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Failure Mode and Strength of Unidirectional Composite Single Lap Bonded Joints
II. Failure Prediction

Kwang-Soo Kim**, Young-Moo Yi*, Chun-Gon Kim~

ABSTRACT

A methodology is presented for the failure prediction of composite single-lap bonded joints considering both
of composite adherend failure and bondline failure. An elastic-perfectly plastic model of adhesive and a
delamination failure criterion are used in the methodology. The failure predictions have been performed using
finite element method and the proposed methodology. The failure prediction results such as failure mode and
strength have very good agreements with the test results of joint specimens with various bonding methods and
parameters. The influence of variations in the effective strength (that is, adhesion performance) and plastic
behavior of adhesive on the failure characteristics of composite bonded joints are investigated numerically. The
numerical results show that optimal joint strength is archived when adhesive and delamination failure occur in
the same time.
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Table 1 Types of joint specimens for comparison between failure
predictions and fest resulfs,
ding R
# Bonding Adhesive Fillet Failure mode(test)
method
1 *SB EA9309.3NA | None | Adhesive & interfacial failure
2 SB EA9309NA | None "
3 SB EA9309NA | Fillet ”
4 OO FM73 None 100% delamination
5 cc None None 100% delamination
4*) * SB : Secondary bonding, ** CC : Co-curing
4. 23 2 HE
4.1 & J|E uelo|g Z2H
ul Za
= b
4 o) | =
73S Az
1

—
i

o o &
o

ol

FHER 71E AA
I A3 Table 29
#rh &, EA9309NA L EA9309.3NAS] HHE=3g8 e
9B AH@1L2)Y A s e o] 89
AR FM73 AEFen T4 4¥d Al A
= ZnRee HE T‘]-{x_:ol uwg——]woua BaAe A

N

Oz

g

EELE L

CER

e 14x - B
sl A9 i ol 44

Table 2
A HAEkAe
) e} A

A4

w; T,

"

S el A

Vst



a

—Test
=0z Analysis.

(N) peoj uojsus

GAE Single Lap

H
hl

2

Effective ultimate stress results of adhesives.

2005,

AN
Table 2

g,
£

~lolg—
g e ||| E =
2 5 e
& | 8]
o B S| O -
Qo= gl glg &
g8 |ElEZe
(53
nmw 3181 ¢
o) 2 Q@ o
Ala @ =
-~
v o &
va
B EE IR v
= S v | o~
EEZIT T
mE g
5
@
Qv
ta
[CER7 Y
] els! <
R R &
ER = Ry
ERR]
s RE)
<
g 2|3
= 121%] o
Q|
& glal =
5 fie e [
<< AA
EE

184

0.8
1.0

0.7

08

0.6
Failure index for delamination

05

0.6

0.4
=4kN
8kN
11.6kN
X {mm)
X {mm)

0.3
Displacement (mm)
0.4
P
P=
P=
A Y A

X
(=3

e
AL

0.2

Max. failure index = 0.95
0.2

0.1

0.0
(a) Interfacial normal stress, (b) Interfacial shear stress of

specimen #1 with EA9309.3NA adhesive.
specimen #1 with EA9309.3NA adhesive.

Fig. 4 (a) Load-displacement curve, (b) Delamination failure index of
5

i)
=

zk

o] &g
7}

19

A &

i

=)
s

5}

§l

o

ERe
=
=
=5, =
=
RERS
A

“54 7o)
pagal

)

2] %31

A

8

B
LaS

FM 73 #

2

e
Ty

B3

of wheb

02

YER™ Fig. 4(b)e
z‘s;L

7}y

S

Al
7t
3

0.432mmeo] L},

@},
o)
=

)

=z
O

=

1]

3}

EA9309.3NA
[+

[s)

.%
I38kNO & o] 2
sl &=

|
>

ok
i

Fig. 4
Fig.

o

420
o

Lo
T




(@)
o
") i
2
of
B
oy
Je
y
i
H

o

na
<

- Test
{1 Analysis
B Analysis (delamination)

—
w

a

Tension load (kN)
3

5 g

0 ¢
0 o . . . . . ) 20 0 2 4 5 FA |
00 01 02 03 04 05 06 07 08 X (mm) Lo e

Critical distance
Displacement (mm)

Critical distance —-» |«

Sigma_XY (Mpa)

‘‘‘‘‘‘ Co-curing w/o adhesive (elastic)
~—— Co-curing w/ FM73 (elasto-plastic)

Tension load (kN)

X {mm)
0.0 0.2 0.4 0.6 08 1.0 1.2 Fig. 8 (a) Interfacial normal stress, (b) Interfacial shear stress of
Failure index for delamination co-cured joint specimens.
Fig. 6 (a) Load-displacement curve, (b) Delamination failure index of Fig, 70 FM73 A 27 & SN A & Ao 4=
co-cured specimen #5 without adhesive. _ .
4% AiE ZAS 3 ol o]t A AA
- st S S ﬁf 22.8kN¥} 12.9kN2.
e 2 B xolr} i He AaA wé 3
2‘20 g4:«2:::§:::(delammauon)’ %;% u '?A %E:Z]‘E} %:7&7% % 9“}::} 3’1—9-.‘:5 01];{
5 15 o). ubeba o] A 120kNS. & ghAe
210 AEA e 4 4% A9 A% Ao ahe
g dERUE o e e SE AT o9 B oFH
5 Aske A Avkel oS 2 YA sE Aol
0 | Fig. 8 U 9t BA 49 AR Y M7 B AAE
0 02 04 06 08 1 AbgE Ba] AE Afe] s Zb Al iR ol
Displacement (mm) WHAE A, B aFelAel A S 2xE veh)
B0 dhesive / ntertaci gtk a9l A#g g, ¥ Aue sdsA s v
200 { failure g Fho] wrAEld x| <A A Zol(0.432mm) ol ALl peel
g $e5 A9 $2A9) W gL Bol thE AL ¢ 4 AT
R, osh ol ® el ¢ REsL wol A veh
g 100 B ole daAde a4 A% WEelt. & AAA ge
® 50 Delamination faiure A AW AR Y REA Holdg /ML Y wd
00 FM73 HaAE AMES B4 A8 AldelAe d2dAe] &
000 050 100 150 200 AABoR SHo ool Akl e & F Atk o]
Failure index for delamination 2 Qg Hol¥oldel Hol 82 peel §¥ 9 HY F

o] ¥ HAA e AdelA dd o aA yekkd.

co-cured specimen #4 with FM73 adhesive. Ak, «dAl dolo M AegHEE HAA glv F4

Fig. 7 (a) Load-displacement curve, (b) Delamination failure index of

vy L B | Q
A% Agol AT peel $¥2 2 Hoigith
Az JEUT 94 2th ojne B A|He el o3 Fig. 9% EA9309NA H & zﬂ g Abgshe "elo] e olA
24 Aol EASA o] wFolth AWl sF-we I AT A S dF Ay ek Alde xA
9 FEE oF sEe AY Adst vig Z dABih Al shéo] Ak Aon cﬂ:-EI?iP_B% g BE gl ke



—_ e e e
1& —_— ToHr o B o B0 RE X
o ogEHEL e FEA LT TR p1mﬁ B T oy
o~ g AoLE.,%N_.IuI on.\,u_lquoE,nﬂo]7AM7 uﬁo.o)sz.w.zﬁ
g T ogs TR ORE G O~ oy W e o 7 © N <7 bl
g T 50 ey W el oS G ' on O K
o b g mw ey w G S o - wm & Mw TR g
— = = Js T —~
g - R g = L BNE ,ATAom,wJ.x_r7 slo B T
= & ‘“C P Lol o AT TS OT A,._ o M0 \.Ml E
z £ o ol 1o NI 2 o 38 e %o o} X
w & B ooy o ® Mo P = M L L W C R B o N
a ol T oA e = ! = ity —
£y s TeEmaT L B R A B S S
s e s =z o Hﬂ \WV CE ﬁ‘.z‘ Ml. Yooy o = oy ﬂ_.u = - W tho & o W
= 8z °® gy O i} _u;ﬂtu:‘rhm.%m:_:i%% PR N
G oL TE L X ° RO BN op ot g ® %a% ( FRagud ol
Bs o hy st A ay my ok = -
hs 3 25 U0 _A:_xzmgwmaoﬁxfjﬁwﬂdq_i R SCIN S T
s 5 A . P HE e ok oo P REITR . omo 2
= © 5 <& - oK o F wo].w:o &lmTLInr,ﬁo]llL Lol = 0 d
= s L - = OB Lonr T own ol 2o B0 N do . = (R ) S iy
" € % .m.m [E] 30 T0 X AR §] d Ko X 2 Wo A, &b oF i Mol & zz odb el n_m il +
o v . — T 4 ¥ X 1 : : Lo
Fo il SET WM L TeERaRT R P TR BN S
E< £ e s = 2 R RE LGS oo oo ek
4 R 28 E3 o Puww w Boopoge roo- T ogp A o S T R = i
s a2 €z2 =2 £E 9 w= TORWE & xoxu,!f,oMW% oF N R o] Mo of gn < O = W
2 G E — i o : s Mo % oy o
2} m%&. w BR K o BN o s %o Hm B ° w T T o % o o8 W Gy = o Jhy T oy
K £Q¢ S Bl DI T _‘LI_ . e X oy T oo WO o T O =W a e
2L sS @ N TERN W o L ) R KW oy ®gr X ° B R
% Suz b m.m K _ Ao A . ot @ = K o2 izl = 0 2 R o M3 o Tz Hm M o Ho
{ ) £ 9 £ N A ] ~ Noow 2 = o= o B ] -,
@ s mw % ﬂ“._,_,,_J._ﬂ.Hﬂ..@uﬂ.%ﬂEM%B%@%%%Hj%w_,a;%mﬂaax mo
7 4 e E o . Mo o X ol A % Mo W ) mE oAK <
_ S SE @ mua,gﬂ;m,.uo,@mirﬂﬂﬂo.ﬁaWd; o ke R S
Y g g = = w o Hr wmw B ol op o BF M w2 JHXWAT"/J%.]N%@
] S s 2 %%aﬁiﬂ%ﬂ&@qﬁvrﬂaﬂ. &_\_FﬂwkimMHaLa]M/r TR R
5 20| UOISUB) PO e I [N, - B oA ;
ﬂ (o) peoj uoisua @ M Br U N MR WmEES S AW R
=%
B e Gl - T x.OJ. ;&H .A.t RL
4 3 e [x]slglg]s] PREEEE SEET
g |=|E]18|8|= wORE R gt X ) oy
mw. u & l.. =3 el R R 104 oy _e__. R ,m_wl fl
= = R o T M R
2 2 = HE R T
by - - e - mm.,." .W,o._w\lll.&aluﬂ!kaaml.cl
£ 2 gl &l e|E0 | Foe wHE 2
» B8 EBlz|s|t mom N R, o & A s
" a E3 215 E|8 b 2n oo e = ie ol
f - = = b [ e
= has A Hogr oy wl ARy 0w oy
X e g g ERE o RE i o P
= 2 §%F mmmmsvgum N _sbﬂﬂ%m»y.maﬁ
o © Z= LBl EIELe Tioidle — TR c.w N +
b & o == I FONe B — 4
2 T E B 2| 2 ST L mm BTy
% E S5 &8 & S I I e ~
3 = g a2 HEHBEHE Y K = o Mo
o k= 5 2= g Slslsis el - = & = o Rm
@ 2 = =1 =] E|JE|EIEIE A~ ™ O =t B
s > e»ANn &1 3 z mm%mm ,qmwmamthWAo u.xoMﬂuc
Bl [ R —
g I R Bl ehE et
® o )~ 8 ] . ) ' = T = wn B
3 = 55 §|7|egs3|z|zlalsl B FTXT LT
= S S === it .\ =y g5 ¥i} o™
£ Es E| |3 G LE® g
$E & LA o P VT W oy
o B Blals 22 XU (- ' R o N
i ER I SEIEIEIEIE RN SR e
& <= 2|3 ZlEl= Fowihp ™ 7P 20y
S & o S| g < mn O 0 w8 R
& .Mm Slg ] 22zl R o oy, 0 < mM.a 2
= g TE|3|2312 R L A o
- - o o al SIZ21818]el. TR 4 B ) M
o w0 =3 N ~ @ <|ZIZ121%515 iy g T
= s IsUd S|E8|&le| 2 T o5 T ooy
- (N) peoj uoisus | (N3) peoj uoisus ) a o g AKX A N
&% ! o P R R R o TR T T R o i
) =

5

=

5

Ed
T

t

3]

Al(critical) ¥4 Bz}

|

A ol A



O

£

EEer

i

H bk

P

2

I

1900k

(strong adhesive)

\7 Optimal joint strength

Delamination failure
Adhesive strength and adhesion

B
A

.

|

(effective ultimate stress)

BTt o

Fig. 12 Failure mode and strength of composite bonded joints w.nt
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