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The Experimental Study on the Collapse Mechanism of CFRP
Composite Tubes
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ABSTRACT

This paper is to investigate collapse mechanisms of CFRP(Carbon Fiber Reinforced Plastics)composite
tubes and to evaluate collapse characteristics on the change of interlaiminar number and ply orientation angle
of outer under static and impact axial compression loads. When a CFRP composite tube is crushed,
static/impact energy is consumed by friction between the loading plate and the splayed fronds of the tube, by
fracture of the fibers, matrix and their interface. These are associated with the energy absorption capability. In
general, CFRP tube with 6 interlaminar number(C-type), absorbed more energy than other tubes(A, B,
D-types). The maximum collapse load seemed to increase as the interlaminar number of such tubes increases.
The collapse mode depended upon orientation angle of outer of CFRP tubes and loading status(static/impact).
Typical collapse modes of CFRP tubes are wedge collapse mode, splaying collapse mode and fragmentation
collapse mode. The wedge collapse mode was shown in case of CFRP tubes with 0° orientation angle of outer
under static and impact loadings. The splaying collapse mode was shown in only case of CFRP tubes with 90°
orientation angle of outer under static loadings, however in impact tests those were collapsed in fragmentation
mode.
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Table 1 Definition of the specimen number

A 0O - S
A 1 {02 /90:)s or [902 /O2ls
B 1 [90; /02 or [0z /901
C : [0/90]s or [90/0ls
D : [90/0]; or [0/90L
00 : Orientation angle
of outer is 0°
90 : Orientation angle
of outer is 90°
[ S : Static
D : Dynamic
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Photo. 2 The shape of CFRP specimen after static test
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Fig. 1 The vertical crushing testing machine
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Table 2 Collapse test results of CFRP thin-wall structure
after static test

Max. load Mean load Average
Spec. Py Pooan Stress 0,

[kN] [kN] [MPa]
A00 S 28.51 6.86 62.08
B0O_S 33.26 8.82 79.76
C00_S 37.60 10.43 94.34
D00 S 41.84 8.28 74.90
A90_S 29.50 12.64 114.29
B9 S 34.39 12.84 116.10
C90_S 39.38 13.45 121.60
D90 S 47.04 10.41 94.13

Table 3 Collapse test results of CFRP thin-wall structure
after impact test

Max. load Mean load Average
Spec. Pax Proan Stress 0,

[kN] [kN] [MPa]
A00 D 12.78 6.39 57.78
B00 D 14.05 6.71 60.67
C00_D 15.65 7.46 67.45
D00_D 15.66 5.35 48.37
A90_ D 22.03 7.89 71.34
B90_D 24.11 8.01 72.42
C9%0 D 25.83 8.14 73.60
D90 _D 25.96 6.32 57.14
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Fig. 2 Collapse characteristics of CFRP specimens under
static load
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Fig. 3 Collapse characteristics of CFRP specimens under
impact load
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