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T'OJIOBHI HAITPSIMKH CYYACHOT' O PO3BUTKY METAJIEBUX KOHCTPYKIIIA
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'Kuiscoxuii nayionanvruii ynisepcumem 6yoienuymsa i apximexmypu
mp. [loBiTpodnorcekwii, 31, m. Kuis, 03037, Ykpaina

AHoTauis. PO3BUTOK TEXHOJIOTiH BUTOTOBJICHHS 1 MPOEKTYBAHHS METAJEBUX KOHCTPYKIIIH
pa3oM 3 PO3BUTKOM KOMIT FOTEPHHX TEXHOJOTIH OOYMOBIIOE MOKJIMBICTh  ITiIBHUIICHHS
MPOAYKTUBHOCTI Ipalli IK IPY BUTOTOBJICHH], TaK 1 IPU MOHTaX1 Oy/1iBeTIbHIUX KOHCTPYKIIH. AHami3
Ta y3arajJbHEHHs TakuX (PaKTOPIB I0O3BOJWB BUIUIMTH OCHOBHI TEHJEHIIIT 1 HAIPSIMKH CTBOPEHHS 1
YIOCKOHAJIEHHS METaJIeBUX KOHCTPYKIiH 3 ypaXyBaHHSIM aBTOMAaTH3allii IPOIIECiB IX BUTOTOBJICHHS,
BukopuctanHs BIM-texuosoriit Tomo. BuaineHi TeHaeH1ii J03BOSIIOTh MOKA3aTH, SIK HAPSIMKH
PO3BHUTKY HAYKOBHUX JOCITIJKEHb, TaK 1 HAPSAMKH PO3POOKH NMPAKTHYHUX METOAOJIOT1H BU3HAYCHHS
3aKOHOMIPHOCTEH HampyXeHO-Ie(pOPMOBAHOTO CTaHy KOHCTPYKTUBHUX CHUCTEM 3 BUKOPUCTAHHSIM
MeTainy.

KuirouoBi cjioBa: meTaneBi KOHCTPYKINI, TEHIEHINI PO3BUTKY HAYKOBHX JOCIIIKEHB,
KOHCTPYKTHUBHI CHUCTE€MH, 1H(QOpMaLIHI MOJeNi KOHCTPYKTUBHUX CHUCTEM, PO3PaxXyHKOBI CXEMH,
HaTPYy>KEHHS.

Beryn. PiBeHb pO3BHTKY Jep)KaBH BH3HAYAETHCS BHUKOPHCTAHHSIM METAJICBUX KOHCTPYKIIIN
1HAYyCTpiaJIbHOTO BHUTOTOBIIEHHS Yy OyaiBHMUTBI. Takuii 00’eKTMBHUII mpouec 00yMOBIECHUI
MO>JIMBICTIO IT1IBUIIICHHS POAYKTUBHOCTI TIparli sIK TPH BUTOTOBJIEHHI, TaK 1 Mpu MoHTaxi. Hapasi
y 6araTboX rajry3sx HapoJHOTO rOCMOJAPCTBA HAMITUIINCS 3MiHH, KI HE MOXHA HAa3BaTH 1HAKILE SIK
peBoToNiiiHI. ["amy3s MeTalIeBUX KOHCTPYKIIiH HE € BUKIIIOUCHHSIM. BU3HaueHHS roJIOBHUX (PaKTOPiB
1 HAIPSIMKIB Cy4aCHOTO PO3BUTKY METaJIEBUX KOHCTPYKIiH OyAiBeIb 1 CIOPY/I € BXKJIUBUM 3 TTO3UIIIH
HayKOBUX JIOCITIIKCHb, TaK 1 PO3POOKH MPAKTUYHUX METOMOJIOTIH BU3HAYCHHS 3aKOHOMIPHOCTEH
Hanpy>kKeHO-1e()OPMOBAHOTO CTaHY KOHCTPYKTUBHUX CUCTEM 3 BUKOPUCTAHHSM CTaJi.

AHaJi3 OCTaHHIX TOCTiTKeHb. Y JOCKOHAJICHHS] BAPOOHUIITBA 1 MPOEeKTYyBaHHS [ 1] MeTaneBux
KOHCTPYKIIN TICHO TMOB'I3aHE 13 HOBUMHM €TalaMH TEXHOJIOTIYHOTO PO3BUTKY Ta BIPOBAHKEHHSIM
OLTBIIIOTO PiBHS aBTOMAaTH3allii Ta poOOTH3aIlli MPU BUTOTOBJICHHI METAJIEBUX KOHCTpYyKIii, BIM-
texHonoriit (Building Information Modeling) [1,2,3,4,5,19], sk B mpoeKTyBaHHi, ¥ BUPOOHHUIITBI
METaJIOKOHCTPYKIIM, 1 Mpu iX MOHTaxi. lle BIOAKpWUIO MOXJIHMBICTh BHUTOTOBJIATH HOB1 KJIacH
METaJIeBUX KOHCTPYKIIiH, Taki, K OaJIKu 3 TOPPOBAHOIO CTIHKOIO, TOPPOBaHi apKu 1 000JIOHKH, JETKi
ctaneBi TonkocTiHHI KOHCTpYKIii (JICTK), 3BapHi enementu 3minHoro nepepisy [1,6,7,10,5,19,20],
HiAIATH 10 BUPILICHHS ALy IPpoOJIeM MPOCTOPOBUX KOHCTPYKIIi [7,8,12] Tommo. BaxknuBum Takox
€ PO3BHTOK TEOpii PO3paxyHKY 1 ONTHMAIBHOTO MPOEKTYBAHHS JJISi CTPHKHEBUX KOHCTPYKIIIH
CKJIAJHUX MPOCTOPOBHX (OPM 1 TOHKOCTIHHMX KOHCTPYKIiH, B TOMY YHCII 3 YpaxyBaHHSIM
ctucHyrtoro kpytinas [10, 16,17].

CrtBopeHHs1 TOBHOI IU(POBOI MOJENi KOHCTPYKTHBHOI cucTeMu OyniBiai abo cropynu
BIIKPHBA€E HOBI MOJKJIMBOCTI 3 YTOYHEHHS HaIPy>KEHO-Ie(OPMOBAHOTO CTaHYy KOHCTPYKIIH, Ta
MaKCUMaJIbHO-MOXJIMBOT aBTOMAaTH3alii 1 poOoTu3amii A KOHCTPYKIIH, TPYJOMICTKUX NpHU
BUTOTOBJICHHI. PO3BUTOK MPOrpaMHHUX KOMILIEKCIB 3 PO3PaXyHKY METAIEBUX KOHCTPYKIIiH JT03BOJIUB
HiIHATA Ha HOBUH PiBEHb TaKOX PO3YMiHHA pOOOTH BY3JIOBHX 3’€HAHb METAJIEBUX CTPUIKHEBHUX 1
paMHUX KOHCTPYKIIIHA, OCOOJMBO YTOUYHUTH POOOTY (UIaHIIEBUX 3 €THAHb IJII  PI3HUX THITIB
KOHCTPYKTUBHUX pimens [7, 12,18].
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OpienTanisa Ta HaOMMKEHHS Ha Oy/iBeJIbHI HOPMAaTUBHI TOKYMEHTH JTO3BOJIMIINA IPOBECTHU PSIIL
JOCITIJDKEHb pOOOTH METaJIeBUX KOHCTPYKIIHM 3 ypaxyBaHHSM PO3BUTKY OOMEXKEHUX IUIACTHUYHUX
nedopmariit [1,8,9,11], aBTomaTusysatu 1eit nporuec [3,5,11] i BUSBUTH psig npoOIEMHUX TUTAHB,
10 MOTPEeOYIOTh BIPOBAKEHHS B HOpMaTUBHI okymeHTu [20,21,22].

VYIOCKOHAJICHHS  pO3PAaXyHKOBOIO  amapary  METaJeBUX  KOHCTPYKLIH  J03BOJIMIIO
MPOEKTYBAJIbHUKAM 1 HAyKOBISIM BUHTH Ha BUPILIEHHS HOBUX KapAWHAIBHUX MPOOJIEM TakuX, sIK
KHUBYYICTh KOHCTPYKIIH, PEryalOBaHHS >KUTTEBOTO LUKIY MPU PI3HUX YMOBaxX HaBaHTAXCHHS
excrutyatarii OyniBenb 1 cnopya [4,12,13,14,15] 3 ypaxyBaHHAM (i3udHOT 1 T€OMETPHYHOI
HEJNiHIHHOT pOOOTH 1 T.I.

Mera Ta 3amaui aociaimkeHHsi. MeToio poOOTH € y3arajdbHEHHS TEHJICHIIA pPO3BUTKY
OyniBeTbHUX KOHCTPYKIINA Ta BU3HAUEHHS HANPSIMKIB IMOAAJBIINX JOCHIKEHb €(QEeKTHBHHUX
KOHCTpYKTUBHHX (hopM. [IpoBenennii aHai3z HayKOBUX Ipallb JA€ IMiJACTaBH BUIUTUTH HAMPSIMKA
PO3BHUTKY TeOpii pO3paxyHKy MeTaJIeBUX KOHCTPYKIIiH Ta BUZHAUNUTH 33/1a4l Y HOBITHIH 4ac.

O0’exkT aocaimxeHHss — poOOTa Cy4aCHHMX METAJIEeBHX KOHCTPYKIIM MPU PI3HUX YyMOBaxX
pIIIEHB.

OcHoBHUIi MaTepias Ta pe3yJbTaTH A0CHiIxKeHb. AHaNI3 MyOIiKalil 1 HAYKOBUX Mpallb 3a
PI3HUMU TeMaTUKaMU Ta KOH(GepeHIIii 1 myoJikarii 103BoJUB CHOPMYITIOBATH 5 OCHOBHUX TCHICHIIIN
PO3BUTKY METaJI00y 1iBHUIITBA.

1) Hudporizauis ranysi. Bukopucranas BIM-TexHomoriil y TpoeKTyBaHHI 1 BUPOOHUIITBI
METaJIeBUX KOHCTPYKIiH CyTTEBO BIUIMBAE HA MIEPETBOPEHHS raily3i MeTanoOy1iBHUITBA HA Cy4acHY
MOCTIHAYCTplaabHy Tamy3b. OKpIM TOTO, TEXHOJOTIi JOMOBHEHOI 1 BIPTyalbHOI pEabHOCTI BCE
OlTbIIIe BTUTIOIOTHCS HA MaliJaHYMKaX 1 3aBOJIaX, 110 MPUCKOPIOE CKIIA/IHI €Talld MOHTaXYy, TO3BOJISIE
YHUKHYTH TIEpepoOOK TOIIO, 1 MIABUIIYE TOYHICTH SKICThb KOHCTPYKTHBHUX pimeHb. Ha cporomni
OpoBiAHI opraHizamii sk YkpaiHcbkuii wneHTp craneBoro OyxiBaunrBa (YLICB), TOB
"VKPIHCTAJIBKOH iM. B.M. [lumanoBcekoro" Tta kadeapa MK KHYBA mpaimoroTs Hajg
CTBOPECHHSIM HOBHMX HOPMATHUBHHUX JOKYMEHTIB JUIs BIIPOBA/UKCHHS B IMPAKTUKY IPOCKTYBAaHHS
MeTaJIeBUX KOHCTPYKIIiH 3 BUKOpUCTaHHAIM BIM-TexHOOT1i.

2) ApTomaru3anisi i po6oTH3alis NMPOeKTHUX Ta BHPOOHMYMX mpoueciB. Bimomo, mio
Oy/iBesIbHA Tay3b Hapasi 3IMIIAE€ThCS HAWMEHII MPOYKTHBHOO. 3a TAaHUMHU BCECBITHBOT acoriartii
no craini (WorldSteel), 3aranbHa TeHIEHIIs CBITYMTH, IO py4yHA Ipals CTa€ BCE JOPOXKYOI0, a
BapTICTh TPYAOMICTKHX PYYHHX Omepariii — 3poctae. Y TakWX yMOBax 3HAXOJIATh BCE OUIbIIE
3aCTOCYBaHHS BUCOKOTOYHI BEPCTATH 3 UUCIIOBUM YIPABIiHHAM, 3/1- MPUHTEPH 110 CTaJIi, THM CAMUM
3pOCTAa€ TOYHICTH OIepalliii 1 TOYHICTh BUTOTOBJICHHS CKIAAHUX JeTaei. KoMITIEKCHICTh MOCTaBKH,
«OymiBIs 13 KOPOOKN» SBISIOTH CO00I0 MaOyTh JTOCSATHEHHS BEPLIMHM CTaHIApTH3Allii 1 yHi(ikamii
€JIEMEHTIB.

3) HaykoemuicTh rajysi. Bucokominni crami, KOMIIO3UTHI Marepiaji, TOBCTOJMCTOBI
KOHCTPYKIIii, HOBI TEXHOJIOTIi 3BapIOBaHHS — PE3yJIbTaT HOBUX HAYKOBHUX PO3POOOK, 1 MMO3HAYAIOTH
HOBMH eTam  pO3BUTKY OyaiBHMITBA. KOMIUIEKCHICTH KpHUTEpiiB BUOOpPY pillIeHb 03BOJISIE
BpaxOBYBaTH TEXHOJOTIYHI, KOHCTPYKTHBHI, €KOHOMIYHI 1 €KOJOTiuyHI OOMEXKEHHS TpH BUOODI
KOHCTPYKTUBHUX (opM. BaxkITMBUM KpHUTEpieEM palliOHAIHLHOTO BUOOPY KOHCTPYKTHUBHHX PIIIEHb €
3MEHIICHHS TEPMiHIB OYIBHUIITBA, a BIJIMOBITHO 1 3MEHIICHHS TEPMIHY ITUKITY, B IKOMY 3aJydeHi
KpeAuTHI a00 1HBECTHUIIIHHI KOIITH.

4) Exouorizauia ranay3si. byniBHUIITBO Hapasi BiANOBiZa€ MOHAJ 3a TPETUHY BCIX BUKHIIB
MApHUKOBUX Ta3iB 1 3a0pyIHIOIOUUX PEUOBHH HA IJIAHETI. 3arajbHUM pyX A0 3MEHIIEHHS 3TyOHOTO
BIUIMBY TJIOOQTHHOTO TOTETUNIHHS 3YMOBHB NMPUMHSATTS y OaraThoX KpaiHaxX 3aKOHOIPOEKTIB IO
0OMEXYIOTh BUKH/IU 1 320X0UYIOTh JI0 €KoJIori3amii OyaiBenbHUX MarepiaiiB Ta BupoOiB. s crami
116 O3Ha4Ya€e Bce OUIBIIE BHUKOPHCTAHHS OpPYXTY, €KOJOTIYHI TEXHOJOTII IJaBKU CTaii (BOJHEBUIA
METOJ, BIJHOBIIOBAJIbHI JDKEpena eHeprii i T.I.), 3alpoBa/PKEHHS eKoJoriuHoi ceprudikaii,
eKoJIoriuyHuX Jaeknapaiiiid npoayktis (EPD), mogaTkoBux ctumysiB Tomo. Cepen cydacHUX MiAXOiB
OPUKAHATTS pillIeHb i3 BUOOPY KOHCTPYKTHUBHOI (DOpMH CTae BaXKJIMBUM YpaxyBaHHS (aKTOpiB
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KHUTTEBOTO IIUKITY OyiBIi 1 criopyau, BUOip epeKTUBHOI KOHCTPYKTUBHOI (hopMu Mpu 3a0e3nedeHH1
MIPOEKTHOT )KUBYUYOCTI.

5) KommiekcHa onrtumizanisi BUpilmleHb. 3pOCTaHHS KOMIIFOTEPHUX IOTY)KHOCTEH,
PO3BHUTOK KOMIT FOTEPHHUX TEXHOJIOTIH, YIOCKOHAJIIEHHS TPOrpaMHOro 3a0e3nedyeHHs, BiI0YBa€ThCs
Hapasi cTpiMKUMH TeMnami. Lle 1o3BoJsie BUpinTyBaTH 331a4i 13 oNTUMi3alii KOHCTPYKTUBHHUX (hopM
Ha HOBOMY JI0 TOTO HEJAOCTYITHOMY PiBHI JieTaiizaiii i 6araTokpuTepiaqbHOCTI. Pesynbprar BUOOpY
IpU LBOMY HaOMMKAETHCSA J0 TNIOOANBHOTO ONTHUMYMY, TaK SIK BUKOPHCTOBYE METOAU IMOBHOTO
nepebopy ado rIubOOKOT EBPUCTHKHY.

BucHoBku. Bunineni Buie (GakTopu OKPECHIOITh TaKOX 1 MEPCHEKTUBH PO3BUTKY Taiysi,
TICHO TIOB’s3aHI 3 ICHYIOUMMH HAyKOBO-TEXHIYHUMH MpoOJIieMaMH, sIKi OOYMOBJICHI HE TUIBKH
E€KOHOMIYHUMH KPUTEPIsSMH, a 3aJeXaTh BiJl MOSBU HOBUX KOHCTPYKTUBHHUX (DOpM, sIKi HEOOXiIHO
JOCITIJKYBATH, 1 ITOSIBA SIKMX OB’ s13aHa 13 CTBOPEHHSIM HOBHX TEXHOJIOTIH 1 HOBUX 32 MTPU3HAYECHHSIM
iTa opmamu OyniBens i ciopyA. Taki TeHAEHIIT Ha HAIll TOTJISIT TICHO TOB’sI3aHi 13 PSIOM BAXKIIUBUX
3aB/IaHb:

1) CrBopeHHS 1 BUKOPHCTaHHS cTajed BHCOKOi MimHOCTI C960 Ta Oinblie NOUISIXOM
Bukopuctands TMCP mnpokary, MikponeryBaHHs, CTPYKTYpPYBaHHS TOPCIMHMMH TE€HEpPATOPaMH,
CTBOPEHHSI HOBOT'O MOKOJIHHSA >KapOCTIMKUX 1 >XKapOMILIHUX, KOPO3IMHOCTIMKMX cTajei ToIIo.
JlocTmiiKeHHsT MIITHOCTI 1 CTIHKOCTI KOHCTPYKITIH 13 BUCOKOMIIIHUX CTaJICH 1 BBEJICHHI pe3yJIbTaTiB
IUX JOCIIKEHD.

2) YaockoHaJICHHS aBTOMAaTH30BaHUX 1 pOOOTH30BAaHUX IPOIIECIB BUTOTOBIICHHS JETaleH i
3BapIOBaHHS CTaleil HaIBUCOKOI MIITHOCTI ITPH Pi3HUX TOBIIMHAX MeTay Bif 4 10 100 mm.

3) Po3BUTOK Ta YyAOCKOHAJIGHHS TeOpii pPO3paxyHKYy TOHKOCTIHHHUX 1 KOMOIHOBaHUX
KOHCTPYKLIA. Bu3HaueHHs [OifiCHOrO pecypcy METaJOKOHCTPYKIM Micias JOBroTpUBAiOl
eKCcIuTyaTarfii.

4) BripoBa/pkeHHSI Yy MPAKTHKY CTBOPEHHS HOBHX KOHCTPYKLIN MiAXOIIB PalliOHAJIBHOTO 1
ONTUMAJIBHOTO MPOEKTYBAaHHS 13 ypaxyBaHHSIM BUMOT JOBIOTPUBAJIOI €KCIUIyaTallii 1 KUTTEBOTO
UKy, 3ACLICBICHHS BOTHE3aXUCTY Ta AaHTHUKOPO3IMHOIO 3aXHCTy CTaleBUX KOHCTPYKIIIMH.
CTBOpEHHS €KOHOMIYHUX BOTHE3aXHMCHUX CHCTEM CTAJICBUX KOHCTPYKIIIH 13 30€peKeHHAM HECydoi
3IaTHOCTI MIPH MOXKEXK1 A0 3 TOWH, 3a0€3MeUeHHs )KUBYYOCTI MTPH MOKEKI.

5) YnaockoHalieHHsI OyiBEIBHMX HOPM 1 TMPaBWJI MPOCKTYBaHHS METAJIEBUX KOHCTPYKIIIN;
IMIUIEMEHTAIlisl TPOBIAHUX 3aKOPAOHHUX HOPM 1 JOCBiAY; HiATOTOBKA CY4acHUX MpodeciitHux
1H)KEHEepiB Ta TEXHIKIB.

6) Illupoke 3acTOCyBaHHS Ta PO3BHTOK CYYaCHHX METOJIB PO3PAXYHKY 1 MOIEITIOBAHHS
CKJIaJIHUX KOHCTPYKIIM Ta BU3HAYEHHS X A1MCHOTO Hampy>KeHO-1e(OPMOBAHOTO CTaHY; PO3BUTOK
eKCIIepUMEHTAIbHO-TEOPETUYHHUX JIOCITIKEHb HATYPHUX 3pa3KiB KOHCTPYKLINA Ha 6a3i CTBOpEHHS
BHCOKOTOYHHUX 1H(POPMAIITHUX MOJIEICH KOHCTPYKTUBHUX CHCTEM.

Bci orosomieni HanpsIMKY 1 3aBJaHHs BOAYAIOThCSA aKTYaIbHUMU U HAHOMMKYMX S5 POKIB 1
MoTpeOyIOTh aKTUBHOT'O BMPOBA/KEHHS 1 pO3BUTKY. [s1 11bOTO MOTPiOHI SIK MOTY)KHA IMOCTIHHA
HiATPUMKA JIep’KaBH, TaK 1 3yCHJUISI BUPOOHUKIB METaJeBUX KOHCTPYKIM, HAYKOBIIB Ta 1HIIMX
YYaCHUKIB Taiy3i. ['0OJIOBHOIO METOI BOAYAETHCS TMOETHAHHS PO3BUTKY HAYKOBUX JOCHIHKCHB,
BUKOPUCTaHHS CyYaCHHX TEXHOJIOTiH MPOEKTYBAaHHS 1 BUPOOHHIITBA, 1€ CTBOPIOE YMOBH CTalOro
PO3BUTKY, /i€ CTalb SIK NMpUpoAHiil Ta Ha 98% mnepepoOmioBaHMN Marepiall — Ma€ MEPCHEKTUBU
BUKOPUCTaHHA B YKpaiHi 1 3HAUHUI €KCIIOPTHHI MOTEHIiaJ.
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I''/TABHBIE HAIIPABJIEHUA CO]EPEMEHIL[OI‘/'I PA3ZBUTHSA METAJLVIMYECKHAX
KOHCTPYKIHUU 3TJTAHUHN U COOPYKEHUU

Buawik C. U., 1.1.1.,mpodecop

vartist@ukr.net ORCID: 0000-0001-8783-5892

1Buabik A.C., K.T.H., IOLEHT,

artem.bilyk@gmail.com ORCID: 0000-0002-9219-920X

'Kuescoruii Hayuonansublii yHueepcumen cmpoumenscmed u apXumeKmypol
mp. Bosnyxodmnorckuii, 31, r. Kues, 03037, Ykpauna

Pa3BuTre TEXHOJIOIMII M3rOTOBIEHHUS M NPOECKTUPOBAHHUS METAUIMYECKUX KOHCTPYKIIMI
BMECTE C Pa3BUTHEM KOMITBIOTEPHBIX TEXHOJIOTHI OOYCIOBIMBAET BO3MOKHOCTH ITOBBIIICHUS
MIPOU3BOJIUTENBHOCTH TPYy/Ja, KaKk MPU M3TFOTOBJICHUHU, TaK U IIPU MOHTaxke. AHaJINU3 U 00001IeHNe
Takux (PaKTOPOB TMO3BOJNHI BBIJCIUTH OCHOBHBIC TCHJICHIMHM W HANPABICHUS CO3JAHUS H
COBEPILECHCTBOBAHUSI METANIMYECKUX KOHCTPYKLMI € YYETOM aBTOMAaTH3alUU IPOLECCOB HX
M3TOTOBJIEHUSA U UCNOJb30BaHus BIM-texHonoruii. BeigenenHble TEHACHUIMH TO3BOJISIIOT IOKa3aTh
HOBBIC HANpaBJICHUS Pa3BUTHS HAyYHBIX HCCIEIOBaHUI U pa3pabOTKH MPAKTUYECKUX METOJIOB
onpeneaeHus 3aKOHOMEPHOCTEN JUTSt HaANPSHKEHHO-€(hOPMUPOBAHHOTO COCTOSIHUSI
KOHCTPYKTUBHBIX CHCTEM C HCIOJb30BaHUEM cTayied. Cpeau TJIaBHBIX TEHACHIMI BBIIEICHBI
clenyomue: uGpoBU3aIUsI OTPACTH METAIOCTPOUTEITHCTRA; aBTOMAaTH3alMsl U POOOTH3AUS
MIPOM3BOJICTBA H3TOTOBJICHMSI METAJUIMYECKUX KOHCTPYKUUH; HAayKOEMKOCTb  MPOEKTHBIX 1
MIPOU3BOJICTBEHHBIX MPOLIECCOB; KOJIOTU3AIMS IPOU3BOICTBA, OLIEHKA KOHCTPYKTUBHBIX PELICHUH C
MO3UIUI HKOJIOTUYECKOM 0€30MacCHOCTH; KOMIUIEKCHAs ONTHUMH3AIUs KOHCTPYKTUBHBIX PEHICHUH.
ABTOPBI BBIJICISIFOT OYEPETHBIC BAXKHBIC 337]a91 U TIEPCIIEKTUBBI Pa3BUTHS cO3/1aHus Y (HEeKTUBHBIX
METAUTNYECKUX KOHCTPYKIHI: CO3IaHUE U MCIOJIb30BAHUE CTAJIe BBICOKOM MpoyHOocTH 10 C960 u
0oJ1ee; COBEpIICHCTBOBAHIE aBTOMATU3UPOBAHHBIX U POOOTU3HPOBAHHBIX MTPOLIECCOB U3TOTOBICHUS
JeTajeid M CBAapKH CTaJied BBICOKOM M CBEPXBBICOKOW MPOYHOCTH MPH PA3JIMYHBIX TOJIIMHAX
METaJula; pa3BUTHUE U COBEPILICHCTBOBAHUE TEOPUU pacyeTa TOHKOCTEHHBIX M KOMIIO3UTHBIX
KOHCTPYKIHUM, ONpenesIeHuE NEUCTBUTEIBHOIO pecypca METAUNIOKOHCTPYKIMM MOCIE JIUTEIbHON
AKCIUTyaTalluy; BHEAPEHHUE B MPAKTUKY CO3JaHUsI HOBBIX MTOAXO0B PAIMOHATILHOTO U ONTUMAJIbHOTO
MPOEKTUPOBAHUS C yYETOM TpeOOBaHMI JOJITOBPEMEHHOM OSKCIUIyaTallud U CpPOKa >KU3HEHHOTO
LMKJIa, BKIIIOYas MPOTPECCUBHOE pa3pyIleHHE, y/IECHIEBICHUE OTHE3AIUTHBIX COCTaBOB CTAJIbHBIX
KOHCTPYKUMA M AHTUKOPPO3UOHHBIX ITOJIMMEPHBIX TOHKHX IIJIEHOK; COBEPIICHCTBOBAHHE
CTPOUTENBHBIX HOPM U MPABHJI MPOCKTUPOBAHUS METAIUIMYECKUX KOHCTPYKLMM, MMILJIEMEHTALUS
BEIYLIUX 3apyOEKHBIX HOPM U onbITa. [loAroToBKa COBpeMEHHBIX MPo(ecCrOHANIbHBIX HHKEHEPOB
U TEXHHKOB, PAa3BUTHE HKCIEPHUMEHTATHHO-TEOPETHUECKUX HCCICIOBAaHUI HATYpPHBIX 00pa3loB
KOHCTPYKUMH Ha 0a3e co3AaHMsI BBICOKOTOUHBIX HMH(OPMALMOHHBIX MOJAENEH KOHCTPYKTHUBHBIX
CUCTEM.

KiarueBble cjoBa: METaUIMUECKHE KOHCTPYKOHUH, TCHACHIMK PAa3sBUTUA HAYYHBIX
HCCHCHOB&HHﬁ, KOHCTPYKTHUBHBIC CUCTCMEI, HH(bOpMaI_[HOHHbIG MOZCIIM KOHCTPYKTUBHLBIX CUCTCM,
PACUCTHBIC CXEMBI, HAITPSAXKCHH.
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MAIN DIRECTIONS OF MODERN DEVELOPMENT OF STEEL CONSTRUCTIONS
FOR BUILDINGS AND STRUCTURES

I Bilyk S.I. doctor of techn. sciences, Professor
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The development of technologies for the manufacture and design of steel structures, together
with the development of computer technologies, makes it possible to increase productivity in the
building industry.

The analysis and generalization of such factors made it possible to identify the main trends and
directions of the creation and improvement of metal structures, taking into account the automation of
their manufacturing processes and the use of BIM technologies. The highlighted tendencies make it
possible to show both new directions for the development of scientific research and directions for the
development of practical methodologies for determining the regularities of the stress-strain state of
structural systems using steel. Among the main trends, the following are highlighted: digitalization
of the metal construction industry; automation and robotization of the manufacturing and assembling
processes; science intensity of design and production processes; greening production, evaluating
design solutions from the standpoint of environmental safety; complex optimization of design
solutions.

The authors highlight the next important tasks and prospects for the development of the
creation of effective metal structures: the creation and use of high-strength steels C960 and more, the
improvement of automated and robotic welding processes for ultra-high-strength steels with various
metal thicknesses; development and improvement of the theory of calculation of thin-walled and
composite structures, determination of the actual resource of metal structures after long-term
operation; introduction into the practice of creating new structures of rational and optimal design
approaches with the requirements of long-term operation and life cycle, including progressive
collapse, reduction in the cost of fire and anti-corrosion covers for steel structures; improvement of
building codes and rules for the design of metal structures; implementation of leading foreign
standards and experience; training of modern professional engineers and technicians; development of
experimental and theoretical studies of full-scale samples of structures on the basis of creating high-
precision information models of structural systems.

Keywords: steel structures, development trends of scientific research, structural systems,
information models of structural systems, calculation schemes, life-cycle, futurology.
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Abstract.

Research is aimed at the formation and development of innovative developments to increase
the metal structures corrosion protection, as an important means of ensuring the quality and safety
industrial facilities. The method determining the corrosion destruction signs, the procedure of
monitoring and carrying out measures to diagnose the technical condition of lattice metal structures
according to the level of corrosion hazard were adopted. The nomenclature indicators and control
methods (conformity assessment) of determining parameters primary and secondary protection metal
designs against corrosion is established. During this study, the lattice structures operational condition
loader crane’s girder structure was considered. It is revealed that operation of the crane is carried out
in difficult production conditions operating environment’s aggressive influence in combination with
considerable dynamic loadings working operations loading technological process, unloading, sorting
(averaging) of ore yard’s charge of blast furnace shop. Based on the study structures corrosion
condition and operating conditions, measures have been developed to increase the durability ore-grab
crane of the reloader. Based on the analysis of the principles of the ISO 9001 process approach, the
development and implementation design solutions to extend the structures service life in aggressive
environments of metallurgical production. It is proved that the procedure of making constructive and
technological decisions, performance works on increase corrosion resistance promotes maintenance
conditions of resource saving and technological safety industrial constructions. The principles process
is offered to develop and implement design measures to extend the service life of structures in
aggressive environments metallurgical production are proposed. Constructive and technological
measures to ensure durability in accordance with the requirements of the building structure corrosion
risk have been developed, which are determined by the critical indicators metal structures protection
in the conditions corrosion influences within their limit values.

Key words: metal structures, loader crane, aggressiveness of environment, operation, corrosion
wear, resource.

Introduction. One most important principles of achieving the structures’ reliability and
durability is the implementation process approach’s principles to the operation and maintenance [1].
International standards doctrine of ISO 9000 quality system certification means that the main
achievement of these goals is a process approach in ensuring the quality of construction products at
all stages of the building or structure’s life cycle [2].

The work is based on the study of the lattice structure’s operational condition loader crane’s
girder structure. The service life of the crane is more than 50 years, which exceeds the standard service
life (about 20 years). Based on the results of field research, it was found that the reloader’s operation
is in a very difficult operational mode and the crane is close to the development its resource (based
on the calculation of the number of operating cycles). According to the provisions of ISO4301-2:
2015, the load distribution for the crane (K}) depends on the indicators: the average number of cycles
work with the level mass a particular load (C;); total number operating cycles with all loads (Cy); the
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value the masses of individual loads (load levels) in the typical use crane (P;); the mass of the largest
load (nominal load) that can be lifted by crane (Ppax).

¢ Pi |
Kp 2 [ Cr Pmax] (1)

Complex production processes tend to increase the aggressive impact of the operating
environment. In combination with significant dynamic loads technological procedures of loading,
sorting (averaging) ore yard’s charge of blast furnace shop promotes decrease in metal designs’
durability. Corrosion aggressiveness operating environment is due to the influence a number of such
negative factors: industrial dust and metal structures’ surface contamination; periodic humidification
by precipitation; corrosion-aggressive allocations coke production, the formation of which occurs
during coke’s wet quenching. It is established that in order to prevent accidents, during the entire
operation period, planned and metal structures’ preventive repairs and crane’s technological
equipment were carried out, measures were taken to protect them against corrosion.

Analysis of recent research and publications. To control buildings’ and structures’ technical
condition in their construction process, reconstruction, repair and operation provides a set targeted
actions of technical diagnostics using including non-destructive testing methods based on the latest
advances in science and technology [3]. Diagnostics questions a metalwork’s technical condition of
buildings and constructions demand the influence various operational and production factors for
definition an actual condition and service life’s forecasting [4].

The main task of research is to ensure the verification procedure, determining the state in which
the object is currently. Thus, ways realization of check - software and hardware are considered. In
the practice diagnosing the technical condition, both methods are used together, as the result effects
of a given program cannot be replaced by the use of instrumentation or hardware.

Corrosion risk management of operated facilities includes control, regulatory, controlling and
investment-technological components buildings and structures trouble-free operation in conditions f
aggressive climatic and technological influences [5,6]. The use of rational measures metal structures’
corrosion protection provides the opportunity to reduce, by about a quarter, the annual operating costs
(associated with reliability and durability) only by improving the organization work on corrosion
protection [7].

Selection of previously unsolved parts of the overall problem. From the standpoint of
structural mechanics, the apparatus, the allowable reduction elements’ bearing capacity for a given
system structures’ corrosion protection can be taken into account in the calculations of the boundary
conditions using fictitious external loads [8]. The essence planned research is to substantiate the
conditions of monitoring and diagnosis of corrosion’s signs in the maintenance building metal
structures on the actual condition [9].

European design standards (EN ISO12944, ISO8501 - ISO8504) define the regulatory
requirements for the justification corrosion protection measures during the service life. This is due to
the technical requirements that require the implementation corrosion protection’s quality
management based on approaches to the assessment boundary conditions in order to ensure the
technological safety of buildings and structures. In accordance with the regulations, it becomes
important to establish requirements procedure for detecting defects and damage. At the same time,
there is a need to determine the most effective measures of primary and secondary protection against
metal structures’ corrosion, as well as the adoption of the necessary procedures to maintain the
working condition of structures [10].

Setting objectives. The paper provides the improvement approach, which includes the main
stages of technological safety’s risk assessment: the appointment methods for controlling the
structures’ parameters on the damage indicators and the allowable maintainability interval value;
indicators’ quantitative assessment based on the calculation structures for corrosion resistance and
durability; analysis of the vulnerability’s level structures depending on the criticality degree
(categories of defects and damage); assessment threats (categories of technical condition) in the
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operation conditions according to the actual condition at the established values of maintainability;
implementation measures to restore performance, extend the life structures and reduce risk in the
implementation of measures to ensure the reliability actual situation [11].

The description reliability indicators is performed using block diagrams, which are represented
by flow graphs. The diagrams describe the changes in the corrosion state of metal structures, taking
into account the design and technological options primary and secondary protection in the
maintenance of facilities in the actual condition during the established service life. The structure of
durability indicators of structures in corrosive environments includes calculation and experimental
assessment, technical control and diagnostics of operational properties during the life cycle of steel
structures (Fig. 1).

\\4
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Fig. 1. Generalized structural model of design requirements for corrosion resistance, durability
and maintainability in the operation metal structures.
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Calculation of corrosion resistance is associated with the consideration primary and secondary
protection measures based on the characteristics of the boundary conditions the first and second
groups. Determination of corrosion resistance, maintainability and durability is performed according
to the calculation schemes and data tables of the elements of the drawings of the KM. The calculated
dependences for substantiation of constructive decisions of primary and secondary protection at the
stage of KMD have the form:

I limit state:

(1-y,) AT <m-5(-1/T) )
II limit state:
F, = ( I F/yzk+1/f)>2
Yzf 2

3)
T'z}/2 yzn'Tz (4)

The analysis of influence constructive and technological features on quality indicators at
production of works on anticorrosive protection is carried out [12].

Basic material and results. This approach was used in the diagnosis of technical condition and
extension of the ore reloader’s life by ensuring the durability and serviceability the girder metal
structure (Fig. 1, Fig. 2).
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Fig. 2. Constructive scheme of the ore-grab crane.

The assessment metal structures’ actual technical condition indicates the need to develop a
methodological approach, which involves a comprehensive consideration of the parameters of the
structures’ actual condition and operation factors [13]. A systematic description diagnostic process
according to the criterion of providing measures of primary and secondary corrosion protection
allows the implementation of the reconstruction program on the basis of technical monitoring.

At the stage of assessing the technical condition, the values wear that exceed the maximum
allowable (Fig. 3). Areas of operation structures that correspond to characteristic defects and damage
have been identified (Fig. 4).
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Fig.3 Typical defects and damage to structural elements of the girder structure: a) sheet
structures and their connections; b) elements service structures, joints lattice structures.
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Reducing the serviceability creates the possibility achieving the structures’ ultimate state due
to the loss of nodes’ bearing capacity at existing (passport) operating loads. On the basis of the
performed experimental model researches riveted joints’ restoration measures on heads’ repair rivets
with use washers and electric welding are developed.

In order to optimize the operating costs for repair and restoration work to maintain the working
condition of the crane-reloader developed a research method and monitoring the technical condition
reloader’s metal structures. The technical task and performance restoration works which provide
effective primary and secondary protection a metalwork against corrosion at maintenance of normal
operation mode of the reloader’s ore-grab crane are developed.

Basic material and results. Based on the results performed research, design and technological
measures to ensure the effectiveness of primary and secondary corrosion protection are proposed.
The program, which is developed before the start work, stipulates a list of organizational techniques
aimed at identifying performers, coordinating their interaction. The list performance works, structure
and technical documentation’s terms and materials are defined. The task for the material supply,
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equipment and devices is issued in agreement with the nomenclature, stipulates the list and
composition of the material used. At the preparatory stage, the qualifications contractors are
identified. Regulatory support is approved and an independent examination is conducted in
accordance with ISO9001 and ISO9002. When developing technical requirements for materials,
protective coatings and technologies for their application, the indicators established by the
international standard ISO12944 are used.

The technology providing access to structural elements and determining their actual technical
condition (carrying out works on measuring geometric characteristics, determining the planned height
of the main structures, assessing the state of corrosion protection) is developed and justified in
accordance with the methods preparatory work. The works include: hydro-jet cleaning structures
from dust, layers of rust and old paint; mechanical cleaning structures from corrosion products;
surface treatment with compressed air. The works are performed in accordance with the map-scheme
cleaning surfaces location with the indication of the approximate execution volumes.

The choice characteristics of a protective covering, preparation a surface is carried out
depending on and according to instructions of 1SO12944-5 (ISO12944-4) where requirements to
drawing protective covering’s material are stipulated. The offered durability a covering not less than
2 years.

Conditions corrosion effects are defined as highly aggressive (indicator of corrosion losses of
unprotected steel up to 6900 g/m>+year). The operating mode corresponds to the corrosion category
up to C5-1 (according to ISO12944-2) and contains the characteristic components of aggressive
emissions: carbon oxides, coal dust, sulfur dioxide, hydrogen sulfide, ammonia, phenol, water vapor;
tmax = 60 °C, W = 95 ... 98%. Operating conditions according to GOST9.104 are marked V1.
Determination the color gamut paints and varnishes performed on the basis of the approved color
scheme.

These requirements are set out in the technical documentation: drawings the stage A3;
postoperative technological maps by types of work. Technical conditions are provided by the
contractor before the start of work. Delivery of materials is carried out in the presence of certificates
conformity with the necessary technical data reflecting requirements technical conditions or
standards. At development technological maps of painting works’ production, the methods
recommended by the enterprise - the manufacturer of paint and varnish production are used.

Inspection structures’ condition after work is performed for ultrasonic control of the elements’
residual thickness. Based on the full-scale inspection data cleaned surfaces, measures are assigned to
determine the riveted joints’ condition nodal joints to assess the corrosion wear’s degree (loss cross
section) of the rivets’ base metal (body), slit corrosion parameters in the joint. When performing a set
of measures, the metal structures’ technical condition was investigated: the main trusses of the crane
bridge; wind farm; transverse trusses; driving beams and elements their fastening to farms; horizontal
elm farms.

Conclusions. Based on the analysis field research data, the need to develop and adjust design
solutions during monitoring to ensure the necessary passport characteristics and operation modes of
the crane-reloader. It is possible to leave the truck on the cantilever section girder structure from the
rigid support’s side. On the basis of the data from field inspection cleaned surfaces measures for
definition of riveted connections’ condition nodal connections by selection of bearing designs’
control samples and riveted connections are appointed. As result control samples’ selection and
research condition of knot connection’s fragment the conclusion of metalworks’ condition a console
site of the crane’s bridge from the rigid support is made. Paints’ quality control and varnishes is
performed by sampling and evaluation indicators set in the certificates for each batch. Their further
processing is performed in accordance with ISO1512 and ISO1513.

Before the beginning surface anticorrosive works preparation according to working drawings
instructions stage A3 is carried out. The application material protective layer is carried out according
to the manufacturer's recommendations and technological characteristics set in the working drawings.
At each stage works operational control with use of the corresponding control and measuring devices
is provided: non-destructive control (definition of thickness of a covering according to ISO2808);
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destructive testing (determination of adhesion according to 1SO2409 and ISO4624). To ensure
coating quality control during the painting works, areas reference surface with a size of 1m? to 5m?
with a homogeneous surface condition and aggressiveness of the operating environment are
determined. Surfaces are used to determine the minimum acceptable standards for corrosion
protection and quality control coating. Reference surfaces are documented and fixed on the structure
itself. Author's supervision over the works performance is carried out by a specialized organization
for operative quality control purpose anti-corrosion coatings, work coordination, observance of the
requirements established in the design documentation.
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I'BY3 «llpuazosckuii 2ocyoapcmeeHtblil mexHuyecKutl YHU8epCumemy

AHHOTaLUA.

HccnenoBanus HarpaBieHbl Ha (OPMHUPOBAHKUE U PA3BUTHE MHHOBAIIMOHHBIX pa3paboTOK IO
HaIpPaBJICHUIO MOBBIIICHUS KOPPO3HMOHHOM 3alUIIEHHOCTH METaNIMYECKUX KOHCTPYKLHUH, Kak
BXHOTO CpEACTBa oOOecreueHus: KadecTBa W 0€30MaCHOCTH AKCIUTyaTallud MPOMBIIUICHHBIX
COOpYKEHHMH. Y COBEpIIEHCTBOBaHAa METOJUKAa ONpPENEeNCHUs TMPU3HAKOB KOPPO3UOHHOTO
paspyuieHus, MArHOCTUKN TEXHUYECKOTO COCTOSHUS PEIIeTYATHIX METAITMYECKHX KOHCTPYKIIHA
[0 YPOBHIO KOPPO3MOHHOW omacHOCTH. Ha OCHOBaHMM W3Yy4€HHS KOPPO3UOHHOTO COCTOSHUS
KOHCTPYKIIMA ©  YCIOBUH OKCIUTyaTallud pa3pabOTaHbl MEPONPUSTHS 1O IOBBIIICHUIO
JOJTOBEYHOCTH  pyIHO-rpelipepHOro  KpaHa Ieperpyxareiis. YCTaHOBJIEHbl  MPUHIUIIBI
KOHCTPYKTUBHBIX M TEXHOJOTHYECKHX Mep O0OECleYeHHs] JOJTOBEYHOCTH B COOTBETCTBUU
TpeOOBaHUSM KOPPO3HMOHHON OMacHOCTH coopykeHus. OrmnpeneneHbl KPUTHUYECKHE MOKa3aTeNln
3alUThl METAJUIOKOHCTPYKIIMHA B YCIOBHSIX KOPPO3UOHHBIX BO3ACUCTBUN B TMpeaenax WX
MpeEIbHbIX 3HAUCHUH.

KiroueBble cJioBa: MeETaNIMYECKHME KOHCTPYKIIUHU, KpaH-TIEperpykarelib, arpecCUBHOCTh
Cpelbl, SKCIUTyaTalsl, KOPPO3MOHHBIA U3HOC, pECypC.

TEXHOJIOI'TYHE 3ABE3INEYEHHS BTOPUHHOI'O 3AXUCTY METAJIEBUX
KOHCTPYKIIM BIJI KOPO3Ii B YMOBAX AT'PECUBHUX BIL/IMBIB
METAJIYPITTHHOI' O BUPOBHUIITBA
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AHoTauis. JlocnimpkeHHs cipssMoBaHi Ha (POPMyBaHHS 1 PO3BUTOK 1HHOBALIMHUX PO3POOOK Y
HaIpsIMKy TiABUIIEHHS KOPO31MHOI 3aXHUIIIEHOCTI METAJICBUX KOHCTPYKIIIH, SIK BaXJIMBOTO 3acO0y
3a0e3neueHHs KOCTI Ta Oe3MeKH eKCIUTyaTallii MPOMUCIOBUX CIOPYA. Y IOCKOHAJIEHO METOAUKY
BU3HAUCHHA O3HAK KOPO3IMHOrO pyHHYBaHHS, MIarHOCTMKHM TEXHIYHOTO CTaHy IpaTdacTHX
METaJIeBUX KOHCTPYKLINA 3a piBHEM KoposiiiHoi HeOe3neku. Ha migcraBi BUBYEHHS KOpPO3iHHOTO
CTaHy KOHCTPYKIII 1 YMOB €KCIUTyaTtaiii po3poO0sieHl 3ax0oAu MO0 MiABUIIEHHS JOBTOBIYHOCTI
pyaHO-TpeliepHOro KpaHa IepeBaHTaXKyBaua. BCTaHOBIEHO MNPUHLUUIU KOHCTPYKTHUBHHX 1
TEXHOJIOTIYHHUX 3aX0/11B 3a0€3MeUYeHHs TOBIOBIYHOCTI BiJIMOBITHO JI0 BUMOT KOPO31iHOT HEOE3MeKn
ciopyaud. Bu3HaueHO KPUTHYHI MOKAa3HMKH 3aXHUCTy METAJIOKOHCTPYKIIH B yMOBax KOpO3IMHHMX
BIUIMBIB B MEXax iX 'PaHUYHMX 3HAUCHb.

Kiro4oBi cjioBa: MeTtaneBi KOHCTPYKIii, KpaH-TIEPEeBAHTAXXyBay, arpeCUBHICTh CEPEOBUIIIA,
eKCIUTyaTarlisi, KOpo3iiHuM 3HOC, pecypc.
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Abstract. A geodesic or net dome, also known as a Fuller’s dome, is a spherical structure.
Geodesic domes are well receptive to asymmetric loads, especially snow and wind, have high
aerodynamics, increased rigidity and stability. It should be noted that the larger the diameter of the
sphere, the greater its bearing capacity, and the strength of such dome slightly depends on the building
materials used. With significant advantages, the design and construction of wooden net domes has
not become widespread. The fact is that net domes are spatial structures with a large number of
elements, which accordingly entails a large number of nodes. The elements of the dome are connected
with dowels, wet film gauge, bolts, wood screws, staples, screws, nails. Adhesive connections on
washers are used, also steel clamps, straps, overlays are applied. However, they all have
disadvantages, the scope of each connector is different, and their cost is often comparable to the cost
of the dome elements. We offer a universal connector for connecting dome parts at any angle. As a
result of introduction of such technical decision of knot, we receive essential simplification of a
design, reduction of quantity of components, at the same time with increase of its manufacturability.
To study the operation of the joint of wooden glue-board elements of the dome with the use of a
universal connector, its experimental studies were carried out.

The purpose of the study: to study the actual operation of the connection of wooden parts of the
dome with a universal connector in the form of rotating fasteners that rotate freely on the draw bolt,
to assess its strength and deformability, to assess the possibility of using such a connection in the
design of spatial structures. To solve the tasks, a full-scale fragment of the dome was tested, which
includes characteristic nodes with rigid adjacency of elements to each other.

Keywords: wooden geodesic dome, universal connector, dome fragment test, dome node test
results.

Introduction. Recently, the world's production of wooden houses with new architectural and
design solutions and mobile buildings is growing rapidly. One of the effective directions in the
industrialization of construction is the use of wooden glued structures that can significantly increase
the durability of buildings, reduce the weight of buildings, reduce the harmful effects on the
environment. Dome structures, known since ancient times, are now entering a new stage of
development. They began to be more widely used as exhibition pavilions, warehouses, sports
facilities and, of course, as residential buildings. Steel and reinforced concrete are commonly used in
the construction of domes, but wood materials allow them to be built no less resilient. Glulam retains
all the advantages of conventional - significant strength and elasticity at low weight and free of natural
defects: cracks, damage caused by fungi, diseases, growths. Combining the advantages of a spatial
dome shape with the advantages of glued wood makes it possible to obtain an effective design of a
low-rise mobile home.
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Specific difficult in the design and manufacture of spatial structures are the joints of the rods,
which can be rigid or hinged. Preferably, the nodes are rigid, which provides the spatial operation of
the structure and reduces its deformability. The design of a rigid node is determined by the size and
number of connecting elements and the forces acting in them. Knots of wooden structures are made,
as a rule, with the presence of steel strips that connect the wooden rods with bolts or nails. Net domes
are three-dimensional structures with a large number of elements, which accordingly entails a large
number of nodes. The elements of the dome are connected with dowels, wet film gauge, bolts, wood
screws, staples, screws, nails. Adhesive connections on washers are used, also steel clamps, straps,
overlays are applied. Such units have limited load-bearing capacity and require a significant number
of parts, the cost of which is often comparable to the cost of the elements of the dome. We offer a
universal connector for connecting the details of the dome at any angle [10]. As a result of
introduction of such technical decision of knot, we receive essential simplification of a design,
reduction of quantity of components, at the same time with increase of its manufacturability. To study
the operation of the joint of wooden glue-board elements of the dome with the use of a universal
connector, its experimental studies were carried out. The purpose of the study: to study the actual
operation of the connection of wooden parts of the dome with a universal connector in the form of
rotating fasteners that rotate freely on the draw bolt, to assess its strength and deformability, to assess
the possibility of using such a connection in the design of spatial structures. To determine the degree
of rigidity of the node. To solve the tasks, a full-scale fragment of the dome was tested, which includes
characteristic nodes with rigid adjacency of elements to each other.

Analysis of recent achievements and publications. To connect the elements that work on
compression, skew notches or crutches are used, the ends of the elements are cut at certain angles.
Overlays connected by bolts or nails to ensure stable operation of the connection are additionally
installed on the crutches. When connecting the elements in the joints at an angle, there is a need to
use mechanical connections. Development and introduction of new types of connections of wooden
designs basically follows a way of application of various treenails. Noteworthy are the nails used in
the United States and Germany, with a cut of hardened steel, which causes their high load-bearing
capacity when working on shear and pull-out. Strengthening the treenail connection with additional
elements reduces the likelihood of chipping and crumpling of wood [1]. Interesting results of tests of
treenail joints of large-span wooden structures reinforced with steel plates inserted into pre-cut
grooves are presented in the work [2]. When using nail joints, as well as when using treenails inserted
into pre-drilled holes, there is a simultaneous inclusion in the work of all connections. The pliability
of the joints in the elements with such compounds is due to the crumpling of the wood in the nests,
as well as the bending deformations of the treenails themselves. The designs of rigid assemblies are
given in works [3, 4], but they have a low load-bearing capacity with a large number of connecting
elements. In works [5, 6] it is proposed to connect wooden structures on bolts that transmit forces
through inserted steel gasket that works together with wood, which contributes to the redistribution
of local stresses of crushing and chipping in an area comparable to the size of the gasket and helps to
increase the bearing capacity of the connection. It is interesting to study the connections with claw
gaskets [7], but they have a limited scope when there is access to the working surface from above or
below the element during its reinforcement. The results of systematic experimental studies of the
joints of glued wooden structures are published quite rarely and to a limited extent. Among such
works it is necessary to note article by Ishmaeva D.D. and Vdovina V.M. [8], which shows the method
of testing and construction of a rigid assembly of glued wooden elements. Known types of
connections can not be referred to the universal, especially when it is necessary to combine wooden
elements of the spatial structure at free angles. Therefore, the development of new types of
connections is an urgent and timely task.

The purpose of the work is to perform an experimental-computational study of the stress-
strain state of a fragment of a net dome made of glued wood with a universal connector, to determine
its bearing capacity under the influence of static load. Analyze the operation and degree of rigidity of
the dome assembly with a universal connector.

-2



Cyuacni 6ydigenvui koncmpykyii 3 memany ma depegunu, 2021. — Bun. Ne 25 (cTop. 21-26)

Research methodology. Due to the complexity of the experiment on the full-scale construction
of the dome, it was decided to evaluate the tasks set by the experiment on a separate fragment of the
dome, which includes characteristic nodes with rigid connections of elements with each other. In
addition, the work of such nodes mainly determines the reliability of the entire dome, so the results
can be taken into account when developing recommendations for the design and calculation of the
dome. The test fragment is made of five unified glue-board elements of I-beam cross section. The
choice of shape and dimensions of the experimental sample is based on the dome net structure, the
cross-sections of the elements of which are obtained taking into account the requirements of the
technology of manufacturing nodes and thermal insulation of the dome shell conduit, which performs
both load-bearing and enclosing functions. I-beam elements of wooden bars 600 mm long, the sizes
of cross section are accepted: shelves made of wooden bars 50x60 mm, a wall made of a USB plate,
10 mm thick. Material for samples - glued pine wood of the II grade.

; :.ﬂﬁm. _‘- % . %
ig. 1. A fragment of the dome under load

The test rig is a steel frame mounted in the power floor. To ensure the stability of the
fragment, hinged, steel supports were made under the inclined elements of the dome, i.e. four supports
of the dome fragment, located along the perimeter, fixed from possible movements. Based on this, in
conditions close to real, there are only nodes with connectors. The concentrated load was created by
a hydraulic jack mounted on the axis of symmetry of the fragment. During the test, the deformations
of the nodes were measured using time-type indicators with a division price of 0.01 mm. Stresses in
the elements of the fragment were found by deformation using resistive strain gages. Tensor resistors
made of constantan wire on a film backing with a base of 30 mm were used to study the stress-strain
state. To record data, a resistive strain gage was used, which is designed to measure the output voltage
of resistive strain gages with the transfer of information to an external control computer. The layout
of strain gages with the place of application of the load is shown in Fig. 2.
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Fig.2. Scheme of installation of resistive strain gages and clock-type indicators

Before testing, the structure of the fragment was carefully inspected visually. Actual wood
defects were compared with those allowed by the norms. In addition, the quality of the node structure
was checked, the nuts were tightened, and the load was centrifuged. During the tests, the temperature
and humidity were regularly monitored. The ambient temperature was 14-15 °C, relative humidity
was in the range of 55-65%. The load of the dome fragment was carried out in steps with a step P=9
kN. The loading rate was assumed to be continuous and uniform with the fixation of the finite time.
The load time at each stage was equal to 1 minute, the holding time under load - 15 minutes.
Measurement of deformations was performed after loading and immediately before the new load
stage. During the tests, the condition of the investigated structure was continuously monitored in
order to fix possible damage.

Research results. The dome fragment was tested in full compliance with the above
procedure. During the tests, the vertical deformations of the nodes of the fragment increased in
proportion to the increase in load. The obtained test results showed that the proposed design of the
node with a universal connector meets the operating conditions of the rigid connection of the dome
elements. The fragment was loaded to 99 kN and no signs of failure were detected.
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Fig. 3. Dependence of node deflections Fig. 4. load stresses on resistive
on the load strain gage area No.1
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The nature of the deformation of wooden elements showed mainly their elastic work. The

maximum deformation of the node is 3.29 mm. Fig. 3 shows a graph of deformations growth. The
operation of the connection is elastically plastic in nature with pronounced elastic deformations to a
load of 72 kN and the growth of plastic deformations in the last stages. As a result of the experiment,
the stress-strain state of the wooden elements of the fragment was established - they work on
compression, except for the area of the horizontal element near the applied load. The most
characteristic results were obtained from the resistive strain gage No. 1 (Fig. 4), located close to the
upper node with the connector. The calculation of the digital model of the fragment of the dome is
performed in the "Lira" software package.

[1]
[2]
[3]
[4]

[5]
[6]
[7]

Conclusions and prospects for further research.

. A study of the stress-strain state of a fragment of a net dome made of glued wood with a

universal connector was conducted.

The test showed the possibility of using such a connection as a rigid node of the spatial
structure.

The proposed design of the node with a universal connector allows you to consider it as
sufficiently rigid, which ensures the interoperability of all connecting elements.

The elements in the node operate together, supporting each other.

The stress state close to the node is characterized by local transmission of force through plastic
washers, the strength of which is much less than the strength of the steel elements of the
connector.

n further research it is planned:

e To study the fragment of the net dome with steel washers of the universal connector.

e To study the fragments of the net dome with different sections and structural solutions of
wooden elements.

To study the fragment of the net dome with upgraded versions of the universal connector.
To study the model of a whole net dome for different types of loads.

Develop a computer model of a net dome.

Perform the calculation of the load-bearing elements of the dome under the action of static
loads, taking into account the elastic-plastic operation of the nodal joints.
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AHoTtanisi. ['eoge3nynuii abo CITYACTHI KyIOJI, TaKOX BIJOMHH, K Kymon Dymepa, €
cpepuvHOI0 KOHCTPYKIIi€t0. [ 'eoe3uyuHi Kymnonuu 1o0pe cnpuiiMaoTh HECUMETPUYHI HaBaHTaKEHHS,
0COOJIMBO CHITOBI 1 BITPOBI, MAalOTh BHCOKY aepOAMHAMIKY, IiJIBHIICHY YXOPCTKICTh 1 CTIHKICTb.
Bapro Bin3HaunTH, 1110 YMM OibIIe AiaMeTp cepu, TUM Oiibliie HOro Hecyda 3JaTHICTh, a MIIIHICTh
TaKOTO KYITOJIa Majio 3aJeKUTh Bl BUKOPUCTOBYBAHUX OyiBEIIBHUX MaTepiasiB. Maiouu cepio3Hi
nepeBaryu, MPOEKTYBaHHsS 1 OyAIBHULTBO JEPEB'SHUX CITUACTUX KYIOJIIB HEe HaOya0 IIMPOKOTO
po3mnoBcropkeHHs. CripaBa B TOMY, 11O CITYACTI KYTOJia SBISIOTH COOOI0 TPOCTOPOBI KOHCTPYKIIIT 3
BEJIMKOIO KUJIBKICTIO €JIEMEHTIB, IO BiJNOBIJHO TATHE 3a COOOI0 BENMKY KUIBKICTH BY3JiB. Mix
co00I0 eJIeMEHTH KYyIoJia 3'€IHYIOTh 3a JIOMOMOTOIO IIMOHOK, I'PeOIHOK, OOJNTIB, MIYPYIIiB, CKOO,
I'BHHTIB, IIBAXiB. BUKOPUCTOBYIOTbCS KJIEHOBI 3'€IHaHHS Ha IMIai0ax, TAKOX 3aCTOCOBYIOTh CTaJIeBl
XOMYTH, TsDKi, Hakmanku. OIHaK BCl BOHM MalTh HEIOIIKH, O00JACTh 3aCTOCYBAHHS Y KOXXHOI
CIIOJIY4HOI JIeTalli CBOfA, a IX BapTiCTh YacTO IMOpIBHSHHA 3 BapTICTIO €JIEMEHTIB Kymona. Hamwu
MIPOTIOHYETHCS YHIBEPCATBHUI KOHEKTOP IS 3'€HAHHS JeTaliel KyIoJia il JOBUIBHMUM KyToM. B
pe3yibTaTi BIPOBAKEHHS TAKOTO TEXHIYHOTO PILICHHS BY3Ja, OTPUMYEMO ICTOTHE CIIPOLICHHS
KOHCTPYKIIii, 3MEHIIIEHHS KIJTBKOCT1 CKJIAJIOBUX, OJTHOYACHO 3 IM1IBUIIECHHSM i1 TEXHOJIOTTYHOCTI. J1J1st
BUBYCHHS pPOOOTH CTHUKY JEpeB'SIHMX KJIEeJOUIaTUX eJEMEHTIB Kyloja 13 3acTOCYBaHHSIM
YHIBEpCaJTLHOTO KOHEKTOpA MPOBEEHI MOT0 eKCIIEPUMEHTAIBHI JOCTIKEHH. MeTa TOCTIPKeHHS:
BUBYHTHU AIHCHY poOOTY 3'€lHAHHS JepeB'sTHUX JAeTalieil Kynoja 3 yHiBepCalbHUM KOHHEKTOPOM Y
BUTJISIZII TIOBOPOTHUX KPIMHJIBHUX €JIEMEHTIB, 110 BUIBHO O0EPTAIOTHCSA HA CTSHKHOMY OOJITI, 1aTh
OLIIHKY HOro MIITHOCTI 1 1e()OpMaTHUBHOCTI, OLIHUTH MOJIMBICTh BUKOPHCTAHHS TaKOTO 3'€THAHHS
MPU MPOEKTYBaHHI BY3JIIB MPOCTOPOBUX KOHCTPYKININA. JIJIs BUpIIIEHHS TOCTABJICHUX 3aBlIaHb
MPOBEICHO BUMPOOYBaHHS HATYpPHOro ()parMeHTa KyIojia, HI0 BKJIIOYAE XapaKTEpHI BY3IU 3
KOPCTKUM MPUMUKAHHIM €JIEMEHTIB OJJUH /10 OJTHOTO.

KurouoBi ciioBa: nepeB'sHul reoe3NUHUN KYyT10J1, yHIBEepCATbHUI KOHEKTOP, BUITPOOYBaHHS
(dbparMeHTa Kymosna, pe3yJlbTaTd BUIPOOYBaHHS By3ja KyIoJa.
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Annotation. The article considers the features and advantages of innovative design and
technology solution for mini-hotels construction in the framework of eco-tourism development. The
examination of the main potentials of eco-tourism development in Ukraine and Moldova, are
presented on the example of the city of Tiraspol. Space planning and design features of the project
"Dubovaya Roshcha" tourist complex in Tiraspol, Moldova are characterized there. This article
presents a method of multicriteria analysis of design and technology solutions based on the factor
evaluation of decision options of low-rise building construction. In this examination the main factors
influencing the choice of building structures were emphasized.

Key words: metal structures, Light steel thin-walled structures, wooden structures, CLT-
panels, SIP-panels, evaluation criteria, eco-construction.

Introduction. Today tourism is defined as a "phenomenon of the XXI century", which has
become one of the leading areas of socio-economic activity. The travel business can justly be
considered a business of the XXI century, as it is one of the most dynamic and profitable among all
sectors of the world economy. The global nature of tourism and priority in the world economy is
evidenced by quite a considerable tourist revenue, making 8% of the world exports and 30% of the
international trade in services, and the annual growth of world tourist flows by 4-5% [1]. Hotel
construction is an integral part of the travel business.

Now, tourist activity is in the stage of reforming and development in Ukraine. Available tourism
resources are used not in full.

Most European travel companies operate inbound, outbound and domestic tourism (in order of
directions priority). In Ukraine, 90% of travel companies are focused on outbound tourism [2] since
2015. The reasons for such preferences of travel companies is poorly developed tourism
infrastructure. Therefore, the development of tourist complexes construction in the CIS countries, in
particular in Ukraine and Moldova, has become one of the most important social and economic tasks
at the turn of the 21st century.

Analysis of recent research and publications. At the beginning of the 21st century, there was
a growing demand for more comfortable tourism, and now super-comfortable hotels, high-class hotels
are being designed and built. For example, an absolutely amazing resort El Gouna was built in Egypt,
representing a fairy city on the shore of the Red Sea and looking like Venice. This city consists of
comfortable mini-hotel cottages located along canals and bays, replacing streets and sites [3]. But in
regions with unstable economies, the construction of large hotels is not advisable, since the payback
period is more than 10 years.

In developed countries, the vast majority of tourism services are sold to the locals. For example,
in German hotels - 88% of visitors are the Germans and 12% are the foreigners, in Finland,
respectively - 73% and 27%, in France - 71% and 29%, in Holland - 68% and 32%, in the US hotels
- 85% of guests are the Americans themselves [4].
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And in connection with the aggravated epidemiological and economic situation in the world in
2020, the development of domestic tourism is currently topical, as well as mini-hotels construction.

Ukraine and Moldova with their huge natural resources, unique landscape and climatic
conditions and favorable geographical location have extremely favorable conditions for the
development of ecological tourism and rural green tourism. According to the tourism development
plan approved by the Cabinet of Ministers of Ukraine, the target program "Mandrui Ukrainoiu" and
"Program Tourism-2030" developed by the government of Moldova, with a support of the US
International Development Agency, together with the government of Sweden and Great Britain, the
work for improving rural, ethnographic, ecological, sports and business tourism should be
contemplated. It is planned to carry out works in the field of wine, medical, children's and youth
tourism. In this regard, the development of constructive and technological as well as improvement of
architectural and planning solutions of hotel complexes for each type of tourism is currently topical.

In developed countries, the vast majority of tourism services are sold to local citizens. For
example, in hotels in Germany the attendance by Germans is 88%, and by foreigners 12%, in Finland,
respectively - 73% and 27%, in France - 71% and 29%, in Holland - 68% and 32%, in the USA - 85%
of staying in hotels are the Americans themselves [4].

Modern developers have been introducing environmental technologies for several decades
during the construction of residential and hotel buildings, industrial and public facilities. The main
ones are:

* reduction of rubbish and waste during construction;

* use of environmentally safe building materials;

» using of energy efficient technologies;

* creation of an optimal microclimate;

* design of resource-saving engineering systems.

At present, special attention in world practice is paid to usage of structures made of natural
materials: wood, stone, textiles, sand. When decorating facades and interiors, safe paints without
toxic substances are used. The usage of heat-insulating materials and energy-efficient double-glazed
windows makes it possible to increase the heat and acoustic isolation of buildings.

The emergence of new innovative technologies in construction, together with the development
of metallurgy and woodworking industries, make metal and wood one of the most promising
materials of the future.

The works of such scientists as: Vatin N.I., Sinelnikov A.S., Zinkevich O.G. are devoted to the
solution of theoretical, technical and practical problems in the design and construction of buildings
from the light steel thin-walled structures profile and "frameless" structures and methods of rational
design of frames from light steel thin-walled structures.

The works of such authors as L.A. Devyatnikova, A.A. Simonov, V.M. Popov, S.I. Roshchina,
B.V. Labudin are devoted to the design and construction of timber buildings.

Formulation of the problem. The widespread use of thin-walled structures in Ukraine is
cumbered largely due to the imperfection of domestic regulatory and methodological bases for the
light steel thin-walled structures calculation, the lack of proper instructions for installation and
operation, and sufficient experience in the design of such structures. The main effective document
regulating the use, design of structures from steel thin-walled profiles on the territory of Ukraine is
DSTU-N B V.2.6-87: 2009 "Design of structures using steel thin-walled profiles". Despite the
obvious advantages in using Light steel thin-walled structures profiles [5], there are also a number of
operational disadvantages. The main disadvantage is the violation of the comfortable microclimate
in the premises, which occurs due to the presence of numerous heat-conducting inclusions in the outer
shells, the so-called "cold bridges". The formation of moisture is observed in the locations of the
profiles, leading to the appearance of mold fungi. To a large extent, heat-conducting inclusions during
the heating season lead to external heat losses, which directly affect the public utility services
payment during the heating season [6].

As for the proportion of wooden houses in the structure of individual and cottage housing,
according to various estimates, it makes from 5 to 20%. In retrospect of the last five years, positive
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dynamics can be observed. The Ukrainian market of wooden housing construction is promising, since
today the ratio of products sold can be estimated as 70% - domestic and 30% - foreign.

In relation to the geography of demand, the regional specificity of the consumption of wooden
houses is certainly evident. The most active are Kiev and Kiev region, 80% of all projects being
implemented are concentrated there. Also traditionally active are the Carpathians, Zakarpatska
Oblast, where the greatest demand for rounded wood is concentrated. In Donetsk, Kharkov and
Dnepropetrovsk regions, glued laminated timber is gaining more and more popularity. Also, there
was a demand for wooden houses of all types on the South Coast of the Crimea, in Odessa region [7].

At the same time, wooden walls made of simple timber or logs do not meet modern
requirements for heat insulation, which causes large heat losses during operation and, accordingly,
high heating costs.

Planning solutions based on small spans, which is provided by a simple wooden beam also do
not meet comfort requirements. Expansion of premises (based on increasing the spans), ensuring
energy efficiency of the enclosing structures and fire safety of the whole house are today the most
important problems in design and building of low-rise wooden house construction.

The combination of the above-mentioned factors ensures the minimum energy consumption of
the building, while the key factors increasing the energy-efficiency of shells in buildings and
structures are thermal resistance growth of its structural elements and reduction in numbers of heat
bridges. The solution of these problems is now more urgent than ever and requires the elaboration of
measures to solve it.

Evaluating the possibility of using one or another constructive and technological solution,
customers are generally inherent in some conservatism and even inertness in the choice of
technologies and materials. Therefore, the argumentation of technical and economic indicators of
solutions based on multi-criteria analysis method [8], will determine the most rational option for a
mini-hotel construction. For this purpose, using the example of designing a mini-hotel "Dubovaya
Roshcha", a method of factor evaluation in selection of a rational constructive and technological
solution has been developed.

The purpose of this article is to consider the selection of constructive and technological
solution for the mini-hotels construction by reasoning based on the factor evaluation.

Materials and research methods. Considering the development applicability of producing
molded sections from galvanized steel and wooden structures in Ukraine and Moldova over the past
decade.

Light steel thin-walled structures and wooden structures have become an alternative to the use
of structures such as reinforced concrete, brick, sawn shell, acrated concrete or rolled steel due to the
significant economic effect in the above construction area due to the reduction of deadweight and
seismic loads, reduction of transport costs and installation costs, reduction terms of construction
without the use of construction machines.

The selection criteria have a multilevel approach, which involves solving numerous problems:
technical, technological, operational, economic and environmental.

The following criteria (determining the manufacturability of work) were selected in the studies
- the labor intensity and installation speed of the material with the least amount of waste, the
convenience of material cutting, transportability, installation without need of special equipment and
highly qualified workers, etc. A set of criteria such as moisture resistance, sound insulation, biological
and chemical inertness, fire resistance, maintainability, durability, environmental safety and cost were
also taken into account when making a selection.

The factor evaluation methodology included the selection of the most appropriate wall
construction material using qualitative and quantitative criteria.

The quality criteria include: a possibility of all-season installation; environmental safety; fire
safety.

Quantitative criteria include: construction cost; minimum wall thickness (excluding insulation);
frost resistance; sound insulation; construction period; lifetime; coefficient of heat conductivity.
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An individual communicative method was used in selecting alternatives and determining the
assessment of the criteria - when a single expert generates variant solutions. After that, an expert-
specialist determined the validity ratio of a particular factor by quantitative evaluation of each
criterion.

Monitoring the market of construction technologies, which are the most in demand on the
territory of Ukraine, Moldova and the CIS for mini-hotels construction, the following main materials
were preferred: ceramic bricks, wooden bricks, rounded logs, profiled and glued beams, a wooden
frame made of SIP panels, Light steel thin-walled structures.

Construction is planned on the riverbanks of Dniester in Tiraspol, on a designated area of 0.7
hectares. The project concept provides the construction of a mini-hotel consisting of 7 individual
"guest houses", with a space-planning solution of two types: Type 1 - dimensions on grid: 1-3 (10.45
m) and A-B (11.76 m) and floor height of 3.0 m (fig. 2); Type 2 - dimensions on grid: 1-2 (6.35 m)
and A-B (6.6 m) and floor height of 2.9 m, a restaurant with dimensions on grid 14.9x21.09, adult
and children's pools, gazebos, a bath complex and parking for 8 places, presented on the general
layout (Pic. 1-4).

The concept of the mini-hotel is based on a combination of features of the natural landscape
and architectural solutions that are non-standard for a suburban project. The modern architecture is
complemented by panoramic glazing, adopted from high-tech high-rise construction practice. This
will create spacious, deep interior zones without compromising the residents’ comfort (width-depth
ratio of premises is 2.00-1.63).

Flg 2 Visualization of hotel .hou'ses.projects Type 1 and Type 2 o
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Fig. 3. Space-planning solution of a hotel house Type 1: Plans of the 1st and 2nd floors
and facades 1-3 and 3-1
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Fig. 4. Restaurant plan
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Structural solutions of load-bearing external and internal walls are taken with a thickness of
200mm, partitions -100mm with panel heat-sound isolating material - AcousticWool Sonet P.

The rafter system was adopted as the load-bearing element of the roof. The roof covering is
made of Ruukki RAN-20B corrugated board. The angle of roof inclination is 25 © and 50 °.

For a preliminary analysis, based on the expert estimation of available technical information, a
table was compiled for comparing materials for the construction of the frame of "hotel" houses
according to the selected criteria (table 1).

The first stage of the analysis is ranking according to the importance degree of wall construction
materials, based on the information presented in the Table 1. Criteria 1 and 2 are not significant when
choosing materials, because the 1% criterion becomes the same for all materials when using additional
measures (antifreeze additives), and the 2" one is the same for all options, therefore, they may not be
taken into consideration in the construction of analytical diagrams. The third and fifth criteria were
converted from qualitative indicators into quantitative ones, by assigning them points from 1 to 5.

The quantitative evaluation of indicators was carried out by means of expert method based on
the available technical and reference documentation analysis [9-15].

All criteria are reduced to a single point system, depending on the weight coefficient, adopted
from 0.1 to 1. Evaluation of structural and technological solutions by quantitative criteria is carried
out on a five-point scale, where 1 and 5 points are assigned to the minimum and maximum values,
respectively. The rest of points were calculated by means of interpolation and are presented in the
Table 1.

Thus, according to the criteria evaluation data, the highest number of points was taken by the
building technology of CLT-panel - 42.2 points, the least number - the building technology of the
rounded timber - 28.15 points.

Analysis of the criteria made it possible to single out constructive and technological solutions
of rounded timber and ceramic bricks. Both materials have the greatest strength, labor intensity and
walls construction period of a "hotel" house of Type 1. At the same time, these two solutions have
the lowest resistance to heat loss among all, which is a key criterion for energy efficiency.

Table 1
Multi-criteria evaluation of constructive and technological solutions
Name of design and technology solution of building frame assembly
o = 1
B g — ,:E ©n
.. . ) g — w2 s - Q
Decision Evaluation = = 2 €S _ 2
Criteria E 5 g 22| = 5 3 ié
2 b5 S < o 22 2 g 5
8 T~ ko] <L = g e < 9" - 3
= | 52| B T | 2E2| £ | 5 | B3
.5 Rl
S 2 & = £ £IEZ| @ o | O%
1 2 3 4 5 6 7 8 9
Possibility of all-season n
installation 0 yes yes yes yes yes yes yes
Number of points, K=0,3 0,6 1,5 1,5 1,5 1,5 1,5 1,5 1,5
Ecological safety yes yes yes yes yes yes yes yes
Number of points, K=1 5 5 5 5 5 5 5 5
1 2 3 4 5 6 7 8 9
Fire safety high low low low middle | low |middle | high
Number of points, K=0,9 4.5 0,9 0,9 0,9 2,7 0,9 2,7 4.5
Dampness, % 0,5 12-18 8-10 12-20 9-10 12 12 0
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Number of points, K=0,6 3 0,9 2.4 0,6 2.4 1,8 1,8 3
less less
Bio-exposure no exli(())sed no exposed| exposed| no no no
to to
Number of points, K=0,5 0,5 0,5 2,5 1,5 1,5 2,5 2,5 2,5
nggfgfvﬁy w /(()rt;l* Co)heat 047 | 023 | 018 | 018 01 | 004 0’0(3;33‘ 0,045
Number of points, K=1 1 2,5 3 3 4 5 4 4,5
Lifetime, years 80 100 100 100 100 o 60 over 50 | 50
Number of points, K=0,8 32 4 4 4 4 2.4 1,6 1,6
Labour Effort of
construction project 65.75 51,9 25,58 36,43 35,38 29,25 18,21 48,41
Type 1, resource days
Number of points, K=0,9 1,8 2,25 4,05 3,15 3,15 3,6 4,5 2,7
wihanassotsmiams | 1|0 | 4 | 6 | 6 | s |5 |8
Number of points, K=1 2 2,5 4.5 3,5 3,5 4 5 3
. . . more not less not less
Fire resistance, min than 300 15 45 45 t{lza(l)l 60 90-150 than 45
Number of points, K=0,9 4,5 0,9 1,8 1,8 3,6 2,7 3,6 1,8
Noise isolation, dBA 60 36 40 33 60 44 42 60
Number of points, K=0,7 35 2,1 2.4 1,8 3,5 2,8 2,6 35
val tit;ﬁ,cﬁless without |45 1 06 0.4 0,56 04 | 022 |0,06-0.5 0,15
Number of points, K=0,4 0,4 0,8 1,2 0,8 1,2 1,6 1,6 2
fd‘i,“alpressm resistance, | 30| 3745 | 2730 22 27 | 1822 24 | 23
Number of points, K=0,5 2,0 2,5 1,8 0,8 1,5 0,5 1,3 1,1
rl\f;ferial consumption, | 518 | 48,12 | 44, 442 | 17,075 | 164 | 12,52 | 13,28
Number of points, K=0,9 0,9 1,8 2,25 2,25 2,7 3,15 4,5 3,6
Total points 32,9 28,15 33,41 30,6 40,25 37,45 42,2 40,3

Source: development by the authors according to sources [9-15].

It is also worth noting that the constructive and technological solution from a profiled bar is the
most labor-consuming option, and has the least fire safety and strength.

Timber bricks and glued laminated timber have good heat conductivity and durability, but their
construction time is longer than CLT or SIP buildings.

As can be seen from Table 1, the Light steel thin-walled structures solution is inferior to the
CLT-panel wooden frame solution in terms of labor intensity, duration of work and material
consumption.
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In addition, I would like to note a number of criteria that play an important role in selecting a
constructive solution. The usage of a CLT-panel or SIP-panel, Light steel thin-walled structures
thermal profile is justified by the low weight of metal structures and their good bearing capacity, easy
processing, minimal values of foundation load, as well as processability and absence of necessity to
lift equipment.

And the disadvantages of the CLT-panel can be solved by additional measures. For example,
the effect of heat bridges can be reduced by using external insulation systems with vinyl siding, which
was taken into account when designing this project. Increasing the fire resistance of a CLT panel is
provided by one of the following ways: spraying and painting with various fire-resistant materials;
Internal cladding with GKL sheets. The need for mandatory installation of a windbreak and a vapor
barrier will ensure that the building is tight against wind, air and vapor migration through the
structure, which significantly affects energy consumption, ventilation and indoor comfort.

Conclusions and offers. Due to the multi-criteria analysis method of structural and
technological solutions in the main parameters, it was determined that a significant economic effect
achieved by reducing the loads from the dead weight of structures, reducing transport and installation
costs, reducing construction period without usage of heavy equipment, allows: firstly, to validate the
design solution for the "Dubovaya Roshcha" mini-hotel construction, and secondly, further
prospective development of this industry. The technology of wooden housing construction opens up
the opportunities for solving issues related to the construction of comfortable, budgetary energy-
efficient buildings. Despite the fact that at the present the majority give preference to houses made of
brick, aerated concrete or panels, world practice and factorial assessment of this study indicate that
innovative technologies, which include CLT-panels, SIP-panels, Light steel thin-walled structures
heat profile, bring undeniable benefits in the budget construction segment.
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AHoTAalis.

VY craTTi po3rasHYTI 0COOIUBOCTI Ta EpeBary, iIHHOBAI[IHHUX KOHCTPYKTUBHO-TEXHOJIOTTYHUX
pilieHs B OyIBHHUIITBI MIHI-TOTEJIIB B paMKaxX PO3BUTKY €KO-Typu3My. HaBemeHo mociimKeHHs
OCHOBHUX TIOTEHI[IaiB PO3BUTKY BHYTPIITHHOTO €KO-Typu3My B YKpaiHi Ta MonaoBi, Ha mpuKIaii
M Tupacnonss, MongoBa. Po3kpuBaroTbcs TpOOJIEMH €HEPro- Ta Pecypco30epeKeHHs.
OxapakTepu3oBaHi 00'€eMHO-TUIAaHYBaJIbHI Ta KOHCTPYKTHBHI OCOOJIMBOCTI MPOEKTY TYPHUCTUUYHOTO
KoMrIuiekcy «JlyooBuii rait» B M Tupacmnosb, Monmosa.

OOrpyHTOBaHO HEOOXIHICTh 3aCTOCYBaHHS METOJIMKH 0araTOKpUTEPiaTbHOTO aHaIli3y OLIHKU
MIPU ONTHUMI3aIlli KOHCTPYKTUBHO-TEXHOJIOTYHUX PIIICHb 3BEJICHHS KapKaca TOTEIbHUX OyTNHOYKIB
Tunl 1 Tun 2 3 ypaxyBaHHSM €HEpProe(eKTHUBHOCTI Ta BUKOPHCTAHHS €KOJOTIYHUX MaTepiaiiB.
[IpencraBneni pe3yiabTaTH ONTHUMI3aIlli KOHCTPYKTUBHO-TEXHOJIOTIYHUX PIlICHb. Y JOCIIIKECHHI
Oynu BHIIJIEHI OCHOBHI KpHTEpii, IO BIUIMBAIOTh Ha BUOIP apXiTEKTYPHO-TUIAHYBAIBHUX 1
KOHCTPYKTHBHO-TEXHOJIOTIUHUX pIIIEHb 3BEIEHHSA Kapkaca: KUIbKICHI Ta skicHI. [[o sKicHUX
KPUTEPIiB BIAHOCATHCS: MOKIIMBICTh BCECE30HHOTO MOHTaXY; €KOJIOTIYHICTh; MOKEKHA Oe3MeKa.

J1o KITBKICHUX KPUTEPIiB HAJIEKaTh: BOJIOTICTh; MiHIMaJbHa TOBIIMHA CTiHU (0€3 ypaxyBaHHS
yTEIIIOBaya); IIYMOI30JSIis; TPYAOMICTKICTh Ta TPUBATIICTh OYIIBHHUIITBA; JOBIOBIUHICTE;
koedimieHnT TemonpoBimHOCTI. [IpemcraBieHO METOAWMKY OaraTOKpUTEpiadbHOTO — aHAIIZY
KOHCTPYKTHBHO-TEXHOJIOTIYHUX PIIICHb, 3aCHOBAHOI Ha (h)aKTOPHOI OIIHII BapiaHTIB BUPIIICHHS
3BEJICHHSI MAJIOTIOBEPXOBUX OY/iBeNb. Y MOCIHIKEHHI OyJIn BUAICHI OCHOBHI KpUTEPIi Ta 3HAYNUMI
Koe(illi€HTH, M0 BIUTUBAIOTH HA BUOIp OYAiBETHHIX KOHCTPYKIIIH.

[Ipu BimOopi anbTEepHATHMB 1 BHU3HAYEHHS OIIHKK KPUTEPIiB BUKOPHUCTOBYBABCS
KOMYHIKaTUBHUH 1HIUBITyaJTbHUI METO/] - KOJIM BapiaHTH pillieHb F'eHepy€e €TUHHUIA eKCIIEepT.
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Ha miacraBi manux oriHkH (hakTopiB, 32 5-TH 0aabHOIO IIKAJIOK, HAHOUIBITY KUIBKICTH OalliB
HaOpasa TexHosoris 3 CLT-naneni - 42,2 6ana, HaliMEHIIIE - OMMIIHAPOBAHOT Kooy -28,15 Gaiis.,
1€ CBIAYUTH TIPO T€, IO OUIBIIICTh MOKA3HUKIB MMOKa3ye Halkpaili nadi pimenns 3 CLT-nmanenei.

3anporoHoBaHo criocobu BupimeHHs HenonikiB CLT-maneni, Takux K yTBOPEHHS TETIOBUX
MOCTHKIB MOXJIMBO 3MEHIIUTH TPU BUKOPUCTAHHI 30BHIIIHIX CHCTEM YTEIJICHHS 3 00pPOOKOIO
BIHIJIOBHM CaiJIMHTOM; 3a0€3MeUEHHS T€PMETHYHOCTI OY/IIBJII TIO BIIHOMIEHHIO JIO BITPY, /10 MOBITPS
1 go wirpamii mapa uepe3 KOHCTPYKIIIO - OOOB'SI3KOBUM MOHTQ)XXEM BITPO3aXHCTy 1
MapOHETIPOHUKHOTO  Oap'epy TMOKpiBii; MiABUINEHHS Mexi BorHecrtiikocti CLT-manemi,
3a0e3neuyeThCsl OJHMM 13 CHOCOOIB: HamwJIeHHS 1 3a0apBiIeHHS PI3HUMH BOTHETPUBKUMU
Marepiajgamu; BHyTpilHe oonmiroBanas tuctamu ['KJIL.

Kurouosi cioBa: meranesi koncrpykiii, JICTK, nepes'sai konctpykmii, CLT-manemni, SIP-
naHei, KpuTepii OLiHKH, €KO-Oy1IBHULITBO.

O BBIBOPE KOHCTPYKTUBHO-TEXHOJIOI'MYECKOI'O PEHIEHUA
CTPOUTEJIBCTBA MUHU-OTEJIA

Jmurpuea H.B., x.T.H., 10IIEHT,

Oodeccras 20cy0apcmeennas akademus CmpoumenbCmed U apxumeknmypul
dmitrieva.nv76@gmail.com ORCID ID: 0000-0002-4828-1644
Aradonosa W.II., crapumii npenoiaBaTenb,

benoepcruii punuan ITI'Y um. T.I'.1llesuenxo

barkaririna@bk.ru ORCID ID: 0000-0003-4330-2642

Tyroaykos 1O. C., maructpant

benoepcxuii punuan IHIT'Y um. T.I'.Illesuenxo

zvezdastolicy@gmail.com ORCID ID: 0000-0002-3679-5955

AHHoTaumsA. B cratbe paccMOTpeHbl OCOOCHHOCTH M MPEUMYLIECTBA, MHHOBAI[MOHHBIX
KOHCTPYKTUBHO-TEXHOJIOTHYECKUX PEIICHUH B CTPOUTEIHCTBE MUHHU-OTENEW B paMKaxX pa3BUTHUS
9Ko-Typu3Ma. [IpuBeneHbl HCCIEAOBAaHNUS OCHOBHBIX IOTEHLIMAJIOB Pa3BUTHUS BHYTPEHHETO 3KO-
Typu3Ma B YkpanHe u Momgose, Ha mpumepe T. Tupacnonb, MongoBa. PackpsiBatoTcst mpoOeMbl
SHEpro- u pecypcocoepexerus. OxapakTepu3oBaHbl 00bEMHO-TIAHUPOBOYHBIE U KOHCTPYKTUBHBIC
0COOEHHOCTH MPOEKTa TYPUCTHIECKOTO KoMILiekca «J[yooBas pomay B . Tupacnosb, Momnnosa.

O6ocHoBaHa HEOOXOIUMOCTh TPUMEHEHHS METOIMKA MHOTOKPUTEPUATIBHOTO aHAJIM3a OLIEHKU
P ONTUMHU3ALUN KOHCTPYKTUBHO-TEXHOJOTHUYECKHUX PEIIEHUI BO3BECHUS KapKaca TOCTHHUYHBIX
nomMukoB Tunl u Tum 2 ¢ yyeTroM 5HEprodpQPeKTUBHOCTH M HCIIOIB30BAHHS 3KOJOTHMUYECKUX
matepuainoB. IlpencraBieHa MeToAMKa MHOTOKPUTEPHAIBHOTO —aHaliM3a KOHCTPYKTHBHO-
TEXHOJIOTUYECKUX PELICHUH, OCHOBaHas Ha ()aKTOPHOW OIICHKE BAapHUAHTOB pEIIECHUS BO3BEICHUS
MaJodTaXHbIX 37aHuil. [Ipu oTOOpe anbTepHATHUB U ONIpeieTICHUE OLIEHKH KPUTEPUEB UCIIOIb30BAJICS
KOMMYHHKATUBHBI ~WHIWBHIYAIbHBI METOJ - KOIJIa BapHaHTHl pEIICHUH TeHepUpyer
€IMHCTBEHHBIN SKCIIEPT.

Ha ocHOBaHMM aHHBIX OLEHKH (DaKTOPOB, B 5-TH OalbHOM IIKaje, HauOOJbIIee KOJTUIECTBO
OammoB HaOpana texHomorus ¢ CLT-manenu - 42,2 6anna, MEHBIIE - OMUIUHAPOBAHHOE OPEBHO -
28,15 GanoB. DTO CBUAETENBCTBYET O TOM, YTO OOJBIIMHCTBO MOKa3aTeJel MOKa3bIBAET JIyUIlIne
nannbie pemienus no CLT-naneneil.

KuroueBrble ciioBa: Merauinyeckue kouerpykund, JICTK, nepeBsnuble koncTpykuuu, CLT-
nanenu, SIP-nanenu, KpUTEPUU OLEHKH, IKO-CTPOUTEITHCTBO
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Anorauis. [IpencraBneHi ekcriepuMeHTaIbHI JaHl MIITHOCTI1, POTHHIB Ta YTBOPEHHS TPIIIHH
y OeroHHuxX Oanmkax 3i craieBoio i1 OaszamproruiactukoBoio (BFRP) apmaryporo 3 po3mipamu
2000x200x100MM 3a fii CTaTUYHOTO 1 MAJIOIMKIOBOTO MOBTOPHOTO HaBaHTa)XeHHs. Pe3ymbratn
JOCHIKEHb OCHOBHHX IapaMeTpiB Mpane3laTHOCTI JOCHIAHUX €JIEMEHTIB MOJAaHI y BHIIAII
BIIMOBIIHUX ~ €KCIEPUMEHTAIBHO-CTATUCTUYHUX  3aJIEKHOCTEH 3a il  eKCcIuTyaTalliiHoTro 1
PYHHIBHOTO HAaBaHTAXEHb MpPU OJHAKOBHX KOHCTPYKTHBHMX UMHHHMKAax. 3a JOIOMOTOIO
CTOXaCTUYHOTO Ta rpadiYHOT0 aHATI3Y OI[IHEHUH BIUIMB BUJTY apMATypH 1 KOHCTPYKTUBHUX (haKTOPiB
Ha MILHICHI Ta 1eOpMaTUBHI XapaKTEPUCTUKHU, a TAKOXK HA TPIIIMHOCTIHKICTh €KCIIEPUMEHTATbHUX
3pa3KiB — OajoK.

KawuoBi caoBa: crameBa 1 0OasanmpromactukoBa (BFRP) apmarypa, MinHICTb,
nedOpMaTUBHICTD Ta TPIIMHOCTIMKICTD OAIOK, CTATUYHE 1 MAJIOIMKIIOBE HABAHTAKCHHSI.

Beryn. T'enepanphoro Acambieetro OOH y 2000 pomi Oynu mpudHSATI LTI PO3BUTKY
tucsaoinitts (LIPT) no 2015 poxy. Ockinbku kpainu, siki npuiiasiau [Iporpamy LIPT, BusHamm ii
Oe3repeyHuil ycrix Ta HeoOX1JHICTh MPUUHSTTS HOBOTO MOPAJIKY ICHHOTO0, Ha movyaTKy ceprHs 2015
poky 193 kpain — uwnenn OOH gocsrian KoHCEHCYCy MO MiICYMKOBOMY TOKyMeHTY «llepeTBopeHHs
Hammoro cBiTy: [lopsnok neHHuid B ramysi cTajioro po3BUTKY Ha mepioa 10 2030 poxy», sikuii OyB
3arBepukeHnit Ha Camiti OOH 25 Bepecus 2015 poky 3 octatoyHuM (GOpMYITIOBaHHIM 17
rnobanpHuX 1ined (LICP). Cepen aux, Nel2 — 3abe3nedyeHHs palioHaJIbHUX MOJIEICH CITOKHUBaHHS
Ta BUPOOHHUITBA (CTOCOBHO OyIiBENbHUX KOHCTPYKIM — po3poOka HOBHUX 1 YIOCKOHAJECHHS
Nel3 — mpuiHATTS TEpPMIHOBHX 3axX0/iB MO OOpoTHOI 31 3MiHAMM KiiMary 1 HOro Haciiikamu
(cToCOBHO Oy/iBEbHMX KOHCTPYKIIM — HACKUIBKM MOXJIMBO, 3MEHIIMTH IIKIIJIUBl BUKHUIA
MAapHUKOBHUX ras3iB, B T.4. Byrjekucioro razy CO2, 3a paxyHOK 3aMiHH CTaJIeBOi apMaTypu Ha
HEMETaJIeBY KOMITO3UTHY 1 3MEHIIICHHS BUTPAT IIEMEHTY Ha X BUPOOHHUIITBO).

Konneniisi ctasioro po3BUTKY CBITOBOI CHUIBHOTH TMOSIBHIJIACS B IPOILECi 00 €IHAHHS TPhOX
OCHOBHHX TOYOK 30pY: €KOHOMIYHOI, COIlIaJIbHOI Ta eKoJIoriuHOi. BoHa mepenbauae mpuiAHATTS
3aX0[iB, HANpaBICHUX Ha ONTHMaJbHE BHKOPHCTAHHSI OOMEKEHHX PECypCiB Ta 3acCTOCYBAaHHS
€KOJIOTIYHUX TMPUPOJO-, CEHepro- 1 maTepiaio3Oepiralounx TEXHOJIOTIH Ha 3a0e3MeueHHs
CTaOIBbHOCTI COLIATBHUX 1 KYJIBTYPHHX CHCTEM, a TaKOX LUIICHOCTI OioJoriyHUX 1 (i3UMYHHX
HIPUPOJHUX CUCTEM.
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Kpainu €Bponeiicbkoro Coro3y B rpyani 2019 poky B bprocceni Bu3Haumim 6 npiopuTeTiB
CTaJIOr0 PO3BHUTKY (€BpOMEHCHKY 3eleHy yroay). B €BponelickkoMy 3aK0H1 Tpo KJIiMaT 3aKpirieHa
IUJTb JJOCSATHEHHS KJIIMaTHYHOI HelTpansHOoCcTi TepuTtopii 10 2050 poky, a 10 2030 poky - 3SMEHIIUTH
UIKIJUIUB1 BUKU]IH, SIK MiHIMYM, Ha 50%. [Ipu upomy, y 2016 poui Oyna nmpuitasra [lapusbka yrona
PO 3HIKEHHS BUKHIB Byriiekuciaoro razy CO2 Ha OJMHMIIIO BaJIOBOTO BHYTPIIIHBOTO MPOAYKTY, a
TaKOX TepecTaTH BUPOOIATH ByrieneBy ctanb 10 2030 poky.

OnHuM 13 HaPSAMKIB BUPILIEHHS 11i€] TpoOiaeMu € 301IbIIeHHs BUKOPUCTAHHS 0a3abTOBOTO
BojokHa 1 apmatrypu (BFRP) m©Ha i#oro ocHOBI y OymiBHUIITBI, 1HQPACTPYKTYPI,
¢bynnamenToOy1yBaHHI, K€ 3yMOBJIEHE ii €KOJIOTTYHUMHU BIACTUBOCTSMHU, BACOKUMHU MEXaHIYHUMHU
BrnactuBocTssMu. BFRP Mae yHikaybHI TEXHIUHI XapaKTEpUCTUKH: BOHA Maibke y 3 pas3u MilHIIIa 3a
cTajeBy apMarypy i B 7-9 pasiB yerma mnpu piBHOMIIHINA 3aMiHi. BoHa Mae BUCOKY KOpO3iiiHY
CTIHKICTB, TapHI1 Mi€JEKTPUYHI Ta liaMarHiTHI BiacTuBocTi. BoHa 1o 30% € nemeBmioro Bij cTaaeBoi
apMaTypH IpH PIBHOMIIIHIH 3aMiHi, a i BApOOHUIITBO y MOPIBHSHHI 31 CTaJICBOIO € MEHIII IIKIJIUBUM,
0COOIMBO B YaCTHUHI BUIIB ByTiiekucioro razy COa.

Buknaziene BHILe MiIKPECTIOE aKTyalbHICTh JaHOT pOOOTH.

AHaJji3 JiTepaTypHuX JaHUX. BuaijieHHs Hepo3B’SI3HMX paHille YaCcTHH 3arajibHol
npooaemMu.

YV uumaanx Hopmax 1 PexomeHpallisix Mo NpPOEKTYBaHHIO KOHCTPYKIII HEMETalIeBOIO
koMmmo3utHo apmaryporo (FRP), pospobnenmx y CIIA [1], Kawmami [2], Amownii [3],
BenukoOpuranii [4], Itamii [5] mpoTsirom ocTtanHiX 24 poOKiB, BUKOPHUCTAaHI OCHOBHI MPHHIIUIH 1
METOAM PO3PAaXyHKY Ta TNPOEKTYBaHHS OETOHHUX KOHCTPYKIIM 31 CTaJieBOI0 apMaryporo. Y
BiTun3HsHIM HactanoBi [6] 1 momatky JI mo pociiicekux CII [7], sikiii BBa)XKarOThCS MPOEKTAMH
MmaiiOyTHix HopwMm, 30epeskeHuil Takuii sxe miaxia 3 ypaxyBaHHAM JiHiHOTO AedopmyBanus FRP.

OcobmuBocTi neopMyBaHHS, TPINIMHOYTBOPEHHS 1 pyHHYBaHHS OCTOHHUX KOHCTPYKIIH 3
FRP B ykazaHux HOpMax MPOTMIOHYETHCS YPAaXOBYBATH IUISIXY BBEJCHHS YTOUYHIOIOUUX MTOHIKYIOUHX
Koe(irieHTiB yMOB poOOTH 1 HOpMYBaHHSIM TEXHIYHHMX XapaKTEPUCTUKA MaTepialiB. KOHCTpyKTHBHI
BUMOTH 10 TaKMX KOHCTPYKI[I € TakoX [eII0 3aHWKEHUMH Y TOpPIBHSHHI 3 OETOHHUMU
KOHCTPYKITISIMH 31 CTAJICBOIO apMaTypoIo.

IIpuy wupomy, OLIBII YHOPMOBAaHMMH SIBJSIIOTHCS TMHTAHHS 31 CKJIO-, OpraHo- Ta
BYIJICIUIACTUKOBOIO apMaTyporo. YHopMyBaHHs 3actocyBaHHs BFRP y OymiBHULTBI TiabKH
PO3MOYUHAETHCS.

AHaJi3 pe3ylNbTaTiB  eKCHEPUMEHTANBHUX JOCTIIHKeHb XIMIYHOT CTIAKOCTI, (hi3MKO-
MEXaHIYHUX BJIACTHUBOCTEH, BUKOPUCTAHHS Ha MPAKTHUIIl KOMIO3UTHOI apMaTypH J1I0Ka3ye OUEBUAHY
nominbHICTE 3actocyBaHHss BFRP y pizaux cdepax OymiBHHIITBA 3a arpeCMBHOI Jii OTOYYHOYOTO
CEepEeIOBHIIA, a TAKOX HA BOEHHHUX 1 MEIUYHHUX 00’ €KTaX CHEIiaIbHOTO MPU3HAYCHHS 3 OCOOTMBUMU
BUMOTaMHU.

[TopiBHSIHHS pPE3yNbTaTiB EKCIEPUMEHTAIbHUX JOCTIDKEHb 3 PO3PAaXyHKOBUMHU JAHUMHU
MIIIHOCTI OE€TOHHUX KOHCTPYKIliK, apmoBanux BFRP, oOuucnenux 3rigHO peKoMeHmaIii
BITYM3HIHUX 1 3apyOikHuUX Hopm [1-7] Ta aBTOpCHKMX MPOMO3MIIN, MOKa3ajJ0 HAATO BEIMKY iX
po306ixkHICcTh [8]. XapakTepHOI pHUCOI0 abCOMIOTHOI OUTBIIOCTI HAassBHUX MyOsikamiit [10-24] mo
JAaHOMY IUTAHHIO € BHUCBITICHHS HAIPYXEHO-Ie(OPMOBAHOIO CTaHy Ta po3paxyHok 3a I Ta II
rpynaMy T'paHMYHUX CTaHIB caMe HOPMAaJIbHUX Tepepi3iB 0eTOHHUX KOHCTPYKIii 3 FRP. BuBuennto
Ta PO3paxyHKY MILHOCTI IXHIX MOXUJIMX Mepepi3iB MPUCBsIUEHI TUIbKH AesKi 3 Hux [1-7, 9, 10, 18,20].

Merta cTaTTi — eKClIEpUMEHTAIbHE BUBUCHHSI OCHOBHHX ITapaMeTPiB Mparie3aaTHOCTI 0ETOHHUX
3pa3kiB 0aok 3 0a3aJbTOIIACTUKOBOIO apMaTypOI0 Ta CTBOPEHHs 00’ €KTHBHOI 0a3u JaHUX IS
BJIOCKOHAJICHHSI ICHYIOUHMX 1 PO3pOOKM HOBHX METOJIB PO3paxyHKy HECY4oi 3[aTHOCTI iXHIX
MPUOTIOPHUX 1 MPOJBOTHUX IUIIHOK 3a 000Ma TpynamMH T'paHMYHUX CTaHiB MPU CTAaTUYHOMY 1
MaJIOLUKIOBOMY BaHTa)KEHHSX.
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3aBaaHHA JOCTIIKeHb:

- EKCIIEPUMEHTAIIBHO TOCTIANTH Ae(OPMAaTUBHICTD, TPILIMHOCTIMKICTD Ta MIITHICTh OETOHHHUX
6asiok 3 BFRP nipu ctatTnaHOMY 1 MaJIOIIMKIOBOMY iX HaBaHTa)KEHHI 3a TEOPIEIO TJIaHyBaHHS;

- OTpUMATH  EKCIEPUMEHTAJbHO-CTATUCTUYHI  3aJIS)KHOCTI  OCHOBHHMX  IapameTpiB
Mpane3/1aTHOCTI BKA3aHMX €JEMEHTIB BiJl JOCTIIHUX KOHCTPYKTHBHUX YHHHHKIB Ta (aKTopy
HABaHTA)XCHHS,

- BUKOHATH TOPIBHAJIBHUAN aHATI3 HECY4oi 3aTHOCTI OeToHHUX Oanok, apmoBaHux BFRP i
CTaJIeBOI0 apMaTypol, Ta OIIHWUTH BIJIMB HAa HEl SK BUIYy apMyBaHHs, TaK OCHOBHHX
KOHCTPYKTUBHUX YMHHUKIB Ta ()aKTOPY HaBaHTAKEHHSI.

MeToanka nNpoBe/ieHHs eKCIePUMEHTIB

Jy1s1 BUKOHAHHSI TIOCTABJICHHUX 3aBJaHb JOCIIDKEHb OyJIK peanri3oBaHi YOTUPH cepii HAaTypHUX
exkciepumentiB. Y mnepmiii cepii, ACJ] (K.AnOy-lO.Cromina- /I./lanuneHko), BUIIPOOOBYBAIN
3aJ11300€TOHH1 0aJTKK Ha CTYIIEHEBO 3pOCTar0de cTaTuyHe HaBaHTakeHHs. Y apyrii, C (F0. Cromina),
cepii JociiKyBay 3a1i300€TOHHI OalKU Ha AIF0 Majo IMKJIOBOTO MOBTOPHOTO HABAHTAXKCHHS 1
BTOMHEe pyWHyBaHHs. Y Ttpetiid, L[ (LlemikoBa), cepii mMpoOBOIWIN EKCIIEPUMEHTH 3 OCTOHHUMHU
Oanmkamu, apmoBanumu BFRP, Ha fito craTnyHOro HaBaHTa)XeHHs, a B 4eTBepTii, X (A. Xymnoouu),
cepii aHajoriyHi 6a3abTOOCTOHHI OAJIKK BUIIPOOYBAIN HAa MaJIO IIUKIJIOBE MOBTOPHE HABAaHTAKEHHS
1 BTOMHE pyHHYBaHHSI.

CuHcTeMHICTh KOMITJIEKCHOTO MAXO0/1Y B MPOBEACHUX EKCIIEPUMEHTaX 3aKIItoyaiacs B TOMY, 10
BC1 JIOCTI/IHI 3pa3Ku — OalIKy Majii OJIMHAKOBI PO3MIpH, KJIacu OETOHIB Ta noaioHe apMyBaHHA. Bonu
Oynu BUTOTOBJICHI 3a OJHMM 1 THM e miaHoM bokca B3. Jlocmigai ¢akTtopu (KOHCTPYKTHBHI
YMHHUKY) BapilOBaJMCh HA TPhOX PIBHAX: X| — BEJIMYMHA BiAHOCHOI BijJami BiJl HOIpPH [0
30cepeKeHol cuiu (IponboTy 3pizy), a’ho=1, 2, 3 ae ho=d=175mm; X, — knacy G6erony, C, Mlla,
C16/20, C30/35, C40/50; X3- koedimienTa nmonepednoro apmyBanHs, prw(AKB-800)=0,0029; 0,0065;
0,0115 gnsa 6eronnmx Oanok 3 BFRP ta psw(Bpl)=0,0016; 0,0027; 0,0044 nyis 3ami300€TOHHUX
eJIeMeHTIB. BepXHe 1 HIKHE TMO3J0BKHE apMyBaHHS € OJHaKOBUM mpu pi=p1s=0,0176 B Oankax 3
BFRP i craneBoro apmaryporo. Po3paxyHnkoBuii nposit 6anok gopiBHOBaB Lo=9ho=1575mmMm, a ixHs
mmpuHa b=100Mmm.

Kosxen HaTypHU €KCIIEpUMEHT MO cepisix OyB MpoayOJbOBaHWM aHAJIOTIYHUM 3pa3KoM -
6ankoro. EkcriepuMenTanpHi 3pa3ku-0anku Oyiu apMoBaHi ABOMaA INIOCKUMH Kapkacamu. Bonu Oyiu
BUTOTOBJICHI 3 BaXKOT0 OCTOHY Ha TpaHITHOMY mieOeHi ¢pakimiii 5-10MM 1 KBapIioBOMYy TICKY 3
MonyneMm kpymHocti 1,5. B’sokyde — moptinanauement mapku 500 6e3 mo0aBok. 3a JOIMOMOTOIO
KoMIuiekcHoi 106aBku Penakcon-Cymnep M (1% Binx Baru neMeHTy) MOJIETIIyBaiu JETKOYKIaIHICTh
OETOHHOT CyMillli Ta MPUCKOPIOBAIIM TEPMiHU HAOOpy MIITHOCTI OETOHY.

BunajieHHst 0CHOBHOTO MaTepiaJy i pe3yJbTraTn

Xapakrep aedopmariii, yrBOpeHHs TPILIMH Ta pyWHYBaHHS EKCIEPUMEHTAIbHUX OETOHHUX
6anok 3 BFRP i cTtaneBoro apmaTyporo BiZIIIOBIIaB paBuIaM Oy/IBEIbHOI MEXaHIKH 1 HOrO MOYKHA
Oyno nepeabauntu. CriouaTKy YTBOPIOBAIHMCA HOPMaJIbHI TPIIIIMHYU B 30H1 YUUCTOTO 3TUHY. Jlani BOoHU
PO3BHBAIKCS TI0 BHCOTI OAJIOK 1 pO3IMINPIOBAIIACS, TOSBIISIIUCS HOBI TPIIMHM Y 1[I 30HI, a TAKOX
MOXWJII — Ha NPHONMOPHHUX MIUISHKAaX. 3 POCTOM HAaBAaHTa)KEHHS HOPMAJbHI 1 MOXWJ TPILIMHU
po3BuBanucs. [Ipu 1boMy, MOXWIII, TPIIUHU JOCATAIHM OLIBIIOI IIMPUHU 1 pyHHYBaHHSA Oanok
BiOyBaJIOCS caMe Ha MPUOMIOPHUX JUISHKAX 110 LUX TPIIIMHAX.

OTpumaHi eKCTIEpUMEHTAJIBHI JaHi OyJIM BIAMOBITHMM YHHOM OIpaIlbOBaHi 32 KOMIT FOTEPHOIO
nporpamoro COMPEX, Buny4eHi He3HaUUMi Ta epepaxoBaHi Ti KOSQIIIEHTH, 110 3aTUILMINACA 1, SIK
HACHIiJOK, BHBEICHI aJCKBaTHI  CEKCIIEPUMEHTAJIbHO-CTATHCTHYHI  3aJEKHOCTI  MIITHOCTI,
TPIILMHOCTIMKOCTI Ta eOPMATUBHOCTI TOCITIIHUX €JIEMEHTIB IO CepisiX.

Miynicmes (Hecyua 30amuicms) 00CHIOHUX e/leMeHmis.

Moxe OyTu oxapakTepru30BaHa HACTYITHUMH 3aJI€KHOCTSIMH Ta puc. 1:

Y(V,s) = 98 — 41x; + 12x, + 6x3 + 16x2 — 7x3 — 5%% — 7%;%,, KH, U = 5,1%; (1)
Y(V,7) = 90 — 36x; + 10x; + 7x5 + 18x% — 6x% — 6x3 — 8x;%,, kH,U = 5,1%;  (2)
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He I/7.1.5’

cyc
Vufl 9 Vu_fz -

(ctop. 37-47)

Y(Vyus1) = 51,8 — 30,1x; + 11,8x, + 5,5x3 + 15,9x% — 5,5%% — 2,3x% — 10,6x,x, —

4,8x,%3,KH, U = 5,0%;

Y((V7) = 44,3 = 27,0x; + 10,4, + 4,53 + 17,3x — 4,0x5 — 2,4x5 —

2,9x,x3,kH, U = 5,5%,

)

10,2x,x, —

4

cyc v . . .
V2 — pyiinyroua momepedyHa cuna, BiINOBiZHO, NPHM CTATHYHOMY i MAIOIHKIOBOMY
MMOBTOPHOMY HaBaHTA)KEHHSIX 3aJ11300€TOHHUX OaJlok 3a [22];

pyiiHyIO4Ya TIOTIepeYHa CHJIa, BIAMOBIAHO, MPU CTAaTUYHOMY 1 MAaJOIHMKIOBOMY

MOBTOPHOMY HABaHTAXEHHSIX OeTOHHMX Oanok, apmoBaHux BFRP, mpu Tux ke 3HaueHHsX
KOHCTPYKTUBHUX YMHHUKIB.

6) a/hy=2;1,=9h,
a) po=0,0029;p , =0,0065;
V. kH AV, kH ?,S y =0, o;b?g
’:_ 1 p=175mm 100am
160 N C30/35; pse=0,0029; L o 4
140 + =0,0065; l,=9hy: b=100xm 100+ AC — —_—
120 \\\ S}jj‘:ﬂzf:O, 01 7%,' hga:I 75MM. /‘\.:? —
T ™ 801
NN =
1 ;Jg - ~_ACA jg“ T
4 =l 4
*—-_.*
60 1 \x\/u 20| ¥ X
40 1 ||_1 " “0“ u+ 1 " X%
o C16/20 C30/35 C40/50 C,mI1a
201
ll_1 " IIOII l!+1 n XL
1 2 3 a/hﬂ
B) RS T YMOBHI NO3HAYEHHS:
4 Vu, kH pk =0,0176; hy=175mm;
1204 IO JMM. ACL
X——"—= - paHi[25] no gocn.
100+ cTart. HaBaHT. 3/6eT. 6anok;
i ::_:”' G == o _
80 B— ———8 - nani[25] no pgocn.
60+ 0 UWKN. HaBaHT 3/6eT. 6anok;
40 T .#. - gocnigwn A. Llenikosoi
204 i3 ©a3/beT. cTaT. HaBaHT. bankamu;
N_1 " "0" Il+1 " X x x . .
0—0 - pocnian A. Xyaobuya i3
0'.001 8 0’0_029 0.0044 PSH(B I) Gas/BeT. uMKn. HaBaHT. Gankamu.
0,0029 0,0065 0.0115p +(AKDB-800)

Puc. 1. BimuB BiIHOCHOTO MPOJBOTY 3pi3y (@), Kinacy 6eToHy (0), KITBKOCTI MOMepeyHoi apMaTypH

(B) Ha HECYUy 3ATHICTh IPUOMIOPHUX JIIJITHOK JOCIITHUX CICMEHTIB.

Ilpocunu excnepumenmanvuux 3paskie npu excnayamayiunomy ( 1= 0.65F, ) pieni
HABAHMAIICEHHA.

MO)KYTB 6yTI/I HpGI[CTaBJIeHi HAaCTYIHUMH CKCIICPUMCHTAJIbHO-CTATUCTUIHUMU 3AJICKHOCTAMU

v(f,

nFu) = 4,5+ 0,8%x; + 0,35%, + 0,25x3 — 0,35x2 — 0,15x2 + 0,30x;x3, MM, U = 6,0%, (5)
Y(fz,) = 5,00 + 0,85%; + 0,40, + 0,25x5 — 0,405 — 0,15x5 + 0,30%,%;, MM,

U = 6,4%,

(6)

V(£ 5nr,) = 10,20 +0,91x; + 1,04x; + 0,73x; — 0,743, um, U = 5,3%, (7)
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13 SKUX BUAHO, IO MPOrWHH OeTOHHMX Oaynok, apmoBaHux BFRP, Oimbmie, HiX y 2 pasu
MEPEBUIIYIOTh TPOTUHU aHAJOTIYHUX 3a1300€TOHHUX €JIEMEHTIB 3 TAKUMHU K€ KOHCTPYKTHBHUMHU
YMHHUKAMHU 1 I0CATaIOTh, B cepelHboMY, 1/154 Bif po3paxyHKOBOI TOBXXHUHU MPOJIBOTY.
OcCkinbKM pyiHYIOYE MONEpPEYHEe HABAaHTAXKEHHS IIPU MAJIOLMKIOBOMY IIOBTOPHOMY HaBaHTaKEHHI
3MEHIIYEThCS TOPIBHSIHO 31 CTaTMYHHUM, NpUOIM3HO, Ha 14%, a nedopMaTUBHICTH CTUCHYTOTO
OeTOHY 30LIbIIYETBCS HAa TaKy >K BEIMYUHY, TO, K BHABMIIOCS, BIUIMB MaJOLHUKIOBOIO
HaBaHTAXXCHHS Ha IbOMY PiBHI HE Bi0Opa3HBCs HA MPOTHUHAX.
I'padiune BimoOpakeHHs TNPOTHHIB 0a3aJbTOOCTOHHUX 1 3aMi300€TOHHUX OaJlOK TMpH
eKCIUTyaTal[ifHOMy HaBaHTaXEHHI IPECTaBJIeHa Ha pHC. 2.
a) 0)
f,r, MM f

A nFw h nFw? MM

4
i Foy 12,01
10,01 7)? 11,01 ,L
14 : i LL.X
9,0 v g 10,01

C30/35; psw=0,0029

8,0-- p . =0,0065; 1y=9hy b=100a 9’0--
vy ~0,0176; ho=1753x a/hg=2;C30/35;1y=0h,
7.0+ 8.0+ psu=0,0029;p _ =0,006
pi=py~0,01 7§
6,01 7,01 hy=1 #s» o b=100mm.

0 et oof
3 —  AC[ C :
4,0__ " ,’—-’ 5.0+ ﬂﬁ
ﬁ{ "0" g XL I r--:':’____ s o —
1

4,01 — ACll
2 3 a/h{) ||_1 n "0" l|+1 " XZ.
1 2 3 C.mlIla
B)
A ffJ'FU’ MM N
%07 YMOBHi Mo3HaYeHHS:
1007 =%
9,01 )(-—Pﬁu‘— - AaHi [25] no goen.
8.0+ a/hy=2;C30/35; 1y=9h,; cTarT. HaeaHT. 3/6eT. Banok;
i =p1=0,0176; hg=175xm;b=100am.
7,0+ |ReTei o = B——S—— - pani [28] o Goon.
6.0+ LMKN. HaBaHT 3/6eT. Banok;
5,04+ ;__ — -_—_'::’___:*- .#. - pocnigu A. Llenikosoi
40t e e e e Y i3 6as3/0eT. cTaT. HaBaHT. bankamu,
’ ||_1 " "0" “+1" X3 R X X = B
.—. - gocnigu A. Xygo6uua i3
01.0016 0=0' 29 0,00 .4‘ psm'(BpI) 6as/6eT. ynKkn. HaBaHT. 6ankamu.
0,0029 0,0065 0,0115 Prw(AKB-800)

Puc. 2. 3anexHICT MPOTUHIB 0AJIOK MpH ekcITyaTtariiaomy (n = 0.65F,) piBHI TONEPEYHOTO
HAaBaHTAKEHHSI BiJ] BITHOCHOTO MPOTOHY 3pi3y (a), kiacy 6eToHy (0) Ta KITLKOCTI IMOMEPEUYHOT

apMaTypH (B).

Ymeopenna nopmanvnux i noxunux mpiwgun y 6azanbemodemonnux 6ankax.
XapakTepusyeTbes BIAMOBIAHUME 3aiexHOCTIME (8) 1(9) 1 rpadiuno BimoOpaxeHe Ha puc.3.

Y(Mz ;) = 3,25 4 0,98x;, + 0,14x3, kHwm, U = 5,1%; (8)
?(Vc/rf) = 20,5 —9,6%; + 3,3%, + 0,8%3 + 5,1x% — 0,5x3 — 0,6x2 — 2,4%;X,, U = 8,0%, (9)
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a) 6)
. : M . xHv V__ xH
Mmf., I\HM“ Vm,, kH arf i erf
4,00137 C30/35; po=0,0029 4.25140 I C30/351,~9%,
3 75+34 p 4,=0,065; 1;=9hy; b=100x; 4,00437 | p==0.0029;p . =0,0065
: \ oo, ~0,0176; hy=175am. o o =001 75 /

3,50431 \ : " 3,75134 | h,=175m;b=100ww. v
325428 X afli2 350131 L
3,00425 ijlk 3,25128
2,75122 - N 3,00+25 M H
250419 N 275422 / /' e K
2,25116 Hex 2,50419 /

- . e o L, X

1 2 3 alh, n_qm Qe npqn Xz,

1 2 3 CMlla
B)
M, . KHM“ N s kH

4,00437 : .

alhy=2; C30/35; l,=9h,; b=100xn; YMOBHI MO3HAYEHHS:
3,75134 | p.=p, =0,0176; hy=175nun.
3,50731 S .J—. - pocnigu A. Lienikosoi
325408 ,_.———"'—"'4 3 6a3/6eT. cTaT. HABaHT. Gankamu;

4 Vr'r."l 2 X
3,00425 @————@ X - nocnign A. Xyaobuya is

1 Ba3/BeT. UMKN. HaBaHT. Bankamu.

275122 —$M,,,. H
25019 LLX
225416

™ g el X5

0,0075 00025 00044 . (B,T)
0,0029 0,0065 0,015 P (AKB-800)

Puc. 3. 3anexuictb MOMEHTY Mpq 7 1 ONEPEHOT CUIU Vppq 2 YTBOPEHHS, BiIOBIIHO,
HOPMAJIBHUX 1 MMOXHMJIMX TPIIIUH Y TOCTITHUX 0a3aIbTOOCTOHHMX 3pa3Kax-0ajakax BiJl BETUUYUHU
IPOJIbOTY 3pi3y (), kitacy 6eToHy (0) 1 KIJIbKOCTI ONEPEYHO1 apMaTypH (B) 3a Ail CTAaTHYHOTO
(imgexc 1) 1 MamonUKIIOBOTO (1HACKC 2) MOBTOPHOTO HABAHTAKCHHSI.

Hlupuna po3kpummsa HOPMAIAbHUX MPIWUH Y OO0CTIOHUX €eMEHMAax Npu MajaoyuK1080MY
HAGAHMAIHCEHHI eKCNIIYAMaYiiiH020 PiGH .
Moske OyTu onrcana 3anexxaoctsamu (10)...(11) 1 mpencrasnena puc. 4.

Y(Ws?¢) = 0,14 + 0,02x; + 0,03%, + 0,01x5 + 0,01x% — 0,03%% + 0,01x;x3,
U = 6,2%; (10)

?(Wkﬁ; = 0,35 + 0,06x; + 0,10x, + 0,05x5 + 0,02%;x3, MM, U = 11,5%. (11)
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a) 0)
Wie MM WY MM
~
0,55+ J 0,45t /’
0,40+ 0,401
0,351 % 0,351 M
0.307 @7[c30735: po=0,0025; 0,30y a/hy=2,C30/35,1y=9hy;
0,257 P 4,=0.0065; n'g=5;hg; b=1002u; 0,25t ps=0, 0%_’3}%,:0,0065;
s—pr —~0,0176; hy=175mm. s~ PIf Us ;
0,20+ LB o o 0,20+ i;=?1{iuw;b=10[1uw,
_.—
0,15 N - = 0,15 —/",_—_r_./ B .
0,10+ 0,10+
-/
0,051 0,05t
n-1 " IIO" rl+1 " Xl‘_ "_1 " "0“ ||+ 1 " XZ,‘
1 2 3 a/h 1 2 3 C,mlla
B) W, LS mm
0,451 YMOBHI NO3HAYEHHS:
0,40+
0,35+ ._._C -—f - aaxi [25] no gocn.
LUMKN. HaBaHT 3/6eT. Banok;
0,30+ !
0.25% [ah,=2;C30/35; [,=9h, b=100au; @————® - aocnian A. Uenikosoi _
N 0,0176; hy=175x1. i3 6a3/beT. cTaT. HaBaHT. Bankamu;
f X
@————@ X - focninw A. XynoBuua is
0,151 —— - 633/BeT. UMKN. HaBaHT. Gankamu.
0,10+
0,051
II-1 " " " l|+1 n X3 o
0,0016 0,0029 0,0044 ps“(BpI)
0,0029 0,0065 0,0115 P (AKB-800)

Puc. 4. BB KOHCTPYKTUBHUX YMHHHKIB HAa IIUPUHY PO3KPUTTSI HOPMAIBHUX 1 HOXUIIUX TPILIMH
y TOCHIAHUX 3113006 TOHHUX 1 0a3a71bTOOETOHHUX OaliKax MPH CTATHYHOMY MAJIOIIUKIIOBOMY X
HaBaHTAXCHHI eKcIuTyaraliiaoro pieas (n = 0.65F).

SIK BUZIHO 13 pUC. 5, MIUPHHA PO3KPUTTA HOPMAJIbHUX TPILIUH y €KCIEPUMEHTAIBHUX 3pa3Kax MpH
eKCIUTyaTaI[iiHOMY PiBHI HAaBaHTAXEHHS HE TIEPEBUIIYE JOMYCTUMHX PiBHIB.

Hlupuna po3kpummas noOXuaux mpiiun y 00CAiOHUX 0AIKAX NPU CIMAMUYHUX | MATOUUKT0BUX
HABAHMAINICEHHAX eKCNIIYAMAYITIHO20 PIGHSL.
XapakTepu3yeTbCs CTaTUUYHUMH 3aIekHOCTAIMH (12)...(14) 1 BimoOpakeHa Ha puc. 5.

Y(W/) = 0,35 — 0,06x; — 0,03x, — 0,01x53 — 0,01x; X3, MM, U = 10,4%; (12)
Y(W/) = 0,40 — 0,05x, — 0,03x, — 0,03%,X3, MM, U = 6,0%; (13)
?(Wk/fl) = 0,30 — 0,08x; — 0,15x, + 0,07x5 + 0,03x? + 0,03x,x3, MM, U = 13,7%. (14)
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0)

/
a) W, MM
~
W/, MM 0,601
A
0,557 1\,\ 0,551
0507 SN 0,50¢
0,45t 0,451
0,401 0,40t
0,35t 0,351
0,301 0301 7
0.257  [C30/35: Pa=v.0025: 0.251 P%:; ’;)g{g’ff’.fi?g%.
0,201 |ps=0.063; Iy=9hy b=1001; 0,20} PooP, 00175,
0.15+ pi=p1~0,0176; hy=17530n. 0.15+ hy=175um;b=100a01.
n_qn "o npqn X:L "_qm ll0"| yqn X2
1 2 a/h, 1 2 3 C,mIla
B)
W/, MM
A
080T  am=—z:c30735 1,9, YMOBHI NO3HaYeHHs:
055+ |pe=p:~0.0176;
hy=175Mmm;b=100Mmm.
0,507 | : X-—Fﬁﬂ—-x - naHi [25] no pocn.
0,45F M= . | cTaT. HaBaHT. 3/6eT. Banok;
0,40+ / .—-—C -—l] - naHi [25] no gocn.
0.35+ x—V > /_: LMK, HABaHT 3/6eT. Banok;
0,30+ .J—. - nocniam A. Llenikogoi
13 Daa/beT. cTat. HaBaHT. bankamu;
0251 = )
0,20+ @———@ X -ocnion A XynoGuua ia
015 ©0a3/6eT. UMKN. HaBaHT. Dankamu.
' "_1" nhyn II+1 n Xj N
0.I0016 O,DI 29 0,00 ‘4‘ ps“(BpF)
0.0029 0,0065 0,0115 Ps(AKB-800)

Puc. 5. 3anexHICTh MUPUHA PO3KPUTTSI MOXWIMX TPIIIMH Y AOCTITHUX 3pa3Kkax-0ankax mpu
eKcIuTyaTariinomy piBHi (1 = 0.65F,)) iX HaBaHTaKEHHS BiJ| BEJIMYMHH BIJTHOCHOTO MPOJILOTY
3pi3y (a), kinacy 6eToHy (0) 1 KITbKOCTI ITONIEPEYHO1 apMaTypH (B).

BucHoBku:
1. PeanizoBaHuWil CHUCTEMHUH MigXiJ] O EKCIEPUMEHTAIBHO — TEOPETUYHOTO BUBYCHHS
Halpy>XeHo — Je(hOpMOBAHOTO CTaHy O&JIKOBUX KOHCTPYKIIH,  apMOBaHUX CTaJIEBOIO 1

6azanprorutactukoBoio (BFRP) apmaryporo, Bnepine 103BOJMB 3pOOMTH JOCTOBIPHY KUIBKICHY 1
SKICHY OIIIHKY BIUIMBY KOHCTPYKTHBHUX YHHHHKIB Ta (PaKTOPiB 30BHINIHBOI Jii Ha iX HeECydy
3JIaTHICTh, )KOPCTKICTh, TPIIIMHOCTIMKICTh Ta 1HIII MMapaMeTpy MPaLe3JaTHOCTI SIK 30KpeMa , TaK 1y
B3A€EMO/II1 OZIMH 3 OJTHUM, CYTTEBO YTOUHHUTH (PI3UUHY MOJIENIh pOOOTH BKa3aHWX KOHCTPYKIIIH MPH iX
CTaTUCTUYHOMY Ta MaJOIUKIOBOMY ITOBTOPHOMY HaBaHTa)XEHHI. 30kpema OyJ0 BCTaHOBIIECHO, IO
MIIHICTh JOCTIIHUX €JIEMEHTIB HEJIIHIMHO 301IBITYEThCS:

- 31 3MEHIICHHSIM BEJIUYHMHH BITHOCHOTO IMPOJILOTY 3pi3y a/hy Bix 3 10 1 y 3a3HavueHHX
cepisax Ha 80...122%;

- 31 30inbieHHsM kiacy 6erony Bix C16/20 no C 40/50 na 24...47%;

- 31 30LIbIIEHHSIM KUJIBKOCTI TONEpeYHOi apMmarypu pg, Big 0.0016 mo 0.0044 i
0a3abTOIIACTUKOBOI Pfyy, BT 0.0029 10 0.01135, Bignosigno, Ha 12... 16% 1 20...21%;

- O/IHOYAaCHOMY 3MEHIIEHI BiJIHOCHOTO IMPOJBOTY 3pi3y 1 30inblIeHi Kiacy OETOHy Ha
7...23%;

- OJHOYacHOMY 3MeHIIeHi a/hy i 30inbIeni pgy, Ha 7... 9%.
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2. 3awmina ctaneBoi apMarypu Ha Outbll moaaTiuBy OazanbromactTukoBy BFRP mpu Bcix
IHIINX O/IHAKOBUX KOHCTPYKTUBHUX YHHHUKAaX MPHU3BOJUTH 1O 3MEHIICHHS HECyd4oi 31aTHOCTI
MOXWJINX TIepepi3iB JOCTITHUX 3pa3KiB — OaJIOK MPU IX CTAaTUYHOMY HaBaHTAXEHHI, B CEPEAHbOMY,
Ha 47%, a Ipu MaJOLMKIOBOMY NOBTOPHOMY — Ha 51%.

3.  MayionMKII0Be MMOBTOPHE HABAHTAKCHHSI 3HIKY€E HECYUY 371aTHICTh IPUOTIOPHUX TUISHOK
3a11300€TOHHUX 0aJIOK, B cCepeTHhOMY, Ha 8%, a 0eTOHHUX elleMeHTiB, apMoBaHnXx BFRP — Ha 14%.

4. TIlpormau OeroHHux Oanok, apmoBaHux BFRP, Ginblie, HIX y /ABa pa3u NMEpPEeBHUIIYIOTh
MPOTHHU aHAJIOTIYHUX 3a11300€TOHHUX E€JIEMEHTIB 3 TAKUMH € KOHCTPYKTUBHUMH UYMHHHUKAMU 1
J0CSTal0Th, B cepenHboMy, 1/154 Bia po3paxyHKOBOI JOBXKHHU HPOJILOTY MPH EKCIUTyaTaliiHOMY
piBHi (0.65F,) nHaBanTakeHHs 1 3011bIIyI0oTRCS 10 1/110 nepen pyitnyBanusm (0.95F)).

5. lllupuHa pO3KPUTTS HOPMATHHUX TPIIIMH 3a7T1300€TOHHUX OAJIOK IPH eKCIUTyaTalliiHOMY
piBHI MAaJOIMKIOBOTO MOBTOPHOTO HAaBaHTAXEHHSA, B cepeaHboMy, naopiBHIOE 0.14 MM, a
6azanpTobeToHHUX — 0.35 MM. BianoBigHo, cepeiHe 3HaYE€HHS ITMPUHHA PO3KPUTTS MOXUIUX TPIIIUH
y 3ami300eToHHuX Oankax ctaHoBUTh 0.40 MM, a 6azanproberoHHuX — 0.45 MM IIpH aHAJIOTTYHOMY
HaBaHTAKCHHI.

6. [us cyrreBoro 30UIBIICHHS HECY4Oi 3JaTHOCTI TMOXMJIMX THepepi3iB MPOTiHHUX
0a3a1bTOOETOHHUX KOHCTPYKIIIH, 3SMEHIICHHS IXHIX MPOTUHIB Ta IMUPUHU PO3KPUTTS HOPMAJIBHHX 1
MOXUJIMX TPIIIUH BBAKAEMO 32 JIOIUIBHE BUTOTOBIIIOBATH iX 13 monepeanpo HampyxkeHoto BFRP 3
BIJIMOBITHIM HAYKOBO — TEXHIYHUM CYITPOBOJIOM.
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CONCRETE AS PART OF BEAM STRUCTURES
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Abstract. Experimental data on strength, deflections and cracking in beams are presented. Beams are
made with dimensions 2000x200x100mm with steel and basalt-plastic (BFRP) reinforcement. They
have been tested for static and low-cycle reloading. The results of studies of the main parameters of
the performance of research elements are presented in the form of the corresponding experimental-
statistical dependences for the actions of operational and destructive loads with the same design
factors. With the help of stochastic and graphical analysis, the influence of the type of reinforcement
and design factors on the strength and deformation characteristics, as well as on the crack resistance
of experimental samples - beams, is estimated.

Keywords: steel and basalt-reinforced plastic (BFRP) reinforcement, strength, deformability and
fracture toughness of beams, static and low-cycle loading.
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AHHoTanus. [IpencraBieHHBl SKCIIEPUMEHTATIBHbIC JaHHBIE TPOYHOCTH, TPOTUOOB U 00pa30BaHUs
TpemirH B 0ETOHHBIX 0ajkax co cTanbHOM 1 O6a3anpToractukoBoi (BFRP) apmarypoii ¢ pasmepamu
2000x200x100MM npy EMCTBUM CTaTUYECKONW U MAJIOLIMKIIOBOW ITOBTOPHOW Harpy3ku. Pe3ynbTarsl
UCCJIEIOBAaHUM OCHOBHBIX IapaMETPOB PpabOTOCHOCOOHOCTH HCCIEA0BATENbCKUX 3SJIEMEHTOB
MIPEJCTAaBICHBI B BHJIE€ COOTBETCTBYIOLIMX AKCIEPUMEHTATBHO-CTATHCTUUYECKUX 3aBUCHUMOCTEH 3a
JEHCTBUS SKCIUTYaTallMOHHOTO M Pa3pyLIUTEIBHOIO HArpy30K MPH OJUHAKOBBIX KOHCTPYKTHUBHBIX
¢dakTopax. C MOMOIIBIO CTOXAaCTUYECKOTO M TpaUuecKoro aHajiu3a OLEHEHO BIMSHUE BHJA
apMaTypbl 1 KOHCTPYKTUBHBIX (PaKTOPOB Ha MPOUYHOCTHBIE U J1e(OpPMATHBHbBIE XapaKTEPUCTUKHU, a
TaKXe Ha TPEIIUHOCTOMKOCTh SKCIIEPUMEHTATILHBIX 00pa3IioB - OaJlOK.

KiroueBble ciaoBa: crampHas u  0OazanproriactukoBas (BFRP) apmarypa, mnpouHOCTB,
ne(GOopMaTUBHOCTh M TPEUIMHOCTOMKOCTh OaJIOK, CTaTHYeCKask M MaJOIMKIIOBas 3arpy3KH.
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YK 624.014.2 d0i:10.31650/2707-3068-2021-25-48-55

BU3HAYEHHS 3AJTUIIKOBOI'O PECYPCY BYAIBEJIBHAX CTAJIEBUX
KOHCTPYKIIU 3A IOKASHUKAMMU IHAEKCY HAAIMHOCTI

C.B. Kosecniuenko !1.1.H., 1o
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AHoTamisg. Y crarTi aBTOpU MPOIMOHYIOTH PO3PAXYHKOBY METOMIMKY PIBHS PECYPCHOI
HaJIHHOCTI KOHCTPYKIIH, SKI MOTPIOHO PEMOHTYBATH (BIHOBIIIOBATH), SIKI EKCIUTYaTYHOThCS
3HaYHUU Yac 6e3 0coOMMBHX MpoOseM i3 Oe3nekoro. Y cTaTTi po3IIIsIHYTI PO3paXyHKOBI 3HAYECHHS
1HJIEKCY HAJIHHOCTI JUTsl KOHCTPYKIIIH, K1 €KCIUTYaTyIOThCS 32 TPAHUYHUM TEPMIHOM EKCILTyaTallli,
3 HAKONWYECHUMHU JePEeKTaMU 1 MOLIKOKEHHAMHU. [l yZOCKOHAJCHHS MEXaHi3My pPO3paxyHKY
3HAYEHHS 1HJEKCY HAIIWHOCTI I KOHCTPYKIIIN, IO €KCIUTyaTyIOThCS 3a TPAHHUYHUM TEPMIHOM
eKCIUTyaTallii, 3 HaKOMMYEeHUMHU Je(heKTaMu 1 MOIIKOHKCHHSIMH, TOCTaBICHO KUTbKa 3aBJaHb IS
BU3HAUYCHHSI TAaKMX 3HAYEHb IHJEKCY HAIIHHOCTI, HI)KYE SKUX KOHCTPYKISl HEMpHIaTHA IS
MOMAJbIIOI eKCIUTyaTallii 1 BH3HAYCHHS Ta BCTAaHOBIEHHS 3HAY€Hb IHIAEKCY HAMIMHOCTI, IS
MOXJIMBOTO TIPOBEJICHHS BIJHOBIIOBAIBLHUX POOIT (PEKOHCTPYKINi, PEMOHTY) ISl TOCHUJICHHS 1
MIPOJIOBIKEHHS 3aJTUIIKOBOTO PECYPCY KOHCTPYKITIH.

OcraTo4Hi 3HaYEHHS 1HACKCY HAIIMHOCTI JIJIs1 BCIX THIIB KOHCTPYKIIiH Ta MOPSAI0K BU3HAYCHHS
3aJIMIIKOBOTO PEecypcy Ha OCHOBI aHali3y 1HIEKCY HaIIMHOCTI pO3paxoBaHO Yy IMOBIpHICHIN
IIOCTAHOBII.

KurouoBi cjioBa: pecypcHa HalliliHICTh, CTaJeBi KOHCTPYKIIII, iIHAEKC HAIIHHOCTI, Oe3meka,
HOPMYBaHHS;

L Bcmyn

3aranpHa 3amada Oe3MeYHOl eKcIUTyaTalii KOHCTPYKIIM NMOBHHHA BpPaXxOBYBAaTH HE TUIBKU
BHU3HAUEHHSI TEXHIYHOTIO CTaHy 3a pe3yjbTaTaMH OOCTEXKEHHsI, ajle ¥ MpU3HAUYECHHS 3aJIHIIKOBOIO
pecypcy, KUl po3paxoBYeThCs 3a JaHUMH BCi€i icTopii excrutyaTarii. Haiibinem yHiBepcaibHUM
MMOKAa3HUKOM € 1HJEKC HAJIHHOCTI 3, 3apONOHOBaHM €BpPOKOJAMHU Ta PEaTi30BaHUM y CYy4acCHHUX
OyniBEeTbHUX HOPMaX.

2. Ananiz oocnidicens

3a cyyacHUMH HOpPMaMH BUMOTH O€3MEKH 3alpONOHOBAHO BU3HAYATH 3a y3araJbHEHUM
MMOKAa3HUKOM, 110 Ma€ Ha3By «IHACKC HAIIHHOCTI» a00 «iHJeKC O0e3nekn» P (B moAaIbIIoMy — iHIEKC
HagiiiHocTi — [H). 3a 3aranbHUMU NPUHIUNIAME, ONTHUMAIBHUN piBEHb HAIMHOCTI MOXeE OYyTH
BCTAHOBJICHO 32 CYyMICHUM TO€JHAHHSIM BHMOT IIIOJI0 KOIITIB, SIK1 MOTPIOHO BKJIACTH ISl BAKOHAHHS
BUMOT 3 0€31eKH, Ta OUiKyBaHUMHU HACIiAKaMHU MOKJIMBOTO pyHHYBAaHHS KOHCTPYKLII.

3a Bumoramu ISO 2394 [1] miHiManpHa HAAIHHICTh KOHCTPYKIIII 32 MPU3HAYCHUM MPOECKTHUM
pecypcoM Ma€e BpaxOBYBAaTH IMOBIPHICTb SIK BTPATH JIFOUHOIO JKHUTTS, TaK 1 MOXKIIMBUX YIIKO/KEHb,
SIK1 BOHA MOYKE€ OTPUMATH 1] 9ac pyWHYBaHHS KOHCTPYKIIii.

BpaxoBytoun Toi ¢akT, mo po3paxyHkoBe 3HaueHHS [H cyTTeBO 3amexuTh HE TIIBKH BiX
HOPMOBAaHUX PO3PaxXyHKOBUX 3HAUYCHb ajie ¥ BiI KOeQilll€eHTIB Bapiallii, BiJHOIIEHHS IXHBHOI
3MIHHOCTI Ta piBHA IpU3HA4YEHO1 3a0e3meueHocTi [2], 3a1a4a po3paxyHKiB Ha Oe3IeKy Ta HaJiiHICTh
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TIEPII 32 BCE MOJIATAE Y MPU3HAYCHHI HOPMOBAHUX 3HAYEHB MMAPAMETPIB OE3IEKH, y JAHOMY BHUITAJIKY
— U1 KOHCTPYKIIIH, IO €KCIUTYyaTYIOThCsI HEOOX1JHO BUPIIIUTH JBa KJIACH 3a/1ay:

- BCTAHOBUTH TaKi 3HAYCHHSI 1HJCKCY HAIMHOCTI, HUKUE SIKUX KOHCTPYKIIiS HETIPUAATHA IS
MOAAJIBINIOT €KCIUTyaTaIlil;

- BCTAHOBUTH 3HAYCHHS 1HAEKC HAJIWHOCTI, [T MOXJIMBOTO MPOBEIEHHS BiTHOBIIOBAILHUX
pOOIT (PEKOHCTPYKILisl, PEMOHTH).

BcraHoBieHHS Takux 3HA4YeHb TaK0XX MOXKHA 3B’SA3aTH 13 TPOJOBXKEHHSM TEPMIiHY
eKCIUTyaTarlii — BU3HAYCHHS 3aJMIIKOBOTO PECypcy. 3pO3yMiJIO, IO €KOHOMIuHI (haKTOpH, fK 1
IMOBIPHICTb BTpaTd KHUTTS JIIOJUHHU MOTPIOHO Opatu 10 yBaru. PO3riissHEMO MOMIMBICTH 3MiHU
1HJIEKC HAAIMHOCT1 TOPIBHSIHO 13 HOBOK KOHCTPYKIIIE€I0, BPaXOBYIOUM TOW (PaKT, MO 3aJTUITKOBHA
pecypc Moxe OyTH HIKYUM, HIXK TIPOSKTHUH.

3. Mema pooomu

MeTor0 1aHO1 pOOOTH € BU3HAYCHHS 3IHIIIKOBOTO PECYPCY CTANIEBUX KOHCTPYKIIIH B yMOBax
JIOBrOTPHUBAJIO iX eKCIUTyaTallii. MeTor po3paxyHKiB 3aJIMITKOBOTO PECYPCY CTAIEBUX KOHCTPYKITIH
B YMOBAX JIOBFOTPUBAIOI 1X €KCIUTyaTallii Hacamriepes1 moJisirae B Ipru3HaYeHHI HOPMOBAHUX 3HAYEHb
nmapameTpiB 0e3rneku, TOOTO - HOPMYBaHHI 1HJEKCY HAJIMHOCTI, 3HAYCHHS SIKOTO IOBHHHI OyTH
cTporo mpuB's3ani g0 kiaciB HachiakiB (CC), sKi € BU3HAYAIBHUMH 71l 3aBJaHb KOEQIIli€HTIB
HaJIAHOCTI JJIs MOJANBIINX PO3PAXYHKIB MPU MPOCKTYBAHHI KOHCTPYKITIH.

Jlnst yIOCKOHAJICHHSI MEXaH13MY pO3paxyHKY 3HAYCHHS 1HJEKCY HalIHHOCTI ISl KOHCTPYKIIii,
0 EKCIUTyaTYIOThCSl 32 TPaHUYHUM TEPMIHOM €KCIUTyaTarii, 3 HaKOMMYCHHUMH AcPeKTaMH 1
MOIIKO/KCHHSIMH, TIOCTABJICHO KiJIbKa 3aBJaHb JIJIsl BA3HAYCHHS TAKUX 3HAYEHB 1H/IEKCY HAIHHOCTI,
HIKYE TKUX KOHCTPYKIIiSI HEMpHUAaTHA JUIsl MOAANBIIOT eKCIUTyaTallil 1 BU3HaUYEHHS Ta BCTAHOBJICHHS
3HAa4YeHb 1HAEKCY HAAIMHOCTI, I MOKJIIMBOT'O IPOBEICHHS BITHOBIIOBAIBHUX POOIT (PEKOHCTPYKIII,
PEMOHTY) TSI TIOCUJICHHS 1 MTPOIOBKEHHS 3AJIMIIIKOBOTO PECypCy KOHCTPYKITIH.

4. Ocnoena wacmuna po6omu

3a peKOMEeHJALISIMU JII0YUX MDKHAPOJHHUX cTanAapTiB [1, 3, 4, 5], skuo po6oTa KOHCTPYKIIT
pO3rIIsaaeThes y IMOBIPHICHIHM MOCTAHOBIII, TO BIIMOBA 3a MMpU3HAYEHUI yac PyMoxe OyTH 3aMiHEeHa
1HIEKC HAIIMHOCTI, SIKMI BU3HAYAETHCSI HACTYITHUM PiBHSHHSIM:

B = (Pp), 1)
VY Tabmumi 1 HagaHO 3aIeKHOCTI 1HAEKCY HAAIHHOCTI 3 BiJl iIMOBIpHOCTI pyiHyBaHHs Pr
Tabnuis 1. 3nauenns Pr B 3anexxHoCTI Bif 3.

B 2.25 3.25 3.75 4.25 4.75 5.25

P 102 103 10" 10° 10° 107
Jlnst Bu3HaueHHs Pr BUKOpHcTaHa acuMnToTHyHa hopmyia

_ 1 p*-1 - B2

Pr = o B exp — (2)

Ha croroani ans omiHioBaHHS O€3MEKH iICHYIOUMX KOHCTPYKIIH (SIK 1 HOBUX), OOUMCIIIOBaHHS
BUKOHYIOTBCS B 3JIKHOCTI BiJl KJIacy HacIiIKiB 00’ ekTa OyaiBHUITBa (consequence class) — CC.
3a Bumoramu [6, 3, 7] ix icaye 3 — CC1 (ue3nauni Hacniaku), CC2 (cepenni Hacmiaku) ta CC3
(3naun1 HacHiAKK). 3a BuUMoramu [3, 4, 8, 9, 10] y Tabauiii 2 Hamano 3Ha4YEHHS o IS IIUX KJIACIB.
Tabnuus 2. 3nauenns B B 3anexHocti Big CC.
[IpyuunHa pyiiHyBaHHS
ExonomiuHi

Krac nacninkis [anexc HagiitHOCTI Bo

Brpara xutta

MTOIIKOKEHHS
CCl1 HE3HAYHI HACIIIKU HE3HAYHI HACIIIKU 33
CcC2 CepeIHI HACIIIKI CepeJIHI HACII KN 3.8
CC3 3HAYH] HACIIKA 3HAYH] HACIIKA 4.3

- 49 -



Cyuacni 6yoisenvri koncmpykyii 3 memany ma oepesunu, 2021. — Bun. Ne 25

(cTop. 48-55)

Pigens IH B = 3.8 (CC2, Tabmuus 2) 11g HOBUX KOHCTPYKIIN MOXHA PUUHATHH 3a 0a30BHiA,
TOMY 110 BUIIMK PIBEHb HEJIOIIJILHUHN 3 EKOHOMIYHUX MipKyBaHb. BcranoBuTu piBeHs [H Pu, Hux4de
SIKOT'O eKCIUTyaTallisi KOHCTPYKIT He € TOUUTbHOIO MOYKHA Y BUTJISAIL:

Bu = Bl’l— ABa
1ie A > 1.0.

3)

3nayenHsa AP = 1.5 3anmponoHOBaHO Ha MiJCTaBl €KOHOMIYHUX po3paxyHKiB [11]. Lle 3HaueHHs

NpUGIN3HO TOPIBHIOE 3pOCTAHHIO IMOBIpHOCTI pyiiHyBanHs Prua 1-107!.

VY tabmuui 3 HagaHo MIHIMAJIbHO HPUIYCTHUMI 3HaueHHS PBu. B mopanbiiomy, MOXXIMBO

KOpUTYBaHHS 3HaueHHs AP.

Ta6mmis 3. 3Hadenss Pu B 3anmexHocTi Bijg CC.

Kitac Hacninkis

[IpyuunHa pyiiHyBaHHS

Brpara xutts

ExoHoMiuH1

[anekc HagiitHOCTI fu

MTOIIKOKEHHS
CCl1 HE3HAYH]1 HACIIIKA HE3HAYH1 HACII KU 1,8
CcC2 CepeTHI HACIIIIKU CepeJIHI HACIIIKI 2,3
CC3 3HAYHI HACHIIKA 3HAYH] HACIIIKA 2,8

Ianexc HamiitHOCTI PBr IS KOHCTPYKIIIN, SIKI MalOTh OYTH BIIPEMOHTOBAHI MOXHA BU3HAUUTH
SK:

pn < Pr < Pu, 4

1110 PU3BOAUTH J10

Br=Po - 0,5. (5)

[Tonepenubo mpuitHaTe 3HaueHHs 0.5 0OyMOBIEHO THUM, IO KOHCTPYKIIi, sIKi MOTpiOHO
peMOHTYBaTH (BiJHOBIIIOBATH) BXKE EKCIUIyaTyIOTbCS 3HAYHUN 4Yac 0e3 0coOJuBHX MpobieM i3
6e3IeKol0, TOMy iXHill piBeHb pecypcHOi HafiiHOCTI Moxe 6yTH 3HmKeHOo Ha 0,5-107!. Ocrarouni

3HadeHHs [H 115 BCiX THUIIB KOHCTPYKIIM HalaHO y TaOmuIli 4.

Ta6mmis 4. 3nadenss B B 3anexxHocTi Bii CC Ta TUIIB KOHCTPYKITIH.

Knac naciakis Bn Br Bu
(HOB1 KOHCTPYKIIii) (peMoHT) (aBapiitHU# CTaH)

CC1 3.3 2.8 1.8

CC2 3.8 3.3 2.3

CC3 4.3 3.8 2.8

BpaxoByroun ¢akTt TOrO, 110 1HACKC HAAIHHOCTI 3 € KOMIJIEKCHUM 1HTETPAIbHUM MOKA3HUKOM
KOHCTPYKTHMBHOT O€3MEeKH CKJIaJHOI CUCTEMH, Ha/Ia€EMO HUXK4Ye MOPsAIOK BU3HaueHHsS 3P Ha OocHOBI
anamnizy [H y iMOBipHiCHI/ TOCTaHOBIII.

1. Cknamaetbest Tpadik 3amexxHocti i Big pokiB ekcruryartamii T (0OCTeXEHHS)
(mpuknazg Ha Main. 1).

2. [linOupaeThcss THUM aAMPOKCUMYIOYOi KPHBOi, IO HAWOUIBII TOYHO BiMOBIIAE
3Ha4YeHHsM Tpadiky (mpuKiazn - puc. 2).

3. Ha migcraBi oTprMaHOTro piBHSHHS JiHIT TPEHIY, BU3BHAYAEMO TEPMIH 3QJIMIIKOBOTO
pecypcy (mpukiaa Ha puc. 3), SKUil MOBUHEH 3HAXOIUTUCH Y MEXaX 3aJJ0BUTLHOTO TEXHIYHOTO CTaHy
1 mpuiinsitoro kinacy HacaiakiB CC KOHCTpyKIIii abo OyAiBii/criopyIy 3a 3HAYCHHSIMHU, 1110 HaBEIEH1
y Tabm. 3.
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3anexHICTh [ B POKIB €KCILTyaTaLii
B (Ha I11/ICTaB1 pe3yJIbTaTiB 00CTEKEHHA)
5,00
4,00 o
3,00 o
2,00

1,00

0,00 POKM
0 5 10 15 20 25 30 35 40 45

Puc. 1. I'padik 3anexHocTi B B poKiB eKcITyaTallii t; (mpukiam).
3aneKHICTH [ BII POKIB €KCILTyaTaIlli
B (Ha mACTAaB1 pe3yIbTaTIB OOCTEKEHHS)

y =-0,0011x2 +0,008x + 4,3026 A4

R? = 0,9932
2,00 ~

150 ANpPOKCUMYIKOYA 3aN1EXHICTb - NiHiA TpeHay

Puc. 2. Po3paxyHok anmpoKCUMYIOYO1 3aJI€KHOCTI (TTPUKIIAL).

3anesKHICTh [ BIJ POKIB eKCIUTyarari
(Ha 1mIcTaB1 pPe3y/IbTaTIB OOCTEKEHH)

5,00

R —————

8,00 |y O

- R .

3,00 -

y =-0,00112 +0,008x + 4,3026
2,50 R? =0,9932
2,00

1,50

3P

1.00 J10 Iepexoy Y CTaH
' "aBapiiHmuii"

0,50

0,00 Poku

0 10 20 30 40 50

Puc. 3. Po3paxyHOK 3aJMIITKOBOTO pecypcy (MpUKIa).
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Ha nanomy erarmi iMOBIpHICTh BU3HAYCHHS TEPMIHY 3aJIMITKOBOTO PECYPCY MOYKHA BBKATH 3a
iMOBIpHICTb PiBHS JOCTOBIpHOCTI anpokcumarii R? mpuitHATO1 (yHKIIOHATBHOT 3a7€KHOCTI.

4. BBakaemo, 110 cranesi Oy/1iBeNIbHI KOHCTPYKITIT €KCIUTYaTyIOThCS SIK BITHOBIIOBAJIbHI
CHCTEMH — TOOTO MiCisi BUKOHAHHS BiTHOBIIOBAIBHUX POOIT piBeHb 1HIEKCY HaliiHOCTI Oyne
MiABUIIEHUHA 0 MPOEKTHOro. Tomi, UIs BUMAIKY, IO PO3MIISAIAETHCS, 3aTUIIKOBUI pecypc Oyne
oOurcreHuit 3a HOBUM 3HaUeHHM 3 (AuB puc. 4.)

[Ipu mpomy, citil MaTH Ha yBa3si, 1[0 KOPUTYBAHHS TEOPETUYHOI 3aJICKHOCTI 3 31HCHIOETHCS
MICJIA TEPIIOro IUIAHOBOTO 0OCTEKEHHS KOHCTpyKii. Lleil Tepmin Moxe OyTH po3paxoBaHUN Ha
MiJICTaBl BU3HAUYCHHUX (Hamepen 3ananux) 3HadeHb [H, abo 3a momepenniMu po3paxyHkamu 3P sk
HEBIAHOBIIOBaNIbHOI cucteMu (puc.3.). s KOpeKTHOrO po3paxyHKy HOBOT allpOKCUMYIOUO0i KPUBOT
(puc. 3.), MPONOHYETHCA HASBHICTh HE MEHII, HIXK YOTUPHOX TOYOK: rmovyaTkoBe 3HaueHHS [H - PBo
(touka 1); 3Hauenns IH micns BigHOBNIEHHS cuctemu (Touka 3); 3HaueHHs [H mepioro mianoBoro
00CTe)XEHHS TICIsI BITHOBICHHS (Touka 4). 3a TOUKy 2 MOXKe OyTH IpHIHATE OyIb-sKe 3HaUYCHHS [3
M TOYKOIO 1 Ta TOUKOIO 2 13 3HaYCHHSIM, OTM3bKUM 10 Po. [{uM BuUMoOram, ik mpaBuiio, 3a10BOJILHSIE
3HAYEHHS 3 TIepIIOro 0OCTEKEHHS.

Po3paxyHOK 3 /U1s BIZIHOBJIIOBAJIBHOT CUCTEMH
B
5,00
asolggal o y = -2E-05x* + 0,0005x? - 0,0032x + 4,3
4.00 Toukad o RZ=1
3,50 i
=00 y = -0,0011x? + 0,008x + 4,3026 Touxa 3
2,50 R* =0,9932
2,00
1,50
1,00
0,50 .
0,00 Poku
0 10 20 30 40 50 60 70
|
Puc. 4. Po3paxyHOK 3JIMIIKOBOTO pecypcy Micisl BiIHOBIIOBAILHUX pOOIT
5. Bucnosku

J1is HagaHoi METOIMKHA MOKHA JOJATH JIeSK] MPaKTUYHI peKOMEHIaIlii:

- SIKIIIO 3HAYCHHsI o MEpPEeBUINYIOTH Ti, IO PEKOMEHJOBAHI K MOYATKOBI JIJIs BIATOBIIHOTO
kiacy HacmiakiB CC (quB. Tabi. 2, 3), MOXKHA IPUIMATH 111 TOYAaTKOB1 3HAYCHHS;

- AKILO MiJ] Yac eKCIuTyaTalii KOHCTPYKUii OyJl0 BUKOHAHO PEMOHTHI pOOOTH BiJHOBJICHHS
Hecydoi 37aTHOCTI OKpemux ejemeHTiB, IH Bciei koHCTpykiii mMae OyTu mnepepaxoBaHHil 13
3MIHCHMMH 3HAa4eHHSAMH [} 171 [HUX EJNEeMEHTIB Ta HOBUMH 3HAUEHHSMH TE€OMETPUYHHX
XapaKTEPUCTHK, TIEPEPi3iB.

Takum 4MHOM, Ha JAHOMY €Tarli, MiCJs BUKOHAHHS POOIT 3 OOCTEXKEHHS, Y TEXHIYHOMY 3BITi
pe3yabTaT MPU3HAYCHHS TEXHIYHOTO CTaHy — Pe3yJabTAT PO3PaxXyHKiB KOHCTPYKTHBHOI 0e3MeKH -
MMOBUHEH MATU BUTIIA;

CC; Bo (To); B (TE); Ts (R%, %); «rexniunmii ctan», Tos.

Hanpukian:

Kiac nacnigkiB konctpykiii - CC2;

[TpoektHe 3HaueHHs iHACKCY HamiiHOCTI Bo = 4,3 (To);

3HaveHHS 1HAEKCY HaaiitHOCTI Ha yac obctexxenHs 3 = 3,34 (Tk = 37 pokiB ekcrutyarariii);
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10.

11.

[1]
[2]
[3]

[4]
[5]
[6]

Busnauennii 3anumikosuii pecypc Ts = 11 pokiB (imoBipHicTh Bu3HaueHH 3P=97%);
TexHiyHMI CTaH KOHCTPYKIIIT — «33J0BITLHUNY;
Tepmin HacTynmHOTO TIAHOBOTO 00CTekEeHHS Tos = 6 POKIB.
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! Ton6acbka HarioHaIbHA aKageMis OyIIBHUIITBA 1 apXITEKTYypH,
M. Kpamaropcbk, Ykpaina

AnHoTanusi. B cratee, mansa oreHKM 0€30MacHOM SKCIUTyaTalldd CTadbHBIX KOHCTPYKITUH,
MPOaHAIM3UPOBAHBI MPUHIIUITEI PACYETOB 0€30MACHOCTU CTAJIbHBIX CTPOUTEIBHBIX KOHCTPYKIMHA €
Y4€TOM HHJIEKCAa HAJEeKHOCTH [B Ha BCEX CTaaUsAX DKCIUIyaTallud KOHCTPYKIMA M OCHOBHBIC
pacueTHble TOJOXKEHUS HMHICKCAa HAJEKHOCTH [3 Kak JUIsi HOBBIX KOHCTPYKIMH (Ha cTaauu
MMPOCKTUPOBAHUS) TaK M JJII CTPOUTEIBHBIX CTAJIBHBIX KOHCTPYKIIMH B YCIOBUSIX JJTUTEIHHOU
BKCHHyaTaI_II/II/I.

3amaua pacueToB Ha OE30MaCHOCTh W HAJICKHOCTH MPEXKEC BCETO 3aKIIOYACTCS B HA3HAYCHUH
HOPMHUPOBAHHBIX 3HAUYEHUH MapamMeTpoB OE30MAaCHOCTH, TO €CTh - HOPMHPOBAHHMU HHJEKCA
HaJIeKHOCTH, 3HaYEHNE KOTOPOTO JOKHBI OBITH CTPOTO MPUBs3aHbl K Kiaccam nocienctsuit (CC),
KOTOpBIe ABIIAKOTCA OHpe,Z[GJISIIOH_II/IMI/I JUUIA SaI[aHI/Iﬁ KOBq)(bI/II_[I/IGHTOB HaOACKHOCTHU I I[EL]'IBHCI\/'II_HI/IX
pacyeToB MPHU MPOCKTUPOBAHUN KOHCTPYKITUH.

B CTaThbe paCCMOTpeHbI pacquHHe 3HAYCHHUA HWHJIACKCAa HAACKHOCTH IJIA KOHCprKHHﬁ,
KOTOPBIC IKCILTYaTHPYIOTCS 32 MPEACIbHBIM CPOKOM AKCIUTyaTaIlid, C HAKOTUICHHBIMU JeEeKTaMH U
HOBpe)I(,Z[eHI/ISIMI/I. I[JBI yCOBepI_HeHCTBOBaHI/ISI MEXaHHn3mMa pacqua 3HAYCHHUA NHACKCA HAACKHOCTHU
JUTSI KOHCTPYKIIMH, SKCIUTyaTUPYEMBIX 3a MPENeIbHBIM CPOKOM SKCIUTyaTallid, ¢ HAKOTUICHHBIMU
,Z[G(l)eKTaMI/I nu HOBpG)K,Z[GHI/ISIMI/I, IIOCTABJICHO HECKOJIBKO 3aJa4 s onpez[eneHmI TaKHUX 3HEI‘ICHPII>1
WHJIeKCa HAJISKHOCTH, HI)KE KOTOPBIX KOHCTPYKITUS HETIPUTOTHA IS TaIbHEHIIICH IKCIITyaTalluy |
OHpe,Z[e.HGHI/ISI n yCTaHOBJICHI/IH 3Ha‘ICHI/Iﬁ HHACKCA HAaACKHOCTHU, AJId BO3MOXXHOIO HpOBe,Z[GHI/IH
BOCCTAHOBUTEIBHBIX pa0OT (PEKOHCTPYKIIMU, PEMOHTA) JJIsl YCHUJICHHUS W MPOJICHUS OCTaTOYHOTO
pecypca KOHCTPYKLIHUH.

KiroueBbie ciioBa: CTanbHBIE CTPOUTENbHBIE KOHCTPYKIIMH, WHICKC HAICKHOCTH [,
6€301acHOCTh, HOPMHPOBAHUE.
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Abstract. In order to assess the operational safety of steel constructions, the paper analyzes the
principles of calculating the safety of structural steel constructions with consideration for the
reliability index P at all phases of constructions operation and the design fundamentals of the
reliability index P for both new constructions (at the design stage) and structural steel constructions
in the conditions of the long-term operation.

The task of safety and reliability calculations, first of all, consists in assigning normalized safety
parameter values, i.e. normalizing the reliability index, the value of which should be strictly related
to the consequence classes (CC), which are determining for setting the reliability coefficients for
further calculations while designing the constructions.

The article considers the calculation values B of the reliability index for constructions operated
beyond the time limit for operation, with accumulated defects and damages. To improve the
mechanism for calculating the reliability index value for the constructions operated beyond the
maximum operating limit, with accumulated defects and damages, several tasks were set to determine
such values B of the reliability index below which the construction is no longer considered to be
operational and to define the reliability index values P for possible performance of renovation works
(reconstruction, refurbishment) to strengthen and extend the remaining structural lifetime.

Thus, emphasizing all of the aforementioned, the main conclusions to the article should be
specified: at the stage of solving the issue of calculating the reliability index for structures being
operated over the projected service life, with damages and initial defects accumulated during the
operation period, it is required to perform their review and determine two main criteria for solving
the issue of determining the reliability index, namely: to set such values of the reliability index below
which the structure will be no longer operational, to define and set such values of the reliability index
at which it is possible to carry out renovation works on steel structures, their reconstruction or repair.

Considering the possibility of changing the reliability index compared to a new structure, given
that the residual service life may be shorter than the design one, taking into account the economic
factors and factors of probability of losing a person’s life, setting of such reliability index values is
necessary for further possibility of the service life extension of a structure and determination of its
residual life.

Key words: steel constructions, reliability index [, safety, normalization.
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Abstract. To create fundamentally new innovative large-span structures of buildings and
structures coverings, modern design solutions of prestressed cable domes of the Tensegrity type are
considered. The service life of the first built Tensigrity domes is only 35 years. These are fairly new,
effective structures that require careful study and use of modern scientific approaches for their design
using software systems, since their work under load and the construction process are quite complex.
The design analysis and erection of self-stressed structures is based on the invention of an equilibrium
structure, the so-called tensegrity form. The search for the shape is multidimensional and consists of
the stage of computational analysis of a self-stressed dome for the equilibrium position of elements
and their nodes, selection of the most stable and rigid structure, as well as taking into account possible
unfavorable loads during operation and the initial load in the elements from the application of
prestressing. To determine the shape of cable domes, a nonlinear programming problem with given
axial forces is formulated, which can be considered as the problem of minimizing the difference in
the total strain energy between the elements of the cables and struts under constraints on the
compatibility conditions. The first step in calculating the prestressing of a cable dome is to assess the
feasibility of its geometry. The possibility of forming a cable dome of negative Gaussian curvature is
considered and a method for calculating the prestressing for this new shape is investigated. The
proposed method is effective and accurate in determining the allowable prestressing for a cable dome
with negative Gaussian curvature and can be used for other types of prestressed structures. The new
directions for the development of effective constructive solutions for large-span coatings are
presented, including a suspended-dome structure, which combines the advantages of a mesh shell and
a cable dome. Special attention should be paid to experimental studies on models of tensegrity domes,
the results of which demonstrate the positive and negative aspects of the behavior of structures under
load, the process of their erection, as well as the possibility of control and restoration during operation.

Keywords: self-tensioned cable dome, tensegrity principle, constructive solutions,
prestressing, shape search.

Introduction. Today, improvements in the field of construction include not only the
modernization of construction methods and the use of effective materials, but also the creation of
fundamentally new innovative structures of construction. Of course, such structures include structures
based on the principle of self-tensioned structures, or the principle of tensegrity (from the English
Tension integrity - combination by tension). The design analysis and erection of self-stressed type
structures is based on the invention of an equilibrium structure, the so-called form of tensegrity. The
search for the shape of the structure includes the selection of the most efficient design of the main
Tensegrity modules or the entire structure of the dome. The term "shape search" only sounds simple
at first sight, but it is multidimensional and consists of the stage of computational analysis of a self-
stressed dome for the equilibrium position of elements and their nodes, selection of the most stable
and rigid structure, as well as taking into account possible unfavorable loads during operation and
initial load in elements from prestressing.
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Analysis of recent research and publications. Tensegrity-type prestressed cable domes are
structures that are very convenient for covering large spans due to the fact that a relatively small
number of elements are required to form a structure, their high level of factory readiness and ease of
assembly. There are two main approaches to the formation of tensegrity domes: a radial spatial
network (Geiger, Fig. 1, a) and a triangulated spatial network (Levy, Fig. 1, b). The article [1]
investigates the parameters of the network geometry on the behavior and structural efficiency of
Tensegrity domes. In the triangulated design, the complexity of the redistribution of the initial
prestressing of the central zone is noted. The stress distribution in the structures of tensegrity domes
after the application of various loads did not change significantly compared to the case of the main
load, with the exception of the radial structure, where, upon application of a wind load, there was a
significant decrease in tensile forces and external tension of the hoop occurred, as well as a linear
decrease in the intensity of the tension force in diagonal cables from the center to the periphery of the
structure.

Fig.1. Formation of the structure of the Tensegrity dome: a — Geiger; b — Levy

The first two radial-type Tensegrity domes were built in 1986 in Korea for the Olympic Games
[2]. Fencing arena dome with two hoops (N = 2), 16 polygon sides (n = 16), span L = 394 feet (120),
rise r = 32 feet and depth d = 40 feet (the dome is designated N2: n16: L400: r / L0.08: d / L0.10).
The dome of the arena for gymnastics with a span of L = 305 feet (93 m).

There are only six radial-type domes with flexible cover membranes. The first such dome in
the United States, the University of Illinois Redbird Arena, was built in 1989. The dome has an
elliptical plan (91x77m) with one hoop and 32 polygon sides, i.e. N1: n32. The ridge profile visually
emphasizes the tops created by their upper ends and therefore does not have a smooth domed
appearance.

The Tropicana Dome in St. Petersburg, Florida, was built in 1990 and has the largest span to
date (210m) with three hoops, each of which forms a 24-sided polygon, that is, N3: n24. The dome
is unique in that its inclination is 6 degrees relative to the horizon.

To determine the shape of cable domes, a nonlinear programming problem with given axial
forces was formulated, which can be considered as the problem of minimizing the difference in the
total deformation energy between the elements of the cables and struts under constraints on the
compatibility conditions [3]. Optimality conditions for the problem are obtained that ensure the
coincidence of the optimal solution with the self-balanced configuration of the cable dome with the
given axial forces of the rods. A numerical example shows that a set of admissible axial forces can
be found using the proposed algorithm. The problem is solved with the help of well-developed
existing nonlinear programming software based on the primary double interior points method, and
the task is only to enter the geometry and material information of the rope dome.

The first step in calculating the prestressing of a cable dome is to assess the feasibility of its
geometry [4]. The paper proposes a simple iterative process called the unbalanced force iteration
method to evaluate the feasibility of the geometry and find the self-stressing modes of the cable dome
structure. For structures with invalid geometry, the required nodal coordinates can be found by step-
by-step use of the unbalanced force iteration method, which changes the nodal positions by landslides
to balance the forces. The new configurations of circular or asymmetric shapes proposed in the work
provide an alternative choice for designing cable domes with a variety of architectural purposes.

To enrich the design forms of cable domes and meet the needs of architecture, the article [5]
considers the possibility of forming a cable dome of negative Gaussian curvature and investigates a
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method for calculating the prestressing for this new shape. A numerical model of the cable dome was
built to illustrate the feasibility of the new shape. The method proposed in this article is effective and
accurate in determining the allowable prestressing for a cable dome with negative Gaussian curvature
and can be used for other types of prestressed structures. A negative Gaussian curvature cable dome
has better structural rigidity than a corresponding cable network design and is more stable than a
traditional Geiger dome. The possibility of creating other new combined structures with a large span
of negative Gaussian curvature should be investigated to further expand the use of structures in
practical projects.

In [6], a review of modern large-span roofs consisting of an upper single-layer lattice dome
reinforced with a lower tensegrity system is made. The suspended-dome design combines the
advantages of a trellis shell and cable domes. The horizontal reactions that occur in the suspended-
dome structure can be reduced by careful placement of the prestressing cables. This is due to the fact
that with the help of prestressed cables, it is possible to change the value and distribution of stresses
in the structure, thereby increasing its rigidity. The most common shape of the plan for a suspended
dome roof structure is round, but elliptical and polygonal are also possible. Positive results indicate
the need to use carbon fiber reinforced polymer cables for the structure of the suspended dome system
instead of traditional steel cables.

Goal and tasks. The purpose of this study is to select the forms of rational design solutions for
metal tensegrity domes, to identify the features of the application of prestressing during construction
and their behavior under the influence of unfavorable loads, for the accumulation of factual
information for further improvement.

Materials and research methods. Self-stressed rope domes are an integral part of unique
buildings and structures. Constructive solutions of the constructed tensegrity domes are considered,
as well as new experimental and theoretical studies of their behavior under load.

Due to the small number of similar design solutions of tensegrity domes, only those that are in
the range of this study were selected for inspection, and are promising for further improvement and
development.

Research results. New designs of tensigrity domes on a circular plan were investigated in [6]:
fig. 2,a - an improved Geiger dome with additional annular tension cables; fig. 2,5 - in this structure,
diagonal cables are connected in such a way that two cables run on top of each outer rack. One of
these cables is connected to the bottom of the inner rack, which is to the left of the outer rack, and the
other cable is connected to the inner rack, which is to the right of the outer rack; fig. 2,c — the posts
take a reverse V-shape and the diagonal cables are connected; fig. 2,d — racks appear in groups of
four elements connected together in the circumferential direction.

Fig.2. New types of Tensegrity domes on a circular plan
Calculations of new types of domes for the action of various types of loads are performed. The
largest vertical deflection of the dome (Fig. 2,a) is 821 mm, which occurs with an unbalanced snow
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load, and more lateral movement occurs - 90 mm. For domes fig. 2,6 (Fig. 2,c¢) the results are 1027
(1084) mm and 190 (434) mm, respectively. The most rigid dome was shown in Fig. 2,d.

The article [8] proposes new forms of cable domes, complementing the existing ones, and
discusses their geometric feasibility. The bird's nest shape is another new shape inspired by the
National Stadium of China in Beijing, built for the 2008 Olympics. Its configuration is characterized
by a large central opening, the edge of which is formed by internal circular cables. Thanks to the open
hole, the bird's nest shape is suitable for coverings with a large center hole. If it is necessary to cover
a non-circular shape in plan, such as an elliptical or rectangular shape in plan, different shapes can be
adopted in different regions.

The article [9] presents a study of a new type of cable dome by Levi Tensegrity (Fig. 3). For
the first time, its topology is introduced and the initial finding of the shape is discussed. Static and
dynamic analysis shows the feasibility of using a tensegrity torus as a ring support. The new Levi
dome with tensegrity used as an annular support is divided into 12 latitudinal sections and has 3
annular hoops. Tensegrity torus consists of 12 segments with geometric parameters R =50m and r =

AN\

Fig.3. Levi dome with tensegrity torus: a — ring support plan; b — general form

New designs of tensigrity domes on an elliptical plan (Fig. 4) with various geometric networks
proposed in [10]. The author compares the proposed options with the prototype - Georgia Dome (table
1). The table shows the mass of steel obtained with the reduction of the cost of metal cables to steel
sections. Table 1 shows that all Tensegrity domes exhibit low steel consumption. For Type 1, the
flow rates are even lower than in the Georgia Dome, but the dome is less rigid. Type 1 and Georgia
Dome maximum allowable vertical movements, approximately 1/227 to 1/272 short span, are
acceptable. This proves that the concept of designing quasi-elliptical domes with reinforcement of
the center section and simplification of semicircular sectors is effective.

b

N e
. .-_“‘!v!;\_a- 4\_ ‘
\§\ NZANRN Vo s\' !“‘-t‘:

Fig.4. Dome on the elliptic plan: a — prototype - Georgia Dome; b — type 1; ¢ — type 2
Table 1
Comparison of Tensegrity domes on an elliptical plan
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Dome structure Weight of steel, | Reduced weight of steel, Maximum
kg/m? kg/m? deflection, mm
Georgia Dome 233 37,8 706
Type 1 20,5 33,4 846
Type 2 31,5 42,2 407

The design of a double strut cable dome (Fig. 5) was considered in [11]. This design has good
stability and is easy to manufacture. To investigate the construction method and static characteristics,
an experimental model with a diameter of 6 m was developed. From the equations of the nodal
equilibrium, formulas were derived for the distribution of prestress, taking into account its own
weight. In the process of shaping the double strut cable dome, two construction methods have been
adopted, namely high altitude stacking and integral lift, with control of the internal strength of the
cable strut components and the deformation of the structure. The results of full-scale loading and
loading tests on half of the dome are compared with the results of calculations by the finite element
method. The model test results are in good agreement with the results of the finite element analysis.

Ridge Central
Diagonal cables
cables
Diagonal
struts
Hoop
cables

beam

Fig.5. Model dome with double strut

The application of prestressing is one of the main elements of the flattening of the cable dome.
However, it is difficult to ensure that the calculated prestressing of the cables will be accurately
applied to the structure on site due to the introduction of various types of errors during construction
[12]. Thus, it is necessary to propose an effective construction management method so that the
construction team regulates the necessary pre-tensioning of the cables multiple times. The article
presents a sensitivity analysis method based on Spearman's rank correlation, where random errors are
simulated by the Monte Carlo method to solve the production error problem. On a numerical model
of a cable dome with a diameter of 62 m, the sensitivity of the influence of errors in the manufacture
of supports and cable length on the design characteristics is analyzed. A model of a cable dome with
a diameter of 6 m has been developed and tested (Fig. 6). The experimental results are consistent with
the theoretical ones, which prove that the theory of analysis is correct and the method of control is
effective.

In studies [13-17], recently developed adaptive cable domes of the Levy shape (Fig. 7, Fig. 8)
were presented, consisting of one and seven action elements, which have the ability to change their
configuration of rigidity and stress properties in order to adapt their behavior to current load
conditions. These new structures contain sensors that detect forces in systems and elements of action
that regulate their stiffness and stress state, making the structure more rigid or flexible depending on
the actual applied load. The results of experimental and theoretical analysis are compared. The tests
confirmed the functionality of the developed adaptive systems and the suitability of the proposed
equipment, software, computational models and control commands. Multipurpose search is used to
select control commands for these active structures. An appropriate tool for optimizing the control
process is the use of genetic algorithms.
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Fig.6. Section along the axis of symmetry of the Tensegrity dome model
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Fig.8. Adaptive cable dome model mounted in a self-supporting frame

Summary. To achieve the goal, the choice of forms of rational design solutions for metal
domes-tensegrity was made, as well as directions for improving their design using software systems.
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New approaches to the application of prestressing during the construction of cable domes, as well as
adaptive models that allow restoring the prestressing in the cables are presented.

For further research, it is important to investigate the deviations in the geometry of cable domes,

which they receive during construction, and to make calculations with initial imperfections.
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Ooecvia depocasrna akademisi OYOiIBHUYMBA MA APXIMEKMYpu

AHoTauis. {151 CTBOPEHHS MPUHIMIIOBO HOBUX IHHOBAIIMHUX BEJIMKOMPOJIITHUX KOHCTPYKIIIH
MOKPUTh OyAiBedh Ta CHOPYA PO3TISAHYTO CyYacHI KOHCTPYKTHBHI PIIICHHS TONEPEIHBO
HaNpy>KEHUX TPOCOBUX KYIIOJIB THIy TeHcerpiTi. TepmiH ekcruiyaTamii mepmmux moOymaoBaHHX
KYIOJTIB-TEHCITPITI CKiIaaae mutie 35 pokis. Lle mocuth HOBI, €pEeKTUBHI KOHCTPYKIIii 1 MOTPEOYIOTH
pEeTeIbHOr0 BUBYECHHS Ta BUKOPUCTAaHHS Cy4aCHUX HAayKOBHUX HIAXOIIB Ui iX MPOEKTYBaHHS 3
3aCTOCYBaHHSIM TPOTPAMHHMX KOMIUIEKCIB, TaK K iX poOOTa MiJ JI€l0 HAaBAaHTAKEHHS Ta IPOIIEC
Oy/IiBHULITBA JTIOCUTh CKJIAJHI. PO3paxyHKOBUI aHami3 1 3BeICHHS KOHCTPYKIIA CAMOHAIPYKEHOTO
TAIy 0a3yeThCs HAa BHUHAXOM1 PIBHOBAXHOI KOHCTPYKINi, Tak 3BaHOI (opmu TeHcerpiti. ITomryk
(dopmu GaraTOBUMIpHHUI 1 CKIIAJJA€THCS 3 €TaIly PO3paXyHKOBOTO aHaJi3y CAMOHAIPY>KEHOT'O KYIIOJy
Ha PIBHOBaXXHE TIIOJIOKCHHSI €JIEMEHTIB 1 iX BY3JiB, BHOOPY HAWOIIBII CTIWKOI 1 KOPCTKOI
KOHCTPYKIIi, a TaKOX ypaxyBaHHS MOJIMBHX HEBUTIIHUX HABaHTAXXEHb IIJ{ Yac eKCIuTyaTamii i
MOYAaTKOBOTO HABAaHTA)XEHHS B EJIEMEHTAaX BiJ NMPUKJIAJCHHS IONEPETHBOTO HampyxeHHs. s
BU3HAa4YCHHS (DOPMHU TPOCOBUX KYHOJIB C(OPMYIHOBAHO 3aBJaHHS HENIHIHOTO MporpamyBaHHS 3
3aIaHMMH OCHOBUMH CHJIAMH, SIK€ MOXXHA PO3IISIIATH SK 3aBJaHHS MiHIMIi3alii pi3HUI MOBHOL
eHeprii aedopmarii MiX eTeMEeHTaMH TPOCIB 1 CTIHKaMHU NMPU OOMEXEHHSX Ha YMOBU CYMICHOCTI.
[lepmuM KpOKOM Uil pO3paxyHKY IOIEPEAHBOTO HAMPYKEHHS TPOCOBOTO KYIOJy € OIliHKa
3MIHCHEHHOCTI Horo reomerpii. Po3rismaeTscs MOXKIUBICTH (OPMYBaHHS TPOCOBOTO KYTOIY
HeraTHBHOI ['ayCCOBOi KPUBU3HHM 1 JOCHIIKYETHCS METOA PO3PaXyHKY MOMEPEAHBOTO HANPYKEHHS
s i€l HoBoi (opmu. 3ampomoHOBaHUM MeTon € e(PEeKTHMBHMM 1 TOYHMM NpPHU BHU3HAYCHHI
JOIMYCTUMOTO IIONIEPEAHBOTO HANPYKEHHS Ui TPOCOBOTO KYIOIY 3 HeraTuBHOIO [‘ayccoBoro
KPUBU3HOI0, 1 HOro MOXHa BUKOPUCTOBYBATH MJIsi IHIIMX THIIB IONEPEIHBO HAIPYKEHUX
KOHCTpYKIlid. HaBemeHi HOBI HampsMu pO3BUTKY €(OEKTUBHMX KOHCTPYKTUBHHUX DIIICHb
BEJIMKOIPOJITHUX HOKPUTH, CEpel SKHUX IiJIBICHO-KYIOJbHAa KOHCTPYKLis, IO MOEIHYE B cOO1
mepeBard TpaTdyactoi OOOJOHKM 1 TPOCOBUX KymodiiB. (OcoOnHMBOI yBarm 3aciyroBYIOTH
eKCTIIEpUMEHTANIbHI JOCHIHKEHHS Ha MOJIENIAX KYIOJIiB-TEHCETPITi, Pe3yIbTaTH SKHX JEMOHCTPYIOThH
MMO3UTHBHI 1 HEraTHBHI CTOPOHM IMOBEIIHKM KOHCTPYKIIIA TiJ J1€}0 HAaBaHTaKHEHHs, MPOIeC iX
3BEJICHHS, @ TAKOXK MOXJIMBICTh KOHTPOJIIIO Ta BITHOBJICHHS ITiJl Yac €KCILTyaTallii.

Kuo4uoBi ciioBa: caMoHanpy>KeHU TPOCOBUH KYTOJI, IPUHITUIT TEHCETPiTi, KOHCTPYKTUBHI
pillieHHS, MTOTepeIHE HANIPYKEHHS, MOIIYK (POpPMH.
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COBPEMEHHBIE KOHCTPYKTUBHBIE PEHIEHUSA ITPE/IBAPUTEJIBHO
HAITPSKEHHbBIX TPOCOBBIX KYIIOJIOB M ITYTHU UX COBEPIHEHCTBOBAHUA
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Ooecckas 20cyoapcmeeHnas akademust CmpoumenbCmed u aApxXumexKmypol

AHHoTanus. /[ co3laHus NMPUHIUIHAIBHO HOBBIX MHHOBALIMOHHBIX OOJBIIETPOJIETHBIX
KOHCTPYKLHUN IOKPBITUM 3JaHUNM U COOPYKEHHUM PAaCCMOTPEHBI COBPEMEHHBIE KOHCTPYKTHBHBIC
peuieHusT NpPeNBApUTENbHO HANpPSDKEHHBIX TPOCOBBIX KYNOJOB THHA TeHcerpuTu. Cpok
9KCILTyaTallud MEPBBIX IOCTPOEHHBIX KYIOJOB-TEHCUIPUTH COCTaBJIA€T Bcero 35 uer. OT1o
JIOCTaTOYHO HOBbIE, 3((HEKTHUBHBIE KOHCTPYKIUMU KOTOpbIE TPEOYIOT TIIATENBHOTO U3YyYEHUs U
HCIOJIb30BaHUsl COBPEMEHHBIX HAay4HBIX IOAXOAOB A UX IMPOEKTHUPOBAHMS C IPUMEHEHUEM
MIPOrpaMMHBIX KOMILIEKCOB, TaK Kak UX padoTa MoJ JeiCTBIEM Harpy3Ku, U MPOILECC CTPOUTENbCTBA
JOCTAaTOYHO CJIOXKHBIE. PacyeTHBI aHanu3 U BO3BEICHHE KOHCTPYKIUN CAMOHAIIPSIKEHHOI'O THIIA
0asupyercs Ha W300pPETCHUU PaBHOBECHON KOHCTPYKIIMU, TaK HA3bIBAEMOW (POPMBI TEHCETPUTH.
ITouck (hopMbl MHOTOMEPHBIN U COCTOUT U3 ATAIA PACUETHOTO aHAJIM3a CAMOHANPSKEHHOTO KyIoJia
Ha PaBHOBECHOE IOJIOKEHHE AJIEMEHTOB M MX Y3JI0B, BBIOOpa HamOoJiee yCTOWYMBON M JKECTKOM
KOHCTPYKLIMH, & TaKXe Yy4eTa BO3MOXHBIX HEBBINOJHBIX HArpy30K BO BpEMs O3KCIUTyaTallud MU
HayaJlbHOM HAarpy3Kh B DJJIEMEHTaX OT MPUJIOKEHHUs MPEABAPUTEIBHOrO HampsbkeHus. s
ompeneneHuss  (GOpMBI  TPOCOBBIX  KYHOJOB  copMmylupoBaHa  3afaya  HEJTUHEHHOTO
[IPOrpaMMHUPOBAHUs C 33JaHHBIMH OCEBBIMU CHJIAMH, KOTOPYIO MOYKHO pacCMaTpuBaTh Kak 3a1aqdy
MUHUMM3ALNAN Pa3HUIIBI TOJTHOM SHEPruHu eopMaluy MEX1y 2JIEMEHTaMU TPOCOB M CTOMKaMU IpU
OTpaHUYEHUSAX HA YCJIOBUS COBMECTHOCTH. llepBpIM marom s pacdera HpeABapUTEIIBHOIO
HalpsDKEHUs  TPOCOBOIO  KyIoJjla  SIBJISIETCA  OLIEHKA  OCYILECTBUMOCTH €r0  T'€OMETPHUH.
PaccmarpuBaeTcsi BO3MOXHOCTH (OPMHPOBAaHHMS TPOCOBOTO KYIoOJja HEraTuBHOW ['ayccoBoi
KPUBHU3HBI U HCCIIEIYEeTCSl METOJI pacyeTa NpeaBapuTeNIbHOTO HAIPSHKEHUS 11 3TOH HOBOM (DOPMBIL.
[Ipennoxenuplid Meron sBnsercs 3(G(EKTHUBHBIM W TOYHBIM IPHU ONPEACNCHUU AOMYCTUMOTO
[IPEABAPUTEIILHOTO HANIPSKEHUs Ul TPOCOBOIO KYIIOJIa ¢ OTpULIATeNbHOM ['ayccoBOM KpUBU3HOM, U
€ro MOXHO MWCHOJIb30BaTh JI JPYTMX THUIOB IPEABAPUTEIBHO HAIMPSKEHHBIX KOHCTPYKLIHM.
[IpuBeneHHble HOBBIC HANpaBieHHUs pa3BUTHS S((EKTUBHBIX KOHCTPYKTHBHBIX pPELICHUN
OO0JIBIIETIPOTIETHBIX MOKPBITUH, CPeld KOTOPBIX MOJIBECHAS-KYIIOJIbHAS KOHCTPYKIIHS, COUeTarouas
B ce0e MpenMyIIeCcTBA CEeTYaToi 000I0UKH U TPOCOBOTO Kyrnoia. Oco60ro BHUMAHHUS 3aCIyKUBAIOT
JKCIEPUMEHTAIBHBIE HCCIEIOBAaHUS HA MOJENSAX KYIMOJOB-TEHCETPUTH, PE3YJbTAaThl KOTOPBIX
JEMOHCTPUPYIOT IOJIO)KUTEIbHBIE M OTPHULATEIbHBIE CTOPOHBI IOBENEHUS KOHCTPYKLIMHM IOJ
JNEHUCTBUEM HArpy3KH, MIPOLIECC UX BO3BEACHMS, a TAKKE BO3MOKHOCTh KOHTPOJISI U BOCCTAHOBJICHUS
IIPU KCILTyaTaluu.

KiawueBble ci0Ba: CcaMOHANPSIKEHHBIA  TPOCOBBIA  KYyMOJI, MPUHIMI ~ TEHCETPUTH,
KOHCTPYKTHUBHBIE PELICHUS, TIPEABAPUTEIHHOE HAMIPSHKEHUE, TOUCK (DOPMBI.
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Abstract. In the article, the authors consider one of the ways to solve the problem of reducing
metal consumption and increasing the efficiency of metal structures by choosing an effective static
scheme. The choice of the appropriate scheme is carried out for the most common elements of metal
structures - beams, which also include roof purlins.

To cover the industrial building of the seaport, discontinuous and continuous stringer systems
are being developed and their efficiency is analyzed in terms of metal consumption and labor
intensity.

Keywords: truss, covering, beam, purlin, discontinuous scheme, continuous scheme

Introduction. One of the important tasks in the field of improving building structures,
including steel ones, is to reduce their material consumption, which can be achieved on the basis of
further study of the actual operation of structures, improvement of design schemes, development of
the structural form, the use of high-strength steels, the use of effective types of cross-sections of
elements. Steel Structural Design Codes [1] recommend «to choose the optimal technical and
economic indicators of structural schemes of buildings; apply progressive constructions...; to provide
manufacturability and the least complexity of manufacturing structures; to apply designs providing
manufacturability and the least complexity of installationy.

The problem of reducing metal consumption will never lose its acuteness, since prices for raw
materials and energy are constantly increasing, and the Earth's interior is gradually depleting. This
prompts to constantly develop measures to save metal and consider it one of the main tasks of
scientific and technological progress in metal construction.

To cover the industrial building of the seaport, continuous cut and discontinuous systems are
being developed and their efficiency is analyzed in terms of metal consumption and labor intensity.

Analysis of recent research and publications. Among the many ways to solve the problem of
reducing metal consumption and increasing the efficiency of metal structures is the possibility of
choosing effective schemes, in particular continuous ones, in the most common elements of metal
structures - beams, which include purlins. These issues were considered in works [2, 3, 4, 5] and
others. Continuous systems have long attracted the attention of scientists and metal-building
engineers. A large amount of material has been accumulated about these structures, on the basis of
which the advantages and disadvantages of continuous beam structures can be distinguished. The
advantages of continuous structures include: 1) a decrease in metal consumption compared to
discontinuous structures under the same operating conditions, which is a consequence of a more
favorable distribution of bending moments in beams. This is especially important for long lengths
and significant loads, when the mass of the supporting structure makes up a significant proportion of
the entire set of loads, which is manifested in the structures of building coatings; 2) less deformability
of the structure due to static indeterminacy with the same dimensions and cross-sectional size in
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comparison with similar discontinuous structures. This advantage makes it possible to expand the
field of application of steels of increased and high strength, when restrictions on deformability force
them to reject them in discontinuous structures; 3) reduction or absence of a break in the deformation
line on intermediate supports; 4) greater efficiency of using the elastoplastic stage of steel work in
continuous beams than in discontinuous ones. The bearing capacity of continuous beams increases
not only as a result of the development of limited plastic deformations, but also as a result of the
redistribution of the bending moment; 5) the possibility in some cases of lifting during the installation
of enlarged structures that overlap several spans at once.

Continuous structures also have some disadvantages: 1) the possibility of the appearance of an
uncontrolled stress state due to uneven settlement of the bases, as a result of which their reliability is
fundamentally reduced; 2) the accumulation of thermal deformations, larger in magnitude than in
discontinuous structures. This disadvantage is especially noticeable in open long structures subjected
to the action of temperature at its large drops; 3) the difference in the values of the support reactions
on the extreme and intermediate supports; 4) an increase in some cases of the specific labor intensity
of the manufacture of structures, as a result of the implementation of additional elements that ensure
the continuity of beams; 5) some complication of installation when creating continuity after lifting
structures, when the installation is carried out span-by-span. In this case, the labor constant of
installation may increase, since the labor intensity of work, especially welding, at the top is much
higher than the labor intensity of the same work at the bottom. The first of these disadvantages is the
most significant. The rest disadvantages are not fundamental. And yet, continuous beam structures
have not had proper distribution.

The aim of the work is to determine the effectiveness of continuous purlin with a different
number of spans and the corresponding provision of the least laboriousness of manufacture, creation
of continuity and installation.

Research results. An industrial building, for which discontinuous stringer and continuous
coating scheme is being developed, is a single-span one-story 138 m long, a span of 30 m, a pitch of
trusses of 6 m (Fig. 1).
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Fig. 1. Marking scheme of discontinuous purlins

- To determine the effectiveness of the use of continuous purlins, the selection of sections of a
discontinuous purlin (Fig. 1) and a continuous one was performed with a different number of
continuous spans (Fig. 2, 3).

- The continuous purlin is calculated as a single-span beam merely supported on the upper
chords of the trusses. The calculation is carried out for uniaxial bending, since the slope of the coating
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is 1.5% <2%. The cross-section of the purlin was selected from a rolled channel with parallel flange
faces No. 1811 (DSTU 3436-96).
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Fig. 2. Marking scheme for two-span continuous purlins
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Fig. 3. Marking scheme for four-span continuous purlins

Sections of a continuous two-span purlin (Fig. 2) and a continuous four-span purlin (Fig. 3)
were selected from a rolling channel No. 14P. Saving steel per one running meter of a purlin in
comparison with a discontinuous scheme is 2.1 kg.

When selecting a section of a continuous purlin, the possibility of the development of limited
plastic deformations in the section and the corresponding partial redistribution of the support and
span moments (as for sections of the 2nd class by the type of stress-strain state [1]) were taken into
account. In accordance with this and the requirements of [1], the calculated value of the bending
moment M was determined by the formula:

M=a-M__ (1)

where M. — 1s the largest bending moment in a span or on a support, found from the calculation of
a continuous purlin under the condition of elastic work of steel.
Moment redistribution coefficient a:
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M,
a=051+ )
Mmax
The numerical value of the conditional bending moment M,s was taken equal to the larger of
the two values:

M, = ; MQJ,ZO.S-M2
1+— 3)

where M; — bending moment in the outermost span, calculated as for a freely supported single-span
beam;

a — the distance from the section, where the bending moment A, acts, to the outer support;

M>— maximum bending moment in an intermediate span, calculated as for a freely supported single-
span beam;

[ — end span length.

It is very important for continuous purlins to design a simple knot that will provide continuity.
It should not be complicated and with a minimum labor intensity of the device, since these works are
performed by the installer at a height, on the coating of the building being constructed. From this
point of view, the most rational is a two-span continuous purlin (according to the scheme in Fig. 2).
The length of each span of the purlin is 6 m, the total length of the purlin is 12 m - corresponds to the
standard size of the rolled product. Such a purlin will be completely prepared for installation in the
factory and its installation is carried out with a single mark drawing on the trusses located with a pitch
of 6 m. Fastening is carried out, as for discontinuous purlins, on bolts, through a shorty from an
unequal angle welded to the upper chords of the trusses. But in this case, there is no mounting gap
(10 ... 20 mm) on the middle support of a two-span continuous purlin, as in the case of a 6 m long
discontinuous purlin.

- For continuous purlins with more than two spans, creating a continuous line is already a more
difficult task. The following knot solution is proposed: firstly, along the length of the continuous
purlin, the knot must be located in the zone of action of zero bending moments, where the value of
the force is zero or close to it; further, between the channels at the junction, we leave a gap of 50 mm,
and on the side of the wall of the joined channels we install an overlay (with a length of 0.1 /purin =
0.1:6 = 0.6m, where lpurin = 6 m is the span of the purlin) from the channel of the same section, located
with shelves in the opposite direction; we pre-fix the abutting channels and the pad using two bolts
of normal accuracy (we place them in the middle of the wall in height), and then we make the
connection by welding; the upper weld seam should be internal, it should not protrude above the plane
of the upper flanges of the channels, so as not to interfere with the subsequent fastening of the sheets
of the steel profiled flooring - for this, before installation, the feather edges of the channels of the
purlins and the overlays along the length of the joint are beveled. This unit is simple, technologically
convenient in execution and has low labor intensity.

- Also, for a four-span purlin, in the presence of two twelve-meter mark drawings, you can
make a joint on the middle support, but in this case we accept a longer pad - 1.2 m (the pad protrudes
beyond the axis of the joint on each side by a distance of 0.1 /purin = 0.1:6 = 0.6 m).

Conclusion: Replacing discontinuous purlins with continuous ones leads to significant savings
in steel; does not increase the labor intensity of work and even somewhat simplifies installation when
using a two-span scheme; increases labor intensity and complicates installation when using multi-
span schemes.

1. The simplest in terms of labor intensity and execution is the device of a continuous purlin
according to a two-span scheme. In this case, it is possible to use rolled product of a standard length
(12 m) and use the same attachment points for the purlins to the upper chords of the trusses, as in the
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discontinuous scheme (in the absence of an installation gap). Saving steel when using a continuous
two-span scheme (channel No. 1411, DSTU 3436-96) compared to the discontinuous-section layout
of the purlins (channel No. 18I1, DSTU 3436-96) is 24 kg for 6 m long rolled products. Saving on the
entire coating of the projected building (span 30 m, length 138 m, truss spacing 6 m, purlin spacing 3
m; Fig. 1, 2), where the number of 6 m long purlins is 276 pieces: 276-24 = 6624 kg.

2. When using a continuous four-span scheme (Fig. 3), the savings in steel (channel No. 14I1)
compared to the discontinuous scheme (Fig. 1) of the location of the purlins (channel No. 18I1) is
also 24 kg for rolled products with a length of 6m. In this case, the steel savings for the entire covering
of the projected building is also 6624 kg, as when using a two-span continuous scheme, but with a
more complex and time-consuming assembly.

3. To cover the projected building, it is recommended to use purlins according to a continuous
two-span scheme, which, in comparison with the discontinuous scheme, provides a steel saving of
6624 kg and does not increase, but even somewhat reduces the labor intensity and complexity of
installation due to the use of standard 12 m long rolled products.
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AHoTanis. OgHUM 3 BaXIJIMBUX 3aBAaHb B 00J1aCTi BIOCKOHAJIIEHHS OYyiBEIbHUX KOHCTPYKIIii,
y TOMY YHCJIi CTaJIEBUX, € 3HW)KEHHS 1X MaTepialoMICTKOCTI, 110 MOKe OyTH JOCATHYTE HAa OCHOBI
MOAAJIBIIIOTO BHBYCHHSI JIWCHOI POOOTH KOHCTPYKIIIH, BIOCKOHAJICHHS KOHCTPYKTHBHHUX 1
PO3paXyHKOBHUX CXEM, PO3BUTKY KOHCTPYKTHUBHOI ()OpPMH, 3aCTOCYBaHHS BHCOKOMILIHUX CTaJIei,
BUKOPHUCTAHHS €(PEKTUBHUX THITIB TIOTIEPEUHUX TIEPEPi3iB €ICMEHTIB.

Cepen OaraThOX MNUIAXIB PIMICHHS 3a7a4l 3HMKCHHS METAJIOEMHOCTI 1 IIiJIBUIICHHS
e(EKTUBHOCTI METaJleBUX KOHCTPYKLIN 3HAXOIUTHCS 1 MOXKIUBICTH BUOOPY €(DEKTHBHUX CXEM,
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30KpeMa HEepO3pi3HUX, B HAMOUIBII MOMKUPEHUX €IEMEHTAaX METAJIEBUX KOHCTPYKILINA — Oaikax, 10
SIKUX BITHOCSITHCS 1 TPOTOHU TTOKPHUTTIB.

Jns mokpuTTsS BUPOOHMYOi OyHiBIi MOPCHKOTO TOPTIBEIBHOTO IOPTY PpO3POOIAETHCS
MIPOTOHOBA PO3pI3HA 1 HEPO3pi3HA CUCTEMH 1 aHATI3YETHCSA X €(PEKTUBHICTH MO METAIOEMHOCTI 1
TPYIOMICTKOCTI.

Jlnst BU3HaUeHHs €peKTUBHOCTI 3aCTOCYBaHHS HEPO3PI3HUX MPOTOHIB OYB BUKOHAHHUH Mia0ip
mepepi3iB PO3Pi3HOTO MPOTOHY 1 HEPO3PIZHOTO MPH Pi3HIM KUIBKOCTI HEPO3PI3HUX MPOJIHOTIB.
[Tepepi3 po3pi3HOro MPOTOHY MiAIOpaHuil 3 MPOKATHOTO HIBEJIEepa 3 MapalieIbHUMU IPAHSIMHU MOJHUIh
Ne 1811, mepepi3u HEPO3PI3HOTO JIBOMPOJITHOIO MPOTOHY 1 HEPO3PI3ZHOTO YOTHUPHOXIPOIITHOTO
nporony miaiopani 3 nmpokarHoro msenepa Ne 14I1. ExoHoMmist cTaili Ha OJTHOMY ITOTOHHOMY METPi
HEPO3PI3HOTO MPOTOHY B MOPIBHSAHHI 3 PO3PI3HOIO CXeMOI0 ckiamae 2.1 xe.

[Ipu migbopi mepepidy HEPO3PI3HOTO MPOTOHY BpPaxXOBYBajacs MOXKIHUBICTH PO3BUTKY B
nepepizi 0OMeXeHUX IUIACTUYHUX Je(opMaltiid 1 BIAMOBIAHUI 9aCTKOBUH TIEPEPO3IOIiT OTIOPHOTO 1
MPOJIITHOTO MOMEHTIB (SIK JUIs IIepepi3iB 2-T0 KJIacy 3a BUAOM HAIPYKEHO-Ie(POPMOBAHOTO CTAHY).

Haii6imb11 mpocTuM 3a TPYJIOMICTKICTIO 1 BUKOHAHHSM € BJIAIITYBaHHS HEPO3PI3HOTO MPOTOHY
3a JIBOMPOJITHOIO CXeMOolo. B 1ipboMy BUNAnKy Ui BiIMPaBHOI MapKu MOXKJIMBE BUKOPUCTAHHS
MpOKaTy cTaHnapTHOi HOBXHHU (12 M) 1 3aCTOCYBAaHHS TaKUX XK€ BY3JiB KPIIUJICHHS MPOTOHIB 10
BEpPXHIX TOSCIB KPOKBSIHUX (PepM, SIK MPU PO3pi3HIA cxemi (3a BiACYTHOCTI MOHTa)XHOTO 3a30pY).
ExoHOMis cTali Mpy BUKOPUCTAHHI HEPO3Pi3HOI JABOMPOJIITHOI CXEMH B MOPIBHSAHHI 3 PO3PI3HOIO
CXEMOI0 pO3TaIlyBaHHS MMPOTOHIB JIJIs1 TOKPHUTTS OYAiBIIi, IO MPOEKTYeThCs (mpomiT 30 m, TOBXKUHA
138 m, xpox dhepM 6 ., KpOK MPOTOHIB 3 M) ckiagae 6624 ke.

[Tpu BUKOpUCTaHHI HEPO3PI3HOI YOTHUPHOXIPOJITHOI CXEMH €KOHOMIsl CTallli B MOPIBHSHHI 3
PO3PI3HOIO0 CXEMOIO CKIIaJIa€ TaKOXK 6624 k2, K TPH BUKOPUCTAHHI ABOTIPOIITHOI HEPO3PI3HOT CXEMH,
aJie 13 OUTbII CKJIaHIIINM 1 TPYAOMICTKHM BY3JIOM.

3aMiHa PO3pI3HUX MPOTOHIB MOKPHUTTS JOCTIIKYEMOI OyIiBiII HEPO3PI3HUMHU MPUBOAMUTH 1O
1ICTOTHO1 €KOHOMII CTai; He MIBUIIYE TPYAOMICTKICTh POOIT 1 HaBITh ACKIIbKA CIIPOIIYE MOHTAX
IIPU BUKOPUCTAHH1 IBOMPOIITHOT CXEMH; MMiJIBUIILYE TPYIOMICTKICTh POOIT 1 YCKIaJHIOE MOHTAX IIPU
BUKOPUCTaHHI 0araToOmpoJIiTHUX CXEM.

KurouoBi ciioBa: depma, moKpuTTs, Oalika, MPOTOH, PO3pi3Ha cXxeMa, Hepo3pi3Ha cxema
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AHHoTanusi. OgHONW W3 BaXHBIX 3a7ad B OOJAcTH COBEPIIEHCTBOBAHUS CTPOMUTEIHHBIX
KOHCprKI.[PIfI, B TOM YHUCJIC CTAJIIbHBIX, SABJIACTCA CHUKCHHUC UX MATCPUATIOCMKOCTHU, YTO MOIKCT GBITB
JOCTUTHYTO Ha OCHOBE JaJbHEUINEro W3Y4YCHHUS JIEHCTBUTEIBHOW pabOThl KOHCTPYKIIHM,
COBEpIICHCTBOBAHUS KOHCTPYKTHUBHBIX M PACUETHBIX CXEM, Pa3BUTHUSI KOHCTPYKTHUBHOU (POpMBI,
MPUMEHEHHSI BHICOKOIIPOUHBIX CTaJIel, UCIOIb30BaHue 3(PPEKTUBHBIX THUIIOB MONEPEYHBIX CEYCHUN
AJIEMEHTOB.
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Cpenu MHOrMX MyTed penieHusi 3aJaud CHIKEHHMS METaUIOEMKOCTH M TOBBILICHUS
3 PEKTUBHOCTH METAJUTMUYECKUX KOHCTPYKIIMM HAXOJHUTCSI M BO3MOXKHOCTH BBIOOpa 3(()EeKTUBHBIX
CXeM, B YaCTHOCTH HEpa3pe3HbIX, B HAMOOJIEe PacCHpOCTPAHEHHBIX AJIEMEHTaX METAJUTMYECKUX
KOHCTPYKLHUH — Oankax, K KOTOPbIM OTHOCATCS U IPOTOHBI MOKPBITUH.

Jli TOKPBITHUS MPOU3BOJACTBEHHOTO 3/IaHUSI MOPCKOI'O TOPTOBOrO MOPTa pazpadaTbIBaeTCs
MPOTOHHAs pa3pe3Has W Hepa3pe3Has CHCTeMbl H aHanu3upyercss uX d(G(EKTUBHOCTh IO
METAJIJIOEMKOCTH U TPYIOEMKOCTH.

- [nst onpenenenust 3¢(GHEeKTUBHOCTH MPUMEHEHUS HEPa3pe3HBIX MPOTOHOB OBLI BBIMOIHEH
noa00p CeYeHUil pa3pe3HOro MPOroHa M HEPa3pe3HOro IMpH pPa3HOM KOJIMYECTBE HEpa3pe3HbIX
nposetoB. CeyeHne pa3pe3Horo NporoHa noAoopaHo M3 MPOKATHOTO MIBEJUIEpa ¢ MapalieIbHbIMU
rpansiMu mojiok Ne 18I, cedyeHuss Hepa3pe3HOro NBYXIPOJETHOTO MPOroHa U HEPa3pe3HOro
YETBIPEXIPOJETHOTO MPOTOHA NO00paHbl U3 mpokaTHOTo mBeiiepa Ne 14I1. DxkoHoMus cranu Ha
OJIHOM MOTOHHOM METPE€ HEPa3pEe3HOro MPOroHa Mo CPaBHEHUIO C pa3pe3HOM cxeMoil cocTaBisieT 2.1
Ke.

[Ipu moxbope cedeHHs] Hepa3pe3HOro MPOTOHA YUUTHIBAIACH BO3MOXHOCTH DPa3BUTHUS B
CCUCHHWU OTPAHUYCHHBIX IUIACTHYECKUX JedopMalii ¥  COOTBETCTBYIOIIEEC YACTUYHOE
repepacnpeielieHue ONOPHOro U MPOJIETHOIO MOMEHTOB (KakK JJis CEYeHHH 2-ro Kiiacca Mo BUILY
HaIpsHKEHHO-1€(OPMUPOBAHHOTO COCTOSIHHS ).

Haubonee nmpocThIM MO TPYAOEMKOCTH M HCIIOJIHCHUIO SIBIIIETCS YCTPOWCTBO HEPa3pe3HOTO
MpOroHa IO JIBYXIIPOJIETHOM cxeme. B »TomM cnydae 11 OTHpPaBOYHOM MApKH BO3MOKHO
MCIOJIb30BaHUE MpOKaTa CTaHAapTHOM AnuHbl (12 M) U MpUMEHEHHE TaKUX K€ Y3J0B KperuieHUus
MIPOTOHOB K BEPXHUM TIOsCaM CTPOMIIBHBIX (hepM, Kak MpU pa3pe3Hoi cxeme (IpU OTCYTCTBUU
MOHTQXHOTO 3a30pa). DKOHOMHUS CTAJIH MPU UCIIOJIH30BAHUN HEPA3PE3HOU JBYXIIPOJIETHONW CXEMBI
[0 CPaBHEHHUIO C Pa3pe3HON CXEMOM pacCHOJIOKEHUsS MPOTOHOB JUJISl MOKPBHITHS MPOCKTUPYEMOIO
snanust (npostet 30 m, nmHa 138 v, mar gepm 6 u, mar nporoHoB 3 m) cocTaBisieT 6624 ke.

[Ipy w#cnonb30BaHUM HEPA3PE3HOM YETHIPEXIPOJETHOM CXEMbl 3KOHOMHUSI CTald IO
CPaBHEHHUIO C pa3pe3HOd CXEeMOW cOocTaBisieT Takxke 6624 ke, Kak MpU HCIOIb30BAHUU
JIBYXIIPOJIETHON HEpa3pe3HON CXEMBI, HO ¢ 0OJIee CIOKHBIM U TPYAOEMKHUM Y3JIOM.

3amMeHa pa3pe3HbIX IPOrOHOB MOKPBHITHS HCCIEIYeMOr0 COOPYXKEHHUS Hepa3pe3HbIMU
MIPUBOJIUT K CYIIECTBEHHOM YKOHOMUU CTAJIH;, HE TIOBBIIIAET TPYAOEMKOCTh PabOT U JJaxKe HECKOIBKO
YIOPOIIAeT MOHTAXX IPU UCIOJIB30BAHUU JIBYXIIPOJIETHOM CXEMBbI; MOBBIIIAET TPYIOEMKOCTh padoT 1
YCIIOXKHSIET MOHTaK IIPU UCIIOJIb30BAHUN MHOTOMPOJIETHBIX CXEM.

KuroueBsble ciioBa: (hepma, MoKpeITHE, OAJIKa, IPOTOH, pa3pe3Has cxeMa, Hepa3pe3Has cxema
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3ACTOCYBAHHS METOIB I MOJAEJEN BIM-TEXHOJIOT'TH
ITPU ITPOEKTYBAHHI KYIIOJIBHOI'O IIOKPUTTSA AKBAIIAPKY
3 JEPEBAHUMU APKAMU
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'Byako T.I'., marictp,
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'Kuigcoxuii nayionansnuil ynieepcumem 6yoienuymea i apximexmypu
mip. [loBiTpodmorcrknii, 31, M. Kuis, 03037, Ykpaina

AHoTauisi. Po3riasHyTO mUTaHHI TPOEKTYBAHHS CKJIQJHOI MYJIBTHOO €MHOT KYMOJBHOI OYmiBiIi
aKBamapKy i3 3aCTOCYBaHHSM THYTOKJICEHUX JepeB’sHHX apok. CkiamHicTh 00’€MiB Ta JiHIA iX
CIPSDKCHHS, a TaKOXK HENHINHICTh MOJAIBIIOTO PO3pPaXyHKY BHUKJIMKAIU TOTPEOy y CTBOPEHHI
iHpopMmaniiiHoi Mozeni i3 3actocyBaHHsIM 3aco0iB BIM-npoexktyBanus. Ilpu npoexTyBaHHI OyIo
BUKOHaHO No0OymoBYy iH(popMariitHoi moaeni B [IK CAIIOUP i3 mogansIio MOKIUBICTIO IMITOPTY
mojeni B po3paxyHkoBuit komiuieke [IK JIIPA-CAIIP. [Ing momanbioi po3poOKu e(heKTUBHUX
BY3JIOBUX CHpPsDKEHB Oyio Bukopuctano 3D MojentoBaHHS 3 mepenayeto iHGpopMaiiiiHoi Mojeni B
IIK Tekla Structures, sikuii € crieniagTizoBaHUM CEPENOBUIIEM IIOAO0 KOHCTPYKTHBHOTO PO3ILTY
npoekty. Bukopucranus iHbpopMaiiHux MoJenel 103BOIHIO 3HU3UTH 3aTPaTH Ha MPOEKTYBAHHS,
ONTUMI3yBaTU POOOYI MPOLECH, a TAKOXK CYTTEBO MiABHILUTH CKIAJHICTh CIOPYAU SK HAa PiBHI
apXITEeKTypHO-KOHCTPYKTHBHOTO PIIICHHS, TaK 1 Ha PiBHI PO3pPaxyHKOBOI MOJENI 3 ypaxyBaHHSIM
HEJIIHIHHUX €EeKTIiB IepPEeBUHHU.

Kurouogi cioBa: JINPA-CAIIP, CATI®OUP, neper’siHi THYTOKJICEHT KOHCTPYKITi, apKOBE
MIOKPUTTS, aKBanapk, EBpokon 5

Beryn. CyuacHuii cTaH KOMIT IOTEPHHUX TEXHOJIOTIH, 3 OJHOTO OOKY, Ta BUMOTH OYAiBETbHOTO
MIPOCKTYBaHHS CTOCOBHO €()EeKTHUBHOIT MOOYIOBH Ta pearyBaHHs MOJIEJI CIIOPYAN — 3 1HIIOTO OOKY,
CTBOpPUJIM yYMOBH Ui 3actocyBaHHs BIM-texnomoriii mnpoektyBanHs (Building Information
Modeling), mo HagarOTh MOKIIUBICTH CTBOPEHHS 1H(MOPMAIlIHOT MOIETI CIOPYAH 3 ypaxyBaHHSIM
BCiX (200 MOXIIMBHUX) €TaiB ii JKUTTEBOTO LIUKITY 3 YpaxyBaHHSIM apXiTeKTypHHUX, KOHCTPYKTUBHHUX
Ta TEXHOJIOTTYHHMX MapamMeTpiB OyIiBIIi.

Metoau 3D BIM-texnomnoriii Ha kadeapi meraneBux Ta AepeB’sHuX KoHcTpykuii KHYBA
BIPOBAKYIOTHCS B HaBUainbHUM mporec 3 2016-2017 H.p., 3po0eHO aKIEHT Ha MPOEKTYBaHHS,
PO3paxyHOK Ta BHAa4y IPOEKTHOI JOKyMeHTallii 3a qornomororo cydacaux 3D BIM-iadopmartiiiaux
komruiekciB [22]. Ilpu ix 3acTocyBaHHI IIMPOKO PO3KPHBAIOTHCS MOMJIMBOCTI B SKOCTI MOJENI
BUKOPUCTOBYBAaTH iH(poOpMallio, yTBOpeHy 3acobamu rpadiuHoro penakropa Autocad, a Takox
pesynbTaTu iHdopmarliiinoro 3D monentoBaHHs criopyau [1].

OO0’ €eKTOM JOCIHIHKEHHS € MPOEKT aKBaNapKy 13 CKJIAAHUM MOKPUTTSIM T10 IePEB’THUX THYTHX
apkax. Ha cyuacHOMy erami BHKOPHCTaHHS JIEPEBUHM B OYIIBHHIITBI € TEPCHEKTHBHUM TIPU
3aCTOCYBaHHI K IUIbHUX (OLMIIHAPOBaHI KOJIOAU, PO iTboBaHU# OpYC), KICEHUX 1 THYTOKICEHUX
eleMeHTiB, Tak 1 1T Ta OpyciB LVL, it OSB, po6oTa Ta XapakTeprCTHYHI 3HAYCHHS OTOPiB
SAKHX CYTTEBO PI3HATHCS. 3 MOMYJSPHU3ALIEI0 YHIKATBHUX Ta €KOJOTTUHUX apXITEKTYPHUX PILLICHb,
KJICEHUN OpycC ABIIsIE COO0I0 HAUOLIBIIT €eKOHOMIYHO €EKTUBHHUI CrOci0 popMyBaHHS KOHCTPYKITIT
CKJIagHOI (POPMHU ISl IPOCTOPY 3 MIHIMAJIBHOIO KUIBKICTIO BHYTPIIIHIX KOJOH Ta MapaMeTpamMu
eKCIUTyaTaI[iiHOTO CePeIOBHINA, BIACTUBOTO akBanapky [20].

AHali3 ocTaHHIX AocaimxkeHb. Ha mincTaBi y3arallbHEHUX JaHHWX, OTPUMAHUX 3 JIOCBIIY
BITUMU3HSHOTO 1 3apyO1>KHOTO OYAIBHUIITBA, CHOPMOBAaHA MO3UTUBHA TOYKA 30PY CTOCOBHO TOTO, IO
3aCTOCYBAaHHS KIICEHHMX JIEPEB'STHUX KOHCprKI.IlI/I B 6yIL1BHI/II_ITB1 IPOMAJICBKUX Ta CHOPTUBHUX
CIIOPY/ Ja€ EKOHOMII0 MaTepiallbHUX 1 TPYJOBHX pecypciB Ha oauHUIO mioui go 15%, a B
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MPOMHCIIOBUX 1 CKJIQACBKHX OyHIIBISX 3 XIMIYHO arpecuBHUM cepenoBumeM 10 (9 ...15)% B
MOPIBHSHHI 3 METAJICBUMHU KOHCTPYKIlisiMu [2]. be3nepeyHor0 € MOMIIMBICTH ITiBUIECHHS
eHeproeeKTUBHOCTI Oy/iBIi K Ha cTajii OyAiBHHUIITBA, Tak i npu ekcrutyatauii [3]. o meperniky
npoOJieM, IO YCKJIATHIOIOTH 1 OOMEXKYIOTh MaciiTad 3acTOCYBAaHHS KICEHUX JEPEB’SIHUX Ta
nepesomrapyBatux marepianis (LVL), BiTHOCATBCS Taki, 10 00yMOBIEHi crienin(ikoro JepeBUHH, K
Marepiany.

3 no3unii BIM-nipoexTyBaHHs ClliJl po3rJIAaTy BCI €Taly KUTTEBOTO LUKy Oy [4]. s
JepeB’IHUX HECYYMX Ta OrOpPOKYBAJIbHHUX KOHCTPYKIIN I, KpIM KOHCTPYIOBaHHS, TaKOX
BUTOTOBJICHHS, €KCIUTyaTaliss Ta, 3a HOTpeOH, peHoBamis. Jlo mpoOJeMHHMX MUTaHb, LI0 HE
dhopmaiizoBaHi B aHiid poOOTi, MOKHA BiTHECTH TaKi:

- HEOOXIOHICTh MIATPUMKH TEMIIEPATypHO-BOJIOTICHOTO pPEXUMY Tpu 30epiranHi i

TPaHCIIOPTYBaHHI BUPOOIB, a TAKOXK BPaxyBaHHs CE30HHUX KOJIMBaHb BOJIOTOCTI;

- 3aX0J IIOJI0 3armo0iraHHs 3aropsHHIO;
- JIOTpUMaHHS IIJTICHOCTI 30BHINIHIX MIAPiB JEPEBUHU B X0l TPAHCTIOPTYBAHHS 1 MOHTAXY;
- cneuiajgbHa 00poOKa 3'€JHaHb Ta MaTEpialiB Ta AHTUCENTUYHHUNA 3aXHCT.

TakoX TpW KOHCTPYIOBaHHI HHU3Ka BAXJIMBUX MHTaHb OyNMM pO3MIISAHYTI SK Taki, MO0
BUDIIIYIOTBCS 11032 MEXaMu MpoekTy. J[nsg kommeHcamii mpUpOJHMX ycalok 1 aedopmamii
nepeadavaroThCsl 3a30pH; TEMIEpaTrypa 1 BOJOTICTh y TMPUMIMIEHHAX 30€piraHHs KOHCTPYKIIIN
PO3paxoOBYETHCSI, TMOTIM MIATPUMYETbCS 1 PETYIIOETbCA CHCTEMOIO BEHTHWJIALIl Ta OIMAJCHHS;
3a0e3meYeHHs] 3aXOJiB MPOTHUIIOKEKHOI OE3MEKH PEerIaMeHTYEThbCS  JII0OYUMU  HOPMaMU;
JOTPUMAHHS TEOMETPUYHOI TOYHOCTI 3BEJCHMX KOHCTPYKIIHM, a TakoX 30epexeHHs ITICHOCTI
MOKPUTTS 1 (OPMH YaCTUH KOHCTPYKIIII Mepen0adaeThCsi B TEXHOJOTIYHUX KapTaxX Ha 31HCHEHHS
POOIT 3 JOCTaBKU 1 MOHTAXY; IICJS 3aBEPIICHHS MOHTAXHHUX POOIT 3/1HCHIOEThCS BOTHE3aXUCHA
00poOKa KOHCTPYKIM OymiBil MIJISXOM HAHECEHHS BOTHE3aXWCHOro MOKputTTsa [S5]. Lli Ta iHm
MUTAHHS BHCYBAIOTHCS Iepe] MPOCKTYBAIbHUKAMHU Ta BUPILIYIOTHCS KOMIUIEKCHO 3 OUIBLIOI YU
MEHIIOIO HIMPOTOI0 OXOIUICHHS 3a/1a4 MPOEKTYBaHHS.

BpaxyBaHHs BCiX e€TamiB J>KUTTEBOTO IMKIY OyAiBeNb  BHMAarae 3acTOCYBAaHHS HOBHX
TEXHOJIOTI TMpOeKTyBaHHS [6]. Buxopucranas iHGOpMAIITHOTO MOJCITIOBAHHS 3MIiHIOE
TpaauliiHuK croci®é HamaHHS 1H(MOpMalii Ha OCHOBI TEKCTOBHX JOKYMEHTIB 1 JBOBHMipHUX
KpecieHb. HoBI KOMITJIEKCHI TEXHOJIOTIT BIPOBAKYIOTHCSI HACAMITepe] B TUX KpaiHax, /e 1HIyCTpis
IepeBOOOPOOKM 1 BUIOTOBIICHHsS OyiBENbHUX KOHCTPYKLIN 3 JIEPEBUHU Ta JEPeBOIIAPYBATHX
MarepiaigiB po3BUBa€Thbes. [Ipu MojenroBaHHS BEJMKA yBara MPHUAUIAETHCS BHUPINICHHIO NMHUTAHb
aHaJi3y CyMDKHHMX 3 KOHCTPYIOBAaHHSIM IHXEHEPHHX MpobiieMm, ysromkeHHs 2D i1 3D monened,
KoopauHarii iHpopmaiiit Tomo. [IpoTe BiamivaeTbes, mo iHCTpyMeHTH BIM, 1110 HaitO11611 TOBHO
po3poOiieHi Ui CTaJeBUX Ta OETOHHUX KOHCTPYKIIH, HE MiIXOAATh IOBHOIO MIpOI0 s
MOJICJTIIOBAaHHS JICPEB’SIHUX KOHCTPYKIH, B [7] po3risgaeTscs crtaH iHCTpyMeHTiB BIM mnpwu
MO/ICJIIOBAHHI JIEpeB’ THUX KOHCTPYKIIH Ta GOpMyITIOI0ThCA (PYHKIIOHATBHI BUMOTH JJIsi pO3POOKU
Mozeneir BIM cToCOBHO po3poOKHM HalllOHATBHUX HOPM IS Y3TOJDKEHHS iH(oOpMarii Bif BCiX
YYaCHHKIB IIpOIiecy pO3pOoOKH JiepeB’THUX KOHCTpYKLii [8]. OxpeMi mporeaypH Ta B3aEMO3B’ SI3KU
y BIM TexHomorisix Ha fep:kaBHOMY PiBHIHA0YBaOTh CTAaHAAPTHOTO BUPIIIEHHS [9].

PobGotu 1 nmocnmimkeHHs y HanmpsAMKy po3poOku BIM-TeXHONOTiH CTOCOBHO JepeB’sTHHX
KOHCTPYKIIIH MepEeBaKHO MAIOTh MKIUCIHUIUTIHApHUN xapakTtep [10].

[ndopmarriiine MonenoOBaHHSA JEpEeB’SIHUX KOHCTPYKILIH, SK Bia3HauyaeTbes B [11], € um He
HaWOLIBII MATOTOBIICHE I 3acTocyBaHHs BIM-TexHomoriii. L{e moB’si3aH0 3 BUCOKOIO 3aBOJICHKOIO
TOTOBHICTIO Ta CKJIaJHUMH LU(PPOBUMH TEXHOJIOTIIMH BUTOTOBJICHHSI KOHCTPYKTUBHUX €JIEMEHTIB
CydyacHHUX JepeB’siTHUX KOHCTpyKuiid. Komo mpobiiem, 10 BKJIIOYAIOTBCS JI0 PO3TISAYy B
KoMmIuieKcHOMY BIM-nipoekTyBaHHS, pO3LUIMPIOETHCS 3 BKIIOUEHHSIM IMUTaHb CTOCOBHO peHoBalii Ta
€KOJIOTIYHOTO IMTOBTOPHOTO BUKOPHUCTAHHS JIEPEB’ THUX KOHCTPYKIIIH Micys JTiKBiaamii ciopyau [12,
21].

Jlesiki 3 HaBeAGHMX 3ajlad PO3MIISAAIOTHCS B JaHIA poOOTi, aHATI3YETHCS MOKIIUBICTH
BUKOPUCTaHHS HasBHUX 3aCc00iB MPOEKTYBAHHS Il BIPOBaKeHHs B BIM-TexHomoriunuii mpouec
MpoeKkTyBaHHA. 3acobn BIM-mpoekTyBaHHS pO3TISAAIOTHCS SK IHCTPYMEHTH TPHU MPOEKTYBaHHI
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(BKJIIOUHO 3 BapiaHTHUM NPOEKTYBAaHHSAM) IPOCTOPOBOi OyaiBIi, fKa MPEACTaBIsE COOOI0
MYJIBTHOO'€MHY CIIOPYAY 13 CKJIQJHUMHU KPUBUMH CIIPSDKEHHS 00’ eMiB (puc. 1).
Jlo posrisiy B poboTi 6epyThes Taki MATAHHS:
- pospob6isienns 3D indopmartiiiHoi Mozeln B po3paxyHkoBomy komruiekci [TK
CAIIDIP;
- pospaxynok koHcTpykiii B [IK JITPA-CAIIP;
- TPOEKTYBAaHHS OCHOBHHUX KOHCTPYKTHBHHUX €JI€MEHTIB:
- TpoeKTyBaHHS Ta po3pobaenus mozenei 3D ByszmiB y 1K Tekla.
Metoau IOCHiIKEHHs TOJAraloTh Y BUKOPUCTAHHI PO3PAaXyHKOBOI MOJAETI KOHCTPYKLIi Y
nporpamuomy komruiekci JIIPA-CAIIP meTomom CKiHUEHHUX €IeMEHTIB

Pacad 8 ponx 16-ZA

E
Puc. 1. ®acagBocax 1.b—-2.A

flagw nepwozo nofepxy wa Bidmimyi 0.000
M E200

Puc. 2. Ilnan nepmoro moBepxy Ha Biamitii 0.000

Mera Ta 3aaaui gocaiaxeHHs. Metor poOOTH € Monyk e(eKTUBHUX 3aC001B MPOEKTYBAHHS
Ta PO3paxyHOK MPOCTOPOBOi Mozemi OyaiBii 3a HopMamu €Bpokox 5 [13, 14], po3pobiieHHs By31iB
KPIIUICHHSI €JIEMEHTIB, pO3paxyHOK OyIliBJIi Ha BOTHECTIHMKICTh. [IpoBeneHnii anami3 apXiTeKTypHO-
KOHCTPYKTHUBHOTO PIIICHHS 3aCBiIUye HaJ3BUYAHY Ba)KIMBICTb Ta BUCOKY BapTiCTh MPOBEACHHS
KOMIUIEKCY 3aXOJ/iB HE TUIbKH I0A0 Oe3rmepediitHol eKcruryaTallii cropyau, a ¥ 3a0e3reueHHs
HEOOXiTHOI HATIHOCTI Ta JOBrOBIYHOCTI KOHCTPYKLINA 3 BpaxXyBaHHSAM EKCIUTyaTallifHUX yMOB
akBamapky. [IpoBeneHHs TPOEKTyBaHHS 13 3acTocyBaHHsAM iHdopmariiinux BIM-texHomorii
HA/IaCTh MOXJIMBICTH KBaJi(hikOBaHO 0OOpaTH HEOOXiTHI KOHCTPYKTHMBHI DIIIEHHS KYIOJIHHOTO
MTOKPUTTSL.

O0’eKkT HOCHiIKeHHs] — KpUTHUIl akBallapk, OCHOBOIO IUIAHYBaJIbHOI CTPYKTYPH SIKOTO €
JBOTIOBEpPXOBa OymiBis ckiaaaHOi KoH(irypamii. KOHCTpyKIisli TMOKPUTTSA CKJIAJA€THCS 3 JBOX
KYIIOJIiB, OMEPTUX Ha 3aii300€TOHHI CTIHM Ta 3’€JHAHHUX IUIOCKUM JaXOM B DIiBHI MEPEKPHUTTI.
3aranpHa noBXKWHA OymiBm 126 M, B HaWmupni Touri — 6im3eko 50 M (puc. 1, puc. 2, puc. 3).
Byniens wmae kapkacHy OyzmoBy. I[IpocTOpOBY JKOPCTKICTH Ta CTIMKICTH OCHOBHOTO 00’eMy
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3a0e3neuyroTh 3a1i300€TOHHI CTIHM Ta JepeB’siHi apku. Jledopmariiini, TemneparypHi Ta ocaJ0ouHi
IIBM HE HasiBHI. [HKeHepHe 3a0e3MeueHHs akBanapKy mnependavyae cydacHe oOJaJHaHHS 3 €IHHOIO
CHCTEMOI0 aBTOMAaTH30BAHOTO YIPABIIHHS, CHCTEMH KOHJMIIIOBaHHS MOBITPs, KOMOIHOBaHOTO
OUMIIEHHS BOJM (XJOpYBaHHS 1 030HYBaHHs). Bcsl iHXeHepis, 1H)KCHEPHO-TEXHIYHI MPUMIIICHHS
BEHTKAaMep, BOJOIMIATOTOBKH, CUCTEMH KOHJWIIIFOBAaHHS BUHECEHI B MiABAJbHY YaCTHHY 00'e€KTa.
KonTtponp uymucToTH cepemoBuiia sk OmHOrO 3 ¢akTopiB  OymiBenbHOI Oe3meku 3adesneuye
HeTlePEeBUIIIEHHS. BMIiCTy XJIOpy B TOBiTpi 1,0 MI/M> Ha piBHI CepeHBOrO CTYNEHIO arpecUBHOCTI
cepenonuia [20].

PosrnsinaeTbcsi CTBOPEHHS «3€TEHOI» TOKPIBIi, SKa CIPHSE TMOKPAIICHHIO ECTETUYHUX
BJIACTUBOCTEH CIIOPYAM Ta IMiABUIIYE i TEIIO- Ta 3BYKOI30JIAIIHI BJACTUBOCTI.

OcHoBHHUIT MaTepiaJ Ta pe3yabTaTu A0CTiIKeHb. KOHCTPYKIIIT cydyacHUX KieeIepeBSIHUX
KYIOJIIB TIPOJILOTOM 110 125 M BHKOHYIOTHCS MEPEBAKHO SIK OJHOIIAPOBI CiTYACTI a0 MPOCTOPOBI
CTpyKTypHi 00onoHKH [15]. Cepen MOKIUBUX MPOCTOPOBUX CXEM KYIOJIB: peOpucToi, pedpucTo-
KUTBIIEBO1, CITYacTOi, — OOpaHa HeperyJspHa peOpUCTO-ciTyacTa cxema, B SIKOCTI pebep sKoi
BUCTYIAIOTh THYTOKJIEEH] apku (puc. 1, puc. 2). Takum 4MHOM, HE MONUINAIOYN  TEXHOJOTIYHHIX
nepesar peOpUCTOi CXeMH, CXeMa OTpUMaJa J0AaTKOBI IKOCTI IPOCTOPOBOI CTEPKHBOBOI CTPYKTYPH,
SKa J1a€ MOXJIMBICTH 3a0€3MEUNTH BUCOKY HAMIMHICTh KOHCTPYKIIH B CKIAIHHX EKCTPEeMaTbHUX
cutyamisx. OcTaHHIM YacoM KaTtacTpo(u NMpH pyHHYBaHHS MOKPHUTTIB CIPUIMHUIA BUCYBAHHS PSITY
BUMOT I0JI0 POOOTH BEIMKOMPONITHUX CHOPYA Ha crafii ekcruryatauii. KymonbHe moOKpHUTTS 3
HaJIMIPHOIO, 3 TOYKH 30py ONTHUMAIBHOTO MPOEKTYBaHHS, KUIBKICTIO B’S3€M Ma€ 3HAaYHO OUIBIINMA
pecypc JKUBYUOCTI, 110 B €BPONEHCHKUX HOPMAaxX BPAaxOBYEThCs K progressive collapse prevention,
TOOTO MOXKJIUBICTh MIPU PYHHYBAHHS JIEAKOI YACTHHU €JIEMEHTIB MEPEPO3NOIIIATH HaBaHTAKCHHS

MIDX 1HIIUMHU €IeMEHTaMH.

KynonbHi 00’eMu yTBOpIOBAIMCS apKaMu 3 OOpHCaMu, L0 MOETIOBAINUCS IapamMeTpHYHO.
[Iporiec mapaMeTpUYHOTO TPOEKTYBAHHS CKJIAJAETHCS 3 BH3HAUCHHS MapaMeTpiB, MOOYIOBU
BITHOCMH MK HUMH, BU3HA4YCHHs IependadyBaHOl reoMeTpii, CTBOpEHHs Bapiamiil 1 TecTyBaHHS
OTPUMAHOTO MPOAYKTY [16]. BUKOpHCTOBYIOUM KOHIIETIIIIO TapaMeTpHU3allii, KOPUCTYBAaU 3MOXKE SIK
BBOJIUTH YHUCIIOBE 200 TEKCTOBE 3HAUCHHS OYAb-SKOIO MMapaMeTpy, TaK i BUKOPUCTOBYBATU 3MIHHY
abo cxmamHuii Bupa3. Lle mo03Bosse TOB’SI3yBaTH 3HAYEHHS MK COOOI0, pO3paxoByBaTH iX 3a
dopmynamMu B 3aJIe)KHOCTI BiJ BXIJHMX NapamMeTpiB, 3MIHIOBAaTH 330BHi, 3a/JaBaTH B I1HIIUX
nporpamax [17].

[IpencraBnennii po3paxyHOK JepeB’SIHUX KYIOJIiB HEMIPABUIILHOI (POPMH y3arajibHIOE ITiIX0AN
JI0 pO3pOOKHU YHIKIBHUX (POPM Ta apXiTEKTYPHO-KOHCTPYKTHUBHHUX pillieHb. Ha muisixy BUKOHAHHS
poboTu Oylo BUPILNIEHO HU3KY OUIbII BY3bKMX NPAaKTUYHHUX NHTaHb, TAKUX SK HEPIBHOMipHE
HAaBaHTAKECHHS Ha KOHCTPYKIIIIO, HEIOMYCKaHHS TEPEeKoCy, po3poO0ka e(PEeKTHBHUX PIIICHb
IIAPHIPHUX BY3JIB U1 MOHTAXXY apOK IiJ] pI3HUMHU KyTaMH TOLIO..

Pospobnenns 3D ingpopmayitinoi mooeni. Po3poOiaeHHsT aHATITHYHOI MOJENI, IO B JaHIN
poboTi mpeacTaBisge COOOI0 KOHCTPYKTUBHY CXEMy, B SIKid €JIEeMEHTH HECy4yMX KOHCTPYKLIN
MPEACTABJICH] Y BUTJISAL JIIHIM Ta TOBEPXOHB, JOTIOBHEHHX B’ S35MHU Ta HABAHTAXXECHHSMH, BUKOHAHE
13 3aCTOCYBaHHSM CKIHUYEHHUX €JIeMEHTIB.

st mobynoBu iH(opMaliiiftHOi Mojeni OyB NPHHHATHH Marepiadl HEeCcydoi KOHCTPYKIIiT
(omHOpigHA KIleeHA AepeBHHA Kiacy minHocTi GL32h), mpuiinaTi Marepianu i monepeaHi po3mipu
OCHOBHHX €JIEMEHTIB Ta TPAaHWYHI YMOBH, a TaK0k 3D-TIOBEpXHS — IJIACTHHU KOPCTKOCTI, OJIU3BKOT
70 peabHUX 3HAu€Hb MOKPUTTS IJIs Mepeadl HepiBHOMIPHOTO HABAHTAXKEHHS Ha KOHCTPYKLIIO.
(puc. 3). MoaentoBanHs (Hi3WYHOT HEMHIHHOCTI €IEMEHTIB HECYUYUX KOHCTPYKIIIH BUKOHYBAJIOCH 32
JIOTIOMOT0I0 CKIHYEHHUX €JIEMEHTIB, 1110 ONIEPYIOTh 010110TEKO0I0 3aKOHIB 1e()OpMYyBaHHS MaTepialis.
B pesynbrari po3paxyHOK AO3BOJIMB BUKOHATH OIIHKY MPYXKHUX Ta IIACTUYHHUX aedopmarii
€JIEMEHTIB.

AHaJi3 po3paxoBaHOi MOJIENIi BUKOHYBABCS 3 JOTIOMOTO0 I'padiyHUX CIIOCO01B MPEICTaBICHHS
pe3yJbTaTiB, TaKi K €MIOPU 3YCHIIb CTEPKHEBUX €JIEMEHTIB, 130110JI5 TUIACTHHYACTHUX €JIEMEHTIB Ta
nedopmoBani cxemu. [[is1 O1IbII AETAIBHOTO aHATI3Y Ta BUSABJICHHIO PO3PAXyHKOBUX 3HAYCHD, JJIS
KO)KHOTO eneMeHTa Oynu BuBeaeHi Tabmuii PCH (po3paxyHKOBI CIIOJNydyeHHS HAaBAaHTAXKEHb),
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copmoBaHi BiINMOBiIHO 10 HOpM €Bpokoay. [Ipu cTBOpeHHI iHpOpMaLiiHOT MOJENT MOXKIUBUM €
Bi3yaJlbHE TporpamyBaHHs [18], s TpuUKIaxy BHKOPHCTaHHS SKOro Yy iHdoOpMariitHOMy
MoJIeNItoBaHHI OyaiBini Moxe Oyrtu  obOpano mporpamy CAII®PIP-3D 3 cucremoro CAIIDIP-
['eneparop i3 MOJANBIIO MOKIIUBICTIO IMITOPTY MOJIeNi B po3paxyHkoBuil komruiekc JIIPA- CAIIP.

JaAaHME MECTKOCTH ANA MABCTHH *x 3342HNE MECTKOCTA ANA NAACTHH
[ Yuer cpromponsas i ] Yuer cprorponuu i}
E 112169 T/m 0 E |0197224008| 202 o
H (003 cr  Ro [0003 w/x H 3 les  Ro [045 |22
st HEAHHERHOCTI O Yyer HEAMHESRHOCTH O
Tunk3 Tnk3

MapameTpe: maTepuana [ apameTpb maTepHana
MNaura,ofonoura Maura,ofoncura

Banka-crenka MapanmeTpel SpHaTYpE Banka-crenka MapameTpe! 2pMaTypE

M EHBUL PaSMED MNACTHHE! MeHblui pastep MAaCTUHE!

[ Yuer capura 5 “ [ Yuer casvra o

M
Koramerr apmit Uper F.aveeHT apHi Uget
Mrigka | u |3=J|cna narpmaal5E] |

v X ? e X ?

Puc. 3. BnactuBocri 3aganux gonomikaux ruiactul y IK Jlipa

[Tpu mpoekTyBaHHI KOHCTPYKIIii BEJTMKa yBara MpuALIsuIacs MIaBHUM JITHISM 0 BCiil OBEepXHi
Ta MiHIMI3alii MepeMinieHb BCepPeanHl KOHCTPyKIii. s mboro momepeuHuil mepepi3z KOKHOTO
eJIEMEHTa pPO3PAaxOBYBABCS Ha BIANOBIAHI HaBaHTaXeHHA. Hampukman, pebpa mix «3eIeHOI0»
MTOKPIBJICIO TTOBMHHI BUTPUMYBATH O1IBIII BUCOKI HABAHTAXKECHHSI, HIK 111 MEeMOpaHHUM TTOKPHUTTSIM,
a BEpXHIW pajiyc 3a0KpyrjeHHA H migpizka peOep BpaxoBYBaJld MOXKJIUBICTH BkiaganHsi OSB
0OIMBKHU OE3MEepEPBHO MO BCIi TOBXKUHI pedpa i 6e3 CKpydyBaHHSI.

CtBopeHi Moz npecTaBieH] Ha puc. 4 — puc. 7.

Puc. 4. ApXiTeKTypHO-KOHCTPYKTHBHA MoJenb y  Puc. 5. Ananitnuna mozens y I1K
ITIK CAIIOUP CAIl®ONP

Puc. 6. Po3paxynkoBa monens y [IK CAITOUP Puc. 7. Po3paxyHkoBa MOJI€Jb Y
[IK JIMPA-CATIP

Hasaumaoicennsn mooeni 6 [1K JIIPA-CAIIP. HaBaHTa)XeHHS BU3HAYEHE HA OMHHMIIO IO Ta
npukinageHe 10 3D-mactuHuU. I CHITOBOTO Ta BITPOBOTO HaBaHTa)XEHB OYJIM CTBOPEH1 TaOJIHII
HaBaHTaXXeHb 3 jonomororo nporpamu DCIIPU. Jlana mporpama 1ae MOKJIMBICTh IIBUIKO 3HAUTH B
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IHTepaKTUBHOMY PEKUMi BCl MapaMeTpu Ui 30upaHHs HaBaHTaXeHb BianosinHo no JBH B.1.2-
2:2006. Ha Buxomi OTpUMYEMO TaOJHII PO3MOAUICHOTO HABAHTAXKCHHS B 3aJIEKHOCTI BiJ KyTa
HAXWIy MOKPUTTA. [l KOPEeKTHOTO PO3MOIUICHHS HAaBaHTAXXEHHS Ha Hecydi pedpa KOHCTPYKIIi,
OyJu CTBOPEHI IJIacTUHYACTI efeMeHTH. Onuc HEpIBHOMIPHUX HAaBAaHTAXEHb Ha MIACTUHAX MTOKPIBII
BinoOyBascs y IIK JINPA-CAIIP (puc. 8, puc. 9).

Puc. 9. Bitpose xapakrepuctuune HaBanTtaxxkeHHs B [IK JINPA-CAIIP

Pospaxynox  enemenmie  koncmpykyii. [IpoekTyBaHHS 3a JIOMOMOTOI0 CYMICHOTO
Bukopuctanns [1K Candip, I[IK JIIPA- Candip no3Bossie BpaxoBysatu Bumoru JIbH. [ToOynoBana B
I[IK CAII®UP indopmamiitna 3D mMomens BKIIOYAE CUCTEMY MApaMETPUYHOTO MOJICITIOBAHHS.
[Tporiec mapaMETpUYHOTO MPOEKTYBAHHS CKJIAJA€ThCS 3 BH3HAUCHHS MapaMeTpiB, MOOYIOBU
BIJIHOCHH MDK HUMH, BU3HA4YCHHS TependadyBaHOi reoMeTpii, CTBOPEHHS Bapialliil 1 TeCTyBaHHS
OTpUMaHOTo pe3yibTary. IlpoekTyBaHHs 3a qornomoroio cymicHoro Bukopuctanusa [1IK Cangip ta
IIK JITPA-CAIIP no3Bomwim BpaxoByBaTu BuMoru [IBH Ta 1HIMMX HOpMAaTHMBHUX TOKYMEHTIB,
BKJIFOYHO 3 €BpoKof 5.

CKOpHCTAaBIIMCH KEPIBHUILITBOM I TPOEKTyBaIbHUKIB [13, 14], romoBHy Oanky Ta
KpUBOJIIHIMHE peOpo Kymosa mepeBipseMo 3a €BpokoaoM 5. JlogaTKoBid TepeBipill  Mijsrae
noTrepeyHuii mepepiz 3 000B’SI3KOBOIO MEPEBIPKOIO HA BOTHECTIMKICTh [13], sika HE BXOAMUTH IO
MPOTrpamMHOTO OJIOKY.

1K Candip no3Bonse nodynysaru 3D BIM-indopmarniiiny Mosens Oy 1iBii, BKIIOYAE CHCTEMY
napamerpuuHoro 3D MojenioBaHHS, ITHCTPYMEHTH JUIsl CTBOPEHHS PO3PaXyHKOBHUX cXeM 1 ix
nepenayy Ha pospaxyHok B IIK JIIPA- CAIIP. IIpu cymicnomy Bukopuctanti [IK Candip, T1IK
JIIPA-CAIIP naiiGinbm momiasHuM BOadaeThest moOymoBa iHGopmariitnoi moneni B [1IK Candip 3
M0/1aJIbIIOK0 NIepenadeto Ha po3paxyHok B ITK JIIPA-CAIIP.

B sKkocTi Hecyuymx KOHCTPYKIIIM 3acTOCOBaHI JIOIIAHO-KIJICEHI JEpEB’sHI apKu, aHali3
Hanpy>KeHO-1e()OPMOBAHOTO CTaHy SKUX OYyJlI0 BHKOHAHO 13 3aCTOCYBaHHSAM HEIIHIHHOTO
po3paxyHKy. [litoui HaBaHTa)XEHHS BIAMOBIAAIOTH pPEATHHUM YMOBaM IPOEKTYBaHHS. 3 METOIO
OTpPUMaHHS BIIOMOCTEH IPO HaIpyKXEeHO-Ae()OpPMOBaHHMI CTaH OCHOBHUX HECYYMX KOHCTPYKIIiH
criopyau OyJio MPOBEACHO YKCEeIbHE MOAEIIOBAHHS POCTOPOBOI CIIOPYAH.

CcdopmoBaHa aHaITUYHA MOJIENIb Y BUTJISAL JIiHINA Ta TMOBEPXOHb, JONOBHEHUX B’S3SIMU Ta
HAaBaHTAKCHHIMH, TIJUISITA€E PO3paxyHKYy 13 3aCTOCYBaHHSIM  CKIHYCHHHX eJleMeHTiB. Ilpu
npoekTyBaHHi 0yno Bukopuctano [IK CAII®UP ta IIK JIIPA-CAIIP, npu ubomy 6yi0 BUKOHAHO
nooynoBy iHdopmariinoi mozemi B [IK CAII®OUP 13 mnomanpmmM  IMIIOPTOM MOJZETi B
pospaxynkouii komriekce [TK JITPA-CATIP [1] (puc. 10, puc. 11).

Po6ota 3 [IK CAII®UP Bussuna psa ooMexeHnb ¢yHUioHaTy nopiBHsAHO 3 Autodesk Revit.
Pospaxynkosuii Mmogyns IIK Revit (ITK Autodesk Robot Structural Analysis) po3poGnenuit as
po6otu B 3D mpocropi, ans crBopenHHs 3D- indopmariitHOi Momeni  BUKOPUCTOBYIOTHCS
KOHCTPYKTHBHI eneMmeHTH. 3D- indopmariifHa MoJenb, CTBOPEHA TAaKUM YHHOM, MOXE OyTH
MPOKOHTPOJIbOBaHa Y 3D mpocTopi, a CKIHYeHHO-EJIEMEHTHA MOJIENIb CTBOPIOETHCS aBTOMAaTHYHO HA
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KiHIIeBOMY eTari. Tak K [eil JOJaTOK OOJIETIIye CTBOPEHHS PO3PaXxyHKOBOI MOJENI CKIIATHHUX
enemenTiB miua [IK JIMPA-CAIIP, Oymo BHUpIIIEHO BUKOPHUCTOBYBAaTH caMme I MPOTpaMHUNA
KOMIUJIEKT 1 JUIsl ITOJIETIeHHs OOYA0BU MO/ieli OyJid BUKOHAHI HACTYIIHI JOMOMIXKHI KPOKH:

- ctBopeHHs 2D mabmony y AutoCad ¢ omopHMMH JTHISIMH OcCedl Ta
pO3TalIyBaHHIM >KOPCTKUX CTiH, Ha SKI CHUPAETbCA MOKPUTTS Ta IMIOPTYBaHHS
kpecnennsa y [IK CAIIOUP y urnsaai dxf- miamoxkku, mpu GopmyBaHHI (Hi3udHOT
MOJIeJIi aBTOMAaTUYHO CTBOPIOETHCS MOJICTh AHATIITHYHA;

- Tak Ak mooynora enemeHTiB y [IK CAIIOUP BinOyBaeThCs TUTBKH Y JIOKATBHIHN
cHCTeMi KOOPJHMHAT, JUIsI KOKHOTO eleMeHTa Oynu moOy0BaH1 JOMOMIXKHI JIiHIT 1Jis
MPaBUIILHOTO OPIEHTYBAHHS POOOYOi MIIOMKMHK y pocTopi. CTBOpEHA CHCTEMa MOXKE
OyTH JOHACTpPO€HA.

o) Crena posmawydanns escrenmd NoKpUREE

Pospis 6-6
I_'!A__

e

T
™ \e e/ % ¥
ST \a 3 i

P e, L
\e A/

g

Puc. 11. TlozmoBxHil (a) Ta monepeunuii (6) po3pizu

Pospaxynox ma eoenecmiiikicms BUKOHAHO SIK TIEPEBIPOYHUHN 3a BIJACYTHOCTI BIJIITOBIHOTO
MPOrpaMHOTO OJIOKY. 3a BUMOramMu €BPOKO 5 PO3paxyHOK € 00OB’SI3KOBUM Ta MPOAHATIZ0BAHUN Y
[19]. Tloxkexa — 1e aBapiifHa CUTYyaIlisl, pO3paxyHKOBI BEIWYMHHU JUIsi KOMOIHAIM BIUTUBY SKOI
HaBenieHi y €Bpokoai 1990:

ZGk,j+(Ad)+W1.1+Qk.1+ZW2.iQk.1 : ()
i>1 i>1

Benuunny 44 MOXHa HE BpaXxOBYBAaTH, OCKIJILKH TICTs 3aliMaHHs ii BXKE HE 3aCTOCOBYIOTh. B
aBapifHUX CHUTYyaIliIX BCl YacCTKOBI KOEQIIiEHTH BIUIMBY IOPIBHIOIOTH 1, ToMy iX MOKHa He
BpaxoByBaTH. Mexa BOrHeCTIHKOCTI npuiiMaeTbest 30XB.

Jlis BU3HAYEHHSI CTIMKOCTI O BOTHIO OYyB TPHHHATHI CIPOMIEHUN METOJ MPHUBEACHOTO
MONIEPEYHOTO Mepepizy 3a €Bpokon S.. J{s eneMeHTiB y BUTIIsIA OalTKi pO3paxyHOK BUKOHYETHCS y
TaKii MOCIiTIOBHOCTI:

1. BwusHaunuTH MEXy BOTHECTIMKOCTI ¢ (XB.) 3a HaIlIOHATLHUMH HOPMaMH MPOEKTYBAHHS.
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2. Bu3HauuTH PO3paXyHKOBHUU CHUJIOBUH BIUIMB Ha €JIEMEHT NPU MOXKEXKi 3 JOMOMOIOIO
piBasaHs 3 EN 1900 aGo monmxkyrodoro koediuienra 7. [Ipuy 10TpuMaHHI NEBHUX BHMOT, I
CIIPOLICHHS PO3PaxXyHKIB IOIYCKAEThCs MpUiMaTH 1ei koedimienTt piBHuM 0,6:

M Md,norm * (2)

3. BwusHaunTH po3paxyHKOBI BEJMYMHHU BIUIMBY IPU TOXKEXI Ta BIJAMOBIIHI MIIHICHI
XapaKTEePUCTUKU MaTepially: po3paxyHKOBE HAIPYKEHHS IIPH 3TUHI O, ,, XapaKTEPUCTUUHUM Omip

d, fire = nﬁ

IIPU 3THHI fn,d.
4. BusHaunTH PO3PaxyHKOBY ITMOMHY 3TOPSHHS 32 METOJIOM IIPHBECHOTO IIepepizy:
dy=d,, , +kd, €)

Ta 3IMIIKOBUN TIONIEPEYHUN TIepepi3 AepeB’STHOTO eNeMEHTa Dyire.
5. Bu3HauuTH pO3paxyHKOBE HANPYKEHHS B 3MEHILIEHOMY IIE€pepisi:

Gm,d,ﬁre = Md,ﬁre /Zﬁre : (4)

6. BusHauuTH BIINOBIAHUNA PO3PaXyYHKOBUH OMIP fmdfire 1 BOEBHUTHUCH, 10 BIH HE MEHIIE
PO3paXyHKOBOT'O HAIIPYKECHHS.

Ilpoexmyesanns @y3nig. Jns momansinoi po3poOKu €PEeKTUBHUX BY3JOBHX CIPSKEHb OYII0
BuKopuctano 3D moaenroBanHs 3 nepenayeto iHdopmariinoi moaeni B [1K Tekla Structures, sixuii €
CIeLiaTi30BaHUM CEPEOBUIIEM I1[0JI0 KOHCTPYKTUBHOTO po3Aily nmpoekty. Excrniopt iHdopmarii y
IIK Tekla peanizoBano 3a goromoroto [FC ¢aiiny, mpote yepe3 neBHY pi3HUIIO MOJIEICH Ta 3a30pH,
SK1 MOXKYTh CYIIPOBOIKYBATH MIEPEXOAU MK PO3PaXyHKOBOIO /10 KOHCTPYKTHBHOIO CXEMaMH, MiCIis
IMITOPTY (haiisTy BUHUKAE HEOOX1THICTh pO3Mi3HABAHHS EJIEMEHTIB.

char,n

~

EERTRTR TR NTRART TR TRERTRT AT AT RN o

Puc. 12. By3on 1: a — 3D-mopnens By3na 3 IIK Tekla Structures; 6, 6 — KpecneHHs By3i1a

3a nomomoroio iHpopmariitHoi cuctemu Tekla Oyno BUKOHAHO KOHCTPYIOBaHHS BY3IIB 1
nepepi3iB, CTBOPEHHS crienudikalliii Ta BUBII Ha IPYK poOOUYUX KpeciaeHb TPOeKTy. byinu moBHICTIO
pO3paxoBaHi Ta 3aKOHCTPYHOBaHI OCHOBHI BY3JIM CUCTEMHU.

Byzon 1 — obnupannst 6anku Ha Kiblle (puc. 12). KoHcTpykilis orojioBka i KOH(ITyparlis By3ia
3ajie’kaTh BiJl po3MipiB IJIOHIMH 3MUHAHHS. Po3paxoBaHi mIMpHHA TOPLEBOI IUIOMIAIKH 3MUHAHHS,
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HEOOXiHI JOBKMHHM BEPXHBOI'O 1 HUKHBOTO BiJTMHIB, TOBIIMHA MPUHHATOTO JINCTA, 3BapHI KYTOBI
IIBH, 1110 TPANIOIOTh Ha 3pi3 Ta 00ITOBE 3’ €HAHHS 32 YMOBU 3MUHAHHS IUTACTHH B OTBOPAX BATUKOM.
By3on 2 — oOnupanns Oanku Ha Konony (puc. 13). 3’eaHaHHsA NpUHHATO MWapHIpHUM. B 30H1
By3Jla TIepeBipeHa AepeBHUHA HA CKOJFOBAHHS, BUCOTA yIOopa OAJIKK 32 MICIICBUM 3MHUHAHHSIM
BITOTIEPEK BOJIOKOH Ta OOJITH Ha 3pi3yBaHHs, 110 MPUEIHYIOTH OAJKy 10 ONOPHOI TUIOIAJKH.

a o

Puc. 15. By3on 4: a — 3D-monens By3na 3 [IK Tekla Structures; 6 — kpecinenns By3na

Byzoun 3 - omopawmii By3on pedpa kymnona (puc. 14). KoHCTpyKilifo OIOPHOTO By3Jia TPUHHSITO
3 BAJIMKOBUM IIapHipoM. Po3paxoBaHo Baiuk, HEOOX1JHA MIMPHUHA TOPLEBOT MIIOIIA KA SMUHAHHS,
HaresibHe 3’€/lHaHa Ha O1YHUX (acoHKaX, TOBIIMHA TOPLIEBOTO JMCTA OrOJIOBKA 32 YMOBH pOOOTH
HOro Ha 3THH Ta YHIOpHA IUIUTY OalMaka

By3zon 4 — mpuMukaHHs By3Jia KymoJja J10 roJioBHOT Oanku (puc. 15). By3on ckinanaeTses 3
BpI3aHOTO JINCTA Y Mepepi3 OAKK Ta IBOX IUIACTHUH 3 peOpaMu KOPCTKOCTI MiK HUMHU.

BucHOBKHM Ta nepcneKTUBH MOAATBIIUX J0CTiTKEHb:
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1. IIpencraBneHuii po3paxyHOK KYIHOJBHOTO MOKPUTTS AKBAIApKy y3arajibHIOE IMiTXOAU 10
PO3pOOKH YHIKAIBHUX BETUKOIPOJIITHUX (OPM Ta apXiTEKTYpPHO-KOHCTPYKTHUBHUX pimieHb [20], B
TOMY YHCII 13 3aCTOCYBaHHSAM JCPEBHHU.

2. Bukopucrtanus BIM-TexHO0IOT1# TPaKTUYHO € €IMHUM MOKIIMBHM IIIJISTXOM MPOEKTYBaHHS
CKJIAJHUX BEJUKOINPOJITHUX JEpPEeB’THUX KOHCTPYKLIN Ha eTarnax KOHCTPYIOBAHHS, BUTOTOBIICHHS
Ta 3BEACHHS CHOPYIH JJIS BUPILIEHHS MUTAHHS TOYHOCTI PO3paxyHKY, 3BEJCHHS M MpaBUIIbHICTD
eKCIUTyaTallii Takux OyaiBens [21].

2. IlpoBeneHo ekcrepuMEHTalIbHE TPOCKTYBaHHS 13 3aCTOCYBaHHAM elieMeHTiB BIM-
TEXHOJIOT11, 1110 MiATBEPIUIIO MOKIIMBICTD IIBUKO CTBOPIOBATH Ta peaaryBaTH MOJEINb criopyau 0e3
3HAYHKUX 3ycuib [22]. BukopucranHa iHGOPMAIIMHUX MOJEICH MTO3BOJIMIO 3HU3UTH 3aTpaTH Ha
MIPOEKTYBaHHS, ONTUMI3yBaTH poOO0Ui MPOIIECH, a TAKOXK CYTTEBO MiJBUIIMTU CKJIAIHICTH CIIOPYIU
SK Ha PiBHI apXiTEKTYPHO-KOHCTPYKTHBHOTO DIIICHHs, TaK 1 Ha PIBHI PO3PaxXyHKOBOI MOJENi 3
ypaxyBaHHSM HENIHIHHUX €EeKTiB 1ePEBUHHU.

3. Tlomampur mociimkeHHs 3acTocyBaHHA BIM-TexHONOTIHH CTOCOBHO MPOEKTYBaHHS
JepeB’SHUX KOHCTPYKILIH MaioTh OyTHM NpOBENEHI 3 NEeTaJbHUM YpaxyBaHHSIM BCiX €(QEKTiB,
OB ’s13aHUX 3 POOOTOIO LITBHOT Ta KJIGEHOI JEPEBUHH, PEaJIbHUX YMOB €KCILTyaTallii, 3a0e3rne4eHHs
TEXHOJIOTIYHUX BUMOT Ta BUMOT BOTHECTIIKOCTI.
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NMPUMEHEHUE METOJ0OB M MOJIEJIEM BIM-TEXHOJIOT U
ITPU ITPOEKTUPOBAHUHU KYIIOJIBHOT' O IIOKPBITHUA AKBAITAPKA
C JEPEBAHHBIMU APKAMMU

'Byaxo T.I'., Maructp,

tatiana.budko98@gmail.com ORCID: 0000-0002-3162-8197

! TaBpunenko JI.U., K.T.H., JIOLEHT,

ludmila.lavrinenko@gmail.com ORCID: 0000-0001-5601-0943

'Kueecokuil nayuonanvublil yHuGepcumen cmpoumenscmed U apxXumexkmypbl
mp. Bosnyxodmnorckuit, 31, r. Kues, 03037, Ykpauna

AHHoOTaumsA. PaccMOTpeHbI BONPOCH MPOEKTHPOBAHUS MYJIBTHOOBEMHOIO KYIMOJIBHOTO
COOPY’KEHHsI aKBarapka ¢ UCIOJIb30BaHUN B KAUECTBE HECYIIUX KOHCTPYKIMI FHYTOKJIEEHBIX apoK.
CH0XHOCTh 00BEMOB W JIMHUM HX CHpsDKEHHM, a Takxke TpeOOBaHMS HEIMHEHHOro pacuera
OO0JIBIIETIPOJIETHBIX JIEPEBSHHBIX 3JIEMEHTOB B MOcTaHOBKE EBpoKoA 5 BbI3BaIM HEOOXOIMMOCTH
CO3/1aHus THPOPMAITMOHHON MOJIETN C HCIIONIb30BaHueM dieMeHToB BIM-texHonoruii. OTMedeHo,
YTO MPOEKTUPOBAHUE B paMKaX ATUX TEXHOJIOTMH Pa3BUBAETCS B HANPABJICHUHU MPOCKTUPOBAHUSA
KOHCTPYKIIMH C YYeTOM BCEX JKM3HEHHBIX O3TaloB COOpykeHus. B o003ope oTmedeHo, 4TO
WH(pOpPMAIIMOHHOE MOJCIUPOBAHUE JEPEBIHHBIX KOHCTPYKIIMM B CTpaHax C pa3BUTOM 0a3oif
CTPOWMHIYCTPUH TAaKUX KOHCTPYKIMI HanboJiee moAroToBICHO Uit NpuMeHeHus: BIM-texHosorui,
YTO CBSI3aHO C BBICOKOM 3aBOJICKOM TOTOBHOCTBHIO U CIIOXKHBIMH IIU(PPOBBIMH TEXHOJIOTUSMU
U3TOTOBJIEHUS] KOHCTPYKTUBHBIX 3JIEMEHTOB COBPEMEHHBIX JEPEBAHHBIX coopykeHui. [lpu
MPOEKTUPOBaHUU Obula mocTpoeHa uH(opmarmonHas mozaens B [IK CAIIOUP ¢ nmocnenyromeit
BO3MOXHOCTbIO uMMMopta Mojnenu B pacuetHbii komruieke [IK JIIPA-CAIIP. [Ins moctpoeHus
MOJIEJIA MCIIOJIb30BANIUCH JOMOTHUTENbHBIE aru: co3nanue 2D mabnona B AutoCad ¢ onopHeMu
JIMHUSMU U PACIOJIOKEHUEM )KECTKUX CTEH , HA KOTOPBIE ONMUPAETCA MOKPHITUE, U UMIIOPTUPOBAHKE
yeprexeid B [IK CAIIOUP B Buae dxf mommoxku; 1uist BCeX 3JIEMEHTOB CHCTEMBI, PACTIONOKEHHBIX
B JIOKAJIbHOM cHCTeME KOOPJIWHAT, ObUIM MOCTPOEHBI BCIIOMOTAaTeNbHbIE JTUHUM ISl MPaBUILHON
OpUEHTAllMM IIJIOCKOCTM B IPOCTPAHCTBE; HAarpy3kd Ha KpPHUBOJIMHEHHBIE IOBEPXHOCTH
paccuntbiBasivch B [1K Dxcnpu. [l nanpueimeit pa3padoTku 3 (HEKTUBHBIX Y3JIOBBIX CHPSHKCHHUN
Obut0 Mcmonb3oBaHo 3D MonenupoBanue ¢ mepemaudeit mHGpopmannonnoit monenu B IIK Tekla
Structures Kak crieMATIM3UPOBAHHYIO CPENY Il KOHCTPYKTUBHOIO pa3jieia NpoeKTa.

IIpencraBieHHBI PACUET CIIOKHOIO KYIOJBHOTO IOKPBITHS IO APOYHBIM KOHCTPYKIIMSIM
00001I1aeT MOIX0IbI K pa3pabOTKe YHUKAIBHBIX (JOPM KOHCTPYKIIUHA C MPUMEHEHUEM JIPEBECHHBI.
Hcnonb3oBanne WHGOPMALMOHHBIX MOJETCH IO3BOJNIMIO CHU3UTh  3aTpaTbl BpPEMEHH Ha
MIPOEKTUPOBAHKE, OTITUMU3ZHPOBATH paboune YePTEKH, a TAKKE CYIIECTBEHHO IMOBBICUTD CIIOKHOCTh
COOPYKEHMSI KaK HAa YPOBHE ApXUTEKTYPHO-KOHCTPYKTUBHOTI'O PELLIEHUS, TAaK U HA YPOBHE pacUeTHOMN
MOJICIIA C YY€TOM HEIMHEHHBIX Y()PEKTOB TPEBECUHBI.

Kirouessbie caoBa: JINPA-CAIIP, CAII®OUP, nepeBsiHHbIE THYTOKIJIEEHBIE KOHCTPYKIIMH,
apoyYHOE MOKPBITHE, akBanapk, EBpokoxa 5
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BIM-TECHNOLOGY METHOD AND MODELS IN THE DESIGN
OF THE AQUAPARK DOME STRUCTURE WITH WOODEN ARCHES

"Budko T.G., master,

tatiana.budko98@gmail.com ORCID: 0000-0002-3162-8197
"Lavrinenko L.I., PhD, Assistant Professor,
ludmila.lavrinenko@gmail.com, ORCID: 0000-0001-5601-0943
'Kyiv National University of Civil Engineering and Architecture
31, Povitroflotsky Ave., Kyiv, 03037, Ukraine

Abstract. The issues of designing a multi-volume dome structure for a water park using
wooden arches as load-bearing structures are considered. The complexity of the volumes and their
joining lines, as well as the requirement to perform non-linear analysis of large-span timber elements
at the request of Eurocode 5, make an information model with elements of BIM-technology
necessary. It is noted that design using this technology is developing in the direction of taking into
account all stages of the structure life cycle. Wood Information modeling is the most prepared for the
use of BIM-technologies. This is due to the high factory readiness and complex digital technologies
for the manufacture of modern wooden structures elements. During the design, an information model
was formulated in the SAPFIR software package with the subsequent possibility of importing the
model into the LIRA-SAPR software package. Additional steps were used to build the model:
creating a 2D template in AutoCad with reference lines and the location of rigid walls on which the
coating rests, and importing drawings into SAPFIR as a dxf-underlay; for all elements of the system
located in the local coordinate system, auxiliary lines were built for the correct orientation of the
plane in space; loads on curved surfaces were calculated in the PC Expri. For the further development
of the nodes, 3D modeling was used with the transfer of the information model to the Tekla Structures
PC as a specialized environment for the constructive section of the project.

The presented calculation of a complex dome structure using wooden arches summarizes the
approaches to the development of unique forms of structures using wood. The use of information
models made it possible to reduce the time spent on design, to optimize the drawings, and also to
significantly increase the complexity of the architectural and structural design of the structure and the
design model, taking into account the nonlinear effects of wood.

Key words: LIRA-SAPR, SAPFIR, wood bent-glued structures, arched covering, aqua park,
Eurocode 5
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ONITUMM3AIUA PACYHETHBIX CXEM

Menseap U.M. K.T.H.,JOIICHT,

iw.medwed@yandex.ua ORCID 0000-0001-9988-9900
Bocmounoykpaunckuii nayuonanbHwlii

YHUgepcumem umenu Braoumupa Jans.

AHHoTanms. JIroGoMy pacueTy MpenecTByeT 3Tal CO3JaHHs pacueTHON CXEMbI pealbHOM
KOHCTPYKILIMH, KOTOpas HauboJyiee TOYHO OTBedaja Obl pealbHbIM YCIOBUAM SKcCIUTyaTauuu. Yem
ONTUMAaJIbHEE COCTaBJICHA pacueTHas CXeMa, TeM MEHee TPYIOeMKHMM OyayT 3Tambl pacdera U
KOHCTPYMPOBaHUS COOTBETCTBYIOLICH KOHCTpYKUUHU. [IpakTH4ecKu OTCYTCTBYIOT pe3yJbTaThl
HCI0JIb30BaHUs TAKOTO MOJX0Ja IIPU pacdyeTax CTPOUTENbHBIX KOHCTPYKIUI. B Hacrosmel cratbe
JiefaeTcs TONBITKA II0Ka3aTh BO3MOXHOCTb M IleJecoo0pa3HOCTh ucnosb3oBaHus «llomcka
peuienuii» (HanacTpoiika s Microsoft Excel) Ha stame BbpIOOpa ONTHMAaIbHBIX TapaMeTPOB
pacyeTHOM CXeMbl KOHCTPYKLIHH.

KuroueBrble cj10Ba: pacueTHasi CXEMa, JINHUS BIUSHUSA, [IOUCK PELLICHUI.

BBenenne. CtpoutenbHble KOHCTPYKIIMM OYEHb PAa3HOOOpPA3HbI 10 CBOEMY HA3HAYECHHUIO U
npuMeHeHnto. HanexxkHocTh W 0€30MacHOCTh WX PpaldOThl 3aBUCHT OT MHOTHUX (PaKTOPOB:
TrEOMETPUUYECKUX PA3MEPOB, UCIOIb3YEMBIX MAaTEpUANIOB, AEHCTBYIOIUX BHEIIHUX HArpy3oK M MX
CoueTaHu¥ U T.A. Bce 3TH mapameTpsl ONpenessoT BO3HUKAIOINE B KOHCTPYKLUAX BHYTPEHHUE
YCUJIMSL, HANPSDKEHUS U IeOopMaliii, ONPEeSIONINe X IPOUYHOCTh, )KECTKOCTh U YCTOMYNBOCTb.
Jl1s1 Toro 4To0Bl 00€CTIEYUTh MPOYHOCTb, )KECTKOCTh U YCTOMYMBOCTb 3aHUN U UX KOHCTPYKTHUBHBIX
3JIEMEHTOB, BBIIIOJIHAIOTCS. COOTBETCTBYIOIINE PACUETHI.

B o0mactu Teopum pacuera CTPOMUTENBHBIX KOHCTPYKLHUH HIET NOCTOSHHOE YTOYHEHHE
NeUCTBUTENFHONW pabOThl 3TUX KOHCTPYKIIMH, T.€. CO3/AIOTCSl TaKUE PACUETHBIE CXEMBI, KOTOpBIE
HauboJiee TOYHO OTBEYAIOT PEAJIbHBIM YCIOBHSIM 3KCILTyaTalluu. B pemenuu 3Tux 3aiad orpoMHas
POJIb IPUHAJUIEKUT BHEApeHHI0 DBM.

HccnenoBanue omnepanyid MPEANoNaracT MaTeMaTU4eCKe MOJCINPOBAHME SKOHOMHMYECKHX
nporieccoB. Lleab— KonnyecTBeHHOE 000CHOBaHWE MPUHUMAEMBIX pemieHui [1].

[Ipu pemieHMM KOHKPETHOM 3alayd MNPUMEHEHHUE METOJIOB HCCIENOBaHUS OIepaiui
IIpearoaracT MOCTPOCHUE MaTEeMaTHUECKHUX MOAENEH Ul 3aJa4 NPUHATUS PELICHUs] B CIOKHBIX
CUTyalUsIX WIA B YCIOBHAX HEONPEAEICHHOCTH. (I KOJIMYECTBEHHOW OLEHKU HCCIEIOBaHUS
TpeOyeTcsi MOCTPOUTh MaTEMATUYECKYIO MOJIENb ONEPaLlUH.

Mognens onepanuu — 3TO JOCTaTOYHO TOYHOE OIMCAHHME ONEpalud C IOMOIIBIO
MaTeMaTHYeCKOro ammapara (pa3auyHoro poja (GyHKUWN, ypaBHEHUH, CHCTEM YypaBHEHHUH U
HEPaBEHCTB H T.II.).

Mogens omnepanuy NpeicTaBiseT co00H aHATUTUYECKYIO 3aBUCUMOCTh 11eTIeBON (DYHKIIUU OT
3aBUCUMBIX (YIPABJISIEMbIX ) IEPEMEHHBIX, KOTOPBIE B U3BECTHBIX MPEIENaX Mbl MOKEM BBIOUPATH 110
CBOEMY YCMOTPEHHIO U BEIOMPATH AUANA30H UX U3MEHEHHUS.

CocraBieHne MOEIN oOlepanuu TpeOyeT r1yOOKOro MOHMMAaHUs CYIIHOCTH OIMHUCBIBAEMOIO
ABJICHUSI W 3HAHMA MaTeMaTHYecKoro amnmapata. O((EeKTUBHOCTh ONEpali KOJIUYECTBEHHO
BBIPA)KAaeTCsl B BUJIE YMCICHHOIO 3HAUEHUs L1e1€BON (PYHKIUU.

Cpenu mMozeneil uccieoBaHus onepaluii cieayeT OTMETUTh MPEXIE BCEro OOJIBLION Kiacce
ONITHMU3ALMOHHBIX Mozened. Takme 3amadyv BO3ZHHMKAIOT IPU  TIONBITKE ONTHUMHW3UPOBATH
IJIAHUPOBAHUE U YIIPABIEHUE CIOKHBIMU CUCTEMAM.

JItobomy pacyeTy MpeAlecTByeT dTal CO3AaHUsl PAaCUETHOM CXEeMbl PeaIbHOW KOHCTPYKITUH,
KOTOpass Hamboyiee TOYHO OTBedana Obl pealbHBIM YCIOBHSAM SKCIUTyaTauud. Yem onTuManbHee
COCTaBJIEHA pacyeTHas CXeMa , TEM MEHee TPYAOEMKUMH OyIyT 3Talbl pacyeTa U KOHCTPYHUPOBaHMSI
COOTBETCTBYIOLIEH KOHCTpYKUMU. Eciam kputepuil 3¢ (GEeKTUBHOCTH MPEICTABISET JIHUHEUHYIO
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(GYHKIUIO, a TIEepeMEHHBbIE B CUCTEME OTpaHWYCHHI TaKKe JMHEWHBI, TO Takas 3ajada SBISCTCS
3a7a4eil JIMHEMHOro mporpaMMupoBaHus. W3 MepednclIeHHbIX METOJI0B MaTeMaTHYeCKOro
MPOrpaMMHUpPOBAaHUS HawboJiee pacIpOCTpaHEHHBIM U Pa3paOOTaHHBIM SIBISETCS  JUHEIHHOE
nporpammupoBanue|1,2,3].

"TTouck pemenus" — 3To HajaCcTpoiika 11 Microsoft Excel, KOTOpyt0 MOXHO HCIIOJIb30BaTh B
3a7a4ax pacyera CTPOUTENbHBIX KOHCTpYKIUK. C €€ MOMOIIbI0 MOXHO HaWTH ONTHUMAaJbHOE
3Ha4YeHHe (MAaKCUMyM MJIU MHHUMYM) (OpMYJbI, coAepiKalieiics B OAHON sueiike, Ha3bIBaeMOU
LI€JIEBOM, C YUETOM OIpAHUYEHU HA IEPEMEHHbBIC 3HAUEHUS B APYTUX STUEHKaX.

[Ipome roBopsi, ¢ mnomombio HaacTpoiiku "llouck pemeHus" MOXHO OINPEACIUTD
MaKCHMaJIbHOE WM MUHUMAJIbHOE 3HAYECHUE OHON SUEHKHU, U3MEHSS IPYTHE STUCHKH.

AHanu3 MNOCJeIHUX [OCTH:KeHUW W myOamkanmi. Yame Bcero Haxactpoiika "llouck
pelieHrsa" HCMoNb3yeTcs MPH PEIIeHUH ONTUMHU3ALMOHHBIX 3a/lad SKOHOMHKHU (CHMITJIEKCHBIN
METO/JI, TPaHCIIOpTHAs 3aa4ya U T.11.[ 1, 2, 3]. [IpakTudyecku OTCYyTCTBYIOT pe3y/IbTaThl HCIIOJIb30BAHUS
TaKOro MOJX0/a MPU pacyeTax CTPOUTENbHBIX KOHCTPYKIUH.

Leas pabGorbl B Hacrosmieil cratbe JenaeTcs MOMbBITKA I0Ka3aTh LEJIeco00pa3HOCTh

ucrionb3oBanus «lloucka pemenuit» (Haactpoirika mus Microsoft Excel) na srame BwIOOpa
ONTUMAJIbHBIX TAPAMETPOB PACUETHON CXEMbI KOHCTPYKIIUH.
OcHoOBHBbIE pe3yJIbTAThI HCCIAEA0BAHMM. PacCMOTpUM MPOCTENIYIO CTPOUTENBHYIO KOHCTPYKIIUIO
. Ay WitrocTpanuu UAeu MpeasiaraéMoro MoJIX0Ja YMBIIUIEHHO BBIOpaHa MPOCTasi CTAaTHYECKH
omnpenenumasi gepma Ha AByX omopax (puc.l). ITo cmemaHo s TOTo, YTOOBI U3-3a CIIONKHOCTH U
IPOMO3/IKOCTH PACYETOB HE NOTEPSIIACH UES MPEAJIaraeMoro noIxo/a.

B kyce cTpouTtenbHOI MEXaHUKH W3BeCTHA (hopMyia JUIsl ONpeAeTICHUs YUCICHHOTO 3HAaYCHUS
0000IIEHHOTO0 BHYTPEHHET0 CUITOBOTO (hakTopa F 1o cooTBeTcTBYIOMIEH TUHUN BIUSHUS [4]:

F=Yqw;+XPy +XMtana; (1)

Ucnonb3ys Hanctpoiiky «llonck penieHuit», OnpeaeauM ONTHUMAalIbHbIE T€OMETPUUYECKHUE
pasmepsl (hepMbl ITPH 3aJJaHHOM BHEUIHEW Harpy3ke. B kauecTBe mapaMerpa onTUMHU3AIMK BbIOEpeM
MUHHMYM YCUJIUS B OTACIBHBIX CTEPKHIX (depmbl [4]. s Bcex BBIOpaHHBIX CTEpKHEH IieieBast
¢byHkuusa Oyaer UMeTh BUJI:

F=P/2Xy,+PXys+-+P Xy, +P/2Xysg, (2)
TAC: Y2, Y3,....Y8 — OPAUHATHI COOTBETCTBYIOIIEH JIMHUN BIIASHUS.

Teneps MOXHO yTOUYHMUTH 3anady. Haiinem Ttakue 3HaueHus a, b, ¢, d mpu KOTOpBIX LieneBas
¢byakums (2) OyaeT NpUHUMATh MUHUMAaJIbHOE 3HAYCHHE MPU 33JlaHHOW BHEIIHEW Harpyske P =
100xH.

OueBHIHO, YTO peajibHbIE YCIOBHSI OJKCIUTyaTallMM KOHCTPYKIMHU HaKJIaJbIBalOT Ha
[IEPEMEHHBIE BEIMYMHBI ONPEACICHHBIE OTPaHUYEHUS.

[TycTh TakuMH OTpaHUYEHUAMHU OYIYT CIEAYIOIINE:

d < 2.2 M -BbIcOTa (hepMBI Ha OMOPaX;

2(atb+c) = 18 M -mponet pepmsr;

a, b, ¢ < 5 M -pa3Mepbl He TOJDKHBI TIPEBBIIIATH S-TH METPOB.

Kpome storo morpedyem utoObl pasmepsl a,b,c Obutn kpaTtHbl 1,5 m. s sToro BBeaem
JIOTIOJTHUTENBHO CJIETYIOIINE OTPaHUYEHUS:

a =15%xib =15%j,c = 1.5%Xk, i,j,k =1,1,], k-uensie uncna.

Paccmotpum packoc 7-9. OpauHathl TMHUH BIUSIHUS N7.9 ,0yAyT CACAYIOIIHMHU:
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P/2 P P P P P P/2

y2 ¥y3 Vs Y5 Yo vz ¥s

Puc.1 PacuerHas cxema U IMHUS BIUSHUS HpOIIOJ'IBHOfI CHIJIBI.

y2=0,
_axvVa*+d?
Y3 ox@+b+o)xd
_(a+b)xVa*+d?
y4_2><(a+b+c)><d'
_(a+b+c)xva?+d?
Vs S T x(a+tb+o)xd
_(a+b+2c)xVa?+d?
Yo = 2x(a+b+c)xd ’
_(a+2b+2c)xVa? +d?
Y S T X (a+b+to)xd
ys=0

BriGpannas cuctema orpaHUYeHUN 3aHOCUTCS B TaOJIHUITy TApaMETPOB MOUCKA PEIICHUMA
(puc.2).
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lapameTpel NOKUCKa pelWeHnsa

ONTHMWEMPOBATE LENEBYI0 QYHKLMIO: $F$41 *
Ao ) Makcnmym @) Murmnaym () 3navenns:

3MEHARA AUEHKH NEPEMEHHLIE
$F$36:8L$36 oo

B COOTEBETCTEMM C OMPaHMYEHNAMHK!
$F$36:$HE36 <=5

AgbaenTe
§F$43 = 18
$F$45 = $F$36
$F$47 = $G$36 WsmennTe
$F$40 = §HE36
$1$36 <= 2.2 YAaNuTE
$1$36:5L$36 = uenoe
$)$36:$L$36 >= 1

CBpocnTe

2arpysnTh/COXPaHnTL

caenate nepemMeHHbIe Bes crpauuueuuﬁ HEOQTPpHUATENBHBIMKA
BeiGepute MoMCK pelueHna HeanHeAHbIX 23434 MeToaom ONr v NapameTpel

METOA PeLlUeHnA:

MeToa peweHnsn

ANA rajkux HeAMHERHbIX 33434 MCNOAL3YATE NOWCK PELUEHWA HENWHERHLIX 33434 meTodom OMM, ana
NWHERHBIX 33434 - NOWCK PELUEHHA NMHEAHBIX 33434 CUMNABKC-METOAOM, 3 ANA HErN3ARNMX 33434 -
BBDFIH]LI.HDMHbIﬁ NOWCK peweHnn.

Cnpaeka | Haiith peweHwe | 3aKpLITe

Puc.2 Tabnuia napamMeTpoB MOUCKA peHIeHUI

Pe3ynbpTaThl pacdyera npencTaBIeHbI Ha pUC.3.

a b c d i i k

1.5 3 4.5 2.2 1 2 3

Y o 0.10086 0.30258 0.60516 0.90774 | 1.109461 o
P 50 100 100 100 100 100 50

uenesan GpyHKUHUA
_ 2{a+b+c)

[ 1] 1.5%i

—

[ asl 1.5k

Puc.3 UncnenHble 3Ha4eHUs YIIPABISIEMbBIX IEPEMEHHBIX U 1IEJICBON (YHKITHH.

3HaueHue 1eneBol PYHKIIMH COOTBETCTBYET MUHUMAJIbHOMY 3HAUYEHUIO MPOJIOIbHON CUJIBI B
crepxte 7-9 (N7-9min=-302.6xH) pu a = 1.5M, b = 3m, ¢ = 4.5m.

AHaJIOTUYHBIE PE3YIbTAThI MOJYUYECHBI PH MOUCKE MUHUMYMAa YCHIIHM B cTepKHsIX 10-11 u 5-
6 (puc4,5).
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a b c d i j] k

1.500001 3 4.499999 2.2 1 2 3
v o 0.340909 | 1.022727 | 2.045455 | 1.022727 | 0.340909 o
P 50 100 100 100 100 100 50

477.2728 uenesan PyHKUMSA

T 2(a+b+c)

[ 15| 1.5%

Y 1.5%]

[ as] 1.5%k

Puc.4 Yncnennble 3Ha4CHUS yIIPABIIEMbIX TIEPEMEHHBIX U IIEICBOW (PYHKITUN
Tt N10-11(min)

T <

a b c d i j k
1.5 3 4.5 2.2 ih 2 3
] 0.170455 | 0.511364 | 1.022727 | 1.534091 | 0.5113636 o
50 100 100 100 100 100 50
375 uenesana PyHKLUMA

[ 14 2(atb+e)

I

[ as] 1.5k

Puc.4 Ynucnennblie 3Ha4eHUS yIIPABIIEMbIX TIEPEMEHHBIX U IIEICBOW (PYHKITUN
I3 N5.6(min)

3

S

N, g=-302.6kH N;j,,=477.3KH Ngg=-375kH

-

Nyo=-422.7kH  Njg;;=613.6 kH Nsg=-545.5 kH

Puc.4 CpaBHHUTENbHBIN aHAIN3 PACUCTHBIX CXEM
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BeiBoabl. B HacTosIIEeH cTaThe oKazaHa BO3MOXKHOCTH | IIETIECO00Pa3HOCTh MCTIOIh30BAHUS
«[Toucka pemieHuii» Ha 3Tane BbIOOPa ONTUMAIIbHBIX [TaPaMETPOB PACUETHON CXEMbl KOHCTPYKIUH.
[Tocrne Toro, Korya pacyeTHas cxeMa onpe/eNeHa, s e€ MOJHOTO pacdyeTa MOTYT OBITh IPUBIICYECHBI
00Js1ee MOIIIHbIE OOIIETPUHATHIE CPECTBA PACUETa CTPOUTEIBHBIX KOHCTPYKLIUH.
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OIITUMIBALIA PO3PAXYHKOBHUX CXEM

Menagiap L.1. K.T.H.,JOIICHT,

iw.medwed@yandex.ua ORCID 0000-0001-9988-9900
CxionoykpaincbKull HAYiOHATbHUL

VHieepcumem imeni Bonooumupa /lans.

AHoTanis. byap-aKoMy po3paxyHKy NepeAye €Tan CTBOPEHHS PO3PaXyHKOBOI CXEMH PEaTbHOI
KOHCTPYKILIi, sKa HaiOUIbII TOYHO BiAMOBiAana © pealbHUM yMOBaM eKcIutyaramii. Yum
ONTHUMAJIbHINIE CKJaJieHa pO3PAaXyHKOBa CXE€Ma, THM MEHII TPYIOMICTKUMHU OyayTh eTanmu
pPO3paxyHKy 1 KOHCTPYIOBaHHS BIJIOBITHOI KOHCTPYKLii. IIpakTH4HO BIJACYTHI pe3yiabTaTu
BUKOPHUCTAHHS TAKOTO MAXOY MPU pO3paxyHKax OyaiBeTbHUX KOHCTPYKIIH. VY 1ii CTaTTi poOUTHCA
cripo0a MoKa3aTH MOMJIMBICTB 1 JOLUIbHICTh BUKOpHUCTaHHs «[lomyky pimens» (HanOyaoBa JUIs
Microsoft Excel) Ha erami BuOopy onTUMaibHUX MapaMeTPiB PO3PAXyHKOBOI CXEMHU KOHCTPYKITIi.
Jlnst KUTBKICHOT OLIHKM JTOCTIKEHHSI MOTPiOHO moOynyBaTh MaTeMaTHYHY MOJENb OIeparii.
Mopaenb onepaiiii - 11¢ JOCUTh TOYHUH OIUC SBUIIA 3 JOTIOMOTOF0 MATEMAaTHYHOTO anapary (pi3HOTro
pony (yHKUIH, piBHSIHb, CUCTEM PIBHSAHB 1 HepiBHOCTEH 1 T.m.). Mogens onepartiii siBisie co00k0
AHATITUYHY 3aJISKHICTh IITLOBOT PYHKITIT BiJT 3a7eKHUX (KEPOBAHUX ) 3MIHHUX, SIKI B TIEBHUX MEXax
MU MO>KE€MO BUOMpPATH Ha CBiil po3Cy/l 1 BUOMpATH Jiana3oH iX 3MiHH. SIKIOo KpuTepiid eheKTUuBHOCTI
MPEACTABISIE JiHIWHY (YHKIIIIO, a 3MIHHI B CHCTEM1 OOMEXEHb TaKOX JIiHIHHI, TO TaKe 3aBIAaHHS €
3aBJaHHSIM JIIHIHHOTO IPOTrpaMyBaHHs. 3 MepepaxoBaHUX METOJiB MAaTEMaTUYHOTO IPOrPaMyBaHHs
HaWOIIBII TOMIMPEHUM 1 PO3pOOJICHMM € JIiHiHe mporpamyBaHHs.  Jlua imroctparii  imei
IIPONIOHOBAHOTO ITiIX0/1y HABMUCHE 00PaHO MPOCTa CTATUYHO BU3HAUHI (pepMa Ha 1BOX omopax. Lle
3po0JICHO Il TOTO, MO0 uepe3 CKJIAAHICTh 1 TPOMI3NIKICTh pPO3paxyHKIB HE 3aryOumacs imes
MPOMOHOBAHOTO MiAXOMy. Y IIii CTaTTi MOKa3aHO MOXKJIMUBICTh 1 JOIUIBHICTH BUKOPHCTAHHS
«[Tomryky pimieHp» Ha eTari BUOOPY ONTUMAJIbHUX MapaMeTPiB PO3PaxyHKOBOI CXeMH KOHCTPYKIIIi.
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[Ticna Toro, KOMM PO3paxyHKOBAa CXEMa BHU3HAYCHA, JUIA il MOBHOTO PO3PAXYHKY MOXYTh OyTH
MPUTATHYTI OLIBII MOTYKHI 3aralbHOMPUUHSATI 3aC00M pO3paxyHKY OyMiBEIHbHUX KOHCTPYKIIIM.
Ki1ro4oBi ci10Ba: po3paxyHKoBa cxema, JiiHisl BIUIUBY, MOIIYK PillIEHb.

OPTIMIZATION OF CALCULATION SCHEMES

Medved 1., Ph.D., Assistant Professor
iw.medwed@yandex.ua ORCID 0000-0001-9988-9900
Volodymyr Dahl East Ukrainian National University

Abstract. Any calculation is preceded by the stage of creating a design diagram of a real
structure, which would most accurately correspond to real operating conditions. The more optimally
the design scheme is drawn up, the less laborious the stages of calculation and design of the
corresponding structure will be. There are practically no results of using this approach when
calculating building structures. This article attempts to show the possibility and expediency of using
the "Search for solutions" (add-on for Microsoft Excel) at the stage of choosing the optimal
parameters of the design design schemeAny calculation is preceded by the stage of creating a design
diagram of a real structure, which would most closely correspond to real operating conditions. The
more optimally the design scheme is drawn up, the less laborious the stages of calculation and design
of the corresponding structure will be. If the efficiency criterion is a linear function, and the variables
in the constraint system are also linear, then such a problem is a linear programming problem. Of the
listed methods of mathematical programming, the most common and developed is linear
programming. To illustrate the idea of the proposed approach, a simple statically definable truss on
two supports was deliberately chosen. This is done so that the idea of the proposed approach is not
lost due to the complexity and cumbersomeness of the calculations. This article shows the possibility
and feasibility of using the "Search for solutions" at the stage of choosing the optimal parameters of
the design design scheme. After the design scheme has been defined, more powerful conventional
means of calculating building structures can be involved for its complete calculation.

Key words: design scheme, influence line, search for solutions.
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YK 624.011 d0i:10.31650/2707-3068-2021-25-92-102

KAPHW3HBIN Y3EJ TPEXIITAPHUPHOM PAMBI W3 KJIEEHBIX JEPEBAHHBIX
IJIEMEHTOB HA BKVIEEHHbBIX CTEPKHAX

Haiiuyk A5l n.1.1H., mpod.

Kadenpsl CTPOUTENBHBIX KOHCTPYKITUI

atnya@yandex.by

YO «bpecmckuii 2ocyoapcmeennbiii mexHuueckuil ynusepcumemy, benapyco

AHHOTanMA. B coBpeMEHHOW TMpaKkTUKE CTPOUTENbCTBA 3IAaHUM M COOpPYKEHUH C
WCIIOJIb30BAHUEM JEPEBSHHBIX TPEXIIAPHUPHBIX PaM CYIIECTBYET MHOKECTBO KOHCTPYKTHBHBIX
pELIEHNI COEUHEHUS PUTENs cO CTOMKON. OJHUM M3 TaKUX KOHCTPYKTHBHBIX PEIICHUN SBISETCA
WCIIOJIb30BAHNE COCIMHEHUN HAa BKJICEHHBIX apMaTypHBIX CTepkKHiIX. HecMOTps Ha HaKOIJIEHHBIN
OIIBIT CTPOUTENIBCTBA 3JAHUM C MCIOJB30BAHUEM JEPEBSIHHBIX KOHCTPYKLHUN C COSAUHEHUSIMHU Ha
BKJICEHHBIX CTEPXKHSX, MO-IPEXKHEMY OCTAIOTCA aKTyaJbHBIMHM 3aJa4d IO COBEPLICHCTBOBAHMIO
TEXHOJIOTUU WX M3TOTOBICHHS M Mojenel pacuera. Llenbio nanHON pabOThI SBIAJIOCH IPOBEICHHE
JKCIIEPUMEHTAIIbHO-TEOPETHIECKUX UCCIIEIOBaHUI 1o OIIPEACIICHUIO HaIPSKEHHO-
1e(GOpMUPOBAHHOTO COCTOSTHUSI APEBECUHBI PUTENIS U CTOWKH, PACIIOIOKEHHON B 30HE KApHU3HOTO
y3/1a pambl, BBIIOJHEHHOTO C MCIIOJIb30BAaHHMEM BKIICEHHBIX CTEpXKHEH, a Takxke pa3paboTka
MPEMJIOKEHUN 110 COBEPLICHCTBOBAHMIO €r0 KOHCTPYKTMBHOrO pemenus. HMccienoBanue
HaNpsKEHHO-Ie(OPMHUPOBAHHOTO COCTOSHUS KapHU3HOI'O Yy3Jla OCYIIECTBIISUIOCH ITYTEM pEIIEeHUs
TUTOCKOM 33/1a4M TEOPUH YIIPYTOCTH C UCTIOIB30BAHUEM IIPOTPAMMHOT0 KOMILIEKca, 0a3upyroIIerocs
Ha METOJE KOHEYHBIX JJIEMEHTOB. B HCIOIB3yeMOM NpOrpaMMHOM KOMILJIEKCE pealu30BaHbl
IIPOLEAYPHl, TO3BOJSIOUIME YUYUTHIBATH AHU3O0TPONMI0 MEXAHUYECKMX CBOWCTB JpPEBECUHBI,
HapylLICHHE KOHTAKTa MEXKIYy IOBEPXHOCTSAMHU COCIMHAEMBIX B KAPHU3HOM Y3JI€ DJJIEMECHTOB.
OKCIepUMEHTANIBHBIE UCCIIE0BAHNS IPOBOANUIMCH METOJJOM CTATUYECKOTO HArPY>KEHUSI ONIBITHOTO
oOpa3lia KapHM3HOIO Y3J1a, M3TOTOBJIEHHOIO B HATypaJbHYIO BEJIUYMHY, KOTOPBI 1O CBOUM
reOMETPUUYECKUM ITapaMeTPaM U CBOWCTBAM MaTepralloB cooTBeTcTBOBAI KO-Moznenu. B pezynbrare
IIPOBE/ICHHBIX UCCIIEI0BaHUM OBLIO YCTaHOBJIEHO, YTO B PACTSHYTOM 30HE KapHM3HOIO y3ia, IJis
BKJICEHHBIX CTEpKHEM puUrens M CTOMKM XapaKTE€pHAa 3HAYUTENIbHAas HEPABHOMEPHOCTh
pacnpeeNeHuss YCHWIANA, KpOME TOrO0 CTEpP)KHM BOCIPHUHUMAIOT YCHIIUS CXKATHA-PACTSDKCHUSA H
n3rnba. Haumbonee HarpyXeHHBIMH SBISIOTCS CTEPXKHH, DPACHOJOXKEHHbIE Ha MaKCHMAaJIbHOM
YAQJICHUH OT CTBIKA PUTENSt M CTOMKHU. Pacripesienienne ycuauii B CTEPKHAX CKATOW 30HBI OJIM3KO K
paBHOMepHOMY. PacrpezerneHue HalpsOKEHUHM 10 JUIMHE HAKJIOHHBIX apMaTypHBIX CTEp:KHEHU
3aKJIaJAHBIX JIeTaJell XapakTepusyeTcss OOJbINONW HepaBHOMEPHOCThIO. Mcxoas w3 aHamuza
HaNPsHKEHHO-Ie(OPMHUPOBAHHOTO COCTOSIHMSI KapHU3HOTO y37la pPaMbl TPEAJIOKEHO HOBOE
KOHCTPYKTUBHOE PELICHUE B YACTH KOJIMYECTBA APMATyPHBIX CTEPKHEH U UX PACIOJIOKCHUS.

KuroueBrble cjioBa: 1peBecuHa, BKIEEHHBIE CTEPYKHU, KOHCTPYKIIMSL, COEAUHEHUE, TPOYHOCTD,
Harpyska, HalpspKeHHE.

BBenenue. Ilpu crpouTenbcTBE 34aHUA M COOPYXKEHHUM C HMCHOJIB30BAHUEM JIEPEBSHHBIX
KJIEEHBIX paM OOJBIIMX MPOJIETOB BO3HUKAET HEOOXOIUMOCTh YKPYIMHUTEIBHON COOPKH CTOHMKU U
purens B KApHU3HOM Y3JI€ Ha CTPOUTEIbHOH Iutomaake. Heo0XoauMocTh yKpYIMHUTENbHOM cOOpKU
AJIEMEHTOB TOJypaM dYallle BCero o0yclOBJIEHa HEBO3MOXKHOCTBIO M3TOTOBJICHMS JTMHHOMEPHON
KOHCTPYKIIMU M €€ TPAHCTIOPTUPOBKHU B IIETLHOM BHJI€ K OOBEKTY CTPOUTENHCTBA.

Br160p TOro miu MTHOT0 KOHCTPYKTUBHOTO PELLICHUS] COeIMHEHUS CTOMKH U PUTeNsl B KAPHU3HOM
y3J1€ IOJIypaMbl 3aBHCHUT OT BEJIIMYMHBI MPOJIETA paMbl, YCWJIMA B KapHHU3HOM Y3JI€ U YCIOBHMH
skcruTyatanuu. Hanbonee pacnpocTpaHeHHBIMU B KAPHU3HBIX y3JIaX paM SIBJISIOTCS COCAMHEHUS Ha
MEXaHHYECKUX CBS3SX (OONTHI, BUHTHI, KOJIBIIEBHIC IIMIOHKH) U BKJICCHHBIX CTePKHSIX. [lepBbIid THIT
COCIMHCHWI IIMPOKO MCHOJB3YIOTCS Kak B 3apy0eXHOH, TaK W OTEYECTBEHHOW MPaKTHKE
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CTPOUTEIBCTBA 3AHUM U COOPYXKEHUU. UTO K€ KacaeTcsi KApHU3HBIX Y3JI0B paM Ha BKJIEEHHBIX
CTEPKHSAX, TO MX HAYaJIM MPpUMEHATH B 70-X rogax nponuioro croyerus B crpanax CHI' [1 — 8].

CnemyeT OTMETUTH, YTO B 3apyOEKHOH NPAKTHKE CTPOUTEILCTBA BKJICCHHBIE CTEPKHHU
UCIOJIb3YIOT JUIsl BOCIPHUSTHS PACTATUBAIOLIUX TIOMEPEK BOJIOKOH JAPEBECUHBbI HAIPSIKEHUH,
BO3HUKAIONINX B 30HE KPUBOJIMHEHHBIX YYACTKOB KIICEHBIX JCPEBSHHBIX OallOK W pam, a Takke
MOBBILICHUST HECYIIEH CIIOCOOHOCTH OINOPHBIX YYacCTKOB JEPEBSIHHBIX KOHCTPYKLHNA WIH K€
Y4aCTKOB KOHCTPYKIUH, TJI€ JIPEBECMHA HAXOAUTCS B YCIOBUAX CJOKHOTO HEOJHOPOIHOTO
HanpsH>KEHHOTO COCTOsAHMSA [9 — 16].

Hcnonbs3yeMblil 11 COEAMHEHUS 3JIEMEHTOB paM TOT WJIM MHOM THUIl COCAMHEHUS UMEET KaK
CBOM JJOCTOMHCTBA, TaK U HeAOCTaTKU. OJJTHUM U3 HEOCTATKOB HAreJIbHBIX COETUHEHUI ABIISETCS UX
OTHOCUTENIbHO HH3Kas MACCHUBHAs CTENEHb OTHECTOMKOCTH MO OTHOLICHUI0 K 3JE€MEHTaM
KOHCTPYKLIMH, MMEIOIUX, KaK MpaBUiO, 3HAYUTENbHbIE pa3Mephbl MolepeuHbix ceueHuil. Kpome
TOTO, TAKHE COCTUHEHUS 00Jaqar0T 3HAUUTEIHbHON MOJATIMBOCTBIO BO BpeMeHH. UTO ke Kacaercs
COEMHEHMI Ha BKJIEEHHBIX CTEP)KHSAX, TO MX MOJATIMBOCTh 3HAYUTEIIHHO HIXKE, YEM HarelIbHOTO
WJIM BUHTOBOTO, @ HECYII[asi CIIOCOOHOCTh MPY OJJHUX M TEX e JHaMeTpax U JUIMHE 3aJeTIKU — BHIIIIE.

HecmoTpst Ha HakOINJIEHHBIA COPOKAJETHUM OMNBIT MNPOCKTUPOBAHMS, CTPOUTEIBCTBA U
AKCIUTyaTalluu JEPEBSIHHBIX KOHCTPYKIUN C COEIMHEHUSIMU Ha BKJIEEHHBIX CTEPKHSX MO-MIPEKHEMY
aKTyaJlbHBIMH SIBJIIIOTCS HE TOJBKO 3a/ladll COBEPLICHCTBOBAHMS MX KOHCTPYKTHBHBIX PEIICHUH,
TEXHOJIOTUM M3TOTOBJICHUS, MOBBIIIEHUS OTHECTOMKOCTH, HO U COBEPUICHCTBOBAHUE PACUETHBIX
Mojeniell, TO3BOJIAIOIIUX  YYUTHIBATh BHUJA  HANpsHKEHHO-IE(POPMUPOBAHHOTO  COCTOSTHUS
COEJIMHSIEMBIX JIEMEHTOB KOHCTPYKIIUH.

b0 1aHHOM pabOTHI ABISIIOCH ONPEIeTICHHE HECYIEeH CTOCOOHOCTH COSUHEHHUS PUTEIIS 1
CTOMKM B KapHU3HOM Y3JIe¢ JEPEBSHHON pambl, BBINOJIHEHHOTO C HCIIOJIb30BAHUEM BKJICEHHBIX
CTEPKHEH.

3agauun  ucciaenoBanus. [ JOCTHKEHHS TOCTABJICHHOW 1eMW OBUTM  MPOBEICHEI
AKCIEPUMEHTAIbHO-TEOPETUYECKUE HCCIIEIOBAHUS 3alpOEKTUPOBAaHHOrO corjacHo [17, 18]
KECTKOT'O CThIKA, BBHIITOJIHEHHOTO C MCIOJIb30BAHMEM HAKJIOHHO BKJICEHHBIX CTAJIbHBIX CTEPIKHEH.
[Ipu mpoBeneHUM HCCIENIOBAaHUI B 3aBUCHUMOCTH OT BEJIMYMHBI MPHUKIAIBIBAEMBIX Harpy3ok
OTIPECTISINCH: HAIMPSHKEHHO-1e(hDOPMHUPOBAHHOE COCTOSIHHE APEBECHHBI B 30HE PACIOIOKEHUS
HAKJIOHHO BKJICEHHBIX apMaTypHBIX CTEp)KHEH; BelIMYMHA MOAATIUBOCTH COEIMHEHUS; BEIMYHMHA
PACKpBITHSI KOHTAaKTa MEXJYy MOBEPXHOCTSMU TOPLIOB COCAUHSAEMBIX 3JIEMEHTOB. TeopeThuyeckue
UCCIIEIOBaHMs BKIIIOYaIM B ce0s ompejesieHue HanpshKeHHO-Ie(OPMUPOBAHHOIO COCTOSHUS
3JIEMEHTOB 3aMPOCKTUPOBAHHOTO KAPHU3ZHOTO y3J1a C UCIOJIb30BAHUEM MTPOrPaMMHOTO KOMILJIEKCA B
OCHOBY KOTOPOTO MOJI0XKEH METO KOHEUHBIX 3JIEMEHTOB, MIO3BOJISIONIET0 YIYUTHIBATH aHU30TPOITHIO
MEXaHHYECKUX CBOWCTB JIPEBECHHBI, (PU3NICCKYIO HETHHEHHOCTH Je(OPMUPOBAHUS MAaTEPUATIOB U
HapylIeHHE KOHTAaKTa MEXIy TOpLAMHU COEAMHSIEMBIX AJIEMEHTOB paMbl. DKCHEPUMEHTaTbHbIE
WCCJICIOBAHMS MPOBOMIMCH METOJIOM CTAaTUYECKOT'O HATPY>KEHUS OMBITHOTO 00pa3iia KapHU3HOTO
y3j7a pambl, aHAJIOTUYHOTO MO CBOMM TE€OMETPUYECKHM IapamMeTpaM M CBOWCTBAM MaTepHalioB
pacyeTHOM MOJIENH, IPUHATON PU BHIMOJHEHUN YHCIICHHBIX PACUETOB.

KoHcTpyKums KApHU3HOTO y3j1a paMbl. KapHU3HBIN y3€l1 TPEXIApHUPHON paMbl IPOJIETOM
L =31,72 m ObL1 3a1IpOEKTUPOBAH B COOTBETCTBHUH C TpeOoBanuamu [ 17, 18] mpu neiictBuu Ha purens
BEPTUKAIBHOW TTOCTOSIHHOW Harpy3ku gq¢ = 5958 H/m.m u mepemenHoit qq¢ = 13140 H/m.m. (puc. 1).
Crolika u pUrenb paMbl 10 MIHUPUHE MTONEPEYHOTO0 CEUCHUS COCTOSIIU U3 ABYX 3JIEMEHTOB ITUPUHON
b = 140 MM, 00BETMHEHHBIX MEXKTY COOOM, BKIICCHHBIMH MEPIICHIUKYIIPHO OOKOBBIM IIJIOCKOCTSIM,
METAJUIMYECKUMU CTePKHAMHU ¢ 1marom 600 MM, U3rOTOBIEHHBIX U3 KJeeHOU npeBecuHbl. Kiieenas
JpeBeCHHA COOTBETCTBOBaa kiaccy mnpoyHoctd GL 24c. CoenviHeHue purenss M CTOMKUA B
pPaACTAHYTOM 30HE KapHU3HOTO y3J1a OCYIIECTBIISIOCH MYTEM 3JIEKTPOCBAPKU CTAJIbHBIX IJIACTHUH C
3akyaaubiMu aetasima M/[1 u M2, a B cxxaToil — HEMOCPEACTBEHHBIM YIIOPOM CTaJbHbBIX MJIACTUH
3aknmagHeix aeranet M3 u MJ14 (puc. 1).
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24

d4

Puc. 1. Cxema TpexmapHUpHON JEPEBSHHON KIEEHON paMbl

3aknaanbie aeranu purens MJI2 u croiiku MJ/[1 B KapHHM3HOM Yy3je MpPEICTaBIsUIM COOOU
METAJUIMYECKHE CTEPKHH, BKICEHHBIE B JpeBechHy mos yrioM 45° k BoloKHaM, 00beMHEHHbIE
MEXy COO0H METaJUTMYECKON TNIACTUHOM CO CTOPOHBI PacTAHYTOM 30HHI y31a (puc. 1). Coenunenue
CTEpKHEW C METAJUIMYECKON TIACTUHOM BBIMIOJIHEHO MOCPEACTBOM 3AJIEKTPOCBApKU. B cxkaToil 30He
KapHM3HOTO y3na 3akiannele getanun M3 u MJI4 mpencraBnsuin co0oi CTalbHBIE CTEP)KHHU,
00bEIMHEHHBIE METANINYECKOM IIaCTUHOM. 3/1eCh BCE CTEP’KHHU PACIIONOKEHBI MEPIEHIUKYIISPHO
IJIOCKOCTH IUIACTUHBI. B KauecTBe METAIUIMUECKUX CTEP’KHEN MCII0JIb30BAIach CTallbHAsI apMarypa
nepuoandeckoro mpodwis auamerpoMm 20 MMm. B kapHuU3HOM y3ie cTepkHH 1- 24 SABISUIUCH
pacueTHbIMH, a 25 — 30 — KOHCTpYKTUBHBIMHU (puc. 1). JlnmuHa ankepoBku crepxkHeit 1 —4, 13 — 16,
24 — 30 cocrapisuna 1200 mm, a crepkneit 5 — 12, 17 — 24 — 600 mm. C 11enpi0 yMEHBIIEHHS pacxo/ia
apMaTYpHBIX CTEp)KHEH B KapHU3HOM Y3JIe paMbl M YCIOBUU 00ECIICUEHUS] OJIMHAKOBOT'O 3HAUCHHUS
HeCyIlIe CrmocOOHOCTH, OBUTM BBIMOJIHEHBI YHMCICHHBIE pacdeTsl mo MKD s AByX BapHaHTOB
KOHCTPYKTUBHBIX pELICHUHA KapHH3HOTO y3ia (puc. 2). B mepBoM BapuaHTe COEAMHEHHE B
KAPHU3HOM Y3JI€ 110 CBOEMY KOHCTPYKTMBHOMY DPEIIEHHIO, KOJUYECTBY apMATypHBIX CTEP)KHEH,
TrEOMETPUUECKUM MapaMeTpam U pa3MepaM JEPEBSHHBIX DJIEMEHTOB COOTBETCTBOBAJIO
3allpOEKTUPOBAHHOMY KapHU3HOMY Y311y pambl (puc. 2 a). Bo BTOpOM BapuaHTe UUCIIO PACYETHBIX
apMaTYpHBIX CTep>KHEH ObLII0 yMeHbIIeHO (puc.2 0).

MeToauka 4YHMCJIEHHBIX HccaeaoBaHuil. VccrmenoBanue HampsKeHHO-ASHOPMHPOBAHHOTO
COCTOSIHMSI KAapHU3HOTO y3Jla paMbl BBIIOJIHSJIOCH IYTEM pELIEHUs IIJIOCKOW 3aJayd TEOpUHU
YIPYTOCTH € HMCIOJIb30BaHUEM IPOrpaMMbl. B OCHOBY mporpamMmsl MOJOKEH METOJ KOHEYHBIX
anemeHToB (MKD) B KOTOPOIl peann3oBaHbl MPOLEIyphl, TO3BOJISIONINE YYUTHIBATH AHU30TPOITUIO
MEXaHUYECKUX CBOMCTB JAPEBECHHBI, a TAaKKE€ MOJCINPOBATh HApPYyIIEHUWE KOHTAaKTa MEXAY
KOHTaKTUPYIOLIUMHU TOBEPXHOCTSIMH B KAapHU3HOM Yy3J€ paMmbl. Bce MeTammyeckue CTep:KHU
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MOJICIMPOBAINCH JIMHEHHBIMU OaJOYHBIMH KOHEUYHbIMHM 3neMeHTamu (KD), meramnmueckue
IUTACTUHBI U JpEeBECUHA — H3omnapameTpuyeckuMu KO ¢ BOCbMbIO y31amMu. YIIpyrue XapakTepUCTUKU
JUISL IPEBECUHBI B JIOKAJIBHBIX OCSX NMpuHUMaNuCch: Exi = Exz = 10000 MIla; Ey1 = Ey2 = 400 Mlla;
Hxiyl = Uxzy2 = 0,02; pyix1 =py2x2 = 0,5 1 Gxiy1 = Gxay2 = 500 MIla, a nns cranu — E = 210000 MITa;
p=0,3uG=81000 MlIa.

3605

Puc. 2. PacueTHble cXeMbl KAPHU3HOTO y3J1a PaMbl 110 IEpBOMY BapHaHTy 1 (a) u BTopomy (0)

B mpouecce YUCIEHHBIX HCCIEIOBAaHUM OMNPENENAIOCh HANPSUKEHHOE COCTOSIHUE BO BCEX
BKJIEEHHBIX CTEP>KHSIX U IPEBECUHE COCAMHSIEMBIX 3JIEMEHTOB paMbl MPU JECHCTBUM HArpy3ku R =
462 kH.

MeToanka ucnbITaHuii. Llenbio npoBeieHrne UCIIBITaHUH KapHU3HOTO y3J1a OBIIIO ONpeesieHIe
MOAATIIMBOCTU COE€IMHEHHU 3aknaanbix aeraneid M1, M2, M/13 u M/I4 Ha BKJIEEHHBIX CTEP>KHS
B COCTaBE KApPHU3HOTO Yy3JIa paMbl M ONIPEACIICHUE €T0 HEeCYIel CriocOOHOCTH. {7151 mcnbITanmii ObLT
M3rOTOBJIEH OMBITHBIM 0Opas3el] B HAaTypaJbHYIO BEIMYMHY COOTBETCTBYIOIIMHM TI'€OMETPUYECKUM
napaMmeTpam y3iy, IpuBeIeHHOMY Ha puc. 2a. KputepueM BbIOOpa mapaMeTpoB OIMBITHOTO 00pasiia
(ITMHBI COEIUHSEMBIX JJIEMEHTOB) W TPAHUYHBIX YCIOBUN SBJSUIOCH TIOJHOE COOTBETCTBUE
HanpsKEHHO-/1e()OPMUPOBAHHOTO COCTOSIHUS KAPHU3HOTO y3J1a B COCTAaBE paMbl OIIBITHOMY 00pasity,
oTpezieiieMoe B pe3yJibTaTe YUCICHHBIX UcclieoBanuil. KoHCTpyKTHBHAs cXeMa OIBITHOTO o0pasia
KapHU3HOTO y3JIa paMbl MPEIHAa3HAYEHHOrO I MCHBITAHWM NpUBEIEHA Ha puc. 2a. McnwiTanue
oOpa3iua MpOBOJMIOCHE METOJOM CTAaTUYECKOTO HArpy>K€HUs B TOPU3OHTAIBHOM TMOJOXKEHHH Ha
neicTBue cxxuMmaronero ycunus R (puc. 3).

Puc. 3. Cxema (a) u 00muii BU UCTIBITAHUS KAPHU3HOTO y3J1a paMsl (0)
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Jnuna snementa C coctasisiia 3605 MM, 4TO COOTBETCTBOBAJIO JIJTMHE CTOMKH paMbl, a PUTeIb
OBLT yceueHHBIM — TuHON 4590 MM. BiaxxHOCTh ApeBeCHHBI HA MOMEHT HCIIBITAHUHN, TIO 3aMepaM
3JIEKTpOBIaroMmepom, coctasisia 10%.

B pesynbTaTe ucmbITaHW OnpeAessiioch (aKTHYECKOEe 3HAYCHHE HECYIIEH CIOCOOHOCTH.
Bennuuna Hecymieit crmocoOHOCTH y3ja MOJ Harpy3Kod OIpenesnsgach Ha OCHOBE KOMILJIEKCHOTO
aHaiu3a Je(pOpPMAIMOHHBIX U MPOYHOCTHBIX CBOMCTB KOHCTPYKLIMH, a TakkKe HaOJIOACHUM 3a ee
MOBEJCHUEM JI0 MOMEHTa paspyuieHus. Bo Bpems HUCHBITaHHA BBIOIHSIIOCH COOJIIOJICHHE
BPEMEHHOI'0 PEKMMa MPUIIOKEHUS HArpy3KU. V3MepeHne OTHOCUTENBHBIX CMEIIECHHUI 3aKJIaIHbIX
JeTanel B y3Je Onpeaessuioch o nokasanusaM uaaukatopos M1 — U8 (puc. 3a). 3nauenue Hecymei
CIIOCOOHOCTH HCIBITBIBAEMOT0 y3J1a ONpeNeNslach KakK pa3pyllarolias Harpyska, JejieHHas Ha
KOX(QHUIMEHT HAACKHOCTH, YUYUTHIBAIOIIMKA  XapakTep  pa3pylleHUS  KOHCTPYKIHH U
MPOAOJKUTEIIBHOCTh HUCHBITAHUNH B COOTBETCTBUMU C [19]. Bunm paspyiienuss onpenensics Ha
OCHOBAHMHU aHAIM3a JAMarpamMMmbl JeGOpPMHPOBAHUS KOHCTPYKIMH. B mporecce wucnbITaHui
PEruCTPUPOBATIOCH 3HAUEHUE HATPY3KH U BEIMYUHBI COOTBETCTBYIOIIUX OTHOCUTENIBHBIX CMEIICHUI
3JIEMEHTOB COCIMHEHHUS] PUTEIIsSL CO CTOUKOM.

Harpyxenue y3na oCylIECTBISUIOCh PAaBHBIMU CTyNeHsMH BenuuuHod 0,1 oT 3HaueHwus
pacueTHo Harpy3ku R =462 kH. IIpoaomkuTenbHOCTh NpUI0KEHUS HArpy3KH Ha KaXX101 CTyIIeHH
cocraBisuia 5 MuH. [IpunoxeHue Harpy3kyM Ha KakKIOM CTYNEHH HarpyXeHHUsl OCYIIECTBIIUIOCH
PaBHOMEPHO B paBHBIE IIPOMEXKYTKH BpeMeHU. Bo BpeMsl BBIIEP/KKM y3J1a IOJ Harpy3Kod BeJIOoCh
Ha0JI0/IeHUE 3a TIOSABIIEHUEM B 3JIEMEHTaX MCIBITHIBAEMOT0 y3J1a MPU3HAKOB Pa3pylIeHUs (TPEeIluH
CKaJIbIBaHUs, pa3pbiBa, CKJIaJ0K CXKATHUS, CIBUTA TJIACTHH, TPEUIMHBI B CBAPHBIX IIBaX).

PesyabTaThl uccienoBanmii. B pesynbrare 4YHCIEHHBIX pPAacyeTOB OBbUIM OIMpeesiCHBI
NIEPEMELIEHUS U HANIPSKEHUS KaK B IPEBECUHE CTOMKHU U PUTENIs, TaK U B METAIIIMYECKUX IJIACTHHAX
U CTEp)KHAX. 3HAYEHUsS HOPMAJIbHBIX HANPSIKEHWHW B apMaTypPHBIX CTEPKHAX, MPHUMBIKAIOLIIUX
HENOCPEACTBEHHO K METAUIMYECKUM IIJJaCTMHAM JJI1 IEPBOIO M BTOPOTO BApUAHTOB PAcCUETHBIX
cxeMm (puc. 2), mpuBeAeHBI B Ta0. 1.

Tabnuna 1 — HanpspkeHus B METAJUIMUECKUX CTEPXKHSX, MPUMBIKAIOIMIMX HEMOCPEACTBEHHO K
CTAJIbHBIM IIJIACTHMHAM JUIsl pACUETHOM CXEMBI IO IEPBOMY BapHaHTY.

No | Hanpsixe | Hanpsisken | CymmapHbie No Hanpsioxe | Hanpsoken | CymmapHbie
CTCPIK HHUSA OT us OT| HaNpsXKCHUSA, | CTCPIKHIA HUSA OT us OT| HaIPsSKCHUA,
HS 10 | MPOAOIB | M3ruda MITIa 10 pUC. | TPOJOJb | U3ruda MITIa

puc. HOTO cTepikHs, [ T o 2a HOTO CTepkHA, [ - O
2a ycunus, | Mlla ycunuda, | Mlla
MlITIa MlIIa

1 132,4 +115,3 17,1 | 2477 13 -39,8 +1,2 -38,6 | -41,0
2 12,7 +32.5 -19,8| 45,2 14 5,4 +1,8 3,6 7,2

3 8,7 +2,2 6,5 10,9 15 20,6 +8,8 12,6 | 28,6
4 -43.5 +3,0 -40,5| -46,5 16 69,2 +27,6 41,6 | 96,7
5 -21,3 +19,2 -2,1 | 404 17 -90,9 +26,9 -64,0 | -117,9
6 -21,2 +19,6 -1,6 | -40,8 18 -104,3 +22,1 -82,3 | -126,4
7 -34,2 +33,7 -04 | -67,9 19 -131,0 +11,2 -119,8| -142,2
8 -66,4 +21,1 -45,3| -87,4 20 -188.,6 +2,1 -186,5| -190,7
9 -58,6 +34,2 24,41 -92,8 21 -59,5 +13,7 -45,8 | -73,2

10 -36,7 +14,3 -22,41 -51,0 22 -76,0 +22.2 -53,7 | -98,2

11 -22,2 +14,2 -8,0 | -364 23 -97,0 +14,5 -82,5 | -111,5

12 -18,3 +15,6 -2,8 | -33,9 24 -147,7 +20,0 -127,7| -167,7

Tabmuua 2 — HampspkeHus B METAUNTMYECKUX CTEPXKHSAX, MPUMBIKAIOIINX HEMOCPEICTBEHHO K
CTAJIbHBIM ITACTMHAM JUIs PACUETHOM CXEMBI IO BTOPOMY BAPUAHTY.
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No | Hanpsixe | Hanpsike Cymmaphsbie No | Hanpspxe | Hanpsix CymmapHsbie
CTCPK HHUSA OT HUA oT HAITpsPKCHUA, CTCPIK HUSA OT €HUuA OT HaIps’KCHUA,
HS 10 | MPOAOIB | M3ruda MIIa Hs 110 | MPOAOIL | M3ruda MlIla

pwuc. HOTO CTePKHA, [ Omax pwuc. HOTO CTEPKHA| S Omax

26 yeunus, | MlIla 26 yewus, | , MIla

MlITIa MlIIa

1 140,2 +124,5 15,7 264,7 6 -126,7 +54,9 -71,8 -181,7
2 9,9 +47.9 -38,0 57,8 7 -89,1 +32,9 -56,2 -122.0
3 -48,4 +70,6 222 | -119,0 8 -53,2 +61,2 8,0 -114,5
4 -89,7 +95,6 5.8 -185.3 9 21,2 +14,5 6,9 35,4
5 -131,6 +37,1 -94,5 | -168.7 10 75,9 +32,0 43,9 107,9

Ananu3upys AaHHbIe TaOIUIBI | U TaOIUIBI 2 MOKHO OTMETHUTbh, YTO HauboJIee Harpy>KEHHBIMU
B PacTSIHYTOM 30HE KAPHU3HOTO y3J1a ABJISAIOTCS KpaiiHUe HaKIOHHBIE cTepskHU (1, 16 — 1151 pacueTHON
CXeMBbI IO TiepBoMYy BapuaHTty W 1, 10 — s pacueTHOM CXeMbl O BTOPOMY BapHaHTY),
BOCIIPHHHMMAIOIINE YCHIIUS pacTshKeHus: U u3ruba. Uto ke xacaercsi HaKJIOHHBIX crepxHel (4, 13
puc.2a), pacrloiOKEHHBIX OJIMKEe K TOPIIaM PUTENsl B CTOWKH, TO OHH B OCHOBHOM pa0OTaroT Ha
ckarthe, a crepxkHU 3, 14 NpakTUYECKHM BBIKIIOYECHBI W3 padOTHl y3ja. YUWTHIBAsA, XapakTep
pacrnpeiesieHds YCHIMM MEKy HaKIIOHHBIMU CTEPKHAMH PACTSHYTOU 30HBI B 3JIEMEHTAX pUTeld U
CTOMKH, OBUIO MPUHATO PEUICHHE 0 YMEHBIIEHUIO UX KOJMYECTBA C YeThIpeX /10 AByX. Kak nmokazanu
pacueTsl (Tabi. 2), Takoe peIICHHE SBISUIOCH OMPABIAHHBIM, ITOCKOJIBKY HE TMPHUBEIO K
CYLIECTBEHHOMY YBEJIMYEHUIO HaIpsSHKEHUH B HambOosee HarpyKeHHbBIX CTEpXKHAX (puc. 4), T.e.
crepxxuu 3, 4, 13 u 14 manosddexruBusl. Kpome TOro0, /U1 BOCHIPHUATUS CKUMAIOIIETO YCHIINS,
BO3HHUKAIOIIETO B HAKJIOHHBIX CTEpXHAX 4, 13 (puc. 2a) ObUIM YCTAHOBJIEHBI MEPIECHAUKYISIPHO
BOJIOKHAM JIPEBECUHBI CTepHU 3 u 8§ (puc. 26). UTo ke KacaeTcs CTepKHEH COeIMHEHHBIX
MEePIEHIUKYISIPHO € IUIACTUHAMHU 3akiiaaubix peraineit M1 1, M/12, MJI3 u M/14, To oHn paGoTaroT
Ha cKatue ¢ m3rubomM. MakcuManbHO HAarpyKeHHBIMH B 3aKIaJHbIX aetansax MJ[1 u M/I2 sBastorcs
CTepXHH 8 1 9, pacroIoKeHHbIE OJIMKE K TOpLIaM COEUHSIEMBIX 3JIEMEHTOB, a B 3aKJIa/IHbIX JAETaJIsIX
M3 u M/14 — crepxuu 20 u 24 (puc. 2a).

)

150
O, 45 MTTa

150
70,45 ML

Puc. 4. Pacnipenienenre HopMabHbIX HANPSHKEHUN 10 JUIMHE CTEpKHEN 1 1 2 11 pacueTHON CXeMBbI
y371a TI0 TIepBOMY (@) ¥ BTOpoMy BapuaHTam (0).

AHanu3upys HalpspKeHHO-1e()OPMUPOBAHHOE COCTOSTHHE APEBECHHbBI KAPHU3HOIO Yy3Ja PaMmbl,
3aKOHCTPYHPOBAHHOI'O IO TIEPBOMY BapuaHTy (puc. 2a), HauboJjee ONacHbIM SBJIIETCS ceueHue 1 —
1, pactionoxkeHHoe Ha pacctossHuM 600 MM OT ONOpPBI CTOMKHU. B yka3aHHOM CEUYEHUU MMEET MECTO
COBMECTHOTO JAEWUCTBUSI BCE TPEX KOMIIOHEHT HampspDkeHHH. CieayeT OTMETUTh, UTO JIEHCTBUE
HOpPMAaJIbHBIX HANpsDKEHUH Gyl BBI3BIBAET PACTSKEHHE APEBECHHBI IOIEpeK BOJOKOH. IlosToMy B
YKa3aHHOM CEYEHHU BO3MOXKHO Haubojiee BEpOSITHOE paspyllieHue y3ia. s mpemoTBparieHus
paspylleHUs] JpPEBECHMHbl B YKa3aHHOM 30HE CTOWKM paMbl ObUIO MPHHITO pElIEHHE O
JIONOHUTENBHOM yCTAHOBKE BKIEEHHBIX 01 yrioM 45° apmMarypHbix crepskneii 12 ¢ marom 500 Mm
(puc. 26).
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AHanu3upys auarpaMMbl OTHOCUTENbHBIX CMEIIeHUH 3aknagubix aeraiteit M1, M2, M3 u
M]14 (puc. 5), moIydeHHBIX Ha OCHOBAaHUU 00PaOOTKU PE3yIHTAaTOB UCIBITAHHI OMBITHOTO 00pasia
KapHU3HOTO Y3712, MOKHO OTMETHTb, YTO Ha BCEX CTYINEHSIX HArPY>KEHUS 3JIEMEHTHI COSIUHEHUS U
UX MaTepuaibl HaXOJMINCh B JIMHEHHOM obnactu nedopMupoBanus. MakcUMaabHOE pacXOXkICHUE
B 3HAUEHUSX, MTOJIYUEHHBIX PACUETHBIM ITyTEM C JJAHHBIMH HCTIBITAHHUMA, COCTaBUIIO He Oosee 15%.

,‘ RakH ‘] R,kH
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- 00
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Puc. 5. /IlnarpaMMbl OTHOCUTEJIBHBIX CMEIICHUN:

a) — MeXy 3aKnanaeive netansvu MJ13 u M/14; 6) — mexny 3aknaaabivMu aetansmu M1 u MI2;
B) — MEX]ly TOPIIOM CTAJIbHOM IIJIACTUHBI 3aKJIaqHOM netanu M/JI2 u apeBecuHOM purens; T —
MEXy TOPIIOM CTaJbHOM IUIACTHHBI 3aKIaaHou aetanu M/{1 u npeBecuHoON CTONKH

B mpolecce HCIBITAHMI KAPHU3HOTO Y3714 , 3aKOHCTPYUPOBAHHOTO MO TIEPBOMY BapUAHTY (pHC.
2a), mpu Harpy3ke Ri = 684 xkH B cToiike purens mpou3omien YaCTUIHBIA OTPHIB CO CKAJIbIBAHUEM
Hapy>KHOM JOCKH KJIEEHOT0 MaKeTa ¢ oOpa3oBanueM TpeuHsl nHoi 100 MM (puc. 6 a). [Ipu sTom
MajieHuss Harpy3kd He HaOmomanochk. OOpa3oBaHHME 34€Ch TPEIIMHBI OOYCIIOBIECHO HAIMYHAEM
KOHIIEHTPAIIMU HAMPsHKEHUH B 30HE MOIPe3KH. UTO ke KacaeTcs MOJHOTO pa3pylIeHus y3Iia, TO OHO
MMEJO XPYNKUN XapaKTep W MPOU3OLUIO B pe3yjbTaTe CKalbIBaHUS JIPEBECHHbI CTOMKH B 30HE
OIMOPHOTO y37la ¢ 00pa3OBaHUEM IIEJIOT0 Psijia TPELIUH, KaK 3TO ObLIO yCTAaHOBJIEHO YUCICHHBIM
pacdetoM. Pa3pymienue onbpITHOTO 00pa3iia MPOUCXOAMUIIO IO TEITy CAaMOM CTOMKH, KaK B PaCTSIHYTOM
30HE, TAaK M B CXKATOW €€ YacTH C PacHpOCTpaHEHHWEM TPEIIMH Ha KPAWHIO BHYTPEHHIOI I'PaHb
ctoiiku (puc. 6 6). [Ipu 3TOM BenmnuuHa pazpymatomei Harpy3ku Ro=820 xH.

*
BKCHepI/IMeHTaHLHHe HccIeJ0BaHus MTPOBOANUIIUCH C YIACTUCM HoropenbueBa A.A.
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Puc. 6. O0muii Buj pazpyiieHus: KapHU3HOTO y3i1a pambl ipu Harpy3ke R; = 684 xkH (a)
u R; =820 xH (0)

dakTuyeckoe 3HaueHue Hecymed R,q = 346,23 xkH y3na, BBIYMCIEHHOE B COOTBETCTBUM C
TpeboBanusmu [19], okazanocs Hike pacueTHoro Rq =462 kH, onpenenennoro no [17,18]. JlanHoe
paznuune oOBSICHSIETCS TE€M, YTO MPEEIbHOE COCTOSIHUE HACTYIWIIO HE B pe3yibTaTe pa3pylleHUs
COCAUHCHUA Yy3JIa, a4 B PC3YJbTATC CKaJIbIBAHHUA AOPCBCCHHBI CTOUKH B OIMOPHOM Yy3JIC, HYTO
MOATBEPKIAETCS pe3yIbTaTaMU YHCIECHHBIX HCCIEA0BaHUM.

BriBoabI.

— Pa3zpa0OoTanHblil KAPHU3HBIN y3€J TPEeXIIApHUPHOU IEPEBSIHHOM KJIEEHOW paMbl IPOJIETOM
31,72 ™ ypnoBieTrBopsieT TpeOOBaHUSM TIPEACIBHBIX COCTOSHUN HECYIleH CIoCOOHOCTH
9KCILTyaTallMOHHON NPUTOJHOCTH.

— 3ampoeKTHpOBaHHAasl CTOMKa MOJypambl HE YAOBIETBOPSET TPEOOBAHUSIM IMpeneIbHBIX
COCTOSIHUH HeCyIIel ClIOCOOHOCTH U JI0JKHA OBITh YCHUJIEHA B IPHOMOPHOM YacTH IMyTeM YCTaHOBKH
BKJIEEHHBIX CTEpXKHEH, MO0 MyTeM yBeTUYEHHES TONEPEYHOr0 CEUECHHUS.

— C 1€ 35KOHOMHMH Pacxo/ia CTAJIM YUCIIO apMaTyPHBIX CTEP)KHEN U MX PAcIOJIOKEHUE B
KapHU3HOM Y3Jie MOXKET OBITh YCOBEpIIeHCTBOBaHO. .IIpeanokeHHoe n3MEHEHHOE KOHCTPYKTUBHOE
peleHre KapHU3HOTO y3J1a paMbl TOJKHO ObITh IPOBEPEHO MyTEM HCIIBITAaHUS ONBITHOTO 00pa3ia.
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KAPHW3HHWH BY30JI TPbOXIIAPHIPHOI PAMY 3 KJIEEHUX JEPEB'STHUX
EJIEMEHTIB HA BKUVIEEHUX CTPUKHAX

Haiiuyk A.Sl. n.17.1H., mpod.

kadeapu OyniBeIbHUX KOHCTPYKIIii,

atnya@yandex.by

YO «bpecmcokuti depacasnuii mexniunuii ynisepcumempy, binopyce

AHoTauig. Y cy4acHiii mpakTHIl Oy1iBHULITBA OY/IiBEIIb 1 CIIOPY/ 3 BUKOPUCTAHHIM JI€PEB'STHUX
TPHOXIIAPHIPHUX paM iCHY€e 031114 KOHCTPYKTUBHHX PIlIEHb 3'€THAHHS pUTeis 31 CTiiikor. O1HUM
3 TaKUX KOHCTPYKTUBHUX DillIEHb € BUKOPUCTAHHS 3'€lHAHb HA BKJICEHUX apMaTypHHUX CTPHIKHSX.
HesBaxaroun Ha HaKOMWYEHUW OCBIJ OymiBHUIITBA OyaiBeldh 3 BUKOPHUCTAHHSM JICPEB'STHUX
KOHCTPYKILIN 13 3'€IHAHHSAMU Ha BKJICEHUX CTEPXKHIX, SK 1 paHillle 3aJIMIIAIOTHCS AKTyaIbHUMU
3aBIaHHS MO0 BIOCKOHAJIEHHS TEXHOJIOTI] iX BUTOTOBIICHHS 1 MO/IENeH po3paxyHKy. MeToro gaHoi
poboTu Oyno TPOBENEHHS EKCIEPUMEHTAIBHO-TEOPETHUHUX JIOCTI/KEHb 110 BHU3HAYECHHIO
HaIpyXeHO-Ae(OPMOBAHOTO CTaHy JIEPEBUHHM PHUTEs 1 CTIMKH, pO3TalIOBaHOI B 30HI KapHU3HOTO
BYy3JIa paMH, BUKOHAHOTO 3 BUKOPHUCTaHHSM BKJICEHHX CTPHIXKHIB, a TaKOX PO3pOOKa MPOMO3MIIN
I110/10 BAOCKOHAJICHHS HOTO KOHCTPYKTHBHOTO pinieHHs. JlocmipkeHHs HanpyKeHO-1eOpMOBaHOTO
CTaHy KapHH3HOTO By3Jia 371MCHIOBAJIOCS IUISIXOM BUPIIMIEHHS IJIOCKOI 3aadi Teopii MpyKHOCTI 3
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BUKOPHUCTaHHAM IPOrPAaMHOTO KOMIUIEKCY, IO 0a3yeThCsl Ha METOJl CKIHUEHUX eJEeMEHTIB. Y
MPOrpaMHOMY KOMIUIEKCI peajli3oBaHi MPOIEAYpH, IO JO3BOJAIOTH BPAaXOBYBAaTH aHI30TPOIMIiIO
MEXaHIYHHUX BJIACTUBOCTEH E€PEBUHU, MOPYLUICHHS KOHTAKTY MK MOBEPXHSMH, IO 3'€IHYIOTHCS B
KapHU3HOMY BY3J11 €JIeMeHTIB. ExcriepuMeHTabHi TOCHIIKEHHSI TPOBOIUIUCH METOJIOM CTAaTUYHOTO
HABaHTAXEHHS JOCIIHOTO 3pa3ka KapHU3HOTO BY3Jia, BUTOTOBJIEHOTO B HATypallbHy BEJIHUYUHY,
SIKUW 32 CBOIMH T€OMETPUYHUM TIapaMeTpaM 1 BIaCTUBOCTAM MatepianiB BianosigaB CE-moneni. B
pe3yabTaTi IPOBEIEHUX AOCIHIIHKEHb OyJI0 BCTAHOBIICHO, 110 B PO3TATHYTIHM 30H1 KAPHU3HOTO BY3I1a,
JUTSl BKIIGEHUX CTPMIKHIB PUTEIIS 1 CTIMKK XapaKTepHa 3HA4YHA HEPIBHOMIPHICTH PO3IMOALTY 3YCHIIb,
KpiM TOTO CTPWXHI CHOPUWMAIOTh 3YCHWJIIS CTUCKY-PO3TATYBAaHHS 1 BHUTHHY. HaiOinbim
HaBaHTWKEHUMH € CTPHIKHI, pO3TallIOBaH1 HA MAKCUMaJIbHOMY BUJAJICHHI B1J CTUKY PUTEIS 1 CTIHKH.
Po3nofin 3ycusb B CTPMIKHAX CTUCHYTOI 30HU OJM3BKUH 110 piBHOMiIpHOTO0. PO3moain HanpyXeHb 1o
JOBXHMHI TOXHJIMX apMaTypHUX CTPIJKHIB 3aKIaHUX JeTajeidl XapaKTepH3YEThCS BEIUKOIO
HEpiBHOMIpHICTIO. Buxozsuu 3 ananizy HanpyXeHO-1e()OPMOBAHOT'O CTaHy KapHU3HOT'O By3J1a paMu
3ampOIOHOBAHO HOBE KOHCTPYKTHUBHE PIIIEHHS B YaCTHHI KUIBKOCTI apMaTypHHUX CTEPXKHIB 1 iX
pO3TalTyBaHHS.

KurouoBi cjioBa: jepeBuHA, BKJICEHI CTPWIKHI, KOHCTPYKIS, 3'€IHAHHS, MIIHICTb,
HABaHTAXCHHS, HATIPY>KCHHSI.

KNEE JOINT OF THREE-HINGED GLUED TIMBER PORTAL FRAME EXECUTED AS
JOINT ON GLUED-IN RODS

Naichuk A.Ya. Dr.Sc. in Engineering, Professor
Department of Building Structures

atnya@yandex.by

Brest State Technical University, Republic of Belarus

Abstract. In the modern construction of buildings and structures there are many constructive
solutions for connecting the rafter with the column of wooden three-hinged portal frames. One of
these constructive solutions is the use of knee joints executed as joint on glued-in rods. Despite the
accumulated experience in the construction of buildings using timber structures with joints on glued-
in rods, there are still urgent tasks to improve the technology of their manufacture and calculation
models. The purpose of this work was to conduct experimental and theoretical studies of the knee
joint executed as joint on glued-in rods to determine the stress-strain state of the timber in the
connection region. To develop of proposals for improving knee joint executed as joint on glued-in
rods. The study of the stress-strain state of the knee joint was carried out by solving a plane problem
of the theory of elasticity using a software package based on the finite element method. In the software
package used, procedures are implemented to take into account the anisotropy of the mechanical
properties of wood, the violation of contact between the surfaces of the elements connected in the
knee joint. Experimental studies were carried out by the method of static loading of a prototype of a
knee joint made in full size, which in its geometric parameters and material properties corresponded
to the CE model. As a result of the conducted studies, it was found that in the stretched zone of the
knee joint, the glued rods of the rafter and the column are characterized by a significant uneven
distribution of forces, in addition, the rods are subjected to compression, tension and bending. The
most loaded are the rods located at the maximum distance from the joint of the rafter and the column.
The distribution of forces in the rods of the compressed zone is close to uniform. The stress
distribution along the length of the inclined rods of the embedded parts is characterized by a large
unevenness. Based on the analysis of the stress-strain state of the knee joint of the frame, a new design
solution is proposed in terms of the number of glued-in rods and their spacing.
Keywords: timber, glued-in rods, structures, connection, strength, load, stress
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CTATUCTUYECKOE OFOCHOBAHUE HOPMATHUBOB CHET'OBOM HATPY3KH
HA CTPOUTEJIBHBIE KOHCTPYKIIUHN
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pichugin.sf@gmail.com, ORCID 0000-0001-8505-2130
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AnHoTanmsA. CTaThs CONEPKHUT CUCTEMATU3UPOBAHHBIA 0030p MyOJIMKAIMiA B BEAYIIUX
Hay4YHO-TEXHUYECKUX KypHaJaxX 1Mo Mpo0jeMe CHErOBOM HArpy3KH 3a rnepruoja 80-JIeTHHI Mepro ¢
40-x rogoB XX croserusi 10 HacTtoswero BpeMeHu. [loguepkmBaercsi, 4TO 3Ta Harpyska Ha
COOPYKEHHSI UIMEET CIOKHYI0 (PU3UYECKYIO IPUPOY U U3MEHUUBBIN XapakTep. [ 1aBHOe BHUMaHUE
YIEISETCSl aHadu3y »3BOJIOLUU HOPM IPOEKTUPOBAaHUS KOHCTPYKUMH B 4YacTU HW3MEHEHUM
TEPPUTOPUATBHOTO PalOHUPOBAHUS U PACUETHBIX KOA(P(UIIMEHTOB, HA3HAYEHUS HOPMATHUBHBIX U
pacyeTHhIX 3HAYEHUH CHEroBOM Harpys3ku. OTmedaeTcs, 4TO OOJBIIMHCTBO MapaMETPOB HOPM
CHErOBOM HAarpy3kd HMEIOT BEpPOSITHOCTHYIO NPHUPOAY U TpeOYIOT Ajii CBOEro OOOCHOBAaHHS
NPUMEHEHHsI CTaTUCTMYECKHX METOJOB. BBIIENSAIOTCS Hay4yHbIE Pe3yJbTaThl, MOTYIIUE OBITh
BKJIFOYEHHBIMH B TIOCJIEYIOIINE U3JaHUS HOPM CHETOBOM Harpy3KH.

KioueBble cj10Ba: cHeroMepHble HAOMIONEHUs, CHEToBas Harpyska, TEppUTOpPHAIBHOE
palioHUpOBaHUE, HOPMATUBHAsI HArPYy3Ka, pacueTHAsI Harpys3Ka.

Berynienne. OGecriedeHue HaIEKHOCTH W 0€3aBapUHHOCTH 3IaHMA M COOPY)KCHHH B
O0NBIION Mepe 3aBUCHT OT MPABHIBHOTO IMOHMUMAHUS MPHUPOJBI U KOJUYECTBEHHOTO OMUCAHUS U
HOPMHMPOBAHMS Harpy30K Ha CTPOUTENIbHbIE KOHCTPYKIMH, B TOM YHUCIJIE CHETOBBIX HArPy30K. JTH
HArpy3Kd Ha COOPY)KEHHUS UMEIOT JIOCTaTOYHO CIIOKHYIO (PM3UYECKYIO MPUPOAY M M3MEHUUBBIN
Xapakrep, TpeOyrolue 3HAaHWW TEepMOIMHAMHYECKHUX IPOLECCOB B aTMmocdepe M Ha TPYHTE,
(bU3NYECKUX CBOMCTB CHEra, METOAUKH METEOPOJIOTUUECKUX HAOIIOJCHUN M KIMMATOJIOTHYECKOTO
ONMMCAaHUsI MECTHOCTH, U3MEHYMBOCTU HArpy30K, XapakTepa OTJIOKEHUs CHEra Ha KOHCTPYKLMAX U
COOpPYXKEHHMSIX. OTH OCOOCHHOCTH B OIPENENICHHOW Mepe OTpaXKaloTcsl B paszfeiax HOpM
MIPOEKTUPOBAHUS CTPOUTEIBHBIX KOHCTPYKLMMU, COJEpKAIIUX HOPMATHBBI CHETOBOM HArpy3KH.
BonbmmrHCTBO MapaMeTpoB HOPM CHETOBOM HArpy3KHd MMEIOT BEPOSTHOCTHYIO MPUPOAY U TPEOYIOT
JUIE  cBOero OOOCHOBAaHMSI TPUMEHEHHUS CTAaTHUCTUYECKUX METOAOB. OTH METONbl MOCTOSIHHO
U3MEHSUIUCh ¥ Pa3BUBAINCH BMECTE€ DETYJIAPHBIM IIEPECMOTPOM HOPM  CTPOHUTEIBHOIO
MIPOEKTUPOBAHUSA. AHAJIN3 SBOJIOUMHA OTEYECTBEHHBIX HOPM CHETOBOM HArpy3kKu BMECTE C MX
CTaTUCTHUYECKUM 0OOCHOBAaHHEM IPECTABISACT COOO0M aKTyaIbHYIO 3a7auy.

AHaJIU3 MOCJIeTHUX HCCJIe0BaHUI M myOaMKanuid. PerynspHasie cCHeromepHbie HAOIIOICHHS
npoBozsTcs ¢ koHna XIX cronerus. B 30-e roas! ux pe3yabTaThl MOCITYKHIA OCHOBOM COCTAaBICHUS
MEepPBOr0 HOPMATHUBHOTO JIOKYMEHTa IO CHEroBOMl Harpy3ke W NepBbIX MyOJIMKaluil MO 3TOH
npobaeme [1]. DTOT nporecc aKTUBU3UPOBAJICS ¢ OATOTOBKOH K MEPEX0/1y pacueToB KOHCTPYKIUN
Ha METOJMKY MpeAeNbHbIX COCTOSHMM [2, 3]. B mocnegyromue roapl BMECTE € PEryJIsPHBIM
[IEPECMOTPOM HOPM HAarpy3oK M BO3ACHCTBUN Ha KOHCTPYKIMM COBEPIICHCTBOBAJIOCH
HOPMHPOBAHHUE CHErOBOW HArpy3Kd, DBOJIOIMS CHETOBBIX HOPM OCBEIIAIACh B ITYOJUKAIUAX
BEIYIIMX HAyYHO-TEXHUUYECKHX >XypHaJIOB [4—14]. OO30pbl pa3BUTHS CHETOBBIX HOPM OBUIH
OIyOJIMKOBaHbl B Ka4eCTBE pa3/eioB MOHOrpaduil M AuccepTalii, MOCBSIIIEHHBIX HAarpy3kaM Ha
3naHud U coopyxkenus [18 — 21]. Haumnas ¢ 90-x rogoB MNpoONUIOro CTOJIETHS, HOPMBI
MIPOEKTUPOBAHUS pa3pabaTHIBAINCH OTACIBHBIME TocyaapcTBaMu, panee Bxoausmumu B CCCP. B
CBSA3U C 3TUM aKTUBU3UPOBAIIMCH BEPOSTHOCTHBIE HCCIIEOBAHUS CHETOBOM HATPY3KH HAa TEPPUTOPUH
Ykpaunsl [25-30], pe3yiabTaToM KOTOPBIX cTal COOTBETCTBYIOIIUI paszen
JABbH B.1.2-2006 «Harpy3ku u Bo3aedcTBusi». B mocienyromnime roasl MCCIeIOBaHUS CHETOBOM

- 103 -



Cyuacni 6ydigenvui koncmpykyii 3 memany ma depegunu, 2021. — Bun. Ne 25 (crop. 103-118)

Harpy3KH MpOJ0JDKIINCH BMECTE C 0O0CHOBAaHMEM M YTOUHEHHUEM PsiJia pacueTHHIX K03 uuneHToB
[31-35].

Boienenne He pelIeHHBIX paHee 4YacTed oOmeld Npo0JeMbl, KOTOPbIM MOCBSIIECHA
cTaThsl. MaTepuainbl, OCBALICHHbBIE CHETOBBIM Harpy3kam, OIyOJUKOBaHBI B Pa3IMYHBIX HAYYHO-
TEXHUYECKHX JKypHaJlaX, COOpHHUKAxX CTaTei, Marepuanax KoHpepeHuui. JlocTyn K 3TuM U3JaHusIM
3aTpyJaHEH, TeM OoJiee YTO B HEKOTOPBIX YUPEKICHUSX Hadalld YHUUYTOXKATh OyMa’KHbIE KYpHAJIbI
IIPOLUIBIX JIET, MOTUBUPYS NEPEXOIOM Ha 3JIEKTPOHHBIE U3aHNs. OHAKO B peaIbHOCTU NIEPEBO B
AJIEKTPOHHYIO (OpMYy MPOM3O0IIENT TOKa TOJBKO JIA W3daHui, Bbimenmux mociae 2000 roxa.
Ony6nuKoBaHHbBIE 0030pBl PA3BUTHS HOPMUPOBAHHSI CHETOBOM HArpy3KU HETOJIHBI M HE BKIIOYAIOT
pe3yJbTaThl HCCIeNOBaHUM nocieaHux 15 — 20 ner.

IMoctanoBka 3agaum. CTaTbs COAEPKUT CHUCTEMATH3MPOBAHHBIM 0030p myOiMKauuii B
BEIYLIUX HAyYHO-TEXHUYECKUX KypHaslaX Mo mpobiieme CHEeroBoil Harpy3ku 3a nepuoj ¢ 40-x roioB
XX croyieTusi 1O HACTOSILErO BpEMEHU. | TaBHOE BHUMAHUE YAEISAETCS aHAJIN3Y ABOJIOLMHA HOPM
MPOEKTUPOBAHUSI KOHCTPYKIIMA B YacTH M3MEHEHUM TEPPUTOPUAIBHOTO PAHOHUPOBAHUS U
pacyeTHbIX KO UIIMEHTOB, HA3HAYEHUSI HOPMATUBHBIX U PACUETHBIX 3HAUEHUI CHETOBOM Harpy3Ku
U MIPUBJICYEHUS K 3TOMY ONBITHBIX CTATUCTUYECKUX AAHHBIX. BBIAEISIOTCA Hay4YHBIE pE3yJIbTaThl,
MOTYIIHE OBITh BKIIOUEHHBIMH B MTOCIEYIOIINE U3/1aHUSI HOPM CHETOBOM Harpy3Ku.

OcHoBHOM MaTepuas u pe3yiabTatbl. Hopmuposanue cHeroBeix Harpy3ok B CCCP
pa3BUBAJIOCh HAa OCHOBE OINbITA JKCIUTyaTallUM 3JaHUN U COOPY)KEHMM, a Takke M0 Mepe
COBEPILIEHCTBOBAHUS METOJ/IOB pacyeTa CTPOUTENbHBIX KOHCTPYKIUH.

OnHUM 13 IepBBIX HOPMATHUBHBIX JOKYMEHTOB 110 cHeroBoi Harpy3ke B CCCP 6bun «Enunbie
Hopmel»y OCT/BKC 7626/b (BBemennnie ¢ 1 urons 1933 r1). OnpeneneHnas HaydHas 0Oa3a s
00OCHOBaHHUS HOPM B TOT MEPHOJ YK€ MMEIACh: MHOTOJIETHUE METEOPOJIOTHYECKHE CHETOMEPHBIE
HaOJI0/IeHNUs; CCIeI0BaHUS TIEpEeHOCca CHEra, MPOBOJUMBIE €Ille C JOPEBOJIOLIMOHHOTO BPEMEHH B
[TerepOyprckoM HHCTUTYTE IyTel coobmmenus u MI'Y (abopatopust ruaponuHamuk, npod. H.E.
KykoBckuit); pe3ynbTaThl U3yUYEHUS OTJIOKECHHM CHETra Ha MOKPBITUAX MPOM3JAHUMN, TTOJTYICHHBIC
HHUIICom B Havane 30-x rogaoB [1]. OaHako BcneACTBUE OMPAHMYEHHOCTH UCXOAHOTO MaTepuaia
MO>KHO IPEJINoJiararh, YTO MEPBbIE OTEUECTBEHHbBIE CHETOBBIE HOPMbI OBUIM COCTaBJICHBI HA OCHOBE
JKCIIEPTHBIX OLICHOK CIEIUAIMCTOB M ydeTa OIbITa JKCIUIyaTaluu 34aHUN U COOpyXeHuu. B
YKa3aHHOM JIOKYMEHTE CHETOBas HAarpy3ka HOPMUPOBAJIACHh B 3aBUCUMOCTH OT BBICOTBI CHETOBOI'O
MOKPOBA /1, IPUYEM YUUTHIBAIACH CPENIHSS MaKCHUMallbHAasl BBICOTA 32 JIECATh MMOCIEAHUX JIeT. Takum
o0pa3oMm, pacyeTHas BbICOTa CHETOBOI'O MOKPOBAa MMeJa HEKOTOPOE CTaTUCTUYECKOEe 0OOCHOBAHUE.
B 10 ke BpeMs MIIOTHOCTh CHera 0e3 JOCTaTOYHOTO Pa3bsiCHEHUS NMpUHUMAIach paBHO p = 100
Kr/M>. PacueTHOe 3HaYeHHE CHErOBOM HArpy3KM ompenensnoch kKak p =1,6ph. Ha tepputopun
Coserckoro Coro3a ObUIO OmpesereHo Bcero 4 paiioHa ¢ pa3HOIl BBICOTOH CHETOBOTO MOKpPOBA M
COOTBETCTBYIOIICH CHETOBOW HArpy3KO#, ONpeaesieMbIMU 10 KapTe win Tabauie: 1-il paiion 6e3
IIOCTOSHHOTO CHEIOBOTO MOKPOBA, I KOTOPOTo NPUHMMAJIACh HAarpyska p = 25 krc/m%; 2-if paiion
C BBICOTO} CHEroBoro mokposa #<30 cm u p = 40 krc/m?%; 3-ii paiion ¢ BeicoToif 30cM< 2 <60cM U p
= 80 krc/m?; 4-if paiion ¢ >80 cM u p = 120 krc/m>. JIs TOPHBIX PaiiOHOB BBICOTA CHETOBOIO
MMOKpOBa ObLIa MPEICTaBIICHA B TAOIMYHOU (popme.

JlaHHbBIE HOPMBI ONpEAEISUIN Takue OCOOCHHOCTH pPACHpeleNieHHs] CHEroBOM Harpy3Kd Ha
KPOBJISIX, KaK 3aBUCUMOCTb OT YKJIOHA KpOBJIH U Hannuus GoHapei. [Ipu 3ToM HHTEpECHO OTMETHUTD,
YTO ISl HOKPHITUH ¢ ykiToHOM 20...30° cHeroBasi Harpy3ka yBenuuuBanach Ha 25% (B MOCIIEAYIOLINX
BapHMaHTaxX HOPM O3TO YBEJIMYEHHE OTCyTcTBYyeT). Jlis MOKpBHITUH C TmepenajaMud BBICOT
PEKOMEHI0BaNIach cXxeMa ¢ yMeHbleHrneM Ha 50% CHeroBoi Harpy3ku Ha MOBBILIICHHBIC Y4aCTKU (HO
He MeHee 25 Krc/M?) ¢ MepeHocOM JONOJNHUTENbHBIX 50% HArpy3Kd HAa HUKENEKAIIUe y4acTKH.
BOnu3u BepTUKaNbHBIX MPEMSATCTBUH YUUTHIBATOCH BO3MOXKHOE HAKOIUIEHHWE CHEra (CHeroBOH
MEIIOK) C MAKCUMaJIbHOM BBICOTOM, paBHOW BBICOTE MPEMATCTBUSA, HO He Oonee 44. [Ipeanonaranach
TpeyroyibHasi hopMa CHETOBBIX MEIIKOB, O/IHAKO HOPMBI HE COJIEPKAIM PEKOMEHIAIUMI 110 UX JITHHE.
Harpyska oT CHErOBOT'0 MeIIKa YYUTHIBAIACK TIPH YKA3aHHOM BBIIIE IIOTHOCTHU cHera p = 100 kr/m°.

JUIsi (BYCKAaTHBIX M CBOAYATBHIX IOKPBITHUM YPOBEHb CHErOBOM HArpy3KM OIPENEISICSA 10 ABYM
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BapuMaHTaM: IO IIOJHOMY paBHOMEPHOMY 3arpyK€HUIO BCEro IpoJieTa U OJHOCTOPOHHEMY
3arpyKeHHIO MOJIyIposeTa.

[Ipu ompeneneHur CHEroBOM HAarpy3ku Ha HOKPBITHS YYUTBHIBAJICS THI MECTHOCTH. Jlmst
OTKPBITBIX MECTHOCTEH C YaCThIMU CUJIBHBIMU BETPaMHU CO CKOPOCThIO 12 M/C M OOJIbIIE CHETOBYIO
Harpy3Ky JOMyCKanoch CHIXaTh Ha 50%, HO NPUHUMATL He MeHble 25 kre/m%. JIns MecTHOCTe!,
3aKpBITHIX OT BETpa, CHEroBas Harpy3ka yBennuuBanack Ha 25%. HopMel copeprxanu pa3BepHyThIE
PEKOMEHIALMN 10 YYeTy MOATAUBAHMsI CHEra Ha KPOBIISIX, BCIEIACTBHE KOTOPOTO JOIYCKAaJIoCh
nocratoyHo Oonbimoe (1o 50...75%) CHHKEHHE CHEroBOM HAarpy3kd B 3aBUCUMOCTH OT
TEPMHUYECKOIO CONPOTHUBIICHUS IOKPBITUS, BHYTPEHHEH TemmepaTypbl BO3J1yXa M KOJIMYECTBA
TeruioBbAeNeHui. OJTHAaKO B MOCIEAYIONIMX HOpMaX 3TH PEKOMEHJAINK ObLITU OIYILEHBI.

Cepbe3HbIM HEOCTATKOM YKa3aHHBIX HOPM OblIa 3aHUKEHHOCTh IPUHATOH IMJIOTHOCTH CHETa,
XOTS B 3TO BpeMsl yxe ObUIM CBEACHHS O CYHIECTBEHHO OOJBIIMX €€ 3HaueHUsX. Tak, 1m0 JaHHBIM
IIHUIICa [1], mI0THOCTH CBEKEBBINABIIET0 CHera cocTapsna 85...190 kr/m (B cpemnem 135 kr/m?),
MaKcHManbHas TIOTHOCTh B TeueHue 3uMbl — 240...250 kr/m’. BenencTsie 3Toro HOpMHPOBAHHEIE
CHETOBbIE HATPY3KH JJOCTATOYHO YaCTO OKA3bIBAJHMCH 3aMETHO HIXKe (PaKTUUECKUX Harpy3ok. Kpome
TOTO, B HOPMBI 3aKJIaJbIBaJIaCh BHICOTa CHETOBOTO MOKPOBA, U3MEPEHHAsl 110 TOCTOSTHHBIM peiKaM,
YTO HE JIaBaJO BO3MOXKHOCTU B IOJHOW MepE YYUTHIBATh OCOOCHHOCTH MECTHOCTH U BETPOBOIO
pexuma. [Tpeanpunsarsie IHUIICoMm B 1932—-1933 rr. n3MepeHus OTIOKEHHI CHEra Ha MOKPBITHIX
[IPOMBILUICHHBIX 3JaHUM BBISBUIM CIOXKHBIA XapakTep OTJIOKEHUH, KOTOPBIA CYILIECTBEHHO
OTJIMYAJCS OT VYIPOIIEHHBIX pPEKOMEHJAlMi TepBbIX OTEeYeCTBEHHBIX HOpM. C  BBICOTHI
HCTOPUYECKOTO ONBITA MOXKHO OLIEHUTh KOHbIOHKTYPHO-IIOJIMTUUECKUN OTTEHOK 3aHM>KEHHBIX HOPM
Harpy3o0k 30-X To/1oB (3TO KacajloCch HE TOJIHKO CHETOBBIX HArpy30K), HaIleJICHHBI Ha BCEMEPHYIO
SKOHOMHMIO B CTPOUTENBCTBE CTPaHbl, IEPEKUBABIIEH MAacCOBYIO HHIycTpuann3anuo. HecMoTps Ha
3TO, TAKOE€ HOPMUPOBAHHE OOECIIEUNBAJIO B LIEJIOM YJOBJIETBOPUTEIbHYIO SKCIUTyaTallUIO 3/1aHUui U
COOPYKEHMM, ITOCKOJIbKY B METOJMKE pacuera KOHCTPYKLHUH IO JOIMYCKAEMbIM HampsKEHUsM,
KOTOpasi JeiicTBOBaja B TO BpeMs, IPUHUMAIUCh OTHOCUTEIBHO BBICOKHE KO3((PUIIMEHTHI 3amaca.

Hanee cnenoBan OCT 90058-40 (1940 r), cocraBineHHBI MO pe3yibTaTaM HCCIeIOBaHUN
naboparopun crpoutenbHor aspoauHamuku [[HUIICa. Ilpu o6ocHOBaHMM HOpMAaTHBa CHETOBOM
Harpy3ku Oblja MOBBIIIEHA IUIOTHOCTh CHera ¢ auddepeHunanueil B 3aBUCUMOCTU OT BBICOTHI
cHerosoro nokposa. IIpu Bucote 4 > 50 cM Obla MPHHATA MIOTHOCTH p =~ 200 kr/M>, 11 h = 30 cM
—p =230 kr/m® u s h <20 cM — p = 250 kr/m. Tepputopust CCCP Gbina pas/enena Ha 5 CHErOBBIX
pailoHOB €O CIIEYIOIMMHU 3HAYEHUSMHU BBICOTHI CHETOBOTO ITOKPOBA U pacCUE€THOTO Beca CHEra p Ha
MOBEPXHOCTU 3€MJIM HECKOJIBKO OOJIBIIEr0 YPOBHS IO CPaBHEHHUIO C MPEABIAYIIMMU HOpMaMmu: |
paifon — BbIcoTa 710 20 cM, Bec p = 50 kre/m?; 11 paiion — BeicoTa ot 20 10 40 cMm, p = 70 kre/m?; 111
paiton — BeicoTa oT 40 110 60 cM, p = 100 krc/m%; IV paiion — BeicoTa ot 60 10 90 cm, p = 150 kre/m?;
V paifon — Beicota Gomee 90 cm, p =200 krc/m?. JIIs TOPUCTBIX MECTHOCTEH pacuUeTHBIA Bec
CHErOBOTO MOKPOBa (Krc/M?) GBLIO PEKOMEH/I0BAHO OMPENENATh Kak po =2k (Ho He MeHee 60

krc/m?), rae h — cpemHsas 3a 10 neT BBICOTa CHErOBOTO TOKPOBA B CM, MPMHMMAeMas 110 JaHHBIM
METEOPOJOTUYECKUX HaOMoieH. B ykazaHHOM qOKyMeHTe ObUIM HECKOJIBbKO U3MEHEHBI B CTOPOHY
YIPOIIEHUS PEKOMEHIAIIUHN 10 YUETYy MPOGUIIS TOKPHITHS.

Pa3ButHe MeTO10B pacueTa CTPOUTENbHBIX KOHCTPYKIIUHM, B OCOOCHHOCTH IS OLIEHKH 3araca
MIPOYHOCTH KOHCTPYKIIUH, TOTPEOOBAIO OOBEKTUBHO BBISBIISITH MTapaMETPhl HATPY30K U TPOYHOCTH
Marepuaios [2]. [ToaTomy Bo3pociia HEOOXOUMOCTh UCIIOJIb30BAHUSI CTATUCTUYECKUX METOJIOB JJIS
OMMCaHMSI CHETOBBIX HArpy30K, HWMEIONIMX OTYETIMBBIM clydailHblil Xapaktep. I[Ipumepom
CTATUCTUYECKOTO aHaJIu3a CHETOBOTO MOKPOBa ObUIM KPUBBIE PACIIPEIEICHUS BBICOTHI CHEra JJisi
MockoBckoi 001acTH, mocTpoeHHbIe 3a niepuo ¢ 1898 mo 1935 r. Dtu mannsie mo3Bommau H.C.
CrpenenkoMy BIEpPBBIC YHCICHHO OLEHUTh HAJCKHOCTh KOHCTPYKIUH CTadbHBIX (epwm,
3aPOCKTUPOBAHHBIX MO JEHCTBOBABIIMM B TOT Iepruoj HopMmam [3].

JlanpHeliliee yTOUHEHUE CHErOBOM Harpy3ku ¢ OOOCHOBAaHMEM pAaCUYETHBIX 3HAYEHUM Ha
OCHOBE HATYPHBIX HAOJIIOJCHUI BBIMOJIHAIOCH B mociaeBoeHHbIe 50-¢ ronbl XX crojeTus. beum
MOJIy4EHBI MAaTEPHAJIbl CHETOCHEMOK Ha TOKPBITHSIX TPOU3BOACTBEHHBIX 3/TaHUN U HOBBIE JaHHBIE 00
OCOOEHHOCTSIX TIEpeHOca W TasHUA CHEra, KOTOpbIe TOATBEPKIATH HEOOXOIMMOCTh
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KOpPPEKTUpOBaHUsl JaHHOTO cTaHaapra. C ydeToM HOBBIX AaHHBIX B 1954 r ObulM BBEACHBI
Crpourenbabsie HopMbl U nipaBuia CHull 11-b.1-54 «Harpy3ku u BO3€UCTBUSI», B KOTOPBIX IS
OTJIETbHBIX PallOHOB ObUIM yBEJIMYEHBI 3HAYEHUsI CHEIrOBOW HArpy3KH, B UaCTHOCTH, OTHECEHA K V
CHErOBOMY pailoHy MHOTOCHEXHas Tepputopus B paitone Ilepmu, k IV cHeroBomy paiiony — paiion
HoBocubupcka, 0 HEOOXOIMMOCTH YET0 CBUIETEIbCTBOBAIM MYyOJMKALMK CHEUAINCTOB. [laHHbIE
HOPMBI OTBEYAIM BBEACHHUIO pacueTa KOHCTPYKLHH MO METONy MpelenbHbIX cocTosHui. [lpu
Mepexo/ie Ha 3TOT METOJ B KaUeCTBE HOPMATHUBHBIX HArpy30K ObLIN MPUHSTHI 3HAYEHUS PACUETHOTO
BECca CHEroBOTO IOKPOBa IO MPEBIAYIIMM HOpMaM p, T.e. CpEJHUE 3HAYCHHS TOAMYHBIX
MakCUMyMOB. PacueTHble CHETrOBbIE HArpy3KH, KOTOpPbIE HAYalM TPAKTOBAThCA KaK HAMOOJbIINE
BO3MOXKHBIE 32 BpeMs JKCIUTyaTallUM KOHCTPYKIHMH, CTalIHU OMPENENATbCA MyTeM YMHOKEHHUS Ha
KO3 PHUIHUEHT neperpy3ku. IToT KO3(P(UIIMEHT B CBSI3U C OTCYTCTBHEM JOCTOBEPHBIX JAHHBIX IO
M3MEHYUBOCTH FOJIUYHBIX MAKCUMYMOB OBLI MPUHAT 0OUIUM /st Beelt Tepputopun n = 1,4. Takum
o0Opa3oM, HOpMaTUBHas Harpyska ysennuuBanack Ha 40%. Ota nompaska Obu1a OIpaBaHa TEM, YTO
p OBLIO ONpeAENeHo KaK CpeAHEE U3 MAKCUMAJIbHBIX BECOB CHEra 3a KayKbli roJ (IIpru4eM Bec ObLI

OIIpesielieH MO CpeAHeN MIOTHOCTU cHera). CleoBaTeNbHO, JEHCTBUTENbHbBIE 3HAUYEHUS! CHETOBBIX
Harpy30K MOTYT MpEBbIIIaTh HOPMAaTUBHYIO Harpy3ky npumepHo B 50% 3um. PacuerHas cHeroBas
Harpy3ka Ha HOKpBITUS 3JaHUN ONpeAeslach KaK po =npc, Te ¢ — BIEPBbIC BBEICHHBIN

KO3(QQHUIHUEHT, IPUHUMAEMBIH B 3aBUCHUMOCTH OT Mpo¢umis NOKpHITUSA. B yka3aHHOM AOKymMeHTe
OBUIN HECKOJIBKO M3MEHEHBI B CTOPOHY YIPOIIEHUSI PEKOMEHAALNH 110 YYeTy MPO(UIIsl HOKPHITHS,
KOTOpbIE BKIIIOYanu Auana3zoH ¢ = 0...1,0 a1 npocThIX OAHOCKATHBIX U JIBYCKATHBIX MOKPBITHH, ¢
= 0,3...1,0 mnsa cBomuarbix mMOKpeITHH, ¢ = 0,4...1,6 nas MOKpHITUH C (OHAPSIMH, TPUYEM
YUUTBIBAJICS TOJIBKO HONEpedHbIil npoduis 3qaHud. B 3nanusax ¢ nepenaaom BeicoT H (M) Oblia
yTOYHEHa MaKCHMajbHas BBICOTA CHErOBOro Memka, pasHas P, =200H <4q, c¢ imHOU

JOIOJIHUTEIBHOM TpeyronbHoi yactu a =2H , npuuem 5m < a <10 m.

Psan noBpexneHnii u 0OpyIeHUI NOKPHITUH B psizie ropoaos [4,5,6] nokasai, 4TO HOPMbI TOTO
BpeMeHH He olecrneuuBald HEOOXOIHWMYIO HAIEKHOCTh KOHCTPYKIUH MOKpbITHil. [losTomy
OTpeOOBAJIOCh JajbHENIIee YTOUHEHHUS CHErOBBIX HArpy3ok, B IEpPBYI0 oOdYepelb B MECTax
MOBBILIEHHOTO CHETOHakoruieHus. Ha ocHoBe 000O0mieHHs] pe3yabTaTOB MAacCOBBIX H3MEpEeHUi
CHETOBOTO MOKpoBa Ha 50 MOKPBITUSAX PA3JIMYHOTO MPOGWIS B Pa3HBIX PallOHAX, BHIMOJIHEHHBIX B
1958-1959 rr.s HHUUCK [7], B pazButue rimassl CHull I1-b.1-54 6b11u pa3paboTaHbl 1 yTBEPKACHBI
B 1959 r. CH 69-59 «Yka3aHus 1o onpeaesieHnI0 CHETOBBIX HAarpy30K Ha MOKPbITHS 31aHuiy. Kak
Pa3bACHST OJIMH U3 Pa3pabOTYMKOB 3TOro AokymMeHTa B.A. OtctaBHOB [8], B yKa3aHHUSIX YTOYHEHBI
OTJIENIbHBIE PACUETHBIE CXEMBbI CHETOBBIX Harpy3ok, nomemeHnsle B CHull, u nanel HOBbIE CXEMBbI
pacnpezeneHus Harpy30K Jijisl HanboJiee pacpoCTpaHeHHBIX Mpoduiel NoKpeITHIl (Bcero 12 cxem).
VY4TeHo, YTO OTJIOKEHUS CHEra Ha CBOAYATBIX IMOKPBITUSX CHJIBHO 3aBUCAT OT CHJIBI U
MOBTOPSIEMOCTH BETPOB; CHEroBash Harpy3ka Ha TaKWX TMOKPBITUAX YyBenuueHa Ha 25%.
HuddepenuupoBanbl Harpy3ku OT OTJIOXKEHHA CHera Yy (QoHapell OJHONPOJIETHBIX U
MHOTOMPOJIETHBIX 3/1aHUH, BbIEJICHA HArpy3ka y TOPIOB (OHapei, TOMOITHEHbI CXeMbl CHETOBBIX
Harpy3oK Ha TIOKPBITHS JIByX- M MHOTOIPOJETHBIX 37aHuil 0e3 ¢Qonapeil. PermamentupoBan
JIOTIOJTHUTENBHBIA yYeT CHETrOBOW HArpy3kd Ha 4YacTH TpOJIeTa, YYUTHIBas BO3MOXKHOE CAyBaHUE
CHEra BeTpa WIM IPOBEIACHHE CHETOOYMCTUTEIBHBIX paboT. BmecTe ¢ Tem, IpeaycMOTpEHO
cHIbKkeHne Ha 20% CHeroBoil Harpy3Ku Ha MOKPHITUAX C U30BITOYHBIMU TEIUIOBBIICTICHUSIMU, a TAKKE
IS TUTOCKHX U TTOJIOTUX MOKPBITHH TPH CKOPOCTH BeTpa He MeHee 4,0 M/cex. IHTepecHO OTMETHUTS,
YTO COBETCKHE paboThl ATOrO MepHoja B OOJIACTH M3YyYEHHUS CHETOBBIX HArpPy30K OBLIM XOPOIIO
U3BECTHBI 3a pyOeKoM, ObUIM NEPEBECHBl Ha aHTIMICKUH A3BIK M YUUTBHIBAJIUCH IIPU COCTABICHUU
cHeroBbIX HopM KaHnazbl.

Pexomenganuu CH 69-59 Obuin BkimroueHsl B ciaenyromee nzganue Hopm CHull I11-A.11-62
«Harpy3ku u BO3JCHCTBHS» C HE3HAUUTENbHBIMH H3MEHEHUSMU. B 3Toil pemakuumu yToO4HEHO
cueroBoe panonupoBanne CCCP — ocraBnenbl 5 paiionoB mnpeasinymero CHull 1954 r. ¢
HOpMaTUBHBIMU 3HadYeHussMH 50 — 200 Krc/M? ¥ BBeIEH 6-0if paiion g Kamuatku ¢ 250 Kr/M°.
PazpaGotunku HOpM wucnosib3oBainu jganHbie 4075 mereoctannuit u noctoB. [IpuHuManuch BO

- 106 -



Cyuacni 6ydigenvui koncmpykyii 3 memany ma depegunu, 2021. — Bun. Ne 25 (crop. 103-118)

BHHMaHUE Take Oojiee JOCTOBEPHBIE KapThl CPEIHErOJIMYHBIX MaKCUMyMOB BecCa CHETOBOTO
MOKPOBa 3€MJIM, MOCTpPOEHHbIe MO JaHHBIM 140 MeTeocTaHIMi, HA KOTOPBIX OJHOBPEMEHHO C
BBICOTOM CHETOBOTO IIOKPOBAa U3MEPSUICA €ro BeC U OIpeAesisuiach CpeaHsisi IUIOTHOCTD.
Hcnonb30Banuck pe3yabTaThl MAPIIPYTHBIX CHETOChEMOK, HAaKOILIEHHBIE 3a mocaeanue 15...20 mer,
TOYHOCTh KOTOPBIX CYIIECTBEHHO BBIIIE U3MEPEHHI MO TPEM MOCTOSHHO YCTAaHOBJICHHBIM peiKam
[9]. CnenyeT OTMETUTD, UTO MIPH OTCYTCTBUH JAHHBIX CHETOCHEMOK BCE K€ JOMYCKalI0Ch, YTOOBI BEC
CHEroBOT0 IOKpOBa onpeaensics no popmyne p, =220H ,rae H — BbICOTa CHETOBOTO ITOKPOBA B

MeTpax, MpHUHMMaemas IO JaHHBIM METEOPOJIOTMYECKMX HAOMIOACHUH Kak CpelHss u3
MaKCHMAaJIbHBIX €KErOAHBIX BBICOT HA 3alUIIEHHOM MECTE 3a MHOTOJIETHUN nepuon (He meHee 10
net). B CHull 1I-A.11-62 yTo4yHeHO BIMsIHUE BETpa Ha YPOBEHb CHETOBBIX HArpy30K 3a CYET CHOCA
BeTpa ¢ NokpeITUi. Kak W B pa3paboTaHHBIX paHee «YKa3aHWUAX», JUISL OTICNIBHBIX Npoduien
MOKPBITUH 37aHNH, HaXOASIIUXCS B palloHaX CO CPeIHEH CKOPOCThIO BETpa HE MEHbIIe 4 M/C 3a TpU
Hau0OoJee XOJOAHBIX MECALA, IPEAYCMOTPEHO CHUKEHHE CHErOBOM Harpy3ku Ha 20%.

B »3TOT mepuox oTAenbHbIE HCCIEAOBATENM MPOAOKAIM pabOThl MO YTOYHEHHUIO H
PETYJIMPOBAHUIO CHETOBBIX OTJIONKEHUM Ha KpoBisx [ 10] Bblio mpoBeneHO TEXHUKO-IKOHOMUYECKOE
CpaBHEHHE CITOCOOOB yOOpKHM CHera ¢ moKpbIThid [11].

Canenyromas penakuus HopMm CHull 11-6-74 «Harpy3ku u Bo3neicTBUs» Obl1a IPUHSTA YEPE3
12 ner m mMena NpakTUYECKH COBPEMEHHBIM BHJI, BKJIIOYAas KapTy PallOHUPOBAHUSA TEPPUTOPUU
CCCP no Becy cHEroBoro nokpona. B maHHBIX HOpMax OBLIM yYT€HBI PE3yJbTaThl JalbHEHIINX
UCCJIEOBAHUM 110 YCOBEPUICHCTBOBAHMUIO METOIMKHM OIPEIEIICHHsS Beca CHErOBOIO ITOKPOBA,
U3Y4YEHHIO CHOCAa M IIEpEeHOoca CHera Ioj JEHCTBHEM BETpa, CTaTUCTUYECKOMY OOOCHOBaHHIO
KO3 (QHUIIMEHTOB NEeperpy3Ku CHETOBBIX HATPY30K Ha 37aHUs U coopykeHus. Kak u B mpeasiaymmx
U3IAHKUSAX HOPM, PallOHHBIM HOPMATHB CHETOBOM HArpy3Kd OINpPEACIUICA KaK CPEIHHUM I'OJUYHBIN
MaKCHMyM, IIOIy4eHHbIH 3a 10-JleTHUH mnepuox Ha OCHOBE  MHOTOJIETHHX CHETOMEPHBIX
HaOmoneHnii. B nmanHOM BapmanTe HOpPM OblTa pa3BUTa KiaccU(UKALUS HArpy3ok, B KOTOPOH
BBIJICJICHBI BPEMEHHBIE JUTUTEIbHbIE HArPY3Ku. OHU aapecoBaHbl pacueTaM KOHCTPYKLHUN C y4eTOM
BIIMSIHUA JUTUTENIEHOCTH JICHCTBHUS HArpy30K Ha MepeMelieHus, aedopMaiini, oopa3oBanne TpemuH
(HampuMep, VISl JKeIe300€TOHHBIX KOHCTpYKIUil). [l cHeroBoi Harpy3ku 0e3 cTaTHCTUYECKOIO
000CHOBaHHUS B KauecTBE JUIMTEIbHON YacTu MpUHUMaJCS Bec cHeroBoro nokposa III-VI paitonos,
yMeHbIIEeHHbIH Ha 70 Kre/M2.

o nannsv IIHUUIIpomsaanuii 1 112 ropoioB hakTHUeCKUe CHErOBbIE HATPY3KH (Krc/m2)
B YKa3aHHBIN TIEPHO/T TPEBBINIATN pacueTHbIE (MMoKa3aHHbIe B ckoOkax): I paiion 100 (70); II paiion
132 (98); I paiton 179 (140); IV paiton 252 (210) [11]. YuuTsiBast 3Ty CUTYyaIUIO, a TAKXKE TO, YTO
B nnepuon aeiicteus CHull I1-A.11-62 OputH cityyan aBapuii JISTKUX KPOBEJIb BCIICICTBHUE TIEPETPY3KH
caeroM, B CHull 1I-6-74 Obu1 BBemeH nudQepeHIIMPOBAHHBI MOBBIMICHHBIH KOA(PQHUIUEHT
neperpy3ku. OH 3aBHceN OT OTHOLIEHHS MOCTOSHHON Harpy3ku ¢ (COOCTBEHHBIH BeC MOKPHITHS,
BKJIIOYasi BEC IIOJIBECHOTO CTAallMOHAPHOTO OOOpYyIOBaHUS) K HOPMAaTMBHOMY BECY CHETOBOTO
MOKPOBA py. J17s1 CpPaBHUTEIBHO TSXKEIBIX KPOBENb NpH g/po =1 1 6osee k03 PUIMEHT Neperpy3Ku
IIPUHKUMAJ IpeXKHee 3HaueHue n = 1,4, 1o Mepe OTHOCUTENBHOI0 00JIErYeH s KPOBJIM OH BO3pacTall:
pu g¢/po=0,8 —n =1,5; ipu q¢/pp=0,6 —n = 1,55; upu ¢/po = 0,4 u menee —n = 1,6. B o6ocHOBaHUE
sToro mnpemioxeHuss ero astop A.S. JpuBuHr [12] mnpuBen cienyroomue cooOpajkeHus.
CoOcCTBEHHBIH BEC TAXKEIBIX MOKPHITUH B HECKOJIBKO pa3 00jbIlIe HOPMAaTUBHOM CHErOBON HArpy3KH.
Tax, B paitone 11l HopMaTUBHAs cHeroBas Harpyska pasHsuIach 100 Krc/M%, a Bec HOKPHITHS B 4 — 5
pa3 Oonbuie. Jlerkue mokpeITUs, HAOOOPOT, UMENU COOCTBEHHBII BeC MEHbIIIE, YeM HOpMaTHBHas
cHeroBas Harpy3ka (B paiione III 30 — 50% ot Beca cHera). IIpu pailoHnpoBaHUM TEPPUTOPUH 10
CHETOBBIM HAarpy3KaM y4TeHbl X 3HaU€HUs, BO3MOXkHbIe pa3 B 10 set. B neiictBurensHocTH 32 Oostee
JUINTEIbHBIA CPOK CYILECTBOBAaHUS COOPY)KEHMsSI MOI'YT HaOJIIOJaThCsl CHETOBBIE HAarpysKH,
IIPEBOCXOIAIINE HOPMATUBHYIO (UTO HEOJHOKPATHO HAOIIOAATIOCh Ha MIPAKTHUKE). DTO MpEBBILICHHE
JUISL TSKEJBIX MOKPBITUN HE3HAYUTENbHO U HAXOUTCS B IIPEEIax TOUHOCTU PACUETOB U JOITYCKOB.
B 10 e BpeMms fonycku 1 Ko3pPUIHUEHTHI eperpy3KH, yYUThIBaeMble IPU IPOEKTUPOBAHUU JIETKHX
MOKPBITUI, OKa3bIBAIOTCS HEJOCTATOUYHBIMM, M IPEBBILICHUS HOPMAaTUBHBIX CHETOBBIX HArpy3oK
CTaHOBATCA I HUX ONACHBIMHU.
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CylIecTBeHHBIM MPEHMYIIECTBOM NaHHOW peNakiuu HOpPM sBIISETCS Ooyiee TOYHBIA H
KOHKPETHBIH Y4eT CHOCa CHEra BETPOM. OTOMY TPEINIECTBOBAIN SKCIEPUMEHTAIbHBIC
uccnenosanusi, noseneHusle B [IHUMCK B.A. OtcraBuoBeiM u JI.C. Pozenbeprom [13]. B
pe3yibTaTe IS IIIOCKUX KPOBEJb ObLIa OTnpe/ieJieHa CHETOBast Harpy3Ka JIsl KaKJI0TO rojia ¢ YI4eTOM
CHOCa CHera:

S =(1,24-0,13v,,)S, —qll,t, (1)

rae S, —MaKCUMaJbHBIA BEC BBIIABIIETO 32 3MMY CHETa; V, — CKOPOCThL BETPA IIPU CHETOMAJIE;

g — CpeaHsisi MHTEHCUBHOCTh CHOCA CHETra 3a CYTKM NpU MeTenu 0e3 CHEromajaoB (3aBUCHUT OT
CKOPOCTH BETpa U MeTeNsX); [/, — MOBTOPAEMOCTh CKOPOCTEH BeTpa Ooiiee 6 M/c IpU OTCYTCTBUU

CHETONaNoB; T — IMPOJOJDKUTEIBHOCTh CHOCA CHEra 3a MEPUOJ OTCYTCTBHS CHETOIA10B.

Kak BuaHo u3 gopmyisl (1), siBIeHue cHoca cHera MMeeT YeTKUH BepOSITHOCTHBINA XapakTep,
3aBUCAIIMNA OT HECKOJBKUX CIy4ailHBIX (DaKTOpOB, YTO OBLIO y4TeHO pazpaboTymkamMu HOpM. B
pe3yiabTaTe 000CHOBAHO, YTO HOPMAaTUBHYIO Harpy3Ky Ha IJIOCKHE U [TOJIOTOCKATHBIE TIOKPBITUS 0e3
¢donapeii ¢ ykiaonamu 10 12% W KPUBOJIMHEHHBIX MOKPHITHHA MPU OTHOLICHUH CTPENbI MOABEMa K
npostetry f/[ < 0,05, mpoekTupyeMbIX B pailoHaX co cpeJHEeH CKOpOCThIO BETpa 3a Tpu Hambosee
XOJIOJIHBIE MecsiIa v > 2 M/CeK, IOMyCKAeTCsl CHU)KATh YMHOXKEHHEM Ha Ko duiuent k =1,2—0,1v

. Jlns mokpeituit ¢ ykimonamu ot 12 1o 20% B paiioHax ¢ v > 4 M/CeK HOPMAaTHBHYIO CHETOBYIO
Harpysky Aomnyckaercsi cHuxkarh Ha 15%. Jlns 3nanuii mupuHoit 1o 60 M uinu BeicoToit 6osee 20 M
KoahduLeHT kK AonoaHuTeNnbHO cHukaetcss Ha 10%. Kpome Toro, yrounena cdepa neiictBus
KodpdunreHTa ¢ mepexona OT Beca CHErOBOTO IOKPOBAa 3€MJIM K CHETOBOM Harpyske Ha
HEeyTeIJICHHbIE MOKPBITUS LIEXOB C M30BITOYHBIMH TETUIOBBIICICHUAMH. [Ipu yKIOHAX TaKUX KPOBEIH
6onee 3% u oOecTieyeHNH HaJIEKAIIETO OTBOJIA BOIBI JaHHBINA KO QUIIMEHT JOMyCKAETCs CHIKATh
Ha 20%. B naHHOM BapuaHTe HOPM YTOYHEHBI TaK)KE€ CXEMbI CHETOBBIX HArpy30K Ha MOKPBITHAX
CIIO’KHOTO TTPO(MIISA U TTApANeTHBIX YacTAX 31aHUM.

CHull 11-6-74, naxonuBmuiics B AedctBuu 11 jer, JOCTaTOYHO TOYHO perjaMEeHTUPOBA
CHEroBble Harpy3ku. OJHAKO OCTAaBAJIUCh HEYYTEHHBIMM OCOOEHHOCTH OTJIOKEHHUS CHEra Ha
OTJEIbHBIE BHJbBl MOKPBITHM, YTO BbI3BIBAJIO MHOTIOYUCIEHHBIE 3alpPOChl OT MPOEKTHBIX
opranuszanuii. B cBs3u ¢ atum HHHUMCK 1982 r. Beimyctun «PekoMeHIanuu 1o onpeaeacHuIo
CHETrOBOM HArpy3Ku JAJisi HEKOTOPBIX THIIOB MOKPHITUIN (pa3pabotunk JI.C. Po3enbepr) B kauecTBe
JIOTIOJIHEHUS K JAaHHOMY BapuaHTy HOpPM. B HUX NpUBEAEHBI PEKOMEHIALUY 10 YUETy HAKOIICHUS
CHera y KOHbKAa JBYCKAaTHOM KpOBJIM, Ha CTpEeIbYaThIX apKaX, MPOBHUCAIOIIMX MMOKPBITHIX
INHAPUYECKO (opmbl. OgHAKO BOMPOCH MPOEKTHBIX OpTaHU3alMii K pa3paboTuyuKaM HOPM
(IHNUNCK) nponomkanuchk. OMHAUM U3 YaCThIX BOMPOCOB OBLI CIEMYIONINNA: KaK CTPOUIUCH CXEMBI
HEPABHOMEPHOI'O OTJIOKEHHS CHETa Y IepenaioB BHICOTHI NOKPHITUI? OA1H aBTOPOB HOPM Harpy3ok
A.A. Barp nman cnepyrommii oTBeT Ha 3TOT Bompoc [14]. Ilpu ompenenenun koddduuueHta c
HCII0JIB30BAJIOCh EJUHOE UCXOIHOE YCIOBUE — CYMMApPHOE KOJIMYECTBO HEPABHOMEPHO OTII0KEHHOTO
CHETa Ha ITOKPBITUH JOJDKHO PaBHATHCS KOJIMUECTBY PABHOMEPHO BhINaBIIEro. YacTe cHera CHOCUTCS
BHM3 C BEPXHETO NOKPBITUSA, CHET MOMAIAET TAK)KE€ Ha HUYKHEE MTOKPBITHE NPU JPYTOM HANPABICHUH
BeTpa. [loaToMy KO3 PUIIMEHT ¢ yBEIUYUBAETCS IO MEpe YBEIUYEHUS JAJIUH, C KOTOPBIX CHOCUTCS
U Ha KOTOpble HaHOCHUTCA CHeT. IIpu 3TOM y4UTBIBAJICS SKCIEPUMEHTAIbHO YCTAaHOBJIEHHBINH (DaKT,
YTO HEPAaBHOMEPHOCTh HA0JII01a€TCsl HA HUKHEM IOKPBITUH Ha JUIMHE, IPUMEPHO PaBHOM JBOMHON
BbicoTe mepemnana. [loaToMy MakcumanbHas HEPaBHOMEPHOCTh OYIET yMEHbBIIAThCA MO Mepe
yBEJIMUEHUSl Tepenajga, M BBICOTa Iepenaaa HaxoauTcss B 3HaMmeHatene. Koadduuuent c,
XapakTepU3yIOIMii HEPaBHOMEPHOCTh, OrPAaHHYMBAETCS ABYMs ycioBusamu: ¢ <2004/ p, —

orpaHuveHue (HU3MYECKH OTpaKaeT TOJHOE 3aloJIHEHHE Tepenana cHeroMm; ¢ <4 s 3JaHui U
¢ <6 I HABECOB — HEPABCHCTBO YUYHUTHIBACT IKOHOMHUYECKHE COOOPaKECHUSI.

B mocnenyromue rofsl psaa opraHuzaluil mpoAosbKaidl u3ydeHue (akTopoB, BIMSIONIMX Ha
CHETOBYIO Harpy3ky. B 4YacTHOCTHM, BBINOJHSAJIUCh HAaTypHblE HAOJIIOJEHUS 3a CHETOBBIMU
OTJIO’KEHUSIMU Ha 000s104Kax pazHoro tuna B Kpacnosipckom kpae, CepuioBcke u Yensouncke [15].
bbuta npeioxkeHa 0THOCTOPOHHSS TpanelenaaIbHas CXeMa CHErOBOH 3arpy3Ku CTpenbyaTbiX apok,
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yTO OBUIO YUYTEHO B cliefyromieM u3nanuu HopMm [16]. [IpoBoamsioch HUccienoBaHHE CHETOBBIX
Harpy3oK Ha IJIOCKHE MOKPBITHS TPOU3BOJICTBEHHBIX 3[JaHHM ¢ 3eHUTHBIMU (hoHapsimu [17].
AKTHBHOE U3yY€HUE HArpy30K Ha CTPOUTEIbHBbIE KOHCTPYKIMHU B 70-80-€ roapl mpouuioro
crosieTus criocodctBoBasio Beixoay B 1985 romy CHull 2.02.07-85 «Harpy3ku u BO3IEHCTBHS.
JlaHHBI BapHaHT HOPM, KAaK M IPEbIAYIIHM, PErIaMEHTHPOBAl IIECTh 3HAYECHUW BEIUYUHBI
So= 50 — 250 krc/mM> , 4TO COOTBETCTBOBAIO KOJIMYECTBY CHETOBBIX PAiiOHOB Ha TEPPUTOPHH

osiBuIer0 CCCP. Ilpu 3TOM OOsBIIas YacTh TeppuTOpun oTHOCHIACH K III 1 IV cHeroBeiM paiioHawm,
MecTHOCTH toxHee 49° nimu 50° ceBepHO# mUpOoTH cooTBeTcTBOBaNM I 1 Il cHeroBwIM paiionam (B
TOM uHcie YKpauHa), V paliloH B OCHOBHOM ObLI pacipocTpaH€H Ha Ypaie, B 3anagHo Cubupu u
Ha KamuaTtke, a VI cHeroBoit paiioH Bcrpevancs nuib Ha CaxanuHe. CHeroBas Harpys3ka B TOPHBIX
MECTHOCTSIX HE HOPMHPOBAJIACh; €€ CJIEeNI0BAI0 YCTaHABIMBAaTh 10 METEOPOJOTHYECKUM JAHHBIM.
bb110 3aMeTHO yBeIMUeHbl HOPMATUBHBIE 3HaYEHUs S, B IPEITOPHBIX palloHaX.

Koaddutment neperpys3ku, moayduBIIHA HOBOE Ha3BaHUE «KOXPPUIIMEHT HAIEKHOCTH IO
Harpyske» U HoBo€ 0003HaYeHUE Y  OCTaJICA MO-TIPEKHEMY PABHBIM 1,4 11 GOJIBIIMHCTBA CIIY4aeB.

IIpn pacu€re 5JIEMEHTOB KOHCTPYKLUHU IIOKPBITHSA, Ul KOTOPBIX OTHOLICHUE YYHMTBIBAEMOIO
HOPMAaTUBHOTO 3HA4YCHHS PABHOMEPHO paCHpEeACIIEHHONM HAarpy3ku OT Beca IOKPBITHS K
HOPMATHBHOMY 3HA4YCHUIO BECA CHETOBOT'O IIOKpoBa S MeHee 0,8, y » MpeAnuchBanoch IpUHAMATH

paBHBIM 1,6. [[11s1 cinydaeB, KOTOpBIE TOJIKHBI IPEAYCMATPUBATh YUET PEOJIOTMUECKHUX MTPOLIECCOB B
KOHCTPYKILUAX, OB YCTAaHOBJIEHBI 0€3 CTaTUCHYECKOr0 00OCHOBAHHUS CIEIHAIbHbIE TOHUKEHHBIE
HOPMAaTUBHBIC 3HAYEHUs CHETOBOM HAarpy3Kd, IIOJIy4aeMble IIyTEM YMHOXEHHs IIOJHBIX

HOpMaTHBHBIX 3HadeHuii S" Ha xoddduuumentor 0,3 — must I cuerooro paiiona; 0,5 — mwisn [V
pationa; 0,6 — nist V u VI paiionos.

Psaag uccnenosareneit BuigBuA cymiectBeHHble Hepoctatku CHull 2.01.07-85 B uactm
HOpMHpPOBaHUS cHEroBbIX Harpy3ok [18 — 20]. C pacnagom CCCP mnepen HOBBIMH TOCYIapCTBAMHU
OTKpbUIaCh BO3MOXXHOCTh OTOMTH OT OrpyOJEHHOrO COBETCKOIO CHErOBOI'O HOPMHUPOBaHUS U
pazpaboraTth cobcTBeHHOE, Oonee nudphepeHInpoBaHHOE CHErOBOe pailoHupoBanue. JlanbpHeiinee
pa3BuTHE CHEroBbIX HOpM Ha Tepputopun CHI' peanmuzoBanoch B BHAE HALMOHAIBHBIX HOPM
OTJENbHBIX TOCYAAPCTB.

Poccus nmonuia no mytu noctenennoro pa3sutus Hopm CHull. Bein pa3paboran Coj npaBui
CII120.13330.2011 «Harpy3ku u Bo3neiicTBus», akryanusupoBanHas sepcus CHull 2.01.07-85*. B
HEM BBE/ICH HOBBIN NPHHLKMII HOPMUPOBAHMS 3HAYCHHIl BECa CHETOBOTO MOKPOBA 3eMiH S, , B

OCHOBY KOTOPOTO TOJI0XEHbI HauOOJIbIINE €KEroAHbIe 3HAUEHUs, IPEBbIIIAEMbIE B CPEHEM OJUH
pa3 B 25 net. OHU ONpeAeNsaoTCs 0 JaHHBIM JI€KaIHBIX MapLUIPYTHBIX CHEFOCHEMOK O HAaMOOIbIINX
3amacax BOJbl B CHETOBOM ITIOKPOBE Ha 3alIMINEHHBIX OT MPAMOIO BO3ACHCTBHSA BETpa y4acTKax
MECTHOCTH (B JieCcy 10 KpOHAMHM JEPEBbEB WM Ha JIECHBIX IOJIHAX) 3a nepuoj He MeHee 20 Jier.
ITpu »TOM OBLIM HMCHONIB30BaHbI JaHHblE PocruapomMera 6onee yeM miist 4600 MeTeOpOIOrHYECKUX
CTaHIMUA U TOCTOB ¢ JuHOM psiga 20...45 neT, moiydeHHbIE C MOMOIIBI0 HEMOCPEICTBEHHOTO
U3MEpPEHUs Beca CHErOBOI'O IOKPOBa € IOMOIIBIO BECOBOrOo CHeromepa. Ha oCHOBE M3I105KEHHBIX
OCHOBHBIX IIOJIO’KEHUH Obla pazpaboTaHa HOBas KapTa pailloHupoBaHus Tepputopuu Poccum no
pacyeTHOMY BECy CHErOBOTI'0 IIOKPOBa, Ha KOTOPOM HAHECEHbI T'PAHMULIBI § CHETOBBIX paiiloHOB (BMECTO
7 B mpenpLAyIIMX HOpMax) ¢ pailoHHbIMH 3HaueHussMu B uHTepBaie 0,80...5,60 xlla [20, 21].
PalioHHbIE 3HAYEHHUS 3aMETHO YBEIMYMJIUCH IO CPABHEHHUIO C COOTBETCTBYIOUIMMH PacYETHBIMU
BEJIMYUHAMU 110 HpeaslaymuM HopMmaM. Hampumep, mis III paiioHa pacueTHOe 3HaYeHHE CTAJO
paBbIM S, =1,8 kIla mo cpaBHEHHIO C MPEABIAYIINM PACUCTHBIM 3HadeHHeM S = Sy = 1,0-1,4 =

1,4 xlla. B naHHOM penakuuu CHETOBBIX HOPM MCIIOJIB3YEeTCS TOT K€ NPUHIMI, KOTOPBIH
HCIIOJIb30BAJICSl paHee IPY HOPMUPOBAHUU CHETOBBIX Harpy30K, KOI/1a B OJUH pailoH BKJIIOYAIOTCS
TEPPUTOPUU C BECOM CHETOBOI'O MOKpPOBa MPUMEPHO Ha 2/3 Gonblie U Ha 1/3 MeHbIIE NPUHATHIX
paitonnbix 3HaueHuil. CII 20.13330. «Harpy3ku u Bo3aelcTBUs) OIpeneseT B KauecTBe 0a30BOH
BEJIMYMHBI HOPMAaTUBHOE 3HAUE€HUE CHETOBOW HArpy3ku Ha TOPU30HTAIbHYIO IPOEKIUIO TOKPBITHS:
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So=0,7c.c;uS, . (2)
rae S,— Bec CHEroBOro IMokposa Ha | M? TOPU3OHTAILHON TMOBEPXHOCTH 3EMIIH, MOPAIOK
OIpeIeTICHUs] KOTOPOTO ONHKCAH BhILIE; €, — KO3(D(OUIMEHT, XapaKTepU3yIOLUIUHA BO3MOKHBII CHOC

CHera ¢ IOKPBITHI 3aHUii IO/ JCHCTBUEM BETpa MM MHBIX (PakTOpoB (paHee 0003HAYCHHBIN Kak k
u ki), ¢, — KOOQQUUUEHT CHUKCHUS CHETOBOM HArpy3Kd BCIICICTBME BO3JECHCTBHUS TEMIIEPATYPHI

(paHee He MMeIl CHENHMANBLHOTO 0003HAYEHUS); 4 — KOIPPHUIMEHT mepexoa OT Beca CHETOBOTO
MOKPOBA 3€MJIM K CHETOBOI Harpys3ke Ha MOKPHITHE.

Jlng mepexoda K pacueTHOMY 3HAYEHHIO CHErOBOIl HArpy3Ku HCIOJIb3yeTcs Kod(hdUIUEeHT
HaJIeKHOCTH ¥ r =14 .

Kak u B CHull 2.01.07-85, cdepa nelicTBUS BBEIEHHOTO B SBHOM BHE K03 dunmenTa cHoca
CHEra C, pacnpocTpaHsercs Ha monorue (¢ ykiaoHamu g0 12 % u ¢ f/I < 0,05) mokpeitus

OJTHOIIPOJIETHBIX U MHOTOIIPOJIETHBIX 31aHUH 0e3 (hoHapeid, MPOSKTHPYEMBIX B pallOHaX CO CpenHei
CKOPOCTBIO BeTpa 3a TpH HamboJee Xonouble Mecsna V = 2wm/c. @opmyrna aist onpeaeneHus 3Toro
K03 (HUIIMeHTa HECKOIBKO N3MEHEHA

¢o = (1.2- 017 VK f0,8-0,002b), 3)

rae k — Kodp(UIMEHT, YYUTHIBAIOIINA W3MEHEHUE BETPOBOIO JABIICHUS 10 BBICOTE;, b —
IIUPUHA MOKPBITHS, TpUHUMaeMas He 6osiee 100 M.

JlononHuTenbHO KO3QGUIUUEHT ¢, BBe/IeH 11 ChepHUIECKHX M KOHUYECKUX TIOKPBITUH 31aHui

Ha KPYIJIOM TUIaHe. YKa3aHHBIA CBOJ| MPABUJI BIEPBBIC OMpPEIEIsIeT BO3MOXHOCTh UCIOJB30BAHUS

TepMHYecKoro kodpduumenta ¢, <1 s ydera MOHMKEHHS CHETOBBIX HArpy30K Ha MOKPHITUS C

BBICOKMM Kod(duuumentoM Temmonepenaun (>1  Br/(M*°C), OCTaBJIsisi €ro O0OOCHOBaHHWE
pa3paboTdrKaM CreUaTbHBIX PEKOMEH A, B To ke BpeMs aHaJIOTUYHO MPEABIIYIITIM U3IaHUSIM

CHull, xo>dppunuent ¢, mpunmmaercs paBHbIM 0,8 11 HEYTEIJIEHHBIX IMOKPHITHH LEXOB C

MOBBIIICHHBIMU TEIUIOBBACTICHUSIMU TP YCIOBUU 0OECTIeUeHuUsI OTBOJIA TaJON BOJABI C KPOBIH MPU
e€ ykioHe cBbinie 3%.

B oTinume oT mpenplayero BapuaiTa HopM, IOHUKEHHOE HOPMAaTUBHOE 3HAYEHHUE CHETOBOM
Harpy3Kky OINpeAesseTcss HE3aBUCHMO OT CHETOBOI'O pailoHa YMHO>KEHHEM IOJHOTO HOPMATHBHOI'O
3HaueHus Ha Koo duiment 0,7, 3a UCKIIOYEHUEM PalilOHOB CO CpeHEN TeMIepaTypoil SsHBaps BBIIIE
munyc 5°C.

HecMoTpss Ha CyHIeCTBEHHOE MOBBIIIEHUE PACUYETHBIX 3HAYEHUN CHErOBBIX HArpy3oK B
PacCMOTPEHHOM BapHUaHTE POCCUMCKUX HOPM, MOSBUIIMCH OT/EIbHBIE KPUTHUUECKUE 3aMEYaHUs K
METOAMKE CHEroBoro HopmupoBanus B Poccuun. B wyactHoctn, B.M. Maneii (IHHUU
[IpoektcranbkoHCTpyKIUsA) [24] moAgBepr JKECTKOM KPUTHKE OCHOBHOW KpUTEpUH 3TOrO
HOPMHMPOBAHMS — UCIIOJIb30BAaHUE 25-JIETHETO MEpPHOJia MOBTOPEHUS €KErOJHOr0 MaKCUMyMa JIs
00OCHOBaHHUS pAcCUETHBIX 3HAYEHWH CHETOBOW Harpy3ku. B o0ocHOBaHME 3TOro NPUBOAMINCH
naHHbIe, 4TO B MockoBckoM peruoHe 3a 100 jeT HaOmOAeHWI CHEroBas Harpys3ka gocturana 2,1
klIa npu vopme 1,8 kIla mo CII 20.13330.2011 «Harpy3ku u Bo3aeicTBus». ABTOp KPUTHUECKOTO
OT3bIBA TAK)KE MPUBJIEK M3BECTHYIO CXEMY HE3aBHUCUMBIX HCIBITAHWM, YTOOBI TOKA3aTh BBICOKYIO
BEpPOSITHOCTH IIPEBBIIICHUs pacueTHOro 3HaueHus 1,8 klla 3a cpok 100 ner. YuuteiBas 3T0, a Takxke
npuMep HopM EBpoKo/1, B KOTOPBIX UCHOIB3YETCs AOMOTHUTENbHBIN KOG GUIIMEHT HaiexHOCTH 1,5,
BHOCHTCSI IIPE/IJIOKEHUE TTOBBICUTh PACUETHYIO CHEroBYr0 Harpy3ky fo 3,0 klla mist MockoBckoro
peruona. C 3TUM KaTErOpHUYeCKH HE coriiacHbI pazpadorunku HopMm n3 ITHHUMCK [22, 23]. C Humnu
MOKHO B IPHUHIHMIIE COIVIACUTHCA, MOCKOJIBKY HOPMAaTHBBI Harpy3oK CIEIyeT paccMaTpuBaTb He
M30JMPOBAHHO ISl OTJENIbHBIX HArpy30K, @ B COCTaBe OOIIeH OLIEHKH HaJleKHOCTU KOHCTPYKIUH
[25]. B.M. Manblii Takke KpUTUKYET MPUHIUI pallOHMPOBAHMS BECA CHETOBOI'O IOKPOBA, KOrja ¢
1enblo yHU(UKAIMM B paloHbl OOBEIUHSIOTCS NYHKTHI C (aKTUUYECKH HaOII0AaBIINMUCS
3HAYEHUSMH, KOTOPbIE OTINYAIOTCS OT PAOHHBIX KakK B OOJIBLIYIO, TAK U B MEHBILIYIO CTOPOHBL. B
psae myOIuKaluii oTMe4aeTcs, YTo pailoHHpoBaHKUe TeppuTopur Poccuu mo pacueTHBIM CHETOBBIM
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Harpy3kaM HO-IIPEKHEMY HE YUUTBHIBAET B IIOJHOM Mepe HM3MEHUMBOCTb CHETOBOM Harpy3ku B
IIPOCTPAHCTBE, W NMPEAJIAraroTCs AIbTEPHATUBHBIE MOAXOABI K CHETOBOMY HOPMUPOBAHUIO [26].
VYKpauHCKuE CHELUANINCThI, B OTIMYHE OT POCCUHCKUX Pa3pabOTUYMKOB HOPM, IMOATOTOBMIIN
IN'ocynapcrBennbie HopMmbl Ykpaunbl [IBH B.1.2-2006 «Harpy3ku u Bo3A€iCTBHS», KOHIENTYaIbHO
orauuHble oT CHull B yacTu cHEroBbIX Harpys3ok. BplIo CyIIecTBEHHO pa3BUTO BEPOSTHOCTHOE
IPEICTaBICHUE HArpy30K, B TOM YHCJIE€ CHErOBBIX HArpy30K Ha CTPOMUTEIIBHBIE KOHCTPYKLIHH.
Pa3paboTraHbl Takue MaTeEMaTHYECKUE MOJEIHN KaK CIIy4aiHbIE IIPOLIECCHI, A0COIIOTHBIE MAKCUMYMBbI
CIIy4allHBIX IIPOLIECCOB, CXEMa HE3aBUCHUMBIX WCIBITAHUN, JUCKPETHOE IPEICTABIICHUE,
9KCTPEMYMBI, KOPEJUTMPOBaHHAs ClydaliHas IOCIEA0BaTENbHOCTh NEPErpy30kK [27]. DTo mo3BoIMIO
BIIepBbIe 00OCHOBATH AJIsl CHETOBOM Harpy3ku BEpPOSITHOCTHYIO MOJIENb B BU/I€ KBa3UCTALlMOHAPHOTO
Qg QepeHIMPyeMOoro cIy4aifHOTO mpoliecca co CTAlMOHAPHON YaCTOTHOM CTPYKTYPOIl M TOIMYHBIM
CE30HHBIM TPEHIOM MaTEMAaTHYECKOTO OXMJaHUsA W craHaapra [28]. [Insg cHeroBoW Harpys3ku
VKpauHbl, HUMEIOIIEH HeCTaOUIbHBIA XapakTep, ObUIO YCIENIHO IPUMEHEHO CpPaBHUTEIBHO
MaJIOU3BECTHOE IBYMOJAJIBHOE PACIPECIICHUE, HA3BAHHOE «IIOJTMHOMO-IKCIIOHEHIIUAIBHBIM»:

2 3
fly)= exp(Co +Cy+ Gy~ +Cyy ) 4)
rac 7/ = (x — )_C)/ )?7 — HOpMHpOBaHHOG OTKJIOHCHHUC Hany3KI/I OT €€ MaTEMATUYCCKOT'O O KU JaHU S

X; X — cranaapT (CpeJHEKBaAPaTHYHOE OTKIOHEHHUE).

CrarucTrueckue XapaKTepUCTUKU YKa3aHHOW BEPOSTHOCTHOW MOJIETH OBLIM BBIYHCIICHBI 110
JAHHBIM CBBIIIE CTa METEOCTAHIUM, PACIIONIOKEHHBIX HA TEPPUTOpUU YKpauHbl. B 00001menHOM
BHJIC OHM TpHBeAeHH B nyOmukamusax [19, 29]. bmaromaps mocratouHoil wHGOpPMAIMOHHON
00€CIeuYeHHOCTH BEPOSATHOCTHASI MOJENb KBAa3UCTAIMOHAPHOIO CIy4yalHOro Ipoiecca Oblia
YCIENTHO TPUMEHEHa JUIsi HOpMHUpOBaHHWs cHeroBod Harpy3ku B JIBH. [lns »Toro Obum
WCIIOJIb30BaHbl PE3YJIbTaThl CHETOCHEMOK, BBIMOJHEHHBIX Ha 222 METEOCTaHIUSAX U IOCTax
VYkpaunsl Ha ipoTsikeHun 1950...1990 ro10B ¢ JIUTENLHOCTHIO KIMMAaTHYECKUX psiioB oT 21 1o 35
ner. B menom uid HOPpMHpPOBaHUS CHErOoBOM HAarpy3ku YKpaunHbl Obula HCIIOJIB30BaHA
npeAcTaBuTeENbHas BbIOOpKA u3 Oosee 100 ThICSY pe3yabTaTOB CHETOCHEMOK.

Hopwmsr JIBH paccMmarpuBaroT CHETOBYIO Harpy3Ky Kak IEPEMEHHYIO IOBTOPHYIO HAarpy3Ky C
TpeMsl paC4E€THBIMHU 3HAYCHUSAMM: NPEACIbHBIM S, , SKCIUTyaTallMOHHBIM S, W KBa3UIIOCTOSHHBIM

Sp:

S =7 inSoCs S, =7 80C: S, =(0,45,-160)C, (5)
rae S, — XapakTepUCTHYECKOE 3HAYECHUE CHErOBOM HAarpys3Kd, paBHOE BECy CHETOBOIO

oKpoBa Ha 1 M? TIOBEPXHOCTH 3€MJTH, KOTOPBIi MOXKET MPEBBIIATLECS B CPEIHEM OJMH pas B 50 jieT
(ananormyHo EBpokopy), NpuHUMAETCs M0 KapTe TEPPUTOPUAIBHOIO palOHUPOBAHUS Y KPAaUHBI;
Y fin ¥ 7 fp — COOTBETCTBEHHO KOY(QOULMEHT HAAEKHOCTH 110 PEICIBHOMY H 9KCILIyaTallHOHHOMY

pacuy€THOMY 3HAYCHMUIO.
Kosppuuuent HagéKHOCTH 110 NPEIeIbHOMY PaCuETHOMY 3HAYCHHIO ) 4, NPEACTABICH B

TabnuaHoi popme B nuanazone 0,24 — 1,44 B 3aBUCUMOCTH OT 3aJJaHHOT'O TIEPHO/Ia IOBTOPSIEMOCTH
cHeroBoil Harpy3ku 7T = 1 — 500 ner. KosddunueHnt HaaéKHOCTH MO 3IKCIUTyaTallMOHHOMY
pacu€THOMY 3HAYCHHIO 7, MPCACTaBICH B Tabiam4HOM ¢opme B juamasone 0,88 — 0,10 B

3aBucuMocTd oT nonu 77 = 0,002 — 0,1 yCTaHOBIEHHOTO CpOKa 3KCIUIyaTallMM KOHCTPYKLUHU, HA
MPOTSHKEHUH KOTOPOTO 3TO 3HAYEHUE MOXKET MpeBblmaThes. [Ipu 060cHOBaHUHM KBa3UIIOCTOSHHOTO
pacueTHOro 3Ha4Y€HUs CHErOBOM HArpy3KH 3a OCHOBY OBIJIO NMPHUHSATO SIBJIEHHUE MON3y4eCTH OETOHA
MO HArpy3kod, Kak HamOojee paclpoCTPaHEHHOTO peojorudyeckoro sddexra, KOTOPHIH
YUUTBIBAETCSI B pacyeTax CTPOMUTENbHBIX KOHCTpykumii [30]. 3HaueHus KodpPHUIHUEHTOB u
pacueTHBIX 3HaUE€HUI CHErOBOM Harpy3ku B popmysie (5) uMeroT cratuctuiyeckoe obocHoBanue [19].
Oco0eHHOCTH KOHKPETHOTO OKPBITHS YYUTHIBAIOTCS KodhdunmeHTom C, onpeaesieMbIM 110

BBIPAXECHUIO:
C=pu-C,-Cpyy, (6)
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rae — KO3((PUIMEHT, YUYUTHIBAIOIUN MPOPUIb MOKPHITUSA, IPUHATHII B OCHOBHOM 10
U

pexomenpanusam CHull, HO pacmmpeHHsli ¢ mnpuBiedyeHHeM JaHHbIX EBpokona; C,

ko3¢ unuent, yuuthBaromuii ananornyHo CHull pexum skcmmyaramum kposinu; Cy,
K03 uuneHT reorpaduueckoit BEICOTH H , mpuHUMaeMbli kak 1,4H + 0,3 npu H > 0,5 km.

OOO0O1IEHHbIE ~ CTaTUCTHUYECKHE  JaHHbIE  CBHMJETENbCTBOBAIM O  3HAYUTEIBHOU
TEPPUTOPUATBHON WM3MEHUYMBOCTH CHETOBOM HAarpy3kd, CYILECTBEHHO OTJIMYAIOIICHCA OT €€
HopMupoBanus 1o CHull, cornacHo KOTOpbIM NPaKTUYECKU BCs TEPPUTOPHUS Y KpaUHbI OTHOCHJIACh

K cambIM ManocHexHbM 1 (s, = 0,5 kIla) u II (s, = 0,7 xIla) cHeroBeiM paiionam. Mexay Tem

HKCIEPUMEHTAIbHO OOOCHOBAaHHBIC PACUETHbIE 3HAUYEHUS CHErOBOW HArpy3Kd, COOTBETCTBYIOIINE
6a3oBOMYy cpenHeMy nepuoay nosropsiemoctu 7= 50 net, uzmensitores ot 0,76 klla nns Xepconckoi
obnactu 1 AP Kpeim 110 1,79 kIla B ceBepo-BOCTOUHBIX pernoHax YkpauHsl. [IpuBiekaroT BHUMaHUe
noBOJbHO Bbicokue 3HaueHus (1,20...1,80 klla) cHeroBoil Harpys3ku, 3aperucTpUpOBaHHBIE Ha
HEKOTOPBIX IOKHBIX METCOCTaHIUAX. AHAIN3 ONBITHBIX JAHHBIX, KPOME TOrO, NOATBEPAMI, YTO B
VYkpaune OBIBAIOT 0COOEHHO MHOTI'OCHEKHBIE 3UMBI, HarpumMmep, B
1963-64, 1966—67 u 198687 rr. B oTnenpHBIX MyHKTaX MPH 3TOM HAHOOJBIIHNA BEC CHETOBOTO
nokposa mnpesblman 2,0 klla, koTopblii TeM He MeHee He BbINagan U3 OOLIEH COBOKYMHOCTH
TOJUYHBIX MAKCUMYMOB.

TeppuropuanbHOE pallOHUPOBAHUE YKpPAaWHBI [0 XapaKTEPUCTUYECKMM 3HAYCHUAM Beca
CHErOBOT'O0 TOKpPOBa OBLIO BBIMOJHEHO IO MeEToauKe, pa3paboranHoi B.A. IMammuckum [19].
Hcnonp3oBanach BEPOSTHOCTHAs MOJEIb HECTALMOHAPHOTO HOPMAJIBHOIO CIy4yailHOro o,
OpAMHATAMU KOTOPOTO SBJSUINCH 3HAYEHUs HArpy30K JUld OTACIBHBIX METEOCTAaHLHH,
pacnonoxeHHbIX Ha paccTosgHusx 30...60 km. [lpouenypa criaxkuBaHHs MO3BOJMIA IOJYYHUTh
IUIABHYIO IOBEPXHOCTh MAaTEMaTHUYECKOI0 OXHJAHUS CHEroBOM Harpys3ku, CBOOOJIHYIO OT
CIy4ailHBIX (IYKTyallMii JaHHBIX OTIENBHBIX METEeOCTaHIMH. PailoHHBIE 3HAYEeHUS pacyeTHOM
CHErOBOM Harpy3kM YCTaHaBIMBAJIUCh TaK, 4YTOOBl M30BITOUHBIE 3amackl TEPPUTOPUATBHOIO
pailoHupoBaHMs ObUIM MUHUMAaJbHBIMU. B pe3ynbraTe Ha TEpPUTOPUM YKpPaWHbI ObUIO BBIIEIEHO
LIECTh TEPPUTOPUAIBHBIX PAOHOB C PACYETHBIMH XapaKTEPUCTUUYECKUMHU 3HaueHussMu oT 0,8 1o 1,8
klla. Ilpu 3TOM BBISIBMIIOCH, YTO (PAaKTUYECKHE pAaCUETHBIC HArpy3KH IPEBHIIIAIOT PalOHHBIC HE
oonee, yem Ha 12%, mis 21% mereoctaniuid. [Ipu 3ToOM BeaeACcTBHE HEOOXOIUMOTO 0000MIIEeHNUS
3HaUeHHs S YBEJIUYMUINUCH B cpeHEM Ha 16,4% 1 B OTIENBHBIX CIy4asX NPEBBINAIOT (haKTHUCCKHE

Harpy3ku Ha 50%.

Crnenyert noguepkHyTh, 4yTo BKItoueHHbIe B JIBH mpenenbHbie pacuéTHble 3HaUY€HUs CHETOBOU
Harpy3kd B OOJIBIIMHCTBE CIIy4aeB IPEBBIMIAIOT COOTBETCTBYIOIIME 3HAUEHHUS, YCTAHOBJICHHbBIE
CHull. C opHOW CTOpOHBI, 3TO MPUBOIUT K YBEJIUUYEHHUIO [ONEPEUYHBIX CEUEHUH U
MaTepUaTOEMKOCTH HECYIIIMX KOHCTPYKIUH MOKPBITUH, OJHAKO C APYTOM — K MOBBIIIEHUIO YPOBHS
ux Haa&xHocTd. [Ipum 3TOM 3aMeTHOE YyBENMYEHME PAcUETHBIX 3HAYEHMH CHEroBOM Harpys3Ku
MPUBOAUT K MEHbBIIEMY BO3pacTaHUIO MarepuanoeMkocTH. Tak, Hampumep, npu I = 50 ner
pacyeTHbIe 3HAUCHHsI CHETOBOW Harpy3Kd B CpeIHEM Bo3pacTaioT Ha 58%, a Macca CTalbHBIX (epM
IO/ JIETKYIO KpOBIIIO — Bcero Ha 22% [19].

HaBas oOuryro onieHKy ykpanHckum HopMaM JIBH B.1.2-2006 «Harpy3ku u Bo3aeicTBus» B
YacTH CHETrOBOM HAarpy3ku cjieayeT MNOJYEpKHYTb, YTO OHHM COCTaBJIEHbl Ha COBPEMEHHOMU
METOJMYECKOM OCHOBE, MNpUONMXKEHBI K eBponeiickuM HopMmaM EBpokon, Oasupyrorcss Ha
MPE/ICTaBUTEIILHOM CTAaTUCTHUECKOM MaTepuaiue, 6onee nuddepeHInpoBaHbl U UMEIOT HAay4dHOE
BEPOATHOCTHOE 00OCHOBaHUE, I1y0ke pa3paboTaHHOE, YeM B HOpPMax MPOLUIbIX JIET.

B nocnepyromue roasl B YKpauHe IpOJIOJIKAIUCh BEPOSITHOCTHBIE UCCIEAOBAaHUS CHEMOBOU
Harpy3Kku, MPakTUYECKUMU Pe3yJIbTaTaMu KOTOPBIX OBLIM PEKOMEHJIALMU 110 COBEPILIEHCTBOBAHUIO
HOpM IipoekTupoBanus. P.M Kunam npennoxu atbTepHaTUBHBIA METO/1 pallOHUPOBAHUS CHETOBBIX
Harpys3ok s Tepputopun Ykpaunsl [18]. beuin pazpabotansl npeioxenus 1o 0osee AeTaaIbHOMY
CHEroBOMY paiioHUpoBaHUI0 ropHoro Kapnarckoro pervona (B rpaHuiiax 3akapnaTckoil 0061acTH) ¢
BBE/ICHHE JIOMOJIHUTENbHBIX 5 paiioHOB (¢ 7-ro mo 11-i) ¢ XapaKkTepUCTUYECKUMU CHETOBBIMH
Harpy3kamu B untepBaiie 2,2...3,0 kIla [31]. [Ipogoskana BEpOsITHOCTHBIEC UCCIEAOBAHUS CHETOBBIX
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HArpy30K Hay4Has [IKOJIa HaJeKHOCTU CTPOUTENbHBIX KOHCTPYKIUH [loaTaBCKOTO HAIMOHATIBHOTO
TexHu4yeckoro ynusepcutera umenu HOpust Konapatioka [35]. by n3yueHs! OTI0XKEeHUs CHera Ha
MOKPBITUSAX C MEperagaMu BBICOT, KOTOPBIE AN MPAKTHYECKUI pe3yIbTaT B BUJE CTATUCTHYECKU
ob6ocHOBaHHOTO Ko3(duimenta couertanus 0,8 Ui CHErOBBIX MEIIKOB HAa TEPPUTOPUU Y KpaUHbI
[32]. BeimonHeHa BEpOSATHOCTHAS OLEHKA BIMSHUS TEIUIOTEXHUYECKUX XapaKTEPUCTUK MOKPBITUH
3M@aHUH Ha BEJIMYMHY CHEroBOl Harpy3ku. Pe3ynbraThl 3TOM paOOThl NMpENCTaBICHBI B BHJE
muddepeHnpoBaHHOro  koddduiuuenra skcmryaranuu nokpeituit  C, [33]. Omnpenenens

pacyeTHbIE CHETOBbIE HArPY3KU HA XOJIOJHBIE KPOBIIM 3[JaHUI C MOJOKUTEIbHBIMU TEMIIEPATypPaMHU
BHYTPEHHUX NOMeIIeHuH [34].

BeiBoabl. [lokazaHo, 4YTO Ha MPOTSHKEHMM IMOCIEIHUX BOCBMHUAECITH JIET OTCYECTBEHHBIE
HOPMBI IPOEKTUPOBAHUS CTPOUTENHHBIX KOHCTPYKIUNA B YaCTH HOPMHUPOBAHUS CHETOBBIX Harpy3ok
MIpEeTEPIENId 3HAYUTEIbHbIE U3MEHEHHSI M PaCIIMPWIIA CBOU CTAaTUCTUYECKHE OCHOBBI. Pa3Buioch
TEPPUTOPUATBHOE CHETOBOE PallOHMPOBAHME, BO3POCIO YMCIO CHErOBBIX pPailOHOB, OCOOEHHO Ha
TeppuTopun YKpauHsl. MoaubunupoBaaoch 000CHOBaHHE HOPMATUBHBIX (XapaKTePUCTUUYECKUX) U
pacyeTHBIX 3HAYCHUI CHErOBOM HArpy3Kd Ha OCHOBE YBEJIHMUYEHHOTO MEPHOJa TMOBTOPSEMOCTH.
Pa3paboTran U BKJIIOYEH B HOPMBI BEPOSTHOCTHBIM ydeT BETPOBOTO CHOCA CHEra C IOKPBITHIA,
MOJIYYMJIO CTaTUCTHYECKOE OOOCHOBaHUE KBA3UIIOCTOSIHHOE 3HAUYEHHE CHETOBOM HArpys3KH.
OtMeuaeTcsi BBICOKMI Hay4dHbIH ypoBeHb oTeuecTBeHHbIX HOpM JIBH B.1.2-2006 «Harpy3ku u
BO3JICUCTBUS», MMEIOIIUX COBPEMEHHBIH CTATUCTUUYECKHH 0a3Huc, KOTOpbIE aCCOIUUPYIOTCS C
HopMamMu EBpokon u oOecneunBarOT HEOOXOOUMBIH YpPOBEHb HAAECKHOCTU CTPOHUTEIBHBIX
KOHCTPYKIUNA. Bbinenstorcss HOBblE Hay4yHBIE pPE3yJbTaThl, KOTOPbIE MOTYT OBITh BKJIIOUEHBI B
MOCJIEIYIOIIME U3/IaHUS] HOPM CHETOBOW HArPY3KH.
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CTATUCTHUYHE OBI'PYHTYBAHHSA HOPMATHUBIB CHIT'OBOI'O
HABAHTAKEHHSA HA BYJIIBEJBHI KOHCTPYKIIII

Hiuyrin C.®., 1.17.1H., mpodecop
pichugin.sf@gmail.com, ORCID 0000-0001-8505-2130
Hayionanvnuu ynisepcumem “Ilonmascvka nonimexmixka
imeni FOpiss Konopamioxa»

AHoTauisi. 3a0e3neueHHs HaAItHOCTI Ta 6e3aBapiiHOCTI OyiBENb 1 CIIOPY/ Y BEJUKIH Mipi 3aJICKUTh
BiJl TPAaBMWJIBHOTO PO3YMIHHS HPUPOAM 1 KUIBKICHOTO ONHCY Ta HOPMYBAaHHS HaBaHTAXEHb Ha
OyniBesbHI KOHCTPYKIIii, B TOMY YHCJII CHITOBHX HaBaHTaXeHb. 1[I HAaBaHTaXEHHS HA CTIOPYIA MAOTh
JIOCUTH CKIaIHy (Gi3UYHY MPUPOTY 1 MiHIMBHHA XapaKTep, 10 BUMaraioTh 3HaHHS TEPMOIMHAMIYHUX
mporieciB B atMocdepi 1 Ha IpyHTI, (i3MYHUX BIACTUBOCTEH CHITY, METOJMKHA METEOPOJIOTIYHUX
CHIOCTEPEXKEHb 1 KIIIMATOJIOTIYHOTO OMHUCY MICIEBOCTi, MIHJIMBOCTI HAaBaHTAXKEHb, XapaKTepy
BIJIKJTQJICHHSI CHITY Ha KOHCTPYKITIAX 1 criopyaax. Taki 0ocCOOIUBOCTI y MEBHIN Mipi BiZoOpakaroThCs
B pO3JiJax HOPM MIPOEKTYBaHHsS OyNiBEIbHHX KOHCTPYKLIH, IO MICTSITh HOPMAaTHBH CHITOBOTO
HaBaHTKCHH. BUTbIIICTh MapaMeTpiB HOPM CHITOBOT'O HAaBAaHTAXEHHS MAIOTh IMOBIPHICHY IPUPOIY
1 BUMararoTh JUIs CBOTO OOIPYHTYBaHHS 3aCTOCYBaHHS CTaTUCTUYHUX MeToAiB. L{i MeTonu mocTiitHO
3MIHIOBAJIMCS 1 PO3BUBAIIUCS Pa30M 3 PETYJISIPHUM TEPETIISIOM HOPM OYIiBEIBHOTO MPOCKTYBAHHS.
AHaii3 eBOJIONii BITYM3HSIHUX HOPM CHITOBOTO HABAaHTAKEHHS pPa3oM 3 iX CTaTUCTHYHHUMHU
OOTPYHTYBaHHSM € aKTyaJbHOI 3agadeto. MaTepiaiu, NPUCBAYCHI CHITOBUM HaBaHTa)KCHHSIM,
omyONiKOBaHI B PpI3HMX HAYKOBO-TEXHIYHHMX OJKypHamax, 30ipHUKax cTaTei, Marepianax
KoH(epeHIIii. JlocTyn 10 nuX BUIaHb YTPYAHEHUH, a MyOIiKOBaHI OTJISAN PO3BUTKY HOPMYBAaHHS
CHIrOBOT'O HaBaHTA)KEHHsI HETIOBHI 1 HE BKJIIOYAIOTh PE3yIbTATH TOCIIIKEHb OcTaHHIX 15 — 20 pokiB.
CTtarTs MICTUTh CUCTEMaTU30BaHUM OTJIsi MyOJiKaIiii B TPOBIIHMX HAYKOBO-TEXHIYHUX KypHaIax
no mpoOieMi CHIroBoro HaBaHTaxeHHsA 3a 80-piunuii mepiox 3 40-x pokiB XX CTOMITTS A0
TENepiliHbOro 4Yacy. ['oJloBHa yBara TpUIUIAETbCS aHANi3y TEHICHIIH PO3BUTKY HOPM
MPOEKTYBAaHHS KOHCTPYKIIM B YaCTHUHI 3MiH TEPUTOPIATBHOTO PAalOHYBaHHS Ta PO3PAXYHKOBHX
Koe(irieHTiB, MpU3HAYCHHS HOPMATUBHUX 1 PO3PAXyHKOBUX 3HAYCHb CHITOBOI'O HABAHTAXKCHHS 1
3aJy4eHHS 710 IBOTO JOCTIIHUX CTaTUCTUYHMX JaHUX. Bin3HauyaeThCsl BUCOKUN HAyKOBHH piBEHBb
BiTun3HsHUX HOpM JIBH B.1.2-2006 «HaBaHTa)keHHS 1 BILIUBHY, SIKi MAIOTh CY9aCHHUH IMOBIpHICHHMA
0a3mc 1 acOLIIOI0TECS 3 HOpMaMu €BpPOKOJ. BUIUIAIOTECS HAYKOBI Pe3y/bTaTH, IO MOXYTh OYTH
BKJIFOYCHUMU B HACTYITHI BHJIaHHS HOPM CHITOBOTO HaBaHTA)KCHHSI.

Ki11040Bi cj10Ba: CHIroBi CoCTepe)KeHHS, CHITOBE HaBaHTa)KEHHS, TEPUTOpiajbHE pailoHyBaHHS,
HOpMAaTHBHE HABaHTA)XXCHHS, PO3PaXyYHKOBE HAaBAaHTAXKCHHSI.
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STATISTICAL SUBSTANTIATION OF SNOW LOAD STANDARDS
ON BUILDING STRUCTURES

Pichugin S.F., Dr. Tech. Sc., Professor
pichugin.sf@gmail.com, ORCID 0000-0001-8505-2130
National University «Yuri Kondratyuk Poltava Polytechnicy

Abstract. Ensuring the reliability and safety of buildings and structures largely depends on a proper
understanding of nature and quantitative description and rationing of loads on building structures,
including snow loads. These loads on structures have a very complex physical nature and changeable
nature, requiring knowledge of thermodynamic processes in the atmosphere and soil, physical
properties of snow, methods of meteorological observations and climatological description of the
terrain, variability of loads, the nature of snow deposition on buildings and structures. Such features
are to some extent reflected in the sections of design standards of building structures that contain
standards for snow load. Most parameters of snow load norms are probabilistic in nature and require
the use of statistical methods to justify them. These methods are constantly changing and evolving
along with the regular review of building design codes. Analysis of the evolution of domestic snow
load codes together with their statistical substantiation is an urgent task. Materials on snow load have
been published in various scientific and technical journals, collections of articles, conference
proceedings. Access to these publications is difficult, and published reviews of the development of
snow load rationing are incomplete and do not include the results of research over the past 15 — 20
years. The article contains a systematic review of publications in leading scientific and technical
journals on the problem of snow load over the 80-year period from the 40s of the twentieth century
to the present. The main attention is paid to the analysis of tendencies of development of designing
codes concerning changes of territorial zoning and design coefficients, appointment of normative and
design values of snow load and involvement in it of experimental statistical data. There is a high
scientific level of domestic code DBN B.1.2-2006 "Loads and loadings", which have a modern
probabilistic basis and are associated with the codes of Eurocode. Scientific results that can be
included in subsequent editions of snow load standards are highlighted.

Key words: snow observations, snow load, territorial zoning, normative load, design
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TEXHIYHE OBCTEKEHHA CIHIOPYIHU 1 PO3POBKA
KOHCTPYKIII PAMMU 3 XOJIOJHO®OPMOBAHHUX
TOHKOCTIHHHUX ITPO®IJIIB

Pomanenko C.M., crapmuii Bukiianad kadenpu Oy 1iBHUIITBA
Xepconcwbkutl 0epacasHuli aepapHo-eKOHOMIYHUL YHIgepcumem
romanesko666(@gmail.com; ORCID ID: 0000-0002-0443-3896

AnapieBcska SLIL., acucrenT xadeapu OyaiBHUIITBA
XepconcbKutl 0epaicasHull acpapHo-eKOHOMIYHUL YHIgepcumem
yanaandrievska321@gmail.com; ORCID ID: 0000-0003-3052-2515

AHoOTaUig. Y CTaTTi HaBeJACHI pe3yabTaTH TEXHIYHOTO OOCTE)KEHHS HECYYMX KOHCTPYKIIN
HaBicy. OOCTeKEHHSI BUKOHYBAJIOCh 3 METOIO BU3HAYEHHS HECYYOi 3JaTHOCTI HECYYHX KOHCTPYKIIIN
MOKPIBJI Y 3B'A3KY 3 PO3TAIlyBaHHAM COHSYHMX MaHeNel Ha Jaxy OymiBIIi.

3anporoHoBaHa HOBE TOJIETIICHE MOKPUTTS J1aXy 3 MPOQiILOBAHOTO JUCTa Ta KOHCTPYKIIIS
pamu 3 xonoaHopopMoBaHux enemMeHTiB [I-npodinto Ta C-npodinto i ynamTyBaHHs TOKPUTTS 1
COHSAYHUX ITaHEJCH.

Po3po6neHo By30s1 KpiIUIEHHS KOHCTPYKLIl paMH 3  XOJOAHO(GOPMOBAHUX EJIEMEHTIB [0
ICHYIOUHX 3a11300€TOHHUX MTPOTOHIB MMOKPUTTHI.

BukoHaHO mepeBipOYHMI PO3PAXyHOK HECYYMX KOHCTPYKIIM HaBicy B HPOrpaMHOMY
komruiekci «Jlipa CATIP 2013».

KurouoBi cioBa: oOcTtexxeHHs, pama, XoionHo(popMoBaHM mpodiss, Hecyda 31aTHICTD,
BY3JIOBI 3’€JTHAHHS, JIETKI CTAIbHI TOHKOCTIHHI KOHCTPYKITii

Beryn. [Ipu OymiBHUIITBI Ta PEKOHCTPYKIIM OyaiBeIb Ta CIOPY, IIUPOKO BUKOPHCTOBYIOTH
JIeTKi cTasieBi KOHCTPYKUii. Lli KOHCTPYKIIiT HE CTBOPIOIOTH BEJIMKUX HaBaHTAKEHb HA HIKYECTOSII
CTiHU, GYHIAMEHTH Ta OCHOBH, MAIOTh IiJIBUILICHY MIIHICTb. B YKpaiHi MpoeKkTyroTh 1 OyIyrOTh
OyIMHKM Ta CHIOPYIM 13 CTaJeBUX XOJOAHO(POPMOBAHMX TOHKOCTIHHUX mpodiriB. Cdepa
3aCTOCYBaHHs JIHIWHUX XOJOJHO(GOPMOBAHMX €JIEMEHTIB MYyXe IIHPOKa: OallKl HEBEIHKUX
MPOJIbOTIB, MOKPIBEIbHI a00 CTIHOBI MPOTOHU, KOJOHU a00 CTOMKHM CTIHOBUX KOHCTPYKIIiH, mosicu
bepm.

V 3B'S13Ky 31 3HAYHUM 3HH)KEHHSM BapPTOCTI 1 IBUIKUM 3pOCTAHHIM MOMYISPHOCTI MPUBATHUX
reJioCTaHIlli, acOPTUMEHT COHAYHMX IaHeled Ha YKpaiHCbKOMY PHHKY CTaB HaJ3BHYailHO
pi3HOMaHITHUM. Jl0 KUTalChKOTO 1 €BpOIEHChKOro 00NajHaHHS Aodajacs HaWOLIbII cydacHa
MPOAYKIIis BiJl aMmepuKaHchkoi komnaHii First Solar - TOHKOIIITIBKOBI COHsIYHI OaTapei Ha TeypuLy-
KaJMi€BOi OCHOBI.

Komnanis Green Tech Trade - exckito3uBHuit npeacraBuuk First Solar B YkpaiHi, sika Boepiie
rmoyaja BUKOPHCTOBYBATH TOHKOIUTIBKOBI COHsSYHI maHeni kommanii First Solar i3 3acTocyBaHHSIM
HaniBrposiaHuKa Tenypun kaamito (TeCa). [Iponyxkuis First Solar npoaykTuBHilIa 1 BUT1AHIIIA, HIXK
KHTalChbKI KpeMHi€Bi aHanoru, Ha 19,93%.

AHaJIi3 OCTaHHIX JKepeJ1 T0CTiIKeHb Ta mMyOaikauii.

Ha cporonnimmHiii AeHb HalOLIBII TOCTPO CTOITH MpoOJIEMa PalioHATBLHOIO BUKOPUCTAHHS
€HEPTropecypcCiB, BHUXOJMYH 3 YOTO OJHHUM 3 MPIOPUTETHUX HAMPSIMKIB TEXHOJOTIYHOTO PO3BUTKY
EKOHOMIKH YKpaiHH € pillleHHs1 Tpo0JeM eHeproeeKTUBHOCTI Ta eHEPro30epeskeHHs!.

byniBenbHa ranysp SBISE€TbCS AKTUBHUM KOPUCTYBau€M EHEPreTUYHUX PECypciB, TOMY
nepuIoYeprona 3ajaya rajqysi BBOAUTH HOBI MaTepiaiy Ta KOHCTPYKLIT ISl 3HUKEHHSI KOPUCTYBAaHHS
eHeprii Ha BCIX eTamax >KUTTEBOro UKy OymiBmi. Lls 3amaua Bkirowae po3poOKy e(hEeKTHBHHX
MPOEKTHO-TEXHIYHUX pIMICHb Ta CHCTEM J>KUTTE€3a0€3MEUeHHsS, BUKOPUCTAHHS albTEPHATUBHUX
JOKEpeT eHeprii, 30KpeMa COHSIUHUX OaTapeil Ta yJA0CKOHAJIEHHS HOpMaTUBHO-TIPaBoBoi 6asu [1]. B
pi3HUX KpaiHax CBITY JilOTh CBOi HaIllOHAJIbHI HOPMATHUBHI JJOKYMEHTH 3 PO3PaxXyHKY CTaJeBHX
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X0J0AHO(OPMOBAHUX KOHCTPYKIIH, fKi MalooTh Oarato po30ibkHOCTEH. B ycix HOpMaTHBHHUX
JOKYMEHTaX JUIsi BU3HAYCHHS MIITHOCTI HECYYHMX CTAJIEBHX XOJOJHOGOPMOBAHHMX CIIEMCHTIB B
OCHOBY TOKJ1a/IeHo MeToJ epexTuBHUX mmpuH (effective width method), po3pobnenuii mpodecopom
G.Winter. Ha manuii MOMEHT HaWOUIbII aBTOPUTETHUMH JTOKYMEHTAMU 3 PO3PaxXyHKY JIETKHX
CTaJIbHUX TOHKOCTIHHMX KOHCTPYKUii € IliBHIYHO-aMepuKaHChKUl cTanmapT [2], HopMu €BpOKOJ
[3], HamioHaneHuii craHmapt ABcTpaiii [4]. B YkpaiHi Ha chOroaHi MiFOTh P HOPMATHBHUX
JOKYMEHTIB JJIsl IPOCKTYBaHHs Ta po3paxyHKy craneBux koHctpykuiit: JICTY-H b EN 1993-1-1,
JCTY EN 1090-2, ACTY EN 1090-4, ICTY EN 1090-5, IBH B.2.6-198, ICTY-H b B.2.6-87 Ta
KHUTH [5, 6].

JICTK BUTOTOBIIEHI 13 XOJIOJHOKATaHOT TOHKOJIMCTOBOI CTal 3 TTOCIIIIYIOUUM OITMHKYBaHHIM
BUCTYNAIOTh €(EKTUBHOIO albTEPHATUBOIO TPAAULIHHUM rapsyekaTanuM npodisisim, 110 3HAXOAUTh
niaTBeppkeHHs B podoTtax Schafer B.W., Young Bong Kwon, Bong Sun Kim, Mohebbi S. [7-13].

Ha teputopii komumaboro CPCP Hai6inpln BiJOMUMH MpausMd 3 TEOPid pO3paxyHKY
TOHKOCTIHHHX CTepkHIB € podoTu J[.B. buukora, ®. bneiixa, B.3. Bnacosa, C.I1. Tumomienka, A.A.
YMaHCBKOTO Ta IHIUX YYCHUX.

bynisaunTBo 3 BukopuctanusMm JICTK sBisieTbcsi HAMOUIBII 1HAYCTpiadi30BaHUM Ta JIETKO
KEpPOBaHUM IIPOLIECOM, TOMY IO BKIIOYA€ B cebe MaKCUMallbHY 3aBOJICBKY TOTOBHICTh. ByaiBii a6o
iX KOHCTPYKTHUBHI YaCTHHH, 5K1 3B0AThCs 3 JICTK mpeacTaBisstoTs COO0IO JIETKI KapKacH, paMH SKUX
3’€IHYIOTBCS B IPOCTOPOBY CHCTEMY. B sIKOCTI HECyUYMX KOHCTPYKIiHl BUKOPUCTOBYIOThCS MPOodisi
C-o6paznoro npodimto, IT — obpaznoro npodinato, Z — obpazHoro npodigo ado cnapeHi mpodii,
3’e¢qHaHl OONTaMH, CaMOHAPI3HMMH TBHHTaMH a0o 3akiienkamMu. B oCTaHHI POKH JOCTIIKEHHS
3’€THaHb 30CEpEe/DKCHI B HampsiMax: OONTOBI 3’€AHAHHS, Npec-3’€IHAaHHS, 3’€IHAHHS Ha
CaMOCBEpIJIWIBHIX TBUHTAX, HAJIHHICTh 3 €HAaHb Ta JXOPCTKiI 3’eqHaHHSA. Po0O0TI O0onTOBHX
3’eqHanb npucBsueHi mpari Bolandim E.A, D. Clements, L.H. Teh, J. Liu, L. Xu, S. Fox, Teh L.H.,
Yu C.; npec-3’eHaHHs Ta MApHIpHI 3 €IHAHHS PO3rIAHYTI B poborax Di Ilio A., Lambiase F.,
Mathieson C.D., Mucha J.; 3’emHanHs Ha caMmocBepUIHUIBHMX TBUHTax — Moen C.D.,
Sivapathasundaram M., a xopcTki 3’eaHanHs — B podotax Z. Bucmys, Lim J.B.P., Sabbagh A.B.

IHocranoBka wijiei i 3aBAaHbL JOCTIAKEHb. METO IOCHIIKEHHS € TEXHIYHE 0OCTEKEHHSI
OyniBeTbHUX KOHCTPYKLIN HaBiCy JAJIsl BUSBJIEHHS 1e(EKTiB, MOUIKOKEHb, BU3HAUEHHS KaTeropii
TEXHIYHOTO CTaHy CIIOPYIX B IIUIOMY Ta BHU3HAYCHHS HECYYOi 3/aTHOCTI KOHCTPYKIII MPOTOHY
MOKPIBJIi 3 ypaxyBaHHSIM 3MiHM €JI€MEHTIB MMOKPUTTS 1 BJIAIUTYBAaHHS HA JaXy COHSYHUX MaHENeH.

3agadl JOCHIKEHHS:

- BUKOHATH aHaJli3 KOHCTPYKLIH;

- po3poOuTH peKOMEH 1allii 3 BITHOBJICHHS HECYYO0i 3IaTHOCTI KOHCTPYKIIIH;

- IpOaHaJli3yBaTH pe3yIbTaTH, OTPUMaHI MICJIs NEPEBIPOYHUX PO3PAXYHKIB;

- po3pobutu HOBY KOHCTPYKIIIIO, $IKy MOXX€ OYTH BHUKOPUCTAHO JUIsI KPIIJICHHS
aJIbTEpPHATHUBHUX JDKEPEN Heprii Ha Jaxy 1 J03BOJIUTh 3MEHIIUTH HaBaHTAXKEHHs, J1I04e Ha HECydl
KOHCTPYKIIIT MMOKPIBJIi;

- pO3pPOOUTH KOHCTPYKIIIO pamMH 3 XOJOJHO(POPMOBAHHMX €JIEMEHTIB 3 YTOYHCHHSIM
€(EeKTUBHOTO PO3MIIICHHS TPO(LITI0 Ta BY30JI KPITIJICHHS 10 ICHYIOUOTO 3a11300€TOHHOTO TIPOTOHY
MOKPIBII.

MeToauka aociigxeHHsi. Y poOOTI BHUKOHYETHCS TEXHIUYHE OOCTEKEHHS KOHCTPYKIIIH
CHOPYIU 1 Ha OCHOBI MPOBEIEHUX MOCTI/KEHb JlaHA OI[iHKAa TEXHIYHOTO CTaHy JJIs BU3HAYCHHS
MOJIMBOCTI MOJANTBIINOI €KCTUTyaTallli KOHCTPYKIIM Ta CIIOPYAH B IIJIOMY.

JlocitipKeHHsT BAKOHAHO 13 3aCTOCYBaHHAM KJIACHYHHMX PO3paxyHKiB Oy/iBeIbHOI MEXaHIKU Ta
METO/IB KOMIT FOTEPHOTO MOJIEITIOI0YOr0 eKCIEPUMEHTY B TiporpamHomy komruiekci «Jlipa CAIIP
2013, sskuit anropuTMi4HO 0a3yeThCsl HA METO/I KiHIIEBUX €JIEMEHTIB.

PesyabTaTHn jgociaigxeHb. 3rigHO pe3ydabTaTiB MPOBEACHOTO I1HXEHEPHO-TEXHIYHOTO
oOcTexeHHs Oy/iBIII TpeAcTaBIeHa 3arajbHa XapakTepucTuka Oyisimi. [14-17]

O0'exToM 0OCTeXEHHS € Oy/iBeJIbHI KOHCTPYKIIi OJHOIOBEPXOBOI CHOPYAHM HaBIiCy A
30epiraHHs TMPOAYKLIi JepeBornepepoOKH Ta s BUPOOHMLTBA Npoaykmii 3 Topdy. Hagic
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posramoBanuii Ha Teputopii TOB «Ilepepobue minmpuemcTBo biomacy 3a agpecom: UepHiriBchka
obnacte, KoprokiBcekuit paiioH, c. Caapune ByJl. 3aBOACHKa, 1.

Cnopyna mojileHa Ha YOTHPU MPOTHIIOXKEKHI BIACIKM MPOTUIOKEKHOIO  CTIHOIO —
OpaHmMayep, sika BAKOHAHA 3 KepaMivyHO1 IIETJIU 1 BIJOKPEMITIOE OHY YacTUHY OYiBJIi Bl 1HIIOT Ha
BCIO BUCOTY Ta IIMPUHY CHOPYIH.

KoHcTpykTHBHA cXema CIopyaud — HEMOBHUM Kapkac. B BepxHIM 4YacTWHI KOJOH MO BCiH
JIOBXKUHI MOKEeKHHUX BiJCIKIB BUKOHAHI B’A3HM Yy BUIUIAI TOPU3OHTAIBHUX po3mipok. KoHcTpykiii
pO3IOPOB € 3ai300€TOHHI MPOTOHH. B KOXXHOMY 3 MPOTHUIIOKEKHOMY BIJICIKY IO CEpeauHi
KpaliHBOTO PSly pO3TAIlyBaHHS KOJOH B OHIH 13 CEKIIiif BCTAHOBJICHI METaJIeBi XPECTOBI B’SI3H 110
MOKPUTTIO.

Hecyunmu enementamu € 36ipHi 3a1i300eToHHI KostoHH niepepizom 400 x 400 MM Ta BUCOTOIO
8,15 M Big piBHS MOBEPXHI 3€MITi, IO BCTAHOBIIOIOTHCS B TMO3J0BXKHBOMY HAMPSAMKY K KpOKOM 6,0
M; B IIONIEPEYHOMY — 3 KPOKOM 23,6 M.

@dyHmaMeHT i KOJOHU — CTOBOYACTHI HA MalsiX 3 HU3BKUM PO3TAlIyBaHHIM POCTBEPKY -
JKOPCTKA 3aJ11300€TOHHA KOHCTPYKIIis, IO CKJIAAETHCS 3 PO3TAIIOBAHUX B TIEBHOMY MOPSIKY Majb,
MOB'SI3aHUX POCTBEPKOM.

@OyHAaMeHT MiJ LEerJIsHI CTIHM — CTPIuKOBMH manpoBwil. B mmani nami ¢yHIameHTty
CTPIYKOBOTO THITY PO3TAIIOBYIOTHCS B PSAIOBOMY TOPSIIKY 3 TIEBHUM KPOKOM.

OcHOBHHM elleMeHTOM (YHIAMEHTY IiJl CTIHM Ta KOJOHHU € 3alli300€TOHHI 3a0WBHI BUCSAY1
nasni.

30BHIIIHI TETSHI CTIHM HABICYy BHKOHAHI 3 MOBHOTLIOI KepaMi4HOI HETTH HOPMAalbHOTO
dbopmaty - olMHapHa Ha IIEMEHTHO-MIIIAHOMY PO3YMHI TOBIIMHOIO 380 MM 3 MUISICTpaMH.

OropoKkyBaTbHUMH KOHCTPYKIiIMH HaBicy Bix mo3H. 6.900 mo 8.400 e a3zbectorieMeHTHI
XBUJISICT1 JIUCTH.

Hecy4oro KOHCTPYKLI€IO HOKPUTTS € 3aJ1i300€TOHHA TPUKYTHA apKa, siIKka CIIHUPAEThCS Ha
KoJioHu. BepxHiit mosic 3anmizoberonnuii nepepizom 280 x 200 mm. I1igBiCKM BUKOHAHI 3 METAJIEBUX
KYTHKIB, K1 MIITPUMYIOTh METAJIEBY 3aTsDKKY 3 apMaTypu nepioandHoro npodimo. (Poro 1)

3ami300€TOHHI MPOTOHU JOBXHUHOIW 6,0 M TNpU3HAYEHI JJIi 3aCTOCYBaHHS B TOKPUTTAX
OJTHOTIOBEpXOBUX OyniBenb 3rigHo cepii 1.462-14. IIporonu marooTh TaBpOBUIM HEPETHH 3MiHHOT
BucoTu: Big 300 MM Ha cepemHid MIISHIN JOBXWUHU MPOTiH 10 180 MM Ha OMOpPHUX OUISHKAX.
KpimuieHHsT IPOTOHIB NMOKPUTTS 3AIMCHIOEThCA NUISIXOM 3BapKH 0 3aKJIaJHUX JeTaliell Hecydol
KOHCTPYKITIT MOKPUTTS. 3aJ11300€TOHHI TPOTOHU PO3TAIIOBaHI 3 KPOKOM 1,5 M.

Jlax - NTBOCXMJIMI 3 HEOpraHi30BaHUI BOJOCTOKOM. I10KpiBiIsl BUKOHAHA 3 a30€CTOIIEMEHTHHX
XBUJISICTUX JIUCTIB.

[Tigyora - GETOHHA MO TPYHTY.

BuMotieHHsI HAaBKOJIO CIIOPY/TU BiICYTHE.

®oro 1. 3aranpHui BUTIIST HECYYHX KOHCTPYKIIIHA IMOKPIBII

-
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[Ticns mpoBeAEHOro 1HXEHEPHO-TEXHIYHOTO OOCTE)KEHHS NMPHUMHSATE DILICHHS MpO 3aMiHy
MMOKPUTTS TOKPIBJII 1 MOXKJIMBICTh BCTAHOBJICHHS Ha JaXy HaBICY TOHKOIUTIBKOBUX COHSYHHUX
Oarapeil Ha OCHOBI TeTYpHUAY KaJAMil0 OCHOBI aMepHKaHChKoi kommnaHii First Solar. Bukopucranus
ICHYIOUMX HECYYMX KOHCTPYKIIi OyAiBiIi MOXJIMBO 3a YMOBH iX MIiJICHJICHHS, a00 KamiTaJbHOTO
PEMOHTY 3 TIOHOBJICHHSIM iX Mpale31aTHOCTI Ta MMiIBUIIEHHS HeCydoi 31aTHOCTI.

B pe3ynbTati 00CTEXXKEHHS CIIOPYIM ITiT Yac eKCIuryaTallii 0yj0 BCTaHOBJICHO, 0 TEXHIYHHUI
CTaH Hecydux OyIiBeIbHUX KOHCTPYKIIHM MOKPUTTS MOKe KiIacu(ikyBaTHCS SK CTaH 3aJ0BLIbHUI
a00 KaTeropis TEXHIYHOTO CTaHy - 2. 3ampOIOHOBAHO BHUKOHATH YJIAIITYBAaHHS HOBOTO NMOKPUTTS
naxy 3 npodinsoBanoro iucra H60-845-0,7, mpu3Ha4eHOTO 71 HACTUIIAHHS Ta CTIHOBHX OTOPOK.
Jlis TOKpUTTS JAaxy mnepeadadaeTbcs BHKOPUCTATH JIMCTH 3 TOHKOJIHMCTOBOTO TPOKATy 3
ATIOMOLIMHKOBUM TOKpUTTAM 3rimHOo 3 TY 14-11-247 (mo3nauenns All) 6e3 nmakodapboBoro
nokputTsa JJCTY b B.2.6-9:2008 Ta Bukonatu pamy P1 3 oqnHOYHMX X010, 1HO(OPMOBaHUX MPODiIIiB
BIIKpHUTOTO mepepidy po3mipom 1,5 x 12 (L) M, fka € Hecydyoi KOHCTPYKILI€IO IJIsi TOKPUTTS 3
pod1TLOBAHOTO JIMCTA Ta TOHKOIUTIBKOBUX COHSIYHHMX OaTapeil Ha OCHOBI TEITypUy KaaMil0 OCHOBI
amepHuKaHcbkoi kommnadii First Solar.

Konctpykiis  pamu Pl (®oto 2) Bkimtouae B cebe JBI CHUMETPUYHO PO3TAIIOBAaHUX B
MOB3/0BXKHbOMY HANpsIMKY XOJOJHO()OPMOBAHUX €IEMEHTIB JOBXKHHOIO 12 M, BukoHaHux 3 II-
PO QIO MIMPUHOIO TOPUZOHTATBLHUX MOJIUIE b=33 MM, BucoTa mpodinto h=100 MM, ToBmuna t=1,5
MM 1 €JIeMEeHTIB JOBXHHOIO 1,5 M B mnomepeyHoMy HampsMKy 3 C-mpodino MHPHHOIO
TOPU3OHTABHUX MoJullk b=30 MM, Bucota npodiao h=100 MM, mHpHUHA BEPTUKAIBHOI MOJHII
(3arun) c=14 mm ToBmmHA t=1,5 MM 3 kpokom 0,4 M (st maneneit First Solar).

®oro 2. 3aransHuii Burnsg pamu P1 B 3060pii

OcHoBHa BinMiHHICTh MiXk C- 1 [I-npodinssmu - HasIBHICTH BiATHUHIB y monuib C-podinis, mo
POOUTH TX OB )KOPCTKUMHU 1 JO3BOJISIE BATPUMYBATH BEJIMKE HABAHTAKCHHSI.

EnemenTn pamu Mixk co0010 3’ €THYIOTBCS 3a IOTIOMOTOI0 Hapi3yBaJIbHUX T'BHHTIB Ta OIMIOPHUX
KyTUKiB (oquHO4HI kpaitosi Biaruuun) 3rigHo JICTY EN 1090-4, ICTY-H b EN 1993-1-3, [18] mus
3armo0iraHHs JiHIHUX 1 KyTOBHX MEpeMillieHb, TeopMalliil BiJ KpyTiHHSL.

Po3paxynok pamu P1 BUKOHYBaBCs BIJIMOBITHO 3arajibHUM TpaBuiiaM, siki HaBeseHl B EN 1990
1 EN 1993-1-1. Ilpu nepeBipodHux po3paxyHKax 3a TPaHUYHUM CTAHOM MeEpuIoi abo Apyroi rpynu
OyB BCTaHOBJICHHH BiMOBITHUN KOS(DIIEHTH 3a HATIHHICTIO.
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IIpu po3paxyHKy KOHCTPYKLIH, IO BHUIOTOBJIEHI 13 XOJOJHO(OPMOBAHUX EJIEMEHTIB,
BpPaxoOBYBaBCs KJIac KOHCTPYKIIT 3a HacigkaMu pylHHyBaHHs y BianoBigHocTi 70 EN 1990, JICTV-
H b EN 1993-1-3.

Pospaxynok pamu P1 BukonyBaBcs B mporpamHomy komruiekci «Jlipa CAIIP 2013» [19] y
TaKii MOCIiIOBHOCTI:

— BCTaHOBJICHHS PO3PaXyHKOBOI CXEMU paMu;

— BU3HAUCHHs Ta 301p HABaHTa)KEHHS;

— IIepeBipKa MPU3HAYCHUX NIEPEPi3iB €JIEMEHTIB.

Mo3aika pe3ynbTaTiB MEPEBIPKU MPU3HAYCHUX MEpPepi3iB €NEMEHTIB paMHu 3a TPaHUYHUMHU
CTaHAMHU 1 TIepeMIIIeHb y3JI0BXK OC1 Z BiJl PO3paxyHKOBHX HABAaHTAKEHb MpEJCTaBiIcHa Ha puc. 1-4.

b Eo 0 14 n ED EN

Bepaes: oy o
[,

2 2000 o
]

Puc. 1. Mo3zaika pe3ybTaTiB MepeBipKky MPU3HAYCHUX TEPEPi3iB €IEMEHTIB paMHy 10 TepIIiit
TpyIli TPAHUYHHUX CTaHIB

05 m 153 i) 4 Ei Firy 29 EX

Epumr svmpygranaas Sagun |
Parwcs ee yances (CELTT T-25-511)

z
X
C omomn
SRS (AR TATOE JREH AU NN CERE 30 T It Ry

Puc. 2. Mo3aika pe3ynbpTaTiB IepeBIpKH MPU3HAYCHHUX MTEPEPI3IB €IEMEHTIB paMH IO APYTii
Ipymi TPaHUYHUX CTaHIB
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‘EMERIE MEpEmA - M

Y’_]-/_’x
Omne. 0.000
Puc. 3. [lepeMileHHs y3/10BX Oci Z BiJl pO3paxyHKOBUX HAaBAaHTAKCHb
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Puc. 4. Mo3zaika 3ruHaHiX MOMEHTIB My

[Ipuiinaruii mepepiz enxemeHTiB pamu P1 3a70BONIBHSIE 3T1IHO PO3PAXYHKY.

Po3pobrieno By3zon kpituieHHs pamu P1 mo 3amizo0eToHHOrO mporony (nuB. puc. 5). Pama
KpPIMMUTHCS 10 TPOTOHY 3a JIOMOMOTOI0 METaJeBUX KYTHKIB-KOPOTHIIEH Ta XOMYTIB. 3’€IHaHHS
€JIEMEHTIB BUKOHYETHCS 32 IOTIOMOTOIO 3BapKH Ta OOJNTIB.

A-A

M-npogpins
L 50x5 Memanesa L 50)45\ pamu P1 c ,
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Puc. 5. By3on kpimensst pamu P1 1o 3ami300€TOHHOTO POTOHY
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JUist OIIIHKM HeCy4oi 34aTHOCTI iCHyI0UMX 3aji300eTonHuX nporoHis HaBicy TOB «Ilepepobue
mianpueMcTBo biomac» 3a aapecom: UepHiriBcbka obnacts, KoprokiBcekuil paiioH, c. Csaapune
ByJ. 3aBojchKa, 1, 3rimHo 3 HopMmamu [20,21] BUKOHAHO TeEpEBIpOYHUIN PO3pPaXyHOK HA HECydy
3aTHICTE.

3rigHo cepii 1.462-14 wmiHIManbHe pO3PAaXyHKOBE HABAHTAXKCHHS Ha ICHYyIOUMH
3ami300eToHHMI TporoH ckmagae 380 kr/mM’. 3a pe3ymbTaTaMH MEPEBIPOUHOTO PO3PAXyHKY
PO3paxyHKOBE HABaHTAXCHHS HA ICHYIOUMH 3ali300€TOHHHMI NPOTOH 3 YpaxyBaHHSIM HOBOTO
MOKPUTTS, BJALITYBaHHA Ha IIOKPIBIl aJbTEPHATUBHMUX JUKEpEN €Heprii Ta TUMYacOBOIO
HaBaHTAXEHHs cKiaaae 362,08 kr/m>.

BucHoBok. BcraHOBNIECHHS Ha Jaxy aJbTEPHATUBHMX JDKEpEN €HEprii MOXKIMBO 332 YMOBHU
YCYHEHHSI Je(eKTIB Ta MOIIKOKEHb, BHUSBJICHUX MPU TEXHIYHOMY OOCTEXEHHI KOHCTPYKLIN
CIIOPYAM, 3aMiHM ICHYIOUOTO MOKPHUTTS J1aXy Ha TOKPHUTTS 3 Mpo(dUIOBAHOTO JUCTa (CTaleBUi
XOJOAHOTHYTUH JUCTOBHIA PO ik 3 TpanenienoioHoo popmoro rodpa), SKUi KpinuThCs A0 paMu,
BHKOHAHOI 3 X0J0,THO()OPMOBAHUX €JIEMEHTIB.

PesynpTaTi TpoOBeNEeHUX JAOCHIPKEHb BHUKOPHCTaHI MpH CKJIAJaHHI pPEKOMEHJAIli 1o
BIIHOBJICHHIO BJIACTHBOCTEH HECYYMX KOHCTPYKIIIH HaBICY, PO3POOKH MPOEKTHO-KOIITOPUCHOL
JOKYMEHTAIlil Ta BIPOBA/KEH1 B Oy IiBENIbHY MPAKTUKY IMPU PEKOHCTPYKLIi HaBICY.
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TEXHUYECKOE OBCJIEAOBAHUE COOPYKEHHUSA "
PABPABOTKA KOHCTPYKIIUU PAMHU C XOJIOJHOKATAHBIX
TOHKOCTEHHBIX TPO®UJIENA

Pomanenko C.H., crapmmii npenogaBareib Kaeapbl CTPOUTENbCTBA
XepcoHnckuil 20cy0apcmeennblil azpapHo-3KOHOMUYECKUL YHUSepCumem
romanesko666@gmail.com, ORCID ID: 0000-0002-0443-3896
Anapuenckas SLLIL., accucreHT kadeapbl CTPOUTEIHCTBA

Xepconckuil 20cyoapcmeenHblil acpapHo-2KOHOMUYEeCKUl YHugepcumem
yanaandrievska321@gmail.com, ORCID ID: 0000-0003-3052-2515

AnHortanusi. CtajJbHBIE XOJOJIHOKATaHbIE KOHCTPYKIIMU OBUIM M3BECTHBI C cepeauHbl XIX
Beka B CLIA u BenukoOpuranum.

HecMoTps Ha ycriexu B pa3BUTHH XOJ0JHOKATAHBIX KOHCTPYKIUN, YPOBEHb UX UCIIOIb30BAHUS
OBLT HIKE, YEM TOPSYEKATAHBIX KOHCTPYKIHHA. 3HAYUTETbHBIM (PaKTOPOM, KOTOPBIN BIUSIT HA 3TOT
nucbanaHc MpuUMEHEHUs, OblT (aKT OTCYTCTBUSI HOPMAaTHUBHBIX JOKYMEHTOB. B pasHbIX cTpaHax
MUpa JIEUCTBYIOT CBOM HAIMOHAJIbHbIE HOPMATHUBHBIE JOKYMEHTBHl IO PAaCcueTy CTajbHBIX
XOJIOJTHOKATaHbIX KOHCTPYKILHM, KOTOpble MMEIOT MHOro paszHorjacuil. K eBpomeiickoil rpymnmne
oTHOCsTCS HOpMBI cTpaH EBpomeiickoro Coro3a, BemukoOpuranuu, ['oHKOHTa, YKpauHsl,
benapycun, Kazaxcrana; amepukanckou rpynne - CoenuHenHbix llltatroB Amepuku, Kananapl,
Mexkcuku, ABcrpanuu, HoBo#t 3enananu, bpasumuun, Unnu, Erunta. CBou 0COOEHHOCTH UMEIOT
HOPMAaTHUBBI TAKUX KPYMHBIX cTpaH, kak Kuraii, Uaaus u Poccus.

B crathe mpuBeACHBI pPe3yIbTATHl TEXHUYECKOTO OOCIENOBAaHUS HECYIIMX KOHCTPYKIUI
HaBeca. OOcienoBaHUE BBINOIHSIIOCH C LENbIO OINpeNeseHHUs] Hecylled CIOCOOHOCTH HECYIIMX
KOHCTPYKIUUA KPOBJIU B CBSI3U C PACIIOJIOKEHUEM COJTHEUHBIX MaHEIeH Ha KPbIIIE 3JaHusl.

Bo3Benenue 31aHMII M KOHCTPYKTMBHBIX YacTe€d W3 JIETKMX CTaJbHBIX TOHKOCTEHHBIX
KOHCTPYKIUH (TTpoduiieil) BBIMOTHIETCS B BHJIC JISTKUX KAPKACOB, PAMBI KOTOPBIX TIOCTIEI0BATEIIHHO
COEUHSIOTCS B MPOCTPAHCTBEHHBIE cUCTEMBI. [IpenoxkeHo HoBoe 00IerYeHHOE MOKPBITHE KPBILIU
13 MPOGUIMPOBAHHOTO JTUCTA M KOHCTPYKITUS PaMbl U3 XOJIOJHOKATAHBIX 3JeMeHTOB [I-mpoduns u
C-tipodunst mis yCTpOMCTBA TOKPBHITUA W YCTAaHOBKH COJHEYHBIX TaHene. Takoe MOKPBITHE
SIBIIIETCS. MAKCHUMATbHO MHIYCTPUAIM30BAHHBIM, JIETKO M OBICTPO BO3BOJAUMEIM. BBINMOTHEH aHATN3
KOHCTPYKTUBHBIX BapuaHTOB 3(PPEKTUBHOTO pa3MelieHUsI TPpodUis X0I0JHOKATAHBIX 3JIEMEHTOB U
y3JIOB COTPSIKCHHS] paMbl U KeTe300€TOHHOTO MPOTrOHA MOKpHITHs. Pacder pambl mpoBOAUICS B
nporpammHoM komruiekce «JIupa CAIIP 2013»

PesynbTaThl TpoBeneHHONW paOOThl MOCIYXWJIM JUIS COCTaBJICHHUS PEKOMEHAALUN IO
BOCCTAQHOBJICHUIO CBOWCTB HECYIIMX KOHCTPYKIIMH HaBeca, pa3pabOTKH MPOEKTHO-CMETHOM
JOKYMEHTAIlMU U BHEJIPEHUE B CTPOUTEIbHYIO IPAKTUKY MTPU PEKOHCTPYKIIMH HaBecCa.

KuroueBble ciioBa: o0ciieoBaHre, paMa, X0J0THOKaTaHbIi TPO(HIIb, HECYIIAsk CHOCOOHOCT,
y3JI0BBIE COEMHEHUS, JIETKUE CTAIbHbIE TOHKOCTEHHBIE KOHCTPYKIIMHU
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TECHNICAL INSPECTION OF THE STRUCTURE AND DEVELOPMENT
OF THE STRUCTURE OF FRAMES WITH COLD-ROLLED
THIN-WALLED PROFILES

Romanenko S.M., senior lecturer department of Construction
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Andriievska Y.P., assistant department of Construction
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Abstract. Cold rolled steel structures have been known since the mid-19th century in the United
States and Great Britain.

Despite the advances in the development of cold-rolled structures, the level of their use was
lower than that of hot-rolled structures. A significant factor that influenced this imbalance in
application was the fact that there were no regulations. Into different countries of the world have their
own national regulations for the calculation of cold-rolled steel structures, which have many
controversies. In the European group includes the norms of the countries of the European Union,
Great Britain, Hong Kong, Ukraine, Belarus, Kazakhstan; American group - the United States of
America, Canada, Mexico, Australia, New Zealand, Brazil, Chile, Egypt. The regulations of such
large countries as China, India and Russia have their own characteristics.

The article presents the results of a technical survey of the load-bearing structures of the canopy.
The survey was carried out to determine the bearing capacity of the roof load-bearing structures in
relation to the location of the solar panels on the roof of the building.

The construction of buildings and their structural parts from light steel thin-walled structures
(profiles) is carried out in the form of light frames, the frames of which are successively connected
into spatial systems. A new lightweight roof covering made of profiled sheet and a frame structure
made of cold-rolled P-profile and C-profile elements for roofing and installation of solar panels are
proposed. Such a coating is the most industrialized, easily and quickly erected. The analysis of
constructive options for the effective placement of the profile of cold-rolled elements and joints of
the frame and reinforced concrete run of the coating is carried out. The design of the frame was carried
out in the software package " Jlupa CAIIP 2013" .

The results of the work carried out served to draw up recommendations for restoring the
properties of the load-bearing structures of the canopy, the development of design estimates and
implementations into construction practice during the reconstruction of the canopy.

Key words: inspection, frame, cold-formed profile, load-bearing capacity, nodal joints, light
steel thin-walled structures
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CALCULATION OF INTERMEDIATE SUPPORTING PARTS OF INSEPARABLE
PERFORATED BEAMS IN THE SOFTWARE COMPLEX «LIRA»
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Abstract. Due to the simplicity of design and manufacture, as well as reliability during
operation, beams are one of the most common elements used in industrial, civil and public
construction. The most rational cross-section of metal beams are rolled I-beams with inclined or
parallel inner faces of the shelves, the predominant use of which is due to the value of the core
distance, which is twice as much the same value for a rectangular section and almost three times for
a round section. This figure is even higher for perforated profiles obtained from conventional rolling
beams, which allow you to compose sections with increased values of moments of inertia and
moments of resistance without increasing material consumptions. For inseparable beams, an
additional significant factor influencing on their bearing capacity, is the structural design of the
intermediate support part.

The aim of these researches is to study the stress-strain state of inseparable perforated beams
of I-beam profile of different heights in areas near the intermediate support, the design of which is
made without a transverse stiffening rib placed on the axis of the support, and with unwelded holes
to the left and right of the support under the action of evenly distributed load in the software complex
"Lira". The objectives of the study are to establish the actual values of stresses and strains in the
characteristic cross sections of the inseparable perforated I-beam, which occur on the intermediate
support, and perform a comparative analysis of numerical studies obtained in the software complex
"Lira" for intermediate support node beams of different heights for actions of different magnitudes
of loads. The analysis of the obtained diagrams of normal stresses was carried out, which showed that
for the proposed design of the support part of the beam, the cross-sections with holes directly to the
left and right of the support are calculated. The conclusion about necessity of carrying out further
experimental-theoretical researches of various types of support parts of beams for the purpose of
development of a complex technique of their calculation and recommendations on definition of
rational scope of application of each of them is formulated.

Key words: inseparable beam, intermediate support, section, perforation, stress, deformation,
bearing capacity, software complex.

Introduction. Due to the simplicity of design and manufacture, as well as reliability during
operation, beams are one of the most common elements used in industrial, civil and public
construction to cover spans up to 18...20 m and even more. Their work on transverse bending, as a
result of which the bending moment and transverse force occur along the length of the element, and
normal and tangential stresses develop in the cross section, is possible due to the presence in their
design of horizontal elements (shelves or belts), which give the beam the necessary rigidity, and a
vertical wall connecting the belts, and provides shear resistance to the action of transverse forces.
Beams are statically significant (single-span split and cantilever) and statically indeterminate (multi-
span inseparable, multi-span with consoles and clamped). Inseparable beams have lower metal
consumptions and they have smaller deflections in the span under the action of any type of load.
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The most rational cross-section of metal beams, given the ease of manufacture, cost and
compliance with the resulting stress are rolled I-beams with inclined or parallel inner faces of the
shelves. The predominant use of such a profile is due to the value of the core distance p = W /A,
which is twice as much the same value for a rectangular section and almost three times for a round
section. This figure is even higher for perforated profiles obtained from conventional rolling beams,
which allow you to compose sections with increased values of moments of inertia and moments of
resistance without increasing material consumptions. The cross-section in which the material is
concentrated at a certain distance from the horizontal axis, ie in the shelves, best corresponds to the
nature of the distribution of normal and tangential stresses arising from the bending of the beams. For
inseparable beams, a significant factor influencing on their bearing capacity, in addition to the
magnitude, nature of action (static or dynamic), type (concentrated, evenly distributed, combined),
load action patterns; strength of the material (steel of normal strength or high strength); span values
of a beam; geometrical parameters of cross section, there is a construction of an intermediate support
part of a beam.

Analysis of existing researches. The current design standards for steel structures [1] briefly
present the general principles of design of perforated beams, the formulas for calculating normal
stresses at characteristic points of cross section with a hole are given in them and they emphasize the
need to strengthen the cross section on the support by transverse stiffeners. In other matters,
perforated beams are subject to the same requirements as conventional rolling beams according to [2,
3]. This refers only to single-span beams, and the design features of multi-span inseparable perforated
beams are not considered at all. European design standard for steel structures [4] do not currently
regulate the calculation of perforated elements.

There are numerous experimental and theoretical studies of bending perforated elements,
performed by both domestic and foreign scientists, but they do not answer all the questions related to
the features of the calculation and design of multi-span inseparable beams.

During the studies of the bearing capacity of the prestressed arch, the results of which are
presented in [5, 7, 8], were clarified certain features of the work and the stress-strain state of the upper
belt of the arch made of perforated I-beam, which worked on an inseparable scheme, because it had
an intermediate support in the form of a pre-stressed stud. The obtained information prompted the
authors to consider the need for additional comprehensive experimental and theoretical studies of the
area of the bending element near the intermediate support. At the first stage, it is advisable to use the
software complex "Lira", which is widely used in the practice of designing various building structures
and which has confirmed its high efficiency and accuracy in the study of perforated beams Z-shaped
profile [6].

The purpose of researches. The aim of this work is to study the stress-strain state of
inseparable perforated beams of I-beam profile of different heights obtained from the original I-beams
NeNe 20, 30, 40, 50 and 60 (GOST 8239-89) of steel class C235 with the coefficient of development
of cross section k = 1,5 in areas near the intermediate support, the design of which is made without
a transverse stiffener placed on the axis of the support, and with unwelded holes to the left and right
of the support under the action of evenly distributed load in the software complex "Lira". The
objectives of the study are to establish the actual values of stresses and strains in the characteristic
cross sections of the inseparable perforated I-beam, which occur on the intermediate support, and
perform a comparative analysis of numerical studies obtained in the software complex "Lira" for
intermediate support node beams of different heights and different in value loads for the specified
variant of its constructive design.

Research methods. Analysis of literature sources devoted to theoretical and experimental
studies of perforated structures, as well as the use of the finite element method, implemented in the
software complex "Lira".

Presenting main material. Modeling of perforated inseparable beam (Fig. 1) of I-beam section
(Fig. 2) was performed in the software complex "Lira" based on the finite element method, the
essence of which is that any continuous quantity can be approximated by a piecewise continuous
function under construction in real sizes with all design features, in a finite number of points.
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12000

Fig. 1. Model of inseparable perforated beam in the SC "Lira"

To build a discrete model of a continuous value of perforated beams with hexagonal holes, the
following conditions are accepted:

1) the region of the quantity under study is divided into a finite number of elements that have
common nodal points that generally approximate the shape of the region;

2) nodes in the area under consideration are fixed;

3) the values in the middle of the region are determined at the nodal points, which approximate
the function, using the values of the continuous quantity under study.

From the point of view of construction of an inseparable perforated beam it is considered as set
of constructive elements (walls and shelves) which are connected among themselves in nodal points.
If you know the relationship between forces and displacements for each element, you can describe
the properties and investigate the behavior of the structure as a whole.

The beam was divided by a grid of finite elements, based on the following conditions a > 2t
and b > 2t, where a and b — are the length and width of the finite elements; 7 — is the thickness of the
elements (shelves, walls) under consideration. Finite elements of the shelf and the wall are square in
shape with the dimensions presented in table 1. Finite elements near hexagonal holes are formed by
three- and four-node plates. The angle of inclination of the inclined face of the hole @ = 45°. The
accepted sizes and the form of finite elements allow to receive high accuracy of calculation.

Fastening of the ends of the perforated two-span beam with the same spans [ = 6 m is accepted:
the extreme support on the left is articulated; the extreme support on the right is hinged; intermediate
support — hinged. To fasten the beam from the plane of action of the load used transverse elements,
which are placed on the upper belts of the profile with a step of 1 m (see Fig. 1). This made it possible
to eliminate transverse deformations of the modeled structure and bring its operation as close as
possible to the work of the real structure.

The following variants of a design of an intermediate support part of an inseparable perforated
beam are possible:

1) without a stiffening rib placed on the axis of the intermediate support, and with unwelded
holes to the left and right of the support (Fig. 3) (type 1);

2) with a stiffening rib placed on the axis of the intermediate support, and with unwelded holes
to the left and right of the support (type 2);

3) without a stiffening rib placed on the axis of the intermediate support, and with welded holes
to the left and right of the support (type 3);

4) with a stiffening rib placed on the axis of the intermediate support, and with welded holes to
the left and right of the support (type 4).

In this article, we consider the stress-strain state of only the support type 1 (see Fig. 3).

The composition of the intermediate support part of the beam includes two sections with a
length of [; = 700 ... 1800 mm to the left and right of the axis of the support. Thus, the length of the
support part depending on the height of the perforated beam h = 300...900 mm and is 2l; =
1400 ...3600 mm (see Fig. 3). The size [; — is the distance from the point of intersection of the
diagram of the bending moment M of the neutral line, ie the zero point, to the axis of the intermediate
support.
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Fig. 2. Cross section of the perforated Fig. 3. Support section without stiffeners and with
beam unwelded holes (type 1)

Using the known formulas for determining the values of transverse forces and bending moments
at characteristic points and cross sections along the length of a two-span continuous beam under the
action of a certain uniformly distributed load, we can determine the amount of load for which the
beam will have a limit state, belonging to the limit states of the 1st group, namely the loss of bearing
capacity because of achieving in the cross section of the beam of the limit normal stresses. Based on
these considerations, the limit values of the calculated uniformly distributed load ¢ for beams of
different heights are calculated. And these loads are calculated for the original I-beams NeNe 20, 30,
40, 50, 60 and are respectively q = 16,45; 45,22; 85,24; 142,1; 229,0 kN/m. The notation of the
geometric parameters of the beams is presented in Fig. 4, and their numerical values are given in
table 1.

C b.a_ b S a cep
Vo

H
ha

H/2

\
1=6000 "%‘ (=6000

Fig. 4. Symbols of geometrical parameters of inseparable perforated beams

Research results. Analysis of the diagrams of the stresses given in table 2, indicates a

significant change in the stress-strain state of the calculated cross sections as you approach from the
middle of the span of the beam to the axis of the intermediate support. In the middle part of the beam,
the stress distribution in the section with the hole is traditional — stresses at the points of the upper
brand of cross section have a sign "minus", and at the points of the lower brand — sign "plus" in full
accordance with the diagrams of bending moment.
In the calculated cross-sections of the support part of the beam 1-1 and 2-2 (see Fig. 3) the stress
distribution is completely different and it differs not only from the stresses in the span, but also has
significant differences in these sections, although the distance between them is quite insignificant and
is depending on the height of the beam a = 100 ...300 mm.
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At first glance, this distribution of stresses in sections with holes is illogical, because at the
calculation points located in the stretched zone of the beam (points 2 and 6) the sign of stresses
changes from "plus" to "minus ", and points of the compressed zone of the beam (point 3 and 7) from
"minus" to "plus" (see Table 2). Moreover, this pattern is preserved for beams of any height under
the action of any magnitude of the load.

Why this happens becomes clear after careful study and analysis of the isofields of normal
stresses in the supporting part of the beam (Fig. 5). Due to the presence of perforation holes along the
length of the support part and the local influence of the reaction of the intermediate support in the
wall of the beam there are local stress zones, the sign of which does not coincide with the general
sign of stresses. Thus, in the upper part of the beam, which is generally stretched, around point 6 of
section 2-2 in the beams of all heights there is a local area of compression stresses of different
magnitudes. Its presence, in our opinion, can be explained by the local influence of the reaction of
the intermediate support. Conversely, around point 7, which is located in the compressed zone of the
beam, there is a local area of tensile stresses, the presence of which can be explained by a significant
uneven deformation around the hole, ie the presence of these holes themselves.

Fig. 5. Isofields of normal stresses in an inseparable two-span perforated beam

For all beams, regardless of their height and the magnitude of the applied load, the greatest
tensile or compressive stresses occur at the calculation points 2 and 3 in section 1-1 and at points 6
and 7 in section 2-2. For beams of all heights presented in table 2, the stresses at these calculation
points do not exceed the calculated resistance of steel class C235 R,, = 230 MPa, which is accepted
to be the same in the calculation of all beams. Therefore, there is no need to weld holes to the left and
right of the intermediate support. The stresses in the continuous section 3-3 along the axis of the
intermediate support are much smaller. To ensure the local stability of the wall, you can use a pair of
transverse stiffeners placed on the axis of the support. Then in the calculation of the supporting part
of the beam, these ribs are included in its composition and due to the increase of the geometric
parameters of the cross section stresses decrease.

Summary. The stress distribution at the calculated points of the characteristic sections with
holes of the iseparable perforated beam near the intermediate support differs significantly from the
stress distribution in the calculated sections of the span part, because the sign of the diagram of the
bending moment in the support part changes from positive to negative and this completely changes
the nature of the stress-strain state. This change indicates the impossibility of using the formulas of
current design standards [1] to calculate stresses at calculation points, which confirms the need for
further experimental-theoretical studies of different types of support parts of beams to develop a
comprehensive method for their calculation and recommendations for determining the rational scope
of each of them.
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AHoTanis. 3aBIgKN TPOCTOTI KOHCTPYKTHUBHOT ()OPMHU Ta BUTOTOBJICHHS, @ TAKOXK HAJIHHOCTI
mig 4Yac ekcruryaTauii Oajdku € OJHUMH 3 HaWOUIbII PO3MOBCIODKEHUX EJIEMEHTIB, SKi
3aCTOCOBYIOTHCSI Yy IPOMHCIOBOMY, NHBIIBHOMY 1 TpomajacbkoMy OymiBHMITBI. HaiiGinpm
palioHaJILHUM Iepepi3oM MeTalleBUX OaloK € MPOKaTHI JBOTABPU 3 MOXWIMMH a00 mapaneabHUMU
BHYTPIIIHIMU TPaHSIMH IOJIHIb, [IEPEeBaKHE BUKOPHCTAHHS SIKMX 3YMOBJIEHE 3HAUYEHHSIM SIPOBOi
BIJICTaHI, SIKE€ y/IBi4i IEPEBHILY€ aHAJOT1UHE 3HAYSHHSI JUIs IPSMOKYTHOTO TIepepi3y 1 Maibke yTpudi
JUTst Kpyraoro. L{eli moka3HHUK € 11e O1bIuM 1 tepdopoBaHuX MpodiIiB, OTPUMAHUX 31 3BUYANHUX
MPOKATHHUX OaJOK, K1 JO3BOJISIOTH KOMIOHYBATH MEPEpPi3u 31 301IbIIICHUMH 3HAUEHHSIMH MOMEHTIB
iHepIii 1 MOMeHTIB omopy Oe3 30uIblieHHS BUTpaT Marepiamy. [ns Hepo3pizHHX Oanok
JOIaTKOBUM CYTTEBUM (AaKTOpPOM, L0 BIUIMBAE HA iX HECydy 3JaTHICTh, € KOHCTPYKTHUBHE
0(hOpMIIEHHS MMPOMIKHOT OITOPHOT YaCTHUHH.

MeTo10 pOBEACHUX JOCIIKEHb € BUBYCHHS HAIIPYKEHO-Ae(OPMOBAHOTO CTaHY HEPO3PI3HUX
nepdopoBaHUX 6AJIOK IBOTABPOBOT0 NpodiIto pi3HOT BUCOTH Ha AUISHKAX OLIsl MPOMIXKHOI OTIOPH,
KOHCTPYKIIiA SKOT BUKOHAHa 0e3 MmomepeuHoro pedpa sKOpCTKOCTI, pO3MIIIEHOT0 O OCi OMOpH, 1 3
He3aBapeHUMH OTBOpPAMHU 3J1iBa 1 CIIpaBa BiJl OTIOPH 3a JIii pIBHOMIPHO PO3IOAICHOT0 HABAaHTAKEHHS
y IporpaMHoMy KomIuiekci «Jlipa». 3aBIaHHAMM TOCTIIKEHHS € BCTAHOBJICHHS (DAKTUYHUX 3HAUYEHb
HampyXkeHb 1 jgedopmarlii y XapakKTepHHX Iepepizax Hepo3pi3Hoi mephopoBaHoi Oamku
JBOTaBPOBOTO NMPODIIIIO, sIKI BAHUKAIOTh Ha IPOMIXKHIH O1opi, Ta BAKOHAHHS ITOPIBHSIIBHOTO aHAITI3Y
pe3yabTaTiB  YHUCIOBUX JOCHIKEHb, OTPHUMAHUX Yy TPOrpaMHOMY KoMIulekci ,Jlipa”, st
MIPOMDKHOTO OTOPHOTO BY3Jia 0aloK Pi3HOI BUCOTH 1 3a il PI3HUX 33 BEIMYUHOK HABAHTAKCHb.
[lpoBeneHo aHami3 OTPUMAHMX €MIOP HOPMAIBHUX HANpPYXEHb, SKWAH 3acBiA4YMB, MO UIS
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3aMpOMOHOBAHOT KOHCTPYKIII OMOPHOT YacTUHU Oallku PO3paxyHKOBHUMH € IMEPEepi3u 3 OTBOpPAMHU
Oe3rocepeIHbO 3711Ba 1 ClpaBa BiJl OMOPH. 3pOOJICHO BHCHOBOK MPO HEOOXITHICTH MPOBEICHHS
MOJAIBLINX €KCIIEPUMEHTAIbHO—TEOPETHUHUX TOCIIIKEHb PI3HUX TUIIIB OMIOPHUX YaCTHH OaloK 3
METOI0 PO3POOKHM KOMIUICKCHOT METOIMKH iX PO3paxyHKy Ta PEKOMEHIAlid MI0A0 BU3HAYCHHS
panioHanbHOI 001aCTi 32CTOCYBAaHHS KOYKHOTO 3 HUX.

KurouoBi cjioBa: Hepo3pizHa Oaiika, TpOMIKHA OIOpa, mepepi3, nepdoparlis, HanpyXeHHS,
nedopmartisi, Hecyya 34aTHICTh, TPOTPAMHUN KOMILJIEKC.

PACYET MPOMEXYTOUYHBIX OITOPHBIX YACTEN HEPA3PE3HBIX
MHNEP®OPUPOBAHHBIX BAJIOK B ITPOI'PAMMHOM KOMIIJVIEKCE «JIUPA»
Pomanwk B.B., K.T.H., IOIICHT,
ORCID:0000-0002-2539-4654
Cynpysnwk B.B., K.T.H., IOLIEHT,
ORCID:0000-0001-9534-4460
be3nwk JL.I., acnupaHnr,
ORCID: 0000-0001-6703-5062
Hayuonanvhulil ynusepcumem 600H020 X0331UCMBA U NPUPOOONOIb308aHus (2. Posno)

AnHoTanus. bmaromaps mpocToTe KOHCTPYKTHBHON (DOPMBI M HM3TOTOBJICHUSA, a TaKXKeE
HAJEKHOCTH BO BpeMs €KCIUTyaTalluu Oaliku SIBJISIOTCS OJHUMH U3 Haubojee pachpoCTpaHEHHBIX
AJIEMEHTOB, UCIOJIb3YEMBIX B MPOMBIIIICHHOM, TPAXKIAHCKOM M OOIIECTBEHHOM CTPOUTEIILCTBE.
Haubonee panuoHanbHBIM CEYEHHUEM METAUTMYECKUX OallOK SIBISIOTCS MPOKATHBIC JBYTaBPHI 3
HAaKJIOHHBIMH WJIM TapajUIeIbHBIMA BHYTPEHHHMH TpaHSMHU TIOJIOK, MPEUMYIIECTBEHHOE
INPUMEHEHHE KOTOPHIX OOYCJOBJICHO 3HAUYEHUEM SIPOBOIO PACCTOSHUS, KOTOpOE B JBa pasza
MPEBBIIIAECT AHATIOTMYHOE 3HAYEHHE JIsl MPSAMOYTOJIBHOTO CEYEHHS U MOYTH B TPHU AJIA KPYIJIOTO.
OToT moKazarenb emie OoJblue A Nep(OpUpOBAHHBIX MPOQMIIEH, MOIYUYEHHBIX M3 OOBIYHBIX
MIPOKATHBIX 0aJI0K, KOTOPBIE MO3BOJISIFOT KOMIIOHOBAThH CEYSHHUS C OONBIITMMHE 3HAYCHUSIMH MOMEHTOB
WHEPIIMA 1 MOMEHTOB CONTPOTUBJICHHSI 0€3 yBETMYCHHS 3aTpaT Marepuaa. J{s Hepa3pe3HbIX Oallok
JIOTIOJTHUTEIHHBIM CYIIECTBEHHBIM ()aKTOPOM, BIHSIFOIIMM Ha UX HECYIIYIO CIIOCOOHOCTD, SIBIISIETCS
KOHCTPYKTHBHOE 0()OpPMIICHHE MPOMEKYTOYHON ONOPHOI YacTu. L{esb mpoBeIeHHBIX HCCIET0BaHUI
COCTOWT B U3YYCHHH HAMPSHKEHHO-ACPOPMUPOBAHHOTO COCTOSHUS HEPa3pe3HbIX EpPOpHUpPOBAHHBIX
OaJIOK JIBYTaBpOBOTO MPOQMIS pa3HOW BBICOTHI Ha y4dacTKaxX BOJW3M TPOMEKYTOYHOUW OIOPHI,
KOHCTPYKLIMS KOTOPOI BBINMOJHEHA 0€3 MonepeyHoro pedpa »KEeCTKOCTH, PACIOIIOKEHHOTO MO0 OCH
OTIOpPBI, U C HE3aBAPEHHBIMU OTBEPCTHUSIMU CJIEBA U CIPaBa OT OMOPHI, MPHU JIEHCTBUU PaBHOMEPHO
pacrpeeiecHHOM Harpy3kd B HpOrpaMMHOM KoMiuiekce «JIupay. 3amauaMu HCCleI0BaHUN
SBIIAIOTCS OlpenesieHre (aKTUYeCKUX 3HAUCHUN HampspkeHWd v aedopmanuii B XapaKTEpHbBIX
CEUYCHHIX HEpa3pe3Hol nepGopupoBaHHON OANKU JBYTAaBPOBOTO MPO(HIISL, KOTOPhIE BO3HUKAIOT Ha
MPOMEXYTOUYHON OmOpe, U TMPOBEIECHUE CPAaBHUTEIBHOTO aHajih3a pe3yJbTaTOB YHCIOBBIX
UCCIIETOBaHU, MOJyYEHHBIX B IPOrpaMMHOM KOMILIeKce «JIupay, 1ig MpOMexXyTOUHOTO OIIOPHOTO
y31a 0aJoK pa3HOW BBICOTHI MpU JEHCTBUHM Pa3HBIX M0 BEIMYMHE HArpy3ok. BhIMoiaHeH aHamu3
MOJIYYEHHBIX OSIIOP HOPMAJbHBIX HANpPSXKEHUH, KOTOPBIM MOKa3al, 4YTO A MIpeIIoKEHHON
KOHCTPYKIIMM OTOPHOW 4YacTh Oallkh pAcCUYCTHBIMHU SBJISIFOTCS CEUEHUsS C OTBEPCTUSMU
HETOCPEJICTBEHHO cjieBa M crpaBa OT omnopbl. CrenaH BbIBOJ O HEOOXOIMMOCTH IPOBEICHHUS
JNANbHEHIINX SKCIEPUMEHTAIbHO-TEOPETUYECKUX HCCIIEIOBAHUM Pa3HBIX THIIOB OMOPHBIX YacTeu
0aJIOK C LIeNbI0 Pa3pabOTKU KOMIUIEKCHOM METOAMKH UX pacdyeTa U peKOMEH AL 10 ONpeIeICHHIO
paroHaIbHON 00JIACTH UCIIOJIB30BAHUS KXKOTO U3 HUX.

KuaroueBble cioBa: Hepa3pesHas Oaika; MpOMEXYyTOUYHas OIopa, cedeHue, nepdopanus,
HampsbKkeHue, nedopmaius, Hecymas CliocoOOHOCTh, MPOTPAMMHBIN KOMILIEKC.
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YK 624.01 d0i:10.31650/2707-3068-2021-25-139-147

MATEMATHYHE MOJETIOBAHHA OIITUMIZALIII TIOKPHTTA KPYTJIOL Y ITVIAHI
BY/IBJII 3 PAJIAJIBHUM PO3TALLIYBAHHAM bAJ/IOK

Snin O.€., - K.T.H., IOIICHT,

Xepconcwkuiti /leporcasnuil Aepapruti Yuisepcumem, m. Xepcon
yanin_a@ukr.net, ORCID ID 0000-0003-0230-8669
HogikoBa C.M., - crapuuii BUKiaiady,

Xepconcvkuti /lepocasnun Aepapruuti Yuieepcumem, m. Xepcou
novikova_svetla@ukr.net, ORCID ID 0000-0003-0012-521X

AHoOTauig. Y craTTi HaBeleHI pe3yJbTaTH ONTHMI3alii KyTa MK pafiaJbHUMH OaJKaMH y
MEPEKPUTTI KPYIJIOi y Tutadi OyiBii. 3 0THOro OOKY BOHHM CIIUPAIOTHCS Ha IEHTPAJbHY CTIHKY, a 3
JPYyroro Ha BEpTUKAJIbHI HeCydi KOHCTPYKIIIT y3/10BX Koja. Ha 6anku ykiiagaeTbes CTaeBUil HACTHUIL
OnTuManbHUM KyT MDK OajqkamMu BH3HA4YaBCS TaKUM YMHOM, 1100 Maca Oajlku 1 HAcTHIy Oyrna
MiHIMaJIbHOIO. 3a7a4a BU3HAYEHHS 1IbOT'0 BUPIIIyBaJIach BUXOSUM 13 3a0€3MeueHHs MilHOCTI 0aok
3a HOpPMAJIbHHMH HanpyKeHHsMu. Ha mifcTaBi po3B’si3aHHS CHUCTEMH PIBHSHb MIIHOCTI 1
KOPCTKOCTI, OTpUMaHa ¢popmya sl MiHIMAIBHOTO KyTa MiXk OajkaMH i3 YMOBH >KOpcTKoCTi. st
MIITBEP/HKEHHS TIPAKTUYHOI JTOIIIFHOCTI BUKOPHCTAHHS 3allPOTIOHOBAHOTO METOMAY, 3a1ava Oyia
BUpIllIEHa NpPU TEBHUX YHCIOBUX NaHMX. OTpuMaHi pe3ynbTaTH MiATBEPAMIIH, IO 33Jadya Mae
MPAaKTUYHUNA CEHC TPU BIJHOCHO HU3BKIA MIIHOCTI ctaimi. OKpiM IIbOTO, BHSBUIIOCH, IO
ONTUMAIILHUM KyT MiX OanKamu He 3aJIe)KUTh Bif i IPOJIbOTY.

KuarouoBi cjoBa: pamianpHi Oanku, CTajdeBUWA HACTWI, KYT MDK OajgkaMmu, ONTHMI3aIlis,
MIIHICTb, KOPCTKICTh, pajiiyc OyIiBIi.

Beryn. 3 MeTo0 CTBOPEHHS apXiTEKTYpHOI BUPA3HOCTI BUHUKA€E HEOOX1AHICTh BUKOPUCTAHHS
Kpyrioi y tuiani Oyaismi. s 11 mepekpuTTss MOKHA 3aCTOCOBYBATH PajliallbHO PO3TAIIOBaH] OAKH.
[TpoekT mnepeKkpuTTss HEOOXITHO BHKOHATH TaKUM YHHOM, INOO MpH 33JaHOMY JAII0UOMY
HaBaHTKEHHI BUTPATH CTaJIl OyJIK 3BE/ICHI 10 MIHIMYMY.

AHaJi3 OCTaHHIX JKepeJ A0CTiKeHb i my0Jikaniii. 3a5aua KOHCTPYIOBaHHS €KOHOMIYHO
BHT1THOTO TIOKPHUTTSI OYy/TiBJI1 3 BUKOPUCTAHHSM CTAJICBUX 0AJIOK PO3IIISIIAETHCS Y IPAIIX MPOBITHUX
BITYM3HSIHMX Ta 3aKOPIOHHUX BueHHX [1-4]. [Ipu po3poOiii MOKPHUTTS i3 pagiaIbHUMHU CTaJIEBUMU
OayikamMu, BUPIIITYETHCA 3a/1a4a Mia00py KyTa Mi>K HUIMHU BUXOJISTYM 3 MAKCUMAJIbHOTO BUKOPHUCTAHHS
iX Hecydoi 3aTHOCTI NP palioHAJILHOMY JIBOTaBPOBOMY MOIEpEUHOMY repepisi [5-7]. Skmo, KyT
MDK paflalbHUMH CTajJeBUMU OajJKaMH JOCHUTh Malliid, TO BHUHUKAE MPoOJIEeMa OJHOYACHOTO
3a0e3neueHHs iX )KOPCTKOCTI 1 MIIIHOCTI 32 HOpMaJIbHUMH HAIIPY)KEHHSMH ITPU MiHIMaJIbHOMY 3araci
[5-7]. lle MoXxe mpuBECTH IO TOTO, IO TEPEKPUTTS MOXKE CTaTH EKOHOMIYHO HEBUTITHUM.
Bupimenns 3amaui ontumizanii Kpoky 0anok y OanouHii KIITHI CHPOIIEHOTO THIYy HaBEACHO Y
poboti [8]. BukopucranHs nUIBOBOI (YHKINI BapTOCTI KOHCTPYKINT BIIKPHUIO MOXKIUBICTH
MIPOEKTYBAaHHS €KOHOMIYHO BUTITHHX OallOK, pO3TAIIOBAHUX MapalieIbHO 3 MEBHUM KPOKOM. Ale
4acTO, BHXOJSMYM 3 apXiTEKTYpPHUX MIPKyBaHb 1 NMpPHU3HAYEHHS 00’ €KTy, BUHUKAE€ HEOOXIIHICTH
3BEJICHHSI EKOHOMIYHO BHUT1HOI KPYTJIOi y TU1aHi OyaiBIl 3 paJiaibHO PO3TAIIOBAaHUMHU OaJIKaMH.

Bunisiennsi He po3B’si3aHUX paHillle YaCTHH 3arajbHoi mnpoodJjemu. [lominpHUM €
JOCIIJKEHHSI MOXKIIMBOCT1 IiI00pY KyTa Mk OajKkaMH HOKPUTTS KPYTJIOi B IU1aH1 OyAiBIIi, BUXOAI4N
3 KPUTEPiI0 €KOHOMIYHOCTI MPH YMOBI 3a0e3MeueHHsT HeCy4oi 37aTHOCTI Ta >KOPCTKOCTI. Takum
KPUTEPIEM MOXKYTh OYTH BUTPATH CTAJIM HA KOHCTPYKIIIIO BCHOTO MEPEKPUTTSL.

IlocTanoBka 3aBAaHHA. Po3riasHeMO MepeKpUTTS Kpyrioi y IUiaHi OyJiBII pamiailbHUMHU
Oankamu. 3 0gHOrO OOKYy BOHM CHUPAIOTHCS Ha IEHTPAJbHY CTiHKY, @ 3 JPYroro Ha BEpTHKAJbHI
Hecy4l KOHCTPYKIIIT y30BX KoJia, paaiycom L. Ha Ganku yknagaetbes ctaneBuit HacTui (puc.l).
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1- pagianbHi Ganku
2- TEeHTpaJibHA CTiiKa
3- Hecydi KOHCTPYKIIi y340BX KoJa
4- craneBui HaCTUI
¢ - KyT MK OalkaMu
L — paniyc OymiBii.

Puc. 1. Kpyrna y mnani OyaiBis 3 paaiadbHUMHA OaTKaMH.
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Kyt mixx Oankamu ¢ cipoOyeMo miidpartu Tak, mod cyMapHi BUTpATH cTali Ha OAIKH 1 HACTHII
Oynu MiHIMaIbHUMU. Takui KyT @=@o OyJAeMO Ha3UBaTH ONTUMAIbHUM. JlJig HOTrO 3HAXOIKEHHS
CKITaJIeMO LiNbOBY (YHKIIFO BAPTOCTi CTali AT HACTHIY i 6anok Ha 1M? mepekpuTTs, HepeMiHHIM
apryMEHTOM $SIKOi KyT Mixk Oanmkamu @. [Totim mocmigumo 110 QyHKII0 Ha ekcTpeMyMm [6]. SIkino
eKCTpeMyM OyJe BiANoBiAaTH MiHIMYMy (QYHKLIi 1 MO3UTHBHOMY 3HAYEHHIO apryMeHTy, TO
ONTUMATBHUI KYT MK OaTKaMu (¢ MOXe OyTH 3HAMICHUI.

OcHoBHUIT MaTepiaJ i pe3yabTaTu. BUginuMo QUISHKY MOKPHUTTS y Mekax OICEKTPUC MIX
CyMDKHUMU OayikaMu. BapTicTh cTani a1 HacTUiTy 1 0ajoK Ha Iii JUISHIN TEPEKPUTTS, TUIOIIA SKOi
nopisHioe 0.5L%¢

St=I[,-t-0.5-L>-¢p-p_ +I A -L-p_, (1)

ne I, 1 L, rpa/Kr — 11iHa 1KT cTasi BiAMOBIAHO JJIsl HACTHITY 1 OAJIOK;
Per,KI/M> — IITBHICTB CTaI;

t — TOBIIMHA HACTUILY;

Ag — TTOIIA TTOTIEPEYHOTO Mepepi3y ABOTABPOBOI OAIKH;

A, =2A, +A_ =2b;t. +ht_, ()

ne Af — IIomIa MonepeyHoro nepepisy oIHi€l MOIHUIIL;
Aw — TIIOIIA IOTIEPEYHOT0 Mepepi3y CTIHKH.
BaprTicTh cTali A1 HacTHITY i 6anok Ha 1M? ImepeKpuTTs

A
St 6
05-12.9 " CT Hut+He 05T o] ®)

Benuunnu t 1 As 3anexats B @. Bupasumo ix uepes @ 1 miactaBumo y popmyiy (3).
I'pannune BimHOmIEHHS QL/t BUXOIA4M 3 PIBHOCTI MPOTHHY HACTHIIY MOCEPEAMHI MPOIBOTY
TPAaHUYHO MPUITYCTUMOMY IIPOTHHY BUPAKAETHCS GopMyInoro [3]

4
(p_L: n,. 1+ 72E,

t 15 n 4q. )

(4)

1€ Non — BEJIMYMHA, 3BOPOTHA TPAHUYHO MPUILYCTUMOMY IIPOTUHY;
(1, KH/M? — KOpHCHE eKCIlTyarTalliliHe HaBAHTA)KEHHs Ha HEePEKPUTTS;

E1 — Moaynb npy>KHOCTI cTaii pu HEMOXKIJIMBOCTI NONEpeUHUX edopmaliiidi HacTHITY.

[IpaBa yactuna popmyiu (4) He 3a51eKUTh BT @. Tozi GyHKIIIO t(g) MOMKHA 3aIHCATH Y BUIIISI

ty) =¢L- =¢L-p, (5)

ac
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pl = 1 = const ) (6)
4n T2E,

1+

4
15 nOH qu

[Tpuitmemo, 1m0 [BI OJHAKOBI TMOJIMII 1 CTiHKa JBOTaBPOBOI OajlKkd MAarOTh BUTIISL
npsAMOKYTHUKIB. [Ipu mibomy BucoTa 6asiku h € onTuManbHO0 1 009UCITIOETHCS 3a hopMyIoro [7]

3
h=3\/§7\ww, (7)

ne Ao~h/te —3a7aHa rHYYKICTh CTIHKH (Ao=cONSt);

W=M/RyYy: — n0oTpiOHUI1 MOMEHT OIOPY MOMEPEUHOT0 Mepepi3y i3 YMOBU MILHOCTI OaJIKM 3a
HOpPMaJIbHUMU HaNpyXeHHSIMU [9];

Ry — po3paxyHKOBUI OITip cTaji, BCTAHOBJICHHA 32 MEXKEIO TEKY4OCTi;

Ye — KOeQILI€HT YMOB pOOOTH.

MaxkcumanbHHM 3rHHaI0Yi MOMEHT M y Oaliki 3 TPUKYTHUM PO3MOIIEHUM HaBaHTAXECHHSAM
3QJICKUTH BiJI HEBIJOMOTO KyTa () 1 BUPAKAETHCS (HOPMYJIIOIO

— qugol’YfL’2

. 8
o3 ®)

1e yf - Koe(ilieHT HAAIHOCTI 32 HaBAaHTAXKECHHSIM;
L — mpodit 6ankwu.

M

Toni W e dynxkuiero Bix @:
q. v L
1 f
(9) 9\/§Rch 2 )
JI(S
quYfL3
p, =—~—~—— =const 10
2 9\/§Ryyc (10)

Benuunny W BHpa3zumo yepes3 po3MipH MornepeyHoro nepepizy

I 1 |t,h’ h’
= = 2 —+2A.(0.5h)|=—+A;h
0.5h O.Sh{ 1 2 )} 6n, T (11

w

ne I — MOMeHT iHepIIii MonepevyHoro nepepizy.
3 ¢opmynu (11) BupaxkaeMo IJIONIy IMOMEPEYHOro mepepidy oxaHiel monumi Ar uepes W i
MPEACTABISIEMO Y BUTIISI QYHKITT Bi @ 3 ypaxyBarHsaM dhopmyi (7)1 (9)

1 h ) 3 [2¢°p,’
A = — W—— :—3—2
P h( me A\, (12)
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[Inoury nmomnepedHoro nepepisy CTIHKU Aw TaKOX MPEACTABIAEMO Yy BUIIISIAL GYHKIIT BiT @ 3
ypaxyBaHHsIM hopmyi (7)1 (9)

h* 3 /2 p,’
A, @=ht, == % =2A; ). (13)

@OyHKIIiS IO TONEPEYHOTO Nepepizy Oanku mpuiMe BUIIISIT

/2 p,’
A,00=2A;0+A 0 =33 % =¢”’p,, (14)
2 2
P, :33/_322 = const (15)

3 bopmynu (3) 3 ypaxyBanasam Gopmyi (5) 1 (14) oTpumaemo 1i0BY (HYHKIIIFO BAPTOCTI CTai
JUIs HACTMITY i 6asok Ha 1M mepekpuTTs

Aac

1

A 20 p,p
S<¢>=pCT(HHtw>+2H6 6(¢)J=pn L, p,gL +—0 " : (15)
® L
I[Nepra moxigHa 1inbOBOT (QYHKIIIT
4
3
d; =P HHLPI-ET . (16)

JlopiBHIOIOUH 11 HYITIO 3HAAEMO 3HAYCHHS (=0, IPU SIKOMY L[IIbOBA (DYHKI[ISI MAE EKCTPEMYM

3
2 H6p3 4

P =15
3 Lzqul

(17)

Jlerko mepekoHaTUCh, IO e eKCTPEMYM BiIMOBiAa€E MiHIMYMY (DyHKIIIT.
[Ticns migcranoBku y hopmyay (17) BupasiB Jy1si HOCTIMHHUX MTapaMeTpiB P11 p3 OTPUMAEMO

3 2 3

R

o, =4 g _6 32i QinVe 4n01-1 1+ 724E1 . (18)
3 L[H ﬂw 9'\/gliyvc 15 nox—x qu
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Y mo dopmyny He BxoauTh L. ToMy onTuManbHul KyT MK OajllkaMu HE 3aJICKUTH Bif il
MPOJILOTY.

[Tpu BuBOAI hopmynu A @o mepeadavanocs, MO MONepeyHuil nepepiz O6anku miadupascs
BUXOJSIYM 13 3a0e3MeyeHHs MIIHOCTI 3a HOPMAJIbHUMH HamnpyXeHHsIMHU. lIpu 1pomMy >KOpCTKICTh
OaNKky MpU ONTUMAILHOMY KYT1 MK HUMHU Qo MOKE OyTH He 3a0e31eueHa.

3’scyeMo, 7S IKMX 3HA4Y€Hb KyTa MK Oankamu ¢ ii KOpCTKiCcTh 3abe3rnedeHa npu piBHOCTI
JiBO1 Ta MPaBOi YaCTUH YMOBH MIIIHOCTI 32 HOPMaJbHUMHU HaNpy>KeHHAMH. I bOTO pO3B’SHKEMO
TaKy CUCTEMY:

qungL3 — y
SNENY 4 e (19)
0,00652% < (20)
n,;
[=W-0.5h 21
h=:22 W (22)
2 w

ne 1/no rpaHUYHUM BITHOCHUH MPOTHH OAJIKU.

HepiBaicts (20) Bupakae co00H yMOBY KOpCTKOCTI Oanku, a piBHsSHHS (19) BumIMBae 13
YMOBH MIIIHOCTI.

BuxmounBmu 3 cucremu I; W; 1 h, otpumaemo Taky ymMmoBy

3
R.yn Y 6/3R
0> 0,00652-184/3 —2 e At = Popers » (23)
Evf quYf}\w

1€ @xoperk MIHIMAIIBHUN KYT MK OaJIkaMH 13 YMOBH 5KOPCTKOCTI.

I3 Bupasy (23) BumimBae, mo JuIst 3a0e3neueHHs! )KOPCTKOCTI 0aI0K, KyT MK HUMHU MTOBHHEH
OyTH HE MEHIIIE BEJTUIHHH (Poperk.

3’sacyeMo, y IKOMY BUTNIQJIKY MPU 3HAUICHOMY (o 3a0€3IeUYeHa JKOPCTKICTh Oanmok. [ 1boro
Tpeba MmiACTaBUTH Q=@o 13 popmynu (18) B ymoBy (23). [licns nmepeTBOpeHb OTPUMAEMO:

4 2
R y.n )'[6/3R
A, >|0,00652-18+/3 e o Yo | 20 ! =Ny min. (24)
Ey, duve ) 4Ug 4n,, 72E,
1+ Z
15 nOH qu

[IpaBa yacTuHa 11i€i YMOBH (Aw,min) IponiopuiiiHa Ry y moctomy crymneHi, TOOTO ayKe IIBUAKO
3poctae 1ipu 30u1bmeHH] Ry. Tomy, 11106 3a0e3neunTH )KOpCTKICTh 0aJI0K IPU @ = QPo, Ry TOBUHHO
OyTH TOCTaTHHO MAJTHUM.

3 MeToro 3’SACYBaHHS NPAKTUYHOI 3aCTOCOBHOCTI OTPUMAHUX pE3yJbTaTiB, 3amadya Oyma
pO3B’si3aHa IPU TAKUX JAHUX:

Ry=18xH/cM?; qun=30kI1a; L=12M; ho=48; nou=150; no=250; yr=1,2.

[Ticns BUKOHAHHS PO3paxyHKIB 3a HaBEACHWMH BuUIIe (QopMynaMu OyiaM OTpUMaHi Taki
pE3yNbTaTH:
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©0=0,0568pazm; t=0,796cm; h=44,44cM; Qxoperk=0,0548pam; Awo,min =45,78<heo=48.

3Ha4YeHHS Qo BUSBWIOCS TPOXHU OUIbIIE, HIK @moperk, TOOTO >KOPCTKICTH OAlOK MPH Qo
3abesneuena. 3 popmyin (23) BUILIHBAE, IO Qaoperk PONOPIIAHE Ry* TOGTO Myre mBUIKO 3pocTae
npu 30UIBIICHHI LBOTO MapameTpy. 3 iHmoro 60Ky, aHamizyiouu Gopmyny (18) moxHa 3pobuTH
BHCHOBOK, 1110 TIpH 3611blIeHH] Ry, Qo — 3MenmyeThes. Tomy, npu Ry>18kH/cM? @o< @aoperx , TOOTO
KOPCTKICTh 3a0e3neueHa He Oyne. Lle miaTBepaxye paHimie 3po0sieHHI BUCHOBOK IPO Te, 1110 Tpeda
3aCTOCOBYBATH CTajlb HU3bKOT MIITHOCTI.

ToBmuua Hactumy t=0,796cmM~0,8cM BiAMOBila€ 3HAYCHHIO, SKE€ PEKOMEHIYETHCS IS
3aCTOCYBaHHS.

BucHoBkHM. Y pe3ynpTari MpOBEACHUX JOCTIKEHb OYJI0 BCTAHOBIICHO, III0:

- ICHY€ TIPUHIIMIIOBA MOXKJIUBICTh MIAIOpaTH KyT MK OajaKkaMHu, sSIKUW BiJMOBiAa€ MiHIMAbHINA
BapTOCTI NEPEKPHUTTS;

- LIel KyT Ma€ BITHOCHO MaJie 3Ha4eHHsI, TOMY HOro peKOMEeH1yeTbCs MPUIMaTh MiHIMaJIbHUM
BUXOJISIYU 3 MIPKYBaHb KOHCTPYIOBaHHS MOKPUTTS;

- 3a71a4a Ma€ MPaAKTUYHUNA CEHC TIPU BITHOCHO HU3BKOI MIITHOCTI CTaJi;

- ONITUMAJIBHUH KYT MK OaJIKaMH HE 3aJIeKHTh BiJ 11 MPOJIBOTY.
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MATEMATHYECKOE MOJAEJINPOBAHUE OIITUMU3ALUN IIOKPBITHUA
KPYI'JIOI'O B IIVTAHE 3IAHUS C PAIUAJIBHBIM PACIIOJIO’KEHUEM BAJIOK
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AHHoTanus. B cratbe npuBeaeHbl pe3yabTaThl ONTUMHU3ALUH YIJIa MEXKIY paAualbHbBIMU OaaKaMu
B MEPEKPBITHH Kpyraoro B ruiane 3naHus. C OJHON CTOPOHBI OHHM OMHPAIOTCS Ha IEHTPAIBLHYIO
CTOMKY, a C APYroil Ha BepTUKAJIbHBIE HECYIIIHE KOHCTPYKIIMHU BI0JIb Kpyra. Ha Oanku ykianbiBaeTcs
CTaJIbHOW HACTUII.

Yron Mexay OamkaMu ONpeaessieTcsl Tak, YToObl Macca OaJIKu W HacTuia Oblla MUHUMAJILHOM.
Takoif yrom cumrtaercss ONTUMATbHBIM. J[sl pemieHus 3amayd UCHONB3yeTCs LeieBas ()YHKIIHS
CTOMMOCTH HACTHJIA ¥ PaIuaIbHBIX 0AJIOK HA €AMHUILY TUIOIIAIU EPEKPHITUS. ITa QYHKIKS 3aBUCUT
oT yria Mexxay 6ankamu. C IOMOIIbI0 MaTEMAaTHYECKUX METOA0B U depeHIIMpOoBaHus ObLI HailieH
MUHUMYM I1eJ1IeBOI () yHKIIUU U COOTBETCTBYIOIIEE 3HAUEHHE ONTUMAJIBHOTO yriia. ToHa HacThia
orpejensgach UCXOAS U3 OO0ECIeueHUs: ero >KeCTKOCTH. [IpWHATO, YTO COCTaBHBIC CBapHbBIE
paauanbHble OaJIKM UMEIOT IBYTaBpPOBOE MOMEPEUHOE CEYEHHE C IBYMs OCSIMU cuMMeTpuu. Bricora
0aJKi COOTBETCTBYET PAaBEHCTBY ILJIOMIA/ICH MOJIOK U CTCHKH.

3amavya ompesesieHrs ONTHMAJIbHOTO yIriia MeXay OankamH peliaigach UCXolsd M3 o0ecredeHus
MPOYHOCTH 0aJIOK IO HOPMAIIBHBIM HAIPsHKCHUSIM. B pacdeTHo cxeme Oamku MpuHsATa TPEYroabHas
pacnpezeneHHas Harpy3ka. Pa3Mepbl HONepedyHOro ceueHusi Oalku ONpeAesiuCh HCXOnd U3
paBeHCTBa TpeOyeMoro u (haKTHUYECKOTO MOMEHTOB COMPOTHBIICHUS, W BXOIWUJIH B IIEIEBYIO
(O YHKIIHIO CTOMMOCTH.

B wuccrnenoBanuy ydTeHO, YTO MPOrHO OalKM TpPU ONTUMATHHOM YIiIe MEXKIYy HUMH, MOXKET
MIPEBBICUTH MpeNeIbHOe HOPMAaTHBHOE 3HaueHHe. Ha ocHOBaHMM pelieHHs] CUCTEMbl ypaBHEHUM
MIPOYHOCTH U KECTKOCTH, MOTydeHa (hopMyIa AJiT MUHUMAIBHOTO YTIIa MEXTy OalIkaMu U3 YCIOBUS
KECTKOCTH.

[IpoBeneHHBIE MaTEeMaTUYECKHE HCCICIOBAHUS TOKA3ajdM, YTO MPH ONTUMAIBHOM YIJIE MEXIY
0ankaMM, MOXKHO OO€ECIEUHTh €€ JKECTKOCTh. JTO BO3MOJKHO, KOTrJa TMOKOCTh CTEHKH OajKu
MPEBBIIIACT OMPECIICHHOE MHHHMAIbHOE 3HaueHue. AHamu3 (OpMynbl A MUHUMAIBHOTO
3HaYeHUs] TMOKOCTH CTEHKH IOKa3aj, YTO OHa IMPONOpPLUOHAIbHA PAacYeTHOMY COIPOTHUBICHHUIO

- 146 -



Cyuacni 6ydigenvui koncmpykyii 3 memany ma depegunu, 2021. — Bun. Ne 25 (crop. 139-147)

cTajiu B mecTo creneHu. [loaTomy, uroObl mporud Oasku HE MPEBBIIIAN MIPEISIbHOE 3HAYCHUE TIPH
ONTHMAJIEHOM YTJIe, HY’)KHO HCIIOJIb30BaTh CTAJIb HU3KOH TPOYHOCTH.

JUist TONTBEPkKACHUS MPAKTUYECKOH 11e1eco00pa3sHOCTH HCIIOIb30BAHMS MPEATIOKEHHOTO METO/a,
3agaya ObUTa pEHIeHAa TIPH ONpPEACTICHHBIX YHCIOBBIX JAHHBIX. [lomydeHHBIC pe3yJabTaThl
MOJTBEPJMIIM, YTO 33jJa4a MMEET MPAKTUYECKHH CMBICT MPHU OTHOCHUTEIBHO HU3KOH MPOYHOCTH
cranmu. Kpome 3T0r0, 0Ka3aa0ch, 4TO ONTUMAJIBHBINA YOI MEKAY OaIKaMy HE 3aBUCHT OT €€ ITPOJIeTa.
KiroueBble cioBa: paguanbHble OalKH, CTAILHOW HACTHJI, YIOJ MEXAY OalkaMu, ONTHMH3ALHUs,
HPOYHOCTb, )KECTKOCTb, PaINyC 3/1aHHS.

MATHEMATICAL MODELING OF THE COVERING OPTIMIZATION OF THE
ROUND BUILDINGS IN A PLAN WITH A RADIAL BEAM POSITION

Yanin A.E., - PhD, Assistant Professor,

Kherson State Agrarian University, Kherson
yanin_a@ukr.net, ORCID ID 0000-0003-0230-8669
Novikova S.N., - Senior Lecturer,

Kherson State Agrarian University, Kherson
novikova_svetla@ukr.net, ORCID ID 0000-0003-0012-521X

Abstract. The article presents the results of optimization of the angle between radial beams in the
floor of a circular building in the plan. On the one hand, they rest on the central post, and on the other,
on vertical supporting structures along the circle. Steel decking is laid on the beams.

The angle between the beams is determined so that the mass of the beam and the deck is minimal.
This angle is considered optimal. To solve the problem, the target function of the cost of flooring and
radial beams per unit floor area is used. This function depends on the angle between the beams. Using
mathematical methods of differentiation, the minimum of the objective function and the
corresponding value of the optimal angle were found. The thickness of the flooring was determined
on the basis of ensuring its rigidity. It is assumed that composite welded radial beams have I-beams
with two axes of symmetry. The height of the beam corresponds to the equality of the areas of the
shelves and the wall.

The problem of determining the optimal angle between the beams was solved on the basis of ensuring
the strength of the beams under normal stresses. In the design diagram of the beam, a triangular
distributed load is adopted. The dimensions of the cross-section of the beam were determined based
on the equality of the required and actual moments of resistance, and were included in the target cost
function.

The study took into account that the deflection of the beam at the optimal angle between them can
exceed the limiting standard value. Based on the solution of the system of equations of strength and
stiffness, a formula is obtained for the minimum angle between the beams from the stiffness
condition.

The carried out mathematical studies have shown that at the optimal angle between the beams, it is
possible to ensure its rigidity. This is possible when the flexibility of the beam wall exceeds a certain
minimum value. Analysis of the formula for the minimum value of the wall flexibility showed that it
is proportional to the design steel resistance to the sixth power. Therefore, to ensure that the deflection
of the beam does not exceed the limiting value at the optimum angle, it is necessary to use low
strength steel.

To confirm the practical feasibility of using the proposed method, the problem was solved with certain
numerical data. The results obtained have confirmed that the problem has a practical meaning at a
relatively low steel strength. In addition, it turned out that the optimal angle between the beams does
not depend on its span.

Key words: radial beams, steel decking, angle between beams, optimization, strength, stiffness,
building radius.
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