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Determination of soil summary pressure on basket walls 

 

The analysis of modern design methods for mounting the pits side indicates the difficulty in predicting 

the magnitude and distribution of the load on supporting flexible walls. Existing normative methods for 

calculating supporting structures of foundation pits are generally aimed at ensuring their durability and 

stability. Using these methods, load on the fence, depending on the strength parameters of the soil, 

determine shifts, bending moments, transverse and longitudinal forces, and calculate the parameters of 

the fence it is necessary to ensure the strength of the structure. The necessary depth of its foundation 

determines the condition of the stability of the fence. The generalization of knowledge in this area, as well 

as the development of a mathematical model for numerical implementation of the considered problem, 

will increase the level of rational consolidation of deep pits. 

In the course of the study, a mathematical model was developed from the following types of mounting: 

drill piles, tangent drill piles, "Larsen" tufts, monolithic "wall in the ground" in the GeoWall software 

complex, which is widely used to calculate the strength and stability of supporting walls of foundation pits 

of different type. According to the results of computer simulation, the largest horizontal deformations are 

inherent to a type-L4-type tongue mount, which is about 8 cm. The maximum deformation patterns of the 

drill piles and tangent drill piles are quite similar, respectively; they are 4.1 and 3.9 cm. Therefore, for 

further the study was adopted as a monolithic "wall in the soil", as the depth of the development of the pit 

horizontal deformations increase in the range from 0.3 cm to the maximum displacement of 2.6 cm. 

Maximum vertical displacement of compression is about 0.5 cm. 

Keywords: flexible walls; foundation pit; calculation scheme; load distribution; active and passive 

soil pressure. 

 

Introduction. This work considers the determination of soil lateral pressure on flexible retaining walls. The 

value of the horizontal pressure of the soil on the retaining wall depends on the angle of the surface of the soil to 

the horizon, its physical and mechanical properties, the frictional forces on the contact surface of the "retaining 

wall - the soil massif", as well as the magnitude of the horizontal displacements of the structure.  

The total pressure acting on the fence is determined by the sum of the effective pressure caused by the stress-

deformed state of the skeleton of the soil, and the pore pressure of water.  

The pressure of the soil on the enclosure surface depends on many factors [1]:  

 method and sequence of soil filling;  

  deposition and displacement of the wall under the influence of their own weight and pressure of the soil;  

  natural and artificial torque;  

  physical and mechanical properties of the soil;  

   random or systematic soil shock;  

  type of supporting structure.  

Analysis of research and publications. The main feature in designing flexible wall structures is to determine 

the effect of soil pressure and its interaction with the design.  

Namely active, passive soil pressure and additional reactive loads.  

The existing theories aimed at determining the pressure of the soil, allow you to solve with varying degrees of 

accuracy delivered task. Proposed in 1776, the Coulomb theory, based on the boundary equilibrium of the shift 

prisms soil, limited by straight planes. Indeed, the assumption of a boundary equilibrium shows that the appearance 

of these surfaces is curvilinear. However, the magnitude of active pressure of the soil on vertical or near vertical 

tight, smooth and rough wall by Coulomb and the exact technique differ by 2–3 % which certainly can be 

considered a permissible camping resulting from the engineering point of view [1–2].  

Of great importance is the passive and soil pressure, the value of which depends on the degree of soil grafting 

from the surface of the structure. Consideration of friction soil using dependencies Theories Coulomb's at the 

corners of the occurrence φ = 15-20 ° gives a significant error, increasing the rate. More precise results are given 

in the theory proposed by S.V. Sokolovskyi, which is based on the general theory of the boundary stress state of 

the friable medium. There are various interpretations of this theory, including the well-known graphic form of S.S. 

Halushkevych [1-2].  

There are the following types of lateral pressure of soil [3]:  
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Active pressure (σа) is force influence of the soil on the enclosing structures in the state of the boundary 

equilibrium, corresponding to the stage of formation of the displacement surface, in which the structure moves in 

the direction of the action of pressure. (Fig. 1, a). 

Passive pressure (σp), this pressure in the soil, caused by the movement of the retaining wall on the side of 

the fill, which leads to pushing and increasing the level of fill. (Fig. 1, в). 

Relaxation pressure (σ0), so-called natural (natural), which operates in the case when the wall (protective 

surface) is immobile or relative movements of the soil and small structures (Fig. 1, б); 

Additional reactive pressure (σr), is formed when the structure moves towards the soil (in the direction 

opposite to the pressure), but does not cause "soil gravity". The greatest value for a supporting structure is passive 

pressure, the smallest - active. 

 
 

Fig. 1. Circuits to types of ground pressure: a) active pressure; б) resting pressure; в) change in the pressure of 

the soil depending on the movement of the wall 
 

The relation between the considered forces looks like this: 

𝜎а < 𝜎0 < 𝜎𝑟 < 𝜎р                                        (1) 

In the calculations, active soil pressure is taken into account as an external load on the stability of structures 

on the shifts and strength of flexible structures. Passive pressure is taken into account as the limiting reactive force 

for the stability and strength of structures for which horizontal movements are permissible. The side pressure of 

the ground in a state of rest is taken into account when the strength of the angular and fortress retaining walls, the 

massive walls of the chambers of the sluice chambers, docks, etc. are established [3].  

The aim of the work is to synthesize knowledge in this field, as well as to develop a mathematical model for 

numerical implementation of the considered problem, analysis of deformations with increasing depth of the pit.  

Research results. To calculate the retaining wall, it is necessary to know the full pressure on any part of the 

design from the surfaces and the ground to the design mark. Considering an infinitely long wall with identical 

conditions along its length, we present the problem to the plane model. In this case, the supporting wall is considered 

in the length of 1 m. The pressure of the soil, which is per unit of wall height in the thickness of 1 m, is called intensive 

pressure, which is considered to be distributed by the height of the wall according to the linear law.  

In some cases, the pore pressure of water on the fence is determined by the pressure of the column of liquid, 

which is above the calculated section. In the case of a foundation pit in non-water-saturated soils, the resultant soil 

pressure on the fence will be fully determined by effective pressure. To substantiate the side pressure  𝜎х soil on 

the supporting structure, we consider the simplest calculation scheme presented on (Fig. 2). 

The pressure of the soil on a stationary wall (ux = 0) is called pressure in a state of rest and is determined by 

the expression: 

𝜎0(𝑧) = 𝜎𝑥(𝑧, 𝑢𝑥)|𝑢𝑥=0 = 𝜆0𝛾𝑧                                        (2) 

Where, λ 0 is the coefficient of the side pressure of the ground in a state of rest;  

z is distance from the soil surface to the considered point; γ is specific gravity of the soil.  

At significant displacement of the wall from the ground at depth z, the active pressure on the fence σa is 

realized, which corresponds to the minimum pressure value. Passive pressure σp, is realized at significant 

displacement of the wall on the soil. In the absence of a load on the soil surface, the expressions for determining 

the active and passive pressures have the form: 

𝜎𝑎(𝑧) = 𝜆𝑎𝛾𝑧 − 𝑐𝜆𝑎𝑐                                                   (3) 

𝜎𝑝(𝑧) = 𝜆𝑝𝛾𝑧 − 𝑐𝜆𝑝𝑐                                                  (4) 

𝜆𝑎𝑐 − coefficient of account of the influence of soil connectivity on active pressure; 

𝜆𝑝𝑐 − coefficient of account of the influence of soil connectivity on passive pressure; 

𝜆𝑎 −  coefficient of active soil pressure; 𝜆𝑝 −  to the passive pressure of the soil; c -  specific gravity of the 

soil. 
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Fig. 2. Scheme of flexible retaining wall, where xz is the coordinate system, hk is the depth of the pit, ux is 

horizontal movement of the mount 

 

The active and effective pressure of the soil on the fence is marginal value of the pressure in, that is, the 

effective pressure is always in the range: 

𝜎𝑎(𝑧) ≤ 𝜎𝑥(𝑧, 𝑢𝑥) ≤ 𝜎𝑝(𝑧);                                      (5) 

The dependence of the effective horizontal pressure of the soil on the supporting structure is in the range 𝑢𝑥 ∈
(𝑢р, 𝑢а), Fig. 3 [3]. 

 
Fig. 3. Graph of the pressure of soil on the retaining wall of it 

displacement: 1 – actual pressure; 2 – approximation of partial linear function 

 

The function of changing the pressure value σx at some depth z from displacements can be represented as 

follows: 

𝜎𝑥(𝑢𝑥) = {

𝜎𝑝,                       𝑢𝑥 ≤ 𝑢𝑝
𝑓(𝑢𝑥),          𝑢𝑝 < 𝑢𝑥 < 𝑢𝑎
𝜎𝑎,                      𝑢𝑎 ≤ 𝑢𝑥

                                         (6) 

 

If you separately consider the resulting pressure on the fence before laying 𝑓(𝑢𝑥) can be replaced by a linear 

one function: 

 

𝑓 = (𝑢𝑥) = 𝜎0 − 𝑘𝑢𝑥                                                      (7) 

𝑘 − coefficient of hardness of the soil; 𝜎0 − soil pressure is in a state of rest. 

 

The resultant effort is the sum of effective pressure on the fence on both sides of the supporting wall. It can 

be represented in the form of two graphs of effective soil pressure on the retaining wall from the soil (1) and from 

the pit (2), depending on the horizontal displacement of the wall (Fig. 4). 
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Fig. 4. Graph of the dependence of soil pressure on the movement of the supporting wall: a) the diagrams of 

effective pressures on the fence to the left and right; б) the diagram of the resulting pressure on the fence 

 

To describe the individual sections of the chart, we use the equation (2), (3), (4), (7), adding indexes "l" and 

"R" for terms relating to the left and right sides of the fence. In the case where the wall on both sides is surrounded 

by a soil array, 𝜎𝑥(𝑧, 𝑢𝑥)  will look like: 

𝜎𝑥(𝑧, 𝑢𝑥) =

{
 
 

 
 
𝜎𝑝
𝑙(𝑧) − 𝜎𝑎

𝑟(𝑧 − ℎ𝑘)                                                     𝑢𝑥 ≤ 𝑢1  

𝜎0
𝑙(𝑧) − 𝜎0

𝑟(𝑧 − ℎ𝑘) − 𝑢𝑥𝑘
𝑙,                              𝑢1 < 𝑢𝑥 < 𝑢2

𝜎0
𝑙(𝑧) − 𝜎0

𝑟(𝑧 − ℎ𝑘) − 𝑢𝑥(𝑘
𝑙 + 𝑘𝑟),                𝑢2 ≤ 𝑢𝑥 ≤ 𝑢3

𝜎𝑎
𝑙 (𝑧) − 𝜎0

𝑟(𝑧 − ℎ𝑘) − 𝑢𝑥𝑘
𝑟 ,                             𝑢3 < 𝑢𝑥 < 𝑢4

𝜎𝑎
𝑙(𝑧) − 𝜎𝑝

𝑟(𝑧 − ℎ𝑘),                                                     𝑢4 ≤ 𝑢𝑥

    (8) 

If you separately consider the resulting pressure on the fence before laying (𝑧 ≤ ℎ𝑘), then the expression (7) 

will look like: 

𝜎𝑥(𝑢𝑥) = {

𝜎𝑝
𝑙(𝑧),                                  𝑢𝑥 ≤ 𝑢1

𝜎0
𝑙(𝑧) − 𝑢𝑥𝑘

𝑙,        𝑢1 < 𝑢𝑥 < 𝑢3
𝜎𝑎
𝑙(𝑧),                                 𝑢3 ≤ 𝑢𝑥

                              (9) 

The basis for the expressions (2), (3), (4) in (8) and (9) we obtain: 

 

𝜎𝑥(𝑧, 𝑢𝑥) = {

𝜆𝑝
𝑙 𝛾𝑧 + 𝑐𝜆𝑝𝑐

𝑙 ,                       𝑢𝑥 ≤ 𝑢1

𝜆0
𝑙 𝛾𝑧 − 𝑘𝑙𝑢𝑥,           𝑢1 < 𝑢𝑥 < 𝑢3
𝜆𝑎
𝑙 𝛾𝑧 − 𝑐𝜆𝑎𝑐

𝑙 ,                      𝑢3 ≤ 𝑢𝑥

                          (10) 

 

𝜎𝑥(𝑧, 𝑢𝑥) =

{
 
 

 
 
𝜆𝑝
𝑙 𝛾𝑧 − 𝜆𝑎

𝑙 𝛾(𝑧 − ℎ𝑘) + 𝑐𝜆𝑝𝑐
𝑙 + 𝑐𝜆𝑎𝑐

𝑟 ,                               𝑢𝑥 ≤ 𝑢1 

𝜆0
𝑙 𝛾𝑧 − 𝜆𝑎

𝑙 𝛾(𝑧 − ℎ𝑘) + 𝑐𝜆𝑎𝑐
𝑙 − 𝑢𝑥𝑘

𝑙,                       𝑢1 < 𝑢𝑥 < 𝑢2
𝜆0
𝑙 𝛾𝑧 − 𝜆0

𝑙 𝛾(𝑧 − ℎ𝑘) − 𝑢𝑥(𝑘
𝑙 + 𝑘𝑟),                 𝑢2 ≤ 𝑢𝑥 ≤ 𝑢3

𝜆𝑎
𝑙 𝛾𝑧 − 𝜆0

𝑙 𝛾(𝑧 − ℎ𝑘) − 𝑐𝜆𝑎𝑐
𝑙 − 𝑢𝑥𝑘

𝑟 ,                       𝑢3 < 𝑢𝑥 < 𝑢4
𝜆𝑎
𝑙 𝛾𝑧 − 𝜆𝑝

𝑙 𝛾(𝑧 − ℎ𝑘) − 𝑐𝜆𝑎𝑐
𝑙 − 𝑐𝜆𝑝𝑐

𝑟 ,                                    𝑢4 ≤ 𝑢𝑥

 

 

There is a large number of methods for determining the coefficients of active and passive soil pressure in a 

state of rest, depending on the angle of internal friction 𝜑 of the soil and the friction angle on the contact with the 

fence 𝛿. 

In the conditions of the horizontal surface of the filling and the absence of slopes of the design faces to the 

vertical, the coefficient of active horizontal pressure becomes the form:  

 

𝜆𝑎 =
cos2(𝜑)

[1+√
sin(𝛿+𝜑)sin(𝜑)

cos𝛿
]

2                                                 (12) 

 

The coefficient of passive horizontal pressure takes the form of: 

𝜆𝑝 =
cos2(𝜑)

[1−√
sin(𝛿+𝜑)sin(𝜑)

cos𝛿
]

2                                                     (13) 

 

For a complete description of all the components included in (10), it is necessary to determine 𝜆𝑎𝑐 and 𝜆𝑝𝑐. 

According to [4–7], the values are determined as follows: 
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𝜆𝑎𝑐 =
1

tan(𝜑)
∙ [1 − 𝜆𝑎]                                                 (14) 

 

𝜆𝑝𝑐 =
1

tan(𝜑)
∙ [𝜆𝑝 − 1]                                                 (15) 

With expressions (11) – (15), the pressure of the soil can be completely described on a flexible vertical 

retaining wall, depending on the displacement. Calculation of the fence of the pit using the considered model 

"manual" method is very labor-intensive. This calculation scheme is numerically implemented in the GeoWall 

software complex [8-10].  

As an example, we consider the one- off calculation supporting fence type "The Wall in the Moon ".  

Output data:  

  thickness of reinforced concrete wall of 620 mm;  

 mark of the bottom of the pit Hk = 16.4 m;  

  concrete of the class В 25, fittings A-I (А240) diameter of 25 mm;  

   phased development of the foundation pit (5 stages);  

  installation of 4 tiers of shootings;  

  engineering-geological conditions are taken as the basis of the project line of the subway on the housing 

estate Vynogradar.  

 
Fig. 5. The design of the wall 

 

 
Fig. 6. Estimated and permissible pressure at 5th stage 
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Fig. 7. Horizontally moving at 5th stage (0.5, 0.4, 1.2 cm) 

 

The maximum passive pressure from the side of the supporting soil is -1144.4 kPa  

Maximum resting pressure from the supporting soil                              -398.34 kPa  

Maximum active pressure from retained soil                                         -226.39 kPa  

Maximum effective pressure from retained soil                                    -275.39 kPa  

Maximum bending moment                                                                  - 357 kNm / m  

Maximum horizontal movement                                                           - 3.3 cm  

Maximum cross- sectional force                                                           - 196 kN / m  

Factor of stock in mortgages                                                                 - 1.2  

The minimum stockade in a metal                                                        - 2.1  

Minimum reserve factor in concrete                                                     - 1.3  

Estimated longitudinal force of the 1st tier spacing                             - 307 kN  

Estimated longitudinal force the spacing of the 2nd tier                    - 876 kN  

Estimated longitudinal force the spacing of the 3rd tier                    - 1240 kN  

Estimated longitudinal force four-tier spacing                                   - 1176 kN  

 
Fig. 8. Pressure on stage 1 of the device 
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Fig 9. Pressure on the 5th stage of the installation 

 
Fig 10. Horizontally moving in 4 stages, depending on the depth of development 
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Fig. 8, 9 shows that the value of effective horizontal pressure 𝜎х on each side lies between the boundary values 

is active 𝜎а and passive 𝜎р. Due to not large displacement of pressure 𝜎𝑥  left on in some areas the height of the 

fence is more active  𝜎а pressure at 𝜎𝑥 to the right at a small depth from the bottom of the pit reaches the limit 

value 𝜎р, but on the other 𝜎𝑥𝜖(𝜎0, 𝜎р). In case of pressure on the right 𝜎𝑥 across the depths will reach the value of 

passive pressure 𝜎р its resign itself to loosening fasteners resistance [8]. 

To determine the displacement of flexible retaining walls, you can use a numerical method, for example, by 

the finite element method, taking into account the above techniques. According to the graph of the horizontal 

displacement Fig. 10, it can be concluded that with increasing depth of development of the pit deviation of the 

supporting structure increase, and have a dependent character [8].  
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