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Abstract

In order to diagnose structural health, information about possible existence and its extent of
structural damage is extremely important. Recent technological advances of sensing devices allow
us to deploy a large number of high density sensors to structures. In this dissertation, a new local
structural damage detection method is proposed on the assumption of using such a new type of
sensing devices.

The contents of this dissertation are summarized as follows.

Chapter 1 describes the background and the purpose of this study.

Chapter 2 proposes the substructure based local damage detection method. The method divides the
whole structure into a set of small virtual substructures consisting of beams and columns. Then, the
local damage existence is detected inside of each substructure using the output error defined as a
difference between observation output and simulated output at an internal node of the substructure.
The performance of the method is verified using numerical simulation data sets of a 3-dimensional
5-story steel structure.

Chapter 3 investigates the sensitivity between the output error and structural damages of a
substructure to enhance theoretical aspect of the proposed method. The output error is formulated
by transfer functions inside the substructure, and the numerical studies using a simple
2-dimensional frame model is conducted. The results show that the increase of the output error
induced by structural damages mainly occurs in the rotational component of the substructure
response than in translational component, and as a result that the rotational component is most
tolerant to the observation noise.

In chapter 4, the proposed method is applied to forced vibration test of a real 5 story RC building
with artificial damages in their columns. Because the damages were locally applied, its impact to
the dynamic characteristics of the whole structural system was very limited. Nonetheless, the
proposed method showed its ability of detecting the damage existence and location. In order to
present the current practicability of the proposed method, an iterative usage technique of a set of
small number of conventional types of sensors is also verified in the test.

In chapter 5, the method is also applied to the large shaking table test of 1/3 scaled 18-story steel
high-rise building. 152 of MEMS type 6 axis vibration sensors were installed in the buildings to
verify the method. The method shows its capability to detect local structural damages such as
fractures of flanges at the end of steel beams.

Chapter 6 is the conclusion of this dissertation. The proposed method can be considered to
accomplish to detect local damages in structures and identify its 3-dimensional locations. The
proposed method has not only capability to use a large number of new types of sensors, also has the
practicality with a limited number of conventional types of sensors.
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