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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.

|

The proced
described irf
different ty

P 3 P d oo d 1 irntandad faoie dbc Lot oo oo faxn oo
PSS oao C arto crrO St cCraCO—TOT o5 1Tot CrrCT 1o cCTrarC

the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fo
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editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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patent(s) which may be required to implement this document. However, implementer
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hme used in this document is information given for the\convenience of users and doe
h endorsement.

anation of the voluntary nature of standards;-the meaning of ISO specific terms
related to conformity assessment, as wgelli'as information about ISO's adheren
Trade Organization (WTO) principles in“the Technical Barriers to Trade (TBT)
p /iso/foreword.html.
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bnt was prepared by Technical Cominittee ISO/TC 206, Fine ceramics.

edition cancels and replaces,the first edition (ISO 20505:2005), which has been techn

anges are as follows:

bvised to include thepossibility of measuring the interlaminar shear modulus throug
gauges-instrumented losipescu sample;

ries addedsto'\Clause 3;
7.2 speeify requirements on the gauges-instrumented losipescu sample;

hnd, 9.5 define formulae to determine the shear modulus;

e are
r the
h the

b use
imed
pived
S are
htent
br all

S not

and
e to
see

cally

h the

materia

] orientation added to Figure 2 and Figure 3;

subclause on test validity added (8.4);

Table 1 and Table 2 updated;

Annex A replaced by a method to verify the shear stress field in the losipescu test to ensure that that

there are no coupling effects that make this document unsuitable for determining the interlaminar
shear properties of the material;

minor e

ditorial corrections;

structure revised;

symbols and notation modified in accordance with ISO 19634.
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Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Fine ceramics (advanced ceramics, advanced technical
ceramics) — Mechanical properties of ceramic composites
at room temperature — Determination of the interlaminar
shear strength and shear modulus of continuous-fibre-
reinforced composites by the compression of double-

This
tem
inte

appli
(1D),
reinf]

This
char
doub

2

The
cons
undg

ISO 3
exter

ISO 7
Tensi

ISO
Dete

ISO
Nota

Normative references

document specifies a method for the determination of interlaminarshear strength
erature by the compression of a double-notched test piece and a method for the detel
aminar shear strength and modulus at ambient temperature by thie-fosipescu test. Th
es to all ceramic matrix composites with a continuous fibre reinforcement, having ur

orcements is a stack of plies.

document is applicable to material development,smaterial comparison, quality
hcterization, reliability and design data generatiork’The simpler compression test 1}
le-notched test piece is applicable only when the shear strength has to be measured.

following documents are referred to, inthe 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

611, Geometrical product specifications (GPS) — Dimensional measuring equipment: Mid
nal measurements — Design and metrological characteristics

500-1, Metallic materials — Calibration and verification of static uniaxial testing machin
on/compression testing machines — Calibration and verification of the force-measuring s

| 7161, Fine ceramics (advanced ceramics, advanced technical ceramics) — Ceramic c(
rmination of.the degree of misalignment in uniaxial mechanical tests

|9634,<Fine ceramics (advanced ceramics, advanced technical ceramics) — Ceramic c(
tions and symbols

at ambient
'mination of
is document
idirectional

bidirectional (2D) and multidirectional (xD, with x > 2) fibre architecture, where a major part of
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method of a

heir content
applies. For
hts) applies.
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3 Terms and definitions

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

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

— 1
|

©ISO

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

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

2023 - All rights reserved


https://www.iso.org/obp/ui
https://www.electropedia.org/
https://standardsiso.com/api/?name=2d3d618ba2912c2335dedc15f6b67b67

ISO 20505

3.1

:2023(E)

shear section
section located between the notches of test sample

Note 1 to entry: Due to the orientation of the test sample (see Figures 2 and 3), the shear plane is orthogonal to
direction 3 and parallel to the stack of plies (plane 1, 2). Therefore, the shear mechanism occurs between the
composite plies and the resulting shear properties, with respect to the definition given in ISO 20507, are labelled
as “interlaminar”.

3.2

initial shear section area

So

shear section area before test between the notches of the test piece at room temperature

3.3
shear secti
S

DIl area

e
effective she¢ar loaded section area of the test piece at room temperature

Note 1 to enf
parallel to th

3.4
shear force|
F

ry: This effective shear loaded section area is determined when a valid failure occurs in a
b shear plane in an losipescu test sample.

force parall¢l to the shear section carried by the test specimen at-any time during the shear test

Note 1 to ent

Fy: See Figure 1.

plane

Y
F
—>
>
~J
o
Key
F  shear foice L height of the cubic element
y  shear strain 6 displacement
Fignrn 1 — Shear forceand shear strain

3.5
maximum shear force
Fm

maximum force parallel to the shear section during a test or at fracture

© IS0 2023 - All rights reserved
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3.6
interlaminar shear strength

O' .
ILSS,m,i,3 ) o .
ratio of the maximum shear force to the initial shear section area

wsn
1

Note 1 to entry: With respect to the material orientation defined in ISO 19634, subscript “i” is for the direction of
the load with respect to the material orientation and subscript “3” is for the material orientation orthogonal to
the shear plan (see Figures 2 and 3).

3.7
shear strain

Y
chan|ge in angle between two adjacent sides of a cubic-shaped stress element submitted t6-4 shear force

Note|l to entry: Although shear strain is defined as an angle, for small strains this measure/becomgs the ratio of
displacement 6 to the height of the stress element L (see Figure 1).

3.8
strain
€o
ratio|of deformation to initial strain gauge length

Note |l to entry: The subscripts "ij" and "08" indicate the orientation of the strain gauge with respect ffo test sample
orienfation.

39
sheafr stress

O1Lss|i,3
ratio| of the shear force to the initial shear sectiearea at any time during the test

Note [l to entry: With respect to the material oriéntation defined in ISO 19634, subscript “i” is for thle direction of
the lgad with respect to the material orientation and subscript “3” is for the material orientation ¢rthogonal to
the shear plan (see Figures 2 and 3).

3.10
meagurement zone
part fof the test piece, in the plane perpendicular to direction 1 or 2 (see Figures 2 and 3), between the
notches

3.11
elastic shear modulus
Gi,3. - .

ratio| of shearystress to corresponding shear strain

Note L to enitry: For general use the reference plane for G; 5 is defined by the axes i and 3.

Note R to’entry: If the plane is defined by the normal axis, the elastic modulus is noted G..

3.12

pseudo-elastic shear modulus

Gp,i,3 . . . . . .
slope of the linear section not starting from the origin of the shear-stress-shear-strain curve, if any

G,;3 is defined as the proportionality ratio:
’ 7\~ O1Lss ~OILss
Gpji3 (GILSS,GILSS ) =
Y=Y

where (¥, 0’j1.55) and (¥”, 0”|ss) lie on the linear section of the shear-stress-shear-strain curve

Note 1 to entry: For general use the reference plane for G, ; ; is defined by the axesiand 3.

©1S0 2023 - All rights reserved 3
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Note 2 to entry: If the plane is defined by the normal axis, the elastic modulus is noted Gy

Note 3 to entry: For material with nonlinear shear stress-strain behaviour, only stress-strain couples can be

fixed.

4 Principle

4.1 Gener

al

The 1nterlam1nar shear strength of continuous- flbre relnforced ceramic comp051tes as determlned by

this docums
test. The in

NOTE T}

4.2 Doub

A double-ng
between tw
distance ap4§

NOTE Sq
use of a virty
not consisten

4.3 losip

A test speci

part B paralllel to the plies plane while its part A is kept still.

The displac
measureme

Force and s

strength can be determined.

NOTE B
Consequently
the interlami

Schematics

Considering
definitions
determined

rlammar shear modulus shall be measured by the 1051pescu test.

e test is performed at constant displacement rate, up to failure.

le-notched test

tched test piece of uniform width is loaded in compression to induce failure by s
o centrally located notches machined halfway through the thicknéss and spaced a
irt on opposing faces (see Figure 2).

me attempts to measure shear strain and shear modulus on al{dpuble-notched test piece wit

al strain gauge through digital image correlation analysis have been investigated, but resul
t enough to validate shear modulus determination with this\test method.

pscu test

men with two centrally located V notches (se€e Figure 3) is submitted to a translation

ement of part B with respect to par-A results in an assumed uniform shear field i
Nt zone.

train are measured and recerded simultaneously, from which shear modulus and §

fore the failure, for  igh levels of shear stress, debonding of strain gauges often o
har shear strength:
Df the test pi€ces are shown in Figures 2 and 3.

the orientation of the stack of plies with respect to the notches and the material orient
Hefined\in ISO 19634, oy g5 13, and G35 (or G;) as well as oy g5 53, and G,3 (or G,) cg

)escu

hear
fixed

h the
s are

of its

h the

hear

curs.

, this test method ismot/suited to provide a valid shear-stress-shear-strain curve in the vicinlity of

htion
n be
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1

o
1LSS,1,3 O1Lss,2,3

Figure 2 — Schematic of double-notched test piece subjected to compressive loa

| || @ll@ o
1 /Y /A L[]/ 'L}

2
Figure 3 — Schematic of losipescu test piece
Apparatus
Testmachine
Achina chall bha Aaaiind a+h quctam for o cairing +hn foron o lind 0 +h 40

Raee-Saar1ue COurpptt W& Sy SCCTIT TUT IICASUT Iy CacToTCCappriCtt O~ trIc—teo

which shall conform to grade 1 or better in accordance with ISO 7500-1.

5.2 Load train

5.2.1 Generalities

ding

t specimen

The load train configuration shall ensure that the load indicated by the load cell and the load experienced
by the test specimen are the same.

The load train shall align the shear plane with the direction of load application. The misalignment of
the specimen shall be verified at room temperature and documented in accordance with the procedure
described in ISO 17161.

© IS0 2023 - All rights reserved
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5.2.2 Test fixtures

5.2.2.1 Double-notched compression test specimen

Bending of uniaxially loaded shear test pieces (during the compression of double-notched test pieces)
can cause or promote non-uniform stress distributions that can alter the desired uniform state of stress
during the test.

There are various types of anti-buckling fixtures for the compression of double-notched test pieces.
One type consists of a stationary element mounted on a base plate, an element that attaches to the
cross-head of the testing machine, and two jaws to fix the test piece in position. A schematic description
of such a teft fixture is shown in Figure 4. Another type is a simple anti-buckling test fixture, . where
the test pie¢e is held in position using a plate that clamps the test piece against a stationary element
mounted on|a base plate. Figure 5 shows a schematic of such a fixture.

N

A\

Figure 4 — Example of anti-buckling fixture for compression of double-notched test piede

Figure 5 — Example of anti-buckling fixture for compression of double-notched test piece

5.2.2.2 losipescu test specimen

This fixture consists of a stationary element mounted on a base plate and a movable element capable
of vertical translation guided by a stiff post. The movable element is attached to the cross-head of the

6 © IS0 2023 - All rights reserved
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testing machine. Each element clamps half of the test piece into position, with a wedge-action grip that
is able to compensate for minor variations in test piece width. A span of 13 mm is left unsupported
between fixture halves. An alignment tool is recommended to ensure that the test piece notch is aligned
with the line-of-action of the loading fixture. Figure 6 shows a photograph of a commercially available
losipescu fixture, while Figure 7 shows a schematic of it.

For the losipescu test, the test fixtures shall be designed so that the force is applied in the shear plane,
normal to the longitudinal axis of the test piece. It shall allow the displacement of part B relative to part

A (see Figure 3).

The fixtures shall allow accurate mounting of the specimen so that the notches are midway between

thel

The
spec

The

33 o
quuls PUILILS.

fixtures shall prevent out-of-plane loading of the specimen. This shall be verified\ usi

g a dummy

men made of a homogenous isotropic material equipped with strain gauges on the frent and back
faceq located as specified in 5.3.

Hummy test piece shall be loaded to at least 50 % of the expected failure load of thg material to

be tdsted, and readings taken from all four strain gauges. The average strain gauge reading shall be

calcylated.

Individual strain gauge readings at any load shall not differ by moréthan 5 % from the avé¢rage of that

load.
The

ummy test piece shall remain linear elastic during this.verification.

Because the purpose of the jaws is to maintain the test piece in place and to prevent buckling, excessive

clamping force with the jaws of the fixture during the ‘compression of double-notched tes

redu

NOTH Many fixtures for both the compression of double-notched test pieces and the I

incor

L pieces will

ce the stress concentration around the notches and therefore artificially increase the measured
interlaminar shear strength. In the case of the loSipescu fixture, avoid over-tightening the j
it induces undesirable pre-loading and can damage some materials.

hws because

sipescu test

porate an alignment mechanism in theform of a guide rod and a linear roller bearing. Excessive free play or

excegsive friction in this mechanism can‘introduce spurious moments that will alter the ideal loadig conditions.

e

Figure 6 — Commercially available fixture for Iosipescu test

In Figure 6, the test pieces in the foreground illustrate the use of adhesively bonded end-tabs for
evaluating specimens obtained from thin plates.

©ISO
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Key

Bow N R

5.3

At least one
The gauge s
in Figure 8)

The gauges
material str]

1 3

e

[ S

4

Al

o %

0\

/5
ﬂ/6

/

adjustable wedge to tighten the specimen 5  fixture guide rod

stationaiy portion of fixture

load
specimen

wedge-adjusting-Serew

fixture attached to guide rod by linear rolling beafing

Figure 7 — Schematic of losipescu test fixture

Strain gauges for losipescu test specimen

NOTE Typically, 5 x 3 mm.strain gauges are used for this purpose.

face of the specimen shall be equipped with two strain gauges in the measurement fone.
hall be orientated at +45° with respect to the longitudinal axis of the specimen (see example

length shall be at least.€qual to the length of the representative volume element df the
ucture in the direction)of the gauge and compatible with the size of the measurement zone.

© IS0 2023 - All rights reserved
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90°

Figure 8 — Example of test specimen equipped with strain gauges: superposed stralin gauges,
bonded in the centre and at 45° from the'axis

5.4 | Data acquisition

A calibrated recorder can be used to record the applied load and cross-head displacement|versus time
for the double-notched compression test, and the forcé<deformation curves for the losipeqcu test. The
use df a digital data recording system combined with'an analogue recorder is recommended. Recording
deviges shall be accurate to within +/-1 % of the-selected range for the testing equipment, including
readput unit, and have a minimum data acquisition rate of 4 Hz with a response of 50 Hz deemed more
than|sufficient.

5.5 | Dimension-measuring devices

Micrpmeters and other devices Used for measuring linear dimensions shall be accurate [and precise
to at|least 0,01 mm and shall(b&'in accordance with ISO 3611. To obtain consistent measurements of
test piece dimensions, use a_flat, anvil-type micrometer. Ball-tipped or sharp anvil micrpmeters are
not fecommended for wéven continuous-fibre-reinforced ceramic composites, because the resulting
meagurements can be affécted by the peaks and valleys of the weave. Measure test piece diimensions to
withjn 0,02 mm.

6 Test specimens

6.1 | Double-notched test piece

Double-notched test pieces shall conform to the shape and tolerances shown in Figure 9. The double-
notched test piece consists of a rectangular plate with notches machined on both sides. The depth of
the notches shall be at least equal to one-half of the test piece thickness, and the distance between the
notches shall be determined considering the requirements to produce shear failure in the shear section.
Test piece sides used to apply the forces shall be flat and parallel and the edges shall be smooth, but not
rounded or bevelled.

The distance between the notches has an effect on the maximum load and therefore on the interlaminar
shear strength. It has been found that the stress distribution in the test piece is independent of the
distance between the notches when the notches are far apart. However, when the distance between
the notches is such that the stress fields around the notches interact, the measured interlaminar
shear strength increases. Because of the complexity of the stress field around each notch and its
dependence on the properties and homogeneity of the material, it is recommended that a series of tests

©1S0 2023 - All rights reserved 9
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are performed on test pieces with different spacing between the notches, to determine their effect on
the measured interlaminar shear strength. The distance between notches should be set at least at the
lowest value where an increase does not lead to a significant decrease in the shear strength.

As 10 % is a generally common accepted average scattering value for CMC properties, the recommended
criteria value to be considered for this significant decrease is 10 %

Table 1 contains recommended values for the dimensions associated with the test piece shown in

Figure 9.

L +0,1

w +01

01A]

Q=

0,05]

Table 1.—~"Recommended dimensions for double-notched compression test pieces

d 0,05

+0,1

05+ 0

—t——— 1=
|
!
|
|
|

0,5h 20,1

Figure 9= Geometry and dimensions of double-notched test piece

d £0,05

Dimensibn Description Range value Typicalvalue Allowande

mm mm mm

L Test piece length 20,0to 32,0 32,0 +0,1

h Distance between notches 6,0to 13,0 12,7 +0,1

w Test piece width 10,0 to 15,0 12,7 +0,1

d Notch width 0,50to 1,30 0,5 +0,05

Notch depth t/2 t/2 +0,05/-0
t Test piece thickness

The allowance on the notch depth should ensure that the shear plane located at t/2 of test sample

thickness is effectively crossed by the notch.

10
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https://standardsiso.com/api/?name=2d3d618ba2912c2335dedc15f6b67b67

ISO 20505:2023(E)

The height of the overlapping zone between the two notches should be equivalent to the ply thickness.

NOTE

6.2 losipescu test piece

The largest dimensions are mainly used for thick test pieces.

The required shape and tolerances of the losipescu test piece are shown in Figure 10, while Table 2
contains recommended values for the dimensions of the test piece. If required, the dimensions of the
test piece, particularly the notch angle, notch depth and notch radius, may be adjusted to meet special
material requirements, but any deviation from the recommended values listed in Table 2 shall be
reported with the test results, although the standard tolerances shown in Figure 10 still apply.

Due to limitations in material processing, it can sometimes be difficult to produce thick'gections that
conform to the dimensions and geometry shown in Table 2 and Figure 10, respectiyély."Therefore, the

test piece geometry may be modified to obtain appropriate results. In this case, adhesively

bonded end-

tabs |may be used, and the depth and angle of the notches shall be selected to‘promote dhear failure

between the V-notches. Such a specimen is shown in the foreground in Figure(®.

Bonded tabs on front face and rear face should help prevent buckling and/or damage from the
application of load.

h 0,1

0,5h +01

_L Jo1

Figure 10 — Geometry and dimensions of losipescu test piece

Table 2 — Recommended dimensions for losipescu test pieces

Dimension Description Value Allowance

mm mm

L Test piece length 50,0 to 100,0 +0,5

h Distance between notches 60 % of w +0,2

w Test piece width >12 and w/L <=0,25 +0,2

R Notch radius 1to1,5 +0,2

o Notch angle 90°to 120° +2°

t Test piece thickness

© IS0 2023 - All rights reserved
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Table 2 (continued)

Dimension Description Value Allowance
mm mm
Parallelism between machined parts and 0,05
notch root
Perpendicularity between machined parts 0,05
and notch root

The test piece length proposed in Table 2 should be adapted to the size of jaws (grips) in order to avoid
the sample buckling

7 Test specimen preparation

7.1 Machining and preparation

Preparation|
reinforced @
the mechan
and shear st

During cutt
loading axis

Diamond to
which avoid|
adhered to
is not adequ

7.2 Bonding of the gauges

The gauges
orientation
respected W

If the mateq|
modify its b

If the test is
both test pi

differ by mdre than 5 %pef the average of the two shear strains at any applied load.

7.3 Numl

of test pieces, although normally not considered a major concern witly continuous-f
eramic composites, can introduce fabrication flaws which can haye‘pronounced effec
cal properties and behaviour (e.g. shape and level of the resulting\load-displacement ¢
rength).

ng out, care shall be taken to align the test specimen axis/with the desired fibre-re

pls shall be used for cutting and machining of the,test specimens. Machining param
damage to the material shall be established and*documented. These parameters shg
luring test specimen preparation. Use of waterjet or laser cutting for specimen prepar
ate as this can lead to surface damage and réduced interlaminar shear strength.

shall be positioned as close as(possible to the centre of the measurement zone an
at +/-45° with respect to the longitudinal axis of the specimen (see Figure 8) shou
ithin +/-10°.

ial is porous, care shallbe taken that penetration of adhesive into the material doe
chaviour.

being performed’on a specific material for the first time, then strain shall be measursg
bce faces, assexplained in 8.3.2. The shear strains calculated as described in 9.3 sha

per of test specimens

ibre-
ts on
urve

lated

eters
111 be
htion

] the
d be

5 not

bd on
1 not

At least thre

evalid test rncn]fc’ as cpnr‘ifinr] ing A_' are recommended for any condition

If statistical evaluation of the test results is required, the number of test specimens should be chosen
according to accepted statistical procedures and guidelines.

8 Test procedures

8.1 Displacement rate

Displacement-rate-controlled tests are preferred to those at controlled force rate that cause catastrophic
failure. Displacement rate that allows specimen rupture within 1 min shall be used (usually 0,05 mm/s).
The displacement rate and the loading mode shall be reported.

12

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=2d3d618ba2912c2335dedc15f6b67b67

ISO 20505:2023(E)

8.2 Measurement of test specimen dimensions

For double-notched test pieces, determine the thickness and width of the shear section of each test
piece to within 0,02 mm.

Avoid damaging the critical shear-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 5.5. 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 measurements in the stress and modulus calculations.

8.3 | Testing technique

8.3.1 Specimen mounting

8.3.1.1 Compression of double-notched test pieces

Loosgn the jaw of each grip sufficiently to allow the test piece thickness to be freely insefted into the
fixtulre with clearance. Place the test piece loosely in the centre of the fixture and then press the back
side pf the test piece against the back wall of the fixture, while aligning the bottom of the test piece
agagﬁlst the bottom of the fixture. The test piece should be centred in the fixture so thaf the line-of-
action of the load acts directly through the mid-plane of the testpiece. Lightly tighten the jaws to fix the
test piece in the fixture.

Don
buck

Slow
cont

8.3.1.

Loos
with
Place
wall
V-no
light

Ther]

in thle test machine. If there is no clearance, or if load in the specimen is indicated, adju

head
spec
until
side

bt over-tighten the jaws. The purpose of the jaws is to maintain the test piece in place an
ling, not for clamping. Over-tightening the jaws will result in artificially high shear str

ly move the cross-head of the testing machine until the upper surface of the fixturg
ct with the upper surface of the test piece.

2 losipescu test pieces

en the jaw of each grip sufficiently to allow the specimen width to be freely inserted j
clearance. Adjust the movable head position until the grips are approximately aligng
the specimen loosely into)both grips. Press the back side of the specimen flat agai
of the fixture. Pull the speécimen alignment tool vertically up into the notch to centre t

y tighten the left-hand-side jaw on the stationary grip.

e should now-be’some clearance between the specimen and the movable grip and no |

or the jaw of the movable grip, or both, until there is both clearance and zero load.
men{placement in the stationary grip. Repeat if necessary. Move the testing maching
thé\upper surface of the movable grip just makes contact with the upper surface of th

d to prevent
engths.

just makes

nto the grip
d vertically.
st the back
e specimen

[ch relative to the fixture in accordance with Figure 11. While keeping the specinjen centred,

ad showing
it either the
Recheck the
b cross-head
e right-hand

pfthe specimen, without loading it. Lightly tighten the jaw of the upper right-hand g

rip onto the

right-hand side of the specimen.

Do not over-tighten the jaw; over-tightening induces undesirable pre-loading and can damage some
materials. Pre-loading should be minimized; however, a small amount of pre-loading (20 N to 50 N) can
be unavoidable.

The specimen should now be centred in the fixture so that the line-of-action of the load acts directly
through the centre of the notch on the specimen.

When the losipescu test is performed for the first time on a new material, it should be verified that the
shear stress field is not disturbed by the normal stress field. A procedure is proposed in Annex A.
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1—
2 P
3

Key

1 fixture

2 specimen

3 alignment tool

Figure 11 — Schematic of alignment tool for Iosipescu test

8.3.2 Megsurements

8.3.2.1 Do¢uble-notched test specimen

— Zero th¢ load cell.

— Set the ¢ross-head speed op-displacement rate so that failure occurs within 60 s.
— Load thp test specimen:

— Record pontinuously-the shear force versus time.

— Note th¢ position of fracture location relative to the notches.

8.3.2.2 Ilosipéescu test specimen

— Zero the load cell.

— Zero the gauge readings.

— Set the cross-head speed or displacement rate so that failure occurs within 60 s.
— Load the test specimen.

— Record continuously shear force and strains versus time.

Optionally, carefully remove the test piece halves from the test piece mount and determine the
dimensions of the failed sheared area to the nearest 0,02 mm, by measurement of this surface with
respect to either half of the ruptured test piece. This technique affords the most accurate determination
of the length of the sheared plane defined by the separation of the notches machined in the test piece.
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8.4 Test validity

The following circumstances invalidate a test:

— failure to specify and record test conditions;

— failure to meet specified test conditions;

— rupture initiated outside the measurement zone (see Figures 12 and 13);

— slipping or buckling of the test specimen.

The mwmmmmamrmymmmr—
— 4 strain gauge debonding which can be detected through a move back of thé“gduge response
invalidate the shear stress —shear- strain curve after the debonding.
! 4
e
' 4
I
R
. 4
| /y b1
N ] B )
- /\
‘ %
I -
J_ ______ /A\ _______ b 2
Z N\
| 4
Jl_____ \S/\ ______ B b'3
/
Key
a  valid rupturés
b  ipvalid ruptures
Figure 12 — Examples of valid and invalid ruptures for the losipescu test
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Key

a  valid ruptures

b  invalid ruptures

Figure 13 — Examples of valid and invalid ruptures for the double notch test

9 (Calculation of results

€y

(2)

(3)

9.1 Shearstrength
9.1.1 Doyble-notched test piece
For the compression of double-notched test pieces, calculate the shear strength accordingto Formuli (1):
Fm
OlLss,m |3~ ¢~
0
where
subscript “i” is for the direction of the load with respect to theumdterial orientation;
subscript “3” is for the material orientation orthogonal to the shear plan;
F, is the applied maximum shear force;
So is the initial shear section area, whiclis calculated according to Formula (2):
SO =Wh
where
w is the width af the test piece;
h is the distance between the notches (see Figure 9).
9.1.2 losipescu testpiece
For losipescu test.pieces, calculate the shear strength according to Formula (3):
Fm
OlLss,m, i3~ ¢
0
where
subscript “i” is for the direction of the load with respect to the material orientation;

subscript “3

16

is for the material orientation orthogonal to the shear plan;
is the applied maximum shear force;

is the initial shear section area, which is calculated according to Formula (4):

(4)
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