INTERNATIONAL ISO
STANDARD 22459

First edition
2020-06

Fine ceramics (advanced ceramics,
advanced technical ceramics} —
Reinforcement of ceramic composites
— Determination of distribution

of tensile strength and tensile

strain to failure of filaments within

a multifilament tow at ambient
temperature

Céramigues technigues — Renfort de céramiqiies composites —
Détermination de la distribution de la résistance en traction et de
la deformation a la rupture en traction de filaments dans un fil
multifilamentaire a température ambiante

Reterence number
150 2245%:2020(E)

@[50 2020



1SO 22459:2020(E)

COPYRIGHT PROTECTED DOCUMENT

& 150 2020

All rights rescrved. Unless otherwise specified, or required in the context of its implementation, ne part of this publication may
he reproduced or utilized otherwise in any form or hy any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Fermission can be requested from either IS0 at the address
below or ISO’s member body in the counlry ol the requester.

[50 copyright office

P 401 » Ch.de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Fax: +41 22 749 09 47

Email: copyright@iso.org
Wehsite: www.iso.org

Fublished in Switzorland

11 © 150 2020 - All rights reserved



ISO 22459:2020(E)

Contents Page
RTINS S S S 2 s S S I s S s S A A A iv
1 B e e e e e 1
2 NOTINALIVE FEIBT@IMCES . ... s s s ok 1821825 581 1 1
3 o g D Uy T Lo R0 T e (R e S P e S G e T SN T S 1
4 o 11 1) - 2
5 SHNRCANCE SRR vms i s sl iR e e b b i 2
6 BPPATATILS oo e e e 1s 81 e 3
6.1 Tensile teSting @QUEPITIEIIT. ... .. s st e 3
6.2 DH AT TR COTAIMIET e ettt 88 4
7 TESES DRI O R st i e e bt bbb Z
7| R s rcsiamas st e iR A o e b e e u.
72 1 1 F PR s S Tobo U ed i 0 2 TR TSRO O M O T S S ST ST SRRV S RS 4
7.3 R el T e S C T S st ot saliei et bt e s s e s i ot 5
3 TeST SPECIMEI PP ATATION ..o o818 L8 e 5
8.1 < 3= SO 5
8.2 LA DT ottt ooy T 1 ) o OO 6
8.3 Cylindrical ened CVPe SPECIIIEI ..ot e et s e 6
8.4 A T O Ry a YT 0 e W 0T a8 L= 1 7
D T SEPPOCEANEE stttk e i b e A 7
91 Perermination of the nibial CraSs-SBctiDRN AUea i wmimimimmisisuianimuiimiis i i 7
4.2 Bioterminaticnorthe gauro Tenioth . e i e 5 00 0 0 00 0 000 0 B LR 7
9.3 R D ITNEE i 00 80 0 050 5o 0 R0 T o 0 o0 05 T o b0 o S i e %
9.4 ¥=d e Vo d oo V-t e £ U B o i SO R e I T SN R e 8
9.5 B =L o 0] e el o bt o R S T M T e R SN e S TR S 8
9.6 Fetermination of load trai GO I aCE . i it i i S8 oot 58o0 0 5o B0 o e e T 8
9.7 R e e e s e e e R e 8
10 Calotlation OF TESULES et e 8
10.1  Calculation of the load train COMPHANCE G it 8

10.2  Calculation of probability of filament rupture P, from the tests on specimens with
A BAUGE LTI O 2T ITTITY oo ieermsiosiesoniesiomieesssiensiossesinsos st soeeingiee s s ik i vespenief s ernciss o 10
10,21  Determination O The TTUE QU TG ..ot sosienisssms siosieniseeresiossesesseessass oo s eeinssersspesie b e smesiss 10

10.2.2 Construction of envelope curve and determination of instantaneous

compliance A ———— 10
7 O Bo b o1 i AT | 11T 4 08 L0 55 D S R TSNS 11
10:3  Distobhution of lamie i r DU SEOANIL s oo sausss it oris v 4sests st o oo 4be T4t i e st 12
1024 Calerlatian of fila el PO tare SRR . i i s oottt vssosestosiyetssisdles oo issebs 8553 v 8 12
1032 Rilamient ruptore SEeain. Ot B IO i o iis i stviessnsie iesissstosiyetsssisdtos ooty sosshs g v s 17
104, DHigEibtinh OF et ROEBTVIRIT i o oo tesses st s oot s el B ot e S B o S Sva 15
Hrad  Enitial G iR R8s R A 13
1042 Ldleulatomal HlAment SEEeREH . i 13
0 o B D e A=A T B =l o e RIC) Rt L N5 V) e OSSP ST SO RTINS 13
1848 JAeernce Hanent SIEBREENS. ey 14
TOES Wedh Hament slEEN TN s mimibemimibiemidimmisie it 14
11 TRSE F@EPOTE. ... e et 141 111 1 14
Annex A (informative) Abstract of the handbook of mathematical functions............iivcn, 16
BIDIIO@IARIIIY oot 17

@ 150 2020 - All rights reserved 1l



1SO 22459:2020(E)

Foreword

ISO (the International Organizatien 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 [S0O, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission {IEC) on all matters of
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISG/IEC Directives, Part 1. In particular, the different approval criteria needed for the
different types of [SO documents should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the clements of this document may be the subject of
patent rights. [50 shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development cf the decument will be in the Introduction and/or
on the 150 list of patent declarations received (see www.iso.org /patents).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an cxplanation of the veluntary naturc of standards, the meaning of 1SO specific terms and
expressions related to conformity assessment, as well as information about [50's adherence to the
World Trade Organization (WTO] principles in the Technical Barriers to Trade (TBT), see www.iso.org/
isg/foreword.html.

This document was prepared by Technical Committee [SO/TC 206, Fine ceramics.

Any feedbaclk 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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INTERNATIONAL STANDARD 1SO 22459:2020(E)

Fine ceramics (advanced ceramics, advanced technical
ceramics} — Reinforcement of ceramic composites —
Determination of distribution of tensile strength and
tensile strain to failure of filaments within a multifilament
tow at ambient temperature

1 Scope

This document specifies the conditions for the determination of the distribution of strength and
rupture strain of ceramic filaments within a multifilament tow at room temperature by performing a
tensile test on a multifilament tow.

This document applies to dry tows of continuous ceramic filaments that are assumed to act freely and
independently under loading and exhibit linear elastic behaviour up to failure. The outputs of this
method are not to be mixed up with the strengths of embedded tows determined by using IS0 240461,

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

SO 7500-1, Metallic materials — Calibration and verification of static uniaxial testing machines — Part 1.
Tension/compression testing machines — Calibration and verification of the force-measuring system

IS0 10119, Carbon fibre — Determination of density

EN 1007-2, Advanced technical ceramics — Ceramic composites — Methods of test for reinforcements —
Part 2: Determination of linear density

3 Terms and definitions
For the purpeses of this document, the fellowing terms and definitions apply.

ISO and IEC maintain terminological databascs for usce in standardization at the following addresses:

— 180 Online browsing platform: available at htips: //www.isc.org/chp

— |EC Electropedia: available at http://www.electropedia.org/

3.1

gauge length

LD

initial distance between two reference points on the tow

Note 1 to entry: Usually the gauge length is taken as the distance between the gripped onds of the tow.

3.2

initial cross-section area
Sh

cross-section area of the tow

1) Under preparation.

@ 180 2020 - All rights reserved 1
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3.3
tow elongation
A

increase of the gauge length during the tensile test

3.4.1

total compliance

Cy

ratio of the measured displacement to the corresponding force during the tensile test

3.4.2

load train compliance

Ci

ratio of the lead train clongation, ¢xcluding the specimen contribution, te the corresponding force
during the tensile test

0

strain

&

ratio of the tow elongation 4 to the gauge length L,

3.6

filament rupture strain

£

strain at step j in the non-linear parts of the foerce-displacement curve

3.7

filament strength

"Tr.jl : : ; i ;3 :
ratio of the tensile force to the cross-section area of all unbroken lilaments at step j in the non-linear
parts of the force-displacement curve

3.8
average filament strength

O

statistical average strength of the filaments in the tow {or each test determined from the Weibull
strength distribution parameters of the filaments

3.9
mean filament strength

Or
arithmetic mean of the average strengths

4 Principle

A multifilament tow is loaded in tension at a constant displacement rate up to rupture of all the filaments
in the tow. The force and displacement are measured and recorded. From the force-displacement curve
the two-parameter Weibull distribution of the rupture strain and eof the strength of the filaments is
obtained by sampling the nonlinear parts of the curve at discrete intervals, j, which correspond te an
increasing number of failed filaments in the tow.

5 Significance and use

Because measurement of the displacement directly on the tow is difficult, it is usually obtained
indirectly via a compliance measurement which includes contributions of the loading train, the
grips and the tabbing materials. These contributions have to be corrected for in the analysis. When
it is possible to measure the tow elongation directly (by using a suitable extensometer system] this

2 © 150 2020 - All rights reserved
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correction is not needed. The calculation of the results in Clause 10 alsc applies in this case by setting
the load train compliance equal to zero.

The evaluation method is based on an analysis of the nonlinear domain of the force-displacement curve,
which is causcd by pregressive filament failure during the test. The size of this domain is promoted by
higher stiffness of the loading and gripping system. When the force-displacement curve doees not show
this nonlinear domain, the evaluation method of this document cannot be applied.

The distribution of filament rupture strains does not depend on the initial number of filaments for those
tows that contain a large number of filaments; hence, it is not atfected by the number of filaments which
are broken before the test, provided this number remains limited. The determination of the filament
strength distribution requires knowledge of the initial cross-sectional area of the tow. The variation in
filament diameters, which affects the strength values, is not accounted for-

The Weibull parameters determined by this test method and extrapolated to the respective gauge
length cannot be compared directly with those obtained from tensile tests on monofilaments according
to I1SO 19630 because of variability in test conditions[dl.

6 Apparatus

6.1 Tensile testing equipment

The test machine shall be equipped with a system for measuring the force applied to the specimen and
the displacement, or directly the tow elongation. The machine shall conform to grade 1 or better in
IS0 7500-1. The grips shall align the specimen with the direction of the force. Slipping of the specimen
in the grips shall be prevented.

NGTE The use of a displacement transducer placed at the ends of the grips/2llél (see Figure 1) or on the tow
itselfl2lallel will probably limit the contribution of different parts of the load train to the measured displacement,
and hence increase the accuracy.

@ 180 2020 - All rights reserved 3
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1
Y
,/2
i unl3
2
: /

Key
1 displacement transducer

grip
3  test specimen

Figure 1 — Test setup (principle sketch)

6.2 Datarecording

A calibrated recorder shall be used to record force-displacement curves. The use of a digital data
recording system is recommended.

7 Test specimen

7.1 General

Specimens with a gauge length of 200 mm shall be used to establish the filament strength and filament
rupture strain distributions. Specimens with gauge lengths of 100 mm and 300 mm shall be used to
determine the load train compliance. Examples of two types of test specimen are given below.

7.2 Window type specimen

A window type specimen is shown in Figure 2. A stretched tow is lixed between two identical plates
of material, each containing a central window. When the displacement is not measured directly on the
tow, the height of the window defines the gauge length.

NOTE This type of specimen has the advantage of easy handling.

4 © (50 2020 - All rights reserved
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1
: pie
X -
i 7 7 = 3
T
4 5 4
Key
1  plates
Z  tow
3 glue
4  gripped end
5 gauge length

Figure 2 — Window type specimen (principle sketch, side view)

7.3 Cylindrical end type specimen

A cylindrical end type specimen is shown in Figure 3. Both ends of a stretched tow are fixed in small
diameter cylindrical tubes generally made of metal. When the displacement is not measured directly on
the tow, the distance between the inner ends of the tubes with the tow in a stretched condition defines
the gauge length. Tube length shall be such that adhesion of tow specimen to tube is optimized. Length

larger than 30 mm is recommended.
7

1

1 2

Key
1 tube
2 gauge length

Figure 3 — Cylindrical end type specimen (principle sketch)

8 Testspecimen preparation

8.1 General

Extreme care shall be taken during specimen preparation to ensure that the procedure is repeatable
from specimen to specimen. When glue is used, the same type and the same bonding length shall be
used for the preparation of all test specimens of a given series. Specimens shall be handled with care to
avoid breaking filaments.

High repeatability in specimen preparation is required in order to allow a correct determination of the
load train compliance.

A sizing agent is present on certain fibres. It protects the filaments against damage during handling
or prevents inter-filament friction during the tests. It should not be removed. Owing to its low Young's
modulus, it does not contribute to load sharing. Care should be taken that the glue will not run into the
tow outside the frame. Epoxy or resin that exhibit excellent wetting properties with SiC and Alumina-
based ceramics are appropriate.

@ 180 2020 - All rights resetved 5
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8.2 Window type specimen

An untwisted multifilament tow is glued between twe identical plates made of cardboard or another
suitable material. The filaments shall be stretched. To achieve this, both ends of the two plates are well
soaked by the glue, then the tow is placed on the centreline of one of the plates under a small axial
prestress. The ends of the tow extending beyond the plate are tixed by adhesive tapes onto a support
(see Figure 4] and the parts of the tow in the gripping area are scaked with glue. The second plate is
then pressed face to face with the first one.

e N S AT

7 2 3 2 ra

1
Key

1 adhesive tapes
2  gripped end
3  gauge length, L,

Figure 4 — Window type specimen, preparation (principle sketch)

8.3 Cylindrical end type specimen

The specimens are prepared on a suppert provided with alisnment grooves in which the cylindrical
tubes are placed. The untwisted multifilament tow is introduced into the tubes, stretched and glued
(see Figure 5). The diameter of the cylindrical tubes shall be as small as possible, compatible with the
size of the tow.

/ 1
I I ’
—l —
| | 2
R A
I I

— — #|
[ —
i S LN

Key
1 suppert
2 groove for alignment

3 adhesive tapes

Figure 5 — Cylindrical end type specimen, preparation (principle sketch)

6O © IS0 2020 - All rights reserved
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8.4 Number of test specimens

For the establishment of the distribution of filament strength and filament rupture strain, three valid
tests, as specified in 9.7, of specimens with a 200 mm gauge length are needed. When the elongation
of the tow is not measured directly, an additional three valid tests at the other two gauge lengths of
100 mm and 300 mm, as specified in 8.7, are required for the establishment of the load train compliance.

9 Test procedure

9.1 Determination of the initial cross-section area

For the purpose of determining the filament strength distribution, as well as the elastic modulus on the
specimens with a 200 mm gauge length, the initial cross-section area of the multifilament tow shall be
calculated from the linear density determined according to EN 1007-2, and from the density determined
in [SO 10119. Alternatively, the initial cross-section area can be determined by measuring the number
and the average diameter of the filaments in the tow, {or instance through image analysis.

9.2 Determination of the gauge length

The gauge length shall be measured with an accuracy of + 0,5 mm.

9.3 Gripping

The specimen shall be placed in the test equipment in such a way that axial alignment is as accurate
as possible. During gripping, carc shall be taken not to load the specimen in tension. When the
displacement is not measured directly on the tow, the specimen shall be inserted in the grips in such a
way that the distance between the grips is equal to or less than the gauge length (see Figure 6).

1 1 2
Key
1 acceptable
2  notacceptable
3 grip
4  fube
5> low

Figure 6 — Test specimen mounting (principle sketch}

@ 180 2020 - All rights reserved 7
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9.4 Selection of strain rate

A strain rate around 10-%s7! shall be used for all the tests. The corresponding crosshead displacement
rate shall be determined from a test on a specimen with the largest gauge length of 300 mm performed
according to 9.5. The force-displacement curve obtained from this test shall have the appearance shown
in Figure 7. In particular, the curve shall have a linear followed by a nonlinear rising part, as well as a
nonlinear decreasing part. It shall furthermere meet the validity requirements of 9.7. When the force-
displacement curve does not meet these criteria, tests at lower crosshead displacement rates shall be
performed until this is the case. Calculate the strain rate from the displacement rate and check whether
it falls in the required range. If not, decrease the crosshead displacement rate until this is the case. Use
this crosshead rate in all subsequent tests, irrespective of the gauge length of the specimen.

9.5 Test procedure

Mount the specimen in the load train. Set the displacement rate on the machine. When a window type
specimen is used, carefully cut both sides of the supporting plates. Start the load versus displacement
recording. Load the specimen up to failure under constant displacement rate. Remave the failed
specimen from the grips. Check the validity requirements of 9.7,

It is recommended that a luhricant is introduced in the tow in order to reduce inter-filament friction.
Lubricant oil and petrel have been used on SiC fibres.

9.6 Determination of load train compliance

Repeat steps 9.2, 9.3 and 9.5 three times for cach of the gauge lengths of 100 mm, 200 mm and 300 mm.

9.7 Testvalidity

The test is invalid in the following circumstances:

— failure to specify and record test conditions;

— the linear region in the rising part of the force-displacement curve is lacking;

— one or more load drops with an amplitude larger than 5 % of the maximum force occur in the rising
part of the force-displacement curve;

— filament rupture occurs preferentially in the grips or near the gripped ends [the test is valid when
both parts of the test specimen after failure have a significant number of filaments, but not all,
extending beyond half of the gauge length];

— one or more lead drops at constant strain with an amplitude larger than 5 % of the maximum force
occur beyond the point of maximum force of the force-displacement curve (this restriction does not
apply for the determination of the load train compliance);

— the nonlinear domain at the origin of the curve exceeds 10 % of the displacement corresponding to
the maximum force.

10 Calculation of results

10.1 Calculation of the load train compliance ()

Calculate the initial total compliance €, 5 (mm/N) for the tests at each of the gauge lengths from the
slope 1/C; , of the linear rising part of the force (N)-displacement (mm]) curve (see Figure 7). Calculate
the average value €, ; at cach of the three gauge lengths.

Plot Et o against L, (see Figure 8).

8 © 50 2020 - All rights reserved
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Ferform a linear regression analysis of Et g versus Ly and determine the load train compliance € from
the interceptat L, = 0.

Y 4

Key

X force F(N)

Y  displacement (mm)
1 true origin

Figure 7 — Force displacement curve and determination of true origin

@ 180 2020 - All rights reserved 9
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“lf &
C’r,lb T

Key
X gauge length L, (mm)

Ct Al

Figure 8 — Determination of load train compliance

When the displacement is measured directly on the tow, £, = 0.

10.2 Calculation of probability of filament rupture P; from the tests on specimens with a
gauge length of 200 mm

10.2.1 Determination of the true origin

The true origin of the force-displacement curve is defined by the intersection of the linear rising part of
the curve with the abscissa (see Figure 7).

10.2.2 Construction of envelope curve and determination of instantaneous compliance Cj

For cach test draw the envelope to the nonlinear part of the force-displacement curve containing all the
local maxima. Select at least 30 peints on the envelope curve uniformly distributed along the abscissa,
excluding the linear part (see Figure Y). For each point calculate Ct_j from the slope 1/Ct.j of the line
through the pointj and the true origin of the force-displacement curve.

10 & [S0 2020 - All rights reserved
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/G

1/C

L

Key

X  force F(N)

Y  displacement (mm)}
1  envelope

Figure 9 — Construction of the envelope curve and instantaneous compliance

10.2.32 Probability of filament rupture

Calculate the probability of filament rupture P, using Formula (1).

o

Cy

[
_Cl

~€
_ (1)

B =
]
1)

where

P is the probability of filament rupture at step j;
Cpj s the total compliance at step j, in millimetres per newton {mm/N];
(yp 18 the initial total compliance determined from 10.1, in millimetres per newton (mm/N);

C is the load train compliance calculated from 10.1, in millimetres per newton {mm/N].

@ 150 2020 - All rights reserved 11
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10.3 Distribution of filament rupture strain

10.3.1 Calculation of filament rupture strain

Calculate the filament rupture strain £ for each peint j using Formula (2).

(Ces—Gi)E
(4] 117
€= (2)
L
where
€ s the filament rupture strain at step j;
€,; Isthetotal compliance at step j determined from 10.2.2, in millimetres per newton (mm/N);
I is the force applied on the specimen at step j, in newtons [N];
£ is the load train compliance calculated from 10,1, in millimetres per newton (mm/NJ;

Ly  is the gauge length, in millimetres (mm).

10.3.2 Filament rupture strain distribution

To plot the consistent experimental distribution of filament failure strain data, the following procedure
is recommended. Assign te each failure strain data obtained from laboratory testing a probability of
failure P; given by Formula (1). To create a graph representing the data P, as a function of &, plot F;
as the ordinate and &.; as the abscissa. The ordinate axis shall be labelled as probability of failure P
Similarly, the abscissa shall be labelled as failure strain.

For cach test i (i = 1, 2, 3) with a gauge length of 200 mm, determine the shape parameter (modulus)
and the scale parameter of the two-parameter Weibull distribution of the filament rupture strain
distribution according to Formula (3):

P=1-cxp —SVLO (; J (3)
o | o

where

P  is the probability of filament rupture;

£ is the filament strain;

¢; isthe scale parameter;

S istheinitial cross-section area of the filament, in square millimetres (mm#);
L, 1sthe gauge length, in millimetres (mm);

Vo is the reference volume, in cubic millimetres (mms3).

The estimated statistical parameters are such that the values of probability of fracture calculated
from theoretical Formula (3) fit the cumulative distribution of failure strains constructed using
experimental strain data [Formula {2]] and associated values of probability given by Fermula (1).
Various fitting techniques can be used, like the method of least squares. The best it in the least-squares
sense minimizes the sum of squared residuals, a residual being the difference between an observed
value and the fitted value provided by a model.

For the purposcs of this document the determination of the confidence intervals on the Weibull
parameters may be omitted. Instead, the average values m_ and g5 are determined from the three tests.

12 © 150 2020 - All rights reserved
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10.4 Distribution of filament strength

10.4.1 Initial cross-sectien area

Calculate the initial cross-section area of the tow according to Formula (4].
Sy =1073— (4)

where

S, is the initial cross-section area of the tow, in square millimetres (mm?¢);
t isthelinear density of the fibre in tex (grams per thousand metres) determined from EN 1007-Z;
g isthe density in grams per cubic centimetre (g/cm?) according to [SO 10119.

Formula (3) docs not apply when image analysis is used for the determination of S,

10.4.2 Calculation of filament strength

Calculate the tilament strength corresponding to cach point j using Formula (5).

5 A (3)
VS (1-B)
where
a.; Is the filament strength at step j, in megapascals {MPa);
F, is the force applied to the specimen at step j, in newtons (N);
S is the initial cross-section area of the tow from 10.4.1, in square millimetres {(mm?);

o is the probability of filament rupture at step j determined from 10.2.3.

10.4.3 Filament strength distribution

To plot the consistent experimental distribution of strength data, the following procedure is
recommended. Assign to each strength data obtained {rom laboratory testing a probability of failure
P; given by Formula (1). To create a graph representing the data P as a function of Oy . plot P; as the
ﬂrdmate and o, as the ahscissa. The erdinate axis shall be labelled as probability of f:allure P;. 51mllarly,

the abscissa shall be labelled as failure stress, preferably using units of MPa.

For eachtesti (i =1, 2, 3) with a gauge length of 200 mm, determine the shape parameter (medulus] and
the scale parameter of the two-parameter Weibull distribution of the filament strength according to

Formula [6 ):

S g Fi!

P=1_exp| 2| O (6)
P

Vo 1 0y

where

P is the probability of tilament rupture;
¢ isthe filament strength, in megapascals (MPa);

¢y 1s the scale parameter in megapascals (MPa);

@ 180 2020 - All rights reserved 13



1SO 22459:2020(E)

5 istheinitial cross-section area of the filament, in square millimetres (mms2);
Ly 1s the gauge length, in millimetres (mm};
Vo s the reference volume, in cubic millimetres (mm?).

The estimated statistical parameters are such that the values of probability of fracture calculated from
theorctical Formula (1] fit the cumulative distribution of strengths constructed using cxperimental
strength data |Formula (5)] and associated values ef probability given by Formula (1). Various fitting
techniques can be used, like the methed of least squares. The best fit in the least-squares sense
minimizes the sum of squared residuals, a residual being the difference between an observed value and
the fitted value provided by a model.

For the purpose of this document the determinaticn of the confidence intervals on the Weibull
parameters may be omitted.

10.4.4 Average filament strengths

For each test (i), calculate the average tilament strength & ; according to Formula {7).

mrr i

_ 1
O ; _”n,fr["'lJ {(7)

for gauge length L, = 200 mm, where

G.; 1stheaverage filament strength, in megapascals (MPa);

m,, is the shape parameter of the filament strength distribution according to 10.4.3;
og; 18 the scale parameter of the filament strength distribution according to 10.4.5,

in megapascals (MPa};

IF is a mathematical function, the values of which are given in Annex A, Figure A.1.
10.4.5 Mean filament strength
Calculate the mean filament strength o according to Formula {8).

y n
or=),

G-I‘,F'

(8)

=

11 Test report
The test report shall contain the following information:
a] name and address of the testing establishment;

b] date of test, unique identification of report and of each page, customer's name and address and
signature;

¢) reference te this document, i.e. determined in accordance with [SO 22459:2020;
d) type of specimen;

e] method used for measuring the tow elongation;

f] crosshead displacement rate;

g]) load train compliance;

14 © (50 2020 - All rights reserved
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h) number of tests carried out and number of valid results obtained,;

i} cumulative probability curves for filament rupture strain and filament strength;

i]  Welbull parameters for filament rupture strain and for filament strength distribution;
k] average filament strength;

1) Young's modulus;

m) method used for the determination of the initial cross-section area;

n) linear density of fibre;

o) typical load-displacement curve.
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Annex A
(informative)

Abstract of the handbook of mathematical functions

0.00

1,000 00O
0,951 351
0.918163
0,837 471
0,887 264

0,886 227
0,833515
0,308 633
0.331 384
0,961 766

1.000 000
1.046 486
1,101 802
1,166 712
1.242163

1.329 340
1.429625
1.544 636
1.676 431
1,827 355

2,000 000
2197 620
2423 365
2,683 437
2.981 206

3.323 351
3717 024
4170 652
4694174
5.293 330

6.000 000
b.812 B23
7.796 B30
8.855 343

0.01

0,994 326
0,947 396
0.915 576
0,896 004
0,886 765

0,886 532
0.894 681
0310572
0.334 076
0,965 231

1.004 269
1.051 609
1.107 848
1,173 765
1,250 338

1.338 753
1.440 436
1.557 078
1,690 675
1,843 531

2,018 581
22188935
2,448 343
2,711 398
3.013315

3,360 271
3,799 b37
4.219 650
4,750 805
5,364 843

6.075 923
b.,300 /&3
7853181
8.974 728

0,02

0,355 844
0,943 530
0313106
0.834 640
0,886 356

0.887 039
0,895 924
0,912 581
0,936 845
0,968 774

1.008 621
1.056 821
1.113 983
1,180 925
1,258 625

1.348 293
1.451 396
1,563 633
1,705 058
1,860 047

2037 413
2,240 461
2473 056
2,739 747
3.045 873

3,397 713
3.802 b58
4.269 417
4 808 264
5.431 336

6.152 932
b330 237
7.963 241
3,095 360

0.03

0,983 550
0,933 931
0,910 755
0,833 378
0,886 036

0,887 568
0,897 244
0,914 665
0,933 630
0,972 397

1,013 056
1.062 123
1,120 228
1,188 133
1,267 032

1,357 978
1,462 508
1,582 371
1,719 633
1,876 726

2,056 505
2.262 321
2,498 109
2.768 483
2.078 887

3.435 686
3.846 336
4319873
4,866 563
5,498 807

6.231 203
7,081 065
5.068 834
3,219 063

.04

0,978 438
0,936 416
0,908 521
0,832 216
0,885 805

0888178
0,838 642
0,916 826
0,942 612
0,976 033

1.017 576
1067 514
1.126 566
1,195 563
1,275 559

1,367 794
1473773
1,595 277
1,734 407
1,893 632

2075 854
2,284 481
2523508
2,737 631
2112 365

3474136
3,890 761
4,371 060
4925715
5,567 278

6,310 538
.73 269
8,176 166
9,344 087

0,05

0,973 504
00,933 041
0,906 402
0,831 151
0,585 661

(0,888 868
0300117
0,913 063
0,945 611
0,373 851

1.022179
1,072 997
1,133 003
1,203 054
1,284 209

1,377 746
1,485193
1,608 353
1,749 381
1.910 767

2,095 468
2,306 344
2549 257
2827178
2,146 312

3513 252
3,935 761
4,427 988
4385 735
5,636 763

6,391 177
f,2bk6 873
8,285 085
9,471 046

0,086

0,968 744
0,323 803
0,904 397
0,890 185
0,865 604

0,889 639
0,901 668
0,321 375
0,348 687
0,383 743

1,026 868
1,078 572
1,133 540
1,210 651
1,292 382

1,387 837
1,496 769
1,621 620
1.764 558
1,928 135

2115 343
2323 715
2575 361
2,857 136
3180737

3,952 863
3,981 407
4,473 B71
5,046 636
5,707 281

6,472 967
/.361 838
8,335 678
9,593 578

0,07

0,364 152
0,326 700
0,902 503
0,559 314
0,585 b33

0,890 490
0,303 296
0,323 763
0,951 840
0,387 b5

1,031 643

k. b —h
b
oo
[
Ty
=

1.773 941
1,945 733

2,135 500
2,352 738
2,601 826
2,667 512
3.215 645

3,993 03/
4 027 703
4523118
5,108 431
5,770 846

6,555 386
7.458 369
8,507 371
9,730 916

0,08

0,953 725
0,323 728
0,300 718
0,888 537
0,885 747

0.831 420
0,305 001
0,326 227
0,955 071
0,991 708

1,056 503
1,083 399
1.152 920
1,226 181
1,310 306

1,408 443
1,520 402
1,648 B35
1.795533
1,963 583

2,195 927
2,376 197
2,628 B57
291831
3.251 046

3633783
4,074 &77
4,583 343
5171136
5,851 476

6,640 255
7,55k 308
8,621 394
9,863 893

Figure A.1 — Values of the function T (x + 1) = x! for 0 < x < 3,397
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0,03

0,955 459
0,920 885
0,833 042
0,887 854
0,585 945

0,892 428
0,306 782
0,328 767
0,958 379
0,935 813

1.041 451
1,095 853
1,153 764
1.234117
1,320 058

1.418 361
1,532 481
1,662 434
1.811 337
1,981 668

217k b32
2,393 318
2,655 859
2,343 541
3,266 945

3675109
412232
4,638 358
5,234 764
5,325 188

6.725734
7,655 740
B.737 775
9,938 5343
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