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HamionansHuil yHiBepcuTeT «JIbBIBChKA MOMITEXHIKA)

OCOBJUBOCTI KOHCTPYKIIIL I HAIPYKEHO-JTE®OPMOBAHOI'O
CTAHY HEPEXPECHHUX 3AJII3OBETOHHUX BAJIOK

llooano koucmpykyito OO0CHIOHUX 3pa3kié 1 pe3yibmamu  O0CHLONCEHHS
HANpyHceHo-0eqhopmosano2o cmamny 6emouy nepexpecuux 0aiox 8 30Hi 0808ICHO2O
cmucky. Ilokazano, wo  080GICHUL CMUCK 6NIUBAE HA  OehOpMayitii
xapakxmepucmuku Oemony.

Kniouosi  cnosa: 3anizobemonni 0anxku, 0608ICHO CMUCHYMUL OEmon;
HAnpyiHceHo-0eqhopmosanul CmaH.

IlocranoBka mnpoOjemu. B ocTaHHI pOKM BCE MIUPIIE BUKOPUCTOBYIOTH
MOHOJIITHI TUIOCKI 3a1i300€TOHHI MEPEeKPUTTS, OCOOJMBO B OYIIBIISIX IUBUIHHOTO
npuzHaueHHss (kutio, odicu Tomo). CrocTepiraeMo TaKoX TEHACHIIIO [0
30UIBIIEHHS] MPOJIbOTIB TAaKUX MEPEKPUTTIB 1 BUKOPUCTAHHS iX Yy TOPTIBEIBHUX 1
BHCTaBKOBUX KOMIUIEKcaX. Bce mumpiie BUKOPUCTOBYIOTh MOHOJITHI 3aJ11300€TOHHI1
IUTU y GyHIaMEHTaX, y IPOrOHHUX Oy/I0BaX MOCTIB Ta 1HIIUX CHOpYyAax.

JInst CyTT€BOro 3MEHIIECHHS Bard IUIOCKUX MOHOJITHUX 3a1i300€TOHHUX
MEPEeKPUTTIB Ta IHIIUX [UIMTHUX KOHCTPYKIN JIOUIIBHO BUKOPUCTOBYBAaTH
e(heKTUBHI BCTaBKH K OKpeMi BUPOOU 3 BIIHOCHO JIETKUX 1 JICIIEBUX MaTeplajiB, sKi
pPO3TAIlIOBYIOTh B CEpPEAHIM YacCTUHI Mepepidy 1 3aIMINAI0Th y IUIMTI micas i
O0eTonyBaHHs [1].

MopyJib Opy>KHOCTI 1 MILHICTh MaTepiajly BCTABOK € Ha MOPSJO0K MEHIIUM Bij
O0€TOHY, TOMY MpPOCTIp, AKUWA BOHU 3aiiMalOTh B TUII OETOHY B KOHCTPYKI[IHHOMY
BIHOIIICHHI CJIi] BBaKaTH IMOPOKHUHOIO.

KoHCTpyKTUBHI BUpIlIEHHS UIMTHUX KOHCTPYKI[IM 3 TAKUMHU BCTaBKaMU MOXHA
PO3/ITIUTH 3arajioM Ha JIBa TUIIH:

- 3 OJTHOHAIPSMIIEHUM TPpyO4acTUM PO3TalllyBAHHSIM BCTaBOK;
- 3 IBOHAMPSIMJIIEHUM PO3TAlllyBaHHSIM BCTaBOK.
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3a OJHOHANPSIMJIEHOTO pO3TAlllyBaHHS BCTABOK OTPUMYEMO KOHCTPYKIIIIO
MOHOJIITHOT IJIUTU 3 PO3TAlllyBaHHSM IMPOMIKHUX Oanok-pedep B OJTHOMY HampsiMi.
ExcnepumeHTanbHi 1 TEOPETUYHI AOCHIKEHHS TAaKUX IUIMTHUX KOHCTPYKIINA €
noBouti oomupHuM [1, 7-11].

JIBoHamnpsMIIeHE PO3TallyBaHHS BCTAaBOK (OPMYIOTh IHIIY KOHCTPYKTUBHY
cCUCTeMy, B  SIKIH  NPOMDKHI  Oalku-pedpa  MawTh, K  PaBUIIO,
B3a€MOINEPIICHIUKYJISIPHE pO3TalllyBaHHs. BeTOH BEpXHBHOI 30HU OalOK 3a3HAE
JIBOBICHOTO CTHCKY, SIKUM 3MIHIOE HOro BHUXiAHI AedOpMaTUBHI 1 MILHICHI
XapaKTEePUCTUKHU.

AHaNi3 OCTaHHIX A0CJaiIKeHb. J[OCIIPKEHHS JIBOBICHO CTHUCHYTOTO OETOHY
MPOBOAMIKCS B OCHOBHOMY Ha KyOOBUX Ta MPU3MOBHUX €JeMeHTax [4] 1 BioOpakeH1
B HOPMATHMBHUX JIOKyMeHTaX. PexoMeH/allii o0 BpaxXyBaHHSI ABOBICHOTO CTHUCKY
OCTOHY B IUIMTHUX KOHCTPYKIISIX HE po3pobiieHi. B aucepramiiiniii po6oTi [2]
OOTpYHTOBAaHO PO3PaXyHKOBI CXEMH PO3PaxyHKy IUIMTHUX KOHCTPYKIH 3
JBOHANPSAMIICHUM  PO3TAllyBaHHSIM BCTAaBOK 3 BHUKOPUCTAHHSIM aHAJITUYHHUX
3QJIeKHOCTEHN, OTPUMAHUX B JOCHIIKEHHAX [6] HA OeToHHUX mpu3Mmax. [Ipore BoHU
MOoTpeOyIOTh  €KCIIEPUMEHTAJIBLHOTO  IMIATBEPUKEHHS  JJI1  3alli300€TOHHHX
KOHCTPYKIIiH, OETOH SIKMX 3a3HA€ JIBOBICHOTO CTHUCKY.

IlocranoBka 3aBaaHHs. EkcriepuMeHTaNbHI JOCHIKEHHS TMEPEXpPEeCcHUX
311300 TOHHUX OaJIOK 1 MOJIeNIIOBaHHS iX poOoTH B mporpaMmHoMy komiuiekci JIIPA 3
ypaxyBaHHSIM pOOOTH CKJIAJHUX MEPEXPECHUX OaJoK.

Buxkiaanenuss ocHOBHOro marepiany. Jlyisi BUpIIIEHHS TOCTaBJIEHOI 3ajadi
Oyl 3ampoOeKTOBaHI, BUTOTOBJICHI 1 JOCHIIKEHI TPU OCHOBHUX THUMHU JTOCIITHHX
3pazkiB mapku IIII, ski MaTh mepexpecHe posTainryBaHHs Oanok. Kpim 1mporo,
BUTOTOBJICHO YOTHUPU THUNU 3BUYailHUX Oanmok Mapku JIII, 3 skux ckiaagaroTbes
nepexpecHi Oanku.

Taoauus 1.
3arajibHa XapaKTepPUCTHKA JTOCJIITHUX 3Pa3KiB i MeTa J0CHiKeHb
Mapka
(ymMoBHe 3arajbHa XapaKTepuCcTHKA Merta nocaiikeHb
MO3HAYEHHS)
K-1 Ky6u 6eronni 10x10x10 cm Busnauenns MitHOCTI O€TOHY
. BusnaueHHs MIITHOCTi OETOHY i
II-1 [Ipu3mu 6eronni 10x10x40 cm ! cToRy
nehOpMaTUBHOCTI
TM0-1 Jocnigauii 3ami300eTOHHUH 3pa30K
0,16x0,1x1,4 M cyuiapHOTO mIepepizy JlochimKeHHs. MIITHOCTI, )KOPCTKOCTI,
TPILIMHOCTIMKOCTI IPU BUIIPOOYBaHH1
-2 Jlocnigauii 3a11300€TOHHUM 3pa3ok JIBOMa 30CEPEIKEHUMH CUIIaMU
0,16x0,1x1,3 M cyuiapHOTO MIEepepizy
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IIponoBxenus Tabaumi 1.

Mapka
(ymMoBHe 3arajbHa XapaKTepuCTHKA Mera nocaixkeHb
MO3HAYEHHS)
JlocnigHuii 3a11300€TOHHUM 3pa3ok
JIII-26 . .
0,16x0,1x1,1 M cyuinpHOTrO nepepizy
Jlocnigauii 3a11300€TOHHUM 3pa3ok
JIII-2B . .
0,16x0,1x0,9 M cyuinpHOTO nepepizy
Jlocigauii 3a11300€TOHHUM 3pa3ok
I1I1-1 . .
0,16x1,3x1,4 M cyuinpHOTrO nepepizy
VI . JlocmiKeHHs. MIITHOCTI, )KOPCTKOCTI,
JlocnigHuii 3a11300€TOHHUM 3pa3ok . . . :
[11-2 . . TIPIIMHOCTIMKOCTI IPU BUIIPOOYBaHH1
0,16x1,1x1,4 M cyuinpHOTO nepepizy
4OTUPMA 30CEPEIKEHUMH CUIIaMU
Jlocigauii 3a11300€TOHHUM 3pa3ok
I1I1-3 . .
0,16x0,9x1,4 M cyuinpHOTO nepepizy

KoHceTpykuisi i TexXHOJIOTisI BHIOTOBJICHHSI JOCJHIAHUX 3pa3KiB. Di3uKo-
MeXaHIYHi XapaKTepUCTUKHA MaTepiaJjiiB

Konctpykuisa miniitnux 6anok Mapku JIIT 1 mepexpecuux Oamox mapku [T
nojaHa HUXK4e Ha MpuKIaal gociaiaaux 3paskis JIII-2 1 ITI-1.

B cepenniii wyactuHi 0ajoKk B 30HI YHCTOTO 3TUHY JIMIE HUXHA pobOoua
apMmaTypa, SKa TpUHHATA 3a pe3yjbTaTaMHU NEPEBIPHUX PO3PaXyHKIB Tak, MI00
pyiiHyBaHHS B1I0YJIOCH 110 CTUCHYTOMY OETOHY.

[To3a 30HOIO0 YKMCTOrO 3rUHY MependayeHa BEpXHsS 1 MOMEpedHa apMarypa AJis
yrepeKeHHs pyHHYBaHHS MO MOXUJIUX Mepepi3ax.

['eomeTpuuHi po3Mipu  AOCHIIHUX 3pa3KiB NOPUNHATI 3  BpaxyBaHHSAM
KOHCTPYKI[Ii HAsBHOTO CWJIOBOTO CTEHAY Ta TEXHIYHUX 3apaKkTepPUCTHUK
BUNPOOYBAILHOIO YCTAaTKyBaHHS.
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Puc. 1. Koncrpyxkuist nociinnux 3paskis mapku JIII-1.
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Puc. 2. Koncrpykuis nocninnux 3paskis JII1-20.
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Puc. 3. Koncrpykuist nociinnux 3paskis [I1-2.

BurorosjieHHs 10CHiAHUX 3pa3KiB.

JocnigHi 3pa3ku BUTOTOBISUIM 'y BUpoOHMYOMY 1exy T3oB «Tpamberon» (M.
JIpBiB). 11 1IIbOrO BHUKOPHUCTANM METAJIEBHM MIAAOH, SKUA (OPMYBaB HUKHIO
YaCTUHY JIHIMHUX 1 NEPEeXpecHUX MOCTITHUX 3pa3KiB. BepTukanbHi eleMeHTH
onagyOK 3 THUPCOIUIUTH 3 €JHYBaIM MK €000 1 (DIKCyBalld METaJIeBUMHU
CTEP>KHAMM, TPUBAPEHUMH JI0 MIJOHY. MeTaneBi KapKacu JOCIHIIHUX 3pa3KiB MICIs
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BHUCTaBIICHHS Yy NPOEKTHE TIOJOKEHHS TakKoX (ikcyBaau npu OETOHYBaHHI Ta
YIIUIBHEHH]I OETOHHOI CyMIIl1 Ha BIOPOCTOII.

Jlo yknagaHHs B onaixyOKy 0 MOB3JOBXKHIX CTEPXKHIB JOCIIIHUX 3pa3KiB B 30HI
YUCTOrO 3TMHY 3HU3Y MPUBAPIOBAIA METAJIEB] KOPOTYHHU 3 P13b00I0 IS OATIBLIOTO
KPIIJIEHHSI MEXaHIYHUX MPUJIaAiB AJI1 BUMIPIOBaHHS Jie(popMarii.

MogaenoBanHs po0OTH JOCJHIAHMX 3pa3KiB B NPOrpaMHOMY KOMILIEKCI
«JITPA»

Jiis monemoBanHss HJIC Bcix gocnmigHux 3pa3kiB OyJM BUKOPHCTAHI 3aKOHHU
HEJIHINHOTO A1e()OpMyBaHHS MaTEplajiB 3 TAKUMHU XapAKTEPUCTUKAMMU:

- oetony Ep = 0,352 Mlla, fou = 265 Mlla, eou = 0,002 MIIa, €ptu = 0,0002
Mlla;
- apmarypu Es = 2,06 x 10° MlTa, fsu = 520 MI1a.

BubipkoBi pe3ynbTaTé MOJENIOBaHHS (130M0JIs HANpPY>KEeHb 1 TPOTUHM) TOAaH1

HIKY€ HA MPUKIIAAl AocaiagHuX 3pas3kiB mapok [1JI-1, [TJI-20, ITI1-2 (puc. 4-8).

[ [ 1[ 1[ ]
696 609 S22 435 348 -261 174 087 -0.00838 0.00838 0839

4

Puc. 5. Mo3aika Hanpy>eHb qocuigaoro 3paska [1JI-1 mo N,.
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Puc. 8. Cxema nporuny nocnigHoro 3paska [111-2 3 50 % 3aBaHTaKeHHS.
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Puc. 9. Mo3aika HanpyeHb gociigHoro 3paska [1JI-2 mo N..

ExcniepuMeHTanpHl 3HAY€HHS NPOTMHIB OyJM CHIBCTABJIEHI 3 MPOTMHAMH Yy
B1JICOTKOBOMY J11aI1a30H1 HaBaHTaXeHb, oTpuMaHuMu B [1K «JIIPA».

3 CHiBCTaBJIEHHsS 0AuMMO 3a/J10BUIbHY 301KHICTh €KCIIEPUMEHTAJIbHUX BEIUYMH
MPOTUHIB 1 MPOTHUHIB, oTpuMaHux B [TK «JIIPA».

BucHoBknu:

1. Bnepme npoBefeHI EKCIEPUMEHTANIbHI — JOCIHIJKEHHS TEPEeXpPEecCHUX
3a11300€TOHHUX OaJIoK.

2. OTpumMaHO EKCHEpPUMEHTANIbHI 3HAYEHHS MPOTHUHIB (SIK 1HTErpajabHOI
BEJIMYMHHU JieopMarliil) JIHIHHUX 1 TepexXpecHux OaloK.

3. 3mogxensoBano HJIC mocnigHux 3pa3kiB 3 BUKOPUCTAHHSIM 00 €MHHX
€JIEMEHTIB 1 (PaKTUYHUX MEXaHIYHUX XapAKTEPUCTUK OCTOHY 1 apMaTypH.

4. IIK «JITPA» nae 3a00B1IbHY 301KHICTD 3 €KCIIEPUMEHTAIBHUMU 3HAUEHHSIMHU
MNPOTUHIB SIK 3 BAXKIMBOI IHTErPAJbHOIO BEJIMYMHOIO 3arajibHUX Jedopmarriit
3TMHAHUX 3aJ11300€TOHHUX 3Pa3KiB.
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FEATURES OF THE CONSTRUCTION AND STRESS-STRAIN STATE
OF CROSS REINFORCED CONCRETE BEAMS

The article substantiates the relevance and necessity of experimental and
theoretical studies of reinforced concrete structures under biaxial compression.

To address this task, three main types of test specimens with intersecting beam
arrangements were designed, manufactured, and studied. Additionally, four types of
regular beams, which make up the intersecting beams, as well as cubes and prisms for
determining the actual deformation and strength characteristics of concrete, were
produced.

In the central part of the beams in the pure bending zone, only the lower
working reinforcement was provided, which was determined based on verification
calculations to ensure failure occurs in the compressed concrete. Outside the pure
bending zone, upper and transverse reinforcement was provided to prevent failure in
inclined sections.

The geometric dimensions of the test specimens were determined considering
the design of the existing power stand and the technical characteristics of the testing
equipment.

The behavior of the test specimens was also modeled using the "LIRA"
software suite. The experimental deflection values were compared with the
deflections in the percentage load range obtained in the "LIRA" software suite. The
comparison shows satisfactory convergence between the experimental deflection
values and those obtained in the "LIRA" software suite.

The main results of the research are as follows:

For the first time, experimental studies of intersecting reinforced concrete
beams were conducted. Experimental deflection values (as an integral measure of
deformations) of linear and intersecting beams were obtained. The stress-strain state



[Ipocmoposuii pozsumok 325

of the test specimens was modeled using volumetric elements and the actual
mechanical characteristics of concrete and reinforcement. The "LIRA" software suite
provides satisfactory convergence with the experimental deflection values, which is
an important integral measure of the overall deformations of bent reinforced concrete
specimens. Biaxial compression affects the deformation characteristics of concrete.

Keywords: reinforced concrete beams; biaxially compressed concrete; stress-
strain state.
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