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Abstract. The main purpose of the examination of roads is the timely identification of areas that require improvement of 

road conditions, as well as the evaluation of the state of all structural elements of roads. The study of the causes of road 

deformations, measures to eliminate and prevent warping are the main issue of road maintenance. The survey of roads 

was conducted in accordance with the approved methods using standard measuring tools. PLAXIS software was used to 

perform the finite element analysis of deformations and stability of soil, to calculate the interaction of the pavement with 

the ground, the effect of heat fluxes. Processing of data on the road Almaty-Taraz has shown that stresses and 

deformations arise directly in the place of contact of point loads with trapezoidal shape on the depth of influence. The 

authors conclude that when horizontal deformations occur, the greatest stresses occur on the road shoulders, which 

surrounds possible slope collapses. In addition, volumetric deformations of the foundation occur under direct dynamic 

loading and, under its prolonged effect, contribute to the appearance of volumetric bulging deformations. 
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1. Introduction 

 

Concrete roads are not an invention of our day [1]. Concrete pavements on motorways in 

Europe in the 1930s were predominantly laid in two layers, with 20 to 25 cm thick freshly paved and 

paper lined [2]. Transverse joints, mostly as expansion joints, separated the concrete pavement at 

distances of 10 to 37.5 meters from each other [3]. A maximum of two transversal dummy joints were 

allowed between the expansion joints. The false joint was cut in the hardened concrete from 1938 

onwards. Expansion dowel joints were used as longitudinal joints [4-5]. Concrete pavements were 

predominantly reinforced (minimum 2.5 kg/m²) and the cement content of the top concrete was 

approximately the same as today [6]. Dowels and anchors started to be used from around 1936 

onwards [7]. 

Today, road construction has also aroused interest, and progressive technologies and 

maintenance processes for cement-bonded concrete roads are constantly being improved. 

Road surfaces are heavily stressed due to dynamic influences and climatic conditions. In order 

to achieve high quality cement concrete roads, German road builders have defined the requirements 

for its paving, which include cement, aggregates, concrete strength, volume of air involved, slip 

resistance, surface treatment and concrete maintenance [8-9]. 

The total length of cement concrete paved roads in Kazakhstan is 1,628.48 km [10]. It is 

advisable to carry out comprehensive road inspections, serving also to accumulate a data bank on the 

condition of all road elements, at least once every 5 years. Road inspections are an integral part of all 

work aimed at ensuring high transport and operational performance of roads. Their nature is similar 

https://doi.org/10.54355/tbus/2.4.2022.0030
https://technobius.kz/
mailto:zhanbolat8624@mail.ru
https://orcid.org/0000-0003-1680-5287
https://orcid.org/0000-0001-8330-6483
https://orcid.org/0000-0002-0845-2584


Technobius, 2022, 2(4), 0030  

 

to that of road surveys, involving the choice of dimensions for road elements in the light of traffic 

flow. The results of the surveys are used as input for traffic management projects, strengthening of 

the pavement, reconstruction of road sections, etc. [11].  

One of the deformations of roads is subsidence. The comfort and safety of travel suffers 

greatly from uneven subsidence. Calculations and surveys are not always up to date, so one method 

is numerical modelling of the pavement. Since subsidence is caused by a compressible subgrade, it is 

advisable to use the Plaxis calculation program for the calculation. 

 
2. Methods 

 

PLAXIS is a finite element analysis software system used to solve geotechnical engineering 

and design problems. PLAXIS is a package of computational programs for finite element calculations 

of the stress-strain state of structures, foundations and foundations.  

The programme is suitable for those who carry out calculations of structures in industrial, 

civil, hydraulic, transport, underground and other types of construction, as well as for surveyors: 

- Surveyors - for assessing the stability of natural slopes and preliminary analysis of landslide 

control structures, as well as for assessing the effects of changing groundwater levels and calculating 

stresses from their own weight. 

- Soil laboratories to be able to calibrate and issue complete sets of soil model parameters in 

accordance with current regulatory requirements for geotechnical calculations. 

- Design organizations to provide design justification for design solutions, which is the basis 

for the design process. To obtain the parameters of structures and constructions in order to make a 

technical and economic comparison in case of variant design. 

- To construction companies in order to check the correctness of design solutions and the 

possibility of effective evaluation of complicated geotechnical situations at a construction site and 

taking decisions. 

- for checking the feasibility and reliability of design decisions. 

This program was used to create a model of the road section for finite element calculations of 

the stress-strain state of the base and road pavement. 

The calculation was carried out in PLAXIS numerical simulation software, stress and strain 

diagrams were obtained for the road pavement and subgrade; the calculation was carried out for the 

Taraz Almaty section 744-806 km, since source documents (geological surveys) were available for 

this section. 

The roadway consists of the following layers: cement concrete (27 cm thick), polyethylene 

film (1 mm thick), crushed stone mix with 7% cement treatment (20 cm thick), gravel-sandy mix 

underlay (35 cm thick). The subgrade soil is silty-clay. 

The container of the mixer was wiped with a damp rag, poured with water, added cement, 

after which the mixer was turned on low speed. 

 
3. Results and Discussion 

 

As a result of the calculations in the Plaxis software package, the stress and strain isofields 

were obtained as shown below. The physical and mechanical properties of each pavement were 

determined from reference materials and laboratory results according to the project documentation.  

The stress mosaic (Figure 1) shows the results of stresses in the ground from a load of 160 kN 

with the obtained outputs where the maximum stress occurs in the silty-clay soil layers of the road 

and the pavement layers. The maximum stresses reach up to 26 kN/m2. 
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Figure 1 – Effective average tangential stress 

 

Relative tangential stress (Figure 2) occurs directly under the road, and is distributed over the 

gravel soils which, because of their greater strength, carry the main load from the road. It can be seen 

that the stresses are not created and distributed uniformly across the layers of the subsoil. 

 

 
Figure 2 – Relative Tangential Stress 

 

The Figure 3 shows that large stresses run completely through the entire pavement. The figure 

shows that large stresses run completely through the entire pavement. Each pavement itself distributes 

the load and consequently the materials withstand the load. But the important question is still that of 

the subgrade, which has to have a sufficient deformation modulus. 
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Figure 3 – Extreme Average Mean Stress 

 

The vertical deformations (Figure 4) showed a negligible result, not more than 2 cm in total. 

According to the normative and technical documents it should not be more than 5 cm.  

 

 
Figure 4 – Total Deformation  

 

Horizontal deformations (Figure 5) showed a negligible result, not more than 0.5 cm in total. 

This result is not significant. 
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Figure 5 – Horizontal Deformation  

 

According to the results (Figure 6,7 and 8) obtained, it can be observed that at the top of the 

road slope and in the gravel part of the subgrade, there are 8 m depths. 

 

 
Figure 6 – Cumulative strain increments  
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Figure 7 – Horizontal strain increments  

 

 
Figure 8 – Vertical strain increments 

 

Volumetric and Tangential deformations (Figure 9 and 10) occur in the road slope areas and 

in the middle part in the road’s median area. Maximum number is 1,4 %. 
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Figure 9 – Volumetric deformations  

 

 
Figure 10 – Tangential Deformation  

 

Stresses and strains occur directly at the point of contact of point loads with a trapezoidal 

shape along the depth of influence. The horizontal deformation isofields characterize the shear 

isofields towards the shoulder. 
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4. Conclusions 

 

According to the calculations performed, strain and stress mosaics were obtained.  

- Tangential stress mosaics show that stresses propagate linearly along road pavement with 

maximum 26 kN/m2 and loam subgrade, followed by non-linear stress concentration in hard gravel 

subgrade;  

- Relative tangential stress mosaics show that the stress isofields spreads with a widening of 

the influence zone in the form of a trapezoid and spreading over the gravel bed; 

- The mosaics of general deformation diagrams show that subsidence occurs linearly in 

pavement and subgrade layers, but soil bulging occurs in road slopes due to loading of the roadbed 

and settlement is no more 2 cm; 

- According to the mosaics of volumetric deformation diagrams, volumetric deformations are 

found to occur directly under the roadbed with 1.4 % and volumetric bulging deformations occur in 

the asphalt surface between the roadbeds. 
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