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Hecyuiaa cnocoGHoOCTB y3/10B NOACTPONUIBHBIX (hepM no cepuu 1.460.3-14KM

AHHOTALIHS

B cratee paccmatpuBacTCsi pacueT Mo OTCUCCTBCHHBIM M CBPOICHCKHM HOpMaM y3na
CONPSDKEHHUS 3JICMCHTOB PEIIETKH U Mosica moacTporriabHOH depmel [1012-30 u3 rHyTO-cBapHBIX
mpoduieit (I'CIT). Ompenensiercss Hecymmas CmocOOHOCTh JAHHOTO y37a MO OOCHM METOAMKAM.
OIHIChIBACTCS YUCICHHOS MOJACIHPOBAHUC JAHHOTO V371a B IMPOrPAMMHOM KOMIUICKCE Ansys ¢
VIETOM TeoMeTpuueckod n usuueckod HenuHeHHocTH. Omnpenensercs Hecymas CrocoOHOCTb
Y3712 [0 PE3y/IbTaTaM YHCICHHOTO MOJICTHPOBAHHSL.

Kuarouessie cnoa: I'CI1, noacrponunpnas pepma [1dD12-30, Hecyimas crnocoOHOCTS.

B nocnexnee BpeMs npu CTPOUTEIBCTBE MHOTOIPOIETHBIX 3JaHHHN MIMPOKO TPUMEHSIOTCS
JCTKUC MCTAUTMICCKUC KOHCTpYKUmU Ttuna «Momoxeuno» cornacHo cepum 1.460.3-14KM.
KoHCTpyKinu MOKpBITHH JAHHBIX 3JAHHUHA BBITIOJIHSIEOTCS MO CeTKe KojaoHH 12x18(24)(30) M u
BKITIOUAIOT MOACTPONUIBHBIE epMBl TpoeToM 12 M U cTponmibHbIe depmbl poneToM 18, 24 u
30 M, ycraHoBicHHbIC ¢ maroM 4 M. OXHO W3 3THX PEIICHHUN C MOACTPONMIBHBIMH (hepMaMu
mapku [19-12-30 nponerom 12 M ObLTO peann3oBaHO MPH CTPOUTETBCTBE CKIAACKOTO TCPMHHATA
pasmepami B mwiane 744x110m «Jloromapx «buek Tay» BGmm3u ropoxa Kazanu. B despane 2012
roja MPOH30LUI0 OOPVINCHUE HECYINUX KOHCTPYKUMEH MOKPHITHS JaHHOro 3aanus. OQgHoW n3
BEPOATHBIX MPUYMH  OOPVIICHUS  SBISCTCA  HEAOCTATOYHAS  HECYINAS  CIIOCOOHOCTD
MOJCTPOMUIBHBIX (JepM, & IMCHHO UX Y37I0B, BHJ KOTOPHIX MOCIIC ABApUH NPHBCICH HA pHC. 1.

B cratee mnpuBOAdTCA PE3yNBTATBHl HCCICAOBAHHUM HECYVINEH CIOCOOHOCTH V3710B
noacTponuibHoi (epmbr [1D-12-30 o cepun 1.460.3-14KM coracuo ykazanusm [1], [2], [3],
a TaKKEC HAa MPOrPaMMHOM KOMIUICKCE AnSys, PEaH3yIOIEM METOA KOHCUHBIX 3JICMCHTOB.
Uccnenyemas depmMa B y3mel B MECTE ONMPaHHS CTPOIUIBHEIX (JepM NMPHUBEACHH HA pHC. 2, a
CCUCHHMS BIIEMCHTOB U PACUCTHBIC YCUIIHS COTJIACHO CEpUH B TabI.

Puc. 1. O0muit BuA pa3pyImeHAs Y3108 MOACTPOIMIBHBIX (PepM B MECTE ONMMPAHHS CTPOIIIBHBIX (epM
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Capoumensiple KoHempykyut, 0atud 4 Coopyketud
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Puc. 2. KOHCTPYKITHA TOACTPOIIIBHOM (PEPMBI U €€ Y3JIbI B MECTE OITHPAHHUS CTPOIMILHON (hepMbl
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Mapka peprst 1e-17-30

Hecvimasg criocobHoCTh vaia hepMbl COTIACHO OTEUECTBEHHBIM HopMaM [1]

IIpoBepka Hecyinell CnOCOOHOCTH paccMaTpHBAcMOro yina (epMbl, a HMEHHO €ro
OOKOBOU CTCHKH B IJIOCKOCTH y31a corjacHo m. JI2.4 [1], semonustores kak mis K-oOpasHoro
V3/Ia Ha YCWINS, VKa3aHHbIC B Tabn. BEIMOMHAS JaHHYIO NPOBEPKY, MOIYYAEcM, YTO MPOYHOCTh
yana BeinonHsaeTca. OHAKO, €CITH CONOCTABHTE YCHIINS B packoce P2 u B packoce P3, kotoprie

mo Moayimro oraudarorea B 10 pagz,

V-o0paznsiii, T.¢. ycuaus B packoce P3

TO CIPaBEATMBO PACCMOTPETh JAHHBIH Vy3€T Kak
CTPEMATCS K HYMO. B 3TOM caydae mpoBepKy HECYIICH

CIOCOOHOCTHU CACAYET BBIMOIHATE coriacHo 1. JI2.2 [1], mpu 3Tom Hecyinas CriocoOHOCTh y31a
o0ecrieunBacTCs NPH BEPTHKAIBHOH HArpyske Ha yien 19672 xr mpu 3as4BICHHOH B CEpUH
(tabmn.) — 30000 kr. Takum 00pa3oM, MOXKHO CACIATH CICIY OIS BBIBOIDI:
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e Hecymmas ciocoOnocts y31a 3 moactpormibHol depmel [19-12-30 or aefictBrsa ykazaHHOH
Harpy3ku P;=30 T obecneucHa B ¢ciyuae, €Cliu €ro HECYINYIO CITOCOOHOCTh MTPOBEPITh COMVIACHO
m J122wun J1.2.4.

e Ecin mpoBepaTh HEeCYINYI0 COCOOHOCTE y3aa 3 moactponuiabHOH (epmer [1d-12-30
cornacHo 1. J1.2.3 W3 mpeanonoxkeHus paboThl 3TOro ysiaa kKak Y-obpasHoro, To oHa Oviaer
obecrnieueHa Tompko mpu yeunnu P1=19,672 .

e Kakne-1100 yKazaHHS 1O OTHECCHHIO JAHHOTO Vy3/a Kak MOMICKAINETO pacueTy
cornacuo 1. JI.2.3 B [1] orcyrcrByroT. OnHAKO, YUHMTEIBAs, YTO MPH PABHOMEPHOU HArpy3Ke
CpCAHUC PACKOCHI HAXOIAATCA B 30HC TUCTOIO I/ISI‘I/I6a U HC UCHBITBIBAIOT IIPOAOIbHBIX YCI/IJ'II/II\/'I,
pacuer gaHHOro y371a kak K-oOpa3Horo He cpaBeasvs.

Hecvinag cnocoOHOCTE v3ia0B (hepMbl coraacHo EBpoxony [2] M pekOMEHIALMAM IO
pacuery v310B (hepM U3 3aMKHYTBIX THYTO-CBAPHBIX mpoduieii [3]

CornacHo ykazaHHBIM AOKYMEHTaM (OPMYNBI U NPOBEPKH HECYINEH CIIOCOOHOCTH
K-o6pasHeix y37moB paccMaTpuBarOTCS A CIYYacB, KOTAA MPOJOTbHBIE YCHIHA B
MPUMBIKAFOLIUX 3JIEMCHTAX PELICTKA MMEIOT Pa3HBIH 3HAK U OTIHYAIOTCS IO MOAVIIO HE Honee
uem Ha 20 %. B 3ToM cimyuae, Koraa yCUIHE B OMHOM M3 PACKOCOB PABHO WM OJU3KO K HYJIIO,
JAHHBIA V3€N CUMTAeTCd Kak Y-o0pasHBd W Hecymas CHnocoOHOCTh ONPEACTSCTCS IO
dopmyaam tada. 4.1 [3] u Tabmuue 7.10 u 7.11 [2]. Hecyinas ciocoOHOCTh y3/1a, BRIPAKCHHAS
Yyepe3 MPOXONBHOC YCHIHE B Packoce Nijpg, 3aBHCUT OT OTHOLICHUS IIMPHHBI packoca K
IIMPUHE T0ACA U MTPH PABHOM MHPUHE cocTaBIAeT N rg=23593 Kr pu COOTHOIMEHNH IHPUHBI
packoca k mmpuHEe mosca, pasHOM 0,85-N;r~=37263 kr. IlpomexyTouHBIE 3HAYCHHA
HAXOMATCA JMHCHHON wuHTepnomiuueh. s paccmaTpuBacMoro ysma 3TO COOTHOLICHHUC
coctasisietr 0,875, a Hecymas ciocOOHOCTD y3na Opu 3ToM paBHa Nirg=34980 kr, uto Oyzaer
COOTBETCTBOBATh BepTUKAIbHOM Harpyske P1=21.2 1. o pesympraTam mccnenoBaHuii HecyIneH
criocobHoCTH y3na rmo Hopmam EBpocoroza [2], [3] MOKHO ¢aenaTh CICAYIOUIUE BHIBOIBI:

e Hecymas criocoOHocTh y3na 3 noactponunsHoi gepmer [1D-12-30 Gyper obecnicueHa
TIPH BEPTHKAIBHOM JaBjicHNH, paBHOM P1=21.2 T;

e Hecyimeit ciocobnocty yana 3 moacrponmibHod (epmer [1d-12-30 HenoctaTouno ans
BOCTIPHATHS BEPTHKATBHON Harpy3ku pasHoi P1=30 T;

e B HOpMax NpOCKTHPOBAaHMS, HCIIOIb3YEMbIX B JAHHOM Pa3Acie, AaHbI YSTKHUEC YKA3aHUS
O PacueTy PacCMaTPUBAECMOro y3a Kak Y -00pa3Horo.

YucIeHHBIE HCCIEA0BAHUA HECVIIEH cIIOCOOHOCTH JAHHOIO V3ia

Hecymas cmocoOHOCT  paccmarpuBaeMoro y3ma  (epMbl  NPOM3BOAMIACH — HA
OporpaMMHOM KOMILJICKCC Ansys, HUCHOJB3YIOICM MCTOA KOHCUHBIX 3JICMCHTOB. Pacuernas
MOJEIb BKIOYAda B ceOs MONOBUHY PAcCMATPHUBACMOHM MOACTPOMMIBHOH (epPMBI C OCBIO
CUMMETPHUH B CEpeANHE mponeta (puc. 3).

B: Copy of Static Structural
Force 3

Time: 10. s

22.03.2013 15:35

|A Force: 3.2e+005 N
|B Force 2: 10.N
€ Force 3: 10. N
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Puc. 3. PacuerHas mozaexns noacTpomuasHoit pepmsr [10-12-30

Pacuernoe comporuBneHue cramu ;i BepxHero mosca cedeHueM 200x160x5 mm m
packocos ceueHrem 140x140x4 cocrasmmo 350 MITa, a a1 meHTpaIbHBIX PACKOCOB CEUCHHEM
120x120x3 mm — 245 MITa. dusnueckas HEMTHHEHHOCTh YUUTHIBAIACH 3aJaHHEM JHATPAMMBI
Ilpanaras ¢ npenemom Texyuectr 350 MIla m tanrencansHBEIM MoayiaeMm ymnpyrocta 0 Mlla.
I'eomeTpuueckas HETHHEHHOCTh YUHUTHIBACTCS IPOrpaMMHBIM KoMiiekcoM. Jedopmuposannas
cxema y3ia (hepMbl Ha IOCIETHEM 3TAIle HArPY KEHHs IPEICTABICHA HA pPUC. 4.

250.00
125.00

Puc. 4. leopmupoBanHAsA cxema (CpMBI MPSACTABICHA HA CTATHH PA3PYIICHHUI

IlpuBeacHHBIH PUCYHOK COOTBETCTBYET dTamy paspyiicHus. [[s BBISABACHUS MOMCHTA
MOTePU  YCTOMYMBOCTH paccmatpusaetcs aedopmarus crenku y3ma (puc. 5). JauHas
aedopMarust CTCHKH B 4 MM HaAOIIOAACTCS B MOMECHT MOTEPH YCTOWYHUBOCTH MPH OOLIMPHOM
pasBUTHH IIacTHYCCKUX Acopmarmii 1o Bcel creHke. Jlms  BBISABICHHUS —HArpy3kH,
COOTBETCTBYIOLICH HAYaly MOTCPH YCTOWYUBOCTH, TMOCTPOSH rpaduk 3aBHCHUMOCTH
aehopMaIiil CTCHKH y3/1a OT HAarpy3kH (puc. 6).

2411
-2.8575
-3.3041
-3.7506
41971 Min

0.00 150.00 300.00 (mm)
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Puc. 5. JleopMupoBaHHas CXeMa CTCHKH B IIPOIIECCE MOTEPH YCTONUHBOCTH

Ipaduk 3aBUCMMOCTH fedopmaL,mit CTEHKU OT BEPTUKa/IbHOM

Harpysku
40000 2l

35000
30000

25000
Krc

20000
15000
10000

5000

0 1 2 3 4
MM

Puc. 6. I'paduk 3aBucumocTu AehopManmii CTCHKH 0T BEPTHKAILHON HATPY3KH

Ananmzupys rpaduk, IPUBCACHHBIA HA PUC. 6, 32 HAYAIO MOMEHTA TIOTEPH YCTOWIHBOCTH
MOJKHO TIPHHSATH BEPTHKAIBHOE YCHIIHE, COOTBETCTBYIOMEE quana3ony P1=22-25 T.

ITo pesympraTam YHUCIEHHBIX UCCIEIOBAHUM MOJKHO CAETIATh CIACAYIOIIHE BEIBOIBL:

e Hecyimast  criocoOHOCTh  y3na MOACTPOMITBHON (hepMbl  OOCCIICUCHA MPU  BEPTHKATIBHON
Harpy3ke P1=22 T;

o [Ipn npeBblmmeHNN BepTHKAMBHOW Harpyskm Pl1=22 1 B amamazome go P1=25 T
MPOHM30HACT HOTEPS MECTHOH VCTOHYHMBOCTH CTCHKH MOSCA, KOTOPAs MPHUBEACT K HEOOPATHMEBIM
aehopMariusM.

OO0mye BRIBOJHL:

ITo pesympraTam BHIIIEONICAHHBIX UCCIEAOBAHNI MOJKHO CAENIATh CIICAYIOIINE BBIBOIBL:

e Hecymas cnocobuHocte y3na 3 moxacrpomunbHol ¢epmer [1d-12-30 orHOCHTENnBHO
BepTHKAIbHOM Harpy3ku Pl, ompenenennas cormacHo AecteyrommM HopMaM Poccmiickoit
®deaepaunn, a umenno CIT 16.13330.2011 «CranpHbie KOHCTPYKLIMMY», 3aBHCUT OT TOTO, KaK
paccMaTpUBaTh AAHHBIN Y3 HOACTPONUIBHON (PepMBEL.

e [ Ipu paccmotpennn raHHOro yana kak K-o6passoro ero Hecymas criocodbHocTs coctasmser Pl
=3352T

e [Ipu paccMOTpeHHH AAHHOrO y37a Kak ¥Y-o0pa3Horo, 4to MPOAMKTOBAHO XapakTepoM
€ro paboThI MO HATPY3KOH, €ro HeCYIas CocoOHOCTh cocTasysier P1 = 19,672 1.

e Hecymas cnocobuHocte y3na 3 moxacrpomunbHol ¢epmer [1d-12-30 orHOCHTENnBHO
BEpPTHKAJIBHOM Harpy3ku Pl, ompeneneHnas cormacHo aedicTByromuM HOpMaM EBpocorosa, a
nmenHo Espokxon: EN 1993-1-8 «Design of steel structures», Part 1-8: Design of joints,
cocrapmier: Pl = 21,2 T, mpu 3TOM JaHHBIH y3€1 JODKEH paccMaTpUBATBCS IIPH PacUeTe
TOTBKO KaK Y -00pa3HbIii.

e Hecymas cnocobuHocte y3na 3 moxacrpomunbHol ¢epmer [1d-12-30 orHOCHTENnBHO
BEPTHKAIbHOU HArpy3ku Pl, ompeacneHHas COrjiaCHO YMCICHHBIM UCCICAOBaHUSIM Ha JBM,
cocraBmia auanasoH P1=22-25 .

e HeOonpimoe oTnuune Hecyled CnocoOHOCTH y37la 3 OTHOCHTCIBHO BEPTHKAIBHOU
Harpy3kn Pl, BeuHCIEHHOE 1O OTEUSCTBEHHBIM HOpMaM H  HopMmaMm Espokox mnpu
PaccMOTPEHHH €ro Kak Y-o0pasHOro, a TakkKe Xopowmas CXOAUMOCTb C Pe3yIbTaTamH,
MOAy4ICHHBIMH Ha IBM, cBUAETETIBCTBYET O TOM, UTO JAHHBIH y3e1 HEOOXOAUMO 0OA3aTEIBHO
cunTaTh Kak Y-oOpasHeiii. [laHHBIA BBIBOJ OOOCHOBBIBACTCS TEM, YTO NPU CHMMETPHYHOM
HATrPYKCHUH HNOACTPONMIIBHON (epMbl CPEAHUE PACKOCHl HAXOATCS B 30HE YHCTOTrO M3ruoda, a,
CIIeN0BaTENbHO, YCHIHNA B HUX paBHB (0 W OHM HE OKa3bIBAIOT Pa3rpy’KaMOLIETO BIMUAHHA Ha
MECTHYIO VCTOHYHUBOCTh CTCHKH BEPXHETO mosica )epMbl, a PUBCACHHBIC PACUCTHBIC YCHIHS B
packoce (epMbl cripaBeaTUBEL U1 moadopa ux ceueHuid. s pacuera paccMaTpuBacMoro yana

52



Hasecmua KTACY, 2013, Ne 3 (25) Cmpotmenstisie kosempykutt, s0aH4 U COOPYykeaa

HEOOXOUMO PacCMATPHBATh CHMMETPHYHOE 3arpy:KEHUE, KOTAA CPECIHHE PACKOCHL, HAXOISICH B
30HE YHCTOro u3ruba, OyayT HMETh HYICBbIC 3HAYCHUS VCHITHH.

L.
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The load capacity of joint of the truss made by typical blueprints 1.460.3-14KM

Resume
This article reviews the different approaches in estimate of load capacity of the welded

joints in steel truss made from rectangular hollow sections. The load capacity calculated
accordingly by Russians code does not consider some aspects that could be faced in designing of
steel trusses made from rectangular hollow sections. Especially it does not certainly point, in case
when into joint one brace element is compressed and other does not care load, should joint be
considered as a K-joint or a Y-joint type. The difference in load capacity between K and Y-joints
with compress brace member is more than 30 %. These limitations could have caused collapse
roof elements in some parts of building of warchouse «Biek-tau» that has place in Kazan
suburbs in 2011. Also computational researching with engineering software was held it has
shown that in this truss the moderate joints inside non moment zone (joints near center of span)
should be considerate as Y-joint type despite the shape of joint which looks like a K-joint type.

L.

Keywords: rectangular hollow sections, K-joint, Y-joint, the load capacity of the joints.

References

Codes SP 16.13330.2011. Steel structures. — M., 2011. — 173 p.

2. Eurocode 3: Design of steel structures. Part 1-8: EN 1993-1-8 Design of joints. ICS

3.

91.010.30.

Packer J.A., Wardenier J., Zhao X.-L., G.J. van der Vegte and Kurobane Y. Construction
with hollow steel sections. Design Guide for rectangular hollow section (RHS) joints
under predominantly static loading. CIDECT, 2009. — 156 p.

53



