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Experimental Study on Global Buckling of Singly Symmetric FRP Members
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Abstract

Due to single symmetry of cross section, T-shaped members are likely to buckle in a flexural-torsional mode when they are
subjected to axial compression. Therefore, the flexural-torsional buckling can be regarded as a governing mode of global buck-
ling. An experimental program has been carried out to investigate the flexural-torsional buckling behavior of pultruded T-
shaped members. Two types of pultruded members were tested in the experiment, and they were made of either E-glass/viny-
lester or E-glass/polyester. Lay-up and thickness of reinforcing layers, volume fractions of each constituents in layers, mechan-
ical properties were experimentally determined. Two sets of knife edge fixure were used to simulate simple support condition
for flexure and twisting, and the lateral displacements and the angle of twist were measured using three potentiometers. Every

specimen buckled in a flexural-torsional mode, and most of the specimens showed post-buckling strength.
Keywords : singly symmetric section, pultrusion, T-shpaed member, flexural-torsional buckling, experimental study
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ARAoZ B8xl GVHeF GPHE] BAS Hixle 19
1, 29} 2oR, GVHE ZaA)s) B3] BA% A} B
s GPHEE BAXlsh BRe] 1% WA A e
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GPa (ksi) GPa (ksi) MPa (ksi) MPa (ksi) GPa (ksi) MPa (ksi)
GVH 227(3290) | 13.0 (1,890) | 3585 (52.0) | 162.0 (23.5) 0305 44 (635 | 95.1(13.8)
GPH(flange) 31.0 (4,496) N/A 464.6 (67.4) N/A 0.277 5.0(7233) | 91.7(13.3)
GPH(web) 21.8 (3,166) N/A 348.9 (50.6) N/A 0.297 5.0 (728.8) 110.0 (16.0)
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5 AFAY SHFoE ST AdAY S
Eolollxe] uifiel HISHZAS S flet] FAS(x
2 Ag o)FE B
potentiometers: ©]-8-3}902H, Z} potentiometerZH-E] Ao]
2 Hlolele F-50 5503l WS Tl g 4
A FHeiot HISHZ o E M) 2zt ASAAZHE 9
e ARTHIAE o183t 1 sample/sece] S
7153t

a9 gell e el Be A3Alel F-HIE" F=o]
sttt A el 2zt 18 AREE knife edge
2 Qlste] A@A e A Zolel 140 mm(F Zol 70
mm)E g FHIE 79 L)elA g3 o] AL,
HIEERE S 3¢ APAY] A Zojad 79 Lpll 2H
A AT, ZF APARIY sk, sk RIS R,
sl WAE 22 e, st
9) % SEHIEHZA T 10) WARRE HZo] BT o
FAe] 3 BlEHe] AR A Hol ske RS AY
Aoz I = Ut
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Lateral Displacement, V' (mm)
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1 130
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Ry 4110

4 100

20 + 190

Axial Load (kips)
Axial Load (kN)

L
00 0.5 1o 1.5

Lateral Displacement, J* (in)
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Angle of Twist, & (rad)
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Specimen T5 1=
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4 120
= 1110
4 100
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Axial Load (kips)

4 50
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430

120

Angle of Twist, @ (deg)
32 10. T52| sl=-HISRZH 2|

o=z st sksAlst 27 |HARE e} vlEZto]
st o, AvpHoR et AEido] Ve A ettt
74e] ARAA(TI0, TI1, TI2, TI3)E ALd ZE A3A 9
35 FF2 494A sheel Fkle $REAEE e
Ao® Jepttt, whddl] T10, T11, T12 23] 4¢ &
FZ GAolA skFe] A =2 F asieH, T13
AgAe] g Hzo] 2 H 0}301 A g X
3Tt

m\m

of [

Ay

4, z=stse| &%

WA IR AP HTITE B Aok
Uukx o g ALLEE Southwell(1932) WL 3H=0EE
2 HAR) A8 A9 FAE G0 A HolH=z
Asjo] o] HzFRT 2 g S 50 (Barberosh
Trovillion, 1998), =1 ¥Hljo] A = dlzo] 7Ash= 4
Folle 2R s A "ok gk 7|1ETPdo R It &
gz dJollA skgel dAT GE FASe deode

Southwell Wo| FHZ8)2S 79 Hrsle EAo] o).

Lateral Displacement, V' (mm)

0 10 20 30 40 50
35 T T T T

Specimen T5

4 140

120

1 80

4 60

Axial Load (kips)
Axial Load (kN)

4 40

o i L L 1 1 0
0.0 0.4 0.8 1.2 1.6 20

Lateral Displacement, V' (in)

3% 11. Hoff WS 0|&

8 F@siEe| U

Wb 2 AFlXE Southwell ¥ Ti4le]l /é]_qiﬂ_o,]
Haskas 2] H TS 2 A

% sk % 1‘*4«1 E@ JJr%OFs(Pc,)—i 7‘343P
W, T10, TI1, T12, T13 23A)] hejr= 2 |
A skse] Huigks F=tksoE Aot 2 eﬁd
o] ol S4E TG 2 dole} A &
FExo] ot

58 E

2 ATelMe IS5 L‘?ﬂ 548 2= T A
3 —rﬂ«] AHEY HA2ATES ST PSS F9
YolH It WY Gl «]5]17\1 AE F 1719 T8
AAA7E ARl ARgHEANeH, 1 F o] ARAA(TIFH
T9)= E-glass roving®} E-glass CSMO.2 R 7% vinylester
FAZ wrEoiRon, ymA] g7lle] AFA(TI05E T17)=
E-glass roving@} [+45°90°-45°12] v&z}S- zr= E-glass

E 4. AEAQ x|t 225E

bpX dXtpXty L Per beX dX tpX ty L P
(mm) (mm) (kN) (mm) (mm) (kN)
T1 76.5X176.5X 12.7X 13.0 914.4 823 T10 76.5X75.2X9.4X9.4 1,118.4 64.9
T2 102.6X126.5X12.7X13.0 990.6 150.3 T11 76.5X75.2X9.4X 9.4 1,216.1 55.2
13 101.6X127.3X12.7X12.7 1,216.2 104.5 T12 102.1X75.2X9.4X9.4 1,114.6 155.2
T4 127.0X 126.0X 12.7X 12.7 1,364.0 172.6 TI3 101.6X 752X 9.4X 9.4 1,219.2 124.6
TS 127.3X126.7X 12.7X12.7 1,600.2 125.9 T14 101.1X126.5X9.4X 9.4 1,118.1 93.4
T6 127.8X 151.1X12.7X 12.7 1,602.2 117.0 T15 101.3X 125.7X9.4X 9.4 1216.1 101.4
7 126.7X177.0X 12.7X12.7 1,366.5 115.7 T16 126.5X101.1X9.4X 9.4 1,121.7 160.1
T8 127.5X 176.0X 12.7X 12.7 1,600.2 119.2 T17 127.0X 101.1X9.4X 9.4 12192 1713
9 101.6X 151.4X12.7X 12.7 1,116.1 129.0
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4o Faplg A3z o= Feixer, o= 9 Hd Al
H AdayzRE] G roving?] AR AF 2] Zolwt
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