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Transient Response Analysis of Frame Structures
using the Finite Element-Transfer
Stiffness Coefficient Method

Seong-Jin Kim

Department of Control and Mechanical Engineering
The Graduate School

Pukyong National University

Abstract

In these davs, the structural and mechanical systems are becoming
increasingly complex and large. In static and dynamic analysis of these
structures, the finite element method(FEM) is the most widely used and
powerful analvsis method. However, thc FEM has a drawback which
require a large computer memory and a lot of computation time in order to
analyze complex and large structures accuratcly.

In this paper, the author suggests a new transient analysis algorithm in
order to decrease remarkably the computation time and storage of the
FEM without the loss of accuracy. This algorithm is derived from the
combination of the transfer technique of the transfer stiffness coefficient
method (TSCM), the modeling technique of the FEM, and the numerical
integration technique of the Newmark £ method.

In this paper, the transient response analvsis algorithms for the straight-

-1 -



line beam structurcs and the frame structures are formulated by the
proposed method. The accuracy and computation efficiency of the proposed
mecthod are illustrated throﬁgh the comparing with the computation results
by the FEM for the straight-line beam structures, the crooked structures,

and the portal structures with a hinge.
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Fig. 3.1 Numerical model I .

F 1% Table 1S FAA2 wd 19 v/AsTFE
Wy Salq Ao w Aakst Aslot)

Table 1. Natural frequency for model I (unit : Hz)
Method
FE-TSCM FEM
Order
Ist 5.014 5.014
Z2nd 19.904 19.904
3rd 44,208 44 208
4th 77.067 77.067
oth 117.029 117.029
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Fig. 3.6 Transient response at point ) of numerical model 1.

- 34 -

6 : : . S : —
— FE-TSCM
_» FEM
4 -
e C = () NS/m
2l : ¢ = 10 Ns/m
£
= ¢ =100 Ns/m
C
18]
ISV E
£ .
O A
@ E,
8
@0 2 f
D - ..
% i
*. *
*
4 - %
-6 ‘)—
.i - VRNUU R 1 1 1 i U [P R — —
0 0.02 004 006 008 0.1 012 044 046 0.8 0.2
Time[s]
Fig. 3.5 Transient response at point (@ of numerical model I .
-3
G >x 10 L T T 1 B B I T - 1 T T T
4 jf‘%ﬁ-—— ¢=0Ns/m ]
) |
,- 10 Ns/m :
~ 2t * .
% 2 ;g; ¢ =100 Ns/m
= 4 o
[«b]
£ O yeremmppggimsmsmssstter s s,
Q
(8] 3
= 1
[=X 5
v
8 2 - .
4 - _
—— FE-TSCM |
6 « FEM |-
0 002 004 006 008 ' 042 014 0.6 0148 0.2



Displacement[m]

0.01
time=0-0.03[s]
0.008

0.006

1=0.03{s)

0.004
0.002

Displacement{m]

0.002 |- t=0{s]
-0.004 |
-0.006
-0.008

-0.01

0 02 0.4 06 0.8 1 12 14 16 18 T2
Length[m]

0.01 —— R

0.008 | time=0.03-0.1[s]
0.006
0.004
0.002

-0.002

Displacement{m]

-0.004
-0.006

-0.008

R S T RV R T S
Length{m]

0.01

0.008
0.006
0.004

0.002

-0.002
-0.004

-0.006

-0.008

-0.01 — ST e T 06 T 08 1
Length[m]

Fig. 3.7 Transient response simulation.
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Table 2. Natural frequency for model II (unit - Hz)

Method
FE-TSCM FEM
Order
1st 19.904 19.904
2nd 30.943 30.943
3rd 77.067 77.067
4th 96.265 96.265
5th 161.981 161.981
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TR fFtaryon A4 Axrl Fig. 390tk e8la, e fwe
=eEE A ARrt Fig. 31004, FAAMN 35 F3 7 7He A
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Fig. 3.9 Transient response at point @ of numerical model II.
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Fig. 3.10 Transient response at point & of numerical model II.
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