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Nepal, NZ, Japan and US West Coast:
Similarity in Seismic Scenario
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Seismicity of
Nepal and
Surrounding
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Layout of the Fault Planes
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Gorkha Earthquake: Basic Facts

When?: 25 April 2015 Saturday 11:56 am Local time
Magnitude: 7.6-7.9
Depth: 10-15 Km

Epicentre: Near Barpak Village, Gorkha (78km North
West from Kathmandu, similar distance to the East
from Pokhara)

Followed by hundreds of aftershocks, the most
damaging one was of Magnitude 6.8 on 12 May
Effects:

— 8800+ deaths, about 20,000 injured
— About 500,000 houses/buildings damaged
— Loss: approximately 6.6 billion dollars (~¥33% of GDP)



Eastward Rupture Propagation




Seismic Intensity Contours

Earthquake Affected Areas i ioemcog e \ (%]
in Nepal on April 25-26, 2015 A . R -
L,-:;Baitadl -

v
L ]
r;'-““ e Silgadhi

.
)
I
s
"y

"\, j~e Dhangarhi

L2 - Tika pur
11.

i 3
s

GNITUDE Aprit 26, 207

s Sitapur J
LEGEND :
=-=-=-+- |ntemational Boundary ;.L
o Dhankuta:,

[*]  National Capital

L] Major City
+ Epicenter

Madsiea
[Mercall intensity Description

(MM} Scale i )
— IV Light ® Muzaffarpur e |
- Moderate o 0 TR BANGLADESH i
-_— VI Strong e \I“a
— Vi \Very Strong | Copyright © 2015 www.mapsofworid.com UMMI@P““; Purniae L ng

- Wl Severe {Updated on 26th April, 2015)




40 -
35 .4
S0 *

25

20 -
153
10 -

8.0
7.5
7.0
6.5
6.0
D
5.0
4.5
4.0

Trend of Aftershocks

33

388

16 Number of daily aftershocks

4 545,40 558008, 33 4
1,2 2% g2 111,1222547°21211 1

R e e e R e R R N W g e g R S e e e e e e e SR, e e e e e e e e e e

Magnitude of largest daily aftershock

~ AR
5.3

il etttk

b

B e e e BT S SRR PR P TSL RN B S S R I o S N R S, DA LA SHEL SR S S S S S S P B S S BT
bt et e et e b et et e S ek et et fond i deter 4 e be b Lo b s 14 ¢ ] et ] e e ket et
v ¥ - | 8.8 b v & 4D " ' i i s . "

'5- .‘J- :h:l'-?- | ol el el el el e e
Mo fHEaumama MEOMmAnNUANISISSSa5a=as
?ﬁ?@??&mm }}}} > OO VPNV VG)
' 8 = OHTPETUAOSOOTN S et U WO00



Most Non-Engineered Houses Collapsed







Hilly settlements were hit harder: Rldge effect _







Severe Impact on
Educational Facilities
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Severe Damage to Heritage Sites
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Religious Precincts also Suffered




Damage to Walls: A Common Sight in Tall Buildings




Buildings were affected also by poor
performance of soil and foundation
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For Many, the Cause was Obvious

No anti-seismic features in design/construction

Fundamental technical faults in buildings
— Slender columns \| R

— Insufficient reinforcement

— Inadequate splice/anchorage
— Inadequate confinement

— Poor detailing

— Unnecessarily thick plaster

Poor material quality

Amplification of ground shaking due to local geological
features

Foundation depth/type not adequate for the local soil
condition




Technically, Nepal was in a state of

Reasonable Knowledge, Limited Preparedness, Mixed practice

Engineers' Training on
Earthquake Resistant Design of

Buildings -

Volume | : Seismicity and Design Aspects




New Buildings: Some Good Examples




Buildings under construction: Bad Examples

Gongabu




Engineering Advice: At least being Sought
for Commercial Buildings

Reg. No. 10256/046

Date: 3™ May, 2015

| performed the detail visual inspection of Everest Bank Ltd

Corporate & Banking building structure from outside
closely and | could not find any structural problem and
n found to be surfacial only. This was confirmed after

ster layer and found the concrete part intact. Hence, | like
e building structure is safe for Cieergtion.



Building Tagging

RESTRICTED USE

Caution: This structure has been Date  p7</o2for
inspected and found to be damaged as
deacribed below : Time 11:55 4M

(Caution: Aftershocks since inspection
may increase damage and risk.)

E occupancy, and lawful use are This facility was inspected under
%a&p?nd ated below: emergency conditions for: €

not enter the follow ng areas: Mm AT =
[] Brief all T focontents: __

[ Otherrestrictions: / A ment -’; /vbon
Facilty name and adcress: . l”/”‘, ”’w
B P 77 e i L

Smick o Hope A,wu:%v%j:

Do Not Remave, Alter, or or Cover this Placard
wntil Authorized by Governing

iF) B EYY. Te
/r,;‘pedwf il New-Zealand En/ e ;? oA

Rematks: 7. pioﬂdv

In general, the practice was of international standard
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This is how buildings are shored in NZ
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Problems/Challenges Immediately after
the Earthquakes

Misinterpretation of colour tags

Crack-phobia among public

Shortage of engineers with earthquake
engineering expertise

Professionals speaking outside area of
competence

Scarcity of demolition skill and equipment
Debris clearance
Confused authorities/people



My Past Involvement (May 15-Jan 16)
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Assessing Hospitals and Advising Medics




Building Inspection and Counselling




Advising Government Officials




ucating Good Practice to Masons




Raising Public Awareness
on Seismic Risk

vy

S




Educating Junior/Fresh Engineers & Students

Shortage of engineers with knowledge/expertise in earthquake engineering




Interaction with Senior Engineers

Professionals speaking/advising outside their area of competence was common
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My ongoing/future involvements in Nepal’s
long-term recovery to seismic resiliency

* Development of earthquake engineering
gualifications in Universities

* National Building Code Revision

* National Earthquake Engineering Centre of
Excellence

* Facilitating the transfer of low-cost and safe
construction techniques developed overseas
(Earthbag Technology)
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Where to from hereon?

Big earthquakes cause unbearable pain, but also
provide a golden opportunity to develop a more
resilient community that is better equipped to combat
similar disasters in future

— Develop/improve the building codes

— Establish robust construction quality control mechanisms

— Establish mechanisms to ensure the codes/rules are
strictly followed

— Urban development strategy based on a sound land use
planning

— Develop comprehensive soil mapping and reconstruct to
suit the local soil condition

— Start state-of-the-art earthquake engineering education
and training for capacity enhancement






Historic Major Earthguakes in Nepal

Timeline: Nepal earthquakes

Nepal has been struck by the bi _
earthquake in over 80 years. The region that

|
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has been hit hardest is the very populous Magnitude

Kathmandu valley.

1980
Magnitude

6.5

178 killed
40,000 homes destroyed.

7 9 ' 1934
= Magnitude
80km from 8'0
Kathmandu. Most destructive earthquake in
Population in the Hff I's history. Over 10,000 fEﬂ le
region: over 2.5 killed, Kathma i:|u nd several other
million. cities comp etay «|:I«|!=ﬂ:rt>yec¥:t
O, G 2011
Kathmandu Magnitude
6 killed, 30 serious
1988 @ injured.13,000 displulged.
Magnitude #)
6.8

722 killed across Nepal and India.
12,000 injured, 460,000 people left
homeless. A
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Response Spectra
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The shakings were larger than the design level for all structures except very stiff (T<0.3s)
structures; i.e. 1-2 storey stiff load bearing houses, Rana era palaces with thick stiff walls

NS shaking: gentle to stiff structures, but very harsh on tall/flexible (T>3s) structures
EW shaking: High demand on structures around 0.5s period as well.




But, the shaking intensity was still less than 2000~ -.
what is normally expected of a 7.9 magnitude
earthquake at 75km away.

S M,=7.8

Kathmandu basin’s clay deposits appear to have
suppressed low frequency (characterised by
high acceleration but small displacement)
motions and transferred with amplification the
low frequency (large displacement but small
acceleration) motions.
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