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This paper considered i) thickness effect and ii) difference in test specimen structure, on the fracture toughness of a material in the
transition temperature region. First, the thickness effect on the Tis-stress, which is the out-of-plane elastic crack tip constraint
parameter, was studied. Then, an experimental expression on thickness effect on the fracture toughness by using T3s-stress was
proposed for carbon steel S35C, for 3PB (3 point bending). Finally, this experimental expression was shown to describe difference in

CT specimens.
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Fig. 2 3PB test specimen configuration

(a) Global mesh

(b) Detail of crack tip
for elastic analysis

(c) Detail of crack tip
for elastic-plastic analysis

Fig. 3 Finite element model of 3PB test specimen
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Fig. 4 Comparison of normalized K, Ty1 and Ts;3 at
3PB test specimen thickness center for a load
corresponding to nominal SIF of K = 1 MPa m'2
(v=0.3)
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Fig. 5 Relationship between | 3| at 3PB test specimen
thickness center and B/W, for a load corresponding to
nominal SIF of Ko = 1 MPam"? (v=0.3)
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Fig. 6 Relationship between normalized J; rea and B/W
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Table 1 Results of Fracture Toughness Testing

B/W | Serial No. 1 2 3 4 5
al/W 0.54 | 0.51 0.50 | 0.52

P, kN 4.86 | 4.40 5.52 | 5.16
0.25 MPfcm”z 64.39 | 54.21 65.93 | 64.34
J.N/mm | 36.12 | 17.00 45.60 | 27.99

/W | 051 | 050 | 052 | 053 | 051
PN | 862 | 8.64 | 7.52 | 9.09 | 840
0.4 Mpfcm n | 6468 | 6332 | 59.58 | 73.86 | 6343
J.N/mm | 30.93 | 30.61 | 2037 | 41.69 | 26.99
W | 050 | 050 | 052 | 0.51 | 051
PN | 10.94 | 1121 | 11.15 | 10.80 | 10.77
0.3 Mpf;n » | 6525 | 6744 | 6974 | 65.64 | 65.82
7. N/mm | 33.19 | 33.84 | 42.05 | 31.36 | 30.60

- 603 -




15 ‘
i
P, 5 %
10 e
¢ S
P, -
5 ¢ //
< pre
Q &
- 5 //
0 / i 1 i
0.00 0.05 0.10 0.15 0.20 0.25

Clip gage displacement V, mm

Fig. 7 Typical load-displacement (P-V) curve
for 3PB specimen
(B/W = 0.5, test piece no.4)
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Fig. 8 Relationship between J;, Jorea and B/W
for 3PB specimen (S55C)
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Fig. 11 Relationship between Egs, T11 and
B/W for 3PB and CT specimen (S55C)

10 1 i
9 © OB |
/A CT[15]
8
7
& 6
~
2 5
| %
1 | I

0.2 04 0.6 0.8 1

B/W

Fig. 12 Relationship between |Egs|/vTi1 and
B/W for 3PB and CT specimen (S55C)



