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3D modeling of dynamic fault rupture and strong ground motion
of the 1976 M; 7.8 Tangshan earthquake
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Abstract Using 3D finite difference code developed by Dr. Day in SCEC, we simulated fault
dynamic rupture process and associated near-fault strong ground motion for the 1976 Mg7. 8
Tangshan earthquake based on a simplified bi-lateral rupture model and slip-weakening frictional
law. The fault length, width, and depth of the model are 200 km, 140 km, and 40 km,
respectively. The discretized space and time steps are 200m and 0. 012 s, respectively, which

make the total number of node points up to 0. 15 billion. In the implementation level, a parallel
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computational algorithm has been developed in DELL work station, and a computer visualization
technique has been used in the numerical simulation in order to do data analysis. Furthermore, a
regional 3D velocity model also has been embedded into the model to simulate seismic wave
propagation and associated ground motion. According to the numerical results, we discussed the
characteristics of the ground motions produced from the 3D rupture model with associated 3D
including PGA and PGV distributions around fault.

explanation related to the rupture directivity is also proposed to show that the radiated SH-type

velocity structure, A physics based
particle motion (fault-normal component) from ruptured fault has a significant influence on the
near fault ground motion along the fault strike direction. Based on the radiated SH wave motion
and propagation caused by directivity effect, we proposed that, for the 1976 Ms7. 1 Luanxian and
M,6. 9 Ninghe earthquakes, a dynamic triggering mechanism related to the temporal stress
variation could play a significant role to trigger these two events. The result shows that the

dynamic stress change could reach 2~3 MPa in strike direction and 0. 1 ~0. 2 MPa in thrust

direction.
Keywords Finite difference model,

directivity, Dynamic trigger
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Fig. 1 A sketch map of fault rupture plane
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Fig. 2 A sketch map of the slip-weakening model in

which E,,E, and E, belong to fracture energy, radiated
seismic energy and heat energy caused by fault frictional
motion, respectively. D, is the critical slip length
involved in the slip weakening model. o, and g; are the
initial and final stresses on the fault, respectively. o, and

o, are the yield and averaged frictional stresses, respectively

2.4 RBETHELEAR

AL TR B BRI R AT R R A A
HIA R LAk AR AR RIS Day ™ 5 2 HL T2
JCBR =3 (] W7 )= = 0 B A A i 2L IR A i
LR )2 H R 2 TOBR =5 (8] BT s 2 1 Oy AR AT
H5H

o=pla® —28)(V. u)I—O—‘q@Z(Vu—i—uV),(ZU

i=p'Veu,
Horr, o R oKk, wot BT AL ] & o A B 53 5]
e P A S PRy EE . o A BTE L. T ALK

B E T W2 3 Ry e IR W P

B 52 % 8] Wr AT 6 7
u" (x,t) = limu(x+en(x),1), (5
FATTWIZ BT VI RS vl |y R ARk A
s=I—nn) s+ (u—u), (6)

W R 5 &R,

RAEZFE L Wi = W IR 251 ) o« n ELE, 10
ST ] F£R N T—nn)o « n, HE K/« %
AN QSRR EEAR R B o 45 MRS Bk SRR LA

.—7>=0,
7
8§ —1 =0,
U 2R BT 2 JBE 458 50 B [ T2 A 1) B T AT 5% L B
7o =—oapi (1) (8)
Horbroo, VB FL T W7 )2 T A 0E 18] 2 7 s e R R R
B, Ry R L AR I RS S AL HED 1 AT D
= e — (uo —p)l/D. 1 << D, ()
Hd L= D.
R e U pea 5500 S e PBE 45 2% BRI Bl BE 4 2R 40 D,
e 3 B MR BT R AN T b O B )
BERBOE R R BBk AR 7 R (7D R 5 1 07 e
(9D LR W T b5 38 W00 R 107 0 265 PR 8 T BT 2 Y
WKL, O 138 B A — R B ROR S — 26 T2 12
(728 B AR AR E . YT FE (D g R ) 55
T HTUIN ) RO R A I R T RE R R Y
R BT L B8 R, T2 T AR X R & A
] gk 380 P 0 8 T R B R A R 22 4 1
T5 S BT X BT 2 B B R B R A AL G A

3 JHINFEMRE AR IS4
A

HT b3 B Bl g 2 R AR ST e U TR A AL L
b 7% R VR SR 0 L i W R MR Bl R I T —
SE B P A5 A5 R UL W= RUEE L S 2 R
Ieg: D 3t 72 B A 40 A R AY. R L M RR S L [ A5
S MBI AL A D8 B T I8 9 ek 25 o 7 YROATL )
RIS BT o S, BRUR T — i ST
AL T A R AT LA B R 1L 3 R M 1
REAE R — BUN E VRS R, 2R

(DRI 7. 8 P EFEM KR WZ A NE [ i 1l
W 2R, 3 B Ay i 1A 1) A e E O B sl IR O 1) S A
A H DX 3 A7 4 2 s R A3 T 1) R SR RS A A 4R
Jr i f A T 30°~50"Z [Hl.

(2) J 11 3 752 by UM 10 28 M 72 4 I A g 4 1) 7



294 Hi Bk ¥ PR 2% i (Chinese J. Geophys.) 53 %

4™ i o fioh & Ao B A2 T W7 U2 A e R AR AL, LT 2 AE
BRI 2N

(3) 7% v BRI B VG T B ) T 2 e 24 T o G ) B
5 BRI R ER 4y BT I AR b i A G RE . X
— AT LD L b 52 ) R A3 A 1 A B AR A 4R B
R A [ 5 b 752 ) by 52 B9 592 i 1985 4F 4 i 1) 4 L by
R E A B R By R R R TE 90% ~95%
1 DX 388 2 AR P A R L DT 2 Y Y g B U G A T
F R 5 K b By b R 32 By 1 A R T A

3 Ao 6T UL b R T )2 B SRR AL 1 4 BT E 5 D K
XFELA I AR R IR S B0 X b AR T
Huang Fl Yeh"™ f [ 5% #h 572 48 ¥ 5 3 75 31 (0 25 5L
JUT 34 BT 2 BE R 9 B 43 ) A 48 km AT 20 km, 5B
JRRBE Ry 15 ko, 5% H AL W72 09 H R S — B0
2476 B ET AT ST TAE b FRATT 8k I 5T X Oy T 4%
Wi 2 210 km <140 km X 40 km K 7 B He k. 118
DX 35 1 b 435 DL ] 3. LA IR AR S 40 L 3% 1.

W )2 1 =4 B 0 24 BT RLRT TT S AL R A R
AH 2 5 A SCTEBARL TS50 B i R A 2 /N L Y Dell
TAESG AN 16GB. S48 T35 BT 2R 1Y) 2 1] 43 BF
RN R] 23 B2 4350 2 200 m F1 0. 012 s,asy,2 =
AT ) B TS S48 0 A 1051, 201 1 701 5
WA 1.48X108 AN A BE S 4000 AN ] 25
Ko TE R — AL 7 B B[R] 25 54 h X — 4 B
RBESF AT B AP B b AR A B T A A AR A
WeFB 4y (<1 Hz). f1 FiF 50 s 80UR &, 5 208
b P AT AL PR S A AU T A L T BR oR R A I E
R4y 10 A ERE Hop & g5y B S AN ERE .y 5 2
ASHERE 2 D5 L ASHEAT . TR AIE T ARl 5 1
FlgEfE. BRI SR 2.

PR B R AT B S B T — >
REU P I ARL L AR 1L R AR T2 AR S — A L A T

£1 REELSH
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Table 3 1D crustal structure in Tangshan area

Py (m/s) SPHEE(m/s) B (kg/m®)  H)JZJEEF (km)

4865. 9 2809. 4 2550.0 5
5657.7 3266.5 2550.0 5
5799.2 3348.2 2750.0 5
5763. 6 3327.6 2750.0 5
6385. 6 3686. 7 2800. 0 5
6456. 4 3727.6 2800. 0 5
6407.0 3699.1 3000. 0 5
6802. 2 3927.3 3200.0 5
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Fig. 3 On the map, the simulation region is covered by
a rectangle (210 km long along the fault-parallel
direction and 140 km wide along the fault-normal
direction). The fault trace on the surface is indicated by
AA', and the earthquake hypocenter is shown by a solid
red circle. The lines of BB’ and CC' are the off-fault
(5 km) receiver locations for the 3D-FDM model,

which are parallel with the fault strike-direction
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Fig.4 A 3D velocity structure (P-wave)

of Tangshan area(unit; km/s)
Volume rendering is very intuitive to visualize the velocity
structure of the whole simulation region (210 km X 140 km X
40 km), The vertical axis (depth direction) has been rescaled
twice. The circle and solid line show the earthquake epicenter

and fault trace, respectively.
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Fig.5 The distribution of final slip on the fault (in units of m).
The dashed rectangle indicates the rupture initiating area which
is usually called earthquake epicenter. The maximum slip occurs
near free surface and the average slip displacement and seismic
moment are similar to the results from Huang and Yeh®

derived from coseismic crustal deformation observation.
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Fig. 6 Time histories of particle velocities observed on BB’ line which is located on the right side of the fault with

an off-set of 5 km away from fault trace(1D velocity model). The peak values of particle velocities

and accelerations are shown on the left side of each trace
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Fig. 7A  Time histories of particle velocities (upper) and accelerations (lower) observed on BB' line which is located

on the right side of the fault with an off-set of 5 km away from fault trace(3D velocity model)
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Fig. 7B Time histories of particle velocities (upper) and accelerations (lower) observed on CC’ line which is located

on right side of the fault with an off-set of 5 km away from fault trace(3D velocity model)
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Fig.9 The radiation pattern of P- & S-waves and particle motion mode that express
the coordinates of a point of the simplified slip-strike fault

(a) The propagation direction of SH wave is unanimous with the rupture direction, and the direction of partial motion is perpendicular with
it. (b)Site A is the epicenter, rupture spreads along the fault from A to B, C, D and E, The ground motion is enhanced as a result of

particle movement superimposed effect.
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Fig. 8 Near-fault peak ground acceleration distribution (horizontal components) derived from current modeling,
(a)3D velocity model, (b)1D velocity model,and (¢)Observed intensity distribution
of the 1976 Tangshan Earthquake (Source: Modern Earthquake Catalogue of China*"1)
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Fig. 10 The instantaneous particle velocity fields caused by dynamic fault rupture (in units of m/s)
Particle velocity fields for Fig. 7A and 7B are correspondent of the fault-parallel and -normal components, respectively. Compared with fig.
7A. The fault-normal particle motions along the fault extending-direction indicated by SH Wave Front in fig. 7B become stronger due to
the propagated rupture with associated SH-typed radiation in the horizontal direction. The circle and solid line are the assumed

earthquake epicenter and fault trace on the surface, respectively.
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