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Improvement of the Timoshenko beam based finite element model for multi-stepped

beam structures

Y. D. Lee(LG Innotek Co.), S. W. Hong(KNIT), C. W. Lee(KAIST)

ABSTRACT

The Timoshenko beam model has been acknowledged as the most accurate model for representing beam

structures.
multi-stepped beam structures.

Timoshenko beam theory for multi-stepped beam structures.

However, the Timoshenko beam model may give rise to significant error when it is applied to
This paper is intended to demonstrate and improve the modeling error of

A tentative bending spring is introduced to represent

the stiffness change around a step in beams. This paper proposes a finite element modeling method in the light

with the bending spring. The proposed method is rigorously compared with commercial finite element codes.

The validity of the proposed method is also demonstrated through an experiment.,
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Fig. 1 A 2 stepped beam structure

Table 1 Specifications of the numerical model

property data
Li1=L2=10cm
. . bl=b2=2cm

Dimension

hi=5c¢cm
h2=2cm~5cm
Young's Modulus 2.0x10"" N/m2
Density 7833 kg/m3
Poisson Ratio 0.3

Table 2 Comparison of the Ist natural frequencies of
the pumerical model

Natural Frequency(Hz) Error(%)

r A I M B IM-By/M

(ABAQUS) | (-DEAS) | (A*D2 | (Beam Fem) x100
0 5454 5454 5454 5450 0.07
0.1 4810 4808| 4809 4903 1.95
0.2 3794 3792f 3793 3993 5.27
03 2542 2537 2540 2716 6.95
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Fig. 2 Errors of natural frequencies computed by a
conventional beam finite element model
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(b) Conceptual model for step-effect

Fig. 3 The sign conventions and the conceptual model
for weakening effect of step

ol

[
005 000 005 010 015 020 ozs 030
Normalized Step Depth (a/h)

@
T

20 Proposed
[ Conventionat

- «w
T

Error (%)

w

N
T

Fig. 4 Errors of natural frequencies for the numerical
model
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Fig. 5 Comparison of measured and computed natural
frequencies for the experimental model

T WZZ23 Proposed
[ Conventional

Error (%)

1. J
-0.08 000 Q.05 2.10 0.15 0.20 025 0.30 035
Noarmalized Step Depth (arh)

Fig. 6 Errors of natural frequencies for the
experimental model
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