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Abstract: To improve the safety and stability of stick-slip fault tunnels in a meizoseismal area,
the rigid and flexible compound anti-reducing dislocation technology for stick-slip fault tunnels

was analyzed in this paper on the basis of the stick-slip fault F1 of Youyi tunnel in the Dujiangyan
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— Wenchuan highway. After structure reinforcement measures were taken to resist the influence
of fault stick-slip dislocation, the anti-reducing dislocation effect of structural displacement is not
obvious, and the average anti-reducing dislocation effect of structural internal force is between
23% —33%. Setting the dislocation reducing layer can help reduce the influence of fault stick-slip
dislocation. The anti-reducing dislocation effect of vault settlement and sidewall convergence are
over 20% , while the average anti-reducing dislocation effect of structural internal force is between
37% —47% ., better than the structural reinforcement measures. Rigid and flexible compound
measures have good effects; the anti-reducing dislocation effect of vault settlement and sidewall
convergence is over 30%, and the average anti-reducing dislocation effect of structural internal
force is more than 80%. The results can provide a reference for the design of seismic disaster pre-
vention and control for stick-slip fault tunnels in meizoseismal areas.

Keywords: tunnel engineering; fault stick-slip dislocation; structure reinforcement; dislocation

reducing layer; anti-dislocation reducing
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Fig.1 Overall collapse of stick-slip fracture section

of Longxi tunnel
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Arrangement of monitoring
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Table 4 The sidewall convergence of monitoring

section (Unit:m)
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Table 3  Vault crown settlement of monitoring section (Unit:m)
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Table 5 Maximum axial force of monitoring section (Unit:kN)
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Table 6 Maximum bending moment of monitoring section (Unit:kN « m)
- FEWTZBE B /m
—34 —22 —10 —2 2 10 22 34
1 —24.5 —60.2 —142.1 —217.6 —185.0 —121.9 —45.1 —126.7
2 —29.2 —67.6 —157.6 —240.5 —205.3 —137.2 —52.4 —135.6
3 —48.0 —88.0 —155.0 236.0 —182.0 —165.0 —114.0 —91.0
4 —55.0 —99.8 —173.3 234.1 —206.3 —184.1 —127.3 —101.4

NEE 2R S B, T 00 2 Wl b v e K 25 40
AR T T80 1, T00 4 W I DB Ifg d5c R a5 4R K T
35 1506 B G AT 25 R T i AN R R A1 R S 25 4 T A7 i
R s T 3 W W0 U v e R R R T A0 1, Ui
Ui BTRUNN2 & R N (A SERR () )
L T 4 M DR TR A K (R T AL 1L Ui
SR FH I 2 I 5% B0 08068 415 it /N R e AT b 1 445 4 Jilr 2 i
KRB,

(3) Z5H %4 R H

A T A8 Bl o ol st 5 M T UK T 3 B
144 R BT T ) 25 40 &8 4 R B IR (D) ~

(2)THFEY & B0 M I T T R D 2 A R R T
T MR %A R RO AT B PO ORIk 8
Ji 3

TR
KN < ¢aR,bh (D
1.75R bh
KN<¢p ——r—r 2
N =G n—1 2

b SO GG L B 1 mosh SRR E R i
PERCRE s N S5tk 7 s R, IR BE LT i BR 58 i
R DR BE L BT HI g FROE JEE s KON 22 R % o R F
NCESNHES QP SL i L DAL RS - AU EY i 88

7 BNHERNMNZERH
Table 7 Minimum safety factor of monitoring section
T BE W2 B B/ m
—34 —22 —10 —2 2 10 22 34
1 5.68 1.93 1.28 0.84 0.93 0.94 1.31 3.38
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3 3.08 3.19 2.17 1.12 1.06 1.11 2.44 5.29
4 3.43 4.00 2.84 1.54 1.40 1.90 3.04 6.51
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Table 8 Average effect of anti-reducing dislocation
T 2 3 4
ST ROR /20 O 8 1D 23.46 37.15 81.27
BB RO/ %6 ORI T8 2) 10.91 16.25
TS BOR /Y6 R X T8 3) 32.01

A I 51 L U R T TR S o 8
ok 3 A 1) 43 A SR L i /DM 2 30 7 R O I 2
W7 T (X1, ST Hid T8 1 e/ B0 0.84, T8 2.3
WZ ¥k 1.06, T0 4 B K fHm 140, BEE LF
T T 55 09T 2 0 B K T T e /N R A R RO A
RS HIE S WR R T . 82 R0
PR /0N o 9723 2 v 8 2 o R G A 1Y R Tz R
FFRA&.

B AR R T 0L 2.3 Wa I K T e /)N 22
ERBUERTTH 1, T 3 KT M 2, U
) 3 o i A2 R Aot J22 1M U T U2 8 1 A 0 % A 45 4 1Y)
S A O T 45 A8 o 15 it IS BT LS e s TG 4 W U O
AT i /N4 4 R B 3 R T T 1, B R FH NI 32 9%
BTV T R T DR T 2 8 R Sl i O T
LESTE

H 2% 8 A1 PP BT RO K B . T 2 41



%43 2

B L S5 < 8 T T U BB T T 2R O B B0 B SR T 5T

385

XFTOL 1 BT s 24OR Sy 23.46 6, T4 4 AHXT T
B3 S HUIRES AUR N 32,01 % . BIVR FH 45 44 hin o 45
Jiti AT T )2 B0 00O BT UERE RORAE 2300 ~
33% 8] T 0L 3 AHXF T80 1 F 35 Bt o 45 3 Rk
37.15%, T8 4 A X T 00 2 SF 38 4t v 4 &R
46.25 Y0 » BRIVt 152 904685 J2 A0 R T 30 U T )25 28 T A gl o)
Wk T8 235 ) 1) 5% 0, 7 24 BT S ROR AR 3706 ~ 4T %%
() 5 D6 T 235 1) T s 435 it 5 () B SR FH I 22 - 5% o o i
it FE AT S T 8K S22 A A 2 B2 e O TR RICR: W
SR BUIREER D 81.27 %,

4 Hit

(1) R &5 #0 hn s 850 W J2 26 ¥ 45 2 XF % 1 445
A AL & 52 T 5 /0 o R 4548 PN T 0 552 0 5 K T 34 40
WA SURAE 23 % ~33 % [H]

(2) R FH i T U5 )23 T ik T )22 2 98 i 30 %o i
PETGUIC R 30 55 SO HO IS S8OR 43 il 3R 31 20 20 LA
b RF AR P T 0 5 e SF- 24 0 B RO AE 37 Y6 ~
47 % 14]

(3) WIS - B DL Ukl At 15 i 7 1K B0 B T U B J22 3
T A B0 ey TR i LTI R L 300 B 0 S ek
FERCR A B3 30 %6 LA L 25 4 P9 T X B s A K
HiEF 80% Ll I,

S % LK (References)

(1] i, T0Ae g, 2 B, 55 01 3t 7R B BB T8 7R K )3 s [ 1. 7 19

223 KA. 2009,44(3) :336-341,374.
GAO Bo. WANGZhengzheng, YUAN Song. et al. Lessons
Learnt from Damage of Highway Tunnels in Wenchuan Earth-
quake[ ] ].Journal of Southwest Jiaotong University, 2009, 44
(3):336-341,374.

(2] OURE, EWAE, bREE, B0 R XML 2% B% R T8 4 ) 7%

FERA G4y AT )] o 5 R 5 B R 2 R, 2011, 22(1)
122-127.
CUI Guangyao, WANG Mingnian, LIN Guojin, et al.Statistical
Analysis of Earthquake Damage Types of Typical Highway
Tunnel Lining Structure in Wenchuan Seismic Disastrous Area
[J].The Chinese Journal of Geological Hazard and Control,
2011,22(1) :122-127.

(3] Ayl 2=k, ok 5, 45 % T8 28 L IK7 )22 0 A o 7R 5 ML BEAF 52 [ ].
HE TR ,2014,36(3) :427-434.

HE Chuan, LI Lin,ZHANG Jing,et al.Seismic Damage Mecha-
nism of Tunnels through Fault Zones[ ]J].Chinese Journal of
Geotechnical Engineering,2014,36(3) :427-434.

(4] FEDGHE, EWIAE, TEN 55501 H RS W7 J2 Wi iy B B 3 45 14 7%
OIAT B R E MW []]. R TAEAEHE . 2013, 46 (11) . 122-127.
CUI Guangyao, WANG Mingnian, YU Li, et al. Study on the

(5]

(6]

(7]

(8]

(9]

[10]

[11]

(12]

[13]

Characteristics and Mechanism of Seismic Damage for Tunnel
Structures on Fault Rupture Zone in Wenchuan Seismic Disas-
trous Areal ] ].China Civil Engineering Journal,2013,46(11) :
122-127.
L AR R A T ST R B B T R BT T
2EHLHIBEFE )]k 0E TR 24 . 2019, 36(6) : 62-66.
WANG Daoyuan, LI Liangyu, YUAN Jinxiu,et al. Research on
the Mechanical Response of Dislocation Fracture of Tunnel un-
der Stick-Slip of Reverse Fault[]J].Journal of Railway Engi-
neering Society,2019,36(6) :62-66.
AE A6 W) 55 R DX R 90 DT 2% 6 3 A IR L3 B 4 B R 52 [ D] I
m AL Tl k%, 2019.
TRHT T AR W R A A S T T R S L I S T A
I R BRI ] A 1 122 5 TR 2440, 2016, 35(3) : 433~
445.
XU Qianwei, CHENG Panpan, ZHU Hehua, et al. Experimen-
tal Study and Numerical Simulation on Progressive Failure
Characteristics of the Fault-Crossing Tunnel Surrounding Rock
[J].Chinese Journal of Rock Mechanics and Engineering, 2016,
35(3):433-445.
XA BT, X0 . U0 2 A s X R GE Y 52 e 4 BT (0. A R AR,
2009,29(1) :33-41.
ZHAO Boming, LIU Yang.Analysis on Effects of Fault Slip on
Tunnel[J]. South China Journal of Seismology,2009,29(1):
33-41.
ARSEAE . I W T2 ¥ 5 30 1L 0 % 3 52 e iRk 1 mF 5 [ DL |
1« [/ 5 24, 2012,
B G 7 /A S )= 11 R o L B N i S TEN s B A N R G
FELI ] RA 5 %4 TR 54, 2011, 28(4) :596-601.
JIANG Jianping, ZHANG Yangsong. Study on the Influence
of Dip Angles of Normal Fault on Tunnel Surrounding Rocks
in the Fault Footwall[ J].Journal of Mining and Safety Engi-
neering,2011,28(4) :596-601.
XM ARSEAE. 75° M50 A 33 0T )2 266 B 20 X 0 B G R e 1Y
BRI e [T ] A 0 00 % 5 TR 241, 2011, 30 (12) : 2523~
2530.
LIU Xuezeng, LIN Lianglun. Research on Model Experiment
of Effect of Thrust Fault with 75° Dip Angle stick-Slip Dislo-
cation on Highway Tunnel[]J].Chinese Journal of Rock Me-
chanics and Engineering,2011,30(12) :2523-2530.
X2 b F MR ARSEAR . 6081 A IE 91 )2 2 U B 3h 4 1l 0 Bk
R R IR TS L], R TAR AR, 2014,47(2) 1 121-128,
LIU Xuezeng, WANG Xulin, LIN Lianglun. Model Experi-
mental Study on Influence of Normal Fault with 60° Dip An-
gle Stick-Slip Dislocation on Mountain Tunnel[ ]J].China Civil
Engineering Journal,2014,47(2) .121-128.
1535w, B e A5 1 )22 R T8 T 28 T Bt el R 4 it 4R 2
AR TFIEI]4 + I3 ,2015,36(4) :1041-1049.
XIN Chunlei, GAO Bo, WANG Yingxue, et al. Shaking Table
Tests on Deformable Aseismic and Damping Measures for
Fault-Crossing Tunnel Structures[J].Rock and Soil Mechan-

ics,2015,36(4) :1041-1049. (F#% 395 M)



543 % 52 W B MRS GRS S RS A Tk B SR B S P BT 5 395

(267 e A6 A gk T A Bk B T AR B0 A2 L3 MLAE - GB 50111~ BIAN Xuecheng,CHEN Yunmin.Dynamic Analysis of Track
2006 M1.2009 4F p. At 50 . o B o4l WAt L 2009, and Ground Coupled System with High-speed Train Loads
[27] ERWeMe.BIE 3h Jy A 5700 55 40 5 SR otk e ) . 48 7R 32 3l [J]. Chinese Journal of Theoretical and Applied Mechani.
K24 ,2011,28(3) :1-12. 2005,37(4) :477-484.
LEI Xiaoyan.Progress in the Development of Track Dynamic (297 fu[fR4%.2.5 4 FRICE M9 s 17 51 8 B9 H i 3h J7 8k K
Models and Associated Numerical Methods [ ] ]. Journal of PURELD]. ¥ . A 55 K 2% .20009.
East China Jiaotong University,2011,28(3):1-12. HE Junfeng. Analyses of Ground Dynamic Responses and Set-
(287 M= ul . Wk 2 0 910 2 4 284 D 900 3t 35 14 3l g oz 3 A7 tlement by 2. 5D FEM for Moving Trains [ D]J. Shanghai:
[ 22741 . 2005,37(4) : 477-484., Tongji University,2009.

Az Az Ve Az Ve Az Ve Az Az Az Az Az A Az Ve e e e A e e e A e e Ve e e e A e A e e e A e e e e e A e e e e e e e e

(k4% 385 ) 2018.13(3):502-511.
CU4T HEGHE. E AR T 0. B A B S A R (16 UM E WA T . 5 3 R B A 2

B F L] 4 A 9% 5 TR 4] . 2013.32(8) : 1603-1609. PABAR OIELI] 47 1 TR 2013.35(9) : 1753-1758.
CUI Guangyao, WANG Mingnian, YU Li, et al. Model Test CUI Guangyao, WANG Mingnian, YU Li, et al. Model Tests
Study of Shock Absorption Joint Damping Technology of on Damping Shake Technology of Shock Absorption Layer of
Crossing stick-Slip Fracture Tunnel[ ] ]. Chinese Journal of Tunnels Crossing Stick-Slip Faults []J]. Chinese Journal of
Rock Mechanics and Engineering,2013,32(8):1603-1609. Geotechnical Engineering,2013,35(9):1753-1758.

[15] LM MR R, E U, S B2tk siits 2 sonse. [17] PR ARIEANE SO . 23 B BRI RO TR J TG D70—2004
SRR B S0 ] A2 B B EE R L 2018,13(3) 1502511, [S1Abst: AR it 2004,
CUI Guangyao. WU Xiugang, WANG Mingnian. et al. Analy- Ministry of Transport of the People's Republic of China. Min-
sis of Influence of Parameters of Reducing Measures on the istry of Transport of the People's Republic of China.Code for
Effect of Reducing Dislocation on Tunnels Crossing Stick-Slip Design of Road Tunne: JTG D70—2004 [ S]. Beijing: China

Faults[ ] ]. Technology for Earthquake Disaster Prevention, Communications Press,2004.



