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ABSTRACT

In most engineering applications, the traditional approaches for system designing entail
taking into account deterministic system models and parameters. However, knowledge of
the system parameters is never impeccable and thus rationally should be considered
uncertain. The deterministic design approaches do not account for these uncertainties, such
as those in loading, material, geometry, boundary conditions, etc. In general, uncertainties
are measured by employing simplifying assumptions, such as taking into account extreme
or average values and/or incorporating safety margins. Experience and engineering
judgment are used to develop these hypotheses. While traditional techniques have proven
effective in numerous practical design scenarios, the deterministic model often results in
either excessive design precautions or failure when faced with extreme conditions.
Therefore, an adequate level of reliability is essential when designing a system; other design
goals may be important as well, such as there is an increasing demand for robust systems
that are safer and less susceptible to uncertainties. The need to incorporate robustness and
reliability into the design of systems is also recognized by the industry and commercial
sectors. Therefore, developing the approaches for performing system design optimization
while considering the uncertainties is the primary objective of this study.

Typical design methodologies that take uncertainties into account are broadly
categorized as (a) Reliability-Based Design Optimization (RBDO) and (b) Robust Design
Optimization (RDO). The RBDO method characterizes uncertain variables and failure
modes in order to optimize designs for higher reliability. RDO, on the other hand, minimizes
performance variance without eliminating the sources of variation. The primary challenges
that prohibit the implementation of existing approaches for RDO and/or RBDO of structural
systems are lower accuracy, the necessity of evaluating the multidimensional integrals
involved in evaluating the robustness measure explicitly as a function of design parameters,
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and limited applicability for problems with a higher number of uncertain variables. This is
owing to the approximations and assumptions employed in computing the multidimensional
integrals involved in evaluating the robustness measure and failure probability in RDO and
RBDO, respectively. Furthermore, these design methodologies recurrently involve
problems of multiple cycles of system evaluation within the optimization loops; the
computational costs associated with them are very high, and in general, efficiency is favored
to the detriment of accuracy.

During the course of this study, the aforementioned limitation has been successfully
exploited, and broadly, four significant probabilistic stochastic simulation-based design
approaches are developed, including (a) improving an existing stochastic simulation
approach known as Stochastic Subset Optimization (SSO) that can be effectively utilized
for the system design optimization both for deterministic and stochastic systems, (b) a
simulation-based RDO approach that avoids the direct evaluation of the mean and variance
of the performance function explicitly as a function of design parameters, (c) a simulation-
based approach for efficiently handling the probabilistic constraint for Reliability-Based
Design Optimization (RBDO), and lastly (d) a simulation-based approach for performing
Reliability-Based Robust Design Optimization (RBRDO). The RBRDO aims to find the
best design performance that guarantees the system robustness of optimal designs,
simultaneously satisfying certain reliability requirements. Several high-dimensional
realistic linear as well as nonlinear complex systems are investigated in the present study.
The developed approaches are intended to be general (without any presumptions), with the
goal of attaining a reasonable balance of accuracy and computational efficiency.
Keywords: augmented formulation, robust design, variance minimization, stochastic

subset optimization, optimization under uncertainty, uncertain variables,

Voronoi tessellation, stochastic simulation, stochastic optimization, robust



design optimization (RDO), reliability-based design optimization (RBDO),
subset simulation, probabilistic constraint, decoupling, reliability-based

robust design optimization (RBRDO).
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