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AHOTALUS

3e6epesa Anina Cepeiisna TloniMepmiHepaabHi KOMIIO3UTH 3 PETyJIbOBAHUMU
neopMaTUBHUMHU BIIACTUBOCTSIMU [IJI1 OCHOB 3aJ1I300€TOHHUX TPAHCIIOPTHUX
cnopya. — KanmigikaniiiHa HaykoBa mpans Ha paBax pyKOMHCY.

HucepTartist Ha 3100yTTS HAYKOBOTO CTYNEHs KaHIUAaTa TEXHIYHUX HAYK 3
cnemianbHicTio 05.23.05 ByniBensHi matepianu ta Bupobu (19 Apxitextypa Ta
OyIIBHUIITBO). — YKpaiHCbKUH Jep>KaBHUM YHIBEPCUTET 3aJ113HUYHOTO TPAHCTIOPTY
MOH VYkpainu, Xapkis, 2021.

Jucepraitisi TprCcBsSYCHA OTPUMAHHIO MTOJIIMEPMIHEPATbHUX KOMITO3HUTIB IS
OCHOB 3aJ1i300€TOHHUX TPAaHCIOPTHUX CTHOPYJ 3 AePOPMATHBHUMH BIACTHBOCTSI-
MU, SIK1 3a0e3nevarh MiHIMaIbH1 HAPYXEHHS B KOHCTPYKITISAX.

VY BcTymi OOrpyHTOBAHO aKTYyalbHICTh TeMH, C(OPMYyITbOBAHO METY 1 3a-
BIAHHS JIOCHI)KEHb, HABEJICHO HAYKOBY T1MIOTE3y, HOBU3HY 1 MPaKTUYHE 3HAUEHHS
OTpUMaHUX pe3ynbTaTiB. HaBegeHo BimoMoOCTI Ipo ampoOairito Ta omyOJIiKyBaHHS
Pe3yIbTaTIB AOCIIIKEHb, CTPYKTYPY Ta 00CAT JUCepTaIlii.

VY nepriomy po3iai BUKOHAHO aHAI3 YMOB €KCIUTyaTallii JesiKuX 3a1i300e-
TOHHMX TPAHCHOPTHUX CHOPYI, Kl YacTO 3a3HAIOTh MEpPEeIYaCHUX IMOIIKOKEHD
gyepe3 HeJOIIKK iX CHiIbHOI POOOTH 3 OCHOBaMH — 0€30a1acTHOrO MOCTOBOTO T10-
JIOTHA 13 3aJ1i300€TOHHMUX IUIUT, 3a11300€TOHHUX BOJOMPOITYCKHUX TPYO, a TaKOX
aHai3 MartepiaiiB, MPUAATHUX NI TAKUX OCHOB, SIKI JIO3BOJISTH 3HU3UTH MaKCH-
MaJIbH1 HaIPY>KEHHS B iX KOHCTPYKIIISX Ta MIBUIIATHA JTOBFOBIYHICTD.

bezbanactae moctoBe monotHo (BMII) 13 3ami300€ TOHHUX TUTMT 3aCTOCOBY-
I0Th Ha METaJIeBUX MOCTaxX, YKIaJalo4ud HA TOJOBXKHI Oamku MocTy. OCHOBOIO
BMII € mpoxmanuuii map, kUil Ma€e 3a0e3MedyBaTH MPOEKTHE TOJIOKEHHS TIIHT 1
PIBHOMIpPHO TIepeaBaTH Ha OaJKU MOCTIWHI W THMYacoB1 HaBaHTaKeHHS. JloBene-
HO, [0 IPUKPITUICHHS TUTAT J0 Oanku Mae OyTH KOpCcTKuM. B TemepimHii gac 3a-
CTOCOBYETHCSI MEPEBAXKHO T'YMOBO-JIEPEB’SIHUM MPOKIAJHUN IIap TOBIIMHOIO 13
n1y00BOi 200 COCHOBOI JTOMIKH 1 TYMOBOT TPAHCIOPTEPHOI CTPIYKH, a 3YCUILJISL HATSI -

Iy IINWIbOK, Kl MPUTUCKAIOThH IUIUTH Yepe3 MPOKIAJHUA map A0 O0aloK MOCTY,



ckianae 127,5 xkH. Takuii miap 3py4HO ynamToBYBaTH, IPOTE YEPE3 THUTTS AEpE-
BHHU BIH IIBUAKO BTpPAava€e CBOI BIACTUBOCTI Ta BUMArae 3aMiHu KoxHi /—10 pokiB.
B mporeci excruryaTarii MiIMTH 9acTO 3a3HAIOTH MEePeaIacCHUX MOIIKOIKEHb, B OC-
HOBHOMY y BUTIJIAI TpiliMH. BBaxaeTbces, mo cepen HakTopis, MO COPUYUHSIOTH
MOIIKOPKEHHSI - HEIOCKOHAIICTh KOHCTPYKIT 1 MaTepiayiiB MPOKJIATHOTO MIapy,
K1l OOYMOBIIIOIOTh HEPIBHOMIPHICTh HOTO Ae(OpPMATUBHUX BJIACTUBOCTEH Ta, BIA-
NOBIIHO, PO3MOAULY HANpyXeHb y MiuTL. i 3anoOiraHHs TPILIMHOYTBOPEHHS
MPOTIOHYBAJIOCH 3aCTOCOBYBATH HAJIMBHHM TPOKIAJAHUNA Iap 13 EMOKCHUIHO-
KaM’ STHOBYT'LJIBHOTO KoMIio3uTy. [IpoTe, He3Bakaroun Ha OYEBUAHY 3pPYUHICTH HO-
ro yJalTyBaHHS BiH HE 3HAMIIIOB 3aCTOCYBaHHS.

Takoxx OyB BMKOHaHMI aHalli3 MaTepianiB, NMPUAATHUX JIs YJIalITyBaHHS
HAJIMBHOTO MPOKJIAHOTO mapy. BoHM MaloTh XapaKTepH3yBaTHCh BUCOKUMHU PO3-
TIYHICTIO, MIBUAKICTIO HA0OpY MIITHOCTI Ta JOBroBiuHicTIO. Ha OyaiBensHOMY pH-
HKY HasBHI CyMIIlli, IPU3HAYCH1 JUIS MOAIOHOTO0 BUKOPUCTAHHS MiJ Yac PEMOHTY
OCTOHHUX 1 3aJ11300€TOHHUX KOHCTPYKIIIH: MoiiMepIieMeHTH1 cyxi cymimnii Emaco
Fast Fluid, SikaGrout-316, emoxkcunua xommosunis Sikadur-42 HE, cuiikatHo-
ypetaHoBa komnosuiis ['eo®@nekc+. [Ipore iX mpuaaTHICTD IS MPOKJIAHOTO IIIa-
py HEeBiioMa, BOHH € JoporuMu. HemocTaTHRO JOCHIIHKEHUM 3aIUIIAETHCS TaKOX
MEXaHI3M PYXy CYMIllll TI0 TEXHOJOTTYHOMY 3a30pYy ITiJl Yac yJallTyBaHHS HaJIUB-
HOTO TPOKIAJHOTO Iapy, KUK 3a0e3medye OJHOPITHICTh MOTO BIACTUBOCTEH, B
nepury 4epry aepopMaTUBHUX.

Ha 3anizauisgx Ykpaini eKCIUTyaTyeThCsl 3HaUyHA KUTBKICTh HIIUX MITYYHUX
CHOpy/ 13 3ali300€TOHHUX KOHCTPYKIIiH, HAalpUKIad, BOAOMIPONYCKHI TpyOu, Ty-
Henl. YacTuHa 1X MOMIKOMKEHb TaKoK 00yMOBJIEHa HEpiBHOMIpHUMH nedopmarri-
SIMH 1X OCHOB. Tak, BOJIONIPONYCKHI TPyOH CXMUIBHI JIO OCITaHHS MiJ OCSIMH KOJIiH,
a TiJ YKOCaMH HacHIiB - Habararo MeHme. [le mpu3BoanTh 10 3aCTOIOBAHHS BOIU
B cepeauHi TpyOu Ta ii momampmoMy ocimadHio. JledhopMaTUBHICTE OCHOB HaMa-
raloThbCsl 3HU3UTU 1H €KIIMHUMU METOJIaMH, CTBOPIOIOYM KOMIIO3UTH 13 TPYHTY 1
B’sbKy4oi peuoBuHHU. [IpoTe nmuTaHHs 3a0e3MeUeHHs OAHOPITHOCTI TAaKUX KOMIIO-

3UTIB, 0COOJMBO X 1e()OPMATUBHOCTI, 3JIUIIAIOTHCS HEJIOCTATHLO BUBUYCHUMH.



Iloka3zaHo, 10 sl MPOKJIAAHOrO Mmapy 6e30aJacTHOr0O MOCTOBOIO MOJIOTHA
JOIUIBHUM € 3aCTOCYBaHHS MOJIMEPIEMEHTHUX KOMIIO3UTIB, a JiJIi OCHOB 3aJ1i30-
OETOHHUX BOJIONPOIYCKHHUX TPYO - CTBOPEHHS MOTIMEPIPYHTOBUX KOMIIO3UTIB.

VY npyromy po3miiii HaBeJeH1 XapaKTEPUCTUKN OCHOBHUX MaTepiaiiB 1 METO-
JB JOCHIKEHb. JIJ1s1 po3p0o0KH 1 JOCTIKEHHS TOJIIMEPMIHEPATBLHOTO KOMITO3UTY
JUTSL TPOKJIAJHOTO 1apy 0e30amacTHOr0o MOCTOBOI'O MOJIOTHA 3aCTOCOBYBAIM MOPT-
nauauemenT 111 I-500, noniBininaneratny emynscito [IBAE, nobaBky cymnepria-
ctudikarop nopourkononiony CII-1, nobaBky npuckoproBad TBEPIIHHSA XJIOPHU]L
kanbiio XK, 1o0aBky crabutizyrouy kpoxmanb Moaudikoanuii KM, micok kBap-
OBUM 3 MojayneMm KpymHocTi 1,1 1 2,6, kapOOHATHUN HAMOBHIOBAY - BAITHSKOBY
MYKYy, BOJY BOJOINpPOBiAHY. JlJs MOPIBHSHHS 3aCTOCOBYBAJIM IOJIMEPIIEMEHTHI
cymimi Emaco Fast Fluid, SikaGrout-316, enokcunny kommosuitito Sikadur-42
HE, cunikatHo-ypetanoBy kommosuilito ['eo®dnexc+. Jlns cTBOpeHHS 1 AOCIHI-
JDKEHHS TPYHTOTOJIIMEPHUX KOMIIO3UTIB JIJII OCHOB HITYYHUX CHOPYJ 3aCTOCOBY -
Banu Tojiyperanosi matepiamu SPT® TY V 20.1-40781863-001:2016, cymicok
IacTUYHUH 3 yucioM riactuadocti 0,03, cepeanporo ryctunoro 2060 kr/m3, ryc-
TUHOIO YacTUHOK 2700 kr/m3.

JlerkoyknaganpHICTh CyMIIIECH TMOIMEPMIHEPAIIBHIUX KOMIIO3WUTIB BH3HAYA-
JIM PO3TIKAHHSAM Yy CM 3a Bicko3umeTpoMm CyTTapja, a TaKoK PO3TIKaHHSIM B MOJIETi
3a30py TOBIIMHOKO 25 MM MiX miuutor0 bBMII 1 mogopxHBOIO Oankor mocty. di-
3UKO-MEXaHIYHI XapaKTePUCTUKH MOTIMEPMIHEPATbHUX KOMIO3UTIB (TYCTUHY, Mi-
ITHICTh Ha CTHUCK Ta 3TMH) BU3HAUYaJ M BUMPOOYBaHHAM 3pa3kiB-nipusM 160x40x40
MM Tiicisg 1, 7 127 ni6 tBepainnsg. Po3rikanHs cymimei 1 qehopMaTHUBHI XapakTe-
PUCTHKH TIOJIMEPMIHEPATHbHIUX KOMITO3UTIB JOCHIIKYBAIH 32 OPUTIHATHHOIO MeE-
TOJIUKOIO HA MOJIENSIX By3sa croiydeHHs tumta bBMIL, mpoxmannoro mapy i mo-
JIOBXKHBO1 OAJTKK MOCTY.

di3uko-MexaHigHiI Ta qeOpMaTHUBHI BIACTUBOCTI IPYHTY Ta IPYHTOIOIIME -
PHOTO KOMITO3UTY BHU3HAYAIH METOJOM KOMIIPECIHHOTO CTUCKY Ha 3pa3kax IPYHTY
MIPUPOTHOTO 3aJSTaHHS Ta KOMITIO3UTY, OTPUMAHOTO 1H'€KTYBaHHSM JIBOKOMITOHEH -

tHOro Matepiany SPT® B rpynT. JleopMaTUBHI BIaCTHBOCTI IPYHTY Ta IPYHTOIIO-



JIMEPHOr0 KOMIIO3UTY IiJl CTATUYHUM Ta JUHAMIYHMM HABAHTXKEHHSM JOCIHI-
JDKYBaJIM TAaKOX 332 OPUTIHAJBHOIO METOIMKOI0 Ha 1X MOJENSX, MITyYHO BUTOTOB-
JICHUX Y 3aMKHCHHX MWIIHIPHYHUX €MKOCTSAX IUISIXOM iH'€KTYBaHHS y IITYYHO
YIIUIbHEHUN IpYHT. JIJIs cTaTUYHUX 1 IMHAMIYHUX BUIIPOOYBaHb BUKOPHUCTOBYBA-
JIM J1B1 KOHTPOJIBHI MOJIENI 3 IPYHTOM 1 TPU MOJEINI IPYHTONOJIMEPHOTO KOMIIO3H -
Ty.

CraTuHe HaBaHTA)XCHHSI 3/IMICHIOBAIH 3a JOTIOMOTOI) TOPTAIBHOTO TPHUC-
TOCYBaHHS 3 JOMKPAaTOM I MaHOMETPOM, JWHAMIYHE — BUIPOOYBAJIHHOI MaIllH-
Hoto MVYII-50. JIoBroBiYHICTh I'PYHTONOJIMEPHOIO KOMIO3UTY OIIHIOBAJIA Yepe3
NOPIBHSIHHS BTPATH MAacu WOro 3pa3KiB BiJl KUIBKOCTI IIUKJIIB MOMNEPEMIHHOTO BO-
JIOHACHYCHHS Ta BUCYIIYBaHHS y MOPIBHSAHHI 3 BTPATOK MAacH aHAJOTIYHUX Mare-
piajiiB 3 BiJOMOIO JIOBFOBIYHICTIO.

B3aeMoito Mixk mojiiMepoM 1 MiHEpaJIbHUMU CKJIaJIOBUMH KOMITIO3HUTIB JIOC-
JKYBalld METOJIOM 1H(paduepBOHOi crieKkTpockorii. [Y-cnexkTpu oTpuMyBaiu 3a
nonomororo crniekrpomerpa Bruker Alpha (Himeuunna) B iHdpauepBoHii 001acTi
noBxuH xBwib 400—4000 cm-1.

Y TperboMy pO3AUII BHKOHAHO TEOPETUYHE OOIPYHTYBaHHS (Hi3UKO-
MEXaHIYHUX BJIACTUBOCTEH, Yy T.4. Ae()OPMATUBHOCTI,MOJIMEPMIHEPATHHUX KOMIIO-
3UTIB JIJI1 OCHOB 3aJ1i300€TOHHUX TPAHCHOPTHUX cropyn. OOrpyHTyBaHHS Aedop-
MAaTHBHHUX XapaKTEPUCTUK KOMIIO3UTY I TipokiaaHoro mapy BMII i3 3amizo0e-
TOHHHMX TUTHT BUKOHAHO MUISIXOM aHATI3y iX HampyXeHO-Ie(OpPMOBAHOTO CTaHY.
Po3paxyHKOBHI1 €KCIIEPUMEHT MPOBEJACHO METOJOM CKIHYEHUX €JIEMEHTIB 3a J0-
nomororo mporpamHoro komiuiekcy I[IK JIMPA-CAIIP 2018 Pro (Jlimensis Ne
1/6638)y npocToposiit mocranosi. 3aificaeno ananiz H/[C 31 3MminHUME napameTt-
pamMu ONUpPAHHS ¥ HATATY MIMIJIBOK JJIs KPITUICHHS TUTMTH J0 0ajOK MPOTOHOBOI
oynosu. Monyns nedopmartii nmpoknagHoro mapy npuitmanu pisauM 2000 MIla
(six y momimepuux kommo3utiB), 10000 MIla (sax y cocuu), 35000 (sx y OeToHY
C32/40), natsr BucokoMiHux mmnuiabok — 49, 98 1 127,5kH. Po3paxyHkoBy cxemy
ckiagieHo 13 38992 ¢i3uyHO HENHIMHUX 130MapaMeTPUYHUX 00'€MHUX CKIHYEHHUX

enemenTiB CENeNe 234 i 236, kinbkicTh By3diB — 45126. KoHnTakTHa B3aeMO/Iis



MDK MPOKJIAAHUM IIAPOM 1 TUIUTOIO0 HE PO3KpUBAJIACA BHACIIIOK MOYaTKOBOTO MO-
BHOTO KOHTaKTy ¥ poOOTH MPOKIAAHOTO MIapy Ha BCiX e€Tamax HaBaHTaKEHHS
TUTBKU Ha CTUCK. HaTsar mmuiboK 3MOAEeIbOBAaHO HABAHTAXKECHHSM IJIACTUHU KpiIl-
neHHs Wnuwibky. [IpuiiHATO, 1110 NPOKIaAHUM 1Iap OMUPAETHCS Ha AOCOIIOTHO KO-
PCTKY OCHOBY.

ExcnepuMeHTanbHa MOJEh TUIMTH 3aBaHTaXKyBajach moetamHo. Ha mep-
IIOMY €TaIli BpaXOBaHO BJIACHY Bary KOHCTPYKIIil 1 HATST MITUIBOK, HA IPYrOMY —
TUMYacOBE HaBaHTAKEHHS Bifl OfHi€T oci pyxomoro ckinany 245kH. Ha koxHOMY
eTari HaBaHTaXCHHS MPHUKIaaaiu kpokamu 1o 20 % Big MaKCHMaIbHOTO 3HAYCH-
Hs. Po3paxyHKkH BUKOHAHO IIAaroBO-iTepaIiiHuM MeToaoM. Pe3ynbraTu npeacTas-
JIEHO y BUIJISIZII MOJIB HANpyKeHb 1 Aedopmariiid. 3a pe3yabTaTaMyd pPO3paxyHKiB
BUSIBJICHO 3aJI€)KHOCTI HAIIPYKEHb Ta Aedopmalliii B IUIMTI Ta MPOKIAHOMY Iapi
BiZl 1e(hOpMAaTHBHOCTI MPOKIIATHOTO APy Ta CHUJIM 3aTATYBAaHHS HIMHJIbKH.

B pesynbTati ananizy HanpykeHo-1e(pOpMOBaHOTO CTaHy IIMTH Oe30aacT-
HOT'O MOCTOBOTO IOJIOTHA 1 MPOKJIAHOTO IIapy MiJ] HUIM BCTAHOBJIEHO: MPHU 3MiHI
CHJIM HATITY BHUCOKOMIITHOT mMuibku Big 49 no 127,5 xH 1 moxyns nedopmarrii
Bix 2000 MIla mo 35000 MIla BenmuurHM HaNpyXeHb Ta Jedopmaliiii 3MIHIOIOThCS
Ta JIOCATAIOTh KPUTUYHHUX BEIUYMH (HANPYXKEHHS JOCSTal0Th BEIIMYMHU TPAHUII
MmirtHocTi). Ha BepxHiit rpaHi IIUTH NMpU CWIl HATATY mmibok 98—127,5 kH Be-
JUYUHU HAPYKEHb PO3TATY JocsaraoTh 1,8 MIla, mo gopiBHIOE MIITHOCTI O€TOHY
Ha po3TAT. MakcuMalnbHI HAPYKEHHST Ha HUKHIN TpaHi IIUTH JOCITaI0Th KPUTHU -
YHUX BEJIMYHMH TUTbKHU 3 BUKOPUCTAHHSAM MOJATIMBOTO MPOKIATHOTO APy Ta MpHU
BENMMYMHI HATATY mnuiabku 98—127,5 kH; MakcumanbHi HAPy>KEHHS CTUCKY JO-
CSITAIOTh BEJIMYWH, OJU3BKUX J0 MIIHOCTI OETOHY Ha CTHCK NP CHJII 3aTATYBaHHS
mnuibku 127,5 xkH, matepian npokiaagHOro mapy Ha HANpY>KEHHsS CTUCKY Ipak-
TUYHO HE BIUIMBA€. HampyXeHHs y MpOKIagHOMY IIapi 3a1ekarh B OUTBIIINA Mipi
BiJl MaTepialy MPOKIAAHOTO APy, HIXK BiJ CHJIM 3aTATYBaHHS IIMMIJIBKA - HATPY-
EHHS 3POCTAIOTh 31 30UIBIIEHHAM MOIyds AedopMallii; MaKCUMalibH1 IPOTUHU Y
IJIUTI OUTBIIT TPU OPOKIAJAHOMY IIApl 3 MEHIIMM MoAyJjeM aedopmaiiiii, npore

BOHU He3HayH1 (He nepeBuinyoTh 1/12000 10BXUHYU NPOTOHY).



HanpysxeHHs y TUIMTI 1 IPOKJIaAHOMY IIapl HasiBHI K 0€3 pyXOMOro HaBaH-
TaXXEHHS, TaK 1 IPH MPHUKIAACHHI PyXOMOTO HaBaHTAKCHHSI, TP 1IbOMY Bil3Haya-
IOTBCSI 3MiHM BEJIMYWH HANPYXEHb aX 10 3MiHM iX 3HaKy. OTke, BUKOPUCTAHHS
HEXOPCTKOTO MPOKIATHOTO MIApy 3 HU3BKUM MOAYJIeM aedopmariii J03BoOJsE 3Me-
HIIUTH BETMYMHU MAaKCUMaJIbHUX HAMPYKEHb Ta 1X 3MIHU Y IUINTI, ajie 30UIbIINTH
MPOTHHHU TTUTH. J{OIITBHO BUKOPHUCTAHHS JKOPCTKOTO MPOKIAIHOTO MIapy 3 MOJY-
neM nedopmariii monas 10000 MIla 3a yMoBM cuiii HATATYBaHHSI IIMUIBKH, 1110 HE
nepesuiye 98 kH.

BukoHaHo TeopeTHUHE OOTpYHTYBaHHS 3a0€3IEUCHHS MPOHUKHEHHS CyMi-
el moJiiMepMiHEepaTbHUX KOMIIO3UTIB B TEXHOJOTIYHI 3a30pH, 30KpeMa, MIXK
mnToro BMII 1 mo10BXHBOIO OaTKOI0 MOCTY, yCTOTH IPYHTIB OCHOB. SIK MOJIEIb,
IO BiAMOBiZa€ 00OM BHUMAAKaM, MPUHHATO MPOHUKHEHHS CyMIlll B TPIIUHYBATI
CKEJIbHI IPYHTH IiJ] Yac 1H €KTYBaHHS.

[Topo>xxHUHU 1 TPIIIMHU 3aIOBHEH1 MPUPOIHOIO BOJO0 mia THCKoM PB. Ilin
Jac 1H €KTyBaHHs M1 TUCKOM Pi mpoTsarom yacy t cymilll MpOHUKAE Ha TIIUOUHY .
OxpeMy TpillIMHY MPEICTABICHO 3alI0BHEHUM BOJI0I0 OE3KIHEYHO JTOBI'MM IUIACKUM
KanmusipoM upuHOIO bT, ToBmMHOK hT (bT >> hT). Cymim Tede B Kamiisipi i
TUCKOM iH’ekTyBaHHs Pi. Teuii 3aBakae mpupogHuil THCK BOAW B TpiniuHi PB i
TUCK PT Bix cunu tepTs B TpinuHi F.

3armoBHEHHSI TPIIIUHUA BOJIOIO JTI03BOJISIE€ 3HEBAKUTH e(hEeKTaMu, OB’ I3aHUMHU
3 YTBOPEHHSIM MEHICKY.

PiBHSIHHS cTallioOHAPHOTO MOTOKY CYMIIlll y TPIIUHAX € MOJEIUIIO, TPUIAT-
HOTO JUTSI aHATI3y TEXHOJIOTIYHUX PEKUMIB 1H €KTyBaHHS. 3a IIUM PIBHSIHHIM MOX-
JIUBO JTOCIITUTH 3aJICKHOCTI TTIMOMHK MTPOHUKHEHHS CYMIIli B TPIIIKHM | BT TpH -
BaJIOCT1 1H €EKTYBaHHS t Ta IHIIUX MPUPOJHUX 1 TEXHOJIOTTYHUX (haKTOpiB, a0O MOT-
piObHOT 1151 3a0e3medeHHs MEeBHOI TTUOWMHU TMPOHWKHEHHS PO34MHYy | TpuBanocTi
ompecyBaHHs t Bix | Ta iHmmx dakTopiB, a00 TTMOMHU MPOHUKHEHHS cyminri | Bif
1l IMHAMIYHOI B’ I3KOCTI.

3a yciMa pIBHSIHHAMHU BUKOHAHO JTOCIIIKEHHS 3aJIKHOCTEH: rMUOUHU MPo-

HUKHEHHS CYMIIlll B TPIIMHY | B/l TPUBAJIOCT 1H €KTYBaHHS t 32 PI3HUX BEJIUYUH



IHIIUX OPUPOAHMUX 1 TEXHOJOTIYHUX (PAKTOPIB — IIMPUHU PO3KPUTTA TpiliuH ht,
HasBHOCTI (BMICTY) y cymiti qo6aBku-cynepmiactudikatopa CII, BogoiieMmeHTHO-
ro BigHomeHHs B/Ll, nuHaMivyHOi B’SI3KOCT1 CyMIlIl T, TUCKY 1H €KTyBaHHs P1 au-
HaMiYHOT B’SI3KOCTI CYMIIII 1|, MOTPIOHOT /ISl MPOHUKHEHHS PO3YMHY Ha MIHOUHY |,
BiJ | 3a pI3HUX BEJMYMH 1HIIMX TPUPOAHHUX 1 TEXHOJIOTTYHUX (akTopiB — hr, Pi, t.
JlocnimpKeHHs] IPOBEACHO VISl 3HAY€Hb Ta MEX BEJMYMH LUX (pakTopiB: hT — BiA
0,1 no 10 mMm; BmicTy no6aBku cynepruiactudikatopa CIT — 01 1 % Big macu 1ie-
menty, B/I] - 0,351 0,5, skum BianosinawoTsk 3HadeHHs 1: CIT =0 %, B/I] = 0,35 —
n =10 TIla-c; CIT=0 %, B/I1=0,5-n =0,25Tla-c; CI1 =1 %, B/I[=0,35 —n =
0,005 IMa-c; Pi—1,6212 1 0,8106 MIla. Tuck npupoanoi Boau PB npuiinsaTo pis-
HuM 0.

3po6sieHO BUCHOBKH, 110 cyMim 6e3 go6aBok 3 B/I] = 0,35, sxe 3abe3neuye
BHCOK1 TIOKA3HUKH BOJIOHETIPOHUKHOCTI Ta MIIHOCTI, HE 3/1aTHA NMPOHUKATH Y Tpi-
IIUHU 3 BEJIMKUM PO3KPUTTAM 10 MM Ha rimbuny Outbire 0,5 M HaBITH i MaKCH -
MajapHUM THCKOM 1,6 MIla 3a Benukoi TpuBanocTi iH ekTyBaHHs 10 xB. 301IbIIIEH -
Hs B/I] 6e3 no6aBok 10 nmpuitHATHOI BeauuuHu 0,5 103BOIsE 301IBITUTH TIUOUHY
IpOHUKHEHHS 10 3—4 M. [IpoTe y TpIIIMHN 3 MEHIIIOI ITUPUHOIO PO3KPUTTSA 1 MM
cymimm 6e3 n1o6aBok nmpoHukae Ha riauouny 3a B/I] = 0,35 — ne Ounpiie 0,1 M, a 3
B/I1 = 0,5 — me 6inpmie 0,8-1,2 M, a y Tpimuan 0,1 MM Mmaiixe He mpoHukae. OTxe,
e(hEeKTUBHICTh IIEMEHTHUX CyMilIeil 0e3 100aBOK IS IMiIBUIIICHHS BOJOHEIPOHMU-
KHOCTI Ta HECYy4Yoi 3[aTHOCTI OCTOHHHMX KOHCTPYKIIii CITUTBHO 3 TPIIUHYBATOIO
CKETFHOIO TTOPOIOI0 HE MOXE OYTH BUCOKOIO.

30UTBIIUTH TIMOWHY MPOHUKHEHHS IIEMEHTHUX CYMIIIEH 03BOJISIE 3aCTOCY -
BaHHA J100aBOK-cynepruiacTu(ikaTopis, K1 3HIKYIOTh iX JUHAMIYHY B’ S3KICTh J0
BenuunH 0,005 Ila-c. Po3unn 3 mo6aBkoro-cynepracTudgikaTopoM HaBiTh 3a B/I]
= 0,35 npoHHKae y TPINMHU MUPUHOIO po3KkpuTTsa 10 MM Ha rmmbOuny 10 M 3a 0,5—
1 xB, y TpimuuHu 1 MM — 3a 3—7 xB. TuUlbku Takuil pO3YMH MPOHUKAE y TPIIIUHU
mupuHoto po3kputts 0,1 MM, 30kpema, 3a 10 xB Ha rmbOuny 2 M mig TuckoMm 0,8
MIla 1 va rmubuny 2,7 M mia tuckom 1,6 MIla. OTxe, 1H’€KTyBaHHS LIEMEHTHHX

cymimieit 3 qobaBkaMu-cynepruiacTugikaTopamu J103BoJisg€ e(heKTUBHO 3a0e3neuy-



BaTH MIJBUILEHHS BOJOHEIPOHUKHOCTI Ta HECYUYOi 31aTHOCTI KOHCTPYKIUIi CIIUTBHO
3 TPIIIMHYBATO CKEIBHOIO MOPOJIOIO.

OTpuMaH1 TEOPETUYHI 3aJI€KHOCTI Ta BUCHOBKH 3 HUX IMIJITBEPKEHI €KCIIe-
pPUMEHTaMU 3 PO3TIKAHHS CyMIIIEH MOJIIMEPLIEMEHTHOI KOMIIO3HULIIi B MOJIEN1 3230~
py Mix unToro BMII 1 6ankoro mocry.

VY derBepTOMy po3auIl Oy BUKOHAHI €KCIEPUMEHTAIbHI JOCTIIKEHHS pe-
OJIOTTYHUX BJIACTUBOCTEN CyMilleld MOJIIMEpMIHEpaIbHUX KOMIIO3HUTIB 1 (pi3uKo-
MEXaHIYHHX, Y T.4. I1e(OpPMATUBHHUX BIACTUBOCTEH KOMIIO3HTIB I OCHOB 3aJ1i30-
OCTOHHHMX TPAHCIIOPTHUX cHOpy. Po3po0ieHo ckiiaan modiMepIieMeHTHOI KOMITO-
3WIT 1711 HATMBHOTO MPOKIIATHOTO Iapy 0e30amacTHOro MOCTOBOTO MOJIOTHA. Po-
OMMO BUCHOBOK, IO 31 3MEHIIEHHSIM BMICTY MIHEpaJbHOI Ta 30UIBIIEHHSAM TOJIi-
MEPHOT CKJIaJIOBUX MOJYJIb JedopMallii KOMIO3UTY 3HUKYETHCSI.

BukonaHo ekcriepuMeHTalIbHI JOCHIKEHHST (PI3UKO-MEXaHIYHUX, Y T.4. Je-
(dbopMaTUBHUX, BIACTUBOCTEH MOJIMEPIPYHTOBUX KOMIIO3UTIB ISl OCHOB 3aji30-
OETOHHUX TPAHCIIOPTHUX CHOPY.

Po6uMo BHCHOBOK, 110 3a CyXOT'0 CTaHy IPYHTY (CYITICKY) 3 BOJIOTICTIO, M€-
HIIOI0 8,6 %, BUTOTOBIEHHS KOMIIO3UTY HE 30uiblrye moayns nedopmaiii (He
3HIKYE nedopmaruBHOCTi). g OLIBIT BOJIOTHUX TPYHTIB BiI3HAYAETHCSA 301JIb-
IICHHST MOIyJsl AedopMallii 3a paxyHOK CIIOJYYECHHS 3 MOJIIMEPOM, 3a BOJIOTOCTI:
10 % — y 2,5 pasu (Bin 17,3 go 42,8 Mlla); 14 % (rpanuns miacTu4HocTl) —y 20
pasiB (Bixg 0,98 no 19,4 MIla); 15 % (cepenuHa rpaHuIlb IUIACTUYHOTO CTaHY) — Y
30 pasziB (Bix 0,54 no 16,4 MIla); 16 % (rpanurs TeKy4ocTi) — BiJ HyJbOBOTO 3Ha-
yeHHs 10 12,2 MIla. ITopiBusHHa oTpuManux BenuyuH Kg 3 TOKa3HMKaMU KOHCH-
crentii [L mocmimkeHoro CymicKy J03BOJMIIO 3pOOUTH BUCHOBOK, 10 Kk 3a/1eKUTh
Bix Bosiorocti W Ta IL Ta, oTke, BiJ BHXiIHOTO (IPUPOIHOTO) cTaHy IpyHTY. Koe-
dimieHT maBuIIeHH Moayis Aedopmanii Kg rpyHTY Bij 3aKkpiluIeHHs CKIaae Jis
IPYHTIB KOHCUCTEHIIIi: TBepnoi — Bix 1 (edexry Hemae) no 7; HamiBTBEpAOi — Bif 7
1o 27; tyromnactudaHoi — Bixg 27 g0 37; M’ sikorutactuaHoi — Bix 37 mo 49; Texyder-

nactuaHoi — Big 49 1o 65; Tekydoi — Bix 65 mo 130.



TakuM 94WHOM, B PE3yJbTaTi CTATHYHUX JOCHTIIKEHb BCTAHOBIICHO, IO TIE-
PETBOPEHHS IPYHTY B TPYHTOIOJIMEPHUNA KOMIIO3UT 3HWXKY€E HOTO aedopMaThB-
HICTh (NMIABULLYE MOAYJb nedopmanii). Moayns negopmariii NpupoIHOrO IPYHTY
3a Bosiorocti W = 15 % cknanae 0,5-0,7 MIla. B koMno3uti Moaysb 301IbIIYETh-
ca3a W =109 % — no ve merme 11,2 MIla, 3a W = 6,9 % — 1o e menmre 33,4
MIla. B He MeHIIOMY cTyneHl MOAYJb AedopMallii MiABUILYE OCYUIEHHS IPYHTY:
3aW=11,5% —no 3,9 Mlla, 3a W = 9,5 % — 1o ne menue 33,5 MIla. B pe3ynsb-
TaTi AMHAMIYHUX JIOCTI/DKEHb BCTAHOBJICHO, IO TIEPETBOPEHHS IPYHTY B IPYHTO-
NOJIIMEPHUN KOMIIO3UT CYTTEBO 3HMKYE HOTO Ne(OpPMATUBHICTD MiJ JUHAMIYHUMU
HABAHTAKCHHSMH Ta MIBUIIYE TUHAMIYHUN MOTYJb nedopmartii N/e.

B pesynbTaTi netporpadiyHuX JOCTIIKEHb BCTAHOBIICHO, 110 MaTepial 1 Te-
xnonorigs SPT® 3a0e3neuyroTh yTBOPEHHS B IPYHTI KOPEHENOMIOHMX apMYHOUHX
€JIEMEHTIB TMornepeyHuM po3Mmipom g0 700 MM, 10 CKIAAAIOTHCS 13 CEPEIUHHOI 1
nepudepiiinoi 30H. CepeuHHA 30HA € MPOIIAPKOM IIUIFHOTO A00pe MOIIMEPHU30-
BaHOT'0 Martepiany, nepudepiiiHa — IPyHTOTOJIMEPHUM KOMITIO3UTOM 13 TTOPHU30Ba-
HOTO TOJIMEPY 1 YaCTUHOK IPYHTY. OTXKe, MABUIIIEHHS Moy nedopMmaliii oCHOB
3a0€3Ieuy€eThCs €JIEMEHTAMHU 13 IPYHTOTIOJIMEPHOTO KOMITO3HTY.

JIOBroBiYHICTb I'PYHTOIIOJIIMEPHOT'O0 KOMITO3UTY B YMOBaX BIJICYTHOCTI BUBI-
TPIOBaHHS Ta 1HCOJIALT BU3HAYAETHCS BIUIMBOM BOJHM. J[JIS OILIHKK JIOBrOBIYHOCTI
KOMITO3UTY PO3pO0JIeHA OpHUTIHAJIbHA METOAMKA JOCHIIKEHHS - 3MOJCIhOBAHUM
PYWHIBHUH BIUTMB MOMEPEMIHHOTO BOJOHACHYCHHS i BUCYITyBaHHA. BcTaHOBIIEHO,
IO 1I€¥ BIUIMB CTIPUYWHSE TOIIKOJKEHHS, SIKe XapaKTePU3y€e€ThCsl BTPATOIO MACH.
BcranoBneHo, 1110 BTpaTa IpyHTOIOJIIMEPHUM KOMITO3UTOM 5 % Macu JoCsTraeThes
3a 10 nukiiB, a 10 % Macu rpyHTOCHITIKATHAM KOMIIO3UTOM — 3a 2 1ukiu. Bpaxo-
BYIOUH JIOBIOBIYHICTH 3aKPIIUICHHS TPYHTY CHIIIKaTH3aIli€l0 15 pokiB mMporHo3oBa-
Ha JIOBTOBIYHICThH TPYHTOTIOIIMEPHOTO KOMIIO3UTY OYIKYETHCS HA PIBHI HE MEHIIIE
75 poOKiB.

Bbynu BHKOHaH1 MOCHIPKEHHS B3a€MOJIII MK IMOJIMEPOM 1 MiHEpaIbHUMU
CKJIaJIOBUMHM KOMIIO3UTIB METOAOM 1H(pauepBoHOi cniekTpockomii. Ha cnekrpax

IPYHTOIOJIIMEPHOTO KOMIIO3UTY B OCHOBHOMY MPHUCYTHI CMYTHU TMOTJIMHAHHS, Xa-



paKkTepHi K Uil IPYHTY, Tak 1 A nojaimepy. CrnocrepiraeTbesi BIICYTHICTD Y CIie-
KTpi Kommo3uty cmyr 2200-2300 ¢cM ! BaneHTHHX KOJIMBaHb aCHMETPUYHUX TPYII
N=C=0 nianatiB Ta i3ouuanatis i 850 cM ! BanenTHHX KomuBanb rpyn C—N. Bu-
XOISYM 13 MOJEKYJSIPHOI CTPYKTYpH MOJIIypeTaHy 1€ CBIAYMTH, BIANOBIIHO, MPO
OUTBILI MOBHY MOJIMEPHU3aLil0 MOJIypeTaHy B KOMIIO3UTI, HDK B MOJIMEPIi, Ta MPO
YTBOPEHHS BOJIHEBHX 3B'AI3KIB MK MOJIEKYJIAMH MOJ1ypeTaHy Ta MOBEPXHEIO MiHE-
paNbHUX YACTUHOK I'PYHTY 4epe3 iX riipokcuibH1 rpynu. Came 1l 3B'SI3KM BiJIMOBI-
JIH1 32 a/re3ir0 MojiiypeTaHy A0 MiHEpaJIbHUX MOBEPXOHb Ta (i3UKO-MEXaHIYHI, Y
T.4. 1e(OpMaTUBHI BIIACTUBOCTI KOMIIO3UTY.

Y m’saToMy po3aini HalaHO pe3yJbTaTH BIPOBAKEHHS PO3POOICHUX IMOJIi-
MEpMiHEpaTbHUX KOMITO3HTIB. J[JIs1 ynamTyBaHHS TPOKJIAJHOTO IIapy ITiJl TUTUTA-
mu BMII 13 moniMeprieMeHTHOTO KOMIO3UTY CKiIaay 1 3ampornoHOBaHO KOHCTPYK-
TUBHO-TEXHOJIOT1YHE pilieHHs. BOHO mojsirae y 3aauBaHHl CyMillli KOMIIO3UTY Y€ -
pe3 OTBOPH JIA IIMWIBOK B TUIMTAX, MOMEPEIHHO BCTAHOBJICHUX Y MPOEKTHE IMO-
JIO’KEHHA Ha JOKAJIbHI MIAKIAIKA-MasgKi, B TEXHOJOTTYHUI 3a30p, YTBOPEHH Bep-
XHBOIO TPaHHIO OAJIKU MOCTY, HIDKHBOIO TPAHHIO TUITUTH 1 HE3HIMHOIO OMAIyOKOIO
13 €JTaCTUYHOTO MOJIMEPHOI0 MaTepialy.

[TomiMeprpyHTOBUI KOMIIO3UT BIPOBAKEHO IIiJ Yac MPOBEJAEHHS POOIT 3
KaImTAILHOTO PEMOHTY BOJIONPOITYCKHOT TpyOu Ha 1216 kM ainsaku KosociBka —
Opneca perionansHoi Ginii «Onecwbka 3anizauis» AT «Ykp3anizauisay. TpyoOa 3Be-
7ieHa 13 3a7m1300eTOHHNX Kielb. Kinbisg 6e3nocepeaHbo i KOMIsIMU OCLTH 1 3HA-
XOJWJINCh Y PYXOMOMY CTaHi, KOJIMBAIOYUCh MO Mipi pyXy MOI3/1B 3 BUILJIECKOM
I'PYHTOBOI cycneH3ii uepe3 mBu. OCHOBY TpyOH i3 pO3PIKEHOT0 IPYHTY OyJI0 TIe-
PETBOPEHO Y TOJIIMEPTPYHTOBHI KOMIIO3UT MIISXOM 1H'€KTYBaHHS MOJIIYpETaHOBO-
ro nonimMepy SPT® B ocHoBy. Po6otu Bukonano TOB «Hoswuii rpag» 3a HayKOBO-
TexHigHoro cynpoBokeHHs YKpIY3T. Exonomiuauii edexr, sikuii JOCATHYTO 32
paxyHOK BUKOHAHHS 3a3Ha4€HUX POOIT 3aMICTh MOBHOI mepedynoBu TpyOu 3 yia-
IITYBaHHAM 3aJ11300€TOHHUX (DYHJIaMEHTIB, CKJiaB 2 MJH. rpH. [loaiMeprpyHTOBUi
KOMITO3UT PEKOMEHJOBAHO 3aCTOCOBYBATH JJIS T1IPOI30JISIIi Ta MiJBUIIECHHS HE-

Cy4oi 31aTHOCT1 KOHCTPYKIINA TYHENB, BOJOMPOIYCKHUX TPyO, MOCTOBHX OIOp,



po3p0o0JIeHO peKOoMeHaIlii 3 MIABUILEHHS HECYUYO0i 3JaTHOCTI OCHOB Ta TipOi30Jisi-
11i 00pOOKHM MITYYHUX CIIOPY/I.

Pe3ynpTaTi aucepTaniiHOrO AOCHIIKEHHS BUKOPUCTOBYIOTHCS y HaBYalb-
HOMY TIpOIIeCi MiJl Yac YJOCKOHAJICHHsI KYpCIB JICKIIIM, MPaKTUYHUX 1 JlabopaTop-
HUX pOOIT JIJIs1 CTYJEHTIB, MariCTPaHTIB, JOKTOPiB (utocodii cnemianbHocTel 192
«ByaIBHUIITBO Ta UBLILHA THXKEHEPI», 273 «3an3HUYHUN TPAHCTIOPT».

KuarouoBi cioBa: noniMepMmiHepaibHl KOMIIO3UTH, TPYHTOIOIIMEPHI KOM-

MO3UTH, MOJTYJIb Jieopmarlii, OCHOBH.
ABSTRACT

Zvierieva Alina S. Polymer-mineral composites with adjustable deformation
properties for the foundations of reinforced concrete transport structures. — Manu-
script copyright.

Dissertation for the Candidate Degree in Engineering Science (PhD in Sci.
Eng.) in specialty 05.23.05 Building Materials and Products (19 Architecture and
Building). — Ukrainian State University of Railway Transport, Ministry of Educa-
tion and Science of Ukraine, Kharkiv, 2021.

The thesis deals with the formation of polymer-mineral composites for
foundations of reinforced concrete transport infrastructure facilities with the stress-
strain properties which provide minimal structural stresses.

The Introduction substantiates the urgency of the research, presents the pur-
pose and tasks of the research, and formulates scientific hypothesis, novelty, and
practical value of the results obtained. It also presents the approbation approval and
the results which were published, the structure and the scope of the research.

Part One gives the analysis of operational conditions for some reinforced
concrete transport infrastructure facilities which suffer premature damage due to
failures of their collaboration with the foundations — balastless bridge deck of rein-
forced concrete slabs, reinforced concrete culverts, and the analysis of the materi-
als suitable for such foundations and which can decrease the maximum stresses in

the structures and prolong their service life.



The balastless bridge deck of reinforced-concrete slabs is laid down on the
longitudinal beams of metal bridges. The basis of the balastless bridge deck is a
gasket layer which keeps the slabs in their final position and transfers the constant
and temporary loads to the bridge beams. And the slabs must be rigidly fastened to
the beam. Nowadays a 10-mm rubber-and-wooden gasket layer (oak or deal board
and rubber belt) is used; the stretching force of the studs which press the slabs
through the gasket layer to the bridge beams is 127.5 kN. This layer is easy-to-
install; however, due to decay of wood it degrades and must be replaced each 7-10
years. In operation the slabs suffer premature damage, predominantly, in the form
of cracks. Among the factors which cause damage there are defects in the structure
and material of the gasket layer; they induce an inhomogeneous stress-strain be-
havior and uneven loading distribution in the slab. It was proposed to use a poura-
ble gasket layer of epoxy carboniferous composite. However, despite the ease of
installation, it is not in widespread use.

Besides, the research presents the analysis of the materials suitable for a
pourable gasket layer. They are characterized by good spreadability, rapid
solidifiability, and durability. The mixtures available in the construction market
which can be used for repair works on concrete and reinforced concrete structures
are polymer-cement dry mortars Emaco Fast Fluid, SikaGrout-316, epoxy compo-
sition Sikadur-42 HE, and silicate-urethane composition GeoFlex+. But their ser-
viceability for the gasket layer is unknown and their price is high. Besides, it has
not been sufficiently studied how the mixture moves along a technological gap
when the gasket layer, which must ensure the homogeneity, primarily, stress-strain
behavior, is spread.

A great amount of different engineering reinforced concrete facilities are
used on Ukrainian railways, among which are culverts and tunnels. Some failures
in them are due to non-uniform deformations in their foundations. Thus, culverts
are inclined to subsidence under the track axles, though on the railway slopes this
trend is less obvious. It leads to water stagnation in the middle of the culvert with

its further settlement. The foundation deformity can be decreased by injecting the



composites of soils and viscous substances. However, the homogeneity of such
composites, especially, their deformity, is yet to be studied.

It has been demonstrated that polymer-cement composites are efficient for
the balastless bridge deck, and polymer-soil composites are effective for the foun-
dations of reinforced concrete culverts.

Part Two presents the characteristics of main materials and the research
methods. The development and research of a polymer composite for the balastless
bridge deck layer were conducted with Portland Cement (ITL] 1-500), polyvinyl ac-
etate emulsion, powdery super-plasticizer (CII-1), calcium chloride hardening
agent, modifying-starch stabilizer, silica send with fineness modules of 1.1 and 2.6,
carbonaceous filler (limestone dust), and tap water. The polymer-cement mortars
Emaco Fast Fluid, SikaGrout-316, epoxy composition Sikadur-42 HE, and sili-
cate-urethane composition GeoFlex+ were used for comparison. The development
and research of soil-polymer composites for the foundations of engineering build-
ings were based on the polyurethane materials SPT® TY 20.1-40781863-001:2016,
loamy sand plastic with a plasticity index of 0.03, and average density of 2060
kg/m?, and a particle density of 2700 kg/m?.

The placeability of the polymer-mineral composites was determined by
means of spreading (in centimeters) with a Southard viscosimeter, and also by
means of spreading in a 25-mm model gap between the balastless bridge deck and
the longitudinal bridge beam. The physical and mechanical characteristics of pol-
ymer-mineral composites (density, compressive strength and bend strength) were
determined with prismoidal specimens (160x40x40 mm) after 1, 7 and 27 days of
hardening. The spreading of mixtures and the stress-strain behavior of polymer-
mineral composites were researched by the original technique on the models of in-
teraction between balastless bridge deck, gasket layer, and longitudinal bridge
beam.

The physical and mechanical stress-strain properties of soil and soil-polymer
composite were determined by the compression method on the specimens of natu-

ral soil and the composite obtained by injecting the two-component material SPT®



to the soil. The stress-strain behavior of soil and soil-polymer composite under the
static and dynamic loading was also researched with the original technique on the
models produced in the closed cylindrical reservoirs by means of injecting for an
artificially compacted soil. Two control models of soil and three models of soil-
polymer composite were used for the static and dynamic testing.

The static loading was generated with the gentry installation equipped with a
jack and a pressure gage, and the dynamic loading — with the test machine MVTII-
50. The durability of the soil-polymer composite was estimated by comparing the
mass loss of its specimens with that of similar materials the durabilities of which
were known; the testing cycle included several alternative water saturations and
drying.

The interaction between the polymer and the mineral components of compo-
sites was studied by means of the infrared technique. The infrared spectra were ob-
tained with the Bruker-ALPHA spectrometer (Germany) in the 400-4000 sm"
linfrared wavelength.

Part Three presents the theoretical substantiation of the physical and me-
chanical properties, including the stress-strain behavior of polymer-mineral com-
posites for the foundations of reinforced transport infrastructure facilities. It was
conducted for a gasket layer of the balastless bridge deck of reinforced-concrete
slabs by analyzing their stress-strain behavior. The design test was conducted with
the finite element method with LIRA-SAPR 2018 Pro (Certificate No. 1/6638) by
means of a 3D model. This part also deals with the analysis of the stress-state be-
havior with variable parameters of support and tension of the studs for fastening
the slab to the deck girder. The deformation module of the gasket layer was taken
equal to 2000 MPa (similar to that of polymer composites), 10000 MPa (similar to
that of pine wood), 35000 (similar to that of cement C32/40), the tension of high-
strength studs — 49, 98 and 127.5kN. The design diagram was formed of 38992
physically non-linear isoparametric volume finite elements FE No. 234 and
No0.236, the number of units — 45126. The contact interaction between the gasket

layer and the slab did not manifest itself due to the initial full contact and the work



of the gasket layer at all compression loading stages. The tension of the studs was
modeled by loading their fastening plates. It was assumed that the gasket layer
rested on the absolutely rigid foundation.

The test model of the slab was loaded in stages. The first stage included the
dead weight of the structure and the tension of the studs, the second stage included
a temporary loading from one axle of the vehicle of 245kN. 20% of the maximum
loading was added at each step. The calculation was made with the incremental-
iterative method. The results were presented as the stress and deformations fields.
They were used for finding the dependencies between stresses and deformations in
the slab and the gasket layer and the stress-strain behavior of the gasket layer and
the strap force applied to the studs.

The analysis of the stress-strain behavior of a slab on the balastless bridge
deck and the gasket layer demonstrated that a change in the torsion force applied to
the stud from 49 to 127.5 kN and the deformation module from 2000 MPa to
35000 MPa led to a change in the stress and deformation values; they achieved the
critical values (stresses achieved the border strength value). On the top surface of a
slab at a torsion force to the studs of 98—127.5 kN, the tensile stresses achieved 1.8
MPa, which is equal to the tensile strength of concrete. The maximum stresses on
the bottom surface of a slab reached the critical values only with a flexible gasket
layer and at a tensile stress to the stud of 98—127.5 kN; the maximum compression
stresses achieved the values close to the compression strength of concrete at a strap
force applied to the studs of 127.5 kN, the material of the gasket layer virtually had
no effect. The stresses in the gasket layer depended mostly on the material rather
than the strap force to the studs; the stresses increased when the deformation mod-
ule increased. The maximum deflections in a slab were higher for the gasket layer
with a lower deformation module, however they were insignificant (did not exceed
1/12000 of the span length).

The stresses in the slab and gasket layer were both without moving loads and
with them; the stresses values were considerably changed (even with a sign

change). Thus, application of the non-rigid gasket layer with a low deformation



module can decrease the maximum stresses and change them in the slab, but it can
increase deflections in the slab. It is efficient to apply a rigid gasket layer with the
deformation module exceeding 10000 MPa if the strap forces to the studs do not
exceed 98 kN.

This part presents the theoretical substantiation of how the mixtures of pol-
ymer-mineral composites penetrate the technological gaps, particularly, ones be-
tween the balastless bridge deck slab and the longitudinal bridge beam, and into
the interstices of foundation soils. The penetration of a mixture into fissured rocky
soils during an injection was taken as the model corresponding to both cases.

The interstices and cracks were filled with natural water under the pressure
Pw. During an injection under pressure P;, which lasted the time t, the mixture pen-
etrated to the depth I. A separate crack was presented as one filled with water of an
indefinitely long flat capillary with the breadth b, and height he (ber >> her). The
mixture flew in the capillary under the injection pressure P;. The flow was ham-
pered by the natural pressure of water in the crack Py and pressure P, due to the
friction force in the crack F.

The filling of the crack with water allowed neglecting the meniscus for-
mation effects.

The equation describing the stationary current of the mixture in cracks is the
model used for the analysis of the technological injection modes. This equation can
show the dependencies between the depth at which the mixture penetrated into the
crack | and the injection duration t and other natural and technological factors, or
between the pressing time t, needed for a certain penetration depth for the mixture
1, and the depth and other factors, or between the penetration depth of the mixture |
and its dynamic viscosity.

All the equations were used for research into the following dependencies:
penetration depths of the mixture into the cracks | on the injection time t at differ-
ent values of other natural and technological factors, namely, crack growth he, ad-
ditive super-plasticizer in the mixture, W/C ratio, dynamic viscosity of the mixture

n, injection pressure P; of the dynamic viscosity of the mixture n needed for its



penetration to the depth |, on the depth | at different values of other natural and
technological factors — hy, Pj, t. The research was made for the value ranges of such
factors: hy — from 0.1 to 10 mm; additive super-plasticizer SP — 0 and 1% out of
the cement mass, W/C ratio — 0.35 and 0.5, which correspond to such values of n:
SP=0%,W/C=0.35-n=10Pa's; SP=0%, W/C=05-1=0.25Pa's; SP=1
%, W/C = 0.35 — 1 = 0.005 Pa‘s; Pi— 1.6212 and 0.8106 MPa. The natural water
pressure Py, was taken equal to 0.

It has been concluded that the mixture without additives with W/C = 0.35,
which provides high values of water permeability and strength cannot penetrate in-
to cracks with a crack growth of 10 mm at a depth of more than 0.5 m even under
the maximum pressure 1.6 MPa at a long injecting period of 10 min. A higher W/C
without additives can increase the penetration depth up to 3-4 m to an acceptable
value of 0.5. However, in cracks with a lower crack growth (1 mm) the mixture
without additives penetrates at a depth with a W/C ratio of 0.35 at less than 0.1 m,
and with W/C = 0.5 — at less than 0.8-1.2 m, and into cracks of 0.1 mm it did not
practically penetrate. Consequently, the efficiency of cement mixtures without ad-
ditives in terms of increased water permeability and improved bearing properties of
concrete structures considering the fissured rock soil is not high.

The penetration depth of cement mixtures can be improved with the applica-
tion of additive super-plasticizers which decrease their dynamic viscosity to 0.005
Pa-s. The mixture with additive super-plasticizer even if its W/C ratio = 0.35 pene-
trates at a crack growth of 10 mm to a depth of 10 m in 0.5-1 min, and into cracks
of 1 mm — in 3—7 min. Only such a mixture can penetrate into cracks with a crack
growth of 0.1 m, particularly, in 10 minutes to a depth of 2 m under pressure of 0.8
MPa and to a depth of 2.7 M under pressure of 1.6 MPa. Consequently, the inject-
ing of cement mixtures with additive super-plasticizers can efficiently provide a
higher water permeability and bearing properties of the structure together with the
fissured rock soil.

The theoretical dependencies obtained and the conclusions made were con-

firmed by means of the tests during which the mixtures of polymer-mineral com-



positions were spread in the model gap between the balastless bridge deck and the
bridge beam.

Part Four describes the experimental research into the rheological properties
of mixtures of polymer-mineral composites, and ehtphysical and mechanical prop-
erties including stress strain behavior of the composites used for the foundations of
reinforced concrete transport infrastructure facilities. This Part describes polymer-
cement compositions for a pourable gasket layer of the balastless bridge deck. It
has been concluded that a lower content of mineral component and an increased
content of polymer component lead to a lower deformation level.

The research into the physical and mechanical, including stress-strain prop-
erties, of polymer-soil composites for the foundations of reinforced concrete
transport infrastructure facilities was made.

It has been concluded that dry soils (loamy sand) with moisture of less than
8.6% added to the composites do not increase the deformation module; thus they
do not worse the stress-strain behavior. For wetter soils the deformation module is
higher due to their compounding with a polymer at the following moisture: 10 % —
by 2.5 times (from 17.3 to 42.8 MPa); 14 % (workability limit) — by 20 times
(from 0.98 to 19.4 MPa); 15 % (average workability) — by 30 times (from 0.54 to
16.4 MPa); 16 % (liquid limit) — from zero to 12.2 MPa. The comparison of the K¢
values obtained with the index of liquidity IL for the loamy sand under considera-
tion made it possible to conclude that Ke depends on the moisture W and IL, and,
therefore, on the initial (natural) state of the soil. The deformation module im-
provement factor Kg of soil due to stabilization is as follows (according to soil
consistency): solid soil — from 1 (no effect) to 7; stiff soil — from 7 to 27; tough soil
— from 27 to 37; plastic soil — from 37 to 49; high-plasticity soil — from 49 to 65;
extremely high-plasticity soil — from 65 to 130.

Thus, the static research demonstrated that transformation of soil into soil-
polymer composite decreases its stress-strain behavior (increases the deformation
module). The deformation module of natural soil at moisture of W = 15% is 0.5—

0.7 MPa. In the composite the module increases at W = 10.9 % — up to no less than



11.2 MPa, and at W = 6.9 % — up to no less than 33.4 MPa. Just as much the de-
formation module increases the soil dewatering: at W = 11.5 % — up to 3.9 MPa,
and at W = 9.5 % — up to no less than 33.5 MPa. The dynamic research demon-
strated that transformation of soil into soil-polymer composite considerably de-
creases its stress-strain behavior due to dynamic loads and increases the dynamic
deformation module N/e.

The anthracograph research demonstrated that the material and SPT® tech-
nology ensure formation of coryneform reinforcing elements with a lateral dimen-
sion of up to 700 mm, consisting of the middle and peripheral zones. The middle
zone is a layer of dense well-polymerized material, and the peripheral zone is a
layer of soil-polymer composite of porous polymer and soil particles. Thus, an in-
creased deformation module for foundations is ensured by elements of the soil-
polymer composite.

The durability of soil-polymer composite depends on water effect, not count-
ing weathering and insulation. The composite durability can be estimated by means
of the unique method designed by modelling the devastating impact of alternative
water saturation and drying. It has been found that this impact results in a mass
loss. It was found that such a loss can amount to 5% out of the mass for a soil-
polymer composite in 10 cycles, and 10% out of the mass for a soil-silicate com-
posite in 2 cycles. In comparison to 15-year service life for silicified soils, the pre-
dicted longevity of a soil-polymer composite is no less than 75 years.

The research deals with the interaction between polymer and mineral com-
ponents of composites with the infrared spectrographic method. The spectra of
soil-polymer composite had predominantly absorption bands, typical for both soil
and polymer. The composite spectrum had no 2200-2300 cm™ bends of stretching
vibrations of the asymmetrical groups N=C=0 of cyanates and isocyanates, and
850 cm™ bands of C-N stretching vibrations. Based on the polyurethane molecular
structure it testifies better polymerization of polyurethane in the composite than in
the polymer, and formation of hydrogen bonds between polyurethane molecules

and the surface of soil mineral particles through their hydroxyl groups. These



bonds characterize polyurethane adhesion to mineral surfaces and the physical and
mechanical properties, i.e., the stress-strain behavior of the composite.

Part Five presents the results of implementation of the polymer composites.
and describes the engineering solution regarding the installation of the gasket layer
of polymer-cement composite 1 under the balastless bridge deck. It implies the
spreading of the composite mixture through the stud holes in the slab (installed in
its final position on the local screeds) into a technological gap formed by top sur-
face of the bridge beam, bottom surface of the slab, and constant slab form of elas-
tic polymer material.

The polymer-soil composite was applied during the overall repair on a 1216-
km culvert of the Kolosivka-Odessa section of Odessa Railways. The culvert con-
sisted of reinforced concrete rings. The rings located under the tracks sank and be-
came movable at each train run, and the soil suspension pumped through the joints.
The culvert foundation of the disperse soil was transformed into polymer-soil
composite by injecting the SPT® polyurethane .noitadnuof eht otni remylop The
works were performed by TOV NOVYY HRAD under scientific and engineering
supervision of UKrSURT. The economic effect was achieved by implementing this
solution instead of replacing the culvert and laying down the foundation; it
amounted to UAN 2m. It has been recommended to use the polymer-soil compo-
site to waterproof and improve the bearing capacity of tunnels, culverts, and bridge
supports. The author developed the recommendations for improving the bearing
capacity of foundations and waterproofing the engineering structures.

The results of the thesis research are used in the curriculums for undergradu-
ate, graduate, and post-graduate students of Specialty 192 Construction and Civil
Engineering and Specialty 273 Railway Transport in lectures, practical and labora-
tory classes.

Keywords: polymer-mineral composites, soil-polymer composites, defor-

mation module, foundations.
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BCTYII

AKTyauabHicTh Temu. Ha 3ani3Huisgx YKkpaiHu eKcryaTyeTbCs 3HayHa KUTb-
KICTh IITYYHUX CIOPY/J 13 3a711300€TOHHUMH KOHCTpYKIIAMU. [IpoTsirom ekcruya-
Talli Ha HUX BIUIMBAIOTh PI13HI PyWHIBHI (DaKTOpU - MEXaHI4YHI1 Aii, y T.4. AUHAMIYHI1
HABaHTAXXEHHs, aTMOC(EPHI BIUIMBH, arpeCUBHI CEPEIOBUIIA, EIIEKTPUUYHI CTPYMU
TOIIIO, BHACIIOK SKUX KOHCTPYKIIIi 3a3HAIOTh MOIIKOKEHb - TPIIIHH, Aedopma-
1[I}, JIOKAJIbHUX Ta CYLIUIbHUX pYHHYBaHb 0eTOHY. OJHI€I0 31 CKIAJOBUX 3aTHOCTI
3aJ1i300€ TOHHUX KOHCTPYKI[ii YHHUTH OITip ITUM BIUIMBAM MPOTITOM yChOT'O CTPO-
Ky CJIy’KOU € BJIACTUBOCTI X OCHOB Ta HE3MIHHICTh IIMX BJIACTUBOCTEH y yaci. Bix
neOpMaTUBHUX BJIACTUBOCTEH OCHOB 3aJIe)KaTh BEJIMYMHU HANPYXKEHb Ta iX po3-
MIOJILT TTO0 KOHCTPYKITii, BiI CJICKTPUYHUX BJIACTUBOCTEH - BEJIMYMHH CTPYMIB BUTO-
Ky Tomo. Tak, 3ami300eTOHHI IUTH 0€30a71acCTHOTO MOCTOBOTO IMOJIOTHA MeTaje -
BUX MOCTIB OMHMPAIOTHCS Ha JIepeB’STHO-TYMOBHUH MpOKJIagHUIN map. BiH mBHIKO
BTpavae CBOi BJIACTUBOCTI Ta BUMarae abo 3aMiHM mapy KoxHi 7—10 pokiB a6o
IPU3BOAUTH JI0 MEPEAUYACHOTO BUXOY IUTUT 3 Jady. 3ali300€TOHHI BOJOMPOIYCK -
Hi TpyOH ONMHUPAOTHCS HA MIPUPOJHHUMN IPYHT, SIKMK IHTEHCUBHO Ae()OPMYETHCS ITijT
OCSIMU KOJIIM, HabaraTo MeHIE - miJ ykocamMu Hacumy. lle mpu3BoauTh 10 yTBO-
pPEHHS TPIIIWH, OCITaHHS CEepPeAUHU TPYyOH, 3aCTOIOBAHHS B HiM BOJU Ta MPHUCKO-
PEHHS TOAANBIIOr0 PO3BUTKY IMOMIKOKEHB. TOMY po3p0oOKa HOBUX IMOJIMEpMiHE-
paNbHUX KOMIIO3UTIB 3 PErylbOBaHUMH Je(POPMATUBHUMH BIACTHUBOCTIMU IS
OCHOB 3aJ11300€TOHHUX TPAHCIIOPTHUX CIOPY, 30KpeMa, TMOJIMEPIEMEHTHOTO JIJIst
MPOKJIAAHOTO IMapy i 3adi300eTOHHUM 0e30aJacTHUM MOCTOBHM ITOJIOTHOM,
IPYHTOTIONIMEPHOTO i/ 3aJ1i300€TOHHUMH BOJIOMPOITYCKHUMH TPyOaMu € akTya-

JHHUM 3aBJIaHHSM.
3B's130Kk p0o0OTH 3 HAYKOBMMH NPOrpaMamMu, IJIaHAMH, TeMamu. Jloci-
JDKCHHSI BUKOHaH1 Ha Kadeapi OyaiBeTbHUX MaTepiaiiB, KOHCTPYKIIH Ta COpy.
VYxpAV3T y cknani nepx0romxetnnx HJIP «Po3BUTOK T€OpEeTUYHUX OCHOB BHUHM -
KHEHHSI Ta 3arno0iraHHs MOPYIIEHb CTIMKOCTI 3eMJSIHUX Ta iHmMX cropya» (AP
Ne0115U000276), «TeopeTuuHi OCHOBU OTPUMAaHHA HOBHX KOPO31MHOCTIMKUX

KOMIO3UIIMHUX CHJIIKATHUX MaTeplaiiB 3 BACOKUMH T1APO(PIZUUHUMEU XapaKTepu-



ctukamMm» ([P Ne0115U000279), «TeopeTuuHi Ta eKCIEPUMEHTAIbHI OCHOBU BH-
3HAYEHHS, MPOTHO3YBAHHS Ta 3a0€3MEUEeHHS] HECY4Ol 3/IaTHOCTI Ta JOBIOBIYHOCTI
TPaHCHOPTHUX CIOPYA B yMOBax arpecuBHuX BIuBiBY (P Ne0119U100295); ro-
cnoroBipHux temax «lIpoBemeHHs MOCIKEHb 3aCTOCYBAaHHS 1H €EKIIMHUX MMOJIi-
MepHux MarepianiB SPT myist OyaiBHUIITBA, pEKOHCTPYKIli Ta YTPUMaHHS CIIOPY.
3QJII3HUYHOTO TPAaHCTOPTY», «IIpoBeneHHs NOCHIIKEHb 3 MOXIMBOCTI 3aCTOCY-
BaHHs 1IN 3a11300€TOHHUX MOMEPEAHbO HanpykeHux koaii 1520 mm tuny CB3
31 CKpIIJIEHHSAMHU NMPOMiKHUMHU nipykHuMH Tumy KIIII-5 Ha aunstHkax miaBUIIEHOT
BaHTAKOHAIMPYKEHOCTI Ta PO3POOKa PEKOMEHIAIIII.

MeTta po6oTH — 1OCATHEHHS MOAYJs epopmaltii moaiMepMiHEpaTbHUX KOM-
TIO3WIIIA JJIT OCHOB 3alli300€TOHHUX TPAHCIOPTHUX CIOPYM, KU 3a0e3MeYuTh
MIHIMaJIbH1 HAMIPY>KEHHS B €JIEMEHTaX KOHCTPYKIIII.

3aBIaHHA JOCJIKEeHb!

- BUKOHATH aHaJli3 MaTepiajiB, IPUIATHUX JJI1 OCHOB 3aJ11300€TOHHUX TpaH-
CHOPTHUX CIOPYJ — 0€30a7aCTHOr0O MOCTOBOTO MOJIOTHA 13 3a11300€TOHHUX ILIUT,
3aJ11300€ TOHHUX BOJOIMPOIYCKHUX TPYO, SIK1 JO3BOJISITH 3HU3UTH HAMPYXKEHHS B 1X
KOHCTPYKITISX;

- BUKOHATHU aHaIi3 HaNpyXeHo-1e(popMOBaHOTO CTaHy KOHCTPYKIIii 3a1i300e-
TOHHOT TPAHCIIOPTHOI CIIOPYIM Ha MPHUKIIAAl 6€30a7acTHOTO MOCTOBOTO IOJIOTHA,
BU3HAYUTH MOIYJ1 nedopmarllii OCHOBH, SKi 3a0e3medyaTh MIHIMAJIbHI HAIIPY>KCHHS
B KOHCTPYKIIISX;

- BUKOHATH OOIPYHTYBaHHS PEOJIOTTYHMX BIACTUBOCTEH CyMIiIlIe, ki 3a0e3-
nevyaTh yJIamTyBaHHS OJHOPIMHOI CYIUTRHOT OCHOBH iH €KIIIMHUMH METOJaMH Ta
HaJTMBaHHSIM;

- BUKOHATU €KCTIEPUMEHTAJIbHI JOCTIKeHHS (PI3UKO-MEXaHIYHUX BIACTHBOC-
TEl MaTepiaiiB, y T.4. MOAYJs Aedopmartii, MpUIaTHUX JUTsl OCHOB 3aJ1i300€TOHHUX
TPAaHCIIOPTHUX CIIOPYI;

- PO3pOOUTH CKIAAU MOJIMEPMIHEPAIBHUX KOMIO3UTIB 13 3aJlaHUMU Jiedop-

MAaTHUBHHUMH BJIaCTUBOCTIMU,



- YIOCKOHAQJIMTH 1 3alpOBaAUTH TEXHOJOTII0 YJIAIITYBaHHS OJHOPIIHOI Cy-
IIJIbHOT OCHOBHU 3aJ11300€TOHHOI TPAHCIIOPTHOI CIIOPY/IU, BOPOBAAUTH PE3YIbTaTH
JOCIIHPKCHHS Y HaBYAJILHUHN TIPOIIEC.

O006’exT nociaimkenb — aeopMaTUBHI BIACTUBOCTI, 30KpeMa Moayilb aedo-
pMarlii, NmoJiMepMIHEPATIbBHUX KOMIIO3UTIB 3 MIHEpPAJIbHUMH HAlOBHIOBAaYaMu Ta
MOJIIMEPHOIO0 200 MONIMEPLIEMEHTHOIO MaTpPULEI0, 3aKOHOMIPHOCTI iX (hopmMyBaH-
HSL.

IIpeamer apocaigkeHb — mojiMEepMiHEpalbHI KOMIIO3UTH 3 MiHEpaIbHUMU
HAIIOBHIOBaYaMH Ta IMOJIIMEPHOI0 ab0 TOJIMEPIEMEHTHOK MATPUIICIO JJII OCHOB
3aJ1I300€TOHHUX TPAHCMOPTHUX CIIOPYA, 30KpeMa, I'PYHTH, B SKi 1H €KTOBaHWH
ypEeTaHOBUW TMOJIIMEp, 3aJUBHI MOJIMEPIIEMEHTHI KOMIIO3UTH JUJIS IIPOKJIATHOTO
mapy 6e30a1acTHOr0 MOCTOBOTO TIOJIOTHA.

PoOoua rinmore3a: PerymioBanHs nedopMaTUBHUX BIACTUBOCTEH, 30Kpema,
MoxayJst nedopmarii, mojiMepMiHepaIbHUX KOMIIO3UTIB JJIsI OCHOB 3al1i300€TOH-
HUX TPAHCIIOPTHUX CHOPY MO3BOJMTH 3HU3UTU HAMPYXKEHHS B LIUX KOHCTPYKIISIX
Ta MIJBUIIUTH 1X JOBrOBIYHICTE. Moaynb aedopmariii moiMepMiHepaIbHUX KOM -
MO3UTIB BU3HAYAETHCS CIIBBIAHOMICHHSAM KUIBKOCTI MiHEpaJIbHOTO HAaIlOBHIOBAYaA 1
noJriMmepHoi abo moiMepMiHepaaIbHOI MAaTPHITI.

Metoau nociimkennb. Peonoriuni, ¢gizuko-MexaHiuyHi Ta AedhopMaTHBHI Xa-
PAKTEPUCTUKU TOJTIMEPMIHEPATIBHIUX KOMIIO3UTIB JJI MPOKJIATHOIO Iapy JOCIHi-
JDKYBalld CTaHIAPTHUMHU METOJaMH, a TaKOX 3a OPHUTiHAJBbHOIO METOJUKOI0 Ha
MOJICNIAX BY3Ja CIOJIYYEHHS BEPXHBOI MOJHIll TOJOBKHBOI OAJIKH, MPOKIATHOTO
mapy ta Tt BMIL. ®i3uko-mMexaHiuHi Ta 1e)OpMaTHBHI BIACTUBOCTI IPYHTY Ta
IPYHTOTIONIMEPHOTO KOMITO3UTY BHU3HAYAINW METOJOM KOMIIPECIHHOTO CTHUCKY Ha
3pa3kax IPYyHTY MPHUPOIHOTO 3aJSITAHHS Ta KOMITIO3WTY, OTPUMAHOTO iH'€KTYyBaH-
HSIM JIBOKOMIIOHCHTHOTO TIOJIiypeTaHOBOTO MaTepiany B IpyHT. JlepopmaTusHi
BJIACTUBOCTI TPYHTY Ta IPYHTOIOIIMEPHOTO KOMIIO3UTY TijJ] CTATUYHUM Ta JIWHA-
MIYHUM HaBaHTAXEHHAM JOCHIIKYBAJIM TAKOX 32 OPUTTHAIBHOK METOJMKOI0 Ha
IMITYYHO BUTOTOBJICHUX MOJEISIX. B3aeMoait0o MK MOJIIMEPHOIO MaTPHIEIO 1 Yac-

TUHKaMU IPYHTY JOCTIIKYBAI METOAOM 1H(pauepBOHOIT CIIEKTPOCKOMIi.



HaykoBa HOBU3HA OTPUMAHMX Pe3yJIbTATIB

- BOEpILE OTPUMAaHI JlarpaMy «HANpPYKEHHS - BITHOCHA AepopMallisy, «KUIb-
KICTh I[UKJIIB JUHAMIYHOTO HAaBAaHTAXKECHHS - BIAHOCHA Jaedopmallis» Ta BEIUUYUHU
Moy nedopmariii, AMHAMIYHOTO MOJYJIs Aedopmaliii KOMIO3UTIB Pi3HUX CKJIa-
JiB 1 TEPMIHIB TBEPAIHHS Ta MOJIMEPIPYHTOBUX KOMIIO3HUTIB, OTPUMAHHUX 32 IEB-
HUMH PSKHUMaMH 1H'€KTyBaHHS;

- HaOyJIHM TOJIAJIBIIIOT0 PO3BUTKY YSBJICHHS IMPO MEXaHI3M NMPOHUKHEHHSI CY-
MIIIe y TeXHOJOT14HI 3a30pH 1 MOPOKHUHU MIK KOHCTPYKI[ISIMU, a TaKOX MOPO-
BUI TPOCTIP IPYHTIB, OTPUMAHO BIAMOBIIHY PEOJOrIYHY MOeib. BcTaHoBIEHO,
10 MIMOMHA TPOHUKHEHHS CyMIIIl 3aJIeKUTh KPIM ii B’SI3KOCT1 M TOBIIMHY TPIlllK-
HH, 3a30py a00 MOPOKHWHM, BiJ] TOBIIUHHU HEPYXOMOTO IIAPy CYMIIlll B3JIOBXK IX
TIOBEPXOHb, a TAKOXK BiJl TACKY CYMIIIll i TPUBAJIOCTI BATPUMYBAHHS I[bOTO THCKY;

- HaOYJIM TTOJAJIBIIIOTO PO3BUTKY TEOPETHYHI Ta EKCTICPUMEHTAJIbHI YSIBICHHS
po neopMaTUBHI BIACTUBOCTI MOJIMEPMiHEPATBHUX KOMITO3UTIB: BCTAHOBJIEHO,
0 MOAYJIb AedopMaliii MoJIMEepIpyHTOBOTO KOMITO3UTY 3aJICKHUTh BiJ MOJIMEp-
MIHEpaJIbHOTO CITIBBIIHOIIICHHS, a B Il OUIBIIIOMY CTYIIEHI - BiJl BOJIOTOCTI.

JlocTOBIpHiCTHL OTPUMAaHHUX pe3yJbTaTiB 3a0e3MeueHa KOPEKTHUM 3aCTOCY-
BaHHSIM METOJIIB JOCII)KEHb, BU3HAYEHHSIM XapaKTEePUCTUK MaTepialiB ACKUIbKO-
Ma PI3HMMH CTaHJAPTHUMH Ta OPUTIHAJLHUMH METOJaMH, TOBTOPIOBAHICTIO pe-
3yJbTaTiB BUIPOOYBaHb, iX CTATUCTUIHOIO OOPOOKOIO, Y3TO/IKEHICTIO Pe3yJIbTaTiB
EKCTICPUMEHTAIBHUX 1 TCOPETUYHUX JTOCTIKCHb.

OOrpyHTOBaHICTH pe3yJbTaTIiB J0CJiIKeHb 3a0e3IIeUeHa 3aCTOCYBAaHHIM B
TEOPETUYHUX NOCTIKEHHAX (DyHIaMEHTaIbHUX TIOJI0KEHB 1 3aKOHOMIpHOCTEH (i-
3MYHOT Ta XiMii, (Pi3UKO-XIMIYHOT MEXaHIKU JUCTIEPCHUX CUCTEM 1 MaTepialiB.

IIpakTuyHe 3HAYEeHHS] OTPUMAHUX Pe3yJbTATIB TMoysrac y 3a0e3MedeHH]
MO>KJIMBOCTI TIABUIICHHS JOBTOBIYHOCTI 0€30a7acTHOTO MOCTOBOTO TMOJIOTHA i3
3a1I300€TOHHUX TUTHT, @ TaKO BOJOMPOIYCKHUX TPYO, MO EKCIUTYaTyIOThCS Ha
HECTIMKUX OCHOBaX. [IpakTuuHe 3HAYEHHS OACPKAHUX PE3YJIbTATIB MIATBEPIXKY-
€TBCS PO3POOKOIO0 PEKOMEHAIM 3 MIABUINCHHS HECY4YOi 3[aTHOCTI OCHOB IITY4Y-

HUX CIIOPY/, & TAKOK BUKOPUCTAHHSIM Y HaBUAJIbHOMY MPOILIeCl JJIsl CTY/ICHTIB, Ma-



riCTPaHTIB, AOKTOPIB (uiocodii cnemianbHocTed 192 «ByniBHUITBO Ta LMUBUIbHA
THXKEeHepis», 273 «3ali3HUYHUN TPAHCTIOPT.

Oco0uctnii BHecok 3100yBaya. OCHOBHI TEOPETHYHI Ta €KCIIEPUMEHTAJIbHI
JOCJIIJPKEHHSI BUKOHAH1 aBTOPOM OCOOHMCTO, 30KpeMa, CAaMOCTIHHO BUKOHAHO aHa-
JTITAYHUN OTJISIA JIITEpaTypu 3 TEMATHKU JOCTIIKEHb, €KCIIEPUMEHTaIbH1 JTOCH1-
JOKEHHSI Ta aHalli3 iX pe3yibTaTiB, 00pOOKY Ta MOOYAOBY €KCIIEPUMEHTAIbHUX 3a-
nexxHocted. [locTaHoBiIeHHS 3aBIaHb JAOCHIIKEHb, (POPMYIIIOBaHHS HAayKOBOi T'i-
MOTE3W Ta HOBUX HAYKOBHX ITOJI0’KEHb BUKOHAHI CITUTHHO 3 HAYKOBHM KEPIBHHKOM,
BITPOBA/IKEHHS PE3yJbTaTiB JOCIIIKEHb — CIIUTBHO 13 CIIBaBTOpaMu MyOJIiKailiil.

Amnpodaiisi pe3yJbTaTiB A0CHiIKeHb. PesynbTaT nucepraniifHoro aocii-
JUKEHHS JIonoBinanuch Ha: MubkHapoaHii koHdepenmii 20 Internationale
Baustofftagung, Beiimap, Himeuumna, 2018; 6 1 7 MikHaApOJAHHX HAaYKOBO-
TEeXHIYHUX KOoHPepeHiisx «IIpobiemMn HaAIMHOCTI Ta JOBrOBIYHOCTI 1HXKEHEPHUX
criopys Ta OyniBens Ha 3amizHHYHOMY TpaHcropti» (TransBud), Xapkis, 2017,
2018; 78 MixHapoaHIi HayKOBO-TeXHIUHIN KoHpepeHIli «Po3BUTOK HAyKOBOi Ta
IHHOBAIITHOT MISUTRHOCTI Ha TpaHCHOpTi», XapkiB, 2016; Bceykpainchkoi iHTEp-
HeT-KoH(epeHIlii MoIoIuX yuyeHuX 1 cTyAeHTiB «Kommo3uliitai OyaiBeapH1 MaTe-
pianu 1 BUpOOU — MIISAXH IMIABUIICHHS HAAIHHOCTI, JOBIOBIYHOCTI, KOPO31€CTIMKOC-
Ti», [lonTaBa, 2015. ¥ moBHOMY 00cs131 poOoTa 0TOBi1ajIach Ha MIXKBY31BCHKOMY
ceminapi B YkpIY3T 05.08.2021.

Iyoaikauii. 3a pe3ynbratamMu AucepTaliiiHoi po6oTH omyOikoBaHo 14 Hay-
KOBHUX IIpallb, 3 HUX 4 cTarTi y paxoBux BUAAHHIX, pekoMeHnoBaHux MOH VYkpa-
inu, 1 myOmikamis y MDKHaApOJHOMY MEpIOAMYHOMY BUJAHHI, IO 1HAEKCYETHCS
HMB/I Scopus, 5 my6mikairiif anpo0aiiitHoro xapakrepy, 4 1oaaTkoBi myOmikairii.

CtpykTypa Ta ob6csr aucepramii. Jlucepraris ckiamaerbes i3 BCTymy, 5
pO3AiTiB, OCHOBHUX BHCHOBKIB, CIIICKY BHUKOPHCTaHHX JKepen i3 106 HaiimeHy-
BaHb Ha 13cTopiHkax, MicTUThH 189 CTOPIHKM OCHOBHOTO TEKCTYy, 96 pHCYHKIB, 28

Ta0IUIb, 4 TOJATKIB.
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125. — C.160-164.

3abiska O.A. MexaHi3M TPIIIMHOYTBOPEHHS y MIIMTaX 0€30a1acTHOTO MOJ0THA Ta
ornopax 3aJi3HWYHUX MOCTIB 1 MIJBUINEHHS iX TPIIIMHOCTIMKOCTI: Jlucc... KaHa.
TexH. Hayk: 05.23.05. — XapkiB: VYKpaiHCbKUIl Jep>KaBHUI YHIBEPCUTET
3QJII3HUYHOTO TpaHcnopTty, 2015. — 217 c.

TY V¥ 26.6-01116472-088-2003 [Tnutu 3a11300€TOHHI 0€30a1aCTHOr0 MOCTOBOT'O
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3akopa, O.JI. HampyxeHo-gedhopMoBaHuii cTaH  3ali300€TOHHOI  IIUTH

6es0amactHoro MocrtoBoro mojoTtHa [Tekcr] / O.JI. 3akopa, C.B.Kmounuk

I.O.Jlunnuk, M.IT Hutusenko., JI. JI IBamkeBwu, O. A.3abiska. —
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