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Earthquake Induced Kinematic Forces on Pile 
Foundations in Fayered Medium

H S Thilakasiri, D M Potts, S Kontoe and L Zdravkovic

Abstract: The kinematic forces induced on piles in two-layered soil medium are investigated using
finite element method. Typical layered subsurface condition with the soil properties relevant to Sri 
Lanka are considered in the present study. Hyperbolic nonlinear constitutive model is used for the soil 
medium and the soil medium is modelled as a fully coupled system. The effect of the earthquake was 
simulated by lateral ground acceleration applied to the bedrock. The validity of the results of the 
proposed model was established by comparing with the trends observed in similar studies reported in 
the literature. The effects of the stiffness of the soil layers, pile diameter, fixity at the pile head, and a 
defect present at the layer interface on the kinematic forces are investigated in the present study. 
Finally, the use of the results of the present study in the design and construction of bored and cast in- 
situ concrete in Sri Lanka are highlighted.
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1. Introduction

Failure of pile foundations due to earthquake 
induced forces are well documented in the 
literature. Majority of such failures are due to 
the action of lateral forces applied on the piles 
due to earthquake induced ground motion. 
Such failures are always disastrous involving 
loss of life and property. As a result 
considerable amount of research work had been 
carried out at the research institutes throughout 
the world, especially in the earthquake prone 
regions of the world, to investigate the 
development of earthquake induced forces in 
piles. It is shown, through such research, that 
the piles are subjected to inertial effects and 
kinematic effects during an earthquake.

1.1 Inertial Effects of Earthquakes on Pile 
Foundations

When a structure is supported on a pile, the 
motion of the pile is transferred to the structure 
and the structure is forced to oscillate. The 
oscillatory motion of the mass of the structure 
generates inertial forces that in turn is applied 
on the pile and hence on the soil. The 
deformation of the pile due to the inertial forces 
may further change the inertial forces in the 
superstructure. This is referred to as the inertial 
response. Eventhough these two phenomena are 
occurring simultaneously with a small time 
gap, they are conveniently considered in two 
steps. It is proved that the dynamic loading due 
to the superstructure inertial effects is confined

to a shallow length, termed active length, below 
the ground surface. The forces applied on the 
pile foundation due to inertial effects of the 
structure depends very much on the
configuration of the structure, magnitude of the 
earthquake, distribution of the mass of the 
structure etc. General design guidelines 
developed for this purpose may be used to 
estimate the inertial forces applied on the 
structure due to an earthquake.

1.2 Kinematic Effects of Earthquakes on Pile 
Foundations

Eventhough as mentioned previously the 
inertial effects of the superstructure is 
concentrated within the active length, generally 
about ten times the pile diameter, Mizuno 
(1978) observed failure of piles at depths below 
the levels attributed to inertial effects. After 
similar other observations, the research work 
was focused to find the cause of such failures. 
Based on the results of the small scale 
laboratory tests and other numerical and 
experimental studies, such failures were
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