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NUMERICAL MODELLING OF EVOLUTION OF TECTONIC STRESS
FIELD IN STRONG EARTHQUAKE AREA

SU Shengrui  WANG Qi LI Peng

( Department of Geological Engineering, Chang'an University , Xi'an 710054)

Abstract This paper examines the tectonic stress field in the Longmenshan region where the Wenchuan 8. O earth-
quake occurred in 2008. The evolution of tectonic stress field before—, during-and after-earthquake is studied with
numerical modelling. It is found that from the time before main shock to the time after main shock, the regional
stress field experienced complex change process. The magnitudes and orientations of principal stresses and shear
stresses changed a great deal. The changes coincide well with the deformation caused by the earthquake and the
distribution of the after-shocks.

Key words Tectonic stress field, Numerical modeling, Longmenshan region, Strong earthquake

i, E LA S et 7 P A T B 5 a2 B A G
1 5 5 (oA Rl o K I T3 1 4 A 5 T8 AL R
FEIE I T DX R P R Jo R T 9T S

Fy3E& 1 A — s 25 R R A ME R T 97 AR T B

ks H A 2012-05-20; W& Sk H A : 2012-07-03.
EETE : HK ARG E S H (41030749) , [FH K B RRlF 3L 4 8 S350 H (41072223 ) F1rp [ Hb 5875 J5 590 H (1212010914025 .
E—1EEEN IR, TREHFE L. Email: desusr@ chd. edu. cn



716

Journal of Engineering Geology ~TLAZXLF 5 2012

S X AL 3 I S AL E s i T T2 6
o BELNERI 1997 43 H 1 H ~2003 4E 1
H 4 HFT S M b DX i 5= 7 244 53 e g 35534
AT RRAE AR 1 2003 4F 2 A 24 HikE, HHE W2
PSRN 3355 07 1) ORI B T 8 — BB RAS o
SEREAE MR 0 R B e ORI T TS
1, 2001 AERLA L P M 8. 1 HusZ i 325 Jy 5 1) o
B AR AL, B K i ik 830, F 0 1 {H A b ik
1 400 kPa, B S 36k T 523 kPa, Tyl i@
TEXT 1994 ~2000 45 [i] )1 Y Hb DX /)N 52 72 W5 L) i 1)
SRR ER, N L IX 1 By 7 S 4778 LA RN T T—/ N 42 3]
W7 524 o L0 A X ARRALE T L TR YT — /N4 ol B 4 AL
M X AE 1996 4FTi J5 & Az 2k — WK W ) 5 7 1) 44
T AT phy (T R 5 R A VR ML R b A AR Ak
KB 1997 ~ 1998 AF-A1 i 5t 52 FF 7% VR IX N, 3 3% 48 i
T—RIEE.

AR SCAR R E A 0T 1T 1 DX DX 3l o DA R T
FEHb TR S (BT 2 8 7. 1 X Il Ml 5 7 2B DA S
)t 17 3 DX 38 M AR WERE BT 5+ 12 1R AR I
B A AR, SR AR (AR A0 32 S e ] 1 il X
FEBN 512 HFRHT 5 DA S 2% R i AL 36t 17 ) 1
AR AR AL | LLIUI R AR 7 98 7o D A % L X
X 4o M R 2l 7 27 1 A R M R ok R A G
i

2 DX AR O

BIFSE DX, 77 7 e AR % (R P I — H O
AR, T VY RS KT BT AR, AT S 4 T B A
A, AT N ZR U AR A5 R

Tl T X FiAl 5 LR & 4 S55E 0] N4S°E |
fia) NW (f5iffi S0° ~75° (i Wi RN FFAE , A A2
(RS I SONG A AR TS AR TIPS
IR T TS LR A B iR
FRIER I Tl b g

DX Sy 3 ) I S 4 R AW, e ] Lt X X
SR I T 5 F 0% 9 77 18] S AR g NNW-SSE [, {5
HA—E Mo KAt . HACA AN -T2 1T 1l
X ER 17515 5 NEE-SWW ], HAx i X A4 35 10
Gl K R 107 ) R AR P

3 WIS EOR B

PRSI B (1) BEARLAE T — 48 ) )4k
A5 () BEA N APES RV RE (3) Wi RE R
0; (4) A RN M=C BIRUEN

S5 T L Ml IXCR 3 1 g 3 DXl B 24, B
JAER NS/ I 17 I i P B R T T R ()
106°,E29° ~34°  HAR VG [a] K 24 688km , { L[] 55 24
770km, TAIFH 2 5. 3x10°km” ,

3 3 3 B TR DR 36 10 T S SR UR , e
I T LL b DX DX ) i 10 g 52t K T W 4 (F, ) T I
JE TR (F, ) s e 2 (F, ) R LL B 28 (F5) i
VLWL (Fg ) DL K BT e 35 S—mg PH T 24 (F, ) 4%,
W, A YB3 A M BT e AR R A T
iR 6 SRR,

AR SR DR 6 5 ZAE i B
BRI R T AR (R 1,8 1),

ARUR TAE X5 DX Il 52 i 22 B R 5 i 7 %
G AR R 18 1 ) S AT T B AL, PR 45
RESPRGE A X R R FE 5 N 3R AR AL R
TR AT, BRI 1% XS 2= iR =
B GPS Wit , B4pl b, i s LA Lk GPS i)
B, o S R R AUE B AR T N 3. BT b
R R A AU B 2T AR R RE A DARR R, 1 H
TR 2y, (o DR SR e A i A I AT, A4
B, 38 2o AR W 2 1 ) 2 SOk RO RR JE N 1

F1 HAREXSREXEZMRAN

Table 1 Region division and materials of the regions of the model
XA (OACH FEBAA A (OACH FHA K

\ - i P JEINLE LB S o i) RS HR ARSI BR
A ZRIGHIRE R AR AR k Z X HE R AR TS
B SRR S TR S8 A 28 A R L IR F TR e 2 SRR R B AR R =R R

W 2 Ji) ) DX I AR S Z A1 DX =

. TR | TCTTF A R AT RE HL . JErT s R AR 5 B A RTEREEML, HiR
€ BRI IRILE LR C R HER
D 1B K I ERLESUI AL




20(5) HRAE#ImAF

s SN M E AT

Ja RT3 R R 3R M3 L Ay g SR A 6 BAB AR I

717

— 688km —————

Fig. 1

K1

JAE A

Geological model

4 MBSRSGL TR

4.1 MHSH

[770km

v ¢ 9 9 ¢ 9 9 9 G ¢

Y IR EEREER

2 B R £ & £ £ £ £ &

Fig. 2

e

& £ & & & £ £ & &
K2 BRI 5

Boundary conditions of simulation model
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Table 2 Material parameters of rocks
PP i/ MPa LN 25 T/kN-m™ Bi% )1/ MPa FEiER/ ()
A 35x10° 30x10° 0.24 0.24 27 27 1 0.9 40 37
B 30x10° 25x10° 0.24 0.24 26 26 1 0.9 40 40
C 23x10° 18x10° 0.24 0.24 26 26 9 0.8 45 45
D 40x10° 12x10° 0.23 0.23 27 27 1 35 41
E 10x10° 8x10° 0.26 0.26 26 26 0.9 0.7 35 35
F 12x10° 7x10° 0.26 0.26 26 26 0.8 0.8 34 34
G 28x10° 25x10° 0.24 0.24 26 26 1 0.7 38 35
*3 HIEWMRSE
Table 3 Material parameters of fault zones
Wi IR/ <10 KN - m ™ DI R/ < 10kN - m ™ i1/ MPa P/ (°)
Wb WER WRER WEN WEN WER REN WER  WER EN EN  WER
F, 4 4 4 2 2 2 0.1 0.008  0.008 15 15 15
F, 4 4 4 1 1 1 1 0.008  0.008 23 23 23
F, 30 30 30 2 0.2 0.2 0.5 0.05 0.05 30 20 20
F, 30 3000 3 10 10 0.33 0.2 0.05 0 10 10 5
F; 300 3000 3000 334 334 334 0.5 0.2 0.1 25 25 25
Fy 300 300 300 30 30 30 0.8 0.7 0.6 25 20 18
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Fig. 3 Maximum principal stress isoline of pre-earthquake
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Table 4 Comparison of measured and simulated displacement values before the Wenchuan earthquake
W R/ (°) Jegh/(°) MRS HOR/mmea B AS I/ mmea”! w2/ (%) HE AL/ m
1 105.31 32.61 3.94 4.25 7.90 1.27368
2 102.08 31.45 10.95 10.45 -4.6 3.1364
3 103.73 32.40 6.16 6.93 12.5 2.08027
4 102. 61 32.03 11.23 9.72 -13.4 2.91471
5 103.49 31.14 8.44 8.0 -5.2 2.38668
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Table 5 Comrarison of measured and simulated displacement

values when the Wenchuan earthquake occurred

e ANZ/ db&/ SR, RIS iR/
W e, 5 o
(°) (°) m m (%)
1 104.83  32.18 1.531 1.35036 -11.8
2 104.44  31.80 2.427 2.42606 0.4
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Fig. 4 Maximum shear stress isoline of post-earthquake
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Fig. 5 Changes of maximum principal stress direction of pre-earthquake, earthquake and post-earthquake
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