
An analytical solution to soil consolidation around a pile 
considering earthquake effect

Yan Zhang1, Jichao Zhang1, Xinxing Xu2

1 School of Civil Engineering, Guangzhou University, Guangzhou 510006, China.

2 School of Architecture, Dongguan Polytechnic, Dongguan 523808, China.

Abstract

In this paper, an analytical solution is developed to investigate soil consolidation around a 
pile under earthquake loading. The solution is validated using finite element method. The 
influence of various parameters on excess pore water pressure is analyzed. The results 
show that excess pore water pressure increases with depth and is positively correlated with 
n and Neq/N1, while negatively correlated with η, χ, kv, and td. The values of η, χ, kv, Neq/N1, 
and td affect excess pore water pressure during and after the earthquake, while the value of 
n only affects excess pore water pressure after the earthquake. The growth rate of excess 
pore water pressure during the earthquake is positively correlated with n, η, kv, and Neq/N1, 
and negatively correlated with χ and td. The dissipation rate of excess pore water pressure 
during the earthquake is positively correlated with η, χ, kv, Neq/N1, and td, and negatively 
correlated with n. Additionally, a formula for calculating the reconsolidation settlement of 
pile-soil foundation after an earthquake is proposed, and the effects of pile and soil 
parameters on pile-soil foundation reconsolidation settlement are analyzed. The results 
indicate that reconsolidation settlement can be divided into two stages: rapid settlement 
stage and slow settlement stage. The total settlement of the foundation is positively 
correlated with n, η, and Neq/N1, while negatively correlated with χ, kv, and td.
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1

 Abstract=== 

In this paper, an analytical solution is developed to investigate 
soil consolidation around a pile under earthquake loading. The 
solution is validated using finite element method. The influence 
of various parameters on excess pore water pressure is 
analyzed. The results show that excess pore water pressure 
increases with depth and is positively correlated with n and Neq/
N1, while negatively correlated with η, χ, kv, and td. The values of 
η, χ, kv, Neq/N1, and td affect excess pore water pressure during 
and after the earthquake, while the value of n only affects 
excess pore water pressure after the earthquake. The growth 
rate of excess pore water pressure during the earthquake is 
positively correlated with n, η, kv, and Neq/N1, and negatively 
correlated with χ and td. The dissipation rate of excess pore 
water pressure during the earthquake is positively correlated 
with η, χ, kv, Neq/N1, and td, and negatively correlated with n. 
Additionally, a formula for calculating the reconsolidation 
settlement of pile-soil foundation after an earthquake is 
proposed, and the effects of pile and soil parameters on pile-soil 
foundation reconsolidation settlement are analyzed. The results 
indicate that reconsolidation settlement can be divided into two 
stages: rapid settlement stage and slow settlement stage. The 
total settlement of the foundation is positively correlated with n, 
η, and Neq/N1, while negatively correlated with χ, kv, and td.
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2. Introduction

The use of pile foundation in high-rise and super high-rise 
buildings has become increasingly common with the 

continuous development of modern urbanization[1]. However, 
frequent earthquakes around the world have raised concerns 
about the instability of buildings caused by liquefaction and 
reconsolidation of sandy soil foundations[2, 3]. To address this 
issue, it is necessary to analyze the anti-liquefaction capacity 
and post-earthquake reconsolidation behavior of pile 
foundation treatment in sandy soil foundations to provide 
guidance for the safe and effective application of pile 
foundation in sandy soils.

After the implementation of pile foundation treatment in sandy 
soils, the pile and the sand collaboratively bear the upper 
loading. However, during strong earthquake activity, the pore 
water pressure inside the saturated sand may increase sharply, 
leading to a rapid decrease in effective stress and the 
continuous disappearance of the sand’s bearing capacity[4]. In 
such cases, the pile foundation can offer better stability and 
support to reduce the risk of upper structure collapse[5]. 
Knappett and Madabhushi (2008)[6] conducted centrifuge test to 
analyze the development of excess pore water pressure caused 
by liquefaction in pile-sandy soil foundation and the post-
liquefaction reconsolidation settlement of the foundation. Bao 
et al. (2014)[7] analyzed the earthquake performance and post-
earthquake consolidation settlement of multi-layered pile 
foundation buildings on liquefiable ground using finite element 
software.

Similarly, other researcher such as Rollins and Strand (2006)[8], 
Chen et al. (2018)[9], Xu et al. (2020)[1], Hussein and El Naggar 
(2021)[10], Chiou et al. (2021)[11], Xu et al. (2021)[12], Chen et al. 
(2021)[13], have analyzed the dynamic response of pile-sandy soil 
foundations under earthquake loading using experimental 
methods (such as shake table tests) or numerical simulation 


