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A Study on the energy absorption chamcteristics of GFRP circular tubes fabricated
by the filament winding method
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ABSTRACT

In this paper, quasi-static crushing tests of composite circular tubes under axial compression load are
conducted to investigate the energy absorption characteristics. Circular tubes used for this experiment are
glass/epoxy (GFRP) composite tubes, which is fabricated by the filament winding method. One edge of the
composite tube is chamfered to reduce the initial peak load and to prevent catastrophic failure during
crushing process. Two suggested trigger mechanisms for the composite tubes are investigated. Crushing
modes are mainly affected by thickness/diameter ratio, and average crushing loads are mainly affected by
their cross-sections. Energy absorption characteristics vary significantly as a function of the tube geometry,

trigger mechanism, t/D ratio and the cross-sectional shape.
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Table 1. Configuration of specimens
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No Specimen 1D [mm] linch] [mm] ub =8
1 GE3i4 200 3 4 0.0526 S =
2 GE3i6 200 3 6 0.0789 S W
4 GE3e4 200 3 4 0.0526 915 W
5 GE3e6 200 3 6 0.0789 915 WA
" Specimen ID "8 A1 H) GE3i4: Glass/Epoxy, U7 3inch, 1513 (internal Bevel), 71 4mm
‘External bevel ‘ ‘Internal bevel ‘
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Fig.1 Trigger mechanism
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Table 2. Results of tests

GE3i4 | GE3i6 | GE3e4 | GE3e6

Almm?] 1005 1545 1005 1545
A" ratio 1 1.537 1 1537
t/D 00526 | 00789 | 00526 | 0.0789
tD ratio 1 15 1 15
F kNI 5183 | 1873 | 1187 | 1932
F,,, ratio bucl'((l’icnaé 1577 1| 1627
o, [MPa] 5156 | 1211 | 1181 | 1250
E,, K] 5651 | 19.38 | 1294 |  20.00
E,,, ratio bucli?icnag; 1.498 1| 1545
E,[3q] 2658 | 6246 | 6088 | 64.45

Table 20 FA Y FHO W4 (4) & g2 2(4)% At

Azw(rg—rf)ZW[(%y—(%) J (4)
= %[(D1 +2t)?— DI =n(tD, +1?)

=mt(D, +1)

A7 D=W4, D,=%73, D,= D, +2t& HERATE
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Fig.2 Load and stroke curves by quasi—static Fig.3 Energy and stroke curves by quasi—
crushing tests (Load= P, Stroke=¢ ) static crushing tests (Energy=F,,)
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Fig.5 Unstable crushing mode for GE3i4
(Mean crushing stress=c

Fig.4 Stable crushing mode for GE3e6
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Fig.6 Specific energy for circular tubes Fig.7 Mean crushing stresses for circular tubes
(Specific energy=F.,) (Mean crushing stress=0.,.)
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Fig.8 Mean crushing stresses for circular tubes
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