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Cracks formed in steel plates, especially in marine and industrial structures, are considered
one of the main factors that reduce the strength and safety of structures. Effective repair of
such damage plays an important role in increasing service life and improving structural
reliability. Therefore, the present study was conducted with the aim of investigating the
performance of composite patches in repairing cracked steel plates and improving their
fracture behavior. In this research, numerical analysis was performed using Abaqus
software and the J-Integral method to examine the effect of different composite patch
characteristics on mechanical behavior. The main variables included patch material
(carbon—epoxy and glass fiber), thicknesses (0.4, 0.5, 0.6, and 1.2 mm), and fiber
orientations (0°, 45°, and 90°). Modeling and simulation were carried out for single-sided
and double-sided patches, and parameters such as Stress Intensity Factor (K), axial stress
(S22), and crack opening displacement (COD) were evaluated. The novelty of this study
lies in the systematic comparison of patch material, thickness, and fiber orientation within
a comprehensive three-dimensional analysis and in the precise evaluation of stress
reduction and crack tip deformation. The findings showed that carbon—epoxy patches had
greater efficiency than glass fiber patches in reducing the Stress Intensity Factor and crack
opening displacement. Furthermore, increasing the patch thickness and placing the fibers
at an angle of 90° relative to the loading direction produced the greatest reduction in K and
S22. In addition, double-sided patches showed better performance compared to single-sided
patches in reducing stresses. Based on the results, it can be recommended that in industrial
applications, especially in marine environments, the use of carbon—epoxy patches with
greater thickness and fiber orientation at 90° is an optimal option for repairing and
increasing the durability of cracked steel plates.

ISSN: 2645-8136

DOI:

Copyright: © 2025 by the authors. Submitted for possible open access publication under
the terms and conditions of the Creative Commons Attribution (CC BY) license

[https://creativecommons.org/licenses/by/4.0/]

AR


https://marine-eng.ir/
mailto:Afshinghasemi1994@gmail.com
mailto:Hajizadeh@pgu.ac.ir
mailto:Abynhassan@pgu.ac.ir
https://orcid.org/0000-0002-6714-3044
https://orcid.org/0000-0001-7603-8636
https://marine-eng.ir/
https://marine-eng.ir/article-1-1215-en.html

[ Downloaded from marine-eng.ir on 2026-05-27 ]

(VA=Y AFF FA o Lol 7Y ader b0 (oo 4 386

)9 (wigo 4 gid

marine-eng.ir :a ,is Lol axio

;s'.’.L.’.)b dlﬁbb}‘.w p&:&w‘ﬁ Q'M )_,1 d"”daba
Ywiw‘ %Tbb‘}u.?l} qu:w ‘\ l:é s '

Afshinghasemil994@gmail.com . lzks olKiils KilSagyigd inlyS (S (6 lane puoigee 1)) ol
Hajizadeh@pgu.ac.ir .y, gds olKiils /by> wdize 09,5 ,bsliwl ¥
Abynhassan@pgu.ac.ir « 5 gds oKuisls /b,> wdige 09,5 ,bsliwl

PR

ool Lol Jelge 5l o smio 5 obyo soojle 1o ohigas (soYed sla s,y ,o cddolml oS
7o Job B ) (soge G185 bl (i e eyt gdise wpmns laoslu (sl g el
3 59008 sloalog o Slas (o) Ban b ol gl o900l 010 03l Gliebl ol 09n0
a0 g0 el « i ol 50 ool o plol Loy T Cns 55, 39t 5 53V 5 55 S1BS 5 s
By 2 S5elS slaalog il la Siig S16 0d plmil I LS00 By, 5 GusSLT I8l 5SS
e F) Cealieds ((gliiogs Bl g S g5 ,) Aoy iz ol Lol (6l paicio 055 o) Sl
GBIl gl (g ildnds 5 (63l Je i0gs (4> Ao 5 FO cv) Bl aygls g (o lea VY g /8 oo [0
5 (822) (sysme 5 « (K)its s oo (gzmed 2ol 5 0 plowl d,bogo 5 48,b.S,
(i ) Slottnns agliie )3 A5 (sl 085 )18 o)l 9,90 (COD) 5 5 S5 Sty
S g L rals 385 o)l s el gaman Julod S B s lealog SLILaygl; 5 culies
Gl lodlog 4y Coms aSpabcS loalog 45 ol lis baassly .ol atigs S5 S UK
G5 eian IS S5 S (SAAl 5 G Sad ey alS 8 st oIS it
5 Ko Grals (it (6513851 (slial) @ o a0 A0 gl 0 BT (625,18 5 alog sl
ialS ) 48 LS, glaalog &) a5 i 8,Shac 4b,bgs sloalog ol s odle 05 ol 1,522
ol ;0 05igds (crio oo p)lS ;0 4T 0,5 4oy e oo gl Lelul yasls lis be s
Gl 4z, A slily o G Gl 5 i Coles by S sab 00,5 (glodlog jl oslial 3,0

el oS 5 60Y98 sladyg pled il g mee s sl e

DOI:

S97e balgs g bl i s ol o= b jlasil gl 31 el sy sd lawgs Yo YO © : i 3>
el oo JLo,I(CC BY)

Yy

Ao OleMb|

lie desiy b
VEF/ VA i cl o b
VESF/N N0 sallie Dol gl
VEEN NVF e ds G,
VEEN Y i Lal b

lio g4

eals olads
S2igels alas
S ey
e o
oS bl (giluas
o= JISsl s,

ISSN: 2645-8136


https://marine-eng.ir/
mailto:Afshinghasemi1994@gmail.com
mailto:Hajizadeh@pgu.ac.ir
mailto:Abynhassan@pgu.ac.ir
https://orcid.org/0000-0002-6714-3044
https://orcid.org/0000-0001-7603-8636
https://marine-eng.ir/
https://marine-eng.ir/article-1-1215-en.html

[ Downloaded from marine-eng.ir on 2026-05-27 ]

APREN 615‘0 slaS 5 5l 535 |, Ls'z.'a_..a slaS 5 o,
o8 o 4 a8, bgs slaalog a5 wsls slas Vol aus
URCSE P ] A L SRS P R D BT S PR
lalog JSo g amarn 51 50 VY N FLas s a8 bl slaalog
5 o9l Slma o yo )] 3065 g i S b el
o)Ll al g aigy b Conl 4y g 20,5 )y g0V g8
b SG ,b s lidos i ( L3 Slllas 929 b 55903
Oboypd Sy wles S oy 1) (25900l laalog yiall g0
3 50 yieS Bl lovus dagly o loasy slaed cwale 5 ¢ i
3 md Giluand b 0l lagh el 435 )18 ax g
©oYs8 Loy 59) (miseelS laalog o Slae T usS L
B39 Sl ol iy s ol e S o el 1, oS 5
Loaiload gy SLI agly g ey slaws il b ¢ i
(SEa—ol uled Jow 9 S5 Seiarmli 0 5, gaigie
TP O Dol o il Cn Sl S sl el
Cds ay (530 L8y 5 GRS g 5w sl sl
ERC LR T-Y'V BRI W P PRV PR TR RN N | JES S

el b angy sl Sal, @l g (25 5 08

b gy g0lge- ¥
bodSusds (6358 (359 )0 S5 )8, soue (gilwan2
55 55 1 plosl uySUT 5 K5 4 5y jgralS slatlay
Spain by (wSalo S Jold (SujenelS alog
Slagan Sy dadloy (ol 5l S 5o 1y 285 )18 (o) 20590
oo Bl agly aw LY 97 0 F slaasy olaws ol calizo
DYl polad joaiad gl Joe a0 A g az 0 FO s o

O D0 g b 27 (9508 (A ylal 505 gl el

& y9ets g gl3inl (CTOD) 5 S S sl o(SIF)

Ly, 5 Jelos slohs) caslol )3 waings 5 s gla—wslie
9800 g a5 Byl cnl dsloe (sl ooliiul 550 @S>

Jodxi' 8590 5obud Wlaxin 9 21k b 2lyb -V-)

3,90 diged Slyiedr alay ST g0 5l Sy Doy lis ol 5
b, 5 WS 3 el slaalog 516 canl 48,5 )5 il
3 el 3550 55l diaogy g j5lid iy D9 (quy p o (SilSe
Slasin g Cuwl ool ooy oled V SS jo calize slalas
olsym ashsl js [VA el oot aill V Jsam o o] (coses

3 Abaqus

Yy

doddo -

Rl (AL 35S gl el (D59l g 3 sleoslw jo laS 5
Ll so 5 Wig g0 Dlakad sihe yes 285 g (6,5l gl
il Slti b (59,95 (s (Sl 1851 51 (AL
1, o3l SLSL St s ba T sais s od, o sl
5 el i lp oS 5 ey 9 J5S 5 w00 Gl
Bloo o ohga o)l LYb Caenl baojlw Duw SYsb o Slee
b b9y (7 P55l (529,097 9 bys Lddlen wiile el
Sl (2590l 5 (o Slralog Sl osliiul oS 5 e 5 (sl
ey S oy ol 55 ralS g s saze i Las
g ools il 1) wlalad (6, b b laal og ol 0 oo
5 & o] caal a1 (ed i o S5 | 05l 0,8 ae
G5tz 9 Salid (i ielie (ALb Lol (508
5 o5 S a8 Gl p stz U STl oo adoy SLI
255 565 039 e s [V ocsl ansls o5l lgs 2l
JB e Slabd o 5 (sl 0 1y o9y cnl (ool sl 1 090
5 oo sl Sis a balog LIS cel 05,8 JTony] g
5 Jsb el iz auile else 5,0 (K Loy ] olse
e 3lg5 oo BN (6T iz g LY ol g Slas (B ye
sty JB jobarly jloS 5 (e (Silse )18, 5 S 5w,
ozl aloig, b ol ale;] clidss [0-Y] azas sggn
L oS wlosls oyLid 5,1, (5,08 pmgai 5" odtoal S wsST|
5 B CenS 5l o3 plSe oY slast b el 2yl
sooe sl s [V 2] aiS o i alog Liulas 4w sibe
oy Job iolislas wilosls lis 55 sgame 1zl (gomans 4
&5 e (ilwding 5 LaY culio (6 pS iz Sl
JAS 1) Sy ad) e g ol Jals |, S5 Se (55
slaal sy a5 Wlosls lois o iagh (mzen [1 AluS
a5 o 1y 0 Shee (n e (S b0 b 5 Sl
xS a5 dmnin giloange s Wl I JLSl 5 i as
D=y eloss pals 28— b1, 25 Sud wlgs o SUI
2L T Seel sloalog b pre i LS 5 53l Slalllas
E- laalog a5 wols oyLas [VFlailos 57 oy (oo8ly ol
Sialisl 1y seguinagll Gilmi o (s 0l cus b Glass/Epoxy
sl 1) d-Integral) i 5 (65,0 o5l—woljl 55 g 00l
3 S )18, pti 9 S5 o) el 4y oo oS i o
oanlin ob,o oVsd sladly) o i WORCSIGN |
gools Lmals Y- b a5 anip CFRP glaalsg a5 wis S

1 Acoustic Emission
2 Composite patch


https://marine-eng.ir/article-1-1215-en.html

[ Downloaded from marine-eng.ir on 2026-05-27 ]

Wy oY b gl wlasci - ¥ Jouo

v\-Gpa E ¥l Jose
1Y Oslg o pd

Yo-Mpa S el i

f--Mpa sl S 15

S died b g Sl ()5 95 5l (FuieeelS slaalog i
Gl ¥ ¥ Jsar 5o LT Slaseis a5 cal sud a3 5 L
.[\Q]C«w‘ o ools

M) aies VU wlasin _Y Jgus

Jlade o9 R

VA- -kg/m? S

YoReGPa (BN Jsb sl 4o Sl Jodo

AlY- GPa o by ;o Kb Jase

Y/A- GPa &l amis 9,0 Sy Jyde

Y/-- GPa amio )5 by Jee

VAAMPa b gl o iuiS plSoil
FACMPa o il o (o lis plSiad

¥- MPa sy plSoeial

D] S 3] o955 laseino _F Jgu

Slade oy sles
3... MPa Sy E

/7YY O9ley oo v
fA--MPa sy Jge G
18+ -MPa i Canglie X
$Y MPa syt Canglie S
)Y-- MPa L5 Canglie %

gy g bajlad glid slaoslu plSovinl (b3)l 5 ik sl
J3 Slale by Soliwl 5 Sealins slajlad ol )] 5ol
ol o gl ad F ks o b Oliasd Sis sla)l 5 b
S50 SseelS 95 Hld sl bojlid ul Al (i
gl 4 Yl Sy b jaled oy 399 pln 285 13 (o)
Siadasl 1 a5 a5 548 0 Sl o5l Jsb jo Slol jLad ol
3,95y e ol oS g ool m)etmﬁe}a@m
B was wy S9y s.i....a.L.u‘ )Lm.‘? Mlpu ‘_g‘ﬁ DS o0 t) Toe
abyl, 5l sl JENVIL =Y Comnd &S )i

[¥+Logi oo ool DNVGL s st

acg-A

sl = m. Kred. Kl. Kﬁ

M

b 005 oo gupid ok (pl slojle sla S5g g olge ¢ gwain
23S slaalog Jleel 3 S5 gileand Glp Y a)

o9 pal)d

[VA] ciliseo glalos 5 anllne o yg0 9,005 gl dius —) JSCi

[\A] axflas Sy90 Gu)s.mlf )3L;.S’4 (SOGE Olasine ) J,v\q

e sl i
AID Lover an M) ol 5y by Jsb
Y B (M) 3l o
5 A (ton) ks 5
YAIAY 4 Knot) s ce o
170 T M) oot > el
K By12 M) Hslos ailos ;5,951 o e
S VY S () Woggs 1 4ol
A hy i b gl it 5l sogac alols
m) 55,4
Yy Lsige M) Hobds ad ;5 s S Jobo
o Beg J85 58 0 e yo S Bl il 4yl
deg) s
Y Bx (deg) ol S Gl il aggls
Rk Hg; (M) zgo gl
| N ol G Sl
A CB s e

Ql;u‘ 6‘)0 ‘09":’6" )y u] J.:J?:S as Lg)ﬁb“j’ Aw S..o.wy
QT SilSe plg> a5 a¥gd 59 i 3l g yiends FYOXFO-

RGPV [P S W os))gT Y Jj» B


https://marine-eng.ir/article-1-1215-en.html

[ Downloaded from marine-eng.ir on 2026-05-27 ]

(VY=Y AFF (FA) YVl o o i 4yl | ) SKen g ol 2l

DAL jolus a5 s 8 ylg yLaS_ & Jgusr

N/m?) Les @i wird JEECRWE
HLad
fIfY i Jsb 10— aily
ssbes

FIVE AY Sod Jsbo /%
o/-Y 3 ok Jsbo Y
OIYY LAY s9bes Jobo /A
[Nids V.10 yobed Job </
VLSS \RVA! 59l A

o ilbuduw -Y-Y
laol ol plosl YL cdoly ooSLT J58le 5 jo alies (g5l Joe
w35 (9l slaalog g oS 5 63V (35 (s awain
obduz asly g Y o Cwlrs daayY slass dedlog sl 9wl
Ot Sldand jod g (S k00 (Sl olsS L Ballae LI
g 4boy (m Jolss g o Jlael Jao )3 olge (Sl el 35
Jlail b ags 5 giluand Stasl oules Lulys &b 5l Gy
et b (G285 O jgoh (Sl 61051 0 wdsish (A
e Slbos JB8) il ln conlis 5550 Lalpd 5 Jloe!
b ol plnl S5 S aml )0 ohigar 353 (ougie b pulais
Slodae (ul gl Jdos Yh cdo b S 5wl Jl8, 5 s oad
S5 ab, pals  lagl o3l 5 alog oSlee ) p Sl
Slodlog 5 johe £ culs b o958 (555 5 200 o0l

cad 4S50 pite Cwld b (S jeelS

80

450 mm

alog (@) Joo dwosa (W) -8 JSib

ol 5o el oo soliwl I 1SS! ae, 5l S5 gjleans slp
205 (5o (e Sl A S 053 e 9 S Jome Tl s
ws S 5l o pelee ¥ Job 4 adsl S5 S (haghy cnl 5o
Jles! sliwly jo oSl slo s g (i Sals ,exS 1 polae b ol
Gl @lF IS j0 S5 awaid Slasin 2l ow, p b 5,0
S S5 Sy asl oyl caas e jslate a4 .l onls
336 )5 Gy 55 o h L gl |y slopls ailai
gl Jaas 0gase pl (o byl CudlS g CBs (gui bl Al 1o

Yo

O Jsaz 5o bl [lad aule cqz 0¥ Glo gl

Ll oMob‘boL&J

DAL alos S 5 3,1y Sraluo! ;Lid 8 Jgu

sbed &5 ey et 4l
Siol! K Jsb
(kN/m2)
\AZAR - 10 J9bed axsly
O-I7Y N4 a9k Jsbo <)
04/+# Iy a9k Jsbo <Y
£YI0 “IA 29bed Jolbo /Y
Vot -4 S5l Jobo /¥
INTAY \ ol Jobo + /0 — aiems

Sy ol alid e Salnong,aue (Llid aculxe iy
4255 b 45 05 2l 5l DNVGL s lilid Jpoo 510 (5,354
Lz 3l goges dlols ol a8 ) Jlas o) ply jeld Slasie 4
Ol 3l (eges Slasin G bHg jLid 5550 b 55l
coyo & azg LKg Jlid mse oo ol a8 S Ll 0 1
Ty ey 5 20 dle ¥ S 510 = 0.5 skt Sl
i a8, L s /F-A ul DNVGL s uitisl 3:lbaCyy
Rl g ks Gl Ll glpKs polie )RS0 b e
O dslme {3l GBS 5 0lg o Soelinng o LA da il )y

i Y S 5 8 gz o gl s

(KN/M?) b o Salizogponn s
w

(m) et Job

DAL yobads &5 53 0509 b 5> Sralindg e (sl L ylogas Y JSis

16 4 Ca=03
14 Cg=0.35
12 Cg=0.4
Cg=0.45
9, 10 Cg=05
3
. =3
2
=
2
3 6
N
a 4
2
o

AP 02L o.aL 0.6L 0.8L FP
() Gales | Jale

[33] jLed qj55 o pd jloges Y S


https://marine-eng.ir/article-1-1215-en.html

[ Downloaded from marine-eng.ir on 2026-05-27 ]

1
08
06
04
02
0
] o1 oz, 03 04 0s
= all

(@ 18105 50 ol Jlosl Sluwgi (5,185 ,b STiles (A1 _A S5l
NP p 5 50 oa azd S i 50 (G50 Lyl

sRiseelS alog 5 SAR (slo 5oz (slatwgy (Lol L 5558 (5 )9
Olxas Jdss sl SAR s g0 e SCBR somanw LI L
4>y BB s b (gaman slaojle 51, SCBR g laatug 4
|y ol 4225 il 2al5 S JLSH b 5 Conl el
e Sl 5 IUT .0 o (6 S sle Sus a8 5l g enls tals
CB5 p 6,8b Lateine a5l 518 oy Ledl slass aaljdl ol oles
Sl Tyl ol by ams o ial33l 1) Sloslone o s 5 5,
o o235 ool (giluaned 9wl a8 3l 5o Lol pasie
Yl S s B bl bl s 4 baolel slass
e den Vo3l b Ll AVYYE 51 ey a5 sl (yLas s g 07
25 el 51 30 3]l 3 el 0 ooy 55 S
Joaz ;0 bz 94 IS jloges jo agylell ol Kan calls o]

Ll 00 43‘)‘ A

24.5
24 %
235
5 18
=
22.5 3\‘ =
2 o
N
60000 40000 20000 0 %]
oledl slaxs

Bolell ol Ko IGT Hlogei_ 4 S5

Lﬁowl ‘g.l)im‘b_ A Jgéa

slaws (MPa) S22 s

oo
FIFY YEXY
FIYY YEX)
MY# YE)
)+ f- Yrs
\0PYY YrYs
YFEYE YY.AV
Fravy YY.X¥

\td

O Jlail o PSS Bllae 0V 98 59 S92 dhog s 5,18 L
oSl 0d ol el i 80 o B 5l solictl b 3, 5 dlog

pold 1 63¥sd B9 4 (jeeelS alog 4z Lo 5 JolS JLas!

...LS‘SA
- .all
5 5 slal (o 53Y 35 39 & 2 500l5 Aoy JLail (1 _$ JS
ol 4.;.6; ).h'.i )

Slatie b Glhe J&s 5 atonrtaVl oo (s3V93 355 sl
Gl (5055005 slaalog lp ol 18 5 Slas ) abgy e 3Ys3
4 lay¥ slasd g ool ool diwgu diws dlge Jao 314 IS
S (65518 dugly b i85l )3 VY 57 B F s s
Ogods il G (pl jo aslllae 3550 ol 5 (o a8
a0 Ve Sz a5 (g e sl oals bl a0 A0 4 YO (-
el g3 (nl p Oges a0 S g (BAS (S9 sL, 50
slass yiol38l L g oad a8 )8 a5 o e e /) Y o Cwls
slgs 5l gled ¥V S il oo il8l dog ST culbes daasy
s oo sl ly a0 e BL 4l LY VY (6l o0 5emelS

Layup: “Compositetayup-1°
Flot of plies 110 12, of 12.

ke
s 48,5 4155 33 (530015 g0 _V JS

99 )0 .09 o0 03l Sl (6 0 sl i g (6,135,L 0g5u dalol jo
ailoads aie Y Cyz 3o 4 oyl Glo o seled Sy (55lge 4
YEA S)p 4 oiS Gopm Com SO0 500 slaad o
Gl A JS allae o] oo o5 ol oads Jlasl iguishs
Diloads ade golyl Wl ol blie o j0 g il oo
ouds ool yioled o A USS 50 g0 Jlesl gz g (650 Ll i


https://marine-eng.ir/article-1-1215-en.html

[ Downloaded from marine-eng.ir on 2026-05-27 ]

VATV DFF ((FA) Vil (Lo o 4525 ] et 5 (sl (el

I¥ 5 oS atl 8 i b abog el 5 Sz GB35 ajed -V JSC
4 Sl agsl; b 4y

3 922 gy9me 5 @iy p S agly ST asdllas cpl o
=SS oz § Cull Cubs b (2550l slaalog
S22 SalS o eS 8ls il gl ol pwy p slaies UL
agly 9 sk /T Cwlis b glaind dlog 4y by e
@ S LVFA 2alS g JKubKe YYNO plp 2 a5 Col

a0

4.1..4’3 4 .]osa.).o 822 UA&K O i 9 c.b)‘.) c\l.oj 09 4.39.@.3
oS ol 4z )3 U0 gy 5 e dee VY Culies b (S gub=in)S
Gl g (LS 59y b (pliulyed o a0 A0l s
L_sLb:LL.ag .Mbso u.u.(blf |) ;)M (.SLQU'““‘) 9 oalo \b% ‘) )L.s
2 e o8 des YL Cunglio g Jgae JJo 4 S0 S
ieS oo b slaids slaalog a5 Jb> o wijls S22 als

S o dbml (6 eSS i Grals

23.2
-

1 23
9 228 T —a_
,U(): 22.6 A Syl oS \A
o s JUJI
S 224 '
0 45 90

(a>,9) agl;

oo LY alog Cwlins

90

Yv

Sy g g le-Y

ey 5 Sjemels slaaley o Slee 8o oLyl ekaied
e sl luand mli Jisu opl )0 «soVed 5,5 sloS 5
—05) dog iz g0 (Julod (nl jo wigd oo Sl g &l
agly 9 VY 57 0 F sl olow b (glacas BLL Gmfyl
Jelis guuds 6&’)3-“)[{. N owyp a0 e g FO Ul
S5 S Sabib g (K) sis oad oy « S22, 50 s
(YY) abasl; (Ldow Slowlns b (55lodns gulis .20(COD)

DA a0l sgume sliz! Jaw jLael 5 anslie

Ky = 0oy -Vma- f(m), n = a/w, Y)
£ () = 112 — 0.23n + 10.56n2 — 21.74n°
4 3042mtn =220
AN = T 435

= 0.091

£() = 1.12 — 0.23(0.091) + 10.56(0.091)?
—21.74(0.091)3
+30.42(0.091)* = 1.17

K, =542 -vm40-1.17 = 71.086
OWS wo 0 g jl38le 5y s g5

71.08 — 62.17

. = 0
7108 100 = 12.53%

5 5,95 Al Sl eadaule polie Glee sl Billad ez gil,
Ot gPE LN IS SNV PN A S WP VO 51 [P O KOWRY VP
g <o 5l ams S goue Jow g 009 b 350 O AT

| )‘0)9.7.-)). (SQK )Lu..d

alog g9 410 5 @9 39522 (5 s s Jukoxi V-
g Sl ¥ jgmme slialy 55 Jloy i S22 ailha pmsSLI 5o
oy o )ls YU Cosal S5 Se e ol A5 355
b GRlBl g bl sbaS22  alog gen oS5
Coles g YU Jgao b 2059005 slaalog sl oolawl a5 Jl> o
Soa | (some i 08dee g ool als I, 5 S ed ccanlia
L4y & wSybinS alog ln S22 @565 diged tadisy o0

ol oads ools lad Ve Sy a0 A Gl Ayl


https://marine-eng.ir/article-1-1215-en.html

[ Downloaded from marine-eng.ir on 2026-05-27 ]

ous 0old s Bl gl L 9 00y ol dlog Cuolns 5 iz
@ by COD als oy eSS oS aipd oo i bl .ol
sl az )3 agly g e oo /T Cules b glased Sl alog
Coms OAOL alS g yie Lo YIEV) - T 1, COD luio a5
505 COD als o yiis am o (yLis |y dlog (g0 > o
Ve agly g oo VY Cuales b (oS gubi )5 alog 4y bogy 1o
ool g e s Y/ + T 5l COD Jlade a5 conl a0
RN Y| AR B R AV
3 el YL Caolies b g a0 90 aggly jo COD i tals
ey ol alos (SS9 9x S &8
S5 9 00,8 S5 1y b JUl g e b SUI oliljoe
b dog Cules iuli8l aes o eS| S5 Se o s
S K& 535 9 03,5 (S ) gy ghaw 50 908 @9
oo Jeds 4 Subin)S slaalog was o 2alS ) S5
5 08,5 Jitte e | b oYl IS Ceoglin 5 Atz
oS Jbo 0 wies e S s pfeis b o4 1,COD
&35 5 &S (Gl oS Cunglio b sladnds Sl sloalog
] F3g0x0 Lmo—l 49 COD oS g a5 ls g0

4
g oo +.F alog cuwlis
o = — &——
=35 — :I
a —a— S5 0 S
S —— i il
3
0 (=) 445 90
4.0

oo 1Y alog Cwls

.‘

COD x 103 mm
w
ol

+@~55¢.‘ o5
3.0 o S|
0 (4> ) ayly 45 90
4
£ o ho +.F alog Cuolius
= L
3] —r—
: ]
= 3.5
x
e —— Sl e S
o ——aini il
3
0 45 90

(420) 4s))

23.2 i o oke - alog Cwlbus

S22 S5
Q\)/IPa)
N
©

—h— Sl (S

—o— i Ll
22.7 '
0 (a0 a4 45 90

23.3
1 sy $— e oo - F aog o

\

]

A

S 229 | TAeSHos
s —e— i il

= 28 -

0 (42,045 a5 90

S gl puve gl ) S» G970 (Ol gt Hlogad 1) STl
alog Cwols g o>

2 abog Cwlius g i (SW gl ST (o) V-
(COD)ws 5 Sgi Saisjly

# SRS laaloy dlize gl Sy b (s cnl 5
s S Vg 5,5 50 (COD) S5 Sy (Saijly
3 oadobul sbals Sl sl s kae COD 598 o
ol (S 5 g0 Ll 10 Ygane «6 5,1 Cos S 5 Sy
lalo)ls o5l J18) 5 S5 (B S (Smie 50 ok M 5
3.9x1077 Ly a5 ob st alog (s Gy9 4 COD e
L 590l slaalog 5l oolaiwl 3l e del Cowsay o s
Oslie slacubis (oS pbaind 5 S ulin)S e
Sypon @bl 5 Jelos COD (als  calide UL by
(VY JSLE) g oo 4311 (gldnslio

coD |

Sy S 0 COD Lisled -V JSi

Sl alog Culbs g iz (S aygly b Gise ol o
lediges 51, COD &l yss 05 oo oy (COD) S 5 S
FO o Bl asly b glated BUII g Syl S alog sl o

(Jedzs ol ol ool SLINY SG Jlogad Billae a0 Q-

YA


https://marine-eng.ir/article-1-1215-en.html

[ Downloaded from marine-eng.ir on 2026-05-27 ]

(VPN VFF (FA) Yl o cwiigee 4,85/ et 5 (sansld oyt

0 S-L».c 1Y alog cwlrs

90

N
(AR N
o N

K1 (MPa mm/2)

108

(‘bAj@) Q) 90

116
114
112
110
108
106

oo ¢ alog Cwolins

K1 (MPa mm?/2)

0 45 90
(420) 4l

Cooltus g i «BLdl ay gl gt 51 50 K Ol pudi jlog0i-1F JSC&
alog

2 ad,bgd slralog BLII 4 gl) g caolis (i i GF-¥
§22 55970 i g (K) s @ e o

099l Al daalog yo BU sl 5 Y slasd 1 5 55 e L
5 (S22) (sysme 55 2 Gy Hlhe Ceom 50 S0 alog S
33 L Y Y ladigas sl b o (K) Gis ol g 0
Sl eolaul a8 wes oo Ll (VO JSK8) gols a0 40 SLI
39 g a8 oo ol £.087 390> S22 alS uSgrbcp S alog
slaigs glaalog ;o il oo YY.VE/L 4 1, 2als ol alog
> o VRS @ a8 LSy l> s YVYZ 51 S22 pals
&F (P G czge alog g0 b (RIBN a8)bgs
3 WNgdor S5 Sei e S S pes als g b Seslesy
by wle (B lEL @i 48,b Sy sladleg o5 Jl>
oy 90 cnl pogdle 09d 0 35 peie S5 Al (59,
Slaii S g o JSh sl g 00ls dguge |) aieej 00l 4 L Uil

Y4

4
o cho +.8 abog Cwlius

€ * —
g 3.5
P —— S5 (S
P ———
S > .
O

(4209 4313 %0

g o AU gl gts 1,0 COD Wiy Hloged -V JSis
alog Culs

Cupd y alog SLII agly g cwold (i BT

(i Jold (jenals slaalog sla S5g a8l (isu cnl 5o
(Stress Intensity i Sos cope p U agly g Culks
ORS Da o gl e oy ,I0S 5 5,9 ,oFactor, K)
35 o3 Dad a5 Conl Sl S o uldS e sl 51 S
o 5k Sl a3 g WS (o0 oy |) S5 S 0 A
<, (Mode 1) 5L 4 (Mode I1) 54 (Mode 1)
5 &I, eg (S5 Job wojle awais 4 K jlade 04l
S Hlade 5l as Sy g ol Ss cole S plg>
K ol i o 35008 loalog 509580 b 5 sMPaVmm
I laies dlog 4 bae K mals o meS ws Jlow
9) ARN oeals (K = 113.857, a0 agly boyie s
b poishee WY (oaSibmnyS dlog & banye (205 0 i
i Sials .og) AN sols (K=100.75, a5 4+ a5
&5 9 =iS 5L L SU ollyen 4 az 0 A aly o
S 5o dlog Cualid Gl g 09d o0 byrye 9,0 e
ISo Jloges jo gl g wijls glaid 4 Cond (555,350 0 Slas

ol 00 43‘)‘ \ ¥

116
o sheo +.0 Alog caolbins

114
~ ——
E 112 \
S [
o b L
S 108 L
v 0 (aa) S %0


https://marine-eng.ir/article-1-1215-en.html

[ Downloaded from marine-eng.ir on 2026-05-27 ]

Sy Sabil « 225,50 (i R 55 oo (LB Jelge
5yl (K) s oad ey e 4 (COD) &S5
K o 70 Lals el alog G o cnSgbcn,S sloalog o
Gl b, IYSRE 4 1) K mals g alog (o538l 5 o
aog 95 b 5 TVIA alog 5 b K tals o gladss LI sladlos
i alog 4 basye K 2alS o a8 56 ZVVIVE
alog ay by (2alS (i s TYV/AN 4z )0+ aly 5 e lee
e VY a0 90 agly g e L VY S p S
5o b 1PN oSS alog S L 55 S22 (55550 15
s clodlog a5 b o il malS LYYVS alog
Sl axals LVFFA 5 JYIVY als ab,bgs 5 ab,boS,
D 6 S ol JSKWb e YY/OO S5 Sy 40 S22 s
S g S aly g Culis iz jlicos 55 COD
C sy 5 el +fF glaiind alog 4 bge COD il
WY S 9abmn S alog a4y Lo jo (palS 0y 9 TOIAD a5
9% 3y9 ;0 COD jlade 09 7V +/OA az )0 4+ aygly ¢ yie Lo
g5 yioches YAV XY A alog
5 0b S @iy el azys A0 BU aly g cwls Sl
Sloag ey gladlog 3l ooletul ol S Sl el
slalog 4 s K 3 COD S22 pals o 4>5 LB
dsde Jds 4 SulinS slealey ol b
5 s a5 )3 e o les SYL Caglie 5 atpuciaYl
ol @) gl B 4y Caad S 5 2SS
e 429l (S Calud calog iz canlio SB( S5 5bay
Jsbas ) oS 5 s 0 Slas b, bgs slaalog 5l ool 5 GLJI
sladloy age ALk lie wlgioe 5 wa5o0 S92 She
il Seio oo )5 50 (S jeelS

&=l -0

1- Baker, A., (2001), Bonded repair of aircraft
structures, Springer Science & Business Media,
Vol.7.
2- Rose, L., (1981), An application of the inclusion
analogy for bonded reinforcements. International
Journal of Solids and Structures, 17(8): p. 827-838
3- Pipkins, D. and S. Atluri, (1995), A FEAM Based
Methodology for Analyzing Composite Patch Repairs
of Metallic Structures. Composite Repair of Military
Aircraft Structures.
4- Bottega, W. and M. Loia, (1996), Edge debonding
in patched cylindrical panels. International journal of
solids and structures, Vol. 33, p.3755-3777
5- Denney, J.J., (1995), Fatigue Response of Cracked
Aluminum Panel with Partially Bonded Composite
Patch

Seo3 50 S22 plply wims o zalS 1) S5 BlLbl adge
b oo e T S Jss . SH

30 a0 A Sl aygly L ¥ Y s

% 25 23-5557.09

§ 20 18.19

15

10
5
0

23‘5522.66
20.14

(MPa) S,, s,

bl )
Q)L}.\ALAJ |

=S s (S

Wlas oGy Mk Soalag

alog g5 40938l J1 10822 (5 90 Ly Ol pdi A Lo _VO ST

S agly LY VY wges slp K 55 ol e o &l s
30 (V8 S loged) Cuwl ouls &l dlog iz g0 g a0 Q-
bg il als VF/ ad by o s Ko uSyh oS alog
wid U sloalog slp duw, YEAFL & alog 50 02938
oalog 5l oolinul .og VYYEA o VAL (s a4 K zals
Gl 5 S5 S plraly 1ol i ()E Sel 48,bgs
K als g (25 55 a8 (hals 4y e a5 09500 o] (Sl
el el e gy @by glealog o 005 o
Sl (rdge lo s sbnly 5 5 Sg L2eiSy e olral>
|, o5 slachie alog 95 ( blie 50 .ol oo Lialdl K g ous
GRS ) 5 B0l b g A5 ST g 038 S Sales

.Mbsc

a0 A Bl aygly b ¥ Y >

117.28 117.28
07.069
97.057

140
120
100

o
o o

o

K1 (MPa mm?/2)
NS
o

o

add calll

=S5 S

| Balas oGy makh SHalag

4k aalas |

alog 90 (309381 1 40 s Cadh Ol juid o o V7 JSCS
S
S5, oSl Jl8) S0 55melS sbaalog 50 Gason ol o

oy iz Jolss dalllas slo ol )l 0l ) o (g0Y 98 oS 5
oalas oy lis bl oy bealog slaws § BLII a4l walses


https://marine-eng.ir/article-1-1215-en.html

[ Downloaded from marine-eng.ir on 2026-05-27 ]

(VPN VFF (FA) Yl o cwiigee 4,85/ et 5 (sansld oyt

Journal of Research in Dental Sciences, Vol. 15, p. 5-
12

14- Hart, D.C. and H.A. Bruck, (2021), Predicting
failure of cracked aluminum plates with one-sided
composite patch. International Journal of Fracture,
Vol. 227.

15- Li, Z., X. Jiang, and H. Hopman, (2022), External
surface cracked offshore pipes reinforced with
composite repair system: A numerical analysis.
Theoretical and Applied Fracture Mechanics, Vol.
117, p. 103-191.

16- Berrahou, M. and K. Amari, (2022), Numerical
analysis of the repair performance of Notched
Cracked Composite Structure repaired by composite
patch. Journal of Materials and Engineering Structures
«JMES», Vol. 9, p. 317-326

17- Jassam, Z.N. and R.M. Laftah, (2024),
Investigation of Stress Intensity Factor Reduction
using Steel and GFRP Patches for Repairing Edge
Cracks in Steel Plates.

18- Naderian and K. Attabadi, (2020), Implementation
of an algorithm for estimating the fatigue life of a
high-speed floating composite shell under oscillating
sea pressure load. Marine Engineering Scientific
Research Journal, Vol. 16, p. 107-117.

19- Kathiresan, M., K. Manisekar, and V.
Manikandan, (2012), Performance analysis of fibre
metal laminated thin conical frusta under axial
compression. Composite Structures, Vol. 94, p. 3510-
35109.

20- Liu, M., et al., (2015), An improved semi-
analytical solution for stress at round-tip notches.
Engineering fracture mechanics, Vol. 149, p. 134-143

)

6- Mohammadi, R., M. Ahmadi Najafabadi, and H.
Hosseini Toudeshky, (2017), Investigation of failure
mechanisms of notched aluminum plates repaired with
composite patches using acoustic emission method.
Modares Mechanical Engineering, Vol. 17, p. 406-412
7- Xiong, J. and R. Shenoi, (2008), Integrated
experimental screening of bonded composites patch
repair schemes to notched aluminum-alloy panels
based on static and fatigue strength concepts.
Composite Structures, Vol. 83, p. 266-272.

8- Chue, C.-H., W.-C. Chou, and T.J.-C. Liu, (1996),
The effects of size and stacking sequence of composite
laminated patch on bonded repair for cracked hole.
Applied Composite Materials, 3(6): p. 355-367

9- Bouiadjra, B.B., et al., (2007), SIF for inclined
cracks repaired with double and single composite
patch. Mechanics of Advanced Materials and
Structures, p. 303-308

10- Kaddour, S., et al., (2018), Analysis of crack
propagation by bonded composite for different patch
shapes repairs in marine structures: a numerical
analysis. International Journal of Engineering
Research in Africa, Vol. 35, p.175-184.

11- Zouambi, L., et al., (2019), J-integral evaluation

of repaired cracks in AA7075-T6 structures subjected
to uniaxial tensile stresses. Polymer Testing, Vol. 77,
p. 105874

12- Msekh, M.A., et al., (2018), Fracture properties
prediction of clay/epoxy nanocomposites with
interphase zones using a phase field model.
Engineering Fracture Mechanics, Vol. 188, p. 287-299
13- Barghamdi, et al., (2018), Investigating the effect
of size and amount of amorphous nano-silica particles
on the fracture toughness of dental resin composites.


https://marine-eng.ir/article-1-1215-en.html
http://www.tcpdf.org

