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Strain Rate-temperature Dependency of Impact Tensile Properties and
Ductile Fracture Behavior in Ductile Cast Iron

Hiroshi Y AMAMOTO, Toshiro KOBAYASHI and Hidetsugu FUJITA

Synopsis : Impact tensile tests of as-cast and ferritic annealed ductile cast irons are carried out at strain rates up to 10%/s using a servo-hydraulic high

speed testing machine. The fractography of the tensile specimens is carefully carried out with a scanning electron microscope. The experi-
mental results demonstrate that the 0.2% proof stress and ultimate tensile strength of the materials used increase with increasing strain rate
and lowering temperature. For the as-cast material with higher pearlite content in the matrix, the strain rate sensitivities of the strengths at
room temperature are found to be higher than those of ferritic material. According to the relationships between the tensile properties and
strain rate-temperature parameter, R-value, it is considered that for the deformation mechanisms of ductile cast irons at strain rates up to
10%/s, the thermally activated process is predominantly. Also, the constitutive equations of the impact tensile strengths for these irons are
made based on the strain rate—temperature parameter R. It is believed that the proposed equations can be appropriate for engineering applica-
tions. While both the work-hardening exponent and the tensile ductility increase by decreasing the R-value. However, the tensile ductility de-
creases by decreasing the R-value less than 4500K, because of the over-strengthening by deformation constraining occurs: It is supported by
observations of fracture surfaces in the tensile specimens that micro-dimple fracture surface area induced from debondings at a large number

of small inclusions near the eutectic cell boundaries increases with decreasing R-value.
Key words : ductile cast iron; impact tensile property; strain rate—temperature dependency; thermally activated process: ductile fracture behavior.
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Table 1. Chemical composition of the material
used (mass%).

C S Mn P S Mg Cr Cu Zn Al

3.60 249 0.20 0.026 0.008 0.030 0.037 0.14 0.042 0.012
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Fig. 1. Tensile specimen geometry for impact loading test.
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Fig. 2. Stress—strain curves of ductile cast irons obtained
by impact tensile test (at R.T.).
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Fig. 3. Change in tensile strength with increasing strain
rate (at R.T.).
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Fig. 4. Change in tensile ductility with increasing strain
rate (at R.T.).
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Fig. 5. Relationship between tensile strength and R-value.
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Fig. 6. Relationship between tensile ductility and R-value.

Table 2. Strain rate sensitivity exponents of ductile cast
irons (at R.T., 0.0007-610/s).

Table 3. Material constants for constitutive equations of
ductile cast irons (£<10%/s).

Mat. © Os (MPa) gp(MPa) m
c o2 491 594 0.014
C o8 810 927 0.010
F  ©v2 321 424 0.020
F o8 432 527 0.015

Mat. Obp Os (MPa) A (GPa°K) B (MPa)
C o2 491 716 97
cC os 810 161 102
F ©Oo2 k3 474 64
F o8 432 381 52

0ov.2 : 0.2% proof stress, OB : tensile strength,
O : stress at 0.0007/s, OD : stress at 610/s
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Fig. 9. Typical SEM fractographs at the center of fracture surface of tensile specimen (mat. F).
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Fig. 11. Schematic illustration of ductile fracture mecha-
nism.
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