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A Fracture Toughness Prediction Method for Structural
Components Based on Crack Tip Plastic
Zone Radius Vectors
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(Department of Civil Engineering, Dianchi College,
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Abstract . It is significant to study the transformation of fracture toughness data from plane strain conditions to
engineering structures, since the plane strain fracture toughness cannot accurately characterize the fracture
toughness of structural components due to constraint effects. Based on the plastic zone radius vectors of crack
tips, a correction model for fracture toughness was proposed with the combined effects of in-plane and out-of-
plane constraints incorporated theoretically, and a fracture toughness prediction method was developed for en-
gineering structures. With the correction model, the fracture toughness and allowable loads were analyzed for
the single edge-cracked stiffened plate. The results show that, both in-plane and out-of-plane constraints have
important influences on fracture toughnesses and allowable loads of stiffened plates. Compared with the plane
strain fracture toughness and the correction method based on the in-plane T-stress, the correction model based
on plastic zone radius vectors is more accurate and reasonable, and can reflect the effects of in-plane and out-

of-plane constraints comprehensively.
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Fig. 2 The configuration of a single edge-cracked stiffened plate
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Fig. 3 Fracture toughnesses of carbon steel 34XH3MA under various relative thicknesses ( B/W)
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Table 1 Measured fracture toughnesses and corresponding fracture parameters of carbon steel 34XH3MA[7]

specimen W /mm B/W a/W K, /(MPa-m"?) T, /MPa T3 /MPa rip> /mm'? I/ @
SEN(B)-S-01 20 1.000 0.300 55.72 -31.70 -90.38 0.440 05 0.032
SEN(B)-S-02 20 1.000 0.605 55.28 94.05 -21.21 0.417 42 0.014
SEN(B)-S-03 20 1.000 0.620 59.42 105.90 -18.68 0.446 74 0.016
SEN(B)-S-04 20 0.500 0.245 72.35 -73.61 -221.50 0.723 29 0.107
SEN(B)-S-05 20 0.500 0.250 60.84 -58.97 -185.44 0.560 03 0.063
SEN(B)-S-06 20 0.500 0.445 61.44 45.28 -155.45 0.559 19 0.035
SEN(B)-S-07 20 0.500 0.445 69.70 51.40 -176.38 0.662 87 0.049
SEN(B)-S-08 20 0.500 0.610 58.91 108.88 -116.87 0.517 36 0.022
SEN(B)-S-09 20 0.500 0.615 61.25 115.75 -120.05 0.542 05 0.024
C(T)-8-01 40 0.500 0.350 67.36 125.35 -123.23 0.612 02 0.027
C(T)-S-02 40 0.500 0.350 70.17 130.67 -128.41 0.641 17 0.029
C(T)-S-03 40 0.500 0.625 66.28 151.25 -93.81 0.591 30 0.014
C(T)-S-04 40 0.500 0.645 72.13 163.25 -98.13 0.639 30 0.016
C(T)-S-05 40 0.250 0.380 82.12 169.98 -248.60 0.977 62 0.063
C(T)-S-06 40 0.250 0.425 83.55 187.50 -249.03 1.006 96 0.060
C(T)-S-07 40 0.250 0.490 80.67 192.03 -236.13 0.941 30 0.045
C(T)-S-08 40 0.250 0.475 82.00 194.25 -240.77 0.975 05 0.050
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