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CHARACTERIZED FAULT MODEL FOR PREDICTION OF LONG-PERIOD GROUND MOTIONS
CONTAINING PERMANENT DISPLACEMENT IN THE NEAR-FAULT REGION

FP(EH, mrrE, SIFMAY, AMZEE*S
Shinya TANAKA, Junpei KANEDA, Kazuhito HIKIMA, Yoshiaki HISADA

We propose a new procedure for evaluating the parameters of characterized fault model for predicting long-period ground motions containing

permanent displacement in the near-fault region. We recommend the Yoffe-type slip velocity functions modified by Tinti et al. (2005) for

shallower region than the seismogenic layer after examining the source fault models based on the waveform inversion. The strong ground

motions in the near-fault region of the 2016 Kumamoto earthquake was simulated by the theoretical method using the source fault models

based on the new proposed procedure, and they showed a good agreement.
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Fig.1 Modeling for slip velocity function by the Yoffe-type slip
velocity functions modified by Tinti et al. (2005)® (example of
2016 Kumamoto earthquake)
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Fig.2 Observed and Synthetic over 1-s low-pass filtered
velocity and displacement waveforms at KMMH16 (Maximum
amplitude is shown above each waveform in cm/s for velocity
and cm for displacement)
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Fig.3 Relation between the slip and the parameters of the
Yoffe-type slip velocity functions modified by Tinti et al. (2005)®

Tablel Collected source fault models based on the waveform inversion of strong motion data

No Earthquake Slip model reference Mw Observation point™ Frequency(.Hz) Green function™2
SGM | TELE | GPS Low High

1 1992 Landers Wald and Heaton(1994)19 7.3 16 11 42 0.08 0.5 Common

2 1995 Kobe Wald(1996)15 6.9 19 13 20 0.05 0.5 2 types

3 1999 Chi-Chi Wu et al.(2001)16) 7.7 47 — 60 0.02 0.5 3 types

4 2002 Denali Oglesby et al.(2004)1? 7.9 8 - 38 0.01 0.5 Common

5 2011 Hamadori Hikima (2012) 1® 6.6 10 — — 0.05 0.8 Individual

6 2014 Nagano Hikima et al. (2015) ? 6.3 12 - - 0.05 0.8 Individual

7 2016 Kumamoto (main shock) Hikima (2016) 19 7.0 18 - — 0.05 0.8 Individual

31 : Number of observation points used for analysis . SGM: Strong ground motion stations, TELE

: Teleseismic stations, GPS : GPS stations.

%2 : Geotechnical model used for analysis. Common : Common soil profile for all stations, 2 types,3 types : 2 types or 3types of soil profile.
Individual : Different soil profile for each station.
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Table2 Area and slip of individual asperity

Area Ratio(s/d)
L w D - Lsum | Dave
No Earthquake Name| X1 X2 Y1 Y2 Continuity
Gem) | Gom) | Gem) | o) (km) | (km) | (m) (km) | (m) Leum D
sl 9.0 | 27.0 | 0.0 2.5 18.0 2.5 5.07 O
36 4.43
s2 30.0 | 48.0 | 0.0 2.5 18.0 2.5 3.80 O
1 1992 Landers dl 15.0 | 21.0 | 2.5 7.5 6.0 5.0 5.05 O 1.50 0.88
d2 24.0 | 36.0 | 2.5 15.0 | 12.0 | 12.5 | 5.25 O 24 5.06
d3 45.0 | 51.0 | 2.5 15.0 6.0 12.5 | 4.69 O
sl 0.0 119.98| 0.0 2.5 11998 | 2.5 2.18 O 20 2.18
2 1995 Kobe 1.50 1.90
d1 6.66 |19.98| 2.5 | 20.0 | 13.32 | 17.5 | 1.15 O 13.3 | 1.15
sl 6.0 | 12.0 | 0.0 6.0 6.0 6.0 5.44 O
s2 24.0 | 38.0 | 2.0 6.0 14.0 4.0 6.42 O
s3 40.0 | 50.0 | 0.0 6.0 10.0 6.0 6.31 O 58 8.09
s4 54.0 | 70.0 | 0.0 6.0 16.0 6.0 | 10.01 O
3 1999 Chi-Chi s5 70.0 | 82.0 | 0.0 6.0 12.0 6.0 9.63 O 0.91 1.15
d1 6.0 | 30.0 | 6.0 | 12.0 | 24.0 6.0 5.84 O
d2 32.0 | 64.0 | 6.0 | 18.0 | 32.0 | 12.0 | 7.47 O 64 701
d3 50.0 | 66.0 | 20.0 | 32.0 | 16.0 | 12.0 | 7.06 X ’
d4 70.0 | 78.0 6.0 8.0 8.0 2.0 6.63 O
sl 150.35|78.35 0 3.75 | 28.0 | 3.75 | 4.88 Ow
281 |4.8811)
s2 [138.35|162.35| O 3.75 | 24.0 | 3.75 | 4.39 Ow 48 4.67
(2) 0/@
s3 [166.35190.35] 0 | 3.75 | 240 [ 3.75 | 4.95 Ow ’ ’
4 9002 Denali d1 30.8 | 78.8 | 3.75 | 15.0 | 48.0 |11.25| 5.64 Ow 0.58 0.87
d2 |90.35(114.35|11.25| 22.5 | 24.0 | 11.25| 4.80 X 18 5.64 0.92 0.72
d3 [134.35186.35) 3.75 |18.75| 52.0 | 15.0 | 6.52 O oo
522 |6.52(2)
d4 190.35206.35| 3.75 | 11.25| 16.0 7.5 5.13 X
d5 |214.35226.35| 3.75 | 11.25| 12.0 7.5 4.19 X
sl 4.0 | 20.0 | 0.0 2.0 16.0 2.0 1.51 O 16 1.51
5 2011 Hamadori d1 4.0 18.0 2.0 6.0 14.0 4.0 1.38 O 14 1.38 1.14 1.09
d2 26.0 | 34.0 | 2.0 | 10.0 8.0 8.0 0.86 X )
sl 4.5 7.5 0.0 3.0 3.0 3.0 0.77 X — —
6 2014 Nagano — _
dl 7.5 | 15.0 | 4.5 | 10.5 7.5 6.0 0.63 X — —
sl 12.0 | 18.0 | 0.0 4.0 6.0 4.0 2.76 O
2016 Kumamoto 12 2.66
7 . s2 22.0 | 28.0 | 0.0 4.0 6.0 4.0 2.57 O 0.75 1.00
(main shock)
d1 12.0 | 28.0 4.0 14.0 | 16.0 | 10.0 | 2.65 O 16 2.65
The mean value and the standard deviation (+1 sigma) 1.00(1.41) [1.04(1.42)
% s1, d1 : s means the region shallower than the seismogenic layer, d means the seismogenic layer.

X1, X2,Y1,Y2 : Position of the corner of the asperity,

Lisum :
Dave :
Ratio :

Continuity : If the asperity located in the region shallower than the seismogenic layer and

the asperity located in the seismogenic layer are in contact, O.

L : Length of asperity ,W : Width of asperity , D
Total length of asperity(only continuous with the region shallower than the seismogenic layer and the seismogenic layer)
Average value of slip in the asperity(only continuous with the region shallower than the seismogenic layer and the seismogenic layer)
The ratio of the region shallower than the seismogenic layer to the seismogenic layer.

: slip of asperity.
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Table3 Source parameters of constructed characterized source model

Parameters M(.)del-Ol Model-02 Model-03
(Basic model)
Size 32km X 20km(Futagawa) Same as the left column
(Length X Width) 12km X 20km(Hinagu) and 13km X 10km(Idenoguchi)
. o o . Same as the left column
- - Strike 233° (Futagawa), 193° (Hinagu) and 231° (denosuchi
the Seismogenic . o o . Same as the left column
Layer Dip 75° (Futagawa), 78° (Hinagu) 2nd 65 (denopuchi)
o Same as the left column
Rake 160 and -110° (Idenoguchi)
Moment 3.1 X10"Nm 4.0 X101 Nm
Shallower Slip Recipe X 1.0 Recipe X 1.4(asperity) Recipe X 1.0
Region than the Rake -160° 135 -160°
Seismogenic Slin velocity function the regularized Yoffe the regularized Yoffe the regularized Yoffe
Layer p y 1s=1.4s, Ttr=3.1ls 15=0.7s, TrR=1.68 1s=1.4s, tR=3.1s
32754 Regularized & 2Tst+Ta
Yoffe £ =137
Function % =
TS T3 5
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Fig.4 Characterized source model (Model-01) with elevation®®, rupture starting point(3), active faults®” (bold line : active fault trace,
thin line : active faults estimated), strong motion stations(A), and points orthogonal to Futagawa fault through Nishihara Village(V)
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We propose a new procedure for evaluating the parameters of characterized fault model for predicting long-period
ground motions containing permanent displacement in the near-fault region. First, we collected source fault models
based on the waveform inversion of strong motion data. The slip velocity function in the region shallower than
seismogenic layer is approximated as the regularized Yoffe-type slip velocity functions by Tinti et al. (2005). We
evaluate the relation of the slip and the parameters of the regularized Yoffe function. Similarly, we compare the
asperities in seismogenic layer with the asperities in the region shallower than seismogenic layer. The slip and the
length of the asperities in seismogenic layer are as much as that in the region shallower than seismogenic layer.

Next, we construct a characterized source model (Model-01) for the 2016 Kumamoto earthquake based on strong
ground motion prediction method by the Headquarters for Earthquake Research Promotion (hereinafter called
"Recipe"). Besides, we expand the Recipe based on the above mentioned results for shallower region than the
seismogenic layer. We recommend the regularized Yoffe-type slip velocity functions for shallower region than the
seismogenic layer. We simulate observation records at KMMH16 (KiK-net Mashiki) and Nishihara village using this
source fault models by the theoretical method in the period over 1s. Model-01 underestimate the observation
waveforms of velocity and displacement at Nishihara village. The radiation amplitude patterns of S-waves from the
seismogenic layer are small in the near-fault region (<1km) , that is one of the reasons for the underestimate.

Finally, we construct two source models, Model-02 with large slip and short slip duration for shallower region than the
seismogenic layer and Model-03 with the additional fault plane. The additional fault plane in Model-03 is Idenoguchi
fault with large rupture velocity. By and large, synthetic waveforms produced with these two models waveforms are in
much closer agreement with observed waveforms. On the other hand, the slip on the asperity for shallower region than
the seismogenic layer (=4.1m) of Model-02 is larger than the maximum slip of surface ruptures based on the survey by
Shirahama et al. (2016) (=2.2m). In addition, the displacement in the region between Futagawa fault and Idenoguchi
fault calculated by Model-02 is uplift. In contrast, the displacement based on ALOS-2/PALSAR-2 by Himematsu and
Furuya (2016) is sedimentation in the region. These are a significant difference. Considering these results, we conclude
that the Model-03 can describe the actual phenomenon best. This result suggests that geometric shape of the source
fault model is important for predicting long-period ground motions containing permanent displacement in the

near-fault region.





