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Abstract. In the article, under field conditions (on the lane of a city road for public transport), 
using modeling and traffic flow analysis methods, the formation of ruts on an asphalt concrete 
pavement is studied. The maximum total rut depth on the road section under consideration reaches 
110 mm. 715 buses and 25 trucks pass along a separate lane of the road per day, the relative rutting 
impact of which is from 5.68 to 16.41 compared to the design vehicle. The design of the road 
pavement on the experimental section with a total thickness of 48 cm is too weak for the actual 
traffic flow, which was the main reason for the premature failure of the road due to unacceptable 
rut sizes on the asphalt concrete pavement. 
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1. Introduction  

Road pavement structures are designed so that during their entire service life defects and 
destruction do not exceed permissible values [1]-[3]. The main types of destruction of flexible 
road pavements are rutting [4], fatigue [5], [6] and low-temperature [7]-[10] cracking. As many 
years of experience have shown, in regions with a sharply continental climate, ruts and 
low-temperature cracks in asphalt concrete pavement can appear in the first years of road 
operation. At the same time, compared to low-temperature cracks, eliminating ruts on an asphalt 
concrete pavement is much more difficult and usually leads to premature destruction of the asphalt 
concrete pavement and even the entire pavement structure [11]. 

The problem of rutting turned out to be especially relevant for large cities in regions with hot 
climates, in which roads with flexible pavement structures (especially separate lanes for public 
transport) are exposed to loads with increased characteristics. 

In this work, based on an integrated approach, rutting on an asphalt concrete pavement of a 
highway in Almaty (Kazakhstan) is studied. 

2. Experimental section 

For a detailed study of characteristics of rutting on asphalt concrete pavement, a section of the 
city road located on Tole Bi Street before the intersection with Seifullin Avenue (direction: 
western) was selected. The general view of the section is presented in Fig. 1. 

By opening, the following pavement structure was installed on the experimental site: layer  
1 – fine-grained dense asphalt concrete, type B, 8 cm; layer 2 – fine-grained dense asphalt 
concrete, type B, 2 cm; layer 3 – coarse-grained porous asphalt concrete, 3 cm; layer  
4 – fine-grained dense asphalt concrete, type B, 4 cm; layer 5 – coarse-grained porous asphalt 
concrete, 5 cm; layer 6 – crushed stone treated with bitumen, 7 cm; layer 7 – a mixture of sand 
and gravel, 19 cm. The total thickness of the road pavement structure is 48 cm. 

The top layer of the soil base, 42 cm thick, is a mixture of sandy loam and gravel; the soil of 
the lower layer is sandy loam. 

https://crossmark.crossref.org/dialog/?doi=10.21595/vp.2024.24088&domain=pdf&date_stamp=2024-09-27
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Fig. 1. General view of the experimental section 

3. Geometric characteristics of rut 

To measure the rut depth on the experimental section, a lane allocated for public transport 
(separate lane) was selected, which has a deep rut.  

The rut depth was measured on lines located on the surface of the asphalt concrete pavement 
at different distances (0; 3.5; 7.5; 10; 15; 21 and 26 m) from the intersection (from the stop line). 
These lines are parallel and perpendicular to the direction of movement. On each of these lines, 
the rut depth was measured every 10 cm within the lane.  

Graphs of the distribution of rut depth on the surface of the asphalt concrete pavement, 
constructed from the measured data, are presented in Fig. 2. As can be seen from the figure, on 
the road section under consideration, the distribution of ruts along the width of the traffic lane is 
complex: 1) the geometric characteristics of rutting at different distances from the intersection are 
different; 2) at different distances, the greatest rut depth is fixed on different (inner or outer) 
runways; 3) the geometry of rutting within the runways, in sections between them and behind 
them at different distances is also different. All these facts show that the process of rutting is 
complex. Even on a small section of the road (the length of the section is 26 m), at its different 
points the rutting process rate is different. The maximum rut depths of 100 mm and 110 mm occur 
on the outer runway at a distance of 21 m from the intersection. Statistical calculations have 
established that 73 % and 95 % of the measured rut depths are less than 50 mm and 74 mm, 
respectively.  

 
Fig. 2. Graphs of rut depth distribution on the asphalt concrete pavement surface at different distances  
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4. Traffic intensity and composition 

In the considered section the intensity and composition of traffic flow was measured using the 
NEOLINE G-TECH X76 digital video recorder. The measurement results were analyzed by the 
Traffic Flow software. 

Information on the intensity and composition of traffic on the city road on which the 
experimental section is located is presented in Table 1. As can be seen from this table, on the 
section the total intensity in the western, eastern and both directions is 22,641, 19,586 and 42,227 
cars/day respectively. In the traffic flow, cars and trucks, public transport (buses and trolleybuses) 
and motorcycles account for 93.83 %, 0.15 %, 3.43 % and 2.59 %, respectively. 

Table 1. Traffic intensity and composition 

Type of transport Traffic intensity, units/day 
Western direction  Eastern direction  In both directions 

Cars 21 232 18 388 39 620 
Trucks 25 39 64 

Public transport 715 734 1 449 
Motorsycles 669 425 1 094 

Total  22 641 19 586 42 227 

The measurement results also showed that only buses and trolleybuses move in the separate 
lanes. The traffic intensity of buses and trolleybuses in the western and eastern directions is almost 
the same: 715 and 734 units/day, respectively. Daily distributions of the intensity of the public 
transport (buses and trolleybuses) on the separate lanes are presented in Fig. 3. 

 
Fig. 3. Intensity of public transport on the separated lines 

The total intensity of traffic flow and public transport is maximum and almost stable on 
average during the daytime. This road does not experience a significant increase in traffic volume 
during peak hours. On this road public transport is represented by buses of the brands Zhongtong 
LCK61254GAN, Golden Dragon XML6125CN, Golden Dragon XML6185J13C, Youtong 
ZK6118HGA, Youtong Z6108HGH (China), SamAuto LE60 (Uzbekistan) and an electric 
transport. 

5. Assessment of rutting effects of transport facilities  

An important indicator in the study of rutting in layers of road pavements is the rutting effect 
of individual transport facilities. To assess the rutting effect of them on the asphalt concrete 
pavement at the selected experimental section, the NCHRP model [12] was used: 
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𝜀௣ ൌ 𝜀௥ ∙ 𝑘ଵ ∙ 10ିଷ,ସସ଼଼ ∙ ൬95 ∙ 𝑇 ൅ 32൰ଵ,ହ଺଴଺ ∙ 𝑁଴,ସ଻ଽଶସସ, (1)

where 𝜀௣ – plastic strain, mm/mm; 𝜀௥ – elastic strain, mm/mm; 𝑇 – temperature, °C; 𝑁 – number 
of ESALs (equivalent single axle load); 𝑘ଵ – factor, depending on layer thickness and point 
position. 

To calculate the values of elastic strain 𝜀௥ in the asphalt concrete pavement under axial loads, 
the solution of A. K. Privarnikov [13] for a layered elastic medium was used, which was 
successfully applied in our early works [14], [15] in calculating the components of the 
displacement vector, strain and stress tensors at points of road pavement structures. 

The values of elasticity modulus of the layers materials of the road pavement and soils are 
assigned according to the regulatory document SP RK 3.03-104-2014* [16]. The values of 
Poisson’s ratio of the asphalt concrete and crushed stone treated with bitumen were calculated 
according to the Guide [12]. The value of Poisson’s ratio of the natural base soils are determined 
according to the SP RK 3.03-104-2014* [16]. 

As is known, the elastic moduli of asphalt concretes and a crushed stone treated with a bitumen 
depend on temperature. The estimated temperature values of the road pavement layers from these 
materials are established using measurement data from the temperature and moisture monitoring 
system on the section of the “Almaty-Bishkek” highway, located at the 57th kilometer, and the 
recommendations of the regulatory document R RK 218-96-2013 [17]. 

Graphs of the dependence of the rut depth on the number of passes of the calculated axles for 
three typical types of transport and the calculated vehicle, constructed based on the calculation 
results, are shown in Fig 4. This figure clearly shows that the rate of accumulation of plastic 
deformations strongly depends on the type of transport: 1) all considered transport types in terms 
of rutting effects are much significant compared to the design vehicle of group A1; 2) the most 
destructive is the Golden Dragon brand bus; 3) the relative destructive impact of “significant” 
modes of transport increases greatly with the increase in the number of their passages. 

By setting the permissible value equal to 20 mm, from the graphs in Fig. 4, one can determine 
the maximum number of passages for the considered modes of transport (Table 2). 

In the regulatory document on the design of road pavement structures in Kazakhstan [16], the 
impacts of all types of vehicles are reduced to the equivalent number of passages of a design 
vehicle of one of two groups (A1 and A2) with axial loads of 100 kN and 130 kN, respectively. 

 
Fig. 4. Graphs of the dependence of the rut depth on the number of passes of the design axes 

In this work, to perform a comparative assessment of the degree of rutting (destructive) impact 
of the considered modes of transport, a design automobile of group 𝐴ଵ was selected. Therefore, 
Fig. 4 and Table 2 contain the corresponding graph and numerical characteristics for the design 
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automobile of group 𝐴ଵ. 
From Table 2 it can be seen that the Golden Dragon bus has the greatest rutting effect  

(RRE = 16.41); trolleybus of the Youngman brand and truck of the Shahman brand have RRE, 
equal to 5.68 and 9.12, respectively. 

Table 2. Maximum number of passages and relative rutting effects of transport facilities 

Type of transport  Brand of transport facilities Allowable number of 
passes  

Relative rutting effect 
(RRE) 

Trolleybus Youngman JNP6120GDZ  23 100 5.68 
Bus Golden Dragon XML6185J13C  8 000 16. 41 

Truck  Shahman 14 400 9.12 
Design automobile of group А1 131 300 1.00 

6. Conclusions 

1) The maximum total rut depth on the road section under consideration reaches 110 mm. 
2) In the traffic flow in the considered (western) direction (22,641 units/day), cars and trucks, 

public transport (trolleybuses and buses) and motorcycles account for 93.78 %, 0.11 %, 3.16 % 
and 2.95 % respectively. In this direction, only buses and electric transport move along a separate 
lane with an intensity of 715 units/day. 

3) Relative (in comparison with the design automobile of group A1) rutting (destructive) effect 
(RRE) of a Golden Dragon bus, a Youngman trolleybus and a Shahman truck are equal to 16.41; 
5.68 and 9.12 respectively. Their maximum number of passages (up to a rut depth of 20 mm) is in 
the range from 8 000 to 23 100.  

4) The actual pavement structure on the experimental section with a total thickness of 48 cm, 
consisting of a two-layer asphalt concrete pavement (10 cm), old asphalt concrete of different 
compositions (12 cm), crushed stone treated with bitumen (7 cm) and a mixture of sand and gravel 
(19 cm), is excessively weak for actual traffic flow, which was the main reason for the premature 
destruction of the road due to unacceptable rut sizes on the asphalt concrete surface.  
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