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Abstract:

Despite the recent surge in the construction of ballast-less railway tracks,
there exists a notable research gap concerning the rail seat load (RSL)
associated with these track types. The RSL is the load transferred from
the rail to the fastening system, the plate beneath the rail and the rail
pad. The prediction of RSL in ballasted track systems is widely
investigated, however, there has been a relative lack of research into the
ballast-less railway track systems. In this paper, a 2D finite element
model (2D FEM) was adopted to evaluate the RSL concerning the
effective parameters, including sleeper spacing, track stiffness and the
flexural modulus of the rail. The numerical model was validated through a
field test performed in the study. Moreover, a mathematical expression
was proposed to determine the RSL ratio for concrete slab tracks. The
RSL directly correlates with the sleeper spacing and the fastening
stiffness, while this relation with the flexural rigidity is inverse. Based on
the results, it was found that the RSL ratio obtained from the
conventional methods differed considerably from the proposed
mathematical expression. More specifically, this difference was observed
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in almost all of the values in the sleeper spacing and flexural rigidity of
rail for the Kerr model except 0.68 m and 5 MN.m2, respectively.
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Abstract

Despite the recent surge in the construction of ballastless railway tracks, there exists a notable research gap concerning
the rail seat load (RSL) associated with these track types. The RSL is the load transferred from the rail to the
fastening system, the plate beneath the rail and the rail pad. The prediction of RSL in ballasted track systems is
widely investigated, however, there has been a relative lack of research into the ballastless railway track systems. In
this paper, a 2D finite element model (2D FEM) was adopted to evaluate the RSL concerning the effective parameters,
including sleeper spacing, fastening system stiffness and the flexural modulus of the rail. The numerical model was
validated through a field test performed in the study. Moreover, a mathematical expression was proposed to determine
the RSL ratio for concrete slab tracks. The RSL directly correlates with the sleeper spacing and the fastening stiffness,
while this relation with the flexural rigidity is inverse. Based on the results, it was found that the RSL ratio obtained
from the conventional methods differed considerably from the proposed mathematical expression. More specifically,
this difference was observed in almost all of the values in the sleeper spacing and flexural rigidity of rail for the Kerr
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Introduction

Ballastless railway track systems (often called slab tracks)
have gained significant attention worldwide owing to their
numerous advantages over conventional ballasted ones.
These benefits may manifest differently, including increased

safety, reduced life cycle costs, and enhanced performance '.

In more specific terms, enhanced dynamic performance?,
better vehicle stability®, and, perhaps most importantly,
low maintenance requirements4. However, there has been a
relative lack of research into the design and construction of
ballastless track systems, particularly when compared with
ballasted tracks. Railway track structural analysis involves
understanding the load path as it passes through the vehicle’s
wheels onto the rail, sleepers, and down into the track
substructure. Each fastening system, plate beneath the rail
and rail pad carries a portion of the load, known as the rail
seat load (RSL). For the design of railway track components,
it is crucial to be able to compute RSL accurately’. Over
the years, numerous studies have been conducted to predict
and measure the RSL. In these studies, which mostly focused
on ballasted tracks, experimental investigations, numerical
methods, and analytical models were employed.

The calculation of the RSL experimentally, i.e., field
investigations and laboratory experiments, has been widely
considered on the ballasted tracks compared to other
methods. A mathematical expression was developed for
the RSL distribution pattern on the different types of
sleepers®’. For better measurement of the RSL distribution,
several tests performed on the different loading scenarios as
well as various fastening systems®. Wei et al. determined

the RSL and load path in the field to aid in the
recommendations for the mechanistic design of various
components within the fastening system’. Utilizing strain
gauges, it is possible to determine the amount of load
transferred to the sleeper, and from this, the RSL value
was calculated ', Wheeler et al. measured the rail strains
and shear forces and combined them with the static wheel
loads to compute the RSL''. Furthermore, considering the
track substructure stiffness, Grasse determined the load
distribution of three adjacent sleepers (i.e., ranging from 44-
56 % of the vertical wheel load)'>. Manda et al. identified
how the characteristics of track components (e.g., stiffness,
geometry, and interface) affect the flow of forces in the
vertical direction and fastening systems'’. Askarinezhad
et al. performed research on the wheel-rail contact-impact
force. The vertical impact force at rail joints through the
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strain-gauge instrumentation was measured'*. Gao et al.
conducted laboratory experiments and applied a 3D FEM
modelling to analyse the load path through prestressed
concrete sleepers and the vertical compression stress
distribution beneath the rail seats'>. Matrix-based tactile
surface sensors (MBTSSs) instrumentation technology has
been implemented to determine the load distribution over
consecutive sleepers '®. A series of tests were conducted by
Greve et al. to better understand the distribution of RSL, its
effects on rail seat deterioration, and the factors involved .
Zhang et al. carried out a field test on an operational track
using the MBTSSs to investigate the characteristics of the
dynamic rail pad force and its stress distribution 8.

Numerical methods aid in determining the RSL by
analysing the dynamic behaviour of railway systems and
predicting load distribution on the rail seat. A thorough
comparison of the RSL expressions was provided by Van
Dyk and his colleagues, evaluating the current practices
on RSL calculation to develop existing concrete sleeper
and fastening system design standards in the ballasted
railway tracks'’. Momoya et al. investigated the applied
load on large-spacing concrete sleepers using FE analysis
and validated their model by measuring RSLs at the site
for the ballasted railway tracks’’. Lojda et al. proposed
a simplified method for calculating load distribution and
rail deflections on ballasted railway tracks, incorporating
sleeper stiffness. This method takes into account both the
bending and shear stiffness of the sleeper and applies
to both newly constructed and tamped tracks®'. Shi et
al. introduced a hybrid numerical model to investigate
the mechanical characteristics of railway transition zones.
The proposed model was validated through experimental
methods, including the measurement of RSL?%.

The application of analytical models for determining
the RSL has been relatively understudied in scholarly
research. Trizotto et al. conducted research concerning
the development of an analytical elastic model for the
longitudinal response of rails and fasteners. Using their
validated method, they quantified the distribution and

magnitude of longitudinal RSLs?*.

As mentioned earlier, the prediction of RSL in ballasted
track systems is widely investigated. Considering the
remarkable development of railway slab tracks in urban
railroads, a similar procedure to that used for ballasted
railway tracks is required to analyse and design the railway
slab tracks. Moreover, only a handful of studies have
predicted RSL in slab track systems. The International
Association of Public Transport (UITP) proposed the
Zimmermann equation as an appropriate distribution factor
for train loading on ballastless tracks. Since only one wheel is
considered in this equation, the effects of the other wheels of
railway vehicles are ignored, thereby decreasing the accuracy
of the 0utput24. There are, however, some overestimations of
the loading pattern” so, more accurate loading patterns are
required for slab tracks. Sadeghi et al. demonstrated how the
load transfers from the rail to the support slabs by conducting
comprehensive field and laboratory tests on concrete railway
slab tracks. However, due to the nature of the experimental
tests, there is a limitation in the effect of all influencing
parameters on the RSL in railway slab track>>.

A review of the literature shows that previous studies have
either been conducted solely for ballasted tracks*®>’ or have
used limited parameters for numerical study "> or employed
the well-known recommendation of wheel load distribution
over three adjacent sleepers which is an approximate
prediction of RSL?%. Also, due to the experimental nature
of some of the proposed models, there was a limitation
to the investigation of all influencing parameters on the
RSL in railway slab tracks®. To address these drawbacks,
a comprehensive assessment is required, and this research
aims to fulfil this need. For this purpose, a numerical model
was developed that examines the effect of sleeper spacing,
fastening system stiffness and the flexural modulus of the rail
on RSL. The numerical model was validated through a field
test on a subway.

The paper is organised as follows: in section 2, the
proposed 2D FEM, which was developed in the FORTRAN
environment, is explained in detail. Section 3 is dedicated
to the experimental validation of the developed numerical
model. In section 4, a parametric study is conducted in order
to gain a deeper understanding of the role of the effective
parameters on the quantity of the RSL and the determination
of the dominant effective variables. Afterwards, in section 5
an accurate mathematical expression was developed based
on the results obtained from the parametric study. Lastly,
in section 6, the proposed mathematical is compared with
conventional approaches used in current practices.

Description of the model

In this study, a 2D FEM was developed and implemented
in FORTRAN environment to evaluate RSL in ballastless
tracks. The model, illustrated in Fig. 1, incorporates various
components including rail, fastening system, concrete
slab, polyurethane layer, concrete base, and subgrade.
Furthermore, the wheels are denoted as P;, applied on the
rails. It is important to note that the concrete slab is treated
as a discontinuous beam. Furthermore, it is assumed that the
train has the symmetric load distribution between both rail.
According to literature review, the comparison of 2D and
3D models shows that for evaluating loads in the absence
of horizontal curves, 2D models have sufficient accuracy>’.
Thus, it becomes possible to reduce the computational cost
associated with the model, enabling an evaluation of diverse
parameters, performing sensitivity analyses, and formulating
a more comprehensive mathematical expression for RSL
in slab tracks by using 2D model. This model, which is
a further development of the model initially presented by
Sadeghi et al?°, can calculate each fastening system force
and longitudinal distribution factor under a static wheel load.
The dynamics of rail tracks, particularly during the passage
of a train, are influenced by the forces and vibrations induced
by moving trains, impacting the RSL. This effect can be
considered by applying the dynamic wheel load factor in
the quasi-static approach. While this factor does not affect
the vehicle’s load distribution on each sleeper (i.e., the RSL
ratio), it does impact the axle load and the RSL value.
This means the dynamic wheel load factor is multiplied
by the RSL value. The input parameters of the model
comprise geometric features and mechanical properties of
the track components. To apply the geometric characteristic,
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Figure 1. Longitudinal view of two-dimensional model including considered components.

various parameters were taken into account including the
total number of fastening, the distance between the sleepers,
the total number of fastening on each concrete slab, the
distance between the first fastening from the edge of the
slab and the boundary conditions of the rails, the slab
and the concrete base. Moreover, in order to consider the
mechanical characteristics of the track, flexural modulus
of rail, slab and concrete base, fastening system stiffness,
polyurethane layer stiffness and subgrade stiffness were
considered in the model. Euler- Bernoulli beam theory 2%=3!
was used to model the rail, concrete slab and concrete
base. Furthermore, fastening system, polyurethane layer and
subgrade were simulated using discrete spring element”?,
The nonlinear mechanical properties of the fastening system
can also influence the RSL ratio, particularly under dynamic
conditions when a train is passing. However, in comparison
to the linearized case, approximately 10% of the final
results were affected by the nonlinear simulation of the
vertical behaviour of the railway fastening system, within the
investigated range of parameters’>. Accordingly the linear
behaviour was assumed for modeling the fastening system.
The stiffness matrices associated with the Euler-Bernoulli
beam and the spring are as follows:

12 6L —12 6L
EI | 6L 4L? —6L 2L> |
3 |-12 —6L 12 —6L )
6L 2L> —6L 4L?

Ky, =

k. —k

In these matrices, Ky, and K, indicate the stiffness matrices
of the beam and spring, respectively. Moreover, EI, L and
k represent the flexural rigidity of the beam, length of the
beam and stiffness of spring, respectively. The procedure of
assembling matrices and vectors for different components
was addressed in the literature?’, however, in this paper
matrices of mass and damping were not taken into account.
The static wheel load was applied to the centre of the
model as a concentrated force. Consequently, the load was
transferred to the underneath layers through the coupling
system of the track. The stiffness matrix of the track was
obtained according to the stiffness matrices of the rail,

fastening system, concrete slab, polyurethane layer, concrete
base and subgrade. Moreover, the external force vector of the
track was calculated based on the wheel load position and
shape functions of the beam element. These shape functions
are presented in Eq. (3a) to Eq. (3d).

N, = i(l -6%(2+¢) (3a)
Ny = i(l —9)*(1+¢) (3b)
N3 = i(l +6)%(2-¢) (3c)
Ny = i(l +8°(€-1) (3d)

In the above equations, N; and ¢ indicate the shape
functions and local coordinate system, respectively. Finally,
to determine the RSL, the difference between the vertical
deflection of the rail and the rail seat plate was derived and
then multiplied by the stiffness of the rail pad, as detailed in
the literature

Validation of numerical results

In this section, the developed numerical model has been
validated through an experimental field test conducted on a
subway slab track. In the following sub-sections, firstly, the
characteristics of the slab track on the field test, including
both geometric and mechanical properties, as well as the test
setup configuration, are comprehensively explained. Then,
the results obtained from the field test are compared with
those calculated by the numerical model.

Description of field test

The field test was performed at Kaveh metro station in
Esfahan, one of the largest cities in Iran. The static test was
conducted on a three-layer slab track (including concrete
slab, rail and concrete base, respectively). Characteristics
of the railway track in the field test are presented in Table
1. While the elasticity modulus of the concrete slab in the
Esfahan metro was obtained in previous study?®’, to ensure
the accuracy of this value, Schmidt Hammer was also used
in the field test. Six points (approximately, 8 m of the track)
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Table 1. Characteristics of railway track in the field test®®
Track layer Considered parameters  Unit Value
Rail Flexural rigidity Nm? 3819900
. Fastening space m 0.6
Fastening system i) padgsti?fness Nim 15 x 107
Length m 11.37
Concrete slab Elasticity modulus MPa 3.5 x 10*
Gap between slabs m 0.0285
Polyurethane Stiffness N/m3 11648000
Concrete base Elasticity modulus MPa 3.3 x 10*
Subgrade Stiffness N/m3  13.1 x 107

were considered for this test. The points were impacted ten
times by the hammer. Consequently, the elasticity modulus
of the concrete slab was obtained through the results and a
good agreement was observed between the current values
and those presented in the literature. The applicability and
validity of the Schmidt Hammer have been investigated in
the previous studies >,

A two-axle shunter, type VTL200, with an axle load of
123.5 kN, a car length of 8.04 m, and a 4.5 m center-to-
center axle distance in the bogie, was used for the loading
procedure.

The stiffness of the rail pads was obtained in the previous
work” where it was measured in the laboratory tests.
Moreover, the subgrade stiffness was well documented in
the reference”’. Five sleepers were instrumented for data
acquisition. A 1.8 m long section of rail was instrumented
with a Linear Variable Differential Transformer (LVDT) and
the absolute deflection of the slab in the centre line of
fastenings was measured in five different points (Fig. 2).
A test was conducted to obtain the vertical displacement
of the slab. Additionally, the absolute vertical displacement
was needed, which is why L-shaped steel bars were used.
Therefore, L-shaped steels were provided and fixed on
the benchmarks (Fig. 2). The LVDTs were perpendicularly
applied on the slab and securely clamped to a steel rod
which was attached to the rail web by a magnet support”.
The absorption strength of the standard magnetic base (MB-
B, Kanetec) is approximately 800 N which ensures enough
strength for holding measuring instruments>>. This range of
absorption strength prevents any movement or sliding of the
LVDT sensors. Moreover, LVDT 6 was used to measure the
relative displacement between the rail and the slab.

Model validation and results comparison

Two sets of loading arrangements were chosen for the
validation of the model. In the first loading scenario, the first
wheel of the vehicle was located on the sixth sleeper and in
the second case, the second wheel was on the twelfth sleeper.
The absolute vertical displacements of the slab obtained
from the models and the measurements are compared in
Fig. 3. As indicated in this figure, slight discrepancies of
up to 2% and 3% are observed between the predictions and
the experimental values in the first and second load case
scenarios, respectively. Since the RSL can be determined
by multiplying the relative deflection between the rail and
slab by the rail pad stiffness, the RSL was calculated and
compared with experimental data obtained by LVDT 6.
Fig. 3c shows the RSL amount in different location of

second wheel. These slight differences confirm the accurate
performance of the developed model.

Parametric study

In order to have a deep understanding of the influence
of all effective parameters on the quantity of RSL and
determination of the dominant effective parameters, a
parametric study was conducted on different variables,
including the flexural rigidity of the rail, sleeper spacing,
fastening stiffness, flexural rigidity of the concrete slab,
polyurethane stiffness, the flexural rigidity of the concrete
base, and subgrade stiffness. The range of variation of each
parameter and the variation steps for the parametric study
are illustrated in Table 2. The maximum and minimum
values of the parameters are also demonstrated in Table 2.
In this paper, three types of rail profiles including UIC60,
UIC54, and S49 are considered for examination. Once the
upper and lower limits of the considered parameters were
defined, the dominant parameters can be determined for
further steps. For this purpose, firstly, a reference model
with defined variables was considered. Then, all the variables
were evaluated individually based on the initial values of the
reference model. In this procedure, all parameters remain
invariant based on the reference model except the target
variable which changes in the defined limits shown in Table
2. Fig. 4 presents the results of the effect of different
parameters on RSL. As can be observed in Fig. 4a, by
increasing the sleeper spacing in the range of 0.5m to 0.75m,
the RSL ratio rises smoothly. According to the literature >,
the flexural rigidity of the rail has an inverse relationship with
the RSL ratio. However, due to the insignificant difference
in the current rail type profiles, a small steepness can
be seen in Fig. 4b. Moreover, according to Figs. 4e, 4f
and 4g, the effects of polyurethane stiffness, the flexural
rigidity of the concrete base layer, and subgrade stiffness
are insignificant. Comparing these values of Fig. 4b with
those of Fig. 4d confirms that the flexural rigidity of the
rail is a more effective parameter than the flexural rigidity
of the slab. Considering these results, fastening stiffness,
the flexural rigidity of the rail and sleeper spacing were
chosen as dominant effective parameters on RSL. Therefore,
an extensive parametric study was performed to develop
a mathematical expression for determining the RSL in the
railway slab track.
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Figure 2. Top schematic view of field test setup.

Table 2. Ranges of variation of each parameter

[
|
| I
F— J
LVDT6 ™=~ _ LVDT5

Variable Description Step/type
Sleeper spacing [m] From 0.5 to 0.75 0.05
Flexural rigidity of rail [Nm?] 3632000 549
4675800 UIC54
6755700 UIC60
Fastening stiffness [MN/m] From 60 to 600 90
Flexural rigidity of slab [MNm?] From 90 to 300 30
Polyurethane stiffness [MN/ m?] From 100 to 1000 100
Flexural rigidity of concrete base[MNm?] From 60to 150 10
Subgrade stiffness [MN/ m?] From 120 to 480 60

Development of the mathematical
expression

According to the previous section, the sleeper spacing, the
fastening stiffness, and the flexural rigidity of the rail were
selected as the dominant effective parameters by analysing
the effect of different parameters on RSL. To develop
the mathematical expression with high regression value
R? > 0.8, numerous parametric studies were executed. For
this purpose, the correlation matrix was used to measure
how strong the effects of these variables are on the RSL
ratio. As indicated in Table 3, the correlation coefficient
between each of the two different variables is zero, except
for variables versus rail seat load ratio, which means
influencing parameters are independent. The correlation
coefficient of the RSL ratio with the sleeper spacing, the
fastening stiffness and the flexural rigidity of the rail are

0.194, 0.867 and -0.091, respectively. The magnitude of
the correlation coefficient quantifies the intensity of the
relationship or association between two variables. The larger
the absolute value of the correlation coefficient, the stronger
the relationship between the variables. According to Table
3, the rail profile has the least correlation coefficient R? =
—0.091 which means that it has an inconsiderable inverse
influence on the RSL ratio. The most effective variable is the
fastening stiffness which has a direct relationship with the
RSL. As a result, the most accurate multivariable nonlinear
mathematical expression was derived to determine the RSL
ratio (denoted as Q,) using XLSTAT*,

(Ls +6.3)° x (K + 2.1 x 10°)
EI, +12x 108

where Ly, Ky and EI, represent the sleep spacing (m),
fastening system stiffness (N/m) and flexural rigidity of

Qr=117x107"

“
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Figure 3. Model validation: first load case (a-i), second load case (a-ii), vertical displacement of the slab corresponding to the first
load case (b-i), vertical displacement of the slab corresponding to the second load case (b-ii) and RSL value for various loading

cases (c).

rail (N.m?). This equation can be considered a generalized
mathematical expression that can be used to improve the
accuracy of the RSL ratio value in railway slab track designs.
Since a wide range of variables was considered during the
parametric study, and the most efficient ones were chosen
to be used in Eq. 4, this equation can be considered an
effective mathematical expression that can be utilized to
design railway slab tracks.

Comparison of the current practices to the
proposed mathematical expression

The majority of the prevailing researches are suitable
for the ballasted track and they do not seem to be
appropriate in the slab track systems. In this regard, it
is still utilized the ballasted-based formulas for designing
the slab track. The proposed mathematical expression was
derived from an experimentally validated model, achieving
a high regression value, thereby confirming the expression’s
verification. In order to evaluate importance of considering
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Figure 4. Effect of different parameters on RSL ratio: sleeper spacing (a), flexural rigidity of the rail (b), fastening stiffness (c),

flexural rigidity of the concrete slab (d), polyurethane stiffness

(e), flexural rigidity of the concrete base (f) and subgrade stiffness (g).

Table 3. Correlation matrix between dominant effective parameters on RSL and RSL ratio

. Correlation
Variable N . . . . Rail-seat
Rigidity of rail Sleeper spacing Fastening stiffness load ratio
Rigidity of rail 1 0 0 -0.091
Sleeper spacing 0 1 0 0.194
Fastening stiffness 0 0 1 0.867
Rail-seat load ratio  -0.091 0.194 0.867 1

slab track condition, comparisons were made between the
RSL obtained from the expression and those of the previous
studies and standards. Table 4 presents the existing formulas
provided in previous studies, standards and code of practices
to calculate the RSL in the ballasted railway track. In
Table 4, P, k, D and D.F' stand for the static wheel load,
track modulus, wheel diameter and axle load distribution
factor, respectively. As shown in Fig. 5, two parameters
are considered in the comparison of expressions; sleeper
spacing and the flexural rigidity of the rail. Concerning
the first comparison (sleeper spacing), the initial values
assigned to flexural rigidity of rail and track modulus are
6.7557 MN.m? (UIC60) and 60 MN /m?2, respectively. For
the second comparison (flexural rigidity of the rail), the
initial value assigned to sleeper spacing is 0.6 m. Also, it
is important to mention that the Kerr expression accounts

Table 4. Existing expressions for RSL.

Model Expression for RSL (metric)
% — pGI52L, FI2.811
AREMA Qr = P50
Q, = (140.335)P.Ls 4/ k
Kerr?° = 2 \/ 1ET
. D.F.
Australian Qr = P35
standard ?’

for V = 0. As depicted in Fig. 5a, significant differences
between the AREMA and Australian Standards and the
proposed mathematical expression are demonstrated, with
sleeper spacing, increased from 24.3% to 38.2%. Conversely,
better alignment with the proposed expression is exhibited
by Kerr’s expression, particularly within the normal range
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(i) (ii)

(iii

0.9 0.9 0.9 ) 0.9
E08 E08 E£038 038
207 £07 207 0.7
%06 %06 06 062
& & & e
5 0.5 £ 0.5 £ 05 05 &
=¥ =¥ o
04 304 804 04
%] %] %}

03 0.3 03 03

02

027574 6 8 10 % 2 a2 6 8 10 %% 2 4 6 8 10

EI [MN.m?] EI [MN.m?] EI [MN.m?]

Figure 6. The RSL ratio versus sleeper spacing and flexural rigidity of rail, taking into account the influencing parameters
considered in the mathematical expressions for soft (i), stiff (i), and very stiff (iii) fastening systems.

of sleeper spacing (i.e., from 0.6 m to 0.7 m), where the
difference is approximately 5.5%. In Fig. 5b, differences of
around 31% between the AREMA and Australian Standards
and the proposed expression are illustrated. A difference of
approximately 7% from the suggested expression is shown
by Kerr’s expression.

Ultimately, these comparisons suggest that the existing
expressions for calculating the RSL ratio for slab concrete
may not be entirely suitable, as they are based on ballasted
railway tracks. The only appropriate results are achieved
for slab tracks with sleeper spacing greater than 0.65 m
and specific rail profiles (i.e., UIC60) through the Kerr
expression.

As mentioned earlier, the dominant parameters affecting
the RSL ratio are sleeper spacing, the flexural rigidity
of the rail, and the stiffness of the fastening system.
Accordingly, Fig. 6 demonstrates the assessment of the RSL
ratio while considering these parameters simultaneously. The
considered values for different fastening systems were 60
MN/m, 100 MN/m, and 300 MN/m, corresponding to soft,
stiff, and very stiff railway fastening systems. As depicted in
Fig. 6, for the soft fastening system, the RSL ratio reaches up
to 0.5, while this value increases to 0.6 and 0.9 for the stiff
and very stiff fastening systems, respectively. Additionally,
as indicated in Eq. (4), the highest RSL ratio is obtained with
larger sleeper spacing and lower flexural rigidity of the rail.

Conclusion

In this paper, a 2D Finite Element (FE) model was
developed in the FORTRAN environment and validated with
experimental tests to evaluate the Rail Seat Load (RSL) in
ballastless tracks. Based on the model, a parametric study
was conducted to identify the dominant variables affecting
the RSL ratio. Subsequently, a generalized mathematical
expression was proposed to determine the RSL ratio for
concrete slab tracks. The specific findings of the proposed
investigation are outlined below:

e The FE model demonstrates good agreement with
the experimental data when comparing vertical
displacement and RSL value, thereby confirming the
validity of the model.

* The dominant parameters affecting the RSL ratio are
sleeper spacing, the flexural rigidity of the rail, and
the stiffness of the fastening system. Following that,
the RSL ratio has a direct relationship with sleeper
spacing and fastening stiffness, whereas it has an
inverse relationship with the flexural rigidity of the
rail. In other words, increasing the sleeper spacing and
fastening stiffness results in a higher RSL ratio, while
increasing the flexural rigidity of the rail results in a
lower RSL ratio.
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* Within the considered range of variation of param-
eters, the RSL is nearly independent of the flexural
rigidity of the slab and concrete base, polyurethane,
and subgrade stiffness.

* The RSL ratio comparison for designing railway slab
tracks among the AREMA, Australian standards, Kerr
method and the proposed mathematical expression
was demonstrated, showing that the current expres-
sions, which were based on ballasted track data, are
not sufficiently suitable for calculating the RSL in bal-
lastless railway tracks. In more detail, the difference
between the AREMA and Australian standards with
the proposed formula was 32.8% and 31% by changing
the sleeper spacing values and the flexural rigidity of
the rail, respectively.

In conclusion, the proposed mathematical expression

proves to be an effective for predicting RSL in railway slab
tracks, a crucial parameter in the design of concrete railway
slabs.
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