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Abstract. For embankment slope stability, soil cohesivity is one of the most important shear strength parameters. The 

effect of cohesiveness on the slope stability of a homogeneous embankment dam under rapid drawdown loading 

conditions was examined in this study. With the use of numerical modeling in GeoStudio, different situations were 

explored based on cohesiveness (0 kN/m2, 5 kN/m2, 10 kN/m2, and 15 kN/m2) under a 1 m per day drawdown rate. The 

factor of safety value obtained from the long-term steady-state condition under 15 kN/m2 cohesion was equivalent to a 

116.8% increase from the one obtained under 0 kN/m2 cohesion. The factor of safety values obtained after subjecting the 

embankment to different soil cohesion levels yielded a p-value of 1.91 x 10-41, according to the Analysis of Variance. The 

calculated p-value (alpha value) is less than 0.05, suggesting that the differences between the examined cohesiveness 

values based on the list of the factor of safety values are statistically significant. The findings derived in this study show 

that it is significant to capture the effect of material characteristics during the design phase of an embankment dam. 

Keywords: embankment, numerical modeling, factor of safety, soil cohesiveness, slope stability. 

 
1. Introduction 

 

Soil cohesiveness is defined as the ability of soil particles to be structured or arranged in a 

united manner, with close or strong internal connections. Cohesion is the component of a rock's or 

soil's shear strength that is unaffected by interparticle friction [1]. In general, shear strength under 

zero normal stress, or the intersection of a material's failure envelope with the shear stress axis in the 

shear stress-normal stress space, is referred to as cohesion in soil mechanics [2]. On the other hand, 

drained cohesion is defined as cohesiveness under saturated drained conditions, while apparent 

cohesion is defined as cohesion under variably saturated conditions [3]. 

The potential relationship governing the compressive stress (p) as well as the corresponding 

shear strength (s) in cohesive soils is commonly considered to be described by an empirical equation 

known as Coulomb's equation as highlighted in Equation 1 [1]. 

𝑠 = 𝑐 + 𝑝 tan𝜑                                                                 (1) 

Whereby: c is the shear cohesion, 𝜑 is the angle of internal friction. 

The technique of estimating and assessing how much stress a given slope can handle before 

failing is known as slope stability [4]. Commercial highways, dams, excavated slopes, and soft rock 

walks in reservoirs, forests, and parks are examples of common slopes. Slope stability analysis is 

important for civil and geotechnical engineers planning construction for highways, dams, 

embankments, and other excavated slopes, because failing to comprehend slope stability can lead to 

landslides, unwanted movement, and injury to both property and people [5]. 

Furthermore, in the case of embankment slope stability, a single failure surface can be 

examined using several approaches that have evolved through time to determine its Factor of Safety 

(FS) [6]. An engineer must choose the most critical surface, i.e. the one with the lowest FS when 

analyzing the stability of either man-made or natural slopes [7]. Designers must consider whether the 
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slope should be reinforced to meet the minimum needed FS after selecting this surface [8]. Slope 

stability concerns have caused projects to be drastically altered in the past, with the decision-making 

process being both a technical and a financial issue [9]. 

Prior to the development of computational tools, determining the critical failure surface was 

a difficult task that necessitated several, time-consuming manual analyses. Nonetheless, 

technological improvements have made it possible to carry out a variety of examinations [10]. As a 

result, after numerous rounds, the critical failure surface and its FS can be easily determined. The 

Mohr-Coulomb criterion is commonly used to incorporate the material(s)' cohesion and friction.  

Clay, silty clay, sandy clay, clay loam, and, in rare circumstances, silty clay loam and sandy 

clay loam are examples of cohesive soils. Noncohesive soils include clean sand and gravel. If the silt 

is nonplastic, sand and gravel containing silt may be noncohesive, necessitating the measurement of 

the Atterberg limits. Cohesive behavior would be observed in sand and gravel with clay or plastic 

silt. In geotechnical engineering, numerical modeling is commonly used to study the responses of 

infrastructures in civil engineering [11]. To cope with various geotechnical difficulties, a variety of 

handmade or commercialized numerical codes are available. 

The impact of soil cohesiveness on embankment stability under coupled fast drawdown 

analysis is examined in the present study. In GeoStudio software, the topic is investigated using the 

finite element method. 

 
2. Materials and Methods 

 

2.1 General description of the numerical simulation  

Under the steady-state condition and rapid drawdown rate, finite element method analyses 

were used to explore the effect of cohesion on slope stability (1 m per day). Different cases were 

considered, as determined by soil cohesion (0 kN/m2, 5 kN/m2, 10 kN/m2, and 15 kN/m2). The 

GeoStudio software suite was used to perform the numerical modeling (GeoStudio 2018 R2 

v9.1.1.16749). The GeoStudio's SEEP/W and SLOPE/W sub-units were primarily employed for 

seepage and slope stability analyses, respectively. 
  

2.2 Embankment geometry 

In all of the cases studied, the embankment geometry was kept constant while the material 

cohesiveness was changed to investigate its influence on the embankment stability. As illustrated in 

Figure 1, the embankment is roughly 68 meters wide at the base and 8 meters wide at the top, with a 

height of 11 meters. The reservoir's highest water level is 9 meters.   

 

 
Figure 1 – Geometry of the study embankment 

 

2.3 Soil material characteristics  

To avoid any fluctuation and capture the influence of variations in the soil cohesion, the soil 

material parameters for the embankment were kept constant for all of the models analyzed. The soil 
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material parameters utilized in the seepage and slope stability analyses are summarized in Table 1. 

The major soil parameters in the model were saturated water content, coefficient of compressibility, 

conductivity, residual water content, soil unit weight, cohesion, and internal friction angle. 

 

Table 1 – Soil material properties 
Soil material properties Symbol Unit Value 

Saturated water content 𝜃𝑠 % 43 

Coefficient of volume compressibility 𝑀𝑣 m2/kN 2 × 10−4 

Saturated conductivity 𝐾𝑠𝑎𝑡  m/s 1 × 10−6 

Residual water content 𝜃𝑟 % 5.5 

Soil unit weight 𝛾 kN/m3 20 

Cohesion 𝑐′  kN/m2 0, 5, 10, 15 

Internal friction angle ∅′ degrees 27 

 

2.4 Statistical analysis 

To test if the differences between sets of data were statistically significant, a single-factor 

Analysis of Variance (ANOVA) was utilized. This method examines the amounts of variance within 

each group using samples from each group. The significance level was calculated using the 

combination of alpha (0.05) and p-value to be more specific. 

 
3. Results and Discussion 

 

The model embankment was initially put through a series of long-term steady-state 

investigations with varying cohesion levels. Figure 2 shows that as the soil cohesiveness increased, 

the long-term steady-state factor of safety values increased as well. The factor of safety value obtained 

from the 5 kN/m2 cohesiveness was equivalent to a 52.6 % increase over that obtained from the 0 

kN/m2 cohesion. 

Meanwhile, the 10 kN/m2 cohesiveness factor of safety value was equivalent to a 22.2 % 

increase over the 5 kN/m2 cohesion. In addition, the factor of safety value obtained from the 15 kN/m2 

cohesiveness was roughly 16.2 % higher than that obtained from the 10 kN/m2 cohesion. The results 

also show that as the soil cohesiveness in the embankment increases, the disparity in terms of factor 

of safety values between cohesion values under long-term steady-state conditions decreases. 

 

 
Figure 2 – Factor of safety values from long-term steady-state conditions 

 

When the embankment was subjected to 0 kN/m2 cohesion and a 1 m per day drawdown rate, 

Figure 3 shows the trend of the factor of safety values. The minimum factor of safety (attained on the 

eighth day of drawdown) was roughly 0.749, as shown in Figure 3. The factor of safety value obtained 
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is 31.66 % lower than that obtained using the long-term steady-state condition and 0 kN/m2 cohesion. 

Furthermore, the minimum factor of safety value is less than one, indicating that the embankment has 

failed. 

 

 
Figure 3 – Graph of the factor of safety values from 0 kN/m2 cohesion material 

 

Figure 4 depicts the factor of safety values obtained from a 1 m per day drawdown rate and a 

5 kN/m2 cohesiveness. In contrast to the minimal factor of safety value obtained from the 0 kN/m2 

cohesion, Figure 4 shows that the 5 kN/m2 cohesion generated a minimum factor of safety greater 

than 1 (1.058), which can be regarded as safer. The factor of safety is 36.76 % lower than calculated 

using the long-term steady-state condition and 5 kN/m2 cohesion. 

 

 
Figure 4 – Graph of the factor of safety values from 5 kN/m2 cohesion material 

 

The factor of safety values from the 1 m per drawdown rate and 10 kN/m2 soil cohesiveness 

are summarized in Figure 5. It was discovered that a minimal factor of safety value of about 1.293 

was obtained. The factor of safety value obtained is 36.77 % lower than that obtained using the long-

term steady-state condition and 10 kN/m2 cohesion. 
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Figure 5 – Graph of the factor of safety values from 10 kN/m2 cohesion material 

 

In addition, Figure 6 summarizes the factor of safety values derived from the 1 m per day 

drawdown rate and 15 kN/m2 soil cohesion. A minimal factor of safety of 1.516 was attained using a 

combination of 10kN/m2 cohesiveness and a quick drawdown rate. The factor of safety value obtained 

is 36.20 % lower than that obtained using the long-term steady-state condition and 15 kN/m2 

cohesion. In general, the results reveal further that under a constant drawdown rate, the increase in 

soil cohesion increases the minimum factor of safety values. The results in this study comprehend 

with the study conducted by [12]; whereby, it was observed that changes in cohesion had a significant 

effect on the factor of safety. 

 

 
Figure 6 – Graph of the factor of safety values from 15 kN/m2 cohesion material 

 

ANOVA was used to see if there were any significant changes in the retrieved factor of safety 

values from the examined operating levels and drawdown rates. From day 0 (defined by the long-

term steady-state condition) until day 30 of the rapid drawdown, a total of 31 factor of safety values 

were considered. 

On the examined cohesion values under 1 m per day drawdown rate, a single-factor ANOVA 

with an alpha value of 0.05 was performed; the results of the ANOVA are reported in Table 2. The 

factor of safety values based on the investigated cohesion values generated a p-value of 1.91 x 10-41, 

as shown in Table 2. The obtained p-value (alpha value) is less than 0.05, indicating that the variations 
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in the list of the factor of safety values from the investigated cohesion values are statistically 

significant. This was a crucial part of the study since it allowed us to see if the differences in factor 

of safety values across the cohesion values investigated were substantial [13]. 

 

Table 2 – Results from Analysis of Variance 
ANOVA: Single Factor 

SUMMARY 

Groups Count Sum Average Variance 

Cohesion (0 kN/m2) 31 26.07 0.84 0.0058 

Cohesion (5 kN/m2) 31 36.27 1.17 0.0182 

Cohesion (10 kN/m2) 31 44.11 1.42 0.0315 

Cohesion (15 kN/m2) 31 51.27 1.65 0.0403 

ANOVA 

Source of Variation SS df MS F P-value F crit 

Between Groups 11.32 3 3.77 157.53 1.91 x 10-41 2.68 

Within Groups 2.87 120 0.024       

Total 14.19 123         

 

Figure 7 summarizes the minimum factor of safety values from the investigated cohesion 

values. From Figure 7, it can be seen that the minimum factor of safety values were decreasing with 

the decrease in the soil cohesion. It is also important to note that, the minimum factor of safety values 

were retrieved from the 1 m per day drawdown rate. 

 

 
Figure 7. Summary of the minimum factor of safety values from the studied cohesion values 

 
4. Conclusions 

 

Under rapid drawdown loading conditions, the influence of cohesiveness on the slope stability 

of a homogeneous embankment dam was examined. The following may be concluded: 

− According to the Analysis of Variance, the factor of safety values obtained after subjecting 

the embankment to varied soil cohesion levels provided a p-value of 1.91 x 10-41.  

− The estimated p-value (alpha value) is less than 0.05, indicating statistical significance 

between the analyzed cohesiveness values and the list of the factor of safety values.  
− The factor of safety value obtained from the 5 kN/m2 cohesiveness was 52.6 % higher than 

that obtained from the 0 kN/m2 cohesiveness.  

− Meanwhile, the factor of safety value of the 10 kN/m2 cohesiveness was equivalent to a 

22.2 % increase over the 5 kN/m2 cohesion.  

− Furthermore, the factor of safety value obtained from 15 kN/m2 cohesiveness was 

approximately 16.2 % greater than that obtained from 10 kN/m2 cohesiveness.  
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− The findings also reveal that as the embankment's soil cohesiveness increases, the 

discrepancy between cohesion values under long-term steady-state conditions reduces in terms of 

factor of safety values.  

− Based on the results, it is significantly important to investigate the levels of soil 

cohesiveness during the design phase of an embankment dam. 
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Abstract. The paper describes the results of a numerical simulation of micro-pile tests using the PLAXIS 2D software 

package. The purpose of the simulation in this article is to determine the bearing capacity of the micro pile in static 

tests. Axisymmetric models of a 500 mm wide and 31 m long micro pile were used in the calculation. The staged 

loading of the pile in the program was simulated by increasing the load on the pile by 145 kN. The main monitored 

calculation parameters were the magnitude of the applied load and the pile settlement. As a result, load-settlement 

diagrams were plotted from the pile tests. The bearing capacity of the piles was determined based on a numerical 

simulation of the pile and the ground in the PLAXIS 2D software package and compared with field data. This 

geotechnical investigation is important for understanding the soil-structure interaction on difficult and problematical 

soil ground conditions related to the construction sites. 

Keywords: BDSLT, FEM, pile, load, PLAXIS 2D, soil. 

 
1. Introduction 

 

At present, numerical calculation methods, including finite element methods (FEM), finite 

difference methods (FD) and boundary element method (BEM) are applied for quantitative 

estimation of the deflectivity of heterogeneous soil masses interacting with underground structures 

of buildings and constructions. These methods are based on the joint solution of a system of 

differential equations of equilibrium, continuity and physical equations. The latter define the 

dependencies of the ground deformation on the stress state. Currently, there are different methods 

for describing the physical equations depending on the need to take into account linear, non-linear 

and rheological properties of soils [1]. 

The reliability and accuracy of the quantitative assessment of the stresses in the soil masses 

interacting with the underground part of the building largely depend on the choice of the 

geomechanical model of the massif and the design models of the soils comprising the massif in 

question [2]. 

It should be noted that the idea of limiting the computational domain in applied soil 

mechanics arose in the middle of the last century due to inconsistency of settlement results of 

foundations of structures considered by the elastic half-space model. Known are the models of N.A. 

Tsytovich, K.E. Egorov and others, limiting the thickness of compressible layer. There is known 

also the modern model limiting a computational domain both in depth and in width on the basis of 

which the analytical solution of a deflected mode of operation of such domain under the action of 

local loading in plane and spatial statement is received. Such limitation of calculation domain is 

caused by structural properties of strength and deformability of soils under volumetric changes and 

shape changes. 

In order to describe the mechanical behaviour of media soils, it is possible to use several soil 

models in FEM [2–4]: 
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– linear model; 

– non-linear elastic;  

– Mora-Coulomb plastic model; 

– The non-linear elastic-plastic Cam-glue model and the Cam-glue modification models; 

– A non-linear elastic-plastic model of a Hardening soil. 

The two-dimensional simulation of a bored micro pile is performed in the axisymmetric 

formulation of the problem, in which the pile is placed around the axis of symmetry, since in the 

axisymmetric formulation the lateral pressure must be the same [5–7]. 

The physical nature of FEM allows us to consider the "soils - pile foundation» system 

together. The stiffness of the foundation is defined by the description of its geometric dimensions, 

strength and deformation characteristics. Parameters of modelling of soil and pile foundation 

materials are given in Table 1. 

 

Table 1 – Material properties of soil layers and piles 

Parameters  Designation Clay sand 

(brown ) 

(EGE-1) 

Silted 

sand 

(EGE-2) 

Clay sand 

(red) 

(EGE-3) 

Deep sand 

(EGE-5) 

Clay 

sand 

(EGE-4) 

Pile 

model 

Material model  - Coulomb-

Mora 

Coulomb-

Mora 

Coulomb-

Mora 

Coulomb-

Mora 

Coulom

b-Mora 

Linear-

elastic 

Ground 

behaviour 

- Drained  Drained  Drained  Drained  Drained  Non-

porous  

Weight in an 

unsaturated state 

γunsat 16,7 18,8 19,8 17,6 17,0 24,0 

Weight in water-

saturated state  

γsat 16,7 18,8 19,8 20,0 19,0 

 

- 

Young's module Е 9150 13000 13500 19000 20000 

 

300000

00 

Poisson's ratio v 0,3 0,3 0,3 0,3 0,33 0,3 

Clutch c 13 12 14 17 8 - 

Angle of friction φ 26 23 23 23 29 - 

 

The geometric dimensions of the 500 mm wide and 31 m long pile model were used in the 

calculation. 

A 15-node finite element mesh was automatically generated by Plaxis. In order to obtain a 

qualitative picture in the areas near the pile the finite element mesh was chopped up. After the 

element mesh was generated, the initial stress state from the self-weight of the soil was modelled. 

All displacements obtained during the initial stress-strain modelling phase were zeroed out before 

the probe plunge began. The calculation was carried out using a variable mesh with the Update 

Mesh option, implying the use of the so-called Updated Lagrange, where the finite element mesh is 

continuously updated during the calculation process [8]. 

The version of Plaxis used allows only a linear colour scale. Because of this, due to the large 

difference between the minimum and maximum shear strains, it turned out to be impossible to 

display them simultaneously in the same figure [9-10].  

The calculations were carried out according to the finite element diagram shown in Figure 1. 

Due to the symmetry of the pile foundation cross-section relative to the vertical axis, only 

half of the soil mass and pile foundation area were considered in the computational scheme and 

were automatically divided into triangular finite elements. The number of considered element types 

(layers) is 5 (the sequence of soil layers is shown in Figure 1).  

The 31 m long piles were tested by means of a variety of simulations (Figure 1): 

a) Model 1 – jack is installed inside at a depth of 1/2 pile – 15 m (method of Bi-Directional 

Static load test); 
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b) Model 2 – jack is installed inside the pile at a depth of 29 m (method of Bi-Directional 

Static load test); 

c) Model 3 – jack is mounted on the pile head (method of Top down). 

 

 
Figure 1 – Layout of the jacking arrangement of the pile or pile 

 
2 Numerical simulation of pile testing of BDSLT and SLT methods (for models 1, 2 and 3) 

 

This chapter deals with the first problem: calculating settlement of a pile foundation. The 

general methods for creating the geometric model, constructing the finite element mesh, performing 

the finite element calculation and evaluating the results are discussed in detail [6-11]. 

The load-bearing capacity of the piles was determined using the results of numerical 

modelling of the pile in the PLAXIS 2D software package. The stress-strain state of the foundation 

was calculated using the Moore-Coulomb elastic-plastic model. The calculations were performed in 

axisymmetric formulation [11–13]. 

The staged loading of the pile was simulated by increasing the applied load on the pile by 

145 kN. The main parameters monitored for the results are the magnitude of the applied load and 

the pile settlement. As a result of the calculation, load-settlement plots of the pile are plotted [14]. 

Figure 2a, 2b and 2c show geometric models of a numerical simulation of a bored micro 

pile, including soil separation within a separately considered geotechnical element, a pile element 
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and a uniformly distributed micro pile load. The dimensions of the geometric model are taken from 

the condition that the stress distribution will be negligibly small within a given zone [15]. 

 

   
a) Model 1 b) Model 2 c) Model 3 

Figure 2 – Geometric model of a bored piles 

 

Figure 3 show the finite element meshes generated automatically by the Plaxis software and 

represent a triangle system. Soil foundations and piles were modeled with 15-node finite elements. 

The construction method is based on the stable triangulation principle which is used to find the 

optimum mesh dimensions. 

 

   
a) Model 1 b) Model 2 c) Model 3 

Figure 3 – Finite element grid: a - model 1, b - model 2 and c - model 3, respectively) 

 

The calculation consists of six phases and will be set in Staged construction mode. 

Figure 4a, 4b and 4c show the deformed pile foundation meshes. 
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a) Model 1 b) Model 2 c) Model 3 

Figure 4 – Finite element mesh deformation 

 

Figures 5, 6, 7 show isolines of total ground motions under static bidirectional and 

indentation loads for models 1, 2 and 3 respectively. 

 

 
Figure 5 – Total settlement (model 1) 
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Figure 6 – Total settlement (model 2) 

 

 
Figure 7 – Total settlement (model 3) 
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3. Results and Discussion 

 

Based on the calculation results, displacements vs. bi-directional load plots are obtained 

(Figure 8). 

 

 
Figure 8 – Load-displacement test results (model 1 and 2, respectively) 

 

Figure 9 shows a comparison of the numerical simulation test results: the load – settlement 

curve obtained by simulation 3 and the equivalent load – settlement curve of simulation 1 and 2. 

 

 
Figure 9 – Equivalent load-settlement curve and SLT test results (model 1, 2 and 3, respectively) 

 

Overlapping of the curves showed that the convergence of the graphs is observed only in the 

initial stage of loading, further on the O-cell curve trajectory changes, which is characteristic of the 

creeping stage of ground resistance, whereas the SLT curve (in this stage of loading) is more 

characteristic of the elastic ground resistance. 

Based on the results of the model 1 test, it was found that for a given load it was necessary 

to increase the jacking depth in the pile because the top test element had the lowest resistance on the 

side of the pile and consequently the actual ground load-bearing capacity of the pile was not 

determined. 
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Based on the results of model 2 testing, it was found that the given load and jacking depth in 

the pile meet the ground bearing capacity requirements of the pile. In this model it is possible to 

increase the jacking load until the pile reaches its full ground bearing capacity. 

According to the results of the Model 3 test, the load is transferred from the jack to the pile 

body, and large stresses occur in the pile body. As can be seen in Figure 7, when the pile model is 

moved vertically, the highest stress is observed on the lateral surface and the lowest on the lower 

end of the pile, which is an indication of unequal load distribution. 

 
4. Conclusions 

 

1. The analysis of using axisymmetrical problem in elastoplastic statement by the finite 

element method for investigation of behaviour of the pile-to-base system has shown the expediency 

of using FEM implemented by the "Plaxis" software. 

2. When testing the pile with hydraulic jacks and when segmenting it, special attention must 

be paid to studying the geotechnical structure of the soil mass at the site under investigation. 

3. During the survey it is particularly important to identify possible zones of heterogeneity in 

the geological structure of the soils, such as areas of weathering, alternating soil layers, etc. These 

data have to be taken into account when testing with hydraulic jacks and dividing the pile into 

segments to obtain accurate design characteristics for a given soil layer. 

4. When testing the soil with piles, in order to assess as accurately as possible the lateral 

friction and bearing capacity under the bottom end of the pile, a sound programme of load-bearing 

layer studies using laboratory and field tests as well as analysis of existing construction experience 

in these and similar soil conditions must be carried out. 
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Abstract. This article is devoted to assessing the effectiveness of technical inspection of the condition and the degree of 

influence of various factors on the reliability of buildings. Technical inspection of the condition of buildings and structures 

is an important procedure for making decisions about the suitability of the structure for its further operation. Technical 

inspection should be carried out by specialized accredited organizations that have the necessary expertise and equipment. 

Adverse environmental factors, poor quality of construction and installation work and general physical deterioration of 

the building have a direct impact on the safety of people staying in it. The object of the survey was the building of a 

secondary school in the Karaganda region. Visual and instrumental inspection was carried out at the object, including 

determination of technical condition and damage categories by shock-pulse method and geodetic surveying. According 

to the results of the inspection of the object the conclusion of improper condition of the load-bearing structures belonging 

to category IV, i.e., pre-emergency state of the structures was assigned. 

Keywords: technical inspection, nondestructive methods, defects, tolerance, supporting structures. 

  
1. Introduction 

  

Technical inspection of buildings - an important procedure by which to decide the fate of the 

structure [1]. By definition, technical inspection is a complex of measures to determine and assess 

the actual values of controlled parameters that characterize the operational condition, suitability, 

performance and energy efficiency of buildings and structures to determine the possibility of further 

operation or the need for structural intervention [2]. In the territory of the Republic of Kazakhstan, 

the survey should be carried out by an organization accredited for such activities [3]. Classically, the 

inspection consists of the following steps [4]: 1) Preparatory, which is the study of the original 

documentation (design and construction documents, architectural and planning decisions, technical 

specifications, materials on planned repair, previous calculations of supporting structures, etc.), and 

the contract between the customer and the contractor works; 2) Visual inspection, which checks 

compliance between the actual geometry of the structure with the available schematic construction 

drawings; 3) Instrumental examination, which assess the technical condition and set up a technical 

inspection of the building; 4) Technical inspection, which reveals the differences in the technical 

condition of the building and the state of its elements. An "instrumental examination" finds out the 

differences between the actual value of any technical condition and the "tolerances" specified in the 

standards [5]. A variety of tools and methods of destructive and nondestructive testing are used during 

the survey [6]. 

Most often technical inspection is carried out for social facilities that are on the balance sheet 

of public institutions [4]. These are objects such as schools, kindergartens, libraries, museums, and 

the like. The object of the survey in this study is the building of the municipal state institution 
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"Amangeldy comprehensive school" in Karaganda region, Kazakhstan. The design and construction 

of the school began in 2003, and the school opened to students in 2007. Inspections at the site were 

carried out in 2017 and 2022. The peculiarity of this case is that the school building was in a 

mothballed state from the start of construction until it was put into operation. In this example, we can 

clearly assess the impact of natural factors on the integrity of the building when no measures are taken 

to maintain the current condition of the building. The most recent survey revealed the building to be 

unsuitable for further operation for a number of reasons [5]. This article examines the features of the 

load-bearing structures of the school building that are subject to significant damage and are on the 

verge of collapse (foundation, walls, floors, and coverings).  

  
2. Methods 

  

The object of the survey (school) is two-story and consists of 3 adjacent blocks, two of which 

contain an auditorium fund, and the last block is a gymnasium. According to the project 

documentation, the foundation of the object is strip foundation made of precast reinforced concrete 

blocks. Walls of the main part are 0.57 m thick big-block ones, and those of the gym are brick ones. 

The ceilings and coverings of the main part are made of multi-hollow reinforced concrete slabs, and 

the cover of the gym - of ribbed reinforced concrete slabs.   

The expert inspection of the building structures was performed in accordance with [5] and 

consisted of three stages: 

- Preparatory (collection and study of initial materials); 

- Visual (inspection and photo-fixation of defects, establishing their nature and extent) and 

instrumental (establishment of the technical condition and determination of damage categories by 

shock-pulse method and geodetic survey) examination of the building; 

- Drawing up a technical report. 

Pits were made at 5 points (Figure 1) in order to inspect the condition of the foundations, to 

determine their depth and to check their strength. 

 

 

 

 
Figure 1 – Pits layout 

  
3. Results and Discussion 

  

3.1 Foundation    

Visual and instrumental examination of the building foundation revealed that the foundation 

is strip foundation of precast reinforced concrete blocks on a concrete pad with crushed stone 
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preparation. According to the results of pits, the depth of foundation from ground level is from 2.95 

m to 3.25 m, depending on the absolute ground level mark. At the time of visual and instrumental 

inspection of the building's foundation, there were ubiquitous traces of efflorescence on the walls of 

the foundation blocks, local shrinkage cracks in the body of the foundation blocks (Figure 2). 

 

  
Figure 2 – Efflorescence (left) and shrinkage cracks (right) of foundation 

 

Shock-pulse tests revealed concrete strength values of foundation blocks from 33.9 to 40.3 

MPa, with an average of 37.8 MPa. 

The overall technical condition of the foundation is satisfactory. The category of assessment 

of the technical condition of the foundation is Category II (serviceable structure). According to [5] 

and the identified defects, the physical deterioration of the foundation is 39%. These figures are 

atypical for a building less than 20 years old, but it is worth bearing in mind that the building was 

exposed to a hostile environment prior to commissioning. For example, the degree of physical 

deterioration for buildings less than 20 years old is usually about 10% with proper maintenance [7]. 

 

3.2 Walls 

The walls of the main part of the building are made of large expanded clay concrete blocks 

with a thickness of 570 mm. The walls of the gymnasium are made of 380 mm thick brickwork and 

120 mm thick cladding. The technical inspection revealed that the walls of part of the gymnasium 

were re-built from brickwork. The brickwork of the walls of the gymnasium was not performed with 

high quality, there were no reinforcing belts, the new masonry was not bound to the old masonry, and 

vertical deviations were visually observed. During construction and installation works of the walls of 

the gymnasium concrete blocks of different sizes were partially used instead of bricks, which had an 

adverse effect on the wall structure in the form of uneven load. For this reason, cracks occurred in the 

wall body (Figure 3, left). To mount the reinforced concrete beams, brick columns were made in the 

body of the gymnasium's load-bearing walls 630 mm wide. The brick columns were reinforced with 

metal casing made of angles, but the reinforcement structures are not of good quality and do not 

ensure their performance (Figure 3, right). 

 

   
Figure 3 – Weak bonding (left) and poor strengthening (right) of masonry 
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According to the geodetic surveys of the gymnasium walls, the average value of vertical 

deviation from the plane was 80-90 mm, and the maximum deviation was 147 mm. While the 

allowable deviation per floor is 10 mm according to [5]. The inspection of the wall blocks in the 

unexploited part of the building revealed that under the influence of natural conditions there was a 

gradual destruction and delamination of the wall blocks. At the time of the visual and instrumental 

examination of the building walls a number of defects were revealed. Schemes of their location are 

shown in Figure 4 below. 

 

 

 

 
 

 

- Destruction of the texture layer of expanded clay aggregate blocks 

- Efflorescence and soaking of expanded clay aggregate blocks and brick walls 

- Thawing, washing out and destruction of expanded clay aggregate blocks 

- Large damages to expanded clay aggregate blocks in the form of splintered parts 

- Thawing out, washout and disintegration of masonry 

- Weathered and washed-out brickwork joint mortar 

- Cracks and shrinkage in the load-bearing brick walls of the gymnasium 

- local drying out and peeling of water-based paint 

- Destruction of the plaster layer at the building plinth level 

- Destruction of the concrete stairs and ramp at the entrance group 

Figure 4 – Defects of walls 

 

General technical condition of the walls - unsatisfactory. Evaluation category of the technical 

condition of the walls - Category IV (pre-emergency condition of the structure). According to [5] and 

the defects detected, the physical deterioration of the walls is 65%. 
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3.3 Floor and cover slabs 

The inspection revealed that the floor and roof slabs in the main part of the building are 

prefabricated hollow reinforced concrete, the gym floor slabs are prefabricated hollow reinforced 

concrete, and the gym floor slabs are prefabricated ribbed reinforced concrete.  

According to the results of visual and instrumental examination of the floor and ceiling slabs, 

various defects were identified. The scheme of their location is shown in Figure 5 below. 

 

  

 
 

 

- Erosion and soaking of hollow and ribbed slabs 

- Lack/washing out of mortar at the joints of boards 

- Longitudinal, diagonal and transverse cracks on the underside of hollow-core slabs 

- Destruction of the protective layer and bared armature of the slabs 

- Breaks, through holes with bared reinforcement in the hollow-core slabs 

- Concrete destruction on the flanges and ribs of ribbed slabs 

- Cracks in the flanges of ribbed slabs 

Figure 5 – Defects of floor and cover slabs 

 

Cracks in the longitudinal, transverse ribs and slab flange occurred as a result of soaking of 

the slabs due to leaking roofing and environmental exposure. Corrosion of the reinforcement is 

usually observed in places with low density and insufficient thickness of the protective layer of 
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concrete. The corrosion products of the reinforcement, having a greater volume, have a spreading 

action and gradually destroy the concrete of the protective layer, leading to the formation of cracks. 

Through these cracks the moisture comes most intensively, accelerating the process of corrosion of 

the reinforcement and increasing the width of the crack opening. Subsequently, these processes lead 

to crumbling of the concrete protective layer, bare reinforcement and its intense corrosion. 

According to the geodetic survey of the gymnasium floor slabs, the average deflection of the 

slabs is 18-20 mm, the maximum deflection is 29 mm. The allowable value of the deflection of the 

plates is 30 mm. Tests by shock impulse method revealed concrete strength values of foundation 

blocks from 26.8 to 31.9 MPa, with an average of 29.4 MPa. 

Also, at the time of visual and instrumental inspection, an emergency section of the basement 

floor slab under the gymnasium was revealed - an area of a broken multi-hollow slab (Figure 6, left). 

Also areas of the slabs with unacceptable deflection and diagonal cracks were revealed. These floor 

slabs cannot be restored. In the classrooms in the operational part of the building, there is a 

displacement of up to 50 mm from the vertical of the slabs (Figure 6, right). 

 

   
Figure 6 – Breaks (left) and displacement (right) of slabs 

The general technical condition of the floor and roof slabs is unsatisfactory. Evaluation 

category of the technical condition of the floor slabs - Category III (limited serviceability of the 

structure). According to [5] and the defects detected, the physical deterioration of the floor and cover 

slabs is 55%. 

  
4. Conclusions 

  

The inspected building has a large number of defects on the non-exploited part of the building, 

as for many years it stood under the direct influence of natural conditions, which negatively affected 

the load-bearing structures. For example, the average vertical deviation of the walls of the gymnasium 

from the plane was 90 mm, which is 9 times the allowable deviation of 10 mm per floor. Also, 

according to the visual-instrumental survey and geodetic surveys, we can conclude that the 

construction and installation work on the erection of the part of the gymnasium was performed poorly. 

There are complex problems with the building structures related to physical deterioration. Due to the 

incomplete construction of the building, structural materials begin to lose their mechanical properties. 

For example, during the years of downtime, the physical deterioration of the walls of the school due 

to weather conditions was 65%, making it impossible to continue operating the building. 

According to the results of the expert examination and evaluation, it can be concluded that at 

the time of the survey according to the category of assessment of the technical condition, supporting 

structures of the school building refers to Category IV (pre-emergency condition of structures). 

The methods of interpreting the results of technical inspection are recommended to be used 

for similar case studies. 
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Abstract. The article demonstrates the performance of newly developed concrete maturity sensors on the construction 

site of residential complex “New Line” in Nur-Sultan. The sensors were mounted on the rebar of reinforced concrete 

structures to monitor the curing temperature of poured concrete grade M350 during 7 days. Additionally, the sensor device 

monitoring ambient temperature and relative humidity was set nearby. 14 cubic specimens were molded for compression 

test to determine the concrete strength. To get an idea on the degrees of influence of considered factors on concrete 

strength gain, the correlation analysis was conducted. As expected, the curing temperature showed a significant 

correlation with compressive strength, and its degree of influence amounted 58%. The ambient temperature with influence 

degree of 36% seemed to affect the concrete strength vividly. The relative humidity affected insignificantly with 6%. 

Based on conducted investigations the well-enough performance of maturity sensors is concluded. Moreover, there was 

set plans on the extension of their software solution with colored cross-correlation analysis technique. 

Keywords: maturity sensor, construction site, cross-correlation analysis, concrete strength, internal and external factors. 

  
1. Introduction 

  

Monitoring the influence of internal and ambient factors is an important step when 

constructing a monolithic building frame, especially at early ages of concrete curing. As is known, 

the cement hydration in the concrete mix is accompanied by the heat release. Sometimes, depending 

on the composition and type of concrete as well as the massiveness of a structure, the internal 

temperature during exothermal process of concrete hardening may reach 90 ºC. In majority of cases 

the dynamics of curing temperature may be describes with a sharp increase at the first few days after 

pouring, continued by general declining trend with slight fluctuations. Observation of such external 

factors as ambient temperature and relative humidity may give a certain understanding on the concrete 

hardening process as well. The external temperature may effect on the curing temperature 

unfavorably by cooling it. And the relative humidity at the surrounding air may somehow either 

extend the designed water content in the concrete or reduce it to a certain level interfering with the 

process of cement hydration [1]. Therefore, real time monitoring of these factors can potentially 

prevent undesirable consequences with concrete curing process. Previous studies show much of the 

examples of how these factors may be monitored on site using various sensor devices. One of the 

most popular devices to monitor internal temperature is a maturity sensor [2]. As of now, different 

types of maturity sensors have been invented, including embedded ones. Main purpose of the maturity 

sensors is to help estimating a concrete strength by indirect methods using a certain relationship 

between the temperature-time factor and strength, which was described in some international 

standards [3]. This relationship has been thoroughly discussed in previous studies [4], as well as some 

its modifications were presented. The sensors monitoring ambient conditions also exist and developed 
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in different variations [5]. One common thing that has to be taken into account on the sensors 

monitoring all the factors affecting certain characteristics of a building structure is a simultaneity of 

measurements. This must be always set precisely to make fair assumptions on the effect of factors on 

the concrete strength. In the sensor devices developed during the studies of [6] and [7] the aspect of 

simultaneity is reached by setting a specific measurement interval programmed to their Arduino 

microcontrollers in advance. By this moment these sensor devices were tested only on small precast 

structures, and fulfilled the expectations. However, they were not yet tested on site, on the structures 

of a monolithic building frame. Therefore, this study is aimed on pilot testing of the newly developed 

sensor devices as well as monitoring internal and ambient conditions affecting the strength of concrete 

in the massif structures on site.  

  
2. Methods 

  

The pilot test of sensor devices was held on the construction site of residential complex “New 

Line” in the city of Nur-Sultan, Kazakhstan. One maturity sensor was installed on the rebar of a raft 

foundation and another one on the rebar of pillar as shown in Figure 1 below, and the sensor device 

monitoring ambient conditions was put nearby. The measurement interval was set to 1 hour. So that 

each hour one reading was obtained. 

 

  

 
Figure 1 – Maturity sensors installed on rebar 

Rebar 
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Before pouring a concrete mix grade M350 on the formwork, 14 cubic specimens were 

sampled to monitor the compressive strength of the concrete of the structures. The monitoring was 

conducted over one week. The compression tests (Figure 2) were conducted each day on 2 cubic 

specimens according to [8]. The compressive strength values were averaged for each day.  

 

   
Figure 2 – Compression test of concrete specimens 

 

At the end of a week the collected measurement data and compression test results were 

processed and analyzed on Excel. The correlation analysis was conducted to investigate the influence 

of internal temperature, ambient temperature and relative humidity on the concrete strength gain using 

classical Equation 1 below: 

𝑟𝑖,𝑎 =
∑ (𝐹𝑖−𝐹�̅�)∙(𝑅−�̅�)
7
𝑎=1

√∑ (𝐹𝑖−𝐹�̅�)
27

𝑎=1 ∙∑ (𝑅−�̅�)21
𝑎=1

 ,                                                    (1) 

where: i – considered factors: curing temperature (ºC), ambient temperature (ºC), and relative 

humidity (%). 

a – curing age (day); in current case we considered first 7 days; 

𝐹𝑖 and 𝐹�̅� – i factor and its average value for age a respectively; 

𝑅 and �̅� – strength (MPa) and its average value for age a respectively. 

The degrees of influence of considered factors on concrete strength gain was obtained on via 

weighting of the modulus of correlation coefficients, so that the sum of obtained values equals one. 

 

  
3. Results and Discussion 

  

Figures 3 below shows the results of monitoring curing temperature of concrete in the raft 

foundation and the pillar. Because both structures were poured with concrete mix simultaneously, for 

the further analysis the average of temperature values from both maturity sensors were taken. 

 

 
Figure 3 – Internal temperature monitoring results 
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As is seen from the chart above, the cement setting started 6 hours after pouring the concrete 

mixture in the structures. Since then, the curing temperature started dramatically rising up to 37 ºC, 

keeping this level for around 3 hours. Then it dropped sharply, and started fluctuating within the range 

from 20 to 25 ºC. The fluctuation may be explained with the difference of ambient conditions between 

day-time and night-time, which is shown in the Figure 4 below.  

 

   
Figure 4 – Ambient conditions monitoring results 

 

From the charts of ambient temperature and relative humidity over 7 days period can be 

observed that their general trend somehow coincides with those of curing temperature. Another clear 

trend is that when the ambient temperature is rising, the relative humidity is dropping, as vice-versa. 

In general, during the monitoring period the temperature outside was ranging between 10 to 25 ºC. 

The relative humidity of the air at those days was ranging from 29 to 100 %. 

The results of compression test of cubic specimens are shown in Figure 5 below. The values 

of compressive strength presented are those of average between two specimens for each curing day. 

 

 
Figure 5 – Compression test results 
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From the chart above we can observe that over 7 days the concrete gained the strength of more 

than 27 MPa. This is more than 70% of the projected strength of concrete grade M350. It is seen that 

the first 3 days the strength is gaining faster than that of following days. In order to conduct correlation 

analysis, it was necessary to retrieve the hourly strength values. Therefore, the trend line and the 

strength function were extracted from the existing values for each of 7 days. It was decided to use the 

logarithmic function describing the trend of concrete strength gain due to for this case it had a highest 

coefficient of determination (R2 = 0.9564). Further, using the Equation 1 above, the correlation 

analysis was conducted between all the considered factors and compressive strength (Table 1). 

 

Table 1 – Cross-correlation analysis 

  Compressive 

strength 

Curing 

temperature 

Ambient 

temperature 

Relative 

Humidity 

Compressive strength   -0.465 -0.286 0.046 

Internal temperature -0.465   0.115 0.105 

Ambient temperature -0.286 0.115   -0.872 

Relative Humidity 0.046 0.105 -0.872   

Degrees of influence on strength gain: 58% 36% 6% 

 

The cross-correlation above presented in green and blue colors demonstrate clear picture of 

how significant or insignificant of correlation between considered parameters. From market green 

cells is seen that the compressive strength has a high correlation with curing temperature; next is 

ambient temperature, and relative humidity. This is obvious, since the curing process releases a heat 

and the more the temperature the faster the strength gain. It can be also observed that the ambient 

temperature and relative humidity are strongly correlated. This proves the trend discussed above. The 

last line in the table shows the estimates of the degrees of influence of various considered factors on 

the concrete strength gain; the cells are marked blue. They were estimated taking the weighted 

modulus of each correlation coefficient. Thus, it can be seen that the curing temperature like always 

influenced greater than that of other factors. However, 36% of influence degree in this study is taken 

by ambient temperature. The relative humidity played insignificant role in the strength gain process. 

The obtained results clearly show how demonstratively the strength gain process can be 

presented and used when monitoring the concrete structures. Previous studies [5-6] somewhat have 

something similar, however the cross-correlation technique in this study seems easier to understand. 

Moreover, the non-volatile manner of proposed estimations may be straightforwardly integrated to a 

computer or mobile software for monitoring purposes. 

  
4. Conclusions 

  

This study demonstrated on the basis of sensor devises and compression tests an easy-to-use 

technique for monitoring the concrete strength gain process, as well as on fly presentation of how 

various factors may affect it. The proposed technique is replicable and integrable to various computer 

or mobile programs. 

The pilot test where the newly developed sensor devices were used disclosed fairly well 

performance of the latter. Therefore, it is planned to extend its software with the functionality to 

visualize the real-time cross-correlation between the internal and ambient factors, and concrete 

strength values. This may give opportunity to potential users for making better decisions during 

treatment of freshly poured concrete, as well as its hardening process. 
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Abstract. With the development of modern society, technological progress does not stand still. Mankind is constantly in 

search of new ideas and ways of implementation. This article of the authors is part of the modernization of the existing 

system of production of building materials. The authors propose to use secondary raw materials for the manufacture of a 

standard product, confirm them with laboratory tests and results. The indicators of the modified concrete mixture with 

the addition of ash-and-slag waste from the local industrial sector gave a density not inferior to the heavy concrete of 1.8 

g/cm3. Positive effect is obtained by using hydraulic press, where at equal ratio of components due to pressing, all samples 

were transferred to a number of heavy concretes with a density of 1.8 to 2.5 g/cm3. Moreover, it was found that there are 

reserves of cement saving in the application of ash in the case of samples prepared by means of hydraulic press, as well 

as to correct the composition of concrete it is required to carry out a full-scale experiment with the joint action of vibration 

and pressing. Strength tests of samples show that there is an optimum quantity of ash and slag in the formulation, at that 

not only the standard requirements for the quality of construction products are met, but also exceeds some characteristics 

of products according to the requirements of standards. 

Keywords: recycling, secondary raw materials, ash and slag waste, building materials, waste-free production, new 

materials.  

 
1. Introduction 

 

The development of modern society has formed a new kind of consumer, which has led to an 

increase in the rate of production in all sectors of the economy. This pattern can be seen in the intensity 

and acceleration of scientific and technological progress, which leads to the depletion of resources 

and minerals, as well as the negative impact on the environment. Despite this, the use of industrial 

waste is often criticized as well as supported. Non-waste technology is divided into two types. The 

first type is defined as the original material or semi-finished product for finished building materials 

or products. The second type is called secondary raw materials, which appeared as a consequence of 

the production of one product and can serve as initial raw materials for the second one. Common 

materials for recycling are: car tires, paper flour, construction debris, polymeric materials, which 

allows you to get crumb rubber, paper, crushed stone from recycled concrete, insulation materials and 

more [1].  

The problematic topic of the use of industrial waste is the assessment of its market value. In 

this regard, the process of using secondary raw materials is divided into two stages. The first stage is 

the purchase of raw materials for processing, and the second stage is the production of secondary raw 

materials. An important role in all this is played by the quality of the primary recycled material, which 

should correspond to [2], where the norms of hard-to-recover losses and waste materials, which are 

reflected in the final cost of secondary raw materials. It is worth noting that recycling generates 

another volume, which is no longer suitable for use and requires more serious measures to eliminate. 

Thus, we can conclude that the lack of a clear systematic approach to assessing the value of secondary 
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raw materials and the industry as a whole cause a number of issues that require specific measures to 

eliminate them, as modern construction places high demands on the quality of the material while 

maintaining a low cost of production [3]. 

Among the CIS industrial giants, the Russian Federation alone has seen an increase in slag 

deposits of one million tons per year. These enterprises include thermal power plants, thermal power 

plants, coal enrichment, ferrous and nonferrous metallurgy. What not to say about the experience of 

foreign countries [4]. The way of using man-made materials as mineral raw materials is practiced in 

Poland, where metallurgical slags are exported to neighboring countries for the production of road 

pavement and construction materials [5]. In England ashes are used to partially replace cement and 

sand. In the USA ashes from thermal power plants are introduced into the concrete mixture in a certain 

ratio to cement to increase the density and sulfate value of concrete [6]. The experience of foreign 

countries in the use of ash is well described in [7], which concludes with a review of the current 

European standards [8-9], because the level of combustion products in the European Union countries 

is quite high (Figure 1). 

 

 
Figure 1 – Volumes of ash production in the EU [7] 

 

The same analogy can be made based on the characteristics of the landfills of some rock 

dumps located in the Central Kazakhstan region. In essence, the ash contains 53 % of SiO2, 24 % of 

Al2O3, 10 % of Fe2O3 and FeO, 2 % of CaO, 1 % of MgO, 4 % of oxides of alkali metals and 6 % of 

unburned fuel, which is often found in the composition of waste in rock dumps (Table 1). 

 

Table 1 – Landfills of rock dumps of the Central Kazakhstan region 
No. Polygons Area, 

ha 

Hazard 

class 

Amount of 

waste, tons/year 

Total 

amount, tons 

Waste 

composition, % 

1 BGMK rock dumps, Kazakhmys 

Corporation, Sayak settlement 

319 5 2397600 307305600 SiO2 – 74 

CaCO3 – 21.5 

MnCO3 – 3.8 

Fe2O3 – 0.3 

2 BGMK rock dumps, Kazakhmys 

Corporation, Konyrat settlement 

941 5 - 743898500 SiO2 – 54.4 

Al2O3 – 24.8 

Fe2O3 – 7.4 

As – 0.002 

Pb – 0.001 

3 Vostochnaya Central Processing 

Plant rock dump, JSC 

IspatCarmet, Pridolinskiy 

settlement 

70 5 99300 14432800 Zn – 0.004 

Cu – 0.005 

Gr – 0.0045 

P – 0.06 

4 Rock dump of ChOF, JSC 

IspatCarmet, Temirtau 

159.9 5 844600 41356800 SiO2 – 60.2 

Fe2O3 – 5.73 

Al2O3 – 24.3 
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Cu – 1.57 

MnO – 1.45 

5 Rock dump Sh. 

Kazakhstanskaya, JSC 

IspatCarmet, Shakhtinsk 

153 5 78600 35190000 As – 0.0002 

Pb – 0.003 

Zn – 0.01 

V – 0.015 

Mn – 0.15 

 

Based on foreign experience, "Construction" is the only industry that is able to use the full 

potential of waste and by-products of other industries, which is the use of waste energy sector - ash 

and slag of Pavlodar CHPP-1, since the properties of ash is a fine material, which can be used as an 

additive to cement, aerated concrete, lime brick, and the chemical composition as mentioned above 

is identical to natural raw materials and can serve as a full and inexpensive alumina [10].  

The involvement of any industrial sector allows to reduce the huge amount of space used for 

landfills and storage sites, which has a positive effect on the environment and the biosphere as a 

whole. 

Thus, the Republic of Kazakhstan approved a program for the development of the construction 

industry and production of building materials for 2010-2014 [11], which states the favorable 

dynamics of development of the building materials industry, touched upon the issues of cost price 

and quality of materials. In this connection, a priority task was formed on the need for accelerated 

development of the basic sub-industries of cement, precast concrete, thermal insulation materials, 

glass, building ceramics, etc. with the maximum use of positive foreign experience and modern 

technology. The significance of the ongoing research is reflected in the second block: Energy saving 

in the production of powder, lumpy materials through the use of dispersed man-made products (ash, 

slag, slime, tailings, etc.), which substantiates the work of the authors of this article. 

 
2. Methods 

 

For the experiment, a formulation of mixtures for the industrial production of 3 types of 

building materials was developed: Paving slabs; Curbstone; Hollow stone.  

The composition of the selected mixtures includes directly ash and slag waste (ASW) from 

thermal power plants and bauxite sludge from alumina production. Laboratory studies on the selection 

of the formulation are based on steelmaking slag from local steel mills and were carried out at the 

Independent Testing Center of Novosibirsk State Technical University. 

The following materials were used as raw materials for the production of the studied samples 

of concrete: 

- Sand [12]; 

- Portland cement PC-400-D20 [13]; 

- Fly ash from Pavlodar CHPP-1 (Table 2); 

- Water [14]. 

 

Table 2 – Chemical composition of fly ash from Pavlodar CHPP-1 
Components Al2O3 SiO2 Fe2O3 CaO MgO K2O Na2O P2O5 MnO SO3 

Contents, % 28.6 60.6 5.4 2 0.5 0.5 0.2 0.7 0.1 0.62 

 

For the production of a basic sample of concrete Z0040, sand, Portland cement and water were 

used as materials. The base sample in terms of dry component included: 40% cement and 60% sand. 

The water-cement ratio was taken to be 0.35. 

For the other series, each of which consisted of 6 samples, fly ash was introduced by replacing 

sand and Portland cement in 10 % increments, with 5 % of the sand and 5 % of the Portland cement 

being replaced. Dry components were mixed together, then water was added. The composition of the 

resulting concrete mixtures is shown in the graph (Figure 2). 
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Figure 2 – Compositions of concrete mixtures using ASW 

 

The vibropress designed for pressure of 100 kg/cm2 (10 MPa) and vibration frequency of 50 

s-1 with an amplitude of 0.35-0.5 mm was used for the experiment. 

The first stage of the experiment uses a vibration table (VT) with a vibration frequency of 

3000 rpm at an amplitude of 0.4 mm. For the experiments, cube shapes 100x100x100 mm with the 

bottom were used (Figure 3). Determination of the density of concrete samples was carried out in 

accordance with [15]. 

 

 
Figure 3 – Samples of cubes after the vibrating table 

 

At the second stage of the experiment a hydraulic press (HP) PGM -100MG4 was used, but 

in this case, cube shapes 100x100x100 mm without the bottom were used, the composition of the 

concrete mixture was identical to the first (Figure 4). 

 

 
Figure 4 – Samples of cubes after the hydraulic press 

 

Next, a P-10 press was used to determine the strength characteristics of concrete cube samples 

at 28 days of age (Figure 5). 
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Figure 5 – Hydraulic press testing process 

 
3. Results and Discussion 

 

The graph below shows that the density of concrete decreases as the percentage of the mass 

component of ash in the concrete mixture increases. Samples Z0040 and Z1035 have a density above 

1.8 g/cm3, so they belong to the class of heavy concrete. Samples of grades Z2030, Z3025, Z4020 

can be attributed to the class of lightweight concrete (Figure 6). 

 

 
 

Figure 6 – Density of concrete samples obtained after using the vibrating table 

 

After using the hydraulic press PGM, noticeably, the density of concrete samples became 

higher than at the first stage of the experiment, on average 1.2 times. Now all samples belong to the 

heavy class of concrete (Figure 7). 
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Figure 7 – Density of concrete samples prepared on a hydraulic press 

 

The use of ash is based on a number of its physical and chemical properties, namely on its 

pozzolanic activity. This refers to the ability of ash to interact with calcium hydroxide and alkalis in 

the pore fluid of concrete [16]. There is an opinion that ash is an ideal binder for reinforced concrete 

products and factory-type structures [17]. 

According to the results of experiments, it can be argued about the sufficient strength gain of 

compositions for the manufacture of products with the addition of ash-and-slag mixtures to the 

concrete mixture.  

 
4. Conclusions 

 

On the basis of tests of samples using ash and slag from Pavlodar CHPP-1 it was found that: 

- There are reserves of cement savings in the application of ash in the case of preparing 

samples using a hydraulic press. 

- To adjust the composition of concrete it is required to conduct a full-scale experiment with 

the joint action of vibration and pressing. 

Strength tests of samples show that there is an optimum quantity of ash and slag in the 

formulation, at those not only standard requirements to the quality of building products are met, but 

also exceeds some characteristics of products according to the requirements of standards. 
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