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AHHOTALUMUA

BBeaeHwme. [pocTpaHCTBEHHbIE CTEPXXHEBbBIE KOHCTPYKLIMM NOKPLITUIA NPUMEHSIOT Ans 6onee adhdeKTUBHOIO NPOMbILLINEH-
HOro NPOV3BOACTBA CTPOUTENMbHBLIX KOHCTPYKLMIA, YTO NMO3BONSET CHU3NTbL 3aTpaTbl OT MAacCOBOCTU WX BbiMycka, cneuvanu-
3auuM NPOU3BOACTBA U PaLMOHaNbHOCTV KOHCTPYKTUBHBIX peLlueHuid. [pn npoeKTMpoBaHnM NpoCTPAHCTBEHHbIX MOKPbLITUI
MCMOMb3YIOT YHUKANbHblEe KOHCTPYKLMN €OVHUYHOMO UCMOSTHEHUS, KOTOPbIe MOMOraloT PeLlnTb rpaHANO3HbIE apXUTEKTYp-
Hble 1 PyHKLMOHaNbHbIE 3adaun. bonbwmm CNpocoM MOnb3yTCA U NOKPbLITUSA, UMEIOLLVE B CBOEN OCHOBE CTaHAApTHbIe
3MeMeHTbI, KOTOpble CMOCOBCTBYIOT CO3AAHMNIO PA3MUYHBIX aPXUTEKTYPHBIX (DOPM.

MaTtepuansl u metoabl. [peamMeToM “ccneaoBaHNUs CryXUT NPOCTPAHCTBEHHAs apXUTEKTYPHO-KOHCTPYKTUBHAs cuctema,
KoTOpas AaeT BO3MOXHOCTb BOMMOTUTb MPOEKTUPOBOYHbIE 3a4auu, ABNSACh ObICTPOBO3BOAMMON, NETKON, NMEIOLLEN YHU-
MUMPOBaHHbIE 3NIEMEHTbI, UCKMNIOYAIOLLME MOHTaXHYIO CBapKY. Takne apkv HangyT LWMPOKOE MPUMEHEHNE OT CMOPTUBHbIX
[0 BbICTABOYHbIX KOMMNMEKCOB brnaropgapsi nx ObICTPOMY MOHTaxy. Apka MOXeT UMEeTb OYepTaHWs OKPY>KHOCTW, annwunca,
napabonbl unu, n3rnbasce B AByX HanpaBneHusix, NPUHUMaTe (OOPMY NMPOU3BOIbHOW KPMBOW C COMPSXEHNEM KPUBbIX, N30-
FHYTbIX B Pa3Hble CTOPOHbI.

PesynktaThl. [MpocTpaHcTBEHHast apka cobpaHa no NpuHLMNY Kpuctannorpaduieckon TPUaHrynaLMoOHHON CXeMmbl, rae
MOXHO BbIAENUTH BEPXHUIA N HWXKHWI NOSICa, PackoChl U CTePXHW. MNpeanoxeH HOBbIN YHUBEPCanbHbIN LWAPHUPHBIA coeamn-
HUTEMbHBINA ANEeMEeHT, CBA3bIBAOLLMIA OT LWECTH A0 ABEHAALATU CTaHAAPTHbLIX CTEPXKHEN, YTO AaeT BO3MOXHOCTb A0OUTLCS
MWHUMarbHOrO KONMYecTBa TMNOPa3MePOB U BbIMOMHATL HA3EMHYHO PYYHYI0 COOPKY YKPYMHEHHbIX 3MEMEHTOB KOHCTPYK-
LK1, NPOCTPaHCTBEHHAS XECTKOCTb CUCTEMbI 06ecneyeHa Npu Nx LLApHUPHBIX CBS3SIX MexXay COBoM.

BbiBoabl. PesynbraThl MccneaoBaHys No3BONSAOT CHMTATb Tako BapuaHT CTEPXHEBOW NPOCTPAHCTBEHHOW apku nepcrnek-
TUBHbIM peLleHneM. YCTaHOBMEHO, YTO OCHOBHbLIM HanpaBieHWeM yCOBEPLUEHCTBOBaHUSI MPOCTPAHCTBEHHbIX CTEPXHEBBLIX
KOHCTPYKLMI SIBMSAETCA paspaboTka HOBbIX Y3MOBbIX COEAUHEHWIA.

KIMKOYEBBIE CITOBA: npoCcTpaHCTBEHHbIE MOKPbITUSA, METANNNYeCKne KOHCTPYKLUN, apXUTEKTYPHO-KOHCTPYKTUBHbIE CU-
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ABSTRACT

Introduction. Spatial core structures of coatings are used for more efficient industrial production of building structures,
which reduces the costs of their mass production, specialization of production and rationality of design solutions. When
designing spatial coverings, unique designs of single execution are used, which help to solve grandiose architectural and
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functional tasks. But coatings that are based on standard elements that help to create various architectural forms are also
in great demand.

Materials and methods. The subject of the study is a spatial architectural and structural system that is capable of
implementing various design tasks, being fast-built, lightweight and having unified elements that exclude assembly welding.
Such arches will find wide application from sports to exhibition complexes, thanks to their quick installation. The arch can
take the shape of a circle, an ellipse, a parabola or bending in two directions, the arch can take the form of an arbitrary curve
with the conjugation of curves curved in different directions.

Results. The spatial arch is assembled according to the principle of a crystallographic triangulation scheme, where
the upper and lower belts, braces and rods can be distinguished. A new universal joint connecting element connecting
from six to twelve standard rods is proposed, which allows achieving a minimum number of standard sizes and performing
ground-based manual assembly of enlarged structural elements, the spatial rigidity of the system is ensured when they are
articulated together.

Conclusions. The results of the present study allow us to consider such a variant of the rod spatial arch as a promising
solution, as a result of the theoretical study, it was found that the main direction of improvement of spatial rod structures is
the development of new nodal connections.

KEYWORDS: spatial coatings, metal structures, architectural and structural systems, spatial arch, spatial rigidity, hinge joint,
connector
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BBEJAEHHUE

[IpocTpaHCTBEHHBIE KOHCTPYKTUBHBIE CHCTEMBI
MOKPBITUS JAalOT BO3MOXXHOCTh ONTHUMH3UPOBATH
UCTIONIB30BaHNE MaTePHAJIOB U 3HAYUTEIHHO 00IErYUTh
KOHCTPYKIHH, SIBISISICH (DAKTOPOM MTPOCTPAHCTBEHHO-
ro 1 00bemMHOTO (hopMupoBaHUs coopyxeHus. OaHH
u3 HauboJiee NepCHeKTUBHBIX CUCTEM Ha CETOAHAIIHIN
JICHb ISl IPUMEHEHHS B MOKPBITUSIX — CTEP)KHEBBIC
npocTpaHcTBeHHBIe cucTeMbl [1-3]. B cTpoutens-
CTBE aKTyaJlbHa 3ajjaya IOMCKa COBPEMEHHBIX apXH-
TEKTYPHO-KOHCTPYKTHUBHBIX CHCTEM, IO3BOJISIONINX
pa3pabarbiBaTh HOBBIE METObI BO3BEICHUS 3aHUN
u coopyxxkeHuil. Ocoboe BHUMaHHUE CTOUT YACTUTH MC-
CJIEZIOBAHHUIO MTPOCTPAHCTBEHHO-BPEMEHHBIX Mpeodpa-
30BaHUH CTEP)KHEBBIX MIPOCTPAHCTBEHHBIX MMOKPBITHH.

IIpocTpaHcTBEeHHBIE METAIIHYECKHE KOHCTPYK-
LM TTOKPBITHS, OTIINYAIOLINECS JIETKOCTBIO, KOMITO3H-
IIUOHHON THOKOCTBIO POPM, COOPHOCTHIO, CITYXkKAT OC-
HOBHBIM MHCTPYMEHTOM apXHUTEKTOpa M KOHCTPYKTOpa
B CO3/IaHUH 3AaHUH U COOPYKEHUH CpeTHUX 1 OOIBIINX
nposneToB [4, 5]. KittoueByro poib B HUX UTPAIOT CTEPK-
HEBBIE KOHCTPYKTHBHBIE 3JIEMEHTHI OCTOBA, IIPH 3TOM
CTEP>KHU UMEIOT JUTHUHY OT 2 110 20 M.

B ¢dopmupoBaHuM IPOCTPAHCTBEHHBIX MOKPHITHIH
HCIONb3YIOTCSI HETUIOBbIE KOHCTPYKTUBHBIE CHCTEMBI
Pa30BOTO MCIIOIHEHUS, CIIOCOOHBIE PENIaTh TPAHANO03-
HBIE apXUTEKTYPHO-XYJ0’)KECTBEHHBIC U (DYHKIIMOHAIb-
Hble 3afaun [6—8]. lupokuM CIpocoM MONb3YIOTCS
U CHUCTEMBI, C TMIOMOIIBI0 KOTOPHIX MOXXKHO CO37aBaTh
3HAYMUTEIIBLHBINA CIIEKTP apXUTEKTYPHBIX (hOPM Ha OCHO-
B€ CTaHJAPTHBIX IEMEHTOB, OTIMYAIOIINXCS MaJlbIM
KOJIMYE€CTBOM TUIIOB CTEPIKHEH U COEAUHUTENIBHBIX le-
MeHTOB. CTaHapTH3aIys 1 yHU(UKAIWS TPEOoNaraoT
CYIIECTBEHHOE CHIDKEHHE CBapPOYHO-MOHTAXHBIX padoT
Ha 00BEKTE, BBINOJIHEHHE KOTOPBIX COMPSIKEHO C BBICO-
KOH TPYIOEMKOCTBIO U OTCYTCTBUEM KOHTPOJISI KaYeCTBa.

ABTOpaMn pa3pabaTbiBaeTCs yHHKaJIbHAsl KOH-
CTPYKIIMS IPOCTPAHCTBEHHOIO MOKPBITUS HAa OCHOBE
CTEpP)KHEBOH apKu, 3Ta padboTa TpedyeT KOMIUICKCHOTO

MO/IX0/1a OT APXUTEKTYPHOI ujen (hopMooOpa3zoBaHus)
IO KOHCTPYKTOPCKUX PAcUYeTOB U TEXHOJOTHIA BO3BEIC-
HUS TOA00HOTO poja 3maHui. YToObI CIpaBUTHCS C TTO-
CTaBJICHHOH 3a/1aueil, He0OX0IMMO HCIIOIb30BATh CO-
BpPEMEHHBIC TTPOTPAMMHBIE KOMIUIEKCHl — TEXHOJIOTHH
uHpopmalmonHoro moxaeauposanus (TUM).

B nacrosiiee BpeMst €CTb MHOXECTBO UCCIIEI0BaA-
HUH MOXOXUX NPOCTPAHCTBEHHBIX KOHCTPYKLUMM B PD
u 3a pyoexom. [IpumepaMu MOTYT CITy)KUTb CHIOPTHBHAs
apena B JIy)xHuKax, enoBas apeHa B I. Coun, pa3aBK-
HOE TIOKPBITHE CTaaroHa B TOPOHTO, MOKPHITHE JICTHETO
ampurearpa B Buteocke, craquons! B [1lanxae u Pume.
Ho Bce oHU MOCBSIIEHB! IPOCKTUPOBAHUIO U aHATH3Y
HaIpsHKEHHO-Ie(pOPMUPOBAHHOTO COCTOSTHHS 3JIEMEH-
TOB CTAIlHOHAPHBIX MOKPBITUH, aBTOPAMHU HACTOSIIETO
MCCTIEIOBAHMUS TIPEUIaraeTcs H3ydeHne TpanchopMupy-
€MOU IIPOCTPAHCTBEHHOU CTEP’KHEBOU apKH.

IToutn Bce cymiecTByIOMHE apXUTEKTYPHO-KOH-
CTPYKTUBHBIE CHCTEMBI MTPOCTPAHCTBEHHBIX TOKPHITHI
CPeIHUX U OOJIBIIMX MPOJICTOB HE 00JIJat0T MOOMIIb-
HOCTBIO, T.€. CIIOCOOHOCTBIO OBICTPO MOHTHPOBATHCS
1 AEMOHTHPOBATHCS. DTO CBSI3aHO C THUIIOM COEIMHEHHUH
OTIETBHBIX COCTABIISFOIIHX, KOTOPBIC, KAK IIPABIIIO, SIBIIS-
10TCs skecTKIMH [9]. PazpaboTaHHbIC B MUPOBOIA IIPAKTHKE
OT/IeNIbHBIE CUCTEMBI MTHOBEHHO JKECTKHX CTepKHE-BaH-
TOBBIX KOHCTPYKIIWH, 00JIaJat0IIHe BRICOKOW MOOMITEHO-
CTBIO, OTPAHIYEHHI 110 (hOpME U pa3Mepam, 4To HE TI03BO-
JISIeT UCTIONB30BaTh NX Ha 00BEKTaX CTPOUTEIIHCTBA.

MATEPHUAJIBI U METO/JbI

IIpenmeT uccnenoBanuii 1 pazpaboOTOK aBTOPOB —
IPOCTPAHCTBEHHAS apXUTEKTYPHO-KOHCTPYKTHBHAS
cucTeMa JaeT BO3MOXKHOCTH PElIaTh LIMPOKHH KPyT
ApPXUTEKTYPHBIX 33]a4 U [IPU 3TOM HCIIOJIb30BaTh KOM-
OMHATOPHO THOKYIO U OBICTPOMOHTHPYEMYIO, JIETKYIO
1 YHUQUIMPOBAHHYIO KOHCTPYKTUBHYIO OCHOBY. MHke-
HEpHO-TEXHHUYECKHM YCIOBHUEM B pa3pabOTKe SBISETCS
CO3/1aHKe YHU(DHUIMPOBAHHOIO COSMHEHUS CTPEIKHEH,
MCKITIOYAOII[Er0 MOHTAXKHYIO CBapKYy.

(81) Z HOALIGY L WOL isaaonty



T ITOnLCTBS: T 13. BhInyck 2 (48)

H.I. apumoea, A.A. Tymacos, A.A. Kyp6aHoea, A.B. LLimaHkesu4

Puc. 1. Ilpoduim cTepKHEBBIX apoOK: @ — OKPYKHOCTH;
b — snnunc; ¢ — runepboina; d — mapabona; e — KpuBasi,
W30THYTAasl B JIBYX HalpaBJIeHHUsIX (PHCYHOK aBTOPOB)

Taxast crcTemMa TeOpeTHIeCcKn Co3/1aHa 1 arpoOHupo-
BaHa Ha MOZIeJIsIX. B OCHOBE ee cTepykHeBast pelieTka Tpu-
aHTyasioHHoro Buja [10], mpuMeHsieTcst Kak Iiockast
(omHOCTIOIHAS), TaK ¥ IPOCTPAHCTBEHHAS (IBYXCIIOWHAS).

V3meHeHne ouepTaHusi apKy 3aBUCUT OT BHIOpaH-
HOM JUIMHBI CTEP’KHEBBIX AneMeHTOB [11-13]. Ouep-
TaHUsl apKU M, COOTBETCTBEHHO, CTPEIy IMOAbeMa
U TIPOJIET MOKHO BBIOMPATH COIVIACHO TPHHIIUITY OTITH-
MU3aIUH IIPOCTPAHCTBA MO Pa3INIHbIC (PYHKIMOHAIb-
HBIE TIPOIECCHI (CTIOPT, BHICTaBKa, TOPTOBJISL, KOHIIEPTHI,
CKJIaJ], TIPOU3BOJCTBO M T.1.). ApKa MOXET, N3rndasch
B OJIHOM HarpaBJIEeHUH, IPUHUMATh OYEPTaHUSA, COOT-
BETCTBYIOIIME MaTeMaTHYECKUM TUIOCKHM ajiredpanye-
CKHM KPHBBIM BTOPOTO MOPSIJIKA: OKPYKHOCTB, JJUINIIC,
runepOona, napadona, nukiaouna [14]. Marubasce
B JIByX HalpaBJICHUSX, apka MOXET IPUHUMATH (hopmy
MIPOU3BOJIBHON KPUBOM C CONPSHKEHUEM KPUBBIX, U30-
THYTBIX B Pa3HbIe CTOPOHHI (pHcC. 1).

[TonsiTHE «IMHAMHKa)» B apXUTEKType, KPOME ac-
COIIMAaTHBHO-00PAa3HOTO COAEPKAHUS (POPM U KOMIIO-
3MNKH, Tody4aeT Gu3nueckoe 3HaUYCHUE, CBSI3aHHOE
C IPOCTPaHCTBEHHO-BPEMEHHBIMH XapaKTePHCTUKaAMA
OpraHu3yeMoil cpelibl. ITO CPaBHUTEILHO HOBOE Ka-
YEeCTBO TOHATHS «IMHAMHKa)» B apXUTEKTYpE CBS3aHO
U C apXUTEKTYPHOH JEeITEIbHOCTHIO — MaTepPHATbHBIM
U apXHUTEKTYPHO-KOHCTPYKTHBHBIM (opMO0Opa3oBa-

BapuanTsr Gopm reomerpun

Puc. 2. dopma apXUTEKTYPHBIX 0OBEKTOB Ha OCHOBE CTEPIK-
HEBOM MPOCTPAHCTBEHHOH apKu (PUCYHOK aBTOPOB)

HueM. [Tog TUHAMUYHBIM apXHUTEKTYpPHO-KOHCTPYK-
THBHBIM (OPMOOOpPa30BAHHUEM CJIEyeT ITOHUMATh
COBOKYITHOCTH TpaHC(OpMALNii TeOMETPHUECKUX Ta-
paMeTpoB U3MeHseMOH cpenbl (KNHEMaTHKy) U Mexa-
HU3Ma (QU3NYECKUX NpeoOpa3oBaHUN MaTepHaIbHON
000JI0YKH OPraHU3yeMOro ITPOCTPAHCTBA.

B ucropun apxXuteKTyphl, 0COOCHHO COBPEMECHHOM,
M3BECTHO MHOXKECTBO IPHMEPOB HCIIOIb30BAHUS apOK
B ()OPMUPOBAHUN YHUKAJBHBIX 3[JaHUI U COOPYKEHUH.
CoBpeMEeHHBIH ypOBEHb CTPOUTEIHHOTO HCKYCCTBA
U TEXHUKH IT03BOJISIET apPXUTEKTOPY Peajin30BaTh CBOU
(hanTaszum (puc. 2), co3maBas BEIPA3UTENBHBIN U TIpe-
JIETIbHO (PyHKIIMOHAIILHBIN MTPOCTPAHCTBEHHBIN OOBEKT.

[IpennoxeHHass aBTopaMu KOHCTPYKIUS TpaHC-
dbopMupyeMO#l apku MOXET NPUHUMATh JO0YIO
n3 GopmM, MPEICTaBICHHBIX Ha PUC. 2, 32 CUET MOIABHK-
HBIX (IIAPHUPHBIX) COCTUHEHUN MEXIY OTACIbHBIMU
CTEp)KHSAMHU W N3MEHEHHMS JUIMHBI CTEP’KHEH HIKHETO
mosica. Bce BHUJbI ITOJTYYa€MBIX TaKUM 06p8.30M KHHE-

reOMeTpI/I‘{eCKaH TIOBEPXHOCTDH

O6BbeMHO-IIPOCTPaHCTBeHHAs popma
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Oxkonuanue maoi.
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MaTHYECKHUX CHCTEM CIIOCOOHBI TPaHC(HOPMHPOBATHCS
U3 IJIOCKOTO COCTOSIHUS B IPOCTPAHCTBEHHOE.

B Tabnune nmpeacTaBieHbl BAPHAHTHI UCHOIB30-
BaHMsI TPaHC(HOPMUPYEMOIl CTEp)KHEBOW apKu B (op-
M000Opa30BaHKH 3/1aHUH U coopykeHHu. Takue popmbl
SABJIAIOTCS 3aKOHYEHHBIMH 00bEMaMH, CIIOCOOHBIMH aK-
THUBHO y4acTBOBATh B ()OPMUPOBAHNHU OTKPBITHIX MPO-
CTPAHCTB, B Pa3BUTHU U PEKOHCTPYKIUU CYIECTBYIO-

UX aHcaMOIei.

PE3YJIBTATHBI UCCJIEJOBAHUA

B pesynbrare npoBeAeHHBIX HCCIEJOBaHUM MPO-
JIyKTUBHOE IPEJIOMIIEHUE IIPUPOAHON KUHEMATUYECKOI
MOJIENY B a@pXUTEKTYPHO-KOHCTPYKTHBHYIO (hopmy BO3-
MOJKHO IIPHU Peau3aluy CICAYIOUUX TPeOOBaHHIA:

* TEOMETPHUYECKH HEH3MEHseMasl CXeMa CTPYK-
Typbl IpU HIAPHUPHOM COEIMHEHUHU BCEX

CTepIKHEH MEXIy co0oii;

(81) Z HOKLIGG "G WO Meeoceigon exren
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° HaJMYKE IAPHUPHBIX CBA3EH MEXKIY CTCPIKHSI-
MU, 00€CTICYMBAOIIIX HEOOXOAUMYHO KHHEMa-
TUKY BCEH CTPYKTYDE;

* BO3MOXXHOCTh M3MEHEHHUS JIUHBI CTEP)KHEH
OJTHOTO MJIM O0OMX CJIOEB CETCH.

WHTepec npu KOHCTPYHUPOBAHUH POCTPAHCTBEH-
HOW apKH MPEJCTaBISET BEIOOP y3II0BOTO COCAUHEHHS.
VY3110BBIE COTIPSKEHUS IO THITY MOHTAXKHBIX COSIHHE-
HUW MOXKHO pa3lieNuTh Ha: CBapHbIe; OOJITOBBIE (OCe-
0O0JTOBBIC, CIBUTOOOJITOBBIC); IIMIOHOYHBIC, KOHTAKT-
HbIC, KOHTAKTHO-()PUKIIMOHHEIC, KOMOMHUPOBAHHEIC.

B Hacrosmie# ctaThe paccMaTpPHUBAIOTCS BUIBI
1 KOHCTPYKTHUBHBIE BAPHUAHTHI IMIAPHUPHBIX COETMHEHUH
CTep)KHEH B CUCTEME, CITOCOOHOM CO3/1aBaTh 3HAYNTEIb-
HBIN TMana3oH (JopM U pa3MepOB MPOJIETHBIX CTPOCHUIA.
B mpuporie u B TEXHUKE CYIIECTBYFOT TPU BUJIA IIAPHU-
pos. [lapHUp mapoBOi MMEET TPU CTEIICHH CBOOOIBI
1 TI03BOJISIET OCYIICCTBISATH BpAIIeHHE BOKPYT OCEH,
MIPOXOSIIIMX Yepe3 MEeHTp apa. B mpupone npumepa-
MH TaKOTO [IAPHUPA SBISIOTCS Ta300CAPCHHBIN U IIeue-
BOW cycTaBhl 4enoBeka. LllapHup OMOYHO-TTOBOPOTHEIH
MIPOU3BOINUT BpaIlleHNE BOKPYT OTHON OCH W TIOBOPOT
e¢ B JJaHHOM IIOCKOCTH. JIBe cTEreHn CBOOOBI TAaKOrO
mapHupa Jar0T BO3MOXKXHOCTD BBITIOJIHATE 3HAYUTCIIBHOC
KOJIMUEeCTBO nepeMenieHnid. CaMblii IpOCTOH BUA IIIAPHU-
pa, 00aIaroIIHiA OHOM CTETICHBIO CBOOOJIBI, — OTOYHBIH
(mmmHOprYgeckuii) mapaup. CKeleT yeIoBeka, Kak KHHe-
MaTH4YecKas CHCTEMa, B OCHOBHOM COCTOHT U3 KECTKUX
9JIEMEHTOB C OIHOH CTETICHBIO CBOOOIBI (KOJICHHBIH, JIOK-
TEBOW CyCTaBbI, KUCTH PYK), HO KaXIIbI CyCTaB KaK TBEP-
JTO€ TEJIO MOXKET ITePEMEIIaThCs B IPOCTPAHCTBE U JIOMO-
HHUTEITHHO MIMETh TPU CTETICHH CBOOOJIBL.

OnHO W3 HaNpaBIeHUH B pa3pabOTKe AMHAMH-
YECKUX apPXUTEKTYPHO-KOHCTPYKTUBHBIX CUCTEM —
9TO CO3/aHUE MAPHUPHOTO COCIMHCHUS U MCXaHHU3Ma
M3MEHEHUS UIMHBI cTepykHed. Ha ceronHsnuii 1eHb
pa3paboTaH psij MPEIIOKESHNH U MTOTYICHBI aBTOPCKHE
CBHUJCTCIIBCTBA U MAaTCHTbI HA KOHCTPYKTUBHOC pEIlIC-
HUE HIAPHUPHOTO y3Ja, CIIOCOOHOTO COCHUHSATH 0
12 crepxkHeil.

a

B npencraBieHHOM BapHaHTE CTEP’KHEBOW IIpo-
CTpaHCTBEHHOW apku [15] mpuMeHeH mpuHIUI 00-
el apXUTEKTYPHO-KOHCTPYKTUBHOM CUCTEMBI: TPH-
AHTYJIALIMOHHAs IPOCTPAHCTBEHHAS CETKa CTEPIKHEH;
CTaHJIapPTHBIC CTEP)KHEBBIE IIEMEHTHl MUHUMAIBHOTO
KOJIMYEeCTBa TUIOpPa3MepoB (2—3); yHUBEpCaIbHBIN
COEIMHUATENLHBIN DJIEMEHT, CBA3BIBAIOIINHA OT 6 10 12
CTEpI)KHEH, MCIOJIB3YIOMIMK OJIOUHBINA (LMIIMHApUYE-
ckuit) mapaup. iMeeTcs BO3MOKHOCTD Ha3eMHOM pyd-
HOM COOPKH YKPYIMHEHHBIX 3JIEMEHTOB KOHCTPYKIIUH,
MIPOCTPAHCTBEHHAS JKECTKOCTh CHCTEMBI TIPH MX HIap-
HUPHBIX CBA3SIX MEXKIY COOOIl.

Ecnu crep:xHEBOH AIIEMEHT IPOCT B U3TOTOBIIE-
HUU U TIPEICTABISIET COOON TMHEHHYI0 KOHCTPYKIUIO
C IIAPOBUHBIM 3aBEPLICHUEM Ha KOHIIAX, TO BAXKHOE
3HAa4YEHHE UMECT KOHCTPYKIHS IIAPHUPHOTO COEANHE-
Hus. B npenpiaymumx paborax aBTopaMu MPHBOIMIIICEH
BapHAHTHl OMOHNYECKUX aHAJIOTOB TAKOTO COSANHEHHUS,
KOTOpOe 00ecreYrBaeT MOABHKHOCTh BCEX CTEPIKHEH
C OZIHOM CTENEHBIO CBOOOIBI, UTO JOCTATOYHO JUISl TPAHC-
(hopmanuu Hamelr KnHeMaruueckoi cucremsl [16—18].
Pazpaboran Hanboee yHUBEpCAIbHBIM U TEXHOJIOTHYC-
CKHIi COeAMHUTEIBHBIN d5eMeHT [19, 20] ans u3roros-
JICHNSI B PEATBHBIX apOYHBIX KOHCTPYKILHUSIX CPEIHUX
1 OonpImx mposeToB (puc. 3).

Tpu neranu coeAMHEHUs CBA3BIBAIOTCS C OAHUM
YHUBEPCANBHBIM U (PUKCUPYIOTCS TepupepuitHBIMA
BUHTaMH, a MOcjIe TpaHCc(OpMaIyy, KOTra BCe IIeMEH-
TBI CHCTEMBI MPUMYT IPOEKTHOE IOJIOKEHHE, MEePH-
(hepuitHble BUHTHI TUIOTHO 3aTsruBatoTcs. M3yqarorcs
MPOYHOCTHBIE XapAKTEPUCTHKH 3TOTO COCAUHEHUS
B Pa3JMYHBIX MOHTQXXHBIX U 3KCIUTyaTallUOHHBIX HC-
CJIC/IOBAHUSIX.

Amnanus GpopmMoo0OpasyrNIUX BOZMOKHOCTEH TIpe/i-
CTaBJIIEHHOM apXUTEKTypHO-KOHCTPYKTHBHON CHCTEMBI
UJIET 110 HECKOJIBKUM HAMPAaBICHHSAM, OJHO M3 KOTOPhIX —
MPOCTPAHCTBEHHBIE CTEPIKHEBBIE apKU.

IIpocTpaHcTBeHHAs: apka coOpaHa 10 MPUHIUILY
KpUCTAIIOrpahUIeCcKOl TPUAHTYISIIUOHHOW CXEMBI,
TJIe MOJKHO BBIJICJIUTh BEPXHHUI M HWKHUH TOsica U pac-
KochI (puc. 4).

b

Puc. 3. V3en mapHUPHOTO COCANHEHNUS CTEPXKHEH: @ — BUJ y371a 0e3 CTepikHel; b — BUJ y371a O CTEPKHAMM; [ — BEpXHSAA

KPBIIIKA; 2 — HIDKHSS KPBIIIKA; 3 — MPOMEXYTOUHBIH IeMEHT; 4 — IeHTPaJbHbIN 001T; 5 — mnepudepuitHblii BUHT; 6 —

CTEpKEeHb apKU (PHCYHOK aBTOPOB)
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Puc. 4. Cxema TpanchopMupyeMoil IpOCTPAHCTBEHHOW CTEPKHEBOW apKu: ¢ — MpOoduiab apku; b — BUA CBEPXY;

1 — BepxHHUH M0AC; 2 — HIWKHUAHN M0AC; 3 — CTEPIKHM CTaHAAPTHOH JUIMHBI; 4 — CTEPKHU YKOPOUYCHHBIE; 5 — Y3€I MIapHUP-

HOTO COCTMHEHUS CTEPIKHEH (PUCYHOK aBTOPOB)

Kak Bce apku B mpakTHKe CTPOUTENBLCTBA, peJIa-
raemast apka MOXeT ObITh OJJHOIIAPHUPHOM, IBYXIIap-
HUPHOH M TpexumapHUpHOil. B cOopHOM Buje apodHas
KOHCTPYKIUS yIoOHA B TPEXIIApHUPHOM BapHaHTE,
MO3BOJIAIOIIEM BBIIOIHATh YKPYHHEHHYIO COOpKY
MOTyapKH.

ApouHble TpaHC(HOPMHUPYEMBIE CHCTEMBI HIMEIOT
PsIII TPEUMYILIECTB IIPH PACCMOTPEHNH UX B IIaHE OHO-
MIO3UTHBHOTO CTPOUTEIILCTBA!

° 10 3aTpaTe MeTajula apKh OKa3bIBAIOTCS 3HA-
YHUTEJILHO BBITO/IHEE, YeM OaJIOUHBIC M paMHBIC
KOHCTPYKIIHH;

* apOYHBIE MOKPBITHS MO3BOJISIIOT B HECKOJIBKO
pa3 CHU3UTb PACXOJ dHEPrOHOCHUTENEH U 3h-
(I)GKTI/IBHO HCIIOJIB30BaTh aJIbTCPHATUBHBIC HUC-
TOYHHKH TCILJIA.

IIponecc TpanchopManuy apku B MIPOEKTHOE T10-
JIOXKEHHE MpeuIaracTcsl 00eceynBarh Ipyu MOMOIIH
MEeXaHHYECKHUX MPUBOIOB (aKTyaTOPOB) C YUETOM COO-

Puc. 5. YcerpolictBo akryaropa: / — IOIBUXKHBII INTOK; 2 —
nepeziada «BUHT — raika»; 3 — 3IeKTPpOABUraTelb; 4 — SHKO-
Jiep; 5 — KOHTpoJuIep; 6 — OIOPHBLI CTEPKEHb

CTBEHHOT'O Beca KOHCTPYKIHH. YCTPOHCTBO aKTyaro-
pa, mpeIHa3HAYeHHOTO ISl IIAPHUPHOTO COCANHEHHS
B y3J1ax, IOKa3aHo Ha pHC. 5.

Bricokue a’spoMHaMUYECKHe U KOHCTPYKTHBHBIC
CBOMCTBA, CKOPOCTh M MPOCTOTA MOHTaKa, BO3MOXK-
HOCTh JJOCTaBKH B OT/IaJICHHBIE PAiOHBI BCEX COCTAB-
JISTFOMINX 3JICMCHTOB B KOMIIAKTHO yITAKOBAHHOM BHJIE,
BO3MOYKHOCTH JIEMOHTQXKa M IEPEHOCA COOPYKEHHUs
Ha HOBOE MECTO, MaJiasi Harpy3Kka Ha OCHOBAHHUE MO3BO-
JISTIOT TIPUMEHSITh TIOJ00HBIC KOHCTPYKIIMH C OOJIBIIOMHN
3¢ EKTHBHOCTBHIO.

[lepeuncneHHble XapaKTepUCTHKH TPaHC(HOPMHU-
PYEMBIX MPOCTPAHCTBEHHBIX CTEPIKHEBBIX KOHCTPYK-
MU TO3BOJISIIOT TAaK)KE€ PEKOMEHJI0BaTh MOJOOHBIE
KOHCTPYKIIMH JJIsl CTPOUTENILCTBA B KYPOPTHBIX paiio-
Hax, 0COOEHHO PACIIOIOKEHHBIX B CEHCMHYECKH OTIac-
HBIX 30HaX.

SAK/ITIOYUEHUE U OBCYXJIEHUE

Kommo3suiust apoyHbIX CHUCTEM pa3IMYHBIX O4Yep-
TaHUH CITYKUT PEIICHUI0 MHOTUX (PyHKIIMOHAIHHBIX
U XyJI0KeCTBEHHBIX 3anad. IIpennaraemsle apouHble
CTEPXKHEBBIE KOHCTPYKIIMH, 00JIaAaf0IIie CBOWCTBOM
TpaHcOpMaLK 1 TIO3BOJISIONINE HA OCHOBE OJJHOM ap-
XUTEKTYypPHO-KOHCTPYKTHBHON CHCTEMBI IOJTy4aTh MHO-
roob6pasue Gopm 1 TapaMeTpoB 3aHUI U COOPYKEHNH,
MOT'YT CTaTh Ba)KHBIM KOMIIOHEHTOM B XYJ0’)KECTBEHHON
HNaJIUTPE apXUTEKTOpa.

Jns nocTmKeHus MOCTaBICHHBIX IIeNiel paccMo-
TpeHa 0a3a CyIIeCTBYIOUIMX MPOCTPAHCTBEHHBIX KOH-
CTPYKTUBHBIX pelleHUI. BBISIBICHO MHOTO aHAJIOIOB,
MO3BOJISIIOIINX CO3/1aBaTh OBICTPOBO3BOAMMEBIC 3/1a-
HYSI, HO O0JIafalOMUX PSIIOM HEJOCTAaTKOB 11O CPaB-
HEHHIO C TIPOCTPAHCTBEHHBIMH apKaMmu. Tak, apodHbIe
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H.I. apumoea, A.A. Tymacos, A.A. Kyp6aHoea, A.B. LLimaHkesu4

CTEPIKHEBBIE KOHCTPYKIIUU COCTOST U3 OOJIBILIOrO YUC-
J1a OJHOTHUIIHBIX 3JIEMEHTOB, YTO MO3BOJSET HANAIUTh
cepuifHOe MPOU3BOACTBO; 00JIa1al0T MEHBIINM BECOM
Onaromapsi IPUMEHEHUIO MOJIBIX TPYO KPYIVIOro ceve-
HUS; CTPOUTENBHAS TUIOIAIKA MOXKET CITy’)KUTh HEMO-
CPEJCTBEHHBIM MECTOM UX COOPKH; TaK¥Ke CyIIECTBYET
MHOXECTBO CIIOCOOOB MOHTa)Ka apOK, YNPOIIAIONINX
IIPOLIECC BO3BEJECHUS 31aHUI U COOPYKEHUM.

ABTOpaMU IPOBEJICH MONCK CYILECTBYIOIUX (hOpM
Ha OCHOBE apOYHBIX KOHCTPYKLMH. Y1aJ0Ch BBIIEIUTD
CJIEAYIOIINE BBl KIIIOUEBBIX (DOPM: KyIOJIbHBIE, -
JIUHJPUYECKUE, KPECTOBBIE, COMKHYTBIE U IIOJIOTHE.

AHann3 TeOpEeTUYECKNUX MCCIEOBAHNN TOKa3all,
YTO TIPE/ICTAaBICHHBII Y3JI0BOH 3JeMeHT Hanbosee 3¢-
(bexTHBEeH NI JAaHHOTO BHJA apku. Takum oOpaszom,
pa3paboTaHa KOHIIENIUsI HOBOM CHCTEMBI MPOCTPaH-
CTBEHHBIX APOK, KOHCTPYKTHUBHBIE PEIIEHHUS KOTOPBIX
JIAAyT BO3MOXKHOCTh COKOHOMHUTH KaK MaTepuasbHEIC,
TaK U 4eJI0BEYECKHE PECYPCHI IPH CTPOUTEILCTBE pas-
JINYHBIX KPYIHOIIPOJIETHBIX 31aHUM.

B ocHOBY pa3paboTku cucTeM apoyHbIX MPOCTPaH-
CTBEHHBIX KOHCTPYKIIMH OBUIN TTOJIOXKEHBI CIIETYIOIINE
KJIIOYEBbIE apPXUTEKTYPHO-KOHCTPYKTUBHBIE MPEIIIO-
CBLIKU:

*  enuHbIH YHU(UIIMPOBAHHBIH COPTAMEHT dJie-
MEHTOB C MAaKCHUMAaJIbHBIMU KOMIO3UIIHOHHBIMU BO3-
MO>KHOCTSIMH; HCIIOJIb30BaHHE ONTHMAIIBHBIX 10 (hopme
MasoAe(GUIMTHBIX pouIIel IpoKara;

* IIPUMEHEHHE BBICOKOIIPOYHBIX MAaTEPHUAIIOB;
TMOJIHasg UHAYCTpUAJIn3alunsd MMpoOn3BOACTBa, OCHOBaHHAasA

Ha UCIIOJI30BaHUN BBHICOKOITPOU3BOJUTEIHHOTO aBTO-
MaTHYECKOro 000PYAOBaHHMS, JINThS, IITAMIIOBKH H T.IL.;

*  KOMIIQKTHOCTb 3JIEMEHTOB CHCTEMBI X BO3MOJK-
HOCTH UX TPAHCIIOPTUPOBKH JIOOBIM BHJIOM TPaHCIIOP-
Ta; BBICOKAsl Ha/Ie)KHOCTB, ObICTpOTa COOPKH M MOHTaXa
9NIEMEHTOB, BKJIFOYasi KOHBEHEPHYIO COOPKY M KPYITHO-
OJIOYHBIN MOHTAX; IIUPOKHE BOSMOKHOCTH 0OBEMHO-
MIPOCTPAHCTBEHHOW KOMITO3UIINH.

3naHus Ha 0a3e apoK OPraHUYHO BIIHCBHIBAIOTCS
B CyLIECTBYIONIHE JaHIIAPTH U TOPOACKHE 3aCTPOii-
KHA. A WX BHYTPCHHHUE ITOJIe3HbIE 00BEM H IUIOIIAIb
JOCTATOYHBI JJIs OOJBLIOTO YHCIIA BOSMOXKHBIX (DYHK-
IMUOHAJIBHBIX Ha3HA4YEHHI: OT KPBITBIX CaJ10OB U PHIHKOB
JIO CTIOPTHUBHBIX, Pa3BlIEKATEIbHBIX ¥ TOPTOBBIX KOM-
TUICKCOB.

OTCcyTCTBHE MMPOMEXKYTOYHBIX ONOP CO3/AET CBO-
001y TUIAHUPOBAHUS IPOCTPAHCTBA, BO3MOXHOCTD
YCTPOHCTBAa BEPXHETO €CTECTBEHHOI'O OCBELICHUS
B BHUJIC CBETOBBIX (hoHApEH pa3mMyHOil KOH(PUTypaluH,
TIO3BOJISIET CYIIECTBEHHO AKOHOMUTDH Ha JIOTIOTHNTEIb-
HOM HCKYCCTBEHHOM OCBELICHUH. BHYTpHu 00beKkTOB
U3 TpaHC(HOPMUPYEMBIX apOK, MPEAIOKEHHBIX aBTO-
paMHu, MOXXHO CO3JaBaThb pa3JIMUHbIC BAPUAHTHI IJIaHHU-
POBKH C IOMOUIBIO JIETKUX [€PETOPOIOYHBIX CHCTEM,
KOTOpBIE TIPH HEOOXOANMOCTH MOTYT OBITB JIETKO Pa3o-
OpaHBI U TepEeHECEHBI.

B pesynbrare npoBeAEHHOIO HCCISIOBAHMUS MOX-
HO C€CJIaThb BBIBO/], YTO apOYHBIC CTCPIKHEBLIC IMTOKPbI-
THSI IPE/ICTABIISIIOT cOOOH MEPCHEeKTUBHYIO pa3paboTKy
KOHCTPYKTHUBHBIX CHCTEM, CIIOCOOHBIX HAUTH PHUMEHE-
HHE B IPaXKIaHCKOM ¥ IIPOMBILIICHHOM CTPOUTEIIBCTBE.
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INTRODUCTION

Spatial structural coating systems offer the opportunity
to optimize the use of materials and to make structures

considerably lighter, being a factor in the spatial and
volumetric formation of the structure. One of the most

promising systems today for application in roofs is the rod

13

(81) Z HOALIGY L WOL isaaonty



scionco o ruction: o] 13. Issue 2 (48)

Nadezhda G. Tsaritova, Alexander A. Tumasov, Anastasia A. Kurbanova, Anastasia V. Shtankevich

spatial systems [1-3]. In building construction the task
of searching modern architectural and structural systems,
allowing to develop new methods of erection of buildings
and constructions is actual. Particular attention should be
paid to the study of spatial and temporal transformations
of rod spatial coverings.

Spatial metal coating structures, characterized
by lightness, compositional flexibility of forms, and
assemblage, serve as the main tool of the architect and
designer in creating buildings and structures of medium
and large spans [4, 5]. The key role in them is played by
the rod structural elements of the skeleton, and the rods
have a length from 2 to 20 m.

In the formation of spatial coverings, non-standard
structural systems of single execution are used, capable
of solving grandiose architectural and artistic
and functional tasks [6—8]. Systems with which
a considerable range of architectural forms can be
created on the basis of standard elements characterized
by a small number of types of rods and connecting
elements are also in wide demand. Standardization and
unification involves a significant reduction in on-site
welding and assembly work, which is labour-intensive
and lacks quality control.

The authors are developing a unique spatial coating
structure based on a rod arch; this work requires an integrated
approach from the architectural idea (shaping) to the design
calculations and technologies for the construction of this
type of building. To cope with the task, it is necessary to
use modern software complexes — information modelling
technologies (IMT).

Currently, there are many studies of similar spatial
structures in the Russian Federation and abroad. Exam-
ples are the sports arena in Luzhniki, the ice arena in
Sochi, the sliding stadium surface in Toronto, the sum-
mer amphitheatre surface in Vitebsk, stadiums in Shang-
hai and Rome. But all of them are devoted to the design
and analysis of the stress-strain state of elements of sta-
tionary coverings, the authors of the present study pro-
pose the study of a transformable spatial rod arch.

Almost all existing architectural and structural
systems of spatial coverings of medium and large spans
lack mobility, i.e. the ability to be quickly assembled
and dismantled. This is due to the type of connections
of the individual components, which are usually rigid [9].
The individual systems of instantly rigid core-vane
structures developed in world practice, which have high
mobility, are limited in shape and size, which does not
allow their use on construction sites.

MATERIALS AND METHODS

The subject of the authors' research and development
is the spatial architectural and structural system, which
makes it possible to solve a wide range of architectural
problems while using a combinatorially flexible and
quickly assembled, lightweight and unified structural
basis. The engineering prerequisite in the development
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is the creation of a unified connection of the rods,
eliminating assembly welding.

Such a system is theoretically created and tested
on models. It is based on a rod lattice of triangulated
form [10], applied both flat (single layer) and spatial
(double layer).

The change in the outline of the arch depends
on the selected length of the rod elements [11-13].
The outline of the arch and consequently the lift and
span can be selected according to the principle of space
optimization for various functional processes (sports,
exhibition, trade, concerts, warehouse, production etc.).
The arch can, bending in one direction, take shapes
corresponding to mathematical flat algebraic curves
of the second order: circle, ellipse, hyperbola, parabola,
cycloid [14]. By bending in two directions, the arch can
take the form of an arbitrary curve with the conjugation
of curves curved in different directions (Fig. 1).

Fig. 1. Profiles of rod arches: a — circle; b — ellipse; ¢ —
hyperbola; d — parabola; e — curve, curved in two directions
(authors' drawing)

The notion of “dynamics” in architecture, in
addition to the associative and imaginative content
of forms and compositions, is given a physical meaning
associated with the spatial and temporal characteristics
of the organized environment. This relatively new
quality of the notion of “dynamics” in architecture is
also associated with architectural activity — material
and architectural and constructive form formation. By
dynamic architectural and structural shaping should
be understood a set of transformations of geometric
parameters of the changing environment (kinematics)
and the mechanism of physical transformations
of the material shell of the organized space.

In the history of architecture, especially modern
architecture, there are many examples of the use
of arches in the formation of unique buildings and
structures. The modern level of construction art and
technology allows the architect to realize his fantasies
(Fig. 2), creating an expressive and extremely functional
spatial object.
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Fig. 2. Shape of architectural objects based on a rod spatial
arch (authors' drawing)

The construction of a transformable arch proposed
by the authors can take any of the shapes shown in
Fig. 2 by means of movable (hinged) joints between

Variations in geometric shapes

individual rods and changing the length of the lower
chord rods. All types of kinematic systems obtained in
this way are capable of transforming from a flat state to
a spatial one.

The table shows the use of the transformable
rod arch in the shaping of buildings and structures.
These forms are complete volumes capable of actively
participating in the formation of open spaces and
in the development and reconstruction of existing
ensembles.

RESEARCH RESULTS

As a result of the research carried out, a productive
refraction of the natural kinematic model into an archi-
tectural and structural form is possible if the following requ-
irements are realized:

» geometrically invariable structure layout with
all rods pivoting together;

» the presence of articulated links between
the rods, providing the necessary kinematics for
the entire structure;

* the possibility of changing the length
of the rods of one or both layers of nets.

When designing a spatial arch, it is of interest
to select a node connection. According to the type
of assembly joints, node joints can be divided into:

Geometric surface Volumetric and spatial form
Spherical
Arrowheads
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End of the Table

Geometric surface Volumetric and spatial form
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welded; bolted (axle-bolt, shear-bolt); keyed; contact,
contact-friction; combined.

This article deals with the types and design
options of rod joints in a system capable of producing
a significant range of shapes and sizes of span
structures. There are three types of joints in nature and
in engineering. A ball-and-socket joint has three degrees
of freedom and allows rotation around axes that pass
through the centre of the ball. Examples of this type
of joint in nature are the human hip and shoulder joint.
A block-and-pivot joint rotates about one axis and rotates
in a given plane. The two degrees of freedom of this
type of joint allow for a large number of movements.
The simplest type of joint with one degree of freedom is
the block joint (cylindrical joint). The human skeleton
as a kinematic system mainly consists of rigid elements
with one degree of freedom (knee, elbow joints, hands),
but each joint as a solid body can move in space and
additionally have three degrees of freedom.

One of the directions in the development
of dynamic architectural and structural systems is
the creation of a hinged joint and a mechanism for
changing the length of the rods. To date, a number
of proposals have been developed and patents have
been obtained for the design of a hinge joint capable
of connecting up to 12 rods.
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In the presented variant of the spatial rod
arch [15] the principle of general architectural and
structural system is applied: triangulated spatial grid
of rods; standard rod elements of a minimum number
of standard sizes (2—-3); a universal connecting element
linking 6 to 12 rods, using a block (cylindrical) hinge.
There is a possibility of ground-based manual assembly
of enlarged structural elements, spatial rigidity
of the system when they are hinged to each other.

If the rod element is simple to fabricate and is
a linear structure with a spherical termination at the ends,
the design of the hinge joint is important. In previous
works, the authors gave variants of bionic analogues
of such a connection, which provides mobility of all
rods with one degree of freedom, which is enough to
transform our kinematic system [16—18]. The most
versatile and technological connection element [19, 20]
for manufacturing in real arch structures of medium and
large spans has been developed (Fig. 3).

The three parts of the connection are bonded to
one universal and secured with peripheral screws, and
after transformation, when all system components
have reached their designed position, the peripheral
screws are tightened firmly. The strength characteristics
of this connection are studied in various installation and
performance studies.
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a

b

Fig. 3. Hinged rod assembly: a — view of assembly without rods; b — view of assembly with rods; / — top cover; 2 — bottom
cover; 3 — intermediate element; 4 — central bolt; 5 — peripheral screw; 6 — arch rod (authors' drawing)

The analysis of the shape-forming possibilities
of the presented architectural and structural system
goes in several directions, one of which is — spatial
rod arches.

The spatial arch is assembled according to
the principle of a crystallographic triangulation scheme,
where the upper and lower belts and struts can be
distinguished (Fig. 4).

Like all arches in construction practice, the propo-
sed arch can be single hinged, double hinged and
triple hinged. In prefabricated form, the arch structure
is convenient in the three-hinged version, allowing for
the enlarged assembly of the half-arch.

The arched transformable systems have a number
of advantages when considered in terms of biopositive
construction:

» arches are considerably more cost-effective
than girder and frame structures in terms of metal
consumption;

» arch coverings can reduce energy consumption
by several times and make efficient use of alternative
heat sources.

The process of transforming the arch to its design
position is proposed to be achieved by means of me-
chanical actuators, taking into account the dead weight
of the structure. The design of an actuator designed for
articulated joints is shown in Fig. 5.

The high aerodynamic and structural properties,
the speed and ease of installation, the ability to transport
all components in a compact package to remote areas,
the possibility of dismantling and transferring the struc-
ture to a new location, and the low load on the substrate
make these structures very effective.

The listed characteristics of the transformable spa-
tial rod structures also allow such structures to be rec-
ommended for construction in resort areas, especially
those located in seismically hazardous zones.

1,3

Fig. 4. Schematic diagram of a transformed spatial rod arch: @ — arch profile; b — top view; / — top chord; 2 — bottom chord;
3 — standard length rods; 4 — shortened rods; 5 — rod hinge node (authors' drawing)
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Fig. 5. Actuator design: / — moving rod; 2 — screw/nut
gear; 3 — electric motor; 4 — encoder; 5 — controller; 6 —
support rod

CONCLUSION AND DISCUSSION

The composition of arched systems of various
shapes serves to solve many functional and artistic
problems. The proposed arched rod structures, which
have the property of transformation and allow a vari-
ety of forms and parameters of buildings and structures
on the basis of a single architectural and structural sys-
tem, can become an important component in the archi-
tect's artistic palette.

In order to achieve the objectives, the base of ex-
isting spatial structural solutions has been considered.
There are many analogues which allow to create fast
buildings, but have a number of disadvantages in com-
parison with spatial arches. Thus, arched bar construc-
tions consist of a large number of one-type elements,
which allows serial production; they have less weight
due to the use of hollow tubes of round section; the con-
struction site can serve as a direct place for their as-
sembly; there are also many ways of arch installation,
which simplifies the process of erecting buildings and
structures.

The authors searched for existing forms based
on arch structures. The following types of key forms
were identified: domed, cylindrical, cross-shaped,
closed and gently sloping.

The analysis of theoretical studies has shown that
the presented nodal element is the most effective for
this type of arch. Thus, the concept of a new system
of spatial arches has been developed, whose design
solutions will give an opportunity to save both mate-
rial and human resources in the construction of various
large-span buildings.

The following key architectural and structural as-
sumptions were used as the basis for the development
of the arched spatial construction systems:

* asingle unified range of elements with the maxi-
mum compositional possibilities; the use of optimum
low-deficit rolled sections in terms of shape;

* use of high-strength materials; full industrializa-
tion of production based on the use of high-performance
automatic equipment, casting, stamping, etc.;

» compactness of the system elements and their
transportability by any means of transport; high reli-
ability, quick assembly and installation of the elements,
including conveyor assembly and large block assembly;
wide possibilities of spatial composition.

Arched buildings fit seamlessly into existing land-
scapes and urban developments. In addition, their in-
ternal usable volume and area are sufficient for a large
number of possible functional uses: from indoor gar-
dens and markets to sports, leisure and shopping com-
plexes.

The absence of intermediate supports creates free-
dom of space planning, the possibility of overhead natu-
ral lighting in the form of skylights of different configu-
rations, allows significant savings in additional artificial
lighting. Inside the objects made of transformable arch-
es suggested by the authors, various layout options can
be created using lightweight partition systems, which
can be easily dismantled and relocated if necessary.

As a result of this study, it can be concluded that
arched rod coverings are a promising development
of structural systems that can find application in civil
and industrial construction.
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