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4- Defuzzification
5- Possibility distribution
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1- Stochastic uncertainty
2- Informal uncertainty
3- Lexical uncertainty
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6- Standard normal joint probability distribution function
7- Second Order Reliability Method
8- Second Order Reliability Method
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1- Alpha level optimization
2- Crisp subspace

3- Ultimate limit state

4- Serviceability limit state
5- Conditional limit state
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1- Design point
2- Joint probability distribution function
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3- Fuzzy probability distribution function
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1. Introduction

In structural reliability analysis, we encounter parameters which do not possess constant determined values and
are of random and vague identity in nature. Hence, we inevitably face a sort of uncertainty in the safety assessment
of structures. The nature of uncertainties and the methods of their modeling in assessing safety of structures have
been of researcher’s interest for many years [1]. A popular classification of uncertainty distinguishes between
aleatory and epistemic uncertainty [2]. Probabilistic methods presuppose sufficient information for determining
stochastic input parameters, such as, e.g. expected values, variances, and probability distribution functions. Thus
they are only able to account for aleatory uncertainty. Inaccuracies, unreliable data, or uncertainty which cannot be
described or insufficiently described statistically can thus only be accounted for approximately. Therefore,
probabilistic methods may only be applied to a limited extent. Alternative methods based on fuzzy set theory [3] and
the theory of fuzzy random variables [4] have only been applied in past few years which take into account epistemic
uncertainty.

The purpose of this paper is to determine fuzzy structural reliability index through modeling epistemic
uncertainty arising from ambiguity in statistical parameters of random variables. The fuzziness of the computed
safety level characterizes the new quality of the safety assessment compared with probabilistic methods. Meanwhile,
the introduction of Fuzzy First Order Reliability Method (FFORM) and its application in evaluating the reliability of
structures is under taken by three examples. The developed fuzzy probabilistic concept for the safety assessment of
structures provides sophisticated algorithms to take account of uncertainty of different characteristics in a
comprehensive way.

2. Methodology

In the proposed method, the form of limit state function is initially determined in the standard normal space.
Then, the mean and standard deviation of random variables are modeled as fuzzy triangular numbers and are
discretized to their a-cuts. The corresponding a-cuts of all variables constitute a spatial shape which is called the
crisp subspace. The entire points inside this subspace are used as inputs to analysis algorithm in order to determine
the corresponding interval of the respective fuzzy response for the same a-cuts. Assembling these intervals yields
the membership function of fuzzy output. On the other hand knowing the smallest and largest elements, the above
interval would be specified. There are two optimum points in the crisp subspace which yield the smallest and largest
elements of the aforesaid interval, see Fig. 1. Thus determining these points turns into two simultaneous
optimization problems according to Egs. (1) and (2), aims finding the two optimums in the a-level Optimization
technique.

Z= F(X{porrs Xy ) = MAX|(X[ o0, X ) € X (1)
z= (X5 X)) = MiN|(X ... Xp) € X ()

In the optimization process, condition (X;,...,Xp) € X 4 1s considered as a constraint for optimization problems.
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Fig. 1. Optimum points in the crisp subspace

3. Results and discussion

Comparison of the defuzzificated fuzzy reliability indices with classical methods results presented the successful
application of a-level optimization technique with verification of the proposed method. Survey results shown that
the reliability index obtained from the existing methods only represents a special case of fuzzy method proposed in
this paper. Furthermore, neglecting epistemic uncertainties of parameters influencing the structural performance in
current probabilistic methods has caused a large error (about 10%) in the reliability index calculation. Hence, taking
in to account, the epistemic uncertainty arising from statistical ambiguity in calculation of structural reliability index
and correction of all available methods are necessary.

4. Conclusions

In this paper, modeling the epistemic uncertainty of random variables via fuzzy triangular numbers in the FORM
reliability method using the alpha level optimization method has been brought into focus. The proposed method is
implementable in reliability problems in which all random variables are fuzzy sets and in reliability problems
containing non-linear limit state functions and provides a precise acceptable response. The implementation of the
proposed method leads to the definition of certain bounds of uncertainty for the reliability index, resulting in more
realistic value compared to classic methods. Whiles this uncertainty interval is not taken into account in classic
methods of reliability. The implementation of the proposed method with three examples demonstrates its capability
in determining fuzzy reliability index. Investigation of results also indicates the accuracy of the proposed method
and shows that the classic classic FORM method is only a special case of the proposed FFORM method.
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