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Abstract: We evaluated the stress-reduction effect for different shapes of a composite adherend with or
without a spew fillet. Six different single-lap joint specimens were modeled and assessed using nonlinear
finite element analysis. Moreover, we investigated the effect of the stiffness ratio of the adherend and
adhesive. The single-lap joint with normal tapering had the highest stress values, and the single-lap joint with
reverse tapering and a spew fillet had the lowest stress values. The composite adherends with higher stiffness
had lower stress values, and the adhesives with lower stiffness had lower stress values.
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Table 1 Material properties of the adherend and the

adhesive
El E2 | G2
Material Type vI2
(GPa) (GPa) | (GPa)
TRP XASO14C | 138 | 94 | 67 | 032
Epoxy Hexcel Redux
adhesive 308A 30 30 115} 031 Fig. 3 Deformed shape of the reference model
(scale factor of 30)
" layer) 2 HAZRA k] Awe M WPE L S
Ref. model ‘ c wEE 1] s 3D EHYE 8 (solid
() B element)S ©|-&3}3itt. 2P gIFAAS 3185l
P =X Zupgon  |pREATS  RAHSATh  4e
® ABAQUSE o] §agom, side] ogH ait
¢ &Y= 844 C3IDSIC3RAE o &3l s
Model2 i ke REYA 7 Wgon acE BAen A4
© S @n geEqEel 2 wARE Re O
Model 3 5 ZH8t=S 10019 A (bias)E Fol B 31
@ ¢ [ ooAde g A4x7) AF AATe] gl
\
arge deflection)= L35} st 7]5}g4 X8
Model 4 $ a g deflecti )o _’Eﬂ }‘ ] ‘?4 i ] ]‘6]';(_] H]Hd
() ,\4% Fillet &l 4] (geometric nonlinear analysis)2 <=2 3} T}
1
o e 3. Aapes
R
3 3.1 7Etes 2o AF
Fig. 32 7] 229 ®yge IS5 30u o)
Fig. 2 Six different shapes of the composite single st e Aotk & HA] JHF AAF=
lap joint 2 G4 54l o8l H3l-ol A4Sl (eccentric
Fig. 2= % A7 A89 6714 A& e 2 loading)©] 2-&38tA Hr}. o]2ldk HAlsE A=
G B e 2ds ekl Zlelth 6714 ol ARFASE Aol 2 el wAsL,
wgo oy 7t} 3ol Ed(free end of the overlap region)ol| 4]
—1- LU =] . _ . o
AR 2ol Azksquare end)?] Bl (ref.  © o 1=/ @Akl Fig 33 el W
k.
model) ' B _ i
. <% Blo]H(normal tapering) S ZbE wE) Fig. 4= & AFoA 2dyd 9 HA|7] H=
(modell) AAH- 2ds A7) a8 7l 2o HJ3s
. AW o] (reverse  tapering) S ZH= L Sl M 2] FH(peel strain) P At M E(shear
(model2) Strain) %E% Tsai(s)-g] /\]@7237’]‘9;" ]E_?:Sl— 7/_10] I:‘I'
. 7)ER ] Belo] F7bE B (model 3) Fig. 4a)i= 3ol gl Aol et d=
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BTN AEw dolde W wE 4 of AW WFB A% xe=0401Fo] AT A%
7teE zh=t) o5 wol7] AAEH x/e=0.75°14 Ao WA

BT xe=0.750] Fol = AR Aol e
22 wetEL SEd o, xje=1914 APA el @b oF 13.1%2
2 AFolA= A2 S U(centerline of the adhesive 4 Ay E vle 2 222 B A Fig. 4(b)
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Fig. 6 Comparison of strain distribution along the
center line of the adhesive between the
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Fig. 9 Stress distribution along the interface of
the adhesive of models with spew fillet
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Table 2 Summary of the maximum stress values
of each model along the interface

Maximum values (MPa)
Models Peel (=27 . 100 shear (=" . 100
stress Oy stress Oy
Ref. 12.0 - 322 -
1 15.5 -29.2 26.8 16.8
2 9.8 18.3 19.6 39.1
3 9.7 19.2 18.0 4.1
4 339 -182.5 30.4 5.59
5 8.4 30.0 16.0 50.3

Table 3 Elastic modulus of the adherend and the
adhesive

Elastic modulus Values (GPa)

Eadherend 35, 138

Eadhesive 2’ 3= 4’ 5, 6’ 7

7] ARFE] SHAT Al v AT 339

oA 67FA] ol thaiA] &)}
e d

H
St ©o]l& 9138l Table 33 o] 127FA|(H&-A)
o] A 2744, AFA A 67FA)e] AR tE A

PAN=) ZHS),]_ 2-17‘(1—]“52 H] Eadhe7‘en,d
=T B s T
Ezdhesivc
saaa A £4 9 dwgde] WalE w
ety o7 Frkd AHREEAe] sAAS
35GPa> ]/l Ao g Al dEin
Fig. 113} 125 A9k A 2Ale] Aol A
Qojzl AR A} A2 2]

, ol mE e

o

il
Y
=

4

£ $99 =A7)E old AN Frhd A
g w2 g e, 2 3w B9 A
A e A FAel we A £
o wal syl thgow Be e AW HF
Al Aol F7hEW 4 gee] mE 2wl muh

e A wgth oldd AR Avg

‘\ —=— Ref. model
40 | ™ —e— Model 1
| \ —— Model 2
354 | N —v— Model 3
—<—Model 4

Pa)

| - —»— Model 5

254

204

Maximum peel stress (M

Stiffness ratio

Fig. 11 Maximum peel stress variation according to
different stiffness ratio of composite adherend
and adhesives

50 —=— Ref. model

—=—Model 1
—=— Model 2

a~
o
1

—v— Model 3
—<— Model 4
—— Model 5

a
IS
o
L

)
&
1

w
=3
1

25+

Maximum shear stress (MPa)

Stiffness ratio

Fig. 12 Maximum shear stress variation according
to different stiffness ratio of composite
adherend and adhesives



340 434

dARste] avs #A4 Ay, sdd g
PABel A H2A Aol FES Ho £ o
AeEe FAF Z=rlslga, Td3k H2A
BARAZANE AR FAo] HS4=2 Hu)
sEe 2 72e R A, AL 244
138GPa®} HZA 74 2GPad ziE &Yl 510

4. &4 =

oA A BdaA ddHAT] 2RAES
A @8 2 8 {5 mE SEdT ¢
stgdts WHriedlth olE Fa ved #e A
22 95 7 dATh

(1) 524 G327 2JAES] A5 25
Aol G Holy Aol SHPT A3 I
aARAY AL AT = AAH

(2) =3, AW eHoluo] osf FAE= AR
AT S7hs 29S F748 A3 wd3 ayn
7F des S0 5 Al

@) "AFAsUe] 3 FxuFE T3 27+
Ao AR} DAL ES d53 A VER
o] 49 Siva"”9] Aztel & AA S}

(4) At H2A e AdWste] wE FHu
9] WatE u# A HAFAY AAHS
255, AFA AL eSSy Te ¢
sk ik,

e

(1) Ban, C. S., Lee, Y. H, Choi, J. H. and Kwon,
J. H., 2008, "Strength Prediction of Adhesive Joints
Using  the
Composite Structures, Vol. 86, pp. 96~100.

(2) Wang, Z. Y., Wang, L, Guo, W., Deng, H,
Tong, J. W. and Aymerich, F., 2009, "An
Investigation on Strain/Stress Distribution Around
the Overlap End

Modified Damage Zone Theory,"

of Laminated Composite

& A4

Single-Lap Joints," Composite Structures, Vol. 89,
pp. 589~595.

(3) Shenoy, 1. V., Asgcroft, I. A., Critchlow, G. W,
Crocombe, A. D. and Abdel Wahab, M., 2009, "An

Crack
Propagation Behaviour of Bonded Single-Lap Joints
Using Backface Strain," Int. J  Adhesion &
adhesives, Vol. 29, pp. 361~371.

(4) Kim, Y. G, Lee, S. J., Lee, Y. M. and Lee, D.
G., 1996, "Failure Model for the Adhesively
Bonded Tubular Single Lap Joints Under Static
Tensile Loads," J. of KSME, Vol. 20, No. 5, pp.
1543~1551.

(5) Tsai, M. Y. and Morton, J., 1995, "The Effect of

a Spew Fillet on Adhesive Stress Distributions in

Investigation into  the Initiation  and

Laminated Composite Single-Lap Joints," Composite
Structures, Vol. 32, pp. 123~131.

(6) Lang, T. P. and Mallick, P. K., 1998, "Effect of
Spew Geometry on Stresses in Single Lap Adhesive
Joints," Int. J. Adhesion & adhesives, Vol. 18, pp.
167~177.

(7) Boss, J. N., Ganesh, V. K. and Lim, C. T., 2003,
"Modulus Grading Versus Geometrical Grading of
Composite Adherends in Single-lap Bonded Joints,"
Composite Structures, Vol. 62, pp. 113~121.

(8) Haghani, R., Alemrani, M. and Kliger, R., 2010,
"Stress Distribution in Adhesive Joints with Tapered
Laminates-Effect of Tapering Length and Material
Properties," JCM, Vol. 44, pp. 287~302.

(9) Haghani, R., Alemrani, M. and Kliger, R., 2010,
"Effect of Laminate Tapering on Strain Distribution
in Adhesive Joints:
JCM, Vol. 29, pp. 972~985.

(10) Da Silva, L. F. M. and Adams, R. D., 2007,

Reduce the Peel

Adhesive Joints with Composites," Int. J. Adhesion

& adhesives, Vol. 27, pp. 227~235.

Experimental Investigation,"

"Techniques to Stresses  in



