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Behaviour of Fatigue Crack Growth of High Yield Strength Steels
in Various Kinds of Water Environments

Masae SUMITA, Norio MARUYAMA, and JTku UcHivAMA

Synopsis :

A parameter T4 47, which means the degree of the effect of water environment on fatigue crack growth

rate has been evaluated using six kinds of 80~120 kgf/mm? grade steels at the stress ratio of 0.10.

To. 167H2=

(da/dN)eor/(dajdN)aiy, where (dafdN)eor is fatigue crack growth rate in each water environments at the fre—

quency of 0.167 Hz and 30°C, and (da/dN),;, is that in air.

Air-bubbling sca water, N, gas-bubbling

pure water, air-bubbling pure water, air—-bubbling 39, NaCl solution, and air-bubbling 3%, NaCl so—

lution with zinc sacrificial anode have been used as environments.

tained.

The following results are mainly ob-

1) When the maximum value of 7y, 1474, is less than 3~4, fracture surface almost shows transgranular.
When the value is more than 3~4, fracture surface shows intergranular.

2) The maximum value of 7 14712 less than about 2 is not obtained for six kinds of high yield strength
steels used and under the above five water environments.

3) Under the zinc sacrificial anode condition, the effect of corrosion control against fatigue crack growth

is observed when 4K<30~40 kgf/mm3/2.

However, the value of 7, 4,1, is higher under the condition than under another water cnvironments

when JK>30~40 kgf/mm?/2.

This fact can be explained by hydrogen arised duc to cathodic reaction.

4) Under the zinc sacrificial anode condition, the maximum value of 7, 14511, are 5~13 depending
on prior austenitic grain sizes, which is explained by relating to cyclic plastic deformation size at the tip

of crack.
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2.1 fERME
L@ % Table 1 i R34, W@ TH5 HT 80

ML DL 20 kg BB EBERE CHEMBL, B,
FESEIC X b Tmm BRI L. £0#%, 900°C <
2h RREHEKS, 850°ChnkBEA, 615°C T & 1L
MEERE LI HEHEESET A% Photo. 1 1Rk,

Table 1. Chemical composition (wt%).
Steel c si Mn P S Ni Cr Mo Cu v
HT 80 0.13 0.27 0. 87 0.015 0. 004 1.0 0.5 0.44 0.18 0,04  0.0012B
104 0.13 0.45 4.91 0. 006 0. 005 2.59 0.59 0.76 0.99 0.09
118 0.13 0.25 1.90 0. 003 0. 005 4.55 0. 50 0.73 0.99 0.10  0.023N 0.15Al
123 0.16 0. 92 1.82 0. 008 0.005 1.63 2.79 0.35 2.93 0. 10
139 0.17 0.31 0.82 0. 002 0. 005 1.57 2,11 0.48 0.15 0. 10
141 0.14 0.26 1.03 0. 003 0. 005 5.57 0.51 0,78 0.99 0.10

Photo. 1.

e) 139 steel,

f) 141 steel

Microstructures of steels
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1) RBAFR

5mm [§, 40mm EFEORMY)H R X EHABRI %
{EH LY.

2) FhE

(i) R : FEhiEBr 10t BEKWmEY— £%
BEhABRE (f v A= VR 2RV

(ii) JEHK :0.10(5[3&-5]5)

tiil) #0ELEE : KKP T8 20Hz, Zofho
itz 0.167 Hz (10 cpm)

(iv) PR : ERE

(v) ZWEINE: HRx50 T FIMEAMBC X v
BEEME L.

(i) EHEKREHEE (1K) O : 4K=f (a)
doVTa. =T a XXBESR, do GHEE, f(a)
13 e IRFTHMIEHAT ASTM-STP 4109 X hR¥
ic.

(vii) FEhRBRBEOMEHE

a) K&K

b) AT#A (ASTM-D 1141-52)D + EpRER (&
M %EER 8ppm, pH 7.8~8.2)

c) MK (44 XK +RFEEN BERKE
~2 ppm)

d) #ix-+BFEM

e) 3% sEK+ERFESM

f) 3% HA+ERAM+Zn BHBE

frds, £ & v 7 AL 1001, SRR~ DI E | I/min,
Xig 30°C.

3) HHEBE

BECEERBETEEBECIDBE L.

2:3 7ea0mz OEE

ZMEBBE D da/diN ~OYBEEXHEHNCERTS
TedD AT A — 2 E LT Teren¥ ZEHALK.

Te.1eras= (da/dN) ¢o:/ (da/dN) 45r
Z ZC (da/dN) gor KR LUANAOEMBERIE T COMER
nELUEE 0.167Hz o da/dN, (da/dN),; 2 X&+
D7 da/dNLTH 5. 25 2 —% Terau: ¥ AL OWRR

Table 2. Mechanical properties.

dg T2 é ")
Steel (kgf/mm?) (kgf/mm?) (%) (%)
HT 80 83 77 32
104 1111 105. 1 16.5 66. 5
118 119.1 118.0 10. 1 60. 3
123 106. 6 94.7 15. 9 64.6
139 104.5 9. 2 15.2 73.7
141 116. 8 . 112.0 15.1 71. 4

1073

mm/cycle
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da/dN , mm/cycle
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a) 118 steel, in pure water bubbling air

4K |
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. micycle

da/dN
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b) HT 80 steel in 3% NaCl solusion bubbling air with

Fig.

zinc sacrificial anode

1. Examples of da/dN vs 4K curves.

da/dN , mlcycle
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HxDKEED da/dN ~DOREEA Y HMENCHET
HIcHTHS.
2.4 3|EBE

BER 4mm, EERERE 20mm OXERBH AL
T, 7azx~, FEE 0.10cm/min TRE L. KE
% Table 2 &xR7.

3. BRBIUEER

3.1 da/dN-4K gh#g DH

118 R O, gafitiAd s Lo¥ HT 80 o 3 %
ket Zn B T do/dN-4K #igg% Fig. | R
T, KRR JOKBRE T do/dN-4K iR —K D
REFIC L) RDLRTVWBY, £ da/dN-4K fhig
I b TeremdK g% R®, FRED de/dN ~DF
Sy R L.
3.2 WRREHLZRERFEOLKAOE 104 O

SRCEED

104 $8i2 HY 140 o Ni o—ifi% Mn ici 2§

x1-THAH, AL, EErhicie O DA

4K , MN/m3/2
10 2{0 50

1

I
0O Sea water+0;
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a 3'/0NOC|002
® 3°%NaCl+0,+Zn S.A.

]
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4K , kgf/mm3/2

Fig. 2. Ty.16mu2.=(da/dN)cor/ (da/dN)4ir) vs JK
curves of 104 steel.

THEAEE (BREAEM) ToELIHUTHERLHA
ELT, BlE#X 100~120 kgf/mm? FH # 30 &Y
th, BED da/dN ~DEENRLNDNZVWMO—2TH
5. 70.157Hz—AK HhiR % Fig. 2 T, FEX hFad
DT LB,

a) Terern: OBKMEIZEDBEI BT 4K=50
~100kgf/mm¥? CHI 5.

b) Teiernz D BAMEE O AMATH# K, N fafn
ik, IO O, ff13 % HAKCEWTKE W WEL
¢, FOEIR2THS. ZhHLOBET TR, B
Wi GRIABEA R LTS, L Liedib, KRBT
AL A=— 3 vEBETEE (Photo. 2(a)) 5
BATh, ThHLOBRET TR, B EIADhDLT
BHEHE A EREY " T84 (Photo. 2(b)) 235 5%.

c) 4K < 40kgf/mm¥? T (¥, Zn BEEE T 0
Terorhz EZh UAORE(BRBREN) TO Toiern
I DV, LipioT, & 4K ST Zn WAELE
Bx da/dN X LTHiRGEY DB LEF 2D, L OflL
OIS THEFEOHEIA RO S,

d) Zn BHEE T T, Teiou: PHRAHZ KI8T
Hb, PEELZ ORKMEHETE, KRR IO~ XBHE
L (Photo. 3) TH%H. Zhit, »v— FRIGDKRE
U AFCHER LTV EBbLs.,

e) 4K=200kgf/mm¥2 oEF 4K K TIZ, N, f
TR O Vo 1670z 1 O, fAMATHEK HHL 3%
HABRD Teremz LD b @O TVB. Zhut, 104
Wi TRET TR BT 123 @Mp 5 v 118
WML BV THLRBILBRETHS.

3.3 MEAENINEESEOLENEN 123 @D Z
REHE¥ED

@iz, ATHAKBRERBLT TREAXHEEED)
A 30 REDD, RIBRBOBELIZITOTV
W5 HLDO—>THS, Az, Table 3 RT L5
i, FH L7 6D, fit—A7F 1 PRBERLK
X<, ZFhit 25~30p TH5H. rTerandK g%
Fig. 3 .

Teaernz D BAflE, O, ML ALK 3%
A, BIOHEK, BBz NpR@ERLicsikdick
WT6~8THb, Hiko 104 @i XT3 ~4f55
V. ORI T, BEEE, Rb A0 FeBRE
rEphn N, oAb T, RAER (Photo. 4)
MKy BT A, Licdh 2T, K@ik, bLidox
S5l AA FRBEFTLLTARBRRIEORELT
FoKFC LD da/dN BAEBIIE SR TR D, KFEZ
L THD THRECABTHEEZELBRS. £LT,

— 89 —



432 & & MW

4 69 4 (1983) ¥ 3 3

a) 4K=195kgf/mm3/2 in air, b) JK=175 kgf/mm3-2, in pure water bubbling N, gas, 0.167Hz
Photo. 2. Fractographs of 104 steel.

Photo. 3. Fractograph of 104 steel. JK= 56 kgf/
mm?3 2, in 3% NaCl solusion bubbling air with
zinc sacrificial anode, 0.167 Hz.

KED P DS Zn BEME T T, fboBic
AT Tt DERAMEZEL, #7113 ThHa., b,
KM K ZhD da/dN-IK gz b S S [R LC
Y, HNEE THbH, ALFLAx—v 1 vhbh
5.
34 TOMOMOZIREERED

118 @3 HY 140 FFINEB L Al 2@ LA

Table 3. Prior austenitic grain size and others.

Prior austenitic 4Kac*! rep*3 for JKznsp. ¥t

Steel grain size () (kgf/mm3/3) dkﬂ() (yt) (kgf/mm??)
HT 80 20~25 90 35 32
104 15~20 80 15 40
118 6~ 7 65 7~8 35
123 25~30 170 80 50
139 10~15 — — —
141 10~ 20 80 13 35

* 4Kae is a value of JK over which no intergranular cracks

are observed.

rep. is cyclic plastic deformation zone size at the tip of

crack.

*3 AdKzn>r.c. is a value of JK for which the 7o.1e70z-value in
3% NaCl solution under zinc sacrificial anode exceeds the
ro.1s7Hz—value in sca water under free corrosion.

%2

Ty HiiA = AT F 1 PR, (46 MfED, RL/pX
<, 6~7p (Table 3 BK) TH5. FMD Torer112-
JK g% Fig. 4 1253 BRI H Fiao oz &am
5.

a) Teretn: DR ANMIZ O, AR - AT HEADTIL
3.3 THL. —J, O boHuur Ny BRI T:-#iASH
TIKI2ZTHH, WEEM TR S EESLTRT.
DL Cl 1+ vOBFEEBZLYD Teieruz DEKMEH
RILH DL, FiCHhi~7e 104 50k 123 Mo s &
BRIEDICHRTH S, Fig. 2~4 &+ HZ Lic X
b, 118 WO XZURBE B 104 WL h i BEO
BELZITT<, 128 Moo Bgey ey
VMEE XA BEIXCASOBRE T TS TH
5.

b) K JK T2, Zn BABE FO da/dN 12 A
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H

4K , MN/m3/2

50

10 29;
© Sea watené)z -l
- ® Pure watersN; .
A Pure water+0,
-0 3°%NaCl«0,
® 3°%NaCl+0,+Zn S.A

10 20 50 100

Fig. 3. 7q.161uz V8 4K curves of 123 steel.

Photo. 4. Fractograph of 123 steel. JK= 108kgf/
mm3:2, in pure water bubbling N, gas, 0.167 Hz.

4K , kgf/imm?3/2

200

4K , MN/m3/2
10 20 50

“\_\.
\

R=01, f=0.167Hz .."
Sea water+02

Pure water+«N2
Pure water+02,

3% Nacl+0z o

+Zn S.A.

s b OO

00,
o Q

Y0167Hz
\0
»
.
v
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| 1 L | ] |

10 20 50 100 200
4K , kgf/mm3/2

Fig. 4. 7e.161uz Vs 4K curves of 118 steel.

AK , MN/m3/2
10 20 50
T ; T T T 1
R=0.1,f=0167Hz
© Sea water+02 -
® 3% Nacl+02 \
9F +Zn S A, T n
a
7
-
[ \
N
T
&5 =
c \
\
3 00~ R —
o/o’ \o\o\ \.
e
O ’ o\ \
- o s
| AV
1 . *
| 1 1 I S !
10 20 50 100 200

AK , kgf/mm?3/2
Fig. 5. 7o.1670z Vs JK curves of HT 80 steel.

RIBRFEN FO da/dN L b (&, ZoOMEPNE, Ko
104 s L o¢ 123 glblsbic HT 80 #§ (Fig. 5) H 25
i 14 @ BUWThLERONS. Zn BYEEHR T O da/
AN MEREAEN Fo da/dN kb5 s JK (UK
Zo>¥.¢) % Table 3 (o3, il L& offficiky
T, BHRGENDS DL DT JK<30~40 kgf/mm¥? ¢ &
D, Z OMETEEMEDLFER DKL T\,
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4K , MN/m3/2 4K , MN/m3/2
0 20 SO 9 10 20 50
R=0.1 , £=0167Hz Sea water.02
5To Sea water.02 R=01, {=0.167Hz
® Pure watersN2 / o O HT80 steel a
oo 4L @ 104 steel /\
o o b o 118 steel a
B3 fee—e” 0, ] a 123 steel Y
2 :/ N = 139 steel a
RS / .\ A 141 steel
~ S ]
1 N
;:E ey I
© ,
1 1 1 11y 1 (=] ";&aé%‘ .
10 20 50 100 200 =3 / e N\ ]
4K | kgfimm3/2 ?ﬁ 3 "x§:;¢ohé§b
Fig. 6. 7¢.1¢7uz Vs 4K curves of 139 steel. - \%
1 "ol
1 1 1 L1 L1

Photo. 5. Fractograph of 139 steel. 4K=68 kgf/
mm?2, in pure water bubbling N, gas, 0.167 Hz.

c) Zn BHBETD Teiau. DO RKETHSITH
h, BAMIAOEENL 3EALFRRERTHS. 104
HBHWL 123 SoBEE AR OBRET IR, W
CRIAFCIODTHEEIRTCWBESLS. 5 B
KIEZMREIC X b RigDOTu 5,

k& (a) ofFFENE Fig. 6 i3 X 5, 139 #Mic
BWTd BRohs. oo e, N fERMiAGO
Teretnz ORKMEIZH3ITHY, TOMETIE Photo.
S AT IO, RHABEISBEIRLN, EE&LLT
1% < fgv,

3.5 O, SATIRKT COZRECHRED
O, %ML ATHAKTEEI D re1an.-dK g

10 20 50 100 200
4K , kgf/mm3/2

Fig. 7. 7o.161uz V8 4K curves in sea water
bubbling air under free corrosion.

% Fig. 7R, Toaern: DRAHIERFER TA X 7o %
NELRhE, Zhi, Table 2 g L7-BEMAIIHE,
HH\ L Table 3 R LUKCHIA—ATF 1 PR AEX
o MBI O RKES R KE LV 123
IO 139 @ik T, oM k~<T G 568
BRIThLNO6ER IV 4S5 LE .

3.6 Zn BYEMET CTORERNZIBEEEN

Zo BYHBE Mokt D Toaern: 12, Fig. 2~5 R
LizX 5z, MMOHRBBEM T D Teau: & T
RO D 5.

a) 4K<30~40kgf/mm¥2 i3, Zn HWHEEETO
Teaetaz XX DO BE T TD Terenz KHNTEL,
BR#HENED LIS, BRABTH IO, ZOFRTI
L RDE N A A o,

b) 4K>40~50 kgf/mm¥? Cit, Zn BHERE F o
Teretnz MO BRETD Terernz ITCHNT ZHCEL
b, TLTCXORKERRT 4K MEOBKEIE R
Hh B\ I~ERERERL TV 5.

Zn BEBEET O Tean.-4K BT EIEL T Fig.
8 ILiT. ZOBAD Terons DBRAME (Tmax, zn)
EMEC XD RAB. 123 D Thaxs za BELEL,
¥ 13 THhy, 1BROThIRGIEL, #5TH5.
i, SBPOEIE LT, Tmaxzn DEWVIIRE, Fh
NELSD 4K x;m< 5.



BADARETIZEIZERNBOFEN SHUERBHE 435

4K ., MN/m3/2

10 20 50
3% Nacl+02+Zn S.A.
R=0.1 , f=0.167Hz
15 o HTBO steel

=}

e 104 steel
13} o 118 steel
A 123 steel
1 & 141 steel ]
9
N
T
™~
e 7 1
=) . 3
> q A\
s SN "
)
8 &
3t Ry,
‘u_;;g_
1 o
1 1 1 L1t 1 J
10 20 50 100 200

4K , kgf/mm?3/2

Fig. 8. 7Tq.16tuz Vs 4K curves in 395 NaCl solusion
bubbling air with zinc sacrificial anode.

15
O,

N

I

@
210 ©

qO. 0°
2

o /

>

% 5l 57 ]
=

cC) 10 20 30

Grain size , (um)

Fig. 9. The maximum value of 7y 67112 as 2
function of prior austenitic grain size.

Tmax, zn OfH & i+ — A F F+ 1 FRIfR (Table 3) &
AHBEE DD, BiA—AT A PREORT VI Y
Tmax, zn (AKX, Fhurd JK fiichr s (Fig. 9
B,

Zn BHME FTo da/dN-JK g (Fig. 8 o
) % Fig. 10 253, 4K <50 kgf/mm¥2 T2 307
Mo Himrs v bk, Lo L, JK>50kgf/
mm¥z Tii, SR XD Biook AR FEE Y T
7ok, 123 @i, & JK BT, ool T da/
AN 3% E L Ie 2T 5B,

K , MN/m3/2
10 20 50
3% Nacl soluli::m.02 ' T
+Zinc sacrificial anode o &
R=0.1, $=0.167Hz /0’/
o HT 80 steel a /'/(AQP/ o
a 141 steel (h) i =
e 104 steel .‘?’;/ 4‘5’ i
10T & 123 steel & oz-0 Eé 10
o 118 steel 3 / =
3 =
—
y H F_.E‘Air
=7
° =
L a4 5 7 =
kY 10 = 107 9
£ = L
E 5 €
- E -
z =
5 = s
<] 3 o
° <]
0SS 108
~—123 Air
IO-GI L La1l 10—9

0 20 ¢+ 50 100 200
AK , kgf/imm3/2

Fig. 10. da/dN vs 4K curves in 39, NaCl solusion
bubbling air with zinc sacrificial anode.

Zn BMEBi T T da/dN-4K g © HEC [(dae/
dN)/dK]zq & RKHTORBMRDOAB [(da/dN)/4K]
air EDHELETS.

_L(da/dN) /4K ]zn

T [(da/dN)/dK]air

Fig. 10 X v{€ 4K i< L>1, 20L& JK fiiT
1t L<1THBME, L=1 T Tnax, zn BT S, L=1
Len AK RN 0 BE, KRS T A<
5. Pz, AL 6MES, MK THL 118
DL, L=1 3 JK=55kgf/mm¥z (Fig. 10 (1)
TT) T, BRHENTH S 123 @oBE, L=1 13 JK
=80 kgf/mm¥2 (Fig. 10 & (h) TxR3) TH5. L
=1l ic/s JK 2ELEBRE, Tmax. zn PHIZAE
{1eh., hhd, KD Tmax, zn PHIKEOTH X
hrlfen (Fig. 9) BhThs.

Zn BYEBKE F co RMABEEE & JK Lo Btk %
Fig. 11 @m3. FABERE JK SR CRE-,
JK rEdHieikL, 5 JK TRAERZRL, £O
i JK L LM TS £ UT, Tmax, zn 1SHS
37 JK w0 Lozt JK TRRE R T e
5. #0 JK(UKg o) % Table 3 o33, #id+— A
7+ A4 PRIV IR E JKg, ¢ R B

L
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4K , MN/m3/2
10 20 50

3% Nacl+02+ Z’I"I S.A. '
100} o HT8Osteel
® 104steel
2 o 118 steel
- A 123 steel
Q a 141 steel
| .
=
g8 50
-
S
g
0 1 H¥etA ———a |
20 50 10 200

4K, kgf/mm3/2

Fig. 11. Relationship between area fraction of
intergranular fracture and stress intensity factor
range, 4K.

dKg. ¢ ICHILT % Z WEMOKR VIR LR A
& X re.p % Table 3 /R4, Jods, 7o p 2K XD
R,

1 1 /4K 2
L p:T{Xl—é(d 0_(;' C)
IDrep LHAIA—AFTF A PRAKE I VEVREIT
EXR LTS, Tihobb, 1. p AHiA —AF F 1 I
KEIIOKRELS DB E, RAMhEAE LS KS.
XU, 123 @IS T, 1o p DRIA — AT F 1 PRIAX
SOOI ETRAYMhEE L TR, KFc
BRI MK 0¥ EBbhb.

U EDEBKE RS XOEBE LY, KELRE TR R
hE¥BIL, TOLDCENZUGEBEEN S LH
S BB, BiA—ATFF A PRAZIAEBT
BRETh I X VW EHEETE S, FlE, bt —257 >
A PRAEEA 3 el TYmax, zn 12 JK=35
kgf/mm¥2 TBh, ToOfEiz#3 LHEE SR 5.

4. & =

FlEM X 80~120 kgf/mm? F o> #A T 2 KA
hEREBRIHORLIGENME EHL VT, 5
HEROKERE (O, MMATHK, N, Ak, 3% &
Kb Zn BEBERACE) T, BEO XUGEREE~O
TEEE Teiang (=(da/dN) oop/(da/dN)g;;) & dK &
DOEFREY KD, REME XOUBEBTOZof0E I
DT A DB R ITOEE, ko LB LCT
Dt ek, R=0.1 TH5.

(1) Terern: OBRAMIZIZEA DY JK=50~
100 kgf/mm¥2 A%,

(2) Teretn: DERAMMNI~4LToEN, &L
TRHNBEETHS. —F, AL I ~4L Lodh,
(TR AT AT 2 E Y N

(3) Toaernz D BAMHOE LKL, BRI
FeE OB MC ks VTR 2 TH Y, ol HAK
REM T TR, RERER, HER A v RoBErG
A EZF IS,

(4) AKRCBEIMOBGG, N wfafLcfixh
CEWT EREBIAKREC L O IEZN, Teaenz O
BAfHIZ8 TH 5.

(5) Zn WBMEEIC X 5 EHEBCT55RE Y
iz, WThoMick T JK<30~40 kgf/mm¥2 -
BFWTRHLIS, L L, 4K>30~40 kgf/mm¥2 ¢
ks AV — FRIGK X5 KFEDIdI, da/dN XFIR
WERERLFD da/dN CH~TELL KE L Tes.

(6) Zn BMBETTI, LT XTOMICE
VTRV Toaerns D KA (5~13) ZRL, T OML
TERBHEIHRENTH L. ZORKAERETA —AT
1 PRESKRE VR ERLS, £ LTH 4K fiiT Bbh
5. ZOHRULXZHEIROEE LN A X X L
A—ATF A PREREDOBRIC LD FHBET LI LN TE
%.
(7)) & 4K fHi% (4K>180 kgf/mm?2) 23\ C,
N 25k O fIRMIATD ro.16mu: (2 BEEBARD
ATHARB D23 % HAKFOZh L b &,

RRICHRE, T, BB I R o BRI
=, BT, HEIE, A&, PEEE, BEE
— WABROERICERS L ET.
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