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Introduction

In a series of previous papers [1,2,3] a theory has been outlined for the
initiation and propagation of macrofracture in elastic brittle materials sub-
jected to nonhomogeneous compressive stress fields. In the present paper
this theory is examined experimentally. Results show excellent agreement
with the predicted fracture initiation location and force levels and reasonable
agreement with the predicted fracture propagation.

The linear theory, as developed in [1 , 3] , defines a fracture function:

n V1+p?
F,,0;p)= ) (oy +02)+——2-L (o) -0,)
(1)

where 7, , 7, are dimensional principal stresses with oy, > ¢, and u is the
slope of the envelope of a set of Mohr circles defining strength failure of the
material [4] . Stresses are nondimensionalized with respect to P, L where
P represents the total force and L the characteristic length shown in Figure
(1). Fracture initiates in the field where F (o, , 0, ;) is maximized and when
the stresses are such that

F(O’l,ﬂ'z;}l)=ﬁ=CL/PI (2)
where C is the T (shear stress) intercept of the strength failure envelope
(cohesion) and Pj is the fracture initiation load. Fracture propagation is
considered to be a succession of fracture initiations [1 , 3] , i.e., the micro-
fractures emanating from critically oriented Griffith flaws coallesce to form

the final fracture path; the macrofracture.
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Analysis

The boundary value problem to be analyzed (and subsequently studied experi-

mentally)is that shown in Figure (1).
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FIG. 1
Plaster Model in Loading Fixture

This is a mixed problem;i.e., zero traction on DB and AC, specified verti-
cal displacement and zero shear stress on BA and CD. An integral equation
procedure particularly convenient for fracture analysis and described in de-
tail in [3, 5, 6] is used to obtain the stress field o,,0,. The material studied

experimentally was a modeling plaster having the following material constants:'

E = 4.2 x 10° psi

v= .24
C = 590 psi
po=.93

! These constants were determined using standard tests and test specimens
made and cured under the same conditions as the model specimens.



Vol.1l, No.4 FRACTURE UNDER COMPRESSIVE STRESS 227

Results of the analysis are shown in Figure (2). Fracture here initiates in
the corners A,B of the specimen. This is due to the large normal traction
components at the corners caused by the uniform displacement of the surface

BA. For P increasing and greater than P., F(o, ,0,; ) = 8 represents a grow-

I
ing contour within which microcracking (damage) is occurring. It is postula-

ted that the direction of macrofracture growth is coincident with the maximum
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growth direction of this contour. The contour map shown in Figure (2) re-
presents a discretized approximation of this contour growth with a predicted
macrofracture path as shown. It is approximate because it is based on the
stress state in the undamaged material. Note that there is no approximation
for fracture initiation load, location and initial direction. As macrofracture
progresses beyond the initiation point, the stress field (and surface traction

distribution) changes and the approximation becomes poorer.? A second

2 The microfracturing occurring within the initiation contour F(o;,0, ;1) = 8
introduces dilatancy which has a marked effect on the surrounding stress
field. Work is in progress on determining the stress field in the presence
of such damage. When complete, no stress field approximation will be

necessary.
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boundary value problem, i.e., uniform normal surface traction, is also con-
sidered and the results are presented in Figure (3). Due to the initial direction
of macrofracture propagation, normal to the loaded surface, it is felt that this
represents a better approximation to final chip depth and formation load. Num-
erical results for both the uniform displacement and uniform traction cases

are given in Table I.

Experimental Results

The experimental apparatus is shown in Figure (1). The models were confined
between two steel plates to insure plane strain conditions. Double layers of

. 005" thick Teflon sheets were placed between the steel plates and the model
faces and between the steel platen and loaded surface BA to eliminate shear
forces due to friction. The boundary conditions on face BA, therefore, con-
sisted of a uniform vertical displacement and zero shear traction. The load
was applied quasi-statically (50 pounds per second). Total load on the surface
BA was measured with a B. L. H. model U3Gl load cell while the vertical dis-
placement was measured with a Shaevitz model 500 HR L. V.D, T, Load dis-
placement plots were recorded on a Hewlett-Packard X-Y plotter; see, for

example, Figure (4).

Test specimens were made of a medium set modeling plaster, an elastic
brittle material which is often used to simulate rock [7,8] . To insure brittle
behavior, the plaster-water ratio chosen was low (70 parts by weight of plaster
to 100 parts by weight of water). Tap water at a temperature of 60°F was
used. The plaster-water mixture was stirred until all air bubbles were re-
moved and the mixture had begun to thicken (10 minutes). The models were
cast in aluminum molds which had been greased to facilitate removal. The
mixture hardened in 15-20 minutes and was then removed from the mold. The
models were cured at room temperature (70°F) for six months. They were
stored in an upright position during this time. Prior to testing, the models
were carefully machined to insure flat, smooth faces and a uniform thickness

(.450").

Experimental results are presented in Table I and Figures (4,5). Fracture
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TABLE I
Results
Fracture Chip S
3 Test No. Initiation Load Formation Load Depth
2 P, P, A
2 (pounds) {pounds) (inches)
)
[ 1 1030 1400 .65
= 2 1125 1500 .65
fé 3 1250 1525 .65
£ 4 1050 1400 .60
~: 5 1160 1575 .60
g 6 1050 1600 .60
& 7 1200 -- -
8 1180 1500 .55

Average 1130 1500 .61
o
¢ (Uniform displ. 1070 3200 1.00
é Uniform traction -- 2400 . 80

initiation and growth of the damage region (to form the final macrofracture)

are evidenced in Figure (4).

P - Vertical Load on BA (ibs.)

2000(

1000

05

Vertical Displacement of BA (in.)

FIG. 4

Typical Force-Displacement Plot
of Uniform Displacement Test on
Plaster Model (Test No. 5)

For increasing load the specimen behaves in a

linear elastic manner up to point I.

At point I fracture initiates at the cor-
ners A, B in Figure (2). The location
and direction of initiation were deter-
mined experimentally by stopping the
test just beyond point I and observing
the fracture. Results are in agree-
ment with the theoretical predictions,
i.e., Figure (2). From point I to Il
microdamage occurs in two separate
regions emanating from points A,B on
Figure (2). At point II these regions
meet. This was determined by stopping
the test at this point and carefully re-
moving the completed chip, see Figure
(5). The portion of the curve from
points II to III represents the action of
forcing the completed chip into the

cavity. Tensile stresses are introduced
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FIG. 5
Photograph of Complete Chip

at the base of the cavity and, at III, a mode I (tensile) fracture emanates from
this point, splitting the model. Numerical results are presented in Table I.
The average of the initiation loads is within 7% of the predicted value. The
chip formation load and chip depth are in poorer agreement as expected due

to the use of the prefracture stress field. As discussed previously, it is felt
that the uniform traction case provides a better approximation for the ultimate

chip characteristics. This is evident in Table I.

Dotted lines are shown on Figures (2, 3) near the surface BA. These lines
represent regions in which the intermediate principal stress is not normal to
the specimen plane (under plane strain conditions and for v = .24, see [3]).
This introduces the possibility of oblique fracture in this region. Such

fractures were observed experimentally.

While much additional work is yet to be done in refining both the theoretical
predictions and the experimental observation of fracture growth (both micro

and macro), the results presented show significant promise.
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