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Abstract

The fatigue crack growth behavior in GTA butt welded joints of Al-Alloy 5052-H38 was
examined using Single Edge Notched (SEN) specimens. It is well known that welding residual stress
has marked influence on fatigue crack growth rate in welded structure. In the general area of
fatigue crack growth in the presence of residual stress, it is noted that the correction of stress
intensity factor (K) to account for residual stress is important for the determination of both stress
intensity factor range(AK) and stress ratio(R) during a loading cycle. The crack growth rate(da/dN)
in welded joints were correlated with the effective stress intensity factor range(AKeff) which was
estimated by superposition of the respective stress intensity factors for the residual stress field and
for the applied stress. However, redistribution of residual stress occurs during crack growth and its
effect is not negligible. In this study, fatigue crack growth characteristics of the welded joints were
examined by using superposition of redistributed residual stress and discussed in comparison with
the results of the initial welding residual stress superposition.
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Table 1. Mechanical Properties of Specimens
Specimen Ultimate Strength Yield Strength Young’s Modulus Elongation
P (Kg/mm?) (Kg/mm?) (Kg/mm?) (%)
Parent Metal 33,16 26.32 6851, 66 14
Weld Metal 18, 34 16, 00 6811.95 15
HAZ - - 6815, 95 -
Table 2. Chemical Compositions of Aluminum Alloy 5052-H38(Wt.%)
Composition Cu Si Fe Mn Mg Zn Cr Ti Al
0.02 0,11 0.32 0.15 2.40 0.02 0.32 0,017 Remainder
Table 3, Chemical Compositions of Filler Metal(Wt.%)
Filler Metal Cu Si Fe Mn Zn Ti Cr Al
A5356 0.10 0.20 0. 32 0. 05 0.10 0. 06 0,05 Remainder
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Electrode Filler Argon Current Voltage Welding Number Heat
Dia Metal Flow Speed of Pass Input
(mm) Dia, (mm) (cmm?®/min) (A) (V) (mm/min) (J/mm)
24 2.4 10 115 20 134 1 1034
Table 5, Experimental Conditions
Specimen Pmax, Pmin, AP Pmean Stress Test Control Wave Temp,
Type Ratio Freq. Mode Form
(Kg) (Kg) (Kg) (Kg) (Hz) (C)
SEN 400 40 360 220 0.1 25 Load Sine 24
4, NEEn ¢ DY
Crackel $it Aol He BFSd 572 °
4 |- Weld Metal

£, Weld Metal#t HAZA]#Hol A Fig, 49t 7t}
=3, vzFdARe Y ALLAFLA =

4747, Weld Metal?} HAZA]Hof z+
Fig. 59 Fig, 63 Z+, AFSHEFH A, 5
3], Crack-Tip ¥+%9 AHF-%3el i

fac
ax
o
—rt

5
4+

M X —FTEi - X
3F

3

=

Residual Stress, Ores

——1: Weld Metal
4= t HAZ

-5 ! 1 L ) b} 1 L 1

0O 5 10 15 20 25 30 35 40 45

Speciwen Width, W(wo)

Fig.4 Welding Residual! Stress Distributions in
Uncracked Weld and HAZ Specimen

KEBREREE, FT7TH1H, 19899 38

Residual Stress, Ores (Kg/mm®)
o

1k
-2}
v a=10mm
B e : a=15mm(N =53050 Cycles)
—a —- : a=20mm(N =66041 Cycles)
- » a=25mm(N =71510 Cycles)
-5 1 1 1 L 1 1 1 L

0O 5 10 15 20 25 30 35 40 4

Specimen Width, W{(mm)

Fig.5 Welding Residual Stress Redistribution in
Fatigue Cracked Weld Metal Specimens
Residual Stress, o res(Kg/mm?)

54 solch Fig.7¢ #9 42el @2 Crack
“Tip ¥2¢ #H3He 27% Plotah 7ol
= o

|
Edge¥ ¥ §f5#7sagonye Fao] 42

5



32 ‘
284 - Had4

S MetalAlfidict o =4 vehdn 9}, o] dt
a4t HAZ ol $Ho = olsle] HAZS Weld Metaldl
, i F4zAs) Aoz olah daoletn Az
o ‘ “IrR=01
E 2r 35+ Pmax.=400Kg
o 1 = Freq.=25Hz
i g 30t T o4
=4 E emp.=24C
2 9 °
° ] g 25}
g 1} : 2 g0}
= %
(fm a2k . 5 4sh dpﬁ DDD‘ [: HAZ
E —: a=10mm 55 2 o 00 T AL Weld Metal |
<] RS : @=15mm(N =106000 Cycles) w0 o o: Parent Metal |
~ ——: @=20mm(N =125280 Cycles) T |
-4r — = @=25mm(N =137150 Cycles) 5 5 10 15 20
-5 1 " 1 ! 1 L 1 1 Number of Cycles, N X1o¢
0 5 10 15 20 25 30 35 40 45 Fig.8 a-N Curves
Specimen Width, W(mm) Fig. 9¢} Fig 10& 7tz Weld Metals} HAZ
Fig.6 Weld Residual Stress Redistribution in Fatigue A Hol ™isled, FUol9} KresS 29314
Cracked HAZ Specimens 7], TAA A w2 KreswA = Plotdh 7ot}

Fdol 4ARFE GFAFSH Y e
aste, Fadelst ge o, 5, FALR2Y
oA 2 gl FE ¢ 4 ok =Y, Weld

= AA
V Metale] HAZ2 v} 2 3 && a4 e

pry
T

(o]

Ores (Eg/om?)
|

-2
-3 ! i 1 i1 ! I L 5 _? |
10 20 30 40 g 51
S
Crack Length, a(mm) 2 -3¢ N Eres/Knax
L —4}
= _'5 L : I ! I ] L L ] ot
~ r 0 ' 0.5 1.0
B o a/W
> . Fig.9 Changes in Stress Intensity Factor Ranges of
S | Compression Weld Metal Specimen
8
G —2 i é 0
_1 - \
-3 1 I ! | 1 I Il é —2¢ KTCS/KEEX
10 20 30 40 S -3t
Crack Length, a(mm) E -Ar
‘ __5 . i1 ) ] 1 1 ] 1 ] -
0 0.5 1.0
Fig.7 Welding Residual Stress Change at the Crack a/W

Tip during Fatigue Crack Growth
(a) Weld Metal Specimen
(b) H A Z Specimen

Fig.10 Changes in Stress Intensity Factor Range of
HAZ Specimen

Fig. 117} Fig. 12 77+ Weld Metal®} HAZ

Fig. 82 Parent Metal, Weld Metal, HAZA] # AlHoll o], FAAel FA4UEHI AK, A
ol tlgt wegAPertE o a-N#AES Plot  Keffele] #AE Plotdh ZHoln, FAAAz7 0
g Zlolwd, FAAAzAY FAYAAAGAL, © AKeffr} AKel| u]zte] =A| vpelvia glowd,
Parent Metal#} ®]m3led, HAZAIHol Weld  Teol AAste] ol wie}, AKeffE= HH #AA
Journal of KWS, Vol 7, No. 1, Mar., 1989



44 AFSHAE FolAe Aluminum-Alloy &yAel slzdad 437

21.0r

g .9f -7

~

Qe

%

5- st ~~==- ! AX/K

3 —— + AReff/Knax

2

Q O 1 1 L i ' 1 1 1 [l 1
< o 0.5 1.0

a/W

Fig.11 Changes in Residual Stress Intensity Factor of
Weld Specimen

8 1.0

g af To e e

~N

el

G

)

5 sl ---- ¢ 4R/K

E — ¢ AKeff/Knax

g :

~

ﬁ 0 1 1 1 I S 1 1 1 L 1 1]
0 0.5 1.0

a/W

Fig.12 Changes in Residual Stress Intensity Factor of
HAZ Specimen

Al AKst Ao A "), &, AKS} AKeffo] z
g A el Adsva AR, £ Ay
Me TRANE a/W=0672 ZAstdch,
Weld Metaloll A= 0,2<a2/W <0,514 Kmin+
Kres<go] 7wl gell, A1(5)F #Hz, a/W>0, 50
A= Kmin+Kres>00] 71l Loll, (4% A g3l
gtk HAZA "ol A = 0,2<a/W <0, 30l A
Kmin+Kres<Qe]7l=l&oll, A (5)% #Hz, af
W >0, 3914+ Kmin+Kres>00] 7] o, 4] (4)
% Agsgc

Fig. 133} Fig. 14+ TAAHo] =& Reffit
WS Plotd Zelch, £ AdelAd zg &3
(Applied Load) & R#% 0.12 stgelc =29
v AR-gEe odgkez, Weld Metalol A& 0,

Fig. 15 194 A4 5 (da/dN) 2} 28 3l A
3599 (AK) 24o] 3A % Plotd Zolwd, #4
A Az 7)0] = Parent Metal, Weld Metal, HAZA]
2< /W <0,514 Kmin+Kres<(o] 2 &, Reff=
0°] ® &, 2/W>0,5% #l& Kmin+Kres>00]=
2, a/W>0,5904 % Reff>00] & Zlo|t}, HAZ
Aol A, 0,2<q/W <0, 3014 Kmin+Kres<0
olm2 R=0°] s, o/W>0,3%9 v+ Kmin+
Kres>00122 4/W >0,3014 & Reff>00] & 7

o] ct,
REEEREE, FTE1IE 1989%F 3A

33

oft
rO
iy

.2

1, Iteff

0 0.5 1,0
a/W
Fig.13 Changes in R Values of Weld Metal Specimen

2
R
1 u-—f--_Z__
// S Rerf
O e " . 1
0

0.5 1.0

el f

A s

v al/W
Fig.14 Changes in R Values of HAZ Specimen
in_O, .
A
A o]
A o)
O
a &8
A
A

Crack Growth Rate, dn/dN (mm/Cycle)
go "o
t

[w]
o a
19 2
Op
A"J C: Parent Metnl
o2 A Wald detn)
0] Crnoaz
r no:oo.1
Freaq., = 25 1
Tesp, = 240
Af]
1055 * LG T T

Stress Intenaily Factor Raage, AK(Fa/:m™7)

Fig.15 da/dN-AK Relation

Holl A o] du/dN2 Agfztor}, 28Kg/mm*:<A
K <90Kg/mm??e] #® 2ol 41+, Weld Metaloll 4
2l du/dNe°] 7}z 3, c}go] Parent Metal
HAZA ol 9] da/dNEo 2 Jebydoh, 2+ Ad
Aol HEgAAY AT A= Power
Law<l dua/dN=C(AK)"ZH & & abZ A7 o]
olul o] Co m%t-e Table 63 #r},



34

Table 6, Dependence of C, m
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