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ABSTRACT

The region surrounding North East India is one of the most seismically active regions of
the world, with several devastating earthquakes in the past including the Great Assam
earthquakes of 1897, 1934 and 1950 which exceeded a moment magnitude Mw of 8.0. It
lies in the foothills of the Himalayas which is believed to be formed as a result of collision

of Indian and Asian plates some 50 million years ago.

The thesis covers seven (7) main objectives which include updating of earthquake
catalogue for northeast India, delineating seismic sources in and around the region and
establishing the seismological activities based on past earthquakes; generation of ground
motion prediction equation and preparation of seismic hazard using deterministic and
probabilistic approach; Estimation of shear wave velocity and predominant frequency in
the region using geophysical investigations, static and dynamic stability and behavior of

slopes and structures resting on slopes with different foundation system.

In short, the present study involves determining the seismic hazard of 43 cities/towns of
North-East India’s region deterministically as well as probabilistically. It also includes
preparing earthquake catalog for each of these cities and towns. Further, to understand the
behavior of hillslopes and the structures constructed on them in case of seismic load, one
of the cities of the region, is selected for further study. The city chosen for detailed study
is Aizawl, capital of Mizoram, where geophysical site characterization is carried out to find
the shear wave velocity and the predominant frequency of the soil. The data obtained is
further used in ground response study, the results of which are used as the dynamic loads

in structural and slope stability analyses.

Seismotectonic map of the study area is prepared by considering 360 km radius around

each city/town, which consists of seismogenic sources, past earthquake data collected from
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various sources, the completeness of the data evaluated using decade based and yearly
based methods. The data is then analyzed statistically, and the recurrence relationships for

each is obtained using G-R method (Gutenberg and Richter 1994).

Two hundred and forty-three datasets are collected from 36 earthquakes which are used for
generation of attenuation relationship for the region. The attenuation relationship generated
is used in the deterministic and probabilistic seismic hazard study of North-East India for
estimating the bedrock level PGA. The probabilistic approach is used for determining the
PGA models at bedrock level corresponding to return periods of 475, 950, 975, 1950, 2475

and 4950 years respectively. The PGA maps at various return periods are then prepared.

Multi spectral analysis of surface wave (MASW) is used for measuring the shear wave
velocity (Vs) at forty-two (42) locations within Aizawl city using a 48-channel
seismograph. Using the analysis result, the average shear wave velocity up to a depth of
30m (Vs30) is also calculated which range from 230 to 880 m/s within the city. The sites
are classified based on NEHRP site classification where the city is divided into three zones.
Further, the local site conditions are assessed for local site effects using microtremor
studies. Local site effects are often expressed regarding the resonance or fundamental
frequency, its spectral amplification, and vulnerability index (Nakamura 1996, 1997) which
depends on soil condition and bedrock depth. The test is performed on the same 42 locations
in Aizawl, and a classification is also proposed. The proposed classification is based on the
shape of H/V spectra, its predominant frequency, and its vulnerability index. A correlation
between Vs3o and predominant frequency is also developed for Aizawl area as

Vs30=357.87 £ 042

This correlation will be useful in estimating the V3o for the locations in and around Aizawl.

Ground response of the city is determine using various input parameter, and the
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amplification map of the city is prepared. Further, the entire city lies on a hill slopes with
the hills trending longitudinally in a series of north-south plunging anticlines and synclines
with slope angle ranging between 10° and 70°. The building configurations are different
than in plain areas and the slopes are constantly excavated for construction. The present
study analyzed these slopes considering three most common configurations, categorize as
bench slope, slope-bench and slope-bench-slope. These slopes are analyzed using Phase2D
software which is FEM based for different densities and shear strengths range of
combinations found in the region. Further, the building loads found in the region are
imposed on these slopes. These slopes are exerted by different earthquake force generated
using the ground response analysis to find the change in the factor of safety of the slope
and the possible displacement. The results obtained are used for generation of permanent

displacement model as given below.

logD=0.185+log[ (1-—-)2631(—=<-)"1.22]

Amax

where, D is the displacement in cm, a, is the critical angle of the slope where

a.=(FS-1)g sina, a is the slope angle. a,;,,, is the maximum acceleration .

Further, the study compares the behavior of a step-back configuration building for different
soil conditions and dynamic forces. Four different conditions were adopted, namely, rigid
based, soft soil sites, medium soil sites and hard rock sites based on the site classification
proposed. It is observed that rigid based and hard rock sites behave similarly so as soft and
medium soil sites. The interstorey drift, its hinge formation pattern, etc. are studied. It is
observed that maximum hinge formations are observed on the soft soil site and the
minimum on the medium soil sites. These observations are in accordance with ASCE-08

and hence are further analyzed for non-linear time history analysis using the ground motion



generated from the ground response studies normalized to PGA of 0.10, 0.20, 0.30, 036,

0.40, 0.50, 0.60 g respectively.

The results of this is used for determining the probability of exceeding a certain level of
ductility at each floor. The acceptance of ductility for a normal reinforced building in
accordance to IS13290 is 3.0-7.0. The results found that on medium and soft soil sites, the
ductility demand may exceed the allowable demand in the top 2,3-storeys, where as in rigid
and hard rock foundation level, the ductility demand increases between the 3 and 5%
storey, i.e. the middle floors, hence, future developers depending upon the foundation level
have to take care of either the top floor or middle floor to take care of the ductility demand

of the building.
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LIST OF NOTATIONS

The following list defines the principle symbols and abbreviations used in the

thesis. Symbols not given here are defined as they appear in the test.

To

oA

(G/Ginax)
Ysat
Ad
dc

AHSA

Amax

ArNHV

FFT
FS

Gmax
Ivm

IMA

angle of internal friction

shear resistance

stress parameter

effective vertical stress of the soil
displacement

shear modulus ratio

saturated density

distance between the receivers
critical acceleration

average horizontal spectral amplification
maximum ground surface acceleration
H/V ratio rock site

horizontal to vertical ratio

cohesion intercept

horizontal displacement
deterministic seismic hazard analysis
Young’s modulus

predominant frequency

corner frequency

fast Fourier transform

factor of safety

specific gravity

shear modulus

maximum shear modulus

modified Mercalli scale

Japan Metrological Agency

bulk modulus
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a

&g

stiffness

vulnerability index

dynamic load

multichannel analysis of surface waves
body wave magnitude

duration magnitude

Kawasumi magnitude

Local magnitude

modified Mercalli intensity

surface wave magnitude

seismic moment magnitude

peak ground acceleration

peak horizontal acceleration
probabilistic seismic hazard analysis
peak vertical acceleration
hypocentral distance

relative amplification

Joyner and Boore distance

spectral acceleration

soil amplification factor

time period

predominant period

S wave velocity of the basement layer
shear wave velocity

average shear wave velocity up to 30 m
zone factor

standard error

shear modulus / ductility

Poisson’s ratio

phase difference / slope angle

shear stress on the soil element
ground frequency

ground damping
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