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Abstract: This study experimentally investigated the effects of rail pad corrosion on the performance
of the direct fixation track on a long-span railway bridge in marine conditions. In this study,
the dynamic behavior of a direct fixation track on a railway bridge in the presence of corroded rail
pads, was determined. Field measurements in this study show that the replacement of corroded rail
pads does not affect the track support stiffness. The hard rail pads used in direct fixation tracks are
intended to provide electrical insulation rather than flexural track behavior, and so their influence on
track support stiffness was found to be insignificant given their high spring stiffness. Additionally,
samples of new and corroded rail pads were collected and the spring stiffness of rail pads were
analyzed using static, dynamic, and aging tests. The spring stiffnesses of new and corroded rail pads
were found to be similar. This means that spring stiffness is not significantly affected by corrosion,
a finding that could be explained by the fact that the deformation due to passing train loads was
extremely small. Therefore, even though the rail pads on the study bridge exhibited some surface
corrosion, their function was not impaired, and they did not need replacement.
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1. Introduction

One of the main components in concrete track systems is the rail pad, which is installed between
the rail and the sleeper to attenuate wheel/rail interaction loads This prevents the underlying railway
sleepers from experiencing excessive stress [1]. Soft pads are typically used for concrete tracks.
However, the direct fixation track on the Yeongjong Grand Bridge uses hard pads. The direct-fixation
track is the earliest form of track without ballast. This direct fixation track exhibits integrated behavior
because the rail and track girder are rigidly connected together by the direct fixation rail fastening
system. Moreover, the direct fixation track system of the Yeongjong Grand Bridge is attached to a
long-span special bridge (cable and truss); this concept originated from the track style of the Great Seto
Bridge in Japan [2,3]. It is the only such track type in South Korea, and currently condition assessments
and maintenance of this track are challenging [2,3]. Other general types of direct fixation tracks have
been widely deployed in recent years, and maintenance instructions will be required in the future.
An important issue in the maintenance of both concrete slab tracks and direct fixation tracks is the
timely replacement of the rail pads, commonly known as elastic pads (i.e., resilience pads and rail
pads) [4].
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As shown in Figure 1a, the track system on the Yeongjong Grand Bridge is installed with a direct
fixation rail fastening system on upper flange of the track girder. Moreover, as shown in Figure 1b,
it is continuously arranged with simple supported beam-type track girders with a length of 12.5 m
for supporting the rail. The rail weighs 60 kg with rail supporting point spacing of 0.625 m and the
direct fixation track has a design speed of 110 km/h. The rail fastener of the direct fixation track is
applied with a flat spring joint, a rail pad (SBR, styrene butadiene rubber), an adjustable pad, and the
anti-loosening nut as shown in Figure 1a [2,3].
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Figure 1. Schematics of the direct fixation track system. (a) Direct fixation rail fastening system 1.
insulation block, 2. leaf spring, 3. bolt, 4. anti-loosening nut, 5. washer, 6. insulation plate, 7. rail pad,
and 8. adjustable pad; (b) side view of the track girder; and (c) cross section of the track girder [2,3].

In the previous research, it was estimated that the annual direct cost of corrosion in highway
bridges in 2002 was $8.3 billion, with indirect costs to users due to traffic delays and lost productivity,
estimated to be 10 times. A significant portion of that cost can be tied directly to replacement costs for
bridge decks, which are damaged principally due to corrosion of reinforced steel caused by deicing
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chemicals, primarily sodium chloride and calcium chloride [5,6]. Deterioration of bridge decks is
a primary factor limiting the lifespan of bridges especially in cold climates where deicing salts are
commonly used. While controlling deck cracking or decreasing the permeability and porosity of
concrete can improve the performance and service life of bridges, chloride, and moisture ingress as
well as cracking cannot be completely eliminated. Full-depth cracks, which are caused by restrained
shrinkage, lead to corrosive conditions at early ages for both the top and bottom reinforcement mats [7].
According to a study by Cope et al., the use of stainless steel elements as bridge deck reinforcements in
a critical situation significantly increased the initial cost but significantly reduced the overall life-cycle
cost, making it cost effective in the long term [8]. In this study, the rail pad has a laminated structure.
The upper surface is made of stainless steel and the lower surface is made of SBR material. SBR has
a good abrasion resistance and good aging stability when protected by additives [9]. The stainless
steel on the top surface is in contact with the bottom of the rail and the SBR at the bottom is in contact
with the adjustable pad. The stainless steel element was attached to the rail pads in order to mitigate
the longitudinal interaction of the long-span railway bridge and direct the fixation track so that the
longitudinal expansion of the continuous welded rail is relatively free. The original track of this
bridge was designed as a rail-fastening system capable of acting in the longitudinal direction owing to
concerns about the longitudinal bridge–track interaction force and expansion behavior, which could be
observed using a rail pad with stainless steel. However, even though such rail pads were corroded,
by installing a number of rail expansion joints in the bridge section to accommodate the expansion
and contraction behavior in the rail, no structural problems occurred in the longitudinal direction.
The stainless steel member attached to the rail pads was corroded in marine condition as shown in
Figure 2, and its appearance is concerned about whether the rail pads function properly.
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Figure 2. Photographs of corroded rail and pad. (a) Corroded track components and (b) corroded
rail pad.

In general, the track support stiffness of a direct fixation applied to concrete tracks can be calculated
based on the deflection of the rail [2]. The track support stiffness of a specified track structure using soft
elastic pads can be directly affected by variations in the spring stiffness of the elastic pads. Variations in
the spring stiffness of the elastic pads can also cause changes in the vehicle–track interaction force and
the dynamic behavior of the entire track system [4]. Therefore, in the case of typical concrete tracks,
periodic and timely replacement of the rail pads is important for track maintenance [2,4,10]. Lee [11]
experimentally assessed the effect of fatigue on the resilience pads of sleeper floating tracks in South
Korea based on the prediction and assessment of changes in their spring stiffness. Park [12] conducted
simple fatigue tests on the elastic pads of a rail fastening system for concrete slab tracks, but a durability
assessment based on simple fatigue could not properly reflect the actual field conditions. Lim et al. [13]
predicted the fatigue life of continuous welded rails using various parameters to calculate the rail
replacement periods. They found that the rail bending fatigue life was reduced by approximately
32% when the pad stiffness decreased from 50 to 10 kN/mm, and that the rail bending fatigue life
gradually converged to its maximum once the pad stiffness exceeded 200 kN/mm. It was found
that rail pads with spring stiffness of greater than 200 kN/mm did not show any significant increase
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in spring stiffness with increasing service life. Therefore, the management of softer rail pads was
important in terms of increasing the service life of the rail. Moreover, Lei and Zhang [14] investigated
the parameters of a concrete slab track that determine track vibration, such as the spring stiffness and
damping properties from the rail pads, the cement–asphalt (CA) mortar, and the subgrade, in order
to propose measures to reduce track vibration. The stiffness of the rail pads and the subgrade were
found to be the factors governing track displacement, whereas the damping responses of the rail pads,
CA mortar, and subgrade were not particularly influential. For track vibration, the influences of the
spring stiffness and damping properties of rail pads were observed to be significant, whereas the effects
attributed to the spring stiffness and the damping resulting from the CA mortar and the subgrade were
able to be neglected [14]. Additionally, Korama et al. [15] investigated the effects of the preload and
nonlinearity of rail pads on the vibration of a railway track under stationary and moving harmonic
loads using the finite element method. They found that an increase in preload increased the dynamic
spring stiffness of rail pads, and thus decreased the track displacement. Another study showed that
direct fixation tracks on railway bridges can induce the integral behavior of the rail and the track
girder (i.e., the rail support structure as a substructure) by using a harder rail pad, and that the elastic
displacement of the rail of the direct fixation track is determined by the bending behavior of the track
girder, which acts as a simple beam [2]. Currently, there is no clear standard for the maintenance
of rail pads used in direct fixation tracks, and no studies have been conducted on their behavioral
characteristics. Moreover, no prior study has investigated either a) the deterioration characteristics of
rail pads, or b) the necessity of their periodic replacement. Therefore, in this study, the influence of rail
pads on the dynamic behaviors of the direct fixation track on a railway bridge was estimated using
field measurements and laboratory tests. The results were used to determine the necessity of rail pad
replacement and can be used to inform maintenance strategies for direct fixation tracks.

2. Field Measurements

2.1. Overview

In this study, field measurements were performed to quantify the dynamic responses of direct
fixation tracks to different train types (Airport Railroad Express (AREX) and Korea Train Express
(KTX)) according to rail pad replacement. To experimentally evaluate the dynamic behaviors of the
existing direct fixation track of the Yeongjong Grand Bridge, field measurements of the operational
track were conducted. The location of the measurement was selected as the direct fixation track inside
the truss bridge, as shown in Figure 3a,b. The vehicles operating in the measurement section were
AREX (normal train) and KTX (high-speed train), which have different operational velocities and
wheel loads. In this study, the dynamic responses of the track, which are generated while trains are
running, were used for analysis. The properties of the trains running in the measurement section are
presented in Table 1.

Table 1. Properties of the tested train.

AREX KTX

Train composition Tc1-M-M’-T1-M’-Tc2 P-M-16R-M-P
Total length of train (m) 120.90 388.10
Axle distance (mm) 2200 3000
Wheel diameter (mm) 860 920
Maximum speed (km/h) 120 330
Operational speed (km/h) 73–75 61–98
Effective beating distance (m) 13.8 18.7
Designed wheel load (kN) 50 85

Note: Korea Train Express (KTX) = P (power car); M = motorized trailer; R = passenger car; Airport Railroad
Express (AREX) = Tc (control car); M’ = motorized power car; T1, T2 = passenger cars.
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The dynamic wheel load and lateral wheel load for each position of the track girder including
the support, the quarter, and center of the span, as well as the bending stress of the rail, the vertical
acceleration of the rail and track girder, the vertical and lateral displacement of the rail, and the vertical
displacement of track girder were measured, as shown in Figure 3a. Figure 3b shows the sensors
installed at the site. The vertical wheel loads and lateral wheel loads were measured using a wheel–rail
contact force sensor (i.e., shear strain gages coupled to a full Wheatstone bridge circuit [2,4,14]).
The strain gage bridges were calibrated using a hydraulic ram and a load cell to obtain measurements
with an accuracy of 2% [2,4,14]. The shear strain gages were attached to both rails between two
consecutive rail supporting points [2,4]. The bending strain of the rail was measured by longitudinally
attaching a one-axis strain gage to the bottom flange of the rail, as shown in Figure 3 [2]. The strain
gage was placed between rail supporting points (i.e., a place of rail fastening system) at the center [2].

To prevent data distortion and loss, the sampling rate was set to 1 kHz [2,4,14]. The vertical rail
and track girder displacements were measured using displacement transducers mounted on a jig
anchored at the side bridge inspection passage, which was not affected by the passing train, as shown
in Figure 3 [2]. To analyze the effects of vibrations generated by passing trains on the direct fixation rail
and supporting girder, the track vibrations were analyzed before and after the replacement of the rail
pads using accelerometers installed on the rail and girder as shown in Figure 3b. The accelerometers
were installed in the vertical direction on the top surface of the rail flange and on the upper flange of
the track girder at the between-rail supporting points (i.e., rail fastening system locations).
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2.2. Measurement Results

As shown in Figure 4, the results of the dynamic wheel load measurements indicate no clear
changes in the wheel loads with train speed because there was no significant difference in the traveling
speeds of the trains passing over the measurement section. In addition, the measured wheel load ranges
were found to be similar before and after rail pad replacement. As such, the measurement results
indicate that rail pad replacement has an insignificant effect on the dynamic wheel load experienced by
the track for all evaluated train types.
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According to the measured dynamic wheel load results for rail pad replacement, the dynamic wheel
load before rail pad replacement is similar to that after rail pad replacement, as shown in Figure 5a,b.
The rates of all wheel load fluctuations calculated using the dynamic wheel load measurements were
greater than zero, as shown in Figure 5c.
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Figure 5. Comparison of the measured dynamic wheel load according to rail pad replacement. (a) Before
rail pad replacement; (b) after rail pad replacement; and (c) dynamic wheel load fluctuation for before
and after rail pad replacements.

The results of the dynamic lateral wheel load measurements show that there were only minor
changes under different speeds because the different train types traveled through the measurement
section at similar speeds, as shown in Figure 6. In addition, the distribution of the measured lateral
wheel load was found to be similar before and after rail pad replacement, as shown in Figure 6a,b.
This indicates that rail pad replacement has little effect on the dynamic lateral wheel load for each
train type.
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as shown in Figure 7, was not significant.
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Figure 7. Examples of measured vertical displacements of the track girder before and after rail pad
replacement. (a) AREX and (b) KTX.

As shown in Figure 7, the difference in vertical displacement according to rail pad replacement
between the rail and the track girder was approximately 3%–6%, indicating that the rail pad was
insignificantly affected by changes in track displacement. This is due to the structural characteristic
of the tested track, the relatively hard rail pad (kpad = 120–140 kN/mm), and the rail fastener with a
strong fastening force [2]. Therefore, the rail and track girder were coupled with a strong force and
exhibited integrated behavior, as there are no other components that provide elasticity between the rail
and track girder [2]. The measured vertical rail displacements shown in Figure 8 indicate that there
were insignificant changes in the vertical rail displacement under different traveling speeds for all
tested train types in the measurement section. In addition, the distribution of vertical rail displacement
was found to be similar before and after rail pad replacement, as shown in Figure 8a,b.

The measured displacement of the track girder shown in Figure 9 indicate that there were no
significant changes in the displacement of the track girder under different traveling speeds for all tested
train types in the measurement section. In addition, the distribution of track girder displacements was
found to be similar before and after rail pad replacement, as shown in Figure 9a,b. This indicates that
for each train type, the impact of rail pad replacement on track girder displacement was insignificant.
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The vertical displacements of the rail were found to be relatively large, as shown in Table 2. It was
likely caused by the displacement of the track girder, as the rail bending stress was found to be lower
than the rail bending stress (approximately 60 MPa) of the other types of railway track system (i.e.,
ballasted track, slab track, rail floating system, and sleeper floating system [2]).

Table 2. Ranges of the rail before and after rail pad replacements.

AREX KTX

Before After Before After

Wheel load (kN) 55–70 60–71 85–108 83–101
Lateral wheel load (kN) 2–6 1–5 5–9 4–8

Vertical rail displacement (mm) 2.48–2.94 2.44–2.75 3.48–4.08 3.59–4.01
Lateral rail displacement (mm) 0.18–0.41 0.17–0.55 0.33–0.83 0.24–0.90

Track girder displacement (mm) 2.62–3.15 2.61–2.92 3.56–4.24 3.52–4.15
Bending stress of rail (MPa) 17–27 17–24 29–36 31–39

This study accordingly compared the dynamic responses of the rail and track girder to estimate
the effects of rail pad replacement using measured acceleration data from the direct fixation track,
as shown in Figure 12.
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The vertical acceleration of the rail and track girder is shown in Figure 11 for different train types
and at each speed. According to rail pad replacement, the variation was low (i.e., approximately 4%).
The reason for this is that the rail pad in the direct fixation track system was supported by a relatively
hard material; therefore, the rail and track girder of the direct fixation track system on the Yeongjong
Grand Bridge exhibits integrated behavior [2,4].

This indicates that the influence of the spring stiffness of the rail pad on the dynamic response of
the direct fixation track system of the Yeongjong Grand Bridge was insignificant.

2.3. Track Support Stiffness

Track support stiffness (TSS) is used as a quality index of railway tracks to assess their performance
and bearing capacity [4,10]. The track support stiffness is measured in terms of the amount of
deformation in tracks subjected to a passing train load [4,10]. The track support stiffness directly
depends on the elastic stiffness of the elastic track components and the structural characteristics of
the track system [4,10]. Therefore, the track support stiffness directly depends on the variations in
the dynamic wheel load and deflections in the tracks [4,10,16,17]. Furthermore, the TSS values vary
with the track structure (e.g., ballasted and slab tracks) and the structural characteristics of the slab
track (elastic fastening system, rail floating system, sleeper floating system, and direct fixation track
system) [4,10,16,17].

Track support stiffness is an indicator of track performance that provides a quality assessment
indicating the bearing capacities of the track structure [2,4].

The analytical model of a general track structure is a linear spring model wherein each track
component is connected to spring elements having different spring stiffnesses [4,10]. The stiffness of the
track components such as rails and sleepers was excluded from the calculations of the elastic stiffness
of the track structure; only the configuration of elastic-resilience materials was considered [4,10].

Several researchers have assumed that k can be expressed as a series of linear spring elements
with different spring stiffnesses placed at the rail supporting point composed of a rail pad, sleeper,
and roadbed (subsoil) connected in series following Equation (1) [4,10]. As shown in Equation (1),
larger spring stiffness, such as that in the direct fixation track system of the Yeongjong Grand Bridge,
is insignificantly affected by changes in track support stiffness.

k =
1

1
kp
+ 1

kb
+ 1

ks

, (1)

where, kp: rail pad stiffness, kb: ballast stiffness, and ks: subsoil stiffness.
The track support stiffness of a direct fixation track supported by track girders has been found to

be directly affected by the bending stiffness of the track girders [2]. Choi et al. [2] proposed an analytical
model of the direct fixation track of the Yeongjong Grand Bridge that considers the equivalent spring
stiffness as shown in Figure 13 [2].

Appl. Sci. 2020, 10, x FOR PEER REVIEW 12 of 19 

This indicates that the influence of the spring stiffness of the rail pad on the dynamic response 
of the direct fixation track system of the Yeongjong Grand Bridge was insignificant. 

2.3. Track Support Stiffness 

Track support stiffness (TSS) is used as a quality index of railway tracks to assess their 
performance and bearing capacity [4,10]. The track support stiffness is measured in terms 
of the amount of deformation in tracks subjected to a passing train load [4,10]. The track 
support stiffness directly depends on the elastic stiffness of the elastic track components and 
the structural characteristics of the track system [4,10]. Therefore, the track support stiffness 
directly depends on the variations in the dynamic wheel load and deflections in the tracks 
[4,10,16,17]. Furthermore, the TSS values vary with the track structure (e.g., ballasted and 
slab tracks) and the structural characteristics of the slab track (elastic fastening system, rail 
floating system, sleeper floating system, and direct fixation track system) [4,10,16,17]. 

Track support stiffness is an indicator of track performance that provides a quality 
assessment indicating the bearing capacities of the track structure [2,4]. 

The analytical model of a general track structure is a linear spring model wherein each 
track component is connected to spring elements having different spring stiffnesses [4,10]. 
The stiffness of the track components such as rails and sleepers was excluded from the 
calculations of the elastic stiffness of the track structure; only the configuration of elastic-
resilience materials was considered [4,10]. 

Several researchers have assumed that k can be expressed as a series of linear spring 
elements with different spring stiffnesses placed at the rail supporting point composed of a 
rail pad, sleeper, and roadbed (subsoil) connected in series following Equation (1) [4,10]. As 
shown in Equation (1), larger spring stiffness, such as that in the direct fixation track system 
of the Yeongjong Grand Bridge, is insignificantly affected by changes in track support 
stiffness.  

sbp kkk

k 111
1

++
=

, 

(1)

where, kp: rail pad stiffness, kb: ballast stiffness, and ks: subsoil stiffness. 

The track support stiffness of a direct fixation track supported by track girders has been 
found to be directly affected by the bending stiffness of the track girders [2]. Choi et al. [2] 
proposed an analytical model of the direct fixation track of the Yeongjong Grand Bridge that 
considers the equivalent spring stiffness as shown in Figure 13 [2]. 

 

Figure 13. Spring stiffness model of a direct fixation track at the rail supporting points [2]. Figure 13. Spring stiffness model of a direct fixation track at the rail supporting points [2].



Appl. Sci. 2020, 10, 2245 11 of 16

The measured track support stiffness is the ratio of the maximum measured wheel load to the
maximum vertical displacement of the rail; it can reflect the track support stiffness in the in-service
condition [2,4,10]:

k =
Frail mid
drail mid

, (2)

where k is the measured track support stiffness (kN/mm), Frail mid is the maximum wheel load (kN) at
the center between the rail supporting points, and drail mid is the maximum rail displacement (mm) at
the center between the rail supporting points [2,4,10].

In this study, the measured dynamic wheel loads on the measurement section were calculated
and correlated to the rail displacement before and after rail pad replacement for each train type.

Figure 14 shows the dynamic wheel loads of all trains passing through the measurement section
correlated to the rail displacements before and after rail pad replacement. Using the measured
load–displacement data, the dynamic wheel load and displacement range for each train type in the
measurement section was identified. Figure 15 shows the track support stiffness calculated based on
the load–displacement measurements in Figure 14 before and after rail pad replacement.
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stiffness). (a) Before rail pad replacement and (b) after rail pad replacement.

The results in Figure 15 show that there was no clear change in the track support stiffness and no
clear difference in the dynamic track support stiffness under different train speeds or before and after
rail pad replacement. Therefore, it appeared that the use of old pads did not affect the track support
stiffness of a direct fixation track system when accounting for the track girder bending stiffness.
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In general, the track support stiffness of concrete or direct-connection-type track structures using
soft elastic pads have been found to be directly affected by changes in the spring stiffness of the
elastic pads [4,10]. Additionally, changes in the spring stiffness of the elastic pads and the subsequent
changes in the track support stiffness have been observed to directly affect the track force and the
dynamic behavior of the track [4,10]. Therefore, for conventional slab tracks, the timely replacement
(maintenance) of elastic pads is important for securing track performance and soundness [4,10].
However, the hard rail pads used in the direct fixation track investigated in this study were intended
for electrical insulation rather than track vibration reduction. Their relatively high spring stiffness had
only a minor effect on track stiffness. In this study, a more realistic track support stiffness of the direct
fixation track supported by girders was experimentally calculated and presented. However, the results
did not indicate any significant change in the track pad status.

3. Laboratory Testing

The properties of the rail pad (SBR, styrene butadiene rubber) and assembly rail fastening system
of the direct fixation track system of the Yeongjong Grand Bridge are presented in Table 3.

Table 3. Design values of the spring stiffness of the rail pad for the direct fixation track.

Spring stiffness (kN/mm)

Rail pad Assembly rail fastening system

Static 80–90 123.36

Dynamic 120–140 211.86

The laboratory testing of this study examined the changes in the spring stiffness of new and used
pads under static, dynamic, and aging spring stiffness tests. The appropriate rail pad replacement
periods were also investigated in terms of their function and usability based on the observed changes
in the spring stiffness of the rail pad. Figure 16 shows the rail pad samples used in the laboratory
testing, and Table 4 lists the test conditions.
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Table 4. Spring stiffness test conditions of rail pad.

Static Dynamic Aging (static)

Loading rate 50 kN/min 50 kN/min

Load range 0–85 kN 5–75 kN 0–85 kN

Frequency 900 times (4 Hz)

Temperature (hour) 70 ± 1 °C (72 h)
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Static and dynamic vertical spring stiffness tests were conducted in accordance with the KRS
(Korean Railway Standards) TR (track-rail) 0014-18(R) standard [18]. In these tests, each rail pad was
fixed on top of the loading plate as shown in Figure 17. The zero-point setting was then performed
after the linear variable differential transformers (LVDTs) were installed. The vertical displacement
of the pad was measured at four points, and the results were used to prepare load–displacement
curves. In the dynamic spring stiffness test, loading was performed 900 times in the 5–75 kN load
range following a 4 Hz sine wave in accordance with KRS TR 0014-18(R) [18].

Appl. Sci. 2020, 10, x FOR PEER REVIEW 15 of 19 

Figure 16. Rail pad samples. (a) New rail pad and (b) used rail pad (corroded rail pad). 

Table 4. Spring stiffness test conditions of rail pad. 

 Static Dynamic Aging (static) 

Loading rate 50 kN/min  50 kN/min 

Load range 0–85 kN 5–75 kN 0–85 kN 

Frequency  900 times (4 Hz)  

Temperature (hour)   70 ± 1 ℃ (72 h) 

Static and dynamic vertical spring stiffness tests were conducted in accordance with the 
KRS (Korean Railway Standards) TR (track-rail) 0014-18(R) standard [18]. In these tests, each 
rail pad was fixed on top of the loading plate as shown in Figure 17. The zero-point setting 
was then performed after the linear variable differential transformers (LVDTs) were 
installed. The vertical displacement of the pad was measured at four points, and the results 
were used to prepare load–displacement curves. In the dynamic spring stiffness test, 
loading was performed 900 times in the 5–75 kN load range following a 4 Hz sine wave in 
accordance with KRS TR 0014-18(R) [18].  

 

Figure 17. Photograph of the rail pad spring stiffness test apparatus. 

Aging tests were also conducted to account for the change in the spring stiffness of 
general rail pads using experimental conditions that accelerate the deterioration of rubber 
materials. 

The aging test is a type of acceleration deterioration test that investigates the 
deterioration in material properties when the sample is placed in a special environment over 
an extended period of time. The test outcomes allowed for the analyses of changes in the 
spring stiffness of the rail pads due to deterioration under environmental conditions during 
their use. In this study, the static spring stiffness of the new and used rail pads were 
measured as per the static spring stiffness test after aging the rail pads for 72 h at a 
temperature of 70 ± 1°C , as temperature is the most important factor for identifying aging 
characteristics from among the various deterioration factors in accordance with KRS TR 
0014-18(R) [18]. Figure 18 shows the load–displacement curves of the new and used pads 

Figure 17. Photograph of the rail pad spring stiffness test apparatus.

Aging tests were also conducted to account for the change in the spring stiffness of general rail
pads using experimental conditions that accelerate the deterioration of rubber materials.

The aging test is a type of acceleration deterioration test that investigates the deterioration in
material properties when the sample is placed in a special environment over an extended period of
time. The test outcomes allowed for the analyses of changes in the spring stiffness of the rail pads
due to deterioration under environmental conditions during their use. In this study, the static spring
stiffness of the new and used rail pads were measured as per the static spring stiffness test after aging
the rail pads for 72 h at a temperature of 70 ± 1◦C, as temperature is the most important factor for
identifying aging characteristics from among the various deterioration factors in accordance with KRS
TR 0014-18(R) [18]. Figure 18 shows the load–displacement curves of the new and used pads obtained
by the static, dynamic, and aging spring stiffness tests. As shown in Table 5, the direct fixation track
structure rail pads exhibited only small differences in spring stiffness between the new and used rail
pad before and after being subjected to the aging test.

Table 5. Rail pad spring stiffness test results.

Rail pad
Spring stiffness (kN/mm) Accumulated tonnage

(MGT)Static Dynamic Aging (static)

New (1) 86.5 127.9 84.3 -

New (2) 89.3 138.5 86.7 -

Used (1) 89.5 134.6 85.7 0.85

Used (2) 93.6 126.2 86.8 0.85
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As shown in Table 5, the differences between the static, dynamic, and aging spring stiffness
test results for the new and used rail pads were found to be less than ±5% when subjected to an
accumulated passing tonnage of 0.85 MGT. This indicates that the rail pads installed in the direct
fixation track structure were not deformed or fractured by the temperature, period of use, or train load
(accumulated passing tonnage).

Periodic replacement of soft rail pads is required to reduce track load and the damage caused
by the deterioration of the rail pads. However, the rail pads of the direct fixation track system of the
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Yeongjong Grand Bridge evaluated in this study exhibited a displacement of approximately 0.5 mm
when subjected to a load of 50 kN (static wheel load of AREX), and a displacement of approximately
0.94 mm when subjected to a load of 85 kN (static wheel load of KTX) based on the results of static
spring stiffness tests. In contrast, the average displacement of the rail was 2.64 mm for AREX and
3.76 mm for KTX. The rail and track girder are coupled with the strong force of the fastener and exhibit
integrated behavior [3]. The actual displacement of the rail was found to be 0.11 mm for AREX and
0.20 mm for KTX. This indicates that the actual displacement of the rail pad due to the wheel load of a
passing train would be much smaller than that measured in the laboratory test results. Therefore, it was
determined that the hard rail pads of a direct fixation track system yield very small displacement under
actual service load conditions, and that the effect of fatigue on their spring stiffness is not significant.

4. Conclusions

In this study, laboratory testing and field measurements were conducted to analyze the influence
of the corroded rail pads of direct fixation tracks on the dynamic track response, and assess the necessity
of corroded rail pad replacement in terms of spring stiffness of the rail pad according to the corrosion
in marine condition. The conclusions are as follows:

1) Soft pads are generally used for concrete track. However, the direct fixation track on the
Yeongjong Grand Bridge uses hard pads. In this study, the bridge behaved flexibly without using a
soft pad. Therefore, the use of hard pads did not affect usability.

2) There was no obvious change observed in the track support stiffness or in the dynamic track
response according to the replacement of the corroded rail pads. This indicates that the corroded rail
pads with high spring stiffness do not change the track support stiffness as they corrode. In addition,
the difference in vibration due to the rail pad replacement was found to be insignificant.

3) As the results of laboratory testing (static, dynamic, and aging spring stiffness tests),
it investigated that the rail pads of direct fixation track on the Yeongjong Grand Bridge were not
significantly affected by load and temperature (as applied via the aging test). In addition, when tested
in the aging test under more adverse conditions than the field conditions, the rail pads did not exhibit
any significant changes in their spring stiffness. This confirms that the rail pads installed in the direct
fixation track were not affected by corrosion (environmental conditions), or the loading period (passing
tonnage) during their use.

4) As the rail pads of the direct fixation track in the Yeongjong Grand Bridge have adequately high
spring stiffness values, they did not exhibit any response to dynamic wheel load due to passing trains;
thus, even if a hard rail pad was used for the track on the Yeongjong Grand Bridge, the elastic behavior
of the track was ensured according to the flexible bending behavior of the track type. This indicates
that such rail pads were made of SBR materials that were not directly affected by the corrosion and the
passing tonnage. Therefore, for the rail pads in this study, even though the rail pads were corroded
in appearance, there was no functional problem, so it was not necessary to replace it. Furthermore,
further studies are needed to measure and evaluate the deterioration caused by corrosion of the
rail pads.
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