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Abstract. In light of the current problems in the road construction industry related to
technological violations during the laying of asphalt concrete mixtures and their negative impact
on the physical and mechanical properties of the coating, special attention is paid to the quality of
organic binder in asphalt concrete mixtures. In this article we will focus on studying the effect of
polymer additives on the compaction of asphalt concrete mixtures.

Problems associated with technological violations during the laying of asphalt concrete not
only reduce the durability of the pavement, but can also lead to serious operational problems. Our
research focuses on solving these problems through the use of polymer additives that have the
potential to increase the compaction of mixtures, hence improve the characteristics of the road
surface.

Within the framework of the work, not only the influence of polymer additives on the
physical and mechanical properties of asphalt concrete was considered, but also their influence on
the stability and durability of the pavement was analyzed. The results obtained can serve as a basis
for the development of effective strategies for improving the technology of laying asphalt concrete
mixtures and improving the quality of road surfaces in general.

Keywords: polymer, organic binder, asphalt concrete mixture, physical and mechanical
properties.

Introduction

Modern Kazakhstan is facing serious problems in the field of road construction related to
the low quality of organic binder. The insufficient quality of bitumen and the limited volume of
supplies create difficulties affecting the quality of the road surface and leading to disruptions in
the construction of highways.

As part of laboratory studies conducted at «KazdorNIl» JSC, a reference sample was
prepared in accordance with the standards. This sample was manufactured under laboratory
conditions using BND 100/130 bitumen at a load of 160 kN (40 MPa) and a temperature of 160 °C
and subjected to tests followed by determination of the initial density.

In the course of the research, the effect of the use of polymer in the composition of crushed
stone-mastic asphalt concrete (SMAC) was analyzed, both with and without the addition of
polymer. The experiment included a change in the density of the samples, a decrease in the load
and a decrease in the temperature of the mixture. Particular attention was paid to the determination
of the physical and mechanical properties of the samples, which allows us to draw conclusions
about the effect of additives on the characteristics of asphalt concrete mixtures under various
operating conditions.
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The results obtained can have an important practical application, providing a basis for
developing recommendations for improving the quality of road materials and optimizing
construction processes under conditions of variable factors.

Methodology

The methodological basis of the research is a comparative analysis of the results of
laboratory tests of asphalt concrete samples with a polymer additive and without a polymer
additive and an assessment of their compliance with the requirements of ST RK 1225-2019
"Mixtures of asphalt concrete road, airfield and asphalt concrete. Technical specifications" and ST
RK 1223-2019 "Mixtures of polymerasfalt concrete road, airfield and polymerasfalt concrete.
Technical conditions".

Indicators of physical, mechanical and operational properties of asphalt concrete were
determined by testing samples in accordance with the requirements of ST RK 1218-2003
"Materials based on organic binders for road and airfield construction. Test methods".

The preparation of asphalt concrete mixtures was carried out by weighing the calculated
amount of raw materials, heating stone materials in a drying cabinet to the required temperature,
mixing in a laboratory paddle mixer, introducing mineral powder and bitumen. The mixing time
was determined visually. The temperature of the finished control mixture was 160 °C.

Preparation of mixtures in the laboratory
During the preparation of mixtures in the laboratory using hot technology, the materials

crushed stone, mineral powder and slag crushed stone were pre-dried in a SNOL drying cabinet
(Figurel) at a temperature of 160 degrees.

Figure 1 — SNOL drying cabinet

In a separate container heated to 170 ° C on a heating plate, organic binder bitumen BND
100-130 with a modifying additive was prepared, which was stirred mechanically for 30 minutes
using a stirring screw (Figure 2).
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Figure 2 — Container with organic binder

Materials in quantities specified by composition, modified bitumen was added to the pre-
dried volume. The composition was mixed manually to a state of uniformity of composition, where
all mineral grains are evenly coated with a binder. The composition of the asphalt concrete mixture
with polymer is shown in Table 1, without polymer in Table 2.

Table 1 - Composition of as

halt concrete mix with polymer additive

The composition of the The composition of the
No Name of materials mineral paﬁ of the e}sphalt mineral paﬁ of the qsphalt
concrete mixture (bitumen | concrete mixture (bitumen
over 100%) in 100%)
Crushed stone fr.10-20 mm
! g.Volgodonovka 29,0 26,0
Crushed stone fr.5-10 mm
2 g.Volgodonovka 13,0 12,3
Screening f1.0-5 mm
3 g.Volgodonovka 17,0 16,1
4 | mineral powder of "TUTAS" LLP 11,0 10,4
Viscous bitumen of the BND
> | 100/130 brand >3 >0
6 Pplymer additive from the 45 0.2
bitumen mass
Table 2 - Composition of asphalt concrete mix without polymer additive
The composition of the The composition of the
No Name of materials mineral par't of the e_lsphalt mineral par't of the e_lsphalt
concrete mixture (bitumen | concrete mixture (bitumen
over 100%) in 100%)
Crushed stone fr.10-20 mm
! g.Volgodonovka 29,0 26,0
Crushed stone fr.5-10 mm
2 g.Volgodonovka 13,0 12,3
Screening f1.0-5 mm
3 g.Volgodonovka 17,0 16,1
4 | Mineral powder of "TUTAS" LLP 11,0 10,4
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Viscous bitumen of the BND
3 100/130 brand 3.3 3,2

Production of samples

Samples with a diameter and height of 71.4 = 1.5 mm of cylindrical shape for determining
the physico-mechanical properties of mixtures were made by compacting mixtures using a
hydraulic press with a load of up to 500 kN (Figure 3).

———.
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Figure 3 — Hydraulic press

During the manufacture of samples from hot mixtures, the molds and liners were preheated
to 100 degrees (Figure 4).

Figure 4 — Sample preparation mold

An upper liner was inserted onto a mixture evenly distributed in a mold with a spatula and
the mixture was pressed onto the lower plate of the press for sealing, the upper plate of the press
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was brought into contact with the upper liner and the electric motor of the press was turned on
(Figure 5).

B . &'\7‘ i
=

Figure 5 — The process of forming a sample on a hydraulic press

The pressure on the compacted mixture was brought to 160 kN for 5-10 seconds and after
3.0 minutes the load is removed.
The samples were extracted from the mold using a decompressor (Figure 6).

Figure 6 — The decompressor

The height of each sample was measured using a caliper with an error of 0.1 mm.

Physico-mechanical properties of crushed stone-mastic asphalt concrete without
polymer and with polymer
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The indicators of physico-mechanical asphalt concrete were determined by testing samples
in accordance with the requirements of ST RK 1218-2003 "Materials based on organic binders for
road and airfield construction. Test methods".

The test results of asphalt concrete with and without polymer additive are shown in Table 3.

Table 3 - Test results of asphalt concrete with and without polymer additive.

No Name of indicators The norm according to SMAC SMAC
GOST ST RK without with
31015-2002 2373-2019 polymer a polymer
additives additive
1 2 4 5 6 7
1. Residual porosity, % from 2,0 to 4,5 | from 2,0 to 4,5 2,43 3,46
2. Water saturation, % by volume from 1,0 to 4,0 | from 1,0 to 4,0 3,06 1,71
3 Compressive strength at at least 0.7 at least 1,0 1,3 1,8
temperature 50 °C, MPa
4, Compressive strength at at least 2,5 at least 2,8 3,5 6,1
temperature 20 °C, MPa
5. Shift tolerance by:
- coefficient of internal friction; at least 0,94 at least 0,94 0,96 0,98
- by adhesion during shear at at least 0,20 at least 0,25 0,43 0,51
temperature 50 °C, MPa
6. Crack resistance is the ultimate
tensile strength when split at at least 3,0 at least 3,0 3,17 4,51
temperature 0 °C, MPa no more 6,5 no more 6,5
7. | Average track depth, mm, no more it is not 3,0 4,94 1,74
standardized

The tests were carried out in laboratory conditions and based on the presented data, the
following conclusions can be drawn:

- A mixture with a polymer additive exhibits higher compressive strength compared to a
mixture without a polymer additive. The compressive strength is significantly higher for a mixture
with a polymer additive.

- The mixture with a polymer additive has better shear stability, which is expressed in higher
values of the coefficient of internal friction and shear adhesion.

- The crack resistance of a mixture with a polymer additive is superior to a mixture without
a polymer additive in terms of tensile strength when split at a temperature of 0o. This indicates a
higher crack resistance in low temperature conditions.

- The average track depth is significantly lower for a mixture with a polymer additive, which
indicates a higher resistance to deformation.

- Both types of mixtures comply with established standards, but taking into account all
indicators of physical and mechanical properties, a mixture with a polymer additive shows an
average 1.5 times higher characteristic compared to a mixture without a polymer additive.

Conclusion

Based on the laboratory tests conducted, important conclusions can be drawn that emphasize
the need to use high-quality bitumen binders in Kazakhstan and the role of a polymer additive in
improving its properties.

Research clearly indicates the need for the use of high-quality bitumen binders in
Kazakhstan. The polymer additive is an effective means to improve the physical and mechanical
properties of bitumen, which in turn contributes to the creation of durable and stable road surfaces.
These studies support the importance of innovative methods in the construction industry to ensure
high standards of safety and sustainability of road surfaces.
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MOJIMMEPTI KOCITAJTAPIBIH ACPATETEETOH KOCIAJIAPBIHBIH
®U3NKAJIBIK-MEXAHUKAJIBIK KACHETTEPIHE OCEPIH CAJIBICTBIPMAJIBI
TAJIAY
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AHgaTna. AcdansrbeTon KocHaJlapbIH Tecey Ke31Herl TEXHOIOTUSIIBIK
OY3YIIBUIBIKTApFa JKOHE OJap/blH >KaObIHHBIH (DU3UKAIBIK-MEXaHUKAIBIK KAaCHETTEpIHE Kepi
ocepiHe OaiaHBICTBI YKOJI KYPBUIBICHI CaJIaCBIHAAFBl Ka3ipri mpolieManapasl eCKepe OTBIPHIIL,
acanbTOETOH KOCTaTapbIHAAFbl OPTaHUKAIBIK OaiTaHBICTRIPFBIMITHIH CalachlHA SPEeKIIe Ha3ap
aymapbutanel.. bynm Makamanma 013 momumepii KocmanmapAslH acanbTOSTOH KOCHaJapbIHBIH
TBHIFBI3JAITYBIHA OCEPIH 3ePTTEYTe TOKTAIAMBbI3.

AcdanbTOeTOHABl Tocey Ke3IHIEri TEXHOJNOTHSUIBIK OY3YIIbUIBIKTapFa OalIaHbICThI
npoOiemMaiap TpOTyapAblH OEpIKTITiH TOMEHACTIN KaHa KOWMaiabl, COHBIMEH KaTap Kypaeli
naiianany npoéieManapbelHa dKelyl MyMKiH. Bi3niH 3epTTeyimi3 KocnanaapablH THIFbI3AATybIH
apTTBIPYFa, JEMEK, JKOJI KAMBUIFBICBIHBIH CHITATTaMaJIapbIH JKaKCapTyFa dJieyeTi Oap moruMepti
Kocrajgapabl KOJJaHy apKbUTbI OChI MOCETIeNIep Il IIelTyre OaFpITTa FaH.

JKymbIC asichIHIa TTOTMMEPITI KocTiajap IbiH achaabTOeTOHHBIH (PU3UKAIBIK-MEXaHUKAIBIK
KAaCHeTTEpiHEe ocepi FaHa €MeC, COHBIMEH KaTap OJap[blH TPOTYapIblH TYPAKTHUIBIFEI MEH
OepikTiriHe ocepi ne TanfaHaAbl. AJBIHFAH HOTHXKeNep achanbTOSTOH KOCHajlapblH TOCEy
TEXHOJIOTHSICBIH JKETUIIIPYIiH KOHE KNIl KOJI TOCEMICPIHIH CamachlH jKaKCapTyIblH THIMI
CTpaTerusJIapbIH JKacayFa Heri3 0ojia anaabl

Tyiiinai ce3zaep: momumep, opraHUKaNbIK OailIaHBICTBHIPFBINI, ac(haabTOETOH KOCHACHI,
(U3UKaTBIK-MEXaHUKAJIBIK KACUETTEPI.

CPABHUTEJBHBIN AHAJIN3 BJIUSAHUS MOJIUMEPHBIX TOBABOK HA
®U3NKO-MEXAHUYECKHUE CBOMCTBA AC®AJIBTOBETOHHBIX CMECEA
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AHHOTanuA. B cBere COBpEeMEHHBIX NPOOJIEM B JIOPOKHO-CTPOUTEIHHOW OTpaciu,
CBSI3aHHBIX C TEXHOJOTHYECKUMHU HAPYIICHUSMH TIPH YKJIaJKe ac(ambToOETOHHBIX CMECeH M nX
HETraTUBHBIM BIIMAHUECM Ha (bI/I3I/IKO-M€X3.HI/I‘-I€CKI/Ie CBOMICTBa IMMOKPBITHA, OCOGOC BHUMAHUEC
YAETSETCS Ka4eCTBY OPraHUYECKOTO BSDKYIIETO B ac(aibTOOCTOHHBIX CMECsIX. B 3Toif cTaThe MbI
COCpCAOTOIUMCH Ha HU3y4CHHUU BIIMSIHU S MOJIMMCPHBIX I[O6aBOK Ha YIJIOTHCHUC
ac(asbTOOETOHHBIX CMECEH.

[IpoGnembl, CBA3aHHBIE C  TEXHOJOTHUECKHMH  HApyIICHHSIMH TpH  YKJIaJKe
ac¢anbTo0eTOHA, HE TOJBKO CHIDKAIOT IOJTOBEYHOCTH JIOPOXKHOTO MOKPBITHS, HO W MOTYT
NPUBECTH K CEPhE3HBIM KCIUTYaTallMOHHBIM Ipobiemam. Hammm vccienoBanusi HarpaBiaeHb! Ha
pelIeHre dTUX MPOoOJIeM 3a CYET UCTIOIB30BaHUS TIOJIMMEPHBIX J00aBOK, KOTOPHIE MTOTCHIIUAIBHO
MOT'YT IMOBBICUTH ITJIOTHOCTDH cMecel H, CJICAOBATCIIbHO, YIYUHIUTh XaPAKTCPUCTUKU JOPOKHOIO
TIOKPBITHSI.
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B pamkax paboTbl ObUIO pacCMOTPEHO HE TOJBKO BIHSHHE IMOJMMEPHBIX H00aBOK Ha
¢u3uKO-MEeXaHWYEeCKUE CBOWCTBA ac(haiabroOeTOHA, HO M NPOAHATIM3UPOBAHO WX BIHMSIHUE Ha
YCTOMYMBOCTh U JIOJTOBEYHOCTh JIOPOKHOTO TIOKPBITUS. [loydeHHBIE pe3yJbTaThl MOTYT
HOCITYKHTb OCHOBOMH 151 pa3paboTKu 3((EKTUBHBIX CTPATETHi COBEPIICHCTBOBAHNUS TEXHOJIOTHH
YKJIaK1 acaibTOOETOHHBIX CMECEH 1 TIOBBIIICHHS Ka9eCTBA TOPOKHBIX MTOKPHITHH B IIETIOM.

KuaroueBbie cjioBa: momuMep, OpraHM4eckoe BspKyllee, acganbroOeTOHHAs CMECh,
($U3uKO-MEXaHUYECKUE CBOMCTRA.
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