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ABSTRACT: The In this work, experimental measurements were carried out at a tram site 

in Ouargla city in Algeria by measuring the gap between rails on a device of rail expansion for 

six months. The influence of the railway bridge's deformation on the geometry changes of the 

track were evaluated. These expansions are due to the pressure of the wheel on the rail in the 

device, in addition to the movement of two vehicles in opposite directions at the bridge ends, 

and also the variation of temperature in desert area especially during the summer period. The 

objective of this study is to determine the influence of loads and temperatures variations on the 

expansion and contraction of the railway bridge in the presence of a rail expansion device. A 

model based on finite elements has been developed to understand the phenomenon of rail 

deformation/displacement. A good agreement between the results of the experimental and 

numerical study of displacement / deformation of the rails in the railway bridges was found with 

a percentage of 94.74%. The role of the expansion device is to reduce the mechanical and 

thermal stresses applied to the rail and bridge, so it is irreplaceable, must know to install at 

least one device on each rail in 40m on the bridge. 

KEYWORDS: Expansion device, Deformation/Displacement, Wheel/rail, Railway Bridges, 

Modeling 

 

1 INTRODUCTION  

Among the means of transport used, railway 

transportation is the most important from an 

environmental and economic point of view. The use 

of this type of transport in urban Saharan areas 

(train, tram, metro) faces some problems related to 

traffic jams, sandy swamps because it's a 

groundwater area with idle valleys, etc. Therefore, 

the construction of bridges is the right solution to 

avoid this type of problems. But the use of bridges 

in the Saharan zone also leads to the emergence of 

other problems, among them the expansion and 

contraction of the rails and bridges at the same time.  

The railway bridges and rails are an important 

element in improving the passage of the vehicle 

without blocking public traffic and facilitating the 

movement of the vehicle, especially in big cities. 

The use of the railway bridge is subject to several 

stress such as expansion and contraction stresses. 

The track is the most critical structural 

component of a railway system and fulfills driving 

surface functions, directional control and force 

transmission [1, 2]. 

In the girder rail interaction model, the 

interaction principle is at the heart of everything. 

Rules for all forms of bridges and distributions of 

bridge types, number of beams, weight of beams, 

support seat laying mode and resistance kind are all 

synthesized. Especially in relation to the additional 

rail stress in the area of bridges, the bending fatigue 

strength, which is also an important feature of 

railway tracks, was, however, overlooked [3-5]. 

Rail traffic on bridges operates in two distinct 

ways: first, the train is treated as a series of 

moveable masses, which are indicated by the 

impacts of the moving force and masses; second, 

the structural nature of the train is crucial to 

evaluate rail bridges and trains on high-speed routes 

[6]. 

Based on a real case study by R. M. Delgado and 

S. M. dos Santos R. C et al. [7] tests the influence of 

such parameters as the stiffness and mass of the 

bridge, the stiffness of the train, the bridge span, 

and track irregularities, and the primary objective is 
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to show the value of these criteria in the analysis of 

train comfort and the structural actions of the 

bridge. The displacement effects of the non-linear 

rigidity model are greater than the linear stiffness 

model with the same elevation power acting on the 

rail fixing device. Therefore, when determining the 

serviceability of the rail fixing system on railway 

bridge ends on the slab route, a displacement-

dependent design approach for the rail connection 

system is required to implement the nonlinear 

behaviour of the rail fixing system. The test model 

considered that the outline and pier of the railway 

bridge were directly connected by rail and rail 

fastening systems to two high-speed beams. A 

rigidity model for the rail connection device was 

developed by conducting a clamping force test for 

the finite element analysis. 

Yongcheng Ji and Yail J. Kim et al. [8] 

concluded that the bridges are flexed by the length 

of the bridge, the number of loaded lines, and the 

spacing between the axles of the articulated trains. 

In relation to the effects of horizontal curvature, the 

distorted angles play an important role in adjusting 

bridge responses to basic moments and frequencies. 

The deflection requirements of current standards do 

not extend to light rail bridges; an alternative 

solution is thus proposed. With regard to dynamic 

load ranges, the values expected are normally below 

those used in operation. The precise divide between 

the existing experiential practice and the real 

reaction of light-rail-filled bridges can be 

strengthened. 

On long-span bridges, temperature changes can 

result in considerable longitudinal rail stresses and 

displacements in (CWR) track [9]. 

Rail-bridge thermal interaction may lead to rail 

buckling or breakage on continuous bridges because 

of the large extra axial force in continuously welded 

rails [10-12]. 

Also, Xiaopei Cai et al. [13] using the basis of 

the bridge-track interaction theory, the continuous 

welded rail finite element model for a long-span 

cable-stayed bridge was developed. Also, the rail 

longitudinal force can be reduced and the track 

stability can be improved significantly by installing 

a Rail Expansion Joint. The results demonstrate that 

on both ends of the long-range cable-resistant 

bridge, the unidirectional rail expansion joint should 

be positioned and rails should be placed on the 

supporting beams and over the beam joints. To 

minimize the longitudinal force of the fixed pier 

near the main beam, limited tension fasteners of 

several meters are to be placed on both sides of the 

rails. Temperature, rail breakage, and seismic 

conditions are the key determinants of the 

unidirectional rail expansion joint range laid at the 

cable-stayed bridge; bending and braking loads 

have no impact on that range. 

Weilai LI et al. [14] used the fiber Bragg grating 

(FBG) sensing technology, the condition of a crack 

in an urban railway viaduct was monitored by the 

continuous beam joints and rails near trains. In the 

rail expansion system portion, the control 

components consisted of the rail temperature, rail 

displacement, viaduct beam displacement and 

sliding rail pressure. 

In order to investigate the additional expansion 

force of continuous welded rails (CWR) on extra-

long continuous bridges of high-speed railways, W 

Liu and G Dai et al. [15] established an integrative 

spatial finite element model of the track-bridge-pier 

system, with a nonlinear spring element simulating 

the longitudinal resistance between the track and the 

bridge .Also, the effects of alternative resistance 

models, number of major spans, layout of nearby 

bridges, and pier longitudinal stiffness on the 

additional expansion force of CWR are explored. 

for long-span continuous bridges on high-speed 

railrways. Zhipeng Lai et al. [15] and Zoltán Major 

[16] observed the relationship between track and 

bridge in railway bridges. And the longitudinal 

expansion joints are continuity rails. Having 

performed the non-linear analysis, it was found that; 

a relatively vertical displacement can be achieved at 

the edge of the bridge deck when the body of the 

bridge has cantilevers. If the basic substructure 

rigidity exceeds 2000 kN/m, the studied system 

could be built without interruption of the railway. 

Horizontal displacement values can be seen as 

depending on the particular stiffness of the 

substructure. 

Nándor Liegner et al. [17] carried out research’s 

in Hungarian State Railways to provide technical 

solutions of track structures on bridges, so they 

found it a continuously welded rail can be 

constructed through the bridge from an earthwork 

without interruption, if the expansion length of the 

bridge is no-longer than 40 m. 

In railway maintenance, rail inspection is a vital 

part of the process. Every now and then, it's 

necessary in order to keep trains safe and prevent 

accidents.  

Islam, S et al [18] used a vision-based technique 

to automatically detect the presence of rail line 

hooks and measure the gaps between each line to 

determine if the gap is safe or not. A digital line 

scan camera is positioned under an automated 

vehicle to capture real-time photographs of the 

vehicle's undercarriage. Automated detection is 

achieved using a combination of image processing 

and pattern recognition techniques. 
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On railway bridges, longitudinal forces and 

welded rails are examined. So it cannot be ignored 

here the relationship between track and structure. 

The findings derived from the experimental and 

numerical joint method indicate that evaluating 

material properties and correlating them with the 

microstructure of materials is important for 

designing new material applications, while 

simulating crack propagation phenomena may be 

used to compare material efficiency [19, 20].  

And by using Rail Expansion Devices (RED), 

the cohesion of the welded rail is disrupted and the 

resulting comfort decreases, but there is a major 

stress reduction on the tracks. This creates 

irregularities. The construction of modern high-

speed railways needs longer structures increasingly. 

This should increase the maximum permissible free 

expansion period [21].  

The aim of this study is to focus on the 

importance of the rail expansion device on the 

bridge in the Saharan area of the Ouargla tramway. 

the follow the displacement / deformation of the rail 

by measurement of the gap between rails in the 

device expansion rail (EDR), depending on the 

loads applied and change in the temperature on the 

rail and bridge. A finite element-based model has 

been developed to understand the phenomenon of 

rail deformation / displacement, using the 

COMSOL Multiphysics calculation code. 

2 MATERIALS AND METHODS 

2.1 Device expansion 

The installation of Expansion Device Rail 

(DER) is necessary at the level of certain 

discontinuities of the track to allow longitudinal 

movements of the rails. These types of devices are 

for example installed on bridges, where functional 

joints are installed at the ends of the deck, the 

length of these joints varies as a function of the 

temperature. 

Fig.1 illustrates the Rails Expansion Devices 

(DER) on the Ouargla tramway bridge, these 

devices positioned at the ends of the rails and at the 

start of the bridges. The role of the expansion 

devices is to facilitate the passage of the railway 

vehicle over the bridges and also to reduce all the 

thermal and mechanical constraints due to 

environmental conditions, in the desert climate. 

 

Fig.1 Positioning of expansion devices on the bridge. 

The Expansion Device Rail (DER) Fig.2  

“Bidirectional” are able to absorb longitudinal 

movements on both sides. Design (VASE 135666-

000-00) expansion device in “neutral” position, 

total length. The design shows a symmetrically 

installed on 5 sleepers. The "neutral position" of the 

joint at the guide thread is indicated for "neutral 

temperature" for the openings of the bridge joints, 

as well as for the positions of two needle blades; 

"neutral temperature" is the average temperature 

calculated over a period of one year. 

 

Fig.2 Device Expansion Rail (DER). 

2.2 The Bridge 

The Fig.3 provides a rough sketch of the section 

of the deck (constant along the latter) as well as a 

typical section of the Ouargla tram bridge. Also on 

this bridge (on the rail) there are four (04) 

expansion devices (each track has a two device). A 

bridge width is 40m and these straight sections are 

all rectangular. Although at constant inertia, the 

cross section of the deck is made up of a ribbed slab 

with 7 ribs per arch. Considering arch rib, lateral 

brace, suspender, girder, pier and track position. 

The model for the interaction between tied arch 

continuous bridge and multiple tracks was 

developed using steel-concrete composite. 

 

Fig.3 A railway bridge's structure [22]. 

The relationship between the railway bridge and 

the rails is defined by the different loads applied. 

Among these constraints are the constraints of 

expansion and contraction. This deformation is also 

induced by temperatures, braking and resistance 

forces and vertical bending in combination. Due to 

increased speeds and axle weights, today's railway 

bridges are scrutinized for moving loads, every now 

and then, it's necessary to keep trains safe and avoid 

accidents. Modern railway bridges also have 

slimmer shapes and less energy dissipation 

(damping) due to improved construction and design 

procedures. Thus, extensive evaluations of bridge 
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dynamic response to passing trains are critical to 

ensuring projected lifetime and economic 

assessment.  

The Fig.4 illustrates the abutments used on the 

bridge. These abutments are Mechanically 

Stabilized to support the span as well as to serve as 

retaining walls to prevent the earth fill of the 

approaches to the bridge from moving. 

 

 

Fig.4The abutments of bridge (A) and (B) [22] 

 

 

Fig.5 Mechanically stabilized abutments fixed by 

strengthened backfill [22] 

The abutment loads impose additional 

strengthening needs, particularly in the top portion 

of the backfill, which bears the brunt of the bridge 

loads. Due to their ability to withstand large 

deformations, mechanically stabilized abutments 

are frequently a more cost-effective option to deep 

foundations or remediation of soft foundation soils 

3 MATERIALS 

Fig.6 shows the procedure to track and measure 

the gap on the expansion device on the Ouargla 

tramway bridge site for six months. 

 

Fig.6 measure the gap and joint of bridge. 

Fig.7 shows the temperature measurements 

taken at different times and places on the rails to 

calculate the thermal stress. 

 

Fig.7 Temperature of rail under sun with a different 

moment. 

Temperature and thermal forces play an 

important role and as the region is a desert and dry 
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throughout the year, for this we choose measuring 

this temperature during the summer; because it 

reaches 65 °C under the sun at noon as indicated in 

the Table 2, four days are chosen for each month 

because the temperature remains high during the 

month and remains constant and does not change 

significantly until the days have passed. 

Fig.8 show Temperature variation during the 

year 2021 (Ouargla cite). 

 

Fig.8 Temperature variation during the year 2021 

(Ouargla cite) 

 

4 RESULTS AND DISCUSSION 

The measurements of gap between ends of rail in 

DER on the railway bridge, were taken over a 

period of six (06) months for two different periods 

because the region Ouargla city is characterized by 

a semiarid desert climate; for this we focused at the 

summer period. 

 

 

Fig.9 The length of gap between the rails in DER on 

railway bridge: (A) rail1 (B) rail2. 

The results of the different deviations for the 

four (04) Expansions Devices Rail (EDR) illustrated 

in Fig.9 lead to notice that the deviation changes 

depending on the load and the temperature, changes 

have been observed in the periods April / May and 

July / August, this is due to loads and temperatures. 

This variation in the difference as a function of the 

different loads and temperatures results in 

displacements / deformations at the level of the rail 

and the bridge. 

Also it was observed that the length of the gap is 

not the same for the four devices as shown in figure 

9. This difference is due to several factors, in 

particular the clamping forces of the rail on the 

bridge, also to the movements of the vehicle in both 

lanes. 

The results of the inspection measurement of the 

gaps on the tram site Figure 9, were used to 

calculate the deformations / displacements of the 

rails by calculating the elongation of each rail by 

length of the gaps Equation (3) in DER. 

.E        (1)                                                                                                                                                               

0/L L  
 (2)                                                                                                                                

1 2i line lineL GP GP  
    (3)                                                                                                                                                  

/F A         (4)   

Where: 

F: it’s the applied forces to the rail surface, and 

A: it’ s the surface of rail (rolling contact) type of 

this rail is 54G2 with A=69.49 cm2[22]  

For estimate the deformations on the rails, need 

to calculate the length joint by Equation (5) this 

results are illustrating on the Table 3: 

J= J1+(J2-J1)  (5)                                                                                                                                            

Where:  

J: Length of joint 

In addition, the conditions of the desert climate 

of the city of Ouargla have a significant impact on 

the expansion of railways and bridges especially 

during the summer period, this temperature reaches 

70 ° C during the day and drops to 40 ° C at night 

Figure 7. The results of the temperature 

measurement are shown in Table 2. 

The thermal stresses represented in Figure10 

were calculated by using Equation (6) and Equation 

(7). We have calculated the thermal stresses for 

three different periods, in the morning, midday and 

night. The maximum stresses (65 MPa) are found 

during 12:00 PM where the temperature is around 

70 ° C. 

T E T   
    (6)   

  Ambient RailT T T  
   (7) 
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Table 1 Results of deformations/displacements on DER 

Table 2 Measuring of temperature on rails during the summer period. 

Fig.10 Distribution of thermal stress on rail (MPa) at 7h00, 12h00 and  21h00 

  Length of gaps Length of Joint 

  Rail 1 Rail 2     

  DER 1 DER 3 DER 2 DER 4 Joint 01 Joint 02 

Mars 127.50 129.83 124.66 128.64 127.11 129.64 

April 127.69 124.33 126.28 127.04 130.50 131.65 

May 125.33 117.92 122.40 116.34 128.97 130.62 

June 123.85 111.85 120.60 110.23 125.79 130.17 

July 123.57 111.31 121.69 108.70 123.07 130.32 

August 122.01 114.39 122.88 113.29 124.20 131.50 

  07h 00 12h 00 21h 00 

Months  Days Tambient Trail Tambient Trail Tambient Trail 

June  

Day1 38.2 41 45 50.1 45 36.7 

Day2 45 46.6 45 63.8 45 40.6 

Day3 39 47.7 45 61.9 42 39.7 

Day4 37 37.4 41 56.8 42 40.7 

July 

Day1 39 49 45 63 37 39.5 

Day2 40 47 49 67.6 39 37.5 

Day3 37 38.6 46 65.8 46 45.5 

Day4 40 41.1 45 68.2 45 45.1 

August  

Day1 32 32.4 42 63.7 38 38.3 

Day2 31 31.4 42 65 38 39.5 

Day3 28 31.8 42 66.4 36 37.8 

Day4 30 31.4 42 62.9 36 36.6 
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Fig.10 shows the evolution of thermal stresses 

over three months (June, July and August). Changes 

were observed in different periods of the same day, 

as well as on different days of the same month. But 

the most important difference has been noticed in 

the different months, when the thermal stress 

reaches its maximum value in July. 

4.1 Numerical modeling 

To understand the phenomenon of rail 

deformation/displacement contact, particularly on 

railway bridges, a model based on finite elements 

has been developed with the COMSOL 

Multiphysics. 

The model considered in this study consists of a 

rigid wheel / rail in contact with a flexible bridge. 

This approach makes it possible to check the 

contact between two rigid bodies on the one hand, 

and the contact between the rigid and flexible 

bodies on the other hand. 

4.2 3D model of wheel/rail 

A 3D model is developed with COMSOL 

Multiphysics software, based on the real 

geometrical of wheel/rail illustrated on Fig.11. 

The mesh is also chosen according to the 

smallest length of the rail or the wheel, taking into 

account the initial conditions and the choice of the 

physical parameters. 

 

Fig.11 3D finite element model of wheel/rail. 

4.2.1 Modeling of the stress on rail 

Fig.12 represents the stress distribution in the 

rail obtained by simulation with COMSOL 

Multiphysique. 

The load applied to the rail is 100 tones, taking 

into account the maximum load of the tram. 

Considering the importance of the rail relative to the 

wheel, we focused on the stress distribution on the 

rail during simulation. From the simulation results, 

it observed that the stress concentration in the rail 

ends, the maximum value is approximately 2000 

MPa. 

 

Fig.12 Distribution of stress on rail (MPa). 

Fig.13 show the Displacement/defamation in the 

rail obtained by simulation with COMSOL 

Multiphysique.  The displacement / deformation 

values reach approximately 0.2 mm with the 

direction of movement of the tram, which is why 

the applied loads play an effective role on 

displacement / deformation of the rail in the bridge. 

This displacement deformation also due to the 

effects of the traction forces and friction caused by 

the contact wheel and rail, as well as the 

acceleration and deceleration of the vehicle. 

 

Fig.13 Displacement/Defamation of rail (mm). 

Fig.14 show the evolution of displacement / 

deformation on the rail from length from 0 to 20m 

considering displacement / deformation is the same 

in the other part. It observed that a stabilization of 

displacement / deformation from 0 to 15m of the 

length of rail, then an increase up to 20m where the 

maximum value is 0.2 mm of the displacement / 

deformation. 

 

Fig.14 Displacement/Deformation of length of rail 

(mm). 

4.3 Comparing experimental and numerical 

results 

 

To validate the 3D wheel and rail displacement 

with deformation contact model developed with 

COMSOL Multiphysics, the experimental  
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measurements for the month of March, illustrated in 

Table 3, are chosen. 

Table 3 Measuring Deformation/Displacement of the 

month March. 

 

 

 

 

 

 

 

 

 

 

 

 

Errors were calculated by the difference between 

the main experimental value and numerical value. 

The error values can be calculated using 

Equation (8). 

exp

exp

100
preL L

E
L

 
 


    (8)                                                                                                                                    

The rail displacement/deformation value found 

experimentally for the month of March is 0.19mm, 

while the displacement/deformation value 

numerically is 0.2mm. 

The numerical model percentages of error and 

accuracy were 5.26% and 94.74%, respectively, 

indicating that the numerical approach can 

accurately predict the displacement/deformation on 

rail in railway bridge. 

 

5 CONCLUSION 

In this paper, a study of displacement / 

deformation of rails on the railway bridge in the 

Saharan area of the Ouargla tramway was 

presented. Two techniques were used: one 

experimental using the measurement of the gap 

between rails in the device expansion rail (EDR), 

and the other numerical based on the finite element 

method using Comsol Multiphysics. the main 

conclusions recorded are: 

 The technique of measuring gaps in the 

rail expansion device in the bridge is a 

good way to know the displacement / 

deformation of the rail on the tram bridge 

at different periods. 

 The important factors that influence the 

Displacement / Deformation of the rail on 

the Ouargla tram bridge, is the change in 

the weight of the tram as well as the 

climatic factor is also very important due 

to temperature variation especially in 

desert regions. 

 To reduce the mechanical and thermal 

stresses applied to the rail and the tramway 

bridge, at least one device can be installed 

on each rail of the bridge. 

 A good agreement between the results of 

the experimental and numerical study of 

displacement / deformation of the rails in 

the railway bridges was found with a 

percentage of 94.74%. 

The numerical approach could be an economical 

and successful method for prediction of 

displacement/deformation of rails in tram bridge. 
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