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1. Introduction

Designing and constructing road or railway embankments are
not possible on problematic soils like soft soils due to
excessive total and differential settlements, low bearing
capacity, high lateral displacement, and slope instability. As a
rapid and economical solution, pile-supported embankments
have been employed instead of traditional improvement
methods of soft soils over recent years. Studies have
investigated different piles to be used in pile-supported
embankments. Some examples are in-situ concrete piles,
precast concrete piles, and prestressed concrete piles. Each
type of conventional piles has several issues such as
construction problems, damaging the environment and incur
large costs that make them deficient in some civil engineering
projects. A helical pile is a deep steel foundation system,
consisting of one or more helices connected to a central shaft.
The easy and rapid installation, recyclability and reusability,
eliminated problems of concreting, and low noises during
installation are some merits of these piles, resulting in the
widespread use of large-scale helical piles in industrial and
building projects. The use of helical piles in pile-supported
embankments is an alternative whose performance evaluation
requires further studies. The shaft diameter of a large-scale
helical pile varies between 73 mm and 965 mm, and the
diameter of helices connected to it ranges within 152-1219
mm. Some resources consider the ratio of helix diameter to
shaft diameter between two and three. The main factor
responsible for the load transfer mechanism in pile-supported
embankments is the stiffness difference between the soil and
piles, and mobilizing the shear strength of the soil. As a result,
the stress caused by the weight of embankment layers is
transferred from the soft soil to the piles. Terzaghi named this
load transfer mechanism, arching. The arching mechanism is
evaluated using the arching ratio and efficiency definitions.
The arching ratio is defined as follows:

SAR = _ 9 1)

(7H +a)
in which os is the stress imposed on the soil around the pile, y
is the embankment unit weight, H is the embankment height,
and g is the uniform surcharge imposed on the embankment

crest. The SAR ranges within zero and one. SAR = 0 indicates
that the whole load caused by the embankment weight is
transferred to the piles, and the arching has occurred
thoroughly. On the other hand, SAR = 1 shows that the arching
has not occurred thoroughly, and no load has been transferred
to piles. The efficiency parameter indicates the ratio of the
load supplied by piles to the load caused by the embankment
weight and surcharge.

E = zL )
s“(yH +q)
where Q equals the total forces imposed on a pile and s is

the spacing of piles. E=0 indicates that no arching has
happened, while E=100% shows occurrence of full arching.

2. Numerical modelling

In this study, the behaviour of Helical pile embankment and
Concrete pile embankment is determined using a 3-D finite
element analysis software ABAQUS. Figure 1 depicts a
sample of the meshing of the developed numerical model. The
problem considered is composed of 6m high embankment, a
crest length of 7.5 m, and lateral slope of 10:1.5, modelled on
a uniform clay layer with a depth of 30 m. The piles were
considered with cylindrical sections. Table 1 lists the
properties of the materials used in the numerical modelling.
The soil and piles modelled with eight-noded linear brick with
reduced integration elements (C3D8R). Certain assumptions
are made in this study to simplify the numerical modelling.
Some are as follows. The piles installation process is not
considered and the helical plates are modelled as flat plate.

Table 1. Summary of the material parameters used in the finite
element analyses

Material E vy o |V |c
Embankment 15 20 30 | 0.3 5
Soft soil 5 184 | 22 | 0.3 8
Concrete 35000 2400 - 0.2 -
Steel 210000 | 7850 - |1 015 | -
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Regarding the boundary conditions, the displacements in
the bottom boundary of the model were considered zero in
three directions (Ux = Uy = Uz = 0). Moreover, the
displacements of the model were considered zero on two sides
of the model in the x-axis and two sides of the model in the y-
axis (Ux = Uy =0).

so that the amount of settlement in the middle of the
embankment decreases by 10%, and this difference
decreases with distance from the center of the
embankment;

. Examining the stresses on the surface of the foundation

soil, which is shown by the stress reduction ratio in this
study, indicates that concrete piles are better because of
their larger cross-sectional area compared to the helical
pile shaft, which is tubular. The load transfer mechanism
is formed in the embankment;

3. The control of horizontal and vertical settlements in an

embankment system is not directly related to the
improvement of the load transfer mechanism;

By increasing the height of the embankment, the load
transfer mechanism is improved and as this height
increases, the percentage of its changes decreases;

5. Using a cap on screw piles makes the force in the pile better

distributed. Moreover, due to the better transfer of stresses
to the pile and the reduction of pressure from the
foundation soil, the cap reduces the amount of vertical
settlements by 19% compared to the case without the cap;

F|g 1. Schematics of the 3D model meshing 6. Addlng bladeS to the pl|e bOdy iS not eﬁective in imprOVing

3. Conclusion

Based on the numerical results, the following conclusions are

drawn:

1. Helical piles show better performance than concrete piles in
controlling embankment settlements and foundation soil,

the performance of embankments based on helical piles.
Only the load transfer mechanism is improved in the
distance ratio of 1.5.
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Numerical Investigation of Concrete and Helical Pile-supported Embankments Under Railway Traffic
Loading

Mohammad Amin Mashayekhi Mohammadreza Khanmohammadi

Abstract The use of structural elements such as piles are considered as an effective solution in improving the overall
performance of an embankment system in terms of stability and settlement control. In recent years using helical piles has
been considered due to their proper performance. This research presents a numerical investigation to compare the
performance of embankments rested on concrete and helical piles. A 3D finite element models are developed separately
in ABAQUS software for embankments based on helical and concrete piles while the length and diameter of their pile
shafts are the same. The model was validated via comparing the obtained numerical results with the field and laboratory
measurements (observation). The results show that the helical piles have significantly reduced the settlement in the
embankments and the soft foundation soil and controlled lateral embankment displacement. Also, the distribution of axial
force along the embedment depth of the pile indicates that the helical pile has higher bearing capacity than the concrete
pile and behaves frictionally. The presence of the cap on the helical pile was also examined and the results show that it
causes adequate control of the settlement in the embankment system and increases the bearing capacity of the piles. In
addition, adding the blade to the pile body at different distances does not have a significant effect on improving the
performance of the pile-supported embankment system while it could lead to embankment settlement and lower load
transmission.

Key Words Absolute and differential settlement, Pile-supported, Helical pile, Bearing Capacity, Numerical modelling.
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