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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Fine ceramics (advanced ceramics, advanced technical
ceramics) — Test method for flexural strength of
monolithic ceramic thin plates at room temperature by
three-point or four-point bending

1

This
roon|

N

This

fcope

| temperature by three-point bending or four-point bending.

document is intended for use with monolithic ceramics and whisker-roriparticulat

ceramics which are regarded as macroscopically homogeneous. It does notjinclude conti

reinf|
from|

This
and 1

2

The
cons
unda

ISO
orien

ISO 3
exter

ISO 7
Tens}

ISO
flexu

3

For t

orced ceramics composites. This document is applicable to ceramic_thin plates with
0,2 mm to 1,0 mm.

document is for material development, material comparisof); quality assurance, char
eliability data generation.

Normative references

following documents are referred to in the text'in such a way that some or all of t
fitutes requirements of this document. Fordated references, only the edition cited
ted references, the latest edition of the reférenced document (including any amendme

101, Geometrical product specifications (GPS) — Geometrical tolerancing — Toleran
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3.1

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

EC Electropedia: available at http://www.electropedia.org/

flexural strength
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3.2

three-point flexure

configuration of flexural strength testing where a specimen is loaded at a location midway between
two support bearings

Note 1 to entry: See Figure 1 a) and Table 1.

Note 2 to entry: The bearings may be cylindrical rollers or cylindrical bearings.

3.3

four-point flexure

configuratiqn of flexura ength testing where i i i “ated
symmetricallly between two support bearings

Note 1 to entfy: See Figure 1 b) and Table 1.

| L/2
| | |

a) Three-pointflexure

a=1L/3 1 ad.L/3

| ! 3

g LA -

b) Four-point flexure

Key

1 loading bearing(s)
2 support bearings
3 specimen

Figure 1 — Flexural test configurations
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Table 1 — Specimen type and dimension of bend test fixtures

Specimen Specimen | Bending | Lower | Length of fixture momentarm | Diameter of bearings
type thickness mode span
a mm
d L
mm

mm mm
I 0,5<d<1,0 3-point | 30+0,1 — 4,5t05,0
I 0,5<d<1,0 | 4-point | 30+0,1 10+0,1 4,5t05,0
II 0,2<d<0,5 3-point | 15+0,1 — 4,5t05,0
H O2-<d<0-5 4—peint—35+0+ 5+041 2-5-+0 3,0

3.4

fully articulating fixture
test fixture designed to apply uniform and even loading to test specimens that can have yneven, non-
parallel or twisted surfaces

3.5
semj-articulating fixture
test flixture designed to apply uniform and even loading to specimens‘hat have flat and pardllel surfaces

4 Principle

A plate specimen with a rectangular cross-section is lpaded in flexure until fracture. [The load at
fracture, the test fixture and specimen dimensions are;used to compute the flexural strength of the
specimen, which is a measure of the uniaxial tensile*strength of a ceramic. The material is|assumed to
be isptropic and linearly elastic.

5 Apparatus

5.1 | Bend testing machine

A sultable testing machine capable of applying a uniform crosshead speed shall be used.|The testing
machine shall be in accordance with ISO 7500-1, with an accuracy of 1 % of the indicated force at
fracture. The test load of geramic thin samples ranges roughly between 20 N and 200 N. A l¢ad cell shall
be sglected so that the fracture load of thin plates is not close to the limits of load capacity|interval, i.e.
the lpwer limit for highsload cell capacity and the upper limit for low-load cell capacity.

5.2 | Bend testfixture

5.2.1 General

o--0r four-point flexure configurations sha s-illustratec gure 1 and Table 1. The
fixture shall have bearings that are free to roll, as described in 5.2.2, in order to eliminate frictional
constraints when the specimen surfaces expand or contract during loading. In addition, the fixture shall
be designed so that parts “articulate” or tilt to ensure uniform loading to the specimen. The articulation
shall be designed so that parts of the fixture can rotate, as specified in ISO 14704:2016, Figure B.1, to
ensure even loading on the left and right bearings. An articulation is also needed to ensure that all the
bearings contact the specimen surfaces evenly and apply a uniform load. Semi-articulated fixtures have
some articulating or tilting capabilities and may be used with specimens that have flat and parallel
surfaces, such as those of machined specimens. A semi-articulating fixture shall have pairs of upper
and lower bearings that articulate to match the specimen surfaces, as specified in ISO 14704:2016,
Figures B.2 and B.3. Fully articulated fixtures have more moving parts and shall be used for specimens
that do not have flat and parallel surfaces. They allow independent articulation of the bearings. Fully
articulated fixtures are often necessary for as-fired, heat-treated or oxidized specimens, since uneven
loading can cause twisting and severe errors. A fully articulating fixture may also be used with

© IS0 2020 - All rights reserved 3
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machined specimens. For further detail on both semi-articulating and fully articulating fixtures, refer
to ISO 14704.

5.2.2 Bea

rings

Specimens shall be loaded and supported by bearings. The bearings may be cylindrical rollers or
cylindrical pins. The bearings shall be made of a steel which has a hardness of no less than HRC 40 for
specimen strengths up to 1 400 MPa, or no less than HRC 46 for specimen strengths up to 2 000 MPa.
Alternatively, the bearing may be made of a ceramic or a hard metal with an elastic modulus between
200 GPa and 500 GPa and a flexural strength greater than 275 MPa. The bearing length shall be greater
than or equal to 35 mm. The bearing diameter shall be between 4,5 mm and 5 mm, except that samples

with a thicK
of less than
2,5 mm and
to £ 0,015 nf

ness of less than 0,5 mm are bent in a four-point bending. When samples with a thie

0,5 mm are bent in a four-point configuration, the bearing diameter shall be!between
3 mm. The bearings shall have a smooth surface and shall have a diameter that)is’uniform

m. The bearings shall be free to roll in order to eliminate friction, as shown ‘ih Figure

four-point flexure, the two inner bearings shall be free to roll inward, and the two outer’bearings

be free to rd
the inner (m

5.2.3 Pos

Bearings sh
a three-poir
inner bearir

NOTE T
stops agains
nearest 0,1

measuring th
the bearing

1l outward. In three-point flexure, the two outer bearings shall be freeto'voll outward
iddle) bearing shall not roll.

itioning of bearings

L}\I,less

2. In
shall
, and

b1l be positioned so that their spans are accurate to within®y0,1 mm. The middle bearing in

t fixture shall be positioned midway between the outef\bearings to within + 0,1 mm
gs in a four-point fixture shall be centred over the outérbearings to within + 0,1 mm.

positions of the bearings can be defined either by the use of captive bearings or by appro

e
I‘which the bearings are held at the commencement-of a test. The spans can be measured

m using a travelling microscope or other suitable device. The spans can also be verifi
e distances between bearing stops and adding(outer span) or subtracting (inner span) the rg
ylinders.

The

riate
o the
ed by
dii of

a) Three-point flexure
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- —— 0O,

b) Four-point flexure

Key
1 dpecimen
2 dlternative rolling bearings
3 3lternative loading arrangements
4  dtops
Figure 2 — Schematic illustration of fixtures showing rolling action of bearings and stops

5.2.4 Fixture material

The fixture which supports and aligns the bearings shall be of sufficient hardness to [prevent the
bearjngs from deforming the fixture permanently:

5.3 | Calibrated micrometer

The ¢alibrated micrometer shall be simjlar to one in accordance with ISO 3611 but capable ¢f being read
to a precision of 0,002 mm using avernier or electronic readout. The micrometer shall have flat anvil
faceq. A micrometer with a ball ¢ipror sharp tip shall not be employed due to its potential fo introduce
surfdce flaws into the specimén,)An alternative measuring apparatus may be used, providgd that it has
a resplution of 0,002 mm or finer.

5.4 | Metallurgicabmicroscope

A mdtallurgical rhiicroscope equipped with a photomicrographic capability or a measuring microscope
shall{be usedto,6bserve and measure chamfering of test piece edges.

6 Testpiece dimension and preparation

6.1 Shape and dimensions of test piece

6.1.1 Machined specimens

Test piece dimensions are shown in Figure 3. The parallelism tolerance on the opposite longitudinal
side face L x d shall be 0,15 mm as defined in ISO 1101. The longitudinal side faces shall intersect
with the large faces perpendicularly. The maximum variation in perpendicularity shall not exceed
0,05 mm. Variation of thickness dy,,,~d,;, shall be less than 10 % of the average thickness d,,, which is
determined from the thicknesses at three or more points.

© IS0 2020 - All rights reserved 5
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6.1.2 As-fired specimens

Specimen dimensions may be altered as required, but deviations from the specifications in 6.1.1 and
Figure 3 shall be stated in a test report.

1| 0,05 A

_l_ /| 015 C

Y /I
Q
! X
L, d
X
-t <
o
k)
Mo
Y or Y
Specimen thickness | Totallength Width Chamfering Rounded eqige
Specimen d Ly b c R
type
mm mm mm mm mm
I 05<d<1,0 =35 12+0,2 0,05t00,13 0,05t0 0,13
I1 0,2<d<0,5 =220 12+0,2 0,05t0 0,1 0,05to O,1L
Figure 3 — Dimensions of specimen
6.2 Test piece preparation

6.2.1 General

This document allows several options for specimen preparation. All four long edges shall be chamfered
or rounded as shown in Figure 3. It is highly recommended that the surface roughness be measured and
reported, although a surface finish specification is not part of this document.

NOTE Machining damage can be introduced during surface preparation of test specimens (especially
microcracks beneath the specimen surface) and can have an extensive effect on flexural strength. Machining
flaws can be either a random interfering factor or an inherent part of the strength characteristics to be measured.
Surface preparation can also create residual stresses. Final machining steps (including polishing) can negate
machining damage introduced from prior, coarser machining steps.
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6.2.2 As-fired

When the strength of a specimen with an as-fired surface is to be measured, the flexure specimen can
be fabricated by sintering or some other process, and no machining is required. In this case, an edge
chamfer or rounding is recommended.

As-fired specimens are particularly prone to twisting or warping. In these cases, a fully articulating
fixture should be used in testing.

One surface of an as-fired specimen may be ground, polished or sand blasted to help reduce twisting
or warping effects. The machined surface should be placed in contact with inner bearings (specimen

i ide) duri testi
Com}’\rﬂcclnh Sl QJ ll}‘ll’\g es lhg

6.2.3

Inin
for a
then
espe
meta
shall

6.2.4

The
shall
bond

Customary machining procedure

btances where a customary machining procedure has been developed that is cempletely

class of materials (i.e. it introduces minimal or no unwanted surface damage or resi
this customary procedure is permitted. The test report shall include| details of thg
cially the cutting device used (e.g. laser scribe, dicing), grinding whéel)grits, wheel boj
1, vitreous glass, other) and amount of material removed per pass.The long edges of t
be rounded or chamfered, as shown in Figure 3.

Component-matched procedure

specimen shall have the same surface preparation as'that given to a component. Thg
include details of the procedure, especially the cutting device used (e.g. laser scribe, di
ing (resin, metal, vitreous, other) and the amount of material removed per pass. The |

satisfactory
dual stress),

procedure,
nding (resin,
e specimen

test report
cing), wheel
bng edges of

the specimen shall be rounded or chamfered, as shown in Figure 3.

6.2.3 Handling of specimens

mens shall be handled with caré in order to avoid introduction of damage aftd
hration. Specimens shall be storédjseparately and not allowed to impact or scratch eac

r specimen
h other.

Spec
prep

6.2.4 Number of test pieces

A mi
mini
be m

himum of 10 specimens.shall be required for the purpose of estimating mean flexural strength. A
mum of 30 speciméns’shall be used if a statistical strength analysis (e.g. a Weibull analysis) is to
ade.

7 Test procedure

7.1 | Initial dimensions measurement for specimen type identification

Initial measurement of test piece thickness shall be done to identify the specimen type (I or II) as
defined in Table 1 and then employ the appropriate bend test fixture (as described in 7.3). Measurement
of test piece thickness and width shall be carried out using a micrometer or other device accurate to the
nearest 0,002 mm. Dimensions shall be measured at one or more points along the specimen length but
also at specific locations after fracture (as described in 7.11).

7.2 Specimen marking

Use a felt pen to gently mark the specimen to distinguish its compression surface from its tensile
surface. Mark an inequality sign on the compression surface and the specimen number at both ends of
the tensile surface. For fractographic analysis, the original test piece can be restored from the fractured
fragments using this inequality sign. Carefully drawn felt-tip pen marks are preferable.
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test fixture

Employ an appropriate fixture in either a three-point or four-point configuration to test the specimens.
A fully articulating fixture is preferred.

7.4 Fixture cleaning

Make sure that test fixtures are clean and free of any broken fragments left after former tests, and that
bearings are free of deep abrasions or burrs and are easy to articulate and roll.

7.5 Setti

Set each sp
the specimse
two supporf
application

o test pinrn in bend fixture
(=]

bcimen in the test fixture with a wide face resting on the supporting bearings. Art
n carefully so that the specimen has a roughly identical degree of overhang‘beyon
ing rollers. Care should be taken to centre the specimen within 0,3 mm of the axis of
[front to back), as illustrated in Figure 4. Use of appropriate setting guidesfor the spec

ange
1 the

load
imen

is preferablg.

F/2

F/2

F/2 F/2

Key
e displacement, < 0,3 mm
F  force

Figure 4 — Alignment of specimen under axis of load application
7.6 Pre-lpading
Apply to thg specimemna slight preload of no more than 10 % of the average strength so that all r¢llers
contact the $pecimen évenly. Check that the bearings are in their correct starting positions.
7.7 Protdction from fracture fragments

For safety, cover the test fixture with a protective screen such as a transparent polyethylene
terephthalate (PET) film to trap fracture fragments.

7.8 Crosshead speed

Select a crosshead speed such that the time to fracture is within 5 s to 15 s, because some brittle ceramic
materials are sensible to slow crack growth in specific test environments (humidity and temperature).
If the operator chooses a low crosshead speed for the bending test, those mechanisms can strongly
influence fracture strength measurement. Table 2 shows typical crosshead speed and strain rate for
each test configuration. If the user can expect elastic modulus and fracture strength value of test
material, the time to fracture can be roughly estimated by dividing the fracture strain by the strain
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rate shown in Table 2. Then the crosshead speed should be modified so that the time to failure is within

5sto15s.
Table 2 — Typical crosshead speed and strain rate
Specimen Specimen Bending mode Typical Strain rate
type thickness crosshead speed s1/10-4
d mm/min
mm
I 0,5<d<1,0 3-point 2,34 1,3t02,6
I 0,5<d<1,0 4-point 2,34 14 to 2,3
I1 0,2<d<0,5 3-point 1,17 1,J to 2,6
I1 0,2<d<0,5 4-point 1,17 0,9to 2,3
7.9 | Application of test force

Start

7.10

Aftel
are

loading member and all rollers from the main body of'the fixture. Tiny fragments and de

remgd
spec
cont
micr

7.11 Measurement of test piece thickness and width

Spec
meas
locat]

7.12

Reas|

Retrieval of broken fragments for successive measurements

asample is broken, collect fracture fragments and saveenly a few pieces. Tiny fragmer
sually of little importance because they do not contain the fracture origin. If possible

ved completely from both the main body of the fixture and rollers. It is recommen
men be collected with tweezers after fracture or that the operator wears gloves in or
nmination of the fracture surfaces for pessible fractographic analysis using scann]
pscopy or other such means.

men thickness and width.\shall be measured at three or more points. The re
urement points are a) near the fracture location and b) several millimetres from
ion (along the specimenength).

Fractography

semble the ‘eriginal test piece from the fractured fragments using the inequality

com

the eldge of the'test piece. The fracture origin is located at the centre of a radial crack patte]
locatlion.ofithe fracture origin can be determined from the crack pattern. If the crack patte
shapga@s,in Figure 5, it is identified as an “edge failure.”

ression surface. Observe the approximate fracture origin to determine if fractures

loading at the specified rate and record the maximum force at fracture. Measure the maximum
load with an accuracy of + 1 % or better. Record the time to fracture:

ts or shards
remove the
bris shall be
led that the
der to avoid
ng electron

commended
the fracture

sign on the
occurred at
. Thus, the
rn has a “V”

If many specimens fracture from the edge of the specimen, there can be a fixture misalignment. Testing

shall

© ISO

be stopped until the problem is resolved.
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Key
1 fracture

2 inequalif

Figur

8 Calcul

8.1 Thre

Calculate th
Formula (1)

_3A

O'_
f 2bd

where

a) Edge failure

brigin
y sign on the compression surface

ation

p-point flexural strength

[,
2

op ist

F ist

e flexural strength, in MB3;

e fracture force, ixiN;

e length of the fixture lower span, in mm;
e averageof specimen width at three or more points, in mm;

e average of specimen thickness at three or more points, in mm.

p 5 — Identification of typical crack patterns using reassembled test specimens

b) Surface failure

ree-point flexural strength from the measured values for each specimen according to

€y

10
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8.2 Four-point flexural strength
Calculate four-point flexural strength from the measured values for each specimen according to
Formula (2).
3Fa
bd
where
¢; Iis the flexural strength, in MPa;
F isthe fracture force, in N;
¢ isthe length of the fixture moment arm, in mm;
b is the average of specimen width at three or more points, in mm;
d isthe average of specimen thickness at three or more points;in mm.
8.3 | Mean and standard deviation
Mean strength, on ,and standard deviation, s, are given by~Formulae (3) and (4):
e
+4— f"
()'f = 1 ! (3)
n
Sifon i)' |
1 fi “f
= 4
) (4)
whertte
¢¢; is the strength efthe ith specimen;
1 is the totakmumber of specimens.
If th¢ chamfer §izes are larger than those specified in 6.1.1 and Figure 3, then the flexuyal strength
should be corrected as specified in Annex A.
9 Testreport
The test report shall include the following information:
a) areference to this document, i.e. ISO 23242:2020;
b) testconfiguration (four- or three-point flexure), fixture size, fixture articulation (semi-articulating
or fully articulating) and a statement affirming that bearings were free to roll;
c¢) number of specimens (n) tested;
d) all relevant material data, including batch, billet or component identification number (the date the
material was manufactured should be reported, if available);
e) specimen preparation procedures, including all details of machining preparation;

© IS0 2020 - All rights reserved
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f) heat treatments or exposures, if any;

g) flexural

test environment details, including humidity and temperature;

h) crosshead speed, in mm/min, and approximate average time-to-fracture, in seconds;

i) for each

j) mean st

specimen tested, the flexural strength (o¢ ;) to three significant figures (e.g. 537 MPa);

rength [on ) and the standard deviation (s);

k) astatementreporting whether chamfers are within specification; if not, then a statement clarifying
whether flexural strength has been corrected for chamfer size;

1) any deyiation(s) from the procedures described in this test method, and the reasom)foer the

deviatid

n(s);

m) name of testing laboratory, date of test, name of person conducting tests and _riame of testing

maching.

10 Weibu

11 size scaling

Different me¢an strength can be obtained when the different sample dimensions and fixture sizefs are

employed. Weibull size scaling can facilitate comparison of results. See 15O 14704:2016, Annex E.
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