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Shape Optimization for Opening Mode in Fracture Mechanics
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ABSTRACT The
structural geometry and number of life cycles
to failure is investigated to improve the fatigue
life of structural components. The linear elastic
mechanics(LEFM)
integrated with shape

methodology. The primary objective of this
study is to decide an optimal shape for
enhancing the life of the structure. The results
from LEFM analyses are used in the fatigue
model to predict the life of the structure before
failure is occurred. The shape of the structure

relationship between

fracture approach is

optimal design

is optimized by using the growth strain
method. Relevant issues such as problem
formulation, finite element modeling are

explained. Three design examples are solved,
and the results show that, with proper shape
changes, the life of structural
subjected to fatigue loads can be enhanced

systems
significantly.

Key words: Shape optimization(¥84}3 = 3}),
Fracture(33), Fatigue life(3) 2+ %), Mode I

(2= D), Crack propagation(zZ 82 ), Growth

strain method(A ZAHE &)
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3.1.1 Single Edge Crack Specimen
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Table 1 Data for Single Edge Crack
Specimen
Item Value
E Modulus of Elasticity 71GPa
¢ maximum load 28.220 Pa
¢ minimum load 28.018 Pa
v Poisson ratio 0.33
t Thickness 2.54 mm
K, Material toughness 29 MPaV m
oy Yielding stress 523 MPa
a Initial crack length 25.4 mm
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Fig. 2 Model of a Single Edge Crack
Specimen
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Fig. 3 Optimized shape of a Single Edge

Crack Specimen
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Fig. 4 Change of volume ,stress, and K,

Stress Intensity Factor of optimized
shape of a Single Edge Crack
Specimen due to number of iteration
by volume control
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3.1.2 Center Crack Tension Specimen

Fig. 5%} %2 Center Crack Tension *]Hdj
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Table 2 Data for Center Crack Tension
Specimen
Item Value
E Modulus of Elasticity 71 GPa
¢ maximum load 59.411 Pa
¢ minimum load 59.073 Pa
v Poisson ratio 0.33
t Thickness 2.54 mm
K ;. Material toughness 29 MPaN m
oy Yielding stress 523 MPa
a Initial crack length 50.8 mm
i o] .
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Fig. 5 Model of Center Crack Tension
Specimen
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Fig. 6 Optimized shape- of a Center Crack
Tension Specimen
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Fig. 7 Change of volume stress, and K;
Stress Intensity Factor of optimized
shape of a Center Crack Tension
Specimen due to number of iteration

by volume control

Table 3 Data for Compact Tension
Specimen
Item Value
E Modulus of Elasticity 71GPa
P maximum force 4880 N
P minimum force 4870N
v Poisson ratio 0.33
t Thickness 25 mm
K. Material toughness 29 MPavV m
oy Yielding stress 523 MPa
a Initial crack length 10 mm
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3.1.3 Compact Tension Specimen
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Fig. 10 Change of volume ,stress, and K
Stress Intensity Factor of optimized
shape of a Compact Tension Specimen
due to number of iteration by volume

control
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