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Error Analysis and Improvement of the Timoshenko Beam based
Finite Element Model for Multi-Stepped Beam Structures

Seong-Wook Hong®, Yong-Duk Lee’, Man-Dal Kim"™

ABSTRACT

The Timoshenko beam model has been known as the most accurate model for representing beam structures.

However, the Timoshenko beam model may give rise to a significant error when it is applied to multi-stepped

beam structures. This paper is intended to demonstrate the modeling error of Timoshenko beam based finite

element model for multi-stepped beam structures and to suggest a new modeling method to improve the

accuracy. A tentative bending spring is introduced into the stepped section to represent the softening effect due

to the presence of step. This paper also proposes a finite element modeling method in the light with the

tentative bending spring model for the step softening effect. The proposed method rigorously adapts computation

results from a commercial finite element code. The validity of the proposed method is demonstrated through a

series of simulation and experiment.
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Fig. 1 A 2 stepped beam structure

Table 1 Specifications of numerical model 1

Property Data
L1=L2=150m
Dimension br=bx=3cm
h,;=6cm
h,=1.8¢cm~6.0cm
Young's Modulus 2.0x10"" N/m’
Density 7833 kg/m’
Poisson Ratio 0.3
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Fig. 2 Errors of natural frequencies computed by a

conventional beam finite element model

Table 2 Comparison of the Ist natural frequencies
of numerical model 1

Natural Frequency(Hz) Error(%)
r | I (-DEAS) | B (Beam Fem) |I-B|/Ix100
0 3067 3067 0.003
0.1 2694 2737 1.578
0.2 2121 2206 4.041
03 1413 1486 5.138
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Table 3 Specifications of numerical model 2

6000
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