The 2015 Gorkha (Nepal) earthquake:
unfinished business

James Jackson, Department of Earth Sciences, University of Cambridge
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10 biggest earthquakes since 1900

1960 Chile 5. 2011 Japan
2004 Sumatra 6. 1952 Kamchatka
1964 Alaska 7. 2010 Chile
1957 Aleutians 8. 1906 Ecuador

...all on plate boundaries in the oceans

9. 1965 Aleutians
10. 2005 Sumatra
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® >10,000 dead | earthquakes
>100,000 dead |

Earthquakes that killed more than 10,000 people in  the last 1000 years

120 in total: 36 of them in the last 100 years




Earthquakes happen on faults

1857 California: San Andreas Fault
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destroyed in damaged in
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Also Ashkhabad (1948), Tashkent (1966), Wenchuan (2008)....
Little places become big places...






The earthquake belt of the Mediterranean — Middle East - Asia

Earthquakes 1962-2003




East-west trade routes: the ‘Silk Road’




Trade routes follow the geological structures:
the edges of deserts, plateaus and mountains
are all formed by earthquake faulting
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Earthquakes that killed more than 10,000 people: 1000-2008 AD

Populations and cities concentrate in the dangerous places in Asia
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Paleocene
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Eocene
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1934 M,,, ~ 8.1 Bihar-Nepal earthquake

R PTG b = o, : | : - LTk
Royal palace, Kathmandu



1934 Bihar 4




J-P Avouac, Caltech
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Bollinger et al., 2014, JGR, Fig8; also Sapkota et al, 2013, Nature Geoscience




Before the earthquake.... monitoring with GPS




GPS in Nepal
velocities relative to India
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The Mw 7.8 Gorkha
Earthquake, Nepal

Preliminary Observations

l Jean-Philippe Avouac ‘ V -

Bullard Laboratories

J-P Avouac University of Cambridge John Elliott
Collaborators National Seismic Center (DMG, Nepal):
Vicky Stevens — 7ohn Galeztka Madhab Pandey
Kristel Chanard  7.¢f Genrich Sudhir Rajaure
Thomas Ader Mireille Flouzat Som Sapkota
Marion Thomas Diego Melgar
Pierre Bettinelli - gpeongii Wei Institute for Tibet Research (China)
Laurent Bollinger 144n"Paul Ampuero Jing Liu
Francois Ayoub Lingsen Meng
Rodolphe Cattin Teng Wang ITSER Kolkata (India)

Jerome Lave Supriyo Mitra ‘

+ John Elliott (Oxford)
Keith Priestley (Cambridge)
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Aftershocks M>4 until 14 May 2015

Bhattarai et al., SRL, 2015



780 km

Radar interferometry

Pass 1: pre-earthquake Pass 2: post-earthquake

phase (distance) shift
due to ground motion

Tim Wright
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AT A
ST sl
Imagery Date: 4/10/2013" lat' "27.973426% \lon  84.792956° elev. 574 m  eye alt 383.90 km

Changes in line-of-sight distance to satellite
(each fringe = 10cm) John Elliott
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Fault slip in the earthquake
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It's not over yet|

Rupture
M~8.2

John Elliott
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Displacement GPS seismogram at KKN4
north of Kathmandu
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Figure 2 (From Galetzka et al, Science, in review): Image of the propagating slip pulse,
27s after initiation of the earthquake (location of initiation is indicated by the red star).
This is the time of intense ground shaking in Kathmandu valley.

Diego Melgar
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Kathmandu
pre-earthquake




Kathmandu

&)
4
)
>
O
e
pro)
| -
®©
P
()
| -
o



85.2° 85.3° 854° 4N B
- I h, T
O SR e
- - } ‘ il A .~¢¢.. ‘
s 4 - far

Ay

i 1
- :

1000 2000 3000 4000
Elevation (m)

seconds

J-P. Avouac, D. Melgar



Gorkha April 2015 Mw=7.8 earthquake

North (m)

5 Hz GPS Data, M7.8 Kathmandu, Apr 25 2015

. ‘.irﬁ!.NAS'
C’ . S8 KKNG

https://www.youtube.com/watch?v=VS6WV
z4VO0ps

https://www.youtube.com/watch?v=8lgrC3hDbvY

5 Hz GPS data
from the
Kathmandu Valley.
Speeded up x5

Blue = bed rock
Orange 650 m
thick mud

Uplift 1 m
Translation 2.2 m

Roger Bilham
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Gogne Roger Bilham
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Reza Jangi - Iran
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(hf") Earthquake Prediction,

as a risk mitigation policy,
kills people

Haicheng 1975
Tangshan 1976
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Confidence in building resilience

A Figure 1. Graph illustrating how perceived need for short-term
forecasting is inversely related to public confidence in the resil-
ience of our built environment to earthquake shaking.

Kelin Wang, SRL, 2014



Supporting other scientists

Tabriz, Iran
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@ You can make your NEW HOUSE safe against EARTHQUAKE !

FOLLOW 10 RECOMMENDATIONS
For Single Storey Masonry Houses in Cement Sand Mortar

Doors & Windows

- Location of Doors & Windows. Doors and windows
should be placed at least 2 &. away from the wall comer,;

Lm

- The total length of doors and windows in a wall shall
1 Site Selection ) G"f‘,’f"‘“"’:‘om'.“mmL -~
- Avoid steep & unstable slopes; two (doors andior should not be
- Avoid areas susceptible to landslides and rockfall; less than 2 fi; _
- Avoid construction on loosely filled grounds: - Keep lintel level same for doors and windows.
- Place house away from the river banks;
- construction too close to visible, permanent, deep
and active 5
- Distance between house and lree or with adjoining 4
o onbadabrncben :m' AL r—p—————— — 7 Vertical Reinforcement in Walls
w7
- Place vertical steel bars in the wall at all corners,
Shape of House A ! £1 St et - ;
pe YME B <l - Anchor all vertical steel bars in the foundation and roof
- Construct reguiar shaped houses like square, = Rriege = “ | band;
rectangular or ircular. ® I\aw” - Use S0 5 sutar)or min 1220 (4 sutar) stes! bars Festoroaman n b rscrey web
- Subdivide o in case MMM.M
gl Shaped bulings by providing gops. ] i %@ (6 sutar) or min. 5/8°0 (5 sutar) steel bars for - '
% e 1" Ve : coursed SIone Masony; i
e Sucabampaspniyste DS - ‘ - Fill the pocket around steel bars with 1:2:4 concrete o
: Mmomumw-:&-mmﬁ E | [_{—] l ][_] !mwouum' st used for concrete block
each other; e . i 10150 x 180 B e b Pravas str-drwiing wals ‘.-3lﬂ“m“ o ° i
- Maximum room size should be limited X - For stone masonry 2" dia. PVC pipe around the gy ——re—
ez S steel bars, and masonry around it. Extract the SR mascryy wal stariryg o foumdsion
~ pipe and fill the hole with 1.3 c/s mortar or 1:2:4 nana
Foundation Massurement in brackais [Jarsinmm T o ooncrete.
- Use continuous footing; 5
* I case ofsoft <o, e degih o fundation be LB = 8 Horizontal iBand's and Corner e i o
of rocky [ | ket |-,
areas depth should be 1.5 ft; : v Strengthening - fa == i =

bands should be provided - o ol S

sy
=t Horizontal ided throughout the entire
a3 wall with minimum thickness of 3 1o 4 inches at following

: J
~
| Pt ot ana verrcad ]
J
4

=E £ }

used for )
coal tar or any other preservalive can prevent limber
from being decayed and attacked by insects.

!
=

o 'NE

e YT

l:;tmwmmtpﬂwmhw“ Commet 1 it} a7 tpart) Aggregse 4 izert)
B 1 ) W proxernon e e
behs:;hﬂmii'd(:“hm;tz w.’m: . 4
: bt o 2Ny VY Y
g ing Steel shall conform to Grade Camsnt 1 sty g 4 i)
40, minimum yield of 40,000 psi. Plain A proporion o o
steel not be used except for tes.

e

ot Sirpped trck wal conmructon © pace

Brick Wall of oolh comdructon -
Wall Thickness: Miny. 9 inch This publication has besn n rural of earthquake sffected meas and is believed 1o be heiphd in o] safaty of rural
Stepped Consiruction: wall COnstruction is better = houses. This will and ready to use sokutons for common rural houses. This construction checkdist s for stormy rural housing units. the provimons mantoned hare
than toothed, when there is a need for future extension . are only for such gmnmmmmmumwmmnm further detaiis relaled 1o the provisons mentoned m Tiis
ar continuation of work. rl 2

Concrete Block Wall

- Wall Thickness: Min. 8 inch Q

 Seenmmamnseie T . WEREE e ﬂNSET: National Society for Earthquake Technology




Lumle, Nepal, 2015

Importance of
variability in local
construction and

design

Pattan, Pakistan 1974










Retrofifted school, Lalitpur







KATHMANDU VALLEY'S

A product of the Kathmandu Valley Earthquake Risk Management Project implemented by
National Society for Earthquake Technology-Nepal (NSET-Nepal) and
GeoHazards International (GHI) NSET
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BIHAR STATE DISASTER MANAGEMENT AUTHORITY

o wrary

Vice Chairman,BSDMA
Shri Anil Kumar Sinha,lAS(Retd.)

Women'’s group, Kirtipur
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The problem: daily difficulties of urban life in Asian cities

Congestion
+

Traffic
+

Pollution
+

. Air quality

- I

" Water supply !
+

Health
+

Poverty
+
S

+ earthquakes!

- < Tabriz, trarr =k
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