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A Study on Failure Mechanisms of Composite Tubes with Woven Fabric
Carbon, Glass and Kevlar/epoxy Under Compressive Loadings

94T . gomr . olzar - Aelge
Jung-Seok Kim - Hyuk-jin Yoon - Ho-Sun Lee - Tae-Soo Kwon

Abstract In this study, the failure modes and energy absorption characteristics of four different kinds of circular
tubes made of carbon, glass, Kevlar and carbon-Kevlar hybrid fibres composites with epoxy resin have been evaluated
To achieve these goals, compressive tests were conducted for the tubes under 10mm/min loading speed. Based on the
test results, the carbon/epoxy tube showed the best energy absorption capability, while carbon-Kevlar/epoxy tubes were
worst. In the failure mode during crushing, both of the carbon/epoxy tubes and the glass/epoxy tubes were crushed
by brittle fracturing mode. The Kevlar/epoxy tubes were collapsed by local buckling mode like steel, while the
carbon-Kevlar hybrid tubes were collapsed by mixed mode of local buckling and lamina bending.

Keywords : Composite Tube, Energy absorption, Quasi-static, Failure mechanism
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of composite structures

2 AL A BEAel 45w g A% @
& R HeAARS FF Agol A ARet 440t
BEAZ SO HRE oltel AT A
Hokn 244 YRS s o2 B 72 4
A G2A WA HANE S AU S B

w453 of
A3 el AUZT ouA FHE 4] ABAE B
7tk

2. Y=SOITOIOIM SAN §2 AXEQ|
m=c

2.1 DA LEP=(micro—failure modes)
UFsHEsto) A B FHO nA)F gerel of

dhst 2ol A 1 Awe R S oo
{—E—E](delammatlon/mterlammar crack)

£-222] E2|(fiber-matrix debonding)

- X80 mazxag U Motk (fiber microbuckling and
kinking)

nZ: o{)u P

o3t HERESS UsoR
wol apgich

WA b A2 R

2.2 HAIH LEPE=(macro—failure modes)

2.2.1 Mt DE(transverse shearing mode)

PAT Re= Ay 7 9 S 489S A= A
71 g eli(wedge)o] AFW wHo® el HA HF
(brittle fiber)ojl A YAIScKFig. 2).

(longitudinal)
cracks

Interlaminar
cracks

Scalloped end
of crushed tube

Shearing away of
edges of lamina bundle

Growth of
interlaminar crack

Intralaminar
(fongitudinal}
cracks

Lamiria
bundle

(S
[\
[\

|~> fr 4o §

2 1 E(splaying mode)
S FUWE 2 ARkl Baet #Hol W

o = b

g ZAAA K (frond) 0. = Ho
2 FA deolA EAgcKFig. 3).

NI oz
i o

H

Intralaminar crack

Extensive Bending of lamina bundle

Interlaminar crack
Lamina bundie g

Fig. 3. Lamina bending mode

2.2.3 FMulu|(britle fracturing mode)
Hitale PHY U DS FURCe) 248 Yee
ATk 22 4 ARAEA TR

e



592 USAWEYY=2F H12d M4ZT 20094

2.2.4 2B z}Z(local buckling mode) L ZHXIXQl X3l
(progressive folding mode)
EE} thojuk(dyneema) % 29| E 2H(spectra)t->
4 E-(ductile fiber) Z-&A] ‘ﬂ“(}} Bl F&A9) S A}
F& Rtk Ao WA ARoE FER A
z

éﬁé¢3¥m1%$@ﬂ%{%ﬂﬂm@§"

et

15

Tﬂ.rlrio_‘.._d

50 4o

30mm 45° (chamfer)

0
(Warp)
100mm 4

PP .
907
(il

(c) Keviarfepoxy {d
Kevlar/epoxy

Fig. 4. Circular tubes made of woven fabric glass, carbon, Kevlar
and carbon-Kevlar fibers

ST .
(a) Glass/epoxy (b) Carbon/epoxy

3.1 HBFE M

2 Ao Axd 94, 8, ASE 2 gaAE
2t slolBHE F 43R 2AE o)8te] YYFE
Aot P FEY AR HA MzE Ty
T(prepreg)E UF F&uto| Lo g% (wrapper Fi= wrapp-
ing machine)Z ©]83to] 7+1, o] QHM A3t
1 Egad dygojzg Xﬂzf?’h’% AR20L B9
3.5°CE 135°C7HA] &5 5 I 135 Coﬂl\‘] 1A]7F 308
228 & 1|7k AA iE A7) W) Imme]
ZojZ AZE FH= thojolZE gtolo) 5 o] g3lo &
Aoz Hukste] Aokd AvEo| Zebd e uhR|sg).
EE FHE ghastolube] RI222 ol EA] £2]& &3}
A},
AFEHE 17 30mmo| T Zol 100mmE Pl
Mg YRR o]#Ft Xt FHo| H7H(pro-
gressive)?l AAE F=317] Y3l AAsHATHS,6). E3H,
Fig. 494 & 4= Ql%o] Alzte FHo 3& T2 5H ¢

%

3
r‘

r%

moﬁ

o

T ET

2] 27| A8} (initial peak load)S W11 ARZ
&(progressive failure)ol] 2J3t oA o] otulE Sw3}s
gt Eg)A AAA|(trigger mechanism)E 4522 TATE
7Hg8t e

e
2]

=

Table 1. Composite tube information used for the compressive
tests
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Table 2. ILSS and fracture toughness of materials used in this

study
Materials | Carbon Glass Kevlar | Kevlar-Carbon
ILSS(MPa) 66.7 65.3 43.1 51.9
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Fig. 5. Load-crushed distance curves for different composites
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Table 3. Summery of composite tube tests.
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