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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 proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fof]
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Railway applications — Polymeric composite sleepers,
bearers and transoms —

Part 1:

Material characteristics

1 (Scope

Thif document specifies the characteristics of polymeric composite and reinforced polymerid composite
materials in the manufacture of polymeric composite railway sleepers. It is-applicable tpo sleepers,
beafers and transoms to be installed in all tracks (both heavy and urban raitjwith or withopt ballast.
NOTE In this document, the term “sleeper” refers to “sleeper, bearer and tfansom”.

2 [Normative references

The following documents are referred to in the text in such'a way that some or all of thpir content
conptitutes requirements of this document. For dated references, only the edition cited dpplies. For
undated references, the latest edition of the referenced do¢ument (including any amendments) applies.
1S0|4582, Plastics — Determination of changes in ¢olour and variations in properties after ¢xposure to
glags-filtered solar radiation, natural weathering ottlaboratory radiation sources

1S0|4892-2:2013, Plastics — Methods of exposure to laboratory light sources — Part 2: Xenon-qrc lamps
[S0|4892-4, Plastics — Methods of exposure to laboratory light sources — Part 4: Open-flame|carbon-arc
lampps

1S0|12856-2:2020, Railway applications — Polymeric composite sleepers, bearers and transoms — Part 2:
Profluct testing

1SO| 12856-3, Railway applications — Polymeric composite sleepers bearers and transoms|— Part 3:
Gengral requirements

3 |Terms and definitions

For[the purposSes of this document, the terms and definitions given in ISO 12856-3 apply.

[SOJland1EC maintain terminological databases for use in standardization at the following addresses:
— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

4 Material characteristics

4.1 Resistance

4.1.1 Chemical compatibility

The material of the polymeric composite sleepers shall be resistant against all chemicals that can
regularly contaminate the sleepers in conventional railway traffic, e.g. oils/grease/hydrocarbons
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(media dripping from railway vehicles) and possibly de-icing salts and herbicides/fungicides from weed
control on the railway track.

The manufacturer shall prove the resistance to chemical media in suitable form, if necessary, through
studies and demonstration of transferable knowledge from other application cases.

Ifthe purchaser requests high resistance to specific chemicals (e.g. for use in loading and unloading areas
of chemical factories, oil and chemical transhipment ports), the purchaser shall define requirements
and the sleeper manufacturer shall prove these requirements/the resistance if necessary.

The purchaser may specify tests if the manufacturer’s proof is not satisfactory or plausible according to
the generafly Tecognized state of scientilic and technical kKnowledge.

4.1.2 Enyironmental resistance

4.1.2.1 Weathering resistance

The load bearing capacities of the sleeper until the end of its service life shall remain sufficient for
service regardless of weathering effects. The requirements for the weathéering resistance of|the
materials ghall be agreed on between the interested parties.

The weathering resistance shall be demonstrated either:

— by a dgcumented and substantially proven experience; or

— by ass¢ssing the changes of properties in accordance with {S0*4582:
— after an exposure to xenon-arc lamps in accordance with 1SO 4892-2:2013, Method A, Cycld 1;

— and/or after an exposure to carbon-arc lamps in-accordance with ISO 4892-4.

4.1.2.2 Resistance to water

The sleepefs shall be highly resistant to water absorption, precipitation of water (rain, snow, dew( fog
etc.). The purchaser may limit the possible water absorption when reasonably necessary.

The manufpcturer may prove the basic non-water absorbing capacity of the material in suitable foryn, if
necessary, through studies and defnonstration of transferable knowledge from other application capes.

The purchgser may specify tests it the manufacturer’s proof is not satisfactory or plausible accordinlg to
the generally recognized statge of scientific and technical knowledge.

4.1.2.3 Hrostin connection with water

The sleepefs shalkbe designed so that any penetrating and freezing water produces no frost damage to
the sleeperifs.

The manufacturer may prove the basic Non-water absorbing capacity of the matertat i suttable forn, if
necessary, through studies and demonstration of transferable knowledge from other application cases.

The purchaser may specify tests if the manufacturer’s proof is not satisfactory or plausible according to
the generally recognized state of scientific and technical knowledge.

4.1.2.4 Temperature resistance

4.1.2.4.1 Deformation

The material of the sleepers shall be selected in a way that sleepers subject to normally occurring long
term temperature cycles do not deform to any extent (bend, rotate, twist), or do not soften or solidify too
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much in order to meet the specific values required by the infrastructure operator in ISO 12856-2:2020,
Clause 4.

These limit values are specified and tested in accordance with the relevant standards. For example,
thermal-mechanical guiding characteristic values, to be measured on standard test specimens, such as
for thermal deformability (e.g. Vicat softening temperature) and modulus of elasticity (tensile testing/
bending).

4.1.2.4.2 Embrittlement

rature (see
bad to such
56-2:2020,

Clagise 4, are no longer maintained.

The purchasers shall specify the percentage of the absolute values of the specific values (fpr the sum
of alll influences described in 4.1) in accordance with ISO 12856-2:2020, Clatise’4, which shall still be
pregent until the end of the minimum service-life specified by the manufacturer.

4.1{2.5 Resistance to biological media

The sleeper material shall be sufficiently inert against any micrgbiological and macrobiological attack
that the product specific values in accordance with ISO 12856-2:2020, Clause 4, are not redyced during
thelservice life by more than a rate to be defined by the purchaser.

Microbiological attacks are, for example, attacks by fungi,-algae, rotting and fermenting micfobes.

Magrobiological attacks are, for example, attacks“through the roots of plants and animgl gnawing
danpage (e.g. beetles, ants/termites, rodents).

Thg manufacturer shall prove the resistance, to biological media in suitable form, if necessafly, through
stuglies and demonstration of transferable knowledge from other application cases.

The purchaser may specify tests if the;manufacturer’s proof is not satisfactory or plausible agcording to
the[generally recognized state of scientific and technical knowledge.

4.2 Environmental compatibility

The plastic material-should not contain any chemical, biological or physical envjronmental
confaminants. No negative environmental impact should emanate from it. The limit values f¢r chemical
and biological confaminants shall be defined by the purchaser.

Should raw materials be processed that, from their history, were in contact with chemical of biological
subptances™harmful to the environment, the manufacturer shall prove the absence of|hazardous
subptances-or the observance of limit values applied to their intended location. Waste legislation in
accprdance with the intended location is valid for the admissibility of using recycled raw mpterials for

Ol A Arie oo ot cloannane
polymerre-compoestte-sreepers:

If sorting, washing or other cleaning processes are used in the raw material production, the
manufacturer shall prove the absence of hazardous substances or the observance of limit values in
accordance with health and safety regulations applicable to the production location.

If the manufacturer proves the observance of the aforementioned conditions during the use of the
raw materials (e.g. through a quality management system accepted by the infrastructure operator
or through a certification of the production in accordance with ISO 9001), a final inspection of the
behavioural properties of finished sleepers is not necessary.

If the observance of the aforementioned conditions during the use of the raw materials is not provable
by the manufacturer of the polymeric composite sleepers, the behavioural properties of all possible
environmental contaminants on or in the raw materials and in finished sleepers shall be tested

©1S0 2022 - All rights reserved 3
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according to the specifications of the infrastructure operator by a recognized laboratory that is
independent of the manufacturer and is accredited for such measurements.

Proof, certificates and analyses that originate at the manufacturer according to the aforementioned
regulations are to be archived for the minimum service life of the polymeric composite sleepers, which
is forecast by the manufacturer, and are to be presented for tests by the infrastructure operator or
environmental and regulatory authorities.

4.3 Mechanical properties

h torize th hanical ti fthe plasti inf dnlasti terial
In Order tc characrerize enmechanica pt‘npﬁ]" ies. o fa} p asric oar reiniorce p asric mareria C’

tests given
obtain the

Table 1 shgq

the

general properties of the original material or by testing.

NOTE1 1

NOTE2 [

or reinforcement materials, a data sheet or equivalent is provided.

in Table 1 are recommended. The test conditions used, specific tests and processes 1se
samples shall be communicated with the results.

ws the material characteristics of interest. The characteristics can be demonstrated by

'he tests are performed on plastic or reinforced plastic materials to be used for the product.

Table 1 — Test methods for mechanical properties

d to

the

7,5 mm) th¢

Materials b
reinforced
7,5 mm) th{

Materials b
fibre-reinfd
resins

rmosetting resins

ased on long fibre-
fibre length over
rmosetting resins

hsed on unidirectional
rced thermosetting

Compressive strength parallel to sleeper axis

Compressive medulus of elasticity parallel to
sleeper axis

Compressive’strength in transverse direction

Compressive modulus of elasticity in transverse
diréction

Bending strength?
Flexural modulus?

Shear strength?
Adhesive shear strength?

Material Characteristics Test method
Thermoplaptic matrix materials |Tensile strength IS0 527-2
Materials based on long fibre- Tensile modulus of elasticity ISO 527-4
reinforced [fibre length under Tensile fatigue strength Test method defined by

the supplier and based|
ISO 527-5

ISO 604/1S0 14126
ISO 604/1S0 14126

ISO 604/1S0 14126
ISO 604/1S0 14126

ISO 178/1S0 14125
ISO 178/1S0 14125
See Clause A.2
See Clause A.3

on

Coefficient of thermal expansion ISO 11359
Glass transition temperature ISO 11357-2
Impact strength at different temperatures ISO 179-1

WA otar abcaxanti oo A (A Ws)
Water-abserption 1560-62
Vicat softening temperature ISO 306

a2 The bending strength, flexural modulus, shear strength and adhesive shear strength are recommended for materials
based on unidirectional fibre-reinforced thermosetting resins.
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sleeper axis

Table 1 (continued)
Material Characteristics Test method
Any other plastic material Tensile strength To be defined
Tensile modulus of elasticity To be defined
Tensile fatigue strength To be defined
Compressive strength parallel to sleeper axis To be defined
Compressive modulus of elasticity parallel to To be defined

al . - P RS 1. i
CUIIPTTSSIVE SUITITSUT TIT LI AIISVET ST UIT TULIUIL

Compressive modulus of elasticity in transverse
direction

Content of fibres

Coefficient of thermal expansion
Glass transition temperature

Impact strength at =20 °C and +23 °C
Water absorption

Vicat softening temperature

ool 1. Lo 1
TU DT UCTITITU

To be defined

To be'defined
Tobe defined
To be defined
To be defined
To be defined
To be defined

3 |The bending strength, flexural modulus, shear strength and adhesive shear strength are recommended for materials
basg¢d on unidirectional fibre-reinforced thermosetting resins.
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A.1 Gen,

Annex A
(informative)

Shear strength and adhesive shear strength

ral

A.11 Pr

There shal

If there arg
of the surf:

A12 Te

Unless oth|
atmospher

at least 24

A.1.3 To

For each t
nominal di

A.2 She
The shear

The loadin
pressure s
shall be leg

pparation of test specimens

be no damage or faults on the surface of the test specimens in order to prevent notch effd
burrs, they shall be carefully removed without damaging the surface. If necéssary, the ed
ices of the test specimens shall be finished using sandpaper.

5t conditions

erwise specified in a separate clause, the test shall be carriedout in one of the stand

es specified in ISO 291 after the test specimens are conditiehed in the same atmospherg
h.

lerance of test specimens

est method, the dimensions of the test specimens should be given with tolerances.
mension shall be 1 mm.

ar strength

trength test shall be conducted at{23 + 5) °C using the following method.

g pressure shall be parallel to the longitudinal direction of test specimen. The loag
hall be applied by the method illustrated in Figure A.1. The average loading speed (str
s than 5,88 N/mm? per inute.

The recta

portion of L0 mm x 10 mm .40 mm as shown in Figure A.2.
The maxinjum load reférs-to the load before the test specimen begins to break (not to deform).

The setting jig shall\be robust enough and have sufficient areas to touch the test specimen. In addit
asillustrated inEigure A.1, the setting jig shall have the necessary capacity to hold the test specime
as not to b¢ ndoved even though load is given on the edge of the test specimen.

ular test specimerivith dimensions 40 mm x 50 mm x 52 mm shall be prepared with g

cts.
ges

ard
for

The

ling
PSs)

cut

ion,
h SO

The tolerance of radius of curvature of the edge of the cut portion and the roughness of contact
surface between the loading block and the test specimen can be defined on the agreement between the

interested

parties.

The shear strength shall be determined from the test results using Formula (A.1):

;= Fm
A
where
T

(A1)

is the shear strength (N/mm?);
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Dimensions in millimetres

P,, is the maximum load (N);
A is the cross-sectional area (mm?2).
Y
AL e
=
#
2— | |
I
I
I
S
10
1
Key
1 |specimen
2 |settingjig
3 |loading block
F |load (or force)
FiguréA.1 — Loading method for shear strength test
Dimensions in
10
g 3
A
52 40
Key
A cross-sectional area

Figure A.2 — Test specimen for shear strength test
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A.3 Adhesive shear strength
For testing, the adhesive material or the method of use shall not be specified.

The adhesive shear strength test shall be conducted at (23 + 5) °C using the following method.
Alternatively, the test specimen shall be cut out from pre-prepared glued material and then finished
to the shape and dimension as illustrated in Figure A.4. The loading direction shall be parallel to the
longitudinal direction of the test specimen and the surface coated with adhesive. The average loading
speed (load) shall be adjusted to less than 9,8 kN/min. The travel speed of the loading block (Key 3 of
Figure A.3) shall be adjusted to be between 0,3 mm/min and 0,5 mm/min, and the loading pressure
shall be as given in the method shown in Figure A.3.

The perimeter of the glued surface shall be free from an excess of adhesive. This clause shall apply (Imly
to laminat¢d materials.

The maxinjum load shall be the load before the test specimen begins to break (not to deform).

The setting jig shall be robust enough and have sufficient areas to touch the test specimen. In additfion,
as illustrated in Figure A.3, the setting jig shall have the necessary capacity to holdthe test specimeh so
as not to b¢ moved even though load is given on the edge of test specimen.

v

T

S

Key

1 specimgn

2 settingfig

3 loadingblock
F  load

Figure A.3 — Loading method for shear strength test
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