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5HaHDWNVH NRQVWUXNFLMH QDOD]JH A4LURNX SULPMHQX X JU
SULPMHQH RSUDYGDQD MH SRWUHED |]D VWDQGDUGL]LU
nadzorom .DNR EL VH SRVWLJDR NYDOLWHWQLML SURL]YRG L

je da se konstuk WRU GUAL YDAHULK QRUPL 7DNR VH RVLJXUDYD
umanjava rizik predimenzioniranja.

2YDM UDG EDYL VH XVSRUHGERP QXPHULpNsLak@d@rih Y HQ LK
europskim standardima 7LPH MH RPRJXUHQ JRUQLML SULKBY VWDQM
smanjuje broj pojednostavljenja raste ekvivalentno naprezanje, samim time i
GLPHQ]J]LMH pHOLpPpQLK SROXSURL]JYRGD

Prvo poglavlje daje kratak uvod u induVWULMVNH KDOH JODYQH ,GLMHOR
RSUH J]QDpDMNH PHWRGH NRQDpPQLK idpX@DbQQMKD SLU RPIRUICXF
zasnovanih na tom principu. Nadalje, opisan je glavni zadatak i pristuprMH&DYDQMX V
DQDOLWLPNRI L QXPHULpPpNRJ VWDMDOLaAWD 'UXJR SRJODY
Solidworks-u i definiranjem svih RSWHUHUHQMD NUR] QEMa kayak DdjeQ X DQDC
RNYLUQH JDEDULWH L L]JJOHG UHAHWNH 8 WUHUHP SRJODY
SULNOMXpDND L]JUDAHQD X SRVWRWNX PDNVLPDOQH GRSX
WLSLpQLK REOLND RWND]JLYDQMD 8 pHWYUWMRBpoeRJODYOM
SRMDVQLK L UHEUHQLK aWDSRYD WH NORKduyeHQAkrdt&SkR MV W X ¢

pregled rada i zakl M XpDONHGH UD]JOLND X UMHAHQMLPD GRELYHQLK ¢
prema Eurocode pravilnicima.

.OMXpQH ULMHpL

r H @késta konstrukcija, greda, stup, QXPHULpPpND DQDOL]JBULKXNORKRON
zavareni spoj
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SUMMARY

Frame structures are commonly employed in construction. Given their frequency of
use, the need for standardized regulation and technical supervision is justified. In
order to achieve a high quality product and safety for its users, it is advisable that the
constructor adheres to the latest standards, thus ensuring lower cost and reduced

risk of over-dimensioning.

Numerically obtained measurements of the grid frame are compared with current
European standards. This gives a more comprehensive view of the stress state. As
the number of simplifications decreases, the equivalent stress increases, so do the

dimensions of semi-finished steel products.

The first chapter gives a brief introduction to steel frame structures, general features
of the finite element analysis, and the capabilities of software based on this principle.
Furthermore, the main task and the difference between analytical and numerical
approach are described. The second chapter ilustrates the simulation of the model in
Solidworks and defines all loads through nonlinear analysis. Two-layer grid frame is
composed and defined in this step. The safety of critical web rods is inspected in
chapter 3, expressed as a percentage of the maximum allowed axial force, before the
member failure occurs. In the fourth chapter, the welded joints are calculated. Lastly,
the conclusion gives a brief abstract of the paper and touches on the differences in

results obtained numerically and those according to Eurocode guidelines.

Key words:

frame structure, beam, column, numerical analysis, Eurocode, joint, welded

connection
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POPIS OZNAKA

§
(i

UDPpXQVND SHRYSURALMDD R J z&udid VM H N D
UDpXQVND SRYUALQD ]DYDUD SDUDOHOQD VD
XNXSQDL@D aXSOMHJ NXaW.MDYWRJI SURILOD

HIHNWLYQD aLULRBEWHBHDVUSXH L SRMDVQR

HIHNWLYQD &4LULXDGW®DR /NDM|DP HAtsobhb y

preklapaju

GMHORWYRUQD aLULQD SUL SRVPLpQRP SURE

NRHILFLMHQW LJORAHQRVWL
toplinski koeficijent

okomita udaljenost od neutralne osi

JUDQLFD SRSXawbDQMD ]D awDS L L

VPLpQD VLOD QD SURPDWUDQRP SUHVMHNX
YODpPpQD VLOD QD SURPDWUDQRP SUHVMHN X
XNXSQD YLVLQD aXSOMHJ NXWLMDVWRJ SURIIL
omjervisLQH L ALULQH NURYQRJ OXND

aksijalni moment tromost
moment savijanja oko globalne z osi

RPMHU QDS UH]D Q&yDkutijasRG p@iies jasnog
AWDSD

SURUDPXQVND YULMHGQRVW RWSRUQRVW
XQXWDUQMH X]GXAaQH VLOH X aWDSX L L
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vrijednost unutarn MH X]GX&QH X @30,0,2X3)L

duljina proiFLUDQH NRQWDNWQH SRYU&ALQH &aWI
QD SRMDVQL AWDSWIDBHNODSDMX L

GXOMLQD SUHNORSD oMWDNQRQR\WRX S D LFBOHS X
aAWDSRYD LVISAQBUKNOMXpFLPD

NDUDNWHULVWLPpQR RSWHUHUHQMH VQLMHJR
karakteiVWLPpQD YULMHGQRVWMRBOWHUHUHQMD Vi
GHEOMLQD VWLMHQNH aXSOMHJ NXWLMDVWR,

moment otpora presjeka
RPMHU aLULQD aWDSRYD LVSXQH L SRMDVQR.

NRHILFLMHQW REOLND RSWHUHUHQMD VQLMH
GRSXaWHQR QDSUH]DQMH X PDWHULMDOX

QRUPDOQR QDSUH]DQMH XJURNRYDQR YODDpPQF
ukupno normalno naprezanje

ekvivalentno naprezanje prema energetskoj teoriji

normalno naprezanje uslijed savijanja

maksimalnotapQR QDSUH]DQMH X SRUWMINOQMXHEWD S
RPMHU aLULQH SRMDVQRJ a&WDSD L GYLMH QM
NXW LXPEHWDSRYD LVSXQH L L L SRMD

RPMHU SUHNORSD L]JUD&HQ X SRVWRWFLPD
el MELGTIr-

WDQJHQFLMDOQR QDSUH]DQMH XVOLMHG VPL
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S5HAHWNRWDDL QSUHGVWD Y O MDHEH QREMIKIPRS YRIUBMGHQMD X
PLQLPDODQ XWUR DN CPLINKMBIIPMRD ODYQLQVNH OsBwhRVWRUQ
HOHPHQW UHAHWNH NHQWURRMWV QURWDHRIEWLU HRGEQRVQR aW
LVSXQH NRML VH VDVWBazWe dobivhjly RrenRaYizumideljima, obliku

SRMDVD OHADMQLP XYMHWLPD UDVSFAILHG@R FMDYBRD HIC

zavarivanjem ili vijcima.

Primjenu nalaze u visokogradnji, NRG LJUDGH NURYLaAWD KDOD iGDOHNR
cestovne mostove. yHOLN MH PBEMNUDIQ L HNRORARIXSHLEKY DWHO M
kombinirati s drugim materijalima poput drveta i betona. Zbog iznimne izd UAOMLYRV WL
RVWDYOMD SURVWRUD LQAHQMHULPD NDNR EL VH a4WR Y
potrebama proizvodnje. IQGXVWULMVNH KDOH RG pHOLND RGOLNXM X
EUJILQRP LJUDGH L SUDNWLPQR VX UMHEHQMH ]D PQRJD ¢
QHPDMX SRWSRUQH VWXSRYH pLPH VH SURVWRU XQXWDU P
YUVWX LQGXVWULMH LOL UREH NRMD VH VNODGWUag®w L PRJXU
lako zapaljive tvari, temperaturne razlke. 2SUHQLWR LPDMX SRWUHEH ]I
temHOMLPD L X] VXKX JUDGQMX SUHGQRVW LP MH a8WR VH PR
MR&8 X WYRUQLFL 7DNR VH RVLJXUDYD YLVRND NYDOLWHW|
RGUADYDQMH L GHPRQWDA&D 8 SROMRSULYUHGL VX VH pHO
nDVSUDP J]LGDQLK NDNR JERJ FLMHQH WDNR L MHGQRVWL
RVWDYH KDQJDUH VSUHPLaAWD QD% \Koristed seQzaFaimeSRGQH \
VNODGLAWHQMH SROMRSULYUHGQLK VWURMHYD XVMHYD L
RG OLPD LOL WDNR]YDQLK AVHQGYLpP3® SDQHOD NRML VH RG
LIRODFLMRP L PDORP VSHEIldup fviizR frajanjdl kaQ@& M RIXUQR VW

QDGRJUDGQMH DGDSWDFLMH SRVWRMHULK REMHNDWD L SL

5MHADYDQMX VH PRaH SULVWXSLWL DQDOLWLpPNL S5LWWHUF
]IDPMHQH &WDSRYD PHWRGD LVMHFDQMD PpYRURYD JuU
&XOPDQRYD PHWRGDS$ QD QK P bRNYrBspi¥ase na pretpostavki da

siD GMHOXMH NRQFHQWULUDQR X pYRUX UHE@&E@INaWDS S
dijagram unutarnjih sila) L RSWHUHUHQ MH MHGQDNRD MNSRY HU MHHO R \

pretpostavlja da krute veze u zglobovima imaju dovoljan rotacijski kapacitet kako bi
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moment savijanja bio nua RGQRVQR aWDSRYL VX VSRMHQL X pYlI
zglobovima 7R QDUDYQR QLMH UHDODQ VOXpDM bDdowoljxl QHND R
6YH NODVLPQH PHWRGH WHPH®OMHQMM \DDOQM K 3D G Q MEAE L |
YUOR WHANR GRELWL UMHAHQMH NRMH ]JDGRYROMDYD X FL
IXPHULpNL SULVWXS NRULVWL PHWR GXpdteRcldD¢ga@iitamH OHP HQ |
R P RJ X @dnfgenu diferencijalnih sa sustavom alggbhaUVNLK MHGQDGAEL QD S
ILILDNH GLVNUHWLIDFIWMRURBRBMWILARXXWDMHOR SRVWDMH |
HOHPHQDWD V RJUDQLPpHQLP VWXSQMHYLPD VORERGH 6WI
SRPDND RGUHYHQR MH LQWHUSRODFLMV N L RataXaRd\é-iL M D P D
WRpPQLML UH]XOWDW 8] SUDYLOQX IRUPXBOMFLNMXQBPNRIUK |
HOHPHQDWD PRU KX & LiHMMLvrijednostima. - X ULFD 6 @UraiodK

ADQDV SRVWRML YHOLN EURM UDpPpXQDOQLK SURJUDPD V
RPRIJXUXMX DQDOL]X NRQVWUXNFLMD EH] UD]J]PDWUDQMD VO
SRQDADQMH NRIWMWWBRXRFNRHLAWHQMH QHULMHWNR VH VYR
podataka prema propisanim uputama, D GRELYHQD UMHAHQMD NRMD VY
prikazom pHVWR IDVFLQLUDMX NRULVQLNH SULKWBIkDMX VH EF
pozornost potrebno posvetiti interpretiranju rezultata UDpXQDOQL PRGHO QLMH
stvarnostt L RVLP |D RULMHQWDFLMVNH YULMHGQRVWL GDM
konstrukcie MR&a X SURMHNWQRM ID]JL VWRJD MH GDQDV QHL]I

proizvodniji.

1.1. PREDMET I CILJ RADA

3RWUHEQR MH SURUDpPXQDWL OXpQL QRVDp X UHAEHWNDV\
stupove. 5D]PDN L]JPHyX VWXSRYD MH P YLVU@Dod dvaP /XN N
SRMDVQD 3WDSD WH YHUWLNDOQLP L GLMDJRQDOQLP UH
UD]JPDNX RG P R QUDRPWNMSEB XS MH6YL ZWDSRYL VX &XS
NYDGUDWQRJ SUHVMHNBD l6]UD #DQVVRGSRNE® MH L]DEUDQ pH
V XVSRUHGQLP SRMDVQLFDPD B6WXS MH XNOMHAWHQ QD G
MH SUHNR SORpH YH DIj@u]Elu@R %DJDMHGQR V QRVDpHP SRVW
QD UD]PDNX RG P WYRUHUL OXpQX KDOX &WR XMHGQR RV
PrirazmDWUDQMX RSWHUHUHQMD X RE]JLU iH VH X]JHWL XWMH
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YMHWUD YODVWLWH WH&LQH NRQVWUXNFLMH WHS NRULVQ
REJLURP QD JUDQLFX WHPHQMD LW H UdROMNAMEKD hafpoBoRnijaV X S N R P
izvedba, &WR MH X] JDKWMHYDQL IDNWRU VLIXUQRVWL RG Fl

BULNOMXpFL VX PRGHOLUDQL V FHQWULpPQR SBMNMWWEWROMHQL
NUXWH L SUL GHIRUPLUDQMX NXWHYL LJPHYyX QMLK RVWLCLC
dodatnim naprezanjima uslijed savijanja, takozvani sekundarni momenti, i daje
konzervativnije rezultate na strani sigurnosti. Nadalje, podaci dobiveni simulacijom
NRULAWHQL VX ]D SURWSRWRY W DWSLUPHMD Y DairkbimaP (XURF
1RVLYRVW SULNOMXpDND MH LJ]UDAHQD SUHNR PDNVLPDOQ
LVSXQH NRMD RYLVL R X]GXa4QRM VLOL 1DSRVOMHWNX MH
ADYRYD NULWLpPpQLK ]DYDUD
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2. MODELIRANJE | SIMULACIJA

3UL L]JUDGL PRGHGL RNJIRJIDIPAWRQLEHARUN YV GRN MH ]D DQ
stabilnosti primjenjen dodatni modul, Solidworks Simulation. =D UD]JOLNX RG DQDOL
pristupa, ovdje su svi elementi promatrani kao grede (beam), sposobni prenositi i

moment, i aksijalnu silu. U tu svrhu koristise 6ROLGZRUNYV ]QDpDMkba A:HOGP
RPRIJXUXMH UHODWLYQR EU]JR L MHGQRVWDYQR REOLNR)Y
APHVKDQMH? gredBIL PHIOHPHQWL GHILQLUDQL NDR RQL pLMEL
PLQLPDOQR SXWD YHUD RG SRSUHpPpQRJ SUHVMHND SUHG
PHWRGH NRQDpPpQLK HOHPHQDWD RGQRVQR EURM NRQDpQL
QHJR SUL NODVLpPpQRM. \7IDRINKS BIFIOMlN:At btV Lphd 2@ 2 katalog

NRYLQVNLK SROXSURL]JYRGD SRWUHEQLK |]D LJUDGX QRVDpPD

2.1. *(20(75,-6.( =1$y$-.(, 237(5(a(1-%

/IXpQL QRVDp MH PRGHOLBDRPHOPWHPIWVOH PMH UDYQLQVNL VO
X]LPDMXUL r&znmrlEdd @ m u dimenziji duljine (dimenzija okomita na papir,

odnosno globalna z 0os), SD tH VWRJD NDUDNWHULVWLpPpQD RSWHUHU
LIUDAHQD X MHGLQLFL 21(shka P BIHIWWRRYWDYLW GH VH GD

preuzima sva RSWHUHUHQ M®d@ibe, GRRN VH WHALQD NURYD RGQR
NRMD VH GRGOMH X WHALQX VQLMHJID

14788

—— - ——

i

e

5000

3500

Lx ) I 14000

Slika 2 - Gabariti Q RV B$ fupovima
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Slika3- 2SWHUHUHQMD L YH]H V RNROLQRP

SRMDVQL aWDSRYMHWBGQRRPWR@D XX DOL PRJX ELWL LJUDVHQ
dijelova, zavareni na najmanje opasnom mjestu, odnosno na mjestima najmanjeg
naprezanja. 6WXSRYL VX QD GQX XNOMHAWHQL WM RQHPRJIXUHC¢

gibanje. Uz to svi pomaci u smjeru ggREDOQH RVL A]3 VX QXOD L] UDJORJI

PHYXVREQR SRYH]DQL X JUDYHYLQL VWRJD GREWMX SXQI
navedenom smijeru (vidljivo na slici4). &UYHQD VWUHOLFD RpQ@adq®iYD SUDY

upravo je na tom mjestu dodana MR a M H Gr@ BilaNzRds4d. 3000 N.

Length: | 2000mm =

Slika4- 3URVWRUQL SULND] OXpQH KDOH
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.DUDNWHULVWLpPQR RSWHUHUIHG@MH P &MHILRPOMHGHNRMMR L

OL a,®p ®p (1)
gdiesu: O+tNDUDNWHULVWLPpQR RSWHUHUHQMH VQLMHJRP SUHP
Q-karakteriVWLPpQD YULMH G QsRijéys nR SokN/bhHl il HQ M D
ar NRHILFLMHQW REOLND R Siakidbliké k@@ D VQLMHJRP X¢{
%- NRHILFLMH Q WNIR| K RéEQRij¢dndst 1,0
(Ve-toplinskikoeficijent, NRML RELpPQR LPD YULMHGQRVW

Iz tablice 1 za Karlovac koji se nalazi u zoni B, i za nadmorsku visinu do 200 m
R p L W Dp@eBaNLHvrijednost Q= 1,4 kN/m?. Prema slici 5 za odnos h/b = 0,11, iz

grafa na slici 6 dobiva se koeficijent &; S8YUAWHQR X MH®QPR6 HE X
NDUDNWHULVWLPQR RSSWHOKNIPQMH VQLMHJIRP

Tablical- .DUDNWHULUWKMGEQRWYWWLURSWH U KNGV prem@[LIM HIR P

wi?ﬂ;ngzstlﬁ) A podrucdje B podrucje C podrucje D podrugje
100 1.10 1.10 0.45 0,35
200 1.30 1.40 0.80 0,50
300 1.55 1.75 1.20 0,70
400 1.80 2.20 1.65 0,90
500 2,05 2,65 2.15 1,15
600 235 3.15 2,70
700 2.65 3.70 3.30
800 2,95 4.25 3,95
900 3,25 4,90 4.65
1000 3.60 5,55 5,40
1100 3,95 6.25 6,20
1200 4.30 7.00 7,05
1300 -- 7,80 7,95
1400 -- 8,65 8,90
1500 -- 9,50 9,90
1600 -- 10.40 10,95
1700 -- 11.40 12,05
1800 -- - 13,20

7D UH YULMHGQRVW ELWL SRPQRAHQD V NDNR EL VH X]HC
GLPHQ]LMD L SUREOHP SUHEDFLR Xs GW3S8WKN/NMG Ldk#bQ]|]LMH ¢
RSWHUHUHQMH XYHUDQR ]D WHALQX NURYD N1 P NRQWL
AWDS SR FLMHORM GXAaL Gk &MNMmHUX JUDYLWDFLMH
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Slika 5 - Valjkasti krov [1]

s

2,0
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[N]

™~

T~
0/18

h/b

=

03 04 05 h/b

Slika 6 - Koeficijenti oblika za valjkasti krov [1]

2SWHUHUHQMH YMHWURP MH SURPMHQOMLYR VORERGQR G
SURUDpPpXQD YMHWUHQRJ RSWHUHUHQMD PRA&H VH NRULVWL)
RG P L ]QDpL GD VH GMHORYDQMH YMHWUD X]LPD |
RSWHUHUIHQERPQDNGDUL YMHWUD PRJX XJURNRYDWL WXUE
RSWHUHUHQMD X RYRP UH VH UDGX |DQHPDULWL WDM XWME
UH ELWL SULND]DQ NDR NRQWLQXLUDQD VLOD SR GXAaLQL
maksimalnog iznosa pri vrhu stupa (vidi sliku 3). Maksimalan iznos tlaka vjetra je 1

kN/m?2,

2.2. NELINEARNA ANALIZA

6WDWLpPNL SURUDpPXQ QD L]YLMDQMH vijesrieMeks@ldatacie UDY Q H
stupovi Q RV Bé @eformirajui SRAHOMQR MH S WBtwa WelujéNria NdatakU R J L
konstrukcije. Prema[2] QDpPLQL GLPHQ]JLRQLUDQMD X (XURFRGH SUD
QH SULGDMX SR]RUQ Pb¢abnavapadriess Hai kbBivost, odnosno naglo
QHVWDELOQR GHIRUPLUDQMH VWXSRYD D WLPH L RSDVQF
GMHORYDQMH YHUWLNDOQRJ VWDOQRJ RSWHUHUHQMD L
SRYHUDQMH PRPHQWD RSWHUHUHQMD PLPR YHUWLNDOQH V
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moment, a time i progib, uslijed vertikalne sile.* 3SRVWRML RSUDYGDQMD VXP!
naprezanje u stupu nejednoliko rasti. 7TRpQLMD W Mbzia khQajuluzeti utjecaj

QDJLYQLK RSWHUHUHQMD QD L]YLMHQH VWXSRYH NDR L HI
Solidworks Simulation paket nudi dodatne opcije, jedna od njih je nelinearna analiza

NRMD RPRIGIKXRERBERL XYLG X QDSUH]DQMD L SRQD&EDQMH P
pojedine elemente uvode se u inkrementima u ovisnosti o vremenu, te se dobivaju

PHyVXH]XOWDWL -HGQD RG PRJXUQRVWL MH SldjadQMH GH
smjer s obzirom na pomak h'Y D W lishiédf fih istih deformacija. Takva simulacija daje

MRa NRQJHUYDWLYQLMH UH]X PrombavadseQuibecs] \Wdhpl€xsnoy LI XU QR
LIYLMDQMD VWX & i @édindduiHi@HWdptezanju zbog otklona stupa od

vertikainog SROR&ADMMH XYRYHQMD YMHWUD RSWHUHUHQMD L C
REJLURP GD MH L QRVDp VLPHWULpPpDQ SR JOREDOQRM \ RVL
V MHGQH VWUDQH MDYOMD VH YHOLNL SRUDVW X HNYLYDC
RpHNLYDWLP , Y "HVUDXWENRA. RGQRVQR SRIDYDQMHP RGDELU?
SRMDVQLK L UHE USMSBLRKU&WOMRWH XN XS Q RbiQddilovahp QMH ND
DNVLMDOQRJ L VDYRMQRJ QDSUH]D QM Dumghjgnidjx®fakoRP WHpH
sigurnosti. Takvo naprezanje nazivamo €gx L UDpXQDPR SR VOMHGHUORM IR

[4]:
(2)

3UYR UH VH SYXR/MHFODWADILYQLKORB®/HQRYVYIB@ MEHQPMHWUD
=DWLP UH VH GRGDWL RSWHUH UH QrstilinwrQije St&pBvaY(dikhkw UD L W
8). Vidi se sa slike da ukupna naprezanja prelaze é.;5Zbog toga, a i bolje stabilnosti

XYRGH VH SR GYD VWXSD VD VYDNH VWUDQH MHG@RJ OXpCQ
na stranu sigurnosti. Valja napomenuti da je kod prikaza ekvivalentnog naprezanja
NRULAWHQD RSFLMD AUHQGHU EHDP SWHRPDQHS UNHR/NVDH X A WD
UDpXQD ORNDOQDWRDRUR]IBOQNG]DNRP 7R MH ELWQR MHU
naMQL&H QDSUH]DQMH R]QDpHQR SODYRP ERMRP LPD YHU
naprezanja (crvena boja), pa je samim time mjerodavno pri izboru
materijala/dimenzija. 6 OLND SULND]XMH SRPDNH X APP3® 1DMYHUL
LIQRVL 8 PP 5 prégled&oRtiOpdnihci nisu prikazani u mjerilu, nego su
XYHUDQL ]D IDNWRU 8
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Zo W) Bulpuag pue ey

Slika 7 - Ekvivalentna naprezanja bez utjecaja vjetra
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Slika 8 - Ekvivalentna naprezanja s utjecajem vjetra

Slika 9 - Pomaci konstrukcije

=JRGQR MH MR& SULND]DWL SRPDNH RGUHYHQLK GLMHOTI
vremenu, iz kojih se jasno vidi gore spomenuta nelinearnost. Promatra se element na

YUKX OLMHYRJ L GHVQRJ VW@BMYHGWNM R HAWKISHNMVMMHH RG C
2SWHUHUHQMD VX UDVSRUHYHQD X MHGQDNH LQNUHPHQWH

10
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P H y-korak uzima u obzir pomake, odnosno deformirani izgled stupova (samim time
L SURPMHQX VPMHUD VLOH 9LGOMLNRNNRHMNHID N R/ XYSU VM H P
L]E D p Hvertikdlnog SRORADMD SRPDFL SUHYV VOB NN WILHDLL. QH R

odziv dva elementa prikazan je na slikama 10 11.

Slika 10 - Pomaci vrha lijevog stupa u ovisnosti o vremenu

Slika 11 - Pomaci vrha desnog stupa u ovisnosti 0 vremenu

11
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3.PR25%$y81 35,./-8y$.% 35(0% (852&2"'(
NORMAMA

8 QDVWDYNX VH REUDYyXMH NRGLILFLWDNILY B/U R UDHXIQ @ UK N
prema [3] i [4]. S obzirom da je konstrukcija modelirana SRPRuUX JUH@epatk HOH
Solidworks Simulaton RPRJXUXMH GD GHILQLUDPR GLMDJUDPH DNVL
VDYLMDQMD &z¥iid ko) fr&drivelénent. To XYHOLNH SRPDAaH SUL XVSF
kriterijima otkazLYDQMD SULNOMXp D N DhorgankbP D pOpedhbstarjentj
DQDOL]JL A&WDSRYL LVSXQH PRJX ELWL RSWMIM HBHQIL S\REAMFO 1@
X REJLU X]HWL L XWMHFDM PRPHQDWD VDYLMDQMD DNVLM
SXWHP ELWL UH XYHUDQD ]D L]QRWE QDL OGD NXR|MB NKIM H LYO®DI

naprezanja jednaka savojnim naprezanjima prema [6], odnosno:

|o-

& L (3)
éf-f < @)

/E®
(6 L4 (5)
(epesad (GE (6 (6)

8SUDYR (b MHNRULVWLWL NRG SURUD p XRy@naRSYSRIUIQ RV WL &
2 navedeni su izrazi za provieru D SULMH WRJD SRWLtHtE QRe MH MR

geometrijske odnose:

-RPMHU 4LULQD a&WDSRYD LVSXQH L SRMDVQRJ aWDSD

- @>0>0>0 84848484 .
UL 5 L v L rav (7)

-RPMHU 4LULQH SRMDVQRJ a8WDSD L GYLMH QMHJRYH GHEO!

(8)

6®&

12
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Tablica2- SURUDPXQ RWSRUQRVWL NDUD N Whtkuhdrdtwin p
profilima prema [3]

31 ,6.25,67,9267 .5,7,y12* 35,./-8y.%

Propisi daju metode SURUDpPpXQD NRWHRUPRMWL SULNOMXpDND L
X]GXaQH VLOH NRMX PRAaH $SDHRSWVHQLIW BRVWDRBMERIBKIQIHE Q R
sle SRQDabQMH PDWHULMDODQVINRDVGRGWRNMOX MHXWRYRR V
(cpeaaal PDNVLPDOQH X]G ¥puQoie \pojavel otkazévsija nosivosti bilo

13
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SODVWLILNDFLMRP WHpPpHQMHP JQMHPHQMHP SRMNMDYRP

LVNRULVWLYRVW XMHGQR ]J]QDpL EROMH RSWLPLUDQX NRQ

SRVHEQR VX LIGYRMHQD QHND Ré&heRpochengtih [pkagiad@enR G SULP

[3]:

]D QDMPDQMX GHEOMLQX VWLMHQNL &4XSOMLK SRSUHpPQ

D D QDMYHUX GHEOMLQX SRMDVQLK awDSRYD PP

0 NXWRYLXLEMHDS RY@QHLY SRMDVQLK aWDOS8RYMHW®BGOILK]RMAD S
ispune moraju bitt YHUL RG f

o0 SULNOMXpFL V SUHNORSRP X NRMLPD a&WDSRYL LPDMX |
moraju se SUHNODSDWL WDNR GD MH awDS V YHURP &aLUL
PDQMRP @aLULQRP

o SULNOMXpFL V UD]JPDNRP WUHEDMX LPDWL UD]PDN YF
AWDSRYD PMPUFADBKMAVQRJ &WDSD JERJ RVLIJXUDQMD

(@)

SURPDWUDQL VOXpDM MH 1 SULNOMXpDN 3URYMHUD VH YU
VX QXPHULpPpNL GRELYHQH QDMYHUH X]GX&QH QHUHPHWRRHQ
RSWHUHEBOMB GMHORYDQMD YMHWUD NULWLpPpDQ SULNOM
YLGOMLYR QD VOLNDPD L X QDVWDYNX 1HIJDWL
RSWHUHUHQMH D SR]JLWLYDQ WODpPQR JERJ RULMHQWDFLMF

Slikal2- $SNVLMDOQD VL @ijagovaNdi WHEQRRRP aWDSX

14
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Slika 13 - Moment savijanja oko globalne z osi (plava strelica) X NULWLPQRP
GLMDJRQDOQRP UHEUHQRP awWDSX

Slika 14 - Aksijalna VLOD X NULWLpQRP YHUWLNDOQRP UHEU]|

Na slikama 16 i 17 prikazane su aksijalne sile i momenti savijanja gornjeg pojasnog
awDSD SULOD]JHUL NULWLPQRP pYRUX V MHGQH L GUXJH VW

15
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Slika 15 - Moment savijanja oko globalne zosi X NULWLPpQRP YHUWLNDOQRP
awbDSX

Slika 16 - AksijainesLOH X JRUQMHP SRMDYVQ R P AWLDpSIR @ p YPRVUHDV \

60OLND SULND]XMH PDNVLPDOQR WODPQR QDSUH]DQMH X
SULNOMXpND SRVWUHLMBRDOROQMH MHGQDGAEH

16
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Slika 17 - Momenti savijanja RNR JOREDOQH ] RVL X JRUQMHP SRMDVQ]
NULWLpPQRJ pYRUD

Slika1l8- ODNVLPDOQR WODpPQR QDSUH]DQMH X¥X,gRMDVQRP &

R-%?T /140.
JL— L%Lra’su (9)
Yl
G L saF222E7 & {x (10)

17



9(/(8Yy,/,a7( 8 .$5/29&8

=$95a1, 5%
>®U¢ij@§—6 ® rLyxiuse (11)
>@L5j®g®/rL U Sve (12)
~ 5 ,
UL -—F Lra (13)
5/@&1-
#o Lt ZrEra®&r;, &aL svsdg oo © (14)

*RUQML L]JUD]L L] WDEOLFH SRWUHERLRGQRD XSQRUDRIOQ
QDpPLQH R W NoBiyhsy (3] pbblavlje 7.5.2.1 tablice br 7.10 i 7.12). Uz podatke
iz tablice 3 u nastavku je dan pregled iskoristivosti NULWLPpQRJ 1 SULNOMXpND

Tablica3- .ULWLPpQL 1 SULNOMXpDN FHQWULPQR VSRM

SRMDVQLY 'LMDJRQDO®@| Vertikalni aWD §
(vlak) (tlak)
SRSUHpPpQL [AK]H 80x80x6,3 40x40x2,6 40x40x2,6

8]GXaqQDb MN]JOD 62492 41107 34574
Moment savijanja M [Nm] 169,5 115,2 256,1

Moment otpora W [m?3] 0,0000423403 0,000004555 0,000004555

3RYUELQD SUHNV 0,001857 0,00038896 0,00038896
F2 [N] 7457 9673 21534
Fuk [N] 69949 50780 56108

a) SODVWLILNDFLMD OLFD SRMDVQRJ aWDSD

z§ && { x®& y wexal & xa w

° T
OS(EXI— (‘.\Nsﬂy’

Lu{uysisz SW

\ <oee'"co_«¢Nsu”

z4 && { x@& y wexa® & xaw

ecésTVE W;L ]
Ogs x L ‘ SSW Lutxyudy 'S X

\ (oo"’(o_(NS—ﬂ"

18
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b) SRVPLpQL SURERM VWLMHQNH SRMD \pGkeRined&WDSD WODD
RGYDMDQMH awbDSD LVSXQH RG SRMDVD YODpQL awbsS

tyWR&®t & rFVRE&EVIrEyxay
Osgex LL S Lsut{u{ 'S,

\ oo’ "co—cB—fSNuA”

\ oo’ "co—cB—ft Nvid"

c) RWND]JLYDQMH awDSD LVSXQH JERJ VPDQMHQMD HIHNWIL
aAawDSX LVSXQH

ty wkxai @ t ®r
yu®cewdyt c<twigy?

EvrEusp

Osg x L S L tsws\vawv 'S Z
\ oo’ "o« NEtH& "
— tyvv®<a1' G) t®/,r L,EVIEusip
YU cesTVvE W *<¢STVE W, )
Ogs x L L sxrzs& :s{;

S

\ <o co—«Nera {"

d SRVPLpPpQR RWND]JLYDQMH SRMDVDQRJ da8WDSD

tywsvsé
YU®cewtfyt
S

Osg« L Ltzrxx§ tr;

\ <o’ ¢coe_«N&z5 "

tywsvséd

YU ® < ¢S TVE W )
Ogs x L /‘U®<SS bt Ltut{sav 'ts;

\ <oe' "o« Ne¢ud ™

19
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4. .21752/$ .5,7,y1,+ =$9%$5$%

=DYDULYDQMH MH SRVWD O PosMpdka QfjaRj& kekd NE'®A XIAMLKG H
PDWHULMDOD WDNR L JERJ VPDQMHQBK RVURG@N BHD JBLP B®!
aLSNH FLMHYL L OLPRYL VSDMDMX VH X QRVLYH NRQVWU XI|
Q RV D ptamjenjiva istosmjerna oSWHUHUHQMD XQXWDU aWDSRYD UH
UDpXQVNX SRYUALQX ]DY DU DnjaXkdajeR jg Xpigtoelono kQrir&itatd 1 D
'RSXaWHQR QDSUH]DQMH X aDYX |DYDUD RYLVL R NYDOLWH
YuvwL PDWHULMDOD NRML VH VSDMD SUHWKRGQRM L QDU
GRVWLAH JUDQLAKSijalaHSl& @ Mdyojni moment uzrokuju normalna
QDSUHIDQMD GRN MH WDQJHQFLMDOQR QDSUH]DQMH SRVO
VDPR SRYU&GLQH ]DYDUD SDUDOHOQH VD VPMHURP VPLFL
HQHUJHWVNRM WHRULML UDpXQD HNYLYDOHQWQR QDSUH]LC
tangencijalnih.

41. .5,7,y135,./-8y$.

5HEUHQL awDSRYL VX VD SRMDVQLPD VSRMHQL ]DYDUHQLF
YUaLoDbD SURYMHUD SR (XURFRGH QRUPDPD ELWL UH SURYM|
Prema[5@ L RSULP PHWRGDPD Q Dudds¢ mRtrdbyialdemjiRalidavard p

A;3 2SWHUHUHQMD VX GRELYHQD L] JUHGQLK GLMDJUDPD 6|
tablice 3 upotpunjeni su VPLPpQLP VLODPD SUHPD) iVgedni¢jskin L
znDpDMNDPD aDYRYD JDyYQRUD@ WWWHPD WLSX RSWH&HUIUHQML
GRSXAWHQR QDSUH]BQAMHL XuMD YD UK se iterativnim postupkom

SRPRUX H[FHQslikd ¥ @db& najmanja potrebna debljina zavara, u ovom
VOXpDMX ; o PP

#LVIOPF:VIFt ®:65 > 67 it
He Lt QUr® e 62 ‘tu;
vee _vrFt® ;8
+ F
9 L- LSt St >e 72 ity
A tr

L G
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(jsLvssry a(jgL uvwyyv

~ /
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/5L sswtrree &/ gL twXxsrree

G >—7 iy,

1 L—
#E ee O

GsLuzx a(elL {zz

Gpeasd § EG tz;

&ypd 8&peasltEU@S t{;

Slika 19 - Potrebna debljina zavara NULWLPpQLK SULNOMXpDND

Slika20- 6PLpPQR RSWHUHUHQMH NULWLPQRJ GLMDJRQTE

21
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Slika21- 6PLpQR RSWHUHUHQMH NULWLPpQRJ YHUWLND

Slka22- * HRPHWULMVNH ]QDpDMNH |DYDUD SULNOM:

42. =%$9%$5(1, 632- 6783% , 3/2y(

6WXSRYL VX |D SRMDVQH aWDSRYH YH]DQL SUHNR SORpH
VX NXWQLP ]JDYDURP VSRMHQD ]DN&S<IdR p4XcréedeH B R YWGE L BIH
predVWDYOMODNX]|BYPUD SORifeDs MusiR@IBR. 2SWHUHUHQMD QI
zavare dobivena su kao reakcije X XNOMHAa&WHQ M X(slkx& 2500 RUDVMVINEID QD p L C
kao i u prethodnom SRJODYOMX SRJDYy D Q NvétrEbrid Helljind Rapyx0QUIDWAD; 3

(slika 26).

22
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Slika 23 - Spoj SOR p H stup@ Y D

Slika24 +*HRPHWULMVNH J]QDpDMNH |DYDUD SORpH L G

Lt BXIR Et &tr® >+ %2 :ur

He Lt &XI® >e 672 ‘us

9 L+ t
—~ ut;
A
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SX|7®sert®;st?Estr®{rEt®;7Fstr®r7

zZr
NP |
g g ..G.a(, vrzrr ‘uy
& L? iﬁ;?é LuXxrrrrree UV
oG A .
L >—=7a( Lsyyr uw
#E [ 2N )
&peaad G E§ U X
€opd 8&peastEU@P uy,

Slika25- 5SHDNFLMH X XNOMHaAWHQMX GHVQRJ VWX

24
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Slika26- SBRWUHEQD GHEOMLQD ]|DYDUD L]PHyX SORpH

25
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5.=%$./-8y%.

8 RYRP UDGX RSLVDQD MH IXQNFLMD JODYQL GLMHORY
NRQVWUXNFLMH SURYMHUHQD MH LVNRULWMbc6dRVW aWEL
normama, kDR L pYUVWRUD ]DY D VahjgkL Kitjevaj R/jstid Yi Dsnijega
zamjenjeni su kontinuiranim silama, naprezanja usljed toplinskih dilatacija su
zanemarena, kao i dodatak za koroziju. Odabrani su aXSOML N YdofilkBoN Lp QL
optmalno L HNRQRPMHAQRAIMHIDN VDYRMQRJ PRPHQWD X]HW Mt
krutih vezai QHGRYROMQRJ URWDFLMVNRJ NDSDBMBLWKWHU LJONKE F
DQEQDOL]X NRULAWHQ MH 6ROLGZRUNV VLPXODFLMVNL SDNH
porast naprezanja X VWXSX X]JURNRYDQ RWNORQRP RG SRpHWOQR.
pomacima elemenata u svakom od stupova 2YLVQR R JHRPHWULML L NX
AWDSRYD PR&H VH XWMHFDWL QD SUHG]QDR|N DY)CKAQYD WIH
SRWUHEQD GHEOMLQD ]D Yadlith® opditesiDPriRaire Psu Silexcel
WDEOLFL NRQDp@MLXUUMEBB QRO WWON R UYLN@Q/LIMRMN NULWLPpQF
LIUDAHQD MH X SRVWRWNX L XSR]RU DR dkBzivabMd XY WY RP G
dimenzije profila mjerodavna je granicatep HQMD .DGD VH X REMWDSKYPD C
ispune ne prenose VDPR DNVLMDOQH VLOH QXPHULpPpNBzeddj@ DOL]D S
nego europski standardi, stogaje i LVNRULVWLYRVW NULWLpPpQLK SULNON
40%. Dio razlika svakako treba pripisatiizbRUX SURUDPXQVNRJ PRGHOD X R)
tom kontekstu QLMH PRJXUH X]J]HWL X REJLU ORNDQOQDRRAWRQHLADQ
W U H E D O R3Dbefi mQdeM L
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