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FRESH APPROACH TO LOW TEMPERATURE CRACKING
IN ASPHALT CONCRETE PAVEMENT

Abstract. The paper mainly dedicated to explanation of the phenomenon of road asphalt concrete pavement
low temperature cracking on the basis of thermodynamics of irreversible process and synergetics. On analogy with
the famous phenomenon of self-organization — convective cells of Benar and ruby laser, increasing of total (relaxa-
tion and mechanical) dissipative energy rate in a road asphalt concrete pavement after cracking in process of long
cooling in range of negative temperatures has been showed and this fact demonstrates that a road asphalt concrete is
a dissipative structure. Taking into account of E. Shrodinger's idea about negative entropy, it has been told about its
negative effect at cooling of an asphalt concrete pavement. Confirmation of the Yu. L. Klimontovich's principle of
entropy production minimum in processes of self-organization and the P. Glansdorff-I. Prigogine's criterion of
evaluation for open thermodynamical systems has been demonstrated. Stresses and straines in the pavement under
long time cooling (30 hours) have been defined by the finite element method approach with using isoparametric
elements of second order. A simplificated method taking into account of thermoviscoelastic properties of an asphalt
concrete has been developed. Initial and boundary conditions of the problem have been defined on the basis of
results of experimental investigation of temperature in points of pavement structure and subgrade of the highway
“Astana-Burabay” by the especially developed sensors.

Key words: road asphalt concrete pavement, cooling, thermal crack, strain, stress, entropy, finite element
method, temperature sensor, criterion of evaluation for open thermodynamical system.
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HOBBI B3I JIS1]1
HA HU3KOTEMIIEPATYPHOE TPEHIMHOOBPA3OBAHUE
B AC®PAJIBTOBETOHHOM INOKPBLITHU

Annoranmusa, CTaThq MOCBAMICHA OOBACHCHUIO SBJICHHS HH3KOTCMIICPATYPHOTO PACTPCCKHBAHUS JOPOKHOTO
ac(aabTOOCTOHHOTO TOKPHITHS HA OCHOBE IOJIOKCHHUH TSPMOAMHAMHKH HECOOPATHMBIX IPOLIECCOB W CHHEPICTHKH.
[To amanormu C W3BECTHBIMH SABICHHSMH CAaMOOPTAaHM3AIlMHM — KOHBEKTHBHBIMH sruciikamMu beHapa m pyOmHOBOTO
Ja3epa, MOKA3aHO MOBBILCHUE CKOPOCTH CYMMAPHOM (PEIaKCAMOHHOW M MEXAHM4ECKOH) JUCCHNIALIUU SHEPruU B
JOPOKHOM ac(habTOOCTOHHOM MOKPBHITHH TOCTIC 00PA30BAHMS TPCIIMHBEI B MPOLCCCE JTHTCIBHOTO OXJIAKICHUSI B
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00JIACTH OTPHIATCIBHBIX TEMICPATYP H TEM CAMbBIM JOKA3bIBACTCS, YTO AOPOKHOE AC(aTbTOOCTOHHOS TOKPBITHE —
JUCCHIIATHUBHAA CTPYKTypa. [IokazaHo COOMOOCHWC MPHHIMIA MHHAMYMA MPOM3BOJICTBA 3HTPONHH B IPOLECCE
camoopraruzammy 0. JI. KinMOHTOBHYA M YHHBEPCATBHOTO KPHTEPHS SBOMFONUH OTKPBITBIX TEPMOIUHAMHUYCCKUX
cucreM I1. I'mercmopda — Y. Tpurosxuna.

HanpsprerrO-1¢ YOPMHEPOBAHHOE COCTOSIHAC MOKPHITHS HPH THTEIHLHOM (30 4acoB) OXIIAKICHUN OIPEACTICHO
METOJOM KOHEYHBIX 3JIEMEHTOB. ISl 3TOTO pa3pabOTaH YHPOIICHHBIH METOM, YUHTHIBAFOIIUI TCPMOBIZKOYIPYTHE
cBolicTa ac(harpToOeTOHA. HauampHbEIC H TPAHUYHBIC YCIOBHS 334a4H 330aHBI HA OCHOBC JTAHHBIX 3KCICPHMCHTAIb-
HOTO OMPEICIICHHUS TEMIICPATYPBI B TOUKAX KOHCTPYKIHH JOPOKHOH OACKABI ¥ 3MIISTHOTO MOJIOTHA ABTOMOOMIBHOM
nJoporu «Actana-bypabain» ¢ moMOMIBI0 pa3paboTaHHBIX CIICITHATHHO JATIHKOB.

KimoueBnbie cioBa: 1opoxHOE ac(harbToOOCTOHHOE MOKPBITHE, TEMIICPATYPHAS TPEIIMHA, Ae(opMamus, Hapsi-
JKEHUE, SHEPTH, JHTPOIIHA.

Beeaenue. HuskotemmneparypHoe pacTpeckuBaHue (PUCYHOK 1) SBISICTCS OJHHM W3 OCHOBHBIX
BUIOB paspyiurcHus achaabTOOCTOHHOTO MOKPHITUS ABTOMOOW/IBHBIX JOPOT B PETHOHAX C XOJIOJHBIM
kiaumaToM. [losBiaeHre HU3KOTEMITEPATYPHOH TPCIIUHBI

— BO-TICPBBIX, HAPYINACT CIUIOMIHOCTh MOKPBITHS, M3-34 YErO CYLICCTBEHHO YMCHBINASTCS €ro pac-
MpeACTIIOIAS HArPy3Ky OT aBTOMOOHICH CIOCOOHOCTE HA HIDKENICKAIIKE CITOH KOHCTPYKLHMH JOPOXKHOU
OJCHKIbl ¥ TPYHT 3eMJISTHOTO TIOJIOTHA,

— BO-BTOPBIX, SIBJSICTCS MECTOM IMPOXOJA Bard B KOHCTPYKIHKD JOPOKHOHW OJCHKIBI H TPYHTOBOC
3EMJISTHOE TIOJIOTHO, UTO YMECHBINACT MPOYHOCTD U JOJTOBEYHOCTh JOPOKHOM KOHCTPYKITHH.

Pucynok 1 — HuskotemriepatypHoe pacTpeckuBaHue acparbToOeTOHHOTO TTIOKPBITHS aBTOMOGHIIBHOM JOPOTH

Figure 1 — Low-temperature cracking of asphalt concrete pavement of the road

UroOrl yCTpaHUTh OTPHULIATCIBHOC BIHSHNAEC HU3KOTEMITCPATYPHBIX TPCLIUH, HA MIPAKTHKE JOPOIKHOTO
Jena OOBIYHO HCHONB3YETCS CHOCOO MX 3aJC/IKH, BKIIOUAIOIIMM PACIINTHE H 3alOJHCHHE MOJOCTH
TPELIMHEI BA3KUM OHTYMOM WIH cricnuanbHOW Mactukod [1]. 3amenka tpeummn npexacrtaBmser coboit
TPYAOCMKHHA B MaTOMEXaHH3UPOBAHHBIN BHA PAOOTHI, TPEOVIOLIHMI 3HAYUTEIBHBIC 3aTpaThl MaTepraia U
BPEMEHU.

Kax mokazpIiBacT MHOTONICTHSISI MPAKTUKA SKCILTyaTalusi ABTOMOOHIIBHBIX JOPOT, CPOK CIIY3KOBI TEp-
METHUYECCKOH 3aJCKH TPCIIUH ABIIETCS HU3KUM. OOBIMHO MOCTIE OYEPEIHOIO 3UMHErO MEPHOAa GombIas
JacTh 3aACJIAHHBIX TPCIMUH MOJTHOCTBIO WM YACTUYIHO PASICPMCTHU3UPYCTCA U TpC6y€TCH CKCTroaHas Ux
Hnepe3afeka.

3azgenka XOpOLero KauecTsa repMETU3HPYET HONOCTh TPCLIMHEL U NPEAOTBPATHT MOCTYIICHUE Bia-
TH CBEPXY AOPOXKHOTO MOKPHITHS BHU3. HO OHa He BOCCTaHABIMBACT CIUIOLIHOCTh (MEXaHHYECCKYIO Lic-
JOCTHOCTB) JOPOKHOTO TOKPBITHS. JlOpOKHAS KOHCTPYKIHS C TEMIICPATYPHBIMH TPEIHHAMHU (OCOOCHHO
MPY MCHBLINX PACCTOSHUAX MEKAY HUMH) 007IaJat0T MECHBIICH MPOYHOCTHIO U, CIICAOBATCIBHO, MCHBIICH
JOJIrOBEYHOCTBIO.

Cka3aHHOC BHIIIC JAABHO MPHUBJICKAJIO BHUMAHUC YUCHBIX U CIICHHUAINCTOB-A0POKHUKOB U HU3KOTCM-
HEPaTyPHOE TPEIIHHOOOPA30BAHKE CTAIO MPEAMETOM UX MHOTOJIETHHX HccienoBanuil. Tak, HaunHas eme
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¢ 50-60-x r00B MPOIIJIOrO BEKA, MPOJAOIKAIOTCSI KAK TCOPCTUUCCKUE, TAK M IKCIICPUMCHTAIBHBIC Pado-
ThI, HAITPABJICHHBIC HA M3YYCHHE MPOOICMBI HU3KOTEMIIEPATYPHOTO PacTpecKuBanms achaabToOCTOHHOTO
MOKPBITHS ABTOMOOHITBHOM Joporu [2-5].

Ho camo dusuueckoe sBICHKE, ITPU MOSBICHUN KOTOPOTO UMEET MECTO PACTPCCKUBAHUE TOPOKHOTO
achanbToOOCTOHHOTO TMOKPHITHS M0 CHUX MOP HAYYHO HCOOBSICHCHO. UMCTO MEXaHHYCCKUE B3TJISABI HA
MPOLIECC BO3HUKHOBCHHS HHU3KOTCMICPATYPHBIX TPCUIMH HE Jand YOCAMTCIPHOTO OTBETA MHOTHM
MPAKTUICCKU BAXKHBIM BOIIPOCAM.

1. HOBBIE TTPEACTABJIEHHUA O MEXAHU3ME HU3KOTEMIIEPATYPHOI'O PACTPEC-
KNUBAHUWAL.

HopozkHoe acdanbToOETOHHOE MOKPHITHE MPHU MOHWKECHUH TEMICPaTyphl (OXJIKICHHH BO3AYXa) B
00JacTH OTPHULATCIBHBIX TEMIICPATYP SIBISCTCS OTKPBITOM TEPMOIHHAMHYCCKOW cucTemoii. B Hayke
HU3BCCTHO MHOIO INPUMCPOB TOI'0, UTO B KPUTHUYCCKUX YCIOBHAX B OTKPBITHIX TCPMOAUHAMHUYICCKUX CHUC-
TeMax BO3HHKAIOT AMCCHIIATHUBHBIC CTPYKTYPH (KOHBEKTHBHBIC suciiku benapa, addexr nokamuzammn
temna, peakuus benoycosa—KaGoTHHCKOTO, azep, COMUTOHBI, CTPYKTYPHI B TYPOVIICHTHOCTH H JIp.) Kak
(dopMBI amanTanUH CUCTEMBI K BHEIIHHUM VCIOBHAM [6]. BOZHHUKHOBEHHME AMCCHUMATHUBHBIX CTPYKTYD
O6’I>$ICH$I€TC$I ABJICHUCM CaMOOpPTraHu3anuu, B OCHOBC KOTOpOﬁ JICKUT ABJACHHUC KOJIICKTUBHOIO IMMOBCACHUA
CTPYKTYPHBIX 3JIEMEHTOB CHCTEMBI.

[Tpn noHmkeHUN TeMmepaTypsl (OXJKICHUN) BO3AyXa YMEHBINACTCS MOABHKHOCTh CTPYKTYPHBIX
3MeMEHTOB OHTYMa B acdanbTOOETOHE, YTO CHHXKACT CIOCOOHOCTh PEIAaKLMPOBATh HAKAIUIUBACMOE BO
BPCMCHU HaIIPAKCHUC B IIOKPBITUH.

B moxpeITHH npU OXNKACHUU BO3AYXa BOZHHKACT HEPEATH30BAHHAS TEMICparypHas acdopmanus

&, , U3-32 KOTOPOH MOSBISICTCS HANpsDKeHUE O . Peammsamum temmeparypHo# aedopmarun mpemsaTcT-

BYIOT CMCKHBIC YYACTKU IOKPBITHIA. HpI/I IPOAOIKAOMICMCA OXJIAXKACHUN BCIUYNHA TCMIICPATYPHOI'O
HANPSDKCHUS. HCTIPEPBIBHO PAcTeT. Temreparypa BCE BPEMsi CHIKACTCS, T.C. PECIAKCHPYIOLIAs CIIoco0-
HOCTh ac(anbTo0eToHa Bee Oonbine yMeHbImaeTcs. M3-3a KOIEeKTHBHOTO MOBEACHUS BECh 00BeM achalib-
TO6€TOHa B IIOKPBITUHU COBMCCTHO CONIPOTUBIACTCA K BHCITHCMY BOSﬂCﬁCTBHIO. Huaue TOBOP:, BCC CTPYK-
TYPHBIC 3JICMCHTBI a,C(ba,.]'[bTO6€TOHa MOKPBITUA (aTOMbI, MOJICKYJIbI, MAKPOMOJICKYJIbI, HAAMOJICKYIAPHBIC
00pa3oBaHMs) COMPOTHBISIIOTCS MPEIACTOSINEMY BO3MOKHOMY Pa3pyIICHHIO (ITOTEPE CILIOMIHOCTH,
LICJOCTHOCTH) KOJIJICKTHBHO (COBMCCTHO).

[Mpu KPUTHUCCKOM 3HAUCHHUU VIPABISIIOLICTO MAPAMETPa, KOTOPBIM SBILICTCS TEMIICPATypa BO3LyXa
(TeMmepaTypel TOBEPXHOCTH TMOKPHITHS M BO3AyXa B 3UMHHH [EPHOA NPAKTHUCCKH PaBHBI),
acanpTOOCTOHHOC TOKPHITHE KaK TCPMOTUHAMHYCCKAS CHUCTCMa JOCTHracT MOpOra YCTOHYHBOCTH,
KOTOPBIH XapaKTePH3YETCs CIACAYIOIUM YCIOBUCM:

o, = [GP], 1)
rac O, — TCMICPATYPHOC HAMPSKCHUC, | O — CACT IIPOIYHOCTH acC AIBbTOOETOHA IPU PACTIKEHUH.
T paTyp 1p pl —1p P pu p

B6musn xputHueckol Temnepatypsl 1, cHCTEMa HAXOAWTCH OUCHb JATICKO OT IMOJOXKCHUSA PaBHO-
BCCHS W JajbHCUINCE Majoe YBEIHYCHHE TEMICPATyphl MPHUBCACT CHCTEMY K paspyiucHuio. Ecmu mo-
KPBITHE OJHOPOAHO, TO BEPOATHOCTh Pa3pyLICHUA B JOOOU Touke Gioka oanHakosa. Ho cucrema cama
(ero CTPYKTYpPHBIC 3IEMEHTH KOJIJICKTHBHO) MPUHUMAET PEIICHUE NOMYCTUTh PACTPECKHUBAHKE B OJHOM
(Tonbpko B omHOM!) CeuCHHHM. DTO CaMblii MUHHUMANBHBIN VIIEPO LCTOCTHOCTH CHCTCMBI — PA3ACICHHC
OJHOTO IIETIOr0 HA CaMOE BO3MOKHOC MHHUMAIBHOE KOJMMYECTBO YacTel, T.¢. Ha ABE YaCTH.

Taxum 00pa3oM, KPUTHUCCKAA TEMIIEPATYPA SABJISCTCS TOUKOH OnypKauy, mpu JOCTHKCHAN KOTO-
POl crcTeMa pa3AensIeTCs Ha ABC YacTH, T.C. HAYATIBHBIN ONOK JOPOKHOTO NOKPHITHS Pa3AcisIeTCs] Ha qBa
camocToATeabHBIX Omoka. B Touke Oupypkanum v cHCTEMBI HOABIIACTCS BHIOOP: B KAKOM CCUCHHU pac-
TpeckuBaTbes! M CTPYKTYPHEIC 3JIEMEHTBl CUCTEMBI KOJUICKTUBHO «BBIOHUPAIOTY «BBITOAHOCY ISl CUCTC-
MBI CCUCHHE.

budypkarnmonnas nuarpaMMa pacTpecKHBAaHHUS HAYATBHOTO OIIOKA NMOKA3aHA HA PUCYHKE 2.

B6musn kputHueckod TeMmmeparypel CHCTEMa NPHHHMACT PEIICHHE BBICBOOOIUTH HEKOTOPOE
KOJIMYCCTBO HAKOIICHHOW BHYTpeHHEH sHepruu. HrkHaa moBepXHOCTH acdanbToOOCTOHHOTO MOKPHITHS
JKECTKO CBA3aHA C IOBCPXHOCTHIO CJIOSI OCHOBAHMS JOPOXKHOH KkoHCTpykuwu. [losToMy mpu pactpecku-
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