
大大特：動力学パラメータの研究
動力学モデルの強震動への応用

a動力学モデルの導入法
　（２通りの方法）
`震源過程・強震動同時シミュレーション
`動力学モデルの近似式



　Dynamic modeling

Stress release process whether rupture is spontaneous or not. 

• Dynamic problem in Local area

Ground Surface(Stress Free)

Absorbing Boundary Condition

Fault constitutive law
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すべり速度時間関数の近似式

a 2 approaches 
` FD (or FEM) Simulation of Dynamic Faulting process
`Seismic wave from slip time history based on dynamic source model

⌧Approximate expression of slip rate time function for dynamic rupture



　

•

∆σ=A ∆σ=A ∆σ=A

∆σ= S

2 0 km

1 0 km

Ground Surface

S/A=1, 0.5, 0, -0.2, -0.5

Fault Plane

x

0

5 0

1 0 0

1 5 0

2 0 0

2 5 0

3 0 0

3 5 0

0 2 4 6 8 1 0

Dc 2 0 _ L 2 0 W 1 0 A1 0 MP a S - 5 M Pa
0 .
51 .
52 .
53 .
54 .
55 .
56 .
57 .
58 .
51 9 .
51 8 .
51 7 .
51 6 .
51 5 .
51 4 .
51 3 .
51 2 .
51 1 .
51 0 .
59 .
5

t im e

Slip rate time history along x-axis

0

50

100

150

200

250

300

350

400

0 2 4 6 8 10

Dc20_L20W10A10S0
0.5
1.5
2.5
3.5
4.5
5.5
6.5
7.5
8.5
9.5
10.5
11.5
12.5
13.5
14.5
15.5
16.5
17.5
18.5
19.5

Sl
ip

 ra
te

 (c
m

/s
)

time

0

100

200

300

400

500

0 2 4 6 8 10

Dc20cm_L20W5A10S5
0.5
1.5
2.5
3.5
4.5
5.5
6.5
7.5
8.5
9.5
10.5
11.5
12.5
13.5
14.5
15.5
16.5
17.5
18.5

S
lip
 r
at
e
(c
m
/
s)

time

S/A = 0.5
10MPa Stress Drop

-5MPa 0MPa

+5MPa
近似式作成のための数値シミュレーション



近似式

a

tbtd tstr time

at2+bt+c

Kostrov

Decay Slowly

Slip Velocity

Vmax

パラメータ　
Vm, td, tb, tr, ts
必要な情報
　 Vm（又は∆σ)

td(又はfmax)
すべり量

　ライズタイム



パラメータの決め方
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Day(1982)
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Application of the approximate expression of 
slip rate time function to strike slip fault

CASES

CASE-A CASE-B CASE-C
CASE-B1

CASE-B3

Shallow Strike Slip Fault



0 1 2 3 4
0

200
400

600
800

CASE-A

0 5 10 15
0

50
100
150

X=-13

X=-11

X=-9

X=-7

X=-5

X=-3

X=-1

X=1

X=3

X=5

X=7

X=9

X=11

X=13

X=15km

X=-15

CASE-A

Dynamic Model Ground Velocity

Kinematic Model Ground Velocity

Ground Velocity
Fault Normal Component

Y=0km Y=1 Y=2 Y=3 Y=4

CASE-A

800cm/s

Approximate expression
Dynamic source

Fault

CASE-A
Fault normal ground velocity

a



0 1 2 3 4
0

200
400
600

800CASE-B3'

0 5 10 15
0

50

Y=0km Y=1 Y=2 Y=3 Y=4

X=-13

X=-11

X=-9

X=-7

X=-5

X=-3

X=-1

X=1

X=3

X=5

X=7

X=9

X=11

X=13

X=15km

X=-15

CASE-B3Õ

Dynamic Model Ground Velocity

Kinematic Model Ground Velocity

Ground Velocity
Fault Normal Component

CASE-B3

Fault Normal

Fault Trace

CASE-B3



0

500

0 5

0

500

0 5

0

500

0 5

0

500

0 5

0

500

0 5

0

500

0 5

0

500

0 5

0

500

0 5

0

500

0 5

CASE-C0

Starting Point

Slip Rate Time Functions

0 5 10 15
0

50
100

X=-13

X=-11

X=-9

X=-7

X=-5

X=-3

X=-1

X=1

X=3

X=5

X=7

X=9

X=11

X=13km

Y=0km Y=1 Y=2 Y=3 Y=4

Dynamic Model Ground Velocity

Kinematic Model Ground Velocity

CASE-C0 Ground Velocity
Fault Normal Component

CASE-C



Slip distribution　
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Approximate expression of slip
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CASE-C’
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結論

• 動力学モデルの数値シミュレーションに基づく滑り速度時間関
数の作成

• 滑り速度時間関数の近似式による断層近傍の地震波形

• 動的モデルによる地震波形と一致



今後　

• 具体例を通して精密化
• （もっともっと不均質な場合への適用）
• 短周期

• Slip rate time functionよりも破壊過程が効く



応力降下量分布
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