BEENMBESTFOANTHEKPEFGREICBIITTRE, BEREBLUY Y- FHEOEE 121

R SR A SR T oo A\ T g K vhE 57 i B IS
BXITTIERE, BHABREBITTV—F

BHOEE

© 1989 ISIJ

111117112110111117
7.8
X

111111411111111117

KAER™* - fEEHFR* - TLEE—ER*2 - ILEZEM™°

Effects of Temperature, Dissolved Oxygen and Cathodic Protection on
Fatigue Strength of Welded Steel Joint in Synthetic Seawater

Hiroshi QucHI , Isao SOYA, Ryuichiro EBARA and Yoshikazu YAMADA

Synopsis :

With offshore structures being increasingly installed in frigid regions and deeper waters, it is important
to clarify the effects of temperature and dissolved oxygen (DO) content of seawater on fatigue strength.
The effect of applied potential for high tensile strength steel should also be clarified, as hydrogen can be

introduced under cathodic protection (CP).

In this study, fatigue tests were conducted on welded Tee joints of a 600 MPa-strength steel, by controli-
ing temperature and DO concentration in synthetic seawater with and without CP. The temperature was

kept at 30 or 4°C, and the DO concentration was 0 ppm, 5 ppm or of air-saturated state.

In the tests with

CP, the potential of —0.8, —1.0 or —1.2 V (vs. SCE) was applied on the toes of welded joints.
While the effect of temperature was not remarkable, lowering DO content increased the fatigue strength
for the steel under free corrosion. In longer fatigue endurance region, CP of —0.8 or —1.0 V (vs. SCE)

improved the fatigue strength in seawater to exceed that in the air.

However, cathodic protection at —1.2

V decreased the fatigue strength regardless of DO content.
Key words : corrosion fatigue ; seawater ; temperature ; dissolved oxygen ; cathodic protection ; high tensile

strength steel.
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Table 1. Chemical composition and mechanical properties of tested steels.

. Chemical composition (wt%) YP TS El

Steel Specimen c Si Mn 13 S Cu Ni Cr B | MPa) (MPa) (%)

HT 60 Welded joint 0.14  0.28  1.37  0.014 0.008 — — — — 598 657 37

HT 50 Rotating bending 0.13 0.28 0.96 0.018 0.005 0.02 0.03 — — 382 510 27

HT 56 CCT 0.09 0.27 1.45 0.005 0.002 0.28 0.30 0.02 0.0010 464 550 33
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Fig. 1. Geometry of welded joint specimen.
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Table 3. Environmental conditions for fatigue
tests of welded joint specimens. 30 E |  Gauge mounted
‘ position
. Temperature {DO] Potential
Sr. Environment o (ppm) (V vs. SCE) 20 178
Q
1 Air RT — — 398, O |2
2 SSW 30 6* F.C. . =
3 SSW 4. 10* 11:: 8
4 SSW 4 5 . C. .
5 SSW 4 0 F.C. @ unitmm
6 SSW. 4 5 —(l)g w
! SSW 4 5 1 S Precrack -
8 SSW 4 5 —1.2
9 SSW 4 10* —1.2 % |

SSW : Synthetic seawater * Air-saturated condition

F. C. : Free corrosion
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Fig. 3. Geometry of CCT fatigue crack propaga-

tion specimen.
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Fig. 5. Effect of seawater temperature on fatigue
strength of welded joint specimens.
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Fig. 7. Effect of dissolved oxygen contents on

fatigue strength of welded joint specimens in 4°C
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Fig. 9. Effect of applied potentials on fatigue

strength of welded joint specimens in 4°C seawater
containing 5 ppm [DO].
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Photo. 1. EPMA images of fracture surface of
welded joint specimen tested at — 0.8V (SCE) in
4°C synthetic seawater containing 5 ppm [DO].

Photo. 2.

EPMA images of fracture surface of
welded joint specimen tested at — 1.0V (SCE) in
4°C synthetic seawater containing 5 ppm [DO].
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Photo. 3. EPMA images of fatigue crack at 0.3 mm
from crack mouth in midwidth cross section of
welded joint specimen tested at — 1.0V (SCE) in
4°C synthetic seawater containing 5 ppm [DO.

Photo. 4. EPMA images of fatigue crack at crack
tip in midwidth cross section of welded joint speci-
men tested at — 1.0V (SCE) in 4°C synthetic sea-
water containing 5 ppm [DO].
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Photo. 5. EPMA images of fracture surface of
welded joint specimen tested at — 1.2V (SCE) in
4°C synthetic seawater containing 5 ppm [DO.
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Fig. 10. Effect of dissolved oxygen contents on
fatigue strength of welded joint specimens at —1.2
V (SCE) in 4°C seawater.
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Fig. 11. Effect of dissolved oxygen contents on

amount of hydrogen gas evolved during cathodic
protection in 4°C seawater.
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