MSE 8803HG – Statistical Mechanics of a Heterogeneous Media






CRN 89643
INSTRUCTOR: Dr. Hamid Garmestani                           Office: Love Building, Room 287

Time:  Contact Dr. Garmestani (email: h.garm@mse.gatech.edu, 404-385-4495)

Learning Objectives:


· To introduce the concept of statistical representation of microstructure and its linkage to property for a major class of materials including composites, polycrystalline, thin films and gradient heterogeneous materials.  Mathematical foundation of statistical continuum mechanics will be applied as the basis for homogenization for a variety of macroscopic properties including, mechanical, magnetic and transport properties.

Text: 

No Text book

References:
“Heterogeneous Materials I.  –Linear Transport and Optical Properties”, Muhammad Sahimi, Published by Springer.  ISBN 0-387-00167-0


"Random Heterogeneous Materials. -Microstructure and Macroscopic Properties" by Salvatore Torquato.  Published by Springer.  ISBN 0-387-95167-9



“Statistical Continuum Mechanics”, Beran,…

Pre-requisite:
Graduate level course in Continuum Mechanics or equivalent
Grading: 
The grade will be determined based on class attendance, lecture presentation of a relevant topic and a final paper (no exams)

TOPICS TO BE COVERED

Part I Microstructure Representation

· Lecture 1:

· Definition of a Heterogeneous Material

· Microstructural Descriptors

· n-Point Probability Functions

· Symmetries and Ergodicity 

· Geometrical Probability Interpretation 

· Asymptotic Properties and Bounds 

· Two-Point Probability Function

· Lecture 2

· Surface Correlation Functions 

· Lineal-Path Function 

· Chord-Length Density Function 

· Pore-Size Functions 

· Percolation and Cluster Functions 

· Nearest-Neighbor Functions 

· Radial Distribution Functions

· Lecture 3

· Mathematical Representation of two point functions

· Spectral Techniques (Fourier expansion)

· Empirical Techniques

· Lecture 4

· Texture and Micro-texture Descriptors

· Orientation Distribution Functions
· Grain Boundary Character Function 

· Misorientation Distribution Function

· Spectral Representation

· Lecture 5
· Exact Solutions for the n-point Probability Functions 

· Fully Penetrable Spheres 

· Interpenetrable Spheres

· Polydisperse Spheres

· Anisotropic Media

· Other Statistical Descriptors 

· Statistically Inhomogeneous Systems 

· Equilibrium Hard-Sphere Systems 

· Molecular Dynamics Simulations 
· Lecture 6
· Microstructure Construction

· Cell and Random-Field Models

· Voronoi and Delaunay Tessellations 

· Cell Geometry and statistics 

· Models (Random Field, Isling)

· Percolation and Clustering

· Local Volume Fraction Fluctuations 

· Computer Simulations, Image Analyses, and Reconstructions

· Monte Carlo Simulations 
Part II Microstructure/Property Connection

Lecture 7
· Local and Homogenized Equations

· Conduction 

· Elastic Problem 

· Relationship Between Elasticity and Viscous Fluid Theory 

· Viscosity of a Suspension 

· Viscoelasticity 

· Steady-State Trapping Problem 

· Relationship Between Permeability and Relaxation Times 

 

Lecture 8
· Variational, Phase-interchange Principles and Exact Relations

· Conductivity 

· Hashin–Shtrikman Principle 

· Elastic Moduli 

· Trapping Constant 

· Permeability 

· Energy Representation 

 

 Lecture 9
· Effective-Medium Approximations

· Conductivity 

· 
Maxwell Approximations 

· 
Self-Consistent Approximations 

· Elastic Moduli 

· 
Maxwell Approximations

· 
Self-Consistent Approximations

· 
Differential Effective-Medium Approximations 

· Trapping Constant

· Fluid Permeability 

 

 Lecture 10

· Exact Contrast Expansions and Rigorous Bounds

· Conductivity Tensor 

· Integral Equation for Cavity Electric Field 

· Some Tensor Properties 

· Expansion of Local Electric Field 

· Isotropic Media 

· Stiffness Tensor 

· Integral Equation for the Cavity Strain Field 

 

Lecture 11

· Strong-Contrast Expansions 

· Weak-Contrast Expansions 

· Expansion of Local Strain Field 

· Isotropic Media 

 

Lecture 12
· Statistical Continuum Models based on Perturbation 
· Green’s function solution

· n-point contribution

· Conductivity 

· Elastic Moduli 

· Inelasticity

· Flow and Diffusion Parameters 

· Permeability and Survival Time 

· Permeability, Formation Factor, and Viscous Relaxation Times

· Viscous and Diffusion Relaxation Times

 PART III Microstructure Design

Lecture 13
· Material Hall

· Composite Hull

· Texture Hull

· Microstructure Hull

· Mathematical Representation of Microstructure Hull

Class Projects:

1. Simulate microstructures. Given a program to generate a random carbon

nanotube composite microstructure, change the carbon tube to spheres (filled

circle) to generate 2D micrographs of composite with fully penetrable spherical

particles. Further, generate fully nonpenetrable spherical particles composite

micrographs. Further, by changing the size from uniform to a distributed

particle size, generate a polydisperse microstructure.

2. Processing the real world micrograph to binary images:

Using Jimage to change the gray scale micrographs to binary images as a

micrograph of two phases composite.

3. Given and Matlab programs on how to calculate 2 point function, write a

program to calculate 3 point function. Apply 2 point function and 3 point

function programs to calculate the functions in some micrographs. Observe how

the statistical distribution function will catch the feature of the

microstructure.

4. Using computer to simulate 3D microstructure and calculate the n-point

function. Visualize the 3D micrograph. This part is hard. I am not sure if the

student can do it or not. I guess we can use TSL software to visualize it.[image: image1.png]



