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JNTRODUCTION. The work described herein forms part of an investi-
gation into the validity of conventional Fracture toughness techniques
vhen applied to glass reinforced plastics. An energy approach to
fracture toughness which takes account of irrecoverable strain is
compared with a stress-intensity approach; a modified stress inten—
5ity approach is then used to determine the effect of specimen size
on fracture toughness.

EXPERIMENTS AND RESULTS.  Specimens of the configuration shown in

Fig.l were cut from leminates prepared by hand lay-up from glass mat
reinforcement consisting of 5 em long 'E' glass strands held together
with a FVA binder, and an orthophthalic polyester resin.  Fach
specimen was lcaded in tension at a constant displacement rate of
©1.27 mm/min.

In the energy approach specimens were loaded to a level below
the failure load and then unloaded. The material exhibited irre-—
coverable stréin effects, and the recoverable elastic SNnergy ., UR’ was
measured using a planimeter. The results were presented as UR

2, Pa, for each initial erack length considered;

versus (load)
specimens with initial cracks of length 2,3,4 and 5 cm were tested
and & family of curves obtained. The recoversble elastic energy
at catastrophic failure for each initial crack length was determined
by extrapolating the straight line to a point corresponding to the
failure load.

Balodis (1) has previously shown that for materials in which

bhe amount of drrecoverable strain incresmses with increasing stress,
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2 -
£~ = EGG (plane stress) 3

vhere F is the initial Young's modulus. Equivalent values of Kp

determined from the values of Gc using equation 3 are also shown in

table 1. Kc values obtained in this way take into account irre-
coverable work in the crack tip regions. Although the variation of

is of the same form as the results shown in table 1 the

n

K _in tabie 2
e

former values are less than those calculated from energy considera-

tions, because in calculating Ké in the stress intensity approach

the irrecoverable damage in the highly stressed crack tip regions was

not taken into account.
85

In the stress intensity approach the effect on fracture toughne
of permanent damage at the crack tip may be estimated by adopting the
stress, LI

ys

approach used in metals, but using an equivalent yield

A plastic zone size can then be calculated from (3)

1 . .7
=+ & -
Y an o
: "

and & corrected value of fracture toughness, K'ﬁ, calculated in an

iteration procedure using equations 2 and 4 . The values of

critical stress intensity factor K'  shown in table 2 were calculated

using the resin cracking stress as an equivalent vield stress and

agree well with those shown in table 1, indicating that the resin |

cracking stress may be used to take into account irrecoverable damage

at the crack tip. The resin cracking stress has been defined

previously by Owen and Dukes (4).

Results showing the effect of specimen=size are listed in table

3 and indicate that for these materials the fracture toughness

decreases with increasing width to a constant value of 10 MNm~3/2 at

—
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