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Effect of Crack Tip Constraint on the Fracture Resistance Curve
in CT Specimen with Same Thickness
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Abstract

Fracture resistance (J-R) curves, which are used for elastic-plastic fracture mechanics ana-
lyses, are known to be dependent on the specimen geometry. The objective of this paper is to
investigate the effect of crack tip constraint on the J-R curves in CT specimens. Fracture
toughness tests on CT specimens with varying planform size were performed and test results
showed that the J-R curves were increased with an increase in the planform size. Finite element
analyses were also performed and the numerical results showed that this experimental phenome-
non was probably due to the relaxation of crack tip constraint resulting from the stress triax-

iality.
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Table 1 Number of test specimens (thickness @ 17)

J—R test
1T
Material o—¢ test
With Without 2T 25T 4T
side —groove side — groove
SA312 TP347 Weld 3 3 . . 3
SA516 Gr.70 Weld 2 3 2 2
SA516 Gr.70 Base 2 2 1
SA240 TP304 Base 2 1 2
Total 9 19
Table 2 Summary of ¢— ¢ test results
Material Specimen No. oo (MPa) o« (MPa) a n
1 388 480 3.10 10.06
SA312 TP347 Weld 2 388 483 1.38 12.42
3 398 480 1.65 10.91
4 421 527 2.12 9.86
SA516 Gr.70 Weld
5 449 556 1.05 12.26
6 254 635 5.26 2.05
SA516 Gr.70 Base
7 239 665 5.81 2.81
8 366 501 2.69 7.34
SA240 TP304 Base
9 337 493 2.88 6.39
N 3000
Ramberg—Osgood A EBAF o s Aeldl 7o SAB16 Gr.70 without 5.G.
@ SA516 Gr.70 with $.G.
=. g b
2400 . goo B
33 &M 2o EXMFRo WE J-R AY T e
e AR J & F317) 95 ASTM E813 Z 1800 | e . d
~ [
(Standard Test Method for Ji, A Measure of g e o®
[
Fracture Toughness) ?} J—R341% T3}7] 93 £ 1200
ASTM EI1152(Standard Test Method for Deter- -
mining J—R Curves)o] whe} whad 4] # & (single 600
specimen method) ¢ 2 ##1&toict, Fig. 1& SA y
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SA516 Gr.70 73 . | Eol edsted & %_ ¢ 3 Fig.1 Effect of side-groove on J—R curves for
mmel W J-R FAdo] of 20% A= wrepzpovt SA516 Gr. 70 carbon steel and SA240 TP304
SA240 TP304 7ol % &9 &9 dde] 79 stainless steel
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Table 3 Summary of side—groove dependent J—R test results for 1T —CT specimen

L Specimen
Material C C,
Side —groove No.
O 1 534 0.652
SA516 Gr.70 Base O 2 685 0.621
X 3 891 0.505
O 4 636 1.000
SA240 TP304 Base X 5 853 0.703
X 6 853 0.711
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Table 4 Summary of planform size dependent J—R test results for CT specimen (thickness : 17)

Specimen
Material C G
Size No.
1 362 0.762
4T 2 533 0.696
3 824 0.335
SA312 TP347 Weld
4 206 0.463
1T 5 180 0.620
6 189 0.405
7 711 0.360
25T
8 687 0.392
9 429 0.340
2T
SA516 Gr.70 Weld 10 271 0.496
11 188 0.356
1T 12 244 0.359
13 264 0.413
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Table 5 J—integral values from center to surface along the thickness direction (t : thickness)

Distance from specimen center 0 t/4 t/2
(x)
117 111 37
1T
J—integral L 188 166 60
(kN/m) 117 110 39
4T
188 171 58
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Fig. 7 Comparison of normalized near tip stress
fields of each layer for 1T—CT specimen
(thickness : 17)

2 r T
hd ~ -
- SV
1 d Y. L !
0 1 2 3 4 5
rao/J

Fig. 8 Comparison of normalized near tip stress
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