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Simulation of normal fault rupture and its impact on mountain tunnels
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100124, China; 2. School of Civil and Resource Engineering, University of Science and Technology Beijing, Beijing 100083, China)
Abstract: The seismic damage of mountain tunnels is closely associated with the movement of active faults. Seismic design of
tunnels crossing active faults is one of the great challenges nowadays. Based on the engineering prototype of the Xianglu
mountain tunnel, the water diversion project in central Yunnan Province, a numerical method to simulate the propagation of
normal fault rupture is proposed using the finite element method incorporated with the cohesive interface model in fracture
mechanics. The proposed method is verified against the post-earthquake reconnaissance and experimental results using the
three-dimensional free-field model. It is used to simulate a tunnel crossing a normal fault, and the effects of fault displacement
and dip angle on the response of the tunnel linings are discussed. Besides, the damage indices and safety assessment criteria are
introduced to preliminarily evaluate the damage of the tunnel linings subjected to fault movement. The results show that the
mechanisms of surface rupture exhibit the forms of folding or fault scarps under normal faulting. The axial tensile strain and
hoop shear strain of the tunnel linings reach the maximum at the position where they intersect the fault slip surface. The seismic
damage state of tunnel along the longitudinal direction is significantly affected by the fault displacement and dip angle. The
length of the tunnel linings in a severely damaged and completely damaged state is significantly reduced with the increase of
the dip angle. Dip angles of 50° to 70° are more detrimental to structural safety.
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Fig. 1 Geological profile of Xianglu mountain tunnel
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Table 1 Geomechanical parameters of Heqing-Eryuan fault
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Fig. 2 Schematic of tunnel supporting system constructed by

drilling and blasting method
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Fig. 3 Spatial representation of a three-dimensional cohesive

interface element COH3D8
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Fig. 5 Three-dimensional numerical model of free-field condition
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under normal fault rupture
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Fig. 8 Comparison between finite element analysis and test results

of Reference [5]

4 Wi ESETh T B B RRE N B 53 4
4.1 WE—RE=HRE TR

T T bSO R ) IE B R AR T v, AT
Wy 2 —REE = 4EEE o A, 9 R, Hoh
B&E 0 b B R ER B HCA 100 mo [ PR A
BI24, RITRM DL KA S =4 3 i 8UE
SIATEAR A R o BEIE AT R AN, SR\ T R AR
SCARHLIT C3D8, AR AL ik MR ok 450 47 SR PR AR Y
(concrete damaged plasticity model, CDP #:7), #4%}
ZHHUE IR 2 TR (EWE—BEE A BAE 5>
M, HORSRTEZS M R SR . DR, FEBTE—BE
T8 = e o A A v, ) A P T ) LR BT = B i
X IR S R A PR A, T E LA 8 1) DX A A
SRR o BRI JUILE 5 W 2 T BT AHAZ B3 50 mo ¥
Bl AR A AR AL R A

Sy TR AR TE A 1) EH A I N AP L. A S
LA AR IR E 2, Aot 5 N Ao 1) AH BLAE R 2
Fb I 7 22 AR o ANk PR R T AN P Af 4102 T ) (1 i 15
B ] SEILLE W E A S R R A iR AR XTI A (R
RN LRl g i3, DU LS e ik

FERYNA] AR ELAE A 5% 2R o 5 F7 T R 725 170 SR I Rl ™,
HIF ik A A e AR i et /g, HASBR A i 7 #
ERAN; A5 WA Z IR Rl S 320 0 B
I, P 20 8 R IR A SR AR N o L AR 23R S
IO0IE T 22 AT R L P S BE e A, IR T RIS
%, FOVFSRIEIERE AL . AU IAI 4 Ak B N 358 H i
A, AT 5 WA TEPR AR RS, b BEE AR 4
HUE 9 0.452,

9 WiE—FXE =4 HE SRR

Fig. 9 Three-dimensional numerical model for a tunnel crossing a

fault
=2 RBRIHRRERMRER hEEH

Table 2 Mechanical parameters of concrete damaged plasticity

model
24 Bl
B pl(kg m ) 2.5%X10°
FHPERLE E/GPa 30
ERA LY 0.2
BIAK A wi(°) 36.31
FE45 BRI ST fo/MPa 20.1
FAf JE iR Y. T f/MPa 2.01

Wi = — i = AE AR 0 W B AL 1) 3 AT I R 23 A
T 3ABER: OB @FEEIFZEEL; Ol
JEREENRS BN EEE— b, R EREEE TR
CRLAESME TP AE ), xof [l it 28 7 e b g -1
RIS, BEJa, 255 bbb, BRERIT
RS A A, JFfEto — 2205 %, RMEE
T2 DR A A d— 2 53 — BRI T2 . E9H2
T30 A7 2R TSR Bl o B BT 170 Fo DUBEAL IR
TIOHZERE . A% 5 FBIREYME F R 50%0H%
G SR SR VI s N Co s i ke e V= VA 9
fE A, FIRGREF N EREE, 5=4E8 hmBiEn
PR A — 3
4.2 RREFT NG R 534

(1) WrRHEEhE Af RS2 R

BT Z A 60, WTRBRE A EE 10 m (1 1%



10 41

T IR, 5 W RO O (L BETE M i 7 1881

BEIEAME) NFEARSHR, SHITEAFESIE Af
FEETEATIN AT . AR o AT

% 1 A B D AR T R SRAE S5 M B0 ) B 2Tk
—o fE (MR ESBUR B FRE) PR TR E R E
FUCRH EARIER (BRI M fabrkb) g
ARIRAS o XS T LU BB T 5, FURE I i A T 1 2
KIETPIATT 1 OFFFZRERE A 18 B R T00s B
TERE WIS 4. @Wr R AR P 51 RS i R e i A
FWARTE . FEIEWTZEEEN T, FEE RN I i A2 T 32 2
RIUAHETANDHE 2 (0] A AR o PRI, R E
Ak Y ELAR AR T 28 p SR M W 2 4 B0 T S A AR TR
H Horu i SN

H=AW W (4)
b, AW, NBETE BETRAIAMBE (] (A A2 A%, W, B
EEAE (W, =10 m).,

Kl 10 AR AF FBETE BLAR AR TE A A AR 4L
A, Hrhp T 0 FonBim LN T 0 NN
B i 10 TR A Y, BEIE S KT I8 L
R B R B T B8 2 /KRR T o B R A b A2
T8 B T W E e IR B, I DA 2 v sl fy
i3 myEHE NN E.

[(Yererereraratatatatere
-2
-4

-6

%o

-8

-10

-12 1 1 1 1 1
-20 -15 -10 -5 0 5 10 15 20

10 NESEHE THEERERE
Fig. 10 Deformation ratios of tunnel diameter at different fault
displacements

11 A Af T REE A AR = 8, B
IR R NAR T P E R R I B AR o IEWT R BT,
BETE AT R ol ) LASZ RN o i 1) o B AR TR R 3
oA, HSHM . sk, B
ATt ALk £ o 1 o 7 A 5 vy T BB TR I i v A AR A
Ko i T A RS E AN AN T £ A RSB HE T IR 2
BBl A 52 205 i K R L A AR .

B 12 9 AN A AR BETEAS WA [ B B AR I3 A 25 B
SPMTRIAL, PR BY AR B AT W T Sl
BB R R DX, T ST A B AR ) .
PRITTAE IEWT R 5520 T, BEIE AT RIAE Fe B X 3k 5 Tk
AR IR BT DIIR .

B R AR
2.40x1072

2.24x1072
2.08x1072
1.92x1072
1.76x1072
1.60x1072
1.44x1072
1.28x102
1.12x1072
9.54x107°
7.93%x107
6.33%x1073
4.72x107?
3.11x1073
1.51x1073

50 m '
Bl 11 AE#EzhE T REE N = E
Fig. 11 Axial strain contours of tunnel at different fault
displacements

ot S

Af=2.5 cm

BRI BY AR
2.50x102

2.33x1072
2.15x1072
1.98 x1072
1.81x1072
1.63 x1072
1.46 x1072
1.29x1072
1.11x1072
9.40x1073
7.67x1073
5.93x10
4.20x107
2.47x107
7.33x10-
-1.00x107 !

! 50 m
12 FEIfEENE TREEREE N T = E

Fig. 12 Hoop shear strain contours of tunnel at different fault
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