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How/why do Earthquakes 

Occur ? 
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Where are we? 
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Nepal and Seismic Hazard 

Bam (>40,000) 
Kashmir 

Bhuj 

Wenchuan (>70,000) 
Kathmandu 

(>80,000) 
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Curtsy : Roser Bilham 
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Note: Earthquake can occur at any time, and hence it has no seasonal variation 

Disaster Risk Calendar Prepared 

by Analyzing DesInventar 

Database (1971-2014) 
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Why Disasters in Nepal? 
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Why we are at Risk? 
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 Year Description 

1255 AD 

(June 7) 

This is the oldest known event to severely damage Kathmandu, 

with an estimated MMI intensity of X  (Rana et al. 2007) with 

magnitude of M7.6. Historical records indicate that many houses 

and temples in Nepal collapsed, and one third of population was 

killed. 

1960 AD Only five years following the 1255 AD earthquake, this 

earthquake resulted in collapse of many buildings and temples, 

and then caused subsequent widespread epidemic and famine. 

1408, 1681, 

1767,1810, 

1823 AD 

Although limited information is available, these earthquake 

caused heavy loss of lives and collapse and damage of many 

buildings including temples were noted in Nepal and the 

Kathmandu Valley 

1833 AD 

(August 26), 

epicenter to 

east of 

Kathmandu 

Kathmandu valley was hit by two main shocks in the late summer, 

one in the the afternoon at 6 pm and the other in the night at 11 

pm. Most of buildings, houses, public shelters, and temples 

collapsed. The Tower of Dharahara was severly damaged. Thimi 

and Bakhtapur were completely destroyed. Records indicate 

18,000 houses collapsed around the country, 4214 of which were 

located in the Kathmandu Valley 

7/22/2016 
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Major Earthquakes in Nepal History 
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Year Description 

1934 AD 

(January 15), 

Great Nepal-

Bihar 

Earthquake 

The strongest earthquake of the 20th century to impact Nepal, 

this event  caused the highest number of casualties ever 

recorded in Nepal. The earthquake is estimated to have caused 

around 10,600 fatalities (USGS, 2015a) (with approximately 

8,500 fatalities occurring within the borders of Nepal). More than 

126000 houses severely damaged, and more than 80,000 

buildings completely collapsed 

1980 AD The largest impacts occurred in the far western portion of Nepal 

from this M6.5 earthquake 125 people lost their lives; 248 were 

seriously injured. 13 414 buildings were severely damaged and 

11,604 buildings were completely destroyed. 

1988 AD (August 

21), Udaypur 

Earthquake 

The M6.6 earthquake affected mostly the eastern region of 

Nepal. It resulted 721 deaths, 6553 seriously injuries, and 

damages to more than 65,000 buildings. Total direct loss 

was reported to be 5 billion rupees. 

2011 AD 

(September 18) 

The M6.9 earthquake had an epicenter 272km east of 

Kathmandu and caused widespread damage in the Nepal. 

The earthquake caused 3 fatalities, 164 injuries, collapse 

of more than 14,000 houses (CUEE Report 2011-1) 
7/22/2016 
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Year Description 

2015 AD (April 

25)  Gorkha 

Earthquake and 

major 

aftershocks on 

May 12, 2015 

The 25 April 2015 Gorkha Earthquake, and the hundreds of 

aftershocks that followed, including a M6.8 on 12 May 2015, 

caused loss of 8,790 lives and more than 22,300 people were 

injured along with widespread damage to houses and 

infrastructure across 32 districts of Nepal.  

The Post Disaster Needs Assessment (PDNA), identified 

housing as the most affected sector with an additional 2.5% to 

3.5% of the population, at least 700,000 people, would be 

pushed into poverty in the year following the quake as a result of 

the disaster 
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1934 Earthquake: 8.4 Mw 
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1988 Earthquake: 6.6 Mw 
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2011 Earthquake: 6.9 Mw 
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2015 Earthquake: 7.8 Mw 
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2015, Gorkha Earthquake 
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• 27 February, 

2010 

• 8.8 Mg. 

• <1000 deaths 

• 12 January, 

2010 

• 7.0 Mg. 

• 222,770 deaths 

• 300,000 Injured 

Chile 2010 Haiti 2010 

LESSON FROM PAST EARTHQUAKES 
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Others 

Earthquakes DO NOT Kill People 

21 

Building Collapse 

Medical Care Problem 

Emergency Response 

Problems 



Earthquake Safe Communities in Nepal 

 

Sources of Earthquake Risk  

Building Collapse 

Medical 
Care 
Problem 

Emergency 
Response 
Problems 

Others (Fire, 
Landslide) 

(GESI, 2003) 

(April 25, 2016 Gorkha Earthquake) 

Only way of Reducing Casualty: Safe Buildings 

Building Code Implementation 
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Damage during 1833 Earthquake 

• Epicenter to North-east of Kathmandu  

• Thimi and Bakhtapur were completely 

destroyed. 

(Bilham,1995) 

7/22/2016 
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Damage during 1934 earthquake 
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Damage during 1934 earthquake (Rana, 1935) 
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Damage during 2015 Earthquake 

7/22/2016 
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Shaking Recorded at 

KTM Valley 

7/22/2016 
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: Liquefied by 2015 
earthquake

: Do not liquefied by 
2015 earthquake

Ramkot

Manamaiju

NEC

Imadol

Manahara

• Manamaiju 

• Imadol 

• NEC 

• Ramkot 

• Manahara 

In-situ tests 

Standard Penetration test (SPT) 

Continous soil sampling 

PS-logging 
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SPT 
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PS- logging 

7/22/2016 
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Mineralogical test 

• Kathmandu soil is unique and heterogeneously distributed. 

• From the X-ray diffraction analyses Kathmandu soil contain, quartz 

60-–80%, feldspar 10–20%, mica 10–20% and calcite 5–10%.  

• Kathmandu soil contain significant percentage of Mica, Equations 

established based on the experiences in other parts of the world 

may not be work for Kathmandu so need to be verified first. 

• In order to refine or reestablish the equations, identification of field 

evidences are necessary. 

• And the 2015 April earthquake provided us a valuable opportunity 

to do this.  

7/22/2016 
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Soil 

sample 

Laboratory test for Dynamic Analysis 
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S-wave (Vs) based Liq. Assessment  
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This curve Over estimate the Liquefaction Potential in 

Kathmandu soil 
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Deformation test results 

7/22/2016 
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More Elastic  

• Kathmandu soil is soft  & more compressible 

• More elastic than Toyoura and Ottawa sand 

• Stiffness is 4-5 times less than Toyoura and 

Ottawa sand 

• Deformation characteristic is similar with the 

Toyoura sand 

• Damping ratio shows Kathmandu soil is more 

elastic & consume less energy 

4-5 
times 

40 60 80 100 120
0

0.2

0.4

0.6

0.8

Relative Density, Dr (%)

C
y

cl
ic

 r
es

is
ta

n
ce

 r
at

io
 (

C
R

R
)

(
d
/(

2


' c
)

Tatsuoka et al. (1986) Toyoura sand
Manamaiju
NEC

wet- tamped
'c=100kPa

70 



Earthquake Safe Communities in Nepal 

100 200 300

0.1

0.2

0.3

0.4

0.5

0.6

0

Normalized shear wave velocity, Vs1 (m/s)

C
y

c
li

c
 s

tr
e
ss

 r
a
ti

o
 o

r 
re

si
st

a
n

c
e
 r

a
ti

o
(C

S
R

/C
R

R
)

CRR (Mw=7.5)

Liquefacion  

  No
Liquefaction

Andrus and Stokoe (2000)

Not-liquefied (JICA Study,2002)

Cyclic Triaxial test 

Field data 

NEC
Imadol

Manamaiju

Liquefied 
(Manahara, Imadol, NEC & Ramkot)

 Not-liquefied (Manahara)Proposed boundary curve 

for kathmandu soil

Boundary curve for Kathmandu soil 

is Different 

• Field in-situ & laboratory test results are combined and 

proposed the new boundary curve based on S-wave velocity 
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SAFER – Geotechnical 

Investigation of Kathmandu Soil 

 
• Geotechnical 

Investigation of 
the Kathmandu 
Soil  

 
• To develop 

Geological 
Structure & 
Mainshock-
Aftershock 
model  
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What worked during 2015 Gorkha 

Earthquake? 
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PEER Program (1997-2016) 

Community Action for disaster 

Response (CADRE) 



Earthquake Safe Communities in Nepal 

Impact of PEER Program in 2015Gorkha 

Earthquake  

• Graduates Lead for Search and Rescue team 

• All major hospitals asked PEER graduate for 

Assessment immediately 

• Functioned inside hospital buildings as per 

recommendations 
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• Search & Rescue was quite systematic and 

effective from Security forces and Volunteer 

organizations 

 

NA jointly conducting rescue operations with other security agencies 
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NA soldier rescuing a 

girl from an unstable 

collapsed structure in 

Gongabu 

precious life 

saved in 

Duttatreya in 

Bhaktapur 
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‘Miracle Baby’ boy 

rescued after 22 hrs 

under rubble in 

Bhaktapur 

Photo: Amul Thapa 
The baby boy with his 

delighted mother a few 

weeks later 

Photo: Sunil Sharma 

Photo: Amul Thapa 
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BACK OUTSIDE: patients evacuated from 

a hospital: KATHMANDU (Credit: AP) 
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NEPAL MEDICAL RESPONSE: 

KATHMANDU (Credit: AP) 
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Achievements of Multinational Team 
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New building constructed compliance 

with NBC & Vulnerable 300 Schools 

Retrofitted: All Performed Good  

• Schools are Retrofitted for much Higher Intensity! 

• Retrofitted Schools were used by Communities as Emergency 

Shelters from the First Day 
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Restaurant Restaurant

Re
sta

ur
an

t

Operational Immediate 

Occupancy 

Life Safety Collapse 

Prevention 

0 % Damage or Loss 99 % 

Ref: FEMA 451 B 

Retrofit Cost to achieve objective before event Highest Lowest 

Rehab Cost to Restore after event Lowest Highest 

Strategy to Reduce the Earthquake Risk 



Earthquake Safe Communities in Nepal 

Earthquake 
Safety 

Strategy to Reduce the Earthquake Risk 

Stop 

Increasing 

Risk 

Decrease 

Existing 

Risk 

Be 

Prepared 
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Thank You 

!! 
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