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AHHoTanus. B craThe B KauecTBe OCHOBAHME NMPHUHATO IPYHTOBOE MOAYIIKA, TAK KaK TPYHTHI TOA
(GyHIAMEHT MPOEKTHUPYEMOTO 3[aHus SBIAIOTCS NpOcagoyHbIMHU. [IpoaHanmu3upoBaHa TOJIIMHA
3TOT0 TPYHTOBOTO MOAYIIKA U PACUETHOE COMPOTUBIICHUE ECTECTBEHHOTO IPYHTA MO HUM.
KnrueBble cioBa: [pynmosas nooywka, 2pyHmoewlii ClOU, pacuemnoe cOnpomusieHue,
dynoamenm, oeghopmayus.

Annotation: The article examines the use of a soil cushion as a foundation system in cases where the
underlying natural soils are susceptible to shrinkage. The study focuses on determining the optimal
thickness of the soil cushion and evaluating the design resistance of the natural soil beneath it.
Keywords: soil cushion, soil layer, design resistance, foundation, deformation

Introduction. The proper design of building foundations plays a decisive role in ensuring the
durability and stability of structures. In the case of constructions located on subsiding or shrinkable
soils, it is essential to apply anti-settlement measures to prevent excessive deformation. One of the
most effective and widely adopted solutions is the installation of a soil cushion beneath the
foundation. However, during the design process, situations may arise in which the thickness of the
artificial soil layer is insufficient to meet the required engineering standards. This raises a critical
question: Will the artificial soil cushion and the underlying natural soil layers possess adequate
design resistance to withstand the imposed structural loads? If the calculated bearing capacity of the
soil proves inadequate, the dimensions of the foundation must be modified accordingly. The
optimal foundation parameters should be selected so that the calculated pressure beneath the
foundation base does not exceed the design resistance of the underlying soil.

Case Study

To illustrate the problem, let us consider the foundation design for a residential construction project.
According to the results of the engineering and geological survey, the foundation soil—identified as
the second geological layer—is classified as type | sedimentary soil, which necessitates preventive
measures against potential settlement. The geological profile indicates the following stratification:
Layer 1: A deposit of construction and household waste, with a variable thickness ranging from 0 to
2.6 m. Layer 2: Loess-like silt, extending from 2.6 m to 5.4 m in depth. Layer 3: Loess-like loam
interbedded with sandy loam, with a total thickness from 5.4 m to 12.0 m. According to the
engineering and geological report, the third layer is characterized as impermeable soil. Geological
cross-sections obtained from sampling boreholes are presented in Figure 1, which provides a visual
representation of the subsurface structure relevant to foundation design analysis.
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Figure 1. Geological sections of wells for sampling. (a) geological sections between
S-1 and S-2. (b) geological sections between S-2 and S-3.

One of the currently common methods for preventing foundation subsidence is to remove the layer
of soil on which the foundation is located, lay a new uniform layer of soil 20-30 cm thick, compact it
to the required thickness and create an artificial soil cushion. The thickness of this soil layer is selected
in such a way that, taking into account that the pressure created under the heel of the foundation is
distributed as it passes through the underlying soil layers, it is necessary to ensure a sufficient
reduction in pressure under the soil layer.

The main part. Before calculating the soil foundation, it is necessary to calculate the load on the
foundation. The building is designed using a frame construction scheme and consists of 4 floors. The
building has an I'-shaped plan and consists of two buildings. The first block along axes 1-4 and “A-
L”, with dimensions of 15.2 x 52 m. The second block along axes “3-JI”” and 5-12, with dimensions
of 15.2 x 42 m. The second part of the building foundation plan and part of the first part are shown in
Figure 2. Floor height is 3.3 m. When calculating the forces acting on the foundation along the
longitudinal and transverse design axes of the building, the greatest uniformly distributed force acting
on the foundation along the axes of the middle row “K” and “I”” is N=520 kN/m. Since the greatest
forces acting on the foundation are located along the axes “K” and “I”, we will carry out the
calculations along this axis and accept these calculations for the remaining foundation bases. The
depth of the foundation is shown in Figure 3.
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The calculated values here are taken from the
Figure 3. Foundation depth. appendices given in [2, 3] and are as follows:

a=11; . . . 2=1,0;
}];:1’0; R:7/(31k7/(32[MY.kz-b.}/”+Mq.dl.}/”+(Mq—]_)-db.j/”+Mc.C”j| ykzzl,O

M,=0,91; M,=4,64, M.=7,14; average density of soil layers below the foundation heel y;,=17,9

kN/m?; Average density of soil layers above the foundation heel y;,=17,0 kN/m?; foundation depth
d;=0,51 m; basement depth d;,=1,9 m; width of the foundation heel b=1,8 m; soil adhesion strength
c;;=16,5 KPa. Let us determine the calculated resistance of the third soil layer using expression (1)

R:1,1-1

[0,01:1:18-17,9+4,64-0,51-17 +(4,64-1)-1,9-17 + 7,14-16,5] = 335x/Ta

Let us determine the pressure created under the foundation using expression (2) [4];
N+G
The thickness of the artificial soil layer under the foundation is determined by expression (3).

However, in our example, the thickness of this artificial layer is known in advance, that is, the distance

1041
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from the level of the design foundation heel to the level of the third soil layer is hs=3m (here the

second layer of soil is completely removed). Therefore, we need to determine the calculated resistance
of the natural third soil layer located under the artificial layer. Because the calculated resistance of
this soil layer must be higher than the pressure created by all the overlying layers, the foundation and
the loads exerted on it by the building. The thickness of the artificial soil layer under the foundation
is determined by expression (3) [4].

3)
From expressions (2) and (3) we can derive expression (4). This expression can be used to determine
the pressure created beneath a soil layer.

N+G

Po = L(hs+b)

4

Here N is the calculated load on the foundation 520 kN, G is the average weight of the foundation
structure and soil 23.7 kN, / is the length of the strip foundation for calculation work - 1 m, b is the
width of the strip foundation - 1.8 m, #; is the thickness of the soil layer under the foundation - 3 m.
In this case, the pressure py created under the soil layer should not exceed the calculated resistance R
of the third soil layer.
N+G 520 + 23,7

Po = I(hy +b)  1x(3+1,8)
It is obvious that the calculated resistance of the third soil layer exceeds the pressure created under
the soil foundation. Therefore, the third layer of soil does not subside. If we place the foundation on

= 113,3 kPa < R = 335 kPa

top of the natural third layer of soil without creating an artificial soil cushion, it will look like this:
Py =302,1 kPa < R = 335 kPa

Even without a soil cushion, the calculated resistance of the third soil layer is sufficient. However,
since there is a second layer of soil before the third layer, and since this layer is cut away, it is
necessary to construct an artificial soil cushion.

Conclusion. The following conclusions can be drawn from these calculations:

1. Taking into account the calculated resistance of the natural soil beneath the artificial soil layer
under the foundation when calculating it will help avoid unnecessary costs for excavation work during
construction.

2. Calculations show that even with sufficient soil resistance, the overall foundation settlement
should not exceed the standard settlement specified in [2]. Foundation settlement calculations are
performed for this purpose.
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