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Study on Fracture Toughness and Residual Strength of
Aluminum Alloy Thin Sheet with Crack

Fan Zhenxing, Li Yazhi, Wang Yaxing, Jiang Wei
(School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: In order to study the geometric factors affecting the fracture toughness and residual strength of thin
sheet structures with crack and the fracture mechanism of ductile material, an experiment is conducted to obtain
K-R resistance curves for a typical type of aviation materials, 2524-T3 aluminum alloy sheet, using middle crack
tension specimen with different width and initial crack length, and hence determine the plane stress fracture
toughness K. and apparent fracture toughness K,,,. The testing and analysis results indicate that the K-R resist-
ance curves highly relevant to specimens’ width but less to the initial crack length, The fracture toughness and
apparent fracture toughness are affected apparently by both the specimen width and the initial crack length. Two
models for the residual strength prediction of thin sheet structures are proposed. Both can exhibit the features of
net-section yielding and stable ductile tearing during the fracture of ductile metals.
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Fig.1 Schematic diagram of the specimen geometry
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Table 1 Nominal size of the specimens

AR R 6 L
ﬁ)i(:’)/ t’:)i;l;)/ P (@)
W
100 312 13 0.25 0.35 0.50
144 312 12 0.25 0.35 0.50
197 312 12 0.25 0.35 0.50
400 688 2 0. 315
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Fig.2 Specimen with loading fixture and

anti-buckling fitting
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Table 2 Parameter values of fitting curve and

fracture toughness results

W /mm a Co ¥ K./ Kope/
(MPay/m) (MPa+/m)

100 3.621 0.175 0.321 75.77 54.5

144 3.642 0.057 0.330 89. 75 63.6

197 3.616 0.466 0. 359 106. 36 75.3

400 3.669 0.603 0. 356 151. 86 102. 0
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Fig. 6 K-R resistance curve of four width cases
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Fig. 7 The test results of K, vs. specimen width
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Table 3 The critical value of net-section in

cracked section

2a0 Za.

W/mm W W Ocaec/ MPa
0.25 0.34 366
100 0.35 0.41 366
0.50 0. 56 368
0.25 0.34 361
144 0.35 0.43 366
0.50 0.57 365
0.25 0.343 364
197 0.35 0. 407 360
0.50 0.549 358
400 0. 315 0.403 362
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Table 4 Residual strength prediction results of

different criteria

W/mm a/mm g,/MPa ¢.,/MPa g/MPa R/

MPa

13 269 629 247 254

100 17 240 533 219 221
21 211 459 191 190

18 272 536 243 252

144 24 242 450 213 217
30 212 385 186 186

24 275 465 236 258

197 32 245 391 208 224
40 216 336 181 193

50 272 322 208 243

400 66 243 272 181 210
80 218 238 161 185
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