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ABSTRACT

This work deals with uncertainty propagation analysis using B-splines Basis Functions
Expansion (BSBF) combined with an element-based sampling approach. The coefficients of
the approximation on this basis are obtained through a regression technique. The convergence
of the method with respect to the computational effort is investigated and compared to the
classical Point collocation polynomial chaos expansion (Pcol) and the Monte Carlo (MC)
methods. The propagation of input parameters uncertainties through the shallow-water
equations hydraulic model is studied with the proposed approach. Several numerical tests
related to dam break flows are established with the goal of obtaining the inundations maps
with their associated uncertainties.
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INTRODUCTION

The increase of computational power has contributed to the development of advanced
numerical models in several fields of engineering sciences. The numerical results and
designed products derived from these models are subjected to numerous uncertainties that
must be taken into account. Uncertainty quantification (UQ) analysis is considerably
widespread these last decades as an attracting research area owing to its various engineering
applications such as structural design, aerospace engineering, nuclear safety analysis, thermal
engineering and hydraulic-environmental studies. The sampling methods (Monte Carlo,
LHS...) are among the most common and straightforward methods for uncertainty
propagation. The computational cost of these methods becomes, very often, prohibitive.

As an alternative, the non-intrusive polynomial chaos expansion which belongs to the
stochastic expansion methods is widely used to quantify uncertainties propagation in
numerical models (Ghanem, 1991). The coefficients of the expansion are evaluated either
with projection technique by using the quadrature approach (Hosder, 2010) or regression
technique by solving an oversized linear system of equations by using least square method
(Blatman, 2010). In this paper, a new non-intrusive regressive stochastic method is proposed
where the expansion is defined on the cumulative probabilities domain which is decomposed
into elements (called Bézier elements) and where the B-splines functions (with arbitrary order
of interpolation) are used as polynomial interpolations. Also, the sampling of the input
parameters is established locally in the Bezier-elements. The use of such interpolations allows
obtaining efficiently smooth statistics of the outputs (mean and variance) in the case of
discontinuous wave flows (Cottrell, 2009). The multi-element aspect of the method and the
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compact support feature of the BSBF are explored to increase the efficiency of the sampling
procedure and the smoothness of the approximation.

RESULTS AND CONCLUSIONS

The performance of the proposed method is assessed first by considering a benchmark test
where an analytical function output is known [ f (Xl,Xz)zel's(X“XZ)]as a deterministic

model with two input uncertain parameters (X X, ) following a uniform distribution with a

given values of the mean and standard deviation (Hosder, 2007). The evolution of the relative
error with the number of samples of the statistical moments (mean and standard deviation) of
the output response, which is evaluated in comparison with the exact solution, is shown in
Figure 1.
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Fig. 1 - Relative error of the mean and the standard deviation (Std) obtained with BSBF,
Pcol and MC methods.

It is observed that by increasing the number of samples, the BSBF technique presents a better
convergence rate compared to the Point collocation expansion and the Monte Carlo methods.
The effect of the polynomial order (p in the figure) of the base functions on the convergence
rate can also be analyzed by examining Figure 1. The increase of the polynomial order leads
to a significant improvement of the convergence rate of the BSBF expansion compared to the
point collocation method. To further illustrate the performance of the proposed method, the
computational efficiency of the BSBF technique is evaluated on a more realistic case,
consisting of a dam break flow on a real river subjected to various uncertain input parameters.
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