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Abstract—Since, both the relative position of tunnels and the 

construction procedure affect the soil movement and internal forces 
in the lining, it is of major concern to study the influence of these 
factors on the tunnel design. Construction procedures of tunnels have 
considerable effects on the magnitude of surface movements and 
lining stresses. This paper describes numerical analysis of 
construction procedure of a three adjacent shallow tunnels at high 
groundwater levels using the commercial finite difference software 
(FLAC-3D). The aim of this study is to determinate the most suitable 
construction procedure for the three tunnels and the optimum 
excavation step in Tehran Metro tunnels in order to optimize the 
surface settlements and lining stresses. 

 
Keywords—Shallow tunnel, multiple tunnels, construction 

procedure, surface movement, numerical modeling. 

I. INTRODUCTION 
HE need for tunnel design and construction in urban 
areas, mainly for transportation purposes, has increased 

markedly in recent years, especially in Tehran city. New 
tunnels are often required in close proximity to the existing 
ones and construction must be carried out without damage 
either to the buildings above the excavation field or to the 
subsurface infrastructures. During the design stages it is 
therefore necessary to predict possible interaction effects. 

Due to the high interaction between tunneling and existing 
structures in urban areas, tunneling operations in urban areas 
draws much attention. This paper describes a thorough 
analysis of the tunneling influence in soft soils on surface 
settlements. A combination of in situ observations and 
numerical modeling was previously adopted to analyze such 
problem. 
The surface settlements, S above a single tunnel constructed in 
soft ground are usually assumed to follow an inverted 
Gaussian curve, i.e. 
 

2 2
max exp ( y / 2 )S S i= −                                              (1) 

 
where Smax is the maximum settlement (over the tunnel axis), 
y is the vertical distance from the tunnel axis and i is the width 
of the settlement trough [1]. 

The source of these settlements is the “volume loss” which 
occurs at the tunnel. It is defined as the additional volume of 
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soil which is excavated over the volume required to house the 
final lining. As excavation proceeds, the soil ahead of the face 
is unloaded so it tends to move inwards. Losses also occur 
behind the face due to the nature of the shield in which the 
excavation is being carried out.  

Many field studies have confirmed (1) to be acceptable for 
green field sites [2]-[5] while, for structures in urban 
situations, (1) is no longer valid. 

For multiple tunnels, settlements from each are calculated 
according to (1) and then added up to give the resultant. This 
however ignores the interaction between tunnels during their 
construction. It is clear that the disturbance associated with 
tunnel construction will change the properties of the 
surrounding soil, and hence alters the effect of a subsequent 
tunneling operation through that zone of soil. 

Consider a multiple tunneling scheme of two parallel 
tunnels. Due to construction of the second tunnel, the first 
tunnel and the surrounding soil may move as a rigid body. The 
redistribution of stress results in an effect which is known as 
“arching” around the second tunnel. Arching has a 
consequence of tunnel load removal, in other words, a 
reduction in earth pressure [6]-[8]. Furthermore, if the second 
tunnel is in the close proximity of the first one there will be 
lining distortion and displacements towards the first tunnel. 
The minimum distance between the tunnels, so as to avoid the 
interaction effects, clearly varies according to the position and 
the soil properties.  

Recently, researchers have used both physical and 
numerical models to study tunnel interaction. Reference [9] 
performs a series of two dimensional finite element (FE) 
analyses of multiple tunnels using a linear elastic soil model. It 
reports that interaction effects are small at a pillar width (i.e. 
the clear space between the outside of two tunnels) of one 
tunnel diameter (1D). However, at a pillar width greater than 
2D there was no apparent interaction. Hence, the tunnels of 
this case could be considered independent and the settlements 
would be calculated accordingly. It also find that the surface 
settlements stemmed from the excavation of the second tunnel 
are higher than those resulted by the first.  

Reduced-scale physical model testing of parallel tunnels is 
performed in [10]. For pillar widths greater than 1.5D the 
interaction effects were found to be small. Two-dimensional 
FE analysis of multiple tunnels using a non-linear elastic-
perfectly plastic soil model is performed in [11]. In this paper 
it is concluded that in side-by-side tunnels, just for a pillar 
width greater than 7D interaction effects became negligible. 
On the other hand, for the “piggy-back” situation (where the 
tunnels axes are vertically aligned) the pillar width at which 
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TABLE III 
RESULTS OF VARIOUS EXCAVATION STEP MODELING 

Excavation 
step (m) 

Maximum surface 
settlement (mm) 

Maximum 
shear stress in shotcrete (MPa) 

Maximum pressure stress in 
shotcrete (MPa) 

Maximum tension stress 
in shotcrete (MPa) 

1.5 18.01 3.00 5.95 1.00 
2 19.30 3.55 6.05 1.20 
3 25.02 3.87 6.50 1.20 

 
VI. CONCLUSIONS 

Analysis and assessment of built tunnel models showed 
that, changing construction procedure make it possible to 
reduce the ground surface settlements and control the amounts 
of shotcrete stresses. Also the excavation step has an 
important effect on the amounts of ground movements. So we 
can find the optimum construction procedure and excavation 
step, in order to control the ground movements and shotcrete 
stresses. 

The modeling showed that in shallow tunneling, the 
important criterion of planning is ground surface movements; 
because its magnitude, especially in soft ground, is usually a 
high amount which will be a problem in urban areas. But 
amounts of shotcrete and lining stresses, was very smaller than 
its allowed magnitude. So we can here reduce the shotcrete 
thickness. 
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