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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
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INTERNATIONAL STANDARD ISO 14704:2008(E)

Fine ceramics (advanced ceramics, advanced technical
ceramics) — Test method for flexural strength of monolithic
ceramics at room temperature

1 cope

This [International Standard specifies a test method for determining the flexural stfength of mfonolithic fine
cerarpics, and whisker- or particulate-reinforced ceramic composites, at room temperature. Fleural strength
is one measure of the uniaxial strength of a fine ceramics. This test method “'may be used [for materials
development, quality control, characterization and design data-generation purposes.

2 ormative references

The [following referenced documents are indispensable for .the' application of this document. For dated
refergnces, only the edition cited applies. For undated references, the latest edition of the¢ referenced
document (including any amendments) applies.

ISO 3611:1978, Micrometer callipers for external meastrement

ISO 7500-1:2004, Metallic materials — Verification of static uniaxial testing machings— Part 1:
Tensfon/compression testing machines — Verification and calibration of the force-measuring system

3 Terms and definitions
For the purposes of this document; the following terms and definitions apply.

31
flex11:']al strength
maximum nominal stress at fracture of a specified elastic beam loaded in bending

3.2
fourpoint flexure
configuration-of flexural strength testing where a specimen is loaded equally by two bearings gymmetrically
located-between two support bearings

See Figure 1 a) and b).

NOTE The bearings may be cylindrical rollers or cylindrical bearings.

3.3

four-point-1/4 point flexure

specific configuration of four-point flexural strength testing where the inner bearings are situated one-quarter
of the support span away from the two outer bearings

See Figure 1 a).

© 1SO 2008 — Al rights reserved 1
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3.4

four-point-1/3 point flexure
specific configuration of four-point flexural strength testing where the inner bearings are situated one-third of
the support span away from the two outer bearings

See Figure 1 b).
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Figure 1 — Flexural test configurations
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3.5
semi-articulating fixture

test fixture designed to apply uniform and even loading to test specimens that have flat and parallel surfaces

3.6
fully articulating fixture

test fixture designed to apply uniform and even loading to specimens that may have uneven, non-parallel or

twisted surfaces

3.7
three-point flexure
configuration of flexural strength testing where a specimen is loaded at a location midway

between two

suppprt bearings
See Figure 1.

NOT Four-point flexure is usually preferred, since a large amount of material is exposed to,the maxim
(see Annex A for more information).

4 rinciple

A beam specimen with a rectangular cross-section is loaded in flexure until fracture. The load at
test fixture and specimen dimensions are used to compute the flexural strength which is a me

uniaxial tensile strength of a ceramic. The material is assumed todbe isotropic and linearly elastic.
5 Apparatus

5.1 | Testing machine

A sujtable testing machine capable of applying a uniform cross-head speed shall be used.
maclhjine shall be equipped for recording thepeak load applied to the test piece. The testing mad
in acgordance with ISO 7500-1:2004, Class1, with an accuracy of 1 % of indicated load at fractur
5.2 | Test fixture

5.2.1| General

Threg- or four-point flexute configurations shall be used, as illustrated in Figure 1. The four-p

configuration is recommended. The fixture shall have bearings that are free to roll, as describe
ordell to eliminatefrictional constraints when the specimen surfaces expand or contract durin
additon, the fixture shall be designed so that parts “articulate” or tilt to ensure uniform lo
specimen. Thé.articulation is designed so that parts of the fixture can rotate, as shown in Figure B
even|loading.on the left and right bearings. An articulation is also needed to ensure that all
evenly contact the specimen surfaces and apply uniform load. Semi-articulated fixtures have som

um stress

fracture, the
asure of the

The testing
hine shall be
e.

bint-1/4 point
d in 5.2.2, in
g loading. In
ading to the
.1, to ensure
the bearings
e articulating

or tilting’capabilities and may be used with specimens that have flat and parallel surfaces, su

Ch as on as-

machined specimens. A semi-articulating fixture has pairs of upper and lower bearings that articulate to match
the specimen surfaces, as shown in Figures B.2 and B.3. Fully articulated fixtures have more moving parts
and are necessary for specimens that do not have flat and parallel surfaces. They allow independent
articulation of the bearings. Fully articulated fixtures often are 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 machined specimens.

5.2.2 Bearings

Specimens shall be loaded and supported by bearings. The bearings may be cylindrical rollers or cylindrical
bearings. 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 hardmetal with an elastic modulus between 200 GPa and 500 GPa and
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a flexural strength greater than 275 MPa. The bearing length shall be greater than or equal to 12 mm. The
bearing diameter shall be approximately 1,5 times the specimen thickness (d). Diameters between 4,5 mm
and 5 mm are recommended. The bearings shall have a smooth surface and shall have a diameter that is
uniform to £ 0,015 mm. The bearings shall be free to roll in order to eliminate friction. In four-point flexure, the
two inner bearings shall be free to roll inwards, and the two outer bearings shall be free to roll outwards. In
three-point flexure, the two outer bearings shall be free to roll outwards, and the inner (middle) bearing shall
not roll.

NOTE 1 Friction can cause errors in the stress calculations. The rolling can be accomplished by several designs. The
bearing can be mounted in roller bearing or cylindrical bearing assemblies. It is also acceptable, and simpler, for the
bearings to be free to roll on the fixture surface, as shown in Figure 2.

The bearing [diameter is specified on the basis of compeling requirements. The bearings should nof be so
large as to cause excessive change in the moment arm as a specimen deflects, as this can create errorg from
contact-poin{ tangency shift. On the other hand, the bearings should not be so small as to create.excgssive
wedging stresses in the specimen or create contact stresses that damage the fixture.

NOTE 2  THe bearing hardness and stiffness requirements and guidelines are intended to ensure’ that specimeng with
strengths up tp 1 400 MPa (or 2 000 MPa), and elastic moduli as high as 500 GPa, can be tested without damaging the
fixture. Highef-strength or stiffer ceramic specimens can require harder bearings. For example, if the bearing ¢lastic
modulus is gr¢ater than 500 GPa, then it is advisable to lengthen the bearings and the fixturé-support width to mor¢ than

12 mm to dist

5.2.3 Four

Figure B.2 a
other to with
be parallel tq
shall be cap
shall rest un
bearings. All

5.2.4 Four

Figure B.2 b

bute the forces over a longer bearing length.

point fixture: semi-articulating

shows the actions of the bearings in this fixture. The two.inner bearings shall be parallel to
n 0,015 mm over their length (= 12 mm in accordancetwith 5.2.2). The two outer bearings
each other to within 0,015 mm over their length. Either the two inner or the two outer beg
bble of articulating (tilting) together as a pair to match the specimen surface. All four besg
formly and evenly across the specimen surface: The fixture shall apply equal load to al
four bearings shall be free to roll.

point fixture: fully articulating

shows the actions of the bearingsTin-this fixture. One bearing need not articulate (tilt). The

three bearings shall articulate (tilt) independently to follow the specimen surface. All four bearings sha

uniformly an
four bearingg

| evenly across the specimen.surface. The fixture shall apply equal load to all four bearing
shall be free to roll.

5.2.5 Thre

-point fixture: semi-articulating

Figure B.3 a] shows the actiens-of the bearings in this fixture. The two outer bearings shall be parallel to
other to with[n 0,015 mm ©uer their length (> 12 mm in accordance with 5.2.2). The two outer bearings

articulate to
surface. All

ther to follow'the specimen surface, or the middle bearing shall articulate to follow the speq
ree bearings shall rest uniformly and evenly across the specimen surface. The fixture sh

designed to gpplysequal load to the two outer bearings. The two support (outer) bearings shall be free
outwards. THe middle bearing shall be fixed and not free to roll.

each
shall
rings
rings

four

other
| rest
s. All

each
shall
imen
all be
o roll

5.2.6 Three-point fixture: fully articulating

Figure B.3 b) and c) show the actions of the bearings in this fixture. Any two of the bearings shall be capable
of articulating (tilting) independently to rest uniformly and evenly across the specimen surface. The fixture
shall be designed to apply equal load to the two outer bearings. The two support (outer) bearings shall be free
to roll outwards. The middle bearing shall not roll.

5.2.7 Positioning of bearings
The bearings shall be positioned so that the spans are accurate to within + 0,1 mm. The middle bearing for the

three-point fixture shall be positioned midway between the outer bearings to within £ 0,1 mm. The inner
bearings for the four-point fixture shall be centred over the outer bearings to within £ 0,1 mm.

© 1SO 2008 — All rights reserved
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NOTE The positions of the bearings can be defined either by the use of captive bearings, or by appropriate stops
against which the bearings are held at the commencement of a test. The spans can be measured to the nearest 0,1 mm
using a traveling microscope or other suitable device. The spans can also be verified by measurement of the distances
between bearing stops and adding (outer span) or subtracting (inner span) the radii of the bearing cylinders.

- - ~<1) h@)

— C)—’

The four bearings shall be free to roll.
a) Four-point flexure

@
Py
T

J/

NO)

1

~— (N ()—

The twoouter bearings are free to roll outwards, but the middle bearing shall be non-rolling.
b) Three-point flexure

Key

1 specimen

2 alternative rolling bearings

3 alternative loading bearing arrangements

Figure 2 — Schematic representation of fixtures showing the rolling action of the bearing

5.2.8 Fixture material

The fixture which supports and aligns the bearings shall be sufficiently hard, so that the bearings do not
permanently deform the fixture.

NOTE Line-contact loadings can deform the fixture. The hardness of the fixture will depend upon the design of the
fixture. If the bearings are at least 12 mm wide and the fixture is 12 mm wide or more, then a fixture made of steel with an
HRC of 25 or greater will be adequate.
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5.3 Micrometer

A micrometer, such as that described in ISO 3611 but with a resolution of 0,002 mm, shall be used to
measure the specimen dimensions. The micrometer shall have flat anvil faces such as those shown in
ISO 3611. The micrometer shall not have a ball tip or sharp tip since these might damage the specimen.
Alternative dimension-measuring instruments may be used, provided that they have a resolution of 0,002 mm

or finer.

6 Test specimens

6.1 Specihen size

6.1.1 MacH

Specimen di
tolerance on

NOTE TH

6.1.2 As-fi

ined specimens

red or heat-treated specimens

e terms “specimen” and “test piece” are used interchangeably in this International Standard.

mensions are shown in Figure 3. Cross-sectional tolerances shall be + 0,2 mm. The parallelism
opposite longitudinal faces is 0,015 mm.

Specimen dilnensions may be altered, as required, but deviations from the specifications in 6.1.1 and Fidgure 3

shall be statd

d in the test report.

8 Ly > 35mm for 30 mm test fixtures.

Ly > 45 mm for 40 mm test fixtures.

Dimensions in millimetres

A

Figure 3 — Standard test specimen

0,12 £0,03 4’4@
= - \,‘%J\
o
X or X
[ 1 Jo.015]A
//10,05(B
A
L2

|
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6.2 Specimen preparation

6.2.1 General

This International Standard allows several options for specimen preparation. In all cases, the end faces of the
specimen do not need special preparation or finishing. A minimum of two long edges on one 4 mm wide face
shall be chamfered or rounded, as shown in Figure 3. It is highly recommended that all four long edges be
chamfered or rounded. Although a surface finish specification is not part of this International Standard, it is

highly recommended that the surface roughness be measured and reported.

NOTE

Surface preparation of test specimens can introduce machining flaws (especially microcrack

specifien surface) which can have a pronounced effect on flexural sirengin. Machining damage can eitne]

interfq
residy
prior,

6.2.2

The f
this @

ring factor, or an inherent part of the strength characteristics to be measured. Surface preparation_g
al stresses. Final machining steps (including polishing) can or cannot negate machining damage’ i
coarser machining steps.

As-fired

lexure specimen is fabricated by sintering or some other process, such that no machining i
ase, the purpose is to measure the strength of the specimen with an\as*fired surface. An ¢

or rolinding is recommended and can be made before sintering.

As-fired specimens are especially prone to twist or warpage. They.fay not meet the parallelism

giver

One
surfal

6.2.3

In ins
class
custd
grits,
of the

6.2.4

The

in 6.1.1, in which case a fully articulating fixture should be used in testing.

surface of an as-fired part may be machined to help minimize twisting or warpage effects. T
Ce should be placed in contact with the inner bearings-(specimen compression side) during t

Customary machining procedure

tances where a customary machining proecedure has been developed that is completely sati

of materials (i.e. it introduces minimalor no unwanted surface damage or residual stres
mary procedure is permitted. Thestest report shall include details of the procedure, especis
wheel bonding (resin, metal, vitreous glass, other) and the material removed per pass. Th
specimen shall be rounded er'‘chamfered, as shown in Figure 3.

Component-matched procedure

inclugle details of the"procedure, especially the wheel bonding (resin, metal, vitreous, other) and

remo

6.2.5

If the

ved per pass{_IFhe long edges of the specimen shall be rounded or chamfered, as shown in

Basic-machining procedure

procedures in 6.2.2 to 6.2.4 are not applicable, then the following procedure may be used.

s beneath the
F be a random
AN also create
troduced from

5 required. In
dge chamfer

requirements

he machined
psting.

sfactory for a
s), then this
lly the wheel
b long edges

Epecimen shall havethe same surface preparation as that given to a component. The test report shall

the material
Figure 3.

NOTE

The procedure specified below is a general-duty, conservative practice. It is intended to minimize machining

damage or residual stresses in a broad range of ceramics. Faster or more aggressive removal rates can be suitable for
some materials. Alternatively, some very brittle ceramics can require a more conservative preparation.

6.2.5.1 Specimens shall be ground in the longitudinal direction, as shown in Figure 4.
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6.2.5.2

Figure 4 — Surface grinding parallel to the specimen longitudinal axis

All grinding shall be done with an ample supply of filtered ¢oolant, in order to keep the work

and wheel flpoded and particles flushed. Grinding shall be in at least.two stages, ranging from coarse t

rates of matg

6.2.5.3

rial removal.

Coarse grinding shall be carried out using a diamond wheel rounded to within 0,03 mm and

size not excg¢eding 120 mesh (D 126), using a depth of cut-not exceeding 0,03 mm per pass. Alternativi

creep-feed g

6.2.5.4

and 800 meqg
remove no g
faces.

6.2.5.5

finding process may be used for the coarsé€ grinding step.

Finishing machining shall be carried:out using a diamond wheel of grit size between 320
h (e.g. D 46 or finer), using a depth_of cut not exceeding 0,002 mm per pass. Final finishing
ss than 0,06 mm of material per face. Approximately equal stock shall be removed from opy

The long edges shall be~uniformly chamfered at 45° to a size of 0,12 mm + 0,03 mm, as sho

Figure 3. Alt¢rnatively, they can be founded to a radius of 0,15 mm + 0,05 mm. Edge chamfering or rou

shall be con
machining sh

If, for some

parable to that @pplied to the specimen surfaces in the fine-finishing step. The directi
all be parallel.te the specimen's long axis.

eason, theychamfers are larger than the specified size range (e.g. for the removal of very

chips), then the stresses should be corrected for the reduced second moment of inertia of the specimen ¢

section. Ann

bx D' may be consulted for this correction.

piece
D fine

f grit
bly, a

mesh
shall
osite

Wwn in
nding
bn of

large
ross-

—

6.2.5.6

6.2.6 Paral

Fhefimatdimensions of the-specimenshattbemaccordance with

4 4 ! a
LT AU rigure o.

lelism, orthogonality and chamfer sizes

Ensure that the parallelism, orthogonality and chamfer sizes of the test-pieces are checked. If the test pieces
have been prepared by an established procedure with a demonstrated reliability, then inspect only a few
(3 to 5 per batch) test pieces to verify conformance. The basis for acceptance/rejection of parallelism shall be
by measurements made across the thickness and across the width at each end of the intended support span
and in the centre. A flat-faced hand micrometer, dial indicator/comparator stand or digital indicator stand may
be used. The acceptability for orthogonality shall be based on the use of an engineering shadowgraph, optical
comparator or optical microscope. The basis for chamfers shall be based on microscope examination and
measurement.
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Handling of specimens

The specimens shall be handled with care, in order to avoid the introduction of damage after specimen
preparation. Specimens shall be stored separately and not allowed to impact or scratch each other.

6.2.8

Number of specimens

A minimum of 10 specimens shall be required for the purpose of estimating the mean flexural strength. A
minimum of 30 specimens shall be used if a statistical strength analysis (for example, a Weibull analysis) is to

be made.
NOTH The use of 30 specimens will help obtain good confidence Nimits for the strength distribution p3
as a Weibull modulus. Thirty specimens will also help detect multiple flaw populations if they exist.

7 1

71
may
exce
lengt
test.

7.2
point
requi

7.3
beari

7.4

has ¢nly two edges chamfered or rounded, ‘place the specimen so that these chamfers are o

side.

apprg
0,1
spec

This
articd

7.5

the i
loadi
Inspe

7.6

Procedure

Measure the specimen width, b, and thickness, d, with a resolution of 0,002 mm. The s
be measured either before or after the test. If the specimen is measured before the test
bsive fragmentation, measure the specimen dimensions as close to‘the midpoint (along t
) as possible; otherwise, measure the specimen dimensions at orynear the fracture loca
Care shall be taken to not introduce surface damage when using\the micrometer.

Test the specimens on the appropriate fixture in either the‘three- or four-point configurati
rements cannot be met.

Ensure that the test fixtures are clean and free of any fracture debris from previous tg
ngs are free of burrs or deep scratches and that'the bearings are free to roll and articulate.

Place each specimen in the test fixture with a 4 mm wide face resting on the bearings. If

Avoid damaging the specimen: Align the specimen carefully. The specimen shol
ximately equal amount of overhang’beyond the two outer bearings. Centre the specimen cz
m of the axis of load application (front to back), as illustrated in Figure 5. Positioning
men are strongly recommefnded.

is especially important )with fully articulating fixtures which may cause the specimen tg
lation. The fixture design should not allow excessive shifts.

Apply to thesspecimen a slight preload of no more than 10 % of the mean strength. If pos
hes of contaet of all the bearings and the specimen, to ensure that there is an even line |
g is not'even, then unload the specimen and adjust the fixtures as required to obtain &
ct the.bearings to ensure that they are in their correct starting positions.

rameters such

becimen size
or if there is
he specimen

lion after the

bn. The four-

configuration is preferred. A fully articulating fixture )shall be used if the specimen parallelism

sts, that the

he specimen

the tension
Id have an
refully within
stops for the

shift during

5ible, inspect
pading. If the
ven loading.

Gently mark the specimen to identify the approximate locations of the two inner loading b

earings (four

point
distin

7.7

or the middle bearing (three point). Also mark the specimen so that the compression su
guished from the tensile surface. Carefully drawn pencil or felt-tip pen marks are suitable.

Place cotton, tissue, foam or another material around or near the specimen, to prevent t

rface can be

he specimen

fragments from flying around the fixture after fracture. These materials shall not interfere with the load
application or inhibit fixture articulation or bearing rolling motions.

NOTE

This will prevent unnecessary secondary fractures, and will help preserve the primary fract

subsequent fractographic analysis.

7.8

©1S0

ure pieces for

For safety reasons, place a protective screen around the test fixture to trap the fracture fragments.
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Fi2

Fr2

a e<0,1mm

Figure 5 — Alignment of the specimen under the axis of load application

7.9 The tepting machine cross-head raté ‘shall be 0,5 mm/min, provided that the time to fracture is withjn 3 s
to 30 s.

NOTE THis crosshead rate will\strain the specimen at a rate of approximately 1 x 1074 s~1.

7.10 The crpsshead ratecSpecified in 7.9 should result in a time to failure from 3 s to 30 s. This assumef that
the test fixtufes are rigidiand most of the machine crosshead travel is applied to the specimen. If the tilne to
failure of a specimen.is outside this range, then faster or slower crosshead rates should be used, so that the
time to failurI is within 3 s to 30 s.

7.11 The effects of time-dependent phenomena, such as stress or slow crack growth corrosion (from ater
vapour in laboratory ambient air) on the measured flexural strength can be important for some sensitive
materials, even for the relatively short times in the test. To eliminate or minimize the environmental sensitivity,
surround the test jig with an environmental chamber or envelope (for example, a clear polyethylene bag) and
flush with dry nitrogen or argon from a gas cylinder before the test. Run the test with inflowing dry nitrogen or
argon gas. Alternatively, coat the tensile face of the specimens with paraffin oil (preferably heat treated at
approximately 170 °C for 1 h to 2 h) or silicon oil, and then test the specimen in laboratory ambient conditions.
The paraffin oil may interfere with subsequent fractographic analysis, however. Alternatively, the tests may be
done in a vacuum (~ 10-3 Pa or less).

7.12 Apply the test force at the specified rate and record the peak load at fracture. Measure the peak load
with an accuracy of + 1 % or better.
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7.13 Retrieve the fracture fragments for later examination.

Only a few pieces need be saved. Tiny fragments or tiny shards are often inconsequential since they do not
contain the fracture origin. With experience, it is usually not difficult to determine which pieces are important
and should be retained. Annex C may be consulted for further guidance. It is recommended that the specimen
be retrieved with tweezers after fracture, or the operator may wear gloves, in order to avoid contamination of
the fracture surfaces for possible fractographic analysis.

7.14 Observe the approximate fracture-initiation location with the primary purpose of observing if fractures
occurred within the inner span in four-point flexure. Fracture of specimens may occasionally occur outside the
inner span or at an inner loading bearing. These specimens shall be included in the data set. See Annex C for

moreret pHaanan An tha tntarneatotiaes ~AFf frond e ot A rn e T Flav e l cnacimenc
CrgotCoCC o tC T tCTrPrec o OrmattorCc patC o e ATUTrar SpCo it

NOTH 1 This is a normal consequence of the scatter in fracture-origin sizes and locations. Fracturels from origins
outside the inner span are more likely to occur with materials with high strength scatter, i.e. a low Weibull mgdulus.

If many specimens fracture outside the inner span, or if many fractures begin directly under the jnner loading
bearings in four-point flexure, there may be a fixture misalignment. Testing shall be"stopped unti| the problem
is remedied.

NOTH 2  Multiple fractures are common in high-strength ceramics. In many instances, a secondary fragture will occur
directly under an inner bearing. This is common and the strength result is probably completely satisfactory. Guidance on
the inferpretation of fracture origins and patterns is included in Annex C.

o

7.15 | Measure and record the relative humidity and ambient temperature during the test sequenc

8 Calculation
8.1 | The standard formula for the flexural strength“in four-point flexure is:

_ 3Fa
bd?

ai

wher

W

b is the flexural strength, in megapascals;

F is the fractureload, in newtons;
g is the length-of the fixture moment arm (10 mm);
is the specimen width, in millimetres;

d ~ is the specimen thickness, parallel to the direction of test force, in millimetres.

NOTE 1 a is 10 mm for both fixtures specified by this standard; a = L/4 for 1/4-point, four-point flexure, and a = L/3 for
1/3-point, four-point flexure. (See Figure 1.)

NOTE 2  Equation 1 gives the nominal flexural strength of a specimen. See the last paragraph of 8.2.

8.2 The standard formula for the flexural strength in three-point flexure is:

_ 3FL

 2bd?2 @)

of
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where

o is the flexural strength, in megapascals;

F is the fracture load, in newtons;
L is the length of the fixture outer span, in millimetres;
b is the specimen width, in millimetres;

d is the specimen thickness, parallel to the direction of test force, in millimetres.

NOTE THe three-point fixture outer span is either 40 mm or 30 mm, as specified in this International Standard:

Equations 1|and 2 are the customary and correct formulae for reporting the nominal flexural ‘sfrength of a
specimen. They give the maximum stress occurring in the specimen at the instant of fracture.)The equations
do not necessarily give the stress that was acting directly upon the flaw that caused\fracture. In fome
instances, el)g. fracture mirror or fracture toughness calculations, the fracture stress should be correct¢d for
subsurface drigins, breaks outside the inner span in four-point flexure, or fractures ‘not directly beneath the
middle bearing in three-point flexure.

8.3 If the gchamfer sizes are larger than those specified in 6.2.6 and Figudre 3, then the flexural strepgths
should be cofrected, as described in Annex D.

8.4 The mgan strength, ; , and the standard deviation, s, are given by:

of =

n
Z Of,i
1

®)

1/2

n 2
Z of; —0f)
1

(4)

S =

where

or; Is the strength ef.the i th specimen;

n s tHe total.number of specimens.

9 Testreport
The test report shall include the following information:
a) areference to this International Standard, i.e. ISO 14704:2008;

b) the test configuration (four- or three-point flexure), the fixture size, a statement on whether the fixture was
semi-articulating or fully articulating, and a statement that confirms that the bearings were free to roll;

c) the number of specimens (n) tested;

12 © 1SO 2008 — Al rights reserved
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d)

e)
f)
9)
h)

i)
)

k)

1)

m)

ISO 14704:2008(E)

all relevant material data, including vintage, billet or component identification number (the date the

material was manufactured should be reported, if available);

specimen preparation procedures, including all details of machining preparation;
heat treatments or exposures, if any;

flexural test environment, including humidity and temperature;

crosshead rate, in mm/min, and the approximate average time to fracture, in seconds;
fpreactrspecimerTtested; oy, the flexurat-strengtiTto-threesignificant figures(e-g-537 MPa)]

:Ee mean strength, o, and the standard deviation, s. The following notation shall be used
ean strengths:

) o, to denote strengths measured in (N =4 or 3)-point flexure, and (L'=40 mm or 3
outer-span size.

EXAMPLES

— 0O (4.40) = 937 MPa denotes a mean flexural strength ef<537 MPa when measured
flexure with 40 mm span fixtures.

— 0(3,30) = 980 MPa denotes a mean flexural strength of 580 MPa when measured
flexure with 30 mm span fixtures.

It is also recommended that the relative humidity-ar test environment be reported as follows:

2) G(NL)—XXX [relative humidity (RH)~% or environment] to denote strengths mea3
atmosphere with RH % or other enyjronmental conditions.

EXAMPLES

— O (4,40) = 937 MPa (45:%) denotes a mean flexural strength of 537 MPa, when mea

— 0(3,30) = 580.MPa (dry N,) denotes a mean flexural strength of 580 MPa, when
three-point flexure with 30 mm span fixtures in a dry-nitrogen-gas environment;

— 0330~ 980 MPa (paraffin oil coated) denotes a mean flexural strength of 58(
measured in three-point flexure with 30 mm span fixtures with paraffin-oil-coated sp

a statement reporting whether the chamfers are within specifications; if they are not, th
statement whether flexural strength has been corrected for the chamfer size;

to report the

D mm) fixture

in four-point

n three-point

sured in an

sured in four-

point flexure with-40.mm span fixtures in laboratory ambient conditions at 45 % relafive humidity;

measured in

MPa, when
Bcimens;

en include a

any deviation(s) from the procedures described in this test method, and the reason for the deviation(s);

name of testing laboratory, date of test, name of person conducting the tests, name of testing machine.

10 Strength scaling factors

The different test pieces and fixture sizes permitted by this International Standard may produce different mean
strengths. Annex E includes Weibull strength scaling factors which may facilitate comparison of results.

© 1SO 2008 — All rights reserved
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Annex A
(informative)

General information

The flexural strength of a ceramic depends on the inherent resistance to fracture and the presence of fracture
origins in the ceramic; variations in these cause a natural scatter in test results for a sample of test specimens.
Fractographic analysis of fracture surfaces, although beyond the scope of this International Standard, is highly

recommenddd for all purposes, especially if the data will be used for design.

Flexural strength may also be influenced by many parameters associated with the test procedure. T
include the |oading rate, test environment, specimen size, test fixture details and specimen. prepar|
Surface preparation is especially important, since the maximum stress at fracture is on the.gpecimen su
With proper [care and good machining practice, it is possible to obtain fractures from the<material's n
flaws; otherwise, the test may only measure machining damage. This International Standard allows se
options for tHe machining of specimens, and includes a general procedure (“Basic” /machining procedure
6.2.5) which |s satisfactory for many (but certainly not all) ceramics. The general procedure uses progres
finer longitudinal grinding steps that are designed to minimize subsurface microcracking. Longitudinal gri
aligns the njost severe microcracks parallel to the specimen tension-siress axis. This allows a g
opportunity df measuring the “potential strength” of the material, as contraelled by the material's natural

In contrast, tfansverse grinding aligns the severest machining microcracks perpendicular to the tension-4

axis and the¢ specimen is more likely to fracture from the machining microcracks. Transverse-g
specimens in many instances may provide a more “practical strength” which is relevant to machined ce
components | whereby it may not be possible to favourably alignithe machining direction.

The specifications given in this International Standard wereé<chosen to provide a balance between contn

experimenta
Standard are

Two fixtures
fixtures (20
fixtures (10

China. The larger fixture-specimen set.will expose more material to the full stress and, in general, prod

slightly lowe
origins of diff
correlate the

and a Weibdill modulus of 407 the larger four-point specimen should have a strength 6 % lower tha

strength for {

The three-pg
Therefore, s

error, maintaining practicality and efficiency of testing. If the procedures in this Interna
followed, it is estimated that the error in flexural strength for one specimen is less than 2 %.

and corresponding specimen sizes have been adopted in this International Standard. The |
hm x 30 mm) had previouslysbeen standardized in Japan, Korea and the People's Repul
" strength than the shorter fixture-specimen set. This is normal for ceramics wherein frg
erent size or severitylare distributed through the volume or surface. Weibull statistics ofte
strengths quite efficiently; e.g. for a material with a single volume-distributed fracture-origin

he smaller specimen.

int test configuration exposes only a very small portion of the specimen to the maximum s

hese
ation.
face.
ptural
veral
, see
ively
nding
eater
laws.
tress
ound
Famic

plling
ional

arger

hm x 40 mm) had previously been~standardized in the United States and Europe. The shorter

lic of
ice a
cture
N can
type
h the

ress.

rengths\are likely to be much higher than four-point flexural strength. Three-point flexu

some advan

]

has

ges, It uses simpler test fixtures, it is easier to adapt to high temperature and fracture toughness
testing, and| it_is sometimes helpful in Weibull statistical studies. Four-point flexure is preferre

and

recommended for most characterization work.

For additional information on flexural testing in general and for design, consult [1] in the Bibliography. For
additional information on experimental errors in flexural testing of ceramics including correction factors for
oversized chamfers, consult [2] in the Bibliography.
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Annex B
(normative)

Test fixtures
The fixtures must articulate (tilt) to ensure even loading from side to side, as shown in Figure B.1. Additional

articulation is necessary, as described below, to ensure that the bearings make even contact on the specimen
top and bottom surfaces.

Semirarticulating fixtures are designed to apply uniform and even loading to test specimens.that have flat and
parallel surfaces. The top or bottom pair of bearings shall articulate to match the specimen ‘surfage, as shown
in Figures B.2 a) and B.3 a).

Fully|articulating fixtures shall be used for specimens that do not meet the specimen parallelism fequirements
of 6.1.1 and Figure 3. The bearings articulate independently to match the specimen surface, [as shown in
Figures B.2 b) and B.3 b). Fully articulating fixtures may also be used with flat.and parallel specinens.

Figures B.1, B.2 and B.3 illustrate fully and semi-articulating fixture actions. Figures B.4 and B.$% show some
examples of designs. Other designs may be acceptable.

All fixtures shall have bearings that are free to roll, with the exception that the middle bearing In three-point
flexure shall be non-rolling.

Lecoy)

2

a) Upper pair of bearings which articulate

S

\\ 3 /I
\ O /

b) Lower pair of bearings which articulate

Key

1  specimen
2 fixed

3 articulating

Figure B.1 — Four-point flexure fixture with top or bottom articulation to ensure even loading
from side to side (both arrangements are acceptable)
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a8  The outer|bearings are parallel and free to roll outwards.
b The inner|bearings are parallel and free to roll inwards.

¢ The inner| bearings articulate together as a pair to follow the specimen top/surface. (Alternatively, the two Hottom
bearings ¢an articulate to follow the bottom surface.)

a) Semi-articulating

X

@  The inner bearings articulate and are free to roll inwards, and they can articulate independently to follow the specimen
top surface.

b Not articulating (fixed) but free to roll.
¢ Articulating and free to roll outwards.
b) Fully articulating

Figure B.2 — Four-point flexure fixture

16 © 1SO 2008 — Al rights reserved
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he two support bearings are parallel to each other and free to roll outwards.

jo)
_|

b The middle bearing does not roll, but it can articulate to follow the specimen top ‘stifface.
a) Semi-articulating

he two supportbearings are free to roll outwards.

T
b The middlé.bearing does not roll, but it can articulate to follow the specimen top surface. Supporf bearings can
afticulaterto follow the specimen surface.

b) Fully articulating

Figure B.3 (continued)
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@  The two sphpport bearings are free to roll outwards, and they can articulate to follow the specimen.surface.
b The middle bearing does not roll and does not articulate.
c) Fully articulating (alternative design)

Figure B.3 — Three-point flexure fixture

18 © 1SO 2008 — Al rights reserved
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apsembly. The bottom outer bearing rollers (on the left) are parallel. Left-to-right articulation is carried| out by a pivot

a) e inner pair of bearing rollers (on the right) are parallel and articulate together a{@alr in a cradle
hderneath the bottom base. This shows a 20 mm x 40 mm span combination.

C

b) The same fixture as shown in a), but "B\)jﬁ'nserts on the right to convert the inner span to 10 nim and a new
insert on the bottom piece on the | convert the outer span to 30 mm. The two small pieces|on the bottom

Igft are attached to the back of the fixture to hold the specimen in the correct front-to-back position. They may be used
wiith either 20 mm x 40 mm or 10 x 30 mm configurations.

c) Alternative design with a ball on the bottom for articulation. The bottom base pivots on the ball that gives left-to-
right and front-to-back articulation. The outer span bearings (on the left) articulate as a pair such as that shown in
Figure B.1b). The inner pair of rollers (on the right) are parallel and are fixed to the testing machine.

Figure B.4 — Examples of semi-articulated type fixtures
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A B
fe—  —
) M
7 | #“
D 4 F——1
<&

Qo)
A-A ~ ~ B-B (190
>
Q
B

Key N

1 bearing which does not articulate O

2 specimen \Q)

a) Schematic of a fixture with rounded base and top supports. The bearing rollers sSsy tilt or articulate to matgh the
specimen|surfaces. One of the four bearings (on the left) does not articulate. ulders or positioning stops for the
bearing rgllers are not shown for simplicity. Elastic bands, low-stiffness springs, or magnets may hold the bgaring

rollers in their correct initial positions.

b) Schematic of a fixture wi %e\cial cradles to hold the bearing rollers. The cradles rotate about an axis that is on
the specirpen surface, s the specimen does not shift when the cradles articulate or tilt.

c) Photograph of the fixture shown in b).

Figure B.5 — Examples of fully articulating fixtures
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Annex C
(informative)

Typical fracture patterns in ceramic test specimens

Low-strength ceramics, which have a low energy level at fracture, typically break into only two pieces.
Medium- to high-strength ceramics break into more pieces. Fractographic analysis can assist in determining

the primary fracture origin. References [3] or [4] in the Bibliography may be consulted for further guidance.
[ ]
1 3
. NS
| (\ ] A° | Y< ] B
b
2 2
/ 4/ : v
| ) Y‘\ S ] B | ] h;\\ S ] C
6 2
| /5) E\ ] B | /O ] A
9 10 11
12
| \?O ] A

Figure C.1 (continued)
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Key

compression curl
2 origin — fracture surface is perpendicular to the tensile surface

3 crack branch and double compression curl leading to a “Y” shaped pattern (upper fragment is not important and can
be discarded)

4 secondary fracture caused by the elastic release wave's reflection off the end faces (this often occurs at the loading
bearings; note that the fracture mirror is on what was originally the compression side)

5 secondary break — often at an angle

6 primary fracture — origin

7 crack branching and curving back to the tensile face

8 secondary break

9 secondary fracture at a loading bearing

10 primary fracture — origin close to but not directly at a loading bearing

11 break at ¢r near a loading bearing (beware of misalignments or twisting errors and note the apgle: to the gensile

surface)
12 primary fracture outside the gauge length (legitimate due to severe flaw)

A low-energy failure

B medium- fo high-energy failure
C high-energy failure

a8  Compresgion.

b Tension.

¢ Fracture durface is perpendicular to the tensile surface.
d  Upper fragment is not important and can be discarded.

Figure C.1 — Typical fracture patterns in ceramic test specimen
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Annex D
(informative)

Chamfer correction factors

Flexural strengths should be corrected for the presence of the corner chamfers if the chamfers are oversized.
Chamfers or rounded edges cause an underestimate of the true maximum flexural strength.

The

assu
mom
secti
chanm

wher
roung

If the

R_max
size 1

but fd

The
on th

Corrg

The ¢

"

aximum stress in a flexure test piece is customarily calculated from simple beam the
ption that the test piece has a rectangular cross-section. The test piece chamfers reduc
ent of inertia, 7, of the test piece cross-section about the neutral axis. For a perfect recta
pn, 1= (bd®)/12 where b is the width and d is the thickness. For a rectangular_gross-sect
fered edges of size ¢, the adjusted moment of inertia from Reference [2] in the Bibliography

bd3 2 5 1 2
=—— —— —(Bd-2
12 9 [c o 8d=2q)
e the second term on the right-hand side shows the reduction dué-to the chamfers. (A simila

ed edges in available in Reference [2] in the Bibliography.)
chamfers or edge rounds are larger than those specified-in Figure 3 (¢, = 0,15 mm for

or a test piece may be used. The most accurate results may be obtained by measuring ea
r many applications, an approximate chamfer size based on a sample of 5 test pieces may [

correct flexural strength o may be obtained by multiplying the apparent flexural strength, o
e assumption that the cross-section is a simple rectangle) by a correction factor, Cor.

D' = Cor O'f/
ction factors, Cor, for four chamfers or rounded edges are listed in Table D.1.

hamfer geometry is shewn’in Figure D.1.

Y
A

51

pbry, with the
b the second
ngular cross-
jion with four
S:

(D.1)

equation for

chamfers or

= 0,20 mm for rounded edges), then the flexural strengths should be corrected. The aveijage chamfer

h test piece,
e adequate.

', (calculated

(D.2)

©1S0

A
Y

Figure D.1 — Chamfer geometry
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