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Mechanical Behavior and Design Methodology of CFRP
Strengthened Aluminium Members
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Abstract :  Light-weight , anti-corrosive and nonmagnetic are the common advantages of auminium and CFRP (carbon fiber rein-
forced polymer) . It can make their advantages more effective and cure their shortages each other to combine them to-
gether as a structural member. CFRP strengthened a uminium hybrid pipes and square tubes, which are to be used as
axial loaded membersin spatia structures, are investigated by a series of experiments and theoretical analyss on 18
axial compressed short columns,15 axial compressed long columns and 6 flexural specimens. Based on the results of
the analysis of the tests,theformulae of the axial compressive strength of the hybrid membersis presented ,which is
related to the nominal yield strength. And theformulafor thelocal buckling strength and the flexura stiff ness are al-
0 proposed. By comparing the existed approaches, an approach to determine the stability factors of hybrid member is
proposed. All above as the methodology on the the desgn of CFRP strengthened a uminium hybrid membersfor long-
span spatia structuresis established.
Keywords: FRP (fiber reinforced polymer/ plastic) ; auminium;buckling; flexura stiff ness; hybrid member
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1 CFRP 37
, CFRP
3
BAXtA/ mm Bn xtH/ mm
CFRP
Da X ta/ mm Dy X ta/ mm /
Pu/ KN Pu/ kN P/ KN
HP50-0 3 49.7x3.1 - 147.7 135 0 - 1.094
HP50-1 3 49.7x3.1 [0/ 90] 52.5%x4.6 177.0 163 1 - 1.085
HP50-2 3 49.7x3.1 [0/ 90]2 54.6 x5.7 212.7 192 5 - 1.105
HP50-3 3 49.7x3.1 [0/90]s 57.0%x6.5 228.3 224 2 - 1.018
HT76-0 1 76.0x1.1 - 29.1 66.6 212 1.373
HT762 1 76.1x1.2 [0/ 90]2 79.4%x2.8 90.7 150.7 8385 1.025
HT76-4 1 76.0x1.2 [0/90]4 82.9%x4.6 166. 6 232.1 210 9 0.790
HT50-0 1 50.0x3.0 - 116.0 128 0 226.6 0.906
HT50-2 1 50.2x3.1 [0/ 90]2 54.0%x5.0 154.7 189 8 1336 0.815
HT50-4 1 50.2x3.1 [0/90]4 59.3x8.2 246.4 251 9 2359 0.978
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Ba X ta/ mm CFRP B X th/ mm Mo/ (N - m) W/ 10 mm? fowa/ MPa
ACST76-0 76.4%x3.2 - 424 21.9 194.0
ACST762 76.4%x3.2 [0/ 90]2 80.3%x5.3 636 37.0 171.7
ACST764 76.4%x3.2 [0/90]4 85.4x7.7 1039 57.0 182.3
ACST50-0 50.0x3.0 / 215 8.3 258.1
ACST50-2 50.2x3.1 [0/ 90]> 61.4%x6.0 331 22.3 148.7
ACST50-4 50.2x3.1 [0/90]4 75.8%x8.7 616 47.2 130.6
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CFRP 41
6
Ba X ta/ mm Bu X tw/ mm
/'mm Da X ta/ mm CFRP Dn X tu/ mm Por/ KN
ACCP60-0 950 49.7x3.1 - 90
ACCP60-2 950 49.7x3.1 [0/ 90]2 54.6%5.8 103
ACCP60-3 950 49.7x3.1 [0/90]3 57.0%6.6 120
ACCP70-2 1100 49.7x3.1 [0/ 90]2 54.6%5.8 90
ACCP70-3 1100 49.7x3.1 [0/ 90]s 57.0%6.6 111
ACCP120-0 1100 49.7x3.1 - 19
ACCP120-1 1950 49.7x3.1 [0/90] 52.5x4.6 24
ACCP120-2 1950 49.7x3.1 [0/ 90]2 57.0%6.6 30
ACCP120-3 1950 49.7x3.1 [0/ 90]s 57.0%6.6 36
ACST127-0 2452 50.4x3.1 - 18.8
ACST127-2 2448 50.2x3.1 [0/ 90]2 54.5x4.9 29.3
ACST127-4 2449 50.2x3.1 [0/90]4 59.1x7.3 43.2
ACST153-0 2949 50.2x3.1 - 11.3
ACST153-2 2948 50.2x3.1 [0/ 90]2 54.4%x5.1 20.3
ACST153-4 2948 50.1x3.1 [0/ 90]4 57.8x7.1 30.7
:ACCP: , ACST: " CFRP
140~ Accp70-3 40 - ACCP120-3
120 ACCP60-3 IS 1
v ACCPI120~2
100 30
Sl o 25
=R \CCP70-2 Z s ACCP120-1
=60t \“’m;“ 0 o ~ACCP120-0
0 10
20 &
0 A L 0 1 1 I 1 L I
5 10 15 20 10 20 30 10 50 60
A/ mm A/ mm
ACCP60 /70 % % ACCPI120& %1
20 r27-
Al 154 ACSTI153-4
10
ARLSTI27~2
z 30
a 20 e ——e e, B e s
dageimee o 10 T e e ahem
10 ACSTI27-0 i ACSTI153-0
0 1 1 1 ! 1 I J 0 ' 1 1 1 I I
10 20 30 10 50 60 70 80 20 10 60 80 100
A/ mm A/ mm
ACST127 %%l ACSTIS3 R
13 -
Euler )
° (El foz, :
P T (El
¢ = (11)

T fosA fooAL?



1

Jo +ah N7 - 4>72J

0, = 0.650, = 0.3900; = 0.465
0, =0.410; = 0.9930; = 0.162(16)
(4) ECCS

(ECCY)

[16] .
0<A €Ao® =1.0

jz{1+a Nz-)\_§+

)\_ > )\_0 ,(p =

42 10
A , - _ —
. 7\2[1-23(y-)\)“ 2-)\2}-
ZELiAi"’ ErA A 1
i Aa — . —2| wv2
et S R U B
2 Pe _
(2 ry Ao =0.22260 = 0.159 4 = 0.996Yy = 1.1
Perry ) _ _
[14] ()
[17]
Perry Nk, ==
ke
_ -~ _ f 0.
B AL <A <7\2,(p:(pm[1+ —= !]
N <0.175, ¢ = 6900
_ . 0.
0.175 <A < 1.0, @ = 1.061- 0.341A - 0.03N " 1. Jém[“ . 1
1 20 6900
A > 1.0, m_—[(105+1092\) - - ©
A X >K, 0 :;E (18)
A1.05 + 1,000 )2 - 2J (13) " k=112
AN <1.2@e=1-0.2\ <0.95;
A 20« = 0.14 +0.58 < 0.
A:% o E?A (10 >12,cp_ (:14?\0.+058<095
20k. (—y—] j - 20
r L - 6900
)\1 = o f 0.51 157
) \ Jé”k‘:-“L_LagocJ !]
(p:T[zEA :%2’ . 0.2 (15) B
Afoz A T Ea — 40
B )\2 - - f 0.5] 0.5
A 3.6 1+L—Y—J !]
L 6900
(6) ( )
©)] ( )
( @&B50017 - 2003) oo
. (18] "
, 0 :%2{(1”1 +X7) -
N <0215 @=1-0A" 2
— _ . —2 2 2] w2
N > 0.215, (p:;[(az+dg)\ +)\2)_ [(1+|’]+)\) A’ },(Ps1

n=a -Xo) (19)
a=0.2),=0.15;
0=0.350,=0.1

,CFRP

=0.75 1.0
0.75 )

15



1 CFRP 43
, 7 , CFRP
(19) ,
7
KN r K (0] (11) (13) (16) (17) (18) (19)
ACCP60-0 90 1.18 1.000 | 0.681 0.718 0.559 0.555 0.554 0.535 0.543
ACCP60-2 103 1.14 0.636 | 0.534 0.769 0.587 0.581 0.580 0.569 0.495
ACCP60-3 120 1.12 0.515 | 0.533 0.797 0.601 0.595 0.594 0.587 0.506
ACCP70-2 90 1.32 0.636 | 0.467 0.574 0.469 0.571 0. 469 0.439 0.406
ACCP70-3 111 1.30 0.515 | 0.493 0.592 0.481 0.597 0.480 0.451 0.415
ACCP120-0 19 2.43 1.000 | 0.144 0.169 0.152 0.153 0.157 0.156 0.155
ACCP120-1 24 2.39 0.787 | 0.144 0.175 0.157 0.159 0.162 0.160 0.160
ACCP120-2 30 2.35 0.636 | 0.156 0.181 0.162 0.164 0.168 0.165 0.155
ACCP120-3 36 2.30 0.515 | 0.160 0.189 0.169 0.171 0.174 0.171 0.161
ACST127-0 18.8 2.29 1.000 | 0.169 0.191 0.170 0.176 0.176 0.172 0.174
ACST127-2 29.3 2.22 0.633 | 0.179 0.203 0.181 0.187 0.187 0.181 0.172
ACST127-4 43.2 2.13 0.432 | 0.193 0.220 0.196 0.202 0.202 0.194 0.185
ACST153-0 11.3 2.74 1.000 | 0.102 0.133 0.120 0.125 0.125 0.128 0.123
ACST153-2 20.3 2.65 0.637 | 0.124 0.142 0.128 0.133 0.133 0.135 0.124
ACST153-4 30.7 2.55 0.432 | 0.135 0.154 0.138 0.143 0.143 0.144 0.133
(%) 21.0 3.5 8.1 5.8 3.8 -1.9
0.928 0.328 0. 486 0. 400 0.422 0.398
CFRP ,
, CFRP
CFRP '
(1) 18 CFRP [1] ) .FRP [J1.
CERP ,2006 ,39(3) :25-37.
, ,CFRP [2] o FRP-
[J]1. ,2006 ,22(5) :100-105.
’ [ 3] HarrisC E,SarnesJr.J Hand ShuartMJ. Designand Manu-
! CFRP facturing of Aerospace Composte Structures, State-of- The
ArtAssessment[J]. Journal of Aircraft,2002,39 (4) : 545
) ) 560.
[4] LeeD G,Kim H Sand KimJ W ,eta. Desgnand Manufac-
2 6 CFRP , tureofan Automotive Hybrid Aluminuny Composite Drive
CEFRP Shaft[J]. Composite Structures,2004 ,63(1) :87-99.
[5] Triantafillou T C,Kim Pand Meier U. Optimization of Hybrid
3) 15 CERP Aluminuny CFRP Box Beams[J]. International Journa of
Mechanical Science,1991 ,33(9) :729-739.
! ! [6] LeeS H,Kim HJand ChoiNS.Bending Performance Anays
isof Aluminumrcomposite Hybrid Tube[J]. Key Engineering
CFRP Materia s ,2006 ,306-308 :769-774.
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