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ABSTRACT 

The pile-supported embankments provide feasible solutions for railway infrastructure 

projects on the soft soil and allow rapid construction with less differential settlement. 

In the pile-supported embankments, the embankment load including surcharge is 

transferred to the pile heads through a load transfer mechanism known as soil arching. 

The pile-supported railway embankments often encounter dynamic loading due to the 

moving trains and earthquake. The dynamic loading may influence the soil arching 

phenomenon. Over the past decade, soil arching has been significantly studied under 

static conditions, and several analytical methods have been proposed to evaluate soil 

arching. However, the dynamic behaviour of soil arching under moving train-induced 

load and earthquake is yet to be investigated. Furthermore, the vertical stress on soil 

arching crown in the existing analytical methods is considered only due to self-weight 

of embankment and the stress distribution due to additional surcharge is neglected, 

resulting in inaccurate predictions. 

In this thesis, finite element method (FEM)-based numerical analyses are 

performed to investigate the dynamic behaviour of soil arching. The physical 

visualisation of the soil arching phenomenon in the pile-supported embankments is 

very complex and usually requires a large setup. Therefore, numerical analysis is the 

unsurpassed approach to investigate soil arching. The two-dimensional (2D) unit cell 

model is analysed.  A 2D idealisation method (i.e. equivalent area method) is used to 

convert a hypothetical three-dimensional (3D) problem into 2D to reduce the 

complexity and computational time.  

This work begins with investigating the soil arching in a railway embankment 

under static condition. The equivalent dynamic load induced by a moving train is 



 

xxxiii 
 

chosen for train loading. The results confirm that the analysed numerical model can 

predict the soil arching phenomenon in a pile-supported railway embankment with 

reasonable accuracy. The key parameters of pile-supported embankments and their 

optimum value are identified. The inclusion of a geosynthetic layer is also investigated. 

The comparison of different analytical methods has also been reported to identify the 

variation in different methods. Subsequently, the accuracy of the existing analytical 

methods is improved by incorporating a realistic approximation of vertical stress on 

the soil arching crown. Results show that the failure of soil arching at the pile top is 

critical in the 3D condition, whereas the soil arching failure at the crown is more 

critical in the 2D condition.  

Subsequently, the influence of earthquake-induced loading on soil arching 

phenomenon is investigated. The results show that soil arching is significantly affected 

under the seismic excitation. The parametric investigation reveals that friction angle 

of embankment fill should be higher for better performance of pile-supported 

embankment during an earthquake. The geosynthetic layer at the base of the 

embankment encourages stress transfer to the pile head through the membrane effect. 

Also, the amplitude of the earthquake significantly affects the mobilisation of soil 

arching.  

Finally, the mobilisation of soil arching under moving train-induced dynamic 

loading is investigated. The results revealed that the dynamic loading significantly 

affects the soil arching phenomenon and should be considered during the design of a 

pile-supported railway embankment. The application of a geosynthetic layer enhances 

the load transfer from the subsoil to the pile head through the membrane effect.  

Therefore, the findings of this thesis enhance the current knowledge of the 

dynamic behaviour of soil arching under the moving train load and earthquake. The 
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presented analytical methods can be used for accurate evaluation of vertical stress on 

the soil arching crown.  
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