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artificial procedures are used
to initiate dynamic ruptures
under linear slip-weakening friction law

the artificial initiation may have significant impact
on the resulting dynamic rupture propagation

therefore,
it is desirable to understand and then minimize
side effects of the initiation

here we discuss initiation
using an overstressed asperity,
i.e., region with initial traction higher than static traction
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critical parameters | the critical area of the IZ (Galis et al. 2015)

i runaway ruptures
successful initiation
N1{5F VNN
B L B square [Z
8 ® circular IZ
c 121 v elliptical IZ
©
© |
O
2 ot
=
£
C -
06
< L stopping ruptures
----------- unsuccessful initiation

0.1 0.5 1.0 15 2.0
strength parameter S=(7,-7,)/(7,—-7,)

the initiation is controlled by the area of the initiation zone
(not by the half-length or shape)



critical parameters | estimates of the critical area (Galis et al. 2015)
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critical parameters | estimates of the critical area (Galis et al. 2015)
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effects of shape/aspect ratio on the I1Z




effects of shape/aspect ratio on the I1Z

transition
from 3D
( init. controlled by area)
to 2D
(init. controlled by length )



effects of shape/aspect ratio on the I1Z

transition
from 3D
( init. controlled by area)
to 2D
(init. controlled by length )
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effects of shape/aspect ratio on the I1Z
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verification | introduction

to demonstrate that
our results and conclusions are not biased
by the choice of the numerical method,
we verify our results using

e FESD
2nd order finite-element method
Galis et al. (2008, 2010); Moczo et al. (2014)

e SeisSol
ADER-DG: arbitrary high-order derivative — discontinuous Galerkin method
Kaser and Dumbser (2006), De |la Puente et al. (2009), Pelties et al. (2012)

e SORD

2"d-order support operator method
Ely et al. (2008, 2009)

e WaveQLab3D
6th-order summation-by-parts finite-difference method
Duru and Dunham (2015)



verification | high background stress, S = 0.1
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non-dimensional half-length of 1Z
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verification | high background stress, S = 0.1
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non-dimensional half-length of 1Z

verification | high background stress, S = 0.1
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the critical size of IZ converge systematically to consistent values
in all 4 considered numerical methods
(within resolution of the discrete models)



non-dimensional half-length of 1Z

verification | low background stress, S = 2.0
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the critical size of IZ converge systematically to consistent values
in all 4 considered numerical methods
(within resolution of the discrete models)



* influence of material parameters of the IZ

e optimal parameters of the IZ

* summary



critical parameters | influence of material parameters
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critical parameters | influence of material parameters
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critical parameters | influence of material parameters
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critical parameters | influence of material parameters
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non-dimensional area of 1Z

critical parameters | influence of material parameters
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e optimal parameters of the I1Z

* summary



optimal parameters | introduction

e ® initiation with
rupture initiatiated by slightly over-critical parameters
sllghtly over-critical parameters may take long time
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optimal parameters | introduction

® initiation with

rupture initiatiated by slightly over-critical parameters
sllghtly over-critical parameters may take long time
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optimal parameters | introduction
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initiation with
slightly over-critical parameters
may take long time

shorter duration of initiation
can be achieved by

higher overstress and/or
larger initiation area

if they are too large they can
affect resulting self-sustained
dynamic rupture

we examine relations between
the initiation area, overstress
and duration of the initiation
to find optimal parameters
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optimal parameters | high background stress, S = 0.1
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optimal parameters | high background stress, S = 0.1
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optimal parameters | high background stress, S = 0.1

long 0} '

rupture
propagation
~ ' -20}
S
40}
short
40
::gg 20
3
0
Ainit/Ai?lit
1.0 2.2 qé
1.1 3.9 ==
6.8 8 é
2=
AT, /AT, g~
0.005 0.9 ~
0.05 1.6
2.5

x® xg

| overstress < strength excess |

5 Alllll /A




rupture
propagation

long 0}

o

B~
< S

optimal parameters | low background stress, S = 2.0
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optimal parameters | low background stress, S = 2.0
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effects of initiation on ground motion | introduction

Galis et al., 2015
analyzed effects of initiation on rupture propagation

we now extend the analysis to effects on ground motion

fault plane

initiation zone

15km

.. 10km

a
]
L]
L]
]
]
]
L]

7.5km
receiver



effects of initiation on ground motion | high background stress, S = 0.1
comparison of magnitude of particle velocity
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effects of initiation on ground motion | low background stress, S = 2.0
comparison of magnitude of particle velocity
super-critical initiation

slightly overcritical initiation

0.1F ! - . T : T T
0.09 |- | o009 - -
A, AT
- | 0.08 + init 0
. s, ",
ol 1 = 1.0  0.005
0.06 1R 0.66 0.1
0.05 - A AT, { 005
0.04 - Ai(’)”-t ATE 1 o004} 0.19 1.45
0.03 | 1.0 0.005 || oo3l | F\
H H [
0.02 - 1.0 0-1 4 0.02F
0.01F 1.0 145 |4 oot} ’
0 s 10 5 tme[s]® ° 5 10 15 time [s] 20
optimal initiation
0.09 1 o | ' ] super-critical initiation:

il Ai% . Af/ | strong hypo-central P- or S- waves
Ainit A,z'-E
0.07 i
1.0 0.005 ] ] LJ LJ L] ] LJ LJ
083y 11 0.005 1 slightly overcritical and optimal initiation:
1N

0.05 . . . .
000 marginal variations in
0.03 | hypo-central P- or S- waves
0.02 +
0.01 | optimal initiation:

0

5 time [s] 2 area < 1.2 x critical area



* summary



summary

e for a fixed overstress and aspect ratio close to 1
the initiation is controlled by the area of the initiation zone
however, if one side of IZ should be shorter
than the corresponding critical half-length

® the critical area can be estimated by
Acrit - IIlaX(A U AZ)

A, : estimate by Uenishi, 2009
A, : estimate by Galis et al., 2015

e efficient initiation with minimized side effects
on rupture propagation and ground motion
can be achieved

high background stress (lowS) low background stress (high )

overstress < strength excess area of IZ < 1.2 x critical area



. ’ - r : . ..\
- -~
o . .~ . N
'y | s
‘.. - “ .0 : M L
: > “ o a, , -
? . Sy v
. .
b " } W

e-mail: martm galis@kaust.edu.sa *‘
e



