ANALYTIC AND NUMERICAL SOLUTION OF MIXED UNSTEADY SPACE, PLANE AND ANTIPLANE PROBLEMS OF CRACK IN ISOTROP PLANE AND SPACE
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Abstract 

In this paper the analytic solution of mixed unsteady boundary value space, plane and antiplane problems for semiinfinite crack in composed elastic plane and space is done. There are applied methods of integral transforms of Laplace by time and Fourier by longitudinal coordinate along crack. The sixth, fourth and second order Wienner-Hopf systems correspondingly to mentioned problems are obtained. The singularities of their matrices are improved and solution of problems is brought to Hilbert problem with sixth, fourth and second order continuous matrices, and furthermore to solution of sixth, fourth and second order Fredholm integral equations. The numerical solution of mentioned problems is given by solution of Fredholm equations and then by calculations of integrals in Smirnov-Sobolev forms representing stress intensity coefficients near edges of cracks. 
Introduction
The solution of problem of horizontal displacements given on boundary of halfspace along the halfplane, when on remainder of boundary plane stresses are equal to zero, and along of whole boundary normal stresses are zero, by method of integral transformations and Hilbert problem solution is obtained analytically and numerically in [1]. 
The plane problem of smooth punch is solved in [2]. In paper [1] is used method of reducing of homogeneous Hilbert problem or, which is the same, problem of matrix factorization, to system of two integral Fredholm equations [3], in [1] factorized matrix is continuous along whole real axis, which brings to known singularity of solution [2]near edge 
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The dynamic, harmonic in time mixed problem of finite crack bounded by elastic halfplanes on upper bank of which are equal to zero stresses and on lower one are given displacements by method of solving of system of singular integral equations solved for originals is investigated analytically in [6]. In present paper the unsteady space, plane and antiplane problems of semiinfinite crack in form of halfplane and halfdirect 
[image: image2.wmf]0

,

0

>

=

x

z

, bounded by elastic halfspaces or halfplanes respectively 
[image: image3.wmf]0

,

0

<

>

z

z

 with different elastic constants, when upper banks of cracks are free form stresses, and on lower banks are given vertical displacements, by using the method of [1] are considered. In contrasts to [1] the matrices of Wienner-Hopf equations of mentioned problems of sixth, fourth and second orders respectively, obtained by method of Laplace and Fourier transforms from boundary conditions are discontinuous at infinity and is carried out improvement of it by the methods similar to [3], [6-8]. Since the matrix method of [3] is rather complicated in present paper for Fourier transforms at infinity is done method of separation of equations on scalar ones and in them is avoided singularity of Wienner-Hopf systems. Then problem for the all axis is brought to Wienner-Hopf system with continuous matrix which is led to solution of sixth, fourth and second order Fredholm integral equations. They are solved numerically for all mentioned cases. The inverse integral transformations are brought solution for stresses on lower bank of cracks to Smirnov-Sobolev form. The stress intensity coefficients integrals are calculated. By other methods problems of dynamics of inclusions in elastic plane are solved in [6,10,11]. 
1. Mixed boundary unsteady problem of halfplane crack between two elastic halfspaces.

Let us choose 
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 coordinates in plane of separation of halfspaces, 
[image: image5.wmf]z

 axis is normal to plane. 
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One must solve Lame equations



[image: image12.wmf](

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

2

,

1

2

,

1

2

2

,

1

2

,

1

2

,

1

2

,

1

2

2

,

1

2

2

2

2

2

2

2

,

1

2

,

1

2

,

1

2

,

1

2

2

,

1

2

2

,

1

2

2

,

1

2

,

1

2

2

,

1

2

2

,

1

2

2

,

1

2

2

,

1

2

2

,

1

2

,

1

2

2

,

1

2

2

,

1

2

2

,

1

2

2

,

1

2

2

,

1

2

,

1

2

2

,

1

2

2

,

1

,

2

,

,

,

,

,

r

m

=

r

m

+

l

=

¶

¶

+

¶

¶

+

¶

¶

=

D

¶

¶

+

¶

¶

+

¶

¶

=

J

¶

¶

=

D

+

¶

J

¶

-

¶

¶

=

D

+

¶

J

¶

-

¶

¶

=

D

+

¶

J

¶

-

b

a

z

y

x

z

u

y

u

x

u

t

u

u

b

z

b

a

t

u

u

b

y

b

a

t

u

u

b

x

b

a

z

y

x

z

z

y

y

x

x


(1.1)
where 
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 are zero. We shall consider space problem for crack occupying halfplane 
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Boundary conditions are as follows
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(1.2)
where 
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(1.3)
where after placing of (1.3) in (1.1) one obtains
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 Laplace transformant parameter. From (1.3) and (1.2) one can obtain system of Wienner-Hopf equations
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where index “+” denotes analytic in upper halfplane 
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 functions, and  “–” denotes analytic in lower halfplane 
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 functions. In derivation from Wienner-Hopf system of equations (1.4)-(1.9) Hilbert problem one can see that in these equations matrix has discontinuity of first order on infinity, which one must avoid. To do it we shell bounded by homogeneous case i.e. to take 
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From (1.15), (1.16) one obtains, repeating calculations of §3, for 
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One can introduce new functions for which there are no singularities in equations (1.15), (1.16) 
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The same examinations can be made for equations (1.11), (1.12), (1.13), (1.14). Repeating calculations of plane problem of §2 one can from (1.11)-(1.14) obtain scalar equations for functions 
[image: image50.wmf]-

+

f

f

8

,

7

,

6

,

5

4

,

3

,

2

,

1

,

 and avoid singularity in them.
Then one obtains
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where singularities numbers are as in plane case
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Placing (1.23)-(1.26), (1.27) in (1.4)-(1.9) one obtain system of sixth equations Wienner-Hopf with continuous matrix. It is convenient introduce dimensionless variables
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then all functions 
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where



[image: image62.wmf](

)

(

)

,

,

6

,..

1

,

,

,

1

3

1

3

B

A

G

j

i

c

G

ij

-

-

=

=

=

l

h




[image: image63.wmf](

)

(

)

g

B

g

g

G

g

1

1

1

3

2

,

,

,

-

=

l

h

=

l

h




[image: image64.wmf](

)

(

)

(

)

(

)

(

)

(

)

,

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

,

1

2

4

3

2

2

2

2

2

1

2

3

6

5

4

3

2

1

÷

÷

÷

÷

÷

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

ç

ç

ç

ç

ç

è

æ

g

g

g

g

g

g

=

÷

÷

÷

÷

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

ç

ç

ç

ç

è

æ

=

a

-

a

-

a

-

a

-

-

-

B

d

d

d

d

d

d

g




[image: image65.wmf]÷

÷

÷

÷

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

ç

ç

ç

ç

è

æ

f

-

f

f

-

f

P

P

=

f

÷

÷

÷

÷

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

ç

ç

ç

ç

è

æ

f

f

f

f

f

f

=

f

-

-

-

-

+

+

-

+

+

+

+

+

+

+

7

5

6

8

2

1

6

5

4

3

2

1

,




[image: image66.wmf]2

10000

21

1,23,4

2222

444

2

,

444

pCCiCCi

aip

dd

pbpp

æö

¢

c

gh

=-=++

ç÷

pplpl

èø

mm

,


[image: image67.wmf]2

0

12

5,6

22

44

2,

4

Ci

pai

di

pbp

æö

¢

hg

=-+ch

ç÷

pl

èø

m




[image: image68.wmf],

4

3

,

2

2

2

2

2

2

2

2

2

2

2

2

1

g

¢

g

-

l

-

h

-

g

¢

=

g

¢

g

-

l

-

h

-

g

¢

=

p

p




[image: image69.wmf](

)

(

)

2222222222

3222242

24,,

pp

¢¢¢¢¢

=lg+g-h-lg-h+hgg=gg+h+l




[image: image70.wmf](

)

(

)

,

4

2

2

2

2

2

2

2

2

2

2

2

2

2

5

g

¢

g

l

+

l

-

g

¢

l

-

h

-

g

¢

+

g

¢

h

=

p




[image: image71.wmf],

,

1

2

2

2

2

2

2

2

h

-

l

-

=

g

¢

h

-

l

-

=

g

b

a




[image: image72.wmf],

2

,

2

,

8

8

4

1

4

1

,

8

8

4

1

4

1

,

8

8

4

1

4

1

,

8

8

4

1

4

1

4

3

6

4

3

5

6

5

2

1

4

6

5

2

1

3

6

5

2

1

2

6

5

2

1

1

j

j

j

j

j

j

j

j

j

j

j

j

j

j

j

j

j

j

j

j

j

j

j

j

j

j

a

a

b

a

a

b

a

i

a

a

a

i

b

a

i

a

a

a

i

b

a

i

a

a

a

i

b

a

i

a

a

a

i

b

-

=

+

=

c

-

c

-

+

=

c

+

c

+

+

=

c

-

c

+

-

=

c

+

c

-

-

=




[image: image73.wmf](

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

,

,

,

4

,

3

,

2

,

1

,

,

,

,

4

,

3

,

2

,

1

,

,

,

,

4

,

3

,

2

,

1

,

,

,

,

4

,

3

,

2

,

1

,

,

,

,

4

,

3

,

2

,

1

,

,

,

,

4

,

3

,

2

,

1

,

1

1

1

2

2

2

4

4

4

3

3

3

2

2

1

66

66

2

2

3

65

65

2

2

6

6

2

2

1

56

56

2

2

3

55

55

2

2

5

5

2

2

1

46

46

2

2

3

45

45

2

2

4

4

2

2

1

36

36

2

2

3

35

35

2

2

3

3

2

1

2

1

26

26

2

1

2

3

25

25

2

1

2

2

2

2

3

2

1

16

16

2

3

2

3

15

15

2

3

2

1

1

a

-

-

+

a

-

-

+

a

-

-

a

+

a

-

-

+

a

-

-

+

a

-

-

a

+

a

-

-

+

a

-

-

+

a

-

-

a

+

a

-

-

+

a

-

-

+

a

-

-

a

+

-

-

+

-

-

+

-

-

a

+

-

-

+

-

-

+

-

-

a

+

g

g

=

g

g

=

=

g

g

=

g

g

=

g

g

=

=

g

g

=

g

g

=

g

g

=

=

g

g

=

g

g

=

g

g

=

=

g

g

=

g

g

=

g

g

=

=

g

g

=

g

g

=

g

g

=

=

g

g

=

b

c

b

c

j

b

c

b

c

b

c

j

b

c

b

c

b

c

j

b

c

b

c

b

c

j

b

c

b

c

b

c

j

b

c

b

c

b

c

j

b

c

j

j

j

j

j

j

j

j

j

j

j

j

j

j

j

j

j

j


(1.31)


[image: image74.wmf]h

±

l

-

=

g

±

2

1




[image: image75.wmf](

)

,

1

,

1

,

,

4

2

2

2

2

2

2

2

14

1

2

3

13

1

2

2

2

12

1

1

11

-

h

g

¢

h

+

g

h

-

=

+

g

¢

h

=

g

¢

lh

=

lh

=

p

b

b

b

a

a

R

p

a

R

p

a

R

p

a




[image: image76.wmf](

)

2

2

3

112

1516212223

4412121

,,,,1,

p

ppp

aaaaa

ppRRR

¢

lg-g

h

lhlhl

=====-

¢¢

hgg




[image: image77.wmf](

)

(

)

,

,

,

1

4

1

26

4

2

25

4

2

2

2

2

2

2

2

24

p

p

a

p

a

p

b

b

b

a

a

h

l

-

=

g

¢

-

g

l

-

=

-

h

g

¢

h

+

g

h

-

-

=




[image: image78.wmf],

2

,

1

2

1

1

1

2

5

32

1

2

2

1

1

2

31

i

R

p

R

p

i

a

R

b

a

R

p

i

a

-

÷

÷

ø

ö

ç

ç

è

æ

h

-

g

¢

hc

=

+

÷

÷

ø

ö

ç

ç

è

æ

gh

-

h

c

=




[image: image79.wmf],

,

2

4

2

4

1

34

1

1

1

2

2

33

l

g

¢

-

g

-

h

l

-

=

÷

÷

ø

ö

ç

ç

è

æ

l

-

g

¢

hl

hc

=

p

p

i

p

a

R

p

i

R

p

i

a




[image: image80.wmf],

2

,

2

4

1

4

2

2

2

36

4

2

2

4

2

2

2

2

4

1

35

p

p

p

b

a

i

i

a

p

p

b

b

a

p

ip

a

-

h

g

¢

-

c

-

=

h

l

g

¢

-

h

l

-

g

-

-

c

-

=




[image: image81.wmf],

2

,

1

2

1

1

1

2

5

42

1

2

2

1

1

2

41

i

R

p

R

p

i

a

R

b

a

R

p

i

a

-

÷

÷

ø

ö

ç

ç

è

æ

h

-

g

¢

hc

-

=

+

÷

÷

ø

ö

ç

ç

è

æ

gh

-

h

c

-

=




[image: image82.wmf]2112

4344

21144

2,,

pipp

aia

RRipp

æö

¢

hlllg-g

=-hc-=--l

ç÷

¢

gh

èø




[image: image83.wmf](

)

,

2

,

2

4

1

4

2

2

2

46

4

2

2

2

2

2

2

2

4

1

45

p

p

p

b

i

a

i

a

p

b

b

b

a

p

ip

a

-

h

g

¢

+

c

=

h

l

g

¢

+

g

l

-

+

+

c

=




[image: image84.wmf]2

2

5

11

5152

2

11211

21,2,

p

ipip

a

aaii

RbRRR

æöæö

hh

gh

=c++=hc++

ç÷ç÷

¢

g

èøèø




[image: image85.wmf],

,

2

4

2

4

1

54

1

1

1

2

2

2

53

l

g

¢

-

g

+

h

l

=

÷

÷

ø

ö

ç

ç

è

æ

lh

-

g

¢

l

h

c

=

p

p

p

i

a

R

p

R

p

i

a




[image: image86.wmf](

)

,

2

,

2

4

1

4

2

2

2

56

4

2

2

2

2

2

2

2

4

1

55

p

p

p

b

a

i

i

a

p

b

b

b

a

p

ip

a

+

h

g

¢

-

c

=

h

l

g

¢

+

g

l

-

+

+

c

-

=




[image: image87.wmf](

)

(

)

,

4

2

2

2

2

2

2

2

2

1

l

+

h

g

¢

g

+

l

-

h

-

g

¢

=

R




[image: image88.wmf]2

2

5

11

6162

2

11211

21,2,

p

ipip

a

aaii

RbRRR

æöæö

hh

hg

=-c++=-ch++

ç÷ç÷

¢

g

èøèø




[image: image89.wmf],

,

2

4

1

4

2

64

1

1

1

2

2

2

63

h

l

+

l

g

¢

-

g

=

÷

÷

ø

ö

ç

ç

è

æ

hl

-

g

¢

h

c

-

=

p

p

i

p

a

R

p

R

p

i

a




[image: image90.wmf](

)

,

2

4

1

4

2

2

2

2

2

2

65

p

ip

p

b

b

a

a

+

h

l

g

¢

+

g

l

-

+

c

=




[image: image91.wmf],

2

4

1

4

2

2

2

66

p

p

p

b

i

a

i

a

+

h

g

¢

-

c

-

=


Solution of (1.30) is [3]
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where one can believe that 
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and inverting of transformations of Laplace and Fourier one can write solution on halfplane 
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(1.33)
where 
[image: image104.wmf]1

g

 depends also from 
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. Due to convergence of integral furthermore are taken limits on 
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(1.34)
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correspond to singularities of plane problem. One can calculate following integrals
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The all functions in integrals on 
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2. Formulation and analytical solution of plane unsteady problem.

First is carried out analytical and numerical solution by methods [1-5] of unsteady mixed boundary value plane problem of elasticity. The plane problem of semiinfinite crack, bounded from upper and from lower by elastic halfplanes with different elastic constants is considered. There are denoted by index 1 stresses and displacements in upper halfplane, and by index 2 in lower halfplane. Then boundary conditions, similarly to [6], for 
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 have form
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(2.1)
where 
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(2.2)

Solutions of Lame equations of elasticity are looked for by method of Laplace transformants on time 
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 with parameter 
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 and Fourier on 
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(2.3)
where on 
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 is carried out summation from 1 to 2,
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(2.4)

[image: image132.wmf]2

,

1

a

 and 
[image: image133.wmf]2

,

1

b

 are speeds of longitudinal and shear waves in the halfplanes 
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Then, passing in (2.1), (2.2) to transforms due to (2.3) one can express for 
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 and obtain the relations, which in case of same elastic properties of halfplanes are derived in [6]. In further calculations are considered for this particular case and indexes of  
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 and 
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 are omitted.
In distinction from [6], where in mentioned relations is done passing to originals and for considered in it solution for case of finite crack are obtained four singular integral equations, in present paper is applied more available for semiinfinite crack Wienner-Hopf method [1-5]. There are introduced the notations
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(2.5)

and are taken into account conditions (2.1) in which are carried out integral transformations, by index (+) is denoted functions, analytical in upper halfplane 
[image: image141.wmf]a

, by index (-) in lower halfplane. From mentioned relations one can obtain system of four Wienner-Hopf equations in matrix form, introducing also dimensionless variables by formulae
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where
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One can for determinant of matrix 
[image: image147.wmf]A

 obtain
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i.e. 
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The solution of system (2.7) can be replaced by Hilbert problem
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One must note that in Laplace transformation 
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One can introduce the functions
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Similarly to (2.13) one can assume
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From (2.14), (2.15) one obtains equations
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One must multiply equations (2.16) on such multiplies, that they, multiplied by 
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Let us examine the function
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Though these examinations may be carried out also for dimensionless variable 
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the rate of 
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System of (2.7), (2.8) in open form yields
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and other coefficients in (2.24) 
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System (2.24) can be written for 
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, and they coincide with (2.16) without free terms. Thus as it is shown, matrix of coefficients in (2.24) written in new functions (2.19) must be continuous and system of Wienner-Hopf (2.24) become
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From (2.26) one can, as for (2.11), obtain Hilbert problem
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Solution, bounded on infinity [3], is as follows
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Solution of this problem [3] can be reduced to
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One can show that from (2.29), (2.27) one obtains
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To pass on initial functions one must do reverse transformations of Laplace and Fourier and for 
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where the last vector is given by (2.15), (2.28), (2.30), (2.19), after calculating first integral, and then integral from 
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 [1], one can write down closed solution in Smirnov-Sobolev form.
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The problem is reduced to calculation of 
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From properties of Laplace transformations one must assume that 
[image: image275.wmf]0

>

x

x

¢

+

a

t

. Singularities for solution for 
[image: image276.wmf]0

»

x

 in (2.34) are in accordance with solution of static problem. The results of the calculations of last integrals, carried out, after solution of system (2.31), for [7-9] 
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, where are taken limits of integration (-5,5), are done in table 1.
Table 1

	I1
	I2

	8.256+8.63 i
	-0.843+0.98 i
	-0.566+0.36 i
	4.388-3.157 i
	10.836+6.3 i
	0.855+6.62 i
	7.291+9.69 i
	3.82-11.81 i

	-8.15+10.65 i
	-4.873+1.11 i
	-1.434+2.17 i
	5.676+4.464 i
	-6.26+9.94 i
	-1.405+4.39 i
	-1.064+7.7 i
	7.584+0.606 i

	-8.296-0.53 i
	0.756-2.685 i
	-1.737-0.35 i
	-0.205+4.47 i
	-9.87-1.277 i
	-0.601-2.69 i
	-3.697-2.616 i
	0.35+9.59 i

	-0.374+6.12 i
	0.495-1.1 i
	-0.412-1.91 i
	2.795+1.36 i
	-3.28+10.04 i
	-4.485-3.88 i
	-15.66+1.14 i
	13.93+6.296 i

	I3
	I4

	11.87+7.01 i
	-0.784+7.92 i
	5.31+13.41 i
	6.611-13.08 i
	8.226+8.65 i
	-0.919+0.8 i
	-0.899+0.11 i
	4.438-2.894 i

	-6.16+10.4 i
	-2.003+5.87 i
	-2.815+8.51 i
	9.023+0.871 i
	-8.09+10.74 i
	-5.016+1.05 i
	-1.4799+2. i
	5.678 +4.546 i

	-9.88-2.05 i
	-0.773-3.077 i
	-3.235-3.5 i
	-1.277+10.46i
	-8.236-0.44 i
	0.803-2.717 i
	-1.644-0.3 i
	-0.23+4.301 i

	-4.99+9.7 i
	-4.245-5.84 i
	-18.56-3.25 i
	13.83+10.47 i
	-0.263+5.94 i
	0.688-1.039 i
	0.0672-2.17 i
	2.363+1.289 i


3. The unsteady mixed antiplane boundary problem for semiinfinte crack. The mixed unsteady antiplane problem for elastic space made from two half spaces with different modulus, when on their junction plane there is crack, on upper bank of which stress component is zero, and on lower one is given displacement is considered. There are carried out, after application to motion equations and boundary conditions of Laplace on time and Fourier on coordinate transformations, the two Wienner-Hopf coupled equations, which are brought to Hilbert problem with matrix of second order. The singularity of matrix on infinity is avoided and the solution of mentioned problem is reduced to system of two Fredholm integral equations. The inverse integral transformations are carried out and solutions for stress and displacements are brought to Smirnov-Sobolev form. There are carried out calculations of solution of Fredholm system and of obtained integrals. The corresponding solution for finite crack and harmonic on time mixed boundary condition for given stress on its bank by other method is solved in paper [12].
It is considered the elastic space in 
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The equations of motion for antiplane problem are
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(3.2)
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where 
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The solution in halfspaces is looked for as follows
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Let us denote the jumps of functions by
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Since on boundary part 
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where 
[image: image299.wmf]+

+

t

u

,

 respectively represent transforms of 
[image: image300.wmf](

)

t

x

,

t

 and 
[image: image301.wmf](

)

x

t

x

u

¶

¶

m

,

2

, indexes 
[image: image302.wmf]±

 are used for functions of 
[image: image303.wmf]a

 analytic in upper and lower halfplanes.

From (3.3) and (3.5) one obtains
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where anew 
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Using also (3.7) one obtains from (3.5), (3.8) Wienner-Hopf system
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(3.9)
In matrix form (3.9) yields
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On infinity 
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and it is seen, that for 
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One can examine variation of rate 
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which is satisfied by solutions
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This singularity is known from statics and [12]. One can see using (3.16) that after multiplication of (3.14) by (3.15) and introducing of new functions
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one can obtain for them system with continuous for 
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one can from (3.9) obtain following system 
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One must note that branch points of 
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System (3.20) can be written in matrix form [8]



[image: image369.wmf]÷

÷

ø

ö

ç

ç

è

æ

y

y

=

c

÷

÷

ø

ö

ç

ç

è

æ

F

F

=

c

-

-

-

+

+

+

2

1

2

1

,


(3.21)


[image: image370.wmf]0

1

1

1

=

+

c

+

c

-

+

C

B

A


(3.22)


[image: image371.wmf](

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

1

,

,

1

,

0

,

1

1

,

1

1

1

1

1

2

2

2

1

2

2

2

1

1

2

0

1

2

1

2

1

2

1

2

1

1

2

1

1

2

1

1

2

1

2

1

2

1

2

1

2

1

1

1

2

1

2

1

2

1

2

1

±

h

=

b

-

h

=

b

-

h

=

b

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

è

æ

h

w

m

=

÷

÷

÷

ø

ö

ç

ç

ç

è

æ

b

m

h

-

b

m

h

b

b

-

=

÷

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

ç

è

æ

b

÷

÷

ø

ö

ç

ç

è

æ

+

m

h

b

-

b

÷

÷

ø

ö

ç

ç

è

æ

-

m

h

b

b

÷

÷

ø

ö

ç

ç

è

æ

m

h

b

-

b

b

÷

÷

ø

ö

ç

ç

è

æ

+

m

h

b

b

b

+

mb

m

=

±

x

¢

h

w

a

-

-

a

-

-

a

-

-

a

-

-

a

-

+

a

-

+

a

-

+

a

-

+

C

C

e

a

si

C

C

i

i

B

i

i

i

i

A

a

i


Solution of (3.22) can be brought to nonhomogeneous Hilbert problem
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The solution of (3.23) is as follows [2,3]
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where 
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whose solution can be brought to solution [3-5] of corresponding system of Fredholm integral equations
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where [3]
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matrix 
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Previous investigation for 
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where
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Then, after substitution of (3.28) in 
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 and inversion of integral transforms one obtains stress distribution out of crack
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After calculations of first integral and furthermore integral of 
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(3.32)
The calculated values are presented in table 2, where is taken 
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The jump of displacement in conditions (2.1) and furthermore in (3.3) at point 
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, and after abovementioned calculations of solution one can tend 
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 semiaxes one can anew obtain solutions (2.35), (2.31) and (3.32) on neighburhood at crack tip 
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Table 2
	I1
	I2

	229520. +117443. i
	-277956.-100472. i


One must note that known singularity (3.18) does not coincide with obtained by circulant method [10] singularity. 
Conclusions. In present paper by method of integral transformations are solved space, plane and antiplane unsteady mixed problems for semiinfinite crack. The system of sixth, fourth and second orders correspondingly Wienner-Hopf equations with discontinuous on infinite matrices are derived. The singularity of the last ones are avoided and solution of corresponding Hilbert problem is brought to system of sixth, fourth and second orders of Fredholm integral equation. Their solutions are obtained numerically, as well as are calculated stress intensities coefficients near edges of crack, written in effective Smirnov-Sobolev form.
REFERENCES

1. Bagdoev A.G., Martirosyan A.N., Pogosyan S.M. Solution of mixed boundary value problem for elastic halfspace // Vol. 105, N4, Doklady of National Academy of Sciences of Armenia. (2005). (In Russian).
2. Poruchikov V.B. Methods of dynamical elasticity 328p., M. Nauka. (1986), (In Russian).
3. Vekua N.P. Systems of singular integral equations 379p., M. Nauka. (1970). (In Russian).
4. Plemelj J. Riemannsche Funktionenscharen mit gegebener Monodromiegruppe, Monatsch. für Math. und Phzs. XIX, 1908, 211-245.

5. Hilbert D. Grundzuge der Integralgluchungen. Drittles Abschuft. 1912. Leipzig-Berlin.

6. Hakobyan V.N. Sahakyan A.V. and Sargsyan A.N. The plane deformation state of elastic plane with finite rigid inclusion under harmonic loading // pp 56-60, The problems of dynamics of interaction of deformable media. V International conference. October 1-7, Goris. (2005).
7. Gakhov F.D. The boundary problems 640p., Phys.-Math. Lit. M. (1963). (In Russian).

8. Verlinski S.V. Stress-deformable state of piece homogeneous strip and halfplane with cracks and absolutely rigid inclusions in presence of temperature field// PhD thesis, Institiute of Mechanics of NAS RA, Yerevan, 2000. (In Russian)
9. Adrian Loghin, Paul F. Joseph Asymptotic solution for mixed mode loading of cracks and wedges in power law hardening materials // Engineering Fracture Mechanics. 68. 2001, 1511-1534.

10. Karakhanyan I.M. Diffraction of shear elastic harmonic waves on inclusions. PhD thesis, Yerevan, 2001, 140p. (In Russian)
11. Agayan K.L., Grigoryan E.Kh, Djilavyan S.A. Diffraction of shear plane wave in elastic space with semiinfinite elastic ivelusion // Vol. 56, N4, pp. 3-17, Izv. NAs Armenia Mechanica (2003) (In Russian).

12. Hakobyan V.N., Sargsyan A.O. On one dynamic mixed problem for inhomogeneous halfspace with crack for antiplane deformation.// Elasticity, Plasticity and creep: selected topics, devoted to 75 anniversary of academician M. Zadoyan. Institute of mechanics of NAS RA, Yerevan, 2006, pp50-56.
























PAGE  
22

_1243606077.unknown

_1243606506.unknown

_1243606957.unknown

_1243607139.unknown

_1244284411.unknown

_1251802541.unknown

_1253961983.unknown

_1271754773.unknown

_1271755584.unknown

_1271759853.unknown

_1271759935.unknown

_1271760027.unknown

_1271755612.unknown

_1271755210.unknown

_1271754479.unknown

_1271754616.unknown

_1253962683.unknown

_1253962805.unknown

_1251804256.unknown

_1251806439.unknown

_1253961916.unknown

_1251805328.unknown

_1251806176.unknown

_1251806258.unknown

_1251805343.unknown

_1251805044.unknown

_1251802570.unknown

_1251804177.unknown

_1251804178.unknown

_1251802804.unknown

_1251802554.unknown

_1251801595.unknown

_1251802290.unknown

_1251802472.unknown

_1251802520.unknown

_1251802449.unknown

_1251802171.unknown

_1251802194.unknown

_1251801905.unknown

_1244285206.unknown

_1244286080.unknown

_1251801491.unknown

_1251801566.unknown

_1244286858.unknown

_1251708830.unknown

_1244286397.unknown

_1244285917.unknown

_1244285984.unknown

_1244285662.unknown

_1244285114.unknown

_1244285168.unknown

_1244284566.unknown

_1243607251.unknown

_1243607384.unknown

_1243607388.unknown

_1244283906.unknown

_1244284339.unknown

_1243607389.unknown

_1243607386.unknown

_1243607387.unknown

_1243607385.unknown

_1243607278.unknown

_1243607382.unknown

_1243607383.unknown

_1243607380.unknown

_1243607381.unknown

_1243607378.unknown

_1243607379.unknown

_1243607295.unknown

_1243607265.unknown

_1243607272.unknown

_1243607255.unknown

_1243607205.unknown

_1243607219.unknown

_1243607242.unknown

_1243607247.unknown

_1243607230.unknown

_1243607212.unknown

_1243607215.unknown

_1243607209.unknown

_1243607169.unknown

_1243607177.unknown

_1243607183.unknown

_1243607173.unknown

_1243607148.unknown

_1243607152.unknown

_1243607143.unknown

_1243607060.unknown

_1243607104.unknown

_1243607122.unknown

_1243607130.unknown

_1243607135.unknown

_1243607126.unknown

_1243607113.unknown

_1243607118.unknown

_1243607108.unknown

_1243607080.unknown

_1243607095.unknown

_1243607100.unknown

_1243607090.unknown

_1243607071.unknown

_1243607076.unknown

_1243607067.unknown

_1243606993.unknown

_1243607011.unknown

_1243607023.unknown

_1243607028.unknown

_1243607018.unknown

_1243607001.unknown

_1243607006.unknown

_1243606997.unknown

_1243606978.unknown

_1243606985.unknown

_1243606989.unknown

_1243606982.unknown

_1243606967.unknown

_1243606972.unknown

_1243606962.unknown

_1243606745.unknown

_1243606843.unknown

_1243606939.unknown

_1243606943.unknown

_1243606947.unknown

_1243606952.unknown

_1243606944.unknown

_1243606941.unknown

_1243606942.unknown

_1243606940.unknown

_1243606935.unknown

_1243606937.unknown

_1243606938.unknown

_1243606936.unknown

_1243606933.unknown

_1243606934.unknown

_1243606931.unknown

_1243606932.unknown

_1243606847.unknown

_1243606794.unknown

_1243606813.unknown

_1243606829.unknown

_1243606834.unknown

_1243606824.unknown

_1243606805.unknown

_1243606809.unknown

_1243606802.unknown

_1243606771.unknown

_1243606781.unknown

_1243606788.unknown

_1243606775.unknown

_1243606757.unknown

_1243606767.unknown

_1243606749.unknown

_1243606646.unknown

_1243606688.unknown

_1243606718.unknown

_1243606731.unknown

_1243606740.unknown

_1243606736.unknown

_1243606726.unknown

_1243606704.unknown

_1243606713.unknown

_1243606696.unknown

_1243606664.unknown

_1243606679.unknown

_1243606684.unknown

_1243606675.unknown

_1243606654.unknown

_1243606659.unknown

_1243606650.unknown

_1243606611.unknown

_1243606629.unknown

_1243606639.unknown

_1243606643.unknown

_1243606635.unknown

_1243606622.unknown

_1243606626.unknown

_1243606612.unknown

_1243606606.unknown

_1243606609.unknown

_1243606610.unknown

_1243606607.unknown

_1243606515.unknown

_1243606604.unknown

_1243606605.unknown

_1243606602.unknown

_1243606603.unknown

_1243606522.unknown

_1243606511.unknown

_1243606332.unknown

_1243606407.unknown

_1243606455.unknown

_1243606482.unknown

_1243606492.unknown

_1243606497.unknown

_1243606501.unknown

_1243606487.unknown

_1243606463.unknown

_1243606477.unknown

_1243606459.unknown

_1243606424.unknown

_1243606435.unknown

_1243606439.unknown

_1243606429.unknown

_1243606415.unknown

_1243606420.unknown

_1243606411.unknown

_1243606363.unknown

_1243606384.unknown

_1243606397.unknown

_1243606401.unknown

_1243606389.unknown

_1243606374.unknown

_1243606379.unknown

_1243606369.unknown

_1243606336.unknown

_1243606352.unknown

_1243606357.unknown

_1243606337.unknown

_1243606334.unknown

_1243606335.unknown

_1243606333.unknown

_1243606161.unknown

_1243606224.unknown

_1243606243.unknown

_1243606328.unknown

_1243606330.unknown

_1243606331.unknown

_1243606329.unknown

_1243606326.unknown

_1243606327.unknown

_1243606248.unknown

_1243606325.unknown

_1243606233.unknown

_1243606238.unknown

_1243606229.unknown

_1243606201.unknown

_1243606214.unknown

_1243606220.unknown

_1243606208.unknown

_1243606191.unknown

_1243606198.unknown

_1243606165.unknown

_1243606116.unknown

_1243606141.unknown

_1243606153.unknown

_1243606157.unknown

_1243606146.unknown

_1243606132.unknown

_1243606137.unknown

_1243606124.unknown

_1243606096.unknown

_1243606106.unknown

_1243606111.unknown

_1243606102.unknown

_1243606086.unknown

_1243606091.unknown

_1243606082.unknown

_1243602881.unknown

_1243605846.unknown

_1243605954.unknown

_1243606027.unknown

_1243606057.unknown

_1243606067.unknown

_1243606073.unknown

_1243606062.unknown

_1243606036.unknown

_1243606052.unknown

_1243606031.unknown

_1243605983.unknown

_1243606010.unknown

_1243606020.unknown

_1243605998.unknown

_1243605964.unknown

_1243605975.unknown

_1243605959.unknown

_1243605912.unknown

_1243605933.unknown

_1243605943.unknown

_1243605949.unknown

_1243605939.unknown

_1243605924.unknown

_1243605929.unknown

_1243605918.unknown

_1243605882.unknown

_1243605896.unknown

_1243605907.unknown

_1243605888.unknown

_1243605865.unknown

_1243605875.unknown

_1243605854.unknown

_1243605700.unknown

_1243605798.unknown

_1243605828.unknown

_1243605838.unknown

_1243605842.unknown

_1243605832.unknown

_1243605813.unknown

_1243605816.unknown

_1243605802.unknown

_1243605737.unknown

_1243605784.unknown

_1243605794.unknown

_1243605773.unknown

_1243605710.unknown

_1243605714.unknown

_1243605705.unknown

_1243605682.unknown

_1243605686.unknown

_1243605691.unknown

_1243605695.unknown

_1243605687.unknown

_1243605684.unknown

_1243605685.unknown

_1243605683.unknown

_1243604118.unknown

_1243605680.unknown

_1243605681.unknown

_1243605678.unknown

_1243605679.unknown

_1243604383.unknown

_1243604406.unknown

_1243604167.unknown

_1243602997.unknown

_1243603024.unknown

_1243602981.unknown

_1243539241.unknown

_1243600066.unknown

_1243600953.unknown

_1243601263.unknown

_1243602213.unknown

_1243602870.unknown

_1243601293.unknown

_1243601086.unknown

_1243601253.unknown

_1243601077.unknown

_1243600620.unknown

_1243600749.unknown

_1243600935.unknown

_1243600634.unknown

_1243600109.unknown

_1243600447.unknown

_1243600078.unknown

_1243543595.unknown

_1243599513.unknown

_1243599909.unknown

_1243599947.unknown

_1243599975.unknown

_1243599985.unknown

_1243599956.unknown

_1243599923.unknown

_1243599870.unknown

_1243599881.unknown

_1243599845.unknown

_1243599750.unknown

_1243544218.unknown

_1243597693.unknown

_1243543597.unknown

_1243541980.unknown

_1243543250.unknown

_1243543563.unknown

_1243542981.unknown

_1243539886.unknown

_1243539896.unknown

_1243539289.unknown

_1243525060.unknown

_1243536362.unknown

_1243538931.unknown

_1243539105.unknown

_1243539180.unknown

_1243538967.unknown

_1243537936.unknown

_1243538204.unknown

_1243536385.unknown

_1243533576.unknown

_1243534270.unknown

_1243535396.unknown

_1243535553.unknown

_1243533991.unknown

_1243534255.unknown

_1243532689.unknown

_1243533465.unknown

_1243525706.unknown

_1243524335.unknown

_1243524494.unknown

_1243524925.unknown

_1243524986.unknown

_1243524886.unknown

_1243524367.unknown

_1243524394.unknown

_1243524354.unknown

_1243524120.unknown

_1243524184.unknown

_1243524262.unknown

_1243524159.unknown

_1237661406.unknown

_1243522868.unknown

_1243522922.unknown

_1237828460.unknown

_1237833015.unknown

_1237915005.unknown

_1237832980.unknown

_1237750380.unknown

_1237579238.unknown

_1237660832.unknown

_1237577358.unknown

