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ARTICLE INFO ABSTRACT

With the ever-increasing demand for heavy haul and high speed trains the
track, especially fastening system, suffers a lot and is experiencing
unexplainable failures which reduce the life of the entire track. Although
the numerous researches have been conducted on fastening system for
different reasons (many concentrated on one component), few researches
have been conducted on effect of train speed and axle load on all
components of the fastening systems. In this research an ANSY'S Software
is used to numerically analyze the effect of speed and axle load for heavy
haul on fastening system components. Different speeds and axle loads are
Fastening system considered. It is shown that by increasing the ratio of the lateral to vertical
Speed load (L/V ratio) the deformation increases at high rate compared with the
increments in the speed. The results show that when this ration increases
from 0.1 to 0.5, by considering the speed of 100 km/h for 25t axle load,
the rail deformation increases 299.5%, railpad 115.5%, abrasion plate
69.1%, rail clip 162.1%, bolt 117.4 %, shoulder 223.8% and top of the
sleeper 55.1 %. It is also shown that by increasing the speed from 80km/h
to 160km/h the deformations, in all fastening system components, increase
to an average of 32%. Increase of axle load from 25t to 40t causes the
deformations to increase up to 13% compared to the increase of speed. It
means that the increase of axle load is more effective compared with the
increasing speed. The results are expected to add on more understanding
of the mechanical behavior of fastening systems when subjected to
different loading scenarios.
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1. Introduction

The fastening system is an important
component as it facilitates to transfer load and
holds the rail to the sleeper and to the
substructure. There is an increase of railway
traffic and challenging service environments that
is experienced worldwide. The failures of
fastening systems have been growing
unexplainably and causing a reduction of the
service life of the fastening system itself and the
track in general on other hand. Numerous
researches have been conducted on fastening
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systems components [1-5]. However further
research are needed in order to fully understand
the causes and failure of rail fastening systems,
because it has an effect on performance of track
parameters such as track gauge, rail seat
inclination, track vertical stiffness, and electrical
insulation [6].

Due to increase of annual tonnage, concrete
sleepers and fastening systems have been
experiencing a wide variety of failures that
include rail seat deterioration, insulator wear,
shoulder deterioration, and worn rail pads [1].
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Researches have been focusing on investigating
the performance of different fastening systems
under laboratory and field loading environments,
but the behavior of concrete sleeper fastening
systems under different loading conditions is not
fully understood.

Numerous researches have been conducted
on fastening systems for different reason and it
has been shown that the defects on rail and
sleeper-fastening systems are the main causes of
derailment [7]. Other research has been done in
order to further understand the mechanical
behavior of fastening system. Holder et al [8]
conducted a laboratory research to investigate
the lateral performance of Skl-style fastening
system. The purpose was to characterize the
lateral load path in fastening system by using the
Lateral Load Evaluation (LLED) technology.
Williams et al [9] conducted a research to
quantify the demands on the insulator through
analysis of the transfer of lateral wheel loads into
the fastening system by measuring the
magnitude of lateral forces entering the shoulder,
but no conclusion drawn as the threshold of the
forces resisted by the shoulder or other
components as a results of the vertical load and
lateral loads increase. Orguei et al [10] used the
dynamical mechanical analysis method to
measure the dynamic behavior of rail pad under
a wide range frequency but there is still need to
know the influence of speed on the displacement
of railpad. On the other Van Dyk et al [11]
studied the mechanical design of concrete
sleepers and elastic fastening systems under
current loading in order to improve the
understanding of mechanical behavior of the
concrete sleeper-fastening system, later provide
the basis of mechanical design process. Wen et
al [12] reported on the contact-impact stress
analysis of rail joint region using the dynamic
finite element method. Furthermore, Williams et
al [9] conducted an experimental field
investigation on quantifying the distribution of
lateral forces by use of the Lateral Load
Evaluation Device (LLED). Additionally,
Sadeghi et al [13] conducted a research aiming
to investigate the impact of loading conditions
(including train speed and train axle load) on
clips fatigue. After conducting various tests they
concluded that axle loads are more effective in
causing considerable deformations on rail clip
than the train speed. From the above
investigation they considered few factors that
can cause clip deformation and they didn’t show

how much axle load can cause the failure of the
clip based on mechanical properties of the clip.

Although the numerous researches have been
conducted on fastening system for different
reasons (many concentrated on one component),
very few research have carried out to look onto
the effect of train speed and axle load on all
component of the fastening systems.
Considering that there is an increase of axle load
and speed which comes with unexplainable
failures of fastening system component, so a
study is needed to look at the influence of speed
not only on one component but in all
components of fastening systems as a whole.

One type of research that needs to be
conducted is to investigate the mechanical
behavior of the fastening system due to increase
of axle load and speed. It is known that the speed
increase causes high increase of dynamic forces
which will ultimately cause the failure of the
track. One of the affected components will be the
fastening components. The aim of this research
is to analyze the effect of axle load and speed for
heavy haul on fastening system components to
further understand the mechanical behavior of
fastening system components. The outcome will
lead to design the track components based on the
concepts of the mechanical design.

2. Methodology

This numerical analysis was conducted on
widely used fastening system (Vossloh system)
as shown in Figure 1. All components are
modelled as solids, mainly for simplifying.
Some components are considered as spring-
damper in model by ignoring the longitudinal
and lateral dimensions of the components and
considering only the vertical direction. This may
have an impact on reproduction of vertical track
dynamics [14]. Another advantage of modelling
the components by using solid elements is to
have the same degrees of freedom as suggested
by Prakoso [15]. In this analysis, the effect of
axle load increase was investigated and speed as
well as the axle load were varied in order to have
more insight on the influence of both speed and
axle load. This will help to capture the
relationship of this variation and the effect it has
on deteriorating the fastening components.

In this research the ANSYS software version
16 is used to numerically analyze the model in
question.
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Figure 1. Vossloh Fastening Systems, Inc. W 40 [11]

The ANSYS software uses finite element
method in analysis and was used by many
researchers in analyzing the track structures [15-
21]. The transient analysis is performed in
ANSYS Workbench to analyze the dynamic
behavior of the model. The author uses the
workbench as it is easy to manipulate the model
than APDL. The analysis is focusing on the
effect of the speed on the fastening system. The
speed in Table 1 is chosen in the analysis, the
choice is based on the values that most of the
heavy hauls use worldwide.

Table 1. Vertical load for different speeds

Table 2. Components dimensions (USA HHS 36/6

RAIL ONE GmbH 2014)
Parameters Unit

Concrete grade C 50/60
Sleeper length (L) 2600 mm
Sleeper width (W) 272 mm
Sleeper height (H) 252 mm
Height of centre of rail base 248 mm
Height of sleeper centre (hy) 190 mm
Rail dimensions UIC60
Railpad dimensions 150x160x6 mm
Abrasion plate dimensions 150x170x7 mm
Insulator dimensions 160x45x26 mm
Rail clip diameter 16mm
Bolt diameter 24mm

Speed Dyna Rail seat load (kN)

(km/h) mic
facto  Axle load (t)
r

25t 30t 35t 40t

80 1.482 9447 1135 1322 151.2
100 1.603 102.2 122.6 143.0 160.3
120 1.723 109.8 131.8  153.7 172.3
160 1.964 1253 1502 1753 196.4

The dimensions of different components used
in this analysis are summarized in Table 2. The
material properties from the literature [17], are
used as the initial starting point, and are
summarized in Tables 3&4.

In case of high speed railway fastening
system W42 (Figure 1) is used as it can be used
where speed is higher that 250km/h with axle
load less than 30t. The speeds of 80, 100, 120
and 160 km/h are considered. These speeds are
chosen because most of the heavy haul lines are
designed not to exceed a speed of 160km/h. The
diameter of wheel is taken as 864mm, the
common size used in heavy hauls. The different
wheel load with different axle load and rail seat
loads used are calculated based on the Equations
(1-5) from AREA quoted by Doyle [23] to
account for the dynamic factor as the speed
increases, as it is indicated in Table 1.

%
=1+521— 1
¢ D (D
P Axle load < @
2
=DFxP 3)

2(l, 1, )x tan e

K, = xE, 0
In Lo [ lp +2h taney
I, \'l, +2h tan o
Z(Ze—lb)xtana2
K, =
In Iy +2h taney \( I, +2h taney +2h, tana,
l,+2h taney )\ [, +2h tanay; + 25, tan o,
1 1 1
—_— = —
K K, K,
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Table 3. Material properties of the model components [22]

Compone  Youn Poisson’s Yielding  Ultimate/Peak Density Cracking
nt g's Ratio Strength Strength
Modul (MPa) (MPa) (kg/m’)  Strength
us
(GPa) (MPa)
Concrete 30.0 0.2 NA 48.3 2400 55
Clip 158.6 0.29 1261.8 1393.2 1800
Rail 210 0.3 1034.3 1034.3 7850
Rail pad 0.1 0.49 8.3 35.9 980
Abrasion 3.0 0.39 64.1 84.8 7800
Bolt 206.84 0.3 640 800 7800
Insulator 3.0 0.39 64.1 84.8 7800
Table 4. Other properties [17]
Element Parameter Value Unit
7.85 ton | m’
Rail 210x10° kN / m?
v 0.30 -
b 100x10° kN /'m
Sleeper m 0.15 ton
ky 34x10° kN /'m
Ballast Cp 12.30 kNs | m

Where P is the design load in kN
Where V is speed (km/h)

¢ is the dynamic factor

D is wheel diameter (mm) =864mm
qr is rail seat load

DF is a distribution factor, expressed as a
percentage of the wheel load and for concrete
sleepers is obtained as 51%

L. and L, are the effective support lengths of half
sleeper, and the sleeper width, respectively.
Also, hy, hy are the thickness of the ballast and
sub-ballast layers, respectively. E; and E; are the
elastic moduli for the ballast and sub-ballast
layers, respectively. K, Ki and K, combined

stiffness for ballast and bub-ballast, stiffness foe
ballast and stiffness for sub-ballast, respectively.

In order to simulate the component
interaction and friction between them, the
coefficients of friction are defined. The COFs
are defined from literature [24-26]. They are
summarized in the Table.5.

In railways there is an ever increasing
demand for higher axle loads. In order to capture
the effect of axle load increment, the axle loads
of 25, 30, 35, and 40t are chosen. They are
chosen based on most used worldwide and future
considerations, especially the 40t axle load. In
the analysis a combination of lateral and vertical
load was used with ratio of 0.1, 0.3 and 0.5
(lateral load to vertical load) by keeping the
vertical load constant.
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Table 5. COFs defined in the FE model [22]

Component  Frictional COF values
Name Interaction
Pad-Rail 0.3
Pad Pad-Abrasion 0.3
plate
Abrasion Plate-concrete 0.3
frame
Rail clip Clip-rail- 0.3
insulator
Insulator Insulator- 0.3
concrete-clip
Bolt Bolt-concrete 0.3

The other ratio can be interpolated. The ratio
is limited to 0.5 because it is believed that it’s the
worst case that may happen. The wheel load and
lateral load are applied in the middle of rail on
single sleeper (Figures 2&3) and on two sleepers
(Figure 4). The bolt torque moment is
represented by bolt preload taken as 10kN per
bolt as per Chinese standards [27].

Figure 3. The model of a single sleeper

TATATe-E
SATTeT
5474Te-8
0 Min.

Figure 4. Equivalent Von Mises stresses with a
speed of 100 km/h, rail resting on two sleepers

The model consists of rail, rail pad, abrasion
plate, rail clip, bolt, shoulder and sleeper which
are modeled as solid to account for the real
situation on ground. Their dimensions are
summarized in Table 2. A space of Smm was left
between shoulder and rail. This was done to let
the shoulder move laterally freely so that it
cannot touch the rail during the lateral
displacement. Since the focus is on
superstructure, the bottom of the sleeper is fixed
in all directions for simplifications. The
boundary conditions are set up. All components
are set free in all directions and the ballast
material is considered as viscoelastic springs
where spring stiftness K is obtained by using the
Equations (4&5) [28]. The damping coefficient
is obtained from the literature as indicated in
Table 4.

3. Results and Discussions

During the numerical analysis the
displacements on different fastening system and
at the top of the sleeper are captured. In the
analysis a combination of vertical and lateral
load, by keeping vertical load constant and
varying the lateral load for different L/V ratios
of 0.1, 0.3 and 0.5 are considered. Other ratios
maybe interpolated. Figures 5 to 7 present the
deformations of fastening system components
subjected to different axle loads.

In the analysis, the vertical load is kept
constant, only the lateral load is varied to the
ratio of 0.1, 0.3 and 0.5. The ratios are chosen
randomly, by expecting that in the worse cases it
can reach the half of the vertical load. The other
ratios will be interpolated. From the above charts
(Figures 5-7) it is seen that as the speed
increases, the deformation also increases to
higher values.

As it is expected, the rail has high
deformation compared to other components. The
railpad is the one that has a high rate of increase
among the fastening components, this may be
due to its softness. Among the others, the rail clip
also has high deformation; this is due to the clip
force that is applied on it. The imparted load
from lateral and vertical loads together with
torque load contributed to that increase.

By increasing the L/V ratio, the deformation
also increases, this shows that the lateral force
plays an important role in deteriorating the
fastening systems, because the vertical load was
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kept constant. From the results, it is also seen
that the fastening systems that is on the opposite
side where the lateral force is applied, suffers a
lot more than the other side. This means that one
side of the fastening system deforms on a higher
rate than the other depending where the lateral
force is applied. The fastening component on the
curve has to be designed differently with that of
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the tangent track, because it is where the lateral
load is higher

Increasing the speed from 80 km/h to 160
km/h on the ratio of 0.5 for 25 t of axle load; the
deformation on rail increases 32.49 %, railpad
increases 31.89 %, abrasion plate increases
32.23%, the rail clip increases 32.33%, the bolt

¢) 25 t axle load, speed 120 km/h
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Figure 5(a-d). Deformations of fastening component for 25t axle load with different speed
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Figure 6. Deformation of different fastening
component with rail resting on two sleepers
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Figure 7. Load-stress-deformations for a speed of
100km/h

increases 23 %, shoulder increases 32.7 % and
top sleeper deformation increases 31.7 %. From
this percentage of increment, it is seen that most
of the components endure increase by almost 32
%. With these results it can be concluded that
almost all fastening systems’ components
deform to the same percentages. That means the
fastening system should be designed in
accordance with the applied load and speed.

On the other hand, when the lateral to vertical
load ratio increases from 0.1 to 0.5, for example
considering the speed of 100 km/h for 25t axle
load, the rail deformation increases 299.5%,
railpad 115.5%, abrasion plate 69.1%, rail clip
162.1%, bolt 117.4 %, shoulder 223.8% and top
sleeper 55.1 %. With these percentages, it is
observed that by increasing the L/V ratio the
deformation increases at a higher rate compared
with the increment of speed. The results show
that the increase of lateral force has a greater
effect than increasing the speed. It means, during
the construction, one has to limit the high
increase of lateral force by increasing the lateral
resistance. Some of the measures to increase the
lateral resistance are: using friction sleeper,
widening the curve, use of under sleeper pads,
reducing the sleeper spacing and constraining
the sleepers.

Considering the load applied in the middle of
the rail that is supported by two sleepers Figure
4, there is not much change on the deformation,
but it slightly decreases on the rail and slightly
increases on the other components as expected
because the applied load is a little bit away from
where the fastening components are. This is in
line with what other research have found.
Powrie and Pen [29] in their book quoted where
he found that when the load is applied in mid-
span, there is usually no significant additional
increment of deflection on the rail relative to
adjacent sleeper supports.

By increasing the speed it is shown that the
deformation also increases. The speed has more
influence in deteriorating the fastening system,
and they get deteriorated at high rate as the axle
load increases. Figure 8(a-¢) shows the increase
of deformation by increasing the axle load for
different speeds on L/V ratio of 0.5. The ratio of
0.5 is chosen by believing that the worst scenario
can happen on this case.

From the results, taking an example of
deformation of railpad for 40t of axle load on
speed of 100 km/h with a L/V ratio of 0.5; it is
increased up to 59.6% compared to the
deformation for 25t axle load with same speed
and ratio. When comparing with the increase of
speed from 80 to 160 km/h for the same material
on the ratio of 0.5 the percentage increase is
49.2%. It shows an increase of almost 10%.

International Journal of Railway Research (IJRARE) 29


http://dx.doi.org/10.22068/IJRARE.6.2.23
https://ijrare.iust.ac.ir/article-1-242-en.html

[ Downloaded from ijrare.iust.ac.ir on 2025-07-19 ]

[ DOI: 10.22068/IJRARE.6.2.23 ]

Numerical Analysis of the Effect of Train Speed and Axle Load on Rail Fastening System ...

30

a) Deformation of railpad

——80 km/h —#—100 km/h

45
40
= 35 -
]
=
2 30 -
=
<
25 -
20 T T T 1
0.3 0.5 0.7 0.9 1.1
Deformation [mm]
b) Deformation of plate
——80 km/h —#—100 km/h
120 km/h 160 km/h
40 ——
=35
=
= 30 +
o]
<
25 -
20 T T T 1
0.3 0.5 0.7 0.9 1.1
Deformation [mm]
¢) Deformation of top
——80 km/h —#—100 km/h
120 km/h 160 km/h
40
e 35
=
= 30
=
<
25 -
20 ‘ .
0.05 0.1 0.15

Deformation [mm]

d) Deformation of rail clip

—o—80 km/h
45

—#—100 km/h

N
(e}
!

w w
(e} W
I
|

Axle load [t]

[\]
(%]
I
\

[\®)
(e}

0.2 0.4 0.6 0.8
Deformation [mm]

e) Deformation of bolt

——100 km/h —#—100 km/h

120 km/h 160 km/h
45

N
(e}

w
W
|

Axle load [t]

[\l
W
I

[\®}
(e}

0.15 0.25 0.35 0.45

Deformation [mm]

Figure 8 (a-e). Deformations of different
fastening components with axle load from 25 to
40t at (L/V =10.5)

The results are in confirmation with what
other researchers have found [30], where they
found that the effect of the increase in the axle
load is higher compared to the rate of increase of
speed. The increments in axle load are more
effective that increasing the speed. This is in
confirmation to what Sadeghi et al [13] have
found, where they concluded that the train load
is considerably more influential on clip
deformations compared to train speed. With
more advance and sophisticated technology, the
increase of speed doesn’t cause a high increase
of dynamic forces, in return reduces the
deformations on different track components. It is
expected to have higher dynamic forces when
the defects are increased. The results of fastening
system components when axle load increases
from 25t to 40t are summarized in Figure 8(a-¢).
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4. Conclusions and Recommendations

The numerical analysis is performed to
capture the effect of the train speed of travel and
the increase of axle load on different components
of the rail fastening system. The range of speed
that is considered includes 80, 100, 120, and 160
km/h and the axle loads were chosen as follows:
25, 30, 35 and 40t. After the analysis the
following conclusions have been drawn:

- Increasing the lateral to vertical load ratio by
keeping vertical load constant from 0.1 to 0.5,
the deformation increases up to 40% compared
to the increase of speed from 80 to 160 km/h.

- Increase of axle load from 25t to 40t causes the
deformations to increase up to 13% compared to
the increase of speed. It means that the increase
of axle load is more effective than increasing the
speed.

- One side of the fastening system deforms on a
higher rate than the other depending where the
lateral force is applied.

- In order to gain more understanding of the
mechanical behavior of the fastening
components, it is recommended to carry out a
parametric study and determine the robust model
under different axle load and speeds.

- It is also recommended to provide the fastening
systems in curves that are more resistive
compared with the ones in tangent tracks.
Simply because in a curve there is a high demand
of lateral load. Measures, like, using friction
sleeper, widening the curve, use of under
sleeper-pads, smaller sleeper spacing and
constraining the sleepers have to be taken to
increase the track lateral stability.
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