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ABSTRACT

Delhi and its surroundings are seismically active. Retrofitting of existing structures or
design of new structures to mitigate the seismic hazard requires site specific ground
response analysis and evaluation of liquefaction susceptibility of local soil deposits to
begin with. Site specific ground response analysis requires dynamic soil properties such
as shear wave velocity, modulus reduction and damping curves of local soil deposits even
to conduct a simple equivalent linear analysis. In addition, either a measured or
artificially generated ground motion is also required to be used as an input excitation.
Evaluation of liquefaction susceptibility requires cyclic strength curves of local soil
deposits. In this thesis, an effort has been made to generate a database of reliable input
parameters like dynamic and cyclic properties of local soil deposits and provide useful
correlations and curves for use by engineers. These parameters can be readily integrated
for any other applications such as microzonation, soil structure interaction studies,

assessment of seismic slope stability etc.

As there is very little or no recorded ground motion in Delhi, stochastic models are used
to generate the strong ground motion due to postulated earthquakc sccnarios. A long
distance earthquake of moment magnitude 8.5 from central seismic gap as reported in the
literature and six earthquake scenarios from local sources are consid§red in the current
study. Earthquake from local sources are of moment magnitude 6 and 6.5 occurring at
distances of 25, 50 and 100 km respectively. After critically reviewing the literature,
appropriate source models and seismological parameters are adopted to generate the
strong grc.rd motion. Seismological parameters to be used with two different source

models are tabulated for further use by other researchers.



Shear wave velocity, the fundamental engineering property in any dynamic analyses is
usually not measured in regular geotechnical investigations due to cost and expertise
required. In the current study, the Spectral Analysis of Surface Waves (SASW) technique
which is nondestructive and portable is used to evaluate shear wave velocity profile at
different locations to a depth of 24 to 32 m depending on site conditions. Based on the
measured shear wave velocities at several locations in Delhi, Vi3 is estimated and is
observed that the sites of Delhi belong to four site categories (A, B, C, and D) as per IBC
2003. In addition, useful empirical correlations between shear wave velocity and N values

are developed for preliminary design purposes by engineers.

Since varying amounts of silt are found mixed v;/ith sand in different regions of Delhi,
four combinations of sand-silt mixtures are selected to be representative of local soil
deposits, for laboratory characterization of cyclic properties of local soil deposits. Strain
controlled cyclic triaxial tests as per A‘STM D3999 were conducted to generate the
modulus reduction and damping curves of local soil. It is observed that lower bound
values for sand de\./eloped by Seed and Idriss (1970) can be used o represent local soil

deposits.

Ground response analyses using the equivalent linear analysis technique implemented in
the popular SHAKE program has been conducted at four representative sites wherein
shear wave velocity has been measured to qualitatively assess tﬁe ground motion
ampliﬁc;tion. Stochastically generated ground motions are used as an input motion along
with other engineering properties either measured in situ or in the laboratory. The
resulting free field acceleration response spectra are compared with Indian standard codal

provisions. The influence of depth to the bedrock is also qualitatively assessed. It is also
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observed that the SHAKE program is not the best computational technique for estimating

the free field ground response due to local sources.

Stress controlled cyclic triaxial tests as per ASTM D5311 were conducted on loose
Yamuna sand as well as loose Yamuna sand mixed with different percentages of
nonplastic fines. Cyclic strength curves are generated for representative soil types.
Influence of nonplastic fines on the liquefaction susceptibility of Yamuna sand is
examined and is observed that fines content more than 15% decreases the liquefaction
resistance. Influence of other parameters such as density, confining pressure, and
frequency of load application on liquefaction susceptibility of Yamuna sand is also
investigated. Based on the stress controlled cyclic triaxial tests, the rate of generation of
excess pore water pressure with cyclic ratio is also characterized in accordance with the
standard formulation available in literature and this can be used directly to represent the

pore water pressure generation in any dynamic analysis.

Liquefaction susceptibility at two representative soil deposits (sand and sandy silt) is
evaluated using simplified approach based on measured N values and shear wave
velocity. In addition, cyclic strength curves developed are also used to estimate the zone

of liquefaction. The zone of liquefaction from the three approaches is compared.

Finally conclusions from the current work are presented, limitations are highlighted and

future research direction to overcome the deficiencies in the current work is suggested.
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