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An efficient modeling method for open cracked beam structures
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ABSTRACT

This paper presents an efficient modeling method for open cracked beam structures. An equivalent bending spring model is
introduced to represent the structural weakening effect in the presence of open cracks. The proposed method adopts the exact
dynamic element method (EDEM) to avoid the difficulty and numerical errors in association with re-meshing the structure. The
proposed method is rigorously compared with a commercial finite element code. Experiments are also performed to validate the
proposed modeling method.  Finally, a diagnostic scheme for open cracked beam structures is proposed and demonstrated through a
numerical example.
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(a) a cracked beam
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Fig. 1 Modeling of cracked beam structure
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Table 1 Specification of the numerical model

Property Data
Li=L,=25cm
Dimension b=2
h=5cm
Young’s Modulus 2.08x10" N/m’
Density 7833 kg/m’
Poisson Ratio 0.3

Fig. 2. Typical result of finite element analysis for the uniform
beam model with a crack at the mid span
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Table 2. Comparison of natural frequency of experimental
model 2

Natural frequency (Hz) Error(%)

E A P
Experiment ABAQUS | Proposed

|E-PJ/E

Mode <100

1 919 910 920 0.11

2 2470 2447 2462 0.32

3 4775 4727 4758 0.36
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Fig. 4 Comparison of measured and computed natural
frequency with the crack depth changed (experiments)
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Fig. 5 Experimental model 2: a uniform beam with two cracks
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Plot of Changing Position, Depth of Crack Beam
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Fig. 6 Variation of natural frequencies due to a crack: the effect
of depth and position
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