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Numerical simulation study of instability mechanism of the 2008 Wenchuan earthquake
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Abstract Considering the softening characteristics of faults, a plane earthquake mechanics model
of the Wenchuan earthquake instability is established, which perpendicular to the LLongmenshan
fault zone and includes the Sichuan Basin and the Western Sichuan Plateau. The equilibrium path
curve describing the stability state and process of the whole rock mechanics system is obtained by
using the finite element method. Then the process of the Wenchuan earthquake from preparation
to occurrence is studied by using stability theory, and the influence of fault dip and fault material
parameters on earthquake instability is discussed. The results show that the system has only two
states: stable fault aseismic sliding and unstable earthquake instability. The increase of fault dip,
initial internal friction coefficient, initial cohesion and shape parameters of the strength curve will
lead to the instability of the system. The increase of the fatness parameter of the strength curve is
helpful for the system to enter a stable state of slow and aseismic sliding of faults. Before an
earthquake instability, between the peak stress point and the instability point of the equilibrium

path curve, the fault dislocation accelerates, the strain energy begins to release and the stress
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begins to decrease, which is the precursor of the instability. Finally, a sudden stress jump occurs

at the instability point and an earthquake occurs, with the rapid release of strain energy, stress

drop and sudden fault dislocation. Whether it is stable fault aseismic sliding or unstable earthquake

instability, after the system re-enters the state of stress and strain energy increasing, the growth

rate of stress and strain energy is determined by far field loading rate, the structure of rock

mechanics system and the properties of surrounding rock material, and is independent of the fault

softening characteristic parameters.
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Fig. 1 Tectonic setting of the Wenchuan earthquake

and the model profile location
The mainshock location is indicated by purple star,

the blue line is the model profile location.
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Fig. 2 A diagram of earthquake mechanics model
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Fig. 3 Three finite element models of different dip in the deep and shallow parts of the Longmenshan fault zone
(a) Model-1; (b) Model-2; (3) Model-3.
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Fig. 4 The equilibrium path curve with different initial
internal friction angle
@0 =23° is stable state, ¢y =30", ¢, =232° and ¢ =35°

are unstable states.
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Fig. 5 Variation of vertical displacement with time at
the surface of two sides of the Longmenshan fault zone
with different initial internal friction angle
(a) Point A on the side of the Western Sichuan Plateau; (b)
Point A" on the side of the Sichuan Basin. ¢ =23° is stable

state, gpo:f%()o, ®o =32° and ©o =35° are unstable states.
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{EL IR A9 DB J= TP 50 3 Ak 3 7 4% i I 1) 1) A2 4. e
Pl 10 R R R 2 2 ORI 7 J2 AN R 9 2K A
RSB Wi % A8 B RR E W JC R T S RS F I Z 6
TR T Bl Bl RN I O 3 6 % 4 . RIS
B RS2z 8 TR\ sh. mE 10 AE 11
AR R I S RO R By e A MR R R
T 22 PAT IR 285 ) i) e 6 2 A B4R T B R A
A IR R RO 3 A AR T 2 A B/ R I A 7 A R
ZIN R 4 2 5 IS [ A B L 25 P B 0T R YRR
B E) M8, 0, A [ 58 25 2 19 8 7m H A % S )k
TAF R P GRETRRAF . 2008 3 AR ST R MK B 72, 2009)
DRI e 171 L W SR 4 T JEE 2 00T RE K.
2.5 BEMSKERSEHEMW

SR A i BE il AR TE AR 2 B0 Ml R R AR S

8
6 10 :
¢,=3000 Pa
sl|- = =5000 Pa -
¢;=10000 Pa a
Z | |-----c=50000 Pa o
S 4t o
=] -
2 ~
£ -
& yd
g3 -
= ot
8 L
g2f e
] g -~ ——
-4 e ~
/}/’/ \
1t Z \ e
0 . 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0

Horizontal displacement/m
9 W06 6 58 7 BUAS [ 6 B ey P 4 it A it 2k
¢ =3000 Pa Fll ¢, =>5000 Pa JyHa g R4
€0 =10000 Pa Hl co =50000 Pa Jy 2k Bk A,
Fig. 9 The equilibrium path curve with
different initial cohesion
¢o=23000 Pa and ¢, =5000 Pa are stable states,

co=10000 Pa and ¢, =50000 Pa are unstable states.

x10%

22 T
20F e, ——uy=0.21 m| |

1.8}
Zz 16f
[}
T 14}
S12f
g
10
=}
508}
S
~ 0.6
04}
02}

0.0 4 L s L L
0.0 0.2 0.4 0.6 0.8 1.0
Horizontal displacement/m

P10 5 B Y 2k P BE S BOBOAS [m) i I i 7 A8 8% 2 it 2%
uy=0.7 m Ml u,=0.9 m FEERE,
ue=0.21 m Fl u,=0.3 m JgRFRAE.
Fig. 10 The equilibrium path curve with different fatness
parameters of strength curve
1, =0.7 m and u,=0.9 m are stable states,

1, =0.21 m and u,=0. 3 m are unstable states.

XoF TR 1, B35 2508 ¢, = 5000 Pasu, =0. 7 m,
@0 =25 I Ar R T IR RS E m BUR[RE I 1)
i AR 2k AN 12 B, i T B E TR 28
ML R 7, 2 R E 1 9218 T AR T S RS B
2 7 B ARG R I R RROIR S Y ke A R AR RN, Bl
T AR Z O R A A s 0T g 1 B ] 0t 52 2R ) 1Y
N 7 W A T AN o AEL 3 i 2 M /. TR 2B m
FE NIV E S Y TR DN I = I V- N s DAL
i e A e (227 LR A SR 5 2009). (R IE, 24 m 3K



3474 H Bk ¥ B % R (Chinese J. Geophys. ) 64 ¥

1.5 T T T T T T T r
(@) A
e
‘/
E
210}
g
[}
S
-
2
i
£ 05r
2 o —u,=02Tm
P — —u=03m
o #=0.7 m
e =09 m
0‘0 e 1 - 1 1 1 1 1 1
0 50 100 150 200 250 300 350 400 450
Time/a
0.06 —— ——
(b) AN [—w02im
005k e \\‘ — —uy=0.3m |
g ya Y u,=0.7 m
£ I/' : e =09 m
2 0.041 / 1
g ,,7(I 1
e /4
g A 4
& 0.03 i i
b=l | \
3 | \
£ 0.02¢ | \
3} / | \
- / I N
ootf / l .
/ I s
/ \L—/_,,____':L‘;.
0 00 1 I 1 1 1 1 1
50 100 150 200 250 300 350 400 450
Time/a

LT B R 2k B S BOBOAR TR A e 1T
W7 2 T 48 3th 2 b T 6 8 IR I T 1) 8 AL
() JIPG R JE— A £ (b DU b — A" f. w,=0.7 m Ml
uy=0.9 m HREERE uy=0.21 m Fl u,=0.3 m FLERE.
Fig. 11 Variation of vertical displacement with time at the
surface of two sides of the Longmenshan fault zone with
different fatness parameters of strength curve
(a) Point A on the side of the Western Sichuan Plateau; (b) Point
A’ on the side of the Sichuan Basin. u,=0.7 m and u,=0.9 m are

stable states. u,=0.21 m and uo=0. 3 m are unstable states.

B B ARG 0 m (E HiL AR R AR X I Y s
[F3) 1R g o AN P e A AR AN 12 BT,

5 8 W 2 1 A R P I 2 A A LB T U B
FHS B0 H R A8 E VRS R . 215k Se S BB AL
BANEONEREZRIATEMATE 2 FhAH

X PR EARS WO A& 4 2= & 5. W20 56 Ak
T AT BCIRAS | B 2 3 (6 4% 135 K W J= 2 v iR 1A
WA T4 52 15 T0 72 ¥ 3l » L 1) [ A 77 10 10 72 i
2 AN W AELURE T 1) T 7 E 3 B8 /N T 38 3 13 T

x108
25
—m=1
Pt - —m=3
< m=5
Al AN ——m=1|]
Z
3
215t
f=1
¥
£
S10r
5
S
o~
0.5
0.0 Y 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0 12

Horizontal displacement/m
B12 5 2R TR IR S BORCAS [R)E I 1) 7 A 8 72 it 4%
m=1 FEERES , m=3,m=5 M m=7 JHEEIRE.
Fig. 12 The equilibrium path curve with different shape
parameters of strength curve

m=1 is stable state, m=3, m=5 and m=7 are unstable states.
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