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Stress in the Two-Layer Soil Under the Building

In recent times, the mechanical properties of the surface layer have changed in some areas of the
surface of the grant. The mechanical properties of the soil along its thickness become discretely variable.
The soil ceases to be monolithic. It becomes two-layered. The conditions for the construction of structures
whose foundation height does not exceed the thickness of the surface layers should take into account the
latter. The purpose of the work is to substantiate and formulate an algorithm for determining the
parameters of the stress-strain state of the soil of a two-layer structure and to establish the dependence
of soil surface deformations on the mechanical properties of the formed soil layers. The soil of the two-
layer structure is considered as a two-layer body, of unlimited height, of limited dimensions in the
orthogonal direction. An external normal load acts on the soil. Soil layers were considered linearly
elastic, isotropic with excellent mechanical properties. It was taken into account that the contact surfaces
of the layers deform together without the formation of gaps and overlapping. The interaction forces of the
layers are equal and oppositely directed. The indicators of the flat stress-strain state of the layers were
determined by the method of the classical linear theory of elasticity using the biharmonic Ery stress
function. We took into account the load of the limited part of the outer surface of the first layer or its
movement under the action of the structure and the conditions of compatibility of deformation of the
layers. Formulated linear systems of algebraic equations. By solving it, the unknown coefficients of the
stress function were determined. The dependences of the parameters of the stress-strain state of the layers
of the two-layer soil were formulated. It was established that the change in the compression modulus of
the surface layer of the soil significantly affects the deformation of the soil surface under the action of
external normal load and is practically independent of other mechanical characteristics of the surface
layer of the soil.

Keywords: two-layer soil; biharmonic stress function; mechanical properties of the material; stress-
deformed state; load.

Topicality. Since the beginning of the invasion of the Russian Federation in Ukraine, the collapse of buildings
and structures has been progressing [1]. The remains of destroyed buildings, the consequences of the use of
explosives lead to a change in the properties of the surface layer of the soil. Its mechanical properties cease to be
unchanged in thickness. They are not variable, individually, only within the surface layer (limited thickness) and
within the general soil massif (unlimited thickness) - in two layers. Consider the above, we regard the soil as two-
layered. Taking into account changes in its properties is an urgent scientific and technical task. Its solution will
make it possible to take into account the features of soil deformation during the construction of structures, and,
accordingly, will ensure their sufficient reliability.

Analysis of the latest research and publications which the authors rely on. The problem of the interaction
between the building and the soil has been studied by many authors. Let's consider the works of recent years. The
importance of taking soil properties into account was emphasized in the study [2]. In [3] it is proposed to determine
the parameters of the foundation based on the mechanical properties of the soil taken from under the foundation.
In [4], deformations of two-layer slabs and beams on an elastic Pasternak base were investigated. On the basis of
the two-parameter parabolic criterion of Mohr's flow in [5], a field of admissible static stresses of the foundation
for the strip foundation was constructed, and a method of calculating the lower limit of its ability to perceive the
load was proposed. In work [6], a number of numerical data were obtained using the finite difference method to
assess the ability of strip, round, and square foundations to accept external loads. In the study [7], a discrete model
was built by numerical methods, in which Poisson's idea of presenting a complex model by its individual
components was used. In the article [8], a model was built using the PLAXIS 3D system, in [9], the ability to
perceive the external load of strip single-row pile foundations was determined by a numerical method. In [10], by
means of physical modeling, the joint operation of piles and grid was investigated. In [11], the redistribution of
loads in strip pile foundations was studied using the boundary element method. In [12], the impact of the selected
soil support model on the accuracy of establishing the stress-strain state (STS) of the pile foundation was
investigated. In the monograph [13], values of settlement and the ability to perceive the external load of pile and
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slab foundations are analytically obtained. The publication [14] established the dependence of foundation
settlement on the external load, and [15] took into account the influence of nonlinear deformation of the soil on
the stress state of the structures installed on it. [16] proposed a grapho-analytic model — an analogue of the shape
change of the contours of equipotential surfaces and plane sections of deformed technical objects.

The review showed that the two-layer structure of the soil was not taken into account in the reviewed works.

The purpose of the article is to create an algorithm for calculating the VAT of soil of a two-layer structure
and to establish the dependence of soil surface deformations on the mechanical properties of its surface layer.

Presentation of the main material. We consider the soil as two linearly elastic prismatic bodies with a square
base. The side size is a. The height of the first layer of soil with excellent properties is H . The second is
unlimited. In the general case, the first layer is under the influence of a distributed normal load P, or its surface
is given a displacement u .

We refer the two-layer soil support to the orthogonal coordinate system. The origin of the Z coordinate axis
is aligned with the surface of interaction of the layers. The ends of the layers are not limited in movement along
the Z axis. They do not move in the directions of the X and Yy axes.

We will use the algorithm for determining the VAT of a layered elastic material [12]. Within the planar
problem in the article using the Ery stress function ¢, we determine the VAT of a two-layer support.

The layers will be numbered 1 and 2. The first number will be the surface layer. We enter the numbers of the
layers in the indices of the quantities they relate to. For a plane problem, we will take the following biharmonic
Ery stress function:

Ai,m eXp(PmZ) + Bi,m EXp(—me) + Ci,m X

X eXp(me) V4 + Di‘m eXp(—me) VA ) Cos(pmx)l (1)

Qi = Z?Zﬂ(

where m s integers; i is layer number; p,, = n%; Am, Bm,Cm, D are coefficients, the value of which is

subject to determination.
The VAT indicators of the layers as a function of the Ery stresses (1) have the form:
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where E;, ui are the tensile modulus, Poisson's ratio of the i — the layer of material.

Let's pay attention to the expressions of displacements u;, and stresses Z;, that do not take into account the
displacement of layers as rigid bodies, and the average normal stresses in them. The second layer is infinite in the
direction of the Z —axis. Indicators of its VAT cannot grow indefinitely if Z — oo . Let's put Azm=Czn=0.

In practice, in the general case, the load or movement of the soil surface under the action of the structure may
be known, that is, one of the boundary conditions may occur when (Z =0):

f(uz) = Usz + X1 N cOS(prX) , ©)
f(Z;) = 01 + Em=1 &m cOs(pmX) , (4)
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where a1, U1~ are the average distributed load, and the displacement of the first layer as an absolutely rigid body;
nm, &m are coefficients.

The building, as a rule, is not loaded with tangential forces. The absence of tangential loads of the first layer
is another condition.

When (z =0), then:

X1,z=0. (5)

For the case of application of a specified load (3), absence of a tangential load (5), the boundary conditions
allow determining the ratio between the coefficients of the Ery stress function of the first layer for arbitrary m —
components:

Pm 4p-1 1
=——C: J— 6
1m Zpr3n im 2pm im me: ( )

2
Bl,m = (Dl,m - Ci,m) ﬁ - Al,m. (7)

The layers deform together. Let us formulate the conditions for the simultaneous deformation of the layers
when:z=H U]_,Z = UZ,Z , U]_’X = UZ,X v 212 =227, X12 = X2z
Under the given conditions, we have four relations:
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(8)
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Relations (8) constitute m systems of linear algebraic equations with four unknowns. Solutions of the systems
make it possible to determine the remaining unknown coefficients of the Ery stress function for an arbitrary value
of m . The Erie function and further expressions assume an infinite number of components in the sums. In practice,
the number of sum members is limited to a certain value. With a limited number of sum terms in expressions (1)
and (2), it becomes possible to determine the VAT indicators of soil layers.

The main factor affecting the soil on the structure is the deformation of the soil surface. With the use of the
given algorithm, the VAT indicators of a layered soil support of a square shape in plan and a side of a square of
100 m were determined. A uniformly distributed load of 1 MPa over a square with an area of 4 m? acts on the
support. The sides of the support square and the load action square are parallel.
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Fig. 1. Distribution of displacements of layer
surfaces along the x — axis in the direction
of the z —axis (1 — the first layer,
2 —the second layer).
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Fig. 2. Distribution of displacements of layer
surfaces along the x — axis in the direction of the
X — axis.

The square of the load is equidistant from the edges of the support. The thickness of the first layer is 1 m.
Poisson's ratios of the layer material were taken as u1 = u2 = 0,25. The modulus of elasticity of the soil layers was
assumed equal to Ex = SMITa, E; = 20MITa. The calculation results are shown in Fig. 1 through Fig. 4.

The analysis shows that the change in the values of the modulus of elasticity leads to inversely proportional
deformations and stresses. The thickness of the first layer of soil is not significantly affected.

Conclusions and prospects for further research. Military actions in some areas have changed the properties
of the surface layer of the soil, which must be taken into account during construction in these areas. Using the
biharmonic Ery stress function, the algorithm for determining the VAT parameters of the soil of a two-layer
structure is substantiated by the methods of the classical linear theory of elasticity. The difference in the
compressive modulus of the surface layer of the soil significantly affects the deformation of the soil surface under
the action of the external normal load and is practically independent of other mechanical characteristics of the
surface layer of the soil.
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Fig. 3. Distribution of tangential stresses acting on the
surfaces of the layers along the x — axis.
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Fig. 4. Distribution of normal stresses acting on the
surfaces of the layers along the the x — axis.the x
axis (1 — the first layer, 2 — the second layer).

Excellent mechanical characteristics of the surface layers, their thickness should be taken into account during
the construction of structures on such soils, especially when the height of their foundations is less than the thickness
of the surface layer. The developed algorithm, accordingly, and the obtained results within the limits of linear
deformation can be considered reliable because they were obtained analytically, using the methods of the classical
linear theory of elasticity. In the future, it is advisable to investigate the impact of tangential loads on the soil.
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Beabmac 1.B., Yepuumos O.B., Binoyc O.1., Tanuypa I'.L., SInoBcbkuii B.A.
Hanpy:xeHHsl B ABOLIAPOBOMY IPYHTI IiJ ClIOPYy/A010

Bracnigok BifiCBKOBHX Jilf HA OKpPEMHX AUISHKAX MOBEPXHI MPYHTY 3MIHIIINCS MEXaHIdHI BIACTHBOCTI MIOBEPXHEBOTO
nrapy. 3BeIeHHs CIIOPYZ Ha TaKUX IPYHTAX Ma€ BPaXxOBYBAaTH OCTaHHE. MeTOr0 poOOTH € OOTPYHTYBaHHS Ta (POPMYITIOBAHHS
ANTOPUTMY BH3HAYCHHS MapaMeTpiB HaIpyKeHO-Ae(pOpMOBAHOTO CTaHy IPYHTY JABOIIAPOBOI CTPYKTYPH Ta BCTAHOBJICHHS
3aeKHOCTI nedopManiil TTIOBEpXHi IPYyHTY BiJl MEXaHIYHMX BJIACTUBOCTEN YTBOPEHMX INApPiB TPYHTY. IPYHT IBOIIAPOBOi
CTPYKTYPH PO3IJITHYTO SIK IBOLIAPOBE Tijl0, 0€3MEXKHOI BUCOTH, 0OMEXEHHX PO3MipiB B OpPTOrOHaIbHOMY HanpsiMi. Ha rpyHT
i€ 30BHILIHE HOPMaJIbHE MOBEpXHi HaBaHTaxeHHs. [1lapu IpyHTy po3risiianu sk JiHIHHO NPYXKHI Ta i30TpomnHi. Bpaxysamu
1[0 TIOBEPXHI KOHTAKTYy IIapiB Ae(OpMYeThCS CyMiCHO O€3 YTBOPEHHs 3a30piB Ta HakiIagaHHs. Criu B3aeMoii mapiB piBHI Ta
HPOTHIIEKHO CIpsiMOBaHi. [TOKa3HUKH IJIOCKOTO HaNpyKeHO-Ae(OpMOBAHOIO CTaHy IIapiB BU3HAYMIIM METOJOM KIACHYHOL
JHIHHOT Teopii MPYKHOCTI 3 BUKOPUCTAHHAM OirapMOHIWHOI QyHKIIT HanpyxeHb Epi. BpaxyBanu HaBaHTa)XeHHS 00MEKEHOT
YaCTUHH 30BHIIIHBOI IMOBEPXHI Nepmoro mapy ado Horo mepeMilieHHS Wi i€l CHOpYyId Ta YMOBH CYMICHOCTI
nedopmyBanas mapiB. ChopMyTroBay JiHilHI cicTeMu anreOpaidanx piBHSHG. lxaxom ii po3s’s3Ky BU3HAUMIN HEBiIOMI
koedinientn QyHkuil HanpyxeHb. ChopMymTOBaIM 3aJeKHOCTI MapaMeTpiB HampykeHo-Ie(OpMOBAHOIO CTaHy MIapiB
JIBOILIAPOBOTO I'PYHTY. BcTaHOBMIIH 1110 3MiHa MOJIYITIO CTHCKY IIOBEPXHEBOT'O IIapy IPYHTY CYTTEBO BIUIUBAE Ha AeopMariito
MOBEPXHi IPYHTY MiJ Ji€I0 30BHIIIHHOTO0 HOPMAJILHOTO HABAaHTAXKCHHS Ta MPAKTUYHO HE 3QJISKHUTH BiJl IHIIMX MEXaHIYHHX
XapaKTEePUCTUK ITOBEPXHEBOTO IIapy IPYHTY.

KnawuoBi ciaoBa: JlpomapoBuii TpyHT, OirapMoHiliHa (YHKIS HampyKeHb;, MEXaHiYHI BJIACTHBOCTI MaTepiaiy;
HanpyXeHo-1e(hOpMOBaHHMiT CTaH; HAaBaHTAXKEHHSL.
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