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ABSTRACT

In the very early hours of October 20, 18891 a moderately
strong earthqueke of magnitude about Mb 8.5 occurred in Uttarkashi
region of U.P. Himalayas. Thirteen strong motion accelerographs
have been triggered by this event. Peak values of acceleration,
velocity and displacement as well as response and Fourier spectra
ware evaluated. Maximum acceleration recorded in a horilzeontal
component was 3040 mm/a®s and in vertical directlon was 2888
m/8%s.  Attenuation of observed wacceleration s reasonably
predicted by McGuire’'s relationshlp (McGuire, 1978). The
normalized shape of spectra indicates higher velues in the short
pericd range as compared to USNRC spectra .(WASH-1254, 1873). The
mean value of characteristic frequency 1s 5.26 Hz in horizontal
direction and 6.84 Hz in vertical direction.

INTRODUCTION

The Uttarkashi region in the State of Uttar Pradesh, India is
in an active seismic zone and has been identified to be on the
border of Zones IV and V (the most severe being Zone V) by the
Bureau of Indian Standards (1S:1853-1984, 1988). Under a high
priority research area of the Department of Science and
Technology, Government of India, the research scheme entitled
“Strong Motion Array" 1s under installation in the region by the
Department of Earthquake Engineering, Unlversity of Roorkee,
Roorkee. As of October 1891, 28 out of a planned 40 station array
had been installed. Each station consists of a three component
strong motion analog accelerograph, SMA-1 manufactured by M/S
Kinemetrics, U.S.A. The location of these stations (only first
four letters of the nawe of places are used) 1s shown in Figure 1,

At 02:53 hrs. (IST) on October 20, 1981 a moderately strong
earthquake of body wave megnitude of about 6.5 (PDE, 1891)
occurred in Uttarkashi region of U.P. Himalayas. The parameters
as reported by United States Geological Survey (PDE, 1991) mre as
follows:

Origin Time: 21 hr 23 min 15.5 sec (GMT)
Latitide: 30.738 N Longitude : 78.792 E
Focal Depth : 19 knm

‘MbmE. 5 and MezaT,1

This earthquake caised a lot of damage to poorly constructed
buiidings in the epicentral region. About 2000 pecple lost their
llves.

All the 28 stations ‘were imspected after the event and 13
stations were found to have recorded the event. These 13 statlons
are Almora, Barkot, Bhatwarl, Ghansiall, Karnprayeag, Kosani,
Koteshwer, Koti, Purola, Rudreprayag, Srinagar, Tehri and
Uttarkashl (figure 1). Table 1 gives duration and peak value of
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accelerations recorded at the stations. At 13 other stations, the
instruments were found to be functional but they did not trigger
due to acceleration level of ground motion being lower than
triggering threshold level of the instrument at those sites, say,

less than one percent of gravity, At two statlions, the power
supply had malfunctioned.

The records have been duly processed using standard
procedures (Lee and Trifunac, 1978; Chandrasekar and Das, 1890a).

This paper gives the peak value of ground acceleration,
velocity and .displacement for the three component of motion at
each statlon (Table 2). The peak values of resultant of the two
horizontal components were evaluated and it is seen that the two
orthogonal components generally have a low correlation (Table 4).
The attenuation of peek values of acceleration for hotrizontml and
vertical component with respect to distance from the epicenter has
been plotted (figures 4 and §). The root mean square acceleration
and predominant frequency (Kennedy and Short, 1985) has been
worked out for each component of acceleration record.

Response Spectrea and Fourler Spectra have been worked out for
each record. Mean and standard deviation for normsalized shape of
spectra have been obtained (Table §). The records were noraslized
with respect to a peak ground acceleration of unit gravity. The
shape (figures 8a,b end Sa,b) clearly indlcates a concentration
of energy !n short period range which 1s also reflected in the
type of damage to heavy unreinforced structures. There ia a rapid
attenuation at long perlods which indicate that high rockfill
dans would be relatively safer in such earthquake.

The process of digitizing analog accelerogrgns would elip
some high frequency peaks. In cne case, closest to the epicenter,
one of the peaks of the vertical component of corrected
acceleration record was arbltrarily raised from pesk value of
2888 ma/s%s to a value of 3JB00 mav/s®s and the resultant spsctra
compared with that of original record. The spectra shows very
little difference. For engineering purposes, therefors, it may be

concluded that a stray large peak in a record i1s of no
consequence.

The analysis of the records indicate a rapld attenuation of
(1) acceleration with respect to distance and (1i) response
spectra with respect to period in the long period range.

The information obtained would be very valuable for design of
engineering structures in thls gegment of Himalayan region.

ANALYSIS OF PEAK VALUES

The filter settings of the ORMSBY filter used in this study
are 0.17-0.20 Hz and 25.0-27.0 Hz (Chandrasekaran and Das,
1589,1990a). There are several procedures of strong motion data
processing and all of them would give nearly the same corrected
acceleration wvalues. The derived velocity could be somewhat
different marginally but the derived displacemsnt could vary
considerably.
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Table 2 gives a listing of peek values of acceleration,
velocity and displacement at the thirteen stations. The lergest
motion in a horizontal component was at Uttarkashi and In a
vertical component at Bhatwari. The acceleration and velocity
values at various stations are plotted in figure 2.

Figurés 3a to 3d show the corrected accelerograms at
Bhatwari, Uttarkashi, Ghansiall and Barkot. At these stations,
the horizontal motion had exceeded 10% gravity.

Table 3 glves the peak values of acceleration in the two
horizontal components of earthquake -motion and the resultant
values of peak acceleration obtained by vector addition. It is
seen that the resultant peak is not very much higher than that of
the lapger of the two horizontal components indicating generally a
low correlation. This 1s also confirmed by the perusal of the
correlation coefficient (Bendat and Piersol, 1971) obtalned for
the ‘two horizontal components at all the stations as glven in
Table 4.

Flgures 4 and 5 show the attenuation of peak acceleration (in
cagse of horlzontal component- the larger of the two) with respect
to distance of the stations from epicenter (Eplcenter postulated
by USGS). For comperison, McGuire's attenuation relationship
(McGuire, 1978), (.hich is one of -the popularly used empirical
formula) has also been plotted. It is seen that McGuire's
relationship is a reasonable fit in most of the range.
Incidentally, the April 26, 1988 event in the Kangra region
(Chandragsekaran, 1866) also showed a similar attenuation

relationship with respect to distance (Das and Chandrasekaran,
1990)

ROOT MEAN SQUARE ACCELERATION (RMS)

It is now well reallzed that stray peak of acceleration is
not an index of the damaging potential of an mccelerogram. More
often, in design, effective peak acceleration 1is wused in
conjunction with a normalized shape of spectra. RMS acceleration
has been proposed as a measure of effective peak acceleration
(Kennedy and Short, 1985) and is defined as follows:

Let E{t) denote the cunulntlve energy per unit mass at time t
of the record where E(t) =f (t) dt. TV denotes effective
duration and is equal to time "taken between Ersxe and E>»>e and
maximum value E. 1s measured at 0.95 of total duration of record.

Then

s "V T
The BMS values for the accelerograms, recorded during this

earthquake, are shown in Figures Ba and b in the form of a ratlo
to-the peak value of accelerations.

The mean value of the ratio of RMS te maximum peak
acceleration is 0.331 for horizontal component and 0.325 for
vertical component.

37
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CHARACTERISTIC MEAN FREQUENCY

Sometimes, nurber of zero crossings Iin an arbitrarily
selected time window of acceleration record has been used as a
measure of characteristic frequency. A better definition has been
proposed in (Kennedy and Short, 1985) and it 1s as follows.

The mean frequency is square root of ratio of second anvd zerco
Mymeme, @ & V'{Z% }o. witére Ki. ' deri{ned (M Cdrms o Fowsr

Spectral Density function G(f)

o

A= ! cr).ar

o
The value of charactéristic frequency is shown in Figures Ta
and b. ’

The mean value of this characteristic frequency is 5.26 Hz
for horlzontal components and 6.84 Hz for vertical component.
RESPONSE SPECTRA

Response spectra derived from these accelercgrems 1is of
utmost engineering interest. Response Spectrum valuss for varlious

‘periods. and damping have been evaluated for all the 39

accelerograms.

This data has been statistically analyzed te obtaln mean and
mean+sigma shape of spectra by normalizing the values
corresponding to zero period acceleration of unit gravity.

Flgures 8a and b show plot of mean and mean+sigme normalized
shape of spectra for horizontal and vertical components. In order
to eliminate any bias of records where the peak accelerations are
small, the shape of spectra has also been obtained by eliminating
horizontal components having peak acceleration beslow 0.04g and
vertical components below 0.02g (Figures @a and b). Table 5 gives
mean and mean+sigma values of spectrs. in the present set of
records, the shape has not been affected by this blas, mus only
five out of 28 in horizontal and three out of 13 in vertical
direction had low .values of acceleration.. From the shape of
spectra it could be seen that energy is concentrated in the low
period range and the shape attenuates rapidly with increase In
period. Further, comparing with the standard shape of spectra
proposed by USNRC {WASH-1254, 1973), 1t is seen that the values
are higher in the short perliod range and considerably lower in the
long period range. Further, USNRC spectra is not that conservative
in short perlod range for this tectonlc setup.

FOURIER SPECTRA

Fourier Spectra gives an idea of the energy assoclated in
various frequencies that are contained in the waveform of ground
motion.” The Fourier velocity components HNeve also been
normalized with respect to peak ground acceleration of unit
gravity and mean and- mean+sigma values obtalned for all the
records and are shown 1n Figure 10.

e
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Shinozuka et al., 1984 had . propesed Power Spectral Density
(?D) function compatible with USNRC Spectra. The PSD is given by

. 2
1+4 p;ﬁ.r/ug}

So(w) = SO

2
_ 2 2 2
[! (w/wg) ] + 4 38 (u/us)

with So-- 7096.76 cnzfséca "8‘ = 10.66 rad/sec and 38 = 0,9793

PSD function can be converted into Fourier amplitudes by
assuming an effective time duration .of ground motion of 20
seconds. This Fourier spectra (Shinczuka) is alsc plotted 1n
Flgurée 10. It could be noted that the Shinozuka spectra lies
between mean and meant+sigma Fourler spectra in low frequency. range
upto 2.5 Hz and beyond 13 Hz it is above mean+sigma spectra.
Since, the de,grler amplitudes are anywey smaller beyond 13 Hz it
could be seen<that the proposed PSD function of Shinozuka is not
that conservatfve when compered with the data for this event.

EI‘FECTOFSTHAYI!IGHPEAKIHANMM

Motion near eplcenter, particularly the vertical component
has energy concentrated in high frequency range. The current
practice of digital signal processing of an analog signal uses
data samples at equal interval of time. In such process, there 1s
& possibility of a peak occurring between the sampled data. - This
is so in the case of vertical component of the acceleration record
at Bhatwari. The peak of the corrected acceleration data (by the
data processing technique adopted) was 2888 mm/s*s. A visual
inspection of the record with approximate scaling may indicate a
peak of 3800 ma/gts,

In order to check whether a stray large peak has any
influence on the response spectra,’ the peak acceleration value was
arbitrarily reised from 2888 cw’s®s to 3600 cw/s*s. Flgure 11
shows =a comperison of response spectra corresponding to 5%
damplng. It is seen that the two spectra are nearly ldentical,
Thug, stray large peak has no engineering significance,

CONCLUSIONS

Strong motlon data hes been obtained for the first time from
U.P. Himalayas. The vertical component recorded was strongest so
far from any region in Himalayas. The pattern of attenuation of
ground motion and normalized shape of response spectra is quite
similar to that observed in Kangra region. However, these
characteristics are quite different from that of Northeast Indias
(Chandrasekaran and Das, 1888, 19904, 1990b). "

This data would be very useful for design of engineering
structures In this region.
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TABLE 1
DURATION AND PEAK VALUE OF HORIZONTAL
COMPONENT OF ACCELERATION AT STATIONS

e

STATIONS DURATION EFFECTIVE MAX . PEAK TIME OF OCCURRENCE

OF RECORDS DURATION ACC IN @ OF PEAK FROM START
IN SEC To IN SEC IN SEC.

ALMORA 21.5 11.64 0.021 1.62

BARKOT 32.0 8.08 0.093 6.06

BHATWARI 42.0 8.34 0.289 4.76

GHANSIALI 42.5 10.82 ¢.11% 6.40

KARNPRAYAG 22.4 4.78 0.077 3.06

KOSANI 13.5 10.40 0.032 11.80

KOTESHWAR 34.0 4.32 0.099 7.80

KOTI 16.0 2.24 0.041 0.22

PUROLA 36.0 9.06 0.9092 5.67

RUDRAPRAYAG 39.8 8.86 0.052 10.20

SRINAGAR 41.3 10.90 0.06% 9.70

TEHRI 32.2 6.22 0.071. 8.28

UTTARKASHI 42.0 9.60 0.304 5.90

TADLE 2
SUMMARY OF STRONG MOTION DATA
UTTARKASHI EARTHOUAKE OCTOBER 20, 1991 UTTAR PRADESH, INDIA

S. LOCATION COMPONENT DERIVED DERIVED DERIVED
NO. MAX IMUM MAX IMUM MAK IMLM
PEAK PEAK PEAK
GROUND GROUND GROUND
ACCELE- VELOCITY DIsSP-~
RATION (MM/SEC) LACEMENT
IN O/ (MM )
SEC/SEC
1 2 3 4 -1 6
1. ALMORA L=N 53 W 17.41 13.32 3.42
V=VERT 18.44 15.48 3.98
T=N 37 E 21.02 12.62 4.50
2. BARKOT L-N 10 E 93.18 57 .87 10.93
V=VERT 43.6% 27 .53 5.62
T=N B0 W 80.47 44 .84 6.98
3. BHATHWARI L-N 85 E 248.37 178.73 37.54
V=VERT 288.78 133.6%9 23.83
T=N 0B W 241 .89 297.78 53.23
4. GHANSIALI L-N 00 E 115.59 80.44 13.57
V=VERT 99.23 95 .94 2%.90
T~N 90 E 114.89 78.21 13.37
5. KARNPRAYAG Le ===== 690.99 36.90 5.90
‘ V=VERT 25.96 14.98 2.17
Te ==e=- 77 .35 37.30 4.02
6. KOSANI L=N 25 W 28.34 18.82 3.77
V=VERT 11.04 9.17 2.41
T=N 65 E 31.50 15.55 2.86
7. KOTESHWAR L-N 30 W 98.8% 51.95 11.14
V-VERT 74.34 a5.2% 20.47
T=N 60 E 65.23 39.27 6.78
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Table 2 contd...

1 2 3 4 5 6
8. KOTI L-N 10 E 20.64 23.43 4.27
V-VERT 14.26 17.65 5.05
T-N 80 W 40.95 28.690 3.40
9. PUROLA L-N &5 W 73.95 48.13 B.44
V=YERT 5% .74 25.57 4,49
T-N 25 E 91 .68 45 .91 9.22
10. RUDRAPRAYAG L- ===-- 52.29 20.70 7.85%
V=VERT 44.13 17.92 3.83
Te ———ea 50.76 27 .96 4.01
11. SRINAGAR Lo =mme= 65 .44 19.45 5.86
V~VERT 33.09 35.25 7.62
T mmmma= 49.4% 20.20 5.07
12. TEMRI L-N 63 W Ti.41 42.1% 8.17
V-VERT 57.82 88.41 23.68
T=N 27 E 61.13 92.30 19.84
13. UTTARKASHI L-N 15 W 237.27 169.56 21.15
V-VERT 192.82 141.56 22.98
T-N 75 £ 303.99 194.68 19.85
TADLE 3
RESULTANT PEAX GROUND ACCELERATION OF TWO
‘HORIZONTAL COMPONENTS RECORDED AT STATIONS
STATIONS COMPONENT COMPONENT RESULTANT
LONGI TUDE TRANSVERSE (cm/s*s)
{Ccm/s%"s ) {(ca/ghs)
ALMORA 17.40 21.01 22.27
BARKOT 93.18 80.47 103.88
BHATWARI 248.40 241.80 271 .63
GHANSIAL1I 11%.60 114,90 141 .98
KARNPRAYAG 60.98 77 .34 84.74
KOSANI 28.33 31.49 31.58
KO TESHWAR 98.84 65.23 99.08
KOTIX 20.64 40.94 41.09
PUROLA 73.94 91.68 96.13
RUDRAPRAYAG 82.29 50.76 65,27
SRINAGAR 65,44 49 .44 65.77
TEHR] 71 .41 61.12 73.63
UTTARKASH] 237.20 304.00 313.09

IABLE ¢
CORRELATION COEFFICIENT BETWEEN THE TWO HORIZONTAL COMPONENTS

STATION CORRELATION STATION CORRELATION

COEFF ICIENT COEFF ICIENT
ALMORA 0.132002 KOTI1 0.04%5154
BARKOT 0.154385 PURQLA, 0.389840
BHATWARI 0.360287 RUDRAPRAYAG 0.232426
GHANSIALI 0.036798 SRINAGAR 0.164316
KARNPRAYAG 0.340744 TEHRI 0.125726
KOSANI 0.024766 UTTARKASHI 0.060516
KOTESHWAR

0.119300




44 Builetin of the Indian Society of Earthquake Technolgy, March 1992,

TABLE-S
NEAN AND HEAMeSEGHMA VALUES OF MORMALIZED SPECTRA USING 13 STATIONS DATA

Perlod MasntH) Mesn+  Naan(¥) Hean+  Mean{H) Haan+  Maani¥) Namn+
SignatH) Sigmai¥} Sigmalk} Sigmal¥)
All  Records A1 Records cut off g=d. 8¢ cut off ge.02g

1 ¢ 3 4 % é 7 ] 9
LM Ly 1% 1,15 1,314 1419 1an .14 1IN
42 LMY 1.1 1139 1.2 1.8 1N 1429 w21
M4 1S 1463 1449 1,308 1.8 1.4 1142 1.8
e 1.0 1166 $.491 1,362 1609 1.181 1.199 1.3%
LME L 1A% .29 1.4 1.998 1.19 1.5 1.475
0.050  i.114  1.233 1.2% 1.4 26 1,255 1.284 1.5
oss 1473 1,320 .47 NS 149 1.3 1427 .81

o.M 1.2 LW 1,402 1.069 1M 141 5 1.9
0.M5 1.203 1.53% 1.7 2.2% 1.1 1,508 1.5 2.7
LT L3N 176 1,861 2.83% .43 1.0 2.M2 214
e 147 199 .21 2. 1.5 .. 2.293 2.9
.90 142 2.3 2.9 3.4% 1.669 2.523 251 3.403
0.505 1.733 2.660 2.2 .67 0033 2.4 251 3405
e 1M 2.793 2.9 m LY 2.9% 2527 3.368
0095 1912 2.7M% 2. 3.9 2,03 2.882 2.6 3.5
s 1.9 2R 2.443  3.307 . .8% 2.6 3.461%
e 2.3 3313 251 4 2.%3 3190 26490 1.6
120 238 3.9 2.532 14 249 2493 3617
.18 2483 140 2.43 3403 2478 3.642 2.607  3.368
.14 2313 M1 2.9 2.883 2,55 2.472 2.3%8 3.m7
.45 2.4 3500 2.21% 2.01 2,600 3.688 3% L4
0.460  2.611 1.4W .46 2.0 2,55 3.In .44 3,939
178 273 31481 2187 2.19% 2468 3154 .84 2999
0.180 2,686 3.T14 228 LM 2.643 361 2.5 3w
L1 263 .84 233 3.3 2,507 3.602 2.313 .4
.20 265 159 2.3 1. LR R .32 1.2
.20 245 34U 2.4 2. 2,58 3.442 2.166 2.M
L2 2.1 14w 2,182 2.98 215 3. m .M
0260 249 1. 193¢ 2.48 2,43 3.664 100t 2.7H4
.20 2.47 3.%7% 1.7 2. 2.6 3.6N 1,600 2.24
AW 2.5 3.4%2 1.6% 2.0 2.523 385 1540 2,12
5,326 2.4 350 1.1 2.413 2.3% 1.5k 1.59 1.9%
M 2.4 M L7763  2.47% .37 1m .43 108
.30 2.242 3487 t.682 2.3 .M 3% 1.97 1.8
.30 Z.HF 3.0 1.88 2w 2.3 3.7 1.6 1.613
o400 1.1 2795 1.39%  1.842 1.7 2.762 t2 1.5
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Table & contd...
1 2 3 4 ] 6 7 B )
Le2d 1,012 2.49 .33 113 1.815 2.408 .19 1.511
LHY 5T 2.2 1.9 1,664 LIS 2. 1.217 1.6
i 1 2.M .28 1.5% 1.62 .09 .16t 1.5
L0 1% i 1.1 1.4 1.5 1.9% 1420 1.9
(B B B, 1.1 1423 1.46% t1.833 LHE 1Y
LS 13 . A4 1454 £.39  1.822 1.1 1.443
et 1 m 1.93 1.4 13 2.0 1.M6 1435
.68 L1B3 1.9 .06 1.4M .48 1.9 1025 1,458
LT LHE 158 1.3 1.441 1.7 1610 LT .M
(N B R T .M 1,483 0L937 L3 L9 1.
£ 0O 412 1.08¢ 1,640 .0 1.3 1.0 1.388
LB LM L. .40 LA Lo 1.3 £ 1%
LY LM L 87 1.7 505 1.4% LN 14
£ 1A .44 .99 1.5 A6 t.3W7 0914t
1.0 0763 1318 5% 1.5 L2 1,383 .9 1517
LI s 1.19 (R W LMY 1.7 LS 1.5
1.8 L 1M 00T 1.5010 L6 1.4 L7 1.8
13 w52 9n w2 1. L5518 0813 .41
140 L4713 A7 1% 1.29% L L2 LMt
150 L L LY 1. 40 LT L6383 1.1
1400 0355 45 01.592 . .38 i 631 1.0
LR B R .56 095 5321 0% LA 1M
100 LM L5 LI LI .29 LY LY7 LY
1.9 L33 L .43 LM LMY b472 LM .75
2 128 L9 .42 .65 229 140 L3 el
&M L2 1315 0,38 LY LAY 32 1318 1408
240 uin L% 1.205 2415 1,157 .29 LN 1.3%
240 0453 020 L4 0.3% LN 19 .28 M3
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