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Outline
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Scales of Continuum Modeling

Modeling Scales
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Modeling Scales
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—
d<<l<<H 3 1U_iE

Nuclear Waste
Disposal Structure

Scale of
Continuum Mechanics

e wl
i M 1033/157 - ulm@MITEDU




Slide 5

¢ 1D-Think Model

Elements of Continuum
Modeling: 1. Material

+ Force Application

u=¢ [L] F¢
» Equilibrium
“/t """"""""" N ag J
N o=F'/4
E
1[L] » Material Law
l o=FL¢
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Forces & Conservation Law

Body & Surface Forces P -~
dx / dx3

divo +o(f-y) =0

Dynamic Resultant Theorem
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Elements of Continuum
Modeling: 2. Field = Structure

¢ Heat Transfer +  Continuum Mechanics
1. Conservation of Energy 1. Conservation of
(Field Equation) Momentum
. _ 2
2. Heat Flux Boundary 2. Stress Vector (Surface
Condition Traction) B. Condition
d
qm=q glk=T
3. Heat Flux Constitutive 3. Stress — Strain
Law (Fourrier - Linear) Constitutive Law (linear)
q=-kOT g=C:"Uu
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Example: Material Law
Elasticity Potential

150+ 2" Law:

(di = ode-dy=0]

€ [L] g Work Stored Energy
= Helmholtz Energy
e « 1D-Model:
_______ GLIJ
= 12Ee?~g= 5+
T g |¥ o= 3¢

* 3D-Model:

iz vz U= E) a. _
. e

g L
Uy
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Stationary of Potential Energy

* Potential Energy
E,, =W(&)-d(x)

‘ Internal Energy External Work
e | d
W(E)=—E&g AL ®P(x)=F"x

~ (€) 5 (x)
ﬁ « Stationary of Potential

| dE,, = EeAL® - piae=0

ro4 L
1-Parameter System ‘L

=Udx; x=€L=

EA
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Convexity of a function

Convexity
of a function
Secant
fix)
|~ Tangent
1) o
x 2

U] w0 sre) s
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Convexity of Free Energy

Convexity: Applied to Free Energy

Epaen % (E=9SUE) - YE)




Slide 12

Variational Method (1D)

* Let x be solution of * Let x’ be any other
problem approx. solution
External Work = Internal Work

Fd(x'—x) =0('-€)AL <==——=o0= %_40
£

Convexity

(Z’_“/;(g —eVAL <[w(e)-y(e)

Theorem of W(E)—P(x)SW(E)—D(x'")
M1r.11mum o (2) E (=)
Potential Energy SOLUTION APPROXIMATION
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Elements of 3D Variational
Methods in Linear Elasticity

+ Starting Point: Displacement Field u’
* Calculate Potential Energy

* Minimize Potential Energy
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Application to Finite Elements

* Displacement Field: u= %q,.Ni(x )

« Calculate Potential Energy: £, =7(4,:4,) = ®(4,)
1
W(q.9,)= k44, ®(q,) = Fyq,

* Minimize Potential Energy
dE,,, =0:k;q,—F, =0

i
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Application I

. Dlsplac?élt Field

u'= q—
. Potentlal Energy

_1 a EA
Epot_qu_F q sz

7 ¢ Minimization with

7# A regard to DOF

1-Parameter System dE. = al;poz dg=0 > kq —F?=0
q
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Application II: Water Filling of a
Gravity Dam
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From 1D to 3D

1D

— Strain-Displacement
Al

£=—
L

— Free Energy (p.vol)

I
=—E¢
v 2

— External Work

* 3D

— Strain-Displacement

£= %(ngg)

— Free Energy (p.vol)
w=Laloe) v2uliulere)

— External Work

— d — d
O=F'u  ®=[ pfGdQ+[ T*0da

(Volume Forces) (Surface Forces)




