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Abstract: In constructing high-geo-stress soft rock tunnels, the major deformation disaster of the
surrounding rock has always been the main problem faced during construction. The research
on the deformation and loose zone characteristics of large deformation tunnels has positive
significance for the safe and rapid construction of tunnels. Therefore, based on the Yuntunpu
large deformation tunnel, this article first analyzes the geological and deformation characteristics
of the tunnel site area in response to the problem of high-geo-stress soft rock large deformation.
Subsequently, on-site testing and analysis were conducted on the loose zone characteristics of
four tunnel sections. Finally, based on the comprehensive analysis of tunnel deformation and
loose zone characteristics, the causes of large deformation in the tunnel are analyzed. The results
indicate that the large deformation characteristics of the Yuntunpu Tunnel are mainly manifested
as a large initial deformation rate of the surrounding rock, a short self-stabilization time of the
surrounding rock, a large cumulative deformation amount, and a long deformation duration.
The Yuntunpu Tunnel is influenced by the grade and structure of the surrounding rock, with a
loosening zone ranging from 12 to 14 m, and the wave velocity variation characteristics exhibited
by different grades of surrounding rock vary greatly. Adopting collaborative active control
of long and short anchor rods is recommended to limit the continued development of loose
zones and the deformation of surrounding rocks. The large deformation of tunnels is mainly
affected by high geo-stress, formation lithology, geological structure, engineering disturbance,
and groundwater. Among them, high geo-stress and formation lithology are the decisive and
important factors for the occurrence of major deformation disasters in the tunnel.

Keywords: high geo-stress; double-line railway; large deformation tunnel; characteristics of loose
zone; deformation characteristics; field test

1. Introduction

Tunnel construction in China is gradually developing towards the direction of
large tunnel burial depths, long distances, and complex and diverse geological con-
ditions [1]. Tunnels built in Southwestern China are generally buried deep, resulting
in high geo-stress [2]. Moreover, the surrounding rock is weak, coupled with strong
geological structures, which often cause major deformation disasters in tunnels [3]. In
large deformation tunnels, the support structure is severely distorted and deformed [4],
with a deformation rate of up to 50 cm/d in severe cases [5], and even the secondary
lining is crushed [6]. Therefore, studying the characteristics of tunnel deformation and
loose zones and analyzing the causes of large deformation is crucial.
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The complexity of studying large deformation tunnels is reflected in the diverse
reasons and influencing factors that cause large deformation [7]. High geo-stress,
rock mass structure [8], tectonic movement, and water–rock interaction are the lead-
ing causes of surrounding rock deformation [9]. During the excavation process of
Changning Tunnel, there was significant sliding and peeling of the surrounding rock,
which mainly occurred in the shear sliding part of the stratum. The influencing factors
of large deformation in tunnels mainly include in situ stress conditions [10], strata
occurrence [11], rock strength, rock integrity [12], and groundwater conditions [13].
The large deformation characteristics of tunnels are mainly reflected in the large defor-
mation amount, fast deformation rate, and the inability to converge for a long time.
After the excavation of the Yulinzi Tunnel, there is a large amount of deformation, with
a deformation of 400–600 mm in the shallow buried area and 800–1000 mm in the deep
buried area. The arch deformation of the Yulinzi Tunnel is relatively large, and the
overall deformation distribution of the tunnel is related to the excavation sequence [14].
The average deformation rate during the excavation process of the Jiangluling Tunnel is
10–30 mm/d, and the cumulative maximum deformation is 40–80 mm. The horizontal
convergence of the tunnel is greater than the settlement of the arch crown, and the
degree of deformation increases approximately linearly with the burial depth [15].
Affected by the geological suture zone, groundwater, and the mechanical characteris-
tics and occurrence of Luang Prabang rock mass, the deformation of the China Laos
Railway surrounding rock presents obvious asymmetric characteristics. The tunnel
arch crown and right arch waist deformation are significant [16]. Liu et al. [17] also
studied the mechanical deformation characteristics of the surrounding rock caused by
the unloading effect of tunnel excavation under different section types. They believed
that the plastic zone and deformation value of the surrounding rock of circular tunnels
are the smallest.

In contrast, the loose zone of the surrounding rock in a horseshoe-shaped tunnel
is larger. The large deformation of the tunnel has caused severe damage to the support
structure. For example, in the early stage of the Dapingshan Tunnel, continuous
longitudinal cracks appeared on the support side wall, with a width of about 5–13 mm
and a length of 0.5–2.0 m [18], and the steel arch frame was severely twisted and
bent [19]. The maximum horizontal convergence of the Maoxian Tunnel reached 1.8 m,
and the large deformation caused by compression was relatively severe [20]. There
were phenomena such as the concrete cracking and peeling, the steel frame twisting
and breaking, inverted arch uplift, and bolt fracture failure [21].

It is found that the causes of large deformation in tunnels are diverse, and the
deformation characteristics are also different under different types of large deformation.
There is limited research on the characteristics of large deformation and loose zones
in high-geo-stress soft rock large cross-section tunnels. To further enrich the research
results on large deformation of tunnels, this article takes the Yuntunpu double-track
railway tunnel as the basis and first studies the large deformation characteristics of
high geo-stress soft rock tunnels. Then, on-site loose zone testing revealed the law of
loose zones in large deformation tunnels. Finally, the reasons for the large deformation
of the Yuntunpu Tunnel are analyzed. The specific road map of this study is shown
in Figure 1. The research results can provide a reference for similar soft rock large
deformation tunnel engineering.
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2. Project Overview

The Yuntunpu Extra Long Tunnel of the Chengdu Lanzhou Railway is located between
Minjiang Township and Qingyun Township in Songpan County, connecting to the Minjiang
Village Extra Large Bridge at the front and Songpan Station at the back. The geological
conditions of this section are complex, with unfavorable geological development. The
total length of the tunnel is about 22.92 km, and it is a double-line joint repair tunnel with
a maximum burial depth of about 780 m and a minimum burial depth of about 12 m.
The tunnel site area is located in the rapidly changing terrain zone on the eastern side
of the Sichuan Basin and the Qinghai Tibet Plateau, with complex geological conditions.
The geologic structure presents an “A”-shaped triangular fault block, composed of the
N.E. trending Longmenshan fault zone, the NWW near E.W. trending West Qinling fold
zone protruding towards S, and the near S.N. trending Minjiang fault zone. Yuntunpu
Tunnel mainly passes through sandstone intercalated with slate, carbonaceous phyllite,
and phyllite intercalated with sandstone. The physical and mechanical parameters of the
surrounding rock are shown in Table 1. Due to the strong compression of the fault block,
the rock mass undergoes severe wrinkling deformation and fragmentation. Some sections
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of the tunnel pass through the core of multiple folds, and the self-stability ability of the
surrounding rock is extremely poor [22]. The Yuntunpu Tunnel geological longitudinal
section and the regional geologic structure map are shown in Figures 2 and 3.

Table 1. Physical and mechanical parameters of surrounding rock.

Ground Unit Weight γ
(kN/m3)

Elastic Modulus
E (MPa)

Deformation
Modulus Ed (MPa)

Poisson’s Ratio
µ

Internal Friction
Angle ϕ (◦)

Cohesion c
(MPa)

Sandstone
intercalated with slate 22.8~23.6 3.2~4.6 2.37 0.22 25.6 0.26

Carbonaceous
phyllite 23.8~24.5 0.8~1.2 0.89 0.24 23.5 0.15

Phyllite intercalated
with sandstone 22.8~23.4 1.5~2.1 1.33 0.23 21.1 0.12
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Figure 2. Tunnel geological longitudinal section.
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The Yuntunpu Tunnel has high geo-stress. The test was carried out at 8 m left of
D6K228 + 085 by hydraulic fracturing method, and the final hole depth was 456.83 m.
According to the integrity of the drilling core, ten testing sections were conducted within
the depth of 270.00–450.00 m in hole PDZ Yuntunpu 04, and 7 effective data sections were
successfully obtained. The stress measurement results are shown in Table 2. Pb is the
fracturing pressure, Pr is the fracturing open pressure, Ps is the instantaneous closing
pressure, PH is the hydrostatic pressure, P0 is the rock pore pressure, T is the rock tensile
strength, SH is the maximum principal stress, Sh is the minimum principal stress, and Sv is
the vertical stress.

Table 2. PDZ-Yuntunpu-04 hydraulic fracturing in situ stress measurement results.

Serial
Number

Test Section
Depth/(m)

Fracturing Parameter/(MPa) Stress Value/(MPa)
SH Direction (◦)

Pb Pr Ps PH P0 T SH Sh Sv

1 274.8–275.8 10.69 7.69 2.69 2.43 / 9.95 7.69 7.27
2 320.3–321.3 15.63 9.63 8.13 3.13 2.88 6 11.88 8.13 8.65 N52◦ W
3 356.8–357.8 13.99 8.99 8.49 3.49 3.24 5 13.24 8.49 9.44
4 384.0–385.0 18.76 9.26 8.76 3.76 3.5 9.5 13.52 8.76 10.16 N38◦ W
5 392.4–393.4 17.84 11.94 9.84 3.84 3.59 5.9 13.99 9.84 10.38
6 432.6–433.6 15.73 12.23 10.23 4.23 3.98 3 14.48 10.23 11.44 N31◦ W
7 445.1–446.1 11.86 10.36 4.36 4.1 / 15.12 10.36 11.77

It can be found that the maximum horizontal principal stress near the tunnel body
is about 15 MPa, and the minimum horizontal principal stress is about 10 MPa. The
estimated vertical principal stress using the unit weight of the overlying rock layer is
about 2.70 g/cm3, which is about 12 MPa. The relationship between the three-dimensional
main stress values near the tunnel body is SH > Sv > Sh. The average ratio of the SH to
Sv is 1.34, with a maximum of 1.40, indicating that the characteristics of in situ stress
are mainly characterized by regional tectonic stress. The in situ tensile strength of rocks
is 3.0–9.50 MPa. The rock structure and rock structure influence the testing section, and
individual differences exist in individual testing sections, resulting in certain differences
in testing results. The in situ fracture pressure of rocks is 14.0–19.0 MPa. The SH direction
is N31◦ W–N52◦ W, with an average of N41◦ W. The angle between the SH direction and
the tunnel axis is relatively large, which can easily cause significant deformation of the
surrounding rock.

3. Deformation Characteristics of Yuntunpu Tunnel

With the excavation of multiple sections of the Yuntunpu Tunnel, the deformation of
the surrounding rock continues to increase, with the most severe deformation reaching
50 cm/d. The damage to the support structure caused by large deformation includes the
distortion and deformation of the steel arch frame, cracking, peeling, and local peeling of
the lining concrete at the arch crown and side walls, seriously affecting construction safety
and efficiency. The on-site monitoring data and construction records of the research section
are summarized, and the major deformation characteristics of the severely deformed area
are analyzed. They are mainly manifested in the following aspects:

(1) The initial deformation rate of excavation is high, and the self-stabilization time of
surrounding rock is short.

The deformation rate of the surrounding rock at section D6K234 + 205 is shown
in Figure 4. From Figure 4, the rate of change of the arch settlement and horizontal
convergence shows a trend of the first surge and then a slight decrease. The change
rates of arch settlement and horizontal convergence peaked on the seventh day, and the
maximum deformation change rates reached 27.3 mm/d and 30.7 mm/d, respectively. On
the 28th day, the deformation rate decreased to the lowest and remained stable at around
5 mm/d. The initial deformation rate of the surrounding rock is high, and the deformation
increases rapidly, making it difficult to control. The main reason is that the surrounding
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rock is weak, the crustal stress is high, and the deformation process is accompanied by
strain softening. The self-stability ability of the surrounding rock is extremely poor, and
the self-stability time is only ten hours at most.

Appl. Sci. 2023, 13, x FOR PEER REVIEW 7 of 16 
 

 
Figure 4. The curve of the deformation rate of surrounding rock (D6K234 + 205). 

(2) Large total deformation 
The deformation of the Yuntunpu Tunnel is mainly caused by inward extrusion de-

formation, with significant deformation occurring at mileage 7#, mileage 6#, and mileage 
5#. The deformation time history curve of section D6K234 + 210 surrounding rock is shown 
in Figure 5. It can be seen from Figure 5 that the deformation monitoring time of surround-
ing rock at this section is 101 days in total, and the initial deformation of the surrounding 
rock is large. The vault settlement and horizontal convergence reach 543.1 mm and 501.5 
mm on the 20th day. The deformation growth slows, and the final cumulative monitoring 
deformation reaches 815.2 mm and 874.0 mm, respectively. The monitoring of the arch 
settlement and horizontal convergence values are close to 1 m, indicating that the defor-
mation of the surrounding rock is uniform and the overall deformation is large. 

 
Figure 5. Deformation duration of surrounding rock (D6K234 + 210). 

(3) Long deformation duration 
The deformation time history curve of the surrounding rock of section D5K231 + 990 

is shown in Figure 6. From Figure 6, the settlement and horizontal convergence of the arch 
crown in this section have a long time, which continues to increase after 60 days. After 120 
days, the deformation reaches stability. Due to strain and water softening, the deformation 
is still increasing, with a maximum duration of 1 year. The results show that soft sur-
rounding rock has serious rheology and long deformation duration under high geo-stress. 
Effective support measures should be taken as soon as possible to maintain the stability 
of the surrounding rock and provide a safe working space for construction and lining. 

0 10 20 30 40 50 60 70

0

5

10

15

20

25

30     Crown settlement rate
 Horizontal convergence rate

Ra
te

 o
f c

ha
ng

e 
(m

m
/d

)

Monitoring date (d)

0 10 20 30 40 50 60 70 80 90 100
0

200

400

600

800

      Crown settlement
 Horizontal convergenceD

ef
or

m
at

io
n 

of
 su

rro
un

di
ng

 ro
ck

 (m
m

)

Monitoring date (d)

Figure 4. The curve of the deformation rate of surrounding rock (D6K234 + 205).

(2) Large total deformation

The deformation of the Yuntunpu Tunnel is mainly caused by inward extrusion
deformation, with significant deformation occurring at mileage 7#, mileage 6#, and mileage
5#. The deformation time history curve of section D6K234 + 210 surrounding rock is
shown in Figure 5. It can be seen from Figure 5 that the deformation monitoring time
of surrounding rock at this section is 101 days in total, and the initial deformation of the
surrounding rock is large. The vault settlement and horizontal convergence reach 543.1 mm
and 501.5 mm on the 20th day. The deformation growth slows, and the final cumulative
monitoring deformation reaches 815.2 mm and 874.0 mm, respectively. The monitoring of
the arch settlement and horizontal convergence values are close to 1 m, indicating that the
deformation of the surrounding rock is uniform and the overall deformation is large.
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(3) Long deformation duration

The deformation time history curve of the surrounding rock of section D5K231 + 990
is shown in Figure 6. From Figure 6, the settlement and horizontal convergence of the
arch crown in this section have a long time, which continues to increase after 60 days.
After 120 days, the deformation reaches stability. Due to strain and water softening, the
deformation is still increasing, with a maximum duration of 1 year. The results show that
soft surrounding rock has serious rheology and long deformation duration under high
geo-stress. Effective support measures should be taken as soon as possible to maintain the
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stability of the surrounding rock and provide a safe working space for construction and
lining.
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(4) Significant spatial effect of surrounding rock deformation

When the tunnel passes through the soft stratum with high geo-stress, the difficulty
of the surrounding rock deformation and stability control increases with burial depth.
Even if the strength of the surrounding rock increases and the burial depth increases, the
surrounding rock is weak, and the deformation is still difficult to control, causing significant
damage. In addition, the spatial effect of deformation in the Yuntunpu Tunnel is significant,
with significantly uneven spatial distribution. Large deformations often occur in areas with
tectonic and groundwater development.

(5) Strong environmental sensitivity

The deformation of the surrounding rock of the Yuntunpu Tunnel is influenced by
certain environmental factors, which are sensitive to groundwater erosion, blasting vibra-
tion, support failure, and other secondary disturbances caused by other actions and can
promote the accelerated deformation of the surrounding rock.

4. Characteristics of Loose Zone in Yuntunpu Tunnel

The circular range where stress redistribution during tunnel excavation and construc-
tion disturbances causes the surrounding rock to rupture is called the loose zone [23,24].
The determination of the scope of the loose zone is of great significance for the effective
and reasonable design of support, control of surrounding rock deformation, and related
theoretical development.

4.1. Test Method for Loose Zone

Currently, the methods for determining the loose zone of surrounding rock include
acoustic waves, seismic waves, etc. Among them, the acoustic method has the highest
frequency of application due to its simple operation and good economy. The sound wave
method obtains the physical and mechanical indicators of different rock and soil media
based on the changes in propagation parameters (wave velocity, attenuation velocity, sound-
time value, frequency spectrum, etc.) of sound waves in different rock and soil media [25,26].
Previous studies have shown that the scope of the loose zone varies with the geologic
structure and physical and mechanical properties of the rock mass, the location and section
shape of the tunnel, and the construction method. Therefore, based on the development
density of sound waves in different fractures, different degrees of fragmentation, and
changes in wave velocity and amplitude under stress conditions, the curve of wave velocity
changing with depth is plotted, and the range of the tunnel’s loose zone is inferred by
combining engineering geological data [27].



Appl. Sci. 2023, 13, 9009 8 of 14

4.2. Analysis of Loose Zone Test Results

Four test sections were selected for the typical weak surrounding large rock defor-
mation section of the Yuntunpu Tunnel test section (Section 1: D6K234 + 309, Section 2:
D5K231 + 948, Section 3: D5K226 + 824.4, Section 4: D5K226 + 824.4). Each section is
arranged with a measuring point on the left and right side walls, with a drilling depth of
20 m and an aperture of 100 mm. Due to construction site conditions, only one measuring
point is arranged on the left side wall of the tunnel for Section 3. The test results are shown
in Figures 7–13. In the figure, L represents the drilling depth, and Vp represents the elastic
longitudinal wave velocity of the surrounding rock.

(1) Analysis of Test Results for Section 1

The test results of Section 1 are shown in Figures 7 and 8. The construction method
of this experimental section adopts two-step excavation. According to the variation of
surrounding rock wave velocity with drilling depth, it can be found that the 7# small
mileage direction face has severe water inrush due to the right drilling hole. Therefore,
the left side wall is mainly used as the main reference value for analyzing data. The wave
velocity of the surrounding rock on the left side wall undergoes a drastic change of around
12 m. Based on the proposed criteria for evaluating the loose zone of the surrounding rock,
it is comprehensively determined that the range of the loose zone is around 12 m.
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(2) Analysis of Test Results for Section 2

The test results of Section 2 are shown in Figures 9 and 10. According to the variation
of the surrounding rock wave velocity with drilling depth, it can be found that the 6# large
mileage direction tunnel face is mainly based on the right side wall as the main reference
value for analyzing data due to severe hole collapse and blockage on the left side of the
drilling hole, as well as high water output. The wave velocity of the surrounding rock on
the right side wall undergoes a drastic change of around 15 m. According to the proposed
evaluation criteria for the loose zone of the surrounding rock, the loose zone range is
roughly 15 m.
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(3) Analysis of Test Results for Section 3

The test results of Section 3 are shown in Figure 11. According to the variation of
the surrounding rock wave velocity with drilling depth, it can be observed that the wave
velocity of the surrounding rock measured on the left side wall of the 5# large mileage
direction face changes sharply around 7 m. According to the proposed evaluation criteria
for the broken rock zone, the loose rock zone range is approximately 7 m.
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(4) Analysis of Test Results for Section 4

The test results of Section 4 are shown in Figures 12 and 13. According to the variation
of surrounding rock wave velocity with drilling depth, it can be found that the testing
process of the drilling hole set in the direction of 5# small mileage is relatively smooth.
Based on the comprehensive comparison of the wave velocity variation characteristics of
the surrounding rock on both sides of the side walls and the proposed evaluation criteria
for the broken rock zone, the range of the loose rock zone caused by tunnel excavation is
approximately 14 m.

Appl. Sci. 2023, 13, x FOR PEER REVIEW 11 of 16 
 

 

Figure 11. Variation of wave velocity of surrounding rock of right wall-drilling depth (D5K226 + 

824.4). 

(4) Analysis of Test Results for Section 4 

The test results of Section 4 are shown in Figures 12 and 13. According to the variation 

of surrounding rock wave velocity with drilling depth, it can be found that the testing 

process of the drilling hole set in the direction of 5# small mileage is relatively smooth. 

Based on the comprehensive comparison of the wave velocity variation characteristics of 

the surrounding rock on both sides of the side walls and the proposed evaluation criteria 

for the broken rock zone, the range of the loose rock zone caused by tunnel excavation is 

approximately 14 m. 

 

Figure 12. Variation of wave velocity of surrounding rock of left wall-drilling depth (D5K225 + 

620). 

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5

1

2

3

4

5

6

7

loose zone range

V
p

       (
k

m
/s

)

L (m)

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

1

2

3

4

5

loose zone range

V
p

       (
k

m
/s

)

L (m)

Figure 12. Variation of wave velocity of surrounding rock of left wall-drilling depth (D5K225 + 620).

Appl. Sci. 2023, 13, x FOR PEER REVIEW 12 of 16 
 

 

Figure 13. Variation of wave velocity of surrounding rock of right wall-drilling depth (D5K225 + 

620). 

(5) Summary and analysis of loose zone test results 

The summary of the loose zone test results is shown in Figure 14. From Figure 14, it 

can be seen that the loose zone of the Yuntunpu Tunnel ranges from 12 to 14 m. Affected 

by the grade and structure of the surrounding rock, the wave velocity variation character-

istics exhibited by different grades of surrounding rock vary greatly. The wave velocity 

increases and decreases with increasing drilling depth for weak rock masses. For harder 

rock masses, the wave velocity shows a trend of first improving and then stabilizing with 

increasing drilling depth. The difference in the trend of changes between soft rock and 

hard rock is mainly due to the significant impact of stress concentration caused by soft 

rock tunnel excavation on the wave velocity of the rock mass. 

 

Figure 14. Summary of loose zone test of Yuntunpu Tunnel. 

The tunnel has a wide range of loose zones, and severe large deformation problems 

occurred during construction. Therefore, to prevent the development of loose zones, it is 

necessary to implement a collaborative approach of long and short anchor rods to actively 

control the development of the loose zones and the deformation of the surrounding rock. 

After excavating the upper bench, short anchor bolts should be promptly applied and 

prestressed to form a “bearing ring” in the shallow surrounding rock. After excavation of 

the middle and lower steps, short prestressed anchor rods and long anchor rods shall be 

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5

1

2

3

4

5

6

loose zone range

V
p

       (
k

m
/s

)

L (m)

Section 1 Section 2 Section 3 Section 4
0

2

4

6

8

10

12

14

16

B
ro

k
en

 z
o
n

e 
d
ep

th
 (

m
)

Figure 13. Variation of wave velocity of surrounding rock of right wall-drilling depth (D5K225 + 620).



Appl. Sci. 2023, 13, 9009 11 of 14

(5) Summary and analysis of loose zone test results

The summary of the loose zone test results is shown in Figure 14. From Figure 14, it
can be seen that the loose zone of the Yuntunpu Tunnel ranges from 12 to 14 m. Affected by
the grade and structure of the surrounding rock, the wave velocity variation characteristics
exhibited by different grades of surrounding rock vary greatly. The wave velocity increases
and decreases with increasing drilling depth for weak rock masses. For harder rock masses,
the wave velocity shows a trend of first improving and then stabilizing with increasing
drilling depth. The difference in the trend of changes between soft rock and hard rock
is mainly due to the significant impact of stress concentration caused by soft rock tunnel
excavation on the wave velocity of the rock mass.
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The tunnel has a wide range of loose zones, and severe large deformation problems
occurred during construction. Therefore, to prevent the development of loose zones, it is
necessary to implement a collaborative approach of long and short anchor rods to actively
control the development of the loose zones and the deformation of the surrounding rock.
After excavating the upper bench, short anchor bolts should be promptly applied and
prestressed to form a “bearing ring” in the shallow surrounding rock. After excavation of
the middle and lower steps, short prestressed anchor rods and long anchor rods shall be
applied, and the long anchor rods shall pass through the range of the loosening zones to
further strengthen the “bearing ring” and transfer some of the surrounding rock stress to
the outside of the loosening zones. The ultimate goal is to limit the loose zones’ further
development and control the surrounding rock’s deformation.

5. Analysis of the Causes of Large Deformation in the Yuntunpu Tunnel
5.1. High Geo-Stress

The initial crustal stress value is the decisive factor affecting the deformation of the
tunnel’s surrounding rock [11]. After the tunnel excavation, the crustal stress can be
released, and the surrounding rock will deform. According to the field measurement data,
the rock core cracked into cakes under high geo-stress, and the uneven horizontal stress
distribution resulted in the uneven thickness of the rock cakes. Before the tunnel excavation,
the surrounding rock is in the post-peak plastic failure state. After the tunnel excavation,
the original crustal stress equilibrium state is broken, and the stress is redistributed. In
addition, the surrounding rock is weak, and the self-stability of the surrounding rock
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is poor, resulting in a large range of inward extrusion deformation and failure of the
surrounding rock.

5.2. Formation Lithology

The formation lithology is an important factor affecting the deformation of the sur-
rounding rock [28]. The soft rock of the Yuntunpu Tunnel is mainly a low-grade meta-
morphic rock with a phyletic structure. It is softened and marginalized seriously when
encountering water. Joint fissures are developed. The uniaxial compressive strength of the
rock is less than 30 MPa. Moreover, the engineering properties are poor, which can easily
cause large deformation of the surrounding rock and have poor resistance to weathering.
After excavation, it is easy to produce rock debris and debris, and powdering can occur
even if it is not affected by water.

5.3. Geologic Structure

The site area of the Yuntunpu Tunnel is located in multiple fracture zones with complex
and diverse geological structures [13]. The tunnel site mainly passes through the “A”-
shaped fault block composed of Longmenshan Fracture, West Qinling fold, and Minjiang
Fracture zones. In addition, strong geological tectonic processes promote the development
of structural planes such as rock joints, fractures, unconformity surfaces, and contact sur-
faces of intrusive bodies, decreasing rock strength. Affected by high geo-stress, blasting
vibration, and tunnel construction, the self-stability ability of the surrounding rock de-
creases, resulting in shear and sliding of the structural plane, leading to major deformation
disasters and severe damage to the initial support.

5.4. Engineering Disturbance

Engineering disturbance directly affects the deformation of the surrounding rock [29].
Before the tunnel excavation, the rock mass is in equilibrium, and the rock mass is subject to
high initial crustal stress in three-dimensional space. With the tunnel excavation, the rock
surface around the tunnel is in an unconstrained free state, the original crustal stress balance
is broken, and the stress is redistributed. The surrounding rock absorbs part of the crustal
stress, and the transfer value is deep in the surrounding rock. The other part is released in
the form of deformation energy. The surrounding rock undergoes extrusion deformation
towards the tunnel clearance, leading to local stress concentration and a new equilibrium
state during stress release and transfer. According to the elastic and elastic–plastic theory
analysis, crustal stress changes from three to two directions. The shear stress increases, and
the radial stress decreases. When the limit value is reached, the surrounding rock is within
the range of compressive stress. The tunnel excavation’s unloading effect and deformation
cause the rock skeleton’s matrix to expand due to sliding and opening, resulting in shear
plastic deformation. The modulus of the surrounding rock strength decreases, and the rock
mass’s shear creep further increases the surrounding rock’s deformation.

5.5. Groundwater Impact

Groundwater is an indirect effect that affects tunnel-surrounded rock deformation [30].
The lithology of the Yuntunpu Tunnel is mainly the phyllite stratum, in which sericite,
chlorite, and other minerals are dissolved by water absorption and are highly sensitive
to water. It is easy to be softened, disintegrated, and argillized under pressure when
encountering water, leading to a deterioration of cohesion and internal friction angle. At
the same time, the primary structure in the phyllite collapses, resulting in a rapid decrease
in mechanical properties. Under high geo-stress, the water in phyllite is squeezed out, and
the water content decreases greatly. After tunnel excavation, the dry soft rock provides a
deep water path for groundwater collection, leading to water leakage within the tunnel
and further increasing the deformation of the surrounding rock.
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6. Conclusions

This article relies on the Yuntunpu Tunnel Project to study the characteristics of a large
deformation in the tunnel and tests the loose zone of the tunnel. Finally, the reasons for the
large deformation in the tunnel are analyzed, and the main conclusions are as follows:

(1) The large deformation of the Yuntunpu Tunnel is characterized by a large deformation
rate of the surrounding rock, short self-stabilization time of the surrounding rock,
large cumulative deformation, and long deformation duration.

(2) The range of tunnel loosening zones is 12–14 m. Affected by the grade and structure of
the surrounding rock, the wave velocity variation characteristics exhibited by different
grades of surrounding rock vary greatly.

(3) It is recommended to use long and short anchor rods and to actively limit the scope of
the loosening zones and control the deformation of the surrounding rock in collabora-
tion with short prestressed anchor rods and long anchor rods.

(4) High geo-stress and geological lithology are the decisive and important factors for the
occurrence of large deformation disasters in the tunnel, and the reasons for the large
deformation of the tunnel also include geological structures, engineering disturbances,
and the influence of groundwater.

This article discusses in detail the characteristics of large deformations, the characteris-
tics of loose zones, and the causes of large deformations in the Yuntunpu Tunnel. The next
step will be to explore the application effects of different control measures in the Yuntunpu
Tunnel project based on its characteristics and conduct in-depth research on each measure
to optimize its construction parameters.
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