2. The surface roughness of the rollers, Ra, as defined in

oad shall be
he centre of
ne deflection
read within
of 0,001 mm.

vidth, w, the

thickness, d, and the precrack length, /.

Measuring devices such as micrometers or other devices having an accuracy of at least 0,01 mm shall be

used

© IS0
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1
2 é
3
J
VA | | N4
0,5d4 0,5d4 d
di 234
Key 4  specimen (l or II)
1 loading bgll 5 precrack
2 loading member 6 supporting roller pins
3 loading rojler pin 7  support member
a) Three-point bend test fixture
d;
0,5 (dy - d,) 0,5 (dy - d,)
(o : O
3
L - i
Y
6
1
di d
23d

Key

1 loading ball

2 loading member
3 loading roller pins

N o o b

specimen (Il or 11I)
precrack

supporting roller pins
support member

b) Four-point bend test fixture

© ISO 2003 — Al rights reserved
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Dimensions in millimetres

Bending mode Specimen D:zﬁ‘;t:'i'z:f d, (lower span) d, (upper span)
3-point bend | 4,01t05,0 16+ 0,2 -
3-point bend I 4,0t05,0 30+0,3 -
4-point bend I 4,0t05,0 30+0,3 10+0,2
4-point bend 11 4,0t05,0 40+0,4 20+0,2

Figure 2 — Bend test fixtures

7 Test specimens

7.1 | Shape and dimensions of specimen, and chamfering of edge

The $hape of the specimens shall be that of a rectangular beam and its“dimensions shall be|as shown in
Figure 3. Sampling position and orientation of specimen removal from raWw material shall be recorged.

The [opposing faces of the specimen shall be parallel to €ach other and the faces shall intersect
perp¢ndicularly. The maximum variation in parallelism and perpendicularity shall not exceed|0,01 mm as
defingd in ISO 1101.

Further, the four long edges of each specimen shall be*chamfered uniformly at 45° + 5°.The chgmfered edge
length shall be 0,12 mm + 0,03 mm, as shown in Figure 3 (hereafter, a specimen of 18 mm or more in length
is referred to as “specimen I”, a specimen of 36 nim’or more in length, as “specimen II”, and a|specimen of

45 mm or more in length, as “specimen 1II").
c
>
L d
Dimensions in millimetres
Specimen Total length, L Width, w Thickness, d Chamfering| C
| >18 4+0,1 3+0,1 0,12+0,0
I > 36 4+0,1 3+0,1 0,12+0,0
1] > 45 4+0,1 3+0,1 0,12+ 0,03

Figure 3 — Dimensions of specimen

7.2 Surface roughness of upper and lower surfaces and both side surfaces of specimen

The surface roughness of the four surfaces of the specimen, Ra, as defined in ISO 4287 excluding both end
surfaces in the length direction shall be not more than 0,2 ym.

© 1SO 2003 — Al rights reserved 7
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7.3 Number of specimens

The number of specimens shall be not less than five pieces. All specimens shall comply with the specification

given in 9.1.

8 Test methods

8.1

Measurement of thickness and width of specimen

ovice

The measurementof thickness and width of specimen shall be carried out ||eing a-micrometer or other d

accurate to t

8.2 Introd

8.21

As the precr
of the d x L s
be induced &
the precrack

NOTE TH
for precrack in

ne nearest 0,01 mm.

uction of precrack starter

Gengdral

hck generating start point, a Vickers indentation (or Knoop indentation)-or-notch near the m
urface of the specimen in a direction within 2° of the normal direction.to the w x L surface
ccording to the schematic diagram in Figure 4. The recommended-conditions for introducti
starter are given in 8.2.2 and 8.2.3.

e position of the precrack starter in the lengthwise direction is net specified, but the positioning is img
troduction (see Annex B).

8.2.2 The yse of Vickers indentation (or Knoop indentation)

8.2.2.1

One point s
symmetricall

8.2.2.2

Po¢sition of indentation

hall be at the middle of the d x L plane” of the specimen. Additional points shall be p
y on both sides of the first indent.

Direction of indentation

The diagonal line of the Vickers (indentation (or major axis of Knoop indentation) shall inte

perpendiculd
8223 In

Select an in

rly the lengthwise direction of specimen.

dentation load

lentation foree' adequate to produce straight cracks from the corners of the indentation W

causing extensive ancillary damage.

An indentatiq

n_force of 98 N (or 100 N) is adequate to induce a starter crack in most materials. If this

produces ex

iddle
shall
on of

ortant

aced

rsect

thout

force

essive damage, e.g. in relative soft or brittle materials, use a lower force. If precracking usi

g an

indentation prepared using a force of 98 N (or 100 N) is unreliable, increase the number of adjoining
indentations across the specimen width rather than increasing the force. However, where introduction of a
precrack is impossible, the notch method may be used.

8.2.3 The use of a straight-through saw notch

8.2.3.1

The width of

Width of notch

the notch shall be not more than 0,1 mm. The shape of the tip of the notch is not specified.

© ISO 2003 — Al rights reserved
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8.2.3.2 Depth of notch

The depth of the notch shall not exceed 0,6 mm and be 0,4 mm + 0,2 mm.

NOTE If a notch depth exceeding 0,6 mm is used, stable crack growth, instead of pop-in, may occur from the notch
tip during precrack introduction. Fracture toughness values measured from the stably grown precrack might be greater
than the fracture toughness measured under this procedure.

Dimensions in millimetres

L
1 2 3
N_
\ %
s NZE
5 =
X <0,1
© X
L
Key
1 specimen
2 Vckers (or Knoop) indentation(s)
3 nptch

Figure 4 — Introduction of Vickers indentation or notch

8.3 | Introduction of precrack

8.3.1 Arrange the specimen with the previously induced precrack starter, between the loading plate of the
precrack inducing fixture and the anvil as shown in Figure 1. Introduce an unstably grown pop-in crack. The
d x L surface contacts with the loading plate and the specimen positioning groove of the anvil. The procedure
is given in 8.3.2 to 8.3.5.

NOTE A recommended precracking fixture is shown in detail in the Annex A. A recommended procedure for precrack
introduction is shown in detail in the Annex B.

8.3.2 Sufficiently clean the specimen, the bottom surface of specimen positioning groove of the precracking
anvil and the lower surface of loading plate by wiping off any oil and stains using acetone. Place the specimen
in the specimen positioning groove of the anvil as shown in Figure 1, taking care to arrange the specimen so
that the lengthwise direction of the specimen intersects perpendicularly the central groove of the anvil, and the
precrack starter positions in the range of + 0,1 mm from the centre of the central groove.

© 1SO 2003 — Al rights reserved 9
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8.3.3 Place the loading plate on the specimen, making sure that the specimen does not slide. The loading
plate and the anvil shall be arranged symmetrically.

8.3.4 Using the loading ball and anvil, increase the compression load vertically to the loading plate. Stop
loading immediately after the pop-in sound is detected, because an excessive compression load may damage
the fixtures and cause uneven development of precrack. The speed at which to apply a compression load is

recommended to be in the range 300 N/s to 1 000 N/s.

NOTE 1

crack growth occurs after pop-in.

NOTE 2

For materials with a rising R-curve the measured fracture toughness value might be artificially high if stable

Sonic sensors, e.g. an acoustic emission sensor or a stethoscope, are useful for detecting the pop-in during

precracking. S

8.3.5 Rem
surfaces. If t
used to impr
drying of the

8.4 Tests

The bend te

ee Annex B.
ove the specimen from the fixture and confirm that the precrack has been induced an_both
ne precrack is difficult to locate, a dye penetrant, e.g. oil based paint mixed with acetone, m

bve visibility. If a dye penetrant is used, the following bend test shall be carried out)after con
dye penetrant.

tmosphere

5t is carried out under conditions of ambient temperature and environment. If susceptibil

environmental degradation, such as slow crack growth during the bend tést, is a concern, environm

effects shall
specified in §
in order to ey

In many cerg
crack propag
such as rela
argon with a

the effects of

8.5 Three

8.5.1

Arrange the
surface of th
correct starti

be evaluated by measuring both the compliance change_and the stable crack growth |
.6 and 8.7. The permissible range of the compliance change and the stable crack growth |
aluate the valid fracture toughness value, are specified in 9:2.

mics, including most oxides, moisture in the atmosphere can have a marked effect in enha
ation characteristics, and hence in reducing the.measured toughness. Environment condi
ive humidity and temperature, shall be reportéd. A dry atmosphere, such as dry air, nitrog
purity of 99,9 % or better at atmospheric pressure, or vacuum of less than 0,13 Pa, removes m
moisture.

- or four-point bending fracture test

Gengdral

precracked specimen within the bend test device as shown in Figure 2. Ensure that the
e specimen makes contact with the supporting roller pins, and that the roller pins are i
g position. The proeedures are described in 8.5.2 and 8.5.3.

8.5.2 Arra

gement of specimen

Ensure the ppecimenyis dry. Arrange the specimen so that the roller pins lie with their axes with

perpendicul

tothe-length of the specimen. The distance between the position of precrack starter an

dead centre pf.the loading pin(s) shown in Figure 2 shall be within 1 % of the lower span length, 4.

!

side
ay be
plete

ty to
ental
ngth
ngth

hcing
fions,
en or
pst of

dx L
n the

8.5.3 Bending fracture test

Apply a compressive load to the loading pin(s) at a cross-head speed of 0,5 mm/min until the specimen
fractures, and measure the maximum load, P;, to an accuracy of £1 % and the compliance change as
specified in 8.6. The time to failure should not exceed 20 s in order to avoid environmental effects.

8.6 Measurement of compliance change

Generally, a compliance change in a load versus load point deflection curve during a flexural test is not
observed for common monolithic ceramics. However, if observed, the validity of measured fracture toughness
values shall be evaluated. In this international Standard, the validity is evaluated from the movement of the
pop-in precrack front line before final fracture.

10 © 1SO 2003 — All rights reserved
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Measure the load point deflection between the centre of two supporting roller pins of the bend test fixture and
the loading pin(s), using a suitable deflection meter. Follow the procedure shown in Figure 5 to measure the
compliance change AAl/Al. The minimum reading in this case shall be 0,001 mm, or the accuracy shall be
equivalent to or better than this. When the deflection is measured, it shall not adversely affect the
measurement of fracture load of test specimen. Use the following equation to obtain AA// A/ . That value shall
be the compliance change.

ANl yALIP  yAl

— (1)
Al i P i

where

Ps is the maximum load before fracture in newtons;
[ is the deflection where the extension line of load line reaches Py, in millimetres(

Al is a value obtained by subtracting y/ from deflection at the time of fracturejyin millimetres

Y yh,

Load

AAL_ yAITP; _ yAL
Al I Ps vl

0,1llw

Load point deflection
Figuré.5— Load versus load point deflection curve and compliance change at bend test

8.7 | Measurement of precrack length and stable crack growth length

8.7.1 Enlarge the fracture surface of the fractured specimen by at least x 20 using a microscope or by
photography, and measure the length of precrack to the nearest 0,01 mm. If stable crack growth of a different
pattern is observed between the precracked region and the unstable crack growth region on the fracture
surface, measure the stable crack growth length in the same way. The measurement of precrack length and
stable crack growth length, and procedures of calculation, are given in 8.7.2 to 8.7 4.

A calibration of micrograph system shall be prepared from the measurement of the known specimen width in
order to determine the true magnification used for the fracture surface.

NOTE The stable crack growth region is generally observed on the fracture surface by having different light reflection
or a different colour (generally whitish).

© 1SO 2003 — Al rights reserved 1
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8.7.2 As shown in Figure 6, the distance from the lower surface of the specimen to the front line of the
precrack in the specimen width, w, direction is determined by measuring the lengths of /4, /5, I3, Al4, Al and
Al3 on the three lines which divide into four equal parts the thickness, d, of the specimen. In the case where
the front line of the precrack cannot be judged from the fracture surface profile, consider the front line of the
dyed region to be the front line of precrack.

8.7.3 Obtain the average value of each measured value according to the following formula and take it as
the precrack length.

_l1+12 +l3
3

i (2)

where /4, > gnd /3 are measured pop-in crack lengths in millimetres.
Thus / is the javerage precrack length in millimetres.

8.7.4 Obtgin the average value of each measured value, Al4, Al, and Al3 in accordanee) with the follpwing
formula and {ake it as the stable crack growth length.

AZZA—Z‘]-’-A;Z +AZ3 (3)

where Al4, Al, and Alz are measured stable crack growth lengths in millimetres.

Thus Al is aperage stable crack growth length in millimetres.

d
/ N
1 P
\ /
[~ —
= < <
YA < < <
\//‘;—'—;—_———1\\“ =
/ \
3 \7
< < <ol
L\ T~
I PN SR SE— 8
\ /
5
Key
1 fracture surface of specimen 5  Vickers impression(s)
2 stable growth crack front line 6 unstable crack growth region
3 precrack front line 7  stable crack growth region
4 notch 8 pop-in crack growth region

Figure 6 — Measurement of length of precrack and stable crack growth

12 © 1SO 2003 — All rights reserved
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9 Evaluation of validity of measured value
9.1 Specifications of precrack dimensions and shape

9.1.1 General

The tolerance ranges of inclination, oblique advance, and length of front line of the precrack are specified as
follows. Results are acceptable only for specimens which comply with all of the specifications given in 9.1.2 to
9.1.4. The result obtained from unacceptable test specimen shall be recorded only for informative reference
value.

9.1.2| Permissible range of inclination of precrack front line

The dlifference between maximum and minimum measured values of / shall be no greater than 10 % of the
average precrack length, /. See Equation (4).

4M <0,1 (4)

wherge
hax 1S the maximum measured value in /4, I, and /3;

nin i the minimum measured value in /4, I and /3.

9.1.3| Permissible range of precrack oblique advance

As shown in Figure 7, the advancing route of the precrack at the lower surface and both side surfaces of the
specimen shall be not more than 5° from the surface normal to the thickness direction and width direction of
the specimen for the 3-point bend specimen_and not more than 10° for the 4-point bend specimen.

NOTE Acceptance or rejection of the fesult for a test piece, resulting from an angle crack may be defermined most
simply by using a microscope with a rotary stage, viewing the side face of the test piece, aligning a cross-wife first with the
test pjece edge, and then with the average line of the crack from its tip, in both cases reading the angulgr scale on the
microgcope stage to the nearest 0,6°.) From the angle difference the crack misalignment angle may be cgmputed taking
into afcount twist.

Key
1 specimen
2 precrack

a  5° max. for the 3-point bend specimen; 10° max. for the 4-point bend specimen.

Figure 7 — Permissible range of oblique advance of precrack
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9.1.4 Permissible range of precrack length

The precrack length shall be in the range of 0,35 < I/w < 0,6.

9.2 Provision for stable crack growth

9.21

General

The permissible range of the stable crack growth length and the compliance change shall be specified in 9.2.2
and 9.2.3 respectively. In principle, a test specimen which has passed all these provisions and the provision

laid down in

> test

specimens s

1 chall he deemed as aivina an accentable result Tha racsulte ahtainad from tinaccentabl
——SHaPe6-668MeaaS-ghHRgaia666ptase+FeSUi—e+FeSttSOu a8 a+Homttha Praot

hall be recorded only for informative reference value.

9.2.2 Perniissible range of stable crack growth length

The stable cfack growth length, A/, shall be within the range of 2 % of the precrack lengthy/

Al <0,0

2]

9.2.3 Perniissible range of compliance change

The complia
depth of test

/1_Al<0
Al

10 Calcul
Calculate the

Obtain the
given in 9.1

a

metres to thI/

Kipb =

where, in the

nce change, AAl/ Al, shall be within the range of 10 % of the ratio of precrack length, /, t
specimen, w.

1L
w

ation

dxw

fracture toughness value, Kjpp, (critical stress intensity factor in mode I), in units of megap
power half from the measured’values for each specimen according to the following form
erage value of fracture toughhess of five or more specimens complying with the specifig
nd 9.2 and round off to one-decimal place.

B

case of 3-point bend specimen | (applicable range of formula: 0,35 < I/w < 0,6),

3

2

Pexdy L”zxyi
w

32| 2\ w

()

b the

(6)

hscal
ulae.
ation

foo_'(1-1) 215 393" 427

L

r
W

1+2L
w

- b
w

wi wJ

o

In the case of 3-point bend specimen Il (applicable range of formula: 0,35 < //w < 0,6),

)

1,964—2,837L+13,711
w

! 2
—j —23,250[

w

] 3
—j +24,129(

( SR C)

In the case of 4-point bend specimens Il and Ill (applicable range of formula: 0,35 < //w < 0,6),

14

9)
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/ 12
Klpt>=Pf(d1_3j;2)X ; (Wj F(Lj
dxw 2(1_ZJ3/2 w
w

where

11

/ 1)?
3,49—0,68+1,35(J
w

w

r=TosE T—Tazs =t =
L) TR0

w w / 2
()
w

Test report

The test report shall include the following information:

a)
b)
c)
d)

e)

f)

tiype of material, code, batch number, date of manufacture;

fiype of specimen (either specimen |, specimen Il or specimendll);

fiype of bending mode (either 3-point bend or 4-point bend);

mumber of specimens complying with the specifications laid down in 9.1 and 9.2;

easured fracture toughness values (critical-stress intensity factor in mode 1), Ky, and th
egapascal metres to the power half;

manufacturing process and dimensions; form of raw material as well as sampling position an
gpecimen,;

gpecimen dimensions: thickness, d, width, w, in millimetres;

precracking conditions((type of precrack starter, width of anvil central groove and pop-in load
environment conditions, relative humidity and temperature;

maximum load\before fracture, P, in newtons;

fme to failure, in seconds;

etc.);

;Precrack lengths and their average, /, in millimetres;

presence or absence of stable crack growth and average of stable crack growth length;

presence or absence of compliance change and the value of compliance change.

© 1SO 2003 — Al rights reserved
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Annex A
(informative)

Precracking fixture

A.1 Introduction

While there
compression
guidance de
should be nq
the user, and

NOTE TH

A.2 Recol

A21 The
central grooy
used are syr
times the thi
centre of the
2mm and 8
with the speq

A.2.2 The
width of the s
The lower su

A.2.3 Inor
loading platg
(including th
made identid]

NOTE By
of the specimg

A.2.4 Matg
surface of th
elasticity not

are a number of methods for inducing a straight precrack in a ceramic specimen, the™h

method has been found to be reliable for a number of materials. This Annex providg
ails of typical compression fixture designs, which have been found to operate satisfactq
ted that whatever the details of the design, the result will depend to some extent'on the s
on the precision with which the fixture is made.

e recommended techniques relating to the precrack introduction fixture are noted in)Annex B.

mmended design

basic components of the precracking fixture are a loading plate with a ball seat, an anvi
e and a loading ball as shown in Figure A.1. The shapes of the loading plate and the anvil
hmetrical from to right to left, and from front to rear, and have a depth exceeding at least
kness of the specimen, d. The horizontal distance:between the centre of the loading ball an
anvil is less than 0,1 mm. The width, 5, of the.central groove of the anvil should be bet

ification laid down in 9.1.

anvil has a specimen-positioning groove-taht is at a right angle to the central groove. The b

rface of the specimen should closely contact the bottom of the specimen-positioning groove,

Her to avoid stress concentration on the specimen ends, the length, LP’ of the lower surface
and the length, L,, ofithe bottom surface of the specimen-positioning groove of the

e width, b, of the centfal) groove) should be shorter than the length of the specimen, L, an

al and equal to 18 mm (+ 0,1 mm) which is shortest length in a type Il specimen.

using a precracking fixture with a fixed length L, (= L, < L) the pop-in load in each material is indepe
n types (I, l1U1).

rials composing the parts of the loading ball, the lower surface of the loading plate and b
b specimen positioning groove of the anvil in contact with the specimen should have a modu
léss than 196 GPa as defined in 1ISO 3312 and a hardness of not less than 5 GPa in Vi

ridge
s for
ry. It
Kill of

with
to be
three
d the
ween

mm and should be selected by trial and error so that the precrack length to be induced conpplies

bttom

pecimen-positioning groove is largerthan the thickness of the specimen, as shown in Figure A.1.

pf the
anvil
d are

ndent

bttom
us of

ckers

(HV10) as d

fimed M tSO6507-1,and be free from ptastic deformation whemn the Specimen 1S COMmpressed.

A.2.5 The variation in flatness of the lower surface of the loading plate and of the bottom surface of the
specimen-positioning groove of the anvil should preferably be not more than 0,01 mm as defined in ISO 1101,
and their roughness should preferably be not more than 0,2 um Ra as defined in ISO 4287. A sintered silicon
nitride plate with a mirror finish and a thickness exceeding 4 mm is recommended for the bottom part of the
loading plate. The upper and lower surfaces of the loading plate, the bottom surface of the specimen
positioning groove and the lower surface of the anvil are parallel to one another. The deviation from
parallelism as defined in ISO 1101 should not exceed 0,02 mm.

A.2.6 As an alternative, the surface of the loading plate in contact with the specimen may be rounded with a
radius of curvature exceeding 3d and an axis lying along the length of the specimen. This arrangement has
been found to improve the reliability of precracking by more closely defining the axis of loading. See [1],[2], [3].
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