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Fracture Behavior of Some Structural Steels under Hydrostatic
Tension and Their Fracture-Mode-Negative Pressure-Tempe-
rature Diagrams

Sakae SAITO, Muneaki SHIMURA, and Eihachiro TANAKA

Synopsis: :

The fracture behavior of some structural steels under the hydrostatic tensile stress state has been studied
by means of the Bridgman—type specimens. The fracture behavior of these steels had strong dependence
on the hydrostatic tensile stress state. It was shown that the higher the hydrostatic tension and the lower
the testing temperature, the lower the fracture strain was. A transition from ductile to cleavage appeared
on the specimens subjected to the larger hydrostatic tension.

The ductile-brittle transition pressure (negative pressure) DBTP is suggested to exist from the analogy
of ductile-brittle transition temperature DBTT.

The three dimensional ‘“‘Fracture Behavior Diagrams” in which hydrostatic tension is taken into con—
sideration have been presented in order to discuss the fracture behavior of these steels in general.
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Table 1. Chemical composition of steels. (wt%)
¢ | s | Ma P S Cu Ni Cr v
S45C 0.45 0.24 0.82 0.021 0.023 0.01 0.01 0.03 —
S25C 0.24 0.21 0.42 0.016 0.019 0.04 0.01 0.02 —
S M50 0.16 0.44 1.42 0.017 0.004 — 0.01 0.01 0.07
Mechanical properties of steels. .
2. R R K &
Tensile strength | Elongation |[Reduction of
(kg/mm?) (%) area (%) 2.1 $EMH
S$25C 46 36 65 S45C (50¢4), S25C (50¢), kL OF SM50 (JEx 50
S M50 53 40 76 ?) . ( q?) e (72
mm) T, ThZth, FREAHELZIOTHS. Thb

BRIDGMAN DRTE—“SF 5 & 5 R Ml M4k — 58
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Photo. 1. The Bridgman-type specimens.
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(2) Smoothed round bar
(b) Bridgman-type specimen, a=8 mm R=8.7 mm
(c) Bridgman-type specimen, 2a=8 mm R=3 mm
Photo. 2. Changes of specimen profile in tensile
test.
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Fig. 1. Change in hydrostatic tension during
tensile test.
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(2a) a=8mm, R=45mm

(b) a=8mm, R=4.5mm

X1.5 : X1.3

(¢) a=8mm, R=3mm

Photo. 3. Macroscopic and microscopic fracture surface of the Bridgman-type

specimens of S45C.
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Fig. 2. Relationship between fracture strain and hydrostatic tension for S45C. The single
circle, double circle and crossed circle show ductile, bimodal and cleavage fracture,

respectively. .
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I ef/e'} : normalized fracture strain

G;/ Y : normalized mean maximum hydrostatic tension

T : testing temperature

Ef S45C ()
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1.2

(IT) &g : fracture strain
d; : mean maximum hydrostatic tension

T : testing temperature

Fig. 3. “Fracture Behavior Diagram” of S45C.
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¢ : fracture strain
gy : mean maximum hydrostatic tension
T : testing temperature

Fig. 4. “Fracture Behavior Diagram” of S25C.
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Fig. 5. “Fracture Behavior Diagram” of SMS50.
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x1.2
Photo. 4. Radial fracture surface.
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