An Experimental Study of the Effect of Damage
on Rupture Velocity and Directionality
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Summary of Research Accomplishments
During the past year we have achieved the following objectives:
1. We showed that when damage occurs on only one side of a fault it produces an
asymmetry in the rupture propagation:
A. It reduces the rupture velocity when the stress field of the propagating rupture
on the damaged side is tensile. We call this the 'T' propagation direction for
the tensile state of the off fault stress field within the damaged Homalite.
B. It has no effect on the rupture velocity when the stress field of the propagating
rupture on the damaged side is compressive. We call this the 'C' propagation
direction for the compressive state of the off-fault stress field within the
damaged Homalite.
Our interpretation is that when the tensile side of the off fault stress field passes through
the damaged Homalite, energy dissipates by frictional sliding in the damage. When the
off fault stress field passing through the damaged Homalite is compressive, the cracks
are closed by the compression and the damaged Homalite has almost no effect on the
propagating rupture.
2. In the case of Homalite against damaged Homalite, we observed supershear rupture
on the 'C+' side. Elasticity theory predicts the rupture velocity on the '+' side is the
generalized Rayleigh speed and supershear occurs primarily on the '-' side. This
suggest that the effects of damage can be stronger than the effects of elasticity.
3. We see the same effect in the case of damaged Homalite against polycarbonate.
When compared with the results from undamaged Homalite against polycarbonate, we
see no change in the C direction, but a reduction or complete arrest in rupture velocity
in the T direction.
Our main conclusion thus far is that when applied to earthquakes, it appears the
damage asymmetry across a fault can have a larger effect on the rupture propagation
than an across-fault contrast in elasticity.
Experimental Results
When no material contrast exist across a fault (homogeneous case) Biegel et al. (2008)
reported that the rupture speed of a slip-pulse was decreased by distributed fracture
damage adjacent to the fault. They hypothesized that energy was lost as the off-fault
stress field from the rupture caused frictional sliding on the damage elements.
The natural question, which we now address, is whether off-fault damage on only one
side of a rupture plane would have the same effect as the lower velocity materials in
previous bi-material experiments, or would energy loss in the damage produce new bimaterial effects? To answer this question we performed 4 sets of experiments with
sample configurations shown in Figure 1.
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Figure 1. Four sample configurations used in our experiments. For all experiments but
those with Homalite-Homalite, the '+' or 'preferred' direction (based on the elasticity
contrast) was to the right. The letters 'C' and 'T' tell whether the compressive or tensile
lobe of the crack-tip stress field is in the damaged homalite. We expect damage to have
the largest effect in the T direction where the interaction with the damage is the largest.
Experiments in all four cases were done at normal loads of 12 MPa and fault angles of
250 from horizontal. Three experiments were done in each of the four configurations to
assure reproducibility. A fourth experiment was done in each class at a normal load of
15 MPa to maximize the possibility of super shear in the '-' direction.
We report the results of the 15 MPa experiments below.
A. Homalite against Homalite
These experiments were done for contrast with the Homalite on damaged Homalite
experiments. Bilateral ruptures occured in these experiments that transitioned to
supershear ruptures with Mach cones as discussed by Xia et al. (2005). Figure 2 is for a
load of 12 MPa for direct comparison with this earlier work.
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Figure 2. Digital photos from a Homalite-Homalite experiment. Left photo was taken
prior to the start of the experiment and shows the experimental set up and conditions.
Right photo was taken 40 µs into the experiment. The Mach cones associated with
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supershear propagation are evident. The shear waves appear as crescents at about 1
o’clock and 7 o’clock in the field of view.
B. Homalite against Damaged Homalite
In these experiments damage was introduced in the lower Homalite piece by scoring the
surface followed by immersion in liquid nitrogen as described in Biegel et al. (2008). A
bilateral rupture formed that reached supershear velocity on the '+' side. On the '-' side
the rupture remained subshear within the field of view. (See Figures 3 and 4).

Figure 3. Digital photos from a Homalite against damaged Homalite experiment. The
left photo was taken prior to the start of the experiment and shows the sample and
experimental conditions. The right photo was taken 34 µs into the experiment and
shows a Mach cone propagating to the left (in the ‘+’ direction).

Figure 4. Plot of rupture distance as a function of time for the experiment in Figure 4.
The right rupture stopped after nucleation at a distance of 10 mm but resumed
propagating 20 µs into the experiment.
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C. Homalite against Polycarbonate
In this series of experiments a bimaterial elastic mismatch was produced across the
fault plane with higher shear wave velocity Homalite against lower shear wave velocity
polycarbonate. At 38 µs into the experiment one Mach cone was propagating to the
right and another was propagating to the left of the nucleation point. (See Figures 5 and
6).

Figure 5. Digital photos from a Homalite against polycarbonate experiment. The left
photo, taken before the experiment shows centered isochromatic rings that indicate the
initial stress field was symmetric about the point of nucleation. The right photo at 38 µs
into the experiment shows Mach cones propagating to the left and right of the
nucleation point in the center.

Figure 6. Plot of rupture distance as a function of time for the experiment in Figure 6.
Both right and left rupture velocities were supershear soon after nucleation.
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D. Damaged Homalite against Polycarbonate
When we introduced damage into the Homalite, a bilateral rupture resulted (see Figure
8). The rupture velocity on the '+' side was significantly reduced, but the rupture velocity
on the '-' side was largely unaffected (see Figure 9). At this time we cannot say if these
results differ from theoretical predictions since we do not have a generalized Rayleigh
wave velocity for polycarbonate on damaged Homalite. We expect to have this value
soon.

Figure 8. Digital photos of the experiment with damaged Homalite and polycarbonate.
The left photo shows the sample and experimental conditions before the experiment.
The right photo was taken 42 µs into the experiment and shows two ruptures
propagating along the fault. In the lower left portion of the right photo the shear wave
can be seen propagating through the polycarbonate.

Figure 9. Plot of rupture distance as a function of time for the experiment in Figure 8.
Comparing this experiment to the experiment with polycarbonate against undamaged
Homalite (Figures 5 and 6) we observe that the right rupture is unaffected by the
presence of damage in the Homalite and also reached super shear velocity. In contrast
the velocity of the left rupture (in the T direction) was arrested after 16 mm by the
presence of the damage.
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