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Abstract

Composite thin-walled members for civil engineering application are mainly produced by pultrusion technique, and
they are generally made of a polymeric resin system reinforced by E-glass fibers due to economical reason. This
material combination results in low elastic moduli of the composite materials and makes the design of composite
members to be governed by stability limit state. Therefore the buckling behavior of composite thin-walled members
was experimentally investigated in the present study. Axial compression was applied on each specimens by a hydraulic
ram and knife edge fixtures were placed at both ends to simulate simple boundary condition. Axial compression, lateral
displacements and twisting at the mid-height of each specimen were measured by a set of transducers during buckling
test. The experimental buckling loads were compared with analytical results obtained through isotropic formulas. In
the calculation of analytical results, elastic properties such as Young’s modulus(£) and shear modulus(G) were replaced

with E; and Gr obtained from coupon tests, respectively.

Keywords
FE A1)

1. M E

E3Hll(composite materials)+ 7|&2] ALY Z A
of EaielEo] vah S4ut lky W 224 4G 7}
AL 7] thgel EEAE ddEoklA AN Fe g
<= olHe E& 7 AUk T =N B3 Aol A

of o 14 Hxo] RIUSNDZ w5 E2 W AEwFL
B3 DO WY A AN vl Atsie] @

§

|

el

A7 e 5| 29 olgate] uwa £47) A
o 4 9le But ohjet ABAVE FIHOE 2Y 5
ol olefst FHOR Astel WA vl YRS vEH

999 ofa] Flolx BT RS AFHol/E o
g me) ATz, AR, Wikl A48 $1E S
AMgBLT Qlei1),

AARoPIA A HE SR FAle £2 HERA

MMAUXAL: R, HAIUE W AW

E mail : drslee@naver.com

TEL: (02)452-7091  FAX: (02)444-7091
x QIHICHE w ES38 ) W

: Buckling(#}2), Composites(&-¢A|=), Experiment(4#), Thin-walled Members(2rH2AY), Coupon Test

(pultrusion)F ol QA A& Sy fEcks HlE
Z 7t70] A™EE E-glass Aot ETH A= UHEoR
th. E-glass Aft E2lv] A2 whEold g A
= B2 HEE et v Y2 SAASE A H
W, Yo AT Qlste] HEZA HA9 TAREI}
Aze] RS 7122 A4S PR 7w Al
ARHE 257t uje- BIs] S

359 "4l glo] e RAETe Ao 42 T8 #
A= bracing FA A truss@] BA= ol 2o, o] 5

T8 2Rl Zeo] 28 s1on Ay Hety 27
o] MATRA Bzl it HEs} W Fad HEe

34 ek,

2 Aoz BE2EEAA 2o A E-glassiviny-
lester TS 1?‘ H/] HZAEL A7 0w ATt HA
architecture 57} 22 A5
ARA =R AT As
A8 TR AFA e oA

o o ae
|
ox
to
02
o3
L
o
X
:L
::’4
_t
oﬁt



Ojpa) - Hing
58 O1AmCoY=2% oM A18 20064 _.__
ment) ¢} H] &% 7Hangle of twist) 9] W3S 31900 4¢

A #zZsE3 59 (isotropic) A8 FHzaAldl AR
U= Aol APA L Aot YA o g A2 AR 44

£ disiste] AltE oA FEE(Pre) S HluEsich,

ag

A
1

Q
)
=3
=
=
©
=1
w
A
o
5
o,
=
=4
° A
w2
w S
o])lr
|o
m(n i
HI
)
it

Hj A= Flg 1# 7*01 *1?1 4 Pfrl ZWA| ot B E 270
9} veil, 87119 CSMZ, 7719] rovingZ 0. & LA Ejo] Qlth

APAE 1493k E-glass A4 A FAEH | gt
Hulu|g 243517] 9510 44.45 x 44.45 x 9.525mm(A A
FANY FARAFE 2 F 127HEAA A 671, EF
A 67 AEE AHFATE AR Hdt dE= 1.82
gem’o]o] ASTM D792-00(319) #4e] kel SA = gick.
4= Ao AHH FUsH AR S disjA FAERS £
Hulet AgnlE SAsoH, AL Akt AHEE

AL 7|20 IRE =E[4]& A2t Table 10] et
AUzol A Hel A Afrel Fuj]E 364 %I
& AN
AGAE 148 Y= BAF FolA AR7t dU
o2 wix=le] = rovingZ o] AR o) Wakdo] J3E
nRu fzo] JAE Aol (orthotropic) 2 2 7+E
S = ook Aol AYstr] AsiAe Ao 44

=3 Veil
—1 CSM
@ Roving

§~—H

Fig. 1. Fiber architecture of specimen
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Table 1. Volume and mass fractions(%)

Mass fraction Volume fraction
Resin(Vinylester) 39.0 56.2
Veil 1.3 0.9
Fiber
(E-glass) CSM 21.9 15.7
Roving 27.7 19.8
Filler(Kaolin) 10.1 7.1
Void - 0.3
—

Fig. 2. Coordinate for mechanical properties
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Fig. 3. Nominal dimension of coupons
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Fig. 4. Compressive stress-stain curves
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Fig. 5. Shear stress-stain curves

34.75 mm

38.1 mm

Compressive Stress (MPa)

Shear Stress (MPa)

Ty =UNE 5 52
UAMCAY=2T HOY M1S 20063 59

Table 2. Results of coupon tests

Loading Properties Average
£ 22.7GPa
Oul 358.2MPa
Compression vy 0.31
Ey 13.0GPa
o,r 162.0MPa
Gy 4.4GPa
Shear
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Fig. 6. Experimental set-up

Fig. 7. Knife-edge and load cell
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Fig. 8. Positive displacements and twisting

Fig. 9. Buckled specimen(front view)
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Fig. 12. Definition of dimension and coordinate

Table 3. Dimensions and buckling loads

Spec. br d te tw L e
No. | (mm) | (mm) | (mm) | (mm) | (mm) (kN)
\2 76.5 176.5 12.7 13.0 9144 82.3
\¥ 102.6 | 126.5 12.7 13.0 990.6 150.3
V3 101.6 | 1273 12.7 12.7 1,216.2 104.5
V4 127.0 | 126.0 12.7 12.7 1,364.0 172.6
V5 127.3 | 126.7 12.7 12.7 1,600.2 125.9
Veé 127.8 | 151.1 12.7 12.7 1,602.2 117.0
V7 127.5 | 177.0 12.7 12.7 1,366.5 115.7
V8 127.5 | 176.0 12.7 12.7 1,600.2 119.2
V9 101.6 | 1514 12.7 12.7 1,116.1 129.0
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Table 4. Comparison of results

Spec. No. e & prred ] pecp
(kN) (kN)

Vi 64.2 82.3 0.78
V2 134.1 150.3 0.89
V3 103.3 104.5 0.98
V4 148.8 172.6 0.86
\& 1243 1259 0.99
\' 109.8 117.0 0.94
A\ 105.8 115.7 0.91
V8 95.2 119.2 0.80
\E 99.4 129.0 0.77

Average ratio 0.88
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