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Abstract

Retardation or delay in fatigue crack growth due to overloadsfarelimportant for the accurate prediction

of fatigue lives of structural materials. In this study, retardation of fatigue crack growth in Al 6061

~T6 weldments and heat affected zones (HAZ) after single overload cycle had been investigated.
Retardation in both weldments and = IIAZ was observed. It was concluded that retardation in both

weldment and HAZ was greater than in base metal due to microstructural change and crack branch-

ing and crack closure were major governing factor in retardation.
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Table 1. Chemical compositions (wt. %)
Cu f si ’ Fe Mn | Mg | cr ‘ Zn [ Ti } Al
Al 6061-T6 0.25 | 0.6 | 0.42 | 0.15 | 1.0 | 025 | 0.2 | 0.03 Rem
AL 6061-T6 Weldments | o o5 | 050 | 0.5 | 0.2 | 1.22 | .21 | 0.15 | 0.02 Rem
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Table 2. Welding condition

A & A R A.C. Continuous high frequency
2+ A A & 603 (A)

2 A" A o 15~18 (V)
A5 AF ¢ 1/16 (inch)
P Argon

ALt 2e] Sn 99.5 (%)
L2 A=A Al 4043
Torch®} F % CK-200 TYPE
=R =R Tungsten
HFAY AE ¢ 3/32 (inch)
A dH = 19+1 (°0)
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Fig.6. The influence of overload cycle on sub-
sequent crack growth rate in Al 6061-T6
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el ook 2L ARl moF Sl e
2]

d
gk .o] m7 7 ZElAtes Aot o A
Fig.7¢]t}. x|l A el E47}

fz
&
-
i
I

)

50 |

{x1000)

*

Number of delay cyclesNy

40 F

30k

20

N ) N
1.5 1.6 1.7 1.8 1.9 2.0
Overload ratio

Fig.7. Overload ratio vs. number of delay cycles
in Al 6061-T6 weldments.

=3
@
7]
Y

360 Kg

&
T
=]
z
*

X = 10.7 MPas ™

Crack branching
w
H

L " 1 n
1.5 1.6 1.7 1.8 1.9
Overload ratio

[®]
o

Fig.8. Critical value of crack branching as a
function of overload ratio in Al 6061-T6
weldments.

RSB, H6E, H1M, 19884 0H

7 (x10°3)

HFstFe1ok 2 A Frlahe ok ¥ TERLS
Yol TLAwel £HFAE FANA Fu TR
A@ el 4717 o ol h.

Fig. 8% F3}50 & d3Az ¢ o T84
o] 4719 45 Vel Fz Sith ol EH
2 TE7HR d@ake] deojd + g dAIHAsE
7t EAsk= &= uk Al 6061-T6 §AH2 A9 3
L B Al 4 Kpor Z 10, 7MPa /m 2 5t3 3abs
W E WARAAS o FHepFeE s 1.7 o]Abe] me]ek
TA7A A4S B 4 vk g 2 AR W
38 2 g, 2L A4 o] e 1.8
2 2usY gl A5 vz 2e 450t st
ol o3 T A o & dolvim o] w}
2 T9AAE o Ad=EE A 4 F g9 ol
g FEA AL A $EENASY ALE 2
et ofel el TEAAE dovle 45YE 7
4=41717] W ol AR Qe Aol Asle Aolr}.

Fig. 9% 1% SE A f 7d434x4d 4
ol 5 ety Aol Ao bl EFFE FHibF
S A ] Fobe} @Al 2HLd 2He] AR
3te =% A5 A = 7 EBxdAe o
272 47l AfFEAHe] it Fd
Fa3ae] LAsA el FEY AL A8 T S
do] gty gd Rt F ol F Fdo] 4 winl

ok,

AA5A Rk
S
g TR E L
N
*Z: 70}
” [ ]
“ 60 | °
'; 50 °
k2
3 eof e ®
5 30
w
2 20t
5
I o n i
= 10 15 25 25 30

Seress intensity factor (MPavm)

Fig.9a. Number of delay cycles as a function of
overload stress intensity factor at an
overload ratio of 2.0

T4l BAHE AAEHE g3} 2o
X]% {‘Ia; 9&1‘_’}’- 047] 11 Ao mazt 7}'SH
3 doge FE Y& el

AG’:/’/:Aa'max—Ao'cl (2>
9 A2 $Ades sABYALT R TA 5
AI(,//=AK,,,4;‘AK:I (3)

o] v wid FARIEY Lol =rlt 9



50

50t ® Welded metal
3 O H.A.Z.
=
% S = 360 Kg
Fag max
o 40F
Z
0
L1
—
J
ES
© 30p
>
«
—
U
©
S 20f
1 0\0\0_—0
o
£
£
=1
= 10}

. !

16 76 35 70
Stress intensity factor (MPavm)
Fig.9b. Number of delay cycles as a function of

overload stress intensity factor at an
overload ratio of 1.5

27 g Aole, =@ T 44
TEdyg-SYol szgH et ¢4

o
_0.4
=N
it
3
o,
oo
A
2

7tk kg e Zs s F
AAslarow s o A3k et

7ol :rf‘°3 ‘5"84 73 A et FazE Sk 2

T B AW Al FALLEY FAG 2
& D 2F PlAUL 37 59 AL 2 ek
of FAMEALE Fe FATANAL T+ gx

AaEueld & 4 e 2L SAY 9

Aeg A% 2 FehFadddd 445 o

Aol H7 AEez AARD o

o
Al =
20l HHggd=zA
A% A% TLARALS HFSH Atz 49Y
./;-_ o) tl.l= =1
AT ar

3.2 FgEse n2Td XA Y

AN A sstgel A7 HEEd Ad A
of Hgt AgZA3be Fig. 10, Fig. 1l el 3l
. Fig. 10e] 4] xollA] 37Xl Ao w1 gk Fd94]
Z FAeola yll 4w A9ty TA4F FA
olet. Ao FEALE da/dNg §AHel ¥
A ek Fig 11¢ 5 F-9628 o afe] Z
= S ENA T d4r BAT Zelvh F 99
FEo Ad@Ae 2AYEr o € A4E 2

o]F/_ﬂ‘ .77/11-15}].710 pal

"o (=N |

el

L=

olM-e F M9 grain size T ¥
xlﬁu o Aol Agol T2AF AT AL w14

s = 60K
o = 360 Kz

Overload ratio = 1.5

Crack length a (m)

Number of ecycles N {x1000)
Fig.10. Crack length vs.number of cycles in Al
6061-T6 heat affected zone (overload
ratio=1.5)

da/dN  (m/cycle)
.

* s
max
overload rato = 1.5

= 360 Kg

L " n . L

07 5 3 7 8 (] T}
Crack length a (m)

The influence of overload cycle on sub-

sequent crack growth rate in Al 6061-T6

heat affected zone (overload ratio=1.5)

"
1T
(X107}

Fig.11.

SaEe & ool AAEFES YL Fig. 124)
2q uhek 2ol A9 Gk F AFEEE A
Al gt ohdg ¢ 4 Ak

S___ = 360 Kg

max

Overload ratio = 1.5

*

Number of delay cycles Ny (x1000)
o
S
-

Kol = 21.7 MPa/m

‘\'\k—"“

N 4

n - -
0.002 0,02 0.2 2.0

Overload speed (Hz)
Fig.12. Number of delay cycles as a function of
overload speed at an overload ratio of 1.5

Journal of KWS, Vol.6, No.1, Mar., 1988



Fig.132 Al 6061-T6 £7129] sjuldolc}. Ald}
FlAd B4 gt A=A sigiygow ‘E}7HJ-}'“1
(Fig. 13a)3F 2 Eg}o)o] o] A (Fig. 13b) 5ol e}, o
22 e EE stalr] A Aowkd FEAR :IL7‘l_°]'|
A AR Zelvh pAe] FAddtm g Fw
AATe dB-UE LEeldode TUAR
A7l Aoz FAY FH-wEF A urE
Aol o3k Aolm e FAAAE da/dN3} A QA3
ek

Fig. 14 &3 %d atF& M 3 Ha 59 %
2.9 sixholt). Fig. ldak oe74%] =79 dim-
dA4stsle] B4& 2o Fo gvh

=
& 2 rﬂ{O

(&
T

-

0

pleg 7H= &

& o ¥4 dimples] 4EE 4+ Y& ‘ET‘:%C’]
TEEE £ 47

gE o o Rog 447

Smax = SOOKg Zz
Overload ratio=1.5
Ko=20. 2 MPa/m

dFol el s2FdAdsted =&

}a% wsh 51

ot Fig. 14bx Felgdart W fl2 $Eo x4y
dimpled} stretch zoneo] 7Zte] yjehdvr}. o] stretch
FelERgr 2719 vz
B9 AR B WelAE Aol

zoned] =7l &
S o)Al o]
SREPES

e

= =

AT LFUE LT AL 6061-T6S] £ ol

HaA Sl g sl2Ed4RAAD Dl o
e mAT B3} AL A%E G837 2o

(1) $4¥4 TLARE do/dNE =AY FL4
A% dafdNyv} =,

@) FeAADAe] SeFd dF 4FA WA
o A% 2 9Re FH FIAARLE 2ene
=Al ek $H 8 o Aok

QA shalFul e

Smnx = 360Kg ‘%‘
Overload ratio=1.5
K01=21. 7 MPa ‘\/IIT

Fig.13. SEM fractographs of fatigued Al 6061-T6 weldments before overloading.

PAOK %
%

max 360Kg 5
Overload ratio =1.5
Ko1=20.1 Mpa v

KBFEREES, H68, W, 19884 357

g
'tf -

Smax = 360Kg Eg:
QOverload ratio=1.5
Ko =21.7 MPay/m~

Fig.14. SEM fractographs of fatigued Al 6061-T6 weldments after overloading.



% ]

%%-9%ﬂﬁE.o%ﬂﬂm

| olsted o] Fol Fow FmPFel FAEH
144 = QT B 25 AFE T AL
A ZAed.

[k

S
1) R.P. Wei and N.E. Fenell, “Fatigue Crack
Growth Respones following a High-Load Exc-
ursion in 2219-T851 Alulminum Alloy”, J.
Eng. Mat.
2) J. Willenborg, R.M. Engle and H.A. Wood,
“A Crack Growth Retardation Model Using an
Tech Re-

North American

Effective Stress Intensity Concept”,
port TFR 71-701, LA Div.,
Rockell, 1971.
3) H.L. Eidinoff and P.D. Bell,
the Crack Clousure Concept to Aircraft!Fatigue
U.S. Air Force

“Application of

Crack Propagation Analysis”,
1974,

“shaigel g nAE FTEAF T
Aol BE AT A

Report,
4) AAH,
o slzad 4% 2

Tech., Vol.102, pp.280-292, 1980.

5)

6)

D

8

£

10)

1)

12)

13)

ol 4 + 7] bl - 7 3l

g, A-gvliehy, 1985,

Y. Lino. “Recystallization Thermal Etching of
Local Plastic Strain in Heat Resistance Alloys”,
Met. Vol. 11A, pp.1938-1950, 1980.
J.R. Rice, “Mechanics of Crack Tip Deforma-
tion and Extension by Fatigue”, ASTM STP
415, pp. 247-311, 1967.

J. Schijve, “Fatigue Crack Propagation in
Light Alloy Sheet Materials and Structure”,
NRL Report MP 195, Amsterdam, Netherlands,
1960.

Trans.,

0.E. Wheeler, “Spectrum Loading and Crack
Growth”, J. Basic Eng, Trans. ASME Series
D, vol. 94, pp.181-186, 1972.

R.E. Jones, “Fatigue Crack Growth Retarda-
tion after Single-Cycle Peak Overload in Ti-
6A1-4V Titanium Alloy”, AFML-TR-72-163,
1972.

W.K. Wilson,
ple Branches”, Int.
315, 1983.
S. Suresh,
Micro~roughness:
Effect in Fatigue”,
pp. 995-999, 1982,
S. Suresh, “Micromechanisms of Fatigue Crack

“Analysis of Crack with Multi-
J. Frac., vol.22, pp.303-

“Crack Growth Retardation due to
A Mechanism for Overload
Scripta Met., vol. 16,

Growth Retardation following Overload”. Eng.
Frac. Mech., vol. 18, pp.577-593, 1983.

B.Gross, J.E. Srawley and W.F. Brown, Jr.,
«Structure Intensity Factors for a Single Edge

Notched Tension Specimen by Collocation of a

Stress Function”, NASA TND-2395, August
1964.
Jo:rnal of KWS, Vel.6, No.1, Mar., 1988



