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Abstract

In this study, the plane stress fracture toughness and Tearing modulus are investigated for various
crack ratios using the J integral. To evaluate the J integral and Tearing modulus, both experiments
and estimation are used.

The thickness of the low carbon steel specimens that is used in the experiments is 3mm. The type
of specimen that is considered in the study is center-cracked-tension one. The measurements of crack
length are performed by unloading compliance method.

In the estimation of crack parameters such as the J integral and load line displacement, the
Ramberg and Osgood stress strain law is assumed. Then simple formulas are given for estimating the
crack parameters from contained yielding to fully plastic solutions. Obtained results are as follows;

(1) When the crack ratio is in the range of 0,500~0,701, the plane stress fracture toughness is
almost constant regardless of crack ratios.

(2) The fracture toughness (J.) and Tearing modulus (7') obtained are J.=28.51kgf/mm, T=
677.7 for base metal, J.=31.85kgf/mm, T=742.0 for annealed metal.

(3) Simpson’s and McCabe’s formulas which consider crack growth in estimating J integral are
shown more conservative J and lower T than Rice’s and Sumpter’s.

(4) Comparison of the prediction with the actual experimental measurements by Simpson's formula
shows good agreement,
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Table 1 Ay, b, for the plane stress CCT specimen

| == n=2 n=3 n=5 n=7 n=10
2=1/4 {h; 2.544 2.972 3.140 3.195 3.106 2.896
h, 0.611 1.010 1.352 1.830 2.083 2.191
2=3/8 {hl 2.344 2.533 2.515 2.346 2.173 1.953
h 0.807 1.195 1.427 1.594 1.570 1.425
2=1/2 {’h 2.206 2.195 2.057 1.809 1.632 1.433
k. 0.927 1.186 1.256 1.178 1.040 0. 867
2,5/8{1:1 2.115 1.912 1.690 1. 407 1.221 1.012
=0 b, 0.975 1.053 0.970 0.763 0. 620 0.478
AL 2.073 1.708 1.458 1.208 1.082 0. 956
z=3/4
Tk, 0.933 0.802 0.642 0.450 0. 361 0.292

]

Load

U 3

I

Load line displacement
U : Area under load-load line displacement

curve
Fig. 1 Elastic plastic stress and strain field at U. : Elastic part of U
the crack tip U, : Plastic part of U
Fig. 3 J integral determination with eq. (8)
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Table 2 Chemical compostiion (%)

C Mo | P \ S \ Cu \ Cr Ni
0.13 023 | 002 | oo | oo | oo 0.04
Table 3 Mechanical properties

: Tensile strength | Yield strength Elongation
Materials (kgf/mm?) (kgf/mm?) (%) " a
L-T 42.1 28.6 48.5 7.521 19.715
Annealed 39.3 22.8 50.8 4.742 24.739
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Fig. 6 Geometry and dimensions of (CCT specimen)
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Table 4 Results of for CCT specimentests- /.

unit : kgf/mm

Specimen Using eq.(2.4) | Using eq.(2.8) | Using eq.(2.13) l Using eq. (2. 12) | Using eq. (2. 14)
0.500(B) 28.92 33. 14 17.01 27.82 28.41
0.599(B) 30. 37 38.05 18. 43 28. 55 29.63
0.701(B) 30.07 37.76 18.97 28.17 27.48
Average 29.79 36. 32 18.14 28.51 28. 51
0.500(A) 35.33 52. 65 26. 16 33.41 32.76
0.600(A) 35.12 63. 32 24. 81 32. 82 31.29
0.700(A) 37.57 67.75 29.77 33.52 31.51
Average 36. 01 61.24 26. 91 33.25 ‘ 31.85
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Table 5 Results of CCT specimen tests- T
Specimen i Using eq.(2.4) I Using eq.(2.8) | Using eq. (2. 13) | Using eq. (2. 12) | Using eq. (2. 14)
0.500(B) 766.7 809. 2 724.4 695. 2 687.6
0.599(B) 777.2 783.5 733.6 ‘677.3 669. 8
0.701(B) 793.9 790. 6 742.1 682. 3 675.6
Average 779.3 794.4 733.4 684.9 677.7
0.500(A) 856. 8 1037.9 805. 4 770.7 726.8
0.600(A) 867.2 992.8 822.7 755. 4 762.4
0. 700(A) 914.5 977.3 870.1 777.5 736.8
Average 879.5 1002.7 832.7 767.9 [ 742.0
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