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Structural Damage Identification by Using Dynamic Stiffness Matrix
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Abstract

This paper introduces a frequency-domain method of structural damage identification. It is formulated in a general
form from the dynamic stiffness equation of motion for a structure and then applied to a beam structure. The appealing
features of the present damage identification method are: (1) it requires only the frequency response functions
experimentally measured from damaged structure as the input data, and (2) it can locate and quantify many local
damages at the same time. The feasibility of the present damage identification method is tested through some
numerically simulated damage identification analyses and then experimental verification is conducted for a cantilevered

beam with damage caused by introducing three slots.
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Fig. 1 A finite structure element with damage: (a) true
damage state, and (b) its equivalent representation
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Fig 2. Percent errors of 4s1l,,,,, with respect to As11,,,
. depending on the length to thickness ratio (/h)
and uniform damage magnitude (D)
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Fig. 3 A cantilevered beam with three piece-wise
uniform damages considered for numerically
simulated damage identification tests
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Fig. 4 Analytically predicted FRF-data based damage
identification results depending on the level of
random noises in FRFs
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Fig. 5 Geometry of a cantilevered beam specimen with
three slots (units: mm)
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Fig. 6 The inertance FRFs measured at x = 0.133 m
(point 1), 0.267m (point 2), and 0.356 m(point 3)
of the damaged beam by applying an impact load
at x =0.133 m (point 1)
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Table 1 Experimentally measured natural frequencies of the beam with damage

Measured Natural Frequencies (Hz)

B
cams ™ nd 3rd 4th Sth 6th 7th 8th
Undamaged 25.75 1569 4387 8593 1419 2117 2949 3915
Damaged 25.01 1542 4358 8384 1397 2066 2931 3860
% Change 2.87 1.72 0.67 2.43 1.56 2.39 0.58 1.41
n1n7
0.064 0.057 - -
o——-————-—-—-_o _— - — - 7189 3L AN &471EE S5l 3
(a) 9 elements: DIE = 1.95 e-01 7l e A2 & ole F& uo] &A1
0.284 ﬁlmi‘ﬂl 3 Ade 539 FHsgch dde
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0.438 0.454
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(c) 81 elements: DIE = 7.02 e-02

Fig. 7 Experimentally measured FRF-data based damage

identification results
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Fig. 8 Experimentally measured FRF-data based damage
identification results depending on the frequency

range of excitation
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