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Abstract: To improve the anti-seismic performance of tunnels in highly seismic areas with stick-slip fracture, the strong
earthquake vibration dynamic tests on the damping layer of large static bond-slip with different thicknesses are performed based
on the section of F8 stick-slip fracture in Longxi tunnel of Dujiangyan-Wenchun expressway under earthquake action. The
shock absorption technology is used for the damping layer. The results show that under the action of earthquake, the fault
rupture dislocation has greater influence scope and degree on the upper part of the tunnel than on the lower part of the tunnel.
The plate part is the focus of the earthquake resistance design. The damping effects of 10 cm thick-shock absorption layer of the
tunnel are obviously better than those of 5 cm thick and 15 cm thick shock absorption layers. The 10 cm thick shock absorption
layer is thus recommended. The research results may provide the technical support for improving the anti-seismic performance
of tunnels across dangerous mountains with stick-slip fracture.
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Fig. 1 Chamber for inclined normal fault dislocation
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Table 2 Similarity coefficients of other related physical quantities

eyt YR FHAL Z 5L
IS 45
E i |
e MEY/N=4 1
Ve P JEE A 1
HE 1.5
JIRC) e Lbxi2 1
R AR 900
T Tip 40500
# J158 1215000
A 0.18
B i 1) 5.477
jg R 5.477
e ik 1
e FHJE 7394
i 40500
E10ES 1350

3 BEBRIELIRRE

Fig. 3 Simulation of damping layer using sponge rubber sheet
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Table 5 Damping effects of longitudinal strain

5 b = b T i B e SRR RN A
ORI I R RCR % ORI N (5 5 B AR %
1 411.39 — 502.31 —
2 16.32 96.03 20.73 95.87
3 10.06 97.56 12.07 97.60
4 14.46 96.49 17.93 96.43

P 8 K&k S w%l, TH2 (SemikiEE) &/
W7 2 00 8 DA R i R B0y A J R TR 1) 9 A8 e K
W Ey BN 1632, 2073, WE KRS BN
96.03%, 95.87%: L3 (10 cm REE) # 12
FHIE HE B0 LA B 5 FE 2 77550 B TOUN [ 7 A% f K34
FEEUY N 10.06, 12.07, JGERCER 55N 97.56%,
97.60%; LTI 4 (15 ecm JGEE) 1 =R EH8)
DA% 5 5% 51y 3R J T 1] 9% 5 K3 5 25533
N 14.46, 17.93, JGERIRD N 96.49%, 96.43%.

T3 (10 cm 8RR JZ2 ) HETHI 17 B AL ek 7% 250 2R B
EART TH 2(5 em PR ED A T 4C15 em 8GR Z ) -
TREREANE, YR RIS RRE AR AR/ XTI E
A BN T BN 17 B AR PR R
3.3 IZMMEN

FREX 4 Fh 00 S0 BB 11 g S e,
ToU A& 7 T 2 R 2 L R i RE 2 77 e e
JIR A i 9 Fros o

20
9080 —70 —60 50 -MQA@)‘Q 10 20 30 46 50
—— R 5\ mompem
—— R (5¢cm) o
= RBE (10em) 7207
—— R (15cm) %
—40L
(a) WiIBEWEDE
301
20}
—90"280 —70 60 50 -cm\-éeM 10 20 30 o
— hwme E N s
—— BRE (5cm) #0201
= BEE (10em) & 5l
—— R (15cm) %
—40

(b) B
9 FEMLEIEMERK
Fig. 9 Increase multiples of contact pressure
HIIET 9 FIRA, 072 R A Bl S ok 5 0l
J5i b A B T A 4 THU k[ B KT R A
3o PR BT de (18 2 WU A i TTTAN TV THl B ik s 77 1)
LYY S F AN
S W 2 R R Bl S s Bl kg JE R T
fil & 3G IR B KA H, THEFRGERUR AR
IPTRREIE ) ToL 1D, W 6 AR.
*® 6 EMENHREYR

Table 6 Damping effects of contact pressure

. b = T 4 B e SRR RN A
BRI I R AR % ORI N (5 5 B AR %
1 30.50 — 41.18 —
2 14.03 54.00 17.69 57.04
3 7.61 75.05 8.00 80.57
4 12.82 57.97 13.40 67.46

B9 &K 6 w51, TH2 (ScmikiEE) &
W7 2 80 8 DA R i R B0 A J R TR 1) 9 A% e K
WO E BN 14.03, 17.69, I8 E R BN
54.00%, 57.04%;: T4 3 (10 cm REE) # 12
FHIE HE B0 DL B 5 AR 2 77550 e BE IO 1) 7 A% f K3 n
EH N 7.61 F1 8.00, JHERCER DN 75.05%,



2130 H O+ T OB % M

2017 4¢

80.57%; L. 4 (15 em WEJE) ## W E RS 3)
A K 58855 3y 756 5 HETOIZ 7] A 5 K38 o 540y )
N 12.82, 13.40, JGERER N 57.97%, 67.46%.

T3 (10 em 8RR J2 ) HETTZ ik = 77 9ek 7% 250 2R B
AT O 205 em GEE D) AT LA 4015 em IREE ) o
TR RN, R SRR AR A iR XTI E
RSB T 4k R R R
3.4 BEREEMIE

TR = RE AR 5 JENIEE . s & J b
BEMNRA R, GE—MRNEE. HEEEE
FEBE AR, BT GEE B SR s, R
MR S R

WA SEH P T3 GA IR RLARFNEE A 77 (1) 73 B LA
ALEL, T3 (10 em 0GR 2D 808 R B AR T T
2 (5 emiEEE) MTH 4 (15 cmBEE). mAE
HhRE X T 2 B HE A TR B2 10 em TR J2
CRE TS 48]

4 % B

(1) ARYE L BEBETE A IS5 R T3 Dhral AR
FEfb 773 B LECRT 0, SEFEAE AR W2 R e a0t
B B AR B DL S e a 3K T N B, B
J5£ Hb = X v W R BE A L 5  R BURE Wb W T  E
RV o

(2) M BRI FE RO E =R 5 80 5 I
T2 J2 [P Rl 8RR R R 1) J DR 25 () Rl S R 22
Tl WA EDRUE SR E, R RE SN ERGEZE T
32 A5 LU T 2 R 4 801 J5 08RE J2 TR ek B R A b
-

(3 MR i G 1) 8725 R i s 73 9k 7 3SR 1) B 2
HroTkn, 10 em R ZR0E SR BT 5 cm R JE
AT 15 om R Z FIRUE SR . Rk, HEFEE AR
10 cm IR JZ

SE -

(1] VU)IAE A8 T~ B R B S e it B e fe. 5-12 J0)1E R
X B E S TR AR R Bl TR A, R 17
R B DU )1145 4258 T2 g AR B g2 e it it A b
2008. (Highway Planning, Survey, Design and Research
Institute, Sichuan Provincial Communications Department.
Investigation, detection and evaluation of the restoration and
reconstruction project of highways, national and provincial
trunk roads in disaster areas induced by Wenchuan
earthquake on May 12, 2008[R]. Chengdu: Highway

Planning, Survey, Design and Research Institute, Sichuan

Provincial Communications Department, 2008. (in Chinese))

2] & B, EuE, 3T R, S ODUIHIE A BKBEIE R E RN
[7]. PHRERCIE K244, 2009, 44(3): 336 - 374. (GAO Bo,
WANG Zheng-zheng, YUAN Song, et al. Lessons learnt from
damage of highway tunnels in Wenchuan earthquake[J].
Journal of Southwest Jiaotong University, 2009, 44(3): 336 -
374. (in Chinese))

(3] HEOLME, EUILE, AR, S 501 X MR A B BE A
W2 T R T AT [J]. b M5 R 5 5 PR 244, 2011,
22(1): 122 - 127. (CUI Guang-yao, WANG Ming-nian, LIN
Guo-jin, 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. (in Chinese))

[4] EHIE, O, =2 R X BEIE BB R 2 R 5
PR FC[T). BARTAESER, 2011, 48(8): 126 - 131. (WANG
Ming-nian, CUI Guang-yao. Study of the mechanism of
shock absorption layer in the supporting system of tunnels in
highly seismic areas[J]. China Civil Engineering Journal,
2011, 48(8): 126 - 131. (in Chinese))

[5]1 EHIE, BEOORE. =20 = X B IE o AR 1) ddt 57 B
PWERALRIG A 7T [T]. A £ 1%, 2010, 31(6): 1884 -
1890. (WANG Ming-nian, CUI Guang-yao. Establishment of
tunnel damping model and research on damping effect with
model test in highly seismic area[J]. Rock and Soil
Mechanics, 2010, 31(6): 1884 - 1890. (in Chinese))

[6] HEJCHE. BEIEIR IR BOMMI R B BOpURR vt it STk
WFFE[D]. J&#: PERGASE K2, 2012, (CUI Guang-yao. The
seismic design calculation method and test study of tunnel
shallow-buried portal and rupture stick-slipping section[D].
Chengdu: Southwest Jiaotong University, 2012. (in Chinese))

(6] W4, T W, HE M, 5 ABENHERREM).
Jbnt: Bzt 2012. (WANG Ming-nian, YU Li, LIN
Guo-jin, et al. Tunnel seismic and shock absorption[M].
Beijing: Science Press, 2012. (in Chinese))

(7] FERBE, SCHRR, 5 Th. SRR RS R F Bt = i 8K
RARZ) G RAGKIG T FL[T]. A A 55 TR AR, 2011,
30(4): 649 - 656. (JIANG Shu-ping, WEN Dong-liang,
ZHENG Sheng. Large-scale shaking table test for seismic
response in portal section of galongla tunnel[J]. Rock and
Soil Mechanics, 2011, 30(4): 649 - 656. (in Chinese))

(8] fBFHS, m B, EIEE, & P REIE AT AR R
JitaRBN G RIRAT T[], 57777, 2015, 36(4): 1041 - 1049.
(XIN Chun-lei, GAO Bo, WANG Ying-xue, et al. Shaking



11

BEVCHE, S5, e R R DX R W 2 PR el 2 R R i 2131

table tests on deformable aseismic and damping measures for
fault-crossing tunnel structures[J]. Rock and Soil Mechanics,
2015, 36(4): 1041 - 1049. (in Chinese))

[9] x| W I S B T B0 7 5 KT AR Bl B 1 BT
F). YEsh S5k, 2016, 35(12): 160 - 165. (LIU Yun,
GAO Feng.

=, w
Experimental study on the dynamic
characteristics of a tunnel-crossing fault using a shake-table
test[J]. Journal of Vibration and Shock, 2016, 35(12): 160 -
165. (in Chinese))

[10] HALAY 2 3> 7 ) — MERERTT & R BG4S M.

Wl S HARS, 1997. (Japan Society of Civil Engineers.
Standard specification for concrete seismic design guide[M].
Tokyo: Kajima Publishing, 1997. (in Japanese))

(117 #OUHE, EUIE, T W0, 55 WA R R R
FORBAGAIEH L[], & A 155 TR, 2013, 32(8):
1603 - 1609. (CUI Guang-yao, WANG Ming-nian, YU Li, et
al. Model test study of shock absorption joint damping
technology of crossing stick-slip fracture tunnel[J]. Chinese
Journal of Rock Mechanics and Engineering, 2013, 32(8):
1603 - 1609. (in Chinese))

(12] BOGMR, EWIE, T W0, 55 50R5HTEE 3 b7 )2 R
R 2R BB R B AL 0). A+ TR R, 2013,
35(9): 1753 - 1758. (CUI Guang-yao, WANG Ming-nian, YU

Li, et al. Analysis of seismic damage and mechanism of

portal structure of highway tunnel in Wenchuan earthquake[J].
Chinese Journal of Geotechnical Engineering, 2013, 35(9):
1753 - 1758. (in Chinese))

(13] ARIEME, RENE, Fifegk, 5. R Wz i X R E 45
MRS E R EZERE, 2014, 35(6): 55 - 62.
(ZHU Zheng-guo, YU lJian-tao, SUI Chuan-yi, et al.
Comprehensive seismic measures for tunnel structure in the
area of high intensity active fault[J]. China Railway Science,
2014, 35(6): 55 - 62. (in Chinese))

(14] & U, FEpl, PR, S5 BB AW AR 1 AT T
(0. B4 %5 TR, 2005, 24(2): 222 - 229. (GAO
Feng, SHI Yu-cheng, YAN Song-hong, et al. Study of two
shock absorption measures in tunnel[J]. Chinese Journal of
Rock Mechanics and Engineering, 2005, 24(2): 222 - 229. (in
Chinese))

[15] FVER . XOCIIR 8 o 1Ly 3R] 1 Bt 722 80 1 Wil 12 2 b i
T FI[D]. RS P RIACIE KA, 2009. (SUN Tie-cheng.
Study on earthquake responses and vibration-absorption
measures for two-tunnels of mountain tunnel with staggered
space[D]. Chengdu: Southwest Jiaotong University, 2009. (in
Chinese))

[16] JTG D70—2004 A ##%kE3E B -HLTE[S]. 2004. JTG D70—
2004 Code for design of road tunnel[S]. Beijing: China

Communications Press, 2004. (in Chinese))

(BXIREFHkR) BITRE

CH T TSR QT 1979 4, Z2HREKFR. A,
JI I KL IREVESND R E R SIS B AR
BEEOAT . B sOKRI R TR T, EANSNATFRAT. &
BTG D)5 A R AR 2 A e B IR AL oK
SPIRFERE TN TAR B & . EHFIL . FHAR HiiX
By FEBR SRS o RO E K E SRR R R A T H B oA
I H AR TR A A TR, (B A S S B a5 1
R, RS TR I LR . TR H A B OCRR R SRR
WL R, LRSS, R, e,

AP CPSOZOIATIE B SN &2 A Nz O
T, FEERFI LTI AL T RIS ATIRRHEES « o ER
FALCH AT (o EREAZ LI B “ A E RS
551 3CHE R Wk AT EREERE o R 51 SO
BE” Wi AR AR ERIR 7 A sofieak KA E AR TSR
BN R WGk ATIHE “ TFEZER G| Ei Compendex 4

FE” R« HARRAHARIRMS U R PE IST” 45 br i ik
Fo ARFIMLE (www.cgejournal.com) 43R ATATFTE FIlEk
e

RPN SR EAREH . KRB, Zlisk. 7R
G\ TREHT AT N - TR R AT R A A
17NN 700 B N2 SN L N AR by N ¥ e

ATAAT, A4TF, BEEHERR, 192 03, 4] i) ik,
FEIEM 40 JC, EEEN 480 TT.

A [ BrARiE IS ISSN 1000 - 4548, [F 48 —Fl 5 CN 32
- 1124/TU, HEA RTINS 28 - 62, HAMEATAS MO 0520,
S RS 4 [ A M SR VT, AT R R EIT I CR 5
WOHE 2% o JmiBERiT Wt : P RTPRIE G 34 5 (A L TREEAR)
R MBgw: 2100245 BERHIE: 025-85829534, 85829543,
85829553, 85829556; £ H: 025-85829555; E-mail: ge@nhri.cn,

AT G 378D



