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Abstract. To increase the life of roads in our Republic, several reforms are 
being carried out to operate roads with high strength and efficiently use 
available materials. Experience in constructing cement concrete roads shows 
that, over time, elevations of several millimeters can form between the slabs. 
The formation of disturbances hurts the longitudinal plane of the 
carriageway. It increases the driving resistance, makes the movement of 
vehicles uncomfortable, and causes the vehicles to oscillate. This increases 

the load on the roadway. Therefore, the study and development of 
recommendations for forming a shift between cement concrete paving slabs 
are relevant today. A study of negative changes (formation of steps) of the 
cement concrete pavement from dry-hot climatic conditions and over time 
in longitudinal, transverse compression, transverse expansion, floating, 
false, and working seams is presented. The results were obtained on 315-
320 km of highway A 380 "Guzor-Bukhara-Nukus-Beyneu" by measuring 
the heights and subsidence of the plates of transverse expansion joints with 

an electronic caliper and protractor. Using a mobile laboratory machine, 
"Ford Terrassa", the longitudinal smoothness of the coating of this object 
was determined, and the results were obtained. Then a correlation plot of the 
effect of variation between plates (steps) on the smoothness of the coating 
(IRI) was plotted. 

1 Introduction 

More than two thousand years ago, the first roads with concrete pavement based on mineral 

binders were built in the Roman Empire and have partially survived to this day [1]. The first 

pavements made of concrete on Portland cement were built in England (Edinburgh) in 1866. 

25 years later, in 1891, the first paved road was built in the United States [2]. Mass 

construction of such roads has begun in this country. By 1912 there were 400 km of paved 

roads in the USA; By 1913, this number had doubled. In 1914 there were 3 thousand km, and 

in 1951 - 140 thousand km [3]. The first concrete sections in Russia were built in 1913 on 
the streets of St. Petersburg. In the pre-war period (until 1941), concrete pavements in Russia 

were built experimentally - on a small scale and with the help of foreign concrete pavers. 

Large-scale construction of concrete roads began in the 50s of the 20th century [4]. 
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The construction of cement concrete roads in our republic began in 1962. In the 70s and 

80s of the last century, some sections of M-39 "Almaota-Bishkek-Tashkent-Termez" and 

4R1 "Tashkent ring road" were built with cement concrete pavements with the help of DS-

110 concrete laying machine [5]. Today, cement concrete roads account for 60% of all roads 

in the US and 38% in Germany. It is 46% in Austria, 3% in Russia, only 2.5% in Uzbekistan, 

and to date, the construction of cement-concrete roads is gradually being completed [6]. 

To date, the length of railways in our Republic is 8,000 km, and the total length of roads 

is 209,496 km, of which: 

- public highways – 42.869 km; 

- internal roads – 141.882 km; 

- departmental roads – 24.745 km. 
Public roads are under the jurisdiction of a specially authorized body - the Committee of 

Highways, internal economic roads, under the authority of local government bodies, and 

departmental roads are under the authority of legal entities and individuals [7]. The network 

of public roads in our republic, in turn, is divided into 3.981 km of international importance, 

14.105 km of national importance, and 24.609 km of local roads [8]. 

Therefore, today, the construction of a four-lane monolithic cement-concrete pavement 

on the A-380 Guzor-Bukhara-Nukus-Beyneu highway, which is part of the Uzbek National 

Highway, is underway at an accelerated pace, at the expense of investments programs [9]. 

2 Methods  

The article uses a systematic approach, experiment-research, and methods of processing the 
study results. 

In cement concrete pavements, transverse and longitudinal seams should be designed. 

The transverse seams include expansion (compensation), compression, waist, and working 

seams. If the width of the coating is more than 23 times its thickness, transverse seams are 

applied. These seams are built to reduce stresses caused by daily and seasonal changes in air 

temperature. A design feature of cement-concrete coatings is the presence of expansion joints 

that ensure the deformation of the structure during operation under the influence of changes 

in ambient temperature [10]. 

Longitudinal and transverse seams, as a rule, should intersect at right angles, and 

transverse seams should be located in one line across the width of the pavement. Expansion 

joints are not arranged on class IV pavements. Longitudinal and transverse seams in cement 
concrete pavements divide the monolithic pavement into slabs [11]. 

Determined by calculating the distance between the compression joints (slab length). The 

length of the slab depends on the distance between the compression joints, the climatic 

conditions of the construction site, and the thickness of the slab. 

The length of the slabs without reinforcement is allowed to be determined according to 

Table 1, depending on the thickness of the coating. During the construction period, the length 

of the slab can only be changed by the design organization for technical and economic reasons 

[12]. 

Table 1. Recommended slab lengths without reinforcement. 

Climatic conditions 

Coating thickness 

18 20 22-24 

Plate length 

Continental 3.5-4 4-5 4.5-6.0 

 

The continental (dry-hot) climate is characterized by the air temperature being repeated for 

more than 50 days during the year, and the daily maximum and minimum temperature 
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difference is more than 12°C [13]. Depending on the car's speed, steps are measured at three 

points along the lane here (Fig. 1). Points 1 and 3 were measured at a distance of 0.5-1.0 m 

from the edge of the right and left lanes. At point 2, the measurement is made strictly in the 

middle of the tape [14]. 

According to the guidelines for the installation of solid pavement (instead of VSN 197-

91), during the life of the pavement, the steps on the slabs should not exceed 3 mm           (Fig 

1) [15]. 

 

Fig. 1. Measurement points for stairs along the roadway 

 

315-581 km of the highway A-380 "Guzor-Bukhara-Nukus-Beyneu", we measure 

changes between plates using an electronic caliper and protractor (Fig 2., Table 4) [16]. 

 

  

Fig. 2. Measuring and determining the difference between the plates using an electronic caliper and 
protractor. 

 

 

Fig. 3. 315-320 km of route A 380. Photos from measuring the smoothness of the cement concrete 
pavement in the section (11/15/2022). 
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After determining the evenness of the road surface, we evaluate it according to Table 2 [17]. 

Table 2. Following the administrative significance of the highway and the condition for ensuring 

comfortable traffic, requirements are imposed on the assessment of consumption based on the 
international indicator IRI 

№ 
Importance of 

the road 
Road 

category 
Types of 
coating 

Based on a different assessment of 
ride comfort, its value according to the 

international IRI index, (m / km) 

E
x
ce

ll
en

t 

V
er

y
 g

o
o
d
 

G
o
o
d
 

S
at

is
fa

ct
o
r

y
 

U
n
sa

ti
sf

ac

to
ry

 

1 International 
I 

(Ia and 
Ib) 

Hot asphalt 
concrete 

2.1 
up 
to 

2.1 - 
2.5 

2.5 - 
3.1 

3.1 - 
3.9 

3.9 
more 
than 

Cement 

concrete 

2 State 

II 

Hot asphalt 
concrete 

2.8 
up 
to 

2.8 - 
3.3 

3.3 - 
4.0 

4.0 - 
4.9 

4.9 
more 
than 

Cement 
concrete 

III 

Hot asphalt 
concrete 

3.2 
up 
to 

3.2 – 
3.8 

3.8 - 
4.7 

4.7 - 
5.8 

5.8 
more 
than 

Cold asphalt 
concrete 

3.5 
up 
to 

3.5 - 
4.2 

4.2 – 
5.1 

5.1 - 
6.2 

6.2 
more 
than 

3 Local 

IV 

Cold asphalt 
concrete 

4.4 
up 
to 

4.4 – 
4.9 

4.9 – 
5.6 

5.6 - 
6.5 

6.5 
more 
than 

Black pebble 

4.7 
up 
to 

4.7 – 
5.3 

5.3 - 
6.1 

6.1 - 
7.2 

7.2 
more 
than 

Stone 
materials 

treated with 
binders 

V 

Black pebble 

6.1 

up 
to 

6.1 – 
7.1 

7.1 - 
8.5 

8.5 - 
10.1 

10.1 

more 
than 

Stone 
materials 

treated with 
binders 

Rubble or 
stone 

materials 

6.5 
up 
to 

6.5 – 

7.6 

7.6 - 

8.9 

8.9 - 

10.6 

10.6 
more 
than 

 

3 Results and discussion 

As a result of experimental studies, a change in the width of transverse expansion joints was 

determined in section 315-320 km of the A 380 highway (Fig. 4-5, Table 3) [18]. 
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Fig. 4. Photographs of the change in the width of the grooves of the transverse expansion joints in 
section 315-320 km of the A 380 highway (2022). 

 

 

Fig. 5. Change in the width of the grooves of the transverse expansion joints in section 315-320 km of 
the A 380 highway (2022) 

Table 3. The results of the experiment on section 315-320 km of the A-380 highway "Guzor-
Bukhara-Nukus-Beyneu". 

1st carriageway 2nd carriageway  

№ 

K
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s 
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y
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 p
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p
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№ 

K
il

o
m

et
er

s 

co
v
er

ed
 b

y
 

re
se
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ch

 

R
ig

h
t 

si
d
e 

p
ar

t 

M
id

d
le

 p
ar

t 

L
ef

t 
si

d
e 

p
ar

t 

1 315.1 3.19 4.5 8.16 1 315.1 6.88 7.27 8.31 

2 315.2 3.28 4.75 7.33 2 315.2 6.75 7.19 8.24 

3 315.3 3.53 4.68 7.82 3 315.3 6.91 7.35 8.19 

4 315.4 3.61 4.85 8.22 4 315.4 7.42 8.47 8.38 

5 315.5 3.51 6.92 9.14 5 315.5 7.55 9.26 9.48 

6 315.6 3.93 5.68 8.37 6 315.6 8.03 8.71 8.27 

7 315.7 3.48 7.11 9.18 7 315.7 6.88 8.34 10.25 

8 315.8 3.54 8.26 9.30 8 315.8 6.78 7.33 9.17 

9 315.9 4.05 6.54 8.24 9 315.9 7.61 10.61 10.75 

10 316.0 3.69 6.13 8.15 10 316.0 7.66 10.23 10.22 

11 316.1 4.88 8.33 9.47 11 316.1 9.09 12.56 10.25 

12 316.2 5.08 8.44 9.55 12 316.2 8.45 9.53 10.17 

  

y = 0.4349x2 - 5.774x + 46.398
R² = 0.9281
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Continuation of table № 3 

1st carriageway 2nd carriageway  

№ 
K

il
o
m
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s 

co
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y
 

re
se

ar
ch
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№ 

K
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o
m
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s 

co
v
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ed
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y
 

re
se

ar
ch

 

R
ig

h
t 

si
d
e 

p
ar

t 

M
id

d
le

 p
ar

t 

L
ef

t 
si

d
e 

p
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t 

13 316.3 4.53 6.97 9.52 13 316.3 8.27 9.83 10.23 

14 316.4 4.57 5.83 9.11 14 316.4 8.24 8.26 8.28 

15 316.5 4.41 7.55 9.37 15 316.5 8.51 8.59 9.04 

16 316.6 4.28 5.21 8.89 16 316.6 8.31 8.44 8.93 

17 316.7 4.95 6.83 8.44 17 316.7 10.5 12.83 8.71 

18 316.8 4.91 6.71 9.31 18 316.8 8.25 8.28 8.66 

19 316.9 4.93 6.54 9.15 19 316.9 8.27 10.34 10.35 

20 317.0 4.56 6.85 9.38 20 317.0 8.31 10.45 10.32 

21 317.1 3.89 6.34 8.28 21 317.1 3.59 5.78 9.3 

22 317.2 3.06 5.66 7.56 22 317.2 3.71 6.88 8.82 

23 317.3 3.54 5.81 7.56 23 317.3 3.76 5.17 8.55 

24 317.4 3.12 4.57 7.33 24 317.4 4.06 5.07 8.66 

25 317.5 4.02 7.41 8.17 25 317.5 4.93 6.53 8.71 

26 317.6 3.14 6.67 8.41 26 317.6 3.76 4.34 8.86 

27 317.7 3.59 6.41 7.84 27 317.7 3.85 5.26 8.69 

28 317.8 3.22 6.13 8.25 28 317.8 3.89 6.75 8.82 

29 317.9 3.37 5.56 7.31 29 317.9 3.85 5.29 8.7 

30 318.0 3.48 6.28 8.03 30 318.0 3.96 6.24 8.69 

31 318.1 3.61 4.85 8.51 31 318.1 6.88 6.90 7.7 

32 318.2 3.53 6.90 9.53 32 318.2 6.95 7.61 8.35 

33 318.3 3.88 7.11 9.18 33 318.3 8.22 7.83 8 

34 318.4 3.46 8.26 9.51 34 318.4 6.65 8.67 9.94 

35 318.5 3.53 8.26 9.54 35 318.5 6.61 7.49 9.27 

36 318.6 4.02 6.54 9.45 36 318.6 7.01 10.24 10.45 

37 318.7 3.96 6.13 9.51 37 318.7 7.07 10.45 10.23 

38 318.8 3.99 8.33 9.47 38 318.8 9.35 12.56 10.2 

39 318.9 4.01 8.44 9.59 39 318.9 8.79 9.53 10.15 

40 319.0 3.57 6.97 9.53 40 319.0 8.27 9.83 10.18 

41 319.1 3.94 5.83 8.26 41 319.1 8.24 8.26 8.68 

42 319.2 3.71 7.55 8.37 42 319.2 8.61 8.59 9.03 

43 319.3 3.28 5.21 8.23 43 319.3 8.25 8.44 8.81 

44 319.4 4.02 6.83 8.12 44 319.4 10.5 12.83 8.71 

45 319.5 3.99 6.71 9.31 45 319.5 8.25 8.28 8.69 

46 319.6 3.86 6.75 8.16 46 319.6 8.31 7.32 8.88 

47 319.7 3.57 6.54 8.35 47 319.7 6.94 8.21 8.97 

48 319.8 3.15 6.51 8.09 48 319.8 5.74 5.89 8.85 

49 319.9 3.47 6.58 8.06 49 319.9 7.12 7.43 8.71 

50 320.0 3.64 8.28 8.37 50 320.0 7.01 7.29 8.29 

 

We determined the longitudinal smoothness of the cement concrete pavement using a 

mobile laboratory machine-mechanism "Ford Terassa", and obtained the following results 

(Table 4) [19]. 
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Table 4. IRI - Longitudinal rounds 

1st carriageway 2nd carriageway 

№ 
Start and end of the 

object, km 
Tape 

1 
Tape 

2 
№ 

Start and end of the 
object, km 

Tape 
1 

Tape 
2 

1 315.0-315.1 1.81 2.94 1 315.0-315.1 2.48 2.72 
2 315.1-315.2 2.03 2.54 2 315.1-315.2 2.41 2.59 
3 315.2-315.3 2.19 2.81 3 315.2-315.3 2.50 2.57 
4 315.3-315.4 2.28 2.96 4 315.3-315.4 2.75 2.79 
5 315.4-315.5 2.19 3.24 5 315.4-315.5 2.82 3.07 
6 315.5-315.6 2.54 3.01 6 315.5-315.6 2.99 2.64 
7 315.6-315.7 2.11 3.22 7 315.6-315.7 2.48 3.38 
8 315.7-315.8 2.19 3.25 8 315.7-315.8 2.43 2.89 
9 315.8-315.9 2.56 3.16 9 315.8-315.9 2.89 3.41 
10 315.9-316.0 2.37 3.22 10 315.9-316.0 2.91 3.36 
11 316.0-316.1 2.46 3.17 11 316.0-316.1 3.43 3.34 
12 316.1-316.2 2.48 3.27 12 316.1-316.2 3.03 3.27 
13 316.2-316.3 2.23 3.24 13 316.2-316.3 2.89 3.32 
14 316.3-316.4 2.38 2.88 14 316.3-316.4 2.78 2.86 
15 316.4-316.5 2.22 2.98 15 316.4-316.5 3.04 3.22 
16 316.5-316.6 2.03 2.85 16 316.5-316.6 2.99 3.08 
17 316.6-316.7 2.57 2.63 17 316.6-316.7 3.62 2.99 
18 316.7-316.8 2.53 3.19 18 316.7-316.8 2.86 2.91 
19 316.8-316.9 2.56 3.16 19 316.8-316.9 2.89 3.41 
20 316.9-317.0 2.37 3.22 20 316.9-317.0 2.91 3.36 
21 317.0-317.1 2.52 3.04 21 317.0-317.1 2.05 2.80 
22 317.1-317.2 1.72 2.67 22 317.1-317.2 2.24 2.72 
23 317.2-317.3 2.06 2.67 23 317.2-317.3 2.26 2.47 
24 317.3-317.4 1.98 2.57 24 317.3-317.4 2.53 2.54 
25 317.4-317.5 2.63 2.89 25 317.4-317.5 2.90 2.66 
26 317.5-317.6 1.88 3.19 26 317.5-317.6 2.26 2.77 
27 317.6-317.7 2.18 2.79 27 317.6-317.7 2.41 2.57 
28 317.7-317.8 1.81 2.94 28 317.7-317.8 2.48 2.72 
29 317.8-317.9 2.03 2.54 29 317.8-317.9 2.41 2.59 
30 317.9-318.0 2.19 2.81 30 317.9-318.0 2.50 2.57 
31 318.0-318.1 2.28 2.96 31 318.0-318.1 2.75 2.79 
32 318.1-318.2 2.19 3.24 32 318.1-318.2 2.82 3.07 
33 318.2-318.3 2.54 3.01 33 318.2-318.3 2.99 2.64 
34 318.3-318.4 2.11 3.22 34 318.3-318.4 2.48 3.38 
35 318.4-318.5 2.19 3.25 35 318.4-318.5 2.43 2.89 
36 318.5-318.6 2.56 3.16 36 318.5-318.6 2.89 3.41 
37 318.6-318.7 2.37 3.22 37 318.6-318.7 2.91 3.36 
38 318.7-318.8 2.46 3.17 38 318.7-318.8 3.43 3.34 
39 318.8-318.9 2.48 3.27 39 318.8-318.9 3.03 3.27 
40 318.9-319.0 2.23 3.24 40 318.9-319.0 2.89 3.32 
41 319.0-319.1 2.38 2.88 41 319.0-319.1 2.78 2.86 
42 319.1-319.2 2.22 2.98 42 319.1-319.2 3.04 3.22 
43 319.2-319.3 2.03 2.85 43 319.2-319.3 2.99 3.08 
44 319.3-319.4 2.57 2.63 44 319.3-319.4 3.62 2.99 
45 319.4-319.5 2.53 3.19 45 319.4-319.5 2.86 2.91 
46 319.5-319.6 2.34 2.78 46 319.5-319.6 2.70 3.06 
47 319.6-319.7 2.14 2.96 47 319.6-319.7 2.49 3.11 
48 319.7-319.8 1.85 2.58 48 319.7-319.8 2.13 3.04 
49 319.8-319.9 2.08 2.49 49 319.8-319.9 2.74 2.89 
50 319.9-320.0 2.29 2.98 50 319.9-320.0 2.56 2.73 
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Road: A 380_315_320 1st carriageway and 2nd carriageway. Road code: 1511022 

Beginning of the object, km: 315,000 End of the object, km: 320,000 Measurement date: 

11/15/2022. 

 

The results of mutual changes (stepping) of cement concrete paving slabs, depending on 

the smoothness of the coating, we can see in the following tables 6-9 and figures 6-9 [20]. 

 

  

Fig. 6. 315-320 km of the A 380 highway, 1st 

carriageway, 1st lane, changes (stairs) between 
plates, depending on the IRI. 

Fig. 7. 315-320 km of the A 380 highway, 1st 

carriageway, 2nd lane, changes (stairs) between 
plates, depending on the IRI. 

 

  

Fig. 8. 315-320 km of the A 380 highway, 2nd 

carriageway, 1st lane changes (stairs) between 
plates, depending on the IRI. 

Fig. 9. 315-320 km of the A 380 highway, the 

2nd carriageway, the changes (stairs) between 
the plates in the 2nd lane, depending on the 
IRI. 

4 Conclusions 

In short, expansion joints increase the concrete pavement's longitudinal strength in the 

summer heat. They should always be built at the approaches to bridges, overpasses, and at 
the level of intersections of concrete sidewalks. The width of the seams is 30 mm. The design 

documentation shows the seam laying scheme on the reconstructed 315-581 km of the A-380 

highway. This drawing shows the installation of a transverse expansion joint every 80 m. 

 

But we recommend installing transverse expansion joints every 300 m. Following paragraph 

2.18 of MKN 43-08, it is allowed not to construct expansion joints if the temperature during 

the installation of a coating with a thickness of 22-24 cm or more using a series of sliding 
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formwork machines is from +15 to + 25 °C and above. The following conditions must be 

met: 

base - from soils reinforced with inorganic binders, 

curb - must be made of solid materials or concrete. 

All transverse seams must be sealed with mastic in time during the road operation. If the 

road surface is designed without expansion joints, then every 15-30 m in front of bridges and 

overpasses, at least 3 expansion joints should be made, filled with solid compressible 

material, 6 cm wide. 
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