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Abstract: The current research is aimed to investigate the mutual effects of a metro tunnel and an adjacent excavation which 
supports with nailing method. To achieve this, numerous numerical analyses are performed. It was shown that the horizontal 
movement of tunnel is toward the excavation for all cases because of horizontal unloading induced by excavating process. In 
addition, it was observed that there would be a critical zone around the excavation in which, soil excavation has considerable 
effect on adjacent existing tunnel, both in terms of horizontal and vertical displacements as well as internal loads on the 
tunnel lining. For vertical displacement, however, soil excavation leads to upward deflection of tunnel due to unloading 
effect. The numerical analyses were clearly showed that the tunnels existed in high depths have larger upward deflection due 
to soil excavation than tunnels in less depths. Further, the results were showed that both vertical and horizontal displacement 
on top of the wall increases as the distance of tunnel from excavation increases. Finally, it was observed that increasing the 
distance of tunnel from the excavation significantly reduces the relative bending moment, shear force and axial force on the 
lining. 
 
Index Terms: Tunnel, Soil excavation, Soil nailing, Interaction, Supported wall. 
 
I. INTRODUCTION 
 
Urban rail transport systems have been continuously 
developed in recent decades, especially with the aid 
of underground tunnels. At the other hand, due to the 
limited space in urban areas, the value of land in 
large, crowded cities are increasing. Therefore, deep 
excavations are inevitable projects in capital urban 
areas to use the land as more as possible. It has been 
shown that excavation adjacent to under operation 
tunnels can affect these sensitive underground 
structures [1-2]. The changes in stress and strain 
regimes due to unloading effect of excavation may 
threaten the safe operation of tunnels. The negative 
consequences of an excavation near to a tunnel 
studied through field monitoring [3]. Centrifuge tests 
also confirmed the adverse effects of soil excavation 
on the underground facilities [4]. Although some 
previous studies argued that the critical case is a 
tunnel underlying an excavation [5], there are some 
evidences about the severe damages of tunnels next to 
an excavation [6]. A list of some previous cases in 
which tunnels were affected by adjacent excavations 
prepared by [7].  
Excavations in urban areas is a complicated project 
due to various limitations such as urban 
infrastructures and underground structures including 
metro tunnels, pipelines and so on. Moreover, soil 
conditions is a key factor in designing soil excavation 
so that its factor of safety against sliding and its 
deformations meet design code requirements. In some 
soils, especially cohesionless ones, excavation is not 
possible up to high depths unless excavation wall 
supported. One of the most widely used excavation 
wall support systems is soil nailed walls. It consists of 
the insertion and grouting of metallic reinforcement 

into the ground, in combination with the use of 
shotcrete facing to provide excavation support, which  
is originally derived from the system developed for 
rock-excavation support known as the “New Austrian 
Tunneling Method”, well-known as NATM. Soil nail 
walls are constructed as a “top-down” construction 
sequence; firstly, the ground is excavated in lifts of 
limited height. Then, soil nails and an initial shotcrete 
facing are installed at each excavation lift to provide 
support. Ultimately, a final shotcrete or cast-in-place 
concrete facing is installed [8]. 
 
Due to the complex stress – strain behavior next to an 
excavation, the vertical and horizontal displacements 
of the adjacent tunnel may be differ from one case to 
another. Therefore, it is critical to investigate if there 
is a possible pattern to predict the behavior of tunnel 
and adjacent excavation in terms of some parameters 
such as vertical and horizontal distances of tunnel 
from excavation, as well as diameter of tunnel and so 
on. 
 
The operation of tunnels are directly related to their 
displacements by various design codes, although the 
controlled values are not the same. This is the same 
for excavations, as their design is directly related to 
,not only their factor of safety against sliding, but also 
to their deformations, as an indicator of their 
performance under subjected loads due to adjacent 
buildings and traffics [8]. Such controlling 
requirements force designers to evaluate 
deformations of both tunnels and excavations for a 
safe and optimum design. However, it is a tough 
mission to estimate deformations in a complex 
medium like soil. Although there are some 
investigations in the literature about the mutual 
effects of tunnels and adjacent excavations, most of 
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them are focused on a specific case. However, the 
lack of a systematic study is clearly felt. Further, 
there is a strong need to clarify the understanding of 
engineering community about how an excavation can 
affect an existing adjacent tunnel, mostly in a 
qualitative manner not necessarily a quantitative 
manner. 
 
In the current research, a parametric study is 
performed to determine the effects of various 
parameters on the interaction between an existing 
tunnel and an adjacent excavation supported with soil 
nailing method. A Finite Element Analysis (FEA) 
software, namely PLAXIS, is used to do this. The 
software is exclusively designed for solving 
complicated soil problems. It allows various soil 
constitutive models to be used while its staged 
construction process is appropriate for modelling and 
analyzing geotechnical problems in various phases of 
the problem. The application of PLAXIS in 
modelling and analyzing excavation adjacent to an 
existing tunnel is appropriately validated in the 
literature [7]. 
 
II. NUMERICAL METHODOLOGY 

 
Figure 1 shows the typical problem considered in the 
current research. An existing tunnel with diameter D 
located beneath the ground surface in depth h, the 
depth of tunnel centroid from ground surface, while it 
is subjected to a typical distributed load, q. In a 
horizontal distance, x, from the centroid of the tunnel, 
an excavation with height of H is performed and its 
walls are supported with soil nails. For simplicity, H 
is assumed to be 10 m while all soil nails are steel 
bars with diameter 32 mm, 6 m length, and 10 
degrees from the horizontal axis. It is assumed that 
nails are located in a 2 m space from each other in 
horizontal direction. 

 

 
Figure 1:  Schematic view of typical problem considered in the 

current study. 
 

The problem solved in plain strain condition. The 
finite element mesh is produced by elements with 15 
nodes. The tunnel lining, nails and shotcrete facing 
are defined as plate elements and their characteristics 

are listed in Table 1. The soil has two layer; a 
disturbed, organic soil with 1 m thickness from the 
ground surface and then, a clayey gravel is extended 
to the end of model boundary. It is assumed that the 
ground water table is very low. Soil properties are 
summarized in Table 2. The constitutive model of 
soils is soil hardening model in which, the behavior 
of soil is modeled based on both strength (cohesion, 
internal angle of friction and dilation angle) and 
deformation (modulus of elasticity in 50% of failure 
strain and modulus of elasticity during unloading) 
parameters. 
 

Property Shotcrete Nail Tunnel lining 
   D=4 m D=5 m D=6 m 

EA 
(kN) 

2.1×106 1.54×105 7.33×107 9.16×107 11×107 

EI 
(kN.m2) 

1750 57 2.68×107 5.23×107 9.04×107 

Table 1. Properties of shotcrete, nail and tunnel linings 
 

Soil description Disturbed, organic soil Clayey gravel 
Depth (m) 0-1.0 Below 1.0 m 

Unit weight (kN/m3) 17.0 18.0 
Eref

50 (kPa) 3.5×104 6.0×104 
Eref

un (kPa) 10.5×104 18×104 
c (kPa) 2.0 10.0 
φ (Deg) 25.0 34.0 
Ψ (Deg) 0.0 4.0 

Table 2. Soil properties 
 
A typical numerical model of the considered problem 
is shown in Figure 2. In favor of staged construction 
process, the tunnel firstly modeled by removing the 
soil inside the tunnel and activating its lining and 
then, excavation modeled by sequences of soil 
removing and nail activating, until the end of 
excavation. Finally, the analysis performed to find all 
deformations and forces induced by creating an 
excavation adjacent to an existing tunnel, both on 
tunnel lining and excavation wall. As can be seen in 
Figure 2, the deflection mode of excavation wall is 
cantilever type; i.e., the excavation wall is deflected 
towards the excavation while the ground surface is 
settled, both similar to a cantilever beam [9]. This is 
the case for all numerical analyses performed in the 
current research. 

 
Figure 2:  A typical numerical model of the considered 

problem in the current study. 
 

III. RESULTS AND DISCUSSION 
 
The aim of the current research is to investigate the 
interaction between an existing tunnel and a nail 
supported excavation through a numerical parametric 
study. In this regard, a series of numerical analyses 
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are performed in which, the horizontal distance of 
tunnel centroid from excavation wall, x, diameter of 
tunnel, D, and the depth of tunnel centroid from 
ground surface, h, are varied to find how these 
parameters change the displacements and forces on 
both tunnel lining and excavation wall. Table 3 
summarizes the ranges of x, D and h parameters 
considered in the current research. 
 

Description Case 1 Case 2 Case 3 
x (m) 10 12 14 
D (m) 4 5 6 
h (m) 5 10 15 

Table 3. Ranges of the horizontal distance of tunnel centroid 
from excavation wall, x, diameter of tunnel, D, and the depth of 

tunnel centroid from ground surface h parameters 
 
Figure 3 shows the variations of difference between 
maximum horizontal displacements of tunnel lining 
before and after excavation, against the ratio of 
horizontal distance of tunnel centroid from 
excavation wall to excavation depth, x/H, for various 
ratio of tunnel diameter to excavation depth, D/H, and 
various ratio of tunnel depth to excavation depth, h/H. 
As can be observed in Figure 3, the horizontal 
movement of tunnel is toward the excavation for all 
cases.  
This is because of horizontal unloading induced by 
excavating process. However, increasing the distance 
of tunnel from excavation leads to decreasing the 
horizontal displacement of tunnel. It shows that there 
would be a critical zone around the excavation in 
which, soil excavation has considerable effect on 
adjacent existing tunnel. Further, horizontal 
movement is increased as the tunnel diameter 
decreased. Moreover, by increasing the depth of 
tunnel, the horizontal displacement of tunnel due to 
adjacent soil excavation reduces. 
For vertical displacement (settlement), in general, soil 
excavation leads to upward deflection of tunnel due 
to unloading effect, as shown in Figure 4, especially 
for deeper tunnels. However, increasing the distance 
of tunnel from excavation causes less upward 
displacement in tunnel. This is another reason for 
presence a critical zone around the excavation in 
which, soil excavation has considerable effect on 
adjacent existing tunnel. Moreover, increasing tunnel 
diameter causes increasing the upward deflection of 
tunnel. At the other hand, the tunnels existed in high 
depths have larger upward deflection due to soil 
excavation than tunnels in less depths. 

 
(a) 

. 
(b) 

 
(c) 

Figure 3:  Variations of difference between maximum 
horizontal displacements of tunnel lining before and after 
excavation (Δxt), against the ratio of horizontal distance of 

tunnel centroid from excavation wall to excavation depth, x/H, 
for various ratio of tunnel depth to excavation depth, h/H (a) 

h/H=0.5, (b) h/H=1.0, and (c) h/H=1.5. 
 
The effect of tunnel – excavation interaction on the 
deformation of excavation wall supported with soil 
nails is shown in Figure 5. It can be seen that vertical 
displacement on top of the wall increases as the 
distance of tunnel from excavation increases. 
Similarly, horizontal displacement on top of the wall 
towards the excavation increases with increase in 
distance from tunnel. It seems that the presence of 
tunnel makes a complex strain field back of the wall 
so that wall displacement reduces in the present of 
tunnel. The effect of interaction between the existing 
tunnel and soil excavation on the internal forces of 
the tunnel lining is shown in Figure 6. It is clear that 
increasing the distance of tunnel from the excavation 
significantly reduces the relative bending moment, 
shear force and axial force on the lining. Further, 
increasing the size of tunnel leads to increase in 
internal forces on the tunnel. 

 
(a) 



International Journal of Management and Applied Science, ISSN: 2394-7926                                                 Volume-4, Issue-3, Mar.-2018 
http://iraj.in 

The Interaction Between an Urban Tunnel and an Excavation Soil Nailed Wall 
 

27 

 
(b) 

 
(c) 

Figure 4:  Variations of difference between maximum vertical 
displacements of tunnel lining before and after excavation 

(Δyt), against the ratio of horizontal distance of tunnel centroid 
from excavation wall to excavation depth, x/H, for various ratio 

of tunnel depth to excavation depth, h/H (a) h/H=0.5, (b) 
h/H=1.0, and (c) h/H=1.5. 

 

 
(a) 

 
(b) 

Figure 5:  Variations of (a) maximum horizontal displacement 
on top of wall (Δxw), and (b) maximum vertical displacement 

on top of wall (Δyw), against the ratio of horizontal distance of 
tunnel centroid from excavation wall to excavation depth, x/H, 

for ratio of tunnel depth to excavation depth, h/H=0.5. 

 
(a) 

 
(b) 

 
(c) 

Figure 6:  Variations of (a) bending moment difference (ΔMt), 
(b) shear force difference (ΔSt), and (c) axial force difference 

(ΔPt) against the ratio of horizontal distance of tunnel centroid 
from excavation wall to excavation depth, x/H, for ratio of 

tunnel depth to excavation depth, h/H=0.5. 
 
CONCLUSION 
 
A numerical research is performed to investigate the 
interaction between an existing tunnel and an 
adjacent excavation supported with soil nailing 
system. The following results are obtained: 
 

 The horizontal movement of tunnel is 
toward the excavation for all cases while for 
vertical displacement, soil excavation leads 
to upward deflection of tunnel due to 
unloading effect. 

 Increasing the distance of tunnel from 
excavation leads to decreasing the horizontal 
displacement of tunnel while it causes less 
upward displacement in tunnel. 

 It shows that there would be a critical zone 
around the excavation in which, soil 
excavation has considerable effect on 
adjacent existing tunnel. 

 Both vertical and horizontal displacements 
on top of the excavation wall increases as 
the distance of tunnel from excavation 
increases. 
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 Increasing the distance of tunnel from the 
excavation significantly reduces the relative 
bending moment, shear force and axial force 
on the tunnel lining. 
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