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PaboTa cBsi3eBbIX CTAJBHBIX KapKacoB € YY€TOM HOFpemHOCTeﬁ

MOHTAaXKa U U3Ir0TOBJICHUSA

KOce¢ Pagyan Xamaru, Anexcanap Pomanosnu TycHun
Hayuonanvnouii uccnedosamenvexuti Mockockuil 20¢yo0apcmeentulil Cmpoumenvublil yHugepcumen
(HUY MI'CY),; 2. Mocxksa, Poccus

AHHOTALNA

BBepeHue. B kayectBe MaTepuana CTPOUTENbHBIX KOHCTPYKLUMIA CTanb HAXoAMT LUMPOKOE NPUMEHEHUE U3-3a CBOUX Bbl-
COKMX MEXaHW4ecKux XxapakTepucTuk. CTanbHble Hecylme KOHCTPYKLUMM MHOFO3TaXHbIX 34aHui npepctaBnsitoT coboi
cucTemy, 06pa3oBaHHy0 KONOHHaMK, 6ankamu, Auckamu nNepekpbiTUn U cBsi3siMU. Kapkac MHOroaTakHoro 3gaHusi uMeet
6onbLIOE YNCMO ANEMEHTOB U MX coeanHeHUi. OLLMGKM NPy U3rOTOBMEHUM, MOHTaXe W 3KCMyaTauun cTarnbHbIX KapKkacoB
MHOTOSTaXHbIX 34aHUIA MOTYT NMPUBECTU K CHMKEHMIO HECYLLIEN CMOCOBHOCTU KOHCTPYKLMI MO CPABHEHMIO C NPOeKTHON. OT-
KIMOHEHNS OT MPOEKTHOrO MOMOXEHNS NPOUCXOAAT B pe3yrnbraTe HapyLUeHWI NpaBui TEXHUYECKOW aKchnyaTauuv 3gaHui
CBepX AornycKkaeMbIxX Npeaeros, oMG0oK NPOEKTUPOBaHWSA, HECOBEPLLEHCTBA HOPM U HM3KOTO KayecTBa paboT npu N3roTos-
TNIEHVMN N MOHTaxe KOHCTPYKLUMIA. B AefCTBYOLMX POCCUIACKMX HOPMaXx He YYMTbIBAeTCS BMUSHWE NOrPeLUHOCTEN M3roToB-
NeHNA N MOHTaXa Ha paboTy MHOTO3TaXHbIX kKapkacoB. HavanbHble reomeTpuyeckne AedeKkTbl KOHCTPYKTUBHOW CUCTEMBI
1 ee OTAENbHbIX 3NEeMEHTOB CNOCOBCTBYIOT OTNNYMIO paboThbl peanbHON KOHCTPYKLMKU OT naeanv3vpoBaHHOW.

MaTepuansi u meToabl. /3ydeHre BNUsIHUSE Ha4anbHbIX HECOBEPLUEHCTB Ha HaNPsKEHHO-AE(POPMUPOBAHHOE COCTOSIHUE
CTanbHOro kapkaca sIBMsieTcsl akTyanbHbIM. HauanbHble HECOBEPLLEHCTBA YUMTHIBAKOT UMK 3@ CHET NPUIOXEHUS K aeanu-
3MPOBAHHON pPac4ETHOWN CXeMe 3KBMBANEHTHOW Harpysku, Unn oopMmpoBaHNS reOMETPUYECKN NCKaXKEHHON HECOBEPLLIEH-
CTBaMu pac4eTHON cxeMbl. PacyeT MOXET BbINONMHATLCS NIMHENHBIV UMW C Yy4ETOM FrEOMETPUYECKON HENMNHENHOCTH.
Pesynbrathbl. [pyBoasTCs pesynbraThl UccnefoBaHusa paboTbl CTanbHOrO CBA3EBOrO Kapkaca Npy HanMymMmn HavarnbHbIX He-
coBepLUeHCTB. PaccMOTpeHO BMsSIHWE HavanbHbIX HECOBEPLLEHCTB B BUAE OTKIIOHEHWSI KONIOHH OT BepTMKanu. BennuunHbl
HavanbHOro HECOBEPLLEHCTBA OnpeeneHbl B COOTBETCTBUN C AENCTBYOLLUMMNU HopMmamu PO.

BbiBoAbl. [Nony4yeHHble pesynbTaTbl NO3BOMNUNM NPEANoXUTL NS pacdeTa KapkacoB C HECOBEPLUEHCTBaMU MOMPaBOYHbIV
KO3 PULMEHT K pesynbTataMm pacyeta naeanusnpoBaHHOro kapkaca.

KNOYEBDBIE CITOBA: norpeLlHOCTb MOHTaXa 1 U3roTOBMNEHWs], CBS3EBOW KapKac, CTarnbHble KOHCTPYKLWW, NIMHENHBI pac-
YeT, HeMNMHENHbIN pacyeT, reOMETPUYECKNE HECOBEPLLEHCTBA, MHOTO3TaXHbIE 3[aHus
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ABSTRACT

Introduction. As a building construction material, steel is widely used because of its high mechanical characteristics. Steel
load-bearing structures of multi-storey buildings are a system formed by columns, beams, floor slabs and braces. The frame
of a multi-storey building has a large number of elements and their connections. Errors in the fabrication, installation and
operation of steel frames of multi-storey buildings can lead to a reduction in the load-bearing capacity of structures compared
to the design. Deviations from the design position occur because of violations of the technical operatin.rules of the buildings
beyond the permissible limits, design errors, imperfect standards and poor quality of work during the fabrication and installa-
tion of structures. The current Russian standards do not take into account the impact of fabrication and installation errors on
the work of multi-storey frames. The initial geometric defects in the structural system and its individual elements contribute
to the difference in performance between the real construction and an idealized one.

Materials and methods. The study of the effect of initial imperfections on the stress-strain state of the steel frame is important
and relevant. Initial imperfections are taken into account either by applying an equivalent load to the idealized design scheme
or by forming a geometrically distorted by imperfections design scheme. The analysis can be linear or geometrically non-linear.
Results. The results of the study of braced steel framework performance in the presence of initial imperfections are pre-
sented. The effect of initial imperfections in the form of deflection of columns from the vertical is considered. The values of
the initial imperfections are determined in accordance with the current RF standards.
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Conclusions. The results obtained have made it possible to propose a correction factor to the results of the calculation of
frames with imperfections to the results of the calculation of an idealized frame.
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BBEJAEHHUE

Kapkac MHOTOATa>KHOTO 3/1aHHsI BBIIOJIHAET HECY-
IIyI0 (GYHKITHIO, 3aKITIOYAIOIIYIOCS B BOCTIPHSITHH H Tie-
penade Ha OCHOBaHHE BCEX CHIIOBHIX (DaKTOpPOB, NEH-
cTByromux Ha 3nanue [1]. Kapkac mpencrasnseT coboit
MPOCTPAHCTBEHHYIO CUCTEMY HECYIIMX KOHCTPYKTHB-
HBIX 3JIEMEHTOB CTEPKHEBOTO THIA, 00€CIeUNBAIOIINX
€ro HeoOXOIMMYIO KECTKOCTh, YCTOHYMBOCTh U IPOY-
HoCThb. KpoMme KoJIOHH, 0asloK MepeKphITHH U BEPTH-
KaJIbHBIX CBA3EH, QOPMUPYIOTCS KECTKHE TUCKH TIepe-
KPBITHH, KOTOpPBIE CO3IaI0T 3(PPEKTUBHYIO Iepeaady
Harpy3KH Ha BepTHKaJIbHbIE CBA3H [2, 3].

Kapkacbl MHOTO3Ta)XHBIX 3AaHUIl MOXHO TIpen-
CTaBHUTbH KaK CTEP>KHEBBIC MPOCTPAHCTBEHHBIE CHCTE-
MBI. BEIOOp KOHCTPYKTHBHOM CXeMBI KapKaca BIIHSET
Ha pacxoj MaTepHajioB U CTOUMOCTH 3[aHUs, IKCILTY-
aTallMOHHBIE PACXOMbI M TPYAOEMKOCTh MOHTaxa. [1o-
MHMO o0ecIiedeHIs Hecymel crnocoOHOCTH KapKaca
HE00X0MMO MCKJIIOUUTh CBEPXHOPMATHBHBIE T'OPH-
30HTAJbHBIC U BEPTUKAJIBHBIC MIEPEMEILCHUS, a TaKXKe
HeIOMyCTHMBIe KoseObanus [4, 5]. B HacTosmee BpeMs
BHE/IPEHUE CTAJIbHBIX KaPKAaCOB B MaCCOBOE CTPOUTEIb-
CTBO CIIEP>KUBACTCSI OTCYTCTBUEM THIIOBBIX IIPOEKTOB.
[IpuMeHeHne THIIOBBIX MPOEKTOB MO3BOJIHT JOCTHYb
HAJIeKHOCTH U BBICOKOTO Ka9eCTBa BO3BEACHUS KapKa-
COB, COKPaTUTb CPOKHU U TPYI0EMKOCTb CTPOUTENIBCTBA.

MoHTaX MHOTO3Ta)KHOTO CTaJBHOTO KapKaca ocy-
IIECTBISIETCS] CTPOUTENSIMUA BBICOKOH KBaNU(UKALIAN
C MOMOILBIO ATIEMEHTOB 3aBOAICKOrO n3rotoBneHus. Kaue-
CTBEHHOE MIPOCKTUPOBAHNE U U3TOTOBJIEHHE AIEMEHTOB
KapKaca CIIy>KUT 3aJI0TOM TOYHOU COOPKU KOHCTPYKIHA
Ha MOHTaxX [6]. OcoOble TpeOOBaHUS MPEIBABIAIOTCS
K TOYHOCTH cOOpKH (0OecrieueHne JOMyCTHMBIX 3a30-
POB B y3/ax, OTKJIOHEHHS OT IPOEKTHOTO IMTOJIOKECHUS
IO TOPU30HTANN ¥ BEPTHKAIH). JlOIMyCcTHMast TOYHOCTD
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COOpPKHM /71 CTAJIbHBIX KapKacoB JI0CTaTOYHA BHICOKA.
Ha TouHOCTh MOHTaXa OKa3bIBAET BIHUSHUE U TEXHOJIO-
TSI YCTPOWCTBA CBAapHBIX M OONTOBBIX y3i10B [7]. Pa3-
paboTKa CTaHIAPTHBIX HIAPHUPHBIX U KECTKUX MOH-
TQXKHBIX COCAMHEHHUI yNpoIlaeT MOHTaX CTaJbHOTO
kapkaca [8]. OnbIT U IpaKkTUKa CTPOUTENHECTBA MHOIO-
JTa)KHBIX CTAJIbHBIX KApKacOB B XKUJBIX 3AaHUIX B Poc-
cuiickoii denepanun Bce ellie OrpaHUYEHbl, YTO IpUBE-
JI0 K IpOBeJIeHHI0 paboT 1o ero paspadotke [9]. OnHaxo
KapKac, CMOHTHPOBAHHBIN JJaxke U3 UAEeaIbHO U3rOTOB-
JIEHHBIX KOHCTPYKIMI, 4aCTO UMEET OTKIOHEHHS KOJIOHH
OT BEPTHKAJIBHOIO MOJIOXKEHHSI, YTO BEAET K CHIKEHUIO
HecyIel cnocoOHoCcTr KoHCTpyKiwmH [10].

Heo0xonumo moHNMaTh OTIIMYKME HauyalbHBIX He-
COBEPIICHCTB OT Ne()EeKTOB U MOBpexKIeHUI. Hauanb-
HbI€ HECOBEPIIEHCTBA — 3TO OTKJIOHEHUE PeanbHOU
KOHCTPYKIIMU OT IPOEKTHOU B Mpefeax, JOMyCKaeMbIX
HOPMaMH U KOHTPOJIUPYIOIIUMHU opranaMu. Otnudue
peanbHON KOHCTPYKIMU OT IPOEKTHOTO PEIIEHUs MO-
JKET TMPHUBECTH K CHIKCHMIO HECYyIeH CIIOCOOHOCTH,
YTO CJIEAYET YUUTHIBATh pHU pacyere. JedekTsr — 310
HECOOTBETCTBUS KOHCTPYKIUH ¢ KaKUM-TTH00 mapame-
TPOM, YCTAHOBIEHHBIM HOPMAaTUBHBIM JOKYMEHTOM
WM IPOEKTOM, MOIY4YEHHbIE KOHCTPYKIMEN Ha CTaquU
W3TOTOBJICHUS M MOHTaxa. JleeKThl cTaparoTcs BbI-
SIBUTh Ha 3Talle U3rOTOBJICHUS U BO3BEICHUS KOHCTPYK-
LU ¥ yCTPaHUTH 10 BBOJIa 00BEKTa B IKCILTYaTaLHIO.
He BoIsiBieHHBIE 1e(hEeKTHI MOTYT MPOSIBUTHCS B TPO-
1ecce dKCILTyaTaluu, 4YTo noTpedyeT peMoHTa N
ycuileHUs! KOHCTpyKuuil. IloBpexxaeHnss — Heucnpas-
HOCTH, MOJIly4eHHbIE KOHCTPYKIUEH IPU U3rOTOBIIE-
HUH, TPAaHCIIOPTUPOBAHUM, MOHTAXKE U IKCILTyaTallUH.
JleeKThl 1 MOBPEKACHHS TAKXKE CKa3bIBAIOTCS Ha He-
Cyliel CriocOOHOCTH KOHCTPYKIUH, HO HE pacCcMaTpH-
BaloTcA B JaHHOM cTatbe [11, 12].

FLEEE

Puc. 1. MHOTO3Ta)XHOE 37]aHNE HA HECYIIEM CBA3€BOM Kapkace [7]
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AKTyapHOCTh pabOTHI 3aK/II04aeTCa B y4eTe He-
COBEPILEHCTB, BO3HUKAIOIINX B PE3y/IbTaTe U3TOTOBIIE-
HUSI 1 MOHTa)Xa CTAJIBHBIX KOHCTPYKIMH U BIUSIOIINX
Ha paboTy CTaJIBHOIO KapKaca MHOTO3TA)KHOTO 3JaHUsL.
HN3ydenne 3Toro Bompoca Mo3BOJIUT PACIIUPHTh UCHIOIb-
30BaHNE CTATLHBIX KOHCTPYKIMH B TPAKIAHCKOM CTPOH-
TENbCTBE, B TOM YHCIIC MHOTOATaKHBIX 37aHUH (puc. 1).

MATEPHUAJIBI U METO/bI

PacueT cTajpHBIX KapKacOB MOXKET BBITTOIHITHCS
HECKOJIBKHMHU MeTonamu (puc. 2):

1. Pacuer B ynpyroii nocraHoBke 0e3 yuera reo-
METPUUECKON HETMHEHHOCTU KOHCTPYKIIUU — YIPYTUi
aHaJIN3 IIEPBOTO TOPSIIKA.

2. B ynpyroii nocTaHOBKE € y4€TOM reoMeTpruye-
CKOM HEJIMHEMHOCTH KOHCTPYKLMM — YIIPYTUil aHaJIN3
BTOPOTO MOPSIIKA.

3. C yueroM pm3HUIECKO HEMMHEHHOCTH MaTepu-
ana (IOITyCcKaeTCs pa3BUTHE IDTACTUICCKUX e(POpMAaITiid
CTaim), HO 0e3 yJeTa TeOMEeTPUIECKOl HeMMHEHHOCTH
KOHCTPYKIIMH — IUTACTHYECKHI aHAIIN3 IIEPBOI0 NOPsIIKA.

4. C yueroM (pU3HYECKON U TEOMETPUUCCKON He-
JIMHEHHOCTH — IJIaCTUYECKUIl aHAIN3 BTOPOTO TOPSAKA.

IIpoBeneHHBIEe paHee UCCIIEIOBaHUS NTOKA3bIBAIOT,
YTO aHaJIM3, OCHOBAHHBIM Ha pacdyeTe UaeaTu3upOBaH-
HOM MHOTO3Ta>KHOH CTaJbHON KAPKACHOW KOHCTPYKLUH
0e3 yueTa HeCOBEPIIIEHCTB, YaCTo He 00ecreunBaeT He-
CYLIYIO CHOCOOHOCTB 3[JaHHS U HE OTBEYAET HKCILIya-
TAI[MOHHBIM TPEOOBaHMAM ITO JIOITYCTHUMBIM MIEpEMeIIie-
HUSM Kapkacos [14].

OueHka BIMSHHS HA9JIbHBIX HECOBEPIICHCTB ObIIa
BBINOJTHEHA Ha IPUMEpE CBsI3eBOro kKapkaca 10-sTax-
HOTO KMJIOTO 3/1aHUsl, pacroyokeHHoro B IV cHerosom
u IV BeTpoBoM palioHe. 31aHue UMEET NPSMOYTOIbHbIN
J1aH, pa3meps! B miane 54,4 x 12,3 m. BeicoTa sTaxa
paBHa 2,95 m. 3nanue 6e3 nmoxsana. lllar monepeuHbIx
pam mepeMeHHBIN B IPOIOJILHOM Hampasienuu 3,0; 3,3;
3,6; 3,8 u 3,9 M. B monepeuHoM HampaBJIeHUH HIar Ko-

=| S
= 3| =
s S = &
gl o5l 58
ol 2ol 2| s
k=2 é Z|l s S
o1 =
S| 28 =
| alEl=
< =
Al o 2| = <
§ c Al | &2
T Q= 9 ™
o Olo| = >
=S 2=l = [
= =B 5
Sl E
1. Yipyruii aHaJiu3 nepBoro nopsiaxa x x
2. Ynpyruii aHanu3 BTOPOro HOopsiIKa x | x
3. [Inactuyeckuii aHaIM3 NEPBOTO MOPsIKA x x
4. Inactudeckuii aHaIU3 BTOPOToO HOPSIKa x x

a

sonH 4,3; 3,3 u 4,7 m. Ha puc. 3 nokasan ¢pparMeHT ruia-
Ha 37]aHus, Ha puc. 4 — paspes.

[epexpbITHs 30aHUS BHITIOMHSAIOTCS B BHJIE MOHO-
JIUTHOM >KeJIe300€ TOHHOM TUTUTHI 110 TPOGHIMPOBAHHOMY
Hactuy. [TInnta nmeer Tommuuy 130 MM, IO KoTOpOH
YCTpauBaIOTCS IIEMEHTHO-TIECYaHast CTSDKKa TOJIIMHON
45 MM U CJI0¥ 3BYKOM3OJISILIMY U3 TIEHOTIOJIMCTHAPOIIA TOJI-
IMHOW 23 MM, THHONEYyM. B oTnudne oT mepexphITuii
Ha IUTUTY MTOKPBITHS YKIIA/IBIBACTCS YTEIUINTEINb 13 MUHE-
paJIbHOM BaTkl TOMMMHON 210 MM, LIEMEHTHO-TIeCUaHast
CTSDKKA TOMIIMHON 30 MM, THIIPOU3OIISIIMOHHBINA KOBEP.

CreHbl 31aHUs — KapKacHO-oOMmMBHEIE. B mpo-
€KTe pacdeTa KapKaca Bec CTeH Y4TEH NpHOINKEHHO
U IpuHAT paBHbIM | kIla.

Juis obecrieueHUs] yCTOMYMBOCTU U IKECTKOCTH
CBSI36BOTO KapKaca yCTPamBalOTCS BEPTHUKAJIbHBIC
cBs3U. BepTukanbHble HEeCcylHe KOHCTPYKIMH Kap-
Kaca — KOJIOHHBI PaclojararoTcs Ha IMepecedeHmsIX
oceii. KooHHBI 11 6aIKu IEepEeKPHITHS H3TOTaBINBAIOT-
cs1 U3 mpoKaTHbIX aByTaBpos mo [OCT P 57837-2017".
Cranp xonoHH U 6amok — C345. YcToiumBOCTh
1 J)KECTKOCTb CBS3€BOTO KapKaca 00ecreunBaeTCst Bep-
TUKAJIBHBIMU CBSI3SIMHU MEXIY KOJTOHHAMH.

Bec cranpHOro kapkaca y4yuTBIBa€TCSl IO ceve-
HUSM 3JIEMEHTOB IIPH PacdeTe BBIYUCIUTCIBHBIMU
koMIuiekcamu. [Ipu onpezneneHun Harpy3Ku oT coO-
CTBEHHOTO Beca KapKaca NPUHUMAETCsI B pacyeT KO-
3G GUIHEHT HAJCKHOCTH M0 HArpyske, paBHbii 1,05,
U CTPOUTENBHBIN K0 duuneHT 1,2% yIUTHIBAIOIIHUHA
Haynnmuue pebep, HaKIaI0K, (PacCOHOK U OMTOPHBIX IljIa-
ctuH. Harpy3ka Ha cTajabHBIE pUreNnHu MEPEKPBITUSA
YCTaHOBIICHA C YYETOM IMIMPHHBI TPY30BOH IIJIOIIAIH,
PaBHOM IIary NONEepPEeYHbIX paM.

Hnsa IV cHeroBoro palioHa HOpMaTUBHAsI CHETO-
Bas Harpy3ka — 2,0 klla, pacuernas — 2,8 klla. dus
IV BerpoBoro paiioHa HOpMaTHBHOE BETPOBOE JABIIE-
uue — 0,48 klla.

IIpu mpoBeneHUN pacdyera y4TEHO CIEAYyIOIIee.
KoneuHo-anemeHTHast MOIENb KapKaca CTEpIKHEBAs.

1.Vupyruii aHanu3 nepBoro

TopsiIKa
/
l/ VYrpyras Harpy3ka Ha U3rHO
/
/
/ 2. Ynpyruii aHaJIu3 BTOPOro
/ nopsiKa
/
/ S e R P .
/ 3. [nactrueckuii ananus
17 TIEPBOTO MOPSIKA
[/ 4. [Inactuyeckuii aHaau3
/ BTOPOTO MOPSAKA
Hedopmarus

b

Puc. 2. O6mas xapakTeprUCTHKa METOZOB pacyeTa CTAIBHBIX KapkacoB [13]: @ — metonsl pacdyera; b — KpuBas Harpy3Ka-

nedopmarys Ui pa3HbIX THIIOB pacueTa

'TOCT P 57837-2017. [IByTaBpsl CTalbHbIE TOPSYCKATAHBIC C MAPAIUICIIBHBIMU TPAHSMH TOJOK. TeXHUIEeCKUEe YCIOBHSL.
2 CIT1 16.13330.2017. CranpHbIe KOHCTPYKIHU. AKTyanuzupoanHasa pegakuus CHull 11-23-81*.
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PaccmoTpena paboTa OTAENbHON MIIOCKOH paMBbl, 9TO
YYNUTBIBAET 0COOEHHOCTH KOHCTPYKIMHU Kapkaca. [is
pacyeTa UCNOAb30BaH BBIUMCIUTENbHBIM KOMIIIEKC
JINPA-CATIP 2021. KomoHHBI Kapkaca KpemsTcs
K (GyHOaMEHTY mIapHUPHO. Taroke MIapHUPHO K KOJIOH-
HaM KpersiTcs 0aKu mepeKprITHi. JKeCTKoCTh Kapkaca
B TOPU30HTAIEHOM HalpaBJIeHHH 00eCIeYnBaeTCs Bep-
TUKaJIbHBIMU CBSI3sIMH. B Tabiu1e npencraBieHbl THITI
JKECTKOCTEH U CeueHus IeMeHTOB Kapkaca [15].

Harpyska® npukiajpiBanach K pacueTHONW cxeme
B BHJIE IIITH 3aTrpy>KeHUIL:

1) Bec HecymuX KOHCTPYKIIH;

2) MOCTOSIHHAsL Harpy3Ka — BEC OI'pa)</IalolInx
KOHCTPYKLUH;

3) mone3Has Harpy3Ka;

4) cHeroBas Harpy3Ka;

5) BeTpoBas HarpysKa.

HauanbHble HecOBepIIEHCTBA KapKaca MPHHSTHI
B COOTBETCTBUU C JICHCTBYIOIIMMH POCCUMCKMMHU HOpMa-
MI/IA. Konouus! B 3JIaHUU NIPUHATHI ABYX3TAXXHBIMH, JJIN-
Holt 5900 MM, OTKJIOHEHHE BepXa KOJIOHHBI COCTaBISET
oT BepTHKaI 15 Mm. KpoMe OTKIIOHEHUS OT BEpTUKAIIY,
y4TeHa ¥ HayaJIbHasi HOTrHOb KOJIOHHKI co cTpenoit 0,0015
JUIMHBL. YKa3aHHbIE OTKJIOHEHMs OT IPOEKTHOM reoMe-
TpuM OBUIH YYTEHBI B TEOMETPUH MOJICNH, B 9TOM Cllydae
KOJIOHHA pa3/eieHa Ha JeCsTh PaBHBIX JacTeil M Koopau-

TuIbBI )KEeCTKOCTEH PIIEMEHTOB TIOKPBITUA

Tun HaumenoBanue
Ceuenne
JKECTKOCTH JJIEMEHTa
1 Konouust 25K2
2 Bbanku 30b1
3 Chsisn «MonoaeuHo»
100 x 100 x 3 MM

4 CIT70.13330.2012. Hecyuue 1 orpaxkaaronye KOHCTpyKIun. AKryanusupoBanHas penakiuus CHull 3.03.01-87.
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Puc. 5. Crioco0bl yueTa HayaJIbHBIX HECOBEPLICHCTB IPH MPOBEJCHUU PAcueTOB: ¢ — MPSIMOIl y4eT reoMeTpUUSCKUX Heco-
BEPLICHCTB B PACUETHOM cxeMe; b — croco0 3KBUBAJIIEHTHOU 3arpy3Ku

HAThI OMPEICIICHBI I KaXKI0T0 y371a, YTOObI IIOTyYHUTh
cTpeny mpornba Ha 8,85 MM IpPOM3BENCHO CMEIICHHE
B OJJHOM HAallpaBJICHUX Ha 15 MM BBepX KOJIOHHBI, H 9TH
OTKJIOHEHHS HaKaIUTHBAIKCH IO Bepxa 3nanus. Cymmap-
HOE OTKJIOHEHHE Bepxa 3aHusi paBHO 75 M [16].
IToMuMO TIPSIMOTO y4YeTa UCKAKCHHOM T€OMETPHH,
BBITIOJIHSITUCH PACUETHI C IOMOJHUTEILHBIMHU pacipe-
JICIICHHBIMH TOPU30HTAIBHBIMH Harpy3KaMH, IpUKIIa-
JIBIBAEMBIMH Ha KaXI0M dTaxe o EBpokoxy 1993-1-1°
[17-20]. B aToM cnocobe nedext mpeobpasyercs
B JIOTIOJTHUTENBHYIO OOKOBYIO HArpy3Ky, KOTOpas MpH-
KJIaJbIBacTCsA K HeNe(hOPMUPOBAHHON KOHCTPYKIIHH.
[IpencraBieHHbIE S5KBUBAJICHTHBIE HATPY3KH PacCuuTa-
HBI Ha TO, YTOOBI 1aTh TOT YK€ MOMEHT, KOTOPHII AacT

npsMas peaau3anus HadalbHBIX JedekToB. PacueTs
1o Meroauke EBpokoaa BHITIOIHEHBI BEIYUCINTEIBHBIM
komriekcom JIMPA-CATIP 2021. K pacueTHO# cxeme
C UCKaKCHHOM reoMeTpHel MPHUKIIaJAbIBAIINCH YKa3aH-
HBIE BBIIIE HArpy3KH U OCYIIECTBIISUICS pacueT YCHINH
u nnepemMerenuil. Ha puc. 5 noxasansl ucxonHas cxema,
CXeMa C HECOBEPIIEHCTBAMH, a TAK)KE PacueTHas cXema
C JOIOJHUTENIBHON TrOPU30HTAIBHOMN HArpy3KOil.
Kpome pacdeToB o nepBoMy U BTOPOMyY CIOCO0y
ydeTa HECOBEPIIEHCTB, IIPOBEIEH pacueT KOHTPOIbHO-
TO Kapkaca 0e3 UCKaKCHUI TeOMETPHH U 0e3 yJera Jio-
MOJTHUTENBHBIX TOPU30HTANIBHBIX Bo3eicTBuil. [Toiy-
YEeHHbIE Pa3HbIMHU CIIOCO0AMU IIePEMELICHNS U YCHIIHA
XapaKTEPHBIX TOUEK M CEYCHUI KapKaca CPaBHUBAIICH

SEN 1993-1-1:2005. IIpoeKkTupOBaHHE CTANBHBIX KOHCTPYKIHMil. OOIIHe npaBuia.
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C. 22-40

IpyT ¢ aApyrom. M3ydanoch BIUSHUE HECOBEPIICHCTB
Ha pe3yJIbTaThl pacdeTa OT OTJACNBHBIX 3arpyKeHUH.

Bce pacdeTs! BRITOTHAINCH TIPH YIIPYTO# paboTe
craim. PaccMoTpeHo 1Ba BapraHTa pacyera:

* B TGOMETPUYCCKH JTHHEHHOU TIOCTAaHOBKE;

* B F€OMETPUUYECKU HEJIMHENHOMN IIOCTAaHOBKE.

CedeHs AIIEMEHTOB PaMbl TIEPBOHAYAIIHLHO MTOI00pa-
HBI TaK, YTOOBI ObITa 0OecIIeueHa HeCyIasi ClIoCOOHOCTD
MpY JCWCTBUM COYETAHUI PaCUCTHBIX HAarpy3ok. B pac-
YETHOE COYETaHME BKIIIOUEHBI MOCTOSIHHAS, CHETOBas,

10

W
Homep ataxa

0
5 10 15 20 25 30 35 40 45 50 55 60 65 70
Ilepemenienust o x, MM

W pneanpHblii kKapkac

VckaskeHHBII kapkac — criocob Ne 1
HckaxeHHbIH Kapkac — criocol Ne 2

a

W
Howmep staxa

—-1400 -1200 -1000 800 600 —400 —200 0

IIpononbueie ycunus, kH
= leaybHblii KapKac
HckaxkeHHbIH kapkac — criocod Ne 1
W ckakeHHbli kKapkac — crocod Ne 2

4

nonie3Hasi, BerpoBasi. [locTosiHHAs ¥ TONIe3Has! HArpy3KU
B3SITHI C KOO(h(HUIMEHTOM codeTaHusi 1, BeTpoBas — C KO-
a¢dunmentom coyeranus 0,9, cHeropass — ¢ ko3 duuu-
eHtoM couetanus 0,7.

PE3YJIBbBTATHBI HCCIIEJOBAHMUA

Ha puc. 6 u 7 npuBeneHsl pe3yabTaThl pacueTa
JUISL CpeTHEH KOJIOHHBI, BXOMSINEH B CBA3EBOI OJIOK,
a TaKXe MpeACTaBlIeHbl TOPU30HTAJIbHbBIE ITepeMellie-
HUS KapKaca M YCWJIHS B KOJIOHHaX, ONpe/eIeHHbIE

\ 10
\ 5
8
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<
o
8
1€ 5 o)
5]
4 B
jan
V£ - 3
<Zg 2
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0

-12-11-1098-7-6-543-2-1012345
Wzrubarommii MomeHT My, kH - M

——— W neanbHsblii kKapkac

HckaxeHHbIi kapkac — crocod Ne 1
HckaxeHHbIH Kapkac — criocod Ne 2

b

7 10
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Wi
Homep sTaxa

—220 —200 —180 —160 —140 —120 —-100 80 —60 —40 20 O

IIpononsuele ycunus, kH

= lneaynbHblil KapKac
HckaxeHHbIH Kapkac — criocob Ne 1
HckaxeHHbIN Kapkac — crocob Ne 2

d

Puc. 6. Pe3ynbrars! IHHEWHOTO pacdeTa KOJOHH CPEIHETO psijia B CBA3EBOM OJIOKE: @ — MepeMeIIeH s 10 X, MM; b — u3ruda-

formit MoMeHT My, kH - M; ¢ — mipononbHbie yeunus N, kH; d — ycumms B cBsa3sax, kH
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W neanbHblii kKapkac
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d

Puc. 7. Pe3ynbraTel HENMHEHHOTO pacdeTa KOJIOHH CPEIHETo psilia B CBSI3€BOM OJIOKE: @ — MEpeMEeIeHHs 110 X, MM; b — H3-

rudarontuii MoMeHT My, kH - M; ¢ — npomonsHble yeunus N, kH; d — ycunus B cBsazsax, kH

COOTBETCTBEHHO JIMHEHHBIM U HEJIHMHEHHBIM pacue-
TOM.

Ha puc. 8 npeacraBiensl pe3yabTarbl CpaBHEHUS
JUHEHHOTO U HETMHENHOI0 PacyeToB MPHU MPSIMOM yue-
T€ UCKAXECHUM B FTEOMETPUH PACUETHON CXEMBIL.

[Ipu aHanu3e pe3yabTaTOB HEOOXOAMMO NPUHHU-
MaTbh BO BHUMAHUE, YTO MPSIMON Y4YET NOTPEIHOCTEN

28

C60pKI/I 1 U3TOTOBJICHUA B TCOMETPUUN KapKaca sABJIACTCA
Ooee paBMIIBHBIM, HO TpedyeT popMupoBaHus Ooiee
CJIOXHBIX PACYETHBIX CXEM, YYHTBHIBAIOIIUX ITOTIPELI-
HOCTH reoMeTpHuH Kapkaca. [lepememienus 1 ycuius,
TIOJIy4eHHBIE JINHEHHBIM PacueToM CBA3€BOr0 KapKaca,
Mallo OTIIMYAIOTCS OT PEe3yJIBTATOB HEJIMHEWHOTO pac-
YeTa, YTO MO3BOJISIET AJISl CBI3€BOI0 KapKaca peKOMEH-



Pabota cBS3eBbIX CTaAbHbIX KAPKACOB C YYETOM MOrPeLIHOCTEN MOHTaXa M M3roTOBAEHMS C. 22-40
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Puc. 8. Pe3ynsrarsl cpaBHEHUs JIMHEHHOTO ¥ HETMHEHHOTO pacyeToB: g — MEPEMELICHHUS MO0 X, MM; b — M3rnOarouii MOMEHT

My, xH - m; ¢ — yeunus N, kH; d — ycunus B cBsazax, kH

JI0OBaTh JIMHEHHBIN MeToa pacuera. Mcxoas u3 sroro,
MIPU aHAJN3€ BIMSHHUS MOTPEITHOCTEH Kapkaca pac-
CMaTpUBAJIUCH PE3YJIbTaThl JIMHEHHOro pacuera ujaea-
JU3UPOBAHHOTO KapKaca U Kapkaca ¢ IpSIMbIM YIETOM
HOTPEIHOCTEN.

TopuzoHTaNBHBIE IEPEMEIIIEHHS CBSI3€BOTO KapKaca
TIPU yYeTe IMOTPEIIHOCTH U3TOTOBIICHHS M MOHTaKa OKa-

3anuch Ha 3,5 % Oosblle 10 CPaBHEHHUIO C HJICaIbHBIM
kapkacoM. Ha mponosisHbIE yCHITHs B KOJIOHHAX CBS3€BO-
TO KapKaca NCKaKeHHs TeOMETPHH KapKaca IPaKTHIeCKA
He BIUsIoT. M3rubarommue MOMEHTHI B KOJIOHHAX CBSA3e-
BOTO KapKaca HEBEJIMKH U MaJIo BIMSIOT Ha HECYIIYIO
CIOCOOHOCTH Kapkaca. Tak, OT MaKCUMaJIbHOTO H3rHOa-
IOIIEr0 MOMEHTA HOPMaJIbHBIC HAINPSDKEHUS COCTABIIS-
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10T 8,50 MIla, B TO BpemsI Kak CyMMapHbIe HalIPSHKEHUS
B 9TOM ceueHuH paBHbl 139,50 MIla. s paccMoTpen-
HOTO KapKaca XapakTepHO, YTO Ha YPOBHE MEPEKPBITHHA
HEYETHBIX dTaXeW HaOIogaeTcss HEOOIBIIOE OTINYHE
MOMEHTOB, ONPEETIECHHBIX B KapKace ¢ y4eTOM IOrpeml-
HOCTEl TeOMETPHH, Ha YPOBHE HEPEKPHITHI HEUETHBIX
staxedt 10 11 % u GosbIIoe oTIMYMe HA YPOBHE Iiepe-
KPBITUI YETHBIX ATaxel 110 3,2 pas.

[IpononeHBIE yeHnus B 3IEMEHTaX BEPTUKAIBHBIX
CBsi3el B KapKace ¢ MPsIMbIM yYETOM IOTPELIHOCTH I'eo-
METPHH OKa3aJInCh OOJIbIIe, YEM B HIEATIBHOM KapKace
Ha 9 %. MakcuManbHOE OTIMYKE YCHIMH B JJIEMEH-
Tax CBsI3el KapKaca ¢ MOTPEIIHOCTIMU [0 CPAaBHEHHIO
C UACANBHBIM KapKacOM MMEET MECTO B JIEMECHTAX CBSI-
3el IepBOro 3Taxa.

JAKJIIOYEHUE U OBCYXJIEHHUE

Ha ocHoBaHMM pacueToB HapsKEHHO-AE)OPMHU-
posanHoro coctostHus (H/IC) kapkaca MHOr03TaxHOTO
37IaHUs YCTAHOBIICHO CIIEAYIOIIEE:

* UCHONb30BaHUE METOAUKH EBpokoja ¢ go-
MOTHUTEJIBHBIMU TOPU30HTAIBHBIMU HAarpy3Kamu
Ha YpOBHE Ka)KJOr'0 3Ta)ka BEAET K MOJIYYCHHUIO 3aBbI-
HICHHBIX 110 CPAaBHEHHIO ¢ (PaKTUUECKUMH IepeMele-
HUU U yCUIIH;

* NPSIMOM Y4YeT HMOrPEIIHOCTEN HU3TOTOBICHUS
1 cOOPKH B TEOMETPHH KapKaca I03BOJIseT OoJiee TOTHO
OLIEHHUTH PabOTy KapKaca;

* IOTPEHIHOCTH M3TOTOBJIEHUS M MOHTa)Ka CBS-
3€BOT0 KapKaca MaJIo BIHSAIOT Ha TOPU30HTAJbHBIC
nepeMenieHns, KoTopsle yBenuuuBaorces a0 3,5 %,

Y TPAaKTHYECKH HE BIUSIOT Ha MPOJOJbHBIC YCHIINS
B KOJIOHHAX;

* HOpMAJIbHBIC HAIPSAXKEHUA OT 1/13r1/16a}om1/1x
MOMEHTOB B HanOoJsee 3arpy>K€HHbIX KOJIOHHAX MEPBO-
ro dTa)ka cocTaBisiioT He 0osee 8,50 MIla, uro cocras-
mstet 6,10 % oT cyMMapHBIX HaNpsDKEHUH B KOJTOHHAX;

* MPOAOIBHBIC YCUIIHS B DIIEMEHTaX BEPTHUKAIb-
HBIX CBS3€H MCKOKEHHOTO KapKaca IMpH MPsIMOM y4eTe
MOTPEIIHOCTEH U3TOTOBICHHU U MOHTaxa Ha 9 % 00J1b-
11e, YeM B KapKace ¢ HJeallbHOi reoMeTpHeH;

* JUISL IPAKTHYECKOTO y4eTa BIUSHHUS OTKIOHE-
HHH KapKaca OT IIPOEKTHOM I'eOMETPHN PEKOMEHTYeTCs
MPOBEJICHNE pacyeTa HaeaJn3upoOBaHHON pacdyeTHOU
CXEMbI C YMHOXCHUEM PE3YJIbTATOB Ha IMOIMPABOYHBIC
koo duunentsr: ais nepememenui vy, = 1,05, nns
M3TUOAIONX MOMEHTOB B KOJIOHHaX Ha YPOBHE Tepe-
KPBITHH HEYETHBIX OTaxeH v, = 1,11, st mepekpeITHii
YETHBIX dTaxXeH v, = 3,2, U NPONONBHBIX YCHINH
B KOJIOHHaX ¥, = 1, B cBazsax vy . = 1,09;

* IS yMEHBIIICHUS OTKJIOHEHHHA KapKaca OT po-
EKTHOW TeOMEeTPHH HEOOXOIUMO COOIOATh TEXHOIO-
THYCCKHE MEPOTPHUATHS, KOMICHCHPYOIIHE TOTPeI-
HOCTH M3TOTOBJICHHS U MOHTaXKa;

* TpeOYIOTCS JIOMOJHUTEIbHBIE HCCIEAOBAHUS
BJIMSHUS HECOBEpIIEHCTB Kapkaca Ha ero HJIC.

Pe3ynbTarhl, MoMy4YeHHbIE 7151 OCHOBHOTO HCCIIEO-
BaHUA, MOXXHO CUHTATh ):[efICTBI/ITCHI)HLIMH TOJIBKO JIA
PacCMOTPEHHOM KOHCTPYKIMHU Kapkaca. s pa3paboTku
HOPMAaTHUBHBIX PEKOMEHIAINH CIIeyeT IIPOBECTH TeOpe-
THYECKHUE, IKCIICPUMEHTAIBHBIC U YHUCIICHHBIE UCCIE0-
BaHMS IIUPOKON TPYIIITBI MHOTOATAXKHBIX KapKacoB.
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INTRODUCTION

The frame of a multi-storey building has the load-
bearing function of absorbing and transmitting to
the foundation all the forces acting on the building [1].
The frame is a spatial system of load-bearing structur-
al elements of the rod type that provides the necessary
rigidity, stability and strength. In addition to the col-
umns, slab beams and vertical braces, rigid floor slabs
are formed which create an effective load transfer to
the vertical braces [2, 3].

Frames of multi-storey buildings can be repre-
sented as core spatial systems. The choice of frame
design influences the material consumption and cost
of the building, the operating costs and the labour
required for installation. In addition to ensuring
the load-bearing capacity of the frame, excessive hor-

izontal and vertical movements as well as unaccep-
table vibrations must be excluded [4, 5]. At present,
the introduction of steel frames in mass construction
is constrained by the lack of standard designs. The use
of standard designs will make it possible to achieve
reliability and high quality of frame erection, reduce
the time and labour intensity of construction.

The assembly of a multi-storey steel frame is
carried out by highly qualified builders using prefab-
ricated elements. High-quality design and fabrica-
tion of the framing elements is the key to accurate
assembly of the structure on installation [6]. Special
requirements are imposed on the accuracy of assem-
bly (ensuring the allowable gaps in nodes, deviations
from the design position horizontally and vertically).
The permissible assembly accuracy for steel frame-
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works is quite high. The assembly accuracy is also
influenced by the technology of welded and bolted
assemblies [7]. The development of standard hinged
and rigid mounting joints simplifies the installa-
tion of steel frame [8]. The experience and practice
of constructing multi-storey steel frames in residen-
tial buildings in the Russian Federation is still lim-
ited, which has led to work on its development [9].
However, the frame assembled even from perfectly
manufactured structures often has column deflections
from the vertical position, which leads to a reduction
in the load-bearing capacity of the structure [10].
The distinction between initial imperfections
and defects and damage must be understood. Initial
imperfections — are deviations of the real structure
from the design within the limits permitted by stand-
ards and inspection authorities. Differences between
the real structure and the design solution can lead to
a reduction in the load-bearing capacity which must
be taken into account in the calculation. Defects are
non-compliances of the structure with any param-
eter specified in the normative document or the de-
sign, obtained by the structure during the fabrication
and installation phase. Defects shall be detected at
the stage of fabrication and erection of structures and

2 =
2l =15
ol o [ .|y
<
gl & 5|8
= - +
@ | @ S |
2l el 8|8
S| E| ol
S| = | &= 20
- < =
21715 3
= 4 3
1. First order elastic analysis x x
2. Second order elastic analysis x| x
3. Plastic analysis of the first order x x
4. Plastic analysis of the second order x x

a

eliminated before the object is put into operation.
Unidentified defects may appear during operation,
which will require repair or reinforcement of struc-
tures. Defects — are faults caused to the structure
during manufacture, transport, installation and opera-
tion. Defects and damage also affect the load-bearing
capacity of structures but are not discussed in this
article [11, 12].

The relevance of the work lies in the considera-
tion of imperfections arising from the manufacture and
installation of steel structures and affecting the perfor-
mance of the steel frame of a multi-storey building.
The study of this issue will enable the wider use of steel
structures in civil engineering, including multi-storey
buildings (Fig. 1).

MATERIALS AND METHODS

The calculation of steel frames can be carried
out using several methods (Fig. 2):

1. Calculation in the elastic approach without re-
gard to the geometric nonlinearity of the structure —
first order elastic analysis.

2. In the elastic approach, taking into account
geometric nonlinearity of the structure — second
order elastic analysis.

1. First order elastic analysis
/
......... oo, Flasti bending load
/
// 2. Second order elastic
/ analysis
/
| T T T T T T T T T T I .
/ 3. Plastic analysis
17, of the first order
[/ 4. Plastic analysis
/ of the second order
Deformation
b

Fig. 2. General characteristics of steel frame calculation methods [13]: @ — calculation methods; b — load-deformation curve

for different types of calculation
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Fig. 3. Floor plan of a typical storey

3. Considering the physical non-linearity of
the material (plastic deformation of steel is allowed
to develop), but without considering the geometric
non-linearity of the structure — first order plastic
analysis.

4. Taking physical and geometric nonlinearity
into account — second order plastic analysis.

Previous research shows that analyses based
on the calculation of an idealised multi-storey steel
frame structure without regard to imperfections often
fail to ensure the load-bearing capacity of the build-
ing and do not meet the operational requirements for
permissible frame movements [14].

The impact of the initial imperfections was
assessed using the example of the bonded frame
of a 10-storey residential building located in snow
and wind district IV. The building has a rectangu-
lar plan, with plan dimensions of 54.4 x 12.3 m.
The floor height is 2.95 m. The building has no base-
ment. The pitch of the transverse frames is variable,
in the longitudinal direction, 3.0; 3.3; 3.6; 3.8 and
3.9 m. In transverse direction, the column spac-
ing is 4.3; 3.3 and 4.7 m. Fig. 3 shows a fragment
of the building plan, Fig. 4 is a sectional view.

The floor of the building is a monolithic rein-
forced concrete slab on profiled flooring. The slab
is 130 mm thick, on which a 45 mm cement-sand
screed and a 23 mm thick soundproofing layer of pol-
ystyrene foam and linoleum are laid. In contrast to
the floor slab, a 210 mm mineral wool insulation,
a 30 mm cement-sand screed and a waterproofing
carpet are laid on the floor slab.

The walls of the building are frame cladding.
The weight of the walls is approximated in the frame
design and taken as 1 kPa.

To ensure the stability and stiffness of the lattice
frame, the vertical braces are arranged. The vertical
Fig. 4. Frame section load-bearing structures of the frame — the columns —
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are located at the intersections of the axes. Columns
and slab beams are made of rolled I-beams according
to GOST R 57837-2017'. The steel of columns and
beams is C345. The stability and stiffness of the liga-
ment frame is ensured by the vertical ties between
the columns.

The weight of the steel frame is factored into
the element cross-sections in the calculation by
means of calculation tools. In determining the load
from the frame’s own weight, a load factor of 1.05
and a construction factor of 1.2? are taken into ac-
count for the ribs, linings, chamfers and support
plates. The load capacity of the steel floor girders is
determined by taking the width of the load area equal
to the spacing of the transverse frames into account.

For snow district IV the normative snow load is
2.0 kPa, the design is 2.8 kPa. For area IV the norma-
tive wind pressure is 0.48 kPa.

The following has been taken into account in
the calculation. The finite element model of the frame
is a core model. The operation of a separate flat frame
is considered, which takes into account the features
of the frame design. The LIRA-SAPR 2021 comput-
er system is used for the calculation. The columns
of the frame are hinged to the foundation. The floor
girders are also hinged to the columns. The horizon-
tal stiffness of the frame is ensured by vertical braces.
The table shows the types of stiffnesses and cross-
sections of the frame elements [15].

The load® was applied to the design scheme as
five loads:

1) the weight of the supporting structures;

2) constant load — the weight of the building
envelope;

3) payload;

4) snow load;

5) wind load.

The initial imperfections of the frame have been
assumed in accordance with current Russian stand-
ards*. The columns in the building are assumed to
be two-storey, 5,900 mm long, and the deviation
of the column tops is 15 mm from vertical. In addi-
tion to the vertical deflection, an initial column col-

Types of cover element stiffnesses

Rigidity Name of item Section
type
1 Columns 25K2
2 Beams 30b1
. “Molodechno”
3 Links 100 x 100 x 3 mm

lapse of 0.0015 in length is also taken into account.
These deviations from the design geometry have
been accounted for in the model geometry, in this
case the column is divided into ten equal parts and
the coordinates are determined for each node, to ob-
tain a deflection boom of 8.85 mm an offset of 15 mm
in one direction is made up the column and these
deviations have accumulated to the top of the build-
ing. The total deflection at the top of the building is
75 mm [16].

In addition to direct consideration of the distort-
ed geometry, calculations were performed with ad-
ditional distributed horizontal loads applied at each
floor according to Eurocode 1993-1-15 [17-20]. In
this method, the defect is converted into an addition-
al lateral load, which is applied to the non-deformed
structure. The presented equivalent loads are de-
signed to give the same moment that a direct realisa-
tion of the initial defects would give. Calculations ac-
cording to the Eurocode method are performed with
the LIRA-SAPR 2021 calculation system. The above
loads were applied to the design scheme with distort-
ed geometry and forces and displacements were cal-
culated. Fig. 5 shows the original scheme, the scheme
with imperfections as well as the calculation scheme
with additional horizontal load.

In addition to the first and second imperfection
calculations, a control frame without geometric dis-
tortions and without additional horizontal forces was
calculated. The displacements and forces of the char-
acteristic points and cross-sections of the frame were
compared with each other using different methods.
The influence of imperfections on the calculation re-
sults from individual loads was studied.

All calculations have been carried out with elas-
tic steel. Two calculations have been considered:

* in a geometrically linear formulation;

* in a geometrically nonlinear formulation.

The cross-sections of the frame elements were
originally selected so that its load-carrying capacity
is ensured under the action of combinations of design
loads. The design combination includes permanent,
snow load, useful load and wind load. The permanent
and usable loads are taken with a combination factor
of 1, the wind loads with a combination factor of 0.9
and the snow loads with a combination factor of 0.7.

RESEARCH RESULTS

Fig. 6 and 7 show the calculation results for
the middle column included in the bonding block, and
present the horizontal displacements of the framework

'GOST R 57837-2017. Hot-rolled steel T-beams with parallel edges of flanges. Technical specifications.
2CP 16.13330.2017. Steel structures. Revised edition of SNiP I1-23—-81*.

3CP 20.13330.2016. Loads and impacts. Revised edition of SNiP 2.01.07-85%*.

4SP 70.13330.2012. Bearing and Enclosing Structures. Revised edition of SNiP 3.03.01-87.

SEN 1993-1-1:2005. Design of steel structures. General rules.

35

(L6) L NSSI'EL IO agponisieg



v Vol. 13.Issue 147

Construc
Science and Educ

Youssef R. Hamaty, Alexander R. Tusnin

W
Floor Number

0
510 15 20 25 30 35 40 45 50 55 60 65 70
Movements in x, mm
——— The perfect frame

——— Distorted frame — method No. 1
Distorted frame — method No. 2

a
10

W
Floor Number

-1000 -800 —600 400 200 0

Longitudinal forces, kN

—-1400 —-1200

= The perfect frame
= Distorted frame — method No. 1
Distorted frame — method No. 2

4

\ 10
\ )
8
2 7
5]
6 o
g
1% 5 Z.
St
é 1)
4 2
—
1€ 3
<Z g 2
\B 1
-12-11-10-9-8-7-6 543 2-1012 3 45 0
Bending moment My, kN - m
The perfect frame
——— Distorted frame — method No. 1
Distorted frame — method No. 2
b
7 10
y 9
8
7

W
Floor Number

—220 —200 —180 —160 —140 120 —-100 80 —60 40 —20
Longitudinal forces, kN

= The perfect frame
= Distorted frame — method No. 1
Distorted frame — method No. 2

d

Fig. 6. Results of linear calculation of mid-row columns in a bonded block: @ — displacement along x, mm; b — bending mo-
ment My, kN - m; ¢ — longitudinal forces N, kN; d — forces in bonds, kN

and the forces in the columns determined by linear and
non-linear calculation, respectively.

Fig. 8 shows the results of a comparison between
the linear and non-linear calculations when distortions
in the geometry of the calculation scheme are directly
accounted for.

When analysing the results, it should be taken into
account that the direct consideration of assembly and
manufacturing errors in the frame geometry is more
correct, but requires the formation of more complex
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calculation schemes that take into account the errors
in the frame geometry. The displacements and forces
obtained by the linear calculation of the braced
framework do not differ much from the results
of the non-linear calculation, which makes it possible to
recommend the linear calculation method for the braced
framework. Therefore, the results of the linear
calculation of the idealized frame and the frame with
direct consideration of errors were considered in
the analysis of the influence of frame errors.
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Fig. 7. Results of nonlinear calculation of mid-row columns in a bonded block: a — displacement along x, mm; b — bending
moment My, kN - m; ¢ — longitudinal forces N, kN; d — forces in bonds, kN

The horizontal displacement of the braced frame-
work was 3.5 % greater than that of the ideal frame when
the manufacturing and assembly errors were taken into
account. The longitudinal forces in the braced frame-
work columns are practically unaffected by the distortion
of the frame geometry. The bending moments in the col-
umns of the braced framework are small and have little

effect on the load-bearing capacity of the frame. Thus,
from the maximum bending moment the normal stresses
are 8.50 MPa, while the total stresses in this section are
139.50 MPa. For the considered frame it is characteris-
tic that at the level of odd-floor slabs a small difference
of moments determined in the frame taking into account
geometry errors is observed at the level of odd-floor slabs
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Fig. 8. Results of comparison of linear and non-linear calculations: @ — displacements along x, mm; b — bending moment My,

kN - m; ¢ — forces N, kN; d — forces in bonds, kN

up to 11 % and a big difference at the level of even-floor
slabs up to 3.2 times.

The longitudinal forces in the vertical connection
elements of the frame with direct consideration
of geometric errors are 9 % higher than in the ideal
frame. The maximum difference in the forces in
the connection elements of the frame with errors

38

compared to the ideal frame occurs in the connection
elements of the ground floor.

CONCLUSION AND DISCUSSION

Based on the calculations of the stress-strain state
(SSS) of the frame of a multi-storey building, the fol-
lowing has been established:
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* the use of the Eurocode methodology with ad-
ditional horizontal loads at each storey level leads to
overestimated displacements and forces compared to
the actual ones;

* the direct incorporation of manufacturing and
assembly errors into the frame geometry allows for
a more accurate assessment of frame performance;

* the horizontal movements, which increase by up
to 3.5 %, are little affected by fabrication and installa-
tion errors in the lattice frame and have almost no effect
on the longitudinal forces in the columns;

+ the normal bending moment stresses in the most
loaded columns of the ground floor do not exceed
8.50 MPa, which is 6.10 % of the total stresses in
the columns;

+ the longitudinal forces in the vertical connection
elements of the distorted frame are 9 % higher than in
a frame with perfect geometry when direct considera-
tion of manufacturing and assembly errors is taken into
account;

» for the practical consideration of the influence
of frame deviations from the design geometry, we rec-
ommend the calculation of an idealised design scheme
multiplying the results by the correction factors: for dis-
placements y = 1.05, for bending moments in columns
at odd-floor ceilings v, = 1.11, for even-floor ceilings
Y., = 3.2, for longitudinal forces in columns y = 1, in
bonds y,.= 1.09;

* to reduce frame deviations from the design ge-
ometry, technological measures must be taken to com-
pensate for manufacturing and installation errors;

 further research is required on the effects
of frame imperfections on the frame’s SSS.

The results obtained for the main study can only
be considered valid for the considered frame design.
Theoretical, experimental and numerical studies should
be carried out on a wide group of multi-storey frames in
order to develop normative recommendations.
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