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Fatigue Crack Growth Rates and Their Thresholds of High
Strength Steels in Sea Water at the Zinc Potential

Masae SuMiTa, Norio MARUYAMA, and Jku UcHivama

Synopsis :

Fatigue crack growth rates, da/dN, and their thresholds, 4K;;, have been examined in sea water at zinc
potential, sea water, and air, using seven kinds of 102—165 kgf/mm? grade steels at the frequency of 0.167
Hz and 20 Hz and at the stress ratio of 0.10 and 0.70. The following results are mainly obtained.

1) At the zinc potential, the effect of corrosion control against fatigue crack growth of 100-120 kgf/mm?
grade steels is observed to be beneficial when 4K <55-60 kgf/mm?/2 at the stress ratio of 0.10 and at the
frequency of 0.167 Hz. The value of 4K, however, decreases to 30 kgf/mm?/2 for the 165 kgf/mm? steel.

2) At the zinc potential, the effect of hydrogen on da/dN—4K curves is classified into two; one is that
for the plateau behavior (intergranular failure) which is sensitive to temper brittleness and the other is
for the threshold 4Ky, (trangranular failure) which is insensitive to that.

3) The value of 4Ky, gradually decreases with increase of yield strength. At the zinc potential, the
value decreases catastrophically at the yield strength of more than about 120 kgf/mm? due to hydrogen.
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Table 1. Chemical composition (pct. by wt).

D Si Mn Ni Cr Mo Cu \ Co

151 0.10 0.30 0.66 1.50 0.44 0.52 0.16 0.11 —
152 0.31 0.29 0.65 1.48 0.44 0.49 0.16 0.11 —
146 0.21 0.14 0.37 9.82 0.74 1.13 — 0.10 4.48
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Table 2. Heat treatment conditions and mechanical properties.

IB
(kgf/mm?)

Iy
(kgf/mm?)

d ¢
(%) (%)

Q. Temp. (°C) T. Temp. (°C) oy/og
151-1 850 1h 615X 1h 102 98 13 74 0.96
151-2 850 1h 400X 1h 112 102 11 73 0.91
151-3 850 % 1h 200% 1h 122 106 11 72 0.87
152-1 850% 1h 615 1h 122 114 12 67 0.93
152-2 850 1h 400 1h 141 127 11 66 0.90
152-3 850 1h 200 1h 165 142 10 65 0.86
146 815X 1h 550 < 5h 152 135 12 70 0.89

b) EARFIFATHEK (ASTM-DI1141-52)%, 357FERSR
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1(d)) & R=0.70 o4 (Fig. 2) L hkEVWT &M
bh ympibhs, O, XWEMCHFET HEKC
LB IXVOHEY BEL LR, L, £H7biE,
oM NT HRBOBEN R Oh 533 Th 5.
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Fig. 1 (a) b bhb X5, & 4K fiicik da/
dN (Zn, 0.167 Hz) >da/dN (free, 0.167 Hz) CTH %755,
& 4K flcix e s, i 151-1 oLz b7,
FTRTCOMEE TR BBGTHD, KAK fICix
Zn C X BBFRMBEL D HH, ThERE D 4K {H
AR L b Rinh.

R=0.10 & 3\~ C da/dN (Zn, 0.167 Hz) <da/dN
(free, 0.167 Hz) r 7c2 AK &L, 152-2 3 X 0¢ 152-
3 SRLLAF D T1E 4K < 55~60 kgf/mm¥/2, 152-2 $§C
13 AK <45 kgf/mm¥2, Fig. 3 i3 X 5ic 152-3 4§
Tir AK<30kgf/mm¥? Ths. 152-2 % X8 152-3
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Fig. 1. Fatigue crack growth rate, da/dN, as a function of the range of stress intensity factor, 4K.
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Fig. 2. Fatigue crack growth rate, da/dN, as a AK fREFHD g9 (DI SR E W.8) 2 HFET5
function of the range of stress intensity factor, (Fig. 4(b) ). 152-2 33 X0t 152-3 g da/dN i3,
AK, of 146 steel at the stress ratio of 0.70.
oSBT BT, 150 kgf/mm¥z> AK> 4K, DEET
4K , MN/m¥2 LA
5 10 30 100 (3) R=0.70, f=20Hz pis, 152-2, 152-3 33
I T s ROt 146 SALUSOD oy B HBYIOIC (EVSRD da/dN 1%
pon b_‘_____f:'.:, AK L& BITHRL, TO%BNL R=0.10 0B LR
102 s / — lig® LT3 (Fig. 4 (c) ). 152-2 % 108 152-3 o
,-‘ . /A da/dN-AK g 3 [ DI IR 23 F4ET 5. 146 o
A da/dN 13, T 4K BT, & oy $D de/dN LT
10 o o o EB TS, K K HICRE oy 8 (1522 BB
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;s"# S B(2)0HE LR UERERT (Fig. 4 (d)). 1522
s 152-3 § BIO 1523 g o [DI 4Ek| © de/dN {f it R=
el & o Araohn) o 0.70 35 X% 0.10 DA & bic 2~5x 10-3 mm/cycle
(0.167Hz) Th5. 20Hz(Fig. 4(c)) oEsE, HEo (DI #H
f Bl ) © da/dN % 0.167Hz D¥EICHAT 2412 £/
07 R 575 X< 3~5x10-Smm/eycle T b, iUz DELHE
o B o\ (20Hz/0.167 Hz=10®) I J5L T\ 5. Lic
ool , o HoT, LRmEMOIDIT ] it 5 X RUEEITR
10 20 50 100 200 500 RHkEE L =2 5. 146 gl da/dN-AK H$3(3) 0
4K, kgfimm?2 R OW 2 & F UL R,
Fig. 3. Fatigue crack growth rate, da/dN, as a (1)~ (4)DIER X b,da/dN ~DKEDOHEIL 25
function of the range of stress intensity factor, 4K,
of 152-3 steel at the stress ratio of 0.10. wadbhs.
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Fig. 4. Fatigue crack growth rate, da/dN, as a function of the range of stress intensity factor,

4K, in sea water at zinc potential.
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Fig. 5. The ratio of (da/dN).., at the frequency
of 0.167Hz in sea water at zinc potential and
(da/dN)gair In air, 7o 16z, as a function of the
range of stress intensity factor, 4K.
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BHTHDH. Ll edib, oy>120kgf/mm¥2 Zic5
&, 4Ky (Zn, 20 Hz) i3 KFE O oD B BT 5.
R=0.70, ¢y< 120 kgf/mm? =3\ T 1%, 4Ky (Zn,
0.167 Hz) % 4Ky, (Zn, 20Hz) T, I Hic 10
kgf/mmd¥/2 & B\, S0 AKg OEEINE, YK
UEEDEL Ieoteicdil, XELHOERHOMER
DX ol dTH 5.
4K, (Zn, 0.167 Hz) o #5474, 4Ky (Zn, 20 Hz)
DBA LA oy>120kgf/mm? g% & 4Ky 133
BCRA L, MEOEIZBEALERLS LD, T, oy
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<120 kegf/mm? i B\~ TUIAKFED 4Ky ~DEEIH ¥

DREL 7L, BB X% 4Ky O BT LSRR
BNRF LD, —F, op>120kgf/mm? 2 ic 3 Lk
KD AK gy ~OEENFEECIL Y, FRITERICKET
50T, 20Hz whi~XT 0.167THz 0o B Hicxr v EL
s TORER, Ky ~OERYOEE L KFEOFEMN
HBRLIIDTHL EEZDRD. LichD>T,0,>120
kgf/mm? ¢ 4Ky, (Zn, 0.167 Hz) = 4Ky, (Zn, 20 Hz)
LB DRBAROERTHS.

R=0.10 o4& % R=0.70 04 LR CEANES
hab.

R=0.10 s X0 0.70 oA L 4, 4Ky (Zn, 20 Hz)
=4Ky (Zn, 0.167Hz) ricz 152-3 3Rk o 8B4,
Krax WHETS LHTE T2 30, $HE T 33 kef/
mm¥z L7l 3B LLD. CoBE Ky 2R
TE Knax XD EIRTW5,

(4) 151 RbH B\ L 152 R & ALFHH % Kigc
Riz4% 146 o Zon BUEBEB T Co 4Ky, 3ol
DIEF & RIS BHADE . Big, R=0.10, £1TC f
=0.167 Hz o4 Fig. 6 o £@B0E™E» >0 THh
NREVLZEND, O MmoMFERMC T Zn
BHEB T OB X 5 XAUANNEECHH EE
z%. [F@o Fig. 1(d) BHB\ix Fig. 2 w85
da/dN-AK B\~ T, Zn BHEEE Fo f=20Hz
D da/dN pR&KHD da/dN %K% FEDTWSZ
EBLLEBETE 5.

4. 1

(1) R=0.10, f=0.167THz %\ ~T, AT#KF
HRBATELZHERER T 5 Zn BEGHE (-
L.OOV) 1z X % BFEZIHRIL 0y =100~120 kgf/mm? D
Tt 4K <55~60 kgf/mm3¥2 TH T %, LaL, o D
Wink &bwexro 4K 3EA L, oy =142 kgf/mm? (152-
S s &, Fhit AK<30kgf/mm¥2 L2,

(2) Zn BHEE T} 5KFED do/dN-AK H
BANOEBE R 2o bhb. —2uk, KENERL
TEHUNBA—-AT 7 A VAR EETHHECET S,
AK iz & A ERE LR VC—E ZAGEREEHERA~OE
EBThDH, ZOEBE ST RAFBIEE, fHEL
ZE, LT oy DEVERE, EAK ITHEL, £LT
%o da/dN fEI3EL B, COBEBRITEES & LB
BRRTH 5.

ik AKyy ~D HETHY, oy>120 kgf/mm? T
B in s, AKy MREOWEZEE L TRARETSH
DEEd & UMD 0 BUR T,

(3) 4Ky & 0y, R BT fEDBICIIRD X 5
BB 5.

(a) 4Ky BRKHTE oy DA E & LICHFR
S PWA T 55, Zn BEBERT CiX oy>120 kgf/
mm? CTAREFNC BT 5.

(b) 4Ky 1T R=0.10 ki 5 L b R=0.710c}
WO, ComERoMRE, K& Tl 6~13 kgf/
Zn B BERT f=20Hz T3 14~21 kgf/
mm¥2, 7 1C Zn BB T f=0.167Hz i 17~
36 kgf/mm3/2 T 4.

(¢) Fl— oy fET 4Ky, BB T5 &

4Ky, (Zn, 0.167 Hz) > 4K, (Zn, 20 Hz) > 4K, (air,
20 Hz)

Ekid(a), (b)k XV (c)ik, KRP TR X
HEHMA0, Zn BEBBRT CRKBIL Y 2D
BRAERWC L5 EHUAN, BXVA Y - FRIGK X5
KEC XD EHEEREDOKERE LTHBATHZ &M T
5.

(4) Zn BHBETIHERCAET 5 ERERY
D da/dN BB\ L AKgy ~OEEL, F—HEKET
b, LB X 0 RisBBE1RH DD TILFRS % #
MTszlicky, Atk do/dN % T, 4Ky %

mm??2,

LT B ERTRETH B,

BRCER, T, BOECHBE I ESiBIE
=, OHRBE, FEE, A%£B—, DNEEE, BHE
—, BHABROBERCEHL 3.
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