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ABSTRACT

layers and metal sheets that are stacked alternatively and joined together

with polymeric resin. The purpose of this study is to investigate the flexural
properties of environmental friendly and cost-effective fiber metal laminates. In recent
decades, natural fiber composites have become popular due to their recyclability,
renewability and low cost, and their applications in various industries are growing.
Combining natural composites with aluminum layers and manufacturing fiber
metal laminates led to improved mechanical properties and increased resistance to
environmental factors such as moisture, heat and sunlight.
Methods: Jute fiber-based fiber metal laminates and composites containing jute fibers
were made using epoxy and vinyl ester resins by hand lay-up method. The flexural
properties of composites and fiber metal laminates were investigated using a three-
point bending test. After performing mechanical tests, scanning electron microscopy
images were prepared to check the fracture surface. For comparison, similar samples
were made and tested using glass fibers.
Findings: The results of the tests showed that the use of aluminum layers along with
composites containing jute fibers increases the flexural modulus and the ultimate
strength of the samples. Samples made with vinyl ester resin had better bending
properties than epoxy matrix composites due to proper bonding between jute fibers
and vinyl ester. The vinyl ester resin could penetrate into the void space inside the jute
fibers. In addition, scanning electron microscopy images showed that due to the rough
surface and special form of jute fibers, better adhesion was created between the jute
fibers with vinyl ester resin and epoxy in comparison with glass fibers.

Hypothesis: Fiber metal laminates (FMLs) are made up of fibrous composites
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Table 1. Samples coding and lay-up.

Metal
Code Fiber Resin Lay-up
laminate
JE Jute Epoxy - 0/90/90/0
AJE Jute Epoxy Aluminum | Al/0/90/90/0/Al
Y Jute Vinyl ester - 0/90/90/0

AJV Jute Vinyl ester | Aluminum | A1/0/90/90/0/Al1

GE | UD glass Epoxy - 0/90/90/0
AGE | UD glass Epoxy Aluminum | A1/0/90/90/0/Al1

GV | UDglass | Vinyl ester - 0/90/90/0

AGV | UDglass | Vinylester | Aluminum | Al/0/90/90/0/Al
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Fig. 1. SEM images of fracture surface of samples with magnification 1000x: (a) GV and (b) GE.

sbalad o il Loy o3 5l ole O el 5o 2l UL
GRIPl s b s pl el o3 S 558 i U 2 I
5303503 SUI iy dsb 505 e SUI el a5 0L
33 gm0 ds3 4S5 sbOlas s Fdns Jlasl Slis (@) Y IS
el oS b s S e BUN s e libe BL el Loy )
oS e 53 s B Bl s 5 S LT gy
Jlasl 5l 2 OF (g el 3L sy Hldis 50 s (o= 5 =19

Tl a0 SRS (s s o3 s e B 5 8555 03303 S
oS ) s 4 S O 51 B el 3k e 0> DU
Jeos s 3l Gt Sl 5 518 s onl o3 eddeslinal
Y sane 5513 GBI 3 (5 208 5585 CaklB L5 s g 5 ls
S e e 3103305 BN Jsb i a0 e (g S e
sl el V]l g s Ol e S KL (dL
Lpd o anglio &5 LI rm‘ S ol s Sl ams

50 um

(b)

JE() 5TV (a) Vv LS 5 L bad gl oS CEMSEM sla o Se -7 1K
Fig. 2. SEM images of fracture surface of samples with magnification 1000x: (a) JV and (b) JE.

WA YLT— a0 € 0 lasd oguug o Jlw ez $399iss 9 pole (sale alzo Yo7



S S osisogIT Sl SIAY I Sired olgd (175 ) 2

S s e (piaelS Y bl g e ois ol pwe ]
WY 5 oeds Sl axl s s Sasa¥aY 5w sb
bJ‘bdaj‘JL}&JM‘})}J&&MW)DJJ‘)&YLM}}T
6‘)‘) GE k;,..v“)}:.dls 45}"::‘_5& cv\ibf J&*j’)b 45\)})90[&.5\ h;»w‘
oS Lol JE q;ﬂG@wéﬁﬁMf&aw\
oS (i i 4l 3 5 sl 0L st SIS ks, GE
&:»J_)‘}QALS | W Jga.l' Ui‘ BE SJ}LQLQ.A el 03l C)
b g sl 4 Cond ($ 28 23S 53 5 3,08 55 283 GE
sl 4 Gl JE Cujamls (Ll el oslil Blal cansCa
2le 5 (65l a3 elS ol 3 013 DL 3 slize SISl , GE
b GUl sy Lsa S aS e V'*“'“"‘-’ﬂ shls clad gol
U.’IJ‘JE C,..L)}:Alsjb Ra 63 g QJL;.H Qj).b Lﬁjb- LSL,@);LS
ol G caalsl s Lol s el S Sl e 4l
S Hsbolea . Lud s o Sle 51 S sbay SUI 5 sbel Sl
C)GE@Mdjfjﬁuu;):&@w‘aﬁdﬁui:
AGE U5l slagglaNaor a3l sl 4 a5 Lol o3l
@ Dl (§ R S8 55 NS 30 5 et Jads 5 plSnl
Gl o I gl Gusailsl L tsls 0lzs AJE (slad se
—&S g LAl s (aliz:wJ S mlaid S 5selS
&:,..w‘ Aéﬁ &‘f‘ L;Sﬁ‘

AJV 5 AGV JV GV ladsei [ S- A5 poen 0 1SS
JL:J:)‘}.)‘J QL.:.J ‘>J3 )b)GV M_}N ‘Jj*:kfd "J"~’~>J’3"U’:"’”Lﬁ-‘
035 OLS=OLS O pon Sl el slaglaYar
sla [ ans Joms ol W)JT shls glaglaVas ol
slaVao 3 IV Cujianls anslis s sl ol | 5SS
)lm§)>)W&;j¢K>wl cQwJJJw}JJJJ
LYF] by il il o SKadr 55ba |y (655l ol

WY Gpd e edy AIV dsa S cla_ﬂ 05 eimen
Jﬁiﬁ.:iu"w}TéJ}}Jb\.w\on)kbﬁjﬂg
Ol ol (end 53 . Llle 3L SHL O 5 Lol Saadly
Jsa nl 35l s gy ral iS4 5 e T G
AV @l ol 5B slaaY b pdsy opl o Sk
jo)‘s QL@WQ_}MMW&MJ\.&M r&?v.:...u‘jdj-h
B Eata ol il e ds 53 AGV wisad Lol a4 gd= U
5 oo Il Gos 5 S DU 5 sl Ly canlin il @ Ol o
Cils by e a8 OU s Ssu 4 55 00,5 50

\‘"bv A9 OLT- a0 € 0 plouds (o9 w0 Jus ol 535J9iS5 9 pglle ole Alxo

5 Slo SUI sl sair a Sk Sl ol s (WSl 5 &S
Skl (Sl 5 Jlo mho 01 4 Jlal il S e
5 Glo e o dns e p ke OUI s G ol 55 e
SUI 5 Ll el (St opds carpe s Al i
S e SUL s Ll sd il el SIS S e
e Sl 5 oeap e s 58 e lseal Jow
TS 5 O sbal 5 (S G s e 5ISEM oS .

sl ol 63l QLLa

SRIgel SsluYuer s olgS ()5
sddazsle gladi ses 51 G a6l glabaiian Jias O e =l
B Al o s e A5 Aty (e A
A b e 03] Sl Jole S SS A5 e
Slp ol sl 1S i Jade 5 et plSnad Ol gew
A alie UG b s Dlexr 53 sl (s LS rd s,
3 Sal e b eddastle ek sad S pes 5 Jsl 4z 5o
sy S S f3 et 53 opl 53 Ll v el Jius
VA PY ptp;j p o W )3 el 0l ey Ol BUN s
93 ol o i adlas s 5 a8 OUIL sddant b slads gl
el o dd gy e Sl esd L gens S U S
SJE 5 GE lacyjsmelS hast [NS- 55 ows f S
plas > das e 0L, AJE 5 AGE Gl glaglaNae
Ol on e ) 0 o3l Sl s 3 beges ol
Sladisad 53 38 s el slaeY 3y 5 SU 5 s
Gus 53 S 5 0dd Mo e JT Y 51 205 50lS Y AGE

10 pm

S S sl o 5 SEM (sls S 1 IS

Fig. 3. SEM images of jute fiber cross section.
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Fig. 5. Comparison of specimens manufactured with vinyl ester resin (a) stress-strain curve, (b) flexural strength and modulus, (c)

AGYV specimen, and (d) AJV specimen image.
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Fig. 6. Comparison of specimens manufactured with jute fiber: (a) stress-strain curve and (b) flexural strength and modulus.
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Fig. 7. Comparison of specimens manufactured with glass fiber: (a) stress-strain curve and (b) flexural strength and modulus.
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