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Bending and Torsional Characteristics of Rectangular CFRP Tubes with
Various Aspect Ratios

Yongsung Lee*, Seong-Kyun Cheong***

ABSTRACT: Fiber reinforced composite materials have outstanding specific strength and specific stiffness. So the use
of composite materials increases in various kinds of industrial fields including sports goods such as bicycles.
Composite materials are used to make structural parts with various kinds of shapes. Specially, rectangular composite
tubes are used to make a few of composite bicycle frames, but there has been a few of research on this issue.
Rectangular composite tubes are designed to have appropriate radius of curvature and endure bending and torsional
loads. In this research, nine kinds of rectangular composite tubes having aspect ratios 1:1, 1:1.5, 1:2 and radius of
curvatures R5, R10, R15 were fabricated. The carbon fiber reinforced composite material was used to make tubes
having same cross sectional areas. The stacking sequence of tubes is [0/90/+45]s. Experimental evaluation was
accomplished to apply bending and torsional load to the tubes. Experimental results show that bending and torsional
characteristics depend on radius of curvature and aspect ratio of rectangular composite tubes.
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Table 1. Material property of USN 125

El 123.5 GPa Xt 2063.5 MPa eXt 1.67 %
E2 7.4 GPa Yt 53.7 MPa eYt 0.722 %
v12 0.35 G12 1910 MPa Sxy | 78.7MPa

Table 2. Dimensions for the test specimens

Unit: mm
Specimen | Radius of Aspe.ct— Width | Height Weight
No. curvature | ratio (g)
1 5 1.0 42.2 42.2 80
2 5 1.5 33.8 50.7 80
3 5 2.0 28.1 56.3 79
4 10 1.0 44.4 44.4 79
5 10 1.5 355 53.2 79
6 10 2.0 29.6 59.1 79
7 15 1.0 46.5 46.5 79
8 15 1.5 37.2 55.8 79
9 15 2.0 31.0 62.0 79

Fig. 1. Stacking sequence for rectangular CFRP tubes
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Fig. 2. Curing cycle for the fabrication of CFRP tube
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Fig. 3. Photos of CFRP tube specimens
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Fig. 4. Photo of 3-Point bending test
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(b) Photo of test jig
Fig. 5. Photos of torsion experiment
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(d) Graphs of the aspect ratio 1 group
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(e) Graphs of the aspect ratio 1.5 group
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Fig. 6. Torque-angle curves for torsion test
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Fig. 7. Load-displacement curves for bending test

3. @n Yo

2

HEY A0 Ba-2bE Aweh 31 AW sl
Hw2 Fig. 63} Fig 70| Ltebhoit.

BlEY AW ABA Fig. 83} o] 2 R g 7HHE
A TFOR Holuwl R5 15 tH] R10 5] 49 8.6%
RIS 159 79 149% 3 gho] F7ksu], e ]
o] T1goll ] &AM 1 u] FAHH] 15 1B 48%E B4
7V A4t FAH] 2 152 104%2 ETV) Aasts
F& Btk FU) 4P Fig 99k Lol 2L R o] 18
o3 o] B R5 1%, R10 18, R15 127]2]¢] B3}
#glon] e Au|o] Tgol A @Ak 1 oju] G4 15
TFL 3%, WA 2 TFS 40%2] F71E Hech v E
Yol sl WAH7E ARSE £27} Zolxw, R gro] &

90000

[C_JR5 CIR10 W R15 |
80000 -
E 70000 ~
= —
&
Q
3. 60000 ~
=)
(o]
=
50000
1 ||15(|20(| 1 ||15]|2.0
40000 - . :
0 1 2 3 4 5 6

Specimen

Fig. 8. Results for torsion test



Bending and Torsional Characteristics of Rectangular CFRP Tubes with Various Aspect Ratios 11

50

[C_JR5 C_JR10 @ R15 |

40 1

30

20

Bending force (kg)

=]

[N

w .
~

3]

oo

Specimen

Fig. 9. Results for bending test
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