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Effects of Local Temperature Rise at a Crack Tip on the Fracture
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Toughness of 9% Ni Steels
Synopsis:

The effect of loading rate on fracture toughness of 9% Ni steels with four levels of Charpy absorption
energy was studied at various loading rates between impact and static at —196°C. In contrast to the ordi-
nary ferritic steel, the fracture toughness of 9% Ni steel was foud to increase with the loading rate above
20mm/min. The transition of the fracture mode from brittle to ductile took place at the loading rate of
100mm/min, the fracture was completely ductile above this level. The dynamic fracture toughness, K,, was
greater than the static one, K,.. These observations are attributed to the temperature rise at a crack tip
during the adiabatic heating at high strain rate, which is emphasized by decreased specific heat and the
thermal conductivity at —196°C. The temperature rise during the fracture was measured by a Cu-Constan-
tan thermocouple, and was in good accordance with the previous theoretical prediction. The observed max-
imum temperature rise was 188°C. The results suggest that not only in 9% Ni steel but in other metals and
alloys as well the effect of temperature rise at a crack tip can be an important factor in the dynamic frac-

ture.
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Table 1. Chemical compositions in wt %.

Steel C Si Mn P S Mo Ni
A 0.051  0.26 0.63 0.0029 0.0008 — 9.10
B 0.041  0.23 0.50 0.006  0.005 — 9.13
C 0.043  0.27 0.60 0.0020 0.0013 0.008 9.14
D 0.061 0.25 0.61  0.0032 0.0013 — 9.17

Table 2. Mechanical properties and plate thickness. ,E - 194
was measured at —196°C and other properties at room temper-

ature.
Mechanical properties
Plate
Steel | Thick- Yield Tensile Reduction Elonga ,E—ig¢

nees strength strength  of area tion

(mm) | (kgf/mm?) (kgf/mm?) (%) (%) (kegf-m)
A 30 64.4 72.3 83.1 23.6 25.5
B 30 64.1 73.4 79.3 26.5 14.7
C 30 64.8 72.2 82.5 21.0 22.9
D 20 65.6 76.5 82.0 23.5 20.7
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Fig. 1. Relation between the energy determined by using
a force-time curve and the energy calculated from the
change in velocity of impact tup before and after the frac-
ture.
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Fig. 2. Loading record of static and dynamic fracture
toughness testing of steel A at —196 C using bend speci-

mens.
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Fig. 3. Static and dynamic fracture toughness of steel A
and B at —196 C as a function of Charpy absorption ener-
gy. Previous results by TENGE et al.” (1,2) and PENSE et

al.® (3,4) are shown as well for comparison.
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Fig. 4. Load-time curves after dynamic (5.4m/s) and
static (2 mm/min) bend testings of steel C and steel D at
—196 C using Charpy specimens.
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Photo. 1. SEM fractographs of steel A after the bend testing of Charpy specimen at —196°C. The

crosshead velocity was 100 mm/min.
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