SHORT~PERIOD SEISMIC RADIAZION AND ESTIMATION OF STRONG
MOTION EROM LARGE EARTHQUAKE
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SUMKARY

Bassd on the assumption of the incoherence of largs
sarthgueke source radiation in short-periocd range, a simple
theoreticel model of radiation field is proposeg. Using em-
pirical data on average correlation of source parameters and
gource spectrum with selsmic moment, this model was success-
fully tested. It allows us to predict peak acceleration, du=
ration and intensity in the neer f£ield of large earthqueke,
Strong motion simulation tecknique is described based on

this models
IFIRCDUCTION

Seismic radiation from a source ¢f large earthquske in
the “engineering seismclogy”™ f£requency range is predicted
only poorly by deterministic socurce models, Adequate descrip~
tion is important as a thecretical basis for strong motion
predictions The existing smpirical correlations of inbensity
and peak accelerstion with magnitude and spicentral distance
provide firm ground for btesting such a description., After
successful testing it can be ussd rather relisbly for sirong
motion simulation.

SOURGE MODEL

On the basis of works of Hagkell (1964), Aki (1967;
1972), Shebalin (1974) and Blandford (1975), we (Gusev, 1979)
treat a large earthquake source incoberently radiating in a
frequency range of 0,3=20 Hz as a population of "smooth™ sub-
sources baving w” spectra. Subsources in our model represent
details of rupture propagation and fault well sliding, inclu=~
ding crack bifurcation and en-echelon propagation, fault
wall interlocking and relative sliding of wavy surfeaces. &
double dipole or a simple compensated dipole (for the last
case) can be teken as force equivalients for these subsources.
The source spectrum in our model is determined from subsource
size distribution. The simplest hypothesis is that the length
I distribution of subsources is the power laws N(L)~L”
(Shebalin, 1971; see Ainderws (19793 for a different model
based on the similarity hypothesis). Yet rsal spectra demone
strate the existence of two characteristic lengthss IL,~10 km
and Ly~ 0.241 km, Within the interval L,<L <L, the number of
subsources, normalized witk the power law distribution, is
greater tham outside this interval. This can be deduced from,
for instance, two-humped P-wave velocity spectra of M~8
earthquakes (Zepolskii et &l., 1973) for L,and from Z-shaped
form of spectrum scaling laws of Chouet et al.{1978) for L,.
Thus, the simple similarity hypothesis for scaling spectra
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2413, Making now no attvempt to estimate the real subsource
iepsity and derive a spectral shape from it, further we
shal use empirical spectra only which underwent amoothing
and everaging. These subscurces will be considered as stati-
stigally indeperdent, thus giving us an opportunity to con~
sider radiation intensity. The earlier attempts to describe
source radiation in this way were made by Reautian (1976)

and Kopnichev and Shpilker (1978).

RADIANT FLUX STABILITY

As a first aspproximetion we can suppose that short-
period radisnt £flux Wip from the unit source area is a cer-
tein comstant,; not depending upon the position of radiating
point, time or magnitude, To test this assumption, correla-
tions of megnitudes M,, M, M¢ , source length L, mean slip
B, characteristic time T and total radiated energy E with
seismic moment velue M, were comnstructed beforehand (Fig.1)
using data from various publications (full reference list
will be given in the exbendgd version of the report). Ap-
proximate relations L~B~T~M7° for lg M,= 23429 can be de-
rived from the plotted curves. Then the average source ra-
diation spectra in terms of moment spectrum of equivalent
point source M (£) were constructed (Fig. 2) based mainly
on the results of Trifunac (1976) and P %f) values of Zapol-
skii et al, (1974). Now, using curves from Figs. 1 and 2,
the radiant flux energy spectra W(f):if/as'atabgf were computed.

Using the approximate relation for the rectangle source,

W(5) =(2rintOvuste /55 - (FMI(F)/M.) )

where Vsis the Swave velocity, £ is the frequency,

M.= M (0),v ,w,d¢ are the dimensionless constants:U is the
Mach number for the rupture velocity, wr is the width to
length ratio, A€ is the strein drop. The accepted values
are Vi = 3.5 km/s, U =0,6,w =0.5, ¢ =1+10" . The right mul-
tiplier in Eq.1 is plotted in Fig.3. Integrating Eq.1 from
£ = 0.3Hz to infinity, we obtein Wipx 5.10° erg/cm’s for
lg M,=25#28 (M, =548)., Real variations of W;p are large,
being half an order of magnitudé or even greater. A signi-
ficant part of these variations can be related to the
source mechanism type (Gusev, 1979; Aptikaev and Kopnichev,
1979), namely reverse dip-slip sources radiste more intense
than strike-slip ones.

RADIATION FIELD MODEL AND INTENSITY CURVES

Now we shell compere implications of our mode. with
empiricel data. Radiation field amplitude x of incoheremtly
igutroplcally radisting disk of radius R for the poimt on
its axiv at distance r can be described by approximate for~
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where 2R, is the correlation length of the source. We used
even & simpler approximation
2 I 2 i 2\YW Yo
22 {1+ {0k (%)

for all directions. Now we can derive the theoretical
relation betwesn intensity I, magnitude M and hypocentral
distence r. We shall accept

I=alogh +blogt +( (%)
whers 3 =3.3, 4 is the peak acceleration.Strong shaking
duration T is supposed to be egual to sourge characteristic
time T (Dobry et ale, 1978). Their data on T (M) practically
coincide with T curve in Fig.1. Value b = 0.9 is a minimal
estimate obtained from data of Aptikeev (1976). Let us =zc-
cept then that £ = 2,5Hz, Q. = 300, W,= const, R = Oskl.
lgR= 1/3(1g M, -22.43) (Fig.1), 1g = 1/3 1g Y.+ const. Then

I = 3'3’108{@“ (3,00107/0,°Y Y expio00ariaz0l0gt+C (5)
(r in km, M, in dyne.cm). Fig.%4, where relation M, (M, ) was
veken from Fig.1, demonstrates how predictions of our model
match with Shebalin’s standard linear relations
IMr)=1.5M , = 3¢5 lg © + 3.0 and I, = I(¥,0) = OcdM v 7.0
{Seismicheskoye...,1977). The best fit is obtained for ¢ =
1.8%. Deviaticns at R = 100 lm can decreass, btaking into
account the wide~band frequency conbent of radiation, and
are pob very significant, and in other parts of the graph
& mismateh ig minimsl,

Empiricel relations A(r, M) from Eramynin end Shtein-
berg (1976) or analogous data of Page et al, (19’753 can
be epproximeted equally good by Eg.? with R = R (M) when
sbsorption is taken into account. We ought to note hers the
previocus results of Hanks (1976) and Kr and Shtein-
berg (1976) who marked saturation of A (r) relation when
r — 0 and of Dieterich (Page et al., 1975) who proposed to
scale the & (r) curves according to source dimensione.

STRONG MOTION SIMULATION

The above results were used as a bage for strong mo-~
tion simulation system for a rock site, The flow chart of
S—wave horizontal accelerogram simulation is illustraved in
Fige 5o The input data include 1.Seismic moment M, and
distance r. 2., M, (f) and T (M,) according Yo Figs.1 and 2
‘or specially constructed. 3. Standard envelope function for
dimensionless time t . Functiom ENV (t') = t exp-t' was
accepted. 4. Correction to log L in order to take into ac~
count non-standard 4c value. 5. Coefficient for mechanism
and regionsl anorslies. 6, Amplitude curves A (r) obtained
from short-perioi observationms in the region. 7. Qg (f).

8. Site spectral correction, including effects of acoustic
stiffness difference between the site and source regions.
The way of computation becomes clear from Fige5. The fini-
teness correction is computed according to Eqs3. Two test
examples of program output are plotted in Fige.6. The simu-
lation system will be completed in 4980,
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The sbove compubation fechnique is rather simplified.
The mein effects not takem into account sre 1. Surface and
scabttered waves. 2.% (£) variations with posivion on the
feult (depth firstly), wime, M, snd 46 . 3. Increase of dura—
tion with distancs. 4. Effsctas. of partial coherence of ra=
diation. Ss Non~rediating (Mstatic™) cscillations in a very
near fisld. Nevertheless, we suppose that the deseribed tech-
nique cam be comsidered %o be the useful first approximation
for prediction of engineering effects of large sarthqueke, as
it is based on the sslsmic moment scele snd clear physical
.assumptions, Cur epproach to simulation of realistic strong
motion can be comparsd with another techmigque developed by
Eopnichev et al. (1979).

CORCLUSIONS

1. Inspplicability of source similexrity hypothesis for
extrapolation of short-pericd large earthquake spectra is
revealed.

2. Aversge empiricsl relations of srathquake source pa-
rameters and source specirum with seismic moment value are
constructed.

3. Relative stebility of short-period radiabtion flux
from the unit source area is shown.,

4, An spproximate formula is suggesbted to describe am-
plitudes in the nesr field of radiation of finite scurcee

5. Pheoretical relation bebtween seismic inbtensity,
magnitude and distance is derived which sgrees with empiri-
cal dependences

&, A simplified technique for realistic strong motion
simulation is proposed.
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Fige 1. Average relations between magnitudes M., My,
M, average slip B, source length L, characteristic
time T (reciprocal of cormer frequency,or duration)
and total energy compiled from different sources.
Bars denote approximate range of real data,
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values included arbitrary constant and the best fiy
position of theorsetical curves was chosen.
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FLOW CHART FOR ACCELEROGRAM  SIMULATION
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Rig, 5. Flow chart of simulation system.
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Fig. 6. Two examples of simulator output in

the test run (filtered with passband 0.3 ¢ 7Hz).
Upper traces: M,= 25.6, r = 10 km, A=320 GAL;
Lower trace: M.= 23,7, r = 1 km, A=550 GAL.
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