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Fracture Behaviors of Fracture Toughness Testing Specimen with Heterogeneity
Along Crack Front

——Fundamental Study Using Specimens Extracted from Stainless Clad Steel—

by Masao Toyoda, Member
Kunihiko Satoh, Member

Isamu Oda, Member

Summary

Fracture toughness tests of specimens with mechanical and metallurgical heterogeneity
along crack front have been conducted. Using specimens cut from stainless clad steel (high
tensile strength of 80 kg/mm? strength level with SUS 304 stainless steel), both the conven-
tional V-notch Charpy test and the bending COD test are performed to investigate the effect
of the heterogeneity on the process of fracture and the fracture toughness controlling param-
eters.

Absorbed energy of clad specimen in V-notch Charpy test is affected by various complicate
factors such as fractions of brittle regime, energy for initiation of crack in the vicinity of
notch tip, and energy for propagation of crack. In the heterogeneous material, absorbed
energy in Charpy test may not be a proper fracture toughness parameter. “The processes of
fracture of static bending notched specimens are as follows: At low temperature, cleavage
type fracture firstly initiates only in HT 80 steel region, and at high temperature, ductile
fracture firstly initiates in SUS 304 steel region. In the case of fracture toughness testing of
heterogeneity materials, it seems that stretched zone width can be a proper parameter of
fracture toughness in particular relation to crack initiation. Fracture toughness values when
original crack initiates in the some parts along crack front are roughly equal to those of
specimens filled with the lower-toughness materials in crack front.
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Fig.1 A typical example of fracture toughness
testing specimens with heterogeneity of
fracture toughness along crack front
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Table 1 Chemical compositions and mechanical properties of materials used for
explosive clad steels

: . Chemical compositions (%) . Plate thick-
Materials
C Si Mn P s Cu Ni Cr Mo v Al ness  {(mm)
HT 80 (D,B) €¢.11 0.25 0.86 0.018 0.004 0.23 0.06 0.77 0.41 0.036 0.069| 35.0
SUs 304 (D) 0.06 0.72 0.98 0.026 0.006 - 9.38 18.24 -~ - - 9.0
SUS 304 (B) 0.05 0.70 1.05 0.028 0.005 - 9.47 18.55 -~ - - 10.0
Mechanical properties
Materials Tensile test Impact test
Y.S. T.S. vIrs (°C)] VE_,g (kgm)
ur 80 (D) | 8s.0 | ss.0 | L | 80 214
C -71 6.7
HT 80 (B) | 84.9-| 92,7 | L] =80 21.8
. C -64 17.7
SUs 304 (D) 59.0 78.0 C - 7.5
SUS 304 (B) 42.4 72.9

Y.S.; Yield stress '(kg/mmz)
T.S.; Ultimate tensile strength (kg/mm?)
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Fig. 2 Design for V-notch Charpy impact speci-
men and bending COD specimen extra-
cted from clad plate
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Fig.3 Schematic view of extraction of Charpy specimens (VA~VEH type)
and bending COD specimens (A~SA type) from clad steel plate
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Fig.4 Variation in absorved energy of V-notch

Charpy tests vs. testing temperature
curves for various specimens with me-
chanical heterogeneity (as clad plate)
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Fig. 6 Variation of crack length with impact
energy at typical testing temperatures
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cross-bond type fracture toughness testing specimens extracted from HT
80 welded joint (Detailed references given in author’s paper of Ref. 1))
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