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Application of Grey Control System Model
In Structural Damage Identification
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Abstract: Development of construction health monitoring system becomes an important task for structure
damage identification. Since the building structure has many indeterminable factors, the method using
modal analysis to identify the structure damage is of less precision. A method applying the grey system to
the structural damage identification was presented. The grey system of the frequency variance rate and
the stiffness change was established with first-order single argument grey system(GM(1,1)). GM(1,1)
orediction was used to reflect the global function of the structural dynamic fingerprints and the relation of
the frequency variance rate and stiffness change was fond out. Vibration tests for frame structures were
carried out, with considered many cases, including single-damage and multi-damage with different de-
grees and locations. The results show that for shear buildings, damage degree and location can be deter-
mined by using the grey system created through measuring frequency change.
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Tab.1 Parameters of 4-story frame structural model

W% EEER HEEEH(mD) IR (m*) PR (N/m?) # ¥ (Kg/m?)
23 T¥ 6x1074 8.05%1078 3x10° 1.2x10°
(=4 Ik 7x1074 5.8333x10°° 3x10° 1.2x10°
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a. Joint of column and peddstal b. Simulation of column’s damage
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Fig.1 Test of frame structure model
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Tab.2 Damage modes of 4-story structure

ITHHS LHEBREHRLEEmMY 105 B A T8 R 4 (m*) BRIFERERE (%) o8
TR 1.16667 % 1078 0.9998x10°# 14.3 —EBii
T2 1.16667 x 10" * 0.9167x 107 % 21.43 ZR#
TH3 1.16667 x 107 # 0.5005%10°%,0.9167x 10" ® 57.1,21.43 Z=ZRRH
I84 1.16667 x 10~° 0.5005% 107%,0.8330%x 10"® 57.1,28.60 ZZRH
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Tab.3 Measured value and variance ratio of frequency of damage structure
& w, Lwy [ w, wp Dwy [ wy wy Awy/wy Wy Awy/wy
X 8.1787 24.689 40.1 51.086
I®1 8.0566 1.49% 24.689 0% 39.856 0.608% 50.476 1.194%
T 2 8.0261 1.866% 24.689 0% 39.703 0.99% 50.022 2.083%
A 7.6904 5.97% 24.384 1.235% 39.017 2.701% 48.462 5.136%
T4 7.6904 5.97% 24.094 2.41% 38.986 2.778% 48.126 5.794 %
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Fig.2 Comparison of actuality and identifications
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BB RPN B — IR 25.87 %, R IRFRERE 4.92%.
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