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Fatigue Strength of 80 kgf/mm? Grade High Yield Strength Steel with
Notch in Synthetic Sea Water at Zinc Potential

Masae SUMITA and Norio MARUYAMA

Synopsis:

Effect of zinc potential in sea water on fatigue life of notched specimen was examined using 80 kgf/mm?®
grade high yield strength steel. Stress amplitude, stress ratio, and stress concentration factor of the notch
were selected as factors affecting the above effect. Testing frequency was 0.5 Hz in sea water. The main
results obtained are as follows:

1) The effect of zinc potential on fatigue llfe of notched specimen is less beneficial than that of smooth

spec1men

2) The effect of zinc potential on fatigue life of notched specimen depends on stress amplitude, when R

=0.1.

(a) At a higher stress amplitude, fatigue life is shorter at zinc potential than at free potential.
(b) At a lower stress amplitude, fatigue life at zinc potential is comparable with that in air.
(¢) At zinc potential, notched specimen fails at a stress amplitude lower than fatigue endurance limit in

air.

3) Effect of zinc potential on fatigue life of notched specimen decreases with increase of stress ratio.

4) 1), 2), and 3) are explained by;

(a) decrease of crack initiation cycles at notch tip due to hydrogen evolution at zinc potential and
(b) increase of crack propagation cycles due to wedge effect at zinc potential in the early crack propaga-

tion stage.

1. 3 U & (£

HEARTEBAM B E > TIRTES 2 BB CTH 5. Lo
D THEBE FISE AN B RS I B A ks
HWENBEONFWNETH L., HEFREDICIZKE, &4,
R OLAL R N T AR LTEMb LT, &
SETORNBHELXIDBL B I L3EETHS.

g KA S BT O alBR B R i i,
HAREBETOZNRIHRTEL, KAPoHE I WE
ERTY. -, EROEERBEYICEOTEETHS
YRR OBR BT oA ICHE T 28534
s, W H HARTTS? 12 AISI 1018 % BT vV —
FEETOWMARIE S VS 7 A5 LB S URR
BLUOT~NHIED7-DIC J& FOZNIZHRTELR

LHEHEL TS, —7F, Von R. POPPERLING 5% i3
API-X60 i & F W THEAK R BRI AT O L AFfrid K
FERALD 2O KRFDOF NI THEHL 2B EHIE LT
WY, HATHWTWAED T XPRRICH§ A G
RSN TVAL, XL OMBEEEBEREICS
AR LRE XD ZHIEVEE LEEEHVYTY ST
hed, BRI T 5 C S U R KENRALHHIE L
BB INSOEE L #EEIEY TR RWwWERED
nn.
EROWHE?D CHY LTV AT R S 138
50 kgf/mm® Td 5. #HKPERHET OU KA AERA
DFENFFHEIRBSELHEE E L TKEREAZZ 5N
BH5, TDOKRFEDENFFMNOFEIHORBEKEDY
KEEDBIZELL DI TR INLY,

W3F0 60 4E 10 A RGHEHARICTHRR W61 £ 2 A 18 HEZ (Received Feb. 18, 1986)
*  SIEMFHERTRIZEIT AN BT 1 (Tsukuba Laboratories, National Research Institute for Metals, 1-2-1 Sengen

Sakura-mura Niihari-gun Ibaraki pref. 305)

*2 RS AIFSE U SZ BT (Tsukuba Laboratories, National Research Institute for Metals)
— 117 —



350 : g o&

% 73 4 (1987) & 2 &

KEE R Lo 2 & 2 #E LT 80 kgf/mm? & % H
W, KA T DY) R RERF O n by % i
KPBHARBAET B X OKK T oW Fdy & s L
72, 2O, WAKPELABET CoENEFmICEEL R
ETeEZONBHMS L LTI HIEIE Ao, G/ R,
ZHIZYIR EDILNEFR K, 2 L 0 HiT 7.

2. E B /&

21 38 =

Ml HT 80 Sl # i H L 72, {b5s 8 L 011541
HEEIRDEBYTHA. 0.10 %C, 0.23%Si, 0.76 %
Mn, 0.27 % Cu, 0.02 %Ni, 0.79 % Cr, 0.45 % Mo,
0.051 % Al, 0.004 %S, 0.008 % P. 5|iEih & 86.2
kgf/mm?, PRIKER S 81.5 kgf/mm?, {0 23%.
22 EhABRBR

1) REERFIR

SKWA%%%% 2O 7SI JIIRNE T C BRI RER T 5

D12 3 IO F/NMTRITE R % Bl v 72,

U) S RRER T APERRTRL, K,=1.04, S/
%38, 9 3 XU 10mm.

(ii) CIRAFAERR: BRYWKR &, K,=3.5 BXW
4.8.

2)  JEAEER

(i) #BRFE: JEn B £10¢t 3
P FRERNE & B Va7,

(ii) J&fk: R=0.10 3 X0 0.50 (B13E-1713E).

(i) ARl U 3. KA Tk 20 Hz, KT Tt
0.5 Hz.

(iv) A gk,

(v) BEE: (a) Ak (ASTM-D1141-52)%; B
SRIGET (—685mV) 3 XL U Zn BE4ERGHR (—1070 mV),
Kim 30 C, ZE5fufll, g 1¢/min (b)) AK.

3)  whmEsE

fmE bR ARER

3. BRBPLIUEE

31 FREBRRICHT IERBBEOHR

FEREBR OISR Ao, LKA N, & OB%
% Fig.1 2 d. ‘FiEilBRr o RKAF O ARIE 35
kgf/mm® TH 5. BLKHETO N B KKF 0 N, &
LKEIZHD, ThT TICIE STV D IEEEE O
HOCEEICE T 2 BRI EORRY & —HT 5.

WARKPARBAT T, X2ZUIREHY ITRT L g
AY .y PLEAEL, ZORGEHREERBED 5V idKkE
et % fE o CHK LAWTEIC X 0 {EET Ao T REP Ik

ERMA Y — KA

RIS BEER I X D EREE L 72,

NTHFAIEE <, 107 [ oK LT L ARG L
e, 107 EEFBEEE (102 H) AR PO Z R
1/5 Th 5.
32 K=35 DOYRFRBREICHTIERHBDODE
K,=3.5 DR XBEH D A0, & N, E DG %
Fig. 2 \Z/R¥. RN BKE AT Tk Bl
DHIZ 1 min BT AR S K L4 T o REBRERC
HY, L TARIBEKTFEREET TCORBRKRETH
L. MERTHGOMNEIZAS L V.
KREHTEMARSLAEL, it 13kgf/mm® Tdh
B, HRBEETO NG KKH O N, o 4 EERETH S
A, PSRBT O 4 & AR 107 [0 F TSI ARR

(¢4
o

N
(3]
>

S
>

[34)

Smooth

- R=0.10

O Air 20Hz

A Free in sea water 0.5Hz
e Zn in sea water 05Hz
l 1 .

102 103 104 105 108 107
Cycles to failure , Ng

N
wn

Stress amplitude , 46q , kgf/mm?

Fig. 1. Relationship between stress amplitude and cycles
to failure for smooth specimens at R=0.1.
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Fig. 2. Relationship between stress amplitude and cycles
to failure for specimens with notch of K,=3.5 at R=0.1
(A: Sea water or air for every 1 min)
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a) A0,=47.7 kgf/mm?® Ny=4.4X 102 cycles 0.5Hz Sea water at zinc potential

b) Ac,=30.6 kgf/mm?
¢) A0,=31.8 kgf/mm?

N;=1.7X 103 cycles 0.5Hz Sea water at zinc potential
N;=7.6X 103 cycles 20 Hz Air

R=0.1
Photo. 1. Fractographs of fatigue crack initiation.
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Photo. 2. Fractograph of fatigue crack initiation at zinc
potential. ‘
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zinc potential becomes higher than that in air
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Fig. 4. Schematic explasnation of growth of fatigue crack
initiated at notch root in sea water.
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Initiation

a) Crack initiation b) 2.0 mm inside from crack initiation spot
R=0.1. 0.5Hz A0,=10.2kgfi/mm® N;=9.2X10° cycles

Photo. 3. Fractographs of fatigue crack at zinc potential.

a) 1.59 mm inside from crack initiation spot b) 2.29 mm inside from crack initiation spot
R=0.1 0.5Hz A0,=3.8kgf/mm?® N;=2.6X10°cycles

Photo. 4. Fractographs of fatigue crack at free potential.
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Fig. 5. Relationship between stress amplitude and cycles
to failure for specimens with notch of K, =3.5 at R =0.5.
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Fig. 6. Relationship between intergranular fracture and
ratio of crack length to specimen diameter for specimens
with notch of K,=3.5 at R=0.5.
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Fig. 7. Relationship between stress amplitude and cycles
to failure for specimens with notch of K, =4.8.
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