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RESISTANCE OF MODIFIED BREAKSTONE TO MASTIC ASPHALT CONCRETE
TO WHEEL TRACK RUTTING

Abstract. Comparative results of the study of rutting resistance of breakstone asphalt concrete modified
with ethylene glycidyl acrylate of the «Elvaloy-AM» brand are presented. It is shown that a complex
modification of the structure of asphalt concrete with ethylene glycidyl acrylate Elvaloy-AM and
polyphosphoric acid can significantly improve the deformation-strength properties of breakstone-mastic
asphalt concrete. It was established that after over 20 thousand wheel passes along one track, the track
depth of the traditional crushed stone mastic asphalt concrete was 2.5 mm, and that of the complex-modified
structure was 1.5 mm.
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PROBLEM STATEMENT

The main material for the construction of non-rigid pavement coatings for roads is asphalt mixtures. In
works [1-2], it was shown that in the process of operation asphalt concrete in the road structure and, especially,
in the upper coating layer, is subjected to dynamic and long-term static loads from the traffic flow, temperature
and humidity, and various effects of aggressive environments.

To increase the durability of asphalt, petroleum road bitumen is modified with polymeric additives and
surfactants [3-6], for example, ethylene glycidyl acrylate in combination with polyphosphoric acid. It is
assumed that modified asphalt concrete will have increased durability under the influence of various
aggressive environments, since the introduction of a modifier containing glycidyl functional groups will
activate surface mineral materials, making it inaccessible to absorbable moisture.

The introduction of a small amount of ethylene glycidyl acrylate into the initial bitumen gives it elastic
properties and leads to an increase in the softening temperature of the bitumen binder. Cohesion increases
significantly and adhesion to mineral materials increases. Unlike SBS polymers that are physically dispersed
in bitumen, Elvaloy physically and chemically reacts with the bitumen asphaltogenic acids. After bitumen
modification with Elvaloy polymer, delamination does not occur, due to which long-term storage and
transportation of a bitumen polymer binder at technological temperatures is possible [4].

It was established [5] that when the Elvaloy-AM polymer and polyphosphoric acid are contained in an
organic binder, a reticulated spatial structure is formed from molecules and supramolecular formations of
terpolymer as a result of hydration, condensation, and cationic polymerization of active protons of
polyphosphoric acid with glycidyl groups of ethylene glycidyl acylate as well as with bitumen reaction groups
(esterification of hydroxyl- and carboxyl-containing components).

Comprehensive modification of asphalt concrete allows increasing the density of the material and
improving its physical and mechanical and deformation-strength characteristics. It leads to a decrease in
depth, pores and defects in the upper layers of pavement. At the same time, the shear resistance of asphalt-
polymer concrete modified with ethylene glycidyl acrylate has not been adequately studied.

The aim of the work is to study the effect of complex modification of petroleum road bitumen with ethylene
glycidyl acrylate together with polyphosphoric acid and mineral materials on the resistance of asphalt concrete
to wheel track rutting.

© Oleg Pshenichnykh, Nina Miklashevich, 2020

Q6



Resistance of Modified Breakstone to Mastic Asphalt Concrete to Wheel Track Rutting

The object of research is breakstone — mastic asphalt concrete. As an organic binder, road oil bitumen 60,/90
and bitumen modified with ethylene glycidyl acrylate grade in combination with polyphosphoric acid were
used.

Bitumen-polymer binder was prepared as follows:

Mixing bitumen-polymer binder was carried out for one hour. 0.2 % by weight of bitumen was added to
the bitumen-polymer astringent polyphosphoric acid. The mixing time of the composition «bitumen-polymer
binder — polyphosphoric acid» was 30 minutes. When modifying mineral materials (breakstone, sand and
mineral powder), a solution of ethylene glycidyl acrylate in unleaded gasoline was prepared. Mineral materials
were surface activated with a 0.7 % ethylene glycidyl acrylate solution.

Physico-mechanical properties of organic binders are shown in table.

Table — Physical and mechanical properties of organic binders

. PRB 60,90 + 2 %
Indicator Names All UIEOH Statc Standard St,)t.andard Elvaloy-AM + 0.2 %
equirements itumen PhA — 105
Needle penetration depth, x 0.1 mm
e 61-90 80 52
no less 20 30 16
Stretch, cm
at25°C no less 5.5 72.8 39
at0 °C no less 3.5 8.2 13
The softening temperature of the no less 47
. S 481 54
ring and ball, °C
Fragility temperature, °C no higher minus 15 minus 14 minus 15

ANALYSIS OF THE RESULTS

Samples of breakstone mastic asphalt concrete with a size of 40x320x260 mm were tested. The sample was
impacted by repeatedly driving wheels of a certain size and shape with a constant vertical load of 0.7 MPa
at the temperature of 60 °C. Thus, the process of rut formation was imitated under actual operating conditions
on the road. At the same time, the process of deformation development was recorded depending on the number
of cycles of the driveways.

The research results showed that the introduction of polymer additives into bitumen and the surface
activation of mineral materials (breakstone, sand, mineral powder) with a polymer can reduce the rut depth
in the pavement. A sample of breakstone mastic asphalt concrete with a complex-modified structure has a
smaller depth compared to conventional breakstone mastic asphalt concrete. After 20 thousand wheel passes
along one track, the track depth of the initial sample prepared from standard asphalt mix was 2.5 mm, and
that of the complex-modified structure was 1.5 mm.

The test results are shown in Figures 1, 2.

In addition, the rate of formation of a track of asphalt concrete with a complex-modified structure is three
times lower than that of the classical composition of breakstone-mastic asphalt concrete and amounts to
0.02 mm / 10 000 cycles of wheel passage in the first case and 0.06 mm in the second case. Consequently,
during the operation of asphalt concrete in the complex-modified ethylene glycidyl acrylate coating, plastic
deformations in the upper layer will be much slower and the maximum allowable track formed due to plastic
deformations will be reached by a factor of three in comparison with the standard composition. This
circumstance allows us to guarantee an increase in the overhaul life of non-rigid pavement coatings.

CONCLUSIONS

A complex modification of the structure of asphalt concrete with Elvaloy-AM ethylene glycidyl acrylate
and polyphosphoric acid improved the deformation and strength properties of breakstone-mastic asphalt
concrete, which increased the rut resistance of modified concrete by more than 60 % compared to traditional
breakstone-mastic asphalt.
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Figure 1 — Standard breakstone mastic asphalt concrete: 1 — left test sample, 2 — average value, 3 — right test sample.
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Figure 2 — Breakstone mastic asphalt concrete with a complex-modified structure: 1 — left test sample, 2 — average
value, 3 — right test sample.
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O. A. IMIEHWYHDBIX, H. B. MUKJIAOIEBNY

YCTOMYNUBOCTb MOJUOUIMPOBAHHOTO IIIEBEHOYHO-
MACTUYHOTO ACDOAJIBTOBETOHA K OBPASOBAHUIO KOJIEU

TOY BIIO «/lonbacckast HAllMOHAJbHAST aKaJeMUsI CTPOUTENBCTBA U APXUTEKTYPBI»

Amnnoraius. [IpuBeeHbl CpaBHUTENbHbBIE PE3YJIBTATHI NCCIEA0BAHMS KOJEECTONKOCTU 11e0eHOYHO-MACT Y-
HbIX acGabro6eTOHOB, MOAMMUIIMPOBAHHBIX STUIEHT U uAIaKkpuiaToM Mapku «Elvaloy-AM». TTokasa-
HO, 4TO KOMILTEKCHAsE MOANMDUKAIINS CTPYKTYPH acdaisroberoHa stmieHrnnuaniakpuiarom Elvaloy-AM
1 mosndocHOpHOI KICIOTON MO3BOJISIET 3HAUNTENBHO YIYUYIIUTD ZeoPMAIIOHHO-TIPOYHOCTHBIE CBOCTBA
1me6eHOUHO-MACTHIHBIX achanrbToOeTOHOB. YCTaHOBIIEHO, UTO 32 20 THICSY MPOXOA0B KOJIECa O OHOMY CJie-
ny TaybuHa KoJter 06pasiia y TPaAUIHOHHOTO MEe6eHOYHO-MaCTHIHOTO acdaIbTobeToHa COCTaBmIa 2,5 MM, a
06pasifa ¢ KOMILTIEKCHO-MOIUMUIIMPOBAHHO CTPYKTYpoit — 1,5 MM.

KimoueBbie cioBa: 1me6eHOUHO-MACTUYHBIH achanbTo6eTOH, TOMUMEPHBIN MOAU(GUKATOP, CTPYKTYPA,
K0JIeeCTOHKOCTB.

0. O. IIIEHNYHUX, H. B. MIKJTAHIEBUY

CTIMKICTD MOJM®IKOBAHOTO MEBEHEBO-MACTUKOBOTO
ACOAJBTOBETOHY 1O YTBOPEHHS KOJIII

JOY BIIO «/lonbachka HamioHa bHA aKageMis OYMIBHUITBA 1 apXiTeKTypu»

Amnoranis. HaBemeHo mopiBHATbHI pe3yabTaTy TOCTIKEHHS KOMECTIKOCTI meGeHeBO-MacTHKOBUX achairb-
TOGETOHIB, MOANGbIKOBAHNX eTHaeHTInuANTakpuiaatom Mapkn «Elvaloy-AM». TTokasano, 1o KOMILIEKC-
Ha MoIUMIKaIisa cTpyKTypH achanrsrobetony ermnentainuamiakpunatom Elvaloy-AM i momidochoproo
KUCJIOTOIO I03BOJISIE 3HAYHO MOMTIIUTH AedOpMaIliiHO-MIIHICHI BJIaCTUBOCTI MeOeHeBO-MAaCTHKOBUX ac-
(ansroberonis. Beranosiewo, 1mo 3a 20 THCSY TPOXOAIB KOJIeca MO OXHOMY CJIAy TAUOHHA KOl 3paska y
TPAJNIIIHOTO 1Me6GeHeBO-MaCTHIHOTO acdaIbToOeTOHY CKIama 2,5 MM, a 3pa3ka 3 KOMILJIEKCHO-MOAHDiKo-
BaHOIO CTPYKTYpPOIo — 1,5 MM.

Kao4oBi cioBa: mebeneBo-MacTukoBuil acaibrobeToH, mosimMepauii MoaudikaTop, CTpyKTypa, KoJie-
CTIHKOCTB.

IMuennynbix Oner AJeKcaHIPOBHY — acCUCTEHT Kadeapbl aBTOMOOUIIBHBIX 1opor 1 aspoapomos [OY BIIO «/lonGac-
CKasl HAI[MOHAJIbHAS aKaJIeMIsl CTPOUTEIBCTBA U apDXUTEKTYPbl». HayuyHble HHTEPeCh: KOMIIEKCHO-MOAMMUIIPOBAHHbBIE
achambTomoIMMEpOETOHBI, APMUPOBAHHbBIE TTOJMMEPHBIMI BOJOKHAM.

Muknamesny Huna BacuibeBHa — KaHIUIAT TT€ATOTUYECKUX HAYK, OIEHT; 3aBe/yolas Kadeapoil HHOCTPAHHBIX S13bI-
KOB U Tieflaroruku Boictieit mkoast TOY BITO «/lonbacckas HaIMOHATbHAST aKaJleMUs CTPOUTEIHCTBA U aPXUTEKTYPBI».
Hayunble MHTepeChl: METOIMKA TIPETIO/IABAHUST HHOCTPAHHBIX SI3BIKOB, TEIATOTHUKA.

IMmennunnx Oxer OnexcanapoBuy — acucTeHT Kadenpu aBToMoOiIbHUX A0opir i aepoxpomis JJOY BIIO «/lonbGacbka
HallioHaJIbHa aKkazeMist GyIiBHUITBA i apxiTekTypr». HaykoBi iHTepecu: KoMILIeKCHO-MonpikoBaHi achaibrononimepoe-
TOHH, 1[0 APMOBAaHI MOJiIMEPHUMH BOJIOKHAMYL.

Miknamesny Hina BacuiniBHa — kaHamuaaT rmelarorivHuX HayK, JIONEHT; 3aBiyBay Kadeapu iHO3eMHIX MOB i ITeIarOTiKI
suoi urkosm JIOY BIIO «/lonb6achka HalfioHaIbHa akajeMist OyiiBHUIITBA 1 apxiTekTypr». HaykoBi iHTepecu: MeTonKa
BUKJIAJIaHHST iHO3eMHUX MOB, TIeIaroTiKa.
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