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Abstract

In this study we introduce a simple prediction model to reflect atypical local source
characteristics due to spatial non-homogeneity along a seismic fault near to the site of
interest. For strong motion prediction, the important part of these spatial source
heterogeneities is the most energetic regions that we refer to here as asperities. These may
be represented as patches on the fault where high slip occurs and from which high energy
is released. The ultimate objective of the research is to explore the en gineering implications
of asperity-induced ground motion to probabilistic seismic hazard analysis. Because such
an analysis must consider a range of values of parameters such as seismic moment (M,),
distance, azimuth, etc., the ground motion prediction modél must be relatively simple and
efficient. Present methods using conventional attenuation equations cannot account for the
near-source effect; geophysical prediction models are not adequate to be directly adopted
into the hazard analysis. Thus, a new (yet simple) model being able to capture the near-
source characteristics is worth pursuing.

We focus on strike-slip faults. The effects of soft soil layer overlying the rock level are
not considered. Site conditions are restricted to rock or firm soil sites where empirical
observations show no significant difference in the ground motions. The seismic waves
considered are direct shear waves. Topographic effects on the ground excitation are not
taken into account. The proposed ground motion prediction model is derived in a manner
analogous to the root-mean-square (rms) acceleration of Hanks and MéGuire (1981), but
incorporating the near-field problem addressed above.

The effects of asperities spread on heterogeneous faults are first investigated
empirically by way of inferred slip maps available in the literature for two past
earthquakes. These are used with the proposed model. According to the model, we use

Andrews' (1980) simple method to calculate static stress drop distributions in the wave
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number domain. The concept of isochrons is adopted to estimate the rms acceleration
within the time window corresponding to the subevents spread on the fault plane.
Directivity effects and radiation pattern are explicitly included in the formulation. The
proposed model is tested by comparing its predictions with strong ground motion
observations from the 1979 Imperial Valley and the 1984 Morgan Hill earthquakes.
Calibration factors are evaluated from these two earthquake events using different slip
models available in the literature.

For future earthquake events, simulations of fault geometry and slip distribution are
both explored. A concept adopted from fractal geometry is employed to set up procedures
for the simulation of samples of the future slip distribution. The slip distribution is
modeled from the perspective of fractional Brownian motion (fBm). Calibration factors
are obtained for both peak ground accelerations and pseudo-velocity responses, in the
magnitude and distance ranges where the empirical models are constrained by available
data.

The results have revealed that ground motion in the near-field can be adequately
predicted using the isochron concept incorporated with "Andrews static stress drop” with
appropriate calibration factors. The directivity effect of ground motion in the near-field is
found negligible for the high-frequency accelerations. To a limited degree, the non-
homogeneous source model seems to depict better the variability of the source strength
along the fault than the homogeneous source model. This conclusion is based on
comparison of observed and predicted strong ground motions. Non-homogeneous slip
coupled with geometry effects results in a non-stationary process withix; the time window
of strong-motion (direct shear wave arrivals) duration. Incorporating an appropriate
sorting scheme, fault geometry can be simulated with confidence. Slip or stress drop
distribution can be described by fractional Brownian motion. The coseismic static slip on
the fault plane is found "on average" to be on the boundary between being Euclidean or

fractal; individual earthquake events may fall on one side or the other. A local quality



factor dependent on frequency is needed in the anelastic attenuation term in order to
account for the proper decay of pseudo-spectral velocity with distances of 50 ~ 100 km.
The cut-off frequency of ground acceleration at a site may be an important parameter in the
ground acceleration prediction model in this study. For high-frequency structures, this
cut-off frequency should be carefully estimated; however, for structures with dominant
period larger than 0.5 seconds (with damping ratio equal to 5 %), its effect is almost
negligible and independent of earthquake magnitude. In the near-field, both non-uniform
and uniform source models can produce non-stationary high-frequency ground motions.
Peak motions may be not caused by the nearest sections of the fault (even if the uniform
source model is considered). For sites close to an individual fault, the characteristic
earthquake dominates the tail part of the hazard curve. Hazard curves are sensitive to the
standard deviation of the ground motion prediction model. The dispersion of the
prediction model may mask the difference between hazard curves using the asperity model

proposed in this study and that using the conventional models.
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