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Abstract: The main objective of this study is analysing and identifying the stresses on bolted rail joint due to the 
wheel load to predict and minimize failures caused. This studies use the hertz contact theory to perform the analysis 
for three various position of bolted rail joint on sleeper. This study covers only the stress and failure caused by the 
wheel load. The 3D model has done on modeling package of CATIAV5R16. Assembly model has created in 
assemble workbench of CATIA after individual component of joint had created on part work bench. The assembly 
of bolted rail joint contains rail, joint bars, bolts, nuts and washers.  After the assembly is accomplished on CATIA, 
it was imported in to the ANSYSR14.5 to analyze the stress caused by vertical load. ANSYS solves governing 
differential equations by breaking the problem into small elements. The wheel structure discretized using 
CONTA174 element. CONTA 170 three dimensional element is used to discretize rail. During the analysis of 
wheel/rail contact in ANSYS software, the parameters have been used axle load, angular velocity and gravitational 
acceleration. From ANSYS software simulation result when the rail joint between sleepers, the rail joint highly 
exposed to the equivalent, normal, shear stresses and contact pressure than the rest. For this reason, the service life 
of the rail joint between sleepers is small as compared to the remaining rail joint location.  When the joint is on the 
sleeper, the stress on the rail joint is small in comparison to the rail joint between sleepers and rail joint approach to 
the sleeper, it will be better. 
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I. INTRODUCTION 
 
Rail is the most important track element subjected to wheel loads. It must be able to securely sustain these loads 
applied in vertical, lateral, and longitudinal directions and subsequently transfer them to the underlying supports. It 
is therefore very necessary, in particular from a safety point of view, to ensure the proper functioning of rails in the 
track system [3].  
 
Rails are produce in fixed lengths and need to be joined end-to-end to make a continuous surface on which trains 
may run. There are essentially two different type of a rail joint.  
 
 

 
Figure 1: Rail Joint Classification. 

The rail joints create discontinuities in the running surface of the rails. The joint parts of the rail have a lower 
vertical bending stiffness than the normal rail track. These discontinuities produce different type of static and 
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dynamic stresses on the running surface. These stresses on the rail head produce weakness on the joint and rail end. 
They cause different type of failures at the rail joint compare to the normal rail. 
Based on other country experience, the following failures mode is at joint:-  

• Delamination of end part of rail and joint bar. 
• Broken joint bar and looseness of the bolt. 
• Dislocation and deformation of the joint bar and rail. 
• Fatigue wear of rail end due to repeated loading of a surface. 
• Fretting damage on the joint parts and on rail due to the relative oscillatory movement of small amplitude 

that may occur between two contact surfaces subjected cyclic load. 

The stress field created by the contact stresses was first introduced by Heinrick Hertz in 1881[4]. Assessment of 
contact stresses at the wheel–rail interface is one of the most important aspects of railway research, considering the 
many phenomena involved. For this reason, many scientists have approached the problem mainly by means of 
theoretical or numerical method. 
Determine the size and stress distribution wheel –rail contact pressure using the ultrasonic reflection studied by 
Marshall [6]. 3D finite element analysis is used to study the effect of the discontinuity of the rail ends and the 
presence of lower modulus insulation material at the gap performed by Zong [10]. 
 
As it is mentioned on the above review, this part needed more research to improve the wearing rate, damage and 
failure of the rail joint component, to increase the comfort and safety of the passenger. This research contributes 
some additional discover by adding new methods on the existing knowledge. 

This paper describes a similar approach with the previous one. However, it has two significant differences from the 
previous one. The paper begin neither focus on insulated  rail joint nor insulated material in stain to study the 
stresses on standard (non- insulated) rail joint under vertical wheel load, then  how to differ based on the  three 
location of  rail joint on sleepers.  It is not only find the stress distribution, deflection and strain of joint under static 
wheel load but also it studies dynamic wheel load effect on the rail joint. 
 

II. MODEL AND ANALYSIS OF STRESS 
  

There are many theories on the contact geometry. However, many published papers use the hertz theory to 
understand it easily. The hertz theory has been developing since 1881[4]. Hertzian contact theory, explain a 
relationship for determining the contact pressure distribution and contact area of a solid bodies while in contact with 
an elastic sphere or cylinder under an applied load. For this paper, hertz theory is much preferable than others 
theory. The analysis of the wheel/rail contact is covered by using the elliptical contact shape to solve the stress, 
pressure, and fatigue wear caused by the vertical load. 

The wheel profile consists of a flange to guide the trains along the rails and a conical tread that contacts rail head, 
and rail has many curvatures to guide wheel properly. The contact positions of the wheel / rail are different in the 
different situation. However, this paper uses the contact between the wheels tread and rail head. The contact area 
between wheel and rail are very small compared to their dimension. 

 

 

Figure 2: Contact Zone of Wheel/Rail. 
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III. STRESS MODEL USING HERTZIAN THEORY  
 

High stresses are inducing when a vertical load applied on the rail joint. This can cause serious problem on rail joint. 
Hertz developed a theory to calculate the contact area and stress between the two contact surfaces. The purpose of 
this paper is to focus on the hertz theory, when the wheel and rail contact occur 200mm form the end gap of the rail. 
As shown in the figure below the joint bars are connected at rail web, so that the wheel doesn’t contact to the joint 
bar. 

 

Figure 3: Wheel/Rail Contact at Rail Joint. 

When two elastic non conforming bodies get together, according to the Hertz contact theory, the contact area is 
elliptical in shape with a major semi-axis “a” and a minor semi-axis “b” [22]. 

The contact pressure distribution in this area represents as semi-ellipsoid, which can be expressed as: 

          P(r) = po �1 − x
a2
2
− y

b2
2

            (1) 

 
 

 
Figure 4: Pressure Distribution at Contact Zone [8]. 

From the above  formula  a  and  b  are semi axes of the contact ellipse whereas x and y are the required coordinates 
to specify the point of contacts on the rail head based on the lateral rail surface parameter. 

If  x=0 and y=0,the point of contact is on the centerline of the  rail head the stress is maximum,which is equal to: 

     P = 𝑝𝑜 , where 𝑝𝑜= 3𝐹
2𝜋 𝑎𝑏

           (2)       

F is the vertical load act on the rail head  

Based on the  size and orientation  of the contact, the positions of the contact point may be shifted in different 
directions based on the direction of x or y.   However, based on Hertz contact formula and assumptions, the stress 
due to wheel/rail contact decreases and becomes zero when it goes far away from the centerline of the rail head.  
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Similarly, the wheel/rail contact stress is inversely proportional to the major and minor axis of the contact 
ellipse[20]. 

    The contact area determined as follows: 

          a = m(3𝜋𝐹(𝐾𝑤+𝐾𝑟
4𝐾3

)) P

1/3        
P(3)P

                                                                                                              

          b = n(3𝜋𝐹(𝐾𝑤+𝐾𝑟
4𝐾3

))P

1/3         
P(4)P

                                                                                           

m and n are Hertz coefficients and they are given as a function of the angle   (0P

o
P -180 P

o
P) 

          𝜃 = cos−1 𝐾4
𝐾3

     (5)                                                                           

𝜃 is rail curvature  

KRwR and KRr Rare constants that depend on the material properties of railway wheel and rail respectively. 

       KRwR = 1−(ν𝑤)2

𝜋𝐸𝑤
     (6)                                                                                 

ν𝑤 and 𝐸𝑤 are Poisson’s ratio and young’s modulus of the railway wheel material respectively. 

KRwR is constants that depend on the material properties of railway wheel.  

        KRr R= 1−(ν𝑟)2

𝜋𝐸𝑟
     (7)                                                                               

ν𝑟 and 𝐸𝑟  are Poisson’s ratio and young’s modulus of rail material 

KRrR is constants that depend on the material properties of rail. 

       KR3 R= 1
2
( 1
𝑅1𝑤

+ 1
𝑅2𝑤

+ 1
𝑅1𝑟

+ 1
𝑅2𝑟

)     (8)                                                                 

     KR4R =  1
2
 ( ( 1

𝑅1𝑤
− 1

𝑅2𝑤
)2  + ( 1

𝑅1𝑟
+ 1

𝑅2𝑟
)2 + 2 � 1

𝑅1𝑤
− 1

𝑅2𝑤
� � 1

𝑅1𝑟
− 1

𝑅2𝑟
� 𝑐𝑜𝑠2𝜑) P

1/2
P  (9)         

KR3R and KR4R are depends on the geometric propeties  of the two bodies. 

𝑅1𝑤 and 𝑅1𝑟 are the principal rolling radii of the wheel and rail respectively. 

𝑅2𝑤 and 𝑅2𝑟 are the principal transverese radii of curvature of the wheel and radii respectively. 

𝜑 is straight curvature of the rail. 

The direction of the axes of the contact ellipse can be determined based on the radii of curvature and the rolling radii 
for the two bodies in contact. 

If 1
𝑅1𝑤

+ 1
𝑅2𝑤

 ≥ 1
𝑅1𝑟

+ 1
𝑅2𝑟

 : the transverse semi axis of the contact ellipse (y direction) is greater than or equal to the 
longitudinal semi-aixs. 
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If 1
𝑅1𝑤

+ 1
𝑅2𝑤

 ≤ 1
𝑅1𝑟

+ 1
𝑅2𝑟

 : the transverse semi axis of the contact ellipse (y direction) is less than or equal to the 
longitudinal semi-axis.                                                                         

IV. FINITE ELEMENT THEORY FOR CONTACT BODY 
 

 Finite element theory is used to show that relationship among the contact force, applied force, support and free 
displacement of wheel /rail contact. During the formulations of finite element the contact between the wheel and rail 
is assumed: 

• Isotropic 
• Homogeneous 
• Linear elastic body Ω with boundary conditions 

The linear elastic bodies have four boundaries condition as shown in the figure below.  

• ΓR1R is the boundary with zero displacement. 
• ΓR2 Ris the boundary where measured displacements. 
•  ΓR3R is the boundary with unknown contact forces FRcR and unknown contact deformation or displacements. 
• ΓR4 Ris the boundary where applied forces FRaR and the other are free surface except those mentioned above. 

The displacements on boundary ΓR4Rare unknown.  

Let’s recall the general form of static finite element system, which is  

                               KU=F [5]     (10)                                                                             

K, U and F are stiffness matrix of the system, nodal vector displacement, and nodal vector forces. According to the 
classification of the boundary, it constructs the finite element equation in the following form: 

                           (11) 

KRijR and FR1Rare sub-stiffness matrix and vector of reaction forces on the boundary ΓR1R. 

FR2 Ris a vector forces on the boundary ΓR2R with measured displacements, usually there is no force on the measured 
boundary. 

FRcR and FRaR are vector of unknown reaction or contact forces on the boundary ΓR3R and vector of known applied forces 
on the boundary ΓR4R. 

UR1R and UR2R are known displacements on constrained boundary ΓR1Rand measured displacement on free boundary ΓR2 

UR3R and UR4R are unknown displacements on contact boundary ΓR3R and unknown displacements on boundary ΓR4Rwith 
known applied force Fa, the free surface with no applied force and the internal nodes where net force is zero. 
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Figure 5: Contact Model Analyze [21]. 

The stiffness matrix is singular and no unique solution for displacement is possible if the structure is unsupported for 
the above structure stiffness equation. For this reason all displacement on the boundary ΓR1Rare zero, that means 
UR1R=0.When apply this condition to the system matrix and vector in equation 10 FEA equation becomes: 

                                (12) 

To calculate the contact forces FRcR at UR2R. Multiple 3P

rd
P row of the stiffness matrix with displacement matrix, then 

equation became: 

                       KR42RUR2R + KR43RUR3R +KR44RUR4R = Fa     (13)                                                       

                       UR4 R= KR44R P

-1
P[Fa –KR42RUR2R-KR43R UR3R]  (14)                                                                

Multiple the 2 P

nd
P rows with displacement column, the equation became; 

                      KR32R UR2R +KR33RUR3R+KR34RUR4R = FRcR     (15)                                                                       

R                                RUR3R= KR33RP

-1
P [Fc –KR32RUR2R –KR34RUR4R]     (16)                                                                                                 

When equation 3.13 substitute in the equation 3.14, UR3R became; 

          UR3R= KR33RP

-1
P[FRcR-(KR33R- KR34R KR44RP

-1
P KR43R) UR2R –KR34RKR44RP

-1
P FRaR + KR34RKR44RP

-1
PKR43R UR3R]       (17)  

Therefore the displacement at the contact point is: 

        UR3R= KR33RP

-1
P[FRcR-(KR33R- KR34R KR44RP

-1
P KR43R) UR2R –KR34RKR44RP

-1
P FRaR + KR34RKR44RP

-1
PKR43R UR3R]              (18)   

Generally, the contact between the wheel and rail are considered to determining the failure effect of rail end and rail 
joint.  

Stress -strain relationship of structural analysis 

          {  𝛔 } = {K} { ∈ P

el
P}                        (19)                                                                    

∈ P

el
P,  σ and D are  elastic strain vector, stress vector and elastic stiffness matrix. 

                 { 𝛔} = { 𝛔RxR, 𝛔RyR, 𝛔RzR, 𝛔RxyR, 𝛔RyzR and 𝛔RxzR}       (20) 

                { ∈ P

el
P}= {∈} - {∈} P

th 

                 {∈}= {∈} P

th
P + {DP

-1
P}{  𝝈 }       (21) 
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ERx Rand GRxyR are young’s modulus in the x direction and shear modulus in the xy plane 

VRxyR and vRyxR are major poison’s ratio and minor poison’s  

Also the {D P

-1
P} matrix is presumed to be symmetric, so that 

                      𝒗𝒙𝒚
𝑬𝒚

 = 𝒗𝒙𝒚
𝑬𝒙

                                                                                                                                       

                     𝒗𝒛𝒙
𝑬𝒛

 =  𝒗𝒙𝒛
𝑬𝒙

                                                                                                                                       

                     𝒗𝒛𝒚
𝑬𝒛

 = 𝒗𝒚𝒛
𝑬𝒙

                                                                                                                                        

                     𝒗𝒛𝒙 

𝑬𝒛
 = 𝒗𝒙𝒛

𝑬𝒙
                                                                                                                                        

                    𝒗𝒛𝒚
𝑬𝒛

 = 𝒗𝒚𝒛
𝑬𝒚

                                                                                                        

The element integration point strain and stress are: 

                   { ∈ P

el
P}={B}{U} - {∈} P

th
P ,  for this case, {∈} P

th
P is zero                                   

                   {  𝝈 } = {D}{ ∈ P

el
P}                                                                                        

B and{∈} P

th
P are strain - displacement matrix evaluated at integration point and thermal strain   

∈ P

el
P  is strain that cause stress 

Maximum stress failure criteria  

                                                       𝜎𝑦𝑐
𝜎𝑦𝑐
𝑓  ,  𝜎𝑥𝑦

𝜎𝑥𝑦
𝑓  

              𝛆𝐱= maximum of =          𝝈𝒚𝒄
𝝈𝒚𝒄
𝒇  , 𝝈𝐲𝐳

𝛔𝐲𝐳𝐟
   (22) 

                                                        𝝈𝒛𝒄
𝝈𝒛𝒄
𝒇 , 𝝈𝒛𝒙

𝒇𝝈𝒛𝒙
                                                                                                                             

                   

  𝜎𝑥,  𝜎𝑦 and  𝜎𝑧  are stress in x, y, z direction. 

 𝜎𝑥𝑐
𝑓  , 𝜎𝑦𝑐

𝑓  𝑎𝑛𝑑 𝑧   are normal stress failure in x, y, z direction. 

  𝜎𝑥𝑦, 𝜎𝑥𝑦  and𝜎𝑥𝑦 are shear failure in xy, yz, xz direction. 
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V. RAIL SUPPORT  
 

Railway system uses sleeper to provide a support and transmit the vertical, lateral and longitudinal load from the rail 
down to ballast bed. 

In this paper, there are three location of rail joint selected to perform the analysis based on straight rail way line. The 
space between two sleepers is 625mm. 

 

Figure 6: Rail Joint at the Center of Two Sleepers (a) 3D model (b) Addis Ababa LRT track. 

 

 
Figure 7: Rail Joint Approach to Sleeper (a) 3D Model (b) Addis Ababa LRT track 

 

 
Figure 8: Rail Joint on Sleeper. 

 

VI. WHEEL/RAIL CONTACT SIMULATION  
 

As discus on above portion, rail joint is a critical component of the railway track infrastructure. For this reason, it 
needs careful analysis to protect the rail joint. Standard bolted joint contains rail, joint bars, bolts, nuts and washers 
are used to secure fastening assembly. The assembly is done on the modeling package of CATIAV5R16. 
CATIAV5R16 is 3D mechanical design software for creating 3D prototypes, used to design, visualize and simulate 
of the analysis.  

 

Figure 9: Three Dimensional Model of Wheel/Rail at Rail Joint. 
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Assembly model created in assemble workbench of the CATIA after each component of joints created on part of 
work bench. The assembly model consists; rails, joint plates, bolts, nut, washer, and wheel. The dimensions and 
specifications of each part are, based on the relevant standard. 

                Dimensions and Specification 

Type of rails for main lines and depot = 50 kg/m 
Track gauge = 1435 
Wheel diameter (new wheel) = ≤660 mm 
Plate length=820 mm 
Plate thickness = 19 mm 
Sleeper space =625 mm 
End gap = 5 mm 
Joint bar bolt and nut = M28 (AT109) 
Spring washer = Φ34mm 
 

VII. FINITE ELEMENT MODELING 
 

Finite  element  method  is  used  to  analyze  the  response  of  the  rail joint  to  the  static and dynamic load. The 
FE analysis is performed using structural analysis of the ANSYS R14.5 work bench software after imported 3D 
assemblies form CATIA software.   

ANSYS is a general purpose finite element of modeling package for numerical solved problems. Like any finite 
element software, ANSYS solves governing differential equations by breaking the problem into small elements. 
When the wheel is contact element and the rail is target element, the wheel and rail will be different. The wheel 
structure discretized using CONTA174 element. CONTA 170 three dimensional elements are used to discretize rail. 

  

 

 

 

                                                               

                                                          Figure 10: Mesh of Assembled Part on ANSYS Workbench. 

The contact point of wheel and rail are used fine mesh to make the solution accurate. 

         Material Selection of rail joint component 
  
Poison’s Ratio = 0.3 
Young’s modulus (MPa) = 207MPa 
Ultimate tensile strength MPa = 780MPa 
Yield strength = 640MPa 
Density = 7800kg/m  
Elongation =12% 
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VIII. LOAD AND SUPPORT 
 

All material properties and data are used based on Ethiopia Railway Corporation. Vertically downward load is sum 
of 3% allowance, maximum axle load. The overall load is the sum of the total tram weight and carrying capacity of 
the vehicle. The overall load is classified to each axle of the vehicle then the axle load is classified to each wheel 
vehicle. Carrying capacity of vehicle has calculated by take average of 60kg/ person and the total rate of passenger 
inside of the tramcar is 317.  70 km/h is the maximum operating speed of vehicle. 

The total vertical load is calculated as follows: 

a. Tram car weight = 44 ton 
•  The load apply on each axle = 7.333 ton = 73333N 
•  The load apply on each wheel = 3.667 ton = 36667 N  

 
b. Carrying Capacity =  60kg/person *317 person = 19020N  
c. Over all capacity   = Tram car weight on each wheel + Carrying Capacity 
d. Maximum Axle load = 11,0000 kg × 9.81𝑚/𝑠 

                                  =107,710N  
e. The total vertical load = maximum Axle load +3% maximum Axle load 

                                                  = 111147.3N 

f. The load on each wheel = 55573.63N 

Note: The maximum axle load is taken to perform the analysis 

The maximum parameter is used to perform the analysis. Material properties of the rail, wheel and plate are assumed 
the same for the simplicity of the problem.  

In order to attain the accurate stress analysis for any application, the support and the load must be defined. This will 
ensure that the solution incorporates to support of the domain. The place where the sleepers contact the rail 
considered as fixed support. 

 

  

                                                                                   Figure 11: Load applied. 
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IX. SIMULATION RESULTS 
 

The analysis is performed by using finite element model consists of the static analysis to determine the impact of the 
wheel load.  Different support location is used to perform finite element analyses, although the geometry and load 
application are the same for all support location.  

I. Stress  
Stress is defined as the average force per unit area that some particle of a body exerts on an adjacent 
particle, across an imaginary surface that separates them. 

Case 1: When the rail joint on the sleeper. 
A.  Equivalent (von- mises) stress(Pa) 

 

                                                        

                                                        Figure 12: Von-Mises Stress When Rail Joint on the Sleeper. 

As shown in above figure, the maximum von-Mises stress is18.82MPa and the minimum von –mises stress is 
87.22Pa, when rail joint on the sleeper.   

B.  Normal stress(bending stress)(Pa) 
 

                               
                                                           

                                                        Figure 13: Normal Stress When Rail Joint on the Sleeper. 

 As shown in above figure, the maximum normal stress is 6.28MPa and the minimum normal stress is -9.55MPa, 
when the rail joint on the sleeper.   

C.  Shear stress(Pa) 
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                                      Figure 14: Shear Stress When Rail Joint on the Sleeper. 

As shown in above figure, the maximum shear stress is 3.87MPa and the minimum shear stress is -2.14MPa, when 
the rail joint on the sleeper.   

Case 2: When rail joint approach to sleeper. 
A. Equivalent stress (von –mises stress) (Pa) 

 

                                        
                                                Figure 15: Von - Mises Stress When Joint Approach to Sleeper Rail.         

As shown in above figure, the maximum von mises stress is 10.29MPa and the minimum von mises stress is 
332.69Pa, when rail joint approach to sleeper.   

B. Normal stress (bending stress)(Pa)  
 

                            

                                                          Figure 16: Normal Stress When Rail Joint Approach to The Sleeper 

As shown in above figure, the maximum normal stress is 4.35MPa and the minimum normal stress is -6.6MPa, 
when rail joint approach to the sleeper.   

C. Shear stress (Pa) 
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Figure 17: Shear Stress When Rail Joint Approach to the Sleeper.                                         

As shown in above figure, the maximum shear stress is 2.77MPa and the minimum shear stress is -3.33MPa, when 
the rail joint on the sleeper.   

 
Case 3: When the rail joint between sleepers 

A. Equivalent stress(von mises stress)(pa) 
 

                               
 

Figure 18: Von Mises Stress When Rail Joint between the Sleepers.                                   

As shown in above figure, the maximum von mises stress is 105.9MPa and the minimum von mises stress is 
8734.6Pa, when rail joint between the sleepers.   

B. Normal stress (bending stress)(pa) 

                                           
                                                         Figure 19: Normal Stress When Rail Joint between the Sleepers 

As shown in above figure, the maximum normal stress is 22.3MPa and the minimum normal stress is -38.5MPa, 
when rail joint between the sleepers.   
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C. Shear stress  

                                       
                                                       Figure 20: shear stress when rail joint between the sleepers 

As shown in above figure, the maximum shear stress is 10.66MPa and the minimum shear stress is -10.75MPa, 
when rail joint between the sleepers.   

 

II. Pressure  

Case 1: When rail joint on the sleeper. 

                                       

                                      Figure 21: pressure distribution when rail joint on the sleeper. 

As shown in above figure, the maximum pressure is 243.2MPa and the minimum pressure is -710MPa, when rail 

joint on the sleeper.   

Case 2: When rail joint approach to the sleepers. 
 

                                       
                                                    Figure 22: pressure distribution when joint approach to the sleepers. 
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As shown in above figure, the maximum pressure is 290.4MPa and the minimum pressure is -2594MPa, when rail 
joint approach to the sleeper.   

Case 3: When rail joint between the sleepers. 

                                        
Figure 23: pressure distribution when rail joint between the sleepers. 

As shown in above figure, the maximum pressure is 1995.4MPa and the minimum pressure is -6597.9MPa, when 
rail joint between the sleepers.   

 

III. Fatigue Stress  
Case 1: When rail joint on the sleeper. 

A. Biaxiality indication  

                                            

                                                 Figure 24: Biaxiality Indication When Rail Joint on the Sleeper.                                  

As shown in above figure, the maximum biaxial indication is 0.9997and the minimum biaxial induction is -0.999, 
when rail joint on the sleeper.   

B. Factor of safety  

                                          

                                                   Figure 25: safety factor when rail joint on the sleepers.                       . 
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As shown in above figure, the maximum safety factor is 15and the minimum safety factor is 0.1428, when rail joint 
on the sleeper.   

Case 2: When rail joint approach to the sleeper. 
A. Biaxilality indication 

                                         

                                                      Figure 26: Stress Distribution When Rail Joint Approach to the Sleeper. 

As shown in above figure, the maximum biaxial indication is 0.9836 and the minimum biaxial induction is -0.9998, 
when rail joint approach to the sleeper.   

B. Factor of safety 

                                                         

Figure 27: Safety Factor When Rail Joint Approach to the Sleeper. 

As shown in above figure, the maximum safety factor is 15 and the minimum safety factor is 2, when rail joint 
approach to the sleeper.   

Case 3: When rail joint between the sleepers 
As shown in above figure, the maximum alternating stress is 10.59MPa and the minimum alternating stress is 
8734.6Pa, when rail joint between the sleepers.    

A. Biaxially indication  
 

                
 

                                                       Figure 28: Biaxial Induction When Rail Joint between the Sleepers. 

As shown in above figure, the maximum biaxial indication is 0.9836 and the minimum biaxial induction is -0.9998, 
when rail joint between the sleepers.   
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B. Factor of safety 
 

                                        

                                                Figure 29: Safety Factor When Rail Joint between the Sleepers.              

 

 

                                 

 

X. CONCLUSION 
  

In  this  study,  the  responses  of  a   bolted rail joint component are  determined  under  static and  dynamic  loads,  
the  results  are  assumed  to  be  significant.  The analysis can include stress, strain and fatigue responses of bolted 
rail joint caused by vertical wheel load. The analysis is taking into account by using various position of bolted rail 
joint on the sleepers.  

From the results obtained in the static and dynamic analysis, the three cases have different stress distribution on rail 
joint.  The stress distribution when the rail joint between sleepers is high in comparison to rail joint approach to 
sleeper and rail joint on sleeper. The stress distribution is when the joint on sleeper is small in comparison to the 
remaining. 

This part of rail track needed more attention than other parts, to reduce the problem related to the rail joint. This 
paper recommends using the sleeper during the rail joint position. This paper is also recommend, the bolt around the 
end gap need more strength than part of the joint due to the exposure of the vertical load.  In addition to this the end 
rail is seen in static and dynamic result, it is needed a special treatment to reduce the rail head wear rate.  
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