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TepHoninvcokutl HayioHanbHUL MexHiuHuU yHieepcumem imeni leana Ilynios

MOJEJIIOBAHHS NOBEJATHKHU 3BAPHOI KPOKBSIHOI ®EPMU
IIPU PO3INOAIJIEHUX HABAHTAKEHHAX

Pe3tome. Jlocniodceno nogedinky munogoi cmanbHoi 36apHoi Kpokesanoi pepmu 36 x 9 m npu Oii Ha ii
8epXHIll NOAC PIBHOMIPHO pO3N00INEeH020 CMAMUYHO20 HABAHMAdCEHHS. Bukonano komn tomepHuii Mmooenioouuii
excnepuMenm i3 gukopucmanuam npocpamuozo naxema ANSYS Workbench 14.5. Ipu ¢opmysanni 6xionoi
iHhopmayitinoi 6azu 0k MamemMamuyHoi MoOei 8Pax08aHO KOHCMPYKMUGHI, MEXHONO02IYHI MA eKChIyamayiiHi
ocobnugocmi KOHKpemHoi docniodcysanoi ¢hepmu. Ilapamempu ckiHueHo-eneMeHmHoi Mooeni OmpumaHo 3
NONEPeOHIX  eKCNEePUMEHMAIbHUX — OOCTIOJCeHb —asmopis, sKki nepedbauanu eepugpikayiio  pe3ynvmamis
KOMN10mepHO20 MOOENIoIn4020 eKCnepumMenmy Ha NiOCmasi napaneibHo GUKOHAHUX HANIGHAMYPHUX CUNOBUX
excnepumenmis. Taxuil memoOuyHuil nioxio 3abe3neuus UCOKUIL PieHb GiPOZIOHOCT OMPUMAHUX Pe3yTbmamis
mooemoganna. Ha miocmasi pexomenoayiti HopmamueHux OOKYMeHmMIE OMPUMAHO 3HAYEHHS 2PAHUYHO2O0
PO3NOOIIEHO20 CIAMUYHO20 HABAHMANCEHHS HA eepxHill nosc ¢epmu q=70 kH/m, sike spaxosye enachy @acu
Gepmu i 0axo6020 Hakpumms, Oit0 8imMpP0o8020, OOU0B020 MA CHI208020 6NIUGY. Buseneno, wo npu yvomy
8epXHIll NOSIC (hepMU NPAYIOE 3a YMO8 NPYICHOT Deghopmayii 3 modcaugicmio doganmavicennss Ha 42,8%. Oonax y
HUICHbOMY NOSICE pepmu Ha OUISIHKAX 8Y371i6 ghopmytombcs Hanpyoicenns, ki Ha 12,9% nepesuwgyromo mesxcy
npyoscHocmi  kKoncmpykyitunoi cmani BCm3, 3 sakoi eueomoenena oocunioxcysana ¢pepma. s 6esneunoi
excnyamayii KpOoKesAHOT hepmu peKoMeHOO8AHO 3HUBUMU PIgeHb PO3NOOINEHO20 HABAHMAXiCEHHA 00 q=02
kH/m. Hocaemu ybo20 MOXMCHA 3MeHUWLEHHAM KPOKYy Mixc epmamu abo wiisAXOM JIOKATbHO20 3MIYHEHHS
KOHCmpyKyil. Onucaui 00CHiONHCeHHA OOYITbHO SUKOHYBAMU WNPU NPOEKMYSAHHI HOBUX 38ApHUX ¢hepm, ix
DEKOHCMPYKYIi abo 0715 nepegipoyHUX PO3PAXYHKIE 36APHUX KPOKEAHUX (hepM, AKi eKCHIyamyomocs.

Kniouoei crosa: 3éapna ¢hepma, nanpysceno-0eghopmosanutl cmas, Hecyya 30amuicms, empama
mpumrkocmi gpepm.

Y. Kovalchuk, N. Shynhera, O. Kachka

SIMULATION OF THE WELDED ROOF TRUSS BEHAVIOUR
UNDER DISTRIBUTED LOADINGS

Summary. The paper deals with the typical 36x9m size welded steel roof truss behavior under the
influence of evenly distributed static load of different intensity on its top chord. Computer simulation is
performed taking advantage of ANSYS Workbench 14.5 software that is algorithmically based on finite element
method. Structural, technological and operational features of the investigated truss are considered during the
Sformation of input information base for mathematical model. Finite-element model parameters were received
from the earlier experimental researches of the authors who predicted the computer simulation experiment
results verification as the result of simultaneously performed semi natural load-bearing experiments. Such
methodical approach provided high validity of the modeling results to be obtained.

The value of the distributed static yield load on the truss top chord q = 70 kN/m was obtained taking
into account the weight of truss and roof covering themselves, the wind, rain and snow effect, and basing on the
standard regulations recommendations. According to the simulation results the stress-strain state parameters of
the construction were obtained.

The welded roof truss behavior under the extreme operating loading was evaluated. It was discovered
that the top chord of the truss operates under elastic deformation conditions the possibility of additional loading
being 42.8%.

However, in the joint areas of bottom chord tension emerge, which exceed the elasticity yield of
S235J2G3 steel by 12.9% of which the frame is made. In order to ensure the safe operation of the roof truss it is
recommended to reduce the distributed load from q=70 kN/m to qg=62 kN/m that is by 12.9%. It can be achieved
by reducing the distance between trusses. It is recommended to reduce the tension in the bottom chord of the
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truss to the elasticity yield level by the local strengthening of the construction. These researches are worth being
conducted while designing new welded trusses, their reconstruction, or for the verifying calculations of welded
roof trusses under operation.

Key words: welded truss, stress-strain state, bearing capacity, truss strength failure.

ITocranoBka mnpobaemu. KpokssHi QepMu mnpu3HAUEHI T yTPUMYBaHHS
KOHCTPYKIIIi MOKPIBJI i CIMparoThes Ha KOJIOHHU Oe3MocepeIHbO ab0 OMOCEepPEeIKOBAHO uepes
I IKPOKBSHI (hepMH, SKIIO KPOK KOJIOH OLTBINNI 32 KpOK KpOKBsSHUX (pepMm. Enementn pepmu
CIpUAMAIOTh HABAHTAXKCHHS BiJl BJIACHOI Bard, KOHCTPYKIlii HAKPUTTSI, BITPOBOTO, JOIIOBOTO
Ta CHIFOBOTO BIUIMBY 1 TepearoTh iX Ha (PyHIAMEHT dYepe3 OMOpHI KOJOHW. MIIHICTH i
JKOPCTKICTh KPOKBSHMX ()epM TOBHHHA 3a0e3ledyBaTHCS Ha eTali  IPOCKTYBaHHS
KOHCTPYKIIIi.

[Ipy HeBeNMKHMX HABAaHTAXCHHSAX Ta BEJIMKUX HPOroHax (EepMU 3aCTOCOBYBATH
JOIUTBHIINE, HDK CYHUIbHI OalIkk, 3aBJSKH paliOHAIBHOMY BHKOPHUCTAHHIO MaTepiaity
CTepP)KHIB — IIPHU OCHOBHX 3YCHJUISIX HOPMAJIbHI HAIPYXXEHHS PO3MOAUISIOTHCS MO Tepepizy
PIBHOMIPHO, B TOM Yac SK IPH 3THHI HAWOLIBII HAPY)>KEeHUMH € TUTBKHM KpaiiHI BOJIOKHA.

3a3Buuail KpOKBsiHI (epMH PO3PaXOBYIOTh, BHUXOJSYMA 3 TPAHUYHOTO CTAHY IIiJ|
BILJITABOM 30BHIIITHIX HABAHTAXKCHb.

KnacuuHi po3paxyHKOBI METOJIWKH IependavaroTh psa MpUIYIeHb. BoHM He
BpaxoBYIOTh PIBHOMIpHE PO3IOIiIJICHHS 30BHINHIX HABAaHTAXXCHBb HA BEPXHIN MOSC KPOKBSIHOI
dbepMu, a IPUBOJATH 1X JIO BY3JIOBUX CHIJI. PO3paXyHKOBY JMOBKHHY BCiX CTEp)KHIB (hepMu
BBXAIOTH PIBHOIO BIJCTaHI MK IIGHTpaMH BY3MiB. Taki po3paxyHKOBI MpPHITYIIECHHS
3HIDKYIOTh BIpPOTIIHICTh OTPUMAHUX pPE3yJbTaTiB, a, OTXKe, JJisg 3a0e3ledeHHs] HaIiiHOCTI
KOHCTPYKIIii, MepeadavdaroTh BUKOPHCTAHHS 3aBUINCHUX KOCQIIiEHTIB 3amacy MIIHOCTI U
MaTepialloMiCTKOCTI.

OCoONMBICTIO CYYacHHX JOCITIDKEHb 3BapHUX ()epM € 3aCTOCYBAaHHS IOTYKHOI
OOYMCITIOBAILHOT ~TEXHIKM 1 HAsBHUX MPOTpaMHHX MAaKETIB I KOMII IOTEPHOTO
MOJICITIOBAHHS MMOBEAIHKN (DepM Pi3HOTO CTYIECHS CKJIQJIHOCTI IMPH KOMILJICKCHOMY BILTHBOBI
KOHCTPYKTUBHUX, TEXHOJIOTIYHHX, CKCILTyaTaIllfHUX, aBapifHUX Ta CTOXaCTHYHUX YNHHHKIB.
TakuM YMHOM 3a0e3IMeUy€eThCs BUINA BIPOTIHICTE OTPUMAHUX PE3YJIBTATIB, IiIBUIIYETHCS
HAIMHICTh KOHCTPYKIIiT, 3HUXKYEThCS i1 MaTepialloMiCTKICTh, a, OTXKe, 1 BApTICTh.

AHaJ3 OCTaHHIX JoCHiKeHb i myOJikamiii. Po3paxyHok 3BapHUX ¢epMm 3a
JOTIOMOTOI0 TIPOTPAaMHUX KOMILJIEKCIB BUKIAMM Yy cBoix pobotax AmnmatroB B.IO. (IIK
[TODCK-Mupax-IICMK, «Jlupa-W», SCAD, Cosmos Works, Design Space) [1], Anaymkin
P.B. (IIK SCAD i Mathcad) [2], [Tuarepa H.5. (ITK ANSYS Workbench 14.5) [3] Ta iH.
KokeH 3 BHKOpHCTAaHMX IPOTPaMHUX KOMIUIEKCIB Ja€ MOXKIIMBICTh BUSBUTH TOBEIIHKY
3BapHUX (epM Ta BU3HAUUTH IMOKA3HUKH HampyxkeHo-nedopmiBHoro crany (HJIC) B
eJIeMeHTaX KOHCTPYKIIiI IPX Pi3HOMAHITHUAX 30BHIIIHIX BIUIABAX.

[Ipo6GieMHUM THUTAHHSIM Yy BIJOMHX JIOCHIKCHHSIX € OIlIHIOBAaHHS CTYICHS
BIpOTIJTHOCTI Ppe3YJIbTATIiB, OTPUMAHUX KOMII IOTEPHUM MOJICITIOIOYMM EKCIICPUMEHTOM.
Opnak y miTepaTypi HOJAaHO JOCHTH Majo TaKWX pe3yJibTaTiB 4yepe3 BHUCOKY TpPyAO- 1
MaTepiaJIOMICTKICTh HATypHUX JIOCIIDKeHb 3BapHUX (epMm. Bimomi pesymbrath HaTypHHX
CUJIOBHX JIOCHIJDKEHb 3BapHUX (epMm [4] Ta mapanenbHOro jgociimkeHHs moka3HukiB HJ[C
3BapHUX (epM KOMIT IOTEPHHM MOJCIIOI0YAM eKcriepuMeHToM y cepemoBuii [TK ANSYS
Workbench 14.5 1 HaniBHaTypHUM cHIIOBUM ekcriepuMeHToM [5]. Tak B poOoTi [5] BusiBIeHO
BIpOTiJTHICTh PE3YJIbTATIB KOMIT FOTEPHOTO MOJICTIOBAHHS 32 BEIIMYUHOIO IOIEPEYHOI
nedopmartii pepmu Ha piBHi 0,96...0,98, mo CBITUUTH PO MPaBUILHO BUOpaHI MmapameTpu
CKIHUEHHO-€JIEeMEHTHOT MOJIeNIi ¥ METOJIUKy MojemoBaHHs. OJHAK ONMMCaHi JOCITIKESHHS
BUKOHAHO JIMIIIE JJIS1 T IKPOKBSIHOT 3BapHOI (hepMHu.

Bucoka mTpOXYKTHBHICTE NPOSKTHHX pPO3PAaXyHKIB 1 TOYHICTH OTPHUMYBAHHUX
pe3ynbTaTiB 3yMOBIIOIOTH JOMUIBHICTE 3acTocyBaHHS [IK ANSYS Workbench 14.5 mns
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JIOCJTIJIKCHHST TIOBEIIHKM 3BapHHUX KPOKBSHHX (pepM MpH PO3MOJIIICHUX HABaHTA)XKECHHSIX Ha
BEpXHIii MosIC.

MeTtor podotu € BuzHaueHHs noka3zHukiB HJIC 3BapHOT kpokBsiHOT epMu npH il
CTaTHYHUX HABAaHTAXXCHH 332 PIBHOMIPHO PO3IMOIIICHOIO B30BXK BEPXHBOTO IOsICA CXEMOIO,
IO Bi/IMOBi[a€ HABAHTAXXEHHIO KPOKBSIHOT ()epMH B peaIbHUX YMOBAX €KCILTyaTallii.

ITocranoBka 3aBmaHHs (3agadi). /IS TOCSATHEHHS ITOCTaBJICHOI METH IOTPiOHO
BUPIIIUTH TaKi 3aBJJaHHS:

— BHOpATH KOHCTPYKIIiFO 3BapHOI epMU Ta cxeMy il HaBaHTaKyBaHHS,

— BU3HAYUTH BEJIMYMHY 1 XapakTep il CHIIOBUX YAHHUKIB Ha (epMy;

— BUOpATH KOHCTPYKTHBHI, TEXHOJIOTIYHI, €KCIUTyaTaIliifHi, aBapiiiHi Ta CTOXaCTHYHI
napameTpH, sKi Oy IyTh BpaxoBaHi B KOMIT FOTEPHOMY MOJICIFOI0YOMY €KCIICPUMEHTI;

— PO3pOOUTH CKIHYCHHO-SIIEMEHTHY MOJICJIh JIJIS JIOCTIDKEHHS KOHCTPYKITil;

— BUKOHATH KOMIT IOTePHHUA MOJICITIOIOYNN eKCITEPUMEHT TSI Pi3HOT IHTCHCHBHOCTI
CUJIOBUX BIUIMBIB 13 BUKOPHCTAHHSM ITPHKJIATHOTO IMPOrpaMHOro komiuiekecy ANSY'S
Workbench 14.5;

— BusBuTH napametpu HJIC KpokBsiHOT hepMu [T pi3HUX PiBHIB PiIBHOMIPHO
PO3TOIIEHOTO HAaBaHTAKEHHST;

— 3pOOUTH aHAJi3 OTPUMAHKUX PE3yJILTATiB MOJICITIOBAHHS Ta JIATH PEKOMEH/ AL 11010
iIBUIIIEHHS] TPUMKOCTI TOCIiPKYBaHOT KOHCTPYKIII1.

PesyabTaTn nociaimxenns. OyHKITIOHATEHO B OBl KPOKBsSHA (hepMa BXOIUTH JIO
CKJIaJly TPUMKOI JTaXOBO1 KOHCTPYKIIil. OTIOPHUMH KiHIIIMH (pepMy BCTAHOBJICHO Ha 3aKJIa/IHI
eJIeMEHTH OCTOHHUX IIKPOKBSIHUX OAJIOK, SIKi B CBOIO Yepry, 3aKpillJICHO Ha BEPXHIX TOPIIIX
OETOHHMX KOJIOH.

Jliss BUSIBIIEHHSI TIOBEIIHKM KpPOKBSHOI (epMH 32 METOJMKOI KOMIT FOTEPHOTO
MOJIEJTFOIOUOT0 €KCIIEPUMEHTY 3allpPONIOHOBAHO THIIOBY IUIOCKY 3BapHY KpPOKBSHY (epMmy,
OCHOBHI KOHCTPYKTHBHI OCOOJIMBOCTI SIKOT TIOJITaHO Ha pucC. 1.

3BapHuii wos - N

N

9000

a Ponu L/
£ I f
36000
3BapHuii wos

a 0

PucyHok 1. KoHcTpyKuist AOCTIIKyBaHOT pepMU: @ — TOJIOBHUI BUMIIAA; 6 — TPUTIIKOBUIA By301 Ha
HIDKHBOMY TOSACH

Figure 1. Construction of examined truss: a — general appearance; b — three branch junction on the bottom chord

depMy BUTOTOBICHO 31 CIIAPEHOrO CTAIBHOTO BabILOBAHOTO KYTHHKOBOTO
npodimo 120x120 MM 3 TOBIUHOO CTIHKA 12 MM (puc. 1) sk juig mosiciB (1mo3. 1 Ha puc. 10),
Tak 1 po3kociB (mo3. 2 Ha puc. 10). depma Mmae pi3HiI THUNM BY3JIiB — TpU-, YOTHUPHU- i
I’ SITUT1IKOBI. By3n# BHKOHAHO 31 BCTAaBHUMH CTAJBHUMH IUIACTHHAMH TOBIIMHOIO 16 MM
(mo3. 3 Ha puc. 16). Yci eneMeHTH JOCITiKYBAaHOTO 3pa3ka BUTOTOBJICHO 31 cTaji 3BUYAHO1
sxocti BCt3nc ICTY 2651:2005, ISO 1052 — 82. MexaHiuHi i TEXHOJIOTIYHI BJIACTHBOCTI
i€l cTani BKa3aHo y BXiJHiHM iHpopMariiiHii 6a3i MareMaTuyHOI MOJIeNi GepMu.

Cepen KOHCTPYKTHBHHX OCOOJIMBOCTEH B MO BPaXxOBaHO, IO JUTS ITiBHINCHHS
OCBHOBOT JKOPCTKOCTI TOSICIB, CTIHOK 1 PO3KOCIB MiX CHapeHHMH CTEP)KHSIMH B3JIOBX BCIX
KOHCTPYKTHBHHUX €IIEMEHTIB (epMH 3 KPOKOM | M mpuBapeHi BCTaBHI IUIACTUHH TOBIIWHOIO
16 mm. Po3mip nux mmactud 120x120 M.
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Cepen TEXHOJIOTTUHIX 0COOJIMBOCTEH B MOJIENI BpaXOBaHO, 110 3’ €HAHHS €JIEMEHTIB
(depMH BUKOHAHO PYYHHM JIYTOBUM 3BapIOBaHHSM 3a CTaHJAPTH30BAHUMHU TEXHOJOTiSIMA
enektpogoM AHO-21 piamerpom 5 MM moctiiiHuM ctpymoMm BenumumHoro 350 A. Karer
3BapHOTO IBa 8§ MM.

Jlist BU3HaUeHHs (aKTHYIHOTO eKCIUTYaTAliHHOr0 HABAHTAKEHHS ¢ Ha 1 M TTOKPHTTS
BHKOPHCTAHO METOIHUKY [6].

Jlns  BHKOHAHHS  JIOCT/UKEHb  3alpONOHOBAHO  CXEMY  HaBaHTA)XyBaHHS
eKCIIEPUMEHTAIILHOTO 3pa3ka (puc. 2), sSKa BIJIIOBIJa€ pealbHUM YMOBaM eKCIUTyaTarlil
KOHCTpyKii. J{ns miei ¢pepmu BUKOHAHO MEepEeBIpOUYHUN PO3PaXyHOK 1 BUSBJICHO 11 MOBEIIHKY
MPH Pi3HIA IHTEHCUBHOCTI 30BHINIHHOTO HaBaHTaXXCHHS. Buxonsduwm 3 po3mipiB depmu i
MO3JIOBKHBOTO KPOKY BCTAHOBJICHHS CYCiIHIX (hepM, BU3HAYECHO 3HAYECHHS PO3PaXyHKOBOTO
eKCILTyaTaI[ifHOro piBHOMIPHO PO3TIOIIJICHOT0 HaBaHTa)KCHHSI HAa BEPXHIH MMOsIC epMH ¢, SKe
cranoButiMe 70 kH/M. BoHO BKITFOYae HaBaHTa)KEHHSI BiJl BIACHOI Bark 3BapHOI KPOKBSHOI
(depMu, 1aXOBOTO HAKPHUTTS Ta KPUTHYHOTO CHITOBOTO HABAHTAXCHHS TSI KIIIMATHIHAX YMOB
3aximHOro perioHy Ykpainu. depma He 3aCTOCOBYETHCS ISl YTPUMYBAHHS KPaHOBUX IIUISXIB
UM 1HIIAX KOHCTPYKIIiH, SIKI 3yMOBIIIOIOTH JOJJaTKOBI CHJIOBI BILTMBH, TOMY ITPH MOJICTFOBaHHI
1X HE BpaXOBYIOTb.

BHacijok Takoro HaBaHTaXeHHS Ha Kpasx (epmu (B micusax A i B) (puc. 2)
BUHUKAIOTH ONOPHI peakilii BiAMOBIAHO Ra 1 Rp. Y KOHCTPYKTHBHHX elleMeHTax (epmu
(mosicax, po3KocaxX, CTOSKaX Ta By3JaxX) (OPMYIOThCS BHYTPIIIHI HANpPYXCHHS, a I iX
BIUIMBOM HACTAIOTh JedopMallii, BETUUNHH SKUX BH3Ha4aroThcs mapamerpamu HJIC mwmx
€JIEMEHTIB.

pad

l C q=70 kH/m

9000

A 6000 7
R, 36000

PucyHok 2. Cxema HaBaHTa)XyBaHHS JOCIiKyBaHOT hepMu

Rp

Figure 2. Loading scheme of examined truss

3HaueHHs IUX I[apaMeTpiB 1 TMOBEMIHKY 3BapHOI KPOKBSHOI (epMU TIpH
PO3MOJIICHHX CTATHYHUX HABAaHTA)KEHHSIX Ha BEPXHIM MOSC JOCITIKYBAaHOI KOHCTPYKIIi
BUSIBIICHO KOMIT IOTEPHUM MOJICITIOIOYAM E€KCIIEPUMEHTOM 13 BHKOPHCTAHHSM HPUKIIAJTHOTO
nporpamaoro makera ANSYS Workbench 14.5, sxuit anroputmiuno 6a3yeTbcsi Ha METOJI
CKiHUeHHUX eJleMeHTiB. [Ipy 1boMy BpaxoBaHO KOHCTPYKTHBHI i TEXHOJIOTIYHI OCOOJIMBOCTI
KOHKPETHOI TOCIiHKyBaHOT epMHu.
KoM’ roTepHe MOJIeTIOBaHHS MTOBEAIHKH KPOKBSHOI (pepMU TIPH JIii PO3IMOIiICHUX
HaBaHTa)XE€Hb BKITFOYAE TaKi OCHOBHI KPOKH:
1)TpancmoBanHs reomeTpudHoi Mojeni 3 CAD cucremu;
2)popmyBaHHs BXifHOT iH(pOpMaIiitHOT 6a3u U1 MOJieNi (BIaCTUBOCTEN MaTepialiB,
KOHCTPYKTHBHHX 1 TEXHOJIOTIYHUX 0COOJIMBOCTEH pepMu);
3)reHepyBaHHS CITKH;
4)3aKpilICHHS] MOJECITI;
S)npuKinaaHHs HaBaHTAXEHHS;
6)(popMyBaHHS CITUCKY PO3PaXyHKOBUX PE3YJIbTATIB i BAKOHAHHS PO3PaXyHKIB;
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7)neperisia po3paxyHKOBHUX Pe3yJIbTaTiB;
8)reHepyBaHHS 3BITY.

[Ipu ¢popmyBaHHI mapaMeTpiB CKIHUEHHO-eIEMEHTHOI MO/IeJli BUKOPHCTAHO MACUBH,
AQHAJIOTIYHO 3 JOCTDKEHHSAMHU [5], 3acTOCyBaHHS SKUX 3a0€3MEYHII0O BHCOKY BipOTITHICTH
orpumanux nokazuukiB HJ[C B enemenTax depmu.

3a pesynbTaTaMyd MOJICTIOBAHHS OTpHMaHO 3BiT mpo mokazHuku HJIC ememeHTiB
JIOCITIJKYBAHOI KOHCTPYKIIi Ui Pi3HUX PIBHIB PIBHOMIPHO PO3MOIIIEHOTO CTaTUYHOTO
HaBaHTaXXCHHsI B3JIOBXX BEPXHBOTO Tosica pepmu. [HpopMaIliro OTpEMaHO K B YHCEITEHOMY,
Tak 1y BizyanizoBaHomy BUrsiai. Yactuny pesynbsrarti nociimkeras HIC noxano Ha puc. 3,
4,5.

3a piBHEM MpPOTMHY BEPXHBOTO IMpaBoro mosica ¢gepmu (puc. 3) BHUSBICHO, IO
JOCTi/PKyBaHA KOHCTPYKIliSI 32 yYMOBH HaBaHTaXXyBaHHS BEPXHBOIO ITOsica PIBHOMIPHO
posnoaiieHuM ctaTuuHuM 3yciisiv 70 kH/M mparroBatume B yMoBax Mpy»kHOI aedopmariii.
BuuepmyBaHHS Tpy)XHOT JIISHKA Je)OpMyBaHHS HACTaHE BXKE MPH PO3MOAIUICHOMY
HaBaHTaxkeHHi Ha piBHI 100 xkH/M, 1m0 mae MOXIMBICT, BUTpUMATH O€3 MOIIKOIKEHb
aBapiifHi mepeBaHTaXeHHS 710 42,8% Bij MPOCKTHUX (EKCIUTyaTaIliiTHIX).

q, kH/m O, MIla
200
400 —
///
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//
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50 // 100 /
0 07 75 100
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8, MM q, xH/m
PucyHok 3. Jliarpama nporuHy BepXHbOro mpaBoro  PucyHok 4. MakcuMaibHi HalpyKeHHS B HIJKHBOMY
nosica hepMu nosici pepMu Mpu pizHUX PiBHIX PO3MOIIIEHOTO
HaBaHTA)XCHHS

Figure 3. Chart of deflection of top right chord of the
truss Figure 4. Maximum stress levels in the bottom chord
of the truss at various levels of distributed loading

Opnak 3 puc. 4 O4YeBHIHO, IO TPH PO3MOALIEHOMY HaBaHTakeHHI ¢=70 xH/M B
HIDKHBOMY TIOSICI  JIOCHi/pKyBaHOi (epMH BHUHUKAIOTH HampyxkeHHs 315 MIla, sxi
NEePEBUINYIOTh MEXKY TeKydocTi Mmarepiany. KOHCTpyKIlis MOYMHAE MpAIfOBaTH 3a MEXKEIO
npyxHocti. HaiiOinbIme posmojiieHe HaBaHTAXXCHHS Ha BEepxHil mosic ¢epmu, sKe He
3yMOBJIIOBaTHMeE IJIACTUYHUX JAedopMalliil eeMeHTiB KOHCTPYKIIii, 1o JopiBHIOE ¢=62 kH/M
(muB. puc. 4). OTke eKcIUlyaramiiiHe po3mojaiieHe HaBaHTaxeHHS ¢=70 kH/Mm
3YMOBJIIOBaTHME TIepeBaHTaXEHHS KOHCTPYKIIT Ha 12,9% 1 popMyBaTuMe B HUKHBOMY TOSIC
depMu TUISHKH TUTACTHYHEX Aedopmartiit. [li muracTudri TUISHKHA JIOKaTi30BaHI HABIPOTH
BY3JiB Ha HIXKHbOMY Tosci. [Imactuuni gedopmarii € oco0nuBo HeOGe3NEUHUMH TpU il
MUKITIYHAX HABAaHTKEHb, OCKIIBKH 3YMOBIIOIOTH MAJIOIMKIOBE BTOMHE ITOIIKOKEHHS 1
pyHHYBaHHSI KOHCTPYKIi IPH HE3HAYHIM KUTBKOCTI IIUKIIB. 3a TaKUX YMOB JUisl Ge3aBapiiiHOl
poOOTH KOHCTPYKIIT JOIIIFHO BHKOHATH JIOKAJIBbHE MiJICHICHHS iJISHOK HI)KHBOTO Iosica
bepmu, ge  opmyroThcs MaKcHMalbHI — HampyXeHHs, abo oOMEeXHUTH piBeHb
eKCILTyaTaI[ifHOr0 HaBaHTAaXXCHHS Ha BEPXHINW Mosc 10 ¢=62 kKH/M mUIsxoM HeIXOmyICHHS
CHITOBOT'O IOKPUBY I'PaHUYHOI TOBIIUHH [6)].

3a pesynbraTaMH BUKOHAHHS KOMII IOTEPHOTO MOJIEIOI0UOTO EKCIEPUMEHTY 3
JIOCITI/PKEHHST TIOBE/IIHKU 3BapHOI KPOKBSIHOT (pepMu MpH HaBaHTa)KyBaHHI 3 BUKOPUCTAHHIM
npukiIaaHoro nporpamuoro makera ANSYS Workbench 14.5 orpuMaHo Bi3yalbHY KapTHHY
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MEXAHIKA TA MATEPIAJIO3HABCTBO

neGopMyBaHHsI €JI€MEHTIB JI0CIiKyBaHOT KOHCTPYKIIiT (pHc. 5).
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Figure 5. Deformation of the top chord of the truss on the limit state level

Takum YHHOM, 3a pe3yiabTaTaMd KOMII FOTEPHOTO MOJICTIOIOYOTO EKCHEPUMEHTY
BUSIBJICHO KUIBKICHY Ta SIKICHY KapTUHY HOBEIIHKM 3BapHOI KPOKBSHOI (epMU Mia Ii€ro
PO3MOIIJICHUX CTATHYHUX HaBaHTAXXCHb HAa BEPXHIH TOSIC.

OmnucaHuii KOMIT FOTEPHUI MOJEIIOIOYNI eKCIIEPUMEHT JOIUIFHO BUKOHYBATH TPU
KOHCTPYIOBaHHI 3BapHHUX KpPOKBSHHUX (epM Ta IS MOTEpEeDKCHHS HacTaHHS T'PaHUYHOTO
CTaHy B ICHYIOUilf KOHCTPYKIIii 3BapHUX KPOKBSHUX (epM.

BucnoBkm. 3a pesynpraTaMu JOCTIDKESHHS OTPUMAHO YHCENbHY U rpadidny
iHpopmanito npo napamerpu HJIC B eneMeHTax KOHCTpYKIii Ta Bi3yasizallilo MOBEIIHKA
depmu Tpu 11 HaBaHTa)XyBaHHI. BHSBIEHO, IO NMPOEKTHE PiBHOMIPHO-PO3IMOJIiICHE Ha
BepxHill mosic ¢epMu HaBaHTaKeHHs cTaHOBUTH ¢=70 kH/m. Ilpm TakoMmy HaBaHTa)KeHHI
BEpXHil Mosic pepMu IpaIroe B yMOBax MPYKHOI JedopMaltii 3 3amacom 3a 3ycuiumsM 42,8%.
KputnuHi HarpyXeHHsI BHHUKAIOTh Y HIDKHBOMY TI0SICi Ha JIUISIHKaX HABIIPOTH BY3IiB. PiBeHb
MepeBaHTAKEHHS TYT CTaHOBUTH 12,9%. Jlig HamifiHOi eKciuTyartamii JTOCIiKYBaHOT
KOHCTPYKIIi JOIIbHO BUKOHATH JIOKAIbHE 3MIIHEHHS BY3JOBUX JUISHOK Ha HUKHBOMY
mosici a00 3MEHIMUTH PiBeHb IPAHWYHOTO PO3MOJIJICHOTO HABAaHTAXXCHHS HAa BEPXHIM IMOsC
depmu 3 ¢=70 xH/m mo ¢g=62 xH/M. IlpakTiaHO HOCSTTH MHOTO MOKHA 3MEHIICHHSIM KPOKY
MDK (pepMaMH.

Omnucani ToCHiKeHHs 1 IX pe3yJbTaTH JOIIBHO 3aCTOCOBYBATH IS MEPEBIPOUHUX
pO3paxyHKiB (hepMm, sIKi 3HAXOAATHCS B €KCIUTyaTallil, Ta Py MPOEKTYBaHHI UM PEKOHCTPYKITIT
KPOKBSIHHX (epM.

Conclusions. The numerical and graphical information about stress-strain state
parameters in the construction elements based on the research findings were obtained. The
pattern of loaded truss behavior was visualized. It was found that evenly distributed loading
on the top chord of the truss is g = 70 kN/m. At such loading level the top chord of the truss
operates under elastic deformation conditions with the reserve force of 42.8%. Critical stress
levels emerge in the bottom chord opposite the joints areas. Here the level of overloading is
12.9%. For reliable operation of examined construction it is needed to perform local
strengthening of the joint areas on the bottom chord or reduce the critical distributed load on
the top chord of the truss from q=70 kN/m to q = 62 kN/m. Practically it can be achieved by
reducing the distance between trusses.

The research results and their obtaining methods are useful for verifying calculations
of trusses that are being operated and in design or reconstruction of the roof trusses.

CnHcoK BHKOPHCTAHOI JIiTepaTypH
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