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1 Introduction 

 
Concrete and steel materials are mainly used for the foundation of buildings and in general when 

designing geotechnical constructions. The designed structures include spread foundations, deep 
foundations, reinforced earth structures, retaining walls and elements to ensure the stability. In the 
design of the mentioned structures, a certain degree of interaction between the soil and the proposed 
structure is considered according to analytical calculations. Similarly, in numerical calculations, changes 
in the shear parameters of the soils around the structure are considered using the application of the so-
called "interface" elements that can have a positive effect on the given parameters and improve the 
given properties or can be negative and thus worsen the strength characteristics. The basic geotechnical 
parameters of shear strength include the angle of internal friction φ and cohesion c, from which the earth 
pressures acting on the proposed structures are calculated. The friction between the soil and the back 
of the structure affects the magnitude of earth pressures and thus the load on the structure. The level 
of the earth pressure depends not only on the selected method of calculation, but also on the friction 
between the soil and the structure or on the adhesion of the soil. These friction properties are described 
in [1, 2]. If the angle δ = 0, the earth pressure acts perpendicularly to the back of the structure and the 
resultant force of the earth pressure is also perpendicular to the back of the structure. 

If we consider the effect of friction between the soil and the back of the structure when calculating 
earth pressures, the earth pressure and its resultant force act at an angle δ on the back of the structure. 
When using the angle δ, it is important to pay attention to the orientation from the perpendicular to the 
back of the structure. As the value of the angle δ increases, the earth pressure decreases, that is, the 
resulting force of the active earth pressure deviates from the vertical as shown in Fig. 1. Many authors 
calculate with the angle δ, which ranges from δ ≤ 1/3φ to δ = 2/3φ. The smoother the surface of the 
structure is, it is assumed to be closer to 1/3φ, as for rough structures of irregular shape, this value can 
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reach up to 2/3φ [3, 4]. The consideration of the real angle δ is a significant measure for determining 
the economic impact of the evaluation of construction projects, which is the subject of the study [5]. 

 

 
Fig. 1: Effect of earth pressure on the structure at an angle δ. 

 
To investigate and analyse the relationship between cohesion and adhesion in clayey soils, a 

series of tests was carried out in an experimental study [1]. The internal shear stress and the external 
shear stress of the soil follow a linear dependence according to the Coulomb Equation 1. Shear stress 
measurements combined with normal stress measurements σ are used to describe this linear 
relationship 1 and 2 which can be used to determine the internal shear strength (cohesion) c, the internal 
friction angle φ, the external shear strength (adhesion) a, and the angle of external friction δ of the soil, 
as shown in Fig. 2. 

 
τ𝑐𝑐 = 𝑐𝑐 + 𝜎𝜎. 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 (1) 
 
τ𝑎𝑎 = 𝑎𝑎 + 𝜎𝜎. 𝑡𝑡𝑡𝑡𝑡𝑡δ (2) 
 

 
Fig. 2: The position of the shear surface and the difference in the effect of shear stress on the soil. 

 
2 Experimental programme 

 
Analysing the shear characteristics of the soil-structure interface was the subject to performing 

tests on a shear box apparatus, which was the most important part of the experimental analysis. Before 
performing the shear box tests, a granulometric analysis was carried out on the tested soil, which defined 
the boundary conditions for further testing of the materials. The results of the granulometric analysis are 
characterized by the grain size curve, which is shown in Fig. 3. Tests were carried out in accordance 
with the studies [6 – 8]. 
 

 
Fig. 3: Particle size distribution. 
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For a comprehensive understanding of the grain size curve, it was necessary to perform sieve 
analysis tests, and due to the presence of more than 15% of fine-grained material, it was also necessary 
to perform hydrometer tests and define the liquid and plasticity limits using Atterberg limit tests. To 
ensure optimal compaction of the material into the shear box, a Proctor Standard test was performed to 
ensure constant boundary conditions for achieving the maximum bulk density in the shear box test [9]. 
The results of the proctor standard exam are shown in Table 1 and in Fig. 4. 

 
Table 1: Results of the Proctor Standard tests. 

Number of sample (%) 1 2 3 4 5 

Moisture content (%) 8.16 12.20 13.58 15.53 17.33 

Dry density (kg.m-3) 1820 1855 1866 1816 1757 

 

 
Fig. 4: Soil compactibility. 

 
Throughout direct shear tests on four types of contact materials, vertical pressure was applied 

using a hydraulic device. The vertical pressures of the same group of tests were 50 kPa, 100 kPa, 
200 kPa and 300 kPa. The shear rate during testing was 0.05 mm/min. The experiment was carried out 
in accordance with the requirements of the relevant technical standard for performing shear box tests. 
The soil material was tested in interface where predefined shear plane was located, and then tests were 
carried out where the soil was in contact with concrete or with smooth steel on the shear surface. The 
course of the test and its recording was carried out automatically on the shear box apparatus 
SHEARMATIC 300, on which force and deformation sensors are installed, similarly to the studies. [10 – 
15]. The same testing procedure was applied for all tests: 

(1) Soil drying and mixing with water to achieve optimal soil moisture to achieve maximum soil 
compaction. 

(2) Placing a material in the direct shear test box so that the upper edge is max. 2 mm below the 
level of the device joint. 

(3) Preparation of the soil sample, compaction to the required level. 
(4) Application of normal stress of 50 kPa, 100 kPa, 200 kPa and 300 kPa in a vertical direction 

perpendicular to the shear surface. 
(5) After the required consolidation time has passed, the shear shift is started [16 – 18]. 

   
(a) (b) (c) 

Fig. 5: Scheme of shear tests apparatus with different structure materials in the box. 
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3 Result and discussion  
 
Determination of parameters on the shear surface was carried out by two approaches: 
1) the friction of individual particulate particles of soil grains was evaluated, 
2) friction on the shear surface between soil and concrete and between soil and steel plate was 

evaluated. 
Regression analysis of shear strength τp (peak shear stress τ-s interface curve) and residual 

shear strength τr (stable value of shear stress on τ-s interface curve) on the contact surface between 
the soil surface and another material at different normal stresses was performed. To analyse the shear 
strength parameters such as the angle of internal friction, cohesion (adhesion) and coefficient of sliding, 
regression relations according to Equation 3 for shear stress and according to Equation 4 coefficient of 
sliding friction are constructed [19 – 22]. 
 
τ𝑝𝑝 = 𝜎𝜎. 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 + 𝑐𝑐 (3) 
 
µ = τ𝑟𝑟

𝜎𝜎
 (4) 

 
The peak shear strength τp and the residual shear strength τr of the contact between soil and 

other materials are given in the Table 2, and the regression equations of the peak shear strength τp and 
the residual shear strength τr are given in Table 3. 

 
Table 2: Results of the shear tests. 

Type of test 
 soil - soil concrete - soil steel - soil 

σ [kPa] τp [kPa] τr [kPa] τp [kPa] τr [kPa] τp [kPa] τr [kPa] 

50 71.1 59.0 56.6 54.2 31.3 28.3 

100 107.0 104.2 89.4 72.1 52.6 45.6 

200 151.0 133.0 134.7 117.0 91.9 71.6 

300 207.2 189.6 181.1 159.0 110.4 95.1 

φ 27.8 25.9 26.0 23.0 17.8 14.8 

c 48.3 42.5 36.1 31.6 19.5 17.2 
 

Table 3: Results of the shear tests (regression equation and variance). 
Type of test Regression equation Variance R2 

soil - soil 
τp = 0.5279 σ + 48.29 0.969 

τr = 0.4856 σ 0.969 

concrete - soil 
τp = 0.4881 σ + 36.14 0.996 

τr = 0.4242 σ 0.999 

steel - soil 
τp = 0.3206 σ + 19.46 0.971 

τr = 0.2638 σ 0.995 
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Fig. 6: Course of shear stresses during testing. 

 
4 Conclusion 

 
Test results showed that in the case of contact between soil and concrete, the angle δ can be 

larger than recommended in various studies, where the authors state that the angle δ ranges from 
δ ≤ 1/3φ to δ = 2/3φ. Our work found that it can be up to 90% of the peak friction angle φ. Reliability of 
this statement should be proven by a large series of tests with statistical evaluation of measured data. 
This will be the subject of further research. 

Understanding the behaviour of both of construction material and soil is essential for safe and 
economical design. Engineers carefully consider these interactions during the design and construction 
phases to ensure the safety, durability, and stability of structures [23]. 

When determining the value of the angle δ, it is also necessary to respect other circumstances, 
for example the sum condition of equilibrium in the vertical direction. It is also necessary to consider 
whether the structure is able to transfer the vertical load from the soil acting on its backside without 
major vertical deformation. Otherwise, it is necessary to reduce the angle δ so that there is only a partial 
mobilization of friction on the back of the structure. In case of uncertainty, we do not recommend using 
the angle δ, which will make the design safer [24]. 
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