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YAOCKOHAJIEHHSI HIAXOAIB 10 PO3PAXYHKY
BIACTAHI MI’K JE®OPMAIIIMHUMMU IBAMMU B TOPOXHbBOMY
HEMEHTOBETOHHOMY INOKPUBI

Anomauisn

Beryn. [ledopmariiiiti mBY € HEB1I €MHOIO CKJIAJI0BO KOHCTPYKIIII TOPOXKHBOI'O IIEMEHTOOETOHHOTO
MOKPUBY, OCKUJIBKM BOHHM 3a0€3MEeYyIOTh KOMIICHCAIII0 TEeMIEpaTypHUX Ta YCaJKOBUX Jedopmaliii,
3aro0iraloud HEKOHTPOJILOBAHOMY YTBOPEHHIO TpimuH. ParioHanbHe NpPOEKTYyBaHHS BifCTaHi MiX
nedhopMaIlitHIMH IIIBaMH € OJTHUM 13 KJIIOYOBHUX (PAKTOPiB, 110 BIUTMBAE HA IOBIOBIYHICTH 1 HECHY 31aTHICTh
JIOPOXKHBOTO TIOKpHUBY. HenpaBuibHHI PO3paxyHOK IMX TapaMeTpiB MOKE TMPHU3BECTH JIO IMEpea4acHOro
pYHHYBaHHA KOHCTPYKLIi, 3HIKEHHS ii eKcIuTyaTaiiiHol HagiiHOCTi, 301/IbIIEHHS BUTPAT HA PEMOHTYBAHHS
1 TexHiuHE 0OCIyrOBYBaHHS [1 — 6].

Y miif cTarTi po3TISAAEThCS THTAHHA YIOCKOHAICHHS TIAXOMIB JO PO3paxyHKY BIJICTaHI MiX
negopMalifHUMHU IIBaMH B IeMEHTOOETOHHOMY NOKpHBi Ha ocHOBi mnpoekty JICTY «Hacranosa 3
MPOEKTYBaHHS KOPCTKOTO JOPOXKHBOIO ofsry» (mam — npoekT ACTY), mo Hapasi 3HaX0AWTbCs Ha CTafil
po3poonennas 11 «HIPI» 3a ygacti HarioHamsHOTO TpaHCIOPTHOTO YHIBEPCHTETY. 3allpONOHOBAaHI METOIH
PO3p0o0JIcH] 3 ypaxyBaHHSIM MEPEIOBOI0 BITUU3HAHOTO Ta CBITOBOTO JOCBIY MPOEKTYBAaHHS aBTOMOOIIBHUX
JIOPIT 13 KOPCTKUM JIOPOKHIM OJSATOM, aHaNi3y YNHHUX HOPMATHBHO-NPAaBOBHX aKTiB, OyAiBEIbHUX HOPM,
HAYKOBO-TEXHIYHOI IiTepaTypH, a TaKOX CYYaCHHX JIOPOXHBO-OYIIBENFHHUX MaTepialiB 1 TEXHOJOTIMH.
Okpemy yBary MpHUIIJICHO OCOOIUBOCTAM JTOPOKHBO-KIIMATUYHAX paloOHIB YKpaiHH, M0 T03BOJISE
aIanTyBaTH METOAUKY JI0 PEUTbHUX YMOB €KCIUTyaTyBaHHS JOPOXKHBOTO MTOKPHUBY.

[Ipob6nemaTuka. [IpoekTyBaHHS KOPCTKOTO JTOPOKHBOTO OJSTY € CKIaJHUM 1H)KCHEPHUM 3aBIaHHSM,
o norpedye TOUHOro ypaxyBaHHsS BCIX €KCIUTyaTaliHuX (akTopiB, 30KpeMa BH3HAUYEHHS ONTHUMAaJIbHOT
BiACTaHI MK jaedopMmaniiHuMKM IBaMd. HEBIANOBIAHICTh ICHYIOUHMX METOJAMK pealbHUM YMOBaM
eKCIUTyaTyBaHHs MOXXE CIPHYMHUTH IepeJuyacHe pYyHHyBaHHS IIEMEHTOOCTOHHOTO TIOKPHUBY, IOSIBY
HEKOHTPOJILOBAaHUX TPIIIMH Ta 30UIbIICHHS BUTpPAaT Ha PEMOHTYBaHHS 1 eKCIUTyaTauiliHe yTpUMYBaHHS
aBTOMOOITEHUX JIOPIT.

CydvacHuil miaxix 10 MPOEKTyBaHHS MOBHMHEH YHi(IKyBaTH Ta BIOCKOHAIHTH METOJIUKY PO3PaxXyHKY
BiZicTaHl MK JedopMaliiHUMM IIBaMH, ypaxoBYIOUM (i3UKO-MEXaHIUHI BIACTUBOCTI LIEMEHTOOETOHY,
TEMIePaTyPHO-BOJIOTICHUM pPEXUM, THIT 1 IHTEHCHUBHICTh TPAaHCIIOPTHOTO HABAaHTAXEHHs, OCOOIMBOCTI
JIOPOKHBO-KIIIMATUIHUX PaioHIB YKpainu. BU3HaueHHS BiMMTOBITHUX IapaMeTpiB Ma€ 3MIHCHIOBATHCH HA
OCHOBI JIOCTOBIPHUX BUXIJHHUX JAHHX, IO JO3BOJMTH IiJBUIIUTH JOBTOBIYHICTH JOPOMKHBHOTO MOKPUBY Ta
3a0e3neunTy eh)eKTUBHE BUKOPUCTAHHSA MaTepialibHO-TEXHIYHUX PECYPCiB.

OTxe, HaraJgbHOIO € TIOTpeba B po3pOOIIEHH] yIOCKOHAJIEHOT METOIUKH, sIKa O BiAIOBigama CydyacHUM
BUMOTaM JIOPOXKHBOTO OYIBHMIITBA, CIPHsIA MiABHIIECHHIO EKCIUTyaTalliiHOI HAIIHOCTI ITOPOKHBOTO
HEMEHTOOETOHHOT'O IOKPHBY Ta 3a0e3nevyBasia eKOHOMIUHO JOIIbHE BUKOPUCTAHHS PECYPCiB.

Merta po6oTtu. CydyacHHH PO3BUTOK JOPOKHBHOTO OyIiBHHIITBA BUMAara€ MOCTIHHOTO BIOCKOHAICHHS
HiAXOIB 10 MPOEKTYBAHHS KOPCTKOIO JOPOXKHBOI'O OJSTY, 30KpeMa BH3HAYECHHS ONTHMAJIBHUX BiAcTaHEH
MK aedhopManifHUMH IIBaMHU. YpaxyBaHHS HOBITHIX HayKOBHX IOCTIKEHb, CydacCHHMX MaTepiamiB Ta
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IHHOBAITIHHUX TEXHOJIOTIH JO3BOJISAE IMiIBUIIUTH JOBTOBIYHICTh 1 HAAIHHICTL 1IEMEHTOOETOHHOTO TTOKPHBY,
3MEHIIUTH PU3WK YTBOPECHHS TPIIIMH Ta ONTHUMIi3yBaTH BUTPAaTH HAa PEMOHTYBAaHHS 1 eKcIUlyaraliiiHe
YTPUMYBaHHSI aBTOMOOITBHHUX JOPIT.

Metoro pobotu € iHpopmyBaHHS (paxiBIliB JOPOKHBOTO TOCIONAPCTBA PO HOBITHI TEHIESHII,
METOAMKA Ta po3poOKH y cdepl MNPOEKTYBaHHS KOPCTKOTO JOPOKHBOTO OSTY, 30KpeMa ImoJIO
YAOCKOHAJICHHS MiXOIB 10 BU3HAUCHHSI paIliOHAIBHOT BiJICTaHI MK JeopMaIliiHUMU IIBAMU JOPOKHBOTO
LEMEHTOOETOHHOTO TOKPUBY. 3alpONOHOBaHI pilleHHS CHOPSAMOBAaHI Ha MiABUILEHHA €(QEKTHBHOCTI
MIPOEKTHUX PillleHb, aaNTaIlii0 ICHYIOUNX METOJHMK JI0 CyYaCHHX YMOB €KCIUTyaTyBaHHS Ta 3a0e3IeueHHs
€KOHOMIYHO OOTPYHTOBAaHOTO BUKOPHUCTAHHS MaTepiallbHO-TEXHIYHUX PECYPCiB.

Martepianu i meroau. [lix yac MOCHIMKEHHS BHKOPUCTAHO KOMIUICKCHUH MiXix, 10 0a3yeTbcs Ha
aHaJi31 HAyKOBO-TEXHIYHMX HAIPaLlOBaHb y c(epi NPOEKTYBAHHS KOPCTKOTO IOPOXKHBOTO OJATY, A TAKOX
MPaKTUYHOTO JIOCBiy HOrO yIAITyBaHHA. 30KpeMa, YpaxoBaHO pe3yJbTaTH JOCITIKEeHb, MPOBEACHUX
AIT «HIPI» ta HamioHansHUM TPaHCIIOPTHUM YHIBEPCHUTETOM, SIKi IPYHTYIOTBCSI Ha OaraTopiuHOMy JOCBiai
HaJlaHHA MOCIYT y ray3i JOPOKHBOTO Oy NiBHULITBA.

MeTo10I0TIYHO0 OCHOBOIO POOOTH € aHaji3 YMHHUX OYIiBEITHLHUX HOPM 1 HaIllOHAJTHHUX CTAaHIApTiB
VYkpaiHu, a TakoK TOPIBHSAHHS IX 13 BIAMOBITHHMHU 3aKOPJIOHHUMH HOPMATHBHUMH JOKYMEHTaMHU Ta
TEXHIYHOK JliTepaTyporo. [ 3a0e3nedeHHs KOMIUIEKCHOCTI JOCTIJDKEHHS YpaxOBaHO BITUM3HSIHUN 1
CBITOBUI JOCBil, 3400yTHH miJ 4ac BUKOHAHHS POOIT i3 NPOEKTYBAaHHS Ta YJAIUTYBAaHHS >XOPCTKOTO
JIOPOXKHBOTO OJIATY.

3aCcTOCOBAHO METOAM MATEMAaTHYHOIO MOJIEIIOBAHHS IS BU3HAYEHHSI ONTUMAIBHUX BiICTaHEH MIX
negopMalifHUMH [IBaMHU, OLIHKK HaNpy>KEHO-Ae(OPMOBAHOIO CTaHy LEMEHTOOCTOHHHUX IUIMT Ta
MPOTHO3YBaHHs iXHHOI TOBEMIHKM 3a pPI3HHX EKCIUTyaTallifHUX yMOB. AHaJi3 pe3ylbTaTiB J03BOJIE
OOTpYHTYBAaTH YJOCKOHAJCHI TiIXOAW J0 TPOEKTYBaHHS Ta BIPOBADKCHHS E(QEKTHBHUX pIlICHb Y
JIOPOKHBOMY Oy IiBHHUIITBI.

Pesynpratn. Y Mekax JOCHIIKEHHS, CHPSIMOBAHOTO Ha BIPOBAPKEHHS CYyYacHHX METOIB
MIPOEKTYBAHHS aBTOMOOIUIFHUX JOPIT i3 KOPCTKUM JOPOXKHIM omsroM, Oymo po3pobneHo mpoekt JCTY,
SKUM MICTHTh OHOBJICHI PEKOMEHJIAIll 100 BU3HAYEHHS BIJACTaHI MDK JepopMaIlifHUMU IIBaMH B
LEMEHTOOETOHHOMY MTOKPUBI.

3anponoHOBaHa METOJHMKA YPaxOBY€ pi3HI KOHCTPYKTHBHI THIHM JOPOXHHOTO LEMEHTOOETOHHOTO
MOKPUBY, 30KpeMa:

— 13 mrrupoBuM 3’ eaHanHAM T (LT1-11T);

— 13 apMyBaHHAM 1 ITUpoBUM 3’ eaHanHsaM mmT (LI1-ALLL);

— 13 6e3nepepBHNM apmyBaHHAM (L{I1-BA) 3a moTpedu Takoro po3paxyHKY;

— i3 BHUKOPHCTaHHSIM yKO4YyBaHMX IleMeHToOeToHHHMX cymimer (III1-Y) 3a mortpebu Takoro
PO3paxyHKy.

OHOBJIEH] MIX0AN A0 PO3PaxyHKY BiACTaHI MiX IedOopMalifHUMU IIBaMH 0a3ylOThCS Ha Cy4acHHX
HAayKOBUX JOCIHIDKCHHIX, MDKHApPOJHOMY JOCBilli Ta TMPaKTHYHUX JaHUX, IO JO3BOJISE TIiABUIIATH
JIOBTOBIYHICTh LEMEHTOOCTOHHOTO TOKPHBY, 3MEHIIUTH PH3MK YTBOPEHHsS HEKOHTPOJIHOBAHHMX TPILIMH i
MOKPAILUTH eKCIUTyaTaliliHi XapaKTepUCTUKN KOHCTPYKIiH JOPOKHBOTO OZSTY.

BucHoBkH. 3anpomnoHOBaHa METOIWKA MPOEKTYBAHHA JKOPCTKOTO JOPOXKHBOIO OISAry Ha
ABTOMOOUTHFHUX JOPOTaX yIOCKOHATIOE ICHYIOYi ITiAX0IN Ta BCTAHOBIIIOE HAYKOBO OOTPYHTOBAaHI BUMOTH JI0
pO3paxyHKy BijcTaHi MiK aedopmamiiHumu mBamu. BoHa 0a3yeTbcs Ha CydYacHHX JOCIIJKCHHSX,
ypaxoBy€ KOHCTPYKTHUBHI 0COOJIMBOCTI JOPOKHBOI'O IEMEHTOOETOHHOTO IIOKPUBY, EKCIUTyaTaliliHi yMOBH Ta
MIePENOBUN CBITOBHH JOCBIJ, IO TO3BOJISAE MABUNTUTH ¢EKTUBHICTD MMPOEKTHUX PIIlICHB.

3acTocyBaHHA Ii€] METOAMKH CIPHUSATHME TOKPAlICHHIO eKCIUTyaTalifHuX  XapaKTepUCTHUK
KOHCTPYKLIH JOPOXXHBOTO OJATY, MiABHIICHHIO iXHBOI MIIHOCTi, CTiHKOCTI 10 HaBaHTaXEHb Ta
nosrosiyHocti. lle, y cBOl dyepry, AacTh 3MOTY 3MEHIIMTH PHU3MK IEPEAYACHOTO YTBOPEHHS TPIIIMH,
CKOPOTUTH BUTpPaTH HAa PEMOHTYBaHHS Ta GKCIUIyaTalllliHE yTPUMYBAHHS JOPOXHHOIO HMOKPHUBY, @ TAKOX
3a0e3MeYnTH OUIBII palliOHaTbHE BUKOPUCTAHHS MaTepialbHO-TEXHIYHUX pecypciB y cdepi ITOpOKHBOTO
OyIiBHUIITBA.
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BripoBajpkeHHST  yIOCKOHANIEHOT METOAMKH TIPOEKTYBAHHS CHPHUATHME TiJBHIICHHIO SIKOCTI Ta
HaJIIHHOCTI IIEeMEHTOOECTOHHHUX AOPIr B YKpaiHi, IO BiJMNOBiZa€ Cy4YaCHUM BHUMOT'aM PO3BHUTKY AOPOKHBOI
1HPPACTPYKTYpH Ta MI>KHAPOJHUM CTAHIAPTaM.

Knrouosi cnosa: aBToMoOiNbHA mopora, nedopMarliiiHi IBH, >KOPCTKAN HOPOXKHINA ofsT,
eKCIUTyaTamiiiHa HaJiiiHicTh, KOe(]INi€HT TEIUIOBOTO PO3LIMPEHHS, MOAYJIb MPYXKHOCTI MPOKIAIKH,
PO3paxyHOK BiICTaHI MiXk IepopMalliiHUMHU MIBaMH, TPIIMHOYTBOPEHHS, IEMEHTOOETOHHUI MOKPUB.

Beryn

[IpoekTyBanHs Ta OyAIBHULTBO aBTOMOOUIBHUX IOPIT 13 MKOPCTKUM AOPOKHIM OJSTOM € CKIIaJIHUM
IH)KEHEpHUM TPOLIECOM, L0 BUMAarae ypaxyBaHHs 0araTbOX YMHHHKIB, 30KpeMa MEXaHIYHHUX BIACTHBOCTEH
MarepiaiiB, KJIIMaTHYHHX YMOB, TPAaHCIIOPTHOTO HABAaHTAKEHHA Ta JOBTOBIYHOCTI KOHCTpyKWii [1 — 6].
OnHMM 13 KITFOYOBHX aCIEKTiB y IBOMY IPOIleCi € TpaBWIbHE BU3HAYEHHS BiJICTaHi MiX JedopMaliiHIMu
[IBaMH, aJp)K€ BOHHU BIJITPalOTh BAXIMBY POJb y 3amoO0iraHHI yTBOPEHHIO HEKOHTPOJIHOBAHWX TPIMIMH i
3a0e3mneueHHl PIBHOMIPHOTO PO3IOAUTY HANPYKEHb Y IIEMEHTOOCTOHHUX IUTATAX.

Ha pa3i y chepi 1opoKHBEOTO OYIiBHHIITBA 3aCTOCOBYIOTH IMIXOMH IO PO3PaXyHKY BiJcTaHEH Mix
MIBaMHM, IO 0a3yIOTHCS HA HOPMATHBHUX BHMOTAaX BHCYHYTHX Ha TMOIEPEIHIX HAyKOBHX IOCII/DKEHHSX.
OmHak pPO3BUTOK TEXHOJOTIH, TMOsBA HOBUX JOPOKHBO-OYIIBEIFHHX MaTepialliB, a TaKoXX 3MIHH YMOB
eKCIUTyaTyBaHHS MOTPEOYIOTh YAOCKOHAICHHS ICHYI0OUO1 METOIUKH. BakTMBUM 3aBIaHHSIM € 11 amanTartis 10
Cy4acHUX yMOB OyJIiBHHIITBA Ta €KCILTyaTyBaHHS aBTOMOOUIBHUX JIOPIT, IO JO3BOJHTH MiJBUIIMTH IXHIO
HaJIIHHICTh, IOBTOBIYHICTh 1 EKOHOMIYHY €()EeKTHBHICTb.

VY 1iif crarTi po3rIISHYTO aKTyallbHI MHUTaHHS, NOB’s3aHi 3 YJIOCKOHAJIICHHSM METOJWKH BHU3HAYCHHS
ONTUMAJIBHOT BifIcTaHi MiX JAepopMaliflHUMH IIBaMH, MPOAHATI30BaHO YHMHHI HOPMAaTHBHI JOKYMEHTH,
CBITOBUI1 1 BITUYM3HSHHMN AOCBII MPOEKTYBAaHHS KOPCTKOTO JOPOXKHBOTO OJTY. 3alpONOHOBAHMU MiAXin
0a3yeTbcsi Ha MaTEeMAaTUYHUX PpO3paxyHKaX, CEKCHCPUMEHTAIbHHX JOCTI[DKEHHSIX Ta pe3ylbTarax
MPaKTUYHOTO 3aCTOCYBaHHS HOBITHIX TEXHOJIOTIH y OyIiBHUILITBI IeMEHTOOECTOHHHX JIOPIT.

Pesynpratu mocnimkeHb JO3BOJISIOTH CHOPMYITIOBATH PEKOMEH AT 00 ONTUMIi3amii po3paxyHKiB i
BU3HAUEHHS KJIIOYOBUX MapaMeTpiB po3MilieHHs AedopManiiHUX IMIBiB, IO CIPUATHME MiABUIICHHIO SKOCTI
JOPOXHBOTO MTOKPUBY, 3HIKEHHIO BUTPAT Ha HOTo eKcIulyaraliiiHe yTpuMyBaHHS Ta 3a0€3MeUCHHI0 BUCOKOT
eKCIUTyaTalifHOT HaifHOCTI.

Buxknan ocHoBHOro marepiaJty

Tpamumiitai MeToau BHW3HA4YEHHsS BincTaHi MK aedopMariiHIMH IMIBaMH B I[EMEHTOOETOHHOMY
MOKPHB1 aBTOMOOIUIHHHUX JOPIT 0a3ylOThCS MEPEBAKHO HA eMITipUIHUX (hopMyiax, siki Oyiau po3poOiieHi 3
ypaxyBaHHSAM CTaHAAPTHUX YMOB €KCIUTyaTyBaHHA. [IpoTe i3 pO3BUTKOM Cy4acHHX AOPOXKHBO-OYIiBETBHUX
MarepiayiB, YIOCKOHAJCHHSIM TEXHOJOTIH OyIiBHUIITBA Ta 3MiHAMH B IHTEHCHBHOCTI PyXy TOcCTana
HEOOXITHICTh TEePeTsIny Ta MOJSPHI3aIlii IHUX MiAXOMTiB.

BusHaueHHs ONTHMAJIbHOT BIZICTaHI MK IIBaMH € 0araro()akTOPHUM 3aBIaHHIM, SIKE 3aJIS)KUTh BiJl
HU3KH [1apaMeTPiB, 110 XapaKTePU3YIOTh K (PI3MKO-MEXaHIYHI BJACTUBOCTI IIEMEHTOOCTOHY, TaK i 30BHIIIHI
BIUIMBH, 30KpeMa TeMIIepaTypHi KOJMBAHHS Ta HABAHTA)KCHHS BiJl TPAHCIIOPTHUX 3aCO0IB.

OcHoBHI (hakTOpH, IO BIUIMBAIOTH HA PO3PaxyHOK BifCTaHi Mix AedopMamiiHIMH IIBAMH:

— 3MiHa TeMmeparypu (TeMIepaTypHi KOJIMBaHHS BIUIMBAIOTh Ha PO3IIMPEHHS Ta CTHCKAaHHS
HEMEHTOOETOHHUX IUINT, IO MOXKE CIPUYMHITH HEKOHTPOJIbOBaHI TPilMHA. OCHOBHMMHU MOKa3HUKAMHU €
aMIUTITy/la Ce30HHMX 1 JOOOBUX TeMIepaTypHUX 3MiH y IeMeHTOOeTOHHil miuuti Ha rimOmHi 10 cM Ta
KOE(Ii€HT TEIIOBOTO PO3LIMPEHHs IIEMEHTOOETOHY, SIKMH BU3HAYa€ 3MiHY JIIHIHHUX PO3MIpPIiB IUIHTH il
BIUIMBOM TEMIIEPATYPHUX KOJIMBAHB);

— MeXaHiuHi BJIACTHBOCTI LEMEHTOOETOHY (MOXYyJb NPY>KHOCTI, W0 BH3HAudae aedopMaliiiHy
3IaTHICTb MaTepialy, Meka MIIHOCTI Ha PO3PHUB, SIKa BIUTUBAE HA 3[ATHICTh IUIUTH NPOTUAISTH BUHUKHEHHIO
TPILIMH, YCaJ04YHlI XapaKTEPUCTHKH, 10 € KPUTUYHUM HapaMeTpPOM, OCKIIBKM EMEHTOOETOH CXMJIBHUI 10
3MEHILIECHHS 00’ €My i/l 4ac TBEPAHEHHS, 110 MOXe CIPUYUHSITH PO3TATYBajIbHI HAIPYKEHHS);

— TOBIIWHA IEMEHTOOETOHHOI IUUTH (I Yac 30UIbIIEHH] TOBIIWHU TUIMTH YKOPCTKICTh MOKPHUBY
3pocTae, MmO MOXKE 3MEHIIUTH MOTpedy B YacTOMy po3TamlyBaHHI IBiB. OJHAaK HaaMipHE 30LTBIICHHS
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TOBIIMHU MOYKE€ TIIBHUIIUTHA BHYTPIIIHI HAMPYXEHHSA, MI0 MOTpeOye PEeTenhbHOro aHalidy ii BIDIMBY Ha
3arayibHy HaIpyry B KOHCTPYKIIii);

— TapaMeTpu OCHOBHU (THIT OCHOBH (KOPCTKA, HAIMBXKOPCTKA ab0 HeCTiiika) BH3HAYAE PO3MOIIT
HaBaHTAXEHHS IO TUIONI IUIMTH, a TaKOX MOXYJIh MPY>KHOCTI OCHOBH / KOEQIII€HT IOCTENI IPYHTOBOI
OCHOBH € BOKJIMBUMH (haKTOpaMH, 10 BIUTMBAIOTH HA TOBIOBIYHICTH IEMEHTOOETOHHOTO TIOKPHUBY );

— IHTCHCHBHICTh PYXY Ta HAaBaHTAXXEHHsI BiJ TpaHCHOpTy (y Cy4acHHUX YMOBax 3HauHa KiTBbKICTh
TPAHCIIOPTHUX 3ac00iB, 30KpeMa IEePEeBAHTAKEHUX BAHTAXIBOK, CTBOPIOE II/IBUIICHE HANpYyKEHHS Ha
nokpuB. [l yHHKHEHHs HaaMipHOi Jedopmanii JOPOKHBOrO HEMEHTOOCTOHHOTO IOKPUBY B 30HAX
THTEHCHBHOTO PYXY JOLLIBHO CKOPOUYYBATH KPOK yIAIITYBaHH AeopMaliiHIX IIBiB);

— TexXHOJOTiuHi (akTopu (TeMmmepaTypa TOBITPs MiJ Yac yKJIAJAaHHS LEMEHTOOETOHHOI Cymimi
BIUIMBAE Ha MOYATKOBI yCaJO4Hi MPOIECH Ta TEPMiH CXOIUTIOBAaHHS OCTOHY, a 4ac po3pi3aHHs LIBIB Micis
YKJIaJaHHs LHEeMEHTOOEeTOHY (3a3Bu4ail 6—12 TOAMH) € KPUTHYHUM IS 3aM00iraHHs YTBOPEHHIO TPIIMH JI0
MOMEHTY BBEIIEHHS IOPOKHBOT'O TIOKPHUBY B €KCILTyaTyBaHHS).

IlIpoonema mpaouuyiiitnux nioxooie 00 euznayenns giocmani midic depopmayitnumu weamu

JedopmartiiiHi mIBU B IEMEHTOOETOHHOMY MOKPHBI aBTOMOOUIHHHX JIOPIT BUKOHYIOTh BRXKIIUBY POJIb
y 3amo0iraHHi HEKOHTPOJBOBAaHOMY YTBOPEHHIO TPIIIMH 1 MepeadacHoMy Horo py#HyBaHHI0. OHaK
TpaIWIilHI MiAXOAW 0 BU3HAYCHHS ONTUMAIBHOI BiJICTaHI MK HHMH 0a3ylOTbCs 3A€0UTBIIOrO0 Ha
eMnipudHUX (HOopMysax Ta HOPMAaTHBHUX PEKOMEHIAMLISX, SKi HE yPaxoBYIOTh yCi YMHHHKH, L0 BIUIMBAIOTh
Ha JOBIOBIYHICTh TOPOKHBOTO OJATY.

3riHO 3 YNHHUMHU HOPMATHBHUMH TOKYMEHAMH ISl aBTOMOOIIHHIX OPIT 3aralbHOr0 KOPHUCTYBAHHS
BiJICTaHb MK ITOTICPEYHUMH ITBAMHU CTUCKAHHS MPUUMAETHCSA B Mekax (4 — 6) M 71 IOKPHUBY aepOJAPOMIB —
(6 — 8) M. Ta xo9a 11i BUMOTH € 3aTTLHONPUHHITAMHE, BOHH MalOTh HU3KY TaKUX HEIOJIKIB:

— VHIBEpPCAIBHICTh MiAXOQy O€3 ypaxyBaHHS pealbHHX YMOB EKCIUTyaTyBaHHs (TeMIlepaTypHi
KOJIUBAHHS, BOJIOTICTh, THIT TPYHTOBOi OCHOBHM, HABAaHTAXCHHs BiJl TPAHCIOPTHUX 3aCO0IB CYTTEBO
BIUIMBAIOTh HA TOBEIIHKY LEMEHTOOCTOHHOTO MOKPHUBY, aie Il (akTOpu YacTo HE YpaxOBYIOTHCS B
pO3paxyHKax ITijl 4ac MPOEKTYBaHHI);

— 3aHaATO Maya BiJICTaHb MK HIBaMHU (TPU3BOJHUTH JO 3POCTaHHA BapTOCTi OYHiBHHUIITBA 4epe3
HEOOXI1THICTh O1J1bIIOT KUILKOCTI IIBIB Ta BUKJIMKAE 301IbIICHHS 00CSITiB PEMOHTHHX POOIT y MaliOyTHHOMY;

— 3aHaATO BEJIMKA BiJICTaHb MK IIBaMHU (CIPUYMHSE XAaOTUYHE YTBOPECHHS TPILIUH, IO 3HUXKYE
HECHY 3IaTHICTh JOPOXKHBOTO MOKPHBY, NPU3BOAUTH A0 HEPIBHOMIPHOTO pO3IOJUTY HaNpyXeHb Ta
MPUCKOPEHOTO HOTO PyHHYBaHHS).

3anpononogane yOOCKOHANEHHA MEMOOUKU

Jnst mononaHHs 3a3HaYeHUX NPOOJIEM MPONOHYETHCS BIPOBAIKEHHS OiMbLI TOYHOTO MiAXOLY IO
BU3HAUEHHS ONTUMAaJIBHOI BIICTaHI MiX fedopMauiiinumu mBamu. HoBuil MeTox 6asyeTbes Ha:

— BHKOPHCTaHHI Cy4acHHMX MOJeJeld MPOTHO3YBaHHS MOBEOIHKH LIEMEHTOOCTOHHOTO HMOKPHBY, SIKi
YpaxoBYIOTh TeMIlepaTypHi aedopmariii, IUKIIYHI HaBaHTAXEHHA Ta ()i3MKO-MEXaHiYHI XapaKTePUCTUKH
Marepiaiy;

— 3aCTOCYBaHHI MapaMeTPUYHUX JOCHIDKCHb (aHai3y B3a€EMO3B 3Ky MIDK  KIFOYOBHMH
rapaMeTpaMu TTOKPHUBY ), IO TO3BOJISIE BU3HAYUTH HAHO1IBIT e(heKTHBHI KOHCTPYKTHBHI PIllTCHHS;

— O0O0JIKy pealbHUX YMOB €KCIUTyaTyBaHHsS (BKJIIOYAIOUYM KIIIMATH4HI (DaKTOPH, THI KOHCTPYKIIT
IOPOXKHBOTO OJIATY Ta PIBEHh HABAHTAXKECHHS B TPAHCTIOPTHUX 3aCO0iB).

Ouikysani pezyniomamu 6nPoBAOIHCEHH HOBO20 RIOXO0Oy

3anponoHoOBaHe YJIOCKOHAICHHS MIIXOAY O PO3paxyHKy BiJCTaHI MiX JedOopMalilHUMU IIBaMHU B
JIOPOKHBOMY IIEMEHTOOETOHHOMY TIOKPHBI JIO3BOJUTH:

— MiABHIIMTH JOBIOBIYHICTH JOPOKHBOIO MOKPHBY 338 PaXyHOK 3MEHILIECHHS PHU3HMKY YTBOPEHHS
HEKOHTPOJILOBAHUX TPIllINH;

— ONTUMI3yBaTH BHUTpaTH Ha OYyAIBHUITBO Ta PEMOHTYBaHHS ULUIIXOM BHOOPY EKOHOMIYHO
JOLLTBHOT YaCTOTH PO3MILIEHHS JeOopMaliiiHIX MIBiB;

— MiABUIIMTH EKCIUTyaTaliiiHy HaaidHICTh aBTOMOOUIBHUX JAOpIr 1 3MEHIIMTH HMOBIPHICTD
nepeayacHuX pyHHyBaHb JIOPOKHBOTO IEMEHTOOETOHHOTO MTOKPUBY.
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Onmumizayia eiocmani mixc wieamu Ha OCHOBI PO3PAXYHKOGUX NAPAMEmpie

J1st BU3HAUEHHS OBXKHHH IUIMT IIEMEHTOOSTOHHOTO TIIOKPWBY (BIACTaHI MK TIOTIEPECIYHHUMH
IIBAMU CTUCKaHHS) 3aCTOCOBYIOTH pPO3paxyHKoBi meromu. IIpu IbOMy IOBXKHMHA IUIMTH HE IIOBHHHA
MePeBUIIYBaTH 61, a CIIIBBITHOIICHHS 1i JOBXKUHH JI0 IIMPUHHU Ma€ 3JIMIIATUCH B Mexkax 1:1,25.

[lix uac Tpu3HAueHHS JOBXWMHM IUIMTH HEOOXiTHO  ypaxoBYBaTH IUBUAKICTE  PYXy
0ETOHOYKIIaJAILHOTO KOMIUIEKCY Ta BiJIIOBIHO AWCKPETHICTh JOBKWHU IUIMTH 3 HACTYITHHM YpaxyBaHHIM
y MPOEKTI BUKOHAHHS POOIT, 30KpeMa B TEXHOJNOTIYHHUX KapTax.

Po3paxyHok BincTaHi MiXK IIBaMH PO3MIMPEHHS] BUKOHYETHCS 3 ypaxyBaHHSIM TeMIIEpaTypHUX YMOB
OeToHyBaHHS Ta MAKCUMAJILHOT TEMIIEPATyPH AOPOKHBOTO IIEMEHTOOETOHHOTO MMOKPUBY Ha ruouHi 10 cM.

OcHOBHI 00MEXEHHS 010 PO3PaXyHKY BiICTaHI MiX MONEPEYHUMH LIBAMH CTHCKAHHS:

— nns meapmoBanux it (LTT-11L, I1-Y) ycix ToBmmH — (4,5 — 6,5) M (3a po3paxyHKOM);

— nns ot 13 apmyBadHsaM (LITT-AILL, HII-BA) — 12 M 3a ToBumau (170 —200) MM, 14 M 3a
TOBIIMHHA OLIbIIE HiX 200 MM.

Bigcranp MK HONEPEYHUMM ILIBAMU PO3LIMPEHHS, SIKi YJIAITOBYIOTH Y BHIVISAI JBOX JIOLIOK 3
TEXHOJIOTIYHUMH PO3PUBaMU IMUPUHOIO He Oibire Hik 30 MM, 3aITOBHEHUMH MTOAATIMBAM MaTepialioMm, 1 3a
YMOB yJAIITyBaHHs Y HAWOUIBI Tapsiauii THXXACHD y BEUipHi TOJUHHA a00 BHOU1, TPUIMAIOTh He OiJIbIle HiXK:

— g meapmoBanux ut (LII-111, III1-Y) ycix ToBmmH — 140 M;

— urg ouT i3 apmyBarasM (HIT-ALLL IIT-BA) — 120,0 m y miTHi# epioa, 60 M y BeCHIHUI.

Brumis BipaxiB Ha pO3MIIICHHS IITBiB:

— Ha JinsHKax i3 pagiycamu meHme 700 M IMIBM MOXYTh BIAIITOBYBATHUCH MiJ KyTOM JO OCi
aBTOMOOUIBEHOT 1OPOTH;

— s HeapmoBaHoro nokpusy (LITT-1L, II1-Y) Ha Bipakax peKOMEHIY€EThbCsl 3MECHIICHHS BiJICTaH1
MDXK 1Bamu 10 3,0 M;

— s apmosaHoro mnokpuBy (LIIT-AL, HII-BA) i3 paamiycamu kpuBoi MmeHme HixK 700 M
BiZICTaHb MDX IIBAaMHM CTHCKaHHs Mae OyTH BJBiYi MEHILIOIO 3a PO3PaxyHKOBE 3HAYEHHs, a AJIS MEHIIUX
paniyciB — yTpuui;

— TMO3IO0BXHI IIBM MOBHMHHI BiANOBiATH paliycy KpHBOI B IUIAHI I 3a00iraHHsl HEPiBHOMIPHOTO
PO3MOALTY HAPY>KEHb.

Takum 94MHOM, 3aCTOCYBaHHS HOBUX IiJIXOJiB O BU3HAUEHHS BiZcTaHi MiX AeOopMaliifHUMHU [IBaMU
JIO3BOJISIE TOCSTTH ONTUMAIBHOTO OanaHCy MiX BUTpaTaMH Ha OyIiBHHLTBO Ta JOBTOBIYHICTIO JOPOKHBOTO
[IEMEHTOOETOHHOTO TIOKPUBY, IMiJBUIIYIOYH HOTO €KCIUTyaTallifHy CTiHKICTh 1 3amo0iraroun nepeadacHOMy
YTBOPCHHIO TPIillTHH.

Po3paxynox oOonycmumoi memnepamypnoi Hanpy2u 011 30epexceHHs miyHocmi 'y pasi
YAUIMYGAHHA WIGI8 PO3UIUDEHHS

[1IBM po3MIUPEeHHAS YIAMITOBYIOTH 32 YMOBH 30€pEKEHHS MIITHOCTI, IKy BU3HAYAIOTh 33 (hOPMYJIOI0:

() Jiot
g, <o, . 1)
JlomycTUMy TeMIepaTypHy HaNpyTy B IIEMEHTOOETOHHIH MUTUTI O} " BU3HAYAIOTH 32 (OPMYJIOH:

0" =0,031-\Eq -y h. ()
3a ymoBH 36eperxenns Minocti LB Benmuuna 07" y 30Hi LIBIB HE TOBUHHA TIEPEBUILYBATH 2 f;..
dakTHYHY TeMIEpaTypHY HANpPyTy 03’ BU3HAYAIOTh 3a (OPMYJIOIO:
O-t(b =a-Eqy- (TMaKC - TBHX) 5 (3)
e a — Kkoe(iwienT niniiHoi TeMneparyproi aepopmaii LIB, a npuitmarots 1 - 103 °C' [10];

Tyaxe — MakcuMmanbHa piuHa temneparypa L[b Ha rmOumbi 10 cM Big TOBEpXHI IUIATH, Tyaxc
MPUUMAIOTh 32 JIAHUMH CIIOCTEPEIKEHB;

Toux — BuximHa temmneparypa LB, Ty,, BH3HAYaIOTh, SK TEMIEPATypy Miag 4ac OETOHYBaHHS
a00 TpuiMarOTh 32  JIOBIIKOBUMH JaHWUMH, SK CEPEIHBOMICSYHY, B3TiIHO 3
JACTY-H b B.1.1-27 [7].
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Po3paxynox giocmani mixyc wieamu po3uiupenns
Bincranb Mixk mIBaMu pO3IIMPEHHS L, BU3HAYAIOTH 32 POPMYJIIOH0:

_ EcmAby,

Lp ~ ¢ onphmp (4)
e
ne  Aby, — nedopmariio CTUCKY MPOKIIAIKHU IIBA POMUPEHHS, Aby, BU3HAYAIOTh 38 POPMYJIOK0:
__ 2'bppopp
Aby, = B ()

Monynb npyskHOCTI POKIANKHA Epyp, TPUAMAKOTE 171 POKJIAIOK 3: IEPEBMHU M KUX 1opin — 8 Mlla
3a 25 % niniiiHOI npyxHOT AedopMallii; s MONIMEPHUX MaTepialliB — 3aJIKHO BiJl THITy Marepiany Ta
MIIIHOCTI Ha cTrcKanHs 3a 10 % niHiliHOT npy>xHOT nedopmaii, MITa.

3HayeHHs OOTHCHEHHs WIBA PO3WIMPEHHs (HANPYrW Ha CTUCK) Op, NPUHMAIOTh JUIS MPOKIAIOK 3:
IEpEBUHU M’ SKHX Topix — 2 Mlla; momiMepHUX MaTepiaiiB — 3aJIeKHO B THITY MaTepialy Ta MIITHOCTI Ha
cruckanns 3a 10 % miniitHol ipy>xHO1 nedopmartii, Ml1a.

Bucory npoknanku hy, BU3Ha4a0Th 32 GOpMyJIOH0O:

hyp = h—0,04. (6)

MiHiMasbpHy IIUPUHY [IBa POIIMPEHHS BU3HAYAIOTH Yepe3 XapaKTePUCTUKY CILIBHOTO MepeMillleHHS
T AL 3a popMyoro:

AL = 100-C-L,- (A-AT+¢,), ()

ne € — xoediuieHT OOMEKEeHHS TepTA IUTUTH / OCHOBH, C MIPUHAMAIOTh Y Pa3i BUKOPUCTAHHS:
- MaTepiaiiB, yKpIIUIEHUX B’ sDKYYHMH, IO 3a0e3neuye 3uerieHHs Mix mapamu — 0,65;
- MPOIIAPKY Y BUTIISAAI MOJIMEPHOI TUTIBKM a00 T'€OTEeKCTHIFHUX MarepialiB, IO J03BOJATH
BuTbHE TiepeMimmeHHs T — 0,90.
KoedimienT termoBoro po3mupeHHs A TpuiMaroTh 3TiIHO 3 MyHKTOM 6.3 [8].
MakcumanbHuil TemmneparypHuil nianazon po6otu LIb AT BusnHavaioTe 3 ypaxyBanHsMm [10] 3a
bopmyoro:
AT = (TBI/[X - TMiH) . (8)
Koediuient ycanku Lb &y, npuiimMarots 3rigH0 3 myHkToM 6.4 [7].
[epeBipsiHHS YMOBH YyJIalITyBaHHS ITUPUHH [IBA CTUCKAHHS 3[1HCHIOIOTH 32 (POpMYIIOI0:

2 hyp > AL . 9)

Po3paxynox eiocmani miyc weamu cmucKanHs
JoBxyHy muTH (MakCUMalbHY BIJICTaHh MDK IIOTIEPEYHMMH IIIBAMH CTHCKAaHHS) Ha OCHOBI 3
MarepiajiiB, YKpIIUIEHHX B’ sDKYYHMH, TA Ha CTa0TFHOMY 3eMIITHOMY TOJIOTHI BU3HAYAIOTh 32 OPMYJIOLO:

L.=6-1. (10)

CriBBiTHOIIEHHS IOBXHWHA Ta MIMUPUHY IUTUTH HE MMOBUHHO NiepeBumtyBat 1:1,25 3 kpokom y 10 cMm y
MeHIINH OiK.

Po3paxynox eiocmani miryc no3008xcHimu wieamu

Hlupuna muTH (BiACTaHb MiXK TO3JOBXXHIMH IIIBAMH) IOBUHHA CTAHOBUTH He Oinbiie 23 h.

Ilpuknao po3paxyuky oepopmauiiinux wigie

BuxingHi gasi:

— TOBHIWHA IJIUTH — 27 cM;

— TemMmIeparypa yiamryBanus — 27 °C;

— MakcHMaJbHa TeMIeparypa nemeHTooeTony Ha rmubuni 10 cm — 44 °C;

— MiHiMaJbHa TeMIiepaTrypa eMeHTooeTony Ha rimmouHi 10 cm — minyc 30 °C;

— Marepiaj MpoKJIaJKu — JOUIKa 3 M SIKHX MOPifl / eKCTPYJOBaHHIA HIHOOIiCTHPOIL.
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JlomycTUMY TEMIIEpaTypHy HANpPYTy B IEMEHTOOETOHHIH IUIMTI Of ' BU3HAYAIOTH 33 HOPMYJIOH (2):

07" =0,031-\/Ecp -y h=0,031-4/330002,4-0,27 = 4,78 MIla.

3a yMOBM 30€pEKEHHS MIIHOCTI LEMEHTOOETOHY BEIMYMHA O, = Yy 30HI WIBiB HE IOBMHHA

nepeBuIyBat 2f,=2 - 3,4 = 6,8 MIla.

DakTHYHY TEMIEpaTypHY Harpyry 02’ BH3HAYAIOTH 32 popmyoro (3):

0;1) =a-E.p - (Tyaxe — Toux) = 1107533000 - (44 — 28) = 5,28 MIla.
[IBM po3IIMpeHHs BIAIITOBYIOTh 32 YMOBHU 30€peKeHHs MiLHOCTI, SIKy BU3Ha4aloTh 3a hopmymoro (1):

of <", 528<478.
Ymosa ne suxkonyemoca — nompiono enawmosgysamu wiu posuuUpenHs.
Po3paxyHoK BificTaHi MK IIBaMH PO3IIHUPEHHS.
Bigcranb MDK LIBaMH  PO3WIMPEHHS  Lposy, BH3HAYalOTH 3a (opmysor (4) 3 ypaxyBaHHIM
BJIACTUBOCTEN MaTepialy MPOKIaIKHU:
JIOMIKA 3 M SIKMX ITOpif

Ecm - Aby, 33000 - 0,015

Lp03111 = 5 O~ hnp = =75 7023 =94,03 M,
% T h ’ 0,27
EKCTPYJOBaHUI TTIHOTIONICTHPOI
E.n - Ab 33000 - 0,006
Lo = = - = =37,61m,
p o Omp Pup 508 2-0,23
0y — 13 ’ 0,27
ne  Aby, — nmedopmallis CTUCKY TIPOKJIQJIKK IBA PO3MMUPEHHS, Aby, BU3HAYaOTh 32 GopmyJow (5) y
PO3paxyHKy NpuiiMaeMo 2 MBH MHPHUHOIO 10 30 MM:
JIOIIIKA 3 M’SIKUX TOPi
2:byy -0y, 2-0,03-2
Aby, = ——2 = =0,015M,
mp Enp 8 "
EKCTPYJOBaHHI TIHOTIONMICTHUPOI
2-by, -0y, 2-0,03-1,8
Aby, =——F—L ="—""——""=0,006M.
P Enp 18 "

Bucoty npoknanku hy, BU3Ha4aroTh 3a Gopmyorw (6):
hy, = h—0,04 =0,27 - 0,04 = 0,23 m.

MiHimMallbHYy IIMPHUHY IIBa PO3UIMPEHHS BU3HAYAIOTH YEPE3 XaPaKTEPUCTHUKY CIILIBHOTO MEPEMIllICHHS
T AL 3a popmyoro (7):

AL 100 - C - Loy (A AT + syc) =100-0,65"68,48-(0,0000095 58 + 0,00031) =
= 5,27 cm = 0,053 m;

AT = (Tyux — Twin) = (28 — (=30)) =58°C.
TTepeBipsAHHS YMOBH BJIAIITYBaHHS IIUPUHY IBA CTUCHEHHS:

2+-hy, > AL, 2-0,03=0,06> 0,053 ™.
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Y pa3i 3HIWKEHHS TEMIEpaTypu YyKIaJaHHA IEeMEHTOOCTOHHOI CyMimIi BIACTaHh MDK IIIBaMH
PO3MIMPEHHS OYJIe CTAHOBUTU:

— 3230 °C — Lpgay = 107,50 m;

— 3228 °C — Lyosy = 94,03 m;

— 3224 °C— Lpggy = 75,10 m;

— 3220 °C — Lpgzy = 62,60 M.

JaHi po3paxyHKiB MiATBEPAXKYIOTh OOMEXCHHs HaBeIeHI BHIIIE.

Ymoea euxonyecmuca

Po3paxyHOK BijicTaHi MiX IIIBAMH CTHCKaHHS.

JOoBXHHY IUIMT (MaKCUMallbHA BiJICTaHb MiXK MONIEPEYHUMH [IBAMU CTHCKaHHsI) Ha YKPIIUIeHild OCHOBI
1 Ha cTabiTFHOMY 3€MJISTHOMY ITOJIOTHI BU3HAYarOTh 3a hopmyoro (10):

Lepe =6-1=6-1,04=624M.

CHiBBiTHOIIIEHHS JTOBXKWHU IUIUTH 1 IMUPUHU HE TIOBHHHO TiepeBunlyBaru 1:1,25 — Toxi npuiimaemo
(3,75 +0,5)1,25=5,30 m.
BucnoBxku

Po3pobnenns Ta yJoCKOHaJIEHHS METOJMKHM PO3paxyHKY BificTaHi MiX AeopMaliiiiHUMH IIBaMHU €
OJIHUM 13 KJIIFOYOBMX AaCHeKTIB Yy 3a0e3leueHHI JIOBrOBIYHOCTI Ta HAAIWHOCTI  JOPOXKHBOTO
LEMEHTOOETOHHOTO MOKPUBY aBTOMOOUTEHMX aopir. IlpoBeneHe mocmimKeHHS AO3BOJWIO BCTAaHOBUTHU
OCHOBHI YMHHHWKH, 1[0 BINTUBAIOTh Ha BH3HAYCHHS ONTHUMAIBHOI BiICTaHI MK MedOopMaIrlifHUMH IIBaMH,
30Kpema:

— TeMIeparypHi YWHHHKM (aHami3 (QakTHYHUX JAHUX TPO  TEMIIEPAaTypHUH  PEKUM
[IEMEHTOOETOHHOTO IOKPUBY Ha TIiOuHI 10 cMm);

— KOHCTPYKTHBHI NapameTpu (TOBIIMHA IIEMEHTOOETOHHOI IUTUTH, SKa BIUIMBA€E HA ii CTIHKICTH 10
TEMIIepaTypHHUX 1 MEXaHIYHUX HABaHTAXKECHB);

—  (i3UKO-MeXaHiYHI BIACTUBOCTI (KOEQILi€HT TEIUIOBOTO PO3LIMPEHHS LEMEHTOOETOHY, SKUi
BH3HAYA€ 3MiHY PO3MIpiB IUTUTH 3aJI€KHO BiJl TEMIIEPATyPH);

— Marepian gedopmarniiiHoro mBa (BUOip MaTepially NpOKIANOK y MBI PO3MIMPEHHS, SKUH
3a0e3neuye eheKTUBHY KOMIICHCAIIIO TEMIIEpaTypHHX JIedopmMartiii).

IHTerparis HOBITHIX METOIB MOJISITFOBAHHS, aHATI3Y KIIMAaTHYHUX JaHWUX, IHHOBAI[IHUX MaTepialiB i
CHCTEM MOHITOPHUHTY 3a 3MIHOIO TeMIlepaTypHd Ta HaNpyXeHb y IEMEHTOOCTOHHINM IUINTI JTO3BOJIUTH
ONTUMI3yBaTH MPOEKTHI PIlIEHHS, 3HU3UTH BUTpaTd Ha OyNIBHUITBO Ta MiJBUIIUTH EKCILTyaTaliiHy
HA/IIHICTh IOPIT Ta aepPOIOPTIB.

[lomanpma onTuMizamisi IEMEHTOOETOHHOTO IOKPHBY MOXe OYTH IOCATHYTa 3a PaxyHOK TaKWX
IHHOBAIIHUX MIAXOJIB SK BUKOPUCTAHHA MOJN(IKOBAHMX IIEMEHTOOCTOHIB (3aCTOCYBAaHHS Cy4acHHX
n00aBOK 10 I1IeMEHTOOETOHHHMX CyMillel (MIKpOBOJIOKHA, cymepriacTudikaropu) Oyae CHpUsITH
3MEHIICHHIO yCaJKd IIEMEHTOOETOHYy, IIiJIBUIICHHIO WOro MIIHOCTI Ta, BiANOBIMHO, 30UIBIICHHIO
MOTYCTHMOI BiICTaHI MK IIBaMH), a TaKOXX 3acCTOCYBaHHS aJITOPUTMIB aBTOMAaTH30BAHOTO aHANTi3y
ICTOPUYHUX JJAaHUX TIPO JIOPO’KHI POOOTH, KJIIIMATHYHI YMOBH Ta BJIIACTHBOCTI IIEMEHTOOCTOHY, IO JI03BOJIUTh
MPOTHO3YBaTH ONTHUMAJIbHY BiJICTaHb MIX LIBaMHU 3 YpaxyBaHHAM CIeUU(iKA KOHKPETHOTI'O MPOEKTY.

Takum 4YHHOM, BIPOBAKEHHS BJIOCKOHAJICHOTO METOMY pPO3pPaxyHKy, BHKOPHUCTAHHS HOBITHIX
MarepiaiB 1 IUGPOBUX TEXHOJOTIAH TO3BOJIWTh HE JUIIC TMIiABUIIATH €()EKTUBHICTh INPOEKTYBaHHS,
OymiBHMIITBA Ta EKCIUTyaTallifHOTO YTPUMYBaHHS IIEMEHTOOETOHHOTO MOKPHBY, a W CYTTEBO MOKPAIIUTH
JTIOBTOBIYHICTH aBTOMOOUTHHHX JIOPIT y CKIAIHUX KIIMAaTHYHUX YMOBaX.
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IMPROVEMENT OF APPROACHES TO CALCULATING
THE DISTANCE BETWEEN EXPANSION JOINTS IN ROAD CEMENT
CONCRETE PAVEMENT

Abstract

Introduction. Expansion joints are an integral part of the design of a cement-concrete road surface, as
they provide compensation for temperature and shrinkage deformations, preventing uncontrolled crack
formation. Rational design of the distance between expansion joints is one of the key factors affecting the
durability and load-bearing capacity of the road surface. Incorrect calculation of these parameters can lead to
premature failure of the structure, a decrease in its operational reliability, and an increase in repair and
maintenance costs [1 — 6].

This article considers the issue of improving approaches to calculating the distance between expansion
joints in a cement-concrete surface based on the DSTU draft “Guidelines for the design of rigid road
surfaces”, which is currently being developed by the SE “NIDI” with the participation of the National
Transport University. The proposed methods were developed taking into account the advanced domestic and
international experience in designing highways with rigid road surfaces, analysis of current regulatory legal
acts, building codes, scientific and technical literature, as well as modern road construction materials and
technologies. Special attention is paid to the peculiarities of road and climatic regions of Ukraine, which
allows adapting the methodology to real conditions of operation of the road surface.

Problem statement. Designing rigid road surfaces is a complex engineering task that requires accurate
consideration of all operational factors, in particular, determining the optimal distance between expansion
joints. The inconsistency of existing methods with real operating conditions can lead to premature
destruction of the cement concrete surface, the appearance of uncontrolled cracks, and an increase in costs
for repair and operational maintenance of highways.

A modern approach to design should unify and improve the methodology for calculating the distance
between expansion joints, taking into account the physical and mechanical properties of cement concrete,
temperature and humidity conditions, type and intensity of traffic load, and the characteristics of road and
climatic regions of Ukraine. The determination of the relevant parameters should be carried out on the basis
of reliable initial data, which will increase the durability of the road surface and ensure the efficient use of
material and technical resources.

Therefore, there is an urgent need to develop an improved methodology that would meet modern
requirements for road construction, contribute to increasing the operational reliability of cement concrete
road surfaces, and ensure economically feasible use of resources.

Objective. The modern development of road construction requires constant improvement of
approaches to the design of rigid road surfaces, in particular, the determination of optimal distances between
expansion joints. Taking into account the latest scientific research, modern materials and innovative
technologies allows to increase the durability and reliability of cement concrete pavement, reduce the risk of
cracking and optimize the costs of repair and operational maintenance of highways.

The purpose of the work is to inform road specialists about the latest trends, methods and
developments in the field of rigid road surface design, in particular, regarding the improvement of
approaches to determining the rational distance between expansion joints of cement concrete road surfaces.
The proposed solutions are aimed at increasing the efficiency of design solutions, adapting existing methods
to modern operating conditions and ensuring economically justified use of material and technical resources.
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BYAIBHUIITBO TA IUBIJIbHA IHZKEHEPIA

Materials and methods. The study used a comprehensive approach based on the analysis of scientific
and technical developments in the field of designing rigid road surfaces, as well as practical experience in its
arrangement. In particular, the results of research conducted by the SE «NIDI» and the National Transport
University, which are based on many years of experience in providing services in the field of road
construction, were taken into account.

The methodological basis of the work is the analysis of current building codes and national standards
of Ukraine, as well as their comparison with relevant foreign regulatory documents and technical literature.
To ensure the comprehensiveness of the study, domestic and international experience gained during the
design and arrangement of rigid road surfaces was taken into account.

Mathematical modeling methods were used to determine the optimal distances between expansion
joints, assess the stress-strain state of cement concrete slabs and predict their behavior under various
operating conditions. Analysis of the results allows us to substantiate improved approaches to design and
implement effective solutions in road construction.

Results. As part of the study aimed at implementing modern methods for designing highways with
rigid road surfaces, a DSTU project was developed, which contains updated recommendations for
determining the distance between expansion joints in cement concrete pavement.

The proposed methodology takes into account various structural types of cement concrete road
pavement, in particular:

— Jointed Plain Concrete Pavements (JPCP);

— Jointed Reinforced Concrete Pavements (JRCP);

— Continuously Reinforced Concrete Pavements (CRCP) if such a calculation is required;

— Roller Compacted Concrete Pavement (RCCP) if such a calculation is required.

Updated approaches to calculating the distance between expansion joints are based on modern
scientific research, international experience and practical data, which allows increasing the durability of
cement concrete pavement, reducing the risk of uncontrolled cracking, and improving the performance
characteristics of road surface structures.

Conclusions. The proposed methodology for designing rigid road surfaces on highways improves
existing approaches and establishes scientifically based requirements for calculating the distance between
expansion joints. It is based on modern research, takes into account the design features of cement concrete
road pavements, operating conditions and advanced world experience, which allows to increase the
effectiveness of design solutions.

The use of this methodology will contribute to improving the operational characteristics of road
surface structures, increasing their strength, resistance to loads and durability. This, in turn, will make it
possible to reduce the risk of premature cracking, reduce the cost of repairing and maintaining the road
surface, as well as ensure more rational use of material and technical resources in the field of road
construction.

The implementation of an improved design methodology will contribute to improving the quality and
reliability of cement concrete roads in Ukraine, which meets modern requirements for the development of
road infrastructure and international standards.

Keywords: highway, rigid pavement, cement concrete pavement, expansion joints, coefficient of
thermal expansion, elastic modulus of the lining, calculation of the distance between expansion joints, crack
formation, operational reliability.
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