0

Bull. Ind. Soc. Earthg. Tech. Paper No 218 Vol 27, No 1 March 1990 PP 1 to 60

ISET ANNUAL LECTURE, 1988

STRONG HOTIdN ARRAYé iIN INDIA AND
CHARACTERISTICS OF RECENT RECORDED EVENTS**

A.R. CHANDRASEKARAN! AND J. D. DAS?
ABSTRACT

For aselsmic design of structures and systems it is
required to postulate the time history or Its derived
form In the form of response spectra for the site. For
this purpose a data-base of strong motion accelero-
grams appropriate to the site Is needed. Himalayan
region being most seismic in India, two strong motion
arrays were plarnned and installed-One in Shillong
Region of N.E. INDIA and the other in Kangra reglon
of N.W. INDIA so that such a data base can be
acquired in future. This paper describes the sallent
features of these two arrays. One event In Kangra
array and four events In Shillong array have occurred
since their installation. These records have been
analysed and strong motion characteristics of these
events have been discussed, These are the first
records from the Himalayas which are of interest to
the profession worldwide,

_ INTRODUCTION

In India, the evaluation of design earthquake parameters has been
mainly based on data obtained in Western U.S.A. as recorded strong
motion was almost non-existant in India with the first record having
been obtained in Koyna dam region only in 1967 and first record in
Himalayas in 1986. A number of dams have been instrumented since
1970 but no substantial records have been obtained. Since 1976, the
Department of Science & Technology (DST), Government of India have
been funding a Indian National Strong Motion Network program In the

* This paper formed the subject matter of the Annual Lecture of the
Indian Society of Earthquake Technology in Feb, 1989, by the first author.

1 Professor, Department of Earthquake Engineering Unlvers.-ty of
2 Scientist, Roorkee, Roorkee, INDIA, 247 667.



2 Bulletin of the Indian Society of Earthquake Technology March 1990

country through which about 80 three component analog strong motion
accelerographs have been installed with a very wide spating in the
seismic zones V and IV along the Himalayas and its foot hills,

in 1978, an International workshop was held at Honoluly whereln it

was recommended that dense strong motion arrays should be instalied
in select locations which have potential for occurrence of Jlarge
earthquake (Ref.1). The data obtained from such array would give
Impetus to research in Strong Motion .seismology o evaluate - the
nature of the source mechanism, the influence of the wave propagation
path and the effect of local topographic and soil conditions, That
workshop also identified "several sites in the world which included

Shillong region in India as one of the six most potential sites.

Under an INDO-US collaboration Program, sponsored by DST, a
fifty element analog accelerograph system(SMA-1 of M/s KINEMETRICS
USA with time code generator) has baen installed at various locations
in Kangra region of the State of Himacha! Pradesh (Ref. 2)., A second
array of 45 analog system. sponscred by DST, has been installed in
Shiilong reglon of the States of Meghalaya and Assam (Ref. 3). One
digital strong motion accelerograph also has been installed in each of
these arrays-one at Dharmsala and the other at Shillong. Earthquake
records from these digital instruments can be used for comparative
studies with analog data results. A third array of 40 analog system is
being planned in Himalayan region of the State of Uttar Pradesh.

The Kangra array registered an event on April 26, 1986 which
triggered 9 stations since installation. This was the, only significant
activity so far of Magnitude 5.7. The Shillong array has registered 4
‘everits : (i) September 10, 1986 of Magnitude 5.5 (IMD reported) by 42
stations (if) WMay 18, 1987 of Magnitude 5.7 by 14 stations
(iii) February 6, 1988 of Magnitude 58 by 18 stations and
(iv) August 6, 1988 of Magnitude 7.2 by 33 stations. As expected, the
§hiilo"ng region is more active and even in the short span of time, has
‘produced valuable data. :

This paper describes briefly the planning of the two arrays with
réspect to seismo-tectonic set-up in those regions. On an average the
interstation spacing in Kangra array is 15 km, @nd "25 km in Shitloag
array. '
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The events recorded In the arrays have been analysed. Due to
availability of absolute time In the records, the epicenter could be
better located (Ref.4). T he uncertainties in the evaluation of epicenterand
vast difference In their location as reported by different agencies cause
a problem in arriving at attenuation relationship, [t appears that
epicentral information from strong motion data would be more useful
in deriving attenuation relationship.

Statistical analysis were made of the response spectra values
derived from the strong motion accelerograms. The shape of spectra
is unique to this reglon, showing higher amplification in short period
range and lower values at larger periods as compared to some standard
shapes used In design. In the Shillong array where 77 three component
records are now avallable, the acceleration and velocity patterns
indicate strong influence of local geology.

DESCRIPTION OF THE ARRAYS

A. KANGRA ARRAY
Seismo Tectonic Set-up

The tectonic environment of Himalayas is shaped during early
Tertiary times due to the mountain building processes. Among the
various tectonic features, two are of prominence and can be traced
all along the length of Himalayas. These features are essentlally thrust
sheets, The tectonic feature separating Tertiaries from Mesozolc is
the Main Boundary Fault (MBF) and Mesozoic from central crystaliines
is the Main Central Thrust (MCT). Apart from thess two reglonal
tectonic features of prominencs, there are local thrust sheets and tear
fauiting which demonstrate the neo-tectonic activity geing on in the
Himalayas.

The MBF is not a single continuous tectonic feature but occurs in
the from of garlands with pronounced reentrants and is considered to be
related to the extensions of the peninsular shield in the form of ridges
against which the sediments were deposited and subsequently moul-
ded. The formation of these reentrants perhaps have resulted in the
early Tertiary times. The Tertiary belt forms the foothills of Himalayas
having varied width and shows marked influence of peninsular base-
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ment faults. Holocene movements along these basement. lineaments,
probably have given rise to tear faulting transverse to Himalayan trend.

The MBF and other thrust sheets are considered as the potential
tectonic sources for earthquake activity in the region, Evidences of
movements along Satlita thrust in the Beas river section have been repo-
rted and it has been inferred that continuous adjustments along with
the downward extension of this thrust may have been responisible for
the great 1805 Kangra earthquaks. It has also been postulated that Siwa-
lik hills represent the latest orogenic accretion of the Himalayas and .
therefore the outermost thrusts and faults like the Satlita and other fau-
Its may have an active seismic status.

Figure 1 shows the tectonic features and historica!ly/instrument-
ally recorded earthquake of magnitude greater than 4, There are 69 ear~
thquakse recorded during the period 1942-1985, Figure 2 shows the mlic-
ro—earthquake activity recorded by closely spaced network of sens|-
tive seismographs,

The tectonic features and seismic activity clearly indicate a northw-
est-southeast trend. _ ,

Array Pianning

Fifty analog instruments were made available under National Scle-
nce Foundation sponsorhip for this INDO-US collaborative project. The
site selection committee noted that three major rivers. namely, Ravi, Beas
and Sutlej flow through this region and there are major multi-purpose
hydroelectric projects located in the area. In view of the essentlally
thrust regime of the reglon, a two dimensional array was propo-
sed and installed as shown in Figure 3. The array Is trending nerth-
west to southeast having alinear dimension of about 240 km. and is
running paraliel to the regional! strike of the tectonic features. The
width of the array in a directian transverse to the geological features
varies from about 40 to 80 km. In total, an area of about 60 km X240 km
has been covered by this array. The interstation spacing varies between
7 to 21 km. Table 1 gives the locations. '

The region has an undulating topograhhy with hills and valleys. The
elevations of the stations ranges between 470 m. to 2700 m and in one
sense the array is somewhat three dimensional. Some of the sites are-
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remote and generally the area is difficult to access during monsoon and
winter. The Instruments are located at plinth ijeve!l of single-storeyed’
bulldings which are owned by officiai agencies. This ensures
safe upkeep and since the buildings are on rock outcrop there is negli-
gent foundation Interaction and the Instruments could be deemed to be
in free field. ' '

The isoselsmals of the only event recorded after Installation have a
very simllar shape as that of the great Kangra earthquake with a reduced
Intensity. The Kangra region registersa 6event every ten years or s0.The
middle Himalayas in the form of Dhauladhar ridge risees very abruptly
to heights of 4000 m and it is not possible to locate instruments on the
northeast part beyond this ridge. This is not a drawback as the Isosei-
smais indicate a pronounced elliptical shape with a large major axis par-
allel to this ridge.

B. SHILLONG ARRAY ﬂ

Seismo-Tectonic set-up .

This region has been identified by the Honolulu workshop as one
of the six most potential sites of the Northeast India can be broadly
clagsified into four geotectonic units, namely, Arunachal Himalayas,
Lohit Himaiayas, the Patkoi-Naga-Lushai-Arakan Yoma (Indo-Burma)
hill ranges and Shillong plateau-Assam basin. Shifleng massif and its
northeastsrnly projected spur forms the basement on which the alluvium
and unfolded Tertlary formations of Assam basin has been deposited.
It forms a wedge shaped trianguiar crustal block bounded by Arunachai
Himalayas towards northwest, Lohit Himalaya towards northeast, the
Indo-Burma fold belt towards southeast, the Bengal-Burma basins on
the south and Rajmahal-Garo-Sylhat gap towards the west. The con-
tact of these geotsctonic units with the Shillong plateau is marked by
conspicuous thrust and tear faults. Two prominent tectonic features
forming the boundary of Shillong plateau towards west and south are
the Dhubri and Daukl tear faults respectively, the plateau is bounded
towards northwest by Main Boundary Fault, towards northeast by Mis-
hmi and Lohit thrusts, towards southeast by Naga thrust beits and on
the south by Daukl tear fault which merges towards east with
Haflong-Disang thrust Zone. This complex tectonic regime surrounding
Shillong plateau reveai that the area has experienced great compressive -




6 Bulletin of the Indian Soclety of Earthquake Technology 'Maréh 19890

“stresses and reaultlng distortions due to northward and eastward
‘slow- movement of the Indian plate,

One of the largest magnitude earthquake In recent histery occurred
in Shlllong area In 1897. During the period 1825 to 1985, 250 earthquakes
of magnitude above 3.5 rocked the region. The WWSSN seismological
observatory at Shiliong has recorded a very large number of minor and

micro-earthquakes In the region. These Indicate that Shillong Piateau
and Its adjoining regions have high seismic status. The seismic
activity along the Dauki-Haflong fauit zone is comparatively lower and
a selsmic gap has been postulated along this fault zone,

Figure 4 shows the tectonlc features and epicenters of past
earthquake In the region. Earthquake activities for the perlod of 80 years
are shown In Figure 5.

Array Planning

The seismotectonic setup indicates two types of source mechanl-
sms which may have retfation to the seismicity of the region of Shillong
Plateau, These are strike-slip mechanism along Dhubti and Dauki tear
faults and thrust/dip slip mechanism of Haflong-Naga-Lushai-Disang
thrust zones. The tear faults were to be instrumented by comb shaped
arrays and thrust faults by two dimensional arrays.

Fortyfive analog instruments of SMA-1 with TCG card of M/s
Kinemetrics have been instailed in the region as shown in Figure 6. A
‘comb shaped array comprising about 20 instruments has been
designed along Daukj fault between latitudes 250°N and 260°N with
three projected legs. This array merges in the east with a two
dimensional array of 25 instruments in the northeast-southwest trending.
‘Haflong thrust. Table 2 gives the iocation of the Instruments. They are .
housed mostly in single storeyed - bulldings of Govéernment or Semi-
‘Government agendtes The interstation spacing In this array is rather
large’ due to paucity of instruments -and- very difficult site conditions.
The array has been extended slightly south of 250°N latitude as an
earthquake of magnitude 5.7 occurred just before the installation of
the array. : : : -

The interstation spacing is rather large particularly for the comb-
shaped part of the array. More instruments are needed and if it is not
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forthcoming it would be a tough decision to deplete one part of the
existing array to have a proper instrument spacing for: the second  part
of the array as the opinion is divided regarding probability of occurre-
nce of the large event eijther in Shlllong p!ateau or ln the so called
selsmlc gap in Haflong reglon T T .

DATA RETRIEVAL
Traqsfer of Data from Digitizer to a Personal Computer

The analog record is available in the form of 70 mm- wide
photographic film. There are several traces on the film~ three
acceleration traces corresponding to three components (two horizontal.
in mutually perpendicular directions and one 'verti¢al); one time trace -
in-the form of square pulse to define horizontal time base and some
ather reference traces, The nominal scale is 1cm/sec for time and 2
cm/unlt gravity for acceleratlon Thus, If the threshold is set at 1 %g,

the record amplitude is 0.2 mm.

The original 70 mm film is laid on the back lighted top surface. of
the digitizer using an adhesive tape. The digitizer is- CALCOMP 9000
with a resolution of 1000 points per inch. The cross-hair of the cursor
"Is aligned manuaily. and at the push of a button the X-Y cocrdinate is
available as an output. In this semiautomatnc process, the digitization
-of the acceleration trace is done at unequal time intervals by selecting
the-characteristic points of the record ali peeks and inflection . points
along with as many Intermediate points as are needed‘ for an accurate
definition of shape.

The digitized data is acquired by the PC via the RS-232C port with
the use of BITCOM communication software. The oommunicathn
package requires data on the following items :-

- (a) Communication Parameters-baud rate data blts, stop bits.

duplex, etc.
" _{—p) Fiiters.
(c) Delays-inter-character delay, line detay.

_ These settings are quite easy to set with the help of the on-line
" help avallablé with the program. Once successful parameters are

ﬁtemlned for a. .given communication, they are saved in a conflguratlon '
fil> Yor future use.
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HIGHLIGHTS OF DIGITAL SIGNAL PROCESSING

The raw digitized data is to be processed in order to obtain correct-
ed ground acceleration, velocity and displacement data. Subsequently,
from the corrected ground acceleration data response of linear single
degree of freedom viscously damped systems is evaluated which forms
the most important information for earthquake enginesring studies,
Fourler spectra is also evaluated using FFT techniques. For more
detall, reference can be made to Hudson (Ref.5) and Lee and Trlfunac
(Ref..6).

Obtaining Uncorrected Acceleration Data from Raw Dlgitized Data

From the raw digitized data, a base lIne is fitted to make the sum
of the squares of the deviations from the zero line a minimum. Scaling
parameters for the abscissa and ordinates are appropriately intreduced
and the output forms the uncorrected acceleration data. By iinear
‘Interpolation, uncorrected acceieration data are sampled at equal time
Intervals of 0.005 second. ,

Sources of Error in Uncorrected Acceleration Data

To record ground accelerations, the relative response of a viscously
damped single degree of freedom oscillator Is obtained. The character-
istics of the osclllator are chosen so that the recorded response
represents the ground acceleration Inthe frequency range from
zero to about 3/4 of the natural frequency of the oscillator, which is
about 25 cps. The output Is in analog form and it is digitized as descri-
bed above,

4

The exact absclute acceleration of site on which the _instrument
is placed is subjected to two transformation stage of ‘''uncorrected
accelerogram’. The first transformation occurs in the accelerograph

- while the second one is due to digitizing process. The characteristics
of the transform functions both for the oscillator of the accelerograph
and the digitizing process are logically equivalent to a low-pass fliter.
If the low frequency fit and high frequecy f» are know, the uncorrected
data can be corrected to represent the ground acceleration accurately
in the frequency range between f1 and fu.
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HIGHLIGHTS OF DIGITAL SIGNAL PROCESSING

The raw digitized data is to be processed in order to obtain correct-
ed ground acceleration, velocity and displacement data. Subsequently,
from the corrected ground acceleration data response of linear single
degree of freedom viscously damped systems is evaluated which forms
the most important information for earthquake englneering studies,
Fourler spectra is also evaluated using FFT techniques. For more
detall, reference can be made to Hudson (Retf.5) and Lee and Trlfunac
(Ref..6).

Obtaining Uncorrected Acceleration Data from Raw Digitized Data

From the raw digitized daia. a base line is fitted to make the sum
of the squares of the deviations from the zero line a minimum. Scaling
parameters for the abscissa and ordinates are appropriately introduced
and the output forms the uncorrected acceleration data. By linear
interpolation, uncorrected acceleration data are sampled at equal time
intervals of 0.005 secend.

Sources of Error in Uncorrected Acceleration Data

To record ground accelerations, the relative response of a viscously
damped singie degree of freedom oscillator is obtained. The character-
istics of the oscillator are chosen so that the recorded response
represents the ground acceleration inthe frequency range from _
zaro to about 3/4 of the natural frequency of the oscillator, which is
about 25 cps. The output is in analog form and it is digitized as descrl-
bed above,

The exact absolute acceleration of site on which the instrument
is placed is subjected to two transformation stage of “‘uncorrected
accelerogram’’. The first transformation occurs in the accelerograph
while the second one Is due to digitizing process. The characteristics
of the transform functions both for the osciliator of the accelerograph
and the digitizing process are icgically equivalent to a low-pass filter.
If the low frequency f1 and high frequecy fu are know, the uncorrected
data can be corrected to represent the ground acceleration accurately
in the frequency range between fi and fu.
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The main sources of long period errors are:

(a) due to transverse play of the film in the drive mechanism
(b) due warping of the film and

(¢} random errors generated during digitization.

The main sources of high frequency errors are:

(a} modification of response due to amplitude and phase
characteristics of oscillatar

(b} due to Imperfection of the transducer and
(c) inadequate resolution of digitizer.

The steps used in the correction of the data is shown in the block
Dlagrams 1-3.

EFFECT OF FREQUENCY SETTINGS OF DIGITAL FILTER

In the earthquake reports initially put out by CALTECH, the frequ-
ency settings of the ORSMBY filter were 0.05-0.07 Hz and 25.0-27.0 Hz.
It is now known that the waveform of ground displacement as well as
its magnitude is dependent on the method of digitization and filter
settings. Comparative results for different values of low fraquency
settings for one component of the record during the event ot August
6, 1088 ie given in Table 3.

Lee and Trifunac (Ref. 7) have now proposed a dynamic method of
choosing fllter'settings. We had dlgitlzed several straight lines particul-
arly to determine the low frequency settings. We decided that instead

of dynamically evaluating filter settings, we would keep fixed values
(by considering information only upto 5 seconds) so that if ground
displacement values are used for attenuation studies, they belong to
the same filter settings. The values adopted in our study are 0,17-0.20
Hz and 25.0-27.0 Hz.

DATA ANALYSIS
The raw uncorrected data acquired by PC from digitizer is transferr-

ed from PC to a mainframe computer through KERMIT communication
software. All processing is done on the mainframe by special purpose
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TRANSDUCER - CORRECT

INPUT
Uncorrected Accelerogram
Interpolated Equi-spaced Data
at 0.003 seconds x(t)

Extend for Digital Filter
®{~t) = x({t) 5 -T < ¢t < ©Q
X (T+t) = %(T~t) ;3 T < t < 2T

Low Pass ORMSHY FILTER
fw = 20 Hz ;3 fec = 27 Hz

Decimate to obtain
data at 0.02 sec

Differentiate to find
velocity and acceleration using
Different formulae

aQuTPUT
Substitute in Transducer
Equation toc obtain corrected
data

BLOCK DIAGRAM - 1
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BASE-L INE CORRECTION TO GETATH

CORRECTED ACCELERATION DATA

INFUT
Instrument Corrected Accelerogram

Fitting of zero line to-the
accelerogram by RMSFIT,
i.e. to make the sum. of squares
of the deviations from the
zero line a minimum

Lou?pass filter - Egual Weight
Running Mean

Decimate - Save Every
tenth point

Low pass ORMSEY Filter
fm = Q.05 Hz ] fc = 0.07 Hz

'inferpmlate to é.02 sec

. Subtract Low Fass.data
from original data

GUTFUT
Arceleration Data

Corrected

BLOCK. DIAGRAM - 2

"
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CORRECTED VELOCITY AND

DISPLACEMENT DATA

INFUT
Corrected Acceleration
Data

Integrate to get
Velocity data

Fitting of a zero line to
the velocity data by RMSFIT

High Pass Filter to obtain
Corrected Velocity Data

Integrate Acceleration and
Velocity to get Displacement data

Fitting of zero line

. QUTFUT
High FPass filter to obtain
" "Corrected Diesplacement Data

BLOCK DIAGRAM - 3
e !

Lo M e e
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computer programs and processed data transferred back to PC for
plotting on a MP 3100 flatbed plotter connected to the PC.

DESCRIPTION OF THE EVENTS

A. APRIL 28, 1988 Earthquake in Himachal Pradesh

The Magnitude reported by United States Geological Survey (USGS)
is 5.5 and by IMD is 5.7. Fig. 7 shows the location of postulated epicen-
ters in which the maximun value of resultant peak acceleration of horlz-
ontal components at the various stations are also shown. E1 is the
first estimate put out by India Meteorological Department (IMD); E2 that
of USGS; E3from Array records and E4 modified estimate: by IMD
- taking array data in addition to that from selsmograph stations. All the
stations are on reasonably flrm ground condition. From distribution of
acceleration at the stations that recorded -this earthquake It appears
that E3 or E4 couid be the likely epicenter. if attenuation relationship
are worked out from epicenter. E1 or E2, it would be a poor fit of the
recorded value,

Table 4 gives the peak value of acceleration, velocity and displace-
ment at the various stations. The maximum duration of the record [s 20
seconds and the maximum values of acceleration, velocity and displace-
ment are 2432 mm/sec?, 147.80 mm/sec, 24,79 mm In horizontal direction
and 809 mm/sec?, 28.04 mm/sec, 7.53 mm in vertical direction (Ref.8),

Fig. 8 shows the mean shape.of normalized spectra for 5%, damping
for the 18 horizontal components and 9 vertical componaents. For compa-
rison, the shape of spectra as recommended by BLUME-USNRC (Ref.9)
as well as that given [n I(ndian Standards [S: 1893 (Ref.10) are also
shown, In the Fig., the notation M-H Indicates mean of horizonal comp-
onents, M-V that of vertical components, M-B that of Blume. Spectra
and ISC that of IS Code. It can be seen that in the short period range
from 0.04 to 0.25 sec, the values are larger than USNRC and at long
periods, the values are considerably lower. The varticai component s
smaller than horizontal component beyond period of 0.9 sec. The IS
Code values are larger than even USNRC beyond 0.4 sec period. The
IS Code shape needs a revision in the long period rang, :
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B. SEPTEMBER 10, 1986 Earthquake In Meghalaya

USGS reported a Magnitude of 5.2 for this earthquake and IMD a
value of 5.7, Location of postulated epicenters and maximum value of
resultant peak acceleration of horizonta! components at the various
stations are shown in Fig. 9. IMD estimate of epicenter for this
earthquake is shown as F 1 i E2 that of USGS; E3 from Array records.
Stations Nongkhiaw, Nongstoin, Pynursia and Khliehriat are on reasona-
bly firm ground condition and rest of the eight stations are located either
on soll or soft sedimentary rocks. From acceleration pattern it appears
that E3 could be the tikely epicenter. . :

The derived values of peak acceleration, velocity and dispiacement
at the various stations given in Table 5, The maximum duration of the
record is 29 seconds and the maximum values of acceleration, velocity
and displacement are 1359 mm/sec?, 58.73 mm/sec, 9,32 mm in
horizontal direction and 607 mm/sec?, 20.06 mm/sec, 6.83 mm in
vertical direction (Ref, 11). :

Fig. 10 depicts the mean shape of normalized spectra for 5%
damping for the 24 horizontal components and 12 vertical components.
The shape of spectra as recommended by BLUME are also shown, #
can be seen that in the short period range from 0.04 to 0.24, the values
are larger than USNRC and at long periods, the values are considerably
lower. The verticai component is larger than horizontal component
beyond period range of 0.5 sec.

C. MAY 18, 1987 Earthquake in N.E. INDIA

Magnitude of this earthquake of May 18, 1987 is 5.7 as reported by
USGS. The maximum value of resultant peak acceleration of horizontal
components at the. various stations, which recorded this earthquake
and location of postulated epicenter is shown in Fig. 11. IMD gave E1
as the epicenter estimated using data from seismological observatories;
E2 that of USGS; E3 from Array records. Stations are located either on
soil or soft sedimentary rocks. From acceleration recorded at varioys
stations with trend of decrease in acceleration away from epicenter,
E3 could be likely epicenter.

Table 6 gives the peak value of acceleration, velocity and

displacement at the various stations. The maximum duration of the
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record is 42 seconds and the maximum values of acceleration,
velocity and displacement are 843.3 mm/sec?, 38.07 mm/sec, 11.54 mm
In_horizontal direction and 353.00 mm/spc’, 19.24 mm/sec, 7.47'mm in
vertical direction (Ref, 12).

Figure 12 shows the mean shape of normalized spectra for the 28
horizontal components and 14 vertical components. For comparison,
the shape of spectra as recommended by BLUME are aiso shown. It
can be seen that in the short period range from 0.04 to 0.30 sec, the
values are larger than USNRC and at long periods, the values are lower.,
The vertical component shows almost same trend as hotizontal
Component and beyond 0.8 sec, period range it is larger.than horizontali,

| D. FEBRUARY 4, 1988 Earthquake in N.E, INDIA

The Magnitude reported by USGS Is 58. Flg. 13 shows the
location of postulated epicenters in which the maximum value of
resultant peak acceleration of horizontal 'componants at the various
stations are aiso shown, E1 In the first estimate put out by IMD; E2 that
of USGS; E3 from Array records. Stations Nongkhiaw. Mawphiang,
Pynursla and Khliehriat are on reasonably firm ground condition and
rest of the fourteen stations are either on soil or soft sedimentary
rocks. It appears that E3 could be the likely epicenter from the
distribution of acceleration, '

Table 7 gives the peak .value of acceleration, velocity and
displacement at the various stations. The maximum duration of the
record is 45 seconds and the maximum values of acceleration, velocity
and displacement are 1121 mm/sec?, 52.63 mm/sec, 11.41 mm in
horizontal direction and 1008 mm/sec?, 35.10 mm/sec, 11.23 mm in
vertical direction (Ref. 13),

-~ ‘Fig; 14 shows the mean shape of normalized spectra for the 36
horzontal components and 18 vertical components, For comparison,
the shape of spectra as recommended by BLUME are also shown. J
can be seen that in the short period range from 0.04 to 0.25 sec, the
values are larger than USNRC-and at long periods, the values are
lower. The vertical component shows same trend as horizontal
component, but beyond 0.45 sec period it is larger than horizontal
component. ‘
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E. AUGUST 6, 1988 Earthquake in N.E. INDIA

This earthquake of August 6, 1988 was considerably strong and a
vast area had been shaken. The Magnitude of this earthquake
estimated by USGS Is 7.2. Fig. 15 shows the location of postulated
eplcenters in which the maximum value of resultant peak acceleration
of horizontal components at the various stations are also shown. Fig. 16
shows the resultant peak horizontal velocity from these records. IMD
suggested the epicenter at E1; E2 that of USGS; E3 from Array records.
Stations Nongstoin, Nongkhlaw, Mawkyrwat, Mawphlang, Mawsynram,
Cherrapunji, Pynursia and Khliehriat are on reasonably firm ground
~ condition and rest of the 26 stations are located either on soll or soft

sedimentary rocks. The acceleratlon at varlous stations Iindicate a non-
uniform distribution, 1t seems, that some of these high accelerations
may be also due to local geslogical effect. Further, the ratlo of
acceleration to veloclty at varlous statlons as given in Fig. 17 exhibits
random pattern. it needs adequate data supplementation from other
local selsmograph stations in India and Burma for a better location of
eplcenter. Moreover, having data only from one side, radial effect on
eplcenter estimation could not be achieved. It appears E3 may be a
better estimate of the epicenter. - ' '

The estimated peak value of acceleration, velocity and disp
lacement at the various station is given in Tabie 1. The maximum dura-
tion of the record is 120 seconds and the maximum values of acceler-
tion, velocity and displacement are 3371 mm/sec2, 228.19 mm,sec 36.30
mm in aorizontal direction and 1765 mm/sec2, 90.26 mm/sec, 13.18 mm
in vertical direction (Ref. 14).

Mean shaps of normalized mean spectra for the 66 horizontal com-
ponents and 33 vertical components are depicted in Fig. 18, 19 and 20
Spectra have also been calculated considering such data with hori-
zonta! motion only above 0.05g and 0.10g and vertical motion above
0.025g and 0.05g These case are denoted as H:0.025, V:0.05 and
H:0.05, V:0.10. The shape of spectra as recommended by BLUME are
also shown. It ¢an be seen that the values are larger than USNRC in
0,04 to 0.3 sec period range. The values for vertical component in
case of Mean Spectra becomes larger than that of Blume beyond
period 0.75 sec., but horizontal componenf first shows larger value than
Blume in 0.6 to 1.25 sec range then comes smaller. But, In case of
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of Mean Spectra (H:0.05, V:0.025), the horizontal component shows
almost same trend as Blume except in 0.7 to 1.2 sec petlod range, where
the horizontal component has higher value. Blume values are consi-
derably larger in case of Mean Spectra (H:0.10, V:0.05) in longer per-
iod range, and vertical and horizontal compoent show same values
beyond 1.1 sec period range. It appears that smaller intensity accelero-
grams influence the shape in the long period range.

DISCUSSIONS AND CONCLUSIONS

The Shillong array has already recorded four strong events within
three years of its installation. For 2 comparable event, the felt area
Is larger in case of Shillong as compared to Kangra region as can be
seen form the events of the April 26, 1986 in N. W. India and May 18
1987, Fed. 6, 1988 in N, E. india. The duration of record is also larger in
N. E. India. The attenuation appears to be more rapid in the Kangra
region. Absolute time recording of the strong motion array helps in
better estimation of epicenter when this data is used in conjunction
with seismograph data. The epicenter is also better located if the
event is recorded within the array whereas with events located outside
the array radial effect on hypocenter calculation could not be obtained,.
The location is influened to great extent by uniazimuthal properties
jeading to undesirably high residuals to body waves.

The acceleration pattern indicates that in some local pockets there
is a larger magnification, probably due to local soil effect. This Is parti-
cularly seen at Saitsama station which recorded all the four events of

N. E. India.

The velocity pattern also shows the same trend of decreasing value
away from epicenter but the ratio of maximum peak resultant accelera-
tion to velocity shows a random pattern. This needs further investigat-

ion,

The range of acceleration in the Sept. 10, 1986; May 18, 1987; Feh. 6
1988; August 6, 1988 acceleroagrams recorded during the four events in
N. E. India is 83 to 3371 mm/sec2 in horizontal direction and 94 to 1765
mm/sec? in vertical direction. Fig. 21 shows the mean shape of spec-
tra normalized to peak ground acceleration of unit gravity for these four
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events. In order to find out whether small intensity motions affect the
shape of spectra, records below 0.05g in horizontal directlon and 0.025¢
In vertical direction were not considered in obtainig another shape of
spectra. This case Is denoted as (H=0.05, V=0.025). Fig. 22 shows
the mean shape of spectra for this case. In case of Mean Spectra the
horizontal component shows higher values than Blume in period
range of 0.04 to 0.3 sec and then it has considerbly lower trend, whereas
the vertical component has higher value In 0.04 to 0.2 sec period range
~ but it shows higher trend than horizontal component beyond 0.7 sec
period and becomes almost equal to that of Blume. The same trend
is also given by the Mean Spedtra (H:0.05, V:0.025), but in this case the
vertical component has higher value than horizontal component beyond
I sec period but with lower values than Blume. It can be concluded
that there Is more ciarity in shape of speetra when smaller intensity
motlons are not taken into account.

The shape of spectra clearly points out that the standard shape
of spectra like USNRC underestimate in the shorf perlod range
(0.04 sec to 0.25 sec) and overestimates beyond 0.3 sec. The long
period structures like earth and rockfill dams and long bridges would
get a relief in design, if the shape of spectra as obtalned from these
actual events are used rather than on basing the design on shapes
mostiy derived from Callfornian data.
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