Q HIG '\
ClENCE AND INNOYA |0N

!
l’
.'



https://doi.org/10.71031/

Qazaq Highway Science and Innovation, 2025, N°1, DOI: https://doi.org/10.71031/

g ANLJOLCZI

KOA FBIABIMW-3EP

«Kazxoal3U» AK FbIJIBIMU 7KYPHAJIbI

HAYUYHBIN )KYPHAJI AO «Ka3znopHUW»

0QAZAQ HIGHWAY SCIENCE AND INNOVATION

PenenzupyeMslil )xypHaj OTKPBITOTO JOCTYIIA, 3apETUCTPUPOBAHHBI MUHHUCTEPCTBOM
KyJIbTypsl U nHQopManu Pecnyonmku Kazaxcran
CBuaeresbeTBO 0 toctaHoBke Ha yueT Ne KZ25VPY 00119665 ot 26.04.2024
ISSN (Online): 3008-1491
Yupeaureab: AO «Ka3zaxcTaHCKUN JOPOKHBIA HAYYHO-UCCIIEI0BATEIbCKUI HHCTUTYT»
TemaTnueckasi HANPaBJEHHOCTb: ITy0JIMKALMS HAYYHBIX MaTEpUAOB 10 BOIIPOCaM
IIPOEKTUPOBAHHUS, CTPOUTENBCTBA, PEMOHTA U COJIEPKaHHsI aBTOMOOUIIBHBIX JOPOT U
UCKYCCTBEHHBIX COOPYKEHHI, a TaK)Ke IMarHOCTUKHA aBTOMOOMIIBHBIX 10pOT

BAC PEJAKTOPHI — I''TABHBI PEJAKTOP
Myxamoberkanues Kaiipat KyanmkanueBu4 — kanouoam mexuuyeckux HayK, pyKogooumen
HayuHo2o yenmpa ucciredosanui u paspabomox AO «KazoopHUU»

PEJAKIUSA AJIKACBHI — PEJAKIITUOHHAS KOJUJIET' USA
AmupbaeB Epuk JluxambaeBu4 — Buye-npesuoenm AO «KazoopHUH»
MyxamberkaauneB Kaiipar KyanmkanueBu4 — kanoudam mexnuueckux Hayx, pyKogooumeib
HAyyHo20 yeHmpa ucciedosanuii u pazpabomoxk AO «KazoopHUH»
Amumona Canranar KangapoexkoBHa — ookmop PhD, pykosooumens omoena /[CMuHT @unuana
AO «KazoopHUH» 2. Anmamul
Tiney Kypmanrassl Baiira3plynbl — dokmop PhD, pykosooumens ynpasnenus yugposusayuu
ToxnaraeBa Paiixan YaauxanoBHa - ookmop PhD, cmapwuii cneyuanucm nabopamoproco omoeina,
LIxona Cmpoumenvnoti Mnocenepuu um. Jlaiine, Ynueepcumem Ilypovio (Purdue University)
KymarynoBa Anust ACKapoBHA — KAHOUOAM MEXHUYEeCKUX HAYK, ACCOYUUPOBAnHHbLL npogheccop, U.o.
Odoyenma xagheopul « Texnono2uss NPOMbIUIEHHO20 U 2PANCOAHCKO20 cmpoumenbemeay, HAO
«Eepazutickuii nayuonanvusiu ynusepcumem umenu JI.H. I'ymuneea»
KymamyparoB Manapoexk BaxTusipyibl — mraowuii Hayunvlil COMPYOHUK HAYYHO20 YeHmpa
uccnedosanuil u pazpabomox AO «KazoopHUH», omeemcmeennwiii cekpemapn
Cmaryaosa Mapus KycauHoBHa — muaowiuil HayyHvlld COMPYOHUK HAYYHO20 YEHMPA UCCAe008AHUU
u paspabomox AO «KazoopHUH», omeemcmeennvlil cekpemaps

IlepuoanunocTs BbIX0AA: 4 pas3a B rox

Anpec: Pecniyonuka Kazaxcran, r. Acrana, yi. XKekeGatoIp, 35
Ten.: +7 (7172) 72-98-17

E-mail: qazjolgzi@gmail.com

Caiir: https://science-jolshy.qazjolgzi.kz/ru



https://doi.org/10.71031/
https://science-jolshy.qazjolgzi.kz/ru

—

Qazaq Highway Science and Innovation, 2025, N°1, DOI: https://doi.org/10.71031/

MA3MY¥HBI - COAEP KAHUE — CONTENTS

A. Tynebexosa, A.’Kanxuna, A.Unrobaesa, A./[orcymabaes
TONBIPAKTBI HBIFAUTY YIIIH TEOCHHTETHUKAJIBIK
MATEPUAJIAPIBI KOJNJAHY TUIMALJITTH BAFAJIAY

. E. Ecenmaii, I'. K. Acanosa

MNOBBILIEHUE COJIEYCTOHYUBOCTH HA
HEMEHTOBETOHHBIX NOKPBITUAX ABTOMOBUJIBHBIX
JOPOI"' KABAXCTAHA

D. Bazarbayev, A. Aikenova, M. Smagulova, A. Nigmetova
DEVELOPMENT OF NOISE-INSULATING CONCRETE BASED
ON RECYCLED INDUSTRIAL WASTE TO IMPROVE
ACOUSTIC PROPERTIES OF BUILDING STRUCTURES

U.C. Bonoapw, 11.I'. Xapoukos, E.H. Pemuzoe
COBEPIIEHCTBOBAHUE HOPMATHUBHOHM FBA3bI IIO
OBCJIIEAOBAHUIKO, JUATHOCTUKE H OCMOTPAM
ABTOAOPOKHBIX MOCTOB B CIIIA B NIEPUOJA C 1970-X
roa0B 1O HACTOS L EE BPEMS

A. Anmeincapol, A.A. Kymaeynosa, b.JI. Yyeynes, M.H. Anoanazapos

MOJUPUITAPOBAHHBIN BETOH JJIA
HOEMEHTOBETOHHBIX JOPOI PECITYBJIMKHN
KA3ZAXCTAH

M. Zhumamuratov, D. Pirshayev, Z. Omirbekova

COMPARATIVE ANALYSIS OF THE EFFECT OF POLYMER
ADDITIVES ON THE PHYSICAL AND MECHANICAL
PROPERTIES OF ASPHALT CONCRETE MIXTURES

4

16

24

32

43

51


https://doi.org/10.71031/

Qazaq Highway Science and Innovation, 2025, N°1, DOI: https://doi.org/10.71031/

Qazaq Highway ISSN

Science and Innovation 3008-1491
https://science-jolshy.gazjolgzi.kz/ru/index

TONBIPAKTBI HBIFAWTY YIIIH TEOCUHTETHUKAJIBIK MATEPHUAJIJIAPIIBI
KOJIJAHY TUIMALIIT'TH BAFAJIAY

https://orcid.org/0000-0001-8553-3081
https://orcid.org/0000-0009-1071-7156

A.Ty.]]eﬁeKOBal*, https://orcid.org/0000-0003-0093-0008 A Kaukuual

A.I/I.moﬁaeBal, https://orcid.org/0009-0007-2844-6361 A.I[;KyMaﬁaeBl

!J1.H. T'ymunes areianars! Eypasus yaTTeik yauepeuteti (CoyneT-Kypbuibic (GaKyibTeTi,
Actana, Kazakcran PecniyOnukachr)
“Koppecnonuent arop: krasavka5@mail.ru

Annarna. lllery TOmbIpakTBIH CBHIPTKBI KYKTEMEJEPIiH 9CEpiHEH KeJieMi MEH MilliHiH
e3repTy KaOljleTiMeH cumarTanajabl, Oyl OHBIH O€TiHIe OpHalacKaH KYpbUIBIMIAPIbIH
nedopMaIusChiHa 9KeTyl MyMKiH. bysl KYOBUIBIC dcipece bUIFAIBUIBIK ©3TepIeH Ke3/ie HeMece
KYKTEME ocep €TKEHHEH KeWiH ailTapibIKrail meryre OeiiM ca3 sxoHe Jlail meriniiepi CUsKThI
QJICI3 JKOHE TYPAKCHI3 TONBIPAKTAPFa KaThICThI. MYH/Iall TOMBIpaKTap/a aBTOXKOJIIap MEH 0acka Jia
MH(PaKYPBUIBIMIBIK OOBEKTUIEPAl caly Ke31H/1€ >KaFbIMChI3 CalIap/IbIH aJlJIbIH aly YIIiH HBIFAUTY
JKOHE TYPaKTaHIBIPY OIICTEPiH, OHBIH IIIIHJE T€OCHHTETHKAIBIK MaTEepHATAAPABI KOJIIaHYIbI
KOJNJaHy KaxeT. bynm marepuanmap Heri3fiH O€piKTIK cuUmarTaMaiapblH KaKcapTyra >XoHE
nedopmanusi KaymiH a3aidTyra kKemekreceni. JKonm karamaybl-Oyil KeJiK KypajljaapblHaH
JKYKTEMENepi JKOJJbIH Heri3iHe Oipkenki Oeiyre apHainfaH HHXXEHEpIiK KypbuibiM. On
MaTepuanapabH OipHeme KabaTTapblHaH TYPAJIbl, OJapIbIH OPKANCHICHI KOJI KYPBUIBIMBIHBIH
OepiKTiri MEH TYPaKTBUIBIFBIH KaMTaMachl3 €Tyle 63 (YHKIMSIIAPbIH OpbIHAAWIbl. MaHbI3/IbI
ACTIEKT-YHIH/I1 )KYKTeMeep/Ii KOTK KO3FaIbIChIHAH TOTIBIPAKTHIH TEPESH THIFBI3IAIFaH XKOHE KaTThI
KabaTrTapeiHa TUIMII Oepy YIIiH ko0anaHybl Kepek. Makanaja MeriHIl TOMBIPaKThl JalalbIK
ChIHAY HOTHIKEJIEP] KOHE COHFBI JIEMEHTTEP ICIMEH €cenTey HOTHKemepl kenTipuireH. ChiHaK
omicTepi MeH IIApPTTapbl, COHJAN-aK >KOJNIBIH KYPBUIBIMIBIK-TEXHOJOTHSUIBIK — IIEIIiMi
cunarrainra. byj oficTeMeHIH THIMIUTITT OHBI SPTYPJIl MHKEHEPIIK-Te0NIOrHsUIbIK Karaailiapaa
KOJIZJaHy MYMKIiHJIriHe OainanblcThl. ChIHAK HOTHXKENEpl TOIMBIPAKTBIH IIOTYIHIH JKYKTeMere
TOYEJAUIITH KOPCETeTIH rpapuKTep TYPIHIE YChIHBUIFaH.

Tyiinai ce3gep:  TOMBIPAaKTBIH  IIOTyi, CTaTUKAIbIK  JKYKT€ME,  THIFBI3/IANY,
T€OCHHTETUKAIIBIK TOP

Kipicne

ABTOMOOUIIB JKOJIIaphl HH(PPAKYPBUTBIMBI 0acka MHPPAKYPHUTBIMIBIK CajalapMeH KaTap
HYKOHOMHKAJIBIK, CBIPTKBI CasiCH, QJIEYMETTIK >KoHe Oacka Ja MakcarTapra KON JKeTKI3yHiH,
aZaMJapliblH eMip Cypy camachlH apTThIPYAbl KaMTaMmachl3 €TYIIH MaHbI3bl Kypajbl OOJIBII
tabbutafpl. byrinri Ttanma Kasakcran PecnyOnukachlHIAFbl JKadmbl — IaianaHbIMIarbl
ABTOMOOWJIb KOJITAPBIHBIH Y3bIHABIFBI 96 MBIH IIAKbIPBIMABI Kypaiibl. OcblFaH OalIaHbBICTHI
xobanay KesiHJe mery aedopMaisulapblHbIH Maiiga 060y MYMKIHAITIH €CKepy KaeT, Oy
TOTEHIIIE Iapajap KemleHiH KaObuimayapl Tanman etemi [1]. BipinmmigeH, HETi3MIH >KETKUTIKCI3
TBIFBI3JANTYBI CANIZIApBIHAH CYy KYPBUIBICTAPBIHBIH OACTapbIHbIH, KaFanay TIpeKTEpiHiH, TOMBIPAK
HIeriHAUIEpiHIH aliTapibIKTall 1eopManusaapbl OpblH aJlaThIHbI, COHBIH CalllapblHaH OeTkeinep
OY3bUIBII, >KOJI1ap/ia IIYHKBIpIIap Maia 001aThIHBl aHBIKTABI [2].

Kbt caifblH 16ry TONBIPAKTapbIHA JKY3[E€r€H HHXKEHEPIIK KYpPBUIBICTAp CaJIbIHAJbI,
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oJIap/bIH KBI3MET €Ty Mep3iMi OipHemie ece KbICKapajabl, >KOHJEY JXKOHE KaJbIHA KEeNTIpy
HIBIFBIHAAPHI OacTankbl KyHbiHA XeTeni [3]. [eriaai TompIpakThl HBIFAUTYABIH KOHE OJIAPIbIH
KEWiHT1 meryiHe o 0epMeiTin OipHeme THiMI1 oaictep Oap [4]:

—Kypbutbic  Oacrasranra  JIefiH  TombIpak  Heri3faepiH  TeiFbmay. On  Tecey,
nipinzey,0ypManayibl KOJJaHy apKbUTbI )KY3€re achlpbLUIaJIb;

—OJICi3 TOBIPAKTHI THIFBI3BIPAK (KYM, KUBIPIIBIK Tac, KABIPIIBIK TaC) TOMBIPAKKa iNIiHapa
HEMECE TOJBIK ayBICTHIPY;

—JXyxremeHi TepeH KabarTapra OepeTiH TONbIPaK KaJdajJapbIHbIH KYPBUIFBICHL;

—KyMm1b1 %oHE KUBIPIIBIK TACThI )KaCTBIKTAP/IbL, IPEHAXKAAP/IBL, Cy O6TKI30€iTiH epaenepai
OpHary;

—LlemMeHTTeY, CHIIMKATTaH IBIPY, MAKBIpIIAY, TOIBIPAKTHI ca3/aay;

—TombIpaKThI MEKTP TOTBIHBIH YHEPTUSACHIMEH, JKbLTY arperarTapbiMEeH TEPMUSUIBIK OCKITY
[5];

—HaTpuii KapOOKCHUMETHIIIIEIIIION03aChIH TYPAKTaHIBIPY, MIOTydi a3alTy, TOMBIPAKTHIH
OepiKTiri MEH TYpPaKThUIBIFBIH apTTHIPY YLIIH Maiianany;

—TOTBIPAKTHIH (DU3UKAIBIK KOHE MEXaHUKAIBIK KACHETTEPiH THIMIII JKaKcapTa ajlaThlH
JIOCTYPITi €eMeC TYPAKTaH IBIPFIIITAP/IbI, COHBIH 1IIH/Ie HAHOMATEePHAIAAP/Ibl, KbI3bUT OAJIIBIKTHI,
HEC, runpodo6ter TypakTanasipreimTsl, EN-1, SH [6].

by TexHonorusmapapl KOJJIAHY TOMBIPAKTHIH KBICBUIYbI MEH IIOrYyiH adTapIIbIKTai
TOMEHJIETYTe MYMKIHJIK Oepeni. EH Konmaiibl 9J1ic TOMBIPAKTHIH TYPiHE, Makaa 601y TepeHIirine
YKOHE KYPBUIBIC aJIaHBIHBIH WH)KEHEPITIK-TeOIOTUSIIBIK JKaFIalibiHa OalTaHbICThI TaH 1aJ1a]Ibl.

ojicreMe

3epTTeneTiH HbicaH AMaThl OONBICHIHAAFEI [11e AnaTaybIHBIH €TET1HEH COJITYCTIKKE Kapai
CO3BUIBII KATKAH Tay €TETIHACTI SHICTI Ka3bIKTa opHaIacKaH [7]. [ €omOrusIbIK-TNTOIOTHSUITBIK
KMMaHBI eTKei-Ter kel aHbIKTay YILIiH Tpacca oci OoibiHIIa Teperairi 6,0 M aelinri 51 6apnay
YHFBIMACHI ©TTi, 0apibirbl 199,0 M oTTi. ¥HFbIMaapasiH adcomoTTi Oenriiepi 631,59 — 680,70m.
Tpacca ydackeci xep OeTiHEH TONBIPAK-eCIMJIIK KabaTbIMEH YChIHBIIFaH, Kyatsl 0,2 M. Temene
KaTThI-CYWBIK KOHCUCTCHIIUSAH alllbUIFaH KyaTbl 6,0 M-Te JeiiHri ca3gakrap, COHai-aKk KyaTbl
1,5 M-re nediHri KaTThl KYMJIBI ca3faakTap xarelp. TeMeHe opraiia ipi )KoHe ipi allblIFaH KyaTbl
0,6 M-men kym KaOartapbl Oap. YWiHAI TOMBIPAK KHBLIBICATHIH KOJJIAHBICTAFbl aBTOMOOMIIb
JKoJaapeiHaa ke3zaeceni. KypambiHaa KUBIPIIBIK Tac MEH KUBIPIIBIK Tac Oap >KapThUlail KaTThl
Ca3zJakIeH YChIHbUIFAH. MakcuMmanpl ambulFaH KyaTbl 3,2 M. 3epTTey KEe3€HIHJE Kep acTbl
cynapsl Teperaikre 1,0 - 7,8M ambuiasl. TombIpakThiH (pHU3HMKa-MeXaHUKANBIK KacueTTepi | jxoHe
2 KecTenepe KeNTipUIreH.

Kecte 1 — TonpipakThiH (pU3HKa-MEXaHUKAIBIK KACHETTEP1

Ne
[TapameTp artayst U — 2a Uro - HUro - Uuro - Uuro - uro | urno -
2b 2v 2d 3a —4v 4g

1 2 3 4 5 6 7 8
AKKBIIITHIK 111er1, % 26,9 26,3 27,1 27,3 20,7 - -
Hxemmimik mieri, % 18,8 18,7 18,9 19,0 16,9 - -
Wxemaimik unaekci, % 8,1 7,6 8,2 8,3 3,8 - -
Orimainik uHIekc, % <0 0,38 0,62 0,94 <0 - -
;;a61/1f1/1 BLIFaIABUIBIK, 12.2 216 24.0 26.7 4.6 i )
Tonbipak
OeJIIeKTepiHig 2,71 2,70 2,71 2,71 2,69 - -
TBIFBI3/IBIFBL, I/CM>

Kecte 1 xanracel
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Tonsipak

THIFBI3BIFBL, T/OM? 1,61 1,91 1,94 1,84 1,61 1,62 1,88

Kyprak
TOMBIPAKTHIH 1,45 1,57 1,57 1,45 1,54 - -

TBIFBI3/IBIFBI, T/CM>

Kyre . 0.86 0,72 0,73 0,87 0,74 ] ]
K03 QUITUCHTI

blnrannpuibik

nopexeci i i i 0,97 i i )

OTKI3IIIITIK
KO3 QUITUCHTI

Kyprak  kyiigeri
TabuFu Kesbey - - - 35 38

OYPBIIIEI, TPAI.

TonbipakThiH

.. 318,0 145 98 98 294 400 500
kepeprici, klla

Kecre 2 — TonbIpak cunarraMmaiapblHbIH HOPMATHUBTIK KOHE €CeNTiK MOHAepi

Ne TonsIpakThiH MeHH;IIKTl Inisicy, kTTa ki yiikesic OypeImibL, I[ecbop_MaHHH
canmMarsl, KH/M rpa. Moy, MITa
Urs ’
norm PII PI norm ClII CI norm ylI yI
13,7
2a 1,61 1,61 1,58 22.0 22.0 15.0 22.0 22.0 19,0 —’—7 P
16,0% | 16,0* | 11,0* | 16,0* | 16,0* | 14,0* ’
15,5*
2b 1,91 1,91 1,87 25,0 25,0 17,0 21,0 21,0 18,0 —’—13 e
13,0%*
2v 1,94 1,94 1,90 21,0 21,0 14,0 18,0 18,0 16,0 —’—12 %
2d 20,3 20,3 20,1 13,0 13,0 8,7 5,0 5,0 43 7,7
13.0 13.0 9.0 24.0 24.0 21.0 10,6
3a Lol 1 L6LI LS8y ow | 11,05 | 7.0% | 21,0 | 21.0* | 18,0 7,0%
4v 1,62 1,62 1,59 1,0 1,0 0,7 35,0 35,0 32,0 30,0
4g 1,88 1,88 1,84 1,0 1,0 0,7 38,0 38,0 34,0 30,0

*- boneiuime cyobly KaHbIKKAH KYUIHOe2l MONbIpaKmbvly CUNAMMAMAIapbl KOPCemiieeH

Ege-2a (xarThl >koHE XKapThulall KaTThl ca3/lak) >koHe 3a (KarThl KYMIBI ca3/iak)
TOIBIpaKTapsl mery Kacuerrepine ue. bacranke! mery KbicbiMbl 0,125 - >3,0 kr / cM2 Kypaiiabl.
O3 caMarbIHaH TYCY 5 CM-JIEH aclaii/ibl. Iery OONbIHIIA TONBIPAK JKaFAalbIHbIH Typi-1 (OipiHmi).
3eprreyiH OnoK-cxemacsl | cyperTe KepceTiireH.
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TonbIpaKThIR
(DHIMKAIBIK KOHE
MEXAHHKATHIK
KacHeTTepi

CraTHkaibIK
P, 3eprrey anicrepi § KYKTeMe ChIHAFhI
(SLT)

Kaza TYTACThIFbIH

3epTTey XKocnaphl 3epTTey HBICAHEI Texcepy (PIT)

Ilexti DneMentrep §
aj1ici DolteIHa
ecemnrey

Cyper 1 — 3eprTey )KYMBICBIHBIH CXEMAChI

Kapraibl e3eH1 apKblIbl ©TETIH KOIip 6TKeNll 00bEKTICIHE KaJalap bl ChIHAY aKyCTHUKAJIbIK
e peKTOCKOMUSHBIH Oy30aliThIH diciMEeH TeMipOeTOHABI OYypFbUIaY KaJallapbIHBIH TYTaCTHIFbIH
(Y31IMEHTIHAIrIH) 3aTTail skcmpecc Oakpliaay >KYprisy >KOJbIMEH KadajapAblH Y3bIHJBIFBI MEH
TYTACTBIFBIH 3€PTTECYy MAKCaTBIH/A XKYPTi3iiai

KanmaneiH >kepaeri >KYKTEri KO3FalbIChl TOYENIUTIriH Oenrijieil OTBIPBIN, KepAaeri
KaJlamapAblH KOTeprimTiri MeH nedopmanusiiany KaOieTiH aHbikTay MakcareiHga [1K 244+77
xou keripiHiH Ne 3 TipeyiniH Ne 3 Oypfbulay KaJachlHBIH HIETIHIC KYKTeMeci 0ap CTaTUKaJbIK
CBIHAKTAp XKYPri3imi.

Kanans! xykreyniH opOip caTbicbiHAa OapiblK acrantap OoWblHINA ecenteyiep (ChIHAK
aKmapaTsl) ajbIHABI, OipiHII caraT 15 MHMH apaibIKNeH, OfaH 9pi KaJaHbIH OPHBIH ayBICTBIPY
(mwery) anciperenre aeiin 30 MUH apalbIKIEH, OHbI HIAPTTHI TYPAKTAHABIPY JETl aTajbl.

Kamanap »o0ackiHa colikec Kanajgapbl MIApTThl TYPAKTAHIBIPY YIIIH OHBIH TOIBIPAKTa
KO3Fally >KbulgaMJblrbl (mery) kaosuiganasl, MEMCT 5686-2012 coiikec, KYKTEMEHIH OCBHI
carbIchiHIa COHFBI 60 MUHYTTHIK Oakputaynmap ymria 0,1 mMm-meH acnaiiner. Kamansr sxykTemec
OyphIH acmanTapJaH HOJAIK CaHAK albIHbI. BipiHIIl caHak >KyKTEeMeH1 KOJJaHFaHHaH KeWiH
OipACH aJIBIHBIN TacTaAbl. Op Ke3eHHIH AKCIIO3UIHS YaKbIThl, OipiHIIICIHEH CETi3iHIIire JeiiH,
KbICBIM JKYKTE€MEJEpiHiH acThlHAA op Ke3eH yiIiH 120 MUHYTTBI Kypazbl. TOFBI3BIHIIBI KE3€H 1€
9KCHO3UIMUS YaKbIThl 270 MUHYTTHI Kypazabl. KypbUIbIMABIK-TEXHOJIOTUANBIK IeniMm GeoSM
ennipyuriciHig "'eodnakc" reoCHHTETHKAIBIK TOPBIH KOJNJIaHy apKbLIbl KaObUTIaHABI (CypeT 2).

TombIpakTeiH 16Tyl Keiibip skepnepae MyMkiH, edTkeHi EGE-2 TombipakTaper mery
KacuerTepine ue. Kyyay TyprbIChIHAH reOTeXHUKaIBIK karfainap I (O6ipinmn) sxone 11 (exinmi)
TUNKe Karaapl. JKoOanmaHraH KONIBIH OapiblK KUBUIBICTAPBIHAA KWBIPIIBIK Tac Heri3i Oap
achansrOeToH Xa0biHbI O0ap. AcdansrOeToHHBIH KanbHABIFEI 0,11-1eH 0,38 m-re neiiin. JKon
TeCEeMIEPIHIH KOHCTPYKIMUTAPBIH sk00aay Oip - OipiMeH OailyIaHbICTHI J)KoHE O1p-OipiHe Kapama-
KalIIbl KeIMeyl KepeK €Ki Ke3€HHEH TypaJbl: jkobaay >koHe ecentey. JKoa KuiMJIepiH xobanay
Keprimikri pecypcrap Heri3iHAE €H KOJIaWbl MaTepHalapAbl TaHIAy/laH JKOHE KYMBICTAPIbI
yHBIMIACTBIpYIaH, JKeKe KabaTTapAblH MeJIIIepiH THICTI TYpAE AaHBIKTaylaH >KOHE OJIapIibl
TePEHIKKE KOIOMAaH Typaabl. YHIHIITe apHajgFaH KOHCTPYKTHBTI IHEmIMaep 2-CyperTe
KOpPCETUIreH.
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Cypet 2 — XKarbl KOHCTPYKTHBTI IIEIIIM

Kememai ciHipy npuHImm OOWBIHINA JpeHak KabaThl KabaTka TYCETIH Cy OHBIH
KeyEeKTepiHe TOJIBIK ChIMBIIN KETETIH JKafiainapa canbiHa bl by sxarnaiina MyHiail kabarrapaan
Cy IIBIFapBUIMAIBI, )T KabaTTap/IbIH 631 TEK kKOJI KUIMACPIHIH acThiHA KONbLIabl. KallbIHIbIFbI
KalWUIIPJIBIK KeTepily OMIKTIriHe aeiiH Oenrui Oip Kopbl 0ap JpeHaxbpl KaOaTTarbl Cy KOJ
TOCEeMiHe 3USHABI dcep erneiiai. J{peHax KOHTCPYKUHMSCHIH TaHJIAy ONMIHUSUIAPIbl TEXHUKAIBIK-
SKOHOMUKAJBIK CaJbICTBIPY HETI3IHJE JKY3ere achlpbliybl KepeK. [eorpua TONbIPAKTHIH
TYPaKTBUIBIFBIH €19yip apTThIpaTblH Oepik MaTpal] Heri3iH KamTamachki3 ereni. [eorpua
KOJIJTaHY/ABIH 9cepl YHIH/II AeHECIH e KoHEe reorpu ] KabaThlH 1A Maiiia 60omabl.

KypbutbiMIpIK-TeXHOTOTHSIIBIK, 1emriMai Texcepy yiria GTS NX Midas Garmapinamanbix
KEIlIeHIH KOJ1/1aHa OTBIPBIIN ecenTey Kyprizuiai (cyper 3-5).

Cyper 3 — Ecenrik Mmoneins
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Cypert 4 — XKep acTbl cy neHreii 6ap ecenTik MOJeNb

Cyper 5 — ApromMo6ub Kemirines sxykreme KP KH EN 1991-1-1:2002/2011 coiikec 5 kH/m?
KaOBbLITIaH/IbI.

HaTH)KeJIep KOHE TAJKbLIAY

KP EX 5.01-103-2013 (4.5.5-TapMak) coiikec KBICBIMJIBI JKYKTeMmelnep kesiHme Fu
KaJaJapblHbIH IIEKTI KeIeprici YIIIH OChl JKaFjaiiap TybIHIAFaH Ke3/le, >KYpri3uireH
CBIHAKTAPBIH HOTHOKENIepi OoibiHma 239,0 TK )KYKTEMeHI KaObu11ay Kepek.

CraTtukaiblK chiHAK HOTHOKeepi Ne3 tipekreri Ne3 KajgaHbIH JKYK KOTEPTIIITITT TOTBIPAK
OOMBIHIIA MaKCUMAaJAbl KBICBIMIBI KOOAJBIK >KYKTEMEH1 KaObuifay YIIIH KETKUIIKTI eKeHiH
KOPCETTI.

ChIHaK HOTIDKENEpl 3—KecTeie skaHe 6 -7 — cypeTTepAe KeNTipiireH.

Kecte 3 — CratukanblK ChIHAKTAPAbIH HOTHXKENEP1
VYyactok KYKTEME Kanansim Maxcumanist Opraiua mery, MM
Ke3eHiHiH Ne Ne KYKTEME, T
1 3 27 0,00
+ b
[1IK 244+77 2 3 53 0.04
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3 3 80 0,05
4 3 106 0,09
5 3 133 0,15
6 3 159 0,26
7 3 186 0,49
8 3 212 0,78
9 3 239 1,47
10 3 265

MaxkcuManipl )XKyKTeMe, T

0 27 54 81 108 135 162 189 216 243 270 297

-0,2

-0,4

-0,6

-0,8

Oprama mery,Mm

-1,2

1,4

-1,47
-1,6

Cypet 6 — CbiHaKTBIH OapibIK Ke3eHIepiHaeri Oyprbulay KaladapblHbIH KaJIIbl IIOTyiH
HOTHIKENep KecTecl

10
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Cypet 7 — XXykrey Kagamaapbl apKblIbl OypFbUIay KaJachIHBIH IIOTy HOTHXKEJIEPiHiH
rpaduri

KamanmapnelH TyYTacTHIFBIH ChIHAY HOTHDKeNepi 4-kectene xkoHe 8, 9-cyperrepae
KOPCETUIrEH.

Kecte 4 — CpiHaK HOTHXENEPI

OpHanackas xepi Tipex Kana Kanarsm TecT HoTHXKECI
No. No. Y3bIHABIFBL, M

1 21,4 KaHaraTTaHapJIbIK

2 21,6 KaHaraTTaHapJIbIK

3 21,0 KaHaFaTTaHAPIIBIK

4 21,3 KaHaraTTaHapJIbIK

1 5 21,6 KaHaraTTaHapJIbIK

6 21,6 KaHaFraTTaHAPIIBIK

7 21,0 KaHaFaTTaHAPIIBIK

T1IK 244+77 8 21,6 KaHaFraTTaHAPJIBIK
9 21,3 KaHaraTTaHapJIbIK

10 21,5 KaHaraTTaHapJbIK

1 13,6 KaHaraTTaHaPJIbIK

) 2 13,5 KaHaraTTaHapJIbIK

3 13,6 KaHaraTTaHapJIbIK

4 13,5 KaHaraTTaHapJbIK

5 13,9 KaHaraTTaHapJbIK

11
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Cypet 8 — Nel kaiaHbIH JieHeCi apKbUIbl TOJKBIHHBIH OTY1H Tajaaay
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Cypet 9 — Ne2 KajgaHbIH JIeHeCl apKbUIbl TOJIKBIHHBIH OTYIH Tajaay

GTS NX Midas OarmapnamanblK KELIEHIH KOJIJaHAa OTBIPBIN, YHIHAIHIH OKaJIbl
KO3FAJIBICBIH €CENTEy HOTIDKEIepl KO3FaNbIC Ke3iHIe MakcuMaiael jaedopmamus 3,8 MM
60naTBIHABIFBIH KepceTTi (cypet-10).

Cypet 10 — YifiHiHiH aBTOMOOMIIb KOJIIT' JUHAMUKACBIHAH KAJIIIbl OPbIH aybICTHIPYBI

12


https://doi.org/10.71031/

Qazaq Highway Science and Innovation, 2025, N°1, DOI: https://doi.org/10.71031/

KopbITbIHABI

[erinai  TOMBIPAKTBI ~ HBIFAUTYIABIH THIMAI  OMICTEpiHIH  Oipi-T€OCHHTETHKAJIBIK
MaTtepuaniapabl KoujgaHy. bynm marepuangap JKOFapbl OEpIKTIKKE J>KOHE T'€OTEXHUKAIBIK
TYPaKTBUIBIKKA H€, OYJ1 TOMbIPAaK HeTi31H/Ier1 mery MeH AedopMaius bIKTUMaJAbIFbIH a3aiTabl.

Ocpiran OaillaHBICTBI  3€pTTEY[lE ©H JKOFapbl ceHiMmaumikneH Kypzaemi Tombipak
JKarJaibIHa aBTOMOOUIIB JKOJIBIH CaTyJlbl KaMTaMachl3 eTyre OarbITTaliFaH Oipkarap ic mapanap
KYPTrizimi.

3eprrey OaphIChIHAA KOHCTPYKTHBTI — TEXHOJIOTHSUIBIK IIEIIIM HETI31HAEC MbIHAJai
KOPBITBIHIBLIAD KACAIIJIBI:

1. Ierinai TonblpakTapAblH GU3MKA-MEXaHUKAIBIK KACUETTEPIHE Talljay >Kacajibl.

2. Kemrenmi 3eprreynep skyprizunmi. CraTukanblK Kagajlapabl ChIHAY HOTHXKEIEpi
TOTBIPAKTHIH KOTEPTIIITITT MaKCUMAJIJIBI )KYKTEME YIIIiH JKEeTKUTIKTI ekeHiH kepceTTi (Pmax=239
TK, S=1,47 Mmm). KapanapabIH TYTaCTBIFBIH ChIHAY HOTHIKENIEPl KaHAFaTTaHIbIPBUIIBL.

3. CanabIK MOJIEIBICY JKOJI YHIHAICIHIH TYPAKTHUIBIFBIH aHBIKTayFa MYMKIHIIK Oepei. YKo
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OIEHKA 2O®EKTUBHOCTHU IPUMEHEHUA TEOCUHTETHYECKUX
MATEPHAJIOB JUIA YKPEIIVIEHUSA I'PYHTA

*

A.Tyne6exoBal, A. Limo6aesa'”, A.CepexoB!™, A.JKankuna'™

"EBpasuiickuii HanuonansHelil yausepcuter um. JIL.H. T'ymunena, Acrana, PecyOnuka
Kazaxcran

AnHoTanms. [IpocasouyHOCTh XapaKTepu3yeTcsi CIOCOOHOCThIO TPyHTa U3MEHSTH CBOU
00beM 1 (opMy 10J] BO3/I€HCTBUEM BHEIIHUX HArpy30K, YTO MOXKET MPUBOAUTH K JedopManusm
KOHCTPYKIIMH, pPacHoOJI0KEHHBIX HA €ro IMOBEPXHOCTH. DTO SIBJIEHHE OCOOEHHO aKTyallbHO IS
C1a0bIX M HECTAOUIIbHBIX TPYHTOB, TAKMX KaK ITIMHUCTHIE U UJIOBBIE OTIIOKEHHUS, KOTOPhIE UMEIOT
CKJIOHHOCTb K 3HAUUTEIILHBIM IIPOCAJKaM IIPU U3MEHEHUH BIIAKHOCTU WM II0CJIE BO3ACUCTBUS
Harpysku. J{is nperoTBpalleHns HeKeIaTeNIbHbIX MOCIEACTBUN IPU CTPOUTENBCTBE aBTOAOPOT U
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Ipyrux UHGPACTPYKTYPHBIX OOBEKTOB Ha TAaKUX TI'PYHTAaX HEOOXOAMMO HCIOJIb30BaTh METOIbI
VKPETUICHUSI U CTa0WIM3AINK, B TOM YHCIE MPUMEHEHHE T€OCHHTETUYCCKUX MAaTepUaoB. DTU
MaTepuaibl CIOCOOCTBYIOT YIYUIICHUIO TPOYHOCTHBIX XapaKTEPUCTUK OCHOBAHMS U CHUYKCHUIO
puckoB aedopmanmii. JlopokHass HachIlb MPEACTaBIsIET OO0 HHXKEHEPHOE COOpPYKEHHE,
IpeIHa3HaueHHOEe JJIi PaBHOMEPHOTO pacIpe/lelieHHs] Harpy30K OT TPAHCHOPTHBIX CPEACTB Ha
ocHoBaHue Aopord. OHa COCTOMT M3 HECKOJIBKHUX CIIOEB MaTepUasioB, KaXJblil M3 KOTOPBIX
BBIMIOJIHSET CBOIO (YHKIMIO B OOECHEUYEHWH MPOYHOCTH U CTAOMIBHOCTH JOPOXNKHOMN
KOHCTPYKIMH. Ba)KHBIM acTieKTOM SIBJISIETCS TO, YTO HACHINb JOJDKHA OBITH CIIPOEKTUPOBAHA TaK,
4yTOOBI 3 EKTUBHO MEpeIaBaTh HArPY3KHU OT JABMKEHUS TPAHCIIOPTA HA MTyOOKO YINIOTHEHHBIE U
TBEP/bIE CIIOM I'PyHTa. B cTarbe npeacTaBieHbl pe3ysbTaThl OJEBbIX UCIBITAHUNA MPOCAA0UYHbIX
TPYHTOB U PE3yJIbTaThl pacu€TOB METOJOM KOHEYHBIX 37eMEeHTOB. ONHCaHbl METOMbI U YCIIOBUS
UCTIBITAHUH, a TAaK)Ke KOHCTPYKTUBHO-TEXHOJIOTMYECKOE perieHue 10poru. DPQPeKTuBHOCTD ITOH
METOMKHU 3aBUCUT OT BO3MOXXHOCTU €€ NMPUMEHEHHUSI B PA3IMYHbIX WHKEHEPHO-T€OJIOrHUECKUX
yCcIoBHAX. Pe3ynbraThl UCHBITAaHMNA MPEJACTAaBICHBI B BHAE TpapHUKOB, IOKA3BIBAIOIINX
3aBHCHUMOCTH IIPOCAJIKU TPYHTA OT HArPy3KHU.

KuaroueBble cioBa: 1mpocajgka TIpyHTa, CTaTU4yeckas Harpyska, YIUIOTHEHHE,
TeOCHHTETHUYECKasi TEOPEIIETKA.

EVALUATING THE EFFECTIVENESS OF GEOSYNTHETIC MATERIALS FOR SOIL
STRENGTHENING

A.Tulebekova !, A. Zhankina 1, A. Ilyubayeva®

"Department of Civil Engineering, L.N. Gumilyov Eurasian National University, Astana,
Republic of Kazakhstan

Abstract. Shrinkage is characterized by the ability of soil to change volume and shape
under the influence of external loads, which can lead to the deformation of the structures located
on its surface. This phenomenon is particularly true for weak and unstable soils, such as clay and
silty sediments, which tend to settle significantly with changes in moisture content or after loading.
To prevent adverse effects, constructing roads and other infrastructure projects on such soils
requires strengthening and stabilization techniques, including geosynthetics. These materials help
improve the base's strength characteristics and reduce the risk of deformation. An embankment is
an engineering structure designed to distribute loads from vehicles on the road base evenly. It
consists of several layers of materials, each with the function of providing strength and stability to
the road structure. An important aspect is that the embankment must be designed to effectively
transfer the loads from vehicle traffic to the deeply compacted and hard soil layers. The paper
presents the results of field tests of sedimentary soils and the results of finite element calculations.
The test methods and conditions as well as the structural and engineering solution of the path are
described. The effectiveness of this technique depends on the possibility of its application in
different engineering-geological conditions. The test results are presented in the form of graphs
showing the dependence of soil subsidence on load.

Keywords: ground subsidence, static load, compaction, geosynthetic geogrid.

Copyright: © 2025 by the authors. Submitted for possible open access publication under the terms and conditions
of the Creative Commons Attribution (CC BY NC) licence (https://creativecommons.org/licenses/by-nc/4.0/).
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MOBBIIIEHUE COJIEYCTOMUYMBOCTH HA IEMEHTOBETOHHBIX
HOKPBITUAX ABTOMOBUJIBHBIX IOPOI' KABAXCTAHA

IL.E. EcenTaii!, I'.T. Acanosa!

'Kaszaxckuii ABToMo6HIBHO-J{0poskHblil MucTuTyT M. JI. B. Tonuaposa, r. AnMatel, Kazaxcran
“KoppecmonieHT aBTOp: g.asanova@gqazjolgzi.kz

AnHOTanus. B cTathu npoaHaJM3UPOBaHBl MPUMEHEHHUS XWMHUYECKUX PEareHTOB IS
MPEeIOTBPALICHUS] 3UMHUX BHJIOB CKOJIB3KOCTH Ha JOpOrax ¢ HEeMEHTOOETOHHBIM MOKPBITHEM.
['myboko  wW3y4deHBI  XapaKTEpUCTUKA  OOpa3oBaHHsI  CKOJB3KOCTH HA  MOBEPXHOCTH
EMEHTOOETOHHBIX MOKPHITUHU C YYETOM U3MEHEHHE TEMIIEPATypbl U OTHOCUTEIBHOU BIaKHOCTH
BO31yXa. ABTOpaMU B JIAOOPATOPHBIX YCIOBHUSAX OIMPEIEICHBI COJICYCTONYMBBIC XapaKTCPUCTHKU
[IEMEHTOOCTOHHBIX MOKPBHITUH W YCTAHOBIEHBI UX MPOYHOCTHBIE CBOWCTBA OT KOHIECHTPAIUU
pactBopoB. Ha oOCHOBE 53THX J@HHBIX OIPEACIICHBl MaKCUMaJIbHO-IOMYyCTUMBbIE HOPMBI
pacupeneneHnus XUMHUYECKUX PacTBOPOB M KOHILIEHTPALlMM PAcTBOPOB. Takke B pe3yJbTare
MOJIEBBIX U JJAOOPATOPHBIX YCIOBUSX YCTAaHOBJICHBI BUbI PEAr€HTOB, IPUMEHUMBIE JIJIsi IOPOT C
EMEHTOOETOHHBIM IMOKPBITUEM.

KiawueBble cj10Ba: aBTOMOOMIIBHBIC Aaoporu ¢ HCMCHTO66TOHHHM IIOKPBITUECM,
MMPOTHUBOI'OJIOJICAHBIC PEArcHTbl, KOHICHTpAlHUA PACTBOPOB XHMHUCCKHUX PEArcHTOB, HOpMa
pacnpeaciicHus, COHCyCTOﬁ‘IHBOCTB I_IeMeHTO6eTOHHBIX HOKpBITI/IP'I

BBenenune

B mpaktuke AOpOKHOW U KOMMYHAIbHON CITy>KObl TPUMEHEHHE XUMUYECKUX PEarcéHTOB
JUIS IPEOTBPAIIEHNs 3UMHEN CKOJIb3KOCTH Ha aBTOMOOMIIBHBIX 1I0pOrax MPakTHYeCKH BO MHOTHX
cTpaHax Mmupe, B T.4. Ka3zaxcrane, MMeeT BecbMa akTyajbHOE 3HaueHue. lcrmosib3oBaHue
XUMHYECKOTO MeToJla OOphObI CO CKOJB3KOCTBIO IO CPAaBHEHUIO C APYTMMHM METOJaMHU C
9KCIUTyaTallMOHHOW TOYKM Haubojee SKOHOMHYECKH BBITOAHBIM. OO0JIaCTh NMPUMEHEHHs 3TOTO
METO/Ia paclpoCTpaHsieTcsl B 0c000 MHTEHCUBHBIX U CKOPOCTHBIX jaoporax (6onee 3000 aBT/cyT,
CKOPOCTh B 3uMHee BpeMs 6omnee 70 km/4) [1].

Opnako  mpuMeHeHHE  OOJBIIMHCTBA ~ XMMHUYECKUX  pPEareHToB B 30HE C
PE3KOKOHTUHEHTAIbHBIM KJIMMATOM 3a4acTylo He JaeT moyiokuTtensHoro 3¢ dexra. Kpome Toro,
UX IPUMEHEHUS C DKOJIOTHYECKOW TOUKH 3PEHUS TAaK)KE MMEET HeYIOBJICTBOPUTEIBHBINA XapakTep,
3HAYUTEIBHO CHUXKAET TUIOI0POAHOCTD MTOYBBI B IPUTPACCOBON 30HE, OBHIIIAET KOPPOZUOHHYIO
AKTUBHOCTh METaJUIOB B JICTAISAX TPAHCIOPTHBIX CPEACTB W KOHCTPYKIHSX MOCTOBBIX
coopyxkeHuil. KpoMme Toro, MoBbILIEHHOE COJIEP/KaHNE XJIOP-MOHOB B COCTAaBE CHETa MONaaacT B
MI0JI3MHBIE ¥ TPYHTOBBIE BOJIBI M TEM CAMBIM CHMKAET BKYCOBBIE KAUeCTBA TUTHEBHIX HCTOYHHKOB
[1,2].

B coBpeMeHHOI AeATENTbHOCTH JOPOKHBIX AJMUHUCTPALMN BAXKHOE MECTO 3aHUMAET
KOHTPOJIb 32 PacXoJIOBaHUEM JCHEKHBIX CPEICTB Ha MpoTHBOroioneAanbie MaTepuansl ([1I'M),
UCTOJBb3YEMBIX MpPU 3UMHEM COJAEpP)KaHUU aBTOMOOMJIBHBIX JOpor. M3MmeHeHHe ycIoBUI
00pa30BaHMs CHEKHO-JIEHBIX OTJIOXKEHUI Ha I0POTax ¢ HEMEHTOOETOHHBIM OKPBITHEM U3 rojia

16


https://doi.org/10.71031/
https://science-jolshy.qazjolgzi.kz/ru/index
mailto:email@mail.ru
https://orcid.org/0009-0004-3308-9715

Qazaq Highway Science and Innovation, 2025, N°1, DOI: https://doi.org/10.71031/

B TOJ JIeJIaeT 3aTPyAHUTEIIBHBIM CPAaBHHUTEIbHBIA aHanu3 TakuxX AaHHbIX [2]. B IIBenmu ans
pemieHus 3Toil mpobrnembl HanmonanbHas moposkHas agmuHucTpanus (SNRA) mpenmoxxuna
MOoKa3aTe)lb 3MMHHUX JOPOXKHBIX ITOTOJIHBIX YCIIOBUM, TaK Ha3bIBaGMbIN IMOKa3aTejlb 3UMHEH
noroasl (WINTER INDEX).

B ®OunnstHAMM C 1ENTbI0 ONTUMAIBHOTO PACXOJA0BAHMS CPEICTB Ha 3UMHEE COJICP)KaHHUE
BCE aBTOMOOWJIBHBIC JOPOTH pPa3/eleHbl HA MSATh KIACCOB OOCITY)KMBAHHS B 3aBHCHUMOCTH OT
uHTeHCUBHOCTH ABMXkeHus: Is — 6000 aBt./cyT; I — 3000-6000 aBT./cyT; Ib — 1000-3000 aBT./CyT;
1T -200-1000 aBt./cyT; IIT — < 200 aBT./CcyT [3].

OuHCcKas KOMMYyHallbHasi XO3siiicTBa B O0pbOE CO CKOJB3KOCTBIO PEIKO HCIOIb3YIOT
XUMHUYECKHE pearcHThl. J[Jis MOBBIMIEHUS CIEMHBIX KAYECTB JOPOT OHU MCIOJB3YIOT TPAHUTHYIO

kpouky (puc. 1) [3].

Pucynok 1 — [IpumMeHenne rpaHUTHOM KPOLIKY POTUB CKOJIB3KOCTH
Ha ropoAcKux Joporax OUHISHANN

MeToaosaorus

Xumunyeckue Metoisl Ha asrogoporax Cpenneil Asum u Kaszaxcrana He Bcerna
MpUEeMIIEMBI U3-32 PE3KOKOHTUHEHTANBHOCTH KiIMMaTa. Hampumep, cpeanuii nepemnaj cyTOYHOU
TEMIIEPATypPhI BO3/yXa B CAaMOM XOJIOJTHOM Mecsiie rofa B LleHTpaibHoM Kazaxcrane cocraBiser
13-19 °C, B Boctounsix — 11-16 °C, B CeBepubix — 11-14 °C, a B FOx#ubix — 11-19 °C. I'ogoBoe
KOJIMYECTBO OCagkoB cooTBeTcTBeHHO — 260-300, 340-370, 300-340 m okxomo 150 mm [4].
[ToaTomy, IpUMEHEHHE TIEPEIOBOTO OMBITa Pa3BUTHIX CTpaH MUpa B ycinoBusx V-V mopoxHo-
KITMMATHYECKHUX 30HAX HE BCETa MPAKTHYHBI M3-32 CJICIYIONINX TEXHOJIOTHIECKIX COOOPaKEHUH:
BO-TIEPBBIX, OTCYTCTBHE TOPOACKOM KOMMYHHKAIMH  JUIsl  pachpedeNieHus  SKUIKUX
MIPOTUBOTOJIOJICTHBIX PEAreHTOB; BO-BTOPBIX, H3-3a OOJIBIIOTO Mepena a CyTOYHON TeMITepaTyphbl
BO3/lyXa MPOTHUBOTOJIOJEAHBIE PACTBOPHI 3aMEpP3al0T B TPYyOONPOBOJAX MPOTHBOTOIONIEIHON
CHUCTEMBI.

Ilpocno3zuposanue 00pazo08aHus  CKONL3KOCMU HA  ABMOMOOUNILHLIX — 00P02aX C
yemeHmobemoHHbIM NOKpbimuem 6 3umuee gpemsi. O0pa3oBaHUE CKOIB3KOCTH Ha MTOBEPXHOCTH
JIOPO’KHOTO TOKPBITUS BEChbMa CIIOKHBIM MPOIECC, B 3HAYUTEIHHOW CTENEHU 3aBHUCSIIUN OT
TEMITEpaTypbl U BIAKXHOCTH CPEIbl, U TETUIOOOMEHHOTO MpoIiecca, MepeIaBaeMoro OT KoJiec
JIBUXKYIIUXCS aBTOMOOWIIEH TpU CKOJBKEHUU (TOPMOKEHWH) M KadeHuW. Ha mporecc
00pa3zoBaHus TONOJEAA TAKXKE BIMSIOT KIMMAaTUYECKHE OCOOCHHOCTH, TakWe, KaK CYTOYHBIN
nepernaj TeMIepaTypbl Bo3ayXa U (hPU3MKO-MEXaHHMYECKHUE CBOWMCTBA CAMOTO CHEKHO-JIEISTHOTO
obpazoBanus [5].
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Pucynok 2 — Xapakrep 00pa3oBaHus rojojiefia Ha TOBEPXHOCTH MOKPHITHS
B 3aBUCHMOCTH OT TEMIIEPATypbl U OTHOCUTEIHLHOM BIAXKHOCTH BO3IyXa

OO6pa3oBaHue HaJeau HA IEMEHTOOCTOHHOM MOKPHITHM BO3HUKAET B UHTEPBAJE OT +2 110
-10 °C u otHOCHUTENnBHOM BiaxkHOCTU OT 70 % u BbImIe (puc. 1). CrnenoBaTenbHO, B 3aBUCUMOCTH
OT BBIIICTICPEUNCIICHHBIX KIMMATHYECKUX JIAHHBIX, Ha MMOBEPXHOCTH JIOPOKHOTO TOKPHITHS B
3UMHHE BpeMsi U MEXKCE30HHBIE MIEPUOABI ToJ]a 00pa3yIOTCs CIEAYIONINE BUABl CKOIB3KOCTH: B
WHTEpBaJie TeMrepaTypsl oT +2 10 -1 °C — MOKpBII CHET WIH BIIaXXHOE MOKPHITUE, BIAXKHOCTH
BO3/yXa NpHU 3TOM Kojebnercs B mpeaenax Wo=92-96 %; or —2 no —6 °C — obnexneHenoe
MOKPBITUE, KOT/1a HIDKHSS 9acTh 00pa30BaHMs €IIe MOKET OBITh TBEPbIM HAKaTaHHBIM CHETOM
(Wo=72-80 %); u ot —6 1o —10 °C — cHexxHo-Ie[iTHOe 00pa30BaHUE B BHJE CHEKHOTO HakKaTa
(Wo=60-68 %) [1,4,9,10].

Teopemuueckue npeonocvliKu U J1AOOPAMOPHLIE UCHLIMAHUL N0  YCMAHOBIEHUIO
naassauwieli  CHOCOOHOCMU — NPOMUBO2O0NONEOHbIX — peaceHmog.  LleMeHTOOeToH — sBiseTrcs
TUTPOCKOMMMYECKUM MaTEepPHAIIOM IO CpaBHEHHIO ¢ acanbToberona. [lopsl ieMeHTOOeTOHA JIeTKO
MPOMUTHIBAIOT BJIard B cBoe Teno. [lpw Takux ciydasx Haubosiee MpPUEMIIEMBIM CIIOCOOOM
YCTaHOBJICHHS TEMIIEPATyp PaBHOBECHUSI MEXKAY TBEPIAbIMU U KUAKUMH (Da3amMu SBISETCS METOJ
TEPMUYECKOTO aHaIM3a, HE TPEOYIOIMMA HU MEXaHMYECKOTO pa3eleHUsl, HH XUMHUYECKOTO
aHaJM3a HaXOMSIIUXCS B paBHOBecwH ¢a3. PaznmuuaroT cieayrolue METOJbl YCTaHOBIICHUS
TEMIIEPATyp PABHOBECHS: BHU3yaJbHBIM W METOJA KpPUBBIX «BpeMs-TeMiieparypa» (puc. 2).
BusyanbHblif MeTOI TPUMEHUM TOJBKO JJISL CPEJ C BHICOKOM MPO3PavyHOCTHIO ISl HAOIIOICHUS

[6].
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Pucynok 3 — JluarpamMmmMa cOCTOSIHUS IByXKOMIIOHEHTHOM CHUCTEMBI
10 KPUBBIM OXJIQXKICHUS

[Ipouecchl TEMIOBBIX SIBJIEHUN IPU PACTBOPEHUN XUMHUECKUX PEAr€HTOB B 3HAUUTEIbHON
CTCTICHH ONpPEJEISIET CKOPOCTh U MPOJIOKATEIBHOCTh MX B3aMMOJCHCTBHS. TernoBoi 3¢ dext
IIPU PACTBOPEHUHU Pa3IMYHbIX PEareHTOB CYILIECTBEHHO OTJIMYaeTcs Apyr ot apyra. Hampumep,
npu pactBopeHun xsopucroro Hatpus NaCl peakius sHpoTepMuyeckas (OTpuLaTeNbHas), T.€.
MPOTEKAoIIasl C MOTallleHueM Teria. JTUM OOBACHSAETCS TO, YTO MEpPBOHAYAIBHOE JEHCTBUE
XJIOPUCTOTO HATpHsl Ha JieJ MPOSIBISIETCS HECKOJIBKO MEJJIEHHEE 110 CPAaBHEHHUIO C XJIOPUCTHIM
kanpiueM u MmaruueMm CaCly, MgCly, y KOTOpBIX peakiusi pacTBOPEHHUS IK30TEpPMUYECKas
(monoXUTENbHAS ), U IPOUCXOIUT C BbIAEICHUEM OOJIBLIETO KojnyecTBa Tera [7. 8].

[Ton mnaBsimei crmocoOHOCTHIO XMMHUYECKUX PEAreHTOB MOAPA3YMEBAETCS KOJIHUYECTBO
JbAa, paciuiaBisieMoro | TIpaMMOM XUMHYECKOIO BEIIECTBA B TEUYEHUE OIPEAEICHHOIO
MPOMEXKYTKa BpeMEHH. DTO BhIpaxaeTcs cienyromuieit popmymnoii [2]:

P=—2 (1)

riae P — nnaBsmas cnocoGHOCTh XMMUYECKOTO peareHTa; Vy — KOJIMYeCTBO PACIUIaBICHHOTO JIbJIa,
T; Vi — KOJIMYECTBO CYyXOr0 XUMHUYECKOTO BEIIECTBA, T.

B naboparopun AO «KazgopHUW» mnpoBenensl 51abopaTopHble HCHOBITAHUA 110
ONpEENICHUIO IUIaBALas CHOCOOHOCTh PA3JIMYHBIX pPEAreHTOB B 3aBUCHUMOCTH OT HX
KOHIIeHTpauuu. McrbITanrue npoBeieHbl B MOPO3UIIbHOM kamepe nipu Temnepatype -10 °C. Jlen
MOJIFOTABIIUBAJICSI UCKYCCTBEHHBIM METOJOM B 3-X JIMTPOBOW MPO3pauyHOM MOJUATHIIEHOBOU
nocyae A0 TonmuHbl 11 MM. 3apaHee NMOArOTaBIMBAIMCH IPOTHUBOTOJIOJIEAHBIA pPacTBOpP C
KOHIEeHTpauueln ot 5 10 25 % c marom 5 %. B kauecTBe MCHBITYEMOro peareHTa Oblil MPUHSAT
oumodur.

Pesynbrarel ucnelTaHuii mpuBeneHbl Ha puc. 3. Kak BuauTe, € IOBBIIIEHHEM
KOHIIEHTPALlMU pacTBOpa €€ IJIaBsIIas ClIOCOOHOCTh pacTeT.
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Pucynok 4 — [lnapsias cnocoOHOCTh NPOTUBOTOJI0JIEAHOIO
pactBopa Ouniogputa

Pe3yabTaTsl u O0cyx1eHHne

Pe3ynbraTsl 1a00paTOPHBIX MCIBITAHUI LEMEHTOOETOHA Ha coyieycTounBocTh. B 19
nekadps 2015 roxy B madboparopuu KasAJIU um. JI.b. ['onuapoBa u noBropHo B 1abopatopuu AO
«KazpopHUW» namm, nox pykoBoictBoM mnpodeccopa Kusmbaesa A.K., mnposenena
71a00paTOpHAs UCTIBITAHUS 110 ONIPEAEICHUIO COIEYCTONYNBOCTH IieMeHToOeToHa. Jlo mpoBeaeHus
UCIBITAHUN B CHELUAIBHBIX €MKOCTSX IOATOTABIMBAIMCH IPOTHBOTOJIOJIEAHBIE PACTBOPHI C
Pa3HBIMH KOHLIEHTPALUAMHU. 3aTEM B IOJIEBBIX YCJOBHSIX HOJATOTOBJIEHHBIE IIEMEHTOOETOHHBIE
KyOHKH, KaK IIOKa3aHHbIE Ha pHC. 4, YKIIQABIBAIUCH B IPOTUBOTOJIOJEIHBIN pacTBOP.

0

a — BbIJIEp)KUBaHUE 00pa3IloB IIEMEHTOOETOHA B COJIEBOM
pactBope; 6 — ucbITaHUs 00pPa30B IEMEHTOOETOHA MOCIIE BBIJIEPKKU B
COJIEBOM pacTBOpPE Ha Ipecce.

Pucynok 5 — HcnbeiTanue neMeHTo0eTOHa B pacTBOPax
IIPOTUBOTOJIOJIEIHBIX PEAr€HTOB:
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Pucynok 6 — Ilorepst npouHoCcTH 1IEMEHTOOETOHHBIX 00pa30B
B COJIEBBIX PACTBOPAX

PesynbraTamu 1a00paTOPHBIX UCIBITAHUN HAMH OblJIa YCTAaHOBJIEHA 3aBUCUMOCTD MEXKIY
cojiepaHueM IieMeHToOeToHHOoro oOpasma Mapku B20 m B80 B comeHom pacTBOope U ee
npoyHocTeio. Kak BumHO Ha  pucyHke 6, mpu 4 MecsuHOM BblaepxkuBaHuu B 20 %-i
KOHIEHTpAllUU XJIOPUCTO-HATPUEBOIO pacTBOpa  IMOTeps MpoyHocTH OeroHa Mapku B20
cocrasisieT 1,8 %, a mapku B80 — 0,29 %. Ognako, Ha IpakTUKE HCKIOYAeTcsl 4-X MECSYHOe
BO3/ICIICTBUE 11EMEHTOOETOHHBIX MOKPBITUH COJIEBBIM PACTBOPAM.

3akjaoueHue

1. I[Ipumenenrne XuMUIECKUX peareHToB B [V-V 1OpoKHO-KIUMaTHYECKOH 30HE TpeOyeT
0c000r0 KOHTPOJISI BRITTOTTHEHUS TEXHOJIOTHYeCKuX mporieccoB. [Ipu Temneparype Huxe t=-10 °C
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Ha JIOPOrax ¢ pe3Ko KOHTUHEHTAIbHBIM KiuMaToM (IV-V) npuMeHenrne XUMUYeCKuX peareéHToB ¢
SHAOTEPMUYECKON peakuuen (Hampumep, XJI0pugamMi) He PEKOMEH Ty EeTCsl.

2. JlmutenbHOCTh 3G (EKTUBHOTO JIEHCTBUS XUMHUYECKHMX PEareHTOB 3aBUCUT OT
BIaXHOCTH Bo3ayxa. [Ipm pocceimu Oumogura (MgCly'6H20), Texnmdeckoro kapOamuaa
(MOYEBHMHBI), aleraTa MarHus HaONIOAAE€TCS aKTHUBHOE BCTYIUIEHHE B PEAKIUIO (KU
addekr). bonee cnabo (MeanenHo) pearupyet cynbdar Hatpust (NaxSO4-10H20).

3. B mpouiecce ucCIBITaHUS Ha C)KATHUA B IPEcce OIMpPENesUIMCh MOTeps MPOYHOCTH
[IEMEHTOOETOHHOTO O0pa3la B COJIEBBIX pacTBOpax. B KayecTBe HCIBITYEMBIX MaTEpUAIOB
npuHATel OeTtoHsl Mapku B20 u B80. [To pe3ynbraroM MaHHBIX HMCHIBITAHUNA YCTAaHOBIJICHO
3aBUCUMOCTh MEXJy II0Ka3aTelasiM I[POYHOCTM Ha CXaThd U  IPOAOHKUTEIBHOCTBIO
EMEHTOOETOHHOTO 00pa3ia B 15 %-M coneBom pacTBope.
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DEVELOPMENT OF NOISE-INSULATING CONCRETE BASED ON
RECYCLED INDUSTRIAL WASTE TO IMPROVE ACOUSTIC PROPERTIES OF
BUILDING STRUCTURES
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2Architecture and Construction, L.N. Gumilyov Eurasian National University, Astana,
Kazakhstan
*Corresponding author: smagulovamariya98@gmail.com

Abstract. This study investigates the development and characterization of a noise-insulating
concrete (NIC) incorporating industrial waste (polypropylene, slag, and microsilica) to enhance
acoustic performance and sustainability. The research aimed to identify a concrete composition
balancing mechanical strength, density, and sound absorption. In the first phase, concrete samples
were formulated using recycled polypropylene and other by-products, then cured and tested for
compressive strength and density. The second phase focused on measuring the samples’ acoustic
properties via sound absorption coefficient tests, following GOST standards. Results showed that
NIC with polypropylene treatment and active additives achieved a significantly higher
compressive strength (2.63 MPa) than other variants, demonstrating improved structural integrity.
Moreover, NIC outperformed cellular concrete in sound insulation tests, reducing noise from 98.5
dB to 41.6 dB at 70 cm. This novel approach not only facilitates an effective solution to urban
noise pollution but also contributes to eco-friendly construction practices.

Keywords: concrete, slag, cement, polypropylene, noise, testing, sound, waste, material,
microsilica

Introduction

The growing demand for environmentally friendly building materials makes researchers
look for innovative approaches, in particular to the use of industrial waste in construction [1]. One
promising area is the development of soundproofing materials, which play a crucial role in
reducing noise pollution in urban environments [2]. Concrete, widely used in construction, has
traditionally been valued for its strength and durability, but enhancing its sound insulation
properties by incorporating industrial waste not only provides environmental advantages but also
offers an effective solution for noise control in buildings [3—7].

The aim of the research is to develop sound-absorbing concrete made from industrial waste
based on polypropylene, slag and microsilica. The research is aimed at improving the
environmental friendliness of construction materials, while meeting the need for effective noise
reduction, which is important in the operation of civil buildings and comfortable living of people.

The laboratory tests carried out studied both the physical properties of concrete, such as
strength and density, and its sound absorption characteristics, providing valuable insights into the
practical application of these materials as noise insulation.
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Methodology

This research was carried out in two stages. In the first stage, concrete compositions were
developed using industrial wastes such as polypropylene, slag, micro silica (Figure 1). The aim
was to identify a composition that balanced strength, density and sound absorption, making it
suitable for practical construction applications. Waste materials were chosen for their availability
and potential to improve acoustic properties. Concrete samples were poured into 100x100 mm
forms and the strength set of concrete samples was carried out within 28 days according to GOST
10180-2012 [8]. The density of the samples was determined according to GOST 12730.1-2020
[9]. Measurement of acoustic characteristics, such as sound absorption coefficient, was carried out
in accordance with GOST 23499-2009 [10].

In the second stage, physical and acoustic properties were tested (Figure 1-4).

After curing, the concrete specimens were tested for physical properties. Compressive
strength was measured using a PGM-500MG4A universal testing press machine, and density was
calculated based on mass and volume. After these tests, the acoustic properties of the samples were
evaluated by measuring the sound absorption coefficient according to GOST 23499-2009. The
results of the physical and acoustic tests were compared to evaluate the performance of the
concrete specimens.

Laboratory compression tests of concrete specimens were carried out (Figure 2).
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a) cement, b) polypropylene, c¢) scales AY-120, d) forms with samples

Figure 1 — Polypropylene Waste for Noise Insulating Concrete (NIC)

Figure 2 — Laboratory compression testing of concrete specimens

The research was conducted in 2 steps:

Step 1 - Preparation of noise insulation concrete

The materials in the ratio to weight of cement presented in Table 1 were used in the
formulation of the developed noise insulating NIC concrete.

Sequence of concrete mix preparation:

1 Prepare 0.25 parts water of the total volume and the entire amount of acrylic latex. The
slurry is then mixed manually or with a mixer at medium speed for 15 seconds.

2 Then the entire amount of polyethylene crumbs is put into the bowl of the cement mixer.
Then, mixing at a medium speed of 120-145 rpm for 30 sec, pour in the prepared suspension of
water and acrylic latex.
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3 Next, the entire volume of steel slag is stirred and added simultaneously for 30 sec at

medium speed.

4 The mixer is then stopped and all materials are collected from the walls of the mixer bowl

into the centre of the bowl for 15 sec.

5 Continue stirring at a high speed of 250-300 rpm.

6 The resulting mass is dried in a desiccator for at least 4 hours at a temperature of 70-80 °C.
7 The dried mass is then placed in a concrete mixer, the entire volume of cement, water and
sand is added and mixed at medium speed for 3 to 5 minutes.
8 The resulting concrete mixture is compacted using a vibrating pad or submersible mixer

in accordance with [6].

9 The concrete mixture is then used for its intended purpose.

Figure 3 — Geometric indices of tested specimens of noise insulating concrete (NIC) after
compression testing

Table 1 - Composition of noise insulation concrete

Material Quantity, in ratio to cement weight

Cement 1

Polypropylene* 0.05

Acrylic latex 0.0625

Water 1

Steel slag 1.25

Sand 1.5

Microsilica 2.5

Note: *Treated polypropylene is made from waste
from the production of physically cross-linked
polyethylene, with sheets of physically cross-linked
polyethylene cut into 10 mm rib cubes.
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a) aerated concrete b) noise insolating concrete
Figure 4 — UT353 noise meter test

Step 2 - Physical and acoustic properties of noise insulating concrete (NIC)

The initial study showed that the use of waste polypropylene and polypropylene reinforcing
fiber UARP with or without active additive in the composition of noise insulating concrete has a
significant effect on its physical and mechanical properties. The compressive strength of the
concrete with additives is lower than that of the control specimen, which may indicate improved
noise insulation properties due to the reduction in material density. The modulus of elasticity of
the specimens with additives is also lower, indicating greater deformability of the material under
load, which may be preferred in interior partitions where vibration absorption is required. Further
research should focus on optimizing the formulations to achieve a better balance between strength
and noise insulation.

Results and Discussion

Results were obtained for the samples of slag concrete under study (Table 2), which
represent the study of the characteristics of noise insulating concrete (NIC) with active admixture,
without active admixture and treated with polypropylene. The control concrete sample weighs
2360 grams with dimensions 10x10x10 cm, age 28 days, density 2.36 g/cm® and predicted
compressive strength 21.55 MPa. NIC without active additive is lighter, weighing 1140 grams
(Table 2), and its density and compressive strength are lower at 1.14 g/cm® and 1.02 MPa,
respectively. NIC with active additive also weighs 1140 grams but has different dimensions and
density (Table 2), also the compressive strength of this sample is higher - 1.46 MPa. The
polypropylene-treated NIC sample with active additive has the highest density among all samples
and significantly higher compressive strength - 2.63 MPa.
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Table 2 - Obtained results of concrete samples

Age Density Compressive
Sample Weight (g) | Dimensions (cm) (day) (g/em?) strength
(MPa)

Control 2345 10x10x10 14 2.34 16.50
sample
NIC without 1260 10.9x10.9x8.97 14 1.26 1
active additive
NIC with 1145 11.38x11.38x8.19 14 1.14 1.33
active additive
Control 2360 10x10x10 28 2.36 21.55
sample
NIC without 1140 10.9x10.9x8.97 28 1.14 1.02
active additive
NIC with 1140 11.38x11.38x8.19 28 1.14 1.46
active additive
NIC treated 1445 10.35x10.07x9.77 28 1.44 2.63
with
polypropylene

The current study shows that polypropylene-treated soundproof concrete containing active
additives shows a significant increase in compressive strength of 2.63 MPa (Table 2). Compared
to the previous tests, the increase was 1.17 MPa. This result confirms that polypropylene treatment
contributes to a significant increase in the strength properties of noise insulation concrete.

The sound insulation properties of two concrete samples - noise insulating and cellular
concrete (Figure 5) - were tested using a UT353 UNI-T sound level meter at two distances: near
(2 mm) and far from the surface (70 cm) (Table 3). The baseline sound level emitted by the source
was measured at 98.5 dB (Figure 6).

Table 3 - Results of acoustic tests of porous and noise-insulating concrete

Sample Distance | Sound level (dB) Interpretation

Sound source N/A 98.5 Initial sound level

(reference level)

Noise-insulating 2 mm 55.4 Moderate sound absorption at the surface

concrete NIC

Noise-insulating 70 cm 41.6 Significant sound reduction, high sound

concrete NIC insulation at a distance

Cellular concrete 2 mm 65.6 Greater sound transmission near the

surface, less efficient absorption

Cellular concrete 70 cm 51.7 Moderate noise insulation at a distance,

less effective than noise insulating
concrete NIC

Conclusions

1- Noise Insulating Concrete NIC has demonstrated excellent sound insulation properties,
which fulfils the conditions required for civil buildings.

2. The significant decibel reduction compared to other types of lightweight concrete
indicates that the developed slag and polypropylene based noise insulating concrete formulation
is highly soundproof, making it indispensable in environments where noise reduction is crucial,
which are required for modern civil buildings.
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3. Cellular concrete, on the contrary, proved to be less effective, transmitting more sound,
especially near the wall surface. This proves that the structure of cellular concrete allows more
sound to pass through, which results in a lower acoustic performance compared to noise insulating
concrete NIC.

4. The developed composition of noise insulation concrete NIC is better suited for
applications requiring high-performance noise insulation.
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COBEPHIEHCTBOBAHHUE HOPMATHUBHOM BA3BI I1O OGCJEJTOBAHHUIO,
JUATHOCTHUKE U OCMOTPAM ABTOJOPOXHBIX MOCTOB B CHIA B IIEPUO/
C 1970-X T'0OA0B I10 HACTOAILILEE BPEMS

https://orcid.org/ 0000-0001-7376-5643 BOHlIapL I/I.C.l*, Xap)lI/IKOB H.F.z, PeMmu3zos E.H.l

'ALT YuuBepcutetr uMeHn Myxamemkana TeiHbIITaeBa, Anmarel, Kazaxcran
2000 «MocTtsl 1 HHX)EeHEpHBIC TTPoeKThI», Cank-IlerepOypr, Poccus
“KoppecnoneHT aBrop: ivan_sergeevich 08(@mail.ru

AnHoTauusi. B nanHO#il pabore paccmarpuBaeTcsi SBONIONMS HOPMAaTHBHOM 0asbl,
Kacaromieics o0cae10BaHms, TMarHOCTUKA U OCMOTPOB aBTOJ0pOKHBIX MocTOB B CIIIA ¢ 1970-x
TOJIOB JIO HACTOSIIIIETO BPEMEHU. AHAJIM3UPYETCS BIUSHUE PA3IMYHBIX (DAKTOPOB, TAKHX KaK POCT
TPAHCHOPTHBIX IMOTOKOB, CTapeHUue HH(PACTPyKTYyphl M U3MEHEHHUS B 3aKOHOJATEIbCTBE, HA
pa3BUTHE CTAHIAPTOB W MPAKTUK B 3TOH oOmactu. Oco0oe BHUMAaHUE YAEISIETCS KIFOYEBBIM
JIOKYMEHTaM M METOJIOJIOTHSIM, KOTOpble OBbLIM BHEAPEHbI Ul HOBBIIEHUS 0€30MacHOCTH U
HaJIe)KHOCTH MOCTOB. VccienoBaHue Takke OXBAThIBAET COBPEMEHHBIE TEXHOJIOTUU U MTOJXO/BL,
UCIIOJB3YyEMbIE JUISI MAarHOCTUKHM COCTOSIHMSL MOCTOB, BKJIIOYAs HEpa3pyLIarOIHE METObI
KOHTpOJII U aBTOMATU3UPOBAHHBIE CUCTEMbl MOHUTOPHHra. B 3akiioueHHe NOAYEPKUBAETCS
BRXHOCTb IIOCTOSHHOTO  COBEPUICHCTBOBAHWS HOPMAaTWBHOM 06a3bl Ui oOecneyeHus
0€30IaCHOCTH JTOPOXKHOTO JBWXEHUS U d(pdekruBHOrO ympasineHuss HHOPACTPYKTYpOH B
YCIOBUAX MeEHsIoImMXcs TpeboBanuil. Ha mpuBenéHHoOM B cTaThe ombiTe pedOopMHUpPOBAHUS
HopMmaTtuBHOM 0a3bl B CILIA BO3MOXHO clienaTh BbIBO, YTO cucTeMa HOpMUpoBaHusl PecriyOnuku
Kazaxctan B oOmactu oOclieioBaHMsS MOCTOB HYKIA€TCs B IEPECMOTPE C y4€TOM MHUPOBOTO
OTIbITA.

KiarwueBbie cioBa: ABTOOPOXHBIC MOCTBI, HOPMATHUBHBLIC JOKYMCHTLEI, HOPMbI
06CJ'I€I[OBaHI/I$I " UCIIBITAHHUA MOCTOB.

BBenenune

OO0mast MpoTsHKEHHOCTh aBTOMOOMIIBHBIX (110cceiHbIX) aopor B CoenuHenHbix IllTarax
Awmepuku o nanaeiM Central Intelligence Agency no cocrostauto Ha 2020 1 [1], coctaBnsier 7 044
453 km, uro cocrasisier 10.88 % Bcex mupoBbix aopor. Ha stoit cetn nopor B CoeqMHEHHBIX
[lITaTrax HacunTeiBaeTcs 6omaee 617 000 mocToB [2].

B craree [3] mpuBoamTcs conepkaHue OT4YeTa OO OMBITE HKCIUTyaTallud MOCTOB B
paznuunbix mrarax CIIIA. Otmeuaercs, uro okosio 50 % u3 574 Teicsy aBTOAOPOKHBIX MOCTOB
noctpoeHo 10 1940 rona. Okosno 244 ThICSY MOCTOB UMEIOT Je(EKTHl HECYIUX IJIEMEHTOB, HE
COOTBETCTBYIOT (YHKIIMOHAJIbHOMY HA3HAUEHUIO, HYXJAIOTCI B PEMOHTE, YIIUPEHUU WU
pekoHCcTpyKunu. CTOMMOCTh yKa3aHHBIX paboOT oreHuBaercss B 50 MUIUIMApIOB J0JIJIApOB.
MHorue MOCTBI B CTpaHe OBUIM TIOCTPOEHBI TOCJe TOTOo, Kak B 1956 romy ObL1 moamucaH
@enepaibHblii 3aKOH 00 aBTOMATHCTpPaiasAX M 3akoH O ¢enepaqbHOM (UHAHCHPOBAHUU
CTPOUTENIbCTBA aBTOMOOMITBHBIX Topor 1956 rona (anm. Federal Aid Highway Act of 1956).

Cucrema aBTOMOOMJIBHBIX JIOpPOI, M3BECTHas, Torna Kak HamuoHanmpHass cuctema
MEXIITAaTHBIX U1 00OPOHHBIX aBTOMaructpaneid umenn Jyaita JI. Ditzenxayspa (a1, Dwight D.
Eisenhower National System of Interstate and Defense Highways) - ceTb CcKOpOCTHBIX
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apromaructpanei B CIHIA, Hocamas wums 34-ro Tmpe3UIEHTa, OPraHU30BaBIIETO €€
CTPOUTEIILCTBO. YKa3aHHAasl OMOPHAsi CETh MAaruCTPaIbHBIX JOPOT cTpomiach B TeueHue 35 net. C
TOTO BPEMEHU CETh PACIIUPSIACh U cocTaBmiIa 1o cocTosiHuio Ha 2020 ro 78 465 kM [4] (¢ yuéTom
[Tyspro-Puko), uro nenmaer e€ BTOpOW MO MPOTSHKEHHOCTH B MHUpPE TMOCIE CETH CKOPOCTHBIX
aBronopor Kuras.

ITo cocrosnuto Ha 2020 rom Oomee ueTBepTH Bcex TpaHCHOPTHHIX cpencts CIIA
MOJIb30BAIMCH CEThIO MEKILITATHBIX Maructpaiel [5]. Cucrema caenana 3HAYUTEIbHBIA BKIIAJ B
dopmupoBanue CoenuaeHHbIx LIITaTOB Kak YKOHOMUYECKOW M UHYyCTPUATBHON aepxkaBbl. L{enb
9TOr0 MacHITa0HOTO MPOEKTa COCTOsUIa B TOM, 4YTOOBI CO3/aTh OOIICHAIIMOHAIBHYIO CETh
0€30MacHbIX aBTOMArMCTpaJied C Yy4YeTOM YBEIWYCHHSI YMCIa aBTOMOOWIIBHBIX TIEPEBO3OK.
OuUHAHCUPOBAHHUE, CBSI3aHHOE C JTHM 3aKOHOM, IPUBEIO K MAacIITaOHBIM YCHUJIHMSM IO
cTpoutenbeTBy Oosee 48 000 MWIb TOPOKHOTO TMOJIOTHA M MOCTOB, HEOOXOAMMBIX ISl 3THX
MapuIpyToB. MHOrHe M3 3TUX COOPYKEHHUU OBbUIM MOCTPOEHBI B TOJbl, IMOCJIEIOBABIIME 32
npuHsitieM 3akoHa. llpumepHo 45 mNPOIEHTOB MEXIOCYIapCTBEHHBIX MOCTOB, BKJIIOYas
TOPOJICKHE M CEIIbCKUE, ObLTH MoCcTpoeHbI B mepuoa ¢ 1961 mo 1970 rog.

Bo Bpemst 6yma ctpoutenbcTBa MOCcTOB B 1950-x 1 1960-x romgax nmpoBepke 6€3011acHOCTH U
TEXHUYECKOMY OOCIY)KMBAaHHIO MOCTOB YIEJSUIOCH Mano BHUMaHus. CUTyalusi M3MEHUIIACH,
xorga 15 nmexabpst 1967 roma 2235-dytoBeiii Cepedpsinbiii Moct B IloiinT-IlneszanTt, 3anagnas
Bupmxunus, pyxnayn B peky Oraiio, B pe3ynbrare yero norudnu 46 yenoBek (M. pUCyHOK 1 u 2).

Pucynok 1 - Pazpymienne Cepedpsinoro mocra, 1967 r
D010 U3 OTKPHITHIX HCTOYHHKOB CeTH HHTEPHET
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PucyHnok 2 — Pazpymenne Cepedpsinoro mocta, 1967 r. ®oto u3 Bridge Inspector’s
Reference Manual (BIRM) (2022 NBIS)

OTO Tparudyeckoe MPOUCIIECTBUE NPOOYIMIIO HAIMOHANBHBIM HHTEpEeC K MPOBEPKe
0€30IaCHOCTH M TeXHHYeCKOoMYy obOciyxuBanuio MoctoB. Konrpeccy CILA ObiI0 mpemiokeHo
00aBUTh paziesl B «3akoH O (deaepaibHONW TMOIIEPIKKE TOPOKHOTO IBMKeHUs 1968 roman,
KOTOPBIM 00S3bIBAJl MHHHCTpPA TPAHCIIOPTA pa3padoTaTh HANMOHAIBHBIA CTAaHIAPT MPOBEPKHU
MOCTOB U pPa3paloTaTh MpPOrpamMMmy IOATOTOBKH HHCIIEKTOPOB MOCTOB. UTO B COIO0 O4epelb
SBIJIOCh OTIPAaBHOH TOYKOW pPa3pabOTKH CHUCTEMBl HOPMHPOBAHHS, KOTOpass OCHOBaHA Ha
OOIIETIPUHATHIX MH)KEHEPHBIX 3HAHHUAX M IPAKTUKE, a TaKXKEe Ha NMPUMEHEHHH HH)KCHEPHBIX
MPUHITMIIOB TPU3HAHHBIMU DKCIIEPTaMH 110 MPOEKTUPOBAHUIO MOCTOB.

MeTtonosiorust u pe3yJibTarbl

[lepepabotka HOpmatuBHOI 6a3pl B CIIA 1o NpOeKTUPOBAHUIO MOCTOB, KOTOpas
IPOMCXOIMIIA B CIIEAYIOIIEH MOCIeA0BaTEIbHOCTH.

1970-e 200061:

B 1971 romy Opuo paspabotaHo ¢enepaqbHOE MOCTAHOBIEHHE, OIpeesolee
HarnmonaneHbIe cTaHIapTHI 0OCMOTpa MOCTOB (an21. National Bridge Inspection Standards) NBIS.

B n1aHHOM HOpPMaTHBHO METO/IO0JIOTHYECKOM CTaHIapTe ObUTM YCTAHOBJIECHBI HAIMOHAIbHbIE
tpeboBanus B oTHomeHnn Code of Federal Regulations (CFR, wacte 650, paznmen 23, moapasaent
O):

» Opranusanys 1 IpoBeIcHHE HHCIICKIINH.

* KBanudukanus nepconana.

* [Tepnon4HOCTH TPOBEPOK.

* [Iponenyps! BBIOJIHEHUsT pabOT MO OOCIEIOBaHMIO, BKIIOYAsl OLIEHKY OOpPAaIIarOIIUXCs
Harpys3ox.

* GOpMBI OTUETOB O MTPOBEPKE MOCTOB.

* Benenne rocyapcTBEHHOTO peecTpa MOCTOB.

BnocneactBun 6butM pazpaboTaHbl TPH OCHOBOIOJIATAIOIIMX HOPMAaTHBHBIX PYKOBOJICTBA
10 TIPOLIETypaM BBIITOJIHEHHS paboT, KOTOPHIE CHITPAIM BAXXHYIO POJIb B YCHEIIHOM BHEIPEHUH
NBIS (IIpumeuanue: NBIS - HanonanbHblii cTangapT 1Mo oOC/I€I0BaHUIO MOCTOB) Ha paHHEM
JTame.

HepBbIM pykoBoacTBOM OblT0 YueOHOE mocoone FHWA Ne 70 a1 HHCIEKTOPOB MOCTOB
®denepanbHOTO yrmpapieHus aBTOMOOMIBHBIX jopor (FHWA). DTo pykoBOACTBO yCTaHOBHIIO
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CTaHAapT TMOATOTOBKM HHCIEKTOPOB. OTO ObUIO MEpPBOHAYAIBHBIM IPEALIECTBEHHUKOM
CIIPaBOYHOI'0 PYKOBOJCTBa MHcIIeKTOpa MocToB (BIRM).

BropsiM pykoBoacTBOoM Obul0 PyKOBOACTBO MO TEXHHYECKOMY OCMOTPY MOCTOB,
IIOJrOTOBJIEHHOE AMEpPHUKAaHCKOM accoluanueil TOCYIapCTBEHHBIX JOPOKHBIX MHCIIEKTOPOB
(AASHO), Bemmymensoe B 1970 rogy. 9To pyKOBOJACTBO CIIYXKHJIO CTaHIAPTOM JIJISI 00CCIICUCHUS
eIMHO00pa3us MPOLEyp U MOJUTHKH IPU ONpeAeTIeHIH (PU3UIECKOTO COCTOSIHHS, ITOTPEOHOCTEN
B TEXHUYECKOM OOCITYKHUBAHUH U TPY30MOABEMHOCTH aBTOMOOUIIBHBIX MOCTOB.

TperpuM pyKoBOACTBOM CTaj0 PyKOBOJACTBO 1O perucTpanvy M KOAUPOBAHUIO JAHHBIX
JUIS THBEHTAPHU3AIMK U OIIEHKH CTPYKTYpbl MOocTOB Ctpansbl (anen. Coding Guide), BBITyIIICHHOE
FHWA B wmrone 1972 roma. B Hem comepkaiuch MOAPOOHBIE PEKOMEHAAIMU IO OLEHKE W
KOJMPOBAHUIO KOHKPETHBIX JAHHBIX O MOCTaX.

C nyo6nukanueit PykoBonctea FHWA Ne 70, BHeapeHHEM HAalMOHAJIBHBIX CTaHIAPTOB H
PYKOBOMSIIMX yKazaHui, nomnepxkkoid AASHO wu HOBbIM yueOHBIM Kypcom FHWA st
MHCIIEKTOPOB [0 MOCTaM, IMpPEAHA3HAUYEHHBIM JMJI HUCIHOJIb30BaHMS B OTIENbHBIX IITaTaXx,
YAYUYIIUIACh NTHBEHTAPU3ALIUs U OLIEHKA OOIEro COCTOSHUS HAIMOHAIBHBIX MOCTOB.

B 1970-x romax B HECKOJBKMX IITAaTax ObUIM OpraHU30BaHbl COOCTBEHHBIE MPOIPaMMBbI
0o0yuyeHMs, 1 MHCIEKIIMK MOCTOB CTalld OoJyiee TIIATENbHBIMH U TMOCJIEI0BATEIbHBIMU 1O BCEH
CTpaHe.

B 1977 rogy Obuio BeimyieHO AomnonHeHHe K pykoBoactBy FHWA Ne 70 "PykoBoactBo
WHCIIEKTOpPa MOCTOB JIJIsi pa3BOAHBIX MocToB" (anen. Bridge Inspector’s Manual for Movable
Bridges). Ognako Oyayiiee MOCTOB He ObLI0 0€3001a4HbIM. B 3TOT nepuos ObUH BBISBICHBI JIBE
OCHOBHbIE ITpoOnemMbl. OJIHA U3 HUX 3aKJI0yYaiach B TOM, YTO MOTPEOHOCTH B PEMOHTE U 3aMEHE
MOCTOB HAMHOTO NPEBBIIIANH UMeronieecs punancupoBanue. [pyras npobiaema 3akiirodanach B
TOM, 4TO JesitesnibHOCTh NBIS orpannunBanach MocTamMu, BXOJSIIMMU B CUCTEMY aBTOMOOMIIBHBIX
nopor denepanbHOM ceTH. DTO IPUBENO K CHUKEHUIO CTUMYJIIOB U1 IPOBEPKU M HHBEHTAPU3ALIUU
MOCTOB, HE BXOASIIMX B CHCTEMY aBTOMOOWJIBHBIX JIOpPOT (enepaabHON MOMOIIH. DTH JIBE
po0OIeMbl OBLIM PEIICHBI B “3aKOHE O COACHCTBUU Ha3eMHOMY TpaHcopTy oT 1978 roga” (anan.
Surface Transportation Assistance Act of 1978). Drtor 3akoH oOecneunBan Ba)kKHEHIIEe
(¢uHaHCUpOBaHME Ui BOCCTAHOBJIEHHMS W HOBOTO CTPOMTEILCTBA M TpeboBasl, 4TOOBI BCe
oOuiectBeHHbIe MOCThI anuHOU Ooinee 20 ¢yToB (IIpumeuanue: 6.096 M) OblIM POBEPEHBI U
MHBEHTapu3upoBaHbl B cooTBeTcTBUM ¢ NBIS k 31 nexabps 1980 roma. JIroOoit mocTt, He
IIPOMHCIEKTUPOBAHHBIA M HE MPOLIEANINI UHBEHTapu3aluio B coorBeTcTBUU ¢ NBIS, He Oyzner
UMeTh IpaBa Ha (eaepasibHOe (PHAHCHPOBAHUE.

B 1978 rony AMepukaHckasi accolyalus rocyaapCTBEHHBIX HHCIEKTOPOB aBTOMOOUIIBHBIX
nopor u Tpancnopra (AASHTO) nepecmorpena cBoe PykoBOJICTBO MO TEXHHUECKOMY OCMOTPY
MOCTOB.

B 1979 rony Obin Takxke nepecmorpersl NBIS u PykoBoactBo no konuposannto FHWA.
Otu nmybnukanuu, Hapsiny ¢ PykoBoactsom 70, mpeaocTaBUiIM rocyJapCTBEHHBIM YUPEKICHUSIM
OoJiee UeTKME peKOMEHJalMM 1o cobmoeHuto TpedoBanuii NBIS.

1980-e z00v1:

HarnmonanpHas mporpamma HHCIEKLIHH MOCTOB B 3TOT MEPHUOJ aKTUBHO HCIIOJIb3YETCS
BCEMH CTOPOHAMH JKMU3HEHHOTO IMKJIa MOCTOB (YacTHbIE€ KOMIIAHUM M TOCYIapCTBEHHbIE
CTPYKTYpPBI) BO BCEX IlITaTax.

B xome paboTel C CyIIECTBYIOIIMMHM HOpMaMH OBUIM BBISBIEHBI MHPOOENBl U
HECOBEPILIEHCTBA, KOTOPbIE OMEPAaTUBHO YCTPAHSUIUCh U J10pa0daThIBaINCh, 32 3TO BpeMs, ObLIU
MOATOTOBJIEHBI JBa NMPUHIMIHAIBHBIX cOOpHHMKa aonoiHeHuid k PykoBomctBsy FHWA Ne 70,
KOTOpBIM 3aTparuBajl BOJOINPOITYCKHbIE TPYOBI, 3TO ObUIO BBI3BAHO PSIOM MPOMUCIIECTBUN C
MOBPEXJICHUEM pPAaOOTOCIMOCOOHOCTH MarucTpajeil B pe3ynbTare HapylIeHHs HOPMaJIbHON
paboThl BOIOMPONYCKHBIX TPyO. PyKoBO/nCTBO MO MpoBepke BOAONPOMYCKHbIX TpyO (anzn. The
Culvert Inspection Manual) 6s110 omyOnukoBaHo B utonie 1986 rona. 3arem, mocie oOpyueHus
MocTta yepe3 peky Muanyc B KonHektukyte B utoHe 1983 roma, BHMMaHWE BCEl CTpaHbl K
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npobiemMe yCTaloCTH U pa3pylIeHUs MOCTOB CTAJIO YIEIATHCS Bce OOJbIIEMY KOJIMYECTBY JIIOEH
(cMm. puc. 3).

B cents06pe 1986 roma Obl10 OMyONMKOBAaHO PYKOBOACTBO IO IIpoBepke KpUTHYECKHUX K
paspyiieHuto meMeHToB Mocta (amen. Inspection of Fracture Critical Bridge Members),
SBJISFOLUXCS OCHOBHBIM 3JIEMEHTOM HECYILEro CHIIOBOTO KapKaca.

Pucynok 3 — Pazpymenne mocta Muanyc

OTH JBa PyKOBOJCTBA SIBJISIOTCS PE3YJIETATOM H3BJICYEHHBIX YPOKOB M IMPOJOJIKAFOIIUXCS
UCCJIEJIOBAHUN B ATHX MPOOJIEMHBIX 00JIACTSIX.

Iocne o6pyurenns B anpene 1987 roxa mMocta Illoxapu-Kpux B Heto-Hopke B pesymnbrare
MOJMBIBA OTIIOPBI U OCHOBAHHUS AaBOJKOBBIMU BOJIaMU. BBISIBIEHO UTO B JIEHCTBYIOIIKMX HOPMAax
BOIIPOCHl  CHIJKEHHUS YA3BUMOCTH MOCTOBBIX COOPYXKEHMHM TIIpM MABOJKAaX M  MEPHI
IPOTUBOJCICTBHUS pa3MbIBaM paccMOTpeHbl HenocTarouHo. W3 OGonee wem 593 000 moctos,
BKJIIOUEHHBIX B HALIMOHAIBHBIHN peecTp, 6osiee 80 Mpo1eHTOB HAXOIATCS HaJl BOJHBIMU My TsAMU. B
otBeT Ha 370 FHWA onyOnukoBana Texaudeckoe pykoBoacTBo "O0cnenyit MocTsl" (an2i. Scour
at Bridges,), ony0nukoBanHoe B ceHTs10pe 1988 roga. B koTopoM conepxarcss pekOMEeHAALUHU 1O
pa3paboTKe ¥ BHEAPEHUIO TPOTrPAMMBI OLIEHKH pa3MbIBa JJIs:

— IlpoexTupoBaHMsI  HOBBIX  MOCTOB, 4YTOOBI  IPOTHUBOCTOSTH  MOBPEXKICHUSM,
BO3HUKAIOIIUM B PE3YJIbTATE Pa3MbIBa.

— OleHKa CyIECTBYIOIIMUX MOCTOB Ha MIPEIMET YSI3BUMOCTH K pPa3MBbIBY.

— Hcnonp3oBanne Mep MPOTUBOAEHCTBUS Pa3MBbIBY.

— CoBeplIEHCTBOBaHNE COBPEMEHHOM IIPAKTUKH OLIEHKH pa3MblBa HA MOCTaX.

JlononHuTenbHas MOKyMEHTalMs IO 3TOM TeMme JoCTynmHa B nupkymsipe FHWA 1o
runpotexuuke (anen. Hydraulic Engineering Circular) Ne 18 (HEC-18).

B cenTsa6pe 1988 roga NBIS 6b11 mepecmoTpeH Ha OCHOBE 3aKOHA O HA3€MHOM TPAHCTIOPTE
Y €JMHOM 3aKOHE O coaecTBUM nepeceneHuto” 1987 roga, B COOTBETCTBUU € KOTOPBIM JOJKHBI
OBITh BBISIBIIEHBI MOCTBI C KPUTUYECKOW YSI3BUMOCTBIO M YCTAHOBIIEHBI CTIeUaIbHbIE TPOLEAYPbI
npoBepku. Takue jxe TpeOoBaHMA OBUIM HPEABSBICHBI K MOCTaM, TPeOYIOIIMM IOABOIHOTO
OCMOTpa, U MOCTaM C 0OCOOBIMU WJIM YHUKAJIBHBIMU XapaKTepucTUKaMU. VI3MeHeHns, BHECEHHbIE
B NBIS, Ttaxxkxe mnpenycMarpuBanu KOPPEKTUPOBKY YAacCTOThl MHCHEKLMH COOPYXEHHM U
yrBepxkaeHue ceptudukaroB III u IV ypoueit HanumonanbHOro MHCTUTYTa cepTH(PUKAUU B
obnactu unHxeHepHbIX TexHonmoruit (NICET) mia momyueHus KBanuUKaUM pyKOBOAMTEINS
MHCHEKIMOHHON TPYTIIHI.

36


https://doi.org/10.71031/

Qazaq Highway Science and Innovation, 2025, N°1, DOI: https://doi.org/10.71031/

B nexabpe 1988 roma FHWA BeimmycTuna mepecMOTpeHHBIH BapuaHT PykoBojacTBa mo
komupoBanuto (anen. Coding Guide). DTOT KOPPEKTHPOBKA HOPMATHUBHOTO PEIICHHS TIO
00cIIeI0BaHII0 MOCTOB MOYKHO PacIieHUBaTh KaK OAHO U3 BakHEHIMX u3mMeHeHui B NBIS, uto B
CBOIO ouepens (opmupyeT HalpoHanpHYH TpOrpaMMy HHCIEKIIMH MOCTOB Ha CIEAyIoIIee
ECATHIICTHE.

1990-e 2000b1:

1990-e rompl cramu HAECATWIETHEM pa3BUTHS CUCTEM yrpapiieHus Mmoctamu (BMS).
Heckonpko mrTaroB paszpaboTaiii CBOM COOCTBEHHBIE KOMIUJICKCHBIE CHCTEMBI YIPaBICHUS
MOCTaMH, KOTOPbIE B 3HAYUTEJIbHOM CTENEHU ONUPAJINCH HA JTaHHbIE HHCIEKIIMU MOCTOB.

B utosne 1991 roma 66110 OImyOIMKOBaHO CIIpaBOYHOE yaeOHOe mocooue 90 11 HHCIEKTOPOB
MocToB (IIpumeuanue: Manual 90), Beinnymiennoe FHWA u 3amenusiiee Pykosoacrso 70. B
KOTOPOM OBLIN MPEICTaBICHbl YCOBEPILIEHCTBOBAHHBIE METOABI OCMOTPa MOCTOB U COBPEMEHHOE
0o0opynoBaHuE UIsli OCMOTPAa MOCTOB, KOTOPOro He ObUIO paHee. A Takke ObUIM JETaJbHO
nepepaboTaHbl CIEAYIOUIME pa3lieibl: BOAONPONYCKHbIE TPYObl, KPUTUYECKHUM 3JIEMEHTaM
MOCTOB, BAHTOBbIE CUCTEMbI, CUCTEMBI ITPEIBAPUTEIBHO HAIPSHKEHHBIX C CETMEHTHBIM J€JIEHUEM
Ha OJIOKH, a TaKXe pa3aesl NOABOJHBIX HHCIICKIIHA.

B 1991 rony FHWA cnoHcupoBana pa3paOOTKy CHUCTEMBl YIPABJIECHUS MOCTaMHU IOJ
Ha3BaHueM “Pontis”, KoTopasi MPOUCXOIUT OT JATHHCKOTO cjIoBa "MocT".

Cucrema Pontis oOmazana A0CTATOYHOH THOKOCTHIO, YTOOBI OOECIIEUUTH BO3MOXKHOCTH
HACTPOMKHU MO JH000€ areHTCTBO HJIM OpPraHu3alliio, OTBETCTBEHHYIO 332 OOCIY)KMBaHHE CETH
MocToB. OpHoBpeMeHHO HanuoHanbHasi COBMECTHash HCCIENOBAaTeIbCKasi IporpaMMa I10
aBTomoOmibHBIM goporam (NCHRP) CoBera mo TtpancnoptHbiM ucciefoBanusam (TRB)
pazpaborana nporpamMmMHoe obecrieueHue o Ha3BanueM “Bridgit”, koTopoe B mepBylo ouepennp
MpeIHa3HavaI0Ch AJsl HeOOIBIIMX MOCTOB MITM MECTHBIX CHUCTEM aBTOMOOUIIBHBIX Jopor. [1o mepe
TOTO, KaK BBIABISUIOCH BCe Oomnplne W Oosblie MOTpeOHOCTE B MOCTax, MOTPEOHOCTH B
TEXHUYECKOM OOCITYKHBaHUH, PEMOHTE, BOCCTAHOBJICHUH U 3aMEHE MOCTOB HAMHOTO IIPEBbIIIAa
umerouieecs GrHaHCUPOBaHUE U3 (eiepasIbHBIX U TOCY/IapCTBEHHBIX HICTOYHUKOB. J{axe ¢ yueTom
(UHAHCOBOM MOAJIEPHKKHU, MPEIOCTaBICHHONH 3akoHOM 00 3((eKTUBHOCTH HHTEPMOJAIbHBIX
HazeMHbIX niepeBo3ok (ISTEA) ot 1991 rona, punancupoBanre NpoeKTOB CTPOUTENHCTBA MOCTOB
66110 3aTpyHEHO. OTYACTH 3TO OBUIO CBA3aHO C OTPOMHBIM CIIPOCOM CO BCEHl CTpaHBI.

[Tepecmorp NBIS B nexabpe 1992 roma mo3Boiwi BiajaeiabllaM MOCTOB 3alpaiiuBaTh y
FHWA pa3zpemienne Ha NpojuIeHNEe IIUKIOB IIPOBEPKHU 10 COPOKA BOCBMHU MECSILEB ISl MOCTOB,
OTBEYAIOIIMX OINpEAEICHHBIM TpeOOBaHUSAM. OTOT IMEPECMOTpP MO3BOJIWI PEXKE MPOBEPSATH
KOHCTPYKIIMH, HAXOALIHECS B XOPOIIEM COCTOSIHUH, C HU3KUMU (haKTOpaMH pUCKa.

B 1994 rony AASHTO nepecmotpena cBoe pyKOBOACTBO IO OI[EHKE COCTOSIHUSI MOCTOB.

B 1995 roay Ob110 Takxke nepecMorpeHo PykoBoncTBo o koguposanuto FHWA.

Otn nybnukauuu, Hapsagy ¢ PykoBoactBom 90, mepecmorpeHHbIM B uitone 1995 rona,
IPOJIOJDKAIOT MPEAOCTABIATh TOCYIApPCTBEHHBIM YUPEXKJEHUSM UETKHE PEKOMEHJAIUH I10
cobmonennto TpedoBanuii NBIS u npoeaenuto nncnexiuit MoctoB. 3akoHoaarensctBo ISTEA,
KOTOPOE BIIOCJIEACTBUU OBIJIO OTMEHEHO B CJIEIYIOLIEM 3aKOHOIIPOEKTE O TpaHCIOpTe, TpedoBalo,
YTOOBI KaXKIBIM IITAT BHEAPUI KOMIUIEKCHYIO0 cucteMy BMS k okta6pro 1995 roma. Oto Obuia
JIOCTATOYHO aMOMIIMO3HAsA 3aja4a, KOTOpas, K COXaJleHHIO, He Oblla BBIOJHEHAa B IOJIHOM
o0béme. 3akoH o0 TpaHcHopTHOM paBeHcTBe 21-ro Beka (TEA-21) Obut moanucan B utone 1998
roga. TEA-21 pa3Bun M ycoBEpLIEHCTBOBAaJI HWHHULMATHBBL, BbLIBUHYTbIE B ISTEA, u, kak
YIOMHHAJIOCh paHee, OTMEHIII 00s13aTeNibHOE TpeboBanne BMS.

2000-e 20001:

B 2002 romy PykxoBomctBo 90 ObuIO mepecMOTpeHO M OOHOBICHO B paMKaxX IMOTHON
nepectpoiiku yueOHoi mnporpammbel FHWA mno mnposepke Oe3omacHoctu MmoctoB. Hosoe
PYKOBOJICTBO MOJTy4nIIo HazBaHue "CripaBoYHOE PyKOBOJCTBO HHCIIEKTOpa MOCTOB" (anen. Bridge
Inspector’s Reference Manual) BIRM u Bkitouano B ceds Bce nonoxenus PykoBoacta 90. B
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BIRM Taxoke ObLIM BKITFOYEHBI JOTIOTHEHUS K pyKoBOACTBY Ne 70 1o mpoBepKe BOAOIIPOITYCKHBIX
TPYO ¥ KPUTHUYECKUX IEMEHTOB ISl pa3pyIICHUSI.

14 nexabps 2004 roma B denepallbHOM peecTpe ObLI OIMyOJHMKOBAaH MEPECMOTPECHHBIN
pernament NBIS. CymectBennbie n3menenus B pegakiuu 2004 roga BKIIOYAOT TpeOOBAHUS 1O
BBISIBJICHUIO MOCTOB, KOTOpPbIE HUMEIOT KPUTUYECKOE 3HAYCHHE, JUISl TIOMCKA U pa3paboTKe MIIaHOB
neicTBuil. B HeM ObLIM M3JI0KEHBI CHCIHAILHBIC POIIEYPhI ISl TPOBEPKHU CIOKHBIX 00BEKTOB
U pEKOMEHJAINH M0 YCTPAHEHUIO KPUTUYECKUX Ne(DEeKTOB, TaK k€ ObUIM BHEAPEHBI MPOLEAYPbI
obecrieueHns kadectBa u koHTpois 3a kadectBoM (OK/QC). Kpome sToro, Obutv OOHOBICHBI
TpeOOBaHUSI K 4YAacTOTE€ MPOBEACHUS HEKOTOPHIX MOJBOJHBIX HWHCHEKIUI, YTO MO3BOJIUIIO
MIPOBOJUTH UX C MHTEPBAJIOM JI0 72 MECSILIEB.

O6unornennsnii NBIS Bcrynun B cuimy 13 suBaps 2005 roma. PyKoBOACTBO IO OIIGHKE
coctosiHus MocToB (MBE) Obu10 BiepBbie npuHsTO [101KOMUTETOM 110 MOCTaM U COOPYKEHUAM
aBToMOOMIBHBIX gopor AASHTO B 2005 romy. MBE o6wsenuaun PykoBomctBo AASHTO mo
OIICHKE COCTOSIHHSI MOCTOB C PyKOBOJICTBOM IO OILIEHKE COCTOSHUSI U OIICHKEe Kod((uIlMeHTa
Harpy3ku u conpotusienus (LRFR) aBToMoOuIbHBIX MOCTOB, YTOOBI IPEOCTABUTD BIaJeNIbliaM
€AMHBIN IOKYMEHT JJIs1 OIIEHKU MOCTOB ¥ OLICHKH Harpy3KH.

B aBrycre 2005 roga Obul moxamucaH 3akoH O O€30MacCHOM, MOAOTYETHOM, TMOKOM H
3(pPEeKTUBHOM TPAHCHOPTHOM oOecneueHuu: Hacieaue Ui nonb3oBareneil (SAFETEA-LU).
SAFETEA-LU crana kpynHelmeidl MHBECTULMEW B HA3€MHBIM TPaHCHOPT B MCTOPUU CTPAHBI.
SAFETEA-LU pa3Buiia u yCOBepIlIEeHCTBOBaJIa MHUIIMATUBEI, 3a10xeHHbIe B ISTEA u TEA-21.

1 aBrycta 2007 roga BOCbMUIIONOCHBIA aBTOMOOUIIBHBIN MOcT [-35W nnunoii 1907 dytoB
yepe3 peky Muccucunu B MUHHEAIomce OOpyIIHIICs, B pe3yabTare 4ero noruoiau 13 yenoBek u
eme 145 momyuywnu paHeHus. OCHOBHbIE TpPOOIEMBbI O€30MACHOCTH, BBISBICHHBIE B XOE
paccienoBaHusl, BKJIIOYAIM HEAOCTATOUYHBIA KOHTPOJIb KayeCTBA NPH MPOCKTUPOBAHUHU H
HEIO0CTaTOuHYI0 UAeHTU(UKaAIHIO NeopMaliy HaKIaIKH.

2010-e 2000b1:

6 utons 2012 rona Obw1 moanucan 3akoH MAP-21 ("JIBuwxenue Brnepen, K nporpeccy B 21
Beke"). DTOT 3aKOH MpeaycMarpuBai (MHAHCUPOBAHHE MPOTrpaMM HA3eMHOIro TpaHcmopra. B
nokymeHTe MAP-21 roBoputcs, uto “B KU3HEHHO BakHbIX MHTepecax CoeauHeHHbix lllTaros
IPOBOANTH MHBEHTAPU3ALINIO, MHCIIEKIIUIO U YIy4IlIEHHE COCTOSHUS aBTOMOOMIJIBHBIX MOCTOB U
tyHHeneil B Coeaunensbix Illtatax”. Takke BbIfBI€HA MOTPEOHOCTh B pa3padOTKE €IMHBIX
MOAXO/I0B U CTaHIApTOB TOHHENEH. DTo Takxke norpedosano or FHWA pa3paborars U mpoBOIUTH
€XKETOJIHYI0 TPOBEPKY COOTBETCTBUsI TpeOoBaHusiM NBIS u cTanmo mepBbIM 0JTOCPOYHBIM
paspelIeHneM Ha CTPOUTENBCTBO aBTOMOOMIIBHBIX JOPOT, BBEACHHBIM B eiicTre ¢ 2005 rona.

4 nexaOps 2015 roga Obu1 noanucan 3akoH FAST Act (3akperuisttoniuii amepukaHCKHii 3aKOH
0 Ha3eMHOM TPaHCIIOpPTE), KOTOPBIM BCTynuil B cuity. 3akoH FAST mpenycmarpuBaeT Bble/IeHUE
305 mmmapnoB gowiapoB B Teuenwe 2016-2020 duHaHcoBoro roma Ha obecrieueHue
0€30IaCHOCTH  aBTOMOOMJIBHBIX JOPOI' U  aBTOTPAHCHOPTHBIX CPEACTB, OOIIECTBEHHOTO
TPaHCIOPTa, AaBTOMOOWJIBHBIX IIE€PEBO3YMKOB, OMNACHBIX MAaTEpUaJIOB, >KEJIE3HOJOPOKHOTO
TPAHCIIOPTA, a TaKXE Ha MPOrpaMMbl HCCIEIOBAaHUM, TEXHOJOTUW M CTATUCTUKHU. bBbUIO
pa3paboTaHO HECKOJIBKO HOBBIX TPAHCIIOPTHBIX CPEACTB IOBBIIIEHHON TI'Py30MOABEMHOCTH,
KOTOpBIE TPEACTaBIAIOT co00i  aBapHifHO-criacaTenbHble M OYKCHPOBOYHBIE —CpEJNCTBa,
[oAIIagaronre mox gecrasue 3toro 3akona. Panee BIRM ob6uoBsuics B 2012 u 2015 romax.

B 2020-x 200ax:

B mae 2022 ronma pasnmen 23 Koxekca denepanbubix HopMaTuBHbIX akToB (CFR) 650,
nonpazaen C, ObIT MEPEeCMOTPEH B COOTBETCTBUH C OKOHYATeNlbHBIM mpaBuiom NBIS. Dto
OKOHYATeJIbHOE TMPaBWJIO BKIOYAJIO OOHOBJIEHHUS, Kacaiouecs mnpuMeHuMoct NBIS,
onpezeneHuil, o00s3aHHOCTEH WHCIEKIMOHHOW OpraHu3aluy, KBaJU(QHUKAMK IepcoHaa,
MHTEPBAJIOB POBEPOK, MPOLIETYyp U UHBEHTAPSI.
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O6noBnenune 2022 roma BKIOYAIO HECKOJIBKO M3MEHEHHH B TEPMHUHOJOTUM W TIOJUTHKE
npoBepku MOCTOB. [ IpumennmocTs mpasui NBIS Oblia pacpocTpaHeHa Ha MOCTBI, HAXOAIINECs
B COOCTBEHHOCTH ILJIEMEH, MOCTbI, HAXOISALIUECS B YACTHON COOCTBEHHOCTH, KOTOPbIE COSAMHEHbI
C JoporamMu OOMIETO MOJB30BAHUS C 0OOUX KOHIIOB, & TAKKE BPEMEHHBIC MOCTHI WJIA MOCTHI B
CTaIMM CTPOUTENBCTBA, YYACTKU KOTOPBIX OTKPBITHI AJIsl ABM>KEHUS. bplTn 100aBIeHbI Ba HOBBIX
BUJIa WHCIEKIUA: CEPBUCHBIM M TIOUCKOBBIM MOHUTOPHUHT. Takke ObUIM BHECEHBI HEKOTOPHIE
U3MEHEHUs K TpeOOBaHUSAM IO MEpCOoHaNly, Takue Kak crnenuanbHoe obyueHue nmo NSTM u
MOJIBOJHBIM MHCIIEKIIUSAM, a TaKKe OOHOBJICHA KBaNH(HKAIMS PYKOBOAUTENs rpynmbl. Kpome
TOTO, OpPraHU3aliH, OCYIIECTBISIONUINE HHCIEKIMI0 MOCTOB, Telepb 00s3aHbl BECTU PEECTp
cepTu(UIIMPOBAHHBIX HA HAIIMOHAJIBHOM YPOBHE WHCIEKTOPOB MocTOB. Pazmen "MHTepBamb
npoBepok" ObUT OOHOBJIEH, YTOOBI MPENOCTaBUTH OoJiee KOHKPETHbIE PEKOMEHIAIMHM KaK I10
OIICHKE PUCKOB, TaK U MO YBEIMYCHUIO HHTEPBAJIOB IMPOBEPOK.

B wmae 2022 roma FHWA onybOnukoBasio crnenmdukanuu 1ig  HarnuoHanpHOM
uHBeHTapu3auu MoctoB (SNBI), koTopbie ycTaHaBIMBaIOT OOHOBJICHHBIE MPOIETyphl cOopa 1
00pabOTKM JaHHBIX, COOTBETCTBYIOIIME OKOHYareabHOoMy mpaBwiy NBIS, B manHbIX
cnenn(uKanusaxX BKIIOUEHO TpeOOBaHHE K pas3ieiy (IOKyMeHTy) "DIEeMEHTHI HaIlHOHAIbHOW
unBeHTapuzauu MoctoB" (SNBIBE), Brumrouaromas uHdopmanuio 00 sreMeHTax, KoTopas
noipkHa ObITh npeactanieHa B SNBI. A SNBI B cBoro ouepenp npu3BaH 3aMeHUTh PyKkoBOACTBO
no kogupoBanuo FHWA nocne 3aBepiieHus: nepexoqHoro nepuoaa.

BIRM 6511 00HOBIIEH B MOCIEAHUIN pa3 B COOTBETCTBUU ¢ PyKOBOJICTBOM MO KOAMPOBAHUIO
FHWA B 2022 rony, a 3areM ObLI1 0OHOBJIEH B COOTBETCTBHH C OKOHYATEIbHBIMU MTpaBmiiamMu SNBI
u NBIS B 2023 roxy.

PesyabTarsl 1 O0cyxkaenue

3a nmepuon 1970-2023 romos, pa3Buree HOpMaTHUBHOW JnuTeparypHoil 0Oa3zpl B CIIA
IpeTepIesio MHOXKECTBO JOPA0OTOK M HECKOJBbKO KIIIOUEBBIX ITAllOB U M3MEHEHHH, KOTOpbIe
CYILIECTBEHHO MOBJIMUIM Ha KaueCTBO IMPOEKTUPOBAHMS M O€30IaCHOCTh IMPHU IKCILTyaTalluu
MOCTOB ¥ TPAaHCIIOPTHBIX COOPYKEHUH, KACAIOIIMUXCS NHCIIEKIIUY U OLIEHKH COCTOSTHUSI MOCTOB.

1970-e Trompl: B ATOT MEpHOJ Hadalach aKTHBHAas paboTa MO CO3JAaHUIO CTAHIAPTOB U
PYKOBOJICTB JJIi HHCHEKTOPOB MOCTOB. YueOHoe mocobue FHWA Ne 70 crtamo ocHoBo# s
00y4YeHUs! HTHCTIEKTOPOB.

1988 ron: FHWA ony6aukoBasia TexHndeckoe pykoBoAcTBo "O6cnenyit moctsl" (Scour at
Bridges), koTopoe cTano BaXXHBIM JJOKYMEHTOM JUIsl HIOHUMaHUs POLIECCOB, CBA3aHHBIX C ApO3Ue
1 0€30MacCHOCTBIO MOCTOB.

1994 ron: AASHTO nepecMoTperna cBO€ pyKOBOACTBO IO OIEHKE COCTOSTHUSI MOCTOB, YTO
IIPUBEJIO K YJIYYIIEHUIO METO0B UHCIIEKIIMU U OLICHKHU.

1995 ron: Ob6noBnenune PykoBonctBa mo komaupoBanuto FHWA u BHenpenue yueOHOI
OporpaMMbl 10 TNPOBEpKEe O€30MaCHOCTH MOCTOB. DTO OOHOBIIEHHE IPHUBENIO K CO3/IaHUIO
"CnpaBouHoro pykoBozcTBa mHcnekTopa MocToB" (BIRM), koTopoe BKITIOYAJIO BCE MOTOKEHUS
PyxoBoactsa 90.

2005 roa: OOHoBneHHbI HanonanbHbil cTanaapT uHcneknuu moctos (NBIS) Berynun B
cHITy, 4To obecneumio 0ojee CTporue TpeboBaHMs K MHCIIEKIIMU U OILIEHKE COCTOSHUSI MOCTOB.

2022 rox: Tlepecmortp paznena 23 Konekca penepanpubix HopmatuBHbIX akToB (CFR) 650,
KOTOpBIM BKIIOYaN TpeboBaHMs K "DleMeHTaM HalMOHAJbHOW HWHBEHTapHU3allud MOCTOB"
(SNBIBE). 910 00HOB/IEHHE CTAJIO Ba’KHBIM IIaroM K YJIYYIIEHHIO YYeTa U aHaJlu3a COCTOSIHUS
MOCTOB.

2023 rox: BIRM 06511 0OHOBIEH B COOTBETCTBUHU C OKOHYATeNbHBIMU IpaBmiamMu SNBI u
NBIS, uto oGecnieunsio akTyalbHOCTh U COOTBETCTBHE COBPEMEHHBIM TPEOOBAHUSM.

Takum o6pazom, 3a epuoa ¢ 1970 mo 2023 roapl HaOMIOMAETCS MMOCTOSTHHOE PA3BUTHE U
yAydllleHHe HOPMAaTHUBHOM JIUTEpaTyphbl, YTO CHOCOOCTBYET TIOBBIIICHHUIO OE30MacHOCTH H
s dexTuBHOCTH MHCTIEKITUU MocToB B CIIIA.
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BriBoanl

Bo03MOxHO npoBecTH mapajuiesid B pa3BUTUU TPAHCIOPTHO-CTPOUTEIBHON OTPACIU M Kak
YaCcTHOE CHUCTeME OOCIIeZIOBAaHMsSI MOCTOBBIX coopyxeHui, nmpunsatoid B Coenunennbix Llltarax
Awmepuku u Pecriyonuku Kazaxcran. 3a moutu 32 roma He3aBucuMocTH B Pecriyonuke Kasaxcran
IpH peaM3alii MacIITa0HBIX MPOEKTOB TPAH3UTHBIX KOPUAOPOB, HE pealii30BaHa CHCTEMa
YCOBEPIICHCTBOBAaHUS U peOpMHUPOBAHHS HOPMATHUBHOW 0a3bl MO OOCIIEIOBAHHUIO MOCTOBBIX
coopy>keHui. JlecTByromuii B HacTOAMNA MOMEHT HOpMaTuBHbBIN JokyMeHT CII PK 3.03—-113-
2014 «Moctel u TpyObl. IIpaBmma oOcienoBaHMl W HMCHBITAHUI», KOTOPBIM IO CBOCH CyTH
SBIISIETCS He3HauuTesNbHO nopaboranHbiM CHull 3.06.07-86 «Moctel u TpyObl. [lpaBuia
00cIe10BaHMI U UCTIBITAaHH». B CBSI3M € YeM JOKYMEHT C HE3HAYMTEIIbHON peaaKIuei JeHCTBYET
yxxe Oosiee 37 JIeT U HE MOXET B MOJHOM Mepe OTBeYaTb COBPEMEHHBIM KOHCTPYKTHBHBIM
pPELICHUSIM U MaTepHallaM MOCTOBBIX KOHCTPYKIIHI.

Ha npuBenénnom B cratbe omnbiTe pehopmMupoBanus HOpMaTuBHOM 6a3bl B CILIA BO3MOXKHO
cenaTh BBIBOJI, UTO cucTeMa HopMmHupoBaHus PecnyOnuku Kazaxcran B obnactu obcienoBaHus
MOCTOB HYKJAETCS B IEPECMOTPE C YIETOM MHUPOBOTO OIIBITA.
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MOHUTOPHUHT JKYyHeIepiH KaMTUIbl. KOPBITBIHIBI 06J1iM1e HOPMATUBTIK 0a3aHbl YHEMI XKETUIIIPIT
OTBIPYZIBIH JKOJ KO3FaJIbIChl KAyiNCI3AIriH KaMTaMachl3 eTyIeri >KoHe WH(PaKypbUTBIMIIbI
e3repMeri TajanTap JKaraaiblHIa THIMII OacKapymaarbl MaHBI3ABUIBIFRI aTam eTiieni. Makanana
kenripinren AKHI-tarsl HOpMaTuBTIK 0a3aHbl pedopmanay ToKipuOeciHe CyHeHe OTBIPHIIL,
Kazakcran PecryOnmKachIHBIH KOIIpIep/i TEKCEpy CalachIHIAFbl HOpMasay JKYHECiH oJIeMJIiK
TOXKIPUOEH1 eCKepe OTHIPHIN KalTa Kapay KaKeTTirl Typajibl KOPBITBIH/BI )KacayFa Ooapl.

Tyitinai ce3mep: aBTOXKOI KeIlipiiepl, HOPMATHBTIK KyXKarTap, Kemipiepal TEKCepy KoHe
ChIHAY HOpMaJIaphbl.

IMPROVING THE REGULATORY FRAMEWORK FOR INSPECTION,
DIAGNOSTICS AND INSPECTION OF HIGHWAY BRIDGES IN THE USA FROM THE
1970S TO THE PRESENT

https://orcid.org/ 0000-0001-7376-5643 3

Ivan Bondar!”, Pavel Hardikov2, Evgeny Remizov

13 ALT Mukhamedzhan Tynyshpayev University, Almaty, Kazakhstan
2 LLC «Bridges and engineering projects», St. Petersburg, Russia
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Abstract. This paper examines the evolution of the regulatory framework regarding the
inspection, diagnosis, and inspection of highway bridges in the United States from the 1970s to
the present. The impact of various factors, such as the growth of traffic flows, aging infrastructure
and changes in legislation, on the development of standards and practices in this area is analyzed.
Special attention is paid to key documents and methodologies that have been implemented to
improve the safety and reliability of bridges. The study also covers modern technologies and
approaches used to diagnose the condition of bridges, including non-destructive testing methods
and automated monitoring systems. In conclusion, the importance of continuous improvement of
the regulatory framework for ensuring road safety and effective infrastructure management in the
face of changing requirements is emphasized. Based on the experience of reforming the regulatory
framework in the United States presented in the article, it is possible to conclude that the rationing
system of the Republic of Kazakhstan in the field of bridge inspection needs to be reviewed taking
into account international experience.

Keywords: road bridges, regulatory documents, standards for bridge inspection and
testing.

Copyright: © 2025 by the authors. Submitted for possible open access publication under the terms and conditions of the Creative
Commons Attribution (CC BY NC) license (https://creativecommons.org/licenses/by-nc/4.0/).
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MyxTap AJijianazapos?

'Kadenpa TeXHOIOTHHU TPOMBIIUIEHHOTO U IPAXKJAHCKOTO CTPOUTENHCTBA/ APXUTEKTYPHO-
cTpouTeNnbHbIN (hakysreT, EBpasuiickuii HannoHanbHbIN yHUBepcuTeT UM. JL.H. ['ymunesa,
Acrana, Kazaxcran
2A0 «KazaxcTaHCKHMii JOpOKHBII HAyYHO-UCCIIEI0BATENLCKUI HHCTUTYT», AcTana, Kazaxcran
*KoppecmnonaeHt aBrop: axan_altynsary01@bk.ru

AHHOTaUUsA. B yCIOBUSAX CTPEMHUTEIBHOTO PAa3BUTHUS TPAHCIIOPTHOM HH(PACTPYKTYPHI B
Kazaxcrane oco6oe BHMMaHHUE yJENsIeTCsl MOBBILIEHUIO JO0JTOBEYHOCTH M SKCILTyaTallMOHHBIX
XapaKTEePUCTHK IIEMEHTOOCTOHHBIX NOKpHITHH. HacTosiee wuccienoBaHue HANpaBiICHO Ha
M3Yy4YECHHE BIUSHUSA MUKPOKPEMHE3EMA Ha CTPYKTYPY, BOJAOHENPOHUIIAEMOCTh, MOPO30CTOMKOCTh
U CTOMKOCTH IEMEHTHOTO KaMH$I, HCIOJIb3yEMOTO B JOPOKHOM CTpOHUTENbCTBE. Llenpio paboThl
aBisieTcs oOocHOBaHME d3()(PEKTUBHOCTH NPUMEHEHUS MHMKPOKpPEMHEe3eMa B KayecTBe
MoIUGHUIHPYIONMEH H00aBKH K IIeMEHTY. B paMkax mcciieoBaHUsI MPOBEACHBI J1a00paTOpHBIE
9KCIIEPUMEHTHI C PA3JIMYHBIMU J103UPOBKaMH MHUKPOKPEMHE3EMa, C OLICHKOM TETUIOBBIJIEICHHUS,
TUAPATALMHA, CTPYKTYPbl M BOJONOIJIOIIEHHs LIEMEHTHOro KamHs. llosrydeHHBIE pe3ybTaThl
CBU/IETEJICTBYIOT O MOBBIIIEHUHU IJIOTHOCTH CTPYKTYPbI M yCTOMYMBOCTH MOJU(UIIMPOBAHHOTO
MaTepuaia K BO3/IeHCTBHIO arpecCUBHbBIX (hakTopoB. HayuHast HOBU3HA 3aKiII04aeTcs B aianTaluu
COBPEMEHHBIX METOJI0B MoAM(UKanuu OeToHa moj KiIMMaTHueckue ycioBus Kazaxcrana.
[IpakTuyeckoe 3HaYEHHE 3aKIHOYAETCS B BOZMOKHOCTH MPUMEHEHUS pa3paOO0TaHHBIX COCTABOB B
peaIbHBIX TIOPOKHBIX IPOEKTAX C MOBBIIIEHHBIMU TPEOOBAHUSAMH K IPOYHOCTH U JOJITOBEYHOCTH.

KuroueBble ci10Ba: MUKPOKpPEMHE3EM, IIEMEHTOOETOH, MOAUMUKAIUS, HOJITOBEUYHOCTD,
BOJIOHETIPOHUIIAEMOCTh, MOPO30CTOMKOCTD, JOPOKHOE CTPOUTEIBCTBO.

BBenenune

B ycnoBusx akTUBHOrO pa3BUTHSA TPAHCIOPTHON HHPpacTpykTypel B PecmyOnuke
Kazaxcran oco0oe BHHMaHHE yAENSeTCS KaueCTBY M JOJITOBEYHOCTH JOPOXKHBIX MOKPBITHI.
OnHuM M3 aKTyaldbHBIX HANPABICHUN COBPEMEHHOIO JIOPOKHOTO CTPOUTEIBCTBA SIBISIETCS
IpUMEHEHHE IEMEHTOOETOHA B KaueCTBE OCHOBHOTO MaTepuaa Jijlsl yCTPOHCTBa aBTOMOOUIIbHBIX
nopor. OHaKo CypoBbI€ KIIMMATHYECKHUE YCIIOBHSI, pE3KHE TeMIIepaTypHble KoJIeOaHus, BBICOKOE
BOJIOHACHIIIIEHWE M  arpecCUBHbIE BHEMIHWE (AKTOPBl CHIDKAIOT  AKCIUTyaTallMOHHBIE
XapaKTePUCTUKU  TPATUIMOHHBIX  I[IEMEHTOOETOHHBIX TOKPBITUH, dYTO  0OycCIaBIHUBaET
HEOOXOIUMOCTh UX MOJM(PHKALINY C 1IETIbIO MTOBBIIIEHUS CTOWKOCTU U YBEITMUEHHS CPOKa CITY>KObI
[4].

AHann3 COBPEMEHHBIX HAyYHBIX MCTOUHUKOB CBHUJETENIBCTBYET O IIMPOKOM MPUMEHEHUU
MUHEPAIBHBIX J00aBOK B OETOHHBIX CMECAX, CPeAM KOTOPbIX OCOOBIM MHTEpPEC BBI3BIBAET
MHUKPOKPEMHE3eM — TOHKOJAWCIEPCHBIN MPOIYKT, CIIOCOOCTBYIOIIMI YIUIOTHEHUIO CTPYKTYpPHI
LEMEHTHOTO KaMHS M YJIYYIIEHHIO €ro OSKCIUTyaTallMOHHBIX CBOMCTB [5]. BMmecte c Tem
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OOJIBIIMHCTBO PabOT COCPEJOTOYEHO HAa NMPUMEHEHUHU MAHHOW 100AaBKHM B YCIOBHUSX MSTKOIO
KJIMMaTa, U OCTAaETCsl HEOCTATOUHO U3y4YeHHOU e€ 3(h(h)eKTUBHOCTh B KOHTEKCTE IKCTPEMAIIbHBIX
KIMMaTHueckux yciaoBuil Ka3zaxcrana, 4To ykas3bIBaeT Ha CyILECTBYIOLIMM HayuyHbIH IpoOen u
HEO00XOIMMOCTb MPOBEJCHUS JOTOIHUTEIBHBIX UCCIIEI0OBAaHUN [2, 3].

[lenpl0 HACTOSIIErO HCCIEAOBaHMS  SIBJIAETCS  HKCIEPUMEHTalIbHOE 0OOCHOBaHME
3 PEKTUBHOCTH MPUMEHEHHsI MUKPOKPEMHE3eMa B KauecTBe MOTUGHUIMPYIOLMIEH M00aBKU B
LIEMEHTOOETOH UL IOBBILICHMUS €ero JOJITOBEYHOCTH, MOPO30CTOMKOCTH u
BOJIOHETIPOHMIIAEMOCTH, C yUE€TOM KJIMMAaTUYECKUX U 3KCILTyaTallMOHHbIX yciaoBuil Kasaxcrana.

Metonoaorus

DKCIIEpUMEHTANILHBIC HCCIEIOBAaHUSI TPOBONWINCH Ha 0aze maboparopuu Kadeapbl
«ITpon3BONICTBO CTPOUTEIBHBIX MAaTEPHAIIOB, U3/ICIIMA U KOHCTPYKITUID) C IETBI0 OIICHKU BIHSHUS
MHUKPOKpPEMHE3eMa Ha CTPYKTYpy M CBOWCTBa IIEMEHTHOIO KaMHS, MHCIOJIb3yEMOrOo B
[IEMEHTOOCTOHHBIX TOKPBITHUSAX aBTOMOOMJIBHBIX JOpOT. B COOTBETCTBHMM C HOPMAaTHBHBIMU
noxkymenTamu CT PK 1662-2007, TOCT 310.3-76, TOCT 12730.1-78, TOCT 10060.0-95 u TOCT
12730.5-84, ObuIM TIPOBENCHBI WCIBITAHUS IO CJICAYIOMMM IOKAa3aTeJsIM: BOJOIOIIONICHUE,
MOPO30CTONKOCTh, BOJOHEMPOHUIIAEMOCTb, CTPYKTypa W TEIUIOBBIJCICHUE MPU THUApATALUN
uementa[1].

[Ipouenypa vccnenoBaHuii BKItOYaaa CISAYIOIIUE ITAIbI:

1. TloaroroBka MarepuasoB:

B kauwectBe BsKylIero wucmnosib3oBajica mnopmianaueMeHT Mapku CEM 1 42.5H,
cootBercTBytomuii ['OCT 31108-2020. B xauecTBe MHHEpaJbHOM J0OAaBKH IPUMEHSIICS
MHUKPOKPEMHE3eM C yaelbHON moBepXHOCThIO ~20 000 cM?/T.

Jlo6aBka BBogmiIack B KoaudecTtBe 7%, 8% u 10% oT Macchl 1ieMeHTa.

2. WzrortoBiienne 00pasIoB:

betonHble M 1eMeHTHbIE 00pa3ibl-KyObl pazmepoM 70x70x70 MM HM3roTaBiIMBAJIUCh B
cootBerctBUUM ¢ ['OCT 10180-2012. IIpoObl QopmoBaIuCh € pPA3IUYHBIMU JO3UPOBKAMU
MHUKPOKpPEMHE3eMa, a TaKXKe C KOHTPOJIbHOM cepueil 6e3 100aBKH.

3. McnplTaHus BOXOMNOIVIOIEHUS U CTPYKTYPBI:

[Tocne 28 cyTok TBepAeHUsT 00pa3ipl HCCiIenOBaANNCHL Ha Bogomnoromenue mo ['OCT
12730.3-78. Jlns MHKPOCTPYKTYpHOIO aHaJlW3a MCIOJIb30BAIUCH METOABl ONTHYECKON
MUKpPOCKOIIUM M CKaHHUpYIOIIeW 3JeKTpoHHOM Mukpockonuun (SEM) ¢ npumeHeHuem
ob6opynosanusa Mapku JEOL JSM-6490LV.

4. V3MepeHue TEIIOBbIIEICHUS TPU TUIpaTaliu:

TemneparypHoe MoBeieHre IEMEHTHOTO KaMHS UCCIIEIOBAIIOCH B TEUEHHUE MEPBHIX 72 4acoB
C UCIOJIb30BAaHUEM TEPMOIIAP, MOJIKIIOUEHHBIX K MHOTOKAHAJIbHOMY PErUCTPAaTOpy TEMIEPATyphbl
Testo 176 T4.

Ncnonb30BaHHBIE PECYPCHI:

O6opynoBanue:

—Mukpockon anexktpoHHbiii JEOL JSM-6490LYV,

—BakyyMmHas cymumibHas kamepa,

—Kamepa a5 1MKII0B MOPO3-OTTauBaHUeE,

—YcraHOBKa JUTS UCTIBITAHHUS HA BOJOHETIPOHUIIAEMOCTb,
—Temneparypnsiii peructparop Testo 176 T4.

[TporpammMHoe oOecnieueHue:

—OriginPro 2022 — myig noctpoeHus rpaduKoB TEIUIOBBIICICHHS,
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—ImageJ — s aHanM3a MUKPOCTPYKTYPBHI,
—Microsoft Excel — qyist craructruueckoit 00pabOTKH pe3ysIbTaToB.
[Tony4yenHbie JaHHbIe OBLTN MOBEPTHYTHI CTATUCTUYECKOI 00paboTKe ¢ UCTIOIb30BaHHEM
METOIOB KOPPEJSIMOHHOIO aHajdu3a M OLEHKH CPEIHEKBAIPaTUYeCKOro OTKJIOHEHUS.
[ToBTOpsieMOCTH ONBITOB 0OECHIEUYNBANIACh TPOWHBIM AyOIMPOBAHUEM KaXI0TO TUIA 00pa3IIoB.

PesyabTarsl 1 O0cyxkaenue

Fnz[paTaumI U TCIIIOBBIACIICHUEC NEMCHTHBIX KOMIIO3UTOB.
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Pucynok 1 — TemnnoBoii NOTOK 32 MHAYKIMOHHBINA U YCKOPEHHBIN IEpUO/IbI THApPATAIIIH
LIEMEHTA B 3aBUCHUMOCTHU OT BPEMEHH U BBOJUMBIX J0OABOK

OnHUM M3 KJIOYEBBIX MOKa3aTelel, XapaKTepU3YIOUIMX AKTUBHOCTh BSDKYILIMX CUCTEM,
ABJIIETCS TEIJIOBBIJENIEHUE B IPOLIECCe ThApaTaluy 1ieMeHTa. OHO MO3BOJISIET CYIUTh O CKOPOCTHU
U CTENCHH MPOTEKaHMUs XMMUYECKUX peakiiii, GOPMHUPYIOIUX CTPYKTYPY LIEMEHTHOTO KaMHsI.

Jnsa ouenku BiausHUS MuKpokpemHezeMa (MK) wu cynepmiactuduxatopoB Ha
MHTEHCUBHOCTh T'MJIpaTallii ObUIM MPOBEAEHBI KAJTOPUMETPUYECKHE HUCIBITaHUS B TeueHue 60
4acoB C PErUCTpalliel TEIIOBOro NoToka. B ncciaenoBaHuN y4acTBOBAIM CIIEAYIOIINE COCTABBI:

[emenT (L]) — KOHTpOIIbHAS CMECH;

ement + 8 % mukpokpemuezema (LI+8 %MK);

Llement + 8 % MK + 1 % cynepmnactupukaropa ACE (I[+8 %eMK+1 %ACE);

Hement + 8 % MK + 1 % cyneprnactuduxaropa CII-1 (I[+8 %MK+1 %CII-1).

Ha pucynke 1 nmpencraBieHbl KpUBBIE TEIUIOBOTO IMOTOKA, COOTBETCTBYIOLINE Pa3IMYHBIM
MOJIM(PULIPOBAHHBIM COCTaBaM.

Kak BugHO U3 rpaduka:

KonTpoasnsiit coctas (L) xapakTepusyercs IiaBHbIM HapacTaHUWEM TEIUIOBOTO MOTOKA C
MakcuMyMoM okoJ10 11 gacoB (~2.0 MBT/T). DTO cOOTBETCTBYET HOPMAJILHOMY X0y THpaTaluu
0e3 aKTUBaTOPOB.

Brenenue 8 % MK (L[+8 %MK) npuBoAUT K CMELIEHUIO MHUKA TEIJIOBBIIEIEHUS BIIEBO
(oxomo 10 4acoB) u ero yBenudeHuio 10 ~2.7 MBT/T. DTO CBSI3aHO C BBICOKOW MYIIIOJIAHOBOM
aktuBHOCTHI0 MK, yckopstromeit motpednenne Ca(OH). u o6pazoBanue C-S-H ¢as3.

CocraB ¢ MK u 1 % ACE (II+8 %MK+1 %ACE) nemonctpupyet 6osee mo3auuii nmuk (~13
4acoB), HO TPU OITOM COXpPaHSeT BBICOKYIO HMHTEHCHBHOCTH (Oomee 2.3 MBT/T). 310
CBUJIETENLCTBYET O 3aMEUICHUH HayaJlbHOM CTaJuU PeakiMH 3a cU€T 3aMmeyistoniero 3¢gdexra
cynepiuiactudukaTopa, Ipu COXpaHEeHUH BHICOKOW aKTHUBHOCTH Ha MOCIEAYIOIUX dTanax.

CoctaB ¢ MK u 1% CII-1 (II+8 %MK+1 %CII-1) noka3siBaeT HanOOMBIINIA MUK (TOYTH
2.9 MBT/r) 1 Haubosiee paHHee Havaa0 aKTUBHOU ruaparanuu (MeHee 10 yacoB). ITO TOBOPUT O
cuHepreruueckoM »ddexre Mexay MK u  gaHHbBIM miacTUUKATOpOM, YCHIMBAIOIIUM
pPacTBOPUMOCTh KOMIIOHEHTOB LIEMEHTA U MHTEHCU(PHUIMPYIOIIUM PEaKIUH.
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Pucynok 2 — I[IpounocTs npu u3rude MoauUuIupoBaHHOTO IIEMEHTHOTO KaMHs

Ha pucynke 2 npuBeneHbl pe3yabTaThl HCIIBITAHUI 00pa3I0B IIEMEHTHOTO KaMHs Ha U3THO
IpU pa3IMuHbIX cpokax TBepiaeHus (1, 3, 7, 14 u 28 cyrok). Mccnenyemble cocTaBbl BKIHOUAIH
yrcteiii nemeHt (LI), nement ¢ poGaBnenueM 8% wmmukpokpemHezema (LI+8%MK), a Takxe
KOMOWHHUPOBAaHHBIC COCTaBBl C JOMOJHHUTCIHHBIM BBEACHHEM XHMHUYCCKHX J100aBoK: 1%
cynepruiactudpukaropa CII-1 (H+8%MK+1%CII-1) u 1% nmnacrudunupyromeii nodbasku ACE
(I1+8%MK+1%ACE).

AHanu3 MONyYeHHBIX JaHHBIX MOKa3bIBAaeT, YTO 00aBIEHHE MHKPOKpEMHE3eMa yKe Ha
paHHUX CPOKAaX TBEPJCHHUS CIIOCOOCTBYET MOBBINICHUIO M3THOHON MPOYHOCTH MO CPABHEHUIO C
KOHTPONBHBIM 00OpasnoMm. Tak, Ha 7-€ CYTKM NPOYHOCTH OOpa3lloB C MHUKPOKPEMHE3EMOM
Bo3pacrtaeT Ha 12—15% mo cpaBHEHUIO C KOHTPOJIBHON CMEChIO. ITO OOBACHSETCS YCKOPEHUEM
ruapatanuu U GopMUpOBaHUEM OoJiee TIIOTHON U OMHOPOTHOM CTPYKTYPHI IEMEHTHOTO KaMHS 3a
CYET MYIIIOJIAHOBOW aKTUBHOCTH MHUKPOKpPEMHE3EeMa.

HaubGonpiiee yBenudeHwe W3TMOHOW MPOYHOCTH  3aUKCHPOBAHO Yy  00pasloB,
monuduimpoBanabix cuctemon "I+8%MK+1%ACE". Ha 28-¢e cyTku mpoyHOCTh 3TUX 00pa31ioB
nocturna 11,7 MIla, 4to mpeBblIIaeT moka3aTenu KOHTpoibHOM cMecu Ha 35%. Jlo6aBka ACE
CIIOCOOCTBYET paBHOMEPHOMY paclpeesIiCHUIO YaCTHII MUKPOKPEMHE3eMa B IIEMEHTHOM TECTE U
CHIKAeT BOJIOLIEMEHTHOE OTHOIIIEHHUE, YTO MOJIOKUTEIBHO CKa3bIBAETCSl HA KOHEYHOUH MPOYHOCTH.

Taxoke ONOXKUTENTFHOE BIMSHUE OKa3biBaeT qobapieHue cynepriactudukaropa CII-1. B
3TOM CiTy4ae HaOIroaeTcsl CTaOMIIBHO BBICOKOE 3HAYEHHE M3THOHOM MPOYHOCTH HAa BCEX CPOKAX
TBEPJACHUS, YTO JeNlaeT JAaHHBIH COCTaB IEPCIEKTUBHBIM JIJII HW3TOTOBJICHUS DIIEMEHTOB,
paboTarommx Ha U3TU0 ¥ TPEOYIOMIMX MOBBIIIIEHHON TPEIIMHOCTOMKOCTH.

Takum 00pa3oM, pe3ysIbTaThl UCIBITAHUN TEMOHCTPUPYIOT, YTO MOAH(HUKAITIS IIEMEHTHOTO
KaMHsI MUKPOKPEMHE3EMOM B COUETAHUHU C XMMHYECKUMH JOOaBKaMU IMO3BOJSIET 3HAYUTEIBHO
VAYYIIATH €0 U3THOHYIO TIPOYHOCTH, 0COOSHHO Ha TO3ITHUX CPOKAX TBEPCHHUS.
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PucyHnok 3 — [IpoyHOCT MPU CIKATUHU B 3aBUCUMOCTH OT CPOKOB TBEPJCHUS M BBOAUMBIX
1100aBOK

[IpoyHOCTH TIpU CXKATHM SBIAETCS OJHUM U3 ONPEACNAIONINX KPUTEPHEB IMPU OILICHKE
OKCIUTyaTallMOHHBIX ~ XapaKTEPUCTHUK IEMEHTHBIX MaTepUanoB, OCOOEHHO B JOPOXHOM
CTPOUTENIbCTBE, TJE K MaTepuajaM MPEeAbSBIAIOTCS MOBBIIICHHbIE TPeOOBaHUS K HeCyIel
CIIOCOOHOCTH.

Ha pucynke 3 npeacraBieHbl pe3yibTaThl HCIIBITAHUI HA TIPOYHOCTH IIPH C3KATUU 00pa3IIoB,
MOIU(HUIIMPOBAHHBIX MHKPOKPEMHE3EMOM U CyINepruiacTu(hUKaTopamMu, B pa3jIHMYHbIE CPOKHU
TBepaeHus (ot 1 10 28 cyTok).

AHanu3 KpUBBIX MOKa3bIBAET CIECIYIOIINE 3aKOHOMEPHOCTH:

Kontponbubiit cocta (L) mokaspiBaeT cTaHAApTHYIO KMHETUKY HaOopa MPOYHOCTH: K 3
cyTKam npouHocTb gocturaet ~60 MIla, a k 28 cytkam — ~75 MIla.

JoGaBka 8 % wmmukpokpemHezema (L[+8 %MK) He3HauuTenbHO yBENMYMBAET pPAHHIOK
MPOYHOCTH, OAHAKO Ha 28 CyTKH 3PP EKT CTAaHOBUTCS MEHEE BBIPAKEHHBIM, & HTOTOBAs IPOYHOCTh
coctaBisier npumepHo 73 MIla. D10 cBsi3aHO € YMJIOTHEHMEM CTPYKTYpbl M 00pa3oBaHUEM
nononHutenbHbIx C-S-H ¢a3, ogHako n30bITOYHOE coAepKaHME MHUKPOKPEMHE3EMa MOKET
CHU3UTb 3P (PEKTUBHOCTH TUIPATALMU OCTABIIETOCS LIEMEHTA.

CocraB ¢ wmukpokpemuesemom u 1% ACE (II+8 %MK+1 %ACE) nemoHcTpupyer
HanOoJiee BBICOKHM M CTaOUIIBHBIN POCT MPOYHOCTH HA BCEM MPOTSHKEHUM TBEPJAEHUS. YKe Ha 3
cyTku mpouHocTh mnpesbimaer 70 MIla, a x 28 cyrkam pocturaer noutu 88 MIla. Oto
00yCJIOBJIEHO ONTHUMAJIbHBIM COOTHOILIEHHEM MEXJy YCKOPEHHOH rujapatanueil u yaydiieHHOH
peoJiorueit cMecH, CrocoOCTBYIOMIEH OoJiee TUIOTHON yIaKOBKE YaCTHII.

CocrtaB ¢ MK u CII-1 (II+8 %MK+1 %CII-1) Takxke mMOKa3bIBaeT YIy4llICHHbIE
XapaKTePUCTHKU 10 CPABHEHHUIO C KOHTPOJIEM — IPOYHOCTh Ha 28 CYTKH COCTaBISI€T OKOJO
80 MIla. IIpu 3TOM MpPUPOCT MPOYHOCTU OOJIee PaBHOMEPHBIH, 0€3 Pe3KOoro CKayka Ha paHHUX
CTa/IUsX, YTO MOXKET CBUJIETENILCTBOBAThH O 00JIee CTAOMIbHON BHYTPEHHEH CTPYKTYpE.

Takum 00pa3om, COBMECTHOE MPUMEHEHHE MHUKPOKpEMHe3eMa C MOJMKapOOKCUIATHBIMU
cynepruiactTu(uKaTopaMy MO3BOJISET CYIIECTBEHHO MOBBICUTH MPOYHOCTHBIE XapaKTEPUCTHKU
IIEMEHTHOTO KaMHs, 0COOEHHO B paHHEM BO3pacTe, YTO KPUTHUYECKH BaXXHO ISl COKpAIECHUs
CPOKOB pacnaiayOKH U BBOJAa KOHCTPYKIIMM B SKCILTyaTalHIo.

3akiaoueHue

[IpoBeaEHHbIe SKCIEPUMEHTHI MOATBEPK/IAOT, UTO BBEJIEHUE MUKPOKPEMHE3EMa COBMECTHO
C cyneprjacTU(QHUKaTopaMyd OKa3blBA€T KOMIUIEKCHOE TMOJIOXKHUTEIbHOE BO3ACHCTBHE Ha
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(bopMHpOBaHUE CTPYKTYpBI LIEMEHTHOIO KaMHS U €ro (pu3MKo-MeXxaHW4ecKHe cBoicTBa. JT0, B
CBOIO 04epe]lb, CIOCOOCTBYET YIYUIICHHIO IKCIUTyaTallMOHHBIX Ka4eCTB O€TOHA, IPUMEHSIEMOT0 B
JIOPO)KHOM CTPOMTENbCTBE Ha Teppuropuu Kaszaxcrana. bbulo ycTaHOBIIEHO, YTO J03MPOBKa
MHUKpOKpeMHe3eMa B npenenax 7—10% ot macchl 1ieMenTa 00eceyrBaeT 3aMEeTHOE MOBBIIICHNE
IPOYHOCTH, TEPMETUYHOCTH U MOPO30YCTOMYMBOCTH Marepuana [4] — KpUTHYECKH BaXKHBIX
napaMeTpoB MpPH OSKCIUTyaTallid TOKPBITHH B YCIOBHUSX HKCTPEMAJbHBIX TEMIIEPATyPHBIX
KOJICOAHUH W arpeCCHUBHOM BHEITHEH CPEIbI.

OTnenbHO CTOUT MOJYEPKHYTH pOJb CyNepIuiacTU(UKATOPOB, KOTOPHIE B COYETAHUHU C
MHUKPOKPEMHE3EMOM ONTUMU3UPYIOT PEOJOrMUECKUe CBOMCTBA OETOHHOM cMecH, CyIeCTBEHHO
yMeHbIIasg e€ MOTPeOHOCTh BO BBOAMMOW BOJIE M CIIOCOOCTBYs MOJYYEHHIO 0ojee IUIOTHOTO,
OJJHOPOIHOTO M IPOYHOIO IIEMEHTHOI0 KaMHs. Takas MoOu(UKalMs MOJOXKUTEIbHO BIUAET HA
CTOMKOCTh MaTepHalia K HIHUKIMYECKMM KIMMaTHYECKUM Harpys3kam, BKJIIOUash MHOTOKpPaTHOE
3aMOpaXMBaHUE W OTTAMBAaHUE, YTO OCOOCHHO AKTYaJIbHO [UId OOECHeYeHHs J0JITOBEYHOCTH
JOPOKHOTO MOKPBITHUSI.

Taxoke pe3ysbpTaThl UCCIENOBAHUS JEMOHCTPUPYIOT, YTO I'PAMOTHBIN MOIOOP KOJIMYECTBA
N00aBOK  TO3BOJISIET  JTOCTUYh  ONTHMAJbHOTO  COOTHOUICHHS  MEXIY  TEXHUYECKOU
3GGEKTUBHOCTBI0O M 3KOHOMMYECKOH OOOCHOBAHHOCTBIO MX IPUMEHEHHUsA. OTO Jejaer
NPEIVIOKCHHYI0 METOAWKY MOAU(UKAIMKA IIEMEHTOOETOHa HE TOJNBKO TEXHOJOTHYECKU
OIpaBJIaHHOM, HO M AKOHOMHYECKH LIeIeCOO00pa3HOM sl IIMPOKOro BHEIPEHHUS B JIOPOKHOE
CTPOMTENBCTBO B ycioBuax Kazaxcrana.

CoBMecTHOE  HCHOJNB30BaHUE  IOJUKApOOKCHIATHOTO  cymeprulacTudukaropa U
MHUKpPOKPEMHE3eMa  OKa3blBaeT B3aMMHO YCWIMBAIONIEC BIUSHHE HA  IPOYHOCTHBIC
XapaKTePUCTUKHU LIEMEHTHOTO KaMHs M CYIIECTBEHHO CHMXKAET KAaIWUISIPHYIO MOPUCTOCTh —
OCHOBHOH IMapaMeTp, BIUSIOMINN Ha IJIOTHOCTh, IPOHHUIIAEMOCTh U YCTOHYMBOCTh MaTepuaia, a
3HAYUT, U Ha €ro J0JIrOBeYHOCTh. biaronaps takoil moaudukanuu Gopmupyercs CTpyKTypa
[EMEHTHOTO  KaMHS, oOoraméHHass  MaJOKPHCTALUIM30BAHHBIMA  HH3KOOCHOBHBIMHU
THJIPOCHIINKATAMH KaJIbLIUs, KOTOPbIE IEMOHCTPUPYIOT BBICOKYIO CTOMKOCTD K IOBTOPSIFOIIUMCS
KJIMMAaTHYECKUM W IKCIUTYaTallMOHHBIM BO3JICHCTBUSAM, TaKHMM KaK LUKJIBI 3aMOpaKMBaHUS U
OTTauBaHMs, 4YepeJOBaHHE YBIAXXKHEHHs W BBICYIIMBAaHUS, a TaKXKe MEPEMEHHbIE Harpy3Ku.
[Tonmy4yeHHBIE SKCIIEPUMEHTAJIBHBIE JaHHBIE MOJATBEPKAAT APPEKTUBHOCTH MPUMEHEHHUS
JTAHHOM KOMOMHAIMM 100aBOK B OETOHHBIX CMECSX, MPEeAHAa3HAYCHHBIX Ul MCIIOJIIb30BAaHUS B
arpecCUBHBIX YCIIOBHUSX, M YKa3bIBAIOT Ha BO3MOXKHOCTH 3HAYHTEIBHOTO YBEJIWYCHHUS CPOKa
CIIy>KOBI CTPOUTENIbHBIX OOBEKTOB.
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(dakynbereti, Eypasus yinrteik yauBepcuteti. JI. H. I'ymunesa, Acrana, Kazakcran
2«Ka3zakcTaH ol FRUIBIMU-3epTTey HHCTHTYTE AK, Actana, Kasakcran
*KoppecnonneHt aBtrop: axan_altynsary01@bk.ru

Angarna. Kazakcrannarbl KK MHOPAKYPBUIBIMBIHBIH KApKbIHABI JaMybl KargailblHaa
[IEMEHTOETOH KaOBIHAAPBIHBIH OEPIKTIrT MEH Y3aK KbI3MET €Tyl MaHBI3/Ibl Macesie OOJIBII OTHIP.
by 3epTTey sKyMBICHI %K0J KYPbUIBIChIHA apHAJIFaH [IEMEHT TaChlHA MUKPOKPEMHE3EMHIH 9CepiH
3epTTeyre  OarpITTanFaH.  3epTTEyAiH  MakcaThl —  [IEMEHTKE  MHUKPOKPEMHE3eM/i
MoauUKAIMIAYIIB KOCHa PETIHAE KOMAHYIbIH THIMIUITIH Herizaey. JKymbpIc aschlHIa
MHUKPOKPEMHE3EMHIH 9pPTYPIIi MeJIepiHAe 3epTXaHaIbIK TIKipuOenep Kyprizuiin, Keury 0ey,
TUApatanms, KYpPbUIBIM JKOHE Cy CIHIPrimTIK KepceTKimTepl TaigaHasl. HoTmxkenep
KOPCETKCH/IeH, MHUKPOKPEMHE3eM KOCBUIFaH IIEMEHT TAaChIHBIH KYPBUIBIMBI THIFBI3IANBIII,
arpeccUBTI OpTara Te3IMAUIIr apTaabl. FhUIBIMU KaHAIBIFBI — OETOHIBI MOAMUKAIUSIAY
omicrepin KazakcTaHHBIH KIMMATTBIK KarAaibiHa OeiiiMaey. IIpakTHKambIK MaHBI3bI — XKOFaphI
OepiKTIK MeH y3aK Mep3IMIUIK TajanTapblHa jkayanm OepeTiH KON KYpbUIBICBIHAA Oy
KypamJiap,ibl KOJAaHy MYMKIHITI.

Tyiinai ce3aep: MUKpOKpEMHE3EM, LIEMEHTOETOH, MOAU(HUKAIMS, Y3aK MEp3IMIUIK, Cy
OTKI30CUTIH/IIK, asi3Fa TOIIMALIIK, KOJI KYPBUIBICHL.

MODIFIED CONCRETE FOR CEMENT-CONCRETE ROADS OF THE
REPUBLIC OF KAZAKHSTAN
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Abstract. With the rapid development of transportation infrastructure in Kazakhstan,
enhancing the durability and performance of cement-concrete pavements has become a priority.
This study focuses on the impact of silica fumes on the structure, water resistance, frost resistance,
and durability of cement paste used in road construction. The main objective is to justify the
effectiveness of silica fume as a modifying additive to cement. Laboratory experiments were
conducted with varying amounts of silica fume, analyzing heat release, hydration, structure, and
water absorption of the cement paste. The results indicate improved structural density and
resistance of the modified material to aggressive environmental factors. The scientific novelty lies
in adapting modern concrete modification methods to the specific climatic conditions of
Kazakhstan. The practical significance of the study is the potential application of the developed
compositions in real road construction projects with high demands for strength and durability.

Keywords: silica fume, cement concrete, modification, durability, water resistance, frost
resistance, road construction.

Copyright: © 2025 by the authors. Submitted for possible open access publication under the terms and conditions
of the Creative Commons Attribution (CC BY NC) licence (https://creativecommons.org/licenses/by-nc/4.0/).
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COMPARATIVE ANALYSIS OF THE EFFECT OF POLYMER ADDITIVES ON THE
PHYSICAL AND MECHANICAL PROPERTIES OF ASPHALT CONCRETE
MIXTURES
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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 «KazdorNII» 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.

. .
A
S ——e

p—

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 gsphalt mineral paI:'[ of the glsphalt
concrete mixture (bitumen | concrete mixture (bitumen
over 100%) in 100%)
Crushed stone fr.10-20 mm
! g.Volgodonovka 39,0 36,0
Crushed stone fr.5-10 mm
2 g.Volgodonovka 13,0 12,3
Screening fr.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 33 >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 part of the gsphalt mineral part of the gsphalt
concrete mixture (bitumen | concrete mixture (bitumen
over 100%) in 100%)
Crushed stone fr.10-20 mm
! g.Volgodonovka 59,0 56,0
Crushed stone fr.5-10 mm
2 g.Volgodonovka 13,0 12,3
Screening r.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
> 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).

I

———

'l
o
|
]
.

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).

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.

Ne 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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MOJUMEPTI KOCIAJIAPIBIH ACPAJILTEETOH KOCIAJIAPBIHBIH
®U3UKAJBIK-MEXAHUKAJIBIK KACUETTEPIHE DCEPIH CAJIBICTBIPMAJIBI
TAJIIAY

https://orcid.org/ 0000-0003-3516-9271 1 https://orcid.org/ 0009-0001-8191-8707

M.B. Kymamyparos', JI. [Iupmaes’,
3.M. Omip6ekona’

1«KaBaKCTaH JKOJI FBUIBIMU-3epTTeY UHCTUTYThI» AK, Actana, Ka3zakctan
“Koppecnonzer aBrop: zhumamuratovmanarbek(@gmail.com

Angarna. AcdansréeTon KOCTaJIapbIH Tecey Ke31H/er1 TEXHOJIOTUSIIBIK
Oy3yIIBUIBIKTApFa JKOHE OJIapIblH JKaObIHHBIH (DU3MKaJIBIK-MEXaHHKAIBIK KACHETTEpIHE Kepi
ocepiHe OaiIaHBICTBI KO KYPBUIBICHI CaJIaCBIHAAFBl Ka3ipri mpoliieMaapasl €CKepe OTBIPHIIL,
acGaybTOCTOH KOCHaTapbIHAaFbl OPTaHUKAIBIK OalIaHBICTRIPFBIIITHIH CallachlHA CPEKIIe Ha3ap
aymapbutanel.. bynm Makamama 013 moimmepni KocmadapAblH acabTOCTOH KOCHaJIaphIHBIH
TBIFBI3JJAITYBIHA OCEPIH 3€PTTEYTe TOKTAJIaMBbI3.

AcdanbTOeTOHIBI TOCEY Ke3iHAETl TEXHOJOTHSUIBIK OY3yIIBUIBIKTapFa OailIaHBICTHI
npoOnemMaiap TpOTyap/AblH OEpIKTITiH TOMEHACTIN KaHa KOWMaiabl, COHBIMEH KaTap Kypaeli
naiianany mpoOiieManapeiHa OKellyl MyMKiH. Bi3MiH 3epTTeyiMi3 KOCHaIapIblH ThIFbI3IaTybIH
apTTHIPYFa, IEMEK, JKOJI KAMBUIFBICBIHBIH CHITATTaMaJIapPbIH XKAKCApTyFa dJieyeTi 0ap moaumepIi
KocTasap/ipl KOJAaHy apKbLIbl OChI MACEIeNep i Meuryre OarpITTalIFaH.

JKyMBbIC asichlHIa IOTMMEPITi KOoCTaaapablH ac(haibTOCTOHHBIH (PU3NKAIBIK-MEXaHUKAJIBIK
KacHeTTepiHe ocepi FaHa eMec, COHBIMEH KaTap OJIapJblH TPOTYapIblH TYPAKTBUIBIFBI MEH
OcpikTirine ocepi Je TaamaaHabl. AJIBIHFAaH HOTHKeNnep acdaiabTOeTOH KOocCHajdapblH Tecey
TEXHOJIOTHSICBIH JKETUIIIPYIIH KOHE KBl JKOJI TOCEMICPIHIH CamachlH jKaKCapTyAbIH THIMII
CTpaTerHsUIapbIH JKacayFa Heri3 0oJia anajbl

Tyiiinai ce3aep: moanMep, OpraHUKANBIK OalIaHBICTHIPFBINI, acQalbTOETOH KOCIMACHI,
(U3UKabIK-MEXaHUKAJIBIK KACUETTEPI.

CPABHUTEJIbHBIN AHAJIN3 BJAUSHUSA MOJUMEPHBIX JOGABOK HA
®U3NKO-MEXAHUYECKHE CBOMCTBA AC®AJIBTOBETOHHBIX CMECEM
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M.B. Kymamyparos!®, I. [lupuaes!,
3.M. Omipoekona!

'AO «Kazaxcranckuit JIOPOKHBIA HayYHO-UCCIIEIOBATEIbCKUN MHCTUTYT», AcTaHa, Kazaxctan
“Koppecnonzet aBrop: zhumamuratovmanarbek(@gmail.com

AnHoTanusi. B cBere coBpeMeHHBIX TpoOIeM B JOPOKHO-CTPOUTEITHLHON OTpaciiu,
CBSI3aHHBIX C TEXHOJOTMYECKUMHU HapYIIEHUSIMH IpHU YKJIaJake ac(haibTOOETOHHBIX cMecel U MX
HEraTUBHBIM BIIMSHUEM Ha (PU3MKO-MEXAaHWYECKHE CBOMCTBA IOKPBITHSA, 0CO00O€ BHHMMAaHUE
yAETseTCs KaueCTBY OPraHUYECKOTO BSKYIIETO B ac(haibTOOETOHHBIX cMecsiX. B 3Toil ctaTbe Mbl
COCPEJOTOYMMCSI Ha  W3YYEHMHM BIMSHUS TOJMMEpPHBIX J100aBOK Ha  YIUIOTHEHUE
acaibTOOETOHHBIX CMeCceH.

[IpoGnembl, CBsI3aHHBIE C  TEXHOJOTMYECKUMH HApyLIIEHUSIMH TpPH  yKJIaJKe
ac¢anbToOeTOHa, HE TOJBKO CHIDKAIOT JOJTOBEYHOCTH JOPOXKHOTO MOKPBITUS, HO M MOTYT
MIPUBECTH K CEPhE3HBIM 3KCILTyaTallMOHHBIM npolieMaM. Haim uccnenoBanus HampaBieHbl Ha
pelIeHre THX IpoOIeM 3a CUET UCIOIb30BaHM MOJIMMEPHBIX J100aBOK, KOTOPbIE MOTEHIUAIBHO
MOTYT MOBBICUTH INIOTHOCTh CMECEH M, CIIEJOBATENBHO, YIYULIUTh XapaKTEPUCTUKH JOPOKHOTO
HOKPBITHS.
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B pamkax paboTbl ObUIO PACCMOTPEHO HE TOJHKO BIWSHHUE TOJUMEPHBIX JT00aBOK Ha
($u3uKO-MeXaHWYEeCKHe CBOWCTBA ac(anbTOOETOHA, HO M NMPOAHAIM3MPOBAHO UX BIMSHUE HA
YCTOMYUBOCTh U JIOJTOBEYHOCTh JIOPOXKHOTO TOKPBITUS. [loydeHHBIE pe3ysibTaThl MOTYT
MOCITYXHTb OCHOBOH 151 pa3paboTKu 3((HEKTUBHBIX CTPATErHii COBEPIICHCTBOBAHUS TEXHOJIOTHU
YKJIaKU acPabTOOCTOHHBIX CMECEH 1 TIOBBIIICHHS KAY€CTBA IOPOKHBIX MOKPHITHH B IIETIOM.

KnaioueBble cioBa: momuMep, OpraHMYecKkoe BsDKyIIee, achaabToOeTOHHAs CMech,
(U3uKO-MEXaHUYECKHE CBOMCTRA.
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