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Abstract
The main goal is to investigate the amount of directivity in three strong motion simulation techniques:
kinematic k and two composite. We compare the simulations to empirical PGA attenuation relations: to
their mean values and also to their uncertainty, described by the standard deviation ( ). As a test example,
the 1999 Athens earthquake of Mw=5.9 is studied and new PGA attenuation relations for Greece (Margaris
et al., 2002) are used. The mean PGA values are fitted well in all cases. However, in the composite
methods, the synthetic data have scatter lower than 2 around the empirical mean, while the kinematic
method provides a larger scatter. This demonstrates overestimated directivity in the kinematic model. The
scatter can be decreased by supplementing a formal correction in the kinematic modeling according to the
speculative kinematic model of Bernard and Herrero (1994).
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Athens earthquak e test e xample
The Athens earthquake (Mw=5.9) on September 7,
1999, has been studied by numerous authors. These
studies determined the location of the hypocenter, the
seismic moment, the fault mechanism and the position
of the nucleation point on the fault. The fault and
asperity dimensions and the asperity slip contrast are
given by empirical relations of Somerville et al. (1999).
The rise time is chosen in the particular models
independently.
We have modeled synthetic accelerations by the three
methods at 112 receivers distributed around the
epicenter in distances 4-28km (see Fig. 1).

Figure 1: Synthetic PGA(max. of
the horizontal components in
m/s ) maps obtained by the three
methods. The maps show the
epicenter (star), receivers
( t r i a n g l e s ) a n d s u r f a c e
projection of the fault and the
asperity. Fault mechanism:
strike 123°, dip 55°, rake -84°.

We gather the simulated PGA's and compare it with empirical attenuation
relations for Greece (Margaris et al., 2002). They provide not only mean values,
but also a measure of their uncertainty (standard deviation ).The scatter is
caused by, e.g., 3D structural effects, including site effects, and also by the
directivity and radiation-pattern effects varying with station azimuth. We
assume that 2 above and below the mean empirical attenuation curve
represent an upper and lower bound for the synthetic PGA's. We can see in
Fig. 2 that in both the composite methods the synthetic data are distributed
around the mean attenuation curve and that they have scatter lower than 2
around the empirical mean. The k method provides a larger scatter caused
basically by underestimated PGA's at anti-directive stations. To overcome this,
we present a simple correction to the kinematic model.
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Figure 2: Synthetic PGA's (color
points) provided by the three
modeling methods obtained at
stations shown in Fig. 4 and drawn
as a function of epicentral distance.
The bold l ine is empir ical
attenuation curve for Mw=5.9. The
thin l ines represent its 2
uncertainty.
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The strong motion synthesis is performed
according to Galloviè and Brokešová
(submitted). The main features of the
kinematic modeling are as follows:
$

$

$

$

$
$

Hybrid k slip distribution (combination of
deterministic part, i.e. asperity in this case,
and k stochastic noise).
Radial rupture propagation at constant
velocity
Slip velocity function: Brune's pulse with k-
dependent rise time.
Direct S-waves are considered only since
they represent dominant phase in the wave-
field at short epicentral distances (<30km).
Point source summation over the fault.
Ray method is used in 1D velocity model.

Composite approaches yield weaker directivity than that given by the
kinematic modeling. This is due to incoherent summation at high
frequencies, present in the composite methods. To decrease the scatter in
the kinematic modeling, we supplement the method by a formal correction
representing the incoherence according to the speculative kinematic model
of Bernard and Herrero (1994). They propose that for wavelengths smaller
than vT (v being the rupture velocity and T the rise time) the rupture
propagates at random directions (Fig. 3,left). Consequently, the summation
of contributions of such ruptures becomes incoherent, i.e. at periods smaller
than the rise time the directivity effect is suppressed (Fig. 3,right).
After applying the correction to the Athens earthquake test example (Fig. 4),
the scatter of PGA values from the kinematic model also falls within the
range of 2 around the mean empirical attenuation curve.± s

Figure 3: Left: illustration of two types of rupture propagation
(after Bernard and Herrero, 1994). Right: theoretical
acceleration spectra in the far-field (line fault approximation in
homogeneous medium) - (a) without the high-frequency
correction, (b) the high-frequency correction applied. The
angle denotes the station azimuth measured from the strike.q
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Figure 4: The same as Fig. 1 and 2 but after the high-frequency correction.

Conclusions References

The main features of the strong motion
synthesis according to Zahradník and Tselentis
(2002) are:

$

$

$

$

Composite source modeling up to 2.8Hz
y ie l ds de te rm in i s t i c enve lope o f
accelerograms.
Radial rupture propagation: rupture velocity
varies up to 10% around mean constant
value.
The acceleration spectral plateau is
extrapolated up to 20Hz from the
deterministic part by a Gaussian noise, which
is constrained by the envelope.
Full DW Green's functions in 1D structure
(Bouchon, 1981).

$

$

$

$

All the three considered modeling techniques provide PGA maps, which are
similar to each other in many features (overall appearance, position and value
of the PGA maximum). The look of the maps is a consequence of combination
of the S-wave radiation pattern and up-dip and along-strike directivity effect.
Both the composite models provides PGA's in agreement with the attenuation
relation by Margaris et al. (2002) as regards the mean and scatter.
The k kinematic model overestimates the directivity in terms of the PGA scatter
below the attenuation relation curve (Fig. 2).
The scatter can be decreased (Fig. 4) by considering formal correction
simulating incoherent summation of contributions from individual point sources
(Fig. 3).

The strong motion synthesis is performed
according to Burjánek (2002) with following
features:

$

$

$

$

Composite model with ractal ubevent
ize istribution - number of subevents with

characteristic dimension greater than R is
proportional to R . Subevents are distributed
randomly over the main fault
Radial rupture propagation at constant
velocity
Subevents are modelled as point-sources
with both slip and duration proportional to R.
Impulse responses of 1D medium are
obtained by DW method (Bouchon, 1981).
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