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__'—Activity il:

— —=Strong motion ohservation

* Existing stations
— From 20 September 2011
— 4 stations along a west-east profile

* New stations
— From 5 May 2015 (by J-RAPID)
— 3 stations along a north-south profile
+ Bhaktapur

Accelerometer
Mitsutoyo Co.
JEP-6A3

Logger
Hakusan Co.
DATAMARK

LS-8800



2015 Gorkha Earthquake Seq-

IMlainshock
—  Continental megathrust
- 2015-04-25 11:56 (UTC)

- M, 7.8, Hypocenter: 8.2 km deep
- 77km NW of Kathmandu

Aftershocks M>6: 4 events

- Largest aftershock

- 2015-05-12 07:11

- M, 7.3, Hypocenter 15.0 km deep
- 74 km E of Kathmandu

Mechanism USGS, Epicenter NSC 2015/04/25-5/26
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== Largest Aftershock: 2015-05-12"-M723
= \/elocity waveforms
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Largest Aftershock: 2015-05-12 V173

Velocity Fourier spectrum

C————— S e 4 C—— S e 4 < > € >
A 4 A 4 A 4
e <0.1Hz Small contribution

e 0.1-0.2 Hz Similar peak frequency
e 0.2-0.4 Hz Large amplification and different peak frequency

3" js the main feature of various sedimentary effects on strong ground motion.
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== ACLIVItY 2:
== Damage survey & microtemoigonSEauoly

Okada Damage
(2004) Wk

alter EMVIS-9% |5]
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J
=== Results of the dama
— = m|crotremor observ

damage grade > 4

[

Heavy damage sites are distributed from the hypocenter to the east.



Microtremor observations:

H/V ratio at (&)1t RighreRiyAeIReWaEHUENGIES!

H/V spectral ratio of microtremor is a popular index of ground motion amplification.
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— a :
s HIgh-rise structlreswithNoWELUiaISiEYiEs

— == glich as Bhimsen Tewer WerelaiiicCteutheNml

http://www.firstpost.com/world/before-and-after-
devastating-earthquake-wipes-off-important-
monuments-in-nepal-2214488.html



_'= Significant damage
—=== central Nepal to the diStHCHoIR U EYEESH

10

From jiji.com


http://www.jiji.com/jc/d4?d=d4_pp&p=nep425-jpp019097506

— —= This extension cal
— === |ntensity distAputen*

Kathmandu
Mt. Everest

However, there is
a part of missing
intensity data
between
longitudes of 86
and 87°.

Martin et al. (2015)
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= == The Missing part ShoulaNE n]]aj with laree
— Intensities as can e Imadineat e

the fatality rate distribution, referring to Sapkota et al. (2016).

The fatality rates were calculated from the numbers of fatalities announced by
Nepal Police and district populations of the latest National Census.
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— —= Such extension is an_
— == “rupture directivity.”

Rupture directivity is a combined effect of rupture propagation, the earthquake
source radiation pattern, and particle motion polarization on seismic ground motions
(Spudich and Chiou, 2008). This effect is known to cause directional variations in
seismic ground motion and damage, and to occur if a strike-slip or dip-slip rupture
propagates to a site in the along-strike or updip direction, respectively (Somerville et
al., 1997). Large ground motion pulses are generated in the forward propagation
direction due to constructive interference.
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— == Other evidence (1) Pulsestintheaimean«uRvalley,

Although Gorkha earthquake was dip-slip faulting and Kathmandu Valley is located in the
nearly along-strike direction, large velocity pulses were observed as firm evidence of
rupture directivity. Nevertheless, later parts were contaminated by basin reverberation.

Takai et al.
(2016)

. Bhattarai et
al. (2015)
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プレゼンター
プレゼンテーションのノート
【背景の前フリとして】開発途上国への技術支援の最上位目標は、貧困撲滅と持続可能な開発である。大規模自然災害はこれらに対する決定的な障害 となり、人間の安全保障への脅威である。本申請では、最貧国ネパールで最も危険性の高い大規模災害と考えられる地震災害に焦点をあてる。


il

Considering the
location of the
hypocenter in
the assumed
source fault,
the rupture
should have
propagated
eastwards.

Regional
acceleration
duration in the
forward direction
Is shorter than

in the backward
direction.

aratlon elurarion)

Other evidence (2): rEgIonaIfeCee

Chadha et
al. (2015)




Other evidence (3): t e Weveiors

il

The teleseismic displacement seismograms show both the large pulse-like
waveforms and shorter ground motion duration in the forward direction.
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Results of source

1l

The source inversion confirmed that the rupture propagated along the fault
strike forming a narrow large-slip area in the north of Kathmandu. The rupture
velocity is as fast as 3.1 km/s, about 90% of S-wave velocity.
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— == \Why along-strike r ~3o)
— == faulting?

A typical dip-slip earthquake with a dip angle of 45° has a nodal plane extending to
the immediately above ground, so rupture directivity cannot be found.
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™

a dip-slip earthquake with a dip angle of as low as 10°

In this case rupture directivity can be identified, because the immediately above
ground is located in a lobe of large S-wave.
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- — ’ .
=== T0 confirm the previo
== ground motien simulatens:

We modeled the 3-D velocity structure
based on a geological profile in central
Nepal, global relief data, a global model
of Earth’s crust, and a geological model
of the Kathmandu Valley. Using this
model and the source inversion result,
we conducted ground motion simulations
by Voxel FEM.

It was found that the resultant
distribution of peak ground velocities
simulates the intensity distribution
augmented by the fatality rate
distribution fairly well, if we refer to the
relationship of intensities and peak
ground velocities (Wald et al., 1999).

Wald et al. (1999)
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- === \/glocity structlres WithreiWitneUEKebiiae
= = \/glley
Ground velocities simulated with the velocity structure with Kathmandu

Valley (upper red traces) or that without Kathmandu Valley (upper blue
traces). Their Fourier spectra are also shown in the lower half.

The comparison indicates that the horizontal ground velocities were
amplified twice or more by the sediments, while no amplification was found
in the vertical component. In particular, at resonant frequencies of 4 to 5 s,
the horizontal velocity spectra were amplified by as much as ten times.
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|
The damage survey suggested that strong ground motions firem: the
Gorkha earthguake extended along the strike of the seurce fault.

Aftershock and micretremor olservations suggested that hoerizontal
ground velocities were amplified at freguencies of 0.2 — 0.4 Hz by the
sediments In Kathmandu: Valley.

The extended ground motion distribution 1mplied that aleng-strike
rupture directivity for dip-slip’ faulting was found for the first time
during the Gorkha earthguake with a lew dip angle.

The rupture directivity was confirmed by observational evidences such
as ground motion pulses, regional acceleration duration, and
teleseismic waveforms.

It was then firmly confirmed by the comparison of observed and
simulated ground motion distributions.

We showed that the radiation pattern of low-angle dip-slip faulting
could lead the along-strike rupture propagation to the rupture
directivity effects.

Ground motion simulations also confirmed the amplification by the
sediments in Kathmandu Valley.

22



R. Dhital and 1. Sasatani, Streng ground motion in' the' Kathmandu
Valley: during the 2015 Goerkha, Nepal, earthquake, Earih, Planets
ana Space; 63(10), doi:10:1186/540623-016-0383-7, 2016.

Yamada, M., T. Hayashida, J. Mori and W. D. Mooney, Building
damage survey and microtremor measurements for the source
region of the 2015 Gorkha, Nepal earthguake, Earifi, Planets anad
Space, In press.

Koketsu, K., H. Miyake, Y. Guo, H. Kobayashi, T. Masuda, S.
Davuluri, M. Bhattaral, L. B. Adhikari and S. N. Sapkota, Widespread
ground motion distribution caused by rupture directivity during the
2015 Gorkha, Nepal earthquake, Scientific Reports, 6(28536), doi:
10.1038/srep28536, 2016.

» Takar, N&, M. Shigefuji; S. Rajaure; St Bijukehhen; M. lchiyanagr, M:

23



24



	Investigation of ground-motion to damage relationship in the Kathmandu Valley from aftershock and microtremor observations
	Activity 1: �Strong motion observation
	2015 Gorkha Earthquake Sequence
	Largest Aftershock: 2015-05-12 M7.3�Velocity waveforms
	Largest Aftershock: 2015-05-12 M7.3 �Velocity Fourier spectrum
	Activity 2: �Damage survey & microtremor observation
	Results of the damage survey & �microtremor observation areas
	Microtremor observations:�H/V ratio at (a) is high only for low frequencies.
	High-rise structures with low natural frequencies such as Bhimsen Tower were affected the most.
	Significant damage extended far eastwards, from central Nepal to the district of Mount Everest.
	This extension can be seen in seismic intensity distribution.
	The missing part should be filled with large intensities as can be imagined from 
	Such extension is an obvious evidence of “rupture directivity.”
	Other evidence (1): Pulses in Kathmandu Valley
	Other evidence (2): regional acceleration duration
	Other evidence (3): teleseismic waveforms
	Results of source inversion
	Why along-strike rupture directivity for dip-slip faulting? 
	The Gorkha case is
	To confirm the previous slides, we conducted ground motion simulations. 
	Velocity structures with or without Kathmandu Valley
	Conclusions
	Publications
	スライド番号 24

