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弾性体中の波動伝播（Linear Elastic Wave Propagation） 
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－弾性論の基礎(Fundamentals of Elastic Body) 

 

(a)運動方程式(Motion Equation)： 

 

Coordinate: ix  (i=1, 2, 3)         zyxxxx ,,,, 321      (7.1) 

Displacement:  
zyx uuu ,,u , iu     (7.2) 

Body force:  
zyx fff ,,f , if     (7.3) 

Stress: 



















zzzyzx

yzyyyx

xzxyxx







σ  jiij  ; normal stress,  jiij  ; shear stress 

Motion Equation in the direction x 
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Motion Equation with tensor description 

ijjii fu  ,      (7.5) 

 

(b)変位－変形関係(Compatibility / Displacement-Deformation Relationship)： 

Strain: 
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P:  zyx ,, ,  P’  zzyyxx   ,,  

   PP uuu      (7.6) 
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Displacement and Strain with tensor description 

Strain 

 ijjiij uu ,,
2

1
     (7.11) 

 jiij  ; normal strain,   jiij  ; shear strain 

zzyyxxiiv   ; volumetric strain    (7.12) 

Rotation 

jikijk ue ,
2

1
 , ijke ; permutation tensor    (7.13) 
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Displacement gradient 

   jiijjiijji uuuuu ,,,,,
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Displacement and Strain with Vector description 

Gradient 























zyx
,,grad     (7.15) 

Divergence 

udivv  ; volumetric strain    (7.16) 

Rotation 

uuω curlrot 
2

1
;  

zyx  ,,ω     (7.17) 

 

(c)構成関係 / 応力ひずみ関係(Constitutive Equation/ Constitutive Relationship)： 

Constitutive Relations with each components 
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where 
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E
 and G ;   (7.19) 

Moduli E  and G  are Young modulus and Shear modulus, 

respectively. 

Modulus   is Poisson’s ratio. 

Constitutive Relations with tensor description 

Stiffness Tensor 

 jkiljlikklijijklC   , ij ; Kronecker delta  (7.20) 

Compliance Tensor 

1
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CDijkl
       (7.21) 

Constitutive Relation 

klijklij C       (7.22) 

 

 


