£t g 3L

$% & $H Vol 83 (1997) No.6

BERZERYIRMOEFSEREICRIZTTHEHEEBOZE

¥ - 1

Pk - RERR

— %3

M. D. Chapetti*? - =H [FEw]*?

Influence of Microstructures on Non-propagating Behavior of
Fatigue Crack in Notched Specimens of Low-carbon Steel

Tomoyasu Kirano, Tetsuya Tacawa, Syuji Amara, Mirco Daniel Cuarerti and Takashi Mivata

Synopsis : The influence of microstructure on non-propagating behavior of fatigue crack below the fatigue limit was investigated
using low carbon steels with three different microstructures simulated heat affected zone of welds. Notched round bar
specimens with different stress concentration factors were fatigued under axial loading at the stress ratios R=—1
(tension-compression). Fractographic and metallographic observations of non-propagating cracks at the stress level
below fatigue limit were examined, and correlation between non-propagating crack and microstructures was investigat-
ed. Non-propagating cracks could be classified as Stage I or Stage 11, depending on the microstructure and notch root

radius. In the case of dull-notched specimens, where the notch factor in fatigue is proportional to stress concentration ’

factor, the non-propagating crack is Stage I type regardless the microstructure, although Stage II type cracks were
observed in sharp notched specimens for particular materials. The criteria for both Stage I and Stage 1I type non-
propagating crack were discussed on the basis of the point stress model and fracture mechanics.

Key words : low carbon steel ; non-propagating crack ; notch ; stress concentration factor ; fatigue limit ; Stage I fatigue crack ; Stage

II fatigue crack ; point stress model ; fracture mechanics.
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Table 1. Chemical composition of steels tested.(wt%)
C Si Mn P S Al

SteelB&C _0.08 0.21 1.50 0.004 0.003 0.031
JIS SS400 _ 0.18 0.23 0.41 0.035 0.021 0.008
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Table 2. Mechanical properties of steels tested.

oy(MPa) ou(MPa) Hv__AKth(MPay/ m) AKeff th(MPay m)
SteelB 400 552 181 8.2* 4.3*
SteelC 532 740 288 o* 4.3*
SS400 285 438 127 - -

note: *, results of steels tested in previous work 1131
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Fig. 2. Specimens. (unit in mm)
(a) 2mmR notched round bar specimen.
(b) ImmR notched round bar specimen.
(¢) Smooth round bar specimen.

Fig. 1. Microstructures of steels tested.

(a) SS400. (b) Steel B. (c) Steel C.
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Fig. 3. S-N diagram.

Table 3. Fatigue limit (K,o,) & Fatigue strength
ratio (Kow/ outs)-

50R(Smooth) 2R(Kt=1.46) 1R(Kt=1.94)

SS400 210(0.479)  234(0.533)  252(0.576)
SteelB  260(0.503)  277(0.503) 291(0.527)
SteelC  290(0.392)  307(0.414) 349(0.472)

(a) SS400, oa=

T55MPa |(b) SteelB. 0a=190MPa.] (c) SteelC. 6a=210MPa.

Fig. 4. Non-propagating crack in 2mmR notched round bar specimens.

(a) SteelB, ca=180MPa.

Fig. 5. Cross sectional views of non-propagating crack in 2mmR notched round bar specimens.
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a) SS400, 5a=120MPa. | (b

small non-propagating crack in ImmR notched round bar specimens.

Fig. 6. Microstructuraly

(a) SS400, Ga=130MPa.
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SteelB, ca=140

(b) SteelC, Ga=180
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Fig. 7. Circumferential non-propagating crack in 1mmR notched round‘bar specimens.
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Fig. 8. Stress distribution at fatigue limit and non-
propagating crack depth.
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Fig. 9. Microstructural resistance.
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