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Bgeoenue. OTMeueHo, 4TO HaUOOJIBIIICH HECYICH CIIOCOOHOCTHIO 00T at0T ABYTaBPOBhIe Oanku. BMmecTe ¢ Tem u3-3a
IIMPOKOTO PACHPOCTPAaHEHHMS M JOCTYHMHOCTH TPyOOIpOKaTa B NPAKTUKE HEPENKO HCIONB3YIOT TpyOuaTble Oayku.
CpaBHeHHe 3THX OaJIOK IO HECyIIeH CIIOCOOHOCTH ClielyeT MPOBOAUTH IIPH YCIOBHU UX PAaBHOI Macchl Ha MOTOHHBIH
metp. CpaBauBaercs asytasp mo 'OCTy P 57837-2017, macca HOroHHOTO MeTpa KOTOpPOro cocTasisieT 194 kr, u TpyOy
no 'OCTy 33228-2015 ¢ nokazarenem 194 kr/m. Hecymias ciocoOHOCTh JBYTaBpOBOW OajKH MOYTH BIBOE BBILIE, YEM
TpyOuaToii. EcTs mHbOpManms o TpyO0oOeTOHHBIX OaiKax, B YaCTHOCTH C TIPEeTHANPSIKEHHOHN HIKHEH 9acThi0 OETOHHOTO
sapa. CranpHast TpyOa B Takux Oajkax UrpaeT pojb BHEIIHEW apMaTypbl — 9K30apMarypbl. Hecymas crocoOHOCTH
TpyOOOETOHHBIX OAJOK BeChbMa 3HAUNTEIbHA ITPH UX HEBBICOKOI C€0ECTOMMOCTH M XOPOIIEH TeXHOJIOrHYHOCTH. Llenbio
HACTOsIIIEH pPabOTHI SIBISETCS IOBBINICHHE HECYLIEH CIOCOOHOCTH TPyOuyaThiX OaloK, YTO MO3BOJUT PACIIUPHUTH
ACCOPTHMEHT CTPOUTEIILHBIX M3JICIHH.

Mamepuanot u memoost. Vicnonb3yeTcsi METOIUKA TEOMETPUIECKOM ONITUMU3AIINY ¥ MBICIIEHHOTO YKCIiepuMenTa. Mnes
UCTIONIb30BATh JKUIKUI HAMOJIHUTENb JUIsl TpyO4aToi OanKu onmpaeTcs Ha M3BECTHOE CBOMCTBO XKMIKOCTH — €€ MpaK-
THUYECKYI0 HEC)KUMaeMOCTb. | eoMeTpuueckoe JJIMHHOMEPHOE TeJo, O0KOBAsl IIOBEPXHOCTh KOTOPOIO MMEET MPSMOJIHU-
HeliHy10 00pa3yolyio, 00J1a/1aeT MAKCUMaIbHBIM 00eMOM (TTpH 3a/laHHON OOKOBOH IMOBEPXHOCTH), €CIIH €T0 TOoTeped-
HOE ceueHne numeeT GopMy Kpyra, 4TO COOTBETCTBYET KpyTIoii Tpyode.

Peszynomamut uccnedosanus. Tpybuaras 6anka ¢ )KUAKAM HaroJHHUTENeM (THApaBiIndyecKas Oalika) MpecTaBIsieT co-
0011 3anTyIeHHYI0 ¢ 000MX KOHIIOB KPYTIIYIO TPYOY, TIOJIHOCTHIO (€3 BO3AYIIHBIX MOJIOCTEH) 3aII0THEHHYTO KUIKOCTBIO.
ITpu HarpyxeHHU THIpaBIUYECcKOil Oanku ee OOKOBas MOBEPXHOCTH cTpeMuTcs nedopmuposarbes. CrenoBaresbHO,
BHYTPEHHUI 00beM TpyOBI CTpEMHTCS K yMEHbIIEHHIO. HO, TOCKOJIBKY JKHAKOCTh HEC)KUMaeMa, OHa HE JIOITyCKaeT
YMEHBIICHUsT 00bEMa, YTO, B CBOIO OUePEe/lb, IPEMATCTBYET Ae(pOpMAaIUd TPYOHIL.

Oécyrcoenue u 3axkniouenue. B runpasndeckoii 6anke Bes Harpyska 6yaroapst )KUAKOCTH OTHOCHTEJIFHO PAaBHOMEPHO
pacnpenensercs 1o Bcei BHyTpeHHeH moBepxHOCTH O6anku. IlomydeHa oneHka, cocTosas B MATHKPATHOM IPEBBIIICHUN
Hecyllel ClIoCOOHOCTH I'MPaBINYECKOl OaJIKK 110 CPaBHEHHIO C IByTaBPOBOH 0alKO# 1 B IECATUKPATHOM — IO CpaB-
HEHHIO ¢ TpyOJaTon O6aIKOM.

KaroueBrble ci1oBa: I“pyﬁanaﬂ 6am<a, JABYyTaBpOBas 6am<a, TUApaBINYCCKaAg 6am<a, )KI/I,HKI/Iﬁ HAaIIOJIHHUTECIIb, IIOJIOCTh

s uurupoBanus. [Tonos N.I1. Ontumusamms HarpyXeHHOCTH 3JIeMeHTOB Oanku. Cospemennbie meHOeHyuu 8 cmpo-

umenvcmae, epadocmpoumensvcmee u naanuposke meppumopuii. 2024;3(3):9—-14. https://doi.org/10.23947/2949-1835-
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Abstract
Introduction. The I-beams are deemed to have the highest load-bearing capacity. However, in practice, due to wide

spreading and affordability of pipe-rolling products, the tubular beams are being used quite often. The load-bearing
capacity of these beams should be compared under the condition of their equal mass per running meter. An I-beam
according to the GOST R 57837-2017 with the mass of running meter equal to 194 kg and a pipe according to the
GOST 33228-2015 with the mass of 194 kg/m have been compared. The load-bearing capacity of an [-beam was almost
twice as high as that of a tubular beam. The data about the concrete filled steel tubular (CFST) beams, including the
ones with the prestressed concrete core at the bottom, is also provided. In such beams, a steel pipe works as an external
reinforcement — exo-reinforcement. The load-bearing capacity of the CFST beams is quite considerable taking into
account their low cost and good processability. The present research aims at increasing the load-bearing capacity of
the tubular beams, which will expand the range of the construction products.

Materials and Methods. The geometric optimisation and mental experiment methods have been used. The idea of using
the fluid filling material for a tubular beam is based on the well-known property of fluid — its almost complete incom-
pressibility. The maximum volume of a geometric long body with the rectilinear generatrix of lateral surface (for a given
lateral surface) is reached if its cross-section has the shape of a circle, which corresponds to a round pipe.

Results. A tubular beam with the fluid filling material (a hydraulic beam) is a round pipe blanked off at both ends, com-
pletely filled with fluid (without air pockets). When a hydraulic beam is loaded, its lateral surface tends to deform. Con-
sequently, the internal volume of the pipe tends to decrease. However, since fluid is incompressible, its volume doesn’t
decrease, which, in turn, prevents the pipe from deformation.

Discussion and Conclusion. In a hydraulic beam, due to fluid, the entire load is distributed relatively evenly over the
whole internal surface of a beam. The load-bearing capacity of a hydraulic beam has been estimated, which is five times
higher than that of an I-beam and ten times higher than that of a tubular beam.

Keywords: tubular beam, I-beam, hydraulic beam, fluid filling material, air pocket

For Citation. Popov IP. Optimisation of Beam Member Loading. Modern Trends in Construction, Urban and Territorial
Planning. 2024;3(3):9-14. https://doi.org/10.23947/2949-1835-2024-3-3-9-14

Beenenune. HaubousIiieli Hecyiieil crmocoOHOCTRIO 001aar0T AByTaBpoBbie Oanku [1-3]. Bmecrte ¢ Tem u3-3a mupo-
KOT'0 PaclpoCTpaHeHHs ¥ JOCTYITHOCTH TPYOOIpOKaTa B MPAKTHKE HEPEJKO MCIIOIb3YIOT TpyOUaThie OaKH.

CpaBHeHHe THX 0aJIOK IO HEeCyIel CIIOCOOHOCTH ciielyeT MPOBOANUTE NPH YCIOBUU WX PaBHOM macchl. it 3To#
uenu xopoio noaoiaer asytaBp no 'OCTy P 57837-2017, macca moroHHoro Metpa KOToporo coctasiser 194 xr, u
Tpy6a mo 'OCTy 33228-2015, Mmacca MOTOHHOTO MeTpa KOTOPOH Toxe cocTaBiseT 194 kr.

OceBoif MOMEHT CONPOTHBIICHHS YKA3aHHOTO JBYTABPA PaBEeH:

"W =5625cm’.
OceBoit MOMEHT CONPOTHUBIICHUS YKa3aHHOM TPyOBI:
"W, =2950cm’-
IIpu aTom
l-bWx _ @ z1 9
"W, 2950

Taxum o06pa3om, Hecymas ClIOCOOHOCTD ABYTABPOBOH OalIKM IMOYTH BJIBOE BBILIE, YEM TPYOUaTOM.

B Hacrosiiee BpeMs osiBIIINCH NaTeHTHI [4—6] 1 myOnukarmu [ 7-9] o TpyO0OeTOHHBIX Oakax, B YaCTHOCTH € IIpeIHAIIpSI-
JKEHHOH HIDKHEW JacThlo 6eToHHOTO siipa. CrajbHas TpyOa B TakMX Oankax MIrpaeT poib 3k30apMaTypbl. Hecymias crioco6-
HOCTb TpyOOOETOHHBIX 0aJIOK BeCbMa 3HAUMTEIIbHA ITPY UX HEBBICOKOW CE0ECTOMMOCTH M XOPOIIEH TeXHOJIOTMYHOCTH.

Lenbto HacToOAIIEH pabOTHI ABISETCS MOBBIIIEHHE HECYIEH CLIOCOOHOCTH TPyOUaThIX OajioK, HE Mpeanoaras KoH-
KYpEHIIH JBYTaBPOBBIM M TPYOOOETOHHBIM OajikaM, a MCKIIIOYUTEIBHO IS PACIINPEHHS aCCOPTUMEHTA CTPOUTEITBHBIX
KOHCTPYKIWH M MOBBIMIEHHUS UX YKCIUTyaTaI[IOHHBIX CBOWCTB.
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Marepuanbl 1 MeToabI. Vicrionbs3yeTcs METOMKa TeOMETPHYECKON ONTHMHU3ALNH U MBICJIEHHOTO SKCIIEPUMEHTA.

Wnes ucronp30BaTh KUAKUNA HATIOJTHUTEINb IS TPYOUaTOi Oallku OmMpaeTcsl Ha M3BECTHOE CBOWCTBO KHIKOCTH —
€¢ MPaKTHYECKYI0 HECKIMAEMOCTb.

I'eomeTprueckoe NIMHHOMEPHOE TEJI0, OOKOBas IIOBEPXHOCTh KOTOPOTO MMEET MPSMOINHEHHYI0 00pa3yolyro, 00-
JaiaeT MaKCUMaJIbHBIM 00BeMOM (IIpH 3aJJaHHOW OOKOBOW MOBEPXHOCTH), €CIIH €T0 MOMIEPEYHOE CEUCHNE IMEeT PopMy
Kpyra. 3TOMY YCIOBHIO COOTBETCTBYET KpyTias Tpyoa.

TpyOuatas 6anka ¢ KHUIKUM HaIOJHHUTENEM (fanee — TUApaBIndeckas 0anka) MpeacTaBiIsieT co00l 3arayIeHHYO
¢ 000HX KOHIIOB KPYTJIyI0 TpyOy, IOJHOCTHIO (0€3 BO3AYIIHBIX ITOJIOCTEN) 3aM0IHEHHYTO XKHUIKOCTHIO [10].

[Tpu Harpy>xeHHH THAPABIMYECKOH Oaiku ee OOKOBasi IOBEPXHOCTh CTPEMUTCs eopMupoBathes. ClieioBaTebHO,
BHYTPEHHUII 00beM TPyOBI CTPEMHTCS K yMeHbIIEHHI0. Ho, TTOCKONBKY KHUAKOCTh HEC)KMMAaeMa, OHa HE JOIyCKaeT
yMeHbILIeHUs 00beMa, 4TO, B CBOIO OYEpE/lb, IPEMITCTBYET Ie(OpMaIiU TPYOBI.

Ecnm paccMOTpeTh ruapaBIndecKyro 0anKy, HampuMep MpsSMOYTOIBHOTO CEUSHHUS, TO TIPH HarpyKEHHH W COOTBET-
CTBYIOILEM MOBBIIICHUH AABICHUS KHIKOCTh OyIET CTPEMHUTHCS Ie()OPMHUPOBATH CTEHKH, BCIEACTBHE YETO MPIMOYTOIIb-
HBIA TIpOoUIH OYIEeT CTPEMHUTHCS TPAaHCHOPMHUPOBATHCS B KPYTIIBIH, a II0Mmans npodmis OyAeT CTPEeMUTRCS K yBeInde-
HHIO. DTO MOJKET MPUBECTH K HEAOIYCTUMOMY NIPOTHOY OaiKu.

Jpyrumu cioBaMH, B THAPABINYECKOH OaJike MPsSMOYTOIBHOTO CEUCHHSI yMEHBIIICHHE BHYTPEHHETO 00beMa, BHI3BaH-
HOTO IIPOrHOOM, KOMIIEHCHPYETCs YBEJIMUeHHEM 00beMa, BhI3BAaHHOTO TpaHchopmarel npoduis (cyMMapHbIi 00beM
HECO)KUMAEMOH JKHUIKOCTH OCTAeTCs HEU3MEHHBIM). W deM Ooiibliie MpsIMOYTOJbHEIA MPpoduias OyaeT TpaHCHOpMHPO-
BaThCsl B KPYTJIBIiA, TeM OoJibIlie OyAET Mporuo.

VY Kpyrioii TpyObl HET TAKOTO «pe3epBa» M BO3MOXHOCTH I TpaHCHOpMALMK TPOGHIS U YBEIHMYCHHS TUIOIIAIH 110~
MIEPEYHOT0 CEUCHUS], CIIE0BATEIBHO HET U MOJOOHOTO «pe3epBay yBeJIMYeHHs! BHyTpeHHEro oobeMa. TakuM oOpa3zom, uc-
KITI0OYEHa ¥ BO3MOXKHOCTD YMEHBIIICHNS BHYTPEHHETO 00bEMa, BRI3BAHHOTO MIPOTHOOM, TIOCKOJIBKY CyMMapHbIH 00beM JKH -
KOCTH M3MEHSTHCS HE MOXKET. B mneann3npoBaHHOM BapHaHTe MPOTHO KPYIIIOH TMAPaBIMIECKOI OAJIKM HCKITFOYaeTCs.

Harnsgsoii neMoHcTpareil uaeu THAPABINIECKON OaIKN MOXKET CITY>KHTh IPOCTOH MpUMep U3 OBITOBOI MPaKTHKH.
Ecnu mycroit pactpaBlieHHBIN MaTepyaThlii MEHIOK (aHAJIOT OaJKM) MOJOXKUTH HA IBa CTyJA (aHAJOT OIOp), TO OH ITOX
JIEWCTBHEM COOCTBEHHOTO BECA IIPOTHETCS M MPOBATHUTCS MEKIY CTYIIBSIMH.

Ecnu 5TOT e Menok IUIOTHO 3aI0JIHUTh (HalpuMep, KepaM3UTOM ) | 3aBSI3aTh €ro, TO OH HE TOJBKO HE ITPOBATIUTCS
MEXIY CTYJIbAMHU, HO MOXKET BbIIEPKATh JOIIOJHUTEIbHYIO CYLIECTBEHHYIO HAIPY3KY.

PesyabTaTsl neenenoBanus. [1ycTs mpu cBepXnpe1enbHOM HarpyKEeHUH KPYTioi TpyouaToit Oanku (He THIpaBiIH-
YeCKO#), TPUBOJAIIEM K BBIXOAY €€ U3 CTPOs, MIIACTHUECKOH AedopMaliiy moaBepraeTcsi 4acTb MOBEPXHOCTH TPYOBI,
paBHas s. Best mutonaib moBepxHOCTH TPYOs! paBHa S. Cuita HarpyxeHust paBHa F* (cuiia cocpe1oToueHHasI, MPHIOKECHA
K cepeinHe OalIKH MO/ MPSIMBIM YTJIOM K €€ OCH).

B camom nepBoM npuONMKEHNH, JOCTaTOYHOM TSI TIPEeIBApUTEILHON OLCHKH, MPEIeIbHOE HaNpsKeHne B aedop-
MHUPOBaHHBIX YYacTKaX OBEPXHOCTH TPYOBI paBHO

F*

s

o¥*

B rugpaBnnyeckoif 6anke Bcs Harpyska Onarogaps >KHAKOCTH OTHOCHTENBHO PaBHOMEPHO paclpesesseTcs 1o Beeil
BHYTPEHHEH MOBEPXHOCTH Oanku. DTO MPOUCXOIUT B COOTBETCTBHM C 3aKOHOM [lackais: naBieHHe, MPOM3BOIMMOE Ha
KHUJIKOCTB WJIH Ta3, IepeaaeTcs B IOOYI0 TOUKy 0e3 N3MEHEHH BO BCeX HampaBiIeHUsIX. [Ipy 3ToM naBieHne Ha BHYTPEH-
HIOIO TIOBEPXHOCTH TPYOHI, He Oeps BO BHUMAHNE IUTOMAAb KOHIIEBBIX 3ariyIieK (BBUILY ITPyOOCTH IPUOIIKESHHUI), paBHO

F *k
u S
W3 3TOTO0 0YEBHIHBIM 00pa30M CIIEAYET, 9TO
c* S
g=—r==2-
p s

Pasymeercs, HanpskeHHe U JaBJI€HUE — 3TO HE OJJHO U TO K€, HO OHU UMEIOT OJIMHAKOBYIO Pa3MEPHOCTb, I03TOMY
(W3 X CpaBHEHUSI) B CaMOM IIEPBOM MPUOIMKEHUH HECYIIasi CIIOCOOHOCTh THIPABINYECKON OAJIKH BEIIIE, YeM y TPYO-
4artoii, B g pas.

ITpaBomMepHOCTh TMOCHEeHEH HOPMYIBI BBITEKAET U3 TOTO, YTO B Cydae MyCTOW TpyObl MOJ AeHCTBHEM BHEIIHEH
CBEPXIpEACTbHOIN HArpy3KH pa3pyIIaeTcs 9acTh MOBEPXHOCTH (IUTOMIAABIO §), a B CITydae THAPABINIECKON OaIkKi — BCS
MTOBEPXHOCTH (), IS 4ero CBepXIIpeiesIbHas Harpy3Ka BO BTOPOM CIIydae JOJKHA OBITH BBIIIE KaK Pa3 B COOTBETCTBUHU
¢ mocneanen GopMyIon.

ITo HEKOTOPBIM SKCIIEPTHBIM OIIEHKaM ITPH Pa3pyIICHUH TPyOUaToil OaIKu IIacTHIecKo reopMaryy moIBepraercs
MOPsAKA JECATH MPOLECHTOB TIOBEPXHOCTH TPYOHI.
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N

q<10-
IIycts

g~10-

3T0 03HAYaeT, YTO HeCcyIas CHOCOOHOCTh THIPABINIECKON OAaJIKM PUMEPHO B IECATH pa3 BHIIIC, UeM Y TpyOUJaToH,
U IPUMEPHO B IATH Pa3 BBILIE, YEM Y JBYTaBPOBOM.

B cirygae miockux KOHIEBBIX 3aITyLIEK MECTa HX CBapKH C TPYOOH SBIIAIOTCS CUIIBHBIM KOHIIEHTPATOPOM HANPSHKCHUH.

B cBs13u ¢ 5TUM U U3 cOOOpaKEHUH TeOMETPUUYECKOM ONTUMHU3AIMN HAWITy4Iel (JOpMOil KOHLEBBIX 3ariIylIeK sBJIs-
etcst monmycdepa.

[MonocTn cocenHUX TUAPABIMYECKUX OANOK B CHIIOBOW KOHCTPYKIMH, HATIPUMED B IIPOJIETHOM CTPOCHUH MOCTa, MO-
I'YT OBITH BBHITTOJTHEHB! COOOIIAOIMMUCS (IIOCPEICTBOM YCHUIICHHBIX NMAaTPyOKOB). DTO MO3BOJISIET paBHOMEPHO Tepepac-
NIPEENATh HAarpy3Ky, MPUIOKEHHYIO K 4aCTH 0aJloK, MEXy BCEMH THIPABIMYECKUMH OalKaMH Hecyleld KOHCTPYKIHH.

JleficTBUTENBHO, CyMMapHas «pabodast» IDIOMIagh BCEX THAPABINICCKUX (COOOIAIOMUXCS) 0aJOK YBETHINBACTCS
KPaTHO KOJIMYECTBY OallOK, U JaBJIeHHE B OaKaX CTAHOBUTCS PABHBIM

p=L. 8]
nS
rJe n — KOJINYECTBO COOOIIAIONIMXCS THAPABINYECKUX OaJIOK.

COOTBETCTBEHHO, B 11 pa3 YBEJIMYUBACTCS HECYIIasi CIIOCOOHOCTb.

B kadecTBe KHKOTO HAIOJHHUTENS THAPABIMYECKUX 0aJOK BO MHOTHX CIIy4asiX CIIEIyeT HUCIIOJIb30BaTh He3amMep3a-
IOIITHE KUIKOCTH.

B nensax 3KOHOMHUHM He3aMep3arolel KUIKOCTH BHYTPEHHUE MOJIOCTH THAPABIMYECKUX OalOK MOTYT YaCTHYHO 3a-
MOJTHATHCS TBEPJBIM JUCIIEPCHBIM MaTepHaioM, HaIpuMep, KepaMUIECKHM JIOMOM, IEOHEM H T. 1.

OOcy:xaenne u 3aKia049enne. [IpuBiIeKaTeIbHOCTD XKENe300€TOHHBIX OANOYHBIX KOHCTPYKINIH COCTOWT B 3aMelle-
UM MeTamwia [11-16]. B 3ToM e coOCTOUT MPUBIIEKATENEHOCTS i PACCMOTPEHHON THAPABIMICCKON OaKH.

[TpuBeneHHBIE BBIIIE PacYETHl HECYIIEH CIOCOOHOCTH SBISIOTCS TPYOBIM MPUOIMKESHUEM.

B ciydae npakTH9IeCKOT0 NCTIOJIB30BAHHS THAPABINIECKUX OalloK MOTpeOyIoTes Ooee 00CTOATEbHbIC HHKEHEPHbIC
HCCIIeIOBaHMS, BKIIIOYAs yUeT IUIOMAAHN IIOBEPXHOCTH KOHIIEBBIX 3arIIyLIeK, yueT Pa3Inunii MeX 1y JaBJICHUEM U Halps-
KEHUEM (HarpHuMep, CMATHE), YUeT YIIPYroi aedhopMaiiy CTeHOK, COOCTBEHHOTO Beca )KUAKOCTH U IPYTUX (haKTOpOB.

IIpu 3TOM moNydeHHAs BBIIIE OIEHKA, COCTOSINAS B MSATUKPATHOM IPEBBIIICHUN HECYIEH CITOCOOHOCTH T'HIPaBIIH-
4ecKOW OaJIKK 10 CPAaBHEHHIO C IBYTaBPOBOM U B JECATHKPATHOM — I10 CPABHEHUIO C TPYyO4aTOM, MOXKET OBITh CKOPPEK-
THPOBaHA KaK B MEHBIIYIO, TAK U B OOJIBIIYIO CTOPOHY.

[Tpu ucnonap30BaHNN COOOIIAIOIINXCS THAPABIMYECKUX OAJIOK MOXHO JOOUTHCS HECOIIOCTaBUMOTO TIOBBIIICHHS He-
cymiei cnocoOHOCTH MPONIETHRIX KOoHCTpyKuuit [ 17-20] (B cooTBeTcTBHH C (1)).

[MpenmymiecTBO THAPABIMYECKOH OANKK HAJl BCEMH APYTUMH THIIaMH OAJIOK COCTOUT B TOM, YTO B OTJIMYHE OT HUX y
THpaBIIMYecKoil Oanku «paboTraer» (B OJMHAKOBOM Mepe) BeCh MaTepHall, M3 KOTOPOTO OHa U3TOTOBJICHA.
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