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APPLICATION OF FUZZY QUANTIFICATION THEORY
FOR ASSESSMENT OF STRUCTURAL INTEGRITY

Naruhito Shiraishi*, Hitoshi Furuta* and Mitsuyuki Hashimoto*

It has been recognized that a considerable number of structures
require repairing or alteration. Under this situation, it is emergent
and important to establish a method of evaluating the integrity of
structures. However, analysis of structural integrity is very difficult
because of the lack of available data and the complex mechanism of
damage assessment.

Previously, the authors applied the quantification theory II for
the integrity analysis, in order to integrate various kinds of
information into a synthetic evaluation. This method has an advantage
that it enables to quantify each factor affecting the structural
integrity, while it has some problems in categorizing items and external
criterion.

In this paper, an attempt is made to deal with the ambiguities
involved in the categorization in a flexible and realistic manner, by
introducing the concepts of fuzzy sets theory. At first, the outline of
fuzzy quantification theory II is described with emphasis on its
terminology and formulation. The calculating process is performed
through such linguistic variables as ''Large", '"Medium", "Small", etc.,
which are defined in terms of fuzzy sets. Next, several treatments used
in practical computation are given; how to specify the external
criterion (i.e. state of damage) linguistically and how to treat the
linguistic information in the computer program.

The main conclusions obtained through this investigation are as
follows:
1) By using a grade value defined on [0,1) instead of {0,1}, it is
possible to account for the ambiguities involved in categorizing the
items. Although the same treatment is applicable, direct linguistic
discrimination is preferable for evaluating the state of damage.
2) The method developed herein enables to draw reasonable conclusions
from insufficient quantitative data with the aid of such qualitative
information as engineers' judgement, experience, wisdom and so on. The
numerical results show that joints and shoes are very important to
maintain the integrity of bridges.
3) In order to make the method more practical and applicable, it is
necessary to improve the definition of 1linguistic wvariables and to
obtain the more useful form of their membership functions.

* Department of Civil Engineering, Kyoto University
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