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Effect of Subjective Uncertainty on Structural Reliability

Naruhito Shiraishi* and Hitoshi Furuta*

It has been recognized that probability theory is a useful tool for the
quantitative assessment of structural safety. However, one may often perceive
that reliability analysis based on the probability theory leads to the solution
which is different from the failure rate inferred from the statistics of struc-
tural accidents. This is due to the exclusion of actual failure causes, such
as omissions, mistakes, incorrect modeling, construction errors, etc., which
are classified in the term of "subjective uncertainty".

This paper presents some contributions to the development of the method-
ology to be adaptable in the evaluation of subjective uncertain factors.
Through the study of past bridge failures, it is possible to identify the
causes of collapse. Most of bridge failures reveal the importance of human
situation surrounding the project, though some failures are evidently due to
the direct technical causes. Here, types of bridge failures are discussed and
deduced to twelve basic categories.

Fault Tree Analysis (FTA), which has been scarecely applied in the field
of civil engineering, may possibly be suitable for use in trying to grasp
the mutual relationships among the failure causes. An attempt is made to
reduce the load of computation by using the definition of "hard version" for
the implementation of "AND" and "OR" logic operations. Based on the theory of
fuzzy set, subjective assessment of individual causes is carried out through
linguistic variables such as large, medium, small. Subjective information
obtained by the above prodedure is merged with objective information, which is
expressed in the form of probabilities. Some numerical examples are presented
to illustrate the method developed herein.

The main results derived from this study can be summarized as follows:

1) 1In the analysis of bridge failures, it is of importance to take not only
the direct technical causes but also the secondary causes or "engineering
climate" surrounding the project. Some cases indicate that the latter
played decisive roles to lead them to failure.

2) It is confirmed that the definition of hard version is applicable to the
calculation of AND and OR logic gates. This enables to estimate the state
of top event without complex arithmetic operatiomns.

3) Fuzzy approach seems to be preferable in assessing the safety of bridge
structures, because it can treat the ambiguity involved in the causes of
collapse by means of linguistic variables. Then, FTA can provide valuable
information for computing the membership of the total effect of those
causes,

4) FTA becomes a tool in executing the fuzzification of probabilities which is
necessary to merge subjective information with objective information.

* Department of Civil Engineering, Kyoto University



