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Y pe3yabTaTi po3paxyHKy MeTOAOM CKiHYEHHMX eJIeMEHTIiB y NMpOrpaMHOMY
komIuiekei «Jlipa» oTpuMaHo HOBiI AaHi mpo XxapakTep pO3MOIiJEeHHS
HANpPY:KeHb AJ Pi3HUX THMIB NPOMIKHHUX ONOP ABONPOJIHLOTHMX HEPO3Pi3HUX
nepgopoBaHux 06ajJoK 3a Jii HECHMETPHYHOrO PiBHOMIPHO PO3MOAiJIEHOTO
HABAHTa’kKeHHA Ppi3HOI BeanuuHH. KoHcTpykuii omopuux dacTuH 6ajnok
BiIpi3HAIOTBCS  HasIBHICTIO 3aBapeHHX a00 He3aBapeHHX OTBOPIB
Oe3mocepeiHbO 37iBa i cmpaBa Big TOYkM oONHpaHHA OalKH, a TaKOXK
HASIBHICTI0O 200 BiICYTHICTIO ONMOPHOI0 MNOMEpPeYHOro pedpa KOPCTKOCTI,
PO3MIllIEHOT 0 110 OCi OTIOpH.

The purpose of the work is to study the stress-strain state of parts of continuous
perforated beams located immediately to the left and right of the intermediate
support under the action of an asymmetric load in the spans. Data on the stress-
strain state of various types of intermediate supports of two-span continuous
perforated beams with a height of 300 to 900 mm were obtained as a result of
their calculation by the finite element method in the "Lira" software complex
under the action of an asymmetric load uniformly distributed in the spans, the
value of which is calculated from the condition of occurrence of the limit state
of the 1st group in the beams, namely the loss of bearing capacity due to the
achievement of the limit values of normal stresses in the calculated cross section
of the beam. It was established that the design of the intermediate support for
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beams of different heights, as in the case of symmetrical loading, significantly
affects the values of the maximum deflections in the span of the beams and
stresses in the calculated support sections of the beams. For beams with a height
of 450, 600, 750 and 900 mm with various types of intermediate supports, the
same regularities as for beams with a height of 300 mm are mostly preserved.
Of course, the magnitudes of the calculated loads for them are greater, which
also leads to greater magnitudes of stresses at the calculated points of the cross-
sections. But none of these stresses exceeds the calculated resistance of the
adopted C235 steel. The analysis of the deflection graphs of the loaded spans
was performed by comparing them with the deflection graphs under the action
of a symmetrical load in the spans. Moreover, for beams with a height of 300
to 600 mm, the deflections under the action of an asymmetric load are greater
than for a symmetrical one, and only for sufficiently rigid beams with a height
of 750 and 900 mm are they the same. The given analysis of the operation and
stress-strain state of beams of different heights with different structural design
of the supporting parts confirms the need for further numerical studies with
simulation of the real conditions of bearing the beams and the real stiffness of
the mounting joints on the supports.

Kaw04o0Bi cj10Ba: HeCUMETPUYHUM, HABaAHTaXKEHHS, Hepdoparllis, 6anKa, MOJIHIs,
CTIHKA, €JIEMEHT, MICIIeBHM, CTIHKICTh, HANIPY)KCHHS, HECYUYH, 3JaTHICTh, OTIOPA,
JKOPCTKICTB, pedpo.

asymmetric, load, perforation, beam, shelf, wall, element, local, stability, stress,
bearing, capacity, support, stiffness, rib.

Beryn. 3aranbHi DpUHIMNN NPOEKTYBaHHSA OTHOIPOIBOTHUX MEePPOPOBAHUX
6anok, a TakoXX (HOpMyIH IS OOYMCIIEHHS HANpPYXXEHb B XapaKTEPHUX TOYKaX
PO3paxyHKOBOTO Mepepi3y 3 OTBOPOM HABEIEHO y YMHHHMX HOPMax MPOEKTYBaHHS
[1]. Oxpim TOTO, E€KCIIEPHMEHTAIHHO-TEOPETHYHOMY BHBUEHHIO NEepGOpPOBAHUX
€JIEMEHTIB 1 KOHCTPYKIIH 3 IX BUKOPHCTAHHIM TPHUCBIYEHO JIyXke Oarato pooiT sk
BITYM3HSHUX, TaK 1 3aKOPIOHHHX HAYKOBIIB, SKi JOCTIIKYBaIH Pi3HOMAaHITHI
ACTIEKTH 3a0€3MeUYCHHS HeCydol 3JaTHOCTI, a caMe MIIHOCTI, 3arajibHOi CTIHKOCTI,
MICIIEBOi CTIMKOCTI OKpeMHX eJeMeHTIB Imepepidy [3-13] Ane mnpu mpomy
pO3MIAANNCh JIMIIE OJHONPONBOTHI Oanmku. HepospisHi  6araTtonpoiboTHI
nepdopoBaHi Oasku Maike HE TOCTiHKYBalIUCh. Y poboTi [14] 1 y Aedakux iHImux
paHinie omyOmiKoBaHMX pPOOOTax aBTOPH 3alpOINOHYBAIM pIi3HI BapiaHTH
KOHCTPYKTUBHOTO OGOPMJICHHS OIOPHUX YAaCTHH TakuX Oajok i BHKOHAIM iX
PO3paxyHOK y MporpaMHOMY KoMITIeKCi «Jlipay 3a mii CHMETpHUYHOTO y TPOJIOTaX
HaBaHTaXeHHsA. Hemae cymHiIBIB, mo poboTa Oanku B mijoMy Ta ii Hampy>kKeHO-
nedopMOBaHUN cTaH 3a Jii HECHMMETPHUYHOTO HAaBaHTaXCHHS OyJe CyTTEBO
BIZIPI3HATHUCH BiJl OTPUMAHKX PaHIllle TaHUX.

IMocTtanoBka MeTH i 3aBIaHb JOCJiKeHb. MeTOI0 pOOOTH € BHBYEHHS
Harpy>xeHo-/1e()OpMOBaHOT0 CTaHy YaCTHH HEPO3Pi3HUX NepPOpOBaHUX OaoK, 10
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3HAXOJAThCA Oe3mocepeqHbo 37iBa 1 chpaBa BiA NPOMDKHOI omopu 3a mii
HECUMETPUYHOI0 Y MPOJIbOTAX HABAHTAKECHHSL.

3aBIaHHAMU JOCIiIKCHHS €:

— BHKOHATH HEOOXIiIHI pO3paxyHKH IUISHOK OaloK OiIs Omop y IpOrpaMHOMY
KomIuiekci «Jlipay»;

— noOyyBaTH €IMopH HANPYKEHb y PO3PaXyHKOBHX Iepepizax nephopoBaHUX
6amox Bucotor 300, 450, 600, 750 i 900 MM, OoTpUMaHUX 3 BHXiJHUX TBOTABPiB
BiamosimHo Ne 20, 30, 40, 50, 60/ICTY 8768:2018;

— BU3HAYWTH BEIWYHHH MaKCHUMAaJbHHUX NPOTHHIB y Oaykax pi3HOI BHCOTH 3
PI3HUM KOHCTPYKTHBHUM O()OPMIICHHSIM OTIOPHHUX YaCTHH.

MeTtoanka mocTiTKeHb. AHI3 JITEpaTypHUX [DKEpEN, IO HPHUCBAUCHI
TEOPETHYHAM  Ta  EKCIIEPUMEHTAJIBHMM  JOCIUKEHHSM  HeppOopoBaHUX
KOHCTPYKIiH, 30KpeMa X HeCydiil 3JaTHOCTI, 3arajbHill CTIHKOCTI Ta MiCICBii
CTIKOCTI €IEMEHTIB mepepi3y, a TaKOXK YUCIIOBI JOCIIHKEHHs 0aJlOK 3a3HauYEHUX
BHUIIIE po3MipiB y mporpamaomy komruiekci [TK «Jlipa» Ha 0CHOBI MeTOy CKiHUEHUX
€JIEMEHTIB.

PesyabTaTn gocaimxkeHb. Jlo po3rmamy NOpUHAHATO BapiaHTH KOHCTPYKINT
MPOMDKHOI OTIOPHOI YaCTWHH HEpO3pi3HOi mephopoBanHoi Oamky, MO HaBeIeHI Ha
puc. 1, 2, 3, 4 [14]. KoediieHT po3BUTKY BUCOTH mepepidy npuiiHsaro k = 1,5 nus
BCiX 0aJOK HE3aJIe)KHO BiJi BUCOTH BHXITHOTO NPO(DITI0, a BHCOTa OTBOPY
nepdopanii JOpIBHIOE TOJOBHMHI BHCOTH BuUXigHOro mpodimoo. Ilix wdac
MOJICTIOBaHHs 0aJloOK JOTPUMAHO peajbHi PO3MIpH 3 yciMa KOHCTPYKTHBHHUMH
0COOJINBOCTSMH OTIOPHHUX YaCTHH.

Jng 3a3HadeHUX BHIIE BHUCOT BUXIAHUX Mpo¢diniB Oamoxk oO0UYUCICHO
3HAYCHHS PO3PaXyHKOBOTO PIBHOMIPHO pO3IOIIIEHOTO HAaBAaHTAKEHHA 3a
rpaHUYHUMH CTAHAMH JIPYTOi IPYIIH, OCKIJIbKH CaMe BiH BU3HAYa€ HECY4y 3[aTHICTh
TaKUX OaJoK i SIK1 CTaHOBIATH BIIIOBIIHO
q =16,45;45,22;85,24;142,1;229,0 kH /m.

VY tabn. 1 BHOIpKOBO HaBEJECHO CIMIOPH MAKCUMAIBHUX MPUBEACHHUX HAIPYKEHb
y 6-M pO3paxyHKOBHX Iepepizax 0ajok (puc. 1) 3 pi3HUMH THIAMH TPOMDKHHUX
orop.

Jns 6amox Bucororo 300 mm 3 Trmamu omop 1 1 2 y mepepisi 1-1 He TimpkH
XapakTep pO3MOAUICHHS HATPY KEeHb, aJIe 1 IX BETMYUHU € MaiKe OTHAKOBUMU. A y
nepepisi 2-2, po3TanioBaHOMY OJIMKYE IO TOYKH OOMHMpaHHS HEPO3Pi3HOI OalIKw,
PO3MOINCHHS HANPY>KEHb Y PO3PaXyHKOBUX TOYKAX I IUX THUIIB OTMOP CyTTEBO
BiZIPI3HAETHCS, 110 MOYKHA, BOYCBHU/Ib, MOSICHUTH OJU3BKICTIO OIOPH, 1O OCi SKOi
po3MimieHe pebpo xopctkocTi (Tum 2). Y mepepizi 3-3 HampyxeHHS y T.9 €
NPAaKTHYHO OJHAKOBHMMH, a y T. 11, sika (pakTH4HO € TOYKOI oOnMpaHHs Oanku Ha
OIopYy, HAIPy>KEHHS AL ONOpU THIY 2 € y 2,25 pa3u MEHIIUMH IOPIBHSHO 3
oropoto tury 1. HanpyeHHs y po3paxyHKOBHX TOYKax repepisiB 4-4 1 5-5, siki €
CHUMETPUYHHMMH BiJIHOCHO OCi OIOpH IepepizaM BianosigHo 1-1 i 2-2, € Oinpmmmu
3a BEJIMYMHOIO OCKIIBKU caMe MpaBa YacTHHA HEPO3Pi3HOT OANKH € 3aBaHTAKEHOIO.
HamnpysxeHHsT y po3paxyHKOBHX TOYKaX Mepepizy 6-6 € HeCyTTEBO OUIBITUMH 32
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AHAJIOTIYHI HANpY)XEHHS y PO3pPaxyHKOBUX TOYKax Iepepizy 3-3, 10 € LiIKOM
JoriyHuM. HarmpykeHHs y pO3paxyHKOBHX TOYKax ycCiX mepepi3iB B Oaikax 3
TUnaMu onop 3 (i3 3aBapeHMMH 0TBOpaMH) i 4 (i3 3aBapeHUMH OTBOPAMH i pedpom
JKOPCTKOCTI) € HabaraTo MEHIIMMH MOPiBHIHO 3 ONMCAaHUMU BHIIE TS THIIIB orop |
12.

1=700..1800 . h=700..1800
(h=300...900) (h=300...900)
1=6000 | 1=6000

Puc. 1 Po3paxyHkoBi nepepi3u 6aiku 6isist mpOMiXKHOI OTIOpH

Jus Ganok inmmx Bucot (450, 600, 750 i 900 MM) 3 pi3HHMMHU TULIAMH OIIOP
HepeBaXXHO 30epiraloTbess Ti caMi 3aKOHOMIPHOCTI, IO 1 Ui 0ajoK BHCOTOIO
300 MM. 3BHUAKHO, BEIMYMHU PO3PAXYHKOBUX HAaBAaHTAXXEHb ISl HUX € OLIBIINMHU,
1110 3yMOBJIIO€ 1 O1IbIIII BEJIMYMHHU HANPYXXEHb Y PO3PaXyHKOBUX TOYKAX IEpepi3iB
. AJe )XOHe 3 IUX Halpy>XeHb HE MEPEBHIILYE PO3PaXyHKOBOTO OTNOPY MPHHHATOL
cram kiacy C235.

AHani3 rpadikiB NPOTHHIB 3aBaHTAXKEHUX TPOJILOTIB JOMIILHO BUKOHATH,
MOPiBHIOIOYM iX 3 TpadikaMu TPOTHHIB 3a il CHMETPUYHOTO Y IMPOIBOTAX
HaBaHTaXCHHS, 0 OyJIM mpeacTaBieHi y [14].

Omxe, s 6anok BucoToro 300 MM BeNMWYMHA MPOTHHY 3a Jii OJHAKOBOTO
HaBaHTaXeHHs ¢ = 62,5 kH/M cTaHOBUTH 8§ MM TIOPIBHSIHO 3 TPOTMHOM 5 MM JUIst
CHUMETPUYHOIO HAaBaHTAXEHHS, TOOTO CIIOCTEPIracThCsi 30UIBLICHHS NPOTHHIB Y
1,6 pa3u, 1110 MOKHA MTOSICHUTH BIICYTHICTIO HABAHTA)KCHHS 3J1iBa 1 BHACIIIZIOK IIOTO
BIZICYTHICTIO CTa01Ii3yt040ro edeKTy JiBOI YacTHHHU Hepo3pi3Hoi Oanku. [Ipuuomy
XapakTep 3pocTaHHs AeopMaliii B 000X BHIIaIKaX € aOCOIIOTHO OJJHAKOBHM.
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Tak camo, sk 1 mua Oamok Bucororo 300 MM, misg Oanok BHCOTOHO 450 MM
NIPOTHMHM 3a Jii HECHMETPUYHOIO HaBaHTaXeHHs € Oumpmmmu. IllompaBma e
30UTBIICHHS. CTAaHOBUTH Onm3bko 1,4 pasu. Jlins Ganmok Bucororo 600 MM Takox
(bikCyeThCsl 30UIBLICHHS TPOTUHIB, 110 CTAHOBUTH Oyin3bko 1,3 pasu. | nuie mis
6anok Bucotoro 750 1 900 MM HPOTHHM € OJHAKOBHMH HE3AJIC)KHO BiJI Xapakrepy
MIPUKJIaJaHHs HaBaHTaKEHHS — CHMETPUYHE YM HECUMETPUYHE.

BucHoBknm Ta pexkomeHmamii. 1. OTpuMaHO JaHI TPO  HAMPYKEHO-
nedopMoBaHuii cTaH Pi3HUX THUIIB IPOMDKHHUX OHOP JIBOIPOJIBOTHUX HEPO3PIZHUX
nepdopoBarux 6anmok Bucotoro Bix 300 go 900 MM y pe3ynbTaTi iX po3paxyHKY
METOJIOM CKIiHYEHHX €JIEMEHTIiB y TporpaMHoMy Komrmiekci «Jlipa» 3a mii
HECHMETPHYHOTO Yy TPOJIbOTaX PIBHOMIPHO pO3MOAUICHOTO HaBaHTa)KEHHS,
BEJIMYMHY SIKOTO OOYHUCIICHO 3 YMOBH BUHUKHEHHSI B 0aJIKaXx TPaHUYHOTO CTaHy 1-o1
IpyId, a caMe BTPaTH Hecydyol 3JaTHOCTI 3a JOCSATHEHHS Y PO3PaxyHKOBOMY
MOTIEpEYHOMY INepepisi Oallki TPaHUYHUX 3HAYCHb HOPMAJIbHUX HAIPY)KCHb.

2. BcTaHOBIIEHO, 1110 KOHCTPYKTUBHE 0(OPMIICHHS IPOMI>KHOT OTTOpH /1715t 0aJI0K
Pi3HOT BUCOTH, SIK 1 Y BUIAAKY 3 CHMETPUYHUM HAaBAaHTA)KEHHSIM, CyTTEBO BILUIUBAE
Ha BEJIMYMHU MAaKCUMAaJbHUX MPOTHHIB y MPOJIBOTI OAJOK 1 HANpy>KEeHb B OTIOPHUX
nepepizax 6anok. [Ipuaomy ams 6anxok Bucotoro Big 300 mo 600 MM mporua# 3a mii
HECHMETPHYIHOTO HABAHTAXCHHS € OIIBIINMH, HDK AJIS1 CHMETPUYHOTO, 1 JIWIIE IS
JIOCTaTHBO JKOPCTKHUX 6amok BucoToro 750 1 900 MM BOHM € OJTHAKOBHUMU.

3. HaBenenuii aHamiz poOOTHM Ta Hampy)eHo-Ae(hOPMOBAHOTO CTaHy Oallok
pi3HOi BUCOTH 3 pI3HMM KOHCTPYKTUBHHM O(OPMIICHHSM OINOPHUX 4YaCTHH
MATBEPIKYE HEOOXIAHICTh INPOBENEHHS NOAANBIIMX YHCIOBHX IOCIHIKEHb 3
MOJICTIIOBAHHSIM peajlbHUX YMOB OONMpaHHsS OaloK Ta peajbHO >KOPCTKOCTI
MOHTXHHX 3’€JHaHb Ha OIIOpax.
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