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Abstract: DamageAnalysis on Subway Tunnel Structure under Effect of Reverse Fault DislocationAN Shaol,
TAO Lianjinl,BIAN Jin2,HAN Xuechuanl, WU Xiaowal (1. Beijing Key Laboratory of Earthquake Engineering and
Structural Retrofit, Beijing University of Technology, Beijing 100124, China;2. Guang Dong Ocean University , Zhan—
jiang 524008, China)Abstract:Taking the subway tunnel in Urumgqi crossing Xishan reverse active fault as an exam—
ple,a three— dimensional elastic—plastic finite element model of soil-tunnel structure was established to simulate and
analyze plastic strain development process of secondary lining, transverse and longitudinal distribution of tensile dam—
age factor,compressive damage factor and shear strain, calculate the crack width of concrete under the action of re—
verse fault dislocation. Then the damage law of the tunnel structure with different dislocation displacements,different

vertical distances from tunnel bottom to the interface of surrounding rocks and different widths of fault zone was stud—
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ied. Finally, the disaster reduction effect of the flexible joint was studied. Results show that the damage of secondary
lining first appeared in the vault,then the bottom,and finally accumulated at the waist. The shear,tensile and com-
pressive damage all appear at the tunnel waist of the rupture surface. When the tunnel structure is away from rupture
surface, the tensile damage appears at the tunnel vault of hanging wall and invert of fault zone, the compressive dam—
age appears at the tunnel invert of hanging wall and vault of fault zone. The severe and slightly tensile—crack damaged
length are 10 m and 30 m respectively based on the crack width of concrete. The larger the fault displacement is, the
more serious the structural damage is. The larger the vertical distances from tunnel bottom to the interface of surround—
ing rocks, the thicker the soil is,resulting in that more energy is dissipated and the structural damage is lighter. The
damage to tunnel increases with the increase of width of fault zone , but when the width increases to 26 m, the influence

of width of fault zone on tunnel damage becomes stable. Setting flexible joints can significantly reduce structural dam—

age and substantially meet the design requirements for fault displacement.

Key words : reverse fault; subway tunnel ; damage analysis ; influence factor;flexible joint
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Tab.1 Physical and mechanical parameters of soil layers

o WRE PP o WSS R
/(kg-m™) /MPa 1(°) /kPa
MEF+ 2010 13.6 0.33 18 21
biiway 2 470 2500 0.25 27 90
2 1 800 2 000 0.17 18 30
54 ik 2100 47 0.25 40.8 4
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Tab.2 Physical and mechanical parameters

of tunnel structure

W R JEGRIER P

FFR HMEL/NEA
 (kgem?)  MPa S R AMPa R HI/MPa
wIHsZyT 2 500 33 500 0.2 29.6 2.51
ZRA 2 500 34 500 0.2 324 2.64
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Fig.6 Distribution cloud of compressive and tensile damage factor

1.0 I

0.8

JAREE T+ de
(=)
(=)

0 50 100 150 200 250
O\ w2 /m
B 7 BT BRRBURZ RSB BTG 5 A &
Fig.7 Longitudinal distribution curve of compressive

damage factor of tunnel vault, waist and invert



557 LR T Z B B MR BR 1B 25 K5 3 A 151

1.0 )
1
1
808 i
‘- ! = L
06 | —o— itz
R —a— HLJE
B 04
Ho2t
0r |
1 1 1 1 1 1
0 50 100 150 200 250
28] FF B /m

B 8 MBI BIERBIRZIEIG BT @ 5H
Fig.8 Longitudinal distribution curve of tensile damage

factor of tunnel vault, waist and invert

34 BINT

& 9 Ry A W) 5 1 AR 53 A = L L 9 AT,
e K BY N AR K AR B AL . (& 10 Ry HEFE Ak 59 )i AR
(X {BD) DA Ta) 7 Af i 22 IR, HERE Ab f K BT I A8 & A=
TEGN I ARAR 105 m A, B RAE M 0.019 3. YR EE -5
S JEE RN S 5 22 29N 0.095~0.12129, 4K 45 Zia
PRI, YRLRE 1 A B IR ol LM 1 11 409621
I AT R4S C50 VREE T RPN R BT VIS &,

7 _ 01210
= = XL Fa 9. -4 1
& G 0.4E, 93¢ (1)

HERLAL B R AE Sy 1.93e-2, FEA T R BY DI i
AR, FE R BE AR ATRE AL T B BT UIREA.
h=165 cm W
-1.93e-2 0
B9 =RATMH B A= H
Fig.9 Distribution cloud of shear strain of secondary lining

20 N

4
HE
S

\

051
|
0 3
1 1 1 " lI 1 n 1 n 1
0 50 100 150 200 250
215 B /m

B 10 BRI BT A0 5 i
Fig.10 Longitudinal distribution curve of

shear strain of tunnel waist

3.5 SEMRHZREXER S
1 3.3 F1 3.4 T REIE 5257 52 RS 5 DT
M AT FITE T 2R SR, KA A2 2 A 5

IR 3[R R RE A 4 i e s Y Rl PN, b 25 R L T
b AR L AL R BRAZ R ), F AR AL
s PN HETRAL 32 RS2 FE 7. IR IR IR 20
W oA EE LA 11.

,,,,,,,, iﬁ’ ‘hﬂz//f\\ iﬂj—ﬂz
{REX)
,,,,,,,,,,, . o
FZEX T ZhX

A 11 —RATHsrH X a o +5 B
Fig.11 Schematic diagram of the damage form along

the tunnel axis of secondary lining
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with different influencing factors
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Tab.6 Plastic strain under different vertical distances from

tunnel bottom to the interface of surrounding rocks
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Fig.16 Shear strain of tunnel waist under different vertical

distances from tunnel bottom to the interface of surrounding rocks
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under widths of fracture zone
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