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Effects on Fracture Toughness of Adjacent Cracks in the Rectangular Plate

(The Mutual Interference between the Center Crack and Symmetrical Edge Cracks)

Shigetoshi Suimizu, Shun-ichi Kawano and Toshiaki NAKASHIMA

Abstract

The brittle fracture toughness of the plate with cracks are characterized by the critical stress intensity
factor K¢ or the critical strain energy release rate of crack extension Gic. Thus, the prediction of str-
ength for a structure requires the knowledge of the stress intensity factor K| in terms of the structural
configration and loading condition. Several cases of K-values of the plate with a single crack were investi-
gated by many authors. But we have only a few results for the K-values of the plate with several cracks.

The aim of this study is to investigate the effect on brittle fracture toughness of adjacent cracks in
the rectangular plate. For this purpose, the mutual interference between a center crack and symmetrical
edge cracks in the rectangular plate was discussed.

The K-values were numerically calculated by using the method proposed by authors, which was the
application of the J-integral using the method of superposition of analytical and finite element methods
to get good accuracy for extremely coarse finite element.

In order to show the reliability of the numerical results, we made an experiment on fracture toughness
of the hard polyvinyl chloride rectangular plates with cracks same as the numerical calculated models.

The numerical results showed good agreement with the experimental ones.
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Fig.3 Finite element representation of one quarter
of a test specimen model

@77 179
125 T
10.0 lo.!.
S
-~ //oa
]
~
< N
50
a/w=0)
!
«gﬂ:\og,\ \
, \
/D/E/H J
0 0.1 02 063 04 05 0.6 07 0.8 0.9
(a*b)/w

Fig.4 Relation between K,/g, and (a+b)/W.
(a+b& : One-half of total crack length,
W : One-half of specimen width,
0o : Gross section stress,
K, : Stress intensity factor)
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Fig.5 Shape and dimensions of the specimen.
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Fig.6 Schematic diagram of appatatus.
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Table. 1 Mechanical properties

Poisson’s ratio , Breaking Stress
(kg/mm?)

Young’s modulus

(kg/mm?)
385.6 | 0.3 | 5. 94
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Fig.7 Relation between compliance C and crack
length.

Photo. 1 HHRAZI L v, Photo 2 IHHIES X
R U B R OEMEREY R T, REEDOR
MTRT Lo, BEREIBHERCTELHEE (fat-
fracture) 4L, EHLIAPTHERL TR IZIE A
5> TB. 65T, ZORELBEEMH R I OBZEOHL
BHE»S, FOBEERL VHEBELXELIHERIC
HHTE 5.

Fig.d ® Ki/oo DTRIE (KEH BT o/W
L (a+b)/W OBFL, Fig8 ® OC R+ L57%



BEEEAR Y b DETR O BRI E

/rm—-Flat fracture

Crack extension

Photo. 1 An example of fracture surface of the
hard polyvinyl chloride, the cracks initiated
at both tips of center crack.

Flat fracture TN

- Crack extension

Photo. 2 An Example of fracture surface of the
hard polyvinyl chloride, the cracks - initiated
at the tip of right edge crack.
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(@®-zone: fracture at the center crack,
®-zone: fracture at the side crack)
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