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Stress distribution in elastic isotropic semi-space with concentrated vertical force
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The distribution of stresses in elastic isotropic semi-space in horizontal and vertical direction under the effect of con-
centrated vertical force is investigated. A transition to line influences for stresses and their determination to arbitrary
load is performed. Analysis and comparison of the results obtained is made.
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INTRODUCTION

Elastic halfplane is a disk limited only on one
straightlinear end and spread to infinity on one side
of this end. Such is the stress and deformation state
of a disk, loaded on its contour, the dimensions of
which are too big in comparison with the length of
the loading part. The solution of infinite elastic
halfplane at uniformly distributed load (problem of
Boussinesq), with concentrated load (problem of
Flammant) and at arbitrary distributed load is dis-
cussed in [1]. Expressions are derived for the stress-
es at an arbitrary point of the halfplane. Through
limits transition of these problems the expressions
for determination of stresses under the effect of con-
centrated forces are obtained. A similar problem is
encountered in the investigation of beams of elastic
foundation, long strips, fundaments, etc.

The purpose of the present work is to determine
the distribution of the stresses in the elastic half-
plane in horizontal and vertical direction under the
effect of concentrated force, to construct the influ-
ences for the stresses and through the obtained in-
fluences to determine the stresses at arbitrary load.

STRESSES IN THE HALFPLANE

Normal and tangential stresses are known from
strength of materials. In the case of concentrated

vertical force acting on the top edge, the expressions
of the stresses in an arbitrary point of the halfplane
are as presented in Figurel:
where

X,y are the coordinates of a point at which the

stresses should be determined;
g is the intensity of load equivalent to the force

F , distributed uniformly on the part with length
2a and symmetrically located about axis Y ;

The introduced coordinate system xOy is in the
middle of the distributed load (Fig.1).
As a general signification of stresses S(X,y) is

used.

The written expressions are applied for investiga-
tion of the elastic halfplane loaded with concentrat-
ed force, with the characteristics a=10m;

F :1k—N. The intensity of the load in the cases is
m

to coordinate with a single value of the force.

The analysis of the distribution of stresses is
made with arbitrary and different in this case and in
particular, multiple of a, an accepted discretization
step in the axe’s directions of the halfplane. Calcula-
tions are made with compound programs of PC.
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Fig. 1. The expressions of the stresses in an arbitrary point of the halfplane
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Stresses distribution in vertical direction a ]
) ) 0<y<15a by step —. The results of the solutions
The solution of the stresses is made at 2

are shown in Table 1.
Table 1. The solution of the stresses is made at 0<y<15a by step a/2
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Fig. 2. Graphical distribution of the stresses in the elastic halfplane in vertical direction
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Table 2. The ordinates and the kind of the line influences

X 0,(x001) ax(xg) o xa) 0,000 oy[x,g]

o,(xa) 7,(x001)

TW[X,Z) r,(x.a)

60 -17684e6 872044 -16741e3 49122%e-14 605586 -46503e5 2947310 726/0e5 279024
55 210456 -10351e3 -19720e3 69571e14 855446 -65190e5 38264610  9409%5 35854e4
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35 519696 249553 -44421e3 4242413 H50030e5 362624 148489  -35651e4 -12692e3
40 -3978%6 -19287e3 -35245%e-3 2480813 -30136e5 -22028e4 09472e10 241094 -88113e4
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Fig. 3. Graphical distribution of the stresses in the axis elastic halfplane in horizontal direction

From the results obtained it is seen that the

normal stresses o, in vertical direction have big
values in the interval 0<y<?2a. The normal
stresses o, in vertical direction have very big val-
ues in the interval 0<y<2a and then gradually
decrease. The tangential stresses z,, have big val-

ues in the interval 0<y<2a, and then gradually
decrease. The biggest values of the normal and the
tangential stresses in vertical direction are obtained
at y= a

y 5

The normal stresses o, in horizontal direction

have big values in the interval —6a<x<6a. The

normal stresses oy in the horizontal directions

have very big values in the interval —a<x<a,
and then gradually decrease. The tangential stresses

7,, have relative big values in the interval

—4a<x<4a, and then gradually decrease. The big-
106

gest values of the normal and the tangential stresses
in horizontal direction are obtained at Xx=0 u
y=0.

In vertical direction the normal stresses o, are

bigger in comparison with the normal stresses o, .

The results obtained form stresses line’s state in
an elastic halfplane.

From the diagrams of stress’s distribution in a
vertical and horizontal direction, in a selection arbi-
trary section of elastic halfplane, after integration —
analytical of numerical can to make a verification
of equilibrium of calculated stresses.

STRESSES LINE INFLUENCES

The expressions of the functions’s stresses in a
horizontal directions can to interpreter to construct
the lines influences of the normal and tangential
stresses in elastic halfplane (Fig. 4).
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Fig. 4. The expressions of the functions’s stresses in
a horizontal directions
Here,
d is the length of the discretization step in horizontal

direction; 1=1,2,3,4... - successive situations of the
force F =1 in the top edge of the elastic halfplane.

The ordinates and the kind of the line influ-
ences, for example » (0 Ol'a]"’ --Uy(0,01;aj--,
X ! ! 2 2

"z'xy (0,01; %)" , etc., are shown in Table 2 and Fig.

3. The ordinates of stresses influences are reports
with multiplay of discratization step, suitable to the
situation of the forces F =1 and of the stress at the
point to from which the line influence refers. For
each particular case expressions are written for line
influences of the stresses at the point of elastic
halfplane presented through stresses line states. For

example:
' aay, aa
% E’E ~% X_E,E '

"O'X(O;aj"Z Gx(x;aj ,
2 2
" ( a.a)ll ( a-a]
Tyl === ['=1 | X+=i2 |-
"\ 272 g 22

Graphical line influences of the stresses at the
selected points of the elastic halfplane are shown in
Fig. 5.

R ORI

Fig. 5. Influences of the stresses at the selected
points of the elastic halfplane
From the line influences the stresses at a un-
specified point of elastic halfplane at an arbitrary
load can be determined. At the load, distributed by
arbitrary law, it is known that the arbitrary stress is
determines with the expres-

. g
5|0n:S(le):js(x,y)q(x)dx where ¢,, , are the
G
limits (start, end) of the distributed load, y is a
previously determined level in vertical direction at
the point at which the stresses are determined
through line influences.
At a uniformly distributed load g=const with

length 24, symmetrically situated about axis

a
yax(o,ﬂ)zj—z—qxz 2 gyo 2(-2+52192)) _ 4 4505q-

@]

T T

ay(o,aj:j—zq @3 dx— 2(2+5atg(2))

Vs

q=-0,9595q ;
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Uy(g ajzj_Zq @3 g

X= —iq =-0,9022q;
5

(a)z [x+aj
; aa) ¢ 2 2
Txy(o,ﬂ)=j—2;qxz4dxzo;TXY[E,E)ZJ.—;qX 2 dk=-q=-01273q.

ST e )]

At a load with length a, distributed by triangle  stresses, determined through line influences, are of
law with zero of a triangle at the x=0 (Fig. 6), the the type:

x 10

Fig. 6. Type of the stresses, determined through line influences
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es at different points of an elastic isotropic semi-

The results obtained through line influences co-
space with other acting loads can be determined.

incide exactly with the values of the stresses in the

elastic isotropic halfspace, obtained from the solu-
tion under the effect of indicated distributed loads. REFERENCES
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