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THE EFFECT OF A MOVING LOAD IN AN
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ABSTRACT

The problem of propagation of an elastic wave in a layer
occupied oy an elasuc medium has been investigated. It is
assumed thar the external boundary of the elastic layer (y = 0) is
subjected to an inclined load which propagates with constant
speed D. The lateral and vertical displacements produced by the
load are taken into consideration. The strssses distribuition have

been calculated.
1 - INTRODUCTION
The problem of elastic wave propagation in a layer has been studeid by
several authors such as Rackhriatolin (1975), [7] Von, Ka;.'man and Duwez

(1250), [6]. Various gcneralizaﬁon of these problems were studicd by :Shapiro

(1946), Sokolovski (1948), [9, 10] and Réckhmatolin (1960), [81.

The three-dimensional problem of elastic wave propagation has been solved
by El-Dewik (1975), [1]. The problem has been studied when an instantaneous
constant load acts on the boundary of elastic h'alfspace.iThe load is taken to act
perpendicularly to the boundary and the lateral displacements were neglected. A
similar study of this problem was carried out in the case where the load is the time

dependent (El-Dewik, 1975 a) {2].

The two-dimensional problem was treated under the assumption that
propagation load acts perpendicularly to the boundary (El-Dewik, 1977) [3]. The
solution was obtained takirg into account the vertical displacements, whereas the
lateral displacements were neglected. A similar problem was solved (El-Dewik,
1981 [4]. the solution was obtained taking into consideration the lateral
displacemeht as well as the vertical one. The solution was carried out when the
load propagates with velocity equal the velocity of longitudinal wave.
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Nevertheless,. the problem of propagation of elastic-plastic wave in the half-
space has been recently solved (El-Dewk 1982) [5], under the assumption that the
propagation load acts perpendicularly to the boundary.

In the present work the dynamic problem of elastic wave propagaton in a
layer has been studied when inclined loads act on the boundary of elastic layer (y
= 0). This load is assumed to propagate with a constant speed D on the boundary.
" The problem is solved taking into account the lateral displacement as well as the

vertical one.

2 - SOLUTION OF BASIC EQUATION

Let us consider an elasnc infinite layer occup1es the domam between y =0
and y =h in the Cartesian coordmates Consider that there exists an inclined load
acts on the boundary which propagates with a constant speed D. The relevant
equations of motion for the lateral and vertical displacements u and v respectively,

[C] 32y
A+ + uve&v = p
dy a2
Where 1, h
du ov
e = 4
9x dy
and the s&ifacc conditions are :
at y=0, - o0 <x<oo
Oyy =P, 8 (x+ Dy sina 1, 2)
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Oy = Po 3 (x+ Dt) cosa

Where o is the angle between the load and the boundary y =0 and :

i
[+

8 (X)= — cos (kx)- dk
T

at y=h, - <X,

U=v=0
The comporents of lateral and vertical displacements can be expressed in terms of

potential function ¢ and  as follows

30 v
o= - ,
oX ay

Dip oy

o mm ER , ,\ i, .z}’
3y oy
Ry substtuting (1, 4)in {1, 1) we have ;
3 ;2‘:!}
Al 02
£ Lo
Rt S

S N
FEIOCIHEY OF WHNEVErse wave.
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b2 thp 32<p aZ\y ' a?‘\y
( -2y ( + y +2 -2 =p05(x+Dy) sin ¢,
a? i I axdy
%o Py oty
2 + - = p, 8 (x + Dy) cosa,
axdy x> : 1. 6)
a0 vy
- =0
ox ay
99 oy
and + =0
oy dy

The initial condition att=01is
op Y
Q= = W = =0 ( 3\7)
ot at
If we use the transformation x =x'+ Dt, y =y' then the equations (1, 35) will
take the form

32¢ a 3%
- (P u____ =0

ay:Z D 2

oy b %y 1, 8)
— - M -11 =0

3y? D x>

T solution of the problem may be written as follows :

0 = A X ginkx | .19
..qu
y=.B e coskx

Substituting from (1.9) in (1.8) we get
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a b
a2 =% (-1 and gy 4 =%(__) -1
D D

where (qy, g3 ) and (qy, q4) correspond to the positive and negative values,

respectively, in the above relation.

Therefore, the general solution of the problem may be written as :

.
o=z J Ay e ¥nY sinkxdk,

o0
y = Z4n=1 J A e KdnY coskx dk (1, 10

Where Ay, A2, Ag and Ay are unknowns which may be obtained from the

boundary conditon (1, 6).

Using condition (1, 6) :

P, sina
4
o (o -%F) AL = :
T
, ) P,cosa
A R - @, 11)
_ . -
| kgh
) @+ 1) e A, =0
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kq h

Z4n=1(1-qn)e An =0

b2
2 (¢% - DK

Where o, = (
a2

Solving the above equations we get :

2p cos a (gz+qq) kb (qy+qy) kh

(e} .
A= [(op- 2K9)@3-qy) € +(0g- 2k7) (g - G €

TA
(ay+a3) kh 2p oSin & (g3+a4) kh
+(0y -2 (m-gg)e - (@-D’a-ap e
5 TA
(gp+qy) kb (gp+a3) kh
+ (- D gy e + (@ 1% @-age
2p ;cés o (q3+q4) kh (a4+ay)kh

A= (o, -2k%) (3 -ag) e + (03-26%) (g4-ape

]

A ,
@tapkh 2P sina (g3+qy) kh
+ (- 26D)apa3) € - [@-D? @3-9p¢
, A
(g+qy) kh (a;+q3) kh

+@3-12 (@q-qy) ¢ +(qy- 2 (41'43) ©
? cosa (Qy+qy) kh (a3+q4) kh
Ag=e - [(@; 2y - gy +(ay - 2k%) (a3-q) ©

TA

(1, 12y

(@*ay)kh  2psin (gp*qy) kh
(q - 1y? (ap-aqg)e

+(gy-1% (@ -a9) ¢ 1-
TA
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(ag+qy) kh (a2+q3) kh

+@y-D?(@3-qy) © ]+ (gu-D? (@y-age
and

]

2p  cosa ‘ (gy+q4) kh (g3;+q4) kb

Ag=____ (og-23 -gpe +(0,y - 2k%) (a3 -qg) €
A

+ (- 26%) (@3- a3) © - I(y-DAgp-age
nA .
(@5+q) kb (@;+uy) Kb
+(ay 2k%) (a3-qy) € 1+[ (ag-2k%) (qq-qp)e
‘Where,

A =3t

n

Khq,
o (@ -2%) (g, - D (g e

From (1, 4) and (1, 12) the components of the displacements will take the form :
'kqn y

u=X" 4 J (1+q)KA e cos kx dk (1,13)

kg, y
v= 2 n=1 o-, (sin kx - cos kx) A kq;, € dk

From Hook's law the components of stresses wxll take the form

b du ov du
-2¢( + )y +2 ,

a2 ox oy ox
Using (1, 12) and (1, 13) we get:
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2pp,, sin & a4 pt a2 2up,cosa b
: 2
Ogx = [+ +2 A1 - ()7-1]
i3 p* &t b% ' s D
Similarly:
2up sina bt Bt 22 2up, cosa b
: 2
cyy=__-___[_+_+2__-1111-____[(___) -111,, (1,14)
i D¢ a4 % T D
and
2pp,, sin a ’ 2p,, cos o b
= 2 ' 2.
T D - T D
Where:
_ sin[ak(h+y)]
I = oJ = ; cos kx dk ,
sin (okh)
and (15)
sin[ok(h+y))
1, = 'OJ“’ sin kx dk ,
: sin (okh)
Theintegralsl; and I, are calculated as follows :
sinfok(h+y)] _
= cos o ky + sin (oky) cos (o kh)
sin okh
1
=cosa ky- — [cos {ak(Zh+y}] .
2 .
-7 -cos [ak (2h-y)] [1+cos (20kh+ cos(2okh)
+o.. + cos® (Qokh)+..... ]
1 .
=cos (aky) - % =0 C™, (cosok (2h+y)
r3p
2n +1
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‘ + 2(n-2m)kh]-cos [ ok (-Zh +¥)- + 2 (n-2m) kh]}
Where : ’

cm  arethe coefficients of the Newtonian polynoraials
n
Therefore,
1 1
I = [8@&x-ay+ 3 (3 +ay)} - Zoon=o —_— an=0 CMn { [ 8 {afh+y) +x +
2 2[1'("2

2ah@-2m)] -8[ath+y)-x+2ch(n-2m)]-8 [ath+y)-x+2ah(n-2m)]}.

Also we have
Cn-1)

L=Z" Enm___ocmn (6 o (h+y)+x+2Zah(n-2m)] -
H! 22n+5

-3 {o(h+y)-x+2ah (n-2Zm}l
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