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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 preeeds e s e s rer—atatenance are
described in the ISO/IEC Dlrectlves Part 1. In partlcular the dlfferent approval criteria‘nieeded for the
diffefrent types of ISO document should be noted. This document was drafted in acdordance with the

editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ISO draws attention to the possibility that the implementation of this document may inv
of (a] patent(s). ISO takes no position concerning the evidence, validity or dpplicability of
patent rights in respect thereof. As of the date of publication of this document, ISO had 1
notide of (a) patent(s) which may be required to implement this docunient. However, imple
cautjoned that this may not represent the latest information, whichimay be obtained fror
database available at www.iso.org/patents. ISO shall not be held responsible for identifyil
such(patent rights.

Any
cons

[rade name used in this document is information given:for the convenience of users 4
[itute an endorsement.

For
expr
the
WWV

in explanation of the voluntary nature of standards, the meaning of ISO specifig
bssions related to conformity assessment;-as well as information about ISO's a
World Trade Organization (WTO) principles in the Technical Barriers to Trade
.iso.org/iso/foreword.html.

This
Subc
Com
the A

document was prepared by Technical Committee Technical Committee ISO/TC
pmmittee SC 13, Composites and reinforcement fibres, in collaboration with th
mittee for Standardization (CEN) Technical Committee CEN/TC 249, Plastics, in acco
greement on technical coeperation between ISO and CEN (Vienna Agreement).

This
revis

second edition cancels and replaces the first edition (ISO 14126:1999), which has beer
ed.

The main changes are-as follows:

new norniative Annex A, alignment of specimen and loading train, has been added and
nnexes-have been renumbered;

nnex'B, specimen preparation, is now normative to emphasise the importance of pro

plve the use
any claimed
ot received
menters are
n the patent
g any or all

nd does not

terms and
lherence to
(TBT), see

61, Plastics,
European
rdance with

a)

1 technically

subsequent

ducing good

udlity specimens;

two new informative Annexes F and G have been added.

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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ction

This document, originally published in 1999, was based on ISO 8515l with the scope extended from
glass-fibre reinforcement to include all fibre-reinforced plastic composites, such as composites based
on carbon and aramid fibres. Other source documents consulted included ASTM D 3410[2], SACMA
SRM1[3], prEN 2850[4], CRAG 400[2], DIN 6538018l and JIS K7076[Zl. Several different types of anti-
buckling fixtures/loading jigs, different materials and different specimen sizes are covered by these
source documents, although all are parallel-sided coupons. New or modified geometry support jigs are
still being developed, for example in JIS K7018[8!

This docum

il _adaeationolig o oo fooitaaoti oo Lo
PITCTIaT roTIT ZCS—arar T atroTra i ZCStrCCuT T CIIT STeaatrotr oy

a) concentrating on the quality of the test by limiting the maximum bending strain allowablg (i.e.
10 % bgtween 10 % and 90 % of the maximum load, as recommended by ASTM), so thatan axial-

load cade can be assumed,;

b) standar

c) defining acceptable failure criteria (e.g. avoiding within grip failures);

d) includirjg an equation for determining the specimen minimum,thickness to avoid Euler buc

dizing on two related specimen designs, one principally for aerospace)type unidirectional
pre-imgregnated materials (i.e. Type A) and one for other materials/formats (i.e. Types B1
The chosen specimen design can be used with different loading fixtures;

B2).

kling

proposdd by ASTM for harmonization purposes (taken from ASTM D 3410[2] in a modified form);

e) allowin
require

f) ensuring that the test specimen and loading/suppoxrtfixture are well aligned (see Annex A);

g) concent

h) includin
measur

NOTE1 Cq
covered by I§

NOTE2 Cd
content [rath

P

rating on the quality of specimen prepatation (see Annex B);

g guidance on the use of digital image correlation (DIC) for strain and bery
bments (see Annex G);

mpression properties measured in the through-thickness direction (direction 3 in Figure ]
0 20975-1[1.

mpression properties\of rigid plastics having only unaligned short (<7,5 mm) fibres or no
er than long (>7,5 mui)discontinuous or continuous fibres] is covered by ISO 604[10],

ments, using different principles of loading (i.e. €ssentially shear and combined loading);

b any design of support/loading fixture to be,used that meets the above bending

D.

1ding

) are

fibre

Vi

© IS0 2023 - All rights res

erved


https://standardsiso.com/api/?name=62a55fdc9f9672d64881e1c572340911

INTERNATIONAL STANDARD

1SO 14126:2023(E)

Fibre-reinforced plastic composites — Determination of
compressive properties in the in-plane direction

1 Scope

1.1 _This document specifies methods for determining the compressive properties, in directions

para

lel to the plane of lamination, of fibre-reinforced plastic composites, based on therr

thermoplastic matrices. The compressive properties are of interest for specifications :

contj
semi

1.2

‘ol purposes. The test specimens are machined from a flat test plate, or from Sujtablg
Lfinished products.

Two loading methods and two types of specimen are described.

The Joading methods are:

)

)

NOTH
loadi

The 1

q

q

The
fibre
discd

other

coar

1.3
desig
nece

Method 1: provides shear loading of the specimen (gauge length-insupported)
Method 2: provides combined loading of the specimen (gauge length unsupported)

For tabbed specimens loaded using method 2, load)is transferred through a combin
hg and shear-loading through the tabs.

pecimen designs are:

Type A specimen: rectangular cross-section, fixed thickness, end-tabbed (mainly fd
gtyle preimpregnates (~ 0,125 mm ply thickness)

Type B specimen: rectangular cress-’section, range of thicknesses, untabbed or end-
§pecimen sizes are available (B1'and B2).

Type A specimen is usedfor unidirectionally or biaxially reinforced materials tq
direction, where the fibres are normally either aligned continuous or aligned lon
ntinuous. The Type Bl and B2 specimens are used for multi-directional aligned; ma
multi-directionally, reinforced materials where the fibre structure is more com
ber.

This documient gives criteria for checking that the combination of test method aj
n resultéin valid failures. It is noted that alternative test method/specimen combinat
ksarily give the same result.

1.4

hosetting or
ind quality-
finished or

ation of end-

I aerospace

tabbed, two

sted in the
b (>7,5 mm)
[, fabric and
jplex and/or

d specimen
ons will not

ecimens of

THe methods cpprify rpqnirpd dimensions for the cpp{‘impn Tests carried out on s

other dimensions, or on specimens that are prepared under different conditions, can produce results
that are not comparable. Other factors, such as the speed of testing, the support fixture used and the

cond

itioning of the specimens, can influence the results.

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.

ISO 291, Plastics — Standard atmospheres for conditioning and testing

ISO 1268 (all parts), Fibre-reinforced plastics — Methods of producing test plate

©ISO

2023 - All rights reserved


https://standardsiso.com/api/?name=62a55fdc9f9672d64881e1c572340911

ISO 14126:

2023(E)

ISO 2602, Statistical interpretation of test results — Estimation of the mean — Confidence interval

ISO 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 9513, Metallic materials — Calibration of extensometer systems used in uniaxial testing

[SO 23788, Metallic materials — Verification of the alignment of fatigue testing machines

ASTM E 1012, Standard practice for verification of testing frame and specimen alignment under tensile and

compressive

axial force application

3 Terms

For the pury
ISO and IEC
[SO Onl

IEC Eleq

3.1
compressiy
o, _
compressivg
sectional ar

Note 1 to ent

3.2
compressiy
compressiy

UCM .
maximum ¢
Note 1 to ent

3.3
compressiy
&

C
decrease in

Note 1 to ent

3.4
compressiy

and definitions
oses of this document, the following terms and definitions apply.
maintain terminology databases for use in standardization at the following-addresses

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

tropedia: available at https://www.electropedia.org/

e stress

force experienced by the test specimen, at a partié¢ular time, divided by the initial ¢
ba of the parallel-sided portion of the specimen

ry: It is expressed in megapascals.

e strength
e failure stress

pmpressive stress (3.1) sustained by the specimen

Fy: It is expressed in megapdsaals.

e strain

length per unitlength of the original gauge length

Fy: It is expressed as a dimensionless ratio or in percent.

efailure strain

ross-

ch

longitudinal compressive strain at the compressive failure stress

Note 1 to entry: It is expressed as a dimensionless ratio or in percent.

3.5

modulus of elasticity in compression
chord modulus

E

s‘Eress difference (0" minus o') divided by the corresponding strain difference (€" (= 0,002 5) minus €'

(= 0,000 5))

Note 1 to entry: It is expressed in megapascals.

Note 2 to entry: See 10.2.

2

© IS0 2023 - All rights reserved
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3.6

specimen coordinate axes

1,2,3

orthogonal coordinate axes for material with the fibres preferentially aligned in one direction within a
planar laminate.

Note 1 to entry: See Figure 1. The directions, in the plane of the laminate, parallel to the fibre axes is specified
as the "1"-direction and the direction perpendicular to the fibre axes the "2"-direction. For other materials, the
"1"-direction is normally specified in terms of a feature associated with the production process, such as the
long or warp direction for a continuous-sheet or fabric process. The "2"-direction is again perpendicular, in the
plane, to the "1" direction. The direction perpendicular to the plane is the “3” direction. Results for specimens
"10-di i i ifi ipt"11" imi pecimens cut

el to the "2"-direction are identified by the subscript "22" (e.g. E_5,).

Note [2 to entry: The "1"-direction is also referred to as the 0° or longitudinal direction, andthe "2{-direction as
the 90° or transverse direction. More generally, the X, Y and Z (through-thickness) coofdinate system for any

material can be equated to the "1"-, "2"- and "3"-directions.

3

Lo w

igure 1 — Unidirectionally reinforced,composite plate element showing symmetry axes

3.7
gauge length
Ly
initigl distance between the gauge marks on the central part of the test specimen

Note |l to entry: It is expressed in millimetres (mm).

3.8
thickness
h
smaller initial dimension of the rectangular cross-section in the central part of a test specimmen

Note [l toeenfry: It is expressed in millimetres (mm).

3.9
width

b

larger initial dimension of the rectangular cross-section in the central part of a test specimen

Note 1 to entry: It is expressed in millimetres (mm).

4 Principle

An axial force is applied to the unsupported gauge length of a rectangular specimen held in an anti-
buckling loading/support fixture, while the applied load and strain in this gauge length area are
monitored. The test method concentrates on the quality of the axial deformation experienced by the
specimen. Any loading fixture can be used, provided specimen failure occurs below a 10 % bending

©1S0 2023 - All rights reserved 3
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strain in the specimen (between 10 % and 90 % of the maximum load); and fails in the prescribed

manner and

location.

The compressive load is applied to the specimen:

— by shear loading through end tabs (Method 1);

— by a combined loading mode through direct specimen end loading and shear loading though the

support
NOTE 1

fixture using a tabbed specimen (Method 2).

loading fixtures are not necessarily comparable.

NOTE 2 Er|1d-loading is not covered by this document as the fixture in Method B of EN 2850[4! for end-lé

(c.f. modified
cases, a suffi
strength detd

NOTE3  Eg
not adapted

ASTM D695[11]) is not suitable for the standard Type A or B specimens. End loading s, ‘in
ient and simple method for determination of compressive modulus but is very limited for ult
rmination.

ch of these methods shows specific advantages and disadvantages. For example, shear load

or very thick laminates, because it causes strain distributions over the laminate thickness ca

The test results obtained by these methods using different specimen designs/sizes and different

hding
many
mate

ng is
used

by shear stradins and the tabs can shear off at high forces. Combined loading overconies several of the prolplems

described be
supplementa
using end-tal

5 Appar

5.1 Testmachine

fore and can also be used for higher laminate thicknesses. The disadvantage is the nee
'y machining of the specimen ends to ensure parallelism and squaréness tolerances are met
bed specimens.

atus

d for
when

5.1.1 Genleral

The test mgchine shall be in accordance with ISO 7500-1 and ISO 9513, and meet the specifications
given in 5.1J2 to 5.1.3. The test machine should'be kept in good condition and worn parts (e.g. threads,
grip faces) fleplaced. The test machine, gauge’specimen and loading/support fixture alignment oh the
machine ax|s shall be checked regularlytor after any part of the loading train is moved/reassenjbled
using the procedures given in Annex A.

5.1.2 Spegd of testing

The test maghine shall be gapable of maintaining the required speed of testing (see 9.5).

5.1.3 Load measurement

The force nf
indicated lo

easutement system shall conform with class 1 as specified in ISO 7500-1 (i.e. errd
hd-shall not exceed +1 % of the true value). Suitable data recording equipment (data-log

shall be use

Lo record-the loadovalues throuohout the tests,

5.2 Strain measurement

r for

cers)

Strain shall be determined by means of strain gauges, mechanical extensometers, or optical
extensometers, [including digital image correlation (DIC)] meeting the requirement that the error for
the indicated strain shall not exceed +1 % (see ISO 9513). Strain shall be measured on both faces of the
specimens to determine the degree of bending or on the sides (narrow face) of specimens if using DIC
(see Annex G). Strain gauge elements for type A and B1 specimens shall be less than 3 mm in length. B2
specimens will accommodate longer strain gauges (e.g. 210 mm).

© IS0 2023 - All rights reserved
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The gauges, the surface preparation and the bonding agents used shall be chosen to give acceptable
performance with the material being tested, and suitable continuous strain recording equipment (data-
logger/computer) shall be used.

NOTE

Full-field strain measurements, as obtained by DIC, provide evidence for the “repeat structure” of the

reinforcement[12] and therefore informs the choice of strain gauge length (i.e. larger gauge length than the size of

anyr

5.3

epeated “reinforcement structure” which causes local non-uniformity of the strain field).

Micrometer

A micrometer, caliper or equivalent, reading to less than or equal to 0,01 mm shall be used to determine

the t

For t
flat f
both

5.4

5.4.1

Supp
the 9

requ
the t
bucki
Anng

5.4.2
The

fckmess rand widtht b of The testspecimen.

hickness measurements, callipers shall have faces appropriate to the surface beingm
hce for flat, cut or polished surfaces and hemisphere face for other surfaces) of‘~6 mm
cases.

Loading fixtures

General

pecimen so that the requirement on allowable specimén bending given in 9.8 is mg
rement of the fixture design for all loading methods:is the alignment (initial and
est) of the loading train and of the specimen when*lpaded in the fixture are maintai
ling is avoided. Procedures for obtaining satisfaetory alignment of the loading train
x A. The fixture used shall be fully identified and-described in the test report.

Method 1: Shear loading

oad is applied to the specimen by skear through the faces of the specimen end tabs

applied through flat wedge or vee action grips, as shown diagrammatically in Figure 2

hydr
fixtyl

NOTH
ITTR
shapg

©ISO

hulic grips in aligned test machiries are also acceptable. A schematic diagram of a ¢
[re for shear loading is given in Figure 3.

A Method 1 fixture(injCommon use is shown in Annex C (i.e. ASTM D 3410: method B
[ that uses flat “back” wedge grips). An early design of this loading method known as Celanesg
d “back” wedge gripShis'no longer included in ASTM D3410[2],

asured (i.e.
diameter in

ort/loading fixtures appropriate to the loading method chesén shall be used. The fixtujre shall load

t. The main
throughout
ned, so that
are given in

The load is
a). Aligned
ompression

2] (known as
(using cone-

2023 - All rights reserved
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Key

Bw N R

v vy Y vy

specime
end tabs
shear log
end load|

ding

ng

¢ L/ “ /
4 P > %
NN AN NA
AN N %L L’é
|/ A (] (]

2 2

) '"/3 7< v 3

& ] 4 pea
pa b4

N N NN+

7
£1 3 N

a) Method 1 b) Method 2
Shear loading Combined loading

Figure 2 — Schiematic of load condition for the alternative methods
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2
1 _—
\\. |
3
b
[~

Key

1  ypper housing block
2 lpcking screws

3  dpecimen

4  lpwer housing block

Figure 3 — Schematic diagram of compression test specimen and fixture for method 1

5.4.3 Method 2: Combined loading

Loading is by direct end loading of the specimen and by shear loading through the tab at the same time
resulting in a combined loading configuration, as shown diagrammatically in Figure 2 b). [A schematic
diagram of a compression fixture for combined loading is given in Figure 4. Combined logding is also
obtajned when a supporting or anti-buckling fixture involves clamping of the specimen, glthough the
exacf loading path through the jig into the specimen gauge length is unclear. In addition, ¢ompression
loading of the specimen will increase the transverse load on the bolted clamps and similar canstructions
due :IO Poisson’siexpansion of the specimen.

NOTH Method 2 fixtures in common use are shown in Annex D.

© IS0 2023 - All rights reserved 7
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-

’
4
/
X 1 / J
4 N
A
/\ 2
( ) X ——(\ )
AN
/ L
3 /
/ L
4
/
5 /
6
Key
1 specimen, untabbed (or tabbed — see insert)
2 support plocks
3 specimen
4  locking dcrews
5 tabs
6  end-loading plate
7  moveablp face plate

Figure 4 — Schematic diagram of compression test fixture for method 2

6 Test specimens

6.1 Shape and.dimensions

6.1.1 Ty A apcuilucu

The specimen shall be straight-sided and of rectangular cross-section, with the dimensions given in
Table 1 (see also Figure 5). Type A specimens are preferred for laminates constructed from ~0,125 mm
thick 0° laminae (e.g. unidirectional aerospace grade prepreg) and loaded in the 1 (axial) direction. For
these unidirectionally reinforced materials, the test specimen shall be extracted with its axis within
0,5° of the mean fibre axis of the test plate.

8 © IS0 2023 - All rights reserved
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N

dq

Key

1 tabs

2 9p

NOTH

6.1.2

The specimen shall be straight-sided and of rectangular cross-section, with the dimensip
Tabl¢ 1. End tabs shall be used, if necessary, to-avoid failure at the loaded ends of the 3

ecimen

Dimensions are given in Table 1.

Figure 5 — Type A and B tabbed specimen designs

Type B specimen

distrjibuting the applied load over the larger area of the specimen and end tabs.

Type B1 specimens are suitable for material constructed with heavier weight laminae (1.
recommended, as used in Type A specimlens with 16 layers of 0,125 mm thickness prepreg)

Type

B2 specimens are suitable for, “coarser” or structured fabrics [e.g. NCF (non-crimp|

multj-directional layups and 3Dfabrics.

Table 1 — Specimen dimensions

ns given in

pecimen by

b 16 layers

ed fabrics)],

Dimensions; Symbol Type A Type B1 specimen | Type B2|specimen
mm specimen

Overjall length (minimum) Iy 110 110 25
Thickness h 2+0,2 2+0,2t010+0,2 >4+ 0,2
Width b 10+£0,5 10+0,5 25[£ 0,5
Distgance between end tabs L 10 10 25
Length of end tabs (minimum) I 50 50 50

(if required) (if required)
Thickness of end tabs d, 1 0,5to 2 0,5to 2
(thickness variation allowed = 2 %) (if required) (if required)

NOTE
qualit

© IS0 2023 - All rights reserved
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6.2 Preparation

6.2.1 General

A flat test plate shall be prepared using the appropriate fabrication route in accordance with the
relevant part of the ISO 1268 series or another specified and agreed procedure. Specimens cut from
finished parts (e.g. for quality control during manufacture or on delivery) shall be taken from flat areas
of uniform thickness.

6.2.2 End-tab material

The ends of the specimen shall be reinforced, if necessary, with end tabs made preferably from aQf/90°
cross-ply or|fabric laminate made from glass-fibre/resin with the fibre axes set at #45° to the-specimen
axis. The tabh thickness shall be between 0,5 mm and 2 mm, with a tab angle of 90° (i.e. not taperqd). If
tab failure qccurs under high end loads, the fibre axes in the tab shall be set at 0°/90° to'the specimen
axis.

Alternativeg, such as tabs made from the material under test, mechanically fastened tabs, unbonded
tabs or frictjon materials (emery paper, grit paper or fine-finish grip faces), shall’lbe’shown, before ufe, to
give at least|equal strength values (see 10.4) and no greater coefficient of variation (see ISO 3534-{L[13])
than the reqgommended tab material.

When the test is carried out on untabbed specimens, the "distance between tabs" shall be taken ag, and
set at, the distance between the tabs of a corresponding tabbed spécimen.

NOTE1  Fyrther guidance is available on grip face textures and tabbing intermediates (e.g. grit/sandpapjer) in
ISO 527-4:2023,[14] Annex C and I1SO 527-5[151,

NOTE 2  Fgqrmula (F.1) in Annex F is given to predict the minimum end tab length as a function of tab (adhe¢sive)
shear strength and expected specimen failure load.

6.2.3 Apgplication of end tabs to specimens

The end tabjs shall be bonded to the specimen as shown in Annex B. It is critical to the test resulf that
both the tab thickness and adhesive hond-line thickness shall be of constant thickness, so thaft the
specimen mpintains a balanced symmetry (i.e. less than 5 % variation in adhesive bond thickness].

NOTE This tabbing procedure ¢an be used for individual specimens or groups of specimens.

6.2.4 Maghining the specimens

For Method 1: Machine-the tab surfaces as necessary to ensure the tabs are symmetrical about the
specimen cgntrelineand parallel to each other. The ends of the two tabs either side of the specimen
should be wjithin®,05 mm of each other at the edges of the gauge length.

For Method 22 Machine the end faces of each specimen so that they are parallel to each other and
perpendicular to the longitudinal axis of the specimen. The allowed deviation from parallel of the
areas of the end-loading plates in contact with the specimen ends is 0,1 % of the initial full length of
the specimen, i.e. the distance between the end-loading plates. Tabs, if used, shall be prepared as for
Method 1 and meet the above length measurement criteria.

NOTE Additional guidance on specimen preparation is given in Annex F and in 1SO 2818[16l,

6.3 Checking specimen quality

The specimens, both when untabbed and tabbed, shall be free of twist and shall have symmetrical
pairs of parallel surfaces. The surfaces and edges shall be free from scratches, pits, sink marks and
flash. The specimens shall be checked for conformity with these requirements by visual observation
against straight edges, squares and flat plates, and by measuring with micrometre callipers. Specimens
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showing measurable or observable departure from one or more of these requirements shall be rejected
or machined to the correct size and shape before testing.

NOTE The quality of the prepared specimen has a major effect on the successful outcome of the test.

6.4 Anisotropy

The properties of fibre-reinforced plastic composites frequently vary with direction in the plane of the
sheet (anisotropy). For this reason, it is recommended that two groups of test specimens be prepared
with their major axes parallel and perpendicular, respectively, to the direction of some feature which is
inferred from a knowledge of the structure of the material or its method of manufacture (see 3.6).

NOTH Examples of tests required to be undertaken at different orientations (i.e. 0° and 908 injthe test plate
are gjven in [SO 10350-2[1Z] and ISO 20144[18],

7 Number of test specimens

7.1 | Atleast five test specimens shall be tested in each direction of test)as required. As ajminimum, 5
specimens shall be tested in the 1 direction.

The number of measurements may be more than five if greater préeision of the mean value zjnd standard
deviation are required. It is possible to calculate the number of'successful tests needed in an individual
direqtion by means of the confidence interval (95 % probability, see ISO 2602).

7.2 | The results from test specimens that rupture ifiside the grip end blocks or end tabs shall be
discqrded and new specimens tested in their place. Réplacement specimens shall also be used if bending
of the specimen exceeds the maximum value permitted in 9.8.

NOTH This test method can result in failures at the edge of the loading fixture or end tab rather than in
the middle of the gauge length. These failures aré acceptable, but their occurrence can be minimized by using a
diffeent type of loading fixture, tab, etc.

7.3 | With batches of specimensgreater than five, tests can be conducted without making two strain
meagurements provided that:

a) the first five specimens are shown to fail at a bending strain less than the value given|in 9.8 using
back-to-back strainmieasurements;

b) there is no change’in the test conditions (i.e. batch, specimen type, test conditions, operator, test
¢quipment, efés);

c) the testsiape conducted over a short time period without disrupting the fixture alignment. In such
¢ases;the modulus, if required, can be obtained from a single strain measurement. The change in
;rrocedure shall be noted in the test report [see Clause 12, p)].

8 Conditioning

Condition the test specimens as specified in the International Standard for the material tested. In the
absence of this information, select the most appropriate set of conditions from ISO 291, unless otherwise
agreed upon by the interested parties, e.g. when testing at an elevated or reduced temperature.

9 Procedures

9.1 Conduct the testin the atmosphere specified in the International Standard for the material tested.
In the absence of this information, select the most appropriate set of conditions from ISO 291, unless
otherwise agreed upon by the interested parties (e.g. when testing at elevated or low temperatures).

©1S0 2023 - All rights reserved 11
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9.2 Measure the width b of each test specimen to the nearest 0,1 mm and the thickness h to the
nearest 0,02 mm. For Type B2 specimens determine the dimensions at three different locations along
the gauge section. Record the average value.

9.3 Attach chosen strain measurement and recording equipment. Two strain measurements (one on
each face of the specimen, i.e. back-to-back) are required to ascertain that the maximum bending strain
is not exceeded (i.e. less than 10 % bending strain between 10 % and 90 % of maximum load). Euler
buckling is considered to have been detected if the strain on one face reverses (decreases) while the
strain on the opposite face increases rapidly.

9.4 Moun
than 0,05 9
150 pe, whe
specimen.

9.5 Setth
9.6 Recor
9.7 Recor
9.8 ChecK
the specime
method 2.

Bending is acceptable if the difference between the strainsirecorded on each face of the specimen i

than 10 % b|

€11p 8
811b +4

where €4, 4

NOTE If

to failure suggesting an Euler column buckling failure, Annex E can be used to calculate a revised thickness

or gauge leng

99 Recor

the 3pcbi1ucu fthe COMIPT essiomtestfixture;whiteensur iug that any pre-str T 13
b. Check that the strain difference between the faces across the thickness is less
h the grips/fixture is tightened. If higher, reduce the applied strain by slow unloading ¢

b cross-head speed to 1 mm/min #0,5 mm/min and load the specimen tp failure.
d the load (stress) and the deformation (strain) throughout the test:
 the maximum load attained by the specimen during the test.

that the test was valid (see 7.2). A test is valid if failure occurs within or at the e
n gauge length. There shall be no failure (breaking).of the specimen ends when loadé

ending strain between 10 % and 90 % of the“maximum load such that:

11a
11a

<0,1

nd €4, are the longitudinal strains on opposite faces of the specimen.
0 large strain difference in-direction (i.e. tension on one face, compression on the other) occurs

th for Type B specimens.

d the primarydnpde of failure by reference to Figure 6.

In-plane shear

less
than
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ed by
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M
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Figure 6 — Acceptable modes of failure
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10 Expression of results

10.1 Compressive strength calculation
Calculate the compressive strength oy, expressed in megapascals, using Formula (2):

F

O = %
where
Fnax is the maximum load, in newtons;
1 is the width, in millimetres, of the test specimen;
1 is the thickness, in millimetres, of the test specimen.

10.2 Compressive modulus calculation

Calctyilate the compressive modulus E_, expressed in megapascals, usthg Formula (3):

n ’

.= c O0¢
C~— u ’

—&

Cc c

where

”

¢

is the compressive stress at £”. = 0,002:5, expressed in megapascal;

’

¢’

is the compressive stress at €', = 0,000 5, expressed in megapascals.

See Higure 7. €. = 0,000 5 and €”, = 0,002 5-shall be average values if the strain values on oy

of the specimen are not equal (see 9.8):
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Figure 7 — Coampressive stress/strain diagram

pressive failure strain calculation

e compressive faflure strain £ from the mean of the longitudinal strains (€, and &;

tical parameters

Calculate the arithmetic mean of the test results and, if required, the standard deviation and the
confidence interval of the mean using the procedure given in [SO 2602.

ip) at

D5 %

10.5 Significant figures

Calculate the strength and modulus to three significant figures. Calculate the strain and Poisson's ratio
to two significant figures.

11 Precis

ion

The precision of this test method is not known because interlaboratory data are not available at the

time of publ

14

ication.
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12 Test report
The test report shall include the following information:

a) a reference to this document (i.e. ISO 14126), indicating the loading method and specimen type
used;

b) all details necessary for complete identification of the material tested, including type, source,
manufacturer's code-number, form and previous history, where these are known;

c) all relevant information on the preparation of the test specimens, including information on the
irection of cutting /testing (e.g. direction 1 or 2 in Figure 1);

d) all details necessary for complete identification of the loading fixture used;
e) the dimensions of the test specimens;

f) the test conditions and conditioning procedures, if applicable;

g) the number of specimens tested;

h) the speed of testing;

i) the method of strain or deformation measurement used;

j)  theindividual test results, if required;

k) the mean values of the individual results;

1) the type of failure obtained;

m) the standard deviations and the 95 % confidence intervals of the mean values, if requied;
n) the date of measurement;
o) the name of the operator;

p) any change in the procedure.from this document.

© IS0 2023 - All rights reserved 15
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Annex A
(normative)

Alignment of specimen and loading train

The test machine and loading fixture alignment on the machine axis should be checked annually or
after any part of the loading train is moved/re-assembled using the procedures given in this annex.

The alignmg

ASTM E 10
gauges.

The result of the alignment verification depends on the dimensions of the alignmentigauge being

its stiffness

used). Thersg
if it is simila

localized de

ayield streq

stresses; an

Verify the alignment situation in at least two positions of the alignment gauge, normally turned by

around the
alignment g

In accordan

zero all
residua

measur

measur

deformj

unload

positior

For static t¢

1000 pm/m.

It is highly 1
placed into
testing mac

16

ent of the testing machine shall be checked in accordance with 1SO 23788, or alternat
[2, in accordance with, using a rectangular alignment gauge, instrumented Mvith s

and the positions of the strain gauges (or equivalent strain measurement technique
fore, the alignment gauge only reflects the expected situation when'testing with speci
r in shape, dimensions and material. Fibre-reinforced polymer composites normally
formations and are therefore not adapted to serve as material feralignment gauges. St
s of > 800 MPa and a tensile modulus of approximately 200 GPa, free of significant int
1 of similar physical dimensions is considered acceptable to.represent the actual specir

centre axis of the alignment gauge. Optionally, measurements in top-down position d
huge may be required.

e with 1ISO 23788/ASTM E 1012 it is important to:

strain values in a free hanging positioh of the specimen gauge and note the rema
bending;

e bending (um/m) in clamped pasition at zero load or a small preload;

b bending (pm/m) and percent bending (%) at 1 000 microstrains (pm/m) of
htion;

to ensure that the alignment gauge was not altered during the measurement.

psts, percent’bending shall not exceed 10 % at an axial alignment gauge deformati

recomifiended to use specimen position end-stops in order to ensure that the specim
the/grips so that the centre axis of the specimen exactly conforms to the centre axis

ively
train

ised,
eing
men,
show
pel of
brnal
hens.

180°
f the

ning

axial

he specimen, openthe)lower grip and measure again the bending (Lm/m) in a free hanging

bn of

en is
f the

hine.
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B.1

In al] cases, take the following precautions.

B.2

A redommended method is as follows:

Identify the "1"-direction of the material in the sheet.

ISO 1412
Annex B
(normative)

Specimen preparation

Machining the specimens

[heck that all cut surfaces of the specimen are free from machining defécts.

Preparation of specimens with bonded end tabs

6:2023(E)

Avoid working under conditions that creates a large build-up of heat in the specimen [the use of a
¢oolantisrecommended). Ifaliquid coolantis used, dry the specimens immediately after machining.

Cut qut from the material under test a sheet having theslength of the intended test specimens and of a

width suitable for the number of specimens required;‘allowing for width of all cuts made.

Cut dut rectangular strips of the required lengthiand width for the tabs. Attach the strips

to the sheet

as follows.

a) Ifrequired, rub with fine abrasive paper or lightly blast with suitable grit all the surfages to which
adhesive will be applied.

b) Remove all dust from these surfaces and clean them with a suitable solvent.

c) Bond the strips in place along the ends of the sheet, parallel to each other and normal fo the length

irection of the specimens, as shown in Figure B.1, using a high-elongation, cold-harden

ng adhesive

for example a two-;part epoxy adhesive) and strictly following the adhesive mapufacturer's

instructions. Heat-curing film adhesives can also be used, provided the cure temperatu
0 °C below tHe glass transition temperature or curing temperature of the resin in t
hichever is the lower.

is reecomimended that a film adhesive with a thin carrier be used. The adhesive shoul
ave a’shear strength greater than 30 MPa. It is desirable that the adhesive used i
ature, with an elongation at break greater than that of the material under test.

re is at least
he laminate,

d preferably
s flexible in

d) Keep the bonded parts at the pressure and temperature for the time recommended by the adhesive

manufacturer.

e) Cutthe sheet, together with the strips constituting the end tabs, into test specimens (see Figure B.1).

Individual specimens can be similarly prepared.

For unidirectional materials, the mean fibre axis shall be determined by splitting the edge of the test
panel. The direction shall be confirmed every few specimens by repeating the operation. If splitting
does not give a clean edge due to misalignment between plies or layers, the test panel should not be
used unless it represents the results of a particular process or product.

© IS0 2023 - All rights reserved
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Key
1 requiredwidth

2 longitudfnal direction
3 trimmed to waste

Figure B.1 — Tabbed panelfor specimen preparation
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Annex C
(informative)

Compression fixtures for method 1
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Figure C.1 — ASTM D 3410/BI[2!
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Annex D
(informative)

Compression fixtures for method 2

g
]}_

|
[
.|_|_.__ .
|

I
1

’

T T T 171
|

Y

\

w

I

i
_._.__.:_:.. .

| V"~ ——

L=

Key
1 dpecimen test length

2 housings for specimen ends
3  dpecimen

Figure D.1 — Schematic of combined loading fixture
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Figure D.2 — Combined loading fixture details

Figure D.3 — Combined loading fixture in a compression die-set
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Figure D.4<§S K 7018: 2019[8] — Combined loading fixture

©

NOTE Image source: Wyoming Test Fixtures Inc.
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Figure D.5 — ASTM D6641[191 — Combined loading fixture
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