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Background

e \We have constructed a database of strong-motion records
and have obtained a new attenuation relation for Japan.
(Kanno et al., 2006; BSSA)

e The 2011 Tohoku-oki mega-earthqguake (Mw=9.0) on is the
largest event which many strong-motion records were
obtained. (over 2,000 records in Japan)

e We must consider Mw9-class mega-earthguakes (e.g.
Nankai trough earthquake) Iin our seismic hazard

assessment. ! !

A new attenuation relation directly applicable up to Mw=9
earthquakes is required for the “Next Generation National
Seismic Hazard Maps for Japan”.




Background @

We have suggested a new attenuation relation based on
the strong-motion records of the 2011 Tohoku-oki earthquake
(Morikawa et al., 2012). However, the new attenuation
relation have a tendency that overestimates the amplitude at
near source region. Therefore we examine to improve it.

The 2004 Chuetsu earthquake (Mw=6.5)
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Strong-motion data

» Update the strong-motion database of Kanno et al. (2006)
by adding recent (after the 2003 Tokachi-oki EQ) records.

. Up to end of 2011 (including the 2011 Tohoku EQ)

. NIED (K-NET and KiK-net), JMA, PARI

» Target strong-motion parameters:

. JMA seismic intensity (1)

. Peak ground acceleration (PGA)

. Peak ground velocity (PGV)

. 5% damped acceleration response spectra (SA; 0.05-10s)

» Data used in the regression analysis
. Earthquake: Mw>=5.5 & number of records>=5
. Station: X<=200 km & installed on the ground surface
X: closest distance to the source fault =2 NIED



Add strong-motion records

Morikawa et al. (2012):
End of 2009 (1967~) + Main shock of the 2011 Tohoku EQ

This study: End of 2011 (1967 ~)
PGA
9 E S
> records near source
8 E region are not added
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Examination of magnitude-term

First step of the regression analysis: IogAz_Zoci +b- X —log(X)

a; can be obtained for each event “i”
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X Crustal (shallow) earthquakes
O Subduction-zone plate-boundary earthquakes
A Subduction-zone intra-plate earthquakes = 9 NIED



Revision of magnitude term for model-1

O Model-1: Quadratic Mw model
Morikawa et al. (2012)

log A =a,;*(Mw—Mw;, )°+ b, X — log (X+d,*108"MW) + ¢,

~>

Introduce amplitude saturation at “Mw,,"
log A = a,*(Mw;,; —Mw;, )?+ b, X —log (X+d =10 "MWin) + ¢,
Mw; ; = min (Mw, Mw,,)

O Model-2: Linear Mw model (usual model in Japan)
Amplitude saturation has been already introduced in Morikawa
et al. (2012)
log A = a,"Mw;, + b,=X —log (X+d,*108"Mwin2) + ¢,
Mw; , = min (Mw, Mw,,)
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Re-categorization of earthquakes

Morikawa et al. (2012) === 2types
@ Crustal (shallow) earthquakes
(including earthquakes on active faults)
@ Subduction-zone earthquakes
(including plate-boundary and intra-plate earthquakes)

This study === 3 types

@ Crustal (shallow) earthquakes
(including earthquakes on active faults)
@ Subduction-zone plate-boundary earthquakes

@ Subduction-zone intra-plate earthquakes
= 2NIED



Change weight In the regression analysis

Morikawa et al. (2012) This study
[after Kanno et al. (2006)]
6.0 X < 25km 8.0 X <10km

3.0 25km < X <50km :I> 4.0 10km < X < 20km
<

1.5 50km < X <75km 2.0 20km < X <£40km

1.0 79Kkm < X 1.0 40km < X

Although the number of strong-motion records at near source
have been increased, the ratio with the records at far sites have
been smaller.

N

We set much larger weight for records at near source sites,




Regression procedure

In the regression analysis, we apply below assumptions
because the number of earthquakes larger than Mw8

IS quite few.

1. We assume that “Mw,”, “Mw,” and “e” take a constant
value independent from type of earthquake and
strong-motion parameters.

At first, we fix e,;=e,=0.5 referring past studies

2. We also assume “a” and “d“ are independent of type of
earthquake.

3. “Mw,” and “Mw,“ determined after a trial-and-error
approach by changing 0.1 and 1, respectively.

= Model-1: Mw,;;=8.2, Mw;=16.0



Result (a: Magnitude term)

Model-1 (Quad. Mw) Model-2 (Linear Mw)
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Absolute value of “a” is larger when the period is longer
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Result (b: Distance term, c: Constant term)
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“c” for intra-plate EQs is larger than other type EQs
(The tendency is remarkable at short period range)

The ground motion from intra-plate EQs becomes larger ED



Result (d: Distance saturation,
o. Standard deviation)

O Model-1 (Quad. Mw) @ Model-2 (Linear Mw)
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“o” of model-1 is slightly smaller than that of model-2
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Comparison of result @

Subduction-zone earthquake (Mw = 9.0)
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Additional correction terms

We have suggest additional correction terms as follows
O Amplification by deep sediment layers:
Gyeen :{pd log(Dyp)+aq D, <Dy
Pq -l0g(Dy)+0dy D, >Dy
D, : Depth of the layer with Vs=I (m/s) at the site [in m]

O Amplification by shallow soft soils:

p, -log(Vs30)+qg, Vs30<Vs30,
Gghallow =

ps -log(Vs30,)+0ds Vs30>Vs30,
Vs30: Average S-wave velocity up to 30m depth [in m/s]

O Anomalous seismic intensity distribution:
Al =y x X x (H —30)
X, Distance from volcanic front to the site [in km]

H: Focal depth of the earthquake [in km]
= 2NED



Conclusions

O We suggest a new attenuation relation applicable up to
Mw9 by using the strong-motion records during the
2011 Tohoku-oki earthquake.

O The quadratic magnitude model is slightly better than
linear magnitude model.

OThe weight for near source records enlarged in this
study. As the result, the value “d” becomes large and
predicted amplitude at near source region becomes
smaller than the last study.

O Large amplitude is observed during the subduction-
zone intra-plate earthquakes. Therefore, it is effective to
divide inter-plate and intra-plate earthquake beforehand
In regression analysis.
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Further problems

O Examination of the uncertainty for applying to seismic
hazard evaluation.

O Since strong-motion records for large earthquakes
(Mw>7.5) at short distances (X<30km) are not included
In this study. Therefore it is not constrained such region.
The validation of predicted amplitude for large (Mw>7.5)
earthquake at short distance (X<30km) is required by
using the foreign records.

O The relation of duration of strong-motion is also
required for mega-earthquake.

O The nonlinear site response should be considered in
the future.
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