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THE EXPERIMENT OF SUBSTRUCTURE ISOLATION AND
IDENTIFICATION USING LOCAL TIME SERIES
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Abstract: For huge complex structures, it is difficult to obtain enough information which is required necessarily
in their global monitoring. Aiming at this problem, a Substructure Isolation Method (SIM) is proposed for local
damage identification. An isolated substructure is a virtual and independent structure, which is separated from a
global structure by adding virtual supports on the substructure boundary to zero the substructure boundary
responses. Correspondingly the interior responses of the isolated substructure are constructed and used to identify
the local substructure damage equivalently. In order to reveal the essence of the Substructure Isolation Method
and unify its basic concept, the way of arranging sub-time series is improved according to the SIM method based
on impulse response, that is, sub-time series are extracted section by section, and then are arrayed into a Toeplitz
matrix. In this way, it not only unifies the expression of SIM based on local time series and that based on impulse
response, but also integrates the basic concept of SIM. An experiment of a cantilever beam is used to validate the
efficiency and the practical application of this method. Both the substructure isolation and damage identification
are performed successfully using local measured responses.
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Table 1 The styles of the global structure
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Table 2 The sensor placements and numbering
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Table 3

3

/Hz
Identified natural frequencies

(M

2

Bl B2 B3

1 17.68 17.52 17.53 17.40 17.27
2 57.33 52.01 51.66 51.70 52.44
3 119.15 112.95 112.56 112.91 112.74
4 203.30 195.66 193.58 195.64 194.74
5 310.47 290.04 290.33 289.69 290.91
6 439.95 413.93 415.05 413.79 413.77
7 592.48 551.07 547.62 549.81 553.40
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Fig.15 Damage extents of substructure

[10]

[11]

[12]

[J1. , 2005, 19(1): 8—12.

Ou Jinping. Research and practice of smart sensor
networks and health monitoring systems for civil
infrastructures in mainland china [J]. Bulletin of National
Natural Science Foundation of China, 2005, 19(1): 8—12.
(in Chinese)
Reich G W, Park K C. Experimental application of a
structural health monitoring methodology [C]// Liu S C.
Proceedings of the SPIE, In Smart Structures and
Materials, 2000(3988): 143—153.
Park K, Reich G W, Alvin K F. Structural damage
detection using localized flexibilities [J]. Journal of
Intelligent Material Systems and Structures, 1999, 9(11):
911—919.
Yun C, Lee H. Substructural identification for damage
estimation of structures [J]. Structural Safety, 1997, 19(1):
121—140.
Koh C G, Shankar K. Substructural identification method
without interface measurement [J]. Journal of
Engineering Mechanics (ASCE), 2003, 129(7): 769—
776.
Yang J, Huang H. Substructure damage identification
using sequential nonlinear Lse method [C]. 4th
International Conference on Earthquake Engineering.
Taipei, China, 2006, Paper No: 119.
[J]. , 2007, 24(6): 68—72.
Fan Suying, Li Zhongxian. A double-element substructure
method for physical parameter identification of bridge
structures [J]. Engineering Mechanics, 2007, 24(6): 68—
72. (in Chinese)
[J]. , 2005, 22(5): 94—98.
Xie Xianzhong, Yi Weijian. A substructure method for
parameter estimation in time domain [J]. Engineering
Mechanics, 2005, 22(5): 94—98. (in Chinese)
[J]. , 2006, 8(9): 42—48.
Guo Li, Li Zhaoxia, Chen Hongtian. Multi-stage model
updating method via substructure analysis [J].
Engineering Science, 2006, 8(9): 42—48. (in Chinese)
[J1. , 2009, 26(11): 23—30.
Hou lJilin, Ou Jinping. Isolated substructure model
updating method based on local impulse response [J].
Engineering Mechanics, 2009, 26(11): 23 —30. (in
Chinese)
Hou J, Jankowski L, Ou J. Experimental study of the
substructure isolation method for local health monitoring
[J]. Structural Control & Health Monitoring, 2012, 19:
491—510.

[J]. , 2009, 22(3): 305—312.
Hou lJilin, Ou Jinping. Isolated substructure model
updating based on local time series [J]. Journal of
Vibration Engineering, 2009, 22(3): 305 —312. (in
Chinese)



