THE EFFECT OF ASYMMETRIC DAMAGE ON DYNAMIC SHEAR RUPTURE PROPAGATION I: NO MISMATCH IN BULK ELASTICITY
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ABSTRACT

High-speed digital photography was used to study rupture propagation on the interface be-
tween transparent damaged and undamaged photoelastic plates. Bilateral ruptures were nucle-
ated on saw-cut faults at an angle o 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 propa-
gation speed different from that expected due to the lower elastic stiffness in the damaged ma-
terial alone.When the tensile lobe of a rupture tip propagated through the damaged material
(which we term the ‘T’ direction) the velocity of that rupture was reduced or stopped. By con-
trast, when the compressive lobe of a rupture tip passed through the damage (the‘C’ direction),
the velocity of that rupture was unaffected by the damage. A physical interpretation is that pas-
sage 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 compres-
sive 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 the
highly damaged fault zone.
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We experimentally investigate the effect of asymmetric off-fault damage on dynamic rupture propaga-
tion by measuring rupture speeds on interfaces between damaged and undamaged Homalite plates.

In addition to the elastic asymmetry associated with the damage, we identified a second asymmetry as-
sociated with the interaction of the rupture tip with the damage.

The rupture speed is slowed (or stopped) for propagation in the ‘T’ direction for which the tensile lobe
of the crack tip stress concentration travels through the damage.

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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