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Determination of CTOD & CTOA Curve for Structural Steel Hot-Rolled Thin Plates

G. S. Lee(Mechanical Eng. Dept. INHA), O. S. Lee(Mechanical Eng. Dept., INHA)

ABSTRACT

The K-R design curve is an engineering method of linear-elastic fracture analysis under plane-stress loading conditions.

By the way, linear-elastic fracture mechanics (LEFM) is valid only as long as nonlinear material deformation is confined to a

small region surrounding the crack tip. Like general steels, it is virtually impossible to characterize the fracture behavior with

LEFM, in many materials. Critical values of J contour integral or crack tip opening displacement (CTOD) give nearly size

independent measures of fracture toughness, even for relatively large amounts of crack tip plasticity. Furthermore, the crack

tip opening displacement is the only parameter that can be directly measured in the fracture test. On the other, the crack tip

opening angle (CTOA) test is similar to CTOD experimentally. Moreover, the test is easier to measure the fracture toughness

than other method. The shape of the CTOA curve depends on material fracture behavior and, on the opening configuration of

the cracked structure. CTOA parameter describes crack tip conditions in elastic-plastic materials, and it can be used

as a

fracture criterion effectively. In this paper, CTOA test is performed for steel JS-SS400 hot-rolled thin plates under plane-

stress loading conditions. Special experimental apparatuses are used to prevent specimens from buckling and to measure

crack tip opening angle for thin compact tension (CT) specimens.
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Fig. 1 Schematic of blunting crack tip region
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Table 1 Mechanical properties of specimens

Hot-Rolled Nominal composition (wt%)

Steel C [Si M [P S A [Other
JS-55400(0.158 | 0.01 | 0,67 |0,016|0,010|0,032| -
Mechanical properties

B
Thick-| Yield | Tensile| -~ |Young's| ~ Expected
ness |Stress| Stress . modulus
() | (M) (M) ation (o) Toughness, K
(%) (Mhvm)
43 131364822 | 33 163.9 I
JS-SS400 (t43) W:118, a3 unit mm
E,' 2
/f’\\aﬁ
| |
41.3
118 RAER:
147 .5

Fig. 2 Configuration of test CT specimens
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Fig. 3 Block diagram of experimental apparatus
Anti-Buckling fixture
Jig

CT specimen

Fig. 4 Anti-buckling fixture for testing thin CT specimens
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Fig. 7 Crack tip opening displacement vs. crack extension
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Fig. 8 Crack tip opening angle vs. crack extension
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