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Ultimate Fracture Strength Analysis of Initially Cracked Plate
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The aim of the present paper is to develop a computer program predicting ultimate fracture
strength of initially cracked structure under monotonically increasing external loads. For
this purpose, two kinds of 3-D isoparametric solid elements, one 6-node wedge element and
another 8-node brick element are formulated along the small deformation theory.

Plasticity in the element is checked using von Mises’ yield criterion. Elasto-plastic
stiffness matrix of the element is calculated taking account of strain hardening effect. If
the principal strain at crack tip which is one nodal point exceeds the critical strain
dependin on the material property, crack tip is supposed to be opened and the crack tip node
which was previously constrained in the direction perpendicular to the crack line is released.
After that, the crack may be propagated to the adjacent node. Once a crack tip node is
fractured, the energy of the newly fractured node should be released which is to be absorbed
by the remaining part. The accumulated reaction force which was carried by the newly fractured
node so far is then applied in the opposite direction. During the action of crack tip relief
force, since unloading may be occured in the plastic element, unloading check should be made.
If a plastic element unloads, elastic stress-strain equation is used in the calculation of the
stiffness matrix of the element, while for a loading element, elasto-plastic stress-strain
equation is continuously used.

Verification of the computer program is made comparing with the experimental results for
center cracked panel subjected to uniform tensile load. Also some factors affecting ultimate
fracture strength of initially cracked plate are investigated. It is concluded that the
computer program developed here gives an accurate solution and becomes useful tool for
predicting ultimate fracture load of initially cracked structural system under monotonically
increasing external loads.
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Fig.1 The local and global
coordinate system of elements
(a) 6-noded wedge element
(b) 8-noded brick element

Fig.2 The actual and approximated
stress-strain curve
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Fig.4 The geometric data and
Fig.3 The flow chart of program loading condition
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Table 1. Material properties of 2024-T3 aluminum alloy

Yo?nﬁgﬁnggdglus Poisson’s ratio Yze}(g /iggeis Tenfill(g /iggeﬁs

7452.5 0.33 35.2 51.3

Table 2. Summary of mesh sizes for center cracked panel

nﬂ% gr g?élgrf;t Ngédgf BOO l?f gigiexgl ( (l)nf;a)
1 40 104 274 1016.0
2 61 150 403 409.7
3 97 212 580 254.0
4 138 300 829 102.4
5 156 344 938 40.6

Table 3. Summary of ultimate fracture load for center cratiléed ganei
[unit™: ton

nin. V?l of

Experiment F F.E.A F,E.A . F.E.A

PRI py' e | myBesy | by Riat | brugrecent | fRacy
16.33 20.41 - - 28. 50 1016.0

29.39 18.10 19.50 409.7
- - 18.50 254.0

26,90 16.83 18.00 102.4

25.04 16.56 16.50 40.6
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Fig.5 The general shape of Fig.6 The load—displacement
finite element model history of mesh no.5

136



32.00

28.00
Present

..
w
B8

24.00 19.00 3

18.80 3

»
o
o
S

T Kunret etal [2]

a
2

B
8

ultimate fracture load(ton)
3
3

ultimate fracture load(ton

18.20 -:vawswwmmm
0.30 1.00 Q 4 8 10 12

.30
min. volume of element relaxation step
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Fig.9.a The load-displacement history Fig.9.b The effect of initial crack length

for different initial crack length
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