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To investigate the instability of two neighborhood tunnels with large crossing section during the construction, the Tushan subway
station was taken as study background, which was built in steeply jointed rock mass. Based on the excavation method called
traditional double side drift, numerical simulations of four different face excavation sequences in the two neighborhood tunnels
were conducted to optimize construction sequence to improve the stability during tunneling.*e results show that first excavation
of the right tunnel produced less deformation of the tunnels due to joints dip. *e effects of rock mass discontinuities on the
stability of the tunnels were studied through comparison between the real condition with joints and the assumed condition
without joints. Furthermore, six initial supporting systems with different parameters were compared, and the field observations of
deformations along tunnel profile show good agreement with the numerical results. Based on the numerical simulation, the length
of rock anchors could be designed asymmetrically, which is more economical than the symmetrical design. *e optimized
thickness of shot concrete and spacing of steel sets was 35 cm and 60 cm, respectively.

1. Introduction

Rock mass always contains some discontinuities such as
joints which are considered as a softer and weaker region
than surrounding intact rock [1]. Due to sliding or detaching
easily along the discontinuity plane, many unstable accidents
of underground openings were reported to be closely related
to joints [2–4]. *e joint size is negatively correlated to
tunnel stability when the other conditions are identical [5].
*e stability is often significantly influenced by the size of
tunnel crossing section. *e subway station is a typical kind
of tunnel with large crossing section, which is always more
than 300m2 in Chongqing of China and has a very high risk
during construction by subexcavation especially in the soft/
weak ground [6]. Furthermore, neighborhood tunnels must
occasionally be constructed due to either interchange or
limitation of underground space. *is has potential to de-
crease stability because of interaction between the twin
tunnels. *ree factors that negatively impact the stability of
tunnel are (1) presence of joint, (2) large section, and (3)

small spacing. Even though all three factors rarely appear
simultaneously, this work reports on the rare case when all
three factors do indeed appear simultaneously. *erefore, it
is necessary to develop a construction method to decrease
risk and promote economic feasibility.

Stability is the most important problem in tunnel
construction and is related to excavation method and
support system [7]. Numerical analysis is an effective means
to simulate the construction process [8]. Due to the an-
isotropic mechanical behavior of jointed rock mass, the
discontinuum-based methods would be appropriate. *e
discrete element method (DEM) is the most popular for
simulating the mechanical reaction during tunnel con-
struction. For example, Vardakos et al. [9] conducted a
numerical back analysis of the response of a highway tunnel
during construction using DEM computer code UDEC.
Funatsu et al. [10] employed the DEM commercial codes
PFC2D to study the mechanism of the effects of ground
supports and reinforcements on tunnel stability in a sandy
ground. *e discontinuous deformation analysis (DDA) is
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especially applicable to solve large displacement and de-
formation problems. For example, Tsesarsky andHatzor [11]
studied the stability of underground openings excavated in a
blocky rock mass considering the joint spacing and friction.
However, due to loss efficiency of calculation and more
requirement of numerical expertise, the application of
discontinuum-based method usually is not possible to assist
design or construction for engineers at project site. By
contrast, continuum-based method is more widely used due
to more efficiency and easier modeling, which mainly in-
clude finite element method (FEM) and finite difference
method (FDM). For example, Satıcı and Ünver [12] pre-
sented assessment of tunnel portal stability at jointed rock
mass at a highway in Turkey by a comparative numerical
model with no jointed rock mass using FEM. Barla [13]
employed FDM software FLAC to simulate the swelling
phenomenon induced by the excavation of the tunnel to
understand the behavior of tunnels in swelling ground.
Generally, most of studies using continuum-based method
are focused on some cases of intact rock mass or highway
tunnel [14, 15], whereas studies such as the type in this paper
are rarely reported. *is paper concerns steeply jointed rock
mass and supercrossing section of subway station con-
structed by the subexcavation method.

In this paper, two neighborhood tunnels of subway
station with superlarge section at steeply jointed rock mass
are taken as study example. Numerical simulations are
carried out to compare different construction methods and
find out the best face excavation sequence and support
system parameters, which will significantly help to decrease
the risk, makemoney, and reduce the duration of this project
construction.

2. Engineering Background

Chongqing is a typical mountain city in the west of China
with less available land, and therefore, subway system be-
comes one of the most important and efficient modes of
transportation.*ere are 213 km of subway already built and
with plans to construct 200 kmmore in the near future. Even
with so many subway lines, the efficiency suffers because of
the geographical conditions of mountain city, so the loop
line has been constructed to deal with it. *e total length of
the loop line is 51 km and is made up of 33 stations. *e
Tushan station in this paper is one of the 13 interchange
stations, which is shown in Figure 1. *e subway station is
located in the old pedestrian street of Nanan district in
Chongqing. Some roads, building foundations, and mu-
nicipal pipes will be crossed below or nearby the subway
station, which means a rigid deformation will be required
during tunneling.

*e whole Tushan subway station is made up of two
neighborhood tunnels and ten aisles for pedestrian to in-
terchange line, as shown in Figure 2. *e total length of the
station is about 426m (mile mark from DK28+ 422.648 to
DK28+ 848.640). *e longitudinal section profile is pre-
sented in Figure 3.

*e location of DK28 + 632.848 was adopted as the study
object, as shown in Figure 2, and the crossing section of

tunnels is shown in Figure 4. Each tunnel is a two-floor and
island-style station with the span of 21.56m and height of
20m (crossing section is 375.26m2). *e site elevation is
from 250m to 281m, and the mean cover depth of tunnel is
27.3m. *e ground layer from top to bottom is backfilled
soil (0–5m) and then either sandstone or sandy mudstone
(deeper than 5m), and there is only some fissure water inner
rock mass. Based on the field geotechnical investigation, the
dominant joints inner ground should be the interface be-
tween sandstone and sandy mudstone. *e joint is a kind of
mud structure surface with a thickness of 2–5mm.*e joint
dip along tunnel axis is about 30°, and the intersection angle
between them is about 14°, as shown in Figure 3. Most of
joints dip in crossing section plan is about 47°, as shown in
Figure 4, which indicates steeply jointed rock mass ground.
*e spacing between the two tunnels is 19.7m, which means
typical neighborhood tunnels.

According to local experience of underground space
construction in Chongqing city, the station tunnel was
constructed by the subsurface excavation method of NATM
(new Austria tunnel method), which could lead to a large
deformation and even serious collapse during tunneling. In
consequence, there is a dire need to develop the best con-
struction method including face excavation sequence and
reasonable support parameter.

3. Numerical Simulation Method

3.1. Numerical Model. Double side drift method is one of
most common partial excavation methods for more effec-
tively controlling the large deformation after tunneling,
which is most popular and widely applied in subway station
construction in Chongqing city, such as Linjiangmen station
of line-2 [16], Daping station of line-1 [17], and Hongqi-
hegou station of line-3 [18].*erefore, the similar excavation
method was adopted by designers.

A series of parallel numerical simulation have been
performed using the commercial finite element software
MIDAS/GTS. Because the axial length of tunnel is much
large than the dimension of crossing section, the three-di-
mensional model can be reduced to a two-dimensional
model [19]. According to the real dimensions, as shown in
Figure 4, the numerical meshes are built, as presented in
Figure 5, which include intact rock, joints, and support
structure. *e ground surface is free, and the other sides are
constrained normally.

*e ratio of in situ stress or field stresses ‘‘k0” is
adopted as 0.55 according to the geotechnical investiga-
tion. *e ground stress release ratio after excavation and
before support ‘‘k1” is adopted as 0.6 according to the
design codes of a road tunnel in China. *e modeling
procedures are completed by 3 steps as follows: firstly, the
numerical model reaches equilibrium and produces the in
situ stress field of k0. Secondly, the following step is to
excavate the tunnel face with a ground stress release ratio
of k1. *irdly, the support system is reactivated with a
remaining stress release ratio of 1−k1. *e second and
third steps will be iterated a few times until the whole
profile of twin tunnels is formed.

2 Mathematical Problems in Engineering



3.2. Parameters for Calculation. An ideal elastic-plastic
constitution model based on Drucker–Prager yield criterion
is employed for the solid elements of intact rock. Some

common triaxial compression tests were conducted by the
machine named RMT-150C from China, as shown in
Figure 6(a). *e intact rock mechanical parameters are
obtained, as presented in Table 1. According to the design
codes of a road tunnel in China, the rock can be classified
into grade IV; therefore, Poisson ratio of rock should be 0.30
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Figure 5: *e FEM meshes for numerical simulation.
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to 0.35, and eventually, the estimated value of 0.32 is
adopted. To prove the adopted constitution model, the
uniaxial compression test of model material was simulated
by Midas/GTS. *e relationship of axial stress and strain
along the vertical direction is compared between laboratory
test and numerical simulation, as shown in Figure 7, from
which it can be seen that the results of numerical simulation
agree well with those in the material test result. According to
field investigation, the rock mass in the project site is ap-
proximately intact except the interfaces between sandstone
and mudstone considered later. *erefore, the geotechnical
parameters of rock mass are similar to intact rock by ig-
noring the size/scale effect due to little discontinuity.

*eMohr–Coulomb shear strength criterion was chosen
to model interface elements of joints. It can be described as

τmax � ci + σn tanϕ, (1)

where τmax is the shear strength (maximum shear stress
along the interface),Ci is the cohesion, σn is the normal stress
applied to the interface, and φ is the friction angle of in-
terface surfaces. Using the directed shear test, the shear
strength can be recorded for different normal stresses also by
the machine RMT-150C, as shown in Figure 6(b). *e re-
lationship between normal stress and shear strength is
presented in Figure 8, and accordingly, the cohesion and
friction angle are calculated to be 0.08Mpa and 25°,
respectively.

*e normal stress σn and shear stress τs are determined
by

σn � knun,

τs �
ksus, ksus ≤ τmax,

τmax, ksus > τmax,
􏼨

(2)

where kn and ks are normal and shear stiffness of the in-
terface and un and us are normal and shear displacement,
respectively. Both the normal stiffness and shear stiffness of
the interfaces are determined using the empirical equation
[20]:

kn � ks � 10 ×
K +(4/3G)

Δzmin
, (3)

where Δzmin is the smallest width of an adjoining zone in the
normal direction, which is 2mm in the established model. K
and G are bulk modulus and shear modulus of the medium,
respectively, which are 3.5GPa and 1.21GPa, respectively.

Some structure elements based on elastic model are
chosen to simulate the support system, for example, beam
element for shot concrete and embedded truss element for
rock anchors. Steel component sets along tunnel profile are
simulated by increasing elastic modulus of shot concrete
based on the equivalent principle as follows [21]:

Eeq �

��������������������������������

Eshots + Esteel/Eshot − 1( 􏼁EshotAsteel/d􏼂 􏼃
3

􏽱

���������������������������������
Eshots

3 + 12 Esteel/Eshot − 1( 􏼁EshotJsteel/d􏼂 􏼃

􏽱 . (4)

*e subscripts eq, shot, and steel indicate the equivalent
structure, shot concrete, and steel component, respectively.
E and A are the elastic modulus of substance and crossing
section area, s is the thickness of shot concrete, d is the
spacing distance of steel component along tunnel axis, and J
is the moment of inertia of cross section.*e equivalent unit
weight c of structure can be calculated as follows. All
physical and mechanical parameters of support structure are
presented in Table 2:

ceq � cshot +
csteelAsteel

ds
. (5)

(a) (b)

Figure 6: *e apparatus for rock tests in laboratory: (a) common triaxial for intact rock; (b) direct shear for joint.
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3.3. Simulation Cases. To develop a construction method
that keeps the stability of tunneling, there are three kinds of
numerical cases studied in this paper.

3.3.1.2e Safer Excavation Sequences. Four cases are studied
with each having different excavation methods but same
support parameters. *ese four cases are presented in
Figure 9, where numbers with circle mean excavation

sequence. By comparative results, the better construction
method of partial excavation is determined and discussed in
Section 4.1. *e length and spacing of rock anchor with steel
of Q235 are 6.0m and 1.0m, respectively; the thickness of
shot concrete is 0.3m, and the spacing of steel component
with type of I 25b is 0.5m.

3.3.2. Effect Analysis of Steep Joints. Two cases will be
studied. One case is the real situation with joints at rock
mass, while the other case is the supposed situation without
any joint. By comparative results, the dominant effects of
joint will be discussed in Section 4.2. *e excavation se-
quence is adopted as in Figure 9(a), and the measured points
for upcoming analysis are presented in Figure 10.

3.3.3. 2e More Reasonable Support System. After deter-
mination of excavation sequences, the optimization analysis
of support system was carried out for more economical cost.
By comparative results of different support parameters, the
optimal support system can be found out, which will be
discussed in Section 4.3. Rock anchors were considered as
different lengths and same spacing of 1.0m, as shown in
Table 3, where case no. 2 and case no. 4 had different lengths
at right and left side walls of tunnel. Shot concrete was
studied by considering different thicknesses of concrete layer
and spacing of steel component, as presented in Table 4,
where the results are calculated according to equations (4)
and (5).

4. Comparison Analysis of Results

4.1. Comparison Analysis of Excavation Sequence. *e iso-
grams of vertical and horizontal deformation after all tun-
neling for case no. 1 are shown in Figures 11(a) and 11(b),
respectively. Vertical settlement like an arch shape mainly
concentrated in the zones between the two tunnels. Vertical
heave mainly concentrated near tunnel invert, and the value
at the right tunnel was distinctly larger than the value at the
left tunnel. Horizontal deformation is mainly concentrated
on the side wall especially for the intersection zones with
joints. *e maxima of deformation along the tunnel profile
for the 4 cases with different excavation sequences are
presented in Table 5. Case no. 2 is the only one where left
tunneling was the first completed which results in a larger
deformation than the other 3 cases. *is means that first
completion of right tunneling should be better than first
completion of left tunneling with regard to deformation.*e
other 3 cases with first completion of right tunneling had
deformations that resembled each other.

*e isogram diagrams of rock anchor force and shot
concrete stress for case no. 1 are shown in Figures 12 and 13,

Table 1: *e physical and mechanical parameters of intact rock.

Material Unit weight (kN/m3) Friction angle (°) cohesion (MPa) Elastic modulus (GPa) Poisson ratio
Filled soil 20.5 28 0.028 0.5 0.45
Sandstone 24.9 41.5 2 3.4 0.15
Sandy mudstone 25.6 32.5 0.6 1.1 0.39
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Table 2: Parameters of support system.

Material Unit weight (kN/m3) Elastic modulus (GPa) Poisson ratio
Strength (MPa)

Compression Tension
Shot concrete 24.8 29.5 0.2 25 1.78
Steel component 78.5 210 0.3 235 235
Rock anchor 77 210 0.3 235 235
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Figure 9: Diagrams of construction sequence for 4 cases: (a) case no. 1; (b) case no. 2; (c) case no. 3; (d) case no. 4.
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respectively. *e mechanical reaction of structure generally
displayed asymmetric distribution between left tunnel and
right tunnel especially near the intersection zone of tunnel
profile and joint. *e maxima of anchor force and concrete
stress for the 4 cases with different excavation sequences are
presented in Table 6. Case 1 leads to a much smaller force of
rock anchor than case 3 and case 4. However, it results in a
slightly larger stress of shot concrete than case 3 and case 4.
On the contrary, the efficiency of construction had to be
considered for shortening the construction period. Case 1
had more operation face than case 3 and case 4. In con-
clusion, the case 1 method should be the best construction
method of the 4 cases, which was also adopted in following
studies.

4.2. Comparison Analysis of Joint Effect. *e isograms of
vertical and horizontal deformation after completely tun-
neling for the case of no joint are shown in Figures 14(a) and
14(b), respectively. For the case of no joint, the vertical
deformation distributed symmetrically with maxima is lo-
cated at the crown of tunnel. Compared with Figure 11, the
joints make the deformation become larger in both left and
right tunnels. It seems that the whole tunnel system tends to
move down. Because the joints would slide to right hand, the
deformation reaction influenced by joint is much more for
right tunnel. *e vertical deformation distribution along
the arches profile of two tunnels (as points A1 to A14 in
Figure 10) is compared between the 2 cases, as shown in
Figure 15.*emean increment of deformation between with
joint and no joint in the right tunnel is more than a factor
of two greater than the left one.

*e horizontal convergence along the side walls of two
tunnels (as points B1 to B14 in Figure 10) is compared, as
shown in Figure 16. For the case of no joint, the deformation
between left tunnel and right tunnel is almost close to each
other. For the case with joint, the convergence got bigger
somewhere or smaller somewhere. *e maxima of con-
vergence also appeared at the right tunnel, which is roughly
the same with the changing rules of vertical deformation.

*e settlements along surface between the two cases after
completely tunneling are compared, as shown in Figure 17.

For the case of no joint, the zone of settlement influenced by
tunneling is distributed symmetrically and mainly con-
centrates in range between the two tunnels. *e maximum
locates nearby axis of model symmetry. Comparatively, the
joints lead to more settlement and make maximum move to
right side, which means the upcoming loading on tunnel
structure will become distinctly greater and significantly
more unsymmetrical.

*e joints had significant influences on the mechanical
reaction of rock anchors, and themaxima of anchor force are
summarized in Table 7. *e maxima of anchor force for the
case with joint are over 2 times greater than the case with no
joint. *e location of maximummoves to the intersection of
tunnel profile and joints.

*e maxima of shot concrete stress are summarized in
Table 8. It is the same as anchors reaction rule that the joints
lead the increasing and moving of shot concrete stress.
Fortunately, both tension stress and compression stress were
much lower than the requirement of safety factor.

4.3. Comparison Analysis of Support Optimization. *e de-
formation statistics of vertical settlement and horizontal
convergence are presented in Figure 18. *e values between
case nos. 1, 2, and 3 were very close to each other, which
mean anchor length would have no remarkable influence on
tunnel deformation when it is less than 4.5m. *e defor-
mations for case nos. 4, 5, and 6 are much less than the values
of case nos. 1, 2, and 3. *erefore, anchor length will have
notable influence on tunnel deformation when it is more
than 4.5m. *e deformations between case nos. 4, 5, and 6
were close to each other, which indicate the length of anchor
is unnecessary when it is more than 6.0m. By comparing
case nos. 4 and 5, the support effect is close to each other, but
case 4 had anchors at left side of tunnel 1.5m shorter than
case no. 5. *e maxima of anchor force with different cases
of supporting system are presented in Figure 19. In con-
sequence, the distribution of rock anchors should be
designed according to case no. 4 considering both me-
chanical reactions and economic feasibility.

*e deformation statistics of maximum vertical settle-
ment and of horizontal convergence for different supporting
parameters are shown in Figures 20 and 21, respectively.
Both settlement and convergence will decrease according to
the increasing thickness of shot concrete, but the slope
progressively became almost constant when thickness is
more than 35 cm which was adopted as the support pa-
rameter. For the same thickness of shot concrete, less
spacing of steel component results in less induced defor-
mation. However, the deformations changed inconspicu-
ously when the spacing is less than 0.6m which was adopted
as the support parameter for economic consideration.

Table 3: Length of rock anchors.

Case no. 1
2

3
4

5 6
Right wall Left wall Right wall Left wall

Length of anchors (m) 3 3 4.5 4.5 4.5 6 6 9

Table 4: Equivalent elastic modulus (GPa) and unity weight
(kN/m3).

Spacing
*ickness

25 cm 30 cm 33 cm 35 cm 40 cm
40 cm 33.8/25.9 32.0/25.4 31.2/25.2 30.7/25.1 29 .7/24.8
50 cm 31.6/25.3 30.2/24.9 29.5/24.8 29.2/24.7 28.4/24.5
60 cm 30.2/24.9 29.0/24.6 28.4/24.5 28.1/24.4 27.5/24.2
70 cm 29.2/24.7 28.1/24.4 27.7/24.3 27.4/24.2 26.8/24.0
80 cm 28.4/24.5 27.5/24.2 27.1/24.1 26.8/24.0 26.4/23.9
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Figure 11: Isogram diagrams of deformation for case no. 1 after completely tunneling: (a) vertical deformation; (b) horizontal deformation.

Table 5: Maxima of deformation for different cases.

Case no.
Vertical direction (mm) Horizontal direction (mm)

Settlement Heave Towards right Towards left
1 15.36 28.46 8.74 7.63
2 15.82 28.16 10.16 6.13
3 14.90 28.05 5.22 6.34
4 15.05 28.00 8.06 6.85
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Figure 12: Isogram diagrams of rock anchor force for case no. 1.
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Figure 13: Isogram diagrams of shot concrete stress for case no. 1.
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4.4. Comparison Analysis with Field Measurement. Some
deformation data from field monitoring including settle-
ment at arch roof and convergence at side wall were
recorded, as shown in Figure 22. Due to the support effect of
excavation face and the process of stress release, the de-
formation in field lasted more than one month and finally
got constant as the end of curves, which means the tunnels
were stable during construction. Basically, the numerical
results are a bit more than the field observation. In fact,
measurement devices in tunnel are always installed much
later than the excavation both in space and time, which

would lead to some deformation and took place before ob-
servation. According to these studies [22, 23], 20–60% of
immediate deformation could not be observed due to the delay
of installation of monitoring system. By contrast, the difference
for the subsidence observation on surface is much less than
data inner tunnel because the monitoring work can be con-
ducted on the ground synchronously.*e subsidence datawere
compared between numerical simulation and field observation,
as shown in Figure 23, which suggested the satisfying agree-
ment and similar distribution rules with each other. *e rel-
ative errors between numerical result andmeasurement data at

Table 6: Maxima of structure force or stress.

Case no.
Rock anchor force (kN) Shot concrete stress (MPa)

Tension Compressive Compressive Tension
1 79.08 49.97 10.26 0.44
2 58.44 41.68 9.12 0.47
3 97.53 65.75 8.12 0.38
4 98.98 50.47 8.23 0.32

Displacement
TY, mm 

+1.22139e + 001 
+1.05125e + 001 
+8.81121e + 000 
+7.10988e + 000 
+5.40854e + 000 
+3.70720e + 000 
+2.00587e + 000 
+3.04532e – 001 
–1.39680e + 000 
–3.09814e + 000 
–4.79948e + 000 
–6.50081e + 000 
–8.20215e + 000

(a)

Displacement
TX, mm 

+2.32831e + 000 
+1.94093e + 000 
+1.55355e + 000 
+1.16617e + 000 
+7.78784e – 001 
+3.91402e – 001 
+4.02093e – 003 
–3.83361e – 001 
–7.70742e – 001 
–1.15812e + 000 
–1.54551e + 000 
–1.93289e + 000 
–2.32027e + 000

(b)

Figure 14: Isogram diagrams of deformation for case of no joint: (a) vertical deformation; (b) horizontal deformation.
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Figure 15: Vertical settlement curves along tunnel arch profile.
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Figure 16: Horizontal convergence curves along tunnel side wall.
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Figure 18: Maxima of deformation for different cases of supporting.
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Figure 17: Surface settlement curves of two different cases.

Table 7: Maximums comparison of rock anchor.

Type of case
Maximum of tensile force Maximum of compressive force

Value (kN) Safety factor Location near Value (kN) Safety factor Location near
With joint 79.08 1.46 Left shoulder of left tunnel −49.97 2.31 Left side wall of right tunnel
No joint 29.11 3.96 Crown of right −15.54 7.42 Right foot of left tunnel
Safety factor is equal to the ratio between strength and force of rock anchor.

Table 8: Maximum comparison of shot concrete.

Types of case
Maximum of compressive stress Maximum of tensile stress

Value (MPa) Safety factor Location near Value (MPa) Safety factor Location near
With joint −10.26 2.44 Right shoulder of left tunnel 0.44 4.05 Right shoulder of right tunnel
No joint −4.25 5.88 Right shoulder of left tunnel 0.34 5.24 Crown of left tunnel
Safety factor is equal to the ratio between strength and stress of shot concrete.
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Figure 20: Maximum settlements changing curve with supporting parameters.
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Figure 19: Maxima of anchor force for different cases of supporting.
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different measurement locations in this study are presented in
Table 9, which indicates numerical simulation has an ac-
ceptable agreement with field observation. Generally, both of
the deformation maxima and speed at measured points are

under the standard of stability according to Chinese road
tunnel construction codes. Eventually, the underground sub-
way station made up of many tunnels was constructed safely
and finished in July 2017.

Table 9: Result comparison of measured points.

Measured position, number Numerical result (mm) Measurement data (mm) Relative error
Left roof, point A4 11.03 9.6 14.9%
Right roof, point A11 12.61 10.3 22.4%
Left wall, point B5 3.79 3.1 22.2%
Right wall, point B12 11.75 9.5 23.7%
Maxima of surface subsidence 10.07 9.41 6.5%
*e position of points is shown in Figure 10.
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Figure 22: Displacements of settlement and convergence obtained from field monitoring.
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Figure 23: Comparison of surface subsidence between simulation and observation.
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5. Conclusions

By taking two neighborhood tunnels of subway station with
supersection at steeply jointed rock mass as an application
example, some numerical simulations have been conducted
for finding out the most reasonable construction method for
this special underground structure. Based on these inves-
tigations, some conclusions can be drawn as follows:

(i) *e face excavation sequence like traditional double
side drift was adopted. Due to the special location
relations between tunnels and joints, the better
excavation sequence should be first completing the
right tunnel rather than the left because of less
deformation of tunnel and inner force of support
system.

(ii) By adding discontinuities and keeping other details
the same, the dominant effects of joint on con-
struction stability have been proved by some con-
centrations of deformation and increasing inner
force of structure near the intersection between
tunnel profile and joint.

(iii) *e reasonable length of rock anchor should be
unsymmetrically designed for saving cost and al-
most the same support effect. *e reasonable
thickness of shot concrete and spacing of steel
component should be 35 cm and 60 cm,
respectively.

(iv) *e deformations by field observation show good
agreements with the results of numerical simulation
and meet the requirements for the stability of
tunnels during construction.
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