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ABSTRACT

We investigate asymmetric rupture propagation on an interface that combines a bulk elastic mis-
match with a contrast in off-fault damage. Mode Il 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 de-
fined 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
interfaces propagates in the‘+'direction at the generalized Rayleigh wave speed or in some numeri-
cal cases at the P-wave speed of the harder material, Pf5st. We present the first experimental evi-
dence for propagation at Pfgst 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, Psjow,
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, approaching Psjoy. 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 along the micro-cracks. Biegel et al. [2008b]
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.
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In the ‘T+' direction, for which the tensile lobe of the crack tip stress concentration travels through the
damage, the rupture propagated below the generalized Rayleigh wave speed.

The rupture speed is almost unaffected for propagation in the ‘C-"direction for which the compressive
lobe of the crack tip stress concentration travels through the damage.
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