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Fracture Mechanics Analysis of Cracked
Plate Repaired by Patch (1)
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Abstract

The enhancement of service life of damaged or cracked structures is currently major issue to the
researchers and engineers. In order to improve the life of cracked aging aircraft structures, the repair
technique which uses adhesively bonded boron/epoxy composite patches is being widely considered as a
cost-effective and reliable method. This paper is to study the performance of the bonded composite
patch repair of a plate containing an inclined central through-crack. A 3-dimensional finite element
method having three layers to the cracked plate, composite patch and adhesive layer, is used to
compute the stress intensity factor. In this paper, the reduction of stress intensity factors near the
crack-tip are determined to evaluate the effects of various non-dimensional design parameter including;
composite patch thickness, and material properties of the composite patch and  thickness' of the
adhesive layer, materials of patch etc, and the crack length. Finally, The problem of how to optimize
the patch geometric configurations has been discussed. '
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Table 1 Comparison of S.LF of cracked plate
{ unit : MPa- mm"? )

Crack (2a)| Analytical® | FEM | Error(%)
10 2.74 2.77 1.08
12 3.00 3.04 1.32
16 347 3.51 1.14
20 3.88 393 1.52
24 4.26 432 1.39
28 4.62 4.68 1.28
30 4.79 4.85 1.24

23 SHEYA T HLE

BAA7E £38 ¢4 8 A9y kA
A Bt 1o §E8d AlF ZaE(reduction
of stress intensity factor : K*)& T3 7o} A9
Fid=

K'=1-K,/K, )

714, K, © B FEHJS Y §9
gdi Agold, K= BB} FAHA &2 7
o 7dHw §Egd AF goltt kvt F
7heta doiE e s gdyddel dAH K*7h &
oW saE JpsAdel At

24 HE[CSH

gz g Alolg HIAAR 735l
o £ A7 249 & o 0@ &
9 AAZA BAANYG B Apole] M Hd
go] 14 A7t doh FelM AT A=
of AHAFANY ALY 24 yFo=w
Aste, 7= EAHA BT

EAGt BAA Aojolde o 2L P
A4 g THek g

N ol oo &

I
=

Aoy _ T oy Ty )
dy — h;’ dy hy
A7, o, of, E BAS BRARAAY y B
o] g¥HEolT, & FAZANY Ad$




ERAR 5 7499 RY gA9T%H $y (1) 2003

Table 2 Material properties for the aluminum,
the boron/epoxy patch, and the adhesive
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E, [E | E|Gu|Gu\Gul vl vis| v
Al-
7102 - [ - - -1 - 10321 - -
plate
Pat
N 208.118.18)8.18|7.2417.24|4.94/0.677|0.677{0.035
¢
Adhe
. 22| - | - | -] -] -10327 - -
sive

od7\H, Ee BHA ZAY @A ASF(Young's
modulus), E, E= SRAE BAAY x, y-2FY
g4 Aol
T EAYL EYAE BAA AtojdAg]
AgzALe g 20
s_ b

Ta="tF" ()

_h_ 3k,
A7, F= 4G 3G,

2 GE &% ﬁu’—‘}%‘, A 9 27 Ao
A} A1 %4 (shear moduli)o]t}.

ol1, G, G

e

!
B

3. 7 i A
£ dFE Fig 13 2ol BEAE 20=20mme
2= 240% 360% 3mme] 4FvlERA Ao BFY
A= 80x 160mme] EFAE Boron/epoxy T3
& EZAY YFol A= FF o (double
patching)& &3t FE AT NEZA(epoxy)E A}
o0, A 02mm=E ST B g4 oA
A A8 E9 EAAE Table 29 2},
5}.6_3 u})-o)zyg].%_oi,yq E‘ﬁ'«] yu}z%}og
6y = 0.689MPa’ 7}8tith.
@824 EEE Fig 3% Zo] 5 2 7]?‘5}?"L
2 RS 18t 188 EAH3}goH,
A R E’JJZHT: 37k 2023y 84 ﬁ“éah
Fa&AQE 2449 A 223 QA(shear spring
element)& A8 £ AFE 3 F3#24
4 TzaWozAE ABAQUS Ver 582 AH&
s,

41 22X FHol st Hst

Fig. 4~5¢ HB7A FAd & S
(K2 ZA2EKHE JUeid o),

F9go] ZAsts A Yol BAA FAL 0.
2~14mm7tA] #®3pE Fgo dis] FIHEY
FA FAANA HFA T HFHE FY}Gich

£ MM BEZA} REEHA &L BAY
2SN AFKuE Table 1914 FLZo| 2a
=20mm¥ 9o A& A 3.93MPa- mm'"? o]
v BAAe FA oE S¥EuAse &
FdE Fig. 49, AL SEBUASF A E
Fig. 5o YEpRRAc

FAZ F7hEe] wet B SE oA
D& (I-Kp/Ku)ol % 18~90%AER  LEIGO
W, B FAC S ue gAage F
e & 4 29k

£
o
=2

N

42 BAUX M=o st Hek

Fig. 6~72 R7ZA A5E 7tz ¥4 $d3
47 rE7 Boron/epoxyB AR E AMEHL o
o 3EgUAF % SHIYAT d28e =
Attt BAAZA BFASE A1EEE Ao
GFrES AHEehe AR vusld SHIUA



2004

1.2

—~1.0

0.4

wo.2

0
0.0

0 1.5

0.5 1
Patch thickness (mm)
Fig. 4 Stress intensity factors with respect to patch

thickness (2a = 20mm)
1
0'8 .,/./0"“-—_‘—’_‘
2
0.6 —
S~
Q
¥o.a
0.2
0
1.5

0.5 1

Patch thickness (mm)

Fig. 5 Nondimensionalized reduction of S.LF. with
20mm)

respect to patch thickness (2a

1.2

Y

—~1.0

o \\
EO.B
E \‘\‘
[

+0.4

wo.2
7
0.0

0 1.5

0.5 1
Patch thickness (mm)
Fig. 6 Stress intensity factors with respect to Al-

patch thickness (2a = 20mm)

1
3
¥ .
Y

Q

X

1 0.4 - [
-

0.2 -+ -B- - Aluminum
0
0 1.5

0.5 1
Patch thickness (mm)
Fig. 7 Nondimensionalized reduction of S.LF. for
Al and Br/Ep patch (2a = 20mm)

0.7

0.5 1 15
Patch thickness (mm)

Fig. 8 Reduction of SILF. with respect to
variable of adhesive thickness

F Fago] o 5~1%FtReH, BAARA

FAEE AHEstE o] 24 44

FozM Fo ByFoli T

EgdQaes SFd H



44 22X Ao utE T S
Fig. 95 27ZA9 5% F FEoAe &
AdsHe] EXE L}E}H‘i Aoltk HEFA

(crack center)& #¥ol FAR AXANA9 B}
Aot T4 ZA Atold] % {ﬁ%a% LERE
RAolal, B7A EHend patch)% ygos B
M) BERNAY RAAYG EAAlole) HAA

"/}%‘9‘% yebd Aolch

A Ao oJstd 7 "‘4011/‘14 CEK!
£92 B3AY A} FI1EEE F
AT, BAA EdoAe H& ﬁ%%e—:‘.g
xE 17&7‘“4 FAY SAETFS IR
F gt
weEld, FHe 2ANE FEFHANE F
, Bog Z4E grolxE Aotk agy 9
Fde NFde ool EAlde v, V&
BAAS AN EEE EUR-EE 8 o) ¥ (taper)A
eed L AL B2 F ik

rf1 r\o

éﬁ.\&iﬂ

4.5 HLX Hefjo| wte HE

Fig. 10~11 2349 348 74
e w7l 34 overall type)d #E S
2 "= ®B7kA dAKpartial type)ol] W& FI&
Eﬂﬁ]'/r:gr SHAYAF ZLES EAESUCH

B odoA REHQ] 2AA FRAAY BAES
E?C}ZH FAR)E 1.0mmol™ HAF FA(h)=
02mm<) BAZE H4-& ZE Boron/epoxy H
A8 E 2183

M A7 F9D M (crack tip)l] o} F 2 A
Z8g 23 F9 gy Are g€ 91
3 9 BAA #39 A v elRxE T
st on, SAIYAT Fa2gE F AR
ZAEA = 2 F7E FA S
A A$ YA FE8A AEs ¢
T AN

T3, AAgel 7\ o] RAET BAAE
wAgg vug A $HEY FagdAe 2
apolE AT 131‘4 7y g8 FEALS
2 9 A 4o & A9 e a7
7} AR oR FolxA EIAE 2 F As
AA@d-ggol AA FT4E Aojvh. wepA A
AHed AAE AMME BAAY A7g Y
E anAdolv, AEL €9 A7 ArE
AL zlolz Azt

&
1=}
ar

—{11 rlllo
e
. jo o

O

B

o sustd H4 (1) 2005

1
—=o— Crack center
vl End oatch
0.8 e
0.6 .
>
2]
-~
0.4 .—
...... | IR
o u--o
0.2 {~---— [ LRAMNE e e
.
0
0 1.5

0.5 1
Patch thickness (mm)
Fig. 9 Nondimensionalized adhesive shear stress

with respect to patch thickness

3.0

2.5

Exo AN

x*

RN

s" \.\

X1.0 \\.

o5

7]
0.0

0 02 04 06 08 1 1.2
Patch length/crack length(a=10mm)

Fig. 10 Stress intensity factors with respect to
variable of patch size ( 2a = 20mm)

=
/ .

0.2 —

0.4

1-K p/K u

0
0 02 04 06 038 1 1.2

Patch length/crack length(a=10mm)
Fig. 11 Nondimensionalized reduction of S.LF. at
the variable patch size ( 2a = 20mm)



2006 H7E -

5.8 B

2 dFodAe d8o] EAste LErERA
BA

ZAE FAY Zdd oiF FFGsAHA
Mg FYsth AFAREN BRAY T
e 9, B34 FH W 4% % AF
FA ©e J¥H AdeY £XE M
, AR 1A #AE ANE] A8 gAE
ke A g T 27, s

>
e Y
N\

=T
ihes
:\9 tlo
JFT-

A4S BAAS B A
T BAAE FAsA e %xﬂ
S ASKw o 10~2%2 ZAA
. B BAAY T FR5E S
79 Zago] A e

(2) B74A ASE Boronepoxy EHAE 2
FrEe ARRE W EHIAWAS HAE
Boron/epoxy EHAEE AHEPS AU 44

JE

Q‘:,Jlﬁl& oo R oo & o 2
olo oo ;}{:
1% tlo
0]
E)
h‘.

0

o rfo m&

of o AXN FAXH Al ] &zt
@) AEF FA7 gess FIAFAAA
astH ot}
@) BZANN 24 F2 AAAA Y HF
‘43‘3-.33 RAA FAZ: F7 ] w2t das)
FYe & F e BAA BEF
H2 B3 FA S7Hgel met
E} H}EH BAA gdo] HojHx g3
A AAADGEHE FaAd £ A
(S)E%Z}I g d9e 943 4 5234

to oy to ¢ r_>s,
u 3
& L fE o
J E
r:\l’“
oioo

>
-
o
2‘-

% d(overall type)o] FEHOZ Y BFAA 4
(partial type)t} EAAL & £ glon, S
SdiAT dogo] ¢ AR FteH. £
FRHOE Yk A YA A% BHUE 4
BY 4 gE BIHARIUo] T Aoz A4
219,
5 7l

B xEe gRaeae 45 4zadEn 4
Qv PRt ATAE ) ATH AUeE
o]Foj AL EA, oo HAA AHEECA
#FA=gyo

=9

ot
rak

tne

(1) Turaga, V. R. S, Umamaheswar, Singh, R.,
1999, "Modelling of a Patch Repair to a Thin
Cracked Sheet," Eng. Frac. Mech., pp. 267~289.
(2) Schubbe, J. J., and Mail, S., 1999, "Investig-
ation of a Cracked Thick Aluminum Panel
Repaired with a Bonded Composite Patch,”
Eng. Frac. Mech., pp. 305~323.

(3) Naboulsi, S., and Mail, 8., 1997, "Fatigue
Crack Growth Adhesively
Repaired Panel Using Perfectly and

Analysis of

Imperfectly Composite Patched,” Theor. Appl.

Frac. Mech., pp. 13~28.

(4) Rose, L. R. F, 1982, "A Cracked Plate
Repaired by Bonded Reinforcements,” Int. Jour. of
Frac., Vol. 18. No. 2, pp. 135~144.

(5) Schubbe, J. J, 1997,
Thick Aluminum Panels with a Composite
Repair,” 4144-98, pp. 2434~2760.

(6) Chu, R. C, and Ko, T. C., 1989,
"Isoparametric Shear Spring Element Applied to
Crack Patching and Instability," Theor. Appl.
Frac. Mech., 17, pp. 93~102.

(7) Denney, J. J., 1995, “Fatigue Response of
Cracked  Aluminum  Panel  with  Partially
Bonded Composite Patch," M.S. Thesis, Air
Force Inst. of Tech.

(8) Isida, M., 1971, "Effect of Width and

Intensity  Factors  of

Cracked  Plates  under

“Fatigue Behavior in

Length on  Stress
Internally Various
Boundary Conditions," Int. Jour. Frac., Vol. 7,
No. 3, pp. 301~316.

(9) Ingraffa, A. R, 1980, "Stress Intensity Factor
Computation in  Three  Dimensions  with
Quarter Point Element,” Int. J  Numerical
Meth. Eng., pp. 1427~1445.

(10) Jones, R. and Callinan, R. J., 1979, " Finite
Element Analysis of Patched Cracks," J

Struct. Mech., Vol. 7, pp. 107~130.



