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Abstract:Some kinds of anisot ropy elastic constitutive relations of the crust media are

discussed and a st rain energy t ransformed equation and a calculation formula of the elas-

tic constants of EDA cracks in a non-symmetry plane are also derived.Eigenvalue equa-

tio ns of dif ferent anisot ropy symmetry systems and their corresponding w ave angular

dispersion equations are discussed by introducing and deriving equations af ter previous

authors or by the present authors.Finally , some numerical examples are simulated.
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1　Introduction

The aniso tropy structure of earth media has been researched and applied w idely , and various

methods and techniques have been established and developed deeply.In geo-science anisot ropy

study is mainly on seismic waves and conductivi ty.The seismic w aves anisotropy study is devel-

oped particularly fast , but there are st ill some problems in inversions and interpretations.One of

w hich is dif ficult to correctly recognize the types of anisot ropy and to determine uniquely the loca-

tion of anisot ropy media or layers , and the calculated results depend seriously on init ial condi tions

of modeling .Moreover , the most simulations only process transverse iso tropy or EDA anisot ropy ,

which seems too simple , compared w ith practical anisot ropy types
[ 1]
.The autho rs think integ rat-

ing seismic anisotropy and elect ric anisot ropy is a good approach for tackling these problems and it

is necessary to consider more complicated anisot ropy types.As one part of a series study , this pa-

per mainly discusses anisotropy elastic constitutive relat ions.

2　Anisotropy types and constitutive relations

2.1　Types of symmetry system and elastic constants

Generally , anisotropy elastic constitutive relat ion could be w rit ten as

[ σ] =

σx

σy

σz

τy z

τxz

τxy

=
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　　and　　cij = cji (1)



where , σi and τij are normal st ress and shear st ress , εi and νij are normal st rain and shear st rain , cij

is elast ic modulus.

Geometric relation betw een strain and displacement is

εx =
 ux
 x

εy =
 uy
 y

εz =
 uz
 z

νyz =
 uy
 z
+
 uz
 y

νxz =
 uz
 x
+
 ux
 z

νxy =
 ux
 y
+
 uy
 x

(2)

where , ui(i = x , y , z)is displacement component.Strain energy equation is

W =
1
2
(σxεx +σyεy +σzεz +τyzνyz +τxzνxz +τxyνxy) (3)

Put equat ion (1)into (3), the following equation is got:

W =
1
2
c11ε

2
x +c 12εxεy +c13εzεx+ c14νyzεx + c15νxzεx +c16νxyεx+

1
2
c 22ε

2
y + c23εzεy+ c24νyzεy+ c25νxzεy +c26νxyεy +

1
2
c33ε

2
z +c34νyzεz +c35νxzεz +

c36νxyεz +
1
2
c44ν

2
yz + c45νxzνyz + c46νxyνyz +

1
2
c55ν

2
xz +c56νxyνxz +

1
2
c66ν

2
xy

(4)

　　By using equation , it is convenient to discuss elastic modulus matrix through symmetric coor-

dinate sy stems transfo rmation and rotat ion , because under any kinds of transformation the st rain

energy must be kept and for symmetric transformation the structure of elastic modulus matrix

must not be changed.Follow ing is an st rain energy equation convenient for use.It is no ticed that

there are some dif ferences between previous for some elastic symmetry system[ 2 , 5] , the autho rs are

g oing to check them in following discussions.

Assume coordinate sy stem rotatesθround Z axis , that is

x = x′cosθ+y′sinθ

y =- x′sinθ+y′cosθ

z = z′

　　and　　

ux =ux′cosθ+uy′sinθ

uy =-u x′sinθ+uy′cosθ

uz = uz′

(5)

　　By using geometric relation between st rain and displacement , we have

W′=
1
2
c11(cos

2θεx +sin2θεy -
1
2
sin 2θνxy)

2+ c12(cos
2θεx +sin2θεy -

1
2
sin 2θνxy)(sin

2θεx +cos2θεy+

1
2
sin 2θνxy)+ c13(cos

2θεx +sin2θεy -
1
2
sin 2θνxy)εz +c14(cos
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1
2
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c15(co s
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1
2
sin 2θνxy)(cosθνxz -sinθνyz)+ c16(cos

2θεx +sin2θεy -
1
2
sin 2θνxy)[ sin 2θ(εx -εy)+

cos 2θνxy] +
1
2
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2
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2 + c23(sin
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1
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c24(sin
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1
2
sin 2θνxy)(sinθνxz +cosθνyz)+ c25(sin

2θεx+cos2θεy +
1
2
sin 2θνxy)(cosθνxz -sinθνyz)+

c26(sin
2θεx+cos2θεy +

1
2
sin 2θνxy)[ sin 2θ(εx -εy)+cos 2θνxy] +

1
2
c 33ε

2
z + c34(sinθνxz +cosθνyz)εz +

c35(co sθνxz -sinθνyz)εz +c 36[ sin 2θ(εx -εy)+cos 2θνxy] εz +
1
2
c44(sinθνxz +cosθνyz)

2 + c45(sinθνxz +cosθνyz)·

(cosθνxz -sinθνyz)+c 46(sinθνxz +co sθνyz)[ sin 2θ(εx-εy)+cos 2θνxy] +
1
2
c55(cosθνxz -sinθνyz)

2+

c56[ sin 2θ(εx-εy)+cos 2θνxy] (cosθνxz -sinθνyz)+
1
2
c 66[ sin 2θ(εx -εy)+cos 2θνxy]

2　　　　　　　(6)
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　　Comparing equation(6)w ith equation(4)and int roduce different rotation angle θ, we get

the elastic modulus st ructures of several main types of anisotropy systems.Fo r example , t riangleⅡ

symmetry system does no t have any symmetry plane but presents symmetry around z ax is fo r each

ro tation angle 120°, letνxy ≠0 , and other st rain components be zero , and put θ=
2
3
πand θ=

4
3
π

into equation(6),we have c16 =c26 =0;let εx ≠0 and other strain components be zero , and let

εy ≠0 and other components be zero respectively , we have c11 =c12 and c66 =
1
2
(c11-c12), and

so on.Table 1 lists elastic constants matrixes of 9 kinds of symmetric systems(including 2 subsy s-

tems)which exists phy sically and isot ropy system.The results are the same as that of Crampin[ 5] ,

but dif ferent f rom that of Ma et al.[ 2] .

2.2　Common symmetric systems in the crust
[ 2 , 5]

2.2.1　Isot ropy

In homogeneous rocks every plane is symmetric plane and elast ic characteristic is the same in

every direction.Generally there three cases:medium inherent isot ropy without containing cracks

o r fissures;the cracks are randomly distributed in rocks;crystal lat tice or g rain are randomly dis-

tributed.

2.2.2　Hexagonal symmetry or transverse isot ropy

There are tw o cases.One is transverse iso tropy (V TI)with a vertical symmetric axis ,which

is const ructed by periodical thin layers under long w ave condi tion , so such anisot ropy is also called

PTL , at present the periodical condition has been thought to be unnecessary.In the crust especial-

ly in deposition basin , thin layered rocks usually results PT L anisot ropy .The other is HT I trans-

verse isot ropy or azimuthal anisot ropy w ith a horizontal symmetric axis.Generally such anisot ropy

is produced by parallel alignment of vertical cracks or fissures.Because in the crust rocks there are

ex tensively dist ributed saturated cracks in alignment due to st ress[ 6] , it is named as Ex tensive Di-

latancy Anisot ropy .

2.2.3　Ortho rhombic symmetry

It is believed that orthorhombic symmetry exists in ortho rhombic cry stal olivine , resulting

from alignment relative to expending center of the upper mantle.In the deposition basin such

anisot ropy could be explained as the combination of VT I and HTI or EDA cracks w ith a horizontal

symmetric axis consists of thin layers w ith a vertical symmetric axis.

2.2.4　Monoclinic symmetry

Such anisot ropy consists of two sets of non-vertical crossing aligned cracks , especially on sur-

face of the crust.When observation plane is not vertical to EDA horizontal alignment , the corre-

sponding constants consist of monoclinic symmetry.

3　Wave velocity and angular dispersion

In this sect ion w ave velocity and polarization in several common aniso tropy media are going to

be discussed.First of all Christoffel equation must set up , then let its coefficients determinant be

zero ,we can get eigenvalue equation of wave propagation[ 2] .
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Tab.1　Anisotropy symmetric systems and elastic constants matrix

Triclinic(no symmetry plane ,
21 independen t constants)
ci j = cji

Monoclinic(1 tw o-fold symmetry
axis , 13 independent constants)

Orthorhombic(3 orthogonal tw o-fold
symmet ry axes , 9 independen t con-
stants)

c11 c12 c13 c14 c15 c16
c22 c23 c24 c25 c26

c33 c34 c35 c36
c44 c45 c46

c55 c56
c66

c11 c12 c13 0 0 c16
c22 c23 0 0 c26

c33 0 0 c36
c44 c45 0

c55 0
c66

c11 c12 c13 0 0 0
c22 c23 0 0 0

c33 0 0 0
c44 0 0

c55 0
c66

Trigonal I (1 three-fold symmetry
axis and 1 perpendicular tw o-fold
symmetry axis , 6 independent
constants)

Trigonal Ⅱ(1 th ree-f old symmet ry
axis , 7 independent constants)

TetragonalⅠ(1 four-f old symmetry
axis and 1 perpendicular two-fold
symmet ry axis , 6 independent
constants)

c11 c12 c13 c14 0 0
c11 c13 -c14 0 0

c33 0 0 0
c44 0 0

c44 c14
c66

　　　　2 c66 = c11 -c12

c11 c12 c13 c14 c15 0
c11 c13 - c14 -c15 0

c33 0 0 0
c44 0 - c15

c44 c14
c66

　　　　2c66 = c11 -c12

c11 c12 c13 0 0 0
c11 c13 0 0 0

c33 0 0 0
c44 0 0

c44 0
c66

Tet ragonal II (1 fou r-fold symmetry
axis , 7 independent constants)

Cubic(3 perpendicular symmet ry
planes and thei r average dividing
planes , 3 independent constants)

Hexagonal(1 infini te-fold symmetry
axis , 5 independent constants)

c11 c12 c13 0 0 c16
c11 c13 0 0 - c16

c33 0 0 0
c44 0 0

c44 0
c66

c11 c12 c12 0 0 0
c11 c12 0 0 0

c11 0 0 0
c33 0 0

c33 0
c33

c11 c12 c13 0 0 0
c11 c13 0 0 0

c33 0 0 0
c44 0 0

c44 0
c66

　　　　2c66 = c11 - c12

Isot ropy(2 independent constants)

λ+2μ λ λ 0 0 0
λ+2μ λ 0 0 0

λ+2μ 0 0 0
μ 0 0
μ 0
μ

Note 1:T wo-fold symmetry axis:symmetry rotat ion angle is 180°, three-
fold symmet ry axis:symmet ry rotation angle i s 120°, four-f old symmetry
axis:symmet ry rotat ion angle is 90°, inf inite-f old symmet ry axis:every ro-
t at ion angle is symmetry.Here , generally the symmetry axis is z axis.
Note 2:Here only diagonal element and upper t rigonal elements are given ,
the others are symmet ry to upper trigonal elements.

The elastic dynamic equation represented by stress(without body fo rce)

 σij
 xj

=ρ
 2u i
 t 2
　　(i , j =1 ,2 ,3) (7)

Suppose plane w ave w ith phase velocity v propagates along  n , its displacement represented

u j =p j exp[ i( x . n -νt)] (j =1 ,2 ,3)　　 (8)

Where p j is amplitude , ρis material densi ty and i
2
=-1.Put equat ion (8)into (7), and using

consti tutive relation and geometry relation between strain and displacement , we get Christof fel e-

quation

(Γij -ρν
2δij)p i =0 (9)

where Γij = Γji , w ritten as
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Γ11 = c11n
2
1 +c66n

2
2 +c55 n

2
3 +2c56 n2n3 +2c15n1n 3 +2c16n1 n2

Γ22 = c66n
2
1 +c22n

2
2 +c44 n

2
3 +2c24 n2n3 +2c46n1n 3 +2c26n1 n2

Γ33 = c55n
2
1 +c44n

2
2 +c33 n

2
3 +2c34 n2n3 +2c35n1n 3 +2c45n1 n2　　　　　　　　　　(10)

Γ12 = c16n
2
1 +c26n

2
2 +c45 n

2
3 +(c25 +c46)n2n 3 +(c14 +c56)n1n3 +(c12 +c66)n 1n2

Γ13 = c15n
2
1 +c46n

2
2 +c35 n

2
3 +(c36 +c45)n2n 3 +(c13 +c55)n1n3 +(c14 +c56)n 1n2

Γ23 = c56n
2
1 +c24n

2
2 +c35 n

2
3 +(c23 +c44)n2n 3 +(c36 +c45)n1n3 +(c25 +c46)n 1n2

3.1　Isotropy medium

Int roduce the constitutive relation of iso tropy medium listed in table 1 into equation(9), and

let its determinant be zero , we could get eigenvalue equation.From this equation , the solution of

veloci ties are derived:

ν1 =
λ+2μ
ρ

ν2 =ν3 =
μ
ρ

(11)

The fi rst velocity is P wave velocity , the second is SV w ave velocity , the third is SH wave veloci-

ty.It is easy to see that velocit ies of two shear w aves are the same which means split ting phe-

nomenon does not exist.

3.2　PTL anisotropy

Such anisot ropy is of ten called transverse isot ropy(TI), because the symmetric axis is verti-

cal , so it is also called VTI.The constitutive relation of such anisot ropy has been derived by pre-

vious authors[ 3 ,4 ,12 , 13] .Here we give the constitutive relation directly w ithout derivation:

[ C] =

c11 c12 c13 0 0 0

c12 c11 c13 0 0 0

c13 c13 c33 0 0 0

0 0 0 c44 0 0

0 0 0 0 c44 0

0 0 0 0 0 c66

and　2c66 = c11 -c12 (12)

c11 =h
h 1

λ1 +2μ1
+

h2
λ22μ2

-1

1 +
4h1h2

h
2

(μ1 -μ2)(λ1 +μ1 -λ2 -μ2)
(λ1 +2μ1)(λ2 +2μ2)

c33 =h
h1

λ1 +2μ1
+

h2
λ2 +2μ2

-1

, c44 =h
h1
μ1
+
h2
μ2

-1

, c12 = c11 -2c66

c66 =
h1μ1 +h2μ2

h
, c13 =

h1
λ1 +2μ1

+
h2

λ2 +2μ2

-1
h1λ1
λ1 +2μ1

+
h2λ2
λ2 +2μ2

where h =h1 +h2 , ρ=(h1ρ1 +h2ρ2)/ h , subscripts 1 and 2 represent two kinds of isot ropy

media.From equation(9), for such anisot ropy medium ,we have

c11n
2
1-ρν

2+ c66n
2
2+ c44n

2
3 (c1 1- c66)n1n 2 (c13+ c44)n1n 3

(c11 - c66)n1n 2 c11n
2
2-ρν

2+ c66 n
2
1+ c44 n

2
3 (c13+ c44)n2n 3

(c13 + c44)n1n 3 (c1 3+ c44)n2n 3 c33n
3
3-ρν

2 +c44 n
2
1 +c44 n

2
2

=0(13)

Suppose plane w ave propagate in xoz plane and  n =(sinθ,0 , cosθ), f rom equation(13), we have
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c66sin
2θ+c44cos

2θ-ρν2 =0

(c11sin
2
θ+c44cos

2
θ-ρν

2
)(c44sin

2
θ+c33cos

2
θ-ρν

2
)-(c13 +c44)

2
sin

2
θcos

2
θ=0

Through discussion the velocities of three w aves qP ,qSV and qSH are go t:

ρV 2
P =

1
2
[ c33 +c44 +(c11 -c33)sin

2θ+D(θ)]

ρV 2
SV =

1
2
[ c33 +c44 +(c11 -c33)sin

2θ-D(θ)]

ρV 2
SH =c44cos

2θ+c66sin
2θ

(14)

where

D(θ)≡{(c33 -c44)
2 +2[ 2(c13 +c44)

2 -(c33 -c44)(c11 +c33 -2c44)] sin
2θ+

[ (c11 +c33 -2c44)
2 -4(c13 +c44)

2] sin4θ}1⒊

　　I t is easy to find that generally tw o differently polarized S waves have different velocities ,

their velocity depend on propagat ion direction , that is angular dispersion o r split ting phenomenon.

Moreover qP and qSV are coupling except in some special di rection.It is also found that along

symmetric axis(z axis , θ=0)the velocit ies of qSH and qSV are the same wi thout split ting .

3.3　EDA anisotropy

Assume x axis is the no rmal of EDA cracks , y ax is is horizontal st rike of EDA cracks and z

axis is the vertical alignment of EDA.So x axis is symmetric axis , EDA cracks const ruct trans-

verse isot ropy with a horizontal symmetric ax is(HTI o r azimuthal anisot ropy).Modify the con-

st itutive relation of transverse isot ropy listed in table 1 , we have EDA constitutive relation:

[ C] =

c11 c12 c12 0 0 0

c12 c22 c23 0 0 0

c12 c23 c22 0 0 0

0 0 0 c44 0 0

0 0 0 0 c66 0

0 0 0 0 0 c66

and　2c44 = c22 -c23 (15)

According to papers[ 6 ,9 ～ 11] ,EDA elastic constants are

[ C] =[ C0] +[ C1] +[ C2] (16)

Where [ C
0
] is elastic constants matrix w ithout cracks , the others are 1 and 2 order approximation

of cracks density represented respectively as follow ing:

[ C1] =-
ε
μ

(λ+2μ)2 λ(λ+2μ) λ(λ+2μ) 0 0 0

λ(λ+2μ) λ2 λ2 0 0 0

λ(λ+2μ) λ2 λ2 0 0 0

0 0 0 0 0 0

0 0 0 0 μ
2

0

0 0 0 0 0 μ2

D
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[ C2] =
ε2

15(λ+2μ)

(λ+2μ)2q λ(λ+2μ)q λ(λ+2μ)q 0 0 0

λ(λ+2μ)q λ2q λ2q 0 0 0

λ(λ+2μ)q λ2q λ2q 0 0 0

0 0 0 0 0 0

0 0 0 0 X 0

0 0 0 0 0 X

D
2

Where
q =15 λ

μ

2

+28 λ
μ
+28

X =2μ(3λ+8μ)

D is 6×6 diagonal matrix [ U 11 , U 11 , U 11 ,0 , U 33 , U 33 ] , and

U 11 =
4
3
(λ+3μ)
(λ+μ)(1 +K)

-1

U 33 =
16
3
(λ+2μ)
(3λ+4μ)

(1 +M)-1

K =
k′+4

3
μ′

πdμ
(λ+2μ)
(λ+μ)

M =4μ′
πdμ

(λ+2μ)
(3λ+4μ)

k′=λ′+
2
3
μ′

　　Here superscript represent elast ic parameters of cracked material , non-superscript parameters

are solid rock elastic parameters , d indicates aspect rat io ofcrack .Put equation(15)into(9)and

let determinant be zero , we have

c11n
2
1-ρν

2+ c66n
2
2+ c66n

2
3 (c1 2+ c66)n1n 2 (c12+ c66)n1n 3

(c12 + c66)n1n 2 c22n
2
2-ρν

2+ c66 n
2
1+ c44 n

2
3 (c22- c44)n2n 3

(c12 + c66)n1n 3 (c2 2- c44)n2n 3 c22n
2
3-ρν

2 +c66 n
2
1 +c44 n

2
2

=0

Assume plane waves propagate in xoz plane along  n =(sinθ, 0 , cosθ),we have

c66sin
2θ+c44cos

2θ-ρν2 =0

(c11sin
2θ+c66cos

2θ-ρν2)(c66sin
2θ+c22cos

2θ-ρν2)-(c12 +c66)
2sin2θcos2θ=0

Through discussion the velocities of w aves qP , qSV and qSH are got:

ρV
2
P =

1
2 [ c22 +c66 +(c11 -c22)sin

2
θ+D(θ)]

ρV 2
SV =

1
2
[ c22 +c66 +(c11 -c22)sin

2θ-D(θ)]

ρV
2
SH =c44cos

2
θ+c66sin

2
θ

(17)

Where

D(θ)≡{(c22 -c66)
2 +2[ 2(c12 +c66)

2 -(c22 -c66)(c11 +c22 -2c66)] sin
2θ+

[ (c11 +c22 -2c66)
2 -4(c12 +c66)

2] sin4θ}1⒊

Similar to PTL , of EDA anisot ropy generally qSH and qSV have different velocities , but propagat-

ing along symmetric axis(x axis , θ=90°)the velocities of qSH and qSV are the same without
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split ting .

3.4　Monoclinic system constructed by EDA

When EDA horizontal strike has an angle αw ith y axis and x axis is no t symmetric one , the

EDA system const ructs a monoclinic system.According to equation (6),13 elastic constants are

derived f rom equation(15).They are:

[ C] =

c′11 c′12 c′13 0 0 c′16

c′12 c′22 c′23 0 0 c′26

c′13 c′23 c′33 0 0 c′36

0 0 0 c′44 c′45 0

0 0 0 c′45 c′55 0

c′16 c′26 c′36 0 0 c′66

(18)

where　　 c′11 =cos4αc11 +2sin2αcos2αc12 +sin4αc22 +4sin
2αcos2αc66

c′12 =sin2αcos2αc11 +(cos
4α+sin4α)c12 +sin2αcos2αc22 -4sin

2αcos2αc66

c′13 =cos2αc12 +sin2αc23

c′16 =sinαcos3αc11 +(sin
3αcosα-sinαcos3α)(c12 +2c66)-sin

3αcosαc22

c′22 =sin4αc11 +2sin2αcos2αc12 +cos4αc22 +4sin
2αcos2αc66

c′23 =sin
2
αc12 +cos

2
αc23

c′26 =sin
3
αcosαc11 +(sinαcos

3
α-cosαsin

3
α)(c12 +2c66)-sinαcos

3
αc22

c′33 = c33

c′36 =sinαcosα(c12 -c13)

c′44 =cos2αc44 +sin2αc66

c′45 =cosαsinα(c66 -c44)

c′55 =sin2αc44 +cos2αc66

c′66 =sin2αcos2αc11 -2sin2αcos2αc12 +sin2αcos2αc22 +(cos
2α-sin2α)c66

3.5　Orthorhombic anisotropy

Such anisot ropy consists of EDA thin layers , which is of ten seen in deposition basin.In our

derivation w e assume tw o EDA thin layers construct periodical layers and similarly as Postma

(1955)[ 13] , the nine elastic constants for PT L are derived.They are:

[ C] =

c11 c12 c13 0 0 0

c12 c22 c23 0 0 0

c13 c23 c33 0 0 0

0 0 0 c44 0 0

0 0 0 0 c55 0

0 0 0 0 0 c66

(19)

Where
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c11 =
h1 c

1
11 +h2 c

2
11

h
-
h1h2
hD
(c112 -c

2
12)

2　c12 =
h1 c

1
12 +h2 c

2
12

h
-
h1h2
hD
(c112 -c

2
12)(c

1
23 -c

2
23)

c13 =
h1 c

1
12 c

2
22 +h2 c

2
12 c

1
22

D
　　　　　　　c22 =

h1 c
1
22 +h 2c

2
22

h
-
h 1h 2

hD
(c123 -c

2
23)

2

c23 =
h1 c
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44 c

2
44

h1 c
2
44 +h2 c
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h

　　In above representation the superscripts show two different EDA layers , h is the sum of

depth of tw o layers.Here w e assume the st rikes of two EDA layers are the same.Its eigenvalue

equation is

c11n
2
1 +c66n

2
2 +c55n

2
3 -ρν

2 (c12 +c66)n1n2 (c13 +c55)n 1n3

(c12 +c66)n1n 2 c22n
2
2 +c66n

2
1 +c44n

2
3 -ρν

2 (c23 +c44)n 2n3

(c13 +c55)n1n 3 (c23 +c44)n2n3 c33n
2
3 +c55n

2
1 +c44n

2
2 -ρν

2

=0

Assume plane waves propagate in xoz plane along  n =(sinθ, 0 , cosθ), we have

c66sin
2θ+c44cos

2θ-ρν2 =0

(c11sin
2
θ+c55cos

2
θ-ρν

2
)(c55sin

2
θ+c33cos

2
θ-ρν

2
)-(c13 +c55)

2
sin

2
θcos

2
θ=0

The velocity solutions are

ρV 2
P =

1
2
[ c33 +c55 +(c11 -c33)sin

2θ+D(θ)]

ρV 2
SV =

1
2
[ c33 +c55 +(c11 -c33)sin

2θ-D(θ)]

ρV 2
SH =c44cos

2θ+c66sin
2θ

(20)

D(θ)≡{(c33 -c55)
2 +2[ 2c55(c13 +c33)+2 c13(c33 +c55)+(c11 +c33)(c55 -c33)] sin

2θ+

　　　[(c11 +c33)
2 -4c55(c11 +c33)-4c13(c13 +2c55)] sin

4θ}1⒊

4　Numerical computation

For description of w aves angular dispersion in aniso tropy media , here we numerically simu-

lated several angular dispersion cases.The w aves propagation plane is xoz plane , propagation

direction is  n =(sinθ,0 , cosθ).Select tw o elastic material(Table 2)and cracks density to con-

st ruct several kinds of anisotropy models.

(1)PTL aniso tropy:Const ructed by tw o materials listed in Table 2.The relation of three

w aves and incident angles are show n as Figure 1(a).
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Tab.2　Elastic parameters of numerical computation

Materials Relative depth VP/[ km·s-1] VS/[ km· s-1] ρ/[ g·cm-3]

1 1 4.0 2.2 2.5

2 3 5.8 3.2 2.6

Fig .1　Angular dispersion of several kinds of anisot ropy.

　　　Lati tude axis indicates w ave incident ang le related

　　　to z axis in x-z plane , 0°represents vertical incidence ,

　　　90°represents horizontal incidence.

(2)EDA anisot ropy:Constructed by material 1 , in first case the cracks are saturated , in the

second case the cracks are dried , the cracks density is 0.1.The relations of velocities and incident

ang les are show n as Figure 1(b)and (c).

(3)EDA-PTL:Constructed by tw o different EDA thin layers consisting of two materials list

in Table 1 w ith cracks density 0.1.The results are show n as Figure 1(d).If cracks density is ze-

ro this case should be the same as the fi rst model.

From the simulated results , it is seen that PT L model , in w hich V SR is fast than V SP , show s

w eak split ting than EDA model;of o ther models in some directions VSR is g reater than V SP while

in other directions it is reversed , furthermo re in some special points tw o w ave velocities are the

same wi thout split ting .
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地壳介质的各向异性弹性本构关系讨论

阮爱国 , 李清河

(中国地震局兰州地震研究所 ,甘肃兰州　730000)

摘要:论述了地壳介质中存在的几类各向异性弹性本构关系.推导了应变能变换公

式 、EDA薄层各向异性弹性常数及非对称面上 EDA 构成的单斜对称弹性常数的计

算公式.讨论了几种各向异性对称系统的特征方程 ,并给出了弹性波的角散表达式.

最后选取合理的参数对波的角散现象进行了数值模拟.
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