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Abstract: Purpose: This material has not been used for many years. This
is the basis of the scientific novelty of the conducted research, based on
these results, it is possible to develop a methodology for calculating the
periods of overhaul of roads. The purpose of the study is to assess the
positive impact of  certification standards on the final characteristics of
load-bearing layers of asphalt concrete pavements on the basis of statistical
information obtained in the process of using certification standards. The
object of the research is the existing certification standards and the factors
that determine the level of quality of the load-bearing layers of road
surfaces. The subject of the research is the positive impact of the
application standards for the quality of roads, as well as the processes of
current control during the laying of load-bearing layers of road surfaces.
The scientific novelty of the research consists in: ( a) development of a
methodology for the formation of a database on certain construction
projects for their further analysis and research; b) development of standard
requirements for determining the strength of bearing layers and coatings in
general; c¢) development of a methodology for calculating the time of
repairs on a particular road, which will contribute to the improvement of
certification standards and their impact on the strength of the road
surface. Methods used in the work are theoretical scientific methods on the
basis of which a scientific model is built, which makes it possible to
eliminate contradictions and develop the main direction of its
implementation. The results obtained in the study make it possible to
justify the need for selection of criteria and construction of a system model
on its basis, contributing to improving the efficiency of the transport
system, modeling the reconstructed system of the transport industry.

1 Introduction

The most important point in the construction of roads and buildings is the main
characteristics of the materials and a certain level of their quality, which is achieved
through the methods of production, concreting and layers that make up the structure[1,2].
All building materials differ from each other in quality and are used in different works, in
order for the level of quality of the structures used to be appropriate, it is necessary to
comply with regulatory and technical documentation during their manufacture. In this
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study, the issue of improving and controlling the characteristics of asphalt concrete
materials laid in the construction of roads is raised thanks to the system of obtaining
certificates for the material, in particular, it is proposed to use not certificates for materials
and parts, but to impose appropriate requirements for the laid layers and individual roads, a
method for calculating the period of repairs of road surfaces for certain objects is given.

The main hypothesis of the study is to determine the quality of the materials of the laid
layers and the compositions used on the basis of certification requirements and taking into
account regulatory documents so that repairs have to be done less often. The assumption
takes into account regulatory standards, approximation of results based on statistical
dependence for normalized parameters. Theoretical research using scientific and technical
documents made it possible to establish the dependence on various parameters of the final
properties of the obtained solutions and structures. As a result, it was determined that the
presentation of certification requirements greatly improves the quality of structures, due to
its more homogeneous structure. Taking into account the parameters under consideration,
the theoretical possibility of further improvement of certification standards with the
definition of ways to increase their regulatory impact when it is applied to increase the time
of repairs in certain sections of the road construction and the formation of accumulated
data.

The reliability of the research results is ensured by the following:

1. materials for quality control of the preparation of the material of mixtures from the
asphalt concrete mixing plant (ACMP), selected by CJSC “SHOSSE”;

2. data on quality control from linear facilities: M-9 “Baltia” in the section from 18 to 84
km during the pre-design survey of the existing road, JSC “SoyuzdorNII”; a bridge
across the Don River, surveyed by JSC “SoyuzdorNII”; mixtures from small linear
objects, selected by the employees of JSC “SoyuzdorNII” in the city of Moscow[3-6].

In the process of research, the formed database was processed by methods of
mathematical statistics based on regression analysis as follows: grouping of materials was
carried out; homogeneous groups were formed; physical and mechanical properties of
mixtures and materials based on statistical distribution were analyzed; graphs were built to
determine the quality of the material. The obtained results are partially disclosed in this
paper. In subsequent works, the entire complex of the results of the research will be
presented for publication[7-11].

2 Methods

General scientific methods of systems analysis, logical and mathematical modeling,
systems theory, as well as methods of operations research and economic-mathematical
methods, economic-visual modeling, research methods of operations were used. The
arrangement of permanent access roads with asphalt-concrete pavement, which, after
subsequent maintenance and revision, remain at the facility under construction for
subsequent operation, should be arranged in stages, which makes it possible to make the
adjoining temporary roads less extended [12-15]. This methodological technique makes it
possible to significantly reduce the overall labor intensity of work, the energy intensity of
production and increase the level of labor mechanization. The arrangement of asphalt
concrete pavements of temporary and access roads is in many respects similar to the
arrangement of road pavements of streets, which, during the preparatory period of
construction, allows starting their temporary operation during the period of zero-cycle work
and the erection of overground building structures of a building or structure at a
construction site. The recommended professional approach allows the arrangement of roads
at a construction site to be carried out according to the approved design documentation
agreed with the participants in the construction, which has passed the examination and
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accepted by the construction manager of the facility. Analysis of the economic aspects of
the problem of transport provision at a construction site shows the insufficiency of work
devoted to the study of the problem (with regard to individual private parties) of the
effectiveness of the use of an integrated road transport system. There is a need to create a
modern scientific and methodological base for assessing the effectiveness (quality) of the
integrated use of the arrangement of highways, in particular, road surfaces for the use of
temporary roads at the construction site at the level of model indicators and the
reconstructed hierarchy of the road transport system. The methodological basis of the study
is a probabilistic and statistical method for assessing the quality of materials, infographics,
control of the preparation and use of road-building materials, analysis of the current
certification system and regulatory framework.

3 Results

The objective of the method is to improve the scheme of the certification system aimed
at creating a database for predicting the period between repairs of asphalt concrete
pavements.

The method for calculating the period between repairs of asphalt concrete pavements
includes:

1. substantiation of the rational volume of samples from the standpoint of statistics to
obtain reliable results;

2. the principle of forming a database for each parameter obtained during testing and
examination of specific construction sites and ACMP (asphalt concrete mixing plant);

3. statistical methods of data processing;

4. substantiation and appointment of control time points in order to determine the period
between repairs;

5. calculation method based on the proposed method of time intervals.

We will calculate the weighed portion for making a sample according to the formula:

mo= ¥(d/2)**d*p" (1)

Conditional accepted density for fine-grained asphalt concrete — 2.44 g/cm?, standard
size test piece. Using formula 1, we obtain:

me=3.14*(7.14/2)"2%7.14%2.44=697.2 g

Let’s determine the mass of the sample mixture for the preparation of samples in the
laboratory in the amount of 24 pcs. according to formula 2 with the initial data:

sample geometry: height (h) — 71.4 mm;

average density of hot dense asphalt concrete for USP — 2.44 g/cm? (for a given design
case).

m=1.2%n*(S*h)* p Q)

where: m - mixture weight in kg;

n — the number of samples at the request of the standards (24 pcs.);
S — contact area of the sample, cm?;

h — sample height - 7.14 cm;

1.2 — mixture loss factor

p™ — average density of asphalt concrete of the top layer - 2.44 g/cm
According to formula 2:
m=1.2%24*(3.14%(7.14/2)"2)*7.14*2.44=20.08 kg

3
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Let's calculate the volume of the mixture taken at the ACMP during its manufacture (for
this case). The initial accepted conditions: substantiation of the rational volume of samples
on the basis of the Telttomat plant with a capacity of 200 t/h with the top layer of the
pavement 5 cm thick.

Calculation of the shift productivity of the plant at a rational plant productivity of 75%
of the maximum and 8-hour work shift:

M=Py*0.75* 3)

where: M - plant productivity per shift, t;

Py - plant productivity per hour, t/hour;

0.75 - additional factor taking into account rational loading;

t - shift time, h.

According to formula 3:

M=200%0.75*8=1200 t

Determination of the area of asphalt concrete pavement arranged during the shift, taking
into account the initial data:

pavement width (b) — 7.5 m;

thickness of the structural layer (hi) — 0.05 m;

p™ — average density of asphalt concrete of the top layer — 2.44 g/cm’®.

The area of the asphalt concrete pavement that will be laid per shift is calculated using
formula 2:

M
S — ACMP
hy

“4)

where: h; — layer thickness, 5 cm;
M — mass of the mixture produced by the ACMP per shift, t.
Using formula 4:

5= 2200 o s000m?
=005 m

The results are presented in table 1.

TABLE 1. Baseline indicators.

Indicator name Value
Changeable capacity of the Telttomat plant (M), t 1200
Structural layer thickness (h), cm 5
Area laid per shift (S), m? 24000
Number of samples taken according to standards 3
(ny), pes

In accordance with the requirements of the current regulatory documents, the number of
test samples was counted (Table 2):

for sand mixture — 15 (18) pcs.;

for a fine-grained mixture — 24 pcs.;
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for coarse-grained mixture — 12 pcs.

Let us determine the minimum allowable statistical volume of samples by the mass of
the sampled cores (according to formulas 5 - 9).

The number of core samples taken (according to formula 5), pcs:

ne = S/ Syeon (5

where: S — area laid per shift, m?

Ss — coring standards (S;), m?

ns — the number of samples taken according to the standards (ns), pcs
The mass of the samples taken (according to formula 6), kg:

ms = nes d2/4e e p™ *h, (6)

where: n, — number of core samples (n.), pcs.;

d — core sample diameter, mm;

p™ — average density of asphalt concrete of the upper layer in g/cm? (2.44);
h — structural layer thickness (h), cm.

Number of samples made from cores (according to formula 7), pcs.:

Nimade= My/ My @)

where: ms — sample mass (ms), kg;
m, — calculated weight for making a sample (depending on the mixture), g.
The number of complete mixtures (according to formula 8), pcs.:

Hem = nmade/ ne, (8)

where: nmade — number of samples made from cores, pcs.;
n. — number of core samples taken, pcs.

TABLE 2. Number of test samples in accordance with regulatory requirements.

i e name Sand Fine-grained Coarse-grained
Indicators

1 2 3 4
Sample diameter, mm 50.5 71.4 101.0
Approximate amount of mixture per sample, g 220-240 640-670 1900-2000
Average density of material, g/cm? 2.2 23 2.4
Number of samples by RO, pcs 3 3 -
Number of samples by R50, pcs 3 3 3
Number of samples by R20, pcs 3 3 3
Number of samples by R20 for K, pcs 3 3 3
Number of samples by R20 for K4, pcs 3 3 3
Number of samples by Rgpiit, pcs 3% 3 -
Number of samples by R50,yis, pcs No shear 3 No shear testing

testing
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Total number of samples for testing in 15 (18%) 24 12
accordance with regulatory requirements, pcs:
Note: “samples are made at the request of the Customer

The number of parallel mixtures that can be formed when determining the sample mass
of the mixture for sample preparation in the laboratory for 24 pcs. Is determined by formula
9. The results are presented in table 3.

_ Mycmp
Tlpm = —m

)

where: m — mixture mass, kg.;
Macmp — weight of the production rate of the plant taking into account the rational
productivity of the plant.

TABLE 3. Number of parallel mixtures to form samples.

Core sample Weight of the production rate of the ACMP Mixture mass Number of parallel
diameter (d), taking into account the rational productivity of (m), kg mixtures (npm), pcs
mm the plant (Macwmr), kg
150mm 51.7 2.6
100mm 23 20.08 1.15
80mm 14.7 0.7

At npm=2.6, we get two complete test mixtures and 0.6 — incomplete sample for further
set of mixture with additional samples.

At npn=1.15, we get one complete test mixtures and 0.15 — incomplete sample for
collection of statistics or rejection.

At npn=0.7— It is impossible to carry out a complete test on a given volume of cores,
therefore, it is required either to abandon the use of this size of cores, or to arrange a second
section and conduct a joint test (in 2 days).

According to the calculation results (formulas 2, 4), we obtain:

- production rate of the ACMP - 1200 t, which allows arranging an area of 24000 m?, 5
cm thick;

- determination of the mass of the mixture sample for the preparation of samples in the
laboratory according to regulatory documents with a sample diameter of 71.4 mm, the mass
of the mixture is approximately 20 kg.

TABLE 4. Substantiation of the rational volume of samples of the standard amount.
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1 2 3 4 5 6 7
150 21.5 30 7
7500%* 3.2 100 10 9.6 13 3 (0)
80 6.1 8 1(-3)
150 51.7 74 3(2)
3000* 8 100 24 23 32 1(8)
80 14.7 21 0.8(-3)
150 17.2 24 3(0)
10000*** 33 100 8 7.6 10 1(2)
80 49 7 0.8 (-1)

Note: * - until 2012, ** - current regulations, *** - suggested values for the number of
samples exceeding the requirement for testing the mixture

The resulting table 4 shows that the amount of taken material does not provide complete
quality control:

- when sampling three cores from an area of 3000 m? with a core diameter of 150 mm,
the shift area equal to 24000 m?, we have 3 parallel mixtures of 24 samples or one
mixture under the condition of testing 9 samples for each indicator, as well as 2
samples for rejection;

- when taking three cores from an area of 3000 m? with a core diameter of 100 mm, the
shift area equal to 24000 m?, we have 1 mixture of 24 samples and 8 samples for
rejection or increasing the number of samples according to the parameters of interest,
bringing them to 5 pieces;

- when sampling three cores from an area of 3000 m? with a core diameter of 80 mm,
the shift area equal to 24000 m?, we have 0.8 mixture, i.e. 21 samples, although 24
samples are required, which indicates that it is not advisable to use this sample size for
assessing the quality of construction work.

Thus, at a core sampling rate of 7000 m?, 3000 m? and 10000 m?, the use of 80mm
cores does not ensure the rationality of quality control in terms of the number of samples
produced or the production rate of the ACMP, therefore it is advisable to designate the size
of the optimal site for quality control of asphalt concrete pavements, taking into account the
requirements of statistics, depending on standardized sampling requirements.

4 Discussion
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On the basis of the conducted analytical studies using the theoretical method of
cognition in the form of a mathematical model, it is possible to describe and explain the
relationship between the values of the indicators of asphalt concrete. Firstly, physical,
mechanical and geometric indicators are combined into groups to identify patterns of
change in indicators, applying the method of statistical processing of data results using
mathematical techniques, quantitative calculated values, and secondly, in mathematical
modeling, such methods of mathematical statistics as the sample mean, regression and
correlation analysis, factor analysis, and graphical display of data trends are used. At the
initial stage, it is planned to enter the information into tables, which are assigned the
corresponding numbers. The next step is to reduce the number of variables (data reduction)
due to defects or errors in production, then the minimum and maximum values are
determined, as well as the average values and the coefficient of variation for the selected
group of indicators are found. To visualize the dependencies, the data records must be
summarized in graphs. Regression analysis shows the dependence of the physical,
mechanical and geometric indicators selected for the study (sample population) from each
other and determines the spread of the dependent variable. The results are formed in
graphical form - trend lines. Of the six existing types of trend (exponential, linear,
logarithmic, polynomial, power, linear filtration), the logarithmic approximation can most
accurately describe the behavior of asphalt concrete indicators, since these values of
indicators initially grow or decrease rapidly, and then stabilize.

Statistics have a huge impact on the functioning, production growth, and also
contributes to the change in quality indicators. The basis for the development of the
methodology is the analytical data of testing materials on specific objects and a
mathematical model in the form of the dependence y=f(x). The resulting database is
processed based on five temporary checkpoints:

The first one is the physical and mechanical data of testing asphalt concrete samples
from mixtures from ACMP;

The second is the physical and mechanical data of testing the material from mixtures
from the laying;

The third is the physical, mechanical and geometric data of testing cores (samples) from
the structural layer during the control of hidden works. It is required to recommend the size
of the core and the optimal area that provides a sufficient amount of material to obtain
reliable results;

Fourth - physical, mechanical and geometric test data of the structural layer during
acceptance work on the basis of an improved certification system with the issuance of a
certificate of conformity for an object or coating to prevent premature destruction of road
pavements;

Fifth - physical, mechanical and geometric data of the structural layer of non-rigid road
pavements after the warranty period to assess the degree of destruction of the existing
pavement and the prospects for its safe operation.

After the warranty period (3-6 years) of the operated road, the procedure for confirming
the certificate of conformity takes place, which includes an evenness indicator, track depth
and additional coefficients taking into account the increase in traffic intensity. The
estimated time interval is determined by approximation, taking into account regulatory
requirements, depending on the achievement of permissible normalized values. The interval
between the normalized value of the first and the last parameter is fixed, which makes it
possible to assess the dynamics of changes in the properties and parameters of the coating
material. The limit time value for each specific indicator is fixed along the trend line. The
use of a logarithmic trend line ensures the accuracy of the approximation close to unity. By
the totality of these values associated with violation of regulatory requirements, the inter-
maintenance period is determined. As a result, the calculation base of the inter-maintenance
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period methodology is formed (Fig. 1), in which the “core” is the traditional control -
incoming, operational, acceptance control using the certification system 3a; the time of the
warranty period is taken into account, in accordance with which the parameters of the
indicators are determined according to the regulatory framework and the significance of the
object is taken into account. Since the sampling of the mixture is a random sample control;

the first and second control points confirm the homogeneity and quality of the mixture
material;

third, fourth and fifth points - coring should be performed at precisely set points, which
will eliminate the influence of the heterogeneity factor on the forecast of inter-maintenance
period.

Incoming Performing mixture design Performing mixture design
control

v
‘ Result

«-» L+»

———-<| Mixture control at the ACP

.

- Mixture control on the line

Control points | — “”*i Control of hidden works

v

***** Commissioning and certification of the
objectl

v
Confirmation of the certificate
of conformity after the
warranty period

Assignable reference point Forecasting the time interval
Izl ____ for inter-maintenance

operations

FIGURE 1. Certification scheme of the proposed methodology for calculating the overhaul
life of a structural layer or the entire road surface
5 Conclusions

The effectiveness of technical control can be increased by building a new quality
control system, which will be based on a system of conformity assessment according to
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standard physical and mechanical indicators to predict the performance and ensure the
durability of coatings under the influence of loads from vehicles for a structural pavement
or the entire structure of a highway. The current acceptance control on the basis of the
sampling method does not have the required effect on the construction, but with its help, the
level of quality of the finished product is determined. The batch contains products
manufactured under uniform conditions, therefore, road construction products should be
considered as a single linear element.
The proposed calculation method makes it possible to:

1. timely and efficiently select a method for strengthening or repairing pavements based
on the results of the application of a complex of technical control within the
framework of certification of an object;

2. predict the period between repairs of road pavements without the occurrence of
damage;

3. determine the service life of pavements with asphalt concrete coating of different
thickness, composition and type of asphalt concrete;

4. evaluate the homogeneity of the layers and determine the need for strengthening the
coatings without waiting for the appearance of cracks;

5. accumulate a database for further statistical processing to determine the influence of
seasonal conditions of asphalt concrete laying on the period between repairs for each
climatic zone for road building.

The main provisions of the proposed method:

1. Taking into account the heterogeneity of the properties of both materials and
technology in the process of preparing and laying asphalt concrete mixtures, the
quality of the pavement is a priority task of a statistical nature.

2. The obtained data of physical, mechanical and geometric parameters with the joint use
of the certificate of conformity and technical control will show that the materials and
methods of construction of the highway meet or do not meet the established criteria
and regulatory requirements.

3. A solution to the problem of predicting the dynamics of changes in the coating
structure material using a quantitative assessment using regression analysis in the
form of a logarithmic trend line is proposed, ensuring the accuracy of the
approximation within acceptable limits at R2>0.85 (Fig. 2).

4. The results of the method are described by a mathematical model in the form
y(x)=a‘In(x)+b. In this case, the forecast of the period between repairs will be based
on the obtained results of the initial materials and technological parameters of the
already existing technical control, but with the addition of a certification system of the
structure or the entire coating layer during acceptance control.

10
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FIGURE 2. Forecasting by logarithmic dependence using the example of water saturation
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