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Comparison of different damage indices based on modal strain energy
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Abstract; In order to solve the problem of structural multi-damage identification, different modal strain energy
damage index methods are studied and compared. First, three kinds of modal strain energy damage indices, the
modal strain energy change index, the modal strain energy dissipation ratio index, and the modal strain energy
based index, are described. Then, with consideration of the modal strain energy dissipation ratio index method, an
improved equivalence equation is derived through improvement of the stiffness matrix, and a modal strain energy
equivalence index is proposed. Finally, four kinds of modal strain energy damage indices are compared, and the
impact of the measured noise is considered. Simulation results show that the modal strain energy-based index
method can identify structural damage locations, and the proposed modal strain energy equivalence index can not

only identify structural damage locations but can identify the damage extent with high accuracy.
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Fig. 2 Identification results of four damage indices when multiple damages occur in 2nd, 22nd, and 35th elements
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Table 2 Damage quantification results for Case 1
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MSECI J5 i 0.3031 0.1531 0.7549 0.5049 0.4702 0.2702 0.3094
MSEDRI J7i% 0.2326 0.0826 0.4302 0.1802 0.3198 0.1198 0.1275
MSEBI 77 0.3168 0.1668 0.7674 0.5174 0.4649 0.2649 0.3164
MSEEI % 0.1240 0.0260 0.2451 0.0049 0.1753 0.0247 0.0185
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Table 3 Damage quantification results for Case 2
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Fig. 4 Identification results of four damage indices when multiple damages occur in 5th, 20th, and 44th elements
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Fig. 5 Identification results of four damage indices when multiple damages occur in 5th, 20th,
and 44th elements ( considering 3 % measured noise)
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