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Due to various benefits of composite materials such as light weight, high strength and their excellent
formability, the externally bonded composite patches have been proved to be a preferable method of
repairing flaws and cracks in various engineering structures. In this paper, the behavior of various
patches such as composite and metallic patches has been studied by calculating the stress intensity
factor and the T-stress via 3D finite element method. The study of the out-of-plane bending role in
repair of plates with single-sided patch is another aims of this research. The results showed that the
higher stiffness of the composite patch leads to further reduction in stress intensity factor. It is found
that in the studied specimens, the boron/epoxy patch has the better behavior compared with glass/epoxy
one. Furthermore, using single-sided and double-sided patches leads to change in the T-stress value. The
largest change achieved by the crack angle equals to 0 and the smallest on achieved by the crack angle
equals to 45 degrees. Increasing the adhesive thickness leads to increasing the stress-intensity factor in
repaired plate. Finally, it is found that the out-of-plane bending has the significant effect on behavior of
repair with single-sided composite patch.
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Fig. 2 Configuration of cracked specimen under mixed mode loading
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Table 2 Material properties of composite patches, adhesive and plate
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Ey [GPa] 71.02 1850 50 208.3
E,, [GPa] 145 25.4
Ess [GPa] 145 25.4
G2 [GPq] 2.56 7.2
G [GPq] 2.56 7.2
Ga3[GPa] 224 49

Y1 0.3 0.33 0.33 0.1677

Y13 0.33 0.1677

2 0.33 0.035

Olfise S5 (ly ady san aw gile oo b ailad Juo tadls & s
e 5l g 05 dulxe b liuly jo I, i ol ol Ol
ol aalllas o288 i o ) )lite U ey 5l (B0 amio l )l
JES Ol oo 1) czr &Y (A8 (p St Sanl 00D Joo 55 e Y
Gilodae alply sadls alog @ onss ol Gy 5l Jlael i 5 L
4 0ad bl gilw e jo cnz sl o a5 5 slotng el 3l
Gtz ol alol 5l Bue oS ol a8 5 ka0 (Kes oole SO lgie
oibe (nl )3 (e Y o 55 5 Gl )5 abail ) s )18, aslllan

1 solid

03 o los 18 055 1397 sl ya (e Silse wiie

[29] el adly 3225 (10-8) Ly, &y90 1 5alilys Lawss
1 0 ., 0
Opp = \/ﬁcosz[& (1 + sin E)
— Ky (1.551n6 - 2tan§>]

1
+ Tcos?8 + 0(rz)

@)
__1 8 29 ; 2
Ogg = \/ﬁcosz [K,cos 3- 1.5K,,sm9] + T'sin“0
+0(r) ©)
1 0 .
Org = \/ﬁcosz [K;sin® — K;;(3cos® — 1)]
+ TsinBcosO + O(r%) (10)

S5 Sy olaike glp ol Sygo 8 5 1YL Ly, 5o
(10-7) Lly, 4 4255 b ol S GBS 5 g 55 T o5 09 00
ol A211) Ly, 50 & ond ol L8iS a5 eyl jlne

D9 s
[K;sinB; + K;;(3cosf; — 1)]
8.
. \ — ?T 21‘[T‘CSIH7COS 6, =0 (11)
cosTC [K,cos2 7C - 1.5K,,sinec]
= K,c — T+/2mr, sin?8, (12)

by 5l 4 g Qlya}.a.'igdiuo Awid -3
b g 5 4,k 5y cilike gladlog 5 Shae ) dlis ol 5 Gas
dwais 2 IS5 el (oS 5 350 sl 5350 S5 sl oGy mee s
Olis 1y adyb 90 5 a8k S gladlog oy 55 4 b bS5 Gy mee
amio el oad Glo 1 Jsaz [0 50 oad gy LSl olal aes o
b oo e i e agsly b 2a510MM Jsb (slls 5 g5l (sasivas]
15 0y=120MPa 6, 5me S5 (gla s can dl g0 5 o (sladlog
oo LT iz 5 e Y lawgs s alog b JloS 5 5,9 Jlasl o ls
W) QL"' 2 JB» 90 ey )L._‘>L.4 g;i._al_ia uc|5> el 00l r:L‘;ul 2015

d9ue Sl tawgd AWl (3l oo -4
A 390z Hledl g, 5l eolaiwl b Gudos ol (o 0ads plol sl Jlos
Soge Gl 3 el ond plail usSLT JIdle s ST L 5 s
@9 sn dw S 3 (o g oz il §)9) peey Sli2 (olod 485

A
) <
: 6

1 o

1 6

|

|

I

%
|
1
. g

Crack - ______-___—> X

Fig. 1 Definition of coordinate system near the crack tip
S5 Sg S0y 50 0dd iy yad Slatses gl 1 S0

372


www.SID.ir
https://dorl.net/dor/20.1001.1.10275940.1397.18.3.11.2
https://mme.modares.ac.ir/article-15-12-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-25 ]

[ DOR: 20.1001.1.10275940.1397.18.3.11.2 ]

O 9 Silpe plwal

Qé)bgé’Aé)b-_ﬁy_\s}lbg‘;g),.‘pl.\'\sudbaglen.\ailfg_.a).'i)l.\_fﬂéu@),GlﬁTﬁgﬁaMﬁlﬂmm

172 LI
o
12T

7
L7

LL7
LI,

-,

¥
N

Fig. 3 Typical finite element model of repaired specimen
00 (e i Aiged Sgazme Hlall Jaw 3 S5

Fig. 4 out of plane bending of repaired specimen with single side patch
a8,k S alog Lol s 5 diged 4o azio jl 2 e 4 KO

sl Jlade 5 Ki) S ooge 25 Db oy glp oad anulxe
Slo 58 4 Jsaz e e plad S calize aysly Gl 1) g3l
sdalin aS m;um el [31] & o yd 0l ASU C"L"’ L 6)L..'JAA u.u‘
adlae ,o GilwJoe s e odel Cans 4 NS peyiSle Sedica
Silwdoe (i plo (el 6% s3> [31] aye ;0 0ol &l @l 4yl
Jod B 2ol (Gu9als Aoy jpa> 90) (235 dgaid S5
polde g dz 0 s S aygly Allie ol Jolas pled j8canl oy
ool MPa M3 sy s Sud o o

plosl (g3lodse (mimsliel sl [13] a2 e 53 oy 3550 e
Oler o5 o yLid 1 [13] gz ye 5 pole il Jae 3l Jol> T 25 6l
dgax T s dwle )0 oads dbml glas daiin cal asin a5 ob
ool dule o oud pldl giludue Sliel Sl 0s5 a5 00 4.2%
e il Jan 5 S sl ) ol ol 555 S o il
o Sle JSE cpl @ azgi b ams o las (i wads calps sl 1, [13]
Slael Kl 095 a5 il 5.6% sgux 50l ol jo sads ol slas
el JEb Ko T 25 axly cpizron g oo plosil (g 5le oo

ool Cuwd 4 b ko -6

oS a5 (6lp S 90 T AS u po anlie 3 Jgu
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90 0 0 0
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Fig. 6 The variation of K, across the thickness of the repaired plate
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Table 4 Comparison of K, for non-repaired crack

S5 al; [31] &=+ Ku 2l 5Ky U %
0 0 0 0
30 13.65 14.6 6
45 15.81 16.8 5
60 13.75 14.4 45
90 0 0 0
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Table 5 Comparison of T-stress for repaired crack

S5 al; o o e %
0 58.4 60 2.6
30 29.2 30.5 42
45 0 0 0
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Fig. 5 Comparison of K, and K, for repaired crack
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Fig. 8 The variation of K across the thickness of the repaired plate
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Fig. 13 Reduction of mode Il stress intensity factor with respect to
crack angle
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Fig. 14 The variation of Kwith crack angle for composite patches
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Fig. 15 The variation of T-stress with crack angle for composite patches
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Fig. 10 The variation of K; with crack angle for composite patches
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Fig. 18The variation of K with crack angle for aluminum patch
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