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Structural Stiffness Estimation and Optimum Sensor location for
Structural Damage Detection
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ABSTRACT
Damage detection is a very active research field, in which significant efforts have been
invested in recent years. In this paper, analysis using structural stiffness estimation for
damage detection is presented and compared to other methodologies. By using a cantilever
analytical beam model, it is shown here that not only location but also the amount of
damage in structure can be predicted from the ratio of change in stiffness. Damage detection
experiment in real beam specimen is also performed and the results are compared.
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Figure 1. Dimensions and finite element model of a cantilever: (a) finite element model, and (b)

cross-section of the cantilever. (E= 210GPa,v= 0.3, p = 7850kg/m>, all dimensions in cm)
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Figure 3. MAC graph for 20 and 12 DOFs.
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Figure 4. Changes of natural frequencies for intact case and for four typical damage locations: (a)10~50%
reductions in E at 10 EL, (b)10~50% reductions in E at 3 EL, (c)10~50% reductions in E at 19 EL, and
(d) reduction in E at 5 and 15 EL.
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Figure 5. Absolute difference between the curvature mode shapes for the intact and damaged cantilever: (a)

10% reduction in E at 19EL, (b) 30% reduction in E at 19EL, (c) 50% reduction in E at 19EL, and (d)
reduction in E at 5 and 15EL.
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Figure 6. Damage detection using the structural stiffness estimation: (a) 30% reduction in E at 10 EL, (b)
50% reduction in E at 10 EL, (c) 30% reduction in E at 3 EL, and (d) 50% reduction in E at 3 EL.
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Figure 7. Damage detection using the structural stiffness estimation: (a) 30% reduction in E at 19 EL, (b)
5% reduction in E at 19 EL, (c) 30% and 20% reductions in E at 5 and 15 EL, and (d) 10% and 40%
reductions in E at 5 and 15EL.
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Figure 8. Experimental model. (dimensions in cm)
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