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Analysis of Cross Fault Tunnel Damage under Combined Action of Fault

Dislocation and Ground Motion
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Abstract: A large number of historical examples show that cross fault tunnels will be seriously dam-
aged in earthquakes. Therefore, the failure mechanism of cross fault tunnels under fault dislocation
has been widely investigated. However, in tectonic earthquakes, which account for the highest propor-
tion of seismic phenomena, fault dislocation and ground motion occur simultaneously, and there are
limitations in considering them separately. In this paper, a three-dimensional finite element model is
used to simulate and quantify the damage to tunnel structures under three loading modes: fault disloca-
tion alone, ground motion alone, and fault dislocation with ground motion combined. The influence of
fault dislocation and ground motion on cross fault tunnels is analyzed by incorporating the dissipated
energy index. The results show that the influence of ground motion on the tunnel cannot be ignored
when fault dislocation occurs, and it is necessary to consider ground motion in the analysis. When fault
dislocation and ground motion act together, the damage caused by ground motion is significantly
worse than that caused by ground motion alone due to cumulative damage.
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Fig.1 Schematic diagram of the calculation model
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Fig.2 Relationship between damage factor and strain
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Fig.3 Acceleration time history curve of TCU-052
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Table 1 Calculation case design
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Fig.4 Damage contours of the tunnel

22 WGESHSH

KI5 J&oRs 1 = Fh B0 b 18 o 1) 0 50 32 i 5
A AZ A5 403 04 153 405 {8 76 AN [ DX JR] A 0 A 1 O, 54 491
IAE VRN N S QU -

AN I B PL A3 3 2 32 A0, B G A ) BT
B35 105 18 32 B AR Hh A 0~0.2 X AN X ) o, b T x4
DX 1] fy R oG 43 45 A BE AR AR, R LG T A
R STV v = BT K7 K TP R M E K A e
e Wr 22 BiE 3 DL K 3t R R HE A7 A U K A
fFa.

W S A1) 4 A 03 L DX ] 43 A 5 58 4 — AR 4]
S HEFT XS AT DA B, B — Ah T 0~0.2 53X — X [H]
1 PR T B B /N T AR — A A = [ i AR
b DX T B o3 AR L A T AR A TR AE 2 B
B 0.8~1 By 3x — X A, 581 — 09 o5 bbb & 3 .
UL T AR S o A TR 2 SR AR A2 B R o
P #E A 2 BP0 i BT AR o T2 B R

100

—— i —
[ ] —o—5ifil—
80t A=
e
° 60
& 40t
s
]
20
Zﬁ
oF ==
0~I0.2 0.2L0.4 044L0.6 046L0.8 O.SLLO
DAMAGETIX [d]
(a) ZHRGTHIBLT M X [R5
100 . .
—e—H | —
sl ——Epi=
)
© 60
& a0t
s
20 .
ok IS‘LIé:

002 02-04 04-06 0608 0810
DAMAGECIX [g]
(b) ZEARGRIIRAE E X A5 F

PS5 e 0 58 o 458 Al (L X (1] 0 A1
Fig.5 Proportion distribution of lining elements in different

intervals
105 1 BT

3 FREEESH

F1 AR 7 22 e R fE A AL W S B A
fR A R AL, ) SRS AR 2 BE i 9K B T B — Rk 2 2k
B BRRTEEIMRE G SN E A RS
MRER N U MRYE Ry 225 — e, X S fig e il i
R FRGRNAE U, X LEREE W] LI NPT, —
T3 g ALK A B SR VAR BE U, — 1020 H G AR L
AE Upo FOCABHLAE Uy MR AT &3 )25 —
T, B AR ST SR SR e, BRI, IR
Bk L AEAR 3 0 AR b, 2R LI A BOUL B B 9 TR
e R BE AR A B A RE R A FE AL, UL, BT AT A
IO, BT AR BLRE 5 R TT Y B 400 0 2 v R A R
4, B G FE BIRE AT LLAE D 48 AR Xk 550 B 453 3 15 20 2
FEVEM o 3% — W02 B S AR R i Bk & X
WK1,

P 6 2 551 — i FE B RE I R R 1 oh R R AR

135



VKT 2 S RN RE B AN B B 3 R 2 e = 2 s,
PR Ry B0 — At N ¢ = 2 s i W 2 4 30, BT LA L b g
2R Z I ) B R A SR B — AR TR RE I AR i 4
ARG ) B R T e El P Y B L B, L — R T ) A
SRR E LB X Bt & R A R —
TR A, H TR R AR S 8o N B BB
KK 6B WrZmahaiim, a1
1005.12 kI R FETLRE , fEM A LR B 2 )5, b 18 SR
Ji T 655.01 kJ A AE AR , 3 U I W7 J2 4 20 7 AL R4
JH 3 B 5 3 ke 2R

1 800
1600
1400
1200

=

1000

<m

& 800

% 600

400
200

ol

b Eh

Wiz 4Eah

tls
B 6 e A I R

Fig.6  Time history of tunnel dissipation energy in case I
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