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Applicability of dynamic rupture model given stress drop and rupture time
for strong ground motion prediction
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Abstract: We propose a dynamic rupture model with a constant subshear rupture velocity for a ground
motion prediction to avoid a spontaneous supershear rupture in a characterized source model. We also
calculate a spontaneous rupture given a static frictional stress distribution of the dynamic rupture with a
constant subshear rupture velocity. The calculated rupture time and slip distributions are almost the same
as those of the dynamic rupture with a constant subshear rupture velocity. In a supershear rupture,
energy is focused in a pair of beams propagating obliquely away from the fault, as described in the
previous studies. In the spontaneous supershear rupture based on a characterized source model, the
energy focusing is not clear compared with a supershear rupture based on a homogeneous source model,
because of no stress drop in a background region. Since peak locations of ground velocity caused by the
spontaneous supershear rupture are obviously different from the dynamic rupture with a constant
subshear rupture velocity, however, a dynamic rupture model with a subshear rupture velocity is useful

for a ground motion prediction based on a characterized source model.
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% 1 #. SCEC spontaneous rupture code verification project TPV4 D /35 2 — 4,
Table 1. Simulation parameters for TPV4 of SCEC spontaneous rupture code verification project.

Initial shear stress in the along-strike-direction within the initial crack 81.6 MPa
Initial shear stress in the along-strike-direction outside of the initial crack ~ 70.0 MPa
Initial shear stress in the along-dip-direction 0 MPa
Initial normal stress 120.0 MPa
Static coefficient of friction 0.677
Dynamic coefficient of friction 0.525
Slip-weakening critical distance 0.40 m

P wave velocity 6000 m/s
S wave velocity 3464 m/s
Density 2670 kg/m’
Grid interval of space 0.1 km
Grid interval of time 0.01s

%2 %K.

TR E 2 OOT ARV T 4 DHRDET NDI/NT A—H,

Table 2. Simulation parameters for a model composed of a background region and two asperities.

Initial crack ~ Asperities ~ Background region

Initial shear stress in the along-strike-direction 73.5 MPa 73.5 MPa 62.5 MPa
Initial shear stress in the along-dip-direction 0 MPa 0 MPa 0 MPa

Initial normal stress 120.0 MPa 120.0 MPa 120.0 MPa
Static coefficient of friction 0.61167 0.68125 0.52092
Dynamic coefficient of friction 0.52083 0.52083 0.52083
Slip-weakening critical distance 0.40 m 0.40 m 0.40 m
Grid interval of space 0.05 km 0.05 km 0.05 km
Grid interval of time 0.005 s 0.005 s 0.005 s

B3R, WRERL 2507 AR T 4 LD ET VOB FRIBEEOF 5T
M S 5 dERE ST L.

Table 3. Velocity structure for a model composed of a background region and two asperities
used for dynamic rupture simulations.

Depth [km] P-wave velocity [m/s] S-wave velocity [m/s] Density [kg/m’]
0.0 2100 680 2000
0.6 2700 1240 2200
1.2 3500 1810 2300
1.8 4200 2370 2500
2.4 5200 2940 2600
3.0 6000 3500 2700
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Fig. 1. Fault model. A vertical left-lateral strike-slip fault is set in a homogeneous elastic half-space.
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Fig. 2. Slip-weakening friction law.
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Fig. 3. Fault plane model of TPV4 of SCEC spontaneous rupture code verification
project. Model parameters are shown in Table 1.
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Fig. 4. Rupture time (a) and slip (b) distributions of TPV4 of SCEC spontaneous rupture code verification project.
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Fig. 5. Static frictional stress distribution of a dynamic rupture given the rupture time of TPV4.
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Fig. 6. Red dashed lines: Rupture time (a) and slip (b) distributions of a spontaneous rupture given the static
frictional stress distribution shown in Fig. 5. Black lines: Rupture time and slip distributions of a
dynamic rupture given the rupture time of TPV4.
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Fig. 7. Static frictional stress distribution of a dynamic rupture propagating at a fixed
subshear rupture velocity (Vr=0.8 Vs).
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Fig. 8. Red dashed lines: Rupture time (a) and slip (b) distributions of the spontaneous rupture given the static frictional stress
distribution shown in Fig. 7. Black lines: Rupture time and slip distributions of a subshear rupture (Vr=0.8 Vs).

152



IR i & RN A B & L 7= B ) RIS 7L O MR BN T IR ZE~ oD T AT REME

Static frictional stress

Distance along dip [km]

0 5 10 15 20 25 30
Distance along strike [km]

70.00 . 84.50 90.00
80.24|82.24
81.24

FO. SWIHEED 1.2 {50 —E W E THIENMERE T 256 OFFEEEIG )50
Fig. 9. Static frictional stress distribution of a dynamic rupture propagating at a fixed
supershear rupture velocity (Vr=1.2 Vs).
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Fig. 10. Red dashed lines: Rupture time (a) and slip (b) distributions of the spontaneous rupture given the static frictional stress
distribution shown in Fig. 9. Black lines: Rupture time and slip distributions of a supershear rupture (Vr=1.2 Vs).
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Fig. 11. Fault plane model composed of a background region and two asperities. Model parameters are shown in Table 2.
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Fig. 12. Rupture time (a) and slip (b) distributions of a spontaneous rupture of the model shown in Fig. 11.
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Fig. 13. Time histories of slip (a), slip velocity (b), and shear stress (c) of a spontaneous rupture of the model shown
in Fig. 11. Yellow and purple regions indicate asperities and the initial rupture area, respectively.
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Fig. 14. 2 Hz low-pass filtered time histories of the fault-parallel component of ground velocity for a spontaneous rupture
of the model shown in Fig. 11 (a) and distribution of the peak absolute value (b). Green and yellow lines indicate
a fault and asperities, respectively. A star indicates the initial rupture area.
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Fig. 15. 2 Hz low-pass filtered time histories of the fault-normal component of ground velocity for a spontaneous rupture of the
model shown in Fig. 11 (a) and distribution of the peak absolute value (b). The details are the same as for Fig. 14.
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Fig. 16. 2 Hz low-pass filtered time histories of the vertical component of ground velocity for a spontaneous rupture of the model
shown in Fig. 11 (a) and distribution of the peak absolute value (b). The details are the same as for Fig. 14.
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Fig. 17. (a) Rupture time assuming a fixed subshear rupture velocity (Vr=0.72 Vs). (b) Slip distributions of a dynamic
rupture of the model shown in Fig. 11 given the rupture time shown in (a).
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Fig. 18. Static frictional stress (a) and strength excess (b) distributions of a dynamic rupture of the model shown in Fig. 11
propagating at a fixed subshear rupture velocity (Vr=0.72 Vs).
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Fig. 19. Red dashed lines: Time histories of slip (a), slip velocity (b), and shear stress (c) of a dynamic rupture of
the model shown in Fig. 11 propagating at a fixed subshear rupture velocity (Vr=0.72 Vs). Black lines:
Time histories of a spontaneous rupture shown in Fig. 13. The details are the same as for Fig. 13.
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(c) Shear stress
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Fig. 20. Red dashed lines: 2 Hz low-pass filtered time histories of the fault-parallel component of ground velocity for a dynamic rupture
of the model shown in Fig. 11 propagating at a fixed subshear rupture velocity (Vr=0.72 Vs) (a) and distribution of the peak
absolute value (b). Black lines: Time histories of the fault-parallel component of ground velocity of a spontaneous rupture
shown in Fig. 14. The details are the same as for Fig. 14.
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(a) Velocity (normal)
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Fig. 21. Red dashed lines: 2 Hz low-pass filtered time histories of the fault-normal component of ground velocity for a dynamic rupture
of the model shown in Fig. 11 propagating at a fixed subshear rupture velocity (Vr=0.72 Vs) (a) and distribution of the peak
absolute value (b). Black lines: Time histories of the fault- normal component of ground velocity of a spontaneous rupture
shown in Fig. 15. The details are the same as for Fig. 14.
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(a) Velocity (vertical)
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Fig. 22. Red dashed lines: 2 Hz low-pass filtered time histories of the vertical component of ground velocity for a dynamic rupture of the
model shown in Fig. 11 propagating at a fixed subshear rupture velocity (Vr=0.72 Vs) (a) and distribution of the peak absolute
value (b). Black lines: Time histories of the vertical component of ground velocity of a spontaneous rupture shown in Fig. 16.
The details are the same as for Fig. 14.
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(a) Rupture time (b) Final slip
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Fig. 23. Red dashed lines: Rupture time (a) and slip (b) distributions of the spontaneous rupture given the static frictional
stress distribution shown in Fig. 18. Black lines: Rupture time and slip distributions of a subshear rupture
(Vr=0.72 Vs) shown in Fig. 17.
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Fig. 24. Red dashed lines: Time histories of slip (a), slip velocity (b), and shear stress (c) of the spontaneous rupture given the
static frictional stress distribution shown in Fig. 18. Black lines: Time histories of a subshear rupture (Vr=0.72 Vs)
shown in Fig. 19. The details are the same as for Fig. 13.
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(b) Slip velocity
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(c) Shear stress
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Fault—normal distance [km]

Fault—-normal distance [km]
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(b) Peak absolute value of velocity (parallel)
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Fig. 25. Red dashed lines: 2 Hz low-pass filtered time histories of the fault-parallel component of ground velocity for a

spontaneous rupture given the static frictional stress distribution shown in Fig. 18 (a) and distribution of the peak
absolute value (b). Black lines: Time histories and distribution of peak absolute value of the fault-parallel component of
ground velocity of a subshear rupture (Vr=0.72 Vs) shown in Fig. 20. The details are the same as for Fig. 14.

168



Fault—normal distance [km]

Fault—-normal distance [km]

30s -
—1OI_WNWWM®NW®W~@WW®WVWW%MWW@—W@—TM

IR i & RN A B & L 7= B ) RIS 7L O MR BN T IR ZE~ oD T AT REME

(a) Velocity (normal)
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Fig. 26. Red dashed lines: 2 Hz low-pass filtered time histories of the fault-normal component of ground velocity for a spontaneous

rupture given the static frictional stress distribution shown in Fig. 18 (a) and distribution of the peak absolute value (b). Black
lines: Time histories and distribution of peak absolute value of the fault- normal component of ground velocity of a subshear
rupture (Vr=0.72 Vs) shown in Fig. 21. The details are the same as for Fig. 14.
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(a) Velocity (vertical)

_10; @M—GW—GM—GW——@W—@M—@WWWGMGM@—M@—M;
€ i
§ e o e e o |
S o0- Y B
© ] [
S pre— ookt ol ol ol e i
g 5] i
A ] [

30s -
U | | | | | | | | |
-15 -10 -5 0 5 10 15 20 25 30 35 40
Fault—parallel distance [km]
(b) Peak absolute value of velocity (vertical)

:
€ i
é |
8 o7 5
C
B [
R I
S 0 -
®© B
g |
s [
Q [
A S ] N
= i
3 [
LL -

107, B

\\\\\\\\\\
-15 -10 -5 0 5 10 15 20 25 30 35 40

Fault—parallel distance [km]

927 ™. 18 TR Lo FREEEIS N1 04T A g th & U CRHRL L TS B L7 B 38RO O i ZR 17 T 2 Hz low-pass 7 +
B DT TSRS (a) & ERERD ORRHBEEE AT (b) GRAE) . BEIE, #22 IR SND S Bk
D 0.72 5 O—EIRE TIERET D E OB TE & i KRBV /A, ROFEMIE, 5 14RKEFC.

Fig. 27. Red dashed lines: 2 Hz low-pass filtered time histories of the vertical component of ground velocity for a spontaneous rupture
given the static frictional stress distribution shown in Fig. 18 (a) and distribution of the peak absolute value (b). Black lines:
Time histories and distribution of peak absolute value of the vertical component of ground velocity of a subshear rupture
(Vr=0.72 Vs) shown in Fig. 22. The details are the same as for Fig. 14.
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