FounpaTIoN, ENGINEERING 1/4

SR DR ENMEHE (Linear Elastic Wave Propagation)
20000601
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GrotEcHNGCAL ENGINEERING ILAB,




FounpaTIoN, ENGINEERING 2/4

— 38 4 56 D E HE (Fundamentals of Elastic Body)

(a)3E &) 7 2 2 (Motion Equation) :

Coordinate: X, (i=1,2, 3) {Xl, Xy, XS}:{X, Y, Z} (7.1)
Displacement: u:(ux,uy,uZ ) u; (7.2)
Body force: f=(f,, f,, f, ), f, (7.3)
O-xx ny O-xz
Stress: o=|o,, O, O, aij(i:j);normal stress, aij(iij);shearstress
O 5 O-zy Oy

Motion Equation in the direction x
2

— pAYAZ - AX- a@:* +AyAz{o, (X +AX, Y, 2)—0, (X, Y, 2)}+ AyAz-AX- f, =0

2

82u>< aO_xx 80'yx asz
p—7=Ff+ + + (7.4)
OX OX oy 0z

Motion Equation with tensor description

pli=oy;+ 1 (7.5)

(b) 2257 — 25 BE 4% (Compatibility / Displacement-Deformation Relationship) :

gxx gxy gxz
Strain: e=|¢,, &, €&,
gzx gzy gzz
P (X, y,2), P(X+X y+&,2+%)
su=u(P’)-u(P) (7.6)
ou, = auxj O X+ Ay 5y+(auxj oz (7.7)
X Jp o ), 0z )p
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(auxj auyj (auzj
S = ’gyyz | 1T
oX Jp o ), oz ),
o Aoy ou) o1 1
Xy 2 8X ay yX 27 Xy 27 yX (7 8)
. _Afow, o) 1 1
yz 2 8y oz . zy 27/yz 272y
. _Mouo a1 1
ZX 2 az 6X o Xz 27/ZX 27/)(2
1(du, ou,
0, =—| ———"=
2\ ox oy
ou
o, = L[ Ny (7.9)
2\ oy oz
1(ou, oau,
W, == -—=
2\ 0z oX

o, = (5XX5X +&,,0)+ 5X25Z)+ (a)y5 Z—- a)z5y)
S, = (5, +&,0) + &, )+ (0,00 —0,67) (7.10)
o, = (eZXch +&,0y+ 32252)+ (a)x5y - a)ych)

Displacement and Strain with tensor description
Strain

5y =50, +uy) (7.41)

& (i = j); normal strain, &ij (i # j); shear strain

& =& =&y T &, +&,,; volumetric strain (7.12)
Rotation
Wy :Eekijui'j . € permutation tensor (7.13)
+1 forman even
e =1-1pif i, j, k4 formanodd ; permutation of 1, 2, 3.
0 donot form

Displacement gradient

qJ=%@“+w)—%@“—w) (7.14)
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Displacement and Strain with Vector description

Gradient
grad = jZ, ji, < (7.15)
ox oy oz
Divergence
&, =div u; volumetric strain (7.16)
Rotation
1
w:Erotu:curI u; o=, w,, ,) (7.17)

(ORERRBEER 1 )& /1O 4 B94% (Constitutive Equation/ Constitutive Relationship) :
Constitutive Relations with each components

o =1¢,+2Ge,, o,=2G¢,
o, =4, +2Ge,, o,=2Ge¢, (7.18)
o, =As,+2Ge,,, o, =2Gg,,
where A = Ev = 24y and u=G; (7.19)
L+v)i-2v) (@-2v)

Moduli E and G are Young modulus and Shear modulus,

respectively.
Modulus v is Poisson’s ratio.
Constitutive Relations with tensor description

Stiffness Tensor

Cijkl = /15ij§k| +,u(5ik5j, +5i,5jk), O:. : Kronecker delta (7.20)

ij 7

Compliance Tensor

-1

D, =C (7.21)

ijkl
Constitutive Relation

O = Cijklgkl (7.22)
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