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Amnoranis. [licas npoBefeHHST CTATHYHOTO PO-
3paxyHKy paMH, BUHHUKA€ HEOOXiTHICTh BUZHAYUTH
Ta MpoaHaji3yBaTH ii BIACTUBOCTI 3 TOYKH 30pY
CTIMKOCTi. Y JaHiii CTaTTi PO3TISTHYTO METOIUKY
BH3HAUYCHHS KOC(DILIEHTY PO3PaxyHKOBOI TOBKHHU
KOJIOH, III0 MAPHIPHO 3aKPIiIICH] Y HIKHIA 9acTH-
Hi Ta MarOTh NPYyXKHE 3aKpiIUICHHS y BEPXHil Jac-
THHI. MeToanka moOyaoBaHa HAa OCHOBI METOIY
MMOYATKOBUX IMapaMeTpPiB KU 3aCTOCOBYETHCS IS
aHaI3y CTepXKHIB. BUXiTHUMHU NaHUMU IS AaHOT
METOJIUKH € CTATHYHUIA PO3PaXyHOK paMu. Y CTat-
Ti HaBEeJEHO JBa MiIXOAW sl BU3HAYEHHS CTIiHKO-
CTi KOJIOH IIpH Pi3HIH >KOPCTKOCTI pamMH Ta BHU3HA-
YEHO BiJICOTOK CITiBIA iHHs. TakoX BKa3aHi PeKo-
MeHAaMi{ 00 MOJAIBIIOT0 BUKOPUCTAHHS METO-
TTVKH.

Kirouosi cioBa. Kputnuna cuna, koedimieHT
pPO3paxyHKOBOI JOBXKHHH, CTIHKICTh KOJIOH, METO]]
MTOYATKOBUX IMapaMeTpiB, CTEPKEHb, MIApHIp, TIPY-
JKHI OTOpH.

[TOCTAHOBKA ITPOBJIEMU

[TpoGnemaruka naHoi CTATTI MOJSTA0 Y BU-
3HAYEHHSI JOCTOBIPHOCTI METOJMKH, IO PO3T-
JSIA€ThCS Y CTATTI HA TPUKIAAI TPHOX pam,
10 MalTh PI3HY JKOPCTKICTh KOJIOH Ta PHTe-
niB. [lopiBHSHHS JAHOTO MiJIXOMy 3 BXKE ICHY-
IOYUM Ta CHHTE3 PEKOMEHJAIlii, 010 3aCTO-
CyBaHHSI METOJIUKH HA TTPAKTHIL.

AHAJII3 ITOITEPEHIX TOCIII’KEHDB

SIKIIO TOBOPHUTH TPO CTIHKICTh CTEPXKHIB 3a-
KpiIUIEHUX 3 OJHOTO KiHIA MIAPHIPHO, a 3 1HIIOTO
HPYXHO, TO TIEPIIMM XTO OTPUMaB (OPMYIy JUIs
MapHipHO 3akpimuieHoro crepxHs Oy JI.Eiimep,
[1]. Takox mns AESIKUX BUMAJAKIB CTPHKHIB ITOC-
TIHHOTO 1 3MIHHOTO Tepepi3y Ha JKOPCTKHX
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[1,2,3,11] Ta Ha TIPY)KHUX OIOpaMH OTpPUMaHi
Kputepil y HaykoBux mparsax [3,6,7,11]. Bwusna-
YeHi 3arajbHi METOJUKH PO3PaxXyHKY CTIMKOCTI
CTPWXHIB 32 EKCIICPUMEHTAIbHIMHU JTaHUMH TIPH
pI3HMX yMoOBax 3akpirmwieHHs [5,12]. 3HaueHHS
CTIMKOCTI 3 ypaxyBaHHAM PO3BHUTKY OOMEXKCHUX
IUIACTUYHUX JleopMaLiil i MOYaTKOBUX HEIOCKO-
HAJIOCTEH Ta MICIIEBOI CTIMKOCTI CTEP>KHIB HaBeIe-
Hi y HayKOBHX po3po0Okax [8,9,10,13].

OCHOBHE JOCJIJPKEHHA

Sxmo B podotax [5,12] oTpuMaHo B po3ro-
pHYTOMY BHWIJISIII  KPUTEpid  LEHTpaIbHO-
CTHCHYTOTO  TPYKHOTO CTPHIKHSI CTPYDKHS,
SIKAWA OJHUM KIHIIEM IIApHIPHO 3aKPITUICHUH |,
a 1HIIUM MPY>KHO 3aKpiIUICHUH BiJ MOBOPOTY i
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TOPU30HTAIBHUX TMEpeMillleHb MPU MO3HAYEH-

2
HAX k) = YL
2
3
EI
T P L 2
sin(ayDkypk, k, 0
AN EIl
x| ctg(auyl) — ZNZ2x0
knm
(1)

Bunanok 1. [{ns BUnaaky KoOJjdu CTPUKEHb
MIAPHIPHO OMEPTUH OJHHUM KIHIEM 1 TIPYXKHO
3alleMJICHUN JPYTMM KiHIIeM Ha BUIbHUX Tie-
PECYBHHUX ONOpax YMOBU MKOPCTKOCTI OMOP

MarOTh 3aIUC: kyy #0,k, =0.

Taki yMOB OUCYIOTh MOXKJIUBICTh 3MIHH
KOPCTKOCTI TMPYKHOTO 3aIlEMIICHHS 1 BiIMO-
BIJIHO TIepeXia BiJ CTIMKOCTI KOHCOJIBHOTO
CTPMXKHSL JIO CTIHKOCTI KOJOH Ha NPYXKHIH
OCHOBI. 3 iHMIIOro 00Ky Taki YMOBHU J03BOJIS-
I0Th TIPOaHai3yBaTH 3MiHY KoedimieHTa po3-

PaxyHKOBOi JIOBXHHH KOJIOH  MOpPTaJbHHUX
pam TpH pi3Hiii )xopcTkocTi purens. Kpurepiit
CTIHKOCTI MPY)XKHOTO CTPWIKHS Ma€ BiIMOBII-
Hui Burisig [5,12].

3
ayEIl
—k, +quaNl—kq %Jx
q

aNE]x0:|

X {ctg(aNl) -
Mb

ayl(Elg /1)

Mb

ctg(ayl) - =0. (2)

[IpoBeneHo uncenbHI MOCTIIHKEHHS TpPaHC-
IIEHJICHTHOTO PIBHSIHHA (2) 1pH TEBHiM 3MiHi
YKOPCTKOCTI TIPY>KHOCTI OTTOPH 3aIIeMIICHHS.

Ta6a. 1. Koedinient (1, ) po3paxyHKoOBOi J0OBKHHH KOJOH, BUOAXOK 1, (k;; #0, ky=0)

Table 1. Factor ( 4, ) accounting for the end conditions the effective length of column, case 1,

» (B0 /1) aNl(EIXO /z) "
Fam K

1,5708 0,00001 0 2.0
1,4289 0,1 0,14289 2,198609
1,3139 0,2 0,26278 2,391044
1,0769 0,5 0,53845 2,917256
0,9729 0,7 0,68103 3,229101
0,8603 1 0,8603 3,651741
0,736 1,5 1,104 4,268468
0,6533 2 1,3066 4,808806
0,5932 2,5 1,483 5,296009
0,5472 3 1,6416 5,741215

Bumamox 2. Jlns mrapHipHO OmepTOro
CTPYDKHSI OJIHUM KIHIIEM 1 OPCTKO 3aIleM-
JICHHOTO Ha MEPECYBHUX OIMOpax APYTUM KiH-
meM 1 TPYXHIH TOPU3OHTAIBHOI OIOpi

ByaniBenbHi KOHCTPYKLii. Teopin i npakTuka * 4/2019.

(kpp — 0, k, #0). Kpurepiii criiixocTi 3a (1)

Mae 3aIrmc.

ayPEI
[aNl—%}ctg(aNl)—lzo . (3)
q

VY BignoBigHOCTI 3 piBHSHHIM (30 IpOoBe-
JIEHH] YUCJIOB1 TOCHIMKEHHS 3aJIEKHOCTI
Koe(ilieHTa po3paxyHKOBOI JOBKUHU
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CTPYDKHSI B 3aJICXKHOCTI BiJ] MPY>KHOCTI T'O-

pHU3OHTaIBHOI onopH ( Tab1.2)

Taodux. 2. KoedinieHT (£, ) po3paxXyHKOBOI JOBKHUHH KOJIOH , BHNAAOK 2, (k) — ©,k, #0)

Table 2. Factor ( z,) accounting for the end conditions the effective length of column, case 2,

(ka—)OO,k iO)

EI, ayPEI,

ayl kq13 kql3 My
4,4889 0,001 0,090452 0,7
3,1554 0,1 3,14169 0,995624
2,9302 0,125 3,144864 1,072143
2,7621 0,15 3,160891 1,137393
2,5283 0,2 3,232331 1,242571
2,0175 0,5 4,105921 1,557171
1,8092 1 5,921882 1,736454
1,6215 5 21,31674 1,937461
1,5964 10 40,68414 1,967923

[Tpu 3pocTaHHi KOPCTKOCTI MPYKHOT TOPH-
30HTAJILHOI OMOPU KOEPILIEHT PO3PaxyHKOBOI
JOBXUHH CTPHXKHSI HAONMXKAETbCA 10 L, —>

0,7. Tlpu 3MeHIIeHHI KOPCTKOCTI TOPU30HTAIb-
HOI IIPY’KHOI OIIOPHU IIpY 3HAYCHHSX MapaMeT-

EI ..

pa —’;=0,1..0,125 3Ha4YeHHsS KOE(QIIIEHT PO3-
k,l
q

pPaxyHKOBOI  JOBXHHU CTpWXHsA  Oyne

i, =0,996..1,072.

[Ipu monanpIIOMy 3MEHIIEHHI KOPCTKOCTI
MPY>KHOI OIOPH BTpaTa CTIMKOCTI CTPUKHS
HaOyBae ¢Gopmy ONHM3BKY A0 CTPHXKHS, SKUN

KOHCOJILHO 3aIlleMICHUM kg = 0, fy - 2.
Bumagox 3. 3aranpauil Bunagok. s dmc-
JIOBUX I[OCJILII)KGHB 3araJlJbHOIoO BI/IHal[I(y HC-

00ximHO KpHuTepid (1) 3amucatu B TakOMy BH-
TJISL.

[TpoBeaeni uuciaoBi HOCTiKEHHS Koediri-
€HTa PO3PAXYHKOBOI JOBXXHHU KOJIOH IPH Pi3-
HUX TMapaMeTpax NPYKHOTO OOmUpaHHS, SKI
MpeACTaBiIeH] B Tabmuii 3.

EI, 1 1
=X - gl —

3 3.3 |°N
ko ayl

vl
PosrisiHeMo TphOX MPOIBOTTHY pamy, IO
Ma€ JOBXHMHY 7,5 M, a BUCOTY KOJIOH — 3 M.
[TocTiliHe HaBaHTa)XEHHS, IO JI€ Ha paMmy
BEPTUKAJIbHY PIBHOMIPHO-PO3MOJUIEHY CHITY
q=75xH/M, mo mnpukiageHa 10 purens 1 Bl
TOPU30HTANIBHI (978171 qw1=2,82xH/Mm,
qw2=1,4xkH/M mpukianeHi Ha By 1 TpaBy
KpaiHi KOJIOHU BIJIMTOB1THO (puc.1).

{ctg(aNl)—aN l Elxo}

Ta6a. 3. KoedimienT (4, ) po3paxyHKOBOi JOBKMHHU KOJIOH, BUTIANOK 3, (K #0,k, #0)

Table 3. Factor ( u, )accounting for the end conditions the effective length of column, case 3,

(kpp 20,k #0)

(EI o/l ) El,
Hy ayl — PE
Ky q
0,7 4,48799 1 0,052244
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[Tponosxxenns Tabm.1
Continuation of Tabl.1

0,8 3,926991 1 0,070487
0,9 3,490659 1 0,113706
1 3,141593 1 0,101321
L5 2,094395 1 0,268713
2 1,570796 1 0,56954
2,5 1,256637 1 1,174119
3 1,047198 1 2,765241
3,5 0,897598 1 15,05183
3,6 0,872665 1 46,14339

0t 22,82 kH/M __q =15 kH/m

f,x_‘llllHllHHlHHlHlllHlll e sl
E’L 1. ’l’ 1 l’ 1. l{r

Puc.1.Cxema pamu, 110 BHUKOPUCTOBYETHCA Y
JOCITKEHH1
Fig.1. Scheme of the frame used in the research.

PosrinsiHMMO mepmmi BUNIAJOK KOJIA II0-
TOHHA JKOPCTKICTh purens cranoButh 0,909
MMOTOHHOI XKOPCTKOCTI KoJioH (Puc.2.).

0.909 i

1 3 | 1
1.0 10 i 10 i 10 i
2 b 6 8

) -

Puc.2 Ilepmmii BUMIAJOK CTiBBIIHOIICHHS JKOP-
CTKOCTEH
Fig.2 The first case of the ratio of stiffness

VY npyromy BUIAIKY KOPCTKICTh CEpEaHIX
kojoH ( crepxkHi 3-4 Ta 5-6) 3017BIICHO Yy
1,247 pa3zu. (puc.3.)

0.909 i

1 3 5 ?

10 1247 i 1247 i 10 i

2 4 6 8
777
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Puc.3. [Ipyruii Bunagox criBBiAHOILEHHS >KOpC-
TKOCTEN
Fig.3. The second case of the ratio of stiffness

B TperboMy BHUNAAKy >KOPCTKICTh PUTETIB
30ubmeHa 7o 1,2441 (puc.4.).

1244

Puc.4. Tpertiii BUNagOK CHiBBiJHOIIEHHS >KOpC-
TKOCTEN
Fig.4. The third case of the ratio of stiffness

BukonaBImy cTaTUYHHI PO3PAXyHOK HJISI
TPHOX BapiaHTIB 3HAXOAUMO KOe(DIIIEHT Po3-
PaxyHKOBOI JIOBXMHU, BUKOPHUCTAaBILH Y3a-
TaIbHEHUHN KPUTEPI CTIHKOCTI CTPYIKHS, 110
BU3HAYCHUH 3a BUNAAKOM 1. JIist mopiBHSHHS
OTPUMaHUX pe3yibTaTiB BHKOpUcTaemo [IK
«AcHuCTeHT», po3poOHUK Kadenpa OyaiBembHOT
mexaniku KHYBA sxuii 0a3yeThcs Ha METOII
CKIHUEHHHX €JIEMEHTIB y (popMi MeToxIy mepemi-
meHHsA. Pe3ynpraTh po3paxyHKy HaBEICHI Y
Ta01.4, Tabm.5 1 TabI.6. PO3PaXyHKOBOI JTOBXKH-
HU, BUKOPHCTABINM y3araJlbHCHUH KPUTEPIi
CTiKOCTI CTPYDKHSL.
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Ta6.u.4. [lopiBHIHHS METOAMK [UIS BUNIAJIKY MEPIIOTOo, pHc 2
Table 4. Comparison of techniques for the case of the first, fig.2

Koedinienr ( 4, ) po3paXyHKOBOT JOBKMHM KOJOH

Factor ( £, )accounting for the end conditions the effective length of

CrepxeHb IToron. Xopctk. il
Rod Relative stiffness ’
1K "Acucrent" JlaHHU METO A%
1-2 2.995 2.688 10%
3-4 li 1.936 2.053 6%
5-6 1.936 2.059 6%
7-8 2.984 2.6491 11%

Tab6..5. TlopiBHSHHS METOMK TSI BUMAJAKY JPYTOTO

Table 5. Comparison of techniques for the case of the second

Koedinienr ( 4, ) po3paXyHKOBOT JOBKMHM KOJOH
Factor ( £, )accounting for the end conditions the effective length of
CrepxeHb IToron. Xopctk. il
Rod Relative stiffness '
TIK "Acucrent" JlanHuii MmeTon A%
1-2 2.834 2.685 5%
3-4 1.2471 2.041 2.0608 1%
5-6 2.041 2.069 1%
7-8 2.824 2.6501 6%

[TpoBeaeHi gocaimKeHHS TOKa3yl0Th, 10
Ha [IEPIINX eTanax MPOEKTYBaHHS € MOX-
JUBICTh MPUOJIU3HO BUPAXOBYBATH KOedi-

Ta6.21.6. [TopiBHSIHHS METOIUK AJII TPETHOTO BUIAIKY, pUC 4.

Table 6. Comparison of techniques for the third case, fig.4

IIEHTH PO3PAXyHKOBOI JOBKUHH paMm , BU-
KOPHUCTOBYIOYH PE3YIAbTATH CTATUYHOI'O PO-
3paxyHKY Ha BiJIOMi HABaHTaXCHHSI.

Koedirienr ( £, ) po3paxyHKOBO1 JOBXKHUHU KOIOH. Factor

Crep-xeHb [Toron. XXopcTk.

Rod Relative stiffness ( 4, )accounting for the end conditions the effective length of column,

IIK "Acucrent" Januuii MmeTon A%

1-2 2.834 2.685 5%

3-4 1.2471 2.041 2.0608 1%

5-6 2.041 2.069 1%

7-8 2.824 2.6501 6%
VY3aranpHEeHHsST pe3yJabTaTiB  JTOCHIKECHb JUTsl BU3HAYEHHST KOCQIIIEHTIB PO3PaXyHKOBOI

NPUBEICHO Y TaOnuui 7, sIKi IOKa3yloTh MOX-
JUBICTh BUKOPUCTAHHS MPUOIU3HOTO MiAXOMY
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Ta6u.7. Cepenne 3HaUCHHS TOXUOKU MK METOAaMU
Table.7. The average error value between the technique

Ha3sBa xapakrepuctuku Bumamox 1 Bumnamox 2 Bumamox 3
The name of the characteristic The First case The Second case The Third case
CepenHe 3HaYEHHS TIOXHUOKH MiXK
METOIUKAMU
A 8.47% 3.44% 9.25%
The average error value between
the techniques, A %

BMCHOBKMU I ITEPCITEKTMBU
IMOAAJIBIINX JOCIIIIPKEHD

Po3BuHYTO Ta Yy3araibHEHO TEOPETUYHI
MiIX1J, 00 BU3HAYCHHS KOEQIIIEHTIB PO3-
pPaxyHKOBOI JIOBXXHHH KOJIOH paM CKJIaJHUX
KOHCTpYKLIN. [TOpiBHAHHS pe3ynbTaTiB JOCIHi-
JOKEHHST Ha TPHKJIAAl TPhOX paM 13 Pi3HOIO
KOPCTKICTIO IMOKa3aB MOXMOKY MK B Mexax
10 1%-10%.

Metoauka MiAXOAUTH U MONEPEIHbOTO
aHaI3y CTIMKOCTI paM Micisl pe3ysbTaTiB CcTa-
TUYHOTO PO3paxyHKy. Meronuka mnorpedye
BJIOCKOHAJICHHSI Ta B TIEPCTIIEKTHUBI MOXKe OyTH
3aCTOCOBAHUU JIJISl aHANI3y MaJOTIOBEPXOBHUX 1
OJTHOTIOBEPXOBUX 0araTONpPOTOHOBUX paM 3
ypaxyBaHHSIM MiAJaTIUBOCTI BY3JIIB 1 OHOP.
MoxnuBuii TakoX Ha 0a3sil miel METOINKH IIe-
pexia A0 MepeBipKu CTIHKOCTI KOJIOH 3a aedo-
pMoBaHoto cxemoro [13,14,15].
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Method of determining the coefficient of the
calculated length of the
columns, hinged to the lower end by the method
of initial parameters

Annotation. After static calculation of the
frame, there is a need to determine and analyze its
properties in terms of stability. In this article, the
method of determining the coefficient of calculated
length of columns, which are hinged in the lower
part and have an elastic fastening in the upper part,
is considered. The method is based on the method
of initial parameters used for the analysis of the
rods. The baseline for this technique is the static
frame calculation. The article presents two
approaches for determining the stability of
columns at different stiffness of a frame and a
percentage of coincidence is defined. The
recommendations for further use of the technique
are also given.

Keywords. Critical force, coefficient of
estimated length, stability of columns, method of
initial parameters, rod, hinge, elastic support.

FORMULATION OF THE PROBLEM

The problem of this article is to determine the
reliability of the methodology that is considered in
the article on the example of three frames having
different stiffness of columns and crossbars.
Comparison of this approach with the existing one
and the synthesis of recommendations on the
application of the methodology in practice.

ANALYSIS OF PREVIOUS STUDIES

If we talk about the stability of the rods fixed at
one end hingedly, and on the other elastic, then the
first one who received the formula for a hinged rod
was L. Euler, [1]. Also, in some cases, the rods of
the permanent and alternating section on the hard
[1,2,3,11] and elastic supports are the criteria in
scientific papers [3,6,7,11]. The general methods
of calculation of stability of rods according to
experimental data at different conditions of fixing
[5,12] are determined. The value of stability,
taking into account the development of limited
plastic deformations and initial imperfections and
the local stability of the rods, are given in scientific
developments [8,9,10,13].
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MAIN RESEARCH

Consider the three flying frame, which has a
length of 7.5 m, and the height of the columns is 3
m. The constant load acting on the frame is a
vertical uniformly distributed force q¢ = 75kN / m
applied to the bolt and two horizontal forces qwl =
2, 82kN / m, qw2 = 1.4kN / m applied to the left
and right extreme columns respectively (Fig. 1).

In the second case, tighten the middle columns
(rods 3-4 and 5-6) increased by 1,247 times. (Fig.
3)

In the third case, the stiffness of the crossbars is
increased to 1,2441 (Fig. 4).
After performing a static calculation for the three
variants we find the stability coefficient using a
generalized criterion of stability of the rod, as
defined in [2]. To compare the results we use the
"Asistent" PC, which is based on the finite element
method in the form of a moving method. The
results of calculation are given in Table 1, Table 2
and Table 3.

CONCLUSIONS AND PERSPECTIVES FOR
FURTHER STUDIES

Comparison of the results of the study with an
example of three frames of varying rigidity showed
an error of between 10%. The method is suitable
for preliminary analysis of the stability of frames
after the results of static calculation. The method
needs to be improved and in the long run can be
used to analyze multi-frame frames, taking into
account the feasibility of nodes.
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