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1. Introduction

One of the major concerns of geotechnical engineering is to stabilize earth slopes and propose new methods
for this purpose. The application of numerical and analytical methods for slope stabilization using piles is a
conventional method discussed by various researchers. Nowadays the application of a special type of piles so
called “helical pile”, have been increased. This foundation system has been successfully employed at several
sites. Helical piles may be a cost-effective alternative to conventional pile materials. In this research, the
performance of helical piles in slope stabilization has been studied using finite element analysis and strength
reduction method by ABAQUS V.6.13.1. The effect of different parameters such as helical pile diameters, helical
plate spaces, and pile lengths have been investigated. The effect of 1, 2 and 3 rows of piles along the slope is
studied as well.

2. Methodology

In this research, the FEM-based software package, ABAQUS V.6.13.1, was used for the numerical modeling
and analysis. A new technique proposed by Xu et al,, (2009) in strength reduction associated with the finite
element method for slope stability analysis has been used. Cohesions and internal friction angles of soil are
assigned as functions of temperature and used in strength reduction by changing nodal temperatures, so that
the process of finding a factor of safety is transferred to the solution of a conventional thermal loading problem.

The slope already investigated by Cai and Ugai (2000), Won et al. (2005), and Wei and cheng (2009) is
reinforced this time with several types of helical piles with different geometries. Helical plate diameters of piles
are 20.3, 28 and 35.5 cm and helical plate spaces are 2.4D, 3D and 3.6D, where D is plate diameter. These helical
piles are arranged in 1, 2 and 3 rows nearby the middle of the slope. The length of piles is increased gradually,
and the safety factor of the slope has been calculated for each cases and compared with each other.

3. Results and discussion

In order to compare the performance of helical piles with common steel piles, 3 different circular steel pile
are investigated and displayed with “SP”. The results of the analysis for each one, two, and three rows of helical
and conventional piles are shown in Fig. 1. This figure explains that the use of helical piles provides acceptable
safety factors against slope failure. In all cases, helical piles create more factor of safety (FS) than conventional
piles which have equal or even less diameters than their helical plate diameters, and also equal or shorter than
their length, while the raw materials used to make helical piles is less than steel conventional piles. It shows
that helical piles are economically more affordable.

* Corresponding Author
E-mail addresses: makarchian@yahoo.com (Masoud Makarchian), nflvafa@yahoo.com (Nafise Vafaea).



Masoud Makarchian and Masoud Nafise Vafaea / J. Civ. Env. Eng. 50 (2020)

22
2.1 =
2 AP R
19 i =
18 =="""
1.7
FS coe
1.6 ASatadn
15 —
14 b1 | SFF |00 | [ee==- =1, HP, D=20.3 t0 35.5 cm, p=2.4D to
! 3.6D
13 s 122, HP, D=20.3 10 35.5 cm, p=2.4D to
: 3.6D
----- n=3, HP, D=20.3 to 35.5 cm, p=2.4D to
12 77 3.6D
11 ' ———— n=1, SP, D=203 t0 35.5 cm
. oo et
L~ I
0 4 8 12 16 20 24 28 32 36
L (m)

Fig. 1. Relation of the safety factor of the slope with piles length

Fig. 2 shows the relationship between the safety factor of the slope and the number of helical pile rows. It
shows that with increasing number of rows in the group, FS increases because of increasing the volume of helix

surrounding soil againstloadings. Also, the effect of using a pile group on increasing FS is more significant when
the diameter of the helix is greater.
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Fig. 2. Relation of the safety factor of the slope with a number of pile rows

Fig. 3 shows the critical length of helical piles compared with helix diameters for a different number of pile
rows. According to these diagrams, increasing the diameter of the helix and increasing their distances from
each other increases the critical pile length. In other words, for the particular helix diameter, the longer the
helix spacing makes the longer critical length. Also, for the same distance between the helix, the helix diameter
increase will increase the critical length.
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Fig. 4 shows the relationship between the safety factor of slope and helix diameters for a different number
of pile rows. According to this figure, increasing the helix diameter increases the safety factor of slope. This
incremental effect is more near the critical pile length. The trend of increasing of FS by increasing the diameter
of the helix does not always follow a steady pattern. This means that after reaching the helix diameter to a
specified limit, a further increase in diameter will increase the safety factor of slope.
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Fig. 4. Relation of the safety factor of the slope with helix diameter for: (a) one row of pile, (b) 2 rows of piles, (c) 3 rows
of piles

4. Conclusions

The result of studies indicates that the application of helical piles is an effective and appropriate method for
slope stabilization and has a high economic cost in terms of the amount of raw material. The safety factor of
slope increases by increasing helix diameter, spaces between plates, pile length, and number of pile rows. This
effect is more effective near the critical length of piles. Using the results of parametric analysis, it is possible to
determine and select the most optimal mode for the geometry and arrangement of the helical piles, in order to
reduce the cost of the project of slope stabilization with helical piles.
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