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Abstract Structural members in the form of steel pipe are used widely in major facilities. In numerous
cases, they are restrained non-uniform cantilever-type beams with a tip mass. Vibration-based damage
detection methods elastically are generally used for the health monitoring of those structures. For this,
it is important to update the baseline model that can analytically estimate the modal characteristics of
the structure in a healthy state. In this study, a baseline model updating method for monitoring the
health of a cantilever-type beam that has step changes in the properties of its cross-section and a tip
mass and spring support is proposed. To this end, a natural frequency estimation technique was studied
by applying the boundary conditions at the tip mass and the elastically restrained support and the
continuity conditions at the section change part to the general solution of the differential equation for
the non-uniform beam. The proposed natural frequency estimation technique and neural network
technique were applied to update the baseline model for a specimen. The baseline model was updated
by improving the translational and rotational spring constants at the elastically restrained support. The
natural frequencies calculated from the updated baseline model and the experimental results were in
good agreement. Therefore, using the proposed technique, the baseline model for the elastically
restrained non-uniform cantilever-type beam with a tip mass could be updated and utilized effectively

for structural health monitoring and damage detection.
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Fig. 1. Cantilever-type non-uniform beam with a tip
mass and spring support
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where, r(¢) is transverse displacement, F is

Young's modulus, / denotes area moment of
inertia, A denotes cross sectional area, p is mass
density, w is natural circular frequency, and L
denotes total beam length.
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Fig. 2. Example beam

Table 1. Natural frequencies of example beam

(unit: Hz)
Mode no. 1 2 3 4
w/o Calculated | 5.794 | 39.106 | 112.118 | 232.512
springs FEM 5.795 | 39.106 | 112.116 | 232.508
w/ Calculated | 5.033 | 29.229 | 69.536 | 138.105
springs FEM 5.033 | 29.229 | 69.536 138.104
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Fig. 3. Mode shapes of example beam
(a) 1st mode (b) 2nd mode (c) 3rd mode (d) 4th mode
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Fig. 4. Dimension of specimen
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Table 2. Natural frequencies of specimen (Unit: Hz)

Mode no. 1 2 3
Experiment 25.635 | 168.460 | 406.494
Calculated w/o springs 49.415 | 352.643 | 980.866
Calculated w/ springs (initial)

Ky =0.075 > 1251, / L} 26.294 | 178.249 | 421.721
Ky, =0.075x<4E 1,/ L,

Calculated w/ springs (updated)

kg = 0.807 Ky 25589 | 168.248 | 404.582
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