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Where Do Earthquakes Occur and How Often?Where Do Earthquakes Occur and How Often?
~  80% of all earthquakes occur in the circum-Pacific beltq

most of these result from convergent margin activity
~ 15% occur in the Mediterranean-Asiatic belt

5% occur in the interiors of plates and on spreading ridges5% occur in the interiors of plates and on spreading ridges 
~  Nearly 150,000 felt earthquakes are recorded each year



Maximum (Probabilistic) EarthquakeMaximum (Probabilistic) Earthquake

M= 8.1, 2008M= 8.1, 2008

M=8.6, 1950M=8.6, 1950

M = 8.7, 1897M = 8.7, 1897



Population Trend in NE India (Census data)
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EARTHQUAKE RISK:EARTHQUAKE RISK:
Probability of damage and losses due to 

th kearthquake

• EARTHQUAKE RISK COMPRISES 3 BASIC FACTORS:• EARTHQUAKE RISK COMPRISES 3 BASIC FACTORS:
1. Hazard: Probability of ground motion
2. Site Condition: Ground motion amplification 
due to site effects (soil type topography)due to site effects (soil type, topography)
3. Vulnerability: Effects on structures (building 
type and age, population density, landuse, time of 
event)



Seismic Hazard

• There are significant challenges in seismic 
H d A tHazard Assessment:

• Identification of active faults
• Maximum credible earthquake and return 

period
• Instrumental and historical earthquake data 

is very limited as compared to earth history
K l d l l h ll b f• Knowledge on local shallow sub-surface

• Detail scientific input on these parameters 
require long term observation and reliable datarequire long-term observation and reliable data  



Seismic Stations run by RRL (NEIST) JorhatSeismic Stations run by RRL (NEIST) Jorhat
(1978 - 1990)





North East Wide Area Seismic Network 
(NEWSN)(NEWSN)



Seismicity of the NE India & adjoining region



Earthquake depth variation in the Indo-Burma region



TECTONIC MAP OF NE INDIA & ADJOINING REGION



SEISMIC ACTIVITY IN NE INDIA
RegionRegion ActivityActivity BehaviorBehavior Hazard typeHazard type

1.   Shillong Plateau              High                     Shallow-Upper Crustal                Seismic shaking,            
Continental Crust   Felt shocks ~ 20%                           ground rupture,  

Max mag=8 7                                    LandslideMax mag=8.7                                    Landslide

2.  Kopili-Mikir Block           High                     Crustal                                                            do
Continental Crust Felt shocks ~10% Continental Crust Felt shocks 10% 

Max mag=7.3

3   A h l Hi l       M d t         Sh ll   C t l                                         d3.  Arunachal Himalaya      Moderate        Shallow  Crustal                                         do
Meta Sediments                                             Felt shocks~15%

Max mag=8.6

4.  Indo-Burman Belt               do                       Shallow Crustal (Naga Hills)           do
Folded Belt Intermediate (Chin - Arakan)

Felt shocks ~ 5%, 
Max mag=7.0Max mag 7.0

5.  Assam Valley                  Free from seismic activity,                                          Liquefaction &        
Alluvium                           No valid record of  past earthquakes                           Ground failure



Co-seismic Deformation
Ground rupture & Faulting



• Co-seismic DeformationCo seismic Deformation

Ground failure &  Liquefaction





Present Day Scenario of 1897 M8.7 
Great Assam EarthquakeGreat Assam Earthquake



R D Oldham (1899) used the term isoseist to
denote the intensity contour of 1897 earthquakedenote the intensity contour of 1897 earthquake.
His Isoseist I corresponds to following description:

• Isoseist – I corresponds approximately to Rossi‐Forel
(1883) Intensity ‐ X has a radius of 160 km in which( ) y
serious damage occurred to buildings. Within this
highest intensity zone Oldham defines the epicentral
tract that includes the Shillong Plateau, defined in the
south by the towns of Rangpur, Tura, Cherrapunji and
Silchar, and in the north by Dhubri, Bongaigaon,
Guwahati and Shillong, an area which extends to the

th th B h t i ll t d thnorth across the Brahmaputra river valley towards the
hills of Assam and Bhutan. In places within this
epicentral tract Oldham observed the PGA to exceededepicentral tract Oldham observed the PGA to exceeded
1.0g.



Panoramic view of Shillong before 1897 earthquake



Present-day panoramic view of Shillong city





MSK‐64 earthquake intensity scale adopted in 
India (IS:1893‐2002)India (IS:1893‐2002)









Classification of houses of NE India with respect to 
construction materialconstruction material. 

(Type of structures with level of structural damage when exposed to MSK 
intensity VI‐X)y )



Classification of houses of NE India with respect to 
construction material type of structure with level ofconstruction material, type of structure with level of 

structural damage at MSK intensity VI‐X.



Classification of houses of NE India with respect to 
construction material type of structure with level ofconstruction material, type of structure with level of 

structural damage at MSK intensity VI‐X.



Vulnerability functions for various building typologies

Ref: Seismic vulnerability Assessment Project Group of IIT Bombay, IIT Guwahati, IIT
Kharagpur, IIT Madras & IIT Roorkee. Submitted to NDMA, SEP 13 2013





Direct ConsequencesDirect Consequences
• Nearly 35,000 people living in about 6000 houses of

East Garo Hills, and West Khasi Hills, Meghalaya
may be rendered homeless due to house collapse and
f th t iface the most serious consequences.

• More than 1.5 lakh people living in about 35,000
houses falling within the Intensity Zone VIII-VII (MSK)
i E t Kh i Hill S th G Hill Ribh iin East Khasi Hills, South Garo Hills, Ribhoi
(Meghalaya); and Kamrup Rural, Kamrup (metro)
and Goalpara (Assam) may face serious injury andand Goalpara (Assam) may face serious injury and
traumatize. May have to abandon house and property
due to complete or partial collapse of the dwellings.due o co p e e o pa a co apse o e d e gs



• The roads, bridges, transportation, communication
network and such others/within the isoseismal MSKnetwork and such others/within the isoseismal MSK
(VIII‐IX) will be seriously damaged rendering the
infrastructure unusable and paralyzing normal roadinfrastructure unusable and paralyzing normal road
communication to standstill to several weeks.

• Away from the epicentral tract (250 300km) the long• Away from the epicentral tract (250 ‐ 300km) the long
waves traveling along/across Brahmaputra alluvial
plains and Barak valley will cause significant damage toplains and Barak valley will cause significant damage to
the tall and weak structures due to seismic site
amplificationamplification.

• The shaking effect of M 8.7 will be highly visible in the
form of ground rupture secondary fault displacementform of ground rupture, secondary fault displacement,
liquefaction and landslides covering a large distance.



• Almost in all hill districts experiencing MSK VII ‐IXAlmost in all hill districts experiencing MSK VII ‐IX
will be seriously affected by landslide and rock fall
causing blockade to road communication relief &causing blockade to road communication, relief &
rescue and slow down all other mitigation activities.

• Extensive liquefaction, ground rupture and
diff i l l f h d b ildidifferential settlement of the runways and buildings
may distort the entire Guwahati airport. The

h Shill i b bl k d bapproach to Shillong airport may be blocked by
heavy landslide.



Way forwardWay forward

• States to plan state‐of‐art Emergency Operation Centre
(EOC) with fail‐safe communication system with
redundancy.

• Web based Decision Support System (DSS) should be in
place

• DM plans to be regularly updated with resource/p a s to be egu a y updated t esou ce/
inventories mapping

• A well‐equipped SDRF should be in place for eachA well‐equipped SDRF should be in place for each
state.

• RVS of critical lifeline buildings to be undertaken• RVS of critical lifeline buildings to be undertaken.



• Building Codes be put in public domain and brought
into practiceinto practice.

• Mock Drills to be regularly organized by State and
Districts with procedures in placeDistricts with procedures in place.

• Greater community participation has to be ensured;
i i i i d dmore initiatives needed to promote awareness among

school children and the community.
• Augmentation of medical resources and medical
teams required with capacity to function outdoors.

• Fire & Emergency Services to be equipped with basic
DM equipmentq p

• Training, exposure and exercises needed by Police and
Civil Defense.Civil Defense.



www.ndma.gov.in/images/pdf/PR‐M8.7‐
Shillong.pdf (Full Report)Shillong.pdf     (Full Report)

https://ndma.gov.in/images/pdf/IA‐M8.7‐
Shillong pdf (Impact Assessment)Shillong.pdf    (Impact Assessment)



Intensity Isoseismal map of Assam 1950 Earthquake

(R t l 2017 P i f t f th 1950 Tib t A t th k(Rao et al. 2017, Primary surface rupture of the 1950 Tibet-Assam great earthquake 
along the eastern Himalayan front, India, Nature, 7: 5433 | DOI:10.1038/s41598-017-
05644-y)



S i i Mi ti f N ES i i Mi ti f N ESeismic Microzonation of N E Seismic Microzonation of N E 
State CapitalsState CapitalsState CapitalsState Capitals



Seismic ZoningSeismic Zoning

Seismic zoning consists of subdividing a
national territory into several seismic zonesy
indicating progressive levels of expected
seismic intensity or peak ground accelerationseismic intensity or peak ground acceleration
for different return periods based on historic
and predicted intensity of ground motionand predicted intensity of ground motion.





Traditional dwelling pattern of NE India



Recent dwelling pattern in NE India



The Cities in NE IndiaThe Cities in NE Indiae C t es d ae C t es d a
Shillong



Gangtok



Kohima



AIZAWL



ITANAGAR



GUWAHATI



IMPHAL

AGARTALA



 Seismic microzonation is defined as the process of subdividing a
Seismic Microzonation

Seismic microzonation is defined as the process of subdividing a
potential seismic or earthquake prone area into zones with
respect to some geological and geophysical characteristics of
the sites. Such geological and geophysical characteristics are
ground shaking, liquefaction susceptibility, landslide and rock‐
fall hazard earthquake related flooding and othersfall hazard, earthquake related flooding and others.

 Seismic microzoning provides detailed information on
earthquake hazard on a much larger scaleearthquake hazard on a much larger scale.

 It recognizes the fact that spectral acceleration values for sites
within a seismic zone vary in tune with the location specificwithin a seismic zone vary in tune with the location specific
geological conditions.

 It therefore consists of mapping in detail all possible earthquakepp g p q
and earthquake‐induced hazards.

 Seismic Microzonation include delineation of zones that are
homogenous in seismological and geological characteristics



SEISMIC SITE CHARACTERIZATION

• Geology and geomorphology
• Soil condition/ mechanical & geometrical characters 
of sub‐surface

• Ground water level/Permeability
• H/V spectral ratio to estimate amplification• H/V spectral ratio to estimate amplification 
characteristics and predominant frequency
M lti Ch l A l i f S f W (MASW)• Multi Channel Analysis of Surface Wave (MASW)

• Geographical distribution of site classes based on 
Vs30









ISSRM: International Symposium on Society and Resource Management











IIT- G Dipar Bil- Jalukbari  Site Amplification from Ambient Noise spectra,
Greater Guwahati (West)
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 Site Amplification from Ambient Noise spectra,
Greater Guwahati (West)

Plate 2
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Plate  3  Site Amplification from Ambient Noise spectra,
                Greater Guwahati (West)  
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Identification of Lineaments
Shear wave velocity map using empirical relation by 
Imai and Tonouchi (1982). Shear wave velocity 
corresponds to Soil type ‘D’ & ‘E’ (site classification of 
NEHRP, Romero & Rix, 2001). Most of the city area is ) y
composed of stiff soil (Vs 180-340m/s); some small 
patches of soft clay (Vs 130-180m/s) localised in the 
central and western parts are observed





Examples of average H/V spectra (solid lines) with +1 (dashed lines). Spectra representative of – A) stiff silty clayey soil, B)
hard silty soil, C) soft sandy soil, D) sandy soil.y , ) y , ) y



R t h i l ti (A&D) di l t (B&E) d l it (C&F) t 2% 5% 10% dResponse spectra showing acceleration (A&D), displacement (B&E) and velocity (C&F) at 2%, 5%, 10% and
20% damping for two events. A, B & C shows acceleration, displacement and velocity response spectra
respectively for a M5.8 event and D, E & F shows acceleration, displacement and velocity response spectra
respectively for a M3.6 events. Both the events originated at Indo-Burma border area.





Soil thickness contour map of the area. The grey circles show the 
locations of ambient noise survey points.



GPR section showing three distinct layers. Recent deformation in the form of 
f lt d i f ldi b il i ibl H b l i di ti f tfaults and minor foldings can be easily visible.  Hyperbolas are indicative of water 
pipes and other buried objects. Frequent lateral variation of lithology is very 
distinct in the GPR section.



SEISMIC SITE AMPLIFICATION OF GREATER SHILLONG CITY

Seismic Ambient Noise Survey covering Shillong city and neighbouring areas





Work done so far:

Acquisition, processing and analysis of seismic ambient 
noise data from 130 sites covering greater Shillong citynoise data from 130 sites covering greater Shillong city
Estimation of amplification factor of all the sites with 
corresponding predominant frequenciescorresponding predominant frequencies
Acquired Ground Penetrating Radar (GPR) 
data processed and comparison with geological &data, processed and comparison with geological & 
geotechnical data
Acquired Very Low Frequency (VLF) data to compareAcquired Very Low Frequency (VLF) data to compare 
with geological information
Integration of all the data to prepare comprehensi e siteIntegration of all the data to prepare comprehensive site 
amplification & predominant frequency map



TILTING DUE TO SOIL LIQUEFACTION



Bhuj Earthquake 
2001

The Jubilee Hospital, BhujCollapse of a water tank near Manfara

7/9/2018 77
Damage  to Railway Bridge GK Gen Hospital, Bhuj



Sikkim Earthquake 
2011

Damaged Water Supply Pipleline

7/9/2018 78
Damaged school building 

Extensive damage to buildings supporting 
the mobile communication towers and dish 

antennae



2015 NEPAL Earthquakeq



THANK YOUTHANK YOU
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