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Hucepraliisi NpUCBIYEHA aHANI3y HANPY>XEHO-Ie(OPMOBAHOTO  CTaHY
3a]1300€TOHHUX  KOJIOH B  cITYacTUX o0oiimax Ta  pamioHamizamii — ix
KOHCTPYKTHUBHHUX MapaMeTpiB.

Y BeTymi 0OTpyHTOBAaHO aKTyalbHICTh TEMH AucepTauli, c(popMylbOBaHO
METy 1 3aBJaHHS JOCIIPKCHHsI, MPEJCTaBICHO HAYKOBY TiMOTE3y, HOBHU3HY 1
MpaKTUYHE 3HAYCHHS OTPUMAHMX pe3ylbTariB. HaBemeHo BIAOMOCTI PO
ocoOucTHIl BKJIAJ 3700yBada, ampoOalil0 OCHOBHUX pe3yJbTaTiB AUCEpTaIlii,
KUIBKICTB TyOJTiKaIliii, CTpyKTypy Ta 00csr poOOTH.

B nepmiomy po3aijai Bif3Hau€HO, IO HAa MOTOYHUM MOMEHT aKTyaJIbHUM
3QJIMIIAETHCS 3aBJAaHHS BJIOCKOHAJIICHHS 3ai300€TOHHUX KOHCTPYKIIH, SIKI €
OCHOBOIO KaIliTaJbHOTO OY/IBHHUIITBA B OLIBIIOCTI PO3BHUHEHHX KpaiH CBITYy, a
TaKOXX 3a3HAYAE€ThCSA, 10 TIJBUIICHHS €(PEKTUBHOCTI KalliTaJIOBKIaJeHb B
OYyIIBHUIITBI MOJIUBO JOCATTH IUIAXOM PO3POOKH HOBHX a00 BIIOCKOHAJICHHS
BIJIOMUX KOHCTPYKTHUBHHUX PillIeHb. 30KpEMa MParHeHHs CTBOPUTH €KOHOMIYHI 3a
BUTPATOIO MaTepialiB €JIEMEHTH 3a11300€TOHHUX KOHCTPYKIIiH, 110 TPaIlol0Th Ha
CTHUCK, TMPU3BEJIO JI0 BUKOPHUCTAHHS PI3HUX CIOCOOIB HEMPSMOTO apMyBaHHS, SKi
3HAWIIUIM 3aCTOCYBaHHSI B OYJIIBHUIITBI aBTOMOOUTHHUX 1 3ali3HUYHUX MOCTIB, a
TaKOXK 0araTormoBEpXOBUX OYy/iBeNb, OCKUIBKH KOJIOHM 1 OMOPH JaHUX O00'€KTIiB
BITUYBalOTh BUCOKU PIBEHb HABAHTAKEHHS, B TOMY YHUCJII 3HAKO3MIHHOTO.

Y 3B’A3Ky 13 BHILECHABEJACHUM, B MeEPIIOMY PO3aiji MpoaHaII30BaHO
HAWOUIBII  TOIIMPEHI  KOHCTPYKTHMBHI  PIIMIEHHS  HEMPSMOTO  apMyBaHHS

3aJ11300€TOHHUX KOJIOH, 30Kpe€Ma TakKl, SIK 3aCTOCYBaHHS 3BapHUX CITOK, CIipaJieid,



MmeTasieBux TpyO. [lo3HaueHi OCHOBHI MepeBaru 1 HeJOMIKU JaHUX KOHCTPYKTHUBIB 3
ypaxyBaHHSM OCOOJIMBOCTEH iX pOOOTH i/l HABAHTAXKCHHSIM Ta €KCIUTyaTaIlliHO1
HaJIHHOCTI. Bia3HauaeTbcs, 10 BUKOPUCTAHHS 3BapHUX CITOK Ta CHipajiel
MOB’SI3aHO 3 MIJBUIICHUMH BUTpaTaMU Ipalli Ta 4acy 3BEJACHHS, a 3aCTOCYBaHHS
TpyOOOETOHY TMOPOKYE HEOOXITHICTh JOJATKOBOIO 3aXHUCTY KOHCTPYKTHBY BIJI
MEXaHIYHUX MOUIKOIKEHb, BOTHIO Ta KOpo3ii. [lepcrieKTHBHUM B IbOMY HaNpsIMKY
€ BHUKOPUCTaHHSI OOOWM 3 TMPOCIYHO-BUTSXKHOTO JIUCTA, $AKI BIAPIZHIIOTHCS
MEHIIIOI0 BJIACHOIO Baroro, a OTXE ¥ €KOJIOTIYHOI0 MO3WTUBHICTIO. BUKOHaHMI
aHali3 BIIOMUX TEOPETUYHHUX 1 E€KCHEPUMEHTAIBHHMX PE3YJbTATIB MIATBEPIKYE
TOM (haKT, M0 3a3HAUYEHl KOHCTPYKLIi MPEACTaBISAIOTh 3HAYHUI 1HTEpec s
Cy4yacHO1 Oy/iBEJIbHOT Taily3l Ta, BPaXOBYIOUH iX SIKICHE 1 KIJIbKICHE HAIlIOBHEHHS,
JI03BOJIUB C(hOPMYJIIOBATH OCHOBHI 3aJ1aul MPEJCTaBICHOI pOOOTH.

B apyromy po3aiji 3anponoHOBaHa HOBa KOHCTPYKI[iSE OETOHHOI CTIMKH B
MPOCIuHIA 000¥Mi, T0JATKOBO MIAKPIIJIEHA apMaTypHUMHU minanroytamu. Criiika
MOKE€ MaTH TMOpPOXHHUHY 13 3aJaHOI0 TE€OMETpPI€l0, 3alOBHEHY BKIJIATUIIEM-
MyCTOTOYTBOPIOBaUEM JUIsl JIOAATKOBOi €KOHOMII OeToHy. BukopucroByroun
17ICOJIOTII0 MPSIMOTO TPOEKTYBAaHHSA, MOCTaBJIEHAa 1 BHpIIIEHA 3aJada TMOLIYyKY
3a3HAYEHOI BHUIIE CTIMKM 3 Hamepes] 3aJaHUMHU MO3UTHUBHUMH BJIACTHBOCTSIMHU.
BBakatoun, 1m0 Ha BChOMY Jiama30Hl HABAHTA)KEHHS BUKOHYETHCS YMOBA
CIUJIBHOCTI padiaibHuX naedopmariii sapa 1 KUlbIIeBOi 00OWMM, Ha TiJCTaBl
pileHHs: 3a7adi 1o Tumy 3amadi Jlsme, orpumani GhopMmynu s BU3HAYCHHS
pagianbHUX AedopMaliid SK MOJoro, Tak 1 CyluibHOro UumiHApiB. [IpuiiHABIIM
COpPaBEAJIUBICTh TOTO, IO PO3MIPHM YapyHOK OOONMMH Malll B TMOPIBHAHHI 3 i
pajaiycoM 1 BHCOTOIO CTIHWKH, ciT4yacTa 00oiMa HaOJIMKEHO 3aMiHEHa CYIIHHOIO
OPTOTPONMHOI 000JOHKOI0. JlaHa oOcTaBMHA, a TaKOX BBEICHHS B 3a7ady
TPUOPTOTOHAJIBHOI CHUCTEMH KOOPAMHAT, 3YMOBWJIM B KIHIEBOMY IIJCYMKY
oTpuMaHHs GopMynH s nedopmaliiid i mepemMimneHb 000JIOHKHA, Ha OCHOBI YOTO
nani Oy BU3HAYEH1 HEBIJIOM1 KOHTAKTHI HAMPY>KEHHS.

B ocHOBi1 parmioHamizainii KOHCTPYKTHBY TOKJIaJ€HO METOA Ol0HIYHOI

onTuMmizalii, 3anpornoHoBanuit mpogecopom llmykinepom B.C., skuii pyHnoBanuit



CHEpreTUYHUMHU  KPUTEPIsIMH, TPEACTaBICHMMU B  poloTax mpodecopa
BacwibkoBa I'.B., mpo minimizarito motenmiinaoi eneprii (IIEJ]) cuctemu 1 BumMoru
130€HEPreTUYHOCTI 11 cTaHy. [30€HepreTHYHICTh CTaHy KOHCTPYKIli BHU3HA4YeHa
¢dbopMoI0 BKIIAIUIIA, 1110 MA€ €KCIIOHEHIIAIbHY 3MIHY IUIOIII MePEeTUHY MO BUCOTI.
OCK1JIbKY MOTEHIIHHA eHeprid 1 11 MIIBHICTh € (YHKIISIMU TOJIOBHUX HANPY>KECHb,
a BOHHM, B CBOIO 4epry, MOXYyTh OyTH BHUpa)XK€HI 4epe3 T€OMETPUYHI MapaMeTpu
CTIMKH, TO 3MIHIOIOUH 1Ii TApaMeTPH MOXKHA JOCATTH 33JJaHOTO PiBHA KOHTaKTHHUX
Harnpy>XeHb, BU3HaueHoro 3 yMoB MiHiMymy [IEJ[. Tlpu mpomy BUKOpHCTaHHS
napametrpa Jloge-Hamai HampyXeHOro CTaHy JO3BOJIMJIO BU3HAYUTH  THUII
pyiiHyBaHHsI eynemMeHTa. Jl01aTKOBO BHUPIIIEHI 3ajadyl CTAaTUYHOI Ta JUHAMIYHOI
CTIHKOCTI KOJIOHH B MPOCIYHII 000iMI.

Ha ocHOBI mpeACTaBIEHOrO ajaropuTMy, B PO3JAUI TaKOX HaBEJEHI
pe3yJIbTaTH YHUCEJIBHOTO aHalli3y Ha MPUKJIaAl pO3MIALy CYLIIBHOrO 1 IOJIOTO
HWIIHAPIB 0e3 000iMU Ta YyKJIaJeHHX B citdyacTy o0OoiMy. OTpumaHi MO
TOJIOBHUX HANpYyX€Hb Ta  MOTEHLIMHOI eHeprii s 24 pi3HUX BapilaHTIB
KOHCTPYKTUBY 3 BpaxyBaHHSIM OOTHCHEHHs Ta 0e3 Hboro. IIpencraBiena
3aJIEKHICTh TMOTEHLIMHOI €Heprii CYHUUIbHOI KOJIOHHM BIJ KpPOKY 1 JlaMeTpy
IITIAHTOYTIB, B AKIA €KCTPEMalibHI TOYKH BIIOBIIAIOTh MiHIMAJIbHUM 3HAYCHHSIM
[TEJ] 1 3a1a10Th pariioHaJIbHI MapaMeTpH CITYACTOi 000HUMHU.

Tperiii  po3min  npuCBAYEHUN  EKCIIEpUMEHTAIbHIA  BepudiKallii
paIlioHa30BaHOTO  KOHCTPYKTHMBHOTO  PINIEHHS  3a11300€TOHHOT  KOJIOHHU.
[ligroTroBIEeHO Ta TMPOBEAEHO IMKJI HATYpHUX BHUIPOOYyBaHb TPhOX cepiid
EKCIIEpUMEHTAJIbHUX 3pa3KiB 3arajbHOI0 KuIbKicTIO 18 mryk. KoxkHa cepis
mpeacTaBiieHa miictbMa yucto O0eroHHuMHU 3paskamu (BC), miictbma GeToHHUMEU
3pazkamu B cityactiit 06omonii (BC-II) Ta mrictbMa 6€TOHHUMHU 3pa3KaMu B CITI1
31 mmanroytamu (BC-I1I) Bucotoro 1000Mm Ta miametpom 450MmM.

BuroTtoByieHHsT MOCTITHUX 3pa3KiB BUKOHAHO B Pa30Bili KapTOHHINA OMaiyOIl
B yMmMoBax OyaiBelIbHOro MainaHuuka. PyHHIBHI BUIIpOOyBaHHSA MPOBEACHI 3a

TphOMa cxeMaMu 3 KpokoM HaBaHTaxeHHs 490xkH. B po3znini onwmcani mpouenypu



BUIMIPOOYBAaHHS 3a KOXXHOIO CXEMOIO, OCOOJMBOCTI CHCTEMH BHMIPIOBAHHSA Ta
pe3ynbTaTH BUIPOOYBaHHS.

30kpeMa, OTpUMaHHWM XapakTep pyHHYBaHHS Ta pYHHIBHI 3yCWJUIS TpH
CTYIIHYaCTOMY HaBaHTa)XEHHI 3pa3KiB 3a JOMOMOIOI0 T'yOOK Mpecy MOKa3ye, IO
pyiHiBHe 3ycuiuis ans 3paskiB cepii BC-II na 20-28% Oinbine, HK Yy YUCTO
6etonnux 3paskiB cepii bC, a y 3pa3kiB BC-IIII — na 28-39%. Otpumano, 110 Bxe
Ha HIDKHIX PIBHSAX HAaBaHTAXCHHs JUISl BCIX 3pa3KiB XapaKTepHa MOsBa BOJOCSIHHUX
TPIIMH B 3aXWCHOMY Iapi OETOHy, OJIHAK /IS 3pa3KiB B CITII ILIEW Mpoiiec
MOYMHAETHCS MPU OUTBIINX HABAHTAXKEHHSX, HIXK JIJISl YUCTO OCTOHHHUX.

Jns  BunpoOyBaHb 3a CTYNIHYACTOK Ta MAaJOLMKIOBOK  CXEMaMH
NPUKJIaJaHHS HABAaHTA)KEHHS 4Yepe3 CTAJIEBUI OTOJIOBHUK Bi/I3HaU€HA BIJCYTHICTh
BOJIOCSHMX TPILIIUH MPAKTHYHO HAa BChOMY Jiana3oHl HABaHTAXEHHS. Y TBOPEHHS
TPIIIMH BCTAHOBJIEHO TMpW HaBaHTAXEHHI ONU3BKOMY 1O PYHHIBHOTO 1
CYIIPOBOKYETHCSI IIBUAKUM IOMIMPEHHSAM TPIIIMH BiJ OCHOBH B3J0BXK 3pa3Kka 3
onHoyacHUM iX po3kputtaMm. s 3paskiB BC-II 1 BC-IIII Big3HaueHo sk
pYWHYBaHHSI CITKH, TaK 1 IIMAHTOYTIB, IO CBIAYUTH MPO BKJIIOYEHHS iX B POOOTY.
PiBeHb pYyHHIBHUX 3yCWJIb HWKYE, HIXK ISl NEPIIOi CXEMH, 110, UMOBIPHO, €
HACJTIZIKOM SIK BUKOPHCTAHHS BJIACHE OTOJIOBHMKIB TPH Tepeaadi HaBaHTAKEHHS,
TaKk 1 IUKIIYHOCTI 11 TPHUKIAJaHHS TPH MAJOUMKIOBUX BHUIPOOYBAHHSX.
30UIbIIEHHST PYWUHIBHOTO 3ycWJUIS cKianmo 5 1 23% g 3paskiB B CITII 1 IS
3pas3KiB 31 MIMAHTOyTaMH BIATIOBIHO y MOPIBHSIHHI 3 YUCTO OCTOHHUMH 3pa3KaMH.

3a pesydabTaTamMH JOCTI[DKEHb BIJI3BHAYAETHCS, IO TMPOILEC TOBHOTO
pyliHyBaHHs OleleMEHTY BiAOYBAa€TbCS CTYNEHSMHU JO TOrO OCTaTOYHOIO
MOMEHTY, KOJM PyHHYeTbCS ciTKa 1 / abo mmaHroyr. TakuM 4YHMHOM, MOKHA
3pOOUTH BUCHOBOK, 110 B peajbHUX KOHCTPYKIIAX Halkpamoro epekry o0oiimMu
MO’KHA JTOCSITTH, SIKIO KOHCTPYKTUBHO MepeaaBaTH HaBaHTA)KEHHS Ha BCIO IUIOILY
NEePETUHY KOJIOHHM BUKJIIOUHO Ha O€TOH, HE 3a4iMaroyu CiT4acTy 000imy.

3 orysay Ha MEPMAHEHTHY CKJIAAHICTh Ta AOPOTOBU3HY MPAKTUYHO OYIIb-
SKUX HaTYpHUX €KCIEPUMEHTaIbHUX JOCTIIKEHb, & TAKOXK 3 METOIO MiJABUIIECHHS

PIBHSI KOPEKTHOCTI PO3PAXyHKOBOI MOJENi, B 4YeTBEPTOMY PO3diji HaBeAeHI



pe3yNabTaTH CKIHYEHHO-EJIEMEHTHOTO aHali3y HampyXeHO-Ie(OpMOBAHOIO CTaHY
KOHCTPYKTHBY B HOBiii mporpamniii cucremu «LS-DYNA». i npunnumnosoro
BIJIMIHHICTIO BiJl BIJIOMHUX CHCTEM € MOXKJIUBICTh OTPUMaHHS KapTUHH PYWHYBaHHS
KOHCTPYKIIii, 30Kpema i y popmati aHimariii.

[ToOynoBaH1 CKIHYEHHO-CJIEMEHTHI MOl TPhOX 3pa3KiB, aHAJOTIYHHX 3a
KOHCTPYKTUBOM JI0 THX, IO PpO3MJISHYTI B eKcrnepuMeHTi. BumpoOyBaHHs
NPOBEJCHO 3a JBOMA CXEMaMH CTYIMIHYaTol Tepejadi HaBaHTAKEHHS — dYepes
IJIACTUHU TIPECy Ta CTajeBU OrosloBHUK. OTpUMaHi MOJI pO3NOALTY HOPMaTbHUX
HaIpyXeHb, MNIACTUYHUX AedopMalliii Ta XapakTepy pyHHYBaHHS KOKHOTO 3pa3Ka
IIPU BOX CXEMaxX HABAHTAXKEHHS CTYIIHYATOr0 HaBaHTa)KECHHS.

AHani3ylouu pe3yJbTaTu pO3paxyHKiB, OTPUMAHO, [0 XapaKTep pyHHyBaHHS
BCIX 3pa3KiB MOJSATa€ B PO3MIMPEHHI OETOHHOI CTIMKM B cepelnHid vacTtuHi. Lle
PO3IIUPEHHST CYIPOBO/KYETHCS ITIOSBOIO IMO3JOBXKHIX TPIIIUH, SIKI B TIM, HE
MOIIUPIOIOTHCS Jalll BIIMOWHY 32 MEXI1 MPOCIYHOI 000itMu st 3pa3kiB cepiit bC-
[T ta BC-TIII. Kpim Toro, po3moaisi miacTuuHuX aedopmaiiiii BcepeanHi 3pasKiB 13
CITKAMHM Ta IIMAHTOyTaMU € OIIBII PIBHOMIPHUM, a TMpPOIeC PYWHYBaHHS —
NOBUIbHIIIMI. BcTaHOBIIEHO TakoX, IO pYWHIBHE 3yCWUIS MpU Hepenadi
HABAHTAXKEHHS 4Yepe3 OTrOJIOBHUK Maibke B 1.5 pasu MeHmie, HiX TpH Tepenadi
HABAHTAXKEHHS HAa BECh 3pa3ok ryOkamu mpecy. Jlana iHdopmariis, K 1 Xapakrep
pyHHYBaHHS 3pa3KiB, MOBHICTIO KOPETIOIOTH 3 pe3yIbTaTaMH €KCIIEPUMEHTAIbHIX
nociigkeHb. lle CBIMUUTH TPO BHCOKHUM CTYIMIHH KOPEKTHOCTI MOOYI0BaHO1
CKIHUEHHO-€JIeMEHTHOI Mojemi. [lpu mpoMy mnoxuOka BH3HAUYEHHS PYHHIBHUX
3ycuiib cTaHOBUTH 10-20%, 110 B OibIIii Mipi MOB'SI3aHE 3 SIKICTIO BUTOTOBJICHHS
JOCITITHUX 3pa3KiB.

I’siTMii po3aia NpUCBSYEHUIM BIPOBAIKEHHIO PE3YNbTATIB JIUCEPTALIHHOTO
nocimimkeHHs. HaBemeHi  pexkoMeHparii 100  3BEIECHHA MPOMOHOBAHUX
3a]11300€TOHHUX KOJIOH SK i 00’€KTIB HOBOro OyAiBHUIITBA, TaK 1 MJs
pPeKOHCTpYKIlli. BnpoBajkeHHsT pe3ynbTaTiB 3AIMCHEHO 4Yepe3 BaplaHTHE
IPOEKTYBaHHS KOJIOH MapKIiHTy B )KUTIOBOMY KoMmiuiekcl «[laBmiBcbkuil kBapTam»

B M. XapKoBi, KOJIOH BojaoHaripHoi O6amtu B M. Capadany (JliBaH), a Takox npu



OyAIBHUIITBI KOJIOH BXIJHOI IpyHnH B >KUTIOBOMY KOMIUIEKCI «Pe3umeHmis» B
M. XapkoBi. [HTerpaibHO MOXKHA y3araJbHUTH OTPUMAHUNA €KOHOMIYHUN e(eKT 110
HaCTYITHUX [IOKA3HUKIB: 3MEHIIIEHHS BJIACHOI Baru KOHCTPYKTHUBY 1 SIK Hacnizu(y
matepianomictkocTi Ha 20-50%; mpuckopenHs temmiB OyniBaunTBa Ha 10%, 110
3araJioM J03BOJIA€ JOCATTH 3MCHIICHHS BapTOCTi 3BCACHHS TAKHNX KOHCprKHifI Ha
5-30% y mopiBHSHHI 13 327113006 TOHHUMH KOJIOHAMH.

KiarouoBi cjoBa: mpoCidHO-BUTSDKHA 000WMa, MIMAHTOYT, ITOTEHIlIHHA
eHepris aedopmalliiii, KOHTAaKTHI HanpykeHHs, napametp Jlone-Hanai.

ABSTRACT

Hammoud M.T. Stress-strain state and rationalization of the parameters of
reinforced concrete columns with mesh reinforcement. - On the rights of the
manuscript.

The thesis for the degree of the philosophy doctor, specialty 192 —
construction and civil engineering (19 - Architecture and construction). — O.M.
Bektov National University of Urban Economy in Kharkiv, Kharkiv, 2021.

The dissertation is devoted to the analysis of the stress - strain state of
reinforced concrete columns in mesh holders and rationalization of their structural
parameters.

The introduction substantiates the relevance of the dissertation topic,
formulates the purpose and objectives of the study, presents the scientific
hypothesis, novelty and practical significance of the results. Information about
personal contribution of the applicant, approbation of the main results of the
dissertation, number of publications, structure and volume of work is given.

In Section One it is noted that at present the task of improving reinforced
concrete structures, which are the basis of capital construction in most developed
countries, remains relevant, and that increasing the efficiency of investment in
construction can be achieved by developing new or improving known design
solutions. In particular, the desire to create cost-effective elements of reinforced
concrete structures operating on compression, led to the use of various methods of

indirect reinforcement, which are used in the construction of road and railway



bridges and high-rise buildings, as columns and supports of these objects are high
load level, including alternating.

In connection with the above, the first section analyzes the most common
design solutions for indirect reinforcement of reinforced concrete columns, in
particular, such as the use of welded mesh, spirals, metal pipes. The main
advantages and disadvantages of these designs, taking into account the peculiarities
of their work under load and operational reliability. It is noted that the use of
welded mesh and spirals is associated with increased labor costs and construction
time, and the use of tubular concrete creates the need for additional protection of
the structure from mechanical damage, fire and corrosion. Promising in this
direction is the use of clamps made of expanded metal sheet, which have less
weight and, consequently, environmental positivity. The analysis of known
theoretical and experimental results confirms the fact that these structures are of
great interest for the modern construction industry and, given their qualitative and
quantitative content, allowed to formulate the main objectives of the presented
work.

In Section Two the new design of a concrete rack in an mesh holder
additionally supported by reinforcing frames, is offered. The rack can have a cavity
with a given geometry, filled with a polystyrene insert for additional savings of
concrete. Using the ideology of direct design, the task of finding the above rack
with predetermined positive properties is set and solved. Assuming that the
condition of common radial deformations of the core and the annular holder is
fulfilled over the entire load range, the formulas for determining the radial
deformations of both hollow and solid cylinders are obtained on the basis of
solving the problem by the type of the Lame problem. Assuming that the size of
the cells of the mesh is small compared to the radius and height of the rack, the
mesh holder is approximately replaced by a solid orthotropic shell. This
circumstance, as well as the introduction into the problem of a triorthogonal

coordinate system, ultimately led to a formula for deformations and displacements



of the shell, on the basis of which the unknown contact stresses were further
determined.

The rationalization of the construct is based on the bionic optimization
methos, proposed by Professor Shmukler V.S., founded on the energy criteria
presented in the works of Professor Vasilkov G.V. on minimization of strain
energy of the system and requirements of isoenergeticity of its state. The
isoenergetic state of the structure is determined by the shape of the insert, which
has an exponential change in cross-sectional area in height. Since the strain energy
and its density are functions of the main stresses, and they, in turn, can be
expressed through the geometric parameters of the rack, changing these parameters
can achieve a given level of contact stresses, which is determined from the
minimum of strain energy. In this case, the use of the Lode-Nadai parameter of the
stress state allows to determine the type of destruction of the element.
Additionally, the problems of static and dynamic stability of the column in the
mesh holder are solved.

Based on the presented algorithm, the section also presents the results of
numerical analysis on the example of a continuous and hollow cylinder without a
holder and enclosed in a mesh holder. The fields of main stresses and strain energy
for 24 different variants of the design with and without compression are obtained.
The dependence of the strain energy of a solid column on the step and diameter of
the frames is presented, in which the extreme points correspond to the minimum
values of strain energy and set the rational parameters of the mesh holder.

Section Three is devoted to the experimental verification of a rationalized
structural solution of a reinforced concrete column. A series of field studies of
three batches of experimental samples with a total number of 18 pieces was
prepared and conducted. Each batch is represented by six pure concrete samples
(BS), six concrete samples in a mesh shell (BS-P) and six concrete samples in a
grid with frames (BS-PSH) with a height of 12000 mm and a diameter of 450 mm.

Production of prototypes was performed in disposable cardboard formwork in

the construction site. The destructive tests were carried out according to three



schemes with a load step of 490kN. The section describes the test procedures for
each scheme, the features of the measurement system and the test results.

In particular, the obtained falure nature and destructive forces at step loading
of samples by means of sponges of a press showed that destructive forces for
samples of the BS-P series is 20-28% more, than for pure concrete samples of the
BS series, and for BS-PSH samples - is 28 -39% more, respectively. It is obtained
that lower levels of loading for all samples are characterized by the appearance of
hair cracks in the protective layer of concrete, but for samples in the mesh, this
process begins at higher loads than for pure concrete.

For tests according to the step and low-cycle scheme of applying the load
through the steel plates, the absence of hair cracks was noted in almost the entire
load range. The formation of cracks is established at a load close to destructive one
and is accompanied by the rapid spread of cracks from the base along the sample
with their simultaneous opening. For samples BS-P and BS-PSH noted both the
destruction of the mesh and frames, which indicates their inclusion in the work.
The level of destructive forces is lower than for the first scheme, which is probably
a consequence of both the use of the actual plates for transferring the load, and the
cyclic nature of its application in low-cycle tests. The increase in destructive force
was 5 and 23% higher for samples in the mesh and for samples with frames,
respectively, compared with pure concrete samples.

According to the results of research, it can be concluded that the process of
complete destruction of the element occurs in stages until the final moment when
the mesh and / or frame is destroyed. Thus, it can be concluded that in real
constructions the best effect of the holder can be achieved if structurally transfer
the load to the entire cross-sectional area of the column exclusively on concrete,
without affecting the mesh holder.

Given the permanent complexity and cost of almost any full-scale
experimental studies, as well as to increase the correctness of the calculation
model, the Section Four presents the results of finite element analysis of the

stress-strain state of the structure in the new SLS-DYNA" software. Its



fundamental difference from known systems is the ability to obtain a picture of the
destruction of the structure, including in the format of animation.

Finite-element models of three samples similar in design to those considered
in the experiment are constructed. The tests were performed according to two
schemes of step load transfer - through the press plates and additional steel plates.
The fields of distribution of normal stresses, plastic deformations and the faiure
nature of each sample under two load schemes are obtained.

Analyzing the results of calculations, it was found that the nature of the
destruction of all samples is to expand the concrete rack in the middle part. This
expansion is accompanied by the appearance of longitudinal cracks, which, in
addition, do not extend further into the depth beyond the mesh holder for samples
of BS-P and BS-PSH series. In addition, the distribution of plastic deformations
inside the samples with mesh and frames is more uniform, and the destruction
process is slower. It was also found that the destructive force when transferring the
load through the steel plate is almost 1.5 times less than when transferring the load
to the entire sample with a press sponge. This information, as well as the nature of
the destruction of the samples, fully correlate with the results of experimental
studies. This indicates a high degree of correctness of the constructed finite-
element model. The error in determining the destructive forces is 10-20%, which is
largely due to the quality of the prototypes.

The Section Five is devoted to the implementation of the results of the
dissertation research. Recommendations for the construction of the proposed
reinforced concrete columns for both new construction and reconstruction are
given. The results were implemented through variant design of columns of parking
in the “Pavlovsky Kvartal” residential complex in Kharkiv, columns of water
tower in Sarafand (Lebanon), as well as construction of entrance group columns in
the “Residence” residential complex (Kharkiv Integrally it is possible to generalize
the obtained economic effect in the following indicators: reduction of the death
weight of the construct and, as a consequence, of material consumption by 20-

50%; acceleration of the pace of construction by 10%, which in general allows to



achieve a reduction in the cost of erection of such structures by 5-30% in
comparison with usual reinforced concrete columns.
Keywords: mesh holder, frame, strain energy, contact stresses, Lode-Nadai

parameter.
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