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Abstract. It is shown that the existing network of interurban roads in the Russian Federation with non-rigid
road surfaces does not meet the increasing traffic intensity. At the same time, road organizations are moving
towards improving the technical level and operational condition of existing roads, as well as the durability of
road surfaces. It is established that to increase the durability of non-rigid road surfaces, the design speed of
the vehicle, comfort, and safety of movement, it is necessary to use a two-layer structure consisting of a lower
layer of solid asphalt-polymer-sulphur concrete mixture and an upper layer of hot coarse-grained asphalt
concrete mixture. Using the IRR (Industry Road Regulations) 218.046-01 «Design of Non-rigid Road
Surfaces», that is the method of calculating the resistance of monolithic layers to fatigue failure in tension
bending, a strength coefficient for the monolithic two-layer structure of the covering is determined, which
consists of a solid asphalt-polymer-serobeton mixture (15 cm) and hot coarse-grained asphalt concrete mixture
(2 cm). The parameters of the technological temperature regimes during laying and compacting a two-layer
asphalt concrete coating are provided. The economic efficiency of the two-layer coating structure is
demonstrated, with one layer being a solid asphalt-polymer-sulphur concrete mixture, ensuring the tensile
strength and resistance to fatigue failure of the two-layer asphalt concrete coating, while the coarse-grained
asphalt concrete provides the specified wheel-to-road surface adhesion coefficient.

Keywords: hot solid asphalt-polymer-serobeton, coarse-grained asphalt concrete, coating strength, long-
term stability of the coating, technology of construction of a two-layer non-rigid coating.

PROBLEM STATEMENT

The network of highways has become a crucial element of the state infrastructure in all economically developed
countries. In addition, international cooperation and trade between European countries have led to a significant
demand for a network of highways and road corridors between countries. The annual volume of goods being
transported by roads in the European Union from 2000 to 2020 had increased by 14,5 % with an annual growth
rate of 5 % [1]. In EU countries, on average, 77 % of all freight transport is carried out by road.

ANALYSIS OF RECENT RESEARCH AND PUBLICATIONS

The existing network of interurban public roads in the Russian Federation, with a length of 1,575,000 km and
a density of 64 km per 1 000 km? of territory, does not meet national needs and is unable to provide conditions for
the economic and social development of the Russian Federation in the coming years, considering the maintenance
of the corresponding transport and operational condition of roads [2]. Currently, in the Russian Federation, the
National Project «Safe and Qualitative Roads» is being implemented from 2019 to 2030 in 83 subjects and 104
urban agglomerations in order to bring 60 % of interurban roads and 85 % of the road-street network into compliance
with existing regulatory documents. The annual budget funding is 253 billion rubles.

Insufficient operational characteristics of highways lead to a reduction in the operating speeds of vehicles, an
increase in fuel and lubricants consumption, and an increase in the transport component in the cost of production.
There is a significant part of the road component in the fact that the cost of transportation is 1.5 times higher, and
fuel costs are 30 % higher than similar indicators in developed foreign countries. In particular, over the past decade,
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there had been a sharp trend towards reducing the inter-repair service life of non-rigid road surfaces of highways.
The actual service life of coatings has decreased to 9—12 years, and individual sections deteriorate within 3—5
years [3]. This is due to both the deterioration of the quality of road construction materials and the exhaustion of
the resource of their capabilities (the tensile strength of asphalt concrete at 50 °C, R, = 0,9...1,2 MPa), as well as
the increase in traffic intensity and the mass of vehicles (the intensity of load on the tire protrusions increased
from 0,40...0,60 MPa to 0,75...0,90 MPa, without considering the dynamic coefficient) [4].

The main reasons that led to this are the following:

— an increase in the volume of repair work for non-rigid road surfaces that were not carried out in previous years
due to insufficient funding;

— low quality of construction and repair work;

— an increase in weight loads from vehicles, an increase in traffic intensity, static and dynamic effects of temporary
loads;

— insufficiency of previously existing norms, typical design solutions, and errors in design.

The intensive implementation of modern scientific and technical achievements, the latest technologies and
materials will improve the transport and operational condition of highways and contribute to the development of
the road network, especially under conditions of limited funding [4].

The aim of the work is to calculate the thickness of the layers of a two-layer monolithic coating subjected to
fatigue failure in tension bending.

PRESENTATION OF THE MAIN MATERIAL

According to existing views, the main cause of non-rigid road surface failure is fatigue failure of bitumen-bound
layers. The process of destruction before reaching the ultimate state in the form of a grid of cracks in the rolling
strip includes three stages:

—accumulation of microcracks in the base of the monolithic layer package;

— propagation of macrocracks in vertical and longitudinal directions with their appearance on the surface of the
coating;

— formation of secondary longitudinal cracks where the number of load applications is less than the intersecting
longitudinal ones, forming a grid of cracks [3, 4].

During the construction and reconstruction of highways, the lower layer of the coating should be made using
elastic materials with high bending strength and a relatively small modulus of elasticity. The bending strength of
solid asphalt-polymer-sulphur concrete at 0 °C is 5,6 MPa, of rolled asphalt concrete is 1,5...2,0 MPa, and the
modulus of elasticity of solid asphalt concrete at 20 °C is 2 500 MPa. Solid asphalt concrete can resist bending
loads without cracking better than traditional materials [5, 6]. However, the surface of solid asphalt concrete
coating has a low coefficient of friction with car tires. To increase the coefficient of friction, surface treatment
methods are used (bitumen pouring and gravel spreading with compaction), embedding black gravel, and laying
asphalt concrete mixture |7, 8]. The first two methods have negative consequences during road operation because
gravel particles can detach and damage the rear windows of cars. Laying a coarse-grained mixture allows firmly
securing the gravel and partially reinforcing the layer of solid asphalt concrete. As a result, a monolithic coating
can be obtained, which takes bending loads in the lower layer and has a high coefficient of friction with the vehicle
wheel in the upper layer of the road surface.

When calculating the two-layer monolithic coating, the thickness of the lower layer of solid asphalt-polymer-
sulphur concrete mixture [9, 10] was set to 15 cm, and the thickness of the upper layer of coarse-grained asphalt
concrete mixture, SMA-5 mixture, was set to 2 cm.

The coating was calculated for the resistance of monolithic layers to fatigue failure in tension bending according
to[11]. The road surface construction was transformed into a two-layer model, where the lower layer is a part of
the construction located below the asphalt concrete layer package. The modulus of elasticity of the lower layer of
the construction was determined according to the nomogram [11] as the overall modulus for the two-layer system
En=Egs =126 MPa.

All asphalt concrete layers were attributed to the upper layer.

The modulus of elasticity of the upper layer model was calculated as a weight average according to the formula

(1):
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k is the number of layers in the road surface;
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Ei is the modulus of elasticity of the i-th layer, in MPa;

hi is the thickness of the i-th layer, in centimeters.

2800-2+2500-15
Ey = 17

E 2535
The equivalent modulus of elasticity th‘* = % and —*=

=2 535 MPa.

- 126 20,1 was determined according to the nomogram

[11]. Based on these ratios, it was calculated as o, =1,83 MPa.
The calculated tensile stress was determined by the formula (2):

s, =0, xpxk, (2)

¥
where o, is tensile stress from a unit load at the calculated diameters of the load-bearing platform;
k,is the coefficient taking into account the specific stress state of the structure under the paired
balloon, 0.850.85;
pis calculated pressure.

s = 1,83 %0,6 x0,85=0,99MPa o=1,83 x0,6 x0,85=0,99 MPa.
The ultimate tensile stress R, was found using the formula (3):
Ry =Rokk,(I-vg xt), 3)
where R is the normative value of the ultimate tensile strength;
k, is the coefficient considering the reduction in the strength of the monolithic coating due to fatigue
phenomena under repeated loading;

k, is the same, under the influence of weather-climatic factors;
Vg is the coefficient of variation of tensile strength; t is the coefficient of normative deviation.

With R, = 10,0 for the lower layer of the asphalt concrete package, vy = 0,10; t = 1,32 k was determined by the
formula (4) [13]:

- (4)

2N,

where EN is the calculated total number of applications of the calculated load over the service life of the
monolithic coating, taking into account the number of calculated days over the service life;
m is the exponent depending on the properties of the material of the calculated monolithic layer;
o.is the coefficient considering the difference between real and laboratory conditions of tension by a
repeated load, as well as the probability of coincidence in time of the calculated (low) temperature of
the coating and the calculated state of the working layer of soil by humidity.

5,9
k, = ——==0,255. k, =0,80. R,=10,0 x 0,255 x 0,80 x (1 — 0,1 x1,32) = 1,75.
' %/738 000 ’ i
= Ry L5 1,77, which is more than K™ = 0,94.
P, 0,99
Therefore, the chosen structure meets the strength criteria against fatigue failure of monolithic layers under
tensile bending.

The construction technology for road surfaces with simultaneous formation of two layers involves laying the
lower and upper layers of coatings from different asphalt concrete mixtures by overlaying one material on the top
of another [12, 13]. Key features of this technology include a significant reduction in work time due to the
simultaneous laying of two layers of coverage, the ability to lay thin layers of coatings from special higher-quality
and more expensive road mixtures, and thus ensuring a monolithic, structurally integral coating due to the absence
of gaps between these layers and enhancing the wear resistance of the formed structure.

On a cleaned and subgrade-treated base, a hot cast asphalt polymer concrete mixture with a temperature of 165 °C
and a thickness of 15 cm is laid and compacted with a vibratory tamper of an asphalt paver. After cooling the
vibrocasting mixture layer to 40 °C, a hot gravel-mastic asphalt concrete mixture with a temperature of 170 °C is
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laid and compacted to form a rough thin-layered coating [14]. The bituminous film on the surface of the main layer
from the vibratory mixture melts, creating conditions for the monolithization of both layers into a cohesive coating
with high transportation and operational characteristics.

After cooling the gravel-mastic mixture to a temperature of 120...130 °C, it is compacted, resulting in a layer
with a thickness of 2,0 cm.

The proposed coating is not more expensive than traditional two-layer asphalt concrete coatings due to the use
of 30 % sulfur for modifying the binder and a 30 % reduction in bitumen in the cast asphalt polymer concrete
mixture with a combined microstructure. Additionally, there is a decrease in bitumen consumption to 7,5...8,0 %
due to the use of the vibratory technology (compared to 8,5...10,5 % bitumen in hot cast mixtures laid by
gravitational means). When choosing a coating structure, one should not be limited to direct costs, as durability
and the quality of the finished structure, as well as operational expenses, are significant factors in assessing economic
efficiency.

CONCLUSIONS

Implementing coatings using the proposed technology will bring the technical condition of roads in line with
the requirements of Russian Federation regulatory documents. The expected effect is characterized by the
improvement of consumer qualities of roads and their service life, along with a reduction in specific material,
labor, and financial resource expenditures for road construction and reconstruction.
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PACYET JJOPOKHOTO IIOKPBITUSA U3 JIUTOM
ACOAJIBTOIIOJVMEPCEPOBETOHHOM CMECH HA YCTAJIOCTHOE
PA3PYIIEHUNE OT PACTAXEHNA ITPU U3TIBE

DOTBOY BO «/lonbacckast HaMOHAIbHAS aKaIEMEs CTPOUTETHCTBA U aDXUTEKTYPbI», Poccuiic-
Kast Meneparus, Jlonerkas Haponuas Peciy6Gimuka, r. 0. MakeeBka, T. MakeeBKa

Aunotanus. [TokazaHno, 4To CYIIECTBYIONAs CETh BHETOPOACKUX aBTOMOOUIBHBIX T0poT Poccuiickoit
Demepalini ¢ HEKECTKUMH TOPOKHBIMU OfCKIAME He 06ecednBaeT BO3PACTAOIYI0 HHTEHCHBHOCTD
IBUKEHUS aBTOMOOMIeH. B TO e BpeMst JOPOKHbIE OPraHU3aIMU IEPEXOAAT K MOBBIIIEHUI0 TEXHUIECKOTO
YPOBHSI U 9KCIJIYATAIHOHHOTO COCTOSTHUS CYI[ECTBYIONMMX OPOT, KATUTAIBHOCTU JIOPOKHBIX OJIEK/I.
YCTaHOBJIEHO, YTO JIJISI TIOBBIIIEHUST KAIUTATbHOCTH HEKECTKON TOPOKHOM OJIEK/IbI, PACYETHOI CKOPOCTH
aBTOMOOMIISI, KOM(bOPTa U 6E30TMACHOCTH ABMKEHUST HEOOXOIMMO YCTPOMCTBO ABYXCIONHOTO TOKPBITHS,
TIPEACTABIECHHOTO HIKHUM CJIOEM W3 JUTOH achaIbTOToMMMepCepOGETOHHON CMeCH U BEPXHUM U3 TOPSTIEit
MHoromebenucTol achamproberonnoit cmecu. C ncmomnzoBannem OJ[H 218.046-01 «IIpoexTuposanie
HEKECTKHUX JIOPOKHBIX OJIEK/» — METO/[a pacyeTa Ha COMPOTUBJIEHHE MOHOJUTHBIX CI0€B YCTAIOCTHOMY
Da3pyIIeHnio OT PACTsKEHUsT TIPU U3THOE OTpeesieH KoahGHUIUEHT MTPOTHOCTH MOHOTUTHON ABYXCJIONHON
KOHCTPYKIIUK TOKPHITHSL U3 JUTON acdanbrononumepcepoOeToHHON cMecu (15 ¢M) 1 ropstueil uie6eHoIHO-
mactuaHoit [IIMA-5 cmecu (2 cm). [IpuBeeHbl TapaMeTpPbl TEXHOJOTHYECKUX TEMIIEPATYPHBIX PEKUMOB
VKJTaIKU U YIJIOTHEHUSI TIPU CTPOUTETBCTBE ABYXCIOWHOTO achanrbToOeTOHHOTO TOKphITHs. [lokasana
aKoHOMHWYeckas 3(P(eKTUBHOCTh yCTPOHCTBAa /BYXCIAOWHOTO TOKPBITHSA, OAWH CJHOH JuTasd
acdasbrononiumMepcepobeTOHHAs CMeCh, KOTOpast oGeciednBaeT Ipejiesl IPOYHOCTU Ha PACTsKEeHUe TPH
u3Trbe u CmocoOHOCTh MPOTHBOCTOSTH YCTAMIOCTHOMY Pa3pyIIeHUI0 ABYXCIOMHOTO achanibTo6eTOHHOTO
TMOKPBITHS, a MebeHOYHO-MACTHYHBIN achaabTobeToH 06ecmednBaeT HOPMUPYEMbIH Koadbumuent
CIIETLIEHNST KOJIECA aBTOMOOHIIST ¢ TOPOKHBIM TTOKPBITHEM.

KioueBbie cioBa: ropstumii TUTOl acanbTonouMepcepodeToH, 1mebeH0YHO-MaCTYHbIiT
achambTo6eTOH, TPOIHOCTD MOKPHITHS, HOJTOBPEMEHHAS YCTONYNBOCTD MOKPBITUSI, TEXHOTIOTHSI
CTPOUTENBCTBA IBYXCIOUHOTO HEKECTKOTO MOKPBITHSI.

PamioxoBa Jauna JIpbBOBHA — acnupaHT Kadeapbl aBTOMOOUIBHBIX Hopor u aspoapomos DITBOY BO «/lonbacckas
HAIIMOHAJIbHAST AKAJIEMUsI CTPOUTEIbCTBA U apXUTEKTYpbl». HayuHble WHTEPeChl: KOMILIEKCHO-MOAM(bUIIPOBAHHBIE aC-
(anbTomoMMepOETOHBI TOBBIIEHHON JTOJATOBEYHOCTH.

3aropyiiko Tamapa IBanoBHa — crapuinii npenozaBaTes b Kageapsl NHOCTPAHHOTO S3bIKA U TTeIATOTUKY BBICIIEN KO-
a1 OTBOY BO «/loHbacckast HallMOHAIbHAS aKaEMIST CTPOMTENBCTBA U apXUTEKTYPBI». HaydHble MHTEPEChl: METOH-
Ka I[IPEIO/IABAHNsT THOCTPAHHBIX SI3BIKOB.

Bparuyn Basepuii IBaHOBHY — JIOKTOP TEXHIMYECKUX HAYK, TPOdeccop; 3aBeayoIuil Kadeapoit aBTOMOOUIbHBIX J0POT 1
aspoapomoB PTBOY BO «/lonbacckas HallMOHAIbHAS aKaJeMUs CTPOUTEIbCTBA U apXUTEKTYPbI». Haydmbie HHTEpECH:
(DUBUKO-XUMIYECKast MEXaHMKa TEXHOJOTHYHBIX U JIOJTOBEYHBIX JTOPOKHBIX OETOHOB JJIsI CTPOUTENBCTBA KOHCTPYKTUB-
HBIX CJIOEB HEKECTKIX JIOPOKHBIX OZI€XK/T HA OCHOBE MOUDHUITMPOBAHHBIX OPTAHUYECKUX BSIKYIIUX 1 KOMILJIEKCHOTO MOV -
durmpoBaHust CTPYKTYPhI GeTOHOB; pa3paboTka s GhEKTUBHBIX TEXHOJIOTHIT MepepaboTKU TEXHOTEHHOTO ChIPhsi B KOMIIO-
HEHTBI KOMITO3UIIMOHHBIX MaTepPUAJIOB.
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