Hasecmua KTACY, 2014, Ne 3 (29) Cmpotmenstisie kosempykutt, s0aH4 U COOPYykeaa

YK 624.014, 624.071

Kysnenos U.JI. — nokrop TeXHHYECKUX HAyK, podeccop

E-mail: kuz377(@mail.ru

Pamazanos P.P. — acmpant

E-mail: ramrusrashi@mail.ru

@axpytanHoB A.D. — KAHAWJAT TCXHHYCCKUX HAYK

E-mail: faxrutdinoffi@yandex.ru

Kazanckuii rocyaapcTBeHHbIH apXHTEKTYPHO-CTPOUTEIbHbI YHHBEPCHTET
Anpec opranuzanmu; 420043, Poccus, r. Kazans, yia. 3enenas, 1. 1

PaspaGOTKa H HCCJIEeI0BAHHE HOBBIX THIIOB COeJHHEHHIH TOHKOCTEHHbIX 3JIEMEeHTOB

AHHOTALIHS

PaccmartpuBarorcs ciocoOBI OBBIIICHUS HECYIICH CIIOCOOHOCTH V3JIOBBIX COCAWHEHHN
TOHKOCTCHHBIX 3JIEMCHTOB Ha cMmsitue. [Ipeanaraercs ncmonp3oBaTh OTrHO KOHLA DJICMCHTA H
YCTaHAB/IMBATDL KPCICKHBIC 3JICMCHTBI B IIPCACIax OTOI‘HyTOﬁ JacTd, 4YTO YBCIUIUBACT
[UIOIIAAb COCAMHCHMS, PabOTAOIMYI0 HAa CMATHE, B aBa pasa. JlampHEHImero yBEIHYCHHS
mIomaan CMATUA MOXKHO AOCTUTHYTH HNMYyTCM YCTAHOBKU ,Z[OHOJ'IHI/ITCJ'ILHOI\/'I HpOMC)KyTO‘IHOI\/'I
ACTAIN. 3KCHCpI/IMCHTaHbeIC U YUCICHHBIC HCCICAOBAHUA TOATBCPKAAKOT BO3MOXKHOCTDH
TIOBBIIICHU L HCCYH.ICI\/'I CHOCO6HOCTI/I Y3J10B COCOANHCHUA TOHKOCTCHHBIX JJIECMCHTOB
MPEATOKESHHBIMU CIOCO0aMH OOJIEE YEM B IBA pasa.

KnaroueBbie cj10Ba: MOBBIICHUE HECYLICH CHOCOOHOCTH HA CMSITHE, V3IIBI COCAMHCHHUS
TOHKOCTCHHBIX DJICMCHTOB.

B Hacrosmmee Bpems MPOUCXOAUT HHTCHCHBHOC HAPAIIMBAHUC MPOH3BOACTBA TOHKOCTCHHBIX
XONOAHOTHYTHIX TPOoQHIcH H3 OLMHKOBAHHOM CTAlH, a TAKOKE JIErKUX KOHCTPYKLMH € HX
npuveHerneM [1]. TOHKOCTCHHBIC XOTOOHOTHYTHIC MPOGUIH UCIIONB3YIOTCA NP H3TOTOBICHUN
dbepm [2], pamubix KOHCTpYKImi [3], ceryarsix KymomoB [4] u 1., OCOOCHHOCTPIO YKA3aHHBIX
KOHCTPYKLHH SIBISIETCS TO, YTO UX KOHCTPYKTUBHBIC PELICHIS MPEAyCMATPHBAIOT UCIIONB30BAHUC B
y3max OONTOBBIX CoeauHCHMH. M3BECTHO, YTO HECyInas CHOCOOHOCTh OONTOBOTO COCAMHCHUS
MPUHAMACTCS KaK HAUMCHBLICE 3HAYCHHE U3 YCIOBHS 00CCTICUCHHS POYHOCTH Ha CMATHE HITH CPE3
(cormaco CIT 16.13330.2014). B rtabmuue B KadecTBe MNpUMEpPa MPHBCACHA HECyINas
cocobHOCTh 0aHOOONTOBOrO coexuHeHus Ha cmsrue (N.,) u cpe3d (Ng) B 3aBHCHMOCTH OT
KJacca CTajud, 1uaMeTpa OONTOB M TONIIUHB! COCTUHICMBIX ICTATICH.

Tabnwmma
Hecymasi cmocOGHOCTH 0THOGOITOBOTO COCTMHCHIS HA CMATHE H CPE3
Kiace crammn TonmuHa coeTUHAEMBIX 2IEMEHTOB
Hecymas
CIOCOOHOCTS, Jumamerp Gonra é = é é é é =
. Kiacc 60ITOB 2" E 4 <, ! % El
d=10 C245 297 | 371 | 445 | 519 | 593 667 741
N C345 390 | 488 | 585 | 683 | 780 878 976
M d=12 C245 356 | 445 | 534 | 623 | 712 801 890
C345 468 | 585 | 702 | 820 | 937 | 10354 1171
_ KI. 5.6 1680
N d=10 v K1 8.8 2638
P d=12 KI. 5.6 2419
K. 8.8 3798

W3 npuseacHHOUW TaOAMIBI BUAHO, YTO OCHOBHOH mPOOAEMON mpu OOCCICUCHUU
HECYIICH CMOCOOHOCTH Y3JI0BOIO COCAHHCHHSI TOHKOCTCHHBIX JJICMCHTOB SIBJSCTCS CMSITHE.
Hannast mpodaeMa MOKET OBbITh PEIICHA HECKOIbKuMuU crmocodamu. Hampumep, B [5]-[7] 310
JOCTUTACTCS TMYTEM UCIHOJIb30BAHUS BAABJIMBACMBIX 3JICMCHTOB, OOPA3VIOMIMX HECYIIHE
LITOHKH, WK CICHHUAIBHBIX KOHUYICCKUX MANH0, MOBBIIAOINAX PACUCTHYIO IIOMALs cMsThs. B
JAHHOW CTaThe¢ PACCMATPHUBACTCSA APYrOM MOAXOM K MOBBIMICHHID HECYIICH CIIOCOOHOCTH
y3J0BOTO COCAMHCHHS TOHKOCTCHHBIX 3JCMCHTOB HA CMSTHE, 3aKTIOYAIOLIHICS B OTTHOC
KOHIIOB COCAMHACMEBEIX TOHKOCTCHHBIX 3JICMCHTOB [8], UTO VBCIMYHMBACT PACUCTHYIO ILIOIIATH
CMUTHS HA JAHHBIX ydacTtkax. [ms moareepskacHus 3(h(HEKTUBHOCTH MPEATOKEHHOTO PEIIICHUS
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ObUTH TPOBCACHBI YHCICHHBIC W JKCICPUMCHTAJIBHBIC HCCICIOBAHUS PalOTHl  V3IOBBIX
COCAMHCHUMH, MapaMeTpbl KOTOPHIX NpUBeAcHBI Ha puc. 1. OOpasupl OBITH H3rOTOBICHBI U3
aucToBOM ctamu kiacca C245 ¢ pacuetHeIM conpotusicHueM Ha cvatue 380 MIla. B xauectse
METH30B OBLITH HCIONb30BaHbl O0onThl 1uametpom 10 MM kiacca 5.8.

T 1 T 2
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g
-
20
.50 L 13 50 )

Puc. 1. CxeMBI 3KCIIEPIMEHTANBHBIX 00PA3II0B Y3IOBBIX COCIUHCHUH
(Tn 1 — TPaTUIHOHHOE HAXJIECTOYHOE COCIUHCHUE,
THII 2 — Y3JI0BOE COCTMHECHHUE C OTTHOOM KOHIIA TOHKOCTEHHOTO JJIEMCHTA;
THII 3 — Y3JI0BOE COCTMHEHNE C OTTHOOM KOHIIA TOHKOCTCHHOTO 3JIEMEHTA M YCTAHOBKOH JTMCTOBOH JICTAITH):
1 — paconka; 2 — MPUKPEIUIEMbIA TOHKOCTCHHBIH 37IEMEHT; 3 — 60T, 4 — OTOTHYTas! YacTh 3JICMCHTA,;
5 — AONOJHUTEIbHBIM YCHIMBAFOIIUN BKJIQIbIII

Yucnennbie  uccnegosanms HJIC  paccmarpuBacmbix  00pasioB  COCAUHCHHMA
TOHKOCTCHHBIX 3JICMCHTOB Ha MPOrPAMMHOM KOMILICKCE «Ansys» MOKA3aIH CICAVIOLICE.

B coecnunenun 6e3 ycuaeHus Mo Tany | H30mMoms HOpMAanbHBIX HANPSDKCHUH npH pabote
Ha CABWUI TPUBCACHB Ha puc. 2. MakcumanbHas HECyIlas CHOCOOHOCTh H3 YCIOBHUSA
JMOCTHKCHUS HANPSDKCHUN cMeTus coctasmna 4,7 kH.

Puc. 2. V30mo1s1 HOPpMATBHBIX HATIPSLKCHUH B 30HE O0JITOBOTO COCAUHCHMS 1O THITy 1 (puc. 1)

B coeauneHun ¢ oTrubOM KOHIA 3IEMEHTA (THI 2) M30MOIST HOPMAIBHBIX HAMPSDKCHUN
mpu padoTe HA CABUT MPUBCIACHBI HA puc. 3. PacueTHas HArpy3ka, MpU KOTOPOH MPOH3OIILIO0
HCUCPIAHUE HECYIEH crocoOHoCTH, cocTaBuiaa 9,55 kH.

Puc. 3. M30m011 HOpMATBHBIX HATIPSLKCHUH B COCAWHEHHUH IO THITY 2.
a — OCHOBHAS YaCTh; O — OTOTHYTAas 4acTh
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B ofpasue ¢ orruboM u MPOMEKYTOYHOH JIHCTOBOM ACTAIbI (THI 3) H30MOSL
HOPMAJIbHBIX HANPSKCHUM B COCOUHCHHHM MpH padoT¢ HA CABUr NPHUBCIACHBI HAa puc. 4.
PacucTHas Harpyska A JAHHOTO TUMA COCAUHEHMS cocrasmaa 11,84 xH.

Puc. 4. M30mo0m HaNPsOKCHUH B COSAMHEHUH IO THITY 3
a — OCHOBHOM 4acTH; O — B YCHJIMBAIOIICH JUCTOBOM JICTANH, B — B OTOTHYTOIH YacTH

UuncneHHbIE HCCICAOBAHHUS TOKA3AIH, YTO V3IOBBIC COCIUHCHUS C OTTHOOM KOHIIA
37eMEHTa 00CCIICUMBACT MOBBIIICHUE HECYINEH crnocoOHocTH B 2,03 pasa, a ¢ JOMOMHUTEIBHOM
JUCTOBOH AcTalmbio — B 2,52 pasa.

JKCIICPUMCHTANBHBIC UCCIEAOBAHMS O0OPa3LOB COCAUHCHUH TOHKOCTCHHBIX 3JICMECHTOB,
BBITIOJTHEHHBIX 0 CXEMaM Ha puc. |, mpoBoamInCh Ha THUApaBImdeckoM mpecce Y MM-20.
Ucnritannsg o6pa3noB MPOBOAWINCH A0 PaspyLICHHSA, NPH 3TOM OOJTOBOC COCAWHCHHE
BOCIIPUHHMAJIO CABHT. XapakTep PaspyLICHHs oOpas3LioB MPHBCACH HA PHC. 5, a Pe3yibTaThl
ucneiTaHuil npuBencHsl Ha rpaduke (puc. 6). M3 npuseacHHOoro rpaduka CICAyeT, UTO
nauHEHas pabota Y37I0BOrO COCOMHEHHUA Mo Tumy 1 mmmnace no Harpysku 5.4 xH; yamosoro
coeqmHeHNA 110 TUITY 2 — 12 XH, y310Boro coeanuenuns no tumy 2 — 17 xkH.

Puc. 5. Xapaxrep paspyumeHus o0pa3noB COCAHMHCHHIA:
la — obpaser mo Tumy 1 10 pazoopku; 16 — 0Opasen mo THITy 1 MOCIIC HCIBITAHHS,
2 — oOpa3er] 1o THITY 2 TOCIE HCTBITAHMS, 3 — 00PAa3€I II0 THILY 3 MOCIIE HCIBITAHMS
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Puc. 6. I'padmkut 3aBHCHMOCTH NIEPEMEIICHHH B Y3JIOBBIX COCAMHCHUAX OT HATPY3KH

Takum 00pa3oM, NMPOBEACHHBIC HCCICAOBAHHS MOKA3AIM, YTO MPCANAracMbIC CIIOCOOBI
MOBBILICHUST HECYLICH CIIOCOOHOCTH V3IOBBIX COCAMHCHHH TOHKOCTCHHBIX JIICMCHTOB ITyTEM
oTruda NX KOHLIOB 0OCCIICUHBACT MOBBIICHUE HECYIIEH CITOCOOHOCTH Goree ueM B 2 paza. OxHaxo,
CICAYET OTMETHTh, YTO HAJIMYHC OTOTHYTHIX YYACTKOB W YCHIHBAIOLIMX JHCTOBBIX ACTaNCH
mamensier xapaktep HJC coemunenns (puc. 3, 4) B CpaBHCHHM C TPaaWULMOHHBIM (puC. 2).
CrenoBatenbHO, TPEOYIOTCS AATbHCHIIIE UCCICAOBAHMS IPSUTAracMbIX COCIUHCHUH, B YACTHOCTH,
C MIO3ULIMH OLICHKU KX JS(hOPMATHBHOCTH U MECTHON VCTOHYHBOCTH OTOTHYTBIX VIACTKOB.
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Development and research of new types of joints of thin-walled elements

Resume

Currently, there is an intense increase in the production of thin-walled cold-formed profiles
of galvanized steel and lightweight structures with their application: trusses, frame designs and
mesh domes. The peculiarity of this construction is that their design solutions envisage the use of
bolted connections at the nodes. The main problem in the use of thin-walled cold-formed profiles
with connection bolt is low bearing ability of the compound to collapse. At the moment there are
several ways to increase the strength of such joints. For increase the bearing capacity of nodal
connections is assumed to use the limb of the end and install fixing elements (bolts) between the
bent parts, which increases an area of the compound working by collapse twice. Further increases
arca of collapse can achieved by installing additional intermediate parts. To confirm the
effectiveness of the proposed solutions were carried out numerical and experimental studies of the
nodal connections. Studies have shown that the proposed ways to improve the bearing capacity of
thin-walled elements of nodal connections by bending their ends enhances the carrying capacity
of more than twice. However, it should be noted that the presence of bent sections and
reinforcing sheet metal parts alters the character of VAT compound in comparison with the
traditional. Therefore, further studies are required of the compounds, in particular, from the
perspective of assessing their deformability and local stability of the bent portions.

Keywords: joints of thin-walled elements, advance of bearing capacity to collapse.
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