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Recently, with the tendency of more lightening, high-strength and high-speed in the marine
industries such as marine structures, ships and chemical plants, the use of the Aluminium Alloy
is rapidly enlarged and there occurs much interest in the study of corrosion fatigue crack
characteristics.

In this paper, the initiation of surface crack and the propagation characteristics on the base
metal and weld zone of 5086-H116 Aluminium Alloy Plate which is one of the Al-Mg serious
alloy(A5000serious) used most when building the special vessels, were investigated by the plane
bending corrosion fatigue under the environments of marine, air and applying cathodic
protection.

The effects of various specific resistances on the initiation, propagation behavior of corrosion
fatigue crack and corrosion fatigue life in the base metal and heat affected zone were examined
and its corrosion sensitivity was quantitatively obtained.

The effects of corrosion on the crack depth in relation to the uniform surface crack length
were also investigated.

Also, the structural, mechanical and electro-chemical characteristics of the metal at the weld
zone were inspected to verify the reasons of crack propagation behavior in the corrosion fatigue
fracture.

In addition, the effect of cathodic protection in the fracture surface of weld zone was examined
fractographically by Scanning Electron Microscope(S.E.M.).

The main results obtained are as follows ;

(1) The initial corrosion fatigue crack sensitibity under specific resistance of 258 .cm%
shows 2.22 in the base metal and 1.96 in the HAZ, and the sensitibity decreases as specific
resistance increases.

(2) By removing reinforcement of weldment, the initiation and propagation of corrosion fatigue

* 2 JdTE 198745 FRY AFFLAA dedTayulol st dA7HE



(8)

IR - &R - FET

crack in the HAZ are delayed, and corrosion fatigue life increases.

As specific resistance decreases, the sensitivity difference of corrosion fatigue life in the base
metal and HAZ is more susceptible than that of initial corrosion fatigue crack.
Experimental constant, m(Paris’ rule) in the marine environment is in the range of about
3.69 to 4.26, and as specific resistance increases, thje magnitude of experimental constant, m
also increases and the effect by corrosion decreases.

Comparing surface crack length with crack depth, the crack depth toward the thickness of
specimen in air is more deeply propagated than that in corrosion environment.

The propagation particulars of corrosion fatigue carck for HAZ under initial stress intensity
factor range of Ak,;=27.2kgf mm™3?

phenomenon of crack propagation by the plastic deformation at crack tip.

and stress ratio of R=0 shows the retardative

Number of stress cycles to corrosion fatigue crack initiation of the base metal and the
welding heat affected zone are delayed by the cathodic protection under the natural sea
water. The cathodic protection effect for corrosion fatigue crack initiation is eminent when
the protection potential is -1100 » V (SCE).

When the protection potential E=-1100 m V (SCE), the corrosion fatigue crack propagation
of welding heat affected zone is more rapid than that of the case without protection, because
of the microfissure caused by welding heat cycle.
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Table 1. Chemical composition and mechanical properties of used material

a) Chemical composition(wt%)

Description Mn Cr Cu Mg Si Ti Fe Zn Al
Base metal
(A5086 H116) 0.48 0,11 0,047 4,07 0.19 0. 022 0. 375 0,07 Res
Welding wire 0.20 | 020 | 020 | 55 | 025 | 0.20 | 0.40 | 0.10 | Res
(AWS ER5356) : : : : ' : : :
b) Mechanical properties
. Yield strength Tensile strength Elongation
1
Materia (kgf/mm’) (kgf/mm’) P /3
Base metal 24,12 32.5 13,5
As-welded
* 1 13.4 27.4 17

* 1, Minimum as-welded mechanical properties of gas shielded

arc welds(Base metal x ER5356)

Table 2. Welding condition

S Heat ) )
Side Electrode Mix gas Amp, (A)| Volt(V) (le /min) input Joint configuration
‘ (k] /cm)
1.24 2kaf /em? 160 28 0 -8
Face AWS (75Helium) 190 30 60 17.2 -\ N~ /=
~ -
ER 5356 + 200 32 50
— 7
Back (Mg Alloy) 25 Argon) 200 32 50 7.7
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Fig.1. Specimen dimensions and notch position for
corrosion fatigue test (mm).
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a: f&H7 o] (mm)
EH B A F %S (bending stress) & 187
7o} F3sich,
Y WER o=PL/3El|A
TiE P=3EIé/L%o|=Z
T Eh o=M/Z=P(L-L)/Z
=3EI6 (L—L,)/ZL?
=15E8t(L-L)/L? (2

714 E=<4 {8 (kef /mm?)

I=H7H 2220 E (bt3/12)

L=58%) BEEiilq mEhHiz=e B
B (mm)

Li=R&H Exfdsd 7ol EhE
(mm)

t=RBH 57 (mm)

Z =B %8 (bt?/6)

=78 BHE(mm)

b=k 18 (mm)

g REEH KBS AE 2000874R BT
F oMEc: BiRsln, BRA XEY BERL
299 BES AAY Aste ALK S A
T By 2ERET FUT AEA #EE WE
3he] kA AT,

2. RekE

F HE® AL RORR 8L FE Y
B REe 28 RKET Fig3s o,

Fig.3el Mm% RE#t A=d oz, #&
R BEEmAre —me 92 do $ER B
I HEHE RORS EEd ostd FE 33
REHES 47 sden, KBmHe A 57
77 HEE & Y=F s

222 Figlel veld EgEmzt #ER%A
Aeol(L), EsmEmat xxete] Aol(L,) ¥ Fig3



M 4 FulE S RMESHH HEHEDS 2 mHd 34 WE

19
. — ]
~
N A
'
20
.
> 16
" 15
<
SO ;
1. Specimen 12. Cunductivily meter
2. Coreumion  celd 13. Eccentric cam
3.Feed water tank 14. Shaft
4. Drawn water tank 15. Lines
" 5.8ed 16. Cover plate
6. Motor 17. Puteotiometer
7. Pulley 18. Refereace elecirode
8. Counter meter 19. Electric power suurce
9_ Spring 20. Ampere meter
10. Adjusting nut 21. Rheustats
11. Electrode 22. lnsclivbie electrode

Fig.3. Schematic diagram of test apparatus.
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Table 3. The experimental constants C and m of
Paris’ rule for base metal

Experimental
Constants C m
Environment
25 0-cm 1.642x107" 3.69
200 Q -cm 2.280x10°" 4,18
1000 Q ~om 1.711x107* 4,23
5000 Q -cm 1,160 x 107" 4,26
Tested in air 9.360x1072 4,28

Paris’ rule : da/dN=C{(AK)"™
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