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Annarna. [llery TOmBIpaKTBIH CBHIPTKBI KYKTEMEIEPIiH 9CEpIHEH KeJieMi MEH MilliHiH
e3repTy KaOljleTiMeH cumarTanajabl, Oy OHBIH O€TiHAe OpHalacKaH KYpbUIBIMIAPIbIH
nedopMaIusChiHa 9KeTyl MyMKiH. Bysl KYOBLTBIC dcipece bUIFAIBUIBIK ©3TepIeH Ke3/ie HeMece
KYKTEME ocep €TKeHHEH KeHiH alTapibIKTail meryre OeiiM ca3 sxoHe Jlail merininepi CUsKThI
QJICi3 JKOHE TYPAKCHI3 TONMBIPAKTAPFa KaThICThI. MYH/Ial TOMBIpaKTapaa aBTOXOJIIap MEH Oacka Ja
MH(PaKYPBUIBIMIBIK OOBEKTUIEPAl caly Ke31H/1€ KaFbIMCBI3 CalIap/IbIH aJIJIbIH aly YIIiH HBIFAUTY
JKOHE TYPaKTaHIBIPY OMICTEPiH, OHBIH INIHJE TC€OCHHTETHKAIBIK MaTepHAIAApAbl KOJIaHY/IbI
KOJNJaHy KaxeT. bynm marepuanmap Heri3fiH O€piKTIK cuUnarTaMajapblH KaKcapTyra >XoHE
nedopmanusi KaymiH a3aiTyra kKemekrecemi. JKonm karamaybl-OyJl KeNiK KypajJapblHaH
JKYKTEMENEepi JKOJJbIH HeridiHe Oipkenki Oeiyre apHajifaH HHXXEHEPIiK KypbuibiM. O
MaTepuanapabH OipHeme KabaTrTapblHAH TYPAJIbl, OJapIbIH OPKANCHICHI KOJI KYPBUIBIMBIHBIH
OepiKTIri MEH TYPAaKTBUIBIFBIH KaMTaMachl3 €Tyle 63 (YHKIMSIIAPbIH OpbIHAAWIbl. MaHbI3/IbI
ACTIeKT-YHIH/I1 )KYKTeMeep/Ii KOTK KO3FaIbIChIHAH TOTIBIPAKTHIH TEPESH THIFBI3IAJIFaH KOHE KaTThI
KabaTrTapeiHa TUIMII Oepy YIIiH ko0anaHybl Kepek. Makanaia MeriHIl TONBIPaKThl JalallbIK
ChIHAY HOTHIKEJIEP] KOHE COHFBI JIEMEHTTEP ICIMEH €CenTey HOTHKemepl kenTipuireH. ChiHaK
omicTepi MeH IIApPTTapbl, COHJAN-aK JKOJNIBIH KYPBUIBIMIBIK-TEXHOJIOTHSUIBIK — IIETIiMI
cunarrainra. byj oficTeMeHIH THIMIUTITT OHBI 9PTYPJIl MHKEHEPIIK-Te0IOrsUIbIK XKaFaainapaa
KOJIZJaHy MYMKIiHJIriHe OainanblcThl. ChIHAK HOTHXKENEpl TOIMBIPAKTBIH IIOTYiHIH JKYKTeMere
TOYEJAUIITH KOPCETeTIH rpaQuKTep TYPIHIE YChIHBUIFAH.

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

Kipicne

ABTOMOOUIIB JKOJIIaphl HH(PPAKYPBUTBIMBI 0acka WHPPAKYPHUTBIMIBIK CajalapMeH KaTap
HYKOHOMUKAJIBIK, CBIPTKBI CasiCH, QJIEYMETTIK >KoHe Oacka Ja MakcaTTapra KON JKeTKI3yHiH,
aJaMJapJiblH eMip Cypy camachlH apTThIPYAbl KaMTaMmachl3 €TYIIH MaHbI3bl Kypajbl OOJBII
tabbutanpl. byrinri Ttanma Kaszakctan PecnyOnukachlHOarel SKadmbl —MaigalaHbIMIAFbI
aBTOMOOWJIb KOJITAPBIHBIH Y3bIHABIFBI 96 MBIH MIAKbIPBIMABI Kypaiibl. OcbiFaH OalIaHbBICTHI
xobanay KesiHJe wmery aedopMaiusuapblHbIH Maiina 00y MYMKIHIITIH ecKepy KaxeT, Oy
TOTEHIIIE Iapajap KemeHiH KaOburmayapl Tanman eteni [1]. BipiHurigen, HEri3miH >KETKUTIKCI3
TBIFBI3JJANTYBI CANIZIApBIHAH CYy KYPBUIBICTAPBIHBIH OAaCTapbIHbIH, KaFanay TIpeKTEpiHiH, TOMBIPAK
HIerHAUIEpIHIH aliTapibIKTall 1eopManusiapbl OpbIH alaThIHbI, COHBIH CallapblHaH OeTkeiep
OY3bUIBII, >KOJI1ap/ia IIYHKBIpIap Maia 001aThIHbl aHBIKTAB [2].
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XKpbut caiiblH mI6ry TONBIPaKTAapblHA JKY3IETEH HHXKEHEPIIK KYpPBUIBICTAp CaJbIHA[HbI,
ONapIbIH KBI3MET €Ty Mep3iMmi OipHeme ece KbhICKapaibl, JKOHJACY JXKOHE KaNIblHA KENTipy
IIBIFBIHAAPEI OacTankel KyHbiHA skeTei [3]. Illerinai TOmbIpaKThl HBIFAUTYIBIH JKOHE OJIAPIBIH
KEeHiHT1 meryine o 6epmeiiTin OipHeme ThiMai aictep 6ap [4]:

—Kypbutbic  Gacranranra JeiH  TONBIPAK  HETi3AEpiH
Tipinaey,0ypManayasl KOJIIaHy apKbLUIbI )KY3€Te achIpbLIaibl;

—OJICi3 TOMBIPAKTHI THIFBI3BIPAK (KYM, KUBIPIIBIK Tac, KABIPIIBIK TAac) TOMBIPAKKa ilIiHapa
HeMece TOJIBIK aybICTHIPY;

—Xykremeni TepeH KabarTapra OepeTiH TONbIpaK KalalapbIHBIH KYPBUIFBICH;

—KyMpl s)koHE KUBIPIIBIK TaCTHI )KACTBIKTAPIbI, APCHAKIAPAbL, CYy OTKI30eHTIH nepaenepai
OpHary;

—LlemeHTTEY, CHIIMKATTaHIBIPY, MIAKBIpIIAY, TOIBIPAKTHI Ca3/1ay;

—TombIpaKThl 3MEKTP TOTBIHBIH YHEPTUACBIMEH, JKbUTY arperarTapbiMeH TePMHUSUIBIK OEKITY

TeIFpI3nay. On  Tecey,

[51;

—HaTpuii KapOOKCHUMETUJIIIEIITION03aChlH TYPaKTaHbIPY, LIOrydi a3alTy, TOMbBIPAKTHIH
OepiKTiri MEH TYPaKTBUIBIFBIH apTTHIPY YILIIH Naiiianany;

—TOMBIPAKTHIH (PU3MKANBIK KOHE MEXaHUKaJblK KaCHETTEepiH THIMJl >KakKcapTa allaThlH
JOCTYPIIi eMeC TYPAKTAHIBIPFBIIITAP/IbI, COHBIH 1MIIH/C HAaHOMAaTePUaJIap/Ibl, KbI3bUT OAIIIBIKTHI,
HEC, runpodo6ts! TypakTanasipreimtsl, EN-1, SH [6].

by TexHOMOTHWsUIapAbl KOJAAHY TOIBIPAKTHIH KBICBUTYBI MEH INOTYiH aWTapibIKTai
TOMEHJIeTyre MyMKiHik Oepeni. EH Komailsibl 91ic TONBIPAaKThIH TYPiHE, Makiaa 001y TepeHairine
YKOHE KYPBUIBIC aJTaHBIHBIH HHKCHEPITIK-TCOJIOTUSIIBIK JKaFIalibIHA OallJIaHbICTHI TaH IATa Ik,

ojaicremMe

3epTTeneTiH HbIcaH ANTMAaThl OOJIBICBIHAAFHI [71e AstaTaybIHBIH €TeTiHeH CONTYCTIKKe Kapan
CO3BUIBIIN XKAaTKaH Tay €TEriHJeri eHICTI )Ka3bIKTa OpHajacKaH [7]. I'e0norusuIbIK-JINTOIOT UsIIBIK
KMMaHbI erKen-TerKelIl aHbIKTay YIIiH Tpacca oci OoiipiHma Teperairi 6,0 m neitinri 51 Gapnay
YHFBIMachl ©TTi, 0apibFbl 199,0 M oTTi. ¥HFBIMaNap eI abcomtoTTi 6enrinepi 631,59 — 680,70Mm.
Tpacca yuackeci xep O€TIHEH TONbIPaK-6CIMIIK KaOaThIMEH YChIHbUIFaH, Kyarbl 0,2 M. TemeH e
KaTThI-CYMBIK KOHCUCTEHIIMAJaH alllblIFaH Kyarbl 6,0 M-re JeiiHri ca3gakrap, COHai-ak KyaTbl
1,5 M-re nefiHri KaTThl KYM/IbI ca3fakTap *arblp. TeMeH e opraiia ipi KoHe 1pi allblIFaH KyaTbl
0,6 M-geH Kym KaOaTrrapsl Oap. YHiHAI TONbIpAaK KHUBUIBICATHIH KOJJIAHBICTaFbl aBTOMOOWIIb
xojmapbelHaa kesznecenl. KypamblHaa KUBIPIIBIK Tac MEH KUBIPIIBIK Tac Oap KapThbulail KaTTbl
Ca3laKleH YChIHBUIFaH. MakcuManasl amblIFaH Kyarel 3,2 M. 3epTTey Ke3eHIHJE Kep acTbl
cynapsl Teperaikre 1,0 - 7,8M ambuiasl. TonbIpakThiH (pU3MKa-MeXaHUKaIBIK KacueTTepl | jxoHe
2 kecrenepae KeATipuIreH.

Kecte 1 — TonbIpakTblH (pU3HKa-MeXaHUKAJIBIK KacHeTTepi

Ne
[Tapamerp artaysbl WD - 2a uros - Uros — uro - uro - uro | uro -
2b 2V 2d 3a —4v 49

1 2 3 ) 5 6 7 8
AKKBIIITHIK 11eri, % 26,9 26,3 27,1 27,3 20,7 - -
Hxemainik mieri, % 18,8 18,7 18,9 19,0 16,9 - -
Hxemainik nagekci, % 8,1 7,6 8,2 8,3 3,8 - -
Orimainik nHIEkc, % <0 0,38 0,62 0,94 <0 - -
;;a61/1m BUIFAJIIBUIBIK, 12.2 216 240 26.7 4.6 i )
Tomneipak
OeJIIIeKTepiHiH 2,71 2,70 2,71 2,71 2,69 - -
TBIFBI3/BIFBI, T/CM°
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Kecte 1 xanracel

TomsIpak \ 1,61 1,91 1,94 1,84 1,61 1,62 1,88
TBIFBI3BIFEI, T / CcM

Kyprak
TOTBIPAKTHIH 1,45 1,57 1,57 1,45 1,54 - -

TBIFBI3BIFEI, T / CM3

Kyztc . 0,86 0,72 0,73 0,87 074 ] ;
ko3 purmeHTi

blaranapiiel
ABLIBIR 0,97
Jopexeci

OTKI3TIIITIK
. 7,4
ko3 purmeHTi

Kyprak  kytimeri
TaOUFH Kenoey - - - 35 38

OYpBILIBL, TP,

TombipakThiH 318,0 145 98 98 294 400 500
kexeprici, klla

Kecte 2 — Tonblpak cunarramanapblHbIH HOPMATHUBTIK JKOHE €CENTIK MOHAepi

No TOH;;E;I;TFI:IH Iza}cil:zzlénm Ininicy, kTTa Tk YI/IK:H;C OYpHBIIIbI, ﬂe@opMﬁlgﬂ
uro ’ pan. mozyni, MITa
norm PII Pl norm ClII CI norm yll vl
13.7
2a 1,61 161 | 1,58 22,0 22,0 150 22,0 22,0 190 7 g*
16,0* | 16,0 | 11,0 | 16,0* | 16,0* | 14,0* '
15,5*
2b 1,91 191 | 1,87 25,0 25,0 17,0 21,0 21,0 18,0 135
13,0*
2v 1,94 194 | 1,90 21,0 21,0 14,0 18,0 18,0 16,0 12 2%
2d 20,3 20,3 | 20,1 13,0 13,0 8,7 5,0 5,0 4,3 1,7
130 | 130 9.0 24,0 24,0 21,0 10,6
3 161 161 158 11,0 | 11,0 | 7,0 | 21,0* | 21,0* | 18,0* 7,0
4v 1,62 162 | 1,59 1,0 1,0 0,7 35,0 35,0 32,0 30,0
49 1,88 1,88 | 1,84 1,0 1,0 0,7 38,0 38,0 34,0 30,0

*- boneiuime cy0bly KAHBIKKAH KYUIHOe2l MOnblpaKmuly, CUNAmmamaiapsl KopcemineeH

Ege-2a (KaTTbl >XKoHe »KapThbulall KaTThl ca3/lak) >koHe 3a (KarThl KYMJbl Ca3lak)
TOTBIPAKTApPHI 16Ty Kacuerrepine ve. bacranks! mery KpicbiMbl 0,125 - >3,0 kr / cM2 Kypaiibl.
O3 cajMarblHaH TYCY 5 CM-/I€H aclaiIbl. 11ery OOMBIHIIIA TONbIPAK XKaFAalbIHbIH TYpi-1 (OipiHmIi).
3eprreyaid 6710K-cxeMachl 1 cyperTe KopCeTiIreH.
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TonsIpaKThIR
(DHINKAIBIK JKOHE
MCXAHHKATHIK
KacHeTTepi

CrarHKaJIbIK
P, 3eprrey anicrepi § a\'yxreté? 1c_1;mam
(SL

Kaza TYTACThIFbIH

3epTTey KOCTaph! 3epTTey HEICAHEI Texcepy (PIT)

[lexri Dnementrep
oJ1ici oL
ecenrey

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 sKkcnpecc Oakpliaay KYPridy >KOJbIMEH KaJajdapiblH Y3bIHABIFI MEH
TYTACTBIFBIH 3€PTTE€Y MAKCaTBIH/IA )KYPri3iiai

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) ajbIHABIL, OipiHIII caraT 15 MHH apaibIKIeH, OfaH opi KaJaHbIH OPHBIH ayBICTBIPY
(wwery) anciperenre aeiin 30 MUH apalbIKIEH, OHbI IIAPTTHI TYPAKTAHABIPY JETl aTajbl.

Kananap >xobacbiHa colikec Kaganapasl MIapTThl TYPAKTaHIBIPY YIIiH OHBIH TOIIBIPAKTa
KO3Fally >KbulgaMJblrbl (mery) kaosuiganasl, MEMCT 5686-2012 coiikec, XKYKTEMEHIH OCBHI
carbIchiHa COHFBI 60 MUHYTTHIK Oakputaynmap ymria 0,1 mMm-meH acnaiinel. Kamansr sxykTemec
OyphIH acmanTapJaH HOJAIK cCaHaK aiublHAbL. bBipiHII caHak >KYKTEMEH1 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€
9KCHO3UIMUSA YaKbIThl 270 MUHYTTHI Kypaabl. KypbUIbIMIBIK-TEXHONOTUANBIK IenriMm GeoSM
ennipyuriciHig "'eodnakc" reoCHHTETHKAIBIK TOPBIH KOJNJIaHy apKbLIbl KaObUTIaHABI (CypeT 2).

TombIpakTeiH mIeryi Keiibip skepnepae MyMmkiH, eiiTkeHi EGE-2 Tombipakrapsl mery
KacuerTepine ue. Kyyay TyprbIChIHAH reOoTeXHUKaNBIK kargainap [ (Gipinmi) xone 11 (ekiHmi)
TUNKe Karaapl. JKoOanmaHraH KONIBIH OapiblK KUBUIBICTAPBIHAA KWBIPIIBIK Tac Heri3i Oap
acganbTOeTOH XaObIHbI Oap. AcdanbrOeToHHbIH KanblHAbIEbl 0,11-1eH 0,38 M-re aeiiin. XKon
TeceMIepiHiH KOHCTPYKIHUSIIAPBIH jk00anay Oip - OipiMeH OaillaHbICTHI JkoHE Oip-OipiHe KapaMa-
KalIIbl KeIMeyl KepeK €Ki Ke3€HHEH TypaJbl: jkobaay >koHe ecentey. JKoa KuiMJIepiH xobanay
Keprimikri pecypcrap HeTi3iHAEC €H KOJAWIbl MaTepHalapAbl TaHIAy/laH KOHE >KYMBICTaP/IbI
yHBIMIACTBIpYIaH, JKeKe KabaTTapAblH MeJIIIepiH THICTI TYpAE AaHBIKTaylaH >KOHE OJIapIibl
TePEHIKKE KOIOMaH Typaabl. YHIHIITe apHajdfaH KOHCTPYKTHBTI IHEIIMaep 2-CypeTTe
KOpPCETUIreH.
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Cypet 2 — XKanrbl KOHCTPYKTHBTI HIEHIIM

Kenemai ciHipy npuHmmmi OOHBIHINA JpeHak KabaThl KabaTka TYCETIH Cy OHBIH
KeyEeKTepiHe TOJIBIK ChIMBIIN KETETIH JKafiainapa canbiHa bl by sxarnaiina MyHaail 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 3USH/ABI dcep erneiiai. J{peHax KOHTCPYKUHMSCHIH TaHJIAy ONMLUSIIAPIbl 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 Tekcepy yiria GTS NX Midas Garmapinamanbix
KEIlIeHIH KOJ1/1aHa OTBIPBIIN ecenTey Kyprizuiai (cyper 3-5).

Cyper 3 — Ecenrik moneins
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Cypert 4 — XKep acTbl cy neHreii 6ap ecenTik MOJIENb

Cyper 5 — ApromMo6mb Kemirines sxykreme KP KH EN 1991-1-1:2002/2011 coiikec 5 kH/m?
KaOBLITaHTbI.

HaTH)KeJIep KOHE TAJKbLIAY

KP EX 5.01-103-2013 (4.5.5-TapMak) coiikec KBICHIMJIBI JKYKTemenep kesiHme Fu
KaJaJapblHbIH IIEKTI Keleprici YIIIH OChl JKaFjailiap TybIHJIAFaH Ke3/le, JKYpri3uireH
CBIHAKTAPBIH HOTHOKENepi OokbrHma 239,0 TK )KYKTEMEHI KaObuIIay 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 kaHe 6 -7 — cypeTTepAe KeNTipiireH.

Kecte 3 — CratukanblK ChIHAKTAPAbIH HOTHXKENEP1
VYyactok KYKTEME Kanansiz Maxcumanist Opraiua mery, MM
Ke3eHiHiH Ne Ne KYKTEME, T
1 3 27 0,00
+ 3
[1IK 244+77 > 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

MaxkcumManibl )XyYKTeMe, 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

Cypert 6 — CpiHaKTbIH OapibIK Ke3eHIepiHer OypFblIay KaJadapbIHbIH KAl IOTyIiH
HOTHIKENEp KecTecl

10
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VaxuiT, MuH
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09

097
-1,00

-1,06

-1.1
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-13 -1,30
-1,39
-1,45

-1,475
-15

Cypet 7 — XXykrey Kagamaapbl apKbUIbl OypFbUIay KaJachIHBIH IIOTy HOTHKEJIEPiHiH
rpaduri

KanmanapablH TyTacTBIFBIH ChIHAY HOTIDKeTepi 4-kectene xkoHe 8, 9-cyperrepie
KOPCETUITeH.

Kecte 4 — CpiHaK HOTHXENEPI

OpHanackas xepi Tipex Kana Kanarsm TecT HoTHXKECI
No. No. V3BIHJIBIFBI, M
1 21,4 KaHaraTTaHapJIbIK
2 21,6 KaHaFaTTaHAPIIBIK
3 21,0 KaHaraTTaHapJIbIK
4 21,3 KaHaraTTaHapJIbIK
1 5 21,6 KaHaraTTaHapJIbIK
6 21,6 KaHaraTTaHapPJIbIK
I 21,0 KaHaraTTaHaPIIbIK
IIK 244+77 8 21,6 KaHaraTTaHaPIIbIK
9 21,3 KaHaraTTaHapJIbIK
10 215 KaHaraTTaHapJIbIK
1 13,6 KaHaFaTTaHAPIIBIK
2 13,5 KaHaFraTTaHaPIIBIK
2
3 13,6 KaHaraTTaHapJIbIK
4 13,5 KaHaraTTaHapJIbIK
5 13,9 KaHaraTTaHapJIbIK

11



Qazaq Highway Science and Innovation, 2025, Nel

0,457
041
0,351
0,31

o
~N
2

Aaranx 1, mm/c
=3
2
w

0 5 10 15 20 25 30
Annna, M

Cypert 8 — Nel kajmaHbIH JIeHeCi apKbUIbI TOJIKBIHHBIH OTYIH Tajiay
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Cypet 9 — Ne2 KajaHbIH JIeHecl apKbUIbl TOJIKBIHHBIH OTYIH Tajaay

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

Cypet 10 — YifiHiHiH aBTOMOOMIIb KOJIIT' TUHAMUKACBIHAH Kbl OPbIH ayBICTBHIPYHI

12
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KopbITbIHABI

[erinai  TOMBIPAKTBI ~ HBIFAUTYIBIH THIMAI  OMICTEpPiHIH  Oi1pi-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[E €H JKOFapbl ceHiMmuimikineH Kypaeni Ttombipak
JKarJaibIHa aBTOMOOUIIB JKOJIBIH CaTyJlbl KaMTaMachl3 eTyre OarbITTaliFaH Oipkarap ic mapanap
KYPTrizimi.

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

1. Ierinai TonbipakTapAblH GU3NKa-MEXaHUKAIBIK KACUETTEPIHE TAJay JKacalbl.

2. Kemrenmi 3eprreynep skyprizunmi. CraTukanblK Kagajlapabl ChIHAY HOTHXKEIEpi
TOTBIPAKTHIH KOTEPTIIITITT MaKCUMAJIJIBI )KYKTEME YIIIiH JKETKUTIKTI ekeHiH kepceTTi (Pmax=239
TK, S=1,47 Mmm). KaganapabIH TYTaCTBIFBIH ChIHAY HOTHIKENIEPl KaHAFaTTaHIbIPBUI/IBL.

3. CanabIK MOJIEIBICY JKOJI YHIH/IICIHIH TYPaKThUIBIFBIH aHBIKTayFa MYMKIHIIK Oepemi. JKoi
YHIHAICIHIH TYPaKTBUIBIFBIH CaHJIBIK MOJCNBICY KOJIK KO3FaJbIChl KE3IHJIEe MaKCHMAJIIbI
nedopmarusHbig 3,8 MM €KeHIH KOPCETTI.
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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
Ka3axcran

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 UHPPACTPYKTYPHBIX OOBEKTOB Ha TAaKMX I'PYHTAaX HEOOXOAMMO HCMOJIb30BATh METOIbI
VKPETUICHUSI U CTa0WIM3AINK, B TOM YHCIE MPUMEHEHHE T€OCHHTETUYCCKUX MAaTepUaoB. DTU
MaTepuaibl CIOCOOCTBYIOT YIYUIICHUIO TPOYHOCTHBIX XapaKTEPUCTUK OCHOBAHMS U CHUYKCHUIO
puckoB aedopmanmii. JlopokHasi HachIllb MPEACTaBISAET COO0OH HWH)KEHEPHOE COOpY)KEHHE,
IpeIHa3HaueHHOEe JJIi PaBHOMEPHOTO pacIpe/lelieHHs] Harpy30K OT TPAHCHOPTHBIX CPEACTB Ha
ocHoBaHue Aopord. OHa COCTOMT M3 HECKOJIBKHUX CIIOEB MaTepUasioB, KaXJblil M3 KOTOPBIX
BBIMOJHSET CBOIO (YHKIHMIO B OO0ECHEYEHHH MPOYHOCTH M CTAaOUIBHOCTH JOPOXKHON
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 CIIOU I'pyHTa. B cTarbe mpeacTaBiieHbl pe3yJbTaThl IOJIEBBIX UCIBITAHUN MPOCAJOYHBIX
TPYHTOB U PE3yJIbTaThl pacu€TOB METOJOM KOHEYHBIX 37eMEeHTOB. ONHCaHbl METOMbI U YCIIOBUS
UCTIBITAHUH, a TAaK)Ke KOHCTPYKTUBHO-TEXHOJIOTMYECKOE perieHue 10poru. DPQPeKTuBHOCTD ITOH
METOAMKHU 3aBUCUT OT BO3MOXXHOCTU €€ MPUMEHEHHUS B Pa3IMYHBbIX WH)KEHEPHO-T€OJIOrHYECKUX
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

I.E. EcenTaiil, I.T. AcanoBal

'Kazaxckuii ABToMO6HIBHO-loposkHbIil MucTUTYT M. J1. B. [onuaposa, r. Anmarsl, Kazaxcran
*KoppecnonieHT 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.

KiroueBble cjIoBa: aBTOMOOMIILHBIE aoporu ¢ I_[eMeHTO6eTOHHLIM IIOKPBITHUEM,
MMPOTHUBOI'OJIOJICAHBIC PEArcHTbl, KOHICHTpAlHUA PACTBOPOB XHMHUCCKHUX PEArcHTOB, HOpMa
pacnpeaciicHus, COHCYCTOP’I‘IHBOCTB I_IeMeHTO6eTOHHBIX HOKpBITI/IP'I

BBenenune

B mpaktuke AOpOKHOW U KOMMYHAIbHON CITy>KObl TPUMEHEHHE XUMUYECKUX PEarcéHTOB
JUTSI IPEIOTBPAIIEHUS 3MMHEH CKOJIb3KOCTH Ha aBTOMOOMIIBHBIX JOPOrax MpakTUYeCKH BO MHOTHX
cTpaHax Mmupe, B T.4. Ka3zaxcrane, MMeeT BecbMa akTyajbHOE 3HaueHue. lcrmosib3oBaHue
XUMHYECKOTO MeToJla OOphObl CO CKOJB3KOCTBIO IO CPAaBHEHUIO C APYTMMHU METOJaMU C
9KCIUTyaTallHOHHOW TOYKW Haubojiee SKOHOMHUYECKH BBIFOJHBIM. OONacTh MPUMEHEHUS 3TOTO
METO/Ia paclpoCTpaHsieTcsl B 0c000 MHTEHCUBHBIX U CKOPOCTHBIX jaoporax (6onee 3000 aBT/cyT,
CKOPOCTh B 3uMHee Bpems Oomnee 70 km/9) [1].

Opnako  mpuMeHeHME  OOJBIIMHCTBA ~ XMMHUYECKMX  pPEareHToB B 30HE C
PE3KOKOHTUHEHTAIbHBIM KIMMATOM 3a4acTylo He JjaeT MoyiokuTensHoro 3¢ dexra. Kpome Toro,
UX IPUMEHEHUS C DKOJIOTHYECKOW TOUKH 3PEHUS TAaK)KE MMEET HeYIOBJICTBOPUTEIBHBINA XapakTep,
3HAYUTEIBHO CHUXKAET TUIOI0POIHOCTD MOYBBI B IPUTPACCOBOM 30HE, OBBIIIAET KOPPO3IHOHHYIO
AKTUBHOCTh METAJUIOB B JIETAIAX TPAHCIIOPTHBIX CPEACTB W KOHCTPYKIHSX MOCTOBBIX
coopyxkeHuil. KpoMme Toro, MoBbILIEHHOE COJIEP/KaHNE XJIOP-MOHOB B COCTABE CHETa MONaAacT B
MI0JI3¢MHBIE ¥ TPYHTOBBIE BOJIBI M TEM CAMBIM CHHKAET BKYCOBBIE KQUeCTBA MU ThEBBIX HCTOYHUKOB
[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 TI0POTax ¢ IEMEHTOOETOHHBIM OKPBITHEM U3 rojia
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B TOJI JIelaeT 3aTPyAHUTEIbHBIM CPaBHHUTENbHBIN aHATU3 Takux MaHHbIX [2]. B IlBeruu mus
pemieHus 3Toil mpobrnembl HanmonanbHas moposkHas agmuHucTpanus (SNRA) mpenmoxxuna
nokazarejb 3UMHHUX JOPOXHBIX ITOTOJHBIX YCJIOBHI, TaK Ha3bIBACMBIH IOKa3aTelb 3UMHEH
norozsl (WINTER INDEX).

B ®OunnsHANM C HETBI0 ONTUMAIBLHOTO PACXOJO0BAaHMS CPEIICTB HAa 3MMHEE COZICpIKaHUE
BCE aBTOMOOWJIBHBIC JOPOTH pPa3/eleHbl HA MSATh KIACCOB OOCITY)KMBAHHS B 3aBHCHUMOCTH OT
UHTEHCUBHOCTH ABMKeHHs: Is —> 6000 aBr./cyT; I — 3000-6000 aBT./cyT; Ib — 1000-3000 aBT./CYT;
I1 —200-1000 aBt./cyT; III — <200 aBT./CcyT [3].

®uHCKass KOMMYHAJIbHAsi XO3SHCTBA B OOpPHOE CO CKOJIB3KOCTBIO PEIKO HCIHOJIB3YHOT
XUMHUYECKHE pearcHThl. J[Jis MOBBIMIEHUS CIEMHBIX KAYeCTB JOPOT OHU MCIOJB3YIOT TPAHUTHYIO

kpouky (puc. 1) [3].

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

MeToaos0orus

Xumuueckue Metonapl Ha asrogoporax Cpennedt Asum u Kazaxcrana He Bcerna
MpUEeMIIEMBI U3-32 PE3KOKOHTHUHEHTAIBHOCTH KiMMaTa. Hampumep, cpeanuii nepemnaj cyTOYHOU
TEMIIEPATypPhI BO3/yXa B CAaMOM XOJIOJTHOM Mecsiie rofa B LleHTpaibHoM Kazaxcrane cocraBiser
13-19 °C, B Bocrounsix — 11-16 °C, B CeBepnbix — 11-14 °C, a B Oxnbix — 11-19 °C. 'ogoBoe
KOJUYECTBO 0caakoB coorBercTBeHHO — 260-300, 340-370, 300-340 m okomo 150 mm [4].
[ToaTomy, IpuMEeHEHHE TIEPEIOBOTO OMBITa Pa3BUTHIX CTpaH Mupa B ycnoBusax V-V gopoxHo-
KITMMATHYEeCKHUX 30HAX HE BCET[a MPAKTHYHBI U3-3a CIICTYIONINX TEXHOJOTHIECKIX COOOPaKEHUH:
BO-TIEPBBIX, OTCYTCTBHE TOPOACKOM KOMMYHHKAIMi JUIsl  pachpedeNieHus  SKUIKUX
MIPOTUBOTOJIOJICTHBIX PEAreHTOB; BO-BTOPBIX, H3-3a OOJIBIIIOTO Mepena a CyTOYHON TeMITepaTyphl
BO3/lyXa IMPOTHUBOTOJIOJEAHBIE PACTBOPBI 3aMep3al0T B TPYOONMPOBOJAX MPOTHBOTOJIONIETHON
CHUCTEMBI.

Ilpocno3zuposanue 00pazo08aHus  CKONL3KOCMU HA  ABMOMOOUNILHLIX — 00P02aX C
yemenmoobemoHHbIM NOKpbimuem 8 3umnee epemsi. OOpa3oBaHUE CKOJIB3KOCTH HA MTOBEPXHOCTH
JIOPO’KHOTO TOKPBHITHS BEChMa CIIOKHBIN MpoIecC, B 3HAYUTENHHOM CTENEHH 3aBUCSIIMNA OT
TEMITEpaTypbl U BIAKXHOCTH CPEIbl, U TETUIOOOMEHHOTO MpoIiecca, MepeIaBaeMoro OT KoJiec
JIBUKYIIUXCS aBTOMOOWIIEH TIpU CKOJMBXKEHMH (TOPMOKEHHMH) M KadeHmn. Ha mporiecc
00pa3zoBaHus TONOJEAA TAKXKE BIMSIOT KIMMAaTUYECKHE OCOOCHHOCTH, TaKWe, KaK CYTOYHBIN
nepernaj TeMIepaTypbl Bo3ayXa U (PU3MKO-MEXaHHUECKHUE CBOWCTBA 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 HaJle W HA IIEMEHTOOCTOHHOM TOKPBITHH BO3HUKAET B HHTEPBaje OT +2 10
-10 °C u otHOCHUTENnBHOM BiaxkHOCTH OT 70 % u BbImIE (pHc. 1). CnenoBaTenbHO, B 3aBUCUMOCTH
OT BBIIIETIEPEUNCIICHHBIX KIMMAaTHYECKUX JAaHHBIX, HA TIOBEPXHOCTH JTOPOXKHOTO MOKPBITUS B
3MMHHUE BpeMSI U MEKCE30HHbIE MEPHUO/IbI I0Jla 00pa3yIOTCs CIelyrolue BUAbI CKOJIb3KOCTU: B
MHTEpBajie TemnepaTypsl oT +2 10 -1 °C — MOKpBIl CHEr WM BIIaXXHOE MOKPBITUE, BIAXKHOCTh
BO3AyXa Mpu 3ToM Kojebnercs B mpeaenax Wo=92-96 %; or —2 no —6 °C — obnexnenenoe
MOKPBITHE, KOTJIa HUKHSS 9acTh 00pa30BaHUs €IIe MOXKET OBITh TBEPIBIM HaKaTAHHBIM CHETOM
(Wo=72-80 %); u ot —6 m0 —10 °C — cHexxHO-JIesHOe 00pa30BaHKe B BH/E CHE)KHOTO HaKaTa
(Wo=60-68 %) [1,4,9,10].

Teopemuueckue npeonocvliKu U J1AOOPAMOPHLIE UCHLIMAHUL N0  YCMAHOBIEHUIO
naassawel  CNOCOOHOCMU — NPOMUBO2ONONEOHbIX — pedaceHmog.  1|eMeHTOOeTOH — sBIseTCS
TUTPOCKONMYECKHM MaTepHajIoM 10 CpaBHEHUIO ¢ acanbrodeToHa. [Topsl HeMeHTOOETOHA JIErKo
NPONHTHIBAIOT BJIATM B CBOE TeJlo. [IpW Takux ciaydasx Hamboyiee MPHEMIIEMBIM CIIOCOOOM
YCTaHOBJICHHS TEMIIEPATyp PaBHOBECHUSI MEXKIY TBEPIABIMU U KUAKUMU (pa3zamu SBISETCS METOJ
TEPMUYECKOTO aHalM3a, HE TPEOYIOUIMA HH MEXaHWYECKOTO pa3AelieHHs, HU XUMHUYECKOTO
aHalM3a HaXOMSIIMXCS B paBHOBecuH ¢a3. PaznmuuaroT creayromue METOIbl YCTAaHOBIICHUS
TEMIIepaTyp PaBHOBECHS: BU3YAIBHBII W METOJ KPHBBIX «BpeMs-TeMIiepatypa» (puc. 2).
BusyanbHblif METO MPUMEHUM TOJIBKO JUIS CPEJ] ¢ BBICOKOW MPO3pPayHOCTBIO /7Sl HAOMIOIeHUS

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

ITporeccel TEMIOBBIX ABJICHUN IPU PACTBOPEHUH XUMHUECKUX PEareéHTOB B 3HAUUTEIIbHOM
CTCTICHH ONpPEJEISIET CKOPOCTh U MPOJIOKATEIBHOCTh MX B3aMMOJCHCTBHS. TernoBoi 3¢ dext
IPU PACTBOPEHMHU PA3JIMUHBIX PEareHTOB CYIIECTBEHHO OTJIMYAeTcs ApYr oT Apyra. Hampuwmep,
npu pactBopenun xiopuctoro Harpuss NaCl peakums sHmorepmuueckas (oTpuuaTenbHas), T.e.
IPOTEKAoIasi ¢ MOralmeHueM Temia. OTUM OOBSACHSETCS TO, YTO IepBOHAYAILHOE JelcTBUE
XJIOPUCTOTO HATpHsl Ha JieJ MPOSIBISIETCS HECKOJIBKO MEJJIEHHEE 110 CPAaBHEHHUIO C XJIOPUCTHIM
kanpimeM u Marauem CaClz, MgClz, y koTOphIX peakius pacTBOPEHHs IK30TEpMUYECKast
(monoXUTENbHAS ), U IPOUCXOIUT C BbIAEICHUEM OOJIBLIETO KojnyecTBa Tera [7. 8].

[Ton muaBsmiel cnocoOHOCTBIO XMMHUYECKHX PEAreHTOB IMOAPa3yMEBAETCS KOJIUYECTBO
JbAa, paciuiaBisieMoro 1 TIpaMMOM XUMHYECKOI'O BEIIECTBA B TEUEHHUE OIPEIEICHHOTO
HIPOMEKYTKA BpeMEHH. DTO BbIpaxkaeTcs cieayromieii popmyoi [2]:

P=—2= (1)

riae P — nnaBsmas cnocoGHOCTh XMMUYECKOT0 peareHTa; Vy — KOJIM4eCTBO PACIUIaBICHHOTO JIb/1a,
T; Vi — KOJTMYECTBO CYyXOr0 XMMHUYECKOIO BEIIECTBa, T.

B naboparopun AO «KazgopHUW» mnpoBenensl nabopaTopHble HWCHBITAHUNA 110
ONpEENICHUIO IUIaBALas CHOCOOHOCTh PA3JIMYHBIX pPEAreHTOB B 3aBUCHUMOCTH OT HX
KOHIIeHTpauuu. McrbITanrue npoBeieHbl B MOPO3UIIbHOM kamepe npu Temnepatype -10 °C. Jlex
MOJIMOTABIUBAJICS 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.

Pesynprarel ucnbiTaHuil npuBeneHsl Ha puc. 3. Kak Buaure, ¢ MOBBIIIEHHEM
KOHIIEHTPALlMU pacTBOpa €€ IJIaBsIIas ClIOCOOHOCTh pacTeT.
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Pucynok 4 — Ilnapsias cnocoOHOCTh IPOTUBOTOJI0JIEAHOIO
pactBopa Ouniogputa

Pe3yabTaTsl u O0cyx1eHHne

Pe3ynbraTsl 1a00paTOPHBIX MCIBITAHUI LEMEHTOOETOHA Ha coljieycTounuBocTh. B 19
nekadps 2015 roxy B madboparopuu KasAJIU um. JI.b. ['onuapoBa u noBropHo B 1abopatopuu AO
«KazpopHUW» namm, nox pykoBoactBoM mnpodeccopa Kusmbaesa A.K., mnposenena
71a00paTOpHAs UCTIBITAHUS 110 ONIPEAEICHUIO COIEYCTONYNBOCTH IieMeHToOeToHa. Jlo mpoBeaeHus
UCIBITAHUN B CHELUAIBHBIX €MKOCTSX IOATOTABIMBAIMCH IPOTHBOTOJIOJIEAHBIE PACTBOPHI C
pa3HBIMU KOHIEHTPAIHUAMHU. 3aT€M B TOJIEBBIX YCIOBUSAX MOJATrOTOBJICHHBIC IEMEHTOOECTOHHBIC
KyOMKH, KaK IIOKa3aHHbIE Ha pHC. 4, YKIJIQJABIBAIUChH B IPOTUBOTOJIOJEIHBIN PAacTBOP.

0

a — BbIJIEp)KUBaHKUE 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 npouHoCTH 1IEMEHTOOETOHHBIX 00pa30B
B COJIEBBIX PACTBOPAX

PesynbraTamu 1a00paTOPHBIX UCIBITAHUN HAMM Obljla YCTAHOBJIEHA 3aBUCUMOCTD MEXKIY
cojiepaHueM IieMeHToOeToHHOoro oOpasma Mapku B20 m B80 B comeHom pacTBOope U ee
npoyHocTeio. Kak BuaHO Ha  pucyHke 6, mpu 4 MecsuHOM BblaepxkuBaHuu B 20 %-i
KOHIEHTPAllUU XJIOPUCTO-HATPUEBOIO pacTBOpa  MOTeps MpoyHocTH OeroHa Mapku B20
cocrasisieT 1,8 %, a mapku B80 — 0,29 %. Ongnako, Ha MpaKkTUKE UCKIIOYAETCS 4-X MECSUHOE
BO3/ICIICTBUE 11EMEHTOOETOHHBIX MOKPBITUH COJIEBBIM PACTBOPAM.

3akiaoueHue

1. IlpuMenenue xumuueckux peareHToB B 1V-V 10oposkHO-KIMMaTHYECKOM 30He TpeOyeT
0c000r0 KOHTPOJIS BHIITOJHEHUS TEXHOJIOTMUECKUX mpoteccoB. [Ipu remnepatype Huxke t=-10 °C
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Ha JIOpOTrax ¢ pe3K0 KOHTUHEHTAJIbHBIM KiuMaToM (1V-V) npuMeHeHne XUMHIEeCKIX PEareHToB ¢
SHIOTEPMUYECKON peakinelt (Harpumep, XJIopuaaMu) He pEeKOMEHTyEeTC .

2. JlmutenbHOCTh 3G (EKTUBHOTO JIEHCTBUS XUMHUYECKHMX PEareHTOB 3aBUCUT OT
BI&XXHOCTH Bo3ayxa. [Ipu pocceimu Oumodura (MgCl2'6H20), Texnumveckoro kapbammuia
(MOYEBHHBI), aleraTa MarHus HaOJIOAAeTCsd AaKTHUBHOE BCTYIUIGHHE B PEAKUUIO (KHUITAIIUI
s dekT). bonee crabo (Memienno) pearupyet cynbdar Harpust (Na2SO4-10H20).

3. B mpouecce ucnblTaHUS Ha CKAaTHUA B IpPEecce OIMpPENesUINCh MOTeps MPOYHOCTH
[IEMEHTOOETOHHOTO O0pa3lia B COJIEBBIX pacTBOpax. B KauecTBe HCIBITYEeMbIX MaTEpHajOB
npuHATel OeTtoHsl Mapku B20 u B80. [To pe3ynbraroM MaHHBIX HMCHIBITAHUNA YCTAaHOBIJICHO
3aBHCUMOCTh MEXJIy IIOKa3aTeNsiM MPOYHOCTH Ha CXKaTUI U MPOJOIDKUTEIBHOCTHIO
EMEHTOOETOHHOTO 00pa3ia B 15 %-M coneBoM pacTBope.
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DEVELOPMENT OF NOISE-INSULATING CONCRETE BASED ON RECYCLED
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STRUCTURES
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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).

b)
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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)
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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.

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.
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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 15

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.

a) 0)
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LN

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.

Table 2 - Obtained results of concrete samples
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Age Density Compressive
Sample Weight (g) | Dimensions (cm) strength
(day) | (gem’) (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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COBEPIHIEHCTBOBAHUE HOPMATHUBHOM BA3BI I1O OBCJEJTOBAHHUIO,
JUATHOCTHUKE U OCMOTPAM ABTOJOPOXHBIX MOCTOB B CHIA B IIEPUO/
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AnHoTauusi. B nanHO#i pabore paccmarpuBaeTcsi SBONIONMS HOPMAaTHBHOM 0asbl,
Kacaromieicss o0cae10BaHus, TMarHOCTUKA U OCMOTPOB aBTOOPOKHBIX MocTOB B CIIIA ¢ 1970-x
TOJIOB JI0 HACTOSIIIIETO BPEMEHU. AHAJIM3UPYETCS BIUSHUE PA3INYHBIX (DAKTOPOB, TAKHX KaK pPOCT
TPAHCHOPTHBIX IOTOKOB, CTapeHue HH(PACTPYKTYpbl U H3MEHEHHUS B 3aKOHOJATENbCTBE, Ha
pa3BUTHE CTAHIAPTOB M MPAKTHK B 3TOH oOmactu. Oco0oe BHUMAHUE YACTSIETCS KIIIOYEBBIM
JIOKYMEHTaM M METOJIOJIOTHSIM, KOTOpble OBbLIM BHEAPEHbI Ul HOBBIIEHUS 0€30MacHOCTH U
HaJIe)KHOCTH MOCTOB. VccienoBaHue Takke 0XBAaThIBAET COBPEMEHHBIE TEXHOJIOTUHU U TOAXOADI,
UCIIOJB3YyEMbIE JUISI UAarHOCTUKHM COCTOSIHUSL MOCTOB, BKJIIOYas HeEpas3pylIaloUIMe METOZbI
KOHTpOJII U aBTOMATU3UPOBAHHBIE CUCTEMbl MOHUTOpPHHra. B 3akiioueHHe NOAYEPKUBAETCS
BR)XHOCTb IIOCTOSHHOTO  COBEPUICHCTBOBAHUS HOPMAaTuBHOM 0a3bl Juid  olecrnedyeHus
0€30MacHOCTH JOPOXKHOTO JABMXKEHHS U 3((EKTUBHOTO yNpaBieHUs HHPPACTPYKTypoll B
YCIOBUAX MeEHsSIOImMXcs TpeboBanuil. Ha mpuBenéHHoOM B craThe ombiTe pedOopMHUpPOBAHUS
HopMmaTtuBHOM 0a3bl B CILIA BO3MOXHO clienaTh BbIBO, YTO cucTeMa HOpMUpoBaHus PecriyOnuku
Kazaxctan B oOmactu oOciiefioBaHMS MOCTOB HYXKIA€TCS B IEPECMOTPE C y4E€TOM MHPOBOIO
OTIbITA.

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

BBenenune

OO0mast MpoTsHKEHHOCTh aBTOMOOMIIBHBIX (110cceiHbIX) aopor B CoenuHenHbix IllTarax
Awmepuku o nanasiM Central Intelligence Agency no cocrostauto Ha 2020 1 [1], coctaBnsier 7 044
453 kM, uto cocrasiser 10.88 % Bcex mupoBbix nopor. Ha atoit cetn nopor B CoeaMHEHHBIX
[lITaTrax HacunTeiBaeTcs 6omaee 617 000 mocToB [2].

B crarbe [3] mpuBoamTcs conepkaHHe OT4YeTa OO OMBITE HKCIUTyaTallud MOCTOB B
paznuunbix mrarax CIIIA. Otmeuaercs, uto okoio 50 % u3 574 Thicsd aBTOAOPOKHBIX MOCTOB
noctpoeHo 10 1940 rona. Okono 244 ThICSY MOCTOB UMEIOT Je(EKTHl HECYIUX IJIEMEHTOB, HE
COOTBETCTBYIOT (YHKIIMOHAJIbHOMY HAa3HAUEHUIO, HYXJAIOTCA B PEMOHTE, YIIUPEHUU WU
pekoHCcTpyKunu. CTOMMOCTh yKa3aHHBIX pPaboOT oreHuBaeTcss B 50 MMIUIMApIOB JOJJIApPOB.
MHorue MOCTBI B CTpaHe OBUIM TIOCTPOEHBI TOCJe TOTO, Kak B 1956 romy Obu1 moamucaH
®@enepaibHblii 3aKOH 00 aBTOMATHCTPaasAX M 3akoH O ¢enepaqbHOM (UHAHCHPOBAHUU
CTPOUTENIbCTBA aBTOMOOMITBHBIX Topor 1956 rona (anm. Federal Aid Highway Act of 1956).
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Cucrema aBTOMOOWJIBHBIX JIOPOI, HU3BECTHas, Torma kak HamnuoHnanbHas cucrema
MEXIITAaTHBIX H 0OOPOHHBIX aBTOMarucrpaieid umenu Jlyaiira J[. Diizenxayaspa (anrn. Dwight D.
Eisenhower National System of Interstate and Defense Highways) - ceThb ckopocCTHBIX
apromaructpaieit B CIIA, wnocsamas wums 34-ro npe3ujieHTa, OPraHU30BaBIIETO €€
CTPOUTENIBCTBO. YKa3aHHas OMOPHAsk CeTh MaruCTPalbHbIX AOPOT cTpouiiachk B TeueHue 35 jet. C
TOTO BPEMEHU CETh pacIIupsuIach U cocTaBuiia 1o coctossHuio Ha 2020 rog 78 465 kM [4] (¢ yuérom
[TyapTo-Puko), uto nemaer e€ BTOPOH MO MPOTSIKEHHOCTH B MHPE IOCJIE CETH CKOPOCTHBIX
aroznopor Kuras.

ITo cocrosauto Ha 2020 roxm Oosee YeTBEepTH BcexX TpaHCHOpPTHBIX cpenctB CIIA
MOJI30BAIMCH CEThIO MEXKIITATHBIX MarucTpaieit [S]. CucreMa crenana 3HAYUTEIbHBIN BKJIad B
dbopmupoBanue CoenrHeHHbBIX [1ITaTOB Kak SKOHOMHUYECKOW M MHAYCTPUAIBHOM nepxkaBbl. Llenb
3TOT0 MAacCIITaOHOTO MPOEKTa COCTOsJa B TOM, YTOOBI CO3/1aTh OOIIEHAIIMOHAIBHYIO CETh
0e30MacHbIX aBTOMArucTpajied € Y4eTOM YBEIWYEHHsI YHUCJIa aBTOMOOWJIBHBIX TMEPEBO3OK.
OUHAHCHPOBAHKUE, CBS3aHHOE C OTHM 3aKOHOM, IPUBEIO K MACIITa0HBIM YCHUJIIUSAM IO
crpoutenbeTBy Oosiee 48 000 MWIb JTOPOXKHOTO TIOJIOTHA M MOCTOB, HEOOXOMWMBIX MJIsI ATHUX
MapmpyToB. MHOTHE W3 3THUX COOPYKCHHU OBUIM MOCTPOCHBI B TOJBI, IOCJICIOBABIIAEC 32
npustueM 3akoHa. [IpumepHo 45 nUpPOUEHTOB MEXIOCYIapCTBEHHBIX MOCTOB, BKJIIOUAs
TOPOJCKUE U CEeNbCKUE, OB TOCTpoeHBI B iepuox ¢ 1961 mo 1970 rox.

Bo Bpemst 6yma ctpoutenbctBa MOcTOB B 1950-x 1 1960-x rogax npoBepke 6€301MacHOCTH U
TEXHUYECKOMY OOCIYy)KHBaHUIO MOCTOB YIEJSUIOCH Mayio BHMUMaHHUs. CUTyalusi M3MEHUJIACh,
xorna 15 nmexabps 1967 roma 2235-¢ytoBeiit CepeOpsiabiii Moct B Iloitnt-Ilne3anTt, 3anannas
Bupmxunus, pyxayn B pexy Oraiio, B pe3yabrare 4ero noruonu 46 4emnoBek (CM. puCyHOK 1 u 2).

Pucynok 1 - Paspymenne Cepedpsinoro mocra, 1967 r
®doTto u3 OTKPBITBIX UCTOYHUKOB CE€TH UHTCPHET
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Pucynok 2 — Pazpymenne Cepedpsinoro mocta, 1967 r. ®oto u3 Bridge Inspector’s
Reference Manual (BIRM) (2022 NBIS)

OTO Tparnyeckoe HPOMUCIIECTBHE NPOOYIMIO HAIMOHAJIBHBIA MHTEpeC K IpOBEpKe
0€30IMaCHOCTH M TeXHHUYECKOMY o0cmyxuBaHni0 MOCcTOB. Konrpeccy CILIA Obuio mpemiokeHo
n00aBUTh paszzen B «3akoH O (enepanbHOM MOAACPKKE TOPOKHOTO IBMkEeHHs 1968 romay,
KOTOPBIN 00s3bIBAJI MHUHHUCTPA TPaHCIOpTa pa3paboTaTh HAIMOHAIBHBIA CTaHIAPT NPOBEPKHU
MOCTOB U DPa3paboTaTh MPOrpaMMy IOArOTOBKM HMHCIEKTOPOB MOCTOB. UTO B COIO oYepenb
SBUJIOCH OTIPABHOW TOYKOM pa3pabOTKM CHUCTEMbl HOPMHPOBAHHS, KOTOpas OCHOBaHA Ha
OOILIENPUHATHIX WH)KEHEPHBIX 3HAHMSIX U MPAKTUKE, a TaKKe Ha MPUMEHEHUH HHKEHEPHBIX
IPUHLIUIIOB IPU3HAHHBIMH 3KCIIEPTaMHU 110 IPOEKTUPOBAHUIO MOCTOB.

MeTtonosiorust u pe3yJibTarbl

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

1970-e 200v1:

B 1971 romy Opuo paspabotaHo ¢enepaqbHOE MOCTAHOBIEHHE, OIpeesolee
HarnmonaneHbIe cTaHAapTHI 0cCMOTpa MOCTOB (an2t. National Bridge Inspection Standards) NBIS.

B n1aHHOM HOpPMaTHBHO METO/IO0JIOTHYECKOM CTaHIapTe ObUTM YCTAHOBJIECHBI HAIMOHAIbHbIE
tpeboBanus B otHomeHnn Code of Federal Regulations (CFR, wacte 650, pa3men 23, moapasaent
O):

» Opranusaiys 1 IpoBeIeHIE NHCTICKIINH.

* KBanudukanus nepconana.

* [IepnonM4HOCTH 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 Obl10 YueOHOE ocoorne FHWA Ne 70 a1 HHCIIEKTOPOB MOCTOB
®denepanbHOrO ympapieHus aBTOMOOMIBHBIX gopor (FHWA). O3To pykoBOACTBO yCTaHOBHIIO
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CTaHAapT TMOATOTOBKM HHCIEKTOPOB. OTO ObUIO MEpPBOHAYAIBHBIM IPEALIECTBEHHUKOM
CIIPaBOYHOI'O 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 MPOLENYP U MOJUTHKH MIPU ONPEAeTICHIH PU3NIECKOTO COCTOSIHUSA, TOTPEOHOCTEN
B TEXHUYECKOM OOCITYKHUBAHUH U TPY30MOABEMHOCTH aBTOMOOUIIBHBIX MOCTOB.

TperpuM pyKoBOACTBOM CTaj0 PyKOBOJACTBO 1O perucTpanvy M KOAUPOBAHUIO JAHHBIX
JUIS THBEHTAPHU3AIMK U OIIEHKH CTPYKTYpbl MocTOB Ctpansl (anen. Coding Guide), BeITyIieHHOE
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, mnomuepxkkoid AASHO u HOBbIM yueOHBIM Kypcom FHWA s
MHCIIEKTOPOB [0 MOCTaM, IMpPEAHA3HAUYEHHBIM JMJI HUCIHOJIb30BaHMS B OTIENbHBIX IITaTaXx,
YAYUYIIUIACh NTHBEHTAPU3ALUs U OLIEHKA OOIIEro COCTOSHUS HAIMOHAIBHBIX MOCTOB.

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

B 1977 rogy Obuio BeimyiieHO AomnonHeHHe K pykoBoactBy FHWA Ne 70 "PykoBoactBo
WHCIIEKTOpa 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, BXOJSIIMMHU B CUCTEMY aBTOMOOMIIBHBIX
nopor denepanbHOM ceTH. DTO MPUBENO K CHUKEHUIO CTUMYJIOB I IPOBEPKU M HHBEHTAPU3ALIUU
MOCTOB, HE BXOASIIMX B CHCTEMY aBTOMOOWJIBHBIX JIOpPOT (enepaabHON MOMOIIH. DTH JIBE
poOeMbl OBLIIH PENICHBI B “3aKOHE O COACHCTBUU Ha3eMHOMY TpaHcHopTy oT 1978 roga” (anen.
Surface Transportation Assistance Act of 1978). Drtor 3akoH obOecrnednBa BaKHEUIICE
¢dbuHaHCUpOBaHWE [JIs1 BOCCTAHOBJICHHMSI M HOBOTO CTPOMTEIbCTBA M TpeOOBaj, 4YTOOBI Bce
oOuiecTBeHHbIe MOCTHI AnuHON Oonee 20 ¢gyTtoB (IIpumeuanue: 6.096 M) OblIM POBEPEHBI U
MHBEHTapu3upoBaHbl B cooTBeTcTBUM ¢ NBIS k 31 nexabps 1980 roma. JIroOoit mocTt, He
IPOMHCIEKTUPOBAHHBIA M HE MPOLIEANINI HHBEHTapu3aluio B coorBeTcTBUU ¢ NBIS, He Oyner
UMeTh IpaBa Ha (eaepaibHOe (PUHAHCUPOBAHUE.

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-¢ z00w1:

HanmonaneHas mporpamMma HMHCIEKIMM MOCTOB B 3TOT IEPHOJ aKTUBHO HCIIOJNb3YETCS
BCEMU CTOPOHAMHU JXM3HEHHOIO LHKJIA MOCTOB (YacTHblE KOMIIAHMHM W TOCYIAapCTBEHHbBIE
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 cOOopHUKa nonoigHeHui k PykoBogctsy FHWA Ne 70,
KOTOpBIM 3aTparuBajl BOJOINPOITYCKHbIE TPYOBI, 3TO ObUIO BBI3BAHO PSIOM MPOMUCIIECTBUN C
MOBPEXJICHUEM pPAaOOTOCIMOCOOHOCTH MarucTpajeil B pe3ynbTare HapylIeHHs HOPMaJIbHON
paboThl BOIOMPONYCKHBIX TPyO. PyKoBO/ICTBO MO MpoBepke BOAOMPONYCKHBIX TpyO (anzn. The
Culvert Inspection Manual) 6s110 onyOnukoBaHo B urone 1986 rona. 3arem, mocne oOpyuieHus
MocTta yepe3 peky Muanyc B KonHektukyte B utoHe 1983 roma, BHMMaHWE BCEl CTpaHbl K
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npobemMe yCTaloCTH U pa3pyLIeHUs] MOCTOB CTAJIO YIACSTHCS Bce OOJbIIEMY KOJMUECTBY JIOAEH
(cMm. puc. 3).

B cents06pe 1986 roma Obl10 OMyONMKOBAaHO PYKOBOACTBO IO IIpoBepke KpUTHYECKHUX K
paspyiieHuto nmeMeHToB 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
UCCIICIOBAHUHN B 3TUX MPOOIEMHBIX 00IaCTX.

Iocne 06pyurenns B anpene 1987 roma mMocta Illoxapu-Kpux B Heto-Hopke B pesynbrare
MOJMBIBA ONIOPBI U OCHOBAHMUS MaBOJAKOBBIMU BOJaMU. BBISBIEHO 4TO B JEHCTBYIOIIHMX HOpMax
BOIIPOCHl  CHIJKEHHUS YA3BUMOCTH MOCTOBBIX COOPYXKEHMHM TIIpM MABOJKAaX M  MEPHI
IPOTUBOJCICTBHUS pa3MbIBaM paccMOTpeHbl HenocTarouHo. M3 Gonee yem 593 000 moctos,
BKJIIOUEHHBIX B HALMOHAJIBHBIN peecTp, Oonee 80 MpoLeHTOB HAXOIATCS Hajl BOJHBIMU My TsAMU. B
otBeT Ha 370 FHWA onyOnukoBana Texaudeckoe pykoBoacTBo "O0cnenyit MocTol" (anai. Scour
at Bridges,), omybnukoBanHoe B ceHTsi0pe 1988 roga. B kotopom comepkarcs peKoOMEHAAINH 110
pa3paboTKe ¥ BHEAPEHUIO IPOTrPaMMBbI OLIEHKH pa3MbIBa JISL:

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

— OleHKa CyIECTBYIOIIMUX MOCTOB Ha MIPEIMET YSI3BUMOCTH K pPa3MBbIBY.

— Hcnonp3oBanne Mep MPOTUBOAEHCTBUS Pa3MBbIBY.

— CoBeplUIEHCTBOBaHNE COBPEMEHHOM IIPAKTUKYU OLIEHKH pa3MbIBa Ha MOCTaX.

JlononHuTenbHass AOKyMEHTalMsl MO A3ToW TeMme aoctynHa B uupkyiasipe FHWA mno
runpotexuuke (anen. Hydraulic Engineering Circular) Ne 18 (HEC-18).

B cenTsa6pe 1988 roga NBIS 6b11 mepecmoTpeH Ha OCHOBE 3aKOHA O HA3€MHOM TPAHCTIOPTE
Y €MHOM 3aKOHE O cofecTBUM nepeceneHuto” 1987 roga, B COOTBETCTBUU € KOTOPBIM JOJKHBI
OBITh BBISIBIIEHBI MOCTBI C KPUTUYECKOW YSI3BUMOCTBIO M YCTAHOBIIEHBI CTIeUaIbHbIE TPOLEAYPbI
npoBepku. Takue jxe TpeOoBaHMA OBUIM HPEABABICHBI K MOCTaM, TPeOYIOIIMM IOABOIHOTO
OCMOTpa, U MOCTaM C 0COOBIMH MJIM YHUKAJIbHBIMH XapaKTepUCTHUKaMU. MI3MeHeHtsl, BHECEHHbIE
B NBIS, Ttaxxkxe mnpenycMarpuBanu KOPPEKTUPOBKY YAacCTOThl MHCHEKLMH COOPYXEHHM U
yrBepxkaeHue ceptudukaroB Il u IV ypoBuelt HanumonanbHOro MHCTUTYTa cepTH(UKALUU B
obnactu unxeHepHbIX TexHonmoruit (NICET) mng momyueHust KBanu(UKaUM pyKOBOAMTEINS
MHCHEKIMOHHON TPYTIIHI.
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B nexabpe 1988 roma FHWA BeimmycTuia mepecMOTpeHHBIN BapuaHT PykoBojacTBa mo
komupoBanuio (anen. Coding Guide). DTOT KOPPEKTHPOBKA HOPMATHUBHOTO PEIICHHS TIO
00cIIeI0BaHII0 MOCTOB MOYKHO PacIieHUBaTh KaK OAHO M3 BaKHEHIUX u3MeHeHur 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).
Heckonbko mTaroB pa3zpaboTaiii CBOM COOCTBEHHBIE KOMILUIEKCHBIE CHCTEMBI YIpaBIICHUS
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), Beinymennoe FHWA u 3amenusimiee PykoBonctso 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 pa3leibl: BOAONPONYCKHbIE TPYObl, KPUTHUYECKUM HIIEMEHTaM
MOCTOB, BAHTOBBIE CUCTEMbI, CUCTEMBI IIPEIBAPUTEIBLHO HAMPSHKEHHBIX C CETMEHTHBIM JIEJIEHUEM
Ha OJIOKH, a TaKXke pa3zaes MOABOJHBIX MHCIICKIIUHA.

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

Cucrema Pontis oOmazana A0CTATOYHOH THOKOCTBIO, YTOOBI OOECIIEUUTH BO3MOKHOCTH
HACTPOMKHU MO JH000€ areHTCTBO HJIM OpPraHu3alliio, OTBETCTBEHHYIO 332 OOCIY)KMBaHHE CETH
MocToB. OpHoBpeMeHHO HanuoHanbHasi COBMECTHash HCCIENOBAaTeIbCKasi IporpaMMa I10
aBTomoOmibHBIM goporam (NCHRP) CoBera mo TtpancnoptHeiM ucciefoBanusam (TRB)
pazpaborana nporpamMmMHoe obecrieueHue o Ha3BanueM “Bridgit”, koTopoe B mepBylo ouepenp
MpeIHa3HavaI0Ch AJsl HeOOIBIIMX MOCTOB MITM MECTHBIX CHUCTEM aBTOMOOUIIBHBIX Jopor. [1o mepe
TOTO, KaK BBIABISUIOCH BCe Ooible W Oousblie MmMOTpeOHOCTE B MOCTax, MOTPEOHOCTH B
TEXHUYECKOM OOCITYKHBaHUH, PEMOHTE, BOCCTAHOBJICHUH U 3aMEHE MOCTOB HAMHOTO IIPEBbIIIAa
umeroneecs: GMHaHCHPOBaHKE U3 (eepabHBIX H TOCYAaPCTBEHHBIX HCTOYHHUKOB. J{axe ¢ yueTom
(buHAHCOBON MONACPKKHU, MPEIOCTaBIECHHON 3akoHOM 00 3()(EeKTMBHOCTH HMHTEPMOAATBHBIX
HazeMHbIX niepeBo3ok (ISTEA) ot 1991 rona, punancupoBanre NpoeKTOB CTPOUTENHCTBA MOCTOB
66110 3aTpyHEHO. OTYACTH 3TO OBUIO CBA3aHO C OTPOMHBIM CIIPOCOM CO BCEHl CTpaHBI.

[Tepecmotp NBIS B nexabpe 1992 roma mo3Boiwil BiajeiabllaM MOCTOB 3alpaiinBaTh y
FHWA pa3zpemienne Ha NpojuIeHNEe IIUKIOB IIPOBEPKHU 10 COPOKA BOCBMHU MECSILEB ISl MOCTOB,
OTBEYAIOIIMX OINpEAEICHHBIM TpeOOBaHUSAM. OTOT IMEPECMOTpP MO3BOJIWI PEXKE MPOBEPSATH
KOHCTPYKIMH, HAXOAALIHECS B XOPOILIEM COCTOSIHUU, C HU3KUMU (haKTOpaMH pUCKa.

B 1994 rony AASHTO nepecmotpena cBoe pyKOBOACTBO 1O 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 TOCYIAPCTBEHHBIM YUPEXKIECHUSM YETKHE DPEKOMEHJAlUu II0
cobmonennto TpedoBanuii NBIS u npoeaenuto nncnexiuii MoctoB. 3akoHoaarenscTBo ISTEA,
KOTOPOE BIOCJIEACTBUHU OBIJIO OTMEHEHO B CIIEAYIOLIEM 3aKOHONPOEKTE O TPaHCHOpTe, TpeboBalo,
YTOOBI KaXKIBIN IITAT BHEAPUI KOMIUIEKCHYIO0 cucteMy BMS k okta6pro 1995 roma. Oto Obuia
JIOCTATOYHO aMOMIIMO3HAsA 3aja4a, KOTOpas, K COXaJleHHIO, He Oblla BBIOJHEHAa B IOJIHOM
o0béme. 3akoH o TpaHcHopTHOM paBeHcTBe 21-ro Beka (TEA-21) Obut moanucan B utone 1998
roga. TEA-21 pa3Bun M ycoBEpIIEHCTBOBAaJ HWHHULMATHBBL, BbIBHHYThle 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 MoctoB. HoBoe
PYKOBOJICTBO MOJTy4mIio HazBaHue "CripaBoYHOE PyKOBOJCTBO HHCIIEKTOpa MOCTOB" (anen. Bridge
Inspector’s Reference Manual) BIRM u Bkitouano B ceds Bce nmonoxenus PykoBoacta 90. B
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BIRM Taxoke ObLIM BKITFOYEHBI JOTIOTHEHUS K pyKoBOACTBY Ne 70 1o mpoBepKe BOAOIIPOITYCKHBIX
TPYO M KPUTUUIECKUX IEMEHTOB ISl pa3pyLICHHUS.

14 nexabps 2004 roma B denepallbHOM peecTpe ObLI OIMyOJHMKOBAaH MEPECMOTPECHHBIN
pernmament NBIS. CymecTtBennbie n3menenus B pegakiuu 2004 roga BKIIIOYatOT TpeOOBAHUS O
BBISIBJICHUIO MOCTOB, KOTOPbIE UMEIOT KPUTUYECKOE 3HAYCHHE, JUIsl TIOMCKa U pa3padoTKe MIaHOB
neicTBuil. B HeM ObLIM M3JI0KEHBI CHCIHAILHBIC POIIEYPhI ISl TPOBEPKHU CIOKHBIX 00BEKTOB
U pPEKOMEHJAINU M0 YCTPAHEHHUIO KPUTHYECKUX Je(EeKTOB, TaK ke ObUIM BHEAPEHBI MPOLEAYPbI
obecrieueHns kadectBa u koHTpois 3a kadectBoM (OK/QC). Kpome sToro, ObLIM OOHOBIEHBI
TpeOOBaHUSI K 4YAacCTOTE€ IPOBEACHUS HEKOTOPBIX MOJBOJHBIX HHCHEKIMI, YTO MO3BOJIUIO
MIPOBOJUTH UX C MHTEPBAJIOM JI0 72 MECSILIEB.

O6unornennsnii NBIS Bcrynun B cuimy 13 suBaps 2005 roma. PyKoBOACTBO IO OIIGHKE
coctosiHus MocToB (MBE) Obut0 BiepBbie puHsTO [101KOMUTETOM 110 MOCTaM U COOPYKEHUSAM
aBToMoOMIBHBIX fgopor AASHTO B 2005 romy. MBE o6wsenuaun PykoBomctBo AASHTO mo
OIICHKE COCTOSIHHS MOCTOB C PYKOBOJCTBOM IO OILIGHKE COCTOSHHUSI U OICHKe Kod((duimeHTa
Harpy3ku u conpotusienus (LRFR) aBToMoOuIbHBIX MOCTOB, YTOOBI IPEOCTABUTD BIIaAeblaM
€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 kpynHeleidl MHBECTULIMEH B HA3€MHBIM TPAaHCHIOPT B UCTOPUU CTPAHBI.
SAFETEA-LU pa3Buiia 1 ycoBepIlIEeHCTBOBaJIa MHUIIMATUBEI, 3a10xeHHbIe B ISTEA u TEA-21.

1 aBrycta 2007 roga BOCbMUIIONOCHBIA aBTOMOOUIIBHBIN MocT [-35W nnunoii 1907 dytoB
yepes peky Muccucunu B MuHHearnonuce oOpymmics, B pe3yJibrare 4yero noruonmu 13 genoBex u
eme 145 momyuywnu paHeHus. OCHOBHbIE TpPOOIEMBbI O€30MACHOCTH, BBISBICHHBIE B XOE
paccienoBaHusl, BKJIIOYAIM HEAOCTATOYHBIA KOHTPOJIb KadeCTBAa NPHU MPOCKTUPOBAHUH H
HEIO0CTaTOuHYI0 UAeHTU(UKaAIHIO NeopMaliy HaKIaIKH.

2010-e 20001:

6 utons 2012 rona Obu1 nmoanucan 3akoH MAP-21 ("IBuxenue Bnepen, k nporpeccy B 21
Beke"). DTOT 3aKOH mpeaycMmarpuBai (UHAHCHPOBAHHE MPOTpaMM Ha3eMHOro TpaHcmopTa. B
nokymeHTe MAP-21 roBoputcs, uto “B KU3HEHHO BakHbIX MHTepecax CoeauHeHHbix lllTaros
IPOBOANTH MHBEHTAPU3ALINIO, MHCIIEKIIUIO U YIYUIICHHE COCTOSHUS aBTOMOOMJIBHBIX 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 IpoBOIUTH
€XKETOJIHYI0 TIPOBEPKY COOTBETCTBUsI TpeOoBaHusiM NBIS u cTano 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), KOTOPBIN BCTymui B cuity. 3akoH FAST npenycmarpuBaeT BblelIeHUE
305 mmmapnoB gowiapoB B Teuenwe 2016-2020 duHaHcoBoro roma Ha obecrieueHue
0€30IaCHOCTH  aBTOMOOMJIBHBIX JIOPOI' W aBTOTPAHCHOPTHBIX CPEICTB, OOIIECTBEHHOIO
TPaHCIOPTa, AaBTOMOOWJIBHBIX IIE€PEBO3YMKOB, OIACHBIX MAaTEpHUANIOB, >KEJIE3HOJOPOKHOTO
TPAHCIIOPTA, a TAaKXE Ha MPOrpaMMbl HCCIEIOBAaHUN, TEXHOJOTMH M CTATUCTUKHU. bbUIO
pa3paboTaHO HECKOJIBKO HOBBIX TPAHCIOPTHBIX CPEACTB IOBBIIIEHHON IPy30MOABEMHOCTH,
KOTOpBIE TPEACTaBIAIOT co00i  aBapHiiHO-criacaTreNbHble M OyKCHPOBOYHBIE —CPEICTBA,
[oAIIagaronre mox gecrasue 3toro 3akona. Panee BIRM ob6uoBsuics B 2012 u 2015 romax.

B 2020-x 200ax:

B mae 2022 ronma pasnmen 23 Komexca denepanbubix HopMaTuBHbIX akToB (CFR) 650,
nonpazaen C, ObIT MEPeCMOTPEH B COOTBETCTBUH C OKOHYATeNbHBIM mpaBuioMm NBIS. Dto
OKOHYATeJIbHOE TMPaBHJIO BKIOYAJIO OOHOBJIEHHUS, Kacaiouecs mnpuMeHuMocT NBIS,
ompeneleHu, 00s3aHHOCTeH WHCIEKITMOHHOW OpraHW3alid, KBaJTU(UKAIMK TIEPCOHAa,
MHTEPBAJIOB POBEPOK, MPOLIETYyp U UHBEHTAPSI.
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O6noBnenune 2022 roma BKIOYATIO HECKOJIBKO M3MEHEHHH B TEPMHUHOJIOTMH M TTOJMTHKE
npoBepku MOCTOB. [ IpumennmocTs mpasui NBIS Oblia pacpocTpaHeHa Ha MOCTBI, HAXOSAIINECS
B COOCTBEHHOCTH ILJIEMEH, MOCTbI, HAXOISALIUECS B YACTHON COOCTBEHHOCTH, KOTOPbIE COSAMHEHbI
C Joporamu OOIIETO MOJb30BAHHUS C OOOUX KOHIIOB, @ TaKXKE BPEMEHHBIE MOCTHI WJIH MOCTHI B
CTaIMM CTPOUTENBCTBA, YYACTKU KOTOPBIX OTKPBITHI AJIsl ABM>KEHUS. bplTn 100aBIeHbI Ba HOBBIX
BUJIa WHCIEKIUA: CEPBUCHBIM M TIOUCKOBBIM MOHUTOPHUHT. Takke ObUIM BHECEHBI HEKOTOPHIE
M3MEHEHUs K TpeOOBaHUSAM IO NEPCOHANly, Takue Kak crneunuanbHoe olOyueHue no NSTM wu
MOJIBOJTHBIM MHCIIEKIIUSAM, a TaKXKe OOHOBICHA KBATH(UKAIWS PYyKOBOIUTENS rpynmbl. Kpome
TOTO, OpPraHU3aliH, OCYIIECTBISIONUINE HHCIEKIMI0 MOCTOB, Telepb 00s3aHbl BECTU PEECTp
cepTu(UIIMPOBAHHBIX HA HAIIMOHAIBHOM YPOBHE WHCIEKTOPOB MOCTOB. Pasmen "MHTepBanbl
npoBepok" ObUT OOHOBJIEH, 4TOOBI MPENOCTAaBUTH OoJiee KOHKPETHbIE PEKOMEHIAIMM KaK I10
OIICHKE PUCKOB, TaK U MO YBEIMYCHUIO HHTEPBAJIOB IMPOBEPOK.

B wmae 2022 roma FHWA onybOnukoBasio crnenudukanuu 1ig  HanuoHaapHOM
uHBeHTapu3auu MoctoB (SNBI), koTopsie ycTaHaBIMBalOT OOHOBJICHHBIC MPOIIEAYPBI cOOpa U
00pabOTKM JaHHBIX, COOTBETCTBYIOIIME OKOHYareabHOoMy mpaBwiy NBIS, B manHbIX
crienupUKaUAX BKIIOUEHO TpeboBaHWE K pazueny (MOKyMeHTy) "DJIeMEHThl HAIlMOHAIBHON
unBeHTapuzauu MoctoB" (SNBIBE), Bxmrouaromas undopmanuio 00 3ieMeHTax, KoTopas
noipkHa ObITh npeacTtasieHa B SNBI. A SNBI B cBoro ouepenp npu3BaH 3aMeHUTh PyKkoBOACTBO
no kogupoBanuro FHWA nocne 3aBepiienus nepexoaHoro nepuoa.

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

PesyabTarsl 1 O0cyxkaenue

3a nmepuon 1970-2023 romos, pa3Buree HOpMaTHUBHOW JuTeparypHoil 0Oa3zbpl B CIIA
IpeTepIesio MHOXKECTBO JOPA0OTOK M HECKOJBbKO KIIIOUEBBIX ITAllOB U M3MEHEHHH, KOTOpbIe
CYILIECTBEHHO MOBJIMUIA Ha Kaue€CTBO IPOEKTHPOBAHMS M O€301IaCHOCTH IMpHU HKCIUTyaTalluu
MOCTOB U TPAHCIIOPTHBIX COOPY’KEHUI, KaCAIOIIMXCs HHCIIEKIIUU U OLIEHKH COCTOSIHUS MOCTOB.

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

1988 ron: FHWA ony6ankoBasia 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 yueOHOM
OporpaMMbl 1O TNpOBEpKe O€30MaCHOCTH MOCTOB. DTO OOHOBJIEHHE IPHUBEIO K CO3JaHMIO
"CnpaBouHoro pykoBozcTBa mHcnekTopa MocTtoB" (BIRM), koTopoe BKITIOYAIO BCE MOTOKEHUS
Pyxosoxctsa 90.

2005 roa: OOHoBneHHbI HannonanbHbli cTanaapT uHeneknuu moctos (NBIS) Berynun B
cuity, 4to obecneumio 6osee cTporue TpeOOBaHUs K MHCIIEKIIUU U OLIEHKE COCTOSIHUSI 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 IpaBmwiamMu SNBI u
NBIS, uto oGecnieunsio akTyalbHOCTh U COOTBETCTBHE COBPEMEHHBIM TPEOOBAHUSM.

Takum o6pazom, 3a epuoa ¢ 1970 mo 2023 roapl HaOMIOMAETCS MMOCTOSTHHOE PA3BUTHE U
yAydlleHHe HOPMATHUBHOW JIUTEPaTypbl, YTO CIOCOOCTBYET IOBBIIICHUIO O€30MacHOCTH H
s dexTuBHOCTH MHCTIEKITUU MocToB B CIIIA.
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BriBoanl

Bo03MOXHO npoBecTH mapajuiesid B pa3BUTUU TPAHCIOPTHO-CTPOUTEIBHON OTPACIM M Kak
YaCcTHOE CHCTEME OOCIIeIOBAaHMSI MOCTOBBIX coopyxeHui, npunsatod B CoeauneHHsix IllTarax
Awmepuku u Pecriyonuku Kazaxcran. 3a moutu 32 roma He3aBucuMocTH B Pecriyonuke Kasaxcran
IpU peajM3alii MAacIITa0HbIX MPOEKTOB TPAH3UTHBIX KOPUAOPOB, HE pealn30BaHa CHUCTEMa
YCOBEPIICHCTBOBAaHUS U peOopMHpPOBaHMS HOPMATHUBHOW 0a3bl MO OOCIEAOBAHUIO MOCTOBBIX
coopy>keHui. JlecTByromuii B HacTOAMNA MOMEHT HOpMaTuBHbBIN JokyMeHT CII PK 3.03—-113-
2014 «Moctel u TpyObl. IIpaBuna oOcnenoBaHMil W HMCHIBITAHUI», KOTOPBIA IO CBOCH CyTH
SBIISIeTCS He3HauuTesnbHO nopaboranHbiM CHull 3.06.07-86 «Moctel u TpyOsl. [IpaBuia
00cIe10BaHUH U MCIIBITaHH». B CBS3M C YeM TOKYMEHT ¢ HE3HAYUTEIIBHON peaKIMel JeHCTByeT
yxxe Oosiee 37 JIeT U HE MOXET B MOJHOM Mepe OTBEYaTb COBPEMEHHBIM KOHCTPYKTHBHBIM
pPELICHUSIM U MaTepHallaM MOCTOBBIX KOHCTPYKIIHI.

Ha npuBenénnom B crarbe onbiTe pepopmupoBanus HopMaTuBHOM 6a3bl B CILIA BO3MOXKHO
cenaTh BBIBOJI, UTO cucTeMa HopMmupoBaHus PecnyOnuku Kazaxcran B obnactu obcienoBaHus
MOCTOB HYKJAETCS B IEPECMOTPE C YIETOM MHUPOBOTO OIIBITA.
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Anaarna. Ocsl xymbicTa 1970-xpimaapaan 0actan Kasipri yakbiTka nedinri AKIHI-ta
aBTOXKOJI KOIIpJIepiH TEKCepy, JUarHOCTUKA KOHE Kapay OOWbIHIIA HOPMAaTHBTIK Oa3aHbIH
ABOJIOIMACH  KapacThIpbuiaabl. Kellik arbIHBIHBIH ©cCyi, HWH()PaKyphUIBIMHBIH TO3Yhl JKOHE
3aHHAMaJlaFbl ©3repicTep CHUAKTBI OpTYpJi (PaKTOpIapiblH OCBI callafiarbl CTaHAApTTap MEH
TOXIpuOenepaiH 1aMmybiHa scepi Tannanaasl. KenipiepiH Kayinci3airi MEH CeHIMAUTITIH apTThIpY
YIIIH EHTI3UINeH HeTi3ri Ky)XKaTTap MEH 9JiCTeMeNepre epekile Haszap aylapbuiaabl. 3eprrey
COHJIaii-aK KeIipJIepIiH Kaii-KyHiH IMarHOCTHKAaJay/1a KOJIAaHbUIATIH 3aMaHayH TEXHOJIOTHsLIap
MEH Tocunjepii, OHBIH imiHAe Oy30alThiH Oakbulay oJiCTepl MEH aBTOMAaTTaHABIPbUIFaH
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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 OacKapydarbl MaHBI3ABLIBIFEI aTall oTiieni. Makamana
kenripinren AKHI-tarsl HOpMaTuBTIK 0a3aHbl pedopmainay ToKipuOeciHe CylHeHEe OTBIpHIIL,
Kazakcran PecryOnmKachIHBIH KOIIpIep/i TEKCEpy CalachIHIAFbl HOpMasay JKYHECiH oJIeMJIiK
TOKIPUOEH1 eCKepe OTHIPHIN KalTa Kapay KaKeTTirl Typajibl KOPBITHIH/BI )KacayFa Ooapl.

Tyitinai ce3mep: aBTOXKOI KeIlipyiepl, 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 Hardikov?, Evgeny Remizov

13 ALT Mukhamedzhan Tynyshpayev University, Almaty, Kazakhstan
2 LLC «Bridges and engineering projects», St. Petersburg, Russia
*Corresponding author: ivan_sergeevich_08(@mail.ru

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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AHHOTaus. B yCcloBUsSX CTpEMUTENBHOTO PAa3BUTHS TPAHCHIOPTHOW UHPPACTPYKTYpHI B
Kazaxcrane ocoboe BHUMaHHE yJEISCTCS MOBBIMICHUIO JOJITOBEYHOCTH U IKCIUTYaTAIlHOHHBIX
XapaKTEPUCTUK IIEMEHTOOCTOHHBIX IOKPHITHH. HacTosiimmee wucciiemoBaHWe HAMpaBJICHO Ha
M3y4YeHUE BIUSHUS MUKPOKPEMHE3EMa Ha CTPYKTYPY, BOJIOHEITPOHUIIAEMOCTh, MOPO30CTONKOCTh
U CTOMKOCTH IIEMEHTHOTO KaMHsl, UCIIOJIb3YEMOT0 B JOPOKHOM cTpouTtenbeTBe. Llenpio paboThl
sBisieTcss 00OoCHOBaHWME A(P(EKTHBHOCTH TPUMEHEHUS MHUKPOKpPEMHE3eMa B KadecTBe
Moauduuupyomen 106aBKu K 1IeMEHTy. B paMkax uccrneaoBaHusi MPOBEAEHBI J1aOOpaTOpPHBIE
AKCIIEPUMEHTHI C Pa3IMYHBIMHU JJO3UPOBKAMU MHUKPOKpPEMHE3eMa, C OICHKON TEITOBBIICIICHNUS,
TUAPATALMH, CTPYKTYpbl U BOJOMNOIJIOLIEHUS LEMEHTHOro kamHs. lloiydeHHble pe3yibTaThl
CBUJICTEJILCTBYIOT O TIOBBIIICHUH TIJIOTHOCTH CTPYKTYPHI U YCTOMYUBOCTH MOIU (PUITIPOBAHHOTO
MaTepuaia K BO3JIeHCTBUIO arpecCUBHbBIX (akTopoB. HayuHast HOBHU3HA 3aKIII0YAeTCs B aaNTalliu
COBPEMEHHBIX METOJIOB MoAM(UKAINK OeTOHa TMoj KiIuMaruueckue ycioBus KazaxcraHa.
[TpakTHyeckoe 3HaYCHHE 3aKTF0YAeTCsl B BOZMOKHOCTH MPUMEHEHHS pa3pabOTaHHBIX COCTAaBOB B
peaTbHBIX TOPOKHBIX MTPOEKTaX C MOBBIIICHHBIMUA TPEOOBAHUSMH K TPOYHOCTH U I0JTOBEYHOCTH.

KiroueBble cjioBa: MUKpOKpEMHE3eM, IEMEHTOOETOH, MOAU(HUKAIUS, TOITOBEYHOCTD,
BOJIOHETIPOHHUIIAEMOCTh, MOPO30CTONKOCTH, TOPOKHOE CTPOUTEIHCTBO.

BBenenune

B ycnoBusX akTUBHOTO pa3BUTHUS TPAHCIOPTHONH HMHQpPAcTpyKTypbl B PecmyOmuke
Kazaxctan oco0oe BHUMaHME YAENSIETCS KAayeCTBY M JOJTOBEYHOCTU JOPOKHBIX TMOKPBITHH.
OnHuM M3 aKTyaldbHBIX HANPABICHUN COBPEMEHHOIO JIOPOKHOTO CTPOUTEIBCTBA SIBISIETCS
IpUMEHEHHE IEMEHTOOETOHA B KaueCTBE OCHOBHOIO MaTepuaa Jijisl yCTpOHCTBA aBTOMOOUIILHBIX
nopor. OHaKo CypoBbI€ KIIMMATHYECKHUE YCIIOBHSI, pE3KHE TeMIIepaTypHble KoJIeOaHus, BBICOKOE
BOJIOHACHIIIIEHWE M  arpecCUBHbIE BHEMIHWE (AKTOPBl CHIDKAIOT  AKCIUTyaTallMOHHBIE
XapaKTePUCTUKU  TPAJUIUOHHBIX  I[IEMEHTOOETOHHBIX IOKPBITUH, 4YTO  OOyCIaBIMBAeT
HEOOXOIUMOCTh X MOJM(HKALINY C 11E€TIbIO MTOBBIIIEHUS CTOWKOCTU U YBEITMUEHHS CPOKa CITY>KObI
[4].

AHanu3 COBPEMEHHBIX HAyYHBIX MCTOUYHUKOB CBHUJETENIBCTBYET O IIMPOKOM MPUMEHEHUU
MUHEPAIBHBIX J00aBOK B OETOHHBIX CMECAX, CPeAM KOTOPbIX OCOOBIM MHTEpPEC BBI3BIBAET
MHUKPOKPEMHE3eM — TOHKOAWCIEPCHBIN MPOIYKT, CIIOCOOCTBYIOIIMHM YIUIOTHEHUIO CTPYKTYpPHI
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LIEMEHTHOTO KaMHA M YJIYYUIEHHUIO €ro SKCIUTyaTallMOHHBIX CBOWCTB [5]. Bmectre ¢ Tem
OOJBIIMHCTBO PabOT COCPENOTOUCHO HA MPUMEHEHHH JaHHOW JOO0ABKH B YCIIOBHUSX MSTKOTO
KJIUMara, U OCTa€Tcsl HEIOCTATOUHO M3yueHHOU €€ 3((EeKTUBHOCTh B KOHTEKCTE IKCTPEMATIbHBIX
KJIMMaTH4yecKkux ycioBuil KazaxcraHa, 4yTo yka3blBaeT Ha CYIIECTBYIOLIMI Hay4HbIH NpoOen u
HEO0OXOIMMOCTh MPOBEJCHUS JOMOTHUTEIBHBIX UCCIIEIOBAaHUN [2, 3].

[lenpf0  HACTOSAIIETO HWCCICOOBAHHS  SBISIETCS  OKCIIEPUMEHTAILHOE O0O0OCHOBAHHE
3¢ (}eKTUBHOCTH TNPUMEHEHUsS MHUKpPOKpPEeMHe3eMa B KauecTBe Moauduuupyromeil 100aBKku B
[IEMEHTOOCTOH JUTSt MOBBIIICHUS ero JTOJITOBEYHOCTH, MOPO30CTONKOCTH u
BOJIOHEIIPOHUIIAEMOCTH, C YYETOM KJIMMATUYECKHUX U SKCILTyaTallMOHHBIX ycinoBuil Kazaxcrana.

MeTtonosorust

OKCHEepUMEHTAIbHbIE MCCIEJOBaHUS MPOBOAMIMCH Ha 0asze maboparopuu Kadeapsl
«IIpon3BOACTBO CTPOUTENBHBIX MATEPUATIOB, U3EIINN U KOHCTPYKLUI» C LIEIbI0 OLEHKHU BIUSHUS
MHUKPOKPEMHE3eMa Ha CTIPYKTYpy UM CBOMCTBAa IIEMEHTHOIO KaMHs, HCIOJIb3YyeMOro B
[IEMEHTOOCTOHHBIX MOKPBITUSX aBTOMOOMIIBHBIX JIOpOT. B COOTBETCTBMM C HOPMATHBHBIMU
nokymentamu CT PK 1662-2007, TOCT 310.3-76, 'OCT 12730.1-78, 'OCT 10060.0-95 u I'OCT
12730.5-84, ObLIM TPOBEICHBI HMCIBITAHUS TIO CIEAYIONIMM MOKA3aTeNsM: BOJOIOMIOICHHE,
MOPO30CTOHKOCTh, BOJIOHEIIPOHHUIIAEMOCTb, CTPYKTypa M TEIJIOBBIIEICHUE IPH T'HIpaTaluu
nemenTa[ 1].

[Ipouenypa uccnenoBaHuid BKItOYaaa CIEAYOUIIME 3TAIlbI:

1. IToaroroBka MaTepuaioB:

B kadectBe BspKymiero wucnonb3oBaics mnopmianaunement wmapku CEM 1 42.5H,
cootBercTBytomuit ['OCT 31108-2020. B kayecTBe MHHEpaIbHON JO0ABKM MPUMEHSIICS
MHUKPOKPEMHE3EM C yaelbHOI oBepXHOCThI0 ~20 000 cM?/T.

JloGaBka BBoAMIack B koauuecTBe 7%, 8% u 10% oT Macchl IeMeHTA.

2. W3rotoBienue o06pasLoB:

beronHble M 1eMeHTHbIE 00pa3lbI-KyObl pasmepoM 70x70x70 MM H3rOTaBIMBAINCh B
coorBerctBuM ¢ ['OCT 10180-2012. ITpoObl ¢(opmoBamuch ¢ pasiIUYHBIMH JO3MPOBKAMU
MUKpPOKpPEMHE3EeMa, a TaKXkKe ¢ KOHTPOJIBbHOU cepueil 0e3 100aBKH.

3. WcnplTaHus BOIOMOMIOMIEHHUS U CTPYKTYPBI:

[Tocne 28 cyTok TBepAeHHs] OOpasipl HccienoBanuch Ha BoxpomornomeHue mo ['OCT
12730.3-78. Jjiss MHUKPOCTPYKTYPHOTO aHajiM3a WCIONb30BATUCh METOABl  ONTHYECKOMN
MUKPOCKOTIUU ¥ CKaHHPYIOMIeH JIeKTpoHHOH Mukpockonuun (SEM) ¢ mnpumeHeHuem
ob6opynoBanust mapku JEOL JSM-6490LV.

4. V3mepeHue TETIOBBIACIECHUS IPU TUAPATAIINN:

TeMmrmieparypHoe oBeIeHUE [IEMEHTHOTO KaMHsI ICCIIEIOBATIOCh B TEUEHHUE MEPBBIX 72 4acoB
C HCIIOJIBb30BaHUEM TEPMOIIAp, MOAKIOUEHHBIX K MHOTOKAHAJIBHOMY PErUCTPaTOpPy TEMIIEPATYPBI
Testo 176 T4.

Hcnonp30BaHHBIE PECYPCHI:

OGopynoBaHue:

—Muxkpockon anexkrponssiii JEOL JSM-6490LYV,
—Bakyymnas cymmibHas kamepa,

—Kamepa a5 UKI0B MOPO3-0TTauBaHUE,

—YcTaHOBKa [UIsl UCTIBITAHKS HA BOJOHENPOHUIIAEMOCTD,
—Temneparypusiit peructparop Testo 176 T4.
[TporpamMHOe oOecrieueHue:
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—OriginPro 2022 — nyis noctpoeHus rpaduKoB TEIUIOBBIACICHHUS,
—Image] — nns aHanM3a MUKPOCTPYKTYPBHI,
—Microsoft Excel — miist craructuueckoit 00pabOTKH pe3ysIbTaToB.
[Tony4yenHbie JanHbIe OBLTH MOBEPTHYTHI CTATUCTUYECKOI 00pabOTKe ¢ MCTIOIb30BaHHEM
METOJIOB  KOPPEJIIIMOHHOTO AaHajlh3a W OICHKH CPEIHEKBAJAPATUYCCKOTO OTKIOHCHHS.
[ToBTOPsIEMOCTH ONBITOB OOECHIEYNBANIACH TPOUHBIM JTyOIHPOBAHUEM KaXI0TO THIIA 00pa3IoB.

PesyabTarsl 1 O0cyxkaenue

Fnz[paTaumI U TCIVIIOBBIACIICHUEC NEMCHTHBIX KOMITIO3UTOB.
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Pucynok 1 — TemnnoBoii NOTOK 32 MHAYKIMOHHBINA U YCKOPEHHBIN MIEPUO/IbI THApPATAIIIH
LIEMEHTA B 3aBUCUMOCTHU OT BPEMEHH U BBOJUMBIX 100aBOK

OnHUM M3 KJIIOUEBBIX MOKa3aTelel, XapaKTepU3YIOUIMX AKTUBHOCTh BSDKYILIMX CUCTEM,
ABJISIETCS TEIJIOBBIJENIEHUE B IPOLIECCE THApaTaluy 1ieMeHTa. OHO MO3BOJISIET CYIUTh O CKOPOCTHU
U CTENCHH MPOTEKaHUs XUMUYECKUX peakIii, GOPMHUPYIOMUX CTPYKTYPY LIEMEHTHOTO KaMHS.

Jns ouenku BiausHUS MuKpokpemHezeMa (MK) wu cynmepmiactuduxatopoB Ha
MHTEHCUBHOCTh T'MJIpaTallii ObUIM MPOBEAEHBI KAJIOPUMETPUUECKHE HUCIBITaHUS B TeueHue 60
4acoB C PErUCTpalliel TEMIOBOro NoToka. B ncciaenoBaHuN y4acTBOBAIM CIIEAYIONINE COCTABBI:

[emenT (L]) — KOHTpOIbHASL CMECH;

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

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

Iement + 8 % MK + 1 % cyneprutactuduxaropa CII-1 (I+8 %MK+1 %CII-1).

Ha pucynke 1 nmpencraBieHbl KpUBBIE TEIUIOBOTO MOTOKA, COOTBETCTBYIOLINE Pa3INYHBIM
MOJIM(PULIPOBAHHBIM COCTaBaM.

Kak BugHO U3 rpaduka:

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

Brenenue 8 % MK (I[+8 %MK) npuBoAUT K CMEIIEHUIO MUKA TEIUIOBBIAEIEHUS BIIEBO
(oxomo 10 4acoB) u ero yBenu4eHuio 10 ~2.7 MBT/T. DTO CBSI3aHO C BBICOKOW MYIIIOJIAHOBOM
aktuBHOCTHI0 MK, yckopstromeit motpedaenne Ca(OH). u o6pazoBanue C-S-H ¢as3.

CocraB ¢ MK u 1 % ACE (II+8 %MK+1 %ACE) nemonctpupyet 0osiee mo3aauii muk (~13
4acoB), HO TIPU OSTOM COXpPaHSeT BBICOKYIO HMHTEHCHBHOCTH (Oomee 2.3 MBT1/T). 310
CBUJIETENLCTBYET O 3aMEJUICHUH HayaJlbHOM CTaJuu PeakiMH 3a cUET 3aMeyistoniero 3¢gdexra
cymnepriactu(ukaTopa, Ipyu COXpaHEHUH BBICOKOW aKTUBHOCTH Ha MOCJIEIYIONINX dTarax.

CoctraB ¢ MK u 1% CII-1 (LI+8 %MK+1 %CII-1) noka3piBaeT HanOGOIbIINNA MUK (MTOYTH
2.9 MB1/r) 1 Hanbosee paHHee HaYaI0 aKTUBHOM ruaparanuu (MeHee 10 4acoB). 3TO TOBOPUT O
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cuneprernueckoM dddexre Mexay MK wu  gaHHBIM 1UIacTUPUKATOPOM, YCHIIMBAIOIIUM
pPacTBOPpUMOCTb KOMIIOHCHTOB LICMCHTA U I/IHTGHCI/I(I)I/ILII/IpyIOH_[I/IM pCaKknuu.
[Tpo4HOCTHBIC XapaKTEPUCTUKH MOTUPHUIIMPOBAHHOTO IIEMEHTHOTO KaMHSI.
MpoYHOCTL NpU U3rube LEMEHTHOr0 KaMHA
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Pucynok 2 — I[IpounocTs npu u3rude MoauuIrpoBaHHOTO IIEMEHTHOTO KaMHSs

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

AHanu3 MONyYeHHBIX JaHHBIX MOKa3bIBAaeT, YTO 00aBIEHHE MHKPOKpEMHE3eMa yKe Ha
paHHUX CPOKaX TBEPJACHHUS CIIOCOOCTBYET MOBBINICHUIO M3TUOHOW MPOYHOCTH IO CPABHEHHUIO C
KOHTPONBHBIM 00OpasnoMm. Tak, Ha 7-€ CYTKH NPOYHOCTH OOpa3lloB C MHUKPOKPEMHE3EMOM
Bo3pacTtaeT Ha 12—15% mo cpaBHEHUIO C KOHTPOJIBHON CMEChIO. ITO OOBSICHIETCS YCKOPEHUEM
ruapatanuu U GopMUPOBAHUEM OoJiee TIOTHON M OTHOPOIHOM CTPYKTYPHI IIEMEHTHOTO KaMHS 3a
CYET MYIIIOJIAHOBOW aKTUBHOCTH MHUKPOKpPEMHE3EeMa.

HaubGonpmiee yBenuyeHwe W3TMOHOW MTPOYHOCTH 3aUKCHPOBAHO Yy  00pasloB,
monuduimpoBanabix cuctemon "I+8%MK+1%ACE". Ha 28-¢e cyTku mpoyHOCTh 3TUX 00pa31ioB
nocturna 11,7 MIla, 9To mpeBbIIIaeT MmokazaTenu KOHTpolbHOM cMmecu Ha 35%. Jlo6aBka ACE
CIIOCOOCTBYET paBHOMEPHOMY paclpeiesicHUI0 YaCTHII MUKPOKPEMHE3eMa B IIEMEHTHOM TECTE U
CHU)KAeT BOJOLIEMEHTHOE OTHOIIIEHHUE, YTO MOJIOKUTEIBHO CKa3bIBAETCSl HA KOHEYHOUH MPOYHOCTH.

Taxoke TONOXKUTENTFHOE BIMSHUE OKa3biBaeT qobapienue cynepruactudukaropa CII-1. B
ATOM CiTy4ae HaOIroaeTcsl CTa0MIIBHO BBICOKOE 3HAYEHHE M3THMOHOM MPOYHOCTH HA BCEX CPOKAX
TBEPJACHUS, YTO JeNlaeT JAaHHBIH COCTaB IEPCIEKTUBHBIM JIJII HW3TOTOBJICHUS DIIEMEHTOB,
paboTarommx Ha U3TU0 U TPEOYIOMIMX MOBBIIIIEHHON TPEIMHOCTOMKOCTH.

Takum 00pa3oM, pe3ysIbTaThl UCIBITAHUH TEMOHCTPUPYIOT, YTO MOAH(DHUKAITIS IIEMEHTHOTO
KaMHsI MUKPOKPEMHE3EMOM B COUETAHUHU C XMMHYECKUMH JOOaBKaMU IMO3BOJSIET 3HAYUTEIBHO
VAYYIIATh €0 U3THOHYIO IIPOYHOCTH, 0COOSHHO Ha TIO3THUX CPOKaX TBEPIACHUS.
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PucyHnok 3 — [IpoyHOCTb MPU CIKATUHU B 3aBUCUMOCTH OT CPOKOB TBEPJCHUS M BBOAUMBIX
100aBOK

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

Ha pucynke 3 npeacraBieHbl pe3yibTaThl HCIIBITAHUI HA TIPOYHOCTH IIPH C3KATUU 00pa3IIoB,
MOJIU(HUIMPOBAHHBIX MHKPOKPEMHE3EMOM M CyNepIUIacTH(PUKaTOpaMH, B pPa3IHUYHBIC CPOKH
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 % wmmukpokpemuesema (L[+8 %MK) He3HauuTenbHO yBENMYUBAET PAHHIOIO
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, omHako M30BITOYHOE COMEpKAHWE MHUKPOKPEMHE3eMa MOXKET
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 noutun 88 MIla. Oto
00yCJIOBJIEHO ONTHUMAJIbHBIM COOTHOLIEHHEM MEXIY YCKOPEHHOM rujapaTanyei u yaydieHHON
peoJiorueit cMecH, CrocoOCTBYIOMIEH OoJiee TUIOTHON yIaKOBKE YaCTHII.

CocrtaB ¢ MK u CII-1 (II+8 %MK+1 %CII-1) Takxke mOKa3bIBaeT YIy4lICHHbIE
XapaKTePUCTHKU 10 CPABHEHHUIO C KOHTPOJIEM — IPOYHOCTh Ha 28 CYTKH COCTaBISI€T OKOJO
80 MIla. IIpu 3TOM mpUPOCT MPOYHOCTU OOJIee PaBHOMEPHBIH, 0€3 PEe3KOro Ckayka Ha paHHUX
CTa/IUsX, YTO MOXKET CBUJIETENILCTBOBATh 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 1 BBOJA KOHCTPYKIMH B SKCILTyaTaIHIO.

3akaoueHune

[IpoBeaEHHbIe SKCIEPUMEHTHI MOATBEPK/IAOT, UTO BBEJIEHUE MUKPOKPEMHE3EMa COBMECTHO
C cynepracTU(QHUKaTOpaMyd OKa3blBa€T KOMIUJIEKCHOE TIOJOXKHUTEIbHOE BO3JCHCTBHE Ha
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(opMHpOBaHUE CTPYKTYpBlI IEMEHTHOIO KaMHS U €ro (pU3MKo-MeXaHW4ecKHe cBoicTBa. JT0, B
CBOIO 04epe]lb, CIOCOOCTBYET YIYUIICHHIO IKCIUTyaTallMOHHBIX Ka4eCTB O€TOHA, IPUMEHSIEMOT0 B
JIOPO)KHOM CTPOMTENbCTBE Ha Teppuropu Kaszaxcrana. bbuio ycTaHOBIIEHO, YTO J03MPOBKA
MHUKpOKpeMHe3eMa B npenenax 7—10% ot macchl 1ieMenTa 00eceyrBaeT 3aMEeTHOE MOBBIIICHNE
IPOYHOCTH, TEPMETUYHOCTH U MOPO30YCTOMYMBOCTH Marepuana [4] — KpUTHYECKH BaXKHBIX
napaMeTpoB MPH SKCIUTyaTallid TOKPBITHH B YCIOBHSX HKCTPEMAIbHBIX TEMIIEPATYPHBIX
KOJICOAHUH M arpeCCUBHOM BHEITHEH CPEIIbI.

OTnenbHO CTOUT MOJYEPKHYTH pOJb CyNepIuiacTU(UKATOPOB, KOTOPHIE B COYETAHUHU C
MHUKPOKPEMHE3EMOM ONTUMU3UPYIOT PEOJOrMUECKUe CBOMCTBA OETOHHOM cMecH, CyIeCTBEHHO
yMeHbIIasg e€ MOTpeOHOCTh BO BBOAMMOM BOJE M CIIOCOOCTBYS IMOJMYyYEHHIO Oojiee IJIOTHOTO,
OJJHOPOJIHOTO M IPOYHOIO LIEMEHTHOro KaMmHA. Takas MoauQuKanus MOJ0XKUTEIbHO BIUSAET Ha
CTOMKOCTh MaTepHalia K HIHUKIMYECKMM KIMMaTHYECKUM Harpys3kam, BKJIIOUash MHOTOKpPaTHOE
3aMOpaXMBaHUE U OTTaMBaHUE, YTO OCOOEHHO AKTyaJbHO s OOecreueHHsl JOJITOBEYHOCTH
JOPOKHOTO MOKPBITHUSI.

Taxoke pe3ysbpTaThl UCCIENOBAHUS JEMOHCTPUPYIOT, YTO I'PAMOTHBIN MOIOOP KOJIMYECTBA
N00aBOK  TO3BOJISIET  JTOCTUYh  ONTHMAJbHOTO  COOTHOUICHHS  MEXIY  TEXHUYECKOU
3GPEKTUBHOCTBI0O M 3KOHOMHMYECKOHM OOOCHOBAHHOCTBIO HX IMPUMEHEHHsA. ITO Jeaer
NPEIVIOKCHHYI0 METOAWKY MOJU(HUKAIMKA IIEMEHTOOETOHA HE TOJIBKO TEXHOJIOTHMYECKU
OIpaBJIaHHOM, HO M AKOHOMHYECKH LIeIeCOO00pa3HOM sl IIMPOKOro BHEIPEHHUS B JIOPOKHOE
CTPOMTENBCTBO B ycioBuax Kazaxcrana.

CoBMecTHOE  HCIOJNB30BaHUE  IOJUMKApOOKCUIATHOTO  cymeprulacTudukaropa U
MHUKpPOKPEMHE3eMa  OKa3blBaeT B3aMMHO YCWIMBAIONIEC BIUSHHE HA  IPOYHOCTHBIC
XapaKTEePUCTUKU LIEMEHTHOTO KaMHs M CYIIECTBEHHO CHMXKAET KAaIWUISIPHYIO MOPUCTOCTh —
OCHOBHOH IapaMeTp, BIUSIOMINN Ha MJIOTHOCTh, IPOHUIIAEMOCTh M YCTOMYMBOCTh MaTepuaia, a
3HAYUT, U Ha €ro JO0JI'OBEYHOCTh. biaronaps takoil moaudukanuu Gopmupyercs CTpyKTypa
[EMEHTHOTO  KaMHS, oOoraméHHass  MaJOKPHCTALUIM30BAHHBIMA  HH3KOOCHOBHBIMHU
THJIPOCHIINKATAMH KaJIbLIUsI, KOTOPbIE IEMOHCTPUPYIOT BBICOKYIO CTOMKOCTh K OBTOPSIOLIMMCS
KJIMMAaTUYECKUM W IKCIUTyaTallMOHHBIM BO3JEHCTBUSAM, TaKUM KaK LUKJIBl 3aMOpPAXKUBAaHUS U
OTTauBaHMs, 4YEpEJOBaHUE YBIAXXHEHHs WU BBICYIIMBAaHUS, a TaKXKe MEPEMEHHbIE Harpy3Ku.
[Tonmy4yeHHBIE SKCIIEPUMEHTAJIBHBIE JaHHBIE MOJATBEPKAAT APPEKTUBHOCTH MPUMEHEHHUS
JTAaHHOM KOMOWHaIMM 100aBOK B OETOHHBIX CMECSX, MpPEeAHAa3HAUCHHBIX JJIs UCIOJIb30BAHUS B
arpecCUBHBIX YCIIOBHUSX, M YKa3bIBAIOT Ha BO3MOXKHOCTH 3HAYHTEIBHOTO YBEJIWYCHHUS CPOKa
CIIy>KOBI CTPOUTENIbHBIX OOBEKTOB.
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lOuepkocinTik sxoHe a3aMATTHIK KYPHLIBIC TEXHOIOTUACH Kadeapachl / coyIeT-KyphLIbIC
(dakynbereti, Eypasus yinrteik yauBepcuteti. JI. H. I'ymunesa, Acrana, Kazakcran
2«Ka3akcTaH 5071 FhUILIMU-3epTTey HHCTHTYTE AK, Acrana, Kasakcran
*KoppecmonaeHt aBrop: axan_altynsaryOl@bk.ru

Anparna. Kazakcrannarbl Kedik MHOPaKYpPHUIBIMBIHBIH KapKbIHIBI AaMybl KarIaibIHIa
[IEMEHTOETOH KaOBIHAAPBIHBIH OCPIKTIrT MEH Y3aK KbI3MET €Tyl MaHBI3/Ibl Macesie OOJIBII OTHIP.
by 3epTTey sKyMBICHI %K0J KYPbUIBIChIHA apHAJIFaH [IEMEHT TaChlHA MUKPOKPEMHE3EMHIH 9CepiH
3epTTeyre  OarpITTanFaH.  3epTTEYIiH  MakcaThl —  I[IEMEHTKE  MHUKPOKPEMHE3eMi
MoauUKAIMIAYIIB KOCHa PETIHAE KOMAHYIbIH THIMIUITIH Herizaey. JKymbpIc aschlHIa
MHUKPOKPEMHE3EMHIH 9pTYPJIi MeJIIepiHAe 3epTXaHaJbIK TOKIprOenep Kyprizuiin, xKeuty Oey,
TUApaTanysi, KYPbUIBIM JKOHE Cy CIHIPTiTIK KepceTkimTepi TanmaHael. Hotmwkenep
KOPCETKCH/IeH, MHUKPOKPEMHE3eM KOCBUIFaH IIEMEHT TAaChIHBIH KYPBUIBIMBI THIFBI3IANBIII,
arpecCUBTI OpTara Te3IMAUIIr apTaabl. FhUIBIME KaHAIBIFBI — OETOHIBI MOAU(UKAIUSIAY
omicrepin KazakcTaHHBIH KIMMATTBIK KarAaibiHa OeiimMaey. IIpakTHKanbIK MaHBI3BI — KOFaphI
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

https://orcid.org/0009-0000-9335-6329, Akhansary Altynsary * https://orcid.org/0000-0002-6310-2501 Adiya

Zhumagulova 1 https://orcid.org/0009-0003-2277-1797. Beksultan Chugulyov 2 https://orcid.org/0009-0009-3856-
8826 () Mukhtar Aldanazarov 2

!Department of Industrial and Civil Engineering Technology/ Faculty of Architecture and
Civil Engineering, L.N. Gumilyov Eurasian National University, Astana, Kazakhstan
2Kazakhstan Road Research Institute JSC, Astana, Kazakhstan
*Correspondent author: axan_altynsary01@bk.ru

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
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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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Z. Omirbekova!
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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
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about the effect of additives on the characteristics of asphalt concrete mixtures under various
operating conditions.

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.

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 paﬁ of the gsphalt
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 r.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
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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 >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).

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
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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
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.

56



Qazaq Highway Science and Innovation, 2025, Nel

Physico-mechanical properties of crushed stone-mastic asphalt concrete without
polymer and with polymer

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, % from2,0to 4,5 | from 2,0to 4,5 2,43 3,46
2. Water saturation, % by volume from 1,0t0 4,0 | from 1,0to 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 3,17 451
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
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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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MOJIMMEPTI KOCITAJIAPIBIH AC®AJIBTEETOH KOCITAJIAPBIHBIH
®U3BUKAJIBIK-MEXAHUKAJIBIK KACUETTEPIHE OCEPIH CAJIBICTBIPMAJIBI
TAJJIAY
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Anaarna. AcdanprbeTon KOCTIaJIapbIH Tecey Ke31HIerl TEXHOJIOTHUSIIBIK
OY3YIIBUTBIKTAPFa KOHE OJIAPJABIH >KAOBIHHBIH (DU3MKAIBIK-MEXaHUKAIIBIK KAaCUETTEepiHE Kepi
ocepiHe OalJIaHBICTBI KOJI KYPBUIBICH CallaChIHAAFbl Ka3ipri mpoodiemManapibl eCKepe OTBIPHII,
ac¢anbTOETOH KOCTaTapbhlHAAFbl OPTaHUKAIBIK OaiIaHBICTRIPFBIIITHIH CalacklHa epeKIIe Ha3ap
aygapeiianel.. byn Makanmaga 0i3 monmMepii KocmanapAblH achanbTOSTOH KOCHaIapbIHBIH
TBHIFBI3JAITYBIHA SCEPIH 3€PTTEYTe TOKTAJIaMBbI3.

AchanbTOeTOHIBI TOCEY KE3IHIEr TEXHOJIOTHSUIBIK Oy3yIIbUIbIKTApFa OaiIaHbICThI
npobieManap TPOTyapAbIH OEpIKTIriH TOMEHIETINl KaHa KOWMaMIbl, COHBIMEH Karap Kypzemi
nargagany npoOiemManapbiHa 9Kellyl MYMKiH. Bi3fiH 3epTreyiMi3 KocnajaapblH ThIFbI3IATybIH
apTTHIPYyFa, JTEMEK, JKOJI KaMBUIFBICBIHBIH CUTIIATTaMaJapblH XKaKcapTyFa diieyeTi Oap moaumepIi
KocTasap/ipl KOJIJIaHy apKbLIbl OChI MOCENIeIIep/Ii MIeIyre OarbITTaFaH.

JKyMbIc asichlHIa OTMMEPITi KOcTIadapAblH ac(haabTOCTOHHBIH (PH3NKAIBIK-MEXaHUKAJIBIK
KacHUeTTEpiHe ocepl FaHa eMec, COHBIMEH KaTap OJIapJblH TPOTYapblH TYPAKTHUIBIFBI MEH
OepikTirine ocepi Je TanmaHabl. AJBIHFAH HOTIKENEp acalbTOCTOH KOCHalapblH TOcey
TEXHOJIOTHSICBIH JKETUIIIPYIIH KOHE KAJIIBI JKOJI TOCEMAEPIHIH CamachlH jKaKCapTyAbIH THIMII
CTpaTerusIapblH jkacayFa HeTi3 0oma anajbl

Tyiiinai ce3aep: momumep, OpraHUKAIBIK OailTaHBICTBIPFBINI, ac(hanbTOETOH KOCHACHI,
(bu3HKaIBIK-MEXaHUKAJIBIK KaCUETTEPI.

CPABHUTEJILHBIN AHAJIN3 BJIUSHUSA MOJUMEPHBIX JOSABOK HA
®U3UKO-MEXAHUYECKHUE CBOMCTBA AC®AJBTOBETOHHBIX CMECEN
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“Koppecnonzer aBrop: zhumamuratovmanarbek @gmail.com

AnHOTanusA. B cBere COBpeMEHHBIX NPOOIEM B JIOPOKHO-CTPOUTEIHHOW OTpaciu,
CBSI3aHHBIX C TEXHOJIOTMUYECKHUMH HapyLIEHUSIMH IIPU yKIaake acQalbTOOETOHHBIX CMece U HX
HETaTUBHBIM BIIMSHUEM Ha (PU3UKO-MEXAaHMUYECKHE CBOMCTBA IMOKPBITHSA, 0CO0O€ BHHMMAaHUE
VICINSIETCs Ka9eCTBY OPTaHMUYECKOTO BSDKYIIETO B ac(haibTOOCTOHHBIX cMecsiX. B 3Toi cTarhe MbI
COCPEOTOYMMCST HAa  M3YYCHMHM BIHUSHUS TIOJMMEpPHBIX 00aBOK Ha  YIUIOTHEHUE
ac(arbTOOETOHHBIX CMECEH.

[IpoGnemMbl, CBsI3aHHBIE C  TEXHOJNOTUYECKUMH HApPYNICHUSMU TPH  yKJIaJIKe
ac(hanpT00ETOHA, HE TOJBKO CHIDKAIOT JIOJTOBEYHOCTH JOPOXKHOTO TOKPBITHS, HO U MOTYT
MPUBECTH K CEPhE3HBIM JKCILTyaTAallMOHHBIM MpolieMaM. Hamm uccrnenoBanus HampaBiIeHbl Ha
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pelIeHne ITUX IPoOIEM 3a CUET UCIOJIb30BaHMs TOJIMMEPHBIX 100aBOK, KOTOPbIE MOTEHIMAIBLHO
MOTYT IOBBICUTb IIJIOTHOCTb CMECEH U, CIEAOBATEIBHO, YIYyYIIUTh XapaKTEPUCTUKHU JOPOKHOIO
MOKPBITHS.

B pamkax pa0GoTbl ObUIO PAacCMOTPEHO HE TOJBKO BIHMSHHE MOJUMEPHBIX J100aBOK Ha
(bu3uKO-MeXaHUYeCKHE CBOWCTBA ac(anbTOOETOHA, HO M NPOAHAIM3MPOBAHO UX BIMSHUE HA
YCTOWYMBOCTh M JOJIOBEYHOCTHb JOPOKHOIO NOKPBITHUs. lloimydeHHbIE pe3ynpTarsl MOTYT
HOCITYHUTb OCHOBOMH 1151 pa3paboTKu 3((HEKTUBHBIX CTPATEruii COBEPLIEHCTBOBAHUS TEXHOJIOIMH
YKJIaJK1 ac(anbTOOCTOHHBIX CMECEH 1 TOBBIIICHHS Ka9eCTBA TOPOKHBIX MOKPHITUH B IIETIOM.

Kaw4deBbie cioBa: MOJIMMEP, OPTraHUYCCKOC BIXKYUICC, aC(baHBTOGGTOHHaSI CMCChb,
(1)I/I3I/IKO-MCX8,HI/IIIGCKI/IC CBOICTBA.

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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