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EVALUATION OF RISK FOURIER SPECTRA FOR A SITE IN
ASSAM SEISMIC GAP, NORTHEAST INDIA

I. D. GupTA! AND T. V. S. RAMAKRISHNA!

ABSTRACT

Risk Fourier Spectra for probabilities of exceedance of .05 and .10 have
been caloulated for a site in Assam Seismic gap for 100 years return period,
using a method which does not make any assumption regarding earthquake
recurrence in time and space. Data on past earthquakes and tectonic features
have boen used to model the scismicity of the seismic gap and the region
around it by four different models. Fourier amplitude spectra have been
presented for all the four models and specific single earthquake spectta are
also depicted for comparison. It is found that a single eacthquake assumed to
occur at a near distance from the site of interest, gives highly conservative
level of risk, whereas the models suggested in this paper provide a more
realistic level of risk, because these models take into account the random
distribution of earthquakes over a vast area around the site at which risk is
estimated.

INTRODUCTION

Major tectonic features in Assam region of Northeast India are scismi-
cally very active and have produced several large earthquakes in recent past.
Main geotectonic zones of the region are: the zone of Himalayan Boundary
Thrusts along which the Indian plate collides with the Eurasian plate; Arakan
Yoma tectonic zone (Burmese arc); and the zone comprising of the Shillong
Plateau, the Mikir Hills and the Dauki Fault (Fig. 2). Arakan Yoma zone
shows pronounced seismic activity all along the Indo-Burma border and many
epicentres lie in Shillong Plateau and Dauki Fault zone also. However, a
section of Himalayan Boundary Fault between the rupture zones of two great
earthquakes of 1897 and 1950 shows no seismic activity. Some of very big
projects are proposed to be sited within this seismic gap, which is suspected
to be the scat of a future big earthquake (Khattri and Wyss, 1978; Khattri
et al,, 1983).

Many investigators have analysed the seismic risk for the Assam region
including the Assam gap (Kulshershtha and Singh, 1977; Kaila and Rao,
1980; Khattri and Wyss, 1980; Goswami and Sarmah, 1982). These investi-
gations and most of the other studies on seismic risk estimation elsewhere,
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 are primarily based on applying some earthquake recurrence statistics to find

out the expected maximum magnitude of the earthquake and its return period
(Yegulalp and Kuo, 1974; Lomnitz, 1974; Shrivastava et al., 1976; Knopoff
and Kagan, 1977; Rao, 1977; Burton, 1979 etc.). This is then used to find
out the peak value of some ground motion parameter (acceleration, velocity
or displacement) and its .return period. Thus the frequency dependence of
ground motion is often overlooked, or a standard spectrum shape (Housner,
1959: Newmark et al., 1973; Seed et al., 1976) is scaled tothe required peak
valus. Hence the probability of exceedance of such a spectrum is different

at different wave-frequencies.

This paper describes a method for evaluating Risk Fourier spectrum
amplitudes having the same probability of occurrence at all the wave-periods
(Anderson and Trifunac, 1977). The method has been applied to get the risk
spectra for a site in Assam gap for a return period of 100 years. Four
different models, based on the tectonic set up of the region, have been used to
describe the seismicity of the area and the risk spectra have been evaluated
for all the four models. Single earthquake spectra are also presented for the
purpose of comparison. .

ASSAM SEISMIC GAP:

Assam region of India is characterized by very high' level of seismicity.
Some of the biggest earthquakes in the world have occurred in this region.
The great Assam earthquake of June 12, 1897 (M = 8.7) and the Assam
earthquake of August 15, 1950 (M = 8 6) are two of the greatest earthquakes
in the world. However, the epicentral area between these two earthquakes,
the so called Assam seismic gap, has been identified as relatively quict area
(Fig. 1). Ttis almost devoid of earthquakes. Lack of seismic activity in the
Assam gap has been also confirmed by recent microearthquakes observations
(Khattri et al,, 1983), Assam Gap is suspected to be the site of a future great
earthquake and the present quiescence in the gap is considered as a preparatory
stage for it (Khattri and Wyss, 1978).

7 Seismotectonic features of the Assam region have been described in several
publications (Gansser, 1964; Evans, 1964; Dutta, 1967; Nandy, 1973;
Valdiya, 1973; Verma et al. 1977 etc,). Fig. 2 shows important tectonic
features of the region. Considering the uncertainties in the location of
historical earthquakes, it is seen from Figs. 1 and 2 that the epicentres more
or less correlate with the tectonic features. Portion of the main boundary
fault lying in the seismic gap is not generating earthquakes and the stress is
continuing to accummaulate in this area.

THEORY AND METHOD:

] Each of thF source zones identified in various seismicity models described
in next section is divided into small elements. Let N, (M) be the expected
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number of earthquakes with magnitudes in the interval M; 4+ 8 M in the ith
element during the period for which risk is to be estimated, and R; be the
distance of this element from the site at which risk spectra are intended to be
evaluated. If p;y [FS(T)] is the probability of occurrence of Fourier amplitude
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Fig. 1. Seismicity map of Assam area. Dashed rectangle represents the seismic
gap and the site selected for evaluating risk spectra is shown by a solid
triangle.

sFS(T) at the site of interest due to an ecarthquake of magnitude M, in the
ith source element, then the probability of occurrence of ‘FS(I')’ due to all
the earthquakes of magnitude M; in the ith element is given by N, (M)).py
[FS(T)). Hence the expected number of times the amplitude FS(T) will be
exceeded at the site during the period of interest is given by adding the con-
tributions from all the source elements for all the magnitudes

NFS(T)) =23 Ni (M) py [FS (T) (1)

Assuming that N;(M,)is the mean of a Poissonian distribution, the
probability p [FS (T)] that the Fourier amplitude FS(I") will occur at least
once during the period of interest is given by (Anderson and Trifunac, 1977)

PIFS (T)]= 1 —exp {— N[FS(T)]} ()
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Fig. 2. Map showing important tectonic feactures of Northeast India.
Hectangle shows the seismic gap area.

Using this expression, values of Fourier amplitudes FS(T), which have
the same probability of occurrence p [FS(T)] at all the wave-periods, have
been evaluated.

Values of p;y [FS(T)] have been obtained from Trifunac’s (1976) empirical
scaling relations for Fourier spectra, because such relations are not available
for Assam region due to lack of recorded strong-motion accelerograms in the
region. Probability P, that ‘FS(T) will not be exceeded at the site of interest
by an earthquake of magnitude M, in the ith source element is given by

Log FS(T)=Log A(R;) —a(T) Py —¢(T) —d(TNS — e(T)V

[ 1)~ by, —FTM for My < My = F 0

—&(T)Ry + 4 b(T)M ftT)M.', for M, > M, _% ) (3)

LM, —bDIM; —f(T)YM P, for M, <M; < M,
where log A(R)} is Richter’s attepuation function: s = 0 for alluvium, s =2
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for rock and s = 1 for intermediate geological conditions; v = 0 for horizontal
and v = | for vertical component; «(T), b(T), .ccoveernne. » 8(T) are regression
cocfficients evaluated by Trifunac for eleven different wave periods using
strong motion accelerograms recorded in Western United States. Then the
probability p,, [FS\T)] is giver by

1 P, 1fe —u(D)\*
Fs)=1- —L [P [—--(—-—)]d .
2y [FS(T)) svl| "3\ e @
Values of the parameters ¢(T) and u(T) for various wave-periods are also
given by Trifunac (1976).
MODELS USED TO DESCRIBE FUTURE SEISMICITY :

Four differeat models have been suggested to describe the future
seismicity of the region around Assam seismic gap. These are depicted in
Fig. 3 and Table-1. Different source zones in a mode! have been identified
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Fig. 3. Four models (A, B, C, D) used to describe the future seismicity of the region
of Assam seismic gap. Seismicity for various source zones in these models is
given in Table-I. Solid triangle shows the sits at which risk spectra are
evaluated.
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‘on the basis of seismotectonic features of the region, as shown in Fig. 2, and
the number of earthquakes of various magnitudes in a source zone have been
estimated by assuming that the future seismicity will have the same behaviour
as in the past. Occurrence-of some big earthquakes has been added in someo
of the source zones for the long period (100 years) considered to estimate the
risk. Number of earthquakes has been also increased in some of the models
to account for the occurrence of earthquakes in the gap area.

Model A is based on a very simplifying assumption of uniform spatial
distribution of future earthquakes all over the region, including the gap.
Expected numbers of earthquakes of various magnitudes for a period of 100
years have been estimated by scaling the number of earthquakes per year for
that magnitude range. In order to get the mean number of earthquakes per
year for a particular magnitude range, the authors have used the data for the
period for which the detectability of that magnitude range appears to be
complete. However, the detectibility of magnitudes less than 5.0 is found to
be incomplete even for the recent years and it has been compensated by
agsuming that the annual mean number of earthquakes n(M) with magnitudes
in the interval M A- 3 M satisfy the linear relation

Log n(M) = a— bM (5)

In Model B, it is assumed that the future earthquakes will continue to
occur in the source zones where they had been occurring in the past. Three
main source zones in this model are: the region comprising of western part
of the Himalayan fault, Dauki fault and Shillong Massif; region of Naga-

Patkai beit and Arakan Yoma tectonic zone (Burmese arc); and the northeast

corner area of eastern-most part of the boundary fault and the Luhit-Mishmi
thrust systems. The gap has been assumed to remain quiescent and the
seismicity for the other regions has been scaled for 100 years. Spatial distri-
butions of earthquakes has been assumed to be uniform in each of the source
zone,

In model C, Naga-Patkai and Arakan Yoma zone has been kept as it is
in Model-B, whereas the other two zones have been connected by assuming

that the seismic gap will be closed. The seismicity of this combined area has

been scaled to account for the earthquake occurrence in the gap area, but its
distribution has been taken uniform over whole of this source zone. Model
D, on the other hand, identifies the gap area as a separate source zone. In

this case also, the spatial distribution of the scismicity has been assumed
uniform for each source zone.

The site for which risk spectra have been evaluated for the seismicity
models described above has been chosen arbitrarily, just to iilustrate  the
level of seismic risk in the Assam Seismic gap.
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RESULTS AND DISCUSSION

Ct'llculations of risk Fourier amplitude spectra having same probability of
exceedance at all the wave-periods have been made for an arbitrary site in
the Assam seismic gap and the resulfs are illustrated in Fig. 4. To evaluate
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Fig. 4. Uniform risk spectra with probabilities of exceedance of 0.05 and 0.10
for the site in Assam gap. Spectra of single earthquakes of the indicated
magnitudes and epicentral distances are plotted for comparison. All the
spectra are for horizontal component on rock.

the risk spectra, an area of size 6° Lat. X 6° Long. has been considersd
around the site of interest. Scismicity of this area has been modelled by
four different seismicity models-and risk spectra have been calculated for
horizontal component on rock for two probabilities af excesdance; viz.,
.05 and .10, for the proposed models. Single earthquake ‘spectra are also
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presented for comparison. As was expected, risk is highest for modet D,
but it is not significantly different from the risk estimated by using model O,
Model C, however, secms to be more realistic on the ground that whole of
the plate boundary zone is considered as a single geodynamic unit and that
the possibility of closure of the gap due to rupture produced by an earth-
quake occurring within as well as outside the gap is taken into account.
Model B gives lowest level of risk, because the zone of gap is assumed to
produce very low level of seismicity. This model assumes that the cycle of
stress building up in the gap will continue in future also. Model A does not
give a realistic representation of the seismicity of the region. Such a model
may be used for a region, the seismotectonic set up of which is not well
known to delineate various seismogenic sources. It is seen that the level of
Fourier amplitude spectra for our models are somewhat lower than the spectra
of single earthquake which could be expected to occur in the region. This
may be attributed to the large area considered which leads to large distances

between the source and the site,

The method applied to estimate the risk Fourier spectra for Assam
seismic gap uses quite realistic description of the seismicity of the region and
is free from using any assumptions regarding earthquake recurrence relations
and precise location of future large events. Thus, the results of such studies
have better degree of confidence than most of the other investigations.
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