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

*ky

Geo-Young Kim’', Jeong-Seo Koo

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 are 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. Energy absorption characteristics vary significantly according to the constituent materials, fabrication
conditions, tube geometry and test condition. In tube geometry, according as inner diameter increase, unstable
crush mode is caused by local buckling of delamination, but control of the fiber orientation should help

composite tubes get stable crush mode.
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Fig. 1.1 Ideal crush load vs. crush length[5].
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Fig. 1.2 Parameters for energy absorption characteristics.
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Fig. 2.1 Filament winding method.
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Fig. 2.2 Trigger mechanism.

Table 2.1 Mechanical properties[24]

\/ Fibres

To Greel

T

E gl | Epony | Glasetgmny

Density p (glcc) 2.0 11

Longitudinal modulus FE\,(GPa)| 7552 | 3.2 36.60
Transverse modulus E,(GPa) 5.40
Shear modulus G1,(GPa)| 29.721 | 1.25 4.085
Poisson's ratio Uiy 0.33 0.28 0.30
Volume fraction vy (%) 47.6
Longitudinal strength X£(MPa) 618.90
Transverse strength X 7(MPa) 14.00
Shear strength 7, (MPa) 28.00
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Fig. 2.5 Force and displacement curves by quasi-static test.
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Fig. 2.6 Force and displacement curves by quasi-static test.

Table 2.2 Configuration of specimens

. Inner | Thick-| Tube Fiber ori-
No | Specimen ID | diameter | ness | length | t/D entation
[inch] | [mm] | [mm]
1 |GE3e2.5 3 25 200 |0.0328 70°
2 |GE3i4 3 4 200 |0.0526 70°
3 |GE3e4 3 4 200 |0.0526 70°
4 |GE3i6 3 6 200 |0.0789 70°
5 |GE3e6 3 6 200 |0.0789 70°
6 |GE6e5 6 5 200 |0.0328 70°
7 |GE6i7 6 7 200 |0.0460 70°
8 |GE6e7 6 7 200 |0.0460 70°
9 |GE6e8 6 8 200 |0.0526 70°
10 |GE6e9 6 9 200 |0.0592 70°
11 |GE6e10 6 10 200 |0.0657 70°
12 |GE6e10w 6 10 200 |0.0657 70°
13 |GE6e10_55 6 10 200 |0.0657 55°
14 |GE6e10_88 6 10 200 |0.0657 88°
15 |GE6ell 6 11 200 |[0.0723 70°
16 |GE6ellw 6 11 200 |0.0723 70°
17 |GE6ell_55 6 11 200 |0.0723 55°
18 |GE6ell_88 6 11 200 |0.0723 88°
19 |GE6el2 6 12 200 |0.0789 70°
20 |GE6el2w 6 12 200 |0.0789 70°
21 |GE6el2_55 6 12 200 |0.0789 55°
22 |GE6el2_88 6 12 200 |0.0789 88°
23 |GE6el13 6 13 200 |0.0855 70°
24 |GE6el3w 6 13 200 |0.0855 70°
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Table 2.3 Definition of the specimen ID

GEG6e10 55

L G: Glass Fiber

E: Epoxy Matrix

6: 6inch - inner diameter
e: external Bevel trigger
i: internal Bevel trigger

10: 10mm - thickness

— _55:55° -Fiber Orientation
w: with Initiator
Ifelse: 70° without Initiator
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Fig. 2.7 Force and displacement curves by quasi-static test.
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Fig. 2.8 Mean crush forces with respect to trigger mechanism.
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Fig. 2.14 Force and displacement curves by quasi-static test.
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Fig. 2.15 Force and displacement curves by quasi-static test.
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Fig. 2.18 Force and displacement curves by quasi-static test.
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Fig. 2.19 Force and Displacement curves by quasi-static test.
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Fig. 2.21 Force and Displacement curves by quasi-static test.
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Fig. 2.24 Force and Displacement curves by quasi-static test.
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Fig. 2.25 Force and Displacement curves by quasi-static test.
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Fig. 2.26 Force and displacement curves by quasi-static test.
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Fig. 2.30 Mean crush forces with respect to cross sectional area.
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Fig. 2.32 Unstable crush mode for GE6el2w.

Table 2.3 Test results

Cross Mean crush| Specific Fpea
Specimen [Sectional aread yD | force | Energy | £
ID ratio (Fm,g %

[mm2] [kN] [J/g] Fatio

GE3e2.5 616.5 0.033 53.99 45.14 1.198
GE3i4 1005 0.053 105.7 54.23 1.169
GE3e4 1005 0.053 114.2 58.55 1.158
GE3i6 1545 0.079 177.3 59.14 1.187
GE3e6 1545 0.079 182.5 60.89 1.159
GE6e5 2466 0.033 184.4 38.55 1.318
GE6i7 3496 0.046 307.6 45.34 1.247
GE6e7 3496 0.046 317.7 46.83 1.273
GE6e8 4021 0.053 354.1 45.39 1.256
GE6e9 4552 0.059 280.4 31.75 1.580
GE6el10 5089 0.066 466.4 47.24 1.273
GE6el0w 5089 0.066 386.4 39.14 1.159
GE6e10_55 5089 0.066 509.4 51.59 1.197
GE6e10_88 5089 0.066 424.8 43.03 1.186
GE6ell 5632 0.072 432.9 39.61 1.500
GE6ellw 5632 0.072 447.3 40.93 1.180
GE6ell_55 5632 0.072 519.9 47.57 1.194
GE6ell 88 5632 0.072 478.2 43.76 1.220
GE6el12 6182 0.079 524.3 43.71 1.318
GE6el2w 6182 0.079 417.4 34.80 1.661
GE6el2_55 6182 0.079 622.2 51.88 1.181
GE6el2_88 6182 0.079 517.0 43.10 1.226
GE6el3 6738 0.086 567.1 43.38 1.327
GE6el3w 6738 0.086 573.7 43.88 1.216
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