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T'eoynan J[. FO. ®i6pobeToHY TiABUIIEHOT JOBTOBIYHOCTI JIJIsl JOPOKHIX OJISITIB
Ta TPAHCTIOPTHUX CIIOPY/I.

Hucepramiss Ha 37400yTTS HAyKOBOTO CTyINeHS JgokTopa (dimocodii 3a
cnemianpHicTIO 192 — BymiBHUIITBO Ta NMBUIHHA i1HXeHepis. Ojechka aeprkaBHA

akajeMia OyaiBHUUTBA Ta apxiTekTypu — Oneca, 2025.

Y ecmyni 0O0IpyHTOBaHO BHUOIp Ta AaKTyaJbHICTh TEMH JOCIHIKCHHS,
MOKa3aHUN 3B’A30K pOOOTH 3 HAYKOBUMH MpOrpaMaMi, IUTaHAMH Ta TEMaMH,
chopMynpOBaHI MeTa POOOTH 1 3aBJaHHS JOCITIKEHb, ONMUCAHO 3aCTOCOBAaHI METO/IH
JOCIIIKEHb, HaBEJCHI MOJIO)KEHHS HAYKOBOI HOBM3HU Ta MPAKTUYHOTO 3HAYCHHS
OTPUMAaHHUX PE3YJIbTATIB.

Y  nepwomy po3dini TPOaHATI30BaHO JOCBiJ BUKOPUCTaHHS O€TOHY 1
(G16po0eToHy 17 BIIAIUTYBaHHS >KOPCTKUX JOPOKHIX OJSTIB Ta TPAHCIOPTHHUX
criopy. Ilokazano, 1o »KOpPCTKI JOPOXKHI MOKPUTTS AKTUBHO 3aCTOCOBYIOTHCS Ha
ocHOBHMX aBTtoMarictpaynax €sponu, CIIA Ta 1HIKMX PO3BUHYTHUX KpaiH.
BukopucTaHHS KOPCTKHX MOKPUTTIB € BUT1THUM 3aBJISKH 1X TMepeBaraM, OCHOBHUMH
cepell SIKUX € BUCOKI MOKa3HUKH MIITHOCTI Ta JOBTOBIYHOCTI, CTIHKICTh 10 YTBOPEHHS
KOJIM Ta XBWIb. 32 OCTaHHI POKM B YKpaiHI TaKOX CIIOCTEPIraeTbCs 1HTEHCUBHE
301TBITICHHST 00CATY pyXy Ta Bard BaHTAKHUX aBTOMOOUTIB. KpiMm TOT0, BilicChKOBI il
Ha TEpUTOpIi HAIIOI JepKaBU 3yMOBIIOIOTH MacIITaOHI pyHHYBaHHS 1CHYHOYOi
TpaHCHOPTHOI 1H(ppacTpykTypu, maibke 90% sKkoi 1€ B JOBOEHHHH Mepiof He
BI/IMOBIAQJI0O BUMOTaM CYYaCHMX HOPMATHUBHHMX JIOKYMEHTIB 3a €KCIUTyaTariiHUMH
XapaKTepUCTUKAMHU.

OnucaHo OCHOBHI NMPUYMHU PYWHYBAHHS Ta 3HW)KEHHS SKICHUX IOKa3HUKIB
OeTOHy Ui BJIAIITYBAaHHS KOPCTKHX JTOPOXHIX OJSTIB Ta TPAHCHOPTHUX CHOPY.
[TokazaHo, mo y SKOCTI €(EeKTUBHOTO Marepialxy s KOPCTKHX IOKPHUTTIB
BUKOPUCTOBYIOTHCS MOAM(IKOBaHI no0aBkaMu cymnepruiactudikatopamu OSTOHHM Ta
¢$10pobeToHH, 30KpemMa 3 MOJINponiaeHoBo (Hidbporo. [IpoananizoBaHo 0COOIUBOCTI

BIJIMBY 3a3HAYE€HHUX JOOABOK Ta JUCIEPCHOTO apMyBaHHS Ha BJIACTHBOCTI OETOHIB 1
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¢$16poOEeTOHIB a TaKOXK JOCBII BUKOPUCTAHHS PI3HUX TUMIB J00aBOK MOAM(IKATOPIB
Ta BUJIB JUCIIEPCHOTO ApMyBaHHs y OETOHAX >KOPCTKUX MOKPUTTIB.

ChopmynboBaHo pobouy ecinomeszy pob6oTH. OCHOBHUMHU NE€CTPYKTUBHUMHU
BIUTUBAMM JUISI KOHCTPYKIIN JOPOXKHIX OJSTIB Ta TPAHCIOPTHUX CHOPYA KpiM
poOOUMX HAaBaHTAXKEHb € 3aMOPOKYyBaHHS-BiATarOBaHHS, aOpa3WBHUN BIUIMB Ta B
OKpEeMHUX BHUIIQJKaX BIUIUB KHUCIOTHOTO CEPEIOBHUINA, 30KpeMa Mpu oO0poOIll Jopir
CKJIajlaMi IS OOpoThOM 3 oOXxeneauiero. B JaHMX yMOBax JOBIOBIYHICTH
O0OYMOBIIIOETHCS HAcaMIlepe]l CTHPAHICTIO, MOPO3OCTIMKICTIO Ta KOPO31HHOIO
cTifikicTio OeToHiB. Bimomo, mo eheKTHBHUM METOJOM MiJABUIIECHHS KOMILIEKCY
OKpeCJIeHUX (PI3UKO-MEXaHIYHUX XapaKTEPUCTUK € BUKOPHUCTAHHS JUCIEPCHOIO
apMyBaHHSI CTIMKOIO 7O Kopo3ii (iOporo, 30KkpeMa mosinpormniiieHoBorw. HaykoBuii
IHTEpEeC TaKOX TMPEJCTaBIsE TOCHIKEHHS €(PEeKTUBHOCTI 3aCTOCYBaHHS CTaJIeBOi
¢$16pu B OeToHaX JOPOKHIX OJASATIB 1 TPAaHCHOPTHUX criopya. [Ipu npomy aucnepcHe
apMyBaHHS Ma€ 3aCTOCOBYBATHCS pa3oM 3 €(PEeKTUBHUM IIaCTU(IKATOPOM, IO
3a0€3Me4YnTh KOMIUIEKCHUHN BIUTUB HA CTPYKTYPY 1 BIIACTUBOCTI OETOHY.

Cnuparourch Ha MPOBEACHUI OIS PE3yibTaTiB JOCHIIKEHb PI3HUX BUYEHUX
3a TEMOIO JHCepTaliiiHoi poOOTH Ta Ha pobouy TrimoTesy, Oyna chopmyliboBaHa
mema pooomu: po3poOka (PiOpPOOETOHIB M JOPOXKHIX OJATIB 1 TPAHCIOPTHUX
CIIOPYJT 3 HEOOXIJIHOI MIIHICTIO, ITiJIBUIIICHOI JIOBTOBIYHICTIO Ta KOPO3IHHOIO
CTIWKICTIO 32 PaxyHOK BHUKOPHUCTAHHS PAIlOHAIBHOT KIJIBKOCTI MOJIMPOMiJICHOBOT
¢16pu 1 cynepriactudikatopy HoaikapOOKCUIATHOTO TUITY.

Y Opyesomy po30ini HaBEIEHO METOAMKY JOCHIKEHb (DI3MKO-MEXaHIYHUX
BJIACTUBOCTEH 1 CTPYKTYpH OETOHIB Ta XapaKTePUCTUKA BUKOPUCTAHUX MaTeplaiB.

JocnipkeHHsT NTPOBOAMIIMCS Y JIBa JIOTIYHO MOB’s3aHuX etanu. Ha mepromy
eTani poOOTH JOCHIHKYBAIUCh CKiIaaun OeToHIB Ta (HiOpOOETOHIB Ha OCHOBI
noptaananementy CRH TIL II/A-III 500 P-H. IlopiBHioBanucs 6€TOHU, TUCIIEPCHO-
apMoBaHi moinporniieHoBow (idporo «Baumesh» Ta ctaneBoro aHkepHOIO (GiOpOIO
BUpoOHUIITBa KoMmIaHii «CtanskaHaT-Cutypy. s Bcix pocmimpkeHux GpiopoOeToHiB
BU3HAYAJIMCA IOKAa3HUKH MILHOCTI HA CTUCK, MILHOCTI Ha pO3TAr IpH 3THHI,

MOPO3OCTIAKOCTI, KHCIOTOCTIMKOCTI Ta ctupanocti. Ha agpyromy eram 3
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BUKOPUCTAHHSM  METOJIB  E€KCIEPUMEHTaJIbHO-CTATUCTUYHOTO  MOJIEIIOBAHHS
JTOCIIKYBAJIUCS  BJIACTUBOCTI Ta CTpyKTypa (hiOpoOETOHIB 3 AUCHEPCHUM
apMyBaHHSIM TmouinpomniiieHoBoro (idporo «Baumesh» Ta cynepruiactugikatopom
nosikapookcunatnoro tuny MC-PowerFlow 3200. Ha 3aBepiieHHi Apyroro erary
pobOTH 3 ypaxyBaHHSM IIOKa3HUKIB MIIHOCTI, MOPO3OCTIHKOCTI Ta CTHUPAHOCTI
BU3HAYAJIMCA PAIlOHANIbHI CKIIaau (P1OpOOETOHIB JIJIS )KOPCTKUX OPOKHIX OJSTIB Ta
TPAHCIOPTHUX CHOPYA, a TaKOX 3AIMCHIOBAJIOCS MPOBAIKEHHS Y BHUPOOHUIITBO
0o0paHuX palioOHATBHUX CKIIaiB (hiOpOOETOHIB.

Tpemiii  po30in TPUCBSIYEHUA PO3pOOIll  CKIAMIB Ta  JOCIIIKEHHIO
BJIACTUBOCTEN (PIOPOOETOHIB JKOPCTKUX JOPOKHIX OJASTIB 1 TPAHCHOPTHUX CIIOPY] 31
CTaJIEBOIO 1 MOJIMPOMNiIEHOBOIO (ioporo. JlochmimKyBanu BIACTUBOCTI OETOHIB 7
CKJIaJIIB. SIK KOHTPOJILHUN BUKOPHUCTOBYBaBCS OCTOH 6e3 (piOpH 3 MPOEKTHUM KJIACOM
C20/25. Y nocaimxeni (piOpoOeToHn BBoAMIIACA NoJinponiieHosa ¢pidopa Baumesh y
kimpkocti 2,0, 2,5 1 3,0 kr/m?, abo craneBa ankepHa (piOpa y kimpkocti 15, 20 i
25 kr/m®. Bci ckmamu  O6eTtoHiB Ta  (PiOpOOETOHIB MalM OJHAKOBY MapKy
JErKOyKJIaJaHoCTl S4, 1m0 JoCsArajioch 3a pPaxyHOK BapllOBaHHS KUIBKOCTI
cynepruiactudikaTopa Ha MoJiKapOOKCUIATHIA OCHOBI.

VY pesynbrari MOpPIBHSAHHA BJIACTUBOCTEH OETOHIB Ta (HiOpOOETOHIB 3 PI3HUM
turoM (iOpu BCTAHOBJIEHO, IO AWCIEPCHE AapMyBaHHS 3 BHKOPHUCTAHHSM SIK
CTajeBOi aHKepHOi (GiOpH, Tak 1 MOJIMPOMNIICHOBOI (PiOPU MO3UTHUBHO BIUIMBAE HA
MILHICTh Ha CTUCK, MIIHICT Ha pO3TAr IMpU 3THHI, 3HOCOCTIMKICTH Ta
MOPO30CTIHKICTh OeToHiB. [Ipu BukopucTanHi craneBoi (piOpu MIIHICTH HA CTUCK Y
Billl 7 110 3pocrtae B cepeanbomy Ha 11,3%, mpu BUKOpUCTaHHI MOJINPOMIIEHOBOI
¢$16pu «Baumesh» — B cepeanbomy Ha 7,6%. ¥V nmpoekTHOMY Bii 28 110 3pocTaHHs
MIIIHOCTI Ha CTHCK IPH BUKOPHUCTaHHI cTajeBoi (iOpu CTaHOBUTH B CEPEAHHOMY
16,4%, npu BUKOpPUCTaHHI MOJINpOMNiIeHOBOi GiOpu «Baumesh» — B cepeanbomy
12,6%. Ilpu BukopuctanHi craneBoi (GiOpu MIIHICTh HA PO3TSAT MPHU 3TUHI y Billl 28
16 3poctae B cepeanbomy Ha 30,4%, a mpu BUKOPUCTAHHI MOJIIPOIMIEHOBOI (10pH

«Baumesh» — na 30,2%. Ilpu BukopuctanHi ctajieBoi (piOpu CTHUPAHICTH OETOHY
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samkyerbes Ha 0,08-0,16 r/ecm® (B cepenubomy Ha 30,9%), Impu BUKOPUCTaHHI
nosninpomninesosoi Gpidpu «Baumesh» —na 0,1-0,18 r/cm? (B cepemasoMy Ha 39,1%).

[TokasaHo, 110 IUCIIEPCHE apMYBAHHS 3 BUKOPUCTAHHSIM SIK CTAJIEBOI aHKEPHOT
¢i0pu, Tak 1 mnominponiaeHoBoi ¢iOpu «Baumesh» MO3WTHBHO BIUIMBaE Ha
MOPO3OCTIUKICT OeToHy. PiOpoOeTOHH MaroTh Kiac 3a MoposocTiikicTio F200,
oetronu 6e3 Bukopucranusa Gpidopu — F150.

JloCiIPKeHO BIUTMB JUCIIEPCHOT'O apMyBaHHS Ha KOPO31iHY CTIHKICTh OETOHY B
KUCJIOTHOMY cepenoBuil 3 pH = 3. BcraHoBieHO, 1110 BUKOPUCTaHHS 000X THIIIB
b10pu cripus€e MiIBUIIEHHIO KOPO31MHOI CTIMKOCTI O€TOHY NJIsi JOPOXKHIX MOKPUTTIB
Ta TPAHCHOPTHUX cHOPYH. E(QexTuBHICTH MOJINPOMIIEHOBUX BOJIOKOH B yMOBax
KHCIIOTHOTO CEpPEIOBUINA € HE HWKYEC CTAIBHHUX, M0 MOXKHA TOSCHUTH KPAIIUM
3UCIUICHHSM 3 MaTpHICI0 OeTOHy Ta XIMIYHOK 1HEPTHICTIO JIO KHCIOT.
Bukopucranus ¢ibpu «Baumesh» y kinbkocti 3,0 Kr/M® [103BOJISE€ IIiABUILMTH
KOPO3iiHYy CTIMKICTh OETOHIB Y KUCJIOTHOMY CEPEOBUII HABITh B OUIBIIINA CTYIIEHI,
Hi’K BUKOPUCTaHHS CTAJIE€BOi aHKepHOi (PiOpH y KimbKoCTi 25 Kr/m°.

[TokazaHo, 110 BUKOPUCTAHHSI JUCIEPCHOTO apMyBaHHS MOJIMPOIIIIEHOBOIO
¢i6poro «Baumesh» y kinmpkocTi 10 3 Kr/M® 103BOJISE MiABUINUTH MIilIHICTH GETOHY
Ha CTHCK 1 Ha PO3TAr MPU 3TUHI, MOPO3OCTIMKICTh Ta 3HOCOCTIUKICTH (3MEHIIUTH
CTUPAHICTh) y TOMY X MacmTadi, SK 1 BUKOPUCTAHHS HUCIIEPCHOTO apMyBaHHS
CTaJIcBOI0 aHKEepHOI0 (ibporo y KimbkocTi 1o 25 kr/m>. IIpoTe 3a paxyHOK CyTTEBO
pI3HOTO JO3YBaHHS BOJIOKOH IOJOPOX4YaHHS 1 M> GeTOHy IpU BUKOPUCTaHHI
ctasieBoi (iOpu € OUTBII BIMYYTHUM, HDXK TPU BUKOPUCTAHHI MOJIMPOMIICHOBOI
b16pu.

3 BpaxyBaHHSAM pe3yJbTaTIiB AOCTIKEHb HAa HACTyMHOMY €Tall B SIKOCTI
OCHOBHOT'O THUITYy JUCIIEPCHOI apMmarypu Oyjo oOpaHO mMoJinponijieHoBy ¢idpy
«Baumesh».

Yemeepmuii po30in MPUCBIYCHO JOCIIKEHHSIM BIACTUBOCTEH (PiOpOOETOHIB
JUISL JKOPCTKUX JOPOKHIX TMOKPUTTIB Ta TPAHCHOPTHUX CIOPYH 3 AUCHEPCHUM
apMyBaHHSIM  HoJinponiieHoBow  ¢idporo  «Baumesh» Ta  BHpoBaJKEHHIO

PE3yIbTATIB JOCTIKEeHB. 3a 15 ToukoBUM D-onTuMaabHUM IIAHOM ITPOBOAUBCS 3-X
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(bakTOpHUIl EKCIIEpUMEHT, B SKOMY BapilOBaJIUCS HACTYIHI (AKTOPH CKIAdy
(b16poOeToHIB:

— X, kinpKicTs noprianguementy, six 300 1o 380 kr/m?;

— Xa, KibKicTh nosinporninenoBoi Gpiopu «Baumeshy, Bix 2,5 10 3,5 kr/m’;

— X3, kiIbKicTh cynepmiactudikaropy MC-PowerFlow 3200, Bix 1,0 no 1,6%
BiJl MACH IIEMEHTY.

PyxomicTh BCIX MAOCTIIKEHHMX HaA JaHOMY eTtami pobotu ¢idpoObeTOHHMX
cymimieir Oyma piBHOWO S1 mnpu 3HAYEHHAX OCAJKM KOHYCy Bim 2 1m0 4 cM.
Bceranosneno, mo npu 30UIbIIEHHI KUIBKOCTI moptTiananemeHty B/Il cywimeit
PIBHOI PyXOMOCTI 3HIKYEThCS. [IpuOan3Ho piBHUIN epeKT 3a MacmTaboM 3HIKECHHS
B/L1 nocsiraeTbest mpu 301IBIIEHH] KUTBKOCTI 00aBkH cynepruiactudikaropy 3 1,0 1o
1,6% Big Macu eMeHTy. 3MiHa KiJIbKOCTI MOJIIPOIIJIEHOBOI (ibpu Mae 0OMEKEeHUIA
BILTMB Ha noka3Huk B/LI.

3MiHa KUIBKOCTI apMyIOuMX BOJIOKOH «Baumesh» B Mexax ¢akTopHOro
MPOCTOPY E€KCIIEPUMEHTY HECYTTE€BO BIUIMBAE Ha MIIHICTh (PIOPOOETOHIB HA CTHUCK.
30iIbIIEHHsT KiIBKOCTI ToJinponiaeHoBoi ¢iopu 3 2,5 10 3,5 kr/M’ npu m03yBaHHi
B soxydoro Ha piai 300-340 xr/m® Ta BmicTi 106aBku cynepmiactudikatopy 1-1,3 %
BUKIIUKA€E 3pPOCTAHHS MIIIHOCTI Ha CTHCK Ha 4-8%. Ilpm MakcumanbHIN KUTBKOCTI
B SDKYYOro i cynepruiacTudikaropy 30iLIbIIeHHs KinbkocTi (ibpu momax 2,5 kr/m’
HABIIAaKM JICUI0 3HWXKY€ MIIHICTh OeToHy Ha CcTUCK. [loka3HMK MIITHOCTI
JOCITIIKYBaHUX ¢b16pobeToHIB npu MaKCUMaJIbHOMY 703yBaHH1
cynepmactudikaropa 1,6% Tta BmicTi B’skydoro 380 kr/m® npuiiMac MakcHMasbHe
3HaueHHsA y 71,8 MIIa.

MinHicTh GiOpoOETOHIB HA PO3TAT MPH 3TUHI MIABUIYETHCA MPU 30UTBIIEHH]
KUTBKOCTI TIOPTJIAHAIIEMEHTY. 3pOCTaHHS KUTBKOCTI CymnepruiacTudikaropy TaKoX
TIO3UTHUBHO BILUIMBAC HA BENMYUHY fox. 30ibInenHs Kinbkocti (idpu 3 2,5 mo 3,0 xr/m?
epexktuBHo, Ha 0,7-0,8 MIlla, miaBHILye MIIHICTE OETOHY Ha PO3TAr NpPU 3THHI.
MakcumalibHUI MOKa3HUK MIHOCTI Ha PO3TAr MPHU 3rUHI JOCIIUKYBaHUX B paMKax
excriepuMeHTy Gi10pobeToHiB gocsraB piBHA 7,42 MIla.

[ligBUIIEHHST KUIBKOCTI JUCIEPCHOIO apMyBaHHS MOMINPONUIEHOBOI (iOporo
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BITYYTHO IMiJIBUIITY€E 3HOCOCTIUKICTH (hiOpobeTony. Jlocmimxeni ckiaanu GpidpodeTony 3
BMiCTOM BOJOKOH (hiOpu Ha piBHi 3 kr/M® Ta cynepmactudikaropa Ha piai 1,3%
XapaKTEPU3YIOThCA BUCOKMM IOKa3HMKOM 3Hococtiiikocti (G < 0,25 r/em?), mo
MO3UTUBHO BIUIMBAE HA JOBrOBIYHICT Marepiajly JJisi BIAIITYBAaHHS KOPCTKUX
JOPOXKHIX MOKPUTTIB Ta TPaHCHOPTHUX cropya. KomruiekcHe 3actocyBaHHs (PiOpH i
cymnepruiactTugikaTopa 103BOJISIE 3MEHIIIUTU CTHPaHICTh OeTony Ha 50,7%.

[Tokazano, mo po3pobieni MoaudikoBaHi ¢GHiOPOOETOHH BIANMOBIIAIOTH YCIM
BHUMOTaM, sIK1 3aCTOCOBYIOTHCS 10 MaTEpialiB JJIs BIAIITYBaHHS KOPCTKUX JOPOXKHIX
MOKPUTTIB Ta TPAHCIIOPTHUX CIIOPYI.

3 BUKODHUCTAaHHSIM KOMIUIEKCY po3paxoBaHux EC-mozeneil MeTrogom
OaraToOKpUTEpiaJIbHOI ONTHMI3alll OOpaHO ONTUMAabHI CKIaAu (PiOpOOETOHIB s
KOPCTKUX JOPOXKHIX ofiriB jopir la kareropiit. O6pani ckimaau ¢iOpoOETOHIB
MalTh HaWMEHIy CcOO0IBapTICTh Mpu 3a0e3leueHiil HeoOXiIHIM MIIHOCTI Ta
IIJIBUIIICHY JIOBTOBIYHICTh. BHU3HaueHiI 3a pe3yJbTaTaMu ITOCHTIKEHb ONTHMAJIbHI
ckianu GpiO6poOeTOHIB sl JOPOKHIX OJSTIB 1 TPAHCIIOPTHUX CIIOPY 3 HEOOX1THOIO
MILHICTIO Ta MiJIBUIIEHOIO JTO0BroBiuHicTIO Oynu Bukopuctani TOB «Cutikat JITI»
IIpU BJIAIITYBaHHI MEPEX1 I 13/11B BaXKKOI TEXHIKA Ta BaHTAXXIBOK JO CKJIAJICHKUX
npuMillieHb 3a aapecoro M. Opeca, Byi. [llota Pycraseni, 9, a takoxx TOB HaykoBo-
BUpoOHHunit neHtp «EKOCTPOM+» mpu BiamITyBaHHI MOKPHUTTIB YAaCTHHH
BHYTPIIIHBOJBOPOBOI'O MIPOCTOPY KOMIUIEKCY CIOPYJ, po3TaloBanux y micti Oxeci.
Pesynbrati pochigkeHb BHUKOPHCTOBYIOTHCSI B OCBITHbOMY IHpouect B Opechbkiid
Jep>KaBHIN akazemii OyIIBHHMIITBA Ta apXITEKTypyd NP TMIATOTOBII 3100yBayiB
Ipyroro (MariCTepchbkoro) piBHS BHIINOI OCBITH 3a OCBITHBO-IIPOGECIHOI0
IpOrpamMor0 « ABTOMOOUIBHI IOPOTH Ta aepoApOMU» crerianbHocTi 192 by iiBHUIITBO
Ta IUBLIbHA 1HKEHEPIsl.

Ku104oBi c10Ba: 10pOKHE NOKPUTTS, JOPOKHIN OJST, TPAHCIIOPTHI CIIOPY/IH,
JUCIIEPCHE apMyBaHHS, cTajeBa ¢b16pa, MOJIIMPOTiICHOBA ¢b16pa,
cynepruiacTudikarop, paHHS MIIHICTh, MPOEKTHA MIIHICTh, MOPO30CTIHKICTB,

KOpO3iiiHa CTIHKICTb, CTUPAHICTb.



ABSTRACT
Hedulian D. Yu. Fiber-reinforced concretes of increased durability for road
surfaces and transport structures.
PhD thesis. Specialty 192 — Construction and civil engineering — Odesa State
Academy of Civil Engineering and Architecture. — Odesa, 2025.

The introduction justifies the choice and relevance of the research topic, shows
the connection of the work with scientific programs, plans and topics, formulates the
purpose of the work and research objectives, describes the applied research methods,
gives the provisions of scientific novelty and practical significance of the obtained
results.

The first section analyzes the experience of using concrete and fiber-reinforced
concrete for the arrangement of rigid road surfaces and transport structures. It is
shown that rigid road surfaces are actively used on the main highways of Europe, the
USA and other developed countries. The use of rigid surfaces is profitable due to
their advantages, the main ones of which are high strength and durability, resistance
to rutting and wave formation. In recent years, Ukraine has also observed an intensive
increase in the volume of traffic and weight of trucks. In addition, military operations
on the territory of our state cause large-scale destruction of the existing transport
infrastructure, almost 90% of which in the pre-war period did not meet the
requirements of modern regulatory documents for operational characteristics.

The main causes of destruction and reduction in the quality indicators of
concrete for the arrangement of rigid road surfaces and transport structures are
described. It is shown that concretes and fiber-reinforced concretes, in particular with
polypropylene fiber, modified with superplasticizer additives are used as an effective
material for rigid surfaces. The features of the influence of the specified additives and
dispersed reinforcement on the properties of concretes and fiber-reinforced concretes
are analyzed, as well as the experience of using different types of modifier additives

and types of dispersed reinforcement in concretes of rigid surfaces.
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A working hypothesis of the work is formulated. The main destructive
influences on the structures of road surfaces and transport structures, in addition to
working loads, are freezing-thawing, abrasive effects and in some cases the influence
of an acidic environment, in particular when treating roads with compounds for
combating ice. In these conditions, durability is determined primarily by the abrasion,
frost resistance and corrosion resistance of concretes. It is known that an effective
method of increasing the complex of the outlined physical and mechanical
characteristics is the use of dispersed reinforcement with corrosion-resistant fiber, in
particular polypropylene. Scientific interest is also represented by the study of the
effectiveness of the use of steel fiber in concrete for road surfaces and transport
structures. In this case, dispersed reinforcement should be used together with an
effective plasticizer, which will provide a comprehensive effect on the structure and
properties of concrete.

Based on the review of the results of research by various scientists on the topic
of the dissertation work and on the working hypothesis, the goal of the work was
formulated: the development of fiber concretes for road surfaces and transport
structures with the necessary strength, increased durability and corrosion resistance
by using a rational amount of polypropylene fiber and a polycarboxylate-type
superplasticizer.

The second section presents the methodology for studying the physical and
mechanical properties and structure of concretes and the characteristics of the
materials used.

The research was carried out in two logically related stages. At the first stage
of the work, the compositions of concretes and fiber-reinforced concretes based on
Portland cement CRH PC II/A-Sh 500 R-N were studied. Concretes dispersed-
reinforced with polypropylene fiber "Baumesh" and steel anchor fiber manufactured
by the company "Stalkanat-Silur" were compared. For all the studied fiber-reinforced
concretes, the indicators of compressive strength, tensile strength when bending, frost
resistance, acid resistance and abrasion resistance were determined. At the second

stage, using experimental and statistical modeling methods, the properties and
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structure of fiber-reinforced concrete with dispersed reinforcement with
polypropylene fiber "Baumesh" and a polycarboxylate superplasticizer MC-
PowerFlow 3200 were studied. At the end of the second stage of work, taking into
account the indicators of strength, frost resistance and abrasion, rational compositions
of fiber-reinforced concrete for rigid road surfaces and transport structures were
determined, and the selected rational compositions of fiber-reinforced concrete were
also put into production.

The third section is devoted to the development of compositions and the study
of the properties of fiber-reinforced concrete for rigid road surfaces and transport
structures with steel and polypropylene fiber. The properties of concrete of 7
compositions were studied. Concrete without fiber with design class C20/25 was used
as a control sample. The studied fiber-reinforced concretes were introduced with
polypropylene fiber "Baumesh" in the amount of 2.0, 2.5 and 3.0 kg/m?, or steel
anchor fiber in the amount of 15, 20 and 25 kg/m?. All concrete and fiber-reinforced
concrete compositions had the same workability grade S4, which was achieved by
varying the amount of polycarboxylate-based superplasticizer.

As a result of comparing the properties of concretes and fiber-reinforced
concretes with different types of fibers, it was found that dispersed reinforcement
using both steel anchor fibers and polypropylene fibers has a positive effect on the
compressive strength, bending tensile strength, wear resistance and frost resistance of
concretes. When using steel fibers, the compressive strength at the age of 7 days
increases by an average of 11.3%, when using polypropylene fibers "Baumesh" — by
an average of 7.6%. At the design age of 28 days, the increase in compressive
strength when using steel fibers is an average of 16.4%, when using polypropylene
fibers "Baumesh" — by an average of 12.6%. When using steel fiber, the tensile
strength at the age of 28 days increases by an average of 30.4%, and when using
polypropylene fiber "Baumesh" — by 30.2%. When using steel fiber, the abrasion of
concrete decreases by 0.08-0.16 g/cm? (on average by 30.9%), when using
polypropylene fiber "Baumesh" — by 0.1-0.18 g/cm? (on average by 39.1%).



10

It is shown that dispersed reinforcement using both steel anchor fiber and
polypropylene fiber "Baumesh" has a positive effect on the frost resistance of
concrete. Fiber concretes have a frost resistance class of F200, concretes without the
use of fiber — F150.

The influence of dispersed reinforcement on the corrosion resistance of
concrete in an acidic environment with pH = 3 was investigated. It was found that the
use of both types of fiber contributes to the increase in the corrosion resistance of
concrete for road surfaces and transport structures. The effectiveness of
polypropylene fibers in acidic environments is not lower than steel fibers, which can
be explained by better adhesion to the concrete matrix and chemical inertness to
acids. The use of "Baumesh" fibers in an amount of 3.0 kg/m? allows to increase the
corrosion resistance of concrete in an acidic environment even to a greater extent than
the use of steel anchor fibers in an amount of 25 kg/m?>.

It has been shown that the use of dispersed reinforcement with polypropylene
fiber "Baumesh" in an amount of up to 3 kg/m? allows to increase the compressive
and tensile strength of concrete in bending, frost resistance and wear resistance
(reduce abrasion) to the same extent as the use of dispersed reinforcement with steel
anchor fiber in an amount of up to 25 kg/m®. However, due to the significantly
different dosage of fibers, the increase in the price of 1 m? of concrete when using
steel fiber is more noticeable than when using polypropylene fiber.

Taking into account the results of the research, at the next stage, polypropylene
fiber "Baumesh" was chosen as the main type of dispersed reinforcement.

The fourth section is devoted to the study of the properties of fiber-reinforced
concrete for rigid road surfaces and transport structures with dispersed reinforcement
with polypropylene fiber "Baumesh" and the implementation of the research results.
A 3-factor experiment was conducted according to the 15-point D-optimal plan, in
which the following factors of the fiber-reinforced concrete composition varied:

— X, the amount of Portland cement, from 300 to 380 kg/m?;

— X», the amount of polypropylene fiber "Baumesh", from 2.5 to 3.5 kg/m?;
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— X3, the amount of superplasticizer MC-PowerFlow 3200, from 1.0 to 1.6% of
the cement mass.

The mobility of all fiber-reinforced concrete mixtures studied at this stage of
work was equal to S1 at cone settlement values from 2 to 4 cm. It was found that with
an increase in the amount of Portland cement, the W/C of equal mobility mixtures
decreases. Approximately the same effect in terms of the scale of the W/C reduction
is achieved with an increase in the amount of superplasticizer additive from 1.0 to
1.6% of the cement mass. Changing the amount of polypropylene fiber has a limited
effect on the W/C indicator.

Changing the amount of reinforcing fibers "Baumesh" within the factor space
of the experiment does not significantly affect the compressive strength of fiber-
reinforced concrete. Increasing the amount of polypropylene fiber from 2.5 to 3.5
kg/m? at a binder dosage of 300-340 kg/m® and a superplasticizer additive content of
1-1.3% causes an increase in compressive strength by 4-8%. With the maximum
amount of binder and superplasticizer, increasing the amount of fiber above 2.5
kg/m?, on the contrary, slightly reduces the compressive strength of concrete. The
strength index of the studied fiber concretes at the maximum dosage of
superplasticizer 1.6% and the binder content of 380 kg/m? takes the maximum value
of 71.8 MPa.

The tensile strength in bending of fiber concretes increases with an increase in
the amount of Portland cement. The increase in the amount of superplasticizer also
has a positive effect on the value of fc. An increase in the amount of fiber from 2.5
to 3.0 kg/m? effectively increases the tensile strength of concrete in bending by 0.7-
0.8 MPa. The maximum tensile strength of the fiber concretes studied in the
experiment reached the level of 7.42 MPa.

Increasing the amount of dispersed reinforcement with polypropylene fiber
significantly increases the wear resistance of fiber concrete. The studied fiber
concrete compositions with a fiber content of 3 kg/m* and a superplasticizer of 1.3%
are characterized by a high wear resistance index (G < 0.25 g/cm?), which positively

affects the durability of the material for the arrangement of rigid road surfaces and
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transport structures. The complex use of fiber and superplasticizer allows reducing
the abrasion of concrete by 50.7%.

It is shown that the developed modified fiber concretes meet all the
requirements that apply to materials for the arrangement of rigid road surfaces and
transport structures.

Using a complex of calculated ES-models by the method of multicriteria
optimization, optimal fiber concrete compositions for rigid road surfaces of Ia
category roads were selected. The selected fiber concrete compositions have the
lowest cost while ensuring the required strength and increased durability. The optimal
compositions of fiber-reinforced concrete for road surfaces and transport structures
with the required strength and increased durability, determined based on the results of
the research, were used by LLC "Silicat LTD" when arranging a network of entrances
for heavy machinery and trucks to warehouses at the address Odesa, Shota Rustaveli
St., 9, as well as LLC Scientific and Production Center "EKOSTROY+" when
arranging coatings for part of the inner courtyard space of a complex of structures
located in the city of Odessa. The results of the research are used in the educational
process at the Odesa State Academy of Civil Engineering and Architecture in the
preparation of applicants for the second (master’s) level of higher education in the
educational and professional program "Highways and Airfields" of specialty 192
Construction and Civil Engineering.

Key words: road surface, road clothing, transport structures, dispersed
reinforcement, steel fiber, polypropylene fiber, superplasticizer, early strength, design

strength, frost resistance, corrosion resistance, abrasion resistance.
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