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Influence of Statistical Uncertainty on Reliability-Based Design

Naruhito Shiraishi* and Hitoshi Furuta*

It has been widely recognized that reliability theory provides a tool for
the quantitative evaluation of structural safety. Namely, uncertainties
involved in structural performance can be analyzed rationally only with the
aid of probabilistic and statistical approaches. Then, the influence of
uné¢ertain factors are assessed on the basis of the information which is given
in the form of statistical characteristics as mean values, variances, coeffi-
cients of variation and so on. It is, however, quite difficult to obtain the
population mean and the population standard deviation from the finite number
of samples. Especially, the standard deviation estimated from the measured
data with a small size is seldom consistent with the population standard
deviation. The differences between the sample and population values may give
a considerably large influence on the structural design,

The present paper aims to elucidate the effects of the statistical uncer-
tainty concerning with the number of data on the safety analysis and the
reliability-based design. Safety analysis is performed herein by use of the
second moment theory, which is greatly adaptable to application in practical
structural design codes, because of the simplicity, flexibility, and easiness
of treatment. However, the elementary safety index method is known to suffer,
a greater or smaller degree, lack of invariance under a change of formulation
of the failure criteria. To overcome this serious problem of invariance and
further to generalize the safety index concept to multivariate design problems,
some new definitions or calculating methods of the safety index have been
presented : Hasofer/Lind criterion, Ditlevsen/Skov criterion, Rackwitz crite-
rion, etc. 1In this paper, the above three methods are compared and discussed,
placing attention on how to introduce the statistical uncertainty.

For the normal distribution, the relation between the population and sample
standard deviations is derived by use of the fiducial statistics. As is known,
the population mean can be estimated by the sample mean, whereas the standard
deviation should be corrected by multiplying the modification factor, which is
a function of the number of data, with the sample standard deviation. A prac-
tical formula for calculating this factor can be deduced by using the expansion
approximation. This result is extended to the log-normal distribution. The
modification factors are calculated approximately to compare with the case of
the normal distribution. For other distributions, the modification factors are
determined numerically through the Monte Carlo simulation, since it is impossi-
ble to find it amalytically. If the concept of modification factor is coupled
with safety index methods, the influence of the statistical uncertainty can be
introduced in the explicit form into the assessment of structural safety. Also,
this method makes it possible to examine the effect of the number of data on
the structural design, using the load factor design format. Consequently,
Rackwitz criterion, which is an approximate full-distribution method, seems to
be superior when including the statistical uncertainty.

* Department of Civil Engineering, Kyoto University



