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Abstract

This paper is concerned with a study on fracture strength of composites in an adhesive single lap joint, The tests
were carried out on joint specimens made with hybrid stacked composites consisting of the polyester and bamboo
natural fiber layer. The main objective of this work was to evaluate the fracture properties adjacent to adhesive bonded
joint of natural fiber reinforced composite specimens. From the results, natural fiber reinforced composites have lower
tensile strength than the original polyester. But tensile-shear strength of natural fiber reinforced composites with
bamboo layer far from adhesive bond is as high as that of the original polyester adhesive bonded joints. Spew fillet at
the end of the overlap reduced the stress concentration at the bonded area. Spew fillet and position of bamboo natural
fiber layer have a great effect on the tensile-shear strength of natural fiber reinforced composites including adhesive
bonded joints.

* Corresponding author : jklim@chonbuk.ac.kr (Received June 30, 2005)

Key Words : Natural fiber reinforced composites, Adhesive bonded joints, Spew fillet, Hybrid stacked joints

ol & £ Utk AAYRE o4 JIXE AAY S

LM E o, Aol F(sisal), vt S& et 44¢ 1

2 o 7o) HIAA AMg Ago] glem 4

ARG BEASE Azleln A87AHe § T £ Y YUTE 2 U 4% £ g
244 BIAR(GFRP)Y WAl 7FsA R Az dutdoz Il AAYRAE EIAARY SHewm
Be #g du Qo feldadE FRARE or]  RAlY HABC] B/ AR Wile dolAY
AHEA; Aol B FES QXS A, P IRAEE B SolAA dn. a2eu 463 RAAE
27349 Aele Epstam Balvt o2l st 4 olg3tezA FAY Awalete MAE F gley &
A 7] o] Be FARAE gl it wel A gl AR vims) Bd It 2Hde 3
A AT B oE BAZ 2T F e W & 5¥L 24 g9 A4 Addes AN B

KBIRHRBETE $23% F6%. 20054 128 563



68

&84 - 434 - P4 - AR

FAE AHESI AES AElEe AT Bol oF
Az et AAMR7EE EFARE Gestet SlolA
8% 3 /e EEAE 2Yske Aold, FAA A
g 2 5 3 e 2 5 dnk FEAA AYS BA
2 g HYsA olFAEE Adsked e A
Z og, 7|4 T A Ad AH T ARSEHE W
olt}, ol HaA HEE T A% Yukdez HAA
7} JRRRI2 g Ueha] dFe] "IlE gAshedl,
olAS HaA Hal(spew fillet)o)etn o} ol&T
AAA "3 vE By A Zout HAR PR
2lo] 2SS Zoluy AP 92 F, A
T3] 2 4L R AR delA P B A
FlMe AAG72s Bl A S AE
IS W HAR /PgREY $EASd gk Hi3AA|
(adherend)®] $HEE 9 FA=E A,

£3] £ Ade A5 $HEE ¢ 4HARE A}
7] 93 Aoz HAE AWM s} ohyel H
AR JWAAEe S8 FA Qg EAIgIe] HrHE
ZHoa adct. wetA] A3 HAHE A et
AEL Ao sk dojuka] @A AP

7}zl Mgt dutydog Jde| AMgEHE A
A9 B¥3} ZejdAH2E 22 Adan 27
AZe PUF A2Be 435y T2 A3 o
o g 2] wix) b HEA Dl wE HEAG
T 2 A79 w7z 59 #gE #AGY. £33
2Rg2E AR A48 5 Qe AAlEAMY BdAE F
7Ytz 98k, FAE ®sAZl EeldaH2 A8
AEAE ooy dRulEdd HIAAAAM AFA
glol| 9 HAPEHIE FPIATt

L

o

2. AtEXE 3 AP

21 AFBX =

At AHgd A= E78Hd (thermoset) B33}
Z2]o) AH 2 (unsaturated polyester)°]th. 7]
FA9} 3 BAAZ AH-E ARERE guRE A
Hairt. AAHQA uF-E FA Imme I HARE
g FE = 7B F, olg AxstA 2mmFAL HAL
7+d ZZ%(bamboo natural fiber layer)2 THERL
o} ol&gt AEE RTM(resin transfer molding)<
o] &3t A o] Uy A zge] Yk A4 &
& J=5F -dsHA Hplate) FEle] EF AFAE
Azsdct. RTMl #d8 7142 6~8bar, ¥
TE -0.8~-0.9bar, FYUHEEL 1~2barZ 33TH
ZeldaH2e 27| Agdgolv 7Eye il

564

SIEE FAIY A3AY HA E3uE AHEsIT F
ge2El2 Wi 7IZE AA] Hated JAFRA
0.1bar, 50CEEZ 3~4A17F f213K7 Z3A AT

AddfAE EFAET e BAAE T8] 98t
o] ASTM D 638l ute} 150x35x5mm =719} Alg
HE Azeldcy, E=3k, ASTM D 10028 715o=
o HA HRAEH S AZeATh AR HAA =
TF28 o FA] (epoxy) HEA (3MAF DP-450) 2 29
A EFgoln A AR A3t rbesitt. HARAE
#10009] Al¥(sand paper)Z ofsti, oESR
AFsEtt. FAFAE 2237 A3t 0..mm T&
Ae ARSI e HAFAZE S8 JALEE Zes
e Az O Add AT BE AJHANA
AR gHxs HATAT FFAERAUL FYsHA
FRsItt. e #d34dols 6mm, 10mm, 14mm
2 slen, H2A| H3l(spew fillet) 2 HAA 73
stz gto] Hi 3ANE Y] AdE B8k
Omm, 1mm, 2mm= 33t}

DEASE AHESIREE W AsA Ad Hed &
Je LAZA ZEfdzH2e] HPAF T FAA 23
o] 93-S Hrlsrh. ZgdxH 2-FeldlEHz2, &
ol 2H 2-ZH(SPCC), Eejd2H2-4FvEH(Al
6061)< AZ st At AJP RS EFAS
£ AHSSIE o oiuF BRI fX)9F H3A B
o] AgE HWIFIAT g A AX7F HHE
d 7ol UE A$E narrow typelE, i)
2] BojAd Y& A2 wide typeclEh F<lslH)

B Agd A8d 7l Z3R FAANEHE Fig. 19

et
specimen width : 25mm
. 110 . t =25 ~ 9mm
L — "
L Dolyester ¥t £=6, 10, 14mm
I polyester ]
l——
5 110 B t =25 ~ 9mm
e g
polyester 13t ¢ = 10mm
L steel, Aluminurn j
Hﬂ (thickness:1mm)
110 wide type
= o t = 6mm, £ = 10mm
e I T
L 1
[}
. 110 " narrow type
— - t = 6mm, £ = 10mm
I—%!H t
L 1
2

Fig. 1 Single lap adhesive tensile-shear specimen
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Fig. 2 Mesh model for finite element method
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Fig. 3 Mesh model of spew fillet and its size

Table. 1 Mechanical Properties of material

Tensile strength 75(MPal
U;;Szgtléfted Young’s modulus 5.2(GPa)
poly Poisson’s ratio 0.26
Tensile strength 10(MPa)
Epoxy Adhesive | Young's modulus 30(MPa)

Poisson’s ratio 0.30

Tensile strength 4[MPa)
LongitudinalModulus 3(GPa)
Major Poisson’s ratio 0.26
Longitudinal Shear Modulus ~ 10(Mpa)
Transverse Modulus 0.1{GPa)
Transverse Poisson’s ratio 0.26
Transverse Shear Modulus 5(Mpa])

Bamboo Fiber
(heat pressed)

RERRE F234%6 565, 20054 121

31 £ M=z AlRE

3.1.1 &4 A34

150x35x6mm F71e] thuty A%, EeidadE,
Zol g2+ Af AIE"EA A A8
= Fig. 3% Bt} dA=E divr A#E 28
AR7t TR e Azl vis) @A dehsct of
e ditdos doidl AAdEt EEAEY O
A7} FaAE B4 AR a8y 3w ¢
F2 vay FH2 A2 yEyen, Ead g o
T Aol 79 2380 40%9 Ae A, A
BFES AAAHQ 98 32qE A5 BeAYS
< F 3o

3.1.2 EejdzH2/ZdAHE A EH

A B3E AAS L FAFe Fadolet A=
FAE 28 geme] Z2HE Fig. 49 JeEpUTE 2
A FAZF ko HEAA gAY $EPFY 9
o FAglel AW EE5E XA =7t do
gk 23 BAe FA7 FAE Asde A2A
WAl SERFY FYgS won=E of HEA
$Ho] FAFdld ZAE #AFsh= A (sectional
failure) 7} dolwkeh. HAZo17} 6mmel® AlEe] T
A7} 3.5mmel’gelAl, BAZ°])7F 10mmel® 4.5mm
o]’doll A, FAZo|7t 14dmmel™ Smmeo|dolr] ek
a7} dejyitt, dutzier HAo|rt A4S HA
AeE FURkE AeE dEA sled, o IUkke
Tl ARZold APAoR HFsNE g 2
Aol Azt dofuhs A Acritical thickness)
(Fig. 49 ¥ = A¥PHo= JrleiA geth

Z 3500 e
0—4 H
Lo} ~%—Bmm
& 3000 t{ ~e— 10mm avetap lsngh
Q —--14mm /{
—
2500 2
Bonding féﬂure in overlap 14m mf //
2000 |- 4 s
Bonding failure] in overlap 10m_[I_II e
gy
1500 4 %
/,//fﬂonding fallure in ovpriap Bmm
1000 - ez
500
]
2 3 4 5 6 7

Polyester thickness (mm)

Fig. 4 Relation between fracture load of single
overlap specimens and polyester thickness
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Fig. 8 The failure model of adhesive bonded joints
in natural fiber reinforced composites

Fig. 9 The failure of narrow type with 0, 1, 2mm
spew fillet

——e—no spew fillet
-&— lmm spew fillet§ | & o+
4 ~ % 2mm spew fillet |

P
i 1
i 1
|

Stress/P

Position (mm)

Fig. 10 The stress distribution in hybrid stacked
joints and spew fillet

KBRS H23% F65%. 20054 12H

4. & =
2 dFdM e FEA JAdS A SdAs

SA713 A F3lo] o3t SHEE E A7

o] ¥3lE ZARI HAA "R givky 2R
I AFAE A8 AHeAA BA9 sz
A& A =AU,

1) E’JH" FA7Y gko AzA spgAele 83
9 Gkl BAGle] AEe B5FT RA uh
7 dojygth. a8y BAZE 5mmold FAE -5l
T HEA PR $8AFY d3e womg o
BRox gEo] A3l mAE #FEde= Aovy
(sectional failure)”} ¥elge}.

2) FFA g3l 271(0, 1, 2mm)e H&EA 7V
APoA SRS AXE WA F3e 2717t
F5E $HTE s ATE g IRIHAU

3) dvs BRA7E J&AR 7 A-F-(narrow
type)oll & 82 AW (layer failure)7} Lot}
webx] AR A $83Fd A9 4 U= A
@k (sectional failure)E 7H2 < €171 W&ol ol
S ok AxelA g7} dojdnt

4) A9AG 73 BdAse] 9d AR HZA 4

A dEiel B4 2 AE 5L duE B 9
29} H2A) F8le) =7)(0, 1, 2mm)ol FTFE wet)

o2t

"

o
rat

1. J. M. Ferreira, H. Silva, J. D. Costa and M.
Richardson : Stress analysis of lap joints involving
natural fibre reinforced interface layers, Composites
Part B: Engineering, 36-1 (2005), 1-7

2. M. Y. Tsai, J. Morton : The Effect of a Spew Fillet
on Adhesive Stress Distributions in Laminated
Composite Single-lap Joints, Composite Structures
32 (1995), 123-131

3. P. T. Cheuk, Liyong Tong : Failure of Adhesive
Bonded Composite Lap Shear Joints with Embedded
Precrack, Composites Science and Technology 62
(2002), 1079-1095

4. L. Dorn, Weiping Liu : The Stress State and Failure
properties of Adhesive~bonded plastic/metal joints,
Butterworth Heinemann Ltd (1992)

5. D. W. Seo, H. C. Yoon, Y. B. Jeon, H. J. Kim and
J. K. Lim : Effect of Overlap Length and Adhesive
Thickness on Stress Distribution in Adhesive Bonded
Single-Lap Joints, Key Engineering Materials, Vol.
270-273, (2004), 64-69

6. Robert W. messler Jr : Joining of advanced materials,
Butterworth Heinemann Ltd, (1993) 135

7. M. Y. Tsai : The effect of a spew fillet on adhesive
stress distributions in laminated composite single-lap
joints, Composite Structures, Vol. 32, (1995), 123-132

567



