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SUMMARY

Seismic risk in terms of probabilistic estimate of maximum ground
acceleration to be expected from earthquakes occurring in the northeast
Indian region has been studied by dividing the region into a number of
elementary point sources. From the distribution of earthquakes in these
elementary point sources, the distribution of acceleration is computed
for each grid centre of -%-Ox -},—0 area of the region. Probabilistic accele-
ration contours with a 50-year return period and 90% probable extreme
acceleration in a 50~year period are then drawn. This gives a picture of
relative seismic risk at various parts of the region.

INTRODUCTION

Estimation of seismic risk in a region is very important from
engineering point of view as it gives the probability of experiencing a
given earthquake during the design period of a sitructure in the region.
Since designing a earthquake resistant structure adds substantially to
the cost of construction, it is necessary to identify the seismic risk
areas of a region, so that cost can be adjusted according to the magni—
tude of risk. For this purpose, a comprehensive geological and seismolo-
gical study of the region is essontial.

In this research, an analysis of seismic risk has been made for the
nogtheae‘b Indian region, lying between 22°N to 30°N latitude and 89°% to
98"E longitude, using a method developed and used by Algermissen and
Parkin (Ref.1) for the United States. The risk, as defined by them is
the probability that the peak ground acceleration as a particular site
due to an earthquake on its neighbourhood exceeds a given value at least
once during a specified time interval. The earthquake data used for this
analysis are taken from EARTHQUAKE DATA PILE of U.S. Coast and Geodetic
Survey (NOAA), Bulletins of-Indian Meteorological Department and the
earthquake list of Tandon and Shrivastava (Ref.2).

METHOD OF ANALYSIS

The method of Algermissen and Parkin is based on three main steps :
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(1) delineation of seismic source areas based on historical seismicity
and available geological and tectonic informations.
(ii) analysis of statistical characteristics of the historical
earthquakes in the seismic source area.
(iii) caloulation and mapping of the extreme cumlative probability
F (a) of acceleration for time, %.
ax,t
After the distribution of the source areas, the magnitude-~freguency
relationship of the form,

108‘N~&"b! . (1}

are determined for each source area. Here N is the number of esrthguskes
of magnitude M or greater, 'a' and 'b' are constants. The activity in a
source area is generally assumed to be uniform. Therefore if a source
area is divided into 'n' smaller sub-divisions and 1f the number of
earthquakes likely to ocour in a magnitude class M in the source ares is
N(M), then the number of earthquakes likely to ococur in the magnitude
class M in each small division of the source ism

1 (2)

Iy

But if it is observed that due to some geophysical oxr geological
reasons some parts of a source are more active than the other parts, the
activity can be increased or decreased accordingly. In doing so, the
slope of the log N,M curve, 'b' remains constant for the entirse source
area but the intercept 'a' varies over the ares. The only restriotion is
that the resulting total number of earthquakes in a maganitude cless can
not exceed the number estimated for the same magnlitude clams from the
magnitude~frequency relationship for the source area {Ref.3).

After distributing the earthquakes in esmch small division of the
source, the effect at each site due to the ocourrence of earthguakes in
each small division of the source can ba computed using suitsble magni-
tude~distance~acceleration relationship. In praciice, the region ia
devided into a grid pattern and the centres of the gride are gonerally
considered as .the sites where the effects ars to be computed. The earti~
quake source areas are also included in the grid pstiern.

Following Algermissen and Parkins, the pesk acceleration sorrespond-
ing to some extreme probability is caloulated from the distribution of
expected number of occurrences as follows:

Let the peak scceleration be fa', then,

Fa) =P(A g & l M > Mpin ) ses (3)
is the probability that an observed acceleration A& is less than or egual

to the value a, given that an earthquake with magnitude M greater than
some minimum magnitude of interest has oocurred. The caloulsation at a
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point is performed for every acceleration 'a' using,

F(a) = QVpecLed number of occurrences with AS a, M2 Mpin oo (4)
total expected number of occurrence (M3 M 5

The term 'relurn period' is then defined as,

Ry(a) = R(a).. — ...(5)
expected number of earthquakes per year (m >N )

min
vhere R(a) = T _-%(5) eee (6)

is the average number of events that must occur to get an acceleration
exceeding ‘'a'.

Assuming N independent events with accompanying accelerations A;,the
cumnlative distribution of the maximum acceleration of the set of N accel-
erations in given by
Fmax(a) = P (the largest of the N accelerations is less than or equal %o 2

= P (each of the N accelerations is less than or equal to a)

=P (A<a)P (Ap< @) enveurunn P (A < a),
since the events are independent.

= F(A)Y , if the ovents are identically distributed e
If N itself is a random variable,

Foo(a) = F(a)C P(=0) + F(a)'. P(Ne1) + ..ooo + ¥(a)d. B(H=3) + ...
s

- Fo (@) p(u=y) ..-(8)
If N has a Poiseon distribution with mean rate X
=<3 j \-OK ;
Fpax(a) = j’i. 0 »( a)j K.j? oK jEO gKF(a) ) —KeKl"'(a)
o K(-#(2) ) .e(9)

Now, if X = Bt, where B is the mean rate of occurrence of earthquakes
M> Mpin per year and t is the number of years in a period of interest,
then,

Pnax, +(a) = e-Bt(l-F(a) )

In actual procedure, a table of a and P(a) is constructed. For a
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particular t = T, Fpay t(a) ig calculnted, and the value of a for o given
extreme probability, for example mec,t(a) = 0.9 ic found by interpolation

Now from the concept of return period,

Bt (1 -7F(a)) = "35%55'”

thus, P 4(2) = o~t/Ry(2)

+
and 1n(Fmax,t(a') ) = - T (a)

If t = 50 year and Fpay 4(a) = 0.90

1n (0.90) = ~ —?2;-?%)——

or Ry( a,) = -—0—:?:(-0)-5:2‘—- = 479 years

Similarly, if Bt (1 -~ F(a) ) =1

Bt = L = R(a)
1 - P(a)

or 1t = —-—B-%él— = Ry(a)

so that when t = Ry(a), Ppax,t(a) = %—- = 0.37. That is, under Poiuvson

assumption, the acceleration with return period t years has a probability
1 - Fma_x,t(a) =1 ~ ._Je:. = 0.63, of being exceeded in t years.

Accordingly, for each grid point, 50 year return period sceeleration
(acceleration with 637 chance of being exceeded in 50 years) and also the
90% probable extreme acceleration (acceleration with 10/ chance of being
exceeded in 50 years) can be calculated using relations (5) and (6).

APPLICATION OF THE MKTHOD TO THE NORTHEAST INDIAN REGION.

(1) The northeast Indian region is divided into six tectonic blocks based
on the available knowledge of geological, tectonic and seismologleal histo
ry of ithe region (Ref.4).

(ii) Based upon the earthquake history of the region, the magnitude
frequency relationships for the six tectonic blocks are determined. Test
for incompleteness of data are also made (Ref.5). For each tectonic bleck
a maximum magnitude is assumed which is taken to be the maximum known in
that block. The constants 'a' and 'b' of the recurrence relation and the
maximum magnitude of the six tectonic blocks are given in Table I.
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Table I

Tectonic blocks and other parameters

Tectonic block ’ | = b Mpax
The eastern Himalayas : 3.51 0.66 8.5
The Naga hills and the Patkai synclinorium :  3.20 0.68 7.5
The Brahmaputra Valley : 2.12 0.55 6.5
The Shillong plateau and the Mikir hills : 3.12 0,60 8.7
The Bengal basin and the Surma Valley : 2.40 0.57 7.6
The Arakan Yoma ranges : 3.90 0.T1 Te3

(iii) It has been observed that due to some seismological or geological
reason some parts of a block are more active than the other parts. There-~
fore the seismic activity in a block is weighted, remembering the
conditions to be maintained as described in the "method of analysis".
This is done as follows :

The noxtheast Indian region is divided into %Ox %o grid pattern.
Then the number of earthquakes that ocourred within each +°x %° grid
area during a 100 year period (1879 to 1978) is determined. These numbers
are then plotted at the centres of each grid and then contoured. From the
resulting contours four areas are selected in accordance with the number
of earthquakes that occurred during the 100 year period in each grid.
These are as follows:
Area I ~ more than or equal to 9 earthquakes.
Area IT ~ more than or equal to 6 but less than or equal to
8 earthquakes.
Area  III ~ more than or equal to 3 but less than or equal to
5 earthquakes.
Area IV ~ less than or equal to 2 earthquakes.

These areas along with the tectonic blocks are shown in figure 1.
It is observed that each tectonic block includes at least two or more
arcas as defined above. These areas in a tectonic block are assumed to
be uniform in seismic activity.
(iv) The distribution of earthquakes in a source area within a tectonic
block is determined in proportion to the ratio of the observed number of
earthquakes in that area to the total number of observed earthquakes in
the tectonic block (For example, let x be the observed number of earth—
quakes in the area, y be the total number of earthquakes in the tectonic
block and z, the number of earthquales obtained from log N,M curve for
the(;;c?on;c block, then the weighted number of earthquakes in that area
is ¥y)z )e
(v) The whole region is defined by a large number of point sources. Here
in this research the point sources are the centres of 4 x % grids of the
region. At each grid point the distribution of earthquakes is decided
upon from the distribution of the respective parent source area. If a
certain grid contains parts of two or more areas then an average
distribution is assumed for that grid.
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(vi) After distributing the earthquakes within the grid points, the
elementary point sources, the accelerations associated with the earth~
quakes for each magnitude class of all grid points of the region are
computed at each grid point. For this purpose Esteva's (1974) mngmitude-
distance acceleration relationship is used (Ref.6).

(vii) The resulting accelerations in step vi are then contoured as 50 -
year return period acceleration mav and 904 probable extreme acceleration
map in a 50 year period. These are shown in figure 2 and figure 3
respectively.

DISCUSSION

In figure 2 the contours represent accelerations (in percentage of
gravity) with 37% probability of not being exceeded in 50 years while in
figure 3 they represent accelerations with 90% probability of not being
exceeded in 50 years. That is, in figure 2, the exceedance probability of
acceleration is 63% and in figure 3 the chance is only 10f.

Acceleration values for 63% chance of being exceeded in a 50 year
period ranges from 0.05 g to 0.4 g according to figure 2. The highest
acceleration contours (0.4 g) in this figure encloses an area of north-
eastern part of the eastern Himalayas and an area of the northern part
of the Arakan Yoma ranges. In the entire Indo~Burma border, the Shillong
plateau including a part of the Brahmaputra Valley and a mid part of the
eastern Himalayas, the acceleration value is 0.3 g.

Similar results are observed in figure 3, where acceleration contou
~-rs ranges from 0.5 g to 0.8 g. This shows that the acceleration values
for 10% chance of being exceeded in a 50 year period is high for the
entire region. The relative risk in the region is higher over the
Shillong plateam, the eastern part of the eastern Himalayas and to the
upper half of the Arakan Yoma ranges; and that the lowenit rick is over
the eastern part of the Brahmaputra Valley and to the southewent of
Bengal basin.

CONCLUSION

The probabilistic acceleration maps presented here provide only a
preliminary estimate of the relative risk in the various parts of ths
region. The attenuation relationship used here may not be truely amppro-
priate for this region. But, due to the lack of sufficient information
no such attenuation relationship could be developed for this region.
Again no consideration of the soil and rock type of the region has been
made in this study. Therefore, although there is enough scope to improve
this analysis, the usefulness of these maps can not be ruled out as it

provides insights into the relative risk in differsnt parts of the north-
east Indian region.

REFERENCES
1.  Algermissen, S.T. and D.M. Parkin (1976). A probabilistic estimate

of maximum acceleration in rock in the Contiguous United States.
Open File Report 76 — 416 U.S. Geological Survey.

130



2. Tandon, A.N. and H.N. Srivastava (1974). Earthquake occurrences in
India. In Earthquake lingineering : A.S3. Arya, S. Prakash, L. Srivas
—tava, A.Chandrasekharam, B. Chandra Eds. P. 1-48.

3. Algermissen, S.T. and D.M. Parkin (1973). A technique for seismic
zonning: General consideration and parameters. NOAA Technical Report

ERL 267-BSL 30 p. 1-15.

4. Goswami, H.C. and S.K. Sarmah (1982). Probzbilistic earthquake
expectancy in the northeast Indian region. Bull. Seis. Soc. Am. T2:

999-1009.

5. Stepp, J.C. (1973). Analysis of completeness of earthquake sample in
the Puget Sound Area.NOAA Technical Report ERL 267-ESL 30. p.1l6-28.

6. Dowrick, D.J. (1978). Barthquake resistant design: A manual for
engineers and Architects. pp. 374. John Wiley and Sons, N.Y.

HMoAP
it

! B
Y vl@};,“. ¢

Trauy » )
o f g i s ‘(_ ) . N o2

V"

i

o
H!
|

/
)

Tae o block
'S / | Moyndaries
|

L Q,’
220 voom - v s Wb ]

L VBT 9 LE} L] L . " 42

| Seinmn nource
Boundaties

B

Figure 1l: The six tectonic blocks of
the northeast Indian region and the
earthgquake source area.
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Pigure 2: Accelerations (in
percentage of gravity) in the
northeast Indian reglon with
50 year return period.

Figure 3: 90% probable accele-

ration(in percentage of gravity)
in the northeast Indian region
in a 50 year period.
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