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h i g h l i g h t s

� The use of ‘metal cushion’ as a novel alternative for rail pads is proposed.
� Both fatigue ageing and corrosion can be mitigated using the metal cushion.
� Static and dynamic stiffness performance is compared with some commercial pads.
� The influence of the metal cushion design parameters is analyzed.
� The electrical resistance pf metal cushion pad rises adding a thin polyamide layer.
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a b s t r a c t

The widespread use of railway concrete sleepers/slab track has led to the evolution of fastening systems
towards the use of elastic rail pads. Pads are interposed between the rail and the sleeper as damping ele-
ments to minimize the transmission of shocks and vibrations to the sleeper, this function being of par-
ticular importance for high-speed railways. Polymeric materials have been extensively used to
manufacture resilient rail pads. Plastics, however, suffer from a series of intrinsic limitations since the
environmental agents (UV rays, temperature, air humidity, etc.) as well as the compressive fatigue loads
they are subjected to, negatively affect their mechanical properties over time. This study proposes the use
of a novel solution, the so-called ‘metal cushion’ pads, as a reliable alternative to polymer pads. Metal
cushion pads are made of stainless steel wire, knitted, embossed and cold-pressed down into a mold
to achieve the required shape and size. The thorough experimental scope carried out in this research
includes the following tests: (i) static and dynamic stiffness, (ii) fatigue aging, (iii) electrical resistance
and, (iv) corrosion resistance. The values of static and dynamic stiffness are very similar to those obtained
with other traditional polymers such as EVA and TPE-M. In addition, it has been found that the stiffness of
the metallic solution can be modified by changing the diameter and density of the wire. In the case of
fatigue aging, the foremost wearing suffered by the metal cushion pads occurs mainly in the early cycling
stages, although the total damage is comparable to that of the traditional solutions. The electrical resis-
tance of the metal cushion does not fulfill the requirements demanded by the international standards;
however, its behavior is satisfactory if the metallic solution is combined with a thin plastic sheet.
Finally, the metal samples have passed the corrosion test in a saline environment without showing
any signs of corrosion damage.

� 2018 Elsevier Ltd. All rights reserved.

1. Introduction

The development and implementation of the high performance
railway has been accompanied by a complete revolution in the
design and manufacture of the elements of the railway superstruc-
ture. Currently, high-speed railways are based on the use of con-

crete sleepers (or, in some cases, slab track) and complex
fastening systems between the concrete and the rails. Aiming at
relieving the excessive stiffness of concrete (which can be up to
five times higher than those made of wood [1]), elastic pads are
placed between them and the rails. Rail pads play an indispensable
role within the fastening systems since they cushion the shocks
and vibrations caused by the transit of the train wheels. As a
new track is subjected to repetitive loads caused by the transit of
train wheels, it undergoes plastic deformations that grow over
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time until the system reaches the steady state. Then, a true stable
elastic regime is established and the system behaves like a homo-
geneous solid [2,3]. Formula (1), proposed in [3], allows the influ-
ence of the stiffness of the rail pads, kp, and the ballast platform,
kbp, on the overall stiffness of the rail’s support, ks, to be
determined:

ks ¼ kp:kbp
kp þ kbp

ð1Þ

A high value of the stiffness of the rail pads will increase the
dynamic overloads due to unsprung masses, accelerating the dete-
rioration of the track; in contrast, low stiffness will cause the sink-
ing of the track, leading to a noticeable increase in the stress state
of the rails [4,5]. Consequently, it is essential to define the range of
stiffness values that lead to the adequate performance of the fas-
tening system [6,7].

Without claiming to be exhaustive, a review of the literature on
the influence of the stiffness of the pad on the performance of the
track is summarized next.

� The stiffness of the rail pads has been related to the deteriora-
tion of the ballast. Thus, countries such as Germany, Spain,
France or Greece initially adopted high-stiff rail pads for high-
speed lines (kp = 400–500 kN/mm) which, combined with the
intrinsic stiffness of the rail substructure (several layers of
gravel in the base), brought about the deterioration of the bal-
last. Because of this, a lower stiffness of the rail pads (60–100
kN/mm) was chosen to reduce the total rigidity of the assembly
[1,4].

� According to [8], the variation in the overall stiffness between
rail sections may lead to a 40% increase in the rail stress, due
to the differential vertical displacements that take place.

� The reduction of the stiffness of the plates results in a decrease
in the stress state of the sleepers. High pad high stiffness pro-
voked cases of fractured sleepers, as described in [9]. Reducing
the pad’s stiffness from 250 to 40 kN/mm leads to a 20%
decrease in the maximum stress of the sleeper.

� Theoretical studies on vibration and noise (based on different
mechanical models such as Maxwell [10], Kelvin [11] or Poynt-
ing–Thomson [12]) have been carried out to study the material
performance [13,14]. As a rule of thumb, the higher the pad’s
stiffness the higher the transmission of noise due to the transit
of trains. On the contrary, large damping reduces the transmis-
sion of vibrations into the sleeper [15]. The influence of stiffness
on the amount of transmitted sound level has been analyzed in
[16]. According to this study, low stiffness allows the transmis-
sion of sound frequencies below 250 Hz, below 450 Hz for med-
ium stiffness and 800 Hz for high stiffness.

� The non-linear mechanical response of the rail pads may have
detrimental effects regarding their ability to isolate vibrations.
It was shown that the second and third modes of vibration
could be included in the frequency range (300 – 600 Hz) which
is associated with rail corrugation effects; moreover, under
some conditions, dangerous resonances may appear when roll-
ing stocks pass over [10].

� Previous studies [17] have compared the rail pad’s ability for
energy absorption with its stiffness. HDPE plates can absorb
up to 50%of the total incoming shock energy. The same conclu-
sions are present in [18], in this case for TPE plates, 7.00 mm
thick, with a stiffness of 100 kN/mm.

� The short-term dynamic effects on the rail, caused by the stiff-
ness of the pads, are accompanied by some forms of long-term
damage, such as the so-called rail corrugation. This term refers
to the quasi-sinusoidal irregularities of the wheels and rails,
caused by the mechanical interactions (vibrations and dynamic

loadings) between them. Rail corrugation is also related with
rail pad stiffness, so that the higher the stiffness, the higher
the presence of this pernicious effect [19]. The experimental
data collected in [20] show that a reduction in rail pad stiffness
from 90 to 60 kN/mm, leads to a 55% decrease in corrugation
amplitude and length.

Several polymeric materials such as EPDM, TPE, TPU and rubber
have been extensively used to manufacture rail pads [21,22], in
particular for high speed railway tracks. Unfortunately, several
environmental agents, UV rays and temperature being the most
common, may degrade the stiffness of these pads. Previous studies
were focused on improving the aging performance of these mate-
rials. For instance, in [23] tiuram and sulfide curing treatments
on SBR rail pads were compared, concluding that the latter pro-
vides the best performance. Setting aside environmental issues,
as a matter of fact, the durability of the rail pads is always limited
because of the repetitive loads and impacts coming from the pas-
sage of rolling stocks. Several studies confirm this statement; for
instance, in [24] the loading effect in a 5.5 mm thick HDPE rail
pad was measured, observing a stiffness deterioration of 13 kN/
mm and a damping degradation of 41 N�s/m. Moreover, in [25] a
44% stiffness aging increment was observed in a TPE rail pad after
3 years under in-service conditions. Fatigue is another cause of
material deterioration leading to the increase in stiffness [26–
28]. This phenomenon is accompanied by a reduction in the ability
of the part to dissipate the energy coming from load-unload cycles.
The experimental data show that a fatigue increase of stiffness of
18% reduces the ability for energy absorption by 40% [27]. In addi-
tion, the fatigue loading also produced a thickness reduction of the
rail pad [29].

In conclusion, the polymeric materials currently used as rail
pads may suffer from severe limitations in the long run because
of the modifications that their stiffness undergo as a result of the
environmental conditions and the loads they are subjected to.
For these reasons, the pads must be replaced over time, which neg-
atively affects the economic performance of the track, as well as
the quality of the service. These are the circumstances that moti-
vate the present study, which is aimed at developing and validat-
ing, relying on the experimental results, a novel solution capable
of overcoming the intrinsic limitations of polymeric materials.
Metallic rail pads have been employed in the past, particularly in
the form of plates between the rails and the wooden sleepers. This
option is not applicable for concrete sleepers, due to the excessive
stiffness of this solution. In this sense, we propose the use of the
so-called metallic cushion pads (also called metal-rubber damper),
made of stainless steel, as a superior alternative both from the
mechanical point of view and from the perspective of the durabil-
ity of the material against loads or environmental conditions. As
proved in this study, the metal cushion-based solution allows the
designer to select the most suitable stiffness to guarantee the ade-
quate performance of the system. Metal cushion is advantageous
as compared to polymers since it provides a uniform and environ-
mentally independent performance, as well as an improved
dynamic behavior regarding noise and vibrations.

The experimental campaign in this study consisted in compar-
ing the response of six polymeric solutions, currently employed
in actual railway tracks, against the behavior of themetal cushion
pads. The experimental scope developed is briefly summarized
hereafter. The static and dynamic stiffness of the different solu-
tions was obtained following the guidelines of the international
standards EN 13146-9+A1 [30] y EN 13481-2 [31], respectively.
In order to assess the mechanical aging derived from the applica-
tion of repetitive loads, static and dynamic stiffness were deter-
mined again after subjecting the pads, respectively to 3.5�105 and
3�106 fatigue cycles, following the standard EN 13146-4+A1 [32].
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