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Piles are usually used in groups under the foundation of structures; therefore, the study of the
effect of pile-pile interaction and its overall influence on the bearing capacity of each pile and
pile group settlement is of great importance. In this paper, several models were chosen to
investigate the soil deformation pattern, in which the batter of piles with respect to the vertical
was considered as a variable. Pile groups consisting of four Aluminum piles with rectangular
cross sections were experimentally studied. Deformations were obtained using the analysis
of sequential digital images and the measurement of soil particle movements. Experience
shows that batter piles in pile groups under lateral loading changes the deformation pattern
compared to the case when the piles are vertical in the group pile. The results of the conducted
research indicate that the existence of batter piles beside the vertical ones, on the one hand
increases the bearing capacity of pile group, and on the other hand the experimental data
shows that shadow effect impacts the soil-pile interaction and bearing capacity of batter pile
group considering the configuration and the position of piles does not increase; despite what

is expected.
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Introduction
Predicting the displacement of pile groups under the influence of applied loads is a very

complex issue, requiring careful consideration of the soil-pile interaction and the mechanical
properties of different layers of the earth, and consideration of soil deformation coefficients
in calculations. As has been shown from previous observations, the front pile in a group of
piles can withstand a greater static load than the piles behind it. For piles that are perpendicular
to the loading direction, the load distribution between the piles is symmetrical about the center
line, and the middle pile always carries the smallest amount of load. For transient loads and
for harmonic loads with higher frequencies, the force distribution between the piles can be
considered uniform. Various researchers have shown that the shadow effect in the pile group
is very important in the design of piles under lateral load. This study investigates the effect of
the angle of inclination of inclined piles in pile groups using advanced experimental methods
such as soil particle motion tracking. Also, this study investigates the phenomenon of "shadow
effect” in the interaction of soil and inclined piles.

Method

In this study, four aluminum piles with a length of 30 cm, a width of 3 cm, and a thickness of
2 mm were used to model the pile group. In which the angle of inclination of the pile relative
to the vertical axis is considered as a variable. The pile group consisting of four aluminum
piles with rectangular cross-sections has been studied from an experimental point of view.
The deformations have been obtained using the method of sequential photo analysis and
measurement of soil grain movement. A strain gauge was used to find the moment and strain
created in the piles.

Results

Experience shows that inclined piles in a pile group under lateral loading cause displacement
changes compared to the case of a group of vertical piles. The results of the studies show that
the presence of inclined piles next to vertical piles, on the one hand, increases the bearing
capacity of the pile group, and on the other hand, experimental data shows that the shadow
effect affects the soil-pile interaction mechanism and the bearing capacity of the inclined pile
group does not increase as expected.

Conclusions

Due to the pile-pile interaction in the group, the behavior of each of them will be different
from the behavior of an equivalent single pile under lateral loads. The small distance between
the piles in the group causes the group effect (shadow effect) between the piles and affects the
bearing capacity and deformations. The amount of soil settlement behind a positive inclined
pile is greater than that of a vertical pile, and the amount of soil settlement behind a vertical
pile is greater than that of a negative inclined pile. In examining the soil displacements around
the pile group, it can be concluded that the soil in front of the middle and rear piles did not
have the opportunity to slide upward and fell into the depression in the soil behind the piles
and filled it. The effect of the inclination of the pile is greater than the effect of the location
of the pile in the group for vertical deformations. The front pile in the pile group bears the
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highest pressure and bending moment, and also the depth of fixation in it is less than that of
the rear piles.
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