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Preface by the Editor 
 

The variation of the track stiffness directly influences the vehicle-track dynamics and the effect 
increases with the train speed. With the development of the high speed railway track, it is important to 
know how the dynamic response of the vehicle-track system changes with track stiffness.  

It is acknowledged that the most abrupt change of the track stiffness usually occurs in the transition 
zone, e. g. bridge-embankment or tunnel-embankment transition zone. Consequently, the design of the 
transition zone configuration has significant effect on the track stiffness transition. The problem is to 
find a transition configuration for the best track performance. In this study, the author presents some 
interesting findings regarding this issue based on three dimensional dynamic numerical simulations by 
the finite element method. It is worth to note that some conclusions related to the influence of the rail 
support stiffness on the dynamic response of the vehicle-track system have never been reported in 
literature. 

For the studies on the vehicle-track-subgrade system dynamics, the complete system is usually divided 
into the vehicle-track system and the track-subgrade system in traditional numerical simulations. For 
the vehicle-track system the ballast and subgrade are usually simulated as layers of springs and lumped 
masses.  In this way the wave propagation in the continuous medium (e. g. subgrade) cannot be 
simulated. For the track-subgrade system the vehicle loads are usually simulated as moving load and 
the wheel-rail interactions cannot be considered. This method is used for static or quasi-static 
problems. The author employed a complete vehicle-track-subgrade model to investigate the influence 
of the rail support stiffness on the dynamic response of the system. Furthermore, the transition 
performances of two different transition configurations employed in China are evaluated and 
compared. 
In order to investigate the influence of the rail support stiffness and the excitation frequencies on the 
dynamic response of a vehicle system, the author developed two types of analysis and the low 
excitation frequencies (0~40Hz) are simulated. A very important finding is that for each excitation 
frequency the dynamic response of the vehicle is only sensitive to a certain range of the rail support 
stiffness. A “stiffness sensitive zone” is for the first time defined by the author. This finding has 
significant practical importance for the construction of the high speed railway track. The author 
indicated that the stiffness sensitive zones of low excitation frequencies (0~40Hz) can be avoided by 
controlling the rail support stiffness.  

In my opinion, this study presents a number of interesting findings regarding vehicle-track-subgrade 
dynamics by the finite element method. 

 

Berlin, August 2013 

S. A. Savidis 
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Abstract

 

Since a railway track is a long infrastructure constructed on complex foundations, the rail support 
stiffness is changed along the railway line. A sudden change of the rail support stiffness leads to an 
abrupt variation of the wheel-rail contact force. As a result the ride comfort of passengers is influenced 
as well as the dynamic response of the track and the subgrade.    

In order to investigate the influence of a variation of the rail support stiffness on the dynamic response 
of the vehicle-track-subgrade system, a parameter study with a simple wheel-rail-substructure model 
has been carried out for a first qualitative analysis in the time zone. The influence of the support 
stiffness, the running direction of the wheel, the geometry irregularity of the rail and the excitation 
frequency are investigated. The results show that a larger track stiffness difference leads to a larger 
dynamic response of the complete system especially in the vicinity of the interface between the high 
stiffness zone and the low stiffness zone. The wheel running direction has limited influence on the 
dynamic response of the complete system. 

Taking into account a sinusoidal track irregularity and the vehicle velocity, different wheel excitation 
frequencies (0~40Hz) are simulated. For each of these frequencies the dynamic response of the wheel 
is only sensitive to a certain range of the support stiffness. A higher excitation frequency leads to a 
larger range of the sensitive stiffness. In order to insure the ride comfort of passengers, excitation 
frequencies for which the support stiffness changes in the stiffness sensitive zone should be avoided by 
improved construction and maintenance methods. 

After the parameter study on the influence of the rail support stiffness and the excitation frequency on 
the dynamic response of the wheel-rail-substructure system, a complete vehicle-track-subgrade model 
is employed to compare the performance of different transition zones. Two types of configurations that 
have been suggested in the Chinese design code for high speed railways on slab tracks are simulated. 

Neglecting the geometric irregularity of the rail the dynamic response of the two-part transition section 
is smaller than that of the inverted trapezoid transition section. For each excitation frequency a 
stiffness sensitive zone appears, in which the change of the overall support stiffness has obvious 
influence on the dynamic response of the vehicle system. The larger the excitation frequency is, the 
wider is the sensitive zone. For overall support stiffnesses of the rail higher than 20kN/mm, the 
stiffness sensitive zones of low excitation frequencies (0~40Hz) can be avoided. In the same geometric 
irregularity condition the transition performance of the two-part transition section is better than that of 
the inverted trapezoid transition section. 
 
Key Words: vehicle-track-subgrade system, excitation frequency, support stiffness of the rail, stiffness 
sensitive zone, finite element method, dynamic response, transition zone 
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