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Abstract

An experimental study was carried out to identify the fatigue fracture behavior of steel for

merchant ships.

The bending and shear loads were applied simultaneously on the specimens to simulate real
load conditions for a ship. The effects of the stress intensity factor under mode I with mode II

loading condition on the initiation and the propagation of a crack were investigated, with par-

ticular emphasis on mode II.

When the Ky stress intensity factor in mode II was applied under mode I load condition, the
propagation behavior of a crack is to be affected mainly by the anisotropic charcteristic of mate-

rials.
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Table 1 Chemical composition of the steels (%)

Kind of Steel 5‘ C 1 Si \ 1 P “ S 1 Ceq* l Pem* Remarks
40kg/mm?*(392MPa) | - ‘ | | .
Class steel plate 0.11 l 0. 27 ‘ 0.010 1‘ 0.019 0.207 ' 0.148 i Specimen

KS SS41 — - | — | <005 | <0.05 — ’ i -

KR RD <0.21 | <0.35 1 >0.6 | <0.040 ‘ <0.040 | <0.31 | <0.252 —

* Ceq %=C+Mn/6 Pem=C+8i/30+Mn/20
Table 2 Mechanical properties of the steels (20°C)

Kind of Steel Yialvc}PI;gint l Tenezill(\e/I %;r)ength Elox(lglicion Ir(n}}a)ct i Remarks
40kg/mm?(392MPa) 283.696 ‘ 438,203 41.7 104.720 | Specimen(Transverse)
Class steel plate l 288.796 | 440,708 44,9 206.360 | (Longitudinal)

KS $S41 i >245.166 | 402. 073~509. 946 ] >17 | >an.072 | —

KR RD | >235.360 } 402. 072~490. 333 >22 | >47.072 | —

* Instron (Model No. 1324)ell A load cell 10tono 2 FH

Table 3 Longitudinal mechanical properties of steels investigated for room-temperature K;.-CVN

correlation
" Steel and M*eltmg ! Yield Point S{f;;gt; gggg ngljgttg;l Ki 1 Remarke
Practice ’ (MPa) (MPa) at +20°C(]) (MPa-m?) |
40kg/(5111£:<§?é231%1131te 283. 696 438. 203 104. 720 136. 709 ‘Specunen (Transverse)
40kg/mm* (392MF) | 288,796 440.708 206. 360 194,901 Specimen (Longitudinal)
A517-F, AM 758. 435 834,278 84. 062 186. 806 —
4147, AM 944, 596 1, 061. 808 35. 252 119.776 —
Hy-130, AM 1,027,334 1, 096. 283 120. 670 270. 320 —
4130, AM 1, 089. 388 1,151. 442 31.184 109. 806 —
79Ni-5Cr-3Mo, AM 1, 206. 600 1,247.970 43,387 142, 852 —
79Ni-5Cr-3Mo, VIM 1,261,759 1,316.918 81. 350 241,750 —
18Ni-9Co-3Mo AM _ _
(190 Grade), AM | 1,310.023 1, 351. 392 33.896 123.072
18Ni-8Co-3Mo - _
(160 Grade), VIM| 1»289.339 1, 344. 408 66. 436 175. 818
18Ni-8Co-3Mo = -
1(250 Crade), VIM| 1/696.135 1,771.979 22.693 95, 601 —

* AM Signifies electric-furnace air-melted, VIM signifies vacuum-induction-melted
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Fig. 2 (b) Fatigue test specimen
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Fig. 17 Fore crack angle vs. crack length (constant
displacement: rolling direction: L;=107)
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Photo 3 View of crack propagation magnified by
profile projector (20x)
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Fig. 16 Detail diagram of measuring crack angle
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Fig. 18 Back crack angle vs. crack length(constant
displacement: rolling direction: L,=107)
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Fig. 19 Fore crack angle vs. crack length (constant
displacement: rolling direction: L;=227)
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Fig. 21 Crack angle vs. crack length (constant dis-
placement: rolling direction: L;=227)
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Fig. 20 Back crack angle vs. crack length (constant
displacement: rolling direction: L;=227)
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Fig. 22 Crack angle vs. crack length (constant dis-
placement: rolling direction: L;=227)
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