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MATERIALS OF BOX-TYPEPAVEMENT

Abstract. The development of the automotive industry requires modern approaches to construction of pave-
ments and highways coatings. The data for use as the raw building materials are not scarce and cheap phosphorus
waste production and coal production that preserve the landscape surrounding environment and improve the
environmental situation of industrial enterprises and some of the regions as a whole. A part of the raw materials for
the manufacture of pavement box type, used in the construction of highway coverage, with the aim of improving the
properties of the roadway and stabilize the moisture balance in it. There is a brief description of waste facilities used
in the laying of the pavement. There were experimental studies using as ingredients of pavement box-type, consisting
of a thin-walled lean concrete with slag phosphorus production ground to a class of less than 2 mm, as well as in the
manufacture of underlayment internal overburden coal mining industry and phosphogypsum forming in the
preparation of the extraction of phosphoric acid from phosphate materials. In pavement placement technologythe
mixture ispreparedin advance from the raw materials, which is thoroughly mixed, and then laid on the roadbed of the
future highway. This design of box-typepavement ismade of lean concrete laid, which is subjected to hardening and
drying under natural climatic conditions. Calculations revealed that the total savings in material and labor costs for
the construction of the pavement over the existing types of pavements may be up to 30%.

Keywords: construction, civil engineering, highway engineering, pavement, pavement, building, highway, road
construction machinery, road surface, charge.
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MATEPHAJIBI JIOPOKHOI OJIEKIBI KOPOBUATOI'O TUTIA

Annotamust. [IpuBeaeHbI CBEJCHH MO MPUMEHCHUIO B KAYECTBE IIHXTOBBIX CTPOHTEIBHBIX MATCPHATIOB HE-
Je(UIUTHBIX W JEIICBBIX OTX0J0B (POCOPHOTO MPOWM3BOACTBA M YIICAOOBIMH, KOTOPHIC IMO3BOJLEOT COXPAHUTH
JaHmIadT OKPYIKAXOMCH CPEAbl H YIIYYLIHTh SKOJOTHYCCKYH) OOCTAHOBKY MPOMBIIUICHHBIX MPSANPUATHI H HEKO-
TOPBIX PETHOHOB B LENOM. IIpeAoskeH COCTAB INMXTOBBIX MATCPHATOB AL M3TOTOBICHHS JOPOKHOH OJCHKIBI
KOpPOOYATOTO THIA, MPHMCHSACMOTO TPH CTPOHMTEIBCTBE MOKPBHITUA ABTOMOOHIBHOM TPACCHI, C LICIBIO YIIyUIICHHUS
CBOMCTB JOPOXKHOTO IMOJIOTHA M CTAOMIM3ALMH B HEM BJIOKHOCTHOro OamaHca. J[aHBI KpaTkHe XapaKTePHUCTHKU
OTXOJ0B MPOH3BOJCTB MPUMEHIEMbIX IPH YKJIAAKE TOPOKHOH OAeKAbL [IpoBeaCHBI 3KCIIEPUMCHTAIBHBIC HCCIIEI0-
BAaHUA C MPUMCHCHHUCM B KQYCCTBC HHIPCOAUCHTOB ,I[OpO}KHOfI OJCXKObL K0p06qa'r0ro THIIA, COCTOANIUX U3 TOHKOCTCH-
HOTO TOIIEro 0eToHa ¢ MPHMEHEHHEM IUIaka (JocOPHOrO MPOM3BOACTBA H3MEIBUCHHOTO O KIacca MEHee 2 MM, a
TaKKe MPH H3TOTOBJICHHUH ITOJCTHJIAIOIIECTO CJIOS BHYTPSHHHX BCKPBIIHBIX MOPOJ YTICAOOBIBAIOINCH OTPAcid H
(pochorumca, 00pa3yrOMEro MpH MOIyICHHH SKCTPAKIHOHHON (PoC(HOPHOI KHUCIOTH U3 (hoc(aToCoaep AIMIX MaTe-
puanoB. TeXHOIOTH YKIAAKH JOPOKHOTO MOKPBITHS IPEABAPUTEILHO TOTOBUTCS CMECh M3 HCXOTHBIX MATECPHAJIOB,
KOTOpas TIIATETHHO TEPEMCIIMBACTCS, 4 3aTeM YKJIAABIBACTCS HA 3eMJLTHOE IMOJNOTHO Oyaymiel aBTOMOOWIBHON
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Jopord. JIaHHAsA KOHCTPYKUHMS JOPO’KHOH OJCKABI KOPOOUATOTO THIA MPOM3BOIUTCS 3AKIAIKA KOPOOKH M3 TOIIETO
6eTOHA, KOTOpAs MOABEPracTCs TBEPACHUIO M CYINKE MPH CCTECTBEHHBIX KIMMATHYCCKHX VCIOBHAX. Pacuyeramu
YCTAHOBIICHO, YTO 00IIAS SKOHOMHS MATCPHAIBHBIX M TPYIOBBIX 3aTPAT M0 BO3BEACHUIO TAHHOM JOPOIKHON OCHKIBI
IO CPABHEHHIO C CYIICCTBYFOIMMHE THIIAMH JOPOXKHBIX OJCKI MOKET COCTAaBIATH 10 30%.

KmoueBble cj10Ba: CTPOUTEIBCTBO, TPAKIAAHCKOE CTPOMTECIBCTBO, AOPOXKHOE CTPOHTEIIBCTBO, JAOPOKHAS
OJEX/a, IOCCE, TOPOKHO-CTPOUTEILHASA TEXHUKA, TOPOSKHOE IIOJIOTHO, IHXTA.

Beepenne. B Hacrosimee BpeMsi, B BEK TCXHHUCCKOTO MPOTPECCa, YBEIHUMIICS IPY30MOTOK U 00BEM
ABTOMOOWIBHBIX TPAHCIIOPTHBIX CPEACTB MEPEABHIKCHHSL, KOTOPBIH 3a4aCTYIO MPUBOIUT K Pa3pyLICHHIO
JOpoxkHOTO TonoTHA. [1oaToMy HOpOKHAS OfEKIA COBPEMEHHBEIX aBTOMOOUIBHEIX TPACC AOJDKHA JOJDKHA
OBITh JONTOBEUHOM M OC30IIACHOM KaK B KCIUTYaTALNH, TAK W IS )KU3HCACATCIBHOCTH JIFOACH.

OCHOBHBIM YCIIOBHEM HAJC:KHOH DKCILTYATALIMH 3¢MJITHOTO TIOJIOTHA U JOPOKHOU OJCIKIBI SBISICTCS
YCTOMYHBOCTD IPYHTA, 3aBUCSINAS OT €r0 INIOTHOCTH, MOATOMY HACHIINEHHE 3¢MIITHOTO TOJIOTHA BJIATOH —
KpaliHe ONACHOE SBJICHHE, MPUBOAALICE K CHIDKCHHIO VCTOHYMBOCTH M HECYLIEH CIIOCOOHOCTH IPyHTa
3JIEMCHTOB aBTOMOOHIBHO qoporu [1].

CTeneHp NPOYHOCTH U YCTOHYHUBOCTH 3EMJISIHOTO TIOJIOTHA, & TAKKE DIICMECHTOB JOPOXKHOM OJESKIbI B
PA3TUYHBIX KIMMATHYCCKUX 30HAX, IPH PA3THIHBIX NPHPOTHBIX YCIOBHAX, MOXKET XapaKTepPH30BaTh €TO
BOJHO-TEIUIOBOH PEXKMM M M3MEHEHHA BO BPEMEHH TEMIEPATyphl M BIAKHOCTU B PA3THUYHBIX TOYKAX
3CMIITHOTO TIONIOTHA A0POrH [2]. Ecau 3TH M3MCHCHUSA BBIXOIAT 33 MPCACIBI, MPU KOTOPBIX 3CMIITHOC
MOJIOTHO TEPSCT CBOKO MPOYHOCTh U YCTOHYHUBOCTH, HEOOXOAMMO CTPOHUTEILCTBO COOPYIKEHHM, MPEI0-
XPaHAIOIIUX €TI0 OT NEPEYBIAKHEHHA U PE3KUX TEMIIEPATYPHBIX H3MEHEHUI.

B rozoBoM IHKIC HM3MCHCHHS BOZHOTO PEKHUMA 3CMIISTHOTO IMOJOTHA MOXKHO OXapaKTCPHU30BATh
CIIE Y FOIINE TIEPHOBL

- IEPBOHAYATBHOE HAKOIUICHUE BIArd OCEHBIO, B PE3YIIbTATE MPOCAYUBAHMSA aTMOC(HEPHBIX OCAIKOB;

- MPOMEP3aHKEC 3CMIITHOTO MOJIOTHA U 3UMHEE MICPEPACTIPCACICHUC BIIary;

- OTTAUBAHUE 3EMJISIHOTO TMOJIOTHA U BECCHHEE MEPCYBIAKHCHUE TPYHTA,

- ICTHEE YJAICHHUE BIIATH U MPOCHIXaHHE 3¢MILTHOTO MOJIOTHA.

Ha BnaxHOCTP 3CMIISIHOrO MONOTHA TAKKE BIMAIOT peiabe(, PACTUTCIBHOCTB, BETCpP, APYIHUC
IPUPOIHBIC (PAKTOPEI U OCOOCHHOCTH KITUMATHYCCKHIX PAHOHOB.

CrocoOBl 1 METOZBI, KOTOPHIC MO3BOJIIIOT MOBBICHTh HECYMIVIO CIIOCOOHOCTh TPYHTOB 3EMIITHOTO
MOJIOTHA, JOCTATOYHO IIUPOKO U3BECTHHI BO MHOTHX CTpaHax Mupa u B Pecriybnuke Kazaxcran [3-8].

AHa3 TEMICPATYPHBIX HCTOYHHUKOB ITOKA3bIBACT, YTO HAHOOJECE OMACHBIM BHIOM JAchOpMALHii
3EMJISTHOTO IOJIOTHA SIBJISICTCS MOTEPS YCTOHYHUBOCTH BCEX YaCTCH CTPOCHHS aBTOMOOMIBHOH TOPOTH H3-
3a YBIXKHCHUA, TaK KAK VBJILKHCHHE NPUBOJUT K MOTEPE YCTOWUHBOCTH M UX PEANTU3AMA HPOUCXOTUT
JOCTaTOYHO OBICTPO, IPHBOJS K BBIXOAY U3 CTPOSI BCEIO MEPETOHHOTO YIACTKA.

Tak. HampuMmep, Mpu YCTPOUCTBE aBTOMOOHIIBHON JOPOTH CIa0BIC TPYHTHI YKPCIUIAIOT BSIKYIUMHU
MaTepHanaMH, TaKUM KaK LEMEHT, M3BECTb, OUTYM H Ap., ¢ NPUMEHCHHEM OTXOJOB MPOMBIIIICHHOTO
MPOU3BOACTBA KaK 30JIOLUIAKH, HE(TCIIAMBI, BTOPUIHO OOPaOOTAHHBIC CTPOUTCIIBHBIC MATCPHANEL B
BuJc OCTOHA, M3BECTKOBBIX OTXOA0B U T.1. [9-12].

NmMerotes psig TEXHOIOTHYCCKUX PeLIeHUH [3, 4], koTopeie TPeOYIOT CBOSrO COBEPIICHCTBOBAHUSA H
MPUMEHEHH OONiee JCINEBHIX MATEPHANIOB, HE HAPYMIAIOIMX JAHAMAPT OKPYXKAOMEH CPeIapl U KO-
JIOTHYCCKYIO O0OCTaHOBKY B padoHaxX MOOBIYH HHIPAAHCHTOB, MPUMCHICMBIX IPH CTPOUTCIBCTBE OCHOB
JIOPO>KHOTO TOJIOTHA.

Tax.HanpuMep, U3BECTHA OOPOXKHAS ONEXKIA C MPUMEHCHHEM COOPHBIX KOHCTPYKLMH IIOCKHX
JKENIC300CTOHHBIX ILIUT TONIHHOM oT 18 10 24 cm [13]. baarogapst cOopHOCTH, HE TPEOYIOTCS A0POTO-
CTOSIIHE KOMIUICKCHI 110 UX BO3BEACHHIO, U H3-32 UX HCOOIBIINX Pa3MEPOB TEMIICpaTypHEIC AchopMaLun
MPOSIBILAIOTCS B HE3HAYHUTEIPHOH cTenieHd. OAHAKO K HEIOCTATKAM AAHHOH KOHCTPYKLUH aBTOMOOHIBHON
JOPOTH MOKHO OTHECTH HX ClIab0€ CONPSIKEHHUE ¢ HIDKETICIKATUMU CI0SMH, BCICACTBHE YEr0 BO3MOXKHO
HCPABHOMEPHOC AChOPMUPOBAHUC B MPOJOJBHOM H MOMCPSUHOM HAIMPABICHHUSIX.

Kpome Toro, mpeayioskeHbl JOPOXKHEIC OACIKIBICOCTOSALINE M3 MOKPHITHS € MPHUMCHCHHEM 3KEIe30-
OCTOHHBIX IUIUT U MOACTHIAIOIINX CJIOCB, COACPKAIMUX JHHUINES U OOKOBBIC CTCHKH, 00Pa3yOIIHE KOPOOKY
U3 TOHKOCTIOMHOTO GCTOHA 3aMOTHCHHYIO CIOSIMU CYIICCH HUIM CYTJIMHKA U [1ECKA, C IUIHTAMU TOKPHITHIAMHU
HMMCIOLIVX HIDKHIOK MOBEPXHOCTh U3 OCTPOKOHCUYHBIX KOHYCOOOpasHeIx 3neMeHToB [12]. K HezoctaTkam
MOKHO 0C0O00 OTHECTH HOBBIIICHHBIH PAcX0J HEMEHTHOTO BOKYILETO MATEpPHAIA U HATUYHE BIAKHOCTH
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IPyHTA, MPUBOMILIAS €r0 K IPOJOIBHOMY CABHIY MOJCTHJIAIOLICIO CIIOS, TPYIOSMKOCTh M CIIOKHOCTD
MOCIIOMHOM YKIQAKH CYIIECH M CYTJIMHKA, & TAK)KS OTCYTCTBHE NPH OCHOBAHWH TPELIMHONPEPHIBAIOLINX
TIPOCTOEK U3 3C¢PHUCTHIX MATEPHAJIOB.

Lenpro uccnenoBanmii siBaseTcs paspadorka 0osice HAICKHOH, JOITOBCUYHOH M OC30mACHOH mpw
3KCIUTyaTalMy KOHCTPYKLUN JOPOKHOM ONEKIBI.

Mertoaosorusi. J{ist peleH s NOCTaBICHHON 3a1a4H [PEIaraeTcs JOPOKHAS OACKAA aBTOMOOHIb-
HBIX JOPOT, COCTOAINAS U3 MOKPBITHS C NPUMCHCHHEM JKEIC300CTOHHBIX ILIHT,00Pa3yIOMUX KOPOOKY
GOKOBBIX CTCHOK W JHHUINC, a TaKKE MOACTHIAIOIINK CIOH, PEryIHUpYIOIHI BOJHO-TCIUIOBOH PEXKUM.
BoxoBbie CTEHKH U AHHUILIE U3TOTOBJICHBI U3 TOHKOCTCHHOTO TOLIECTO OETOHA, COACPIKALIETO OMPEICICHHOC
KOJIMYECTBO TOHKOM3MEIBYCHHOrO muiaka (pocOpHOro MPOH3BOACTBA, PA3MOIOTOrO IO Kiacca MCHEE
2 MM, XHMHYECKHH COCTaB KOTOporo mpuseieH B Tabmune 1. IloacTunmarommii criod W3 CYNECH HIH
CYINIHHKA COACPKUTHE3HAYHTCIIBHBIC KOJHYECCTBA BHYTPCHHIX BCKPHIIIHBEIX TOpoA yriaexoOsrau (BBII) u
¢dochorunc — orxoma docdoproro mpomssoacTea. Xumuueckui coctas BBII n pocdorumnca, mucmons-
3YCMBIX TIPU MPOBCACHUN JKCICPHUMCHTAJIBHBIX I/ICCJ'IG,Z[OBaHI/Iﬁ IIOKAa3aH B Ta6n1/1uax 2 u 3 cooTBeT-
CTBCHHO.

Tabmuma 1 — XumMirdeckuii cocTaB Tuaka GpocpopHOTro MPOU3BOICTBA

Ne Cojepxanue TToxazatenu, % Macc
1 P, Os 1,5

2 S10, 38,0

3 Fe, O 1,0

4 Al, 04 23

5 CaO+MgO 43,0

6 CaF, 2,7

9 Brara 52

10 IIpouue 6,3

Tabmura 2 — XuMudeckui cocTaB BHY TPEHHHX BCKPBITIHEIX TIOPO]T
CoJiepxKaHue KOMIIOHEHTOB, B %0
MecTtoposxaeHue
Na,O KO Cry04 FeyO4 ALO; S10, CaO MgO Cep MnO
Jlenrepckoe 0,5 0,5 0,1 9.3 8.3 49,9 1.8 1.8 28 0,1-0,6
Ta6muma 3 — CocTtaBdocdorurca 3aBo1a MUHepaTbHBIX Ya00pennit TOO «Kazdocdhar»

Ne CoJeprkaHue KOMIIOHEHTOB IlokazaTemu, % Macc
1 P, Os 0,7

2 MgO OTCYT

3 N,O 0.4

4 ALO; 0,1

5 F 0,1

6 HepactBOpUMBIf 0OCTaTOK 19.7

7 Fe,04 0,1

8 CaO 31,8

9 SOz 471
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OnruManeHbIC 3HAUCHHST COACPIKAHUS MHTPCAMCHTOB HCXOJHBIX MATCPHANIOB, MPUMEHICMBIX IPU
CO3JaHUH MOACTUIAOLINX CJIOCB, OOVCIIOBICHBI TCM, YTO MPH COJACPKAHUH BHYTPCHHHUX BCKPBILIHBIX
mopoaudocdorunca MCHEC MHHHMAIBHOTO HWIH 0OO0JICe ONTUMATBHOTO 3HAUCHHSA HE HAOIONACTCS
3HAYUTCJIHOTO TOBBIIICHUS €€ HAACKHOCTH M TOBBIIIACTCS BIATOCMKOCTh MATCPHAIA, KOTOPAS MOXKCT
MOBJICYh K CABHIY MOACTHJIAOIICTO CJIOS B MPOJOJBHOM H TMOMCPSYHOM HAPABICHUSX, MPUBOMSLIAX
KOOpa30BaHHsI BHIOOMHBI H KAHABOK JOPOXKHOTO IOJIOTHA.

Ipu coaeprkanuu B TOIIEM OCTOHE, UCIIOIB3YCMOM IS CO3AAHHUS OOKOBBIX CTCHOK KOPOOKH U JHHU-
ma AOPOXKHOM oxexkasl mHrpeaueHtoB mMeHee 10% macc, 3HaunrtenpHOro 3dexra CHIKSHHs pacxoaa
MaTCPUAIBHBIX PECYPCOB HE HAOmoAacTes, a mpu coacpxkanmu Oonee 20 % mace docdopHOoro uriaka B
COCTaBe TOWICTO OCTOHA MPHUBOAMT K CHIDKCHHIO MPOYHOCTHBIX XAPAKTCPUCTHUK CTCHOK TOHKOCIOWHOMN
KOHCTPYKIIHUH KOPOOKH U3 TOLICro OCTOHA, H3-3a BO3MOXKHOI0 HaIu4usi B pocopHOM LITaKe OKPYIIIBIX U
OILTABJICHHBIX YaCTHII PA3MCPOM MCHEE 2 MM.

Ha npuseneHHoM pucyHke | H300pakeH MOMEPEUHBbIH paspe3 MpeIiaracMod JOPOKHOM OCKIbI
KOPOOYATOro THIA, a HA PUCYHKE 2 — JKCIC300CTOHHAS IUIMTA C HIDKHCH MOBEPXHOCTBIO M3 OCTPOKO-
HEYHBIX JICMCHTOB.

Ipennaraemast JOpOKHASI 0ACKAA KOPOOUATOrO THIIA, MPUBEACHHAS HIDKE HA PUCYHKaxX | u 2, conep-
JKUT AHUIIE | ¥ GOKOBBIC CTCHKH 2 KOPOOKH, BBIIIOJHECHHBIC U3 TOHKOCIOMHOTO TOLIETO OETOHA, B COCTAB
KOTOPOT'O BBOAMTCS PA3MOIIOThIH (oChHOpPHBII IIaK.
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no II-II
I%T \ T‘g I

Prrypa 1

A\ 5 \
. . o
/ / Y,
St ol o
/ N7 N N
5 2 s
Y. / 7

|~
siers Qe
II F < Nk N

N 7{1 11

e - -

Purvea 2
PI/ICyHOK 2 — Kene3o0eToHHAS IIUTA C HUIKHEH TTOBEPXHOCTBHIO U3 OCTPOKOHEUHBIX KOHyCOO6paSHbIX SJIEMEHTOB

Ha nauine yxiaapiBaroTcst 18a rPYHTOBBIX CJIOSL — M3 CYTVIMHKA WITH CYTICCH B CMECH C BHYTPCHHUMH
BCKPBIIIHBIMU TOpoxamu u (ocdorumnca 3 u mecka 4, a 3areM yKIaAbIBAIOTCS OCTOHHBIC IIUTHL 5, HAMXK-
HSIS IOBEPXHOCTh KOTOPBIX BBIMOJHEHA B BUAC OCTPOKOHEYHBIX KOHYCOOOPA3HBIX 3JIEMEHTOB. BepxHss
MOBEPXHOCTb IUTUT HOKPHIBACTCSA AMOPTU3UPYIOLIHM CJI0eM U3 achanbrobeToHa 6.

BBeacHHETOHKOM3MEIPUCHHOTO 1taka (GocOPHOrO MPOM3BOACTBA OCYLICCTBIBICTCS HA CTATUH
CMCIIMBAHUS INUXTOBBIX MATCPHAIOB A/l MPHUIOTOBICHMSA TOLICTO OCTOHA M 3aKIaJKH KOPOOUaToi
KOHQUIYpaLd JOPOXKHOTO OACKIbI. [locie OCYLIECTBICHHsS YKa3aHHBIX paboT  YKJIAABIBAETCS
TOACTHIAIOMMI CIOH CYNOCMECH M CYIJIMHKA, COACPIKAIMMX B CBOGM COCTaBE OTXOIBl YIJICAOOBIYH
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