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A Study on Failure Strength of the Hybrid Composite Joint

Young-Hwan Lee, Jae-Hyun Park”, Jeoung-Hee Ahn", Jin-Ho Choi”" and Jin-Hwe Kweon

Abstract

With the wide application of fiber-reinforced composite material in aero-structures and mechanical parts, the
design of composite joint have become a very important research area because they are often the weakest areas
in composite structures. In this paper, the failure strengths of the hybrid composite joints which were composed
of a combination of an adhesive joint and a mechanical joint were evaluated and predicted. The 10 hybrid
joint specimens which have different w/d, e/d and adherend thickness were manufactured and tested. The
damage zone theory and the failure area index method were used for the failure prediction of the adhesive
joint and the mechanical joint, respectively and the hybrid joints were assumed to be failures if either of the

two failure criteria was satisfied. From the results of experiments and analyses, the failure strengths of the
hybrid joints could be predicted to within 25.5%.

EXE-1

EUAER #E7) FEE A BE B & WA MEHe] el BAAR PR EBoM 7H Hebdt SdAE A7
5 S Gvh B eRelAE WA ABTFRY AN AATE) 2FoR Hel U

Hototn di skt HaAle] S, wid, e/d7h A2 ThE 107HA] shojHe = d
]/Jn | xﬂﬁ_g ?*94 s {}-2% 23] gl oo Hy ﬂ}},]td‘%X Z o] A R R

4 o]

6POIE€IE 5(3594 a}gyopg
HE % oA},

lij\_ﬂnr] 5 Zﬂ §E '1"] 'é“ O’]LM '».}".01 Fﬁ}q ll]—f?].?oﬂ | /«;joq ?S}Oljt’_alfi 3:?”27} fﬂ‘é}-?]

&)

;

S 8T
T

| shEREE 25.5% @A He el oS 42 AT

o ¢

12 Al

Key Words : slojE2l= ZQlE(Hybrid Joint), o] (Damage Zone Theory), T+ J>(Failure Area Index), b~
7 %(Failure strength)

LAE A7L Fag o7 ok gRHL vk A2 PHore A

A 7}1A % A @ (Mechanical Joining Method)H 3 Hate] 2]t

BEe 71Ee] Uy AEel vig g 9 wizkn @3 4 E(Adhesive Joining Mcthod)u_ﬁ_y W S ginh v
7t BD gAY W F4 Byo] £43RR B3l 454, 2 A AZEe oddS(Adherend)d] & VS BEU
’/%‘ jé ‘3‘4 :g_a}’ 7173, %‘ E}oc}::_}' ‘E‘OFOH %%El“’ ?\}J:Hl,z} % J]OE zﬂ o].‘—' tl}-tﬂolu} o} HJHS": %_g’__g_—f_ ol_]éﬁ %aﬁ
HAEE FH 7IE F25Y FRAY A2t WPl Z718 2@ AK(Stress Concentration)g dor|q, Zgaize] 49 o
of uet FE Ei ol B EEE 94 AERA 4 &5 48 Belxr] o] 2l AspEch x|y B4

* Fekdsin 7\ AEY)
e AR T AT, ST REV S04, B AT AN E-mail:choi@gnu.ac kr)
** gAEha 7]731@*&%'5—‘3?-, I RE e AT A



8 ojggt - whHE - ohA 3] - HAT - YRS BB AR e
U RaEe] gAE s wgEe a9 2o] Bolst 2. stojHEE ZUE AIFH Az
3, He dHE GA 29 5= e Aol ok vk, A
o] ofst A@ WEE gTol Ak geng A H 2 =R ARE HAAE Cytecrle] FMBMOR il
2 el widl We HAE Es A = Qe gAY & 919 AEHET B4 doleE AMgstHth Fig 12 A
of Stk Iy Bt mgho] offm 29 3hAe) ot CcERRE 3 JIASH-AAIREE Adxe AdEH-ddd
Zrdzte] s#mel o3 MALe dFe We 47t glon,  FE Mzojch
XH§4 T A7t Basirhe wde 7hAT 9o
BR AARY Zw W7} “ﬁ N&E Aste] g ATE0 70
ZAE o] ghvh. James[3,4] 5 HHA RS} FRvlHo| H2t @
B B9 AA7] o|S(ingle Lap Join)e] 240 B o] ®
2 Y ALE SFegoh Choils] & @Y FA7) oS 50
3 013 FA7| ol&(Double Lap Joiny) o 74 S4e o £,
T HlASIUT, Hart-Smith{6]= ol 7] olge] ©at o] ¥
242 APt Groth[7)= A2 2QlE THEO 28 E % 30
opdozyE dutstE 38 UF 2o HhEE F omhe 7| 20
%9 Aotstdct. Sheppard[8] 5-& BEARo} AEnlko °
APA7] ol Fof Het T FEE &5 S e we NE
9l gpéelel o]Z(Damage Zone) S AIRIEITE Ban[9] H& °, , R R .
71&9] ubg ol 2 e ZARE sho] mb4d ul(Damage Zone Strain(%)
Ratio)Z Alekatil o5 ol §3dle] Hak Aa%el meyrs
R L= * (b)
EgAR 7IAR AZRY] F=Ert 2 3o #st Ay 30
52 A9y o2y 2l Hart-Smith[10]= ZQIE 7% 2
Zofl SHAFTASTE o183, Whitney[11,12] 5& Hots 5
Hil #7120 A3 EA]Zo](Characteristic Length)S A % o
obsllom, Chang{l13,14] Q1%x} 4% EA7lolo] zjton 815
olEe BARAL Aokstel JAH zEe) magng 7
A &5kt Sun[l15,16] 52 ZQIEe] ot 33y maAlg of
Soto] A whe Ao R 2AEY MEPES oS ’
394tk Choil17,18,19,20] 5-& whéo] dofit 4= 9l E4w 0
Ao diste] whEAgel Py AR SR ° oz 4 e 80 u
(FAL Failure Area Index)& A|¢hslgich Strain(% )
ojAe]l & JIx] AAWE TS dlojHE RQEX: A Fig. 1 Stress-strain curve: (a)Tension, (b)Shear.
23} ke ZEoE e S4e MANeR deA 9ok 3
Hup olol sk whEAT Bh W ofSe) Bk AT wigH B =Rl BuYRe} FHE solas A= F
Aol Azl o, SK Chemicalx}2] USN 125 Carbon/Epoxy
2 =R A 7AE Adreet 43 AETaE g 9UF ZeZHaoh HFGAM Carbon/Epoxy 8 2(Fabric)g:
o2l slolus REE st u AwE Hristn  o]Rsh] HIA AW Areich B3 AlHe] HEeA
olF slAAel Aot A% vjmILE FlolHIT ROIEE = [£455/90/4452/04/90/04/£45:/90/+45:]0| ], += BHAES o
WA e dATege] 2¥S tgelel wow Ay ulRth A8E B BAAE Table 13} 29 vkt
Al xR Elo] glow, ¢F ol digt AW 2o u|( itk dojHE= 2RAE AFHE] S Fig. 20 veht ¢
wid), ¥ Aol digt 2 A=l Hl(e/d), WAA L] Had  onf, W] AL ¢=9.53mmojch. 2 AIFPHE A= Table
ol(l), ®AM ol A= ThE 10 F3e) AFES Agstel 39 vt olrh HO-HO3 AHUE 9% Aol ot B
BeA TS Hriskytt stoluAs 29lEe) whe Bug o A9 Hl(e/dE AT AedlA Ay Al g AE =
Z317] glste], W AATRAE e g o|2g Hger o HWAS WSAZL AW, HO4-HOT AlgdS ¥
o, NAA FAFxAE dHHAR NS Afstel o AF diF AH 2o wlE DA AeolM dF HAA )
zolng Bttt & g Aol ug WAzl APHolth E3, HO8~HIO0



W22 W 2 W 2000, 4 Ba) stolsels xEe] sheie] B o 9
w € [ ite adhesive . Steel
4l K AN [
R G
4
%---f'&
Fig. 2 Shape of the hybrd joint o ot
Fig. 3 Jigs for the constant adhesive thickness.
Table 1 Material properties of SK carben/epoxy composite material
Property Symbol Vahie
Elastic modulus in fiber-direction Ey 131.0 GPa
Elastic moduli s transverse dircctions EyE: 820 GPa
Shear moduli in 1-2 and 1-3 planes GGz 450 GPa
Shear modulus in 2-3 plane Gay 3.56 GPa
Poisson's ratios i 0.281
V3 0.470
Tensile stength in fiber-direction Xr 2000 MPa
Compressive strength in fiber-direction X 1400 MPa
Tensile strength in transverse direction 43 61 MPa
Compressive strength in transverse direction Ye 130 MPa 5
Shear strengths in 1-2 and 1-3 planes S1.81 70 MPa Fig. 4 Photograph of the manufactured hybrid joint specimen.
Shear strength in 2-3 plane 823 4 MPa
Table 3 Dimensions of hybrid joint specimens
Table 2 Material properties of HFG carbon/epoxy fabric composite material Model | w(mm) J{mm) e(mm)  t(mm) w/d e/d
Property Symbol Value HO 19 38 134 6.05 2 1.4
HO2 26.8 38 134 6.05 2.8 1.4
Elastic modulus in fiber-direction E 65.4 GPa HO3 38 18 134 6.05 4 1.4
Elastic modulus in transversc directions E 65.4 GPa Hod 26.8 18 9.6 6.05 2.8 1
Shear modulus in 1-2 plancs G 3.5% (GPa HO5 26.8 38 19 6.05 2.8 2
Poisson's ratio 0058 HO6 26.8 38 3.8 6.05 28 25
Tensile stength in fiber-direction Xr 959.1 MPa HO7 26.8 38 28.6 6.05 2.8 3
Compressive strength in fiber-direction Xe 692.9 MPa HO8 19 2 134 1.6 2 L4
Tensile strength in transverse direction Yr  959.1 MPa HO9 26.8 20 134 L6 28 1.4
Cormprossive strength in transverse direction Ye 6925 MPa Hi0 38 20 134 L6 4 14
Shear strength S 64.9 MPa
stk 9% 1ol 29 g w2 sl =Y
ANEHe Fad BRAe FARelE HAHAZ7] $18te]  (Tungsten Carbide Drillols, ALg BlF 132 AN 7H5
24 nape] BAS 2AAYln 4F Adel el AW B xz] off 9L Aasielech w8 W %-3;«91 B8 3
o wiZ Wkl AWk stolMult 2YEL F/Z A 7+ AdwE ddols FAt AVI=S A The(Finger
A729 1AM AP} SR FelnR. W4 AR Tighysigient, 142 Clamping Foree) 1517 & Om Fig. 4
2 Ajgste] Mehy WD BEAES HHelolol B A = AxkE solHels RAE APHe] RS v Aotk
wrges gadel 4 W% M Awel F9 Adel o
ah 27 wshelch wEbA B mRoldb Ade] RWAE
Y& 100 meshe] iii *%%OM EEAE T4l HEmE 3. slo|BE T RQEQ HFERrt
ﬂmﬁ qdrh. ERF AubEl FE9 HARS YA 10%rof ke
ol goloz of SEZ HANZC). AdEel FAS A selrels Tale AdHe] meyug Wlel] slstel
*Wﬂ GAsk7] Yistel Fig 33 7 4 B85S AMgelg lAAEE Suskich AEl AR Als A7l Inston
ouj, WA xelEe] Bru) HAHE WAL AAstel ¥ ssszelw, e ol £@ Imm/ming WYPSE SofA
A ARa) sAsgch Ado] 9EE RS ABS RIS ARHTS UG Fig St Fejns A9l
b §, fem A|Hstel Steluele xele AHHS B4 AR ABYY G e el



10

BEE AR

<D
o

Failure load(kN}
3 o~ 5.
=1 o <o

N
o

-
o

Ho1

HO02 HO3 HO04 HO5 HO6 HO7 HO08 H09 H10

Fig. 6 Failure loads of the hybrid joints.
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(a) Equivalent strain distribution of the adhesive Fig. 10 Prediction loads of the hybrid joints.
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Table 4 Failure Indexes when the hybrid joints were failed 50 f=20mm
z =
Model Adhesive Part Mechanical Part % 0 t=1.6mm
(Ref. D. R =0.2134) (Ref. FAI =0.1303) g 0.0%
HOI 02136 0 g 30 j
= 0,
HO2 0.2133 0 = 20 11.6%
0,
HO3 0.2139 0 0.0%
10
HO4 0.2136 0
HOS 02134 0 0
HO8 Hos H10
Ho6 02136 0 wid=2 wid=2.8 wid=4
HO7 0.2143 0
HO8 02135 0 Fig. 12 Prediction loads of the hybrid joints.
HO09 0.2147 0
HI10 0.2143 0
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