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ON USING MODIFIED MERCALLI INTENSITY DATA FOR EVALUATING
ENGINEERING SEISMIC RISK IN NORTHERN INDIA

1.D. GUPTA®*
ABSTRACT

A probabillstic model, which makes use of Modified Mercalli Inten-
sity data, has been developed for evaluating seismic risk in Northern
India, This model predicts the probability of excesdance of any specifled
earthquake ground motion amplitude (peak amplitudes or spectra) from
all the earthquakes expected during some selected future perled in the
region around the site of interest and does not use only a single design
earthquake. All the physical parameters like seismiclty In varlous
seismic source zones and the attenuation from source to site, which
have inherent uncertainties in their description, have been treated
probabilistically, Thus the randomness In the physical processes and
the lack of knowledge aboutthem have been accounted forin this
presentation. An intonsity attenuation model, which can give the
probability of occurrence of any intensity at any epicentral distance has
been developed first. This provides input for the risk model,

INTRODUCTION

There is no strong motion accelerogram data base in Iadia to anglyse
the engineesing seismic risk for important structures like Nuclear Power
Plants and High Dams. Therefore, 1o find the seismic risk for any site, one
hes to depend upori the data on historical earthquakes. Historical data are
available either as the isoseismal maps of the earthquakes, or in the form
of lists of earthquakes giving the time of occurrence, epicentral Iocation,
magnitude andj/or epicentral intensity. To find the expected strong motion
ground amplitudes at some site of interest, one has to use the empirical
correlations between ground motion amplitudes and magnitude or intensity
of the earthquake, developed for other parts of the world. Withoyt precise
knowledge of regional attenuation effects of source to site path, it is not
possible to estimate the ground motion amplitudes with high reliability, by
using earthquake magnitude data. To use the Intensity data as a basis for
risk analysis, one needs to know the way in which epicentral intensity
decays with the distance. This can be found easily from the isoseismat
maps of the past earthquakes.

In this papet, following a procedure similar to that by Anderson
{1978), a probabilistic intensity attenuation mode! has been developed for
the earthquakes in Nosthern India. This modet is able to provide the
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brobabi!itv that an intensity hi{li<lo) will be observed at an epicentral
intensity I, This ‘information is then applied to develop a model for the
analysis of engineering seismic rigk at any site in Northern India.

The risk model proposed in this study has been developed on the
basis of many previous studies (e. g. Cornell, 1968; De Capua and Liu,
1974; Dar-Kiureghian and Ang, 1976; Algermissen and Perkins, 1976;
Basu and Nigam, 1977; and Goswami and Sermah, 1984). This model
takes into account the total future seismicities expected in all the potential
earthquake sources in the region around the site of interest.- The ground
motion amplitudes are determined from the total effect of ail these sources.
Thus, no assumption needs be made regarding the spatial occusrence of
the earthquakes, and the seismicity is treated as it actuaily occurs. Further,
the present model is also capable of providing the ‘Uniform Risk Spectra’
at the site of interest (Anderson and Trifunac, 1978; Anderson, 1979: and
Gupta and Ramakrishna, 1986); i, e., tha spectra which have the same
probability of exceedance at every frequency.

lINTENSITY ATTENUATION MODEL

tf one looks at the intensity contours Inthe isoseismal map of an
earthquake, it will be seen that the Isoselsms, in general, have dite
Irregular shapes. An intensity value may be observed over a large range
of distances from the epicentsr in different azimuthal directions. Howaell
and Schultz (1976) have pointed out that this scatterin the distances
for various intensities Is very significant. However, most of the studies
on intensity attenuation with distance (e.g. Gupta and Nuttli, 1976;
Chandra, 1979, - 1982; Serglo, 1980 etc.) deal with only the mean
behaviour and do not include the wide scatter of the distances for a gwen
lntensity level,

1t has been shown by Anderson (1978, that tor a particular epicentral
intensity lo, log R satisfies & Gaussian distribution; where R represents
rthe epicentral distances to any selected isoseism |,, in various azimuthal
directions. Thus, the probability that the intensity I, will be observed
at an epicentral distance less than or equal to R, is given by

log R
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In this expression, p is the mean and ¢ the standard deviation of log R,
Since the intensity decreases with increase in epicentral distance, pro-
bability P, given by equation (1), is also equal to the probability,
P (I < h).ie., the observed intensity at epicentral distance R is less than
or equal to I, for an earthquake with epicentral intensity l,. Hence the
probability of observing an intensity value |, at distance. R is given by

P{=h}=P{gh}—P (< (I,—1)} (2)

To find the parameters .. and ¢ to be used in equation £1). isoseismal
maps of the earthquakes listed in Table 1 have been used. These maps
are available in the stlas of Kaila and Sarkar {1978) For each of the
isoseismal maps, 36 radii were drawn from the center of the region of
highest intensity &t equal angular separations of 10°, The distances at
which these radii intersect each isoseism are measured and the distance
from all isoseismals with the same epic'entral intensity are grouped together
for each Intensity level, Then the values of i and o are caiculated for all’
available combinations of |, and I, Using these vealues of the parameters,
theoretical distributions of equation (1) have been evaluated. Figures 1(a)
and 1(b) show these distributions for | =V and IX, alongwith the observed
distributions. Smooth curves represent theoretical and ‘staircase Curves
represent the observed distributions. To find the goodness of fit between
theoretical and observed curves, Kolmogorov-Smirnov testis used at. 96
percent confidence level. Maximum differences between the two curves,
for various values of R, are normalized by Kolmogorov-Smimov critical
value at 96 percent confidence level, and these are also plotted in figures
1(e) and 1(b). If this normalized value, D(R), atsome distance R is
greater than one, then at 96 percent confidence level, Gaussian assump-
tion is not valid for thst distance. Kolmogorov-Smirnov critical values
have been found from the total number of available radil for each combina-
tion (1, I:), assuming that all the radii are independent of each other. As
there'are 36 radii for pach isoseismal map, this assumption is not strictly
valid, and hence the critical values used to find D(R) are smaller than the
actua! values. Taking this point into consideration and looking at the
results in figures 1(a) and 1(b), it maybe inferred that the observed
distributions are riot much different than the Gaussian curves. Results for
other values of |, have been found to be of the same quality,

An examination of all the values of u and s for various l,'s show thgt even
for the same values of (1,-1,), t and o are slightly different for differenty l,'s,
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List of Earthquakes used in this study

TABLE-1

] Location Name.
Sl Dte ,Lat (N°) ! Long (5| 1o l M of the
No. _ Earthquake
T. 8 July, 1918 245 91.0 X 7.6 Srimangal
2, 19Jan, 1975 325 78.4 X 6.8  Kinnaur
3. 4 Apr, 1905 33.0 76.0 X 8.6  Kangra
4. 16Jan, 1934 265 86.5 X 8.4 Bihar-Nepal
5. 31 May, 1936 295 66.8 X 7.6 Quetta
. . (Pakistan)
6. 3July, 1930 255 90.0 IX 7.1  Dhubri
7. 210ct, 1209 28.7 68.2 I1X 7.2 Baluchistan
8. 14 Nov,, 1837 3755 71.5 IX 72 Hindukush
9. 1Feb,1929 365 70.5 IX 7.1 rHindukush
10. 16 April, 1964 21.0 885 Vil 6.5 Calcutta
‘11, 25 Aug,, 1931 298 67.2 Vil 7.0 Sharigh
(Pakistan)
12. 27 Aug., 1831 29.8 . 87.2 Vil 7.4 Mach (Pakistan)
13. 2% Nov,, 1939 36.6 74.0 Vil 6.9  Pamir
14. 27 Aug., 1960 28.6 76.7 vil 6.0 Delhi
16, 6 Nov., 19756 295 781 Vi 4.7  Roorkee
16. 29 Sept., 1906 23.6 88.5 vi = Calcutta
17. 8 July, 1975 26.56 92,6 vi — Assam
18. 21 May, 1979 30.3 80.3 \'li 6.0 Indo-Nepal

)
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Figure 1 (a) & (b). Theosetical angd observed djstributians of log (epicen-
tral distance). Iha staircase curves in the top figures are determined from
the observed data:and the smooth cutves are the Gaussisn approximations
to them.  Cutves for function D (R) in the bottom figures show the
differences between the observed and the Gaussian curves in top figures,
normelised by Kolmogorov—Smirnav critical values at95 percent confi-

dence level.
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Therefore, to find the best estimates of . and ¢ for different combinations
(lo. 11), least square regression equations of the following form were fitted
to the available mean and mean plus one standard deviation values.

(lo—1;) =alogR 4+ bR +C 13)

For mean, &, and mean plus one standard deviation, (r+o), - following
relations are obtained. '

(lo—1,) = 1.798 log R + .0099 R — 2.256 (4)
(lo—1;) = 2.080 log R + .0048 R — 3.475 (6)
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Equations (4) and (5) have been evaluated to obtain the values of log R
for (lo — 1)) = 0 to 11. Solutions of equation (4) give the best estimates
of u and the difference between the solutions of equations (6) and (4) are
proposed as the best bestimates of o. These values are given in Table-2,
Using the velues of 1 and o« into equation (1), value of log R can be
estimated for any desired probability P (Il;). Figures 2 (a) and 2 (b)
show such results for I, = IX and X, and for P (I<l;) = .01, .10,. 90,
.99 and ,60. Observed mean values .of log R are also plotted in these
figures. It Is seen that the theoretical mean curves are in good agreement
with the actual mean curves.

TABLE—-2

Solutions of Empirical Equations {4) and (6) for log R. Solutions of equa-
tion (4) give the mean values p, and the difference of the solutions of
equation (6) and (4) give the values of o for various values of {lo- 1)

Solution of Soiution of

(lo— 1) equation (4) equation (5) Ditference
@ — {pto) -
0 1.17208 1.68221 41016
1 1.69295 1.94725 , .35430
2 1.91229 2.23692 ,32363
3 2.14549 2.46684 .31036
4 2.31812 262459 . .30647
6 2.45389 ' 2,76779 30390
6 2.66209 2.86599 .30390
7 2,66193 2.95642 .30449
8 2.72830 3.03357 .30627
9 279461 3.10037 .30586
10 2.86271 : 3.16965 . ,30684
11

2.91000 3.21209 30209
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Figure 2 (s) & (b). Intensity Attenustion curves for lo=1X and X. Conti-
nuous curves show the observed mean trend of attenuation,

and various
daghed curves are for confidence levels of .01, .10, .50, .90, snd .99.
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RISK MODEL

For the purpose of evaluating engineering seismic risk at a project site
during the life time of project, one should first define the expected future
seismicity of the region around the site. In a region of about 300 km
around the projact site, all the Potential seismic sources should be recogni-
zed and the expected number of earthquakes with various epicentral inten-
sities should be assigned to each source. These numbers, N(l,), for any
source zone can be found from the available datg on past earthquakes,
using the well known relation
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tog n(lo) = a + blo, - ' i ‘ (6)

where n{l,)} is the annual rate of occurrence of earthquakes with eplcentral

intensity I, and a and b are constants. Thus the numbers, N(ls). expected .

in the source zone during D years, the petiod for which risk is to be estima-
ted, are given by |

log N(lg) = (a + log D) + blo G
The numbers N(l,) in a source zone can also be estimated by assuming
the available nhumber of eatthquakes with epicentfal intensity 1, 88 the mean
of a Poissonian Process, '

After asslgniné the numbers N{l,) to all the sources, each source zone

is divided into small elements. Then assuming uniformly distributed
seismicity in esch zone, the number of earthquakes, m (lo), expected in the

ith element during D years can be estimated. If qi (o) gives the probabi- .

lity that certain ground motion amplitude “A’ will be exceeded at the site of
interest, due to an event of epicentral intensity lo in the ith source elemeant;
then the probability, p(A). that the amplitude ‘A’ will not be excesded

due to all the sarthquakes of any epicentral intensity in any of the source
‘element, during D years, can be found as described in the following.

Probability that ‘A’ will not be exceeded due to an earthquake with
epicentral intensity lo in the ith source element = (1 — i {lo) )

Probability that “A’ will not be 6xce_eded due to k earthqhakes with
epicentral intensity [ in the ith element = (1 — ai (%) )=

Probability that ‘A" will be exceeded st least once due to the k
earthquakes in the above = 1 — {1 — o (L) )&

Asgsuming that ny (lg) is the mean of a Poissonian distribution (Comell, -

1968), the probability that exactly k events with epiceatral intensity le
witl occur in the ith element.in D years, is given by

K o
oG] grMitlo | (8)
K .

‘Thus'the probability, Py (1), that ‘A" will be exceeded at least onoe inD
years due to an event with epicentral intensity lo in the ith source etement
is given by ' : o
- o A |
k k _
Pll=> {1 -T1—alla)] } g1 0
k=0 kl

t

»r
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Pi(lo)= 00 [n1(|o)l§ v [{1—-q,(|°)}n1(|o)]k —ni(le)
[2, ki —2 k- |® ‘
ko k=0 '

| [ ni(le) [1—ay(le)Ini(le) :‘ —ny(le)
Pi(flog)= |e — o e

—q;{lo)ni(lo) '
Pi(le)=1 ~ e (9)

Probability that no earthquake with epicentral intensity I, in the ith
source element will cause ‘A’ to be exceeded = (1 Py (lo) )

Probability that no earthquake with any epicentral infensitv in the ith
: : Xil

source element will cause ‘A’ to be exceeded = T (1 -Py(l,) )
‘ 0= lV

In the above intensities greater than Ill only. are considersd because
the lower intensities are at the noise level of human perception and their
determination is not vary reliable Trifunac and Brady (1975) have shown
that intensity 11l corresponds to accelerations of about 5 10 10 cm/fsec/sec,
which are comparable to the threshold of perception for people. Thus,
the probability, p(A), that no earthquake in any source element will cause
‘A’ to be exceedeo in D years is given by

NE XII
PAI=T T (1-Pls))
W

i=1 .|o=

Using equation (9), this can be written as

NE XIL —ai (lo) ni(te)

p(A)= T Te
i=11=IV
NE X! ' : .
p(A) = BXDI:'— E E Ch('o)ﬂi('o":l (10}
=1 lo=ly g

In equation (10), NE is the total number of source elements. This
expression provides \he probability disxributior_u: of the ground motion
amplitude ‘A’ expected in D years due to - all the. '_,ea_rthquakes in all the
source zones in the region around the projegt sitég' :Using this, it is possible
ta find the ground motion amplitude for any desiréd,cbnfide'nce‘- tavel
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PROBABILITY FUNCTION q, (l,)

For evaluating the probability p (A), it is necessary to know the proba-
bility function a; (l,), which gives the probabitity that some selected
ground motion amplitude will be exceeded at the site of interest, if an
earthquake of epicentral intensity Ty occurs in the ith source element. As
observed from the distribution of intensities in figures 1 (a) and 1 (b); In
general, at any distance from the epicenter, all the intensities upto 1, may
be observed with some probability of occurrence. However, at a site only
one single value of the intensity is to be assigned. Therefore, considering
intensities greater than and equal to 1V, for the reasons explained before,
the probability q; (1) is given by

ai(l, ) =P{All,=IVorVor ......orl} N
_P{Ann=IVUVU ... ..UL}
Q) ="py SV U U

1,
ZP(A [ L)P(l)
all)=p——o (1

*P(1,) ‘

ly=IV _
In this expression, P(l,) is the probability of observing an intensity value
), ot the gite due to’an earthquake of epicentral intensity 1, in the ith
element. This can be found from equation (2). P(A { I,) is the conditional
probability that an amplitude ‘A’ will ba exceeded, if an Intensity |, occurs
at the site This can be obtained from the relations between the ground
motion amplitudes and the intensity at the site.

Many workers (8.g. Gutenberg and Richter, 1942; Herghberger, 1958:
Neumann, 1954; etc.) have attempted to correlate the Modified Moercalli
Iintensity with the peak ground motion amplitudes. However, these
studies have considered only the mean values of the peak ground motions,
and thus neglected the large standard deviastions about the mean. Trifunac
(1976) has taken the standard deviations into account by presenting an
empirical relation of the following form between the ground motion
amplitudes and the intensity, ' '

log A = ap+bl+ctdstevtils - {12)
In this expression, A is the peak ground motion amplitude, which has a
probability ‘p’ of not being exceeded due to an intensity 1at the site,
Parameter s represents the site condition (s=o for alluvium, s=1 for
intermediate rock sites, and s=2 for. basement rock sites), v is the
component of motion (v=o0 for horizontal and v=1 for vertical motion).

L 24
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n equation (12), parameter | takes numerical -values from 4 to 12, corres-
* ponding 1o the fevals of the intensity IV-to X1, “Using this equation,  the - .
“probability:P{A | |}.«wen be found, - which is equal to (1-p). Coefficients a,
-b, cietc.  in equation (12). havo been evaluated by Trifunac (1976} from
'least square Tegression analvsrs. using the:dsta from- Western U. S, for the
cases of the peak acceleration, the peak velocity, and the peak dlsplace-
ment of the ground motion,

Trifunac (1979) has qlso derived relations of the form of equation (1 2)
when A represents the Fourier  Spectrum Amphtudes, FS(T), : at vatious
periods T,

log(FS(T) ) = a{T)P; -+ b(T)I + C(M +d(T)s +e&T)V - . (13)
In this equation, Py i is a.parameter rolated to the probability, Pa, of not
.. axceedarice of the amplltude FS(T), ‘and" itis gmn by:: (Andersbn and " -
Trifunac, 1977) co L R I O kol «!-:‘;:;

t

. ',‘.n,‘ Y

y—f ool —(* i‘z‘f ) ]d* BTN
. () .
Coofficients a(T), b(T-), etc._ and thq parameters u(T) and ¢ (1.)' .gre .- given '
by Trifunac (1979) st- staven periods botween .04:and 7.6 secs, The
probebility P (FS(T) | 1) is equal to {¥-Pa), which can be calculated' from
equations (13).and (14). By evaluating the Fourier- -Amplitudes FS(T ) at
every period with the same probability of exceedance, it is possible to find
the ‘Uniform Risk Fourier Spectrum’ for a site, Using the relations-betwaen
~ Pseudo Relative Velocity Spectrum atpplltudes ‘PSV(T)" and the intensity

. (Trifunac and Lee, 1979), one can azﬁo find the . ‘Uniform Rlsk Response

Spettra’, ' o ' o
DISCUSSION o j“

Modified Mercalli.Intensity is a subjective measure of the response of
an earthquake on man, structures, and their surroundings (Wood and
" Neumann, 1981) Due to this. Sl-!lblectlve -and qualitative nature of
measuring the level of shaking atasa;e in terms of intensity, it is. not’
possible to correlate the intensity to the measured- .ground motion ampli-
tudes. Nevertheless, inthe absence of instrumentally recorded - strong
- -motipn data, intensity observations -gan provide -a  basis to’ study the
. attenuation’ characteristics of the g:quﬁd motion. Fyrther, dus to the
probablhstlc nature of the intensity attenuation model presented in this.
paper, randomness and the uncertainties in the use of .intensity can be
. takeniinto account, Another advantage cf usmg the intensity- for evaliat-



30 Bulletin of the Iridisn* Society of Ear't.hquake‘TechnoIogy March 1986

ing seismic risk is that ‘the intensity data are avesilable even
for the earthquakes for which instrumental data are not available.
(Because the intensity values can be assigned from the deseription of the
damage caused by an earthquake). Furthermore, the corrstation between
gite intansity and-the measured ground motion amplitudes does not depend
on the source to site path. - Hence, one can have better confidence in
using such correlations derived for other parts of the world, because. the
site intensity. which is defined from the observed damages due to an

sarthquake, has the same meaning at every place.

CONCLUSIONS

Though the Modified Mercalli Intensity has no clear and unique
physicel nieening for relating it to the recorded strong - ground motion
amplitudes, it can be used as a basls for risk analysis by the probabilistic
approach suggested in this paper. Various uncertainties ‘and lack of
knowladge about the physical parsmeters uséd in the formulation are
. accounted by their probabilistic descriptions. When no other better
information is available for the rigk analysis, the model presented here
. would be of great use to estimate the ground motion amplitudes with eny
desired level of confidence. Futher, this model is also capable of
providing the ‘Uniform Risk Fourier and Response Spactra’.
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-APPENDIX-l. NOTATION

The following symbols are used in this paper;

b
Iy
h
R

= Modified Mercalli Intensity.

Epicentral intensity, N

Any [ntensity less than or equal to |,
Epicentrai distance. '

l

L3 ]

!I
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D(R)
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qu(lo)
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P(A)

PA| 1)
FS(T)
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v

P

Py

B moq o
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LI |
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Mean epicentral distance to an isoseism.

Standard deviation of the distances to an isoseism.
Probability of observing |, at some selected R.

Probability of observing i<Cl, at some selected R.
Noimalised maximum difference between observed - and
calculated distributions at distance R. :

Period in ysars for which risk is estimated.

Tota! number of source elements in all the source zonés,

No of earthquakes per year ot size |, in a source zone.

No. of earthquakes of size |, in a source zone in D years.
No. of earthquakes of size |, in ith source 'element in D years,
Ground Motion Amplitude at the site of interest,

Probability of not exceedance for A due to an sarthquake of
size 1, in the ith source element, |

Probability that A will be exceeded st least once in D Years
due to above earthquake.

Probability of not exceedance for A due to all the earth-
quakes in all the source zones in D years,

Probabitity of exceedance for A due to intensity | at the site.
Fourier Spectrum Amplitude at period T,

Site classification parameter.

Component of motion.

Probability of not exceedance for A.

Probability of not exceedance for FS(T).
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