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AHAJITUYHA MOJIEJIb T-MIOJIBHOI'O KOMIIOHEHTY PO3TATHYTOI 30HU
®JIAHIEBOI'O BY3JI0BOI'O 3'€1IHAHHSA BAJIKH 3 KOJIOHOIO

AHnaniz cmanesux KOHCMPYKYIll HA CYYACHOMY PIGHI 8UMA2a€ 6i0 (Paxisys 00CKOHANI020 PO3YMIHHA iIX pobomu.
Axmyanoui 6 VYkpaini  Oepycasui 06y0ieenvHi HOpMU Ppe2IAMEHMYIOMb DPO3PAXYHOK eJleMeHmie Cmanesux
KOHCMPYKYI 30 MeNCaMu RPYyAICHOL pobomu cmaii, ane He MiCmamb YimKUX 6Ka3i60K W00 PO3PAXYHKY 8V3I06UX
3’€0Hanb. YV Oamitl cmammi npeOCMAGieHa CHPOWeHa MAmeMamuina Mooelb MmM-n00iOHO20 KOMHOHEHNY
PO3mMA2Y8aANbHOI 30HU (pranyeso2o 3'€OHaHHA OANKU 3 KOJIOHOM, WO pO3poONeHa HA 0a3i «KOMHOHEHMHO20
Memooyy.

Knrouosi cnosa: gnanyege 3'eOnanns, mamemamuyna mooens, m-noOiOHULl KOMROHeHM, OOmoge 3'€OHANH.

IMocTaHoBKa MpodeMu MpOeKTyBaHHs craneBux KoHcTpykuii EC3 [10]. Sk
CIyIIHO 3a3HavaroTh asropu [11, 12], e mnwuranHs

HACbOTO/IHI € IOCUTh aKTyaJIbHUM.
CyTHICTb «KOMIIOHCHTHOTO METOXIYy» IIOJISIrae B

INoenHaHHs IPOCTHX TEXHOJIOTIH BUTOTOBJICHHS Ta
IIBHIKOTO MOHTaXy 3poOmio ¢iaHmeBi 3'eTHaHHA
ONHMMH 13 HaWNOMYJSAPHINIMX BY3JIOBUX 3’€JIHAHb
SIIEMCHTIB CTAJICBHX paMHHX KOHCTPYKIIH.
He3Baxxaroun Ha mpOCTOTY y BHKOPHCTAHHI, (praHIIEBi
3'eHaHHA HA/I3BMYaHO CKJIQJHI 3a CBOIM aHAIi3OM i

po3risiai  Oyab-siKOro  3'€HAHHS, SIK  CYKYIHOCTI
OKpeMHX OCHOBHHX KommoHeHTiB [9]. Sk cBimunTh
JOCBiJ MIPOEKTYBaHHS Oy[iBENlb aIMIiHICTPaTHBHOTO Ta

) X o(icHOTO TPHW3HAYCHHS, HAMOLIBII PO3MOBCIOKECHOIO
noBeiHkow. lle muTaHHSA € MpeAMEeTOM JIOCHiKEHb

0araTb0OX BUYCHHX B Taly3i METAJIOKOHCTPYKIIiH,
OCKITBKH CYTTEBO BIUIMBA€ Ha PO3PAXYHKOBY CXEMY
KOHCTpYKILIii B IUIIOMy, a TaKkoXX Ha il EKOHOMIUHY
e(EKTHBHICTb.

TONOJIOTIEI0  BY3JOBOTO 3’€qHAaHHA € Take, IIO0
300pakeHO Ha pHC. 1, Ta KOHCTPYKTUBHO IMPEACTABIE
co000 TIpHETHAHHSA OAKH JI0 KOJIOHH 32 IOHOMOTOI0
(aHLsT HA BUCOKOMIITHUX OonTax. Y MpecTaBICHOMY
pillIeHHI BY3JIOBOTO 3’€IHAaHHS OalK¥ i3 KOJOHOIO 3a
AHaJI3 0OCTaHHIX JOCTIIZKeHDb Ta myOaikani ~ MCTOAMKOI0 POSpaxyHKy, Mo HaBeeH B nopmax EC3
[10], B 30HI po3TAryBaHHS MOKHA BUIUIMTH HACTYITHI
Jyxe BaXINMBO BMITH JIarHOCTYBATH PEAIBHY  KOMIIOHEHTH: ¢uaHelp NpHU 3THHAHHI, TOpPElb KOJOHU
3arajibHy INOBEIIHKY 3'€lHaHb OalKH 3 KOJOHOK HA  ppy 3ruHadHi Ta GONTH TpH pO3TATyBaHHi. Yei mi
OCHOBI IXHIX T€OMETPUYHUX 1 MEXaHIYHUX  ejeMeHTH MOIEMIOIOTECS 3 JBOX  T-HOMIOHHX
BIACTUBOCTEH. 1lbOro MOXHa JOCAITH 33 JONOMOIOK0  goMmoHeHTiB, O 3'€AHaHi depes (uaHemp 3a
«KOMIIOHEHTHOTO ~ METOJY»,  3alPONOHOBAHOTO B jo[OMOrOK OOJNTIB.
poborax [1-9], i ma sikomy 0a3ylOThCS HOPMH
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Puc. 1. ®nanneBe By3/oBe 3’ €JHAHHS OAIKH 3 KOJIOHOKO 32 JIOTIOMOTOO OOJITIB 3 BUAUICHHSM 30HH T-TI0A10HOTO
KOMIIOHCHTY.
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@®opMyBaHHSI METH CTATTI

Meroro crarri € aHANTHYHE JOCIIHKEHHS
HaIpy»XeHO-1e(GOpPMOBaHOTO CTaHY PO3TATHYTOI 30HH
(ITaHIIEBOTO BY3JIOBOTO 3'€MHAHHSA OAlKH 3 KOJOHOIO.
AHaii3 MOXIHMBHX CLEHApiiB Iepexoay KOMIOHEHTa Y
TPaHUYHUHA CTaH JO3BOJMTH 3alPOIOHYBAaTH 3B’SI30K
MDK 30BHIIIHIMH 3yCHUUIIMH Ta JAedopMarismu
KOMITOHEHTA SIK B MPYXKHIHA craniii pobory, Tak i 3a ii
MEKaMH.

F
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a

BuxkJiiag ocHOBHOro Mmartepiany

3 METOI0 JIOCHIJKCHHS HaIpy>KeHO-
neOpMOBAaHOTO CTaHY T-TIOJIOHOTO KOMITOHEHTY (pHC.
2) IPOTIOHYETHCS CIPOIICHAa MaTeMaTHIHa MOJEIb, sKa
BpaxoBye poOOTy Marepially 3a MeKaMH IPYXKHOCTI Ta
JI03BOJISIE  JOCHiANTH 11  HampyXeHo-AehOpPMOBaHUH
CTaH.

Posrnsimaersest T — koMmoHeHT (puc. 2a), Horo
OCHOBHI ITapaMeTpH HaBeJleHi Ha puc. 20.

Puc. 2. T-moxiOHMIT KOMIIOHEHT BY3JIOBOTO 3'€ JHAHHS: a — 3aralbHUI BUTIIA] T-TIOAIOHOTO KOMIIOHEHTY, O —
po3paxyHKoOBa cxema (n, m, k — TeoMeTpU4HI XapaKTepUCTHUKH, § — HATIPY>XCHHS Big 001TiB, Q — BaKiibHA cwia, F
— 3yCHJLIA PO3TATY, L, — epeKTHBHA (PO3PaxyHKOBA) JIOBXKHUHA, Gy, — MPYKHO-TLIACTHIHA AeOpMatis).

Hedopmaris €KBIBaJIEHTHOT'O T-TIOA10HOTO
3'eMHaHHA MOXXE OyTH BHKIWKaHa TMPYXHUMH Ta
[UIACTUYHUMH JiehopMaiisiMu MOSICYy KOJIOHU, OTOPHOTO
¢manmg Ta BiAmoBimHUM nedopmanism OontiB. Ha puc.
2 mokaszaHa cxeMma BH3HAa4eHHs e(eKTUBHOI JOBXKUHH Y
BianoinHocti f0 [13]. Ciix 3a3Ha4MTH, IO JJaHA cXeMa
Jemo BiapizHsAeTbes Bin mpuitHAToi y EC3. OnmHak, sk
MoKa3amu JOoCHikeHHs aBTopiB [13], 3HaueHHS
PO3paxyHKOBOI ~TOBXXHHH [JIOCTATHBO OJIU3BKI IO
3HAYCHHIO, 0 BU3HAYAETHCA y BimmoBigHOCTi 10 EC3
[10].
VY BiamoBigHoCTi A0 puC. 20 PO3IISHEMO TpPHU

JUISHKA T-TI0{IOHOTO KOMIIOHCHTY:

1) 0<x<n;

2) n<x<n+k);

3) (n+k)<x<Mn+k+m).

Elv = f(""z"z - %2+ C,)dx =
_ qkx?> Fx? q(x-n)3
Elv=[ (T -2 10 4 ) dx
2
Elv= ]2 —Ziz—qk[x ey ey )a

EWV" = Qx = qkx — Fz—", (8]
JUTSL TICPIIOT TIJISTHKH;

—_ —m)2

EIV"=QX—q(x Tl) _qu Fx_q(x n) , (2)
2 2 2
IUTSL APYTOTL JISHKY,;
no__ k _ Fx
EWV" = Qx—qk[x—(n+5)] —qu—7—
k

aklx = (n+3)], @

JUISL TPETHOT TIISTHKH.
JIBiui iHTErpy¥OUi VIS TPHOX IUISHOK T-TIOII0HOTO
KOMITOHEHTY, 3aIHIIEMO HACTYIIHI BUPA3H:

qkx®  Fx3
6 - ? + Clx + C4_, (4)
gkx®  Fx® q(x-n)*
o —?—T+sz++(}5, (5)
T,
6 12 6
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ne E — Moaynb py»KHOCTI;

V — IPOTHH Ha BiJICTaHI X;

C; ... C¢ — mocriiiHi iHTerpyBaHHsa.OTpUMaHi MIiCTH
MOCTIHHUX  IHTErpyBaHHS MOXKHa  BH3HAUHUTH 3
BHUKOPHCTAHHSIM HACTYITHUX IPAHUYHUX YMOB!

1) mpux =0, v=0;

2) mpu x =nTtax = (n+ k), B3aeMHHii KyT
MTOBOPOTY Ta 3MIIICHHS CYMIKHUX JIISHOK
MOBHUHEH OyTH OJHAKOBHIA;

_ el (m+3)

3) mpu x=Mnm+k+m),
JIOPIBHIOE HYITIO.
BukopuctoBytoun  chopMysibOoBaHi  IpaHHYHI
YMOBH, Ta BU3HAYMBIIN MOCTiHHI iHTerpyBanus C; ... Cg,
nepeMilenHs 8, Npu X = (n + k + m) BU3HAYAIOTHCA
BHPA30OM:

KyT TIOBOPOTY

° T 48El EI |24 6

ne k —momyns FOwHra;

qk — 3ycunns y Gonrax;

F — po3Taryioue 3yCHuiuis;

n, k, m — mapametpu 3a puc. 20;

3 2
k 2 k
m+ 7) L{,3 k (Tl + 7)
- - , (7
4 24
Jlns  BUKOpPHCTAaHHS OTPUMAHOI  3aJIeKHOCTI,

3ycwiuIs B 0oiTax gk 3ammiieMo 4epes po3TAryBalbHY
cuny F. Buxonsuu i3 yMOB CyKyHHOCTI Iedopmartii

. k
Ipu 3Ha4eHHI X = (n +E) TIOJIOBKEHHS ILIHIBKH

2Let 3 . . .
[ ==L \oment 1Hep1Iii; 60J1Ta MOBUHHO OYTH PIBHUM MEPEMIIICHHIO (IIaHIIS.
. k
L. — edexTrBHA MMpHHA. [Mepemimenns  ¢uanus npu  x = (n+ 5)
3aMHUIIEMO Y HACTYITHOMY BUTJISIII:
Layp ky? B 2k BY (k) Kz s
5 F (n+2) e (n+2) qk (n+2) + (n+2) + (n+2)(m+2) _ (n+2) e k7
bl = gl 16 12 El| s 24 2 8 384 | 8

Bupa3 i MOJOBXKCHHS INMUIBKA OOJITa Mae
BUTJISII;

ne L, — edextuBHa (pO3paxyHKOBa) IOBXKHHA
6ourra;
E}, — Moxyims ipy>kHOCTI O0nTa;

5. = qkLy ©) Ag — mioma nepepisy.
P27 E AL I[Ipoananizysasiu oTpuMaHi BHpasH,
OTPUMAEMO TaKMi BU HOPMYIIH:
k ky?
£|(ntg)it (n+3)
El 16 12
gk = _ _ . (10)
N K K K
L _1|(ntg) B(n+g) (nrgp)(mry) (n+g)iz
E,A, EI| 6 24 2 8 384

Buuepnanus Hecydoi 34aTHOCTI T — MOJIOHOTO
KOMITOHEHTa MOJXE MPOXOJHUTH 332 TpPhOMa CIEHApIIMH
(puc. 3) B 3anexHOCTI BiJ PO3MIpIB HOro0 OKpEeMHUX
€JIEMEHTIB (TOBIIMHA (IIAHII, JiaMeTp OONTIB), a came:

1. YTBOpeHHS mapHipiB MIACTUYHOCTI.

2. Tlnactuunuit

mIapHip, THepexii y cTaH
TEKy4OCTi OOJTIB.

3. Po3spus Gosnra.

Hactynmanm eTarnom € BHU3HAYEHHS
MakCHUMaJlbHOTO  (TpaHW4HOro) 3ycwuis F  Ta
MOJIOKEHHA  MEepUIOro  IMapHipy  IUIACTHYHOCTI.
dopMyBaHHA  TEPIIOTO0  IIAPHIPY  IJIACTUYHOCTI

BiZIOYZI€ThCS B TOMY BUMAJKY, KOJIH (haKTHIHI 3HAUCHHS
3THHAJILHOIO ~ MOMEHTY B TMOsCI  IEepPEeBUINATH
IUIACTHYHUA MOMEHT, [0 BH3HAYAETHCS BIAMOBIAHO JI0

BUpA3y:

_ QLfyt}

My PR (11)
ne f, — Mexa TeKy4ocTi marepiany Qanus;
Ly — TOBILMHA mans;
L, — edextmBHa mgoBXHWHa 3a puc. 20.
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Puc. 3. Bunu aedopmariiit kommnonenTis y Bignosiguocti 1o EC3 [10] (a — mexanism po6oTH, creHapiit 1; 6 —
MexaHi3M po0OTH, ClieHapiit 2; B — MeXaHi3M poboTH, clieHapiit 3).

3ycuis  QopMyBaHHS ~— [EPUIOTO  MIAPHIPY - MOMEHT 3a IICHTPaJbHOIO JIiHIEIO OOJNTIB
IJIaCTHYHOCTI NPUHAMAEThCSA SK MiHIMAIbHE 3HAYEHHA, 5 — (n+ E)-
. 277
10 BU3HAYAETHCS i3 YMOB:

. . - 3YCHIUIS BUXOMSYH i3 TOUiHHS OONTIB.
- MOMEHT B CEpe/MHI T-MOJIOHOTO KOMIIOHEHTY . .
B Tabn. 1 mnpencraBieHi MOXIHBI - cLeHApIi
x=Mm+k+m),

Mepexoay JO TPaHUYHOTO CTaHy KOMIIOHCHTIB
BY3JIOBOTO 3'€IHaHHSI.

Tabmums 1
Cuenapii mepexoy 10 TPaHUIHOTO CTaHY
3aranpHe pO3TATYI0Ue 3yCHILIS:
k
2Mp+X(qk+Agk)(n+3)
Fy = (Fp + AFp) = T— =4
[ToBue 3ycuiuisa y 6ontax:
Boutu NEPEXOIATH Y CTakt (F fl+2AFfl )(n+k+m)_Mp
TEKYUYOCTI TiCIIs (qk)p = qk + Aqk = : :
n+k
2
morwonoro pripy , (esna [inseomy _ (me?)
' (sep)b = (5ep + A‘Sep) =T P T e -
x=m+k+m).

(Fri1+AFgp) (n+k+m)3+A(n+k+m) B

+—;
2EI 6 El El
— AqkLp
v (Bp)p =0y + :
5 N LT,
=
<
b
L
>
@90, @y T
s |
o
) o b k2 m A
Jedbopmaris 60aTiB micis (arp)
IUIACTUYHOI cTaaii poOoTH. (Aqk), = % = 2A,fpu — (gk)p.

3

_ (AFﬂ)b <m+(§) )(m+§)_m+(ﬁ) n K3 n EILp

4
2 8 24 1536 = 2EpAs|’

v (Asel”)b

ne E;, = 0.001E, — goTryHUA MOIYJb MPYKHOCTI MaTepiamy OOITiB.
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IIponosxenns Tadu. 1

(Fa+AFy)
Mo Mo geag

2
R ]

YTBOpEeHHS MIapHipiB
[JIACTUYHOCTI I10 OCl

D

C‘/ \

k/2 m

00TiB. AF (m+5)
k Agk ==L [-—Z +1].
x=(Mm+ E) 1 2 [ (n+)
~ v __ AgkLp
= bl ™ "pas’
) bAs .
E AQ [(n+k+m)3 Aqk (m+§) C(n+k+m) D
3 P Er 6 El 6 El EI'
=
(8Ff1)
(Aqk); = —L = 24f,, — (qk)y.
I . . IloBHE 3HaUYEHHSI PO3TATYBAJIbHOI CUIIH:
epexiz y CTaH TeKy4ocCTi
. F, = (F AFg) .
0ouTiB micist popMyBaHHS ( ﬂ)b ( ﬂ)f + ( ﬂ)f
JPYroro mapHipa (8F ) (m+5)2(m+5) (m+E)3 K3 | EdL
. v ( AS ) — f 4 2) _ 4 k7 tilp
IUIACTUYHOCTI. er/y E¢l 8 24 1536 = 2EpAs|’

ne E; — MOTHYHUI MOIYIb IPY>KHOCTI MaTepiany (IaHIIs.

[ye]
g [Tepexin y MIacTUYHUN
= CTaH Ta pyHHYBaHHI VY BignosianocTti 10 Hopm [10].
5 6ouTiB.
=
BHCHOBKH 7. Jaspart, J.P. Design of joints in steel and composite
structures /Texcm] ! J.P. Jaspart, K. Weynand - Ernst&Sohn,
Ha IicTaBi MIPOBEJIEHUX nocmimkenp  2018.
3alpOIIOHOBAHA  aHANITHYHA MoJenb T-mogibHoro o Ana M.Girao Coelho. Finite — element modeling of the

KOMIIOHEHTY, 5iKa JO3BOJISAE BH3HAYUTH HOTO HECydy
3MATHICTh 13 ypaxyBaHHSAM MOXIIMBHX CLEHapiiB
nepexojy O TPaHUYHOTO CTaHy, a TaKOX 3HIHCHUTH
OIIIHKY BigNoOBigHUX Aedopmaniii. B momanemomy
nepenbdadaeTses eKCIIepUMEHTAIIbHA

HepeBipka 3alpONOHOBAHOT MOJEI.
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ANALYTICAL MODEL OF THE T- STUB COMPONENT IN THE END-PLATE BOLTED
CONNECTION OF THE BEAM TO THE COLUMN IN TENSION
Y. Solodovnyk
O.M. Beketov National University of Urban Economy in Kharkiv, Ukraine

End plated connections of metal structures are quite relevant and are usually used in office, commercial, and
commercial-office buildings. It is very important to be able to diagnose the real general behavior of beam-to-
column connections based on their geometric and mechanical properties. Therefore, the analysis of steel structures
at the modern level requires a specialist to have a thorough understanding of their work, as well as the calculation
provisions laid down in current design codes. In contrast to Eurocode 3 design codes, the current Ukrainian state
building regulations do not contain clear instructions on the beam to column joint calculation and do not even give
a clear definition of the concept of steel joint and steel connection. It should be noted that the beam to column
connection is the most responsible area that requires special attention, as it significantly affects the design scheme
of the structure, as well as its economic efficiency.

By using the semi-rigid connection concept, weight savings of up to 20% can be achieved. In the presented
article, a simplified mathematical model of the t-stub component of the tensile zone of the semi-rigid bolted
connection of the beam to the column was developed using the component method. In the given solution of the
connection in the tension zone, the following components were distinguished: the flange in bending, the end of the
column in bending, and the bolts in tension. All these elements were modeled from two t- stub components connected
through an end plate with the help of bolts. A design scheme for determining the stress-strain state was proposed.
The analysis of the exhaustion of the bearing capacity of the t- stub component was performed according to three
scenarios depending on the size of its individual elements (end plate thickness, bolt diameter). The obtained results
will make it possible to determine the bearing capacity with possible variations of the transition to the limit state, as
well as to estimate the deformations of the considered component of the connection.

Keywords: end-plate connection, mathematical model, T-stub component, bolt connection.

63


http://dx.doi.org/10.33042/2522-1809-2021-1-161-19-24
http://dx.doi.org/10.33042/2522-1809-2021-1-161-19-24

