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Cnoco0 ycuiieHHs1 apOYHbIX 3/1aHUM
C HEeIOCTATOYHOM Hecylleil CrocOOHOCTHIO ONOP AJIsl BOCIIPUSITHS pacnopa
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Hcropus cratbu AnHoTtauus. [Ipeanaraercs HOBBIN Croco0 YCHICHUSI apOYHBIX 3JIaHUN C HEJO0-
[Noctynunna B pemakuuio: 16 siaBaps 2022 r. CTaTOYHOM HecyIIeH CroCOOHOCThIO OMOp JUIs BOCHpUsATHs pacriopa. OH MOXKET
Jopab6otana: 21 ¢eppans 2022 . OBITh pea30BaH B YCJIOBHUIX apXUTEKTYPHO-KOHCTPYKTHUBHBIX PEIICHUN 3IaHUI
[punsTa k myOmukaiuu: 27 dpespans 2022 r. C HAJIWYMEM 30H, MPETSATCTBYIOMNX TPAJULMOHHOMY Pa3MEIIEHHUIO 3aTsDkeK. B m-

Teparype OTCYTCTBYIOT pe3yJIbTaThl CCIICIOBAHHIA TI0 3Toi npodiieme. Ha nmpumepe
0ecKapKacHOTO apOYHOr0 3[aHMS ¢ HEAOCTATOUHON HecylIel ClIOCOOHOCTHIO OIIop
JUIsL BOCTIPHSITHS PAcIiopa PacCMOTPEHO NMPUMEHEHHE MPeUIaraeMoro MeToa ycu-
JICHHS C MIPUBENICHUEM JBYX BapHAHTOB AHKEPOBKH OIOpP ApPOYHOrO 3JaHUS 3a-
TSDKKAMHM, YCTaHAaBIMBAEMBIMH Ul BOCIIPHATHS Pacropa K IMOoTy3ariyOiIeHHbIM
1 3arayOJeHHBIM SKOpsM-aHKepaM. [ n3y4aeMoro apodHoro 34aHHs MpOBe-
JCHBI TEOPETUUECKHE UCCIIEIOBAHUS 110 ONPEAENICHHUIO BEIMUYNHBI IPEAHATIPSIKESHUS
B YCTaHABJIMBAEMBIX 3aTsDKKaxX, IPH KOTOPOH 00eCIeunBaeTCsl HeCyIast Cocoo-
HOCTh apOYHOTO 3[aHUs Uil BapHaHTa HECUMMETPUYHON CHETOBOM pacyeTHOMN

Harpy3ku. 3Ha4UMOCTb IMOJYYEHHBIX PE3yJIbTaTOB JJIsl CTPOMTENILHON OTpaciiu
Juiss uuTHpOBaHUA
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COCTOMT B TOM, YTO BIEPBBIE MIPEACTABIEH CIIOCO0 YCHIEHHS apOYHBIX 31aHHUH C
HEJIOCTaTOYHOW HeCyIlIel CrioCOOHOCTBIO OTOp YISl BOCIIPUATHSA pactopa. JlaHHbIH
crnoco0 ycwiieHHsl Hecyled CIOCOOHOCTH KOHCTPYKLMH M OIOp apOYHBIX 37a-
HUBl sBseTcs Y3QPEKTUBHBIM, O0NAIAIONMM HOBU3HOW U MOXKET HMPUMEHSTHCS
B YCIIOBHSX apXUTEKTYPHO-KOHCTPYKTUBHBIX PEIICHUH 31aHUH C HAIUYUEM 30H,
MIPEISTCTBYIONINX TPAAULIMOHHOMY Pa3MEIIEHHIO 3aTsDKEK.
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A method for strengthening arched buildings
with insufficient bearing capacity of supports for the perception of the strut
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Article history Abstract. A new way to strengthen arched buildings with insufficient bearing
Received: January 16, 2022 capacity of the supports for the perception of the strut is proposed. That method
Revised: February 21, 2022 can be implemented in the conditions of architectural and structural solutions of
Accepted: February 27, 2022 buildings with the presence of zones which prevent the traditional placement of

puffs. There are no research results on this problem in the literature. On the example
of a frameless arched building with insufficient bearing capacity of the supports
for the perception of the strut, the application of the anticipated reinforcement
method is considered with the reduction of two options for anchoring the sup-
ports of the arched building with puffs installed for the perception of the strut
to semi-buried and sunken ground anchor. For the arched building under consid-
eration, theoretical studies were carried out to determine the prestress value in
the installed puffs, at which the load-bearing capacity of the arched building is
provided for the variant of the asymmetric snow design load. The significance of

the obtained results for the construction industry is that for the first time a method
of strengthening arched buildings with insufficient bearing capacity of supports
for the perception of the strut is suggested. The projected method of reinforce-
ment is an effective, novel way to increase the load-bearing capacity of struc-
tures and supports of arched buildings and can be used in the conditions of archi-
tectural and structural solutions of buildings with the presence of zones that prevent
the traditional placement of puffs.
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OnHUMH U3 IIUPOKO PACHPOCTPAHEHHBIX KOHCTPYKTUBHBIX CHCTEM B CTPOUTENIBCTBE SIBIAIOTCS apOYHBIE
KOHCTpYKITHH. CHEKTp WX MPUMEHEHUS HEOOBIYaiHO IMMPOK M BKIIOYACT B ce0s 00BEMHO-TNIAHHPOBOYHBIC pe-
IIeHHs KaK HeOONBIINX 3/1aHUN CeTbCKOXO3SIMCTBEHHBIX MPEANPUATHI M Majoro OM3Heca, Tak M KapKacoB OOJIbIIIe-
NPOJIETHBIX 3JaHMUSAX CIIOPTHBHOTO WM OOIIECTBEHHOro HazHaueHHA [1—6]. OTINYNTENbHBIME OCOOCHHOCTSIMH
ApOYHBIX 3aHUM SBIIIOTCS BO3MOKHOCTH OBICTPOTO BO3BEIECHHUS, HEOObIIAs Macca KOHCTPYKIMH, HU3Kasl CTO-
MMOCTh CTPOHUTENBCTBA M HEOOXOIMMOCTh ydeTa IpU MPOEKTUPOBAHUH OIMOp apOYHBIX 3aHUIM BO3AEHUCTBUS
pacmopHbIX ONOpHBIX peakuuii [7—11]. [IpoGreMy BocTpusTHS paclOPHBIX YCHIMK U YMEHBIICHHUS pacxoia Ma-
TEPUAJIOB Ha YCTPOMCTBO OIMOP B apOYHBIX 3JAHUSX PELIAIOT YCTAHOBKOM 3aTSHKEK MEXIY omopamu apok [12-19].
YcTaHOBKA 3aTSDKEK B apOYHBIX COOPYXKEHHUSX BIJICUET CIIOKHOCTH B BUAE HEOOXOOUMOCTH HX CKPBITOH ycTa-
HOBKH B KOHCTPYKIHH II0JIOB 3[aHUs, 0053aTEILHOCTH HX NpeAHANPSKEHUS IPU OOJBIINX pa3Mepax MpoJIeTOB
UL COXpPaHEHHsI Pabovero COCTOSIHHS, HEBO3MOXKHOCTH TPAAMLMOHHON YCTaHOBKH 3aTSDKEK MEXIY OIOpaMH
apoK IIPU PACIONOKEHUU MEXAY HUMH HMHXXCHEPHBIX KOMMYHHUKAIUH, TEXHOJOTHYECKUX OOBEKTOB 31aHMS.
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[ToaTOoMy TIpH GOJIBITUX MPOJIETAX APOYHBIC 3MIAHUS YacCTO MPOCKTUPYIOTCS 0e3 MpUMEHEHUs 3aTsvkek [20-24],
YTO NMPUBOJUT K HETOCTATOYHOW HECyIlel CIIOCOOHOCTH MX OIOp M3-3a MOTPEUIHOCTEH B mpolecce MPOeKTUPO-
BaHUS WIH OTKJIOHEHUH OT MPOEKTHBIX PEIISHH, TOMYyCKAeMBIX M3-3a OIMNOOK IPHU BBIMTOJHEHUU U HU3KOTO Ka-
YeCTBa CTPOUTEIBHO-MOHTKHEIX PabOT MpHu ycTporicTBe (hyHAAMEHTOB 3MaHUN. JIJI apOvHBIX 3MaHUN C HEIO-
CTaTOYHOHM Hecyllel CrIOCOOHOCTHIO OTIOP MPUMEHEHHE 3aTsHKEK ISl X YCUJICHUS — OJMH U3 Hanboiee dQdek-
THUBHBIX, HO YaCTO TPYJHO KOHCTPYKTHBHO pEaIn3yeMbIX CIIOCOOOB ycwiieHus. B maHHo# paboTe paccMmarpuBa-
I0TCSI CIIOCOOBI YCUIJICHHUST apOYHBIX 3/IaHUH C HETPAIUITMOHHBIMH CITIOCOOAMHU YCTaHOBKH 3aTSAKEK C MCIIOJIb30Ba-
HHUEM CIIEITUANBHBIX aHKEPHBIX YCTPOHCTB, MMO3BOIISIONINE PEIINTE MPOOIEMBI HX YCTaHOBKH.

MaTepna.m,l H METObI

B cTponTenbHBIX KOHCTPYKIUSAX 3[aHUH apOYHbIe KOHCTPYKIIMU HAIIUIH IIUPOKOE MPHUMEHEHHE B Ka4eCTBE
KOHCTPYKITH TTOKPBITHSA, TJ€ 3aTSDKKH, PACHOI0KEHHBIE HAll MMOMEIICHUSMH, SBISIFOTCS 00s3aTeNIbHBIM DIIEMEH-
TOM, BOCIpPHHHUMAIOMKM pacrop. [Ipu OonbIux mposerax MOKPHITHH €CTECTBEHHO NMPHMEHEHHE IT0JIBECOK, CO-
SAVHSIOMIUX apKH TOKPBITUS U 3aTSKKU. [Ipu 5TOM pacmonoskKeHHBIE BBIIIE SKCILTYyaTAIIMOHHBIX 30H 3JaHUH 3a-
TSDKKH C TIOIBECKAMH «HE MEIIafoT» (QYHKIIMOHUPOBAHUIO 3MaHni. [Ipi BO3BeIeHNN apOYHBIX 3AaHU, B KOTOPBIX
apKH OIMPAIOTCS HEMOCPEACTBEHHO Ha (DYHITAMEHT U TPH 3TOM 00ECIIeUMBaeTCs COBMEIIeHHE (DYHKIIUN apOYHOTo
Orpa)JICHHs KaKk CTCHOBOTO OIPaXKJICHUS U MOKPBITUS, YCTPOHUCTBO 3aTsHKEK MPH OOJBIIMX MPOJIeTaxX MPeCTaBIs-
eT co00li CIIOKHYI0 MHKEHEPHYIO 3a/1a4y, TPeOYIOIIYIO pelleHrs pY MPOSKTUPOBAHNY 3/1aHus. Takoe permieHne
JIOJDKHO YYUTHIBATh BKIIFOUYEHHE B PadOTy 3aTshkeKk 0e3 MpUMEHEHHs TMOIBECOK MpH OONBIIMX IIPOJIeTax apok,
obecrieueHne JOJTOBEYHOCTH 3aTsDKEK, KOTOpble HEOOXOAMMO pa3MellaTh HiKe YpoBHA mosia. OTHEM H3 CIIOCO-
0OB BKITIOUEHUS 3aTHKEK B PaOOTY TpH OOJIBIION JUTHHE SBISETCS WX MpeIHanpshKeHre, a st odecriedeHus pado-
Yero COCTOSHUS 3aTDKEK B IOJIAX 3MaHUH TPUXOAUTCS IeNlaTh TEXHOJIOTHYECKHE KaHAIBI MEKIY OITOPaMH KaX IO
W3 apoK 3/1aHUs ATl MX pasMeleHts. 3a4acTylo pelleHne OA00HBIX HHKEHEPHBIX 3a/1a4 CTAIKUBAETCA C MacCon
orpannueHuii. Hanpumep, npu He0OOXOAMMOCTH YKJIAJAKH BHYTPHU 3aHUS TEXHOJOTMYECKUX O0BEKTOB, UMEOIIIX
rabapuThl HIKE YPOBHS T10J1a U UCKITIOYAIOIINX pa3MelIeHUe 3aTsHKEeK MEXITy OropamMu apok kapkaca. OTCyTcTBHe
3aTSHKEK MEXIY apKaMH, Kak MPaBUIIO, BCETa IPUBOANT K MIEPEPacXoly MaTepHAIOB Ha U3TOTOBJICHUE OTIOP 37a-
HUs. [{)1s HEKOTOPBIX JIETKUX apOYHBIX 3[[aHUH, HaIpuMep OecKapKacHBIX [25—26], BRINOJHEHHBIX W3 TPOQHACTH-
J1a, COBMEIIAIONIETO KaK OTpayKAalolIre, Tak U Hecylire GyHKIUH, TPUMEHEHNE 3aTsDKEK SBIISIETCS OIHUM U3 0051-
3aTeNbHBIX YCIOBUN MX MPUMEHEHHUS TP JOCTATOYHO OOJBIIMX IPOJIeTaX B palfoOHAaX CO 3HAYUTEIBHON CHETOBOU
Harpy3koi. B Ka3zaHCkOM rocy1apCTBEHHOM apXUTEKTYpPHO-CTPOUTEIBHOM YHHUBEPCUTETE IPEIUIOKEHBI KOHCTPYK-
TUBHBIE perenus (puc. 1-3), nmpeacrasisroniee coOOH apoyHOe 3/IaHKe, BKIIIOYAOIIEe apKH, OMEPThie Ha TPOTH-
BOITOJIO’KHBIE C KKIOH CTOPOHBI OMIOPHI B TPYHTE, MEYKIY KOTOPHIMH BBITIOJTHEHBI CTEP)KHEBBIC 3aTSHDKKHA U OTPaXK-
Jaronue KOHCTPYKIWHU I10 apKaM. HpI/I OTOM 3aTAXKH, BBIIIOJIHCHHBIC B BUAEC CTCPIKHEBBIX 3JIECMEHTOB, COCAUHAIOT
KaXTIyH0 OTNOPY C TIOJTy3ariyOJeHHBIMU U 3aTTyOJICHHBIMU SKOPSIMU, PACIIONIOKCHHBIMU BHYTPHU 3/IaHUs, @ IMEHHO
BOJIM3HM OTIOP € KaXKJO0H CTOPOHBI 3[JaHHUS.

Puc. 1. ITonepeunstii pa3pe3 apounoro 3ganus (1) mpoaerom L ¢ omopamu (2) M aHKepHBIME ycTpoiicTBamH (3),
HOJTy3aryiyOJICHHBIMH B 110JI DOYHOTO 3AaHUS
Figure 1. Cross section of an arched building (1) with a span L with supports (2) and anchoring devices (3),
half-buried in the floor of an arched building
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Puc. 2. Ilonepeunslii pa3pe3 apounoro 3xanus (1) mponerom L ¢ onopami (2) 1 3arayOleHHBIMU aHKEPHBIMH YCTPOICTBaMU B BUJIE sIKOpeH (4)
Figure 2. Cross section of an arched building (1) with span L with supports (2) and buried anchor devices in the form of anchors (4)

1-1

® ®

Puc. 3. PacrionoxeHue aHKEpHBIX YCTPOWCTB B BUJIE TTOJTy3arTyOIeHHBIX aHKEPOB (3)
WJIM 3aTTyOJICHHBIX aHKEpOB (4) MeXIy apKaMHy B IUIaHE 34aHU U onopamu (2)
Figure 3. Location of anchor devices in the form of half-buried anchors (3)
or buried anchors (4) between the arches in the plan of the building and the supports (2)

HoBu3zHa mpemioKeHHBIX KOHCTPYKTUBHBIX PEIICHUH apOK ¢ OTIOPaMU ¢ aHKEPHBIMH 3aTsoKkaMu (puc. 1-3)
MOJATBEPKIACHA IATEHTOM PD'.

Pe3yabTathl 1 00cy:K1€eHUe

[IpennoxeHHble KOHCTPYKTHBHBIE PELICHUS] YCTPONUCTBA OMOP apoK C KPEIUIEHHEM UX K SKOPSAM YIOOHO
WCIIOJIB30BaTh NMPHU YCUICHWH apOYHbIX 3laHUil. BO3MOXHOCTh MpUMEHEHHS MPEATIOKEHHBIX KOHCTPYKTUBHBIX
pelIeHu pu YCUIIEHUHU apOYHBIX 31aHUH pacCMOTPHUM Ha IpUMEpPE apovyHOTIo 3AaHus, HocTpoeHHoro B Kazanu.

Apounbiii anrap Bo3eeH B 2018 r. Oto 3panue anuHoi 72 M, posetoM 21 M. AHrap paccuurtaH Ha pac-
YETHYIO CHETOBYIO HAarpy3ky B 240 Kr/M°, OJXHOIPOJIETHBIH, GecKapKacHEIH. MaTepHan HecymuX KOHCTPYKIIHI
nokpbITHst — ctanb 08mc ('OCT 14918-80). KoHCTpyKTHBHBIE U ITPOEKTHBIE PEIIEHUS apOYHOT0 3aHUs IpHBe-
JIeHBI Ha puc. 4-6.

! Tlar. 2725375 Poccuiickas ®enepanms. Apounoe 3panue / Kysnenos U.J1., Xycaunos JI.M., TaiineTaunos P.I'. Ne 2019133640,
3asi1. 22.10.2019; ony6u1. 03.09.2020, Bron. Ne 25. 7 c.
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Puc. 4. beckapkacuslit apounslif anrap nposnerom 21 M (poro .M. XycanHoBa)
Figure 4. Frameless arched hangar with a span of 21 m in Kazan (photo by D.M. Khusainov)

Puc. 5. AHKepHBIe CTOWKH ceueHueM 3 KBaapaTHOH TpyOsl 80x80%5 mm ¢ marom 1,9 M (poto I.M. XycanHosa)
Figure 5. Anchoring pillar with a section of a square pipe 80x80x5 mm with a step of 1.9 m (photo by D.M. Khusainov)
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Puc. 6. Jlentrounslii poctBepk GpyHnamenta 3nanus Beicotoi 0,5 M (poto J[.M. XycanHosa)
Figure 6. Capping beam of the building foundation with a height of 0.5 m (photo by D.M. Khusainov)

BeimosnHuM mpoBepKy Hecylued crocoOHOCTH (hyHIaMEHTa apo4yHOIO 3[aHUS Ha ACHCTBHE BEIUYHMHBI
pacropa, KOTOpPBId BO3HHUKAET OT JIEHCTBHS pacyeTHOTO COYETAaHUS HArpy30K, COCTOSIIET0 M3 CHETOBOW U MO-
CTOSTHHOHM Harpy3ok. Takyke OLeHHM IPOYHOCTH JIEMEHTOB aHKEPOBKU (yHIaMEHTa 3[IaHHs B CBasX W3 KBal-
patHoi TpyObI 80x80%5 MM, ycTaHOBIEHHOH ¢ maroM 1,9 M. MOMEHT OT pacnopa B 3JIEMEHTE MO pe3yJbTaTam
pacdetoB paBeH M = 1,62 ™™
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Figure 7. Method 1. Installation of tie-beams in the strip foundation of an arched building with steel pile anchors
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[IpoBepKy MPOYHOCTH JJIs MaTepuaia cTaum kiacca C245 BRITIOTHAM 110 popMyIre
MW, =162 000 /35,3 = 4589 kr/cm* > Ryy. = 2400 kr/cm?, (1)

rae W, = 35,3 cM’ — MOMEHT CONMpOTHBJIEHNS KBAIPATHOH TPYOHL.

BbIBOA: MPOYHOCTH AHKEPHBIX AJIEMEHTOB (YHIAMEHTAa HEJOCTAaTOYHA I BOCHIPHUATHS PACUCTHOM BeJu-
YHHBI pacriopa OT pacueTHON Harpy3KH.

Koa¢ddumment ncnonp3oBaHust ceueHNsI aHKEPHBIX CTOEK CBai JJIEHTOYHOTO POCTBEPKA COCTABIIAET

K, =4306/2400=1,79.

C nenpro yCHIIEHHsI JIGHTOYHOI'O POCTBEPKA AJIsl JAHHOI'O apOvHOrO 3[aHUs pa3pabOTaHbl BAPHAHTHI YCH-
neHus1 GyHAaMEHTOB ¢ IPUMEHEHHEM 3aTsDKEK C aHKepamu: BapuaHT 1 (puc. 7) u BapuanT 2 (puc. 8).
AHKepa 3aTsDKeK B BapuaHTe | BBIMONHSAIOTCA U3 TpyO ceueHueM B219%8 MM, KoTopele Ha 2,5 M 3abuBa-

IOTCSl B TPYHT M PacIojararoTcsl BAOJb JIEHTOYHOTO (yHIAMEHTa, UX IIar omnpeaessieTcs aHKepyIomeH crnocob-
HOCTBIO CBAHOT'O SIKOPSI.
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Puc. 8. Bapuant 2. YcraHOBKa 3aTsDKEK B JICHTOYHOM (DYHIIAMEHTE apOYHOTIO 3/1aHUs C 3arlyOJICHHBIMH CTAIIbHBIMU aHKEpaMu
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Figure 8. Method 2. Installation of tie-beams in the strip foundation of an arched building with steel pile anchors

3aTsHKKM B BapUaHTE 2 aHKEPOBKM YCTaHABIMBAIOTCS C IIAroM 1,5 M ¢ aHKEPOBKOH K 3ariayOJIeHHBIM SIKO-
psaM umHON 1 M 1 cedeHneM u3 TpyObl ¥219x8 MM. AHKepa MOMEIIAIOTCS B 3apaHee BBHIKOMAHHYIO TPAHIICO
mmpuHOH 1,5 M, TyOuHoii 2,5 M. TpaHnies nociie yCTaHOBKH SIKOpPEH 3achlaeTcsi IeCKOM ¢ 00beMHBIM BECOM
He Menee 1,5 /M.

[IprmeHeHne aHKEpHBIX 3aTHKEK B aPOYHBIX 3JaHHUAX BO3MOXKHO M B CIIydasiX HEOOXOAUMOCTH YCHIICHHS
HECYIUX 3JIEMEHTOB apOYHBIX 3JaHUM IIyTEM U3MEHEHHUS UX PACUETHBIX CXEM 3a CUYET BBEJCHUS IpEIHAIPSLKE-
HUS YCTaHABIIMBAEMBIX 3aTsDKEK.
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PaccMoTpuM BO3MOXKHOCTH YCHJIEHHUSI apOYHOTO OECKapKacHOI'oO 3JaHusl, HE 00JalaloIiero A0CTaTOYHOM
Hecymiel cnoco6HocThIo. [IpruBenemM pacyeT HeCymuX KOHCTPYKLIUN apOYHOTO 37JaHUs Ha MIPOEKTHbIE Harpy3KH,
BKIJIIOYAIONINE B cebs CHETOBYIO HArpys3ky BenumumHoit 240 kr/m* (pacueTHas cHeropas Harpyska 1 Kaszanu B
2017-2018 rr.).

I'eomeTpuueckre XxapakTepuCTHKH MPoduiIst GeckapkacHOTo 3/IaHUs ONPEAEISUINCh 110 pe3ylbTaTaM (ak-
TUYECKUX 3aMepoB. OCHOBHBIM 3JIEMEHTOM apKH CTal XOJIOJHOTHYTHIH MPOQWIb U3 OUHKOBAHHOTO CTaJIbHOTO
mucta TonuHo# 1,2 MM u BeicoTor 123 mMm. Marepuan npoduns — cranp 08mc (TOCT 14918-80), mo maHHBIM
BJIaJeIIbla 30aHHUS.

Hecymiyro ciocoOHOCTh apOYHOTO MOKPBITHSI U3 XOJIOAHOTHYTOTO MPOQUIIS B PACUCTHOM CCUCHHH JUIS
PacyeTHOrO COYETAHUS HArpy30K, BKIIOYAIOIIUX B ce0s1 MOCTOSHHYIO HArpy3Ky M CHETOBYIO HarpysKy c ee pac-
MOJIOKEHUEM Ha JIBYX CTOPOHAX IpOJIeTa 34aHUs, OIPEAEINM Ha COBMECTHOE NEHCTBUE OCEBOM CHIIBI U M3ruba-
IOII[ETO MOMEHTA 10 hopmyJie

NIA + M/W,=9800/ 14,31 + 78 900 / 58,6 = 2031 kr/cm? < Ryy. = 2300 kr/cm?, 2)

rae A = 14,31 cM® u W, = 586 cM® — momaab ceueHns 1 MOMEHT CONPOTHBIIEHHS HETTO TIOOCH ApOYHOTO MO-
KPHITHA MMPHHO#H 0,6 M COOTBETCTBEHHO; Ry = 2300 Kr/cM” — pacyeTHOE CONPOTHBIEHHE 110 MPEeny TeKyUecTH
08mc mo I'OCT 14918-80; N, M — oceBas cujia 1 MOMEHT B PACYETHOM CEYEHHH apOYHOTO TTOKPBITHSI.

BriBoz: Hecymas crnocoOHOCTh apOYHOTO MOKPBITUS TIPH AaHHOM PacyeTHOM COYETaHWW Harpy3ok obec-
MICYUBACTCS.

Hecymyro criocoOHOCTh apOYHOTO MOKPBITHS U3 XOJIOAHOTHYTOrO NMpOGMIIsS B PACUETHOM CCUEHHH VIS
pacueTHOro CoYeTaHHUsd Harpy30K, BKIIIOYAIOMIMX B ce0sl MOCTOSIHHYIO Harpy3Ky M CHETOBYIO Harpys3ky ¢ OJHO-
CTOPOHHHUM €€ PaCIOJIOKCHUEM Ha MPOJIeTe 3AaHuUs, ONPEACINM Ha COBMECTHOE AEHCTBHE OCEBOM CHIIBI M M3TH-
Oaromero MoMeHTa 1Mo GhopMyIie

NIA + MIW, = 6500/ 14,31 + 129 000/ 58,6 = 2655 kr/cm* > Ryy.= 2300 kr/cm?, (3)

rae A =14,31 cm’ u W, =586 cM® — TJIONIA/Ib CCUYCHHUS U MOMEHT CONPOTHUBJIEHUS HETTO IMOJOCHI APOYHOTO MO-
KPBITHS IHPHHOM 0,6 M COOTBETCTBEHHO; R, = 2300 KI/cM? — pacueTHOe COMPOTUBIEHHE IO TIPeieNy TeKyuecTH
08mc mo I'OCT 14918-80; N, M — oceBasi cujia © MOMEHT B pAaCYETHOM CEYECHUH apOYHOTO MOKPBITHUSA.

BriBox: mpu pacdeTHOM COYETaHWM HArpy30K, KOT/Ia CHET PacIojlaraeTcsl TOJIBKO Ha OJHOW CTOPOHE TPO-
JIeTa, HecyIas CloCOOHOCTh 3/1aHUs He 00ecredrnBaeTcsl.

[Ipu mpoekTHpOoBaHUN apOYHOTO OECKapKACHOTO 3[aHMsI HE YITeHA BO3MOXKHOCTh PACTIOJIOKEHHSI pacdeT-
HOW CHETOBOW Harpy3Kd TOJBKO Ha OJHOW CTOPOHE MpOJIETa M, COOTBETCTBEHHO, HE BBISBICHA HEIOCTATOYHAS
HecyIasi criocoOHOCTh aPOYHOTO 3/IAHHUSI.

PaccmoTpuM BO3MOXKHOCTD MCIIOIB30BAHUS 3aTsDKEK C MPETHANPsDKCHUEM JUI YCHIICHHUS apOYHOrO MOKPHI-
tus. [lpenycmaTprBaeTcs MpUMEHEHNE 3aTsDKEK C aHKEPOBKOW K 3ariyOsieHHBIM siKopsaM (puc. 7-8). st aToro
B PACUETHYIO CXEMY apOYHOTO MOKPHITHS BBOJUM 3aTSXKKH, KPEILAITUECS K SIKOPSIM, U 33JaeM B HUX IpeaBapu-
TEIbHOE HATSKEHUE.

[To pe3ynbpTaTaM MPOBENECHHBIX YHUCICHHBIX UCCIIEIOBAHUN JIJTsI N3MEHEHHON PacueTHON CXEMBI apOYHOTO
MOKPBITHS C 3aTSHKKAMH YCTAaHOBJIEHO, YTO ONTHMAIBHOE PACIIPENIEICHNs] PAaCUeTHBIX M3THOAIONIINX MOMEHTOB
JIOCTUTAETCS TIPU yCUJIMH TIPETHATIPSHKEHIS YCTAaHABITUBAEMBIX 3aTsDKEK apOYHOTO TTOKPHITHS BemmuuHon 440 Kr.

Hecymiyro crmocoOHOCTE apOYHOTO TOKPHITHS U3 XOJIOTHOTHYTOrO TIPodHiIst B pacyeTHoM cedeHnu (st PCH2)
OTIpeIeTNM Ha COBMECTHOE JeMCTBHE OCEBOM CHIIBI M M3THOAIOIIET0 MOMEHTA 110 (hopMyJIe

NIA+ M/W,=840/14,31 + 125 336/ 58,6 = 2197 kr/cm < Ryy. = 2300 kr/cm?, @

rae A =14,31 cm’ u W, =586 cM® — TIOMIA/Ib CCUCHHUS U MOMEHT CONPOTHUBJIEHUS HETTO IMOJOCHI APOYHOTO MO-
KPBITHS IHPHHOM 0,6 M COOTBETCTBEHHO; R, = 2300 Kr/cM? — pacueTHOe COMPOTUBIEHHE IO TPeieNy TeKyuecTH
08mc mo I'OCT 14918-80; N, M — oceBasi culia © MOMEHT B pAaCYETHOM CEYEHUHU apOYHOTO MOKPBITHUSA.

BriBox: mpu pacdeTHOM COYETaHWM HArpy30K, KOT/Ia CHET PacrojlaraeTcsi TOJIBKO Ha OJHOW CTOPOHE TPO-
JieTa, Hecymnasi CiocOOHOCTh 3MaHMs TIPU YCHUIIUH MPETHATIPSDKCHUS B 3aTSHXKKE C KPETUICHUEM €€ K STKOPSIM BEJH-
yrHOH 440 KT 00ecriednBacTCsI.
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JlaHHBI IpUMep MPUMEHEHHS aHKEPHBIX 3aTKEK C aHKEPOBKOW MX K AKOPSM JUIsSl YCHIIEHUS! KOHCTPYK-
U apOYHBIX 3/aHUIl TIOKa3bIBaeT OJHY M3 0o0JacTel MCIONB30BaHUS MpesiaraeMbIX 3aTsXKEK OMOp apOYHBIX
3IaHUH C KpEeIUICHHEM HMX K aHKepaM-sKopsM. s paccMaTpuBaeMoro peain30BaHHOTO apOYHOTO 34aHus, 00-
JaJIal0IIero Hel0CTaTOYHON Hecyllel CIOCOOHOCThIO M3-32 OIINOOK B IIPOEKTUPOBAHUY, YCTAHOBKA YCHIINBAIO-
IIMX 3aTsHKEK 71 OTIOp apOYHOTO MOKPBITHS 1O CXeMaM, MPUBEAECHHBIM Ha pUC. 7 U §, MOXET ObITh ONTUMAaIb-
HBIM BapHAHTOM €TI0 YCHUJICHUS.

3akaouenue

Ha ocHOBaHMM MpoOBeNEHHBIX MCCIEAOBAHUI MOXHO CIENIaTh BBIBOJ O TOM, YTO MPUMEHEHHE IS OTOpP
ApPOYHBIX 3/JaHUHU 3aTSDKEK, KPEISIINXCA ¢ OJHOW CTOPOHBI K OIIOpaM, a C APYTroi CTOPOHBI — K aHKEPaAM-IKOPSIM,
saBisieTcs 3P PEKTHBHBIM, 00JIAAAOIIUM HOBH3HON CIIOCOOOM ITOBBIIICHHUS HECYIEH CIIOCOOHOCTH MOKPBHITHI H
(yHIAMEHTOB apOYHBIX 3[]aHHUH B YCIOBHUIX apXUTEKTYPHO-KOHCTPYKTUBHBIX PEUICHUN 3/TaHUH ¢ HATWMINEM 30H,
MPENATCTBYIOMINX TPAAUIIMOHHOMY Pa3MEIICHUIO 3aTKEK.

Cnucok aureparypsl / References

1. Sheidaii M.R., Bayrami S., Babaei M. Collapse behavior of single-layer space barrel vaults under non-uniform
support settlements. International Journal of Steel Structures. 2013;13(4):723-730. http://doi.org/10.1007/s13296-013-4013-y

2. Karimi S. Study and comparison arch at framework modern materials-case study: Iran. Journal of Fundamental
and Applied Sciences. 2017;9(1S):573-596. http://doi.org/10.4314/jfas.v9ils.713

3. Dallemule M. Equivalent imperfections in arched structures. Slovak Journal of Civil Engineering. 2015;23(3):9-15.
http://doi.org/10.1515/sjce-2015-0012

4. Flager F., Soremekun G., Adya A., Shea K., Haymaker J., Fischer M. Fully constrained design: a general and scal-
able method for discrete member sizing optimization of steel truss structures. Computers and Structures. 2014;140:55-65.
http://doi.org/10.1016/j.compstruc.2014.05.002

5. Kyoungsoo L., Sang-Eul H. Analysis of the stress-erection process of Strarch frames considering the joint connec-
tion properties. Journal of Constructional Steel Research. 2014;92:195-210. http://doi.org/10.1016/j.jcsr.2013.09.011

6. Sayanov S.F., Salakhutdinov M.A. Development of trusses with belts made of pipes of polyhedral cross-section.
Conference Proceedings: Engineering Personnel are the Future of Russia’s Innovative Economy. Yoshkar-Ola: Volga State
University of Technology Publ.; 2015. p. 160-161.

Casnog C.@., Canaxymounos M.A. Pa3paboTka CTpONUIbHBIX (GepM C MmosicaMH U3 TPyO MHOTOTPaHHOTO CEUCHUSI.
WmxkeHepHsie Kaapbl — Oyjayllee HHHOBALIMOHHON 3KOHOMHKHM Poccuu: cOOpHHK KOH(EpEHIUH. HNomkap-Ona: TToBomk-
CKHI rOCy1apCTBEHHBIN TeXHONOrn4eckuit ynusepcutert, 2015. C. 160-161.

7. Nomikos P.P., Sofianos A.I., Sakkas K.M., Choumanidis D., Delendas S. Nonlinear simulation of lattice girder
segment tests. Tunnelling and Underground Space Technology. 2013;38:180—188. http://doi.org/10.1016/j.tust.2013.06.006

8. Kalinina A.A., Kurbanov A.., Tsaritova N.G. Possibilities of architectural and structural forming
of spatial forms from rod arches. IOP Conference Series: Materials Science and Engineering. 2021;1079:(042041).
http://doi.org/10.1088/1757-899X/1079/4/042041

9. Chen J.-H. A study on the equivalent static wind loadings on the arched roof frames of low-rise buildings in atmospheric
boundary layers. Applied Mechanics and Materials. 2012;121-126:3113-3117. http://doi.org/10.4028/www.scientific.net/ AMM.121-
126.3113

10. Afshana S., Theofanousb M., Wangc J., Gkantoud M., Gardner L. Testing, numerical simulation and design of prestressed
high strength steel arched trusses. Engineering Structures. 2019;183:510-522. http://doi.org/10.1016/j.engstruct.2019.01.007

11. Gaydzhurov P.P., Iskhakova E.R., Tsaritova N.G. Study of stress-strain states of a regular hinge-rod construc-
tions with kinematically oriented shape change. International Journal for Computational Civil and Structural Engineering.
2020;16(1):38—47. http://doi.org/10.22337/2587-9618-2020-16-1-38-47

12. Sun W., Zhou W. Test investigation on stiffness performance of steel structures composed of cold-roller-bent
pipes. Applied Mechanics and Materials. 2012;271-272:519-523. http://doi.org/10.4028/www.scientific.net/ AMM.271-272.519

13. Pantazia V.S., Sophianopoulos D.S. A unified catastrophe theory approach for the in-plane buckling
of steel arches under point gravitational loading. Special Issue: Proceedings of Eurosteel. 2017;1(2-3):1399-1406.
http://doi.org/10.1002/cepa.182

14. Gimena F.N., Gonzaga P., Gimena L. Analytical formulation and solution of arches defined in global coordi-
nates. Engineering Structures. 2014;60:189-198. http://doi.org/10.1016/j.engstruct.2013.12.004

15. Castellano S. Loads interaction domains methodology for the design of steel greenhouse structures. Journal of
Agricultural Engineering. 2007;38(1):21-29. http://doi.org/10.4081/jae.2007.1.21

PACYET W MPOEKTUPOBAHVE CTPOUTENBHbIX KOHCTPYKLI 43



Khusainov D.M., Salimov A.F., Khabibulina A.G. Structural Mechanics of Engineering Constructions and Buildings. 2022;18(1):35-44

16. Eroglu U., Paolone A., Ruta G. Exact closed-form static solutions for parabolic arches with concentrated damage.
Archive of Applied Mechanics. 2020;90:673—689. http://doi.org/10.1007/s00419-019-01633-x

17. Dmitriev LK. Research of the deformation of the brick-cable arch. Structural Mechanics of Engineering Con-
structions and Buildings. 2015;(5):72-77.

JImumpues UK. Vccrnenosanue aedopMaiiuu cTepxHe-BaHTOBOW apku // CTpoUTEIbHAs MEXaHHKA MHKCHEPHBIX
KOHCTPYKLUH U coopysxeHuit. 2015. Ne 5. C. 72-77.

18. Dmitriev [.K. Determination of destructive forces in a rod-cable arch. Structural Mechanics of Engineering Con-
structions and Buildings. 2019;15(3):243-248. http://doi.org/10.22363/1815-5235-2019-15-3-243-248

JImumpues U K. Otnipenenenue pa3pyliaronnx YCUIAN B CTePKHE-BaHTOBOH apke // CTpouTenbHas MEXaHUKA HHKE-
HEepHBIX KOHCTPYKLHA 1 coopyxeHuit. 2019. T. 15. Ne 3. C. 243-248. http://doi.org/10.22363/1815-5235-2019-15-3-243-248

19. Kirsanov  M.N. Calculation of the deflection of an arched truss with suspended elements depending
on the number of panels. Structural Mechanics of Engineering Constructions and Buildings. 2020;16(3):179-184.
http://doi.org/10.22363/1815-5235-2020-16-3-179-184

Kupcanoe M.H. Pacduer 3aBUCHUMOCTH Nporuba apoyHod ¢epMbl ¢ TOJBECHBIMH JJIEMEHTAMH OT 4YHCIIA
naHesield // CTpouTelbHAsh MEXaHMKA WHXKEHEPHBIX KOHCTPYKUMU W coopyxenuit. 2020. T. 16. Ne 3. C. 179-184.
http://doi.org/10.22363/1815-5235-2020-16-3-179-184

20. Wells M. Terminal 3 roof design and construction at Shenzhen Bao’an international airport, China. Civil Engi-
neering. 2015;168(1):19-24. http://doi.org/10.1680/cien.14.00044

21. Rybakov V., Jos V., Raimova I., Kudryavtsev K. Modal analysis of frameless arches made of thin-walled steel
profiles. IOP Conference Series: Materials Science and Engineering. 2020;883:(012197). http://doi.org/10.1088/1757-
899X/883/1/012197

22. Liu Q.X., Zhao Y. Study on common problem and the design of granary railway canopy. Applied Mechanics and
Materials. 2012;204-208:1034—1039. http://doi.org/10.4028/www.scientific.net/ AMM.204-208.1034

23. Kamalov A.Z., Khamidullina A.A. To the question of research of the stress strain state and stability arched con-
structions. Izvestiya KGASU. 2012;(4(22)):130-138.

Kamanos A.3., Xamuoynnuna A.A. K Bonpocy uccienoBaHus HaNpspKEHHO-A1e()OPMUPOBAHHOTO COCTOSIHUSL U YCTOM-
YHBOCTH apouHbIX coopykenuid // zectuss KITACY. 2012. Ne 4 (22). C. 130-138.

24. Lingyao L., Shichang H., Xuhui H., Haiquan J. Experimental study on wind force coefficient of a truss arch tower
with multiple skewbacks. Advances in Structural Engineering. 2020;23(12):2614-2625. http://doi.org/10.1177/1369433220916935

25. Bezsalyi V.M., Bannikov D.O. Efficiency of thin-walled galvanized profiles for arch elements. Bridges and Tun-
nels. Theory Research Practice. 2019;16:20-29. http://doi.org/10.15802/bttrp2019/189428

26. Kuznetsov LL., Isaev A.V., Gimranov L.R. The causes of collapse of 30 m span frameless arch structure. Izvestiya
KGASU. 2011;(4(18)):166—-170.

Kysneyos U.JI., Hcaes A.B., I'umparnos JI.P. Ilpuanasr oOpymieHns: 0eCKapKacHOTO apoOvYHOTO COOPYIKEHUS IpOoJie-
toMm 30 M // M3Bectuss KTACY. 2011. Ne 4 (18). C. 166—-170.

44 ANALYSIS AND DESIGN OF BUILDING STRUCTURES





