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Abstract—The study focuses on probabilistic seismic hazard
analysis (PSHA) by considering Jamia Millia Islamia (A Central
University) New Delhi as a site of Delhi region. For PSHA analysis
of the selected site, earthquake prone sources are selected in near
vicinity, based on the geological historical setup and geophysical
characteristics of the seismogenic sources, and the existing tectonic
characteristics of the region. The area around Delhi is divided into
four zones - Himalayan Zone, Delhi- Hardwar Ridge Zone,
Moradabad fault Zone, Rajasthan Great Boundary fault Zone. On the
basis of above sources, earthquake data are taken from history with
defined epicenter. The selected sources are line sources with assumed
seismicity.
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1. INTRODUCTION

The region around Delhi, the capital of India, has been
indicated as the region of severe earthquakes in the past. The
damages recorded in the city of Delhi made it imperative to
work out the seismic hazard posed by the seismogenic sources
around the Delhi region. In the present study, the seismic
zonation on the bed rock level is carried out for Delhi so that
seismic microzonation can be further worked out considering
the effects of local soil conditions and the topography. For the
seismic zonation of the area, the peak ground horizontal
acceleration at bedrock level is found out and utilized [3 - 5].

The Delhi region has the latitude 28° 24’ to 28° 53° N and
longitude 76° 50°to 77° 20" E. Generally, the terrain of Delhi
is flat, apart from a low NNE-SSW trending ridge that is
assumed as an extension of the Aravalli hill, ranges of
Rajasthan. The seismicity in this region may be associated
with which constitutes an important tectonic block between
28" 30° N and 76° — 79° E with a NE-SW trend [6 — 10]. For
carrying out the assessment of seismic hazard in this region,
the area is subdivided into various seismotectonic zones
having different characteristics (Table 1). In the present study,
starting with separate analysis, the seismicity of the different
zones is combined together in the analysis to get a complete
picture of hazards of the selected site [11 - 13].

2. PSHA ANALYSIS AND DISCUSSION

Probabilistic seismic hazard analysis was developed for taking
into accounting many of the uncertainties that are involved in
seismic hazard. PSHA acknowledges that certain important
aspects to the problem are not known to us, like;

Future location earthquake (spatial uncertainty)
Future size of earthquake (size uncertainty)
Ground motions intensity at the site

Future time of earthquake (temporal uncertainty)

The total probability theorem states that the total probability of
a system can be computed the by summing up the individual

probabilities from each contributing component is the basis of
PSHA [1 -2].

The seismic hazard analysis has been carried out as follows:
For line source, probability of occurrence,

PR =r)=r/L;/r? - R%,,

r = epicentral distance considered,

Ly = length of source,

R,..x= minimum epicentral distance

_ 2.303e2303(m-Mo)

For line source P(M = m) = (M;-M,)

1—e-2303(My-Mo)
m = consider magnitude,

M, = threshold magnitude,

M; = minimum magnitude interval,

M, = upper magnitude interval.

For PSHA analysis, the Cornell et al. (1979) relationship is
used:

In PHA (gals) = 6.74 + 0.859M - 1.80In (R + 25)

PHA = peak horizontal acceleration
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Standard deviation, g;,, = 0.57

The total seismic hazard is computed by combining from the
contributions of source-to-site distance and earthquake
magnitude for all the zones.

Now the probabilities that various target peak acceleration
levels will be exceeded can be calculated.

The standard normal variable is obtained for a* = 0.01 g (9.81
gals) or as below:

_In(a") — In(PHA, ingals)

Glny

Z*

P[m,r]=1- normalizes(Z*)

Annual rate of exceedance of a peak acceleration of 0.01g by
an earthquake given by:

Aoo1g =Vv*P[m,r] «P[M =m] « P[R =]

for magnitude m and epicentral distance of r km and an
earthquake of M > m occurs.

To get equivalent exceedance rates of different source zone,
the calculations are made for different combinations of
magnitude, epicentral distance and PGA values for all the
sources and they are combined together to get completed
scenario of seismic hazard [1 - 2].

By repeating this process for different target accelerations, the
seismic hazard curves have been developed for different zones
(Figures 1 to 4) and finally combined for the region (Figure 5).

Table 1: Seismic hazard assessment parameter (assumed)

Seismogenic 1 ’ 3 4
zone
Threshold 4 4 4 4
magnitude
Length of 350 35 200 400
source (km)
Maximum
observed 6.8 6.5 6.7 6.5
magnitude
Seismicity 1 1.585 2.512 3.981
BULAN | MAT
Epicenter CHIITIM 0 DELHI DSHAH HUR
AR A
Epicentral
distance (km) 293 14 79.4 154

MEAN ANNUAL RATE OF EXCEEDANCE OF PHA

0.003

0.0025

0.002

0.0015

0.001

0.0005

-0.0005

MEAN ANNUAL RATE CF EXCEEDANCE OF PHA
= = =3 = = =
[ T o e [ o S

=

= = =2 = = =
=] =] =] =1 =1 =
=] fre) B @ = =

MEAN ANMNUAL RATE OF EXCEEDANCE OF PHA
o
=1
=

0 0.01 0.02 0.03 0.04 0.05 0.06

PEAK HORIZONTAL ACCELERATION(PHA)

Figure 1. Seismic hazard curve for source-1
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Figure 2. Seismic hazard curve for source-2
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Figure 3. Seismic hazard curve for source-3
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Figure 4. Seismic hazard curve for source-4
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Figure 5. Combined seismic hazard curve of all sources

3. CONCLUSIONS

The probabilistic seismic hazard analysis (PSHA) is carried
out in this work by considering Jamia Millia Islamia Delhi as a
site in Delhi region. The seismic hazard parameters are taken
from historical data and the unavailable data are assumed in
the analysis. Seismic hazard curves show the graphical
variation of the target acceleration that will exceed by an
earthquake of M > m on any source zone. These curves show
the plot of annual rate of exceedance versus PGA. Combined
seismic hazard curves of all sources resemble with source -2,

as source-2 is comparatively very near than other source
zones.
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