The 2017 World Congress on
Advances in Structural Engineering and Mechanics (ASEM17)
28 August - 1 September, 2017, llsan(Seoul), Korea

Seismic Hazard Assessment of the city of Chennai, India
*Subhadeep Banerjee® and A Boominathan?

12 Department of Civil Engineering, [IT Madras, India 600036
1) . .
subhadeep@iitm.ac.in

ABSTRACT

In general peninsular India was considered as a stable continental region for
years. However the city of Chennai experienced moderate tremors during the recent
earthquakes and aftershocks. Moreover the site conditions in Chennai considerably
vary in terms of thickness of subsurface layers, strength and type of soil, and the depth
of bedrock. All these may lead to the significant variation of the ground motion
parameters at different parts of the Chennai city. The present paper will discuss a
comprehensive study to assess the seismic hazard of the Chennai city considering the
seismotectonics of the region and local site conditions. First the seismicity and
seismotectonics of the region under study to establish fault map and recurrence rate of
earthquakes was established. Secondly deterministic and probabilistic seismic hazard
analyses were carried out to obtain the ground motion characteristics at the bedrock
level. Next the ground response analysis was presented for representative sites in
Chennai city. The detailed cyclic characterization using cyclic triaxial tests and resonant
column tests of Chennai marine clay was carried out to augment the ground response
analysis. Finally seismic hazard contours for Chennai city in terms of peak ground
acceleration (PGA), predominant period and spectral acceleration ratios were
developed.

1. INTRODUCTION

In general peninsular India was considered as a stable continental region for
years. However the city of Chennai experienced moderate tremors during the
aftershocks of Bhuj earthquake (2001; Mw 7.6), Pondicherry earthquake (2001; Mw 5.5)
and Sumatra Earthquake (2004; Mw 9.1). However, intra-plate earthquakes are rare
when compared to the plate boundary events but usually tend to be more harmful.
(Johnston and Kanter, 1990). It was reported that a number of multi-storied buildings at
selected regions of the city suffered large oscillations during the above earthquakes.
After Bhuj earthquake, Indian Standard on Criteria for Earthquake Resistant Design of
Structures (IS: 1893-2002) has been revised and the Chennai city has been upgraded
from Seismic Zone Il to Zone Il which leads to substantial increase of the design
ground motion parameters. Moreover the site conditions in Chennai considerably vary
in terms of thickness of subsurface layers, strength and type of soil, and the depth of

;) Associate Professor
) Professor


mailto:subhadeep@iitm.ac.in

The 2017 World Congress on
Advances in Structural Engineering and Mechanics (ASEM17)
28 August - 1 September, 2017, llsan(Seoul), Korea

bedrock. All these may lead to the significant variation of the ground motion parameters
at different parts of the Chennai city. Past experiences with several major earthquakes
including 1985 Mecixo, 1989 Loma Prieta, 1995 Kobe, 1999 Turkey earthquakes
suggest that the structures located even at a far distance of about 200 to 300 km from
the epicenter can experience overwhelming damages due to the presence of thick soil
deposits (Kramer 1996; Hasancebi and Ulusav 2006). The probabilistic hazard analysis
has been carried out for selected regions in India such as New Delhi (lyengar and
Ghosh, 2004), North East India (Das et al., 2006), Bangalore (Sitharam and
Anbazhagan, 2007). But there is no such study was carried out for the Chennai city.

The occurrences of earthquakes are considered probabilistically. Cornell (1968)
suggested that the seismicity may be randomized in both time and space. This is
achieved by modeling the seismicity in zones with uniform spatial and temporal
probability of earthquakes occurrence. These so-called ’source zones’ are chosen on
the basis of structural geological and neotectonic data and the seismicity registered or
historically observed.

In view of that the present paper will discuss a comprehensive study to assess
the seismic hazard of the Chennai city considering the seismotectonics of the region
and local site conditions. First the seismicity and seismotectonics of the region under
study to establish fault map and recurrence rate of earthquakes was established.
Secondly deterministic and probabilistic seismic hazard analyses were carried out to
obtain the ground motion characteristics at the bedrock level. Next the ground response
analysis was presented for representative sites in Chennai city. The detailed cyclic
characterization using cyclic triaxial tests and resonant column tests of Chennai marine
clay was carried out to augment the ground response analysis. Finally seismic hazard
contours for Chennai city in terms of peak ground acceleration (PGA), predominant
period and spectral acceleration ratios were developed.

2. SEISMICITY AND SEISMOTECTONICS OF THE REGION

Seismicity of Peninsular India has been previously presented by Chandra
(1977), Rao and Rao (1984) and Khattri (1992). Seismological information and
Seismotectonics features of the region were collected from the latest Seismotectonics
Atlas of India (2000). It is a general practice to consider the seismic and
seismotectonics information around 300 km radial distance from the site for the best
representation of the seismic status of the region. Many new faults identified by Oil and
Natural Gas Commission (ONGC) were also used in the present study. A total of 36
faults including the two principal seated faults (fault 26 and fault 17) were identified
around the city as shown in Figure 1. Due to the lack of sufficient information about the
seismic activity details of the faults, all the faults are considered to be active and have
been given equal weightage in the analysis.
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Figure 1. Fault map

The distribution of earthquake sizes in a given period of time can be
characterized using the Gutenberg and Richter recurrence relationship (1954). It can be
expressed as

log 2m = a—bm 1)

Where An, is the mean annual rate of exceedance of magnitude m, 102 is the mean
yearly number of earthquakes of magnitude greater than or equal to zero and b
describes the relative likelihood of large and small earthquakes. The a and b
parameters can be obtained by regression analysis on the seismic database. The
straight line fit of equation (1) between logioN and m, which gives the a and b
parameters as 1.53 and 0.65 respectively. The higher value of 0.65 may be due to the
untruncated Gutenberg-Richter recurrence law followed by Stepp’s method. It can be
observed from Figure 1 that the faults 24 and Palar fault are found to be the longest
faults within this 300km distance. Right now, the activities of the faults are not properly
known. Due to the lack of sufficient information about the seismic activity details of the
faults, all the faults are considered to be seismically active and have been given equal
weightage in the present study for carrying out seismic hazard analysis.
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Table 1. Fault details

S.No.| Name of the fault |Fault length (km)[Magnitude (My)
1 [Palar Fault 85 4.0
2 |Neotectonic Fault 105 3.8
3 [Kilcheri Fault 26 4.0
4  |Muttukadu Fault 11 35
5 |Tambaram Fault 10 4.4
6 [Kaliveli Fault 16 3.7
7 |Kalkulam Fault 36 3.6
8 [Mahapalipuram Fault 5 4.0
9 |Tallapuram Fault 15 3.6
10 |Tenbakkam Fault 14 3.6
11 |Fault 12 60 4.0
12 |Fault 13 110 4.0
13 [|Fault 14 180 4.7
14 |Fault 15 96 3.7
15 |Fault 15a 105 45
16 |Fault 15b 34 35
17 |Fault 15d 40 4.0
18 |Fault 15e 50 4.5
19 |Fault 16 258 4.0
20 |Fault 17 700 35
21 |Fault 18 211 3.5
22 |Fault 21 208 3.5
23 |Fault 24 365 4.4
24 |Fault 24a 106 35
o5 |Fault 26 1000 4.5
26 |Fault 26a 110 45
27 |Fault 26b 150 4.1
28 |Fault 26¢ 80 4.9
29 |Fault 26d 160 4.5
30 |[Fault 37a 260 5.0
31 |Fault 45 220 6.3
32 [|Fault 52 115 3.6
33 [Fault 53 137 4.1
34 [Fault 54 129 3.8
35 |Fault 56 100 3.5
36 [Fault 56e 100 4.5
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A key input parameter for seismic hazard analysis is an estimate of the size of
the largest earthquake possible for the fault segment or seismic zone under
consideration. The maximum earthquake magnitude that a seismic source is capable of
generating defines the upper bound to the earthquake recurrence relationship. There
are two basic approaches to assessing maximum magnitudes for fault sources:
Constraints provided by historical seismicity and provided by estimates of maximum
dimensions of rupture. In the absence of details of source parameters it is commonly
considered addition of an increment to the largest historical earthquake by 0.25 to 1.0.
In the present scenario, the properties and the rupture characteristics of the faults are
not well established and hence in the present study, for each seismic source, the
largest observed past magnitude is increased by 0.5 units to arrive at the maximum
possible magnitude (Kijko and Graham, 1998; Sokolov et al., 2001). Table 1 presents
the details of the faults located within 300 km from the city along with their length and
maximum possible magnitude.

3. REGION REGIONAL SEISMICITY

Seismotectonic Atlas of India (2000) provides some useful information on the
seismicity details of the environment. Historical earthquake information within 300 km
radial distance from Chennai was obtained from National Earthquake Information
Center (NEIC), USA since 1800 A.D. onwards. A total of 65 earthquake data was
obtained from this catalogue. The summary of the earthquake events is presented in
Table 2.

Table 2. Summary of earthquake events

. Global data GBA Data
Magnitude
S. No. Range No. of No. of No. of No. of
M, - My eve-nts events events events
with M>M_ with M>M_
1 20-25 1 39 109 417
2 25-3.0 3 38 110 308
3 3.0-35 1 35 103 198
4 35-4.0 7 34 54 95
5 40-45 19 27 35 41
6 45-50 1 8 4 6
7 50-55 6 7 2 2
8 55-6.0 0 1 0 0
9 6.0-6.5 1 1 0 0
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The historical earthquake data prior to 1968 and the recent seismicity of the
region from 1991 to 2001 obtained from the NEIC, USA catalogue was appended to the
data compiled by Ghosh (1994). Repeated events are removed and finally a new
catalogue of 638 earthquake data is prepared. Earthquake events only with magnitude
greater than 2 are considered in the present study. It can be observed that the number
of low magnitude earthquakes is higher than the number of high magnitude
earthquakes. Earthquake events with magnitude greater than 5 are found to be minimal
and are observed at far-off places from the city.

4. PSHA PROCEDURE

The model in probabilistic seismic hazard analyses assumes that the magnitudes,
distances, and resulting ground motions of earthquakes potentially affecting the site in
guestion as random variables. This model reflects the fact that the exact size, location
and time of occurrence of future earthquakes cannot be predicted deterministically.
Figure 2 shows the four steps involved in the probabilistic seismic hazard analysis
(Reiter, 1990)

a) ldentification and characterization of all earthquake sources capable of

producing significant ground motion at the site.

b) Next, the seismicity or temporal distribution of earthquake recurrence must be
characterized.

c) The ground motion produced at the site by earthquakes of any possible size
occurring at any possible point in each source zone must be determined with the
use of predictive relationships.

d) Finally, the uncertainties in earthquake location, earthquake size, and ground
motion parameter prediction are combined to obtain the probability that the
ground motion parameter will be exceeded during a particular time period.
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Figure 2. Four steps of probabilistic seismic hazard analysis (Finn et al., 2004)
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5. COMPLETENESS ANALYSIS

There are a number of uncertainties, which affect the historic earthquake
catalogues. Quality of a good earthquake catalogue depends on its completeness and
uniformity. The level of completeness varies as a function of space, time and
earthquake size. The incompleteness reflects the settlement history of the continent.
Generally earthquake catalogues are biased against small earthquakes and this makes
them incomplete. An analysis of completeness of the catalogue has to be performed
before carrying out the seismic hazard analysis. A statistical analysis of data has been
conducted in order to identify the time periods of complete data. The time periods
represent the time span over which earthquakes of a given magnitude ranges are
completely recorded. The reliable average rate of earthquake occurrence for each
magnitude range for each source zone was then estimated from the corresponding
complete data. The common method adopted for treating this incompleteness is Stepp
model (Shanker and Sharma, 1997). This method uses a moving time window. The
entire catalogue is grouped in several magnitude classes and modeled as a point
process in time. A statistical treatment is carried out in each of the magnitude classes.
Tangent lines of slope, where T is the duration of the sample, have been drawn through
the stable values of the standard deviation for various magnitude ranges. It is observed
that for 3-4, 4-6 and 5-6 magnitude groups the data is complete for 30, 60 and 100
years respectively. Table 3 shows the earthquake distribution data by time and
magnitude. A time interval of 10 years has been taken for a time period from 1792 to
2001. Rate of occurrence for three different magnitude ranges has been established for
different time interval using the above procedure. The time period at which the data is
complete for different magnitude groups is also shown in the table.

Table 4 shows the time period and magnitude above which the data is complete
for the magnitudes 3-4, 4-6 and 5-6. It can be observed from Table 4 that the number of
earthquake events per year reduces with an increase in the magnitude of earthquakes
which leads to the increase of the completeness period.

6. EARTHQUAKE SOURCE CHARACTERIZATION

A seismic source represents a portion of the earth’s crust with a potential to
generate future earthquakes. Within a seismic source, the probability of earthquake
occurrence and the size of the maximum magnitude are generally considered to be
invariant. The seismic source characteristics that must be assessed for probabilistic
seismic hazard analysis are discussed in the following section.

The three principal components of seismic source characterization are source
location and geometry, maximum earthquake magnitude, and earthquake recurrence.
In identifying and characterizing seismic sources, the scale of features to be considered
and the level of investigation vary with distance from the site. As the ground motion
attenuates with the distance to the site increases, earthquake size must increase to
produce significant ground motion at the site. The size of earthquake that a feature can
generate is related to its physical dimensions. Thus, as one gets farther from the site,
larger faults are required for a significant ground motion potential to exist at the site.
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Within these sources, earthquakes are assumed to occur randomly, in terms of their
epicentral locations, as well as in terms of their occurrence times.

Table 3. Earthquake distributions by time and magnitude

Rate of occurrence for
Time Period | Time Interval magnitude
3-4 4-5 5-6
1992-2001 10 0.0000 0.0000 0.1000
1982-2001 20 0.2958 0.1118 0.0500
1972-2001 30 0.3480 0.1106 0.0333
1962-2001 40 0.3082 0.1392 0.0433
1952-2001 50 0.2466 | 0.1149 0.0346
1942-2001 60 0.2055 0.0957 0.0289
1932-2001 70 0.1761 0.0821 0.0247
1922-2001 80 0.1541 0.0718 0.0217
1912-2001 90 0.1370 | 0.0648 0.0192
1902-2001 100 0.1233 | 0.0583 0.0173
1892-2001 110 0.1121 0.0530 0.0157
1882-2001 120 0.1031 0.0486 0.0144
1872-2001 130 0.0951 0.0449 0.0133
1862-2001 140 0.0886 0.0429 0.0143
1852-2001 150 0.0843 0.0416 0.0133
1842-2001 160 0.0791 0.0390 0.0125
1832-2001 170 0.0744 0.0367 0.0118
1822-2001 180 0.0703 0.0356 0.0111
1812-2001 190 0.0668 | 0.0349 0.0105
1802-2001 200 0.0634 | 0.0335 0.0100
1792-2001 210 0.0604 | 0.0323 0.0095
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Table 4. Activity rate and completeness interval

Magnitude, m | No.of events peryear >m | Completeness period (years)

3 0.34801 30
4 0.0957 60
5 0.0173 100

7. SPATIAL UNCERTAINTY

The entire Chennai city and its surroundings have been divided into 1 km x 1
km grid size, and the hazard level has been assessed for each node of this grid. The
uncertainty in the source to site distance (R) can be described by a probability density
function. The probability density functions of R for each source is then determined. The
source zones were divided in to a large number of segments of equal length and a
histogram was constructed by tabulating the values of R that correspond to the center
of each element. The ordinates of the normalized histogram represent the relative
frequency, which can be approximated as the probability (Figure 3).
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Figure 3. Probability density function of hypocentral distance

8. SIZE UNCERTAINTY

The probability density function of the magnitude is also found in the similar
manner. A lower level magnitude, ml of 3 was assumed. The maximum possible
magnitude, mu on a particular seismic source was found using the popular method,
which is to increase the largest, observed past magnitude by 0.5. The maximum
observed magnitude plus 0.5 for each fault source is also given in Table 1. Then the
range of magnitude was divided into several intervals. For each source zone, the
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probability that the magnitude (m) will be within an interval between a lower bound m;
and an upper bound myis given by,

M =m,
Plm <m<m,]= I f, (M)dm=~ f,, [%j(mu -m,) @)

M=m,

The probability density function, f,, (m) is given as

pexpl- f(m—m,)]
o[- £ (M, —m,)] ©

LIV (m):

where B=2.303 b, my = Lower magnitude, mmax = maximum magnitude

A coarse histogram, which represents the magnitude probability distributions, is
shown in the Figure 4. The ordinates of which, approximates to the probability of
various magnitudes for each source zone.
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Figure 4. Probability density function of magnitude

9. PROBABILITY COMPUTATIONS

For each combination of the hypocentral distance and magnitude, the peak
ground acceleration is computed using appropriate attenuation equation of strong
ground motion. The scarcity of strong motion accelerograph (SMA) data in Pl and its
heterogeneity with respect to the seismogenic properties will make any empirical
equation that was obtained using the available incomplete SMA data unreliable.
Moreover such sparse data causes over estimation in some locations and under
estimation in few locations. This difficulty can be overcome by adopting a stochastic
seismological model as demonstrated by Boore (1983, 2003). In this approach, regional
differences of quality factor within PI, uncertainties in stress-drop, radiation coefficient,
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cut-off frequency and focal depth can be included. With the help of a large synthetic
database a frequency dependent attenuation relation can be obtained corresponding to
bed rock conditions (lyengar and Raghukanth 2004).

The attenuation relationship, as proposed, particularly for the Peninsular India
based on a statistically simulated seismological model. The developed equation for
estimating the peak ground acceleration (g), under bed rock condition, is of the form,

Ln (PGA/g) = C1 + C, (M-6) + C3 (M-6)2 — In (R) — C4R + Ln (¢) (4)

where C; = 1.7816; C, =0.9205; C3=-0.0673; C4 = 0.0035 and o (Ln ¢) = 0.3136.

M refers to moment magnitude and R is the hypocentral distance from the point of

focus to the closest distance from the fault. Since the peninsular shields in general are

more susceptible to the shallow focus earthquake (Rao and Rao, 1984), a focal depth

of 10 km is assumed and the hypocentral distance is calculated for all fault sources.
The probabilities that various target peak acceleration levels y* that will be

exceeded are calculated as,

PIY>y'|m, r]=1-F, (y") (5)
Where = (y) is the value of cumulative distribution function of Y at m and r.

10. HAZARD CURVES

Seismic hazard curves can be obtained by computing the mean annual rate of
exceedance iy* , for different specified ground motion values y*. The annual rate of

exceedance /Iy* of each peak acceleration level for each magnitude and distance

interval for a particular source zone can be computed as,
A=V, PIY>y | M=m, R=r] P[IM=m] P[R=r] (6)

where v; = exp(a-pm), o = 2.303 a; p = 2.303b

These curves are first obtained individually for all the thirty-six faults and then
these curves are combined to estimate the aggregate hazard at the site. The process is
repeated for other possible combinations of magnitude and distance for a particular
source and the probabilities of each are summed. By repeating this process for different
target accelerations, the seismic hazard curves are obtained. The seismic hazard curve
in terms of bed rock PGA is obtained by the above procedure for all grid points. A
typical hazard curves obtained by this procedure is shown in Figure 5. Consequently,
the probability of a particular target acceleration that will be exceeded by an earthquake
of magnitude of M > my on any of these sources are obtained from the cumulative
seismic hazard curve. The reciprocal of the annual probability of exceedance gives the
return period for the corresponding PGA value.
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Figure 5. Typical Seismic Hazard Curves (Coordinates: 13.04, 80.17)
11. TEMPORAL UNCERTAINTY

Temporally, the earthquakes are assumed to follow a simple Poisson process.
The Poisson model is the most tractable model that can be applied to this type of
analysis, and has been employed as a "standard" model for hazard analysis for many
years. The Poisson model is widely used and is a reasonable assumption in regions
where data are sufficient to provide only an estimate of average recurrence rate
(Cornell, 1968). The most important assumption is that earthquakes associated with a
given source have no "memory" of past earthquakes. Large earthquakes have been
shown to occur in a time-dependent manner: i.e., the probability of a large shock in fact
depends upon the time elapsed since the last large shock on a given fault, orin a given
source area.

The seismic hazard curve combined with the Poisson model to estimate the
probabilities of exceedance of a particular value y* in finite time period, T can be

expressed as
PIY; >y 1 =1—¢"" @)

It should be noted that the assumption of a Poisson process for the number of
events is not critical. This is because the mean number of events in time T, /"ty*T ,can

be shown to be a close upper bound on the probability P[YT>y*] for small

probabilities (less than 0.10) that generally are of interest for engineering applications.
By rearranging the terms, we get,

L In(1-PLY, >y"]) -
y T
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The procedure is repeated for all grid points to obtain PGA at bed rock level. A
MATLAB code was written to carry out the PSHA analysis by the above procedure to
arrive the seismic hazard contours. Figure 6 shows the contours of PGA at the rock
level for 2% probability of exceedance in 50 years which correspond to the return
period of 2500 years.

=TT S N

Figure 6. Contours of rock level PGA with 2% probability of exceedance in 50 years

In this case the bed rock level PGA varies from 0.139g to 0.3199. The
comparison of PGA hazard contours shown in Figure 6 with the fault map shown in
Figure 1, it can be easily noticed that the hazard pattern basically follows the fault
pattern. The orientation of the contour is observed to follow the orientation of the faults.
The distribution of high PGA values along the north-western, central and southern parts
of the city is primarily due to the presence of faults 24, 15d and 53 respectively. The
increase in the hazard as we go towards the southern parts is due to the nearness of
the cluster of faults in those regions. However, the north-eastern parts show
comparatively minimal hazard reflecting the lower seismic source potential in that
region. Similarly, rock level PGA contours have been plotted for 10% probability of
exceedance in 50 years (Figure 7). This corresponds to the return period of 500 years.
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Figure 7. Contours of rock level PGA with 10% probability of exceedance in 50 years

The rock level PGA in this case varies from 0.106g to 0.248g. The site
classification study has been carried out for 38 representative sites in Chennai city
based on the NEHRP classification. The Vs.3o procedure (Kramer and Stewart 2004)
which considers the weighted average shear wave velocity in the upper 30 m, is used
in this study. In general, Vs.30 method is based on the principle that the first 30m of the
soil layer participate in the amplification phenomenon of the bed rock motion. The
geographical distribution of PGA for 2% probability of exceedance in 50 years for the
38 representative areas in Chennai is presented in Table 5. The estimated V.3 values
and their corresponding site classification for each area are also presented in Table 6.
It can be observed from Table 5 that all the areas fall under either of the B, C or D
classification. However, most of the areas in the city are categorized under site
classification C compared to other site classes. It can be observed that the site class B
is found predominantly at the southern parts of the city. Whereas site class D is found
predominantly at the western parts of the city. Majority site class, C is found at Northern,
Eastern and Central parts of the city.
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Table 5. Details of representative sites and the geographical distribution of PGA

_ _ . Site | PGA(g)
S.No Area Latzg;;de Lon%i;ude oT/ZIerkL?redSeSn(,)in \:131/390, Classif-| for 2500
ication | years RP
1 |Abiramapuram 80.2591 13.0292 30 251 D 0.219
2 |Adyar 80.2564 13.0073 25 345 D 0.199
3 |Alwarpet 80.2483 13.0354 24 430 C 0.219
4 |Ambattur 80.1570 13.0989 20 515 C 0.279
5 |Anna Nagar 80.2149 13.0888 28 260 D 0.259
6 [Ashok nagar 80.2181 13.0315 21 431 C 0.249
7 |Avadi 80.1060 13.1123 12 776 B 0.289
8 |Aynavaram 80.2273 13.0956 28 346 D 0.259
9 [Balaji Nagar 80.2666 13.0707 12 731 C 0.229
10 [Cpr Road 80.2602 13.0357 34 271 D 0.189
11 |Guindy 80.2364 13.0263 9 788 B 0.239
12 [Kolathur 80.2207 13.1177 12 769 B 0.249
13 [Korattur 80.1835 13.1018 20 484 C 0.269
14 [Koyambedu 80.2030 13.0712 26 391 C 0.279
15 [Madavaram 80.2389 13.1461 28 241 D 0.189
16 [Manali 80.2613 13.1664 22 438 C 0.179
17 [Mandaveli 80.2677 13.0236 21 491 C 0.199
18 |Nandambakkam | 80.1987 13.0149 5 918 B 0.259
19 [Nandanam 80.2390 13.0237 19 496 C 0.239
20 |Nesapakkam 80.1855 13.0358 17 579 C 0.269
21 |Nungambakkam | 80.2436 13.0582 18 530 C 0.249
22 |Palavakkam 80.2531 12.9603 12 723 C 0.169
23 [Perambur 80.2591 13.1103 17 637 C 0.209
24 |Perungudi 80.2373 12.9561 10 747 C 0.179
25 |Poes 80.2509 13.0403 20 485 B 0.219
26 |[Ramapuram 80.1817 13.0313 12 728 C 0.269
27 |RA Puram 80.2609 13.0201 20 474 C 0.199
28 |Royapuram 80.2985 13.1016 12 756 C 0.149
29 |Saidapet 80.2114 13.0229 8 809 B 0.259
30 [Santhome 80.2808 13.0324 25 345 D 0.169
31 [Tambaram 80.1423 12.9252 5 915 B 0.209
32 [Thoapakkam 80.2358 12.9511 14 680 C 0.179
33 [Tiruvottiyur 80.3054 13.1644 22 398 C 0.139
34 [T. Nagar 80.2136 13.0582 25 399 C 0.259
35 [Vadapalani 80.2174 13.0542 19 538 C 0.259
36 [Velachery 80.2263 12.9795 10 768 B 0.189
37 |Vepery 80.2684 13.0845 17 557 C 0.209
38 |Vyasarpadi 80.2574 13.1342 18 594 C 0.199
12. CONCLUSIONS

A comprehensive study has been carried out to assess the seismic hazard of
Chennai city based on probabilistic approach. A detail study on the seismicity and
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seismotectonics of the region was carried out and a fault map was developed covering
300 km radial distance from the city. The Probabilistic Seismic Hazard Analysis was
carried out with the developed MATLAB code considering the 36 seismic sources within
300 km from the city. The entire city and its surroundings are divided into 1 km x 1 km
grid size, and the hazard level has been assessed for each node of the grid. The
hazard towards the southern parts is mainly found to be resulting from the nearness of
the cluster of faults in those regions. Minimal hazard in the north-eastern parts indicates
the lower seismic source potential in that region. Similarly, rock level PGA contours
have been plotted for 10% probability of exceedance in 50 years and the rock level
PGA varies from 0.106g to 0.248g. Site classification was also carried out using the Vs _
30 method and site class “C” was found to be the majority site class.
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