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Analysis of fatigue crack growth behavior in composite-repaired aluminum plate

Woo-Yong Lee', Jung-Ju Lee

ABSTRACT

An analytical study was conducted to characterize the fatigue crack growth behavior of pre-cracked aluminum
plates repaired with asymmetric bonded composite patch. For single-sided repairs, due to the asymmetry and the
presence of out-of-plane bending, crack front shape would become skewed curvilinear started from a uniform
through-crack profile, as observed from previous studies. Therefore, for the accurate investigation of fatigue
behavior, it is necessary to predict the actual crack front evolution and take it into consideration in the
analysis. In this study, the fatigue analysis of single-sided repairs considering crack front shape development
was conducted by implementing three-dimensional successive finite element method coupled with linear elastic
fracture mechanics (LEFM) concept, which enables the growing crack front to be directly traced and modeled
in a step by step way. Through conducting present analysis technique, crack path of the patched plate as well
as the fatigue life was evaluated with sufficient accuracy. The analytical predictions of both the crack front
shape evolution and the fatigue life were in good agreement with the experimental observations.

e

HomRold @ & ww S AR mgw Rny Fegwd N=dd AAAFS A4E Pdew
Faioith @% W w7 A, FEAGe auPA W 9 FY AR st 2719 4APellN FAFEF e
AHBhE 2L oHel AFANNA HAF & Utk Wb FFF ARAFE nFs] Aspel o9 e F
Auvrel WA o Foha, ol F sl Mt ol AEHole AA B ATl E #YHY AAILE
A9 9% W wgAe HRANS FAs] Astel AYEY AAAPAES H8E 349 #HH fEes AN
& Agagld, g Belol dAsE FEAG F4L wAH, wEHoE Fhstn MRl wIHYh ols
2 HANS HeFond AN Be] NiPL BE 2N VARAE AF3 ASY F AUk A4
oz goln AN WAAF U M5Pe 4ot 4QAR & ANFL FAAR

Key Words: 3% W W 7Z(single-sided repair), ¥ G A% Z7l(crack front evolution), #2284 7] (successive analysis
technique), 13 €tAl )3 % h(linear elastic fracture mechanics), ¥ 25" (fatigue life)

=

= AFel Fajvbyol gt Ayt &3 dgEol gtoy
O A3 BFA X (composite patchyE o] &3 H g
e 93t FE&H|T A (bonding repair)Hol g AIHQA wUHoz lAF o]

=
x

A2 w§ Fgolel 59

2

o

* b} 3Ee) T A(E-mail:loy324@hanmail net)
sty g 7| AEE I, WA A AHE-mail;jjlee@mail kaist.ac kr)



H1TH G5 4 ¥ 2004, 8

B A 2

pix
N

:

o] @Foldyt 7

X

175 &) 4 69

F

B 2 *F‘lEl 2

(double-sided repair)©] 7} &&Ho|A gk, HAA H& Al o
A FERE 3 F dvro]l HT st AY dxe Aol
b AEl F9olE o % W

5 B 7} (single-sided repair)
o] ¥ HLHU1-3].

el ole) 2 dlthA =R

el S AATFxES FH Z(neutral axis) O]%'—ﬁl’l-~;,:f
FRbelal, o]l2 Qlsle] W 9] 5 #(out-of-plane bending)2)]
ublo] ol Mol gFAAMGoA FAgow AHA o

& 9*%’%5 Al 7(stress intensity factor, SIF)e| #¥X& {4

2

gt o= uARGe Beeh vy w27 S H(repair
efﬁcnency)-a" 2@s AstAl7) dle] HiE AeE HU
g oub QATH(1, 4-6]. EF o] AS WEINFE WA B o

G FAREo R FUSA] B2 JHEEE A H
9, ol M7 Ak(skewed curvilinear
front)?] Fej= I s}A %’% AP A+E F3 & +
Atk oo} T2 AL FAAGHATE 244 '191‘61'-8—}\ A
oAl = Xdo] Brhsay 3 2] 5““-4 S0l =
LT ED

A5 74 ‘1%% *P
d7b vk Crelu, wdAdde] 4ol SHAEAST gk
FANE B g ATl 9% vdv: AL #Astetn
Aol dAF o] Hrdyl 339l R eha iAo dagol

A7 s A,

7AARA crack

oAt & & A 1) Al JEMTke] ANRA
& ol Falal, ol sAEdle whdalv] skl Moy
ASHLEFM)Q] 7]H o] 28 nigtow 3 43} H(successive)
fFretassA 7 g Aok F, 32k feka s A
*?' Ba Ao AAHARY d3dAMe YA AT o

..u

2R dgelAe] ¥ #AR & Adeta, o]w
B o7l ulad el AT G el & o
qgehiz H4e Eqon wHsL o9 ge
on wAMG ARG ANY AFol e Bl
MA AN AU FAL AR W o
AzsAel AHAe 29U+ A dNe Ba #aa
ol Ao e SugEAS BE L gz Ao 7
A wBstgon, Hurel Fool wi #AyY *

21 514 2
-sa ol AMUGe B8 e Hia e ugd
toln Fig. 13 #ch

aluminum plate

composite
patch

adhesive
layer

Fig. 1 Configuration of analysis model.
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Material properties for the aluminum plate, composite patch
and adhesive layers

Young's modulus Shear modulus

Poisson's ratio

(GPa) (GPa)
E, E; E; G Gy Gn Viz Via Vy
Plate 71.02 - - - - - 032 - -
Patch 1340 103 103 55 55 32 0.33 0.33 0.035
Adhesive 276 - - - - - 032 - -
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Fig. 3 Successive technique for fatigue crack development analysis.
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Fig. 4 SIF variation according to the crack front shape (6.0 mm, SR=1.0).
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Fig. 5 Experimental and analyfical results of erack front development.
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Fig. 7 Effectiveness of patch repairs according to the thickness
(analytical results).
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