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Dynamic rupture simulations on two dipping fault segments

T
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Abstract: There are many reverse active faults in Inland Japan, and it is an important factor in
earthquake size whether or not multiple reverse faults rupture together. We investigate spontaneous
rupture processes on two reverse fault segments by numerical simulations. In pure reverse faults, a
rupture jump more easily to a segment in the hanging-wall side than a segment in the foot-wall side. In
faults under a strike-slip stress regime, the probability of multi-segment rupture depends on distance
between segments, dip direction, step direction, and strike-slip component (right-lateral or left-lateral).
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BH1R FRICHAWEAZA=ZD5 L, TNTOREFHRE THET D H O
Z [FEE T, WAL km (BLF, FL).
Table 1. Simulation parameters. z is depth in km.

Intermediate compressional stress: o, 30.000z + 3.00 [MPa]

Minimum compressional stress: o, 26.166z + 2.62 [MPa]
Critical displacement: Dc 0.40 [m]
P wave velocity: V, 6000 [m/s]
S wave velocity: V¢ 3464 [m/s]
Density: o 2670 [kg/m?]
Grid interval of space: Ax, Az 0.2 [km]
Grid interval of time: At 0.02 [s]

B2k FRICHOEEATA=2D55, HEAD 55 OHBEITHNZHO.
Table 2. Simulation parameters used in cases for dip angle of 55°.

Maximum compressional stress: G 52.940z + 5.29 [MPa]
Angle between strike and 6, : @ 60° 90° 120°
Static coefficient of friction: 1 0.455 0.397 0.455

Dynamic coefficient of friction: 0398 0347 0.398

Grid interval of space: Ay 0.423 [km]

B3R FHRICHOEEATA=2D55, HEAD 60° DHEITHNZHO.
Table 3. Simulation parameters used in cases for dip angle of 60°.

Maximum compressional stress: G 62.897z + 6.29 [MPa]
Angle between strike and 6, : © 60° 90° 120°
Static coefficient of friction: u, 0.491 0.386 0.491

Dynamic coefficient of friction: 1, 0.445 0347 0.445

Grid interval of space: Ay 0.400 [km]

FaR HEICHNTATA=2DIH, HRAD 65° OHEITHNTZHO.
Table 4 Simulation parameters used in cases for dip angle of 65°.

Maximum compressional stress: o 90.919z + 9.09 [MPa]
Angle between strike and 6, : © 60° 90° 120°
Static coefficient of friction: 1 0.554 0372 0.554

Dynamic coefficient of friction: 1, 0.523  0.347 0.523

Grid interval of space: Ay 0.382 [km]
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Table 5. Time of rupture termination on Segment 2 in cases for dip angle of 60° without strike-slip shear stress
component (®=90") in second. ‘-’ indicates out of modeling. Background colors correspond to the time
of rupture termination on Segment 2 shown in color bar.

Step width of Overlap Gap

faults Skm | 4km | 3km | 2km | 1km | Okm | lkm | 2km | 3km | 4km | 5km

Left step of 8.66 km | 28.14 | 28.26 | 28.12 | 28.16 | 28.32 | 28.24 | 28.56 | 28.70 | 28.58 | 28.58 | 29.08

Left step of 6.93 km | 27.76 | 27.64 | 27.58 | 27.74 | 27.86 | 27.84 | 27.94 | 28.08 | 28.18 | 28.28 | 28.48

Left step of 5.20km | 27.30 | 27.16 | 27.22 | 27.16 | 27.32 | 27.14 | 27.26 | 27.38 | 27.60 | 27.98 | 27.94

Left step of 3.46 km | 26.68 | 26.60 | 26.70 | 26.82 | 26.76 | 26.72 | 26.74 | 26.96 | 27.00 | 27.48 | 27.98

Leftstepof .73 km | 25.50 | 25.48 | 25.40 | 25.50 | 25.40 | 25.56 | 25.86 | 26.24 | 26.92 | 27.32 | 27.92

0 km - - - - - - 2540 | 26.42 | 27.32 | 27.86 | 28.12

Right step of 1.73 km | 26.48 | 26.52 | 26.46 | 26.60 | 26.62 | 26.98 | 27.18 | 27.58 | 27.72 | 27.84 | 28.22

Right step of 3.46 km | 26.94 | 27.00 | 27.10 | 27.10 | 27.16 | 27.16 | 27.38 | 27.54 | 27.76 | 28.04 | 28.26

Right step of 520 km | 27.38 | 27.44 | 27.48 | 27.36 | 27.58 | 27.52 | 27.66 | 27.96 | 27.94 | 28.30 | 28.46

Right step of 6.93 km | 27.72 | 27.66 | 27.68 | 27.92 | 27.86 | 27.86 | 27.92 | 28.00 | 28.18 | 28.36 | 28.52

Right step of 8.66 km | 27.98 | 28.08 | 28.06 | 28.02 | 28.06 | 28.32 | 28.20 | 28.30 | 28.48 | 28.74 | 28.72

[21 222324 ]25]26]27]28]29[30][31[32]33]34][35][36]37]38]
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Table 6. Time of rupture termination on Segment 2 in cases for dip angle of 60° with right-lateral strike-slip
shear stress component (®=60°) in second. The details are the same as for Table 5.

Step width of Overlap Gap

faults Skm | 4km | 3km | 2km | 1km | Okm | 1km | 2km | 3km | 4km | 5km

Left step of 8.66 km | 27.60 | 27.64 | 27.54 | 27.44 | 27.74 | 27.88 | 27.78 | 27.64 | 27.96 | 27.90 | 27.78

Left step of 6.93 km | 27.02 | 27.14 | 26.96 | 27.10 | 27.02 | 26.90 | 27.22 | 27.12 | 27.30 | 27.10 | 27.30

Left step of 5.20km | 26.34 | 26.46 | 26.40 | 26.44 | 26.68 | 26.54 | 26.58 | 26.54 | 26.64 | 26.58 | 26.52

Left step of 3.46 km | 24.74 | 24.90 | 24.86 | 24.76 | 24.82 | 24.54 | 24.82 | 24.86 | 24.88 | 2532 | 25.78

Leftstepof .73 km | 23.28 | 23.32 | 23.18 | 23.24 | 23.28 | 23.28 | 23.46 | 23.64 | 23.92 | 24.40 | 24.66

0 km - - - - - - 22.88 | 23.40 | 23.88 | 24.50 | 24.76

Right step of 1.73 km | 26.14 | 26.26 | 26.50 | 26.26 | 26.32 | 26.42 | 26.34 | 26.30 | 26.52 | 27.00 | 27.48

Right step of 3.46 km | 29.22 | 29.08 | 29.04 | 29.94 | 29.42 | 29.74 | 29.56 | 30.46 | 30.02 | 29.82 | 31.02

Right step of 5.20 km | 30.28 | 30.52 | 30.66 | 31.10 | 31.34 | 30.08 | 31.24 | 30.86 | 31.36 | 30.52 | 32.14

Right step of 6.93 km | 30.46 | 30.66 | 30.84 | 31.36 | 31.72 | 31.78 | 31.64 | 32.00 | 32.22 | 33.64 | 32.28

Right step of 8.66 km | 32.38 | 32.64 | 31.76 | 32.48 | 32.70 | 32.74 | 32.90 | 32.70 | 33.74 | 33.14 | 35.70

B 7R, ERMEA 60° T, FIWUS IR ERST IV 1S5S (0=120°) @ Segment 2 A3k L
Kook, eI OERAOFML, &5 K2R

Table 7. Time of rupture termination on Segment 2 in cases for dip angle of 60° with left-lateral strike-slip
shear stress component (®=120°) in second. The details are the same as for Table 5.

Step width of Overlap Gap

faults Skm | 4km | 3km | 2km | 1km | Okm | 1km | 2km | 3km | 4km | 5km

Left step of 8.66 km | 29.32 | 29.56 | 29.54 | 29.76 | 29.88 | 29.52 | 29.88 | 30.44 | 30.62 | 30.60 | 30.54

Left step of 6.93 km | 28.82 | 28.84 | 28.66 | 29.16 | 29.30 | 29.30 | 29.64 | 29.82 | 30.04 | 30.00 | 31.20

Left step of 5.20km | 27.76 | 27.68 | 27.60 | 27.72 | 28.32 | 28.68 | 28.32 | 28.40 | 28.88 | 29.14 | 29.80

Left stepof 3.46 km | 26.08 | 25.92 | 25.82 | 26.02 | 25.82 | 25.78 | 26.24 | 26.08 | 26.06 | 26.08 | 26.12

Left stepof .73 km | 25.14 | 24.78 | 25.18 | 25.00 | 24.98 | 25.48 | 25.48 | 26.00 | 26.20 | 26.22 | 26.44

0 km - - - - - - 24.92 | 27.66 | 29.72 | 30.84 | 34.32

Right step of 1.73 km | 25.50 | 25.42 | 25.68 | 25.58 | 25.90 | 25.88 | 26.52 | 26.42 | 26.92 | 27.14 | 27.26

Right step of 3.46 km | 25.98 | 25.80 | 25.92 | 26.36 | 26.06 | 26.28 | 26.18 | 26.38 | 26.40 | 26.64 | 26.52

Right step of 5.20 km | 26.24 | 26.06 | 26.28 | 26.18 | 26.36 | 26.38 | 26.56 | 26.74 | 26.62 | 26.60 | 26.88

Right step of 6.93 km | 25.92 | 26.32 | 26.48 | 26.52 | 26.54 | 26.50 | 26.60 | 26.72 | 26.86 | 27.04 | 27.10

Right step of 8.66 km | 26.08 | 26.34 | 26.30 | 26.68 | 26.48 | 26.72 | 26.88 | 26.96 | 26.92 | 27.38 | 27.54
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Table 8. Time of rupture termination on Segment 2 in cases for dip angle of 55° without strike-slip shear stress
component (@=90°) in second. The details are the same as for Table 5.

Step width of Overlap Gap

faults Skm | 4km | 3km | 2km | 1km | Okm | 1km | 2km | 3km | 4km | 5km
Left step of 5.20 km | 23.76 | 23.68 | 23.64 | 23.68 | 23.70 | 23.80 | 23.76 | 23.78 | 23.72 | 23.84 | 23.88
Left step of 3.46 km | 23.28 | 23.24 | 23.24 | 23.30 | 23.32 | 23.36 | 23.36 | 23.38 | 23.38 | 23.46 | 23.52
Left step of 1.73 km | 22.74 | 22.70 | 22.74 | 22.80 | 22.84 | 22.82 | 22.82 | 22.90 | 22.96 | 23.08 | 23.22

0 km - - - - - - 2236 | 22.56 | 22.76 | 22.94 | 23.20
Right step of 1.73 km | 22.80 | 22.86 | 22.88 | 22.84 | 22.80 | 22.82 | 22.82 | 22.94 | 23.10 | 23.48 | 23.72
Right step of 3.46 km | 23.64 | 23.58 | 23.62 | 23.66 | 23.58 | 23.66 | 23.72 | 23.76 | 23.82 | 23.86 | 23.96
Right step of 5.20 km | 23.94 | 23.90 | 23.94 | 23.90 | 23.92 | 23.90 | 23.94 | 23.96 | 23.96 | 24.04 | 24.02

W9 %K., HRAN S5 T, NS HAEMT RS 2D 5E (0=60") O Segment 2 AN L& % IFZl.
LB IO REAOEMIL, F5EKESR.

Table 9. Time of rupture termination on Segment 2 in cases for dip angle of 55° with right-lateral strike-slip shear stress
component (@=60°") in second. The details are the same as for Table 5.

Step width of Overlap Gap

faults Skm | 4km | 3km | 2km | 1km | Okm | 1km | 2km | 3km | 4km | 5km
Left step of 5.20 km | 23.82 | 23.86 | 23.94 | 23.98 | 24.02 | 24.10 | 24.02 | 24.14 | 24.10 | 24.18 | 24.20
Left step of 3.46 km | 23.12 | 23.12 | 23.22 | 23.20 | 23.18 | 23.12 | 23.20 | 23.32 | 23.30 | 23.40 | 23.46
Leftstepof 1.73km | 21.98 | 21.86 | 21.90 | 21.94 | 21.92 | 21.94 | 22.02 | 22.06 | 22.14 | 22.32 | 22.52

0 km - - - - - - 21.54 | 21.72 | 21.90 | 22.14 | 22.28
Right step of 1.73 km | 22.70 | 22.68 | 22.80 | 22.72 | 22.78 | 22.78 | 22.92 | 23.04 | 23.02 | 23.06 | 23.16
Right step of 3.46 km | 24.00 | 24.00 | 24.38 | 24.00 | 24.02 | 24.10 | 24.20 | 24.34 | 24.36 | 24.18 | 24.28
Right step of 5.20 km | 24.98 | 24.88 | 24.74 | 25.10 | 24.98 | 24.98 | 25.12 | 24.94 | 25.16 | 25.00 | 25.14

9510 &. BURHA AN 55° T, BIWUS BRI &1 9 %5t (0=120°) @ Segment 2 23 U #4405 Il
Lk LU REOFEMIT, S5 RESH.

Table 10. Time of rupture termination on Segment 2 in cases for dip angle of 55° with left-lateral strike-slip shear stress
component (@=120°) in second. The details are the same as for Table 5.

Step width of Overlap Gap

faults Skm | 4km | 3km | 2km | 1km | Okm | 1km | 2km | 3km | 4km | 5km
Left step of 8.66 km | 24.96 | 25.18 | 24.46 | 25.10 | 24.94 | 25.36 | 25.36 | 25.08 | 25.20 | 25.24 | 25.28
Left step of 6.93 km | 23.60 | 23.80 | 23.66 | 23.56 | 23.52 | 23.62 | 23.48 | 23.54 | 23.60 | 23.50 | 24.08
Left step of 5.20 km | 22.60 | 22.78 | 22.70 | 22.60 | 22.62 | 22.52 | 22.70 | 22.58 | 22.68 | 22.64 | 22.72
Left step of 3.46 km | 22.38 | 22.52 | 22.40 | 22.62 | 22.50 | 22.58 | 22.50 | 22.44 | 22.44 | 22.36 | 22.62
Left stepof 1.73 km | 22.36 | 22.26 | 22.14 | 22.26 | 22.52 | 22.34 | 22.56 | 22.50 | 22.70 | 22.68 | 22.92

0 km - - - - - - 21.84 | 22.64 | 23.16 | 23.38 | 23.48
Right step of 1.73 km | 22.92 | 22.94 | 22.92 | 22.94 | 23.08 | 23.20 | 23.26 | 23.36 | 23.48 | 23.36 | 23.60
Right step of 3.46 km | 22.90 | 22.90 | 23.02 | 22.98 | 23.06 | 23.08 | 23.12 | 23.26 | 23.24 | 23.44 | 23.50
Right step of 5.20 km | 22.98 | 22.98 | 23.02 | 23.02 | 23.12 | 23.16 | 23.14 | 23.32 | 23.28 | 23.30 | 23.40
Right step of 6.93 km | 23.12 | 23.10 | 23.16 | 23.14 | 23.22 | 23.22 | 23.24 | 23.30 | 23.40 | 23.46 | 23.60
Right step of 8.66 km | 23.42 | 23.40 | 23.46 | 23.44 | 23.56 | 23.50 | 23.56 | 23.58 | 23.60 | 23.62 | 23.74
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Table 11. Time of rupture termination on Segment 2 in cases for dip angle of 65° without strike-slip shear stress component (@=90°)
in second. ‘x’ indicates a single-segment rupture. The other details are the same as for Table 5.

Step width of Overlap Gap

faults Skm | 4km | 3km | 2km | 1km | Okm | 1km | 2km | 3km | 4km | 5km
Left step of 5.20 km | 30.24 | 30.20 | 30.26 | 30.46 | 30.56 | 30.72 | 31.12 | 31.14 | 31.34 | 31.74 | 32.52
Left step of 3.46 km | 30.10 | 30.06 | 30.14 | 29.84 | 30.16 | 30.08 | 30.30 | 30.62 | 30.62 | 31.08 | 32.14
Left stepof .73 km | 28.72 | 28.54 | 28.5 | 28.56 | 28.42 | 28.66 | 29.04 | 30.04 | 30.50 | 31.38 | 31.78

0 km - - - - - - 28.66 | 30.54 | 31.74 | 32.38 X
Right step of 1.73 km | 30.04 | 30.26 | 30.22 | 30.34 | 30.54 | 31.40 | 31.84 | 32.56 | 32.64 | 36.00 | 35.12
Right step of 3.46 km | 30.42 | 30.52 | 30.48 | 30.48 | 30.56 | 30.70 | 31.38 | 31.56 | 32.36 | 32.40 | 36.10
Right step of 5.20 km | 30.46 | 30.48 | 30.68 | 30.58 | 30.74 | 31.02 | 31.34 | 32.06 | 31.84 | 32.20 | 32.74

12 k. AR 65 T, SIS VAT IS 2/ 9 BB (0=60) O Segment 2 A3 L #1 DA
FLE R LU RAOTEMIE, % 11 RESH.

Table 12. Time of rupture termination on Segment 2 in cases for dip angle of 65° with right-lateral strike-slip shear
stress component (®=60°) in second. The details are the same as for Table 11.

Step width of Overlap Gap
faults Skm | 4km | 3km | 2km | 1km | Okm | 1km | 2km | 3km | 4km | 5km
Left step of 5.20km | 29.30 | 30.82 | 29.46 | 29.34 | 29.38 | 29.40 | 29.68 | 29.30 | 29.26 | 29.22 | 29.29
Left step of 3.46 km | 37.66 | 27.96 | 28.40 | 27.86 | 27.90 | 27.98 | 27.70 | 27.72 | 27.88 | 28.24 | 28.24
Left stepof .73 km | 25.24 | 25.54 | 25.18 | 25.38 | 25.14 | 25.16 | 25.68 | 26.02 | 26.66 | 27.02 | 28.22

0 km - - - - - - 24.64 | 25.52 | 27.02 | 27.36 | 28.38
Right step of 1.73 km | 32.06 | 32.52 | 33.48 | 32.5 | 32.62 | 32.46 | 32.60 | 32.56 | 33.22 | 32.74 | 32.82
Right step of 3.46 km | 36.78 | 38.74 | 37.92 X X X X X X X X
Right step of 5.20 km | 37.88 | 46.58 X X X X X 48.02 X X X

B3 K. HRAD 65 T, WIS IR EMT IS Z /9 %58 (0=120°) @ Segment 2 73HIE L& 2 KeZl.
LR L OEREAOFEMIT, %11 KSR

Table 13. Time of rupture termination on Segment 2 in cases for dip angle of 65° with left-lateral strike-slip shear stress
component (®=120") in second. The details are the same as for Table 11.

Step width of Overlap Gap

faults Skm | 4km | 3km | 2km | 1km | Okm | lkm | 2km | 3km | 4km | 5km
Left step of 8.66 km | 32.88 | 33.56 | 33.54 | 34.08 | 33.60 | 33.67 | 34.22 | 35.00 | 36.58 | 35.72 | 35.52
Left step of 6.93 km | 32.44 | 32.54 | 32.36 | 32.54 | 32.12 | 32.38 | 32.96 | 34.18 | 33.64 | 35.28 | 34.28
Left step of 5.20km | 29.44 | 29.80 | 29.90 | 29.74 | 30.12 | 30.28 | 30.38 | 30.08 | 30.34 | 36.88 | 35.52
Left stepof 3.46 km | 28.18 | 28.38 | 28.16 | 28.46 | 28.72 | 28.16 | 29.06 | 28.62 | 29.22 | 33.76 | 34.58
Left stepof 1.73 km | 27.10 | 27.42 | 27.58 | 27.40 | 27.58 | 28.22 | 28.04 | 28.22 | 28.28 | 29.62 | 29.80

0 km - - - - - - 27.06 X X X X
Right step of 1.73 km | 28.36 | 28.46 | 28.88 | 28.40 | 29.34 | 28.76 | 29.84 | 30.04 | 30.72 | 30.78 | 30.60
Right step of 3.46 km | 29.20 | 29.44 | 29.46 | 29.50 | 29.64 | 29.40 | 29.78 | 29.64 | 30.26 | 29.94 | 30.26
Right step of 5.20 km | 29.54 | 29.88 | 29.96 | 30.34 | 29.92 | 30.22 | 30.68 | 30.52 | 30.96 | 32.04 | 31.28
Right step of 6.93 km | 30.32 | 30.30 | 30.24 | 30.50 | 30.64 | 30.66 | 31.00 | 31.28 | 31.50 | 31.82 | 32.04
Right step of 8.66 km | 30.48 | 30.22 | 30.86 | 31.06 | 31.58 | 31.88 | 32.34 | 32.08 | 32.40 | 32.30 | 33.82
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Fig. 1. Fault model.
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Fig. 2. Slip-weakening friction law.
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Fig. 3. Rupture time on Segment 1 (left panel), Segment 2 with left step of 3.46 km (upper right panel), and Segment 2 with
right step of 3.46 km (lower right panel) in cases for dip angle of 60° without strike-slip shear stress component
(©=90°).
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Fig. 4. Rupture time in cases for dip angle of 60° with right-lateral strike-slip shear stress component
(®=060°). The details are the same as for Fig. 3.
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Fig. 5. Rupture time on Segment 1 (left panel), Segment 2 with left step of 3.46 km (upper middle panel), Segment 2 with
right step of 3.46 km (lower middle panel), Segment 2 with left step of 6.93 km (upper right panel), and Segment 2
with right step of 6.93 km (lower right panel) in cases for dip angle of 60° with left-lateral strike-slip shear stress
component (@=120°).
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Fig. 6. Rupture time in cases for dip angle of 55° without strike-slip shear stress component (=90°). The
details are the same as for Fig. 3.
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Fig. 7. Rupture time in cases for dip angle of 55° with right-lateral strike-slip shear stress component
(®=060°). The details are the same as for Fig. 3.
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Fig. 8. Rupture time in cases for dip angle of 55° with left-lateral strike-slip shear stress component
(®=120°). The details are the same as for Fig. 5.

190

0



B S S = L— 3 3 AT & SR 5 W OB Bt

Left step of 3.46 km

E Segment 1

E 0 f wwwwww I S NS L

© -

> 5 0 5 10 15 20 25 30

S mw | Right step of 3.46 km

[0 /w Rupture tim8 [s]

(&) — 4

g 15 ﬂ ML L LT L 38

® 30 -25 20 -15 -10 -5 0O 28

Q Distance along strike [km] 79
'8
4
0

559X, RN 65° T, BTSN ST RE Ry D A 2 FEOR A (©0=90") DOREERZI A7 O .
M OFERNE, 253 MAaB .

Fig. 9. Rupture time in cases for dip angle of 65° without strike-slip shear stress component (©@=90°).
The details are the same as for Fig. 3.
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Fig. 10. Rupture time in cases for dip angle of 65° with right-lateral strike-slip shear stress component
(®=60°). The details are the same as for Fig. 3.
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Fig. 11. Rupture time in cases for dip angle of 65° with left-lateral strike-slip shear stress component
(®=120°). The details are the same as for Fig. 5.
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