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Development of a hybrid stochastic finite element method as a versatile

Research Contents

tool for uncertainty quantification

I am currently developing a method (hybrid stochastic finite element method) that can efficiently produce
results equivalent to those of Monte Carlo methods (MCM) for problems where MCM is unsuitable because
of its high computational cost and time consumption. Since MCM is based on the law of large numbers, it is
necessary to calculate 1,000 to 10,000 times while changing the parameter values in order to obtain
meaningful moment constant. When the computation time per simulation is relatively short, MCM is a
very convenient (non-intrusive) and robust method. However, when dealing with stochastic nonlinear
problems, MCM requires a considerable amount of computation time to perform iterations using Newton's
method many times to obtain a meaningful solution that falls within the specified threshold. In a
numerical experiment, the MCM process took 5,520 minutes (3.8 days). By contrast, the NISP Spectral
Stochastic Finite Element Method (NISP-SSFEM), which is still under development, produced similar
results in about 139 minutes.

Next, I will note where the difficulty lies when dealing with stochastic elastic-plastic problems in solid
mechanics. Here, I consider the case in which only Young's modulus is a random variable. In this case, the
yield surface is fixed, but the stress fluctuates probabilistically. The external force is assumed to be
constant. However, total strain energy is a random variable that must converge to the work by the external
force in the sense of mean squared convergence. Furthermore, strain energy is the sum of the elastic energy
generated at the Gauss points across all finite elements. Under these conditions, the stresses in the plastic
state at all positions within the object must map to the correct position on the yield surface while
maintaining equilibrium. These types of problems are addressed in stochastic elastoplastic problems.

Current research focuses on developing methods to solve stochastic elastoplastic problems in
multi-dimensional random fields (e.g., when Young's modulus, yield stress, etc., are random variables)
efficiently and stably. In previous research, I addressed the stochastic elastoplastic problem in the context
of finite deformation, also known as large deformation. It then became apparent that the previous
NISP-SSFEM had two drawbacks. First, it could become unstable under certain conditions. Second,
calculating the stochastic projection, i.e., the quadrature as the inner product to map the target random
variable onto the random field called homogeneous chaos, required significant computational time. Current
research is developing a new method (MeNISP-SSFEM) to solve efficiently the forementioned issues in the
setting of the multi-dimensional random fields.
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