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Abstract: Under sleeper pads (USPs) are resilient elements used in the ballasted track structures to
improve dynamic behaviour of the track, reduce vibration and protect the ballast against fast degradation.
As the elements permanently connected to the sleepers or turnout bearers, the pads must have an
appropriate level of pull-off strength, so that they do not separate from the rail support (here: sleeper)
during their transportation to the construction site or during many years of operation. In this paper,
results of pull-off tests performed on four selected USP samples are presented: three samples made of
SBR (styrene-butadiene rubber) granulate and one made of polyurethane. Moreover, details of the pad’s
attachment to the rail support are discussed, and the requirements for the USP properties are specified,
focusing on the pull-off strength determined after the weather resistance test. It is shown that only two
out of four considered USP samples fulfilled the requirements specified by the authors.
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1. Introduction

Under sleeper pads (USPs) are vibration isolators used in the ballasted track structures to
improve dynamic behaviour of the track systems. They provide protection against vibration,
preserve the ballast under the tracks and improve the track stability [1,2]. USPs should be
applied in the following cases:

— itis not possible to achieve a proper thickness of the ballast layer under the sleepers or
turnout bearers, e.g. on civil engineering structures (bridges, tunnels) with a limited
vertical alignment — in this case, the pads should protect the ballast against faster
breakage;

— due to specific exploitation conditions, it is necessary to secure the track structure
against faster degradation (such as track deformations);

— it is necessary to adjust stiffness of the track structure, mainly in transition zones;

— it is necessary to protect the built environment around the track system against high
vibrations caused by its exploitation.

The pads are produced from elastomeric materials (usually 5+20 mm thick), such
as polyurethane (with closed or open pores) or rubber (blends of natural rubber and/or
synthetic rubber) [3]. High elasticity of the rubber pads is assured by the shape (canals,
channels and various insets) and structure (density and volume of the pores) of the pad’s
section.

USPs are installed at the bottom surface of the sleepers or turnout bearers in such a way,
that they cover this surface either fully (Fig. 1a) or only the zone which actively transfers
vertical loads (Fig. 1b) [4].

(a) (b)

Fig. 1. USP attached to the bottom surface of the sleeper: (a) full covering; (b) partial covering

Thanks to the variety of available USPs with different thicknesses and stiffnesses,
they can be applied in the wide range of loads and train speeds, in various types of the
ballasted track systems. Basic criteria for the selection of the specific pad variety include:
maximum allowed rail deflection and eigenfrequency of vibration of the objects that should
be protected against destructive influence of the vibrations caused by moving trains.

Various studies on resilient pads applied in the ballasted track systems can be found
in the literature. Jayasuriya et al. [5] analysed performance of USPs which are aimed
at reducing the ballast degradation and decreasing permanent deformation of the track.
Neuhold and Landgraf [6] focused on long-term behaviour of the track with USPs. Guo et
al. [7] studied mechanical performance of the ballast with and without USPs, demonstrating
that the pads reduce the track stiffness and can decrease its settlement. Johansson et al. [8]
analysed the influence of USPs on the dynamic train-track interaction. Omodaka et al. [9]
proved that the subsidence of the track can be controlled using resilient pads. Abadi et
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al. [10] showed that the application of USPs can reduce maintenance requirements and
whole-life costs for the track.

Paixdo et al. [11] demonstrated that USPs applied at transition zones to railway bridges
can reduce ballast degradation and control vertical stiffness of the track. Similar conclusions
were drawn by Mottahed et al. [12], who conducted field tests on a transition zone to
a railway bridge, where ballasted track equipped with USPs was applied.

At the Wroctaw University of Technology, research on the impact of USPs on the
performance of the track bed was conducted [13], which demonstrated their effectiveness
in reducing negative effects of dynamic overloads. This efficiency is particularly noticeable
for prestressed concrete sleepers with USPs, within the load frequency range of 1618 Hz,
which corresponds to a travel speed of 140160 km/h. Research showed that the prestressed
concrete sleepers with USPs can have damping properties similar to or even better than
wooden sleepers. On railway lines with speeds above 160 km/h, the use of USPs would
compensate for the increase in track stiffness and finally, would lead to extending the
periods between repairs.

Sol-Sédnchez et al. [14] studied USPs produced from end-of-life tires. Fatigue tests
performed by the authors revealed that the tire pads are suitable for use in railway systems.
Similar pads were investigated by Esmaeili et al. [15], who analysed how the pads of
different thicknesses influence the ballast behaviour under cyclic loading.

In this study, the authors present results of laboratory pull-off tests performed on
prototype USPs. In their previous works, they analysed fatigue strength [16] and resistance
to severe environmental conditions [17, 18] of resilient elements. Here, the main focus is
put on pull-off strength determined according to the procedure described in the European
standard EN 1542 [19]. First, details of the attachment of USPs to the rail supports are
discussed. Afterwards, requirements for the USP properties are specified, focusing on
the pull-off strength determined after the weather resistance test. Authors’ preliminary
recommendations for the Polish railways PKP PLK S.A. are proposed, based on the review
of the requirements of foreign railway infrastructure managers. Then, results of pull-off
tests performed on USP samples made of SBR (styrene-butadiene rubber) granulate and
PU (polyurethane) are presented.

2. Attachment of USP to the rail support

There are two ways of attaching USPs to the bottom surface of the rail supports —
sleepers or turnout bearers — further referred to as supports:

— during the manufacturing process of the support — the pad is placed at the bottom
surface of the support after the concrete mix has been compacted in the framework,
and then the pad is pressed or vibrated in order to immerse the anchor layer of USP
(e.g. geosynthetic) into the concrete mix;

— on the finished support — the pad is glued to the support with a fast-setting adhesive,
and the process can be carried out either on the construction site (which is favourable,
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as the USP is protected against potential mechanical damage that might occur during
the transportation) or at the production stage.

Solutions for attaching USPs during the manufacturing process of the supports usually
assume that the pads consist of three layers, described as follows (from top to bottom at the
final operational position of the support):

— an anchor layer fixed in the concrete, which is usually a spatial element with pro-
trusions penetrating the concrete of the support, for example made of plastic or
geosynthetic;

— an elastic layer which is, from the point of view of the pad’s function, its main layer
made of an elastomeric material providing the pad an appropriate level of stiffness;

— a protective layer protecting the elastomer against mechanical damage caused by
sharp-edged ballast grains, usually made from geosynthetic (the protective layer is
not necessary).

Solutions designed to be attached to the bottom surface of the finished support with
glue differ from the three-layer system described above in that they do not include the upper
anchor layer fixed in the concrete of the support.

In USPs applied in different countries, the arrangement, material and structural layers
of the pads are varied and do not result from the mandatory requirements of the European
standards or other national regulations.

A French solution [20] consists in vibrating the USP (only the anchor layer) into the
fresh concrete of the support. The pad made of polyurethane has a high adhesion, achieved
by using various shapes of its protrusions (Fig. 2a-2c), which work in a similar way to
anchors. Installation of such pads can be fully automated with specially made machines.

Anchoring
elements

(© (d)

Fig. 2. USPs used on French railways: (a) anchor layer (protrusions with the upper surface in the
shape of a “hat” [20]); (b) anchor layer (protrusions with a flat upper surface) [22]; (c) anchoring
scheme; (d) location of USPs in the zone of an active transfer of vertical pressures [20]
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USPs of this type can be used either along the entire length of the rail support or only in the
zone of an active transfer of vertical pressures at the bottom of the rail support (Fig. 2d).
An Austrian solution [21] consists in placing the USP manually or by a machine on the
unset concrete (Fig. 3d). Appropriate attachment of the pad to the support is ensured by
gravitational loading of the pad and pressing it to the bottom surface of the support. The
USP is made of polyurethane, and the anchor layer (anchoring spatial structure) resembles
mesh connection (Fig. 3a-3c). Pads of this type are generally used along the entire length of
the rail support. This solution enables the full automation of the assembly process of USPs.

@ (b)

(© (d)

Fig. 3. USPs used on Austrian railways: (a) anchor layer — side view; (b) anchor layer — top view;
(c) anchoring scheme; (d) placing USPs with an anchor layer on the unset concrete of the support [21]

A Korean solution [23] consists in placing the USP manually or by a machine on the
unset concrete of the rail support (Fig. 4c). The pad is anchored in the concrete using
special hook-like protrusions, which are immersed in the concrete in a way that prevents
contact of the protrusions with the prestressed cables. USPs are made of polyurethane resin
and used along the entire length of the rail support, with an expansion joint of 30 mm in
the middle. The pads are 20 mm thick, and the 40 mm high protrusions are located 20 mm
from the edge of the pad (Fig. 4a—4b). The protrusions have a hook and rectangular shape,
they are placed alternately along the length of the pad, and there are orifices between the
protrusions to prevent the formation of air voids around them and to ensure a flat surface
of the pad (possible outflow of excess concrete mix).

Another French method consists in joining the USP with the support using aggre-
gate [22], which is placed on the surface of the uncured polyurethane resin (Fig. 5a). The
aggregate used in the pad consists of one fraction with a similar diameter to the diameter
of the largest fraction in the concrete of the support, which ensures the greatest possible
adhesion between the elements. This method consists in laying the USP on the unset con-
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Fig. 4. USPs used on Korean railways: (a) anchor layer; (b) anchoring scheme; (c) placing USPs with
an anchor layer on the unset concrete of the support [23]

crete of the support. The main disadvantage of this solution is an inhomogeneous stiffness
of the pad across its cross-section (irregularly shaped aggregate penetrates the elastic layer
of the pad to different depths) (Fig. 5b).

Attachment of USPs with an anchor layer in the form of special plastic protrusions (see
Fig. 6) is also carried out on the unset concrete of the support. The shape of the protrusions
ensures high adhesion of the pad to the bottom of the support. The anchoring elements are
in the shape of elongated sticks with an elliptical cross-section. The pads are manufactured
in such a way that the axes of the protrusions are approximately 13 mm apart and parallel

Anchor layer

Anchor layer

I Elastic layer / I
()

Fig. 5. USPs used on French railways: (a) details of the anchor and elastic layers of the pad [22,24];
(b) anchoring scheme
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to the longitudinal axis of the support. The anchor layer is connected to the elastic layer by
an adhesive.

/
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Fig. 6. USP with a plastic anchor layer: (a) view in the longitudinal direction; (b) view in the transverse
direction; (c) anchoring scheme in the longitudinal direction; d) anchoring scheme in the transverse
direction

As in the previous examples, attachment of the USP to the support using a geotextile
anchor layer (Fig. 7) is carried out on the unset concrete of the support. Part of the anchor
element is glued to the elastic layer made of rubber granules. The connection of the layers
is realized by the penetration of the concrete mix into a geotextile structure consisting of
compressed fibre networks, which, under the influence of moisture from the fresh concrete
mix, increase their volume while loosening their structure.

A spray method of applying the USP [25], used on French railways, consists in spraying
a synthetic polymer (which constitutes the pad) onto the bottom surface of the rail support
(Fig. 8a and 8c). The sprayed polymer penetrates the structure of the concrete, which
ensures the adhesion of the pad to the bottom surface of the support (Fig. 8b). This type of

" Elastic layer / !
(2) (b)

Fig. 7. USP with a geotextile anchor layer: (a) section view of the anchor layer (geotextile);
(b) anchoring scheme
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the pad’s attachment ensures high water resistance as well as the ability to cover surfaces of
various shapes, including uneven ones. This method can be used in prefabrication plants,
where high automation of the production process of the supports with USPs is possible.

(a) (b)

Fig. 8. USP attached to the support with a spray method used on French railways: (a) USP after
spraying onto the bottom surface of the support [25]; (b) scheme of polymer penetration into the
concrete structure to ensure proper adhesion of the pad to the support; (c) USP spraying process [24]

Another method of attaching the USP to the rail support consists in gluing the pad to
the finished support using a fast-setting adhesive, e.g. epoxy adhesive (Fig. 9). The surface
to which the pad will be attached must be dry and clean, it should be as smooth as possible
(the rougher the surface, the more glue is required). Attachment of the USP is carried out
as follows:

— the rail support is placed upside down and cleaned if necessary;

— glue is prepared (according to the manufacturer’s instructions);

— the prepared adhesive is placed on the bottom surface of the rail support;

— the required amount of glue is determined by the roughness of the concrete surface

and the size of the support (usually 0.5 to 2.0 kg of glue per element is used);

— the pad is placed centrally on the rail support;

— the pad should be pressed down evenly with a load of approx. 50 kg while the glue

dries;

— after the bonding process, there should be no cavities that are not filled with glue;

— the total thickness of the adhesive layer should not exceed 5 mm, as it could affect

negatively the stiffness of the connection.

(b

Fig. 9. USPs glued to the bottom surface of the supports: (a) prestressed concrete sleepers [26];
(b) turnout bearers [21]
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In addition to typical applications USPs, they can also be used on wooden (Fig. 10a—
10b) or steel (Fig. 10c) supports. In the case of wooden supports, the pads can also be
installed using so-called staples.

(b)

Fig. 10. Wooden and steel rail supports: (a) USP attached to the wooden support; (b) wooden support
with USP [21]; (c) steel support with attached USP (further visible concrete turnout bearers with
USPs) [21]

3. Regulations and requirements

Based on the review of the requirements of foreign railway infrastructure managers, the
authors prepared tabular comparisons of the limit values ??of parameters considered par-
ticularly important for the proper selection of vibration isolators used in the ballasted track
structure. Particularly, the requirements imposed by the International Union of Railways
UIC [27] were taken into account, and the regulations valid in Italy [28] and France [29],
as they are based on the standard procedure of EN 16730 [30]. Moreover, preliminary
recommendations for the Polish railways PKP PLK S.A. were formulated.

Table 1 contains the requirements and authors’ recommendations with regard to the
resistance to severe environmental conditions of USPs and their pull-off strength determined
after the weather resistance test.

Table 1. Required parameters of USPs (tested according to various procedures) based on the require-
ments of foreign railway infrastructure managers and preliminary authors’ recommendation for the
Polish railways PKP PLK S.A.

Propert UIC Germany Italy France r;zg::?rf:n—
perty [27]* [31] [28]* [29]* :
dation
Appearance | no damage - no damage | no damage | no damage
Resistance ACstat - - - < 15% < 15%
to severe ACdyn (5Hz) < 15% — < 15% < 15% < 15%
environmental Pull-off
conditions tu _Oth min > 0.40
Seng min> 04 | min>03 | min>04 | min>0.6 | mean>
after the test 045
[N/mm?] ‘
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4. Pull-off test

The USP as an element permanently connected to the sleeper or turnout bearer, regard-
less of the assembly technology, must have an appropriate level of pull-off strength, so that
the pad does not separate from the rail support during its transportation to the construction
site or during its many years of operation. If the required pull-off strength value is not
ensured, it could lead to the detachment of USP from the sleeper (e.g. due to the action of
water and frost) and, as a result, the pad could no longer fulfil its function, e.g. in terms of
improving the geometric quality of the track or reducing vibrations. The name of the tested
feature “pull-off strength” is consistent with the standard EN 1542 [19] which defines the
test procedure.

The tests presented in this paper concern pull-off strength of USPs determined after
the tests of resistance to severe environmental conditions (the weather resistance tests were
presented in the previous work of the authors [17]). In order to take into account the
influence of unfavourable weather conditions (water, frost, low and high temperatures) on
the pull-off strength of the pads during its operation in a ballasted railway track, the samples
were previously tested for resistance to weather conditions. The tests were carried out on
four selected materials of prototype USPs — three materials based on SBR granulate and
one based on PU:

— USP no. 1 made of SBR granulate, 9 mm thick, attached with glue;

USP no. 2 made of SBR granulate, 12 mm thick, attached with glue (Fig. 11a);
USP no. 3 made of SBR granulate, 7 mm thick, attached with geotextile anchor layer;

— USP no. 33 made of PU, 7 mm thick, attached with glue.

The pads no. 1, 2 and 3 differ in the production technology, thickness and density.

This work is based on the wider research performed within the BRIK InRaViS project,
which included several dozen prototype elastomer materials. In this paper, the authors
present results obtained for four selected and characteristic USPs differing, for example,
in thickness, material type or method of fastening. Adopted numbers of samples result
from the numbering used in the project, hence the PU-based pad has the number 33. The
authors have decided to keep the adopted general numbering rule, so that it is possible to
compare results presented in their various publications on resilient pads. According to the
recommendations of UIC [27] from 2018, the USP thickness should be between 5 mm and
15 mm. The pads considered in this study have thicknesses between 7 mm and 12 mm,
which is within the recommended range.

The main assumption of this article is to show that regardless of the type of material
(rubber or polyurethane) or the method of attaching the pad (adhesive or anchor layer),
a uniform test procedure should be used to verify its pull-off strength after the weather
resistance test. Therefore, the considered USP samples have different thicknesses and
different fixing methods are presented. In addition, minimum limiting values of pull-off
strength are proposed, showing that they are realistic to achieve in laboratory tests, but not
all materials and fixing methods are able to meet these requirements.

It should be highlighted that three out of four pads discussed in this paper are made
of SBR, which is manufactured from recycled rubber from end-of-life tires. In the au-
thors’ opinion, vibration isolators based on recycled elastomers show potential for a wide
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(d) © | ®)

Fig. 11. Preparation of the USP samples and performance of the pull-off test: (a) USP glued to the

concrete block; (b) arrangement of measurement points (according to EN 16730 [30]); (c) circle cuts

in the USP material; (d) sample ready for gluing steel pull-oft discs; (e) performance of the pull-off
test using Proceq dy-206; (f) USP sample after the test, visible failure type

application in the construction of sustainable and environmentally friendly railway su-
perstructures. The application of shredded rubber from recycled tires as a component of
railway superstructures may be one of the most effective ways of managing rubber waste —
while also fitting in with the European Green Deal policy.

All tested USP samples were previously (before the pull-off test) prepared for weather
resistance testing in the manner specified in EN 16730 [30]:

— USP was mechanically glued or attached with an anchor layer to concrete block; after
the adhesive has set (3—4 days) or 28 days after forming the concrete block (in the
case of an anchor layer), samples of concrete blocks with USPs were kept in water
for 24 h;

— after removal from the water, the samples were placed in a climatic chamber and
subjected to cyclic freezing and thawing, which was aimed at simulating real atmo-
spheric conditions in which the USP works.

It should be highlighted that due to the limited dimensions of the climatic chamber, it
is not possible to perform such test on USPs attached to real sleepers (approx. 2.6 m long
and weight approx. 320 kg). Therefore, the tested pads have smaller dimensions than the
actual size of USPs used in track structures.

Pull-off tests (on samples after weather resistance test) were carried out according to
the procedure described in EN 1542 [19]. According to this method, in each sample of the
USPs, circles with a diameter of 50 mm were cut out (Fig. 11c and 11d), to which steel discs
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with a diameter of 50 mm were then glued. For each USP sample, the pull-off strength was
measured at four points, the location of which was determined in accordance with Annex N
to EN 16730 [30], i.e. at a minimum distance of 50 mm from the edge of the sample and
the next measurement point. The layout of the measurement points is shown in Fig. 11b.

The pull-off strength expressed in N/mm? was measured using Proceq dy-206 (Fig. 11e).
The disc detachment speed, according to Annex E to EN 16730 [30], was constant and
equal to 0.01 N/(mm?s). After testing the material sample (Fig. 11f), the type of failure
was determined according to the following criteria:

— cohesive failure in the layer of concrete block — type A;

— cohesive failure in the material layer — type: B, C, D, E, F, G, H;

— adhesive failure between adjacent layers — e.g. type B/C.

Results of pull-off tests are presented in Tables 2-5, graphs of changes in pull-off
strength during the test — in Fig. 12, and the USP samples with visible failure after the test—
in Fig. 13.

USP no. 1 USP no. 2

s

(o]
o
[=)}

—

07 o
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Fig. 12. Results of the pull-off test of four USPs — pull-off strength determined after the weather
resistance test
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N

(d)

Fig. 13. USP samples after the pull-off test — visible failures: (a) USP no. 1; (b) USP no. 2;
(c) USP no. 3; (d) USP no. 33

Table 2. Results of the pull-off test of USP no. 1 — pull-off strength determined after the weather
resistance test

. Pull-off strength, S
Disc no. s [N/mm?] Type of failure Layers
1 0.57 C/D
2 0.38 C/D
3 0.42 C/D 0 — steel disc
4 059 /D D — epoxy glue 2
C-USP
5 0.52* C/D B — epoxy glue 1
6 0.68"* C/D A — concrete block
Mean value 0.49 0.53***
Standard deviation 0.10 0.11%*

* Failure type C/D means that an adhesive failure occurred between the layer of glue that was used
for gluing the steel disc and the elastomer of the pad.

** Discs glued again after pulling off discs no. 2 and 3 (the test continued till the minimum pull-off
strength value was obtained — see authors’ recommendations in Table 1).

*** Result taking into account additional data from re-pulling off the discs.
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Table 3. Results of the pull-off test of USP no. 2 — pull-off strength determined after the weather
resistance test

. Pull-off strength, s
Disc no. s [N/mm2] Type of failure Layers
1 0.43 C/D80%-D/020%
2 0.55 C/D 0 — steel disc
3 0.46 c/D D - epoxy glue 2
C-USP
4 0.48 C/D20%—-A/B20%—C60% B — epoxy glue 1
Mean value 0.48 B A — concrete block
Standard deviation 0.05 -

* Failure type C/D80%-D/020% means that an adhesive failure C/D occurred between the layer
of glue that was used for gluing the steel disc and the elastomer of the pad. At the same time, an
adhesive failure D/0 occurred between the glue layer and the steel disc. The percentage of failure
types was estimated.

Failure type C/D means that an adhesive failure occurred between the glue layer and the elastomer
of the pad.

Failure type C/D20%—A/B20%—-C60% means that an adhesive failure C/D occurred between the
layer of glue that was used for gluing the steel disc and the elastomer of the pad. At the same time,
an adhesive failure A/B occurred between the layer of glue that covered the concrete block and the
material of the block. Additionally, a cohesive failure C occurred in the elastic layer (elastomer
material) of the pad. The percentage of failure types was estimated.

Table 4. Results of the pull-off test of USP no. 3 — pull-off strength determined after the weather
resistance test

. Pull-off strength, S )
Disc no. s [N/mm?] Type of failure Layers
1 0.19 A/B
2 0.23 B/C (A/B)** 0 — steel disc
3 019 A/B D - epoxy glue 2
C-USP
4 0.20 A/B B — epoxy glue 1
Mean value 0.20 _ A — concrete block
Standard deviation 0.02 -

* Failure type A/B means that an adhesive failure occurred between the layer of glue that covered
the concrete block and the material of the block.

Failure type B/C means that an adhesive failure occurred between the elastomer of the pad and
the layer of glue that covered the concrete block.

Remarks:
** Anchor layer partially detached from the USP (30%).
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Table 5. Results of the pull-off test of USP no. 33 — pull-off strength determined after the weather
resistance test

. Pull-off strength, S
Disc no. s [N/mm?] Type of failure Layers
1 0.37 B/C
0 — steel disc
2 0.41 B/C D — epoxy glue 2
3 0.46 B/C C-USP
4 0.24 B/C B — epoxy glue 1
A — concrete block
Mean value 0.37 -
Standard deviation 0.09 -

* Failure type B/C means that an adhesive failure occurred between the elastomer of the pad and
the layer of glue that covered the concrete block.

5. Discussion and conclusions

In this study, the authors presented results of pull-off strength tests performed on four
prototype USP samples: three pads made of SBR granulate and one made of PU. The
tests were carried out according to the procedure described in EN 1542 [19] on samples
previously submitted to weather resistance tests.

In addition, the authors proposed preliminary recommendations for the Polish railways
PKP PLK S.A., which refer to the requirements of foreign railway infrastructure managers,
particularly the ones imposed by the International Union of Railways UIC [27], and the
regulations valid in Italy [28] and France [29], as they are based on the standard procedure
of EN 16730 [30]. The following limiting value of pull-off strength determined after the
weather resistance tests were proposed: minimum value > 0.40 N/mm? and average value
> 0.45 N/mm?.

This study focused only on the requirements with regard to pull-off strength of USPs
measured after the weather resistance test. Other requirements (in relation to other signifi-
cant parameters of USPs) have already been proposed or will be presented in future works
(including the works of this research team), for example: fatigue strength was examined by
Kraskiewicz et al. in [16], longitudinal and transverse resistance of the track structure and
its possible impact on the stability of the contactless track was analysed by Iliev in [3], ver-
tical displacements were tested experimentally by Loy et al. in [32], and potential damage
of the pads caused by sharp ballast grains was investigated by Kraskiewicz et al. in [16]
(ballast simulated with GBP) and by Sol-Sdnchez et al. in [14] (real ballast). In future
works, the authors plan to present results of the tests performed on SBR-based USPs with
real ballast, taking into account possible variations in the parameters of the ballast used in
the laboratory tests (e.g. grain size and density), what may have a significant impact on the
obtained results (e.g. number and type of damage of the pads).

Comparing the results of laboratory tests presented in Fig. 12 and in Tables 2-5 to the
proposed pull-off strength limits specified for USPs after the weather resistance test, it was
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found that only two of the four considered materials met those requirements — USPs no. 1
and no. 2. For the remaining two USPs (no. 3 and no. 33), further work on the adhesive and
the anchor layer is required to improve the pull-off strength and reach the value for each
single test of at least 0.40 N/mm? and an average value of at least 0.45 N/mm?.

In addition to the values of pull-off strength, the authors also analysed types of occurring
failures. In USP no. 1, there was an adhesive failure between the layer of glue that was used
for gluing the steel disc and the elastic layer of the pad. In USP no. 2, four types of failures
occurred: the one observed in USP no. 1, plus an adhesive failure between the glue layer
and the steel disc, an adhesive failure between the layer of glue that covered the concrete
block and the material of the block, and a cohesive failure in the elastic layer of the pad.
In USP no. 3, two types of adhesive failures were observed: between the layer of glue that
covered the concrete block and the material of the block, and between the elastic layer and
glue covering the concrete block. In USP no. 33, an adhesive failure occurred between the
elastomer and the layer of glue that covered the concrete block.

Adhesive failure A/B identified in two out of four tested samples indicates that the
applied anchor layer, which was a part of the USP, did not exhibit enough adhesion
to concrete. Therefore, the anchor layer should be changed to a different material (e.g.
a different type of geotextile) — the prototype should be modified and the test repeated, until
the required minimum pull-off strength is achieved. Similarly, failure type B/C indicates
that the durability of the connection between the elastic part of the pad and its anchor layer
should be improved. As it turned out, the proposed adhesive is not suitable for attaching
USP no. 33 to the sleeper (e.g. directly at the construction site), as it does not provide the
required value of pull-off strength. Another adhesive should be selected and further tests
performed, in order to prove the durability of the connection of USP no. 33.

It should be highlighted that the same type of sleeper, e.g. PS-94, may be produced in
various prefabrication plants and even if the applied concrete mix has similar parameters,
the final product may differ depending on the local aggregate used, which may affect the
pull-off strength value. Therefore, the test should be performed each time for the specific
USP, its attachment method and sleepers prefabrication plant, where the pad may be glued
in the future.

Funding

The publication was prepared as part of the project “Innovative solutions for the protec-
tion of people and buildings against vibrations from rail traffic”. The project is co-financed
by the European Union from the European Regional Development Fund under the Smart
Growth Operational Programme and by PKP PLK S.A. within the framework of the BRIK.

References

[1] R. Schilder, “USP (Under Sleeper Pads): a contribution to save money in track maintenance”, presented at
AusRAIL PLUS 2013, 26-28 November 2013, Sydney, Australia, 2013.

[2] M. Sol-Sanchez, F. Moreno-Navarro, and M.C. Rubio-Gamez, “The use of elastic elements in railway
tracks: a state of the art review”, Construction and Building Materials, 75, pp. 293-305, 2015, doi: 10.1016/
j.conbuildmat.2014.11.027.


https://doi.org/10.1016/j.conbuildmat.2014.11.027
https://doi.org/10.1016/j.conbuildmat.2014.11.027

www.czasopisma.pan.pl P N www.journals.pan.pl

=

LABORATORY TESTING OF SELECTED PROTOTYPE UNDER SLEEPER PADS (USPS)... 499

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]
[21]
[22]

D.L. Iliev, “Die horizontale Gleislagestabilitit des Schotteroberbaus mit konventionellen und elastisch
besohlten Schwellen”, Technische Universitit Miinchen, 2012.

C. Kraskiewicz, A. Zbiciak, W. Oleksiewicz, and W. Karwowski, “Static and dynamic parameters of railway
tracks retrofitted with under sleeper pads”, Archives of Civil Engineering, vol. 64, no. 4, pp. 187-201, 2018,
doi: 10.2478/ace-2018-0070.

C. Jayasuriya, B. Indraratna, and T. Ngoc Ngo, “Experimental study to examine the role of under sleeper pads
for improved performance of ballast under cyclic loading”, Transportation Geotechnics, vol. 19, pp. 61-73,
2019, doi: 10.1016/j.trge0.2019.01.005.

J. Neuhold and M. Landgraf, “Effects of under sleeper pads on long-term track quality behaviour”, presented
at the 5" International Conference on Road and Rail Infrastructure, 17-19 May 2018, Zadar, Croatia, 2018,
doi: 10.5592/CO/CETRA.2018.885.

Y. Guo, J. Wang, and V. Markine, “Ballast mechanical performance with and without under sleeper pads”,
KSCE Journal of Civil Engineering, vol. 24, pp. 3202-3217, 2020, doi: 10.1007/s12205-020-2043-5.

A. Johansson, J.C.O. Nielsen, R. Bolmsvik, A. Karlstrom, and R. Lundén, “Under sleeper pads — Influence
on dynamic train-track interaction”, Wear, vol. 265, pp. 1479-1487, 2008, doi: 10.1016/j.wear.2008.02.032.
A. Omodaka, T. Kumakura, and T. Konishi, “Maintenance reduction by the development of resilient sleepers
for ballasted track with optimal under-sleeper pads”, Procedia CIRP, vol. 59, pp. 53-56, 2017, doi: 10.1016/
j-procir.2016.09.039.

T. Abadi, L. Le Pen, A. Zervos, and W. Powrie, “Effect of sleeper interventions on railway track perfor-
mance”, Journal of Geotechnical and Geoenvironmental Engineering, vol. 145, no. 4, art. no. 04019009,
2019, doi: 10.1061/(ASCE)GT.1943-5606.0002022.

A. Paixdo, J.N. Varandas, E. Fortunato, and R. Cal¢ada, “Numerical simulations to improve the use of under
sleeper pads at transition zones to railway bridges”, Engineering Structures, vol. 164, pp. 169-182, 2018,
doi: 10.1016/j.engstruct.2018.03.005.

J. Mottahed, J.A. Zakeri, and S. Mohammadzadeh, “Field investigation on the effects of using USPs in
transition zone from ballasted track to bridges”, International Journal of Civil Engineering, vol. 17, no. 9,
pp. 1421-1431, 2019, doi: 10.1007/s40999-019-00440-3.

M. Kruzynski, E. Kwiatkowska, and J. Zwolski, “Badania dynamiczne toru kolejowego”, Przeglqd komu-
nikacyjny, no. 11, pp. 23-28, 2012.

M. Sol-Sanchez, F. Moreno-Navarro, and M.C. Rubio-Gdmez, “Viability of using end-of-life tire pads
as under sleeper pads in railway”, Construction and Building Materials, vol. 64, pp. 150-156, 2014,
doi: 10.1016/ j.conbuildmat.2014.04.013.

M. Esmaeili, A. Shamohammadi, and S. Farsi, “Effect of deconstructed tire under sleeper pad on railway
ballast degradation under cyclic loading”, Soil Dynamics and Earthquake Engineering, vol. 136, art.
no. 106265, 2020, doi: 10.1016/j.s0ildyn.2020.106265.

C. Kraskiewicz, A. Zbiciak, A. Al Sabouni-Zawadzka, and A. Piotrowski, “Experimental research on
fatigue strength of prototype under sleeper pads used in the ballasted rail track systems”, Archives of Civil
Engineering, vol. 66, no. 1, pp. 241-255, 2020, doi: 10.24425/ace.2020.131786.

C. Kraskiewicz, A. Zbiciak, and A. Al Sabouni-Zawadzka, “Laboratory tests of resistance to severe envi-
ronmental conditions of prototypical under sleeper pads applied in the ballasted track structures”, Archives
of Civil Engineering, vol. 67, no. 3, pp. 319-331, doi: 10.24425/ace.2021.138058.

C. Kraskiewicz, A. Zbiciak, A. Al Sabouni-Zawadzka, and A. Piotrowski, “Resistance to severe environ-
mental conditions of prototypical recycling-based under ballast mats (UBMs) used as vibration isolators in
the ballasted track systems”, Construction and Building Materials, vol. 319, no. 9, art. no. 126075, 2022,
doi: 10.1016/ j.conbuildmat.2021.126075.

EN 1542:2000 Products and systems for the protection and repair of concrete structures. Test methods.
Measurement of bond strength by pull-off.

Fimor. [Online]. Available: https://www.fimor-polyurethane.com/en/. [Accessed: 22.06.2019].

Getzner. [Online]. Available: https://www.getzner.com/pl. [Accessed: 28.11.2022].

L. Kazniczy, “Egy “Franké” Aljapapucs”, presented at XX. Nemzetkozi Epitestudomanyi Konferencia
EPKO 2016, 1-5 June 2016, Csiksomly6, Jakab Antal Hdz, Romania, 2016.


https://doi.org/10.2478/ace-2018-0070
https://doi.org/10.1016/j.trgeo.2019.01.005
https://doi.org/10.5592/CO/CETRA.2018.885
https://doi.org/10.1007/s12205-020-2043-5
https://doi.org/10.1016/j.wear.2008.02.032
https://doi.org/10.1016/j.procir.2016.09.039
https://doi.org/10.1016/j.procir.2016.09.039
https://doi.org/10.1061/(ASCE)GT.1943-5606.0002022
https://doi.org/10.1016/j.engstruct.2018.03.005
https://doi.org/10.1007/s40999-019-00440-3
https://doi.org/10.1016/j.conbuildmat.2014.04.013
https://doi.org/10.1016/j.soildyn.2020.106265
https://doi.org/10.24425/ace.2020.131786
https://doi.org/10.24425/ace.2021.138058
https://doi.org/10.1016/j.conbuildmat.2021.126075
https://www.fimor-polyurethane.com/en/
https://www.getzner.com/pl

www.czasopisma.pan.pl P N www.journals.pan.pl

=

500 C. KRASKIEWICZ, A. ZBICIAK, J. MEDYNSKI, A. AL SABOUNI-ZAWADZKA

[23] S.G. Yun, S. Yang, J.H. Eum, and S.Y. Chang, Patent KR100699548B 1. [Online]. Available: https://patents.
google.com/patent/KR100699548B 1/ko. [Accessed: 03.07.2019].

[24] Sateba. [Online]. Available: https://sateba.com/. [Accessed: 28.11.2022].

[25] VF Systems. [Online]. Available: https://www.vf-systems-railways.com/v-fit-usp-under-sleeper-pads/.
[Accessed: 05.07.2019].

[26] Edilon Sedra. [Online]. Available: https://www.edilonsedra.com/. [Accessed: 28.11.2022].

[27] IRS 70713-1 Railway Application — Track & Structure “Under Sleeper Pads (USP) — Recommendations for
Use”, 1st edition, 01.04.2018.

[28] RFI TCAR SF AR 03 007 C, Specifica tecnica di fornitura: Tappetini sotto traversa (USP), 2017.

[29] SNCF IG04013 Traverses et supports béton pour pose ballastée équipées de semelles résilientes en sous
faces (ex CT IGEV 016), 14.08.2018.

[30] EN 16730:2016 Railway applications — track — concrete sleepers and bearers with under sleeper pads.

[31] DB Netz AG, DBS 918 145-01 Technische Lieferbedingungen, Spannbetonschwellen mit elastischer Sohle
— Elastische Schwellensohlen, 2016.

[32] H. Loy, M. Biskup, and E. Kwiatkowska, “Measuring the vibration-isolating effect of an elastic superstruc-
ture in Poland”, Global Railway Review, vol. 24, no. 1, 2018.

Badania laboratoryjne wybranych prototypowych podkladek USP -
wyznaczanie przyczepnosci przez odrywanie po badaniu odpornoSci
na warunki atmosferyczne

Stowa kluczowe: odporno$¢ na warunki atmosferyczne, podktadka podpodkiadowa, podsypkowa
nawierzchnia torowa, przyczepno$¢ przez odrywanie, badania laboratoryjne USP

Streszczenie:

Podktadki podpodktadowe (z ang. USP — under sleeper pad) to elementy sprezyste stosowane
w konstrukcjach podsypkowych nawierzchni szynowej w celu poprawy pracy nawierzchni pod obcig-
zeniami dynamicznymi, zmniejszenia drgafi oraz ochrony podsypki przed szybka degradacja. Jako
elementy trwale potaczone z podkfadami lub podrozjazdnicami, podktadki USP musza posiadaé
odpowiednig wytrzymatos$¢ na odrywanie (przyczepno$¢ przez odrywanie), aby nie oddzielity si¢ od
podpory szynowej podczas transportu na plac budowy lub w trakcie wieloletniej eksploatacji.

W artykule oméwiono szczegétowo rézne sposoby mocowania podktadek USP do podpér szy-
nowych, zdefiniowano wymagania dotyczace wtasciwosci USP, skupiajac si¢ na wytrzymatosci na
odrywanie wyznaczonej po badaniu odporno$ci na warunki atmosferyczne, a takze przedstawiono
wyniki przeprowadzonych badan laboratoryjnych podktadek.

Autorzy przedstawili wyniki badai przyczepnosci przez odrywanie (ang. pull-off) przepro-
wadzonych na czterech wybranych préobkach USP: trzech z granulatu SBR (kauczuk styrenowo-
butadienowy) i jednej z poliuretanu. Badania przeprowadzono zgodnie z procedurg opisang w normie
EN 1542 na prébkach poddanych wcze$niej badaniom odpornosci na warunki atmosferyczne.

Ponadto autorzy zaproponowali wstepne rekomendacje dla polskich kolei PKP PLK S.A., ktére
odnosza si¢ do wymagan zagranicznych zarzadcéw infrastruktury kolejowej — w szczeg6lnosci regu-
lacji Migedzynarodowego Zwigzku Kolejowego UIC oraz przepiséw obowiazujacych we Wloszech
i Francji, opierajacych si¢ na normowej procedurze EN 16730. Zaproponowano nastgpujace gra-
niczne wartoSci przyczepnosci przez odrywanie wyznaczonej po badaniach odpornosci na warunki
atmosferyczne: warto$¢ minimalna > 0,40 N/mm? i warto$¢ srednia > 0,45 N/mm?.
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Poréwnujac wyniki badan laboratoryjnych przedstawionych w rozdziale 3 z proponowanymi
granicznymi warto$ciami przyczepnosci przez odrywanie okreslonymi dla USP po badaniu odpor-
no$ci na warunki atmosferyczne, stwierdzono, ze tylko dwa z czterech rozpatrywanych materialéw
spelnialy te wymagania — USP nr 1 i nr 2. Dla pozostatych dwéch podktadek (nr 3 i nr 33) wskazane
sa dalsze prace nad poprawa wartoSci przyczepnosci przez odrywanie (nad spoiwem i materialem
warstwy przylegajacej do spodu podkiadu), aby osiagnac¢ warto$¢ dla kazdej pojedynczej préby
wynoszacg co najmniej 0,40 N/mm? oraz warto$¢ Srednig wynoszaca co najmniej 0,45 N/mm?.
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