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Damage Detection of Shear Building Structures Using Dynamic Response
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Abstract

Damage location and extent of structure could be detected by the inverse analysis on dynamic response properties such as
frequencies and mode shapes. The dynamic response of building structures has many noise and affected by nonstructural members
and, above all, the behavior of building structure is more complex than civil structure and this makes the damage detection
difficult. In recent researches the damage is detected by the indirect index such as sensitivity or assumed values. However, for the
more reasonable damage detection, it needs to use the damage index directly induced from dynamic equation.

The purpose of this study is to provide the damage detection method on shear building structures by the damage index directly
induced from dynamic equation. The provided damage index could be estimated from measured mode shape of undamaged
structure and frequency difference between undamaged and damaged structure. The damage detection method is applied to
numerical analysis model such as MATLAB and MIDAS GENw for the verification. The damage index at damaged story

represents (-) sign and 15 times than other undamaged sories.
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Fig. 2 Detail of Numerical Analysis Model

Table 1 Material Properties of Specimen

Name Value
Sectional secondary Strong axis 3930.4 mm*
moment Weak axis 4.896 mm*
modulus of elasticity 2.0x 10" Pa
Poisson’s ratio 0.31
Density 7900 kg/m?
Yield stress 9.86 < 10% Pa

Ultimate strength 1.103 X 10° Pa
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Table 2 Modal Analysis Result of Matlab

Table 5 Story Stiffness of GENw Model

Undamaged Damaged Story stiffness (kN/m)
Mode Story Story
f(Hz) Mode Shape f(Hz) Mode Shape Undamaged Damaged
1 0.4451 0.5261 1™ 1.22 0.91
1 2 1.84 0.8019 1.69 0.8327 2 1.22 1.80
3¢ 1 1 3 1.22 1.21
1 1 1
2 ond 5.15 0.4451 491 0.3345 ,
1 E— Table 6 Difference of frequency
31 -0.8019 -0.8046
1 —-0.8019 -0.7056 5 Aw? = w??* w,
— —_— Story
3 2 7.44 1 7.35 1 Matlab MIDAS GENw
3 -0.4451 -0.4615 1 (8,) -20.85 -19.64
2 (8,) -95.45 —73.94
ord _ —
Table 3 Modal Analysis Condition of Matlab 3 () 52.97 32.38

Story stiffness k; (kKN/m) Story Mass
Story ;
Undamaged Damaged m; (kg)
1 1.196 0.897 1.778
ond 1.196 1.196 1.778
31 1.196 1.196 1.778
Table 4 Modal Analysis Result of MIDAS GENw
Undamaged Damaged
Mode Story
fHz) Mode Shape | f(Hz) Mode Shape
1 0.4525 0.5261
1 o 1.72 0.8111 1.57 0.8327
3 1 1
1™ 1 1
2 om 4.77 0.3874 4.57 0.2935
3 -0.8508 -0.8473
1 -0.7780 -0.7110
3 o 6.81 1 6.75 1
3¢ -0.5095 -0.5238
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Table 7 Damage Detection Index

Damage Detection Index
Story
Matlab MIDAS GENw
™ (8) —-89.28 —-85.97
2 (3,) 0.1397 4.19
3 (8,) 6.0604 16.77
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