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Onpenesienue JJMHBI pedep KeCTKOCTH, YCHIIAIOIIMX MPHY3J10Bbie 30HbI (hepm
U CTPYKTYP, BbINOJHEHHBIX U3 TOHKOCTEHHBIX NpoduJiei

AHHOTALIMSA

Lenpto paboThl OBLIO aHAJWTHYECKOE ONpEACIeHHE JUIMHBI pebep KECTKOCTH,
MIPETATCTBYIOMUX JETUTAHAIIMN CEUeHU TOHKOCTEHHBIX CTEpKHEW KOHCTPYKIUH, MOTepe UX
NPOYHOCTH B MPUY3JIOBBIX 30HAX, [A€ MOMUMO MpPEACTIbHBIX YCHIINH NEHCTBYIOT M3rHOaromye
MOMEHTHI U TIONIEPEYHBIE CHIIBI, BBI3BIBAIOLINE CIOKHOE HAIIPSDKEHHOE COCTOSIHUE B 9THX 30HaX
CTEp)KHEW  KOHCTpyKuuil. HecMoTpss Ha  JOKauuM3alMi0  JaHHBIX  30H  DJIEMEHTOB
METAJTIOKOHCTPYKIMM, UMEHHO OHHU SBJISIIOTCS NMPUYMHAMM Hadaja IPOLIECCOB pa3pyLICHUsS
3JIEMEHTOB KOHCTPYKLIHH.

KiroueBble cj0Ba: BapHalllOHHBIE METOABI, KpaeBble dS(Q(EKTH, AeIUIaHays
TOHKOCTEHHBIX CEYEHHH, THIIOTE3a IIOCKUX CEYEHHH, ITPEHTENN, 3BPUCTHUECKU.

B MeTayuTnyecKuX IOCKHX U MEPEKPECTHBIX (hepMax, a TakKe CTPYKTYPHBIX KOHCTPYKIIUSIX,
W3TOTOBJICHHBIX M3 00JIErIeHHBIX TOHKOCTCHHBIX POQMIICH, OTHON M3 BaYKHBIX MPOOJIEM OCTaeTCs
riepeiaya COCPEIOTOUCHHBIX Y3IOBBIX YCHJIMI C OJHOTO SJIEMEHTa KOHCTPYKLIMH Ha Apyrou (c
TI05ICa, HAIIPUMEP, Ha PaCKOCHI, CTOMKHU MM IIMPESHIENH), MOCKOIBKY HMEHHO B 3THX MPUY3JIOBBIX
30HaX KOHCTPYKLHI MOMHMO TPOJOJBHBIX YCHIHH JEHCTBYIOT HM3rHOAIOIIME MOMEHTHI H
TIOTIEPEYHBIC CHJIbI, BHI3BIBAIOIINE CIIOKHOE HAMPSHKEHHOE COCTOSIHUE B HUX.

HecMoTpsi Ha JIOKaTM3allMi0 JaHHBIX 30H, KIMEHHO OHH SIBJISIFOTCSl MPUYMHAMHU Hadvaia
IPOLIECCOB Pa3pyIICHUs] 3JIEMEHTOB OTMEUYCHHBIX BBIIIE METAUIOKOHCTPYKIHHM, MOCKOIbKY
UMEHHO B JTHX 30HAaX HMEIOT MeCTO KpaeBble 3(D(MEKTbl, BbI3BaHHBIC HEPABHOMEPHOCTHIO
pacrpesieNieHus] HAaNPsDKCHUI B HUX, MOTEPel MECTHOH YCTOWYMBOCTH CTEHOK, JeIUIaHalheit
TOHKOCTEHHBIX CEYEHHH, ITOTEPEN IPOYHOCTH MaTeprasia KOHCTPYKIUH.

C 1nenpl0 NPEJOTBPAIICHUS TOSBICHHS IOMOOHBIX IPOOJIEM MPHUY3JIOBBIC 30HBI
KOHCTPYKLMI YCHJISIOTCS peOpaMH JKECTKOCTH, JJIMHY M CEUCHHE KOTOPBIX HAa3HAYAIOT
OombIIIeil YaCThIO IBPHUCTUICCKH.

ITocKONBKY JIsl YCTAaHOBJICHHSI Pa3MEPOB YCHIISIOIINX JaHHBIC 30HBI peOep HEMPHIOAHBI
COOTHOIIICHHSI MEXy HANPSDKCHUSMU U Ie(OpMaIUsIMU, TIOCTPOCHHBIC HA THUIOTE3e MIOCKUX
CCUYCHUH, MCIONIb3yeM OoJiee TOYHBIC METO/bI, YYHUTHIBAIOUIME OTMCUCHHBIC BBIIIC ACTICKTHI
paboThI COCAMHEHUI, a UMEHHO BapUalMOHHbIH MeTo (B mepemerienusx) B.3.Biacosa [1].

B cooTBeTcTBUH C HUM OyJ€M CUHTATh, YTO MEPEMEIICHNUS, BOSHUKAIOIINE B OTICIBHBIX
TOYKaX MOIEPEYHOr0 CEYCHHsS TOHKOCTEHHOTO MPO(MUIS, ONpPENeISIOTCS — CIISTYIOIUMH
BBIPKCHUSIMHU:

Z(x ¥) = Z,()5,09 + Z,(y)3, (), .

w(x y)=0, @
3meck  Z,(y) - TIpelieNbHOE TIEPEMEICHNE CEUEHMsS] CTEPXKHs, COOTBETCTBYIOIIEE THIIOTE3E
IJIOCKUX CeYeHHH; Z,(y) - AeIIaHanms cedeHus; W(X,Y) - mepeMeleHue B IUIOCKOCTH
nornepeunoro  cevenus; 0,(X) w  §,(X) - dyskumm pacnpeneneHus  00OOLICHHBIX
nepememennit Z,(y) u Z,(y) mo KOHTypy HONEPEYHOIO CEUEHHUS.

Omiopel  g,(X) ¥ (,(X) COOTBETCTBYIOT €IMHHMYHBIM 3HAYEHHAM OO0OOIIEHHBIX
nepememieHnii Z,(y) n Z,(y) ¥ Ha NPOTSHKEHUM JUTMHBI 30HBI YCHJIUS SBISIOTCS B3aUMHO

OpTOTrOHAJILHBIMHU.
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3anuiieM UHTETrpalbHbIe YCIoBHs paBHOBecud 1o B.3. BrnacoBy B Buze:
- JUIsl BEpXHEN 4acTH CTEPIKHS:

Ea,z, =0 v
a4 = U
2 Y (2)
Ea,,Z, -Gxb,Z,=0; )
- NJI HWOKHEH 4acTu CTEP>KHA:
Eia, 17, +Erd,1Z, =0, ¥,
_ _2 -2 I Y 3)
Exa,Z, -Exa,rZ, -Gxb,,xZ,=0; b

rae E — moayne ynpyroctu; G — Mozysib ciBUra.
Koaddunuentst ypauenuii (A.2) u (A.3) onpenensitorcest u3 cootHoleHuit (A.4):
by =ay, =4, a;,=(9:(x)9,(x)dA,
Ay

a, = (9 22 (X)dA,
) @

a,=by=4, a,=(y, (\dA
Ay
3nech A, U A, IOLAAN CEUCHUN BEpXHEN U HUXKHEN YacTel CTEPIKHS.
Wnrerpupyst ypasaenus (A.2) u (A.3) moiydaeM COOTBETCTBEHHO:
Z,(y)=Cy+C,, u

Z,(y)=Ce¥ +Ce™, ?3/ ®)
rae
k = % , (6)
Ea,,
u
= a, o & u
Z,(y)=-—*% D1ekxy +D,e )+ D, + D,y
a, ( o, y' (7)
ZZ(Y) = Dlem + Dze_m’ tIJ
rae
8

IlocTosIHHBIE MHTETPUPOBAaHUS HAXOAUM H3 TPAHWYHBIX YPABHEHUI HA BEPXHEM H

HWKHEM KOHIAX CTCPIKHA, a TAKXKC Ha IJIOCKOCTU KOHTAKTa 3TUX qacTei.
Ipu y = |, numeewm:

Exanle =-p, 1

—¢_ y’ ©)

Exa,,*Z, =-pg,, b

31€Ch — opAuHarTa 3IIPbI X) B LICHTPE TAKECTU CEUCHUS CTEPIKHA.
p 2

¢ ¢ o
IMoacrasnsisi B ypapHeHust (A.9) 3nHauenus Z, u Z, , OUpeieiseMble U3 ypaBHCHHUI
(A.5), onpenensiem nocrosiiHbie uHTerpupoBanus Cy u Cs!

-_P = P9 P A-k -2kl
=0 C=-——t-e™+Ce™. 1
' Ean ’ Eazz ! ( O)
ITocne sToro ypaBuenus (A.5) npumyT Bu:
Z,(y)=-—"y+c,, i
11 i
Z,(y) = _&ek(wl) +C (ek(y—2|1) +e,ky) ¥ (11)
2 Ea,k ¢ b
Ipu y = -1, numeem:

52



N3secTtua KIFTACY, 2015, Ne 3 (33 CTpouTenbHble KOHCTPYKLMK, 30aHUSA U COOPYXKEHUS

BBons B cootHomieHust (A.12) ynkuun (A.7) u pemias TMOJy4YeHHbIC ypaBHCHHUS
COBMECTHO HaXOJIMM, YTO:

D,=-De?" u D,=D,,. (13)
Beipaxkenust (A.7) ¢ cootHomenusimu (A.13) nepenuinyTtcst B BUIE:
Z,(y)=D (e )| !
I
K ' 14
7 (y)=-D, =22 ( Ky e—k(y+2lz))+ D4(|2 + y) )I/ (14)
a,

11
Ornpe/iernieHne OCTABIINXCS MOCTOSIHHBIX MHTETPHUPOBAHUSI TIOTYYHM UCIIONB3Ys YCIOBHUSI
KOHTAaKTa HI)KHEH M BEPXHEH YacTell CTEPIKHSI KOHCTPYKIHH.
ITpu Y =0 nonyuwnm:

u
- _ T
Z,(y) = Z,(y), Z,(y) = Z,(y), :
0Q8:0A= (7Q,9,dA, y (15)
A Ay T
, = I
0 ng sz = O ng ZdAa T
As Ay b
3meck Q, (X, Y) u Q,(X,Y) — 3Hauenns HanpsuKEHHit, Ope/eNIeMbIe U3 YPABHEHHUS:
1Z
Q, —Eﬂ—y—Ezplezggz. (16)

Brocs B ypasnenus (A.15) snavenns Q, (X, Y) u (jy (X,Y), HalifieHHbIE W3 ypaBHEHUS

(A.16) u byuxuun Z,(y) u Z,(Yy), onpenensiemsrie ypapuernsvu (A.11) u (A.13), u pemras
TIOJTy4EHHYIO CHCTEMY aNre0pandecKuX YPaBHEHUH, IOy IUM:

n,- -t
’ i,
, a = K
o < _ i ot
- i I\] | & e
E 0y A S lfl }'ﬁ
.K|f.., 6 "")I [, &
B AT I+
i Y
" 2 [E i
€ T [
o, Jre ™y,
i = .J — - = + (17)
e e e )
ko, — + - (l—c*
T =
T ) e )
14 @
ETL . {!+“2"]
. . .
| 2 [
(ERTI #a ; = |
e, T e ye, 2
b= = v iy [ g = .
T & +e - [
o, — . —=n —ﬁ:_-f:-l —
Lo oy SN e VI em )

B nomyyeHHble  BBIpaKeHHS JUIS  TOCTOSIHHBIX ~ MHTETPUPOBAaHHS  OCTaJlach
HEOTPEICTICHHON UTMHA YCHIISIOLIMX MPUY3JI0BbIC 30HbI KOHCTPYKIHiA pedep ;.

Jns ompereneHus ee BEIWYMHBI BBEIEM YCIOBHE, IOMYYEHHOE U3 IPHBEACHHOTO BBIIIE
pelieHus, 49TroObl HANpsHKEHUS B MECTe OKOHYaHMs pedpa >KEeCTKOCTH OTJIMYAINCh OT
HAINpPsDKEHUH, BEIYUCICHHBIX 10 THITOTE3€ TIOCKUX ceueHuid He ooee 4 %.

DTO yCIoBUE 3aMUIIETCS B BUJC!

_0.04xp _ EZ

11

"Op- (18)
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Ioncrapmsist B Bhipaxenue (A.18) smauenme Z§(Yy) u3 ypasmemmii (A.14), Hcmom3ys
cootHoteHust (A.17) u BBO/Is 0003HAYCHHUS:

— _ . i
N1 = 0,02 _a'22 - 0’02 _3-12 > + 0’4 _alZ ’ T
and, a4, a;d, T,
a,,rk y (19)
N2 = O,OZ_L_Z, _I_
a'll)( kg p 5
MOJTyYUM:
N. +N.)+(N, =N.)e " +(N. + N, - —ZRLezll(E—k) +
( 1 2) ( 1 2) ( 1 2 (20)

-2kL ki -
+(N, =N, )2 e*h _e™ =,
34E€Ch L — I[IOJIHAA JJIMHA CTGp)KHH.
B tom ciyuae, ecnu B (A.20) 3navennss N, u N, Gnusku, TO B CHIly MaloCTH pa3HHUILIBI

MOYKHO TIpeHeOpeyb BTOPHIM, TPETHUM U YETBEPTHIM uiieHamu paBeHcTBa (A.20).
Torna ypaBuenue (A.20) npumer BU:

N, +N,-e™ =0. (21)
U3 ypaBHenus (A.21) uckomas ainnHa pedpa KecTKOCTH OyAeT paBHa!
1 1
l,==In -
Y kONg+N, (22)

B ciyuae xe, korna 3Hadenus N; u N, cymiecTBeHHO pasindHbl, TOraa npeHeOperars
BTOPBIM WieHOM paBeHcTBa (A.20) Henb3s.
B atom ciyuae ypasuenue (A.20) 3anmiiercs B BUIE:
(N1+ N2)+(N1' Nz)e_zm1 -e™* =0. (23)

kI
Ornpenenss U3 HETO 3HAYCHUE € ' TOIYYUM:

1 1-4(N.2-N.?
Ky — + 1 2 /.
S (TR (e 24

Jlorapudmupyst 06e yactu BeipaxkeHus (A.24) nonyunM Gopmyiry HEOOXOIUMOM THHBI
peodpa:

|1_1|I’1 Z(Nl_Nz)

k 1-41-4N+4N,’ (25)

Crnucox 0nésmorpadguiecKux cCblIOK

1. BnacoB B.3. CtpoutensHas MexaHHKa TOHKOCTEHHBIX IIPOCTPAHCTBEHHBIX CUCTEM. — M.:

Crpoitmznat, 1949. — 154 c.

YmMmanckuii A.A. CtpouTenbHas MexaHuKa camosera. — M.: O6oponrun, 1961. — 529 c.

3. FOmanoB B.A., Tupdanos 1N.C. K Bonpocy obecrieueHrss MUHUIMYMa Macchl HEKOTOPBIX
TOHKOCTCHHBIX CTATHYECKH HEOMpeAeNuMbIX cucteM. // VccnenmoBanus, pacder u
ucneitanns MK, 1988, e, 2. — Kazaus. — 529 c.

4. Jleitbenszon JI.C. BapuanumoHHbIE METOIBI PELICHHS 3aJa4 TEOPHUH YIPYrocTu. — M.:
Mup, 2010. — 204 c.

5. Kanyp K., Jlam6epcon JI. Hanexnocts u mpoektupoBanue cucrem. — M.: Mup, 2009. -
301c.

6. MananoB A.3. PacueTr HafeXHOCTH U pecypca CTPOUTENbHBIX KOHCTpYKIMH. — Ka3aHs!

W3n-Bo KT'TACY, 2010. — 131 c.

CansBagopu M. Uucnennbsie MeTobl B Texnuke. — M. WJI., 2010. — 231 c.

8. IOmanoB B.A., Tuppanos HM.C. K Bompocy oOecrieueHHMss MHHHUMyMa MacChl

TOHKOCTEHHBIX CTAaTHYECKH Heompeaeaumbix cucteM. // Mssectus KITACY, 2009, Ne 1
(11).-10c.

no

~

54



M3eectnsa KFTACY, 2015, Ne 3 (33) CrpoutenbHble KOHCTPYKLIMM, 30aHWUS U COOPYXKEHMS

Girfanov I.S. — candidate of technical sciences, professor

E-mail: Girfanov@kgasu.ru

Jumanov V.A. — candidate of technical sciences, associate professor
E-mail: 2381802@kgasu.ru

Kazan State University of Architecture and Engineering

The organization address: 420043, Russia, Kazan, Zelenaya st., 1

Determining the length of the stiffeners, that amplifies nodal zone
of farms and structures made of thin-walled profiles

Resume

This article contains issues and methods of prognosis of the local buckling effects and
cross section distortions in nodal zones of the thin shell elements of the spatial lattice structures
and trusses with cold formed members. The issue is as follows. Load bearing capacity
calculations of connections in the mentioned structures, where braced members usually are
joined together, wouldn't be correct to derive from equations of a structure mechanic, which
based on a hypothesis of a flat cross sections, hence there is need in more precise approaches.
To achieve more accurate results, variation method of dr. Vlasov written in deformations was
used. By solving integral equations, obtained with that method, constants of integration were
defined with unknown values of length of the rib plates and nodal zones should have been
reinforced with. When indeterminacy got retrieved, certain values of length of these reinforcing
plates, depending on fixed numbers of summand in final equation, were obtained. Then
choosing one of the two parameters, which describe reinforcing near-to-connection areas of the
members, can be determined either length of the reinforcing plate with fixed cross section area
or cross section area with fixed length of reinforcing plate.

Keywords: variational methods, edge effects, warping of thin-walled cross-sections, the
hypothesis of flat sections, sprengel, heuristically.
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