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Summary of Work Accomplished

In the year 2005, we implemented an experimental program to nucleate off-fault damage in
Thasos marble samples at Ares Rosakis laboratory at Cal Tech.  Kaiwen Xia had produced mode
2 subshear and supershear rupture on interfaces of homalite but his samples lacked starter flaws
to generate off-fault damage in the material. We solved the problem of interface rupture
nucleation in the marble by using an edge crack configuration (see Figure 1). We used teflon
tape to create a stress free edge crack, but with nucleation the shear rupture changed into a mode
1 wing crack which split the marble samples (see Figure 2).

             
Figure 1 (a and b). Experimental samples (6”x 6”x 3/8”) with sliding surface 25 degrees to axial load. Plate (a) is the
configuration used by Xia et al. (2004) to produce dynamic ruptures in Homalite. Plate (b) on the right is the configuration we are
using to produce dynamic ruptures in Thasos marble plates.

Figure 2 (Right). Shear rupture propagated ~5mm along the interface away from the edge of the Teflon tape, then a tensile crack
nucleated from the interface propagating downward parallel to σ1.

By comparing nucleation stresses for mode 1 and mode 2 cracks, we calculated we needed ~3 cm
edge crack.  So we decided to modify the equipment for larger (30.5 x 30.5 cm) samples.

. 

Since we knew we could nucleate mode 2 in homalite, we decided to stay with this material
while constructing a new loading jig for marble.  We machined damage elements in homalite
samples to simulate the simplest configuration: a single damage element intersecting a fault (see
Figure 4 above). The damage elements had a width of 0.5 mm and did not close on loading.

Figure 3. (Left)  Log-log plot of
critical stress σ1c to nucleate cracks
on an interface with a stress-free
crack of length a.
Figure 4. (Right)  Sample showing
main fault plane at 250 angle from
horizontal and "damage elements"
at 450 and 700 angles from the fault
plane.  Most samples had only two
damage elements shown by solid
red lines.  Three samples had
additional damage elements shown
by the dashed lines. A hole for the
explosive wire is also shown.



Four series of experiments were carried out.  Series 1 and 2 reproduced the work of Kaiwen Xia
in order to learn the rupture behavior of the sample and the response of the equipment. Series 3
and 4 analyzed the effect of the damage elements on rupture velocity and the effect of the
rupture-generated off-fault stresses on the damage elements. The rupture velocity was measured
for the four series and is reported in Figures 5 - 9 (below), while experimental conditions are
reported in the above table.

Figure 5 (left).  Series 1 experiment with sample containing no damage elements and rupture propagating at subshear velocity.
Figure 6 (right). Series 2 experiment also with no damage elements but rupture tip propagating at supershear velocity.



     
Figure 7.  Series 3 experiments showing the left propagating rupture (tension on the damage element) and right propagating
rupture (compression on the damage element).  Note the velocity decreases when the right moving rupture crosses the damage
element.

   

Figure 8. Another Series 3 experiments showing left and right propagating ruptures.  Here the right propagating rupture stops
when it reaches the damage element under dynamic compression.

We hypothesized that the Series 3 rupture velocity changes were due to stress perturbations
within the sample produced by the damage elements under normal loading and developed a
model to test the hypothesis (See Figure 10).

Figure 9. Series 4 experiments showed tensile extension
of damage elements.  Left, is a lower homalite sample, C-
31, with two slits each on right and left sides. Pre-
machined only 0.25 cm long, the left (tensile rupture) pair
of slits underwent  mode 1 extension generated by off-
fault stresses during dynamic rupture. Note the outer left
slit also had extension of ~0.5 mm.



We used equation 1 to find the effective shear stress, σ'xy, normalized by the remote load, σ1,
around the shear crack, where σxy is the shear stress and σxx is the normal stress on a shear crack
(See Figures 11 and 12) (Ashby and Hallam, 1986). In our case, the branch cracks did not close
and µ = 0.

(1)

                                                                   

Figure 11 (left).  Drawing of normal σxx and shear stresses σxy on a shear crack oriented at angle Ψ  to normal load σ1.
Figure 12 (right). Drawing of normal σθθ and shear σxy stress fields resolved on a plane at a distance r and angle θ  from the
shear crack.

Then stress-intensity relations (equations 2-4) were used to map the stress field around the shear
crack and find the normalized stress perturbation along the main fault, where equation 2 relates
the stress intensity factor, KII, to the shear stress, σ'xy, on a crack of radius a, and equations 3 and
4 calculate the normal σθθ and shear σxy stresses for different angles of a shear crack to a normal
load, θ.

(2)

(3)

(4)

The results are plotted in Figures 13 and 14 showing that the damage elements produce
significant stress perturbations on the fault plane.  These perturbations accelerate, retard or even
stop a dynamic rupture.
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Figure 10.  Homalite sample
under normal load.  The butterfly
patterns on left and right sides
represent stress perturbations
generated by the damage
elements. Note the right stress
field is stronger than the left.
Electrical leads to the explosive
wire appear in the lower right.



_________________________

Figure 13.  Stresses generated on a left-lateral fault by a damage
element to the left of the nucleation point. (See Figures 4 and 10.)
Postive normal stresses are tensional, positive shearing is right
lateral. The figures show that ruptures propagating to the left
initially move through locally reduced normal stresses offset by
right lateral shearing (top).  These perturbations tend to counteract
each other. Once passed the damage element, the rupture passes
through compresional stresses offset by left lateral shearing, again
generating counteracting effects which offset each other (bottom).
The green line denotes an element oriented 450 from the main fault.
The net effect on the rupture velocity is minimal.

Figure 14. Stresses generated on a left-lateral fault by a damage
element to the right of the nucleation point. (See Figures 4 and 10.)
The figures show that a rupture propagating to the right initially
moves through locally increased normal stresses and right lateral
shearing (bottom).  These perturbations act as a barrier to right
moving rupture, thus reducing or stopping rupture velocity as we
see in the Series 3 experiments. Once passed the damage element,
the rupture meets locally reduced compresional stresses and left
lateral shearing which tend to accelerate the rupture (top). The net
effect on the velocity of a rupture propagating to the right is much
more sever – event stopping propagation.


