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Refined 3-D Stress Analysis of Composite Wavy-Lap Joint
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Abstracts

Due to intrinsic load eccentricity, severe peel stress concentration occurs at both ends of the single-lap joint.
To avoid load eccentricity as well as the singular tensile peel stress in the joint interface, composite wavy-lap
joint is proposed. In this paper, refined 3-D stress analysis of wavy-lap joint is performed by finite element
method using parallel mutifrontal solver. Analysis results show that the singular tensile peel stress
concentration is totally avoided in wavy-lap joint, and that loads are more evenly transferred over the length of
the joint. Therefore, the strength of wavy-lap joint is significantly higher than that of conventional single-lap
joint. And it is believed that even higher strengths can be obtained by optimizing the new design configuration.

1.4 8

WP T2EEL §FE AAE AN AHA=Z
AFE FEL 7R REER FAHY gy 2 3
oA A7 R 9(connections)t} Z E(oints)?t FZ
Hoz AR FAdF REold, vl BF Asse
AEAAY BgA8d 84 A8E P Re ¥
FAEE dFEcH UM JleHez a4 BAY
2 F ol BERASE Alegez REEY £
g 3A £9 7 A gts, §¥(welding)ol v ¢
A A (soldering)s} Zol 5& A8E AP} FEF
Q WHEL MK B(fiber-reinforced) EZ A B
93 BAgsd. 71A3HA ZY(mechanically
fastening)® vl HAAe] % H3(adhesive
bonding)& E£ES} Wg ALEY 4 B T2 H
Q) $¥E FRAF BN ofle TREL &40 ¥
RAetA &7) Wi A& B4 2R E Agsted
AoiA fElsiet. =g A #al(adhesive)d] 7 HE
o] FE Y& AFEA A, 22 AH =
4 (fatigue life)& MAANZTE Aldo]l AFHo
o1l Fuoz, HFAel 93 FHEL JA4A =
Qo] nls) vlgo] HAAET 24 FREY AL 25%,

"‘ Agustn §3$F3ey gy
A3, AUt G2 LY

o =

T

LT _ . _
B84, FANER 3473

10%9 % 32 AFHE 1AL

F 7289 3% 5
F 95 AYAA ool H% antn @

7l W&ol g

gl

HatAd s HHR 2JEE dFEA e 2%
& olFoAN AEHI glEedH, 2 FAME single-lap
ZQE, double-lap %9 E, scarf ZYE, 28z
step-lap RRJIE7 dutdez Ag4Hz g
single-lap ZQE¥ ©&dr] Ay Lo 713 HA
. 28\, single-lap Z9QE &89 8F #H4A
(load eccentricity) &A 2 Qlsl, ZAE Q] ¢ EolA
A d $Y(peel stress) IYFo] WAsA Hrt
double-lap ZUES 7Z$oE AY $Ye) BFYo
2 93 dAste REY N 2 ¥ 3o g4
2}, single-lap ZUE] vl @ &¥o] =X @u}
sojgts, oL odAdE HAL £ e AWEER
(adherend)®] A& A eiA @t @8, scarf U
Eg step-lap 2UEE H 8ol A9 47X @A
2 A 7hEE Eulrt Bass] | v g B
of 4 €t FHEE HolH(taper) HEIJAY =
QE ZodoM HaA Had(file)e Fo=H F $
gg o Ax 2N & dAY 2 A3E 0¥
A 2R g

ZAE9 F2HY &AL Uy daiMe &
% 4L H8ln 2UEY YR ES we A% =
% H(tensile peel stress)el &7t HEF ZUEE A
Asjolr e}, 39, FHAAN AdHez @ $Holy
Y (cleavage) 3ol #F3l7) W&o HHAAE A
(shear)olu} ¢t&:(compression) A EAZ KA A At &

-168-



o} ol s ZANA, A2 MEE wavy-lap
2QE7} AMHAUHL). wavy-lap 2UES Fa A
A BHLe ZUEY HYFEA B0 A% F &Y
(singular tensile peel stress)®3 olue} 35 HA7
A Agezs 2UAEY HE ZE((joint strength)&
Z7}A 7] Holth. C. T. Sun et al[llo] Fad Ay
o 23, wavy-lap ZUE2 ZE7} single-lap 22!
Ext 15-2203% o AA Yebytr,

C. T. Sun et al-& ABAQUSE o|&3% 9 single-lap
ZQE9 wavy-lap ZEQ 2-D 48 4L 53
s B d7eMe, 8 g5 ZHE & (parallel
multifrontal solver)[8]€ AM&3to] &3 84 H(FEM)
o 93] single-lap ZUE S wavy-lap ZUAEY 3-D
44 49 XL FPFAct 3-D A 9 siAe
%8 single-lap 29 E S wavy-lap ZUES $8 &
EE v ms Bt}

2. Single-Lap Joint$} Wavy-Lap
Jointd +x

Fig. 13 Fig. 2= dAEql single-lap &9
wavy-lap ZE9 224 F=29 715gHA 4
veEld Rolth F ZQAE HYREPE WHL
A 87 YA single-lap ZJE7 wavy-lap
Exd HIYLEY Hols}l o A} F RUE =
e 22 254mmelt).

zQEe IHYEL 7 @] ¥A (orthotropic) FAQY
AS4/3501-6 Ba/EA BEFARE AL 3
A WA (sotropic) &2 FM73ME Al&£3l5dl.
AS/43501-63F FM73Me| &4 X8 Table 1.o] A st
Ak HHEEY HE: &M e Y BEXE vn
71 HsiA HHEEo]  [90/0/90/0k T
[0/90/0/901:2 B3 8 A& ndstd.

{m

%

N

¢

- N ol
~ e

3. FEAd 93 3-D A4 &3 &4

A3 stEo] MR E single-lap ZUE WA=
Adams® Peppiatt{5], Chen® Chengl6], =2alz
Toshiyuki Sawal[7] ol 93jA ol&HA AT/ &
o] Fedo] sgfon, AITAXE o|EHY FHY
(analytic solution)& 7§XM3l7] 94 A77 AYsz
Ak 22} wavy-lap ZUEE B4 4oz Q
3 ojgHd A4S Fats o) HR @k wrEky,
QoA AFe vle Zo] HE OF ZHUE P L A}
28l {8 24 Hol 93] single-lap FUES
wavy-lap 29ES8 3-D A $8 ¥ E 484
o}

WA, full scale 3-D ZUEE 8§34 3239 78 8
%(8-node solid element)& AMg3te Eddsy)
Fig. 3¢ single-lap ZAE] ¥ FEM 2 AH(mesh)
& el Aold, Fig. 45 wavy-lap FUE] i
FEM ZHAE Jehd ZHoldh Ax A¥(node) F¥&
147900012 AA #3 LA(element) F 136,3870]
L5 ZQE HAYEL FA wgoR 16719 F
T 8AE AR FHAAE T4 YFoR 1719
& 248 AE3HY. RUEY FHERES FHo|

o2E BNy /Y 84F AgEHen ZQUE
Foze 2079 #F 845 AHESHT. FA
2 Fig. 1% Fig. 2 YElYg s A gon 9
E(x=-1016)< 00018 H S +&e90
AHGE HEAA7E wvie JFGRES ZAWAAN
A oz sl FXF Aol Y £%
g H=s) ®msioh Fig. 59 Fig. 6& [90/0/90/0)
single-lap ZUES HFPFENMe I S A
48 ¥2& yehd 293 ae=ely Fig. 7% Fig.
8< [0/90/0/90)zs single-lap ZUES HEFE A9
g 295 Ag 28 £XE Vgl 2838 agxol
o BFAEY HEF £M7F d2dals ZJAE F
3 BRAY &8 BXE 37 o7t UA Fed
single-lap 29 E9 ATHE LY & EdoN 2 A%
g 583y Ay $Zo] LAJ} o= single-lap 2
AEY HPREY 4 THAMREE st dojyr]
AZgde 49238 49 E1). single-lap &1
Eo 7L iR F}Fo] ZUEY HTREEY ¢
Bge 53 AgEy FPFEY stede €Y £%
7t A¢ gEg ¢ F Utk

Fig. 99 Fig. 102 [90/0/90/0);s wavy-lap ZUE 9|
AR M ¥ 83 Ad £ EXE ved
P33 aiZeln Fig. 113 Fig. 12% [0/90/0/90]2
wavy-lap ZUES] FHEFEEANAHY ¥ Y Ag
€Y X & Jvgd 29F adZold. wavy-lap &
QES A single-lap 2UEQ BJPREY & G
AX ey Eo| AF F 8 FHFo] A ey
A o YRR o EoM 45 I o]
Az, HYREe ¢ 2oy JFREY sed A
ol e Addoes e AF W o] A,
3, single-lap £ ESE 2 g §8o] 2UE
o FEREY LU E FHNE ALAGE AL &
T glt}, o2 9lsll, wavy-lap RUE = single-lap &

Ao vd o 2 P BEE 290 Lok

otk

ol

JB B JE o
)

4. 28
¥8 gF ZHE HYPS ALsg #3 84 Wi
9l single-lap ZUYE 9 wavy-lap Z2ES 3-D 4

A &7 H4e s

single-lap £UYESY 7% ZAE HEREY ¢ &
el F 9% 8 85 A $FHo] A YR
B9 &Fo] HPREY 4 Edg 54 AddHg
9, wavy-lap 2QE9 A4 Eo] 9% ¥ $¥ A
Fo] Ay wAgsA e 2UEo] APREY @
Bl Q% @ S¥o] TSy HYYEY 4 ¥
93 HPR R 7ted Aol FuAes e
D% B "ol A, FFRRY JleddAE
A &go] FAFT =, wavy-lap ZUEY %39
o] HERREY 4 B HAFHE o] oly
HERE AAo vny n2A EEsA g o
A8 MZ$ wavy-lap ZUEE 7|29 single-lap
JE vz Y Z=7 o 3 A2 o Hg
= S84 "ol oz RHE, AdA M3 i
g 2UAE HY F=E 4 FIAANE F U
Al gaE £ o

fr 8 ox Bk ol

-169-



%7

g A7E AYlerd IANPATY A 9
@ LA

A3 24

(1) Q. Zeng, C.T. Sun, A New Bonded Composite Wavy
Lap Joint, AIAA-2000-1484

2) 29, %23, WAVY-LAP JOINT €8 &4, @
FEGARTE 000E #5%E dd =83, 2000,
pp. 216-219

(3) oAHA, BYNE P RUAE FZ2EY HY T=HY
A, A =g, AEddn

(4) Seung Jo Kim, Hea Jin Yeo, Soon Wan Chung and
Woo-Suck Han, Direct Numerical Simulation of
Adhesively Bonded Composite Lap Joint , Proceedings
of The second Aian-Australasian Conference on
Composite Materials(tACCM~-2000), 18-20 August, 2000

(5) Adams, R. D, and Wake, W. C, Structural
Adhesive Joints in Engineering, Elsevier Applied
Science, 1987

(6) Chen, D., and Cheng, S, An Analysis of
Adhesive-Bonded Single-Lap Joints, ASME Journal of
Applied Mechanics, Vol. 50, pp.109-115, 1983

(7) Sawa, T., and Nakano, K., A two-dimensional stress
analysis of single-lap adhesive joints subjected to
tensile  loads, Journal of Adhesive Science
Technology, Vol. 11, No. 8, pp.1039-1062, 1997

(8) Seung Jo Kim, Chang Sung Lee and Jeong Ho Kim,
Large-Scale Structural Analysis by Parallel
Multifrontal Solver Through Internet PC's”, 4lst
AIAA/ASME/ASCE/AHS/ASC  Structures, Structural
Dynamics, and Materials Conference and Exhibit, The
Westin Peachtreee Plaza Atlanta, Atlanta, GA, 3-6
April , 2000

(9) George Lubin, Handbook of composites, 1984

20] 20
,: e e
i e S
(a) o distribution of (b) oy distribution of

{90/0/90/0)2s single-lap joint [90/0/90/0ks single-lap joint

Fig 5. Stress distributions of [90/0/90/0)zs single-lap joint
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Fig. 1 Geometry and dimensions of single-lap
joint
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Fig. 2 Geometry and dimensions of wavy-lap

joint
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Table 1. Elastic properties of joint materials

Fig. 3 FEM mesh of Fig. 4 FEM mesh of
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Fig. 6 Interfacial stress distributions
ot [90/0/90/0)ss single-lap joint
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Fig 7. Stress distributions of [0/90/0/90)s single-lap joint
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Fig 9. Stress distributions of [90/0/90/90)s wavy-lap joint
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Fig 11. Stress distributions of [0/90/0/90)s wavy-lap joint
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Fig. 8 Interfacial stress distributions

of [0/90/0/90s single-lap joint
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Fig. 10 Interfacial stress distributions

of [90/0/90/0ks wavy-iap joint
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Fig. 12 Interfacial stress distributions

of [0/90/0/901s wavy-lap joint



