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The dy namical re sponse of a sys tem con sist ing of a pre stressed sub strate and cov er ing and bond lay ers to a

mov ing load is in ves ti gated within the scope of a piecewise-ho mo ge neous body model by us ing a three-di men -

sional linearized the ory of wave prop a ga tion in ini tially stressed bod ies. It is as sumed that the ma te ri als of the

con stit u ents are iso tro pic and ho mo ge neous, and the sub sonic speed of the mov ing load act ing on the cov er ing

layer is con stant. The in ves ti ga tions are car ried out for a plane strain state un der com plete and in com plete

con tact con di tions. For var i ous val ues of prob lem pa ram e ters, nu mer i cal re sults for the crit i cal speed are pre -

sented and dis cussed.

1. In tro duc tion

The re sults of in ves ti ga tions into the dy nam i cal re sponse of bod ies to mov ing loads are of great the o ret i cal and prac ti -

cal sig nif i cance and can be em ployed in many branches of mod ern trans por ta tion engineering.

A con sid er able part of these stud ies deal with the dy nam i cal re sponse of a lay ered half-plane to a mov ing load. In this

case, the lay ered half-plane is taken as a model to sim u late track-based sys tems or var i ous pave ments sub jected to mov ing ve hi -

cle loads. Rel e vant the o ret i cal in ves ti ga tions into this field were car ried out in [1] and other pa pers listed therein. How ever, in

the course of time, these stud ies were im proved and de vel oped steadily; the lat est re sults are de scribed in [2-4] and many other

reports.

In the afore men tioned pa pers, the dy nam i cal re sponse was stud ied by em ploy ing the clas si cal lin ear the ory of

elastodynamics, the mo tion of the layer was de scribed by the Kirchhoff or Timoshenko beam-plate the ory, but the equa tions of

mo tion of the half-plane were taken from ex act lin ear the ory of elastic waves.

The pres ent level of high-speed ve hi cle en gi neer ing re quires in ves ti ga tions into these prob lems on the ba sis of more

ac cu rate the o ries that take into ac count non lin ear dy nam i cal ef fects, too. An in ter est ing and ur gent prob lem that also ap plies to
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the ef fects in the afore men tioned elas tic sys tems is the elastodynamics prob lem for ini tially stressed bod ies. The ini tial stresses

oc cur in the sys tems af ter their man u fac ture and as sem bly, and, in many cases, they are rather high.

Un der cer tain con di tions, these prob lems can be solved with the use of the three-di men sional linearized the ory of elas -

tic waves in ini tially stressed bod ies (TLTEWISB). The con struc tion of field equa tions of the TLTEWISB and their ap pli ca tion 

to the wave prop a ga tion prob lem for ini tially stressed bod ies are de tailed, e.g., in [5]. Re views of these in ves ti ga tions can be

found in [6-8]. Fur ther more, by em ploy ing the TLTEWISB, time-har monic stress fields in lay ered prestrained bod ies were

stud ied in [9-13] and other papers. 

Note that, within the frame work of TLTEWISB, a few stud ies have al ready been per formed up to now on the dy nam i -

cal re sponse of a prestrained lay ered half-space to a mov ing load; see, for ex am ple, [14, 15]. In [14], the dy nam i cal re sponse of

a sys tem con sist ing of a layer and a prestrained half-plane was con sid ered. The equa tion of mo tion for the cov er ing layer was

de scribed by the Timoshenko beam the ory, but the equa tion of mo tion for the half-plane was de scribed by the TLTEWISB. The 

so lu tion to the cor re spond ing bound ary-value prob lem was found by em ploy ing the ex po nen tial Fou rier in te gral trans for ma -

tion. Par tic u lar nu mer i cal in ves ti ga tions were made for the case where the con sti tu tive re la tions for the half-plane ma te rial

were de scribed by a po ten tial of har monic type. It was as sumed that the speed of the mov ing load was sub sonic and con stant,

and the in flu ence of prob lem pa ram e ters on the crit i cal speed of the load was stud ied. In [15], the fore go ing problem was solved 

through the use of the complex potential of TLTEWISB.

In [16], the re sults ob tained in [14, 15] were ex tended to the case where the cov er ing layer was also prestrained, and

the mo tion of this layer was also de scribed by the TLTEWISB. The in flu ence of prob lem pa ram e ters on the crit i cal speed was

examined. 

It should be noted that, in many cases, a sys tem com pris ing a sub strate and a cov er ing layer is not ad e quate for sim u lat -

ing the track beds of high-speed trains, cars, trucks, etc., be cause there usu ally is a bond layer be tween the cov er ing layer and

the sub strate. The me chan i cal and geo met ri cal pa ram e ters of this layer can sig nif i cantly af fect the dy nam i cal re sponse of track

beds to a mov ing load. There fore, in the pres ent pa per, the in ves ti ga tion ini ti ated in [16] is con tin ued for a sys tem com pris ing a

substrate and bond and covering layers.

2. For mu la tion of the Prob lem

Let us con sider a pre stressed com pos ite sys tem con sist ing of a sub strate and bond and cov er ing lay ers. The points of

the lay ers and sub strate are spec i fied by Lagrangian co or di nates in a Car te sian ref er ence frame Ox x x1 2 3  (Fig. 1). Be fore as sem -

bling, the lay ers and the sub strate have been stressed sep a rately in the Ox1 axis di rec tion, so that a uni ax ial ho mo ge neous ini tial

stress state ex ists in each of them. The cov er ing and bond lay ers and the substrate occupy the regions 

{ , , }-¥ < < +¥ - < < - ¥ < < +¥x h x x1 1 2 30  ,
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Fig. 1. Ge om e try of the sys tem con sid ered.



{ , ( ) , }-¥ < < +¥ - + < < - ¥ < < +¥x h h x h x1 1 2 2 1 3 , 

and 

{ , ( ), }-¥ < < +¥ - ¥ < < - + - ¥ < < +¥x x h h x1 2 1 2 3 , 

re spec tively. The Ox3  axis is per pen dic u lar to the fig ure plane and is not shown in Fig. 1.

The stresses, strains, and dis place ments re lated to the cov er ing and bond lay ers and the sub strate are de noted by the su -

per scripts (1), (2), and (3), re spec tively. The quan ti ties re lated to the ini tial stresses are de noted by the su per script ( )m 0, where 

m = 1, 2, 3. 

The lin early elas tic ma te ri als of the lay ers and sub strate (half-plane) are taken to be ho mo ge neous and iso tro pic. The

ini tial stresses in the con stit u ents are

s ij
m

m
( )0 = const ,   m = 1, 2, 3;  s ij

m( )0 0=    if  ij ¹ 11.

Since the cor re spond ing strains are small, the co or di nates of lay ers and sub strate points in the nat u ral and ini tial states

co in cide.   

We as sume that, to the free up per face of the cov er ing layer, a force P is ap plied, which moves in the Ox1-di rec tion

with a con stant speed V (Fig. 1). It is re quired to de ter mine the dy nam i cal re sponse of the sys tem con sid ered to the mov ing load. 

We will con sider only the sub sonic state, i.e.,
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( ) , m ( )m , and r ( )m  are the speed of dis tor tion waves, the shear modulus, and the den sity of con stit u ent ma te ri als.

Ac cord ing to [5], the com plete sys tem of equa tions of TLTEWISB in the case of small ini tial strains is
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where i, j = 1, 2 and m = 1, 2, 3; l( )m  and m ( )m  are called the Lamé con stants. 

Note that Eqs. (2)-(4) are sat is fied in the cov er ing and bond lay ers and in the sub strate sep a rately. Ac cord ing to the

fore go ing state ment, on the up per face of the cov er ing layer, the fol low ing bound ary con di tions must be satisfied:
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where d( )x  is the Dirac delta func tion.

As in [16], we will con sider two types (com plete and in com plete) of con tact con di tions on the in ter faces be tween the

cov er ing and bond lay ers and be tween the bond layer and the sub strate. For the com plete con tact con di tions, we assume
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and for the in com plete ones
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In ad di tion, we as sume that the fol low ing de cay con di tions are sat is fied:
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which com plete the for mu la tion of the prob lem. It should be noted that, at s
11

0 0( ),m =   (m = 1, 2, 3), we re turn to the cor re spond -

ing prob lem of the clas si cal lin ear the ory of elastodynamics. 

3. So lu tion Method
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In the co or di nate sys tem

¢ =x x2 2 ,   ¢ = -x x Vt1 1 ,

which moves to gether with the load ing force, Eqs. (9) take the form
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where the primes of x1 and x2  are omit ted. In this case, the sec ond bound ary con di tion in (5) is re placed by
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The other con di tions re main valid.

In or der to solve the sys tem of equa tions (10), we ap ply the Fou rier trans form
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to it. As a re sult, we have
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Af ter some math e mat i cal ma nip u la tions, we ob tain from (12) the equa tions
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From Eq. (13), we have
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Thus, from Eqs. (13)-(15), (3), and (4), the Fou rier trans forms of all sought-for quan ti ties are found. The un knowns 
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con di tions (5) and (11) and con tact con di tion (6) (for a com plete con tact) or (7) (for an in com plete con tact), which form a

closed sys tem of al ge braic equa tions. Note that con di tion (8) was al ready used for de ter min ing u
F2
3( )  in (14).     

From the al ge braic equa tions, we find the afore men tioned un knowns and, em ploy ing the in verse trans form
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we de ter mine the sought-for stresses and dis place ments. 

Equa tion (16) can be re duced to the fol low ing ones:
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In cal cu lat ing the integrals in Eqs. (17), we used the ap prox i ma tion
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where the value of S*  in (18) was de ter mined from the cor re spond ing cri te rion of nu mer i cal con ver gence.

Nu mer i cal in ves ti ga tions show that, in gen eral, at fixed val ues of prob lem pa ram e ters, for each value of V, the quan ti -
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m( )  have sin gu lar points with re spect to sh.

Ac cord ing to the pro ce dure for de ter min ing the un knowns F s F s
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the sin gu lar points co in cide with roots of the equation

det ( ( ))a nm V sh = 0, n; m = 1, 2,..., 6, (19)   

where a nm V sh( ( )) are co ef fi cients of the un knowns in the sys tem of al ge braic equa tions. 

Con se quently, the or der of sin gu lar ity (de noted by r) of in te grated quan ti ties co in cides with the or der of roots of equa -

tion (19). At 0 1£ <r , in te gral (18) can be cal cu lated by us ing well-known al go rithms. At r = 1, the cal cu la tion of in te gral (18) is

per formed ac cord ing to the Cauchy prin ci pal value. For r > 1, the in te gral is mean ing less, and the speed cor re spond ing to this

case is called the crit i cal speed. At this speed, a res o nance-type phe nom e non takes place. In this case, the val ues of all prob lem

pa ram e ters are fixed (ex cept that of V), and the speed V at a given value of sh is de ter mined from Eq. (19) as the root of this equa -

tion. As a re sult, a re la tion ship be tween V and sh1 is ob tained, and the critical speed corresponds to the case where 

dV d sh( )1 0= .

One of the main is sues in prob lems for lay ered ma te ri als with mov ing loads in a sub sonic state (1) is the de ter mi na tion

of the crit i cal speed Vcr  and the ef fect of prob lem pa ram e ters on it. An other is sue is the de ter mi na tion of stress-strain state in the 

me chan i cal sys tems at V V< cr . In this case, in te gral (18) is cal cu lated with the algorithm developed in [9-13].

4. Nu mer i cal Re sults and Dis cus sion

We in tro duce the des ig na tions
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and as sume that

r r( ) ( )2 1 = 0.5,  r r( ) ( )3 2 = 0.5,   n n n( ) ( ) ( )1 2 3= =  = 0.3.

Let us an a lyze the re la tion ship be tween u and sh1. Ac cord ing to the well-known me chan i cal con sid er ation, with 

H ® ¥, this re la tion ship must ap proach that for the sys tem con sist ing only of the cov er ing layer and the sub strate (shortly,

CL+SS), but for H ® 0, it must tend to that for the sys tem con sist ing of the cov er ing layer and a sub strate whose ma te rial is the
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same as of the bond layer (shortly, CL+SB). This fact is seen from the graphs given in Fig. 2, which are con structed at e1 = 2, 

e2 = 1.5, h h h1 2 3 0= = =  and var i ous val ues of H for com plete (6) (Fig. 2a) and in com plete (7) (Fig. 2b) con tact con di tions.

Note that the case e1 = 2.0 for the sys tem CL+SS was also con sid ered in [16]. The co in ci dence of pres ent re sults with those ob -

tained in [16] con firms the va lid ity of the al go rithm and programs used in the numerical investigations. 

Now, let us look at the ef fect of the pa ram e ter e1 on the re la tion ship be tween u and sh1. The cor re spond ing graphs are

given in Fig. 3 at H = 1, e2  = 2, and h h h1 2 3 0= = =  for com plete (6) (solid lines) and in com plete (7) (dashed lines) con tact

con di tions. A com par i son of the graphs with those found for the sys tem CL+SS shows that the ex is tence of a bond layer whose

elas tic modulus is greater than that of the sub strate in creases the val ues of u u= ( )sh1  which satisfy equation (19).  

An anal y sis of the fore go ing and a large num ber of other nu mer i cal re sults, not il lus trated here, al low us to con clude

that there are val ues of prob lem pa ram e ters at which (i) the func tion u u= ( )sh1  has no lo cal max ima or min ima; (ii) the func tion 

has only one lo cal max i mum or min i mum at sh1 ¹ ¥; (iii) the func tion has one or more lo cal max ima and one or more lo cal min -

ima at sh1 0¹  and sh1 ¹ ¥. In case (i), a crit i cal speed does not ex ist; in case (ii), a crit i cal speed ex ists and cor re sponds to the lo -

cal max i mum or min i mum of the func tion u u= ( )sh1 ; in case (iii), a crit i cal speed ex ists and cor re sponds to the absolute

minimum of u. 

The val ues of ucr  were de ter mined from the graphs given in Figs. 2 and 3 and other sim i lar ones, not shown here. In

par tic u lar, it fol lows from the fig ures that, in the cases where the in equal i ties e e1 2>  and e2 1>  are sat is fied si mul ta neously, an

in crease in thick ness of the bond layer de creases ucr ; if e e1 2³  and e2 1> , ucr  in creases with e1. 

Ta ble 1 shows the val ues of ucr  for var i ous val ues of the pairs (e1, e2 ) and H at h h h1 2 3 0= = = , i.e., in the ab sence of 

ini tial stresses in con stit u ents of the sys tem con sid ered. The cor re spond ing val ues of ucr  for the sys tems CL+SS and CL+SB
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Fig. 2. Graphs of the re la tion ship be tween u and sh1 for com plete (6) (a) and in com plete (7) (b)

con tact con di tions for var i ous H h h= 2 1 (num ber at the curves).
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are given in Ta ble 2. The nu mer i cal re sults given in these ta bles agree with me chan i cal con sid er ations, and in some par tic u lar

cases, co in cide with the cor re spond ing results obtained in [16]. 

Ta ble 3 shows the ef fect of the pa ram e ters e1 and e2  on ucr  at H = 1.0 and h h h1 2 3 0= = = . As is seen, an in crease in

the elas tic modulus of the bond layer in creases ucr . This in crease is more sig nif i cant at e1 5³ .
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TABLE 4. Effect of Initial Stretching of Constituent of the System Considered on the Values of 
ucr  at e1 = 2, e2  = 5, and H = 1

Cases
h1, h2, h3

0 0.005 0.01 0.05

h1 0¹
h2 = h3 = 0

0 8756

0 7442

.

.

0 8821

0 7503

.

.

0 8884

0 7563

.

.

0 9353

0 7994

.

.

h2 0¹
h1 = h3 = 0

0 8756

0 7442

.

.

0 8764

0 7456

.

.

0 8773

0 7469

.

.

0 8835

0 7575

.

.

h3 0¹
h1 = h2 = 0

0 8756

0 7442

.

.

0 8758

0 7454

.

.

0 8759

0 7465

.

.

0 8767

0 7536

.

.

TABLE 3. Values of ucr  Obtained for Various e1 and e2  at h h h1 2 3 0= = =  and H = 1 under
Complete (Numerator) and Incomplete (Denominator) Contact Conditions

e1 e2 = 2 e2 = 5 e2 = 10 e2 = 20

2 0 8661

0 6930

.

.

0 8756

0 7442

.

.

0 8784

0 7649

.

.

0 8798

0 7760

.

.

5 0 7260

0 5991

.

.

0 8669

0 6523

.

.

0 8706

0 6742

.

.

0 8724

0 6861

.

.

10 0 6142

0 5206

.

.

0 8253

0 5745

.

.

0 8325

0 5973

.

.

0 8361

0 6098

.

.

20 0 5106

0 4431

.

.

0 7777

0 4965

.

.

0 7906

0 5198

.

.

0 7970

0 5329

.

.

TABLE 1. Values of ucr  at Complete (Numerator) and Incomplete (Denominator) Boundary
Conditions for Various Values of e1, e2 , and H

(e1, e2) H  = 0.001 H  = 0.5 H  = 1.5 H  = 10 H  = 30

(2, 4/3) 0 8972

0 7540

.

.

0 8732

0 6970

.

.

0 8517

0 6644

.

.

0 8414

0 7754

.

.

0 8414

0 7093

.

.

(5, 5/2) 0 8058

0 6824

.

.

0 7538

0 6303

.

.

0 7100

0 5839

.

.

0 6857

0 5931

.

.

0 6857

0 5931

.

.

(10, 5) 0 6856

0 5930

.

.

0 6405

0 5490

.

.

0 5976

0 5041

.

.

0 5664

0 5016

.

.

0 5664

0 5016

.

.

TABLE 2. Values of ucr  for the Systems CL+SS and CL+SB at Various Values of e1 under
Complete (Numerator) and Incomplete (Denominator) Contact Conditions

e1= 2 e1= 5 e1= 10 e1= 4/3 e1= 5/2

0 8414

0 7093

.

.
 [16]

0 6857

0 5931

.

.

0 5664

0 5016

.

.
 [16]

0 8972

0 7542

.

.

0 8059

0 6825

.

.



The in flu ence of ini tial stretch ing of con stit u ents of the sys tem con sid ered on ucr  is il lus trated by the data given in Ta -

ble 4, which were ob tained for e1 = 2, e2  =  5, and H = 1. As ev i dent from the ta ble, the ini tial stretch ing in creases ucr , the ef fect 

caused by prestretching the cov er ing layer on the val ues of ucr  be ing the great est.

Let e e1 2=  = 0.1. As es tab lished in [16], in this case, there is no crit i cal speed for the sys tem CL+SB. Con se quently,

the min ima aris ing in graphs of the re la tion ship be tween u and sh1 for the sys tem must dis ap pear as H ® ¥, which is con firmed

by the graphs given in Fig. 4 for com plete (6) (Fig. 4a) and in com plete (7) (Fig. 4b) con tact con di tions at var i ous val ues of H

and h h h1 2 3 0= = = . As is seen, u u® =( )
( )

R RV C
2
1  as sh1 ® ¥ and H ® ¥, where VR  is the prop a ga tion speed of Rayleght

waves in the cov er ing layer. More over, these graphs show that, at e e1 2 1= < , there ex ists such a value of  H H= *  that the lo cal

min i mum of the re la tion ship u u= ( )sh1  dis ap pear if H H> * .

Fi nally, let us con sider some ex am ples for the quan ti ties s
22
1

1 0
( )h P  at x h2 1= -  and s

22
2

1 0
( )h P  at x h h2 1 2= - +( ) in

re la tion to x h1 1 un der com plete con tact con di tions (6). The cor re spond ing graphs are given in Fig. 5 for var i ous val ues of h1 at 

H = 1, e1 = 2, and e2  = 5. As is seen, the ab so lute val ues of s
22
1

1 0
( )h P  (Fig. 5a) in the vi cin ity of the point x1 = 0 are greater than

the cor re spond ing val ues of s
22
2

1 0
( )h P  (Fig. 5b), and the ini tial stretch ing of the cov er ing layer de creases the stresses sig nif i -

cantly.

535

0 2 4 6 8

0

-0.1

-0.2

-0.3

-0.4

0.05

à

(1)s h /P22 1 0

x /h1 10
0.005
0.01

0.03

b

0 2 4 6 8

0

-0.1

-0.2

-0.3

(2)s h /P22 1 0

x /h1 1

0.05
0.03

0.01
0.005
0

Fig. 5. The quan ti ties s
22
1

1 0
2 1

( )h P
x h=-

 (a) and s
22
2

1 0
2 1 2

( )

( )
h P

x h h=- +
 (b) in re la tion to x h1 1

for com plete con tact con di tion (7) at var i ous val ues of h1 (= s m
11
1 0 1( ) ( ) ) (num bers at the

curves).

0 0.4 0.8 1.2 1.6 2.0

1.0

0.9

0.8

0.7

0.6

0.5

à

sh1

u

10

2060

0.5

1.5

5

b

0 0.4 0.8 1.2 1.6

1.0

0.9

0.8

0.7

0.6

0.5

0.4

u

sh1

5

1.5

0.5

10

2060

Fig. 4. Graphs of the re la tion ship be tween u and sh1 for com plete (a) and in com plete (b)  con -

tact con di tions at e e1 2=  < 1 (e e1 2=  = 0.1) and var i ous val ues of H (num bers at the curves).



5. Con clu sions 

In the pres ent pa per, within the frame work of a piecewise-ho mo ge neous body model, with the use of  the TLTEWISB, 

the dy nam i cal re sponse of a sys tem con sist ing of a sub strate and bond and cov er ing lay ers to a mov ing load has been

investigated.

The nu mer i cal re sults ob tained for the crit i cal speed of the load al low us to draw the fol low ing con clu sions:

· in the case e e1 2>  and e2 1> , the pres ence of the bond layer in creases the crit i cal speed;

· in the fore go ing case, the crit i cal speed de creases with in creas ing thick ness of the bond layer;

· in the case e1 1>  and e e1 2= , a crit i cal speed ex ists if H H< * , i.e., if the bond layer is not too thick;

· the prestretching of the lay ers and sub strate in creases the crit i cal speed;

· the most sig nif i cant ef fect on the crit i cal speed is caused by prestretching the cov er ing layer.

REF ER ENCES

1. J. D. Achenbach, S. P. Keshava, and G. Herrman, “Mov ing load on a plate rest ing on an elas tic half space,” Trans.
ASME, Ser. E, J. Appl. Mech., 34, No. 4, 183-189 (1967).

2. E. I. Bespalova, “Re ac tion of an anisotropic cy lin dri cal shell to a mov ing load,” Int. Appl. Mech., 43, No. 4, 425-431
(2007).  

3. L. Auersch, “Ground vi bra tion due to rail way traf fic-cal cu la tion of the ef fects of mov ing static loads and their ex per i -
men tal ver i fi ca tion,” J. Sound Vibr., 293, 599-610 (2006).

4. A. Karlström, “An an a lyt i cal model for ground vi bra tions from ac cel er at ing trains,” J. Sound Vibrat., 293, 587-598
(2006).

5. A. N. Guz’, Elas tic Waves in Bod ies with Ini tial (Re sid ual) Stresses [in Rus sian], “A.C.K.,” Kiev (2004).
6. A. N. Guz’, “Elas tic waves in bod ies with ini tial (re sid ual) stresses,” Int. Appl. Mech., 38, No. 1, 35-78 (2002).
7. S. D. Akbarov, “Re cent in ves ti ga tions on the dy nam i cal prob lems of the elas tic body with ini tial (re sid ual) stresses (re -

view),” Int. Appl. Mech., 43, No. 12, 3-27 (2007).
 8. Yu. A. Zhuk and I. A. Guz’, “Fea tures of plane wave prop a ga tion along the lay ers of a pre-strained  nanocomposites,”

Int. Appl. Mech., 43, No. 3, 361-379 (2007).
9. S. D. and C. Guler, “On the stress field in a half-plane cov ered by the pre-stretched layer un der the ac tion of ar bi trary

lin early lo cated time-har monic forces,” Appl. Math. Model.,  31, 2375-2390 (2007).
10. S. D. Akbarov, I. Emiroglu, and F. Tasci, “The Lamb’s prob lem for a half-space cov ered with the pre-stretched layer,”

Int. J. Mech. Sci., 45, 1326-1349 (2005).
11. S. D. Akbarov, “The in flu ence of the third or der elas tic con stants on the dy nam i cal in ter face stress field in a half-space

cov ered with a pre-stretched layer,” Int. J. Non-Lin ear Mech., 41, 417-425 (2006).
12. S. D. Akbarov, “Dy nam i cal (time-har monic) axisymmetric in ter face stress field in the fi nite pre-strained half-space

cov ered with the fi nite pre-stretched layer,” Int. J. Eng. Sci., 44, 93-112 (2006).
13. S. D. Akbarov, “The axisymmetric Lamb’s prob lem for the fi nite pre-strained half-space cov ered with the fi nite

pre-stretched layer,” Int. Appl. Mech., 43, No. 3, 351-360 (2007).
14. S. Yu. Babich, Yu. P. Glukhov, and A. N. Guz’, “Dy nam ics of a lay ered com press ible pre stressed half-space un der the

in flu ence of mov ing load,” Int. Appl. Mech., 22, No. 6, 808-815 (1986).
15. S. Yu. Babich, Yu. P. Glukhov, and A. N. Guz’, “To ward the so lu tion of the prob lem of the ac tion of a live load on a

two-layer half-space with ini tial stresses,” Int. Appl. Mech., 24, No. 8, 775-780 (1988).
16. S. D. Akbarov, C. Guler, and E. Dincsoy, “The crit i cal speed of a mov ing load on a pre stressed plate rest ing on a pre -

stressed half-plane,” Mech. Com pos. Ma ter., 43, No. 2, 257-270 (2007).

536


