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1. Introduction

those of traditional ballasted track, due to the superi-

more attraction by railway track designers and railway 

be understood that the most accurate analytical models 
-

-

including continuous and discontinuous slabs to an os-
-

-
-

ary element method was used to model the tunnel–soil 

or an analytical approach was used to model the track. 

equation of the high-speed train and slab track system 
on the basis of the principle of total potential energy 

-

idealize theoretical solutions for a continuously and 
elastically supported beam and two continuous beams 

-

ical model of a beam on elas-

-

-

-

the response of a double beam as a slab track system 
considering random stiffness for foundation of track. 

-
ness of the rail foundation.

-

-
-

supported prismatic beams were considered which 

method to determine the natural frequencies and mode 
shapes of the axially loaded double-beam systems.

-

-
iour of slab track using analytical methods ignoring the 

-

two parallel Euler–Bernoulli beams. The upper beam 
accounts for the rail and the lower one accounts for 
the concrete slab. Both beams are connected together 

stiffness and damping of rail pads. On the other hand, 
-

ing layer by means of a series of parallel springs and 

-
alized through interaction forces between the wheels 
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-
namic response such as slab thickness, slab bearing 
stiffness and axle load. Consequently the rail and slab 

To study the coupled integration of the train–track 
-
-

hicle and track is extended. 

-

equations is explained.

2.1 FST Subsystem

illustrated, a series of two node beam elements with 
-

are adopted for both rail and slab.

stiffness k1 1 which 
-

resented by a layer of springs with stiffness k2 and a 

2. The equation of motion for 
the slab track is:

Where,,  and  are mass, damping and stiffness matrix-

rail. ,  and  are mass, damping and stiffness matrixes 
-

Coupling of matrices for the track elements is per-
formed by manipulating the interconnecting matrices, 

a. Vehicle Subsystem

moment of inertia, the two bogie masses and their mo-

Each bogie frame is connected to wheel-sets through 

p p

to the car-body through the secondary suspension s

Cs

-
placement is considered in the four wheel-sets. Thus, 

body system
in Appendix.

follows:

where , and  are the mass, damping and stiffness ma-

-
ly. These matrices are symmetric and obtained by as-
sembling the corresponding matrix of all components 

b. Wheel-Rail Interface Model
-

terface

where , and are the mass, damping and stiffness matri-

-

by the track irregularity. 

00 + 00+ 00 = { }  

1
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-

The interaction between these subsystems is accom-
plished through the wheel-rail force. The responses of 

 can be obtained independently us-
ing step-by-step numerical integration.
The assembling of whole system matrixes considering 

-

The interaction between car body, bogies and wheel-

Slab

K1

K2

C1

C2

Car Body

2st Bogie 1st Bogie

W4 W3 W2 W1

x
z

K

Ks

Cp

Cs

Kp

is expressed as

where  refers to the irregularities of the rail surface. 

is determined by the contact location between wheel 
and rail. The stiffness matrix is updated in each time 
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this numerical technique, the responses of the track and 

wheel-sets was coincided with the motion of the rails, 
while the wheel-rail contact forces were considered in 
the calculations. 
The contact forces between wheel and rail elements 
appeared in the numerical procedure while the wheels 

the stiffness and damping matrices of the rail and wheel 
elements were gradually updated by manipulating the 
input matrices. The procedure of conducted numerical 

4. Numerical Results and Discussion

-

-
formed to show some considerable aspects in dynamic 

4.1 Model Validation

-

  

 The amplitude of 

-

the simulation model and the refereed paper. 

[[
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3. Solution Method

system the numerical time-integration method of 
-

knowing the system response in time t, its response 

1 to a  can be calculated by the follow-
ing equations:

-
bility of the solution is guaranteed [Mohammadzadeh, 

-
-

method. The general procedure of the numerical simu-
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Organizing mass, -

track components 

Assembling mass, stiffness and damping matrices for all 
connected elements by superposition and condensation

Dynamic simulations starts,
’s numerical method

Determining train position Determining the mass, stiffness and damping 
matrices of the system based on latest time-step

, stiffness and damping

based on new wheel-rail forces

,
, acceleration and force responses

for nodes in each time-stepcontact

Calculating the W

, , acceleration in time t

T t dt t<T End

Yes

Yes

Start of simulation t 
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4.2 Sensitivi ty Analysis Results
-
-

the middle of the slab track. The selected length for 
-

in Table 1.

illustrate the effects of slab thickness, foundation stiff-
-
-

tions and bending moments as well. Table 2 shows the 

in current study.
The thickness of slab affects directly on slab bending 

m

n Simulated
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a function of slab thickness. As illustrated, by increas-
-

creased. 

slab thickness, foundation stiffness and axle load. 
-

2

-
-

UnitValueNotationItem

pam4*n

kgm-1Mass per length
Slab

pam4*n

kgm-1Mass per length 

Nm-2*Stiffness 

Ns m-2* 
Slab Bearing

Ns m-2*

1EI
1m

2EI

2m

1k
1c

2c

UnitValueNotationItem
m Slab thickness

MPa
tonAxle load

d

2k

P

2
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a

b
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-

2 equal 

the K2

2

-

c

ton
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-
suming the k2

Slab bending moment is one of the most important pa-

foundation stiffness and axle load. By increasing the slab 
-

deed, increasing the slab foundation stiffness decreases 

the axle load, the slab bending moment is increased.

a
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b

c
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a

b
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C

ton

a
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b

c
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5. Conclusion
-
-

been modelled by Euler-Bernoulli beam formulation. 
-

ed with springs and dashpots. The loading condition 

Consequently, the effect of technical and operational 
-

The main 

2

-

-
ing k2

-

slab thickness, but by increasing the slab founda-
tion stiffness the rail bending moment increases 
by increase in slab thickness.

bending moment increases.
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APPENDIX
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