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ABSTRACT

Dynamic photoelasticity together with high speed photography is utilized to
study the interaction of an explosively driven crack with a large flaw in
unloaded and compressively loaded models. Experimental data obtained are
analysed to study flaw-wave interaction and flaw-crack interaction. The re-
sults indicate a strong influence of the stress field surrounding the run-
ning crack on the stationary flow. The flaw tip closer to the running crack
initiates in unloaded models even before the running crack terminates into
the flaw. Initial compression tends to delay secondary crack initiation.
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INTRODUCTION

Explosive crack propagation in a fractured media is of special interest to
rock mechanics community. Examination of core samples taken from Devonian
Shale indicate that it is a fractured media whose gas producing capabilities
may be highly dependent upon the characteristics of its fracture system.
Moreover, it is felt that this fracture system could greatly affect the
propagation of a pressurized crack from a borehole during stimulation.

When explosion occurs in a prenotched borehole a complicated system of elas-
tic stress waves followed by a crack network are generated. The waves travel
faster than the crack and interact with the flaws which are already existing
in the material. While this interaction is going on cracks generated at the
borehole and traveling with high velocity and stress intensity factor come
and hit the flaws which might still be stationary or have started to move
during the flaw-wave interaction. The first phenomenon of flaw-wave inter-
action itself is important and has received considerable attention in recent
years. A theoretical study by Chen and Sih [1] and experimental studies by
Smith [2] and Rossmanith and Shukla [3] discuss flaw-wave interaction in
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EXPERIMENTAL PROCEDURE

The .
g 1gﬁgmgﬁgy6ﬁfw§2e Specimens used is shown in Fig. 1. The specimens wer
00 °"5,2nd 6" Wide and were fabricated from 0.5""thick sheete of Ropalsre
Kobayashi [5]. The so jhis materia] have heen characterized b; Da?Ta]1te
to a length of 1/4" Sgeggmins had a 1.5" diameter borehole which was y e
center of a premachined f]as dT;ﬁ?E ??e explosively generated crack tgogﬁged '
was 1 " > aw was 1.5" Fa i
ocated 3 from the center of the boreh > llg 2y 0.008" wide and . Fig. 2. Optical Bench of the High Speed Camera
hole was charged with 125 mg of PETN ole. In the experiments the bore-
sisted of two circular steel caps held ghe pressure containment device con-
which the explosive charge was detonat dy a_hollow perforated bolt within - The spark gaps are initia
ed. This device has the effect of - receiving a trigggr signa] in a time cont C
produces a potential difference on two sides of the spark gap causing the

somewhat cushioning the :
for : explosion and retaini :
a comparatively long time after detonatiog? EHS Bresse i mie Borcliole f spark to jump and producing an intense source of light. The light from each
: spark is collected with a field lens, circularly polarized and passed through
1 is repolarized and then focussed

The models were ; . . .
Schardin type camera.p]$ﬁsdo1gith$ gpt1ca] bengh of a high speed Cranz : the model. Light coming out from the mode
e ptical bench of this camera is shown in Fig. 2 on a set of camera lenses. With this arrangement each image of the dynamic
: 228.6 mm | S event can be recorded at a different Jocation on a sheet of stationary film.
) i , In these experiments the camera was operated at a low framing rate to pro-
vide a sequence of sixteen frames for an observation period of 400-500 us.

£ ! The time of camera triggering after detonation was controlled with a time
€ -
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11y charged to 15 KV dc and then discharged upon
ontrolled sequence. The discharging

NORMAL FLAW OBLIQUE FLAW delay generator.
; A series of three experiments were performed in which the flaw geometry and
‘ the preload on the specimen were varied. The results from these experiments
' are discussed in the following section.

iy

RESULTS AND DISCUSSION
In the first experiment the flaw was machined so-that the running crack would
hit it at normal incidence. A typical set of isochromatic fringes obtained
Isochromatic fringes are lines

during the experiment are shown in Fig. 3. ]
of constant maximum shear stress. Frame 1 at 52.5 us shows the P wave inter-

action with the flaw tip. As the wave hits the flaw tips it is diffracted
and scattered. The resulting stress field ojj (x,y,t) generated about the
crack tip is composed of the incident wave oy ji (x,y,t) and the diffracted

P and SV waves of oijs(x,y,t):
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If the crack occupies a line L along y = 0, the normal and shear stress on
L are required to vanish such that the boundary conditions are satisfied:

i s
3 ,t + ] ) = ;- I—
Uyy (x,0,t) oyy (x3osit) =40L) %e

o] 1(x,o,t) + 0 s(x,o,t) =0, xel

Xy Xy
The mixed mode problem has been solved theoretically [1] where for conve-
nience the fracture problem is divided into a symmetric part [Mode 1] and an
anti symmetric part [Mode 2]. The corresponding mixed boundary conditions

are:
Mode 1:
VS Gemat) = o Slheen £ = 0, il
b Xy
S i
E) st = gk sV 5
oyy (x,0,t) ny (x,0,t)
S i
Ty (.05 1) = 04ixe 1k
Mode 2:
U%xm,ﬂ = g %xm,ﬂ =0, x£L
X Yy
c S(x,o,t) = -0 1(x,o,t);
Xy Xy

s
5 ’t = B
Oyy (x,0,t) = 0, xelL

The solution of the original problem is obtained by superposition of the
particular pure mode solutions. In this paper the stress field is evaluated
from experimental data using the properties of isochromatic fringes.

In frame 1 at t = 52.5 us the leading compressive part of the P-wave hits
the flaw tip. Both the tips of the flaw show typical mixed mode isochro-
matic fringes. These fringes are evaluated using multipoint method of San-
ford and Dally [5] and give a Ky value of = 0.55 MPav/m and Kr7 value of

0.1 MPavm and stress field parallel to the crack ogy = 1.88 MPa. As the
wave passes over the flaw the stress field at the tips oscillates but never
is large enough to initiate the flaw. In the mean time the prenotch at the
borehole is initiated because of the pressure in the borehole. This crack
travels at a high constant velocity of 380 m/s towards the center of the
flaw as shown in Fig. 4. The stress field from this crack tip begins to
interact with the flaw at about 133.5 us as shown in frame 2 of Fig. 3. The
interaction is stronger with the flaw tip A as the crack is closer to it.
The strong tensile field associated with the running crack initiates tip A
at about 140 us as shown in Fig. 4. This tip initiates at an angle of 130°
to the flaw at a constant velocity of 340 m/s. Tip B does not initiate un-
til the crack has terminated at the flaw. Frame 3 of Fig. 3 shows the ini-
tiation of tip B. The outward movement of the borehole crack walls pro-
duces shearing force at tip B. This is reflected in fringe pattern which
has a high mode 2 component. The initiation time of this tip is again ob-
tained from Fig. 4 and js about 173 us which is about 10 us after the crack
terminated at the flaw. Both tips after initiation travel with constant
velocity parallel to each other till they break the model.

Frame 3

Frame 4
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Fig. 4. Crack Tip Position as a Function of Time
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Fig. 5. Static Stress Field in the Model Due to a e
Compressive Stress Normal to the Flaw Fig. 6. Dynamic Isochromatics Shoﬁig? cygcgjzizgg1?;i¥?§?1y
i ing a Premachine aw Su
In the second experiment the flaw geometry was the same as in experiment one. igtﬁgisizgsgve Stresses
An initial compressive stress of 1070 psi was applied perpendicular to the
flaw. A static stress field thus generated in the model is shown in the iso-
chromatic photograph of Fig. 5. The flaw tips show a high value of stress E 150 —
intensity factor K1 = 1.96 MPav/m which matches well with the standard cen- € EXPERIMENT 2 A
tral crack equation [6]. Figure 6 shows the interaction of the waves and 5 T ST N T CRACK TIP
the crack with the flaw. As the stress wave passes over the flaw the mixed z CRACK TIP B
mode stress field changes with time but the flaw does not initiate. The (e
crack initiated at the borehole travels with a constant velocity of 380 m/s E 100 |-
and terminates at the center of the flaw at t = 160 us as shown in Fig. 7 3 FLAW POSITION
The opening of the crack walls coupled with the initial compression perpen- o. 1 H
dicular to the crack initiates both the flaw tip approximately 10 us after o "’/,.r”1F//"”: '
the crack terminates at the flaw. Both the tips initiate at right angles to - 1
the flaw and travel parallel to each other at constant velocities of 370 m/s e BORE HOLE |
and 340 m/s ti1l they break the model. Q o CRACK ;; i 1 g
o

In the third experiment the flaw was machined at an angle of 30° as shown in e ?" |;0 200 300 o
Fig. 1. The isochromatic pictures obtained are shown in Fig. 7. Frame 1 at 50 TIME, t (us)
t = 40 us shows the wave diffraction at the flaw tip.  As in the first two - i

experiments the stress wave interaction does not result in large enough

stresses to initiate the flaw. Frame 2 at t = 97 us shows the borehole crack -

approaching the flaw. The stress field of the running crack being close to Fig
flaw tip B begins to interact with it first. At about 100 ps tip B initi-

ates due to this interaction. The crack itself deviates from its straight

path as seen in frame 3 and approaches the flaw at right angles. Flaw tip

B after initiation turns towards the borehole, curves and terminates at the

wall of the borehole crack also at right angles at about 180 us. Flaw tip

A initiates after the crack has terminated at the flaw possibly due to the

. 7. Crack Tip Position as a Function of Time
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opening of the crack wall. It travels in opposite direction to the tip B
in a zig-zag path across the specimen.

CONCLUSION

Dynamic photoelasticity was employed to provde 'whole field' data to study
interaction of explosively generated waves and crack with a large flaw in an
unloaded and a compressively loaded photoelastic model. The data obtained

showed that:

1. In all three experiments the stress intensification at the flaw tips due
to stress wave interaction was not large enough to produce initiation.

2. The running crack tip stress field did produce initiation of the flaw

tips closer to it in unloaded specimens even before the crack terminated

at the flaw.

The flaw tips away from the crack initiated after the crack had termi-

nated at the flaw possibly due to additional loading created by the crack

wall movement.
4, In all these experiments both the flaw tips initiated during the experi-

ment.
Initial compression tends to delay secondary crack initiation and also

influences the propagation direction after initiation.

(521

The author wishes to emphasize the qualitative rather than the quantitative
nature of the results. At present data reduction methods for the determina-
tion of stress intensity factors associated with transient and gradient
stress fields are not completely developed. However, the results obtained
do give us an insight into crack-wave and crack-crack interaction problems.
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