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Effect of Stress Ratio on Fatigue Crack Growth Rate of 100kgf/mm?®
Grade High Yield Strength Steels in Sea Water

Masae SUMITA, Norio MARUYAMA, and Zku UcHIYAMA

Synopsis :

The effect of sea water on fatigue crack growth rate of three kinds of 100 kgf/mm? grade high yield
strength steels has been investigated using a parameter To.167Hz(=(da/dN )eor/ (daldN )y i), where (da/dN)e,r
is a fatigue crack growth rate in sca water at the frequency of 0.167 Hz, and (da/dN),;. is fatigue crack
growth rate in air. Stress ratios of 0.10, 0.50, 0.70, and 0.90 have been used. The results are as follows ;

1) In 104 steel, the relationship between the value of 7o.167Hz and JK are almost the same at the R-
values of 0.10, 0.50, and 0.70. The same trend is also observed in 127 steel. The maximum values of
70.167Hz of two steels are about 2 and 4, which arise at the JK—values of 70 and 48 kgf/mm3 2 respectively.
regardless of R within 0.10 to 0.70. The fracture surface shows a transgranular fracture mode with
corrosion pits.

2) The degree of the effect of sea water on da/dN, therefore, are controlled by JK in 104 and 127 steels.

3) 1In 123 steel, the maximum value of 70.167Hz is 5.5 to 7.5 regardless of R. The value of JK and
Kinux to the maximum value of Ty.167Hz decreases and increases respectively with increase of R-value.

The degree of the effect of sea water on da/dN is controlled by JK and K, ;. The fracture surface shows

intergranular fracture mode due to hidrogen.

4) A lot of secondary cracks (branching) exists in 123 steel, which appear when the plastic deforma-

tion size at the crack tip is larger than the prior austenitic grain size.

ences on the fatigue crack growth rates.

Branching of cracks gives no influ—

5) Dynamic K., is controlled by JK regardless of fracture mode.
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Table 1. Chemical composition (wt%).
Steel No. C Si Mn P S Ni Cr Mo Cu A% Al
104 0.13 0. 45 4.91 0. 006 0, 005 2.59 0.59 0.76 0. 99 0.093 0,053
123 0. 16 0, 92 L. 82 0. 008 0, 005 1.63 2.79 0,135 2. 93 0. 10 0,053
127 0.22 0. 30 0.57 0. 007 0. 005 144 0. 96 0. 36 2,88 0.11 0. 080
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Table 2. Mechanical properties.

7B dy € AKw* .
Steel No. (kgf/mm?)  (kgf/mm?) (%) (%) (kgf/mm*?)
104 111.1 105.1 16.5 66.5 1.3
123 106. 6 94,7 15,9 64.6 15. 5
127 119. 4 115. 8 14,1 611 14,0
* R=0,10
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Fig. 2. Fatigue crack growth rates, da/dN, as a function of the maximum stress
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L L7eas b, R=0.10 23\ ~T 70.167Hz, max A F L
% 4dK=60kgf/mmd32 Tt 2 kEFUTFHITE %<
<, E7HEAKH da/dN 12z b A EEE L 4K>200
kgf/mm3/2 CLPEHE R 2RENBER RO D Z 2L,
2HEINAMKIL da/dN T LCHE D EEEYRIT S /e
WEEZAH.

WL, KD da/dN ~0FEMNLERNE Y 104
L 121 B E, KMNENhTH Y, L TKD da/dN
~OEENHBHR & 123 @ogs, FAERT
5. WiHBOBL, T0167Hzmax 1T £+ LT 4K 1oifw
LR TWaA, BEOESG, JK B XU Knax KHX I
TWwWh. Lo, 3-2 TEHE LB SCC 11IkEEE
CBRFEE S, K BRI hTwb.

75¥, T0.167Hz,max EARSHINL, B A\ ITHHE - DB
RICOVTED HIDTHRIETH FPETHS.

4. & E ]

wAKD da/dN ~DREEGTORCD, 9 b @
100 kgf/mm? o> 3 a5 H\ ¢, R=0.10, 0.50, 0.70
BLO0.90 ¢, AR IO ARKb RN AR & 1T
W, #BKD da/dN ~DFEIC OGTHEA FORE,
MK da/dN ~ O B &G % -85 A — & T0.167Hz (=
(da/dN)cor/ (da/dN)air) & A\ THIXIENC o 8L 7o,
BRRIKO LY THS.

1) ToaerHz & 4K L DBF{FRIL, ¥KD da/dN ~oD
BENHEA/ N E G 104 J5 X0 127 iz s\ T, R=
0.10, 0.50 LT 0.70 ¢, 2@ UHA 2R3, @k
D da/dN ~OEENHEHAEV 123 Sc kT,
70.167Hz & 4K (B AT Kmax) & OBMRIZRIEI X b
Bich.

2)  ro.67Hz DEAAEHIZ 104 TI12E 2, 127 STit
#1471 T 123 BTit 5.5~7.5 Thh, Dt Ric
W E A EEKREE Loy,

3) 104 3 X0 127 @i B\ T, KR ERBEEI
KAENTHS. ToerHz OEA(EIT, 0.70>R>0.10
T, ThZh 4K=70 ¥k X ¥ 48 kgf/mm3/2 CHh %,

D) BXU 3) b, 104 5 X0 127 @iz s\ T,
YKo da/dN ~DBEY 4K cBXh T\ 5% & 5%
5. ek, R=0.90 ofFf, 4K=50kgf/mm¥2 CAR%
EREEAE LS.

4) 123 Sic B\ T, To.167Hz HVECFEIR LT, HBak
PRI E LCRABRhThH S, RoEME &4
i, To.167Hz DI KEIZ R T % 4K |3{& 4K Qo 1T,
LT Kmax 125 Kmax filicBi735.

5) 123 gy, #KFTRERD 2&kER By
) BPFETA. ThE, FAEROMMERA X X5
A —AFFA PKREZARZ 2B AK HHED S, 4 Uhh
5. DOFSMHRIL da/dN okt U Uies,

6) B Kscc (X, KD da/dN ~DEBEL DK
A, B XOWERIPZECEFR L, L LT 4K i & b
HEh3., Tibb, BEY Kscc 12 0.9>R>0.1 T
DL —FEEEYTRT.

BB, T, BT 1o i I
I OWHRRE, FEE, AZB -, NEEE BHE
—, BARBROFEKICES L ET.
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