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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Fine ceramics (advanced ceramics, advanced technical
ceramics) — Mechanical properties of ceramic composites
at elevated temperature in air atmospheric pressure —
Determination of in-plane shear strength
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imetric four-point bending test on double-edge notched specimens. Theshear stren
can be evaluated, where direction 1 is that of the greater fraction of reinforcement a

acement rate), data collection and reporting procedures are addressed.

document applies to all ceramic matrix composites withycontinuous fibre-rei
rectional (1D), bidirectional (2D) and tridirectional (xD, with'2 < x < 3).

document is for material development, material comparison, quality assurance, char
bility and design data generation.

Normative references

following documents are referred to in the text in such a way that some or all of t
fitutes requirements of this document{For dated references, only the edition cited
ted references, the latest edition of the referenced document (including any amendme

nal measurements — Design and metrological characteristics
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 19634 and ISO 20507 and the
following apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

[

|
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initial gauge section

So

initial area of test piece between notch roots

3.2

test temperature

T

temperature measured at the centre of the gauge section

3.3

applied for
F
force applie

3.4

shear failuy
Fmax
maximum fi

3.5
shear stren

Tm
maximum s
Note 1 to ent

3.6
inner span
L.

1

L C

1 to a test piece

e force

rce required to fracture a shear-loaded test piece

gth

hear stress which a material is capable of sustaining

Fy: Shear strength is calculated from the shear failure for¢e-and the gauge section.

centre distajnce between two inner loading pins

3.7
outer span
L

a

centre distajnce between two outer loading pins

4 Princi

The in-plang
document, i
inert atmos
the form of
testing macl
force betwe
2, respectiv

ple

e shear strength 0f continuous fibre-reinforced ceramic composites, as determined by
5 measured Hy the asymmetric four-point bending test at elevated temperature in 4
bhere. According to this test, the shear strength is determined by loading a test coup

nine and an asymmetric four-point bending fixture. Failure of the test piece occurs by §
bn-the'V-notches. Schematics of the test set-up and the test piece are shown in Figures

r this
ir or
bn in

a rectangular flat strip with symmetric, centrally located V-notches using a mechahnical

hear
| and

ely-The free body, bending moment and shear force diagrams by the asymmetric four-

boint

bending flexure are illustrated in Figure 3.
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Figure 1 — Schematics of asymmetric four-point bending test set-up
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Figure 2 — Geometry and dimensions of fest piece
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Figure 3 — Free body, bending moment and shear force diagrams of asymmetric four-point
bending

5 Significance and use

5.1 | Tést environment

The test environment can have an influence on the measured shear strength. In particular, the
behaviour of materials susceptible to slow-crack-growth fracture will be strongly influenced by the test
environment and testing rate. Testing to evaluate the maximum strength potential of a material shall
be conducted in inert environments, at sufficiently rapid testing rates or both, so as to minimize slow-
crack-growth effects. Conversely, testing can be conducted in environments and testing modes and
rates representative of service conditions to evaluate material performance under those conditions.
When testing is conducted in uncontrolled ambient air with the objective of evaluating maximum
strength potential, water partial pressure and temperature shall be monitored and reported, if the
tested materials are sensitive to these parameters.

© IS0 2021 - All rights reserved 5
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5.2 Material orientation

In this method, the shear strength in plane (1,2) can be evaluated, where direction 1 is that of the greater
fraction of reinforcement and direction 2 is perpendicular to direction 1. Either direction 1 or direction
2 should be along the length of the test piece. The material properties in plane (1,3) or plane (2,3) can
be interlinear properties for laminated materials. Thus, this method is targeted for evaluation of the
shear strength in plane (1,2).

NOTE For the definition of material orientation, see ISO 19634.

5.3 Preparation of test pieces

Preparation| of test pieces, although normally not considered a major concern with continuousfibre-
reinforced ¢eramic composites, can introduce fabrication flaws which can have pronounced effects
on the mechanical properties and behaviour (e.g. shape and level of the resulting load4displacement
curve and shear strength). Machining damage introduced during test piece preparatiotcan be dither
a random interfering factor in the determination of shear strength of pristine material or an inherent
part of the gtrength characteristics to be measured. Universal or standardized test methods of sufface
preparation| do not exist. Final machining steps can negate machining damage introduced dyring
the initial mpachining. Thus, the history of the test piece fabrication can play‘anh important role in the
measured strength distributions and shall be reported.

5.4 Failures outside gauge section

Fractures that initiate outside the gauge section of a test piet¢e’can be due to extraneous stresses
introduced py improper loading configurations or strength<limiting features in the microstructure of
the test piede. Such non-gauge section fractures constitute.invalid tests.

5.5 Thin fest pieces
Thin test pipces (width to thickness ratio of mere than 10) can suffer from splitting and instabilities,

rendering, i turn, invalid test results.

6 Apparptus

6.1 Testmachine

The test mgchine shall beregquipped with a system for measuring the force applied to the test piece
conforming|to grade 1 ot’better according to ISO 7500-1.

6.2 Loading devices

The main purpose of the loading devices is to allow for uniform axial compression. Loading defices

i Froiagid locazarm o d d o o o o daatl £] o4 £l £ o srpretioal o ossi ol Lo 120
Shal] consistott TETOTOWCT aITtU O ppPeT TATITS Vv It TTaC STHOOTT TaCCS v T Tt adr tO-aATaT TOTCCTIITTCT

6.3 Test fixture

The test fixture consists of upper and lower fixtures, loading pins and a loading ball, as shown
schematically in Figure 1. Annex A gives detailed information on the test fixture. The bottom surface of
the lower fixture should be smooth and flat. The test piece is positioned between the upper and lower
fixtures. The loading pins are placed at the contact points between each fixture and the test piece. The
force is transmitted from the test machine to the fixture by the loading ball. If the test piece collapses at
the contact positions with the loading pins, buffering spacers given in A.3 can be inserted between the
test piece and the loading pins. Table 1 contains symbols, nomenclature and recommended dimensions
for the test fixture (Figure 1), where the tolerances for L, and L; after assembly are + 0,2 mm. Centrality
is the length equality between the centre of the fixture and each pin. A.1 gives an example of the test
fixture to satisfy the recommended dimensions in Table 1. The tolerances for the diameters of the

6 © IS0 2021 - All rights reserved
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loading ball and loading pins are + 0,1 mm and * 0,01 mm, respectively. The material of the test fixtures
shall be uniform, isotropic, thermally stable and compatible with the test piece material at the test

temperature.
NOTE 1 Silicon carbide is one of the representative materials to meet the requirements described in 6.3.
NOTE 2  When the buffering spacers are used, Figure 3 is not absolutely valid.
Table 1 — Recommended dimensions for test fixture
Dimension Description Value Tolerance
L; Inner span 14,0 mm 70,2 mm
L, Outer span 56,0 mm +(),2 mm
Centrality +(,2 mm
Loading ball diameter 10,0 mm +(,1 mm
Loading pin diameter 6,0 mm +0{01 mm
6.4 | Heating apparatus
The heating apparatus shall provide a temperature control and measurement devices rjecessary to

satis

6.5

Temperature measurements of heating apparatus and-a test piece shall be made with the

that
meas

6.6

A ca
recoj

Data
also

6.7

Micr
to at
test

not 1
meas

fy the requirement described in 9.3.2.

Temperature measurement

conform to IEC 60584-1 and IEC 60584-2. When connecting thermocouples to a
ure its temperature directly, do not use thexmocouples that cause damage or a chemid

Data recording system

ibrated recorder can be used to record the force-displacement curve. The use of a
‘ding system combined with an analogue recorder is recommended.

recording system can record at least applied force and test machine displacement ve
bhall be accurate to = 1 %Jof full scale and shall have a minimum data acquisition rate

Dimension-measuring devices

bmeters and other devices used for measuring linear dimensions shall be accurate
least 0,01, im and shall be in accordance with ISO 3611. To obtain consistent meas
biece dimiensions, use a flat, anvil-type micrometer. Ball-tipped or sharp anvil micr
ecommended for woven continuous fibre-reinforced ceramic composites, because t
urements can be affected by the peaks and valleys of the weave.

rmocouples
est piece to
al reaction.

digital data

rsus time. It
bf 50 Hz.

and precise
urements of
bmeters are
he resulting

7 Test pieces

7.1

Test piece geometry

The required shape and tolerances of the asymmetric four-point bending test piece are shown in
Figure 2. Table 2 contains recommended values for the dimensions of the test piece. These values

depe

© ISO
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Table 2 — Recommended dimensions for asymmetric four-point bending test pieces

Dimension Description Value Tolerance
1 Test piece length 76,0 mm +0,1 mm
L Distance between notches 11,0 mm +0,1 mm
b Test piece width 19,0 mm +0,1 mm
R Notch radius 1,3 mm —
0 Notch angle 90,0° —
H Test piece thickness >3,0 mm —

7.2 Test ]I)iece preparations

During cutt
axis with th

Notches of 4
machining 1

7.3 Numl

A minimum

8 Test conditions

8.1 Testmodes and rates

8.1.1 General

Test modes }
rapid to obt
rates other
mode and r4

Generally, dlisplacement-controlled:~tests are employed in such cumulative damage or yie

deformation
fracture) ch
differences

8.1.2 Dis)

Use a const
determined

ng out, care shall be taken to prevent damage to the materials and to alignthetest
e desired fibre orientation. The test piece axis with the fibre orientation shall,be recor

test piece should be machined with grinding or cutting method as careftlly as possib
otches, care shall be taken to prevent burr, trim or chipping on edges.

per of specimen tests

of five valid test results is recommended for the purpose.of ¢stimating a mean.

may involve load or displacement eohtrol. Recommended rates of testing shall be suffici
hin the maximum possible sheat.strength at fracture of the material within 30 s. How
than those recommended here ‘may be used to evaluate rate effects. In all cases, thg
te shall be reported.

processes to prevent a 'runaway' condition (i.e. rapid uncontrolled deformation
aracteristic of lgad- or stress-controlled tests. However, for sufficiently rapid test i
n the fracture{ppocess cannot be noticeable and any of these test modes can be approp

blacementrate

ing.1.2.

biece
Hed.

le. In

ently
ever,
test

lding

and
ates,
riate.

ant cross-head displacement rate of 0,05 mm/s, unless otherwise found acceptable as

8.1.3 Load rate

Select a constant loading rate to produce final fracture in 5 s to 30 s or to be approximately equivalent
to a test rate of 0,05 mm/s.

8.2 Test temperature

The test temperature shall be measured in at least two locations in accordance with 6.5. One is the
centre of the test piece on the front side and the other is the centre of the test piece on the back side. The
test temperature shall meet the requirement in 9.3.2.

© ISO 2021 - All rights reserved


https://standardsiso.com/api/?name=737ed93c79088f3870e7f08b8b8d778f

ISO 19587:2021(E)

9 Procedures

9.1 Test piece dimensions

Determine the thickness and distance between notches in the gauge section of each test piece to within
0,01 mm. Avoid damaging the critical gauge-section area by performing these measurements either
optically (e.g. using an optical comparator) or mechanically using a flat, anvil-type micrometer. In
either case, the resolution of the instrument shall be as specified in 6.7. Exercise extreme caution to
prevent damaging the gauge section of the test piece. Record and report the measured dimensions and
locations of the measurements for use in the calculation of the shear stress. Use the average of multiple

urementsinthe stress calculations

mea
9.2 | Test preparation
Set the test mode and test rate on the test machine. Set the autograph data acquiisition syptems ready
for dpta logging.
Zero|the load cell.
9.3 | Test implementation
9.3.1 Mounting of test piece on test fixture
Mount the lower fixture on the centre of the lower ram&Mount the loading pins on the lgwer fixture.
Posiffion the test piece on the loading pins. Place the uipper fixture with two loading ping on the test
piecd. Align the notch of the test piece to the centre‘of both upper and lower fixtures. Alignment tool
2, shbwn in A.2, is effective to centre the test piece V-notch relative to the fixture horizZontally. The
schematic of the fixture after assembly is showirin Figure 1. Place the loading ball on the ¢entre of the
top qurface of the upper fixture. Bring the upper ram close to the loading ball to preparg for testing.
Apply a small amount of pre-loading (20 N.to'50 N).
If it |s difficult to assemble the fixtares, the upper fixture and the loading pins should be tied with
rubbger bands or strings temporarily. Untie them after pre-loading.
To olytain the accurate shear strength, the test piece shall be set normal to the upper and lower fixtures.
A bagk plate, shown in A.2, is-effective as alignment tool 1.
9.3.2 Heating of testpiece
Begih to record thetest temperature. Heat the test piece to the required test temperature and maintain
this temperature for a period to allow for temperature stabilization.
The |hold titme depends on the time necessary to ensure that the test piece has reaclhed thermal
equilibritim. Maintain the test piece temperature within the limits specified in Table 3 durfing the time
for td myperature stabilization Pnpnrf the hold time
Table 3 — Allowable test temperature variation
Test temperature, T Variation

<1000°C +3°C

>1000°C +6°C
There are two ways to regulate heating, as follows:

be used to control the furnace.

© ISO
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Ifitis not possible to measure the test piece temperature directly during the test, then itis necessary

to use the relationship between the test piece temperature and the control temperature of the
furnace. In this case, calibration is necessary. The relationship between the test piece temperature
at the centre of the gauge section and the control temperature shall be established beforehand on a

dummy

test piece over the range of temperature of interest.

Ensure that the test piece stays in the initial state of stress during heating through a load-controlled
mode with pre-load value (between 20 N and 50 N, as explained in 9.3.1).

The difference between the indicated temperature and the nominal test temperature shall not exceed
the values specified in Table 3.

Careshallb

Care shall b
specified in

To prevent
heat the tesf
expected faj

9.3.3 Loa

Initiate the

9.4 Comyp

After test pliece fracture, disable the action of the test

acquisition

and noted f
fracture su
gauge sectid

e taken to prevent damage to a test piece.

q/'\

e taken to ensure that the temperature overshoot during heating does not excef&-le 1

Table 3. A
é?féb d appar
p,& an

exceed 5 % (

h test piece from overloading due to thermal expansions of the test
piece under the load-controlled mode. The amount of pre-load shou

lure load.

ure loa . \c)
O

N

d rate until failure.

dings

lata collection. Apply the load to the test piece at the sp
N\
N

<
\gs:}\&ine and the data collection of the
with an accuracy of + 1 % of the load 1

)letion of testing

system. The breaking load should be measure

faces by preventing them from touching each other or other objects. Figure 4 show
n of asymmetric four-point bendiry%{pecimen after a test.

2O

.l.'*‘

ange

atus,
fthe

data
ange

r the report. Carefully remove the test iece halves from the fixtures. Avoid damaging the

s the

10

Figure 4 — Gauge section of specimen after testing
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9.5 Testvalidity
The following circumstances invalidate a test:
— failure to specify and record test conditions;

— failure outside the gauge section of the test piece.

NOTE If a test piece collapses at the loading pins, a spacer as described in A.3 is effective in preventing damage.

10 Calculation of results

10.1] Shear strength
Calctyilate the shear strength, 7,,,, according to Formula (1).

1 = Fmax (La _Li )
" So(Lth)
whertte
Fax is the shear failure force (N);

L,and L; are the outer and inner spans (mm), respectively;

3o is the initial gauge section (mm?), calculated according to Formula (2).
§o=HL
wherte

N s the test piece thickness (mm);

1 isthe distance betweenthée notches (mm).

NOTH The shear force distribution caused by the applied force Fis shown in Figure 3 C.

10.2 Error calculation

For dach series of€ests, calculate the mean, X , standard deviation, s, and coefficient of vari

the shear strefigth according to Formulae (3), (4) and (5), respectively.

ey

(2)

ation, Cy, for

(3

n—ll,=1

100(s)

C,=——

O ¢
where

X. represents the i-th measured value;

n is the number of valid tests.

© IS0 2021 - All rights reserved
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11 Testreport

The test report shall contain the following information:

a)
b)

c)

d)
e)

f)

g)
h)

12

a reference to this document, i.e. determined in accordance with ISO 19587:2021;

the name and address of the testing establishment;

the date of the test, unique identification of report and of each page, customer name and address
and signatory;

a test piece drawing or reference;

a descrilption of the test material (material type, manufacturing code, batch number, reinforcement

directidns of the material with respect to the longitudinal axis of the test piece);

a descrjiption of the test set-up: heating system, test frame type, load cell angd, temperature

measurgment device;

test environment, including temperature and atmosphere;

pre-load level, test mode (load or displacement control), actual test rate {load or displacement rate),

heating|rate, hold time and test temperatures at the beginning of the test;

the nunpber of tests carried out and the number of valid results @btained;

a force-

fest machine displacement diagram;

the medn, standard deviation and coefficient of variatiofi.for the measured shear strength for|each

test ser

the failyre location and appearance of the test piece after fracture;
if a buffering spacer is used, its material and\geometry;

any significant deviations from the procedures and requirements of this test method.

€s;
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Annex A
(informative)

A.1 Fixture drawing

An example of the fixture that specifies the condition in Table 1 is shown in Figure A.1.
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/710,01 (Z H |
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|
| |
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38 Lo
(80)

Figure A.1 — Example of fixture drawing

A.2 | Alighment tool

A]' £ 4 ] 1. 3 I A ££ 43 4 1: £loo 4 4 a3 g £3.-4
lgl’ HITIIUTUULS d5 SITUWIT T ITISUIC© /3.4 dI T THTLUVE LU dIIgIT tHHTLTOoT PICLT dlIU TIATUL TS,

Alignment tool 1 is a tool to align the upper and lower fixtures vertically and place the test piece in the
width centre. Place alignment tool 1 on the lower loading pins. Mount the test piece and place the upper
fixture with the loading pins on the test piece. Press the test piece and the upper and lower fixtures
against alignment tool 1 as shown in Figure A.3 so as to align them vertically.

Alignment tool 2 is a tool to centre the test piece V-notch relative to the fixtures horizontally. After
assembling the fixtures, insert alignment tool 2 in the grooves of the lower and upper fixtures. Pull
alignment tool 2 vertically up into the V-notch.
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