100 37 AE=EH(A) M20d Al13, pp. 100~114. 1996

@ X

Qo] Wabe] Wl Ze whEne] ek

LdSE* - MFEEM
(1995 14 279 )

Finite Element Analysis of the Thin—Walled Beam with
Arbitrary Cross Section

Woong-Pill Yang and Hyo-Chol Sin

Key Words | Warping (] ),

-Based Element (& & 7] & £~

Shear-Locking (4t} 7} 4] 5} 9] ),
), Shear Center (A t}3&4])

Curvature (= &), Curvature

Abstract

In this paper, a new thin —walled beam finite element is developed to overcome the difficulties

in the analysis of real structures by existing beam elements. The element is formulated by

extending Benscoter’s assumption and also by adopting the concept of the curvature—based

element. It is applicable to the analysis of the beams with arbitrary cross—sectional shapes. The

results obtained show that the element is locking —free and the accuracy of the finite element

solutions is remarkably improved.
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Fig. 3 Section geometry of a C-type channel
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Table 2 Comparison of the percent shear deformations for the C—type channel

x/1
b/h Type
1/4 1/2 3/4 1
T linear® 34.098 16.424 10.285 7.185
3/8 Quadratic® 34.098 16.424 10.285 7.185
Cubic® 34.098 16.424 10.285 7.185
Us, Blandford® 34.10 16.42 10.28 7.186
linear 41.967 20.214 12.658 8.844
1/2 Quadratic 41, 967 20.214 12. 658 8.844
Cubic 41.967 20.214 12.658 8.844
Us, B Blandford 41.97 20.21 12.66 8.844
linear 4.768 2.126 1.482 1.246
Quadratic 4.792 2.149 1.504 1.269
3/8 Cubic 4.797 2.151 1.506 1.270
Functional® 4.796 2.151 1.506 1.270
& Blandford 3.968 1.845 1.154 0.792
Iinear 6.800 3.103 2.042 1.550
1/2 Quadratic 6. 815 3.118 2. 057 1.566
1/2 Cubic 6.817 3.119 2.058 1.567
Functional 6.816 3.119 2.058 1.567
Blandford 5.497 2.568 1.562 1.023

a . 12 elements for linear and 4 elements for quadratic and cubic interpolations used
b : Displacement —based 4 cubic elements used
c . Analytical solution obtained from the functional

52 o chH Azt sy Fig. 112 s 4lell 2188 5 7px9] AA =4 o
Fig. 102 5 A9 A743%5e 7ha 2o xhd  F2Als
P Fof gkl AlsE2 ohga 2
o}oa 104—1‘“1 ]Ta D} “’]’ Er’}' 521 t:_}.:fx‘xl ‘73:17;”_;‘:_?_.{_;1}\ 2i|, §$2| 3|,%o|
A=Tat | As=4at | As=3al Xl ER
o7l e & v aabe $EIFE Frhsld 2
lo=2a% | la=d"  Io=3d’ A714E F A 2AFE Pl
4 8 a5 A B2 gk Figs 12~15% Fig. 119
J=tar+ st =8t Le=j5at (@) o} 22 Aol e H4AAE vebdch 7
’ ’ ’ 7ol g 2717t b Helsh se FEelA
Ml B elol gl &, A Hege  clEHst vlmsRed, VSN Aee
A Aol w]gL olujet o] FAFCY Benscotere] ol &3|®o} wlmslr| $3te], ¥ =1
ol AFFelA L& FAGAH =&, o 5=
I/a=20 ; t/a=01 79 FAsk AolA4E 0o ARNA =, 2@ RS



U} g4l waig 7
y
le— |@
a
S
¥4
C
a
t
[
—f

Fig. 10 Section geometry of a twin—box beam
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Fig. 11 Loading and boundary conditions for the twin
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