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Abstract In this paper, 3-D Finite Element Method combined with Discontinous Deformation
Analysis (DDA +FEM) is used with the constraints of 3-D tectonic blocks of Qinghai-Xizang
Plateau and neighboring areas to study the pregnant mechanism of Wenchuan earthquake. The
topography on both sides of Longmenshan fracture zone, the marked change in thickness of the

crust and its layers, and the influence of a stronger crust in the Sichuan Basin and Ordos block on
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the eastern side of the fracture zone are taken into consideration. With the GPS data constrained
on the boundary, the calculated velocity and stress fields agree with the observed GPS data and
the focal mechanism distribution results. On this basis, the distribution of risk factors on the
boundary faults of tectonic blocks, which characterize overall influences of shear stress and
normal stress on fault face, etc, is calculated numerically. The results show that the sections
with high risk factors coincide with the areas where most of the Ms>7 earthquakes have occurred
in recent decades, including Ms = 8. 0 Wenchuan earthquake in 2008. Trial computation of
situations of two different structures on both east and west side of LLongmenshan fracture zone
show that significant changes of the topography on both sides, the thickness and the layers of the
crust, and the physical properties played important roles in the pregnant mechanism of the
Wenchuan earthquake. The calculated distribution maps of strain intensity show that the eastern
edges of Qinghai-Xizang Plateau are close to the strain intensity steep change zone. Of the zones
with steep change in strain intensity in eastern edge of the plateau, LLongmenshan fracture zone
shows the steepest change. The intensity contour on the east side of the fracture zone decay faster
than the west side. In addition, the calculated strain energy density contour shows that the width
and the strike direction of the upper and middle layers of the Longmenshan fracture zone is
located in the same direction of the high strain energy density band. In the upper layer of the
crust, low strain energy density is found on both sides. In the middle layer of the crust, the
strain energy density decreases from west to east: the western side has high strain energy
density, the eastern side has low strain energy density. Our results show that under strong
subduction of Indian Plate, constraints of 3-D tectonic blocks in Qinghai-Xizang Plateau and
influence of special tectonic environment on the west and east side of the Longmenshan fracture
zone, the seismic fault area, where Wenchuan earthquake occured, had accumulated sufficiant
strain energy. It indicates that the area is in mechanical instable state.
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Fig. 1 Distribution map of larger than Ms6. 9 earthquakes since 1988 and tectonic blocks
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Table 1 The mechanical parameters of materials in the model

LiSTE 34 i [X 7 G A (MPa) THIALE W (kg e m™®)  FWRR(Pacs)  HEfMAIE (MPa)

W82/ PLBE B4 550000 0.35 2670 1.70X 10 1.0X 101
BOYIAR  H ik 550000 0.35 2670 1.70X 1019 1.0X 10

B HR Bk 750000 0.35 2680 2.30X 10" 1.0X 10

SRR Z W 800000 0.35 2680 2.52X 101 1.0X 10

Y 1] £ 800000 0. 35 2680 2.52X10% 1.0X 10"

LSRN 700000 0.35 2670 2.20X 10" 1.0X 100

AR AL Pk 700000 0.35 2670 2.20X 10" 1.0X 100

oAt He A 650000 0.35 2700 2.00X 10" 1.0X 101

i 5E B YA H % 430000 0. 30 2780 1.35X10% 1.0X 101
79 )1 4 b 930000 0. 30 2800 2.93X 10 1.0X 10

R 2 W 850000 0. 30 2800 2. 68X 101 1.0X 1010

ST etk 800000 0. 30 2790 2.52X 101 1.0X 10

HRAbHe ik 800000 0. 30 2790 2.52X 101 1.0X 101

H A e 1A 797000 0. 30 2790 2.50X 10" 1.0X 100

T Hb5E Tk 450000 0. 30 2920 1. 40X 101 1.0X 10
)] ¥ B 1A 450000 0. 30 2920 1. 40X 101 1.0X10%

BOHRMRAE . H 0% 450000 0.35 2920 1.40Xx 10" 1.0Xx 10

PO 1] 435 b 650000 0.35 2940 2.00X10" 1.0Xx 10

R 28 650000 0.35 2940 2.00X 10" 1.0X 101

e Pk 600000 0.35 2930 1.89X 1019 1.0X 101

KA Pk 600000 0.35 2930 1.89X 1019 1.0X 10

A e 4k 530000 0.35 2930 1. 60X 1019 1.0X 101

A0 2120000 0.35 3300 1. 00X 1020
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Fig. 3 (a) Distribution of surficial velocity calculated in study zone; (b) Distribution of
focal mechanism calculated from stresses tensor in upper crust
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Fig.5 (a) Distribution of strain rate intensity in upper crust of study zone; (b) Contour map of strain rate intensity except red
colour region in Fig. 5a (high strain rate intensity region); (c¢) Distribution of strain rate intensity in middle crust of study zone;
(d) Contour map of strain rate intensity except red colour region in Fig. 5¢ (high strain rate intensity region)
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Fig. 6 (a) Distribution of strain energy density in upper crust of study zone; (b) Contour map of strain energy density except red
colour region in Fig. 6a (high strain energy density region); (¢) Distribution of strain energy density in middle crust of study zone;
(d) Contour map of strain energy density except red colour region in Fig. 5¢ (high strain energy density region)
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