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SAZETAK

Naslov rada: Dimenzioniranje celicne konstrukcije objekta u nauticko turistiCkom
kompleksu

Ime i prezime studenta: Tea Rojni¢

Ime i prezime mentora: izv.prof.dr.sc. Mladen Buli¢, dipl.ing.grad.

Ime i prezime komentorice: doc.dr.sc. Paulina Krolo, dipl.ing.grad.

Naziv studija: Sveucilisni diplomski studij Gradevinarstvo — modul konstrukcije

Kolegij: Celi¢ne konstrukcije

Tema ovog diplomskog rada je dimenzioniranje ¢eli¢ne konstrukcije hale. Gradevina je
smjeStena u Puli. Namijenjena je prodajno izlozbenom prostoru za plovila sa ugostiteljskim
dijelom, koji se sastoji od restorana i caffe bara. Objekt je pravokutnog tlocrtnog oblika sa

dvostresnim krovom koji u gornjem i donjem djelu ima razlicite nagibe.

Staticka analiza provedena je u programskom paketu Autodesk Robot Structural Analysis
Professional 2019, amodel je oblikovan kao 3D Stapni sustav. Analiza djelovanja provedena
je sukladno Eurokodu i pripadnim Nacionalnim dodacima. Osim stalnog opterecenja,
analizirana su djelovanja snijega i vjetra, dok je vlastita tezina konstrukcije uzeta u obzir u
softveru. Za sve elemente konstrukcije provedena je provjera granicnog stanja nosivosti, a u
karakteristiénim tockama provjera grani¢nog stanja uporabivosti. Takoder, dimenzionirani
su i neki od spojeva: spoj glavnog stupa s temeljem, spoj glavnog stupa i gornjeg pojasa

reSetke, te tri ¢vora reSetki.

Kljucne rijeci: ¢elicna konstrukcija, staticki proracun, dimenzioniranje, Eurokod
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SUMMARY

Title: Design of steel structure of the building in nautical tourist complex

Name and surname of student: Tea Rojni¢

Name and surname of mentor: Assoc. Prof. Mladen Buli¢, dipl.ing.grad.

Name and surname of co-mentor: Asst. Prof. Paulina Krolo, dipl.ing.grad.

University programme: University Graduate Study Programme in Civil Engineering —
Structural engineering module

Course: Steel structures

The graduate thesis subject is dimensioning of a steel hall. The building is located in Pula.
It is intended to be used for selling vessels and as a showroom with restaurant and coffee
shop. The building has a rectangular floor plan with a doublepitched roof with different

slopes of the upper and lower surfaces.

Static analysis is performed in program package Autodesk Robot Structural Analysis
Professional 2019 and the model is shaped as a 3D wireframe. An action analysis is
performed according to Eurocode and related National Annexes. Except for constant load,
there are analyzed actions of snow and wind, while selfweight is considered in software. For
all construction elements, Ultimate limit state is verified, and Serviceability limit state is
verified at characteristic points of the building. Also, some of the connections are calculated:

the main column base, frame knee, and three truss chord nodes.

Keywords: steel structure, static analysis, dimensioning, Eurocode
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1. UVOD

U ovom diplomskom radu biti ¢e proveden proracun nosive konstrukcije Celicne hale
namijenjene za prodajno izlozbeni prostor za plovila sa ugostiteljskim sadrzajima (caffe bar,
restoran) smjeStene u Puli. U prvom djelu rada, konstrukcija gradevine, kao i koriSteni
materijali biti ¢e detaljno opisani, biti ¢e navedene norme koje su koriStene prilikom
proracuna, nacin zastite od korozije i pozara, te program kontrole i osiguranje kvalitete. U
drugom djelu rada biti ¢e proveden proracun. Prvi korak kako bi se taj proracun mogao
provesti je provodenje analize djelovanja. Djelovanja koja ¢e se u ovom slucaju analizirati
su stalna (vlastita teZina konstrukcije, tezina instalacija, pokrova i fasade) i promjenjiva
(djelovanje snijega i1 djelovanje vjetra). Nakon provedene analize djelovanja, dobivene
vrijednosti nanose se u 3D Stapni model modeliran u programskom paketu Autodesk Robot
Structural Analysis Professional 2019 [1], te se provodi staticki proracun. Potom se na
osnovu vrijednosti reznih sila i momenata savijanja dobivenih statickim prora¢unom provodi
dimenzioniranje poprecnih presjeka elemenata konstrukcije, te na osnovu vrijednosti
pomaka 1 progiba provjera grani¢nog stanja uporabivosti. Na kraju ¢e biti provedeno
dimenzioniranje spojeva elemenata konstrukcije — odredivanje broja, polozaja 1 kvalitete

vijaka, te debljine zavara.
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2. TEHNICKI OPIS

2.1. Opis konstrukcije

Gradevina je pravokutna, tlocrtnih dimenzija 22,00m x 80,12m, visine u sljemenu 12,67m.
Krov je dvostre$ni, u srednjem dijelu gradevine na Sirini od 8m nagib krova iznosi 38,09°,
dok u bo¢nim dijelovima, na $irini od 7m sa svake strane nagib krova iznosi 18,45°. Glavna
nosiva konstrukcija sastavljena je od 14 okvira na razmacima od 6m, medusobno povezanih
sa po tri sekundarne reSetke. Kao pokrov odabrani su Izoforma Euro 5 sendvi¢ paneli [2]
debljine 200mm sa unutarnjom i vanjskom celi¢cnom oblogom od 0,4 mm, dok su za fasadu
odabrani Izoforma Isopar ® Elegant sendvi¢ paneli [3] debljine 120mm sa unutarnjom i

vanjskom ¢eliénom oblogom od 0,4mm.

2.1.1. Glavni okviri

Glavne okvire ¢ine vanjski stupovi poprecnog presjeka 2UPN180, visine 7,20m, unutarnji
stupovi poprecnog presjeka 2UPN160 razmaknuti 100 mm, visine 10,15m, svi stupovi su
upeti u temelje.

Stupovi su medusobno povezani glavnim reSetkama koje se sastoje od popre¢nih presjeka

2UPNI160, 2CAE70x7, 2CAE100x10 i 2CAE45x%S5.

2.1.2. Sekundarne resetke

Sekundarne resetke povezuju glavne okvire. Svaka dva glavna okvira povezana su sa po
dvije boc¢ne resetke smjesStene na vrhu unutarnjih stupova i srediSnjom reSetkom smjeStenom
u sljemenu. Boc¢ne reSetke sastavljene su od popre¢nih presjeka 2CAE120x10 1 2CAE70x7,
a srediSnje reSetke od popre¢nih presjeka 2UPN80, 2CAE120x10 i 2CAE70x7.

2.1.3. PodroZnice

Na srediSnjem dijelu krova nagiba 38,09° podroZnice poprecnog presjeka IPN 240 su
postavljene okomito na uzduznu os zgrade, dok su na bo¢nim dijelovima krova nagiba
18,45° podroznice poprecnog presjeka IPN 180 postavljene paralelno sa uzduznom osi

zgrade, kao kontinuirani nosaci.

2.1.4. Fasadni nosaci
Fasadni nosaci poprecnog presjeka IPN180 postavljeni su na medusobnom razmaku od
1,44m, a oslanjaju se na glavne stupove okvira poprecnog presjeka 2UPN180, 1 sekundarne

fasadne stupove poprecnog presjeka IPN220 kao kontinuirani nosaci.
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2.1.5. Stabilizacijski vezovi

Horizontalni i vertikalni stabilizacijski vezovi postavljeni su u uzduznom i poprecnom

smjeru u obliku vla¢nih dijagonala okruglog Supljeg poprecnog presjeka. Fasadni vezovi su

poprecnog presjeka ¢ 17, zabatni vezovi popre¢nog presjeka $28, a krovni ¢15.

2.2. Opterecenja na konstrukciju
Djelovanja na konstrukciju koja je potrebno razmatrati dijele se na:
- stalna djelovanja
- vlastita tezina elemenata konstrukcije
- tezina instalacija, pokrova i obloge
- promjenjiva djelovanja
- djelovanje snijega
- djelovanje vjetra.
Sva optere¢enja na konstrukciju uzimaju se u obzir sukladno s normom HRN EN 1991-1-

1:2014 1 pripadnim Nacionalnim dodacima.

2.3. Proracun Kkonstrukcije

Proracun konstrukcije provodi se u programskom paketu Autodesk Robot Structural Analysis
Professional 2019 u skladu sa Eurokodom, te Nacionalnim dodacima. Konstrukcija je
oblikovana na nacin da zadovolji uvjete grani¢nog stanja nosivosti i grani¢nog stanja
uporabivosti.

2.4. Materijali za izradu konstrukcije

Svi elementi glavne nosive konstrukcije izvedeni su od celika S355 koji ima granicu
popustanja ;=355 N/mm? i &vrstoéu fu=510 N/mm?. Za izvedbu svih priklju¢aka koristeni
su vijci kvalitete 4,8 koji imaju &vrstoéu fuy=400 N/mm? i 8,8 koji imaju ¢vrstoéu fu,=800
N/mm?, te ankeri kvalitete 10,9 koji imaju &vrstoéu fup=1000 N/mm?. Za izvedbu temelja
koriSten je beton klase C25/30 i elik za armiranje BS00B.

2.5. Primijenjene norme

Pri proracunu konstrukcije koriStene su sljede¢e norme 1 nacionalni dodaci:

- norma HRN EN 1990:2011 i nacionalni dodatak HRN EN 1990:2011/NA:2011 (osnove
projektiranja)

- norma HRN EN 1991-1-1:2012 i nacionalni dodatak HRN EN 1991-1-1:2012/NA:2012
(osnovna djelovanja)

- norma HRN EN 1991-1-3:2012 i nacionalni dodatak HRN EN 1991-1-3:2012/NA:2016

(djelovanje snijega)
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- norma HRN EN 1991-1-4:2012 1 nacionalni dodatak HRN EN 1991-1-4:2012/NA:2012
(djelovanje vjetra)

- norma HRN EN 1993-1-1:2014 i nacionalni dodatak HRN EN 1993-1-1:2014/NA:2015
(opca pravila za celi¢ne konstrukcije)

-norma HRN EN 1993-1-8:2014 1 nacionalni dodatak HRN EN 1993-1-8:2012/NA:2019
(prikljucci Celicnih konstrukceija).

2.6. Antikorozijska zastita

Elemente Celicne konstrukcije potrebno je zastititi temeljnim premazom u radionici, a
podlogu je prethodno potrebno opjeskariti do &istoée Sa 22, Nakon toga elemente je
potrebno odmastiti i nanijeti jo§ jedan temeljni premaz. Debljina nanoSenja temeljnih
premaza iznosi 2x30um. Zavrs$na obrada vrsi se poZarnim sredstvima s karakteristikom F60.
Nakon §to se konstrukcija montira sva eventualna oStecenja premaza potrebno je popraviti.
2.7. ProtupoZarna zaStita

Potrebna vatrootpornost elemenata konstrukcije iznosi F60, Sto predstavlja sposobnost
elemenata da izdrze poZzar 60 min. Iz tog razloga nakon dva temeljna premaza, ¢eli¢ni
elementi Stite se protupozarnim premazom koji ima karakteristike vatrootpornosti F60 i

kompatibilan je s temeljnim antikorozijskim premazima.
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3. PROGRAM KONTROLE I OSIGURANJA KVALITETE [4]

3.1. Uvjeti za izradu celi¢ne konstrukcije

Za izvodaca mora se odabrati tvrtka koja ima prethodna iskustva u izvodenju takvih ili
slicnih objekata. Kvaliteta 1 vrsta materijala od kojeg se izvodi konstrukcija definirana je
projektnom dokumentacijom. Ukoliko dode do odstupanja kvalitete materijala od projektom

definirane, te promjene moraju biti odobrene od strane projektanta konstrukcije.

Prije zapocinjanja radova, nadzorni inZenjer mora imati uvid u sljedec¢u dokumentaciju:

uvjerenja o kvaliteti osnovnog i dodatnog materijala, sredstava za spajanje te

sredstava za antikorozijsku zastitu,

- uvjerenje o podobnosti pogona za izvodenje zavarivackih radova

- uvjerenja zavarivaca koji ¢e raditi na izradi konstrukcije za vrstu zavarivackih radova
koja ¢e se primjenjivati, za trazenu debljinu, materijal 1 polozaj zavarivanja,

- specifikacija postupaka zavarivanja i odobrenje o primjeni postupaka zavarivanja,

- uvjerenja o ispravnosti strojeva za izvodenje zavarivackih radova

- plan izvodenja zavarivackih radova

- uvjerenje o podobnosti izvodaca za izvodenje antikorozijske zastite

- ovlastenja svih odgovornih osoba u sustavu interne kontrole izvodaca,

- plan rada interne kontrole izvodaca.

Prije poc¢eka radova montaze konstrukcije potrebno je ishodovati odobreni Projekt montaze.

Za obavljanje tehni¢kog pregleda konstrukcije potrebno je posjedovati svu prethodno
navedenu dokumentaciju. Izvoda¢ radova tijekom izvodenja i montaze konstrukcije mora
voditi dnevnike koje propisuje zakon, a ovjerava nadzorni inZenjer. Ukoliko se nabava
materijala vrs$i za vrijeme izrade konstrukcije, izvodac je duZan posjedovati uvjerenja o

kvaliteti materijala i predociti ih nadzornom tijelu.

Konstrukcije koje se dostavljaju na gradiliSte moraju prethodno biti zaprimljene u radionici
1 imati sve potrebne certifikate o kvaliteti. Zapisnik o prijemu konstrukcije sastavljaju i
ovjeravaju: investitor, izvodac radova u radionici, nadzorni inZenjer te predstavnik izvodaca

radova na montazi konstrukcije.
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3.2. Propisi

Svi sudionici moraju se drZati propisa i normi koje su definirane projektom i poStivati pravila

kako bi izvedba bila kvalitetna.

3.3. Opée napomene za izradu Celi¢ne konstrukcije u radionici

Pri rezanju materijala mora se paziti da ne dode do lokalnih zareza, pogotovo kada se radi o

Sva odstupanja elemenata moraju biti u dopustenim granicama. Ako se dogode odstupanja

koja premasuju dopustene vrijednosti projektant mora bit suglasan sa izvedenim stanjem.

Zavarivacke radove potrebno je kontrolirati prije, za vrijeme 1 po zavrSetku izvedbe. Prije
pocetka zavarivanja potrebno je kvalitetno pripremiti povrsSine koje se zavaruju — odmastiti
ith, ukloniti hrdu i drugu prljavstinu. Nakon izvodenja radova mora se obaviti kontrola
dimenzija kao i vizualna kontrola te sve ostale kontrole koje su projektom propisane.
Ukoliko je to potrebno, provodi se probno sastavljanje koje mora biti popraceno zapisnikom
ovjerenim od strane nadzornog inzenjera. Za vrijeme izvedbe zavarivackih radova mora se
paziti da ne dode do deformiranja konstrukcije nakon hladenja varova. Zavarivanje se ne

smije vrsiti na temperaturama ispod 0°C.

Za dio radova koji po zavrSetku konstrukcije nije dostupan za pregled, zapisnik o

preuzimanju sastavlja se u vrijeme dok su svi dijelovi konstrukcije vidljivi.

Prije transporta na gradiliste elementi konstrukcije moraju se oznaciti 1 osigurati od oste¢enja

prije i tijekom transporta.

3.4. Elementi konstrukcije
Svi elementi konstrukcije moraju biti u potpunosti u skladu sa specifikacijama, nacrtima 1

naputcima za izradu.

3.5. Materijal za izradu konstrukcije

Materijali od kojih se izvodi konstrukcija definirani su u tehni¢kom opisu i statickom
proracunu. Za sav materijal koristen pri izradi potrebno je imati odgovarajuce certifikate o
kvaliteti, a broj SarZe i lima sa uvjerenja mora se podudarati sa onim na materijalu. Za vazne
elemente potrebno je prilikom rezanja 1 valjanja na manje dijelove naznaciti broj Sarze 1 lima.
Kod elemenata osjetljivih na zamor, broj Sarze i lima mora se prenijeti bez utiskivanja

oznaka (npr. bojom).
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3.6. Antikorozijska zastita

Zastita od korozije mora biti u skladu sa projektom i propisima. Posebno treba paziti na
temperaturu i vlaznost zraka. Nakon svakog premaza potrebno je izvrSiti provjeru

prionjivosti i debljine sloja.

3.7. ProtupoZarna zastita
Zastita od pozara mora biti u skladu sa projektom i propisima, te uputama proizvodaca.
Posebno treba paziti na suhocu 1 €isto¢u povrsine. Nakon svakog premaza potrebno je izvrSiti

provjeru prionjivosti i debljine sloja.

3.8. Prijem elemenata ¢elicne konstrukcije
Prijem celicne konstrukcije u radionicu vrsi se prije isporuke na gradiliSte, a na temelju
radionickih crteza i specifikacije. Kod zaprimanja elemenata mora se uz prethodno navedenu
dokumentaciju dostaviti i sljedece:

- radionicke nacrte sa specifikacijama

- dnevnik izrade u radionici

- dnevnik zavarivackih radova u radionici

- dnevnik izvodenja antikorozijske zastite

- izvjeSce interne kontrole o kvaliteti izvedenih radova.

Prijem gotove celi¢ne konstrukcije obavlja se na osnovu radioni¢kih crteza i projekta
montaze. Prilikom prijema izvedene konstrukcije potrebno je staviti na uvid i sljedece
dokumente:

- kompletnu dokumentaciju sa primopredaje konstrukcije u radionici

- projekt montaze

- radionicke nacrte sa specifikacijama

- dnevnik izvodenja radova na montaZzi

- dnevnik zavarivackih radova na montazi

- dnevnik izvodenja antikorozijske zaStite

- izvjeSce interne kontrole o kvaliteti izvedenih radova

- uvjerenja o kvaliteti dodatnog materijala, sredstava za spajanje te sredstava za

antikorozijsku i protupozarnu zastitu

- uvjerenje o podobnosti izvodaca za izvodenje radova na montazi
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uvjerenja zavarivaca koji ¢e raditi na izradi 1 montazi konstrukcije za vrstu

zavarivackih radova koja ¢e se primjenjivati, za trazenu debljinu, materijal 1 polozaj

zavarivanja
- specifikacija postupaka zavarivanja i odobrenje o primjeni postupaka zavarivanja
- uvjerenja o ispravnosti strojeva za izvodenje zavarivackih radova
- plan izvodenja zavarivackih radova
- uvjerenje o podobnosti izvodaca za izvodenje antikorozijske zastite
- uvjerenje o podobnosti izvodaca za izvodenje protupozarne zastite
- ovlastenja svih odgovornih osoba u sustavu interne kontrole izvodaca

- plan rada interne kontrole izvodaca.
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4. LISTA PRISTANAKA

Odobrenje za: Potpis
LISTA PRISTANKA [Zrsede
Kvaliteta
TrZiSte
Investitor
[lProjekt
[[oznaka
([Broj
[[Datum
Metoda ili vrsta e Nacin
Br. aktivnostifispitivanja Kriterij pristanka pristanka Znak [Napomene
0.0. JEZIK - OPCENITO Hrvatski 0
1.0 PRORACUN KONSTRUKCIJE
1.1 Eurocode 3 EN 1993-1-1 0
1.2 Eurocode 2 EN 1992 - 1 -1 0
3 Eurocode 3 EN1993-1-2 0
2.0 DJELOVANJA
2.1 Vijetra Brzina vjetra 108 km/h Po cijeloj visini Y
2.2 Snijeg 100 m n. M. | zona Y
2.3 Promjena temperaute +/- 35 °C Y
3.0 OSNOVNI MATERIJAL
3.1 Konstrukcijski elik EN 10025 0
3.2 Kvalitetna grupa S 355 JR G2 0
4.0 VIJCANI PRIKLJUCCI
4.1 Kvaliteta materijala za vijke 8.81S0O 898 - 1 0
4.2 Matica za vijak 8 I1SO 898 -2 0
4.3 Podlozna plocica 0
4.4 AKZ - vruéa galvanizacija DIN 267 - Part 10 0
Ref. Y pristanak narucioca
N bez pristanka
P djelomi¢na sugl.
podrazumjeva se ali
0 bez navoda nar.
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Odobrenje za: Potpis
LISTA PRISTANKA rside
Kvaliteta
[[Trziste
Investitor
Projekt
Oznaka
Broj
Datum
Metoda ili vrsta L Nacin
Br. aktivnostifispitivanja Kriterij pristanka pristanka Znak | Napomene
5.0 ZAVARENI PRIKLJUCCI
5.1 Osiguranje kvalitete EN 729 -2 uvjerenje/izvjestaj 0
5.2 Kvaliteta - kriterij prihvacanja EN 25 817 0
5.3 Kvaliteta za NDE/UT EN 1714 uvjerenje 10% 0
5.4 Kvaliteta za NDE/MT EN 1290 uvjerenje 5% 0
5.5 Kvaliteta - vizualni pregled EN 970 100% 0
5.6 Uvjerenje zavarivaca EN 287 -1 0
5.7 Kvaliteta za ispitivanje NDE/PT EN 1289 0
5.8 Kvaliteta za NDE/RK EN 1435 0
6.0 DIMENZIONALNA KONTROLA
7.0 AKZ - GALVANIZACIJA
7.1 Priprema povrsine ISO 8501 0
7.2 Metoda ispitivanja KSB 10/5-2.0 0
7.3 Nacin kontrole KSB 10/5 - 2.1 0
8.0 AKZ - VRUCE CINCANJE DIN 267 0
9.0 DOKUMENTACIJA ZA
9.1 Opcenito 1ISO 9001 izvjestaj 0
9.2 Zavarivanje EN 729 -2 0
9.3 Odgovornost za zavarivanje EN 719 ovlastenje 0
10.0 IZRADA | MONTAZA ENV 1090 - 1 0
Ref. Y pristanak narucioca
N bez pristanka
P djelomi¢na sugl.
podrazumjeva se ali
0 bez navoda nar.
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5. ANALIZA DJELOVANJA

Analiza djelovanja provodi se prema normi HRN EN 1991 i pripadnim Nacionalnim
dodacima. Djelovanja koja ¢e se razmatrati su stalna (vlastita tezina konstrukcije, tezina
pokrova, fasade 1 instalacija) i promjenjiva (djelovanje snijega 1 djelovanje vjetra).

5.1. Stalna djelovanja

- Vlastita tezina konstrukcije — u proracun je uzeta u programu Autodesk Robot Structural
Analysis Professional 2019

- Vlastita tezina pokrova — odabrani su Izoforma Euro 5 sendvi¢ paneli debljine 200mm, sa
unutarnjom i vanjskom &eli¢cnom oblogom od 0,4 mm [2]: gp= 0,14 kN/m?

- TeZina instalacija ovjeSenih na kroviste: gi=0,50 kN/m?

Ukupno stalno djelovanje na krov gi=0,64 kN/m?

-Vlastita tezina fasade — odabrani su [zoforma Isopar ® elegant sendvi¢ paneli debljine 120
mm, sa unutarnjom i vanjskom &eli¢cnom oblogom od 0,4 mm [3]: g=0,11 kN/m?

Ukupno stalno djelovanje na zidove g,=0,11 kN/m?
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5.2. Djelovanje snijega

Analiza djelovanja snijega provodi se prema normi HRN EN 1991-1-3:2012 i Nacionalnom

dodatku HRN EN 1991-1-3:2012/NA:2016.

.. Republika Hrvatska
- Karta snjein_ih podrucja

e

s mrov; TG pRa LlES i TG
oo =
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Lot ot i prots
o Mo i LT § 440, ki 34800 S
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Slika 1. Karta snjeznih podrucja Republike Hrvatske [5]
Lokacija gradevine: Pula
Snjezno podrucje 1: priobalje i otoci

Nadmorska visina: 0 m
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Tablica 1. Opterecenje snijegom za snjezna podrucja i pripadajuce nadmorske visine [5]

.. 2. podrucje — 3. podrucje — .
”:?;E’SE“ pJ;J.;[EEaf.}*‘;;ci Fede Danacie, | voptinenians ;%Mﬁ
[khim®] [kh/im?]

100 0,50 0,75 1,00 1.25
200 0,50 0,75 1,25 1,50
300 0,50 0,75 1,50 1,75
400 0,50 1,00 1,73 2,00
500 0,50 1,23 2,00 2,50
600 0,50 1,50 225 3,00
700 0,50 200 250 3,50
500 0,50 250 275 4.00
900 1,00 3,00 3,00 450
1000 2,00 4,00 3,50 5,00
1100 3,00 5,00 4,00 5,50
1200 4,00 §,00 450 5,00
1300 2,00 7,00 7.00
1400 G,00 8,00 4,00
1500 9,00 9,00
1600 10,00 10,00
1700 11,00 11,00
1800 12,00

Karakteristi¢na vrijednost opterecenja snijegom na tlu za 1. podru¢je i nadmorsku visinu do
100 m iznosi: sk=0,5 kN/m?

Opterecenje snijegom na Krovu: s = Sy * [l; * Co * C¢

sk=0,5 kN/m? karakteristi¢na vrijednost optere¢enja snijegom na tlu
M koeficijent oblika optere¢enja snijegom na krovu
ce=1,0 koeficijent izloZenosti
c=1,0 toplinski koeficijent
Tablica 2. Koeficijent oblika optereéenja snijegom na krovu ovisno o kutu nagiba krova [6]
Kut nagiba krova a 0° < a=30° 30° < a < 60° a = 60°
1y 0.8 0.8(60 - a)/30 0.0
1 0.8 +0.8 @30 1.6 --
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Slugaj 1y Mlea) Ml )
Slucaj () 0,5u1(en) Ml ee)

Sludaj () o) 0,510 z2)

J8

Slika 2. Slucajevi optereéenja snijegom na dvostresnom krovu prema Eurokodu [6]
Gornji dio krova nagiba o1=38,09°: 30°<a1=38,09°<60°
11(38,09°)=0,8*(60-a)/30=0,8*(60-38,09)/30=0,584
Donji dio krova nagiba ax=18,45°: 0°<0,=18,45°<30°
ni(18,45°)=0,8

(oY) o5
o) jpulay)
L) iy 00y)
2
’ﬁﬁ‘iﬂd_&j'ﬁq{ azj

Lloy)
Jal O5)
D 5 {000 Si ¢
o
=]

Slika 3. Slucajevi opterecenja snijegom
S = Si ¥ JIj * Ce * C¢
sy(ay) = s * py(<y) *ce xce = 0,5%0,584 11 = 0,29 kN/m?
sy(ay) = 0,5 % sy * g (<;) * co x ¢, = 0,5%0,5%0,584 %1 %1 =0,15 kN /m?
sy(ay) = s * py (<) xco ¢, = 0,5%0,8«1 1= 0,40 kN/m?
sy(ay) = 0,5 x5 * py(0¢y) *xce x ¢, =0,5%0,5%0,8+1*1=0,20 kN/m?
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5.3. Djelovanje vjetra

Analiza djelovanja snijega provodi se prema normi HRN EN 1991-1-4:2012 i Nacionalnom
dodatku HRN EN 1991-1-4:2012/NA:2012.

WE e e irE e HWE

Republika Hrvatska
Karta osnovne brzine vjetra
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Slika 4. Karta osnovnih brzina vjetra Republike Hrvatske [5]
Lokacija gradevine: Pula
Kategorija terena: 0
Temeljna vrijednost osnovne brzine vjetra: vv0=30 m/s
Osnovna brzina vjetra: vy, = Vp o * Cgir * Cseason
cdir=1,0 faktor smjera vjetra
Cseason=1,0 faktor godiSnjeg doba
p=1,25 kg/m’ gustoca zraka
Vi = Vp,0 * Cdir * Cseason = 30%1%1=30m/s
23
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. .. . . 1
Osnovni pritisak vjetra brzine vb: qp, = il VZ

p=1,25 kg/m’ gustoca zraka
vb=30 m/s osnovna brzina vjetra
1

1
Qp = 5% p* V= 51,25+ 307 = 562,5 N/m? = 0,56 kN/m”

2

Srednja brzina vjetra: v, (z) = c.(z) * cy(2) * v

ci(z) koeficijent hrapavosti terena
co(z)=1,0 faktor orografije
vb=30 m/s osnovna brzina vjetra

Koeficijent hrapavosti terena: cy(;) = K, * In (1)

Zo

ke koeficijent terena ovisan o duljini hrapavosti zo
z=12,67 m visina konstrukcije u sljemenu
0 duljina hrapavosti

.. . ee . . z0 007
Koeficijent terena ovisan o duljini hrapavosti zo: k,, = 0,19 * (ﬁ)
z0=0,003 m duljina hrapavosti (kategorija terena 0.)
z0,11I=0,05 m duljina hrapavosti za II. kategoriju terena

Tablica 3. Kategorije i parametri terena [5]

visina premasuje 15 m

Kategorija terena Zo Zemin
m m
0 More ili priobalna podruéja izlozena otvorenom moru 0,003 1
I Jezera ili ravna i horizontalno poloZena podrucja sa zanemarivom 0.01 1
vegetacijom i bez prepreka '
I Podrudja s niskom vegetacijom, npr. travom, i izoliranim preprekama
; : X - 0,05 2
(drvece, zgrade) s razmakom najmanje 20 visina prepreke
11 Podruéja sa stalnim pokrovom od vegetacije ili zgrade ili podrucgja s
izoliranim preprekama s razmakom najvise 20 visina prepreke (npr. 0,3 5
sela, predgrada, stalna $uma)
IV Podrucja s najmanje 15 % povrSine pokrivene zgradama cija prosjecna 10 10

NAPOMENA: Kategorije terena prikazane su na slikama u toéki A.1.

k. =019 % 2 " 0,19 (O'OOB’)W 0,156
— * | —— = * =
r ’ ZO,II ’ 0,05 ’
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Koeficijent hrapavosti terena:

)

12,67)

Z
q@)=kpdnc—)=0156*M(0mB

Zg
Srednja brzina vjetra na visini z:
Vi (z) = ¢ (z) * cy(z) * vy, = 1,3%1,0% 30 =39 m/s

Oy __ Ky
Vm(z) co(z)*ln(%)

Intenzitet turbulencije: I, (z) = Za Zmin < Z< Zmax

I,(z) = 1,(Zmin) 78 Z<Zmin
Zmin=1 m minimalna visina (za 0. kategoriju terena)
Zmax=200 m maksimalna visina

Uvjet: zZmin=1 m <z=12,67m < Zmax=200m

ki=1,0 faktor turbulencije
co(z)=1,0 faktor orografije
7z=12,67 m visina konstrukcije u sljemenu
70=0,003 m duljina hrapavosti (kategorija terena 0.)
I,(2) K ! 0,12
vie = A% 12,67\
CO(Z) * In (ZO) 1 *1n (m)

Vrsni pritisak brzine vjetra na visini z iznad terena: q,(z) = [1 + 7 * [,(2)] * % * p * 12 (2)

Iv(z)=0,12 intenzitet turbulencije
p=1,25 kg/m’ gustoca zraka
vm(z)=39 m/s srednja brzina vjetra na visini z

2

1
qp(2) = [14+ 7 * 1,,(2)] *o P v2(z) =[1+7%0,12] % 0,5 % 1,25 =

1000
= 1,75 kN /m2
Koeficijent izloZenosti ce(z) na visini z iznad terena: C,(z) = q';—(z)
b
ap(z)=1,75 kN/m? vrsni pritisak brzine vjetra na visini z iznad terena
qv=0,56 kN/m? osnovni pritisak vjetra brzine vo
C = =——=3,13
e(2) 4 056

25
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5.3.1. Vanjski pritisak vjetra
Vanjski pritisak vjetra ovisi o vanjskim dimenzijama objekta a dobiva se prema sljede¢em
izrazu:
We = qp(2e) * Cpe

Poprecno djelovanje vjetra

Referentna visina: ze=12,67m

Duljina zgrade: b=80,18 m

Sirina zgrade: d=22m

Visina zgrade: h=12,67 m

Parametar e: e=min(b;2h)=min(80,18 m; 25,34 m)= 25,34 m
€=25,34 m>d=22 m (samo zone A i B)
€/5=25,34/5=5,07 m
4e/5=4%25,34/5=20,27 m
e/4=25,34/4=6,34 m
e/10=25,34/10=2,53 m

Omjer h/d: h/d=12,67/22=0,58

T

oo
= D[l H Pl [E 3 3 ©
® A| B gi o
D .
o5 |
. des

JP:IL
all

el el
d=22

Slika 5. Poprecno djelovanje vjetra
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Djelovanje vjetra na vertikalne povrSine

Povrsine zona:

Aa=40,77 m? >10m? = cpe=Cpe,10
Ap=165,19 m? >10m? = cpe=Cpe,10
Ap=577,30 m? >10m? = cpe=Cpe,10
Ar=577,30 m? >10m? - Cpe=Cpe,10
Tablica 4. Koeficijent vanjskog pritiska vjetra na zidove za poprecni smjer [6]
Zone A B c D E
hid Cpein | Cpei Cpeio | Cpe Cpe.io | Cpe.i Cpe.it | Cpei Cpe,10 Cpe.1
5 -1,2 -1.4 0.8 -1.1 0.5 +0.6 +1.0 -0.7
1 -1,2 -1.4 0.8 -1,1 05 +0,8 +1,0 -0.5
=025 | -1.2 -1.4 -0.8 -1,1 05 +0,7 +1.,0 -0.3
h/d=0,58 -1,2 -0,8 +0,744 -0,388

Vanjski tlak na vertikalne povrSine: we = qp(2c) * Cpe
whA = 1,75 % (=1,2) = —2,1 kN/m?

wB = 1,75 % (=0,8) = —1,4 kN/m?

wD = 1,75 % (0,744) = 1,30 kN/m?

wE = 1,75  (—0,388) = —0,68 kN/m?

Djelovanje vjetra na krov

Povrsine zona:

ArF=16,05 m? >10m? - Cpe=Cpe,10
Ac=191,34 m* >10m? - Cpe=Cpe,10
An=746,53 m? >10m? - Cpe=Cpe,10
A=181,54 m? >10m? - cpe=Cpe,10
A1=746,53 m? >10m? = Cpe=Cpe.10
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Tablica 5. Koeficijenti vanjskog pritiska vjetra na dvostresni krov za poprecni smjer[6]

) Zone for wind direction 6= 0°
Pitch
F G H I J
Angle
Cpe.i0 Cpei Cpe.in Cpei Cpein Cpei Cpeib Cpei Cpaid Cpet
-45° -0.6 0.6 -0.8 -0.7 -1.0 -1.5
-30° -1.1 -2,0 0.8 -15 -0.8 -06 0.8 -1.4
-15° -2.5 -2.8 -1.3 -2,0 -09 -1,2 -0.5 0.7 -1.2
+0,2 +0,2
-5° -23 25 1,2 -2,0 -0,8 1.2
-06 -0.6
-1.7 2.5 -1,2 -2,0 -0,6 1,2 +0,2
5% -0.6
+0,0 +0.0 +0.0 -0.6
150 -0.9 | -2,0 0.8 | -15 -03 -0.4 -1.0 -1.5
+0.2 +0.2 +0,2 +0.0 +0.0 +0.0
-0.5 | -1,5 0.5 | -15 -0,2 0.4 -0.5
a0e
+07 +0.7 +0.4 +0.0 +0.0
-0.0 -0,0 -0,0 -0.2 0.3
45°
+0,7 +0.7 +0,6 +0,0 +0,0
60° +0,7 +0.7 +0.7 -0.2 -0,3
75° +0.8 +0.8 +0.8 -0,2 0.3

Vanjski tlak na vertikalne povrSine: we = qp,(2c) * Cpe
U zonama H i I dio krova ima nagib 38,09°, a dio 18,45°, u zonama F 1 G krov ima nagib

18,45°, au zoni J 38,09°.

wf =1,75 % (—0,808) = —1,41 kN/m? (18,45°)
wE = 1,75 % (0,315) = 0,55 kN/m? (18,45°)
wé = 1,75 % (—0,731) = —1,28 KN/m? (18,45°)
w§ = 1,75 % (0,315) = 0,55 kN/m? (18,45°)
wll = 1,75 % (—0,277) = —0,49 kN/m? (18,45°)
wll = 1,75 % (0,246) = 0,43 kN/m? (18,45°)
wll = 1,75 % (—0,092) = —0,16 kN/m? (38,09°)
wll = 1,75 % (0,508) = 0,89kN/m? (38,09°)
wl =1,75% (—0,4) = —0,70 KN/m? (18,45°)
wl = 1,75 % (0,0) = 0,00 kN/m? (18,45°)
wl = 1,75 % (—0,292) = —0,51 KN/m? (38,09°)
wl = 1,75 % (0,0) = 0,00 kN/m? (38,09°)
w), = 1,75 * (=0,392) = —0,69 kN/m? (38,09°)
w) = 1,75 % (0,0) = 0,00kN/m? (38,09°)
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UzduZno djelovanje vjetra

Referentna visina: ze=7,20 m

Duljina zgrade: b=22 m

Sirina zgrade: d=80,18 m

Visina zgrade: h=7,20 m

Parametar e: e=min(b;2h)=min(22 m; 14,40 m)= 14,40 m
e=14,40 m<d=80,18 m (zone A, B i C)
e/5=14,40/5=2,88 m
4¢/5=4*14,40/5=11,52 m
e/2=14,40/2= 7,20 m

e/4=14,4/4=3,60 m
e/10=14,40/10=1,44 m

Omjer h/d: h/d=7,20/80,18=0,09

% h
———= D
=k |

e d=80.18

r

L) 1T

22

m
b=

rl

d-e ,

»
*
A

d=80,18

Slika 6. Uzduzno djelovanje vjetra

Djelovanje vjetra na vertikalne povrSine

PovrS$ine zona:

Aa=20,74 m? >10m? - Cpe=Cpe,10
Ap=82,94 m? >10m? - Cpe=Cpe,10
A—=473,62 m* >10m? - Cpe=Cpe,10
Ap=205,97 m? >10m? = Cpe=Cpe.10
Ag=205,97 m? >10m? - Cpe=Cpe,10
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Tablica 6. Koeficijenti vanjskog pritiska vjetra na zidove za uzduzni smjer[6]

Zone | A B c D E

hid Cpe.in | Cpei Cpeio | Cpe Cpe.io | Cpei Cpe.in | Cpe Cpe.10 Cpe.1
5 -1,2 -1.4 0,8 1,1 05 +0,8 +1,0 0,7

1 -1,2 -1.4 -0.8 -1,1 05 +0.,8 +1,0 -0,5

=025 1-1.2 -1.4 -0.8 -1,1 -0.5 +0,7 +1,0 0.3

h/d=0,09<0,25

Vanjski tlak na vertikalne povrSine: we = qp(2.) * Cpe
wh =1,75 % (=1,2) = —2,1 kN/m?

wl =1,75 % (—0,8) = —1,4 kN/m?

w¢ = 1,75 % (—0,5) = —0,88 kN/m?

w® = 1,75 % (0,7) = 1,23kN/m?

wE = 1,75 % (—0,3) = —0,53 kN/m?

Djelovanje vjetra na krov

Povrsine zona:

Ar=5,18 m? Im?< 5,18 m?<10m? - cpe
AG=10,66 m? >10m? - Cpe=Cpe,10
An=63.36 m’ >10m? - cpe=Cpe,10
A=802,78 m? >10m? = Cpe=Cpe.10
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Tablica 7. Koeficijenti vanjskog pritiska vjetra na dvostresni krov za uzduzni smjer[6]

Zone for wind direction &= 90°
Pitch

F G H I
angle «

Cpe,'IO Cpe,'l Cpe,1D Cpe,1 cpe,1D Cpe,1 Cpe.10 Cpe,'l
-45° -14 -2.0 -1,2 -2.0 -1,0 -1,3 -0,9 1.2
-30° -15 2.1 -1,2 -2.0 -1,0 -1,3 -0,9 1.2
-15° -1,9 25 -1,2 -2.0 -0,8 1,2 038 1.2
-5° -1,8 25 -1,2 -2.0 -07 -1,2 0,6 1,2
5e -1,6 22 -1,3 -2.0 -0,7 -1,2 0,6
15° -1,3 2.0 -1,3 -2,0 -0,6 -1,2 0,5
30° -1,1 -1,5 -1,4 2,0 -0,8 -1,2 0,5
45° -1,1 -1.5 -1.4 20 -09 -1,2 -05
60° =11 -1,5 -1,2 -20 -0.8 -1,0 0,5
75° -1,1 1,5 -1,2 -2.0 -0,8 -1,0 05

Za povrsine 1m?><A<10m?, koeficijent vanjskog pritiska vjetra moZe se odrediti prema grafu

prikazanom na slici 7 ili prema formuli:

Cpe = Cpe1 — (Cpe,l - Cpe,lo) 1Oglo A

Cpe A

Cpe,? b R L e e LR L

Cpe,10
0,1 1 2 4 6 810 A [m?]

Slika 7. Odredivanje koeficijenta vanjskog pritiska vjetra za povrsine Im*<A<10m? [6]
Zona F, nagib krova 18,45°
Cpe,1=-1,885
Cpe,10=-1,254
Cpe,s,18=-1,885-(-1,885+1,254)*log105,18=-1,434
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Vanjski tlak na vertikalne povrSine: we = qp(Ze) * Cpe

U zonama G, H i I dio krova ima nagib 38,09°, a dio 18,45°, u zoni F krov ima nagib 18,45°.

wf =1,75 % (—1,434) = —2,51 kN/m? (18,45°)
w$ = 1,75 % (—=1,323) = —2,32 kN/m? (18,45°)
w& = 1,75 * (=1,40) = —2,45 kN/m? (38,09°)
wil = 1,75 % (—0,646) = —1,13 kN/m? (18,45°)
wl = 1,75 % (—0,854) = —1,49 kN/m? (38,09°)
wl =1,75 % (—0,50) = —0,88 kN/m? (18,45°)
wl = 1,75 % (—0,50) = —0,88 kN/m? (38,09°)

5.3.2. Unutarnji pritisak vjetra
Unutarn;ji pritisak vjetra ovisi o veli¢ini 1 polozaju otvora, a dobiva se prema sljede¢em
1zrazu:

w; = qp(Ze) * Cpi
Na sve Cetiri fasade povrSina otvora prelazi 30% povrSine fasade. Kako zgrada nema
dominantnu fasadu, koeficijent unutarnjeg pritiska cpi dobiva se preko grafa prikazanog na
slici 8.

0.8
0,7
0.6
0,5
0.4

0:35 ﬁhx\ hld<0.25
0,2 -

Cpi 0,1 \\ g
0 s

-01 \\L"-\.

o hid>1,0 NN

-U, ~

-..__‘\
-0,3

, \
-0,4 S~
-0,5

033 04 0,5 06 0,7 08 0,9 1
L

Slika 8. Graf za odredivanje koeficijenta unutarnjeg pritiska vjetra [6]
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Parametar u moze se izraCunati prema sljede¢em izrazu:

Y. povrsina otvora gdje je cp, negativan ili — 0,0

Y. povrsina svih otvora

Poprecéno djelovanje vjetra

Slucaj 1:

Povrsina svih otvora:

A=152,45m>+ 91,6 m* + 125,83 m?> + 152,86 m?> = 522,74 m?
Povrsina otvora gdje je cpe negativan ili -0,0:

A1=91,6 m?> + 125,83 m? + 152,86 m? =370,29 m?

370,29m? _ 071
H=%5027amz =

h  12,67m 058
d 22 o

0.8

0.7

0.6

0,5

035 22
03 X hld<0,25
0,2 =
c, NS
C 0,1 =
0 PSS

0,1 ‘ﬁt..

0 hid>1.0 ~_

-0, <

-0,3 \H"""'*

-04 N

i HH
0,5
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Slika 9. ocitane vrijednosti za poprecni smjer , slucaj 1 [6]
h/d<0,25 ->¢pi=-0,09
h/d >1,0 Scpi=-0,18

Linearnom interpolacijom, za h/d=0,58 dobije se cpi=-0,13
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Slucaj 2:

Povrsina svih otvora:

A=152,45m?+ 91,6 m* + 125,83 m?> + 152,86 m?> = 522,74 m?
Povrsina otvora gdje je cpe negativan ili -0,0:

A1=152,45 m? + 91,6 m? + 125,83 m? =369,88 m?

369,88m? 071
H=5074amz ™ "
h _ 12,67m_ 0.58
d 22 ’
08
07
06
05
04
0,35 —
03 \\ hld<0,25
02 X
c, N
0,1 —
0 SIS
E; hid>1.0 %| ~~_
0, <
-0,3 -...,:""
-0.4 -
[ H‘H
05
033 04 05 06 0.7 08 09 1
H

Slika 10. Ocitane vrijednosti za poprecni smjer , slucaj 2 [6]
h/d<0,25 ->cpi=-0,09
h/d >1,0 -¢pi=-0,18

Linearnom interpolacijom, za h/d=0,58 dobije se cpi=-0,13

Za poprecno djelovanje mjerodavan je cpi=-0,13

w; = qp(2) - ¢p; = 1,75 (=0,13) = —0,23 kN /m?
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UzduZno djelovanje vjetra

Slucaj 1:

PovrSina svih otvora:

A=152,45 m*+ 91,6 m* + 125,83 m* + 152,86 m? = 522,74 m?
PovrSina otvora gdje je cpe negativan ili -0,0:

A1=152,45 m*+ 125,83 m? + 152,86 m? = 431,14m>

_431,14m? 0.2
H=5074amz ™ "
h _ 72m PN
d 8018m
08
0.7
06
05
0.4
0,35 ——
0.3 \ hld<0,25
0.2 =
c, R
0.1 N
" S
-0,1 5 \::“-.
! hld=1,
02 S
-03 h""&
-0,4 h"""--.x
05
033 04 05 06 0.7 0.8 09 1
10

Slika 11. Ucitane vrijednosti za uzduzni smjer , slucaj 1[6]

h/d=0,09<0,25-cpi=-0,2
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Slucaj 2:

Povrsina svih otvora:

A=152,45m?+ 91,6 m* + 125,83 m?> + 152,86 m?> = 522,74 m?
Povrsina otvora gdje je cpe negativan ili -0,0:

A1=152,45 m*>+ 91,6 m? + 152,86 m? = 396,91 m?

39691m? _ 076
H=5074amz ™ "
h _ 7,2m — 0.0
d 80,18 ’
08
0.7
06
05
04
03503 hld<0,25
c 02
P04
0 N L
-0,1 D ‘\é
-02 i |
0,3
-0.4 x‘\
-0,5
033 04 05 0,6 07 08 09 1
I

Slika 12. Ocitane vrijednosti za uzduzni smjer, slucaj 2 [6]

h/d=0,09<0,25->¢cpi=-0,14

Za uzduzno djelovanje mjerodavan je cpi=-0,20

w; = qp(2e) * ¢p; = 1,75 (=0,20) = —0,35 kN/m?
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5.3.3. Rezultantni pritisak vjetra

Poprecéni smjer

Zatvorena vrata—>cpi=0

Rezultantni pritisak vjetra na zidove
Zona A B D E
we kN/m? -2,10 -1,40 1,30 -0,68
wi kN/m? 0,00 0,00 0,00 0,00
we-wi kN/m?> -2,10 -1,40 1,30 -0,68
Rezultantni pritisak vjetra na krov
Zona F G H H I I J
(18,45°) | (18,45°) | (18,45°) | (38,09°) | (18,45°) | (38,09°) | (38,09°)
-1,41 -1,28 -0,49 -0,16 -0,70 -0,51 -0,69
we | kN/m?
0,55 0,55 0,43 0,89 0,00 0,00 0,00
wi kN/m? 0,00 0,00 0,00 0,00 0,00 0,00 0,00
. -1,41 -1,28 -0,49 -0,16 -0,70 -0,51 -0,69
we-wi | kN/m?
0,55 0,55 0,43 0,89 0,00 0,00 0,00
07, 1683
21
-4
1,3 =1, 6G8
F —
E 1,41
— I\ G0
E -'(-‘_49.f1 16 /7T ,-.}q?
G H Ul —] o 1,3 I/\w -u‘-o 68
—1 5 % A
F =
1,3 0,68
1,4
21
207, 1693

Slika 13. Opterecenje vjetrom u poprecnom smjeru, slucaj sa zatvorenim vratima i negativnim vanjskim tlakom,
djelovanje na zidove, krov kroz zonu F i krov kroz zonu G
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Slika 14. Opterecenje vjetrom u poprecnom smjeru, slucaj sa zatvorenim vratima i pozitivnim vanjskim tlakom;
djelovanje na zidove, krov kroz zonu F i krov kroz zonu G

Otvorena vrata

Rezultantni pritisak vjetra na zidove
Zona A B D E
we kN/m? -2,10 -1,40 1,30 -0,68
wi kN/m? -0,23 -0,23 -0,23 -0,23
we-wi kN/m? -1,87 -1,17 1,53 -0,45
Rezultantni pritisak vjetra na krov
Zona F G H H I | J
(18,45°) | (18,45°) | (18,45°) | (38,09 °) | (18,45°) | (38,09°) | (38,09°)
-1,41 -1,28 -0,49 -0,16 -0,70 -0,51 -0,69
we kN/m?
0,55 0,55 0,43 0,89 0,00 0,00 0,00
wi kKN/m? | -0,23 -0,23 -0,23 -0,23 -0,23 -0,23 -0,23
-1,18 -1,05 -0,26 0,07 -0,47 -0,28 -0,46
we-wi | kIN/m?
0,78 0,78 0,66 1,12 0,23 0,23 0,23
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Slika 15. Opterecenje vjetrom u poprecnom smjeru, slucaj sa otvorenim vratima i negativnim vanjskim tlakom,
djelovanje na zidove, krov kroz zonu F i krov kroz zonu G

07, 1693
-1,87
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1,53 | | 0,45
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Slika 16. Opterecenje vjetrom u poprecnom smjeru, slucaj sa otvorenim vratima i pozitivnim vanjskim tlakom, djelovanje
na zidove, krov kroz zonu F i krov kroz zonu G
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UzduZni smjer

Zatvorena vrata—cpi=0

Rezultantni pritisak vjetra na zidove
Zona A B C D E
we kN/m? -2,10 -1,40 -0,88 1,23 -0,53
wi kN/m? 0,00 0,00 0,00 0,00 0,00
we-wi kN/m* -2,10 -1,40 -0,88 1,23 -0,53

Rezultantni pritisak vjetra na krov

Jona F G G H H I I
(18,45%) | (18,45°) | (38,09°) | (18,45°) | (38,09°) | (18,45°) | (38,09°)
we | kN/m?| 251 | 232 | 245 | -1,13 | -149 | -088 | -0,88

wi kN/m? | 0,00 0,00 0,00 0,00 0,00 0,00 0,00
we-wi | kN/m* | -2,51 -2,32 -2,45 -1,13 -1,49 -0,88 -0,88

— Mmoo
.gdi’_m /}4 5 | S Eg]

144 578 72,92

=232

o T
T %% mwwummmm'm\HmM
= I ™ R — z

}
-140 144 578 7292
=2 A5

1287

mmmmrmfﬁmH'Hu'mmmw
4 B | c

Slika 17. Opterecenje vjetrom u uzduznom smjeru, slucaj sa zatvorenim vratima, djelovanje na zidove, donji dio krova
kroz zonu F, donji dio krova kroz zonu G i gornji dio krova korz zonu G

1267
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Otvorena vrata

Rezultantni pritisak vjetra na zidove
Zona A B C D E
we kN/m? -2,10 -1,40 -0,88 1,23 -0,53
wi kN/m? -0,35 -0,35 -0,35 -0,35 -0,35
we-wi kN/m? -1,75 -1,05 -0,53 1,58 -0,18
Rezultantni pritisak vjetra na krov
Zona F G G H H I I
(18,45°) | (18,45°) | (38,09°) | (18,45°) | (38,09°) | (18,45°) | (38,09°)
we | kKN/m? | -2,51 -2,32 -2,45 -1,13 -1,49 -0,88 -0,88
wi kN/m? | -0,35 -0,35 -0,35 -0,35 -0,35 -0,35 -0,35
we-wi | kN/m*> | -2,16 -1,97 -2,10 -0,78 -1,14 -0,53 -0,53
144 576 72,92
270 0,53
vse WL,
2,88 1152 65,78 5
We c 1
158 iililiianiiiAaAAR AR e T
F H [ g
£ | T I I I,
1,58 lapy 18
1,58 . 0,18 B
0,53 H B ‘ C 3 4
1,05
2@? 11.52 65.78 : .4; :Zm' e
-1,14
§ ] ﬂ.ﬁ‘
vsa WL T o

12,67

Ael c

Slika 18. Opterecenje vjetrom u uzduznom smjeru, slucaj sa otvorenim vratima, djelovanje na zidove, donji dio krova
kroz zonu F, donji dio krova kroz zonu G i gornji dio krova korz zonu G
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6. STATICKI PRORACUN
Prvi korak u izradi modela je izrada zicanog 3D modela dva karakteristicna okvira u
programskom paketu AutoCAD 2019 [11] koji se potom uvozi u Autodesk Robot Structural

Analysis Professional 2019 [1]. Zi¢ani model prikazan je na slici 19.

Slika 19. Zic¢ani 3D model konstrukcije
Svaka linija u AutoCAD-u prikazuje os jednog elementa kojem se dodjeljuje neki poprecni
presjek, stupovima se definiraju oslonci, te se karakteristi¢ni okviri kopiraju, da se formira

cijela konstrukcija, koja se potom opterecuje.

N vatsz"Z

\\v g

L)

Slika 20. Model konstrukcije izraden u programu Autodesk Robot Structural Analysis Professional 2019

42
Tea Rojni¢: Dimenzioniranje ¢elicne konstrukcije objekta u nauti¢ko turistickom kompleksu
Diplomski rad



Sveuciliste u Rijeci
Gradevinski fakultet

oo
ek

T .
QAN
o | 2

AW of

h.P
RPN,
u_ﬂﬁﬂm.ﬂrﬂw
AN
a7 SV AN ATANY
Al
.ﬂ.ﬁﬁ.«mvmwfr A

AN\ AR 0y

VAN AGIYARL
AN

. AV A SN
081} N2 AGAVANN

A \Pﬂ./ 0t Mid0e, L9T
7

Slika 21. Pozicija S1
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Pozicija S1 su glavni stupovi poprecnog presjeka sastavljenog od U profila 2UPN180, a
Pozicija S2 su unutarnji stupovi popre¢nog presjeka sastavljenog od U profila 2UPN160

razmaknutih 100 mm, a njihov poloZaj prikazan je na slici 22.

njihov polozaj prikazan je na slici 21.

6.1. Plan pozicija
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Slika 22. Pozicija S2
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Pozicija S3 su sekundarni fasadni stupovi I poprecnog presjeka IPN220 , a njihov polozaj

Gradevinski fakultet
prikazan je na slici 23.
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Slika 23. Pozicija S3
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Pozicija P1 su podroZnice na donjem dijelu krova I poprec¢nog presjeka IPN180, a njihov

polozaj prikazan je na slici 24.
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Slika 24. Pozicija P1
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Slika 25. Pozicija P2
Slika 26. Pozicija P3

Pozicija P2 su podroznice na gornjem dijelu krova I poprecnog presjeka IPN240, a njihov
Pozicija P3 su nosaci fasade I poprecnog presjeka IPN180, a njihov poloZaj prikazan je na

polozaj prikazan je na slici 25.
slici 26.
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Pozicija R1 je bocni dio resetke glavnog okvira koja se sastoji od gornjeg i donjeg pojasa
poprecnog presjeka sastavljenog od U profila 2UPN160 i ispuna poprecnog presjeka
sastavljenog od L profila 2CAE70x7, a njezin polozaj prikazan je na slici 27.
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Slika 27. Pozicija R1

Pozicija R2 je donji sredisnji dio glavnog okvira koji se sastoji od gornjeg i donjeg pojasa
poprecnog presjeka sastavljenog od U profila 2UPN160 i ispuna poprecnog presjeka
sastavljenog od L profila 2CAE70x7, a njezin polozaj prikazan je na slici 28.

2 UPN 160

%
o
~
w
<
(5]
(]

2 CAE70x7

Slika 28. Pozicija R2
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Pozicija R3 je gornji sredisnji dio glavnog okvira koja se sastoji od gornjeg pojasa
poprecnog presjeka sastavljenog od L profila 2CAE70x7, donjeg pojasa poprecnog
presjeka sastavljenog od L profila 2CAE100x10 i ispuna poprecnih presjeka sastavljenih
od L profila 2CAE45x5 1 2CAE70x7, a njezin polozaj prikazan je na slici 29.

2 CAETOxY

2 CAE T0x7
2 CAE 70x7

Slika 29. Pozicija R3

Pozicija R4 je bo¢na sekundarna reSetka koja se sastoji od gornjeg i donjeg pojasa poprecnog
presjeka sastavljenog od L profila 2CAE120x10 i ispuna popre¢nog presjeka sastavljenog
od L profila 2CAE70x7, a njezin poloZzaj prikazan je na slici 30.

——— 2 CAE 120x10
- 2 CAE 70x7

Slika 30. Pozicija R4
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Slika 31. Pozicija RS

Pozicija R5 je srediSnja sekundarna reSetka koja se sastoji od gornjeg pojasa poprecnog
presjeka sastavljenog od U profila 2UPNS80, donjeg pojasa poprecnog presjeka sastavljenog
od L profila 2CAE100x10 i ispuna poprec¢nog presjeka sastavljenog od L profila 2CAE70x7,
Pozicija V1 su fasadni stabilizacijski vezovi Supljeg cjevnog poprec¢nog presjeka ¢17, a

a njezin polozaj prikazan je na slici 31.
njihov polozaj prikazan je na slici 32.
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Slika 32. Pozicija V1
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Pozicija V2 su zabatni stabilizacijski vezovi Supljeg cjevnog poprec¢nog presjeka ¢28, a

njihov polozaj prikazan je na slici 33.
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Slika 33. Pozicija V2

Pozicija V3 su krovni stabilizacijski vezovi Supljeg cjevnog poprecnog presjeka $15, a

njihov polozaj prikazan je na slici 34.
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Slika 34. Pozicija V3

49
Tea Rojni¢: Dimenzioniranje ¢elicne konstrukcije objekta u nauti¢ko turistickom kompleksu
Diplomski rad



Sveuciliste u Rijeci

Gradevinski fakultet

Pozicija E1 su fasadni elementi Supljeg kvadratnog poprecnog presjeka TCAR100x10 , a

njihov polozaj prikazan je na slici 35.

TCAR 100x10

Slika 35. Pozicija E1
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¢nog presjeka IPN180, a njihov polozaj prikazan je

Slika 36. Pozicija E2
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Pozicija E2 su krovni elementi I popre

na slici 36.
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Pozicija E3 su krovni elementi I poprecnog presjeka IPE180, a njihov polozaj prikazan je na

slici 37.

Slika 37. Pozicija E3

6.2. Opterecenja
Analizom opterecenja dobivene vrijednosti unesene su u model preko ploha (claddings), a

slu¢ajevi optere¢enja navedeni su u tablici 8, a graficki prikazani na slikama od 38 do 47.

Tablica 8. Slucajevi opterecenja

Redni broj Opterecenje
1. Vlastita tezina
2. Stalno opterecenje
3. Simetricni snijeg
4, Nesimetricni snijeg
5. Vjetar-uzduzni, negativni unutarnji pritisak, otvorena vrata
6. Vjetar-uzduzni, negativni unutarnji pritisak, zatvorena vrata
7. Vjetar-poprecni, pozitivni unutarnji pritisak, otvorena vrata
8. Vjetar-popre¢ni, negativni unutarnji pritisak, otvorena vrata
9. Vjetar-poprecni, pozitivni unutarnji pritisak, zatvorena vrata
10. Vjetar-poprec¢ni, negativni unutarnji pritisak, zatvorena vrata
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Slika 38. Vlastita teZina
Slika 39. Stalno opterecenje
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Slika 40. Simetricni snijeg

Slika 41. Nesimetricni snijeg
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Slika 42. Vjetar-uzduzni, negativni unutarnji pritisak, otvorena vrata

uzduzni, negativni unutarnji pritisak, zatvorena vrata

Slika 43. Vjetar-
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Slika 44. Vjetar

negativni unutarnji pritisak, otvorena vrata

-poprecni,

Slika 45. Vjetar
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r-poprecni, negativni unutarnji pritisak, zatvorena vrata

Slika 47. Vjeta
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6.3. Kombinacije djelovanja
Prema [7] 1 [8] definirane su kombinacije djelovanja za provjeru grani¢nog stanja nosivosti
(eng. Ultimate limit state) i grani¢nog stanja uporabivosti (eng. Serviceability limit state).
Za provjeru grani¢nog stanja nosivosti razmatra se osnovna proracunska situacija:
z "Y6,jGr;" T VePe + "V 10Qka" + Z "Y0,i%0,iQki"
jz1 i1
gdje su:
Gk — karakteristi¢na vrijednost stalnog djelovanja
Pk — karakteristi¢na vrijednost djelovanja od prednapinjanja
Qx,1 — karakteristi¢na vrijednost vode¢eg promjenjivog djelovanja
Qx,i— karakteristi¢na vrijednost ostalih promjenjivih djelovanja
vGj— parcijalni faktor sigurnosti za stalna djelovanja
vp — parcijalni faktor sigurnosti za djelovanja od prednapinjanja
vQ.1 - parcijalni faktor sigurnosti za vodece promjenjivo djelovanje
vQ.i - parcijalni faktor sigurnosti za ostala promjenjiva djelovanja
Wo,i— faktor kombinacije opterecenja
Za provjeru grani¢nog stanja uporabivosti razmatra se karakteristiCna proracunska situacija:
Gij" +"Qua” + ) "VoiPoi0s’
j=1 i=1
gdje su:
Gk — karakteristi¢na vrijednost stalnog djelovanja
Qx,1 — karakteristi¢na vrijednost vodeéeg promjenjivog djelovanja
Qx,i— karakteristi¢na vrijednost ostalih promjenjivih djelovanja
vQ.i - parcijalni faktor sigurnosti za ostala promjenjiva djelovanja

Wo.i— faktor kombinacije opterecenja
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Kombinacije za provjeru grani¢nog stanja nosivosti prikazane su u tablici 9.

Tablica 9. Kombinacije djelovanja za GSN

Redni broj Kombinacija Granicno stanje Kombinacija

11. COMBI GSN (142)*1.35+3*1.50+5*%0.90
12. COMB2 GSN (1+2)*1.35+3*1.50+6*0.90
13. COMB3 GSN (1+2)*1.35+3*1.50+7*0.90
14. COMB4 GSN (142)*1.354+3*1.50+8%0.90
15. COMB5 GSN (1+2)*1.35+3*1.50+9%0.90
16. COMB6 GSN (1+2)*1.35+3*1.50+10*0.90
17. COMB7 GSN (1+2)*1.35+4*1.50+5*%0.90
18. COMBS GSN (142)*1.35+4*1.50+6*0.90
19. COMB9 GSN (142)*1.35+4*1.50+7*0.90
20. COMBI10 GSN (1+2)*1.35+4*1.50+8%0.90
21. COMBI11 GSN (142)*1.35+4*1.50+9*%0.90
22. COMBI12 GSN (1+2)*1.35+4*1.50+10*0.90
23. COMBI13 GSN (142)*1.35+5%1.50+3*0.75
24. COMB14 GSN (1+2)*1.35+6*1.50+3*0.75
25. COMBI5 GSN (1+2)*1.35+7*1.50+3*0.75
26. COMBI16 GSN (142)*1.35+8*1.50+3*0.75
27. COMB17 GSN (1+2)*1.35+9*1.50+3*0.75
28. COMBI18 GSN (1+2)*1.35+10*1.50+3*0.75
29. COMBI19 GSN (142)*1.35+5*%1.50+4*0.75
30. COMB20 GSN (142)*1.35+6*1.50+4*0.75
31. COMB21 GSN (142)*1.35+7*1.50+4*0.75
32. COMB22 GSN (1+2)*1.35+8*1.50+4*0.75
33. COMB23 GSN (142)*1.35+9*1.50+4*0.75
34. COMB24 GSN (1+2)*1.35+10*1.50+4*0.75
35. COMB?25 GSN (142)*1.35+3*1.50

36. COMB26 GSN (142)*1.35+4*1.50

37. COMB27 GSN (142)*1.35+5%1.50

38. COMB?28 GSN (142)*1.35+6*1.50

39. COMB29 GSN (142)*1.35+7*1.50

40. COMB30 GSN (142)*1.35+8*1.50

41. COMB31 GSN (142)*1.35+9*1.50

42. COMB32 GSN (1+2)*1.35+10*1.50
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Kombinacije djelovanja za provjeru grani¢nog stanja uporabivosti prikazane su u tablici 10.

Tablica 10. Kombinacije opterecenja za GSU

Redni broj Kombinacija Grani¢no stanje Kombinacija

43. COMB33 GSU (1+2+3)*1.00+5*0.60
44. COMB34 GSU (1+2+3)*1.00+6*0.60
45. COMB35 GSU (1+2+3)*1.00+7*0.60
46. COMB36 GSU (1+2+3)*1.00+8*0.60
47. COMB37 GSU (1+2+3)*1.00+9*0.60
48. COMB38 GSU (142+3)*1.00+10*0.60
49. COMB39 GSU (1+2+4)*1.00+5*0.60
50. COMB40 GSU (1+2+4)*1.00+6*0.60
51. COMB41 GSU (1+2+4)*1.00+7*0.60
52. COMB42 GSU (1+2+4)*1.00+8*0.60
53. COMB43 GSU (1+2+4)*1.00+9*0.60
54. COMB44 GSU (1+2+4)*1.00+10*0.60
55. COMB45 GSU (1+2+5)*1.00+3*0.50
56. COMB46 GSU (1+2+6)*1.00+3*0.50
57. COMB47 GSU (1+2+7)*1.00+3*0.50
58. COMB48 GSU (1+2+8)*1.00+3*0.50
59. COMB49 GSU (1+2+9)*1.00+3*0.50
60. COMB50 GSU (14+2+10)*1.00+3*0.50
61. COMBSs51 GSU (1+2+5)*1.00+4*0.50
62. COMB52 GSU (1+2+6)*1.00+4*0.50
63. COMB5S3 GSU (1+2+7)*1.00+4*0.50
64. COMB54 GSU (1+2+8)*1.00+4*0.50
65. COMBS55 GSU (1+2+9)*1.00+4*0.50
66. COMB56 GSU (1+2+10)*1.00+4*0.50
67. COMB57 GSU (1+2+3)*1.00

68. COMBS5S8 GSU (14+2+4)*1.00

69. COMB59 GSU (1+2+5)*1.00

70. COMB60 GSU (1+2+6)*1.00

71. COMB61 GSU (1+2+7)*1.00

72. COMB62 GSU (1+2+8)*1.00

73. COMB63 GSU (1+2+9)*1.00

74. COMB64 GSU (1+2+10)*1.00
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6.4. Rezultati statickog proracuna

U nastavku ¢e biti prikazani rezultati statickog prorauna — prvo vrijednosti unutarnjih sila

potrebne za provjeru GSN, a potom vrijednosti pomaka u karakteristi¢cnim tockama potrebne

za provjeru GSU.
6.4.1. Vrijednosti unutarnjih sila
Pozicija S1
Tablica 11. Unutarnje sile - pozicija S1
S1
SUPN180 FX (kN) FY (kN) FZ (kN) MX (kNm) MY (kNm) MZ (kNm)
MAX 175,02 7,23 13,69 0,3 20,96 2,25
Bar 705 102 40 484 1 1
Node 597 94 41 408 1 1
Case 25 39 24 23 25 31
MIN -12,15 -9,24 -13,7 -0,3 -23,06 -10,14
Bar 4 37 37 487 700 37
Node 7 35 35 414 591 35
Case 38 23 24 23 39 23
Pozicija S2
Tablica 12. Unutarnje sile - pozicija S2
S2
razmaknuti 2UPN 160 FX (kN) FY (kN) FZ (kN) MX (kNm) MY (kNm) MZ (kNm)
MAX 158,09 27,69 29,48 1,68 31,52 32,44
Bar 701 2 701 485 2 2
Node 593 3 593 410 3 3
Case 25 33 31 35 39 33
MIN -19,04 -34,09 -24,12 -1,87 -40,47 -47,6
Bar 39 2 2 486 701 2
Node 39 3 3 412 593 3
Case 10 23 39 25 31 23
Pozicija S3
Tablica 13. Unutarnje sile - pozicija S3
IPI\SI; 20 FX (kN) FY (kN) FZ (kN) MX (kNm) MY (kNm) MZ (kNm)
MAX 32,29 4,25 18,95 0,03 23,52 1,61
Bar 908 908 895 908 908 908
Node 1819 1819 1793 1820 1819 1819
Case 33 31 24 42 24 31
MIN -7,8 -7,27 -18,95 -0,03 -26,31 -4,89
Bar 895 908 908 908 908 908
Node 1794 1819 1819 1820 1819 1819
Case 38 23 24 29 40 23
60
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Pozicija P1
Tablica 14. Unutarnje sile - pozicija P1
IPNpl 20 FX (kN) FY (kN) FZ (kN) MX (kNm) MY (kNm) MZ (kNm)
MAX 41,4 3,34 5,17 0,01 5,5 1,77
Bar 760 762 763 763 763 763
Node 34 636 30 637 637 637
Case 38 35 31 13 42 42
MIN -11,78 -3,35 -9.42 -0,01 -2,09 -1,75
Bar 763 759 759 763 759 762
Node 637 633 633 30 633 636
Case 42 13 13 25 13 35
Pozicija P2
Tablica 15. Unutarnje sile - pozicija P2
P2
FX (kN FY (kN FZ (kN MX (kN MY (kN MZ (kN
PN240 (kN) (kN) (kN) (kNm) (kNm) (kNmy)
MAX 21,54 2,3 5 0,07 44,39 5,5
Bar 757 757 599 757 758 757
Node 627 624 488 624 624 624
Case 25 25 16 25 13 25
MIN -13,61 -0,66 -9,7 -0,06 -4,21 -6,17
Bar 98 758 757 758 599 757
Node 70 624 627 624 488 627
Case 29 27 13 15 16 25
Pozicija P3
Tablica 16. Unutarnje sile - pozicija P3
IPNP?80 FX (kN) FY (kN) FZ (kN) MX (kNm) MY (kNm) MZ (kNm)
MAX 14,57 0,8 4,52 0 0,9 2,07
Bar 1200 1201 1203 1202 1204 1201
Node 1906 1908 1912 1910 1914 1909
Case 23 31 30 24 37 23
MIN -7,17 -1,72 -4,52 0 -1,13 -1,64
Bar 1204 1201 1199 1202 1204 1201
Node 1915 1909 1904 1910 1914 1908
Case 42 23 24 40 33 23
Pozicija R1
Tablica 17. Unutarnje sile - pozicija R1 - gornji pojas
R1-gornji pojas
FX (kN FY (kN FZ (kN MX (kN MY (kN MZ (kN
JUPN160 (kN) (kN) (kN) (kNm) (kNm) (kNm)
MAX 49,31 4,63 5,42 0,22 0,83 3,26
Bar 707 706 544 706 42 6
Node 594 596 458 596 38 4
Case 31 25 16 15 38 23
MIN -25,75 -2,2 -5,23 -0,25 -3,63 -9,02
Bar 42 5 543 707 42 706
Node 38 6 460 594 38 596
Case 38 23 13 27 13 25
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Tablica 18. Unutarnje sile - pozicija R1 - donji pojas

R1-donji pojas
SUPN160 FX (kN) FY (kN) FZ (kN) MX (kKNm) MY (kKNm) MZ (kNm)
MAX 117,88 15,41 4,56 0,01 4,99 27,49
Bar 713 712 658 713 45 9
Node 602 599 554 602 47 11
Case 39 33 25 27 38 42
MIN -52,82 -16,68 -3,52 -0,01 -7,07 -25,04
Bar 657 9 713 712 658 712
Node 553 11 600 601 554 599
Case 31 42 25 27 25 33
Tablica 19. Unutarnje sile - pozicija R1 - ispuna
R1-ispuna
2CAETOKT FX (kN) FY (kN) FZ (kN) MX (kNm) MY (kNm) MZ (kNm)
MAX 57,56 4,13 9,61 1,15 0 0
Bar 67 677 733 732 735 735
Node 47 572 622 620 615 615
Case 19 37 39 15 11 27
MIN -48,08 -4,13 -22,58 -1,23 0 0
Bar 681 675 346 730 737 737
Node 546 568 298 616 619 619
Case 19 37 24 15 27 39
Pozicija R2

Tablica 20. Unutarnje sile - pozicija R2 - gornji pojas

R2-gomji pojas FX (kN) FY (kN) FZ (kN) MX (kNm) | MY (kNm) | MZ(kNm)
2UPN160

MAX 26,57 11,98 1,34 0 0,6 16,67
Bar 7 7 7 710 710 7

Node 6 6 4 596 594 6
Case 38 23 39 31 39 34
MIN -59,54 11,97 1,59 0 1,75 -18,53
Bar 325 7 710 7 710 7

Node 274 4 596 6 596 6
Case 35 29 25 31 25 37

Tablica 21. Unutarnje sile - pozicija R2 - donji pojas

Rzz'fj;‘;ﬂ}‘ 1p 6"3“ FX (KN) FY (kN) FZ (kN) MX (kNm) MY (kNm) MZ (kNm)

MAX 48 41 137 33,16 0 38,19 136
Bar 711 711 8 601 8 711
Node 600 599 11 511 11 599
Case 31 25 29 39 4 25

MIN 54,14 1,18 3321 0 239,73 0,54
Bar 8 8 8 711 8 711
Node 12 12 12 599 11 600
Case 25 25 23 25 29 39
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Tablica 22. Unutarnje sile - pozicija R2 - ispuna

R2-ispuna
FX (kKN FY (kN FZ (kN MX (kN MY (kN MZ (kN
2CAETOKT (kN) (kN) (kN) (kNm) (kNm) (kNm)
MAX 22,19 2,06 2,53 0 0 0
Bar 717 716 15 720 720 718
Node 605 608 6 594 594 596
Case 31 28 23 28 27 13
MIN -26,79 -2,06 -2,52 0 0 0
Bar 718 714 14 718 718 720
Node 605 603 16 596 596 594
Case 31 34 23 28 42 39
Pozicija R3
Tablica 23. Unutarnje sile - pozicija R3 - gornji pojas
R3-gornji pojas
FX (kN FY (kN FZ (kN MX (kN MY (kN MZ (kN
2CAET0xT (kN) (kN) (kN) (kNm) (kNm) (kNm)
MAX 59,84 2,97 2,36 1,9 1,19 4,19
Bar 336 721 55 722 55 721
Node 276 609 38 609 38 609
Case 13 39 38 38 38 25
MIN -15,74 -2,1 -3,61 -1,64 -1,85 -1,59
Bar 18 721 557 722 557 55
Node 6 596 458 594 458 55
Case 38 36 13 15 13 27
Tablica 24. Unutarnje sile - pozicija R3 - donji pojas
R3- donji pojas FX (kN) FY (kN) FZ (kN) MX (kNm) | MY (kNm) | MZ(kNm)
2CAE100x10
MAX 36,98 6,64 0,99 0,09 0,14 5,08
Bar 339 724 725 724 21 724
Node 276 596 610 596 6 610
Case 15 25 25 13 38 25
MIN 14,58 5,96 3,49 ~0,04 121 14,16
Bar 57 724 339 725 339 724
Node 56 610 276 610 276 596
Case 38 42 13 27 13 25
Tablica 25. Unutarnje sile - pozicija R3 - ispuna 1
R3-ispuna 1 FX (kN) FY (kN) FZ (kN) MX (kNm) | MY (kNm) | MZ(kNm)
2CAE70x7
MAX 13,35 5,66 39,26 1,38 1,15 0,39
Bar 338 727 283 231 506 59
Node 290 613 242 195 427 57
Case 15 25 28 11 38 28
MIN 17,96 -5 -39.45 1,6 4,75 -0,26
Bar 672 122 228 506 506 59
Node 565 109 193 427 427 57
Case 33 29 28 23 13 37
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Tablica 26. Unutarnje sile - pozicija R3 - ispuna 2

R3-ispuna 2
FX (kN FY (kN FZ (kN MX (kN MY (kN MZ (kN
2CAEA5%5 (kN) (kN) (kN) (kNm) (kNm) (kNm)
MAX 23,95 1,35 0,88 0 0 0
Bar 728 729 508 729 728 728
Node 610 611 429 611 610 610
Case 31 28 35 28 38 27
MIN -8,13 -1,32 -0,88 0 0 0
Bar 61 728 509 509 728 729
Node 59 613 427 427 610 611
Case 38 28 35 23 25 37
Pozicija R4
Tablica 27. Unutarnje sile - pozicija R4 - donji pojas
R4-gornji pojas
2CAE120x10 FX (kN) FY (kN) FZ (kN) MX (kNm) MY (kNm) MZ (kNm)
MAX 30,11 9,86 3,65 0,05 2,6 21,97
Bar 80 745 582 747 580 747
Node 38 596 458 594 447 594
Case 38 25 19 13 15 27
MIN -23,95 -7,89 -4,87 -0,05 -1,56 -24,68
Bar 582 747 580 745 747 745
Node 448 594 447 596 594 596
Case 41 27 15 13 39 25
Tablica 28. Unutarnje sile - pozicija R4 - donji pojas
Rd-donji pojas FX (kN) FY (kN) FZ (kN) MX (kNm) | MY (kNm) | MZ(kNm)
2CAE120x10
MAX 89,6 3,53 1,54 0 3,26 14,5
Bar 79 81 81 746 748 746
Node 46 45 45 586 599 600
Case 29 29 29 25 42 42
MIN -114,27 -3,54 -1,54 0 -2,16 -16,51
Bar 748 79 79 693 81 79
Node 599 12 46 511 45 12
Case 27 37 23 39 23 37
Tablica 29. Unutarnje sile - pozicija R4 - ispuna
R4-ispuna
S CAET0KT FX (kN) FY (kN) FZ (kN) MX (kNm) MY (kNm) MZ (kNm)
MAX 42,57 7,53 3,23 0 0 0
Bar 751 751 751 479 754 148
Node 585 625 625 395 627 123
Case 25 27 31 29 39 27
MIN -12,49 -7,53 -1,96 0 0 0
Bar 83 750 699 699 149 643
Node 71 625 579 579 123 539
Case 38 27 29 23 11 15
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Pozicija RS
Tablica 30. Unutarnje sile - pozicija RS - gornji pojas
RS'Z%L”IJ\} ggﬁs FX (kN) FY (kN) FZ (kN) MX (kNm) | MY (kNm) | MZkNm)
MAX 26,44 0,23 4,19 0 1,34 2,35
Bar 73 73 575 73 73 740
Node 21 55 451 21 55 609
Case 11 31 13 39 38 31
MIN -23,36 -1,82 -2,43 0 -1,86 -0,36
Bar 520 740 575 73 73 465
Node 403 587 473 21 55 377
Case 28 39 16 34 27 38
Tablica 31. Unutarnje sile - pozicija RS - donji pojas
RS-donji pojas FX (kN) FY (kN) FZ (kN) MX (kNm) | MY (kNm) MZ (kNm)
2CAE100x10
MAX 23,43 0,46 5,25 0 2,77 1,37
Bar 136 686 741 741 74 686
Node 106 522 588 588 22 522
Case 23 39 13 25 28 39
MIN -40,12 -0,12 -4,96 0 -4,04 -1,38
Bar 576 741 741 136 741 686
Node 474 610 610 84 588 562
Case 28 31 13 25 13 39
Tablica 32. Unutarnje sile - pozicija RS - ispuna
RS-ispuna
2CAETOKT FX (kN) FY (kN) FZ (kN) MX (kNm) MY (kNm) MZ (kNm)
MAX 18,93 6,09 5,59 0 0 0
Bar 522 742 743 193 194 137
Node 439 624 587 159 145 120
Case 15 39 27 29 16 39
MIN -47,7 -1,82 -5,59 0 0 0
Bar 359 744 744 744 139 742
Node 289 609 609 609 105 624
Case 15 39 27 25 17 25
Pozicija V1
Tablica 33. Unutarnje sile - pozicija V1
d:/117 FX (kN) FY (kN) FZ (kN) MX (kNm) MY (kNm) MZ (kNm)
MAX 0 N/A N/A N/A N/A N/A
Bar 993 956 956 956 956 956
Node 277 35 35 35 35 35
Case 41 10 10 10 10 10
MIN -56,83 N/A N/A N/A N/A N/A
Bar 957 956 956 956 956 956
Node 1 35 35 35 35 35
Case 37 10 10 10 10 10
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Pozicija V2
Tablica 34. Unutarnje sile - pozicija V2
V2
28 FX (kN) FY (kN) FZ (kN) MX (kNm) MY (kNm) MZ (kNm)
MAX -0,02 N/A N/A N/A N/A N/A
Bar 1011 1008 1008 1008 1008 1008
Node 3 5 5 5 5 5
Case 35 10 10 10 10 10
MIN -202,8 N/A N/A N/A N/A N/A
Bar 1013 1008 1008 1008 1008 1008
Node 595 5 5 5 5 5
Case 31 10 10 10 10 10
Pozicija V3
Tablica 35. Unutarnje sile - pozicija V3
V3
15 FX (kN) FY (kN) FZ (kN) MX (kNm) MY (kNm) MZ (kNm)
MAX 0 N/A N/A N/A N/A N/A
Bar 1195 1018 1018 1018 1018 1018
Node 274 550 550 550 550 550
Case 37 10 10 10 10 10
MIN -40,79 N/A N/A N/A N/A N/A
Bar 1185 1018 1018 1018 1018 1018
Node 30 550 550 550 550 550
Case 38 10 10 10 10 10
Pozicija E1
Tablica 36. Unutarnje sile - pozicija E1
El
FX (k FY (k FZ (kN MX (k MY (k MZ (k
TCAR100x10 (kN) (kN) (kN) (kNm) (kNm) (kNm)
MAX 36,61 4,97 1,41 0,31 0,75 13,31
Bar 894 882 877 882 881 894
Node 47 601 370 601 602 13
Case 37 27 23 31 37 33
MIN -22,34 -4,68 -1,41 -0,31 -1,7 -10,64
Bar 882 894 886 894 877 894
Node 601 13 369 47 370 13
Case 27 33 29 40 23 37
Pozicija E2
Tablica 37. Unutarnje sile - pozicija E2
lPIFIT %0 FX (kN) FY (kN) FZ (kN) MX (kNm) MY (kNm) MZ (kNm)
MAX 21,82 0,25 7,22 0 7,58 0,35
Bar 943 955 955 955 943 942
Node 1820 1870 1870 1870 1820 1883
Case 33 33 15 33 38 27
MIN -1,57 -0,19 -3,35 0 -11,68 -0,46
Bar 930 942 943 942 943 955
Node 1794 1818 1820 1818 1820 1896
Case 38 28 38 28 25 33
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Pozicija E3
Tablica 38. Unutarnje sile - pozicija E3
IPSSO FX (kN) FY (kN) FZ (kN) MX (kNm) MY (kNm) MZ (kNm)
MAX 2,32 4,77 6,45 0 1,11 4,71
Bar 92 594 594 593 594 593
Node 23 453 453 477 453 477
Case 23 13 16 16 38 17
MIN -2,03 -4,29 -6,45 0 -4,57 -2,12
Bar 92 593 593 91 594 92
Node 23 454 454 59 453 23
Case 33 36 22 38 16 38
6.4.2. Vrijednosti pomaka
Pozicija R1
Tablica 39. Pomaci za poziciju R1
R1 UX(mm) UY(mm) UZ(mm)
MAX 13 35 0
Bar 2090 2090 2077
Case 63 59 70
MIN -9 -3 -1
Bar 2092 2092 2077
Case 57 59 45
Pozicija R2
Tablica 40. Pomaci za poziciju R2
R2 UX(mm) UY(mm) UZ(mm)
MAX 13 32 0
Bar 603 603 49
Case 63 74 70
MIN -9 -2 -1
Bar 49 99 555
Case 57 59 45
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Pozicija R3

Pozicija R4

Pozicija RS

Pozicija P1
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Tablica 41. Pomaci za poziciju R3
R3 UX(mm) UY(mm) UZ(mm)
MAX 13 20 0
Bar 610 22 22
Case 63 55 70
MIN -12 -6 -26
Bar 22 426 623
Case 71 45 45
Tablica 42. Pomaci za poziciju R4
R4 UX(mm) UY(mm) UZ(mm)
MAX 19 25 1
Bar 628 72 72
Case 25 23 6
MIN -16 -3 -2
Bar 72 72 626
Case 25 33 27
Tablica 43. Pomaci za poziciju RS
R5 UX(mm) UY(mm) UZ(mm)
MAX 17 30 5
Bar 623 119 623
Case 31 23 6
MIN -15 -8 -37
Bar 69 439 623
Case 39 13 13
Tablica 44. Pomaci za poziciju Pl
P1 UX(mm) UY(mm) UZ(mm)
MAX 0 35 2
Bar 763 762 764
Case 57 48 57
MIN 0 -34 -8
Bar 760 759 762
Case 70 48 47
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Pozicija P3

Pozicija S1

Pozicija S2
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Tablica 45. Pomaci za poziciju P2

P2 UX(mm) UY (mm) UZ(mm)
MAX 0 3 0
Bar 97 758 97
Case 70 59 70
MIN 0 -5 -6
Bar 599 757 758
Case 47 57 45
Tablica 46. Pomaci za poziciju P3
P3 UX(mm) UY(mm) UZ(mm)
MAX 0 3 0
Bar 97 758 97
Case 70 59 70
MIN 0 -5 -6
Bar 599 757 758
Case 47 57 45
Tablica 47. Pomaci za poziciju S1
S1 UX(mm) UY(mm) UZ(mm)
MAX 13 9 0
Node 592 2 8
Case 63 61 70
MIN -12 -1 -1
Node 8 2 598
Case 71 57 57
Tablica 48. Pomaci za poziciju S2
S2 UX(mm) UY(mm) UZ(mm)
MAX 13 17 0
Node 594 4 6
Case 63 55 70
MIN -12 -2 -1
Node 4 38 6
Case 57 73 57
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Tablica 49. Pomaci za poziciju S3
S3 UX(mm) UY(mm) UZ(mm)

MAX 12 9 0
Node 1870 1820 1794
Case 63 61 70
MIN -10 -1 0
Node 1794 1820 1820
Case 57 57 65
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7. DIMENZIONIRANJE ELEMENATA

Provjere GSN 1 GSU provode se u programskom paketu Autodesk Robot Structural Analysis
Professional 2019. [1], a prema [9]1[10].
7.1. Provjera GSN
Pozicija S1
STEEL DESIGN

CODE: BS-EN 1993-1:2005/NA:2008/A1:2014, Eurocode 3: Design of steel structures.
ANALYSIS TYPE: Code Group Verification

CODE GROUP: 10

MEMBER: 99 POINT: 1 COORDINATE: x=0.00L=0.00 m
LOADS:
Governing Load Case: 23 COMBI13 (1+2)*1.35+5*1.50+3*0.75
MATERIAL:
S355 (S355)  fy=355.00 MPa
Z
Ht
SECTION PARAMETERS: 2 UPN 180
h=180 mm gMO0=1.00 gM1=1.00
b=140 mm Ay=3080 mm2 Az=2880 mm?2 Ax=5565 mm2
tw=8 mm Iy=27072200 mm4 1z=4341486 mm4 Ix=174820 mm4
tf=11 mm Wply=358158 mm3 Wplz=107350 mm3
INTERNAL FORCES AND CAPACITIES:
N,Ed = 61.49 kN My,Ed = 0.33 kN*m MzEd =-10.11 kN*m Vy,Ed =-9.23 kN
Nc,Rd =1975.67 kN My,Ed,max = 0.33 kN*m MzEd,max =-10.11 kN*m Vy,T,Rd =631.27 kN
Nb,Rd = 1452.57 kN My,c,Rd=127.15 kN*m Mz,c,Rd =38.11 kN*m Vz,Ed=-0.12 kN

MN,y,Rd=127.02 kN*m MN,z,Rd =38.07 kN*m  VzT,Rd=590.28 kN
Tt,Ed =-0.00 KN*m
Class of section = 1

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

1 f— . — )
About y axis: About z axis:
Ly=720m Lam y=0.27 Lz=720m Lam z=0.68
Lery=1.44m Xy =0.96 Ler,z=1.44m Xz=0.74
Lamy = 20.65 kzy = 0.54 Lamz =51.56 kzz=0.93
Torsional buckling: Flexural-torsional buckling
Curve, T=c alfa,T=0.49 Curve, TF=c alfa,TF=0.49
Lt=5.90 m fi,T=1.08 Ner,y=26415.09 kN fi,TF=1.08
Ner, T=2441.96 kN X,T=0.60 Ner, TF=2441.96 kN X,TF=0.60
Lam T=0.90 Nb,T,Rd=1185.71 kN Lam TF=0.90 Nb,TF,Rd=1185.71 kN

VERIFICATION FORMULAS:

Section strength check:

N,Ed/N¢,Rd=0.03 <1.00 (6.2.4.(1))

My, Ed/MN,y,Rd)" 1.00 + Mz,Ed/MN,z,Rd)*1.00 = 0.27 < 1.00 (6.2.9.1.(6))
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Vy,Ed/Vy,c,Rd=0.01 < 1.00 (6.2.6.(1))
Vz,Ed/Vz,e,Rd = 0.00 < 1.00 (6.2.6.(1))

Global stability check of member:

Lambda,y = 20.65 < Lambda,max = 210.00 Lambda,z = 51.56 < Lambda,max =210.00 STABLE
N,Ed/Min(Nb,Rd,Nb,T,Rd,Nb,TF,Rd) = 0.05 < 1.00 (6.3.1)

N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) =0.18 < 1.00
(6.3.3.(4))

N,Ed/(Xz*N,Rk/gM1) + kzy*My,Ed,max/(XLT*My,Rk/gM1) + kzz*Mz,Ed,max/(Mz,Rk/gM1) = 0.29 < 1.00
(6.3.3.(4))

Section OK !!!

Pozicija S2
STEEL DESIGN

CODE: BS-EN 1993-1:2005/NA:2008/A1:2014, Eurocode 3: Design of steel structures.
ANALYSIS TYPE: Code Group Verification

CODE GROUP: 9

MEMBER: 701 POINT: 1| COORDINATE: x=0.00L=0.00 m
LOADS:
Governing Load Case: 25 COMBI15 (1+2)*1.35+7*1.50+3*0.75
MATERIAL:
S355 (S355)  fy=355.00 MPa
Z
it
SECTION PARAMETERS: 2 UPN 160
h=160 mm eMO0=1.00 gM1=1.00
b=230 mm Ay=2730 mm2 Az=2400 mm2 Ax=4779 mm2
tw=8 mm Iy=18490920 mm4 [z=24060351 mm4 Ix=136580 mm4
tf=11 mm Wply=275020 mm3 Wplz=326876 mm3
INTERNAL FORCES AND CAPACITIES:
N,Ed = 158.09 kN My,Ed = -40.47 kN*m Mz,Ed = 0.73 kKN*m Vy,Ed=0.17 kN
Nc,Rd =1696.47 kN My,Ed,max = -40.47 kKN*m Mz,Ed,max = 0.73
kN*m Vy,T,Rd = 559.54 kN
Nb,Rd = 542.36 kN My,c,Rd=97.63 kN*m  Mzc,Rd=116.04 kN*m Vz,Ed=29.48 kN

MN,y,Rd=96.78 kN*m  MN,z,Rd=115.03 kN*m VzT,Rd=491.90 kN
Tt,Ed = 0.00 kN*m
Class of section = 1

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

1 o . e )

About y axis: About z axis:
Ly=9.54m Lam y=1.48 Lz=9.54m Lam z=1.30
Ler,y=6.97m Xy =0.32 Ler,z=697m Xz=0.39
Lamy = 112.05 kyy=1.11 Lamz = 98.23 kyz=0.72
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Torsional buckling: Flexural-torsional buckling

Curve, T=c alfa, T=0.49 Curve, TF=c alfa, TF=0.49

Lt=6.97 m fi,T=1.44 Ner,y=770.10 kN fi,TF=1.44
Ner,T=1209.41 kN X, T=0.44 Ner, TF=1209.41 kN X,TF=0.44

Lam T=1.18 Nb,T,Rd=748.65 kN Lam TF=1.18 Nb,TF,Rd=748.65 kN

VERIFICATION FORMULAS:

Section strength check:

N,Ed/Ne,Rd=0.09 <1.00 (6.2.4.(1))

(My,Ed/MN,y,Rd)" 1.00 + (Mz,Ed/MN,z,Rd)*1.00 = 0.42 < 1.00 (6.2.9.1.(6))

Vy,Ed/Vy,c,Rd=0.00 <1.00 (6.2.6.(1))

VzEd/Vz,c,Rd=0.06<1.00 (6.2.6.(1))

Global stability check of member:

Lambda,y = 112.05 < Lambda,max = 210.00 Lambda,z = 98.23 < Lambda,max =210.00 STABLE
N,Ed/Min(Nb,Rd,Nb,T,Rd,Nb,TF,Rd) =0.29 < 1.00 (6.3.1)

N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.76 < 1.00
(6.3.3.(4))

N,Ed/(Xz*N,Rk/gM1) + kzy*My,Ed,max/(XLT*My,Rk/gM1) + kzz*Mz,Ed,max/(Mz,Rk/gM1) = 0.52 < 1.00
(6.3.3.(4))

Section OK !!!

Pozicija S3
STEEL DESIGN

CODE: BS-EN 1993-1:2005/NA:2008/A1:2014, Eurocode 3: Design of steel structures.
ANALYSIS TYPE: Code Group Verification

CODE GROUP: 17
MEMBER: 908 POINT: 3 COORDINATE: x=1.00L=720m

LOADS:
Governing Load Case: 40 COMB30 (1+2)*1.35+8*1.50

MATERIAL:
$355 (S355)  fy =355.00 MPa

Z

SE SECTION PARAMETERS: IPN 220

h=220 mm eMO0=1.00 gM1=1.00

b=98 mm Ay=2499 mm2 Az=1857 mm?2 Ax=3952 mm?2

tw=8 mm Iy=30535000 mm4 1z=1622060 mm4 Ix=192000 mm4

tf=12 mm Wply=322771 mm3 Wplz=55738 mm3

INTERNAL FORCES AND CAPACITIES:

N,Ed =9.57 kN My,Ed =-5.16 kN*m Mz,Ed = 0.17 kN*m Vy,Ed =-0.27 kN

Nc,Rd =1402.87 kN My,Ed,max = -26.31 kN*m Mz Edmax = -0.45

kN*m Vy,T,Rd =510.02 kN

Nb,Rd = 890.09 kN My,c,Rd=114.58 kN*m Mz,c,Rd =19.79 kN*m Vz,Ed =-12.01 kN
MN,y,Rd=114.58 kN*m MN,z,Rd=19.79 kN*m  VzT,Rd =379.58 kN
Mb,Rd = 33.92 kN*m Tt,Ed = 0.03 kN*m

Class of section = 1

] [=

LATERAL BUCKLING PARAMETERS:
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z=0.00 Mecr =35.67 kN*m Curve,LT -¢ XLT=0.30
Ler,low=7.20 m Lam LT =1.79 fi,LT =2.05 XLT,mod =0.30

BUCKLING PARAMETERS:

— o

About y axis: About z axis:
Ly=7.20m Lam y=0.22 Lz=720m Lam z=0.94
Ler,y=144m Xy =1.00 Ler,z=1.44 m Xz=10.63
Lamy = 16.38 kzy =1.00 Lamz = 71.08 kzz=0.91
Torsional buckling: Flexural-torsional buckling
Curve, T=b alfa, T=0.34 Curve, TF=b alfa, TF=0.34
Lt=7.20 m 1,T=0.97 Ner,y=29793.84 kN fi,TF=0.97
Ner,T=1944.33 kN X,T=0.69 Ner, TF=1944.33 kN X, TF=0.69
Lam T=0.85 Nb,T,Rd=972.90 kN Lam TF=0.85 Nb,TF,Rd=972.90 kN

VERIFICATION FORMULAS:

Section strength check:

N,Ed/N¢,Rd=0.01 <1.00 (6.2.4.(1))

(My,Ed/MN,y,Rd)* 2.00 + (Mz,Ed/MN,z,Rd)*1.00 =0.01 <1.00 (6.2.9.1.(6))

Vy,Ed/Vy,T,Rd=0.00 <1.00 (6.2.6-7)

VzEd/Vz,T,Rd=0.03 <1.00 (6.2.6-7)

Tau,ty,Ed/(fy/(sqrt(3)*gM0)) = 0.01 <1.00 (6.2.6)

Tau,tz,Ed/(fy/(sqrt(3)*gMO0)) = 0.01 < 1.00 (6.2.6)

Global stability check of member:

Lambda,y = 16.38 < Lambda,max = 210.00 Lambda,z = 71.08 < Lambda,max =210.00 STABLE
N,Ed/Min(Nb,Rd,Nb,T,Rd,Nb,TF,Rd) =0.01 <1.00 (6.3.1)

My,Ed,max/Mb,Rd =0.78 <1.00 (6.3.2.1.(1))

N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.72 <1.00
(6.3.3.(4))

N,Ed/(Xz*N,Rk/gM1) + kzy*My,Ed,max/(XLT*My,Rk/gM1) + kzz*Mz,Ed,max/(Mz,Rk/gM1) = 0.81 < 1.00
(6.3.3.(4))

Section OK !!

Pozicija P1
STEEL DESIGN

CODE: BS-EN 1993-1:2005/NA:2008/A1:2014, Eurocode 3: Design of steel structures.
ANALYSIS TYPE: Code Group Verification

CODE GROUP: 14
MEMBER: 762 POINT: 1| COORDINATE: x=0.92L=72.00m

LOADS:
Governing Load Case: 19 COMB9 (1+2)*1.35+4*1.50+7*0.90

MATERIAL:
$355 (S355)  fy =2355.00 MPa

z

SE SECTION PARAMETERS: IPN 180
h=180 mm gMO0=1.00 gM1=1.00
b=82 mm Ay=1784 mm?2 Az=1297 mm?2 Ax=2787 mm?2
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tw=7 mm Iy=14434400 mm4 [z=812871 mm4 [x=98000 mm4
tf=10 mm Wply=186578 mm3 Wplz=33318 mm3

INTERNAL FORCES AND CAPACITIES:

N,Ed=0.75 kN My,Ed =-13.96 kN*m Mz,Ed = -4.54 kN*m Vy,Ed =-4.27 kN
Nc,Rd =989.43 kN My,Ed,max = -13.96 kN*m Mz, Edmax = -4.54
kN*m Vy,T,Rd =365.41 kN
Nb,Rd = 146.75 kN My,c,Rd = 66.24 kN*m Mz,c,Rd =11.83 kN*m Vz,Ed =13.40 kN
MN,y,Rd=66.24 kN*m  MN,z,Rd=11.83 kN*m  VzT,Rd=265.69 kN
Mb,Rd = 34.37 kN*m Tt,Ed = 0.00 kN*m
Class of section = 1
' i
t £ LATERAL BUCKLING PARAMETERS:
z=0.00 Mcr =43.80 kN*m Curve,LT - ¢ XLT =0.51
Ler,Jow=3.12 m Lam LT=1.23 fi,LT=1.27 XLT,mod =0.52
BUCKLING PARAMETERS:
_ —
About y axis: About z axis:
Ly =78.00 m Lam y=0.57 Lz=78.00 m Lam z=242
Ler,y=3.12m Xy =0.90 Ler,z=3.12m Xz=0.15
Lamy =43.35 kzy =1.00 Lamz = 182.69 kzz=0.91

VERIFICATION FORMULAS:

Section strength check:

N,Ed/Nc,Rd =0.00 < 1.00 (6.2.4.(1))

(My,Ed/MN,y,Rd)* 2.00 + (Mz,Ed/MN,z,Rd)*1.00 = 0.43 < 1.00 (6.2.9.1.(6))

Vy,Ed/Vy,T,Rd=0.01 <1.00 (6.2.6-7)

Vz,Ed/Vz,T,Rd=0.05<1.00 (6.2.6-7)

Tau,ty, Ed/(fy/(sqrt(3)*gM0)) = 0.00 < 1.00 (6.2.6)

Tau,tz,Ed/(fy/(sqrt(3)*gMO0)) = 0.00 < 1.00 (6.2.6)

Global stability check of member:

Lambda,y = 43.35 < Lambda,max = 210.00 Lambda,z = 182.69 < Lambda,max =210.00 STABLE
My,Ed,max/Mb,Rd =0.41 <1.00 (6.3.2.1.(1))

N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.58 < 1.00
(6.3.3.(4))

N,Ed/(Xz*N,Rk/gM1) + kzy*My,Ed,max/(XLT*My,Rk/gM1) + kzz*Mz,Ed,max/(Mz,Rk/gM1) = 0.76 < 1.00
(6.3.3.(4))

Section OK !!!

Pozicija P2
STEEL DESIGN

CODE: BS-EN 1993-1:2005/NA:2008/A1:2014, Eurocode 3: Design of steel structures.
ANALYSIS TYPE: Code Group Verification

CODE GROUP: 21
MEMBER: 757 POINT: | COORDINATE: x=0.00L=0.00m

LOADS:
Governing Load Case: 25 COMBI1S5 (1+2)*1.35+7*1.50+3*0.75
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MATERIAL:
$355 (S355)  fy =355.00 MPa

Z

EE SECTION PARAMETERS: IPN 240

h=240 mm gMO0=1.00 gM1=1.00
b=106 mm Ay=2901 mm?2 Az=2175 mm?2 Ax=4610 mm?2
tw=9 mm Iy=42374500 mm4 1z=2202600 mm4 Ix=257000 mm4
tf=13 mm Wply=410517 mm3 Wplz=70008 mm3
INTERNAL FORCES AND CAPACITIES:
N,Ed =20.04 kN My,Ed =42.53 kN*m Mz,Ed = 5.50 kN*m Vy,Ed =2.30 kN
Nc,Rd =1636.55 kN My,Ed,max =42.53 kN*m Mz,Ed,max =5.50 kN*m Vy,T,Rd=1590.61 kN
Nb,Rd = 608.29 kN My,c,Rd =145.73 kN*m  Mz,c,Rd = 24.85 kN*m Vz,Ed=-7.42 kN
MN,y,Rd=145.73 kN*m MN,z,Rd =24.85 kN*m  Vz,T,Rd =443.72 kN
Mb,Rd = 104.49 kN*m Tt,Ed = 0.07 kN*m
Class of section = 1
! i
s LATERAL BUCKLING PARAMETERS:
z=0.00 Mcr = 177.24 kKN*m Curve, LT -c¢ XLT=0.70
Ler,upp=2.35m Lam LT =091 fi,LT=0.93 XLT,mod =0.72
BUCKLING PARAMETERS:
m— e
About y axis: About z axis:
Ly=5.08 m Lam y=0.32 Lz=5.08m Lam z=142
Ler,y=235m Xy =0.97 Ler,z=235m Xz=0.37
Lamy =24.51 kzy =0.99 Lamz =107.51 kzz=0.94

VERIFICATION FORMULAS:

Section strength check:

N,Ed/Nc,Rd=0.01 <1.00 (6.2.4.(1))

My, Ed/MN,y,Rd)* 2.00 + (Mz,Ed/MN,z,Rd)*1.00 = 0.31 < 1.00 (6.2.9.1.(6))

Vy,Ed/Vy,T,Rd=0.00 <1.00 (6.2.6-7)

Vz,Ed/Vz,T,Rd=0.02 <1.00 (6.2.6-7)

Tau,ty,Ed/(fy/(sqrt(3)*gM0)) = 0.02 < 1.00 (6.2.6)

Tau,tz,Ed/(fy/(sqrt(3)*gMO0)) = 0.01 < 1.00 (6.2.6)

Global stability check of member:

Lambda,y =24.51 < Lambda,max = 210.00 Lambda,z=107.51 < Lambda,max =210.00 STABLE
My,Ed,max/Mb,Rd =0.41 <1.00 (6.3.2.1.(1))

N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.50 < 1.
(6.3.3.(4))

N,Ed/(Xz*N,Rk/gM1) + kzy*My,Ed,max/(XLT*My,Rk/gM1) + kzz*Mz,Ed,max/(Mz,Rk/gM1) = 0.65 < 1.
(6.3.3.(4))

00

00

Section OK !!!
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Pozicija P3
STEEL DESIGN

CODE: BS-EN 1993-1:2005/NA:2008/A1:2014, Eurocode 3: Design of steel structures.
ANALYSIS TYPE: Code Group Verification

CODE GROUP: 19
MEMBER: 1204 POINT: 3 COORDINATE: x=0.08 L=6.00m

LOADS:
Governing Load Case: 24 COMBI14 (1+2)*1.35+6*1.50+3*0.75

MATERIAL:
$355 (S355)  fy=2355.00 MPa

z

BN

SECTION PARAMETERS: IPN 180

h=180 mm gM0=1.00 gM1=1.00

b=82 mm Ay=1784 mm?2 Az=1297 mm?2 Ax=2787 mm2

tw=7 mm Iy=14434400 mm4 1z=812871 mm4 [x=98000 mm4

tf=10 mm Wply=186578 mm3 Wplz=33318 mm3

INTERNAL FORCES AND CAPACITIES:

N,Ed =11.07 kN My,Ed =-7.29 kN*m Mz,Ed = 0.37 kN*m Vy,Ed =-0.59 kN

Nc,Rd =989.43 kN My,Ed,max = -7.29 kN*m MzEd,max =0.37 kN*m Vy,T,Rd=365.51 kN

Nb,Rd = 146.75 kN My,c,Rd=66.24 kN*m  Mz,c,Rd=11.83 kN*m  VzEd=-533 kN
MN,y,Rd=66.24 kN*m  MN,z,Rd=11.83 kN*m  VzT,Rd=265.74 kN
Mb,Rd =19.71 kN*m Tt,Ed = 0.00 kN*m

Class of section = 1

Ll |45

! LATERAL BUCKLING PARAMETERS:
z=0.00 Mecr =20.76 kKN*m Curve, LT - ¢ XLT=0.30
Ler,low=6.24 m Lam LT =1.79 fi,LT =2.04 XLT,mod =0.30

BUCKLING PARAMETERS:

e e
About y axis: About z axis:
Ly =78.00 m Lam y=0.57 Lz=78.00 m Lam z=2.42
Ler,y=3.12m Xy =10.90 Ler,z=3.12m Xz=0.15
Lamy =43.35 kzy =0.99 Lamz = 182.69 kzz=1.00

VERIFICATION FORMULAS:

Section strength check:

N,Ed/Nc,Rd=0.01 <1.00 (6.2.4.(1))

My, Ed/MN,y,Rd)" 2.00 + (Mz,Ed/MN,z,Rd)*1.00 = 0.04 < 1.00 (6.2.9.1.(6))

Vy,Ed/Vy,T,Rd=0.00 <1.00 (6.2.6-7)

Vz,Ed/Vz,T,Rd=0.02<1.00 (6.2.6-7)

Tau,ty,Ed/(fy/(sqrt(3)*gM0)) = 0.00 < 1.00 (6.2.6)

Tau,tz,Ed/(fy/(sqrt(3)*gMO0)) = 0.00 < 1.00 (6.2.6)

Global stability check of member:

Lambda,y = 43.35 < Lambda,max = 210.00 Lambda,z = 182.69 < Lambda,max =210.00 STABLE
My,Ed,max/Mb,Rd =0.37 <1.00 (6.3.2.1.(1))

N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) =0.37 < 1.00
(6.3.3.(4))

N,Ed/(Xz*N,Rk/gM1) + kzy*My,Ed,max/(XLT*My,Rk/gM1) + kzz*Mz,Ed,max/(Mz,Rk/gM1) = 0.47 < 1.00
(6.3.3.(4))
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Section OK !!!

Pozicija R1 - gornji pojas

STEEL DESIGN

CODE: BS-EN 1993-1:2005/NA:2008/A1:2014, Eurocode 3: Design of steel structures.

ANALYSIS TYPE: Code Group Verification

CODE GROUP: 8

MEMBER: 706 POINT: 2 COORDINATE: x=0.83L=6.14m
LOADS:
Governing Load Case: 25 COMBI15 (1+2)*1.35+7*1.50+3*0.75
MATERIAL:
S355 (S355)  fy=355.00 MPa

Z

SECTION PARAMETERS: 2 UPN 160 spojeni

h=160 mm eMO0=1.00 gM1=1.00
b=130 mm Ay=2730 mm2 Az=2400 mm?2 Ax=4779 mm2
tw=8 mm Iy=18490920 mm4 1z=3319786 mm4 Ix=136580 mm4
tf=11 mm Wply=275020 mm3 Wplz=87936 mm3

INTERNAL FORCES AND CAPACITIES:
N,Ed =32.08 kN My,Ed = 0.14 kN*m
Nc,Rd =1696.47 kN

Nb,Rd = 723.21 kN My,c,Rd = 97.63 kN*m

MN,y,Rd = 97.60 kN*m

My,Ed,max = -0.82 kN*m

Mz,Ed = -3.29 kN*m Vy,Ed =4.63 kN
Mz,Ed,max =-9.02 kN*m Vy,T,Rd =559.54 kN
Mz,c,Rd =31.22 kKN*m Vz,Ed =-0.48 kN
MN,z,Rd=31.21 kN*m  Vz,T,Rd=491.90 kN
Tt,Ed = 0.14 kN*m
Class of section = 1

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

1 o .
About y axis:
Ly=7.38m Lam y=0.52
Lery=242m Xy =0.83
Lamy = 38.89 kzy =0.54
Torsional buckling:
Curve, T=c alfa,T=0.49
Lt=2.42 m fi,T=1.02
Ner,T=2359.48 kN X,T=0.63
Lam T=0.85 Nb,T,Rd=1072.36 kN

e
About z axis:

Lz=7.38m Lam z=1.22

Ler,z=2.42m Xz=0.43

Lamz=91.79 kzz=10.96

Flexural-torsional buckling

Curve, TF=c alfa,TF=0.49

Ner,y=6392.60 kN fi,TF=1.02

Ner, TF=2359.48 kN X, TF=0.63

Lam TF=0.85 Nb,TF,Rd=1072.36 kN

VERIFICATION FORMULAS:
Section strength check:
N,Ed/N¢,Rd=0.02 < 1.00 (6.2.4.(1))

(My,Ed/MN,y,Rd)" 1.00 + (Mz,Ed/MN,z,Rd)*1.00 = 0.11 < 1.00 (6.2.9.1.(6))

Vy,Ed/Vy,c,Rd=0.01 <1.00 (6.2.6.(1))
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Vz,Ed/Vz,c,Rd = 0.00 < 1.00 (6.2.6.(1))

Global stability check of member:
Lambda,y = 38.89 < Lambda,max = 210.00

Lambda,z=91.79 < Lambda,max =210.00 STABLE

N,Ed/Min(Nb,Rd,Nb,T,Rd,Nb,TF,Rd) =0.04 < 1.00 (6.3.1)
N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.20 < 1.00

(6.3.3.(4))

N,Ed/(Xz*N,Rk/gM1) + kzy*My,Ed,max/(XLT*My,Rk/gM1) + kzz*Mz,Ed,max/(Mz,Rk/gM1) = 0.33 < 1.00

(6.3.3.(4))

Section OK !!!

Pozicija R1 - donji pojas

STEEL DESIGN

CODE: BS-EN 1993-1:2005/NA:2008/A1:2014, Eurocode 3: Design of steel structures.

ANALYSIS TYPE: Code Group Verification

CODE GROUP: 7

MEMBER: 9 POINT: 3 COORDINATE: x=1.00L=7.08 m
LOADS:
Governing Load Case: 27 COMBI17 (1+2)*1.35+9*1.50+3*0.75
MATERIAL:
S355 (S355)  fy=355.00 MPa

z

SECTION PARAMETERS: 2 UPN 160 spojeni

h=160 mm gM0=1.00 gM1=1.00
b=130 mm Ay=2730 mm?2 Az=2400 mm?2 Ax=4779 mm2
tw=8 mm Iy=18490920 mm4 1z=3319786 mm4 Ix=136580 mm4
tf=11 mm Wply=275020 mm3 Wplz=87936 mm3

INTERNAL FORCES AND CAPACITIES:
N,Ed=11.25kN My,Ed =-1.77 kN*m
Nc,Rd =1696.47 kN

Nb,Rd =529.18 kN My,c,Rd =97.63 kN*m

MN,y,Rd = 97.63 kN*m

My,Ed,max = -2.22 kN*m

Mz,Ed =27.41 kN*m Vy,Ed =-16.65 kN
Mz,Ed,max =27.41 kN*m Vy,T,Rd=559.54 kN
Mz,c,Rd =31.22 kN*m Vz,Ed =-1.62 kN
MN,z,Rd =31.22 kN*m  Vz,T,Rd =491.90 kN
Tt,Ed = 0.00 KN*m
Class of section = 1

X

LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

L] = :

& About y axis:
Ly=7.08 m Lam y=1.51
Ler,y =7.08 m Xy =0.31
Lamy = 113.85 kzy =0.55
Torsional buckling:
Curve, T=c alfa, T=0.49
Lt=7.08 m fi,T=1.02
Ner,T=2359.48 kN X,T=0.63

—
About z axis:
Lz=7.08m Lam z=1.19
Ler,z=2.37m Xz=0.44
Lamz = 90.00 kzz=0.92

Flexural-torsional buckling

Curve, TF=c alfa, TF=0.49
Ner,y=745.92 kN fi,TF=1.02
Ncr,TF=2359.48 kN X, TF=0.63
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Lam T=0.85 Nb,T,Rd=1072.36 kN Lam TF=0.85 Nb,TF,Rd=1072.36 kN

VERIFICATION FORMULAS:

Section strength check:

N,Ed/Nc,Rd=0.01 <1.00 (6.2.4.(1))

My, Ed/MN,y,Rd)" 1.00 + (Mz,Ed/MN,z,Rd)*1.00 = 0.90 < 1.00 (6.2.9.1.(6))

Vy,Ed/Vy,c,Rd=0.03 <1.00 (6.2.6.(1))

Vz,Ed/Vz,c,Rd=0.00 <1.00 (6.2.6.(1))

Global stability check of member:

Lambda,y = 113.85 < Lambda,max = 210.00 Lambda,z = 90.00 < Lambda,max =210.00 STABLE
N,Ed/Min(Nb,Rd,Nb,T,Rd,Nb,TF,Rd) = 0.02 < 1.00 (6.3.1)

N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.53 < 1.00
(6.3.3.(4))

N,Ed/(Xz*N,Rk/gM1) + kzy*My,Ed,max/(XLT*My,Rk/gM1) + kzz*Mz,Ed,max/(Mz,Rk/gM1) = 0.83 < 1.00
(6.3.3.(4))

Section OK !!!

Pozicija RI - ispuna
STEEL DESIGN

CODE: BS-EN 1993-1:2005/NA:2008/A1:2014, Eurocode 3: Design of steel structures.
ANALYSIS TYPE: Code Group Verification

CODE GROUP: 4
MEMBER: 737 POINT: 2 COORDINATE: x=0.50L=1.88m

LOADS:
Governing Load Case: 28 COMBI18 (1+2)*1.35+10*1.50+3*0.75

MATERIAL:
$355 (S355)  fy =2355.00 MPa

SECTION PARAMETERS: 2 CAE 70x7

h=70 mm gM0=1.00 gM1=1.00
b=140 mm Ay=980 mm?2 Az=882 mm2 Ax=1879 mm2
tw=7 mm [y=846000 mm4 1z=1575369 mm4 Ix=30412 mm4
tf=7 mm Wely=16819 mm3 Welz=22505 mm3

Weff,y=16819 mm3 Weff,z=22505 mm3

Attention: Section of the 4 class! The program does not perform a full analysis of the 4 class for these section
types, they are treated as the 3 class sections.

INTERNAL FORCES AND CAPACITIES:
N,Ed =-18.02 kN My,Ed =-3.71 kN*m Mz,Ed = 0.38 kN*m Vy,Ed=0.01 kN
Nt,Rd = 667.18 kN My,el,LRd = 5.97 kKN*m Mz.el,Rd = 7.99 kN*m Vy,c,Rd =200.86 kN
My,c,Rd =5.97 kN*m Mz,c,Rd = 7.99 kN*m Vz,Ed=0.15 kN
Vz,c,Rd = 180.77 kN
Class of section =4

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

X About y axis: X About z axis:
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VERIFICATION FORMULAS:
Section strength check:
N,Ed/Nt,Rd + My,Ed/My,c,Rd + Mz,Ed/Mz,c,Rd=0.70 < 1.00 (6.2.1(7))
sqrt(Sig,x,Ed"2 + 3*Tau,y,Ed"2)/(fy/gM0) = 0.69 < 1.00 (6.2.1.(5))
Vy,Ed/Vy,c,Rd=0.00<1.00 (6.2.6.(1))
Vz,Ed/Vz,c,Rd=0.00 <1.00 (6.2.6.(1))

Section OK !!!

Pozicija R2 - gornji pojas

STEEL DESIGN

CODE: BS-EN 1993-1:2005/NA:2008/A1:2014, Eurocode 3: Design of steel structures.
ANALYSIS TYPE: Code Group Verification

CODE GROUP: 12

MEMBER: 7 POINT: 3 COORDINATE: x=1.00 L=28.00 m
LOADS:
Governing Load Case: 37 COMB27 (1+2)*1.35+5*1.50
MATERIAL:
S355 (S355)  fy=355.00 MPa

z

SECTION PARAMETERS: 2 UPN 160 spojeni

h=160 mm gM0=1.00 gM1=1.00
b=130 mm Ay=2730 mm?2 Az=2400 mm?2 Ax=4779 mm2
tw=8 mm Iy=18490920 mm4 1z=3319786 mm4 Ix=136580 mm4
tf=11 mm Wply=275020 mm3 Wplz=87936 mm3
INTERNAL FORCES AND CAPACITIES:
N,Ed = 11.59 kN My,Ed =-0.55 kN*m Mz,Ed = -18.53 kN*m Vy,Ed=11.98 kN
Nc,Rd =1696.47 kN My,Ed,max =-0.55 kN*m Mz,Ed,max =-18.53 kN*m Vy,T,Rd =559.54 kN
Nb,Rd =435.72 kN My,c,Rd=97.63 kN*m  Mz,c,Rd=31.22 kN*m Vz,Ed =-0.88 kN

MN,y,Rd=97.63 kN*m  MN,z,Rd=31.22 kN*m  VzT,Rd=491.90 kN

Tt,Ed = -0.00 kN*m
Class of section = 1

X

LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

L | = , — :
il About y axis: About z axis:
Ly=8.00m Lam y=1.70 Lz=8.00m Lam z=1.01
Ler,y =8.00 m Xy =0.26 Ler,z=2.00 m Xz =0.54
Lamy = 128.61 kzy =0.55 Lamz = 75.88 kzz=0.92
Torsional buckling: Flexural-torsional buckling
Curve, T=c alfa, T=0.49 Curve, TF=c alfa, TF=0.49
Lt=8.00 m fi,T=1.02 Ner,y=584.56 kN fi,TF=1.02
Ner,T=2359.48 kN X, T=0.63 Ner, TF=2359.48 kN X,TF=0.63
Lam_T=0.85 Nb,T,Rd=1072.36 kN Lam_TF=0.85 Nb,TF,Rd=1072.36 kN
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VERIFICATION FORMULAS:

Section strength check:

N,Ed/N¢,Rd=0.01 <1.00 (6.2.4.(1))

My, Ed/MN,y,Rd)" 1.00 + (Mz,Ed/MN,z,Rd)*1.00 = 0.60 < 1.00 (6.2.9.1.(6))

Vy,Ed/Vy,c,Rd=0.02 <1.00 (6.2.6.(1))

Vz,Ed/Vz,c,Rd=0.00 <1.00 (6.2.6.(1))

Global stability check of member:

Lambda,y = 128.61 < Lambda,max = 210.00 Lambda,z = 75.88 < Lambda,max = 210.00 STABLE
N,Ed/Min(Nb,Rd,Nb,T,Rd,Nb,TF,Rd) =0.03 <1.00 (6.3.1)

N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.36 < 1.00
(6.3.3.(4))

N,Ed/(Xz*N,Rk/gM1) + kzy*My,Ed,max/(XLT*My,Rk/gM1) + kzz*Mz,Ed,max/(Mz,Rk/gM1) = 0.56 < 1.00
(6.3.3.(4))

Section OK !!!

Pozicija R2 - donji pojas
STEEL DESIGN

CODE: BS-EN 1993-1:2005/NA:2008/A1:2014, Eurocode 3: Design of steel structures.
ANALYSIS TYPE: Code Group Verification

CODE GROUP: 28

MEMBER: 8§ POINT: 1 COORDINATE: x=0.00L=0.00m
LOADS:
Governing Load Case: 29 COMBI19 (1+2)*1.35+5*1.50+4*0.75
MATERIAL:
S355 (S355)  fy=355.00 MPa
z
Ht
SECTION PARAMETERS: 2 UPN 160 spojeni
h=160 mm gM0=1.00 gM1=1.00
b=130 mm Ay=2730 mm2 Az=2400 mm?2 Ax=4779 mm2
tw=8 mm Iy=18490920 mm4 1z=3319786 mm4 Ix=136580 mm4
tf=11 mm Wply=275020 mm3 Wplz=87936 mm3
INTERNAL FORCES AND CAPACITIES:
N,Ed =9.89 kN My,Ed =-39.73 kN*m Mz,Ed = 0.28 kN*m Vy,Ed =0.67 kN
Nc,Rd =1696.47 kN My,Ed,max = -39.73 kKN*m MzEdmax = 028
kN*m Vy,T,Rd = 559.54 kN
Nb,Rd =435.72 kN My,c,Rd=97.63 kN*m  Mz,c,Rd =31.22 kN*m Vz,Ed =33.16 kN

MN,y,Rd=97.63 kN*m  MN,z,Rd=31.22kN*m  Vz,T,Rd=491.90 kN
Tt,Ed = 0.00 KN*m
Class of section = 1

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

L] = , e :

i About y axis: About z axis:
Ly=8.00 m Lam y=1.70 Lz=8.00m Lam z=1.01
Ler,y =8.00 m Xy =0.26 Ler,z=2.00m Xz =0.54

82
Tea Rojni¢: Dimenzioniranje ¢elicne konstrukcije objekta u nauti¢ko turistickom kompleksu
Diplomski rad



Sveuciliste u Rijeci
Gradevinski fakultet

Lamy = 128.61 kyy =0.92 Lamz = 75.88 kyz=0.55

Torsional buckling: Flexural-torsional buckling

Curve, T=c alfa, T=0.49 Curve, TF=c alfa, TF=0.49

Lt=8.00 m fi,T=1.02 Ner,y=584.56 kN fi,TF=1.02
Ner,T=2359.48 kN X,T=0.63 Ner, TF=2359.48 kN X,TF=0.63
Lam_T=0.85 Nb,T,Rd=1072.36 kN Lam_TF=0.85 Nb,TF,Rd=1072.36 kN

VERIFICATION FORMULAS:

Section strength check:

N,Ed/N¢,Rd=0.01 <1.00 (6.2.4.(1))

(My,Ed/MN,y,Rd)* 1.00 + (Mz,Ed/MN,z,Rd)"*1.00 =0.42 <1.00 (6.2.9.1.(6))

Vy,Ed/Vy,c,Rd=0.00<1.00 (6.2.6.(1))

VzEd/Vz,c,Rd=0.07<1.00 (6.2.6.(1))

Global stability check of member:

Lambda,y = 128.61 < Lambda,max = 210.00 Lambda,z = 75.88 < Lambda,max =210.00 STABLE
N,Ed/Min(Nb,Rd,Nb,T,Rd,Nb,TF,Rd) =0.02 < 1.00 (6.3.1)

N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.40 < 1.00
(6.3.3.(4))

N,Ed/(Xz*N,Rk/gM1) + kzy*My,Ed,max/(XLT*My,Rk/gM1) + kzz*Mz,Ed,max/(Mz,Rk/gM1) = 0.24 < 1.00
(6.3.3.(4))

Section OK !!!

Pozicija R2 - ispuna
STEEL DESIGN

CODE: BS-EN 1993-1:2005/NA:2008/A1:2014, Eurocode 3: Design of steel structures.
ANALYSIS TYPE: Code Group Verification

CODE GROUP: 25

MEMBER: 15 POINT: 2 COORDINATE: x=0.50L=1.62m
LOADS:
Governing Load Case: 29 COMBI19 (1+2)*1.35+5*1.50+4*0.75
MATERIAL:
S355 (S355)  fy=355.00 MPa

- Ll

SECTION PARAMETERS: 2 CAE 70x7

h=70 mm gMO0=1.00 gM1=1.00
b=140 mm Ay=980 mm?2 Az=882 mm2 Ax=1879 mm2
tw=7 mm Iy=846000 mm4 1z=1575369 mm4 Ix=30412 mm4
tf=7 mm Wely=16819 mm3 Welz=22505 mm3

Weff,y=16819 mm3

Weff,z=22505 mm3

Attention: Section of the 4 class! The program does not perform a full analysis of the 4 class for these section

types, they are treated as the 3 class sections.

INTERNAL FORCES AND CAPACITIES:

N,Ed =-8.97 kN My,Ed = -2.66 kN*m

Nt,Rd = 667.18 kN My,el,LRd =5.97 kN*m
My,c,Rd =5.97 kN*m

Mz,Ed =0.26 kN*m
Mz.el,LRd = 7.99 kN*m
Mz,c,Rd = 7.99 kN*m

Vy,Ed = -0.00 kN
Vy,c,Rd = 200.86 kN
Vz,Ed = -0.06 kN
Vz,c,Rd = 180.77 kN
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Class of section = 4

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

X About y axis: X About z axis:

VERIFICATION FORMULAS:

Section strength check:

N,Ed/Nt,Rd + My,Ed/My,c,Rd + Mz,Ed/Mz,c,Rd =0.49 <1.00 (6.2.1(7))
sqrt(Sig,x,Ed"2 + 3*Tau,y,Ed"2)/(fy/gM0) = 0.49 < 1.00 (6.2.1.(5))
Vy,Ed/Vy,c,Rd=0.00<1.00 (6.2.6.(1))

Vz,Ed/Vz,c,Rd=0.00<1.00 (6.2.6.(1))

Section OK !!!

Pozicija R3 - Gornji pojas
STEEL DESIGN

CODE: BS-EN 1993-1:2005/NA:2008/A1:2014, Eurocode 3: Design of steel structures.
ANALYSIS TYPE: Code Group Verification

CODE GROUP: 5
MEMBER: 557 POINT: 1| COORDINATE: x=046L=2.35m

LOADS:
Governing Load Case: 19 COMB9 (1+2)*1.35+4*1.50+7*0.90

MATERIAL:
$355 (S355)  fy =355.00 MPa

SECTION PARAMETERS: 2 CAE 70x7

h=70 mm eMO0=1.00 gM1=1.00
b=140 mm Ay=980 mm?2 Az=882 mm2 Ax=1879 mm?2
tw=7 mm Iy=846000 mm4 [z=1575369 mm4 x=30412 mm4
tf=7 mm Wely=16819 mm3 Welz=22505 mm3

Weff,y=16819 mm3 Weff,z=22505 mm3 Aeff=1879 mm2

Attention: Section of the 4 class! The program does not perform a full analysis of the 4 class for these section
types, they are treated as the 3 class sections.

INTERNAL FORCES AND CAPACITIES:

N,Ed =25.33 kN My,Ed =-1.44 kN*m Mz,Ed = -3.36 kN*m Vy,Ed =-1.97 kN
Nc,Rd =667.18 kN My,Ed,max =-1.44 kN*m MzEd,max =-3.36 kN*m Vy,T,Rd=200.86 kN
Nb,Rd = 184.70 kN My,c,Rd =5.97 kN*m Mz,c,Rd = 7.99 kN*m Vz,Ed=3.84 kN

Vz,T,Rd =180.77 kN
Tt,Ed = -0.00 kN*m
Class of section = 4

X LATERAL BUCKLING PARAMETERS:
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BUCKLING PARAMETERS:

f— —
About y axis: About z axis:

Ly=5.08 m Lam y=1.70 Lz=5.08m Lam z=1.25
Ler,y=2.73m Xy =0.28 Ler,z=2.73 m Xz =10.45
Lamy = 128.67 kyy=1.03 Lamz =94.29 kyz=0.96
Torsional buckling: Flexural-torsional buckling
Curve, T=b alfa, T=0.34 Curve, TF=b alfa, TF=0.34
Lt=2.73 m f1,T=0.79 Ner,y=427.67 kN fi,TF=1.51
Ner,T=1546.19 kN X,T=0.81 Ner, TF=403.55 kN X,TF=0.43
Lam_T=0.66 Nb,T,Rd=538.74 kN Lam TF=1.29 Nb,TF,Rd=289.42 kN

VERIFICATION FORMULAS:

Section strength check:

N,Ed/N¢,Rd + My,Ed/My,c,Rd + Mz,Ed/Mz,c,Rd=0.62 < 1.00 (6.2.1(7))

sqrt(Sig,x,Ed*"2 + 3*Tau,z,Ed"2)/(fy/gM0) = 0.67 < 1.00 (6.2.1.(5))

Vy,Ed/Vy,c,Rd=0.01 <1.00 (6.2.6.(1))

Vz,Ed/Vz,c,Rd=0.02 <1.00 (6.2.6.(1))

Global stability check of member:

Lambda,y = 128.67 < Lambda,max = 210.00 Lambda,z = 94.29 < Lambda,max =210.00 STABLE
N,Ed/Min(Nb,Rd,Nb,T,Rd,Nb,TF,Rd) =0.14 < 1.00 (6.3.1)

N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.64 < 1.00
(6.3.3.(4))

N,Ed/(Xz*N,Rk/gM1) + kzy*My,Ed,max/(XLT*My,Rk/gM1) + kzz*Mz,Ed,max/(Mz,Rk/gM1) = 0.62 < 1.00
(6.3.3.(4))

Section OK !!!

Pozicija R3 - donji pojas
STEEL DESIGN

CODE: BS-EN 1993-1:2005/NA:2008/A1:2014, Eurocode 3: Design of steel structures.
ANALYSIS TYPE: Code Group Verification

CODE GROUP: 27
MEMBER: 724 POINT: 3 COORDINATE: x=1.00L=4.23m

LOADS:
Governing Load Case: 25 COMBI15 (1+2)*1.35+7*1.50+3*0.75

MATERIAL:
$355 (S355)  fy=2355.00 MPa

SECTION PARAMETERS: 2 CAE 100x10

h=100 mm gM0=1.00 gM1=1.00
b=200 mm Ay=2000 mm?2 Az=1800 mm?2 Ax=3831 mm2
tw=10 mm Iy=3534000 mm4 1z=6580485 mm4 Ix=126666 mm4
tf=10 mm Wely=49220 mm3 Welz=65805 mm3

Weff,y=49220 mm3 Weff,z=65805 mm3 Aeff=3831 mm?2

Attention: Section of the 4 class! The program does not perform a full analysis of the 4 class for these section
types, they are treated as the 3 class sections.

85
Tea Rojni¢: Dimenzioniranje ¢elicne konstrukcije objekta u nauti¢ko turistickom kompleksu
Diplomski rad



Sveuciliste u Rijeci
Gradevinski fakultet

INTERNAL FORCES AND CAPACITIES:

N,Ed =31.17 kN My,Ed =-0.44 kN*m Mz,Ed = -14.16 kN*m Vy,Ed =6.64 kN
Nc,Rd =1359.97 kN My,Ed,max =-0.44 kN*m MzEd,max =-14.16 kN*m Vy,T,Rd =409.92 kN
Nb,Rd =328.93 kN My,c,Rd=17.47 kN*m  Mz,c,Rd =23.36 kN*m Vz,Ed=-1.78 kN

Vz,T,Rd = 368.93 kKN
Tt,Ed = 0.09 kKN*m
Class of section = 4

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

| = . — _

il About y axis: About z axis:
Ly=423m Lam y=1.84 Lz=423m Lam z=0.73
Ler,y=4.23m Xy=0.24 Ler,z=2.28 m Xz=0.77
Lamy = 139.15 kyy =0.99 Lamz = 54.93 kyz=0.91
Torsional buckling: Flexural-torsional buckling
Curve, T=b alfa, T=0.34 Curve, TF=b alfa,TF=0.34
Lt=4.23 m f1,T=0.79 Ner,y=2569.09 kN fi,TF=0.95
Ner,T=3142.11 kN X, T=0.81 Ner, TF=1988.58 kN X, TF=0.71
Lam_T=0.66 Nb,T,Rd=1097.42 kN Lam_TF=0.83 Nb,TF,Rd=962.40 kN

VERIFICATION FORMULAS:

Section strength check:

N,Ed/N¢,Rd + My,Ed/My,c,Rd + Mz,Ed/Mz,c,Rd = 0.64 <1.00 (6.2.1(7))

sqrt(Sig,x,Ed*"2 + 3*Tau,z,Ed"2)/(fy/gM0) = 0.64 < 1.00 (6.2.1.(5))

Vy,Ed/Vy,c,Rd=0.02 <1.00 (6.2.6.(1))

Vz,Ed/Vz,c,Rd=0.00 < 1.00 (6.2.6.(1))

Global stability check of member:

Lambda,y = 139.15 < Lambda,max = 210.00 Lambda,z = 54.93 < Lambda,max =210.00 STABLE
N,Ed/Min(Nb,Rd,Nb,T,Rd,Nb,TF,Rd) =0.09 < 1.00 (6.3.1)

N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.66 < 1.00
(6.3.3.(4))

N,Ed/(Xz*N,Rk/gM1) + kzy*My,Ed,max/(XLT*My,Rk/gM1) + kzz*Mz,Ed,max/(Mz,Rk/gM1) = 0.66 < 1.00
(6.3.3.(4))

Section OK !!!

Pozicija R3 - ispuna 1
STEEL DESIGN

CODE: BS-EN 1993-1:2005/NA:2008/A1:2014, Eurocode 3: Design of steel structures.
ANALYSIS TYPE: Code Group Verification

CODE GROUP: 23
MEMBER: 506 POINT: 1| COORDINATE: x=0.00L=0.00 m

LOADS:
Governing Load Case: 13 COMB3 (1+2)*1.35+3*1.50+7*0.90

MATERIAL:
$355 (S355)  fy =355.00 MPa

86
Tea Rojni¢: Dimenzioniranje ¢elicne konstrukcije objekta u nauti¢ko turistickom kompleksu
Diplomski rad



Sveuciliste u Rijeci
Gradevinski fakultet

SECTION PARAMETERS: 2 CAE 70x7

h=70 mm eM0=1.00 gM1=1.00
b=140 mm Ay=980 mm?2 Az=882 mm?2 Ax=1879 mm2
tw=7 mm [y=846000 mm4 1z=1575369 mm4 [x=30412 mm4
tf=7 mm Wely=16819 mm3 Welz=22505 mm3

Weff,y=16819 mm3 Weff,z=22505 mm3

Attention: Section of the 4 class! The program does not perform a full analysis of the 4 class for these section
types, they are treated as the 3 class sections.

INTERNAL FORCES AND CAPACITIES:
N,Ed =-14.62 kN My,Ed = -4.75 kN*m Mz,Ed = -0.06 kN*m Vy,Ed =-0.43 kN
Nt,Rd = 667.18 kN My,elLRd =5.97 kN*m Mz.el,Rd = 7.99 kN*m Vy,T,Rd =200.86 kN
My,c,Rd =5.97 kN*m Mz,c,Rd = 7.99 kN*m Vz,Ed = 0.34 kN
Vz,T,Rd =180.77 kN
Tt,Ed =-0.71 kKN*m
Class of section =4

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

X About y axis: X About z axis:

VERIFICATION FORMULAS:

Section strength check:

N,Ed/Nt,Rd + My,Ed/My,c,Rd + Mz,Ed/Mz,c,Rd =0.82 < 1.00 (6.2.1(7))
sqrt(Sig,x,Ed"2 + 3*Tau,y,Ed"2)/(fy/gM0) = 0.82 < 1.00 (6.2.1.(5))
Vy,Ed/Vy,c,Rd=0.00<1.00 (6.2.6.(1))

Vz,Ed/Vz,c,Rd=0.00 <1.00 (6.2.6.(1))

Section OK !!!

Pozicija R3 - spuna 2
STEEL DESIGN

CODE: BS-EN 1993-1:2005/NA:2008/A1:2014, Eurocode 3: Design of steel structures.
ANALYSIS TYPE: Code Group Verification

CODE GROUP: 26
MEMBER: 728 POINT: 2 COORDINATE: x=0.50L=0.94m

LOADS:
Governing Load Case: 33 COMB23 (1+2)*1.35+9*1.50+4*0.75

MATERIAL:
$355 (S355)  fy=2355.00 MPa

SECTION PARAMETERS: 2 CAE 45x5

h=45 mm gMO0=1.00 gM1=1.00

b=90 mm Ay=450 mm?2 Az=405 mm2 Ax=861 mm?2
tw=5 mm Iy=156800 mm4 [z=297787 mm4 Ix=7083 mm4
tf=5 mm Wely=4870 mm3 Welz=6617 mm3
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INTERNAL FORCES AND CAPACITIES:

N,Ed =16.04 kN My,Ed = 0.09 kN*m Mz,Ed = 0.76 kKN*m Vy,Ed=0.13 kN
Nc,Rd = 305.48 kN My,Ed,max = 0.09 kN*m MzEd,max =0.76 kN*m Vy,c,Rd=92.23 kN
Nb,Rd = 73.95 kN My,c,Rd =1.73 kKN*m Mz,c,Rd = 2.35 kKN*m Vz,Ed=-0.01 kN

Vz,c,Rd =83.01 kN
Class of section = 3

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

|| = . || = _
i About y axis: i About z axis:
Ly=1.88m Lam y=1.84 Lz=1.88m Lam z=1.34
Ler,y=1.88 m Xy=0.24 Ler,z=1.88 m Xz=10.41
Lamy = 139.09 kzy =0.89 Lamz =100.93 kzz=0.99
Torsional buckling: Flexural-torsional buckling
Curve, T=b alfa, T=0.34 Curve, TF=b alfa,TF=0.34
Lt=1.88 m fi,T=0.74 Ner,y=170.93 kN fi,TF=1.63
Ncr, T=880.41 kN X,T=0.84 Ner, TF=164.60 kN X,TF=0.40
Lam_T=0.59 Nb,T,Rd=257.37 kN Lam TF=1.36 Nb,TF,Rd=121.59 kN

VERIFICATION FORMULAS:

Section strength check:

N,Ed/N¢,Rd + My,Ed/My,c,Rd + Mz,Ed/Mz,c,Rd=0.36 <1.00 (6.2.1(7))

sqrt(Sig,x,Ed*"2 + 3*Tau,z,Ed"2)/(fy/gM0) = 0.42 < 1.00 (6.2.1.(5))

Vy,Ed/Vy,c,Rd=0.00 <1.00 (6.2.6.(1))

Vz,Ed/Vz,c,Rd=0.00 <1.00 (6.2.6.(1))

Global stability check of member:

Lambda,y = 139.09 < Lambda,max = 210.00 Lambda,z = 100.93 < Lambda,max =210.00 STABLE
N,Ed/Min(Nb,Rd,Nb,T,Rd,Nb,TF,Rd) =0.22 < 1.00 (6.3.1)

N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.52 < 1.00
(6.3.3.(4))

N,Ed/(Xz*N,Rk/gM1) + kzy*My,Ed,max/(XLT*My,Rk/gM1) + kzz*Mz,Ed,max/(Mz,Rk/gM1) = 0.52 < 1.00
(6.3.3.(4))

Section OK !!!

Pozicija R4 - gornji pojas
STEEL DESIGN

CODE: BS-EN 1993-1:2005/NA:2008/A1:2014, Eurocode 3: Design of steel structures.
ANALYSIS TYPE: Code Group Verification

CODE GROUP: |
MEMBER: 745 POINT: 3 COORDINATE: x=1.00L=6.00m

LOADS:
Governing Load Case: 25 COMBI15 (1+2)*1.35+7%1.50+3*0.75

MATERIAL:
$355 (S355)  fy=2355.00 MPa
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SECTION PARAMETERS: 2 CAE 120x10

h=120 mm eM0=1.00 gM1=1.00

b=240 mm Ay=2400 mm?2 Az=2160 mm2 Ax=4636 mm2
tw=10 mm Iy=6258000 mm4 1z=11337533 mm4 Ix=153334 mm4
tf=10 mm Wely=72014 mm3 Welz=94479 mm3

INTERNAL FORCES AND CAPACITIES:

N,Ed = 18.94 kN My,Ed =2.25 kKN*m Mz,Ed = -24.68 kN*m Vy,Ed =9.86 kN
Nc,Rd =1645.87 kN My,Ed,max =2.25 kN*m MzEd,max =-24.68 kN*m Vy,T,Rd =491.90 kN
Nb,Rd =899.11 kN My,c,Rd=2556 kN*m  Mzc,Rd=33.54 kN*m  Vz,Ed=2.00 kN

Vz,T,Rd=442.71 kN
Tt,Ed = -0.05 kN*m
Class of section = 3

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

I — . — )

About y axis: About z axis:
Ly=6.00 m Lam y=1.08 Lz=6.00m Lam z=0.80
Ler,y =3.00 m Xy =0.55 Ler,z=3.00 m Xz=0.72
Lamy = 81.66 kyy =0.91 Lamz = 60.67 kyz=0.91

VERIFICATION FORMULAS:

Section strength check:

N,Ed/N¢,Rd + My,Ed/My,c,Rd + Mz,Ed/Mz,c,Rd=0.76 < 1.00 (6.2.1(7))

sqrt(Sig,x,Ed*"2 + 3*Tau,z,Ed"2)/(fy/gM0) = 0.83 < 1.00 (6.2.1.(5))

Vy,Ed/Vy,c,Rd=0.02 <1.00 (6.2.6.(1))

Vz,Ed/Vz,c,Rd=0.00 < 1.00 (6.2.6.(1))

Global stability check of member:

Lambda,y = 81.66 < Lambda,max = 210.00 Lambda,z = 60.67 < Lambda,max =210.00 STABLE
N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz Ed,max/(Mz,Rk/gM1) = 0.68 < 1.00
(6.3.3.(4))

N,Ed/(Xz*N,Rk/gM1) + kzy*My,Ed,max/(XLT*My,Rk/gM1) + kzz*Mz,Ed,max/(Mz,Rk/gM1) = 0.67 < 1.00
(6.3.3.(4))

Section OK !!!

Pozicija R4 - donji pojas
STEEL DESIGN

CODE: BS-EN 1993-1:2005/NA:2008/A1:2014, Eurocode 3: Design of steel structures.
ANALYSIS TYPE: Code Group Verification

CODE GROUP: 20
MEMBER: 79 POINT: | COORDINATE: x=0.00L=0.00 m

LOADS:
Governing Load Case: 29 COMBI19 (1+2)*1.35+5*1.50+4*0.75

MATERIAL:
$355 (S355)  fy =2355.00 MPa
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SECTION PARAMETERS: 2 CAE 120x10

h=120 mm eM0=1.00 gM1=1.00
b=240 mm Ay=2400 mm?2 Az=2160 mm2 Ax=4636 mm2
tw=10 mm Iy=6258000 mm4 1z=11337533 mm4 Ix=153334 mm4
tf=10 mm Wely=72014 mm3 Welz=94479 mm3

Weff,y=72014 mm3 Weff,z=94479 mm3 Aeff=4636 mm?2

Attention: Section of the 4 class! The program does not perform a full analysis of the 4 class for these section
types, they are treated as the 3 class sections.

INTERNAL FORCES AND CAPACITIES:

N,Ed = 89.60 kN My,Ed = -1.77 kN*m MzEd=-16.50 kN*m  Vy,Bd =-3.54 kN
Nc,Rd = 1645.87 kN My,Ed,max = -2.15 kN*m Mz,Ed,max = -16.50 kN*m Vy,T,Rd = 491.90 kN
Nb,Rd = 299.49 kN My,c,Rd=25.56 kN*m  Mzc,Rd=33.54kN*m  VzEd=141kN

Vz,T,Rd =442.71 kN
Tt,Ed =-0.00 kKN*m
Class of section =4

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

| = . — _

i About y axis: About z axis:
Ly=6.00 m Lam y=2.16 Lz=6.00m Lam z=0.80
Ler,y =6.00 m Xy =0.18 Ler,z=3.00 m Xz=0.72
Lamy = 163.31 kyy=1.25 Lamz = 60.67 kyz=10.93

VERIFICATION FORMULAS:

Section strength check:

N,Ed/N¢,Rd + My,Ed/My,c,Rd + Mz,Ed/Mz,c,Rd=0.57<1.00 (6.2.1(7))

sqrt(Sig,x,Ed**2 + 3*Tau,z,Ed"2)/(fy/gM0) = 0.57 < 1.00 (6.2.1.(5))

Vy,Ed/Vy,c,Rd=0.01 <1.00 (6.2.6.(1))

Vz,Ed/Vz,c,Rd=0.00<1.00 (6.2.6.(1))

Global stability check of member:

Lambda,y = 163.31 < Lambda,max = 210.00 Lambda,z = 60.67 < Lambda,max =210.00 STABLE
N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.80 < 1.00
(6.3.3.(4))

N,Ed/(Xz*N,Rk/gM1) + kzy*My,Ed,max/(XLT*My,Rk/gM1) + kzz*Mz,Ed,max/(Mz,Rk/gM1) = 0.79 < 1.00
(6.3.3.(4))

Section OK !!!

Pozicija R4 - ispuna
STEEL DESIGN

CODE: BS-EN 1993-1:2005/NA:2008/A1:2014, Eurocode 3: Design of steel structures.
ANALYSIS TYPE: Code Group Verification

CODE GROUP: 3
MEMBER: 751 POINT: 2 COORDINATE: x=0.50L=1.98m

LOADS:
Governing Load Case: 25 COMBI15 (1+2)*1.35+7%1.50+3*0.75
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MATERIAL:
$355 (S355)  fy =355.00 MPa

SECTION PARAMETERS: 2 CAE 70x7

h=70 mm gMO0=1.00 gM1=1.00
b=140 mm Ay=980 mm?2 Az=882 mm2 Ax=1879 mm2
tw=7 mm Iy=846000 mm4 1z=1575369 mm4 x=30412 mm4
tf=7 mm Wely=16819 mm3 Welz=22505 mm3

Weff,y=16819 mm3 Weff,z=22505 mm3 Aeff=1879 mm2

Attention: Section of the 4 class! The program does not perform a full analysis of the 4 class for these section
types, they are treated as the 3 class sections.

INTERNAL FORCES AND CAPACITIES:

N,Ed = 42.32 kN My,Ed = 0.02 kN*m Mz,Ed = -0.34 kN*m Vy,Ed =-0.03 kN
Ne,Rd = 667.18 kN My,Ed,max = 0.05 kN*m Mz,Ed,max = -0.35 kN*m Vy,c,Rd = 200.86 kN
Nb,Rd = 95.85 kN My,cRd=597kN*m  MzcRd=7.99kN*m  VzEd=-0.01 kN

Vz,c,Rd=180.77 kN
Class of section = 4

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

|| = . || = _

i About y axis: i About z axis:
Ly=3.94m Lam y=2.46 Lz=3.94m Lam z=1.80
Ler,y=3.94m Xy=0.14 Ler,z=3.94 m Xz=10.25
Lamy = 185.88 kzy=1.19 Lamz = 136.22 kzz=1.15

VERIFICATION FORMULAS:

Section strength check:

N,Ed/N¢,Rd + My,Ed/My,c,Rd + Mz,Ed/Mz,c,Rd=0.11 <1.00 (6.2.1(7))

sqrt(Sig,x,Ed*"2 + 3*Tau,z,Ed"2)/(fy/gM0) = 0.11 < 1.00 (6.2.1.(5))

Vy,Ed/Vy,c,Rd=0.00 < 1.00 (6.2.6.(1))

Vz,Ed/Vz,c,Rd=0.00 <1.00 (6.2.6.(1))

Global stability check of member:

Lambda,y = 185.88 < Lambda,max = 210.00 Lambda,z = 136.22 < Lambda,max =210.00 STABLE
N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.49 < 1.00
(6.3.3.(4))

N,Ed/(Xz*N,Rk/gM1) + kzy*My,Ed,max/(XLT*My,Rk/gM1) + kzz*Mz,Ed,max/(Mz,Rk/gM1) = 0.49 < 1.00
(6.3.3.(4))

Section OK !!!

Pozicija RS - gornji pojas
STEEL DESIGN

CODE: BS-EN 1993-1:2005/NA:2008/A1:2014, Eurocode 3: Design of steel structures.
ANALYSIS TYPE: Code Group Verification

CODE GROUP: 11
MEMBER: 740 POINT: 3 COORDINATE: x=0.50L=3.00m

LOADS:
Governing Load Case: 25 COMBI15 (1+2)*1.35+7*1.50+3*0.75
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MATERIAL.:

$355 (S355)  fy =355.00 MPa

Z

Ty
S SECTION PARAMETERS: 2 UPN 80
h=80 mm gM0=1.00
b=90 mm Ay=1440 mm?2
tw=6 mm Iy=2118140 mm4
tf=8 mm Wply=63782 mm3

gM1=1.00
Az=960 mm2
1z=849465 mm4
Wplz=31820 mm3

Ax=2191 mm?2
1x=39040 mm4

INTERNAL FORCES AND CAPACITIES:

N,Ed =-11.09 kN My,Ed =-0.82 kN*m

Nt,Rd =777.75 kN My,pl,Rd = 22.64 kKN*m
My,c,Rd =22.64 kN*m
MN,y,Rd = 22.64 kKN*m

Mz,Ed = 5.47 kN*m

Mz,pl,Rd = 11.30 kN*m
Mzc,Rd = 11.30 kKN*m
MN,z,Rd = 11.29 kN*m

Vy,Ed=-1.82 kN
Vy,c,Rd =295.14 kN
Vz,Ed =-0.61 kN
Vz,c,Rd =196.76 kN
Class of section = 1

X

LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

X

About y axis:

About z axis:

VERIFICATION FORMULAS:
Section strength check:
N,Ed/Nt,Rd=0.01 <1.00 (6.2.3.(1))

(My,Ed/MN,y,Rd)" 1.00 + (Mz,Ed/MN,zRd)"1.00 = 0.52 < 1.00 (6.2.9.1.(6))

Vy,Ed/Vy,c,Rd = 0.01 <1.00 (6.2.6.(1))
Vz,Ed/Vz,c,Rd=0.00 < 1.00 (6.2.6.(1))

Section OK !!!

Pozicija RS - donji pojas

STEEL DESIGN

CODE: BS-EN 1993-1:2005/NA:2008/A1:2014, Eurocode 3: Design of steel structures.

ANALYSIS TYPE: Code Group Verification

CODE GROUP: 22

MEMBER: 741 POINT: 3 COORDINATE: x=0.50 L=3.00m
LOADS:
Governing Load Case: 13 COMB3 (1+2)*1.35+3*1.50+7*0.90
MATERIAL:
S355 (S355)  fy=355.00 MPa

z

SECTION PARAMETERS: 2 CAE 100x10

h=100 mm eM0=1.00 gM1=1.00
b=200 mm Ay=2000 mm2 Az=1800 mm2 Ax=3831 mm2
tw=10 mm Iy=3534000 mm4 1z=6580485 mm4 Ix=126666 mm4
tf=10 mm Wely=49220 mm3 Welz=65805 mm3
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INTERNAL FORCES AND CAPACITIES:

N,Ed =7.58 kN My,Ed = 9.92 kN*m Mz,Ed = 0.06 kN*m Vy,Ed=0.00 kN
Nc,Rd=1359.97 kN My,Ed,max =9.92 kN*m MzEd,max =0.06 kN*m Vy,T,Rd=409.92 kN
Nb,Rd =174.58 kN My,c,Rd =17.47 kN*m Mz,c,Rd =23.36 kN*m Vz,Ed =4.05 kN

Vz,T,Rd =368.93 kN
Tt,Ed = 0.00 KN*m
Class of section = 3

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

I = . o _

il About y axis: About z axis:
Ly =6.00 m Lam y=2.62 Lz=6.00 m Lam z=0.96
Ler,y =6.00 m Xy =0.13 Ler,z=3.00 m Xz=0.62
Lamy = 197.55 kyy =0.96 Lamz =72.38 kyz=0.90

VERIFICATION FORMULAS:

Section strength check:

N,Ed/Nc,Rd + My,Ed/My,c,Rd + Mz,Ed/Mz,c,Rd = 0.57 < 1.00 (6.2.1(7))

sqrt(Sig,x,Ed"2 + 3*Tau,y,Ed"2)/(fy/gM0) = 0.58 < 1.00 (6.2.1.(5))

Vy,Ed/Vy,c,Rd=0.00 <1.00 (6.2.6.(1))

Vz,Ed/Vz,c,Rd=0.01 <1.00 (6.2.6.(1))

Global stability check of member:

Lambda,y = 197.55 < Lambda,max = 210.00 Lambda,z = 72.38 < Lambda,max =210.00 STABLE
N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.59 < 1.00
(6.3.3.(4))

N,Ed/(Xz*N,Rk/gM1) + kzy*My,Ed,max/(XLT*My,Rk/gM1) + kzz*Mz Ed,max/(Mz,Rk/gM1) = 0.48 < 1.00
(6.3.3.(4))

Section OK !!!

Pozicija R5 - ispuna
STEEL DESIGN

CODE: BS-EN 1993-1:2005/NA:2008/A1:2014, Eurocode 3: Design of steel structures.
ANALYSIS TYPE: Code Group Verification

CODE GROUP: 2
MEMBER: 744 POINT: 2 COORDINATE: x=050L=1.73m

LOADS:
Governing Load Case: 25 COMBI15 (1+2)*1.35+7*1.50+3*0.75

MATERIAL:
$355 (S355)  fy =2355.00 MPa

SECTION PARAMETERS: 2 CAE 70x7

h=70 mm gM0=1.00 gM1=1.00

b=140 mm Ay=980 mm?2 Az=882 mm2 Ax=1879 mm2
tw=7 mm Iy=846000 mm4 1z=1575369 mm4 Ix=30412 mm4
tf=7 mm Wely=16819 mm3 Welz=22505 mm3
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Weff,y=16819 mm3 Weff,z=22505 mm3 Aeff=1879 mm?2
Attention: Section of the 4 class! The program does not perform a full analysis of the 4 class for these section
types, they are treated as the 3 class sections.

INTERNAL FORCES AND CAPACITIES:

N,Ed=17.98 kN My,Ed =0.31 kKN*m Mz,Ed = -0.02 kN*m Vy,Ed=0.01 kN
Nc,Rd =667.18 kN My,Ed,max =0.31 kN*m MzEd,max =-0.03 kN*m Vy,c,Rd=200.86 kN
Nb,Rd =120.25 kN My,c,Rd =5.97 kN*m Mz,c,Rd = 7.99 kKN*m Vz,Ed = 0.03 kN

Vz,c,Rd = 180.77 kN
Class of section =4

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

|| == . | = _

I About y axis: 9 About z axis:
Ly=3.48 m Lam y=2.17 Lz=348m Lam z=1.59
Ler,y=3.48 m Xy =0.18 Ler,z=3.48m Xz=0.31
Lamy = 164.17 kyy =1.08 Lamz =120.31 kyz=0.97

VERIFICATION FORMULAS:

Section strength check:

N,Ed/N¢,Rd + My,Ed/My,c,Rd + Mz,Ed/Mz,c,Rd=0.08 <1.00 (6.2.1(7))

sqrt(Sig,x,Ed"2 + 3*Tau,y,Ed"2)/(fy/gM0) = 0.08 < 1.00 (6.2.1.(5))

Vy,Ed/Vy,c,Rd=0.00 <1.00 (6.2.6.(1))

Vz,Ed/Vz,c,Rd=0.00 <1.00 (6.2.6.(1))

Global stability check of member:

Lambda,y = 164.17 < Lambda,max = 210.00 Lambda,z = 120.31 < Lambda,max =210.00 STABLE
N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) =0.21 < 1.00
(6.3.3.(4))

N,Ed/(Xz*N,Rk/gM1) + kzy*My,Ed,max/(XLT*My,Rk/gM1) + kzz*Mz,Ed,max/(Mz,Rk/gM1) = 0.19 < 1.00
(6.3.3.(4))

Section OK !!!

Pozicija V1
STEEL DESIGN

CODE: BS-EN 1993-1:2005/NA:2008/A1:2014, Eurocode 3: Design of steel structures.
ANALYSIS TYPE: Code Group Verification

CODE GROUP: 15
MEMBER: 957 POINT: | COORDINATE: x=0.00L=0.00 m

LOADS:
Governing Load Case: 37 COMB27 (1+2)*1.35+5*1.50

MATERIAL:
$355 (S355)  fy =355.00 MPa

E} SECTION PARAMETERS: ROND 17

h=17 mm gMO0=1.00 gM1=1.00
Ay=144 mm?2 Az=144 mm?2 Ax=227 mm2
tw=9 mm Iy=4100 mm4 1z=4100 mm4 Ix=8200 mm4
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Wply=819 mm3

Wplz=819 mm3

INTERNAL FORCES AND CAPACITIES:
N,Ed =-56.83 kN
Nt,Rd =80.58 kN

Class of section = 1

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

X About y axis:

X About z axis:

VERIFICATION FORMULAS:
Section strength check:
N,Ed/Nt,Rd=0.71 <1.00 (6.2.3.(1))

Section OK !!!

Pozicija V2

STEEL DESIGN

CODE: BS-EN 1993-1:2005/NA:2008/A1:2014, Eurocode 3: Design of steel structures.

ANALYSIS TYPE: Code Group Verification

CODE GROUP: 29

MEMBER: 1013 POINT: 3 COORDINATE: x=1.00L=9.15m
LOADS:
Governing Load Case: 31 COMB21 (1+2)*1.35+7*1.50+4%*0.75
MATERIAL:
S355 (S355)  fy=345.00 MPa
Z
S5
SECTION PARAMETERS: ROND 28
h=28 mm eMO0=1.00 gM1=1.00
Ay=392 mm2 Az=392 mm?2 Ax=616 mm2
tw=14 mm Iy=30172 mm4 1z=30172 mm4 Ix=60344 mm4

Wply=3659 mm3

Wplz=3659 mm3

INTERNAL FORCES AND CAPACITIES:
N,Ed =-202.80 kN
Nt,Rd=212.43 kN

Class of section = 1

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

x About y axis:

X About z axis:
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VERIFICATION FORMULAS:
Section strength check:
N,Ed/Nt,Rd =0.95<1.00 (6.2.3.(1))

Section OK !!!

Pozicija V3
STEEL DESIGN

CODE: BS-EN 1993-1:2005/NA:2008/A1:2014, Eurocode 3: Design of steel structures.
ANALYSIS TYPE: Code Group Verification

CODE GROUP: 30

MEMBER: 1185 POINT: | COORDINATE: x=0.00L=0.00m

LOADS:
Governing Load Case: 38 COMB28 (1+2)*1.35+6*1.50

MATERIAL:
$355 (S355)  fy=2355.00 MPa

E} SECTION PARAMETERS: ROND 15

h=15 mm gMO0=1.00 gM1=1.00
Ay=113 mm?2 Az=113 mm2 Ax=177 mm2
tw=8 mm Iy=2485 mm4 1z=2485 mm4 Ix=4970 mm4
Wply=563 mm3 Wplz=563 mm3

INTERNAL FORCES AND CAPACITIES:
N,Ed =-40.79 kN
Nt,Rd = 62.73 kN
Class of section = 1

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

X About y axis: X About z axis:

VERIFICATION FORMULAS:
Section strength check:
N,Ed/Nt,Rd =0.65<1.00 (6.2.3.(1))

Section OK !!!
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Pozicija E1
STEEL DESIGN

CODE: BS-EN 1993-1:2005/NA:2008/A1:2014, Eurocode 3: Design of steel structures.
ANALYSIS TYPE: Code Group Verification

CODE GROUP: 16
MEMBER: 894 POINT: | COORDINATE: x=0.50L=3.00m

LOADS:
Governing Load Case: 37 COMB27 (1+2)*1.35+5*1.50

MATERIAL:
$355 (S355)  fy=2355.00 MPa

Z

EE‘ SECTION PARAMETERS: TCAR 100x10

h=100 mm gM0=1.00 gM1=1.00

b=100 mm Ay=1776 mm2 Az=1776 mm?2 Ax=3552 mm2
tw=10 mm Iy=4743000 mm4 1z=4743000 mm4 Ix=7612000 mm4
tf=10 mm Wply=122000 mm3 Wplz=122000 mm3

INTERNAL FORCES AND CAPACITIES:

N,Ed = 34.49 kN My,Ed =-0.26 kN*m Mz,Ed = 2.35 kKN*m Vy,Ed =4.33 kN
Nc,Rd =1260.96 kN My,Ed,max = -0.84 kN*m MzEd,max =-10.64 kN*m Vy,T,Rd =363.78 kN
Nb,Rd = 762.39 kN My,c,Rd =43.31 kN*m Mz,c,Rd =43.31 kKN*m Vz,Ed = 0.68 kN

MN,y,Rd=43.31 kN*m  MN,z,Rd =43.31 kN*m  Vz,T,Rd =363.78 kN
Tt,Ed = 0.02 KN*m
Class of section = 1

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

1 — . — )
About y axis: About z axis:
Ly=6.00 m Lam y=1.09 Lz=6.00 m Lam z=1.09
Ler,y =3.00 m Xy =0.60 Ler,z=3.00 m Xz=10.60
Lamy = 82.10 kzy =0.56 Lamz = 82.10 kzz = 0.93
Torsional buckling: Flexural-torsional buckling
Curve,T=a alfa, T=0.21 Curve, TF=a alfa, TF=0.21
Lt=6.00 m fi,T=0.49 Ner,y=1066.26 kN fi,TF=0.49
Ner, T=218770.40 kN X,T=1.00 Ner, TF=218770.40 kN X,TF=1.00
Lam T=0.08 Nb,T,Rd=1260.96 kN Lam TF=0.08 Nb,TF,Rd=1260.96 kN

VERIFICATION FORMULAS:

Section strength check:

N,Ed/N¢,Rd=0.03 <1.00 (6.2.4.(1))

My, Ed/MN,y,Rd)" 1.66 + (Mz,Ed/MN,z,Rd)*1.66 = 0.01 <1.00 (6.2.9.1.(6))
Vy,Ed/Vy,T,Rd=0.01 <1.00 (6.2.6-7)

Vz,Ed/Vz,T,Rd=0.00 <1.00 (6.2.6-7)

Tau,ty,Ed/(fy/(sqrt(3)*gM0)) = 0.00 < 1.00 (6.2.6)
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Tau,tz,Ed/(fy/(sqrt(3)*gMO0)) = 0.00 < 1.00 (6.2.6)

Global stability check of member:

Lambda,y = 82.10 < Lambda,max = 210.00 Lambda,z = 82.10 < Lambda,max =210.00 STABLE
N,Ed/Min(Nb,Rd,Nb,T,Rd,Nb,TF,Rd) = 0.05 < 1.00 (6.3.1)

N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.20 < 1.00
(6.3.3.(4))

N,Ed/(Xz*N,Rk/gM1) + kzy*My,Ed,max/(XLT*My,Rk/gM1) + kzz*Mz,Ed,max/(Mz,Rk/gM1) = 0.29 < 1.00
(6.3.3.(4))

Section OK !!!

Pozicija E2
STEEL DESIGN

CODE: BS-EN 1993-1:2005/NA:2008/A1:2014, Eurocode 3: Design of steel structures.
ANALYSIS TYPE: Code Group Verification

CODE GROUP: 18
MEMBER: 943 POINT: 1| COORDINATE: x=0.00L=0.00 m

LOADS:
Governing Load Case: 27 COMBI17 (1+2)*1.35+9*1.50+3*0.75

MATERIAL:
S355 (S355)  fy=355.00 MPa

z

ES

SECTION PARAMETERS: IPN 180

h=180 mm gM0=1.00 gM1=1.00

b=82 mm Ay=1784 mm?2 Az=1297 mm2 Ax=2787 mm2

tw=7 mm Iy=14434400 mm4 [z=812871 mm4 [x=98000 mm4

tf=10 mm Wply=186578 mm3 Wplz=33318 mm3

INTERNAL FORCES AND CAPACITIES:

N,Ed =21.82 kN My,Ed =-11.62 kN*m Mz,Ed = -0.08 kKN*m Vy,Ed =-0.08 kN

Nc,Rd =989.43 kN My,Ed,max = -11.62 kN*m Mz Edmax = 0.11

kN*m Vy,T,Rd =365.49 kN

Nb,Rd =231.06 kN My,c,Rd=66.24 kN*m  Mz,c,Rd=11.83 kN*m Vz,Ed = 6.44 kN
MN,y,Rd=66.24 kN*m  MN,z,Rd=11.83 kN*m  Vz T,Rd=265.73 kN
Mb,Rd = 40.94 kKN*m Tt,Ed = -0.00 KN*m

Class of section = 1
' i

| M LATERAL BUCKLING PARAMETERS:

z=0.00 Mcr = 58.83 kN*m Curve,LT - ¢ XLT =0.60

Ler,Jow=2.42 m Lam LT =1.06 fi,LT =1.08 XLT,mod =0.62

BUCKLING PARAMETERS:

] = . | = _

i About y axis: i About z axis:
Ly=242m Lam y=0.45 Lz=242m Lam z=1.88
Ler,y=242m Xy =10.94 Ler,z=2.42m Xz=0.23
Lamy = 33.69 kzy =0.99 Lamz = 141.97 kzz=1.02
Torsional buckling: Flexural-torsional buckling
Curve,T=b alfa,T=0.34 Curve, TF=b alfa,TF=0.34
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Lt=2.42 m 1, T=0.87 Ner,y=4967.97 kN i, TF=0.87
Ner, T=1780.19 kN X, T=0.76 Ner, TF=1780.19 kN X, TF=0.76
Lam_T=0.75 Nb,T,Rd=749.39 kN Lam_TF=0.75 Nb,TF,Rd=749.39 kN

VERIFICATION FORMULAS:

Section strength check:

N,Ed/Nc,Rd=0.02 <1.00 (6.2.4.(1))

My, Ed/MN,y,Rd)" 2.00 + (Mz,Ed/MN,z,Rd)*1.00 = 0.04 < 1.00 (6.2.9.1.(6))

Vy,Ed/Vy,T,Rd=0.00 <1.00 (6.2.6-7)

Vz,Ed/Vz,T,Rd=0.02 <1.00 (6.2.6-7)

Tau,ty, Ed/(fy/(sqrt(3)*gM0)) = 0.00 < 1.00 (6.2.6)

Tau,tz,Ed/(fy/(sqrt(3)*gMO0)) = 0.00 < 1.00 (6.2.6)

Global stability check of member:

Lambda,y = 33.69 < Lambda,max = 210.00 Lambda,z = 141.97 < Lambda,max =210.00 STABLE
N,Ed/Min(Nb,Rd,Nb,T,Rd,Nb,TF,Rd) =0.09 < 1.00 (6.3.1)

My,Ed,max/Mb,Rd = 0.28 < 1.00 (6.3.2.1.(1))

N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.29 <1.00
(6.3.3.(4))

N,Ed/(Xz*N,Rk/gM1) + kzy*My,Ed,max/(XLT*My,Rk/gM1) + kzz*Mz,Ed,max/(Mz,Rk/gM1) = 0.38 < 1.00
(6.3.3.(4))

Section OK !!!

Pozicija E3
STEEL DESIGN

CODE: BS-EN 1993-1:2005/NA:2008/A1:2014, Eurocode 3: Design of steel structures.
ANALYSIS TYPE: Code Group Verification

CODE GROUP: 13
MEMBER: 593 POINT: 2 COORDINATE: x=0.50L=3.00 m

LOADS:
Governing Load Case: 19 COMB9 (1+2)*1.35+4*1.50+7*0.90

MATERIAL:
S355 (S355)  fy=355.00 MPa

Z

EE SECTION PARAMETERS: IPE 180

h=180 mm eMO0=1.00 gM1=1.00

b=91 mm Ay=1621 mm2 Az=1125 mm2 Ax=2395 mm?2

tw=5 mm Iy=13169600 mm4 1z=1008500 mm4 [x=49000 mm4

tf=8 mm Wply=166424 mm3 Wplz=34600 mm3

INTERNAL FORCES AND CAPACITIES:

N,Ed =1.33 kN My,Ed = 6.42 kKN*m Mz,Ed = -2.69 kN*m Vy,Ed =0.43 kN

Nc,Rd=850.13 kN My,Ed,max = 6.53 kN*m MzEd,max =4.65 kN*m Vy,T,Rd=332.16 kN

Nb,Rd = 188.57 kN My,c,Rd=59.08 kN*m  Mzc,Rd=12.28 kN*m  Vz,Ed=-0.43 kN
MN,y,Rd=59.08 kN*m  MN,z,Rd =12.28 kN*m  VzT,Rd =230.58 kN
Mb,Rd = 34.32 kN*m Tt,Ed = 0.00 kN*m

Class of section = 1

e

LATERAL BUCKLING PARAMETERS:
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z=10.00 Mcr = 39.94 kN*m Curve,LT -b XLT=0.57
Ler,upp=3.00 m Lam LT =1.22 fiLT=1.19 XLT,mod =0.58
BUCKLING PARAMETERS:

o . — )

About y axis: About z axis:

Ly=6.00 m Lam y=0.54 Lz=6.00m Lam z=1.94
Ler,y=3.00 m Xy =0.91 Ler,z=3.00 m Xz=10.22
Lamy = 40.45 kzy =1.00 Lamz = 146.19 kzz=0.91

VERIFICATION FORMULAS:

Section strength check:

N,Ed/N¢c,Rd=0.00<1.00 (6.2.4.(1))

(My,Ed/MN,y,Rd)" 2.00 + (Mz,Ed/MN,z,Rd)*1.00 = 0.23 < 1.00 (6.2.9.1.(6))
Vy,Ed/Vy,T,Rd=0.00<1.00 (6.2.6-7)

Vz,Ed/Vz,T,Rd=0.00<1.00 (6.2.6-7)

Tau,ty,Ed/(fy/(sqrt(3)*gMO0)) = 0.00 < 1.00 (6.2.6)

Tau,tz,Ed/(fy/(sqrt(3)*gM0)) = 0.00 < 1.00 (6.2.6)

Global stability check of member:

Lambda,y = 40.45 < Lambda,max = 210.00 Lambda,z = 146.19 < Lambda,max =210.00 STABLE
My,Ed,max/Mb,Rd =0.19 <1.00 (6.3.2.1.(1))

N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz Ed,max/(Mz,Rk/gM1) =0.38 < 1.00
(6.3.3.(4)

N,Ed/(Xz*N,Rk/gM1) + kzy*My,Ed,max/(XLT*My,Rk/gM1) + kzz*Mz,Ed,max/(Mz,Rk/gM1) = 0.54 < 1.00
(6.3.3.(4)

Section OK !!!
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7.2. Provjera GSU

Pozicija R1
Progib od promjenjivog opterecenja
L 700
6p = 2,1cm < 6d0p = ﬁ = ﬁ = 2,8cm
Ukupan progib
L 700
duk = 3,50m < 6max = ﬁ = ﬁ = 3,50m
ZADOVOLJAVA!
Pozicija R2
Progib od promjenjivog opterecenja
800
6p = 2,6cm < 6dop = 2—50 = ﬁ = 3,Zcm
Ukupan progib
800
duk3,20m =< 6max = ﬁ = 2—00 = 4,0C7’Tl
ZADOVOLJAVA!
Pozicija R3
Progib od promjenjivog opterecenja
L 800
517 = 2,6cm < 6d0p = 2—50 = ﬁ = 3,2cm
Ukupan progib
L 800
duk =2,0cm =< 6max = % = m =4,0cm
ZADOVOLJAVA!
Pozicija R4
Progib od promjenjivog opterecenja
L 600
6p1,6cm =< 6dop = ﬁ = ﬁ =2,4cm
Ukupan progib
600
duk = 2,5C7’n < 6max = m = m = 3,0cm
ZADOVOLJAVA!
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Pozicija R5
Progib od promjenjivog opterecenja
6, =17cm < § =L=@=24cm
po i T Tdor 950 T 250 0
Ukupan progib
dyr =3,0cm <4 =—=@=306m
wle T R = Tmax 900 T 200 0
ZADOVOLJAVA!
Pozicija P1
STEEL DESIGN

CODE: BS-EN 1993-1:2005/NA:2008/A1:2014, Eurocode 3: Design of steel structures.
ANALYSIS TYPE: Code Group Verification

CODE GROUP: 14
MEMBER: 762 POINT: COORDINATE:

Z

EE SECTION PARAMETERS: IPN 180

ht=180 mm

bf=82 mm Ay=1706 mm?2 Az=1242 mm?2 Ax=2787 mm?2
tw=7 mm Iy=14434400 mm4 [z=812871 mm4 Ix=98000 mm4
tf=10 mm Wely=160382 mm3 Welz=19826 mm3

LIMIT DISPLACEMENTS

=71 Deflections (LOCAL SYSTEM):

uy =35 mm < uy max = L/200.00 =390 mm Verified
Governing Load Case: 48 COMB38 (1+2+3)*1.00+10*0.60
uz =8 mm < uz max = L[/200.00 =390 mm Verified

Governing Load Case: 47 COMB37 (1+2+3)*1.00+9*0.60

uinst,y = 14 mm < u inst,max,y = L/250.00 = 312 mm Verified
Governing Load Case: 1%6

uinst,z=3 mm < u inst,max,z=1/250.00 =312 mm Verified
Governing Load Case: 1%6

F_ Displacements (GLOBAL SYSTEM): Not analyzed

Section OK !!!
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Pozicija P2
STEEL DESIGN

CODE: BS-EN 1993-1:2005/NA:2008/A1:2014, Eurocode 3: Design of steel structures.
ANALYSIS TYPE: Code Group Verification

CODE GROUP: 21

MEMBER: 758 POINT: COORDINATE:
T
SECTION PARAMETERS: IPN 240
ht=240 mm
bf=106 mm Ay=2777 mm2 Az=2088 mm?2 Ax=4610 mm2
tw=9 mm Iy=42374500 mm4 1z=2202600 mm4 [x=257000 mm4
tf=13 mm Wely=353121 mm3 Welz=41558 mm3

LIMIT DISPLACEMENTS

=i

Deflections (LOCAL SYSTEM):

uy =3 mm < uy max = [/200.00 =25 mm Verified
Governing Load Case: 59 COMB49 (1+2+9)*1.00+3*0.50
uz =6 mm < uz max = L/200.00 =25 mm Verified
Governing Load Case: 45 COMB35 (1+2+3)*1.00+7*0.60

uinst,y =3 mm < uinst,max,y = L/250.00 =20 mm Verified
Governing Load Case: 1*7
uinst,z=2 mm < u inst,max,z=L1/250.00 =20 mm Verified

Governing Load Case: 1*3 + 0.6%7

r Displacements (GLOBAL SYSTEM): Not analyzed

Section OK !!!

Pozicija P3
STEEL DESIGN

CODE: BS-EN 1993-1:2005/NA:2008/A1:2014, Eurocode 3: Design of steel structures.
ANALYSIS TYPE: Code Group Verification

CODE GROUP: 19
MEMBER: 1204 POINT: COORDINATE:

Z

SE SECTION PARAMETERS: IPN 180

ht=180 mm

bf=82 mm Ay=1706 mm?2 Az=1242 mm2 Ax=2787 mm?2
tw=7 mm Iy=14434400 mm4 1z=812871 mm4 1x=98000 mm4
tf=10 mm Wely=160382 mm3 Welz=19826 mm3

LIMIT DISPLACEMENTS

=i

Deflections (LOCAL SYSTEM):
uy = 1 mm < uy max = L/200.00 =390 mm Verified
Governing Load Case: 55 COMB45 (1+2+5)*1.00+3*0.50
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uz=>5mm < uz max =L/200.00 =390 mm Verified
Governing Load Case: 57 COMB47 (1+2+7)*1.00+3*0.50

uinst,y =0 mm < u inst;max,y =L/250.00 =312 mm Verified
Governing Load Case: 1*7

uinst,z=5 mm < u inst,max,z=1/250.00 =312 mm Verified
Governing Load Case: 0.5%3 + 1*7

F_ Displacements (GLOBAL SYSTEM): Not analyzed

Section OK !!!

Pozicija S1
STEEL DESIGN

CODE: BS-EN 1993-1:2005/NA:2008/A1:2014, Eurocode 3: Design of steel structures.
ANALYSIS TYPE: Code Group Verification

CODE GROUP: 10

MEMBER: 700 POINT: COORDINATE:
Z
SECTION PARAMETERS: 2 UPN 180
ht=180 mm
bf=140 mm Ay=3080 mm2 Az=2880 mm?2 Ax=5565 mm2
tw=8 mm Iy=27072200 mm4 1z=4341486 mm4 Ix=174820 mm4
tf=11 mm Wely=300802 mm3 Welz=62021 mm3

LIMIT DISPLACEMENTS

Deflections (LOCAL SYSTEM): Not analyzed

F_ Displacements (GLOBAL SYSTEM):

vx =13 mm < vx max =L/150.00 =48 mm Verified
Governing Load Case: 63 COMBS53 (1+2+7)*1.00+4*0.50
vy =8 mm < vy max =L1/150.00 =48 mm Verified

Governing Load Case: 55 COMB45 (1+2+5)*1.00+3*0.50

Section OK !!!

Pozicija S2
STEEL DESIGN

CODE: BS-EN 1993-1:2005/NA:2008/A1:2014, Eurocode 3: Design of steel structures.
ANALYSIS TYPE: Code Group Verification

CODE GROUP: 9

MEMBER: 2 POINT: COORDINATE:
SECTION PARAMETERS: 2 UPN 160

ht=160 mm

bf=230 mm Ay=2730 mm?2 Az=2400 mm?2 Ax=4779 mm2
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tw=8 mm [y=18490920 mm4 1z=24060351 mm4 Ix=136580 mm4
tf=11 mm Wely=231136 mm3 Welz=209220 mm3

LIMIT DISPLACEMENTS

=i

Deflections (LOCAL SYSTEM): Not analyzed

r Displacements (GLOBAL SYSTEM):

vx =12 mm < vx max =L/150.00 = 64 mm Verified
Governing Load Case: 57 COMB47 (1+2+7)*1.00+3*0.50
vy =17 mm < vy max =L/150.00 = 64 mm Verified

Governing Load Case: 55 COMB45 (1+2+5)*1.00+3*0.50

Section OK !!!

Pozicija S3

STEEL DESIGN

CODE: BS-EN 1993-1:2005/NA:2008/A1:2014, Eurocode 3: Design of steel structures.
ANALYSIS TYPE: Code Group Verification

CODE GROUP: 17

MEMBER: 929 POINT: COORDINATE:

EE SECTION PARAMETERS: IPN 220
ht=220 mm
bf=98 mm Ay=2391 mm?2 Az=1782 mm?2 Ax=3952 mm?2
tw=8 mm Iy=30535000 mm4 1z=1622060 mm4 Ix=192000 mm4
tf=12 mm Wely=277591 mm3 Welz=33103 mm3

LIMIT DISPLACEMENTS

Deflections (LOCAL SYSTEM): Not analyzed

F_ Displacements (GLOBAL SYSTEM):

vx =12 mm < vx max =L/150.00 =48 mm Verified
Governing Load Case: 63 COMBS53 (1+2+7)*1.00+4*0.50
vy =8 mm < vy max =L1/150.00 =48 mm Verified

Governing Load Case: 55 COMB45 (1+2+5)*1.00+3*0.50

Section OK !!!
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8. DIMENZIONIRANJE SPOJEVA

Dimenzioniranje spojeva provedeno je u programskom paketu Autodesk Robot Structural

Analysis Professional 2019 [1], a prema [9] 1 [10].
8.1. Spoj glavnog stupa s temeljem

Polozaj spoja na konstrukciji prikazan je na slici_crvenom bojom.

Slika 48. Polozaj spoja glavnog stupa s temeljem na konstrukciji

Naslici_ prikazan je spoj glavnog stupa s temeljem u 3D-u.

Slika 49. 3D prikaz spoja glavnog stupa s temeljem
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Autodesk Robot Structural Analysis Professional 2019 O K
Fixed column base design

Eurocode 3: EN 1993-1-8:2005/AC:2009 + CEB Design Ratio

Guide: Design of fastenings in concrete 0,80
. F-'I IF_ L f &
LI 1
== :i E :iz %iz
n 030 " n il n
¥
I
I
I
i
]: lf @ e .
B E — ] |- =
EI El R ]|
General
Connection no.: 5
Connection name: Fixed column base
Geometry
Column
Section: 2UPN180
107
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Lc = 7,20 [m] Column length

o= 0,0 [Deg] Inclination angle

he = 180 [mm] Height of column section

brc = 140 [mm] Width of column section

twe = 16 [mm] Thickness of the web of column section
tre = 11 [mm] Thickness of the flange of column section
re = 11 [mm] Radius of column section fillet

Ac= 5600 [mm?] Cross-sectional area of a column

lyc = 27000000 [mm* Moment of inertia of the column section

Material: S355
fyc = 355,00 [MPa] Resistance
fuc = 490,00 [MPa] Yield strength of a material

Column base

lpd = 400 [mm] Length

bpd = 300 [mm] Width

tod = 30 [mm] Thickness

Material: S355

fypd = 355,00 [MPa] Resistance

fupd = 490,00 [MPa] Yield strength of a material
Anchorage

The shear plane passes through the UNTHREADED portion of the bolt.

Class = 10.9 Anchor class

fyp = 900,00 [MPa] Yield strength of the anchor material
fup = 1000,00 [MPa] Tensile strength of the anchor material
d= 22 [mm] Bolt diameter

As = 303 [mm?] Effective section area of a bolt

A = 380 [mm?] Area of bolt section

nH = 2 Number of bolt columns

ny = 2 Number of bolt rows

Horizontal spacing exi = 300 [mm]
Vertical spacing evi = 150 [mm]

Anchor dimensions

L1= 50  [mm]
L2 = 400  [mm]
Ls = 50  [mm]

Anchor plate

lp = 60 [mm] Length
bp = 60 [mm] Width
tp= 10 [mm] Thickness
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Ip = 60 [mm] Length

Material: S355

fy = 355,00 [MPa] Resistance

Washer

lwd = 60 [mm] Length

bwd = 60 [mm] Width

twd = 10 [mm] Thickness

Wedge

Section: IPE 100
lw = 100 [mm] Length

Material: S355

fow = 355,00 [MPa] Resistance

Material factors

Mo = 1,00 Partial safety factor

™2 = 1,25 Partial safety factor

yc = 1,50 Partial safety factor
Spread footing

L= 1000 [mm] Spread footing length

B = 1000 [mm] Spread footing width

H= 800 [mm] Spread footing height
Concrete

Class C25

fok = 25,00 [MPa] Characteristic resistance for compression
Grout layer

tg = 30 [mm] Thickness of leveling layer (grout)

fekg= 12,00 [MPa] Characteristic resistance for compression

Cia= 0,30 Coeff. of friction between the base plate and concrete
Welds

ap = 4 [mm] Footing plate of the column base

aw = 4 [mm] Wedge

Loads

Case: Manual calculations.

NjEed = 61,51 [kN] Axial force

Viedy= -9,23 [kN] Shear force

VijEdz = 0,12 [kN]  Shear force

Mjeay= -0,33 [kKN*m] Bending moment

Mjgdz= -10,11 [KN*m] Bending moment
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Results

Compression zone

COMPRESSION OF CONCRETE
fod = 16,67 [MPa] Design compressive resistance
fi= 30,43 [MPa] Design bearing resistance under the base plate

c=t \/(fyp/(3*fi*‘/'\/|0))

c= 59 [mm] Additional width of the bearing pressure zone

Deft = 141 [mm] Effective width of the bearing pressure zone under the flange
left = 284 [mm] Effective length of the bearing pressure zone under the flange
Ac = 40180 [mm?] Area of the joint between the base plate and the foundation

Act = 361624 [mm?] Maximum design area of load distribution
Frau = Aco*fod* V(Act/Aco) < 3*Aco*fed

Frqu= 2009,02 [kKN] Bearing resistance of concrete

Bj = 0,67 Reduction factor for compression

fjd = Bj*Frdu/(bef‘f*leff)

fia = 33,33 [MPa] Design bearing resistance
Acy = 40180 [mm?] Bearing area for bending My
Acz = 40180 [mm?] Bearing area for bending Mz
FcRrdi = Ac,i*fid

Fcray=1339,35 [kN] Bearing resistance of concrete for bending My
Fcraz=1339,35 [kN] Bearing resistance of concrete for bending Mz
COLUMN FLANGE AND WEB IN COMPRESSION

CL= 1,00 Section class

Wiy = 675000 [mm?3] Plastic section modulus

Mcray = 239, 63 [kN*m] Design resistance of the section for bending
hry = 157 [mm] Distance between the centroids of flanges
Fe,fc,Rdy = McRdy / hry

Fcfcrdy =1526,27 [kN] Resistance of the compressed flange and web
Wpiz= 325000 [mm?d] Plastic section modulus

Mcrdaz = 115,38 [kN*m] Design resistance of the section for bending
htz = 142 [mm] Distance between the centroids of flanges
FcfcRdz = McRrdz/ hiz

Fcferdz=811,58 [kN] Resistance of the compressed flange and web
RESISTANCES OF SPREAD FOOTING IN THE COMPRESSION ZONE
Fc,Rrdy = min(FcRd.y,Fc.fcRdy)

Fcray=1339,35 [kN] Resistance of spread footing in the compression zone
Fc,rdz = min(FcRd,z,FelfeRrd,z)

Fcraz=811,58 [kN] Resistance of spread footing in the compression zone

EN 1992-1:[3.1.6.(1)]
[6.2.5.(7)]

[6.2.5.(4)]
[6.2.5.(3)]
[6.2.5.(3)]

EN 1992-1:[6.7.(3)]

EN 1992-1:[6.7.(3)]

EN 1992-1:[6.7.(3)]
[6.2.5.(7)]

[6.2.5.(7)]
[6.2.8.3.(1)]
[6.2.8.3.(1)]

[6.2.8.3.(1)]
[6.2.8.3.(1)]

EN 1993-1-1:[5.5.2]
EN1993-1-1:[6.2.5.(2)]
EN1993-1-1:[6.2.5]

[6.2.6.7.(1)]

[6.2.6.7.(1)]
EN1993-1-1:[6.2.5.(2)]
EN1993-1-1:[6.2.5]
[6.2.6.7.(1)]

[6.2.6.7.(1)]

[6.2.8.3]

[6.2.8.3]
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Tension zone

STEEL FAILURE

Ap = 303
fub = 1000,00
Beta = 0,85

Ftras1 = beta*0.9*
Ftrdst = 185,44
TMs = 1,20
f,= 900,00
FtRd,s2 = fyo*Ablyms

Ftrds2 = 227,25

[mm?] Effective anchor area
[MPa] Tensile strength of the anchor material
Reduction factor of anchor resistance
fub*Anlym2
[KN]  Anchor resistance to steel failure
Partial safety factor

[MPa] Yield strength of the anchor material

[KN]  Anchor resistance to steel failure

FtRrd,s = min(FtRrd,s1,FtRd,s2)

Firas= 185,44

[KN]  Anchor resistance to steel failure

PULL-OUT FAILURE

fok = 25,00
An = 3220
Pk = 175,00
YMp = 2,16

FtRrd,p = Pk*Anl/ymp
Ft,Rd,p = 279,50

[MPa] Characteristic compressive strength of concrete

[mm?] Bearing area of the head

[MPa] Characteristic strength of concrete (pull-out)

Partial safety factor

[kN]  Design uplift capacity

CONCRETE CONE FAILURE

het = 283
NRk,c? = 9.0[N%5/m
Nre?= 214,61
ScrN = 850
CorN = 425
Acno= 1150000
Acn= 1000000
WAN = AcN/Ac,No
wyaN= 0,87

c= 350 [m

[mm] Effective anchorage depth
MO 5] fo*her' S
[kN]  Characteristic resistance of an anchor
[mm]  Critical width of the concrete cone
[mm] Critical edge distance
[mm?]  Maximum area of concrete cone

[mm?]  Actual area of concrete cone

Factor related to anchor spacing and edge distance

m] Minimum edge distance from an anchor

ysN =0.7 + 0.3*c/caen £ 1.0

ysn= 0,95

WYec,N = 1,00

Factor taking account the influence of edges of the concrete member on

the distribution of stresses in the concrete

Factor related to distribution of tensile forces acting on anchors

yren = 0.5 + he[mm]/200 < 1.0

yreN= 1,00

WYuer,N = 1,00

Shell spalling factor

Factor taking into account whether the anchorage is in cracked or

non-cracked concrete

[Table 3.4]
[Table 3.4]
[3.6.1.(3)]

[Table 3.4]
CEB [3.2.3.2]

CEB[9.2.2]

CEB[9.2.2]

EN 1992-1:[3.1.2]
CEB [15.1.2.3]
CEB [15.1.2.3]

CEB [3.2.3.1]

CEB[9.2.3]

CEB[9.2.4]

CEB[9.2.4]
CEB[9.2.4]
CEB[9.2.4]
CEB[9.2.4]
CEB[9.2.4]

CEB [9.2.4]
CEB [9.2.4]

CEB[9.2.4]

CEB[9.2.4]

CEB[9.2.4]

CEB [9.2.4]
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yreN = 1,00 Shell spalling factor

™= 2,16 Partial safety factor

Ftrd.c = NRk O WAN Ws N*Wee N*Wre N*Wuer, N/YMc

Ftrac=81,82 [kN] Design anchor resistance to concrete cone failure
SPLITTING FAILURE

het = 400 [mm] Effective anchorage depth

NRk,c? = 9.0[N%5/mm0-3]*fek*hef'-

Nrc® = 360,00 [kN]  Design uplift capacity

ScrN = 800 [mm] Critical width of the concrete cone

CerN = 400 [mm] Critical edge distance

Acno = 1045000 [mm?] Maximum area of concrete cone

AcN = 950000 [mm?] Actual area of concrete cone

WAN = AcN/Ac,No

yan= 0,91 Factor related to anchor spacing and edge distance
c= 350 [mm] Minimum edge distance from an anchor

ysN =0.7 + 0.3*c/carn £ 1.0

Factor taking account the influence of edges of the concrete member

ysn= 0,96
on the distribution of stresses in the concrete

WeeN =1,00 Factor related to distribution of tensile forces acting on anchors

yreN = 0.5 + hefmm]/200 < 1.0

YreN= 1,00 Shell spalling factor

arn =1, 00 Factor taking into account whether the anchorage is in cracked
’ or non-cracked concrete

whN = (h/(2%her))?2 < 1.2

WhN = 1,00 Coeff. related to the foundation height

YMsp = 2,16 Partial safety factor

Ftrasp = NRk, P WAN W, N Wee N*Wre,N*Wuer, N*WhN/YM,sp

Firasp =145, 83 [kKN] Design anchor resistance to splitting of concrete

TENSILE RESISTANCE OF AN ANCHOR

Ftrd = min(FtRrd,s , FtRdp , FtRdc , FtRdsp)

Ftra = 81,82 [kN] Tensile resistance of an anchor

BENDING OF THE BASE PLATE

Bending moment MjEeq,y

lefr1 = 150 [mm] Effective length for a single bolt for mode 1
lefr,2 = 150 [mm] Effective length for a single bolt for mode 2
m = 55 [mm] Distance of a bolt from the stiffening edge

Mpird= 11,98 [kN*m] Plastic resistance of a plate for mode 1
Mp2rd = 11,98 [kN*m] Plastic resistance of a plate for mode 2
Frird= 863,91 [kN] Resistance of a plate for mode 1

Fr2rda= 304,77 [kN] Resistance of a plate for mode 2

CEB[9.2.4]
CEB [3.2.3.1]

EN 1992-1:[8.4.2.(2)]

CEB[9.2.5]

CEB [9.2.5]
CEB [9.2.5]
CEB [9.2.5]
CEB [9.2.5]
CEB [9.2.5]

CEB[9.2.5]
CEB[9.2.5]

CEB [9.2.5]

CEB[9.2.5]

CEB[9.2.5]

CEB [9.2.5]

CEB[9.2.5]
CEB [3.2.3.1]

CEB [9.2.5]

[6.2.6.5]
[6.2.6.5]
[6.2.6.5]
[6.2.4]
[6.2.4]
[6.2.4]
[6.2.4]
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Bending moment MjEeq,y

lefr1 = 150
Fr3Rrd= 163,65

[mm]

[kN]

Effective length for a single bolt for mode 1

Resistance of a plate for mode 3

Ftpi,rdy = MiN(FT,1,rd , FT2Rd , FT,3Rd)

Ftp,rdy =163, 65

[kN]

Bending moment M;jed,z

leff,1 = 200
leff2 = 200
m= 55

Mpiirda= 15,97
Mpi2rda = 15,97
Frira= 1151, 88
Frorda= 380,49
Frsra= 163,65

Ftp,rdz = Min(FT,1Rd ,

Ftp,rdz =163, 65

RESISTANCES OF SPREAD FOOTING IN THE TENSION ZONE
[kN]

Njrd = 327,30
Fr,Rdy = Ftp,Rdy
Frriy =163, 65
Fr.Rdz = FtpiRdz

FrRrdz=163,65

[kN]

[kN]

[mm]
[mm]
[mm]
[kN*m]
[kN*m]
[KN]
[KN]
[kN]

[kN]

Tension resistance of a plate

Effective length for a single bolt for mode 1

Effective length for a single bolt for mode 2

Distance of a bolt from the stiffening edge
Plastic resistance of a plate for mode 1

Plastic resistance of a plate for mode 2

Resistance of a plate for mode 1
Resistance of a plate for mode 2

Resistance of a plate for mode 3

Fr2Rd, FT,3Rd)

Tension resistance of a plate

Connection capacity check

Nigda / Nira < 1,0 (6.24)

ey = 5
Zey = 79
Ziy = 150
MjRd,y = 1,70

[mm]
[mm]
[mm]

[kN*m]

Migdy / Mjrdy < 1,0 (6.23)

0,19 < 1,00
Axial force eccentricity
Lever arm FcRrdy
Lever arm FrRray
Connection resistance for bending

0,19 < 1,00

ez = 164 [mm] Axial force eccentricity

Zez = 71 [mm] Lever arm FcRrdz

Ztz = 75  [mm] Lever arm FrRrdz

Mjraz= 16,69 [kN*m] Connection resistance for bending
MjEgdz / Mjrdz < 1,0 (6.23) 0,61 < 1,00
Mijkdy / MjRrdy + MjEdz / MjRdz < 1,0 0,80 < 1,00

Shear

Resistance of a spread footing for axial tension

Resistance of a column base in the tension zone

Resistance of a column base in the tension zone

verified

verified

verified

verified

BEARING PRESSURE OF AN ANCHOR BOLT ONTO THE BASE PLATE

[6.2.6.5]
[6.2.4]

[6.2.4]

[6.2.6.5]
[6.2.6.5]
[6.2.6.5]
[6.2.4]
[6.2.4]
[6.2.4]
[6.2.4]
[6.2.4]

[6.2.4]

[6.2.8.3]

[6.2.8.3]

[6.2.8.3]

(0,19)
[6.2.8.3]
[6.2.8.1.(2)]
[6.2.8.1.(3)]
[6.2.8.3]
(0,19)
[6.2.8.3]
[6.2.8.1.(2)]
(6.2.8.1.(3)]
(6.2.8.3]
(0,61)
(0,80)
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Shear force VjEeq,y

ody=1,04 Coeff. taking account of the bolt position - in the direction of shear [Table 3.4]
apby=1,00 Coeff. for resistance calculation F1,vo,rd [Table 3.4]
kiy=2,50 Coeff. taking account of the bolt position - perpendicularly to the direction of shear [Table 3.4]

F1vb,Rdy = K1,y*otb,y*fup*d*tp / ym2
F1vbRay =646,80 [kN] Resistance of an anchor bolt for bearing pressure onto the base plate [6.2.2.(7)]

Shear force VjEd,z

odz=0,69 Coeff. taking account of the bolt position - in the direction of shear [Table 3.4]
obz=0,69 Coeff. for resistance calculation F1,vo,rd [Table 3.4]
kiz=2,50 Coeff. taking account of the bolt position - perpendicularly to the direction of shear [Table 3.4]

F1vbRdz = K1,z%ab 2 fup*d*tp / ym2
Fivworaz=449,17 [kN] Resistance of an anchor bolt for bearing pressure onto the base plate [6.2.2.(7)]

SHEAR OF AN ANCHOR BOLT

ap = 0,25 Coeff. for resistance calculation F2,b,rd [6.2.2.(7)]
Aw = 380 [mm?] Area of bolt section [6.2.2.(7)]
fub = 1000,00 [MPa] Tensile strength of the anchor material [6.2.2.(7)]
M2 = 1,25 Partial safety factor [6.2.2.(7)]

F2vb,Rd = o™ fub*Avblym2

Fawrd= 75,42 [kN]  Shear resistance of a bolt - without lever arm [6.2.2.(7)]
am= 2,00 Factor related to the fastening of an anchor in the foundation CEB [9.3.2.2]
Mrks = 1,10 [kN*m] Characteristic bending resistance of an anchor CEB [9.3.2.2]
lsm = 56 [mm] Lever arm length CEB [9.3.2.2]
s = 1,20 Partial safety factor CEB [3.2.3.2]

Fv.Rrdsm = GM*MRk,s/(lsm*YMs)

Fvrdasm= 32,74 [kN]  Shear resistance of a bolt - with lever arm CEB [9.3.1]
CONCRETE PRY-OUT FAILURE

Nrkc= 176,74  [kN]  Design uplift capacity CEB [9.2.4]
ks = 2,00 Factor related to the anchor length CEB [9.3.3]
YMc = 2,16 Partial safety factor CEB [3.2.3.1]

Fv,Rd,cp = k3*NRk,c/'YMc
Fvraep = 163,65 [KN]  Concrete resistance for pry-out failure CEB [9.3.1]
CONCRETE EDGE FAILURE

Shear force VjEq,y

710, 4 [kN o ) CEB

VRkcy? = Characteristic resistance of an anchor
4] [9.3.4.(a)]
YAVy = 0,55 Factor related to anchor spacing and edge distance CEB [9.3.4]
Whvy = 1,00 Factor related to the foundation thickness CEB [9.3.4.(c)]
) o CEB
YsVy = 0,86 Factor related to the influence of edges parallel to the shear load direction [9.3.4.(d)]
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Gradevinski fakultet
710, 4 [kN

VRkcy? = 5] Characteristic resistance of an anchor

Factor taking account a group effect when different shear loads are acting

WYec,Vy = 1,00 e . .
on the individual anchors in a group

YaVy = 1,00 Factor related to the angle at which the shear load is applied
Yuervy = 1,00 Factor related to the type of edge reinforcement used
YMc = 2,16 Partial safety factor

Fv,Rd,c,y = VRk,c,yo*\UA,V,y*\Uh,V,y*\jls,V,y*\Uec,V,y*\I/a,V,y*\Vucr,V,y/YMc
Fvracy =156,15 [kN]  Concrete resistance for edge failure

Shear force VjEkq,z

530, 9 [kN o .
VR’ = 5] Characteristic resistance of an anchor
YAVz = 0,81 Factor related to anchor spacing and edge distance
Yhv,z = 1,00 Factor related to the foundation thickness
YsV,z = 0,94 Factor related to the influence of edges parallel to the shear load direction

Factor taking account a group effect when different shear loads are acting

WYec,V,z = 1,00 C . .
on the individual anchors in a group
Yo, Vz = 1,00 Factor related to the angle at which the shear load is applied
Yuervz= 1,00 Factor related to the type of edge reinforcement used
TMc = 2,16 Partial safety factor

FvRrdcz = VRke, 2P WAV, 2 Wh v,z Ws V.2 Wee V.2 Wa, v,z Wuer, v,z yMe

Fvrdcz=187,62 [kN]  Concrete resistance for edge failure

SPLITTING RESISTANCE

Cia= 0,30 Coeff. of friction between the base plate and concrete
N¢eda=0,00 [kN] Compressive force

Ftrd = Ct,d*Nc,Ed

Fird = 0,00 [kN] Slip resistance

BEARING PRESSURE OF THE WEDGE ONTO CONCRETE

Fvrdwgy = 1.4*lw*bwy*fex/yc

Fvrawgy =233,33 [kN] Resistance for bearing pressure of the wedge onto concrete
Fvrdwgz = 1.4%Ww*bwz*fexlyc

Fvriawgz =128,33 [kN] Resistance for bearing pressure of the wedge onto concrete
SHEAR CHECK

VjRdy = nb*min(F1vb,Rdy, F2vo,Rd, Fv.Rdsm, Fv,Rd.cp, Fv.Rdcy) + Fvrdwgy + FfRd

Vjrdy = 364,29 [kN] Connection resistance for shear

Vikedy / ViRrdy < 1,0 0,03 < 1,00 verified

VjRd,z = nb*min(F1vb,Rd,z, F2,vb,Rd, Fv,Rd,sm, Fv,Rd,cp, Fv.Rd,c.z) + Fv,Rdwgz + Ff,Rd

CEB
[9.3.4.(a)]
CEB
[9.3.4.(e)]

CEB [9.3.4.(f)]
CEB
[9.3.4.(9)]
CEB [3.2.3.1]

CEB [9.3.1]

CEB
[9.3.4.(a)]

CEB [9.3.4]

CEB [9.3.4.(c)]

CEB
[9.3.4.(d)]
CEB
[9.3.4.(e)]
CEB [9.3.4.(f)]
CEB
[9.3.4.(9)]
CEB [3.2.3.1]

CEB[9.3.1]

[6.2.2.(6)]
[6.2.2.(6)]

[6.2.2.(6)]

CEB[9.3.1]
(0,03)
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Vjrdz= 259,29 [kN]  Connection resistance for shear
Vjedz/ Virdz<1,0 0,00 < 1,00 verified
Vijedy ! Virdy * Vjgdz/ Vjrdz < 1,0 0,03 < 1,00 verified

Welds between the column and the base plate

GL= 113,80 [MPa] Normal stress in a weld

TL= 113,80 [MPa] Perpendicular tangent stress

Tyl = -3,63 [MPa] Tangent stress parallel to Vjedy

Tzl = 0,11 [MPa] Tangent stress parallel to Vjed.z

Bw = 0,90 Resistance-dependent coefficient

o1/ (0.9*ulym2)) < 1.0 (4.1) 0,32 < 1,00 verified
V(12 + 3.0 (tyi? + 1.2)) / (ful(Bw*ym2))) < 1.0 (4.1)0, 52 < 1,00 verified
V(6.2 + 3.0 (ta® + 112)) / (ful(Bw*ym2))) < 1.0 (4.1)0, 06 < 1,00 verified

Connection stiffness

Bending moment Mjeq,y
bef = 141 [mm] Effective width of the bearing pressure zone under the flange
ler= 284 [mm] Effective length of the bearing pressure zone under the flange

k1sy = Ec*V(befi*lefr)/(1.275*E)

Kizy = 19 [mm] Stiffness coeff. of compressed concrete
left = 150 [mm] Effective length for a single bolt for mode 2
m = 55 [mm] Distance of a bolt from the stiffening edge

kisy = 0.425*lei*tp3/(m?3)

kisy = 10 [mm] Stiffness coeff. of the base plate subjected to tension
Ly = 257 [mm] Effective anchorage depth

kiey = 1.6*Ab/Lb

kiey = 2 [mm] Stiffness coeff. of an anchor subjected to tension
Aoy = 1,32 Column slenderness

Sjiniy = 14659,18 [kN*m] Initial rotational stiffness

Sirigy = 43545,42 [kN*m] Stiffness of a rigid connection

Sjiniy < Sjrigy SEMI-RIGID

Bending moment MjEd,z

ki3.z = Ec*V(Ac2)/(1.275*E)

kKisz = 19 [mm] Stiffness coeff. of compressed concrete
lett = 200 [mm] Effective length for a single bolt for mode 2
m = 55 [mm] Distance of a bolt from the stiffening edge

k1s,z = 0.425lei*tp3/(m?3)

kis,z = 13 [mm] Stiffness coeff. of the base plate subjected to tension
Lp = 257 [mm] Effective anchorage depth

ki6z = 1.6*Ab/Lb

kie,z = 2 [mm] Stiffness coeff. of an anchor subjected to tension

CEB[9.3.1]
(0,00)
(0,03)

[4.5.3.(7)]
[4.5.3.(7)]
[4.5.3.(7)]
[4.5.3.(7)]
[4.5.3.(7)]

(0,32)

(0,52)

(0,06)

[6.2.5.(3)]
[6.2.5.(3)]

[Table 6.11]

[6.2.6.5]
[6.2.6.5]

[Table 6.11]
[Table 6.11]

[Table 6.11]
[5.2.2.5.(2)]
[Table 6.12]

[5.2.2.5]
[5.2.2.5.(2)]

[Table 6.11]
[6.2.6.5]
[6.2.6.5]

[Table 6.11]
[Table 6.11]

[Table 6.11]
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Aoz = 2,24 Column slenderness

Sjiniz= 4891,72 [kN*m] Initial rotational stiffness
Sjrigz = 15024,79 [kN*m] Stiffness of a rigid connection
Sj,iniz < Sjrig.z SEMI-RIGID

Weakest component:
FOUNDATION - CONCRETE CONE PULL-OUT FAILURE

Connection conforms to the code | Ratio

0,80

[5.2.2.5.(2)]
(6.3.1.(4)]
[5.2.2.5]
[5.2.2.5.(2)]
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8.2. Spog glavnog stupa i gornjeg pojasa reSetke

Polozaj spoja na konstrukciji prikazan je na slici_ crvenom bojom.

a (]

Slika 50. Polozaj spoja glavnog stupa s gornjim pojasom resetke

Na slici_ prikazan je spoj glavnog stupa s gornjim pojasom resetke u 3D-u.

Slika 51. 3D prikaz spoja glavnog stupa s gornjim pojasom resetke

118
Tea Rojni¢: Dimenzioniranje ¢elicne konstrukcije objekta u nauti¢ko turistickom kompleksu
Diplomski rad



Sveuciliste u Rijeci
Gradevinski fakultet

Autodesk

Design of fixed beam-to-column connection
EN 1993-1-8:2005/AC:2009

Robot Structural Analysis Professional 2019

General

Connection no.:

Connection name:

4

80 ,54

Fa _€:'_ -
- A E ]
= ke

o) | - E—"’ '
0 A
- -
= _9—
O
- -

08INdNE

Frame knee

Geometry

Column

Section: 2UPN180
o= -90,0 [Deg]
he = 180  [mm]
brc = 140  [mm]
twe = 16 [mm]
tre = 21 [mm]
re = 11 [mm]
Ac= 5600 [mm?]
I = 2280000 [mm?]
Material: S355

fye =

Inclination angle

Height of column section

Width of column section

Thickness of the web of column section
Thickness of the flange of column section
Radius of column section fillet
Cross-sectional area of a column

Moment of inertia of the column section

355,00 [MPa] Resistance
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Beam

Section: 2UPN160

o= 18,4 [Deg] Inclination angle

hp = 160 [mm] Height of beam section

br = 130 [mm] Width of beam section

twb = 15 [mm] Thickness of the web of beam section
to = 10,5 [mm] Thickness of the flange of beam section
ro = 10,5 [mm] Radius of beam section fillet

ro = 10,5 [mm] Radius of beam section fillet

Ap = 4800 [mm?] Cross-sectional area of a beam

Ixo = 1706000 [mm* Moment of inertia of the beam section

Material: S355

fyp = 355,00 [MPa] Resistance

Bolts

The shear plane passes through the UNTHREADED portion of the bolt.
d= 12 [mm] Bolt diameter

Class = 8.8 Bolt class

Fra= 48,56 [kN] Tensile resistance of a bolt

Nh = 2 Number of bolt columns

ny = 2 Number of bolt rows

hi = 54 [mm] Distance between first bolt and upper edge of front plate
Horizontal spacing ei = 70 [mm]

Vertical spacing pi = 80 [mm]

Plate

hp = 189 [mm] Plate height

bp = 140 [mm] Plate width

tp= 20 [mm] Plate thickness

Material: S355

fyp = 355,00 [MPa] Resistance

Fillet welds

aw = 5 [mm] Web weld

ar= 5 [mm] Flange weld

Material factors

Mo = 1,00 Partial safety factor [2.2]
™1 = 1,00 Partial safety factor [2.2]
™2 = 1,25 Partial safety factor [2.2]
M3 = 1,25 Partial safety factor [2.2]
Loads
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Ultimate limit state

Case: Manual calculations.

Mb1ea = =-1,95 [KN*m] Bending moment in the right beam
Vb1,Ed = 2,88 [kN] Shear force in the right beam
Nbiea= 32,07 [kN] Axial force in the right beam

Mc1ea = -10,11 [kN*m] Bending moment in the lower column
Veiea= -9,23 [kKN]  Shear force in the lower column
Neiea= 61,51 [kN]  Axial force in the lower column
Results

Beam resistances

TENSION

Ap = 8056 [mm?] Area

Nto,Rd = Ab fyb / Ym0

Nw,rd = 2859,74 [kN] Design tensile resistance of the section
SHEAR

Aw = 2446 [mm?] Shear area

Vebrd = Aw (fy / V3) / ymo

Vebrd = 501,25 [kN] Design sectional resistance for shear

Vo1,ed / Vebrd < 1,0
BENDING - PLASTIC MOMENT (WITHOUT BRACKETS)
Woib =

0,01 < 1,00 verified

493837 [mm?3] Plastic section modulus
Mb,pi,rd = Whib fyb / ymo
175, 3 [kN*m ) ) ) ) ) )
Mo pi,Rd = 3y Plastic resistance of the section for bending (without stiffeners)
BENDING ON THE CONTACT SURFACE WITH PLATE OR CONNECTED ELEMENT

Whpi = 541321 [mm?3] Plastic section modulus
Moeb,rd = Wi fyb / Ym0
Meord = 192,17 [kN*m]
FLANGE AND WEB - COMPRESSION

[kN*m]

Design resistance of the section for bending

Mcbra = 192,17 Design resistance of the section for bending

hf = 145 [mm] Distance between the centroids of flanges
Feb,Rd = Mcbra / ht
Fem,ra =1320,95 [kN] Resistance of the compressed flange and web

Column resistances

WEB PANEL - SHEAR

Moiea = -1,95 [kN*m] Bending moment (right beam)
Mb2,Ed = 0,00 [kN*m] Bending moment (left beam)
Veted= -9,23  [kN]  Shear force (lower column)
Ve2,ed = 0,00 [kN] Shear force (upper column)

EN1993-1-1:[6.2.3]

EN1993-1-1:[6.2.3]

EN1993-1-1:[6.2.6.(3)]

EN1993-1-1:[6.2.6.(2)]

(0,01)

EN1993-1-1:[6.2.5.(2)]

EN1993-1-
1:06.2.5.(2)]

EN1993-1-1:[6.2.5]
EN1993-1-1:[6.2.5]

EN1993-1-1:[6.2.5]
[6.2.6.7.(1)]

[6.2.6.7.(1)]

[5.3.(3)]
[5.3.(3)]
[5.3.(3)]
[5.3.(3)]
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WEB PANEL - SHEAR
Mbiea = -1,95 [kN*m] Bending moment (right beam)

z= 113 [mm] Leverarm

Vwp.Ed = (Mb1,ed - Mb2Ed) / Z - (Ve1,Ed - Ve2,Ed) / 2

Vwped = —-12,68 [KN]  Shear force acting on the web panel

Avs = 3086 [mm?] Shear area of the column web

Avc = 3086 [mm?] Shear area

Vup,Rd = 0.9*( fywe*AveHywp*Avp+fys*Ava ) / (V3 ymo)

Vwp,rd = 569,25 [kN] Resistance of the column web panel for shear
Vwp,ed / Vwp,rd < 1,0

WEB - TRANSVERSE COMPRESSION - LEVEL OF THE BEAM TOP FLANGE

Bearing:

twe = 14 [mm] Effective thickness of the column web
beficwc = 250 [mm] Effective width of the web for compression
A= 3086 [mm?] Shear area

o= 0,61 Reduction factor for interaction with shear
GeomEd =3, 98 [MPa] Maximum compressive stress in web

kwe = 1,00 Reduction factor conditioned by compressive stresses

Fewe,Rd1 = ® Kwe Deff,cwoe twe fyc / YMO

Fewerdat =760,38  [kN]  Column web resistance

Buckling:

dwe = 104 [mm] Height of compressed web

Ap = 0,45 Plate slenderness of an element

p= 1,00 Reduction factor for element buckling

Fcwb,Rd2 = ® kwe p Deff.cwe twe fye / ym1

FcweRrd2 =760,38  [kN]  Column web resistance
Final resistance:

Fewe,Rdupp = Min (FeweRd1 , Fewe,Rd2)

FcweRdupp =760,38 [kN]  Column web resistance

Geometrical parameters of a connection
EFFECTIVE LENGTHS AND PARAMETERS - COLUMN FLANGE

Nr m Mx e €x P |eff,cp |eff,nc |eff,1 |eff,2
1 16 - 48 - 80 101 116 101 116
2 16 - 48 - 80 101 116 101 116

EFFECTIVE LENGTHS AND PARAMETERS - FRONT PLATE

Nr m mx e €x p |eff,cp |eff,nc |eff,1 |eff,2
1 23 - 35 - 80 144 170 144 170
2 23 - 35 - 80 144 170 144 170

0,02 < 1,00 verified

[5.3.(3)]
[6.2.5]

[5-3.3)]
EN1993-1-1:[6.2.6.(3)]
EN1993-1-1:[6.2.6.(3)]

[6.2.6.1]
(0,02)

[6.2.6.2.(6)]
[6.2.6.2.(1)]
EN1993-1-1:[6.2.6.(3)]
[6.2.6.2.(1)]
[6.2.6.2.(2)]
[6.2.6.2.(2)]

[6.2.6.2.(1)]
[6.2.6.2.(1)]
[6.2.6.2.(1)]

[6.2.6.2.(1)]

[6.2.6.2.(1)]

[6.2.6.2.(1)]

|eff,nc,g |eff,1 g |eff,2,g
94 94 94

94 94 94

Ieff,nc,g |eff,1,g |eff,2,g
142 142 142

142 142 142

122

Tea Rojni¢: Dimenzioniranje ¢elicne konstrukcije objekta u nauti¢ko turistickom kompleksu

Diplomski rad



Sveuciliste u Rijeci
Gradevinski fakultet

m — Bolt distance from the web

Mx — Bolt distance from the beam flange

e — Bolt distance from the outer edge

ex — Bolt distance from the horizontal outer edge

p — Distance between bolts

left.cp — Effective length for a single bolt in the circular failure mode
leff,nc — Effective length for a single bolt in the non-circular failure mode
lef,1 — Effective length for a single bolt for mode 1

lefr,2 — Effective length for a single bolt for mode 2

leffcp.g — Effective length for a group of bolts in the circular failure mode
leff,nc.g — Effective length for a group of bolts in the non-circular failure mode
leff, 1,9 — Effective length for a group of bolts for mode 1

leff,2, — Effective length for a group of bolts for mode 2

Connection resistance for tension

Ftra = 48,56  [kN] Bolt resistance for tension

Bpra= 266,00 [kN] Punching shear resistance of a bolt
Njrd = Min (Ntb,rd , Nv Nk Ftrd , Nv Nh Bp,Ra)

Njra= 194,23 [kN] Connection resistance for tension

Nb1,ed / Njra < 1,0 0,17 < 1,00 verified

Connection resistance for bending

Ftrd = 48,56 [kN]  Bolt resistance for tension

Bpra= 266,00 [kN] Punching shear resistance of a bolt
FiieRda  — column flange resistance due to bending

FtweRd — column web resistance due to tension

Fiep,rd — resistance of the front plate due to bending

Frwb,rd — resistance of the web in tension

FtfcRd = Min (Fr1fcRd , FT2fcRd , FT,3cRd)

[Table 3.4]
[Table 3.4]

6.2]

(0,17)

[Table 3.4]
[Table 3.4]

[6.2.6.4], [Tab.6.2]

FtweRd = @ Defftwe twe fye / ymo [6.2.6.3.(1)]
Ftep,rd = Min (FT,1,epRd , FT,2.epRd , FT.3.ep,Rd) [6.2.6.5], [Tab.6.2]
Ftwb,Rd = Defftwb twb fyb / ymo [6.2.6.8.(1)]
RESISTANCE OF THE BOLT ROW NO. 1
Ft1,Rd,comp - Formula Ft1,Rd,comp Component
Ft1,Rd = Min (Ft1 Rd,comp) 97,11 Bolt row resistance
Ftfe,ra(1) = 97,11 97,11 Column flange - tension
Ftwerd(1) = 443,29 443,29 Column web - tension
Ftep,rd(1) = 97,11 97,11 Front plate - tension
Ftwb,rd(1) = 662,38 662,38 Beam web - tension
Bp,rd = 532,01 532,01 Bolts due to shear punching
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Ft1,Rd,comp - Formula Ft1,Rd,comp
Vwp,Rd/p = 569,25 569,25
Fcwe,rd = 760,38 760,38
Fecmrda = 1320,95 1320, 95

RESISTANCE OF THE BOLT ROW NO. 2

Ft2,Rd,comp - Formula Ft2,Rd,comp
Fto,rd = Min (Fi2,Rd,comp) 97,11
Ftfe,rae) = 97,11 97,11
Ftwerde) = 443,29 443,29
Ftep,rd2) = 97,11 97,11
Ftwb,Rd(2) = 662,38 662,38
Bpra = 532,01 532,01
Vwp,Rd/P - Y11 Fiira = 569,25 - 97,11 472,14
FeweRrd - Y11 Fyra = 760,38 - 97,11 663,27
Feio,rd - 1" Fijra = 1320,95 - 97,11 1223, 84
Ftferde+1) - Y1' Fyrd = 194,23 - 97,11 97,11
FtweRrd@+1) - Y1' Fyrd = 671,08 - 97,11 573,97
Fteprd@2+1) - >1' Fyra = 194,23 - 97,11 97,11
Ftwo,Rd2+ 1) - 31" Fjra = 1312,29 - 97,11 1215,17

Additional reduction of the bolt row resistance

Fi2,rd = Ft1,rd h2/h4

Component
Web panel - shear
Column web - compression

Beam flange - compression

Component

Bolt row resistance
Column flange - tension
Column web - tension
Front plate - tension

Beam web - tension

Bolts due to shear punching

Web panel - shear
Column web - compression

Beam flange - compression

Column flange - tension - group

Column web - tension - group

Front plate - tension - group

Beam web - tension - group

Fera= 28,20 [kN] Reduced bolt row resistance [6.2.7.2.(9)]
SUMMARY TABLE OF FORCES

Nr hj Fi,rd Ftfc,Rd Ftwc,Rd Ftep,Rd Ftwb,Rd FtRrd Bp.rd
1113 97,11 97,11 443,29 97,11 662,38 97,11 532,01

2 33 28,20 97,11 443,29 97,11 662,38 97,11 532,01
CONNECTION RESISTANCE FOR BENDING M;rd
Mjrd = 3 hj Ftjra
MjRrd = 11,87 [kN*m] Connection resistance for bending [6.2]
Mb1,ed / Mjra < 1,0 0,16 < 1,00 verified (0,16)
Connection resistance for shear
oy = 0,60 Coefficient for calculation of Fy,rd [Table 3.4]
Fyvra = 43,43 [kN] Shear resistance of a single bolt [Table 3.4]
Ftramax = 48,56  [kN] Tensile resistance of a single bolt [Table 3.4]
Foraint= 235,20 [kN]  Bearing resistance of an intermediate bolt [Table 3.4]
FbRraext = 235,20  [kN]  Bearing resistance of an outermost bolt [Table 3.4]
Nr Ftj,Rd,N Ftj,EdN Ftj,Rd,m Ftj,Edm Ftj,Ed Fvj,rd

1 97,11 16,04 97,11 15,95 31,99 66,42
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Nr F4,Rd,N Fij,ed,N Ft,Rd,m

2 97,11 16,04 28,20
Firan — Bolt row resistance for simple tension
Fyean — Force due to axial force in a bolt row

Firam — Bolt row resistance for simple bending

Fi,eam — Force due to moment in a bolt row

Fiea  — Maximum tensile force in a bolt row

Fyrd — Reduced bolt row resistance

Ft,eaN = Njed FtjRa,N / NjRd

Ft,eam = MjEd Ftjrdm / Mj,Rd

Ft,ed = Fy,edN + Ft,gdMm

Fyi,rd = Min (nn Fv.ed (1 - Fyed/ (1.4 nh FtRdmax), Nh FvRd , Nh Fb,Rd))
VjRd = nNh Y 1" FyjRrd

VjRrd = Connection resistance for shear

Vo1,ed / Vird < 1,0

140,08  [kN]

0,02 < 1,00 verified

Weld resistance

[mm?
Aw = 3400 Area of all welds

m2

Awy = 2430 Area of horizontal welds

[mm? .
Awz = 970 Area of vertical welds

Fij,Ed

20,67

FyjRd

73,66

[Table 3.4]
[Table 3.4]
(0,02)

[4.5.3.2(2)
|
[4.5.3.2(2)
]
[4.5.3.2(2)
]

1486380 [mm* Moment of inertia of the weld arrangement with respect to the hor. [4.5.3.2(5)

|wy =

2 ] axis
O _Lmax=TLmax [M Pa .
14,73 Normal stress in a weld

[MPa ) )
oL=TL = 11,17 Stress in a vertical weld

[MP
= 2,97 Tangent stress
Bw = 0,90 Correlation coefficient
\/[GLmaxz + 3*(’ELmax2)] < fu/(Bw*YM2) 29,45 < 435,56 verified
V[o.2 + 3*(t2+1P)] S ful (Bw*ymz2) 22,92 < 435,56 verified
o1 < 0.9*fulyme 14,73 < 352,80 verified

Connection stiffness

twash = 3 [mm] Washer thickness
hhead = 9 [mm] Bolt head height
hnut = 12 [mm] Bolt nut height

Lp = 60 [mm] Boltlength

|
[4.5.3.2(6)
]
[4.5.3.2(5)

]
[4.5.3.2(5)

|
[4.5.3.2(7)

]
(0,07)
(0,05)

(0,04)

[6.2.6.3.(2)]
[6.2.6.3.(2)]
[6.2.6.3.(2)]
[6.2.6.3.(2)]
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Connection stiffness

twash = 3 [mm] Washer thickness [6.2.6.3.(2)]
kio = 2 [mm] Stiffness coefficient of bolts [6.3.2.(1)]
STIFFNESSES OF BOLT ROWS

Nr hj k3 ks ks Kett,j Kettj hj Kefr,j hj?

Sum 242 22905

1 113 7 252 86 2 187 21124

2 33 7 252 86 2 54 1781
Ketrj =1/ (33 (1/kij)) [6.3.3.1.(2)]
Zeq = 3 Keftj N2 1 3 Keftj hj
Zeq = 95 [mm] Equivalent force arm [6.3.3.1.(3)]

Keq = 3 Keftj hj / Zeq

Keq = 3 [mm] Equivalent stiffness coefficient of a bolt arrangement [6.3.3.1.(1)]
Avwc= 3086 [mm?] Shear area EN1993-1-1:[6.2.6.(3)]
B= 1,00 Transformation parameter [6.3.(7)]
z= 113 [mm] Leverarm [6.2.5]
ki = 10 [mm] Stiffness coefficient of the column web panel subjected to shear [6.3.2.(1)]
beficwe = 250 [mm] Effective width of the web for compression [6.2.6.2.(1)]
twe = 14 [mm] Effective thickness of the column web [6.2.6.2.(6)]
dc = 134 [mm] Height of compressed web [6.2.6.2.(1)]
ko = 18 [mm] Stiffness coefficient of the compressed column web [6.3.2.(1)]
Sjini = E Zeq? / 3i (1/ k1 + 1/ k2 + 1/ Keq) [6.3.1.(4)]
Sjini= 3390,80 [kN*m] Initial rotational stiffness [6.3.1.(4)]
p= 1,00 Stiffness coefficient of a connection [6.3.1.(6)]
Sj=Sjini/ p [6.3.1.(4)]
Si= 3390,80 [kN*m] Final rotational stiffness [6.3.1.(4)]

Connection classification due to stiffness.

Sirig= 7496,99 [kN*m] Stiffness of a rigid connection [5.2.2.5]
Sipin= 468,56 [kN*m] Stiffness of a pinned connection [6.2.2.5]
Sjpin < Sjini < Sjrig SEMI-RIGID

Weakest component:

Connection conforms to the code |Ratio |0, 17

8.3. Cvor resetke 1

Polozaj spoja na konstrukciji prikazan je na slici_ crvenom bojom.
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a a

Slika 52. Polozaj ¢vora resetke 1 na konstrukciji

Nasslici _ prikazan je ¢vor resetke 1 u 3D-u.

(=]

Slika 53. 3D prikaz ¢vora resetke 1
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v
il

General

Connection no.:

Connection name:

Structure node:

Structure bars:

Geometry

Bars

Bar no.:

Section:

Autodesk Robot Structural

Calculations of the connection with the gusset

Analysis Professional 2019 O K

plate Ratio
EN 1993-1-8:2005/AC:2009 0,16
Dl - 2 UPN 160
D3 - 2 CAE 70x7
D4 — 2 CRE 70x7
D5 - 2 CAE 70x7
1
Gusset plate: truss chord node
16
7, 7, 14, 11, 1le,
Bar 1-2 Bar 3 Bar 4 Bar 5
7 14 11 16
2 UPN 160
o 2 CAE 70x7 2 CAE 70x7 2 CAE 70x7
spojeni
h 160 70 70 70 mm
bs 65 70 70 70 mm
tw 8 7 7 7 mm
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Material:

Angle
Length

Bolts
Bar 3

Bar 1-2 Bar 3 Bar 4

11 7 7

11 9 9

4779 1879 1879
S355 S355 S355
355,00 355,00 355,00
490,00 490,00 490,00
0,0 52,0 90,0
8,00 3,25 2,56

The shear plane passes through the UNTHREADED portion of the bolt.

Class = 4.8
d= 12
do = 13
As = 84
A= 113
fyo = 320,00
fup = 400,00
n= 2
Bolt spacing

el = 40 [mm]
e2 = 35 [mm]

ec= 150 [mm]

Bar 4

[mm]
[mm]
[mm?]
[mm?]
[MPa]
[MPa]

Bolt class

Bolt diameter

Bolt opening diameter
Effective section area of a bolt
Area of bolt section

Yield point

Bolt tensile resistance

Number of bolt columns

60 [mm]

Distance of the center of gravity of first bolt from the member end

Distance of the axis of bolts from the member edge

Bar 5

1879
S355
355,00
490,00
52,0

3,25

Distance of the member end from the point of intersection of member axes

The shear plane passes through the UNTHREADED portion of the bolt.

Class = 4.8 Bolt class

d= 12 [mm] Bolt diameter

do= 13 [mm] Bolt opening diameter

As = 84 [mm?] Effective section area of a bolt

Ay = 113 [mm?] Area of bolt section

fyp = 320,00 [MPa] Yield point

fub = 400,00 [MPa] Bolttensile resistance

n= 2 Number of bolt columns

Bolt spacing 60 [mm]

el = 40 [mm)] Distance of the center of gravity of first bolt from the member end
e = 35 [mm] Distance of the axis of bolts from the member edge

ec= 100 [mm] Distance of the member end from the point of intersection of member axes

Bar 5
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The shear plane passes through the UNTHREADED portion of the bolt.

Class = 4.8 Bolt class

d= 12 [mm] Bolt diameter

do = 13 [mm] Bolt opening diameter

As = 84 [mm?] Effective section area of a bolt

Ay = 113 [mm?] Area of bolt section

fyp = 320,00 [MPa] Yield point

fup = 400,00 [MPa] Bolttensile resistance

n= 2 Number of bolt columns

Bolt spacing 60 [mm]

el = 40 [mm] Distance of the center of gravity of first bolt from the member end
e = 35 [mm] Distance of the axis of bolts from the member edge

ec= 150 [mm] Distance of the member end from the point of intersection of member axes

Welds

Member welds

Bar 1-2

I = 100 [mm] Length 1 of longitudinal fillet weld
l2 = 100 [mm] Length 2 of longitudinal fillet weld
a= 3 [mm] Thickness of longitudinal fillet welds
Gusset plate

Ip = 450 [mm] Plate length

hp = 350 [mm] Plate height

tp= 10 [mm] Plate thickness

Parameters

h1 = 0 [mm] Cut

V1 = 0 [mm] Cut

hz = 0 [mm] Cut

V2 = 0 [mm] Cut

hs = 0 [mm] Cut

V3 = 0 [mm] Cut

hs = 0 [mm] Cut

V4 = 0 [mm] Cut

Center of gravity of the plate with respect to the center of gravity of bars  (0;85)

ev = 90 [mm] Vertical distance of the plate edge from the point of intersection of member axes
eH = 225 [mm] Horizontal distance of the plate edge from the point of intersection of member axes
€0 = 0 [mm] Distance to chord axis (horiz.)

Material: S$355

fy = 355,00 [MPa] Resistance
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Material factors

™o = 1,00 Partial safety factor
™2 = 1,25 Partial safety factor
Loads

Case: 39: COMB29 (1+42)*1.35+7*1.50
Nb1,Ed = 5,73 [kN] Axial force

Nb2ea = -2,61 [kN] Axial force

Nb3 Ed = 7,25 [kN]  Axial force

Nb4 Ed = 2,60 [kN] Axial force

Nbses = -12,73  [kN]  Axial force
Results

Bar 1-2

Verification of welds

e= 0 [mm] Axial force eccentricity relative to the centroid of a weld group
[KN*m )

Mo = 0,00 Real bending moment
Aw = 1080 [mm?] Area of welds

621742
lo= . [mm?*] Polar moment of inertia of welds
N = 3, 86 [MPa] Component stress due to influence of the longitudinal force
T™Mx = 0, 00 [MPa] Component stress due to influence of the moment on the x direction
™z = 0, 00 [MPa] Component stress due to influence of the moment on the z direction
T= 3, 86 [MPa] Resultant stress
Bw = 0,90 Correlation coefficient
VW,

251,47 [MPa]

verifie

T < furd 3,86 < 251,47 g

Section resistance

A= 2389 [mm?] Cross-sectional area

Npra = 848,24 [kN] Design plastic resistance of the gross section

[0.5*Nb1,ed| < Npi.Rd

Bar 3

|4,17| < 848,24 verified

Bolt capacities

Fvwra= 43,43 [kN] Shear resistance of the shank of a single bolt

Bolt bearing on the bar

[2.2]
[2.2]

Mo = 0.5*Nb1,ed*e

TN = 0.5*Nb1,ed/As
x=Mo*z/lo
w™z=Mo*x/lo

T
=V[(tntTmx) 2+
[Table 4.1]

fvw,d =

ful (N3*Bu*ymz2)

(0,02)

Npird=A*fy1/ymo
(0,00)

Fv,rd= 0.6*fub*Av'm/ymz
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Direction x

kix = 2,50 Coefficient for calculation of Fp,rd kix=min[2.8*(e2/do)-1.7, 2.5]

kix> 0.0 2,50 > 0,00 verified

obx= 0,82 Coefficient determined by bolt spacing owx=min[e1/(3*do), p1/(3*do)-0.25, fuv/fu, 1]

abx > 0.0 0,82 > 0,00 verified

Fora1tx 134, 4 [kN Design capacity in the limit state of plastification of the opening Furd1x=K1x*obx*fu*d*tifym

= 0 ] wall 2

Direction z

kiz = 2,50 Coefficient for calculation of Fp rd kiz=min[2.8*(e1/do)-1.7, 1.4*(p1/do)-1.7, 2.5]

kiz> 0.0 2,50 > 0,00 verified

Obz = 0,82 Coefficient for calculation of FpRrd abz=min[e2/(3*do), fun/fu, 1]

owz > 0.0 0,82 > 0,00 verified

Ford1z=134,40 [kN] Bearing resistance of a single bolt Fo,rd1z=K1z* ooz " fu*d*tilymz

Bolt bearing on the plate

Direction x

kix = 2,50 Coefficient for calculation of Fp,rd k1=min[2.8*(e2/do)-1.7, 2.5]

kix> 0.0 2,50 > 0,00 verified

opx = 0,82 Coefficient determined by bolt spacing obx=min[e1/(3*do), p1/(3*do)-0.25, fuv/fu, 1]

ox > 0.0 0,82 > 0,00 verified

Fb,Rd2x = 2o Z [N Design capacity in the limit state of plastification of the opening wall Foraz=kion "t/
2

Direction z

kiz = 2,50 Coefficient for calculation of Fprd kiz=min[2.8*(e1/do)-1.7, 1.4*(p1/do)-1.7, 2.5]

kiz> 0.0 2,50 > 0,00 verified

Obz = 0,82 Coefficient for calculation of Fb rd abz=min[ez2/(3*do), fub/fu, 1]

owz > 0.0 0,82 > 0,00 verified

Fora2z= 96,00 [kN] Bearing resistance of a single bolt Fb.Rd2z=K1z* oz *fu*d*tilymz

Verification of a connection due to forces acting on bolts

Bolt shear
e= 15 [mm] Axial force eccentricity relative to the bolt axis
[KN*m )
Mo= 0,11 Real bending moment Mo=Nb3ed*e
Fnsd

3,63 [kN] Component force in a bolt due to influence of the longitudinal force Fnsd = Nb3,ed/n

Fmsd
_ 1,85 [kN] Component force in a bolt due to influence of the moment Fmsd=Mo*Xmax/ZXi?
FxEd i . L
_ 3,63 [kN] Design total force in a bolt on the direction x FxEed = Fnsd
FzEd i . L
1,85 [kN] Design total force in a bolt on the direction z FzEd = Fumsd
132

Tea Rojni¢: Dimenzioniranje ¢elicne konstrukcije objekta u nauti¢ko turistickom kompleksu
Diplomski rad



Sveuciliste u Rijeci
Gradevinski fakultet
e= 15 [mm] Axial force eccentricity relative to the bolt axis

) Fea = V( Fxed? + Fzed?
Fea= 4,07 [kN] Resultant shear force in a bolt

)
96,0 . . ] o Frax=min(Ford1x,
Frax = [kN] Effective design capacity of a bolt on the direction x
0 FbRrd2x)
96,0 ) ] ) o Fraz=min(Ford1z,
Fraz = [kN] Effective design capacity of a bolt on the direction z
0 FbRrd2z)
verifie
|FxEd| < Frax 13,631 < 96,00 : (0,04)
verifie
|FzEd| < Fraz 1,851 < 96,00 q (0,02)
verifie
Fed < Furd 4,07 < 43,43 ; (0,09)
Verification of a section weakened by openings
B2 = 0,65 Reduction coefficient [Table 3.8]
A= 940 [mm?] Cross-sectional area of an angle
Anet = 849 [mm?] Net cross-sectional area Anet = A - do*t3
Nurd = 217,53 [kN] Design plastic resistance of the net section Nurd = (B2*Anet*fus)/ymz
Npi,rd =300, 23 [kN] Design plastic resistance of the gross section Npi,rd = (0.9*A*fy3)/ym2
|0.5*Nb3,ed| < Nu,Rd |3,63] < 217,53 verified (0,02)
|0.5*Nb3,ed| < Npi,Rd [3,63] < 300,23 verified (0,01)

Bar verification - block tearing

[mm? o .
Ant = 200 Net area of the section in tension
[mm? .
Anv = 564 ] Area of the section in shear

154,56 ] . Veiird=0.5*fu*Antlymz +
VefRd = 0 [kN] Design capacity of a section weakened by openings

(1N3Yfy*Anvlymo
|0.5*Nb3,ed| < VeftRd |3,63| < 154,60 verified (0,02)
Bar 4
Bolt capacities
Fvwra= 43,43 [kN] Shear resistance of the shank of a single bolt Fv,ra= 0.6*fub*Av'm/ymz
Bolt bearing on the bar
Direction x
kix = 2,50 Coefficient for calculation of Fp,rd k1x=min[2.8*(e2/do)-1.7, 2.5]
kix > 0.0 2,50 > 0,00 verified
apx = 0,82 Coefficient determined by bolt spacing abx=min[e1/(3*do), p1/(3*do)-0.25, fun/fu, 1]
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abx > 0.0 0,82 > 0,00 :;eriﬂe

Fo,ratx 134, 4 [kN . o o o ) Fo,rd1x=K1x* oox*fu*d*tify

_ 0 Design capacity in the limit state of plastification of the opening wall .

Direction z

kiz= 2,50 Coefficient for calculation of Fprd kiz=min[2.8*(e1/do)-1.7, 1.4*(p1/do)-1.7, 2.5]

kiz> 0.0 2,50 > 0,00 verified

Olbz = 0,82 Coefficient for calculation of Fo ra awz=min[e2/(3*do), fuo/fu, 1]

oz > 0.0 0,82 > 0,00 verified

Fbra1z= 134,40 [kN] Bearing resistance of a single bolt Fb.Ra1z=K1z* oz fu*d*tilymz

Bolt bearing on the plate

Direction x

kix = 2,50 Coefficient for calculation of Fy,rd k1=min[2.8*(e2/do)-1.7, 2.5]

kix> 0.0 2,50 > 0,00 verified

oabx = 0,82 Coefficient determined by bolt spacing obx=min[e1/(3*do), p1/(3*do)-0.25, fub/fu, 1]

apx > 0.0 0,82 > 0,00 Zeriﬁe

Foraizx 96,0 [kN ) L o o . Fo,rd2x=k1*ow*fu*d*tily

_ Design capacity in the limit state of plastification of the opening wall "

Direction z

kiz= 2,50 Coefficient for calculation of FpRrd kiz=min[2.8*(e1/do)-1.7, 1.4*(p1/do)-1.7, 2.5]

kiz> 0.0 2,50 > 0,00 verified

Obz = 0,82 Coefficient for calculation of Fb rd abz=min[ez2/(3*do), fub/fu, 1]

owz > 0.0 0,82 > 0,00 verified

Fbra2z= 96,00 [kN] Bearing resistance of a single bolt Fb.Rd2z=K1z* oz *fu*d*tilymz

Verification of a connection due to forces acting on bolts

Bolt shear

e= 15 [mm] Axial force eccentricity relative to the bolt axis

Mo= 0,04 [kl\;*m Real bending moment Mo=Nb4,eq*e

Fnsa = 1,30 [kN] Component force in a bolt due to influence of the longitudinal force Fnsd = Nba,ed/n

Fusa= 0,66 [kN] Component force in a bolt due to influence of the moment Fmsd=Mo*Xmax/ZXi?

Fxea = 1,30 [kN] Design total force in a bolt on the direction x FxEd = Fnsd

Fzea = 0,66 [kN] Design total force in a bolt on the direction z FzEd = Fmsd

Fea= 1,46 [kN] Resultant shear force in a bolt Fed = V( Fxed® + Fzed?)

Frax = 2600 [kN] Effective design capacity of a bolt on the direction x Fra=min(Forat
0 Fbrd2x)

Fraz = 2600 [kN] Effective design capacity of a bolt on the direction z Fraz=min(Forote,
0 FbRrd2z)
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|Fxed| < Frox [1,30] < 96,00 verified (0,01)
|F2gd| < Fraz |0,66] < 96,00 verified (0,01)
Feq < Fyrd 1,46 < 43,43 verified (0,03)

Verification of a section weakened by openings

B2 = 0,65 Reduction coefficient [Table 3.8]
A= 940 [mm?] Cross-sectional area of an angle

Anet = 849 [mm?] Net cross-sectional area Anet = A - do*tia
Nurd= 217,53 [kN] Design plastic resistance of the net section Nurd = (B2*Anet*fus)/ymz
Npira = 300,23  [kN] Design plastic resistance of the gross section Npi.rd = (0.9*A*fya)/ym2
[0.5*Nb4,Ed| < Nu,Rd |1,30| < 217,53 verified (0,01)
|0.5*Nb4,Ed| < NpiRd |1,30] < 300,23 verified (0,00)

Bar verification - block tearing

[mm? o .
Ant = 200 Net area of the section in tension
[mm?
Anv = 564 Area of the section in shear
, _ . . . VeftRd=0.5*fu*Ant/ymz +
VefRd = [kN] Design capacity of a section weakened by openings
0 (1N3)*fy*Anvlymo
[0.5*Nb4 Ed| < Vefird 1,30 < 154,60 verified (0,01)
Bar 5
Bolt capacities
Fvra= 43,43 [kN] Shear resistance of the shank of a single bolt Fv,ra= 0.6*fub*Av'm/ymz2
Bolt bearing on the bar
Direction x
kix = 2,50 Coefficient for calculation of Fp,rd kix=min[2.8*(e2/do)-1.7, 2.5]
kix > 0.0 2,50 > 0,00 verified
obx= 0,82 Coefficient determined by bolt spacing obx=min[e1/(3*do), p1/(3*do)-0.25, fuv/fu, 1]
abx > 0.0 0,82 > 0,00 verified

Fora1x 134, 4 [kN Design capacity in the limit state of plastification of the opening Fo,rd1x=K1x*oox*fu*d*ti/ym

= 0 1 wall 2
Direction z

kiz = 2,50 Coefficient for calculation of Fprd k1z=min[2.8%(e1/do)-1.7, 1.4*(p1/do)-1.7, 2.5]
kiz> 0.0 2,50 > 0,00 verified

Obz = 0,82 Coefficient for calculation of Fbrd abz=min[e2/(3*do), fub/fu, 1]
owz > 0.0 0,82 > 0,00 verified

Ford1z=134,40 [kN] Bearing resistance of a single bolt Fb.Ra1z=K1z* oz fu*d*tilymz

Bolt bearing on the plate

Direction x
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kix = 2,50 Coefficient for calculation of FpRrd k1=min[2.8*(e2/do)-1.7, 2.5]

kix> 0.0 2,50 > 0,00 verified

abx = 0,82 Coefficient determined by bolt spacing obx=min[e1/(3*do), p1/(3*do)-0.25, fub/fu, 1]

owx > 0.0 0,82 > 0,00 verified

Fb,Rd2x = oo Z [k]N Design capacity in the limit state of plastification of the opening wall Forazkiar™T"d "t
2

Direction z

kiz = 2,50 Coefficient for calculation of Fprd kiz=min[2.8*(e1/do)-1.7, 1.4*(p1/do)-1.7, 2.5]

kiz> 0.0 2,50 > 0,00 verified

Obz = 0,82 Coefficient for calculation of FpRrd abz=min[e2/(3*do), fub/fu, 1]

owz > 0.0 0,82 > 0,00 verified

Fora2z= 96,00 [kN] Bearing resistance of a single bolt Fo,rd2z=K1z* ooz *fu*d*tilym2

Verification of a connection due to forces acting on bolts

Bolt shear
e= 15 [mm] Axial force eccentricity relative to the bolt axis
- [kN*m )
Mo = Real bending moment Mo=Nbs ea*e
0,19 ]
Fnsd - . ) L
_ ¢ 37 [kN] Component force in a bolt due to influence of the longitudinal force Fnsa = Nbsed/n
Fumsd - . )
_ 3 04 [kN] Component force in a bolt due to influence of the moment Frmsd=Mo*Xmax/Zx?
FxEd - . ) , .
_ ‘¢ 37 [kN] Design total force in a bolt on the direction x Fx,ed = FNsd
FzEd - ) ) , .
_ 3 04 [kN] Design total force in a bolt on the direction z Fzed = Fmsd

) Fea = V( Fxed® + F2ed?
Fea= 7,14 [kN] Resultant shear force in a bolt

)
96,0 ] ] ] o Frax=min(Ford1x,
Frax = [kN] Effective design capacity of a bolt on the direction x
0 FbRrd2x)
96,0 . . ] o Fraz=min(Ford1z,
Fraz = [kN] Effective design capacity of a bolt on the direction z
0 Fbrdzz)
verifie
|Fx.d| < Frax |-6,37] < 96,00 d (0,07)
verifie
|FzEd| < Fraz [-3,24] < 96,00 d (0,03)
verifie
Fed € Furd 7,14 < 43,43 " (0,16)
Verification of a section weakened by openings
B2 = 0,65 Reduction coefficient [Table 3.8]
A= 940 [mm?] Cross-sectional area of an angle
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Gradevinski fakultet

B2 = 0,65 Reduction coefficient

Anet = 849 [mm?] Net cross-sectional area

Nurd = 217,53 [kN] Design plastic resistance of the net section

Npi,rd =300, 23 [kN] Design plastic resistance of the gross section
|0.5*Nbs,ed| < Nurd |-6,37| < 217,53 verified
|0.5*Nbs,ed| < Npi,Rd |-6,37| < 300,23 verified

Bar verification - block tearing

2

m
Ant = 200 Net area of the section in tension
mm? o
Any = 564 | Area of the section in shear
VefRd = ' 0 [kN] Design capacity of a section weakened by openings
[0.5*Nbs Ed| < Vefird |-6,37] < 154,60 verified

Connection conforms to the code | Ratio

O,16‘

[Table 3.8]

Anet = A - do*tts

NuRrd = (B2*Anet*fus )/ym2
Npi,rd = (0.9*A*fy5)/ym2
(0,03)

(0,02)

VeftRd=0.5*fu*Ant/ymz +
(1N3)*fy*Anvlymo
(0,04)

137

Tea Rojni¢: Dimenzioniranje ¢elicne konstrukcije objekta u nauti¢ko turistickom kompleksu

Diplomski rad



Sveuciliste u Rijeci
Gradevinski fakultet

8.4. Cvor resetke 2

Polozaj spoja na konstrukciji prikazan je na slici_ crvenom bojom.

o a a a

Slika 54. Polozaj ¢vora resetke 2 na konstrukciji

Naslici _ prikazan je ¢vor reSetke 2 u 3D-u.

Slika 55. 3D prikaz ¢vora resetke 2
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Autodesk Robot Structural Analysis Professional 2019 OK
Calculations of the connection with the gusset|

plate Ratio
EN 1993-1-8:2005/AC:2009 0,45

M - 2 UPN 160

na -

m

CAE To=7

T4 -

n

CAL To=7

s -

"]

CAE Tom7

.
+

750

#
: b
i
it
it
it
it
il
General
Connection no.: 2
Connection name: Gusset plate: truss chord node
Structure node: 34
Structure bars: 5, 5, 36, 30, 35,
Geometry
Bars
Bar 1-2 Bar 3 Bar 4 Bar 5
Bar no.: 5 36 30 35
2 UPN 160
Section: ) ) 2 CAE 70x7 2 CAE 70x7 2 CAE 70x7
spojeni
h 160 70 70 70 mm
bs 65 70 70 70 mm
ty 8 7 7 7 mm
te 11 7 7 7 mm
r 11 9 9 9 mm
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Bar 1-2 Bar 3 Bar 4 Bar 5
A 4779 1879 1879 1879
Material: S355 S355 S355 S355
fy 355,00 355,00 355,00 355,00
fu 490,00 490,00 490,00 490,00
Angle a 0,0 48,4 71,6 23,5
Length 1 7,38 3,09 1,71 2,71
Bolts
Bar 3

The shear plane passes through the UNTHREADED portion of the bolt.

Class = 4.8 Bolt class

d= 12 [mm] Bolt diameter

do = 13 [mm] Bolt opening diameter

As = 84 [mm?] Effective section area of a bolt

A = 113 [mm?] Area of bolt section

fyo = 320,00 [MPa] Yield point

fup = 400,00 [MPa] Bolttensile resistance

n= 2 Number of bolt columns

Bolt spacing 60 [mm]

el = 40 [mm] Distance of the center of gravity of first bolt from the member end
e = 35 [mm] Distance of the axis of bolts from the member edge

€c
Bar 4
The shear plane passes through the UNTHREADED portion of the bolt.

200 [mm] Distance of the member end from the point of intersection of member axes

Class = 4.8 Bolt class

d= 12 [mm] Bolt diameter

do = 13 [mm] Bolt opening diameter

As = 84 [mm?] Effective section area of a bolt
Ay = 113 [mm?] Area of bolt section

fyp = 320,00 [MPa] Yield point

fub = 400,00 [MPa] Bolttensile resistance

n= 2 Number of bolt columns

Bolt spacing 60 [mm]

el = 40 [mm] Distance of the center of gravity of first bolt from the member end

ez = 35 [mm] Distance of the axis of bolts from the member edge

ec= 150 [mm] Distance of the member end from the point of intersection of member axes
Bar 5
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Gradevinski fakultet

The shear plane passes through the UNTHREADED portion of the bolt.

Class = 4.8 Bolt class

d= 12 [mm] Bolt diameter

do = 13 [mm] Bolt opening diameter

As = 84 [mm?] Effective section area of a bolt

Ay = 113 [mm?] Area of bolt section

fyp = 320,00 [MPa] Yield point

fup = 400,00 [MPa] Bolttensile resistance

n= 2 Number of bolt columns

Bolt spacing 60 [mm]

el = 40 [mm] Distance of the center of gravity of first bolt from the member end
e = 35 [mm] Distance of the axis of bolts from the member edge

ec= 350 [mm] Distance of the member end from the point of intersection of member axes

Welds

Member welds

Bar 1-2

I = 100 [mm] Length 1 of longitudinal fillet weld
l2 = 100 [mm] Length 2 of longitudinal fillet weld
a= 3 [mm] Thickness of longitudinal fillet welds
Gusset plate

Ip = 750 [mm] Plate length

hp = 400 [mm] Plate height

tp= 10 [mm] Plate thickness

Parameters

h1 = 0 [mm] Cut

V1 = 0 [mm] Cut

hz = 0 [mm] Cut

V2 = 0 [mm] Cut

hs = 0 [mm] Cut

V3 = 0 [mm] Cut

hs = 0 [mm] Cut

V4 = 0 [mm] Cut

Center of gravity of the plate with respect to the center of gravity of bars  (125;100)

ev = 100 [mm] Vertical distance of the plate edge from the point of intersection of member axes
eH = 250 [mm] Horizontal distance of the plate edge from the point of intersection of member axes
€0 = 0 [mm] Distance to chord axis (horiz.)

Material: S$355

fy = 355,00 [MPa] Resistance
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Material factors

™o = 1,00 Partial safety factor
™2 = 1,25 Partial safety factor
Loads

Case: 25: COMB15 (1+2)*1.35+7*1.50+3*0.75
Nbiea = -38,66 [kN]  Axial force
-11,77 [kN] Axial force
Nb3ed = -34,72 [kN]  Axial force
Nb4 Ed = 3,76 [kN] Axial force
-4,11 [kN] Axial force

Nb2,Ed

Nbs Ed

Results
Bar 1-2

Verification of welds

[2.2]
[2.2]

e= 0 [mm] Axial force eccentricity relative to the centroid of a weld group
[KN*m
Mo = 0,00 Real bending moment Mo = 0.5*Nb1,ed*e
Aw = 1080 [mm?] Area of welds
621742
lo= . [mm?*] Polar moment of inertia of welds
= -12,45[MPa] Component stress due to influence of the longitudinal force TN = 0.5*Nb1,ed/As
T™Mx = 0, 00 [MPa] Component stress due to influence of the moment on the x direction wMx=Mo*z/lo
™z = 0, 00 [MPa] Component stress due to influence of the moment on the z direction tMz=Mo*x/lo
T
T= 12,45 [MPa] Resultant stress
=V[(tntTmx) 2+
Bw = 0,90 Correlation coefficient [Table 4.1]
fvw,d fvw,d =
251,47 [MPa]
- ful(N3*Buw*ymz2)
verifie
T < furd 12,45 < 251,47 ’ (0,05)
Section resistance
A= 2389 [mm?] Cross-sectional area
Npra = 848,24 [kN] Design plastic resistance of the gross section Npird=A*fy1/ymo
[0.5*Nb1,ed| < NpiRd [-13,45| < 848,24 verified (0,02)
Bar 3
Bolt capacities
Fvra= 43,43 [kN] Shear resistance of the shank of a single bolt Fv,rd= 0.6*fub*Av'm/ymz
Bolt bearing on the bar
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Direction x

kix = 2,50 Coefficient for calculation of Fp,rd kix=min[2.8*(e2/do)-1.7, 2.5]

kix> 0.0 2,50 > 0,00 verified

obx= 0,82 Coefficient determined by bolt spacing owx=min[e1/(3*do), p1/(3*do)-0.25, fuv/fu, 1]

abx > 0.0 0,82 > 0,00 verified

Fora1tx 134, 4 [kN Design capacity in the limit state of plastification of the opening Furd1x=K1x*obx*fu*d*tifym

= 0 ] wall 2

Direction z

kiz = 2,50 Coefficient for calculation of Fp rd kiz=min[2.8*(e1/do)-1.7, 1.4*(p1/do)-1.7, 2.5]

kiz> 0.0 2,50 > 0,00 verified

Obz = 0,82 Coefficient for calculation of FpRrd abz=min[e2/(3*do), fun/fu, 1]

owz > 0.0 0,82 > 0,00 verified

Ford1z=134,40 [kN] Bearing resistance of a single bolt Fo,rd1z=K1z* ooz " fu*d*tilymz

Bolt bearing on the plate

Direction x

kix = 2,50 Coefficient for calculation of Fp,rd k1=min[2.8*(e2/do)-1.7, 2.5]

kix> 0.0 2,50 > 0,00 verified

opx = 0,82 Coefficient determined by bolt spacing obx=min[e1/(3*do), p1/(3*do)-0.25, fuv/fu, 1]

ox > 0.0 0,82 > 0,00 verified

Fb,Rd2x = 2o Z [N Design capacity in the limit state of plastification of the opening wall Foraz=kion "t/
2

Direction z

kiz = 2,50 Coefficient for calculation of Fprd kiz=min[2.8*(e1/do)-1.7, 1.4*(p1/do)-1.7, 2.5]

kiz> 0.0 2,50 > 0,00 verified

Obz = 0,82 Coefficient for calculation of Fb rd abz=min[ez2/(3*do), fub/fu, 1]

owz > 0.0 0,82 > 0,00 verified

Fbra2z= 96,00 [kN] Bearing resistance of a single bolt

Fb,Rd2z=K1z* ooz *fu*d*tilymz

Verification of a connection due to forces acting on bolts

Bolt shear
e= 15 [mm] Axial force eccentricity relative to the bolt axis
[KN*m )

Mo= -0,53 Real bending moment Mo=Nb3ed"e
Fnsd - , . T

17 3¢ [kN] Component force in a bolt due to influence of the longitudinal force Fnsd = Nb3,eda/n
Fmsd . .
_ -8,85 [kN] Component force in a bolt due to influence of the moment Fmsa=Mo*Xmax/Zxi?
FxEd - . , o
_ 17 36 [kN] Design total force in a bolt on the direction x Fxed = Fnsd
FzEd . . L

-8,85 [kN] Design total force in a bolt on the direction z FzEd = Fumsd
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e= 15 [mm] Axial force eccentricity relative to the bolt axis
Fed = V( Fxed? + Fzed?

)

Frax=min(Fbrd1x,

Fea= 19,48 [kN] Resultant shear force in a bolt

Frax= 96,00 [kN] Effective design capacity of a bolt on the direction x E )
bRd2x

. . . . Fraz=min(FbRrd1z,
Fraiz= 96,00 [kN] Effective design capacity of a bolt on the direction z

Fbrdzz)
|Fxed| < Frax |-17,36] < 96,00 \(;erlfle (0,18)
|FzEed| < FRraz |-8,85] < 96,00 \c;enﬂe (0,09)
Fed < Furd 19,48 < 43,43 \(;erifie (0,45)
Verification of a section weakened by openings
B2 = 0,65 Reduction coefficient [Table 3.8]
A= 940 [mm?] Cross-sectional area of an angle
Anet = 849 [mm?] Net cross-sectional area Anet = A - do*t3
Nurd = 217,53 [kN] Design plastic resistance of the net section Nurd = (B2*Anet*fus)/ymz
Npi,rd =300, 23 [kN] Design plastic resistance of the gross section Npi,rd = (0.9*A*fy3)/ym2
|0.5*Nb3.£d| < NuRrd |-17,36] < 217,53 verified (0,08)
|0.5*Nb3,ed| < Npi,Rd |-17,36| < 300,23 verified (0,06)

Bar verification - block tearing

[mm? o .
Ant = 200 Net area of the section in tension
[mm? .
Anv = 564 ] Area of the section in shear

154,6 Veftrd=0.5*fu*Ant/ym2 +
VefRd = 0 [kN] Design capacity of a section weakened by openings

(1N3Yfy*Anvlymo
|0.5*Nb3,ed| < VeftRd |-17,36| < 154,60 verified (0,11)
Bar 4
Bolt capacities
Fvwra= 43,43 [kN] Shear resistance of the shank of a single bolt Fv,ra= 0.6*fub*Av'm/ymz
Bolt bearing on the bar
Direction x
kix = 2,50 Coefficient for calculation of Fp rd kix=min[2.8*(e2/do)-1.7, 2.5]
kix > 0.0 2,50 > 0,00 verified
obx = 0,82 Coefficient determined by bolt spacing abx=min[e1/(3*do), p1/(3*do)-0.25, fun/fu, 1]
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abx > 0.0 0,82 > 0,00 :;eriﬂe

Fo,ratx 134, 4 [kN . o o o ) Fo,rd1x=K1x* oox*fu*d*tify

_ 0 Design capacity in the limit state of plastification of the opening wall .

Direction z

kiz= 2,50 Coefficient for calculation of Fprd kiz=min[2.8*(e1/do)-1.7, 1.4*(p1/do)-1.7, 2.5]

kiz> 0.0 2,50 > 0,00 verified

Olbz = 0,82 Coefficient for calculation of Fo ra awz=min[e2/(3*do), fuo/fu, 1]

oz > 0.0 0,82 > 0,00 verified

Fbra1z= 134,40 [kN] Bearing resistance of a single bolt Fb.Ra1z=K1z* oz fu*d*tilymz

Bolt bearing on the plate

Direction x

kix = 2,50 Coefficient for calculation of Fy,rd k1=min[2.8*(e2/do)-1.7, 2.5]

kix> 0.0 2,50 > 0,00 verified

oabx = 0,82 Coefficient determined by bolt spacing obx=min[e1/(3*do), p1/(3*do)-0.25, fub/fu, 1]

apx > 0.0 0,82 > 0,00 Zeriﬁe

Foraizx 96,0 [kN ) L o o . Fo,rd2x=k1*ow*fu*d*tily

_ Design capacity in the limit state of plastification of the opening wall "

Direction z

kiz= 2,50 Coefficient for calculation of FpRrd kiz=min[2.8*(e1/do)-1.7, 1.4*(p1/do)-1.7, 2.5]

kiz> 0.0 2,50 > 0,00 verified

Obz = 0,82 Coefficient for calculation of Fb rd abz=min[ez2/(3*do), fub/fu, 1]

owz > 0.0 0,82 > 0,00 verified

Fbra2z= 96,00 [kN] Bearing resistance of a single bolt Fb.Rd2z=K1z* oz *fu*d*tilymz

Verification of a connection due to forces acting on bolts

Bolt shear

e= 15 [mm] Axial force eccentricity relative to the bolt axis

Mo= 0,06 [kl\;*m Real bending moment Mo=Nb4,eq*e

Fnsa = 1,88 [kN] Component force in a bolt due to influence of the longitudinal force Fnsd = Nba,ed/n

Fusa= 0,96 [kN] Component force in a bolt due to influence of the moment Fmsd=Mo*Xmax/ZXi?

Fxea = 1,88 [kN] Design total force in a bolt on the direction x FxEd = Fnsd

Fzea = 0,96 [kN] Design total force in a bolt on the direction z FzEd = Fmsd

Fea= 2,11 [kN] Resultant shear force in a bolt Fed = V( Fxed® + Fzed?)

Frax = 2600 [kN] Effective design capacity of a bolt on the direction x Fra=min(Forat
0 Fbrd2x)

Fraz = 2600 [kN] Effective design capacity of a bolt on the direction z Fraz=min(Forote,
0 FbRrd2z)
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|Fxed| < Frox 1,88 < 96,00 verified (0,02)
|F2gd| < Fraz 10,96] < 96,00 verified (0,01)
Fed < Furg 2,11 < 43,43 verified (0,05)

Verification of a section weakened by openings

B2 = 0,65 Reduction coefficient [Table 3.8]
A= 940 [mm?] Cross-sectional area of an angle

Anet = 849 [mm?] Net cross-sectional area Anet = A - do*tia
Nurd= 217,53 [kN] Design plastic resistance of the net section Nurd = (B2*Anet*fus)/ymz
Npira = 300,23  [kN] Design plastic resistance of the gross section Npi.rd = (0.9*A*fya)/ym2
[0.5*Nb4,Ed| < Nu,Rd |1,88| < 217,53 verified (0,01)
|0.5*Nb4,Ed| < NpiRd /1,88 < 300,23 verified (0,01)

Bar verification - block tearing

[mm? o .
Ant = 200 Net area of the section in tension
[mm?
Anv = 564 Area of the section in shear
, _ . . . VeftRd=0.5*fu*Ant/ymz +
VefRd = [kN] Design capacity of a section weakened by openings
0 (1N3)*fy*Anvlymo
[0.5*Nb4 Ed| < Vefird [1,88] < 154,60 verified (0,01)
Bar 5
Bolt capacities
Fvra= 43,43 [kN] Shear resistance of the shank of a single bolt Fv,ra= 0.6*fub*Av'm/ymz2
Bolt bearing on the bar
Direction x
kix = 2,50 Coefficient for calculation of Fp,rd kix=min[2.8*(e2/do)-1.7, 2.5]
kix > 0.0 2,50 > 0,00 verified
obx= 0,82 Coefficient determined by bolt spacing obx=min[e1/(3*do), p1/(3*do)-0.25, fuv/fu, 1]
abx > 0.0 0,82 > 0,00 verified

Fora1x 134, 4 [kN Design capacity in the limit state of plastification of the opening Fo,rda1x=K1x*oox*fu*d*ti/ym

= 0 1 wall 2
Direction z

kiz = 2,50 Coefficient for calculation of Fprd k1z=min[2.8%(e1/do)-1.7, 1.4*(p1/do)-1.7, 2.5]
kiz> 0.0 2,50 > 0,00 verified

Obz = 0,82 Coefficient for calculation of Fbrd abz=min[e2/(3*do), fub/fu, 1]
owz > 0.0 0,82 > 0,00 verified

Ford1z=134,40 [kN] Bearing resistance of a single bolt Fb.Ra1z=K1z* oz fu*d*tilymz

Bolt bearing on the plate

Direction x
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kix = 2,50 Coefficient for calculation of FpRrd k1=min[2.8*(e2/do)-1.7, 2.5]

kix> 0.0 2,50 > 0,00 verified

abx = 0,82 Coefficient determined by bolt spacing obx=min[e1/(3*do), p1/(3*do)-0.25, fub/fu, 1]

owx > 0.0 0,82 > 0,00 verified

Fb,Rd2x = oo Z [k]N Design capacity in the limit state of plastification of the opening wall Forazkiar™T"d "t
2

Direction z

kiz = 2,50 Coefficient for calculation of Fp rd kiz=min[2.8*(e1/do)-1.7, 1.4*(p1/do)-1.7, 2.5]

kiz> 0.0 2,50 > 0,00 verified

Obz = 0,82 Coefficient for calculation of FpRrd abz=min[e2/(3*do), fub/fu, 1]

owz > 0.0 0,82 > 0,00 verified

Fora2z= 96,00 [kN] Bearing resistance of a single bolt Fo,rd2z=K1z* ooz *fu*d*tilym2

Verification of a connection due to forces acting on bolts

Bolt shear
e= 15 [mm] Axial force eccentricity relative to the bolt axis
- [kN*m )
Mo = Real bending moment Mo=Nbs ea*e
0,06 ]
Fnsd - . ) L
_ 5 05 [kN] Component force in a bolt due to influence of the longitudinal force Fnsa = Nbsed/n
Fumsd - . )
_ L os [kN] Component force in a bolt due to influence of the moment Frmsd=Mo*Xmax/Zx?
FxEd - . ) , .
_ . [kN] Design total force in a bolt on the direction x Fx,ed = FNsd
FzEd - ) ) , .
_ L os [kN] Design total force in a bolt on the direction z Fzed = Fmsd

) Fea = V( Fxed® + F2ed?
Fea= 2,31 [kN] Resultant shear force in a bolt

)
96,0 ] ] ] o Frax=min(Ford1x,
Frax = [kN] Effective design capacity of a bolt on the direction x
0 FbRrd2x)
96,0 . . ] o Fraz=min(Ford1z,
Fraz = [kN] Effective design capacity of a bolt on the direction z
0 Fbrdzz)
verifie
|FxEd| < Frax [-2,05] < 96,00 q (0,02)
verifie
|FzEd| < Fraz [-1,05] < 96,00 d (0,01)
verifie
Fed < Furd 2,31 < 43,43 " (0,05)
Verification of a section weakened by openings
B2 = 0,65 Reduction coefficient [Table 3.8]
A= 940 [mm?] Cross-sectional area of an angle
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Gradevinski fakultet

B2 = 0,65 Reduction coefficient

Anet = 849 [mm?] Net cross-sectional area

Nurd = 217,53 [kN] Design plastic resistance of the net section

Npi,rd =300, 23 [kN] Design plastic resistance of the gross section
|0.5*Nbs,ed| < Nurd |-2,05| < 217,53 verified
|0.5*Nbs,ed| < Npi,Rd |-2,05| < 300,23 verified

Bar verification - block tearing

2

m
Ant = 200 Net area of the section in tension
mm? o
Any = 564 | Area of the section in shear
VefRd = ' 0 [kN] Design capacity of a section weakened by openings
[0.5*Nbs Ed| < Vefird |-2,05] < 154,60 verified

Connection conforms to the code | Ratio

0,45‘

[Table 3.8]

Anet = A - do*tts

NuRrd = (B2*Anet*fus )/ym2
Npi,rd = (0.9*A*fy5)/ym2
(0,01)

(0,01)

VeftRd=0.5*fu*Ant/ymz +
(1N3)*fy*Anvlymo
(0,01)
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8.5. Cvor resetke 3

Polozaj spoja na konstrukciji prikazan je na slici_ crvenom bojom.

Slika 56. Polozaj ¢vora resetke 3 na konstrukciji

Na slici _ prikazan je ¢vor reSetke 3 u 3D-u.

Slika 57. 3D prikaz ¢vora resetke 3
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Autodesk Robot Structural Analysis Professional 2019 OK
Calculations of the connection with the gusset|

plate Ratio
EN 1993-1-8:2005/AC:2009 0,23

bl - & CaAE 180x10

D3 - B CaE Thx7

D4 - 2 CAE TOx7

D5 - 2 CAE TOx7

o
Es

General

Connection no.: 3

Connection name: Gusset plate: truss chord node

Structure node: 73
Structure bars: 78, 78, 86, 85, 87,
Geometry
Bars
Bar 1-2 Bar 3 Bar 4 Bar 5
Bar no.: 78 86 85 87
2 CAE
Section: 2 CAE 70x7 2 CAE 70x7 2 CAE 70x7
120x10
h 120 70 70 70 mm
be 120 70 70 70 mm
ty 10 7 7 7 mm
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Bar 1-2 Bar 3 Bar 4 Bar 5
te 10 7 7 7
r 13 9 9 9
A 4636 1879 1879 1879
Material: S355 S355 S355 S355
fy 355,00 355,00 355,00 355,00
fu 490,00 490,00 490,00 490,00
Angle o 0,0 40,5 90,0 40,5
Length 1 6,00 3,94 2,56 3,94
Bolts
Bar 3

The shear plane passes through the UNTHREADED portion of the bolt.

Class = 4.8 Bolt class

d= 12 [mm] Bolt diameter

do = 13 [mm] Bolt opening diameter

As = 84 [mm?] Effective section area of a bolt

Ay = 113 [mm?] Area of bolt section

fyp = 320,00 [MPa] Yield point

fup = 400,00 [MPa] Bolttensile resistance

n= 2 Number of bolt columns

Bolt spacing 60 [mm]

el = 40 [mm] Distance of the center of gravity of first bolt from the member end
e = 35 [mm] Distance of the axis of bolts from the member edge

ec= 150 [mm] Distance of the member end from the point of intersection of member axes
Bar 4

The shear plane passes through the UNTHREADED portion of the bolt.

Class = 4.8 Bolt class

d= 12 [mm] Bolt diameter

do= 13 [mm] Bolt opening diameter

As = 84 [mm?] Effective section area of a bolt
Ay = 113 [mm?] Area of bolt section

fyp = 320,00 [MPa] Yield point

fub = 400,00 [MPa] Bolttensile resistance

n= 2 Number of bolt columns

Bolt spacing 60 [mm]

e1= 40 [mm] Distance of the center of gravity of first bolt from the member end

e2= 35 [mm] Distance of the axis of bolts from the member edge

ec= 50 [mm] Distance of the member end from the point of intersection of member axes
Bar 5
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The shear plane passes through the UNTHREADED portion of the bolt.

Class = 4.8 Bolt class

d= 12 [mm] Bolt diameter

do = 13 [mm] Bolt opening diameter

As = 84 [mm?] Effective section area of a bolt

Ay = 113 [mm?] Area of bolt section

fyp = 320,00 [MPa] Yield point

fup = 400,00 [MPa] Bolttensile resistance

n= 2 Number of bolt columns

Bolt spacing 60 [mm]

el = 40 [mm] Distance of the center of gravity of first bolt from the member end
e = 35 [mm] Distance of the axis of bolts from the member edge

ec= 150 [mm] Distance of the member end from the point of intersection of member axes

Welds

Member welds

Bar 1-2

I = 100 [mm] Length 1 of longitudinal fillet weld
l2 = 100 [mm] Length 2 of longitudinal fillet weld
a= 3 [mm] Thickness of longitudinal fillet welds
Gusset plate

Ip = 500 [mm] Plate length

hp = 300 [mm] Plate height

tp= 10 [mm] Plate thickness

Parameters

h1 = 0 [mm] Cut

V1 = 0 [mm] Cut

hz = 0 [mm] Cut

V2 = 0 [mm] Cut

hs = 0 [mm] Cut

V3 = 0 [mm] Cut

hs = 0 [mm] Cut

V4 = 0 [mm] Cut

Center of gravity of the plate with respect to the center of gravity of bars  (0;50)

ev = 100 [mm] Vertical distance of the plate edge from the point of intersection of member axes
eH = 250 [mm] Horizontal distance of the plate edge from the point of intersection of member axes
€0 = 0 [mm] Distance to chord axis (horiz.)

Material: S$355

fy = 355,00 [MPa] Resistance
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Material factors

™o = 1,00 Partial safety factor
™2 = 1,25 Partial safety factor
Loads

Case: 13: COMB3 (1+2)*1.35+3*1.50+7*0.90

Nbiea= -11,66 [kN]  Axial force

Nb2ea= -0,31 [kN] Axial force
Nbseda = -18,10 [kN]  Axial force
Nb4 Ed = 1,73 [kN] Axial force
Nbsea= -3,01  [kN] Axial force
Results
Bar 1-2

Verification of welds

[2.2]
[2.2]

e= 27 [mm] Axial force eccentricity relative to the centroid of a weld group
*m
Mo= -0,15 Real bending moment Mo = 0.5*Nb1,ed*e
Aw = 960 [mm?] Area of welds
379882
lo= . [mm?*] Polar moment of inertia of welds
= -5, 92 [MPa] Component stress due to influence of the longitudinal force TN = 0.5*Nb1,ed/As
wx = —2,47 [MPa] Component stress due to influence of the moment on the x direction wMx=Mo*z/lo
wz= -2, 78 [MPa] Component stress due to influence of the moment on the z direction tMz=Mo*x/lo
T
T= 8, 84 [MPa] Resultant stress
=V[(tntTmx) 2+
Bw = 0,90 Correlation coefficient [Table 4.1]
W, fvw,d =
251,47 [MPa]
- ful(N3*Buw*ymz2)
verifie
T < furd 8,84 < 251,47 ’ (0,04)
Section resistance
A= 2318 [mm?] Cross-sectional area
Npra = 822,94 [kN] Design plastic resistance of the gross section Npird=A*fy1/ymo
[0.5*Nb1,ed| < NpiRd |-5,68] < 822,94 verified (0,01)
Bar 3
Bolt capacities
Fvra= 43,43 [kN] Shear resistance of the shank of a single bolt Fv,rd= 0.6*fub*Av'm/ymz
Bolt bearing on the bar
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Direction x

kix = 2,50 Coefficient for calculation of Fp,rd kix=min[2.8*(e2/do)-1.7, 2.5]

kix> 0.0 2,50 > 0,00 verified

obx= 0,82 Coefficient determined by bolt spacing owx=min[e1/(3*do), p1/(3*do)-0.25, fuv/fu, 1]

abx > 0.0 0,82 > 0,00 verified

Fora1tx 134, 4 [kN Design capacity in the limit state of plastification of the opening Furd1x=K1x*obx*fu*d*tifym

= 0 ] wall 2

Direction z

kiz = 2,50 Coefficient for calculation of Fp rd kiz=min[2.8*(e1/do)-1.7, 1.4*(p1/do)-1.7, 2.5]

kiz> 0.0 2,50 > 0,00 verified

Obz = 0,82 Coefficient for calculation of FpRrd abz=min[e2/(3*do), fun/fu, 1]

owz > 0.0 0,82 > 0,00 verified

Ford1z=134,40 [kN] Bearing resistance of a single bolt Fo,rd1z=K1z* ooz " fu*d*tilymz

Bolt bearing on the plate

Direction x

kix = 2,50 Coefficient for calculation of Fp,rd k1=min[2.8*(e2/do)-1.7, 2.5]

kix> 0.0 2,50 > 0,00 verified

opx = 0,82 Coefficient determined by bolt spacing obx=min[e1/(3*do), p1/(3*do)-0.25, fuv/fu, 1]

ox > 0.0 0,82 > 0,00 verified

Fb,Rd2x = 2o Z [N Design capacity in the limit state of plastification of the opening wall Foraz=kion "t/
2

Direction z

kiz = 2,50 Coefficient for calculation of Fprd kiz=min[2.8*(e1/do)-1.7, 1.4*(p1/do)-1.7, 2.5]

kiz> 0.0 2,50 > 0,00 verified

Obz = 0,82 Coefficient for calculation of Fb rd abz=min[ez2/(3*do), fub/fu, 1]

owz > 0.0 0,82 > 0,00 verified

Fora2z= 96,00 [kN] Bearing resistance of a single bolt Fb.Rd2z=K1z* oz *fu*d*tilymz

Verification of a connection due to forces acting on bolts

Bolt shear
e= 15 [mm] Axial force eccentricity relative to the bolt axis
- [kN*m )

Mo = 0 28 Real bending moment Mo=Nb3eq*e
Fnsd - . . o

5 05 [kN] Component force in a bolt due to influence of the longitudinal force Fnsd = Nb3ed/n
Fmsd - . .
_ 46l [kN] Component force in a bolt due to influence of the moment Fmsd=Mo*Xmax/Zxi?
FxEd - ) ) . .
_ 5 05 [kN] Design total force in a bolt on the direction x FxEed = Fnsd
FzEd - . ) , .

461 [kN] Design total force in a bolt on the direction z Fzed = Fumsd
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e= 15 [mm] Axial force eccentricity relative to the bolt axis
10,1 ) Fea = V( Fxed® + Fzed?
Fed = . [kN] Resultant shear force in a bolt |
96,0 . . ] o Frax=min(Ford1x,
Frax = [kN] Effective design capacity of a bolt on the direction x
0 FbRrd2x)
96,0 ) ] ) o Fraz=min(Ford1z,
Fraz = [kN] Effective design capacity of a bolt on the direction z
0 FbRrd2z)
verifie
|FxEd| < Frax [-9,05] < 96,00 . (0,09)
verifie
|FzEed| < FRraz |-4,61] < 96,00 : (0,05)
verifie
Fed < Furd 10,15 < 43,43 ; (0,23)
Verification of a section weakened by openings
B2 = 0,65 Reduction coefficient [Table 3.8]
A= 940 [mm?] Cross-sectional area of an angle
Anet = 849 [mm?] Net cross-sectional area Anet = A - do*t3
Nurd = 217,53 [kN] Design plastic resistance of the net section Nurd = (B2*Anet*fus)/ymz
Npi,rd =300, 23 [kN] Design plastic resistance of the gross section Npi,rd = (0.9*A*fy3)/ym2
|0.5*Nb3,ed| < Nu,Rd |-9,05| < 217,53 verified (0,04)
|0.5*Nb3,ed| < Npi,Rd [-9,05| < 300,23 verified (0,03)

Bar verification - block tearing

[mm? o .
Ant = 200 Net area of the section in tension
[mm? .
Anv = 564 ] Area of the section in shear

154,56 ] . Veiird=0.5*fu*Antlymz +
VefRd = 0 [kN] Design capacity of a section weakened by openings

(1N3Yfy*Anvlymo
|0.5*Nb3,ed| < VefiRd [-9,05] < 154,60 verified (0,06)
Bar 4
Bolt capacities
Fvwra= 43,43 [kN] Shear resistance of the shank of a single bolt Fv,ra= 0.6*fub*Av'm/ymz
Bolt bearing on the bar
Direction x
kix = 2,50 Coefficient for calculation of Fp,rd k1x=min[2.8*(e2/do)-1.7, 2.5]
kix > 0.0 2,50 > 0,00 verified
apx = 0,82 Coefficient determined by bolt spacing abx=min[e1/(3*do), p1/(3*do)-0.25, fun/fu, 1]
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abx > 0.0 0,82 > 0,00 :;eriﬂe

Fo,ratx 134, 4 [kN . o o o ) Fo,rd1x=K1x* oox*fu*d*tify

_ 0 Design capacity in the limit state of plastification of the opening wall .

Direction z

kiz= 2,50 Coefficient for calculation of Fprd kiz=min[2.8*(e1/do)-1.7, 1.4*(p1/do)-1.7, 2.5]

kiz> 0.0 2,50 > 0,00 verified

Olbz = 0,82 Coefficient for calculation of Fo ra awz=min[e2/(3*do), fuo/fu, 1]

oz > 0.0 0,82 > 0,00 verified

Fbra1z= 134,40 [kN] Bearing resistance of a single bolt Fb.Ra1z=K1z* oz fu*d*tilymz

Bolt bearing on the plate

Direction x

kix = 2,50 Coefficient for calculation of Fy,rd k1=min[2.8*(e2/do)-1.7, 2.5]

kix> 0.0 2,50 > 0,00 verified

oabx = 0,82 Coefficient determined by bolt spacing obx=min[e1/(3*do), p1/(3*do)-0.25, fub/fu, 1]

apx > 0.0 0,82 > 0,00 Zeriﬁe

Foraizx 96,0 [kN ) L o o . Fo,rd2x=k1*ow*fu*d*tily

_ Design capacity in the limit state of plastification of the opening wall "

Direction z

kiz= 2,50 Coefficient for calculation of FpRrd kiz=min[2.8*(e1/do)-1.7, 1.4*(p1/do)-1.7, 2.5]

kiz> 0.0 2,50 > 0,00 verified

Obz = 0,82 Coefficient for calculation of Fb rd abz=min[ez2/(3*do), fub/fu, 1]

owz > 0.0 0,82 > 0,00 verified

Fbra2z= 96,00 [kN] Bearing resistance of a single bolt Fb.Rd2z=K1z* oz *fu*d*tilymz

Verification of a connection due to forces acting on bolts

Bolt shear

e= 15 [mm] Axial force eccentricity relative to the bolt axis

Mo= 0,03 [kl\;*m Real bending moment Mo=Nb4,eq*e

Fnsa = 0,86 [kN] Component force in a bolt due to influence of the longitudinal force Fnsd = Nba,ed/n

Fusa= 0,44 [kN] Component force in a bolt due to influence of the moment Fmsd=Mo*Xmax/ZXi?

Fxea = 0,86 [kN] Design total force in a bolt on the direction x FxEd = Fnsd

Fzea = 0,44 [kN] Design total force in a bolt on the direction z FzEd = Fmsd

Fea= 0,97 [kN] Resultant shear force in a bolt Fed = V( Fxed® + Fzed?)

Frax = 2600 [kN] Effective design capacity of a bolt on the direction x Fra=min(Forat
0 Fbrd2x)

Fraz = 2600 [kN] Effective design capacity of a bolt on the direction z Fraz=min(Forote,
0 FbRrd2z)
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|Fxgd| < Frax |0,86] < 96,00 verified (0,01)
|F2gd| < Fraz |0,44] < 96,00 verified (0,00)
Feq £ Furd 0,97 < 43,43 verified (0,02)

Verification of a section weakened by openings

B2 = 0,65 Reduction coefficient [Table 3.8]
A= 940 [mm?] Cross-sectional area of an angle

Anet = 849 [mm?] Net cross-sectional area Anet = A - do*tia
Nurd= 217,53 [kN] Design plastic resistance of the net section Nurd = (B2*Anet*fus)/ymz
Npira = 300,23  [kN] Design plastic resistance of the gross section Npi.rd = (0.9*A*fya)/ym2
[0.5*Nb4,Ed| < Nu,Rd |0,86| < 217,53 verified (0,00)
[0.5*Nba4,ed| < Npi,Rd |10,86] < 300,23 verified (0,00)

Bar verification - block tearing

[mm? o .
Ant = 200 Net area of the section in tension
[mm?
Anv = 564 Area of the section in shear
, _ . . . VeftRd=0.5*fu*Ant/ymz +
VefRd = [kN] Design capacity of a section weakened by openings
0 (1N3)*fy*Anvlymo
[0.5*Nb4 Ed| < Vefird |0,86] < 154,60 verified (0,01)
Bar 5
Bolt capacities
Fvra= 43,43 [kN] Shear resistance of the shank of a single bolt Fv,ra= 0.6*fub*Av'm/ymz2
Bolt bearing on the bar
Direction x
kix = 2,50 Coefficient for calculation of Fp,rd kix=min[2.8*(e2/do)-1.7, 2.5]
kix > 0.0 2,50 > 0,00 verified
obx= 0,82 Coefficient determined by bolt spacing obx=min[e1/(3*do), p1/(3*do)-0.25, fuv/fu, 1]
abx > 0.0 0,82 > 0,00 verified

Fora1x 134, 4 [kN Design capacity in the limit state of plastification of the opening Fo,rd1x=K1x*oox*fu*d*ti/ym

= 0 1 wall 2
Direction z

kiz = 2,50 Coefficient for calculation of Fprd k1z=min[2.8%(e1/do)-1.7, 1.4*(p1/do)-1.7, 2.5]
kiz> 0.0 2,50 > 0,00 verified

Obz = 0,82 Coefficient for calculation of Fbrd abz=min[e2/(3*do), fub/fu, 1]
owz > 0.0 0,82 > 0,00 verified

Ford1z=134,40 [kN] Bearing resistance of a single bolt Fb.Ra1z=K1z* oz fu*d*tilymz

Bolt bearing on the plate

Direction x
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kix = 2,50 Coefficient for calculation of FpRrd k1=min[2.8*(e2/do)-1.7, 2.5]

kix> 0.0 2,50 > 0,00 verified

abx = 0,82 Coefficient determined by bolt spacing obx=min[e1/(3*do), p1/(3*do)-0.25, fub/fu, 1]

owx > 0.0 0,82 > 0,00 verified

Fb,Rd2x = oo Z [k]N Design capacity in the limit state of plastification of the opening wall Forazkiar™T"d "t
2

Direction z

kiz = 2,50 Coefficient for calculation of Fprd kiz=min[2.8*(e1/do)-1.7, 1.4*(p1/do)-1.7, 2.5]

kiz> 0.0 2,50 > 0,00 verified

Obz = 0,82 Coefficient for calculation of FpRrd abz=min[e2/(3*do), fub/fu, 1]

owz > 0.0 0,82 > 0,00 verified

Fora2z= 96,00 [kN] Bearing resistance of a single bolt Fo,rd2z=K1z* ooz *fu*d*tilym2

Verification of a connection due to forces acting on bolts

Bolt shear
e= 15 [mm] Axial force eccentricity relative to the bolt axis
- [kN*m )
Mo = Real bending moment Mo=Nbs ea*e
0,05 ]
Fnsd - . ) L
_ _ [kN] Component force in a bolt due to influence of the longitudinal force Fnsa = Nbsed/n
Fumsd - . )
_ 0 77 [kN] Component force in a bolt due to influence of the moment Frmsd=Mo*Xmax/Zx?
FxEd - . ) , .
_ _ [kN] Design total force in a bolt on the direction x Fx,ed = FNsd
FzEd - ) ) , .
_ 0 77 [kN] Design total force in a bolt on the direction z Fzed = Fmsd

) Fea = V( Fxed® + F2ed?
Fea= 1,69 [kN] Resultant shear force in a bolt

)
96,0 ] ] ] o Frax=min(Ford1x,
Frax = [kN] Effective design capacity of a bolt on the direction x
0 FbRrd2x)
96,0 . . ] o Fraz=min(Ford1z,
Fraz = [kN] Effective design capacity of a bolt on the direction z
0 Fbrdzz)
verifie
|Fx.d| < Frax [-1,51] < 96,00 d (0,02)
verifie
|FzEd| < Fraz [-0,77] < 96,00 d (0,01)
verifie
Fed < Furd 1,69 < 43,43 " (0,04)
Verification of a section weakened by openings
B2 = 0,65 Reduction coefficient [Table 3.8]
A= 940 [mm?] Cross-sectional area of an angle
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B2 = 0,65 Reduction coefficient

Anet = 849 [mm?] Net cross-sectional area

Nurd = 217,53 [kN] Design plastic resistance of the net section

Npi,rd =300, 23 [kN] Design plastic resistance of the gross section
|0.5*Nbs,ed| < Nurd |-1,51| < 217,53 verified
|0.5*Nbs,ed| < Npi,Rd |-1,51| < 300,23 verified

Bar verification - block tearing

2

m
Ant = 200 Net area of the section in tension
mm? o
Any = 564 | Area of the section in shear
VefRd = ' 0 [kN] Design capacity of a section weakened by openings
[0.5*Nbs Ed| < Vefird |-1,51] < 154,60 verified

Connection conforms to the code | Ratio

O,23‘

[Table 3.8]

Anet = A - do*tts

NuRrd = (B2*Anet*fus )/ym2
Npi,rd = (0.9*A*fy5)/ym2
(0,01)

(0,01)

VeftRd=0.5*fu*Ant/ymz +
(1N3)*fy*Anvlymo
(0,01)
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9. ZAKLJUCAK

Dimenzioniranje konstrukcije provedeno je u skladu sa Eurokodom i pripadnim
Nacionalnim dodacima. Proracun je proveden u programskom paketu Autodesk Robot
Structural Analysis Professional 2019 [1] Sto omogucava vrlo jednostavnu optimizaciju

poprecnih presjeka.

Nosiva konstrukcija ima relativno velike raspone zbog ¢ega su glavni 1 sekundarni nosaci
izvedeni u obliku resetki, a dimenzije poprecnih presjeka prili¢no velike. Svi elementi
dimenzionirani su tako da zadovolje uvjete grani¢nog stanja nosivosti i granicnog stanja
uporabivosti. Nastojalo se da iskoristivost poprecnih presjeka bude $to veca, te ista na
nekim mjestima premasuje 90%. Unato¢ tome na nekim mjestima je iskoristivost presjeka
svega oko 30%, $to je posljedica velikih raspona koji utjeu na progibe, odnosno na
provjeru grani¢nog stanja uporabivosti. Razmatranjam rezultata moze se zakljuciti da
provjera grani¢nog stanja uporabivosti moze uvelike utjecati na dimenzioniranje

elemenata, te je ¢esto upravo ona mjerodavna.
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