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One of the distinguished features of geotechnical reliability analysis, compared to other structural
reliability analysis such as concrete and steel structures is material properties are different from a site
_ to another, which need to be determined based on field investigations and laboratory tests.

In the ordinary structural reliability analysis textbook such as Thoft-Christensen and Baker (1982),
the uncertainties in reliability analysis are classified into the following four sources: (a) physical
uncertainty, (b) statistical uncertainty, (c) modeling errors and (d) gross error. It goes without saying
that physical uncertainties, especially external actions, are the major source of uncertainty in
structural reliability analysis.

Since the spatial fluctuations of soil properties are generally large, people tend to think that the
physical uncertainty is the major source of uncertainty in geotechnical reliability analysis. However,
this is not necessarily true, and the statistical uncertainty would have more contribution to the
resulting uncertainty in geotechnical reliability analysis. This is because Aleatory uncertainties
(uncertainties due to randomness, i.e. physical uncertainty) tend to average out, however effects of
Epistemic uncertainties (uncertainties due to lack of knowledge, i.e. statistical uncertainty and
modeling error) do not.

This study actually tries to add some examples to this statement. The statistical uncertainty and
the physical uncertainty are quantified through actual site records to see the relative impacts on the
resulting uncertainty in geotechnical reliability based design, RBD, taking the RBD of Piles as an
example. Two different kinds of RBD schemes are introduced to emphasize the special characteristics
of geotechnical design. They are L-RBD and G-RBD, which are defined as follow:
® Local reliability based design (L-RBD): The material uncertainty considered in the design takes

into account the relative position of investigation and the structure to be designed. Therefore,

there would be considerable reduction in the statistical uncertainty in this approach.

® General reliability based design (G-RBD): The material uncertainty considered in the design is
that of general uncertainty and not considering relative position of investigation location and
structures to be designed. Thus, in this approach, considerable statistical uncertainty remains in
determining material property for design.

The two methods are illustrated by examples in this study.

The intensive CPT investigation results at a site are used to illustrate L-RBD. The spatial
variability of soil property is first statistically characterized. Estimations of the parameters are done
by the maximum likelihood method, MLM, and the best model for each data is selected by Akaike
Information Criterion, AIC, Ordinary Kriging method have been used to Estimate the Soil Properties
at the unknown points ( out of the CPT bores). Ultimate bearing capacity of piles is evaluated at
different points.

On the other hand, G-RBD utilizes only statistical properties of the RF using Monte Carlo
Simulation; thus, the relative location of a structure and soil investigations are ignored. Example on
piles and shallow foundations are presented for this case.
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