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Abstract:  Nowadays, heavy haul trains up to several kilometres long, are widely used to 
transport coals in China[1]. Due to repeat loadings of moving railway vehicles, the settlement 
of ballast or subgrade may result in hanging sleepers being no longer supported by the ballast. 
When a vehicle moves over the railway track with unsupported sleepers, the variations of 
track stiffness will induce significant variations for the wheel/rail contact forces, which may 
accelerate track degradation, such as increased wear, fatigue, and so on. 
During the past decades, the interaction between moving loads and railway infrastructures 
with unsupported sleepers have been paid much more attentions by railway researchers and 
engineers. Grassie et al studied the dynamic response of railway track with a section of 
unsupported sleepers using dynamic model and brought out that the sleepers were likely to 
crack in the absence of ballast support[2]. Zhu et al built a coupled vehicle/track model with 
unsupported sleepers which were verified by a 1:5 scale model wheel/rail test rig. They found 
that the wheel/rail interaction force increased remarkably due to discontinuity of the track 
support with hanging sleepers[3]. Shi et al. developed a heavy haul railway 
vehicle/track/subgrade FEM model using ABAQUS software and studied the effect of 
unsupported sleepers on track vibration, safety and potential subgrade failure[4]. In the above 
research works, the sleeper is assumed totally unsupported by the ballast. However, for most 
cases of the sleepers there exists a gap between the sleeper and the underneath ballast, which 
means if the deformation of the sleeper is larger than a certain gap then the sleeper would be 
supported by the ballast again. 
In this paper, the dynamic responses of a heavy haul railway vehicle traversing over ballast 
track with different gap of unsupported sleepers are investigated. In this model, the vehicle is 
modelled as a multi-body system, and the ballast track is developed by finite element method 
with a 3-layer model of rail, sleepers, and ballast masses. In the track model, the rail is 
regarded as an Euler-Bernoulli beam resting on discrete sleepers, and each sleeper is regarded 
as a lumped mass. To simulate the gap between the unsupported sleeper and the ballast, a 
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nonlinear spring and dashpot system is adopted. The wheel/rail contact force is modelled by 
the Hertzian spring. To solve the nonlinear vehicle/track system with different gap of 
unsupported sleepers, a novel iterative method with two iterative procedures is put forward. 
The first iterative procedure is to calculate the wheel/rail contact force, and the second is to 
determine if the sleeper is supported or unsupported by the ballast. The influence of 
unsupported sleepers on the dynamic responses of the vehicle and track components is 
investigated as well. The present study indicates that the wheel/rail contact force varies 
abruptly when the vehicle passing over the unsupported track zone, which may result in track 
deterioration. 
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