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Seismic response of metro tunnel oriented parallel to ground fissures
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(1. School of Geology Engineering and Geomatics, Chang’an University, Xi'an 710054, Shaanxi, China;
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Co. » Ltd. , Xi’an 710075, China; 4. School of Civil and Environmental Engineering,
Oklahoma State University, Stillwater 74078, Oklahoma, USA)

Abstract: Under the different magnitudes’ synthetic earthquake waves, the acceleration,
displacement and internal force were studied by the numerical simulation method for the metro
tunnel oriented parallel to ground fissures in short distance, and the influence area of the ground

fissures, dynamic earth pressure variation law of the surrounding rock and contacting dynamic
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earth pressure variation law between the tunnel and surrounding rock were calculated. Analysis
result shows that there is an additional magnification area of the acceleration response within a
horizontal distance of 25-50 m from the ground surface to the tunnel. When the magnitude of the
synthetic earthquake wave is smaller (the 50-year exceedance probability is 63%), the relatively
horizontal displacements at the top and bottom of the tunnel are smaller (about 0.39 mm). but
increase with the increasing earthquake magnitude. The largest displacement is 1. 53 mm when
the 50-year exceedance probability is 2%. Under the carthquake, the axial forces at the right and
left shoulders and foot are larger, and the largest force is 1 926 kN at the right arch foot. The
moments and shear forces are larger at the right and left arch waists, and the largest moment and
shear force are at the right arch waist and 78. 54 kN » m and 1 830 kN, respectively. The internal
force increases with the increasing earthquake magnitude. The dynamic earth pressure near the
fissure is large and gradually decreases to both sides. Under the earthquake, at the top of the
tunnel, the influenced widths of the hanging wall and foot wall are 25 and 20 m, respectively. At
the bottom of the tunnel, the influenced widths of the hanging wall and foot wall are 26 and
22 m, respectively. The influence widths of the hanging wall and foot wall of ground fissure
increase by about 35% under the large earthquake compared with the moderate earthquake. The
dynamic earth pressure variation laws at the top and bottom of the tunnel are similar with and
without the fissures, the pressures close to the tunnel are larger, and the largest pressure is
138 kPa. The contacting dynamic earth pressure increment is larger at the arch waist of the
tunnel under the earthquake, the maximum increment is 45. 27 % at the right arch waist (close to
the ground fissure), the second increment is 13.41% at the top, and the minimum increment is
6.86% at the bottom. 4 tabs, 10 figs, 30 refs.

Key words: metro tunnel; earthquake load; active ground fissure; seismic response; numerical
simulation; dynamic earth pressure

Author resume: LIU Ni-na(1975-), female, associate professor, PhD, dedgx16@chd. edu. cn.

0 3l

HEr, VUL R 23 SRk, 4 3 &~/dk
NIBE , (HIE VG 28 M 4 48 A S — Fh R IR B b 5K
FLOAEIRIX ORI 14 4, B E AR 250 km®, ZEAf
KB 150 km, BEERAT X, 2 574 8% 5 Hh 24 4% HH
A U

() B G 2 A7 VI8 52 X, T £ WV 4 1T A
ws g E, oy Z MR, 11998 4F 1 H 5 Hig
PH 4. 8 5% 2008 4E 5 H 12 HII 7.9 F bz
2009 4F 11 A 5 H M BE 4. 4 S, #B XX — s X
(14) J SF0 RN TR T SR R L DRI L P RR IR B R 1 M
DX b gk T AR R A R BN A, MRS )
far A FH T M Bk % 3 1% b 752 e 7 0 A2 0 748 T [ R 2
AR BETE 0 B S RTHE A B A B R AR X
— U 2 T KRR TAE.

] PR DG AT 5 2 0 b 2 4 T Sl X 2k R
TE B 5 0 S B v it T, LR R A rh A b K K

[l

5B AR BE 1 T B L S S I ) B A A
TR M A VR T 1k R T8 25 4 1) i SR AR 2
PR -BF R IR A B B A SR Y S AR T
S 30 6 45 1 3 7 b 2 4% X el 110 3t 4k % G AH 2 T
2R U b 3 L A BT LR A 32 RS R T
JIRIE T 0 B Al S0 A A 3 3 B A BT AL T Bk
VG 3k T b 58 4% 7 1t 72 VR T 19 3h 1 2 w8, A5
b, 24 2 L Wb X b 7R A TR AR, L S e v R B
FI g K

] A1 19 AF G BF 53 W0 32 24000 7 T R 1B R b 24
1) HiL 75 0 157 AR A i . Hashash Z80F 58 T H 52 faf
BAEH R B 38 A )5 b T AR 22 () W RS L R T
Wk G o) 1) B L R R Ry HE N Ghiasi 5 3E i
FLAC™ R G55, BF 5T 1 3 5% fof 48046 FH T 784 ok
BHEA KB R EE DL HE T R A AR B
M s Avanaki %538 i 76 4K A TR 8+ B A O T
2T 2 R B 5 43 B A ) R 38 % R P BT s Shahidi
5 308 3 X i 7K IR T ) B TR T A iR R B 2 BT )



m X o@ B

I £ F K 2018

W22 B A ) 2B e A A A

B 74 4 bk R AN T AT L R 2k B S
ZLEE M I TR AL G 2R BV i Bk B G A O e 4
HREAR, ORI = S W TR PG 2 m K
ST R ) b R R B P 22 A AR I A UK B A A 2R 4
BRI BL T S B A A BT S R S — a7 B OC & B
Az PR 3 R B G 52 ) A Mk 2 B b R 4 R S A
FAAERERZE N . SRINT ) T 4P 1T Hb 2R 4% 3b Bk i i
B RH S AT 5T BB A R A i b R A L A el 7 w0 A
FEH R Rk

T e FUEE M 721X, iR VR T 208 30T il 5 B b gk
W& 3 1) 2l T WE S AT 2 BR T S5 4 5 e 3 s A
AR B = MR SO AR AL L BE TE 45 A 3 T R P
Lo FCR2 TR AE SN 7 G SR AT R R X
b % R A A R R A P B ) A i TEE A 5 R T
UZ%, HT Lk e, AR SCR S B 70 S ik =
S AR TR B S T MR A 4R T b RSk 3

Hb Bk B% 3 7 77, R FLAC™ 45 BR 22 43 #1F , #5746
AT 3t 24 1) 3tk R T RC(ELRSE Y, 3 B3 7 A ] Ml 7R 3¢
R IE B9 N T s B A TR SR AT LU TR B
i SO 5 S fHRL 22 A 3l

1 IEE=

1.1 PR LEYSAE

(RS UEE Sy = Ml R o i L (Al W L)
TEWT 2 A, ) AR P ) AE AR Ay A T FR 2 R
250 km*, MK A K 150 km (M £ H & 70 km) .,
WILHATC 2A R 14 4 H 255 i L 2 8 4 51K
WH L E L, HE LA 14 e LR
F S ] P B P AL A T BRI . o MR AR 14 4%
Hb R BEAE P T b R ARGE 10 BE AR — B, ¥ 08 NEE ]
(T0°NE~80°NE) ; Bl R B 14 5% b 24 4% — g
A5 R 3 R 2 B 2 R S A Y 5 L A5 [ P 1 4
25 M L4 2 ) (Y R B — R 0. 4~2.1 km' "%,

=B R f,
£ )
/T—\
fZ
— f,
N Vg rak 7
f, 76 22 4% — ‘
3 pononnnnnanoannnnnn f / fs
/ 5
(R3S / d
____,//(/ £ ‘ - ©
7
f3 — JUUL]IJIJIJUUUIJIJIJUUUL]L/

=

P
[Coon [ 2]

RIS

ma [ waw [ww

Fig. 1 Layout of ground fissures in Xi’an

VG 22 b 22 4% B ik 4 2R 4% R A1) 17 3 7 3 Y
18 SRR S 2 I g AR X JE BT K L b R SR ) T
114 i AR Al R A Sy R AR DI & B YL DL
Wik 11 5 ) ok e ALY
1.2 305 XF BR i B AR SR 45 E

FI R LR Ml 72 LA A AT R B T e X
bR 25 R BRI . FE 1976 AF R LR M RE b, R

19 22 BN B TR e A 3 ) T 28 D BOR FE Nl T2
2 A AN AR K M B B G T IO I A Ak Ok A
B, TE 1995 4F H AR Bl 752 v, 3 Bk 42 il 1 X Ji] &
1B A HE R URSEIIA , A X 32 AT rp A T 28 TR
FF24 OGS FF 2L, B KB A T UYL A
1999 4F 5 A 4 Hu i v 20 M T J22 i ) B 3 A ™
B R AT M E RS S . 7E 2008 4E I



% 4

NI MR rp DX PN A B8 T kA ) 1003 3 T 1) i s
2SR R O RLAE L o Xl R v B T
G5 He) B 72 R A M 3 A S B R A A% S A7 ) A R A
ANTR] S HETOHHE R RN T 52 Ml 7 5 Wi 50 3, IO A
JERER L R 52 3 72 52 W A X/ R R RN
1.3 b 3 4% 3 Bk 8 BB 3R 45 iE

b 2R 5% XoF 3 B R T B B IR O SR 2 B R
1H 5 R AE TE SS I, AN ] B9 BE G o B 207 A i R
PRAS AL o 5 % T8 O B R S U 3 2™ A 3R
T T2 5 5 B 2 O JE R A R ) ot 2R 0 R T A 2
FEIE QU Sk 52 0 AR A B S AR B IR IR
YRR T8 5 M R ARSI A B D AR U Rl
BRI -HL BT BN AR T R AR T B A R E 8 P
WSRO T L 4 s o Ao ) o i A 4, U i
77 HE AL - B D IR, bt 4% B O B A Sk Ak T I
FERZS AT B A T AL

6 52 ff AR TR L 6 T o 2R 4% 1 4% 00 b Bk g
1= K o105 o D VAR [N R VA VAN il - 1 DAV S
2k B A [R]— ) i e A S R Y A A R S TR AR
A BB U2 s I BAR 107 A% B /N0

2 HERE

2.1 EESH

VU2 A =54 IX ] i G TR 3 10~15 m,
DX [|] % 8 VR 1T o S5 G . X [R) g 1A o A 2 A A
R A A AR U RO T ol R Ol R
L EWRS CAEEAER B BT REZEES
BT, A T Y OE R R A AR Ty i AR A
N AR AR R A SRR A2 ) R e R R
456 LRS00 W 1 2 250 1 0 v 1 ol
R RE L 2 RIEN R =S AA T
PR AR A TN SO 2 RN B% 8 25 /) 1 i B =
Bornl Wk 1.2,

F1 WESY

Tab.1 Parameters of strata

X BRI, S Wk R E AR WL BL 2 AT 0 M R e 75
F2 BESH
Tab.2 Parameters of tunnel
PR/ GPa NER /=4 JEE/m |EEE/(KN e m ?)

30 0.2 0.55 25

B/ HERR /| PR/ | P S/
2 . LV ]
(kN em™ %) MPa kPa (@)
w2 17.5 12.2 0.35 30 22
s I 19. 2 13.5 0. 30 35 22
R 2 19. 8 20. 0 0.32 40 25
JiLEE 16.0 2.4 0.35 12 18

2.2 EEIRS
P T 3 2k % T AR T M 24 S T, vk H 4 B SF T
AR [R) A2 AR R T e b 2 A (R AR 4R 17 M i

B IR E S 80°, Sy T /N 34 S AKON Y 5 e 1
BRI R S 180 m X 80 m, B JZ K B J7 1] B
180 m, M1 JZHEVREL 80 m. bk il 55 #b 24 4% 2 [W] 14+ i
15 m(J& 2), B8 5 5 50 4F 88 8 3
63% 0% M 2% MITPE L N T iR, SRR Ty,
FR 50 AF MR HER R 63% .10 %080 2 % VPG4 N T Hb

LI N R R AR

i #4 o

EPRIN

Hh 2R 4%

B R R £

66

ety Tt

B f:m

100 | 80 |
| \ \

B 2 sy hrAiE
Fig. 2 Analysis model

2.3 ARG

H T A U S S L 5 e Bl g a3 T Y
BT AT SR DY ) R B 4 B A% 1R 1 A B B
FE B J1BUE 5 B v il Ol T B AR SCORE AR IR I B
R S B AL DU R RSO A i B, Bt
SR 3k A AR AR 1) AN YD 1) 15 R B 9 0k s B 0
W B B A ROR . A i R i A
DU JE A A5 e R O I Y B e 3 A Ok SR
F2 A% (A 20 5 ER 3 TR S A A AR AT
G . AR P A ) 23 nE) 32 A% 1 2
B b LA R G 057 B RN 4k
2.4 MIEIKALIE

R [ M AR 2 S 50X R A D) (GB 18306—
2001) % 4 VG 22 T 1Y) Hb R Bl W E i R Ry 0. 2g.,
T FE L2 K SR 50 4F i BHE O 10 %6 1Y) ML
SR Ry 1 7% 3 B R A, 50 A R R AR R Ry
10 Y6 Y 74 22 N T b 5% I8¢ 1) V(N 98 34 0. 216, g,
TG 2 VI M R DX SR TR b X o G A
3 1 A [R) R 0 2 N T M R U T R B L,
FEXF T A A5 S DA A5 B b 4k B T8 40 T Hh 2 4
A 1) H 7R Bl T RRAE

TR i A ) B AR U 2 s U U N R A R
TEAREE 8 U R R B RR U P AR S o U



76 X @ @& K T A& F IR 2018 4
TR AR o RS A S ) T A %) o i R 0.08
BFRRFEATAL B, DL 50 4 HBRBE AR R 10 260 1Y 7E 2 A
THbRR B R ), HoRR 2 [R] 2 33. 28 s, R E 2 0.04 -
A 1 B A BN FE 2 A TE ST A W R B2 SR 0. 216 &
i 2 VI 2 B (BRS04 IR R 2 0
=
10 Y0 Y PG 42 N I 1l 55 9 A T i i o ok B I AR 5 ST
. . -0.04}-
S L P 3,50 AF B AR 4 63 06 Fl 2 00 Y 7Y 4
T 2 T L 4 P L |
03 - o 5 10 15 20 25
B [A)/s
a3 - :g%g (a) SO MR N63%
0.4
Lo 0.1
i
b 0.2t
B 0
Lo
"
0.1 w0
B
_0.2 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 -0.2
i} [)/s
(a) I]DIEEN%% —0.4 1 1 |
. 0 15 30 45
TRaEw W s
_ (b) SO AR }92%
g "7 B4 T A N i R
I% Fig.4 Acceleration time histories of synthetic seismic waves
; 3.6
g o1 ——63% o ems
B!
32 i
i ; e
0 5 10 15 20 25 W 2.8 i
K A
Hi#/Hz B By
(b) 830t g S 24 i
B3 KL IETTR A9 T R i 2.0
Fig. 3 Synthetic seismic waves before and after correction N\ :
1.6 1 HE |

PE 2 i% &
AR SR J S0 BEL JE FEAE 37 3th 1 J2 A b 72 AL %
it B B BEEAE L R e R B i AR ) i
FLRRJC t o AS B AR AR AR, HLVT S OR 23 /N B[]
K. SR A5 1 )R B JE &R B 0. 100,
+ )2 RERBE e R B 0. 157, SR )E R a N

2.5

a = nd
3 BRWERSH
3.1 bR A0EESAE

5 4 A [R] Ml = B 5t R T B 1 M 2 AE 7 b 1Y
PGA R B A M 22, 7T UL . 75 3t 2B O, M 3%
PGA TR Z2 010 WA 32 8 0 /) 5 76 KL A AT/ 3 Fil
HuRE W, b BLEE b PGA JCR R B30 0 3. 59,

0 60
7 B/m

B 5 L1k PGA KA

Fig.5 PGA amplification coefficients of soil

3.46 1 3. 19; fE B 4E L& PGA UK RZREKT T
A, U ] Bl n R ey i B A b B 4% TR SO R L
BTN s NN 1) A2 46785 BB R & L M RE sl VR T B%
TH M 2 4E I M b A R X S D=D, + D,
28 m, Hrp B2 X 5B Dy, =15 m, | #50m IX
BEBE D, =13 m, L8R X 98 KT &

B A Hb 2 Bl 9 R B OR L i3k PGA iR R H0%
g/ R 3,59 W/NE 3,19, HE(E S i b
A T 20 ) b B A Kb A L BB B A B 0 3R
PGA JHUK Z BOM X /)N 5 BE % 18 7K 7 B 25 2 25 ~



% 4

X YRR, 55 . Mok E I8 AR T M L 2 A 69 3 E vR 7

50 m (I HEEE PGA Z 80 BEIA & 48 K X sk i okt
M S A7 78— B I e oKk DX e, L b 72 3 5 3 /N i
KON B A G, ) A A A bk % 5 R 4 R X
TR WA A S RIS AV ol 45 DG b 0 b 3% 1 o
JEE ] 5 96K 55
3.2 BB MRS

Pl 6 Shy ik b 224 % 37 b 7 AS ) b 7% sl i B S it
THURIHE R 0 A1 X5 A SF 137 8% Bt A il 28, 7T L 76 S [ 3
RESHHRE T, bR TE Hh 24 4% 3 1 4 TR HE S 1) AF X6 7K 5P
1 e KA R AR B R A — 5 22 5, /N AR T o 43t
TOUFTHEJEC 19 d5e AH X 7K S5 B8 11 BB [B] 29 7€ 9. 46 s
Ab, HRRAE IR BB [ 29 7E 3. 42 s &b, KEEETT

0.5
03}
g
£
§ 0.1F
®r
=
-0.1}
_03 1l él 1 J
0 5 10 15 20
B 18]/s
(a) B2 R63%
g
E
)
&
&
=
_1.0 1 1 L 1 1 1 J
0 5 10 15 20 25 30 35
i |)/s
(b) HBEBEEN10%
2.0
1.0+
g
&
£
k=>4
z
,1.0_
_20 1 1 1 1 1 1 ]
0 6 12 18 24 30 36 42

i 8]/s
(c) EHBRMEERA2%

B 6 KRS I AR 2

Fig. 6 Time history curves of horizontal displacement

HEET [ 7E 12,42 s Ab s /N R CRBER TR
T b 2 4% 7 b A TOURTHE IS A9 AH X 2K 8 i R 4B
BN A3 A8 0.39.0. 93,1, 53 mm, BB RRGE 5 14k
HHEAE FH B 1 % 38 445 4 057 B i oy 2 i 122 42 1)
3.3 RBEZEHNAEIE

7 g A [ b 72 20y 5 B T T 235 4 P g e i
K P B 38 A R S i B A — N, 315°,270°,2257,
135° 90 1 45°XF Ji (1) % 3 07 5 40 ) Ky A2 HE L A2 it
JE ZEHER A HE I G HEE R A S . BT

31557 15004 T, 450

——63%
——10%

—a— 2%

270°% 190°

——63%
——10%

—a—2%

270°%

—=—63%
——10%

—a—2%

31 5 1500, 45 °

270% 190°

(c¢) BYAI/KN

|7 BEEA T

Fig. 7 Tunnel internal forces



8 X o@ B

I £ F K

2018

AT E R AR R B3 25 04 45 N T B 2 b R
SER B P 1 R 0 4 5 R T 45 R A A HE R R A
A HERAL B Bl Ty KL 4yl 1 7561 8051 887,
1926 kN, H v A 4t ) b 1 il g 0 K 5 ok 3 25 4 A2
AT HEME AL (0 B R R, 43 B 77.75.78. 54 kN my;
Wk T8 45 H 22 AT HEE AL 1 BT T3 8K, 43 i ol 1817,
1 830 kN b4 bk T8 25 14 45 N g fat (AT A5, 5 305 24
HE AT MRAL N ) BEE BEOR
3.4 BrtENESE

TR WM AR S VR R R R R R R A
V5 Hb 72 2 far 2 2 B b A R 0 e R E U 25 Bl
o 230 0 AT A9 #% 1k R T, r A5 4 i 00 4 (B IS
REET . HT/ANEMERT LR, B
DL I8 78 2 N T b R I v R R KR AE N Y
JE 1784k

8.9 433l Ay HE TN HE JEC 11 8 i) 4= K 7 728 £k i
28, A D0 . JC R T IS T RS Ak 1 AR Al 2k
oy 1 S0 S ) OB 0 B R, U e A R AU A i 1 A
U /N 5 e SR U Hb 7R Bl AT 28 A4 it 4 A5+ R
1 b 24 55 Ab B 18 O b R 4% BT R ik sl M
o PR T 5 T M S A A i R T B R

50 - .

40

30

#h + JE 1/kPa

20

£ B/m
(a) MR N10%
140

#h + & /1/kPa

{7 B/m
(b) B2 R2%

K8 T L JEJs

Fig. 8 Earth pressures of crown

UM REEAL T LA R ) e BRI E R X2 T
HbLAE AR RS b A T R AR AL 7 A B B
JO2 7+ $E 5 AT M 2SR A 7 AR T 1] BRI A DR AR
Mo BEEE RN T T A b TR B b B S B

60
<
=
R
H
+H
®_R
fi7 B/m
(a) HEBBEEHN10%

140

120 1 FL 5%

100
&
§ 80
2 60 T
R

40

20

D,
0 60 120 180

fir B/m
(b) R N2%

B9 #ELIET

Fig. 9 Earth pressures at bottom of tunnel

A % T G TR B RS A s g 72 A 2 A i 2R
SERR T 55 JCRE 18 I A2 AL R A — 2, R B W
A e ARHETI A T VA (L LG I G I A T L Bt
B UL JIT Uk /) 5 I 2 45 A B ST 4 1 g 45 i 1 I
BB R T R Sl A A T A Bk B G A L
PR Z 18] 5% T FUAR LA T 0 T %G B O A 4 7R
IR A B

WA, 52 S R M R4 X g i - E # )
Fe Fi e — 2 X Wi Bk B st 2R 4% 7 b + T ) 5%
Wi X, Mg b 3 sl b R s e X 58 RE AR £ 8
FE T30 X 58 BE WL 3% 3, WA AR PR AR R L bR GE
TR T Ak ) M 5% b R AR R X5 0 i)
N 25,20 m, SR AL E AN R EE E R B R X 5
JEGr 5N 26,22 mis fERFRAEHIT o B 3 81 RS T0 7
BAL YL REE BN BRI X9 e 50 32,30 m,
BUR AL B Ab A9 M 2 EE BN SR R XS R o oA
33.32 m; fiil A M2 Sl 0 3 ORI, i 48 X L THOA



% 4

X WEHR, S Mk R AR ML B KA M M B R B 79

HERE )2 003 £ 5 e X5 B 29 38 K 35 %6 5 A W]
M52 2l o B M B EE YIS B R AY R ) e X5
JERTHTI L2,

x3 TtEAXMREE

Tab.3 Area widths influenced by earth pressure

+ HE 15 X 58/ m
& 7N =%/
% &
FRE0%) 25 20
HETR
KECRY 32 30
FRE0%) 26 22
HEE
KEC2%) 33 32

3.5 RiES kst E iR

K10 29 50 4R BBE R 1026 M P52 N T b
R WA T R T8 45 R4 AN [R) R A 38 057 1 42 3 4 e 7
I 2k, A BE T LR D e 1) TR i e A Bt

30 -
L 20F
[=%
4
R
1
H 10F
1 1 1 1 1 1 J
0 5 10 15 20 25 30 35
B [A)/s
(a) W
60
L 20f
[=%
24
2
H
H 20
_60 1 1 1 1 1 1 ]
0 5 10 15 20 25 30 35
B [B)/s
(c) ZABthE

W Rl 6y, MR S E R, BB 4548 5
v ) P 42 ik Ty 22 i b 75 i 28K %) i n 22 B Bl A A
A0 B R AIE 5 8 TO0 AT HE IS A9 = 5 ) 08 05 H I A 3 ~
4 s ZI], 509k 28. 52, 28. 28 kPa, L 5t 2 8 78 Hh
R g Aok AR v, R TRORNHE I A R ) W E B
AHT 76 Ml 52 fr 28000 20 435 RS TVURTHE Jie Ak Y 4
J143 8 A0 20. 24,18, 46 kPa, A] WL My 7% 3 4 A
745 % 38 HE TR HE S 09 4+ R 3 Ok, BT + R h
BRI R s A2 HEIE AU HEIEE A + e ) W {8 4331
HMIAEZ) 4.05.7.97 s &b, 4351k 46. 76,51, 50 kPa,
AT HE I e Ty WA R 2 HE AL 5 7 3 7R 0 2 45
WG B IE 454 A2 AT BENE Y R ) ¥R 10 2080 IR
RS, 2% BH M= far 2504 5t i R0 AR T = A i R g R
A, HAE RS 200 A8 bE 18 45 0 5 R A 32 fioh £ R
JTIFRAS .

30
L 20
(-9
24
R
H
i 101
J“J 1 1 1 1 1 1 J
0 5 10 15 20 25 30 35
f 18)/s
(b) #HE
60 -
o 20F
(-9
24
R
:
=20
760 1 1 1 1 1 L J
0 5 10 15 20 25 30 35
i E)/s
(d) L

B 10+ S mb R dh 2k

Fig. 10 Time history curves of earth pressures

P 4 N BRIE A [ 3R A7 A+ FK Sy 48 5 Hegs R, T
L AE 50 AR RO 10 % 1Y T8 4 N T b 2 AR
FAT % 18 25 ka1 T50 RN HE IS A9 B2 fih 4 e g 1 it 2
1k R T 13.41% F1 6. 86 % , 42 A7 HEIE 43 1 hy
41. 10 Y6 45. 27 %6 , Ht B Ao 15 o A2 R, 43 T b 14
R Z L HE AL 1 i Fe /N

x4 TEHEE

Tab. 4 Earth pressure increments

TR AL E HET5 g e | AR

1k + & 71 /kPa 212.74 | 412.16 | 113.70 | 113.75

+ g 4 % 3 b/ kPa 28.52 28. 28 46.76 51. 50

A+ E A R % 13.41 6.86 41.10 45.27




80 X o@ B

I £ F K

2018

-

4 & iE

(1) Bl & VG 2 N T = I 50 4F 8 #HE % i
630 AR ILZ 2%, M AE S b () PGA JIUK R B (E
A 3. 59 /N 3. 19, HLWAE o5 i b 4% 7 B % )
Hh I BE NN FE

(2) ASTR) Hi 7% Bl 5ik BE T b 24 4% 37 b o % 08 1% 00
FAE A7 HEJEC AL A X 7K A0 8% d5e KABEBEL /N 43 31y
0.39.0.93 F1 1. 53 mm. bt B bi% i 5 £ & A 54
T F1 % 3 445 ) 460 8% M) o7 2 A 12 42 1

(3 TEHZ B A B R . BE A0 25 0 78 22 A #L ) A
2 AT HER AL Bl T B K AE A2 A HETBE AL Y 2 R
BY 18, HL I 5 Hb 7R S i A R L R 5 A 45
INARWIRRZ 3.3 N

(4) Hb 2 4 S 1) + TR 7 7F Hb 24 88 Fff 3T B K
Tia) 00 528 3 9 /0 5 R A R T g R B T
Wb b Z44E b T AR W TE R P R AE TR Y
35 % ;6 b 1A b 24 4 I b HE TOORTHE IR ) + R D 7
Hh 24 4% B Ol 5 G B TE b 24 4 3 b I AR — B0, (H R
TE 25 R BT 1 R ) K MR PR T R
TH 25 K8 1) Bh - R T 3 AR A2 HE I Ab AR, L rp B
AT M 4 A% — ) 7 A7 HE I Ak B R O K, HE O Ak B
W Z B A B4 dR

S % LM -

References :

[1] PENG Jian-bing, CHEN Li-wei, HUANG Qiang-bing. et al.

Physical simulation of ground fissures triggered by
underground fault activity[ J]. Engineering Geology, 2013,
155 19-30.

[ 2] PENG Jian-bing, HUANG Qiang-bing, HU Zhi-ping, et al.
A proposed solution to the ground fissure encountered in
urban metro construction in Xi'an, China[J]. Tunnelling and
Underground Space Technology, 2017, 61 12-25.

[3] @wiRVL, 2, BoRIT 45, =2 W53 b b 28 4% 0 3h f b 4k
W% T8 1 w2 e [ ). 2838 02 i TR ¢4, 2017,17(2) 1 41-51.
MENG Zhen-jiang, PENG Jian-bing, HUANG Qiang-bing.
et al. Influence of ground fissure activity on subway tunnel in

site [T . of Traffic and

Transportation Engineering, 2017, 17(2): 41-51. (in Chinese)

[4] LIU Nina, HUANG Qiang-bing. MA Yu-jie, et al.

third-kind surveying Journal

Experimental study of a segmented metro tunnel in a ground
fissure areal J]. Soil Dynamic and Earthquake Engineering,
2017, 100: 410-416.

L5 XUWRHE, X 20, B o A%, 45 2 M 02 3k M bR 1 25 Bk b L 4 1)
MR R[], 2038 12 4 T AR 41,2015,15(4) : 34-42.
LIU Ni-na, LIU Jun-tao, HUANG Qiang-bing, et al.

Seismic response of segmented metro tunnel with flexible

[8]

[9]

[10]

[11]

[12]

[13]

[14]

joints passing through ground fissures[J]. Journal of Traffic
and Transportation Engineering, 2015, 15(4). 34-42. (in
Chinese)

BRSBTS T KWL AR A B FE M e Sk b R R T T N 2
SRR MBI R OT S [T, 5 A %5 TR %4, 2010,
29(8) :1546-1554.

HUANG Qiang-bing, PENG Jian-bing, MEN Yu-ming, et al.
Model test study of sectional metro tunnel with flexible joints
adapting large deformation of ground fissures[ J]. Chinese
Journal of Rock Mechanics and Engineering, 2010, 29(8):
1546-1554. (in Chinese)

WOREZEE A B, S M R4 TR 30 Hb 4k X [a] R 1 b )
IS 75 3 A% 8w A R T [T, 2 & TR 2 4z, 2009, 31(10) ¢
1525-1532.

HUANG Qiang-bing, PENG Jian-bing, SHI Yu-ling, et al.
Experimental study on effect of active ground fissures on
stress and displacement change laws of strata near metro
tunnels[ ] ]. Chinese Journal of Geotechnical Engineering,
2009, 31(10): 1525-1532. (in Chinese)

0 SO 2 A AR T o 2R A A 0 A B AR
RS L], A A S TR 2008,27(9) :1917-1923.
FAN Wen, DENG Long-sheng, PENG Jian-bing, et al.
Research on physical model experiment of metro tunnel
crossing ground fissure belt [ ]J]. Chinese Journal of Rock
Mechanics Engineering, 2008, 27(9): 1917-1923. (in Chinese)
W 3 SRR MR R AE . b 2R M 5 B e 8N AT 5 A
B P4 Jek BH S B LT ). 9 2%, 2014, 29(4) :82-88.

FAN Wen, NIE Zhong-quan, CHEN Dang-min, et al. Study

on seismic effect of ground fissure—a case study on a ground
fissure in Xianyang, Shaanxi[ J]. Journal of Gatastrophology.,
2014, 29(4) . 82-88. (in Chinese)

HASHASH Y M A, PARK D, YAO ] I C. Ovaling deformations
of circular tunnels under seismic loading, an update on
seismic design and analysis of underground structures[]J].
Tunnelling and Underground Space Technology, 2005, 20(3):
435-441.

GHIASI V, MOZAFARI V. Seismic response of buried pipes
to microtunnelling method under earthquake loads[J]. Soil
Dynamics and Earthquake Engineering, 2018, 113: 193-201.
AVANAKI M J, HOSEINI A, VAHDANI S, et al. Seismic
fragility curves for vulnerability assessment of steel fiber
reinforced concrete segmental tunnel linings[J]. Tunnelling
and Underground Space Technology, 2018, 78. 259-274.
SHAHIDI A R, VAFAEIAN M. Analysis of longitudinal
profile of the tunnels in the active faulted zone and designing
the flexible lining (for Koohrang-11I TunneD[]]. Tunnelling
and Underground Space Technology, 2005, 20(3): 213-221.
ROWL LB WL, MR RR I 32T AT ) b AR R B
Wi B (E AT L)), T AR M B2 412 2015, 23(5) : 1020-1029.

WU Ming, PENG Jian-bing, HE Kai, et al. Numerical
analysis of dislocation of ground fissure on the metro tunnel

paralleling to the ground fissure’s strike[J]. Journal of



% 4

X YRR, S MK g GE AR U3 L

A0 MR R R 81

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Engineering Geology, 2015, 23(5): 1020-1029. (in Chinese)
AR R EEWE i PR L S VG 4 M Bk R v 1 b S b 5 )
BT AR B R 22440 FARBEAE AR . 2014, 34(4) :98-103.

SONG Yan-hui, GAO Hu-yan,

LI Zhong-sheng, et al.

Geological study on ground fissures in Xi'an metro
engineering [ ] ]. Journal of Chang’an University: Natural
Science Edition, 2014, 34(4): 98-103. (in Chinese)

AR R ENE R HE L AR I U 2 BT A (FIND 18 BEGE 1)
B[], bR . 2014,30(2) : 272-279.

LI Zhong-sheng, SONG Yan-hui, GAO Hu-yan, et al. Study
on the strike of western Lintong-Chang’an Fault (FN)[]].
Earthquake Research in China, 2014, 30(2): 272-279. (in
Chinese)

ZE A R TR R N S VU MR S T K e R
W] AR TR 4. 2013,46(8) :98-104.

LI Zhong-sheng, GAO Hu-yan. SONG Yan-hui, et al.
Investigation and research on Chang’an ground fissure along
the fourth metro line of Xi'an City [ J]. China Civil
Engineering Journal, 2013, 46(8): 98-104. (in Chinese)
HOR S AR E AL A RGNS S AR ) 5 AR TR
mi B g 52 [0 . 45 k)12, 2009,30(4) : 903-908.

HUANG Qiang-bing, PENG Jian-bing, YAN Jin-kai, et al.
Model test study of influence of ground fissure movement on
stress and deformation of soil mass [ J]. Rock and Soil
Mechanics, 2009, 30(4): 903-908. (in Chinese)

AB T .28 PR VRN S5, 1995 4F H AR B M 5% K T Hh 4k
Lol R E R BN R WU A R i R ). A TR AR,
2018,40(2):223-236.

DU Xiu-li, LI Yang, XU Cheng-shun, et al. Review on
damage causes and disaster mechanism of Daikai Subway
Station during 1995 Osaka-Kobe Earthquake [ ]J]. Chinese
Journal of Geotechnical Engineering, 2018, 40(2) . 223-236.
(in Chinese)

W IE 5 E 8 M, B LU R 3 A2 AR A R 2R 5 R 2 R
BB 5E )], A 1% 5 TR . 2011,30(1) : 45-57.

CHEN Zheng-xun, WANG Tai-dian, HUANG Can-hui.
Case study of earthquake-induced damage patterns of rock
tunnel and associated reason[]J]. Chinese Journal of Rock
Mechanics and Engineering, 2011, 30(1): 45-57. (in Chinese)
G, B4R, T WL AR SO MR A R R 1 S5 R
SIHT R EALIERR T ()], A £ T2k, 2013, 35(6) : 1084~
1091.

CUI Guang-yao, WANG Ming-nian, YU Li, et al. Seismic
damage and mechanism of portal structure of highway tunnels
in Wenchuan Earthquake[J]. Chinese Journal of Geotechnical
Engineering, 2013, 35(6): 1084-1091. (in Chinese)

Bk MEL AT DL ], AR o ONT SR R AR BE 1 S BEHTRR X
B DR ST L], 5 A1 J1 % 5 TR 4%, 2014, 33(2) :358-365.
GENG Ping. HE Yue, HE Chuan, et al. Research on
reasonable aseismic fortified length for tunnel through fault

facture zone[ J]. Chinese Journal of Rock Mechanics and

[23]

[24]

[26]

[27]

[28]

[29]

[30]

Engineering, 2014, 33(2): 358-365. (in Chinese)

faf LR ARLER S AR BRI o R TR B R LR
FEL] A R TR 2014,36(3) :427-434.
HE Chuan, LI Lin, ZHANG Jing, et al. Seismic damage

mechanism of tunnels through fault zones[]J]. Chinese
Journal of Geotechnical Engineering, 2014, 36(3) . 427-434.
(in Chinese)

XGRS, 177K W], 32 dl I, 46 3t 72 r 280 R b B g % 36 5l
T3 R A3 LT ] 7K S0 i TR B . 2010, 37(4) £ 58-62.

LIU Ni-na, MEN Yu-ming, PENG Jian-bing, et al. Dynamic
response of shield metro tunnel in earthquake load [ ]].
Hydrogeology and Engineering Geology, 2010, 37(4): 58-62.
(in Chinese)

CHEN Zhi-yi, CHEN Wei, LI Yueyang. et al. Shaking
table test of a multi-story subway station under pulse-like
ground motions[ J]. Soil Dynamic Earthquake Engineering,
2016, 82 111-122.

POl IR R T, AR TR VAT O G LA 1Y R R
ERBRWPFRL) ] A A %5 TR%R, 2014, 334 2).
4086-4095.
HE Kai, PENG Jian-bing, HUANG Qiang-bing, et al.
Simulation test of metro tunnel parallels ground fissure with
short distance[ ] ]. Chinese Journal of Rock Mechanics and
Engineering, 2014, 33(S2): 4086-4095. (in Chinese)

1o R BRI, AR AR T A R =T A R T R AE O R
AR BB S R TE) ], SRS 18 15 K L 2012.,49(6) - 128-
132,146.

GAO Hu-yan, HUANG Qiang-bing, WANG De-zhi, et al.
A study of design parameters for the tunnels of the Xi’'an
Metro Line 3 passing obliquely through active ground fissure
zones[ J ]. Modern Tunnelling Technology, 2012, 49 (6):
128-132, 146. (in Chinese)

EARIL, AT A A UM = S R RS R B RIE K
EBAHT] KRR ARBIERR . 2012,32(1) :66-71.
MENG Zhen-jiang, LU Quan-zhong, LI Xi-an, et al.
Characteristics and activities trend of ground fissures along
Xi’an subway line [J]. Journal of Chang’an University:
Natural Science Edition, 2012, 32(1): 66-71. (in Chinese)
e ik, o TR S . BE T bR XA P — A R TR R
R SIS 8], T J1%,2013.30(2) :260-265.277.

XU Weijin, GAO Meng-tan, WANG Ke-hai. Design
earthquake ground motion parameters of general bridges based on
national seismic zoning map[J]. Engineering Mechanics, 2013,
30(2): 260-265, 277. (in Chinese)

W5 B BTG G ol XA [ 8 7 A 4 K 7 T b 7R 5 e ] o 3
BER R[] ], iR TR S TR RS, 2012,32(3) : 34-40.
CHEN Dang-min. Study on relationship between ground-
motion peak accelerations and different levels of exceeding
probability in Guanzhong Area of Shaanxi Province [ ] ].
Journal of Earthquake Engineering and Engineering Vibration,

2012, 32(3): 34-40. (in Chinese)



	
	2018交通运输学报封面目录.pdf
	地铁隧道邻近地裂缝带的地震响应


