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Abstract: Due to its light-weight and high-strength, CFRP pipes can be used for the construction of long-span

lattice structures. But the shortcoming of connection failure between elements restricts the utilization of its high

strength. So CFRP-Aluminum composite pipe, made of aluminum pipe with wrapped CFRP sheets, is proposed

here to improve the loading capacity and connection behavior. The composite pipes under axial force were firstly

tested to obtain its loading properties and failure modes. Then eigenvalue buckling behaviors were studied with

FEM to investigate the influence of different ply angles, thickness and sequence. An initial imperfection was

introduced into FE model based on test results to further study the elasto-plastic buckling behaviors of composite

pipes influenced by different slenderness ratios, ply angles and thickness. Finally, based on the tested and

numerical analysis results, a formula to calculate the buckling load of composite pipes under axially compressive

load is obtained by correcting Perry formula.
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3 CFRP

Table 3 CFRP-aluminum composite pipes geometric parameters and test results

CFRP
/mm /mm / CFRP P /kN D, /mm Dy /mm
mm
ACCP60-0 950 49.7 / 90 39 2.5
ACCP60-2 950 54.6 2.7 [0/90], 103 33 0.9
ACCP60-3 950 57.0 3.5 [0/90]5 120 4.7 0.9
ACCP70-2 1100 54.6 2.7 [0/90], 90 2.9 3.8
ACCP70-3 1100 57.0 3.5 [0/90]5 111 2.5 0.9
ACCP120-0 1950 49.7 / 19 5.9 6.0
ACCP120-1 1950 52.5 1.5 [0/90], 24 7.4 14.0
ACCP120-2 1950 54.6 2.7 [0/90], 30 9.7 224
ACCP120-3 1950 57.0 3.5 [0/90]5 36 10.0 26.3
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Table 4 Influence of ply sequence

[0/905]  [90,/05]  [0/90],  [0/90,/0] _ [90/05/90]
Po kN 308 31.8 31.0 313 313
Pyo/kN 1182 1220 1187 120.1 120.1
5 1/1000

Table 5 Comparison between test and FE results considering
1/1000 initial geometric imperfection

Pe/kN Prpn/kN ] fiodkN  Pex Prem

ACCP60-0 90 87.7 1.18 132 0.681 0.663 -2.6%
ACCP60-2 103 100.0 1.14 193  0.534 0.518 -2.9%
ACCP60-3 120 110.5 1.12 225 0.533 0.491 -7.9%
ACCP70-2 90 89.6 132 193 0.467 0.465 -0.4%
ACCP70-3 111 107.0 1.30 225 0.493 0475 -3.6%
ACCP120-0 19 187 243 132 0.144 0.142 -1.6%
ACCP120-1 24 247 239 167 0.144 0.148 2.9%
ACCP120-2 30 31.0 235 193 0.156 0.161 3.3%

ACCP120-3 36 37.8 230 225 0.160 0.168 5.0%
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Table 6 Comparison between test and calculative results of
long pipe stability coefficient
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Table 7 Comparison between numerical and calculative results
of long pipe stability coefficient

GB50017 GB50018

P

-2003 -2002 ey
(@c ! P Imax 1.08 097  1.08 1.24 110 1.06
(@c ! P min 0.97 0.89  0.96 0.91 099  0.98
m 1.02 0.92 1.01 1.02 1.03 1.01
o 2.6% 1.8% 3.0% 11.6% 2.6% 2.0%
o /m 2.5% 1.9% 3.0% 11.4% 2.5% 1.5%
GB50018-2002 Q235 ' GB50017-

2003 b Bl Eccs a

[9] [10]
(6)
6
7 (¢)C / (DE )max (¢C /¢7E )min

(6)

1.01  1.06 3.3%

A>1.25, gp=#{[(a1 +1)+(a, +DA*]-

Jl(@, +1)+(a, +1)2°T 427} ©)
a,=—0.2£2+0.06£+0.10
a, =0.09£%-0.03£+0.05

5
CFRP
CFRP
(1) FRP
2) CFRP
CFRP 0
CFRP
A3) CFRP
4)
1
Soz
Joz CFRP
1
1
)
A >1.25(A>60) CFRP
A <1.25(A<60) CFRP

(6) A>125



216

Hollaway L C. The evolution of and the way forward for
advanced polymer composites in the civil infrastructure.
proceedings of the international conference on frp
composites in civil engineering, Hong Kong. Elsevier
Science Ltd [C].2001: 27~40.
, . FRP J1.
.2006,39(3):24~36

Ye Lieping, Feng Peng. Applicationg and development of
fiber-reinforced polymer in engineering structures [J].
China Civil Engineering Journal, 2006, 39(3): 24~36. (in
Chinese)

, , . CFRP

[J]. , 2004, 34(4): 11~14.
Qian Peng, Ye Lieping , Weng Guan-qun. Experimental
study of CFRP pipes under axial force [J]. Industrial
Construction, 2004, 34(4): 11~14.(in Chinese)
ANSYS, Inc. ANSYS 6.1 User’s Manual [M]. 2000.
Mazzolani F M. Aluminum alloy structure [M]. Boston:

(]

[10] Aluminum Association.

Pitsman, 1985.
: ( ) [M].
, 2003, 9.
Chen Ji. Stability of steel structures theory and design
(2nd Edition) [M]. Beijing: Science Press, 2003,9. (in
Chinese)
(GB50018-2002).
[S].
National Standard of PRC (GB50017-2003). Technical
specifications for cold-rolled thin-wall forming shapes [S].
(in Chinese)
(GB50017-2003).
[S].
National Standard of PRC (GB50017-2003). Code for
design of steel structure [S]. (in Chinese)
F M. The the
recommendations for design of aluminum alloy structures
[M]. Aluminio, 1980(2): 77~94.

Mazzolani bases of european

Specification for aluminum

structures, 2nd edition [S]. USA, 1994.

(3]

(6]

35 )

. [J].
, 2000, 6(2): 3~13.

Dong Shilin. The development and prospect of long-span

steel space structures in China [J]. Spatial Structures, 2000,

6(2): 3~13. (in Chinese)

[3]. , 1999, 5(2): 29~37.

Xia kaiquan, Dong shilin. Geometrically nonlinear
analysis of partial double-layer reticulated shell [J].
Spatial Structures, 1999, 5(2): 29~37. (in Chinese)
[I. , 2000, 6(4): 47~52.
Zeng Yinzhi, Qian Ruojun, Wang Renpeng, Yang
Lianping. Experimental research on the aluminous-alloy
dome [J]. Spatial Structures, 2000, 6(4): 47~52. (in
Chinese)

, . K6 [1.

, 1997, 30(2): 39~44.

Lin Youjun, Shen Shizhao. Stability of K6 single layer

[]

[10]

[11]

reticulated shells [J]. Journal of Harbin University of
C.E.& Architecture, 1997, 30(2): 39~44. (in Chinese)

, - M]. : ,
1999.
Shen Shizhao, Chen Xin. Stability of reticulated shells
[M]. Beijing: Science Press, 1999. (in Chinese)

[J1. ,2003, 31( ):107~109.
Wang Hong, Li Lijuan, Zhu Yanfeng. Nonlinear stability
analysis of single layer latticed domes [J]. Journal of
South China University of Technology, 2003, 31(Sup.):
107~109. (in Chinese)
J1. , 2003,
20(3): 1~4.
Wang Hong, Yuan Bing, Li Lijuan, Tang Shiding.
Analysis of nonlinear stability of single aluminum alloy
layer latticed domes [J]. Journal of Guangdong University
of Technology, 2003, 20(3): 1~4. (in Chinese)



