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Abstract

This paper presents seismic hazard analysis okkégzatnam using probabilistic approach. Visakhapatis a
rapid growing coastal city in India and consideasdstable region with low intensities. In this papeevious
earthquake history of region was considered to g@ae@arthquake recurrence relation. The mean aratezof
exceedence is generated against peak ground at@mieconsidering study area site conditions. Fie
present investigation the values of peak grouncklacation varies from 0.004 g to 0.02 g with rafe o
exceedance 50% and 0.05 g to 0.12g for 10% rag&axedance.

Keywords: Probabilistic seismic hazard method, pgadund acceleration, Earthquakes.

1. Introduction

Earthquakes are natural disasters and result i hogs to mankind and assets. In India, large

numbers of earthquakes took place with low to migtgnitudes. Some areas earlier considered stable
have experienced severe damages caused by eamsqddkiceable earthquakes happened in India
in various places such as Latur in Maharashtraj Bh@Gujarat and Jabalpur in Chhattisgarh.

In this paper probabilistic seismic hazard approaels used to find out peak ground acceleration
values with various return periods. Probabilistieismic hazard analysis (PSHA) has gained
popularity ever since it was formulated by Corrf@B68). It is considered as proven tool to estimate
hazard analysis considering uncertainties like, sitee and period. This tool is widely accepted in
regions with poor earthquake data to analyze. Vargteps involved in probabilistic seismic hazard
approach shown in Figure 4.

2. Objectives and Methodology

Objective of present study is to find out peak giaccelerations of study area against probability
rate of exceedance 50%, 10% and 2%. This proogs$ves collecting geological features of study

area such as faults lineaments and collection®fipus earthquake catalogue. In the present study,

catalogue of past earthquake history was colleitted United States geological survey (USGS) web
site and the previous earthquake sources wereifiddniThe radial distance search was used to obtai

catalogue data; for present study earthquake cptalaround Visakhapatnam was obtained with a
radial search of 350 km.

2.1 Geology of study area
The study area considered here is Visakhapatnamte# 800 km north east side of Chennai. Major
folds are traced in the direction of north east smgth west of Eastern Ghat hilly region. The Haste
Ghats are traversed by number of faults. Faultesgisting in Sileru River which is 50 km away and
situated in western border of Eastern Ghats. Kalignda is 8 km away from Srikakulam and 90 km
away from Visakhapatnam has significant faults. Huodidified zone west of Endada hill near
Visakhapatnam is also considered as fault zoneMaljages around Visakhapatnam are shown in
Figure 2 and major lineaments are shown in Figureh& lineaments are of various lengths and close
to main city Visakhapatnam.
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2.2 Location of study area ’
Visakhapatnam is located along the east coastdid Imetween 17 28'45” to 18° 1 'min latitude and
83’59 to 83 35’ east longitude.
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Figure 1: Study Area- Visakhapatnam

2.3 Earthquake History of Study Area
The seismicity of study area is addressed by Ketilal 1972; Umesh Chandra 1977; as per IS 1893
(2002) seismic intensity is under zone Il. The legwbake events were collected with United States
Geological survey and presented in Table 1.The ygastrds show earthquake magnitudes of 3 to 5
are available. Higher values 7 occurred in Srikakyl Bhadrachalam regions. The summary list
presented decade wise occurrence shown in TabBaed on the list histogram (Figure 4) is
prepared and used for further calculations.

3. The Proposed Model
Seismic hazard assessment has been studied by mesegrchers. In general, the seismic hazard
evaluation can be done in two ways first methodeterministic seismic hazard approach and second
method is probabilistic seismic hazard approach.

The first method, the deterministic seismic hazapgproach can be performed using earthquake
epicentral locations, magnitude, rate of occurremr®l intensities. The results give highly
conservative estimates of seismic hazard.
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The second method, the probabilistic seismic hazgsgdroach which takes into account the
uncertainties in the level of magnitude of earthadts epicentral location, its recurrence relatio
and its attenuation. This approach gives morestalalues for earthquake hazard parameters.

3.1 Steps in probabilistic model
The steps involved in probabilistic seismic hazeath be summarized as follows: identification of
sources; establishment of recurrence relationshipagnitude distribution and average rate of
occurrence for each source; selection of attenmagtationship; and finally, the computation ofesit
hazard curve.

3.1.1 Regional recurrence relation
The recurrence relation is the relationship betwé®sn cumulative frequency of occurrence of
earthquake and its magnitude. Gutenberg-Richtet4)Ll8uggested following relation
logW=21-hM
1)
where N is the number of earthquakes magnitudeerdaan M
M is earthquake magnitude
a and b are constants depending upon source adezaarbe determined by least square method. The
constants ‘a’ and ‘b’ have great physical meanifige ‘a’ value indicates earthquake magnitude
above zero and it depends upon source events. Naub is the measure of seismic severity of
source region. A higher value of b indicated smédlaction of a total earthquake count when lower
value of b indicates higher earthquake count (Kb®@4).Various investigators established values of
a and b depending upon region specific and sombeoéquations related to India by Kaila (1971),
Sitharam and Anbazhagan (2007) Vipin K.S (2009swia and Sinha (2006) have suggested value
of b is 0.88 plus or minus 0.7, as per Ram anddrat{iL970) a=4.58 and b= 0.891.

Since there were no significant earthquake magegudcorded in Visakhapatnam during the period
1959-72. Gutenberg-Richter relations cannot be asetttly. Hence available values of earthquake
magnitude are increased from 4 to 4.5 and 5 toTh.output results obtained from PSHA software
and results are shown in Figures 6, 7 and 8.

The standard Gutenberg-Richter (GR) equation @)kmre-written as below
Ny = 10°"%) = exp(a — 3m)

(2)

Wherea =2.303 a an@=2.303 b
Equation (ii) can be rewritten eliminating lowertbguake magnitudes

Np = vexpl(=f(m = my) Jm > m,
(3)
wherev = expie — fm,]
o | @
Cumulative distribution function CDF is as giveridve
(e § — LY n = _ '\'IIT;_"'II:
Fylml = PMem | M=>m,]= Mo,
- (5)
TmgT T _ ] _ o—B(m-ma)
Ny
N | | - (6)
And probability density function PDF is given below
F.,_Iliv-rl\l = %er’ﬁ"j = BH_B_E—“’._‘_
(7)
The mean annual rate of exceedance expressed fdli@uire and Arabasz, 1990)
N o= v expl—Blm—mmy ] —exp [ — P (Miomax—D0]]

m 1—exp[—BlMpmax—1m 0]

(8)
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M <M T Mg

The CDF and PDF for Gutenberg-Richter law with umoed lower bound expressed as

Fy(m) = PIM < mim; € m £ Mg |5 ——plfmni ]
MV - - max ] 1- eXp[ = B Ml e —Miny 1]
)
R

l—eXpMmar—Ta 7

(10)

where m is earthquake magnitude angd amd my.x are minimum and maximum earthquake
magnitudes.

3.1.2 Predictive relationships
Considering an earthquake influence due to source distance, the probability that a particular
ground motion Y exceeds certain value y* for antleprake magnitude, m, occurring at a distance r is
given in below
PIT =y*lmv] =1 — F.(v™)
(11)
Where Fy(y) is the value of CDF of y at m and reTvalue if Fy (y) depends on probability
distribution used to represent Y.

The standard normal variation is given below eaqunati
In PHA-In THA

7 =
- TinbHA
(12)
where PHA is peak horizontal acceleration

3.1.3 Poisson Model
The occurrence of an earthquake is seismic sogr@ssumed to follow Poisson distribution. The
probability of ground motion parameter at a giveresZ, will exceed a specified level, z, during
specified time period T by the expression (S.L Kmaam).
FiZ =z =1 — g Vet
(13)
Where v(z) is the mean annual rate of exceedarizdepends upon time, size and location of future
earthquakes.

3.2 Attenuation relation for present study
For the present study ground accelerations aredbaseattenuation equations given by Donovan
(1973) and Joyner Boore (1981).

logPGA = :'_—;3
(14)

Joyner Boore suggested following equations for &rastyS and worldwide

lagPGA = —1.02 +0.240M —log+R?+ 7.37 — 0.00255 logvR™ + 7.3°

(15)
logPGA = 0.49 + 0.23(M — 6) —logVR7+ 87 — 0.0027 R+ &
(16)

Where M is earthquake magnitude and R is the dalistance to the fault rupture in km

4. Results and Discussions
The probabilistic seismic hazard analysis has lpeEformed using three significant sources having
recorded earthquake magnitude. The results shown®glose to site shows more hazard than far
areas. The computer program PSHA has been develmpsetl on Cornell and Krammer (1996)
equations. The peak ground acceleration with 508batrility of exceedance varies from 0.023g to
0.027g and 10% rate exceedance 0.114 g to 0.1h8l 8% exceedance is 0.45g. Figure 9, 10 and 11
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show rate of exceedance versus peak ground adietergith sources 1,2 and 3.For source 1 the
values of PGA for 50%,10% and 2% rate of exceedaned.004 g,0.061 g and 0.57 g and source 3
which is 250 km away the PGA values for 50%, 10% 2% rate of exceedance are 0.004 g, 0.05 g
and 0.4 g.

5. Conclusions

In this paper probabilistic seismic hazard analggi¥isakhapatnam with local conditions has been
presented. The curves of mean rate of exceedanpedl ground acceleration generated at rock level
considering local site conditions. The source afunence is considered as fault region. Since gault

are known as weak zones during earthquakes. Tlaénektpeak ground acceleration is 0.114g with

5% damping for Visakhapatnam for 10% probabilityeateedance with return rate of 50 years. The
peak ground accelerations generated using locallitoms is 0.33g considering one dimensional

linear analysis (P.S.N Raju and Lalith kumar 2018¢. other significant parameter which is used by
designer is spectral acceleration which has nat beasidered here left for future work.
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Table 1: Recorded earthquake events, from USGSsiteb

Number Year Month Day Latitude Longitude Mg Mp My
N E
(degrees (degrees
In N
decimal) decimal)
1 1827 1 6 17.70 83.40 4.8 5.2 5
1 1837 6 15 19.50 85.10 6 5.8 6
1 1853 2 21 17.70 83.40 3.1 4.2 4
1 1858 8 24 17.80 83.40 3.1 4.2 4
1 1858 10 3 19.50 85.10 3.1 4.2 4
1 1858 10 12 18.30 84.00 6 5.8 6
1 1859 7 21 16.29 80.50 6 5.8 6
1 1859 8 2 16.29 80.50 4.8 5.2 5
1 1859 8 9 16.29 80.50 4.8 5.2 5
1 1859 8 24 18.10 83.50 4.8 5.2 5
1 1860 2 25 19.40 84.90 4.8 5.2 5
1 1861 11 13 18.12 83.50 4 2.85 3
1 1869 12 19 17.90 82.30 4.8 5.2 5
1 1870 12 19 17.90 82.30 4.8 5.2 5
1 1871 9 27 18.30 83.90 4 285 |3
1 1872 11 22 18.86 80.02 3.1 4.2 4
1 1885 7 22 20.06 85.37 4 285 |3
1 1885 9 1 20.06 85.37 1 2 2
1 1886 5 2 20.06 85.37 4 2.85 3
1 1897 6 12 18.53 83.48 1 2 2
1 1897 6 22 19.00 84.90 7.6 6.6 7
1 1898 6 1 16.98 82.33 4 285 |3
1 1917 4 17 18.00 81.30 7.6 6.6 7
1 1927 1 1 18.10 83.50 4.8 5.2 5
1 1954 1 5 17.30 80.10 4.8 5.2 5
1 1959 8 9 17.60 80.80 3.1 4.2 4
1 1959 12 23 17.60 80.80 4.8 5.2 5
1 1963 12 5 17.90 80.60 3.1 4.2 4
1 1968 7 27 17.60 80.80 4 285 |3
1 1968 7 29 17.60 80.80 4 285 |3
1 1969 4 13 17.90 80.80 7.6 6.6 7
1 1972 6 11 17.60 80.20 4 285 |3
1 1975 4 24 18.70 80.70 4 285 |3
1 1981 12 8 16.30 80.50 4 285 |3

Sources considered in present study are sourcat1iZ.7 N, Long. 83.4 E source 2: Lat. 18.1N,
Long. 83.50 E and source 3 Lat 19.50N, Long. 8& 1(http://earthqukes.usgs.gov/regional/neic)
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Table 2: Data of Earthquake events based on ternpgeind

Earthquake Magnitude M
Total No of
Duration 1<M<1.9| 2<M2.9 | 3<M<3.9| 4<M<4.9| M>5 | Earthquakes
1828-1837 2 2
1838-1847 0
1848-1857 1 1
1858-1867 1 2 3 6
1868-1877 1 2 3
1878-1887 0
1888-1897 1 1 2
1898-1907 1 1
1908-1917 1 1
1918-1927 1 1
1928-1937 0
1938-1947 0
1948-1957 1 1
1958-1967 1 1 2
1968-1977 1 1
1978-1987 1 1
0 1 3 5 13
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Figure 4: Procedure of probabilistic seismic hazardlysis
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Figure 5: Histogram of earthquake history in stadya
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Source 3
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