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 
Abstract—Superstructures like offshore platforms, tall buildings, 

transition towers, skyscrapers and bridges are normally designed to 
resist compression, uplift and lateral forces from wind waves, 
negative skin friction, ship impact and other applied loads. Better 
understanding and the precise simulation of the response of batter 
piles under the action of independent uplift loads is a vital topic and 
an area of active research in the field of geotechnical engineering. 
This paper investigates the use of finite element code (FEC) to 
examine the behaviour of model batter piles penetrated in dense sand, 
subjected to pull-out pressure by means of numerical modelling. The 
concept of the Winkler Model (beam on elastic foundation) has been 
used in which the interaction between the pile embedded depth and 
adjacent soil in the bearing zone is simulated by nonlinear p-y curves. 
The analysis was conducted on different pile slenderness ratios (lc⁄d) 
ranging from 7.5, 15.22 and 30 respectively. In addition, the optimum 
batter angle for a model steel pile penetrated in dense sand has been 
chosen to be 20° as this is the best angle for this simulation as 
demonstrated by other researcher published in literature. In this 
numerical analysis, the soil response is idealized as elasto-plastic and 
the model piles are described as elastic materials for the purpose of 
simulation. The results revealed that the applied loads affect the pull-
out pile capacity as well as the lateral pile response for dense sand 
together with varying shear strength parameters linked to the pile 
critical depth. Furthermore, the pile pull-out capacity increases with 
increasing the pile aspect ratios. 
 

Keywords—Slenderness ratio, soil-pile interaction, winkler 
model (beam on elastic foundation), pull-out capacity.  

I. INTRODUCTION 

TEEL pile foundations are slender structural elements, 
underneath massive building and the method has been 

used since 1800 as a load transferring system from shallow 
inadequate soil layers to deep bearing soil with a high degree 
of efficiency [1]-[4]. Steel open ended piles are normally used 
for facilitating installation in hard strata as well as saving 
energy required to achieve the design depth and to reduce 
excessive settlement [5]. It should be noted that pull-out 
pressure can be developed if superstructures such as 
basements and dams are built below the water table. 
Furthermore, skyscrapers, jetting buildings, mats and offshore 
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platforms are normally designed to resist moments and lateral 
loads as a result of wave impacts, ship impacts earthquake 
loads etc. [7]-[9]. Additionally, pull-out forces may be induced 
on the deep foundations due to negative skin friction and 
swelling of the contact soil in the effective bearing zone [10], 
[11]. The numerical modelling of the steel model piles 
penetrated in sand and under the action of the independent 
pull-out loads are designed as shown in Fig. 1. The method of 
pile installation adopted in this research is bored pile 
(replacement pile). 

Depending on the sand relative density and pile slenderness 
ratio, for all piles penetrated in soils the applied pull-out forces 
are basically transferred to the contacted soil layers by means 
of the skin friction resistance between soil-pile interaction in 
the effective radial zone [1]. Extensive research has been 
conducted on the soil-pile interaction in sandy soil while 
information on the behaviour of battered piles subjected to 
uplift load is scarce in the literature and it is not yet fully 
understood. It has been stressed by [6] that the shaft friction 
resistance of pile for both the compression and the pull-out is 
similar. In contrast, [7] has been demonstrated that the skin 
friction for pile subjected to compression load is higher than 
for shaft friction in tension by about 12% to 25% due to the 
reduction in shaft diameter as a result of the poisons’ ratio 
influence. Moreover, a numerical study has also been 
conducted by [8] to simulate the behaviour of a 30݉ model 
batter pile at 10଴ subjected to vertical and horizontal loads. An 
elasto-plastic constitutive model has been implemented in the 
simulation. Additionally, the pile flexural stiffness and the 
poisons ratio were 625MNm2 and ν ൌ 0.25 respectively. The 
results revealed that the applied load had a major impact on 
the axial and lateral pile behaviour.  

The objective of this research is to simulate the combined 
interaction between sand and model steel open-ended steel 
model piles by means of numerical modeling. In addition, we 
examined the concept of the critical pile length (lc) in the 
effective zone by taking into account the high non-linearity 
and the complex interaction between sand-pile. We 
determined the influence of the relevant parameters on the 
analyses such as soil shear strength parameters, modules of 
subgrade reaction (k), etc. 

II. THE NUMERICAL MODEL 

In this paper, FEC has been adopted to simulate the 
behaviour of the model steel open-ended piles penetrated in 
dense sand and subjected to independent uplift loads. The pile 
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