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 ABSTRACT. This research work presents an analysis of the operational condition of city 

roads along the entire length of the large public road in Tashkent. As a result of full-scale 
experiments, the current technical condition of the road surface was studied and its indicators 
such as fluidity, adhesion coefficient, water absorption, and minimum standard pavement 
indicators taking into account the climatic factors of the city were experimentally studied. To 
maintain these indicators, the criteria propose to use modern technical methods available in 
international experience.  

Keywords: city streets-roads, road network, operational condition, coefficient of adhesion, 
smoothness, water absorption, permissible norm, climatic factors, type of coating, 

INTRODUCTION. The sharp increase in the number of vehicles in recent years requires 
solving most issues related to transport in the cities of our republic in the short term. These issues 
require, first of all, improving the technical condition of the road surface of urban roads and 
maintaining its performance characteristics at the level of criteria requirements. 

Despite the fact that a lot of scientific work and research is being conducted on methods 
for determining the service life of city streets and roads, today one of the pressing problems in the 
field of urban planning and road management is the obsolescence and non-compliance with 
modern requirements of methods for determining the service life of city streets and roads. 
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Modern city roads are complex transport structures. Rational and planned use of them by 
city transport for the transportation of passengers and goods is carried out during the operation of 
city roads. It should be noted that the technical condition of city roads gradually deteriorates during 
their operation, reducing the productivity of urban transport. In this regard, the effective use of 
city roads is possible only if a set of works is carried out systematically and systematically to repair 
them and maintain them in the required condition. [4, 7].  
 These works must be carried out by the city road service, whose task is to ensure the good 
condition of city roads and the possibility of safe, convenient and comfortable movement on city 
roads. 
 Along with carrying out repair work, the city road service must take measures to protect 
city roads from premature wear and destruction, as well as gradually improve the technical 
condition of city roads and their structures in accordance with the requirements of modern urban 
traffic.  
 The main work carried out by the city road service during the operation of city roads and 
their structures includes: 
- supervision, preserve and protection of city road structures; 
- current and larger periodic repairs of the roadway, sidewalks, subgrade and other elements of the 
city road; 
- landscaping and lighting of city roads; 
- providing conditions for convenient, safe and comfortable movement of urban transport and 
pedestrians; 
- study and analysis of the operating conditions of a city road as an urban transport structure. 

II. MATERIALS AND METHODS. 
When operating urban roads, their roadways or surfaces wear out more quickly. The 

operational qualities of the roadway of urban roads are characterized by the actual strength of the 
road pavement, the condition of the surface (evenness and roughness) and its type. 
 To assess the performance properties of road pavement, the following performance 
coefficients are mainly used [7, 8]: 
strength coefficient – KS, service life coefficient – KSL, adhesion coefficient – KA, wear coefficient 
– KW and flow intensity coefficient – KFI. 
 The strength coefficient characterizes the degree of reduction in the strength properties of 
non-rigid road pavements during the operation of a city road and is calculated using the formula:  

KS=ЕAC/ ЕA 
 where EA is the actual strength of the road pavement, estimated by the modulus of long-
term elasticity; 
EAC – accounting strength of the road pavement in the design period, taking into account the value 
of the city road and the type of coating. 
 The service life coefficient, which allows us to give a general assessment of the condition 
of the roadway of a city road, is determined as follows: 

КSL=VA/VE 
where VA is the actual maximum speed of the design vehicles allowed under the conditions of the 
road surface; 
VE is the estimated speed of vehicles, established by the standards for a given type of urban road.
  
The adhesion coefficient makes it possible to assess the capacity and degree of traffic safety on a 
city road based on determining its values and is calculated using the following formula [10, 13]: 

Ксц=φA/φE 
where φA - actual coefficient of longitudinal adhesion; 
φE is the estimated value of the coefficient of adhesion of the surface of the coatings to the tires of 
the car wheels. 
 The wear coefficient characterizes the degree of wear of the coating and is determined by 
the formula: 



Кизн=hA/H0 
where hA is the amount of wear on the road surface at the time of measurement; 
H0 – part of the coating thickness designed for wear. 

In this research work, experimental studies were carried out on the example of the road 
surface of the Tashkent city big ring road (TBRR), the object of study of which is the existing 
methods for assessing the fluidity, water absorption and adhesion coefficient of the road 
surface: 

Smoothness - talk about the deviation of the roadway from the actual flat surface within 
0.5–50 m of wavelength in the border range (Fig. 1) [2].   

 
Figure 1. Geometric characteristics of the road surface: 

A-project surface, B-micro texture, C-macro texture, D-mega texture, E-smoothness, F-
longitudinal section. 

The frequencies established by the World Road Association for various pavement 
surface profiles are given in Table 1. This frequency range accurately represents speech 
fluency.  

Table 1 

Frequencies for different coating surface profiles 
Facing surface 
characteristics 

frequency range 

Wave length Wave number (cycles/m) 

Microtexture <0,5 mm  >2,000  

Macrotextura  0,5-50 mm  20-2,000  

Megatextura  50-500 mm  2-20  

Fluency 0,5-50 m  0,02-2  

When a car moves on uneven roads, its vibration direction is different, that is, vertical, 
longitudinal and lateral movement. When studying the ease of movement in vehicles, the car 
is used as a quarter model. In this case, only the vertical oscillation unig is taken into account. 
The quarter model involves vibration of the car body and axle. The vibration frequency of 
the car body is 1-4 HS, and the vibration frequency of the axle is 10-18 HS. The vehicle's 
response to road surface irregularities is modeled as a function of the effect in the frequency 
domain [2]. 

There are various methods for assessing the smoothness of a road surface. We can 
result in the following styles: 

- number and value of slots measured using a rod (in mm); 
- The cumulative compression of the spring of a car or special trailer moving at a speed 

of 50 km/h (cm/km); 
- speech fluency coefficient; 
- International Verbal Fluency Index IRI et al [3]. 
It is known from world experience that there are various methods and equipment for 

measuring the fluidity of coatings [4]. The classification of methods for determining the 
smoothness of a coating is presented in Figure 2. 

 



 
 

Figure 2. Classification of methods for determining the smoothness of a coating



Table 10.7 

Standards for assessing the smoothness of pavements depending on construction conditions and road level 

Road level and 
construction 
conditions 

Number of gaps when measured as a percentage By graphic recording with PKR−4 
or PKR−4M multi-base rack 

relative difference in the length of 
the determined part, % 

Speed indicator 
determined by PKRS−2 
equipment at 30 km/h With a ruler (gauge) rack with 2 bases type PKR−1 or 

PKR-5 
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I-III with 
machine and kit 
for general 
application 

− 80 − 5 10 − 53 − 11.7 10 − 65 − 5.5 10 130−180 290 

In my opinion, the 
car is the same as 
an automatic 
airplane 

90 − 5 − 6 74 − 11 − 6 85 − 5.5 − 6 50−70 100 

With the rest of 
the level tracks − 75 − 5 10 − 50 − 12.4 10 − 57 − 5.5 10 160−210 340 

  
Table 10.8 

The maximum number of algebraic differences in terms of the level of roads and the conditions of their construction 

The distance between points (level of the road 

Algebraic difference in changes in point heights, up to mm  

With a full range of public vehicles When automatically using the height adjustment 
kit 

5; 10; 20 m (I−III)  7.12 ва 24  5.8 ва 16  

5; 10 m (IV−V)  10 ва 16  −  



 
In this research work, modern equipment - a comprehensive road laboratory for road 

works - was used to assess the smoothness of the road surface. The device is capable of 
measuring the basic geometric parameters of roads (route plan, transverse and longitudinal 
sections), determining strength, smoothness, coefficient of adhesion of the road surface, 
intensity and composition of road traffic, the presence and condition of structural elements.  

This mobile laboratory, GAZelle NEXT Lab, installed on a car base, is shown in Figure 
3.   

 
Figure 3. Integrated road laboratory "route" 

One of the main components of this laboratory is a pkrs2u dynamometer trailer and a laser 
sensor for assessing the International Fluency Index, as well as accelerometers. The experimental 
results obtained using these instruments are shown in Figure 4 of the road surface fluency 
condition. 

 
Figure 4. Fluency indicators along the length of the Tashkent Big Ring  Road. 

 
Our experimental studies show that more than 32% of the total length of the large circle 

road in Tashkent meets regulatory requirements for evenness of the surface. Figure 5 shows 

the portion of the pavement that meets regulatory requirements for the total length of the 

roadway and the portion that does not meet regulatory requirements.  

0,00

2,00

4,00

6,00

8,00

10,00

12,00

0,
10

0
2,

30
0

4,
50

0
6,

70
0

8,
90

0
11

,1
00

13
,3

00
15

,5
00

17
,7

00
19

,9
00

22
,1

00
24

,3
00

26
,5

00
28

,7
00

30
,9

00
33

,1
00

35
,3

00
37

,5
00

39
,7

00
41

,9
00

44
,1

00
46

,3
00

48
,5

00
50

,7
00

52
,9

00
55

,1
00

57
,3

00
59

,5
00

61
,7

00
63

,9
00

66
,1

00

IR
I s

la
t m

/k
m

lenght of the road, km

korrekt direction normativ

  



 
Figure 5. Compliance of the smoothness of the TBRR road surface with 

regulatory requirements for the total length of the roadway. 
 

The only drawback of modern fluent meters is their inflated cost.   
One of the indicators of the quality of urban roads is the ability of their surface to adhere to 

a car. This indicates the force resisting the wheel's sliding relative to the road surface. In this case, 
grip is equal to the frictional force that occurs at the point of contact of the tire with the road. 

The change in the coefficient of adhesion of the road surface “φ” depending on the vehicle 
speed is found using the formula [12]: 

φ v= φ20-βφ(V – 20)                                      (1) 
where: φ20 – adhesion coefficient at a speed of 20 km/h; 
βφ-coefficient that takes into account the change in the quality of adhesion depending on the 

change in speed (determined by the type and condition of the coating).  
Currently, there are several methods to estimate the adhesion coefficient. These include: 

PKRS-2 and PPK-MADI, Cooper penduium Skid Tester setups, and sand spot methods. 
Sand spot method. With this method, a certain volume of sand is distributed onto the top 

of the road surface and a circular sand spot is created. Then the diameter is measured to be 3 
times this circle. Based on the measured sand diameter and sand volume, determine the average 
depth of small-scale coating using the following conditional expression [3, 11]: 

Hmed = 4V/πD2med = 1,275 V/D2med                                    (2) 
where: V is the volume of sand, cm3, 
Rough - medium diameter sand spot. 

 
The average depth of roughness calculated on road sections according to IKN 05-2011 

"Rules for the organization and assessment of the condition of highways" [2] The surface 
macro roughness of organic binder road surfaces is evaluated as follows [9, 10]: 

 Erect, stocky - average stem height no more than 0.7 mm; 
 Unsatisfactory, fine grain, average grain height from 0.7 mm to 1.5 mm; 
 Satisfactory, medium size, average flour height from 1.5 mm to 2 mm; 
 Fine. Large grains, average flour height more than 2 mm; 

Depending on the category of road surface and technical characteristics [1]: 
- asphalt covering; 
- concrete covering; 

68%

32%

part of the road that complies with regulatory requirements, %

part of the road that does not meet the regulatory requirements, %



- asphalt concrete pavement; 
- with gravel covering; 
- ground covering. 
Based on the research results, it was found that the road surface of the Tashkent Big 

Ring Road (TBRR) along its entire length consists of asphalt concrete pavement. The 
minimum standard indicators of the type of coating and adhesion coefficient were analyzed, 
taking into account climatic factors (Fig. 6). 

 
Figure 6. Minimum standard indicators for the type of coating and coefficient of 

adhesion, taking into account climatic factors 
The lowest value of the adhesion coefficient is given in special table 2 depending on 

the condition of the road surface and driving speed. Table 2 is determined based on the values 
and the calculated values are compared with the table data and an assessment of the condition 
of the pavement is given. 

 

Table 2 

Table of relationships between driving speed, surface condition and friction 
coefficient 

Travel speed, 
km/h 

Coefficient of adhesion 

On asphalt  
(dry state)) 

On concrete 
(dry state) 

On asphalt  
(wet state) 

On concrete   
(wet state) 

40 0,85 0,7 0,75 0,7 
60 0,75 0,6 0,65 0,35 
80 0,7 0,5 0,55 0,1 
100 0,6 0,45 0,4 0,05 
120 0,55 0,35 0,3 0 

 
In this research work, the friction coefficient of the road surface in the direction of 

two-way traffic along the total length of TBRR was studied based on experimental studies. 
Based on the results of experimental studies, the indicators of the friction coefficient of the 
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road surface as of May 2023 are as follows(Fig.7-8):

 
Figure 7. Road adhesion coefficient in the right direction TBRR 

 
Figure 8. Coefficient of road adhesion with reverse TBRR 
 
Based on the results of full-scale experimental studies (Fig. 7-8), it is clear that the 

city of Tashkent meets regulatory requirements only for the coefficient of adhesion TBRR 
from 10% to 18%, depending on the direction. 

 
 

I. THE RESULTS AND DISCUSSION.  
 

The Tashkent Big Ring Road differs from the established standard values for road surface 
smoothness in the following maximum and minimum values:          
           ᵒ The road surface is more than 2 times higher than the regulatory requirements established 
in the range of kilometers 0.00-3.00 and kilometers 50.00-61.00; 
           ᵒ  The highest illiteracy rate is 60.10% in 10.32 km of Tashkent; 
          ᵒ The total length of TBRR is 66.5 km, of which 21.5 km meets regulatory requirements; 
          ᵒ Part of TBRR that fully complies with the regulatory requirements for the coefficient of 
adhesion in the correct direction along the overall length, 14.6 – 16.27 -19.03 eliminate the 
kilometer readings; 
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          ᵒ TBRR part that fully complies with the regulatory requirements for the coefficient of 
friction in the reverse direction along the overall length of 52.50-53-50 area in km; 
 

IV. CONCLUSION. In this research work, the technical condition of the road surface of 
the Khalka road in the city of Tashkent was studied on the basis of clear evidence, and the priority 
directions for solving problems in the transport system and the problems arising in the road surface 
of the city streets were studied in detail and we can draw general conclusions: 

The main part of the street-road network of the Republic of Uzbekistan is made up of asphalt 
concrete roads, and almost 30% of them are under repair as of January 1, 2023. 

98.5% of road surfaces in Tashkent are asphalt concrete, the remaining 1.5% are concrete, of 
which 38% of road surfaces are in need of repair as of January 1, 2023. 

The maximum and minimum value of air temperature is of great importance in the design 
of city streets, and it is considered as the main factor in the correct selection of the type of pavement 
and operational activities. 

The complex use of geotextile, geonet and geogrid innovative materials extends the service 
life of the road surface by 20% and reduces maintenance costs during the service period by 2%. 

Silkouting of the pavement reduces the costs required for traditional maintenance by almost 
17% and completely protects the pavement from external factors. 

In order to extend the service life of the road surface and maintain the integrity of the 
surface in the event of an unexpected technical accident, it is advisable to use it in a complex 
manner together with all the measures mentioned above. 
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