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These results have been obtained in collaboration with Prof. Raul Madariaga and Sophie Peyrat (grad
student), Ecole Normale Superieure, Paris, and Dr. Eiichi Fukuyama, NIED, Tsukuba, Japan.

Dynamic modeling of the 1992 Landers earthquake with variable friction

We continue to investigate dynamic rupture propagation for the 1992 Landers earthquake. The dynamic
radiation is propagated to nearby strong motion stations using a Green’s function propagator for a layered
medium and then compared to data. By trial-and-error we previously modified an initial stress field until
we obtained a dynamic rupture history which generated a satisfactory fit between synthetic and observed
accelerograms. The rupture history and final slip distribution for the model approximately fit those
determined by the kinematic inversions. In this study we explore a different dynamic rupture model
for the Landers earthquake. We assume a homogeneous initial stress field (12 Mpa) and a constant slip
weakening distance (0.8 m) and control the rupture by modifying the yield stress locally. The distribution
for the yield stress is estimated by assuming that the value of the non-dimensional parameter «, which
was found by Madariaga and Olsen (2000) and Madariaga et al. (2000) to describe the conditions for
dynamic rupture propagation, locally be the same as for the variable initial stress model
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where T, (z,y) is the variable stress distribution from the earlier results, and Ty (x,y) is the variable yield
stress distribution in this study. The model is modified in order to obtain a satisfactory fit between
synthetic and observed accelerograms (Fig. 1), similar to the procedure for our previous model with a
heterogeneous initial stress distribution (see previous progress report). Our results suggest that dynamic
rupture may be controlled by heterogeneities in the distributions of either initial stress or friction. This
suggests that only the ratio of available strain energy to fracture energy derived from the friction law can
be used to describe the rupture propagation.

Analysis of dynamic rupture velocity

We have used numerical simulations with the boundary integral equation method to investigate a mech-
anism to excite super-shear rupture velocities in a homogeneous stress field including an asperity of
increased initial stress (Fig. 2). When the rupture, with the slip-weakening distance selected to generate
sub-Rayleigh speed encounters the asperity it either accelerates to super-shear velocities or maintains
the sub-Rayleigh speed, dependent on the size and amplitude of the asperity (Fig. 3). Three classes of
rupture propagation are identified: the velocity (a) for the most narrow asperities increase slowly towards
the Rayleigh wave speed, (b) for intermediate width of the asperities jump to super-shear values for a
short distance but then decreases to sub-Rayleigh wave speeds, and (c) for the widest asperities jump
to super-shear values and pertain values between the S- and P-wave velocities. The transitions between
the three classes of rupture propagation are characterized by very narrow (critical) ranges of rupture
resistance. If the size of the initial asperity is smaller than critical, it becomes difficult for rupture to
propagate with super-shear velocities even if the initial stress level is high. Our results suggest that stress
variation along the rupture path helps homogenize the rupture velocity and propagate with sub-Rayleigh
wave speeds. Our results are summarized in Fukuyama and Olsen (2001).

Hybrid finite-difference and boundary integral element dynamic modeling

We have started to develop a hybrid method for flexible and efficient modeling of dynamic rupture propa-
gation and its radiation in a heterogeneous three-dimensional medium. The dynamic rupture propagation
is computed using the Boundary Integral Element (BIE) Method, which is capable of including faults
with non-planar geometries. However, the computation of radiated waves away from the fault becomes



extremely expensive using the BIE method. Instead, we use an efficient fourth-order staggered-grid finite-
difference (FD) method to model the dynamic radiation. The interaction between the two methods is
implemented by extrapolating the particle velocities or stresses from the BIE dynamic rupture into the
FD grid along a surface surrounding the fault, and by adding the radiation perturbation from the FD
wave propagation to the fault plane used by the BIE method (Figure 4). The hybrid method enables
dynamic modeling of rupture propagation on curved or multi-segmented faults in laterally and vertically
heterogeneous earth models. The free-surface, which has been implemented in BIE methods only with
limited accuracy, is included in the hybrid method with the same high accuracy as obtained in the FD
grid.

We tested the procedure described above for a curved fault (see Figure 5). Figure 6 shows the
horizontal and vertical particle velocity in a plane perpendicular to the fault, along its central axis. The
final slip distribution is shown in Figure 5. At time T=15, the rupture front has reached the curved
part of the fault. At time T=20, the effect of the curvature of the fault starts to appear, i.e., note
the asymmetry of the wavefield. The main limitation of the method is that variation of the medium
parameters on the fault is presently not possible. However, as the surface of interaction between the BIE
and FD methods can be placed arbitrarily close to the fault, this limitation does not significantly affect
the flexibility of the method.
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a) Homogeneous Stress b) Heterogeneous Stress
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