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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 1SO
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 nnfnl' inliaison with IQ(\’ also take pnrf inthe work 1SQO collaborates r\ln:nl\/ with the International

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

International|Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main tagk of technical committees is to prepare International Standards. Draft International Stan@lards
adopted by the technical committees are circulated to the member bodies for voting. \Publication g4s an
International|Standard requires approval by at least 75 % of the member bodies casting-a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of gatent
rights. 1ISO shall not be held responsible for identifying any or all such patent rights.

ISO 17565 was prepared by Technical Committee ISO/TC 206, Fine ceramics.
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For the purposes-of.this document, the following terms and definitions apply.

3.1

cope

nternational Standard describes the method of test for determining the flexural strength of m
nics and whisker- or particulate-reinforced ceramic composites at elevated temperature. Fle
e measure of the uniaxial strength of fine ceramics. This test method may be used
opment, quality control, characterization and design data generation purpeses.

ormative references

following referenced documents are indispensable for the/ dpplication of this documen
bnces, only the edition cited applies. For undated references; the latest edition of the referenc
ding any amendments) applies.

611:1978, Micrometer callipers for external measurément

500-1:—1), Metallic materials — Verification of static uniaxial testing machine
on/compression testing machines — Verification and calibration of the force-measuring syste

4704:2000, Fine ceramics (advanced ceramics, advanced technical ceramics) — Test meth
hth of monolithic ceramics at room temperature

0584-1:1995, Thermocouples — Part 1: Reference tables

erms and definitions

flexu

3.2
four-

onolithic fine
ural strength
for materials

t. For dated
ed document

5 —  Part 1:
m

pd for flexural

al’strength

point flexure

configuration of flexural strength testing where a test piece is equally loaded by two bearings symmetrically
located between two support bearings

See Figure 1.

NOTE The bearings may be cylindrical rollers or cylindrical bearings.

1) To be published. (Revision of ISO 7500-1:1999)
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a) Four-point-1/4 point flexure
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b) Four-point-1/3 point flexure
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«
L
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c) Three-point flexure
Key
1 loading bearings

2 support bearing

Figure 1 — Flexural test configurations

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).
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34

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).

3.5
three-point flexure
configuration of flexural strength testing where a test piece is loaded at a location midway between two outer

beari

gs

See
NOTH
Biblio

4 A

Figure 1 c).

Four-point flexure is usually preferred since a larger amount of material is exposed to-~the maximy
graphy for more information.

rinciple

A be

test fjxture and test piece dimensions are used to compute the flexutal strength, which is a mg
uniaXial tensile strength of a ceramic. The material is assumed t0 bé isotropic and linearly-elas
perfofmed at elevated temperature in air or inert atmosphere. Lead'is monitored versus displacem
ordern to confirm that the beam test piece fractured under elastic conditions. This International S

elev

5.1

A sui
shall

5.2

5.2.1

The 1
const
asre
bello

m test piece with a rectangular cross section is loaded in flexure until fracture. The load af

ed-temperature adaptation of ISO 14704. See Annex@® for additional information on this tes

pparatus

Testing machine

able testing machine capable of applying a uniform crosshead speed shall be used. The tes
be in accordance with ISO 7500-1:— Class 1 with an accuracy of 1 % of indicated load at frg

Heating device

General

urnace shall be capable of heating the test fixture and test piece as well as maintaining a
ant temperature during the strength test. The furnace may have an air, inert gas or vacuum

m stress. See

fracture, the
asure of the
ic. Testing is
ent or time in
andard is an
method.

ting machine
cture.

uniform and
environment,

nuired( If an inert gas or vacuum chamber is used, and it is necessary to transmit the load th

The f

vs-or a fitting, it shall be verified that load losses or errors are less than 1 % of the expected f
arT g may be designed So piece re foaded T itt f r FforT e

fough a seal,
acture loads.

5.2.2 Test piece temperature stability

The furnace shall be controlled by a device for maintaining a constant temperature within + 2 °C or better
within the working space of the furnace, during the time that the test piece is loaded to fracture.

5.2.3 Test piece temperature uniformity
The furnace shall be capable of maintaining the test piece temperature uniform. It shall previously be

determined that the temperature of the test piece shall not vary more than 10 °C over its length after a 15 min
hold time at the required test temperature.

© 1SO 2003 - All rights reserved
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5.2.4 Furnace heating rate

The furnace control device shall also be capable of controlling the heating rates of the furnace and preventing
temperature overshoots.

5.2.5 Furnace stability

The time for the system to reach thermal equilibrium at test temperature shall be determined for the test
temperature to be used.

5.3 Tempgégrature measuring and indicating instruments
5.3.1 Genefal
Thermocoup|e temperature measuring equipment shall have a resolution of at least 1 °C/and an accurgcy of

5 °C or bette
better.

NOTE 1 Res
but have an ag

NOTE 2 The

r. Optical pyrometers, if used, shall have a resolution of at least 5 °C and an\accuracy of 5

blution should not be confused with accuracy. Beware of instruments that have a resolution (read out) off
curacy of only 10 °C; e.g., an instrument with a 1 % accuracy would onlybe'‘accurate to = 12 °C at 1 2

mocouple temperature measuring instruments typically approximate“the temperature-electromotive

PC or

(EMF) tables, put with a few degrees error.

5.3.2 Thermocouples

es in accordance with IEC 60584-1 shall be-used. The thermocouples shall exhibit low thermal
ameter of the wires shall not be greater than-0,5 mm). The thermocouples shall have a sufficient
the furnace (with respect to heat conduetien along the wires). The measuring thermocougle tip
0se as possible to or contacting the test:piece.

Thermocoup
inertia (the d
length within
shall be as ¢

NOTE 1 In sq bnt for

furnace contrd

me furnaces, a control thermocouple may be installed at a location within the furnace which is conveni
| and a second measuring thermoeouple may be in close proximity to the test piece.
NOTE 2 Thelthermocouple should not contact the test piece if there is a chance the test piece will be misaligned.

NOTE 3 Thelthermocouple should notcontact the test piece if it will chemically react with the test piece.

5.3.3 Verifigation of thethermocouple temperature measuring system

Thermocouples shall\be)checked periodically since calibration may drift with usage or contamination.

5.3.4 Radigtion pyrometers

Radiation pyrometers (thermometers) may be used in instances wherein suitable thermocouples are not
available, particularly at temperatures above 1 600 °C. Pyrometers may either be of the disappearing filament
type or an automatic type. Pyrometers may either be spectral (operate over a narrow wavelength band), dual
wavelength (operate over two narrow wavelength bands) or total (integrate or average over all wavelengths).
Radiation pyrometry requires special care in order to obtain accurate and precise results. Ensure that blackbody
conditions are obtained, or correct the temperature for the actual emissivity of the test piece in its environment.
The pyrometer should view the test piece at right angles to one of the four long surfaces. The target size (or
viewed area) of the pyrometer shall be less than 3 mm in diameter. Corrections for radiation absorption or
reflectance may be necessary if the furnace has a window. The window shall be sufficiently large such that the
radiation emanating from the window completely fills the objective lens of the radiation thermometer, but the
window should not be so large as to cause appreciable heat loss or thermal gradients in the furnace.

NOTE See ASTM Standard Test Methods E 452, E 639, E 1256, and BS 1041, part 5 for additional information.

© 1SO 2003 - All rights reserved
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5.4 Testing fixture

5.4.1 General

Three- or four-point flexure configurations shall be used as illustrated in Figures 1 and 2. The four-point-1/4-
point configuration is recommended. The fixtures shall either be semi-articulating or fully-articulating as
specified in 1ISO 14704 depending upon the condition of the test pieces. If the test pieces meet the parallelism
requirements of 6.1.1 and Figure 3, either a semi-articulating fixture or fully articulating fixture may be used. If
the test pieces do not meet the parallelism requirements of 6.1.1 and Figure 3, a fully-articulating fixture shall be
used.

NOTH
satisf
requi
is use

1 Machined test pieces normally have flat and parallel surfaces and semi-articulating fixtutes a
ctory. On the other hand, as-fired, heated treated or oxidized test pieces often do not meet f
ements. Twisting of the test piece can cause severe errors in the strength calculation, unlesssa fully-arti
d. The purpose of articulation is to ensure that the bearings have uniform and even contactiwith the test

re completely
he parallelism
Culating fixture
piece surface.

NOTH
indep

2 A fully-articulating fixture has bearings or rollers that are free to roll to eliminate friction. The beal
bndently to match the test piece surface.

ings articulate

NOTH
pairs

3 A semi-articulating fixture has bearings or rollers that are free to roll o eliminate friction. The bearin
0 match the test piece surface.

Os articulate in

It is necognized that practical limitations may restrict the desigh:of the test fixture, and oxidation effects may
restrict its function. In such cases, alternatives may be employed, but deviations from the funcfion specified
above shall be reported in the report.

5.4.2| Bearings

Test
lengt
piece

bieces shall be loaded and supportedAy bearings. The bearings shall be cylindrical rollers.
n shall be greater than or equal to A22.mm. The bearing diameter shall be approximately 1,5 t
thickness, h. Diameters between-4,5 mm and 5,0 mm are recommended. The bearings

The bearing
imes the test
shall have a

smoq
elimi
flexu
outw.
beari

NOTH
accory
in Fig

NOTE
to cal

th surface and shall have a diameter uniform to &= 0,015 mm. All bearings shall be free to r

e, the two inner bearings_shall be free to roll inwards, and the two outer bearings shall 4

Iate friction, with the exception of the middle bearing in three point flexure (see Figure 2).

DIl in order to
-or four-point
e free to roll

rds. In three-point flekure, the two outer bearings shall be free to roll outwards, and the ipner (middle)

hg should not roll.

1 Friction can)cause errors in the stress calculations. The rolling action in elevated temperature fix{

res is usually

nplished by uSing cylindrical bearings which rest on a flat surface. The bearings are free to roll on the sugface as shown

ire 2.

2.” The bearing diameter is specified on the basis of competing requirements. The bearings should not

be so large as

se.excessive change in the moment arm (“a” in Figure 1) as a test piece deflects which can create error

5 from contact-

point tangency shift. On the other hand, the bearings should not be so small as to create excessive wedging or contact

stress

543

es in the test piece.

Four-point fixture — Semi-articulating

All four bearings shall be free to roll. The two inner bearings shall be parallel to each other to within 0,015 mm
over their length (= 12 mm in accordance with 5.4.2). The two outer bearings shall be parallel to each other to
within 0,015 mm over their length. The inner bearings shall be supported independently of the outer bearings.
All four bearings shall rest uniformly and evenly across the test piece surface. The fixture shall be designed to
apply equal loads to all four bearings.

NOTE The parallelism requirement may be met by control of the test fixture dimensions.

© 1SO 2003 - All rights reserved
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D @) — O,

0 —<

The four bearings shall be free to roll in four-point flexure

a) Four-point flexure

—_t
—+

The two outer bearings are fréejto roll outwards in the three-point flexure, but the middle bearing shall be hon-
rolling

b) Three-point flexure

Key

1 test pigce

2 alternativeolling bearings
3 alternatives

Figure 2 — Schematic of semi-articulating fixtures

6 © 1SO 2003 — All rights reserved
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Dimensions in millimetres

0,12 +0,03

&
. __ // |A[0,015
_[_[ATV,VIS
//|B|0,015] | 2

=)
¥l
m

L

>{e]

1+

a) The standard test.piece

c) As-fired or heat treated test piece (see 6.1.2) — Specimen bow

one end on flat surface

gap
bow

2 edge chamfers or rounding

Figure 3 — Test pieces

© 1SO 2003 - All rights reserved
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oint fixture — Fully-articulating

All four bearings shall be free to roll. Three bearings shall articulate independently to match the test piece's
surface. The fourth bearing need not articulate. All four bearings shall rest uniformly and evenly across the test
piece surfaces. The fixture shall apply equal load to all four bearings.

5.4.5 Three-point fixture — Semi-articulating

The two support (outer) bearings shall be free to roll outwards. The middle bearing should be centrally located
and does not need to roll. The two outer bearings shall be parallel to each other to within 0,015 mm over their
Iength (2 12 mm in accaordance with 5 4 ?) The twao outer hparinge shall articulate Tngpfhpr to match th

c test

piece surfac
uniformly an
outer bearing

NOTE Thep

5.4.6 Three

The two sup
the bearings
shall rest uni
to the two ou

5.4.7 Positi

The bearingy
middle beari
+ 1,00 mm.
+ 0,20 mm.

NOTE 1 The
which the bea
travelling micr
bearing stops

NOTE 2 Son
such that the

possible to ve
free to roll and
should be use

5.4.8 Fixtuf

The fixture m

]

or the middle bearing shall articulate to match the test piece surface. All three bearings sha|
evenly across the test piece surface. The fixture shall be designed to apply equal load-to)th
S.

hrallelism requirement may be met by control of the test fixture dimensions.

-point fixture — Fully-articulating

port (outer) bearings shall be free to roll outwards. The middle bearing should not roll. Any t
shall be capable of articulating independently to match the test{piece surface. All three beg
ormly and evenly across the test piece surface. The fixture shall be designed to apply equal
ter bearings.

loning of bearings

shall be positioned so that the spans have thesprescribed dimensions to within 4= 0,10 mm
ng for the three-point fixture shall be positioned midway between the outer bearings to
The inner bearings for the four-point fixture shall be centred between the outer bearings to

positions of the bearings may be defined either by the use of captive bearings, or by appropriate stops a
[ings are held at the commencement of a test. The spans may be measured to the nearest 0,1 mm u
hbscope or other suitable device.Fhe spans may also be verified by measurement of the distances be|
and adding (outer span) or subtracting (inner span) the radii of the bearing cylinders.

e fixtures have bearingsithat fit into square slots with a slight clearance. Of course, the clearance sho
possible spans are within the prescribed limits of this International Standard. Unfortunately, it is usual
ify whether a bearing)sits against an inner or outer shoulder, and thus it is possible that some bearin
others are not,-This can lead to the addition of unpredictable, random friction errors. Fixtures with suc
I with caution.

e matetial

| rest
e two

o of
rings
oads

. The
vithin
vithin

painst
5ing a
fween

Id be
ly not
s are
slots

aterial shall be as inert as lnnqqihlr-\ for the quting conditions used_The fixture shall be oxid

ation

resistant if the testing is done in air. The fixture shall have negligible chemical reaction with and shall not
contaminate the test piece. The fixture shall remain elastic over the load and temperature ranges used. The
bearings may be made of a ceramic with an elastic modulus between 200 GPa and 500 GPa and a flexural
strength greater than 275 GPa at elevated temperature.

NOTE 1 Bearings should be cleaned regularly. Silicon carbide papers are helpful in cleaning scale, oxidation products or
chemical reaction products off the fixtures.

NOTE 2 Various grades of silicon carbide or sapphire are suitable. Hot-pressed or sintered silicon carbides with low
additive content are elastic up to temperatures in excess of 1 500 °C. Siliconized silicon carbides and high purity aluminas
are less expensive, but may exhibit creep deformation at temperatures over 1 200 °C. Recrystallized silicon carbides are
elastic up to temperatures of 2 000 °C, but are relatively weak due to porosity. Graphites are extremely refractory but are
restricted to inert atmospheres and are soft and have a low elastic modulus. Graphites may be suitable for loading rams or
portions of fixtures, but they should not be used where there are concentrated loads such as at the loading bearings.

© 1SO 2003 - All rights reserved
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NOTE 3 In some instances it may be suitable to use bearings made of a different material than the test fixture; e.g.,
sintered silicon carbide bearings may be used with hot-pressed silicon carbide fixtures. The sintered silicon carbide is brittle
and may have intermediate strength, but has low additive content and is highly oxidation resistant. The hot-pressed silicon
carbide is much stronger but may oxidize and react with the test piece.

5.4.9 Fixture compliance

It is recommended that the compliance of the load train be characterized for the loading range and temperature
used. An oversized ceramic block may be inserted into the fixture and loaded to the maximum expected
breaking load at the test temperature. The load train and fixture shall be sufficiently rigid that at least 70 % of the
crosgtread-motion s transmittettotheceramic test piCbe.

5.5 |Micrometer

A migrometer such as is shown in ISO 3611 but with a resolution of 0,002 mm shall'be used to measure the test
piecqd dimensions. The micrometer shall have flat anvils. The micrometer shall-not have a ball ti$ or sharp tip
since| these might damage the test piece. Alternative dimension measuring instruments may be used provided
that they have a resolution of 0,002 mm or finer.

6 Tlest pieces
6.1 [Test piece size

6.1.1| Machined test pieces

Test pieces shall be prepared in accordance with 1ISO 14704. Test piece dimensions are shown in Figure 3.
Cros$-sectional tolerances shall be +/0,5mm. The parallelism tolerance on opposite longitudinal faces is
0,013 mm.

6.1.2| As-fired or heat-treated.test pieces

Test piece dimensions/may be altered as required. Test piece dimensions are shown in Figure 3, except that
crosq section sizes shall’be within &= 0,5 mm of the prescribed dimensions. The initial curvature of a test piece
for 4-point loading‘shall be such that any specimen bow shall be less than 0,4 mm as shown in Figure 3 ¢). The
bow s$hall be less'than 0,8 mm for 3-point testing on 30 mm outer spans, or less than 1,3 mm for 3-point testing
on 40 mm outerspans. In addition, the 4 mm wide surfaces which contact the bearings shall havd a flatness of
0,15 mm_ot~smaller. Deviations from the specifications in 6.1.1 and Figure 3 shall be stated ih the report.
Specjalnote shall be made if the test pieces are twisted in which case an estimate of the twist angle along the

|eng'['\ afthe test pinr‘n shallbe rnpnrtnd

NOTE 1 Very twisted [Figure 3 b)] or bowed [Figure 3 c)] test pieces may interfere with proper test fixture articulation with
an attendant loss of accuracy and precision. The intrinsic error associated with testing test pieces with an initial curvature is
quite small and is usually much less than 1 % [6]. Surface reaction layers or irregularities may also interfere with proper force
distribution in the test fixtures.

NOTE 2 Test piece twist may be estimated by holding one end of the test piece on a flat surface and observing the opposite
end of the test piece. If the test piece is twisted, one edge will be raised up off the flat surface. The gap between the raised
test piece end and the flat surface may be estimated by inserting thickness shims of various sizes. The test piece twist is
sin~* (gap/4). See Figure 3 b).

NOTE 3 Some fully-articulating fixtures may have limitations in the ability to accommodate twisted test pieces. Users
should be aware of these limitations if they exist, and avoid testing pieces with excessive twists.

© 1SO 2003 — All rights reserved 9
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6.2 Test piece preparation

6.2.1 General

This International Standard allows several options for test piece preparation. In all cases, the end faces of the
test piece 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. Test pieces may be:
a) as-fired;

b)

machined by a customary-machining procedure;
c)

d)

machined by a component-matched procedure;

machined by the basic procedure defined in ISO 14704:2000, clause 6.2.5.

Consult ISO [L14704 for additional details for these four options.

NOTE Surfad
surface) which
factor, or an i
stresses. Fing

e preparation of test pieces can introduce machining flaws (especially mictocracks beneath the test
may have a pronounced effect on flexural strength. Machining damage can either be a random inte
hherent part of the strength characteristics to be measured. Surface-pfeparation can also create re
machining steps (including polishing) may or may not negate machining damage introduced from

piece
fering
Sidual
prior,

coarser machiping steps.

6.2.2 Chanmlfers

The long edges shall be uniformly chamfered at 45° to a size of 0,12 mm =+ 0,03 mm as shown in Figlire 3.
They can alt¢rnatively be rounded with a radius of 0,15 mm = 0,05 mm. Edge chamfering or rounding shpll be
comparable fo that applied to the test piece surfaces in'the fine finishing step. The direction of machining|shall
be parallel td the test piece long axis. The maximum-ehamfer size permitted in this International Standaid will
cause a 1 %lerror in flexure strength. If for some“teason the chamfers are larger than the specified size fange

(e.g., for the femoval of very large chips), then the stresses shall be corrected for the reduced second mgment

of inertia of the test piece cross section in accordance with Annex B. As-fired test pieces may have chanfers
applied befote firing.

6.2.3 Test piece storage

The test pieces shall be handled with care to avoid the introduction of damage after test piece preparation| Test
pieces shall be stored separately and not allowed to impact or scratch each other.

6.2.4 Numfer of'test pieces

A minimum &T8—estpieces—shalberequiredforthe—purpese—ofestimating—the—mean—fexdral-strength. A

minimum of 30 test pieces shall be used if a statistical strength analysis (e.g., a Weibull analysis) is made.

NOTE The use of 30 test pieces will help obtain good confidence limits for the strength distribution parameters such as a
Weibull modulus. 30 test pieces will also help detect multiple flaw populations if they exist.

7 Procedure

7.1 Measure the test piece width, b, and height, h, with a resolution of 0,002 mm. The test piece size may be
measured either before or after the test. If the test piece is measured before the test or if there is excessive
fragmentation, measure the test piece dimensions as close to the midpoint (along the test piece length) as
possible. Otherwise, measure the test piece dimensions at or near the fracture location after the test. Care shall
be taken to avoid introducing surface damage with the micrometer if measurements are made before the test.

10 © 1SO 2003 — All rights reserved
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7.2 Use an appropriate fixture in either the three- or four-point configuration. Four-point is preferred. A
fully-articulating fixture shall be used if the test piece parallelism requirements cannot be met.

7.3 Ensure that the test fixtures are cleaned of any fracture debris from previous tests, and that the bearings
are cleaned of oxide scale or surface chemical reaction products. Ensure that the bearings are free to roll and
articulate.

7.4 Place each test piece in the test fixture with a 4 mm wide face resting on the bearings. If the test piece has
only two edges chamfered or rounded, place the test piece so that these chamfers are on the tension side
(which is the side contacting the outer support span). Avoid damaging the test piece. Align the test piece
carefully. Ensure that both test piece and fixture are centralized with respect to the loading axis, and that the test
fixturE Tollers are In their correct starting positions. The test piece should have an approximately équal amount
of overhang beyond the two outer bearings. Centre the test piece carefully so that the misalignment, &,
(Figure 4) is less than 0,1 mm of the axis of load application under the load application axis_(front to back) as
illustiated in Figure 4.

P/2

P/2

The [misalignment, € shall be less than 0,1 mm in accordance with 7.4.

NOTE 1 Positioning stops for the test piece are strongly recommended. This is especially important with fully-articulating
fixtures which may cause the test piece to shift during articulation. The fixture design should not allow excessive shifts.

NOTE 2 If the available furhace arrangements do not allow convenient access to the test jig for aligning the test piece, an
alignment jig should be used. Alternatively, the alignment may be performed out of the furnace. It is essential that care be
taken to ensure that the test piece does not move during this process. If there is a risk of movement, a temporary adhesive,
such as polystyrene cement, may be used to fix the test piece and rollers in position. This burns off in the furnace, leaving
all components correctly positioned.

7.5 Apply a slight preload, of no more than 10 % of the expected average fracture force, to the test piece whilst
heating at 200 °C to 300 °C. If possible, inspect the lines of contact of all the bearings and the test piece to
ensure that there is an even line loading. If the loading is not even, then unload the test piece and adjust the
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fixtures as required to obtain even loading. Inspect the bearings to ensure that they are in their correct starting
positions.

NOTE Do not mark the test piece load points as is specified in the room temperature standard 1SO 14704 since a marking
material may contaminate the test piece or furnace.

7.6 A soft ceramic insert may be placed underneath the test piece to prevent the test piece fragments from
being damaged if they impact the fixture after the test piece has fractured. Insulating felts or ceramic papers
may be suitable but they should not chemically react with the fixture or test piece at the test temperature. The
ceramic insert shall not interfere with the test piece alignment, exert a force on the test piece or fixtures, or

inhibit fixture

articulation or bearing rolling motions.

NOTE Thisc
for subsequen

7.7 The tes
expansion o
breaking forg

7.8 Whent
time for the t¢
measured by
than 4= 2 °C,

7.9 The teq
range of 3 s
rates shall be

NOTE 1 This|

NOTE 2 The
flexural streng

7.10 Apply
to accuracy ¢

7.11 After

NOTE Only S
the fracture o]
retained. See
tweezers after|
fractographic &

fractographic analysis.

t pieces shall be heated to the test temperature. Care shall be taken to ensure(that the th
the furnace does not cause the test piece preload to exceed 10 % of the ‘€xpected av

®

eramic insert will prevent unnecessary secondary fractures, and will help preserve the primary fracture ;I)ieces

prmal
Brage

he test temperature is reached, the test piece shall be maintained at thistemperature for su
pmperature to stabilize. The time allowed for this shall be stated in the'test report. The temp
the thermocouple or other measuring device shall not vary during the time of the testing by

ting machine crosshead rate shall be 0,5 mm/min provided that the time to fracture is with
fo 30 s. If the time to failure of a test piece is outside this range, then faster or slower cross
used so that the time to failure is within 3 s to 30 s;

crosshead rate will strain the test piece at a rate of @pproximately 1,0 X 10~ %s™

effects of time-dependent phenomena, such<as stress corrosion or slow crack growth on the meg
h can be important for some sensitive materials, even for the relatively short times in the test.

f + 1 % or better.

ompletion of a test or a sequence of tests, retrieve the fracture fragments for later examinati

lome pieces need be saved. Tiny fragments or tiny shards are often inconsequential since they do not ¢
gin. With some experience, it is usually not difficult to determine which pieces are important and sho
1ISO 14704:2000Annex C for additional guidance. It is recommended that the test piece be retrieve
fracture, or the‘operator may wear gloves in order to avoid contamination of the fracture surfaces for pg
Lnalysis.

7.12 During atest series, observe the approximate fracture initiation location with the primary purpg

observing if

ractures occurred within the inner span in four-point flexure. The bearing contact locations

cient

er:ratu re

more

n the
head

sured

the test force at the specified rate and record the peak load at fracture. Measure the peak loagl with

DN.

bntain
Id be
i with
ssible

se of
may

often be detectedomthetest piecesurfaceTest piece fractures may occasionatty occur outsidethenmer
or at an inner loading bearing. Test pieces with such fractures shall be included in the data set.

span

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

If many test pieces fracture from outside the inner span, or if many fractures begin directly under the inner load
bearings in four-point flexure, there may be a fixture misalignment. Testing should stop until the problem is
remedied. If the Weibull modulus is high, the number of fractures directly below the inner rollers will be
increased due to the contact stresses which also influence the tensile side.

NOTE 2 Multiple fractures are common in high-strength ceramics. In many instances, a secondary fracture will occur
directly under an inner bearing. This is common and the strength result is probably completely satisfactory. Guidance on the
interpretation of fracture origins and patterns is to be found in ISO 14704.
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7.13 Inspect the bearings for signs of oxidation and/or reaction with the test piece or flattening, which would
impair the performance of the jig. Renovate, clean or replace the bearings as necessary especially if they do not
conform to the requirements of free rolling movement.

7.14 Inspect the force versus time (or displacement) record to determine whether there is any nonlinearity just
before fracture as shown in Figure 5 b). Any nonlinearity just before fracture may indicate inelastic behaviour,
and the assumptions of Clause 4 may be invalid. Report any evidence of inelastic behaviour.

NOTE Non-linear behaviour during initial loading at the low load portion of the record as shown in Figure 5 a) may simply
indicate fixture settling or initial loading effects and is probably inconsequential.

Y Y
X X
a) Indicates linearly elastic behaviouf. b) Indicates inelastic test piece behpviour, or
possibly test fixture deformation or slippage
X Time (or displacement)
Force

Figure 5 — Force versus time (or displacement)

7.15| Measure and recardthe laboratory ambient relative humidity during the test sequence, unleps the testing
is in yacuum or inert atmosphere.

8 (Qalculation

8.1 |Standard formula for the flexural strength in four-point flexure

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

3Pa
Of = W 1)
where
O is the flexural strength in megapascals;
P is the fracture force in newtons;
a is the fixture moment arm, nominally 10,0 mm;
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b
h

is the test piece width in millimetres;

is the test piece height, parallel to the direction of test force in millimetres.

NOTE The fixture moment arm, a, is nominally 10,0 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. The moment arm is also equal to (Lz — Ll) /2 where L,
and L, are the outer and inner spans, respectively. See Figure 1 and NOTE 2 in 8.2 below.

8.2 Standard formula for the flexural strength in three-point flexure

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

3HL

= 2
where

O% ig the flexural strength in megapascals;

i the fracture force in newtons;

L i the fixture outer span in millimetres;

b i the test piece width in millimetres;

h i the test piece height, parallel to the direction of test force in millimetres.
NOTE 1 Thelthree-point fixture outer span is either 40,0 mm or 30,0.mm as specified in this International Standard.
NOTE 2 Equations (1) and (2) are the customary and correct fotmulae for reporting the nominal flexural strength of
piece. They gjve the maximum stress which occurred in thétest piece at the instant of fracture. The formulae ¢

necessarily gi
or fracture tou
span in four-p

8.3 Correq

If the chamfg
corrected as

8.4 Correq

The thermal
test pieces. 1
Corrections f

e the stress that was acting directly upon the flaiv that caused fracture. In some instances, e.g. fracture
phness calculations, the fracture stress .should be corrected for subsurface origins, breaks outside thg
int flexure, or fractures not directly beneath the middle bearing in three-point flexure.

tions for chamfer size

r sizes are larger than(those specified in 6.2.2 and Figure 3, then the flexural strengths shoy
described in Annex B:

tions for thermal expansion

bxpansion of the test piece and the test fixtures will alter the physical dimensions of the fixtur
"his willMintroduce a bias error of 1 % to 3 % in flexural strength if Equations (1) and (2) are
brthis expansion are listed in Annex C and may be made if agreed between the parties conce

@)
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0 not
mirror
inner
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8.5 Mean strength and standard deviation

The mean strength, o}, and the standard deviation, s, are given by:

n
Yoy
— 1
g5 = (3)
n
- n 912
X0t — 0%)°
s= |t (@)
o — 1
wherg
Of ; is the strength of the ith test piece;
7 is the total number of test pieces.
9 Accuracy and precision
9.1 |The error in flexural strength for an individual test piece is €stimated to be less than 3 % to|5 % if all the

condjtions of this test method are met.

NOTH Most tolerances have been chosen so that individual errors_are typically 0,5 % or less. The chamfer grror may be as

large ps 1 %, however.

9.2

As-fired test pieces may (or may not) have larger error, depending upon the conditions of the surface

(flatness, evenness), uniformity of the test piece,dimensions, uniformity of the cross section shape, and any

twist pr bow in the test piece.

10

Test feport shall include the following information:

a)
b)

d)
e)
f)
9)

m)

Test report

>

pbminal test temperature;
fyrnace environment:air, vacuum, or inert atmosphere;

type of heating-element;

—

@mperaturemeasuring device;

proximate rate of heating and the soak (or hold) time at temperature prior to the test piece test;

;rLode of foading test pieces into the furnace (hot or cold);

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;

number of test pieces tested;

if available, all relevant material data including vintage, billet or component identification number, and the
date the material was manufactured,;

test piece preparation procedures, including all details of machining preparation; surface roughness (in both
the longitudinal and transverse directions) on the test piece tensile surface if available;

heat treatments or exposures, if any;
flexural test environment, including humidity and temperature;

crosshead rate in millmetres per minute and the approximate average time to fracture in seconds;
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n) for each test piece tested, o% ;, the flexural strength to three significant figures (e.g. 537 MPa);

0) mean strength, oy, and the standard deviation, s, the following notation shall be used to report the mean
strengths:

p)
a)

— 0o(n,r) to denote strengths measured in (/N = 4 or 3)-point flexure, and (L. = 40 mm or 30 mm) fixture

outer

span size

EXAMPLE 1
— O(440) = 537 MPa denotes the mean flexural strength was 537 MPa when measured in four-point flexure with

4

mm span fixtures;

— 0O(330) = 580 MPa denotes the mean flexural strength was 580 MPa when measured in three-point flexure

W

Itis g

O]

to de

EXAM

|
Q

fl

|
Q

fl

— O]

fl
statemery

statemery
whether

Any reley
test piecq

any indic
any devig

name of

It sU mm span TIXtures.

Iso recommended that the relative humidity or test environment be reported as follows;

(v,L) = XXX [RH % or environment|

PLE 2

(4,40) = 600 MPa [45 %] denotes the mean flexural strength was 600 MPa,when measured in fou
bxure with 40 mm span fixtures in laboratory ambient conditions with 45 % relative humidity;

(330) = 575 MPa [dry N,] denotes the mean flexural strength was 57%’MPa when measured in threg
pxure with 30 mm span fixtures in a dry nitrogen gas environment;

(330) = 520 MPa [vacuum] denotes the mean flexural strength was*5620 MPa when measured in threg
pxure with 30 mm span fixtures in a vacuum environment.

t reporting whether flexural strengths have been corrected for thermal expansion;

t reporting whether the chamfers are within specifications; if they are not, then include a state
lexure strength has been corrected for the charafer size;

ant comments concerning deterioration or¢sticking of the test jig, condition of as-fired or oxi
s, the surface condition of the test pieces, the condition of the fracture surfaces, etc.;

htions of inelastic behaviour;
ition(s) from the procedures described in this test method, and the reason for the deviation(s

esting laboratory, date of tgst) name of person conducting the tests, name of testing machin

11 Strength scaling factors

The different
strengths. An

16

test piece andfixture sizes permitted by this International Standard may produce different
nex D has Welbull strength scaling factors which may facilitate comparison of results.

note strengths measured in an atmosphere with RH, % relative humidity, or othérenvironmeit

-point
-point

-point

ment

pized

1%

mnean
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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 pieces.
Fractographic analysis of fracture surfaces, although beyond the scope of this International Standard, is highly

recor

Flexy
incl

or slg
minin
formt

Surfa
With

other
inforn

The
expe

Standglard are followed, it is estimated that the error in flexural strength for one test piece is less tha

The

temp
mate
(3m
are d
mate
test
CoNvg

The

Therg
adva
fractu
prefe

For @
inforn

pt
elev

hmended for all purposes, especially if the data is to be used for design.

ral strength also may be influenced by many parameters associated with the test ‘proce
e test environment, test piece size, test fixture details and test piece preparatign, -Flexur
ed temperature may be strongly dependent upon loading rate, a consequencesof ecreep, str¢
w crack growth. This test method is intended to measure flexure strength at fast’loading rat
hize these effects. If creep is active at the test temperature, stress relaxation may occur ar
lation that is used to compute the strength will be in error.

ce preparation is especially important since the maximum stress at-fracture is on the test p
proper care and good machining practice, it is possible to obtain fractures from the material's
wise the test may only measure machining damage. See\ SO 14704:2000 Annex A f
nation.

Specifications in this International Standard were chosen to provide a balance betwee
imental error and maintaining practicality and efficiency of testing. If the procedures in this

ixture and corresponding test piece sizes“in this International Standard are the same
brature standard ISO 14704. The larger fixtdre-test piece (3 mm X 4 mm X 45 4+ mm) set e
fial to the full stress, and produces a lower strength than the shorter fixtur
n X 4 mm X 35 -+ mm) set. This is-igrmal for ceramics wherein fracture origins of different si
stributed throughout the volume orsurface. Weibull statistics often can correlate the strengt
fial with a single volume-distributed fracture origin type and a Weibull modulus of 10, the lar
iece should have a strength™8,% lower than the strength for the smaller test piece. Annex D p
rsion factors.

hree-point test configuration exposes only a very small portion of the test piece to max
ntages. It uses-Simpler test fixtures, has less experimental error, is easier to adapt to high tem
re toughnessitesting, and it is sometimes helpful in Weibull statistical studies. Four-po

rred and tecommended for most characterization work.

dditional information on flexural testing in general and for design, consult referencel®]. R
nation on experimental errors in flexural testing of ceramics, consult referencel6l,

dure. These
b strength at
PSS Corrosion
ps in order to
d the elastic

iece surface.
hatural flaws,
pr additional

n controlling
International
h 3% to 5 %.

as the room
XpOSes more
b-test  piece
e or severity
ns; e.g., fora
per four-point
resents other

mum stress.

bfore, strengths are-likely to be much greater than four-point flexural strength. Three-point flexlire has some

perature and
nt flexure is

or additional
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Annex B
(normative)

Chamfer correction factors

Flexural strengths shall 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 maxim
assumption

section, I =
moment of in

3
=
12

where the se
rounded edg

If the chamfg
Riyax = 0,20
for a test pie

u
{hnat the test piece has a rectangular cross section. The test piece chamfers reduce the\s§
moment of ifertia, I, of the test piece cross section about the neutral axis. For a perfect rectangular

ertia from referencel®

cond term on the right hand side shows the reduction due to the.chamfers. (A similar equati
bs is available in Reference[e].)

stress in a flexure test piece is customarily calculated from simple beam theory wit

(bh3)/12. For a rectangular cross section with four chamfered edges of size ¢ the adj

IS:

2

2 E o2
5 (c + 5 @h 20))

rs or edge rounds are larger than those specified in Figute 3 (cmax = 0,15 mm for chamfg
mm for rounded edges), then the flexural strengths shallkbe corrected. The average chamfe
e may be used. The most accurate results may be obtained by measuring each test piece, 1

N the
cond
Cross
Isted

(B.1)

bn for

rs or
[ size
ut for

many applicgtions, an approximate chamfer size based on a sample of 5 test pieces may be adequate.

exural strength oy may be obtained by multiplying the apparent flexural strength, af’, (calculatgd on

pn the cross section is a simple rectangle) by a correction factor, F'.

The correct f
the assumpti
(B.2)

or = Fof

Correction factors, F', for four chamfers or rounded edges are listed below.
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Figure B.1 — Chamfer geometry

Table B.1 — Correction factory.F', for four chamfers

c Correction factor, F'

mm b=4mm, h =3mm
0,080 1,003 1
0,090 1,003 9
0,100 1,004 8
0,110 1,005 8
0,120 1,006 9
0,130 1,008 0
0,140 1,009 3
0,150 1,010 6
0,160 1,012 1
0,170 1,013 6
0,180 1,015 2
0,190 1,016 9
0,200 1,018 6
0,210 1,020 5
0,220 1,022 4

Figure 3.

NOTE The double line below ¢ = 0,150 marks the limiting size for chamfers specified in 6.2.2 and

© 1SO 2003 - All rights reserved
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Table B.2 — Correction factor, F', for foufsrounded edges

Figure B.2 — Rounded edge geometry

R Cortéction factor, F'
mm b= 4mm, h =3 mm
0,080 1,001 3
0,090 1,001 7
0,100 1,002 1
0,110 1,002 5
0,120 1,003 0
0,130 1,003 5
0,140 1,004 1
0,150 1,004 6
0,160 1,005 3
0,270 1,005 9
0,180 1,006 6
0,190 1,007 4
0,200 1,008 2
0210 1.0090
0,220 1,009 8
0,230 1,0107
0,240 1,011 6
0,250 1,012 6
0,260 1,013 6
0,270 1,014 6
NOTE The double line below R = 0,200 marks the limiting size for chamfers specified in 6.2.2 and
Figure 3.
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Annex C
(normative)

Corrections for thermal expansion

The test piece and the fixtures will expand with a rise in temperature. Depending upon the fixtures and

test piece materials, the formula for strength may be in error by 0,5 % to several percent. The following

equations may be used as alternatives to Equations (1) and (2) if the thermal expansion of the fixtures and test
piecq are known.
C.2 | The corrected formula for the flexural strength in four-point flexure is:

of = 3Pa (1,0 + apn)AT) (1)

bh? (1,0 + aspecAT)? '

wherg

ok is the flexural strength in megapascals;

Iid is the fracture force in newtons;

a is the fixture moment arm, nominally 10,0 mm;

b is the test piece width in millimetres;

h is the test piece height, parallel to the\direction of test force in millimetrers;

Olrix is the average coefficient of thermal expansion from room temperature to the test temperature for

the test fixture material per degree centigrade;
Aspec IS the average coefficient of thermal expansion from room temperature to the test tefnperature for
the test piece material-per degree centigrade;

AT s the temperature difference from room to test temperature per degree centigrade.
NOTH a is 10,0 mm far both fixtures specified by this International Standard. (a = L/4 for 1/4-point, four-po|nt flexure, and
a = [I./3 for 1/3-point/feur-point flexure. See Figure 1.)
C.3 | The carrected formula for the flexural strength in three-point flexure is:

3PL (1,0 + am AT

=20 (1(,0 T aS;XCA1’))° (€2)
where

o is the flexural strength in megapascals;

P is the fracture force in newtons;

L is the fixture outer span in millimetres;

b is the test piece width in millimetres;

h is the test piece height, parallel to the direction of test force in millimetres;
© 1SO 2003 — All rights reserved 21
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