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Abstract

This paper presents the analytical results for the prediction of elastical local buckling stress
of fiber reinforced plastic (orthotropic) structural shapes manufactured from pultrusion process.
In the derivation, existing Bleich’s approach which was originally derived for the isotropic structural
shapes was extended and non-dimensionalized parameters which can simplify the numerical calcula-
tions were adopted. Analytical results were compared with reported closed-form solutions and expe-
rimental results. It is graphically shown that the results can be used effectively to predict the
local buckling stress of pultruded fiber reinforced plastic structural shapes. Numerical results were
presented graphically to estimate the local buckling stress of various cross-sectional dimensions
and lengths of columns. In addition, limits of width to thickness ratio of flange and web of pultruded
structural shapes were suggested in which material failure or overall buckling occurs prior to local
buckling.
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Mechanical Properties
No. Mateial E,, (ki) En (ks Gu (ks - Reference
03] Glass/Epoxy 7800 2600 1300 0.250
@ Boron/Epoxy 30000 3000 1000 0.300 RM. Jones®
(3) | Graphite/Epoxy 30000 750 375 0.250
4) GI?SS/POIyeSter 2500 1000 425 0.330 MMFG?
(Vinylester)
5) Mild Steel (A36) 29500 29500 11500 0.250
© | Aluminum 10500 10500 3800 0300 | M Sehwartz®

*1 ksi=1000 Ib/in®, 11b=04536 kg, 1in=254 cm

B 2. W sy S e g5 Hgile v|n(d o, bi=h,=12in(30.5 cm), t=1,=0.5in(1.3 cm))

=3 Ay ke ky A& Rk kq ky
Glass C 0.567 2.266 Boron C 0.750 1.398
/Epoxy B 0.537 2150 /Epoxy B 0.719 1.276
Graphite C 0.315 1.261 Glass/Polyester C 0.540 2.161
/Epoxy B 0.288 1.153 (Vinylester) B 0.506 2.022
Steel C 0.673 2.690 Aluminum C 0.632 2529
(A36) B 0.638 2.551 (6601-T6) B 0.593 2371
kr: Flange Buckling Coefficient, k.: Web Buckling Coefficient
C: Closed-Form,® B: Bleich’s
—802— PN ST e



Fiberglass/Polyester Fibergiass/Poiyester
E,, = 17 2GPa (2500ksi). E, a = 6.9GPa (1000kgi) E,, = 17 2GPa (2500ks), E,, = 6§.9GPa (1000ks:}
G,y = 2.9GPa (428kal), u,, = 0.330 ¥ G, = 2.9CPa (428ka), v, = 0.390

25

3.5 | h TN
3.43 Simple~Simple
3.0 ¢
@lasuenlly Restrained
23 F _Closed~Furm

* 20 3y

Fixed~Free

15 F b
l.‘.‘-Z(Zluud«i‘orm Lot
Bleich's )
Simple-Free 0.5 F -
0.0 : L L . . 00 ) Free~Free ™ :
0 2 4 6 8 10 0 ) 2 3 " S - >
a/b a/h
2l 5. @Kol SREBAT() 2 HWUX| w0t % 6. B2 IRHABAIT(kH 2R 2ol F
#29| Hl(a/b) ol Hl{a/h.)

H 3. O|Bxi2t AEXQ U@
929 AZA g9 7159 HIEE

No. Ao Ay Qe A4 Bleich Closed-Form | Experiment Pu Perte)
Kigy | Pewy | ko | Poo | kim | Paw Pert®) Percy
(kips) (kips) (kips)

.,

a=108in, b;=12.00in, t;=0.50 in.

hy=1147 in,, t,=051in, A=17.65in?
1 0585 | 114 | 0.62 121 .

o) Ey =2394 ksi, Eyp=1391 ksi. 3 0.597 | 116 1.018 0.959

G12=607 ksi,, v12=0.301 :

a=60in.,, b=9.921in, t;=0.38 in.
h,=958in,, t,=0.37in., A=1097 in?
2 0.570 1 | 058 . 5

@ Ey=2613 ksi, Ep=1417 ksi. 6 7 63 | 0.540 58 0.951 0.921

G12 = 612 kSi‘, Vig= 0305

a=84in, b=9.96in, t=051 in. !
h=946in., t,=050in., A=14.69in?
3 0573 | 114 | 0536 | 107 | 0. :
3 E, =2317 ksi, Ex=989 ks 0586 117 1.026 1.093

G]g =461 kSi., Vig= 0.305

a=84in., =7951n, t=0.38in.
hy=7.57in, t,=0.37in., A=8.73in.? ;
4 . 1 | 051 X

@ | E oo kei, Bye1080 ki 0508 | 6 3 620613 74 | 1213 | 1194

1 Gy, =444 ksi,, v1,=0.305 ;

*1in.=2.54 cm, 1 ksi.=1000 1b/in?, 1kips=10001b=453.6 kg
a=%A9) ol b=BAA =, y=FAAe T
hy=H39) Z, t,=8%9 i, A=00%
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