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SYNOPSIS

An analysis of the strong motion accelerogram of the Koyaa ear-:
thquake of December 11, 1967 has been carried out to abstrast the val-
ues of the initial fectonic stress and the effective stress using the
acceleration spectrum as well as the peak velocity. The estimate of
the effective stress obtained from the former turns out to be 350 bars
whiech is an order of magnitude higher as compared with that obtained
using peak velocity. This is, however, considered to be more reliable.

INTRODUCTION

The importance of abstracting parameters of earthquakes which are
capable of characterising the nature of strong ground motion is widely
realized in earthquake engineering. Recent progress in mathematical
modelling of earthquake foci has led to the specification of several
parameters which describe various aspects of an earthquake. For exa-
mple the seismic moment Mg, the average dislocation, the source dim-

- ension and the stress drop characterise the static aspects of the
faulting. The effective insitu stress available to initiate fault
slip governs the dynamics of the faulting and is ar extremely relevant
parameter to engineering seismology. The near field acceleration is
primarily goverred by the effective stress (1), a knowledge of which
can be used to estimate the maximum possible acceleration in a future
earthquake in tihe areas The determination of effective tectonic str=-
esses has been a difficult task as short period records (ascelerograms)
carrying this information have been very few. The static parameters
have been estimated on a world wide basis from long period seismic
wave data as well as from geodeti¢ measurements.

In a recent study Trifunac (2) demonstrated the importance of the
gseismic moment and the effeective stress in engineering seismolegy by
proposing a new rational basis for designing response spectrum curves
using these parameters.

The present study gives an analysis of the accelerogram recorded
at the Koyna dazm in 1967, the estimates of the effective stress opera-~
ting during the earthquake, the stress drop and the seismic moment.

The earthquake epicenter was estimated to be very close to the
dam site. The location parameters are as follows:

0.T. = 22h 51n 17.0s; Latitude = 17°31.1'N; Longitude = 73%43,9'E;
H 8 k‘g = 6'3

The Earthquake Model

The earthquake source may be represented by a simple circular
dislogcation in an infinite medium aceross which traction is suddenly
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lost (Brume (1)). This causes the drop of insitu stress from the ini-
tial value of G, prior to the earthquake to ¢y whieh is the frictio-
nal stress opposing the fault slip. The effective stress O = Gy - Oy
gives rise to a shear wave radiating mormal to'the fault surface (Fig.l)
with an initial time function given by

T (2,t) = oH (t=-2/B) (1)

where H(.) is the unit step function, B is the shear wave velocity, t
the time and Z the distance from the fault plane (Z=0). An integra~-
tion of the wave equation gives the shear wave ground motion near the
center of an infinite fault as follows

V= OB @
(Ve

where M is the shear modulus and V is the ground displacement. The
siress at the fault plane Z = 0 will be given by,

0(Z=0) =
and the partiele velocity by
V= 9B
[ CD)

Equations (2) and (4) aleo approximate the first motions arising
from a finite e¢ireular diskosation of radius r near the fault surface
until the effects of the bounrdaries of the dislocation arrive at the
Point of observation (1). These interference effects cause the parti-
cle velocity to drop to zero. The phenomenon is modeled by imcluding
an exponential decay factor as follows

V(zxo,t) = G——P% e—tlc S

and

vizzo,t) = IBT (1- e t/T) ©

where T is of the order of (r/B)-.

The Fourier amplitude spectrum of the near source shear motion
displacement field represented by equation (5) is given by

s
L2 = < 1_
ns (0 —E_}*- T OTEOR (»
where w is the ¢ireular frequency. The ideal near source spectral
amplitudes AN,(w)for accelerations may be obtained by multiplying
equation (6) by co*

Aws(w) = 9B =2
M~ (w*+ T-2)¥2 @
The term <w/¢u2+ ©-2)% has been plotted on a log-log scale ia
Fige 3 for T = 2, 1 ard O.28.

Sourge Parameters

The Koyna dam earthquake was recorded on a three componeant acce~
lerograph placed within the dame The recordings may have been influe-
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nced by the response of the momnoelith and this effect has been negles-
ted. . The present analysis has been sarried out for the horizontal
cqmpﬂnent accelerogram which was oriented along the dam axis. The
recorded particle acceleration is shown in Fig. 4. The corresponding
particle velocity and displacement determimed by numerical integration
(3) are also shown in the same figure.

\The hypocenter of the Koyna earthquake was located near the dam
at a depth of about 8 km., Although there was no accompanying surface
fracture, the fault edge may have been even closer to the surface and
the expressions (4) and (7) from near source theory may be used to a
first approximation to determine the effective stress operating during
the earthquake. The transmission properties of the crust are neglected
and the free surface amplification has been agcounted for by a division
by 2. We assume a value of 3 x 1011 dynes/ecm® for [ and 4,0 km/s for
B for the source region. The peak velocity reeorded on the horizontal
component is 24 om/s (3). Using equation (4) we estimate G to get

~

Q= 0;-03 = Vmam. %% ~ S bars (€2

Averaging the particle velocity over the process time one obtains
the following relation between the average value of V and the effec-
tive stress (4)

-\';:- (1"-1 P -0.63 T |
:) e TE‘ ; s

The average particle velocity v may be estimated using the ave~
rage final dislocation V over the fault and the rise time (RT) which
is the time required for the completion of dislecation at a point.

Vo= V/RT )

The average dislocation may be estimated from long period seismic
data using (5)
V= Mo
MRY2
Taking (Mo) = 7.76 x 1026 dynes-cm and (r) u 20 km estimated by
Khattri et. al. (6) we get V = 202 cm.

The estimation of rise time is more problematic and Kanamori (7)
has devised a procedure of matching synthetic seismograms to estimate
both V and RT by comparison with the corresponding observed time his-
tories. Here we approximate it by 2 (r/B) oy lls. Thus we have V =
18.4 om/s. This gives the following estimate of the effective tecto-
niec stress.

0 =~ 21 bars (=2)

Another estimate of g~ is obtained by fitting the theoretiecal
spestrum given by equation (7) to the observed spectrum. The spec~-
trum of the observed accelerogram is shown in Fig. 5. The wave pro-
pagation effegts have been neglected and the effect of the free sur-
face is assumed to amplify the ground ac¢celeration by a factor of 2.
The response of the dam monolith is also megleeted. Since the acece-
lerograph transfer function is essentially flat in the frequency range
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of interest, mo sorreetiomn for this is required. The observed speect~
rum ghows an expected fall off at high frequengcies. The fall off at
the lower frequency and may ia part be due to the interference of cru-
stal reflections and also the effeect of the radiation from a finite
moving seurce which degrades the amplitudes by a factor of w=2A/rfor
periods long compared to the radiatiom time from the source. In the
present case T~ 6s and the predicted effect seems to be significant
for w<3. The theoretiecal aseseleration spectra were fitted to the ob-
served one. The theoretical curve for T ~ 0.2 has a satisfactory fit
to the obeerved spectrum for a value of log ( OPf) of about 2.7. We
thus deduce that

0 & 350 bars

This value is one order of magnitude higher than that obtained in
expressions (9) and (12), the signifieance of which is diseussed below.

There is mo direet informatiom available for the displacement on
the fault _as no surface trace was seen. However, if the previous esti-
mate for V can be used the stress drop A0 is given by (8)

4¢ = "f?\! -%—E— ~x 42 bams 13)

DISCUSSION AND CONCLUSIONS

The estimates of the effegetive stress obtained here vary over a
wide range. The estimate of 350 bars obtained using the aceeleration
spectra reflects the high acceleration recorded. It may be noted that
the reported accelerations (3) during the Koyna earthquake are one of
the highest ever recorded with a pesk value of 0.63g. The near source
reeordings of ground motion have an advantage over teleseismic record-
ings as the former are relatively unaffected by inelastic attenuation
which filters out the high frequency energy at teleseismic distances.
Also, the effects of geometrical divergence are largely absent.

The effective stress of 9 bars obtained using the peak ground
velocity is considered to be an underestimate as the point of obser-
vation was not at the fault surfaece and the interference effects from
the perimeter of the fault would teand to reduee the peak ground velo-
city considerably. We therefore conelude that the value of g esti-
mated from the accelerogram speetrs is more reliable and the effective
stress iz of the order of hundreds of bars rather than teny of bars,
since the estimated stress drop AHC of 42 bars is an order of magni-
tude less than the effeetive stress, only a partial stress drop has
probably occurred in the Koyna earthquake. It therefore follows that
the initial tectonic stress (¢ in the Koyna area was of the order
of several hundred bars. Guha ete.als (9) have estimated g, to be
140 bars whereas Balakrishna and Gowd (10) found a value of 2000 bars.
The estimates given in this investigation should be considered as fir-
st order approximations using simplified theoretical models. The se-
ismic moment{M,) determined from long period seismic data turns and
to be 7.8 x 1026 dyne-cm (6). The above valye of <My> together
with that of "oz 350 bars are eonsidered suffieiently relisble to be
of use in sealing the response spectra curves.
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FIG.3.Near field S-wave acceleration spectral density - curves.

834



Log Spectral Amplitude (cm-s)

.I* |,ht“;.‘\'.- st
wid A et

3 kS

GROUND VELOCITY cms/sec
o

8

| womizontas component aions oaw ans

TIME W SECONDS.

GROUND DISPLACEMENY cms
5 °

TINE 1% sECoNDs

3

3

FIG.4-Ground acceleration, velocity and displacement
for lengitudinal component (3)

(7 J

T

T

0.0t

| i a2 aaaal A AL -4 A Aga
1

Frequency (Hz)

FIG.5- Fourier amplitude spectra of Koyna longitudinal accelerogram «
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