PHY 711 Classical Mechanics and
Mathematical Methods
10-10:50 AM  MWF Olin 103

Plan for Lecture 35

Physics of elastic continua —
Chap.13inF&W
1. Stress and strain

2. Waves in elastic media
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11/20/2015

23 Fri_ 1023/2015 Chap. 8 Matin of Elaslic merbranes 427

24 fMan, 107262015 Chap. 8 Hydrogynamics 473

25 Wed, 10282015 Chap. @ Hydrodynamics 424

26Fn, 10302015 Chap 9 Sound waves ¥25

27 an, 110212015 Chap. 8 Sound waves ey

28 Wed, 11/04/2015 Chap. 9 Sound waves

20 Fri 11062015 Chap. 10 Surface waves on fluds #37

30 Man, 11/082015 Chap. 10 Surtace waves on fluds 48

31 [Wed, 11/11/2015 Chap. 11 Heat Conduction 428

A2 F0, NANINE  Chap, 12 \iscosity 20

33 Maon, 11162015 Chap. 12 Miscosiy Prepane presentation

34 Wed, 111182015 Chap. 12 Miscosity Frapare presentation

- A8 Fn, 11/20/2015  Chap, 12 Elastic Cantinua Frepare prosentation

36 Mon, 11232015 Chap. 13 Raview of Mathematical Methods Prepare presantation
WWed, 11252015 Thanksgning Hofiday
Fri, 1121 s Thanksgiving Hodday

a7 Man, 1113072015 Chap. 13 Review of Mathematical Methods  Prapare presentation
Wad, 12022015 Studant presentations |
Fn, 12004720158 Studant presantations ||
Man, 12072018 Begin Take-homa fnal
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Brief introduction to elastic continua

reference deformation

r'=r+u(r) n'=r,+u(r)

r2’—r1’:r2—r1+((r2—r1)~V)u(r1)
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Brief introduction to elastic continua

Deformation components:

ou _fow 0w L[ ow O

ox; 2\ox; ox, ) 2(ox, Ox

=€+ Oij . .
‘ rotation of material

elastic strain
tensor
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Brief introduction to elastic continua

reference deformation
r'=r +u() r,'=r, +u(r,)
n'-r'=n-r +((l’2 —rl)'v)“(fl)
Effects of strain on a vector:
a'=a+a(qR+e,y +6,2)

a'=la"a'~a(l+¢,)

12/01/2014 PHY 711 Fall 2014 - Lecture 39
Deformation
b b’
a a’

a' =a+a(5”i+621§1+6312)

b'=b+ b(e,zfi +6,¥ + ezzi)

for a-b=0
a'b' ~ ab(s21 + 512)
.
0'~0-2¢,
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Brief introduction to elastic continua
Deformation components:

Ou; _1 aui_'_% +l aui_%
ox; 2\ox; 0Ox ) 2(0x;, ox
=¢; +%

i.

V=a(bxc) V'=a.(bxc) V'=V(1+Tr(e))=V(+V-
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u)
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Stress tensor

3
—ZTydAj = i" component of force acting on surface n
j=1

Generalization of Hooke's law, F, =—kx:

X

. ou,  Ou;
Lame' coefficients : T, =-A5,V-u—pu| —+
ox, O,
or: T, =-15,Tr(e)-2puc,

Note that:  Tr(7) :—3(/1+§y Tr(e)

K = bulk modulus= V[
s =Tt 5Tr(r)
{/ 2/1 ij 2 i
3 ﬂ+§y

op

Stress tensor -- continued

In terms of bulk modulus: K=A4+ % )7

1 A
i 11
i 2u i 3(1_*—%#] i
¢ =L 1(1) - (r 1 m(r))
v 9K ¥ 2u vzl




Example -- hydrostatic pressure: 7, = J,dp

3(/14—7/1) K
3
:K:—Va—p

4
Example - uniaxial pressure: T, =

dp  ij=zz
0 otherwise

1
e, =——T. interms of Young's modulus

2z 2

_ 9Ku
3K+u
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Example -- uniaxial pressure: 7, =

dp  jj=zz
0 otherwise

transverse contributions:

=6 =| gt e |-
» 9K  6u

Poisson's ratio:
€, 13K-2u

X

€. 23K+u

Relationships between elastic constants:

11/19/2015 PHY 711 Fall 2015 — Lecture 35

Shear modulus

[~/ forT,or T,
7710 otherwise

s
H

€, =€, =
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1L MODULUS-DENSITY

VOUNGS MODULUS E
{GeE/8; KaE)

VOUNGS MODULUS, E (GPa)

10
DENSITY, P (Mg/m’)

From: Material Selection in Mechanical Design, M.F Ashby, Pergamon Press, Oxford,
1992
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Dynamical equations of elastic continuum

2
a—‘;= uV2u+(K+l,u)V(V~u)+pf
ot 3
In the absence of external forces, this reduces
to two decoupled wave equations representing

longitudinal and transverse modes:

u=u, +u,
where Vxu, =0 and V-u,=0
4 1/2
K+—u 12
¢ =|—— and ¢ =|~—
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from:
https.//pangea.stanford.edu/courses/gp262/Notes/5. Elasticity.pdf
Mineral Density Young's Modulus | Bulk Meduhss | Shear Modulus Vp Ve Paissor’s Aatia
Quarlz 2.6500 #5.756 36.600 45.000 6.0376 | 41208 0.053853
Calcita] 27100 B2 253 78 800 32.000 66395 | 34363 31707
2.8700 116.57 84900 A45.000 7.3485 9567 0.205827
1.5600 3.2034 1.5000 1.4000 1.4587 | 004132 0.14407
2.75900 100.54 £1.500 41.100 6.4563 | 38381 022873
2.6300 62.010 75.600 25.600 64584 | 3.1109 034786
Halitg 21600 37242 24 800 14,900 45474 | 26264 024572
2.9600 74,431 58.100 29,100 5.6432 | 3.1249 0.27888
49300 305.85 147.40 132.50 B.1076 | 51842 Q1547
3.9600 134581 124.70 51.000 6.A876 | 35887 FEIED
gas| 0.00065000 0.0000 0.00013000 0.0000 0.50000
waler 1.0000 00000 2.2500 0.0000 050000
ail] 080000 0.0000 1.0200 0.0000 050000
=
densities in g/cm?
moduli in GPa
velocities in km/s
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