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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 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 such as the
stochastic elasto-plastic 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.

Next, I will discuss the challenges of dealing with stochastic elastic-plastic problems in solid mechanics.
For this example, I will assume that Young's modulus is the only random variable. Here, 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 of 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, stresses in the plastic state at all positions
within the object must correspond to the correct position on the yield surface, while maintaining
equilibrium. This type of problem is addressed in stochastic elasto-plasticity.

The hybrid stochastic finite element method obtains the necessary probabilistic moments in one
calculation, so this method would be better suited to commercial CAE software. However, in practical
situations around the world, hybrid stochastic finite element methods are still in the laboratory stage of
development. I think there are three reasons why the development of the hybrid stochastic finite element
method remains at the laboratory level: (1) SSFEM relies on an intrusive approach, making it impossible to
solve target problems using existing software without modifying the governing equations; (2) methods for
solving problems involving stochastic non-linearity have not yet been established; and (3) the “curse of
dimensionality” in high-dimensional stochastic fields.

Current research focuses on developing efficient and robust methods to solve stochastic elasto-plastic
problems, which aims to address the previous issues (1) and (2). The research also focuses on developing
the Multi-Element Non-Intrusive Spectral Projection Hybrid Perturbation—Polynomial Chaos Stochastic
Finite Element Method to solve multi-dimensional stochastic elasto-plastic problems efficiently and

robustly, which aims to address the previous issue (3).
} 2500 material properties (von Mises)
T E / E =70[Gpa],0; =0.1,v=0.2
o / E(x, &) =E{1+0;V089 (x,y) ¢}
Y0y ';rrt\(;,"—l)i) 1000 o (x,¥) = 1.01c0s(0.90 x)cos(0.51y)

" foPa) 20 0, (&P) = 0.243 + 0.2£” [Gpa (linear hardning)]
: |‘ 0.0313 0.0316 0.0319 0.0322 0.0325 0.0328 loading condition

Ef T MCMS000 Au = 0.02 mm
4 :'; MeNISP-HPPC-SFEM(1st order perturbation) total dlSplaCemel’lt u= 0.14 mm

4
“ ~ MeNISP-HPPC-SFEM(2nd order perturbation)

[
t
L

Fig.2 PDF of y-direction displacement

Fig.1 Young's Modulus(random variable) distribution funit: mum] at the green point in Fig.1
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