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 اٌعزثٝ : اٌٍّخض 

اٌظىه اٌؾ ٠ ٠خ ٘بِخ لأٔٙب رم َ ِزٚٔخ ٌٕ بَ اٌزشؽ١ً، ٚثم ر ا١ّ٘زٙب ثم ر ؽظبط١زٙب، ؽ١ش اْ اٞ إػرزاة ـٝ رؾب٠ًٚ 

ِٓ ٚعٙخ ٔ ز ٔ بَ اٌّظبر، ٔ زا  ٌٍزيص١ز اٌىج١ز اٌٛال  عٍٝ اٌزؾب٠ًٚ ـئٔٗ ِٓ اٌّّىٓ ً، اٌزؾ٠ٍٛخ ٠ؤصز عٍٝ إٔز بَ اٌزشؽ١

طزعخ ِظ١ز اٌمربراد، إرغبٖ اٌّظ١ز،  ِٓ اٌعٛاًِ ل  رؾىُ ٘ذا اٌزيص١ز ِضً ؽ ٚس رٍؿ وج١ز ـٝ ِىٛٔبد اٌزؾ٠ٍٛخ، اٌع ٠ 

الأؽّبي، اٌعٛاًِ إٌٙ ط١خ اٌّزعٍمخ ثبٌزظ١ُّ إٌٙ طٝ ٌٍعغٍخ ٚاعشاء اٌزؾب٠ًٚ، ٔ بَ اٌزضج١ذ، ـٍٕىبد اٌزؾب٠ًٚ، ٚرضج١ذ 

 اٌظىخ عٍٝ ؽجمخ خزطب١ٔخ اٚ ثبسٌز١خ، إٌخ.

رُ رؾ١ًٍ طٍٛن رمبؽ  رؾ٠ٍٛخ  -راطبد ٌٍزؾم١ك ـٝ ا اء رمبؽ  اٌزؾ٠ٍٛخ, اٚلا  : ـٝ ٘ذٖ اٌٛرلخ اٌجؾض١خ رُ رٕف١ذ  

:  1ثئطزخ اَ ث١ئخ عًّ اثبوٛص ٌّٕرمخ رمبؽ  رؾ٠ٍٛخ  ثئطزخ اَ ّٔٛذط صلاصٝ الأثعب  ثرز٠مخ اٌعٕبطز اٌّؾ  ح رُ رر٠ٛزٖ

ٌجبسٌذ، ٚثخلاؾ إٌّبذػ اٌزل١ّخ اٌّٛعٛ ح ِ  الأخذ ـٝ الإعزجبر ع١ّ  عٕبطز ٔ بَ اٌظىخ ِضً اٌزمبؽ ، اٌفٍٕىبد، ٚا 2

ؽب١ٌب  ـئْ ريص١ز اٌعغٍخ اٌخبرع١خ رُ اخذٖ ـٝ الإعزجبر ِٓ خلاي ّٔذعخ ِؾٛر ذٚ عغٍز١ٓ ٌٍمربر ٠ّز ثّٕرمخ رمبؽ  رؾ٠ٍٛخ 

جبر ث ْٚ عًّ اٞ إـززاػبد ٌٍ زٚؾ الإثز ائ١خ ٌٍعغٍخ اٌ اخ١ٍخ، ثئطزخ اَ ٘ذا ـئْ طٍٛن اٌعغٍخ ٠ّىٓ اخذٖ ـٝ الإعز

٠ّٕٚؾٕب إعبثبد ِزعٍمخ ثي اء اٌزمبؽ ، ٚٔز١غخ ٌذٌه ـئْ إطزغبثبد الإعٙب اد رُ اٌؾظٛي ع١ٍٙب، صُ ِزاععخ/ِٕبلشخ رٍه 

 إٌزبئظ

ّٔٛذط اٌعٕبطز اٌّؾ  ح،  اٌزؾ١ًٍ اٌ ٠ٕب١ِىٝ ٌٍظىه اٌؾ ٠ ٠خ, ا اء اٌزؾب٠ًٚ, رمبؽعبد اٌزؾب٠ًٚ,  : اٌىٍّبد اٌّفزبؽ١خ

 اٌزيص١ز اٌّزجب ي ث١ٓ اٌعغٍخ ٚاٌظىخ

  

Abstract  

Railway turnouts are so important because they provide flexibility for the system traffic, as 

important as these turnouts are, as they are sensitive, because of any turnout disturbance 

affects the regularity of operation. In terms of track discipline, due to the high impact acting 

on the turnouts, Major damages can be happened to the turnout components, a lot of factors 

that may control this impact, such as the running speed of the trains, moving directions, loads, 

geometric factors related to the train wheels and the turnouts components geometric design, 

Fastening system, turnout sleepers, and bedding of track on a concrete layer or a ballast layer 

etc.  
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In this paper studies are performed to investigate the performance of the turnout crossing, First, 

the behavior is analyzed using a 3D finite elements model developed using ABAQUS 

environment for a 1:8 turnout crossing zone considering the whole track system such as frog, 

sleepers, and ballast, Unlike the existing numerical models the outer rail effect has been 

considered by modeling a wheel-set without making assumptions of the initial condition of the 

train wheel, by using this the behavior of the wheel can be considered and give us great 

answers regarding to the crossing performance. As a result, the stresses responses in crossing 

have been obtained, then reviewing/discussing the results. 

Keywords—Railway dynamic analysis, Turnout performance, Turnout crossing, Finite 

elements modeling, Wheel-rail interaction 

 

INTRODUCTION  

 Turnouts are the heart of recent Railway operation because of the flexibility to traffic given by 

them, by enabling routing trains onto tracks, the turnouts helped us to increase the capacity of 

railway by not making the track occupied by a single train for a single direction. There are a 

lot of types of turnouts to fit the various operation requirements. The common turnouts consist 

of a switch, closure rails, sleepers, crossing, fasters, etc. In the switch zone (Figure 1-a), the 

switch blades can move laterally into one of two directions to orient trains traffic towards a 

straight or a diverging route. 

  

Figure (1-a). a switch panel Figure (1-b). a crossing panel 

 

The crossing is also known as frog or V-rail is the intersection point of two rails, this can be 

assembled by cutting and bent pieces of rail or can be a cast frog, the crossing zone rails 
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consists of crossing nose and two wing rails in addition to stock rails and checkrails that make 

a lateral constraint on passing wheelsets. Unlike the regular track the rail profile is not constant 

along the crossing (Figure 1-b), In the crossing zone, The crossing nose which is a key 

component in the turnout that provides moving of train wheels on intersecting tracks, because 

of this hard mission it is subjected to major impacts. the crossing profile is gradually growing 

from its tip to a normal rail, In the facing direction the train first passes the wing rail before 

passing the crossing nose unlike the trailing direction the train first passes the crossing nose 

before passing the wing rail. The common turnout crossing zone system typically include: - 

crossing may fastened directly with the sleepers or indirectly using elastic fasteners which 

provides more flexibility to the system in addition to rails, sleepers, and check rail bedding on 

a ballast or a concrete layer. 

the small cross-section area makes a challenge for the crossing to bear these major impacts. 

due to the geometrical discontinuity of rail in the crossing zone, major impact acting on the 

crossing nose. The major impact and non-constant crossing profile result in damage to the 

crossing which affects the health of the crossing by the time. 

  

Figure (2-a) 

The crossing nose cross-section at 48 mm of the 

crossing theoretical point (TP) 

Figure (2-b) 

The crossing nose cross-section at 1300 mm of the 

crossing TP 

Figure 2. the cross-section of the crossing nose at different positions 

A lot of parameters control the Turnouts design speed. Generally, for running on the divergent 

track, the smaller the turnout angle, the higher the running speed, for common recently 
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turnouts the running speed on divergent direction varies from 25 km/h to130 km/h, based on 

the required speed the turnout with a particular angle is chosen.  

In normal conditions, there is no significant effect on the crossing sleepers comparing to the 

crossing itself, however poor fixation of the crossing with the sleepers and lack of ballast or 

not well tamped sleepers may have a major impact on both of them, so that our study will 

focus on the crossing nose which has highest impacts at this system.  

Comparing the maintenance cost of the switches and crossings with other track parts leading 

us to figure out that the high cost of switches and crossings (S&C) maintenance [1]. The rail 

profile discontinuity in crossing (in facing and trailing moves) causes major impact loads. 

rolling contact fatigue (RCF), Wear, plastic deformation. This high-cost indicators lead us to 

study their reasons and find solutions to reduce it.  

To assess the turnout condition, regular measurements, and structural health monitoring are 

done in railway networks, such as geometry inspection of the turnouts [2]. Based on the 

measurements, it is observed that the repaired or renewed crossings during wheel passage 

often suffer from a large dynamic acceleration [3]. This led us to get a better understanding of 

the wheel– track interaction especially in the crossing zones, as well as finding out how to 

improve the crossing performance and increasing its service-time 

In order to study the performance of track at crossing zone for presenting solutions to 

maintainers, we must understand first the behavior of crossing during wheel-set passage based 

on the numerical model obtained outputs which refers to the most critical locations at rail 

crossing. The method proposed her is developing a Numerical model which enables us to 

analyze the track performance in different configurations, the numerical model presented in this 

paper have been developed based on a turnout with crossing angle of 1:8. This method can be 

applied to other turnouts with different specs. 

Literature Review: -  

A lot of related researches have been performed to investigate the turnout crossings 

performance as follows: -  

A. M. Wiest, E. Kassa, 2008, implemented a comparison between two linear-elastic material 

behavior wheel-rail contacts models (Hertz and the non-Hertzian method) using the 

computer software CONTACT, and investigated this with the ABAQUS, this study 

concluded that the calculated contact pressure using Hertz and CONTACT correlate with 

ABAQUS finite element method as long as the material is elastic with no plasticization [4]. 

B. Pletz. M, Daves. W, Ossberger. H, 2012, developed a finite elements model for a wheel 

passing a crossing, and a representation for a bogie, supports of crossing, and wheel-set 

using masses, springs, Dampers, and friction-generating elements, in this study the loading 

of crossing nose is estimated for different (axle load, train speed and direction, [5]. 
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C. C. Wan, V.L. Markine, I.Y. Shevtsov, 2013, Developed a 2-D finite elements model for 

studying the interaction between train and railway turnout, in addition to a multi body 

system (MBS) model, and concluded that the 2D model is able to simulate train and 

turnout interaction instead of computing resources consuming simulations [6] 

D. B.A. Palsson, 2015, has developed Methods for Optimization of railway turnouts and 

investigate how can we reduce the rail profile degradation by geometry optimization, a 

method for crossing geometry optimization has been introduced, and also optimization of 

crossing cross-section for minimum contact pressure [7]. 

E. L. Xin, V.L. Markine, 2017, Developed a 3D FEM to investigate the effect of different rail 

pads, travelling directions, friction coefficient of the turnout crossing, this behavior 

analysis accounts plasticity of rails, based on this model a fatigue analysis has been done 

through a parametric study to understand the relation between different track parameters 

and the service life of the crossing [8].   

F. Wiedorn. J, Daves. W, Ossberger. U, Ossberger. H, Pletz. M, 2018, developed an explicit 

finite elements model to calculate the cyclic loading of a wheel on a crossing nose, and 

applying this model on a different manganese crossing materials [9]. 

G. Wei, Zilong, Núñez, Alfredo, Liu, Xiubo, 2020, have introduced a method for Evaluating 

the wheels and turnout crossings degradation by composing finite elements model of wheel 

rail interaction, and multi-criteria analysis in terms of yield behavior, then conducted a 

case study on 1:9 turnout under specific traffic condition [10]. 

 

Numerical Modeling 

A numerical model of a turnout crossing zone developed to study the behavior of the crossing 

performance during the wheel-set passage. The model shown in (Figure 3) illustrates a piece 

of 1:8 turnout crossing. This turnout is a curved with a radius of 150 m. During this 

simulation, the inner wheel will travel from the wing rail to the crossing nose. 

Unlike the existing models with only one wheel running over a crossing, wherein to study the 

effect of the outer rail assumptions for initial locations for the wheel-set will be done, in this 

model a wheel-set has been modeled to consider the wheel-set lateral movement with no need 

for these assumptions. 

The crossing zone components modeled here are stock rail, wing rail, and crossing nose 

directly fastened on wooden sleepers with a spacing of 600 mm bed on a ballast layer with a 

thickness of 350 mm. All the components are modelled here using solid elements to enable us 

to investigate the stresses. 

All parts modeled with element size 100 mm, due to computing resources limitations a fine 

mesh with elements size 20 mm is used in contact regions, this simulation is composed of 2 

steps, step 1 for stabilizing the track/wheel-set system in 0.1 sec, step 2 starts after stabilization 

for running the wheel-set along 2.5 m of crossing in 0.1125 sec, hence the whole step times for 

the model is 0.1325 sec. 
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The penalty-based contact has been used because it takes into account the linear/non-linear 

material properties, geometry and deformations of contacted bodies [11] 

 

Figure 3- Finite Elements Model 

The key properties of the Model  

The material properties, and wheel-set passing configurations used in this numerical model are 

mentioned in Table 1.  
Table 1. The key properties of the model 

Part Parameter Unit Value 

 

Crossing [12] 

Young’s Modulus Mpa 1.9E+5 

Poisson’s ratio 0.3 

Density Kg/m3 7800 

 

Rail [11] 

Young’s Modulus Mpa 2E+5 

Poisson’s ratio 0.3 

Density Kg/m3 7850 

 

Wooden Sleeper [13] 

Young’s Modulus Mpa 1.382E+4  

Poisson’s ratio 0.3 

Density Kg/m3 690 

 

Ballast [11] 

Young’s Modulus Mpa 134 

Poisson’s ratio 0.2 

Density Kg/m3 1800 

 

 

Wheel-set [12] 

Young’s Modulus Mpa 2.1E+5 

Poisson’s ratio 0.3 

Density 7800 Kg/m3 

Axle Load Kn 150 

Velocity 80 km/hr. 

Moving Directions 

   

Facing 
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Model Validation: -  

For validating the model, the obtained values of the vertical acceleration of crossing nose 

during a wheel-set passage along 2.5 m at crossing facing direction in 0.1125 second (Figure 

4) have been compared with the values in [11] and show a good correlation.  

 

Figure 4. Vertical Acceleration Diagram  

RESULTS AND DISCUSSION  

This model capabilities enables us to obtain the dynamic Reponses of the track components, a 

few main responses can be used to assess the crossing performance, this research focuses on 

the main causes of rolling contact fatigue and/or wear like the von mises stresses, shear and 

pressure. 

4.1 General Overview of the key crossing responses: - 

To study how the turnout crossing performs during the wheel-set passage, Von- Mises stresses 

values are obtained, before and at the crossing nose, the location of (TP) considered as a 

reference point with location = 0, (Figure 5) illustrates VM-stresses at 1000 mm from each 

side of (TP) along the crossing: - 
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Figure 5. Von Mises stresses distribution along 2000 m of the crossing surface 

 

4.2 Transition zone 

At the transition zone the wheel leaves a rail to catch another rail, in case of running in facing 

direction inner wheel will travel from the wing rail to the crossing, Once the wheel catches the 

nose correctly it can safely pass to another track. this model helps us to investigate one of the 

most critical train running scenarios, (Figure 6) shows the transition zone from the wing rail to 

the crossing, we can observe that the stresses are increased at this stage. However, the highest 

stresses occur after the end position of the transition at below referred Point no.3 at 396 mm of 

TP (impact position). It leads us to understand that the transition and after transition zones are 

facing a large plastic deformation and damage [8] 

 

  
a- Point no.1. at 280 mm of the TP b- Point no.2. at 338 mm of the TP 
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c- Point no.3. at 396 mm of the TP 

Figure 6. Von Mises stresses along the transition zone, (a) Beginning of transition zone, (b) end of 

transition, (c) highest Von Mises stress 

4.3 Stresses in the crossing 

The position (Point no.3. at 396 mm of the TP) has the maximum von Mises stress value. 

(Figure 7) shows the cross-sectional von Mises stress, contact pressure  

  
a b 

  

c d 

Figure 7. Stresses at the highest impact location, (a) Von Mises stress, (b) Von Mises Stress distribution, 

(c) Contact Pressure stress (d) Contact shear stress 
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CONCLUSIONS  

A 3-D finite elements model for a wheel-set traveling on a 1:8 turnout crossing zone has been 

developed using ABAQUS to investigate the impact and stresses at rail crossing during a 

wheel-set passage, to rich this simulation experience the locations and values of some stress 

types have been mentioned such as Von Mises stresses, Contact pressure, and Shear stresses 

which refer to a rolling contact fatigue and/or wear at crossing, this model is generic, its 

capabilities do not stop at analyzing the rail crossing, but all the common turnout with different 

configurations and turnouts track components which have been modeled (figure 4), while a 

single wheel-set passing the turnouts crossing zone we could capture the rail frog performance 

at the most critical scenario of train rolling on the track, based on the results extracted from 

this model the service life-time of rail crossing analysis can be studied at further studies. 

 

REFERENCES  

[1] B.A. Pålsson, J.C.O.Nielsen, ―Wheel–rail interaction and damage in switches and  

         crossings‖, Vehicle System Dynamics, 2000, 43–58 

[2] V.L. Markine, I.Y. Shevtsov, ―Experimental Analysis of the Dynamic Behavior of 

Railway Turnouts‖, The Eleventh International Conference on Computational 

Structures Technology, 2012, 28(3):290–304. 

[3] X. Liu, V.L. Markine, I.Y Shevtsov, ―A performance study of railway crossings in 

facing and trailing directions‖, Proceedings of the 3rd international conference on 

railway technology: Research, development and maintenance, 2016, 1-10 

[4] M. Wiest, E. Kassa, ―Assessment of methods for calculating contact pressure in wheel-

rail/switch contact, Wear, 2008, 265, 1439-1445. 

[5] Pletz. M, Daves. W, Ossberger. H, ―A wheel passing a crossing nose:  Dynamic 

analysis under high axle loads using finite element modelling‖, 2012, 226, 603-611.  

[6] C. Wan, V.L. Markine, I.Y. Shevtsov, ―Analysis of train/turnout vertical interaction 

using a fast numerical model and validation of that model‖, Proceedings of the 

Institution of Mechanical Engineers, Part F: Journal of Rail and Rapid Transit, 2014, 

228(7), 730-743. 

[7] B.A. Palsson, 2015 ―Optimization of Railway Switches and Crossings‖, PhD thesis, 

Chalmers University of Technology, Sweden, 2014. 

[8] L. Xin, V.L. Markine, ―A Parametric Study on the Fatigue Life of Turnout crossings 

using a Finite Element Approach‖, International Journal of Railway Technology, 2017, 

6(2), 1-23. 



 

53 
 

[9] Wiedorn. J, Daves. W, Ossberger. U, Ossberger. H, Pletz. M, ―Numerical assessment 

of materials used in railway crossings by predicting damage initiation - Validation and 

application‖, 2015, Wear, 414, 136-150 

[10] Wei, Zilong, Núñez, Alfredo, Liu, Xiubo, ―Multi-criteria evaluation of wheel/rail 

degradation at railway crossings‖, 2020, Tribology International, 144  

[11] L. Xina, V.L. Markinea, I.Y. Shevtsovb, ―Numerical analysis of the dynamic 

interaction between wheelset and turnout crossing using explicit finite elements 

method‖, Vehicle System Dynamics, 2016, 54, 301-327. 

[12] M. Pletz a,b,n, W. Daves a,b, H. Ossberger, ―A wheel set/crossing model regarding 

impact, sliding and deformation—Explicit finite element approach‖, Wear, 2012, 294-

295, 446-456  

[13] Laura Montalban, Clara Zamorano
 
, Silvia Morales

 
, Julia Irene Real, ―Study of the 

influence of sleepers’ material on track dynamics through numerical simulations‖, 

2015, Journal of Vibroengineering, 17, 3832-3843 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




