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Refer to slides 19-20 for divergence theorem

Second point from last time

Localization theorem:
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1D bar problem: Balance law (balance of forces), Differential
Equation, Boundary Conditions (BCs), constitutive equation
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Closing the system of equations (Statics) =

Strong form (23) of balance of linear momentum for statics is:

Vi—g)=pb=0, =Vao+pb=0 = oj;+ph=0 (24)
where f = —a, r = pb, and V() = ‘:r‘_: ‘ :,JJI_; 1 :{II_J
Type I Equation | ne | new unknowns l Ty ] Ne = Nu ]
a, TH
Balance law | o i = 0 3 R 6 3
i + P je {1,2,3}
Constitutive y
equation @iy = CijriEw 6 | Eu=En 6 3
kinematic 1y
compatibility Ept = g (up, + i k) [} Uk 3 1]
e = number of new equations ny = number of new unknowns
N. = total number of equations N, = total number of unknowns

@ We need other equations (constitutive equations and kinematic compatibility
equations) to balance the number of unknowns and equations.
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Different types of spatial boundary conditions (BC) =

@ Lar(u) =ris the strong form after A
incorporating the “constitutive” and
“compatibility” conditions.

@ L,{u)=u: Dirichlet BC, order M.

u is an exact solution

@ Li(u)=f: Neumann BC, order M;. Ly(u)=r Dy
@ uis a primary field, (e.g., displacement Li(u)=f
for solid mechanics; temperature for
heat conduction)
@ M is typically even (e.g., M = 2m) = L.{u)=u )
>
[9D. [ @Dy |
Dirichlet BC Neumann BC
Essential BC Natural BC
(typically strongly enforced) ( “naturally” derived from balance law fluxes)
“primary” or “kinematic” BC | “flux” or “force” BC
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