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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 proceglures used to develop this document and those intended for its further maintenange
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria needed{or
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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Introduction

Railway sleepers are manufactured mainly of pre-stressed concrete, wood, or steel. However, based on
the development of plastic materials, some plastic sleepers have been installed in recent years.

In view of the facts that the types of plastics and manufacturing processes can have various effects on
the in-service performance, this part of ISO 12856 covers the general characteristics of materials which
plastic/composite sleepers are made from, in order to specify their performance.

This part of ISO 12856 will be used in conjunction with ISO 12856-2 to be developed in the foreseeable

futy

Thi
mat

re.

5 part of 1ISO 12856 applies to sleepers made from plastic materials, including réinfor
erials.

ced plastic
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INTERNATIONAL STANDARD ISO 12856-1:2014(E)

Plastics — Plastic railway sleepers for railway applications
(railroad ties) —

Part 1:
Material characteristics

1 (Scope

Thip part of [SO 12856 specifies the characteristics of plastic and reinforced plastic.naterialg to be used
in the manufacturing of railway sleepers.

It i applicable to the sleepers and parts of sleepers to be installed in tracks with or withgut ballast.
Exajmples of different types of plastic and reinforced sleepers are given inJAnnex B.

2 |[Normative references

The following documents, in whole or in part, are normatiyely referenced in this documgnt and are
ind{spensable for its application. For dated references, ;only the edition cited applies. F¢r undated
refgrences, the latest edition of the referenced document.{including any amendments) appligs.

wn

[S0|62, Plastics — Determination of water absorption

ISO|75 (all parts), Plastics — Determination of témperature of deflection under load
[SO|178, Plastics — Determination of flexural-properties

1SO|291, Plastics — Standard atmospheres for conditioning and testing

1SO|306, Plastics — Thermoplastic materials — Determination of Vicat softening temperature (VST)

[SO|527-2, Plastics — Determination of tensile properties — Part 2: Test conditions for mdulding and
extffusion plastics

ISO|527-4, Plastics —~.Determination of tensile properties — Part 4: Test conditions for is¢tropic and
orthotropic fibre-réinforced plastic composites

[S0|604, Plastics~— Determination of compressive properties

[SO[877-1.2009, Plastics — Methods of exposure to solar radiation — Part 1: General guidance

[SO[877-2:2009, Plastics — Methods of exposure to solar radiation — Part 2: Direct weathering and exposure
behind window glass

ISO 1183-1, Plastics — Methods for determining the density of non-cellular plastics — Part 1: Immersion
method, liquid pyknometer method and titration method

[SO 2578, Plastics — Determination of time-temperature limits after prolonged exposure to heat

ISO 3611, Geometrical product specifications (GPS) — Dimensional measuring equipment: Micrometers for
external measurements — Design and metrological characteristics

[SO 4892-2, Plastics — Methods of exposure to laboratory light sources — Part 2: Xenon-arc lamps

[SO 4892-4, Plastics — Methods of exposure to laboratory light sources — Part 4: Open-flame carbon-arc
lamps

© ISO 2014 - All rights reserved 1
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[SO 8256, Plastics — Determination of tensile-impact strength

[SO 10640, Plastics — Methodology for assessing polymer photoageing by FTIR and UV/visible spectroscopy

IS0 11357-2, Plastics — Differential scanning calorimetry (DSC) — Part 2: Determination of glass transition
temperature and glass transition step height

ISO 11357-6, Plastics — Differential scanning calorimetry (DSC) — Part 6: Determination of oxidation
induction time (isothermal OIT) and oxidation induction temperature (dynamic OIT)

ISO 11359-2, Plastics — Thermomechanical analysis (TMA) — Part 2: Determination of coefficient of linear

thermal ex

ISO 13385
Callipers; D

ISO 13385

: Jd o] £ ey £ £
Uurioturr uriva 'yluoo CcrurioieIuri I/CIII.[JCI uocurc

1, Geometrical product specifications (GPS) — Dimensional measuring equipment + Paj
esign and metrological characteristics

2, Geometrical product specifications (GPS) — Dimensional measuring equipment — Paj

Calliper depth gauges; Design and metrological characteristics

ISO 14125,

ISO/TR 19
outdoor wég

[EC 60695

3 Chard

3.1 Matq
The manuf

a) type d@

materi
b)
c)
d)

type, fi
type, fi

descrij

3.2 Chel

The mater

Fibre-reinforced plastic composites — Determination of flexural properties

D32, Plastics — Use of polyethylene reference specimens (PERS) forsmonitoring laboratory
athering conditions

11-20:2003, Fire hazard testing — Part 11-20: Test flames =< 500 W flame test methods

icteristics

prial identification
pcturer shall declare the following information:

f polymer(s), e.g. thermoplastic or'thermosetting, including the main additives and
als constituting composite matrix)if any;

brm, structure, and content of.réinforcing materials;
brm, and content of fillef griincreasing-mass materials, if any;

btion of the manufacturing process.

mical resistance

al shall a0t be adversely affected by exposure to chemicals typically found in the rail

environme

nt, suchas diesel and grease. Chemical compatibility can be demonstrated either by

t1:

t2:

and

the

vay
test

results or T cah be documented.

3.3 Physical, mechanical, and electrical characteristics

The physical, mechanical, and electrical characteristics of materials are listed in Tables 1 and 2. The
relevance of assessment on characteristics shall be agreed on between the interested parties. Some of
the tests might not be applicable for anisotropic sleepers or sleepers with specific reinforced material.

Examples of typical plastic sleeper properties are given in Annex B.
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Table 1 — Physical, mechanical, and electrical characteristics

Characteristic Unit Test method
Bending strength MPa 42
Flexural modulus MPa o
] Longitudinal compression strength N/mm?2 4.3
Material strength :
Lateral compression strength N/mm?2 4.4
Shear strength N/mm?2 4.5
Adhesive shear strength N/mm? 4.6
. o Alternating-current breakdown voltage kv .7
Elegtrical characteristic - - : -
Direct-current insulation resistance Q 1.8
Water absorption %3 1.9
Mass density g/cm3 4.10
Linpar expansion coefficient Kt 411
a  |Percentage expressed in mass fraction.

Table 2 — Temperature-dependent mechanical properties

Characteristic Unit Test conditions Teqt method
Bending strength %3 42
. Flexural modulus %3 In air for 24 h
Maferial strength ;Sgggfg;ig;?{ %1 Test temperaturesb: -30 °C and 60 °C 4.3
Shear strength %3 4.5

a  |Percentages indicate the strength retention in‘comparison with the values determined at an ambient temgerature.

b [Testtemperatures can vary in the conditiohs where sleepers are used (tunnels, extreme weather conditiong, excessively
exppsed locations).

3.4f Weathering resistance

The sleeper shall be designed to guarantee that at the end of its service life, the load-bearing capacities
are|sufficient for servieeeven in case of the losses of strength due to weathering.

The requirements, for the weathering resistance of the materials shall be agreed on bgtween the
intdrested partiées.

Theg weatherxing resistance shall be demonstrated either by a documented and substantiglly proven
experience-or by assessing the properties in accordance with 4.13.1 or 4.13.2, as applicable.

4 Test methods
4.1 General

4.1.1 Preparation of test specimens

There shall be no damage or faults on the surface of the test specimens in order to prevent notch effects.
If there are burrs, they shall be carefully removed without damaging the surface. If necessary, the edges
of the surfaces of the test specimens shall be finished using sandpaper.

© ISO 2014 - All rights reserved 3
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4.1.2 Test conditions

Unless otherwise specified in a separate clause, the test shall be carried out in one of the standard
atmospheres specified in ISO 291 after the test specimens are conditioned in the same atmosphere for
atleast 24 h.

4.1.3 Tolerance of test specimens

For each test method, the dimensions of the test specimens should be given with tolerances. The nominal
dimension shall be +1 mm.

4.2 Ben(ling strength and flexural modulus
The test shall be conducted at (23 + 5) °C using the following method.

The longityidinal direction of the test specimen shall be parallel to the supports and vettic¢al to the Joad
direction. A steel plate of dimensions 3 mm x 50 mm x 50 mm shall be placed on the'test specimen pnd
positioned|in the middle between the supports.

The dimengions of the test specimen shall be:

— length} (240 + 2) mm,

— width:|(50 = 1) mm,

— thicknpss: (20 + 1) mm,

and the span between supports shall be 160 mm to 200 mmg

The concerjtrated load shall be applied in the middle of the span. The average loading speed (stress) shall
be less thah 15 N/mm?2 per minute.

The support shall be robust enough and have sufficient area to touch the test specimen. Both suppgrts
shall be lodated on the same distances from thé-¢entre of the test specimen in the longitudinal directjion.

The other dletails of test arrangements shall refer to ISO 178.

4.3 Longitudinal compressive strength

The longitfidinal compressivestrength test shall be conducted at (23 + 5) °C and using the following
method.

The dimenfions of the test specimen shall be:
— length} (40 £ 2)mm,
— width:|(20°¢'0,5) mm,

— thickness: (20 + 0,5) mm.

The longitudinal direction of the test specimen is corresponding to the longitudinal direction of the
sleeper. The loading direction shall be parallel to the longitudinal direction of the test specimen.

The loading pressure shall be applied to the test specimen where the specimen is located between two
flat steel plates. The average loading speed (stress) shall be less than 15 N/mm?2 per minute.

The other details of test arrangements shall be referred to ISO 604.

4.4 Lateral compressive strength

The lateral compressive strength test shall be conducted at (23 * 5) °C using the following method.

4 © ISO 2014 - All rights reserved
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The test specimen shall be cut with a length between 500 mm and 700 mm and a width 200 mm and
thickness 100 mm. The loading direction shall be vertical to the longitudinal direction of test specimen.

The loading pressure shall be applied to the test specimen using the flat steel plates both on its top and
bottom sides. The average loading speed (stress) shall be less than 15 N/mm?2 per minute.

The other details of test arrangements shall be referred to ISO 604.

4.5 Shear strength

The shear strength test shall be conducted at (23 + 5) °C using the following method.

Theloading pressure shall be parallel to the longitudinal direction of test specimen. The loadiilg pressure
shal|l be applied by the method illustrated in Figure 1. The average loading speed (stress) shall be less
thap 5,88 N/mm?2 per minute.

The rectangular test specimen with dimensions 40 mm x 50 mm x 52 mm shall’be prepared with a cut
portion of 10 mm x 10 mm x 40 mm as shown in Figure 2.

Thg maximum load refers 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 téuch the test specimen. |n addition,
asillustrated in Figure 1, the setting jig shall have the necessary«apacity to hold the test spe¢imen so as
notjto be moved even though load is given on the edge of the tést specimen.

The tolerance of radius of curvature of the edge of the cutpertion and the roughness of contpct 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 thetést results using Formula (1).

o= M

wheére
T  isthe shear strength (Niimm?2);
P, is the maximum load (N);

A isthe cross-sectional area (mm?2).

NOTE Refefto ISO 604 for the definition of “maximum load”.

© IS0 2014 - All rights reserved 5
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Dimensions in millimetres

i
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1 specimgn
2 settingjig
3 loadingbletk
F  load (otforce)

Figure 1 — Loading method for shear strength test
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Figure 2 — Test specimen for shear strength test

Adhesive shear strength
testing, the adhesive material or the method of use shall notbe specified.

adhesive shear strength test shall be conducted at (23 + 5) °C using the followir
rnatively, the test specimen shall be cut out from pre-prepared glued material and th
he shape and dimension as illustrated in Figure 7. The loading direction shall be par
bitudinal direction of the test specimen and the:surface coated with adhesive. The aver:
bd (stress) shall be adjusted to less than 9,8.kN/min. The travel speed of the crosshe

hod shown in Figure 6.

perimeter of the glued surface shall'be free from an excess of adhesive. This clause shall
\minated materials.

maximum load shall be the lpad before the test specimen begins to break (not to deform

setting jig shall be robust-enough and have sufficient areas to touch the test specimen. |
lustrated in Figure 3,the setting jig shall have the necessary capacity to hold the test spe
to be moved even theugh load is given on the edge of test specimen.

millimetres

g method.
bn finished
hllel to the
ige loading
hd shall be
iven in the

apply only
).

n addition,
[imen so as
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Key

TTWON
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setting Jji

-T1

21

loading block

load

Figure 3 — Loading method for shear strength test
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Dimensions in millimetres

45
50

" 26 26 40

|| [ —

Key
A |adhesion surface area

Figure 4 — Test specimen for'shear strength test

The adhesive shear strength shall be determined-from the test results using Formula (2).
P
S =—1 2
- 2

where
S is the shear strength (N Anm?2);
P is the maximum load (N);

A isthe adhesive-ssurface area (mm2).

NOTE Referto ISO 604 for the definition of “maximum load”.

4.7 Alternating-current breakdown voltage

Thea

The test specimen with the dimensions 20 mm x 80 mm x 100 mm, as shown in Figure 5, shall be
prepared. The longitudinal axis in testing shall be parallel to the longitudinal direction of test specimen.

Prior to the test, the specimen shall be conditioned at (23 + 1) °C for 48 h. The shape of the electrode
shall be as shown in Figure 6. The electrode equipment shall be set at the central points on the top and
bottom surfaces of the test specimen.

The contact pressure between the electrode equipment shall be about 5 kN. The voltage application
method shall be as in that of a short-time breakdown test. The value of alternating-current breakdown
voltage shall be measured by applying the voltage beginning from 0 V at the speed where insulation
breakdown occurs in between 10 s and 20 s (alternating-current breakdown voltage shall be measured
here).

© ISO 2014 - All rights reserved 9
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Itis recommended that the test be conducted at (23 * 1) °C air temperature with an application of silicon
oil to prevent an air short-circuit.

Applicability of this test can be determined by the interested parties.

Dimensions in millimetres

o

20

100

< »

Figure 5 — Test specimen for alternating-current breakdown voltage test
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Dimensions in millimetres

020

20

025

Key]
1 |specimen
2 |electrode

Figure 6 — Electrode shape for alternating-current breakdown voltage test

4.8 Direct-current insulation resistance
Thedirect-current insulation resistance test shall be conducted at (23 + 5) °C using the followipng method.

The test specimen with the dimensions 5 mm x 20 mm x 40 mm shall be prepared. The longitjudinal axis
in testing shall be‘parallel to the longitudinal direction of the test specimen.

Prigr to the test, the specimen shall be conditioned at (23 * 1) °C in air for 48 h. Then, two hdlles shall be
madle andfinished by a taper pin reamer for insertion of the electrode as illustrated in Figur 7.

The test shall be conducted with the devices composed of electrode, power supply, galjanometer,

universal shunt switch etcin order to measure the direct-current insulation resistance as shown in

Figure 8.

For the electrode, the brass taper pin with 5 mm diameter, which should be free from flaws on the
surface, shall be used. The power supply shall be equipped with a dry cell or a storage battery of 500 V
in the direct voltage.

Applicability of this test can be determined by the interested parties.

© ISO 2014 - All rights reserved 11
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Dimensions in millimetres

@5

15

Figure 7 — Test specimen for direct-current insuldtion resistance test
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__________________

Key]
guard

electrode

test specimen

power supply polarity change-over switch
universal shunt

reference resistance (Rs)

galvanometer

R N O Ul A WN

galvanometer polarity changejover switch

Figure-8 — Direct-current insulation resistance measuring device
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The direct-current insulation resistance shall be calculated with the obtained test result using

Formula (3

R=R

).

AP

*S,%0,

where

R
Rs

is the direct-current insulation resistance (M(});

is the reference resistance (M(1);

(3)

S1 is

Rs

61 is

(m
Sy is
0y is
4.9 Wat

The water

The test sp
axis shall 4

4.10 Mas

The mass

fhe magnification of universal shunt at the time of measuring using the reference resista
(mm);

the deflection of galvanometer at the time of measuring using the reference resistance R
m);

'he magnification of universal shunt at the time of connecting the test specimen (mm);

the deflection of galvanometer at the time of connecting the test spé¢imen (mm).

er absorption
hbsorption test shall be conducted according to ISO 62)method 1.

ecimen with the dimensions 30 mm x 30 mm x 100'mm shall be prepared and the longitud
e fixed in accordance with the longitudinal digection of the test specimen.

5 density

Hensity of raw material shall be méasured at (23 + 5) °C. Based on the result of test,

[1ce

inal

the

mass densj|ty shall be determined accordifig'to Formula (4). In alternative, the mass density shall be
determinegl according to ISO 1183-1.
m

p=" )
where

p is the mass density (g/cm3);

m is the mass)(g);

V  is the'measured volume (cm3).

4.11 Linear expansion coefficient

The linear

expansion test shall be conducted using the following method.

The test specimen with the dimensions 10 mm x 10 mm x 120 mm shall be prepared and heated from
temperatures of =30 °C to 60 °C in a period of 1 h, and the linear extension of the test specimen shall be
measured to an accuracy of 0,01 mm with the micrometer callipers specified in ISO 3611.

14 © ISO 2014 - All rights reserved
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The linear expansion coefficient shall be determined using Formula (5). In alternative, the coefficient of
linear thermal expansion shall be determined according to ISO 11359-2.

gL
L(t,—tq1)

where

(5)

a is the linear expansion coefficient;

[ isthe expansion (mm);

L is the length of the test specimen before heating (mm);
tp isthe ambient temperature at the time of measurement of expansion, i.e. 60 °¢/(°C);

t1 isthe ambient temperature before heat-up, i.e. =30 °C (°C).

The test method should be established and implemented based up@n)an agreement bgtween the
intdrested parties.

4.12 Flame resistance

4.12.1 Option 1

The flame resistance test shall be conducted in accordance with IEC 60695-11-20:2003, 8.3. The results
shall be judged based on the occurrence of flame"penetration in the test specimen. To identify non-
conjbustibility, the flame shall not penetrate any;of the five test specimens.

4.12.2 Option 2

The flame resistance test shall be conducted with reference to IEC 60695-11-20:2003, 8.3,|except the
congdition that the thickness of the'‘test specimen shall be minimum among those normalllkr1 supplied.
The test result shall be judged based on the complete burnout of the test specimen and the tigne of after-
flame and after-glow on the test specimen. To identify non-combustibility, the test specimgn shall not
burjp completely and the tifne of after-flame and after-glow shall not exceed 60 min on any| of the five
spefimens.

4.18 Weatheringresistance

4.18.1 Reference method

resistance capacity of material exposed to ageing effects shall be assessed in accorglance with

When the material is tested in artificial weathering specified in A.4, the minimum duration of exposure
shall depend on the material, test apparatus, and test conditions. The requirement of weather resistance
shall be agreed between the interested parties.

In absence of such an agreement, the minimum duration of exposure shall be 10 000 h. This duration
corresponds to approximately 10 years of ageing effect in natural conditions under a Mediterranean
climate, e.g. the southern areas of France.

The changes of mechanical values shall be analysed at least four times during the test, e.g. 2 000 h,
4000 h, 6000 h,and 8 000 h, to investigate that the degradation is limited only to the surface layer and
that the test specimen still keeps sufficient capacities for track operation in the degradation of cyclic and
reproducible properties.

© IS0 2014 - All rights reserved 15
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For the exposure to artificial weathering, the mechanical properties of the test specimen shall be
determined in accordance with the method specified in Table A.1, as relevant.

For the exposure to natural ageing, the mechanical properties of the test specimen shall be determined
in accordance with the method specified in Table A.1, as relevant.

For the exposure to thermal ageing whose activation energy and duration are defined in Table A.2, the
mechanical properties of the test specimen shall be determined in accordance with the method specified
in Table A.1, as relevant.

4.13.2 Alternative method

The weathering resistance test shall be conducted by exposure either to carbon-arc lamps in accorddnce
with ISO 4892-4 or to xenon-arc lamps in accordance with ISO 4892-2. The test specimens shall have|the
same dimejnsions as those shown in 4.2, 4.3, and 4.6.

When the flest specimens are fixed on the equipment for testing, the direction of the irradiation relative
to the test ppecimens shall be as shown in Figure 9.

In the case|of an exposure to arc-carbon lamps, the room temperature shall be (36 + 5) °C, and the time
of irradiation shall be the 120 min cycle consisting of 102 min for ultravioletirradiation and 18 mir] for
ultravioletfirradiation and spray. The duration of irradiation shall be 5 000 h.

In the case|of an exposure to xenon-arc lamps, the exposure shall beJeonducted according to methofd A,
cycle 1, as flefined in ISO 4892-2 and the duration of irradiation shall be 3 300 h.

After the irradiation, the bending strength and flexural modulus, determined according to the fest
arrangement as shown in Figure 9 a), the longitudinal compressive strength, determined accordin{i to

the test arfangement as shown in Figure 9 b), and the adhesive shear strength, determined according
to the test prrangement as shown in Figure 9 c) on the ést specimen, shall be measured respectivelly to
check if every test specimen satisfies the requirementas defined in 3.4.

N : Radiation surface

F
F
F v
L\ JAVS
a) Test $pecimen for bending b) Test specimen for longitudinal _¢) Test specimen for adhesive
strength and Young modulus in compressive strength shear strength

flexure

Figure 9 — Directions of UV radiations
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4.14 Sleeper dimensions

4.14.1 General
For measurement of the dimensions, the plastic sleeper shall be placed horizontally. The measurement

shall be conducted using a steel tape measure, metal rule, or vernier calliper as specified in [SO 13385-1
and ISO 13385-2, or using micrometer callipers as specified in ISO 3611, using the following methods.

4.14.2 Measurement of dimensions

YOl a smooth
avefage values

For
sur
of t

face and the dimension of each side shall be measured as shown in Figure 10. The

bot
med

hickness and width shall be determined by averaging the measurements at the centra
h ends of the specimen parallel to the length. The length shall be calculated on.thé aver
isured at the central point and both ends of the test specimen in parallel to the.width.

4.1

For
A st
test
spe
me?

point and
age values

5
Thickness

Length

Figure 10 — Dimensions of a sleeper

1.3 Measurement of camber

the measurement of camber, the test specimen shall first be placed horizontally on a smoq
ring shall be stretched horizontally between the central points on both ends on the top
specimen. The camber,at.the deepest position shall be measured between the top-face

isured camber by thelength of the test specimen.

th surface.
face of the
of the test

Cimen and string as shown in Figure 11. The tolerance of camber shall be calculated by dividing the

Key
1

camber

Figure 11 — Camber of a sleeper

4.14.4 Measurement of bend

For the measurement of bend, the test specimen shall be placed horizontally on a smooth surface. A
string shall be stretched horizontally between the central points of both ends on the side face of the test
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specimen, and the maximum bend shall be measured as shown in Figure 12. The tolerance of bend shall
ed by dividing the amount of bend by the length of the test specimen.

be calculat

Key

1 amoun

4.14.5 M¢€

For the me
stretched |
top face at
be calculat

Key

1 amoun

5 Inspe

The charag
shall be ag

of bend

Figure 12 — Bend of a sleeper

asurement of torsion

hsurement of torsion, the test specimen shall be placed on a smooth surface. A string shal
orizontally along the top face on the diagonal line. The diffezence between the string and|
the highest position shall be measured as shown in Figur€ 13. The tolerance of torsion s
ed by dividing the amount of torsion by the length of the'test specimen.

of torsion

Figure 13+«="Measurement method of torsion

ction

teristics to beinspected, the frequencies of testing, the numbers of tests to be performed,
reed on by thie interested parties.

| be
the
hall

etc.
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Annex A
(normative)

Methodology for assessing material ageing

General
=enera:

Thi
to (
the

A.2

Ap
esp
are
and|

Acc
the
acc
by
deg]
an

5 annex provides a methodology to assess the ageing of plastic/composite sleepers=Itig
omposite materials made from either fibre-reinforced thermoplastic matrix or|fibre
'mosetting matrix.

Principle

blymer composite sleeper is submitted, in a first step, to degradation’ due to exposure t
bcially UV light. This surface photo-oxidation will cause changes not only in visual appe:
a priori acceptable, but also physical surface degradation caused by chalking, progressi
microcracking that, together, can lead to a loss of mechanical properties.

elerated ageing tests under artificial laboratory light seurces shall be conducted makin
tests are performed at representative levels of stress and that the method is able td
leration factor. To meet these requirements, the ciémical changes of the systems (as rec
SO 10640) should factor in first. Then the resulting physical changes are determined
radation by progressive erosion, losses of oxjdized material shall be as low as possible. Th
ptimization of the light stabilization of thesurface layers.

Long-term thermal ageing affects both the-surface layers and the deep layers of sleepers. ]

the
but
of
slee

The
Cyc
diff]
inse

Sin
the
dev|

'mal stress to which the sleepers.is 'submitted depends not only on environmental t¢
also especially on their temperature increase driven by photothermal effect and the
isible and IR light. Thermal.oxidation affects not only the surface but also the deep 14
pers, which means that ageing has consequences that can be detrimental to their functiqg

stability to hydrolysis also needs to be evaluated on not only new sleepers but also on age
ic tests which combine heat/cold/humidity periods can be used to assess the conse
brential expansipiion the mechanical properties of the sleepers, especially in the parts in
rts.

e in-use pollution by maintenance products or potential environmental pollutants is ah
materjal's/properties, these substances need to be identified and chemical resistance t
eloped-as necessary.

applicable
reinforced

o sunlight,
hirance that
[ve erosion,

o sure that
assess an
bmmended
In case of
isrequires

'he level of
mperature
absorption
[yers of the
n.

d sleepers.
quences of
volving the

le to affect
bsts can be

A.3 Material identification and characterization

The material composition from which the sleeper is made shall be identified and characterized before

erature by

ageing by the following:

a) infrared spectroscopy analysis;

b) the determination of the Vicat softening temperature (VST) according to ISO 306, the temperature
of deflection under load according to ISO 75 (all parts), or the glass transition temp
differential scanning calorimetry (DSC) according to ISO 11357-2, depending on the nature of the
matrix polymer. Where possible, the oxidation induction time (OIT) can be also determined;

c) thetype and content of filler and/or reinforcement.
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This list is not exhaustive and other methods can be used for the material characterization if they are

relevant fo

r the material in consideration, provided they are documented.

In cases of a sleeper of non-homogeneous structure, the manufacturer shall document the structure
of the sleeper, and each individual material layer shall be characterized using appropriate methods as

stated in A

4.2.3.

A.4 Accelerated artificial ageing

rpose of the tests

A4.1 Pu
The ageing
a) the che
to the
ageing
b) thema
which

Surface erq
the source

The accelel
the tests c

A.4.2 Mg

A421 @

Laboratory
ISO 4892-2

The labora

a polyethylene reference specimens (RERS) film.

Other ligh{
between th
according 1

NOTE1 1
activation e
a great infly

NOTE2 |
well as stre

of polymers during the exposure to artificial weathering shall be assessed by monitdrin

bmical changes in the material by Fourier transform infrared (FTIR) spectroscopy,.dccorg
methodology provided by ISO 10640. Chemical changes shall be the same in‘the artif
tests as in natural conditions for a low rate of degradation;

croscopic properties of the material resulting from the chemical degradations of the mate
dictate the service life of the sleeper.

sion and the resulting surface topology should be closely monitpred, as these parameters
of change in the mechanical properties which dictate the service life.

ation factor of the laboratory accelerated tests shall be éstimated based on comparison yj
nducted under natural conditions over the first few years.

thod of laboratory exposure

eneral

[ exposure tests shall be performed by exposure to xenon-arc lamps in accordance v
, method A, cycle 1.

fory test conditions shall be inspected according to the method given in ISO/TR 19032, u

sources (e.g. medium (pressure mercury lamps) can be used provided that a correla
e testresults obtained with these light sources and those obtained after an artificial expos
0 IS0 4892-1 and ntabural exposure can be demonstrated.

'he processes ofphotochemical degradation of polymers are activated by the temperature (a ther
hergy of theprocesses is existing) and, consequently, the actual temperature of the test specimen
ence on the speed of degradation.

Vater'cah extract and wash additives, hydrolyse, or erode the oxidation products of the polyme
5s-the photocatalytic effect of some photoconductive pigments. The roles of water being multip

is advisable

P!
&)

ling
cial
rial

are

vith

vith

bing

fion
ure

mal
has

I, as
e, it

tosmake sure that its npplirarinn in the test conditionsin lahoratorv do not lead to nnn-rr—\prndn

ible

effectsinre

The minim

ality.

um duration of exposure is specified in 4.13.1.

Reproducibility of the surface changes should be demonstrated in order to anticipate the changes over

50 years.

A.4.2.2 Testspecimens

A study shall be conducted on how the test specimens are to be designed and produced (e.g. by cutting
a sample from the sleeper, by moulding). In particular, care shall be taken to ensure that the surface
condition of the test specimens is equivalent to that of the sleeper to be tested.
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The test specimens shall be made useable for monitoring

chemical changes by early-phase FTIR spectrometry,
macroscopic surface changes, particularly changes in erosion and topology, and

changes in mechanical properties.

The number of test specimens depends on the type of characterization to be carried out.

Fre

Sanmppling shall allow predicting the degradation process.
Thd

A.4{2.3 Changes in properties

A.4|2.4.1 Monitor chemical changes in the test specimen surface vig-an FTIR spectrosco
in eprly phase.

quency of inspections shall be optimized to fit the adopted test durations.

thickness of the test specimens depends on the type of material and the structure of th¢ sleeper to
be tlested.

py analysis

A.4{2.4.2 Monitor erosion and topology changes of the test specimen surface with asgessment of

microcracking using appropriate metrology and/or optics-based(methods.

A4

degradation.

Degending on the constitutive material and structure of the sleeper to be tested, detg

me

The
dep

2.4.3 Monitor changes in mechanical properties to assess the consequences of test specir

hanical test specimen property or properties-that need to be assessed, from the followin]

flexural deformation at rupture;

NOTE Flexural tests are teststhat characterize a degree of damage and the acceptable lin
not designed to simulate sleeper response to mechanical stresses.

tensile properties: tensilé nodulus of elasticity, tensile strength;
compressive properties: compressive strength;

other propertiesspecific to the material [e.g. the tensile-impact strength for compositg
unplasticizedpoly(vinyl chloride)].

test methods to be applied and the characteristics to be assessed shall be selected froq
ending.on‘the constitutive material of the sleeper.

hen surface

ermine the
g list:

flexural properties: flexural stress at rupture or flexural strength, flexural modulus of elasticity,

it. They are

s based on

h Table A.1
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Table A.1 — Test methods for assessing mechanical properties

Material Test method Characteristics to be assessed

IS0 178 Flexural stress at rupture
Flexural strength
Flexural modulus of elasticity

Flexural deformation at rupture

Thermoplastic matrix materials

IS0 527-2 Tensile modulus of elasticity
Tancila ctrangth
ensile-strength
ISO 82562 Mean values
Individual values
ISO 178 Flexural stress at rupture
Flexural strength
Materials bpsed on long fibre-reinforced Flexural modulus of elasticity
(fibre length under 7,5 mm) thermoset-
ting resins Flexural deformation atrupture
ISO 527-4 Tensile modulus &f elasticity
Tensile strength
ISO 14125 Flexuralstrength
Materials bpsed on long fibre-reinforced Flexural'modulus of elasticity
(fibre length over 7,5 mm) thermosetting < —
resins ISO 527-4 Tensile modulus of elasticity

Tensile strength

a  For composites made from unplasticized poly(vinyl chloride)@nly.

Test specithen characterization tests should be performed at frequencies compatible with the degrde of
developmepnt of the chemical changes and changes of surface properties of the material.

A.5 Exppsure to natural ageing

A.5.1 Geperal

Natural agping exposure testsshall be carried out according to method A specified in ISO 877-2:21;09,
preferably|on a natural agging site located in a Mediterranean climate according to ISO 877-1:2009,
Table A.1.

Additionalftests can.be carried out on a site located in a humid tropical zone in order to gain test resplts
that can bg processed in a shorter timeframe, making it possible to establish by comparison long-term
extrapolatjons.of the properties. However, in addition to the global solar irradiation exposure and|the
temperatufe®df the exposure site, the high relative humidity that is liable to promote phenomena linked
to microorganism growth should be taken into account.

NOTE1 Assessment of the solar irradiation conditions should refer to Reference [3].

NOTE 2  For example, natural exposure at tilt angle of 45° to the horizontal, towards the south, for one year
in the south of France equates to a total solar irradiance exposure of 6,6 GJ/m2 and a mean air temperature of
15,5 °C.

Take quarterly samples in summer months and half-yearly samples in winter months to produce test
specimens intended for quantifying early-phase chemical changes.

Take yearly samples overaperiod of five years or more to produce test specimens intended for monitoring
surface degradation and mechanical properties.
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