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BJIMAHUE 3EPHOBOIO COCTABA ACOAJIbTOBETOHA
HA NOKA3ATEJIN ®U3NKO-MEXAHUYECKUX CBOUCTB

OCHOBHBIM TIOKPBITHEM aBTOMOOMIIBHBIX JOPOT sABIsAeTCs acanbToOeToH. BaxxHol 3amaueil siBisieTcs ymydineHHe
(hU3UKO-MEXaHMYECKUX CBOWCTB M AKCILTYaTAI[MOHHBIX ITOKa3aTeneil.

JlaGopaTopHble HccienoBaHMsS OBUIM TIPOBEICHBI B aKKpeauToBaHHOH sabopatopun OOO «JloposkHO-cepBHCHAsS
KOMITaHUsD», PACHIONI0XKEHHOH B I. AnanaeBcke CBepIOBCKOIT 001acTH.

PaccMoTpeHB! TeopeTHIeCKHEe OCHOBBI BIMSIHUS TPaHyJIOMETPHIECKOTO cocTaBa ac(habToOETOHA HA €T0 CBOMCTBA.
B nmaboparopHsIx ycioBusx ObUIM pacCUMTaHBI M UCKYCCTBEHHO CO3IaHBI 00pa3ipl acdanbToOeToHa ¢ pa3IMIHBIMU 3€PHO-
BBIMH COCTaBaMH, TaKMM 00pa3oM, 4TOOBI IpaHyJIOMETPUYECKHE KPHUBBIC 3aHUMAJIHM Pa3lIMyHOE ITOJIOKEHHE B Npeaenax Jo-
mycTUMOit oOmactu. Mcnonp3oBancs mebeHs 1 ecoK U3 0TceBOB Ipobienus ['yceBoropckoro mectopoxaeHus. Konugaectso
O6uTymMa BO BCEX COCTaBaX OBUIO B3ATO B OAWHAKOBOM KosmdecTBe. OmpeneneHbl MOKa3aTend (HU3MKO-MEXaHWIECKHX
cBO¥cTB. Beero ObUI0 MCCIIeOBaHO MATH COCTABOB.

B pesyibprare mccienoBaHW IMOKa3aHO, YTO MPU pa3paboTKe COCTABOB ac(albTOOCTOHHBIX CMecel HeoOXOAMMO
MPUACPKUBATHCS CPEIHUX 3HAUCHHUH 36pHOBOTO cocTaBa, peridaMmeHTupyeMbix [OCT 9128-2013, uTo mo3BOsSET MOIydUTh
acanpTOOCTOH ¢ HAMITYYIINMU XapaKTepucTukaMu. [Ipy pacnosioxeHnn rpaHyJIoMeTpHIECKON KPUBOH 3epHOBOTO COCTaBa
O CpefHel JMHUK Mexay npeznenamu, ooo3HadeHHBIMU B 'OCT 9128-2013 B acanbToOeTOHHOI cMech OBUIO BBISBICHO:
JydIIne MOKa3aTely BOAOCTOMKOCTH, HANOOIbIIAsk MIOTHOCTh, YTO MPEIONpPEeseT TyUlIie MPOYHOCTHBIE XapaKTepUCTH-
KH; TIpeJie IPOYHOCTH IIPU CXKATHH HPH BCEX TEMIIEPATypPHBIX PEKHMax MOKa3al JydIIne 3HAUSHUS, ITO ONPEAENIeT BBICO-
KHe cBoiicTBa ac(harbToOeTOHA MO CABHTOYCTOWYMBOCTH M TpeIuHOCTOlKocTH. Takke mpu noabdope cocraBa acgaiabrode-
TOHa Ha 00BEKTe, IIPH MCIIOJIL30BAaHUY 3€PHOBOTO COCTAaBa CO CPEIHMMH 3HAaYCHHSIMH MEXIy BEPXHUM M HIKHHM Ipejierna-
Mmu 1o 'OCT 9128-2013 6bL1 HCTIONB30BaH MEHBIIUH MIPOLIEHT OUTYMa, YTO SIBISETCS SKOHOMUYECKH BBITOIHBIM.

KiroueBble ciioBa: achanbToOETOHHBIE CMECH, CTPYKTYpa ac(harbToOETOHA, KPUBBIE 36pHOBOTO COCTaBa, IMOKa3are-
11 (PU3MKO-MEXaHUYECKUX CBOMCTB.

0.V. Yakontseva', L.S. Shchepeteva®

'Limited Liability Company "Road Service Company," Alapaevsk,
Sverdlovsk Region, Russian Federaition
’Perm National Research Polytechnic University, Perm, Russian Federaition

THE INFLUENCE OF THE GRAIN COMPOSITION OF ASPHALT
CONCRETE ON ITS PHYSICAL-MECHANICAL PROPERTIES

The main pavement of motor roads is asphalt concrete. An important task is to improve its physical and mechanical
properties and performance.

Laboratory research was carried out in the accredited laboratory of the Limited Liability Company "Road Service
Company," located in the city of Alapaevsk in Sverdlovsk Region.

Theoretical bases of the influence of particle size distribution of asphalt concrete on its properties are examined. In
laboratory conditions, compositions of asphalt concrete with various grain compositions were calculated and artificially cre-
ated, so that the granulometric curves occupy different positions within the permissible area. Crushed stone and sand from the
screenings of crushing of the Gusevogorskoye deposit were used. The amount of bitumen in all the compositions was taken
in the same amount. Physical and mechanical properties were determined. A total of five compositions were investigated.

As a result of research, it was shown that when developing the compositions of asphalt concrete mixtures, it is necessary to
adhere to the average values of the grain composition regulated by GOST 9128-2013, which allows obtaining asphalt concrete with
the best characteristics. When the granulometric curve of the grain composition was located along the middle line between the limits
indicated in GOST 9128-2013, the asphalt concrete mixture revealed: the best indicators of water resistance, the highest density,
which predetermines the best strength characteristics; compression strength at all temperature conditions showed the best values,
which determines high properties of asphalt concrete in terms of shear resistance and crack resistance. Also, when selecting the
composition of asphalt concrete at the facility, when using grain composition with average values between the the upper and lower
limits according to GOST 9128-2013, a smaller percentage of bitumen was used, which is economically profitable.

Keywords: asphalt concrete mixes, structure of asphalt concrete, grain composition curves, indicators of physical and
mechanical properties.
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B coBpeMeHHOM IOPOKHOM CTPOHMTENBCTBE ac(anbTOOETOH — OCHOBHOM MaTepHaj, KOTOPBIA
UCIIOJIB3YETCS AJIsl YCTPOUCTBA MOKPHITUH aBTOMOOMIBHBIX nopor. KadecTBo acdansToberona ompe-
JIeNsieT €ro yCTOWYMBOCTh K BO3ICHUCTBHIO TPAHCIOPTHBIX HArpy30K M MPUPOAHO-KIMMATHUECKHX
¢daxropoB. CTpykTypa achaibrodeToHa POPMHUPYETCS B pe3ysbTaTe YIUIOTHEHUS ac(haibTOOCTOHHOM
CMecH — CMeCH LIeOHsI, TTecKa, MUHEpaTbHOTO TIOpoIlka U Outyma. Ha mpoyHOCTh CTPYKTYpHI achab-
TOOETOHA, €r0 YCTANIOCTHYIO JOJITOBEYHOCTh BIHUSET MHOTO (PaKTOPOB: (H3MKO-MEXaHUYECKUE CBOM-
CTBa COCTABISIOIIMX MAaTEPUAIIOB; MPOIIEHTHOE COOTHOIICHNE MATEPHAJIOB; TEXHOJIOTHS IPUTOTOBIIE-
HUSA acPabTOOECTOHHON CMeCH; CIoco0 YKIIAIKH M yIUIOTHEHHS, PEKUMBI HarpyxeHus u nap. [1-5].
OCHOBHOH TENBI0 TIPOEKTUPOBAHMS COCTaBa ac(hanbTOOETOHA SIBISIETCS CO3JaHWE TaKOW CTPYKTYpHI
¢ 3apaHee 3aJaHHBIMA CBOMCTBaMH, KOTOpast ObI oOecIieuniTa MpOYHOCTh U 1e(hOpMaITMOHHYIO yCTOM-
YHBOCTH acabTOOETOHHOTO MOKPHITHS B TEYEHUE PACYETHOTO CPOKA CITYKOBI.

[IpoextupoBaTh coctaBel ropsuell achambTOOETOHHON cMecH Havanu B kKoHIe XIX — Hauaie
XX B. [6]. OqHOM 13 OCHOBHBIX 33/1a4 IIPH MPOSKTUPOBAHUHU COCTaBa ac(harbTOOETOHA SIBISIETCS TO/I-
0Op ONTUMABHOTO 36pPHOBOTO COCTaBa. MI3BECTHBIM METOJIOM MPOEKTHPOBAHHUS COCTaBa ac(albTooe-
TOHHBIX cMecell siBisiercst Metoa npod. H.H. MBanosa (metox Coro3nopHHUN) — IO MpeAeIbHBIM KpH-
BBIM TUIOTHBIX cMeceit [7—9], KoTopblii ObLT pa3paboTan Ha ocHOBe HccienoBanuii B.B. Oxotuna [10].
H.H. VIBaHOB npey10KMII TPUMEHATH KPUBBIE IPaHYyJIOMETPHYECKOTO COCTaBa C KOAPPHULIHUEHTOM cOe-
ra B npenenax ot 0,65 1o 0,90. B nannom Hanparienuu (Tody4YeHHe HanboJjIee IIOTHRIX CMeceit) pa-
Ootanu Takxke uzBecTHble yueHble — [1.B. Caxapos, H.B. I'openbimes, 1.1 boxxeHos. u ap. [11-14]
DTOT MeTOJ| 1MoaAdOpa 3ePHOBBIX COCTABOB IMOJyuni B Poccuu Hambosbiee pacnpoctpaHenue [15].
TpeboBanus k 3epHoBOoMy coctaBy BHeceHbl B [[OCT 9128 «Cmecu achanbToOCTOHHBIC JOPOXKHBIE,
a’popoMHBIe U acdanbTo0eToH. TexHnueckrne yCaoBHS» U Ha IPOTSHKEHUH MHOTHX JIET TPAKTHIECKH
He MeHstoTcs (Taou. 1).

Tabmura 1
TpeboBanus k 3epHOBBIM cocTaBam 1o ['OCT 9128 B pa3Hbie T0ObI
Tun A
roct 20 15 10 5 2,5 1,25 0,63 | 0,315 | 0,16 0,05

9128-76 | 95-100 78-85 60-70 35-50 | 24-38 | 1728 | 12-20 | 9-15 6-11 4-10

9128-84 | 95-100 | 78-100 60-100 | 35-50 | 24-38 | 1728 | 12-20 | 9-15 6-11 4-10

75-100 62-100

9128-97 | 90-100 (90-100)" | (90-100)"

40-50 | 28-38 | 2028 | 14-20 | 10-16 | 6-12 | 4-10

75-100 62-100

9128-2009 | 90-100 | o0 100+ | (90_100)

40-50 | 28-38 | 20-28 | 14-20 | 10-16 | 6-12 | 4-10

75-100 62-100

9128-2013 | 90-100 | o0 100 | (90_100)

40-50 | 28-38 | 2028 | 14-20 | 10-16 | 6-12 | 4-10

* B ckoOkax yka3zaHbl TpeOOBaHUs K 36pPHOBBIM COCTaBaM MHUHEPAJIbHOM yacTh ac(aibToOETOHHBIX CMe-
cel Ipu OTpaHUYECHUH IPOEKTHON TOKYMEHTAIEeH KPyITHOCTH IPUMEHSIEMOTO IeOHS.

KpuBas ¢axTrdyeckoro 3epHOBOTO COCTaBa JOJDKHA HaxoauThcsl B ykasaHHbIX B ['OCT 9128
npeznenax. [Ipu 3ToM pekomeHnayercst, 4ToObl KpUBasi 36pHOBOTO cocTaBa Obuia ruiaBHOU. dDakTuuecKku
KpHBas 3€pPHOBOTO COCTaBa MOXKET OBITh ONM3Ka KaK K BEpXHEH IpaHUIle Pa3peleHHOW 30HBI, Tak
U K HIDKHEH ee TpaHMIle, pacronaraTbCsl B CpPEeIHEH 4acTH WIM MEepPEXOAUTh OT BEPXHEW IpaHMLIbI
K HIDKHEH M HaobopoT. B 3Tux chywasx IUIOTHOCTH acanbTOOETOHa M TOKa3zaTeld (U3IUKO-
MEXaHMYECKHX CBOMCTB MOTYT CYILECTBEHHO OTJIMYATHCS, MOITOMY OBUTM MPOBEAEHBI UCCIIEIOBAHUS
0 MOI00PY cOcTaBa acalbTOOCTOHHOW CMECH THUTIAa A C pa3iIMYHBIM TOJI0KEHHEM KPUBOW 3€PHOBO-
ro COCTaBa B IpeIeax pa3penieHHon 3016 (puc. 1-5).

Pesynpratel onpenenenus nokasarenel (pU3NKo-MeXxaHUUECKUX CBOMCTB ac(alibTOOETOHA MpH-
BeJIEHEI B Ta0II. 2.
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Puc. 2. CoctaB Ne 2 — Ha BceX CHUTax KOJMYECTBO MaTEpHaia COOTBETCTBYET BepxHeMy npeaeny [ OCTa
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Puc. 3. Cocta Ne 3 — Ha Bcex cUTax KOJMUYECTBO Marepuaa COOTBETCTBYeT cpeaHnM 3HaueHnsM ['OCTa
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3epHoBoii cocTaB Ne 4
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Puc. 4. Coctas Ne 4 — cogeprkanue Matepuana Ha cutax quamerpom 20, 15, 10 u 5 MM — cpenHee 3HaUeHHUE
I'OCTa, a HaunHasI ¢ CUTa C pa3MepoM OTBepcTHi 2,5 MM — Hanbombiie 3HadeHus: ' OCTa
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Puc. 5. CoctaB Ne 5 — cogeprkanue Matepuana Ha cutax quamerpom 20, 15, 10 u 5 MM — HIDKHEe 3HaUCHUE
I'OCTa, a HaunHas ¢ cuTa ¢ pa3MepoM siueek 2,5 MM — cpeanee 3HaueHus: [ OCTa

Tabmnuma 2

Ilokazarenu (1)I/I3I/IK0—MCX3HI/IIIGCKI/IX CBOICTB HO,I[O6paHHLIX COCTaBOB aC(baJ'II:TO6CTOHa

dakTHueckre noxkazaTelin

HaumenoBanue En. Hopwma no cocran Tcocran | cocran | coctan | coora
TaB TaB TaB TaB TaB
i . |TOCT 9128-2013
Hloasareren M Nl | Ne2 | N3 | Ned | N5
Cpenssisi INIOTHOCTh r/em’ | He Hopmupyercs | 2,87 2,80 2,89 2,86 2,86
Bononaceimenue mo oosemy % 2,0-5,0 2,62 3,49 2,88 3,35 3,24
TIpenen mpoyHOCTH NPU CHKATHH:
—1pu 50 °C, He MeHee MTTa 0,9 1,16 1,86 1,45 1,36 1,16
—1pwu 20 °C, He MeHee 2,2 3,63 5,80 3,67 4,17 4,10
—mpu 0 °C, He 6oiee 12,0 8,58 10,01 9,54 11,84 | 10,97
Cueniene npu cpsure 0,24 020 | 032 | 026 | 024 | 020

npu 50 °C, MIla, He MmeHee

BonocroiikocTs, He MeHee 0,85 0,93 0,83 1,03 0,99 0,84

BonocToiikocTh npy IIUTENBHOM

0,75 0,87 0,79 0,92 0,93 0,77
BOJIOHACBIILICHUH, HE MEHEE
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Takum 06pazoM, o pe3yibTaTam, MPeICTaBICHHBIM B Ta0Il. 2, BUIHO, 4TO cocTaB Ne 1 u cocras
Ne 5 He coorBercTByIOT TpeboBanusaM ['OCT 9128-13 mo cuennenuto mpu capure npu 50 °C. B stux
coCTaBaxX HaWOOJIBINEE JOMyCTHMOE KOJIMYECTBO IEOHS, MEIKHUX (PaKIUi HETOCTATOYHO, YTOOBI
PaBHOMEPHO 3aMOJIHHUTH MYCTOTHl MEXTy KPYIHBIMH YaCTHUIIAMH, KOHCTPYKIHS TOTy9daeTcsl HeJ0CTa-
TOYHO IIPOYHOM.

CoctaB Ne 2 u coctaB Ne 5 He cootBeTcTBYIOT TpeboBarmsiM ['OCT 9128—13 mo BoIOCTOHKOCTH.

B cocraBe Ne4 HanMeHblllee AOMYyCTUMOE KOJWYECTBO TECKa, MO HCIBITAHUSAM Ha Mpeneln
npoyHOCTH NpH cxkatud 1pu 0 °C mpoIHOCTH OJIM3Ka K MPEAeIbHOMY 3HAUCHHIO.

Ha ocHoBannn mpoBeneHHBIX MCCIIETOBAHUA MOYKHO CAENATh BBIBOJ O TOM, YTO IPU MPOEKTH-
POBaHHUU TPaAHYJIOMETPUIECKOTO COCTaBa ac(arbTOOETOHHONW CMeCH HYXKHO MPHIEPKUBATHCS Cpell-
HUX 3Ha4YeHHH 3epHOBOrO coctaBa o ['OCT 9128-13, uTo mo3BOISIET CO3/IAaTh ONTUMAIEHYIO CTPYK-
Typy acampTobeToHa ¢ HanOOBIIECH TNIOTHOCTHIO M ONITUMATEHBIMH TIOKa3aTeIIMH (DU3UKO-MEXaHU-
YECKUX CBOMCTB.
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