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Effect of Loading Rate on Deformation and Fracture Properties of Notched Steels

Nobuyuki Ismikawa, Yaswo Kosavasuiand Masao Tovopa

Synopsis :

The effects of loading rate on deformation and fracture properties of structural steels have been investigated using

notched round bar steel specimens. FEM analysis was carried out to evaluate stress and strain condition around notch
region. Because of high speed straining, plastic work leads to temperature increase in the vicinity of notch tip. Strain
rate dependence of tensile strength was evaluated equally as temperature by strain rate-temperature parameter (R
parameter) considering temperature increase in the notch region. It is proved that ductile-brittle transition temperature
did not rise with dynamic loading in the case of the steels with good deformability or the specimen with low stress
concentration factor. This is because that large amount of plastic deformation leads to high temperature increase
around the notch under dynamic loading, which eliminates the effect of strain rate for brittle fracture.
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Table 1. Chemical composition of steels (mass%).

No. C Si | Mn P S Nb 4
A 1016|040 1.47|0.012| 0003 0.01 | —

B |0.15)| 035 1.39]|0.016 0003 — | 0.04
C 014|005 1.29|0.008 | 0.018| 0.06 | —

Table 2. Mechanical properties of steel plates.

Tensile properties Impact properties |

No. YS TS YR | EL | RA vTs vEO |
(MPa) | (MPa) | (%) | (%) | (%) | (T) ()]
A | 394 | 554 | 72 | 38 | 79 2 84
B 354 | 523 | 68 | 40 | 78 -50 238
C 387 | 528 | 80 | 38 | 72 4 48
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Fig. 1. Configuration of notched round bar speci-
men (in mm).
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Fig. 2. Stress-displacement curves.
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Fig. 3.

Changes in yield stress and tensile strength
with R parameter.
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Fig. 4. Relation between reduction of area of notched specimen and temperature.
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Fig. 7. Configuration of the mesh for FEM analysis.
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Fig. 13. Schematic diagram for the effect of
dynamic loading on ductile-brittle transi-
tion phenomenon.
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