- page

‘Airy Function’ solution to 2D elasticity problems

Example of a ‘potential function’ method
Goal is to replace 6 coupled PDEs for unknowns with a simple PDE

Assumptions:
1. Small displacements
2. Plane solid (plane stress or strain)
3. Isotropic, linear elastic material
4. Neglect body force and temperature

Method works best if tractions are specified on boundary

Plane stres
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~page 4 Proof of the Airy Representation
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P98 Diplacements  ( Calcalated in AHS)
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Page 1 Sham - stress  Same as before

| & a+v) I-v =v 00, | e 1- 1 —v 0 {| Opr -
+V : [_ 1]
Ee |=—F—| v 1-v 0llgee| Plane Strain & =z v 10 | oo Plane Stress
| 26,6 12661 “10 0 20+v)| o —

Stain - s placement

Err= dur Epp= L dUg + Ur
s r 0 r
Era=> L G 1 Jur -Us + dYp )
L | r 98 r Ir

—page 11




~page 12
Pad Emmpiﬂ Line force o0n Sucface P o -
/1 2
/agge elashic  solidf . A
P forcf b?x Ut /Mqﬁ. out of )
P/qn‘e "“..’l -
Ay Punckm @ = <P O sinD )
Yy ncnm s S
- ' Ir
[se fowu/ﬂj (mﬁﬂ-ﬂ’@)
syms phi P theta r srr sqq srg biharmonic = 0
phi = -P*r*theta*sin(theta)/pi; srr =
laplacian = simplify(diff(phi,r,2) + l/r*diff(phi,r) = 1/r*2*diff(phi,theta,2));
biharmonic = simplify(diff(laplacian,r,2) + 1/r*diff(laplacian,r) + 1/r"2*diff(laplacian,theta,2)) _2Pcos|8)
srr = simplify(diff(phi,r)/r + diff(phi,theta,2)/r"2) rm
sqq = simplify(diff(phi,r,2))
srq = -simplify(diff(diff(phi,theta)/r,r))| sqq = 0
srq =0

Orr= '"&_E CoO OT)B : Ore:=0

—page 12 If



Page 1S Check bounday _Cond tuns
@ On Sucfoce t =0 e xce bt at__ 0qqn

L= ng N=*fs on P17/
= (0O 11 \6w 0 | = jO?g Ogol = CO 07 v/
Oce 0B85

(0 To check +hal focce P ack G 0q9in consioer

semiciceulor reqion X Show it i n
Q%Mlhéf?ﬂm M Intemal Ffracton on S

il eNil1 baum
£F=0 = Pe, - "t dA =0 foc thss
- h 5 Nlawn
T= N6 = (1 01 |0 Obr _g_j v

_page 13 Oy, (de )\




“page 14 "-:7 t: E Z E 1 = _ZP CO)Q gr

I r
Note  er - C@%& +ShO €,
n /2
=2 £F:0 = P& + -2ZP (»@ ( CO39€4 +SmP ez..) FO/H
— \ 11/
~T L

> Per -Pu = O = saficly equiléaum .~ -

Note  we can_ integmfe  pont force Solipm
to Lind  solichms”

—page 14




~page 15 Important Elasticity Problems
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~page 16 Important Elasticity Problems

Stresses near the tip of a crack:
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—page 17 Important Elasticity Problems

Contact between two spheres:
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~page 19 Important Elasticity Problems

Contact between two spheres:

Stresses under contact  (for upper sphere)
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