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Basic examination on consecutive fault rupturing by
dynamic rupture simulation
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Abstract: It is necessary to judge whether the closely located active faults will rupture together or
independently for predicting the magnitude and the probability of the next earthquake. In this paper, we
carried out some basic examinations on the consecutive rupturing of the two active faults by the dynamic
rupture simulations based on the slip-weakening model. Our results showed the following conditions are
needed for the second fault to rupture completely after the first left-lateral fault ruptures: 1) shorter
distance between the two faults, larger length of the first fault, 2) lower strength excess normalized by
dynamic stress drop, 3) narrower depth and larger negative stress drop of the inactive area between the
two faults, 4) left bending of the second fault rather than right bending, and 5) right step of the second
fault rather than left step.
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Table 1. Prameters of the slip-weakening model used in this paper.

o1 321 MPa Omax = 42 Z [km] + 6 (Kase, 2002)
tectonic stress o 152 MPa Omin = 20 Z [km] + 2 (Kase, 2002)

o3 0 MPa
fault angle to X axis 0 45° left lateral slip
fault angle to Z axis @ 0° vertical fault
dynamic stress drop Aoy 4 MPa egs. (3) and (4) in the text

Oy -236.5 MPa O'yy=(0'|sin29+0'200529 )cosz¢+0'3sin2¢
initial stress Oy 84.5 MPa 0,,=(—01 + 03)sinfcos Bcos @

o 0 MPa 0,.=(~ai8in’ @ —05c08° 0+ 03 )sinpcos ¢
initial shear stress oy 84.5 MPa Oy = o +0%
strength exsess SE 6.4 MPa SE =1.640, for the initial model
critical distance D, 0.25m eq. (6) in the text
density ) 2.7 glem®
P-wave velocity a 6.0 km/s
S-wave velocity g 3.5 km/s
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Table 2. Parameters of the models for the examination of the effect of the distance between the two faults

in the same plane and the length of the first fault on the consecutive rupturing and the results.

fault length fault distance result Figure
first fault second fault

1.0 km consecutive rupture Fig. 4(a)

30 km 20 km 1.5 km single rupture Fig. 4(b)
2.0 km single rupture -

20 km 30 km 1.0 km single rupture Fig. 5(a)
1.0 km consecutive rupture -

40 km 20 km 1.5 km consecutive rupture -
2.0 km single rupture -
1.0 km consecutive rupture -

50 km 20 km 1.5 km consecutive rupture Fig. 5(b)
2.0 km single rupture -

3% SREDEIEBOBE I E2 5

the consecutive rupturing and the results.

=2
2
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Table 3. Parameters of the models for the examination of the effect of the strength excess on

fault distance §S=S8E /Ao, result Figure

1.6 single rupture -

2 km 1.0 consecutive rupture -
0.5 consecutive rupture -
1.6 single rupture -

3 km 1.0 consecutive rupture -
0.5 consecutive rupture -
1.6 single rupture -

5 km 1.0 single rupture Fig. 7(a)
0.5 consecutive rupture Fig. 7(b)
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Table 4.Parameters of the models of the fault systems including the inactive area and

the results. Here, Ag,* is the dynamic stress drop of the active area.

width of the inactive area Aoyl Aoy* result Figure
-0.5 consecutive rupture -
5 km -1.0 consecutive rupture Fig. 10(a)
-1.5 consecutive rupture Fig. 11(a)
-0.5 consecutive rupture -
15 km -1.0 consecutive rupture Fig. 10(b)
-1.5 single rupture Fig. 11(b)

95 K. EMZEDNHEEIIEIC G DB AT LI E T L ONRT A= EFER.
Table 5. Parameters of the models for the examination of the effect of the difference
in the strikes of the two faults on the consecutive rupturing and the results.

difference in the strikes result Figure

—-30° (left bending) consecutive rupture Fig. 12(a)
—20° (left bending) consecutive rupture -
—10° (left bending) consecutive rupture -

0° consecutive rupture -
10° (right bending) single rupture -
20° (right bending) single rupture -
30° (right bending) single rupture Fig. 12(b)
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Table 6. Parameters of the models for the examination of the effect of the relative location
of the two parallel faults on the consecutive rupturing and the results.

relative location fault distance result Figure

0 km consecutive rupture -

lefft step of 0.75 km 2 km conéecutive rupture F1g 13(b)
5 km single rupture Fig. 13(a)
10 km single rupture -
0 km consecutive rupture -
2k ti tu -

right step of 0.75 km = conseet %ve TupuTe -
5 km consecutive rupture Fig. 13(c)
10 km single rupture Fig. 13(d)
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Fig. 1. Coordinates used in this paper.
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Fig. 2. Slip-weakening model used in this paper.
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Fig. 3. Basic model for the examination of the effect of the distance between the
two faults in the same plane on the consecutive rupturing.
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Fig. 4. The effect of the fault distance on the consecutive rupturing.
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Fig. 5. The effect of the length of the first fault on the consecutive rupturing.
G-G, 4 —— Aochi and Fukuyama (2002) 3¢
Ao = Aochi and Ide (2004) C ] .
d —— Fukuyama ef al. (2003) F W . reviewed
2 = Kase and Kuge (2001) C O : this study

2 === Kase and Day (2006) C

5 — Mikumo et al. (2003) 21 m

5 1 Piatanesi ef al. (2004)1 I ®

% ~ Piatanesi et al. (2004)2 St -

g 0 = Piatanesi et al. (2004)3 L

E = Piatanesi ef al. (2004)4 C

g 1

e == This study L

C |
-1f C O |
-2 ‘ ‘ ‘ FITTTTTTTI FRTETETIT] FETTTTTITI SANNANTT  FRTTTT
0 05 1 15 2 0
slip [m] 0 0.2 N 0. 4. 0.6 0.8 1
critical distance D_(m)
(a) Slip-weakening models (b) Sand D,

6 X, WEEIC G2 DB AR LT 08 LET L.

Fig. 6. Slip-weakening models for the examination of the effect on their consecutive rupturing.
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Fig. 7. The effect of the strength excess on the consecutive rupturing (fault distance = 5 km).
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Fig. 8. Models of the fault systems including the inactive area.
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Fig. 9. Slip-weakening models of the inactive area. Here, SE" is the strength excess of the active area, and Ag, is

the dynamic stress drop of the active area.
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Fig. 10. The effect of the width and dynamic stress drop of the inactive area between the active faults on the consecutive
rupturing. Here, Model B is used as the slip-weakening model of the inactive area.
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Fig. 11. The effect of the width and dynamic stress drop of the inactive area between the active faults on the consecutive
rupturing. Here, Model C is used as the slip-weakening model of the inactive area.
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Fig. 12. The effect of the difference in the strikes of the two faults on the consecutive rupturing.
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Fig. 13. The effect of the relative location of the two parallel faults on the consecutive rupturing.
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