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What’s a metal foam?

According to Wikipedia, a ”metal foam is a cellular structure consisting of
a solid metal with gas-filled pores comprising a large portion of the
volume”.
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Open-cell and closed-cell foams

1 The characteristic property that identifies metal foams (or foams in
general) is porosity, i.e. the volume fraction of the ’pores’ that do
not contain the substrate against that of the metal itself.

2 The broad categorisation is based on porosity or the shape of the
microstructure.

3 In open-cell foams, the cells or the pores are connected by ”thin”
layers of metal. Equivalently, the volume fraction of the gas to metal
is very close to one.

4 In closed-cell foams, the cells or the pores are disconnected by
”thick” layers of metal. Equivalently, the volume fraction of the gas
to metal is infinitesimal.
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Representative and stochastic volume element

1 A representative volume element is a characteristic of any periodically
recurring microstructure, be it foams (as is the case of interest of this
paper), or for that matter, solids with periodic potential (referred to
as unit cells in solid state physics or control volume element in
continuum mechanics).

2 A stochastic volume element is one that fails to repeat itself for a
long range of neighbourhood near itself in this space/bulk of the
substrate/solid.
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What is this paper all about?

1 This paper describes a computational model that virtually performs a
numerical experiment to explore the linear elastic properties of the
metal foams from the images obtained from CT (computed
tomography) scans.

2 In literature until then, there was a lot of interest towards
microstructure models with finite element methods which included
techniques such as tessellations.

3 But the issue lies in the heterogeneity of the representative volume
element in the microstructures of metal foams, one eventually resorts
to methodologies based on stochastic volume elements.

4 This paper introduces a simple yet unique adaptation of what one
knows as the ”stochastic finite element method”.

5 My pivotal place of motivation in this paper lied in the integration of
the geometric ramification needed in FEM along with the stochastic
portrayal of the microstructure.

Shrohan Mohapatra, Department of Physics (University of Massachusetts, Amherst)Stochastic multiscale modeling of metal foams April 16, 2021 6 / 17



What is this paper all about?

1 This paper introduces a simple yet unique adaptation of what one
knows as the ”stochastic finite element method”.

2 My pivotal place of motivation in this paper lied in the integration of
the geometric ramification needed in FEM along with the stochastic
portrayal of the microstructure.

Shrohan Mohapatra, Department of Physics (University of Massachusetts, Amherst)Stochastic multiscale modeling of metal foams April 16, 2021 7 / 17



The basic strategy of the method; the algorithm
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Results from the CT scan
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Microstructure generation and determining linear
properties ....

1 As discussed before, owing to the variation in the cells, it is useful to
resort to the stochastic volume element (SVE).

2
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Microstructure generation and determining linear
properties ....

1 The centres of the the Laguerre spheres are generated by the Poisson
process having known the mean or average number of cells per unit
volume.

2 The log-normal distribution of the radii of the cells perfectly fitted
those in the image.

3
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Microstructure generation and determining linear
properties ....

1

2 The next step, briefly, involves the generation of the foam model
using some morphological operations. (references available in the next
slide ...)

3 Mesoscopic volume elements are created and loaded by boundary
conditions yielding an upper (kinematic uniform boundary conditions,
KUBC) and a lower bound (static uniform boundary conditions,
SUBC) for the compliance tensor S (εij = Sijklσkl).
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Estimating statistical averages
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Estimating statistical averages
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Random field representation
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Simulation v/s experiment
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Thank you!!
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