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Derivation of Exact Dynamic Stiffness Matrix
of a Beam-Column Element on Elastic Foundation
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Abstract

The governing equation and force~displacement relations of a beam-column element on elastic foundation are
derived based on variational approach of total potential energy. An exact static and dynamic 4 X4 element stiffness
matrix of the beam-column element is established via a generalized linear eigenvalue problem by introducing 4
displacement parameters and a system of lincar algebraic equations with complex matrices. The structure stiffness
matrix is established by the conventional direct stiffness method. In addition the F. E. procedure is presented by
using Hermitian polynomials as shape function and evaluating the corresponding elastic and geometric stiffness and
the mass matrix. In order to verify the efficiency and accuracy of the beam-column element using exact dynamic
stiffness matrix, buckling loads and natural frequencies are calculated for the continuous beam structures and the
results are compared with F. E. solutions.
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mode Present study F.E. solution
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= @
G2 ARG o2V TzBe AFAES

Faha, A4shsh vt

El,m, @

ID
A HOTNNN
L=10m, EI=50000t - m’, m=20t - sec’/m’, P=5ton
a8 4 2872 S 718 I
6.2 &

WA E 1A dEmEEE Fh MY nf
A BAR Agsta, H-7)5 249 -89 BA
AE ol gsle] duT HH, B4 24P EE

rjo o
N
= -
o
us
ol
=

oflt

ox
o

- 3R

¢ A%e ool £5 BT F2AA & Aok 3

Aol gt

4. ole)@ napRRD e
xel AT 1RAT

Bl w3dlo

o

1. Vlasov. V. Z.,

m

o g

re

Thin Walled Elastic Beams, 2nd

ed.. Islael Program for Scientific Transac-
tions, Jerusalem, 1961

2. Timoshenko, S. P. and Gere, J. M., Theory
of Elastic Stability, 2nd ed., McGraw-Hill,
New York, 1961

3. Barsoum, R. W. and Gallagher, R. H. "Finite
element analysis of torsional and torsional-
flexural stability problems’, Int. J Num
Meth Eng. Vol. 2, 1970, pp.335~352

¥ 2 282 AL H-7l5 ¥x9 IRTUSH(H)

mode Present study F. E. solution
{element 2) (element 20) (element 12) (element 8) (element 4)
1 4.938 4.937 4.938 4.939 4.957
2 7.711 7.711 7.712 7.716 7.782
3 19.742 19.944 19.785 19.820 21.911
4 24,985 24.989 24.989 25.140 29.205
5 44 416 44.439 44 591 45.227 55.072
6 52.127 52.164 52.407 53.301 77.822

468 sr=EFATRBE S| =2 153 K35(2002.9)



o
2l
o2
o
ﬂ
=z
&
=
o

. Chen, W. F. and Atsuta, T., Theory of Beamn-
Columns, Vol 2, Space Behavior and Design,
McGraw-Hill, New York, 1977

. Kim. S. B. and Kim, M. Y., “Improved formu-
lation for spatial stability and free vibration
of thin-walled tapered beams and space frames’,
Engng. Struct. Vol. 22, No. 5, 2000, pp.446~458
. Friberg, P. O., ‘Beam element matrices
derived from Vlasov's theory of open thin-
walled elastic beams’, Int. J. Numer. Methods
Eng. Vol. 21, 1985, pp.1205~1228

. Banerjee, J. R. and Williams, F. W., “Coupled

bending-torsional dynamic stiffness matrix
of an axially loaded Timoshenko beam ele-
ment”, Int. J. Solids Structures, Vol. 31, No.
6, 1994, pp.749~762

. Banerjee, J. R., Guo, S., and Howson, W.

P.. "Exact dynamic stiffness matrix of a
bending-torsion coupled beam including
warping’, Computers and Structures, Vol. 59,
No. 4, 1996, pp.613~621

. IMSL. Library, Problem-solving software system

Sfor mathematical and statistical FORTRAN pro-
gramming, IMSL Inc., Houston, 1984

SEFMTEREE =2F M15H F35(2002.9) 469



