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AHHOTALNA

BBepeHune. PaccmaTtpmBaloTcs KOHCTPYKLMKN TPEXTPaHHbIX (depM, KOTOpble MOTYT NMPUMEHATLCS ANS MOKPbITUIA N NepeKpbl-
TUIA NPOM3BOACTBEHHbBIX N OOLLECTBEHHBIX 34aHWA, Pa3nnyHbIX KOMOUHMPOBAHHBLIX CUCTEM, @ TaKKe B KayecTBe KOHCTPYK-
LM 3cTakaj NMMHenHbIX 0GbEeKTOB B Pa3nnyHbIX paioHax cTpouTenbcTea. MNpeacraBneHa KOHCTPYKUMS NPOCTPaHCTBEHHON
depmbl B paMKkax MaTteHTHOW pa3paboTKM MOKPbLITUS U3 TPEXrpaHHbIX hepM C Hepa3pesHbIMU NoACammn 3aMKHYTOro ceve-
HUs. Llenb YnMcneHHbIX uccnegoBaHni — oueHKa HanpshkeHHo-gedopmupoBaHHoro coctosiHus (HOC) nponetHow Tpex-
rpaHHoV chepMbl NMPK NPUINOXEHUN CTaTUHECKOW Y3M0BOW Harpy3kn 1 pasnuyHOM NpUMbIKaHUM 3NIEMEHTOB PacKOCHOW pe-
LIETKM, a Tawke cosgaHune 6asbl BepMpUKaLMOHHBIX AaHHbIX AN MPOBeAEHNS NOCneayoLWmnX YACTEHHbIX NCCnefoBaHni
6ecdacoHOYHbIX Y3OB COMPSIKEHNUS.

MaTtepunanbl 1 meToabl. MeTOAMKOM YNCAEHHBIX UCCNEeA0BaHNI YUNTLIBAETCS NPUMOXEHNE Y3NOBbIX CTaTUYECKUX Harpy-
30K, MOZenvpytoLLee pasmelLLieHe orpaxaaroLLen KOHCTPYKLMM NMOKPLITUS C NPUMEHEHNEM NPOroHoB. Vcnonb3oBaHne me-
TOAA@ €AVHUYHBIX Harpy3oK HanpasneHo Ha onpedeneHne peakuum HecyLle CUCTeMbl B paMKax NpoBEAEHNS CpaBHUTENMb-
HOW OLIEHKWN 1 COMOCTaBMNEHNA C MONyYeHHbIMU AaHHBIMW APYrMX CCNeaoBaTenbCkuxX 3aaay.

Pesynbratbl. B xo4e uicneHHbIX nccneaoBaHuin nonyyeHbl AaHHble, XxapakTepusytowme HOC mopenun TpexrpaHHon dep-
Mbl MO pacnpeneneHnto YCUnuii B CTEPXHSIX M BEPTUKambHbIX NepeMeLLeHnii y3noBs.

BbiBoAbl. AHann3 Nony4eHHbIX pe3ynsTaToB CBMAETENLCTBYET O TOM, YTO NPUHATAsA pacyeTHast MOAenNb TpexrpaHHon dep-
Mbl agekBaTHO oTpaxaeT ee HIC. MNpakTnyeckoe npyMeHeHne METOAUKN YNCTIEHHBIX NCCMEA0BaHNI HA OCHOBE MPUITOXe-
HUS1 €AMHUYHBIX Y3I10BbIX HAarpy30K COCTOWT B BO3MOXHOCTU MCMOSb30BaHUs pe3ynkTaToB pacyeTa B BUAE CTPYKTYPUPOBaH-
HOro mMaccyvBa AaHHbIX, HeobXoAMMBIX MPY pacyeTax Mo MeToay npeaenbHbIX COCTOSIHWIA. [MonyveHHble pesynbTaTbl MOryT
MCMOMb30BaTbCA B Ka4eCTBEe OCHOBbI ANA BepudmrKaumm AaHHbIX NOCNeayoLWMX YUCTIEHHbIX NCCNea0BaHNN KOHCTPYKLMA
6ecdacoHOYHbIX Y3MOB B paMKax NnacTuHYaTon MatemaTndeckon mogenu. MNpeacraBneHHble YUCTeHHble NCCNenoBaHNs
BXOASAT B KOMMNEKC Hay4YHbIX UCCNEeA0BaHNN N3yYeHUs OeCTBUTENbHON paboTbl MPONETHbIX TPEXTPaHHbIX hepm.

KIMKOYEBBIE CJIOBA: TpexrpaHHasi depMa, YUCIEHHble UCCReaoBaHUsl, METOL KOHEYHbIX 3NEMEHTOB, HamnpsPKeHHO-
AedopmMmpoBaHHOe CocTosiHWe, 6ecdacoHOYHbIN y3en
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ABSTRACT

Introduction. The author considers designs of triangular trusses that can be used to design roofs of industrial and public
buildings, various combined systems, and also as overpass structures of linear facilities. The design of a spatial truss as part
of a patent pending development of a triangular truss cover with non-cutting closed-section chords is presented. The pur-
pose of numerical studies is to estimate the stress-strain state (SSS) of a spanning triangular truss subjected to static nodal
load and different arrangement of strut elements as well as to create a verification database for further numerical studies of
non-faceted interface nodes.

Materials and methods. The numerical research methodology takes into account the application of nodal static loads,
modelling the placement of the enclosing structure of the pavement using purlins. The use of the unit load method is aimed
at determining the response of the load-bearing system as part of a comparative evaluation and comparison with the data
obtained from other research tasks.

Results. In the course of numerical studies, data were obtained, characterising the deflected mode of the triangular truss
model in terms of force distribution in the rods and vertical displacements of the nodes.
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PacnpoctpaHsietcsa Ha ocHoBaHuu Creative Commons Attribution Non-Commercial (CC BY-NC)



HanpsxeHHo-AeOpMUPOBaHHOE COCTOSHUE TPEXTPaHHOK GepMbl C HEPA3PE3HLIMM MOsSICaMu

C. 60-71
NATUIPAHHOIro COCTaBHOIo MPOPUAS

Conclusions. Analysis of the obtained results shows that the accepted design model of a triangular truss adequately re-
flects its deflected mode. Practical application of the numerical research technique on the basis of application of unit nodal
loads consists in the possibility of using calculation results in the form of a structured data set required in calculations by
the limit states method. The results obtained can be used as a basis for verification of data obtained in further numerical
studies of non-faceted node constructions within the framework of the lamellar mathematical model. The presented numeri-
cal studies are part of the complex of scientific research into the actual performance of spanning triangular trusses.
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BBEJEHUWE

[pocTpaHCcTBeHHBIE TPEXTPAHHbIE (hePMBI SIBIISIFOTCS
WHIyCTPHAJIBHBIMU HECYIIMMH KOHCTPYKIUSIMH C BBICO-
KAMH DKCIUTYyaTallMOHHBIMH XapakTepucTukamu. [Ipu-
MEHEHHE B OCHOBE KOMITOHOBKH CTEP)KHEBOH CHCTEMBI
MPOKATHBIX MPO(UIIeH 3HAYNTETHFHO PACIITUPSET BO3MOXK-
HOCTH HCTIONB30BaHUS KOHCTpYKImii [ 1-3]. TpexrpaHubie
(hepMBl paccMarpUBalOTCS B KaYeCTBE HECYHIMX KOH-
CTPYKLMH TIOKPBITUI U NIEPEKPBITUNA POU3BOICTBEHHBIX
1 OOIIIECTBEHHBIX 31aHUH, HIEMEHTOB KOMOMHUPOBAaHHBIX
CHCTEM C BO3MO)KHOCTBIO ITOJIBECKH TEXHOJOTHYECKUX
YCTPOMCTB, IPY30IIOABEMHBIX MEXaHN3MOB, a TAKKe KaK
MOJIYJIbHbIE KOHCTPYKIIMHU 3CTAKa/l JIMHEHHBIX 00BEKTOB
B Pa3IMYHBIX paiiOHaX CTPOUTENbCTBA. Hi3kas ynenpHas
MAaTepPHAIIOEMKOCTh U TPYIOEMKOCTh H3TOTOBIICHHUS TPEX-
rpaHHbIX (epM 00YCIOBICHBI PAL[MOHATIBHBIM pacpe-
JISIIEHHEeM MaTepualia KOHCTPYKTHBHOM (OpPMEI B IIpO-
CTPAHCTBE U BO3MO)KHOCTHIO KOMIIOHOBKH CTEPKHEBOU
cucTeMbl OecdacoHoUHbIMU y3iaMu. CIieyeT OTMETHUTB,
YTO KOHCTPYKTUBHAs (hopMa TPEXTPaHHO (epMbl HMeeT
XOPOIIMKA NOTEHLIMAI IPUMEHEHHS, CBA3aHHBIN C TUITU3a-
1uei 1 yHu(HKalueil B COBOKYITHOCTH C BHICOKHM YPOB-
HEM 3aBOJICKO TOTOBHOCTH, 0€30IACHOCTBIO TPAHCIIOPTH-
POBaHHMS ¥ CKOPOCTBHIO MOHTaXa [4].

O6pa3oBaHue KOHCTPYKTHBHOHM (DOPMBI TIOCKOTO
MOKPBITHS PEeATH3yeTCs IyTEM PETYIAPHON yCTaHOBKU
MPOJIETHBIX TPEXTPAHHBIX (hePM C MEPEMEHHBIM HIIN OfIU-
HAKOBBIM IIarOM B MPOJIOIIEHOM HarpasiieHuu (puc. 1).

[Iponernas TpexrpanHas gepMa COCTOUT U3 ABYX
HaKJIOHHBIX TNIOCKUX (hepM ¢ OOLIMM HI)KHUM IOSICOM.
Y4uteiBas 0COOEHHOCTH €€ CTaTH4ecKod paboTHl,
1[eJIECO00PAa3HO B TOPU30HTANIBHOM MIOCKOCTH BEPXHUX
MOSICOB UCIIOIb30BaTh PACHIOPKH MIIH HECYINE DIIEMEH-
TBI OrpaXKJAIO0IIEi KOHCTPYKIMH KpoBin. OcoOeHHOCTH
KOHCTPYKTHBHOTO HCIIOJIHEHHsI TIPOJIETHOW TpeXIpaH-
HOI (epMBbl 00YCIOBICHBI OIEHKON HampsKEHHO-
nedopmupoBanHoro cocrostaus (HIAC) TpexrpanHbIX
(hepM ¢ pazTHYHBIMHU TTapaMeTPaMH U TadapuUTaMy TpU
OTHOCHTEJIbHO HE3HAYNTEIHHOM BIIMSHUN BO3/IEHCTBIN
B FTOPU30HTAIBHOM HAIIPaBICHUH U3 IUNIOCKOCTH U3rH0a.

B cBoto ouepesnb, BO3MOKHOCTh HCIIOJIb30BAHUS
HECYIIMX JIEMEHTOB OTrPaKJalouieil KOHCTPYKLHH
KpPOBJIM MO3BOJIMJIA UCKIIOYUTh YacTh PaclOpPHBIX
3JIEMEHTOB M3 COCTaBa OTIPaBOYHON MapKy IPOCTPaH-
CTBEHHOI (hepMBI M UCTIONB30BaTh MPOCTPAHCTBO MEXK-
Iy HaKJIOHHBIMHU (hepMaMu 7151 KOMIIAKTHOW YKIIaIKA
«B €JI0YKY» U TPAaHCIIOPTUPOBAHUSA [4].

ITarenTHast pa3paboTKa KOHCTPYKLIUU TPEXTPaH-
HOU (hepMbI ¢ HEpa3pe3HbIMHU MOSCAMHU IISATUTPAHHOTO
(meHTaroHaJIbHOTO) COCTABHOTO CEYEHHS M3 IPOKATHBIX
npoduieil mBeuiepa W yrojika rnpeaHasHaueHa s
TUTOCKUX MOKPHITUH 3nanuii [5]. 300peTrenue cocTout
B TOM, YTO ITOKpPHITHE (JOPMHUPYETCS U3 TPEXIPaHHBIX
(hepM, 00bEeTMHEHHBIX TPO(PHACTUIOM, KOTOPBIH SBIISI-
€TCs HECYLIEN KOHCTPYKLMEN OTpa)kIaroIlEero MoKphl-
Tus (puc. 2).

Puc. 1. KorctpykTuBHas ¢popma IIOCKOTO MOKPHITHS U3 TPEXTPAHHEIX (hepM

Puc. 2. TpexrpanHsie (epMbl INTOCKOTO TOKPBITHS (IPONOIBHBIN pa3pes)
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Kaxcnas ¢epma BKIIrOYaeT BEPXHHE HEPa3pe3HbIe
nosica MATUTPAHHOTO KOPOOUATOTO CEUCHUS U3 KECT-
KO COCAMHEHHBIX MKy COOOM MIBEIIIEPOB U YTOJIKOB,
a TaK)Ke HWKHUH TO0SIC MATUTPAHHOTO COCTABHOIO Ce-
yeHHst. PackocHas pelreTka NpUKpeIvIeHa K MoJKaM
TIOSICHBIX YTOJIKOB BCTHIK.

i JaHHOTO MOKPBITHS U3 TPEXTPaHHbBIX (epm
MOXXET HCIIOJB30BaThCSI MPOTOHHAS KOHCTPYKIIUS
OTpakJaromie KOHCTPYKIHH (puc. 3).

Crenku MBEJJIEPOB BEPXHUX ITOSICOB B IMPOCTPaH-
CTBE MPOEKTHOTO TTOJIOKEHUSI COPUEHTHPOBAHBI BEPTH-
KaJIbHO, a CTEHKA HIKHETO IIBeJUIepa — TOPU30HTAIBHO.

Jns TpaHCTIOPTUPOBAHUS UMEETCS BOZMOXHOCTh
KOMIIOHOBKH OTIIPAaBOYHBIX MapoK TpeXIpaHHbIX pepm
YKIIAAKOH «B eJ109Ky» (puc. 4).

STV
\ |

<

Puc. 3. Konctpykuust TpexrpanHoil ¢gpepmbl (OTIepedHbIit
paspes)

4

Puc. 4. KoMImoHOBKa OTIPaBOYHBIX MAapOK TPEXI'PAHHBIX
dhepM T TPAaHCTIOPTUPOBKU

[IsaTurpanHblii TpoduIL MOSICHBIX HEPA3PE3HBIX
CTepXKHEH TpeXTrpaHHBIX (hepM GOopMHUpYETCs B KO-
poOuaroe 3aMKHYTOE CEYEHHE W3 PaBHOIOJIOYHOTO
yronka u mBemiepa [6]. laHHas KOMIIOHOBKA COCTaB-
HOTO CEYEHUS UCHOJb3YeTCs] B KOHCTPYKIUSAX IPYTUX
MaTeHTHBIX Pa3pabOTOK ¢ Pa3IUYHOW OpHEHTAIUCH
3aMKHYTOTO MpO(QHIIsS B IMPOCTPAaHCTBE MPOEKTHOTO
nonoxenwus [7—-10].

ConpspkeHue 1Mo Bcel JIMHE WX MIPOKAaTOB 00e-
CIICYUBACTCH MOJTHOTEIBIMHU WX MPEPBIBUCTBIMU CBAp-
HBIMH IIBAaMH T10 TIEPHSIM ITOJIOK, YTO COOTBETCTBEHHO
MO3BOJISIET PacCMaTpPUBaTh COCTABHOE CEUEHHE B BHJIE
MOHOJHUTHOH QopMmsI (puc. 5).

PackocHast penieTka HaKJIOHHBIX TUIOCKHX (epM
TpeXTpaHHOH GepMbI 00pa3yeTcs U3 ONUHOYHBIX TPO-
KaTHBIX YTOJIKOB.

ITogpeska MoI0OK PaCKOCHBIX YTOJIKOB OCYIIECT-
BIIeTCs 17151 POpPMHUPOBAHUS I TAMIIA U IIFIOTHOTO TIPH-
MBIKaHUA K IMOJIKaM IMOSACHBIX YT'OJIKOB IMATUTPAHHOTO
COCTaBHOTO CTEPKHS ¢ 00pa30BaHHEM CTHIKOBBIX Oec-
(hacOHOUYHBIX Y3JIOB, UMEIOIIMX OCOOCHHOCTH KOMIIO-
HoBKH [11, 12].

enp uncnenubIx ucciaenoBanuii — ouenka HJC
MPOJIETHOW TpEeXTpaHHON (hepMBI NMPU MPUIOKEHUH
CTaTMUYECKHUX Harpy30K, CHCTeMaTH3alusl JaHHBIX AJIs
MPAKTUIECKOTO MPOECKTHPOBAHUS M KOMIIOHOBKH 3JI€-
MEHTHOT'O COCTaBa, a TaKXKe co3JaHue 0a3bl Bepudu-
KaI[MOHHBIX JAHHBIX Ul IPOBEICHUS MOCIEIYIONIIX
YUCJICHHBIX HMCClIeOBaHUN OecacOHOYHBIX Y3JIOB
COIPSHKEHHUS B paMKaxX pacyeTHOW IIaCTUHYATOW Ma-
TemaTudeckou mojaenu [13, 14].

B kauecTBe 3a/1a4 YHCIIEHHBIX UCCIICAOBAaHHIM pac-
CMaTpHUBAJIOCh CO3/1aHUE PACUETHON MaTreMaTHIeCKOn
MOJIEIIH MPOJIETHON TPeXI'PaHHON (epMBbI CpeICTBAMHU
CTaHJIapPTHOTO PacYETHOTO KOMIIJIEKCA Ha OCHOBE ICH-
TPUPOBAaHHON reoMeTpudeckoit cxembl. Komnonosou-
Hasg 0COOCHHOCTH IIEHTPUPOBAHHON T€OMETPHUIECKON
CXEMBI COCTOHT B TOM, YTO €€ ()OPMHUPOBAHHUE ITPOU3-
BOJUTCS CTEPIKHAMH, CXOSIIUMHUCS B y3/1ax, SIBIISIO-
MIAXCS IIEHTPaMH JTaHHON CXEMBL.

Bo3Benenue B pa3IM4YHbIX pallOHAX CTPOUTEIIb-
CTBa HECYIIMX NMOKPBITHH M3 TpEeXIpaHHBIX (epMm
nmpeamnojgaracTt HCO6XOZII/IMOCTI) YYUTBIBATH U3MEHYH-
BOCTD BJIMSIOIINX ApaMETPOB, B TOM YHCJIC 3HAUYCHUN
u Gopm npuiiokeHus: Harpy3ok [15]. Ctpykrypupo-
BAaHHBIH MAaCCHB JaHHBIX, 00YCIIOBIEHHBIX N3MEHUH-
BOCTBIO BHEIIHUX (PaKTOPOB, UMEET MPAKTHUYECKOE
3HA4YEHHUE I IPOCKTUPOBAHUSL.

Puc. 5. Cxema KOMIIOHOBKH MIATHTPAHHOTO COCTABHOTO CEYCHUS U3 MPOKATHBIX MPOoduIIeit
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MATEPHAJIBI U METO/JAbI

Hnsa onenku HJIC ucmons3oBanack pacdeTHas
MaTeMaTH4YeCKas MOJCIb TPEXTPAHHOM GepMbl, CreHe-
pUpOBaHHAsI CPEACTBAMH NMPOrPAMMHOIO KOMILJIEKCa,
pean3yOLET0 pacueTHhIEC 334341 110 METOLY KOHEU-
HBIX 2JIeMeHTOB [16]. BapuatuBHas pacueTHas MOJENb
MOJIEJIUPYET IPOCTPAHCTBEHHO-CTEPKHEBYIO TPEXTPaH-
HyI0 depMy mponeTroM 24 M, IMUPUHOH 3 M M BBICOTOM
1,5 M (puc. 6). MoxynbsHBIE pa3Mepsl TaHeNeH HIDKHETO
1 BEPXHHX IOSICOB COCTABIISIOT 3 M.

MeTtoankoil YMCIEHHBIX HUCCIEIOBAHUN YUUTHI-
BaeTcs NMPHUIIOKEHHE Y3JIOBBIX CTATHYECKUX HAarpy3oK,
MOJleNUpyIollee pa3MelleHne OTpa)xaalonieil KoH-
CTPYKUUU MOKPBITUS C IPUMEHEHHUEM IPOroHoB [17].
[Tpunoxkenne cocpeOTOYEHHBIX CHII B Y37aX BEPXHHUX
MOSICOB CTEPXKHEBOM MOJAENN TpeXrpaHHOW (epMBbl
10 METOly €TMHUYHBIX Harpy30K HalpaBJiIeHO Ha OIpe-
JIeJIEHNE Peakly HeCyIlel CUCTEMBI B BUIE paclipe-
JIENICHNs] YCUIIMH B DJIEMEHTaxX W TIepeMEIleHNH y3II0B.

[IpumeHeHne MeTO/Ia Y3JI0BBIX HArpy30K 00yCIIOB-
JICHO HEOOXOIMMOCTBIO MTPOBEICHUSI CPAaBHUTEILHOM
OIICHKH, COITOCTABJICHHS C MOJIyYeHHBIMH JTaHHBIMU
JIPYTUX UCCIIEIOBATEIbCKHUX 3a/1a4, a TAKKe BO3MOXK-
HOCTBIO TIPAKTUYECKOTO MCIONIB30BaHUS TP pacuyerax
110 METOTy NPEEIbHBIX COCTOSTHUM.

PacuerHast MoJienb MPOCTPAHCTBEHHOW TPEXIpaH-
HOU (hepMBbl ONUCHIBANIACH CTEPIKHEBBIMU DIIEMEHTaMU
ITPOM3BOJIBHOI'O BHU/JIa CO CBA3SIMU 110 JIMHEHHBIM 1 yrio-
BBIM HampanieHusM [ 18]. B kauecTBe HUKHETO U BEpX-
HUX MOSICOB HCIIOJIb30BAIINCh HEPA3PE3HBIE CTEPIKHU
MSATUTPAHHOTO COCTABHOTO CEYEHMSI MOHOJIUTHOM (op-
MbI KOMIIOHOBKHY C OpUEHTALUEN [TOJIOKEHHUS, IPUHATON
B KOHCTPYKTHBHOM PEIICHUH TTATEHTHOTO M300pETEHUS.
Packocsl 13 OJMHOYHBIX MTPOKATHBIX YTOJKOB SIBIISIOT-
s JIEeMEHTaMH MaJIo W3ruOHOMU skecTKocTH. [TosTomy
JUIS OLICHKH WX BIMSIHHSA Ha Je(opMaTHBHBIEC CBOMCTBA

Puc. 6. PacueTHast Mozienb POJIETHON TPEXTpaHHO (hepMEI

—9,43

MOJIENIM TPEXT'PAHHON (epMBI pacCMaTpUBAINCH Ba-
PHUAHTHI C )KECTKUM MIIU MAPHUPHBIM IPUMBIKAHHEM
2JIEMEHTOB PACKOCHOH pEelIeTKU K Hepa3pe3HbIM IO-
sicaM. [IpuMbIkaHue pacOpoK K Hepa3pe3HbIM MosicaM
OIMMCBIBAJIOCH INAPHUPHBIM IPUMBIKaAHHUEM.

I'paHnyHBIE yCIOBUSA PACUETHON CXEMBI IPOJIET-
HOW (pepMBI YUUTHIBAIH OTPAHUYCHHS 110 OMOPHBIM
y371aM BEpXHHUX HOSACOB, @ UMEHHO, YCTaHOBJIEHBI 3a-
KpEIUJIeHHs 10 JIMHEWHBIM CMEILEHUsM, KPOME OCBO-
OOXXIEHUS] CMEXHOW OIMOPHOI Maphl Y3JI0B B IPOIOIb-
HOM HaIlpaBJICHUN MOJCIH.

PE3YJIBTATHBI HCCJIEJOBAHHUA

B xozne nmpoBeneHUs: YUCIEHHBIX UCCIEJOBAHUM
MOJIy4YeHBl JaHHble, xapakTepusytomue HIC monenun
TpexrpaHHoi GpepMbl. OrpeieneHbl pacueTHbIE YCHIIHS
OT EeHCTBUSA y3TOBBIX €IUHUYHBIX HArpy30K U 3Hade-
HHUsI IIEPEMELICHUN y3]I0B BApUAaTUBHOM CTEPKHEBOM
MOJIEJIN TPEXI'PaHHOH (epMBI ¢ HIAPHUPHBIM U XKECT-
KHM NIPUMBIKaHHEM PACKOCOB K HEPA3PE3HBIM MOSICAM.

DJeMeHTHl paCKOCHOW PEeIIeTKH MMEIOT NMPaKTH-
YECKHU MOJHYI0 CUMMETPUIO B PaCIpEENeHUN yCUIUN
B Ipejernax MaHeled BEPXHUX MOSICOB MO CEpelUHe
nponera (puc. 7, 8). B kauecTBe yTOUHEHUS CIeIyeT OT-
METUTD, YTO CTEP)KEHb WIIN YaCTh CTEP)KHS HEPAa3pPE3HO-
ro nosica pepMbl, OTPaHNIECHHOTO Y3JIaMH TPHMBIKAHUS
packocoB, 0003Ha49aeTCs KaK MaHedb.

HawnGouspmne nponosibHbIEe YCUIIUS B BEPXHHUX
MOsICaxX CPEIMHHBIX MaHeJeH OTIINYAI0TCA OT MPOJOIb-
HBIX yCI/IHI/Iﬁ B BEPXHUX IMOACaX NPUOMNMOPHBIX IMAaHEC-
neit npaktuyecku B 4,43 pasa. Ilpu sToM yBenndyeHue
3HAYEHUH YCHJIMH B CTEPKHIX CMEXKHBIX MaHEJEH,
paccMarpuBast OT IPHONOPHBIX MaHeIeH, TPOUCXOJUT
HEMPONOPLHUOHAIBHO, a TAKIKE C Pa3HOI KPaTHOCTBIO
YBEJIUYEHHS JUIsl HUXKHEro U BepXHUX nosico. Kpar-
HOCTb YBCJIHNYCHUMA 3HaUYCHUH MPOJAOJIbHBIX yCI/IHI/Iﬁ

Puc. 7. PacueTHble TPOAOIBHBIE YCHIIHS MOZIEIH (MOIy(epMBbl) ¢ IIAPHAUPHBIM IIPUMBIKAHIEM PaCKOCOB
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-3,48 9,42

~15,42 ~15,42

Puc. 8. PacueTHbIe TpoIoIbHEIE yCHIUs MOZeIH (TT0ITy(epMbl) ¢ )KECTKAM MPUMBIKAaHHEM PAacCKOCOB

B CTEPKHAX CHUIKAETCS OT NPUOMOPHBIX MaHeIeH
K CepeInHe IIPOoJIeTa.

HanGonpmme npogoabHble YCHIIHS B Packocax
IIPUONIOPHBIX MAaHENEH OTINYAOTCA OT 3HAYEHUHN yCU-
JUH B packocax CpeIUHHBIX IaHenel B 7 pa3. CMex-
HBIE CXKATbIe U PAaCTAHYThbIE PACKOCHI B MpeJenax na-
HeJel BEPXHUX MOSICOB UMEIOT OJMHAKOBBIE 3HAYCHHUS.
CHIDKeHHE 3HAYCHUW yCHIMHA B CTEPXKHAX PAacKOCOB
CMEXHBIX IaHeNeH, paccMaTpuBas OT IPUONOPHBIX
naHesel, TPOUCXOUT HemponopuruoHaibHo. Kpart-
HOCTb yBEIUYECHUS 3HAUCHUN B CTEPIXKHSIX PACKOCOB
MOBBINIAETCA OT NMPUONOPHBIX MaHENeH K cepeluHe
IpoNeTa.

0,06 0,07

0,09

OO6pa3oBanne M3rudAONINX MOMEHTOB B CTEPX-
HAX HECyIell CHUCTEeMBI 00YyCIOBIEHO BKIIOYCHHUEM
B paboTy Hepa3pe3HbIX NosCOoB (puc. 9).

Onenka n1epopMaTHBHOCTH MOJIEIH MPOJETHOMN
TpEeXTpaHHOi (hepMbl OCHOBBIBAETCS Ha MOJTyUEHHBIX
3HAUCHUSIX BEPTUKAIBHBIX MEPEMEIICHUH y3II0B.

HawnGonpimme 3HaueHUST BEPTHKAIBHBIX IIEpeMe-
IICHUH OTHOCSTCS K y37IaM HM)KHETO M BEepXHUX He-
pPa3pe3HbIX MOSICOB B CPEAVMHHOM YacTH MpoJieTa TpeX-
rpanHoit Gpepmer (puc. 10, 11). Heobxonumo ykazarb
Ha HaJIM4ue MOJHOW CHMMETPHH OTHOCHTEIBHO Cepe-
JTUHEI TIPOJIETa B pacIipeielICHIH 3HAYCHUH BEPTHKAIb-
HBIX IEPEMEILEHUH Y3II0B.

0,09 0,09

0,07

L

0,06

N

0,09 0,09

Puc. 9. PacuetHple n3rubaroniie MOMEHTHI MOZIENH (MTOTyQepMbl) IapHIPHOTO MPUMBIKAHHS PACKOCOB

-36,19

—38,98

-36,19

N

3N

-36 -3

-3

Puc. 10. MakcumabHbIe BECPTHUKAJIBHBIC IIEPEMEIICHUA Y3JI0B MOJACIIA IAPHUPHOT'O MPUMBIKAHUA PACKOCOB

—36,18

—38,97

—36,18

—32.73 —37.9:

\ e

—36.1 =389

-3

Puc. 11. MakcumanbHble BEpTUKAIBHBIC IEPEMEIIEHUS y3JI0B MOAENH KECTKOTO MIPUMBIKaHHs PACKOCOB
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C. 60-71
NATUIPAHHOIro COCTaBHOIo MPOPUAS

Pacnpenenenue BepTUKAIbHBIX MEpEMEIICHUMN
y3JI0B TPEXTPaHHON (hepMbI OMMCHIBACTCS TOIOTOM Ia-
paboJIoii ¢ BEpPIIMHOW B IICHTPAILHBIX Y371aX CMEXHBIX
BEPXHUX MOsACaX MOJEIIH.

3AKJIIOYEHUE

HanpsoxenHo-nepopMIpoBaHHOE COCTOSIHHE pac-
YETHOW MOIENN TPOJIETHON TpeXTpaHHOH (epMbl Xa-
pakTepu3yeTCsl paclpeneIcHIEeM OCHOBHBIX YCHUIHH
JUISL TUTOCKHX (epM TP Y3JIOBBIX Harpy3kax U MpH
3TOM MMEET CBOM OCOOEHHOCTH.

AHanu3 MOTy4eHHBIX PE3yJIbTAaTOB CBUICTEIb-
CTBYET O TOM, UTO NPHUHSATAs pacdeTHas MOJENb TPeX-
rpanHoi (epmsl asexBarHo oTpaxaetr HJIC npocrpan-
CTBEHHO-CTEP)KHEBON KOHCTPYKLUU C HEPAa3pPEe3HbIMU
nosicamu. IIperycMoTpeHHOE METOAMKON YMCIEHHBIX
UCCIIeIOBAaHUI HCIIOJIb30BAHUE METOAa €IMHHYHBIX
Harpy30K MO3BOJISIET MPOU3BECTH OLEHKY peakluu
Hecylleld CHCTEMBl B BHJE pacHpeeICHHs yCHINH
B CTEP)KHAX M IepeMeleHui y3noB. IIpaktudeckoe
MPUMEHEHUE METOIMKH YHCICHHBIX HCCICIOBAHUN
Ha OCHOBE IPHJIOKCHUS €IMHUYHBIX Y3JIOBBIX HArPy30K
COCTOUT B BO3MOJKHOCTH HCIIOJIb30BaHUSI PE3YNIBTaTOB
pacdera B BU/I€ CTPYKTYPHUPOBAHHOTO MAaCCHBA JAHHBIX,
HEOOXOIUMBIX TPH pacdeTax 110 METONy HpeAeIbHbBIX
COCTOSIHUH.

ITonmyueHHbIE pe3ynbTaThl MOTYT UCTIONB30BAThHCS
B KayecTBE OCHOBBI JUIs BepH(HUKAIMKU NaHHBIX IO-
CIIEAYIOIINX YUCICHHBIX MCCIEIOBAHUNA KOHCTPYKIIMH

06ec(hacoHOYHBIX Y3JI0B B paMKax IJIaCTHHYATONW MaTe-
MaTH4YECKOM MOZEIH.

[Nomy4eHHble pe3ynbTaThl BapUaTUBHBIX MOAEIIeH
TpEeXTrpaHHO# (hepMBbI OKA3BIBAIOT OTCYTCTBHUE ITPAK-
TUYECKOTO BIHMSHUS Ha UX 1e(OPMATHBHBIE CBOHCTBA
YCJIOBUI NIPUMBIKAHUN PACKOCOB U3 OJUHOYHBIX IIPO-
KaTHBIX YTOJIKOB K HEpa3pe3HBIM MOsICaM.

Mautast ©3ruOHas )KECTKOCTh OJJMHOYHBIX MPOKaT-
HBIX YTOJIKOB HE MIMEET 3HAUMTEIFHOTO BIMSHUS B pac-
MPEAEICHNN BO3HUKAIONINX yCUINN HAa KOHCTPYKIIHIO
6ec(hacoHOUHBIX y3JIOB TPEXTPaHHOM ()epMbI, OCHOBaH-
HOMW Ha LIEHTPUPOBAHHOM reOMeTPUUYECKOI cxeMe.

Bo3HuKHOBEHHUE YyCHWIINH B pacliopkax TpexrpaH-
HOH (pepMBI CBHAETENBCTBYET O BKIIIOYEHUH UX B pado-
Ty ¥ TpEAIoIaraeT HeoOX0JUMOCTb TPUMEHEHHS pac-
YETHBIX COEJAMHEHUI MPUKPEIUICHUsI K Hepa3pe3HbIM
nosicaM TPEXTrpaHHoil hepmbl.

O6pasoBanne U3rHOAIONINX MOMEHTOB B JIEMEH-
Tax HEPa3pe3HbIX IOSICOB HECYNIEH CHUCTEMBI 00y-
CJIOBJICHO BKJIFOUEHHEM B CTaTHYECKYyIO paboTy B BUAE
0aJloK Ha MOJATIMBBIX OMOpax B cocTaBe Gepmbl. W3-
MEHEHHUs U3TUOAIOIINX MOMEHTOB B y3JaX, HECMOTPS
Ha UX MaJible OTHOCHUTENIbHbBIC 3HAUCHHsI, BCIEICTBHE
WCIIOJIB30BAHUS METOJa CAMHUIHOM HAarpy3KH B HEKO-
TOPBIX CIy4asx HOTPEOyIOT yuera.

IIpencraBieHHbIC YUCICHHBIE UCCIIEAOBAaHNS BXO-
JIIT B HAYYHBIH KOMIUIEKC UCCIIEAOBAHUH MO M3YUIEHHIO
JICHCTBUTEIHHON PAaOOTHI MPOJIETHBIX TPEXTPaHHBIX
dhepm, B TOM Yrclie KOHCTPYKIUH TPEeXTpaHHBIX (epM
C HIDKHHUM TIOSICOM M3 OJMHOYHOTO yroyka [19, 20].
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INTRODUCTION

Spatial triangular trusses are industrial load-bearing
structures with high performance characteristics.
The use of rolled sections in the basis of the rod system
layout considerably extends the possibilities of using
the structures [1-3]. Triangular trusses are considered as
supporting structures of roofs and overlaps of industrial
and public buildings, elements of combined systems
with the possibility of suspension of technological
devices, lifting mechanisms, as well as modular
structures of overpasses of linear objects in various areas
of construction. Low specific material and labour input
of a tricity truss is stipulated by rational distribution
of a material of the constructive form in space and
an opportunity of alignment of a core system by
trussless knots. It should be noted that the structural

form of a triangular truss has a good application
potential associated with typing and unification in
conjunction with a high level of factory readiness,
transportation safety and speed of installation [4].

The formation of the structural shape
of a flat pavement is realised by the regular installation
of spanning triangular trusses with variable or equal
spacing in longitudinal direction (Fig. 1).

A spanning triangular truss consists of two inclined
plane trusses with a common bottom chord. Considering
the peculiarities of its static operation, it is advisable to
use struts or load-bearing elements of the roof enclosing
structure in the horizontal plane of the upper chords.
The peculiarities of structural design of a span triangular
truss are conditioned by estimation of the stress-strain
state of triangular trusses with different parameters and

Fig. 1. Structural shape of a flat roof made of triangular trusses
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Fig. 2. Flat roof triangular trusses (longitudinal section)

dimensions with relatively small influence of influences
in horizontal direction from the bending plane.

In turn, the possibility of using the load-bearing
members of the roof cladding structure made it possible
to exclude some of the struts from the spatial truss gauge
and to use the space between the sloping trusses for
compact herringbone stacking and transportation [4].

The patent design of a triangular truss construction
with uncut chords of five-sided (pentagonal) composite
section made of rolled profiles of channel and angle is
intended for flat building envelopes [5]. The invention

consists in the fact that the covering is formed
of triangular trusses combined by corrugated sheeting,
which is a load-bearing structure of the envelope
covering (Fig. 2).

Each truss consists of the upper continuous chords
of a box-section pentagonal bracket and angles rigidly
connected to each other, and the lower chord of a com-
posite pentagonal bracket. The stringer is butt-attached
to the flanges of the angles.

For this triangular truss cover, a purlin enclosure
structure can be used (Fig. 3).

The walls of the upper chord channels are ori-

J_\_/_\_/_\_/_\_/_\_/_\_/_\_/_\_/_\_/_\_/_\_/_\_/_L ented vertically in the space of the design position and

<

Fig. 3. Construction of a triangular truss (cross-section)

>>

Fig. 4. Layout of triangular truss dispatch marks for transport

// g
%

the bottom channel wall is horizontal.

The triangular trusses can be stacked herringbone
for transport (Fig. 4).

The pentagonal profile of the continuous belt bars
of triangular trusses is formed into a box-shaped closed
cross-section of equal angles and channels [6]. This ar-
rangement of the composite section is used in the struc-
tures of other patent developments with different orien-
tation of the closed section in the space of the design
position [7-10].

Joints along the entire length of their bars are provid-
ed by full-body or discontinuous welds along the flange
feathers, which respectively allows the composite section
to be considered as a monolithic form (Fig. 5).

The sloping lattice of the inclined plane trusses
of the triangular truss is formed from single rolled angles.

The flanges of the strut angles are trimmed to form
a die and a tight connection to the flanges of the belt an-
gles of the pentagonal composite member to form butt
joints with no faceted joints, which have specific layout
features [11, 12].

The purpose of the numerical studies is to esti-
mate the deflection of a spanning triangular truss under
the application of static loads, to systematise the data
for practical design and layout of the element composi-
tion, and to create a verification database for subsequent
numerical studies of the non-faceted interface nodes in

Fig. 5. Layout of a pentagonal composite section made of rolled sections
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the framework of the calculated lamellar mathematical
model [13, 14].

As a task of numerical research, we considered
creating a computational mathematical model of a span-
ning triangular truss by means of a standard computa-
tional complex based on a centred geometrical scheme.
The layout feature of the centred geometric scheme is
that it is formed by rods converging at the nodes which
are the centres of this scheme.

The erection of triangular truss load-bearing roofs
in different construction areas implies the need to con-
sider the variability of the influencing parameters, in-
cluding the values and forms of load application [15].
A structured data set due to the variability of external
factors is of practical importance for design.

MATERIALS AND METHODS

In order to estimate stress-strain state, the design
model of the triangular truss, the computational math-
ematical model generated by means of the software
package implementing computational problems using
the finite element method was used [16]. Variative cal-
culation model simulates spatial-rod triangular truss
with 24 m span, 3 m width and 1.5 m height (Fig. 6).
The modular dimensions of the lower and upper chord
panels are 3 m.

The numerical research methodology takes into
account the application of nodal static loads simulating
the placement of the enclosing structure of the roof us-
ing purlins [17]. The application of concentrated forc-
es in the nodes of the upper chords of the rod model
of a triangular truss by the unit load method is aimed
at determining the response of the supporting system in
the form of force distribution in the elements and dis-
placements of the nodes.

The application of the nodal load method is driven
by the need for comparative assessment, comparison

with the data obtained from other research tasks, and
the possibility of practical use in calculations according
to the limit state method.

The computational model of the spatial triangular
truss was described by the rod elements of arbitrary form
with connections along linear and angular directions [18].
As the lower and upper chords, continuous bars of pen-
tagonal composite monolithic cross-section with orienta-
tion of position adopted in the design solution of the pat-
ent invention were used. The struts made of single rolled
angles are elements of low bending stiffness. Therefore,
to assess their influence on the deformation properties
of the triangular truss model, variants with rigid or hinged
adjacency of strut elements to the continuous chords were
considered. The connection of the struts to the fixed chords
is described by the articulated connection.

The boundary conditions of the design scheme
of the spanning truss took into account the constraints
of the upper chord support nodes, namely, set anchor-
ages for linear displacements, except for the release
of an adjacent support pair of nodes in the longitudinal
direction of the model.

RESEARCH RESULTS

In the course of numerical studies, data character-
izing the deflected mode of a triangular truss model are
obtained. Computational forces from the action of nod-
al unit loads and values of displacements of nodes
of a variant rod model of a triangular truss with articu-
lated and rigid adjacency of struts to continuous chords
are determined.

The strut elements have almost complete symmetry
in the distribution of forces within the upper chord panels
in the middle of the span (Fig. 7, 8). As a clarification, it
should be noted that the rod or part of the rod of the con-
tinuous chord of the truss bounded by the abutment nodes
of the struts is referred to as a panel.

Fig. 6. Calculation model of a triangular spanning truss

—3.48 —9.43

Fig. 7. Calculated longitudinal forces of the model (half-beam) with articulated strut connection
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—3.48 -9.42

-13.42

-15.42 -15.42

Fig. 8. Calculated longitudinal forces of the model (half-beam) with rigid butted struts

The greatest longitudinal forces in the upper
chords of the midmost panels differ from the longitudi-
nal forces in the upper chords of the adjacent panels by
a factor of 4.43. The increase in the values of the forces
in the adjacent panel rods, considered from the suspen-
sion panels, is disproportionate and also has different
multiplicity of increase for the lower and upper chords.
The multiplicity of increase in the values of longitu-
dinal forces in the rods decreases from the supporting
panels towards the middle of the span.

The greatest longitudinal forces in the struts
of the supporting panels differ by a factor of 7 from
the forces in the struts of the midmost panels. The ad-
jacent compressed and stretched struts within the top

0.06 0.07

0.09

chord panels have the same values. The reduction in
force values in the struts of the adjacent panel struts,
viewed from the supporting panels, occurs dispropor-
tionately. The multiplicity of the increase in the values
in the strut rods increases from the suspension panels
towards the middle of the span.

The bending moments in the bars of the load-bear-
ing system are due to the incorporation of the continu-
ous chords (Fig. 9).

The assessment of the deformability of the triangu-
lar spanning truss model is based on the values obtained
for the vertical displacements of the nodes.

The highest values of vertical displacements re-
late to the nodes of lower and upper continuous chords

0.09 0.09

0.07

0.06

0.09 0.09

Fig. 9. Calculated bending moments of the model (half-frame) of the hinged strut connection

-36.19

—38.98

—36.19

N

36 -3

36

Fig. 10. Maximum vertical displacements of the frame hinge model nodes

—36.18

—38.97

—32.73 —37.9:

-36.1 =3

g

Fig. 11. Maximum vertical displacements of the rigid strut model nodes
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in the median part of the span of triangular truss
(Fig. 10, 11). It is necessary to point out the presence
of complete symmetry relative to the centre of the span
in distribution of values of vertical displacements
of nodes.

The distribution of the vertical displacements
of the triangular truss nodes is described by a hollow
parabola with its vertex at the central nodes of the adja-
cent upper chords of the model.

CONCLUSION

The stress-strain state of the design model
of a spanning triangular truss is characterised by the dis-
tribution of the main forces for flat trusses under nodal
loads and has its own characteristics.

The analysis of the results obtained testifies
to the fact that the accepted design model of a tri-
angular truss adequately reflects the deflected mode
of a spatial-trunk structure with continuous chords.
The use of the method of numerical studies fore-
seen by the method of unit loadings makes it pos-
sible to estimate the reaction of a load-carrying
system in the form of force distribution in the rods
and displacement of knots. The practical application
of the numerical research method based on the ap-
plication of unit node loads consists in the possi-
bility of using the results of calculation in the form
of a structured data set required for calculations by
the limit states method.

The results obtained can be used as a basis for
verification of data from subsequent numerical stud-
ies of lamellar-less unit designs within the framework
of the lamellar mathematical model.

The results obtained from the variative trian-
gular truss models show that there is no practical ef-
fect on their deformation properties of the conditions
of joining the struts made of single rolled angles to
the unbroken chords.

The low bending stiffness of single rolled angles
has no significant influence on the distribution of the oc-
curring forces in the design of the faceless triangular
truss components based on a centred geometric scheme.

The occurrence of forces in the struts of the trian-
gular truss indicates their incorporation into the work
and suggests the need for design connections to the con-
tinuous chords of the triangular truss.

The formation of bending moments in the ele-
ments of the uncut chords of the load carrying system is
due to the inclusion of beams on compliant supports as
part of the truss in the static work. Changes in bending
moments at the nodes, despite their small relative val-
ues, due to the use of the unit load method, will in some
cases need to be taken into account.

The presented numerical studies are part of a sci-
entific complex of studies on the actual performance
of spanning trihedral trusses, including structures of tri-
angular trusses with a single angle bottom chord [19, 20].
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