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Effect of Impact Bending Rate on Fracture Behavior in
H Weldable Structural Steel

' Toadahisa NAKAMURA, Yoshikazu Ro, and Shigeru KiTAMURA

Synopsis:
Mechanical properties of weldable structural steel (SM41) have been studied over a wide range of nominal
bending speeds ranging from 6 mm/min to 40 m/sec and at testing temperatures from —196 to 70°C. The

- results obtained are as follows,
1) The nominal skin stress of a smooth specimen increased with lowering the test temperature and in—
= creasing bending rates. Static bending of fatigue—cracked and mechanically notched specimens did not

show remarkable temperature and notch root radius dependencies except at lower temperatures, while
the dynamic bending gave strong temperature, notch root radius and bending speed dependencies.

2) The ratio of the nominal skin stress of notched specimens to that of smooth ones was increased with
the -decrease of notch root radius and showed no strong temperature dependency in static bending. In
, dynamic bending, the ratio was increased sharply with temperature and shifted to higher temperatures with
F‘ bending speeds. ‘

3) The effect of notch root radius was not great in fracture toughness. Plane strain fracture toughness

@ was obtained at higher temperatures in dynamic bending than in static one.
4) The relation between cross head displacement and clip gage one was linear both for the experimental
results and the finite element method.
5) The critical COD in dynamic bending might be calculated from the relation between cross head dis—
, placement and clip gage one in static test and from the experimental equation about COD and displace-

ment in dynamic test.
6) The critical COD was observed to be shifted to higher temperatures with increasing bending speeds.
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Fig. 5. Relation between nominal skin stress of fatigue-cracked and notched specimens to that
of smooth specimen ¢yoten/or1as and temperature for various notch root radii; (a)
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Photo. 1. Macroscopic fracture appearances of
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presumed from impact force.
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and reduction of area (R.A.) with temperature for various notch root radii; (a)
Fatigue crack, (b) p=0.lmm, (c) p=0.3mm, and (d) p=0.5mm.
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Table 1. Comparison among transition temper-
atures defined from various properties
for notch root radii and bending rates :
(Kr¢, Krg) : The heighest temperature
corresponding to static and dynamic plane
strain fracture toughness K;, and Kjg4
respectively.

(o n)se : The temperature corresponding
to nominal skin stress ¢y of 80 kg/mm?2.
(6 Noten/ G r1at)1.0 @ The temperature cor-
responding to the ratio nominal fracture
stress of notched specimen to that of flat
specimen o noten/ 0 F1ar 0f 1.0.

(COD),.4 : The temperature correspond
ing to the critical crack opening dis-
placement (COD) of 0.4 mm.

(C. F.)5 : The temperature corresponding
to cleavage fracture (C.F.) of 50%.

(R. A.) o : The temperature corresponding
to reduction of area (R.A.) of 10%.
(M. N. : Machine Notch, F.C.: Fatigue
crack.)
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Photo. 2. Macroscopic fractured surface in fatigue-cracked specimen for testing temperatures

and bending rates.
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