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Abstract. Shallow buried and unsymmetrically loaded tunnel is the most common type of mountain tunnel 
portal. Currently, most of the studies mainly focus on the stability of side slope, while the investigation on 
the deformation of the front slope after tunnel excavation is relatively less. In this paper, the influence of 
front slope gradient and the angle between tunnel and slope on stability of tunnel portal was analyzed by 
FLAC3D. The results show that: When the front slope angle is greater than 40°, the slope deformation caused 
by tunnel excavation is larger with the increase of slope angle. In order to ensure the safety of construction, 
we should not only pay attention to the treatment of the front slope before the tunnel excavation, but also 
pay attention to the monitoring of the front slope deformation during the excavation of the tunnel portal 
section. And the most suitable entry angle between tunnel axis and the front slope is 0°, which can control 
the vertical displacement of relatively large deformation. The research conclusions can provide some 
reference for the excavation and support design of mountain tunnel portal. 

1 Introduction 
In the construction of highway in mountainous areas, 
tunnel is often the largest investment project, but also the 
control project1,2. In the process of tunnel construction, 
the stability of the portal slope is often in a prominent 
position. 

Currently, the research on slope instability mainly 
focuses on the deformation of slope caused by surface 
excavation and filling3,4, redistribution of stress field5 
and displacement field6,7. The influence of tunnel 
excavation on slope stability was mainly concentrated on 
the side slope of unsymmetrically loaded tunnel8,9, but 
the research on the deformation of the front slope is still 
not enough. In fact, many failures such as cracking and 
instability and collapse of the front slope occurred in the 
process of tunnel portal excavation. Such as the 
Chejiaoshan tunnel in Jinan City, Shandong Province, 
China, large cracks appeared in the process of entering 
the tunnel10. During the excavation of Hekou tunnel 
(Lanzhou City, Gansu Province, China), a large number 
of cracks appeared on the front slope. And there were 
signs of further sliding and collapse11. The main reason 
was that the influence of portal excavation on the 
deformation of the front slope is ignored. 

Therefore, it is necessary to study the influence of 
excavation at the entrance of mountain tunnel on the 
deformation law of the front slope. In this paper, 3D 
numerical calculation is been used to analysis the 
deformation of the slope under different slope gradient 
and the relationship between the slope and the tunnel 
axis. The conclusions can provide some reference for the 

stability design of the slope at the entrance of mountain 
tunnel. 

2 Influence of front slope gradient 

2.1 3-D model and calculation parameters 

According to the characteristics of mountain tunnel 
portal, the established three-dimensional numerical 
model is shown in Fig. 1. Four different front slope 
gradients are considered, i.e.  =30°, 40°, 45°and 50°. 
In the x direction, the right boundary of the model was 
taken to the natural surface, and the left boundary was 
taken to 5 times the excavation span of the tunnel. In the 
y direction, the upper boundary was taken to the natural 
surface, and the bottom was taken as 4 times the 
excavation height of the tunnel. In z direction, the length 
is 80 m, and the buried depth of the tunnel was 3 m at 
the boundary of z = 0. There were about 20 494 grid 
points and 57 292 zones of the model. 

In the calculation, the upper and right boundaries 
were free boundaries, and the other boundaries were 
constrained by normal displacement. Considering that 
the surrounding rock at the tunnel entrance is seriously 
weathered and very broken, it was calculated as grade V 
surrounding rock according to Chinese code. The 
surrounding rock was elastic-plastic material, the yield 
criterion was M-C criterion, and the initial support was 
elastic model. The self-weight load was considered in 
the initial load, and the material parameters used in the 
calculation are shown in Table 1. 
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Table 1. Parameters of surrounding rock and initial support. 

Parameters Surrounding rock Initial support 

Gravity (kN / m3) 20 22 

Elasticity modulus 
(GPa) 1.5 21 

Poisson’s ratio 0.33 0.2 

Cohesion (MPa) 0.4 — 

Internal friction angle (°) 24 — 

 

Fig. 1. Three-dimensional model. 

2.2. Calculation results 

Fig. 2 shows the vertical displacement and horizontal 
displacement of the slope along the axis of the tunnel (z 
direction). The vertical displacement increases with the 
increase of z, while the horizontal displacement 
decreases with the increase of z. This is consistent with 
the arc shear slip mode: the horizontal displacement is 
small because the back of the slope sinks and slides in an 
arc, while front of slope tilts up and shears out, so the 
horizontal displacement is increased while the vertical 
displacement is reduced. The horizontal displacement of 
the slope is 10 times smaller than the vertical 
displacement, and the vertical displacement is more 
affected by the tunnel excavation than the horizontal 
displacement. It indicates that the displacement of the 
slope caused by excavation is mainly vertical 
displacement, and the second is horizontal displacement. 
When  less than 40°, the vertical displacement and 
horizontal displacement increase slowly with the 
increases of ; When  is greater than 40°, the vertical 
displacement and horizontal displacement increase even 
greater with the increases of . It shows that when  is 
larger than 40 ° The tunnel excavation is easy to cause 
the slope instability. 

Fig. 3 shows the vertical displacement and horizontal 
displacement of the ground along the x direction in z = 0 
plane after tunnel excavation. The main area affected by 
tunnel excavation is near the tunnel, and the rocks far 
away from the tunnel is relatively less affected. The 
horizontal displacement of the tunnel shows a hump 
curve with central subsidence, which indicates that the 
two sides of the tunnel tend to squeeze into the tunnel. 
The vertical displacement is 10 times higher than the 

horizontal displacement, which indicates that the failure 
mode of the slope near the tunnel is "collapse". The 
larger the  is, the more serious the "collapse" near the 
tunnel is, and the larger the "collapse" range is. When  
is greater than 40° the scope of influence increases faster. 
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(a) Vertical displacement 

0.0

0.2

0.4

0.6

0.8

0 4 8 12 16 20
z  (m)

H
or

iz
on

ta
l d

isp
la

ce
m

en
t（

m
m
）

  =30°
  =40°
  =45°
  =50°






 
(b) Horizontal displacement 

Fig. 2. Displacement of the slope along the axis of the tunnel 

-2.5

-2.0

-1.5

-1.0

-0.5

0.0
0 20 40 60 80

x  (m)

V
er

tic
al 

di
sp

lac
em

en
t  

(m
m

)

  =30°
  =40°
  =45°
  =50°







 

(a) Vertical displacement 
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(b) Horizontal displacement 

Fig. 3. Displacement of the surface at z =0 plane. 
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3 Influence of the angle between tunnel 
and front slope 
The influence of the intersection angle between the 
tunnel and the slope, that is, the angle  shown in Fig. 4, 
 = 0°, 10°, 20°, 30° and 40°. Other dimensions of the 
numerical model were the same as those in Fig. 1, and 
the front slope gradient a=45° in the calculation. 
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Fig. 4. Angle between tunnel and the slope. 

Fig. 5 shows the displacement of the slope at the 
entrance under different . When  is less than 30°, the 
vertical displacement increases with the increase of  
When  is greater than 30°, the vertical displacement 
decreases with the increase of . The horizontal 
displacement is larger at the front edge and smaller at the 
back edge of the slope. The larger the  is, the greater 
the influence of tunnel excavation on the horizontal 
displacement of the back edge of the head slope is.  
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(a) Vertical displacement 
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(b) Horizontal displacement 

Fig. 5. Displacement of the slope along the axis of the tunnel. 

Fig. 6 shows the vertical displacement and horizontal 
displacement of the ground along the x direction in z = 0 
plane after tunnel excavation. The horizontal 
displacement shows a hump curve with the middle part 
sinking, which indicates that there is a tendency of 
squeezing into the tunnel on both sides of the tunnel. The 
vertical displacement is 10 times larger than the 
horizontal displacement, which indicates that the failure 
mode of the slope near the tunnel is "collapse" mode. 
The larger the  is, the more serious the "collapse" near 
the tunnel is, and the scope of "collapse" moves to the 
side of the ridge. 
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(a) Vertical displacement 
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(b) Horizontal displacement 

Fig. 6. Displacement of the surface at z =0 plane 
 
From the above analysis, it can be seen that in terms 

of the stability control of the head slope, , the more 
stable the surrounding rock is. The tunnel axis is nearly 
parallel to the inclination of the front slope (i.e. entering 
the tunnel vertically on the slope,  = 0°). It is most 
suitable because it is mainly to control relatively large 
deformation and vertical displacement. 

4 Conclusions 
Due to the lack of enough attention to the influence of 
tunnel excavation on the stability of the front slope, 
failure occurred in the process of excavation in many 
projects. In this paper, numerical calculation was used to 
analyze the front slope deformation after tunnel 
excavation under different conditions. The conclusions 
can be generally summarized as: 

(1) When the front slope angle  is 30°, The shear 
stress concentration area of surrounding rock appears at 
both sides of arch foot and shallow side arch. When is 
greater than 40°, there is also a shear stress concentration 
area at the deep side arch waist, and the shear stress 
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concentration area gradually expands with the increase 
of . The deformation of the tunnel may "transfer" to the 
side of the ridge, so the treatment of the slope on the side 
of the ridge should be paid more attention in the process 
of tunnel excavation. 

(2) When  is less than 40°, the slope deformation 
caused by tunnel excavation is small. When   is greater 
than 40°, the slope deformation caused by tunnel 
excavation is larger with the increase of . In order to 
ensure the safety of construction, we should not only pay 
attention to the treatment of the front slope before the 
tunnel excavation, but also pay attention to the 
monitoring of the front slope deformation during the 
excavation of the tunnel portal section. 

(3) The larger the angle  is, the more serious the 
collapse near the tunnel is, and the scope of collapse 
moves to the side of the ridge. This may be due to the 
adjustment of the direction of the tunnel entering, which 
alleviates the topographic bias caused by the slope when 
the tunnel enters the straight and small angle oblique 
tunnels to a certain extent. Therefore, the best entry 
angle  is 0°, which can control the vertical displacement 
of relatively large deformation. 

(4) The numerical method was used to simulate the 
influence of tunnel excavation on slope in different cases. 
Model test can be used to further study the mechanism of 
slope affected by tunnel excavation. 
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