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ABSTRACT

Many strong earthquakes (Mexico city 1985; Northridge 1994; Kobe 1995; Kocaeli 1999;
Bhuj 2001) demonstrated that damage of buildings depends strongly on the effect of local site
amplification. Response spectra of seismic codes incorporate the site effects either in the
form of soil categories (IS1893 (Part I): 2016) or site amplification factors (IBC 2000).
Generally for important structures and in situations where damage is expected to be high, it is
recommended that in addition to the codal provision, detailed site-dependent analysis which
includes generation of strong ground motion at bedrock level, propagating it through soil
layers, arriving at the design ground motions and response spectra at surface should also be

carried out.

In this study, first, simulation of far-field earthquake from the Himalayan region at bedrock
level in Delhi region has been carried out using specific barrier model. The parameters
(global stress drop and local stress drop) of specific barrier model are estimated from the
observed data of Uttarkashi and Chamoli earthquakes in the Himalayan region. The simulated
S, and PGA values have shown a similar trend as observed in the Himalayan region. This
calibrated specific barrier model for far field earthquakes is then used to simulate in Delhi
region earthquakes at four sites at which earthquake records of Chamoli earthquake are
available. It is seen that specific barrier model predicts better PGA values than the stochastic
finite-fault method at two out of four sites. Next for near-fault earthquakes, using specific
barrier model, high frequency ground motion at bedrock level in Delhi region is obtained.
The parameters of specific barrier model are estimated by comparing the simulated
earthquake records with the observed records of Delhi earthquake (M,, 4.1, 2007). In order to
incorporate forward directivity effect (Somerville et al. 1997), the hybrid methodology
(Halldorsson et al. 2011) that superimposes high-frequency ground motion and long period

velocity pulse has been used.
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The above specific barrier models then used to simulate the scenario far-field earthquakes
(M,, 7.5, 8.0 and 8.5) and near-fault earthquakes without and with long period velocity pulse

(M,, 5.0, 5.5 and 6.0) at bedrock level in Delhi region.

Subsequently, ground motions have been generated at three sites with different geotechnical
characteristics in Delhi region for the scenario far-field earthquakes (M,, 7.5, 8.0 and 8.5) and
near-fault earthquakes (M,, 5.0, 5.5 and 6.0) without and with long period velocity pulse at R
= 10 km and 20 km. The S, at the three sites are quite different for the far-field earthquakes
and near-fault earthquakes and cause different degree of damages. The Park-Ang damage
index is used to compute overall damage (Dl,yerqn) of buildings. Dlyyerqn 1s computed for
three-story (B1) and ten-story (B2) building frames at three sites. It is observed that DI,,..q; at
three sites varies significantly for far-field and near-fault earthquakes. It is observed that
DI,erqn for near-fault earthquakes with long period velocity pulse is higher than for near-fault
earthquakes without long period velocity pulse. It is further observed that near-fault
earthquake without and with long period velocity pulse may cause damages higher than far-
field earthquakes. Comparison between damages of the buildings for scenario far-field and
near-fault earthquakes with damage resulting from IS1893 compatible time history has also
been carried out. Although, all the three sites fall in the Type II soil sites as per [IS1893 (Part
I): 2016, it is observed that damage for buildings at three different sites varies significantly.
While, damage of buildings for IS1893 compatible time history for Type II soil site is
constant. Therefore, a methodology is required for everyday design for rapid estimation of

damage of buildings for scenario earthquakes at different sites.

Finally, a neural network based methodology has been proposed to rapidly estimate the site-
dependent damage index (DIsp) for qualitative assessment of buildings for far-field
earthquakes and near-fault earthquakes without and with long period velocity pulse. The

methodology is demonstrated for Delhi region. Detailed qualitative assessment serves the
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purpose of determining if detailed site dependent analysis is required to be carried out. The
modified Park-Ang damage index has been chosen for compute the damage. The sensitivity
analysis is carried out to identify the probable seismic, soil and structural parameters that can
influence the DIsp and chosen as the input parameters. The closed-form expressions are
obtained from the weights and biases of the developed neural networks. The proposed
expressions predict DIsp. The DIsp obtained from the proposed expressions are compared
with nonlinear analysis of RC building frame for different far-field and near-fault earthquakes
at different sites. The proposed neural networks predict better qualitatively damage

assessment of buildings than reported in the literature (Karbassin et al. 2012).
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