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APPLICATION OF STRONG MOTION DATA FOR EPICENTRAL
DETERMINATION OF EARTHQUAKES

by Dr. H. N. Srivastava,* Director (Seismology),
India Meteorological Department, New Delhi.

SUMMARY

Epicentral parameters of a few earthquakes have been examined
which were based onthe P and S wave arrival time -data obtained
recently through the Strong Motion Instruments. it is inferred that P
and § wave arrival times from these instruments provide valuable
additional data for epicentral determination either independently or In
combination with that from seismographs and may be included by the
International Seismelogical Centre, U. K. whan available.

1. INTRODUCTION

Strong motion instruments are being installed primarily for genera-
ting acceleration data for engineering applications. Of late, the addition
of accurate timing system through an internal time coda generator has
increased the utility of data manifold even for seismological research.
In particular, deployment of strong motion arrays has shown that useful
data can be obtained in a reasonably short time frame and better studies
pertaining to source dynamics in.the near fieid region can be made.
Another application pertains to the epicentral determination of earth-
quakes since the arrival times of P and S waves from several nearby
statlons may be available.

The object of this paper is to examine the extent to which the data
from the accelerographs in combination with that from the seismo-
graphs or Independently can be useful for epicentral determination of
earthquakes,

2, STRONG MOTION NETWORKS

Strong motion instruments are triggered only when the threshold
value set at the site is exceeded otherwise they remain In operative.

it is estimated that more than 6000 accelerographs are deployed
worldwide. Current strong motion instrumentation is of two types,
analog film recording and direct digital recording. Analog recorders,
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are generally used for applications in isolated or remote networks where
the anticipated data yield is low and a stable supply of electric power Is
not readily avallable. Such instruments may, however, some time miss
the first arrival. Digital recorders {solid state core memory or cassette)
are now being used In arrays due to greater accuracy (accurate timing),
high resolution and dynamlc range, iog noise, retentlon of pre-event
information and ease of access to computers for analysis (eliminating
humerous sources of nolse). However, the number of instruments with

the timing system is relatively small, Deployment of arrays in seismically

active regions has been accelerated after the International Workshop on
Strong Motion Instrument Arrays held in Honolulu in May 1978, As per
recommendation at this Workshop, earthquake prone countries indivi-
dually and coliectively make a concentrated effort to establish a compre-

hensive world wide system of specialised strong motion earthquake

instrument arrays capable of resolving the nature of the earthquake
instrument arrays capable of resolving the nature of the earthquake
source mechanism, wave propagation and local site effects, With
these objectives, a few such strong motion arrays have been installed
and valuable data is being obtained.

2. Strong motion arrays in Taiwan

Since September 1880, large broad band digital array of strong
motion accelerographs called SMART-1 has been operating in & highly
seismic reglon of Taiwan under a joint programme between the
Universify of Californla, Berkely and Academic Service, Taiwan, (Flg. 1)
The array Is a two dimensional surface array and consists of a Contral
Element and three concentric circles each with 12 accelerographs
having a common time base and radius of 200 metres, 1km and 2 km
respectively. The -accelerogrphs contain 3 component force balance
accelerometers {SA-3000) connected to a Sprengnether DR 100 recorder
with a sampling rate of 100 per channel, (Bolt et al, 1182, Bolit, 1987).
The array eas been triggered by several earthquakes and the largest
earthquake (Mg=7.8) recorded so far occurred on November 14, 1986
which had its epicentre 79 km to its south~east.

2.2. Park Field Strong Motion Array

- This array has been installed in the vicinity of park field in Central
Catifornia. The array configuration forms limbs oriented perpendicular
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to the San-Andreas fault and a Central zone of stations paralleling the
fault. :

Figure—i

2.3, Strong motion Arrays In Japan

It has been reported that more than 20 strong motion arrays have
been instailed in Japan. At the Fuchu area west of Tokyo, two types
of the array observational systems have been Instailed i. e. the vertical
array of four triaxial accelerometers and the horizontal array of five
velocity meters.

2.4. Strong motion Array in China

Under a joint research project between China and USA, asmall
array of four kinemetrics PDR-1 digital accelerographs has been
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installed in a smail area of about 0.3 km® near the Luvanxian and
Taoyuan faults which is seismically active. Useful records were
obtained at all the four stations through the tripgering of 8 earthquakes
of magnitude from 2.3 to 5.3,

2.5. Strong motion array in Himachal Pradesh and Shillong,
India.

2.5.1. Kangra Array (Himachal Pradesh, india) is trending northwest
to southeast having a linear dimension of about 240 km and Is parallel
to the regional strike of main boundary faults. The width of the array in
a direction transverse to the geological features varies from about 40
to 80 km. The interstation spacing varles from 7 to 21 km. Fig. 2 shows
the location of the Array in Himachal Pradesh (Chandrasekharan,
1987).

2.5.2. Shillong Array : Keeping in view the highseismicity around
Shlllong, a comb shaped array comprising 20 fnstruments has been des]-
gned along Dawki fault (which is of strike slip type) between latitudes
20°N and 26°N with three projcted legs. This array merges in the east with
a two dimensional array of 25 Instruments northeast-southwest trending
Haflong thrust (Chandrasekharan, 1987). The number of instruments
may be Increased in the near future to cover the entire northeast indian
region where 8 damaging earthquake is not unexpected, keeping in
view the past history of great earthquakes and the tectonics of the
region. Indla Meteorological Department has also Installed about a
dozen analogue accelerographs at the national network of stations.
Time code generator is also being provided in the Instruments.

A few strong motion instruments in Kashmir, Himachal Pradesh and
northeast India have already been triggered by earthquakes iri the recent
past, .

3. Eplceniral parameters of earthquakes using P and S wave data
from strong motion instruments

31. Mexican earthquakes, 1985

Table 1 gives the epicentral parametérs of the main earthquake of
19 September, 1985 in Mexico and its largest aftershock of
September 21.
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The epicentral . location of the maln serthquake -was obtained from
strong motion data through an array. of digital strong motion stations -
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whieh were set up along the. coast of Michoacan and Guerver_o in
2 anticipation of iarge earthquakes in the region, (UNAM, 1988).

Immediately after the main earthquake,. a network of portable selsmo-
graph was also set up in the epicentral area. The epicentral’ para-
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meters of the largest aftershock of September 21, were based on both
strong motion and portable seismograph data (Singh and Suarez, 1986),
It wouid be noted that there is a difference of about 20 to 40 km
between the ISC epicentres and those based on local netwnrk. Also,
the focal depths for the two events reported by NEIC and ISC appear to
be large particularly when Pg and Sg phases were recorded. It is,
however noted that there is an agreement between the focai depths
reported by ISC/NEIC and these determined ftom Pp phases. The
differences Iin the focal depths between those determined from synthetic
wave form modelling and that from Pp phases are significant but
detailed discussipn is beyond the scope of this paper.

Between 24 and 30 September, 1985 digital strong motion instru-
ments were installed in the epicentral reglon of the great Mexican
earthquakes to aftershocks. They provided useful data for aftershocks

“through the triggering of several shocks. It was noted that all the
accelerograms had triggered with the arrival of Sg phase. It was noted
that P wave was nearly indistinguishable from the noise in the raw data,
However through the use of Butterworth two pole band pass filters,
from the filtered accelerograms enabled to identify P waves also If the
pre-event memory had been setat 10 seconds. This phase would
correspond to Pg waves. Thus the indentification of Pg and Sy
through the accelerograms restricted the focal depth of the events
to granitic layer instead of 33 km or normal as is often reported by
NEIC.

3.2. October 15, 1979 Imperial Valley earthquake (ML=6.6)

By pooling the arrival time Data from U.S. and Mexican networks
and strong motion records, the epicentral parameters of the Imperial
Valilex earthquake of October 15, 1979 were determined. A total of 31 P
wave and 4 S wave arrival times within 30 km gave considerable confi-
dence in the calculated focal depth. )

Most arrival times for this shock were read from 22 stations in the
Imperial Valley seismic network operated jointly by the U.S. Geological
Survey and the California Institute of Technology. South of the epi-
centre of Mexico, times were available from 5 permanent stations opera-
ted by the Centro de Investigacion Clentifica Educacion Superior de
Enscnada (CICESE). Data from two strong motion stations in USA and
5 installed by the Universidad Nactional Antonoma de Mexico {(UNAM)
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and the University of California, San Diego (UCSD) were used. Their
locations are shown on the map (Fig, 3).
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Figure-—3

The arrlval times at the CEDAR and RESCEP short period telemetry
systems for two arrays In the network were read with a precislon of
+ 0.2 and + 0.10 sec respectively. The strong motion instruments are
film records with WWVB time coding that alow arrival times to be
picked up with an accuracy of + 0.10 s, The UNAM/UCSD strong
motion statipns (with the exception of a station SAHOP) record digitally
on magnetic tape with timing by an internal clock. Time corrections
for assumed linear clock drift Over an average perlod of 1 week were
approximately 2 s at each site. Arrival times were read with a
precision of & 0.04 s, The strong motion instrument at station SAHOP
Is a film recorder with no absolute timing and (S—P) interval was used,
The arrivals at strong motion stations CH and DT are inconsistent with
the times at the surrounding stations; possibly owing to arrors in the
time correction and their data was not used. In all, a total pt31 P
wave arrivals 4 S-wave arrivals (from the strong motion records) and
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1 5-P time were used. The velocity model for the study based on
Mooney and Mc Mechon (1982). 'This modei - gave the smallest travel
time residuals. However, as the model Includes a sedimentary cover,

a corraction ot—0.80 sec had to be applied to the times for all stations
situated on bed rocks. This was based on the average travel time

residual at the bed rock sites, as calculated for a preliminary hypocent-
ral location,

The hypocentral parameters were computed using the HYPO 71
computer programme of Lee and Lahr (1976). Arrival times at stations
within 40 km of the epicentre were assigned distance weights of 1 and
distant stations were assigned progressively lesser welghts such that
at 80 km, the weight was reduced to zero. :

The best solution thus obtained was as follows :

Origin Time 93 16 54.29 GMT
Epicentre Lat. 38°31.61'N, Long.115°18.53 ‘W,
Focal depth 9.96 km.

ERH and ERZ values were found as -+ 0.4 km mnd =4 0.2 km res-
pectively. .

Chavez et al (1982) conciude that P and S wave arrival times within
30 km permit conslderable confidence ina calculated focal depth of

10.0 km and the solution is well constrained by the broad azimuthal
coverage (283°) and by the data from three stations that are within 7 km

of the epicentre.
3.3. Earthquakes recorded by the SMART 1 Array, Taiwan

Table 2 shows the epicentral parameters of 15 earthquakes
recorded during one year of the operation of SMART 1 array (Bolt et
al. 1682), Or these, the earthquake of November 14, 1830 (ML - 5.9)
wks only 10 km from SMART1 and so It was looated aimost right under
the array. Sixteen out of 21 operating Instruments were triggered.

Both S and P waves as well as S waves across the Array was observed,
consistent with the near verticat Incidence of the waves.

3.4. Nahanni earthquake (MS=6.6), Canada

Three SMA-1 accelerographs were installed near the centre of
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activity in northwest Territories -of Canada after the above earthquake,
On Decembier 23, 1985, a'second large earthquake o, MS=6.9 occurred
at nearly the same location and triggered the strong motion instruments,
Shortest hypodentral distances to the point of rupture initiation appear
to be 8 to 10 km or less, During the 10 week deployment, the tempera-
ture in the area dipped to about—40°C., , : :

The P-wave energy on all three records was wall above the trigger
threshold of the SMA's is about 50 ms. The observed times after
corrections, together with data from the Canadian seismic network gave
the following epicentre for the December 23, earthquake.

Origin time 06 16 06.5 UTC
Epicentre : ' 62 187°N, 124.243-W
Focal depth : 6.0 km

3.5. Dharamsala earthquake of April 26, 1988

The earthquake of April 26, 1986 (Magnitude M, =5.4) triggered
accelarographs of the Himacha! Pradesh Array (Chadrasekharan, 1 987).
Using the absolute arrival times of Pgand Sg waves from this array,
the epicentre could be better located as compared to data from seismo-
raphs only. Table 3 shows the epicentral parameters of this earthqake
which has been determined using USGS HYPO 71 computer programme
after modifying the crustal velocity model of Kambie et al (1974) by
adding the sedimentary layer, Pg and 8g times from six accelerographs
could be read in addition to those of Pn and Sn velocHies from nearly
seismological stations through which the detection threshold has been
been reduced to magnitude 2 in ‘Himachal Pradesh (Srivastava et al,
1987). The focal depth of this earthquake was reported by NEIS as 33 km
for this earthquake while the results based only on the strong motion
data gave the focal depth as 5 km (Srivastava, 1987). Using a combina-
tion of larger data base from nearby seismological stations as wel! as

- strong motion records, the focal -depth was found to be 13 km with the

error parameters, RMS, ERH, ERZ as 0.61, 2.5 and 1.1 respectively,
Keeping in view, the depth of the granitic layer in the region as 22 km
and the clarity with which Pg and Sg phases were recorded at the
nearby stations, the depth range of 5t0 13 km (whether based only on
strong motion data or in combination with selsmographs narrowad
down to a more plausible value than that reported by NETS as 33 km,
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This epicentre was also found fo be cioser to the meizoseismal area
(Gupta et al, 1986) although detailed analysis is still in progress.

3.6. Koyna earthquake December 10, 1967

The author compared the crustal velocity model deduced by India
Meteorological Department and the National Geophysical Research
Institute, Hyderabad for Koyna region (Srivastava, 1988) employing
different technlques based on Deep Seismic Sounding data. A focal
depth of 8 km for the main Koyna earthquake of December 11, 1967 was
found if S-phase from accelerogram data is Included instead of about
2 km which could raise a controversy.

3.7. Srinagar earthquake of February 8, 1988

Accelerograms data was obtained at IMD station at Srinagar tron
earthquake of magnitude 4 on February, 1988, S-phase couid be read
with greater clarity than that from MEQ-800. .

4. Results

A synthesis ofthe above would indicate that the arrival times of P
and S waves from the accelerograhs couid be used fo the same
advantage for eplcentral determination as the data from the seismo-
graphs. Addition of P and S times from the accelerographs, may in
some situations provide better control on the focal depth of earthquakes
if they are located very close to epicentral region. This inference,
however is tentative unless ISC determines the epicentral parameters
of several well recorced earthquakes with and without strong motion
data and then compare the reslts. While this study could perhaps be
linked to the other seggestions {ike change of velocity model from
Jeffreys Bullen to that of Herring (1968) and needs to await the trigger-
ing of more accelerographs by earthquakes, the advantages of using
strong motion P and S arrival times In combination with those from
selsmographs is established and could be used by ISC.

Conclusions

The P and 8 arrival times from strong motion records provide

valuable data set for the epicentral parameters of earthquakes and may
be inciuded by ISC for routine analysis,

]

¥

K



<,
ol

Application of Strong Motion...................cc.cveveeereans of Earthquakes 231

Acknowledgement

The authoris grateful to Dr. R.P. Sarker. Director General of
Meteorology for the facilities and encouragement to prepare the paper,
Thanks are due to Prof. A.R. Chandrasekharan for the strong motion P
and Stimes of Himachal Pradesh Array. Thanks are also due to
Department of Science & Technology for Indo-US strong motion
procgramme in Himachal Pradesh which has provided data from Indian
region In support of this paper.

REFERENCES

1. Bolt, B.A, D.H. Loh, J. Penzien, Y. B. Tsal, Y. T. Yeh. Preliminary
report on the SMART-1 Strong motion Array in Taiwan; Report
No. UCB/EERC-S2/13 (Aug. 1982),
Berkeley, California,

2. Bolt, B.A, and S.J. Chiou, Strong Motion array analysis of the
November 14, 1986 Taiwan earthquke. XIX General Assembly,
IUGG (1987) S 4-8 (IASPEI); P. 303, Abstract.

3. Chandrasekharan, A.R. Evaluation of Strong Motlon Arrays in
India, Proc. Indo-US Workshop on Earthquake Disaster Mitigation
Research, New Delhi, Jan. 19-23 (1987) vol 1, [-9, '

4. Chavez, D, G. Javier, A. Reyes, M. Medina, C. Duaste, J. N. Brune,
F.L. Vernon, R. Simons, L. K. Hution, P. T. German and C. E
Johnson, Mail shock location and magnitude detsrmination using
combined U.S. and Mexican data, Geoclogical Survey Professional

paper 1254, entitled "“The Imperial Valley California, Earthquake
of October 15, 1979 (1982) 51, -

5 Gupta, S. Kumar, P. M. Jalote, R. B. Saran and A. K. Retan, A
Macroselsmic study of Dharamsala earthquake of 26th April,

1986. Proc. 8th Symp. Earth, Engg. Dec. 28-31 Roorkee, vol 1, (1986)
p. 31,

6. Kamble, V.P., R. K. Verma and H. M. Chaudhury, Crustal
structure in Dalhousie—Mandi section of the Himalayan foothiils
Part-l. Ind. J. Met. Geophys, 25 (1974); 229,

7. Singh, 8. K. and G. Suarez. Review of the selsmicity of Mexico with
emphasis on the September 1985, Michoacan earthquakes (1986) —.
personal communication,



232 Bulletin of the Indian Soclety of Eathquake Technology March 1989

10.

1.

12,

13.

Srivastava, H.N., Seismological studies from near source Strong
Motion data, Proc indo-US Workshop on Earthquake Disaster

Mitigation Research, New Delhl, .Jan, 19-23 (1987), vol 1, 1-38.

~ Srivastava, H. N. Crustal velocity models for Koyna earthquakes

based on DSS explosions (NGRI vs IMD} 1988), Mausam
(Accepted). _

Srivastava, H.N.,, R. K. Dube and Hans Raj. Space and time

variation In the seismicity patterns preceding two earthquakes ln

the Himachal Pradesh Tectonophysies 138 (1937), 69,

UNAM Seismology Group, The September 1985 Michoacan earth- .

quakes : Aftershock distribution and History of Rupture, Geophys,
Res. Letters vol 13, (1986),_ 573-676.

Yuan Y, 8. Yoshizawa and Y, Osawa, Strong ground motion
of the November 15, 1976 Ningho earthquake, China. T 8-5,

Symposium, ISAPEI 23rd General Auembly vol 2 Aug. 19-30, 1985

(Tokyo) 458, Abstract,
Waeichert, D.H.. R. J. Wetmlller and P. Munro, Vertical earthquake

‘acceleration exceeding 2g. The case of missing peak, Bull.

Selsm, Soc. Am. vol. 76 (1986), 1478.

3

=

L



Application of Strong MoHON ....ee-.eeeccceeeeeeiereresiesenees Of Earthquakes 233

'SOARM.g }0 Buj||epow djeyiuls WOl peurwieucd yideq

(9861)
Zeieng
pue ybuig 03 +G58°101 8L9’L) gL'y L8 10 ()
OI3AN Ie 9’10} gLl veL L& W (I
o8l v 68'tolL 8L gL L8 0 () - aesle’le
(086i)
zoieng
pue ybuig 91 «L0L'30) 32%:]" go'sy L1 € U
OJI3N 83 g°col 8l 'Ly L1 gL ()
o 137} 62 L2'%0! 981 ios 4 e () ~ fe6l'e'el
| (wy) _
yydeq M, No (IW9)s w y
82In0g |es04 aJiueoidy swiy uibNo eug

¥OOHSY3LIV L8IDUV1 81l GNV 5883
YIINALES 40 INVNOHLUYE NVIIXIN 40 SHILINVEVC TVHLNIDILE

I INEvlL



.« A}

s . . L d ‘y

234 Bulletin of the Indian Soclety of Earthquake Technolo

b ‘adursIq :
2 ‘ ‘Plajy eyy u
.m Pejteisur suopeys 4o daquinp : | ‘paiebiby suogels jo Jequiny = §, ¢ yinunze Jejueside o) fesly @ wyzy
$ .
: . L'ss ¢'96 gor g6z 1 G6lZ ¥t 9t 68 g cp b2l S0e:¥z:el ¢ ‘0171861 Sl
B e 9'le 111 9g/le o2 008L 0 20 83 4z oF el 9eS:vS:i8L 028 Ig6) 145
6§68 86z Vel oeirl v V€6 6 €0 v g op ol 99 :55:0Z2 02'8 ‘1861 €l
A 96t £'€3 632 9g/8L g L'egs 't 10 v 3 op 1z 1'83:280:61 03’8 "1861 al
. 0SL 2el 1o sz gz 591 €S T €3 vz 0§ 121 CYrieS:tl 1 9 “1ggl L
&8l 012 o991 szl gug .ve8 €S 89 2 g 65 13 £lS:6L:6L £ 'S 'Lgpl 01
i V6l 833 1's1 szl 16 6'0e 8¢ W S 2 6v 121 g93e:53:13 33t °1g6l 6
" SYe 6'6¢ 091 L3/61 0L gy Y L v ov3 v 131 76 v :80 01t "6 8
S0l ¢v9 17 - {gfe 926 go6l 69 6 15 2@ sz g zov:gl: ol ceigeL 2
el gL vy szjoL zu vObL 8¢. 9L €8 ¥z 35 3. 6'eC:13:30 132 'l86L - 9
. VY &8SL 6'v9 1217 o0g 8¢Sl 69 11 92 ¥ g5 13y 0'9E: LG %0 62') *1g6) g
06 18 ve l3c si8 L8l gg & €S €2 v I13L. LI 0Ly ve'L "1seL v
9V 62 Lol b2/el 53 1361 9 65 #p ve 6v 13l 8Glige:gl ¥1'l1°0861 £
- : L'8L L'69 - L63 13/9L 001 ZP9L 6'g 89 S& ¥ v 131 0'F :ie:gl tLL1'0gsL ¢
: I3 vz gyl 1e/81 o'sy gogy gs 8 L ¥e & 13l 6°G5 1 80 100 m__q.pr.ow.o_r I
SN M3 . A (wy) (‘Gep) ‘ulw *Bap ‘ujw ‘Bep
) (WY) (N) 787 (3) ‘Buon oN
| (1eb) ooy ‘xew «l/L  V  uyzy -Bey yydeq eljusoidy (LW9)ewry uBug jueaz
AVdYY -...m(.Em 3HL1 A9 Q3QU0D3IY SINVNOHLuVI
¢ Jnavl



Application of Strong Motion.......sucssiesssnsnicsnensnnensOf Earthquakes 235

suoneys Aqieeu pye uonol Buong

*(peysi]
-gndun) (9861)
uereyyes
BIPUBUD pue
LBARISBALIG g 2oL - 0273 og'pL e 20 ()
SI3N £e oL 1'2e 191 ¢¢ L0 (D  986L'¥9T
(wy) s w oy
ydeq 3, No. (LWO)
eanog e204 enuaoidy ew|) wbuQ _ e)eg

€ 318av.L

(s'S=an) s861'92 TudY
40 MYNOHLUYI VIVSNVUIVYHA 40 SHILINVHVYC TVY.LNIOIAT

\

i
.o

Y



