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HuceprariiifHe JOCTIKEHHS TMPUCBIYEHE BHUBYCHHIO TPIMIMHOCTIMKOCTI,
ne(opMaTUBHOCTI Ta HECYUYOi 3/1aTHOCTI 0ankoBUX (PIOPOOETOHHUX KOHCTPYKIIIH
Y 111 KOPOTKOYACHHUX Ta TPUBAINX HABAHTAKEHb.

Y Berymi  npuBeneHe  OOTpyHTYBaHHST BHOOPY TEMH  JIOCHIJIKEHHS,
chopMybOBaHI MeTa Ta 3ajayl JOCTIHKEHb, HAYKOBA HOBH3HA Ta MPAKTUYHE
3HaUYE€HHA pOOOTH, MpEACTaBie€Ha 1ii 3arajibHa XapakTEpPHCTHKAa Ta 3B 530K 3
HAyKOBHUMH MPOTPaMaMHu.

VY mepmomy po3aini gucepTalnii KOPOTKO HABEJAEHO ICTOPil0 BUHUKHEHHS
$b16po0eToHyY, BCTAHOBJICHO Tally31 HOro parioHaJIbHOTO 3aCTOCYyBaHHS. BUKOHAHO
orjsii poOIT CTOCOBHO JOCHIKEHb cTaediopodbeTony Ta cranediopoObeToHHUX
KOHCTpYKUii. [IpoananizoBaHo HOpMAaTUBHY 0a3zy YKpaiHu Ta 3aKOpJOHHUX KpaiH
3 po3paxyHKy cTanediOpoOeTOHHMX KOHCTPYKIA. OcoOiuBy yBary MpUILICHO
pO3TIIAY ICHYIOUMX HOPMATUBHUX JOKYMEHTIB YKpaiHM 1 TMPOIOHOBAHUX Yy HHUX
METO/IIB PO3PaXyHKY.

PesynpTaT  gochmipkeHb KOHCTPYKIM Ha OCHOBI  cranediOopoOeToHy
0asyrothcsi Ha poborax .M. Axsepmoma, KO.M. baxenoBa, H.I. Kapnenka i
0aratb0X I1HIIMX JOCHITHUKIB OETOHY 1 KOHCTPYKIH Ha #oro ocHoBi. Illo x
CTOCY€ThCS  poOIT,  Oe3mocepelHbO  MPUCBIYECHUX  BHUBYEHHIO  POOOTH
ctanediOpoOETOHHUX KOHCTPYKIIM, TO iX SIBHO HEJOCTaTHHO. 3a3BUYail, B
JOCITIJKEHHSAX OKPEMO MPOBOJATHCS POOOTH IIOAO TMOKPAIICHHS BJIACTHBOCTEH
Martepiany, 1 OKpPEMO BHUKOHYETbCS BIOCKOHAJEHHS KOHCTPYKIIH 3a paxyHOK
3actocyBanHsa COb, gyacTto, 6e3 B3a€MO3B'SI3KY 3 1X CTATUYHOIO Ta JUHAMIYHOIO

poboToro. OnHak, B HOPMATHBHHUX JIOKYMEHTaX HEMa€ YITKUX BKa31BOK IIOJO



BUOOPY BUXITHUX AaHUX mpu npoektyBaHHi 1 BurotosiieHHi COBK (CD3bK), Hi B
YacTUHI BUOOpPY MaTepialiB 1 TEXHOJOTIH, Hi B TUTAHHAX, TIOB’SI3aHUX 3 BUMOTaMH,
10 MPEA'SBISIOTHCS 10 KOHKPETHOT KOHCTPYKINI. Y 3B'S3Ky 3 LHUM CKJIAJIHO
OUiKyBaTH TMOBHOLIHHOI  peai3amii MOMJIHMBOCTI  MiJBHUINEHHS  TEXHIKO-
€KOHOMIYHMX TOKa3HUKIB KOHCTPYKIiii Ha ocHOBI CDb. MabyTh, 11€ 1 € ofHi€0 3
NPUYUH TOTO, IO HABITh Ha CBHOTOJHINIHIM JI€Hh BOHM HE 3HAWIUIM T1THOTO
MPAKTHYHOTO 3aCTOCYBAHHS Y BITYM3HSIHOMY OYHA1BHUIITBI.

BukoHanuii orisin OpUBOAMTH /10 BUCHOBKY NIPO TE, IO JOCHTIIKEHHS
TPIIIMHOCTIMKOCTI, AePOPMATHUBHOCTI Ta HECy4oi 31aTHOCTI (HiOPOOETOHHUX
KOHCTPYKIiH, 30KpeMa, OAJIKOBHUX, € aKTYaJbHOI0 MPOOJIEMOIO.

Y  apyromy po3gijgi  poOOTH  ONHUCYIOTHCA  BHUKOHAHI  aBTOPKOIO
€KCIIEpUMEHTAJIbHI JOCIIHPKEHHSI MEXaHIYHUX BJIACTUBOCTEN cTasiepiOpoOeTony.

HaBeneni BnacTtuBOCTI ctaneBoi ¢GiOpu, aHaii3 BIUIMBY ii TreoMeTpli Ha
BJIACTUBOCTI cTanieiOpoOeTOHHUX KOHCTPYKIIU. [liAKpecnoeThes, o0 He 3aBXKIU
panioHaibHI apameTpu (GpiOpoBOrO apMyBaHHs, IO OyIM MIAIOpaHi TEOPETUUHO,
3a0e3nedarb 3a7aHl (PI3UKO-MEXaHIYHI XapaKTePUCTUKH KOHCTPYKIi Ha OCHOBI
COb npu AOTpUMaHHI CHIBBIJHOIIEHHS «I[IHA-SIKICTBY. AJie JOCHTIIKCHHS
ctpyktypu CDOb maroTh 3MOTy 3p0O3yMITH MPOIIECH, 110 BiIOYBAIOTLCA B MaTepiai
T1]] BIUTMBOM HaBaHTaXEHb, @ TAKOXK MEPCIEKTUBY Ta HAIPSIMKH X PO3BUTKY.

[IpoBeneHi B poOOTI €eKCIEPUMEHTAJIbHI JTOCIIXKEHHS BKIIIOYAJIM B ceOe Tpu
eTany. MeTow mepuioro eramy OyJio BU3HAYEHHSI ONTUMAJIBHUX XapaKTEPUCTUK
ctasnediopodeToHHo1 cymii. OOpoOKa pe3ynbTaTiB MEPLUIOro €Tany BUMPOOYBAHb
noKaszajia, II0 ONTUMAJIbHUMH XapakTepucTHKaMu (1OpOOETOHHOI cyMmiml €
MaTpHIl 3 KPYITHUM 3aroBHIOBadeM 10 MM (Tipu 11bOMY KyOHMKOBa MIIHICTh OyJia
3HAYHO BUIIA, HIK MpHU po3Mipi medeHo 20 MM, y Beix cepiax gocaiais) npu 1,0%
¢b16poBOro apMyBaHHSI, OCKUIHKH TMPHU BUILOMY BIJCOTKY (hiOpPOBOTO apMyBaHHS
30UTBIIIEHHST KyOUKOBOI MIITHOCTI BHUSIBUJIOCS HEICTOTHUM. Takuii ckjaa cymimm i
OyB MpUUHATHI ISl TPOBEAICHHS Apyroro erany BunpoOyBanb. Ha npyromy erami
BHU3HAYCHA KyOMKOBA Ta IPU3MOBA MIIHICTh (PiOPOOETOHY, TOCTIIHKEHHUI XapaKTep

iX 3MIHM 3 IUIMHOM Yacy, BU3HAY€HI MOYATKOBHU MOYJb MPYKHOCTI 1 MOAYJb



nedopmarliii mpu KOPOTKOYACHOMY Ta TPUBAJIIOMY HaBaHTaxeHHi. | Ha 3 erami
MPU3MH JOBAaHTKYBAJW JI0 PYHHYBaHHS B CWJIOBHX CTeHAAax 0€3 MoIepeaHbOoro
PO3BAHTAXKEHHS.

3 aHamizy pe3ysbTaTiB BHUIUTUBAE: BC1 0€3 BUHATKY 3pa3KH, IO mepedyBaiu
MOHAJ PIK IMiJ JI€H0 JOBrOTPUBAJIOIO HABAaHTAKEHHS 30UIBIININ CBOIO HECYUdy
3MaTHICTb. UMM BHUIlE pPIBEHb JIOBFOTPUBAJIOTO HABAHTAXKEHHS, TUM OLIbIIE
VIIUTBHIOETHCS OCTOH 1, 3BICHO, BHINIa MOTO TpUBaja MilHICT. BcTaHOBIIGHO, 1110
npu3Mu 13 Gp16podeToHy, 110 3HAXOoAWIUCS TpoTsirom 370 A1 i i€ TPUBAJIOTO
HaBaHTa)XCHHSA, 30UIBIIMIN Hecydy 3AaTHICTh Ha 30-50% B 3aneXHOCTI BiA piBHSA
HaBaHTAKCHHsA. UMM BHUIlle piBEHh HABAaHTA)XXKCHHS, TUM BHIIA TPHBAJIa MIIHICTb.
[IpoBeneHi AOCHIKEHHS MOKa3alid, 10, B TMOPIBHSHHI 31 3BUYaHUM OETOHOM,
CTpyKTypa (hiOpoOETOHY XapaKTepU3y€e€ThCS MEHIIOK KUIBKICTIO BEJIMKUX TOp 1
O1BIII BUCOKOIO OJHOPIAHICTIO. SIK BiJOMO, B 3BUYAHOMY OETOHI YTBOPIOIOTHCS
KOHTaKTHI ~ 30HM MDK(}a3HOro Mmapy 3 TMOJIMIICHUMH  MEXaHIYHUMU
BJIAaCTUBOCTSIMU. B (10poOETOHI 111 30HM ONMUHUIMCA B 5 - 6 pa3 Ouiblle, a ix
3arajibHa KUIBKICTh 301abliniaack. O4YeBUHO, 1€ MPU3BOIUTH 10 ITiIBHUIICHHS
(b13MKO-MEXAHIYHUX XapaKTEPUCTUK MaTepiany B HioMmy. Kpim Toro, I0OBUIBHO
OpIEHTOBaHa B 3pa3Ky cTayieBa ¢i0pa mepepo3noAlIsSe rPali€HTH HANPYKEHb, 110
BUHUKAIOTh T HAaBAaHTAKEHHSM, B PE3YJIbTAaTi YOTO 3HUKYETHCS KOHIEHTpAIlis
HaIpy>KEHb.

AHani3 pe3ynbTaTiB IMOKa3aB, 10 I MPAKTUYHOTO 3aCTOCYBaHHS MOXKHA
PEKOMEHyBaTH aHATITUYHY 3aJIEKHICTb, IKa MOB’SI3y€ MILUHICTh (PIOpOOETOHY 1
HOro BiK, y BUIJISAI MOJIIHOMY YE€TBEPTOi CTYIEHI, OCKUIBKM B I[bOMY BUIAJKY
Koe(dimieHT aerepMiHaiii OyJae MaKCUMaIbHUM IPU BCIX TOCHIKEHUX PIBHAX
HaBaHTaXEHHS 3pa3kiB PiOpoOeTony.

Tpertiii po3ain guceprairii TPUCBIYECHUN TOCHIHKEHHIO HECY4YOl 3/1aTHOCTI
O0aloKk TpH KOPOTKOYACHUX HAaBaHTAXCHHSIX. TeopeTwyHa Hecyda 3IaTHICTH
3a]11300€TOHHUX 0aloK 3a HOpMaJbHUMHU TEepepi3aMu BU3HAUEHA 3a KUIbKOMa
ICHYIOYUMHU METOJMKaMH — 3 BUKOPUCTAHHAM Jiarpamu neopMyBaHHS OETOHY Y

BUTJISIAL TIOJIHOMY II'SITOI CTEMEHI; 3 BUKOPUCTAHHAM Jiarpamu JaedopMyBaHHS



O€TOHY y BUIIISII APOOHO-PALiOHANBHOT (YHKINl; 3 BUKOPUCTAHHSAM CIPOIICHOT
JBOJIIHIWHOT miarpamMu nedopmyBaHHs OeToHy. Bu3HadeHa TakoXX TEOpeTHYHA
Hecyda 3/IaTHICTh 3aj11300€TOHHMX OajoK 3a MOXWIMMHU Iepepizamu. I, HapeTi,
BH3HAUEHA TEOPETHUYHA HECyda 3/1aTHICTh (Pi0poOETOHHUX 0aNoK 32 HOPMATLHUMU
B nonepeaniil penakiii ACTY 1 yoMych BiJICYyTHI y YMHHHX HOpMax. B Toii ke uac
Taki peKOMEHJAIll JaloTh HOpMaTHBHI qokyMmeHTH €Bporu, CHIA ta 6inbmiocti
MIPOBITHUX KpaiH CBITY.

HactynmHa wacTHMHA TpETHOTO PO3IAUTY MPUCBAYCHA EKCIEPUMEHTAIbHUM
JOCITIKEHHSIM HECYUO1 3/IaTHOCTI 0ajioK, 10 OyJIM MPOBEICHI aBTOPKOIO pOOOTH.
Ha koxxHOMY eTani JOCHIKEHHSI BUIIPOOOBYBAJIMCA TP cepli 0aloK pi3HOTO BUIY
(Mo TpU OJHAKOBHUX 3pa3Ku y KOXHIM cepii): I cepis — Oaiku 13 3BUYATHOTO
oerony; Il cepis — Oanku 31 cranediOpoberony; III cepis — Oanku
KOMOIHOBAHOTO TMepepidy, y SAKUX HIDKHA (pO3TATHYTAa) 30HA, fKa JOPIBHIOE
MOJIOBHHI TONEPEYHOro Iepepizy Oaiku, BUTOTOBJEHA 31 cranediOpoOeToHy, a
BEepxHs (CTHCHYTa) — 31 3BUYaitHOTO OeToHy. Y ckian 6eronHoi macu i I ta 111
cepiil 3pa3kiB MpHU 3aMilllyBaHHI pPIBHOMIpHO nojaBanacs ¢iOpa, 3araabHUl 00CsT
K01 cTaHOBHB 1 %.

Ha 3aBepieHHss po3auly HaBeACHHWM TMOPIBHAJBHUNA aHall3 BUKOHAHHUX
TEOPETUYHUX Ta EKCTIEPUMEHTAIILHUX TOCIKEHb.

B 4erBeproMy po3aini  jgucepramiiiHOi  poOOTH  po3TIsSAaacs
ne(opMaTUBHICTh Ta TPIIIMHOCTIMKICTh 3a1i300€TOHHUX, (IOpOOETOHHUX Ta
KOMOIHOBaHHUX OajOK TMpU KOPOTKOYACHUX HABaHTAaXEHHSAX. BukoHaHui
TEOPETUYHUN PpO3paxyHOK OaloK 3a YTBOPEHHSIM Ta PO3KPUTTAM TPIIIUH,
BU3HAYCHU MOMEHT TPIIIMHOYTBOPECHHS Ta INMHPUHA PO3KPUTTS TPINUH B
HOPMAaJILHUX TIepepi3ax.

Busnadeni nporuau 6ajiok BUXOISAYM 3 YAHHHUX HOPM YKpaiHU Ta 3TiAHO 3
€BpONEHChKUM CcTaHmapToM €Bpokon-2. HaBeneHo MeToauKy Ta pe3yiabTaTH
EKCIIEPUMEHTAJILHUX JIOCTIKEHb MPOTHHIB MPU KOPOTKOYACHOMY HAaBaHTAKEHHI.

VY mnpoueci BunpoOyBaHHA OaloK MpPU KOPOTKOYACHOMY Ta JOBrOTPUBAJIOMY



HAaBaHTa)XCHHI (IKCyBaJii MPOTUHH, Aedopmalii OKpeMUX BOJOKOH OETOHY 1
HABaHTAKCHHA, IO TMPUKIANAIoch A0 3paska. Jlebopmamii BumiproBamu 3a
JIOTIOMOTOI0 TE€H30PE3UCTOPIB 3 0a30r0 50 MM, siki OyJIM HAKJEEHI B 30HI YHUCTOTO
3TUHY B XapaKTEpHUX TOYKaX IO BUCOTI mepepidy Oanku. Kpim TeH30pe3ucTopis,
nedopMmalrii Ha THUX K€ PIBHAX BHUMIPIOBAJIM 3a JIONIOMOIOK 1HJAMKATOPIB
TOJIMHHUKOBOTO TUMY 3 I1iHO0 moauiku 0,01 MM 3 6azoro 25 cMm.

3 OTpMMaHHMX pe3yNbTAaTiB BHUIUIMBAE, IO HA TIOYATKOBHX CTaJisfgX
KOPOTKOYACHOTO HABAHTAKEHHS MPOTHMHMU Yy BCIX TPbOX Oajgkax poOCTyTh 3a
JiHiHOIO 3anexHicTio. Konm HaBantaxeHHs gocsrae  piBHs 2030 kH,
CIOCTEPIra€EThCS HENIHIMHUN XapakTep. Y Oainl | cepii HEMHINHICTh TOYMHAETHCS
JIENIO paHile 1 BUpakeHa YITKIIIE. 32 4yac HABAHTAKEHHS MPOTMHHU B Oankax [
cepii B 1,8 pa3u Bumii, Hix y O6ankax II cepii.

HaBeneni  TakoX  pe3yslbTaTd  E€KCHEPUMEHTAIBHUX  JOCIHIJKEHb
TPIIMHOCTIMKOCT] TPHOX THUIIIB 0AJIOK IPU KOPOTKOYACHOMY HaBaHTaKEHHI.

VYV m’aroMy po3auti po3risSIIaEThCS HeCcyda 3/IaTHICTh Ta TPIIUHOCTIMKICTD
3a11300€TOHHUX, (PIOPOOCTOHHUX Ta KOMOIHOBAaHHUX OalloOK NpU TPUBAIUX
HAaBaHTAKCHHAX. PO3TIIIHYTO TEOpEeTUYHI aCTIEKTH BU3HAYCHHS HECYYOi 3/ITaTHOCTI
Ta TPIIMHOCTIMKOCTI OallOK MPW TPUBAIMX HABAHTAXKEHHSIX 1 pe3ysbTaTd ix
CKCTICPUMEHTAILHUX JTOCTIIKEHB I11]T HaBaHTa)KeHHsIM TipoTsiroMm 370 m16. banka 31
3BHUAHOTO OETOHY B MPOIECI TPUBAIOTO HABAHTAXKEHHS 3HU3WJIA CBOIO HECYTY
3natHicTh Ha 5,5%. CranediOpoOeronHa Oanka MiJBUIIKAIA HECY4Yy 3JaTHICTH 13
75 xH no 80,7 xH, To6T0 Ha 7,6%. BcTaHoBieHo, 1m0 cTaliiizalis NpOrvHIB y
oankax Il cepii HacTtae 3HauHo panimie (100 ni0), Hixk y Oankax I cepii (175 ni0).
[Iporunu 3a yac TpUBAJIOTO HABAHTAXKEHHS B OajKax BCIX TPhOX cepiil 3pociu Ha
(29+34)%. Ha mMoMEHT MOBTOPHOIO HaBaHTAXKEHHS ckjianu: OeTtoHHa Oanka (I
cepis) — 1,07 cm, kom6GinoBana (III cepis ) — 0,68 cm Ta cranediopodbeTonna (11
cepis) — 0,6 cm.

PerenbHO [OCHIIKEHO TPIIIMHOCTIMKICTH OaloK BCIX TphOX cepid 3
BUMIPIOBAHHSAM IIUPUHU PO3KPUTTS TPIIIMH Ta SIKICHUM 1 KITBKICHUM aHaTi30M

XapakTepy 1X YTBOPEHHS Ta pO3TallyBaHHS.



PesynbpTat, oTpuMaHni B JaHiil HAyKOBO-AOCHIIHIA POOOTi, BIPOBAIKEHI B
MIPAKTUKY MTPOEKTYBAHHS Ta eKCIUTyaTallii Oy/1iBesb, a TAKOK BUKOPUCTOBYIOTHCS B
HaBYAJIbHOMY IPOIIEC] 3aKJIaJiB BUIIIO1 OCBITH.

KurouoBi ciioBa: 6anka, 6etoH, pidpobeToH, 3pa3ok, BUMPOOYBaHHS, HECYyda

31aTHICTb, TPIIIUHOCTINWKICTD, 1e(OPMATUBHICTD, POT'HH.

ABSTRACT

Vyhnanets M. M. Crack resistance, deformability and bearing capacity of
beam fiber concrete structures.

The dissertation on competition of a scientific degree of the doctor of
philosophy on a specialty 192 — Construction and civil engineering. — Odesa State
Academy of Civil Engineering and Architecture, Odesa, 2024.

The dissertation study is devoted to the study of crack resistance,
deformability and load-bearing capacity of beam fiber concrete structures under
the action of short-term and long-term loads.

In the introduction, the justification for the choice of the research topic is
given, the purpose and tasks of the research, scientific novelty and practical
significance of the work are formulated, its general characteristics and connection
with scientific programs are presented.

In the first chapter of the dissertation, the history of the appearance of fiber
concrete is briefly given, and the areas of its rational application are established. A
review of works related to the research of steel fiber concrete and steel fiber
concrete structures was carried out. The regulatory framework of Ukraine and
foreign countries for the calculation of steel-reinforced concrete structures has
been analyzed. Special attention is paid to the consideration of the existing
normative documents of Ukraine and the methods of calculation proposed in them.

The results of research on structures based on steel-reinforced concrete are
based on the works of I.M. Akhverdova, Yu.M. Bazhenova, N.I. Karpenka and
many other researchers of concrete and structures based on it. As for the works

directly devoted to the study of the operation of steel-reinforced concrete



structures, they are clearly not enough. Usually, in research, work is carried out
separately to improve the properties of the material, and the improvement of
structures due to the use of SFB is carried out separately, often without interaction
with their static and dynamic work. However, there are no clear instructions in the
regulatory documents regarding the selection of initial data in the design and
manufacture of the SFBC (SFBC), neither in terms of the choice of materials and
technologies, nor in matters related to the requirements for a specific design. In this
regard, it is difficult to expect full implementation of the possibility of increasing
the technical and economic indicators of structures based on SFB. Perhaps, this is
one of the reasons that even today they have not found a worthy practical
application in domestic construction.

The performed review leads to the conclusion that the study of crack
resistance, deformability and load-bearing capacity of fiber concrete structures, in
particular, beam structures, is an urgent problem.

The second chapter of the work describes the author's experimental studies
of the mechanical properties of steel fiber concrete.

The properties of steel fiber, the analysis of the influence of its geometry on
the properties of steel fiber concrete structures are given. It is emphasized that not
always the rational parameters of fiber reinforcement, which were selected
theoretically, will provide the specified physical and mechanical characteristics of
the structure based on SFB while maintaining the "price-quality” ratio. But the
research of the structure of SFB makes it possible to understand the processes
occurring in the material under the influence of loads, as well as the prospects and
directions of their development.

The experimental studies carried out in the work included three stages. The
purpose of the first stage was to determine the optimal characteristics of the steel
fiber concrete mixture. The processing of the results of the first stage of the tests
showed that the optimal characteristics of the fiber concrete mixture is a matrix
with a coarse aggregate of 10 mm (at the same time, the cube strength was

significantly higher than with a crushed stone size of 10 mm, in all series of



experiments) with 1.0% fiber reinforcement, because at at a higher percentage of
fiber reinforcement, the increase in cubic strength turned out to be insignificant.
This composition of the mixture was adopted for the second stage of testing. At the
second stage, the cubic and prismatic strength of fiber concrete was determined,
the nature of their changes over time was investigated, the initial modulus of
elasticity and the modulus of deformations under short-term and long-term loading
were determined. And at the 3rd stage, the prisms were loaded to the point of
failure in force stands without prior unloading.

From the analysis of the results, it follows: without exception, all the
samples that were under long-term load for more than a year increased their
bearing capacity. The higher the level of long-term load, the more concrete is
compacted and, of course, its long-term strength is higher. It was established that
the prisms made of fiber concrete, which were under the action of a long-term load
for 370 days, increased the load-bearing capacity by 30-50%, depending on the
level of load. The higher the load level, the higher the long-term strength. The
conducted studies showed that, in comparison with ordinary concrete, the structure
of fiber concrete is characterized by a smaller number of large pores and higher
uniformity. As is known, contact zones of the interphase layer with improved
mechanical properties are formed in ordinary concrete. In fiber concrete, these
zones were 5-6 times larger, and their total number increased. Obviously, this leads
to an increase in the physical and mechanical characteristics of the material as a
whole. In addition, arbitrarily oriented steel fiber in the sample redistributes the
stress gradients arising under the load, as a result of which the stress concentration
is reduced.

The analysis of the results showed that for practical application it is possible
to recommend the analytical dependence that connects the strength of fiber
concrete and its age in the form of a polynomial of the fourth degree, since in this
case the coefficient of determination will be maximum at all investigated load

levels of fiber concrete samples.



The third chapter of the dissertation is devoted to the study of the load-
bearing capacity of beams under short-term loads. The theoretical bearing capacity
of reinforced concrete beams with normal cross-sections is determined by several
existing methods - using a concrete deformation diagram in the form of a fifth-
degree polynomial; using the concrete deformation diagram in the form of a
fractional-rational function; using a simplified two-line diagram of concrete
deformation. The theoretical bearing capacity of reinforced concrete beams along
inclined sections is also determined. And, finally, the theoretical bearing capacity
of fiber concrete beams according to normal and inclined sections is determined. It
IS emphasized that regarding the recommendation, its definition is in the previous
version of the DSTU and for some reason is not in the current regulations. At the
same time, such recommendations are given by normative documents of Europe,
the USA and most of the leading countries of the world.

The next part of the third chapter is devoted to experimental studies of the
load-bearing capacity of beams, which were carried out by the author of the work.
At each stage of the research, three series of beams of different types were tested
(three identical samples in each series): Series | - beams made of ordinary
concrete; 11 series - steel-reinforced concrete beams; 111 series - beams of combined
cross-section, in which the lower (stretched) zone, which is equal to half of the
cross-section of the beam, is made of steel fiber concrete, and the upper
(compressed) zone is made of ordinary concrete. Fiber, the total volume of which
was 1%, was uniformly added to the composition of the concrete mass for the Il
and 111 series of samples during mixing.

At the end of the chapter, a comparative analysis of the performed
theoretical and experimental studies is given.

In the fourth chapter of the dissertation, the deformability and crack
resistance of reinforced concrete, fiber concrete and combined beams under short-
term loads were considered. The theoretical calculation of the beams according to
the formation and opening of cracks was performed, the moment of crack

formation and the width of the crack opening in normal sections were determined.



Deflections of the beams are determined based on the current norms of
Ukraine and in accordance with the European standard Eurocode-2. The
methodology and results of experimental studies of deflections under short-term
loading are presented. In the process of testing the beams under short-term and
long-term loading, deflections, deformations of individual concrete fibers and the
load applied to the sample were recorded. Deformations were measured using
strain gauges with a base of 50 mm, which were glued in the zone of pure bending
at characteristic points along the cross-section height of the beam. In addition to
strain gauges, deformations at the same levels were measured using watch-type
indicators with a division price of 0.01 mm with a base of 25 cm.

The obtained results show that in the initial stages of loading, the deflections
in all three beams grow linearly. When the load reaches the level of 2030 kN, a
nonlinear character is observed. In the beam of the | series, the nonlinearity begins
somewhat earlier and is more clearly expressed. During the load, the deflections in
beams of the | series are 1.8 times higher than in the beams of the 11 series.

The results of experimental studies of crack resistance of three types of
beams under short-term loading are also presented.

The fifth chapter examines the bearing capacity and crack resistance of
reinforced concrete, fiber concrete and combined beams under long-term loads.
The theoretical aspects of determining the load-bearing capacity and crack
resistance of beams under long-term loads and the results of their experimental
studies under load for 370 days are considered. A beam made of ordinary concrete
during long-term loading reduced its load-bearing capacity by 5.5%. The steel-
reinforced concrete beam increased its bearing capacity from 75 kN to 80.7 kN, i.e.
by 7.6%. It was established that stabilization of deflections in beams of the 11 series
occurs much earlier (100 days) than in beams of the | series (175 days).
Deflections during long-term loading in the beams of all three series increased by
(29+34)%. At the time of repeated loading, they were: concrete beam (I series) —
1.07 cm, combined (I11 series) — 0.68 cm and steel fiber concrete (Il series) — 0.6

cm.



The crack resistance of the beams of all three series was thoroughly
investigated with the measurement of the crack opening width and qualitative and
quantitative analysis of the nature of their formation and location.

The results obtained in this research work are implemented in the practice of
building design and operation, and are also used in the educational process of
higher education institutions.

Keywords: beam, concrete, fiber concrete, sample, test, bearing capacity,

crack resistance, deformability, deflection.



