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Dynamic Analysis of Cracked Timoshenko Beams
Using the Transfer Matrix Method
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ABSTRACT

This paper presents a numerical method that can evaluate the effect of crack for the in-plane
bending vibration of Timoshenko beam. The method is a transfer matrix method that the element

transfer matrix is deduced from the element dynamic stiffness matrix. An edge crack is expressed as

a rotational spring, and then is formulated as an independent transfer matrix. To demonstrate the ac-

curacy of this theory, the results computed from the present are compared with those obtained from

the commercial finite element analysis program.

study is performed to analyze the effects for the
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Based on these comparison results, a parametric

size and locations of crack.
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Fig. 2 Model of beam
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Fig.3 An assembled beam element using transfer
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Fig. 4 Sign conversion between TMM and FEM
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Fig. 5 Model of Timoshenko beam with crack

Table 1 Material properties

Notation Description Value
E Elastic modulus 210 GPa
p Density of beam material 7850 kg/m3
L Length of beam 1m
B Width of cross-section 0.1 m

No. of nodes : 50,075

No. of elements : 10,740

Fig. 6 ANSYS model of Timoshenko beam with crack
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Table 2 The first four natural frequencies when a =0

Mode Natural frequencies(Hz) Ratio

number E(l;:};r Tlmcz%enko A(r:gfs E/A T/A
1 83.30 82.84 83.28 | 1.000 | 0.995
2 516.12 496.80 499.45 | 1.033 | 0.995
3 1419.59 | 1307.82 1315.10 | 1.079 | 0.994
4 2713.17 | 237478 | 2388.80 | 1.136 | 0.994
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to the height of beam
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Fig. 8 The change of the four natural frequencies ac-
cording to the location of crack
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Table 3 The first four natural frequencies when L, =
0.5m, H=0.1 m and a/H=0.25

Natural frequencies(Hz) Ratio
nlrrﬁgzr Euler |Timoshenko| Ansys E/A T/A
E) (M A)
1 82.18 81.73 82.17 | 1.000 | 0.995
2 488.20 471.39 473.93 | 1.030 | 0.995
3 1419.59 1307.38 | 1314.60 | 1.080 | 0.995
4 2580.16 2282.79 | 2296.40 | 1.124 | 0.994

Table 4 The first four natural frequencies when L;=
05m, H=0.1m and a/H=0.5

Mode Natural frequencies (Hz) Ratio
Euler |Timoshenko| Ansys
number E/A T/A
(E) (M (A)
1 77.72 77.36 77.61 | 1.001 | 0.997
2 41247 401.25 400.52 | 1.030 | 1.002
3 1419.58 1306.17 | 1310.70 | 1.083 | 0.997
4 2309.48 2084.85 | 2126.70 | 1.086 | 0.980
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Fig. 9 The change of the four natural frequencies
according to the depth of crack
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