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A Study on Tubular-Type Adhesion of Carbon/Epoxy Composite Tubes

Y.S. Gal*, T.K. Hwang®, W.M. Cho* and B. Jung*

ABSTRACT

This paper deals with the tubular adhesion, which was occasionally applied to the manufacturing
of composite structures. The adhesive shear strengths of single lap specimen which was im-
mediately cured at 100C were higher than those of the specimen which was cured at 100
after exposing at room temperature for 24hrs. In the tubular adhesive specimens, the shear
strength of the specimens, which were made by notched FRP adherend did not be greater
than those of specimens using a straight FRP .adherend although the adhesive was uniformly -
spreaded in each adherend plane. It was observed that the adhesive shear strength is increased
to the extent of 15% by changing the adhesion method from the simple once insertion to the
meodified twice insertion. As the difference of gap between outer steel adherend and inner FRP
adherend in the tubular adhesive specimens was increased, the adhesive shear strength was
notably decreased.
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Hol Fuhg STEEL S$o8 ¥rkele wh-g ol
ARg-shed] o] 79 - £ ¢]4-< STEEL TUBEE
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2. A Kz
2-1. ABZ(Materials) = =3HA)

E gl AR e FRE CFA] 4
A 24 CIBA-GEIGYAR] AW106/HV953U°]c}, AW
106/HV953U A#Ale F<%, #2, A=td, 5,
7Va, 73A Felade] 55 9 o]F7ke) Al
BHYskA AHEESL 9dch. Table 12 AW106/HV

Table 1. AW 106/HV 853uU2| 7|2 &4

3 % 5 4
¥ 5 AW 106(Epoxy)/HV 953U
Egn] 100/60-100(Pbw, & 24 100/80)

Shelf life(18~25C) | 24
Pot life(4-2,100g) | 60 ~90 min
Adhesive Consump-

sion (g/m?

150 ~ 300

+23C (7-12n)
-60~70C (45min)
+100C (10~20min)

Cure Schedule

Shear Strength
(N/mm®)
Heat Stability

12 - 32

—-60T ~ + 60T
For semi-rigid bonds between metal,

Remarks ceramics, vulcanized rubber and

cured “plastics, with excellent resi-

stance to impact and vibration.

95304 718 B40¢ EAISE Zlelvi8]. AW106/HV
95302] Ejkule B4 100/80, 100/1008 ol A}
3t A= HaAA S o7 BAd) ojel shEAo)
k. &, AWI106/HV953U¢] Eu)7} 100/1004 7
£ o] EL Peel ZEE HolhA o] 3% A
ZA g3 sehgAe] djg AAde Hejxloh
Single Lap 2|3l 75 #)3A) FRPE Carbon
(T-300, 3K-fabric)/Epoxy Z2] =315 Autoclave
AYe2 Azsiglen #jzkd STEELS SCM 3%
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Table 2. STEEL % FRP HE<2| Dimension

= = Dimension (mm) ¥ 3
[ -~
" WA 9 7 ¥ o]
+ 0.2
STEEL 165 1 o] 177 50 + 0.2
FRP (Straight) 157.0 164.85 + 0.05 50 + 0.2 2747 max:0. 2mm
min:0. Imm
FRP (Notch) 157.0 164.85 + 0.05 50 + 0.2

ARg-shed ASTM D1002¢] E3hed A)zhstsich. A
AlHe] A AA FREH T AP AR
dejdle  olele) FHe®  Carbon (T800-12K)/
Epoxy FEE Az F 279 358 237] ¢k
Aub7lgslol o Steel® 35 w3r] o8] 3
- He WA Adwrlestel Agsleich. 953 FRP
4 Steel Insert®] 3% Table 2¢] FAlstgich
=g FRP ¥8A1H2 =2k xhe] A7 A
H7tzo] wXe & Q73] 435t FRP &
Bejde] zlo] 0.5, W] 19l WIS 7183 No-
tch3 7} - 1|2 AH83F Straight 3.0 2 11370
Azt ot
2-2. ZHAF

H2A o] EHEA Sl AMEE Sl ol E, B
2 E22HA(TCE) olgem a2 E shv
#%}e] qlak(orthophosphoric acid, HyPO.) 3} o€
GES AMSsldeh. olwl AREEF AJekS EP(extra
pure)Foldch HFA] ZTHe)E JIS-K-6843-
19720 E3te] Fsieey. 2 vbge s A9
3 o) Z

FRP(Carbon/Epoxy) 9] Exlels H7] gaue
Acetone2.E A4l 7o 2 33 o F e
Acetone®] BF 29 w7lx] wAgch 2 3ol
HEHE ALE(QO0D E E o] glold wlzl=]
Zrolfit}k, E2 % Acetone2 2 H-& ¥ Acetone®]

BF ST w7ba] g ol HFdew s

I Wohe He 2PFHe] EohlA wolok
Uk 9%y FRP 483 Nowch¥d At 7o
AZ 58 5 9E AR SMIES 329 A4 £2

ARg-sled A stedct, STEELS] Zxele wiA A
g TCER A4l 3Z o2 AT F o)A
TCE<] WA)7} glold w7}hA] df 7o) whA]gic)., o]d]

IHel FFFE 284 F-89 o2 Aol ¥4

ojok dith. W& Q4H(HPO, S} e F
Auz 1128 EFT S -4 1208(60C
A4 108 FZ F A E=2& E<4 nylon
brush 5& ARg3le] Az e Fd ARE
(Carbon residue) & 7] A AT F FFH+E 3
FAEYL o] AL AR AFAE 60T 28
oA 6087 AEF AN

2-3. &
2 ATl £ A 8 =A X
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o}zlt}. 3#+= Single Lap Shear Strength &
A2 AE Azteln, EAE FrARIE 4F
Al =telel. Single Lap 324138 ASTM D1002
o] &sle] mlz] w3k FAFA £ HIAE
AHER-9e] @A 223 F gkaksle] oo HAAE
AATE F Clamps AH8-8ted zAAI oK (olw) 35
F-21e] Aol 12.5mmE 71E2 R sich). 958
AFA|H] Azg S5t Fig 1o ZA1E =)
F3ted STEEL 7% Aztslgdct. olvje] H7e
HWAE ¢165.0 mmE s}o] FRP FE7} A7 5e
A= STEEL FEe X7 o8] A|xjge g o
sted w32} o) 7} FRP} STEEL FE. 2+ ©F 5 mm
A= A7IA shdch oA SIS 98
- $9-7ke] AP A A k], FEEe) 7o
T ADTE LEE AAG Aok vz &£ie .
AERAE AL Ao 2sEetz FdshA)
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Fig. 1. 3&3 FEAH HZEE X7
Table 3. 2I5 STEELO| L5 FRP FHo| ploldhy

Wy W &

Q27 X ¥ 2% STEELS “}= FRP &
A | ne) glat & Wehe ge) 3 AA

A1 F W3 FRP Hu.2 mHsm 9%
STEEL H2E F¢= 2+45°4 A4z &
B Y& FRP2} 9]% STEEL-S a3tz A3l
£ AZEG F )3 FRP FEo) 2% STEEL
FRE ARGl A g PO B, 2
45°4 SRAF Aejke )] AlA

ZEg F A A Xl 28 BolslA )
Hsted ¥ 1 plyE 23 2 $jol] W3 FRPE 719
gevh FEEA dhge) wE) A4 g2Es A
EH7kee]] uke ofskg. olE Ao AzkwEle] 71&
AEA(A) oF /1415 94)(B) [Table 3]0 v1ro]
7+ AlBe Ak,

2-4. 73 3

AR AHE BT o) SYsihh A

F7HA o] ARg-Eel-e AWI106/HVI53US) 7% H
A S 54 -2 saEsl(Vitrification) 7} F2E9)
A= X S 2AFEY) $sle] uim 2
—3-(1000)011 A AT Ao AeeA dAA
ZH24hr) WAF 22(100C) oA HE2AsHUZE9
F73h 1 e S AHSsiEd ol A
73ex Y A7k Table 49} Zch

Table 4. ZEFJ|(AW 106/HV 953U)

] 3 8 F 7

C-A 100C (30 min)

C-B A1-2(24hr) + 100C (30 min)

Tensile Single lap 28 2] 732) FrAIH
AFA1EE AA B F2E9 A3 2743 2
814 317] $)5te] FRPE o}l 2 3o A]HL Al ¢4
A ZcE REARIY HFAA R A9 AFA] A
345 W4 FRP 271 299} 7493 A&
AAHE A Eele @48 WREr] Yete] yy
FRP FxAbel] AANE 7125 F o 3Kg] ¥
AZ FFYa, AE=E 100T, 3080]9ith
Fig. 2« A3 A7l 23} Trimming % 2] F-2
ARl A&A]He] Alxle]d)

Fig.2. A-0lA 228 FEMIE HaAE
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2-5. AR A|F

HA7E AL B F2E] vistel s B39}
587 (Steel FH) 7ol WA= BFY W)
F41g) 5o g AR slEAE sEe] D
o] HJuljH0]7] wlFo] AIAEAIGE T
Single Lap F#A9is) FH A9]8 AHHAH A
7% A2 INSTRON 13358 ARg-she] S=3f3le]
tH(Fig.3). °] FE4EAIA UL Fig. 2049} o)
- 92 FHel o smmAESY] WS Fol of
- A2 IEIHEE V1 A9 e "daieg
g g AzEgen olaldt ¢EIE-E FUIHs

Fig.37} Zo] #dsHsg Al9e] ¢-oldA 7}st
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E 4] o)4¥ Z2ahe S 3 84y
Z =<l NISA II Composite 22 4] 2F 200071 443
231 U3 24T ARt AY dMe s
Gk FA B e g FFEAL AS
87, A&A|Ql A% 272 Jra, E3A Bdelu,
g3 34 5 $HASe] fEEe e Y
Axrd=te] =S A8 849 712, A2u|(As
pect ratio)E 3olUjE AdE 8 £¥-L ddch
HaR-glel AYE 8 A syt
A ' AAEAS o]83 vAdgE4o] o]Fo
A3 d2a10,11] & Adel 485 A
o g AT A5 APAE FrIA Z3ls]
AV A HES A3 Ader) slA] mdE)a
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Fig. 4. YEE TRAEe| RE24 314 Modeling

d5e Ae/maste] alsiylel, oF B 25
FEo} WF E3kA F29] A4 Table 29+ 2,
4 ALE o)) A8 AFHRAE 0.2mmE I
stk 442 A= TORAYCAARS] T8004
frob ol FA] A=A W] el F3t o) 90°
AFNE Fo2 PAFEY, 3 AgF] Ak
Aol A&F A B E3A w3 vz
vebd o 2 Q8| o2 she S BAs] #18ted,
EA - guiSE 47 2 2l sl o 4

< BT s4e] 88 F2ES] 4L

Fig.3. = &g TaiAjEel
Table 5. &Y TRAHL| m|RH| xf2ZH o Unit: Kg/mm?>
E, E, E, Viy Vyg Vs Gyy
FRP (%) 1172.2 7352.7 6440.3 0.0568 0.281 0.068 381.6
FRP (&%) 933.7 933.7 17064 0.49 0.018 0.018 285.4
Steel 16520.0 0.33 6210.5
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Table 59} z}.

L35 AlY 273 FUEHA F B o
ke 2t Ax8ta, tEE - 0. 1lmme)
T HE ek

o

4-1. A¥ 7534

AW106/HV953UE A48+ FRP(Carbon/Epoxy)
2} Steels A2AA 7%, A2} Aslupge] vl
A& 33 A3kl Single Lap A4S )
24945 F=R wAlo]d AAS] dFslgen
R o7 Ae FEAY g3 Az 9ls) 2017
A Asete 133 dFEEE vk F3AA AW
106/HVI53UE AH8-#llA] <latdd A=k Steel =}
A2} Carbon/Epoxy HZAE 100C4 3087 74
22171 Single Lap A #A| 9] Add7kes= 2,55Kg/
mm?e1Gh. FEARIY A2ke] A9 A9 A=,
AEeEAe] Geldbso] wl$ F8¥ Zlez 474
Elo] 2 Agg delir] le], Bd HIAE A
F2=(100C) oA k2 A3pA71 752} A4
8% AAA FHAZ w23 (Vitrification) A7)
F 100C| A EH33A7)E wPH O 2 Single Lap A
A B-g Axtele] 2 ZAHE vl FEIgoh
23} 2] 100Ce A vl2 A3 7] A97} Aol A
S AL F 100CA 303 T ASAR A
Sxct sl o] $5Ee & = gt o
=Re QA7 (E 0.2mm) °] e A F=kA e
2EAge] AEA Axse] Wle] Hof FaAr)
ol & Eele 4] A= dF vy v}
2% 4 vke Aol Single Lap A1)
A oleid A4 A=A Witk = OE &
oA Azt B 5 ol o] B AT ARe
HEA 7} AF2(1000) o 28 A Hxe 8
R whE Asikgo] xlas] 5 ¥ x) 3tk Ale)e]
HA7}7 o] 23] o w2 100 A ul= A7l
A9 AAsrt o] S Zog wddd. 2
HEZ A AR HEAA L] Hi e A
Lol Ao AT HAAEdogE AT ¥alr),

Ao wWE HAYEe W= AA CIBA-
GEIGY Aol 4] #1E-]) Data[ 8104 & = glEo] A2
A3 AS AHAY=rt < 1.4~1.5Kg/mm>ld]
w4 100, 30 7AAle] HAes oF 2.7~
3.0Kg/mm’2 2, 2o o} o]¢} e syt
£ AR A HEldS & F gt &
A F2EANA AT A EEE 45 Steel Inserts}h
A FEE) Aan AR 249 H2e s
$]3te] FRP FH.9)de] Steel FEE ARglsls A
3L A7stdeh. old, FE AW T A4
I FRP F2% A3 Fxlel ZAsle Azs)
Ak, TR ARIE G FZ3%5d e AP
F2F AAFE] syt F HFA Y] Slgeldh £
AlA - 9% &4 PHHEE 0.2mm (F
o), 0.1mm(H2) 2 ste o)) 4 P4 =
°]& 0.1mmE 3}d o), AR 7 ko] 7
FA7}E EAste 2E S3A7) 948 $93 24
olglils B % ¢ivh 9% Steele] UWFAlSE 7]
2(9165. 010Dl w17 9)s) ke = Wi J1A7}
& OF A AFAAE GAFNE Agste] YL
339k z2E]E UlF FRP fFXof disise o)
9 974 AFE Al 94 2 2gE 5=
EFste] Adgatgck. Fr ARIE 9% g3
A= Aok Table 63 k.

Table 6. FE Al MSHYEAM HEAIZL"

FRP 7 &
No (8340 A F A Hj;, 7 =
1~5 | S |AW 106/HV 953U | A [100C(30%)
6~10{ S o B v
11~15| N “ B P
16~20] N¢ o B “

2 AR ERFEE B4 12 F44 20g8 V1E02 @
b g2y | Table 3

© FRP 9% 4] Straight Type

¢ FRP & 4] Notch Type

FRP FHe] HAZERYA ] gghs golurlg
3led Straight % Notch3 FRP FE-& A}8-5}ed )
AP o, PPy 71E Fu gz
HAAAE o FFdo] =XF F ulg A= A
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22 di}Ee] HaA Y] FdE xZE 9)sle] wluigh
A4 FAgkol). Fig.5% Straight® FRP F18A4]
el HEFAH(A, B ol o AtEE A5
Zelch w74 & % sl wkel o] 7]1E FA(A)
2o} RAE FE(BY o] o] e A EE Hge
Y A=A T <F 15% gk Fig. 68 U3
FRP F-H9] A ze] Notch®al 7392} Straightl
792 AT 2olE EAIZE Aol FRP Hxio
Z2bge] Notch® & 7% H¥ FA2AEE 23]
HojAle] HAYE o Fo] vl £& & = sk
FHaA] Notch® F2o824 HAAe FUdEE(F
o] HAA7F Ao g ASs 987} rlssta
FRPe9] AaPdz]e] 3] yold 7oz qas
et 7 ZA FRP S| vlAb4te] oFs) 3] 2 24 FRP2
27] B3l saEEEs PAREst dojale A
22 99} Notch® & A% W33e] AHo|
Fig. 72} #Zo] Notch® FAe Ao uls) Aal
<9l ¥%9] Unloading A=l (FRPS d=l Al
Ao dejzl 2 3s] FRPE] o Foiz) &
2ok olehghd Al skt Bk opd
FA AR X)) FEAEIR Qlste], 2] A
SeF kel HE gde R oldlxAYgm o
VAR olej g 2ju)girl,

a2 249 7AA 71 EAE Go g 732
Z 4= 7x, 7lAE, Idakd, ")
T FEH AT} o] Foxor & RNe g AztE
k. AW106/HV953U9] &xo wme HeHss ¢
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o}®7] #]8] FRPS} Steel A|HEwol] AW106/HV
953U% =Z& ¥ 85C OvenoliA] Al¢A= 302%
F AFA L 2 F FAA S BEHEE vlof]o]
AR 2AHE Ay Hd), 2 JL5A4 3
ol ¥ 0.13mmAxgth El3 HAARTA)
°F 0. 14mmdt}. v} A Tuberl ] A 2714
2717} 0.1~0.2 mme] =& ol2]§t H2--5(Flow)
9] e AA FHARIY HHAF A Fre
W-ojde] EmAgEes os nadzds & 4
ek ZEEE 2xd o2 AWI106/HV953U A
Ao BEHAE HAA Y BFd EEE oA
Aot ol 2 HiAr} Sl S o)y
2 HEhr] ojele Zlew gzEc, gelA 7
3] AdFshdRoe] FHE ARIE AdA 71 2%
e e I A e I St R RXC = -3
A g2l shigl FRPFE #AHelA d7sisch
& AAA F9AM 4 FrAY AZAgH
AA}=E AwEglicl., Fig.83} Fig.9& FRP %
He} Steel ot A2k PaAr7 sjole] YAE
e AEste] A9 Aol oluje] Ha it
ZH7 Aol Steel FrEe} FRP FuAlole] A7 4
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200l e AUSE HAAE| HE MERITHs]
(Z=H - AW108, FRPSEES] T3 Ak No-
tched, ZZlH] : B)

[= R X<

FAYEZ B £ gich Fig.8~9¢4 & & 9l%o]
Az AA7A Aolr 42 Avdwr) @3]
A7g FAg £ Qv Ded] HEAE e
I8 = glovt Fig. 85} Fig. 904 & 4= gl =o)
TFE Ha HAAT FHo gAbHA e o] it
7= Wil AR zle]r A2 Notchd )
A1)l 7S 14%, Straightd s3sel A< 8%
Zastgeh. 714 FHE FEASEe) ) se
F2} GAP-2 0. lmmelch ol2igl GAP ®WEE ohE
A#A <l HysolAke] EA9460¢] #-2-3led A8 4
gelHd=dl Notch® £ 7% GAPo] 0.045¢]4]
0.19 mm7H4] Wl e} 270 Ad P2t ws) o
24% ZFAaES3, Straight¥-& GAPe] 0.065¢4]
0.125mm7H+] W gtel] wle} 27 Ak HE 7w} oF
22% Zra=del9]. GAP ¥§4E2] #49(GAP:
0.1lmme|H)E FRP FX Zw7}3(Straight, No-
tch) o] & A2} Fig. 100 FA)s}ed)
#2AQl FRP 27} Notch®<l 495 GAP ¥4
Fol] Hzled A dgstgdeo] Notch¥ el A% 4
A o] FAEE} HEAA] EEHFE e 9]
2ug ox Ax HArtwel o] gle ez
710321} Straight 3 Q1 73-5-9] HA7=e} Ae) =}
2.4

2.25
2.1
1.85

1.8
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Fig.9. L5 FRP FES| 2|2 Steel 71| Gap I
7/oll I YEE MAA|EL| FE MEtZss]
(FEH] 0 AW106, FRPRES] TH Hab: St-
raight, Ti&lgk @ B)
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