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Inconsistency in Transition Temperature by Testing Methods of Low Carbon Steels

Tsuyoshi Y act and Michihiko Nacumo

Synopsis : The fracture process at ductile-brittle fracture transition region of low carbon steels has been compared for J-integral
tests and instrumented V-notch Charpy tests. Three steels of ferrite-pearlite structure, A and B, and of mixed structure
with bainite, C, were employed. Only differences of the compositions are respective Ni to Mn ratios, and characteristic
differences in the ductile-brittle transition behaviors such as the transition temperature, R-curve and brittle fracture
initiation stage have been observed. From the analysis of the instrumented test, a Charpy energy is decomposed into
the energies dissipated in involved fracture processes. On contrary to steel A and B, decreases of the energy transition
temperature and of temperature dependence of stretched zone width at Charpy test compared with at the fracture
toughness test are observed with steel C. These differences are originated in Region II where blunting of the notch
tip proceeds associated with the extension of the stretched zone. Referring to the stress analyses, the estimated local
stress at the brittle fracture initiation site of Charpy tests is about a half of that of J-integral tests. The inconsistency
of the transition temperature takes place for steel C which shows pop-in at the J-integral test. It is discussed that the
inconsistency of the transition temperature is caused by the suppression of pop-in at Charpy test because of its low local

stress.
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Table 1. Chemical compositions (mass%) of the steels.

Steel C Si Mn P S Ni Al
A 0.077 052 <0.003 <0.003 0.003 2.06 0.048
B 0.078  0.47 1.04 0.004 0.004 098 0.044
C 0.076  0.50 2.06 0.006 0.006 0.01 0.072
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Schematic load-time record of the in-
strumented Charpy test. E;; ,E;;,and E,, are
the energy up to the maximum load,
energies until and after the unstable load
drop, respectively.
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Fig.2. (a) Energy transition curves of 2mm V-
notch Charpy tests and (b) temperature
dependence of the J-integrals at fracture for
respective steels.
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Fig.3. Maximum loads at instrumented records
and total absorbed energy in a low energy
region (<80]) of Fig.2a, for respective steels.
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Fig.4. Plots of the energy until the maximum load,
E,;,and that from the maximum load to the
unstable load drop, E.-E;;, against
absorbed energy from all data in Fig.2a.
Symbols such as II(A) and HI(A) denote
Region II and Il of steel A.
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Fig.5. Comparison of the crack growth resistance
curves : (a) relationships between E;, and Aa
for instrumented Charpy tests and (b) rela-
tionships between the J-integral at fracture
and Aa for J-integral tests. Aa is the sum of
the stretched zone width and the stable
crack length.
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Fig.6 Low energy region of Fig.5 (a) and (b). Aa in

Fig.5 is separated into SZW and SCL to
examine the onset of stable crack.

1400

1200
1000
=800 |
600
400
200

SIW

700 —
600
=500
31400
300
< 200
100

.50 0 50 100

2100
Test temperature (°C)

Fig.7. Comparison of the temperature dependence
of the stretched zone width, SZW : (a) in-
strumented Charpy tests and (b) J-integral
tests.
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Fig.8. Distance x from the notch front to the brittle
fIIiacture initiation site against E,, in Region
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Fig.9. Fractographs of a brittle fracture facet in
the midst of stretched zone, and the
magnified view of the area near the initia-
tion site. The specimen was fractured at-
10°C by J-integral test of steel C.
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