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1. Spontaneous rupture modeling of strike slip faulting with shallow 
weak zone to explain spatial separation between large slip and large 
slip rate areas observed during M7 Kumamoto Japan earthquake. 

2. Asperity-based kinematic rupture models for the Kumamoto 
earthquake based on Irikura Recipe, modified for inclusion of 
shallow weak zone effects.

3. Performance of proposed kinematic rupture models in BB 
simulations of near-fault ground motion for the Kumamoto 
earthquake
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Rupture Models for the M7 Kumamoto, Japan Earthquake

Yoshida et al., 2016
Waveform Inversion

Somei et al., 2016
Modeling Using Empirical GFs
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Characterized Kinematic Rupture Model 
Irikura Recipe (Irikura and Miyake,2011) 
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Separation of Large Slip Areas (LMGAs) from Large Slip Rate Areas(SMGAs) 
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Yoshida et al., 2016
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Spontaneous Rupture Modeling 
Split Node Method (Dalguer and Day 2017)
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3D Staggered Grid 3DFDM (Pitarka, 1999)
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Kinematic Rupture  Using Spontaneous Rupture Simulations fmax= 2Hz  

Effective Stress Drop
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Waveforms at Near-fault Stations (0-10Hz)
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Comparisons with GMPEs
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Effects of Rupture Velocity

Lawrence Livermore National Laboratory

130˚36' 130˚48' 131˚00' 131˚12'

32˚36'

32˚48'

33˚00'

0 10 20

50

KMMH16

KMM005

FN

130˚36' 130˚48' 131˚00' 131˚12'

0 10 20

50

KMMH16

KMM005

FP

0 20 40 60 80 100 120 140

PGV(cm/s)

130˚36' 130˚48' 131˚00' 131˚12'

0 10 20

0

KMMH16

KMM005

Log(FN/FP)

−1.5 −1.0 −0.5 0.0 0.5 1.0 1.5

Log(FN/FP)

130˚36' 130˚48' 131˚00' 131˚12'

32˚36'

32˚48'

33˚00'

0 10 20

50

KMMH16

KMM005

FN

130˚36' 130˚48' 131˚00' 131˚12'

0 10 20

50

50

KMMH16

KMM005

FP

0 20 40 60 80 100 120 140

PGV(cm/s)

130˚36' 130˚48' 131˚00' 131˚12'

0 10 20

0

0
KMMH16

KMM005

Log(FN/FP)

−1.5 −1.0 −0.5 0.0 0.5 1.0 1.5

Log(FN/FP)

130˚36' 130˚48' 131˚00' 131˚12'

32˚36'

32˚48'

33˚00'

0 10 20

50

KMMH16

KMM005

FN

130˚36' 130˚48' 131˚00' 131˚12'

0 10 20

50

50

KMMH16

KMM005

FP

0 20 40 60 80 100 120 140

PGV(cm/s)

130˚36' 130˚48' 131˚00' 131˚12'

0 10 20

0

KMMH16

KMM005

Log(FN/FP)

−1.5 −1.0 −0.5 0.0 0.5 1.0 1.5

Log(FN/FP)

Vr/Vs=0.7
Risetime
Coeff=1.6

Vr/Vs=0.8
Risetime
Coeff=1.6

Vr/Vs=0.85
Risetime
Coeff=1.6

RotD50 (<999.0 km, N=19)

-2

-1

0

1

2

ln
 (o

bs
/s

im
)

0.1 0.2 0.5 1 2 5 10
Period (sec)

Kumamoto v5.4.2 (HB2-0.70-1.60mseg_kmm20nied-vs500)

RotD50 (<999.0 km, N=19)

-2

-1

0

1

2

ln
 (o

bs
/s

im
)

0.1 0.2 0.5 1 2 5 10
Period (sec)

Kumamoto v5.4.2 (HB2-0.80-1.60mseg_kmm20nied-vs500)

RotD50 (<999.0 km, N=19)

-2

-1

0

1

2

ln
 (o

bs
/s

im
)

0.1 0.2 0.5 1 2 5 10
Period (sec)

Kumamoto v5.4.2 (HB2-0.85-1.60mseg_kmm20nied-vs500)



p. 13
Lawrence Livermore National Laboratory

−1

0

1

ln
(G

M
PE

/S
IM

)

0.2 0.5 1 2 5 10

HB2−0.85−1.60mseg_kmm528nied−vs500

2.0 km (8 sites)

−1

0

1

ln
(G

M
PE

/S
IM

)

0.2 0.5 1 2 5 10

Period (sec)

5.0 km (42 sites)

−1

0

1

0.2 0.5 1 2 5 10

10.0 km (50 sites)

−1

0

1

0.2 0.5 1 2 5 10

Period (sec)

20.0 km (67 sites)

−1

0

1

ln
(G

M
PE

/S
IM

)

0.2 0.5 1 2 5 10

HB2−0.70−1.60mseg_kmm528nied−vs500

2.0 km (8 sites)

−1

0

1

ln
(G

M
PE

/S
IM

)

0.2 0.5 1 2 5 10

Period (sec)

5.0 km (42 sites)

−1

0

1

0.2 0.5 1 2 5 10

10.0 km (50 sites)

−1

0

1

0.2 0.5 1 2 5 10

Period (sec)

20.0 km (67 sites)

−1

0

1

ln
(G

M
PE

/S
IM

)

0.2 0.5 1 2 5 10

HB2−0.80−1.60−0.8mseg_kmm528nied−vs500

2.0 km (8 sites)

−1

0

1

ln
(G

M
PE

/S
IM

)

0.2 0.5 1 2 5 10

Period (sec)

5.0 km (42 sites)

−1

0

1

0.2 0.5 1 2 5 10

10.0 km (50 sites)

−1

0

1

0.2 0.5 1 2 5 10

Period (sec)

20.0 km (67 sites)

Vr/Vs=0.70 Vr/Vs=0.80 Vr/Vs=0.85

Intra-event Ground Motion Variability 

Intra-event variability is dependent 
on rupture velocity  
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1.  Rupture dynamics using stress drop models incorporating asperity areas with 
shallow weak zone can explain the spatial separation between shallow areas with 
large slip and deeper areas of large slip rate observed during the Kumamoto 
earthquake

2. These features are likely to be typical characteristics of large crustal  
earthquakes. They affect both long and short period content of near-fault ground 
motion. 

3. Sensitivity analysis with kinematic rupture models indicate that the average 
rupture velocity is an important parameter that affects the ground motion amplitude 
and its intra-event variability. 
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