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EXPERIENCE OF CONSTRUCTING THE ROADS
WITH CEMENT CONCRETE COATINGS

Annotation

Introduction. Modern road constructions are based on two types of pavement: asphalt concrete
and cement concrete. Theory and practice show that in any climatic conditions, any intensity and any
composition of movement, cement concrete coatings are durable. At the same time, in developed countries,
with an established developed network of roads and an efficient maintenance service, they maintain an
approximate parity in the ratio between asphalt and cement concrete pavements in the total volume of
roads under construction.

Topic. The technology of building roads using cement concrete coatings has been used in the
world for several decades. It has found application in countries with a wide variety of climatic conditions.
The average operation life of such roads is at least 20 years, with minimal repair and maintenance costs.
A comparative analysis of the costs of materials during the construction of cement concrete and asphalt
concrete pavements and taking into account the numerous overhauls of asphalt concrete pavement during
its operation life shows that the cost for the concrete option is several times less than for the asphalt
concrete option: 2 times for the overhaul period for asphalt concrete pavement 5 years and 3 times, with
a three-year overhaul period. The high durability of cement concrete coatings is due to the peculiarity of
cement concrete as a material. Strength and deformation properties of cement concrete, unlike asphalt
concrete, practically do not depend on temperature and air humidity. Over time, over the operation life,
the strength of cement concrete increases (on average, by 10 % — 20 %), despite the intense movement of
vehicles and the aggressive effects of climatic factors. Accordingly, on cement concrete pavements, the
formation of a rut because ofsurface deformations or wear is almost impossible, while rut is one of the
most common defects in modern roads with asphalt pavement.

Materials and methods. In accordance with the approved strategic plans for the development of
the road industry of the Republic of Kazakhstan, as well as taking into account international experience,
over the past 15 years, 1,452 km of roads with cement concrete pavements have been built in the Republic.

Results. The result is the development of the construction of concrete roads, which, along with
their positive properties, require new technological solutions to ensure the stability of coatings to the action
of transport and weather and climate factors. As well as world experience in the construction of roads with
cement concrete coatings, promises a great future of this direction development. Definitely the advantages
of cement concrete coating are stable transport and operational performance and high durability.

Key words: automobile road, cement concrete coating, durability, operation life, traffic intensity,
strength.

36ipHuKx nHaykosux npausb «JJOPOT'YI I MOCTU» www.dorogimosti.org.ua
138 ISSN 2524-0994. Dorogi i mosti, 2020. Issue 21



BYAIBHULITBO TA HUBIVIbHA IHXKEHEPIA

Introduction

Modern designs of roads and their construction technology based on two alternative competing
types of pavement, asphalt concrete and cement concrete. In this case, theory and practice clearly indicate
that in any climate, at any rate and any part of the movement concrete slabs are the most durable. Thus,
when the actual lifecycle in the US concrete covers, on average, 26 years, asphalt — 16 years, in Germany,
respectively — 26 years and 18 years, [1] it means that abroad they apply the realistic achievable goal to
provide term concrete covers lifecycle to 50 years and more. These types of coatings are also characterized
by the kinetics of destruction: the intensity of the destruction of asphalt concrete coatings increases
significantly after 5 years of operation, cement — after 20 years.

In developed countries, with the developed network of roads and their effective service content
today in practice approximate parity ratio between asphalt and cement-concrete surfaces in overall road
construction is applied [2].

Construction experience

Cement for the construction of pavements is used in Austria, Germany and Belgium. In these
countries, due to the active operation of the European Association of concrete roads, expressways develops
construction of highways with concrete covers is developed and reaches 40 % (Figure 1).
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Figure 1 — Ratio cement concrete pavement of roads

Road construction technology with the use of concrete slabs has been used for several decades in
the world. It has been applied in countries with different climatic conditions.

The first coating of Portland cement concrete were built in the UK (Edinburgh) in 1866, in USA
first road with concrete coating was built in Bellefontaine 25 years later (1891). The massive construction
of roads began exactly in this country. By 1912, there were 400 km of roads with concrete pavement in
the US; by 1913 this figure had doubled. In 1914, there were already about 3 thousand km, and in 1951 —
140 thousand km.

In Europe, the construction of roads with hard coating began in the second half of the
XIX century mainly in suchcountries as Scotland, France and Germany.

The average operation life of concrete coatings is at least 20 years, with minimal repair and
maintenance costs. A comparison of the costs of materials in the construction of cement concrete
and asphalt concrete pavements and taking into account the numerous overhauls of asphalt concrete
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pavement during its service life shows that for the concrete concrete option the cost is several times less
than for the asphalt concrete option: 2 times (with the overhaul period for asphalt concrete pavement 5
years) and 3 times (with a three-year overhaul period) [3].

The high durability of cement concrete coatings is due, first of all, to the peculiarity of cement
concrete as a material. Strength and deformation properties of cement concrete, unlike asphalt concrete,
practically do not depend on temperature and air humidity. Over time, over the service life, the strength
of cement concrete increases (on average, by 10 % — 20 %), despite the intense movement of vehicles and
the aggressive effects of climatic factors. Accordingly, on cement concrete pavements, the formation of a
rut from plastic deformation or wear is practically excluded, while rut is one of the most common defects
in modern roads with asphalt pavement.

Due to the distribution of the load from vehicles on the cement concrete slab, residual deformations
and shear (shear) stresses in the underlying subgrade are significantly lower than in pavement structures
with asphalt concrete pavement, which increases the durability of the entire pavement structure.

The texture of the surface of the cement concrete pavement and the artificial roughness created
on the surface of the cement concrete pavement during the construction process provide a higher and
more stable in time coefficient of adhesion to the car wheel and, accordingly, lower (approximately,
5 % — 10 %) fuel consumption [4] .

Speaking of cement-concrete coatings, their less maintainability is usually noted as a
disadvantage. Indeed, when defects are detected, it is difficult to process the corresponding section of the
cement concrete coating in comparison with the asphalt concrete [5].

However, modern technologies allow solving this problem [6].

The construction of concrete roads in the Soviet Union began in the early fifties of the last century
using a domestic set of concrete-laying machines D-181, D-182 and D-195 on a rail track.

Since 1970, the USSR began the extensive construction of cement concrete pavements using
equipment with sliding formwork. At that time, concrete-laying sets of high-performance Avtograde
machines were purchased in the USA, which served as the basis for the production of domestic sets of
machines under the brand DS-100 and DS 110 of the Bryansk Plant. It was during this period that roads
with cement concrete coatings were built: Moscow — Volgograd, Omsk — Novosibirsk, Yekaterinburg —
Chelyabinsk and others. The length of roads with cement concrete pavement then amounted to more than
10 thousand km.

The length of public roads with cement concrete pavement in the CIS countries is shown in
Figure 2.

2200 - 2046

1800

1400

ﬁlnon

g

= 400

200 30 10

200 1 ; § o ; s 8 g
2 8 %3 2 £ § & g
] @ q K] N E ) 8
& @m @A < o V]

Figure 2 — Public roads with cement concrete pavement in the CIS countries
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Russia has accumulated a significant amount of theoretical and practical knowledge in the
field of durable cement concrete coatings. Federal norms and rules have been developed for the design
and construction of cement concrete coatings and foundations for various concreting technologies: in
railforms, in sliding forms, by rolling by vibratory rollers and others. The actual service life of cement
concrete coatings often exceeds the standard (2025 years), reaching 30-40 or more years [7].

In the Russian Federation, the share of cement concrete roads is 3 %. As a rule, cement-concrete
pavements were slabs 18-24 centimeters thick [8].

International experience in the construction of roads with cement concrete pavement has shown
that its use in road construction provides significant savings. If the concrete road is well built, the first
10—12 years practically does not require any repairs, only routine maintenance.

The current ratio of the cost of building roads with cement concrete and asphalt concrete coatings
is not stable, but is gradually changing in favor of cement concrete with increasing prices for oil products
and lowering inflation. The cost of structures with cement concrete coatings is currently comparable to
the cost of structures with asphalt concrete coatings. So, for example, the cost of 1 m? of coverage of
a highway of the first technical category (MKAD-Kashira highway) with cement concrete coating is
1 352.13 rubles, and with asphalt concrete coating — 1 378.70 rubles. At the same time, the service life of
cement concrete coatings is several times higher [9].

Considering the experience of Ukraine, it can be noted that a simplified design of pavement was
adopted there: a draining and leveling sand layer 15 cm thick, a 12 cm thick crushed-sand mixture layer,
16 cm monolithic cement concrete. Ukrainian road workers calculated that the cost of repairing asphalt
concrete is — 45.53 euros / m?, and cement concrete — 39.47 euros / m?. This allowed to reduce the cost
of pavement and make it more economical in comparison with the design, which included asphalt concrete
pavement.

At the same time, Ukraine uses two main methods of building concrete coatings: construction
using special machines and equipment and construction using small-scale mechanization.

The latter is used in complex areas with rough terrain, if necessary, broadening of the existing
coverage, etc. This technology was practiced in the construction of the Kiev — Chop road, and the
reconstruction of the Kharkov — Simferopol road [10].

The Republic of Kazakhstan, the construction of roads with cement concrete coatings began
in 2006. The first road with cement concrete pavement was “Astana — Schuchinsk with parameters of
technical category 1-A with 6-lane traffic at an estimated speed of 150 km per hour, a roadway width
of 22.5 m, a length of 215 km, of which 96 km was a device for cement concrete coating according to
German technology is provided [11].

The accumulated experience in the construction of the first autobahn laid the foundation for the
implementation of the Western Europe — Western China international transit highway project (Figure 3),
the length of which on the territory of Kazakhstan is 2,757 km, of which 994 km are cement-concrete
coated [12].

In general, in Kazakhstan today, the network of republican roads is 24.4 thousand km, of which
94% are non-rigid type of coating and only 6% with cement concrete (Figure 4).

The first sections of cement-paved roads began to be commissioned for the first time since 2011,
taking into account the 3—5-year warranty period. Over the past 8 years, the length of cement-paved roads
has increased from 97 to 1 437 km, i.e. more than 15 times and continues to expand (Figure 5).

36ipHux Haykosux npaub «JJOPOT'YI I MOCTU» www.dorogimosti.org.ua
ISSN 2524-0994. Dorogi i mosti, 2020. Issue 21 141




BYAIBHULTBO TA HUBIJIbHA IHXKEHEPIA

P Osa s
Y e — NpotuasmancTe sopuacps w0 FE - 2 TIT we
S e prnsc gy - § 450w

i

" U0 = T i remameropes - 1 200 s (. 9P Sacnernonanl
e o - - 108 e "~
o -~ -
o ,..}" ) =

Figure 3 — Project « Western Europe — Western Chinay
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Figure 5 — Dynamics of the development of the republican road network by type of coverage
from 2008 to 2017

Further development of the construction of roads with cement concrete coatings was received in
the framework of the Center-South and Center-East projects.
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The list of public roads with cement concrete coatings is given in table 1.

Table 1
List of highways with cement concrete coating of Kazakhstan
including:
Ne Name of the road Length, Cement concrete
a/d km .
coating
Akmola region
M-36 | border of the Russian Federation (Ekaterinburg)-Almaty 469,0 71,0
A-1 | Astana-Petropavlovsk 3240 97,0
P-4 | Astana Yereimentau-Shiderty 189,0 99,0
Total area: | 2 285,5 267,0
Alma-Ata’s region
Almaty-Khorgos-Shelek 304,0 304,0
A-3 | Almaty-Ust-Kamenogorsk 586,0 105,0
Total area: | 2 821,9 409,0
Jambyl Region
A-2 | Almaty-Tashkent-Termez 674,5
162-260 km, Bypass pass Kordai 80,0 69,5
483-536 km, the new Bypass Taraz 65,1 7,7
383-404 km, Bypass s.Kulan 20,0 20,0
261,5- km 389.4; 404-483; 536-593 267,1 253,1
Total area: 1237,2 350,3
West-Kazakhstan region
A-31 | Chapaevo-Zhalpaktal-Kaztalovka-oz. RF 213,0 18,0
P-44 | Kaztalovka-Janibek-gr.RF 165,0 3,0
Total area: 1393.,0 21,0
Karaganda region
M-36 | border of the Russian Federation (Ekaterinburg)-Almaty 637,6 65,6
Total area: | 2 784.6 65,6
Turkestan
M-32 | border of the Russian Federation (Samara) -Shymkent 201,0 141,9
M-39 | Tashkent-Termez 24,1 24,1
A-2 | Almaty-Korday-Merke-Tashkent-Termez 182,0 137,0
P-32 | Northern bypass the city of Shymkent 36,5 36,5
Total area: 866,2 3395
Total in the country: | 24 3829 14524

Conclusion

1. Increasing traffic loads on road surfaces and increasing traffic intensity contribute to
the expansion of concrete road construction, which, along with their positive properties, require new
technological solutions to ensure the stability of coatings to the effects of traffic and weather and climate
factors.

2. The experience in the construction of roads with cement concrete coatings indicates the
prospects for the development of this direction. Where the undoubted advantage of cement concrete are
stable transport and operational performance and high durability.
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Kaszaxcman

JOCBIA BYAIBHULTBA JOPIT' 3 HEMEHTHOBETOHHUM IHOKPUTTAM

Anomauisn

Beryn. B ocHOBI cydacHHMX JOpPOXKHIX KOHCTPYKIIH JieXaTh JBa BHUAW MOKPUTTS:
acanpTOOeTOHHE Ta IIeMEeHTOOeToHHe. Teopis Ta MpaKTHKa CBiM4aTh, M0 32 OyAb-IKHX KIIMaTHIHHUX
YMOB, Oyab-sIKOI 1HTEHCHBHOCTI Ta OyAb-SIKOrO CKJIagy TPaHCIIOPTHOTO pyXy, LEMEHTHO-OCTOHHI
MOKPUTTS € OLIBII JOBTOBIYHUMH. Y TOM K€ Yac, y pO3BHHEHUX KpaiHaX, 110 MAlOTh PO3BUHEHY MEPEKY
Jopir Ta e(eKTUBHY NPAKTHKY TEXHIYHOTO OOCIYrOBYBaHHS, MiITPUMYIOTh NPHOIN3HY PIBHICTH Y
CHIBBITHOIIEHHI MK ac(albTOOETOHHUM 1 IIeMEHTOOETOHHUM MOKPUTTSMHE B 3arajJbHOMY 00Cs31 JIOpir,
10 OyyIOThCS.

Tema. TexHousiorito OyJIBHHUIITBA JOPIr 13 BUKOPUCTAHHSIM IIEMEHTHOOCTOHHUX ITOKPUTTIB
3aCTOCOBYIOTh y CBiTI BXKE KiJlbKa JIeCATHIITh. BoHa 3Halinmura 3acTocyBaHHS B KpaiHax i3
HaWpi3HOMaHITHIIITIMH KITIMAaTHIHUMH yMoBaMu. CepenHiid TEpMiH eKCITTyaTallii TaKUX TOPIir CTAaHOBUTH
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He MeHme HiX 20 pokiB 3a MiHIMAJIbHUX BHUTpaT Ha PEMOHT Ta yTpuMaHHA. [lopiBHsUIIbHMI aHami3
BHUTpAaT Ha Marepiayid Mij 4ac OyJIBHUIITBA IEMEHTHOOCTOHHUX Ta ac(alibTOOCTOHHUX TOKPHUTTIB, a
TaKOXK 13 ypaxyBaHHSM YHCICHHUX KaIlTAIBHUX PEMOHTIB ac(haabTOOCTOHHOTO TOKPHUTTS IMPOTATOM
TEpPMiHy HWOTO eKCIUTyaTallil ImoKa3ye, 10 BUTPATH Ha OyNiBHUIITBO OCTOHHUX IMOKPHUTTIB — Y KiJIbKa
pas3iB MeHIIe, HiX Ha ac(hanbTOOCTOHHI MOKPUTTS: 2 pa3d — Ha Nepiof KamiTaJbHOTO PEMOHTY IS
ac(anbTo0eTOHHOTO TOKPUTTS KOKHI 5 pOKIB 1 3 pasu, 3a TPUPIYHOTO NEepioAy KaIliTalIbHOTO PEMOHTY.
Bucoka MIIHICTE IIeMEHTHOOSTOHHHX TOKPHUTTIB OOYMOBJICHA OCOOJHUBOCTAMHU IIEMEHTOOETOHY SIK
Marepiany. XapakTepUCTUKH MIIHOCTI Ta JedopMarliiiHi BIacTUBOCTI IIEeMEHTOOETOHY, Ha BiMIiHY BiX
acgansTo0eTOHY, MPAKTUYHO HE 3aJieKaTh BiJ] TEMIEpaTypd Ta BOJIOTOCTI MOBITpsA. 3 IJIMHOM 4acy,
MPOTSTOM TEPIoy eKCIUTyaTallii, MIIHICTh I[eMeHTOOeTOHY 3pocrae (B cepennbomy Ha 10-20 %),
HEe3BaKal04W Ha IHTEHCHBHUH PyX TPAHCIIOPTHHUX 3aCO0iB 1 arpeCUBHUI BIUIMB KJIIMaTHYHUX (aKTOPIB.
BinmoBinHO, Ha 1EMEHTOOETOHHHWX TIOKPUTTAX, KONIEyTBOPEHHs dYepe3 nedopmariii moBepxHi abo
3HOC — MPaKTUYHO HEMOXJIMBI, B TOH Yac sIK KOMi€yTBOPEHHS € OAHUM 13 HalO1LIb1I MOINPEHUX Ae(PEKTiB
Ha cyyacHUX ac(aibToOETOHHUX A0POTax.

Marepianu Ta MeTonu. BiamoBigHo 10 3aTBEPHKEHUX CTPATETIYHHX IJIaHIB PO3BUTKY JTOPOKHBOT
ramy3i PecyOnikn Kazaxcran, a Takox 3 ypaxyBaHHSIM MDXHApPOTHOTO JTOCBifY, 32 OCTaHHI 15 pokiB y
Pecny0mini noOGynoBano 1 452 KM JOPIr 3 1EMEHTOOETOHHUM ITOKPUTTSIM.

Pesynpratu. Pesynbratom € po3BHTOK OyOiBHHLTBA HEMEHTOOCTOHHHMX JIOPIT, SKi pa3oM 3
MO3UTUBHUMHU SIKOCTSIMM BHMAaratoTh HOBHX TEXHOJOTIUHHMX pIlIeHb Ui 3a0e3NedYeHHs] CTIMKOCTI
ITOKPHUTTIB JI0 BIUTMBY TPAHCIIOPTHUX 1 TIOTOAHO-KIIMAaTHIHUX (akTopiB. CBITOBHIA JOCBi OyIiBHHIITBA
JIOPIT i3 IIEMEHTHOOSTOHHHMH TIOKPUTTSAMHU OOIIlsi€ BENWKEe MalOyTHE PO3BUTKY IAHHOTO HAIPSMKY.
BesymoBHO, mepeBaramu IIEMEHTOOCTOHHHMX MOKPHUTTIB € CTaOUIbHI TPAaHCIOPTHI Ta eKCIUTyaTalliiHi
XapaKTEPUCTUKHU Ta BUCOKA JIOBIOBIYHICTb.

Kniouosi cnoea: aBTOMOOITEHA OPOTA, IEMEHTHOOCTOHHE IMOKPHUTTS, ITOBIOBIUHICTH, TEPMIiH
eKCIUTyaTallii, IHTEeHCUBHICTb PYXY, MIIIHICTb.
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