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MOJIEJJIOBAHHS HAITPY KEHO-IE®OPMOBAHOT'O CTAHY
HUKHBOT'O NOSICA BYIBEJIBHOI 3BAPHOI ®EPMU

Pe3ome. Bukonano o0ensd icHylOYuUX npocpaMHux nNAaKemié ma GUAGIEHO, WO KOMN 'lomepHe
mooemosanist 6 cepedosuuyi I[IK ANSYS Workbench 14.5 0ac modicnugicmes KomniekcHo epaxogygamu 6azamo
8XIOHUX napamempie cucmemu, a, Omoice, 38eCmu 00 MIHIMYMY 6NIUE CYO EKMUBHO20 HYUHHUKA NpU
NpoekmysanHi ma nioguwumu 8ipo2ioHicms ompumanux pesynbmamie. Bubpano koHcmpykyilo ma cxemy
HABAHMAJICEHHS 36APHOT NIOKPOKGAHOI hepmu. Buxonano mooenosanuss nanpysiceno-0eghopmoganozo cmauy
(HAC) nuoicnvoeo nosica ghepmu npu 0ii cmamuyHux HA8AHMadiceHv piznoi genuuunu. OmpumaHo 3HA4eHHs.
JIOKAbHOT  NO30082CHbOI 0eqhopMayil HUNCHbO2O NOosCa (epmu 830080iC D0BICUHU (PepMU ma NONePeyHO2o
npocury epmu  830080C HUNCHbO20 NOSCA NPU  PI3HIN  [HMEHCUBHOCMI  308HIUHbO2O  CHAMUYHOZO
Haganmaoicents. Busnaueno nanpyoicents 630060i1C HUNICHLO20 NOSICA hepMu NPU PI3HUX PIGHAX HABAHMAIICEHHSL.
Busigneno koopounamu mouok Ha HUdNCHLOMY NOSCi (hepmu, Oe POpMYHOmMbCs MAKCUMATbHI HANPYJICEHHS, SKI
BUBHAYAIOMb MPUMKICMb hepmu 6 yinomy. 3anponoHO8aHO MemoO RIOSUULeHHST MPUMKOCHI hepMu ULIsgXom
JIOKANIbHO20 3MIiYHEeHHs HUICHbO20 NOACA 8 MICYAX GUHUKHEHHS MAKCUMATbHUX HANPYIICEHD.

Kniouosi cnosa: 3sapna ¢hepma, nanpydiceno-oepopmosanuii cmaw, Hecyua 30amuicme, mpama
mpumkocmi pepm.

Y. Kovalchuk; N. Shynhera; O. Rybachok

DESIGN OF THE STRESS-STRAINED STATE
OF LOWER BELT OF THE WELD-FABRICATED FARM

Summary. The welded building farms are widely applied in modern construction due to their design
variety, high ease of manufacturing and great bearing capacity. However, their design is difficult because of
combination of many factors (structural, technological, operating, casual, emergency, etc.). Application of the
classical methods of the welded farms design allows to take into account, at the same time as a rule, only
constructive parameters and operation power factors. That is why the obtained results of classical calculations
are of low probability while comparing with the results of operation or experimental studies of the farms. The
analysis of the available software packages, which were used by other researchers, has been carried out. Their
advantages and disadvantages while studying the stress-strained state (SSS) of the welded farms have been
specified. It was revealed that computer modeling in software package ANSYS Workbench 14.5 enables to take
into account in complex many input parameters of the system and minimize the influence of the subjective factor
when designing and to raise the validity of the obtained results. The design and loading scheme of the weld-
fabricated build farm have been chosen. Peculiarity of the computer modeling method in software package
ANSYS Workbench 14.5 has been described, which is algorithmically based on the final element method. SSS
modeling of the lower belt of the farm under static loadings of different value has been carried out. The value of
the local longitudal deformation of the lower belt of the farm along the length of the farm and transverse
sagging of the farm along lower belt under different intensity of the external static loading has been obtained.
The stress along lower belt of the farm under different loadings has been found. The SSS values were obtained in
both numerical and graphic forms. The point coordinate on the lower belt of the farm, where maximum stresses
are formed, which define the bearing capacity of the farm as a whole has been found. The method of raising the
farm bearing capacity due to the local strengthening of the lower belt in the places of the maximum stresses
initiation has been proposed. The methods of computer modeling for determination of SSS of the welded building
farm elements have been applied. The revealed results of the studies can be applied when designing farm
building elements or for the estimation of the farm bearing capacity during their operation, taking into account
the complex influence of many factors.

Key words: welded farms, stress-strained state, bearing capacity, loss of the farm bearing capacity.



MEXAHIKA TA MATEPIAJIO3HABCTBO

ITocTanoBka mpobaemu. Cepen yciX TPUMKHX OYHiBEIbHUX METAJIOKOHCTPYKILH
3BapHi (epMHU 3HAXOJATH IMUPOKE 3aCTOCYBAHHS IPH CIIOPY/KEHHI MPOMHUCIOBHX 00’ €KTIB,
CIOPTHBHO-PO3BAXKAIBHAX Ta TOPrOBEIBHAX LEHTPIB, MOCTOBUX KOHCTPYKIH, OaumT Tommo.
IX mpoexTyBaHHS YCKIIaJHEHO KOMIUIEKCHHM MO€JHAHHSAM 0araThbOX YHHHHUKIB YHPOJOBK
eKCILTyaTallii, sIki HeoOXiTHO BPaxOBYBaTH JUI OTPHMAaHHS PO3PaxXyHKOBHX Pe3yJIbTaTiB 3
BHCOKHM PiBHEM BipOT1IHOCTI.

KnacuuHi aHamiTHYHI METOIM PO3PaXyHKY JAIOTh MOXKJIHMBICTH BPaxOBYBATH JIHIIE
SKYCh OOMEXEHY KiTBKICTh BXiTHUX JTAHWX, 5IKi, HA JYMKY KOHCTPYKTOpa, € BU3HAYATbHAMH.
3a3Buyail 1le KOHCTPYKTHBHI MapaMeTpu (epMH i BeIMUMHA eKCIUTyaTallifHUX HaBaHTaKeHb.
TakuM yuHOM (OPMYETBCS pPO3paxyHKOBa cxema 3BapHOI (hepMH, 3aBISKH SKii MOXKHA
aHAJIITUYHO BU3HAYMUTHU MOKA3HUKU HarpyxeHo-nedopmoBanoro crany (HJIC) xonctpykiii
I BIUIMBOM 30BHIINIHIX HaBaHTaXeHb. [lo3a yBaromw 3alMINAIOTECS TEXHOJOTiYHI
0CcOOJMBOCTI BHUTOTOBJICHHS (epMH, KIIMATUYHI TeMIepaTypHi TpaIi€HTH, IO€THAHHS
CTOXaCTHYHUX YUHHHKIB (BITEp, CHIT, CeMCMiUHI BIUIMBH, aBapiifHi CHTyarii), Xo4a BOHHU
CYTTEBO BIUIMBAIOTh HA TPHMKY 3JIaTHICTH JIOCHI/PKYBaHOI KOHCTPYKIIii, a 4acTO CTalOTh
MPUYMHOIO TOIIKO/PKEHHST UM HABiTh PyWHYBaHHS He JHine (epMoBOI KOHCTPYKIi, aie i
CHIOPY/IU B IITIOMY.

CydvacHa KOMII' FOTepHA TeXHIKa i ICHYIOUi pOo3paXyHKOBI METOIMKH, SIKi 0a3yIOThCs
Ha TPHUKJIQJHUX MPOTPaMHHX ITaKeTaX, JAIOTh MOJIUBICTH MaTEeMaTHYHO IPOMOJICIIOBATH
MTOBEIIHKY 3BapHOi ()epMH B IJIOMY 1 11 €JIEMEHTIB 30KpeMa, BPaXOBYHOYH KOMIUICKCHHI
BIUIMB OaraThbOX MapaMeTpiB (MaTepian KOHCTPYKLii, 11 KOH}iryparito, KOHCTPYKTHBHI
0COOJIMBOCTI BY3IIiB, TEXHOJIOTIIO 3BapIOBaHHS, MOIKO/DKYIOUYl YAHHUKH Ta iH.), BKIIIOYAIOYN
croxactnyHi. Cy4acHi METOIM MPOSKTYBaHHS JalOTh MOXKJIMBICTh 3BECTH JIO MiHIMYMY BILUIUB
Cy0’€KTUBHUX YMHHUKIB 1 MAKCHMAIHHO HAOIHM3UTH Pe3yJIbTaTH PO3PAXYHKIB JI0 MTOKA3HUKIB,
OTpPHUMaHHX y IpOIIeci eKcIutyaralii GpepM uu X HaTypHUX BUIIPOOYBaHb.

AHami3 ocTaHHIX gocaimkens, i myoOaikamid. CucTemMa aBTOMaTH30BAaHOTO
MPOCKTYBaHHS PI3HOMAHITHUX THUIIOBHUX KOHCTPYKIIifi HA CHOTOJHI € JIOCHThH MOIIMPEHOIO i
0a3yeTbcs Ha PI3HOMAaHITHIM TporpamHiii 0asi. Po3paxyHOK MeTalieBUX KOHCTPYKIIIH,
30KpeMa 3BapHHX (epM, 3a JOIOMOrOI0 MPOrpaMHUX KOMILIEKCIB BUKJIAIH Y CBOIX poOoTax
Jpoxin A.B. [1], AnmaroB B.1O. (IIK I[TO®CK-Mupax-IICMK, «JIupa-W», SCAD, Cosmos
Works, Design Space) [2], Angymkin P.B. (IIK SCAD i1 Mathcad) [3], yb6enens B.I'.,
Caguenko O.B. (ITK APM WinTruss) [4], [lIuarepa H.4. (ITK ANSYS) [5] Ta iH.

[Ipu anami3i 3ragaHux poOIT BUsBIeHO Henosiku. [Ipu mepexoxai Bia peanbHOT
KOHCTPYKIIIi IO pO3paxyHKOBOI CXeMH 3a METOJIOM IPaHUYHUX CTaHiB:

1) BBOJSITB MAPHiPHO-CTPIKHEBY O€3MOMEHTHY PO3PaXyHKOBY CXEMY;

2) pO3TIAAAtOTh CTIWKICTh CTUCHEHHX €JIEMEHTIB KOHCTPYKIIi 0e3 ypaxyBaHHS
THYYKO-KPYTHJIbHOI (hOpMU BTpaTH CTIHKOCTI;

3) npuiiMalOTh PO3PAaxXyHKOBHU OIMip MaTepialiB MEHIIMM BiJI HOPMATHBHOTO (IS
MiJBUINEHHS] HAJIHHOCTI pO3paxyHKy AIMCHI MIIHICHI XapaKTepPUCTHUKU MaTepialiB IITYYHO
3aHUKYIOTHCSI TPOCKTAHTOM );

4) TpU OLIHIOBAHHI CTIHKOCTI CTUCHEHUX CTEPKHEBUX €JEMEHTIB JIy’Ke HAOJIMKEHO
BpPaxOBYIOTh YMOBH iX 3aKpiIlJICHHS.

barato 3 1mMX cOpOmEHP MOXYTh NPU3BECTH JIO ICTOTHOTO  BiIXWIJICHHS
po3paxyHkoBux xapaktepuctuk HJIC Bim miliCHUX, OCOOJIMBO JUISI CTPHIKHEBUX CHCTEM,
EIIEMEHTH SIKHX MAIOTh IIPOCTOPOBI FT€OMETPHYHI HETOCKOHATIOCTI.

VY pe3yabTaTi MHUX HEMOJIKIB OJIHI KOHCTPYKIli MOXXYTh MAaTH HaJMIpHi, a 1HII —
HEJIOCTaTHI 3alacy MII[HOCTI.

Ha >xanp, OUTBIIICTH poOIT OOMEKeHa JMINe MaTeMaTHYHUM MOJICITIOBAaHHSIM
HaNpyXeHo-1e(pOPMOBAHUX CTaHIB B EJIEMEHTaX KOHCTPYKI[if 3a pi3HHUX YMOB
HaBaHTaXXyBaHHS 1 B HUX He HaBeJeHO iH(popMaIllii mpo BepuQiKaliro OTpUMaHKX Pe3yJIbTaTiB
yepe3 BiJICYTHICTh HATYpHUX a00 HaIiBHATYPHUX JIOCII/IKEHb BiJIOBITHUX KOHCTPYKIIIH.
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Y poGoTi [5] oTpuMaHO MOPIBHSAHHS pPe3yJIbTATIB MATEMATHYHOTO MOJICIFOBAHHS B
cepenoBuini [IK ANSYS 1 HamiBHATypHOTO CHJIOBOTO €KCIIEPUMEHTY 3 (Pi3MYHOIO MOJIEILIIO
3BapHOI OYIiBeIbHOI IMAKPOKBSIHOI (epmMu. BHSBIIEHO BHCOKHI CTYIIIHb CITiBIIQIaHHS
XapaKTepUCTUK HampykeHo-nedpopmoBanoro crany (HJIC) y KOHCTpYKTHBHHX elleMEHTaXx
3BapHUX (epMH, BU3HAYCHUX MATEeMAaTHYHAM MOJCTIOBAHHIM 1 HAIMIBHATYPHUM CHJIOBHM
EKCIIEPUMEHTOM I HU3bKUX PiBHIB HaBaHTaxXyBaHHs (0,96...0,92), Ta 3a10BiIBHMI CTYHIHB
CHIBIIAQJaHHS PE3YJIbTATIB MPH BUINUX HABAHTAKCHHSIX (Ha KIHIII MPY)KHOI 00JacTi Jaiarpamu
nedopmyBanns) (0,90...0,85). Ie cBimunth npo npuaatHicte TIK ANSYS mis nocmimkeHHs
HJIC 3BapHux ¢gepM Ta MpaBHIbHI METOJIWYHI ITiIXOTU IPH BHOOPI OCHOBHUX JOIYIICHB,
CIPOIIECHb Ta y3arajbHEeHb.

Mertoro po6Goru € BuszHaueHHS moka3HWKiB HJIC HWKHBOrO mosica 3BapHOT
MiIKPOKBAHOT pepMu mpu 1ii CTATHUYHUX HABAHTAXEHH 13 BUKOPUCTAHHSIM KOMIT IOTEPHOTO
Mo Ielrorouoro ekcrepuMenTy B cepenoBui [TK ANSYS Workbench 14.5.

IlocTanoBka 3aBaanHs (3agadi). Iy ocsrHeHHS TOTABICHOI METH BUPIIIEHO TakKi
3aBJIaHHS:

— BuOpaHo KoH(iryparito 3BapHOi OyaiBenbHOI ¢epMu Ta cxemu 11
HaBaHTaXKyBaHHS,

— BUKOHAHO KOMIT IOTEPHUN MOJIETIOIOUNI eKCIIEPUMEHT JIJIsi BHOpaHOT KOHCTPYKIIi1
i cxemu 11 HaBaHTa)XyBaHHS 3 BUKOPHUCTAHHSM IIPUKIAIHOTO IMPOTPAMHOTO KOMILIEKCY
ANSYS Workbench 14.5;

— Bu3HadeHO Toka3zHuku HJIC y3MOBX HIKHBOTO TOSICa 3BapHOI ITiTKPOKBSHOT
OyiBeTbHOI (hepMHU IPH JTii CTAaTHIHUX HABAHTAKEHb.

Pesyabtatn pocaimxenns. [lpuitnaro pimenns pocuipkenHs HJIC xoncTpykmil
BHKOHATH JUIS 3BapHOi  MiAKPOKBsSHOI  ¢epmu  (puc.l). 3ampormoHOBaHO  CXeMy
HaBaHTaXXyBaHHS JOCTIJHOTO 3pa3ka B MpoIleci eKCIepuMeHTy (puc.2), sika BiamoBigae
YMOBaM eKcIuTyararii pepM Takoro THITY.
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400

Pucynox 1. KorcTpykuist 38apHOi pepmu PucyHnok 2. Cxema HaBaHTa)KyBaHHS
JOCTTiTHOTO 3pa3ka
Figure 1. Design of the weld-fabricated farm
Figure 2. Chart of the specimen loading

Taky KOHCTPYKIIiFO MOXHA PO3IIISJIaTH K TIOBHOMACIITaOHY pepmy abo K (izuuHy
MOJIeTTb BEJIMKOTa0apuTHOI KOHCTPYKINi. Bubip Takoi gepMu 3yMOBIICHHN TEXHOJIOTTYHOIO
MOJKJIMBICTIO JUIS MOJAIBUIMX HATypHUX JOCITIUKeHb 3pa3ka 1 Bepugikamii OTpUMaHUX
pe3yIbTaTiB KOMII FOTEPHOTO MOJICTTFOBAHHSI.

JIns KOHCTPYKTHBHUX €JIEMEHTIB 3BapHOi TMiJKPOKBSHOI Qepmu TmependayeHo
BHATOTOBIICHHSI 31 CTAHJAPTHOTO BaJbIIbOBAHOTO PIBHOMOJIMYKOBOTO KYTHHKOBOTO MPOQiITIO
40x40x4 mMm. YV By3nax (epMu cTep:kHi 3'€THAHO 3a JOMOMOTOIO 3BapHUX IIIBiB, BUKOHAHUX
HaIliBaBTOMaTHYHHAM JIYTOBUM 3BaproBaHHAM. [10CITiTOBHICTh HaKJIaIaHHS 3BApHUX IIBIB TPH
3BaploBaHHI (epMM BHKOHAHO 3TiIHO 3 TEXHOJOri€l, sKa mepeadadae OTpUMaHHI
MiHIMQJIFHUX BHKPUBIICHB, TOMMYCTUMHUX 03 IMOJaJIBbIOT0 pUXTyBaHHS GepMmu. Bei enemenTH
JOCTIPKYBAHOTO 3pa3ka BHUTOTOBJIIEHO 31 cTani 3BuYaitHOi sikocti BCt3me 3a JICTY
2651:2005, ISO 1052-82. VYci 3BapHi IBH Ha 3pa3Ky BHUKOHAHO HAaIliBaBTOMATHYHUM
JYTOBHM 3BapIOBaHHSM IIOCTIHHHM CTPYMOM HPSMOi MOJSIPHOCTI JPOTOBHM EJIEKTPOJIOM
niametpoM 1,2 mm CB-0812C ojHiel mocTaBouHoi naprtii B cepempoBumii CO, 3 TO0TpUMaHHIM
CTaHJApTU30BaHUX TeXHOJOTiH. Pobounii ctpym 3BaproBaHHs cTaHOBUB 110 A.
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Pozpaxynox HJIC HmwkHBOrO mosica 3BapHOI HIJAKPOKBSHOI (epMHu Mmix Ji€ro
CTaTHYHUX HABAHTAKCHb BHKOHAHO KOMII FOTEPHUM MOJIETIOI0UMM EKCIIEPUMEHTOM i3
BUKOPUCTaHHSM IpuKIaaHoro mporpamuoro mnakera ANSYS Workbench 14.5, tomy mo Bin
Mae psJ IepeBar, a caMe:

— moOynoBa Mojeni KoHeTpyKuii ado immopt ix 3 CAD cucrem (Solid Wokrs, Auto
CAD, Inventor Ta iH.);

— BHBYEHHS peakilii KOHCTPYKIii Ha pi3Hi (i3WYHI BIUIMBH, TaKi, SIK BIUIMB Pi3HUX
HaBaHTa)KCHb;

— ONTHUMI3allisg TeOMeTpil KOHCTPYKIIT;

— Ha 0a3i Workbench peamizoBani iHCTpyMeHTH Uis OOMiHYy ¥ e(eKTHBHOIO
KepyBaHHS po3paxyHKOBUMH JaHUMU KopucTyBauiB (ANSYS EKM);

— BHCOKa IIPOYKTHBHICTE.

[Iporpamue 3abe3neuenHss ANSYS anroputMmiyHO 0a3yeTbcsi Ha METOJI CKIHUEHHX
eJIeMeHTIB. MeTa CKiHYCHO-eJIEeMEHTHOTO aHajli3y — 3HaWTH BIATYK CUCTEMH Ha 3aJIaHUi
30BHIMHIA BmumB. s pospaxynky HJIC BHKOPHCTOBYEThCS MareMaTHyHa MOJEIb,
0COOJIMBOCTSIMHU SIKOI €:

— reomerpuyuHa Mojiesib CAD pa3oM i3 3aJjaHOI0 CXEMOIO 1 PeKUMOM HaBaHTAXKyBaHHS
€ opMaITi30BaHOIO MOJICILTIO (pHC.3);

— CKIHYEHO-EJIeMEHTHA CiTKa € MaTeMaTUYHUM MOoJIaHHSIM reoMeTpuynoi mojeni CAD,
10 € PO3PaxyHKOBOIO MOJIeIUTO (puc.4);

— TOYHICTh PO3PaxyHKiB BU3HAYAETHCS MPUMTYLIICHHIMHU (HI3MUHOT MOJIENI  IIIIBbHICTIO
CITKH.

Pucynok 3. CAD — reoMeTpudHa MOJIeNb (hepMu Pucynok 4. CAE — CxiHueHHO-elIeMeHTHA CiTKOBa
MoJenb hepmu

Figure 3. CAD — geometrical model of the farm
Figure 4. CAE — complete-element net model
of farm

Po3B's30K 3a71a4i TPOXOIUTH Yepe3 4 CTyIeHi.
1. OCHOBHI JOITYIIECHHS:
— BHUOIp TUIY aHAJi3y (CTATUYHUNA, TUHAMIYHUHN, MOJIAIbHU);
— BHOIp KOHTAKTHOT MOJICIII;
— BHOIp TUIY eeMeHTiB (000JIOHKOBI a00 TBEPAOTLII).
2. llpenpornecunr:
— 1o0ya0Ba reOMETPUYHOI MOJIEITi;
— BHOIp Marepiary 00’€KTa i 3a3HaYEHHS BCIX HOTO HEOOXITHUX BIIACTHBOCTEIH;
— TeHeparlis CiTKH;
— HaBaHTAXCHHS 1 3aKPIIJICHHS KOHCTPYKIIIl;
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— BHOIp po3paxyHKOBHX apaMeTpiB.
3. Po3paxyHOK.
4. TloctrporecuHr:

— Teperysi copMoBaHOro (ailiny pe3yabTaris;

— TepeBipKa JIOCTOBIPHOCTI pimmeHHs (BCi (i3WUHI BEJIMYMHU TIPEJCTABICHI B
rpapiunomy BikHi ANSYS y Burmsiai kapTuHOK, Tabmuib, Trpadikis,
aHiMarrii).

s poss'szanns 3anadi HJIC nocmimxyBaHoi gpepMu BUKOHAHO Taki OCHOBHI KPOKH
KOHCTPYKIIIHHOTO aHaJTi3Yy:
1) TpancmoBanHs reomerpuuHoi mojieni 3 CAD cucremu;
2) 3aJaBaHHS BJIACTUBOCTEH MaTepialliB;
3) TreHepyBaHHS CiTKU;
4) 3aKpilJICHHS MOJEII;
S) mnpukIaJgaHHS HaBAaHTAXEHHS;
6) BuUOIp mapaMeTpiB BUPIITyBava;
7) 3ajaBaHHS CIHMCKY PO3PaxyHKOBHUX Pe3yJbTaTiB 1 IPOBEJCHHS PO3PaxXyHKY;
8) mepermisa po3paxyHKOBHX Pe3yJIbTaTiB;
9) reHepyBaHHS 3BITY.
Y Workbench Ha mouaTky po3B’s3Ky 3a/1a4i BAOUPAETHCS TUIl IH)KEHEPHOTO aHATi3y,
IMCAS YOTO IporpamMa BCTAaBIISIE B CXeMY IPOEKTY BIJMOBIMHUN OJIOK, SIKHH MICTHTH YCi
HeoOXiJHI eTanmy BUKOHAHHS aHami3zy. Ha puc.5 HaBeleHO OJIOK CTATMYHOTO aHANi3y, SIKAN
BHKOPHUCTAHO B JAHOMY JIOCIiPKESHHI.
3a pomomoror mporpamHoro komiuiekcy ANSYS Workbench 14.5 BukoHaHO
CTaTMYHUU TUN aHamizy ¢izuyHoi Mozeni. CTaTuyHUil po3paxyHOK QepMu Moisrae y
BU3HAYEHHI NEepeMillleHb BY3JB, peakilii omop, 3yCHJIb Yy CTEpXKHSX, HalpyXeHb 1
nedopMartiii CTepKHiB, 10 BUHUKAIOTH Y KOHCTPYKITIT ITiJT JIi€f0 HaBaHTa)XeHb. Y CTAaTHYHOMY
aHaJTi3i nepeadoaveHo, Mo BCi HABAHTAKEHHS 1 peaKIlil KOHCTPYKIlii Ha HaBaHTa)KEHHS SKIIO i
3MIHIOIOTHCS B Yaci, TO Jy’Ke TMOBUIBHO.
3a pe3yiabTaTaMd BHUKOHAHHS KOMII IOTEPHOTO MOJEIOIOYOr0 EKCHEePUMEHTY
OTPUMAaHO BEJIMYUHY IO37[0BXKHBOI JehopMaliii HIKHBOTO Tosica (epMH, 3HAYCHHS TIPOTHHY
(depMu Ta HaNPY)KEHHS B3JIOBXK HIDKHBOTO Tosica (epMU TIpH PI3HUX PIBHAX HABAHTAKEHHS
SIK y yrcenbHOMY (Tabim.1), Tak i B rpadiunomy (puc.6,7,8) BUTIsIL.
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MaTeplany v A 259 & 3rom i
~v— 4 TOHH ¥ 4
— ) A PEAE S PP
I8 77 Static Structural (ANSYS) 2,04 5 TOHH ' e
- - < B TOHH L .‘
CTBopeHIA TeoMeTPITHO] 2 | @ Engieering Data v, g 154 7 ToHH W
MofemL \ = i i i At ST
3 ) Geometry v 4 gl e
— 4 @ Model 'y o
[enepania CE-CITkI 1 3aaHHe <: = 0,51 e
TAPAMETPIB CIIMYTLATE 5 @ Setup ¥ 3 &4 S 3T .
- aese [ EEEERERERY
B 3 0,0 —+e2seggn Wl ian il n R
6 QfF Solution 7 4 "
Po3B30K 1 IONAHAT 7 @ Results 7 i -0.5

pesVBIATE 0 200 400 600 800 }’03%]200 1400 1600 1800 2000

Static Structural (ANSYS)

PucyHok 6. BunoBxeHHs B30BK HWKHBOTO 1105ICa
PucyHok 5. Biiok cTaTU4HOTo aHalisy (epMH MpU pi3HUX PIBHAX HABAHTAXKEHHA

Figure 5. Block of static analysis Figure 6. Lengthening along the lower belt of the
farm under different levels of loading
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Figure 7. Bending of the farm along the lower belt
under different levels of loading
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BICHUK TEPHOIINIbCbKOIO HALIIOHAJIbHOIO TEXHIYHOIO YHIBEPCUTETY. Ne3 (75) 2014

Ta6auus 1

[Tapamerpu HJIC 3BapHOi (hepmu, oTprMaHi KOMI FOTEPHUM MOJICTIOIOYNM €KCTIEPUMEHTOM

Hapan- | Hanpy- | Bugosx. | [Iporun Hagan- | Hanpy- | Bunosx. | [Iporun

No | TaxkeH- | KeHHs | HWKHBO- | pepmu | No | TaxkeH- | )KeHHS | HUKHBO- | (hepMu
3/ HS 6,MPa | romosica | §, MM | 3/0 HS 6, MPa | romosica | &, MM

P, xH Al MM P, xH Al MM
1 2 3 4 5 1 2 3 4 5

1 5,0 15,7 0,18 0,54 10 45,0 139,4 1,62 4,78
2 10,0 31,2 0,36 1,07 11 50,0 154,8 1,80 5,32
3 15,0 46,6 0,54 1,60 12 60,0 185,7 2,16 6,38
4 20,0 62,1 0,72 2,13 13 70,0 216,7 2,521 7,44
5 25,0 77,6 0,90 2,67 14 80,0 247.9 2,88 8,52
6 30,0 93,0 1,08 3,20 15 90,0 280,6 3,24 9,67
7 35,0 108,5 1,26 3,73 16 | 100,0 300.8 3,60 11,16
8 40,0 123.9 1,44 4,25 17 | 110,0 310,6 8,92 26,42
9 5,0 15,7 0,18 0,54 18 | 130,0 333.,6 24.9 58,74

Takum YMHOM, 3a pe3yjbTaTaMH KOMII FOTEPHOTO MOJICIIOIOUOr0 EKCIEPUMEHTY
BusiBiieHo mapametrpu HJIC HmkHBOrO mosca 3BapHOI (GepMH IIiJl Ji€l0 CTaTHYHHX
HaBaHTaXeHb. OUYEBUTHUM € KOHIICHTPAIIiSl HAIPYKEeHb HA HIYKHHOMY TIOSICI B MICIIi TIEPIIIOTO
it ocranHboro By3na (0,4 M i 1,6 M). 3a pe3ybrataMu JOCTIDKEHb BUSABJIICHO, 10 HACTAHHS
IPaHUYHOTO CTAaHy KOHCTPYKIIii B IIJIOMY MOKHA TIONIEPENTH, JIOKAIBHO 3MIITHUBIIH HIKHIH
MOSIC Y BKa3aHMUX MiCIsX. TaKuM YMHOM MOKHA TIIBUIIMTH 3arajlbHy TPUMKICTh (hepMmu Oe3
3HAYHHMX MaTepialbHUX BUTPAT, TOOTO HE 30UIBIIYIOYM COPTAMEHT METAJIONPOKATY I BCiel
KOHCTPYKITii.

BucHoBkn. Y BHKOHaHUX JIOCTI/DKEHHSX 13 3aCTOCYBaHHSM KOMII FOTEPHOTO
MOJICITIOBAaHHST BHKOPHUCTAHO PO3PAXyHKOBI MeTOAM OyMiBeIbHOT MEXaHIKHM Ta MeXaHiKd
neOpMOBAHOTO TBEPJAOTO Tila, METOJ CKIHYEHUX €JIeMEHTIB, SKHU peanxi3oBaHO B
nporpamMmaoMy Komiuiekci ANSYS Workbench 14.5. Bussneno moxasauku HJIC y3m0BK
HUKHBOTO TOsIica ITiJIKPOKBSIHOT 3BapHOi ()epMU Ta 3alpONOHOBAHO IILISIXH ITiJ{BUINCHHS
TpuMKOCTI  (epmu. ONHUCAHWH KOMIT IOTCPHHNH MOJCITIOIOYHANA SKCIIEPHUMEHT JIOIIIHBHO
BUKOHYBaTH TIpU TPOCKTYBaHHI 3BapHUX OyniBeidbHHX (epMm s ouinoBanHs HJIC B
eIeMeHTaxX KOHCTPYKINI. 3a pe3yjbTaTaMH pPO3PAaXyHKIB MOYKHA CYTTEBO ITiIBHIIHABIIN
TPUMKICTh MPOEKTOBAHOI KOHCTPYKIIT IIJISXOM JIOKAJIBHOTO 3MIIIHEHHS €JIEMEHTIB (pepmH,
30KpeMa HHKHBOTO mosica. OmrcaHa MEeTOIMKa MOJICITIOBaHHSI MOXe OyTH BHKOpPHCTaHA JIJIs
MEePEeBIPHUX PO3PAXYHKIB ICHYIOUMX 3BapHHUX OyJiBEIbHUX (pepM YHpOJOBXK iX eKcIlTyaTamii
i TIoTniepe/PKeHHS] HACTAHHS TPAaHINYHOTO CTaHy IPH JIil MOXKITUBUX CHIJIOBHX BILIUBIB.

Conclusions. Methods of structural mechanics, fracture mechanics and finite
element method were used in researches that were performed with the use of computer
simulation on ANSYS Workbench 14.5. The values of stress-strain state along the lower belt
of welded farm have been found. Ways of increasing bearing capacity of the farm were
proposed. Computer-simulated experiment that is described in the article is appropriate to be
performed in the design of welded construction of farms for evaluation of stress-strained state
in the elements of construction. According to the calculations it is possible to increase the
carrying capacity of the designed construction with local strengthening of the elements farm
lower belt. The described technique of construction modeling can be used for verification of
the available welded farms constructions during their operation and for the prevention of the
limit state condition under the action the possible force impacts.
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