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Abstract. The object of the research is the diagram of the stability loss of 

the soil foundation. Currently, there are still discussions about how the 

stability of the subgrade undergoes the combined action of vertical and 

horizontal loads. Most often, in the calculation, the sliding surface is taken 

to be circular. Whether this is true, especially for a heterogeneous or 

anisotropic base, is an important question today. In the work, chute tests 

were carried out, with modeling of the scheme of loss of stability of 

anisotropic and isotropic bases and results were obtained that confirm the 

formation of a circular cylindrical sliding surface. 
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Introduction 

It should be noted that most of the theories currently used for calculating subgrade bases assume 

that the foundations are homogeneous and isotropic. To analyze the stress-strain state of such 

bases, the well-known solutions of the linear theory of elasticity, the theory of limiting 

equilibrium are used. However, it is reliably known that most soils are heterogeneous in nature. 

The relevance of the issue of taking into account anisotropic base is due to the fact that at any 

time due to the action of natural factors (freezing, flooding, flooding, etc.) any homogeneous base 

can turn, at least, into anisotropic, which, in turn, can cause the need for reinforcement. This 

procedure is quite lengthy, associated with the cost of a large amount of material and labor 

resources and the disruption of the normal operation of existing buildings, thus a method that 

takes into account the factor of anisotropy allows to reduce material and technical resources. 

Methods 

The tests were carried out in a tray with dimensions of 1.5x1.0x0.35 m, welded from metal 

corners and pipes, the front side of which is equipped with plexiglass 12 mm thick, which 

makes it possible to observe the nature of deformation and the formation of a sliding 

surface in the simulated soil base. 
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A 30x30 cm metal plate was taken as a foundation model. A triangular wedge was used 

to apply a load at an angle of 20 °. A hydraulic jack, complete with an oil station, was 

installed on the wedge. The oil station is equipped with a pressure gauge to measure 

pressure. The fixation of the magnitude of horizontal and vertical displacements was carried 

out using 6PAO deflection meters. The test setup is shown in Figure 1. 

  

 

Fig.1.Test setup diagram. 

The load on the punch was applied as a resultant from vertical and horizontal forces. At 

the first stage, tests were carried out for loads applied at the following angles: 30 °, 25 °, 

20 °, 15 °. In this case, only the volume of soil involved in the formation of the vortex 

prism was recorded. It was found that the most optimal loading angle is 20 °. With the 

accepted dimensions of the tray and the size of the stamp, this angle allows one to observe 

the most complete picture of the stability loss of the base. In the second stage, at a fixed 

angle of application of the load of 20°, tests were carried out for homogeneous and 

anisotropic subsoils. 

The die load was transferred in steps with a step of 2.5 kN. Each loading step was 

maintained until the onset of conditional stabilization. In this case, the vertical and 

horizontal movements of the stamp were recorded. 

The test continued until the complete loss of stability of the foundation model with the 

formation of a soil shear surface and a surface uplift. 

Tests with a homogeneous sand base 

The filling of a homogeneous sandy base was carried out with medium sand. To visualize 

the process of deformation of the subgrade, test strips were made using dolomite flour. The 

stripes were created only near the plexiglass, the thickness of the filling was 0.5 cm, with a 

step of 3 cm vertically. A homogeneous sandy base with strips of dolomite flour before 

testing is shown in Figure 2. 

To ensure the uniformity of the base, the soil was compacted manually, using a rammer 

in layers. 
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Fig.2. Uniform sandy base before testing. 

In the course of the experiment, at 5 and 7.5 kN, a pronounced wedge-shaped figure was 

observed under the punch bottom, after which significant horizontal displacements were 

visible and at 12.5 kN the foundation lost its stability (Fig. 3). 

 

Fig.3. Loss of stability of a homogeneous sandy base. 

Generalized test results are shown in table 1: 

Table 1. Results of tests of the sand base. 

Die load, 

kN 

Horizontal 

movement of the 

stamp, mm 

Vertical 

movement of the 

stamp, mm 

 

Notes 

2,5 6,58 12,30 Compaction of soil under the stamp sole 

5,0 21,55 30,92 Formation of a wedge by compacted soil 

7,5 33,18 46,31 
Distinct wedge-shaped figure under the stamp 

sole 

10,0 52,72 67,49 Significant die movements 

12,5 108,16 141,43 Loss of foundation stability 

After the test, graphs of the dependence of horizontal and vertical deformations on the 

load were plotted (Figure 4.5) 
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Fig.4. Graph of the deformation of the sand base in the horizontal direction. 

 

Fig.5. Graph of the deformation of the sand base in the vertical direction. 

As a result of tests carried out with a sand base, loss of stability occurred at a load on 

the punch of 12.5 kN and the failure showed a sliding surface close to circular cylindrical. 

Tests with anisotropic sandy-shale base 

The anisotropic subgrade model was created from two materials: medium sand and 

interlayers of bentonite clay. 

2 variants of modeling an anisotropic base were carried out: 

- In the first case, thick layers of bentonite clay, 2.5 cm thick, settled every 8 cm of 

sand. 

- In the second case, 0.5 cm of clay through 4 cm of sand. 

The first variant of modeling an anisotropic sandy-argillaceous base with interlayers of 

bentonite clay 2.5 cm thick before deformation is shown in Figure 6. The soil, as in the case 

of a homogeneous base, was compacted manually using a rammer. 
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Fig.6. Anisotropic sandy-argillaceous base before testing. 

The nature of the deformation of the anisotropic base was different from the isotropic 

one. The loss of stability of the foundation occurred at a significantly lower load on the 

stamp - only 2.5 kN, and was accompanied by a shift of the compacted soil core under the 

stamp along a clearly visible sliding surface close to a circular cylindrical and surface 

upwelling of the soil. In this case, a shift occurred along the interlayer of bentonite clay, as 

soon as the lower boundary of the compacted core reached the interlayer (Fig. 7). 

 

Fig.7. Loss of stability of anisotropic sandy-argillaceous base with layers of 2.5 cm. 

Repeating the experiment with thinner clay interlayers, 0.5 cm thick, it is clearly seen 

that the nature of the loss of stability of the base is similar to the shear with thicker 

interlayers, but the shift occurred, but at a greater depth (Fig. 8). The results of the 

experiment are presented in table 2. 
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Fig.8. Loss of stability of a sandy-clay base with 0.5 cm interlayers. 

Table 2. Test results of sandy-clay base. 

Die load, kN 
Horizontal 

movement, mm 

Vertical 

movement, mm 
Notes 

2,5 4,68 0,54 Compaction of soil under the stamp sole 

3,0 54,47 0,92 
Significant horizontal movement of the 

stamp 

3,5 79,85 3,58 Loss of stability of the subgrade 

Based on the data obtained, graphs of the dependence of horizontal and vertical 

deformations on the load were constructed (Fig. 9, 10). 

 

Fig.9. Graph of deformation of anisotropic sandy-argillaceous base in the horizontal direction. 
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Fig.10. Graph of deformation of anisotropic sandy-argillaceous base in the vertical direction. 

During the analysis of the outlines of sliding surfaces, it was found that, in general, the 

shift of one part of the soil relative to another occurred along a surface close to a circular 

cylindrical one (Fig. 11). 

 

Fig.11. Approximation of the sliding surface by a circular cylindrical surface.  
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Conclusion 

Thus, laboratory studies of soil foundation models in trough conditions have shown that the 

loss of stability of a soil mass with pronounced horizontal anisotropy under the action of 

vertical and horizontal loads also occurs on a surface close to a circular cylindrical one. It 

should be noted that the sliding surface at the base with pronounced anisotropy is initially 

formed along a weak interlayer. In the first case, the sliding surface was formed in the 

upper weak layer, in the second case in the second. With respect to weak interlayers, the 

circular-cylindrical sliding surface in the first and in the second case passed along a tangent. 
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