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In this article, the effects of tunnel excavation on the behavior of preloaded piles above the
tunnel are examined. The analyses were conducted using the finite difference method
(FDM) with the FLAC 3D software. A 20-meter pile located one meter above an 8-meter
diameter tunnel was studied. Several important parameters, such as ground surface
settlement in a free-field condition (without the presence of the pile), pile settlement,
variations in axial force along the pile, and the mechanism of shear stress transfer at the
pile-soil interface due to tunnel excavation, were investigated. The relative displacement
created between the pile and the soil at the pile-soil interface due to tunnel advancement
leads to changes in the distribution of axial forces and shear stresses at the interface. As the
tunnel advances, the axial force along the pile decreases, and the shear stresses at the
interface become active in most of the pile length, preventing further settlement of the pile.
It has been determined that existing solutions may not accurately estimate the behavior of
the pile, as several key issues have not been included. Due to the change in relative shear
displacement between the pile and the soil alongside the pile with tunnel advancement,
shear stresses and the distribution of axial forces along the pile change significantly.
Downward shear stress is generated at the upper part of the pile, while upward shear stress
is mobilized at the lower part of the pile, resulting in compressive forces acting on the pile.
Most of the axial force on the pile in the transverse direction (behind and in front of the
piles) has developed within £ 2D, where D is the tunnel diameter. Additionally, the
mobilization of shear resistance at the pile-soil interface has been identified as a key factor
governing the pile-soil-tunnel interaction. The reduction in the apparent allowable capacity
of the pile due to tunnel excavation depends on the position of the pile relative to the tunnel
position.
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Introduction
In recent years, tunnel construction in urban areas with different uses has been increasing.

The construction of these tunnels under or near preloaded piles is inevitable. The excavation
of these tunnels affects the behavior of the piles due to ground deformation. This ground
deformation causes pile settlement and changes in axial force along the pile. Many studies
have been conducted on the behavior of piles located in the vicinity of tunnels. Some of these
studies have investigated the behavior of piles located in the vicinity of tunnels in the field.
[1-7] Similarly, studies on the behavior of piles located in the vicinity of tunnels have been
investigated using centrifuge tests in the laboratory [7-16]. In general, changes in axial force
(drag or tensile force) and pile movement (lateral settlement or deformation) have been
reported from these studies. Studies on the behavior of piles under tunneling are limited, but
in recent years some of these studies have been reported, including: studies by Selmatas [5],
Lee [17] and Durant et al. [18]. These studies have shown that when the tunnel is under the
piles, the behavior of the pile is more affected by the tunnel than when the tunnel passes near
the pile. Selmatas [5] reported from the results of detailed and complete field studies that the
behavior of the pile in response to tunneling in Clay (London) when the tunnel is under the
piles, there are severe changes in the distribution of axial force and also the settlement of the
pile head relative to the settlement of the ground surface due to tunnel excavation. Also,
Durant and Williamson [18] used two experimental methods (2/3 depth method and neutral
axis method) to estimate the settlement of the pile head using the settlement The free
boundary profile and the axial force distribution have been reported. In the 2/3 depth method,
it is assumed that the settlement of the pile head is similar to the settlement of the soil profile
at a depth of 2/3L as tunneling progresses. Here, L is the length of the pile. In addition, in the
neutral axis method, it is assumed that the free boundary settlement at the neutral axis, where
the axial force changes from compression to tension, is similar to the settlement of the pile
head as tunneling progresses. In this paper, the behavior of individual piles under which a
tunnel is being excavated in the soil is investigated. The behavior of these piles is
investigated by a series of three-dimensional finite difference analyses.

Method
In this paper, Flac 3D software (Itasca Consulting Group, 2015) [19] has been used for

numerical modeling. Figure (1) shows the 3D finite difference mesh model used in numerical
analysis. Due to the symmetry of the model, only half of the entire model has been simulated.
A total of 32272 zones and 35416 nodes have been created in the finite difference mesh. The
boundary conditions at the bottom are hinged and at the sides are roller. The dimensions of
the model have been chosen in a way to prevent the adverse effect of boundary conditions on
the obtained results. The cross-sectional area of the square pile is assumed to be 0.5 x 0.5 m
and the length (L) of the pile is 20 m. The diameter of the tunnel (D) is 8 m and the distance
of the tunnel center from the ground surface is 25 m. Figure (2) shows the position of the
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tunnel and the pile relative to each other. Also, the groundwater level at the ground surface
and the modeling are assumed to be undrained.

H
=
]
=
=
=
o
=
4
=
)
=
=
z

AN
R

BB
SRR

N

Figure (1). Three-dimensional finite difference mesh model (tunnel surface at Y/D=0, D = tunnel diameter)
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Figure (2). Pile and tunnel position relative to each other

Results and Conclusions
This study was conducted to investigate the behavior of preloaded piles in weathered soil

whose end position is higher than the tunnel crown. The results of this study are briefly
mentioned below:

1- There are many changes in the axial force distribution due to tunnel excavation. So that the
axial force is reduced and tensile force is created in the pile.

2- The axial capacity of the pile was reduced due to tunnel excavation so that the safety factor
at the end of excavation was reduced to 0.97. This reduction in bearing capacity can cause
problems for the structure in service.

3- The maximum tensile force created in the pile was 0.325Pa, which is approximately 0.14%
of the tensile capacity of the pile (2000kN). Therefore, there is a possibility of tensile



Numerical investigation of tunnel excavation effects ... 191

cracks in the pile. The largest decrease in the axial force distribution was between the
positions Y/D=-1 and Y/D=1, so that approximately 95% of the total changes in the net axial
force are observed in this interval.

4- The pile settlement due to tunnel excavation was much larger than the pile settlement due
to axial load. Also, the pile settlement due to tunnel excavation was calculated to be larger
than the ground settlement in the free boundary condition.

5- The relative displacement at the top of the neutral plane is positive, which indicates a
greater settlement of the pile than the soil. The relative displacement at the bottom of the
neutral plane is negative, which indicates a greater settlement of the soil than the pile. The
greatest change in relative displacement occurs when the tunnel surface is at the position
Y/D=-1to Y/D=L1.

6- According to this research and the research of Lee [17] and Selmata [5], the shear stresses
at the interface become negative at the bottom of the neutral plane (where the shear stress
becomes zero) due to a greater settlement of the soil than the pile settlement, which causes the
distribution of the axial tensile force in the pile and also increases the small elastic length of
the pile. The greatest change in the distribution of shear stress at the interface occurs when the
tunnel surface is at the position Y/D=-1to Y/D=L1.

7- The results obtained from this study may be dependent on the problem conditions, but they
clearly show the shear transfer mechanism and behavior of the individual pile located at the
top of the tunnel. The effects of the shear stiffness parameters Ks and normal stiffness Kn on
the mechanical behavior of the pile at the pile-soil interface require detailed studies, because
the slip at the interface, relative displacement, and shear transfer mechanism are dependent on
these parameters. In addition, according to the results obtained, the greatest influence of the
pile on the tunnel, such as axial force distribution, relative displacement, and shear stresses at
the pile-soil interface, occurs when the tunnel surface is at the position Y/D=-1 to Y/D=L1.
Therefore, for preloaded piles that are excavated from below, precautions should be taken to
minimize the influence of the pile on the tunnel excavation at this excavation position when
the tunnel surface is at the position Y/D=-1to Y/D=L1.
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