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GENERAL REMARKSGENERAL REMARKS

One of the most important things

GENERAL REMARKSGENERAL REMARKS

One of the most important things 
engineers and scientists do is to 

model physical phenomenamodel physical phenomena

(1) Conduct physical experiments( ) Co c p ys ca e pe e s
(2) Develop mathematical models

(3) Numerically simulate them

(4) D i t

(5) Manufacture systems

(4) Design systems
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(5) Manufacture systems



CURRENT DEVELOPMENTSCURRENT DEVELOPMENTS

Numerical simulations of new systemsNumerical simulations of new systems

Enhancement/refinement of existingEnhancement/refinement of existingEnhancement/refinement of existing Enhancement/refinement of existing 
element technologieselement technologies
Development of novel computational Development of novel computational 
frameworksframeworks
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Overall ObjectiveMultiscale modeling of 
complex biological cells andcomplex biological cells and 
tissues
Apply knowledge for the 
development of new DISEASESnt
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Mechanics of Tissues

Spatial ScaleMechanics of Cell

Biological cells: − 4JN Reddy
4

Nano–Micro Scale Micro-Meso Scale Meso-Macro Scale



Nonlinear Shell Theory
The displacement field:

Nonlinear  Shell  Theory 

( ) ( ) ( ) ( )3 3 2( )i α α αθ θ θ θ θ θv u= + +ϕ ψ

( )u ϕ ψSeven kinematic variables ( )3, ,i iu ϕ ψSeven kinematic variables

Refined shell theory that accounts for transverseRefined shell theory that accounts for transverse
shear deformation and thickness change is developed

Use a hyperelastic constitutive model, and assume
linear relation between S and E.
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Composite hyperboloidal composite shellp yp p
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Desirable Features Desirable Features 
of of a Computational Approacha Computational Approach

• Must preserve all features of the• Must preserve all features of the 
mathematical model in the formulation 
and associated computational modeland associated computational model.

• Must be based on a formulation that seeksMust be based on a formulation  that seeks 
to minimize (in some meaningful sense) the error 
introduced in the governing equations.

• Avoid ad-hoc approaches to `fix’ numerical 

introduced in the governing equations.

deficiencies of the computational model.
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Currently Used Computational SchemesCurrently Used Computational SchemesCurrently Used Computational SchemesCurrently Used Computational Schemes

• FEM in structural mechanics is based on• FEM in structural mechanics is based on 
minimum (energy) principles.

i fl id h i i b d k• FEM in fluid mechanics is based on weak 
forms (integral statements) of governing 

i d h i lequations, and they are not equivalent to 
any minimum principle.

• FDM has no minimum principle in any 
field;  they are based on truncated Taylor’s e d; t ey a e based o t u cated ay o s
series expansions of the derivatives in 
governing differential equations.g g q
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LEAST-SQUARES FINITE ELEMENT Q
MODELS – BASIC IDEA
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Example (using LSFEM Model 2):

i 1 12

Differential  Equation
f∇ ≤ ≤

y
1+yin -1 12

Boundary Conditions
u f x, y− ∇ = ≤ ≤ 1+=y

1+=x

1−=x

0 on 1u v y
y

∂ ≡ = = ±
∂

x
1+x

* ( ) 0 on 1u w q y x
x

∂ ≡ = = = −
∂ 1−=y

Analytical solution:
* ( ) 8 cos on 1u u y y x= = π =

Analytical solution:

yxxyxu πcos)7(),( 7+=
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Plots of the L2-Error norms as a function of pPlots of the L2-Error norms as a function of p
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Polynomial order, p



V l it ti it F l ti

Ω×∇∇+∇ i1)( f

Velocity-pressure-vorticity Formulation
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Oscillatory Flow of a Viscous 
Incompressible Fluid in a Lid-driven Cavity
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CHALLENGES & OPPORTUINITIESCHALLENGES & OPPORTUINITIESCHALLENGES & OPPORTUINITIESCHALLENGES & OPPORTUINITIES

M t i l d li t diff t l tMaterial modeling at different scales presents 
new challenges in developing more 
sophisticated and accurate computationalsophisticated and accurate computational 
techniques.

C tit ti d l f d ltif ti lConstitutive models of new and multifunctional 
materials (nano-composites; biological 
materials; micromechanics and mesomechanicsmaterials; micromechanics and mesomechanics 
studies)

N l t ti l d f ltiNovel computational procedures for multi-
physics and multi-scale modeling
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