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Foreword

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

In preparing this harmonized version to other similar methods, such as prEN 6037 and ASTM D 5961,
harmonization with open-hole tests has been achieved where relevant (e.g. specimen and hole size). The
method is applicable to all current and future fibre-reinforced plastic composites meeting the requirements
of this document.

The method described in this document uses the maximum load to define the plain-pin laminate bearing
strength. This point is well-defined and has been shown to be at a similar level to the less easily defined,
initial failure in the similar “torqued bolt” test(s). In the torqued bolt test, the load can increase after the
bearing failure (up to x 2), as the failed material is jammed against the bolt, washers and loading jigs. The
property determined applies only to the laminate lay-up tested.

The strength properties of “bolted” joints are dependent on the actual conditions involved foptheljoint being
assessed. This includes initial bolt torque (including any load lost in bolt threads), effect of felaxdtion due to
visco-elastfic effects, effect of hot/wet conditioning, washer size/over-size, bolt material /rivet fletails and
chamfer de¢pth/plate thickness. It is recommended that additional tests to the plain-pin'test be[conducted
for the actiyial joint conditions of interest in the applications, as no standardized configuration can represent
all these variations. ASTM D 5961 can be used as guidance on bolted joint tests.

© IS0 2025 - All rights reserved
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ISO 12815
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Fibre-reinforced plastics — Determination of the plain-pin
bearing strength

1 Scope

This document specifies a procedure for determining the plain-pin bearing strength of fibre-reinforced
plastic confposites:

The methdd described in this document is applicable to fibre-reinforced plastic composites ¥

thermoset

2 Norm

The follow
requireme
the latest ¢

ISO 291, PI
ISO 472, PI

ISO 527-4:
orthotropig

ISO 1268 (3
[SO 2602, §

[SO 5893,
traverse) —

3 Term|
For the puj
ISO and IE
ISO On

IEC El¢

or thermoplastic matrices.

ative references

ng documents are referred to in the text in such a way that some oraajlof their content
hts of this document. For dated references, only the edition cited applies. For undated
dition of the referenced document (including any amendments)-applies.

stics — Standard atmospheres for conditioning and testing
istics — Vocabulary

023, Plastics — Determination of tensile properties — Part 4: Test conditions for is
fibre-reinforced plastic composites

1l parts), Fibre-reinforced plastics — Methods of producing test plates
tatistical interpretation of test results/— Estimation of the mean — Confidence interval
Rubber and plastics test equipment — Tensile, flexural and compression types (cons

- Specification

s and definitions

[ maintain tebminology databases for use in standardization at the following addresse

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

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

with either

ronstitutes
references,

tropic and

ant rate of

poses of this document, the terms and definitions given in ISO 472 and the following apply.

S:

3.1

plain-pin bearing strength

o

p
stress obtained by dividing the maximum load by the projected cross-sectional area of the pin contact area
with the specimen (i.e. d x t)

Note 1 to entry: The result is expressed in megapascals, MPa.

© IS0 2025 - All rights reserved
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Figure 1 — Test specimen for determination of plain-pin bearing strength
4 Pringiple

A test specimen consisting of a strip of rectangular cross-section with a plain hole, centrally posit
respect to the width, is loaded in tension by a clearance fit metallic plain-pin. The maximum loac
by the spe¢imeén'is used to determine the plain-pin bearing strength, based on the projected ared

ioned with
| sustained
on the pin

in contact with the specimen. The test measures a plain-pin bearing strength under these loading

conditions,

rather than a load to fail a bolted joint, for the laminate lay-up tested.

5 Apparatus

5.1 Test machine.

5.1.1 General, test machine conforming to ISO 5893 as appropriate to the requirements givenin 5.1.2 to 5.1.3.

5.1.2 Speed of testing, v, shall be kept constant according to ISO 5893.

© IS0 2025 - All rights reserved
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5.1.3 Indicator for load, such that the error in the indicated force is less than +1 % of the full scale (see
ISO 5893).

5.2 Micrometer, or equivalent, capable of reading to 0,01 mm, or less, and suitable for measuring the
thickness, t and width, w of the test specimen; and the pin/hole diameter, d and position. The micrometer
shall have faces appropriate to the surface being measured (i.e. flat faces for flat, polished surfaces and
hemispherical faces for irregular surfaces).

5.3 Loading jig and pin, the plain-pin is loaded by a double-shear metal plate assembly, as shown in
Figure 2. The loading jig shall include clearance, c, of at least 0,5 mm on both sides of the specimen and shall
not distort under the applied load. The pin should be manufactured in a hardened steel. The loading pin shall
similarly not distort during the test and should be a clearance fit in the hole in the specimen, unless specified
otherwise.|The loading pin shall have a diameter of 6 mm (tolerance 0 to -0,05 mm).

NOTE Hardened plates are acceptable as an alternative to the use of the hardened bushes shown.in Figure 1.
|V
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/ \ —( [ A
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| \ h
\ 5
\ //\A
\
AN o ///
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1
Key
1  grip plate 5 specimen
2 side plate 6  machine grips
3 hardened bushes ¢ clearance = 0,5 mm (minimum)
4 hardened loading pin

Figure 2 — Loading plates and test arrangement

© IS0 2025 - All rights reserved
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6 Test specimens

6.1 Shape and dimensions

6.1.1 Preferred specimen size

The specimen shall have a width, w, of 36 mm #* 0,5 mm and a length, L of 100 to 180 mm. In cases of dispute,
the specimen length shall be 180 mm. For specimen thickness, reference shall be made to the appropriate
part of the ISO 1268 series for test panel manufacture, otherwise a minimum of 4 mm shall be used for
the pin hole size given in 6.1.2. The width of individual specimens shall be parallel to within 0,2 mm. The

configurati

A hole, 6 m
line and a
acceptable

6.1.2 Al

Alternativq
ratio of 6; 4

ion of the specimen is shown in Figure 1.

m (tolerance U mm to 0,05 mm) in diameter 1s machined within U,1 mim of the speci
distance, e, of 36 mm (i.e. 6 x the hole diameter) from the end of the coupon. Proyid
bearing failure (confer shear-out) is still obtained, the end distance, e, can be reduced

ernative specimen size

nd a plain-pin diameter/specimen thickness of 1,5.

nen centre
ing that an
to 18 mm.

b specimens shall maintain a specimen width/hole diameter and an-end distance/hole diameter

NOTE for existing applications, a 6,35 mm (0,25”) hole at 38,1 mm (1,5”) from the end of a 38,1 mm( (1,5”) wide
coupon medts these requirements.

6.2 Preparation of specimens

6.2.1 Gepneral

A test plate shall be prepared in accordance withsthe ISO 1268 series or another specifjed/agreed
procedure] Individual specimens or groups of specimens shall be cut to the required size. Some parameters
for machinfing are specified in ISO 2818. Further guidance on cutting specimens is given in ISO §27-4:2023,
Annex A.

The plate ¢onfiguration shall be, if not given by the materials specification or as agreed by the|interested
parties, in|a pseudo isotropic configuration. The 0° x or axial direction in the plate shall be nlarked (see
[SO 1268-4).

NOTE for 0,125 mm thick unidirectional plies, the quasi- isotropic configuration lay-up for a 4 mm thick panel is
given by [+45°,90°, -45°, 0°]g¢ (ise..8repeats of the stacking unit).

6.2.2 En{d tab material (if required)

Providing failure does not occur at or within the grip, unbonded tabs or no tabs may be used.|If tabs are
used, they|shall bexconstructed from a cross-ply or fabric glass-fibre/resin laminate, or from the material
under test|The tab material thickness shall be between 0,5 mm and 2 mm thick, with a tab anglg of 90° (i.e.
not taperegl)-See ISO 527-4.

6.2.3 Application of end tabs

Bonded end tabs, if used, shall be applied to the specimen with a high elongation adhesive, as described in
ISO 527-4:2023, Annex A.

NOTE

A similar procedure can be used for individual specimens or for a group of specimens.

6.2.4 Machining the test specimens

The test specimen shall be cut and the hole drilled without causing damage.

© IS0 2025 - All rights reserved
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6.3 Checking the test specimens

The specimens shall be flat and free of twist. The surfaces and edges shall be free from cracks, scratches,
pits, sink marks and flashes. The drilled hole should not be damaged. The specimens shall be checked for
conformity to these requirements by visual observation against straight-edges, squares and flat plates, and
by measuring with micrometer callipers. Specimens showing measurable or observable departure from one
or more of these requirements shall be rejected or machined to the required size and shape before testing.

The pin shall be a clearance fit in the hole.

7 Number of test specimens

At least five test specimens shall be tested (see 9.6 for checking valid failure modes). The number of

measurem

It is possib

8 Cond
Where apy

In the abseg
otherwise

9 Procd

9.1 Test
Where apy

In the absq
otherwise

9.2 Speq

Measure t}

0,02 mm af the mid-point of the specimen. Measure the hole diameter to ensure it is within th

tolerance |
roundness
into specin

9.3 Test

Where apq
absence of

ents may be more than five, 1t greater precision of the mean value 1s required.

jtioning

licable, condition the test specimen as specified in this document(for the material
nce of such information, the most appropriate condition from ISO-291 shall be selec
hgreed by the interested parties.

rdure

conditions

licable, the specimen shall be tested as specified in this document for the material
nce of such information, the most appropriate condition from ISO 291 shall be selec
ngreed by the interested parties (e.g. for testing at elevated or reduced temperatures).

rimen and pin dimensions

le width of the specimen to the nearest 0,1 mm and the thickness of the test piece to {

ee 5.3). Measure and record the roundness of the hole. Measure the pin diameter an
and any distortion. Replace the pin if it is not round or if it is distorted (e.g. should no

nen/jig).

ing speed

licable, set'the speed of testing as given in this document for the material being tes
this information, the speed of testing, v, shall be 0,5 mm/min to 1,5 mm/min.

e to evaluate this by means of the confidence interval (95 % probability, see ISO.2602].

under test.
ted, unless

under test.
ted, unless

he nearest
e required
d check for
t be forced

ted. In the

9.4 Dats

| collection

Record the

load continuously throughout the test.

9.5 Failure load

Record the maximum load as the failure load. Discontinue testing once the load has fallen by > 50 % from

peak load.

Ensure that the thickness of the specimen under compression beneath the pin contact is not expanded by
Poisson’s ratio effects or damage sufficient to make contact with the loading plates before the peak load is

reached. If

this occurs, the clearance should be increased to avoid this contact/constraint.

© IS0 2025 - All rights reserved
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9.6 Failure mode
Check and record the mode of failure.

Test specimens shall fail by compression beneath the pin. The results from test specimens that do not fail
by compressive bearing beneath the pin contact area shall be discarded and new specimens tested in their
place [see Figure 3 a) for acceptable bearing failure; Figures 3 b) and Figure 3 c) are unacceptable]. The
number of unacceptable specimen failures shall be recorded.

QC/

a) Bearing — Acceptable

&5

<

b) Direéct tension — Unacceptable

¥
W

c) Shear-out — Unacceptable

Figure 3 — Specimen failure modes

© IS0 2025 - All rights reserved
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10 Calculation and expression of results

Calculate the plain-pin bearing strength, o, expressed in megapascals, using the following Formula (1) for
interference fitting pins:

(D

P
Pdt
where
F  is[the maximum load, in newtons;
d is|the diameter of the loading pin, in millimetres;
t isfthe thickness of the test specimen, in millimetres.

Calculate t
the 95 % ¢

Calculate t

11 Preci

The precis
4. A more (

he arithmetic mean of the individual determinations and, if required, the Standard de}
pnfidence interval of the mean value using the procedure given in SO 2602.

he stress to three significant figures.

Sion

on of this test method was obtained in an interlabordtory study and is summarized in

yiation and

Tables 1 to

ENns

etailed description is given in Annex A.
Table 1 — Repeatability, reproducibility and’imean bearing strength for the specim
Repeatability Reproducibility
Material conditions conditions M(‘;Z‘;‘ ;’p
a
S 3 Sk R
1 30,8 86,2 571 160,0 606,0
2 15,1 42,2 40,0 111,9 418,0
3 15,0 42,1 449 125,6 257,3
4 21,2 59,3 331 92,7 2977

S, - Repeatability,staridard deviation - The standard deviation of test results obtained under
repeatability conditions.

r - Repeatabilityvalue - The value below which the absolute difference between two single test results
obtained under repeatability conditions may be expected to lie with a probability of 95 %.

Sr - Reproducibility standard deviation - The standard deviation of test results obtained under
reproducibility conditions.

R~ Reproduc1b111ty value - The value below which the absolute difference between two smgle test

I t!bulLb UULdlIlUu uuum ICPEdeUlllLy LUIlulLlUIlb II1dy UU CKPCLLCU L0 llC WlLIl d pI UUdUlllLy Ul ‘J:) 0

NOTE Definitions were taken directly from ISO 5725-1.

© IS0 2025 - All rights reserved
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Table 2 — Repeatability and reproducibility values as a percentage of mean values for the

specimens
Repeatability Reproducibility
Material conditions conditions
S; (%) r (%) Sk (%) R (%)
1 51 14,2 9,4 26,4
2 3,6 10,1 9,6 26,8
3 5,8 16,4 17,5 48,8
4 71 19,9 11,1 31,1

Fabe-3—R bitity; hrcibiti , brimremimheard ,

Repeatability Reproducibility

Materials conditions conditions ?g/ﬁi‘;;
S, r Sp R

5 119 33,0 25,9 71,8 707,6

6 18,6 51,6 28,6 79,3 596,8

7 17,7 48,2 26,7 7359 772,4

8 761,8 22,2 61,5 694 761,8

Table 4 — Repeatability and reproducibility values as a pé€rcentage of mean values for the

e ofmeasurement;

port shall include thefollowing information:

ence to this document, i.e. ISO 12815:2025;

specimens
Repeatability Reproducibility
Materials conditions conditions
S; (%) r (%) Sg (%) R (%)
5 1,68 4,66 3,66 10,15
6 3,12 8,65 4,79 13,29
7 2,29 6,24 3,46 9,57
8 291 8,07 9,11 25,26
eport

bte identification of the material tested including type, source, manufacturer's code nu
evious history, where these are known;

mber, form

the size and grade of the loading pin, including the projected contact area;

the method of preparing the specimens;

the test conditions and conditioning procedures, if applicable;

the number of specimens tested;

the accuracy grading of the test machine (see ISO 5893);

nensions or the test specimens and the hole (Including the roundness of the holej;

the individual determinations, including load-deformation diagrames, if required;

© IS0 2025 - All rights reserved
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the mean values of the individual determinations;

the type(s) of failure obtained;

a statement as to whether any test specimens have been rejected and, if so, the reasons;
the standard deviations and the 95 % confidence intervals of the mean values, if required;

any operation not specified in this document, as well as any incident likely to have affected the results.

© IS0 2025 - All rights reserved
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Annex A
(informative)

Interlaboratory validation exercise for plain-pin-bearing test method

A.1 Gen

An interla

eral

oratory validation exercise has been undertaken to obtain precision data for th

e plain-pin

bearing te
of compos
laboratorie
by the Naf
laboratorie
These speg
were analy

The mater
Materi
Materi
Materi
Materi
Materi

Materi
carbor]

Materi

Materi
carbor]

A.2 Pro

To reduce
specimens
The partic
analysis. T

5t method with four fibre reinforced polymer matrix composite materials representi
te materials and manufacturing processes. For Materials 1 to 4, tests were undert3
s, five of which had previously not used the method, according to the draft pro¢edures
ional Physical Laboratory (NPL). For Materials 5 to 8, tests were undertaken by
s, according to the draft procedures developed by Japan Aerospace Exploration Agey

were cuf Using a water-cooled diamond faced cutting blade and a brad and spur poi
pants Were asked to test six coupons per material and to send the results to NPL for cg
he-analysis of the results for reproducibility and repeatability was undertaken usin

written at

NPD to the method described in ISO 5725-1 using 95 % confidence limits.

ng a range
ken by six
developed
five or six
iIcy (JAXA).

imens had an edge distance from the hole, ¢, of 18 mm. The exercise wasrorganized and|the results
sed according to ISO 5275 using 95 % confidence limits. Six organisatipns participated.

als chosen were:

al 1: Quasi-isotropic carbon fibre/epoxy - autoclave moulded

al 2: Woven glass fibre/epoxy - press moulded

al 3: Chopped strand-mat glass fibre/polyester - hand lay-up

al 4: Glass fibre (mixed format)/polyester - pultrusion

al 5: Mid modulus/high strength carbon fihre/epoxy UD 24ply quasi-isotropic - autoclpved

al 6: Mid modulus/high strength carbon fibre/epoxy plain woven fabric 12ply quasj- isotropic
fabric/epoxy - autoclaved

al 7: Mid modulus/high strength carbon fibre/epoxy UD 24ply quasi isotropic - autoclaved

al 8: Mid modulus/high $thength carbon fibre/epoxy plain woven fabric 12ply quasj- isotropic
fabric/epoxy - autoclaved

redure

the variability of the results, all the specimens were prepared and machined at NPL. The

nt drill bit.
llation and
F software

A.3 Result

The results given in Tables A.1 to A.4 are calculated using the method of ISO 5725-1, after removal of

outliners d

escribed in that method.
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