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Ductile Crack Propagation Characteristics and Mechanism
of Structural Steel under High Strain Rate
Hitoshi FURUYA, Ryuji UEMORI, Shuji AIHARA, Yukio TOMITA and Yukito HAGIWARA
. "

Synopsis : In the present study, it was carried out to clarify the characteristics and the mechanism of ductile crack propagation of HT490 structural steel,
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with special emphasis on the influence of strain rate. At first, bend test was performed in various displacement rate, and subsequently defor-
mation microstructure was observed by using optical microscope and scanning electron microscope.

It was found that higher strain rate increased the resistance to ductile crack propagation extremely. The mechanism that higher strain rate
increase the resistance to ductile crack propagation is considered as follows: Higher strain rate suppresses multiple slip and cross slip. There-
fore, the number of slip systems acting on primary voids is limited and then equiaxed growth of primary voids is suppressed. And also, the
cross point of multiple slips, which could be the site of secondary voids, is decreased and the coalescense of primary voids may be sup-
pressed. They lead to decrease in the area mainly composed of equiaxed dimple, and to increase in the area mainly composed of elongated
dimple and the area of shear lip. Consequently plastic deformation accompanying the formation of ductile fracture surface is increased, and
then the resistance of ductile crack propagation become higher.
steel plate; structural steel; high strain rate; ductile fracture; ductile crack propagation; earthquake; fracture surface; void; dimple; plastic de-

formation,; slip line.
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Table 1. Chemical compositions of the steels (mass%).

steel C Si Mn P S Ceq.
A 0.16 0.44 1.34 0.013 0.004 0.41
B 0.17 0.43 1.43 0.019  0.004 0.43

Ceq.=C+Mn/6+Si/24+Mo/4+Cr/5+Ni/40+V/14+Cu/13

Table 2. Mechanical properties of the steels (1/4t, L-direc-

tion).

steel YS,MPa TS MPa YR, % EL,%
A 364 556 65 37
B 321 532 60 39

B. Horizontal direction parallel to the rolling direc-

tion, 1/4t.
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Fig. 2. Schematic illustration of typical fracture surface
(FF: fibrous fracture, SL: shear lip).
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Fig. 3. Relationship between vE and test temperatures at
various displacement rates.
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Fig. 4. Typical load-displacement curves at displacement
rates of 5 and 250 mm/s.
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Fig. 6. Macroscopic fracture surface appearance of steel A
(0°C, Displacement rates: (a) Smmvs, (b) 5000
mm/s).
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Fig. 8. Microscopic fracture surface appearance of FF area
in steel A (0°C, Displacement rates: (a) 5 mm/s, (b)
5000 mm/s).
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Fig. 9. High magnification images of FF area in steel A
(0°C, Displacement rates: (a), (b) 5Smmvs; (c), (d)
5000 mm/s).
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Fig. 11. Microscopic fracture surface appearance of SL
area in steel A (—40°C, Displacement rates: (a)
5 mmy/s, (b) 5000 mm/s).
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Fig. 12. Microscopic appearance of cross-sectioned plane
of steel A (—40°C, Displacement rates: (a) S mm/s,
(b) 5000 mm/s).

Fig. 13. Slip line appearance of cross-sectioned plane
at various displacement rates in steel A (—40°C,
Displacement rates: (a-1) (a-2) 5mm/s; (b-1) (b-
2) 5000 mm/s).
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Fig. 14. Slip line appearance of tensile specimen of steel
A (30°C, Displacement rates: (a) 0.05mm/s, (b)
500 mm/s).
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Fig. 15. Void appearance near the ductile crack tip in steel
B (30°C, (a) schematic illustration of observation
region, Displacement rates: (b) 5mm/s, (¢) 250
mm/s, (d) 5000mm/s).
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Fig. 16. Model of void growth under various slip systems
((a) single slip system, (b) double slip system).
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Fig. 17. Multiple slip appearance in steel A (30°C,
Displacement rate: 0.05 mm/s).
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