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Prediction and analysis on large deformation of surrounding rocks in the Muzhailing Tunnel of

the Weiyuan—Wudu Expressway under high in-situ stress

Abstract: This study aims to solve the significant deformation issue in the soft surrounding rocks under high in-situ stress
encountered during the construction of the Muzhailing Tunnel on the Weiyuan—Wudu Expressway. We established a three-
dimensional geological model to invert the in-situ stress field using ANSYS based on measured in-situ stress data in the
engineering area. Then, we calculated and analyzed the deformation of the surrounding rocks by combining the inverted
results with the Hoek deformation prediction formula. The result showed that the in-situ stress field in the engineering area
was primarily controlled by faults, with secondary influences from rock strength and topography. In the intense tectonic
deformation zone, horizontal principal stress values are generally lower than in the weak structural deformation zone. The
relationship between the three principal stresses along the tunnel axis is Si>S,>Sy. The maximum horizontal principal stress
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in the intense tectonic deformation zone was the highest in the G8 section and the lowest in the G6 and G11 sections. In the
weak structural deformation zone, horizontal principal stress gradually increases from the G12 section until it decreases due
to reduced burial depth starting from the middle of the G14 section. The maximum horizontal principal stress orientation
was generally in the NE direction, and the extruded structural belt between the faults was mostly deflected to the NEE
—nearly EW direction. The deformation of the surrounding rocks was affected by rock mass strength and in-situ stress field,
with rock mass strength playing a dominant role. The deformation of the surrounding rocks is mainly concentrated in the
range of 20 to 80 cm, and the deformation levels are mainly moderate and intense.

Keywords: Muzhailing tunnel; high in-situ stress environment; large deformation of surrounding rocks; inversion of in-situ
stress field; tunnel stability
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Fig. 1 Regional geological and structural diagram of the Muzhailing engineering area

(a) Distribution of active faults in the West Qinling area; (b) Geotectonic outline of the engineering area and adjacent areas; (c) Geological sketch

of the engineering area
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Fig.2 Longitudinal section of the Muzhailing engineering area (The position of the longitudinal section is shown in Fig.1)
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Table | Measures in-situ stress data in the engineering area
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Table 2 Mechanical parameters of rock mass

Hs SR L N
(g+em®)  MPa
m [a 2.65 10000 0.25
\% 2.65 2200 0.30
P /A e
\Y 2.63 1300 0.35
WERLE PERFEORE DR 2.50 1100 0.37
= FbE N E) : :
. W2 f e R A
ks 71 AR A
T L ety SIS R S ) 2.46 1000 0.40

b 17 F7 35 T8 e X B A A B i R
T B, I X6 4R 4 A0 17 B JE T it 0 9 1) 52 A% 24
W, AT E I R AR A TR BRI SRR 2 A AH 4R
0 T PR 325 1) 32 8% 24 3R, 32 1 Al L 90 7K 7 2 0
OLA5 of 00T 795 00 TR 73 5300 6 A % 1) 7K SF- A6 JEE 48
FEBIA S-SKO3 Bl AL B 4G bill TR JEE 73 A 12 0 44 )
HBE B8 22, 32 0 ) Bl TR 2 AR A U5 1 2 (L3

®3 MNAXMESRRELR

Table 3 Comparison of measured and regressive in-situ stress
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Fig. 4 Characteristics of in-situ stress field in the Muzhailing
engineering area

(a) Contours of Sy; (b) Contours of S; (c) Contours of Sy; (d) Sy
orientation distribution at an altitude of 2400 m; (e) Sy orientation
distribution at an altitude of 2500 m; (f) Sy orientation distribution at

an altitude of 2600 m
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Table 4 Sectional statistics of in-situ stress of the highway tunnel axis position

53X B Sy/MPa S/MPa Sy/MPa Nk

Gl 22.71~23.54 16.32~18.44 0~6.28 NE43.8°—56.2°
G2 20.91~23.26 16.35~19.18 2.07~8.28 NE45.2°—61.1°
G3 20.91~21.74 16.36~18.48 7.41~8.27 NE45.3°—73.7°
G4 21.31~23.88 18.48~19.12 6.50~10.27 NE73.7°—98.6°
G5 18.21~21.31 15.93~18.86 10.27~11.93 NE25.2°—92.7°
G6 17.94~21.19 14.33~17.56 11.80~13.76 NE24.5°—34.4°

TR AT X G7 21.19~24.69 17.56~22.61 9.32~13.80 NE22.2°—46.6°
G8 22.77~25.49 20.77~23.26 5.99~9.32 NE46.6°—109.2°
G9 20.91~22.77 18.06~20.77 9.05~12.51 NE46.5°—100.6°
G10 20.76~24.81 14.52~18.65 9.05~11.90 NE91.9°—108.4°
Gl1 16.95~20.76 15.85~19.31 8.87~11.73 NE40.77°—108.0°
G12 20.48~29.28 19.31~25.35 6.89~11.06 NE40.5°—95.6°
G13 29.28~31.11 22.45~24.87 10.02~10.74 NE33.5°—41.0°

ST X Gl4 27.92~38.27 15.76~22.45 1.28~10.02 NE32.8°—44.2°
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Table 5 Values of point load strength of tunnel surrounding rocks
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RF; Wood(1972) £ H DL B sl pi s B 5 7
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B, Jethwa et al.(1984) 2 R F 75 1A Bl Bt Je 5 3
5 7 R 2 LA S 048 bR, 5K Ak TE (2003) 1) 2
WU BUA BT 38 B 55 iy 7 (g 38 W e b e K 32
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5 2 J7 %, Hoek(2001) 4 H} (1 45 JE 110 28 3K 7% 16 %
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HEAFERDERERRS &, T TENH
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Table 6 Ratio of surrounding rock strength along the highway

tunnel
431X 43Bt RO as
Gl 1.76~2.03
G2 2.16~2.61
G3 1.57~1.88
G4 2.20~2.52
G5 1.54~2.03
G6 2.47~3.06
R E AR G7 1.55~1.99
G8 2.04~2.29
G9 1.43~1.70
G10 2.10~2.51
Gl1 1.56~1.93
G12 1.79~3.10
G13 1.27~1.41
ARG Gl4 1.85~3.29
» o -(3241) (382 4054)
& =0.15 <1—) () QD)
Po Po

GSI

Tem = (0.0034m;°%) 5,4[1.029 +0.025¢ 1] % (2)

A e— X B it po—J50A N )5 p— BB 1E
) S AP By, 2 B8R M BT B8 RE, pi/po B 0.1(Hoek
and Marinos, 2000; #] JC 55 45, 2013); g K FL 4
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Table 8 Estimation of rock mass strength calculation parameters
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Table 7 Large deformation classification table
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Fig. 6 Calculation results of large deformation of surrounding rocks of the railway tunnel
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Table 9 Sectional statistics of highway tunnel surrounding rock

stability
41X B AR X/em ARSI 4
Gl SL-1 50.55~61.63  rhEE—uRE
G2 N—V 20.50~38.93  Ff—rpg
G3 F13 66.09~8521 3R
G4 \Y 21.57~26.17 ik
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G13 f16 99.15~114.75  SRFI—HRIR
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Fig. 8 Statistical distribution of large deformation in the highway

tunnel

() ST =, B B E BB
M—IV 2 H A, bR B EEERIEV HEH A,
56 2N — M 58 8 B BE A v g0 A A W SR I TR A R e 2
T SR, W R R A R A
AR e v TN A, DD R AR R A (AR T
SNFEL B AR TE O3 A R AR 2R B A R TR 52 0 IR R
JEE R M S 3 3 B U S 0 T e A R R S S AR
M, XS TR X E A BT R AT

4 i

HENWSBU/NY 0 N L S E R v Y VAP R 7k
{ELRE U082 3 PR A R 2, 2 B2 I B 3 ) 1
Y S MR B, ) R TR DX I R BE O | Ak A2 2%,
I B S HT K TR DR R 22 v B AT 5 R 2, A1
BT AR A R RIS A R R A R IR
PERZIR | D g A S L BT S8 5T
B 5E , I REAR 4 M fifp phe S B [ AL, DR Ibg B8 A 3 T



% 6 M

WO, S LI P YR A B3 K 9 T 5 B 5 197

C A W 5 3 W] b 10 77 3% 76 W7 24 [ 3k 25 k2B R
# B RO FE 0 ) 05 1) 7R 5 I W R Xl ) TR A
652 1] A W )23 5 1) B s A , T A T SR PN D 2%
R A AU 1) T 2 )2 A 1) A O A, [ B R SR P Y
PRS2 S T T A PR A A 25 R, Uy X
Jr ¥ 1l N T3 S 4 SRR O, R T 35 T I AR Ak R B 2%
(F5 A= B 55, 20025 31K 46 4%, 20185 B HH 2% 55,
2020) o H 2 AR S 0 B T M ) 3 R A5 R S
LA AR AT, W7 24 4 2 2 TR X 4l N ) 3 43 7 e
TR A s DR 25, 56 Jmy 30 b 17 7 1) i DR Tl B
ELY A I SR N A L R Y B
PRAE, [F B LA £14 W2 R 401, T 4R 8 S ) 24 1
AT T 3% B, B ROKOE 3208 7 5 18] 3 PR
FE T #5 X B i) 18 B R B AH X b 2 DB T K 43 A
FEAE o A ZE A TRE X b 1N ) 3 B3 3 A 25 SR AN AL
A LA Sy fige o v 2 B R S LA DR AR T ) 4 it
P A, (6] o At g — 25 R4S T DT 2R 5 g X3k b 1
Y W FRAE o

e b 1N Ty PR B R A A R R K AR R A
FO0 T R R 8 0 R T AN () DXL 1 5 ) AN S A
[F] o BT 2R i 1 A R 2 A b N ) 3 3 0 ) (A
XF A AR, 3N 3 5 1) 5 R G GE ) AH G, (H 2 A
B RS R SR G, AR | AR R 25 AL EA K
AR T[] R B 7™ A DXL 5 T DT 284 () 5% s A 3 A A A
S0 8 MR RE 5, AR 32 0 g A X R, T2
J5 ] 55 R G GE ) e Ak K, R R T R GE A AR
SE L HEIULE I A B, 45 R E 4 X B LA R
PERFOEAE Y 8 8 S 4P O 6 . BRI A K R )
F= 5, K R A A e ) 5 e R ) LG 3R
A 7E 1.18~3.50 2 [], 11y BT 24 £ 1 4 i 24 3 IX
B H o 1.29~2.79, 78 % 18 it T2k A% v 1 xF Bl s
A K X B, I 2 7 G e T i e B )
(] N 7 POAE 25 R, 38 > R R R AR, 3 R
T A Al 5 Nk Y LA, T AR AT 32 0 0 i A
FH, AE T % 18 A e

SC R R R ZE A R T [ A P Y T
25 TRy it P A 2 08 TR X BBl K AR T ) 8 4 fiE
BEA AT, Ay B w2 B T8 it T 1 AN B 0 ek e 2 AL AR
B o H 52 Ml TS AR AN G PR R A B ) A 2
AN 2 PR T 5 ), 5 DRI 2 A R Sl P R
AR EZE S AR, JF BRSNS TR X
AR B I A 4 S B A 0 A AR TR R I Y O 2 B
T8 23 (6], ANCER X B T8 S 2 07 BB N ) 5 AT

e, I R 75 18 BE GE T 42 X 3t 7 7 37 19 5% 0, %o 9 G
oy R I R S R 22 3 R AR I B O 2 1] £ R
HREWAWBA NI T — P 2 XX LE R (]
Rk 22 T e W 58 A, [R] IR 7 e U AF IR A il
b R SR FH IR A A R R TR R e TR X
JS2 1 59 B % 18 LA R PR A — 2P S

5 %

SCHUE S SR A PR TR R R ZE A TR IX
BOE LAY, R 38 43 B TR DX R i 2 [ B 3 T 46 b
N 1%, SR 5 45 & Hoek Bl 25 248 2 #0353 43
BT R e R R ZE A BRI [R5 AR TP i, EEASIR R .

(1) Y % & i Ze 7K S 8 7 o = R, 9 Al i
I X e KoK F 0 JIEAE G8 KB K, 7y 2277~
25.49 MPa, 1fi 7€ £14 Wi 24 I 2% (G6 X Bt ) Fl £15-1 Wi
(G111 X B B/, A 16.95~21.19 MPa; 55 #) 1 A8
T X K- 0 S B GI2 X BEIF IR & b K, H &
G14 1 B ¥ iy A 3R sl /)N T 328 W7 AR, e KK F- 32
R 1 {H K 27.92~38.27 MPa, fx /N 7K - N S 1 R
15.76~22.45 MPa, i {4 1 A8 B X 5 K 7K F 3 1 )
5[] 7 Wr 240 w7 R 24 55 X B DAL 2R ) oy 32,
T A Wy 284 (] 55 1 A4 38 45 35 0 T 1) 224 B S b AR
FR—IE ARV ), 554 38 A8 T X BR G12 X Bt [K T 24 52
Wi 5 N7 3 07 1) SR AU AR AR — T ARV ) Ak, AR IX B
KK F2 0 7 77 ) 3= BEAE v #E NE32.8°—44.2°,

(2) 15 % 38 i 26 20 A 10 M N ) 3 B B A7 R 244
TP, LU AR 32 B AR 5 R RN ML TR (9 0L 5 )
588 ) 3 AR T XK P 32 06 (A R AR AR T 59 0 1 AR TR
DX, [ B 7K P 3 0 g {8 A A 5 R R X 2 ) IX B
i A% A 4 X B, 1 AE ] — Rl 5 9 X B U] 3
Sy Bt JE R B I 4 K o e ROK A R ) ) B
2 W A 3 AR, BT SR AR T 2 de KOK S N
Tia) 8 IX, 7 Wr 4 B 0 e R K SF 2 ) O 1) s kR
A0 1) - A W 284 50 ) 1) g % , T 7 DT R R A )
A A [ T DR S 1) 0 O 5 o

(3) e 32\ % % 18 [l 5 28 08 3000 43 r 45 SR
N, B A AR T A7 5 R iR BE LD R ) 3 1) WL 5
M, FLrboA R B O R AR . BRI R R AR
HAE SRS B AN A, Bl AR R R E AR
£ 20~ 80 cm 10 Fil A1, 4 W7 224 B e 2y 0 8 28 3 2l
W% 3 PRl AR T e TR 2 A X B, Lk W 4 1) % R A

M
PERGEES



798 ¥R 55 54 https://journal.geomech.ac.cn 2023

References

ANAGNOSTOU G, 1993. A model for swelling rock in tunnelling[J]. Rock
Mechanics and Rock Engineering, 26(4): 307-331.

AYDAN O, AKAGI T, KAWAMOTO T, 1996. The squeezing potential of
rock around tunnels: Theory and prediction with examples taken from Ja-
pan[J]. Rock Mechanics and Rock Engineering, 29(3): 125-143.

CAOCY,SHICH, LEIMF, et al., 2018. Squeezing failure of tunnels: a case
study[J]. Tunnelling and Underground Space Technology, 77: 188-203.

CHENJ X, LIU W W, CHEN L J, et al., 2020. Failure mechanisms and modes
of tunnels in monoclinic and soft-hard interbedded rocks: a case study[J].
KSCE Journal of Civil Engineering, 24(4): 1357-1373.

CHEN S J, XIAO M, CHEN J T, et al., 2020. Disturbance law of faults to in-
situ stress field directions and its inversion analysis method[J]. Chinese
Journal of Rock Mechanics and Engineering, 39(7): 1434-1444. (in
Chinese with English abstract)

FAN Y L, 2017. The measurement of in-situ stress in the typical project area
of the Muzhailing Tunnel of Lanzhou-Chongqing railway and its engin-
eering geological significance[D]. Beijing: China University of
Geosciences (Beijing). (in Chinese with English abstract)

FANG X H, YANG Z, YANG J S, et al., 2020. Large deformation character-
istics and control measures of surrounding rock in altered granite stratum
of high ground stress tunnel[J]. China Railway Science, 41(5): 92-101.
(in Chinese with English abstract)

GOEL R K, JETHWA J L, PAITHANKAR A G, 1995. Tunnelling through
the young Himalayas-A case history of the Maneri-Uttarkashi power tun-
nel[J]. Engineering Geology, 39(1-2): 31-44.

HE M C, LV X J, JING H H, 2002. Characters of surrounding rockmass in
deep engineering and its non-linear dynamic-mechanical design
concept[J]. Chinese Journal of Rock Mechanics and Engineering, 21(8):
1215-1224. (in Chinese with English abstract)

HOEK E, MARINOS P, 2000. Predicting tunnel squeezing problems in weak
heterogeneous rock masses[J]. Tunnels and Tunnelling International,
32(11):45-51.

HOEK E, 2001. Big tunnels in bad rock[J]. Journal of Geotechnical and
Geoenvironmental Engineering, 127(9): 726-740.

HU Y F, LIU Z Q, WANG ] Y, 2011. Squeezing deformation prediction of
soft rocks under high ground stress and its application[J]. Modern Tun-
nelling Technology, 48(3): 28-34. (in Chinese with English abstract)

HU Y F, WANG J Y, SONG Z, et al. , 2013. Predicting and controlling of the
squeezing deformation in soft rock under high ground stress in Muzhail-
ing Tunnel on Lanzhou-Chongqing Railway[C]//Proceedings of the 12th
tunnel and underground engineering symposium across the strait.
Emeishan: China Civil Engineering Society: 244-249. (in Chinese)

HUANGM L, ZHAO J M, TAN Z S, et al. , 2016. Analysis of the deforma-
tion and mechanical characteristics of the surrounding rock-Lining struc-
ture of the muzhailing tunnel[J]. Modern Tunnelling Technology, 53(6):
89-99, 107. (in Chinese with English abstract)

JETHWA J L, SINGH B, SINGH B, 1984. Estimation of ultimate rock pres-
sure for tunnel linings under squeezing rock conditions-A new
approach[C]//Proceedings of ISRM symposium on design and perform-

ance of underground excavations. Cambridge: ISRM Symposium, 231-

238.

JIMENEZ R, RECIO D, 2011. A linear classifier for probabilistic prediction
of squeezing conditions in Himalayan Tunnels[J]. Engineering Geology,
121(3-4): 101-109.

JU X Q, 2010. Analysis on characteristics of ground stress in Muzhailing Tun-
nel around mountainous areas as well as its application[J]. Railway In-
vestigation and Surveying, 36(2): 33-35. (in Chinese with English ab-
stract)

LI B, ZHANG W, WEN R, 2022. Study on the hydraulic fracturing in-situ
stress measurement in super-long highway tunnels in southern Shaanxi:
Engineering geological significance[J]. Journal of Geomechanics,
28(2):191-202. (in Chinese with English abstract)

LI J C, 2019. Optimization of excavation method for Muzhailing Tunnel in
Weiwu expressway research on deformation control measures[D]. Lan-
zhou: Lanzhou Jiaotong University. (in Chinese with English abstract)

LIJ Q, 2019. Study on construction deformation prediction and large deforma-
tion classification standard of Muzhailing Tunnel of Weiwu
Expressway[D]. Lanzhou: Lanzhou Jiaotong University. (in Chinese with
English abstract)

LIJW,LEISY, LI Z, et al., 2012. Investigation on rheologic properties of
carbonaceous slate in Muzhailing Tunnel[J]. Tunnel Construction,
32(1):36-40. (in Chinese with English abstract)

LI P F, ZHAO Y, LIU J Y, 2014. Deformation characteristics and control
method of tunnel with weak surrounding rock[J]. China Railway Sci-
ence, 35(5): 55-61. (in Chinese with English abstract)

LIY Z, GAO P, ZOU C, et al. , 2011. Deformation analysis and primary sup-
port parameter optimization: case study on Muzhailing Tunnel[J]. Tunnel
Construction, 31(3): 320-324, 339. (in Chinese with English abstract)

LI Z J, GUO X X, MA Z W, et al., 2020. Research status and high-strength
pre-stressed primary (type) support system for tunnels with large deform-
ation under squeezing conditions[J]. Tunnel Construction, 40(6): 769-
782. (in Chinese with English abstract)

LIUY R, TANG H M, 1999. Rockmass mechanics[M]. Wuhan: China Uni-
versity of Geosciences Press. (in Chinese)

Ministry of Housing and Urban-Rural Development of the People’s Republic
of China, 2015. Standard for engineering classification of rock mass:
GB/T 50218-2014[S]. Beijing: China Planning Press. (in Chinese)

PENG J B, CUI P, ZHUANG J Q, 2020. Challenges to engineering geology of
Sichuan-Tibet railway[J]. Chinese Journal of Rock Mechanics and En-
gineering, 39(12): 2377-2389. (in Chinese with English abstract)

QI B S, ZHANG P, FENG C J, et al., 2016. Current in-situ stress state and
seismic risk in Sichuan-Gansu-Shaanxi border areal[J]. Geology in
China, 43(5): 1814-1827. (in Chinese with English abstract)

SAARIK, 1982. Analysis of plastic deformation (squeezing) of layers inter-
secting tunnels and shafts in rock[D]. Berkeley: University of California.

SHI Y, 2012. Formation and tectonic evolution of the eastern Qinling Orogen,
Central China[D]. Nanjing: Nanjing University. (in Chinese with English
abstract)

SINGH B, JETHWA J L, DUBE A K, et al., 1992. Correlation between ob-
served support pressure and rock mass quality [J]. Tunnelling and Under-
ground Space Technology, 7(1): 59-74.

SU S R, ZHU H H, WANG S T, et al., 2002. The effect of fracture properties


https://doi.org/$refDoi
https://doi.org/$refDoi
https://doi.org/$refDoi
https://doi.org/$refDoi
https://doi.org/$refDoi
https://doi.org/$refDoi
https://doi.org/$refDoi
https://doi.org/$refDoi
https://doi.org/$refDoi
https://doi.org/$refDoi
https://doi.org/$refDoi
https://doi.org/$refDoi

%6 VEERE, . L AR AT TE

A W I I L 2t A 20 2 T 43 I 799

on stress field in the vicinity of a fracture[J]. Journal of Northwest Uni-
versity (Natural Science Edition), 32(6): 655-658. (in Chinese with
English abstract)

SUN S F, 2012. Characteristics of soft rock tunnels and large deformation
control technology in the Lanzhou-Chongging railway [J]. Modern Tun-
nelling Technology, 49(3): 125-130. (in Chinese with English ab-
stract)

SUNY C, GAO B, XU Z L, et al., 2012. Research on prediction method for
squeezing deformation of surrounding rock of tunnel [J]. Journal of Rail-
way Engineering Society, 29(2): 50-54. (in Chinese with English ab-
stract)

TANIMOTO C, 1984. NATM-1[M]. Tokyo: Morikita Shuppan.

TAO Z G, LUO S L, KANG H W, et al., 2020. Analysis of deformation law
and creep characteristics of carbonaceous slate in highway tunnel[J].
Journal of China University of Mining & Technology, 49(5): 898-906.
(in Chinese with English abstract)

TAPPONNIER P, ZHIQIN X, ROGER F, et al., 2001. Oblique stepwise rise
and growth of the Tibet Plateau[J]. Science, 294(5547): 1671-1677.
TERZAGHI K, 1946. Rock defects and loads on tunnel supports[C]//Introduc-
tion to rock tunnelling with steel support, RV proctor and TC white.

Youngstown: Commercial Shearing and Stamping Company.

WANG C H, SHA P, HU Y F, et al.,, 2011. Study of squeezing deformation
problems during tunneling[J]. Rock and Soil Mechanics, 32(S2): 143-
147. (in Chinese with English abstract)

WANG D, WANG J F, LI T B, et al., 2021. Analysis of three-dimensional
movement characteristics of rockfall: A case study at a railway tunnel en-
trance in the southwestern mountainous area, China[J]. Journal of Geo-
mechanics, 27(1): 96-104. (in Chinese with English abstract)

WANG J J, HUANG Y, 2009. Engineering geological investigation report of
Muzhailing Tunnel of Lanzhou-Chongqing Railway[R]. Xi’an: China
Railway First Survey and Design Institute Group Co. , Ltd. (in Chinese)

WANG Y G, DING W Q, LIU Z Q, et al., 2020. Classification standard of
large deformation and construction time of second lining in Muzhailing
Tunnel[J]. Chinese Journal of Underground Space and Engineering,
16(4): 1116-1122. (in Chinese with English abstract)

WOOD A M M, 1972. Tunnels for roads and motorways[J]. Quarterly Journ-
al of Engineering Geology and Hydrogeology, 5(1-2): 111-126.

YANTY, CUI Z, ZHANG Y H, et al., 2018. Study of distribution character-
istics of in-situ stress field in occurrence area of crossing active fault tun-
nel engineering[J]. Rock and Soil Mechanics, 39(S1): 378-386. (in
Chinese with English abstract)

YANG S Q, CHEN M, JING H W, et al., 2017. A case study on large deform-
ation failure mechanism of deep soft rock roadway in Xin'An coal mine,
ChinalJ]. Engineering Geology, 217: 89-101.

YANG Y, YAN QH, YIJJ, etal, 2021. Application of Integrated Geophysic-
al Exploration Technology to the Survey of the Songshan Tunnel in Yan-
qing, Beijing[J]. Geology and Exploration, 57(6): 1374-1383. (in
Chinese with English abstract)

YE K K, 2018. Dismantling and enlarging technology for ridge core section of
Muzhailing Tunnel on Lanzhou-Chongging Railway[J]. Tunnel Con-
struction, 38(4): 640-648. (in Chinese with English abstract)

YUY Y, CHEN Z M, LI G L, et al., 2015. Three dimensional FE regression

analysis of multivariate geo-stress field of Muzhailing Tunnel [J]. Journal
of Lanzhou Jiaotong University, 34(1): 6-11. (in Chinese with English
abstract)

ZHANG B, 2014. Study on deformation mechanism of slate in Muzhailing
Tunnel[J]. Railway Engineering(5): 57-59. (in Chinese with English ab-
stract)

ZHANG L C, ZHOU C, TANG J T, et al, 2022. Application of the Two-Com-
ponent Wide-Field Electromagnetic Method to Engineering Survey of A
Deep Tunnel[J]. Geology and Exploration, 58(4): 857-865. (in Chinese
with English abstract)

ZHANG P, SUN Z G, WANG Q N, et al., 2017. In-situ stress measurement
and stability analysis of surrounding rocks in the north section of deep
buried tunnel in Muzhailing[J]. Journal of Geomechanics, 23(6): 893-
903. (in Chinese with English abstract)

ZHANG P Z, WANG Q, MA Z J, 2002. GPS velocity field and active crustal
blocks of contemporary tectonic deformation in continental Chinal[J].
Earth Science Frontiers, 9(2): 430-441. (in Chinese with English ab-
stract)

ZHANG Z D, 2003. Discussion and study on large deformation of tunnel in
squeezing ground[J]. Modern Tunnelling Technology, 40(2): 5-12, 40. (in
Chinese with English abstract)

ZHAO D A, LI G L, CHEN Z M, et al., 2009. Three-dimensional FE regres-
sion analysis of multivariate geostress field of Wushaoling Tunnel[J].
Chinese Journal of Rock Mechanics and Engineering, 28(S1): 2687-
2694. (in Chinese with English abstract)

ZHAO D, TIAN Q, HAO F J, 2022. Study on Large Deformation Classifica-
tion of Deep Buried Carbonaceous Slate Tunnels[J]. Geology and Ex-
ploration, 58(6): 1261-1271. (in Chinese with English abstract)

Mt o 325 Sk

PRI, BB, MR 62 7, 55, 2020. W72 % 1N ) 3% T 1) 04 3 2 00 A K
S BT (3] A 0 1% 5 TR AR, 39(7) 1 1434-1444.

0B, 2017, 2% My B B R ZE 04 R T R TR IXC M N g I e e TR
b T SC[D]. b5 Hh R K2 b,

5 B, B RG , BHZE A, 45, 2020, 5 i 7 % il AR A A B
AL TG AR AE B 45 i 15 i (] b [ k5 ﬂ% 41(5): 92-101.

A[ 6 0, 5 R, SV IAT, 2002, R TRE LA R b ROAR R M A
PP U] A A 1% 5 TR 2R, 2108): 1215-1224.

OG5, XU AR W, T, 2011, 18 b B 7 BOA 240 TR BF R AR TR B0
Keii B L0]. AR RS G B R | 48(3) : 28-34.

TS, THT, RIG, 55, 2013, 22 i 28 K ZE 0 % 18 5 b B 0 008 4%
FR R AR T T B 4% il [CL//35 ~+ = i 1 e 79 52 ok 3 55 0t T TR 2
ARG ARBE 236 SCHE . MR ;K T8 2% 450 244-249.

B, B A TR, S 2016, 2% i Bk I A S I R 3 04 BE A -
PR 5 25 W R R A8 8 32 J3 RRAE 23 17 (00, BRAR B G B AR, 53(6) = 89-
99,107.

l:dx%i,zmo.m%ﬂ@% U4 DX DX Ml B 7 R AE 3 AT Kz LD

EER, 3 : 33-35.
éw,%i,im,zozzmﬁﬁ%tﬁz\ﬂ%%‘ K 4 1 R Sy
2 I R TR Ml R R A AT [0, M g 2 2R 4R, 28(2) : 191-202.

ZEAEEE, 2019. 1 2R TR ZE 08 R it T AR B W0 K oK AR T o AR
WERFFE [D]. 22 22 JN 3838 K 2.

=G, 2019. 18 X = A 28 08 BE 18 T 42 T3k R4k 5 28 T8 45 1


https://doi.org/$refDoi
https://doi.org/$refDoi
https://doi.org/$refDoi
https://doi.org/$refDoi
https://doi.org/$refDoi

800 ¥R 55 54 https://journal.geomech.ac.cn 2023

WF 5T [D]. 22 M0 22 583 K 2.

A, T A, 2R, S, 2012 AR FE U R 3 56 T M TR T 2R R
W5z (90 B% a8 A ik, 32(1): 36-40.

286, R B, X A, 2014, [ I 55 R AR T AR AR 45 vk LT
o E 2B REAF, 35(5): 55-61.

AU, R B AR, 4E, 2011, A JE A R 1B AR Y 43 T KR 1 S S 8
A5 (J]. bR 38 A %, 31(3): 320-324,339.

2R EOHOET, DIRNE, 45, 2020. B K K AR T B A A 5 BUAR B v
TR F) — k(L) AR &R LI e G g i (P 95 30), 40(6) : 769-
782.

XA 5, FEREW, 1999. 7 & 71 2 [M]. 50 o [ R K 2 kL

oA, RS, A R, 2020. )11 FEC Ak B TR b TR Hh A B AR LT
5% 5 TR 2, 39(12) : 2377-2389.

JECHE R SRS, T U, A, 2016, )1 H R 38 I 4 X B At R ) 685
Hb 7% S M L], o M T, 43(5): 1814-1827.

A A, 2012, v [ o AR 22 04 s (LAl Y T ORI fk [D]. B AT B R

TEHR, KA, LK, 4, 2002, Wi 244 BE g 2 6k H: B b
F1 5 R (1], PE A K2 4R (R B R, 32(6) : 655-658.

NEA W, 2012, 22 167 BRI B e R I R AR B2 R AR JB R (00, AR
%8 B AR, 49(3) . 125-130.

VTR, U, VE R, 45, 2012, BE G R A B R AR R T 5 3k B 5T
L. BRIE T /2224, 29(2): 50-54.

Ve TR, B AR, B2 A5, 4, 2020. 2 K % 3 R MR A AR Y R R
AR ST (7], v 0l R 2 2% 4, 49(5) - 898-906.

AL, U ME, B o0 Y, 48, 2011, B 18 1Bl 5 55 1R A8 T8 I @ 5% [J]. A
+ J12#, 32(S2): 143-147.

Tk, O, 25 0k, 4, 2021, P4 g L XSk B Bk G AL YE A =

At 32 S RRAE 43 AT L] M 5T g 2% 25 4, 27(1) : 96-104.

TR ZE, 1 5, 2009. 2 Iy 2k AR € U8 bR I TRE Ml BT I8 2% 45 [R]. TE
& RS — R BE R A A BR A D

TR, T 3CH:, XIS, 45, 2020, A Z€ 04 B 3 K AR IE o Gubn ffE 5 X
PO LA T (0], b R 25 (8] 5 TR 2441, 16(4): 1116-1122.

PR A, FE 5, Tk 53 B S, 2018, 15 T Bl I 24 g 1) TR IR A7 X g b g
N5 AR AEDE 5T (3], 54 £ J12%, 39(S1): 378-386.

PH e, H"ﬂﬁ RIS, 5, 2021, £ A W) T B AR TE b 35T 18 PR A 11 % 5E

gErpity LI M 5 5 B4R, 57(6) : 1374-1383.

ﬂlﬁ'm}{,2018.:@%Eﬁ*%ﬂ@%a_m@ﬁfz@&%ﬂﬁ&ﬁ[J]Al%ﬁ
BB (P PEI0), 38(4): 640-648.

M, BRAE N, 2 E R, 45, 2015, A ZE 04 G = 4t LN ) 35 £ 06 Il
U1 2 W H T BT (0], 2% M 2858 K 2 244z, 34(1): 6-11.

i I, 2014, K € ik 10 MR A AR HLERE 5T [J]. k3 H# K (5): 57-59.

SRR, JE R, I HE, 4%, 2022, 3L @Mm@mﬁrz@%«m&
Wy g iy e 1 (0], 3 BT S5 R, 58(4) : 857-865.

kR, BB, DR, 2002 rl‘l_ljt%lﬂé\ﬁ& By GPS 1 J¥ 3%
L& g b P [J]. M2 i 2%, 9(2) : 430-441.

e, P E L, AT, A, 2017, K 804 TR I ik T b B R ) e
PRI AR R 3 BT (1), M 7 2% 2431, 23(6) : 893-903.

KAk GE , 2003. 56 T B M BB B 1 R AR TE B A T (0D, 3R
B% 3 A, 40(2): 5-12, 40.

AT, 2 K, MR, 45, 2009, 1 BE 04 REGE = 4E LY 3£ o0
FR T [l 05 4 J 43 B (0], 35 A 12 5 AR 244k, 28(S1) : 2687-2694.

ﬁ_fE,EﬂH AT 22, 2022, TR B I J5 MR 2 Ik T (0 R A5 JE S SR E 5% (0],

LR 5 BE, 58(6): 1261-1271.

e R IR f B, 20150 TR A MK 4r 9 kR ME : GBIT

50218—2014[S]. 4t 5% : = i K] Hh i At


https://doi.org/$refDoi

	0 引言
	1 工程地质特征
	2 高速公路隧道沿线地应力场特征分析研究
	2.1 工程区已有地应力实测数据
	2.2 模型建立与应力场反演
	2.3 隧道轴线地应力场特征

	3 隧道围岩大变形预测
	3.1 方法与参数确定
	3.2 高速公路隧道围岩大变形预测

	4 讨论
	5 结论
	参考文献

