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Strength and Toughness Evaluation of a High Hardness Steel

Synopsis:

Tadaoki MoORIMOTO

The strength and toughness of a low alloy steel (0:89 carbon), quenched from 850°C and tempered at
various temperatures below 600°C, have been investigated by static and dynamic bend tests and static torsion

tests.
study are summarized as follows:

The effect of notch radius on bend properties has also been studied. The results obtained in this
(1) The plastic deflection in the static bend test or the impact value
decreases exponentially with increasing the stress—concentration factor ‘o’ at the notch root. (2)

The ap—

pearance of low temperature temper brittleness is markedly affected by test methods, that is, it appears at
relatively low tempering temperatures and the embrittlement is more clearly observed in unnotched dynamic

bend or static torsion tests than in static notched and unnotched bend tests.

(3) An optimum hardness is

observed on the fracture strength versus hardness curve in both bend and torsion tests.
(Received May 26, 1970)
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Table 1. Chemical compositions of steel used(wt 25).

C ’ Si Mn P S

Cu Ni Cr Mo A%

0-84 ! 0-54 033 0-007 0-007

0-03 0-08 2-20 0-23 0-05

Table 2. Specimen.

Test Specimen (mm) Notch radius(mm) Purpose
l——55 or 70— R=100' 2;; dl’ 2, 5% | 1o investigate the effects of notch radius
Static Load - unnotched on bend properties
bending il
Y _‘I dskF T R=1?r;r21<5)tgfrll§:l To investigate the changes in static and
40 or 50 dynamic bend properties with tempering
unnotched
D i . . j ] )
bezlndairr?glc JIS No 1 & No 3 impact R=0-25, 1, 2, To investigate the effects of notch radius
specimens were used and 10 on the impact values 17 kgm Izod and
notch radius was only varied 30 kgm Charpy tests
o .
Static > To investigate the changes in torsion

torsion Q unnotched
e} So{ 7}—36—17l-15 msl»
80

properties with tempering
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Fig. 1. Bend properties versus hardness for various
notch radii.
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Fig. 2. Effect of notch radius on bend properties
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Fig. 3. Relationships between plastic deflection
in static bend and reciprocal of stress-
concentration factor “a’.
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Fig. 4. 30 kgm Charpy impact value versus
hardness for various notch radii.
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Fig. 7. Bend properties versus tcmpeung temper-
ature (0-25R notched specimen).
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mode (Tempered at 150°C).
Photo. 1.
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) : Typical example for high hardness levels (As quenched).

) : Typical example for middle hardness levels (Tempered at 200°C).

) : Typical example for low hardness levels (Tempered at 500°C).

) : Fracture started in cleavage mode in ths plane declined by 45 deg. to the specimen axis (As quenched).
) : Fracture started in shear mode in the plane parallel to the specimen axis and changed to the cleavage

Fractures of torsion specimens.
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Cleavage : shown in (a) or (b) of Photo. 1, Shear
(Parailel) : shown in (b) or (e) of Photo. 1, Shear
(Perpendicular) : shown in (c) of Photo. 1.

Strain rates were not distinguished in this classification,
however, cleavdge mode was often observed in low strain
rates. In both ‘shear modes there was no difference due
to strain rates.

Fig. 9. Clamﬁcat:on of fracture modes of torston
specimens.
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(a) : Typical example for high hardness levels (Tempered at
temperatures below 200°C, (b) : Typical example for middle
hardness levels (Tempered at temperatures between 250°C and

400°C). (c) : Typical example for low hardness levels (Tem-
pered at temperatures between 450°C and 600°C).

Fig. 10. Fractures of unnotched static bend
specimens.
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Fig. 11. Relationships between bend properties
and hardness, reploted from Fig. 6, 7.
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Fig. 12. Relationships between torsion properties
and hardness, reploted from Fig. 8.
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