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Y craTTti mpencTaBicHI pPe3yNbTaTH YUCEITHHOTO MOJICITIOBAHHS
cTane3aniz00eTOHHNX eJIeMEeHTIB. J{JIs BCiX MOCIipKyBaHUX 3pa3KiB, sKi
OynM TIONEpPeIHbO BUNPOOYBaHI EKCIIEPUMEHTANBHO, OYJIM CTBOPEHI
IICHTUYHI peajbHUM MaTeMaTH4HI MO JUIisl SIKUX OyJia BU3HAUCHa
Hecy4a 3/[aTHICTh Ta MPOAHAaTi30BaHO HANPYKEHO-1e()OPMOBaHUI CTaH.

This paper deals with results of numerical modeling of composite
elements. The purpose of the work was comparing the data obtained by
the numerical method with the results of experimental studies of steel
reinforced concrete elements. The structures of length 1000 mm, 1700
mm, 2400 mm with a cross section of 100x100 mm were investigated.
The cross-section represents two metal sheets, which are connected by
reinforcing rod and a concrete core. For all investigated samples that
were previously tested experimentally, identical real mathematical
models were created for which with the help of numerical simulation in
the software complex SCAD Soft, the bearing capacity and stress-strain
state were investigated and analyzed.

The conducted analysis of the research using the finite element
method showed that the construction of the finite element model must
begin with the idealization of the design which includes the definition of
the size and types of the finite element.

For studies it was accepted to model the metal component of a finite
element of the "plate-shell” type, and the concrete component of a finite
element of the type "volume prismatic".
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The simulation results indicate that the pattern of deformation of
simulated structures coincides with similar deformed patterns of
experimental samples.

With increasing load in the average section as a result of
accumulation of plastic deformations a plastic hinge was formed,
therefore, for a more precise modeling it is necessary to take into account
the influence of plastic deformations.

The results of the simulation of steel reinforced concrete
constructions reinforced with sheets using the finite element method
compared with the values of bearing capacity obtained by experimental
tests differ by 5.7-9.9%, which is a satisfactory result, and confirms the
possibility of a partial replacement of field studies by numerical.

KitrouoBi cnoBa: craje3aizo0eToOHHI eleMeHTH, Hecyda 3/IaTHICTh,
YHUCCJIbHE MOJCIFOBAHHS

Keywords: composite elements, bearing capacity, numerical
modeling

B ocramHi pokM i3 3HAaYHUM PO3BUTKOM JIOCTYITHOCTi Ta
3pOCTaHHSM MOKIUBOCTEH MEPCOHANBHUX KOMIT IOTEPIB JJIsl HAYKOBIIIB
BiIKpiHCS ~ (AaKTUIHO HEOOMEXKEHI MOMIJIMBOCTI MOJICIIOBAHHS,
PO3paxyHKy 1 MPOEKTYyBaHHS OYAiBEJIbHUX KOHCTPYKIIH 32 JOMOMOTOI0
CAIIP (Cucrem ApromatuzoBaHoro [IpoekryBanHs). Ha choroai icHye
3HAYHA KIJTBKICTh 3aKOPJIOHHUX MPOTPAMHUX KOMILJICKCIB CTBOPSHUX TS
BHPIIIECHHS Pi3HOMAaHITHUX 1HKCHEPHHX 3aBJaHb: PO3paxyHKy, aHaJi3y
Ta MOJCNIOBaHHS (I3UMYHHMX MPOIECIB, HAMOLIBII BiOMI Cepea HUX
ABAQUS, ANSYS, ESAComp, Femap, CAE Fidesys, HyperWorks,
Moldex3D, NX Nastran Ta Bitunszasuaux — SCAD Soft, Lira.

Crayie3ani300eTOHHI KOHCTPYKIIil, SBISIOYA €000 e(EeKTHBHE
MOETHAHHS CTalll Ta OETOHY a0b0 3a11300€TOHY aKTUBHO JOCIIIKYIOThCS
npotsiroM octaHHix 40-50 pokiB, 0 3HAWIUIO CBOE BigOOpakKEHHS Y
po6otax Cropoxenka JLI. [1], Jlomarro A. E. [2], Fan A. [3], Thai H. T.
[4], Morino S. [5], Liang Q. Q. [6], Schneider S.P. [7], Zhao X.L. [8].

OCOOMMBOCTSIM YUCETTHHOTO MOJICITIOBAHHS METOJIOM CKiHYEHHHUX
eneMeHTiB mpucBsdeHi mpaui PuukoBa C.II. [9] Tta MomemoBaHHIO
crane3anizoberonaux KoHCTpyKIliit Cemka I1.0. [10].

Mertoro pobotn Oyii0 MOPIBHAHHS AAHUX OTPUMAHUX YHCEITHHUM
METOJIOM i3  pe3yiabTaraMd  CKCHCPUMEHTAIBHUX  JIOCIHIKCHb
cTaje3ani300eTOHHUX €JIEMEHTIB.
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Po3paxyHKH TPOBOAMINCEH 33 JOTIOMOTOI0 IPOTPAMHOTO KOMITIIEKCY
SCAD Office 11.3. Ins moaentoBaHHA 0OpaHa KOHCTPYKILiS po3MipaMu
AQHAJIOTIYHUMH  THM, IO  Oymd  TIOTEPEeNHBO  JIOCIHIHKEHI
eKCIIepUMEHTANBHO. JloCTiIKyBaIich KOHCTPYKIil moBkuHOIO 1000MM,
1700mMm, 2400MMm i3 momepeunum mnepepizom 100x100mMm (puc. 1).
[Nonepeunuii nepepi3 ABIsAE COOOIO ABA METAJICBUX JIUCTH, IO 00’ €HAHI
apMaTypHUMH CTPIKHAMH Ta OETOHHOTO sapa. Bci KommoHeHTH
mepepizy MpamoBald CYMICHO, SK TIOKa3aJd eKCIIEPHUMEHTANbHI
nociipkeHHs. ToMmy 3’€THaHHS METaJICBUX Ta OETOHHUX CJIEMEHTIB 0YJI0
o0paHO SK JKOpCTKe. MopenroBaHHS MeTaleBoi CKiIagoBoi Oyso
MPOBEIECHO 3a JOIOMOIOK CKIHYEHHOI'O €JIeMEHTa «OOOJIOHKa
TOBIIUHOIO 4MM Ta po3MipoM 30x40mM, OeTOHHE SIIPO MOJETIOBAIOCH
00’ €EMHUMH «IIPU3MaTHYHUMI eneMeHTaMu po3Mipamu 30x30x40.

Y

L ¥ V|

LY

/.

A

LA AN A

\

7V

o
7

-1

a)
Puc. 1. Marematuana mojens (a) Ta GoTo
eKCIIePIMEHTAIBHOTO 3pa3ka (0)
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Onopai  pebpa  MOJEMIOBAIMCH Y  BIANOBITHOCTI O
EKCIIEpUMEHTATBHUX 3pa3KiB «00OJOHKAaMI» TOBIIMHOIO 6 MM. OmopHa
IUTaCTHHA — «O0OJOHKaMI» TOBIIUHOIO 8 MM.

Po3paxyHkoBa cxema BH3HA4€Ha, SK CHCTEMa 3arajlbHOTO BHIY,
OCHOBHI HEBIIOMi TpEJCTaBJICHI JiHIHHUMU MEPEMIIICHHIMH BY3JiB
y310Bxk ocelt X, Y, Z 1 HOBOpOTaMH HABKOJIO IIMX OCEH.

OO6unceHi 3HaUeHHS JTIHIHHAX TIePEMIIIeHb 1 TOBOPOTIB BY3JIiB Bif
3aBaHTaXEHb MPEJICTABICHI B TAONHII Pe3yIbTATiB PO3PAXYHKY.

Puc. 2. Mogens 3aBaHTa)keHa 3 eKCIIeHTprUcHTEeTOM 50 MM
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[IpaBuno 3HakiB Ui TepeMillleHb Oylno NPUHHATO TaKUM, IO
JMHIAHI TEepeMillleHHS TIO3WTUBHI, SKII0O BOHU CIPSIMOBaHi yOik
3pOCTaHHS BiJINOBIAHOI KOOPAMHATH, @ KyTH MOBOPOTY IMO3UTHBHI, SKIIO
BOHH BIJIMOBIIAIOTH MPaBWIIy MPaBOTO TBHHTA (MPW MOTJISA BiJi KiHIIS
BIJIMOBIZHOT oci 70 ii moYaTKy pyX BifIOYBa€TbCsl MPOTH TOJUHHUKOBOT
CTPIJIKN).

PosriisHeMo MojeoBaHHS Ha MPUKIIAJI 3pa3ka BUCOTOW 1700 MM
i3 eKCIICHTPUCHTETOM TpUKIaJeHHs HaBaHTaxeHHs 50 wmm. Ha
PUCYHKY 2 MOKa3aHO MOPIBHAHHS AeQOPMOBAHOI CXEMH KOHCTPYKLII 3
AQHAJIOTIYHUM EKCIEPUMEHTAbHUM 3Pa3KoM. XapakTepHUM € Te LI0
KOHCTPYKIIIT MarTh CXOXYy cXeMmy JedopMyBaHHS. 31 3pOCTaHHSIM
HABaHTa)XGHHS B CEpPEJHROMY Tepepi3i B pe3ynbTaTi HAKOIMYCHHS
IUTACTUYHUX JeopMaLliii yTBOPUBCS IJIACTUYHUH IIApHIp.

Ha erami xonu nedopmariii HalOUIbII CTUCHYTOI (iOpU eeMeHTa
HE TICPEBUIYBAIA MEXY TUIMHHOCTI METally PO30KHICTH pe3ysIbTaTiB
cranoBuna 9,4%. 3a paxyHOK 30UIbIIEHHS 3YCHJUIA Ta HAKONWYEHHS
IacTUYHUX fAedopManid  3HaueHHA JedopMamiii KOHCTPYKUii B
BiJIpi3HsIHCH Big Mozeni Ha 14,8%.
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Taomums 1
3HaueHHs PO3pPaxyHKiB HECY4Oi 3IaTHOCTI 3a pe3yJibTaTaMu
MOJEIIIOBAaHHSA METOJIOM CKIHYEHHUX €JIEMEHTIB

Josxuna Exc Excn. mecyua 3Hauyenns | Bimxwu-

Cepis 3pa3ka L i 1 3marHicTh, N1, 3a MCE, JIEHHS,
, MM €y, MM <H <H %
CB-11/1-10-1 1000 0 238 215 9,8
CB-11/1-10-2 1000 25 154 143 7,1
CB-11/1-10-3 1000 50 105 99 57
CB-T1-17-1 1700 0 234 219 6,6
CB-I1[-17-2 1700 25 144 136 5,6
CB-I1[-17-3 1700 50 93 84 9,4
CB-I1[1-24-1 2400 0 211 194 8,0
CB-11/1-24-2 2400 25 148 133 9,9
CB-11/1-24-3 2400 50 102 96 6,1

PesynpTytoui 3HayeHHsT pPO3paxyHKIB HECy4oi 3JaTHOCTI 3a
pe3ysibTaTaMy  MOJICIIOBAHHS METOJIOM CKIHYCHHHMX €JIEMEHTIB Ta
eKCIIePUMEHTAIbHI 3HAYeHHS HEeCY4oi 3aTHOCTI I BCiX JIOCIIiTHHX
3pa3KiB HaBeneHi B Ta0Ommi 1.

Pe3ynbrati MpOBEEHOTO MOJICIIOBAHHS —CTaJIe3aJ1i300€TOHHUX
CTPYXKHEBUX KOHCTPYKIIIM apMOBaHMX JIMCTAMH 32 JOMOMOTOI0 METOAY
CKIHUEHHHMX €JIEMEHTIB IMOPIBHSIHO 13 3HAUCHHAMH HECY4Oi 3JaTHOCTI
OTPHMaHMMHU 33 JIOTIOMOTOI  EKCIEPUMEHTAIBHUX BUIPOOYBaHb
BIIPI3HAIOTECA Ha 5,7-9,9%, 1110 € 3aJ0BUILHUMH pPE3yJabTaToM, Ta
MiATBEPIDKYE MOXKIIHMBICTh YacTKOBOi 3aMiHM HATYPHUX JOCTIIKEHb
YHCENbHUMH.

1. MpoBenenwii aHami3 JOCHIPKEHb 3a JIONIOMOTOIO METOAY
CKIHUYCHHHMX EJIEMEHTIB TMOKa3aB, IO MOOY/OBY KiHIIEBO-EIIEMEHTHOI
MoJieJi HeoOXiTHO pO3MoYaTH 3 ifealizamii KOHCTPYKIi, 110 BKIIOYAE B
ceOe BIU3HAYCHHS PO3MIpIB 1 TUTIIB KiHIIEBOTO EJIEMEHTA.

2. JIns  pocnmipkeHb Oyjao MPUAHATO MOJICIIOBATH METAJEeBY
CKJIaJIOBy CKIHYCHHHUM €JEMEHTOM THITy «IIJIACTUHA-O0OJOHKa», a
OCTOHHY CKJIQIOBY CKIHYCHHHM €JIEMEHTOM THITy «00’ eMHUI
MPU3MATUYHUAN.
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3. Pesynmpratt = MOjeNIOBaHHS ~ CBiMYaTh, IO  XapakTep
negopMyBaHHS ~ 3MOJENBOBAaHMX  KOHCTPYKLiH  cmiBmagae 3
aHAJIOTIYHIMH Te(POpPMOBAaHUMH CXEMaMH €KCIIEPHUMEHTAILHUX 3Pa3KiB.

4. Pi3HHIL MK HECY4YOIO 3[IaTHICTIO OTPHUMAaHOIO 3a JOTIOMOTOIO
MaTeMaTHYHOTO MOJICTIIOBAaHHS Ta EKCIIEPUMEHTAJIbHUX JIOCIIIKECHb
KOJIMBaJIach y Mexkax 5,7-9,9%.

5. 31 3pocTaHHSAM HaBaHTAXEHHS B CEpPEAHBOMY Tiepepizi B
pe3ynbTaTi  HAKOMHWYEHHS TUIACTHYHUX  nedopMmariii  yTBOpHBCS
TUTACTUYHHUNA MIAPHIP, OTXKe IS O1TBII YiTKOTO MOJIETIOBaHHS HEOO0XiTHO
BpaxoOBYBATH BIUIHB IJIACTHYHUX Je(opMaIiii.
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