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We continued our experiments in which dynamic mode II shear ruptures were nucleated 
on the interface between two elastic plates while high-speed digital cameras record the rupture 
propagation. The objective was to test recent rupture models that include off-fault damage and, 
in particular, to assess the influence of off-fault damage on parameters that characterize dynamic 
rupture such as rupture speed, fracture energy and characteristic displacement. 

 
 Our prior experiments in damaged Homalite plates found that sufficient energy is 
dissipated in off-fault damage to reduce the propagation velocity, and that the spatial extent of 
this off-fault interaction is consistent with predictions based on the slip-pulse model in Rice et al. 
(2005). The analysis in Rice et al. (2005) suggest that new fracture damage should be created in 
the crack-tip field of earthquake ruptures to distances on the order of a “scaling distance” Ro*, 
which for the earthquakes we looked at was about a meter. 
 
 We did not observe any new damage during rupture propagation in damaged Homalite 
samples, most likely because Ro* is less than one cm in this material, which is smaller than the 
initial cracks. Although we planned to extend our studies to marble for which the scaling 
distance is 10 times larger, we instead concentrated on asymmetric propagation in bi-materials 
where one side of fault plane is damaged while the other is not. In this case, the contrasts across 
the fault plane is both elastic (associated with the reduction in modulus due to the damage) and 
anelastic (due to the extra energy lost by the crack tip that has its tensile lobe in the damaged 
material). This situation is commonly realized by earthquakes that propagate down one side of a 
highly damaged fault zone. 
 
 This projected has resulted in two publications currently accepted for publication in the 
Journal of Geophysical Research. The results are summarized in the following abstracts. 
 
Biegel, R. L., H. S. Bhat, C. G. Sammis, and A. J. Rosakis (2009), The Effect of Asymmetric 

Damage on Dynamic Shear RupturePropagation I: No Mismatch in Bulk Elasticity, J. 
Geophys. Res., in press. 

 
Abstract 
 
High-speed digital photography was used to study rupture propagation on the interface between 
transparent damaged and undamaged photoelastic plates. Bilateral ruptures were nucleated on 
pre-machined faults at an angle α to the uniaxial loading axis. Stress concentration at the crack 
tips produced fringes in polarized laser light that allowed their positions to be measured in 
successive photos. We found that fracture damage introduces a strong asymmetry in propagation 



speed different from that expected due to the lower elastic stiffness in the damaged material 
alone. When the tensile lobe of a rupture tip propagated through the damaged material the 
velocity of that rupture was reduced or stopped. By contrast, when the compressive lobe of a 
rupture tip passed through the damage, the velocity of that rupture was unaffected by the 
damage. A physical interpretation is that passage of a tensile lobe through the damage expends 
energy by lowering the normal stress on pre-existing cracks thus allowing frictional sliding along 
the crack surfaces. When the compressive lobe of the rupture passes through the damage, 
compressive stresses prevent sliding, only minor energy is dissipated, and the damage has almost 
no effect on the velocity. This effect can produce asymmetric propagation for earthquake 
ruptures on slip surfaces near the edge of a highly damaged fault zone. 
 
Bhat, H. S., R. L. Biegel, A. J. Rosakis, and C. G. Sammis (2009), The Effect of Asymmetric 

Damage on Dynamic Shear Rupture Propagation II: With Mismatch in Bulk Elasticity, J. 
Geophys. Res., in press. 

 
Abstract 
 
We investigate asymmetric rupture propagation on an interface that combines a bulk elastic 
mismatch with a contrast in off-fault damage. Mode II ruptures propagating on the interface 
between thermally shocked (damaged) Homalite and polycarbonate plates were studied using 
high-speed photographs of the photoelastic fringes. The anelastic asymmetry introduced by 
damage is defined by ‘T’ and ‘C’ directions depending on whether the tensile or compressive 
lobe of the rupture tip stress concentration lies on the damaged side of the fault. The elastic 
asymmetry is commonly defined by ‘+’ and ‘-’ directions where ‘+’ is the direction of slip of the 
more compliant material. Since damaged Homalite is stiffer than polycarbonate, the propagation 
directions in our experiments were ‘T+’ and ‘C-’. Theoretical and numerical studies predict that 
a shear rupture on an elastic bimaterial interface propagates in the ‘+’ direction at the generalized 
Rayleigh wave speed or in some numerical cases at the P-wave speed of the stiffer material, Pfast. 
We present the first experimental evidence for propagation at Pfast in the ‘+’ direction for the 
bimaterial system undamaged Homalite in contact with polycarbonate. In the ‘-’ direction, both 
theory and experiments find ruptures in elastic bimaterials propagate either at sub-shear speed or 
at the P-wave speed of the softer material, Pslow, depending on the loading conditions. We 
observe that the off-fault damage effect dominates the elastic bimaterial effect in dynamic 
rupture propagation. In the ‘C-’ direction the rupture propagates at sub-shear to supershear 
speeds, as in undamaged bimaterial systems, reaching a maximum speed of Pslow. In the ‘T+’ 
direction however the rupture propagates at sub-shear speeds or comes to a complete stop due to 
increased damaged activation (slip and opening along micro-cracks) which results in a reduction 
in stored elastic potential energy and energy dissipation. Biegel et al. [2008a] found similar 
results for propagation on the interface between Homalite and damaged Homalite where rupture 
speeds were slowed or even stopped in the ‘T-’ direction but were almost unaffected in the ‘C+’ 
direction. 
 


