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ABSTRACT

Fiber-reinforced polymer (FRP) composites are widely used in marine structures due
to their high strength-to-weight ratio and good corrosion resistance. However, long-
term exposure to humid and thermal environmental conditions can lead to a reduction
in the mechanical properties of these materials. Traditional durability prediction
models, such as the Arrhenius and Fick models, despite their widespread use, are
limited in capturing the complex synergistic effects of environmental conditions due
to their simplified assumptions. In this regard, the use of artificial intelligence models,
especially machine learning (ML), has gained attention in recent years. This article
examines the application of various machine learning algorithms in predicting the
lifespan of polymer composites under humid and thermal conditions. Various studies
have shown that different Al algorithms can accurately predict the degradation of
mechanical properties in composites under various environmental conditions.
Furthermore, input sensitivity analyses in different models have highlighted the
greater importance of factors such as exposure time, temperature, pH level, and fiber
volume in the degradation of mechanical properties. Despite the progress made,
challenges such as the lack of field data and differences in model performance remain
significant obstacles to accurately predicting the service life of composites.

DOI: http://dx.doi.org/10.61882/marineenq.21.46.8

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/]


https://marine-eng.ir/
mailto:s.a.hoseini1378@ihu.ac.ir
mailto:m.latifi@ihu.ac.ir
https://orcid.org/0009-0006-8429-1811
https://orcid.org/0000-0002-3036-9939
http://dx.doi.org/10.61882/marineeng.21.46.8
https://marine-eng.ir/
http://dx.doi.org/10.61882/marineeng.21.46.8
http://marine-eng.ir/article-1-1181-en.html

[ Downloaded from marine-eng.ir on 2026-02-21 ]

[ DOI: 10.61882/marineeng.21.46.8 |

(Aq—"’) NF+F F7 O)LQ.& J) u\l-? 5[.?’)\) GM)-\J-Q.O Ag)x}d

&

U )9 (wiigo 4 g

marine-eng.ir :a ,is Lol axiw

253 S Cujouels pos Job (dur )3 ele (65530 35

Y dua) doxo ¢ ) USRIV I'1] V) UV KV,

5.2.h05€iNi1378@iNU.AC.IT (g) (s plol pols oIS ¢ wdio 5 28 00N (SlSo pusdito 09,5 (6D (Lol |
M.1atifi@iNu.ac.ir ((g) suws plol gols slSisly ¢ pwiiao g (48 018Dy (SKSlSo  wdines 09,5 ¢ bdliwl ¥

oS alio SleMb!

tllio azesiy b
VECF/YIYE callie L, Gl
VEF/ 0 Y sallie Mol gl
VE-F/ 0/ A cdllie (5 pd )b
VE-F1 0 A allie Lis] G

cnlin Caglie § (39 4 Caoglie (SYU Conns Judo 4 (FRP) GLIIL saincu 583 (5 yeudy (slocy j5.0lS
x5 (Jinll 25,5 oo 58 eoliiiloyse oLy slaosle 1o (slos S jsbas ( S0y plp o
5 olge il (Sla ol 28lS & e Wi o sy e Ll 5 s Vb
o yin s & 08 78 3115 3525l (KB 5 o sl e ol s i sy e sl
Sheslaznl bl cnl o aues dauxe Lls ol58lee Ol Sousy S0 4,08 salgjluosle

ool el 42,55 45,0 53 a3 (ML) (tle (6 ,50L sigts opimn s (sl Jo
2 Sk e jeelS joe i )0 Gedle xS0l Al lapt oSl 9 )5 (o) 4 Allie
sigp alizie laph oSl 45w e plid iz Sldllae iy o ol S sueb, Ll
i Lulpd o Cojenels (Sl olyt palS I s oy Wiy (o gian
ale else iy Coenl calirs sloJow [0 bsg,9 Comlur Julow puizen oo &l Jaoxe
D9l .l ool lis (Sl elem ials o 1) BLI a9 PH Jlade oo 5,5 1,8 )b
Ol b Jas o, Slee @glai 5 Slage slaosls 5508 sz slocasgase i T 50 slocd iy

g oo Dgmire Bl 55relS Sihe jor 83 (i s 50 GO 2ol

DOI: http://dx.doi.org/10.61882/marineenq.21.46.8

lio £4
gy Alis

edds olals
o908
gy wda
SEFmas (g

el 05 JLu,l (CC BY)

ISSN: 2645-8136


https://marine-eng.ir/
mailto:s.a.hoseini1378@ihu.ac.ir
mailto:m.latifi@ihu.ac.ir
https://orcid.org/0009-0006-8429-1811
https://orcid.org/0000-0002-3036-9939
http://dx.doi.org/10.61882/marineeng.21.46.8
https://marine-eng.ir/
http://dx.doi.org/10.61882/marineeng.21.46.8
http://marine-eng.ir/article-1-1181-en.html

[ Downloaded from marine-eng.ir on 2026-02-21 ]

[ DOI: 10.61882/marineeng.21.46.8 |

[CASARED AL 3 S{ £ I  NVES PR SR C7 NPT 4 -0 1 S ORI UUWE WL 1] PV On K Ve

ool wuls 90 0093 slalaze 1o LacyjaalS plod (o i
Ve sl Gam ol Slasgomme (55, » Slalllas cpl slas 51,8
ol gzmed Shely—e 515 5SS 050 oy 500l
oy Ao Caalieds g BLI e dae PH s 5,513
Gl sl (n 55 5l Les g (L) 45 w0 S ateiie g 05

IA-flacis SOl oly>
|y o paiensz (s pé bl olulis cllb ML gla o
5 699,5 SLosld LS walie ool Bl Jlcnll il
odle i s lageal <85 8 plien 3l womlas Julow ploxl
50 Lacyjemls o, Shae 5l Goeaily Slowe slasols s oy 5
Jlomt a b o ol dnwgs o 9> sla il 5l bl Lo

09,0

' Sy = ¥

S 53 Slse ol a5 (Sa3sb (Sl o Slae (5
A ShLS il e wilgs e an )b ol o jls o Ll e
slal> g5-8y (= 5 s S sloauze il 8l ol
§ Gos Sl e o s[\”]ao)f Shre llps 0 SUjlas
Sieple; Iy (o p ((SHD 53 ke slap sl glgl I 539
s u,@.:‘ 9 )‘A.al.a b;ﬁl.;‘)b ‘_ngo)’L.J u>_'>|)Ja 5o 6"\:-15 C.‘:La‘/’J‘
g g0 (gdmdib Lol p3lSe an L Sad g S5 eba
(i 0397 A (nl Cmy S, (S 9 (So5d olond
‘;J_w).u Lo g cJL_.a.A Slastin )l 1 sie g0 4 ol
Aol asls ojle g, p s banxls BT Ailgs oo aS 39 Lol
Al lopiille (6,05 )L g4 5 Jaows wlge £45 4 axg b
Sy 69y 3 loanll L g enials ST ale oo 53508
L 05smelS slaasges 51 o5 5 Jlioglgreay anil atsls
Pl 5 Wg b oo a3y F)> (Sadim P 0 6255
Pl ity Sl ooy 5o Lol wasS e oy iol38l o]
[alass o b1, cmals wy, G oley Jsb o oy

oo (S V=¥
Sl jo a8l bl Sl aleerd (Sodin
el 5| Bos 55 £33 ol 3becn Il bn ol liars
L STy adoxjl 00,5 o0 (U (Ggslrm Laons b (lord
5 Gelgyom) Of lawgs aio 5 iz d(GommlannsT) (50
s3> wgilys loaks poghanlyd b 5l b el

doddo — )

YL s Jdo a4 BLIN L oaisu o (5 poudy sloca joualS
YL Seglie 5 (53,55 =l 50 Ssgliie (39 4 plSoii]
09839, 4253090 « 2l yd Sladarme wile 055 slalaze
5 ooliiwl (gl ae ) Jlans slay ¥ slge ol [V ] wilazs 513
6oL Loty (8 G Lol o) da i 4w
slalw )3 sy o0 )l 40 (2by0 Sl plo g JoLul
3 oolaiwl (go¥ed slos Ko o 50,95 Ot Judo 4y (5]
St ol s laosle ,s GFRP wile 2y 500l8 (slas Shs
(59,52 im0 YU Cwglae o 4y o Sleo ol Lol 4l
i 9Y58 (gl (oebie (3Rl a5 Sge 5 05 (35
So plizres Sowaily ;3 9l (nl yes Jsb St (Jlecnll
gl e slalaze 13 ohigd w9y e Hlod 4 pulul Al
Cyeme 2b o Glabie Lol gaasie a5 YL gles 5 LIS
St Eyman Ghsa sladae I eslital Gaizes [V]wiss o
@by® byl e Job (e 5 0lye oLl s (2L
Aibse 2byo mbio jo by Jow pl osdll slas S alox
Sl oo Vb slod 5 Sl ugb; 39 w990 Dlalllas bl
oigds Loy jeals (SHle ol )0 (2P Sl ol 4 i
P9 el qlposudy Wigd AVl g 5 (225 plSi
rload St 5 (ng) 51 S Gl (S, obml (e Sl
ool lapaslio adoxjl ool (Setdly 5 5dg 000 (gzen
S Wiy dse el Ble oyl s Ll ol o 50
Soam eabale ol leoslw jee Job 335 (i
Irloss Joas qmiige 05,0

o 35 <S8 3985 (53 5 waedy| e yzmen (s Slo s,
Lsas b Jow ol aslaxlae glacosgasw L ws pnd o )8
loliome opiiosin g ad p )58, S0 50 SIS olls
=l oz llea Sl &S (alyh s asly sl (a8l
Sl gz jsbas 1) 095 S8 )l S92 lojes (laree
s & el Glave slagyges] ploml R0 (som 5l aims o0
L0 Fleans 1a oSl aien YU sloai s 3 o9 pobe;
(ML) oeile (656550 slaog, 3l ealinal ot slalo 5
Lacojgmls o (miin Sl 023Nl 60 ) Olprean
boodls 5l 6500 L Loty cnl -onl 438 ,5)] 3 4z 555,90
e il 0)ly0 (ol Sls b g Ll a4 5ls ga (pRLej]
Gl (oSbe (il g ooy LagSl a0l e e
WS i s bl | Lada el (SilSe (plss
(ANN) g ce e sloaSe s asile ol apis,5S)
- o—as sl ww (GA, GEP) 55 slaps X!
&l g3 xie Blalllas ,o XGBoOSt 4 (ANFIS) (5L



http://dx.doi.org/10.61882/marineeng.21.46.8
http://marine-eng.ir/article-1-1181-en.html

[ Downloaded from marine-eng.ir on 2026-02-21 ]

[ DOI: 10.61882/marineeng.21.46.8 |

1
M, 2

-()()

M, \l)\n
ER VNN CP Me 5t QLG)' 50 oAbl o> M 4.]ag|) U"‘ e
Glacujeels o S8 cgb, Cdm wig, samolas VS
Do Sl ol Sl Cugh, i Ablso 5 yank 4ire
9= (Te)slaians Jlaml slos rals s ple o o,
w9dier oSl (St (18l 5 g 008 o Sle
oealS g slan o Cenglie codl ay oo Colys o BBt oyl
Iy oo S oo IS plSiomin
30 Ssgb, iz (gl Lo 88 TS Jow 00 ,5uS 0,5 5ex 4l
Sibwdie @Ulg Joo ool Geizran 05 (o0 Sl 0 1) (o055
2,05 Gloje O ygon |y olLlE slakee b Cogh, g Lo &l

D)

M Sorption

Desorption

Mass uplake

Vi

eleogh, ia sloges -V JSi

Jae by g 0,5 slalae 1o oy 5l plgs cmin sl
oS Ol s0 Doy 1995 0 S 5 gyl Joo b S0
il slales o g 098 oo HiSle 8y O sieyw ax L aS o)

DV ]casls salys Sl olys » s il ax

Y’uﬂgﬁ)T Aheb T - Y
ot Sl e sty il ) S s, b,
S rordy diey Glooj5elS Aozl (6 yandy lge dide e g ploo
el gla STy 2,5 5 oo o b, 4yl Joke ol el
Ple alS L o 58 £5 45 A (o0 (B3 g WS (o0 Jee
Joe ol il o il oled &gt Les Ltal3al L SilSe
Lol 2525 5 GgemlienST g 0en olal o5 yonhy Slse o

ay

—=p —
ot Z 022

Ay 558 s b g ol o Jsle 5enST oIS LS 5
Irlassg oo g pms |, o asSly ol w3,

S (Sl V=¥

SIS Al s a8 el (Salasge i slodssy (S5 (S
s oo 25 (To) slases Jll slos 51 5ol lbod )3 ol
ol (Salisnge i Coundg Caow 4y g, oole >l o
550 5 Il ol g (alS Ly a5 WS o o5 > 055
a3l soke Sl plss )0 yeri el AT 3 ol ansl ol e
Slg (53 g iVl Joso (Bl 6 pdy Sl palS
I¥logs oo (Koyim Lials

Sl Sodym Y=Y

2 e SYsb b 6 1S5 lag 5L 5l (3l (Sl (S
L (om0 o B A pomie 45 Cel S jenelS (s,
&lwalil (i3 elii lmesysy 0gd oo SgsSug Slo uliie
)5S By (b (25,8 el o i GrelS) s
5 ol pie loaaly alos sl oo slosS 5 sbxl 5 slaY s
Ivlaces Sos

Lo j9rols plgd (i 90 (22 Bulg)— ¥

TS glB—1 =Y

slolzo ;o ol (g edy oo jgmls wl 345 joblen
el jlzs wsh) Cia s dnohgt (2l )0 g sl e
Sl aml) sladas 5l (S0 Sed e (SSle el 3 (i pu
Ol 48 Sl S8 395 9 oy (nl (S 9 o
Jame 1y sl sl o o1 805 5 ey Jsbo o sk, iz
J9Sge 3585 slaoosay cinosi (sl Lolul (S8 Joe 1S o
31 (3398 Jlw ;o L) Cusb) 45708 (o0 (28 5 ordi Ak
PSS e S8 > by e blE b (2lg Yo cile b Ay
J5ls ()15 s 51 Yooma 395 (ol oy jgealS” 5,50
Sodi iz ST Plae sl 35800 plodl (g yedly e Sle
S92 99 4o S il 5l laajeuels ST JSNs 50 Cagh,
IyeTows

ac d%c M)
(a5) Sloj acugh, (@/MM?) &ges cosb, cdilé € o)1 55 a5
Calbs b, 1o 385 co o Dy g (MM) abses cwlus Z
wolge B,k S jeabse e S (sl ol oo (MMP/sEC)

D) Tas walys 5 @900 (1) aal, Gl


http://dx.doi.org/10.61882/marineeng.21.46.8
http://marine-eng.ir/article-1-1181-en.html

[ Downloaded from marine-eng.ir on 2026-02-21 ]

[ DOI: 10.61882/marineeng.21.46.8 |

[CASARED AL 3 S{ £ I  NVES PR SR C7 NPT 4 -0 1 S ORI UUWE WL 1] PV On K Ve

- A _ \4
TSF = exp[R (To )] )
Ples malS 4y by e 0,50 sbools ¢ pwaige oo p)lS 5o
lobes ;o (¥l Joaw b s plSorin! asle) SOl
Loy jsealS yae Jobo (rasd slim (hgy (2! 51 055 adgs
Saedids Sl sosls a5 (65 )lge 15 055y gl oo oolain]
Dyl ces OF s 4

S Jow ol 0,18 505 slaasgame Lugs,l Jow (Jlcnll
e st sy 3,5 o 55 5 50 Jale lgice | Los
bl 1) Sl glo s U UV ax sl PH cosb ) wile
lord slo STy ol (Saw a5 Jl> o (sl (LS ales
O 4 320 &y (Aly Ll b 4 coed YU slabes jo Jglate
S 3l il e 55 a5 i p0 egd )] Joe b (s
Sl et sl e g Wb oo ralS il Jaore Jole v
Dyl s

ShsSe olsiean plizen Gusdyl Joo dacusgame (aloszrsl
9 39— s0 LS (5ol Olga plgo Julo o oIl 0 Sl
il gad ), iy sl Joo L aslin (lp a0 olaicas A
u_:‘ S 5 o)_»f‘_sa S8 eolauls g0 Oeiole 6oL o Joe
coleoz aslbolbs sla bl b Sl glaosls b Jow
O t5‘°"\—.f'7:‘:‘~f~ slalae B ‘) L"’u;*-'-’u“’ N ""“5"6‘
LAR0 u“-.’.‘f" u,—.’.l-.’.ﬁ Lngo}L.;

Step 1

_ 100
£ 9

Z 80 Equations 3-5

510 .

Z 60 R

Conditioning temperatures
460°C ®md40°C o25°C

0 20 40 60 80 100 120 140 160 180 200 22
Exposure time (dnys)

Step 4

Equations 3-5

* Temperntore ot service

I
53
=~ 70

9
5
Bl
H
2
2
e
Z

Exposure time (days)

Exposure time = Accelerated time * TSF from step 3 for each temperature

S5 l
50
0 2000 4000 G000 8000 10000 12000

0,0 Sledbl s oo 0lsgS Hloymas b YL slbales o
S y9) S 4 FYeb Gl oil g mb sles jo oole o,Slec
09 oo Al p5 Kb @ wﬁ-:-"j b Joo 8

E
k= Aexp ( RTa> D)

oo g ool Sl A (ItiMe) oy 56 s K adal, ol o
sleo T g Lajls Slez <ol R (g5l Jlad (65, Ba o,
el (ol 3l

L aeiS Cnglite aiile (Sl plss 205 (5l oe sl
A 098 oo oolaiwl ool Lol Lals, 51 Cdel il o
Sl sl le ansy cpl jo @l akal,

Y = alog(t)+b )
—t
Y =100 exp <T) )

—t
Y = (100 — Y,,) exp (7) + Yo, *)

Slaie Yoo o SlSee cools 00l Bb oo o Vobaly ) cpl jo
t (ol o) SYsb Hleyman G (Sl Caols ouilendl

Lol gmie COB T g dae 10 (6.5 )1,8 e
©led 90 10 g 55 Jolro lo s a5 54 o oolawl (TSF)
iy Voaaly slosliwl U ey (pl iams oo 811 1) (alies
0a by s sl iolesl 5l Jool> slasols Ja! Sl 5 54 oo
adaly pl jo a8 oo el B ) a8l oles Lal a4 YL gles o

Step 2

Slope of the Arrhenius plot
0

E, *
— = Slope
R P!
v
L 495 % Retention
h
L 90 % Relention
@85 9 Retention
+ 80 % Relention
3.00 3.10 3.20 3.30 3.40
1000/T (1/K)
Step 3

Time Shift Fuctor (TSF)

Using Ea obtained from step 2
R

Eq ,1 1
TSF =exp(% (7-— 7))

V] ogwi )T oo 31 oolisuw! b ouuid gy yawd (o5 iyt (S 31 03 lisian] b cikodidy & yShos o sy (S0 Y S


http://dx.doi.org/10.61882/marineeng.21.46.8
http://marine-eng.ir/article-1-1181-en.html

[ Downloaded from marine-eng.ir on 2026-02-21 ]

[ DOI: 10.61882/marineeng.21.46.8 |

Laoals 5l glacgame 3l oolaiwl L Jaw caiss,la 5,500 )0
DS e ) wax oz il B ogd e ools bjsa]
Coglie aiile (Lo yuite (oo (i lp Uil £55 0!
€9 5l eail a S 519" e ) ol Al e il
JLss @ &l g0 6050l ¢ Jilie jo 09 amles T sanail
oabaslis glo >g,5 3l eolatuwl ooy baosls jo jLsle s
5 o2 d and slaosls @)Ll oo (g S0l jo ol
2 aS asgSolen [NV8 N 0]0s 15 o )8 alise slasanatus
S50l gl lop sl Hlas oo sl onmline LB Y ISl
SoSE )L g 9 0ol lla (6,50 s g0 ) el
o,5

Sg- oo pll p5 A o Y}—‘*—“ Oeile (6 S0k Jow G dasgd
Jolis ad> ol aigis oo (s 5lwonlel 5 (5,918,5 laosls wnss
il adoyo Gupms Sl o gl 29,5 5 laisog g o
sloosls 5l oslaiwl L (piy ,5-X1 ol o as S g0 plal Jowe
oS se ol Ty Lol o bl 50 lety Sl (g0l
O pemes Ul 5 55lanly 2o b osd oo (25 Joo Lled
50 Sl &gy al 3l 005wy

S, ML Joe axwgs (S wig, a8 cal sadools las £ S

.[\V]MSGA poal 4 ol 2bi,l B osls 53959

orle S0l p (S g oo - F
e et i 8 slaysgins 4 475 |
Gy5ols sladae jloslaiul (g el e slacy 5005 plo
il al58 e ot 3 sla L s (ML) oot
B A el ol oSl drwgi Ban (ydile (650 o ol
=75 lmosls 51 SIS Ldos sl Juw 4 5La g0y aiil
Pl i b S 5 08,8 lolit | olay sl
Sitas ML Gla Joe a5 csl oais ccely Shg cplauns
Ao 5S ORgdn i Slrody (ot Sln saked 08
sloslaiul BGas  aig s hod ¢ sy jemelS Slge awjlye (LS,
L wlgy a S conl ol SO anwgs (il (5,500 o Jos
9 BLIl gg5 ccsb, by oo yudai) (599,9 slaosls 5l eslanul
22,5 b owiledl plSovinl wiile) Slaisyge (29,5 o 5«03,
Sl e S sty Y s L ] (Sl ol tals
S5 LT Shog fealS b ©)gon sl ML
Do Vflacsl g0 5o 5
g5 Sl Jals orile 6pSol Jas Sy dmey a3
ondicash o % gyl e Aol g0y Feads A gl
RO RSN NTPCN [ PRI R
S5k slaghy, 4 late )5 (n i o 09>

Regression

Classification

Clustering

Neural Networks —
Decisin Trees

Ensemble Methods —
Nonlinear Regression -
Support Vector Machines -
Naive Bayes
Discriminate Analysis

Nearest Neibour —

-
<

Neural Networks —-
Decisin Trees ——
Ensemble Methods
Nonlinear Regression <
k-Means
Neural Networks
Gaussian Mixture
Hidden Markov Model -
Hierarchical <

[17] i (5100 32157 50 0oliciasls g0 cpmiile (5 750l ol (st 19N -V JSC

af


http://dx.doi.org/10.61882/marineeng.21.46.8
http://marine-eng.ir/article-1-1181-en.html

[ Downloaded from marine-eng.ir on 2026-02-21 ]

[ DOI: 10.61882/marineeng.21.46.8 |

[CASARED AL 3 S{ £ I  NVES PR SR C7 NPT 4 -0 1 S ORI UUWE WL 1] PV On K Ve

S bilan (Lol ol 055 !, ML 535 sl Jows

(s=lb J=lie (olad jo o Jas l 05 Jesly ol 575
RGOV | PR VWY by jemelS ﬁ‘gb Sl g el

P90 (i 58 e—lo g SOl 0,5 - F
S ol doy LBy jorals

ot Gl 380 e 4 jls ad S a5 W les
Sae SYeb daore byl i ply o oy ja.mels (Sle o Slae
aile Sl ole> alS oo i el .l a8l iul5al
Sz a8 sl o Cooglin g iVl Jade ¢ oiilS Coglie
5 =k 5o ook Comal W3 pS oo JE ae (Soldy )-‘-’l’
sl sl 2l sl Jlow ;o o)l boslw —sl ol
Losmay opl gilwJoe 1o capo i wilauslys yuiile (6 80k
aile olopn ol as alosls lii goa o sl iagh
XGBoost v ,5 X (ANN) coias ooac sloaS 5
sty sals SlSe plss zals wijels (ANFIS) il
slools oL aS )l 5 bg e wisS o i YU s L 1, FRP
Lyy—va Ylssb swpws jo S5 cuasl

obey des ol oo psite Jolt oo (ol jo @l) lacsss)s
L BUIN pad (BL ez Cond PH e ddaxs 1o (6,513
09_.“.:‘54 uv._)).u ‘si.JL.ia w_..cL> &J OJJLQ-JL: Qo )0 O ygods
3 Les g olay a8 wws oo ylid alie slo Jow 5l ol b
Loy jormals Sl o olss als N850 Jelge cn ots
S islo Jelge a5 sadosalice b Jow (> 5 )0 Gaizres i
S pSamizr HJul 3 dlged Cwlbrs g BL ez Cond wiile
5 Camwlas Lo 5l ooli ol U Yo one boail ol ol
4SS dilwd QT ).ﬁ)L.) 9 J"‘OMC‘JM‘ l.m‘;).as M‘ 6.\.\.)4\.».:)
Ol (b é g ouuzmy Luly) willys o (dle (5 50k slados
St g |y i o Slos B 5 (5355 (sloeito
Ivy ylaws

adgi an ;0 GEP uile o )65l 51 5«5l Joe Hlate
OLSel 45 dis (29,5 5 (50959 S e (e Shelow Ly
o281 coae Jdow b >k slalidle 5 50 lagyT 51 eolaswl
AS_.). SS9y SV (_ngJ..\_a )‘ solaz_ul O é)l_wso
b Llodjl o Ken b bt 4 yoie el wools dcgosme
Comwlas 0 SIS o )lg0 0 )0 Lol el ool g i
el Q20 g0 LS AT 398 oo oumlice by 2ol )l 4 s s

Build

Initial data

Y

Testing Training
dataset dataset
Y

Predict

New data

Feedback

AR

v Yes

Prediction

V] cpmilo 6 550l Joto Sy angs T3 —F S

3 el 50kl eolaal gl pal szl SG 0 S 0
ol o Brne 6 pocly dine) Glotu oS cSle a5 2 IS
3asl eplgs i 5o Ladas il (680l 0,0, (pl o
alo 1o U5 (odisS s ey s L) adsl Sl il al> o
4 e ol (SSSe ol ol Coledys 5 oy
Slg—o Lol a bog e (sbvesls ol (S () Billae 043 0
it oS 5 L g e 00ls o y9 Sl 4 (6299 (lgreas 4]
o )3 G 38,5 (s Y3350 2l A (Sl Sl
@ 8995 Olsed oy 25 s Lo Lad e playilly sl
W al> 0 50 06d o gileangs cSle byl g saiosls Jaw
S50k slados 5l plssor ( S ey alalid sl
Oley g azuie o b oS eolaiwl 658 sloces slay ile
9y el g0 il e I Glgiee wale s 09d (p92 a8 0
S galS (SlSo gy (3l 6l (FEM) sgame (o132
dlie rdile 6 T3k Jue @l Ly ol (29,5 59,5 eoli
plgs 1o umiile 6 S0l 3,58 o am g b asSs [VAsg—es
59 25 sloosls 4 b Jos cnl a5 Conl cal oy j5alS
Sy L8 a4 by e slaools als jLs ca St
S50 2o (dly slalize ;0 oh9a ¢ FRPglacy ;5.8

axwgl lm ol asilas 5l SO go-bg0 (il g A Sgue


http://dx.doi.org/10.61882/marineeng.21.46.8
http://marine-eng.ir/article-1-1181-en.html

[ Downloaded from marine-eng.ir on 2026-02-21 ]

[ DOI: 10.61882/marineeng.21.46.8 |

08 s [N
P T
Q;".,"-, o

G ol slo o joals olss

MACHINE LEARNING
(—

| sonssteoss |
‘% | lRools (gl et I %
;

! DataLabelling |
e

TESE——

sodls
RCETSY)
sleall

oIS

Data Normalization

| = T
slaosls — L =l :
Sl 6399 I o iy, i

el e

VAl 6 pouly o3 (o 3920l 50 (bl (g paF0ly i5 —0 JSio

s g ol plas ogs 5l Jed LB lews s 55 ANFIS oo
ol 753 a4y 03Y aib o ANN 5l slaa s Sosl Ly o
S 6 ,laie GEP Juw vy suls so i gl &8s sz o
S sl Jds 4 Ll waisb o ANFIS s ANN slo Jose 5
5 Sk ) 533,5 slamize plos e 5 o5k 2L ol
3 65,18 lejae g Led cla e PH (BLI o> w0
4l as aly s o) GEP Jas 5l ol wl o o0
SFoeelS oz sl il n 4 5l e g e Swote
So—d BB s Jaw 4w o 0jle oo diads )] jlews o)ls g2

as

5 e Sl 58,5 7 o L anl pedle 650k il
I¥lsgs plbosl o 56 slap sl

S Eeaglie e (gl o (AL Sen 5 L]
L olls slakse ;5 GFRP clas Sl '®(TSR)susle
58,5 oy GEP s ANFIS ANN Joe a5l oolaz il
e g lal slajle slie o oo ool 58kee b3
MAE)" 5lks (:Ske sl «(R)Y (Koot 52 (57002
ol s (F JSs) ol pbul RMSE) cxje (5Sibe slas 4
A CENON ST L ANN Jom aS oo o s g
Sg 51095 5 6 5YL s 5l e Jow plo L awslie ;o (R=0.95)


http://dx.doi.org/10.61882/marineeng.21.46.8
http://marine-eng.ir/article-1-1181-en.html

[ Downloaded from marine-eng.ir on 2026-02-21 ]

[ DOI: 10.61882/marineeng.21.46.8 |

[CASARED AL 3 S{ £ I  NVES PR SR C7 NPT 4 -0 1 S ORI UUWE WL 1] PV On K Ve

Lf"‘"u"“"" 5o @Yb u_».L'lB wMJLA LS)'.ff‘)l?. le.mJ..Lo Egome

9 S ok (e bul b )3 (6 ey slacijenals elgo
CatS 4 ainly Saday b Jaw ol o Slae iz o aiyls N

o185 (699,5 Gld piie 385 Cay yaS o gl (sLaools

el Joe gz Lie]

obai GFRP slas Slos (o2aS conglie bado iy 5

aS 090 o /A 1 YL (Siod o Lol soled o g aisls
S8 i o e ol oYL slesel coblB sonumsylis

Ly jgmols plgd (Su i 30 (Lgman gd GBS 3| (B hrd g gl LE =T Jgux

.:f.,b‘

o bl

wed bl

J-\.n .aU

RO 6‘).‘ cwlio )L:wq
Ol b e Jgowe asuwf Canglie
oz Lulys o als

saste (slo el ekt 4 3L
(o ygp oy slass)

o0l poie sl
S 2340 s

Lylg, g3lwJae 5o Vb cu s
foex> slrosls b (6,550
ot 5o ol o Sloe

=S

(ANN) _csins rac oS

Sl b Jilaws sl Jlos

e 5 Ll 5 VL it
b,

o el 30 palais @ 5o
oald CodS 4y aily o ,Slas

T ot ey Canglie
) 558 ol ol
(ol )by ;o Coenl

Vi 0] S pes

SR (S0 p,55l
XGBoost)

Ll g5l gl coslio
B SRPESIE PERSIRE SLOW

dlge

(s5lwonly jo (S

Slolrs e 4 ol (e
sl azals Lo YL

el Jgo 8 S ygpots (29,5
(s pg sloslo b 5L
sledae sbml gy sl

cmdjbw_. v

(GEP) S5 (g giaali

&ledre slp cslio
obj Coalad pas b slalee
b e bl il sl

slrosls o jams o Slee
S)}g )L.m;

LANN (5,50l cobls oS 5
Ve s 3 s

shrrlad (536 crac gl
(ANFIS)

100

—+—Experimental

& Model

w{l 1

TSR(%)

R\alidation =0.93

Training

=0.95
=0.85

|, i A
<yl

MAE
MAE,.,
MAE\alidation =5.27

training

=2.24
=8.39

Validation

T T T

20 30 40

T T T

50 60 70

Data Set (No.)
(ah

80 90 100


http://dx.doi.org/10.61882/marineeng.21.46.8
http://marine-eng.ir/article-1-1181-en.html

[ Downloaded from marine-eng.ir on 2026-02-21 ]

[ DOI: 10.61882/marineeng.21.46.8 |

—+—Experimental

--#--Model

q ," i
UAM 1 \XM
3 i u
- |
=2 —_—
~& Training
7
H
MAEtraining =5.28 y
MAE,, =420 d
MAE. jidation =652 Test Validation
0 T T T T T T l‘ T T
0 10 20 30 40 50 60 70 80 90 100
Data Set (No.)
(<)
—+—Experimental --&--Model
100
80 +
-
3\0/ 60 -
%
= 40 -
’ MAE, . jinine =2.24
20 1 Sl MAE,, = =839
Req  =0.80 » :
Roaa =084 MAE iajigation =5-27 Test Validation
O T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100
Data Set (No.)
@

[Al ANFIS(z) GEP (o) ANN (<) : Jow duw gewly dwmwlio —F JSi

Slozs> 5 (Casb) PH sy oo 1112 (53955 slaere
ANFIS ANN Jow aws 3l Jols goli anslie aijls |, ,lais ge
o 2ieal S sloadin yae Jy b e 51 GEP
sl Jos 5l sasleawsa s as ses o lis Jase S
oo a6l wyls 65 1 s 5V oy 5TANFIS 3 ANN
Joe o G a5 Wil oo ¢ 10 e cpl jo bl K
a0 s GEP Joe o g a8 el Jb> 50 ol oo o
569955 lo el b e Al alal, SO &l o o ple

2blos (9>
LS 5 b5 ln il s Jas ol e 3 ke 3525
i g Jas gl ol )by agy oLl (580 g 00 S oolo
uL»...oJa‘ V\_..l.:lﬁ le)J‘ 9 @'3‘9 @L\_..A Sloslie La )Woé‘d

aA

& 4o -0

e laca joalS plgs (m iy Alite la s i ool 5o
daol jo 0l ) 2oy mlice jo solaiwl 550 (5 peuls
Loyl plsiear S8 098 5 mgady| Jae el (s slans,
Slg— (SHLSe pls> 2 Cugh; 5 Lod SIS 5l Joe sln &,
oSl g (Solw aawlgay by Jos oyl 4 ST 050 8 e
W05 S oo |8 eolitwls jge  aBisle;l slaools b ygusl o JIS
hlo (s lBlen SIS Rl o slge 1) (il o Ll
BRVLIWE PR E R LARYRE

slagn Rl
S 2y palS (o g s sl 330 5 diesn
S50l CbB la oo (ol i85 18 (o) 2090 Laa jo0elS
Ot S g odmm by, G a8 g (e sLsedls

Olgredans fdle (6 S0l iz la Jow calsl jo


http://dx.doi.org/10.61882/marineeng.21.46.8
http://marine-eng.ir/article-1-1181-en.html

[ Downloaded from marine-eng.ir on 2026-02-21 ]

[ DOI: 10.61882/marineeng.21.46.8 |

[CASARED AL 3 S{ £ I  NVES PR SR C7 NPT 4 -0 1 S ORI UUWE WL 1] PV On K Ve

6- H. Naderpour and S. A. Alavi, (2017), A proposed
model to estimate shear contribution of FRP in
strengthened RC beams in terms of Adaptive Neuro-
Fuzzy Inference System, Composite Structures, vol.
170, pp. 215-227,
https://doi.org/10.1016/j.compstruct.2017.03.028.

7- K. Zhang, K. Zhang, and R. Bao, (2023), Machine
learning models to predict the residual tensile
strength of glass fiber reinforced polymer bars in
strong alkaline environments: A comparative study,
Journal of Building Engineering, vol. 73, p. 106817,
https://doi.org/10.1016/j.jobe.2023.106817.

8- M. Igbal, D. Zhang, F.E. Jalal, and M. Faisal
Javed, (2021), Computational Al prediction models
for residual tensile strength of GFRP bars aged in the
alkaline concrete environment, Ocean Engineering,
vol. 232, p. 109134,
https://doi.org/10.1016/j.0ceaneng.2021.109134.

9- T .Gates, "1 - The physical and chemical ageing of
polymeric composites,” in Ageing of Composites, R.
Martin Ed.: Woodhead Publishing, 2008, pp. 3-33,
https://doi.org/10.1533/9781845694937.1.3.

10- J. Comyn, "Diffusion of Water in Adhesives," in
Design of Adhesive Joints Under Humid Conditions,
L. F. M. da Silva and C. Sato Eds. Berlin, Heidelberg:
Springer Berlin  Heidelberg, 2013, pp. 1-19,
10.1007/978-3-642-37614-6_1.

11- J. Summerscales, "1 - Materials selection for
marine composites," in Marine Composites, R.
Pemberton, J. Summerscales, and J. Graham-Jones
Eds.: Woodhead Publishing, 2019, pp. 3-30,
https://doi.org/10.1016/B978-0-08-102264-1.00001-7.
12- G. Hota, W. Barker, and A. Manalo, (2020),
Degradation mechanism of glass fiber/vinylester-
based composite materials under accelerated and
natural aging, Construction and Building Materials,
vol. 256, . 119462,
https://doi.org/10.1016/j.conbuildmat.2020.119462.
13- C. Machello, M. Bazli, A. Rajabipour, H. M. Rad,
M. Arashpour, and A. Hadigheh ,(Y:YY) Using
machine learning to predict the long-term
performance of fibre-reinforced polymer structures: A
state-of-the-art review, Construction and Building
Materials, vol. 408, p. 133692,
https://doi.org/10.1016/j.conbuildmat.2023.133692.
14- V. Cherkassky and F. M. Mulier, Learning from
data: concepts, theory, and methods. John Wiley &
Sons, 2007.

Vo- K. P. Murphy, Machine learning: a probabilistic
perspective. MIT press, 2012.

16- W. Z. Taffese and E. Sistonen, (2017), Machine
learning for durability and service-life assessment of
reinforced concrete structures: Recent advances and
future directions, Automation in Construction, vol. 77,
pp. 1-14,
https://doi.org/10.1016/j.autcon.2017.01.016.

17- H.-T. Thai, (2022), Machine learning for
structural engineering: A state-of-the-art review,

dLaflf Q\}.;.cd_g “51[_3)& Lgl.ao)'Lw f‘]"" L) oolaul 6‘)‘.‘ La:o]

O C}.lm 20,500, ol drwgd jo (gaxn

OB 3lg ks’
1- Aging
2- Fick's Law
3- Arrhenius Relation
4- Time Shift Factor
5- Predictive
6- Descriptive
7- Supervised
8- Unsupervised
9- Semi-supervised
10- Reinforcement
11- Regression
12- Classification
13- Overfitting
14- Interpretability
15- Tensile Strength Retention
16- Correlation coefficient
17- Mean Absolute Error
18- Root Mean Square Error

&lp-#
1- Z. Wang, X.-L. Zhao, G. Xian, G. Wu, R. K. Singh
Raman, S. Al-Saadi, and A. Haque, (2017), Long-term
durability of basalt- and glass-fibre reinforced
polymer (BFRP/GFRP) bars in seawater and sea sand
concrete environment, Construction and Building
Materials, vol. 139, pp. 467-489,
https://doi.org/10.1016/j.conbuildmat.2017.02.038.
2- M. Igbal, K. Elbaz, D. Zhang, L. Hu, and F. E.
Jalal, (2023), Prediction of residual tensile strength of
glass fiber reinforced polymer bars in harsh alkaline
concrete environment using fuzzy metaheuristic
models, Journal of Ocean Engineering and Science,
vol. 8, no. 5, pp. 546-558,
https://doi.org/10.1016/j.joes.2022.03.011.
3- V. M. Karbhari, "1 - Introduction: the use of
composites in civil structural applications,” in
Durability of Composites for Civil Structural
Applications, V. M. Karbhari Ed.: Woodhead
Publishing, 2007, pp. 1-10,
https://doi.org/10.1533/9781845693565.1.
4- Z. Lu, G. Xian, and H. Li, (2015), Effects of
exposure to elevated temperatures and subsequent
immersion in water or alkaline solution on the
mechanical properties of pultruded BFRP plates,
Composites Part B: Engineering, vol. 77, pp. 421—
430,
https://doi.org/10.1016/j.compositesb.2015.03.066.
5- O. Starkova, K. Aniskevich, and J. Sevcenko,
(2 ,(*Y)Long-term moisture absorption and durability
of FRP pultruded rebars, Materials Today:
Proceedings, vol. 34, pp. 36-40,
https://doi.org/10.1016/j.matpr.2019.12.154.



https://doi.org/10.1016/j.conbuildmat.2017.02.038
https://doi.org/10.1016/j.joes.2022.03.011
https://doi.org/10.1533/9781845693565.1
https://doi.org/10.1016/j.compositesb.2015.03.066
https://doi.org/10.1016/j.matpr.2019.12.154
https://doi.org/10.1016/j.compstruct.2017.03.028
https://doi.org/10.1016/j.jobe.2023.106817
https://doi.org/10.1016/j.oceaneng.2021.109134
https://doi.org/10.1533/9781845694937.1.3
https://doi.org/10.1016/B978-0-08-102264-1.00001-7
https://doi.org/10.1016/j.conbuildmat.2020.119462
https://doi.org/10.1016/j.conbuildmat.2023.133692
https://doi.org/10.1016/j.autcon.2017.01.016
http://dx.doi.org/10.61882/marineeng.21.46.8
http://marine-eng.ir/article-1-1181-en.html

[ Downloaded from marine-eng.ir on 2026-02-21 ]

[ DOI: 10.61882/marineeng.21.46.8 |

Structures, vol. 38, pp. 448-491,
https://doi.org/10.1016/j.istruc.2022.02.003.

18- P. Pattnaik, A. Sharma, M. Choudhary, V. Singh,
P. Agarwal, and V. Kukshal, (2021), Role of machine
learning in the field of Fiber reinforced polymer
composites: A preliminary discussion, Materials
Today: Proceedings, vol. 44, pp. 4703-4708,
https://doi.org/10.1016/j.matpr.2020.11.026.

19- M. Igbal, Q. Zhao, D. Zhang, F. E. Jalal, and A.
Jamal, (2021), Evaluation of tensile strength
degradation of GFRP rebars in harsh alkaline
conditions using non-linear genetic-based models,
Materials and Structures, vol. 54, no. 5, p. 190,
10.1617/s11527-021-01783-x.

20- Y. Kim and H. Oh, "Comparison between
Multiple Regression Analysis, Polynomial Regression
Analysis, and an Artificial Neural Network for Tensile
Strength Prediction of BFRP and GFRP," Materials,
vol. 14, no. 17, doi: 10.3390/mal4174861.

21- M. Igbal, D. Zhang, and F. E. Jalal, (2022),
Durability evaluation of GFRP rebars in harsh
alkaline environment using optimized tree-based
random forest model, Journal of Ocean Engineering
and Science, vol. 7, no. 6, pp. 596-606,
https://doi.org/10.1016/j.joes.2021.10.012.

22- X. Liu, T. Liu, and P. Feng, (2022), Long-term
performance prediction framework based on XGBoost
decision tree for pultruded FRP composites exposed
to water, humidity and alkaline solution, Composite
Structures, vol. 284, p. 115184,
https://doi.org/10.1016/j.compstruct.2022.115184.



https://doi.org/10.1016/j.istruc.2022.02.003
https://doi.org/10.1016/j.matpr.2020.11.026
https://doi.org/10.1016/j.joes.2021.10.012
https://doi.org/10.1016/j.compstruct.2022.115184
http://dx.doi.org/10.61882/marineeng.21.46.8
http://marine-eng.ir/article-1-1181-en.html
http://www.tcpdf.org

