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ABSTRACT It is noted in the report that on the basis of the model of the interaction of
subsidence soils with structures obtained in the course of experiments there have been worked out 
a theory and engineering methods to calculate the beam-type foundations subjected to static and 
dynamic loads, with the possible incidental moistening of some areas under the foundations being 
taken into account in the most unfavourable combination.

The loess soils which represent one of the ty
pical varieties of structurally unstable soils 
are widely spread in all the continents of the 
Earth. The high magnitude and non-uniform de
formations which occur at a definite stressed 
state caused by the moistening of the thickness 
of these soils create for the bearing elements 
of the structures of buildings and installati
ons an emergency situation which often leads to 
inadmissible damages and even destructions.That 
is why every building to be erected on loess 
soils is designed, as a rule, with due regard 
for the possible moistening of soils under the 
foundations. Since the deformation characteris
tics of soils in the zones of moistening under 
the foundations vary substantially the Winkler 
model has been adopted to describe the effect 
of subsidence on the functioning of the struc
ture with the coefficient of soil stiffness be
ing variable, i.e. k(x) = P(x):S(x). Here,P(x) 
is the specific pressure, which doesn't exceed 
the value of the design resistance of founda
tion soils, along the foundation foot, with its 
cross section being taken arbitrary; S(x)- the 
expected subsidence, to be determined with due 
regard for the non-linear deformability of the 
base, as a function of the type of soil condi
tions as well as the appropriate measures aga
inst subsidence to be worked out in accordance 
with a special technique (¡.¡ustafayev, 1979) and 
provided for in the design. As the numerous re
search studies and field observations show the 
distributive capacity of bases at subsidence is 
much lower than that of the natural soils, and 
that is why the utilization of the said model, 
as a rule, makes it possible to obtain more 
precise results of the calculation provided 
that the values and character of the variation 
of the base stiffness coefficient are chosen 
properly. The assumption that in the course of 
subsidence the contact between the foundation 
foot and the surface of the moistened base is 
still preserved makes it possible to reduce the 
problem of the interaction of the base with the 
foundation to the calculation of a structure to 
be rested on a continuous soil base, with the 
stiffness characteristics being variable in the 
areas of moistening. The mathematical formula
tion of the said problem for the belt- and beam

-type foundations with flexural rigidity vari
able along the length is reduced to the soluti
on of the boundary-value problem for an ordina
ry linear differential equation with variable
A rti d T"l C *

which satisfies the similar boundary conditions:

W  Mot;

where Xi)=yF(J)tVb+t̂ li K(7) = K06l\ i = ^
I)'-F(V)', q(ij) is the external distri

buted mass load connected with the foundation; 
yo i 9o i , 0.,, are the initial parameters 
respectively determining the flexure, angle of 
rotation, bending moment and cross force at the 
initial section (7 =0) of the foundation. If the 
interaction of the base with the foundation is 
studied at static loads then (7 )=0. The fle
xural stiffness of the 1structure-foundation' 
system E3 ( 7 ) is composed of the two parts,i.e. 
the own stiffness of the foundation EO and
the reduced stiffness E3 ( 7 )" to be determined 
by the appropriate formulae (Mejerhof, 1947) 
depending upon the nature of the superfoundati
on structure and the stiffness of its bearing 
elements, i.e. E3 ( 7 )= E3 ( ][ )9 + E3 ( 7 )" .If 
the foundation represents a strip of the beam- 
type slab which works under conditions of plane 
deformation then the flexural stiffness El ( 7 ) 
is to be superseded with the cylindrical stiff
ness D( i )= E3(7 )t(1— )• The function k(7 ) 
characterizes the variability ox the deformati
on characteristics of base soils at subsidence 
and its choice depends upon the character cf 
moistening and the location of its source under 
the foundation.

On the basis of field investigations and -oilot 
construction a great volume of data describing 
the variability of building foundation stiff
ness characteristics at subsidence has been ac
cumulated in the USSR to allow the suggestion 
of appropriate formulae for k(  ̂) as a function 
of the location of the source of moistening and 
the character of base moistening (’¿ustafayev,
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1979)* 1)1(3 solution of the problem (1)-(2) bas
ed on reducing the differential equation (1) to 
the equivalent integral equation accompanied by 
the use of the Piquar successive approximation 
(Alustafayev, 1978; can be expressed as follows:

‘i(i)=y.y,n(’?)+0oauC’?)-Moy5̂ )-QovCi)+y5n(Y) (?)

yitiOO=T;+i

Here i is the number of function (i =1|2,3»4-,5i 
n is the number of approximation , ,

and I1K are the linear integral operators:

m , )  

m \ /V?

3 >2 «I

The successive derivatives of the functions 
yu (q ) of the N-order are determined by a re-

currence formula

y[;)= r (NV i ( n r nJW('KÎ'r
i>*i

In every specific case the solution is represen
ted by the rapidly convergent power series, v.i- 
th the results being, as a rule, quite satis
factory when it is restricted to two or maximum 
three terms. The formulae for the reactive pre
ssure of base soils, for the bending moments and 
cross forces at any character of the moistening 
of the beam-type foundations with free ends can 
be expressed in the following way:

P( ?) = K( 7 ) [ y 0 U 7 ) + e A nOO] 

m e o = - n ( i / [ y 0y , > ) + e x  oo] (4)

Q(!)=-{n(i)E2iyoy;;(7)+0Dy;(7)]l'

The unknown initial parameters yo and 0, inclu
ded into the said formulae are determined from

The solution (3) can be used to determine the 
natural fluctuations of flexible beam-type and 
rigid massive foundations on loess soils. By 
obeying the common solution (3) to the two bo
undary conditions (2) we obtain the two similar 
linear first-degree equations with reference to 
the unknown initial parameters. The two of the 
four initial parameters are always equal to ze
ro. In order to obtain the non-trivial solution 
of the said system it is necessary that the de
terminant composed of the coefficients at the 
unknown values should be equal to zero. This is 
the secular equation to determine the frequenc
es of foundation natural fluctuations. In par
ticular, from the condition
we have the following for the beam-type founda
tions with free ends (M„ = Q 0 = 0):

(̂H<(7)-y;:wAU7)=o (3)

variation of base soil stiffness can be deter
mined through the equation (5) by the follow
ing formula:

jpTTTl̂

where are the roots of the secular equati
on (5) to be dependent on the nature of base 
soil subsidence. Of E1 (if) —— =«= is assumed in 
the solution (3) the fluctuations of a rigid 
massive foundation will be \J(7)=“ y» + 90 7 
where y„ is the amplitude or foundation fluc
tuations while 0a is the rotation of the fo
undation about the vertical axis.

The formula of the frequency of rigid foundati
ons natural fluctuations is obtained from the 
frequency equation (5) as a particular case:

where

h ;(h +k w m i;\h +i>-o]
B= sV H r O M H i  M

lCD=if*t-, !,(?)=t|«?-t)sdt 
t! 0 

The fundamental tone of the fluctuations of fo
undations on loess soils can be determined th
rough the approximation formula:

As the calculations show the frequency of foun
dations is affected by the degree of base sub
sidence to be characterized by the following 
coefficient :

I tap ■f K(7)dy

The nature of moistening is reflected in the va
lue of the fundamental tone of fluctuations. At 
similar values of the coefficient K, the face 
moistening as compared to the symmetric one re
sults in that the frequency of natural fluctua
tions falls considerably. Besides, in the cour
se of subsidence the frequency of fluctuations 
is affected by the reduction of base soils 
stiffness rather that the stiffness of the fo
undation itself.
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