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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 ISQ_also take part in the work 1SQ collahorates closely 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'3.

Draft International Standards adopted by the technical committees are circulated to the member bodies|for voting.
Publication as an International Standard requires approval by at least 75 % of the member bodies castingd a vote.

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

International|Standard 1SO 15733 was prepared by Technical Committee IS C 206, Fine ceramics.

Annex A formis a normative part of this International Standard, annex Buis for information only.
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INTERNATIONAL STANDARD

ISO 15733:2001(E)

Fine c

eramics (advanced ceramics, advanced technical

ceramics) — Test method for tensile stress-strain behaviour of
continuous, fibre-reinforced composites at room temperature

1 Scoj

This Inter
response
ambient tg

This Intern
fabrication
Internatior
reinforcem
reinforcem
Standard,

D E

hational Standard specifies the determination of in-plane tensile behaviour “including
nder monotonic uniaxial testing of continuous fiber-reinforced ceramic matrix;eomposites (G
mperature.

methods, testing modes, testing rates, allowable bending, data collegtion and reporting pro
al Standard applies primarily to ceramic and/or glass matrix~ composites with con
ent: uni-directional (1-D), bi-directional (2-D) and tri-diréctional (3-D) or other mu
ents. Carbon fiber-reinforced carbon matrix (C/C) composités may also be tested using this
although caution is advised since this International Standard was developed primarily for CH

any acconpmodations unique to C/C composites have not been included.

Values ex

2 Norn

The follow
this Intern
publication
investigatq
undated r
maintain r

ISO 286-1
ISO 3611:
ISO 6892:

ISO 7500-

bressed in this International Standard are in accordanice with the International System of Uni

native references
ng normative documents contain provisions which, through reference in this text, constitute
s do not apply. However, parties to agreements based on this International Standard are e

the possibility of applying thie most recent editions of the normative documents indicate|
pferences, the latest edition of the normative document referred to applies. Members of

stress-strain
FRCMCs) at

ational Standard addresses, but is not restricted to, various suggesteddest piece geometrig¢s, test piece

edures. This
inuous fiber
lti-directional
International
FRCMCs and

s (SI).

provisions of

ational Standard. For dated references, subsequent amendments to, or revisions of, any of these

ncouraged to
d below. For
SO and IEC

Part 1:

pgisters of currently valid, International Standards.

1988, ISO systemof limits and fits — Part 1: Bases of tolerances, deviations and fits.
1978, Micrometer callipers for external measurement.

1998, Metallic materials — Tensile testing at ambient temperature.

111999, Metallic materials — Verification of static uniaxial testing machines

Tension/compression testing machines — Verification and calibration of the force-measuring system.

ISO 9513:1999, Metallic materials — Calibration of extensometers used in uniaxial testing.

3 Terms and definitions

For the pu

3.1

rposes of this International Standard, the following terms and definitions apply.

fine ceramic (advanced ceramic, advanced technical ceramic)
highly-engineered, high-performance predominately non-metallic, inorganic, ceramic material having specific

functional
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3.2
axial strain

2001(E)

average longitudinal strain measured at the surface on opposite sides of the longitudinal axis of symmetry of the

test piece by

3.3

strain-sensing devices located at the mid length of the reduced section

bending strain
difference between the strain at the surface and the axial strain

NOTE

3.4
breaking for
force at whic

o}
glass-ceram%, glass, metal or organic in nature; these components are combined oh-a macroscale to for

ceramic matiix composite in which the reinforcing phase consists of a ¢ontinuous fiber, continuous yarn ¢

35

ceramic mal
material con
(matrix com
engineering
3.6
continuous
fabric

3.7

fracture stre
tensile stresg

NOTE Fr
cross-sectiong

3.8
gauge lengt

original length of that portion of the test-piece over which strain or change of length is determined

3.9

irrecoverabl
strain energy
material to a

3.10
matrix-crach
the applied {
tensile stress

In general, the bending strain varies from point to point around and along the reduced section of the test piece.

ce
h fracture occurs

rix composite
Bisting of two or more materials (insoluble in one another), in which the majer;’continuous ¢
nent) is a ceramic, while the secondary component(s) (reinforcing component) may b

aterial possessing certain properties or behaviour not possessed by, the individual constitug

fiber-reinforced ceramic matrix composite (CFRCMC)

ngth
which the material sustains at the instant of fracture

acture strength is calculated from the foree at fracture during a tensile test carried to rupture and
| area of the test piece.

H

le cumulative damage energy (also known as, modulus of toughness)
per unit volumeyrequired to stress the material from zero to final fracture indicating the al
psorb energy<beyond the elastic range (i.e., inherent damage tolerance of the material)

ing,stress
Pnsile 'stress at which the matrix cracks into a series of roughly parallel blocks perpendic

omponent
P ceramic,
m a useful
nts

ra woven

the original

ility of the

Llar to the

3.11
modulus of

elasticity

the ratio of stress to corresponding strain less than the proportional limit

3.12
proportional

| limit stress

the greatest stress which a material is capable of sustaining without any deviation from proportionality of stress to
strain (Hooke's law)

3.13
percent ben

ding

the bending strain times 100 divided by the axial strain

© ISO 2001 - All rights reserved
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3.14

recoverable elastic energy (also known as, modulus of resilience)
strain energy per unit volume required to elastically stress the material from zero to the proportional limit indicating
the ability of the material to absorb energy when deformed elastically and return it when the force is removed

3.15

slow crack growth
sub-critical crack growth (extension) which may result from, but is not restricted to, such mechanisms as
environmentally-assisted stress corrosion or diffusive crack growth

3.16

ISO 15733:2001(E)

tensile strength
the maximum tensile stress which a material is capable of sustaining

NOTE

3.17
test serie$

a discrete [group of tests on individual test pieces conducted within a discrete periodof time on a parti
configuration, test piece geometry, test condition or other uniquely definable qualifier (e.g., a test seri
of materia] A comprising ten test pieces of geometry B tested at a fixed rate in strain control to fin

ambient afr)

4 Sympols and designations

Symbols Used throughout this International Standard and their'designations are given in Table 1.

Table 1 — Symbols and designations

Tensile strength is calculated from the maximum force during a tensile test carried to rupture and the
sectional afjea of the test piece.

original cross-

ular material
bs composed
al fracture in

Symbo Designation Unit Refefences

A Surface area mm?2 9/5.1

equationg 1, 2a, 2b

d Thickness mm Tables 2, 3
Figures 3, 4

E Elastic modulus(X¥.eung’'s modulus) MPa 95.7

equation |6, Figure 6

Er Recoverable elastic energy (modulus of resilience) J/m3 9.5.10
equation 7

Er Irrecoverable cumulative damage energy (modulus of toughness) J/m3 9.5.11

equatipns 8, 9

F Force N 9/5.1
egtation 1

F¢ Force at fracture N 9.5.5
equation 5

Fm Maximum force N 9.5.3
equation 4

I Length, extensometer or test piece at any time mm 9.5.2
equation 3

lo Length, original extensometer or test piece mm 9.5.2
equation 3

© ISO 2001 - All rights reserved
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Table 1 (continued)

Symbol Designation Unit References
L Length, total for straight-sided test piece geometry mm Table 3
Figure 4
Lq Length, gauge for contoured test piece geometry mm Table 2
Figure 3
Lo Length, total for contoured test piece geometry mm Table 2
Figure 3
n Number of valid tests T T0.T,19)
nr Number of total tests 1 10.1, j9)
R Radius, blend for contoured test piece geometry mm Tablg 2
Figure 3
SD Standard deviation var. equation 11
Re Tensile strength at fracture MPa 955
equatign 5
Rm Ultimate tensile strength MPa 9.5.3
equatign 4
\Y Coefficient of variation var. equatiop 12
W Width, total for straight-sided test piece geometry mm Tablg 2
Figure 4
Wy Width, gauge for contoured test piece geometry mm Tablg 2
Figure 3
W, Width, grip for contoured test piece geometry mm Tablg 2
Figure 3
X Mean 1 equatioh 10
e Strain, normal mm/mm 9.5.2
equatign 3
& Strain, corresponding to 'Re mm/mm 9.5.6
Figurg 6
&m Strain, corresponding to Ry, mm/mm 9.5.4
& Strain, cerresponding to oy mm/mm 9.5.9
Figure 6
o Stress, normal MPa 9.5.1
equatign 1
0 Stress, proportional limit MPa 9.5.8
Figures 6, 7
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5 Principle

This International Standard is for material development, material comparison, quality assurance, characterization,
reliability and design data generation. Dissimilar material response of CFRCMCs in tension and compression
prevents unambiguous characterization of material behaviour from flexural tests. Therefore, uniaxially-tested and
uniformly-stressed tensile tests can provide information on fundamental material behaviour including stress-strain
response, proportional limit and ultimate strengths, elastic constants, and strain-energy absorption.

This test consists of testing a test piece to fracture using a uniaxial tensile force for the purpose of determining
tensile stress-strain response, various tensile strengths and corresponding strains, elastic constants and various
deformation energies. Generally, this test is carried out under conditions of ambient temperature and environment.

6 Apparatus

6.1 Testing machine

The testing machine shall be verified in accordance with ISO 7500-1 and shall pe, of at least grade 1,0 unless
otherwise gpecified.

6.2 Tes|t piece gripping

Various types of gripping device may be used to transmit the measuted. force applied by the testing mjachine to the
test piecqd. The brittle nature of the matrices of CFRCMCs requires a uniform interface betwgen the grip
componerts and the gripped section of the test piece in order to minimize crack initiation and fracture of the test
piece in the gripped section. Gripping devices can be classified generally as those employing actiye and those
employing| passive grip interfaces.

6.2.1 Active grip interfaces

Active grip interfaces require continuous application of a mechanically-, hydraulically- or pneumatjcally-derived
force (pregsure) to transmit the force applied by the test machine to the test piece. Sufficient lateral pgressure shall
be applied to prevent slippage between the grip face and the test piece. Grip surfaces that are scored or serrated
with a pattern similar to that of a single-cut\file have been found to be satisfactory. See Figure 1.

NOTE Generally, these types of grip interface cause a force to be applied perpendicular to the surface pf the gripped
section of the test piece. Transmission)of the uniaxial force applied by the test machine is then accomplished by frjction between
the test piege and the grip faces:

6.2.2 Pabsive grip interfaces

Passive gfip interfaces transmit the force applied by the test machine to the test piece through a direqt mechanical
link. Thesg meehanical links transmit the test forces to the test piece via geometrical features of thp test pieces
such as shank-shoulders or holes in the gripped head. See Figure 2.

NOTE Generally, the uniaxial force is transmitted to the test piece through uniform contact along the entire test piece/grip
interface thus minimizing eccentric forces.

6.2.3 Test train couplers

Various types of device (test-train couplers) may be used to attach the active or passive grip interface assemblies
to the testing machine. The test-train couplers in conjunction with the type of gripping device play major roles in the
alignment of the test train and subsequent bending imposed in the test piece. The efficacy of the test train couplers
and grip interfaces is verified through the procedure discussed in 8.1 and Annex A.

© ISO 2001 - All rights reserved 5
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[
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.

¥
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Key
Test piecq
Wedge gr|p
Grip body
Grip mechanism

A W N P

Figure 1 — Example of ansactive grip interface

Key

1 Retaining plate

2 Test piece

3 Inserts for lateral centring of test piece
4 Grip attachment

Figure 2 — Example of a passive grip interface

6 © IS0 2001 — All rights reserved


https://standardsiso.com/api/?name=2a8bdbab659e8937a2d6af077f020bd4

ISO 15733:2001(E)

6.3 Strain measurement

Strain measurement is required for tensile testing of CFRCMC test pieces in accordance with this International
Standard.

Extensometers shall be of class 1 in accordance with ISO 9513. The extensometer gauge length shall be not less
than 10 mm (25 mm preferred) and shall be centrally located in the mid region of the parallel length of the gauge
section of the test piece.

Extensometers which are in mechanical contact with the test piece shall not cause damage to the test piece
surface such that a detrimental effect on tensile behavour is produced. Ensure that the extensometer does not

introduce
measuring
bending).

Strain gau
gauge rea
be not les|
transversg
adequate

6.4 Dat

Obtain at
either anal
1 % of the
rate of 10

6.5 Din

Micrometsd
half the sn
ISO 3611
Ball-tipped
measuren
within 0,03

7 Test

7.1 Tes

The choic
example, i
may refleg

elongation on both sides of a test piece (for averaging of strain and/or determination @f ‘i

ges may also be used to measure strain in tensile tests of CFRCMCs. Unless it Can’be sho

5 than 9 mm to 12 mm in length for the longitudinal direction and not less"than 6 mm in |
direction. The strain gauges, surface preparation and bonding agents should be choss
berformance on the subject materials and suitable strain-recording equipfnent should be use

A acquisition

east an autographic record of applied force and gauge .section elongation or strain verst
ogue chart recorders or digital data acquisition systems. Recording devices shall be accu

Hz with a response of 50 Hz deemed more than sufficient.

ension measurement

rs and other devices used for measuring linear dimensions shall be accurate and precise tq
hallest unit to which the individual dimension is required to be measured and shall be in acg
To obtain consistent measureménts of cross sectional dimensions, use a flat, anvil-type
or sharp anvil micrometers_are not recommended for woven CFRCMCs because
ents may be affected by thespeaks and troughs of the weave. Measure cross-sectional d
mm using dimension-measuring devices with accuracies of 0,01 mm.

piece

t piece geometry

b of geometry of a tensile test piece is dependent on the ultimate use of the tensile behavi
f the.tensile strength of an as-fabricated component is required, the dimensions of the result
t the thickness, width and length restrictions of the component. If it is desired to evaluate

js capable of
-situ percent

vn that strain

dings are not unduly influenced by localized strain events such as fiber crossovers, strain gauges should

ength for the
n to provide
d.

s time using
rate to within

selected range for the testing system including readout, unit and should have a minimum daja acquisition

at least one
ordance with
micrometer.
the resulting
imensions to

bur data. For
ng test piece
he effects of

interactions of various constituent materials for a particular CFRCMC manufactured via a particular processing
route, then the size of the test piece and resulting gauge section will reflect the desired volume or surface area to
be sampled.

Therefore, no single test piece geometry can be recommended or prescribed to meet all the requirements of a
particular testing programme or apparatus. Annex B contains further information on test piece geometries including
a figure showing examples of successful test piece geometries used for CFRCMCs.

Certain dimensional requirements are contained in Tables 2 and 3 depending on whether contoured (Figure 3) or
straight-sided geometries (Figure 4) are used, respectively.

© ISO 2001 - All rights reserved
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Table 2 — Minimum dimensions of contoured test piece geometries (see Figure 3)

_ _ Minimum value Tolerance
Dimension

mm mm
Total length, L, > 100 +0,5
Gauge Length, Ly > 30 +0,2
Thickness, d > 2 and at least a) three plies for simply woven materials or b) +0,2

one unit cell width for complex woven materials
Gauge width, W; > 6 and at least a) three fibre bundles for simply woven materials +.0|2
or b) one unit cell width for complex woven materials

Grip width, W5 > 10 and at least 1,4 x Wy, + 0|2
Blend radiugs, R > 35 +?
Parallelism|of 0,05
machined gart

3, b

&  Smooth apd blend-at intersection with width, W;, of gauge section.

b Simple intersection (no steps of jogs) with width, W, of grip section.

Figure 3 — "Generic" countered test piece geometry (see Table 2)

8 © IS0 2001 — All rights reserved
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Table 3 — Minimum dimensions of straight-sided test piece geometries (see Figure 4)

7.2 Tes

Any test
procedure

7.2.1 As

The test

machining|
relevant. A
cause exc|

7.2.2 Application-matChed machining

Finish the
process is|
material re

_ _ Minimum value Tolerance
Dimension
mm mm
Length, L > 100 +0,5
Thickness, d > 2 and at least a) three plies for simply woven materials or b) +0,2
one unit cell width for complex woven materials
Width, W > 6 and at least a) three fibre bundles for simply woven materials +0,2
arh) ana tonit ~all andth far anmnIay v AN M atarialc
of-b-ene-unitcelwidth-forcomplecwoven-materials
Paralleligm of machine part 0,05
L d

Figure 4 — "Generic" straight-sided test piece geometry (see Table 3)

t piece preparation

biece preparation route, including thosevdiscussed here, may be used as long as the
is reported in sufficient detail so as to@flow replication.

Hfabricated

bssive misalignment.and/or be prone to non-gauge section fractures.

nioved per pass and type of coolant used.

723 Cu

stomary practices

test piece“as close to the same surface/edge preparation as that applied to the component.
proprietary, report specifics about the stages of material removal, wheel grits, wheel bondirg, amount of

preparation

biece shall simulate the~surface/edge conditions and processing route of an applicatign where no
is used; e.g., as-cast, Sintered or injection molded part. No additional machining specifications are
s-processed test pieces may possess rough surface textures and non-parallel edges and ps such may

Unless the

In instances where a customary machining procedure has been developed that is completely satisfactory for a class
of materials (i.e., it induces no unwanted surface/subsurface damage or residual stresses), use this procedure.

7.24 Re

commended procedure

Perform all grinding or cutting with an ample supply of appropriate filtered coolant to keep the workpiece and
grinding wheel constantly flooded and particle flushed. Grind in at least two stages, ranging from coarse to fine rate
of material removal. Cut in one stage appropriate for the depth of cut. Remove stock in the order of 0,03 mm per
pass using diamond tools that have between 320 and 600 grit. Remove equal quantities of stock from each face
where applicable.
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7.3 Numb

er of test pieces

A minimum of five valid tests is required for the purpose of estimating a mean. A greater number of tests may be
necessary if estimates regarding the form of the strength distribution are required. If material cost or test piece
availability limit the number of tests to be conducted, fewer tests can be conducted to determine an indication of

material prop

erties.

7.4 Valid test

A valid individual test is one which meets the following requirements:

a) all the tg

b) failure o

interpreted as interrupted tests for the purpose of censored test analyses.

7.5 End tabs

End tabs mal
ply E-glass

bevelled tab
total thickne
system may
piece, and es
within one tg
method and
shows an ex

sting requirements of this International Standard;

Ccurs in the uniformily-stressed gauge section unless those tests failing outside the gauge 9

y be required to provide a compliant layer for gripping for active grip interfaces. Balanced O
iber-reinforced epoxy, PM, and carbon fiber-reinforced resins are<satisfactory tab matel
(bevel angle < 15°) should be a minimum of 30 mm long, the same width of the test pied
bs of the tabs in the order of the thickness of the test pieces~Any high-elongation (tough
be used with the length of the tabs determined by the sheaf strength of the adhesive, size
timated strength of the composite. In any case, a significant fraction (e.g., >10 % to 20 %) d
st piece width of the tab shall be cause to re-examiné the tab materials and configuratio
pdhesive, and to make necessary adjustments to promote fracture within the gauge sectio
hmple of a successful tab design.

Dimensions ir

31,8

1,6

ection are

90° cross-
ials. Each
e with the

adhesive
of the test
f fractures
N, gripping
n. Figure 5

millimetres

a
b

Width of s
Toward lo

NOTE 1

NOTE 2

10

pecimen
ngitudinal midpoint of specimen

Surface finish 0,5 um to 1,0 um all over except end faces which may be 1 um to 2 um.

Final grind of gauge section to be longitudinal.

Figure 5 — Example of a tapered end tab

© ISO 2001 - All rights reserved


https://standardsiso.com/api/?name=2a8bdbab659e8937a2d6af077f020bd4

8 Test

ISO 15733:2001(E)

conditions

8.1 Verification of axial alignment

Verify the alignment of the testing system at a minimum at the beginning and end of a test series using either a
dummy or actual test piece and the procedures listed in annex A or similar procedures as listed in annex C.
Bending shall not exceed 5 % at a mean strain equal to either one half the anticipated strain at the onset of the
cumulative fracture process (e.g. matrix cracking stress) or a strain of 0,000 5 (i.e. 500 micro strain) whichever is

greater.

8.2 Tes

mades and ratas
Roe6esSaha

Test mods
be comple
However,

NOTE
displaceme
when testin

9 Proo

9.1 Tes

Determine
measuren
dimension
the multipl

9.2 Pre

Report an
with an in
operator)
the test pi
test piece
and zero t
test piece
Initiate the

9.3 Corn

After test

ot ey

s may involve force, displacement (stroke) or strain control. The test should be sufficiently g

g in ambient air.

edure

t piece dimensions

e measurements in the stress calculations.

baration for testing

y special components required,for, each test. Mark top and bottom of the ungripped part of

n relation to the test machine. Set the test mode and test rate on the test machine. Secur|
gauge section and zero/the output or attach the lead wires of the strain gauges to the signal
he outputs. Secure\the other end of the test piece in the gripping device and apply an initigl

to remove the ’slaek" from the test train. Ready the autograph data acquisition systems for d
data acquisition? Initiate the test mode.

npletien.of testing

system. R

pid so as to

ted in less than 30 s thereby obtaining the maximum possible tensile strength on fracture oflthe material.
est rates may also be used to evaluate rate effects. In all cases report the test made and rate.

Strain rates in the order of 50 x 10-6 s-1, stress rates in the order of 35 MPa s—1}t0-50 MPa s-1, ahd cross-head
ht rates on the order of 0,001 mm s-1 to 0,05 mm s—1 are recommended in orderto minimize envirorimental effects

the thickness and width of the gauge section. ‘of each test piece to within 0,02 |[mm. Obtain
ents from at least three different cross-sectional planes in the gauge section. Report the measured
5 and locations of the measurements for use-if’the calculation of the tensile stress. Use tHe average of

e test piece

Helible marker — if testing vertically or left and right if testing horizontally — and front (sifle facing the

one end of

bce in the gripping device-With no force applied to the test piece either mount the extensgmeter on the

conditioner
force to the
ata logging.

piece fracture, disable the action of the test machine and the data collection of the dafa acquisition

A+l o Les £ + £.1 0 £+l £ o~ £ 11 +lo + »\t 1 f
eCorttneurearkiigTorcetoanaccaracy - orr 7o ortnerorceTrange—Carerany removetme—teSt plece rrom

the grip interfaces. Take care not to damage the fracture surfaces by preventing them from coming into contact with
each other or other objects. Place the test piece, along with any fragments from the gauge section, in a suitable,
non-metallic container for later analysis.
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9.4 Post test

Determine and report ambient temperature and relative humidity. Measure and report the fracture location relative

to the midpo

int of the gauge section. Use the convention that the midpoint of the gauge section is 0 mm with

positive (+) measurements toward the top of the test piece as tested (and marked) and negative (-) measurements
toward the bottom of the test piece as tested (and marked). For fracture surfaces which are not perpendicular to the
longitudinal axis the average fracture location may be reported. Report the orientation of the fracture locations. If

fracture has

occurred outside the uniformly-stressed gauge section, the result should not be used in the

calculations of mechanical properties.

9.5 Calculation of results

CFRCMC materials may exhibit different stress-strain responses as illustrated schematically in Figures § a) b) and

). Therefore

to the followipg calculated values are shown on the appropriate diagrams.

9.5.1 Enginpeering stress

The enginee
F
o=—
A
where
o isth
F isth
A isth

The cross-se
for contg
A=W d
for straig
A=Wd

where

W s th

, interpretation of the test results will depend on the type of response exhibited. Poifnts-corfesponding

ing stress is calculated as follows:

@)

e engineering stress in megapascals;

e applied, uniaxial tensile force in newtons;

e original cross-sectional area in square millimetres.
ctional area, A, is calculated as follows:

ured test piece geometry cross'section

(2a)
ht-sided test piece‘geometry cross sections

(2b)

e.average width of the gauge section for the contoured test pieces in millimetres;

W s the average width of the gauge section for the straight-sided test pieces in millimetres;

d isthe average thickness of the gauge section in millimetres.

12
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gineering strain

The engineering strain is calculated as follows:

o U=lo)

where

lo

€ is the engineering strain;

®3)

q

J

q

J

lo
NOTE

In some ¢
by a lineal
property o
the zero
axis is the
resulting d
region in 4

953 Te

The tensild

9.5.4 Sti

Determine
test.

the gauge length (test piece or extensometer gauge length) at any time in millimetres;

the original gauge length in millimetres.

If strain gauges are used, strain is determined directly.
hses the initial portion of the stress versus strain (o-¢) curve shows a nan:linear region or '
region as shown in Figure 6 c¢). This toe may be an artifact of the tensile test and may no
f the material. The o-£ curve can be corrected for this toe by extending the linear region of
fress point on the strain axis as shown in Figure 6 c). The intersection of this extension w
toe correction which is subtracted from all values of strain greater than the toe correctio

-£ curve is used for all subsequent calculations. Report the original o-¢ curve with the n
ncorrected as well as corrected form.

hsile strength
p strength is calculated as follows:

Fm
A

is the ultimate tensile strength in megapascals;

is the maximum force.in newtons.

ain at tensile-strength (optional)

strain at\tensile strength, &, as the strain corresponding to the tensile strength measure

toe" followed
t represent a
the curve to
ith the strain
h strain. The
on-linear toe

(4)

bd during the

9.5.5 Fracture strength

The fracture strength is calculated as follows:

where

Rs is the tensile strength in units of megapascals;

(%)

F¢ is the fracture force (breaking force), in newtons when the test piece separates into two or more pieces.

© ISO 2001 - All rights reserved
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In some instances as shown by the dashed line in Figures 6 a) to 6 ¢), Ry, = Ry.

R, Ry
— EITI
©
o
=
S
7
(]
g
n
Longitudinal strain, € (mm/mm)
a) Stress-strain curve with alinear region
Rn
— R¢
‘b’ !7 _ Rm = Rf
UJ— -
@ £r=[o de
]
Longitudinal strain, € (mm/mm)
b) Non-linear stress-strain curve
R R
— En Ef
o Eq =/a de —
\E/ U‘() RITI = Rf
s 30 | -
7 /\
]
g
n 7]
E;=| ode
e =/
/—
//_ d

Longitudinal strain, € (mm/mm)

Toe correction

c) Stress-strain curve with alinear region and toe

NOTE At the high-strain portions of the o-¢ curves, two different types of behaviour are depicted: where stress drops prior
to fracture (solid line) and where stress increases up to the point of fracture (dashed line).

Figure 6 — Schematic diagrams of stress-strain (o-¢) curves for CFRCMCs
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9.5.6 Strain at fracture strength

Determine strain at fracture strength, &, as the engineering strain corresponding to the fracture strength measured
during the test. In some instances as shown in Figures 6 a) to 6 ), em = &t

9.5.7 Modulus of elasticity
The modulus of elasticity is calculated as follows:

E=22 6)
£

AcolAc is the slope of the o-¢ curve within the linear region as shown in Figures 6 a) to 6 ¢).DJh¢ modulus of
elasticity may not be defined for materials which exhibit entirely non-linear o-¢ curves as shown in"Figure 6 b).

9.5.8 Proportional limit stress

9.58.1 General

By definitipn the proportional limit stress, oy, may not exist for materials which exhibit an entirely non-linear o-¢
curve.

Determing the proportional limit stress, oy, by one of the following methods (see Figure 7)
9.5.8.2 Offset method
Determing by generating a line (5) running parallel to thevsame part of the linear part of the o-¢ curve used to

determine| the modulus of elasticity (3). The line so\generated shall be at a specified strain offset (1). The
proportionpl limit stress is the stress level at which theoffset line intersects the o= curve (4).

Stress, o (MPa)

1 Longitudinal strain, € (mm/mm)

Figure 7 — Schematic diagram of methods for determining proportional limit stress
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9.5.83 EX

tension under force method

Determine oy by noting the stress on the curve which corresponds to a specified strain (2). The specified strain
may or may not be in the linear region of the o-¢ curve but the specified strain at which oy is determined shall be

constant and

NOTE

reported for all tests in a set.

the offset method or the specified strain for the extension under force method.

9.5.8.4

User-defined method

Determine o
tests in a tes

9.5.9 Strai

Determine strain at proportional limit stress, &4, as the strain corresponding to proportionallimit stress, d

for the test.

9.5.10 Reco

Calculate thq
the linear pa

€0
0

o0p and & arg

Er

series.

[ at proportional limit stress (optional)

verable elastic energy (optional)
t of the o-£ curve or alternatively estimated as:
ode = }é 000

as used in Figure 7 in pascals (N/m2) and millimetres respectively.

9.5.11 Irrecpverable cumulative damage energy_(optional)

Calculate thq
the area und

£t
0

op and Sy a
materials for

Et

£t

Et

irrecoverable cumulative damage energy (modulus of toughness) Eg in joules per cubic m
br the entire o-¢ curve or alternatively estimated as:

(o2
Og+Rm_
2

de = f

e as used inFigures 8 and 9 pascals (N/m2) and g is in m/m. Et can be estimated as
which opdsynot calculated and which have a o~ curve which can be a parabola.

oo ~ 74 Ryt

]

h DY any Clearly-detined and described method which shall be reported and used consistg

A strain of 0,000 5 m/m (500 um/m) has been used successfully in the past for either the specified strain offset of

ntly for all

etermined

recoverable elastic energy (modulus of resilience), Eg in joules\per cubic millimetre as the area under

O

llimetre as

®)

follows for

©)

0

16
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9.5.12 Mean, standard deviation and coefficient of variation

For each series of tests calculate the mean, standard deviation and coefficient of variation for each measured value
as follows:

Mean

(10)

Stand

Coeff

where X rd

ard deviation

100(SD)
X

cient of variation V =

presents the measured values and n is the number of valid tests.

report

t set
t set, the following information shall be reported.
hnd location of testing.

e test piece geometry used (including ‘engineering drawing). For end-tabbed test piec
ng of the tab as well as the tab material and specify the adhesive used.

and configuration of the test machine (include drawing or sketch if necessary). If a cor

configuration, and resolution of strain measurement equipment used (include drawing
sary). If a commercial extensometer or strain gauges and strain gauge conditioner we)
Facturer and model‘number are sufficient for describing the strain measurement equipment.

configuration Jand surface finish of grip interface used (include drawing or sketch if neg
ercial grip.interface was used, the manufacturer and model number are sufficient for descr|
ce.

(11)

(12)

bs include a

hmercial test

ne was used, the manufacturenand model number are sufficient for describing the test machine.

or sketch if
re used, the

essary). If a
bing the grip

10 Test
10.1 Tes
For the teg
a) Date
b) Tensi
drawi
c) Type
mach
d) Type,
neces
manu
e) Type,
comni
interfg
f) Type
coupl

pr was used, the manufacturer and model number are sufficient for describing the coupler.

and ‘eonfiguration of test-train couplers (include drawing or sketch if necessary). If a commellcial test-train

g) Number (n) of test pieces used in valid tests (e.g. fracture in the gauge section). In addition, report the total
number of test pieces tested (ny) to provide an indication of the expected success rate of the particular test

piece

geometry and test apparatus.

h) All relevant material data including vintage or billet identification. As a minimum, report the date the material
was manufactured. For commercial materials, report the commercial designation. A short description of
reinforcement (type, lay up, etc.), fibre volume fraction and bulk density shall be included.

i)  Description of the method of test piece preparation including all stages of machining.

i) If any heat treatments, coatings or pre-test exposures were applied, whether to the as-processed material or to
the as-fabricated test piece.

© ISO 2001 - All rights reserved
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k) Test environment including relative humidity, ambient temperature and atmosphere (e.g. ambient air, dry
nitrogen, silicon oil, etc.), partial pressure (or percentage) of oxygen (if known).

I) Test mode (force, displacement or strain control) and actual test rate (force rate, displacement rate or strain
rate). Report calculated strain rate, s—1, if appropriate.

m) Percent bending and corresponding average strain in the test piece recorded during the verification as
measured at the beginning and end of the test series.

n) Mean, standard deviation and coefficient of variation for each test series.

0) The follgwingproperties,if measured:

1) tengile strength, Ry;

2) strajn at tensile strength, g, (if measured);

3) fracjure strength, R,

4) strajn at fracture strength, &,

5) modulus of elasticity, E;

6) proportional limit stress, o, and method of determination;

7) strajn at proportional limit stress, &, (if measured);

8) recqverable elastic energy (modulus of resilience), Eg (if measured);

9) irre¢overable cumulative damage energy (modulus of toughness), Et (if measured).
p) Any sigrfificant deviation from the procedur€sand requirements of this International Standard.

Figure 8 shoys a sample reporting table for.a test set.

10.2 Indivigdual tests
For each tesf piece tested the following information shall be reported.

a) Pertinent overall test'piece dimensions, if measured, such as total length, length of gauge section, gripped
section gimensions; etc.

b) Average surface roughness, if measured, of gauge section measured in the longitudinal direction.

c) Average-crossssectiomatdimensionsifmeasured;orcross=sectionatdimensionsat-theptaneof fracture.
d) Plot of the entire stress-strain (=€) curve.

e) Ultimate tensile strength, Ry,

f)  Strain at tensile strength, &, (if measured)

g) Fracture strength, Re

h) Strain at fracture strength, &
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i)  Modulus of elasticity, E

j)  Proportional limit stress, oy, and method of determination

k) Strain at proportional limit stress, (if measured) &

[) Recoverable elastic energy (modulus of resilience), Er (if measured)

m) Irrecoverable cumulative damage energy (modulus of toughness), E (if measured)

marked and - is toward the bottom of the test piece as marked with 0 being the gauge section-midpoint).

| tion-ralativa to tha aatae-section-midpointin-units-of mm (- is toward thae tonp-of tha t i
n) Fractyrelocationrelative-to-the-gauge-section-midpointin-units—of {+is-toward-the-top-of-the-test piece as

0) Any sjgnificant deviation from the procedures and requirements of this International Standard.

Figure 9 shows a sample reporting table for an individual test.
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Test record identifier

Test piece identification

Date of test

Location of test

Name of person conducting test

Type of test piece, contour or straight sided (attach drawing)

Test piece dimensions
total length, Ly or L (mm)

grip width, W5 (mm)

End tab (if §ised) (attach drawing)
end tab material
end tab pdhesive

Type and cpnfiguration of test machine
(attach drawing and/or make/manufacturer)

Type and cpnfiguration of strain measurement
(attach drawing and/or make/manufacturer)

Type and cpnfiguration of grip interface
(attach drawing and/or make/manufacturer)

Type and cpnfiguration of test train couplers
(attach drawing and/or make/manufacturer)

Number of yalid tests (n)

Total numbgr of tests (nT)

Material data

interphage material (if known)

_______________________________________________________________________

Test piece fabrication

Heat treatn

ent, coating, etc.

Test enviro
relative

atmospli

hment
numidity (%)

Test mode

force, displacément, or strain)

Test rate [N

/s, mm/s¢or' (mm/mm)/s]

Test train v

prification

Initial percent bénding and average strain

Final percept-bending and average strain

Mean ultimate tensile strength, R,, (MPa)

Standard deviation tensile strength, Rgp (MPa)

Mean strain at tensile strength, &, (mm/mm) (if measured)

Standard deviation strain at tensile strength, egp (mm/mm)
(if measured)

Mean tensile strength at fracture, Rf (MPa)

Mean strain at fracture strength, & (mm/mm)

Standard deviation strain at fracture strength, gsp (mm/mm)

Mean modulus of elasticity, E (GPa)

Standard deviation modulus of elasticity, Egp (GPa)

Mean proportional limit stress, o, (MPa)

20
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Standard deviation proportional limit stress, oygp (MPa)

Method of determination of oy

Mean strain at proportional limit stress, & (mm/mm)
(if measured)

Standard deviation strain at proportional limit stress, &sp
(mm/mm) (if measured)

Mean recoverable elastic energy (modulus of resilience), Er
(J/m3) (if measured)

Standard deviation recoverable elastic energy (modulus of
resilience), Er (J/m3) (if measured)

Mean irrecaverahble cumulative damagp energy (mnduluc of

toughnegs), Et (J/m3) (if measured)

Standard deviation irrecoverable cumulative damage energy

(modulug of toughness), Et (J/m3) (if measured)

Figure 8 — Sample reporting sheet for a test set

Test recard identifier

Test pieqe identification

Date of tgst

Location |of test

Name of[person conducting test

Type of test piece, contour or straight sided

Test piede dimensions

total Iength, Ly or L (mm)

grip width, W, (mm)

Average [surface roughness (m)

Stress-strain (&-o0) curve

Attached

Ultimate fensile strength, Rs)(MPa)

Strain at|ultimate tensile_strength, &, (if measured) (m/m)

Fracture [strength, Rf

Strain at [fracture-strength, & (m/m)

Modulus |of elasticity, E

Proportignalimit stress, o, (MPa)

Method of determination

Strain at proportional limit stress, & (m/m) (if measured)

Recoverable elastic energy (modulus of resilience), Eg (J/m3)

Irrecoverable cumulative damage energy (modulus of
toughness), Et (J/m3)

Fracture location (mm)

Figure 9 — Sample reporting sheet for an individual test
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