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SYNOPSIS

A statistical analysis of seismic risk of Indian Peninsula bowunded by
lattitude (6°,40°] and longitude (66°,98°] is made to determine the design
acceleration, velocity and displacement for a 100-Year return period., The
analysis is based on the available seismic data, The focal depth is assum-
ed to be independent of time, Two distributions, (a) Uniform and (b) Log-
normal, truncated at 600 Kms, depth are considered, The spatial properties
of the earthquakes are considered homogeneous in tectonic features., Seismic
zoning maps are prepared, based on the study, and compared with the -
existing map. .

INTRODUCTION

The analysis of seismic risk defined as the maximum generalized inten-
sity of ground motion likely to occur for a specified retum period provi-
des the basic informatimn for the preparation of seismic zoning maps. Usu~
ally seismic zoning map are prepared on the basis of peak ground accelera-
tion, Since the attenuation laws are different for peak ground accelerat-
ion, velocity and displacemsnt and since the design of different types of
structures may be govemed by one of these, it is meaningful to prepare
separate zcning maps based on return period analysis of peak ground acce-
leration, velocity and displacement.

cal and Bayesian statistics to obtain both local and regional seismicity
for the region in Indian peninsula bounded by longitude (66°,98°] and latt-
itude (6°,40°], The focal depth is assumed to be a) wmiform b) lognormal
and truncated at 600 Kms, Assuming that the region is homogeneous in tect-
omic features and a volume source with en arc length of 150 Kms, from the
site influence the seismicity, peak ground acceleration and displacement
intensities are compared for 100 Years return period at 2° grid points,
Contour maps are drawn and used to prepare the seismic zoning map,

In this paper the seismic risk analysis is carried out through class&;

ASSUMPTIONS

1, 'The magnitude distribution is stationary and independent o{ earthquake
occurence rates. The probability density of the magnitude M is(4)

fym) = 8 exp [-é(m-mc)] ;m>my ' 1)

in which m, is the threshold magnitude taken as 5 in this study. A second
distribution of earthquake magnitude is also considered with an upper bou-
nd of the magnitude m; = 9, The probability density is given by
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fy(m) = 8 exp [-B(m-m)]/[l-exp{-g(m-m))}] ; m e (my,m] @

2, Focal depth is temporal and spatial homogeneous and independent of ear-
thquake occurence rate. Focal depth distribution considered are (a) uniform

fy(h) = 1/H, ; h e (0,H,] 3
and (b) truncated lognormal,

£,() = exp [-1/2(2nh-61)2/82] /1VZn8y h & (wnH,-8,)/¥8,}]; h e (0,H]  (4)
where H, is the upper bound of focal depth and taken as 600 Kms, and ¢(°)
is the distribution function of N(0,1).
3. The generalized attenuation law 15(3'4)

Y= C1 exp [CZM - C3 2n (R+C4)] (S)

where Y is the required grownd motion, M is the magnitude, R is the focal
distance, Cy, C,, Cz and C, are emperical constants, This relation is taken

with (Cy, C;, C3, C4) as (2000, .8, 2,, 25,), (16,1,0,1.7,25) and (7,1.2,
1,6,25) for peak ground acceleration, peak ground velocity and peak ground
displacement respectively

4, The earthquake process is Poisson of rate of occurence u for magnitude
greater than S,

PROBABILITY DISTRIBUTION OF GENERALIZED INTENSITY
CoM -C
The -joint probability density of Z = Cye and W = (R+Cy) s,assuning
statistical independence of focal distance R and magnitude M, is obtained

as,
fz’w(z,w) = £,(2) £,(w) (6)

where -1/Cy (Cg+1)/C -C3 -C3
fyw) = fpw - C4)/[C3w 3] we [(Ry+Cq) ,Cy ] N

Ry is the maximum focal distance and fr(e) is the focal distance density,
For magnitude density given by equation (1,2), the density £, is given by

B/C
B C, 2 1+Cy/8 Comy
£,(2) = S, exp [«B { tnz -m} ;z>Ce (8)
and 8/C B+C,
8 Cl 2 exp [-B {T" inz - m }] Cym, szl

£,(2) = —% 32€ (Cie ™ ,C ] (9)

2 l-exp (-8B (ml-mo) ]
respectively.

A volume source subtending an angle y to the centre of earth and
having an arc length of 150 Kms, from the site and 600 Kms, depth is assumed
to influence the seismic risk of the place of interest. The probability
density of the focal distance R from the site when focal depth H has uni-
form and lognormal density is given elsewhere(S),

The probability, generalized intensity Y = ZW exceeding a value y, is
obtained from Eq. (6) and Eq, (8) for magnitude M ¢ (m,,*) and is given by,

Fy(y) = P[Y >yl = 1; y <y; = C; exp[Com,~Cy 2n(Ry+Cy) ] (10%)
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' Ro
Fe) = [ S fp(0) ax + Fpx) 5y, Sy LY, (10b)

R
(]
F3y) = g S fp(x) dx; ¥ > ¥2 = Cy exp [C,m ~C3 fn Cy] (10¢c)

-C 8/C
where § = exp (Bm){Cy(+Cp) /y}  ~sxjeexp[C,m /Cx-in(Cy/y) /C5) =Cy

When magnitude M(mo,ml] the above relation is obtained through Eq, ‘(6)
and Eq. (9) and is the following @

Fy(r) =1 ;y 2y, = C exp [Cm) = C3 tn (R, + Cp)] (11a)

and defining x{ = exp [szi-llcf"n(C1/Y)/C3] ~Cy3 i= 1,2

Q= [{C;(x+Cy) "/} -exp(-Bml)]exp(Bmo)/[1-e:cp(~8(m1—mo))]

R

Fly) = £*° Q £5(x) dx + Fo(x)) 5 ¥, <¥ < mn (vp.¥3) (11b)
1
R

Fy() = (]) °Q fp(x) dx; ¥, £ ¥ <y3= C; exp[C,m-Cy (R +Cy)] (11c)
xi

F) « [ F Q£ o+ Ry 3 7y <y <ypCemlCmeCyaCy (1)
1
)

F3(y) = g Q £fp(x) dx ; y > max (y,,¥5) | (11e)

One of Eq. (11c) and Eq, (11d) is to be used according to the numeri-
cal values of the relevent parameters. '

T-YEAR INTENSITY

The earthquake process is assumed to be Poisson, the special event
which causes the generalized intensity at site to exceed a value y is a
Poisson process of random selection. Thus the number of times intensity at
site will exceed y during a time interval tis M(t) and is given by,

exp [-P[Y > yJut]

Py(mt) = PM(t)=n] = {P[¥>y] ut}" - s ma=0,1,2,... (12)

Putting m = 0, probability of zero exceedence may be obtained. The
annual retumn period 'l‘y is defined as

T = 1 X 1 (13)
4 1- PM(OJI) P[Y 2_}']1’

The T-Year intensity is obtained by solving Eq. (13) for y given
time period Ty.
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RESULTS AND DISCUSSIONS

Parameters related to the distribution of magnitude, focal depth and
occurances are estimated using data of 55 years (January 1917 to December
1972), Total number of earthquakes occured during the period are 1374,
Numbers of samples for determining the distribution of focal depth is 624
after deleting all earthquakes of 33 kms focal depth and those shocks for

which focal depth is not available. :

Parameters for the magnitude of earthquakes exceeding a threshold value
is obtained by linear regression &n Ne=a+bM, 95% confidence interval of b is
(1.9031 + 0.0996), the multiple correlation coefficient square is found to
be 0,987, A Horel function, &n C(u)=a,+ajfn M + a)M, is fitted with the
coefficient of variation of rate of occurence and magnitude and 95% con
fidence interval for aj,a; and a; are (5,826 + 2,505), (-17.097 # 3.345)
and (3.658 + 0,558) respectively, The value of multiple correlation coeffi-
cient squaré is 0,981, To determine the parameters at a particular location,
it is assumed that expected number of earthquakes per unit time is a funct-
ion of the volume of earth inder consideration, If u' is the rate of
occurence in microzone and yu is that of macrozone, it is assumed that they
are only dependent on their volume ratios, Consequently a least square fit
is obtained between coefficient of variation and volume ratio as fn[l+

Cz(u'/u)] = (v/v)Y , For magnitude greater than 5,95% condidence interval
of y is (.408 + 0,021) and valuve of multiple correlation coefficient square
B 0.955. From the macrozone to point of interest the fg.te of occurence '
is obtained following the procedure proposed by Esteva The truncated
log normal parameters of fogal depth is estimated by method of maximum

likelihood and found to be 8,=4,252 and 8,= 1.076, The nonlinear equations

obtained are solved by parametric differentiation technique(n. Both
Chi-square and Kolmogorov-Smimov goodness of fit test reject this hypothe-
sis, This is expected, since maximum likelihood estimate is mean biased and
shallow focus earthquakes are more compared to deep focus earthquakes in the
data, The estimate is towards the mean of shkallow focus, Hence the assum-
ption of focal depth lognormal provides an upper bound of seismic risk.
Following similar argument the assumption of uniformly distributed focal
depth provides a lower bound of seismic risk Fig, (1 & 2), Maximum differ-
ence in seismic risk based on peak ground acceleration due to truncation of
magnitude i 7.03% and that due to the assumption of lognormal and uniform
focal depth is 41.3% for 100 Year retum period and corresponding changes

in seismic risk based on peak displacement is 14.88% and 48,62% res}eectively.
The seismic risk is maximum for lognormal focal depth and magnitude 5,%),
Seismic zone map for acceleration and displacement basis for 100 Years retu-
m period is shown in Fig, (3 § 4). The map obtained by this metho? Sliffers
in Southern and Central Indian region from that of 'ndian Standard(8),

In case the tectmnic features e.g. faui; plane or fault line of a regi-
on are known the method proposed by Cornell ) may be applied, Moreover,
this study does not differentiate between d ifferent kind of earthquakes and

spatial correlation between them, Seismic risk analysis, assuming the
earthquake process to be semi-Markov, is in progress,

BIBLIOGRAPHY
1, Newmark, N.M, and Rosenblueth, E., "Fundamental of Earthquake
Engineering", Prentice-Hall Inc., 1971

785



3.

4.

Se

6.

7.

8,

S,

Riehtez, C.F., "Seismic Regionalization", Bull, Seism, Soc, Am,, 49,
123-162 1959,

Kenai, K., "An eapirical formula for the spectrum of streng Earthquake
Motions", B, Eq, Res, Ins, (Tokyo), 39, 85-95, 1961,

Esteva, L. and Rosenblueth E,, "'Spectra of Earthquakes at Moderate and
Large Distances", Soc, Mex. de Ing, Seismica (Mexico), 2, 1-18, 1964,

Basu, S,, "Seismic Risk Analysis of Indian Penimsula", Ph,D, Thes‘isA
to be submitted at Indian Institute of lechnology, k'anpur.

Esteva, L., "Bases Para La Formulation De Decesiones De Diseno Sismico",
Institute of Engineering (Mexico), 182, 1968,

Yakolev, M.N,, "The Soluﬁm of System of Nonlinear Equations by a
Method of Differentiation with Respect to a Parameter," U.S.S.R, Comput,
Math, and Mechanics, 4, 198-203, 1964,

Indian Standard Criteria for Earthquake resistant Design of Structures,
Indien Standard Institution, New Delhi, IS 1893-1970,

Cornell, C.A., "Engineering Seismic Risk Analysis', Bull, Seism, Soc.
Am,, 58, 1583.1606, 1968,

786



Acceleration in cm/sec2

—-— Lognormal focal depth
& magnitude (5,9)

—x— Uniform focal depth
& magnitude {5, )

~---- Unitorm focal depth

& magnitude (5,9)
—— Lognormal focal depth

» & magnitude (5, )
- A/\
1 i S Y A T Rt M SR

(@)]
~

Displacement in cm —=

7 75 79 83 87 91 95 97
Longitude in degree —a

FIG-1 ACCELERATION AT 37 LATTITUDE

4
S~ —E—o— 4

—~—

79 83 87 91 95 97
Longitude in degree —»

FIG.2 DISPLACEMENT AT 37 LATTITUDE

787



IN3W3DV1dSIa NO @3Sva dVW ONINOZ 7914 NOILYH37330V NO Q3SVE dvW ONINOZ €94

Tl W T

g

<.
)

™7

-7
-

28 o0y

[LEGER]

-
-
Lo

6910
6210
600
0-0

- Nm O~
OBESMEAs

520

o
o

2%y Z

aN3937

788



DISCUSSION

B.0. Skipp (U.K,)

Our general reporter has referred to this paper in com-
parison with paper No. 58. My question relates to the diffe-
rences be noted. Did the author use a single b value for all
India as implied on P 428 and how did he take into account
different seigmo-tectonic provinces ?

B. Raméchandran (India)

Basu has assumed that the Indian Peninsula is homogenous
in tectonic features. This basic assumption is incorrect as
the Indian Peninsula (between lat 6° 40° and long 66°,98°)
consists of the shield, the Deccan Trap, the Indo-Gangetic
Alluvium and the Himalayan Chain all of which are different
from each other in their geological and physical characteris-
tics. So the basic agsumption of the author is open to
question.

S.K. Guha (India)

From Figs. 3 and 5 of the paper, Southern Tip of Indian
peninsula below lat. 10° ig rated acceleration zero; but
then a number of earthquakes in the area in the past had up -
to magnitude 6.0. Kindly clarify how zéro acceleration is
designated for the area ?

Author's Closure

With regard to the question of Mr. Skipp, we wish to
state that a single value of b has not been uged. The value
on page 428 refers to the *local' value which has been modi-
fied to a 'regional' value at each grid point using Bayesian
method.

With regard to the question of Mr. B. Ramachandran, we
wish to state that the seismic risk analysis presented in
the paper is based on the available seismic data, ignoring
the tectonic features. The non-homogeneous geo-tectonic-
features of Indian Peninsula enter indirectly through geis-
mic data in our analysis. Subsequent work indicates that
seigmic risk analysis based on non~-homogeneous tectonic fea-
ture model shows only marginal ¢hanges locally.
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With regard to the question of Mr. S.K. Guha, we wish to
state that the actual value isg not zero in any part of the
Indian peninsula. 1In the part referred to by Guha, the peak
ground acceleration is 0.265 cm/sec2. sSince the contours have
been drawn at intervals of 0.02g/5cm., the acceleration/dis-
placement appear as zero in some parts. It is obvious from
equations (10a) and {(lla) that the minimum value cannot be less
than Yy.

The catalogue of Indian Meteorological Department, New
Delhi, gives three earthquakesg of magnitude 5 and more in the
region (6°, 12°) latitude, and (66°, 84°) longitude, during
the period 1917-72. The peak intengitieg are consistent with
this data over a 2° x 2° grid.
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