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Projekt konstrukcije Kongresnog centra Znjan

SaZetak:

Imajuéi kao predlozak idejno rjesenje Kongresnog centra Znjan izraden je projekt konstukcije.
Napravljen je numericki model na kojem je izvrSeno dimenzioniranje elemenata konstrukcije u
skladu s HRN EN 1993, HRN EN 1992 i HRN EN 1994. U finalnoj fazi su proracunati spojevi
te izradeni nacrti konstrukecije.

Kljucéne rijeci:

Kongresni centar Znjan, &elik, spojevi, numeri¢ki model

Construction project of the Congress center Znjan

Abstract:

Considering the conceptual design of the Congress Center Znjan as a template, a constuction
project was created. The numerical model has been made on which the dimension of the
structural elements was performed in accordance with HRN EN 1993, HRN EN 1992 and HRN

EN 1994. In the final phase the compounds are calculated and constructed design drawings are
made.
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1. TEHNICKI OPIS

1.1. Opis konstrukcije

Predmet ovog projekta je Geliéna konstrukcija Kongresnog centara Znjan smjestena na
podrudju Splita. Parcela predvidena za izgradnju objekta nalazi se u gradskom predijelu Znjan
na ravnom terenu, a postavljena je u smjeru sjever — jug. Pristupni put za vozila smjesten je na
zapadnoj strani parcele gdje se nalazi 1 ulaz za garazu. Sa istoc¢ne strane se nalazi Setnica koja
vodi do objekta. Dio slobodne neizgradene povrsine sluziti ¢e za pjesacku komunikaciju, a sa

juzne strane objekta osmisljen je Kongresni trg.

Objekt je planiran kao viSeetazna konstrukcija sa viSenamjenskim sadrzajem Kkoji
ukljucuju Cetiri male, jednu srednju i1 jednu veliku kongresnu dvoranu. Objekt jo§ sadrzava

garazu sa 95 parkirnih mjesta, administracijski prostor, salone i caffe barove.

Vertikalnu nosivu konstrukciju ¢ine Celi¢ni stupovi oblika popreénog presjeka ,,I°.
Krovna konstrukcija se sastoji dijelom od celi¢nih greda koje su spregnute sa betonskom
plo¢om, a drugim dijelom od celi¢nih reSetkastih nosaca spregnutih sa betonskom plo¢om.
Medukatnu nosivu konstrukciju ¢ine ¢elicne grede spregnute sa betonskom ploCom, a tribine
srednje i velike dvorane ¢ine CeliCni reSetkasti nosaci koji su takoder spregnuti sa betonskom

ploc¢om.

Konzolni dio konstrukcije se sastji od dva reSetkasta nosa¢a u x smjeru te jednog
reSetkastog nosata u y smjeru. Vertikalnu nosivu konstrukciju ,,betonske jezgre* Cine

armirani betonski zidovi, a medukatnu nosivu konstrukciju armirano betonske ploce.

Vertikalna komunikacija je ostvarena liftom te sa Cetiri ¢eliCna montaZzna stubista.
Ulazno stubiste u objekt ¢ine Celi¢ni gredni nosaci spreguti sa betonskom ploc¢om. Temelji su
armirano betonski, izvedeni kao temelji samci, kvadratnog tlocrtnog oblika, a iznad temelja je

postavljena temljena armirano betonska ploca.

Ukupna Sirina objekta je 70,09 metara, dok duljina iznosi 75,6 m. Ukupna povrSina

krovne plohe je cca 5300 m?, a visina objekta je 16,20 m.
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1.2. O prorac¢unu konstrukcije

Prorac¢un konstrukcije izveden je uz koristenje programskog paketa Scia Engineer 2016.
Proracun reznih sila, te dimenzioniranje konstruktivnih elemenata, provedeno je koristenjem
programa Scia Engineer 2016, dok je za graficki dio projekta koristen program AutoCAD
2014.

Proracun reznih sila izvrSen je po linearnoj teoriji elasti¢nosti prvog reda. Proraunom
su obuhvacena sva dijelovanja na konstrukciju, a to su vlastita tezina, dodatno stalno

opterecenje, pokretno opterecenje, opterecenje snijegom kao i optereéenje vjetrom.

S obzirom na lokaciju objekta napravljena je analiza opterecenja koja obuhvaca
dijelovanje snijega i vjetra. Objekat se nalazi na podru¢ju Splita, gradski predjel Znjan te
prema karti snijega za Republiku Hrvatsku ova gradevina upada u 1. Podruc¢je — priobalje i
otoci, Sto daje karakteristinu vrijednost optereéenja snijegom na tlu. U obzir je uzeta i
nadmorska visina na kojoj se nalazi objekat. Za optere¢enje vjetrom uzeta je zona llI,

kategorija zemljiSta 0, te je u obzir uzeta visina objekta i njegova zasti¢enost.

Posto je vjetar dominantno optere¢enje za ovakav tip objekta, posveéena mu je velika
paznja te je promatrano samo tlacno djelovanje vjetra posto je cijeli objekt zatvorene te se
nejavlja podtlacno djelovanje. Za stupove je takoder izvrSena analiza optere¢enja vjetrom, a

opterecenje je zadano kao jednoliko kontinuirano djelovanje po duzini stupa.

Za svaki element konstrukcije odredena je mjerodavna kombinacija opterecenja za
provjeru krajnjeg grani¢nog stanja i granicnog stanja uporabljivosti. Za svaku grani¢no stanje
napravljene su posebne kombinacije uz postivanje parcijalnih faktora sigurnosti prema EN
1991.

Rezultati prikazani u grafickom dijelu ovog projekta ukljucuju rezne sile i pomake
odredenih djelova konstrukcije. Rezne sile su dane u jedinicama kN za poprec¢ne i uzduzne
sile, kNm za momente, te u mm za pomake konstrukcije. Uzete su sve mjerodavne
kombinacije opterecenja u obzir, te je svaki element dimezioniran sukladno njegovim reznim

silama.



Viljan Didovié Diplomski rad

1.3. Materijal za izradu konstrukcije

Materijal za izradu glavne nosive konstrukcije, kao i stupova je cCelik S 355.
Konstruktivni elementi ¢e medusobno biti vezani vij¢anim spojevima. Vijci koriSteni za
izvedbu ove konstrukcije su M 16, M20 i M27, svi kvalitete 10.9 . Spojevi i nastavci

elemenata konstrukcije ukljucuju dodatne ploce i ukrute, takoder iste kvalitete Celika.

Za oblogu objekta predvideni su paneli od pleksiglasa, koji imaju malu vlastitu tezinu 1
omogucuju prolazak dnevnog svijetla. Za spregnutu konstrukciju koristen je beton klase C

30/37. Temelji su armirano betonski, klasa betona C 25/30, armatura je B 500 B.

1.4. Opis montaZe konstrukcije

Izvedba konstrukcije je montazna. Svi elementi konstrukcije predgotovljeni stizu na

gradiliste te se medusobno vezu vijcima.

Nulta faza montaze, nakon izvedenih svih prethodno potrebnih radova,je montaza
stupova. Kada se stup postavi na ankere koji su postavljeni u temelje, stup se pridrzaje
dizalicom dok se ne postigne vertikalnost pomocu dvostrukih vijaka. Nakon provjere
vertikalnosti, vr$i se ispunjenje prostora ispod spojne ploCe i1 temelja ekspandiraju¢im

mortom.

Nakon toga se na stupove vezu glavne medukatne grede te glavni resetkasti nosaci koji
tvore utazu konstukcije. Sljede¢i korak je postavljanje sekundarnih medukatnih greda kao
isekundarnih reSetkastih nosaca. Nakon toga se betonira betonska plo¢a koja nakon

o¢vrs¢avanja tvori spregnututu konstrukciju.

Svi elementi konstrukcije se dovodu na gradiliSte duljine do 12 m zbog transporta. Na
gradiliSu se poslje spajaju u veée segmente i takvi podizu dizalicom na predvidenu poziciju te

vij¢ano spajaju na ostatak konsrukcije.
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1.5. Primjenjeni propisi

Prorac¢un i1 dimenzioniranje svih elemenata ¢elicne konstrukcije provedeni su u skladu
sa EUROCODE 3, a analiza dijelovanja na konstrukciju napravljena je u skladu sa
EUROCODE 1. Proracun i dimenzioniranje betonskih elemenata konstrukcije te spregnute
konstukcije provedeno je u skladu sa EUROCODE 2 i EUROCODE 4. Posebno je provedn

proracun zavarenih spojeva prema EN 1993, dio 1-8.

1.6. Antikorozivna zastita

Kod celika pod korozijom se podrazumijeva oksidacija Zeljeza pri dijelovanju vlage i
raznih necistoca. Agensi koji ubrzavaju hrdanje su zagadena atmosfera, industrijsko podrucje

zagadeno sumporom, sol itd.

Zastita Celi¢nih konstrukcija od hrdanja vrsi se:
- premazima
- zaStita cinkom
- metalizacijom
- uporabom specijalnih celika

- katodnom zaStitom

Zastita premazima obavlja se u svrhu sprijecavanja da kisik i vlaga dodu u dodir s
celikom. Premazivanje se obi¢no vrsi bojanjem u dva sloja: osnovni premaz i zastitni premaz.
Osnovni premaz neposredno §titi ¢elik, a potrebno je da bude izraden od tvari koje nisu Stetne

po ljudsko zdravlje. Zastitni sloj sluzi za zastitu osnovog premaza.



Viljan Didovié Diplomski rad

Prerano propadanje konstrukcije najceS¢e nastaje usljed loSih detalja u konstrukceiji
(nepristupacna mijesta za bojenje, mijesta gdje se zadrzava voda, ostri bridovi gdje se nemoze

nanijeti zahtjevana debljina premaza i sl.) koje treba nastojati izbjegavati.

Sistem zastite bojenjem sastoji se iz:

- Priprema povrsine — trajnost premaza ovisi o prionjivosti boje za metalnu povrsinu, sto
ovisi o ¢isto¢i povrsine prije bojanja. Cisgenje se vrsi Getkama, pjeskarenjem, plamenikom ili

kemijskim sredstvima.

- Nanosenje boje — bojenje se vrsi cetkom , valjkom ili prskanjem. Treba paziti na
ogranic¢enja za pojedine boje. Broj slojeva premaza obi¢no se sastoji od dva a specificno od
cetiri ili viSe slojeva. Novi premaz moze se vrSiti tek kad je prethodni potpuno suh. Debljini
premaza potrebno je posvetiti posebnu paznju. Opéenito, deblji premaz povecava trajnost

zastite. Ukupna debljina suhih premaza treba se kretati izmedu 0,1-0,4 mm.

Dobro izvedeni premazi traju:
- do 30 godina u zatvorenoj prostoriji
- do 20 godina kod konstrukcija zaSti¢enih od kiSe
- do 10 godina u prirodi

- 2-3 godine u zagadenom okoliSu

Zastita pocinCavanjem podrazumijeva vrste zaStite koje se ostvaruju nanoSenjem
prevlake cinka i po toplom postupku. Mase i debljine prevlaka cinka za pojedine elemente
odredene su prema Pravilniku o tehni¢kim mjerama i uvjetima za zastitu ¢elicnih konstrukcija
od Kkorozije i ne mogu biti manje od 500g/m2 elementa debljine 5 mm. Sve celi¢ne
konstrukcije prethodno treba odmastiti, ocistiti razblazenom otopinom klorovodi¢ne kiseline
te isprati hladnom vodom. Neposredno prije pocin¢avanja celicna konstrukcija se stavlja u

taljevinu ili otopinu za flusiranje.



Viljan Didovié Diplomski rad

Toplo pocincavanje se izvodi stavljanjem tekucine u rastopljeni cink. Cink mora biti
kvaliteta Zn 97,5 do Zn 99,5 prema HRN EN ISO 14713:2001. Prevlaka cinka dobivena
toplim postupkom mora biti homogena i mora prekrivati osnovicu. Prevlaka cinka mora

¢vrsto prianjati za Celicnu povrSinu i ne smije se ljustiti niti pucati pri uporabi.

Prije montaze potrebno je izvrSiti kontrolu prevlake cinka prema HRN C.Al. 558,

odnosno mase prevlake cinka prema HRN A6.021.

1.7. ProtupozZarna zastita

Pri izvedbi osigurat ¢e se provedba svih propisa o zastiti od pozara. Pristup i
intervencija vatrogasnog vozila omogucit ¢e se sa zapadne Strane parcele. Zahtijevana
vatrootpornost elemenata ¢eli¢ne konstrukcije F30. Osiguranje vatrootpornosti osiguravamo

specijalnim ekspandiraju¢im premazima.
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2. NUMERICKI MODEL KNSTRUKCIJE

Numericki 3D render modela konstrukcije je izraden u Scia Engineer 2016.

Slika 2.1. 1zometrijski prikaz 3D modela

Slika 2.2. 1zometrijski prikaz 3D modela

7
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Slika 2.3. Tlocrtni prikaz rastera u numericom modelu

Procelja kontrukcije
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Slika 2.4. Prikaz istocnog procelja
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Slika 2.3. Prikaz juznog procelja
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Slika 2.5. Prikaz sjevernog procelja
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3. ANALIZA OPTERECENJA

3.1. Stalno opterecenje

Stalno opterec¢enje ukljuceno je kroz numericki model.

3.2. Dodatno stalno opterecenje

a) pozicija 400 - krov

Pod dodatnim stalnim opetereenjem podrazumijevamo slojeve krovne konstrukcije.

Naravno, ovdje nije ukljucena teZina ab ploce jer je ona ve¢ zadana u numerickom modelu.

Slojevi krovne konstrukcije d(m) | v (kN/m° | dy (kN/m)
Betonske ploce na plasticnim podlo$cima 0,05 25,0 1,25
Hidroizolacija + parna brana 0,01 20,0 0,20
Toplinska izolacija 0,08 5,0 0,40
Beton za pad 0,08 24,0 1,92

Ukupno dodatno stalno opterecenje: g400=3,80 KN/m?

Slika 3.1. Prikaz raspodjele dodatnog stalnog optereéenja - pozicija 400

10
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b) pozicija 300

Pod dodatnim stalnim opetere¢enjem podrazumijevamo slojeve podne konstrukcije. Naravno,

ovdje nije ukljucena tezina AB ploce jer je ona ve¢ zadana u numerickom modelu.

Slojevi medukatne konstrukcije d (m) y (kN/m®) | d-y (kN/m°)
Pregrade 1,00
Zavrs$na obrada poda - keramika 0,01 240 0,24
AB estrih 0,05 25,0 1,25
Toplinska izolacija 0,04 5,0 0,20
Hidroizolacija 0,005 20,0 0,10

Ukupno dodato stalno opterecenje: gz00=2,80 (KN/ m?)

Slika 3.2. Prikaz raspodjele dodatnog stalnog optereéenja - pozicija 300

c) pozicija 200

Pod dodatnim stalnim opeterec¢enjem podrazumijevamo slojeve podne konstrukcije. Naravno,

ovdje nije ukljuéena tezina AB ploce jer je ona ve¢ zadana u numerickom modelu.

Slojevi medukatne konstrukcije d(m) y (kN/m®) | d-y (kN/m?)
Pregrade 1,00
Zavr$na obrada poda - keramika 0,01 24.0 0,24
AB estrih 0,05 25,0 1,25
Toplinska izolacija 0,04 5,0 0,20
Hidroizolacija 0,005 20,0 0,10

Ukupno dodato stalno optereéenje: g200=2,80 (kN/m?)

11
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Slika 3.3. Prikaz raspodjele dodatnog stalnog opterecenja - pozicija 200

d) pozicija 200 — konzolni dio

Pod dodatnim stalnim opeterec¢enjem podrazumijevamo slojeve podne konstrukcije. Naravno,

ovdje nije ukljucena tezina AB ploce jer je ona ve¢ zadana U numerickom modelu.

Slojevi medukatne konstrukcije d(m) y (kN/m®) | d-y (kN/m?)
Zavr$na obrada poda - keramika 0,01 24,0 0,24
AB estrih 0,05 25,0 1,25
Toplinska izolacija 0,08 5,0 0,40
Hidroizolacija 0,005 20,0 0,10

Ukupno dodato stalno optereéenje: g200=2,0 (KN/m?)
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Slika 3.4. Prikaz raspodjele dodatnog stalnog optereéenja - pozicija 200 (konzolni dio)
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e) pozicija 100

Pod dodatnim stalnim opeterec¢enjem podrazumijevamo slojeve podne konstrukcije. Naravno,

Diplomski rad

ovdje nije ukljucena tezina AB ploce jer je ona ve¢ zadana U numerickom modelu.

Slojevi medukatne konstrukcije d (m) y (kN/m®) | d-y (kN/m?)
Pregrade 1,00
Zavrs$na obrada poda - keramika 0,01 240 0,24
AB estrih 0,05 25,0 1,25
Toplinska izolacija 0,04 5,0 0,20
Hidroizolacija 0,005 20,0 0,10

Ukupno dodato stalno optereéenje: g100=2,80 (KN/m?)

Slika 3.5. Prikaz raspodjele dodatnog stalnog optereéenja - pozicija 100

f) pozicija (000 — 200) - tribina velike dvorane

Pod dodatnim stalnim opeterecenjem podrazumijevamo slojeve podne konstrukcije. Naravno,

ovdje nije ukljucena tezina AB ploce jer je ona ve¢ zadana u numerickom modelu.

Slojevi medukatne konstrukcije d(m) y (kN/m®) | d-y (kN/m?)
Stolovi i stolice 0,40
ZavrSna obrada poda 0,01 25,0 0,25
AB stepenice 0,09 25,0 2,25
Toplinska izolacija 0,04 5,0 0,20
Hidroizolacija 0,005 20,0 0,10

Ukupno dodato stalno opterecenje: g(00-200=3,20 (kN/mZ)

13
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Slika 3.6. Prikaz raspodjele dodatnog stalnog opterecenja - tribina velike dvorane

g) pozicija (200 — 300) - tribina srednje dvorane

Pod dodatnim stalnim opeterec¢enjem podrazumijevamo slojeve podne konstrukcije. Naravno,

ovdje nije ukljucena tezina AB ploce jer je ona ve¢ zadana u numerickom modelu.

d-y (kN/m°)

0,40
0,24
2,25
0,20
0,10

v (kN/m°)

25,0

25,0

5,0
20,0

d (m)

0,01
0,09
0,04
0,005

Slojevi medukatne konstrukcije

Stolovi i stolice

ZavrSna obrada poda

AB stepenice

Toplinska izolacija
Hidroizolacija

3,20 (kN/m?)

Ukupno dodato stalno opterecenje: g00-300)

Slika 3.7. Prikaz raspodjele dodatnog stalnog opterecenja - tribina srednje dvorane

14
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h) pozicija (100 — 300) — unutarnje subiste

Pod dodatnim stalnim opetere¢enjem podrazumijevamo ¢eli¢no gaziste stepenica koje je
ujedno i popre¢na (sekundarna) konstrukcija. Naravno, ovdje nije ukljucena tezina glavnih

celi¢nih nosaca jer je ona ve¢ zadana u numerickom modelu.

Ukupno dodato stalno opterecenje: g(stepenice)=1,50 (kN/m?)

Slika 3.8. Prikaz raspodjele dodatnog stalnog opterecenja - unutarnje stubiste

1) pozicija (000 — 100) — ulazno stubiste
Pod dodatnim stalnim opetere¢enjem podrazumijevamo slojeve podne konstrukcije stepenica.

Naravno, ovdje nije ukljucena teZina AB ploce jer je ona ve¢ zadana u numerickom modelu.

Slojevi konstrukcije stepenica d (m) vy (kN/m°) | d-y (kN/m?)
Zavr$na obrada poda 0,03 25,0 0,75
AB stepenice 0,08 25,0 2,0

Ukupno dodato stalno opterecenje: g(oo-100=2,75 (KN/ m?)

15
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2,75

Slika 3.9. Prikaz raspodjele dodatnog stalnog opterecenja — ulazno stubiste

3.3. Promjenjivo (pokretno) optereéenje

a) pozicija 400 - krov

Za pokretno opterecenje na Krovu uzima se opterecenje snijegom i vjetrom Koje je obradeno u

zasebnim stavkama.
b) pozicija 300
- uredi, prostorije sa stolovima, kavane, restorani i recepcije — 3.0 kN/m?

- prostorije s nepomicnim sjedalima, kina, predavaonice, ¢ekaonice, koferencijske dvorane —

4.0 kKN/m?

- prostorije bez prepreka za kretanje ljudi, izlozbeni prostori, pristupi u javnimi i drzavnim

zgradama — 5.0 kN/m?

16
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Slika 3.10. Prikaz raspodjele pokretnog opterecenja - pozicija 300

c) pozicija 200
- uredi, prostorije sa stolovima, kavane, restorani i recepcije — 3.0 kN/m?

- prostorije s nepomic¢nim sjedalima, kina, predavaonice, ¢ekaonice, koferencijske dvorane —

4.0 kKN/m?

- prostorije bez prepreka za kretanje ljudi, izloZbeni prostori, pristupi u javhimi i drzavnim

zgradama — 5.0 kN/m?

Slika 3.11. Prikaz raspodjele pokretnog opterecenja - pozicija 200

17
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d) pozicija 200 — konzolni dio

- prostorije bez prepreka za kretanje ljudi, izlozbeni prostori, pristupi u javnimi i drzavnim

zgradama — 5.0 kN/m?

Slika 3.12. Prikaz raspodjele pokretnog opterecenja - pozicija 200 (konzolni dio)

e) pozicija 100
- uredi, prostorije sa stolovima, kavane, restorani i recepcije — 3.0 kN/m?
- prostorije s nepomiénim sjedalima, kina, predavaonice, koferencijske dvorane — 4.0 kN/m?

- prostorije bez prepreka za kretanje ljudii, pristupi u javnimi i drzavnim zgradama-5.0 kN/m?

Slika 3.13. Prikaz raspodjele pokretnog opterecenja - pozicija 100

18
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- prostorije s nepomiénim sjedalima, kina, predavaonice, koferencijske dvorane — 4.0 kN/m?

f) pozicija (000 — 200) - tribina velike dvorane

Viljan Didovi¢

00%~

- tribina velike dvorane

Slika 3.14. Prikaz raspodjele pokretnog opterecenja

- prostorije s nepomic¢nim sjedalima, kina, predavaonice, ¢ekaonice, koferencijske dvorane —

g) pozicija (100 — 300) - tribina srednje dvorane
4.0 kN/m?

Slika 3.15. Prikaz raspodjele pokretnog opterecéenja - tribina srednje dvorane

- prostorije bez prepreka za kretanje ljudi, izloZbeni prostori, pristupi u javnimi i drzavnim

h) pozicija (100 — 300) — unutarnje stubiste

zgradama — 5.0 kN/m?

19
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Slika 3.16. Prikaz raspodjele pokretnog opterecenja - unutarnje stubiste

i) pozicija (000 — 100) — ulazno stubiste

- prostorije bez prepreka za kretanje ljudi, izloZbeni prostori, pristupi u javnimi i drzavnim

zgradama — 5.0 kN/m?

Slika 3.17. Prikaz raspodjele pokretnog opterecenja — ulazno stubiste
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3.4. Opterecenje snijegom

Opterecenje snijegom na krovu

s=u4-C,-C, s,

4, - koeficijent oblika opterecenja snijegom

C, - koeficijent izlozenosti (obi¢no se usvaja vrijednost 1,0)

C, - toplinski koeficijent (obi¢no se usvaja vrijednost 1,0)

S, - karakteristi¢na vrijednost opterecenja snijegom na tlu

B

Slika 3.18. Koeficijenti oblika opterecenja snijegom

- za krov nagiba « =0 ocitana vrijednost — ,, =0,8

Prema karti snijega za Republiku Hrvatsku ova gradevina upada u 1. Podrucje — priobalje i

otoci te prema nadmorskoj visini ocitana je vrijednost S, (karakteristicna vrijednost

optereéenja shijegom na tlu) =S, =0,5
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Republika Hrvatska

" Karta srjeznih podrugja v

.U'.',

Slika 3.19. Karta snijega za Republiku Hrvatsku

Nadmorsia % BOGUCN ~ zalzoié?g:'r?;c_ijc. :onp::::f:n—a 4 podrcie ~
visina do priobalje 1 otoci | “5rt e Psmpeodis gorska Hrvatska

[m] [KN/m?] KNm) kN [KN/m?]
100 0,50 0,75 1,00 1,25
200 0,50 0,75 125 1,50
300 0.50 0.75 150 175
400 0,50 1,00 175 2,00
500 0,50 125 2,00 2,50
600 0,50 1,50 225 3,00
700 0,50 2,00 2,50 3,50
800 0,50 2,50 275 4,00
900 1,00 3,00 3,00 450
1000 2,00 4,00 350 5,00
1100 3,00 5,00 4,00 5.50
1200 4,00 6,00 450 6,00
1300 5,00 7,00 7.00
1400 6,00 8,00 8.00
1500 9,00 9,00
1600 10,00 10,00
1700 11,00 11,00
1800 12,00

Tablica 3.1. Karakteristicne vrijednosti opterecenja snijegom

za pojedina podrucja i nadmorske visine
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-GG,

S =

=0,8

4, - Koeficijent oblika — ;4

C, - koeficijent izlozenosti = C, =1,0

=10

C, - toplinski koeficijent = C,

Sy - karakteristi¢na vrijednost opterecenja snijegom na tlu

0,4[kN /mz}

$s=0,8-1,0-1,0-0,5

Slika 3.20. Prikaz raspodjele opterecenja snijegom - pozicija 400 (krov)
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3.5. Optereéenje vjetrom

Opterecenje vjetrom (okomito na povrsinu) definira se izrazom:
- pritisak vjetra na vanjske povrsine: we= Qp(Ze) . Cpe [kN/m?]

- pritisak vjetra na unutarnje povrsine: Wi = 0p(Zi) . Cpi [KN/m?]
gdje je:

Op(Zeqiy) — pritisak brzine vjetra pri udaru

ZeGiy) — referentna visina za vanjski (unutarnji) pritisak

Cpe — KoOeficijent pritiska za vanjski vjetar

Cpi — koeficijent pritiska za unutarnji vjetar

— .
— |- Fozihvan —] Neaztvan —

w—b POZ.__, . unutarn —s | —s NEQ. —>POZ. .y | —s ‘.r',nan . — neg.

— -

» +»

—a | —o " 3K .

..................
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Slika 3.21. Pozitivni i negativni koeficijent pritiska vjetra

Odredivanje pritiska brzine vjetra pri udaru

- osnovni pritisak vjetra gy odreduje se prema formuli

Qo =3 P+ vh[kN/m’]

gdje je:

p — gustoca zraka (usvaja se vrijednost iz propisa 1,25 kg/m®)
Vp — 0snovna brzina vjetra

- osnovna brzina vjetra vy, ,racuna se dalje prema izrazu:

Vb= Cir - Cseason - Voo (M/S)
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gdje je:
Vp — fundamentalna vrijednost osnovne brzine vjetra (ocitava se iz karte)
Cqir — faktor smjera vjetra (obi¢no se uzima 1,0)

Cseason — faktor doba godine (obi¢no se uzima 1,0)

Karta osnovne brzine vjetra

Autaonsta

Cr&ans cesa

odgse S m
— 2okise 1000 m

Zobgse 150 m

Vide 00 50 010 strovnia
° 10020 do 50 00C smrownka
5000 do 10 000 stercwnica
Osnowna brzina viera e () jo najveca 10-minus
203 retE 1S 10 m 209c rarmeg 3 aigrie
rapavosi i 23 dovrara razosdie £0 xcna

Merde 11000000

iy 400 m

Otavo ceotetis e

Cotal irvamici INA-DIE (1D At 9073
SR CH (BT S sed rcamonn)

Slika 3.22. Zemljovid podrucja optereéenja vjetrom

Vo = 30(m/s) — o¢itano sa zemljovida za podrudje optereéenja vjetrom — Split (Znjan)
Caqir =1,0

Cseason = 1,0

Vb= Cir - Cseason - Voo (M/S)

Vp=1,0.1,0.30,0 (m/s)

Vp= 30,0 (m/s)

Ob =5+ p - VEIKN/M?]

o = % - 1,25 - 30,02[KN/m?]

b = 0,56 [KN/m?]
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Nakon dobivenih vrijednosti vy, i Vi, definira se srednja brzina vjetra vi,(z) iznad terena:
v, (z)=v,-C.(2)-C,(z)(m/5s)

gdje je:

cr(z) — faktor hrapavosti terena

Co(z) — faktor orografije ili opisivanje brezuljaka ili gora (obic¢no se uzima 1,0)

Faktor hrapavosti ¢,(z) odreduje se prema:

Z
Crz) = Kr - 1n (g) za 7, <2<7Z.,

cl(2)=Cr(zmin) za z<2z,,
gdje je:

Z,— duljina hrapavosti

k; — faktor terena ovisan o duljini hrapavosti

Zmin — Minimalna visina hrapavosti

Zmax — Maksimalna visina hrapavost (usvaja se vrijednost 200m)

Faktor terena k; odreduje se prema:

k, = 0,19 (2—0)0'07

Zo,I1
gdje je:
Zo,1 — duljina hrapavosti za kategoriju terena 0 (prema tablici iznosi 0,003 m)

Vrijednosti zo i zZmin za pojedinu kategoriju terena oCitavaju se iz sljedece tablice.

Kategorija terena s Zenin
s (m] (m]
0 More ili priobalna podrucja izlozena otvorenom moru 0,003 1
I Jezera ili ravna i horizontalno poloZena podru¢ja sa zanemarivom vegetacijom i 0.01 1
bez prepreka A
1} Podruéja s niskom vegetacijom, npr. travom, i izoliranim preprekama (drvece, 0.05 2
zgrade) s razmakom najmanje 20 visina prepreke d
] Podrucja sa stalnim pokrovom od vegetacije ili zgrade ili podruéja s izoliranim
preprekama s razmakom najvie 20 visina prepreke (npr. sela, predgrada, stalna 0,3 5
Suma)
v Podruéja s najmanje 15 % povrsine pokrivene zgradama ¢ija prosjecna visina 10 10
premasuje 15 m ¥

Tablica 3.2. Vrijednosti zg i Zyin za razlicite kategorije terena
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k. = 0,19 (M)Om

0,003
k. = 0,19
Crz) = kr - In (i) za 7, <7<z 1m<17,2m<200m
Crmy = 0,19 1n (ﬁ)
Crizy = 1,64
Co(z) =10

Vin(2) =V, -C,(2)-C,(2)(m/s)
v, (z) =30-1,64-1,0(m/s)

v, (2) =49,2(m/s)

Intezitet turbulencije 1,(z) racuna se prema izrazu:

lyizy = —rss
Y@ oy ()

gdje je:

k, — faktor turbulencije (obi¢no se uzima vrijednost 1,0, ukoliko nije drugaéije definirano

Nacionalnim dodatkom)

1,0

IV(Z) == 0,12

Pritisak brzine vjetra pri udaru gy(z) se racunaprema sljede¢em izrazu:
1 2
qp(z) = Ce(z) Qy = [1+7 IV(Z)]'E'p'Vm(Z)

gdje je:
Ce(z) — faktor izlozenosti i odnosi se na pritisak te ovisi o visini iznad terena z i kategoriji

terena (moze se ocitati iz slike 3.)
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0 : cz)
0.0 1.0 20 3.0 4.0 5.0
Slika 3.23. Graficki prikaz faktora izloZenosti
1 2
q,(z) =c.(2)-q, :[1+7-O,12]E-1,25-49,2 =
Upa7.2my = 2, 78(KN / m?)
Ce(z) = 3,3 — ocitano iz slike 3.23.
Odredivanje koeficijenta pritiska vjetra — vjetar iz smjera X
tlocrt
o g "
kY
e=bili 2h,
odabire se manja vrijednost
\ b: dimenzija okomito na vjetar
vjetar
ks Al
.
‘-——-— boéni pogled - ——9

Slika 3.24. Definiranje podrucja vjetra za vertikalne zidove
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b 0 e<
vietar
= A B C
L ] d-e ]
[:&_‘3“ a5 e “ i
vijetar
e B C

Diplomski rad
boéni pogled za ¢2d
vjetar | ‘ E
croeey | |& B h
d ;1
oo d-e/5 ;]
et | h
elar
e | B8

Slika 3.25. Prikaz podrucja vjetra za vertikalne zidove — bocni pogledi

b=756m

e=234,4m

e/5=6,88m

d-e=70,5-34,4=36,1Im

2h=2-17,2m=34,4m=e

4/5e=27,52m

Koeficijent vanjskog pritiska cye za vertikalne zidove

Podrucje A B Cc D E
h/id Cpe10 Cpet Cpa10 Cpe.1 Cpe10 Cpet Cpe10 Cpet Cpe10 Cpet
25 -14 -17 -08 -1.1 -05 -07 +08 +1,0 -05 -07
1 -12 -14 -08 -11 -05 +08 +10 -05
<025 -1.2 -14 -08 -11 -0,5 +07 +10 -03 -05

NAPOMENA: Za pojedinacne zgrade na otvorenome terenu u podrujima u zavjetrini mogu nastupiti i vece sile.

Meduvnijednosti se smiju lineamo interpolirati.

Za zgrade Ciji je omjer id > 5, ukupno opterecenje vietrom smije se temeljiti na odredbama iz tofakaod 7.6 do 7.817.9.2.

Tablica 3.3. Vrijednosti koeficijenta vanjskog pritiska za vertikalne zidove

Pritiska vjetra na vanjske povrSine wye za vertikalne zidove

Podrudje A B C D E
ap(2)(KN/m?) | 2,78 2,78 2,78 2,78 2,78
Ce(Ze) 33 3,3 3,3 33 33
Cpe -1,2 -0,8 -0,5 0,7 -0,3
we(kN/m?) -11,0 -7,34 -4,59 6,42 -2,75

Tablica 3.4. Izracunata vrijednost pritiska vjetra na vanjske povrsine zidova
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Slika 3.26. Prikaz raspodjele opterecenja vietrom - vjetar iz smjera x - podrucje A, Bi C

Slika 27. Prikaz raspodjele opterecenja vjetrom - vjetar iz smjera X - podrucje D i E
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Odredivanje koeficijenta pritiska vjetra - vjetar iz smjera x

; d
GM:I: F
Vetar % =b il 2h
L G| H | b e »
o odabire se manja vrijednost
b: dimenzija okomito na vijetar
4914_[ b
a0
—o2

Slika 3.28. Prikaz podrucja vjetra za ravni krov

b=756m 2h=2-17,2m=34,4m=¢ e=34,4m

e/2=17,2m e/4=8,6m e/10=3,44m

Podrudje
Vrsta krova F G H 1
Cpuro Cour Cpurw Coms Crum Cpur Conm l Cour
- °
i zabat -18 25 -12 -20 -07 ~12 02
-02
+02
bt =002 | -18 -22 -11 -18 -07 -12
-02
<02
S nadozidma A =005 -14 -20 -09 -18 -07 -12
-02
-02
aa=010 | -12 -18 -08 -14 -07 -12
-02
ik = 0,05 -10 -15 -12 -18 -04 a2
-02
SR ra=010 | -o7 -12 -08 -14 -03 +02
-02
=020 | -08 | -08 | -05 | -os -03 02
-02
a3 -10 15 -10 -15 -03 02
-02
- >
g‘;”‘ a = 45 -12 -18 -13 -19 -04 e
-02
+02
a= 80 -13 -18 -13 -19 -05
-02
NADOMENA 1 23 biovove s 1 Zo0le e s neama P ) Ak ik,
Mznm.mmm% 2 meama ey o- X0, 45 g - 80" zam-&'umu
L) 53 ety vrie 23 = 60" | VHRGNOST 3 13N KTOVOVE § OSTIM (Ot ZI0I0MA.
NAPOMENA I U pOSUO |, e SU Gane | PAZTVIe | RgITvne vienost, U cor [ reca ( 100 00p vieanoes.
NAPOMENA & 23 S3my momijent 23038 Koealent vanjiiog 03 S 60 U DION 7 43 KOMIGHNT vanskog S3K3 23 OVOSTetne Lmvove. Smier viesa 0™,
pocrutie F | G, OVSNO 0 nagity IZomfencg Zabata
NABOMENA S Z3 63 Z300jen! 2203, Koscien | vangskog 1K POAIOT A KPvisie. TMed vIRanosd 1a T | N3 Kov
R'ama\e‘z; strehe Clje S0 TH MANE OF o 10 Te0a Ll WIeSNOst I3 Ofire strene. T3 0efNiciU « Vijet sk

Tablica 3.5. Vrijednosti koeficijenta vanjskog pritiska za podrucje ravnog krova
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Pritiska vjetra na vanjske povrSine krova we
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1
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1
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Tablica 3.6. Izracunata vrijednost pritiska vjetra na vanjske povrsine Krova

G HIil

Slika 3.29. Prikaz raspodjele optereéenja vjetrom - vjetar iz smjera X - podrucje F,

Slika 3.30. Prikaz raspodjele opterecenja vjetrom - vjetar iz smjera X - podrucje F, G, H il
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Odredivanje koeficijenta pritiska vjetra — vjetar iz smjera 'y

tlocrt
le d N
kX
e=bili 2A,
odabire se manja vrijednost
\ b: dimenzija okomito na vjetar
vjetar
x
‘- — = —— boéni pogled - —?

Slika 3.31. Definiranje podrucja vjetra za vertikalne zidove

boéni pogled za e<d &ni >
vietar jetar
=% |a B c h e |& B h
5 o LA 4 y G 7 ;
/5 a5 e | L o5 g-e/S ;|‘
= Y |n ] r B h
vijetar vjetar
L S A B C — A B

Slika 3.32. Prikaz podrucja vjetra za vertikalne zidove — bocni pogledi

b=70,5m 2h=2.17,2m=34,4m=¢e

e=34,4m e/5=6,88m 4/5e =27,52m d-e=756-34,4=42,1m

Podrucje A B c D E
hd Cpe.10 Cpe.t Cpe.10 Cpe.1 Cpe10 Cpe.t Cpe.10 Cpet Cpe.10 Cpe.t
25 -14 -17 -08 -11 -05 -07 +08 +10 -05 -07
1 -12 -14 -08 -11 -05 +08 +10 -05
<0,25 -12 -14 -08 -11 -05 +07 +10 -03 -05

NAPOMENA: Za pojedinaéne zgrade na otvorenome terenu u podrujima u zavjetrini mogu nastupiti i vece sile.

Meduvrijednosti se smiju lineamo interpolirati.

Za zgrade iji je omjer h/d > 5, ukupno opterecenje vietrom smije se temeljiti na odredbama iz tofakaod 7.6 do 7.817.9.2.

Tablica 3.7. Vrijednosti koeficijenta vanjskog pritiska za vertikalne zidove
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Pritiska vjetra na vanjske povrsine zidova We

Diplomski rad

Podrudje A B C D E
qp(z)(kN/mZ) 2,78 2,78 2,78 2,78 2,78
Ce(Ze) 3,3 3,3 3,3 3,3 3,3
Cpe -1,2 -0,8 -0,5 0,7 -0,3
we(kN/m?) -11,0 -7,34 -4,59 6,42 -2,75

Tablica 3.8. Izracunata vrijednost pritiska vjetra na vanjske povrsine zidova

Slika 3.34. Prikaz raspodjele opterecenja vjetrom - vjetar iz smjeray - podrucje D i E
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Odredivanje koeficijenta pritiska vjetra — vjetar iz smjera 'y

; d
amI F
Ve =b ili 2k
o S G| H 1 b e ’
o odabire se manja vrijednost
b: dimenzija okomito na vietar
5;4_[ F
a0
—ee

Slika 3.35. Prikaz podrucja vjetra za ravni krov

b=70,5m 2h=2.17,2m=34,4m=¢ e=34,4m

e/2=17,2m e/4=86m e/10=3,44m

Podrudje
Vrsta krova F G H ]
Cpro Conr Comm Comr Crur Cour Comw [ Copur
- - )
Oiri zabati -18 -25 -12 -20 -07 -12 02
-02
<02
bk = 0025 -18 -22 -11 -18 -07 -12
-02
-02
Snadozidma | Ak =005 | -14 -20 -09 -18 -07 -12
-02
<02
a4=010 | -12 -18 -08 -14 -07 -12
-02
sk = 0,05 -10 -15 -12 -18 -04 2
-02
e i ra = 0.10 -07 -12 -08 -14 -03 o2
-02
rk =020 -05 -08 -05 -08 -03 202
-02
=32 -10 -15 -10 -15 -03 02
-02
- >
Scm Jost a = 45 -12 -18 -13 -19 -04 52
-02
-02
a = 80 -13 -19 -13 -18 -0%
-02
NADOMENA 1° 23 Liovove 5 1 o0 e se 242430 INEaTa ¥ = ) Ak
NAPOMENA 2 22 IrOvove § [DOmijenim Za000ma, Smie 52 S §2 Emety o~ 0%, 457 | @ - 60°. 23 o> 60" e e
330 neama 3 et Ve 23 = 60" | VRGNS T3 F3vne POVOVE § 08T (UOmient) Z3030Ma.
NAPOMENA 3 U pOSruciU |, e SU ane | PAZIVIE | RegITVne VIeonoss, U coxr [ ireca (5 Les ooje vipeanoss.
NASOMENA & 23 sy Pery Za0E. KOenCl PELOQ TIRI SN 50 U DION T 43 MOMMCRent vanjskog SO I3 S0STelne RIDvOwE. STRer vieTa 0.
posruie F | G, OVSN0 © Nagity ITomiencg Za0ata
NABOMENA S Z3 53 Z300jen! 2202, KoSACHen | vaniskog 1Ka Gan S INEAmOm MepOACoT AUl krvafe. Smed vilednoed na T0u | 3 ovu
Rawﬁ.z‘ strehe Cle su THe MaNje 00 o 10 Teda Lell WIecNOsD 23 Ofire strene. T3 SeMNiciU « viiet sy

Tablica 3.9. Vrijednosti koeficijenta vanjskog pritiska za podrucje ravnog krova
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Pritiska vjetra na vanjske povrsine krova we
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Tablica 3.10. Izracunata vrijednost pritiska vietra na vanjske povrsine Krova

-podrucie F, G, H il

- vjetar iz smjeray

Slika 3.36. Prikaz raspodjele opterecenja vjetrom

Slika 3.37. Prikaz raspodjele opterecenja vjetrom - vjetar iz smjeray - podrucje F, G, H i I
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4. KOMBINACIJE DJELOVANJA

4.1. Granic¢no stanje uporabe (GSU)

Prikaz kombinacija za graniCo stanje uporabe

Combinations

| Name Type Load cases Coeff.
[

*Student version® *Student version* *Student version® *Student version* *Student version® *Student version® *Student version® *Student ver

GSU 1 Envelope - g - viastita tezina 1,00

ultimate dg - dodatno_stalno 1,00

GSU 2 Envelope - g - vlastita tezina 1,00

ultimate dg - dodatno stalno 1,00

q - promjenjivo_optere¢enje 1,00

GSU 3 Envelope - g - vlastita tezina 1,00

ultimate dg - dodatno stalno 1,00

s - opterecenje _snijegom 1,00

GSU 4 Envelope - g - vlastita tezina 1,00

ultimate dg - dodatno stalno 1,00

Wx - opterecenje vjetrom - smjer x 1,00

Wz - optere¢enje vjetrom - smjer z - negativan 1,00

GSU 5 Envelope - g - viastita tezina 1,00
ultimate dg - dodatno stalno 1,00 O

Wy - opterecenje vjetrom - smjer y 1,00

Wz - optere¢enje vjetrom - smijer z - negativan 1,00
GSU 6 Envelope - g - vlastita tezina 1,00
ultimate dg - dodatno stalno 1,00
Whx - opterec¢enje vjetrom - smjer x 1,00
Wz - optere¢enje vjetrom - smjer z - pozitivan 1,00
GSsuU 7 Envelope - g - vlastita tezina 1,00
ultimate dg - dodatno stalno 1,00
Wy - optereéenje vjetrom - smjer y 1,00
Wz - opterecenje vjetrom - smjer z - pozitivan 1,00
GSU 8 En_velope = g - vlastita tezina 1,00 O
ultimate dg - dodatno stalno
q - promjenjivo opterec¢enje
0

s - opterec¢enje snijegom
GSU 9 Envelope - g - vlastita tezina

ultimate dg - dodatno stalno
q - promjenjivo opterecenje
Wx - opterecenje vjetrom - smjer x
Wz - optereéenje vjetrom - smjer z - negativan
GSU 10 | Envelope - g - vlastita tezina
ultimate

dg - dodatno stalno

q - promjenjivo opterecenje

Wx - opterecenje vjetrom - smjer x

Wz - opterecenje vjetrom - smjer z - pozitivan
g - vlastita tezina

dg - dodatno stalno O

q - promjenjivo op(erec’:er&x

Wy - opterecenje vjetrom \smj

Wz - optere¢enje vjetrom 4 smjer van

g - vlastita tezina

GSU 11 Envelope
ultimate

GSU 12 Envelope

ultimate dg - dodatno stalno 1,00
q - promjenjivo opt 1,00
Wy - opterecenje vj 1,00
Wz - opt 1,00
GSU 13 Envelope - j 1,00
ultimate 1,00
1,00
1,00
1,00
1,00
GSU 14 Envelope - 1,00
ultimate 1,00
1,00
1,00
Wox - opterecenje vjetrom - smjer x 1,00
Wz - opterecenje vjetrom - smjer z - pozitivan 1,00
GSU 15 | Envelope - g - vlastita teZina 1,00
ultimate dg - dodatno stalno 1,00
q - promjenjivo opterecenje 1,00
s - opterec¢enje snijegom 1,00
Wy - opterecenje vjetrom - smijer y 1,00
Wz - optere¢enje vjetrom - smjer z - negativan 1,00
GSU 16 | Hitvehtee -
dg - dodatno stalno 1,00
q - promjenjivo opterec¢enje 1,00
s - opterecenje snijegom 1,00
Wy - opterecenje vjetrom - smjer y 1,00
Wz - opterecenje vjetrom - smjer z - pozitivan 1,00
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4.2 Grai¢no stanje nosivosti (GSN)

Prikaz kombinacija za granico stanje nosivosti

Combinations

| Name

Type | Load cases | Coeff.
[l

*Student version* *Student version* *Student version* *Student version* *Student version® *Student version* *Student version* *Student v

GSN 2 Linear - g - vlastita tezina 1,35

ultimate dg - dodatno stalno 1,35

q - promjenjivo opterecenje 1,80

g - vlastita teZina_dry concrete - dry concrete 1,35

GSN 3 Linear - g - vlastita tezina 1,35

ultimate dg - dodatno stalno 1,35

g - vlastita tezina_dry concrete - dry concrete 1,35

s - opterecenje snijegom - dry concrete 1,50

GSN 4 Linear - g - vlastita tezina 1,35

ultimate dg - dodatno stalno 1,35

g - vlastita tezina_dry concrete - dry concrete 1,35

Wx - 1kom. - Wz-neg - dry concrete 1,50

GSN 5 Linear - g - vlastita teZina 1,35
ultimate dg - dodatno stalno 1,35 O

g - vlastita tezina_dry concrete - dry concrete 1,35

Wx - 1kom. - Wz-poz - dry concrete 1,50

GSN 6 Linear - g - vlastita tezina 1,35
ultimate dg - dodatno stalno 1,35

g - vlastita tezina_dry concrete - dry concrete 1,35

Wy - 1kom. - Wz-neg - dry concrete 1,50

GSN 7 Linear - g - vlastita tezina 1,35
ultimate dg - dodatno stalno 1,35

g - vlastita tezina_dry concrete - dry concrete 1,35

Wy - 1kom. - Wz-poz - dry concrete 1,50

GSN 8 Linear - g - vlastita tezina 1,35
ultimate dg - dodatno stalno 1

g - vlastita teZina_dry concrete - dry concrete 1,85

1,5

Wx - 2kom. - Wz-neg - dry concrete

GSN 9 | Linear - g - viastita tezina 1,35
ultimate dg - dodatno stalno 5

g - vlastita tezina_dry concrete - dry concrete 1,3
Wx - 2kom. - Wz-poz - dry concrete (\/ 1,50

GSN 10 | Linear - g - vlastita tezina 1,35
ultimate dg - dodatno stalno 1,35
g - vlastita tezina_dry concrete - dry conc/rj;e

Wy - 2kom. - Wz-neg - dry concrete
GSN 11 |Linear - g - vlastita tezina 1,35

ultimate dg - dodatno stalno 1,35
g - vlastita tezina_dry concrete —@t 1,35
Wy - 2kom. - Wz-poz - drnaconcl t@ :\ 1,50

GSN 12 |Linear - g - viastita tezina vV (/ 1,35
ultimate dg - dodatno stalno 1,35
q - promjenjivo opterecenj 1,62

g - vlastita tezina_dry crete s drj\concrete 1,35
s - opterecenje_snijegom\ - copcrej 1,35
GSN 13 | Linear - g - vlastita tezina 1,35
ultimate dg - dodatno stalno 1,35
1,62
- dry concrete 1,35
concrete 1,35
GSN 14 |Linear - 1,35
ultimate 1,35
1,62
astita te¥ina_dry concrete - dry concrete 1,35
X - 1kom. -|Wz-poz - dry concrete 1,35
GSN 15 | Linear - g > Viastity tefina 1,35
ultimate dg - stalno 1,35
q - prowjénjivo opterecenje 1,62
g - vlastita tezina_dry concrete - dry concrete 1,35
Wy - 1kom. - Wz-neg - dry concrete 1,35
GSN 16 | Linear - g - vlastita tezina 1,35
ultimate dg - dodatno stalno 1,35
q - promjenjivo opterecenje 1,62
g - vlastita teZina_dry concrete - dry concrete 1,35
Wy - 1kom. - Wz-poz - dry concrete 1,35
GSN 17 Lifiesate
q - promjenjivo opterecenje 1,62
g - vlastita teZina_dry concrete - dry concrete 1,35
Wx - 2kom. - Wz-neg - dry concrete 1,35
GSN 18  |Linear - g - viastita tezina 1,35
ultimate dg - dodatno stalno 1,35
q - promjenjivo opterecenje 1,62
g - vlastita teZina_dry concrete - dry concrete 1,35
Wx - 2kom. - Wz-poz - dry concrete 1,35 L
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GSN 19 | Linear - g - vlastita teZina 1,35
ultimate dg - dodatno stalno 1,35

q - promjenjivo opterecenje 1,62

g - vlastita tezina_dry concrete - dry concrete 1335

Wy - 2kom. - Wz-neg - dry concrete 1,35

GSN 20 |Linear - g - vlastita teZina 1,35

ultimate dg - dodatno stalno 1,35 O
q - promjenjivo opterec¢enje 1,62

g - vlastita teZina_dry concrete - dry concrete 1,35
Wy - 2kom. - Wz-poz - dry concrete 1,35
GSN 21 | Linear - g - vlastita tezina 1,35
ultimate dg - dodatno stalno 1,35
q - promjenjivo opterecenje 1,62
g - vlastita tezina_dry concrete - dry concrete 1,35
Wx - 1kom. - Wz-neg - dry concrete 1,35
s - opterec¢enje snijegom - dry concrete 1,35
GSN 22 |Linear - g - vlastita teZina 1,35
ultimate dg - dodatno stalno 1,35
q - promjenjivo opterecenje 1,
g - vlastita tezina_dry concrete - dry concrete 1,85
1,3

Wx - 1kom. - Wz-poz - dry concrete

s - opterec¢enje snijegom - dry concrete 1,
GSN 23 | Linear - g - vlastita tezina 5
ultimate dg - dodatno stalno 1.3
q - promjenjivo opterecenje 1,62
g - vlastita teZina_dry concrete - dry concrete 1,35

Wy - 1kom. - Wz-neg - dry concrete

\/>1,35
s - opterecenje snijegom - dry concrete /\ 1,35

GSN 24 | Linear - g - viastita tezina 1,35
ultimate dg - dodatno stalno 1,35

q - promjenjivo opterecenje 1,62

g - vlastita teZina_dry concrete - dpy concret: 135!

Wy - 1kom. - Wz-poz - dry\concrf tg A 1,35

s - optere¢enje snijegom¢- dry, copcrete, 1,35
GSN 25 |Linear - g - vlastita tezina 1,35

ultimate dg - dodatno stalno 1,35

q - promjenjivo opterecenje 1,62

g - vlastita tezina_dry, concre! yiry goncrete 1,35

Wx - 2kom. - Wz-ngg \dky cone j!/‘/ 1,35

s - opterecenje snijegom coyicrete 1,35

GSN 26 |Linear - g - viastita tezigia 1,35
ultimate 135

1,62

1,35

1,35

1,35

GSN 27 | Linear - 1,35
ultimate 135

1,62

1,35

Wy - 2kofn. - Wz-neg - dry concrete 1,35

s - opterec¢enje snijegom - dry concrete 1,35

GSN 28 | Linear - g - vlastita tezina 1,35
ultimate dg - dodatno stalno 1,35

q - promjenjivo opterecenje 1,62

g - vlastita teZina_dry concrete - dry concrete 1,35

Wy - 2kom. - Wz-poz - dry concrete 1,35

s - opterec¢enje snijegom - dry concrete 1,35

- parcijalni faktor za stalna optere¢enja — 1,35
- parcijalni faktor za promjenjiva opterecenja — 1,5

- parcijalni faktor za promjenjivo (pokretno) opterecenje — 1,5 x 1.2 = 1,80 (nije vrSena
kombinacija opterecenja tj. postavljanje pokretnog opterecenja u najkriticnije polozaje, vec je

pokretno opterecenje uvecano za 20%)

- parcijalni faktor za istodobno djelovanje vise promjenjivih opterecenja — 0,9 x 1,5 = 1,35
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5. PRORACUN SPREGNUTE KROVNE KONSTRUKCIJE - POZ 400

5.1.Pomaci spregnute krovne konstrukcije - gredni dio

7.1
82

-30,8

Slika 5.1. Prikaz vertikalnog pomaka grednog nosaca — poz 400

Dopusteni vertikalni pomak (progib):

| 10.8-1000

Ugop = = =36.0mm
300 300

u, =30.8mm<u, ., =36.0mm  Zadovoljava

z,dop

-iskoristivost na GSU - 30.8mm/36.0mm = 0,856 =86%
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5.2. Dimenziniranje spregnute krovne konstrukcije - gredni dio

5.2.1. Rezne sile — gredni nosac

Diplomski rad
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Slika 5.2.. Prikaz reznih sila grednog nosaca — poz 400

-poprecni presjek nosaca

Name Gredni nosat - poz 400
Type HEB450
Source description Profil Arbed / Structural shapes / Edition Octobre 1995
Item material S 355
Fabrication rolled
Flexural buckling y-y a
Flexural buckling z-z b
Lateral torsional buckling Default
Use 2D FEM analysis *
z

A [mY] 2,1800e-02

Ay z [m] 1,5015e-02 6,5456e-03
1y, z [m4] 79890e-04 1,1720e-04
1w [mé], t [mf] 52584e-06 44050e-06
Wel y, z [m?] 35510e-03 7.8140e-04
Wply, z [m¥] 39820e-03 1,1980e-03
dy, z [mm] 0 0
¢ YUCS, ZUCS [mm] 150 225
a [deg] 0,00

A L, D [m%m] 20300e+00 2.0254e+00
Mply +, - [Nm] 141e+06 141e+06
Mplz +, - [Nm] 425e+05 425e+05

Slika 5.3.. Prikaz geometrijskih karakteristika nosaca — poz 400
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5.2.2. Dimenzioniranje — gredni nosac

SCIAENGINEER

Composite Beam - Final stage

Linear calculation

Class: All ULS

Extreme 1D: Member

Selection:” B2574

Composite beam verification

for beam B2574 at section 5.4 m, in accordance with EC EN 1994-1-1

1. Geometry data

109
160

””“ﬂﬂ‘“"" I a—————— y‘

Continuous beam

Length of the current span L=108m
Length of previous span Lorevious = 10.8 m
Beam spacing at the left Lieft = 8.1 m
Beam spacing at the right Light =8.1m
Checked section dy=54m

Warning: For a continuous beam, intermediate buckling supports y-y are ignored in both the calculation of
the effective width for the analysis model and the check.

2. Cross-section & materials

2.1 Steel section properties

2.1.1 Cross-section

Cross-section HEB450

Height ha = 450 mm

Width b =300 mm

Web thickness tw = 14 mm

Flange thickness t; = 26 mm

Radius r=27mm

Area A, = 21800 mm”
Moment of inertia ly= 799-10° mm"*
Radius of gyration iz=73mm

Plastic section modulus Wy = 3.982:10° mm’

2.1.2 Material

Steel grade S 355

Yield strength fyb = 355 MPa
Ultimate strength fub = 490 MPa

E modulus Es = 210000 MPa

2.1.3 Cross-section classification

235
e= =0.814 (EN 1993-1-1 §5.6 Tab. 5.2)

355

2.1.3.1 Flange in compression
b-t,-2:r 300mm-14mm-2-27 mm
T 2

=116 mm

446 <732 oK

Flange classified as Class 1.
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2.1.3.2 Wek in bending

Gy=hy=2-t=2:r=450 mm - 226 ram - 2:27 mrn = 344 mm

A= 0.5

Cw’ 36-€

e

tw Qo

344 mm 5 36-0.814
14mm -~ 05

246 < 58.6

Web classified as Class 1.

oK

Cross-section classified as Class 1

Cross-section Class OK.

2.2 Concrete slab with profiled sheeting

2.2.1 Concrete slab

2.2.1.1 Slab
Total height of the slab

2.2.1.2 Material
Concrete class
Characteristic strength
E modulus

2.2.2 Profiled steel sheeting
Sheeting with ribs parallel to
b,

()

hs = 160 mm

C30/37
foc = 30 MPa
Ecm = 32800 MPa

the supporting beams

Name

Depth of the ribs

Height of full concrete

Height of the re-entrant stiffener
Spacing of the ribs

Top width of the rib

Bottom width of the rib

Mean width of the ribs
Thickness of the sheeting

2.2.3 Shear connectors

2.2.3.1 Geometry
Name

Diameter

Nominal height

As-welded height

Amount per trough or section

2.2.3.2 Material
Steel grade
Ultimate strength

2.2.4 Reinforcement

2.2.4.1 Geometry
Longitudunal bar diamter
Longitudunal bar spacing
Longitudunal bar cover
Transverse bar diamter

Transverse bar spacing
Transverse bar cover

2.2.4.2 Materia
Viaterial
Characterictic yield strength

1/2 b,

Vulcraft 2 VLI 20
hg-=50.8 mm

he = 109.2 mm
hg=0mm

bs = 304.8 mm
by =127 mm

b, = 127 mm
bD.rib = 1524 mm
to = 0.9093 mm

H110

ds = 25 mm
hnom = 110 mm
hse = 105 mm
n=1

$355
fus = 490 MPa

di=16 mm
s; =150 mm
¢ =30 mm
dy =16 mm
5= 150 mm
¢t = 46.inm

B 500
fr = 500 MPa
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3. Design vaiues of loads
Load Name : GSN 26
Content of combination : 1.35%g-vlastitatezina+1.35*dg-dodatnostalno+
1.62"q-promjenjivoopterecenje+1.35*g-vlastitatezina_drycoricrete+
1.35*Wx-2kom.-Wz-poz+1.35*s-opterecenjesnijegom

Bending moment Med comp = 1052.300 kNm
Shear force Vedcomp = -116.558 kN
4. Partial safety factors
Steel section Ymo =1
ym =1
Shear connectors yv =125
Concrete Yc=15
Reinforcement ys = 1.15

5. ULS check of the Final stage

5.1 Shear connection
5.1.1 Design resistance of shear connectors

5.1.1.1 Shear connector in a solid slab
hee
ds
42>4
a=1
.6 = min(490;500) MPa

>4

2 2
-ds 14
o.&f..;-( "4 ) 0.8-490 MPa- M)
Prdisolid 1 = = = 125 =154 kN
2
029-a:d; y fo-Eam 0.29-1-25 mm’ -~ 30 MPa-32800 MPa
PR solid.2 = W = 125 =144 kN

Prcsoid = Min(Pecsoic 1:Prd soid2)= min {154 KN:144 kN)= 144 kN

5.1.1.2 Shear connector in profiled sheeting
Sheeting with ribs paralle! to the supporting beams

_06:boi ,(g_ )_ 06152 mm ( 105 mm

W= h 508mm | 50.8 mm

-1):1.92

k=1
PRd=kI'PRd,soIid= 1-144 kN = 144 kN

5.1.2 Degree of shear connection

5.1.2.1 Determination of b of the concrete flange and length L .

b1 b2
be
o e
be1 ; be2

L e |

The effective width in the interval <0.25;0.75>
Le1=0.85:1,=0.85:108 m=9.18 m

L=025(L;+1,)=025-(108m+108m)=54m

SCIiAENGINEER
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Left side of the beam

L bo 81 0
by = 2L -7°=>—7"’——¥=4.05rr

om
be1o = mln( ,b1} min(%tt 05\m|=

m|é_

—

el

=115m

8

mln( g 7405 m

be12 = min =0.675m

\
be11 —mln(

oo|E m‘

,b1) mln( ng :4.05 m

Right side of the beam

L b .
byt B0 _81m _Omm_, o5,

~
]
)

=min 0m,4,05m =0m

o (Lo,
bezo—mln( 8 b2

be21 = min(Lg bz)- min 74.05 m): 115m

Lo,
G

:b2 [= min 4.05m|=0.675m

begz = min(

Calculation of b1
befi1 = bo+bert +ber=0mm +1.15m+1.15m=23m

Calculation of b
beff = beff1=2.3 m

Determination of L.
le=Le1=9.18m

5.1.2.2 Minimum degree of shear connection

Warning: Conditions given by EN 1994-1-1 Art. 6.6.1.2 (3) are not fulfilled.

355
Nmigaae = = =—{ 075 - 003 L)
fp_t

Qe = 1 izi (075-0.03-9.1 m)=053

A = MaX (i clc:0.4) = max (0.530:4) = 053

5.1.2.3 Degree of shear connection present

5.1.2.3.1 Compression resistance of the concrete flange

Yc 1.5

Negd=085-fg »befr( he- hg)=0.85-20 MPa-2.3 m-(109 mm - 0 mm )= 4260.44 kN

5.1.2.3.2 Tension resistance of the steel member
Npia = fyb - Aa = 355 MPa - 21800 mm2 =7739.00 kN

Nes = min{NeraiNpia) = min(4260.44 kN;7739.00 kN) = 4260.44 kN

5.1.2.3.3 Resistance of the shear connectors

L 10.8
o =1 5 =251Tmm
Number of shear studs available per length L o/2
0.5-Le
Ngp = !—‘nr
S
np=18-1=18
Nc=ngp+Prd = 18143835 = 2589.04 kN
2589.04 kN
n=min Nes 1) (4260.44kN )-0,61
N 2 Nmin
0.6120.53 OK

The shear connection degree is adequate.
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5.2 Cross-sectional resistance of the composite beam

5.2.1 Shear buckling
hw=h;=2-t=450 mm - 2-26 mm =398 mm
fsp=1.2
hy 72:-€
LW Lol
tw Nsb
398 mm 2 72:0.814
14mm -~ 12
28.4<488 oK

The shear buckling resistance of the web does not need to be verified.

5.2.2 Vertical shear

The resistance to vertical shear should be taken as the resistance of the structural steel section.

A=A, —2<b<t;+(tw+2<r)-tg
=0.0218-2-0.3-0.026 + {0.014 + 2.0.027)-0.026 = 7968 mm”
Aumin = Mo+ P+t = 1.2-0.398-0.014 = 6686 mm”
By £ M
7968 mm’ > 6686 mm’
Actyp 7968 mm®-35510°

Volrd = =1633 kN
"/?'VMO 31
abs(Vegcomp)  abs(-116.558 kN)
Ueeme =" =~ tem OO

The shear resistance of the section is adequate.
5.2.3 Bending moment
5.2.3.1 Longitudinal reinforcement

5.2.3.1.1 Centre of composite section
For buildings not intended mainly for storage the effects of creep in concrete
beams may be taken into account by using an effective E modulus E . = Ecry /2.

2 2

_Ey 210000 MPz _
Eoff . 16400 MPa,

h, fl he-hg
Aa~(7°)+(n—E)~bew(h(-hd)-(ha+hs— s )
1
Aa*’(g)'bef('(hc‘hd)

045) [ 1 0.109-0
0.0218- ( )+ ( )-2.3-(0,109 -0) (0.45 +0.16- T)

np=

2 )"\ 128
3 =381 mm
00218+ | - -2.3-(0.109-0)
5.2.3.1.2 Degree of reinforcement
2 2
berf | d 23m 16 mm 2
A=t D |22 M ) DM |31 23076
5 (4 )" 15omm | 4 ) i
2
Ac=beir-( he - ha )= 2.3-(0.109 - 0)= 250614 mm
he-h 109 -
zo=(ha+h5— < d)—yd=(0.45+0.16—w)—0381=174mm
: : 1
ke = min +0.3;1]=min +03;1]=1
14 hehy ), 0109-0
(220 2:0.174

6
e 3 2 e

fyir 50010
A 2 ps-Ac
3076 mm’ 2 9.64-10” 250614 mm’
3076 mm’ > 2415 mm’ oK

The longitudina reinforcement of the section is adequate.
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5.2.3.2 Momeni resistance
Moment resistance of a steei cross-section
Wiyt 3.8810° mm’- 355 MPa
ymo 1

MoiRda = = 1414 kNm

Infiuence of shear
Vpird
2
1633 kN
2

817 kN > 117 kN oK

The influence of the vertical shear on the bending moment resistance may be neglected.

fybw = fyb = 355 MPa

Modified tension resistance of the steel member

r=0mm

Ay=2-ti-b +t,-(hy - 2-t;)=2-26 mm 300 mm + 14 mm - (450 mm - 2-26 mm )= 21172 mm’
Noi = Aq-fo = 21172 mm”- 355 MPa = 7516.06 kN

> abs (VEd‘comp)

> 117 kN

Note: Roundings of the steel cross-section are neglected in bending resistance calculation.
Nes = min (NegaiNpia) = min (4260.44 kN;7516.06 kN) = 4260.44 kN

Positive bending t resistance calculati

Npla > Nerd

The plastic neutral axis is located within the flange of the steel section.

Npla= Nacf = Nef + Nacf

(Npia-Ner)  (7516.06 kN - 426044 kN)
(2:6+45) = (2-300mm-355MPa)

Nacs=b-x-fyp =300 mm-15.3 mm- 355 MPa = 1627.81 kN

Nat=Npja = Nac =7516.06 kN - 1627.81 kN = 5888.25 kN

Leverage arm of the tension part of the steel section calculated to the PNA.

l{b»(zf-x)zns+t.,.,.-[ha-z-t,)-(%-x)n,-b.{ha-t—‘_x\)

X= =153 mm

(& 2]
b-(tf—x)+ (hﬂ-Z ti )+ tr-b
(300 (26-153]-05+14- (450 k4>o 3)+26 300- (450-22—6-15.3))
- 300-(26-15. 3)+14 (450-2-26)+26-300
hts = 270 mm

beff =23 m

0854cd
L <“—— Ncf= 426044 kN
| |
s <4—— Nac/f=1627,81 kN
fyb
——> Nat=588825kN
fyb

h, -hd p &
MpI.Rd=Nd'(X+hs' C2 )"’Na(,l'(?)"'Na.l'h(s

=4260.44-1 153+ 160 - 1092 i +1627.81- (1523 )4—588825 270=2115 kNm

Design moment resistance according to simplified method given by EN 1994-1-1 Art.6.2.1.3 (5)
Mgd = Mpigda +{ Mpld - Mpigda )-n = 1414 kNm + (2115 kNm - 1414 kNm )-0.61 = 1840 kNm

abs{Megcoms) _ abs(1052.300 kNm)
Mrg 1840 kNm

UC_comp_M = =057

The bending moment resistance of the section is adequate.

5.3 LTB resistance

The shear connactors are rigidly connected with the zoncrete s'ab, which provices continuous iestraint
to the top flange of th= steel beam, so the beam is not suscaptible to lateral torsionai bucking.
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5.4 Longitudinal shear
5.4.1 Transverse reinforcement

Design shear f ow
hy=he =109 mm
N+ Prd 1-144 kN

VB 1oy 2-251 mm <109 mm - 202 MPa
Transverse reinforcement
Ast-fykr _ Ved-hy
= =
(y5-5¢) cotg(e
A: = Ast/s
Ved+h 10°.
A Ed* Nf _ 2.62:10 -0.109 328 mmz/m
( cotg(6) fc ) cotg(26.5)-50010°
Ys 1.15
1(d 1 {0016
LA . S S T v = 2
Atprov = s n 3.14 015 2 3.14=1340 mm /m
Atprov 2 At
1340 mm°/m 2 328 mm’/m oK

The transverse reinforcement of the section is adequate.

5.4.2 Crushing of the concrete flange

= fae ) ge[1-30 )

v-0.6-(17 550 )~0.6 (w 250),0,525 (6.6N)
. ;

s GeeTek _ 1-30 MPa - 20 MPa
yc 1.5

Vid £ v-f“rsin(e)cos (e)
Ves < 0.528-20 MPa-sin(26.5 deg)-cos (26.5 deg)
2.62 MPa < 422 MPa oK

The crushing resistance of the concrete is adequate.

ULS check of Final stage is OK.
UC_comp= max(O.O7:OAS7:O.JO) =057

-iskoristivost elementa na GSN — 57%

Slika 5.4.. Prikaz iskoristivosti grednih nosaca — poz 400

48



Diplomski rad

Viljan Didovi¢

5.3. Pomaci spregnute krovne konstrukcije — krov velike dvorane

/

/U T

6'v8-

— krov velike dvorane

Slika 5.5. Prikaz progiba glavnog resetkastog nosaca

Dopusteni vertikalni pomak (krovna konstrukcija):

=104.8mm

0

30.44-1000
30

|
300

udop

Zadovoljava

84.9mm<u, ,,, =104.8mm

u, =

81%

81=

=0

-iskoristivost na GSU - 84.9mm/104.8mm
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5.4. Dimenziniranje spregnute krovne konstrukcije — krov velike dvorane

5.4.1. Rezne sile — gornja pojasnica glavnog resetkastog nosaca

b
@ I
3 o N
T o~ =
o <
2] ;
¢
— ——
()
™M 2 Fl’ Ly ] P
[] el fo]
i =~ = 5 ¥
b=
a
o o o o
g 3 2 g 8 8 8
(=]
® ~ ~ R 8 8
bt $ ~ d
o1 e
2 [ 3 o = g ]
-~ ' T ~ M~ [ ~
< : ; : e
- o

Slika 5.6.. Prikaz reznih sila - gornja pojasnica glavnog resetkastog nosaca

-poprecni presjek nosaca

Name Gornja pojasnica glavnog resetkastog nosata - krov velike dvorane
Type HEB240
Source description Profil Arbed / Structural shapes / Edition Octobre 1995
Item material S 385
Fabrication rolled
Flexural buckling y-y b
Flexural buckling z-z c
Lateral torsional buckling Default
Use 2D FEM analysis *
z
I::I
T —

A [m?] 1,0600e-02

Ay, z [m] 7.8218e-03 2,5536e-03
ly, z [m'] 1,1260e-04 3,9230e-05
I w [mE], t [m#] 4 8695e-07 1,0270e-08
Wel y, z [m?] 9.3830e-04 3,2690e-04
Wpl y, z [m] 1,0530e-03 4.9840e-04
dy, z [mm] 0 0
€ YUCS, ZUCS [mm] 120 120
a [deg] 0,00

A L, D [m¥m] 1,3800e+00 1,3838e+00
Mply +, - [Nm] 3,74e+05 3,74e+05
Mplz +, - [Nm] 1,77e+05 1,77e+05

Slika 5.7.. Prikaz geometrijskih karakteristika nosaca — poz 400
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5.4.2. Dimenzioniranje — gornja pojasnica glavnog resetkastog nosaca

SCIiAENGINEER

Composiie Beam - Final stage

Linear calculation
Class: All ULS
Extreme 1D: Global
Selection: B2671

Composite beam verification
for beam B2671 at section 3.14 m, in accordance with EC EN 1994-1-1

1. Geometry data

; a - )

B '_'\ﬂ/—'\”/— 7. . VO W W 3 o
./ ./ i

—F

L 152 _| 152
f i

Continuous beam

Length of the current span L=4716m

Length of next span Loet =4.716 m

Beam spacing at the left Lieft = 0m

Beam spacing at the right Light =0m

Checked section dy=3.144 m

Warning: For a continuous beam, intermediate buckling supports y-y are ignored in both the calculation of
the effective width for the analysis model and the check.

2. Cross-section & materials

2.1 Steel section properties

2.1.1 Cross-section

Cross-section HEB240

Height ha = 240 mm

Width b =240 mm

Web thickness ty = 10.mm

Flange thickness k=17 mm

Radius r=27mm

Area A, = 10600 mm2
Moment of inertia ly= 113-10° mm’
Radius of gyration iz=61mm

Plastic section modulus Woly = 1.053-10° mm’

2.1.2 Material

Steel grade $355

Yield strength fyo = 355 MPa
Ultimate strength fub = 490 MPa

E modulus Ep = 210000 MPa

2.1.3 Cross-section classification

£=1 % =0814 (EN 1993-1-1 §5.6 Tab. 5.2)

2.1.3.1 Flange in compression

b-t,-2:r 240mm-10mm-2-21 mm
c= 2 = 2 =94 mm

Y9

tr <
94 mm
17 mm

5.53 £7.32 oK

Flange classified as Class 1.

£9-0814
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2.1.3.2 Wek i bending

cw=hy=2-ty=2:r=240 mm - 21/ ram - 221 min = 164.mm

A = 0.5

Cw’  36-€

S FONE

tw QA

164 mm 5 36:0.814
10mm =~ 05

16.4 < 58.6

Web classified as Class 1.

Cross-section classified as Class 1

Cross-section Class OK.

oK

2.2 Concrete slab with profiled sheeting

2.2.1 Concrete slab

2.2.1.1 Slab
Total height of the slab

2.2.1.2 Material
Concrete class
Characteristic strength
E modulus

2.2.2 Profiled steel sheeting

hs = 160 mm
30737
foc = 30 MPa

Ecm = 32800 MPa

Sheeting with ribs transverse to the supporting beams

b

0

N

hp

1/2hy

Depth-of the ribs

Height of full concrete

Height of the re-entrant stiffener
Spacing of the ribs

Top width of the rib

Bottom width of the rib

Mean width of the ribs
Thickness of the sheeting

2.2.3 Shear connectors

2.2.3.1 Geometry
Name

Diameter

Nominal height

As-welded height

Amount per trough or section

2.2.3.2 Material
Steel grade
Ultimate strength

2.2.4 Reinforcement

2.2.4.1 Geometry
Longitudunal bar diamter
Longitudunal bar spacing
Longitudunal bar cover
Transverse bar diamter
Transverse bar spacing
Transverse bar cover

2.2.4.2 Materia
iviaterial
Characterictic yield strength

Vulcraft 2 VLI 20
hp =508 mim

he = 109.2 mm
hg =0 mm

bs = 304.8 mm
by =127 mm

by = 127 mm
bD,rib =152.4 mm
tp = 0.9093 mm

H110

s = 25 mm
hnom = 110 mm
hse = 105 mm
n =1

$355
fus = 490 MPa

di= 16 mm
sy =150 mm
¢/ =30 mm
dy =16 mm
5¢=150 mm
¢y = 46.inm

B 500A
fyr = 500 MPa
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3. Design vaiues of loads
Load Name : GSN 22
Content of combination : 1.35*g-vlastitateZina+1.35*dg-dodatnostalno+
1.62"q-promjenjivooptereceiije+1.35%¢-vlastitateZina_drycoricrete +
1.35*Wx-Tkom.-Wz-poz+1.35*s-opterecenjesnijegom

Bending moment Med,comp = -148.864 kNm
Shear force Ved,comp = -114.951 kN
4. Partial safety factors
Steel section Ymo =1
ymr =1
Shear connectors yv =125
Concrete Yc=15
Reinforcement ys = 1.15

5. ULS check of the Final stage

5.1 Shear connection
5.1.1 Design resistance of shear connectors

5.1.1.1 Shear connector in a solid slab

hsc
o
42> 4
a=1
f,s = min (490:450) MPa
fus =450 MPa
2 2
o.a-fus( "'f‘ ) 08-450 MPa- M)
PRdisolid,1 = W = 125 =141kN
029« ‘dsz"\/ focEem [0.29:1:25 mmz-wj 30 MPa - 32800 MPa
PR solid.2 = o= = 125 =144 kN

PRa;solid = min("Rd,;ol-d,w.'Pﬁd,.cuud,z)= 'nin(141 kN;144 kN)= 741 kN

5.1.1.2 Shear connector in profiled sheeting

Sheeting with ribs transverse to the supporting beams

e 07 (bo‘rib )(h )_ 07 ( 152mm | { 105 mm 1)_224
- [ D] 07 . 24|
[ o\ he hp _\/T‘ 50.8 mm | | 50.8 mm

kmax = 0.85

ke= max(O;min (k.;kt,max))= max (O;min (2.24;0,85))= 0.85

Prd = ki* Pr.solid = 0.85- 141 kN = 120 kN

Warning: The conditions given by EN 1994-1-1 Art.6.6.4.2 (3) are not fulfilled.

5.1.2 Degree of shear connection

5.1.2.1 Determination of b . of the concrete flange and length L .

b1 b2
¢ be 5
b,
be1 | be2
L i e |

The effective width in the interval <0.25;0.75>
Lei=085-L;=0.85-472m =401 m
Lo=025{Ly #1; )=025- {472 m+472m)=236m
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Left side of the beam
No adjacent member or slab 2dge was found on the side.

Lo Om _
bg10— & = 8 =0m
L 401m |
bett = 2= B =0.501m
e
8
Right side of the beam
No adjacent member or slab edge was found on the side.
Lo _Om _
bezo = 8 = 8 =0m
Lo 401m
bezr == =g =0501m
Lo 236m _
bezz = 8 = P =0.295m

Calculation of b 1
befi;1 = bo + bei1 + by =0 mm +0.501 m+0.501 m=1m

Calculation of b

beff =beff1=1m

Determination of L.

Lle=Lle1=4.01m

5.1.2.2 Minimum degree of shear connection

Warning: Conditions given by EN 1994-1-1 Art. 6.6.1.2 (3) are not fulfilled.

355
i = 1= 0.75-003- L)
yb
Nincake =1 - —22: -(075-003-401 m)=037

Niin = Max (r\,,,,;,,‘cak;OA): max(0.37;0.4)= 04

5.1.2.3 Degree of shear connection present

5.1.2.3.1 Tension resistance of the reinforcement

b [ df 1 16 mm’
A= | S oM [ DM |3 1421343 mm?

s |\ 4 ~ 150 mm 4
Af 3410°.500-10°
Fo 2t e _ 1.3410°-50010° _ (o
Ys 118

5.1.2.3.2 Tension resistance of the steel member
Npia = fyo+ Az = 355 MPa - 10600 mm’ =3763.00 kN

Nes = min(FiNp5)= min(584 kN;3763.00 kN) = 584.04 kN

5.1.2.3.3 Resistance of the shear connectors
Number of full ribs available per length L

bl 40im
= by T 305 mm
nip=13

ls = bs-trough =305 mm -1 =305 mm
Number of shear studs available per length L ./2
0.5-nsp-ne  0.5-13-1

Nc=ngp+Prd =6.5-120166 = 781.08 kN
=min e 1|=min ER 1)=1
=MNG =™ (S804 kN

N 2 Nmin
1>04 OK

The shear connection degree is adequate.
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5.2 Cross-sectiional resistance of the composite beam

5.2.1 Shear buckling
hw=hs - 2-t=240 mm - 2:17 mm =206 mm
fsb=1.2
P T2
tw Nsb
206 mm % 72:0.814
10mm -~ 12
206 < 48.8 oK

The shear buckling resistance of the web does not need to be verified.

5.2.2 Vertical shear

The resistance to vertical shear should be taken as the resistance of the structural steel section.

Av=As-2:bety+(tu+2:r )t
=0.0106 - 2:0.24-0.017 + (0.01 +2:0.021)-0.017 = 3324 mm’
Aumin = M- P+t = 1.2+0.206-0.01 = 2472 mm’
B S
3324 mm” 2 2472 mm’
Aty 3324mm’.35510°

= = k
Voird -\/?-yMD \/?.1 681 kN

abs(Vegcomp)  abs(-114.951 kN)
L S TR T

The shear resistance of the section is adequate.

5.2.3 Bending moment
5.2.3.1 Longitudinal reinforcement

5.2.3.1.1 Centre of composite section

For buildings not intended mainly for storage the effects of creep in concrete
beams may be taken into account by using an effective E modulus E ¢ = Ecry /2.
Ecetf =@=M= 16400 MPa
2 2
oL Eb 210000 1Pz _
Eeef . 16400 MPa

h ) [ 1 he-h
Ad.(7"‘)+(H—E).bef.~(hc-hd)~(ha+hs- = d

Aa*’(r;‘_E)'beff'(hc‘hd)

0.0106-( 0'54 )+ (

0.0106 +

—_—

Yd=

)4(0.109-0)- (o.z4+o.1s—m]

1
12.8

=221 mm

1
5 ]1-(0109-0)

5.2.3.1.2 Degree of reinforcement
2
A_M‘i‘ﬂ_ im 16mm’
" s {4 ) 150mm 4
2
Ac=beir-(he=ha )= 1-(0.109 - 0)= 109435 mm

he - hg
2

)-314: 1343 mm’

)—yd=(0.24+0.16— -0.221=125mm

zo=(ha+h5— 70'103_0)

1
hc-hg 0.109-0

1

an) "T2-0125
6

p5=5-(2f;—b5)-(f“—m)-w/ ke =1.1-(%)-( 2310 )w} 0996 =0.962 %

ke =min ( J +0.3;1]=min ( ) +0.3;1]=0.996

[ 500-10°
As 2 ps-Ac
1343 mm’ 2 9.62:10°-109435 mm”
1343 mm” > 1052 mm’ oK

The longitudinal reinforcement of the section is adequate.
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5.2.3.2 Moment resistance
Moment resistance of a steei cross-section
Wty o 1.0510° mm”-355 MPa
Yvo! 1

MpiRda = =374 kNm

Infiuence of shear
Volrd
2
681 kN
2
341 kN > 115 kN OK

> abs (VEd,mmp)

> 115 kN

The influence of the vertical shear on the bending moment resistance may be neglected.

fyba = fyo = 355 MPa

Modified tension resistance of the steel member

r=0mm

Ay=2-ti-b+ t,(hy = 2-t)=2-17 mm - 240 mm + 10 mm - (240 mm - 2-17 mm)= 10220 mm’
Nola = A, fyp = 10220 mm?®-355 MPa = 3628.10 kN

Note: Roundings of the steel cross-section are neglected in bending resistance calculation.
Nes= min (F3Npio) = min (584 kN;3628.10 kN) = 584.04 kN

N i handl ” i s,
9 9

The plastic neutral axis is located within the web of the steel section.
Natf=b-tef,=0.24-0.017- 355.10° = 1448.40 kN

Npla - Natf - Natw = Fs + Natf + Natw

.- (Nota=2-Nays=Fs)  (3628.10 kN - 2-1448.40 kN - 584 kN)

(2-tu-fyow) {2:10 mm 355 MPa)

=20.7 mm

Verification of the steel web classification.
_Gw-x 164-207

W T 164

Cw 39 ¢

Sw 33008

4 13:0q -1

164 mm 396:0.314

10mm - 13-0874-1
164311 oK
Web classified as Class 1.
Natw = tw* X fybw= 10 mm -20.7 mm - 355 MPa = 73.63 kN
Nac = Npja = Nat = Naty = 3628.10 kN - 1448.40 kN - 73.63 kN =2106.07 kN

Leverage arm of the compression part of the steel section calculated to the PNA.

=0.874

g2 40 05wt o fing =15 =)
tu(ha-2-t-x)+ti-b

s =

(10-(240-2-17-20.7)2-045 +17-240- (240 - 1.5-17-20.7))
10-(240-2-17-20.7)+17-240

=162 mm

d 0.016
hi=x+ti+ hs—C|+?=0.0207+0‘017+0.16—0.03+ 5 = 160 mm
beff=1m
fydr

> Fs= 58404 kN

Sl

—F Natfr-"HR40N

<4— Na,c = 2106,07 kN

fyb
Natw'x

t
Moird = Fs'hl"’NaL('(?*‘X)“‘T-f Nac*hes

L )+w+2106.07»162=478 kNm

=584-160 + 144&40-(74»20.7

Design moment resistance according to EN 1994-1-1 Art.6.2.1.2

MM = MpLRd =478 kNm

abs(M:acamp) _ abs{-148.864 kNm)
Mag | 478kNm

UC_comp_M = =031

The bending moment resistance of the section is adequate.
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.3 LTB vesisiance

8
F=(1 +l(hi,‘vtq))v(hit—it;i)msv‘(%)msz(1 . 10.(240-17))4( 240-17)7”.{;77‘02:6'02

Im

4bty 424017 10 \ 240
Fim=12.3
F < Fiim
6.02 <123 oK
The cross-section is qualified for verification of LTB by the simplified method.
C4=25
— =5.(1 +tL( ha—t;} ).(M)U]S.(&)D.ZS.(JL 0.5
4-b-tf tw b Ev-Cy
0.75 025 s 0
™ ( 0.01- (024-0.017)) ( 0.24-0.017 ) .(m) ( 35510 ) .
4-0.24-0.017 0.01 0.24 210109_25
ha/b <=2 -> Buckling curve 'a’
a7=021

Or=05 ( 1+ agr o Mgt = 0.2 )4 M- )= 05- ( 1+021-(0247-02)+ 0‘2472)= 0536

Xir= : = L -=0.99

o +J g N 053 +\/ 0.536° - 0.247
X7 =min (Xur:1)= min (0.99;1)= 0.99
Mo rd = Xi1-Mgg = 0.99 - 477972 = 472.959 kNm
abs(Megcomp) _ abs(-148.864 kNm)

uc LTB = N =031
_comp_ Miri 472.959 kNm

The later torsional buckling resistance of the section is adequate.
5.4 Longitudinal shear
5.4.1 Transverse reinforcement

Design shear flow
hf=hc=109 mm

A Py 1-120 kN
3\ Dy = 305mm - 108m |0 MPa
Transverse reinforcement
Agt-foer . Ved-hy
7o) FcStalel
{Vs:st)—cotgi)
A: = Asi/st
-h 10°.
- Ved - Nf - 3.61-10 -0.109 - — 452 mmz/m
(Cotg(e)'fykvv ) cotg(26.5)-500-10
ys 1.15
1 {d’ 1 {0016
t a 2
Arpr0v=;' 3 v3.14=70.15~ 4 -3.14 = 1340 mm“/m
Atprov 2 At
1340 mm;/m > 452 mm}/m OK

The transverse reinforcement of the section is adequate.

ULS check of Final stage is OK.
UC_comp =max(0.17:0.31,0.31)= 031

-iskoristivost nosa¢a na GSN — 31%

Slika 5.8.. Prikaz iskoristivosti gornje pojasnice resetkastog nosaca — poz 400
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Slika 5.9. Prikaz reznih sila - donja pojasnica glavnog resetkastog nosaca

-poprecni presjek nosaca

Name Donja pojasnica glavnog reSetkastog nosata - krov velike dvorane
Type F280X10
Source description Chinese Standard / GB 6728-2002
Item material S 355
Fabrication cold formed
Flexural buckling y-y C
Flexural buckling z-z C
Lateral torsional buckling Default
Use 2D FEM analysis *

]
L

A [mY 1,0460e-02

Ay, z [m] 52251e-03 5,2251e-03
ly, z [m*] 1247%9e-04 1,2479e-04
I w [mE], t [m#] 14342e-06 2,0173e-04
Wel y, z [m?] 8,9100e-04 8,9100e-04
Wpl y, z [m] 1,0463e-03 1,0463e-03
dy, z [mm] 0 0
€ YUCS, ZUCS [mm] 140 140
a [deg] 0,00

A L, D [m¥m] 1,0771e+00 2,0910e+00
Mply +, - [Nm] 371e+05 3,71e+05
Mpiz +, - [Nm] 371e+05 3,71e+05

Slika 5.10.. Prikaz geometrijskih karakteristika nosaca — poz 400
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5.4.4. Dimenzioniranje — donja pojasnica glavnog resetkastog nosaca

[Member B2714 [31,440 m |F280X10 [S355 [GSN5 [091- |

Note: EN 1993-1-3 article 1.1(3) specifies that this part does not apply to cold formed CHS and RHS sections.
The default EN 1993-1-1 code check is executed instead of the EN 1993-1-3 code check.

Partial safety factors

*Student version* *Student version* *Student version® *Student version® *Studer

Gamma MO for resistance of cross-sections 1,00

Gamma M1 for resistance to instability 1,00

Gamma M2 for resistance of net sections 1,25

[ Material ] ]

*Student version® *Student version® *Student version* *Student versic

Yield strength fy 355,0 MPa

Ultimate strength fu | 510,0 MPa

Fabrication Cold formed

....:SECTION CHECK::... O
The critical check is on position 26.724 m

Internal forces | Calculated Unit
*Student version* *Student version* *Student version* *Stude
N,Ed -2199,10 kN
Vy,Ed 3,63 kN
Vz,Ed -41,95 kN
TEd -0,08 kNm
My,Ed -25,46 kNm
MzEd -6,08 kNm
Classification for cross-section design
According to EN 1993-1-1 article 5.5.2
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio 25,00

Class 1 Limit 26,85

Class 2 Limit 30,92

Class 3 Limit 36,88

=> Section classified as Class 1 for cross-section design
Compression check

According to EN 1993-1-1 article 6.2.4 and formula (6.9)

A 1,0460e-02 | m"2

Nc,Rd 3713,30 kN

Unity check | 0,59 -
Bending moment check for My
According to EN 1993-1-1 article 6.2.5 and formula (6.12 ]
Wply 1,0463e-03 | mA3

Mpl,y,Rd 371,45 kNm

Unity check 0,07 -
Bending moment check for Mz
According to EN 1993-1-1 article 6.2.5 and formula ),(§
Wpl,z 1,0463e-03 | m"3

Mpl,z,Rd 371,45 kNm

Unity check | 0,02 -

Shear check for Vy
According to EN 1993-1-1 artitle 6.2,68 and formulaA6.17)

Eta 1,20 />

Av 5,2300e-03 | m*2

Vpl,y,Rd 1071,94 kr«

Unity check | 0,00 -
Shear check for Vz

According to EN 1993-1-1 article 6.2.6 and formula (6.17)

Eta 1,20
Av 5,2300e-03 | m"2
Vpl,z,Rd 1071,94 kN

Unity check 0,04 -

Torsion check
According to EN 1993-1-1 article 6.2.7 and formula (6.23)

Tau,t,Ed 0,1 MPa
Tau,Rd 2050 |MPa
Unity check | 0,00 -
Note: The unity check for torsion is lower than the limit value of 0,05. Therefore torsion is considered as
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Alpha 2,75
MN,zRd |197,31 [kNm
Beta 2,75

Unity check (6.41) =0,00 + 0,00 = 0,00 -

Note: Since the shear forces are less than half the plastic shear resistances their effect on the moment
resistances is neglected.

The member satisfies the section check.

Classification for member buckling design

Decisive position for stability classification: 26,724 m
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1
Maximum width-to-thickness ratio | 25,00

Class 1 Limit 26,85

Class 2 Limit 30,92

Class 3 Limit 36,88

=> Section classified as Class 1 for member buckling design O
Flexural Buckling check

According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)
Buckling parameters [ w Tz ] J
*Student version* *Student version® *Student version® *Student version* *Student version* *Student ve
Sway type sway non-sway
System length L 1,572 4,716 m &

Buckling factor k 1,00 1,00
Buckling length Ler 1,672 4,716 m
Critical Euler load Ncr 104663,14 | 11629,24  |kN

Slendemess Lambda 14,39 43,18

Relative slenderness Lambda,rel |0,19 0,57

Limit slendemess Lambda,rel,0 0,20 0,20

Buckling curve c c

Imperfection Alpha 0,49 0,49

Reduction factor Chi 1,00 0,81

Buckling resistance Nb,Rd 3713,30 2992,50 kN

Flexural Buckling verification | |

*Student version* *Student version® *Student version® *Student version* *Student v

Cross-section area A 1,0460e-02 | m"2
Buckling resistance Nb,Rd 2992,50 kN
Unity check 0,73 -

Torsional(-Flexural) Buckling check

According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)
Note: The cross-section concems a RHS section which is not susceptiblé
Lateral Torsional Buckling check
According to EN 1993-1-1 article 6.3.2.1
Note: The cross-section concems an RHS section with'h /b < 10 L@bda el

lexural) Buckling.

This section is thus not susceptible to Lateral Torsional Bugkling.

Bending and axial compression check
According to EN 1993-1-1 article 6.3.3 and formula (6.61),(8.62

[ Bending and axial compression check parameters |

*Student version® *Student version* *Student version* *Student version* *5:(den< ver%(‘ tudent version® *Student version® *S
Interaction method lteynaiive method 1
Cross-section area A 1,0460e-02 m"2
Cross-section plastic modulus Wpl,y 1,0463e-03 m"3
Cross-section plastic modulus Wpl,z 1,0463e-03 m"3
Design compression force N,Ed 199,10 kN
Design bending moment (maximu 91,83 kNm
Design bending moment (maximum ] 11,02 kNm
Characteristic compression resistance 3713,30 kN
Characteristic moment resista 371,45 kNm
Characteristic moment resisfa 371,45 kNm
Reduction factor Chi,y 1,00

Reduction factor Chi,z 0,81

Reduction factor ChiLT 1,00

Interaction factor k,yy 0,94

Interaction factor k,yz 0,62

Interaction factor k,zy 0,58

Interaction factor k,zz 0,93

Maximum moment My,Ed is derived from beam B2714 position 28,296 m.
Maximum moment Mz,Ed is derived from beam B2714 position 31,440 m.

Interaction method 1 parameters ] |

*Student version® *Student version* *Student version* *Student version® *Student version* *Student version® *Student version® *S

Critical Euler load N,cry 104663,14 kN
Critical Euler load N,cr,z 11629,24 kN
Elastic critical load N,cr,T 688471,95 kN
Cross-section plastic modulus Wpl,y 1,0463e-03 m3
Cross-section elastic modulus Wel,y 8,9100e-04 m"3
Cross-section plastic modulus Wpl,z 1,0463e-03 m"3
Cross-section_elastic modulus Wel,z 8,9100e-04 m"3

*Student version* *Student version* *Student version* *Student version® *Student version* *Student version® *Student version® *S
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Interaction method 1 parameters [ ]

*Student version* *Student version® *Student version® *Student version* *Student version* *Student version® *Student version® *S

Second moment of area ly 1,2479e-04 mhM
Second moment of area Iz 1,2479e-04 mh4
Torsional constant It 2,0173e-04 mM
Method for equivalent moment factor C,my,0 Table A.2 Line 2 (General)

Design bending moment (maximum) My,Ed -91,83 kNm
Maximum relative deflection delta,z 07 mm
Equivalent moment factor C,my,0 1,00

Method for equivalent moment factor C,mz,0 Table A.2 Line 2 (General)

Design bending moment (maximum) Mz,Ed 11,02 kNm
Maximum relative deflection delta,y -0,3 mm
Equivalent moment factor C,mz,0 0,87

Factor mu,y 1,00

Factor mu,z 0,96

Factor epsilon,y 0,49

Factor a,LT 0,00

Critical moment for uniform bending Mcr,0 13821,58 kNm
Relative slenderness Lambda,rel,0 0,16

Limit relative slenderness Lambda,rel,0,lim 0,21

Equivalent moment factor C,my 1,00

Equivalent moment factor C,mz 0,87

Equivalent moment factor C,mLT 1,00

Factor b,LT 0,00

Factor ¢,LT 0,00

Factor d,LT 0,00

Factor e LT 0,00

Factor w,y 1,17

Factor w,z 1,17

Factor n,pl 0,59

Maximum relative slenderness Lambda,rel,max 0,57

Factor C,yy 1,08

Factor C,yz 1,05

Factor C,zy 1,00

Factor C,zz 1,11

Unity check (6.61)=0,59 + 0,23 + 0,02 = 0,84 -
Unity check (6.62) = 0,73 + 0,14 + 0,03 =0,91 -
The member satisfies the stability check.

-iskoristivost elementa na GSN — 91%

Slika 5.11.. Prikaz iskoristivosti donje pojasnice resetkastog nosaca — poz 400
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5.4.5. Rezne sile — ispuna glavnog resetkastog nosaca

N

Slika 5.12.. Prikaz reznih sila - ispuna glavnog resetkastog nosaca

Name Ispuna glavnog reSetkastog nosaa - krov velike dvorane
Type CFRHS180X180X8
Source description Rautaruukki Qyj / Structural Hollow Sections EN10219 / Ed.2007
Item material S 355
Fabrication cold formed
Flexural buckling y-y c
Flexural buckling z-z c
Lateral tersional buckling Default
Use 2D FEM analysis *
z

A [m?] 5.2840e-03

Ay, z [m7] 26401e-03 25401e-03
1y, z [mY] 25459e-05 25459e-05
1w [mf], t [m*] 12597e-07 41886e-05
Wel y, z [m?] 2,8287e-04 28287e-04
Wpl y, z [m?] 3,3570e-04 3,3570e-04
dy, z [mm] 0 0
c YUCS, ZUCS [mm] 90 90
a [deg] 0,00

AL, D [m¥m] 6,8600e-01 1,3208e+00
Mply +, - [Nm] 1,19e+05 1,19e+05
Mplz +, - [Nm] 1,19e+05 1,19e+05

Slika 5.13. Prikaz geometrijskih karakteristika nosaca — poz 400

-iskoristivost elementa na GSN — 94%

Slika 5.14. Prikaz iskoristivosti ispune resetkastog nosaca — poz 400
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5.4.6. Dimenzioniranje — ispuna glavnog resetkastog nosaca

Member B2729 _[2,173 m | CFRHS180X180X8 _|S 355 |GSN 22 [0,94 - |

Note: EN 1993-1-3 article 1.1(3) specifies that this part does not apply to cold formed CHS and RHS sections.
The default EN 1993-1-1 code check is executed instead of the EN 1993-1-3 code check.

Partial safety factors
*Student version® *Student version® *Student version® *Student version* *Studer
Gamma MO for resistance of cross-sections 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25

[ Material [ |
*Student version* *Student version® *Student version® *Student versic
Yield strength fy 355,0 MPa
Ultimate strength fu | 510,0 MPa

Fabrication Cold formed @
....:SECTION CHECK::... O
The critical check is on position 0.000 m %

Internal forces | Calculated | Unit
*Student version* *Student version* *Student version* *Stude
N,Ed -1568,27 kN
Vy,Ed 0,00 kN
Vz,Ed 0,00 kN

TEd 0,00 kNm
My,Ed 0,00 kNm
Mz,Ed 0,00 kNm

Classification for cross-section design &
According to EN 1993-1-1 article 5.5.2

Classification of Internal Compression parts

According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio 19,50
Class 1 Limit 26,85
Class 2 Limit 30,92
Class 3 Limit 34,17
=> Section classified as Class 1 for cross-section design

Compression check

According to EN 1993-1-1 article 6.2.4 and formula (6.9)
A 5,2840e-03 m~2
Nc,Rd 1875,82 kN
Unity check 0,84 -
The member satisfies the section check.
....:STABILITY CHECK::...
Classification for member buckling design
Decisive position for stability classification: 0,000 m
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1
Maximum width-to-thickness ratio 19,50
Class 1 Limit 26,85

Class 2 Limit 30,92
Class 3 Limit 4,17

=> Section classified as Class 1 for mémbeér buckling'dési
Flexural Buckling check
According to EN 1993-1-1 article 6,371.1 and fo a)(6.46)
Buckling parameters (| W /[ zz | ]

*Student version® *Student version* *Sd{dent version* *Rudknr version® *Student version* *Student \

Sway type sway non-sway
System length L 24T 2,173 m
Buckling factor k 0 1,00

Buckling length Lcr < 2473 2,173 m
Critical Euler load Ncr 11176,42 11176,98 kN
Slenderness Lambda 31,30 31,30

Relative slenderness Lambda,rel 0,41 0,41

Limit slendemess Lambda,rel,0 0,20 0,20

Buckling curve c c

Imperfection Alpha 0,49 0,49

Reduction factor Chi 0,89 0,89

Buckling resistance Nb,Rd 1673,59 1673,60 kN

Flexural Buckling verification
*Student version® *Student version® *Student version® *Student version® *Student v

Cross-section area A 5,2840e-03 m”2
Buckling resistance Nb,Rd 1673,59 kN
Unity check 0,94 -

Note: The cross-section concems a RHS section which is not susceptible to Torsional(-Flexural) Buckling.
The member satisfies the stability check.
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5.4.7. Rezne sile — podupora glavnog resetkastog nosaca

N

<%

8,
Slika 5.16. Prikaz reznih sila - podupora glavnog reSetkastog nosaca

Name Podupora donjeg pojasa glavnog reSetkastog nosaca -krov velike dvorane
Type F250X10
Source description Chinese Standard / GB 6728-2002
Item material S 385
Fabrication cold formed
Flexural buckling y-y c
Flexural buckling z-z C
Lateral torsicnal buckling Default
Use 2D FEM analysis *
z

A [m?] 9,2600e-03

Ay, z[m?] 46251e-03 46251e-03
ly, z [mY] 8,7070e-05 8,7070e-05
I'w [mf], t [m%] 8,1380e-07 1,4197e-04
Wel y, z [m¥] 6,9700e-04 6,9700e-04
Wpl y, z [m?] 8,2200e-04 8,2200e-04
dy, z[mm] 0 0
© YUCS, ZUCS [mm] 125 125
o [deg] 0,00

AL, D [mZm] 9,5708e-01 1,8510e+00
Mply +, - [Nm] 2,92e+05 292e+05
Mpiz +, - [Nm] 2,92e+05 292e+05

Slika 5.17. Prikaz geometrijskih karakteristika nosaca — poz 400

-iskoristivost elementa na GSN — 88%

Slika 5.18. Prikaz iskoristivosti ispune resetkastog nosaca — poz 400
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5.4.8. Dimenzioniranje — podupora glavnog resetkastog nosaca

[Member B5380 [4,346 m [F250X10 [S 355 [GSN 22 [0,88 - |

Note: EN 1993-1-3 article 1.1(3) specifies that this part does not apply to cold formed CHS and RHS sections.
The default EN 1993-1-1 code check is executed instead of the EN 1993-1-3 code check.

Partial safety factors

*Student version® *Student version® *Student version® *Student version® *Studer
Gamma MO for resistance of cross-sections 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25

[ Material I ]
“Student version® *Student version® *Student version* *Student versic
Yield strength fy 355,0 MPa
Ultimate strength fu | 510,0 MPa
Fabrication Cold formed
...:SECTION CHECK::... O
The critical check is on position 4.346 m
Internal forces | Calculated Unit
*Student version® *Student version® *Student version* *Stude
N,Ed -2297,84 kN
Vy,Ed 0,00 kN
Vz,Ed 0,00 kN
TEd 0,00 kNm
My,Ed 0,00 kNm
Mz,Ed 0,00 kNm
Classification for cross-section design
According to EN 1993-1-1 article 5.5.2
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio 22,00
Class 1 Limit 26,85
Class 2 Limit 30,92
Class 3 Limit 34,17

=> Section classified as Class 1 for cross-section design

Compression check
According to EN 1993-1-1 article 6.2.4 and formula (6.9)

A 9,2600e-03 | m"2
Nc,Rd 3287,30 kN

Unity check | 0,70 - @
The member satisfies the section check.
....:STABILITY CHECK::...
Classification for member buckling design
Decisive position for stability classification: 0,000 m

Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio | 22,00

Class 1 Limit 26,85
Class 2 Limit 30,92
Class 3 Limit 4,17

=> Section classified as Class 1 for mémbér buckling'desi
Flexural Buckling check
According to EN 1993-1-1 article 6,371.1 and fortmula{6.46)
Buckling parameters | | W\ 4 2z | ]

*Student version® *Student version* *Sd(dent version* 'smdknr version® *Student version* *Studeni

Sway type non-sway
System length L 4,346 m
Buckling factor k 1,00

Buckling length Ler < 4,346 m
Critical Euler load Ncr 9556,49 kN
Slendermness Lambda 44 81

Relative slenderness Lambda,rel 0,59

Limit slendemess Lambda,rel,0 0,20

Buckling curve c

Imperfection Alpha 0,49

Reduction factor Chi 0,79

Buckling resistance Nb,Rd 2607,97 2608,00 kN

Flexural Buckling verification

*Student version* *Student version® *Student version® *Student version® *Student v

Cross-section area A 9,2600e-03 m2
Buckling resistance Nb,Rd 2607,97 kN
Unity check 0,88 -

The member satisfies the stability check.
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5.4.9. Rezne sile — sekundarni gredni nosa¢
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Slika 5.19. Prikaz reznih sila — sekundarni gredni nosac — poz 400

Name Sekundarni gredni nosat - krov velike dvorane
Type HEB240
Source description Profil Arbed / Structural shapes / Edition Octobre 1995
Item material S 356
Fabrication rolled
Flexural buckling y-y b
Flexural buckling z-z [
Lateral torsional buckling Default
Use 2D FEM analysis *
z

A [mY 1,0600e-02

Ay, z [m] 7,8218e-03 25536e-03
ly, z [m*] 1,1260e-04 39230e-05
I w [mE], t [m#] 4,8695e-07 1,0270e-06
Wel y, z [m?] 9,3830e-04 32690e-04
Wply, z [m*] 1,0530e-03 49840e-04
dy, z [mm] 0 0
c YUCS, ZUCS [mm] 120 120
a [deg] 0,00

A L, D [m¥m] 1,3800e+00 1,3838e+00
Mply +, - [Nm] 374e+05 374e+05
Mpiz +, - [Nm] 177e+05 1,77e+05
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5.4.10. Dimenzioniranje — sekundarni gredni nosa¢

Composiie Beam - Final stage

Linear calculation
Class: All ULS
Extreme 1D: Global
Selection: B5051

Composite beam verification
for beam B5051 at section 5.4 m, in accordance with EC EN 1994-1-1

1. Geometry data

T
=—
i
|
i
o
o

Simply supported beam

Length of the current span L=54m

Beam spacing at the left Left = 3.14 m

Beam spacing at the right Light =4.72 m

Checked section dy=54m

2. Cross-section & materials
2.1 Steel section properties

2.1.1 Cross-section
Cross-section HEB240
Height ha = 240 mm
Width b = 240 mm
Web thickness tw =10 mm
Flange thickness tr= 17 mm
Radius r=21mm
Area A, =10600 mrn2
Momen of inertia ly=113 10° mm”*
Radius of gyration iz =61 mm

¢ i U LA
Plastic section modulus Wpiy = 1.053-10-mm

2.1.2 Material

Steel grade $355

Yield strength fyo = 355 MPa
Ultimate strength fub = 490 MPa

E modulus Ep = 210000 MPa

2.1.3 Cross-section classification

235
€=\ 355 = 0.814

2.1.3.1 Flange in compression

b-ty-2:r 240 mm-10mm-2-21 mm
o= 5 = 5 =94 mm

553732 oK

Flange classified as Class 1.

2.1.3.2 Web in bending
cy=h;=-2-t-2:r=240mm -2-17 mm - 2-:21 mm = 164 mm

(Xd=0.5
Cw _ 36-¢
S, 2008
tw QA
164 mm . 36:0.814
WPmm 05
164 <586 oK

Web classified as Class 1.

Cross-section ciassified as Class 1

Cross-section Class OK.
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2.2 Concrete slab with profiled sheeting

2.2.1 Concrete slab

2.2.1.1Slab
Total height of the slab

2.2.1.2 Material
Concrete class
Characteristic strength
E modulus

2.2.2 Profiled steel sheeting

hs =160 mm

C30/37
f = 30 MPa
Ecm = 32800 MPa

Sheeting with ribs parallel to the supporting beams

b

0

Name
Depth of the ribs
Height of full concrete

Height of the re-entrant stiffener

Spacing of the ribs

Top width of the rib
Bottom width of the rib
Mean width of the ribs
Thickness of the sheeting

2.2.3 Shear connectors

2.2.3.1 Geometry
Name
Diameter
Nominal height
As-welded height

Amount per trough or section

2.2.3.2 Materia|
Steel grade
Ultimate strength

2.2.4 Reinforcement

2.2.4.1 Geometry
Longitudunal bar diamter
Longitudunal bar spacing
Longitudunal bar cover
Transverse bar diamter
Transverse bar spacing
Transverse bar cover

2.2.4.2 Material
Material
Characterictic yield strength

3. Design values of loads
Load Name : GSN 7

Content of combination : 1.35*g-vlastitateZina+1.35*dg-dodatnostalno+

172 b,

Vulcraft 2 VLI 20
hp = 50.8 mm

he = 109.2 mm
hg=0mm

bs = 304.8 mm
by = 127 mm

by = 127 mm
boib = 152.4 mm
t, = 0.9093 mm

4110

ds = 25 mm
hnom = 110 mm
hgc = 105 mm
n=1

$355
fus = 490 MPa

di= 16 mm
s; =150 mm
¢ =30 mm
dy =16 mm
st =150 mm
c; =46 mm

B 500A
i = 500 MPa

1.35*g-vlastitatezina_dryconcrete +1.50*Wy-1kom.-Wz-poz

Bending moment
Shear force

MEd‘comp =-299.657 kNm
Ved,comp = -109.078 kN
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4. Partiai safeiy factors

Steel section Yvo =1
ymi =1
Shear connectors yv =125
Concrete yc=15
Reinforcement ys = 1.15

5. ULS check of the Final stage

5.1 Shear connection
5.1.1 Design resistance of shear connectors

5.1.1.1 Shear connector in a solid slab

hee
4, >4
42> 4
a=1
f.s = min(490;500) MPa
n-d; 3.14.25 mm’
08-fis{ T, | 08490 MPa- 2loe2mm
Pracolidt = = =154
Rd solid,1 " 125 54 kN
2
. 029-a-dy \ fu'Eem 0.29-1-25 mm’ -+ 30 MPa -32800 MPa
Rd,solid,2 = =

w 1.25
Prdsolid = min(PRd‘soIid,ﬁPRd‘salid,Z)= min{154 kN;144 kN)= 144 kN

5.1.1.2 Shear connector in profiled sheeting
Sheeting with ribs parallel to the supporting beams

_06-bosp [ hse .| 06:152mm [ 105 mm
T hy he /] 508mm | 50.8mm

ki 1]=1.92

ki=1
Pra=k: Pgeolid = 1+ 144 kN = 144 kN

5.1.2 Degree of shear connection

5.1.2.1 Determination of b of the concrete flange and length L .

b1 b2

The effective width at the end support
Lo=Li=54m
Left side of the beam
by o peplet Do _3.14m 0mm
T2 27 2 2
54m
g

=157m

L
beto = min[Tw,’l:n): min 157 m): 0.675m

Om 57 m

=min )

=0m

w0
bett = mm(%;m

= min(%tﬂ m

0.025 - Lep 0.025-54 m
PR 0.55+ 0675m = 0.75

bm:min(%;m =0m

BT,(ak =055+

B1,cak’ <=1.0
075<=10 oK
Pi=PBralc =075

SCIAENGINEER
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Rignt side of the beam
Loerp.i b 72 i
by =_gerg£r|gh|__ ?o=_4_/2_m___0_rgi= 236m
) [ Leo \ | |S4m L}
be2o =min|~_~ba[=min{—_——2.36 m|=0.675m
8 ) % 8 "
L
beot = min| b, |= min oM., 36 m|=0m
8 8
be22 = min (L;Z—;bz = min(%z‘% m[=0m
0.025 - Leo 0.025-54 m
B2,calc = 0.55 + B 0.55+ 0675m - 0.75
Bacalc <= 1.0
0.75<=1.0 oK

B2=PBocaic =075

Calculation of b
befro = bo + beto* B1 + bezo B2 =0 mm +0.675 m-0.75 + 0.675 m-0.75=1.01 m

Calculation of b
beff = beffo=1.01m

Determination of L.
le=lep=54m
5.1.2.2 Minimum degree of shear connection
Warning: Conditions given by EN 1994-1-1 Art. 6.6.1.2 (3) are not fulfilled.
355

Nmincale = 1= ¢

(075-003-L)
yb

Nmingaic =1 - % (0.75-0.03-5.4m)=041

N = MaX (Nincalc:0.4) = max (0.41,0.4)= 0.41

5.1.2.2 Degree of shear connection present

5.1.2.3.1 Tension resistance of the reinforcement

A,

bat [\eid | g ml_\( 167
et N3 TN Iy R OTIM ] 34 = 1357 e
s\ 4 )n 150 mm \ 4 SR
_Acfi _ 13610°.500-10°
Ty 1.15

Fs =590 kN

5.1.2.3.2 Tension resistance of the steel member
Npia = fyo - Aa = 355 MPa - 10600 mm2 =3763.00 kN

Nes = min(FsNgta)= min(590 kN;3763.00 kN)=590.07 kN

5.1.2.3.3 Resistance of the shear connectors

Number of shear studs available per length L /2

0.5-Le
N =

-
ls

Np=9-1=9
Ne = g+ Pra = 9- 143835 = 129452 kN

N
_(1)= min( 1294.52 kN 1)= g

il e 59007 kN '

N 2 Nmin
12041 oK

The shear connection degree is adequate.
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5.2 Cross-sectional resistance of the composite beam

5.2.1 Shear buckling
hy=hs - 2-t=240 mm - 2:17 mm =206 mm
Msb =1.2
P T20e
tw Nsb
206 mm % 72:0.814
10mm -~ 12

206 < 488 oK

The shear buckling resistance of the web does not need to be verified.

5.2.2 Vertical shear

The resistance to vertical shear should be taken as the resistance of the structural steel section.

A=A -2-b-ti+(tu+ 21 )
=0.0106-2-0.24-0.017 + (0,01 +2:0.021)-0.017 = 3324 mm’

Avmin =N hu-ty = 1.2:0.206-0.01 = 2472 mm’
Av 2 Av‘min

3324 mm’ > 2472 mm’
Aty 3324mm’-35510°

Volrd = =681 kN
'\/?'YMU 31
abs(Vegcomp)  abs(-109.078 kN)
UCsomp =" ~ EEIEN 0B

The shear resistance of the section is adequate.
5.2.3 Bending moment
5.2.3.1 Longitudinal reinforcement

5.2.3.1.1 Centre of composite section

For buildings not intended mainly for storage the effects of creep in concrete
beams may be taken into account by using an effective E modulus E . = Ecy /2.

C o _30800MPe _
cel

b 210000 MPe

= 16400 MPa,

ff
h, 1 he - hg
Aa-(7)+(n—E)‘bgr(h(—hd)-(ha+hs—T)

A+ :_E)'beif'(hc‘hd)

ot
i

)
&,

024) (1 0.109-0
0.0106-( 5 )+(12'8)»101»(0.109—0)-(0.24+0.16— . )

1
0.0106 + | -} 1.01 -(0.109-0)

5.2.3.1.2 Degree of reinforcement

2
A_bsfi‘ d ) _101m 16 mm’
"5 \ 4 ) 150mm 4

)-3.14: 1357 mm’

Ac=beir-( he - ha )= 1.01-(0.109 - 0)= 110565 mm”
he - hg

zo=(ha+h5— -0.221=124 mm

)—yd= (ozuo.m-M)

(220) " T2012
6
ps=5»(§%)-[;“—”)-\) ke =11 (%)(ﬂ)\/ 0.995 =0.961 %
(3

500-10°

ke =min 1—+ 0.3;1]=min 1—+0.3;1 =0.995
(1+h(—hd) ( 0.109—0)

As 2 ps'Ac
1357 mm” 2 9.61-10°-110565 mm’
1357 mm’ 2 1063 mm’ oK

The longitudinal reinforcement of the section is adequate.

=221 mm
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5.2.3.2 Moment resistance
Moement resistance of a steei cross-section
Wty o 1.65:10° mm”- 355 MPa
Yvo 1

MoiRde = =374 kNm

Infiuence of shear
VpI,R
2

: > abs (VEd‘comp)

682¢> 109 kN

341 kN > 109 kN oK

The influence of the vertical shear on the bending moment resistance may be neglected.

£y =y = 355 MPa
Modified tension resistance of the steel member
r=0mm

Ag=2-t-b +t,-(hy =2+t )=2:17 mm - 240 mm + 10 mm - (240 mm - 2-17 mm )= 10220 mm’

Noia = Ay = 10220 mm”- 355 MPa = 3628.10 kN

Note: Roundings of the steel cross-section are neglected in bending resistance calculation.

Ner = min(FsNyi,)= min (590 kN;3628.10 kN)= 590.07 kN

N t:ve handii + it
9 Y

e calculation

The plastic neutral axis is located within the web of the steel section.

Natf=b-tsf,,=0.24-0.017- 355.10° = 1448.40 kN
Npl.a = Natf - Natw = Fs + Natf + Natw

(Nota=2-NatsF:) (362810 kN -2:1448.40 kN - 590 kN)

(2tu-fbm) (2:10 mm 355 MPa)
Verification of the steel web classification.
_Cw-Xx _164-199

Cw 164
Sy - 3%-¢
b 1301

164mm . 396-0.314

T10mm. - 13-0.879-1
164309 G
Web classified as Class 1.

Natw = tw* X fybw =10 mm -19.9 mm - 355 MPa =70.61 kN

=0.879

<

Nac = Noia = Natf — Nty = 3628.10 kN - 1448.40 kN - 70.61 kN = 2109.09 kN

=19.9 mm

Leverage arm of the compression part of the steel section calculated to the PNA.

) (tw-(hﬂ—2~t5—x)z‘0.5+tf~b~(ha—1.5~tf—x))
© tu-(ha-2-t-x )+ ti-b

(10-(240-2.17-19.9)2-0.5+17-24o-(24o-1.5-17-19‘9))

10-(240-2-17-19.9)+ 17240

d
h|=x+t;+h5-C|+?|=0.0199+0‘017+0.16—0‘03+

beff = 1.01m
f—Y

0.016

L

=159 mm

Natw X

t
Mpird = Fs+ hy + Natg '(*+ X )+

2 +Naches

=590-159 + 1448.40‘(%*- 19.9)+M

Design moment resistance according to EN 1994-1-1 Art.6.2.1.2

Mrd =Mpjrd =479 kNm

abs{M:gcoms)  abs(-299.657 kNm)
1Ji = =
Ccomp M Mz 479kNm

=0.63

The bending moment resistance of the section is adequate.

fyb

=163 mm

> s = 590,07 kN

= Natfr="#0R4N

<—— Nac = 2109,09 kN

+2109.09-163 =479 kNm
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5.3 LTB resisiance

.‘ ol 3 . 075 0.25 [ - Az 075 o 925
F:(h}i‘(\iijr)_(ﬁlt.i) ‘(%) =(1+1° (240 17))_(240-17) _{,L i

}-b- tw 4-240-17 10 240
im=12.3
F < Fiim
6.02 < 12.3 oK
The cross-section is qualified for verification of LTB by the simplified method.
Cy=25

o ity hete 0.75 P 025 s 0.5

s[5 (]

4.0.24-0.017 0.01 0.24 210-10°.25
ha/b <=2 -> Buckling curve 'a'
a7=0.21

0.01-(024-0017)) { 0.24-0017 " [ 0017 \** [ 355.10° "
=5-(1 : : - )( — ) (7) (7) =0.247

®7=05 ( 14 o (Mrer =02 )+ N ): 05- ( 1+0.21-(0.247-0.2)+ 0.2472)= 0.536
1 1

Xir= = =0.99
2 2 2
o +\/ O ~Arel 0536+ \/ 0.536 -0.247
X = min (X.r;1) = min (0.99;1)= 0.99
Mo rd = Xi7-Mgg = 0.9 -478933 = 473.910 kNm
abs(Megcomp) _ abs(-299.657 kNm)
UC_comp_LTB = T = 473.910 KNm =0.63

The later torsional buckling resistance of the section is adequate.

5.4 Longitudinal shear
5.4.1 Transverse reinforcement

Design shear flow
hf=hc=109 mm
D Prd 1-144 kN

V1 3 by = 2-300-mm - 1090mn] - 22 MPa
Transverse reinforcement
Astfirl Vea-he
{vs's1) = cotg(e)
A; = Asi/s
-h .10°-
A= Veg- hy ___ 2210°:0.109 275 e
(cotg(e)'fykvv } cotg(26.5)-500:10
Ys 115
1 {a’ 1 {0016

t g 2
ATVD,D‘,:?:- Py '3.14=ﬁ- 2 -3.14=1340 mm“/m
Atprov 2 A
1340 mm’/m 2 275 mm’/m oK

The transverse reinforcement of the section is adequate.

ULS check of Final stage is OK.
UC_comp =max(0.16,0.63,0.63)= 0.63

-iskoristivost elementa na GSN — 63%

Slika 5.21. Prikaz iskoristivosti sekundarnog grednog nosaca — poz 400
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5.4.11. Rezne sile — spregovi

Slika 5.22. Prikaz reznih sila — spregovi — poz 400

ca

k nosa

-poprecni presje

Spregovi - krov velike dvorane

RD55

Stahl im Hochbau / 14 Auflage Band | / Teil 1

S 356

rolled

Default

Name
Type

Source description

Item material
Fabrication

Flexural buckling y-y
Flexural buckling z-z

torsional buckling
Use 2D FEM analysis

Lateral

(3l el Dl e e R E=0 11 -
S|S|s || & = =1t=]
ol e el Bl B 7|7
Ol d|d|d|d @
— || || ey o |Le
IS EE ~
=R o a9
b Ik = By ~e e
D= (O || —
e~ O|0|w (O ||| |m
SAGABADAGABA Nle=R(?1T
o|lo|w|o|o|a Slo|lhls
O = | M O O O [apj ey g
+|& |~ |0 || 1]
r~len|@|oo|o| oy o | 99|02
b Dt e R By ~e e
IS 1L el el Bl 2 —
E
E
1=
= ©n —|=
Elnlz| o8| [E|EE
= =2 =
||+~ |[E|E[EIR| |E[==
Tl & =
.I..m.,.uI.ZZ.I.cw.l.l..r,.r,
= E ||| n|@|®0
P I I ] et = I I P
.I.V,V,.wePV.Y.I.LPD.
<|<|Z|Z|Z|2|o|e|o|«|E|E

Slika 5.23. Prikaz geometrijskih karakteristika nosaca — poz 400
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5.4.12. Dimenzioniranje — spregovi

Dimenzioniranje elementa

A-f,  2374.355
Y, 1,25

Nera = Npra = =674,22(kN)

Uvjet nosivosti N;qg = Ng
674,22(kN) > 249,15+ 339, 69 = 588,84(kN)

uvjet zadovoljen

-iskoristivost na GSN - 588,84kN /674,22kN = 0,87 =87%
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5.5. Pomaci spregnute krovne konstrukcije — krov srednje dvorane

i ey

-45,1

Slika 5.22. Prikaz progiba glavnog resetkastog nosaca — krov srednje dvorane

Dopusteni vertikalni pomak (progib):

| 16.2-1000

Ugo, = = =54.0mm
300 300

u, =45.1mm<u, ., =54.0mm  Zadovoljava

z,dop

-iskoristivost na GSU - 45.1mm/54.0mm = 0,69 = 69%
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5.6. Dimenziniranje spregnute krovne konstrukcije — krov srednje dvorane

5.6.1. Rezne sile — gornja pojasnica glavnog resetkastog nosaca

m
<
wn
~
~
p
g
o H
? qlr I
[ —
=)
p
o~ "E
) N D = 3
3 ) F g
— ﬂ = -
uw
o~
=] ~
o~ ~
g 2 o \ 2 2 %
o i ™~ 7 ol 13
L] o = )
F e [— I
mn
m
f b Gt b § NG
.,
v b3 T bt h o B
! a8 R
= A
3
;

Slika 5.22. Prikaz reznih sila - gornja pojasnica glavnog resetkastog nosaca

-poprecni presjek nosaca

Name Gornja pojasnica glavnog reSetkastog nosata - krov srednje dvorane
Type HEB200
Source description Profil Arbed / Structural shapes / Edition Octobre 1995
Item material S 355
Fabrication rolled
Flexural buckling y-y b
Flexural buckling z-z c
Lateral torsional buckling Default
Use 2D FEM analysis *®
Z

A [m?] 7.8080e-03

Ay, z [mf 57750e-03 19112e-03
1y, z [m'] 56960e-05 2,0030e-05
I w [mE], t [mY] 1,7112e-07 5,9280e-07
Wel y, z [m*] 5.6960e-04 2,0030e-04
Wwpl y, z [m?] 64250e-04 3,0580e-04
dy z[mm] 0 0
c YUCS, ZUCS [mm] 100 100
a [deg] 0,00

A L, D [m%m] 1,1500e+00 1,1510e+00
Mply +, - [Nm] 228e+05 228e+05
Mplz +, - [Nm] 1,09e+05 1,09e+05

Slika 5.23.. Prikaz geometrijskih karakteristika nosaca — poz 400
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5.6.2. Dimenzioniranje — gornja pojasnica glavnog resetkastog nosaca

SCIAENGINEER

Composiie Beam - Final stage

Linear calculation
Class: All ULS
Extreme 1D: Global
Selection:” B3329

Composite beam verification
for beam B3329 at section 16.2 m, in accordance with EC EN 1994-1-1

1. Geometry data

”ﬂ ﬂ‘““'“ . . T . ,‘

)

109
160

Simply supported beam

Length of the current span L=162m
Beam spacing at the left Lieft = 7.86 m
Beam spacing at the right Light = 7.86 m
Checked section dy=162m

Warning: For a continuous beam, intermediate buckling supports y-y are ignored in both the calculation of
the effective width for the analysis model and the check.

2. Cross-section & materials

2.1 Steel section properties

2.1.1 Cross-section

Cross-section HEB200

Height ha =200 mm

Width b =200 mm

Web thickness tw =9 mm

Flange thickness tr="15-mm

Radius r=18 mm

Aiea a\= 7808 mm2
Moment of inertia ly= 57:10" mm”
Radius of gyration iz=51mm

Plastic section modulus Woiy = 642500 mm3

2.1.2 Material

Steel grade S 355

Yield strength fyo = 355 MPa
Ultimate strength fup = 490 MPa

E modulus Es = 210000 MPa

2.1.3 Cross-section classification

€=y %;:’—_f; =0814 (EN 1993-1-1 §5.6 Tab. 5.2)

2.1.3.1 Flange in compression

b-t,-2- - -2-
i w r_ 200 mm -9 mm -2-18 mm ~77.5 mm

517 5732 oK

Flange classified as Class 1.
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2.1.3.2 Wek in bending

Gy=hs=2-t=2:r=200 mm -

A= 0.5

Cuw’ 36°€

o A

tw o]

134 mm  36:0.814
9mm 0.5

14.9 < 586

Web classified as Class 1.

215 m - 2+-18 mrn = 134mm

oK

Cross-section classified as Class 1

Cross-section Class OK.

2.2 Concrete slab with profiled sheeting

2.2.1 Concrete slab

2.2.1.1 Slab
Total height of the slab

2.2.1.2 Material
Concrete class
Characteristic strength
E modulus

2.2.2 Profiled steel sheeting
Sheeting with ribs parallel to
b

0

s = 160 mm

C30/37
foc = 30 MPa
Ecm = 32800 MPa

the supporting beams

<
&
S
Name Vulcraft 2 VLI 2C
Depth of the ribs hp =50.8 mm
Height of full concrete hc = 109.2 mm
Height of the re-entrant stiffener hgq = 0 mm
Spacing of the ribs s = 304.8 mm
Top width of the rib br = 127 mm
Bottom width of the rib bp = 127 mm
Mean width of the ribs bosip = 152.4 mm
Thickness of the sheeting t, = 0.9093 mm
2.2.3 Shear connectors
2.2.3.1 Geometry
Name H110
Diameter ds = 25 mm
Nominal height hnom = 110 mm
As-welded height hgc = 105 mm
Amount per trough or section n=1
2.2.3.2 Material
Steel grade $355
Ultimate strength fus = 490 MPa
2.2.4 Reinforcement
2.2.4.1 Geometry
Longitudunal bar diamter di= 16 mm
Longitudunal bar spacing s; =150 mm
Longitudunal bar cover ¢ =30 mm
Transverse bar diamter di =16 mm
Transverse bar spacing 5t= 150 mm
Transverse bar cover ¢y = 46.inm
2.2:4.2 Materia
iviaterial B 500A

Characterictic yield strength

fr = 500 MPa
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3. Design vaiues of loads
Load Narne : GSN 7

Content of combination : 1.35*g-vlastitatezina+1.35*dg-dodatnostalno+

1.35g-vlastitateZina_dryconcrete+1.50*Wy-1kom.-Wz-poz

Bending moment Medcomp = -275.434 kNm
Shear force Ved,comp = -194.528 kN
4. Partial safety factors
Steel section ymo =1
ymi =1
Shear connectors yv =125
Concrete Yc=15
Reinforcement ys = 1.15

5. ULS check of the Final stage

5.1 Shear connection
5.1.1 Design resistance of shear connectors

5.1.1.1 Shear connector in a solid slab
hse
ds
42>4
a=1
fus = min(490:500) MPa

>4

2 2
o 14.
o.a<fus-( . ) 08-490 MPa- M)
Prasolid1 = W = 135 =154 kN
2
0.29-a-ds -\ fe&:Ecm 0.29-1-25 mm2~'\ 30 MPa - 32800 MPa
PRdsolid,2 = Y = 125 =144 kN
v ;

PRdsolid = min(PRd,solid,'\;PRd.solid,Z)= min (154 kN;144 kN)= 144 kN
5.1.1.2 Shear connector in profiled sheeting

Sheeting with ribs paraliel to the supporting beams

=192

06°boas (ni )_ 056:152 mm (TOSmm :

hp hp 50.8 mm 50.8 mm

ki=1
Prd=ki*Prasolid = 1+ 144 kN = 144 kN

5.1.2 Degree of shear connection

5.1.2.1 Determination of b i of the concrete flange and length L .

b1 b2
¢ l;e 5
be1 ; be2
L B s |

The effective width at the end support
Lo=L1=162m
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Left side of the beam
B Loep et bo 7.86m [ Umm
;= -—r=

2 2 2 2
D5 .{_'ﬁ_'b\_ .(16.2m_393 VoL
»Em-mln\ 8" 1/’-m|n\ PR m]|- .03m
L
bet1 =min(%;b1 =min %3,93 m|=0m

be12 = min("Li;m): min(L M.393 m): om

8 8
0.025: Leg 0.025-16.2m
B1,cale = 0.55 + B 0.55+ T 0.75
B‘\.ca)c <=1.0
0.75 <= 1.0 OK
Br=Prclc =075
Right side of the beam

Loerpright b0 7.86m  0mm
_—pepright Do /86m Omm _
by = 2 2 2 2 393m

L ;
Bizg= min(T’O;bz)= min( 16 é M-393 m): 203m

=min =0m

. [ Le 0m
bey1 =min (%;bz T3,93 m

g min(L;—Z;bz)= min(o—m,3.93 m): om

8
0.025Lep 0.025-162 m
Ba.cale =0.55 + By, - 0.55+ 203m =0.75
Bz.cak <=1.0
0.75<=1.0 OK

B2=Bocalc =075

Calculation of b
befto =10+ Deto* B1+ berg B2=0 mm +2.03 m-0.75+2.03 m-0.75=3.04 m

Calculation of b
bett = beti0=3.04 m

Determination of L.
le=leg=16.2m

5.1.2.2 Minimum degree of shear connection
Warning: Conditions given by EN 1994-1-1 Art. 6.6.1.2 (3) are not fulfilled.
355
minaic = 1= —(0.75-003-Le)
yb
Nmingaic = 1= % (0.75-0.03-16.2 m)=0.74

Nimin = MaX (Niincalc:04) = max (0.740.4)= 0.74

5.1.2.3 Degree of shear connection present

5.1.2.3.1 Tension resistance of the reinforcement

2 2
be | di 3.04m 16 mm 2
s_-—SI . —4 -n-—150 e ——4 +3.14=4072 mm
A 10°.500-10°
Fio e ke 4.07-10 "-500-10 1770 kN
Ys 1.15

5.1.2.3.2 Tension resistance of the steel member
Nola = fyo- As = 355 MPa - 7808 mm’ = 2771.84 kN

Nes = min(FsNois) = min(1770 kN:2771.84 kN)= 177022 kN
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5.1.2.3.3 Resistance of the shear connectors

|s==—=—7—=200|mm
Nrow 8

Number of shear siuds availablz per length L ./2
05:Le

nsp = li'nr

ngp=40-1=40

Ne = ngp - Prq =40 - 143835 = 5753.41 kN

N
_:'1)= min(s753<41 kN 1)=1
f

L T 177022 kN

N 2 Nmin
12074 OK

The shear connection degree is adequate.

5.2 Cross-sectional resistance of the composite beam

5.2.1 Shear buckling
hw=ha-2-t=200 mm -2-15 mm =170 mm
Nsp=1.2
hy 72
L JETE,
tw Nsb
170mm _ 72-0814
9mm - 1.2
189 < 48.8 oK

The shear buckling resistance of the web does not need to be verified.

5.2.2 Vertical shear

The resistance to vertical shear should be taken as the resistance of the structural steel section.

A=A, -2-b-ty+(tu+ 21 )
78110 -2:02-0015 + {9107 +2-0.018)-0.015 = 2483 mm’

Aumin=Neb- -ty =1.2:0.17-910” = 1836 mm’
AV : AV,’Y\H

2483 mm’ = 1836 mm’
Acfy 2483 mm’-25510°

Vpl.Rd = ) = =509 kN

abs(Vegeomp)  abs(-194.528 kN)
UC_comp_V = Vg = 509 kN =0.38

The shear resistance of the section is adequate.

5.2.3 Bending moment
5.2.3.1 Longitudinal reinforcement

5.2.3.1.1 Centre of composite section

For buildings not intended mainly for storage the effects of creep in concrete
beams may be taken into account by using an effective E modulus E et = Ecy /2.

__Ey 210000 MPa
®% E | 16400 MPa

h | [ 1 he-h
Aa~(73)+(H—E)‘ben‘(hc—hd)‘(hﬁhs— = ")

Aa+(:—E)-beﬁ-(hc-hd)

=128

yd=

7.81-10‘3-(EJ+ ( s )-3.04- (0.109—0)-(0.2+0<16--——0‘109'0)

= =258 mm

-3 1
.81-10 -3.04-(0.109 -
7 + 128 ( 0)
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5.2.3.1.2 Degree of reinforcement

{2
_E[i}n_ 3.04m 16mm2
s L4, 150mm 4
Ac=bui-{hc - ha)=3.04-(0.109 - 0)= 331695 mm”

1

).3.14=4o72 mm’

-h 1109 -
zo:(ha+hs— he g )—yd=(0.2+0.16—M)—0.258=47.6 mm
K= +0.3:1|=min L +03:1|=0766
1, he=hy ,,0109-0
{ 27) 2-0.0476

f f 10°
Ps=5‘(5%)‘(ﬂ)"\j ke =11[%)(&)w/ 0.766 =0.843%

fiue 500-10°
A 2 ps-Ac
4072 mm’ > 8.4310” 331695 mm’
4072 mm’ > 2797 mm’ oK

The longitudinal reinforcement of the section is adequate.

5.2.3.2 Moment resistance
Moment resistance of a steel cross-section
Woiy fis 642500 mm’-355 MPa
ymo 1

Moirda = =228 kNm

Influence of shear

VpZI,Rd > abs (Vsd,comp)

SO 154

254 kN > 195 kN oK

The influence of the vertical shear on the bending moment resistance may be neglected.
b = fyb = 355 MPa

Modified tension resistance of the stezl member

r=0mm

Ay=2-tb 4ty (hy = 2-t )= 2:15 mm - 200 mm « 9 mm- { 200 mm - 2115 mm )= 7530 mm”
Nyia = Ay+f0= 7530 mm”- 255 MPa = 2673.15 kN

Note: Roundings of the steel cross-section are negiected in bending resistance calculation.
Nes= min(FsNpia)= min (1770 kN;2673.15 kN)= 1770.22 kN

Negative bending moment resistance calculation
The plastic neutral axis is located within the flange of the steel section.
Nola - Naf = Fs + Nag

(Naia=Fs)  (2673.15 kN - 1770 kN)
*(2:6-%) ~ (2-200mm-355 mpa)

=6.36 mm

Verification of the steel web classification.
aa=1
S, 39%-€
tw ~ 13:0q-1
134 mm . 396-0.814
9mm ~ 13-1-1
149 < 26.8 OK
Web classified as Class 1.

Natf = b-x-fy, =200 mm :6.36 mm -355 MPa =451.47 kN
Nac = Noj = Nac = 2673.15 kN - 451.47 kN = 2221.68 kN

Leverage arm of the compression part of the steel section calculated to the PNA.

(b»(tf-x)z<0‘5+tw-(ha-2<t')-(%-x)+t,-b<(ha-;—f-x))

b-(tr—x)+tu{ha-2-t )+ trb

200-(15-636) -05+9- (200—2415)-(%-6.36% 15-200-(200-%- 6.36))

he =

200- (15-6.36)+9- (200 - 2-15)+ 15-200
hes = 113 mm
0.016

d :
h;=x+h5—q+7'=6.36~103+O.16—0403+ =128 mm
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beff = 3.04 m
s

fydyr
’ Fs = 1770,22-kN

' = — Nat,f = 45T47.kN

fyb
<4+—— Nac=2221,68 kN

——
fyb
Natf*X 476,
Mpird = Fs-hi+ a;” +Naches=1770-128 + W+ 2221.68-113 =480 kNm

Design moment resistance according to EN 1994-1-1 Art.6.2.1.2
Mgrd = Mpird =480 kNm
abs(Meacomy) _ abs{-275.434 kNm)

UC_comp_M = e = 280 kKNm =057

The bending moment resistance of the section is adequate.

5.3 LTB resistance

F=(1 +M)‘(M)m'(l)m= (1 i 9.(200-15))_( 200-15 )0'75.(3)025:5.75

4-b-tf tw b 4-200-15 9 200
Fim =12.3
F < Fim
5755123 oK
The cross-section is qualified for verification of LTB by the simplified method.
G =25
ATl =5 ( 1+ ——(—ltw. Byt ).(M)OJS,(B_)MS, __fxé_)os
4:-b-ty tw b Ep-Cy
. ( 910> (02-0015) )( 02-0015 )0'75 . (m)w. ( 35510° )0'5 i
4-02-0015 9.10° 02 2010°25 )
ha/b <=2 -> Buckling curve ‘a'
ar=021

0=035 ( twodr (Mg 02 Ayt ): 05 ( 14021-(0237-02)+ 0.2372)= 0532

Xir= ! Tt L § = 0.992
’ R A 2 2l 2 2
O+ O =Are 0532+ 0532 =0.237
Xir=min(X:1)= min(0.992;1)= 0992
Mprd = Xi7-Mpg = 0.992 480411 = 476.540 kNm
abs (Mg bs(-275.434 kN
UC_comp_LTB = (Moscons) _ ats( m) =058

Mord 476.540 kNm
The later torsional buckling resistance of the section is adequate.
5.4 Longitudinal shear
5.4.1 Transverse reinforcement

Design shear flow

By =he =109 mm
N+ Pry 1-144 kN

VI lohy - 2-200 mm 109 mm 20 MPa
Transverse reinforcement

Aty Ved-hy

iyys; ~ cotg(B

A: = Asi/st

6
Ved-hy 3.2910°-0.109 2
A= = =412 mm°/m
( cotg(8) fyr ) cotg(26.5)- 500-10°
Ys 115
5 2
A fd |, 1 [o0016 N 2

Apror=" ( = ) 314=oo ( . )-3.14- 1340 mm’/m

Ax.prov 2 A(

1340 mm’/m 2 412 mm’/m oK

The transverse reinforcement of the section is adequate.

ULS check of Final stage is OK.
UC_comp= max(.0.38:0.57;0.58) =0.58
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-iskoristivost elementa na GSN — 58%

Slika 5.24. Prikaz iskoristivosti gornje pojasnice resetkastog nosaca — poz 400

5.6.3. Rezne sile — donja pojasnica glavnog resetkastog nosaca
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Slika 5.25. Prikaz reznih sila - donja pojasnica glavnog resetkastog nosaca
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-poprecni presjek nosaca

Name Donja pojasnica glavnog reSetkastog nosaca - krov srednje dvorane
Type F200X10
Source description Chinese Standard / GB 6728-2002
Item material S 365
Fabrication cold formed
Flexural buckling y-y c
Flexural buckling z-z c
Lateral torsional buckling Default
Use 2D FEM analysis *
z
h

A [mY] 7,2600e-03

Ay, z [mf 3,6251e-03 36251e-03
ly, z [m'] 42510e-05 42510e-05
1w [m#], t [m¥] 2 6667e-07 70720e-05
Wel y, z [m?] 4,2500e-04 42500e-04
Wpl y, z [m?] 5,0808e-04 50808e-04
dy, z[mm] 0 0
¢ YUCS, ZUCS [mm] 100 100
o [deg] 0,00

A L, D [m%m] 7,5708e-01 1.4510e+00
Mply +, - [Nm] 1,80e+05 1,80e+05
Mpiz +, - [Nm] 1,80e+05 1,80e+05

Slika 5.26. Prikaz geometrijskih karakteristika nosaca — poz 400

5.6.4. Dimenzioniranje — donja pojasnica glavnog resetkastog nosaca

[Member B3371 [16,200 m [F200X10 [S 355 [GSN7 [0,83 - |

Note: EN 1993-1-3 article 1.1(3) specifies that this part does not apply to cold formed CHS and RHS sections.
The default EN 1993-1-1 code check is executed instead of the EN 1993-1-3 code check.

Partial safety factors
*Student version® *Student version® *Student version® *Student version*® *Studer
Gamma MO for resistance of cross-sections 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25

[ Material | |
“Student version* *Student version® *Student version* *Student versic
Yield strength fy 355,0 MPa
Ultimate strength fu | 510,0 MPa
Fabrication Cold formed

The critical check is on position 6.480 m :
Internal forces | Calculated Unit
*Student version® *Student version® *Student version* *Stude
N,Ed 214474 kN
Vy,Ed 0,33 kN

Vz,Ed 12,46 kN
TEd 0,63 kNm
My,Ed 21,58 kNm

Mz Ed -1,48 kNm

Tension check &
According to EN 1993-1-1 article 6.2.3 and formula (6.5)
A 7,2600e-03 | m"2 &

A A

Npl,Rd 2577,30 kN
Nu,Rd 2665,87 kN
Nt,Rd 2577,30 kN
Unity check 0,83 -
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Bending moment check for My

According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6.13

Wply 5,0808e-04 |m"3
Mpl.y,Rd 180,37 KNm
Unity check 0,12 -

Bending moment check for Mz

Wpl.z 5,0808e-04 | m"3
Mpl,z,Rd 180,37 kNm
Unity check 0,01 -

Shear check for Vy

According to EN 1993-1-1 article 6.2.6 and formula

Eta 1,20
Av 3,6300e-03 mh2
Vpl,y,Rd 744,00
Unity check | 0,00
Shear check for Vz

According to EN 1993-1-1 articls

Eta 1,20
Av 3,6300e-03 \ | m"2

Unity check [ 0,02

Vpl.zRd 744,00 kN

Torsion check

According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6.13

7)

According to EN 1993-1-1 article 6.2.7 and formula (6.23)

Tau,t,Ed 09 MPa
Tau,Rd 2050 |MPa
Unity check 0,00 -

Note: The unity check for torsion is lower than the limit value of 0,05. Therefore torsion is considered as
insignificant and is ignored in the combined checks.

Combined bending, axial force and shear force check
According to EN 1993-1-1 article 6.2.9.1 and formula (6.41)

MN,y,Rd 39,04 kNm
Alpha 6,00

MN,zRd 39,04 [kNm
Beta 6,00
....:STABILITY CHECK::...

Lateral Torsional Buckling check

According to EN 1993-1-1 article 6.3.2.1
Note: The cross-section concems an RHS section with 'h /b < 10/ Lambdayrel,z'.
This section is thus not susceptible to Lateral Torsional Buckling.

Bending and axial tension check
According to EN 1993-1-3 article 6.3

Design tension force N,Ed
Design bending moment My,Ed
Design bending moment Mz,Ed
Tension resistance Nt,Rd
Bending resistance Mb,y,Rd
Bending resistance Mc,z,Rd,com

214474
21,58
-1,48
2577,30
162,78
180,37

kN
kNm
kNm
kN
kNm
kNm

Unity check =0,13+0,01-0,83=0,69 -
The member satisfies the stability check.

Vv

) @®

-iskoristivost elementa na GSN — 83%

Diplomski rad

Slika 5.27.. Prikaz iskoristivosti donje pojasnice resetkastog nosaca — poz 400
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5.6.5. Rezne sile — ispuna glavnog resetkastog nosaca

N

‘qc,,\/

e

Slika 5.28. Prikaz reznih sila - ispuna glavnog resetkastog nosaca

Name Ispuna glavnog resetkastog nosata - krov srednje dvorane
Type CFRHS120X120X6
Source description Rautaruukki Oyj / Structural Hollow Sections EN10218 / Ed.2007
Item material S 355
Fabrication cold formed
Flexural buckling y-y [
Flexural buckling z-z C
Lateral torsional buckling Default
Use 2D FEM analysis *

A [m] 26430e-03

Ay z[m] 13208e-03 1,3208e-03
1y, z [m?] 56216e-08 56216e-06
1w [mf], t [m%] 12442e-08 9,1346e-06
Wel y, z [m?] 93690e-05 9.3690e-05
Wpl y, z [m?] 1,1161e-04 1,1161e-04
dy, z [mm] 0 0
© YUCS, ZUCS [mm] 60 60
a [deg] 0,00

AL, D [m¥m] 45900e-01 88095e-01
Mply +, - [Nm] 386e+04 3 96e+04
Mpiz +, - [Nm] 386e+04 3 96e+04

Slika 5.29. Prikaz geometrijskih karakteristika nosaca — poz 400

-iskoristivost elementa na GSN - 86%
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Slika 5.30. Prikaz iskoristivosti ispune resetkastog nosa¢a — poz 400

88



Viljan Didovié Diplomski rad

5.6.6. Dimenzioniranje — ispuna glavnog resetkastog nosaca

[Member B3119  [1,138 m [CFRHS120X120X6 [S 355 [GSN 28 [0,86 - |

Note: EN 1993-1-3 article 1.1(3) specifies that this part does not apply to cold formed CHS and RHS sections.
The default EN 1993-1-1 code check is executed instead of the EN 1993-1-3 code check.

Partial safety factors
*Student version® *Student version® *Student version® *Student version® *Studer
Gamma MO for resistance of cross-sections | 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25

[ Material [ ]
*Student version* *Student version® *Student version® *Student versic
Yield strength fy 355,0 MPa
Ultimate strength fu | 510,0 MPa
Fabrication Cold formed
...:SECTION CHECK::... @

The critical check is on position 1.138 m O

Internal forces | Calculated | Unit

*Student version* *Student version* *Student version® *Stude
N,Ed -753,44 kN
W,Ed 0,00 kN
Vz,Ed 0,00 kN
TEd 0,00 kNm
My,Ed 0,00 kNm
Mz,Ed 0,00 kNm
Classification for cross-section design
According to EN 1993-1-1 article 5.5.2
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1
Maximum width-to-thickness ratio | 17,00

Class 1 Limit 26,85
Class 2 Limit 30,92
Class 3 Limit 34,17

=> Section classified as Class 1 for cross-section design

Compression check
According to EN 1993-1-1 article 6.2.4 and formula (6.9)

Flexural Buckling check
According to EN 1993-1-1 article 6.3.1.1 and formula (6.46

A 2,6430e-03 [ m*2
Nc,Rd 938,26 kN
Unity check 0,80 -
The member satisfies the section check.
....:STABILITY CHECK::...
Classification for member buckling design
Note: For this section the classification for cross-section design is/alg6 ysed fol ber buckling design.
=> Section classified as Class 1 for member buckling de

Buckling parameters [ w [ [z
*Student version® *Student version* *Student version* *Student version* *Stydent versisp* *Studeni
Sway type sway
System length L 1,138
Buckling factor k 1,00
Buckling length Ler 1,138 m
Critical Euler load Ner 8989, kN
Slendemess Lambda 6
Relative slenderness Lambda,rel (0,

Limit slendemess Lambda,rel,0 ,20

Buckling curve

Imperfection Alpha )

Reduction factor Chi ( ;9%

Buckling resistance Nb,Rd 879, kN

Flexural Buckling verification | |

*Student version® *Student version* *Student véxsion® *Student version® *Student v

Cross-section area A 16430e-03 | m"2
Buckling resistance Nb,Rd 879,48 kN
Unity check 0,86 -

Torsional(-Flexural) Buckling check

According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)

Note: The cross-section concems a RHS section which is not susceptible to Torsional(-Flexural) Buckling.
The member satisfies the stability check.
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Slika 5.31. Prikaz reznih sila — sekundarni gredni nosac — poz 400

-poprecni presjek nosaca

Name Sekundarni gredni nosac - krov srednje dvorane
Type HEB200
Source description Profil Arbed / Structural shapes / Edition Octobre 1995
Item material S 355
Fabrication rolled
Flexural buckling y-y b
Flexural buckling z-z c
Lateral torsional buckling Default
Use 2D FEM analysis *
z

A [m?] 78080e-03

Ay, z [m] 57750e-03 19112e-03
ly, z [m] 56960e-05 20030e-05
1 w [mE], t [m*] 1,7112e-07 59280e-07
Wel y, z [m*] 56960e-04 20030e-04
Wpl y, z [m?] 64250e-04 3,0580e-04
dy z[mm] 0 0
c YUCS, ZUCS [mm] 100 100
a [deg] 0,00

A L, D [m%¥m] 1,1500e+00 1,1510e+00
Mply +, - [Nm] 228e+05 228e+05
Mpiz +, - [Nm] 1,09e+05 1,09e+05

Slika 5.32. Prikaz geometrijskih karakteristika nosaca — poz 400
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5.6.8. Dimenzioniranje — sekundarni gredni nosaca

SCIAENGINEER

Composite Beam - Final stage

Linear calculation
Class: All ULS
Extreme 1D: Global
Selection: B3044

Composite beam verification
for beam B3044 at section 0 m, in accordance with EC EN 1994-1-1

1. Geometry data
i g ﬂ 7\ ﬂ = (] ) (]
L 152 | 152
f i
Continuous beam
Length of the current span L=786m
Length of next span Loext = 7.86 m
Beam spacing at the left Left = 3.24 m
Beam spacing at the right Light =3.24 m
Checked section de=0m
2. Cross-section & materials
2.1 Steel section properties
2.1.1 Cross-section
Cross-section HEB200
Height ha =200 mm
Width b =200 mm
Web thickness tw =9 mm
Flange thickness k=15 mm
Radius r=18 mm
Area A, = 7808 mm’
Momen: of inertia l,= 5710 mm’
Radlius of gyration iz = 51 mm
Plastic section modulus Wiy = 642500 mm3
2.1.2 Material
Steel grade §355
Yield strength fyb = 355 MPa
Ultimate strength fub = 490 MPa
E modulus Ep = 210000 MPa
2.1.3 Cross-section classification
3
€= % =0.814 (EN 1993-1-1 §5.6 Tab. 5.2)

2.1.3.1 Flange in compression

b-t,-2:r 200mm-9mm-2-18 mm
c= P — 2 =77.5mm

Ct

o 4.
B 9:€
77.5 mm
15 mm

517 <732 oK

<9:0.814

Flange classified as Class 1.

91



Viljan Didovi¢ Diplomski rad

SCIAENGINEER

2.1.3.2 Web in bending
cw=hy=2-ty=2:r=200 mm - 215 ram - 2-18 mm = 134:mm

A= 0.5
Cw ' 36°€
o
tw QA
134 mm 2 36-0.814
9mm - 05
14.9 < 586 oK

Web classified as Class 1.

Cross-section classified as Class 1

Cross-section Class OK.

2.2 Concrete slab with profiled sheeting
2.2.1 Concrete slab

2.2.1.1 Slab
Total height of the slab hs = 160 mm
2.2.1.2 Material
Concrete class 30737
Characteristic strength foc = 30 MPa
E modulus Ecm = 32800 MPa

2.2.2 Profiled steel sheeting

Note: The angle between the direction perpendicular to the member and the ribs of profiled steel sheeting
is smaller than 10° thus the ribs are considered as transverse to the beam.

Sheeting with ribs transverse to the supporting beams

b(\

i |

i ? |

: |\ ——

[ A 1 7 =

| 15

e B0 SO = B 2 40 X
Name Vulcraft 2 VLI 20
Depth of the ribs hp = 50.8 mm
Height of full concrete he =109.2 mm
Height of the re-entrant stiffener hg=0mm
Spacing of the ribs bs = 304.8 mm
Top width of the rib br = 127 mm
Bottom width of the rib bp = 127 mm
Mean width of the ribs boib = 152.4 mm
Thickness of the sheeting tp = 0.9093 mm
2.2.3 Shear connectors

2.2.3.1 Geometry

Name H110

Diameter ds = 25 mm

Nominal height hnom = 110 mm

As-welded height hsc = 105 mm

Amount per trough or section ne=1

2.2.3.2 Material
Steel grade $355
Ultimate strength fus = 490 MPa
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2.2.4 Reinforcement

2.2.4.1 Geometry

Lengitudunal bar diamter di= 16 mm
Longitudunal bar spacing s = 150 mm
Longitudunal bar cover ¢ =30 mm
Transverse bar diamter di =16 mm
Transverse bar spacing st =150 mm
Transverse bar cover ¢y =46 mm

2.2.4.2 Material
Material B 500A
Characterictic yield strength fykr = 500 MPa

3. Design values of loads
Load Name : GSN 26
Content of combination :; 1.35%g-vlastitatezina+1.35*dg-dodatnostalno+

1.62*q-promjenjivoopterecenje+1.35*g-vlastitatezina_dryconcrete+
1.35*Wx-2kom.-Wz-poz+1.35*s-opterecenjesnijegom

Bending moment Med comp = -257.990 kNm
Shear force Ved.comp = 178.443 kN
4. Partial safety factors
Steel section ymo =1
ymr =1
Shear connectors =125
Concrete yc=15
Reinforcement Ys = 1.15

5. ULS check of the Final stage

5.1 Shear connection
5.1.1 Design resistance of shear corinectors

5.1.1.1 Shear connector in a solid slab
h

SC
E >4
4254
a=1
f,c = min (490;450) MPa
f,s =450 MPa
2 2
O.8~fu5-( “'fs ) 0.8-450 MPa- M)
PRd solid1 = W = 125 =141kN
029-0ds y fac-Eem  0.29-1:25 mm" - 30 MPa 32800 MPa
PRdsolid2 = = =144 kN

Y 1.25
Prasoid = Min (Prsoi 1 Prasolid2) = min (141 kN;144 kN)= 141 kN

5.1.1.2 Shear connector in profiled sheeting
Sheeting with ribs transverse to the supporting beams
. (bo_nb)(k_ )=£( 152 mm

\[n_,‘ hy [\ ho F 50.8 mm

ktmax = 0.85

ke= max(O;min [k‘;k‘,max))= max (O;min(2.24;0<85))= 0.85

Prd = ki* Pra solid = 0.85- 141 kN = 120 kN

Warning: The conditions given by EN 1994-1-1 Art.6.6.4.2 (3) are not fulfilled.

105 mm
50.8 mm

1]=224
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5.1.2 Degree of shear connection

5.1.2.1 Determination of b . of the concrete flange and leigth L .

) bi | b
gy e
e

The effective width at the end support
Leo=0.85-11=0.85:7.86 m=6.68 m

Left side of the beam
By _M bo 3. 24 m 0 mm

oo}l

;1.62 m) 0.835m

be11 = mm( mm(gs—ﬂ 62 m|=
bet2 = mln( mln(%‘l 62 m|=
0.025 Ley 0.025-6.68 m
B1.cale =0.55 + biig =055+ 0835m - 0.75
Br.calc <= 1.0
0.75<="10, oK
B1=PB1calc =0.75
Right side of the beam
b__‘:@ergrm by 324m 0ram _ i
i 2 2 2 2

Leo
be2o = min|——; bz)- mln( L 6: 11.62 m) 0.835m
bey1 = min( by |= mln( :1.62 m|=

0
be22 = min( b= mln(—am 1.62m|=
0.025 - Le 0.025:6.68 m

Bz.cak =055+ bezo =0.55+ 0.835m =075
Bocale <= 1.0
0.75 <= 1.0 oK

B2=B2.calc =0.75

Calculation of b
beff0 = bg + be1o* B1 + be2o* B2 =0 mm +0.835 m-0.75 + 0.835m-0.75=1.25m

Calculation of b
beff = beffo=1.25 m

Determination of L.
Le=Lo=6.68m

5.1.2.2 Minimum degree of shear connection
Warning: Conditions given by EN 1994-1-1 Art. 6.6.1.2 (3) are not fulfilled.

355
N = 1- (075 -003-Le)
yb
Nimincale =1 - % (0.75-003-6.68 m)=045

A= 103 (it :0.4) = max (0.45,0.4)= 0.45
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5.1.2.3 Degree of shear connection present

5.1.2.3.1 Tension resistance of the reinforcement

2 2
st [ i 1.25m [Lﬁmm . 2
As= o ( 4 T 150w 4 [314=1679mm

A f .10°.500.10°
_Bethke 1.68-10 "-500-10 ~730 kN
Ys 115

FS

5.1.2.3.2 Tension resistance of the steel member

Npia = fyo-Aa = 355 MPa - 7808 mm’ = 2771.84 kN
Nes = min(FsNgis) = min(730 kN:2771.84 kN) = 730.05 kN

5.1.2.3.3 Resistance of the shear connectors
Number of full ribs available per length L .

ke 668m
= b~ 305mm
Nip =21

ls = bs - trough = 305 mm - 1 = 305 mm

Number of shear studs available per length L /2

trough 1
Ne = ngp-Prg = 105120166 = 1261.74 kN
e in| Nl 1261748 )
nEm NG T ™M 73005 kN )T

N 2 Nmin
12045 oK

The shear connection degree is adequate.

U

5.2 Cross-sectional resistance of the composite heam

5.2.1 Shear buckling
hy =hs = 2-t=200 mm - 2-15 mm =176 mm
N =12
by T2e
tw Nsb
170 mm 2 72-0.814

9mm - 12
18.9 < 48.8

oK

The shear buckling resistance of the web does not need to be verified.

5.2.2 Vertical shear

The resistance to vertical shear should be taken as the resistance of the structural steel section.

Av=Aa-2-b~t;+(tw+2-r)-t¢
781107 -2.02-0015 + {910° + 2-0018).0.015 = 2483 mm’

Avmin = Nsb+ -ty =1.2-0.17-9-10° = 1836 mm?
Av 2 Av.min

2483 mm’ 2 1836 mm’
Acty 2483 mm’-35510°

Volrd = =509 kN
W/?'VMO 31

abs(Vegcomy)  abs(178.443 kN)
UC_comp_V = Vs = 509 kN =035

The shear resistance of the section is adequate.
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5.2.3 Bending moment
5.2.3.1 Longitudinal reinforcement
5.2.3.1.1 Centre of composite section
For buildings not intended mainly for storage the effects of creep in concrete
beams may be taken into account by using an effective E modulus E et = Ecry /2.

E
Ba= 5 ——32802 MPa__ 16400 MPa

oo Eo _ 210000 MPa
E et | 16400 MPa

ha 1

Aa*(r;]T)'beﬂ'(hc‘hd)

=128

-beﬁ-(hc-hd)-(hﬁh;-%)

yd=

7.81-10'3‘(£)+ (1—)‘1,25-(0,109-0) (0.2+0.16—

0.109-0
12.8

1
128

78110° + -1.25-(0.109 - 0)
5.2.3.1.2 Degree of reinforcement

2
_beit | di o 25m 16 mm’
" \ 4] 150mm 4

Ac=beir-( he-ha )= 1.25-(0.109 - 0)= 136793 mm”

)-3.14:1679 mm’

he = hg

zo=(ha+hs- )—yd=(0.2+0.16—%)-0‘219=86.7mm

ke =min
(1+

)+0‘3;1 =min (1+0.3;1 =0914
1

[ 6
fy 9
ps=5-( : )( i ) ke =11(§§§)l 29106]-\/ 0914 =0927%

235

s 500-10°
Ac 2 ps- Ac
1679 mm’ 2 92110136793 mm’
1679 mm’ 2 1260 mm’ oK

The longitudinal reinforcement of the section is adequate.

5.2.3.2 Moment resistance
M t resi e of a steel ¢ tion
Wiy fyp 642500 mm”-355 MPa
ymo 1

Mpirda = =228 kNm

Influence of shear
V
J;'ﬂ > abs(VEd'«,mp)

%> 178 kN

254 kN > 178 kN oK

The influence of the vertical shear on the bending moment resistance may be neglected.

fybw =fyb =355 MPa
Modified tension resistance of the steel member
r=0mm

Aa=2-tr-b +ty+(ha - 2-t)=2-15 mm 200 mm + 9 mm - (200 mm - 2-15 mm)= 7530 mm’

Ngia = A+ o = 7530 mm’ - 355 MPa = 2673.15 kN

Note: Roundings of the steel cross-section are neglected in bending resistance calculation.

Neg = min(FsNpis) = min (730 kN;2673.15 kN) = 730.05 kN

96
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Negative bending

¢ calculation
The plastic neutra zxis is located within the flange of the ste=i section.
Npia - Nag = Fs+ Nag

(Moo~ Fs) (2673.15 kN - 730 kNg | e

“{2b-t ) (2-200mm" 355 MPa
Verification of the steel web classification.
aa=1
S _3%:e
tw ~ 13:aq-1
134 mm % 396:0.814

9mm ~ 13-1-1
149 < 268 oK
Web classified as Class 1.

Natf =b-x-fy, =200 mm -13.7 mm -355 MPa = 971.55 kN
Nac =Npla = Nats = 2673.15 kN - 971.55 kN = 1701.60 kN

Leverage arm of the compression part of the steel section calculated to the PNA.

(b-(tg-x)2-0‘5+tw~(ha-2&&(%-x)+tf'b-(ha—t2*{-x))

= b-(tr-x )+ tu-(ha-2-t/)+ trb
200‘(15-13.7)2-0‘5+9‘(200-2‘15)-(22—0-13‘7)+15-200-(200-12—5-13‘7))
- 200- (15-13.7)+9-(200-2-15)+ 15-200
hes = 140 mm

d
By=x+ hy— 6 + = 0,0137 +0.16 - 0,03 + 216

> 5 =136 mm

beff = 1.25m 3

> g 730,05 kN

i
b
i
i

—» \Natif = 971,55 kN

<4— Nac = 1701,60 kN

Moird =Fs-hi+ +Nac-hs=730-136+—— _— +1701.60- 140 = 343 kNm

2

Natf-X 971.55-13.7
2

Design moment resistance according to EN 1994-1-1 Art.6.2.1.2
Mrd = Mpird = 343 kNm

abs{Medcons)  abs(-257.990 kNm)
UC_comp_M = Meg = 343 KNm =0.75

The bending moment resistance of the section is adequate.
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5.3 LTB resistance

{ 3 075 0.25 f .75 \0:2!
F=(1+i(‘_h“—'ﬂ~)<(i‘ilt‘_) A‘(") :{1+9_'s:_29_°’15).)‘(£00"15)0 ( 15—} 5=5.75

4-b-t t b 4.200-15 9 200
Fim=12.3
F < Fiim
575 <123 oK
The cross-section is qualified for verification of LTB by the simplified method.
Cy=25
" »[h _t') b 075 s 0.25 ; 0.5
M =5+ 142 ol R e
4-b-tf tw b Ev-Cs
E) 0.75 0.25 ¢ \05
9107 (02-0015) | { 0.2-0.015 0015 355-10
=5.(1 : = A= == | =o0237
4-0.2-0.015 9.10 0.2 210-10°-25
ha/b <=2 -> Buckling curve ‘a'
a7=021

=05 ( 1+ 07 Mt = 02 )4 Mol )= 05- ( 1+021-(0237-02)+ 0.2372)= 0532

s L o L -=0992

& 2 2 2
o +J ®ir -Ara 0532 +w/ 0.532° - 0.237
Xir=min (Xu:1) = min(0.992:1) = 0.992

My rd = X7+ Mgg = 0.992 - 343087 = 340.322 kNm

abs(Megcomp) _ abs{-257.990 km )
Mora 340322 kNm

The later torsional buckling resistance of the section is adequate.

UC_comp_LTB = =0.76

5.4 Longitudinal shear
5.4.1 Transverse reinforcement

Design shear flow
hf=hc=109 mm

N Prd 1-120 kN
VE 33 -y = 2-305-mm 109~ o MPa
Transverse reinforcement
Adtfiie| Ved“h
(yg-s, ~cotg e)
A: = Asi/st
Ved - hy 108,
e Ed " Nf " 1.81-10 -0.109 - ~226 mmz/m
(cotg(e)‘ka.y ) cotg(26.5)-500-10
Ys 145
1 1 {0016
t o 2
A;,pmv=;- T -3.14=m- 2 -3.14=1340 mm"/m
Atprov 2 At
1340 mm®/m = 226 mm’/m oK

The transverse reinforcement of the section is adequate.

ULS check of Final stage is OK.
UC_comp = max(0.35:0.75,0.76)= 0.76

-iskoristivost elementa na GSN — 76%

Diplomski rad
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Slika 5.33. Prikaz iskoristivosti sekundarnog grednog nosaca — poz 400
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5.6.9. Rezne sile — podupora donje pojasnice glavnog resetkastog nosaca

N

g
\! 3
% £
N ‘)6‘ )}
N o
%

Slika 5.34. Prikaz reznih sila - podupora glavnog reSetkastog nosaca

Name Podupora donje pojasnice glavnog reSetkastog nosaca - krov srednje dvorane
Type F180X8
Source description Chinese Standard / GB 6728-2002
Item material S 355
Fabrication cold formed
Flexural buckling y-y c
Flexural buckling z-z c
Lateral torsional buckling Default
Use 2D FEM analysis *
z

A [m3] 52800e-03

Ay, z [m?] 26401e-03 26401e-03
ly, z [mi] 2,5460e-05 2,5460e-05
1w [mf], t [m*] 1.2597e-07 41890e-05
Wel y, z [m?] 2.8300e-04 28300e-04
Wpl y, z [m?] 3.3570e-04 3,3570e-04
dy, z [mm] 0 0
c YUCS, ZUCS [mm] 90 90
a [deg] 0,00

AL, D [mim] 6,8566e-01 1,3208e+00
Mply +, - [Nm] 1,19e+05 1,19e+05
Mplz +, - [Nm] 1,19e+05 1,19e+05

Slika 5.35. Prikaz geometrijskih karakteristika nosaca — poz 400

-iskoristivost elementa na GSN — 76%

Slika 5.36. Prikaz iskoristivosti podupore resetkastog nosaca — poz 400
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5.6.10. Dimenzioniranje — podupora donje pojasnice glavnog reSetkastog nosaca

[Member B5343 [2277 m |F180X8 [S355 |GSN 28 [0,76 - |

Note: EN 1993-1-3 article 1.1(3) specifies that this part does not apply to cold formed CHS and RHS sections.
The default EN 1993-1-1 code check is executed instead of the EN 1993-1-3 code check.

Partial safety factors
*Student version* *Student version® *Student version® *Student version® *Studer
Gamma MO for resistance of cross-sections 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25

[ Material [ |
*Student version* *Student version* *Student version® *Student versic
Yield strength fy 355,0 MPa
Ultimate strength fu | 510,0 MPa
Fabrication Cold formed
....:SECTION CHECK::... O
The critical check is on position 2.277 m
Internal forces | Calculated Unit
*Student version* *Student version® *Student version* *Stude
N,Ed -1255,90 kN
Vy,Ed 0,00 kN
Vz,Ed 0,00 kN
TEd 0,00 kNm
My,Ed 0,00 kNm
Mz,Ed 0,00 kNm
Classification for cross-section design
According to EN 1993-1-1 article 5.5.2
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio 19,50
Class 1 Limit 26,85
Class 2 Limit 30,92
Class 3 Limit 34,17

=> Section classified as Class 1 for cross-section design

Compression check
According to EN 1993-1-1 article 6.2.4 and formula (6.9)

A 5,2800e-03 | m"2
Nc,Rd 1874,40 kN

Unity check 0,67 - @
The member satisfies the section check.
....:STABILITY CHECK::...
Classification for member buckling design
Decisive position for stability classification: 0,000 m

Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio 19,50

Class 1 Limit 26,85
Class 2 Limit 30,92
Class 3 Limit 4,18

=> Section classified as Class 1 for mémbér bucking'desi
Flexural Buckling check
According to EN 1993-1-1 article 6,371.1 ang fo a)(6.46)
Buckling parameterf [ ] “\y» ] 7z [ ]

*Student version® *Student version* *Stydent version® *Student version® *Student version* *Student v

Sway type non-sway
System length L 2,277 m
Buckling factor k 1,00

Buckling length Ler < 2,277 m
Critical Euler load Ncr 1017890 |kN
Slendemess Lambda 32,79

Relative slenderness Lambda,rel 0,43

Limit slendemess Lambda,rel,0 0,20

Buckling curve c

Imperfection Alpha 0,49

Reduction factor Chi 0,88

Buckling resistance Nb,Rd 1652,85 1652,86 kN
Flexural Buckling verification

*Student version® *Student version® *Student version® *Student version® *Student v
Cross-section area A 5,2800e-03 mh2

Buckling resistance Nb,Rd 1652,85 kN

Unity check 0,76 -

The member satisfies the stability check.
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5.6.11. Rezne sile — spregovi

Diplomski rad

Slika 5.37. Prikaz reznih sila — spregovi — poz 400

-poprecni presjek nosaca

Name Spregovi - krov srednje dvorane
Type RND30
Source description Stahlbau Zentrum Schweiz / Konstruktionstabellen / 9 Ausgabe 2005
Item material S 355
Fabrication rolled
Flexural buckling y-y C
Flexural buckling z-z c
Lateral torsional buckling Default
Use 2D FEM analysis v

A [m] 70700e-04

Ay, z [m] 6,3704e-04 6,3704e-04
ly, z [m] 39800e-08 39800e-08
I w [mE], t [m?] 80801e-36 79722e-08
Wel y, z [m?¥] 26500e-06 26500e-06
Wpl y, z [m?] 45000e-06 45000e-06
dy z[mm] 0 0
¢ YUCS, ZUCS [mm] 15 15
a [deg] 0,00

AL, D [m¥m] 94200e-02 94243e-02
Mply +, - [Nm] 160e+03 1 60e+03
Mplz +, - [Nm] 160e+03 1 60e+03

Slika 5.38. Prikaz geometrijskih karakteristika nosaca — poz 400

101



Viljan Didovié Diplomski rad

5.6.12. Dimenzioniranje — spregovi

Dimenzioniranje elementa

A-f, 7,07.355
Y 1,25

Nera =Npira = =200,79(kN)

Uvjet nosivosti N;qg = Ng
200, 79(kN) > 60, 77(kN)

uvjet zadovoljen

-iskoristivost na GSN - 60,77KkN /200, 79kN =0,30 =30%
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6. PRORACUN SPREGNUTE MEPUKATNE KONSTRUKCIJE-POZ 300

6.1. Pomaci spregnute medukatne konstrukcije — poz 300

-18,

Slika 6.1. Prikaz vertikinog pomaka grednog nosaca — poz 300

Dopusteni vertikalni pomak (progib):

1 10,8-1000
udop - -
300 300

=36,0mm

u, =22,1mm<u, ,, =36,0mm  Zadovoljava

z,dop

-iskoristivost na GSU - 22,1mm/36,0mm =0,61=61%
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6.2. Dimenziniranje spregnute medukatne konstrukcije — poz 300

6.2.1. Rezne sile — gredni nosaca 1

7 -837,31

My

Diplomski rad

S 603,56 é
315,10

-368,26

Slika 6.2.. Prikaz reznih sila grednog nosaca 1 — poz 300

-poprecni presjek nosaca

Name Gredni nosat 1 - poz 300
Type HEA400
Source description Profil Arbed [ Structural shapes / Edition Octobre 1995
Item material S 355
Fabrication rolled
Flexural buckling y-y a
Flexural buckling z-z b
Lateral torsional buckling Default
Use 2D FEM analysis *
z

A [m?] 1,5900e-02

Ay, z[my 1,1006e-02 44726e-03
ly, z [m'] 45100e-04 85600e-05
I w [mE], t [m#] 29421e-06 1,8900e-06
Wel y, z [m?] 23100e-03 57100e-04
Wpl y, z [m] 25625e-03 8,7083e-04
dy, z [mm] 0 0
€ YUCS, ZUCS [mm] 150 195
a [deg] 0,00

A L, D [m¥m] 1,9100e+00 19114e+00
Mply +, - [Nm] 9.10e+05 9,10e+05
Mplz +, - [Nm] 310e+05 3,10e+05

Slika 6.3.. Prikaz geometrijskih karakteristika nosaca — poz 300
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6.2.2. Dimenzioniranje — gredni nosaca 1

SCIAENGINEER

Composite Beam - Final stage

Linear calculation

Class: All ULS

Extreme 1D: Global

Selection: B2390

Composite beam verification

for beam B2390 at section 10.8 m, in accordance with EC EN 1994-1-1

1. Geometry data

]

160

E

Simply supported beam

Length of the current span L=108m
Beam spacing at the left Lieft = 8.1m
Beam spacing at the right Light = 4.05 m
Checked section de=10.8 m

Warning: For a continuous beam, intermediate buckling supports y-y are ignored in both the calculation of

the effective width for the analysis model and the check.
2. Cross-section & materials

2.1 Steel section properties

2.1.1 Cross-section

Cross-section HEA400

Height ha =390 mm
Width b =300 mm

Web thicknass w = 11.mm
Fiange thickness tf =19 mm
Radius r=27-mm

Area A, = 15900 mm’
Moment of inertia ly= 451-10° mm’
Radius of gyration iz=73mm

Plastic section modulus

Woiy = 2.563:10° mm’

2.1.2 Material

Steel grade S 355

Yield strength fyb = 355 MPa
Ultimate strength fub = 490 MPa

E modulus Ey = 210000 MPa

2.1.3 Cross-section classification

235
€=\ 355 = 0.814

2.1.3.1 Flange in compression
b-t,-2:r 300 mm-11mm-2-27 mm
C TR 2

(EN 1993-1-1 §5.6 Tab. 5.2)

=118 mm

e 2940814
m

6.18 < 7.32 oK

Flange classified as Class 1.
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2.1.3.2 Web in bending

Gy=hy=2-t=2:r=390 mm - 219 ram - 2-27 mm = 298:mm

(Xd=0‘5
Cw’ 36°€
W N
tw Q|
298 mm 2 36-0.814
Mmm -~ 05
27.1 £ 586 oK

Web classified as Class 1.

Cross-section classified as Class 1

Cross-section Class OK.

2.2 Concrete slab with profiled sheeting
2.2.1 Concrete slab

2.2.1.1 Slab
Total height of the slab s = 160 mm
2.2.1.2 Material
Concrete class C30/37
Characteristic strength f& = 30 MPa
E modulus Ecm = 32800 MPa

2.2.2 Profiled steel sheeting
Sheeting with ribs parallel to the supporting beams

bD
| |
| |
& é.]—':
&
o~
b
Name Vulcraft 2 VLI 20
Depth of the ribs hy=50.8 mm
Height of full concrete he = 109.2 mm
Height of the re-entrant stiffener hg = 0 mm
Spacing of the ribs bs = 304.8 mm
Top width of the rib by = 127 mm
Bottom width of the rib by = 127 mm
Mean width of the ribs bosip = 152.4 mm
Thickness of the sheeting t, = 0.9093 mm
2.2.3 Shear connectors
Name H110
Diameter ds = 25 mm
Nominal height hrom = 110 mm
As-welded height hse = 105 mm
Amount per trough or section ne=1
2.2.3.2 Material
Steel grade $355
Ultimate strength fus = 490 MPa
2.2.4 Reinforcement
2.2.4.1 Geometry
Longitudunal bar diamter di =16 mm
Longitudunal bar spacing s =150 mm
Longitudunal bar cover ¢ =30 mm
Transverse bar diamter di =16 mm
Transverse bar spacing 5t =150 mm
Transverse bar cover ¢y = 46.inm
2.2.4.2 Materia
iviaterial B 500A
Characterictic yield strength fykr = 500 MPa
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3. Design vaiues of loads
Load Name : GSN 24
Content of combination : 1.35*g-vlastitatezina+1.35*dg-dodatnostalno+
1.627q-promjenjivooptereceiije+1.35%g-vlastitateZina_drycoricrete +
1.35*Wy-1kom.-Wz-poz + 1.35*s-opterecenjesnijegom

Bending moment Med comp = -837.309 kNm
Shear force VEd comp = -368.263 kN
4, Partial safety factors
Steel section Ymo =1
ymr =1
Shear connectors yv =125
Concrete Yc=15
Reinforcement ys = 1.15

5. ULS check of the Final stage

5.1 Shear connection
5.1.1 Design resistance of shear connectors

5.1.1.1 Shear connector in a solid slab
e
dS
42>4
a=1
.6 = min(490;500) MPa

>4

2 2
d A
o.a-fus( “4‘ ) 0.8-490 MPa- i”—zsiﬂm—)
Prd solid 1 = W = PET: =154 kN
2
029-a-dy \ fu'Ean 0.29-1-25 mm’ -+ 30 MPa 32800 MPa
PR solid.2 = W = 125 =144 kN

Prd solid = min(PRd solid 1iPRd solid 2)= min{154 kN;144 kN) = 144 kN

5.1.1.2 Shear connector in profiled sheeting
Sheeting with ribs paralle! to the supporting beams

_06:bos [he | 06:-152mm
= h, hy |- 508mm

105 mm
50.8 mm

ki . -1]=1.92

k=1
Pra = ki-Pagsolid = 1 144 kN = 144 kN

5.1.2 Degree of shear connection

5.1.2.1 Determination of b of the concrete flange and length L .

b1 b2
be |
be1 | be2
LB oeds |

The effective width at the end support
Lo=L;=108m
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Left side of the beam

Loep et b0 81m [Omm-
b= B =" o/ AOE

L 10.
beto =min ‘ﬂ’,’b): min( 5 ;4.05 m)= 135m
8 Y _s I

L
bett = min (i;m = min(o—m‘,A.OS m|=0m

8 8
be12 = min ﬁ;b1 =min L8 405m[=0m

8 8

0.025 - Leg 0.025-10.8 m

B1.cale =0.55 + Big =055+ 135m =075
B‘i,(alc <=10
075 <= 1.0 OK
Br=Prclc =075
Right side of the beam

Loerp. i b |
B pepright Po _405m Omm e

2 2 2 2

be2o = min (%;bz = min( 10.: u ;2.03 m)= 135m

= min(o—m,Z,OS m

8 =0m

o Ler,
bem—mln( 3 ,bz

8 =0m

be22 = min (%;bz = min(o—m,2<03 m

0.025-Leo 0.025-10.8 m
Boak =085+ —=5=085+ =0 ==075

B2calc <= 1.0
0.75 <= 1.0 oK
B2=Bocalc =075

Calculation of b
befro=bo+ Det0: B1+ berp: B2=0mm +1.35m-0.75+1.35m-0.75=2.03 m

Calculation of b
batt =bei0=2.03 m

Determination of L.
le=Lleo=108m
5.1.2.2 Minimum degree of shear connection
Warning: Conditions given by EN 1994-1-1 Art. 6.6.1.2 (3) are not fulfilled.
355
Nmin,calc = 1- T( 0.75-0.03- Le)
y!

Nimincste =1 = % (0.75-003-108m)=057

Nimin = MaX (Nincalc:0:4) = max (0.57,0.4)= 0.57

5.1.2.3 Degree of shear connection present

5.1.2.3.1 Tension resistance of the reinforcement

5=

2
b [di | _203m |16 mm”
s\ 4 ) 150mm 4

]-3.14 =2714 mm’

_ Aty 27110°-500-10°
Ty 1.15

Fs =1180 kN

5.1.2.3.2 Tension resistance of the steel member
Npia = fyb - Aa = 355 MPa - 15900 mm’ =5644.50 kN

Nes = min(FsNpio)= min(1180 kN:5644.50 kN) = 1180.15 kN
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5.1.2.3.3 Resistance of the shear connectors

I5=L~@-251 mm
Nrow 2
Number of shear siuds available per length L o/2
05-Le
Mep=—— "N
np=21-1=21

Ne = nsp+Prg = 21143835 = 3020.54 kN

) (3020.54 kN 1)

=min|——1|=min =1
i Ner' 1180.15kN '
N 2 Nmin
132057 oK

The shear connection degree is adequate.

5.2 Cross-sectional resistance of the composite beam

5.2.1 Shear buckling
hw=ha=2-t=390 mm -2-19 mm =352 mm
Nsp=1.2
hy 72
E o ME8)
tw Nsb
352mm _ 72-0814
Mmm ~ 12
32 <488 oK

The shear buckling resistance of the web does not need to be verified.

5.2.2 Vertical shear

The resistance to vertical shear should be taken as the resistance of the structural steel section.

A=A -2-b-ti+(ty+2:r)
=0.0159-2:0.3-0.019 + {0,011 +2:0.027)-0.019 = 5735 mm’
Avmin=Nsb- h-ty = 1.2-0.3520.011 = 4646 mm*
e > Aumh
5735 1nm’ 2 4646 mm°
Actp 5735 mm’.35510°

Volpd = ™ =1175 kN
3 “Ymo \,/?1
abs{Vegcomp)  abs(-368.263 kN)
ae Ll T T T

The shear resistance of the section is adequate.
5.2.3 Bending moment
5.2.3.1 Longitudinal reinforcement

5.2.3.1.1 Centre of composite section

For buildings not intended mainly for storage the effects of creep in concrete

beams may be taken into account by using an effective E modulus E e = Ecry /2.

T Eef | 16400 MPa
h 1 h.-h
Aa'(?ﬂ)+(n—E)'beH'(hc-hd)'(ha*’hs'—c2 d)

Ao+ r%E)-befr(hc-hd)

yd=

o.109-o]

2 12.8 2

0.0159-(0'39)+( ! )-2.03-(04109—0)-(0.39+0.16—

1

0.0159 + 2.03-(0.109-0)

109

=351 mm
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5.2.3.1.2 Degree of reinforcement

[ 5
E[d‘l‘n_ 203m [ 16 mm
s {4 ) 150mm 4

Ac=beit-{ e~ ha )= 2.03- (0,109 0)= 221130 mm’

s =

)-3.14 =2714 mm’

20=|h, +he - hc;hd )-yd=(o.39+o.16-W)-0351 =144 mm
ke =min +0.3;1]=min L +0.3;1]=1
4 Demhe 1, 0109-0
2.2 2-0.144

6
p5=5.(g§%)-(f“4"‘)q/ ke =1.1-[%)-( 2'9'106)'\/’1—;0‘964%

fyr 50010
A 2 ps-Ac
2714 mm’ 2 9.6410 221130 mm”
2714 mm’ 2 2131 mm’ oK

The longitudinal reinforcement of the section is adequate.

5.2.3.2 Moment resistance
Moment resistance of a steel cross-section

W f 56.10° 3
P :;.y i _ 25610 mr: BEMPE oo
MO

Influence of shear

v,,zum > abs{Veqcomp)

1175 kN
2

588 kN > 368 kN OK

The influence of the vertical shear on the bending moment resistance may be neglected.

fybw = fyb = 355 MPa

Modified teiision resistance of the steel member

r=0mm

Ar=2-tib +t, (= 2-t)=2:19 mm 300 mm + 17 mm (390 mm - 213 mm )= 15272 m’

Nt = Ay fyo = 15272 mr”-355 MPa = 5421.55 kil

> 368 kN

Note: Roundings of the steel cross-section are negiected in bending resistance calculation.
Nes= min (FsNpia)= min (1180 kN;5421.56 kN )= 1180.15 kN

N $ia hands + = et lati

The plastic neutral axis is located within the web of the steel section.

Natf=b-tff,,=0.3-0.019- 355-10° = 2023.50 kN

Npla = Natf - Natw = Fs + Natf + Natw

. (Npta=2"Nays=F:)  (5421.56 kN - 2:2023.50 kN - 1180 kN)
(2t fyow) {2:17 mm-355 mPa)

Verification of the steel web classification.

e calc

=249 mm

=———===—""= 2091
Cy 298 Ge
Cw 396-¢
S e 2IONC
tw ~ 13:aq-1

298 mm _ 3960814

MMmm ~ 13:0916-1
27.1£295 oK
Web classified as Class 1.

Natw = twX-fypw =11 mm -24.9 mm 355 MPa = 97.21 kN
Nac = Ngla = Natf = Natw = 5421.56 kN - 2023.50 kN - 97.21 kN =3300.85 kN

Leverage arm of the compression part of the steel section calculated to the PNA.

(tu-(ha=2-tix-05 + trb-( - 15-t-)
tw'(ha—Z‘fl—X)+tf‘b

he =

s (n -(390-2.19-24.9)2-0.5+194300-(390-1.5-19-24.9))

=270
11.(390-2-19-243)+ 19-300 =

d ;
hi=x+ti+hs =+ ?|=0.0249+0.019+C.16—0.03 +0_(;1_6_= 166 mm
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JL— beff = 2.03 m
fydir

% k- 118015kN

B el
<€— Na,c = 3300,85 kN

fyb

Natw X

t
MpI.Rd=Fs'h|+Na(,f'(?+x)+ 2 +Naches

1 )+M+ 3300.85-270= 1157 kNm

=1180-166 +2023.50-(7+ 249

Design moment resistance according to EN 1994-1-1 Art.6.2.1.2

Mgg =Mpird = 1157 kNm
abs(Medcoms) _ abs(-837.309 km)
UC_comp_M = Wi = 1157 kNm =0.72

The bending moment resistance of the section is adequate.

5.3 LTB resistance

0.75 0.25 \0.75 \0.25
ol st 4 (390~ g
F=(1+ (s r)).(ha :,) (t_,) =(1+11 (390 19)).(390 19) 19) S

4:b-ty T b 4:300-19 11 '\ 300
Fim=12.3
F < Fim
828 <123 oK
The cross-section is qualified for verification of LTB by the simplified method.
C=25
075 025 05
L7 telha-te) | ha-ty (t, ) ( o
M=+ 1+ = | e
4by T Vo | L ECi
| iy f ©7s 025 6 \”»5

1d (4, 0.011-(0.39-0.019) ( 0.39-0019 0.019 355100\ /by

/ 4:03-0.019 0011 | 03 {21010°25 ) A
ha/b <=2 -> Buckling curve ‘a'
air= 0.21

2 2
Or=05 ( 140 (Mrer = 02 )+ A )= 05- ( 1+021-(034-02)+034 ): 0573

1 1
Xir= r= +=0.968

2 2 B 2 2
Q7+ \I Ot = Aitel 0.573 +'\/ 0.573 -0.34
Xur=min (Xi5:1)= min (0.968:1)= 0.968

Mpgd = Xi7+Mpg = 0.968 - 1.1610° = 1119.465 kNm

abs(Megcomp)  abs(-837.309 kNm)
UCcomp LTB ="\t sa ~ 1119465kNm >0

The later torsional buckling resistance of the section is adequate.
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5.4 Longitudinal shear

5.4.1 Transverse reinforcement
Design shear fow
hy=h. =109 mm
N+ Prd _ 1:-144 kN

VEd =3 oy - 2251 mm-109 mm - 202 MPa
Transverse reinforcement
Astfirr s Ved - hy
(ys-a) cotg(ej
At = Asi/st
6

Ved* hy 2.62:10°-0.109 2

A= = —— =328 mm"/m
( cotg(6)-fs ) cotg(26.5)-50010°
Ys 1.15
1 (4’ 1 {0016
k ] 2

At.nrov=;‘ e 3.14= o5\ a -3.14=1340 mm"/m
Atprov 2 At

1340 mm®/m > 328 mm’/m oK

The transverse reinforcement of the section is adequate.

ULS check of Final stage is OK.
UC_comp =max(0.31:0.720.75)=0.75

-iskoristivost elementa na GSN — 75%

Slika 6.4.. Prikaz iskoristivosti grednih nosaca — poz 300
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6.2.3. Rezne sile — gredni nosaca 2

-1173,50
-1098,94

My

-1141,61

e o e S o b

Diplomski rad

991,14%

% 436,89

S 927,77%

% 439,34
968,72é

% 415,28

-891,34 E

-447,34 E
473,10 E

Slika 6.5. Prikaz reznih sila grednog nosaca 2 — poz 300

-poprecni presjek nosaca

Name Gredni nosat 2 - poz 300
Type HEB450
Source description Profil Arbed / Structural shapes / Edition Octobre 1995
Item material S 355
Fabrication rolled
Flexural buckling y-y a
Flexural buckling z-z b
Lateral torsional buckling Default
Use 2D FEM analysis *
z

A [mY] 2,1800e-02

Ay, z [mf 1,5015e-02 6,5456e-03
ly, z [m'] 79890e-04 1,1720e-04
1w [m#], t [m¥] 52584e-06 4.4050e-06
Wel y, z [m?] 356510e-03 7.8140e-04
Wpl y, z [m?] 3,9820e-03 1,1980e-03
dy, z[mm] 0 0
¢ YUCS, ZUCS [mm] 150 225
o [deg] 0,00

A L, D [m%m] 20300e+00 2,0254e+00
Mply +, - [Nm] 141e+06 141e+06
Mpiz +, - [Nm] 425e+05 4 25e+05
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6.2.4. Dimenzioniranje — gredni nosaca 2

Composite Beam - Final stage

Linear calculation
Class: All ULS

Composite beam verification
for beam B2379 at section 0 m, in accordance with EC EN 1994-1-1

1. Geometry data

i 7
|
|

i

_

L

R

®]

L
109

160

L

Continuous beam

Length of the current span

Length of previous span

Length of next span

Beam spacing at the left

Distance to the slab edge at the right
Checked section

L=108m
Lorevious = 10.8 m
Lhext = 10.8 m
Liet = 8.1m
Light =0 m
de=0m

Warning: For a continuous beam, intermediate buckling supports y-y are ignored in both the calculation of
the effective width for the analysis model and the check.

2. Cross-section & materials

2.1 Steel section properties

2.1.1 Cross-section
Cross-section
Height
Width
Web thickness
Flange thickness
Radius
Area
Moment of inertia
Radius of gyration
Plastic section modulus

2.1.2 Material
Steel grade
Yield strength
Ultimate strength
E modulus

2.1.3 Cross-section classification

235
€= 355 =0.814

2.1.3.1 Flange in compression

HEB450
ha =450 mm

b =300 mm

ty = 14 mm

te = 26 mm

r=27 mm

A, = 21800 mm®

I, = 799-10° mm"*
iz=73mm

Woiy = 3.982:10° mm’

5355
f,5 = 355 MPa
fup = 490 MPa
E» = 210000 MPa

(EN 1993-1-1 §5.6 Tab. 5.2)

_b-ty-2-r 300mm-14mm-2-27 mm

< T 5

446732

Flange classified as Class 1.

=116 mm

oK
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2.1.3.2 Web i bending

Gy=hy=2-t=2:r=450 mm - 226 ram - 2-27 mm = 344 mm

A= 0.5

Cw’ 36-€

— g

e

W Q|
344 mm . 36:0.814
4mm -~ 05

246 < 58.6
Web classified as Class 1.

oK

Cross-section classified as Class 1

Cross-section Class OK.

2.2 Concrete slab with profiled sheeting

2.2.1 Concrete slab

2.2.1.1 Slab

Total height of the slab

2.2.1.2 Material
Concrete class
Characteristic strength
E modulus

2.2.2 Profiled steel sheeting

hs = 160 mm

C30/37
foc = 30 MPa
Ecm = 32800 MPa

Sheeting with ribs parallel to the supporting beams

b,

0

_"_p_l
J

Name

Depth of the ribs

Height of full concrete

Height of the re-entrant stiffener
Spacing of the ribs

Top width of the rib

Bottom width of the rib

Mean width of the ribs

Thickness of the sheeting

2.2.3 Shear connectors

2.2.3.1 Geometry
Name

Diameter

Nominal height

As-welded height

Amount per trough or section

2.2.3.2 Material
Steel grade
Ultimate strength

2.2.4 Reinforcement

2.2.4.1 Geometry
Longitudunal bar diamter
Longitudunal bar spacing
Longitudunal bar cover
Transverse bar diamter

Transverse bar spacing
Transverse bar cover

2.2.4.2 Materia
Material
Characterictic yield strength

1/2 h,

Vulcraft 2 VLI 20
hy-=50.8 mm

he = 109.2 mm
hg =0 mm

bs = 304.8 mm
b, = 127 mm

by = 127 mm
bl),rib = 1524 mm
t, = 0.9093 mm

H110

s =25 mm
hnom = 110 mm
hee = 105 mm
n=1

$ 355
fus = 490 MPa

di= 16 mm
s; =150 mm
¢ =30 mm
dy =16 mm
5= 150 mm
¢t = 46.inm

B 500
ke = 500 MPa

115
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3. Design vaiues of loads
Load Narne : GSN 2
Content of combination : 1.35*g-vlastitatezina+1.35*0g-dodatnoszalno+

1.807g-promjenjivooptereceiije+1.35*g-vlastitateZina_dryconcrete

Bending moment Meqg comp = -1173.500 kNm
Shear force VEd,comp = 436.889 kN
4. Partial safety factors
Steel section ymo =1
ymi =1
Shear connectors yv =125
Concrete Yc=15
Reinforcement ys =115

5. ULS check of the Final stage

5.1 Shear connection
5.1.1 Design resistance of shear connectors

5.1.1.1 Shear connector in a solid slab

42> 4
a=1
fus = min(490;500) MPa
d. 31425 mm’
m 14-
08-fi| =, | 08:490 MPa- 2lemm
PRd solid,1 = 2 = 125 =154 kN
2
029-0:de+y fge-Ean 0.29-1-25 mm -] 30 MPa-32800 MPa
Prdsolid2 = i = 125 =144 kN

Prsold = Min (P soid 11Prsoid2) = Min (154 kN;144 kN) = 144 kN

5.1.1.2 Shear connector in profiled sheeting

Sheeting with ribs paraliel to the supporting beams

1

06by (ni_ )= 06+ 152 mm ( 10smm | o

ho he 508mm | 508 mm

k=1
Prd = ki Prasolid = 1- 144 kN = 144 kN

5.1.2 Degree of shear connection

5.1.2.1 Determination of b . of the concrete flange and length L .

b1 b2
¢ be 5
be1 , be2
[ EETppsa |

The effective width at the internal support
L =025-(Ls+L,)=025-(108 m+108m)=54m
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Left side of the beam

b Loep et bo 81 m [0Omm
Lt I LR L L4

=40
2 [T |2 Yiha

L, oOm
be1o =min (“ﬁ-,’m = min(—l‘,A.DS m): Om

8 Q=Y g

L
be11 = min Ji;b1 =min 0—"',4‘05 m[=0m

8 8

L !
bet2 = min (%Z;M): min( > ;m +4.05 m): 0.675m
Right side of the beam

b

b2 = Lperp_right = 70 =0m
be2o = min ﬁ;bz =min 0—m—,'O m|=0m

8 8

: . |0m

bex1 = mln[Lg—1;bz = mln(T}O m|=0m

L
be22 = min %:bz = min( 5.:m :0m[=0m

Calculation of b,
beff2 = bg + bet2 + bezp =0 mm +0.675 m +0 m =0.675 m

Calculation of b
beff = beff2 = 0.675 m

Determination of L.
Lle=Le=54m
5.1.2.2 Minimum degree of shear connection
Warning: Conditions given by EN 1994-1-1 Art. 6.6.1.2 (3) are not fulfilled.

355
N = 1= {075 - 003 L )
fot

355
Arincie = 1= 522" (0.75-003-5.4m)=0.41

Nemin = Max (nmm,cak;OA): max(0.41 ;0.4’)= 0.41

5.1.2.3 Degree of shear connection present

5.1.2.3.1 Tension resistance of the reinforcement

2 2
best | di 0.675m | 16 mm 2
A= PR TR e I -3.14=905 mm

Aot 90510°.500-10°

R Vs 1.15

=393 kN
5.1.2.3.2 Tension resistance of the steel member

Noja =fyb- As = 355 MPa - 21800 mm” = 7739.00 kN
Nes = min(FsNots) = min(393 kN:7739.00 kN) = 393.38 kN

5.1.2.3.3 Resistance of the shear connectors
L _108
fiw: 43
Number of shear studs available per length L /2
0.5Le
n;p=10-1=10
Nc=nsp+Prd = 10143835 = 1438.35 kN
-min(iﬂ =min JHERE N 1]=1
=M NG ™ 39338 kN ¢ |

\ !

ls= =251 mm

n,

r‘v 2 rlmm
12041 OK

The shear connection degree is adequate.
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5.2 Cross-sectional resistance of the composite beam

5.2.1 Shear buckling
hw=h; - 2-t=450 mm - 2:26 mm =398 mm
isp =1.2
Py T2
tw - Nsb
398 mm _ 72-0.814

4mm -~ 12
284 <488

The shear buckling resistance of the wecl))Kdoes not need to be verified.
5.2.2 Vertical shear
The resistance to vertical shear should be taken as the resistance of the structural steel section.
AV=A5-2‘b't(+(tw+2‘r)‘tf
=0.0218-2-0.3-0.026 + (0.014 +2: 0.027)- 0.026 = 7968 mm2
Avin = Mooyt = 1.2+0.398-0.014 = 6686 mm°
As 2 Aymin
7968 mm’ > 6686 mm’
Actyp 7968 mm’-35510°

Volrd = =1633 kN
'\I 3 -ymo 31
abs(Vegcomp) _ abs(436.889 kN)
UC_comp_V = Voua = 1633 kN =0.27

The shear resistance of the section is adequate.
5.2.3 Bending moment
5.2.3.1 Longitudinal reinforcement

5.2.3.1.1 Centre of composite section
For buildings not intended mainly for storage the effects of creep in concrete
beams may be taken into account by using an effective E modulus E .o = Ecry /2.

29
ﬂ=i3°%m= 16400 MPa

Eeff =

2
_E, 210000 MPe

Eeff . 16400 MPa, |
h 1 he-h
Aa-(T“’)af(n—E .ben~(hc-hd)-(ha+hs-—‘2 d)
1
Aa*(?{;)‘beﬂ'(hc'hd)

045 1 0.109-0
0.0218-( )+( )-0.6754(0.109-0)-(045+0.16—+)

np=

Yd=

2 128

p =294 mm

128

0.0218 + 0.675-(0.109-0)

5.2.3.1.2 Degree of reinforcement

2 2
L o 0675m | 16 mm
s\ 4 ~ 150 mm 4

A= )~3.14=905 mm’

Ac=befr-( he-ha )= 0.675-(0.109 - 0)= 73710 mm®

he - hg 0.109-0

2

zo=(ha+hs— )—yd=(0.45+0.16— )-0.294=2s1 mm
) 1 . 1
ke=min{ 77— +03;1l=min| 7——————+0.3;1|=1
( hc—hd) ( 0.109-0 )

1
) "2-0261)
fio | [ fam 355 ) [ 2910°
95-5'( o )( )\} ke -1,1-(235)-( 6)-\}1 =0964 %

fykr 50010
A 2 ps-Ac
905 mm’ 2 9.64-10°-73710 mm’
905 mm” > 710 mm’ oK

The longitudinal reinforcement of the section is adequate.
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5.2.3.2 Momeni resistance
Moement resistance of a steei cross-section
Woyfs  3.9810° mm®-355 MPa

Mpigda = =1414 kNm
YMo 1

Infiuence of shear

Volrd

Ty P abs(ng,mmp)
1633 kN
2

817 kN > 437 kN OK

The influence of the vertical shear on the bending moment resistance may be neglected.

fybw = fyo = 355 MPa

Modified tension resistance of the steel member

r=0mm

Ay=2-tr-b+t,-(h, - 2-t)=2-26 mm 300 mm + 14 mm (450 mm - 2-26 mm)=21172 mm’
Noja =Aq-fyp = 21172 mm?’-355 MPa = 7516.06 kN

> 437 kN

Note: Roundings of the steel cross-section are neglected in bending resistance calculation.
Nes= min (F3Np,) = min (393 kN;7516.06 kN)= 393.38 kN

N. 4
9

t e calcul

bending
The plastic neutral axis is located within the web of the steel section.
Natf=b-t;f,,=0.3-0.026 - 355.10° = 2769.00 kN
Npla - Natf - Natw = Fs + Natf + Natw

(Npia=2-Nag=Fs) (751606 kN - 2:2769.00 kN - 393 kN)

x = =159
(2tu fyom) (2:14 mm-355 MPa) e
Verification of the steel web classification.
Cw=X 344-159
s——s———"=2(,537
Cw 344 03
Cw o —3%-¢€

ty 1301
344mm 3960814
14mm ~ 13.0.537-1
246 <539 ¢
Web classified as Class 1.
Natw = tw X fybw = 14 mm - 159 mm -355 MPa = 792.34 kN

Nac = Npja = Natf = Ny = 7516.06 kN - 2769.00 kN - 792.34 kN = 3954.72 kN

=~

Leverage arm of the compression part of the steel section calculated to the PNA.

T, Wy e,
tu-(ha-2-t-x )+ ti-b

s =

) [14-(450-225-159)2~o,5+ze-3oo-(4so-1.5-26-159))
B 14-(450-2-26 - 159) + 26-300

=212 mm

0.016

d
h|=X+t[+h5—C|+?l=0.159+0.025+0.15—0403+ =307 mm

. beff = 0.675m

Fs = 393,38 kN

—» Natf=2769,00 kN

—» Natw =79234 kN

<4+— Na,c=395472kN

+— o +Nache

Natw X
2

t
Mpird = Fs+ hi + Natf (? +X

3\
% )+19—2'~3;1‘—1§9~+ 395472212 = 1500 kNm

=3 E-‘307+2769.00‘(—?+ 159

\
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Design moment resistance according to EN 1994-1-1 Art.6.2.1.2
Mgrd = Mpird = 1500 kNm

abs(M-acmp)  abs(-1173.500 kNm)

HEOmpM 2T Mg 1500 kNm =09
The bending moment resistance of the section is adequate.
5.3 LTB resistance
F=(1 . tu-(ha-t) )( ha = ti )‘m'( ty )‘m: (1 X 14-(450—26))‘(450—26 )”’"4( 26 )””:8.34
4:-bty tw b 4:30026 14 300

Fim=12.3
F < Fym
834 <123 OK

The cross-section is qualified for verification of LTB by the simplified method.
Cy=25

S 1+’1‘(_*‘:‘f£). [ ha=te M'_ t W', R
Ehm= 4:bt ty b Ep-Ca

0.75 0.25 6 0%
=514 0.014- (0,45 - 0.026) .| 0.45 - 0.026 .| 0.026 . 355:10 -0343
- 4.0.3:0.026 0.014 03 21010%.25 |
ha/b <=2 -> Buckling curve 'a’

ot =0.21

Dy =o,s.(1 oy ( Mreet = 0.2 )+ Arrel” )= 0.5-(1 +021-(0343-02)+0.343°)= 0574

5
Xir= = ! - =0.967

Oy + \/ O -Mrel 0574 n/ 0.574° -0343°
X1 = min (Xi1:1) = min (0.967;1) = 0.967

M rd = Xi7-Mgg = 0.967 - 1.5:10° = 1450.517 kNm

b cop e abs (Medcomp) _ abs(-1173.500 km )

M rd 1450517 kNm =081

The later torsional buckling resistanze of the section is adequate.

5.4 Longitudinal shear:
5.4.1 Transverse reinforcement
Design shear flow
hi=h =109 mm
P S
Vg Ne'Prd 1:144 kN =5.24 MPa

ls+hg 251 mm 109 mm
Tr: r infor
Asi fuis L Ved-he
V\‘S|) N co!g(e)

Ar = Asi/sq

arh .2410°.0.
Am Ved ' Ny = 5.24:10 -0.109 . =657mmz/m

( cotg () f, ) cotg(26.5): 50010
vs 115
1 (d’ 1 [ 0016’
t A 2

Aupov= | = | 314= G| 531421340 mm/m
Atprov Z At
1340 mm’/m 2 657 mm’/m oK

The transverse reinforcement of the section is adequate.

ULS check of Final stage is OK.
UC_comp = max(0.27,0.78,0.81)= 0.81

-iskoristivost elementa na GSN — 81%

Slika 6.7. Prikaz iskoristivosti grednih nosaca — poz 300
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7. PRORACUN SPREGNUTE MEPUKATNE KONSTRUKCIJE-POZ 200

7.1. Pomaci spregnute medukatne konstrukcije — poz 200

27,2

Slika 7.1. Prikaz vertikalnog pomaka grednog nosaca — poz 200

Dopusteni vertikalni pomak (progib):

| 10,8-1000

Ugop = = =36,0mm
300 300

u,=27,2mm<u, .. =36,0mm  Zadovoljava

z,dop

-iskoristivost na GSU - 27,2mm/36,0mm =0, 75=75%
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7.2. Dimenziniranje spregnute medukatne konstrukcije — poz 200

7.2.1. Rezne sile — gredni nosaca 1

-551,06
,06

239

/

My

Diplomski rad

-933,77

46

X -413

393,94
310,22

—
8
5
Vz
%
@

z
é

Slika 7.2.. Prikaz reznih sila grednog nosaca 1 - poz 200

-poprecni presjek nosaca

Name Gredni nosac 1 - poz 200
Type HEA400
Source description Profil Arbed / Structural shapes / Edition Octobre 1885
Item material S 355
Fabrication rolled
Flexural buckling y-y a
Flexural buckling z-z b
Lateral torsional buckling Default
Use 2D FEM analysis #
z

A [m7] 1,5900e-02

Ay, z [m] 1,1006e-02 44726e-03
1y, z [mY] 45100e-04 8,5600e-05
1w [mé], t [m] 29421e-06 1,8900e-06
Wel y, z [m?] 23100e-03 57100e-04
Wpl y, z [m?] 25625e-03 §,7083e-04
dy, z [mm] 0 0
€ YUCS, ZUCS [mm] 150 195
a [deg] 0,00

A L, D [m¥m] 1,9100e+00 19114e+00
Mply +, - [Nm] 910e+05 9,10e+05
Mplz +, - [Nm] 310e+05 3,10e+05

Slika 7.3.. Prikaz geometrijskih karakteristika nosaca - poz 200
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7.2.2. Dimenzioniranje — gredni nosaca 1

Composite Beam - Final stage

Linear calculation

Class:

All ULS

Extreme 1D: Global
Selection: B935

Composite beam verification

for beam B935 at section 8.1 m, in accordance with EC EN 1994-1-1

Diplomski rad

SCIAENGINEER

1. Geometry data
i ~‘\“«/ \ﬂ/‘“ by L ]
152 152

— :

Continuous beam

Length of the current span L=81m

Length of previous span Lprevious = 4.05 m

Length of next span Lhex =81 m

Distance to the slab edge at the left Left = 54 m

Beam spacing at the right Light = 54 m

Checked section dy=81m

Warning: For a continuous beam, intermediate buckling supports y-y are ignored in both the calculation of

the effective width for the analysis model and the check.
2. Cross-section & materials

2.1 Steel section properties

2.1.1 Cross-section

Cross-section HEA400

Height ha = 390. mm
Width b =300 mm
Web thickness w = Tmm
Flange thickness k=19 mm
Radius r=27 mm

Area A, = 15900 mm’
Moment of inertia ly= 451-10° mm’
Radius of gyration iz=73mm

Plastic section modulus Woly = 2.563-10° mm’

2.1.2 Material

Steel grade S 355
Yield strength fyo = 355 MPa
Ultimate strength fub = 490 MPa

E modulus Ep = 210000 MPa

2.1.3 Cross-section classification

235
€= 355 = 0.814

2.1.3.1 Flange in compression
_b-ty-2-r 300mm-11mm-2-27 mm
N 2 - 2

cf =118 mm

—c"$9-e
t

118 mm
19 mm
6.18 < 7.32 oK

Flange classified as Class 1.

£9-0814

(EN 1993-1-1 §5.6 Tab. 5.2)
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2.1.3.2 Wek i bending

Gw=ha=2-t=2:r=390 mm - 2-19 ram - 2-27 mrn = 298 mm

aq=05

Cw’_ 36-€
Lwr . FONE

tw %]

298 mm < 36:0.814
Mmm =~ 05
27.1 < 58.6

Web classified as Class 1.

Cross-section classified as Class 1

Cross-section Class OK.

oK

2.2 Concrete slab with profiled sheeting

2.2.1 Concrete slab

2.2.1.1 Slab
Total height of the slab

2.2.1.2 Material
Concrete class
Characteristic strength
E modulus

2.2.2 Profiled steel sheeting

hs = 160 mm

C30/37
foc = 30 MPa
Ecm = 32800 MPa

Sheeting with ribs transverse to the supporting beams

bU

hp
hS«:

1/2h,

Depth of the ribs

Height of full concrete

Height of the re-entrant stiffener
Spacing of the ribs

Top width of the rib

Bottom width of the rib

Mean width of the ribs
Thickness of the sheeting

2.2.3 Shear connectors

2.2.3.1 Geometry
Name

Diameter

Nominal height

As-welded height

Amount per trough or section

2.2.3.2 Material
Steel grade
Ultimate strength

2.2.4 Reinforcement

2.2.4.1 Geometry
Longitudunal bar diamter
Longitudunal bar spacing
Longitudunal bar cover
Transverse bar diamter
Transverse bar spacing
Transverse bar cover

2.2.4.2 Materia
iviaterial
Characterictic yield strength

Vulcraft 2 VLI 20
hp =508 mim

hc =109.2 mm
hg=0mm

bs = 304.8 mm
by = 127 mm

bp = 127 mm
bo,ib = 152.4 mm
tp = 0.9093 mm

H110

ds = 25 mm
hnom = 110 mm
hse = 105 mm
n =1

§$355
fus = 490 MPa

di= 16 mm
s; =150 mm
¢ =30 mm
dy =16 mm
5t =150 mm
c; = 46.inm

B 5004
fykr = 500 MPa
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3. Design vaiues of loads
Load Name : GSN 22
Content of combination : 1.35*g-viastitateZina+1.35*dg-dodatnostalno+
1.62"q-promjenjivooptereceiije+1.35%g-vlastitateZina_drycoricrete +

1.35*Wx-Tkom.-Wz-poz+1.35*s-opterecenjesnijegom

Bending moment Med,comp = -931.833 kNm
Shear force VEd,comp = -603.388 kN
4. Partial safety factors
Steel section Ymo =1
ymr =1
Shear connectors yv =125
Concrete Yc=15
Reinforcement ys =115

5. ULS check of the Final stage

5.1 Shear connection
5.1.1 Design resistance of shear connectors

5.1.1.1 Shear connector in a solid slab

hSC
e
4254
a=1
f,s = min (490;450) MPa
.. =450 MPa
2 2
08-f,s ( n'fs ) 0.8-450 MPa- M)
PRdisolid.1 = W = 125 =141kN
0.29-0:ds ) fae-Eam |~ 0.29-1-25 mm -] 30 MPa - 32800 MPa
PR solid2 = - = 125 =144 kN

Prsoid = N (Pr s Praseliaz) = min{141 kN;144 kN)=141 kN

5.1.1.2 Shear connector in profiled sheeting

Sheeting with ribs transverse to the supporting beams

0 (ba‘rib )(hsc )_ 07 (152mm 10smm ),
- e, N B9 : 1 lez
' e hy hy 4"\ 508 mm J { 50.8 mm

Ktmax = 0.85

ke = max(0:min (kskumas) = max (0:min (2.24:0.85)) = 0.85

Pra = ki Prasolig = 0.85- 141 kN = 120 kN

Warning: The conditions given by EN 1994-1-1 Art.6.6.4.2 (3) are not fulfilled.

5.1.2 Degree of shear connection

5.1.2.1 Determination of b . of the concrete flange and length L .

b1 b2
Def |
be1 | be2
L e |

The effective width at the internal support
Lo =025-(L,+15)=025-(81m+8.1m)=405m

125

SCIAENGINEER



Viljan Didovié

Diplomski rad

Left side of the beam

= Lperp_teft - —54 m-g?1—=5.4m
Leo \ om
b 1o-m|n( by =min(—,54m)=um
) (8" 8
be11-m|n(—L§L: ) (%%5 ) om
L
bera = min (% =m|n(40§m 54m|=0506m
Right side of the beam
b LEerE right ﬂ_ 5 4 m 0 r:m S5
be2o = mln( b= mm(o—; 2.7 m|=
8
be21 = mln( b= mm(onZ 7m|=
bezz=m|n(—82— b —mm(‘w; M.27m|=0506m

Calculation of b >
beff2 = bg + be12 + bepo =0 mm +0.506 m +0.506 m = 1.01 m

Calculation of b
beff = beff2=1.01 m

Determination of L.
Le=Lp=4.05m

5.1.2.2 Minimum degree of shear connection

Warning: Conditions given by EN 1994-1-1 Art. 6.6.1.2 (3) are not fulfilled.

355
Nmincaie =1 = =—{ 0.75 - 003, L)
fo *
Nmincalc =1 —zgi (0.75-003-4.05 m)=037

Nimin = Max (nm‘n,ca\c;0.4)= max (0.37;0.4): 04

5.1.2.3 Degree of shear connection present

5.1.2.3.1 Tension resistance of the reinforcement

2
A _bett | di o 1.01m
Gl 150 mm
Asfar  13610°.500-10°

Fe= ¥s = 115 =590 kN

2
16 mm
4

)»3.14: 1357 mm’

5.1.2.3.2 Tension resistance of the steel member
Noia = fyo-As = 355 MPa - 15900 mm” = 5644.50 kN

Net = min{FsNpis) = min(590 kN;5644.50 kN) = 590.07 kN
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5.1.2.3.3 Resistance of the shear connectors
Number of fuli rits/availabie per length L .

poate  405m
b~ 1305 mm
Nip =13

ls = bs - trough =305 mm - 1 =305 mm

Number of shear studs available per length L o/2
0.5:ngpn, _ 05-13-1 _

Pep = trough ~ 1 &

Ne =nsp-Pra =6.5-120166 = 781.08 kN

| N [T810BRN )
n=mnN T ™M s00.07 kN

N 2 Nmin
1204 oK

The shear connection degree is adequate.

5.2 Cross-sectional resistance of the composite beam

5.2.1 Shear buckling
hw=hs=2-t=390 mm -2-19 mm =352 mm
Nep=1.2
. 2 72:-¢
tw Nsb
352 mm % 72-0.814
Mmm ~ 12
325488 oK

The shear buckling resistance of the web does not need to be verified.

5.2.2 Vertical shear

The resistance to vertical shear should be taken as the resistance of the structural steel section.

Ar=g=2-boti+(t+ 27 )y
£00159-2-03:0.019 +{0,011+2:0.027)-0019 = 5735 mm”
Ausmin = Nsb- M+ = 1.2-0.362-0.011 = 4646 mm
B2y i
5735 mm’ 2 4646 mm"
At _ 5735 mm’ 35510°

e w/? “YMo \/? 1

abs(Vegcomo) abs(-603.388 kN)
VCromp V=" - ik oo

The shear resistance of the section is adequate.

=1175kN

5.2.3 Bending moment
5.2.3.1 Longitudinal reinforcement

5.2.3.1.1 Centre of composite section

For buildings not intended mainly for storage the effects of creep in concrete

beams may be taken into account by using an effective E modulus E ¢eff = Ecm, /2.

" Eeff 16400 MPa
h 1 h.-h,
Aa-(7")+(¥)~beﬁ-(hc—hd)-(ha+hs—ch)
1
Aa"‘(a)‘beﬂ‘(hc_hd)

] 1 109 -
0.0159.( L )+ ( )‘1‘01 : (owe-o)(osew.w-%]

2 12.8

= =301 mm

1
12.8

0.0159 + -1.01-(0.109-0)
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5.2.3.1.2 Degree of reinforcement

fir=g 2
_ﬂld_| e 1.01m | 16 mm
s L4, 150mm 4

Ac=beir-{ he=hy )= 1.01-(0.109 - 0)= 110565 mm”

)-3,14= 1357 mm’

he - hd 0.109-0

2

zo=(ha+h5— )—yd=(0.39+0.16— )—0.301:195 mm

ke =min +0.3;1l=min —1—°+O‘3;1 =
( J (1+ 0.109-0 )

he-hg
”(z.ZO) 2.0.195
6
ps=5-(£%)-(f“—“")q/ ke =11[%)(Lw6)\/?= 0.964 %

fykr 50010
A 2 ps-Ac
1357 mm”’ > 9.64-10”- 110565 mm”
1357 mm’ > 1066 mm” oK

The longitudinal reinforcement of the section is adequate.

5.2.3.2 Moment resistance
Moment resistance of a steel cross-section
Wiy fis  25610° mm’-355 MPa

M & =910 kNm
plRd.a Yo 1
Influence of shear
Volrd
_éi > abs(VEd,comp)
1175 kN
————> 603 kN
2
588 kN > 603 kN NOT OK.

Yield strength reduction due to the vertical shear according to EN 1994-1-1 Art. 6.2.2.4 (2).

. ( 2-ab5(Vegcoms) )2 . ( 2-abs(-603.388 kN)

2
-6
1175 kN =il S

Viird
Note: The tending moment resistance is reduced due to the influence cf the vertical shear:
fybw = (1-¢) Hyp
fy= (1 -7 1.-10'6)- 355 MPa = 355 MPa
Modified tension resistance of the steel member
Npa = 2-t5-b-fyb + ha = 2-tr)-tu- o
=2:19 mm 300 mm 355 MPa + (390 mm - 2-19 mm ) 11 mm 355 MPa = 5420.58 kN

Note: Roundings of the steel cross-section are neglected in bending resistance calculation.
Nes = min (F<Nps)= min (590 kN;5420.58 kN)= 590.07 kN

128



Viljan Didovié

Diplomski rad

N vy 1 &
9 g

The plastic nautral axis is located within the web of the steel section.
Natr=h-tf,p =03 -0.019-355-10° = 2023.50 kN
Npla=Natf - Natw = Fs + Natf + Natw

(Nota-2-Nayy=Fs) (542058 kN - 2-2023.50 kN - 590 kN)

(2-tu-fyom) (2:11 mm 355 MPa)

1l
e calc

=100 mm

Verification of the steel web classification.

=T=T_O'663
Cls 39%-¢
t 13-0¢-1

298 mm " 396:0.814

1MTmm =~ 13:0663-1
271 <423 oK
Web classified as Class 1.

Natw = tw* X fybw=11 mm - 100 mm 355 MPa = 391.76 kN
Nac = Npla = Natf = Natw = 5420.58 kN - 2023.50 kN - 391.76 kN = 3005.33 kN

Leverage arm of the compression part of the steel section calculated to the PNA.

{(1-0)tu(he-2-t-x]- 05 teb-(h - 15-4-x)

= (1-p )t (he-2-t-x)otrb

((1 -71110°)-11-(390 - 2-19 - 100 -05+ 19-300- (390 - 1519 - 100))
(1-711:10)-11. (390 - 2.19 - 100)+ 19-300

=217 mm

= =241 mm

d
hi=x+ti+ hs-c.+7'=o41 +0.019+0.16-0.03 +

/ beff =1.01m

o 5 r 8 Fs = 590,07 kN
;m | mm | =

Nat;f=2023;50°kiv
Natw = 391,76 KN

Najc = 3005,33-kN

Natw * X
2

=590-241 +2023.50-(179+ 100)+M

tf
Mp|,Rd=F5-h|+Nau‘(—+x)+ +Naches

2

+3005.33-217 = 1036 kNm

Design moment resistance according to EN 1994-1-1 Art.6.2.1.2
MRd = MpLRd =1036 kNm
abs(Megcomp) _ abs{-931.833 km)

UC_comp_M = Mg = 1036 KNm =0.90

The bending moment resistance of the section is adequate.
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5.3 LTB iesistance

3 . A0.75 0.25. A 075 0.,
tu-(hd4t) Y [kt V7 {6 V2 [ 11:(390-19)) [ 300=19 [ 10 V¥
Fohg ptwiharte) ) i g s W : e =828
4-b-tf tw b \ 4-300-19 1 \ 300
Fim=12.3
F < Fiim
828 <123 oK
The cross-section is qualified for verification of LTB by the simplified method.
Cy=25
075 0.25 0.5
A 5.1 tw - ha‘tf’ ha - tf tr fyb
=51+ Ll [ (Pl i) | (., S8
Kl 4-b-t t b Ep-Cs
0.75 025 T
os.[q, 0011 (039-0.019)) (039-0019)" (0019 [_35510 5
B 4.0.3-0.019 0.011 0.3 21010%-25 |
ha/b <=2 -> Buckling curve 'a'
ar=0.21

=05 ( 14 oy =02 )4 M’ )= 05- (1 +021-(0.34-02)+ 0.342)= 0573

1 1
Xur= = T =0.968
2 2 2 2
D7+ \/ Ot = Autrel 0.573 +\/ 0.573 -0.34
Xur = min (Xu7;1) = min (0.968:1) = 0.968
Mprd = Xi7-Mgg = 0.968 1.04-10° = 1003.047 kNm
abs(M bs{-931.833 kN
UC_comp_LTB = ( Ed'mmp) =2 s( m) =093

Mo rd ~1003.047 kNm

The later torsional buckling resistance of the section is adequate.

5.4 Longitudinal shear
5.4.1 Transverse reinforcement

Design shear flow

hf=h.=109 mm

N : Prd 1-120 kN
= = =3, P
Ved I+ hy 305 mm - 109 mm 3.61MPa

Tranisverse reinforcement

AstFykr 1 Ved-hr
b

{vs'sr)  cotyy8)
Ar = Asf/s
Ved - hy 10°.
o whe _ 36110°.0109 - 452 mm/m
( cotg(6)- fyes ) cotg(26.5)-500-10
Vs 115
1 {d’ 1 {0016
't o 2
== — |34 =——. .3.14=134
Auprov=| 4 | 3:14=775 4 |314=1340mm’/m
Atprov 2 At
1340 mm®/m = 452 mm’/m oK

The transverse reinforcement of the section is adequate.

ULS check of Final stage is OK.
UC_comp = max(0.51,0.90;0.93)= 0.93

-iskoristivost elementa na GSN — 93%

Slika 7.4. Prikaz iskoristivosti grednih nosaca — poz 200
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7.2.3. Rezne sile — gredni nosaca 2

-1265,93
-1214,47

> -1005,28

My
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1272,62 é
% 561,15

S 677,53 <
1 374,31

961,31 é
1 420,07

-386,66 E
432,13 E
446,25 E

Slika 7.5.. Prikaz reznih sila grednog nosaca 2 - poz 200

-poprecni presjek nosaca

Name Gredni nosat 2 - poz 200
Type HEB450
Source description Profil Arbed / Structural shapes / Edition Octobre 1995
Item material S 358
Fabrication rolled
Flexural buckling y-y a
Flexural buckling z-z b
Lateral torsional buckling Default
Use 2D FEM analysis #
F4

A [m] 2,1800e-02

Ay, z [m] 1,5015e-02 65456e-03
ly, z [m!] 7,9890e-04 1.1720e-04
1 w [m8], t [m{] 5,2584e-06 4,4050e-06
Wel y, z [m*] 3,5510e-03 7,8140e-04
Wwpl y, z [m?] 3,9820e-03 1,1980e-03
dy z [mm] 0 0
¢ YUCS, ZUCS [mm] 150 225
a [deg] 0,00

A L, D [m%m] 20300e+00 2,0254e+00
Mply +, - [Nm] 141e+06 141e+06
Mpiz +, - [Nm] 425e+05 425e+05
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7.2.4. Dimenzioniranje — gredni nosaca 2

SCIAENGINEER

Composite Beam - Final stage

Linear calculation
Class: All ULS
Extreme 1D: Global
Selection: B921

Composite beam verification
for beam B921 at section 0 m, in accordance with EC EN 1994-1-1

1. Geometry data

'PI ’ﬂ" ":‘ L] g e S R »‘

109
160

:
g

Continuous beam

Length of the current span L=108m
Length of previous span Lorevious = 10.8 m
Beam spacing at the left Lieft = 8.1 m
Beam spacing at the right Light =8.1m
Checked section dy=0m

Warning: For a continuous beam, intermediate buckling supports y-y are ignored in both the calculation of

the effective width for the analysis model and the check.
2. Cross-section & materials

2.1 Steel section properties

2.1.1 Cross-section

Cross-section HEB450

Height ha = 450 mm

Width b =300 mm

Web thickness tw = 14 mm

Flange thickness tf = 26 mm

Radius r=27mm

Area A, = 21800 mm®
Moment of inertia ly= 799-10° mm’
Radius of gyration iz=73mm

Plastic section modulus Wiy = 3.982:10° mm’

2.1.2 Material

Steel grade S 355

Yield strength fyo = 355 MPa
Ultimate strength fub = 490 MPa

E modulus Ep = 210000 MPa

2.1.3 Cross-section classification

235
e=1 5. =0814 (EN 1993-1-1 85.6 Tab. 5.2)

355

2.1.3.1 Flange in compression
_b-ty-2-r  300mm-14mm-2-27 mm
2 - 2

=116 mm

n
[l

446 <732 oK

Flange classified as Class 1.
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2.1.3.2 Wek i bending

Gw=hy=2-ty=2:r=450 mm -

aq=05
36-¢
< 2E

A

ty
344 mm
14mm =

24.6 < 58.6

Web classified as Class 1.

36-0.814
0.5

226 tnm - 2-27 mm = 344.mm

oK

Cross-section classified as Class 1

Cross-section Class OK.

2.2 Concrete slab with profiled sheeting

2.2.1 Concrete slab

2.2.1.1 Slab
Total height of the slab

2.2.1.2 Material
Concrete class
Characteristic strength
E modulus

2.2.2 Profiled steel sheeting
Sheeting with ribs parallel to
b,

0

hs = 160 mm

C30/37
foc = 30 MPa
Ecm = 32800 MPa

the supporting beams

=
&
o~
e
Name Vulcraft 2 VLI 20
Depth of the ribs hy=50.8 mm
Height of full concrete he = 109.2 mm
Height of the re-entrant stiffener hgq = 0 mm
Spacing of the ribs bs = 304.8 mm
Top width of the rib by =127 mm
Bottom width of the rib bp = 127 mm
Mean width of the ribs boib = 152.4 mm
Thickness of the sheeting t, = 0.9093 mm
2.2.3 Shear connectors
2.2.3.1 Geometry
Name H110
Diameter ds = 25 mm
Nominal height hnom = 110 mm
As-welded height hse = 105 mm
Amount per trough or section ne=1
.2.3.2 Material
Steel grade S 355
Ultimate strength fus = 490 MPa
2.2.4 Reinforcement
2.2.4.1 Geometry
Longitudunal bar diamter di= 16 mm
Longitudunal bar spacing s =150 mm
Longitudunal bar cover ¢ =30 mm
Transverse bar diamter dy =16 mm
Transverse bar spacing 5= 150 mm
Transverse bar cover c; = 46.inm
2.2.4.2 Materia
iviaterial B 500A

Characterictic yield strength

f,kr = 500 MPa
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3. Design vaiues of loads
Load Narhe : GSN 2
Content of combination : 1.35*g-vlastitatezina+1.35*cg-dodatnoszalno+

1.807g-promjenjivooptereceije+1.35*g-vlastitateZina_dryconcrete

Bending moment Med comp = -1265.930 kNm
Shear force VEd,comp = 561.151 kN
4. Partial safety factors
Steel section Ymo =1
ymi =1
Shear connectors yv =125
Concrete Yc=15
Reinforcement Ys = 1.15

5. ULS check of the Final stage

5.1 Shear connection
5.1.1 Design resistance of shear connectors

5.1.1.1 Shear connector in a solid slab

hee
g 4
4254
a=1
.6 = min (490:500) MPa
d; 3.14-25 mm’
m 14.
08-fis{ T, | 08490 MPa- 222 mm
P = =154 kN
Rd,solid,1 W 1.25
2
029-0:de Y fge'Eam 0.29-1-25 mm -y 30 MPa-32800 MPa
PRdsolid.2 = W = 125 =144 kN

PR solid = min(PRd‘solid,T;PRd.solid.Z)= min{154 kN;144 kN)= 144 kN

5.1.1.2 Shear connector in profiled sheeting

Sheeting with ribs parallel to the supporting beams

06bose (l.i )_ 0:6+152 mm (105 mm

ho ho 508mm | 508mm

1]=1.92

k=1
Prd = ki-Prgsolid = 1 144 kN = 144 kN

5.1.2 Degree of shear connection

5.1.2.1 Determination of b of the concrete flange and length L .

b1 b2

¢ be 5

be1 | be2
L s |

The effective width at the internal support
L =025-(Ls+1,)=025-(108 m+108m)=54m
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Left side of the beam
b = Loepieit | bo _81m [Omm

- =40
ANENE 2 f
Lo, | om ’
beto = mln( *8—‘b1)= min (TA‘:)S m|=0m
. Le1 0Om
be11 =min|——b1)=min[——4.05m|=0m
8 8
L
beia = min(%,’m = min( 5;'" 4,05 m) 0.675m
Right side of the beam
e ]-gevgnght bﬁo 81m_0m < AHEm
2 2
bezo = min [ﬁ b,|= min (08—4 05m|=
be21 = mm( ib2)= mln(oam 4.05m|=
begg—mln(—e‘z‘ b, |= mm(SZm 405 m|=0.675m

Calculation of b,
bef2 = bg + b1z + bego =0 mm +0.675m +0.675m=135m

Calculation of b
beff = beff2=1.35m
Determination of L.
le=L2=54m
5.1.2.2 Minimum degree of shear connection
Warning: Conditions given by EN 1994-1-1 Art. 6.6.1.2 (3) are not fulfilled.

355 (075-003-L)
fo i

Nmincale =1 =

355
Arincsk = 1= 3= (075 -0.03-5.4 m)= 041

i = M (i :04)= max (0.41:0.4)= 041

5.1.2.3 Degree of shear connection present

5.1.2.3.1 Tension resistance of the reinforcement

2
_ﬂ_(i)' _135m (1smm2

5=

]»3.14: 1810 mm’

s\ 4 T150mm |\ 4
Ao o
f Aot 181107 50010°
Ys 115

5.1.2.3.2 Tension resistance of the steel member
Npia = fyb- Aa = 355 MPa - 21800 mm” = 7739.00 kN

Nes = min(FsNois)= min(787 kN:7739.00 kN) = 786.76 kN

5.1.2.3.3 Resistance of the shear connectors

Number of shear studs available per length L /2
0.5-Le
R
ngp=10-1=10

Ne = ngpPra = 10143835 = 1438.35 kN

'L1 143835 kN )
Nes' 786.76 kN

Ngp = n

n=min

N 2 Nimin
12041 OK

The shear connection degree is adequate.
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5.2 Cross-sectiional resistance of the composite beam

5.2.1 Shear buckling
hw=hs = 2-t=450 mm - 2-26 mm =398 mm
sy =12
hy  72-€
S ek
tw Nsb
398mm _ 72-0.814
14mm -~ 12
284 <488 oK

The shear buckling resistance of the web does not need to be verified.

5.2.2 Vertical shear

The resistance to vertical shear should be taken as the resistance of the structural steel section.

A=A, -2-beti+(tu+ 27 )
=0.0218-2-0.3-0.026 + (0.014 + 2-0.027)-0.026 = 7968 mm”
Avmin=Nsb- hy -ty = 1.2-0.398-0.014 = 6686 mm°
A 2 Aumin
7968 mm’ > 6686 mm”
Ao 7968 mm’-35510°

= = 1633k
Vpl,Rd -‘/?'VMO .J?.T 1633 kN

abs(Vegcoms) _abs(561.151 kN)
UC_comp_V = Vigi = 1633 kN =034

The shear resistance of the section is adequate.
5.2.3 Bending moment
5.2.3.1 Longitudinal reinforcement

5.2.3.1.1 Centre of composite section
For buildings not intended mainly for storage the effects of creep in concrete
beams may be taken into account by using an effective E modulus E . = Ecry /2.
32
e = SRy s
2 2
_Eb | 210000 MPz__
Eoff 16400 MPa,

he | [ 1 he-h
Aa-(Ta)+(n—E)'beu~(hc-hd)-(ha+hs— . d)
1
Aa+(¥)‘beil‘(hc_hd)

045 [ 1 0.109-0
0.021&( > )+(12.8)~1‘35~(0.109-0)~(0.45+0.16— = )

m

ne=

Yd=

0.0218 + -1.35-(0.109- 0)

128

5.2.3.1.2 Degree of reinforcement

2 2
beit [ di 1.35m | 16 mm 2
A= i ( 2 )-n— r— ( 7 )~3‘14-1810mm

Ac=bet-( he-hg )= 1.35-(0.109 - 0)= 147420 mm”

he - h ,109 -
zo:(ha+h5— e~ Td )—yd=(0.45+0.16—M)-0,339=216mm
3 2 1
ke =min +0.3;1|=min +03;1|=1
1+h('hd 14-0.109-0
2:279 2:0.216

6
ps=5'(§%)'(fd7m)' \l ke = 11[%)(%)\/?= 0.964 %

fyir 50010
A 2 ps-Ac
1810 mm® 2 9.64-10° - 147420 mm’
1810 mm” > 1421 mm’ oK

The longitudina) reinforcement of the section is adequate.
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5.2.3.2 Momeni resistance
Moment resistance of a steei cross-section
Woyfyo  3.8810° mm’- 355 MPa
ymo| 1

MoiRd:a = = 1414 kNm

Infiuence of shear

% 5 abs(VEd,ccmP)

J63BKN | cer

817 kN > 561 kN OK

The influence of the vertical shear on the bending moment resistance may be neglected.

fybw = fyo = 355 MPa

Modified tension resistance of the steel member

r=0mm

Ay=2-ti-b +t,-(hy - 2-t)=2-26 mm 300 mm + 14 mm - (450 mm - 2-26 mm)= 21172 mm’
Noia = Aq-fo = 21172 mm”-355 MPa = 7516.06 kN

Note: Roundings of the steel cross-section are neglected in bending resistance calculation.

Nes = min (F<Np,) = min (787 kN;7516.06 kN)= 786.76 kN

N 0 handi o
9 ]

e calculation

The plastic neutral axis is located within the web of the steel section.
Natf=b-tff,,=0.3-0.026 - 355-10° = 2769.00 kN
Npl.a = Natf - Natw = Fs + Natf + Natw

(Npto=2-Nayy=F.) (751606 kN - 2:2769.00 kN - 787 kN) _ -
(2tufow) {214 mm 355 MPa) =l

Verification of the steel web classification.

Sw 39%-¢
ty 1301
344 mm 396:0.314

14mm ~ 13-0.652-1
246<43.1 oK
Web classified as Class 1.
Natw = twX-fyb = 14 mm - 120 mm -355 MPa = 595.65 kN
Nac = Npja = Nats = Natw = 7516.06 kN - 2769.00 kN - 595.65 kN =4151.41 kN
Leverage arm of the compression part of the steel section calculated to the PNA.
(tw-(hd -2:t-x) 05+ tb-(h,- 1.5<t1-x))

tw~(ha— Z‘tf—X)'l'tf'b

hes=

) [14-(450—2-26— 120] 0.5 +26-300- (450 - 1.5-26 - 120))

=241 mm
14-(450-2-26-120)+ 26-300
d 0016
h|=x+t;+h5—<:|+?|=0.12+04026+0.16—0,03+ 2 =268 mm
beff = 1.35m
fyd,r
Fs = 786,76 kN
b

—» Natf=2769,00 kN
—» Natw = 59565 kN

<4—— Nac=415141kN

fyb

tf Natw - X
MDI.Rd=Fs'hI+Na(,('(?+X)+ a'zw +Nac+hes

. )+M+4151A1'241=1613kNm

=787-268 +2769.00 (T +120

\
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Design momeit resistance according to EN 1994-1-1 Art.6.2.1.2
Mgd = Mgird = 1613 kNm
abs{Mzgcemp) _ abs(-1265.930 kNm)

Al = = o
UC_cornp_M Mrd 1613 kAm 8

The bending moment resistance of the section is adequate.

5.3 LTB resistance

0.75 0.25 \0.75 0.25
tu-(ha-t : (450 - :
F=(1+ w(ha r))(h tf) (L‘) _(1+14 (450 26))‘(450 zs) . zs) P

4-b-ty tw b 4-300-26 14 300
Fim=12.3
F < Fiim
834 <123 OK
The cross-section is qualified for verification of LTB by the simplified method.
Cy=25

\0.75 \0.25 0.5
A 1+tw'(ha—tf) ha =t t "
Evist= 4.b-t t b Ey-Cs

0.75 0.25 05
s.[4,0014-(045-0026)) (045-0026|" (0026} [ 35510° | _ ..
- 4.0.3-0.026 0.014 0.3 21010%-25 |
ha/b <=2 -> Buckling curve 'a'
or=0.21

=05 ( 1+ 0ur(Mr =02 4 Ars” )= 05- ( 1+021-(0343-02)+ 0‘3432)= 0574

;
Xir= = ! ;=0.967
2 2 2 2
Oy + \/ Ot = Autrel 0.574 +w/ 0.574" -0.343
X7 = min (X.r:1) = min(0.967;1)= 0.967
Mo rd = Xi7-Mga = 0.967 - 1.61-10° = 1559.965 kNm
abs(M bs{-1265.930 kN
UC_comp_LTB = (Mescom) =2 s( m) =0.81

Mo rd 1559.965 kNm
The later torsional buckling resistance of the section is adequate.
5.4 Longitudinal shear

5.4.1 Transverse reinforcement

Design shear flow
hf=hc=109 mm
N Prd 1-144 kN
VEd = 1 hy = 2-251 mm 109 mm - 202 MPa
Transverse reinforcement
Ast-fyir _Ved-hi
Vs‘S() ~ cotg{8
At = Ast/ss
Ved-h 10°%.
A= Ed " Nf e 2.62:10 -0.109 - -328 mmz/m
(COtg(e)‘fyk.r ) cotg(26.5)-500-10
Ys 1:15
1 {a 1 | omé
k A 2
Atprov = ] -3.14= 015 2 +3.14=1340 mm“/m
Atprov 2 At
1340 mm®/m = 328 mm°/m oK

The transverse reinforcement of the section is adequate.

ULS check of Final stage is OK.
UC_comp = max(0.34:0.78:0.81) = 0.81

-iskoristivost elementa na GSN — 81%

Slika 7.7. Prikaz iskoristivosti grednih nosaca — poz 200
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8. PRORACUN SPREGNUTE MEPUKATNE KONSTRUKCIJE-POZ 100

8.1. Pomaci spregnute medukatne konstrukcije — poz 100

Slika 8.1. Prikaz vertikalnog pomaka grednog nosaca — poz 100

Dopusteni vertikalni pomak (progib):

1 81-1000
udop - -
300 300

=27,0mm

u, =11,3mm<u, ., =27,0mm  Zadovoljava

z,dop

-iskoristivost na GSU - 11,3mm/27,0mm =0,42 = 42%
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8.2. Dimenziniranje spregnute medukatne konstrukcije — poz 100

8.2.1. Rezne sile — gredni nosaca 1

Diplomski rad
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Slika 8.2.. Prikaz reznih sila grednog nosaca 1 - poz 100

-poprecni presjek nosaca

Name Gredni nosat - poz 100
Type HEA340
Source description Profil Arbed / Structural shapes / Edition Octobre 1995
Item material S 355
Fabrication rolled
Flexural buckling y-y b
Flexural buckling z-z c
Lateral torsional buckling Default
Use 2D FEM analysis *®
z
[ ——
| ——

A [mY 1,3400e-02

Ay, z [mY 9,5495e-03 33201e-03
1y, z [m] 2 7700e-04 74400e-05
I w [mf], t [m4] 1,8244e-06 1,2700e-06
Wel y, z [m*] 1,6800e-03 4,9600e-04
Wply, z [m¥] 1,8500e-03 7,5417e-04
dy, z [mm] 0 0
¢ YUCS, ZUCS [mm] 150 165
a [deg] 0,00

A L, D [m%m] 1,8000e+00 1,7944e+00
Mply +, - [Nm] 6,57e+05 657e+05
Mplz +, - [Nm] 268e+05 2/8e+05

Slika 8.3.. Prikaz geometrijskih karakteristika nosaca - poz 100
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8.2.2. Dimenzioniranje — gredni nosaca 1
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Composiie Beam - Final stage

Linear calculation
Class: All ULS
Extreme 1D: Global
Selection: B3517

Composite beam verification
for beam B3517 at section 8.1 m, in accordance with EC EN 1994-1-1

1. Geometry data

e ———

o
i
i

109
160

N

P

N
51

L 152 | 152
f ;

Continuous beam
Length of the current span L=81m
Length of previous span Lprevious = 4.05m
Length of next span Lhet =81 m
Beam spacing at the left Lieft = 5.4 m
Beam spacing at the right Light = 5.4 m
Checked section dy=81m

2. Cross-section & materials

2.1 Steel section properties
2.1.1 Cross-section
Cross-section HEA340
Height 2 =330 mm
Width b =300 mm
Web thickness ty = 9.5 mm
Flange thickness ty = 16.5 mm
Radits r=27mm
Arza A, = 13400 mm2
Moinent of inertia ly = 277:10° mm"*
Radius of gyration iz=75mm
Plastic section modulus Woly = 1.85:10° mm’
2.1.2 Material

Steel grade S 355
Yield strength fyo = 355 MPa
Ultimate strength fub = 490 MPa
E modulus Ep = 210000 MPa

2.1.3 Cross-section classification

235
€=\ 355 =0.814 (EN 1993-1-1 §5.6 Tab. 5.2)

2.1.3.1 Flange in compression
_b-ty-2-r 300mm-9.5mm-2-27 mm
- 2 - 2

[ =118 mm

ﬂ59-5
t

118 mm
16.5 mm
77 2732 OK

Flange classified as Class 1.

£9:0814
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2.1.3.2 Web i bending

Gu=hy=2-t=2:r=330 mm - 2:16.5 mm - 22/ mm = 243 mm

aq=05

Cwr 36-€
Lwr', FOE

tw Q|
243mm__ 36-0.814
95mm - 05

25.6 < 58.6
Web classified as Class 1.

Cross-section classified as Class 1

Cross-section Class OK.

oK

2.2 Concrete slab with profiled sheeting

2.2.1 Concrete slab

2.2.1.1 Slab
Total height of the slab

2.2.1.2 Material
Concrete class
Characteristic strength
E modulus

2.2.2 Profiled steel sheeting

hs = 160 mm

30737
fo = 30 MPa
Ecm = 32800 MPa

Sheeting with ribs transverse to the supporting beams

DU

—

hy
h&:

Depth of the ribs

Height of full concrete

Height of the re-entrant stiffener
Spacing of the ribs

Top width of the rib

Bottom width of the rib

Mean width of the ribs
Thickness of the sheeting

2.2.3 Shear connectors

2.2.3.1 Geometry
Name

Diameter

Nominal height

As-welded height

Amount per trough or section

.2.3.2 Material
Steel grade
Ultimate strength

2.2.4 Reinforcement

2.2.4.1 Geometry
Longitudunal bar diamter
Longitudunal bar spacing
Longitudunal bar cover
Transverse bar diamter
Transverse bar spacing
Transverse bar cover

2.2:4.2 Materia
iaterial
Characterictic yield strength

Vulcraft 2 VLI 20
hp = 50.8 mm

he =109.2 mm
hd =0mm

bs = 304.8 mm
by = 127 mm

by =127 mm
bl),rib =1524 mm
tp = 0.9093 mm

H110

ds = 25 mm
hnom = 110 mm
hec = 105 mm
T |

§355
fus = 490 MPa

di=16 mm
s; =150 mm
¢ =30 mm
dy =16 mm
5t =150 mm
¢y = 46.inm

B 500
i = 500 MPa
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3. Design vaiues of loads
Load Name : GSN 13
Content of combination : 1.35"g-vlastitatezina+1.35*dg-dodatnostalno+
1.62”q-promjenjivooptereceije+1.35*g-vlastitateZina_drycoricrete +
1.35*Wx-Tkom.-Wz-neg

Bending moment Med,comp = -570.885 kNm
Shear force VEd,comp = -381.942 kN
4. Partial safety factors
Steel section Ymo =1
ymi =1
Shear connectors yv =125
Concrete Yc=15
Reinforcement ys = 1.15

5. ULS check of the Final stage

5.1 Shear connection
5.1.1 Design resistance of shear connectors

5.1.1.1 Shear connector in a solid slab

hS(
R
42> 4
a=1
f,s = min (490;450) MPa
f,s = 450 MPa
2 2
o.a-fus-( n':‘ ) 0.8-450 MPa- M)
PR solid.1 = W = 125 =141kN
029-0ds | fac-Eem ~ 0.29-1-25 mm” -~ 30 MPa 32800 MPa
PRd‘::olid.Z = W = 125 =144 kN

Prasoid = MIn{PrasoicsiPrasoiaz)= min(141 kN;144 kN) = 141 kN

5.1.1.2 Shear connector in profiled sh

9

Sheeting with ribs transverse to the supporting beams

07 (bo‘nb )(hsc )_ 07 (‘ISme 10smm ),
. [ e 4]0 . <4 |=a
’nr hp hg f 41 508 mm J | 508 mm

kmax = 0.85

ki = max(O;min (k,;ktmax))= max (O;min (2.24;&85)): 0.85

Prd = kt* Prasolid = 0.85- 141 kN = 120 kN

Warning: The conditions given by EN 1994-1-1 Art.6.6.4.2 (3) are not fulfilled.

5.1.2 Degree of shear connection

5.1.2.1 Determination of b of the concrete flange and length L .

b1 b2
¢ be; 5
be1 : be2
(T |

The effective width at the internal support
L =025-(L+13)=025-(81m+8.1m)=405m
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Left side of the beam

be1o =min 'Léﬁ';m}: min(%Z] m|=0m

bet1 =min (%,’m = min(%Z 7m|=0m

be12 =min (L%Z;M): min(4‘0§ m 2.7 m): 0.506 m

Right side of the beam

- LEevEZrighl _bz_o_ 54m 0mm S

~
N

=min

|
|

bezo = min

Leo
T:bz

=0m

Lo
be21 —mln( 8 b2

"l

L
ber2 = min (%Z;bz)= min

IS
o
3

m
8

2.7 m): 0.506 m

Calculation of b,
befi2 = bo + be + beza = 0 mm +0.506 m +0.506 m=1.01 m

Calculation of b
beff = beff2=1.01 m

Determination of L.
Le=Le=4.05m

5.1.2.2 Minimum degree of shear connection
Warning: Conditions given by EN 1994-1-1 Art. 6.6.1.2 (3) are not fulfilled.

355

Nmfyae =1 =~ —{ 075 - 0.03, L)
fo

Neincakc = 1= —igi (0.75-0.03-405 m}=037

Nmin = Max (nmm‘ca\c;o.d)= max (0.37:0.&): 04

5.1.2.3 Degree of shear connection present

5.1.2.3.1 Tension resistance of the reinforcement

2 2
best | di 1.01m | 16 mm 2
As= " M= omm | 4 +3.14=1357 mm
Acfu 1.3610°-500-10°
- s iykr _ 1.36-10 "-500:10 ~590 kN

Ys 115

5.1.2.3.2 Tension resistance of the steel member
Npia = fyo - Aa = 355 MPa - 13400 mm2 =4757.00 kN

Nes = min(FsNots) = min(590 kN:4757.00 kN) = 590.07 kN
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5.1.2.3.3 Resistance of the shear connectors
Number of full rits/availabie per length L .

poole  405m
b 305 mm
Nip =13

ls = bs - trough =305 mm -1 =305 mm
Number of shear studs available per length L o/2

po o 05Ny 05-13-1
7 trough 1

Nc =nsp-Prd = 6.5-120166 = 781.08 kN

6.5

N ) (78108l )
nEmnN T ™M Se0.07 kN

N 2 Niin

1204 oK

The shear connection degree is adequate.

5.2 Cross-sectional resistance of the composite beam

5.2.1 Shear buckling
hw=hs-2-t=330 mm -2-16.5 mm =297 mm
N =12
hy g 72:¢
tw Nsb
297 mm_  72:0.814
95mm ~ 12
3132488 oK
The shear buckling resistance of the web does not need to be verified.
5.2.2 Vertical shear

The resistance to vertical shear should be taken as the resistance of the structural steel section.
A= Ag=2-bti+(tu+ 21 )t
=0.0134-2-0.3-0.0165 + ('3.5"]0-) + 2~04027)~0.0165 =4548 mmn’
Auin = Neb- B+t = 12-0.297-9.510 " = 3386 mm”
A, 2 A min
4548 mm’ > 3386 mm’
Aty 4548 mm’-35510°

Volrd = =932 kN
plRd w/?~ymo \/?.1

P abs{Vegcon) _ abs(-381942kN) _ .

Voird 932 kN -

The shear resistance of the section is adequate.

5.2.3 Bending moment
5.2.3.1 Longitudinal reinforcement

5.2.3.1.1 Centre of composite section

For buildings not intended mainly for storage the effects of creep in concrete
beams may be taken into account by using an effective E modulus E ¢eff = Ecm /2.

= Eceff - 16400 MPa N
ha 1 he - hy
[t
1
A+ _)‘be(f'(h(—hd)
Ne
0.0134.( °~:3 )+ ( 1;8 ).1.01.(0.109 '0)'(0»33+0.16- 0.109-0 ]

0.0134 +

yd=

=271 mm

o5 101 -(0.109-0)
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5.2.3.1.2 Degree of reinforcement

2
Eﬂ.li\‘n_i.})‘l m_ | 16mm
s {4 ) 150mm 4

Ac=beit-{he = ha )= 1.01-(0.109 - 0)= 110565 mm’

s =

)3.14: 1357 mm’

he - hyg

zp=|hy+hs- -0.271 =164 mm

)—yd=(0.33+0,16—w)

ke =min 1—+0.3;1 =min 1—+O,3;1 =1
( hc'hd) (1+ 0.109-0 )

“(z‘ZOj 2:0.164
f f 10°
p5=5-(5%).(ﬂ)q}kc =1.1-[%)-(Lw6)<\[1_‘=0.964%

fer 50010
A 2 ps-Ac
1357 mm’ 2 9.64-10°- 110565 mm’
1357 mm” > 1066 mm” oK

The longitudinal reinforcement of the section is adequate.

5.2.3.2 Moment resistance
Moment resistance of a steel cross-section
Wiy fs_ 1.85-10° mm’-355 MPa
ymo 1

Influence of shear

XPZI'Ld > abs (VEd,comp)

B i

Mpirda = =657 kNm

466 kN > 382 kN OK

The influence of the vertical shear on the bending moment resistance may be neglected.
fybw = fyb =355 MPa

Modified tension resistance of the steel member

r=0mm

Ay=2-tib 41, (s = 2:t)= 2:16.5 fam)-300 mm + 9.5 mm - (330 mm - 2+ 16.5 mm = 12722 mm’

Nota = Aq-fy6 = 12722 mra’-355 MPa = 451613 ki

Note: Roundings of the steel cross-section are negiected in bending resistance calculation.

Nes = min (FsNpi2) = min (590 kN;4516.13 kN) = 590.07 kN

Negative bending t resistance calculation
The plastic neutral axis is located within the web of the steel section.
Natf=b-t;f,=0.3-0.0165 -355-10°=1757.25 kN

Npta - Natf - Natw = Fs + Natf + Natw

(Npta-2-Natr~Fs)  (4516.13 kN - 2:1757.25 kN - 590 kN)

= = =61 mm
(2t fyow) (2-9.5 mm-355 MPa)
Verification of the steel web classification.
Cu-X _243-61 _
ooy 243 e
Cw 3% ¢
W 5, 22DR6
tw 13-ag-1

243mm __396:0.814
95mm ~ 13:0.749-1
256 <369 oK
Web classified as Class 1.
Natw = tw-X-fybw = 9.5 mm 61 mm 355 MPa = 205.78 kN
Nac = Noja = Natf = Natw = 4516.13 kN - 1757.25 kN - 205.78 kN = 2553.10 kN

Leverage arm of the compression part of the steel section calculated to the PNA.

(s (Ba=2tpx 054 1 b-{rg =154 )]
tw'(ha'Z‘tl-X)+t1-b

5

2 (9.5-(330—2-16.5—61f-0.5+ 16,5300+ (330~ 1.5-165 - 61))
E 9.5.(330-2-165-£1)+ 16.5-200
0‘2161700 mm

=205 mm

d
hj=x+t+hs— ¢+ ?|=0.061 +0.0165 +C.16 - 0.03 +
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— Beff = 1.01m

! » R = 590/07 kN

~—» “Natf = 1757,254N
—» Natw = 205,78 kN

<4—— Na,c = 2553,10kN

fyb

NaLw'X

t
Mpl,Rd=Fs‘hl+NaL('(i+X)+ +Naches

2

165 )+ 2057861 55e3 10205 =769 kKNm

=590-200 +1757.25- (T +61

Design moment resistance according to EN 1994-1-1 Art.6.2.1.2
Mgg = Mpird =769 kNm
abs(Mdcomp) _ abs{-570.885 kNm)

uc M= = =074
S Mra 769 kNm

The bending moment resistance of the section is adequate.

5.3 LTB resistance

0.75 0.25 . .
F_(“m ha-tf!).(ha-tf) (‘Lf) _(1+9‘5'(330—1645)]‘(330—16.5)075'(16.5)025_767

4-b-t tw b 4-300-16.5 9.5 300
Fim=12.3
Fz FIim
767 <123 OK
The cross-section is qualified for verification of LTB by the simplified method.
Cy=25
0.75 0.25 \0.5
= twe ha-tf) ha-ts 1 fib
Atrei= 51 + il I e e
: 4bty te b Es Ca
. 0.75 0.25 05
il 9510 (0.33-0.0165) | [ 033-00165 ) [ 00165 355.10° /| Lo
17 4:0.3:00165 95107 ) 03 21010725 )
ha/b'<=2 -> Bucklingicurve ‘a'
ar= 0.21
2 2
0r=05 ( 1+ ar-( Mt =02 )+ Aure )= 05- ( 1+021-(0315-02)+03157)= 0562
K= ! - ! +=0.974

O+ \] O Nt 0562 +\/ 0562°-0.315°
Xur = min (X1 = min(0.974;1)= 0.974
My gd = Xi7-Mgg = 0.974 - 768809 = 748,722 kNm

abs(Megcoms) _ abs(-570.885 kNm) -
Moga  T748722kNm

UC_comp_LTB =
The later torsional buckling resistance of the section is adequate.

5.4 Longitudinal shear
5.4.1 Transverse reinforcement

Design shear flow

hf=h.=109 mm
nePrd 1:120 kN B
€=, hy = 2-305mm-109mm - 0! MPa
Transverse reinforcement

Ast- e _Ved-hy

Ysosi) cotg(B
A = Agi/st

6
Veq- h 1.81:10"-0.109 2
A= = =226 mm /m
( cotg(6) fye, ) ( cotg(26.5)-50010° ]
Ys 1.15

2 2
1.1 4 1 0016
Atp,ov=—»(—‘—)-3,14=— ( ]‘3414= 340 mm’/m
St 4 J
Atprov 2 At
1340 mm’/m > 226 mm“/m oK

The transverse reinforcement of the section is adequate.
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ULS check of Final stage is OK.
UC_comp = max\0.41:047470.76) =076

-iskoristivost elementa na GSN — 74%

Slika 8.4. Prikaz iskoristivosti grednih nosaca — poz 100
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9. PRORACUN SPREGNUTE MEDUKATNE KONSTRUKCIJE —

TRIBINA VELIKE DVORANE
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9.1. Pomaci spregnute medukatne konstrukcije — tribina velike dvorane

9Tt~

Slika 9.1. Prikaz vertikalnog pomaka glavnog resetkastog nosaca— tribina velike dvorane

44.1000

| 31

300

Dopusteni vertikalni pomak (progib):

,8mm

104

300

udop

Zadovoljava

41,6mm<u, 4, =104,8mm

u, =

=40%

.6mm/31,44mm=0,40

41

-iskoristivost na GSU -
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9.2. Dimenziniranje spregnute medukatne konstrukcije — tribina velike dvorane

9.2.1. Rezne sile — gornja pojasnica glavnog resetkastog nosaca
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Slika 9.2. Prikaz reznih sila - gornja pojasnica glavnog resetkastog nosaca

-poprecni presjek nosaca

Name Gornja pojasnica glavnog resetkastog nosaca - tnibina vellke dvorane
Type HEB260
Source description Profil Arbed / Structural shapes / Edition Octobre 1995
Item material S 355
Fabrication rolled
Flexural buckling y-y b
Flexural buckling z-z [
Lateral torsional buckling Default
Use 2D FEM analysis *
z
I:f:l
| — —

A [mY 1,1840e-02

Ay, z [m] 8,7661e-03 2,7927e-03
ly, z [m*] 1,4920e-04 5,1350e-05
I w [mE], t [m#*] 7,5365e-07 1,2380e-06
Wel y, z [m?] 1,1480e-03 3,9500e-04
Wpl y, z [m] 1,2830e-03 6,0220e-04
dy, z[mm] 0 0
€ YUCS, ZUCS [mm] 130 130
a [deg] 0,00

AL, D [m%m] 1,5000e+00 1,4986e+00
Mply +, - [Nm] 456e+05 4 56e+05
Mplz +, - [Nm] 214e+05 2,14e+05

Slika 9.3. Prikaz geometrijskih karakteristika nosaca
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9.2.2. Dimenzioniranje — gornja pojasnica glavnog resetkastog nosaca

Composiie Beam - Final stage

Linear calculation
Class: All ULS
Extreme 1D: Global
Selection:” B4121

Composite beam verification

for beam B4121 at section 4.72 m, in accordance with EC EN 1994-1-1

1. Geometry data

A\l

Continuous beam

Length of the current span
Length of previous span
Beam spacing at the left
Beam spacing at the right
Checked section

1 152 J‘ 152
L=4716m
Lprevious = 4.716 m
Liet = 0m
L,igm =0m
dy=4716m

109

| 51

Warning: For a continuous beam, intermediate buckling supports y-y are ignored in both the calculation of

the effective width for the analysis model and the check.

2. Cross-section & materials

2.1 Steel section properties

2.1.1 Cross-section
Cross-section
Height
Width
Web thickness
Flange thickness
Radius
Area
Moment of inertia
Radius of gyration
Plastic section modulus

2.1.2 Material
Steel grade
Yield strength
Ultimate strength
E modulus

2.1.3 Cross-section classification

235
€= 355 =0814

2.1.3.1 Flange in compression

HEB260
ha = 260 mm

b =260 mm

ty =10 mm

k= 17.5mm
r=24mm

A, = 11840 mm’

I, = 149-10° mm’*

i, = 66 mm

Woiy = 1.283:10° mm’

5355
f, = 355 MPa
fuo = 490 MPa
E» = 210000 MPa

(EN 1993-1-1 §5.6 Tab. 5.2)

N b-t,-2r _ 260 mm - 10 mm -2-24 mm

o 2 2

Cf
? <9-¢
101 mm
17.5 mm
577 <732

Flange classified as Class 1.

£9:0.814

oK

=101 mm
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2.1.3.2 Wekb in bending

Gy=h=2:t=2:r=260 mm - 2<1/.5 mm - 2-24 mm = 177" mm

a<y=0.:.'\

Cw’ 36

o il

tw Qe

177 mm 2 36-0.814
10mm =~ 05
17.7 < 586

Web classified as Class 1.

Cross-section classified as Class 1

Cross-section Class OK.

oK

2.2 Concrete slab with profiled sheeting

2.2.1 Concrete slab

2.2.1.1 Slab
Total height of the slab

2.2.1.2 Material
Concrete class
Characteristic strength
E modulus

2.2.2 Profiled steel sheeting

hs = 160 mm

30/37
foc = 30 MPa
Ecm = 32800 MPa

Sheeting with ribs transverse to the supporting beams

DO

—

Nse

hy

Depth of the ribs

Height of full concrete

Height of the re-entrant stiffener
Spacing of the ribs

Top width of the rib

Bottom width of the rib

Mean width of the ribs
Thickness of the sheeting

2.2.3 Shear connectors

2.2.3.1 Geometry
Name

Diameter

Nominal height

As-welded height

Amount per trough or section

2.2.3.2 Material
Steel grade
Ultimate strength

2.2.4 Reinforcement

2.2.4.1 Geometry
Longitudunal bar diamter

Longitudunal bar spacing
Longitudunal bar cover
Transverse bar diamter
Transverse bar spacing
Transverse bar cover

2.2.4.2 Materia
Material
Characterictic yield strength

Vulcraft 2 VLI 20
hp =50.8 mm
he =109.2 mm
hg =0 mm

s = 304.8 mm
by =127 mm
bp = 127 mm
boib = 152.4 mm
tp = 0.9093 mm

H110

ds = 25 mm
hrom = 110 mm
hse = 105 mm
n=1

$355
fus = 490 MPa

di= 16 mm
s; =150 mm
¢ =30 mm
dy =16 mm
5¢= 150 mm
¢; = 46.inm

B 5004
fyer = 500 MPa
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3. Design vaiues of loads
Load Name : GSN 22
Content of combination : 1.35*g-viastitateZina+1.35*dg-dodatnostalno+
1.627q-promjenjivooptereceije+1.35%g-vlastitateZina_drycoricrete +
1.35*Wx-Tkom.-Wz-poz+1.35*s-opterecenjesnijegom

Bending moment Med comp = -317.989 kNm
Shear force VEd,comp = -255.631 kN
4. Partial safety factors
Steel section Ymo = 1
ymr =1
Shear connectors yv =125
Concrete Yc=15
Reinforcement Ys = 1.15

5. ULS check of the Final stage

5.1 Shear connection
5.1.1 Design resistance of shear connectors

5.1.1.1 Shear connector in a solid slab

e

M
4254
a=1
f,s = min(490:450) MPa
s =450 MPa
2 2

oAs-fus-( "'4d5 ) 0.8-450 MPa- M)
Prd.solid 1 = W = 125 =141 kN

029-0dy  fac-Eem ~ 0.29-1-25 mm” -~ 30 MPa 32800 MPa
PRd‘s:olid.Z =1 W = 125 =144 kN

Prasolid = min(PRd‘;olld,ﬁpid,folid,z)= min(141 kN;144 kN) =141 kN

5.1.1.2 Shear connector in profiled sheeting

Sheeting with ribs transverse to the supporting beams

kl=£.(b°‘—”").(k-1 )=£( 152 mm )
_\/Tr‘ hy [ hp _\/T‘ 50.8 mm
Kemax = 0.85

ke = max(O;min (k,;ktmax))= max (O;min (2.24;0.85)): 0.85

Prd = ki* Prasolid = 0.85- 141 kN = 120 kN

Warning: The conditions given by EN 1994-1-1 Art.6.6.4.2 (3) are not fulfilled.

105 mm
50.8 mm

-1):2.24

5.1.2 Degree of shear connection

5.1.2.1 Determination of b . of the concrete flange and length L .
b1 b2

The effective width at the end support
Lo=0.85-1,=0.85-472m=4.01m
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Left side of the beam
No adjacent member or slab 2dge was found on the side.

be10=%=—4.01 M= 0501 m
Ll Om

be11 = 8 = 8 =0m
Lo _O0m _

beu = 8 = ) =0m

Right side of the beam

No adjacent member or slab edge was found on the side.
Lo 401m _

beyo = 8 -78 =0.501m
L _Om _

b521 ) = ) =0m
o _Om _

bezg = 8 = 8 =0m

Calculation of b
beff0 = Do + beto* B1 + beo B2=0 mm +0.501 m-0.75 + 0.501 m-0.75=0.752 m

Calculation of b

beff = beffo = 0.752 m

Determination of L.

le=Leo=4.01m

5.1.2.2 Minimum degree of shear connection

Warning: Conditions given by EN 1994-1-1 Art. 6.6.1.2 (3) are not fulfilled.

355

Nmincale = 1= £ '(0.75 -0.03- Le)
yb

Nmingake =1 = % (0.75-003-4.01 m)=037

Ninin = Max (n,,,;,,‘c,,k;OA): max (0.37;0.4): 04

5.1.2.3 Degree of shear connection present

5.1.2.3.1 Tension resistance of the reinforcement

2
i _bet | di ) _0752m
=75 L 4 /T 150mm
_ Aty 10110°.500-10°

. i =438 kN

2
16 mm
4

]3.14: 1007 mm”

F

5.1.2.3.2 Tension resistance of the steel member
Npia = fyo- Az =355 MPa - 11840 mm? = 4203.20 kN

Nes = min(F4Noto) = min(438 kN:4203.20 kN)=438.03 kN

5.1.2.3.3 Resistance of the shear connectors
Number of full ribs available per length L «

hoole 401m
" b 305 mm
nip =13

ls = bs - trough =305 mm -1 =305 mm
Number of shear studs available per length L o/2
0.5-np-n,  0.5-13-1

Nc = ngp+Prd = 6.5-120166 = 781.08 kN

N, 1.
n=min — ,1): min[—78 S8 e 1):1
f

Ne 43803 kN’

N 2 Nmin
1204 oK

The shear connection degree is adequate,
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5.2 Cross-sectional resistance of the composite beam

5.2.1 Shear buckling
hy=h;-2-t=260 mm -2:17.5 mm =225 mm
isp=1.2
LTI ]
tw Nsb
225mm _72:0814
10mm -~ 12
22.5<488 oK

The shear buckling resistance of the web does not need to be verified.

5.2.2 Vertical shear

The resistance to vertical shear should be taken as the resistance of the structural steel section.

Av=Ay-2:-bote+ (427
=0.0118 -2:026-0.0175 + (0.01 +2-0.024)-0.0175 = 3755 mm”
Avmin=Nsb- h -ty = 1.2+0.225-0.01 = 2700 mm”
Ay 2 Ay min
3755 mm’ 2 2700 mm’
Actp 3755 mm’ 35510°

Volrd =
"/?'YMD 341

abs(Vegeomp)  abs(-255.631 kN)
UC_comp_V = Ve = 770 kN =033

The shear resistance of the section is adequate.

=770 kN

5.2.3 Bending moment
5.2.3.1 Longitudinal reinforcement

5.2.3.1.1 Centre of composite section

For buildings not intended mainly for storage the effects of creep in concrete
beams may be taken into account by using an effective E modulus E . = Ecry /2.

22
oo - 22RO MPe P
2 2
E 2 &
i b 210000MPe . o

e 16400 MPa
ha | [ 1 he~hg
Aa-(7)+(¥)Abew(hc—hd)‘(ha+hs-TJ
1
A+ ;)‘beﬁ'(hc“hd)

0.26 1 0.109 -0
0.0118-( : )+(12.8)-04752-(o.1o9-0)-(o.ze+o.1s- 5 )

Yd=

1
12.8

00118 + .0.752-(0.109- 0)

5.2.3.1.2 Degree of reinforcement

8 2
_beit | di | 0752m | 16mm
T s {4 ) T 150mm 4

Ac=beir-{ he - ha )= 0.752-(0.109 - 0)= 82076 mm®

As

)-314: 1007 mm’

he - hyg
2

(”ozﬁ)-o.zwﬂsa mm

zo=(ha+hs— )—yd=(0.26+0,16—
’ 1 : 1
ke=minl 7/ +0.3;1|=min| 77— +0.3;1|=1
( h(-hd) (1+ 0.109-0)

b r 2:0.153
6
p5=5»(£3%)-(f“—’“)-\/ ke =11[%)(L1°6)\/7= 0.964 %

fyir 500-10
A 2 ps-Ac
1007 mm” > 9.64-10” 82076 mm”
1007 mm”® 2 791 mm’ oK

The longitudinal reinforcement of the section is adequate.

155

=213 mm

SCIAENGINEER



Viljan Didovi¢ Diplomski rad

SCIiAENGINEER

5.2.3.2 Momeni resistance
Moement resistance of a steei cross-section
Woly fyp 1.2810° mm’- 355 MPa
Ymo! 1

MopiRd: = =455 kNm

Infiuence of shear
Volrd
2

770 kN
2

385 kN > 256 kN oK

The influence of the vertical shear on the bending moment resistance may be neglected.
fyba=fyo = 355 MPa

Modified tension resistance of the steel member

r=0mm

Ay=2-tr-b+t,-(hy - 2-t)=2-17.5 mm-260 mm + 10 mm - ( 260 mm - 2-17.5 mm)= 11350 mm’
Nola = A, fyp = 11350 mm2-355 MPa =4029.25 kN

> abs (VEd,mmp)

> 256 kN

Note: Roundings of the steel cross-section are neglected in bending resistance calculation.
Nes= min (F3Npo) = min (438 kN;4029.25 kN)=438.03 kN

N tia handl o
9 Y

The plastic neutral axis is located within the web of the steel section.
Nat=b-tefp = 0.26-0.0175-355-10° = 1615.25 kN
Npla - Natf - Natw = Fs + Natf + Natw

(Npl,a =2-Natf - Fs) (4029.25 kN - 2:1615.25 kN - 438 kN)

SRl T {2-10mm-355 MPa) R

Verification of the steel web classification.
e - W
Cw 2 39%-¢

W 20— 1
AT7mm | 396-0814

10mm. ~ 13:0713-1
7739 OK
Web classified as Class 1.

=0.713

Natw = tw* X fybw= 10 mm -50.8 mm - 355 MPa = 180.36 kN
Nac =Npla = Nats = Naty = 4029.25 kN - 1615.25 kN - 180.36 kN = 2233.64 kN

Leverage arm of the compression part of the steel section calculated to the PNA.

(tw(ha—2~t1—x)2~0.5+trb'(ha-1.54t1—x))
tu(ha-2-t—-x)+ti-b

s =

(10-(260—2'17‘5-50.8)2»05\&17.5-260-(260— 1‘5-17‘5—50‘8))

= =156 mm
10-(260-2-17.5-50.8)+ 17.5- 260
d .016
hi=x+t+ hi- 4= 0,008 + 00175+ 0.16 - 003 + — =190 mm
/ beff = 0.752 m
fyd,r
Fs = 438,03 kN
b
—» Natf= 1618,25 kN
—» Natw = 180,36 kN
<4—— Nac =2233,64kN
fyb
tf Natw X
Moipd = Fs-hi+ Nax,!‘(?+x)+aTw+ Nac-hes
175 180.36-50.8

=438-190 + 1615.25-( P +50.8)+f+2233.64»156=533 kNm

Desigin moment resistance according to EN 1994-1-1 Art.6.2.1.2

MRd = Mp:,gd =533-kNm

abs(Mzgcom) _ abs(-317.989 kNm)
Mg . 533 kNm =48

The bending moment resistance of the section is adequate.

UC_comp_M =
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.3 LTB resistance

{ 3 \0.75 0.25 \C \0:25
tu-(hatte) Y [habte V" {4V 1. 10/ (260 -17.5)) [260-175 ¥ (17572
P+t =71 l/ A2+ = 3631
4-b-f tw b \ \

4-260-17.5 10 260
Fim=12.3
F < Fiim
6.31 <123 OK
The cross-section is qualified for verification of LTB by the simplified method.
C=25
e 5.(1 . tw'[ . t'l)'(u)&”.(i)&zsl(ifﬁi )05
4-b-tf tw b Eb-Cq
0.75 025 6 \-
5 ( 0.01 -(0426—0.0175))4 ( 0.26-0.0175 ] _ ( 00175 ) , ( 35510 ) I
4-0.26-0.0175 0.01 0.26 210.109 35
ha/b <=2 -> Buckling curve ‘a'
ar=021

& 2
=05 ( 1+ r-( Al - 0.2 )+ e )= 05- ( 1+0.21-(0.259-0.2)+0.259 ): 0.54

Xir= L 7= ! T =0.987

o +J Sur ~Minl. (054 +\/ 054" -0.259°
Xir=min (X.7;1)= min(0.987;1)= 0.987
Mpra = X1+ Mpg = 0.987 - 533500 = 526.472 kNm
abs(Megcomp)  abs(-317.989 kNm )

uc LTB = = =0.60
EReMES Mbrd 526,472 kNm

The later torsional buckling resistance of the section is adequate.

5.4 Longitudinal shear
5.4.1 Transverse reinforcement
Design shear flow
hf=h.=109 mm
fr: Prd 1-120 kN

J e =361 MP
s ) e gy LU

Transverse reinforcement

At for . Ved-hy
P

4 = )Y
{vs'si) = cotg(e)
A = Agi/ss
6

Ved- hy 3.61-10 -0.109 2

A= - (0)~f = = =452 mm~/m
coyg ykr cotg 26.5}- 500-10
Ys 1.15
1{d° 1 {0016
t a 2

A(pwv—s‘- 2 -3.14—0.15- 2 -3.14=1340 mm“/m
Atprov 2 At
1340 mm®/m > 452 mm’/m oK

The transverse reinforcement of the section is adequate.

ULS check of Final stage is OK.
UC_comp = max(0.33,0.60,0.60)= 0.60

-iskoristivost elementa na GSN — 60%

Diplomski rad
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Slika 9.4. Prikaz iskoristivosti gornje pojasnice glavnog resetkastog nosaca
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9.2.3. Rezne sile — donja pojasnica glavnog resetkastog nosaca
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Slika 9.5. Prikaz reznih sila - donja pojasnica glavnog resetkastog nosaca

-poprecni presjek nosaca

Name Donja poasnica glavnog reSetkastog nosaca - tribina velike dvorane
Type F280X10
Source description Chinese Standard / GB 6728-2002
Item material S 355
Fabrication cold formed
Flexural buckling y-y c
Flexural buckling z-z c
Lateral torsional buckling Default
Use 2D FEM analysis *

z

—
L

.

A [m?] 1,0460e-02

Ay, z [my] 5,2251e-03 52251e-03
ly, z [m¥] 1,2470e-04 1,2479e-04
I w [m*], £ [m?] 1,4342e-06 2,0173e-04
Wel y, z [m?*] 8,9100e-04 8,9100e-04
Wpl y, z [m*] 1,0463e-03 1,0463e-03
dy, z[mm] 0 0
c YUCS, ZUCS [mm] 140 140
o [deg] 0,00

AL, D [m¥m] 1.0771e+00 2,0910e+00
Mply +, - [Nm] 371e+05 3,71e+05
Mplz +, - [Nm] 371e+05 3,71e+05

Slika 9.6. Prikaz geometrijskih karakteristika nosaca
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9.2.4. Dimenzioniranje — donja pojasnica glavnog resetkastog nosaca

Member B3835 [31,440 m |[F280X10 [S355 [GSN 26 [0,93 - |

Note: EN 1993-1-3 article 1.1(3) specifies that this part does not apply to cold formed CHS and RHS sections.
The default EN 1993-1-1 code check is executed instead of the EN 1993-1-3 code check.

Partial safety factors

*Student version® *Student version® *Student version® *Student version* *Studer
Gamma MO for resistance of cross-sections 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25

[ Material ] |
*Student version* *Student version* *Student version® *Student versic
Yield strength fy 355,0 MPa
Ultimate strength fu | 510,0 MPa
Fabrication Cold formed
....:SECTION CHECK::... O
The critical check is on position 3.144 m
Internal forces | Calculated Unit
*Student version® *Student version® *Student version* *Stude
N,Ed -2229,04 kN
Vy,Ed 247 kN
Vz,Ed 66,48 kN
TEd -6,05 kNm
My,Ed -103,55 kNm
Mz,Ed -6,93 kNm
Classification for cross-section design
According to EN 1993-1-1 article 5.5.2
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio | 25,00
Class 1 Limit 26,85
Class 2 Limit 30,92
Class 3 Limit 43,90

=> Section classified as Class 1 for cross-section design

Compression check
According to EN 1993-1-1 article 6.2.4 and formula (6.9)

A 1,0460e-02 | m"2
Ne,Rd 3713,30 kN
Unity check | 0,60 -

Bending moment check for My
According to EN 1993-1-1 article 6.2.5 and formula (6.12

Wply 1,0463e-03 mA3
Mply,Rd 371,45 kNm
Unity check 0,28 -
Bending moment check for Mz
According to EN 1993-1-1 article 6.2.5 and formula’

Wpl,z 1,0463e-03 | m"3
Mpl,z,Rd 371,45 kNm
Unity check 0,02 -

Shear check for Vy
According to EN 1993-1-1 artitle 6.2,6"and formulg(6.17)

Eta 1,20 />

Av 5,2300e-03 | m"2

Vpl,y,Rd 1071,94 kr{

Unity check | 0,00 -
Shear check for Vz

According to EN 1993-1-1 article 6.2.6 and formula (6.17)

Eta 1,20
Av 5,2300e-03 | m"2
Vpl,z,Rd 1071,94 kN

Unity check  |0,06 -

Torsion check
According to EN 1993-1-1 article 6.2.7 and formula (6.23)

Tau,t,Ed 42 MPa
Tau,Rd 2050 |MPa
Unity check 0,02 -
Note: The unity check for torsion is lower than the limit value of 0,05. Therefore torsion is considered as
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Alpha 2,80
MN,zRd [19341 [kNm
Beta 2,80

Unity check (6.41)=0,17 + 0,00=0,17 -
Note: Since the shear forces are less than half the plastic shear resistances their effect on the moment

resistances is neglected.
The member satisfies the section check.

Classification for member buckling design
Decisive position for stability classification: 0,000 m

Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1
Maximum width-to-thickness ratio | 25,00
Class 1 Limit 26,85
Class 2 Limit 30,92
Class 3 Limit 36,68

=> Section classified as Class 1 for member buckling design O
Flexural Buckling check

According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)
Buckling parameters [ w T zz ] J
*Student version* *Student version® *Student version® *Student version* *Student version* *Student ve
Sway type sway non-sway
System length L 1,572 4716 m &

Buckling factor k 1,00 1,00
Buckling length Ler 1,572 4,716 m
Critical Euler load Ner 104663,14 | 11629,24 kN

Slendemess Lambda 14,39 43,18

Relative slenderness Lambda,rel |0,19 0,57

Limit slendemess Lambda,rel,0 0,20 0,20

Buckling curve c c

Imperfection Alpha 0,49 0,49

Reduction factor Chi 1,00 0,81

Buckling resistance Nb,Rd 3713,30 2992,50 kN

Flexural Buckling verification

*Student version® *Student version® *Student version® *Student version* *Student v

Cross-section area A 1,0460e-02 | m"2
Buckling resistance Nb,Rd 2992,50 kN
Unity check 0,74 -

Torsional(-Flexural) Buckling check
According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)
Note: The cross-section concems a RHS section which is not susceptiblé
Lateral Torsional Buckling check

According to EN 1993-1-1 article 6.3.2.1

Note: The cross-section concems an RHS section with 'h / b < 10 /Lambdajre
This section is thus not susceptible to Lateral Torsional Bugkling. @
Bending and axial compression check

According to EN 1993-1-1 article 6.3.3 and formula (6.61),(§.

lexural) Buckling.

[ Bending and axial compression check parameters |
*Student version® *Student version* *Student version® *Student version® ’51(4&1:( ver)tq‘ )Sﬁdem version® *Student version® *S

Interaction method
Cross-section area A

m2
Cross-section plastic modulus Wpl,y m"3
Cross-section plastic modulus Wpl,z m"3
Design compression force N,Ed kN
Design bending moment (maximu kNm
Design bending moment (maximum kNm
Characteristic compression resistance kN
Characteristic moment resistg kNm
Characteristic moment resisfa kNm

Reduction factor Chi,y
Reduction factor Chi,z
Reduction factor Chi,LT
Interaction factor k,yy
Interaction factor k,yz
Interaction factor k,zy
Interaction factor k,zz

0,77
Maximum moment My,Ed is derived from beam B3835 position 3,144 m.
Maximum moment Mz,Ed is derived from beam B3835 position 4,716 m.

Interaction_method 1 parameters ] J

*Student version® *Student version* *Student version* *Student version® *Student version* *Student version® *Student version® *S

Critical Euler load N,cry 104663,14 kN
Critical Euler load N,cr,z 11629,24 kN
Elastic critical load N,cr,T 688471,95 kN
Cross-section plastic modulus Wpl,y 1,0463e-03 m3
Cross-section elastic modulus Wel,y 8,9100e-04 m*3
Cross-section plastic modulus Wpl,z 1,0463e-03 m"3
Cross-section_elastic modulus Wel,z 8,9100e-04 m3

*Student version* *Student version® *Student version* *Student version* *Student version* *Student version® *Student version® *S
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[ Interaction method 1 parameters | ]
*Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version® *S

Second moment of area ly 1,2479e-04 mM
Second moment of area Iz 1,2479e-04 mh4
Torsional constant It 2,0173e-04 mh4
Method for equivalent moment factor C,my,0 Table A2 Line 2 (General)

Design bending moment (maximum) My,Ed -103,55 kNm
Maximum relative deflection delta,z 0,6 mm
Equivalent moment factor C,my,0 0,99

Method for equivalent moment factor C,mz,0 Table A.2 Line 1 (Linear)

Ratio of end moments Psi,z -0,08

Equivalent moment factor C,mz,0 0,75

Factor mu,y 1,00

Factor mu,z 0,96

Factor epsilon,y 0,55

Factor a,LT 0,00

Critical moment for uniform bending Mcr,0 13821,58 kNm
Relative slendemness Lambda,rel,0 0,16

Limit relative slenderness Lambda,rel,0,lim 0,22

Equivalent moment factor C,my 0,99

Equivalent moment factor C,mz 0,75

Equivalent moment factor C,mLT 1,00

Factor b,LT 0,00

Factor ¢,LT 0,00

Factor d,LT 0,00

Factor e,LT 0,00

Factor w,y 1,17

Factor w,z 1,17

Factor n,pl 0,60

Maximum relative slenderess Lambda,rel,max 0,57

Factor C,yy 1,09

Factor C,yz 1,09

Factor C,zy 1,00

Factor C,zz 1,14

Unity check (6.61)=0,60 + 0,26 + 0,01 =0,88 -
Unity check (6.62) = 0,74 + 0,16 + 0,02 = 0,93 -
The member satisfies the stability check.

-iskoristivost elementa na GSN — 93%
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Slika 9.7. Prikaz iskoristivosti donje pojasnice glavnog resetkastog nosaca
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9.2.5. Rezne sile — ispuna glavnog resetkastog nosaca

N

%
%,

Slika 9.8. Prikaz reznih sila — ispuna glavnog resetkastog nosaca

-poprecni presjek nosaca

Name Ispuna glavnog resetkastog nosaca - tribina velike dvorane
Type CFRHS160X160X10
Source description Rautaruukki Qyj / Structural Hollow Sections EN10219 / Ed 2007
Item material S 355
Fabrication cold formed
Flexural buckling y-y [
Flexural buckling z-z [
Lateral torsional buckling Default
Use 2D FEM analysis *
z

A [m7] 56570e-03

Ay, z[m] 2,.8251e-03 28251e-03
1y, z [m*] 2,0477e-05 20477e-08
1w [mé], t [m] 8,7381e-08 3,4903e-05
Wel y, z [m?] 2 5596e-04 25596e-04
wpl y, z [mf] 3,1095e-04 3,1095e-04
dy, z [mm] 0 0
c YUCS, ZUCS [mm] 80 80
a [deq] 0,00

A L, D [m%m] 5,8700e-01 1,1310e+00
Mply +, - [Nm] 1.10e+05 1,10e+05
Mplz +, - [Nm] 1,10e+05 1,10e+05

Slika 9.9. Prikaz geometrijskih karakteristika nosaca

-iskoristivost elementa na GSN — 93%

Slika 9.10. Prikaz iskoristivosti ispune glavnog reSetkastog nosaca
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9.2.6. Dimenzioniranje — ispuna glavnog reSetkastog nosaca

[Member B3838 [2,173 m | CFRHS160X160X10 [S 355 [GSN 26 [0,93 - ]

Note: EN 1993-1-3 article 1.1(3) specifies that this part does not apply to cold formed CHS and RHS sections.
The default EN 1993-1-1 code check is executed instead of the EN 1993-1-3 code check.

Partial safety factors

*Student version* *Student version® *Student version® *Student version® *Studer
Gamma MO for resistance of cross-sections 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25

[ Material [ |
*Student version* *Student version* *Student version* *Student versic
Yield strength fy 355,0 MPa
Ultimate strength fu 510,0 MPa
Fabrication Cold formed :

....:SECTION CHECK::... O
The critical check is on position 0.000 m

Internal forces | Calculated Unit
*Student version® *Student version® *Student version® *Stude

N,Ed -1608,84 kN
Vy,Ed 0,00 kN
Vz,Ed 0,00 kN
TEd 0,00 kNm
My,Ed 0,00 kNm
Mz,Ed 0,00 kNm

Classification for cross-section design %
According to EN 1993-1-1 article 5.5.2

Classification of Internal Compression parts

According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio 13,00
Class 1 Limit 26,85
Class 2 Limit 30,92
Class 3 Limit 34,17
=> Section classified as Class 1 for cross-section design

Compression check
According to EN 1993-1-1 article 6.2.4 and formula (6.9)
A 5,6570e-03 | m"2
Nc,Rd 2008,23 kN
Unity check 0,80 -
The member satisfies the section check.
....:STABILITY CHECK::...
Classification for member buckling design
Decisive position for stability classification: 0,000 m
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1
Maximum width-to-thickness ratio 13,00
Class 1 Limit 26,85

Class 2 Limit 30,92
Class 3 Limit 4,12

=> Section classified as Class 1 for m¢mber buckling'dési
Flexural Buckling check
According to EN 1993-1-1 article 6,371.1 ang fo a(6.46)
Buckling parameterf [ ] W\ A{ 2z [ J

*Student version® *Student version® *Stydent version® *Student version® *Student version* *Studeni

Sway type non-sway
System length L 2,173 m
Buckling factor k 1,00

Buckling length Ler < 2473 m
Critical Euler load Ncr 8989,35 kN
Slendemess Lambda 36,12

Relative slenderness Lambda,rel 0,47

Limit slendemess Lambda,rel,0 0,20

Buckling curve c

Imperfection Alpha 0,49

Reduction factor Chi 0,86

Buckling resistance Nb,Rd 1723,38 1723,38 kN

Flexural Buckling verification
*Student version® *Student version® *Student version® *Student version® *Student v

Cross-section area A 5,6570e-03 mh2
Buckling resistance Nb,Rd 1723,38 kN
Unity check 0,93 -

Note: The cross-section concems a RHS section which is not susceptible to Torsional(-Flexural) Buckling.
The member satisfies the stability check.
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9.2.7. Rezne sile — gornja pojasnica sekundarnog resetkastog nosaca

286,44

-poprecni presjek nosaca

My

Diplomski rad

Slika 9.11. Prikaz reznih sila — gornja pojasnica sekundarnog resetkastog nosaca

Name Gornja pojasnica sekundarnog reSetkastog nosaca - tribina velike dvorane
Type HEB260
Source description Profil Arbed [ Structural shapes / Edition Octobre 1995
Item material S 358
Fabrication rolled
Flexural buckling y-y b
Flexural buckling z-z c
Lateral torsional buckling Default
Use 2D FEM analysis *
A [m?] 1,1840e-02

Ay z[m?] §,7661e-03 27927e-03
1y, z [m!] 1,4920e-04 5,1350e-05
1w [mé], t [mY] 7,5265e-07 1,2380e-06
Wel y, z [m*] 1,1480e-03 39500e-04
Wpl y, z [m3] 1,2830e-03 6,0220e-04
dy, z [mm] 0 0
c YUCS, ZUCS [mm] 130 130
o [deg] 0,00

AL, D [m%m] 1,6000e+00 1,4986e+00
Mply +, - [Nm] 456e+05 456e+05
Mpiz +, - [Nm] 2.14e+05 214e+05

Slika 9.12. Prikaz geometrijskih karakteristika nosaca
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9.2.8. Dimenzioniranje — gornja pojasnica sekundarnog reSetkastog nosaca

SCIAENGINEER

Composiie Beam - Final stage

Linear calculation
Class: All ULS
Extreme 1D: Global
Selection:” B4757

Composite beam verification
for beam B4757 at section 5.4 m, in accordance with EC EN 1994-1-1

1. Geometry data

p
B
§
L
o
o
o
109_

152 152 _|
f
Simply supported beam
Length of the current span L=54m
Beam spacing at the left Liet = 3.14m
Beam spacing at the right Light =472 m
Checked section dy=54m
2. Cross-section & materials
2.1 Steel section properties
2.1.1 Cross-section
Cross-section HEB260
Height h, = 260 mm
Width b =260 mm
Web thickness w =10 mm
Flange thickness tr= 17.5 mm
Radius r =24 mm
Area A, = 11840 mm”
Momen of inertia ly =149 10° mm"*
Radius of gyration iz = 66 mm
Plastic section modulus Woiy = 1.283-10° mm’
2.1.2 Material
Steel grade 5355
Yield strength fyb = 355 MPa
Ultimate strength fub = 490 MPa
E modulus E, = 210000 MPa
2.1.3 Cross-section classification
£= % =0.814 (EN 1993-1-1 §5.6 Tab. 5.2)
2.1.3.1 Flange in compression
b-t,-2:1 260 mm-10mm -2-24 mm
= = =101 mm
2 2
Ct
— .
b < 9.
101 mm
—-__—<9:0814
17.5 mm 08
5775732 oK

Flange classified as Class 1.

2.1.3.2 Web in bending
cw=h;-2:t-2:-r=260 mm -2:17.5 mm -2:24 mm =177 mm

aq=0.5
Cw 36
P )
tw %]
177 mm . 36:0.814
Omm ~ 05
17.7<586 oK

Web classified as Class 1.

Cross-section ciassified as Class 1

Cross-section Class OK.
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2.2 Concrete slab with profiled sheeting

2.2.1 Concrete slab

2.2.1.18lab
Total height of the slab

2.2.1.2 Material
Concrete class
Characteristic strength
E modulus

2.2.2 Profiled steel sheeting
Sheeting with ribs parallel to
b

0

hs =160 mm

C30/37
fk = 30 MPa
Ecm = 32800 MPa

the supporting beams

Name

Depth of the ribs

Height of full concrete

Height of the re-entrant stiffener
Spacing of the ribs

Top width of the rib

Bottom width of the rib

Mean width of the ribs
Thickness of the sheeting

2.2.3 Shear connectors

2.2.3.1 Geometry
Name
Diameter
Nominal height
As-welded height
Amount per trough or section

2.2.3.2 Material
Steel grade
Ultimate strength

2.2.4 Reinforcement

2.2.4.1 Geometry
Longitudunal bar diamter
Longitudunal bar spacing
Longitudunal bar cover
Transverse bar diamter

Transverse bar spacing
Transverse bar cover

2.2.4.2 Material
Material
Characterictic yield strength

3. Design values of loads
Load Name : GSN 17

Content of combination : 1.35*

172 b,

Vulcraft 2 VLI 20
p =50.8 mm

he = 109.2 mm

hg=0mm

b = 304.8 mm

by = 127 mm

bp = 127 mm

boib = 152.4 mm

t, = 0.9093 mm

4110

ds = 25 mm
hnom = 110 mm
hec = 105 mm
n=1

$355
fus = 490 MPa

di= 16 mm
sy =150 mm
¢ =30 mm
dy =16 mm
st =150 mm
c; =46 mm

B 500A
fyir = 500 MPa

g-vlastitatezina+1.35*dg-dodatnostalno+

1.62*q-promjenjivoopterecenje+1.35*g-vlastitatezina_dryconcrete+
1.35*Wx-2kom.-Wz-neg

Bending moment
Shear ferce

MEd.comp = -286.444 kNm
Vedcomp = -193.374 kN
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4. Partiai safeiy factors

Steel section Ymo =1
ymi =1
Shear connectors yv =125
Concrete yc=15
Reinforcement ys = 1.15

5. ULS check of the Final stage

5.1 Shear connection
5.1.1 Design resistance of shear connectors

5.1.1.1 Shear connector in a solid slab

hSC
g
4254
a=1
f4s = min (490;500) MPa
i 3.14-25 mm’
k| & 9
08-fu| —, | 08490 MPa- 2remm .
Prd solid1 = o = 125
2
. 029-a-dy \ fu'Een 0.29-1:25 mm -+ 30 MPa -32800 MPa
Rd,solid2 = =

W

5.1.1.2 Shear connector in profiled sheeting

Sheeting with ribs parallel to the supporting beams

ki

_06-bosip { hse | 06:-152mm [ 105mm
" h hy ) 508mm | 50.8mm
k=1

PRd = k!'PZd,solid =1-144 kN = 144 kN

5.1.2 Degree of shear connection

5.1.2.1 Determination of b of the concrete flange and length L .

b1 b2
et
be1 | be2
L B |

The effective width at the end support
Lo=L1=54m

Left side of the beam
Loepleft Do 3.14m  Omm
_—pemleft D0 _ _ i

b= P > 2 1.57m

L ;
bero = min| ~=b = min > ‘;m 1.57 m): 0675 m
be11 =min ﬁ;b1 =min Lm,1.57 m(=0m

8 8
be12 =min E;m =min Lm,1.57 m[=0m

8 8

0.025 - Leo 0.025:54 m

Bi,calc = 0.55 + T 0.55+ 0675m - 0.75
Ewalt <=10
0.75 <= 1.0 OK
fr= Bl = 0.75

1.25
Pagsolid = Min{Pag o 1:Prasolid2) = min (154 kN;144 kN)= 144 kN

—1):1.92
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Right side of the beam
b, o Loep i Bo | &72m[ Dmm o0
AL 12 2| 2 A
L 5.4
be2o =min (‘ﬂ‘,’bz}= min( m ;2.36 m‘l= 0.675m
8 {8 ),
L
be21 =min —?L;bg =min 9-'“—,2.36 m(=0m
8 8
be22 = min ﬁ,'bz =min Lm,Z‘BG m[=0m
8 8
0.025 - Ley 0.025-54m
B2,cale = 0.55 + b =0.55+ 0675m - 0.75
Bocale <= 1.0
075 <= 1.0 oK

B2=Pclc =075

Calculation of b
beff.O = b[) + beTO' EH + beZO‘BZ =0mm +0.675m-0.75+0.675m-0.75=1.01m

Calculation of b
beff =beff0=1.01 m

Determination of L.
Lle=loo=54m

5.1.2.2 Minimum degree of shear connection

Warning: Conditions given by EN 1994-1-1 Art. 6.6.1.2 (3) are not fulfilled.

Nmincale = 1=

35 (075-003.L)
yb
Nminac = 1= % (0.75-003-54m)=0.41

Nemin = Max (nmm‘mk;OA): max (0.41 ;0.4): 0.41

5.1.2.2 Degree of shear connection present

5.1.2.3.1 Tension resistance of the reinforcement

bet (b \ st ml \( e
A== ~'—} Lot RO | 394 = 1357 mm?

s \ 4 M50 mm 4
Af 10>.500.10°
B s yk‘|=1.3610 500-10 2590 kN
Ys 115

5.1.2.3.2 Tension resistance of the steel member
Nopla = fyb - Aa= 355 MPa - 11840 mm’ =4203.20 kN

Ne = min{FsNpio)= min(590 kN:4203.20 kN)=590.07 kN

5.1.2.3.3 Resistance of the shear connectors

Number of shear studs available per length L /2
_05-Le
=3
np=9:1=9
Nec=nsp-Pra=9- 143835 = 1294.52 kN
=min &'1 =min JESLIHN, 1]=1
MmN ™™ se0.07kN )"

N 2 Nmin
12041 oK

Nep n

The shear connection degree is adequate.
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5.2 Cross-sectional resistance of the composite beam

5.2.1 Shear buckling
hy=h;-2-t=260 mm -2-17.5 mm =225 mm
b =1.2
b T2e
tw Nsb
225mm _ 72:0814
10mm -~ 12

225<488 oK

The shear buckling resistance of the web does not need to be verified.

5.2.2 Vertical shear

The resistance to vertical shear should be taken as the resistance of the structural steel section.

A=A -2-b-t+(tu+2:r) 4
=0,0118-2:026-0.0175 + (0.01 +2-0.024)-0.0175 = 3755 mm’

Aumin =N -ty = 1.2:0.225-0.01 = 2700 mm”
Av 2 Av‘min

3755 mm” 2 2700 mm’
Ay 3755 mm’-35510°

Volrd = =770 kN
‘\/?~ YMo 341

abs(Vegcomy) _ abs(-193.374 kN)
Vara - TI0KN

The shear resistance of the section is adequate.

UC_comp_V = =0.25

5.2.3 Bending moment
5.2.3.1 Longitudinal reinforcement

5.2.3.1.1 Centre of composite section

For buildings not intended mainly for storage the effects of creep in concrete
beams may be taken into account by us'ng an effective E modulus E . = Ecr, /2.
c _En _32800MP2 _
2 2
Ep | 210000 MPe

Nep= =

Ew 16400 MPa
he | [ 1 he=h
T et

1
Aa+(¥)vbeﬁ-(hc-hd)

026) [ 1 0.109-0
o.o11s~( = )+(12‘8)-1‘01-(0‘109—0)-(0.26+0.16— 5 )

=128

yd=

0.0118 +

e )~1.o1»(o.109—o)

5.2.3.1.2 Degree of reinforcement
2 2
bef | di | __ 1.01m | 16 mm X 2
A= : ( 2 )T[—150mm ( 2 )3,14—-1357mm
Ac=bagi-( he=ha )= 1.01-(0.109 - 0)= 110565 mm”

hg

h X
zo=(ha+hs— “2 -0.229=136 mm

)-yd= (0.26+0.16-M)

" 2.2) 12013
fo | [ fom 355 [ 29:10°
P DL iU ' =1 : '
ps_s(zgs)( ) ke =1.1 [235)( 6) 120964 %

fikr 50010

ke = min 17+0.3;1 =min 1—+O.3;1 =1
( m—m) ( 0.109-0)

As = ps'Ac
1357 mm’ 2 9.64-10°-110565 mm”
1357 mm’ > 1066 mm® oK

The longitudinal reinforcement of the section is adequate.
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5.2.3.2 Moment resistance
Moement resistance of a steei cross-section
Wty o 1.28-10° mm”-355 MPa
Yvo! 1

MolRda = =455kNm

Infiuence of shear
Vplrd

> abs (VEd,comp)

w> 193 kN

385 kN > 193 kN OK

The influence of the vertical shear on the bending moment resistance may be neglected.

fyow = fyb = 355 MPa

Modified tension resistance of the steel member

r=0mm

Ay=2-tr-b+t,-(h, - 2-t)=2-17.5 mm-260 mm + 10 mm - ( 260 mm - 2-17.5 mm)= 11350 mm’
Nola = Aq-fyp = 11350 mm’ 355 MPa = 4029.25 kN

Note: Roundings of the steel cross-section are neglected in bending resistance calculation.
Ner=min(FsNyi,)= min (590 kN;4029.25 kN)= 590.07 kN

N tive handii + it
9 ]

The plastic neutral axis is located within the web of the steel section.

Natf=b-tsf,,=0.26-0.0175 -355.10° = 1615.25 kN

Nola - Natf - Natw = Fs + Natf + Natw

" (Nota=2-Naus=F:) (402925 kN -2:1615.25 kN - 590 kN)
(2tu-fyom) (2-10 mm-355 MPa)

e calculation

=294 mm

Verification of the steel web classification.
Olc|=ﬂ= 177-294
Cw 177
c 39%-¢
et 13y 1
A77mm- 396:0.814
10mm. ~ 13:0.834-1
17.7<327 OK
Web classified as Class 1.
Natw = tw* X fybw =10 mm -29.4 mm - 355 MPa = 104.34 kN
Nac = Npja = Nats = Natw = 4029.25 kN - 1615.25 kN - 104.34 kN = 2309.66 kN

Leverage arm of the compression part of the steel section calculated to the PNA.

=0.834

Lolbo2otmaF B tsb iitis))
tu-(ha-2-t-x )+ ti-b

hes=

] (10-(260—2'17‘5 -29.4]-05+17.5-260- (260 - 1.5-17.5—29‘4))
h 10-(260-2-17.5-294)+17.5-260

0.016
2

=172 mm

d
hi=x+ti+ hg-C|+?I=0.0294+0.0175+0.16-0.03+ =169 mm

¢ beff = 1.01m

fyd,r
[_'_J' .q > Fs=59007kN
m——— 0 = MR
<+—— Nac= 230966 kN
fyb
Mpl.r(d=Fs'h|+Nm,r(;—i+x)+¥+ N,ches

17.5 )+ %+ 2309.66-172 = 561 kNm

=590-169 + 1615.25»[?+29.4

Desigin moment resistance according to EN 1994-1-1 Art.6.2.1.2
Mgg = Mpiad =561 kNm
abs(Mzqcomp) _ abs(-286.444 kNm)

JC_comp M = = =05
UC_comp_M Mg 56T kNm 0.51

The bending moment resistance of the section is adequate.
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5.3 LTB vesistance

F=(1+i&ﬂ)(ﬁi)wh‘(

0.25 \0:25
[ 10t{260-17.5)) (260- 175 V" [ 1752,
|1 1) RTE4 SN

4-b 1, b 4.260-17.5 10 260
Fim=12.3
F < Fim
6.31 <123 oK
The cross-section is qualified for verification of LTB by the simplified method.
C=25
N e T A P
4-b-tf ty b Ep-Cy
0.75 025 6 \0°
e (1 0.01- (0426—0.0175)) ( 0.26-0.0175 ) _ ( 00175 ) _ ( 35510 ) G
4.0.26-0.0175 0.01 0.26 210.10°-25
ha/b <=2 -> Buckling curve 'a'
ar=021

2 2
=05 ( 1+ o7 (At 0.2 )+ Are )= 05- ( 1+0.21-(0.259-0.2)+0.259 ): 0.54

Xir= ! = L T =0.987

O+ J Gt ~Nal. 1054 +\/ 0.54° - 0.259
Xir=min (X.7;1)= min(0.987;1)= 0.987
Mb.rd = X.1 -Mgg = 0.987 - 560806 = 553.419 kNm
abs (Megcomp)  abs{-286.444 kNm )
1B:= = =0.
UCcomp_LT8 Mbrd 553419 kNm - 002

The later torsional buckling resistance of the section is adequate.

5.4 Longitudinal shear
5.4.1 Transverse reinforcement

Design shear flow
hf=hc=109 mm

N Prd 1-144 kN

Ve =2 le-hy = 2-300 mm 108 mm 22 MPa
Transverse reinforcement
Aty Veahi
{vs'si) ~ cotg(e)
A = Asi/se
Ve 2.2:10°-0.109 it
(cotg(e)'fyk.y ) (cotg 26.5)- 500-105]
Ys 145
2 2
Af.mv=:—‘-(d4;J-3.14=o_+5-( 0‘0416 J-s.m: 1340 mm®/m
Atprov 2 At
1340 mm’/m = 275 mm’/m oK

The transverse reinforcement of the section is adequate.

ULS check of Final stage is OK.
UC_comp = max(0.25,0.51,0.52) = 0.52

-iskoristivost elementa na GSN — 52 %
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Slika 9.13. Prikaz iskoristivosti gornje pojasnice sekundarnog resetkastog nosaca
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9.2.9. Rezne sile — donja pojasnica sekundarnog resetkastog nosaca

Slika 9.14. Prikaz reznih sila — donja pojasnica sekundarnog resetkastog nosaca

-poprecni presjek nosaca

Name Donja pojasnica sekundarnog resetkastog nosaca - tribina velike dvorane
Type F250X8
Source description Chinese Standard / GB 6728-2002
Item material S 355
Fabrication cold formed
Flexural buckling y-y [
Flexural buckling z-z [
Lateral torsional buckling Default
Use 2D FEM analysis *
z

A [m7] 7,5200e-03

Ay, z [m] 3,7601e-03 3,7601e-03
1y, z [m*] 7,2290e-05 7.2290e-05
| w [mF], t [mY] 6,5104e-07 1,1598e-04
Wel y, z [m*] 5,7800e-04 5,7800e-04
Wpl y, z [m?] 8,7577e-04 6,7577e-04
dy, z [mm] 0 0
¢ YUCS, ZUCS [mm] 125 125
o [deg] 0,00

A L, D [m?im] 9,6566e-01 1.8808e+00
Mply +, - [Nm] 2 40e+05 2.40e+05
Mplz +, - [Nm] 2,40e+05 2.40e+05

Slika 9.15. Prikaz geometrijskih karakteristika nosaca
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9.2.10. Dimenzioniranje — donja pojasnica sekundarnog resetkastog nosac¢a

Member B4692 [5502 m |F250X8 [S 355 |GSN24 [079 - |

Note: EN 1993-1-3 article 1.1(3) specifies that this part does not apply to cold formed CHS and RHS sections.
The default EN 1993-1-1 code check is executed instead of the EN 1993-1-3 code check.

Partial safety factors

*Student version® *Student version® *Student version® *Student version® *Studer
Gamma MO for resistance of cross-sections 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25

[ Material ] ]
*Student version® *Student version® *Student version® *Student versic
Yield strength fy 355,0 MPa
Ultimate strength fu | 510,0 MPa
Fabrication Cold formed
....:SECTION CHECK::... O
The critical check is on position 0.000 m
Internal forces | Calculated Unit
*Student version® *Student version® *Student version* *Stude
N,Ed -1310,89 kN
Vy,Ed 2,96 kN
Vz,Ed 10,57 kN
TEd 0,04 kNm
My,Ed -27,20 kNm
Mz,Ed -6,89 kNm
Classification for cross-section design
According to EN 1993-1-1 article 5.5.2
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio 28,25
Class 1 Limit 26,85
Class 2 Limit 30,92
Class 3 Limit 39,59

=> Section classified as Class 2 for cross-section design

Compression check
According to EN 1993-1-1 article 6.2.4 and formula (6.9)

A 7,5200e-03 | mA2
Nc,Rd 2669,60 kN
Unity check 0,49 -

Bending moment check for My
According to EN 1993-1-1 article 6.2.5 and formula (6.12

Wply 6,7577e-04 mh3
Mpl,y,Rd 239,90 kNm
Unity check 0,11 -
Bending moment check for Mz
According to EN 1993-1-1 article 6.2.5 and formula’

Wpl,z 6,7577e-04 mA3
Mpl,z,Rd 239,90 kNm
Unity check | 0,03 -

Shear check for Vy
According to EN 1993-1-1 artitle 6.2,6"and formula(6.17)

Eta 1,20 />

Av 3,7600e-03 | m"2

Vpl,y,Rd 770,65 kr{

Unity check | 0,00 -
Shear check for Vz

According to EN 1993-1-1 article 6.2.6 and formula (6.17)

Eta 1,20
Av 3,7600e-03 | m"2
Vpl,z,Rd 770,65 kN

Unity check | 0,01 -

Torsion check
According to EN 1993-1-1 article 6.2.7 and formula (6.23)

Tau,t,Ed 0,0 MPa
Tau,Rd 2050 |MPa
Unity check | 0,00 -
Note: The unity check for torsion is lower than the limit value of 0,05. Therefore torsion is considered as
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Alpha 2,28
MN,zRd |159,40 [kNm
Beta 2,28

Unity check (6.41) =0,02 + 0,00 = 0,02 -

Note: Since the shear forces are less than half the plastic shear resistances their effect on the moment
resistances is neglected.

The member satisfies the section check.

Classification for member buckling design

Decisive position for stability classification: 0,000 m
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1
Maximum width-to-thickness ratio | 28,25
Class 1 Limit 26,85
Class 2 Limit 30,92
Class 3 Limit 39,59

=> Section classified as Class 2 for member buckling design O
Flexural Buckling check

According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)
Buckling parameters [ w [z ] J
*Student version* *Student version® *Student version® *Student version® *Student version* *Student
Sway type sway non-sway
System length L 1,376 5,502 m &

Buckling factor k 1,00 1,00
Buckling length Ler 1,376 5,502 m
Critical Euler load Ncr 79188,37 | 4949,27 kN

Slendemess Lambda 14,03 56,12

Relative slenderness Lambda,rel {0,18 0,73

Limit slendemess Lambda,rel,0 0,20 0,20

Buckling curve c (4

Imperfection Alpha 0,49 0,49

Reduction factor Chi 1,00 0,70

Buckling resistance Nb,Rd 2669,60 1877,45 kN

Flexural Buckling verification | |

*Student version* *Student version® *Student version® *Student version* *Student v

Cross-section area A 7,5200e-03 [ m"2
Buckling resistance Nb,Rd 1877,45 kN
Unity check 0,70 -

Torsional(-Flexural) Buckling check

According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)
Note: The cross-section concems a RHS section which is not susceptiblé
Lateral Torsional Buckling check
According to EN 1993-1-1 article 6.3.2.1
Note: The cross-section concems an RHS section with'h /b < 10 L&bda el

This section is thus not susceptible to Lateral Torsional Bugkling.

Bending and axial compression check
According to EN 1993-1-1 article 6.3.3 and formula (6.61),(§.62

[ Bending and axial pression check par

*Student version® *Student version® *Student version® *Student version® *5:(@::( Ver\91<' ’S{dem version® *Student version® *S
Interaction method \al\t?n ive method 1
Cross-section area A 7,5200e-03 m"2
Cross-section plastic modulus Wpl,y 6,7577e-04 mA3
Cross-section plastic modulus Wpl,z 6,7577e-04 m"3
Design compression force N,Ed 1310,89 kN
Design bending moment (maximu -27,20 kNm
Design bending moment (maximum 9,37 kNm
Characteristic compression resistance 2669,60 kN
Characteristic moment resista 239,90 kNm
Characteristic moment resisfa 239,90 kNm
Reduction factor Chi,y 1,00

Reduction factor Chi,z 0,70

Reduction factor Chi,LT 1,00

Interaction factor k,yy 0,99

Interaction factor k,yz 0,40

Interaction factor k,zy 0,63

Interaction factor k,zz 0,58

Maximum moment My,Ed is derived from beam B4692 position 0,000 m.
Maximum moment Mz,Ed is derived from beam B4692 position 5,502 m.

Interaction method 1 parameters I |

*Student version® *Student version* *Student version® *Student version® *Student version* *Student version® *Student version® *S

Critical Euler load N,cry 79188,37 kN
Critical Euler load N,cr,z 494927 kN
Elastic critical load N,cr,T 489553,58 kN
Cross-section plastic modulus Wply 6,7577e-04 mA3
Cross-section elastic modulus Wel,y 5,7800e-04 m*3
Cross-section plastic modulus Wpl,z 6,7577e-04 m'3
Cross-section_elastic modulus Wel,z 5,7800e-04 m"3

*Student version® *Student version® *Student version® *Student version* *Student version* *Student version® *Student version® *$
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Interaction method 1 parameters

*Student version® *Student version® *Student version* *Student version* *Student version* *Student version® *Student version® *S

Second moment of area ly 7,2290e-05 mh4
Second moment of area Iz 7,2290e-05 mh4
Torsional constant It 1,1598e-04 mM
Method for equivalent moment factor C,my,0 Table A.2 Line 2 (General)

Design bending moment (maximum) My,Ed -27,20 kNm
Maximum relative deflection delta,z 03 mm
Equivalent moment factor C,my,0 1,00

Method for equivalent moment factor C,mz,0 Table A.2 Line 1 (Linear)

Ratio of end moments Psi,z -0,74

Equivalent moment factor C,mz,0 0,53

Factor mu,y 1,00

Factor mu,z 0,90

Factor epsilon,y 0,27

Factor a,LT 0,00

Critical moment for uniform bending Mcr,0 6825,21 kNm
Relative slendermess Lambda,rel,0 0,19

Limit relative slenderness Lambda,rel,0,lim 0,29

Equivalent moment factor C,my 1,00

Equivalent moment factor C,mz 0,53

Equivalent moment factor C,mLT 1,00

Factor b,LT 0,00

Factor c,LT 0,00

Factor d,LT 0,00

Factor e LT 0,00

Factor wy 1,17

Factor w,z 117

Factor n,pl 0,49

Maximum relative slendemess Lambda,rel,max 0,73

Factor C,yy 1,02

Factor C,yz 1,08

Factor C,zy 0,88

Factor C,zz 1,12

Unity check (6.61)=0,49 + 0,11 + 0,02 = 0,62 -
Unity check (6.62) = 0,70 + 0,07 + 0,02=0,79 -
The member satisfies the stability check.
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Slika 9.16. Prikaz iskoristivosti donje pojasnice sekundarnog resetkastog nosaca
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9.2.11. Rezne sile — ispuna sekundarnog resetkastog nosaca

Slika 9.17. Prikaz reznih sila — ispuna sekundarnog resetkastog nosaca

-poprecni presjek nosaca

Name Ispuna sekundarnog reSetkastog noséa - tribina velike dvorane
Type CFRHS150X150X8
Source description Rautaruukki Oyj / Structural Hollow Sections EN10219 / Ed. 2007
Item material S 355
Fabrication cold formed
Flexural buckling y-y C
Flexural buckling z-z C
Lateral torsional buckling Default
Use 2D FEM analysis *

R
L

A [m?] 43240e-03

Ay, z [m?] 21601e-03 2,1601e-03
1y, z [m'] 14118e-05 14118e-05
1w [mf], t [m#] 50625e-08 23641e-05
Wel y, z [m?] 1,8824e-04 1,8824e-04
Wpl y, z [m?] 22596e-04 22596e-04
dy, z[mm] 0 0
© YUCS, ZUCS [mm] 75 75
o [deg] 0,00

AL, D [m%m] 56600e-01 1,0808e+00
Mply +, - [Nm] 8.01e+04 801e+04
Mplz +, - [Nm] §8.01e+04 801e+04

Slika 9.18. Prikaz geometrijskih karakteristika nosaca

-iskoristivost elementa na GSN — 74 %
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Slika 9.19. Prikaz iskoristivosti ispune sekundarnog resetkastog nosaca
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9.2.12. Dimenzioniranje — ispuna sekundarnog resetkastog nosaca

Member B4606 [2,221 m | CFRHS150X150X8 [S 355 [GSN2 [074 - |

Note: EN 1993-1-3 article 1.1(3) specifies that this part does not apply to cold formed CHS and RHS sections.
The default EN 1993-1-1 code check is executed instead of the EN 1993-1-3 code check.

Partial safety factors
*Student version® *Student version® *Student version® *Student version* *Studer
Gamma MO for resistance of cross-sections 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25

[ Material I ]
*Student version® *Student version® *Student version® *Student versic
Yield strength fy 355,0 MPa
Ultimate strength fu 510,0 MPa
Fabrication Cold formed
....:SECTION CHECK::... O
The critical check is on position 0.000 m
Internal forces | Calculated Unit
*Student version® *Student version® *Student version® *Stude
N,Ed -951,01 kN
Vy,Ed 0,00 kN
Vz,Ed 0,00 kN
TEd 0,00 kNm
My,Ed 0,00 kNm
Mz.Ed 0,00 kNm
Classification for cross-section design
According to EN 1993-1-1 article 5.5.2
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio 15,75
Class 1 Limit 26,85
Class 2 Limit 30,92
Class 3 Limit 34,17

=> Section classified as Class 1 for cross-section design

Compression check

According to EN 1993-1-1 article 6.2.4 and formula (6.9)

A 4,3240e-03 | m"2

Nc,Rd 1535,02 kN

Unity check | 0,62 -
The member satisfies the section check.
....:STABILITY CHECK::...

Classification for member buckling design
Decisive position for stability classification: 0,000 m
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1
Maximum width-to-thickness ratio 15,75
Class 1 Limit 26,85

Class 2 Limit 30,92
Class 3 Limit 4,18

=> Section classified as Class 1 for mémbér buckling'desi

Flexural Buckling check

According to EN 1993-1-1 article 6,371.1 and fortula{6.46)
Buckling parameters | ] W\ A{  zz [

*Student version* *Student version* *Sd(dent version” ’Sa./dknr version® *Student version* *Studeni

Sway type non-sway
System length L 2,221 m
Buckling factor k 1,00

Buckling length Ler < 2,221 m
Critical Euler load Ncr 5931,77 kN
Slendemess Lambda 38,87

Relative slenderness Lambda,rel 0,51

Limit slendemess Lambda,rel,0 0,20

Buckling curve c

Imperfection Alpha 0,49

Reduction factor Chi 0,84

Buckling resistance Nb,Rd 1286,51 1286,52 kN
[ Flexural Buckling verification [ ]
*Student version® *Student version® *Student version® *Student version® *Student v
Cross-section area A 4,3240e-03 mh2

Buckling resistance Nb,Rd 1286,51 kN

Unity check 0,74 -

Note: The cross-section concems a RHS section which is not susceptible to Torsional(-Flexural) Buckling.
The member satisfies the stability check.
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10. PRORACUN SPREGNUTE MEPUKATNE KONSTRUKCIJE —
TRIBINA SREDNJE DVORANE

10.1. Pomaci spregnute medukatne konstrukcije — tribina srednje dvorane

il Wr»ﬁ;’ivanr %
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Slika 10.1. Prikaz vertikalnog pomaka glavnog resetkastog nosaca— tribina srednje dvorane

Dopusteni vertikalni pomak (progib):

| 16,20-1000

Ugo, = = =54,0mm
300 300

u,=37,0mm<u, ., =54,0mm  Zadovoljava

z,dop

-iskoristivost na GSU - 37,0mm/54,0mm = 0,69 = 69%
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10.2. Dimenziniranje spregnute medukatne konstrukcije—tribina srednje dvorane

10.2.1. Rezne sile — gornja pojasnica glavnog resetkastog nosaca
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Slika 10.2. Prikaz reznih sila - gornja pojasnica glavnog resetkastog nosaca

-poprecni presjek nosaca

Name Gornja pojanica glavnog reSetkastog nosaca - tribina srednje dvorane
Type HEBZ200
Source description Profil Arbed / Structural shapes / Edition Octobre 1995
Item material S 355
Fabrication rolled
Flexural buckling y-y b
Flexural buckling z-z C
Lateral torsional buckling Default
Use 2D FEM analysis *
z

A [m?] 7,8080e-03

Ay, z [m? 5,7750e-03 1,9112e-03
1y, z [m] 56960e-05 2,0030e-05
I w [m#], t [m?] 1,7112e-07 5,9280e-07
Wel y, z [m*] 5,6960e-04 2,0030e-04
Wpl y, z [m] 6,4250e-04 3,0580e-04
dy, z [mm] 0 0
¢ YUCS, ZUCS [mm)] 100 100
a [deg] 0,00

AL, D [m%m] 1,1500e+00 1,1510e+00
Mply +, - [Nm] 2,28e+05 2,28e+05
Mplz +, - [Nm] 1,09e+05 1,09e+05

Slika 10.3. Prikaz geometrijskih karakteristika nosaca
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10.2.2. Dimenzioniranje — gornja pojasnica glavnog reSetkastog nosaca

Composiie Beam - Final stage

Linear calculation
Class: All ULS
Extreme 1D: Global
Selection: B1888

Composite beam verification
for beam B1888 at section 16.2 m, in accordance with EC EN 1994-1-1

1. Geometry data

L
o
L,
L
109

[

Continuous beam

Length of the current span

Length of next span

Beam spacing at the left

Distance to the slab edge at the right
Checked section

152 | 152 |

L=162m
Lnett = 54 m
Lieft = 4.05 m
Light =0m
dy=162m

Warning: For a continuous beam, intermediate buckling supports y-y are ignored in both the calculation of

the effective width for the analysis model and the check.

2. Cross-section & materials

2.1 Steel section properties

2.1.1 Cross-section
Cross-section
Height
Width
Web thickness
Flange thickness
Radius
Area
Moment of inertia
Radius of gyration
Plastic section modulus

2.1.2 Material
Steel grade
Yield strength
Ultimate strength
E modulus

2.1.3 Cross-section classification

235
€= 355 = 0.814

2.1.3.1 Flange in compression

HEB200
ha = 200 mm

b =200 mm

w = 9.mm
tr=15mm
r=18mm

A, = 7808 mm’

I, = 57-10° mm*
iz=51mm

Wiy = 642500 mm’

$355
f,o = 355 MPa
fuo = 490 MPa
E» = 210000 MPa

(EN 1993-1-1 §5.6 Tab. 5.2)

_b-ty-2-r 200 mm-9mm-2-18 mm

< T 2

5.17 2732

Flange classified as Class 1.

=77.5mm

oK
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2.1.3.2 Wek in bending

Gw=ha=2-t=2:r=200 mm -

ag=0.5

Cwr 36-€

pn Akl

tw [o5]

134 mm _ 36:0.814
9mm 0.5

14.9 < 586

Web classified as Class 1.

215 m =218 mm = 134mm

oK

Cross-section classified as Class 1

Cross-section Class OK.

2.2 Concrete slab with profiled sheeting

2.2.1 Concrete slab

2.2.1.1 Slab
Total height of the slab

2.2.1.2 Material
Concrete class
Characteristic strength
E modulus

2.2.2 Profiled steel sheeting
Sheeting with ribs parallel to
b,

0

hs = 160 mm
30737
foc = 30 MPa

Ecm = 32800 MPa

the supporting beams

e

Name

Depth of the ribs

Height of full concrete

Height of the re-entrant stiffener
Spacing of the ribs

Top width of the rib

Bottom width of the rib

Mean width of the ribs
Thickness of the sheeting

2.2.3 Shear connectors

2.2.3.1 Geometry
Name

Diameter

Nominal height

As-welded height

Amount per trough or section

2.2.3.2 Material
Steel grade
Ultimate strength

2.2.4 Reinforcement

2.2.4.1 Geometry
Longitudunal bar diamter
Longitudunal bar spacing
Longitudunal bar cover
Transverse bar diamter
Transverse bar spacing

Transverse bar cover

2.2.4.2 Materia
iviaterial
Characterictic yield strength

1/2 b,

Vulcraft 2 VLI 20
hg=50.8 mm

he = 109.2 mm
hd =0mm

bs = 304.8 mm
by =127 mm

bp = 127 mm
bgl,.b = 1524 mm
tp = 0.9093 mm

H110

ds = 25 mm
haom = 110 mm
hec = 105 mm
n=1

$355
fus = 490 MPa

di= 16 mm
s; =150 mm
¢ =30 mm
dy =16 mm
5t =150 mm
¢y = 46.inm

B 5004
f,ir = 500 MPa
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3. Design vaiues of loads
Load Name : GSN 24
Content of combination : 1.35"g-vlastitateZina+1.35*dg-dodatnostalno+

1.62"q-promjenjivooptereceiije+1.35%g-vlastitateZina_drycoricrete +

1.35*Wy-1kom.-Wz-poz+1.35*s-opterecenjesnijegom

Bending moment Med,comp = -198.755 kNm
Shear force VEedcomp = -175.194 kN
4. Partial safety factors
Steel section Ymo =1
ymr =1
Shear connectors yv =125
Concrete Yc=15
Reinforcement ys =115

5. ULS check of the Final stage

5.1 Shear connection
5.1.1 Design resistance of shear connectors

5.1.1.1 Shear connector in a solid slab
hee
dS
42> 4
a=1
f.s = min(490;500) MPa

>4

2 2

d o

0.8-fu5'(n45 ) 0.8-490 MPa - M)

Prdsolid1 = - = 1.9 =154 kN

2
0.29-a-d, -\j fa-Eem _ 029-1-25 mmz-\j 30 MPa - 32800 MPa

PRdsolid.2 = W 125

PR solid = min(PRdsolid,T;PRd.salid,2)= min(154 kN:144 kN)= 144 kN

5.1.1.2 Shear connector in profiled sheeting
Sheeting with ribs paralle! to the supporting beams

_ 06y _(&_ )_ 06-152 mm ( 105 mm

Y hy 508mm | 508mm ~

‘I)=1.92

k=1
Prg = ki Prgsoig = 1+ 144 kN = 144 kN

5.1.2 Degree of shear connection

5.1.2.1 Determination of b of the concrete flange and length L .

b1 b2
¢ be 3
be1 | be2
(FEr

The effective width at the internal support
L2=025-(Li+1;)=025-(162m+54m)=54m

182

SCIAENGINEER



Viljan Didovié

Diplomski rad

Left side of the beam
_Loep et bo _405m | Omm

bq—z 2 |2 —2-.03m

L, om
beto =min (-%’-;m): min (—W,Z.ZB m]: 0om

L
berr = min| =<y |= min{ 22,03 m|= 0 m

8 8

L i
bet2 = min (%;m): min( = 48 m ;2.03 m): 0.675m
Right side of the beam

bo

by = Lperpirigh( o 7 =0m

L
bezg = min (%;bg): min( Osm A

<_L
—~— \_/3

[

o

3

be21 =min [ﬁ;b2)= min(o—m,o m

8 8
= min(s'4 L) m)=0 m

—

8

bezz = min (i.’bz

Calculation of b,
beff2 = bg + bet2 + bezp =0 mm +0.675 m +0 m =0.675 m

Calculation of b
beff = beff2 = 0.675 m

Determination of L.
le=Llo=54m

5.1.2.2 Minimum degree of shear connection

Warning: Conditions given by EN 1994-1-1 Art. 6.6.1.2 (3) are not fulfilled.

355
Nminede =1 = = -{ 0.75 - 0,03, L )
fp}
355
ik =130 (0.75-0.03-54m)=0.41

A = Max (i cc:04)= max (0.41,0.4)= 041

5.1.2.3 Degree of shear connection present

5.1.2.3.1 Tension resistance of the reinforcement

s =

2
bat [d | _0675m [ 16mm’
s\ 4 ~ 150 mm 4

Acfu,  90510°.500-10°

v 115 =393 kN
S ’

=

5.1.2.3.2 Tension resistance of the steel member
Npia = fyb- Aa =355 MPa - 7808 mm’ =2771.84 kN

Nes = min{FiNpi2)= min (393 kN:2771.84 kN) = 393.38 kN

5.1.2.3.3 Resistance of the shear connectors

L 16.2
ls= o = 53 306 mm
Number of shear studs available per length L /2
0.5-Le
Ngp= ny
ls
np=8-1=8
Nc=ngp+Prd = 8- 143835 = 1150.68 kN
_min( Ne | [11s0eskn )
) \ Nt 39338 kN '
N 2 fmin
12041 OK

The shear connection degree is adequate.

]»3.14 =905 mm”
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5.2 Cross-sectional resistance of the composite beam

5.2.1 Shear buckling
hw=h; - 2-t=200 mm -2:15 mm =170 mm
Msb =1.2
hw " 72-¢
tw Nsb
170 mm % 72:0.814
9mm - 12
189 <488 oK

The shear buckling resistance of the web does not need to be verified.

5.2.2 Vertical shear

The resistance to vertical shear should be taken as the resistance of the structural steel section.

A=A - 2:beti+(ty+2:1) 4

78110 -2.02.0015+ 9107 +2.0018)-.0015 = 2483 mm”

Avmin=Nsb+ hw-tw=1.2-0.17-9-10” = 1836 mm°
Av 2 Av,min
2483 mm® > 1836 mm”

Acfy, 2483 mm’-35510°

= = k
Volrd w/? = \/? ; 509 kN

abs(Vegcomp) _abs(-175.194kN)

UC_comp_V = = =034

Vpird 509 kN

The shear resistance of the section is adequate.

5.2.3 Bending moment

5.2

As

2.3.1 Longitudinal reinforcement

5.2.3.1.1 Centre of composite section

For buildings not intended mainly for storage the effects of creep in concrete

beams may be taken into account by us ng an effective E modulus E-ceff = Ecmy /2.

e
B e PO MR NP
2 2
E, 210000 MPz
Aps = T2 1128

Bt 16400 MPa
ha 1 hc-hg
Aa'(T)+(n—E)'bEu~(hc-hd)~(ha+h5—T)
1
Akl oo begt-( he- g )

3 (02) [ 1 0.109-0
7.81-103-(f]+ ( )'0‘6754(0.109—0)-(0.2+0.16-7)

yd=

2 12.8 2

78110%+ [ — )~0.675'(0.109 -0)

12.8
3.1.2 Degree of reinforcement

2
bt [di | __0675m
s | 4 ~ 150 mm

2
16 mm
4

)-3.14 =905 mm”

Ac = bet-( he—ha )= 0.675-(0.109 - 0)= 73710 mm”

2y

k(

[

A

hd

%)-om: 118 mm

he -
=(ha+h5— ‘2 )-yd=(o.2+o,1s-

1
(22) {20118
f f 10°
=5(53*%)(ﬂ)w/ ke =11[%)(ﬂ)w) 0984 =0.956 %

fr 500-10°

= min| ————+03;1}= min| ————+0.3:1|= 0984
(Hh(-hd) ( o.109-o)

2 ps-Ac

905 mm® > 9.56:10°-73710 mm”
905 mm® > 705 mm’ oK

The longitudina reinforcement of the section is adequate.
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5.2.3.2 Moment resistance
Moment resistance of a steei cross-section
Wiy fyo 642500 mm”-255 MPa
Ymo! 1

MoiRda = =228 kNm

Infiuence of shear
VpI,R
2

s abs(ng‘cump)
509 kN
2

254 kN > 175 kN OK

The influence of the vertical shear on the bending moment resistance may be neglected.
fybw = fyb = 355 MPa

Modified tension resistance of the steel member

r=0mm

Ay=2-tp-b+t,-(h, - 2-t)=2-15 mm 200 mm + 9 mm-( 200 mm - 2-15 mm)= 7530 mm”
Npla=Ay-fyp = 7530 mm® 355 MPa = 2673.15 kN

> 175 kN

Note: Roundings of the steel cross-section are neglected in bending resistance calculation.
Nes= min(FsNp,)= min (393 kN;2673.15 kN)= 393.38 kN

gative bending t resi e calcull
The plastic neutral axis is located within the web of the steel section.
Natf=b-tff,,=02:0.015 -355-106 =1065.00 kN
Npla = Natf - Natw = Fs + Natf + Natw
(Npta=2-Nayy=F.) (267315 kN - 2:1065.00 kN - 393 kN)
T 2tetew) {2-9mm-355 MPa)

=234 mm

Verification of the steel web classification.

Cw o 3%:¢
ty 1301
134mm- 3960814
9mm. ~ 13:0.825-1
149331 O
Web classified as Class 1.

Natw =ty X fypw =9 mm - 23.4 mm 355 MPa = 74.88 kN
Nac = Npja = Nat = Natw = 2673.15 kN - 1065.00 kN - 74.88 kN = 1533.27 kN

=

Leverage arm of the compression part of the steel section calculated to the PNA.

(tw-(ha—2<t1—x)2~0.5+t1-b-(ha—1.5<t;-x))
ty(ho-2-t-x)+trb

_ (9-(200-2‘15-2344)2‘0.5+ 15-200-(200-1.5~15-23.4))

=129
9-(200-2-15-23.4)+ 15-200 et
d .01
hi=x+ti+ hs—C|+?l=0.0234+0.015+0.15—0,03+ 002 8 =160 mm
beff = 0.675 m
fyd,r
b > Fs=39338KkN
o b
—F Nati~='7%38%N
<—— Nac=153327kN
fyb
t Natw X
MpI‘Rd =Fs-hi+ Nat!'(?“" X)+ atziw"‘ Nac*hes

L )+M+1533.27»129=295 kNm

=393-160 + 1065.00'[T+23.4

Desigii moment resistance according to Eil 1994-1-1 Art.6.2.1.2
MRd = MpLRd =295 kNm
8
abs(Megcermp)  abs(-198755 kim)
= = =067
UC_comp_M Mg 395 kN 0.67

The bending moment resistance of the section is adequate.
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5.3 LTB vesistance

1075 025 75 2
tu{hdte) ) (et V7 (V7 9. (200-15)) (200415 VT [ 15 V7
FopN a2 || et 1 e A= : =575
4-b-f tw \ b \ 4-200-15 9 200 |
Fim=12.3
F < Fiim
575 s123 oK
The cross-section is qualified for verification of LTB by the simplified method.
Cy=25
075 0.25 05
N R RS AR 41 e
izl = 4-b-tf tiy b Eb-Ca
3 0.25 s 05
910°-(02-0015) | { 0.2-0.015 " [ 0.015 35510
=5.11+ 4 = == |\ T o | =0237
4-0.2-0.015 910 0.2 210-10°-25
ha/b <=2 -> Buckling curve ‘a'
o7 =0.21
2 2
mn=o.s-(1+auz(xlw-o.2)+ N )=o.54(1 +021-(0.237-02)+0237 ): 0.532
X7 = L o= L =0992

2 2 2 2
ur +\/ Our -Aoer 0532 +\/ 0.532"-0.237
X7 =min (Xur:1) = min(0.9921) = 0.992
Mo gd = Xi7-Mgg = 0.992- 295331 = 292.951 kNm

abs(Megcomp) _ abs(-198.755 km )
Mords 292951 kNm

The later torsional buckling resistance of the section is adequate.

UC_comp_LTB = =068

5.4 Longitudinal shear
5.4.1 Transverse reinforcement

Design shear flow
hf=hc=109 mm

nePra _ 1-144KkN
) e = 06 mm 108 | P
Transverse reinforcement
Astefiir Veahr
{vs'si) ~cotg(6)
A: = Asi/st
6
Veq - hy A0
" whe _ 43110°0.109 - 540 mm?/m
(C°t9(9]'fykvv ) cotg(26.5)-500-10
Ys 1.15
1 {d’ 1 {0016
t g 2
Auprov="=\ 5 [1314= 57| =4 314=1340 mm/m
Atprov 2 At
1340 mm’/m = 540 mm’/m oK

The transverse reinforcement of the section is adequate.

ULS check of Final stage is OK.
UC_comp = max(0.34,0.67,0.68) = 0.68

-iskoristivost elementa na GSN — 68 %

P
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Slika 10.4. Prikaz iskoristivosti gornje pojasnice glavnog resetkastog nosaca
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10.2.3. Rezne sile — donja pojasnica glavnog reSetkastog nosaca

My
5 o
hy
¢
T T— T ] A
2 [ L R
") ?} g @ g- ')
] a o EY]
Vz

38,67
38,76
36,08
36,17

-l m!s v—lCR
o P B Iy [--] t
iﬁ 2R 3% i S Ci iﬁ =
N w
I I e —
- o I S O
- o [
F3ad a8 85 i
< o0 g oo ~ A i’
% ! ol il RR
wn 1 N o
5 D 88
] 3 -
o ﬁ -1
- B~ ~
@ ae] hA a
g‘ (=)
-~
(-

775,66
436,97

8
1256,02

Slika 10.5. Prikaz reznih sila - donja pojasnica glavnog resetkastog nosaca

-poprecni presjek nosaca

Name Donja pojasnic glavnog reSetkastog nosafa - tribina srednje dvorane
Type CFRHS180X180X10
Source description Rautaruukki Oyj / Structural Hollow Sections EN10219 / Ed 2007
Item material S 355
Fabrication cold formed
Flexural buckling y-y c
Flexural buckling z-z c
Lateral torsional buckling Default
Use 2D FEM analysis *

z

[T
J

A [m?] 6,4570e-03

Ay z[m] 3,2251e-03 32251e-03
1y, z [m‘] 3,0168e-05 30168e-05
1w [mf], t [m%] 1,6746e-07 50736e-05
Wel y, z [m?] 3,3520e-04 3,3520e-04
Wpl y, z [m¥] 4,0351e-04 4.0351e-04
dy, z[mm] 0 0
c YUCS, ZUCS [mm] 90 90
a [deg] 0,00

AL, D [m¥m] 6,7700e-01 1,2910e+00
Mply +, - [Nm] 1,43e+05 143e+05
Mplz +, - [Nm] 1,43e+05 143e+05

Slika 10.6. Prikaz geometrijskih karakteristika nosaca
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10.2.4. Dimenzioniranje — donja pojasnica glavnog reSetkastog nosaca

[Member B1470 [16,200 m | CFRHS180X180X10 [S 355 [GSN 26 [094 - |

Note: EN 1993-1-3 article 1.1(3) specifies that this part does not apply to cold formed CHS and RHS sections.
The default EN 1993-1-1 code check is executed instead of the EN 1993-1-3 code check.

Partial safety factors

*Student version® *Student version* *Student version* *Student version® *Studer

Gamma MO for resistance of cross-sections 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25

[ Material ] ]
*Student version® *Student version® *Student version® *Student versic
Yield strength fy 355,0 MPa
Ultimate strength fu | 510,0 MPa
Fabrication Cold formed
....:SECTION CHECK:: @

The critical check is on position 13.770 m O
Internal forces | Calculated Unit

*Student version® *Student version® *Student version* *Stude
N,Ed -1256,02 kN

Vy,Ed 3,98 kN

Vz,Ed -35,67 kN

TEd 2,30 kNm
My,Ed -10,91 kNm
Mz,Ed 0.21 kNm
Classification for cross-section design
According to EN 1993-1-1 article 5.5.2
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio 15,00
Class 1 Limit 26,85
Class 2 Limit 30,92
Class 3 Limit 37,17
=> Section classified as Class 1 for cross-section design
Compression check
According to EN 1993-1-1 article 6.2.4 and formula (6.9)
A 6,4570e-03 | m"2
Nc,Rd 2292,24 kN
Unity check | 0,55 -
Bending moment check for My
According to EN 1993-1-1 article 6.2.5 and formula (6.12 ]
Wply 4,0351e-04 | m"3
Mpl.y,Rd 143,25 kNm
Unity check 0,08 -
Bending moment check for Mz
According to EN 1993-1-1 article 6.2.5 and formula ),(§
Wpl,z 4,0351e-04 | m"3
Mpl,z,Rd 143,25 kNm
Unity check | 0,00 2

Shear check for Vy
According to EN 1993-1-1 artitle 6.2,68"and YormulaA6.17)

Eta 1,20 />
Av

3,2285e-03 | m2
Vpl,y,Rd 661,71 kr{
Unity check | 0,01 -

Shear check for Vz
According to EN 1993-1-1 article 6.2.6 and formula (6.17)

Eta 1,20
Av 3,2285e-03 | m"2
Vpl,z,Rd 661,71 kN

Unity check | 0,05 =

Torsion check
According to EN 1993-1-1 article 6.2.7 and formula (6.23)

Tau,t,Ed 40 MPa
Tau,Rd 2050 |MPa
Unity check | 0,02 -

Note: The unity check for torsion is lower than the limit value of 0,05. Therefore torsion is considered as
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MN,yRd |83,15 |kNm
Alpha 2,51
MN,zRd [83,15 [kNm
Beta 2,51

Unity check (6.41)=0,01+0,00=0,01 -

Note: Since the shear forces are less than half the plastic shear resistances their effect on the moment
resistances is neglected.

The member satisfies the section check.

Classification for member buckling design

Decisive position for stability classification: 12,960 m
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1
Maximum width-to-thickness ratio | 15,00

Class 1 Limit 26,85

Class 2 Limit 30,92

Class 3 Limit 35,82

=> Section classified as Class 1 for member buckling design O
Flexural Buckling check

According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)
Buckling parameters [ w [ zz ] J
*Student version® *Student version® *Student version® *Student version® *Student version® *Student \
Sway type sway non-sway
System length L 0,810 3,240 m &

Buckling factor k 1,00 1,00
Buckling length Ler 0,810 3,240 m
Critical Euler load Ncr 95300,58 | 5956,29 kN

Slendemess Lambda 11,85 47,40

Relative slenderness Lambda,rel |0,16 0,62

Limit slendemess Lambda,rel,0 0,20 0,20

Buckling curve c c

Imperfection Alpha 0,49 0,49

Reduction factor Chi 1,00 0,77

Buckling resistance Nb,Rd 2292,24 1772,48 kN

Flexural Buckling verification
*Student version® *Student version* *Student version® *Student version® *Student v

Cross-section area A 6,4570e-03 | m"2
Buckling resistance Nb,Rd 1772,48 kN
Unity check 0,71 -

Torsional(-Flexural) Buckling check

According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)
Note: The cross-section concems a RHS section which is not susceptiblé
Lateral Torsional Buckling check
According to EN 1993-1-1 article 6.3.2.1
Note: The cross-section concems an RHS section with'h /b < 10 L&bda el

lexural) Buckling.

This section is thus not susceptible to Lateral Torsional Bugkling.

Bending and axial compression check
According to EN 1993-1-1 article 6.3.3 and formula (6.61),(§.62

[ Bending and axial compression check parameter |\

*Student version® *Student version* *Student version® *Student version* ‘Sttden verdipn* *Student version® *Student version® *S

Interaction method lte/native method 1
Cross-section area A 6,4570e-03 m2
Cross-section plastic modulus Wpl,y 4,0361e-04 mh3
Cross-section plastic modulus Wpl,z 4,0351e-04 m"3
Design compression force N,Ed 1256,02 kN
Design bending moment (maximu -39,87 kNm
Design bending moment (maximum 9,88 kNm
Characteristic compression resjsta 2292,24 kN
Characteristic moment resista 143,25 kNm
Characteristic moment resisfa 143,25 kNm
Reduction factor Chi,y 1,00

Reduction factor Chi,z 0,77

Reduction factor ChiLT 1,00

Interaction factor k,yy 0,94

Interaction factor k,yz 0,65

Interaction factor k,zy 0,58

Interaction factor k,zz 0,96

Maximum moment My,Ed is derived from beam B1470 position 14,580 m.
Maximum moment Mz,Ed is derived from beam B1470 position 16,200 m.

[ Interaction method 1 parameters [ ]
*Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *S

Critical Euler load N,cry 95300,58 kN
Critical Euler load N,cr,z 5956,29 kN
Elastic critical load N,cr,T 441871,80 kN
Cross-section plastic modulus Wpl,y 4,0351e-04 m3
Cross-section elastic modulus Wel,y 3,3520e-04 m3
Cross-section plastic modulus Wpl,z 4,0351e-04 m3
Cross-section_elastic modulus Wel,z 3,3520e-04 m"3

*Student version® *Student version® *Student version® *Student version* *Student version* *Student version® *Student version® *S
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[ Interaction method 1 parameters I ]
*Student version* *Student version® *Student version® *Student version* *Student version* *Student version® *Student version® *S

Second moment of area ly 3,0168e-05 m™
Second moment of area Iz 3,0168e-05 m™
Torsional constant It 5,0736e-05 mM
Method for equivalent moment factor C,my,0 Table A2 Line 2 (General)

Design bending moment (maximum) My,Ed -39,87 kNm
Maximum relative deflection delta,z 03 mm
Equivalent moment factor C,my,0 1,00

Method for equivalent moment factor C,mz,0 Table A.2 Line 2 (General)

Design bending moment (maximum) Mz,Ed 9,88 kNm
Maximum relative deflection delta,y -0,8 mm
Equivalent moment factor C,mz,0 0,89

Factor mu,y 1,00

Factor mu,z 0,94

Factor epsilon,y 0,61

Factor a,LT 0,00

Critical moment for uniform bending Mcr,0 4959,17 kNm
Relative slenderness Lambda,rel,0 0,17

Limit relative slenderness Lambda,rel,0,lim 0,22

Equivalent moment factor C,my 1,00

Equivalent moment factor C,mz 0,89

Equivalent moment factor C,mLT 1,00

Factor b,LT 0,00

Factor ¢,LT 0,00

Factor d,LT 0,00

Factor e,LT 0,00

Factor w,y 1,20

Factor w,z 1,20

Factor n,pl 0,55

Maximum relative slenderness Lambda,rel,max |0,62

Factor C,yy 1,07

Factor C,yz 1,04

Factor C,zy 0,99

Factor C.zz 1.1

Unity check (6.61)= 0,55 + 0,26 + 0,04 =0,85 -
Unity check (6.62) = 0,71+ 0,16 + 0,07 = 0,94 -
The member satisfies the stability check.

-iskoristivost elementa na GSN — 94 %

Slika 10.7. Prikaz iskoristivosti donje pojasnice glavnog resetkastog nosaca
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10.2.5. Rezne sile — ispuna glavnog resetkastog nosaca

N

A

\.}0.9)

-6

Slika 10.8. Prikaz reznih sila — ispuna glavnog resetkastog nosaca

-poprecni presjek nosaca

Name Ispuna glavnog reSetkastog nosaca - tribina srednje dvorane
Type CFRHS120X120X8
Source description Rautaruukki Oyj / Structural Hollow Sections EN10219 / Ed.2007
Item material S 385
Fabrication cold formed
Flexural buckling y-y [
Flexural buckling z-z C
Lateral torsional buckling Default
Use 2D FEM analysis *
z

A [m?] 3,3640e-03

Ay, z [m] 1,6801e-03 16801e-03
1y, z [m%] 6,7688e-06 6.7688e-06
I w [m®], £ [m] 1,6580e-08 1,1620e-05
Wel y, z [m¥] 1,1281e-04 1,1281e-04
Wpl y, z [m%] 1,3781e-04 1,3781e-04
dy, z [mm] 0 0
© YUCS, ZUCS [mm] 60 60
a [deg] 0,00

A L, D [m%m] 4,4600e-01 84081e-01
Mply +, - [Nm] 4,88e+04 488e+04
Mplz +, - [Nm] 4,88e+04 4.88e+04

Slika 10.9. Prikaz geometrijskih karakteristika nosaca

-iskoristivost elementa na GSN — 99 %

Slika 10.10. Prikaz iskoristivosti ispune glavnog resetkastog nosaca
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10.2.6. Dimenzioniranje — ispuna glavnog reSetkastog nosaca

Member B1495 [1,138 m | CFRHS120X120X8 [S355 [GSN2 [099 - |

Note: EN 1993-1-3 article 1.1(3) specifies that this part does not apply to cold formed CHS and RHS sections.
The default EN 1993-1-1 code check is executed instead of the EN 1993-1-3 code check.

Partial safety factors
*Student version® *Student version® *Student version® *Student version® *Studer
Gamma MO for resistance of cross-sections 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25

[ Material [ ]
*Student version* *Student version® *Student version*® *Student versic
Yield strength fy 355,0 MPa
Ultimate strength fu 510,0 MPa
Fabrication Cold formed
....:SECTION CHECK::... O
The critical check is on position 0.000 m
Internal forces | Calculated Unit
*Student version® *Student version® *Student version* *Stude
N,Ed -1101,24 kN
Vy,Ed 0,00 kN
Vz,Ed 0,00 kN
TEd 0,00 kNm
My,Ed 0,00 kNm
Mz,Ed 0,00 kNm
Classification for cross-section design
According to EN 1993-1-1 article 5.5.2
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio 12,00
Class 1 Limit 26,85
Class 2 Limit 30,92
Class 3 Limit 34,17

=> Section classified as Class 1 for cross-section design

Compression check

According to EN 1993-1-1 article 6.2.4 and formula (6.9)
A 3,3640e-03 | m"2
Nc,Rd 1194,22 kN
Unity check 0,92 -
The member satisfies the section check.
....:STABILITY CHECK::...
Classification for member buckling design
Decisive position for stability classification: 0,000 m
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1
Maximum width-to-thickness ratio | 12,00
Class 1 Limit 26,85

Class 2 Limit 30,92
Class 3 Limit 4,18

=> Section classified as Class 1 for mémbér bucking'desi

Flexural Buckling check

According to EN 1993-1-1 article 6,371.1 and formula)(6.46)
Buckling parameterf (7T W] 2z I

*Student version® *Student version® *Sd(dent version” 'smdknr version® *Student version* *Student \

Sway type non-sway
System length L 1,138 m
Buckling factor k 1,00

Buckling length Ler < 1,138 m
Critical Euler load Ncr 10824,65 kN
Slendemess Lambda 25,38

Relative slenderness Lambdarel |0,33 0,33

Limit slendemess Lambda,rel,0 0,20 0,20

Buckling curve c c

Imperfection Alpha 0,49 0,49

Reduction factor Chi 0,93 0,93

Buckling resistance Nb,Rd 1113,82 1113,82 kN

Flexural Buckling verification

*Student version® *Student version® *Student version® *Student version® *Student v

Cross-section area A 3,3640e-03 mh2
Buckling resistance Nb,Rd 1113,82 kN
Unity check 0,99 -

Note: The cross-section concems a RHS section which is not susceptible to Torsional(-Flexural) Buckling.
The member satisfies the stability check.
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10.2.7. Rezne sile — podupora glavnog resetkastog nosaca

N

?6'
.

=
Slika 10.11. Prikaz reznih sila — podupora glavnog resetkastog nosaca

-poprecni presjek nosaca

Name Podupora donje pojasnice glavnog reSetkastog nosaca - tribina srednje dvorane
Type CFRHS150X150X12.5
Source description Rautaruukki Oyj / Structural Hollow Sections EN10219 / Ed.2007
Item material S 3585
Fabrication cold formed
Flexural buckling y-y c
Flexural buckling z-z c
Lateral torsicnal buckling Default
Use 2D FEM analysis *
z

A [m] 6.2040e-03

Ay, z [m3] 3,1067e-03 3,1067e-03
ly, z [m%] 18174e-05 1,8174e-05
1w [mf], t [m¥] 7.9102e-08 33208e-05
Wel y, z [m?] 24233e-04 24233e-04
Wpl y, z [m?] 30558e-04 30558e-04
dy, z [mm] 0 0
¢ YUCS, ZUCS [mm] 75 75
o [deg] 0,00

A L, D [mim] 53600e-01 99249e-01
Mply +, - [Nm] 1,09e+05 1,09e+05
Mplz +, - [Nm] 1,08e+05 1,09e+05

Slika 10.12. Prikaz geometrijskih karakteristika nosaca

iskoristivost elementa na GSN — 91 %

Slika 10.13. Prikaz iskoristivosti podupore glavnog resetkastog nosaca
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10.2.8. Dimenzioniranje — podupora glavnog resetkastog nosaca

Member B5496 [22277 m | CFRHS150X150X12.5 [S 355 [GSN 2 [091 -

Note: EN 1993-1-3 article 1.1(3) specifies that this part does not apply to cold formed CHS and RHS sections.
The default EN 1993-1-1 code check is executed instead of the EN 1993-1-3 code check.

Partial safety factors

*Student version® *Student version® *Student version* *Student version* *Studer

Gamma MO for resistance of cross-sections 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1.25
[ Material ] J
*Student version® *Student version® *Student version® *Student versic
Yield strength fy 355,0 MPa
Ultimate strength fu | 510,0 MPa
Fabrication Cold formed

....:SECTION CHECK::...

The critical check is on position 2.277 m

Internal forces | Calculated | Unit
*Student version* *Student version* *Student version* *Stude

N.Ed ~1636,79 kN
Vy,Ed 0,00 kN
Vz,Ed 0,00 kN
TEd 0,00 kNm
My,Ed 0,00 kNm
Mz,Ed 0,00 kNm

Classification for cross-section design
According to EN 1993-1-1 article 5.5.2
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio | 9,00
Class 1 Limit 26,85
Class 2 Limit 30,92
Class 3 Limit 34,17

=> Section classified as Class 1 for cross-section design

Compression check

According to EN 1993-1-1 article 6.2.4 and formula (6.9)

A 6,2040e-03 | m"2
Nc,Rd 2202,42 kN
Unity check 0,74 -

The member satisfies the section check.

Classification for member buckling design
Decisive position for stability classification: 0,000 m
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio 9,00
Class 1 Limit 26,85
Class 2 Limit 30,92
Class 3 Limit

¥

412
=> Section classified as Class 1 for mémbér buckling'desi
Flexural Buckling check
According to EN 1993-1-1 article 6,371.1 and fortula{6.46)

Buckling parameters [ ] W\ A

z_ | J

*Student version® *Student version® *Stydent version* *Student version® *Student version® *Stude

Sway type

System length L

Buckling factor k

Buckling length Ler <
Critical Euler load Ncr
Slendemess Lambda

Relative slenderness Lambda,rel
Limit slendemess Lambda,rel,0
Buckling curve

Imperfection Alpha

Reduction factor Chi

Buckling resistance Nb,Rd

Flexural Buckling verification

*Student version® *Student version® *Student version® *Student version® *Student v

Cross-section area A 6,2040e-03 mh2
Buckling resistance Nb,Rd 1793,40 kN
Unity check 0,91 -

Note: The cross-section concems a RHS section which is not susceptible to Torsional(-Flexural) Buckling.

The member satisfies the stability check.
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10.2.9. Rezne sile — gornja pojasnica sekundarnog resetkastog nosac¢a

My

-95,41

> -18,54

e
£0'69

23,1

avov
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f9'sy

29,1
62/8€

Vz

Slika 10.14. Prikaz reznih sila - gornja pojasnica sekundarnog resetkastog nosaca

-poprecni presjek nosaca

Name Gornja pojasnica sekundarnog reSetkastog nosata - tribina srednje dvorane
Type HEB200
Source description Profil Arbed / Structural shapes / Edition Octobre 1885
Item material S 355
Fabrication rolled
Flexural buckling y-y b
Flexural buckling z-z c
Lateral torsional buckling Default
Use 2D FEM analysis *®
z

A [m?7] 7,8080e-03

Ay, z [mf] 5,7750e-03 1,9112e-03
1y, z [m?] 5,6960e-05 2,0030e-05
I w [mé], t [m?] 1,7112e-07 5,9280e-07
Wel y, z [m?] 5,6960e-04 2,0030e-04
Wpl y, z [m*] 6,4250e-04 3,0580e-04
dy, z [mm] 0 0
c YUCS, ZUCS [mm] 100 100
a [deg] 0,00

AL, D [m¥m] 1,1500e+00 1,1510e+00
Mply +, - [Nm] 2,28e+05 2,28e+05
Mplz +, - [Nm] 1,09e+05 1,09e+05

Slika 10.15. Prikaz geometrijskih karakteristika nosaca
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10.2.10. Dimenzioniranje — gornja pojasnica sekundarnog resetkastog nosaca

Composite Beam - Final stage

Linear calculation
Class: All ULS
Extreme 1D: Global
Selection: B4987

Composite beam verification

for beam B4987 at section 4.05 m, in accordance with EC EN 1994-1-1

1. Geometry data

f 1
i i

Continuous beam

Length of the current span
Length of previous span
Beam spacing at the left
Beam spacing at the right
Checked section

152

L=405m
Lprevious = 6.25 m
Lieft = 3.24 m
Lrigh( =324m
de =4.05m

.51 109_
160

=

Warning: For a continuous beam, intermediate buckling supports y-y are ignored in both the calculation of

the effective width for the analysis model and the check.

2. Cross-section & materials

2.1 Steel section properties

2.1.1 Cross-section
Cross-section
Height
Width
Web thickness
Flange thickness
Radius
Area
Moment of inertia
Radius of gyration
Plastic section modulus

2.1.2 Material
Steel grade
Yield strength
Ultimate strength
E modulus

2.1.3 Cross-section classification

235
€= 355 =0.814

2.1.3.1 Flange in compression

_b-ty-2-r 200mm-9mm-2-18 mm

HEB200

2 =200 mm
b =200 mm
w = 9.mm
k=15 mm

r=18mm

A, = 7808 mm”

I, = 57:10° mm*

iz=51mm

Woiy = 642500 mm’

S 355

f, = 355 MPa
fu = 490 MPa

Ep = 210000 MPa

B - 2
C

*’5945

tf

77.5 mm

<9.0.814
15 mm 8RO

517 £7.32 oK

Flange classified as Class 1.

=77.5mm

(EN 1993-1-1 §5.6 Tab. 5.2)
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2.1.3.2 Wek i bending

cw=hy=2-t;=2:r=200 mm - 215 ram - 218 mrn = 134.mm

A= 0.5
Cw 36-€
e ik
tw Ol
134 mm e 36-0.814
9mm - 05
14.9 < 586 oK

Web classified as Class 1.

Cross-section classified as Class 1

Cross-section Class OK.

2.2 Concrete slab with profiled sheeting
2.2.1 Concrete slab

2.2.1.1 Slab
Total height of the slab hs = 160 mm
2.2.1.2 Material
Concrete class C30/37
Characteristic strength fa = 30 MPa
E modulus Ecm = 32800 MPa

2.2.2 Profiled steel sheeting
Sheeting with ribs transverse to the supporting beams
bc

- Cu

| | o .

: ¥

SO o I e O J Y
Name Vulcraft 2 VLI 20
Depth of the ribs hp =50.8 mm
Height of full concrete he =109.2 mm
Height of the re-entrant stiffener hg = 0 mm
Spacing of the ribs bs = 304.8 mm
Top width of the rib by = 127 mm
Bottom width of the rib bp = 127 mm
Mean width of the ribs boib = 152.4 mm
Thickness of the sheeting tp = 0.9093 mm

2.2.3 Shear connectors

2.2.3.1 Geometry
Name

Diameter

Nominal height

As-welded height

Amount per trough or section

2.2.3.2 Material
Steel grade
Ultimate strength

2.2.4 Reinforcement

2.2.4.1 Geometry
Longitudunal bar diamter
Longitudunal bar spacing
Longitudunal bar cover
Transverse bar diamter

Transverse bar spacing
Transverse bar cover

2.2:4.2 Materia
Viaterial
Characterictic yield strength

H110

ds = 25 mm
hnom = 110 mm
hse = 105 mm
n=1

S 355
fus = 490 MPa

di= 16 mm
s; =150 mm
¢ =30 mm
dy =16 mm
5t =150 mm
¢t = 46.inm

B 5004
fyer = 500 MPa
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3. Design vaiues of loads
Load Narne : GSN 2

Content of combination : 1.35*g-vlastitatezina+1.35*dg-dodatnostalno+

1.80"q-promjenjivoopterecenje+1.35*q-vlastitateZina_drycoricrete

Bending moment Meqg comp = -97.521 kNm
Shear force VEd,comp = -85.095 kN
4. Partial safety factors
Steel section Ymo =1
ymi =1
Shear connectors yv =125
Concrete Yc=15
Reinforcement ys = 1.15

5. ULS check of the Final stage

5.1 Shear connection
5.1.1 Design resistance of shear connectors

5.1.1.1 Shear connector in a solid slab
h

SC
=54
d
42> 4
a=1
.6 = min(490;450) MPa
f.s =450 MPa
2 2
nd 3.14-25
O.B-fus-( -3 ) 0.8-450 MPa- ___*4_@1_)
PRdsolid,1 = W = 125 =141kN
2 F
029-0ds Y foa'Ean_ 0.29-1-25 mm" -+ 30 MPa 32800 MPa
PRd solid2 = % = 125 =144 kN

PRdsolid = min(Pm,soﬁd,wiPnd,sond,:)= 'ﬂin(141 kN;144 kN)= 141 kN

5.1.1.2 Shear connector in profiled sheeting

Sheeting with ribs transverse to the supporiing beams

kt=L4(b"‘—"'”)~(k- ; )= 07 ( 152 mm
JT[‘ b [\ B \/T‘ 50.8 mm
ktmax = 0.85

ke= max(o;min (k‘;k‘,max))= max (O;min (2.24;0.85)): 0.85
Pra = ki* Prasolig = 0.85- 141 kN = 120 kN

105 mm
50.8 mm

. -1|=2.24

Warning: The conditions given by EN 1994-1-1 Art.6.6.4.2 (3) are not fulfilled.

5.1.2 Degree of shear connection

5.1.2.1 Determination of b . of the concrete flange and length L .

b1 b2
be
&—>
be1 : be2

The effective width at the end support
Lep=0.85:1,=0.85-405m=3.44m
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Left side of the beam

L, by (
L R el 2 3ﬁﬂ E—mm =162m
betg =min (-—-,b1 m.n( ‘1 62 m| 043 m
ben:min( (0—m1 62m|=

8
[ Le2 Om

bet2 = min (—8— = m|n(——8——‘,1 62 m)
Right side of the beam

Lserp: i by
i Eegrgm _o_324m_0r;1m=1-62m
be2o = mln( ) mln( ,1.62 m): 043 m

be21 = min( )— mln( :1.62 m)
bm:min[T2 )— mln(—'m, .6, ):Om

Calculation of b
beffo = bo + beto B1+ bezo-P2=0 mm +0.43 m-0.75+ 043 m-0.75=0.645 m

o

Calculation of b
beff = beffo = 0.645 m

Determination of L.
le=lo=344m

5.1.2.2 Minimum degree of shear connection
Warning: Conditions given by EN 1994-1-1 Art. 6.6.1.2 (3) are not fulfilled.

35
Nmin,calc = 1- e (0 75 -0.03- Le\
yb

Nmincale = 1= z:i (0.75-003-3.44 m)=035

Nmin = Max (nmm,cak;OA): max (035;0.4): 04

5.1.2.3 Degree of shear connection present

5.1.2.3.1 Tension resistance of the reinforcement

bet [df | 0645m | 16mm’
eﬂ‘ | p—— m . mm f < 2
= e s | g 314 =865 mm
_ At
o _ 86510°-50010°

Vs 115

5.1.2.3.2 Tension resistance of the steel member
Npia = fyo+ Aa = 355 MPa - 7808 mm"’ = 2771.84 kN

Nes = min(FiNpi2)= min(376 kN:2771.84 kN) = 376.17 kN
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5.1.2.3.3 Resistance of the shear connectors
Number of full riks/availabie per length L .

poale)  344m
b 305 mm
Nip =11

ls = bs - trough =305 mm -1 =305 mm
Number of shear studs available per length L /2
0.5:ngp-n, _ 05-11-1

Ne = Nep-Pra = 5.5 120166 = 660,91 kN
il N [ 80STkN )
D= N MM grearien )
N 2 Niin
1204 oK

The shear connection degree is adequate.

5.2 Cross-sectional resistance of the composite beam
5.2.1 Shear buckling
hw=ha -2-t;=200 mm -2-15 mm =170 mm
N =12
hy 72:-€
W SO
tw Nsb
170mm _ 72-0.814
9mm - 12
189 < 488 oK

The shear buckling resistance of the web does not need to be verified.

5.2.2 Vertical shear
The resistance to vertical shear should be taken as the resistance of the structural steel section.
A= Ay=2-b-ti+(tu+ 2.1 )

5781107 - 2:0.2-0015 + {9107 +2-0,018)-0.015 = 2483 mm’
Auinin = Nsb-hy- = 12:0.17-910° = 1836 mm’
Ay 2 Ay min
2483 mm’ > 1836 mm’
Acfyp 2483 mm®-35510°

Volrd =
plRd _\/?-VMD J?.‘]

abs(Vegcoms) _ abs(-85.095 kN)
UC_comp_V = Vi = 509 kN =017

The shear resistance of the section is adequate.

=509 kN

5.2.3 Bending moment
5.2.3.1 Longitudinal reinforcement

5.2.3.1.1 Centre of composite section

For buildings not intended mainly for storage the effects of creep in concrete
beams may be taken into account by using an effective E modulus E ¢eff = Ecmy /2.

M= 16400 MPa

ha ) (1 he-h
Aa‘(?a)+(E)-beﬁ'(hc—hd)'(ha+hs— 3 ")

ya= :
Aa+| = | betr-( he=ha)
Ng
3 f02) (1 0109-0
7.8110 ( 5 ]+(12’8]‘0.545-(0.109-0)(o.z+o.1e- = ) -
= = mm
3 1
7.81107 + 128)~o.645~(0.109-o)
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5.2.3.1.2 Degree of reinforcement

(-, 5
E[d_l 'n_ﬂSASm 16 mm
““s (4, 150mm

2 )-3.14 =865 mm’

Ac=beit-{ he = ha )= 0.645-(0.109 - 0)= 70485 mm”

he-h 1

20=| hy +hy——= d)—yd=(0,2+0.16-M)-0.185=120mm
ke =min +0.3;1|=min 1 +0.3;1]=0.988

LT ,,0109-0

2.7) 2:012
fio_|[fem | 17 355 | [ 2910° [958
=0 === I = i =i ¢ =

=t ( 235 )(fyk,r ) =T [235) (500»10" Hs =Dt
As 2 ps-Ac
865 mm’ > 9.58:10 70485 mm”
865 mm’ 2 675 mm’ oK

The longitudinal reinforcement of the section is adequate.

5.2.3.2 Moment resistance
Moment resistance of a steel cross-section
Wiy fis 642500 mm 355 MPa
Ymo 1
Influence of shear

% > abs (Vsd,comp)

MpI,Rd.a = =228 kNm

SO g

254 kN > 85.1 kN OK

The influence of the vertical shear on the bending moment resistance may be neglected.
fybw = fyb = 355 MPa

Modified tension resistance of the stesl member

r=0mm

Ay=2-tb 4ty (hy -2t )= 2-15 mm - 200 mm + 9 mm- ( 200 mm - 215 mm )= 7530 mm”
Npia = Ay f5=7530 mm® 355 MPa = 2673.15 kN

Note: Roundings of the steel cross-section are negiected in bending resistance calculation.
Neg= min (FsNpi2)= min (376 kN;2673.15 kN)= 376.17 kN

N CE R e o
9 ]

The plastic neutral axis is located within the web of the steel section.
Natf=b-tff,,=0.2-0.015 -35510° = 1065.00 kN

Npla - Natf - Natw = Fs + Natf + Natw

- (Nota=2-Nas=Fs) (267315 kN - 2-1065.00 kN - 376 kN)

(2t fou) {2-9 mm-355 mPa) =201

Verification of the steel web classification.

Cu o, 39%:¢
tw ~ 13:0q-1

134mm 3960814

9mm - 13-0.805-1

149 < 34 oK

Web classified as Class 1.

Natw = tw* X fybw =9 mm - 26.1 mm 355 MPa = 83.49 kN
Nac = Npla = Natf = Natw = 2673.15 kN - 1065.00 kN - 83.49 kN = 1524.66 kN

Leverage arm of the compression part of the steel section calculated to the PNA.

(tw-(h,.,—zvtf—x]z-o.sw-b-(ha-1.5-tf—x])
tw'(ha—Z'tl—X)'Ptf'b

cs

(9v(200-2'15-2641)2»0.5+ 154200-(200-1.5415-25.1))
K 9.(200-2-15-26.1)+5-200

=127 mm

di / 0.016
hi=x+ti+hs=q+ ?=0.0261 +0.015+C.16-O.03+7f’= 163 mm
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- beff/= 0645 m
fydy

l

Fs = 37617 kN
0

—F Natl-'8538%"

<4—— Na,c = 1524,66 kN

fyb

t Natw * X
Mpl,Rd=Fs'hl+Nau'(?'+X)+ a"zw +Nae+hes

L )+%+ 1524.66-127 =293 kNm

=376-163 + 1065‘00~(7+26.1

Design moment resistance according to EN 1994-1-1 Art.6.2.1.2
MRd = MpI,Rd =293 kNm
abs{Megcomp)  abs(-97.521 kNm)
uc M= = =033
Gl Med 293 kNm

The bending moment resistance of the section is adequate.

5.3 LTB resistance

0.75 0.25 . .
F_(“w ha-tfl)A(ha—n) (t_f] _(1+9- zoo-15l).(zoo-15)°75.(£)°25_575

4-b-t; tw b 4-200-15 9 200
Fim=12.3
F < Fim
575123 OK
The cross-section is qualified for verification of LTB by the simplified method.
CG=25

0.75 0.25 0.5
_— 1+tw-(ha—t;) (hamte V7 (6] [t
K= 4-b-ty t b Ep-Cy

3 075 025 6 05
910 "-10.2-0.015 .2 -0. ! .
=5.(_ ( ))'(oz 0015] (M) (ﬁ) i

4.02-0015 5107 02 21010°25 |
ha/b <=2 -> Buckling curve 'a'
= 0.21
Biriols ( Toaur | Ara =02 [+ Ay )= 05-(1+021-(0237-02)+ 0237)- 0532
X ! . ! 120992

ou+ \] O —dee 0522 +1] 0532°-0237°
Xir=min(X:1)= min(0.992:1)= 0992
Mb,Rd = XLT J MRd =0.992 292547 = 290.189 kNm

abs(Megcomp) _ abs(-97.521 kNm) -
Merd  290.189kNm

The later torsional buckling resistance of the section is adequate.

UC_comp_LTB =

5.4 Longitudinal shear
5.4.1 Transverse reinforcement

Design shear flow

hf=he =109 mm
N, - Prd 1-120 kN
Ved = 1 -he ~ 2-305 mm 109 mm - 0! MPa
Transverse reinforcement
Asf'fk,r 3 Ved * hy
Ysesi) cotgge
A = Agi/st
Veg-h 10°.
i Ed " Nf = 1.81-10 -0.109 - -6 mmz/m
( cotg(8)-fye: ) cotg(26.5)-500-10
Ys 1.15
2 2
1| ok 1 0.016 2
Atprov= 5 ( 4 )'3‘14— 015 ( 3 )~3.14-‘I340 mm-/m
Atprov 2 At
1340 mm°/m 2 226 mm’/m oK

The trarsverse reinforcement of the saction is 2dequate.

202



Viljan Didovié Diplomski rad

SCIAENGINEER

ULS check of Final stage is OK.
UC_comp'= max(0.17:03370,34) =034

-iskoristivost elementa na GSN — 34 %

]
S

N> 7
B NRA
oL <R ‘m’@_ﬂ;‘ JN
> P ‘km‘ ~T7h
4 N R NN

Nk W’*‘WNZNV " VN
il Pl ] arak
b

5 %NENHH!NWY«&‘-
» i \p,

A,

g

Slika 10.16. Prikaz iskoristivosti gornje pojasnice sekundanog resetkastog nosaca
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10.2.11. Rezne sile — donja pojasnica sekundarnog resetkastog nosaca

195,81

7918t

341,75
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-250,48—]
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Slika 10.17. Prikaz reznih sila - donja pojasnica sekundarnog resetkastog nosaca

-poprecni presjek nosaca

Name Donja pojasnica sekundarnog resetkastog nosaga - tribina srednje dvorane
Type CFRHS150X150X8
Source description Rautaruukki Oyj / Structural Hollow Sections EN10219 / Ed.2007
Item material S 355
Fabrication cold formed
Flexural buckling y-y c
Flexural buckling z-z C
Lateral torsional buckling Default
Use 2D FEM analysis ®

z

[T]
J

A [m7] 4,3240e-03

Ay, z [m7] 2,1601e-03 2,1601e-03
1y, z [mY] 1,4118e-05 1,4118e-05
1w [m], t [m*] 50625e-08 23641e-05
Wel y, z [m*] 1,8824e-04 1,8824e-04
Wpl y, z [m?] 22506e-04 2,25096e-04
dy, z[mm] 0 0
¢ YUCS, ZUCS [mm] 75 75
o [deg] 0,00

A L, D [m¥m] 5,6600e-01 1,0808e+00
Mply +, - [Nm] 8,01e+04 8,01e+04
Mplz +, - [Nm] 8,01e+04 8.01e+04

Slika 10.18. Prikaz geometrijskih karakteristika nosaca
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10.2.12. Dimenzioniranje — donja pojasnica sekundarnog resetkastog nosac¢a

Member B1089 [8,2252 m | CFRHS150X150X8 [S 355 [GSN2 [058 - |

Note: EN 1993-1-3 article 1.1(3) specifies that this part does not apply to cold formed CHS and RHS sections.
The default EN 1993-1-1 code check is executed instead of the EN 1993-1-3 code check.

Partial safety factors

*Student version® *Student version® *Student version® *Student version® *Studer
Gamma MO for resistance of cross-sections 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25

[ Material ] |
*Student version® *Student version® *Student version® *Student versic
Yield strength fy 355,0 MPa
Ultimate strength fu | 510,0 MPa
Fabrication Cold formed
....:SECTION CHECK::... O
The critical check is on position 7.427 m
Internal forces | Calculated Unit
*Student version® *Student version® *Student version* *Stude
N,Ed -173,31 kN
Vy,Ed 0,07 kN
Vz,Ed 7,44 kN
TEd 0,49 kNm
My,Ed -0,50 kNm
Mz,Ed 0,23 kNm
Classification for cross-section design
According to EN 1993-1-1 article 5.5.2
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio | 15,75
Class 1 Limit 26,85
Class 2 Limit 30,92
Class 3 Limit 35,37

=> Section classified as Class 1 for cross-section design

Compression check

According to EN 1993-1-1 article 6.2.4 and formula (6.9)

A 4,3240e-03 | m"2

Nc,Rd 1535,02 kN

Unity check | 0,11 -

Bending moment check for My
According to EN 1993-1-1 article 6.2.5 and formula (6.12 ]
Wply 2,2596e-04 | m"3

Mpl,y,Rd 80,22 kNm

Unity check 0,01 -

Bending moment check for Mz
According to EN 1993-1-1 article 6.2.5 and formula’ ), (6
Wpl,z 2,2596e-04 | m"3

Mpl,z,Rd 80,22 kNm

Unity check | 0,00 -

Shear check for Vy
According to EN 1993-1-1 artitle 6.2,6"and formula(6.17)

Eta 1,20 />
Av 2,1620e-03 | m"2
Vpl,y,Rd 443,12 kr(
Unity check  |0,00 -
Shear check for Vz

According to EN 1993-1-1 article 6.2.6 and formula (6.17)

Eta 1,20
Av 2,1620e-03 | m"2
Vpl,z,Rd 443,12 kN

Unity check  [0,02 -

Torsion check
According to EN 1993-1-1 article 6.2.7 and formula (6.23)

Tau,t,Ed 1,5 MPa
Tau,Rd 2050 |MPa
Unity check | 0,01 -
Note: The unity check for torsion is lower than the limit value of 0,05. Therefore torsion is considered as
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MN,yRd [8022 [kNm
Alpha 1,68
MN,zRd [80,22 [kNm
Beta 1,68

Unity check (6.41)=0,00 + 0,00 = 0,00 -

Note: Since the shear forces are less than half the plastic shear resistances their effect on the moment
resistances is neglected.

The member satisfies the section check.

Classification for member buckling design

Decisive position for stability classification: 0,000 m
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1
Maximum width-to-thickness ratio | 15,75
Class 1 Limit 31,97
Class 2 Limit 36,81
Class 3 Limit 55,77

=> Section classified as Class 1 for member buckling design O
Flexural Buckling check

According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)
Buckling parameters [ w [ zz ] J
*Student version® *Student version* *Student version* *Student version® *Student version* *Student \
Sway type sway non-sway
System length L 0,825 8,252 m %

Buckling factor k 1,00 1,00
Buckling length Ler 0,825 8,252 m
Critical Euler load Ncr 4297483 429,75 kN

Slendemness Lambda 14,44 144,41

Relative slenderness Lambda,rel |0,19 1,89

Limit slendemess Lambda,rel,0 0,20 0,20

Buckling curve c c

Imperfection Alpha 0,49 0,49

Reduction factor Chi 1,00 0,22

Buckling resistance Nb,Rd 1535,02 331,67 kN

Flexural Buckling verification | |

*Student version® *Student version* *Student version® *Student version® *Student v

Cross-section area A 4,3240e-03 | m"2
Buckling resistance Nb,Rd 331,67 kN
Unity check 0,52 -

Torsional(-Flexural) Buckling check

According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)
Note: The cross-section concems a RHS section which is not susceptiblé
Lateral Torsional Buckling check
According to EN 1993-1-1 article 6.3.2.1
Note: The cross-section concems an RHS section with'h /b < 10 L@bda el

lexural) Buckling.

This section is thus not susceptible to Lateral Torsional Bugkling.

Bending and axial compression check
According to EN 1993-1-1 article 6.3.3 and formula (6.61),(§.62

[ Bending and axial pression check parameter |~
*Student version® *Student version* *Student version* *Student version* ’St(den Wr}(' *Student version® *Student version® *S

Interaction method \Itae}n ive method 1
Cross-section area A 4,3240e-03 m"2
Cross-section plastic modulus Wpl,y ,2596e-04 m*3
Cross-section plastic modulus Wpl,z 2,2596e-04 m*3
Design compression force N,Ed 173,31 kN
Design bending moment (maximu -6,68 kNm
Design bending moment (maximum 0,30 kNm
Characteristic compression resistance 1535,02 kN
Characteristic moment resista ) 80,22 kNm
Characteristic moment resisfangé 80,22 kNm
Reduction factor Chi,y 1,00

Reduction factor Chi,z 0,22

Reduction factor Chi,LT 1,00

Interaction factor k,yy 1,14

Interaction factor k,yz 0,41

Interaction factor k,zy 0,66

Interaction factor k,zz 0,43

Maximum moment My,Ed is derived from beam B1089 position 8,252 m.
Maximum moment Mz,Ed is derived from beam B1089 position 0,000 m.

Interaction_method 1 parameters ] |

*Student version® *Student version* *Student version* *Student version® *Student version* *Student version® *Student version® *S

Critical Euler load N,cry 42974,83 kN
Critical Euler load N,cr,z 429,75 kN
Elastic critical load N,cr,T 292638,69 kN
Cross-section plastic modulus Wpl,y 2,2596e-04 mA3
Cross-section elastic modulus Wel,y 1,8824e-04 m'3
Cross-section plastic modulus Wpl,z 2,2596e-04 m"3
Cross-section elastic modulus Wel,z 1,8824e-04 m3

*Student version® *Student version* *Student version* *Student version® *Student version* *Student version® *Student version® *S
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Interaction method 1 parameters

]

*Student version® *Student version® *Student version* *Student version* *Student version* *Student version® *Student version® *S

Second moment of area ly 1,4118e-05 mh4
Second moment of area Iz 1,4118e-05 m™4
Torsional constant It 2,3641e-05 mh4
Method for equivalent moment factor C,my,0 Table A.2 Line 2 (General)

Design bending moment (maximum) My,Ed -6,68 kNm
Maximum relative deflection delta,z 0,1 mm
Equivalent moment factor C,my,0 1,00

Method for equivalent moment factor C,mz,0 Table A.2 Line 1 (Linear)

Ratio of end moments Psi,z -0,96

Equivalent moment factor C,mz,0 0,40

Factor mu,y 1,00

Factor mu,z 0,65

Factor epsilon,y 0,89

Factor a,LT 0,00

Critical moment for uniform bending Mcr,0 906,23 kNm
Relative slendermness Lambda,rel,0 0,30

Limit relative slenderness Lambda,rel,0,lim 0,31

Equivalent moment factor C,my 1,00

Equivalent moment factor C,mz 0,40

Equivalent moment factor C,mLT 1,00

Factor b,LT 0,00

Factor ¢ LT 0,00

Factor d,LT 0,00

Factor e LT 0,00

Factor w,y 1,20

Factor w,z 1,20

Factor n,pl 0,11

Maximum relative slendemess Lambda,rel,max 1,89

Factor C,yy 0,88

Factor C,yz 0,97

Factor C,zy 0,59

Factor C,zz 1,02

Unity check (6.61)= 0,11 + 0,09 + 0,00 = 0,21 -
Unity check (6.62) = 0,52 + 0,06 + 0,00 = 0,58 -
The member satisfies the stability check.
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-iskoristivost elementa na GSN — 58 %

Slika 10.19. Prikaz iskoristivosti donje pojasnice sekundanog resetkastog nosaca

207



Viljan Didovié Diplomski rad

10.2.13. Rezne sile — ispuna sekundarnog resetkastog nosaca

Slika 10.20. Prikaz reznih sila — ispuna glavnog resetkastog nosaca

-poprecni presjek nosaca

Name Ispuna sekundarnog re3etkastog nosaéa - tribina srednje dvorane
Type CFRHSB0X80X5
Source description Rautaruukki Qyj / Structural Hollow Sections EN10219 / Ed.2007
Item material S 355
Fabrication cold formed
Flexural buckling y-y c
Flexural buckling z-z c
Lateral torsional buckling Default
Use 2D FEM analysis *

z

[T
J

A [m7] 1,4360e-03

Ay, z [m] 7.1721e-04 7.1721e-04
1y, z [m*] 1,3144e-06 1,3144e-06
I w [mf], t [m*] 1,3653e-09 21783e-06
Wel y, z [m?] 3,2860e-05 3,2860e-05
Wpl y, z [m¥] 3,9740e-05 3,9740e-05
dy, z [mm] o 0
c YUCS, ZUCS [mm] 40 40
o [deg] 0,00

A L, D [m¥m] 3,0300e-01 5,7413e-01
Mply +, - [Nm] 141e+04 1.41e+04
Mplz +, - [Nm] 141e+04 1.41e+04

Slika 10.21. Prikaz geometrijskih karakteristika nosaca

-iskoristivost elementa na GSN — 47 %
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Slika 10.10. Prikaz iskoristivosti ispune glavnog resetkastog nosaca
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10.2.14. Dimenzioniranje — ispuna sekundarnog resetkastog nosaca

Member B1098 [1,138 m | CFRHS80X80X5 [S 355 [GSN2 [047 - |

Note: EN 1993-1-3 article 1.1(3) specifies that this part does not apply to cold formed CHS and RHS sections.
The default EN 1993-1-1 code check is executed instead of the EN 1993-1-3 code check.

Partial safety factors

*Student version® *Student version® *Student version* *Student version® *Studer
Gamma MO for resistance of cross-sections 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25

[ Material [ ]
*Student version* *Student version® *Student version*® *Student versic
Yield strength fy 355,0 MPa
Ultimate strength fu | 510,0 MPa
Fabrication Cold formed
....:SECTION CHECK::... O
The critical check is on position 0.000 m
Internal forces | Calculated Unit
*Student version® *Student version® *Student version* *Stude
N,Ed -202,39 kN
Vy,Ed 0,00 kN
Vz,Ed 0,00 kN
T,Ed 0,00 kNm
My,Ed 0,00 kNm
Mz,Ed 0,00 kNm
Classification for cross-section design
According to EN 1993-1-1 article 5.5.2
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio 13,00
Class 1 Limit 26,85
Class 2 Limit 30,92
Class 3 Limit 3417

=> Section classified as Class 1 for cross-section design

Compression check
According to EN 1993-1-1 article 6.2.4 and formula (6.9)

A 1,4360e-03 | m"2
Nc,Rd 509,78 kN

Unity check 0,40 - @
The member satisfies the section check.
....:STABILITY CHECK::...
Classification for member buckling design
Decisive position for stability classification: 0,000 m

Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio 13,00

Class 1 Limit 26,85
Class 2 Limit 30,92
Class 3 Limit 4,18

=> Section classified as Class 1 for mémbér bucking'desi

Flexural Buckling check

According to EN 1993-1-1 article 6,371.1 and fortmula{6.46)
Buckling parameters | ] W\ A{  zz [

*Student version® *Student version® *Stydent version® *Student version* *Student version* *Studeni

Sway type non-sway
System length L 1,138 m
Buckling factor k 1,00

Buckling length Ler < 1,138 m
Critical Euler load Ncr 2101,99 kN
Slendemess Lambda 37,63

Relative slenderness Lambda,rel 0,49

Limit slendemess Lambda,rel,0 0,20

Buckling curve c

Imperfection Alpha 0,49

Reduction factor Chi 0,85 0,85

Buckling resistance Nb,Rd 431,88 431,88 kN

Flexural Buckling verification

*Student version® *Student version® *Student version® *Student version® *Student v

Cross-section area A 1,4360e-03 m2
Buckling resistance Nb,Rd 431,88 kN
Unity check 0,47 -

Note: The cross-section concems a RHS section which is not susceptible to Torsional(-Flexural) Buckling.
The member satisfies the stability check.
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11. PRORACUN SPREGNUTE MEDPUKATNE KONSTRUKCIJE

KONZOLNI DIO

11.1. Pomaci spregnute medukatne konstrukcije — konzolni dio

e nESR AN 1l

7

Slika 11.1. Prikaz vertikalnog pomaka glavnog resetkastog nosaca— konzolni dio

Dopusteni vertikalni pomak (progib):

_ | 16,20-1000
udop - -
300 300

=54,0mm

u,=48,7mm<u,,, =54,0mm  Zadovoljava

z,dop

-iskoristivost na GSU - 48, 7mm/54,0mm =0,90 =90%
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11.2. Dimenziniranje spregnute medukatne konstrukcije—tribina srednje dvorane

11.2.1. Rezne sile — gornja pojasnica glavnog resetkastog nosaca

o
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Slika 11.2. Prikaz reznih sila - gornja pojasnica glavnog resetkastog nosaca

-poprecni presjek nosaca

Name Gornja pojasnica glavnog reSetkastog nosata - kozolni dio
Type HEEB340
Source description Profil Arbed / Structural shapes / Edition Octobre 1995
Item material S 355
Fabrication rolled
Flexural buckling y-y b
Flexural buckling z-z C
Lateral torsional buckling Default
Use 2D FEM analysis *
z
N

A [mY] 1,7090e-02

Ay z [m] 1,2393e-02 43278e-03
1y, z [m4] 3,6660e-04 9,6900e-05
1w [mé], t [mf] 2,4536e-06 2,5720e-06
Wel y, z [m?] 2.1560e-03 6,4600e-04
Wply, z [m¥] 2,4080e-03 9,8570e-04
dy, z [mm] 0 0
¢ YUCS, ZUCS [mm] 150 170
a [deg] 0,00

A L, D [m%m] 1,8100e+00 1,8094e+00
Mply +, - [Nm] 8,55e+05 8,55e+05
Mplz +, - [Nm] 3,50e+05 3,50e+05

Slika 11.3. Prikaz geometrijskih karakteristika nosaca
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11.2.2. Dimenzioniranje — gornja pojasnica glavnog reSetkastog nosaca

Composiie Beam - Final stage

Linear calculation
Class: All ULS
Extreme 1D: Global
Selection: B5513

Composite beam verification

for beam B5513 at section 3.24 m, in accordance with EC EN 1994-1-1

1. Geometry data

T

ﬂ“";‘ b ) ®

.
L
109

£

Simply supported beam
Length of the current span
Beam spacing at the left
Beam spacing at the right
Checked section

Warning: For a continuous beam, intermediate buckling supports y-y are ignored in both the calculation of

L=162m
Lieft = 7.86 m
Light = 7.86 m
dy=324m

the effective width for the analysis model and the check.

2. Cross-section & materials

2.1 Steel section properties

2.1.1 Cross-section
Cross-section
Height
Width
Web thickness
Flange thickness
Radius
Aiea
Moment of inertia
Radius of gyration
Plastic section modulus

2.1.2 Material
Steel grade
Yield strength
Ultimate strength
E modulus

2.1.3 Cross-section classification

235
€= 355 =0814

2.1.3.1 Flange in compression

HEB340

ha = 340 mm

b =300 mm

tw = 12 mm
tf=21.5mm
r=27mm

A, = 17090 mrn2

I, = 367-10° mm”
iz=75mm

Wiy = 2.40810° mm’

$355
f, = 355 MPa
f. = 490 MPa
E, = 210000 MPa

e 2 2
[«
*’5945
tf

117 mm_

215mm - S20514

544 <732 oK

Flange classified as Class 1.

_b-ty-2-r 300 mm -12mm -2-27 mm

=117 mm

(EN 1993-1-1 §5.6 Tab. 5.2)
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2.1.3.2 Web in bending
Gu=hy=2-t=2:r=340 mm - 2:21.5 mm - 2-2/ mim =243 mm

Aq= 0.5

Cw 36-€
St FONEL

tw Ol

243 mm ” 36:0.814

2mm - 05

20.3 < 58.6 oK

Web classified as Class 1.

Cross-section classified as Class 1
Cross-section Class OK.

2.2 Concrete slab with profiled sheeting
2.2.1 Concrete slab

Total height of the slab hs = 160 mm
2.2.1.2 Material

Concrete class C30/37

Characteristic strength fek = 30 MPa

E modulus Ecm = 32800 MPa

2.2.2 Profiled steel sheeting
Sheeting with ribs parallel to the supporting beams

DO
| |
| |
& g—ﬁ
&
o~
=
Name Vuleraft 2 VLI 20
Depth of the ribs hp =50.8 mm
Height of full concrete he = 109.2 mm
Height of the re-entrant stiffener hgq = 0 mm
Spacing of the ribs bs = 304.8 mm
Top width of the rib by =127 mm
Bottom width of the rib by = 127 mm
Mean width of the ribs boib = 152.4 mm
Thickness of the sheeting t, = 0.9093 mm
2.2.3 Shear connectors
2.2.3.1 Geometry
Name H110
Diameter ds = 25 mm
Nominal height hnom = 110 mm
As-welded height hse = 105 mm
Amount per trough or section ne=1
2.2.3.2 Material
Steel grade $355
Ultimate strength fus = 490 MPa
2.2.4 Reinforcement
2.2.4.1 Geometry
Longitudunal bar diamter di=16 mm
Longitudunal bar spacing s|= 150 mm
Longitudunal bar cover ¢ =30mm
Transverse bar diamter di =16 mm
Transverse bar spacing 5t =150 mm
Transverse bar cover ¢y = 46.inm
2.2.4.2 Materia
Material B 500A
Characterictic yield strength fykr = 500 MPa
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3. Design vaiues of loads
Load Narhe : GSN 2
Content of combination : 1.35*g-vlastitateZina+1.35*dg-dodatnos:alno+

1.807q-promjenjivooptereceije+1.35*g-vlastitatezina_dryconcrete

Bending moment Med,comp = -1108.390 kNm
Shear force Ved,comp = ~931.400 kN
4. Partial safety factors
Steel section Ymo =1
ymr =1
Shear connectors yv =125
Concrete Yc=15
Reinforcement ys =115

5. ULS check of the Final stage

5.1 Shear connection
5.1.1 Design resistance of shear connectors

5.1.1.1 Shear connector in a solid slab

hse
d, >4
4254
a=1
f.s = min(490;500) MPa
d. 3.14:25 mm’
T 14
08-fis{ | 08490 MPa- Zlcamm
T = =154 kN
Rd,solid,1 W 125
2
029-0:de ) fge-Eem 0.29-1.25 mm” -y 30 MPa-32800 MPa
PRdsolid2 = W = 125 =144 kN

Prasoid = Min (Prasold1iPrasolidz) = min (154 kN;144 kN)= 144 kN

5.1.1.2 Shear connector in profiled sheeting

Sheeting with ribs paraliel to the supporting beams

0:6-boib (ni )_ 056152 mm ( 105 mm

ho he 508mm | 508mm

i 1]=1.92

k=1
PRd = kI‘PRd,solid =1-144 kN = 144 kN

5.1.2 Degree of shear connection

5.1.2.1 Determination of b of the concrete flange and length L .

b1 b2
Dot
be1 | be2
LB piss |

The effective width in the interval <0.25;0.75>
Le1 = L1 =16.2m
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Left side of the beam
_Lperg lett b_O_ Zu_bﬂ 0 mm

= . = =3,
b1 > 2 2 > 93 m
o |
be1o =min -?*bq- min 3 93 m) Om
be11=min %b1) min 18 ; m ;393 m|=203m
be12 = min L“;Z,m = min| 2L :3.93m|=0m
8 8
Right side of the beam
59@ nghl bO 7. 86 m 0mm
== = 393 m
beso = mrn( ) (T 3.93 m|=
6
be21 =min =min 3 93 m|=2.03m
bexy = mm( bz)— min (8—m3 93m|=0m

Calculation of b1
Deff 1 = Do + bet1 + bea1 =0 mm +2.03 m+2.03 m=4.05m

Calculation of b
beff = beff1 =4.05 m
Determination of L.

le=Lle1=162m

5.1.2.2 Minimum degree of shear connection
Warning: Conditions given by EN 1994-1-1 Art. 6.6.1.2 (3) are not fulfilled.

355
Nmfyaie =1 =5 —{ 075 - 0,03, L)
o

Qe = 1 ggi (0.75-0.03-16.2m)=074

Nmin = Max (nmm‘m;OA): max (0.74;0.4): 0.74

5.1.2.3 Degree of shear connection present

5.1.2.3.1 Tension resistance of the reinforcement

2
_E{&)' _405m (16mmZ

5=

)~3.14=5429 mm’

s |\ 4 T 150 mm 4
Ao P
= s Tyk, =5‘4310 500-10 = 2360 kN
v 115

5.1.2.3.2 Tension resistance of the steel member
Npia = fyb- Aa =355 MPa - 17090 mm2 =6066.95 kN

Nes = min(FsNg1s) = min{2360 kN:6066.95 kN) = 2360.29 kN

5.1.2.3.3 Resistance of the shear connectors

Is=m=?= 306 mm
Number of shear studs available per length L o/2
0.5:Le
Ngp=——"+N;
IS
ngp=26-1=26

Nc=ngp+Prd = 26143835 = 3739.72 kN

s _1 702N |
nE 2360.29 kN’
n'2 Nimin

12074 OK

The shezr connection degree!is ad=quate.
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5.2 Cross-sectional resistance of the composite beam

5.2.1 Shear buckling
hw=hs = 2-t=340 mm - 2:21.5 mm =297 mm
=12
hw " 72-¢€
tw Nsb
297 mm 5 72:0814
2mm - 12
248 <488 oK
The shear buckling resistance of the web does not need to be verified.
5.2.2 Vertical shear

The resistance to vertical shear should be taken as the resistance of the structural steel section.
A=A -2-b-ti+(ty+2:r) 4

=0.0171-2.03-0.0215 + (0.012 +2-0,027)-0.0215 = 5609 mm”

Avmin =Nsb* hw+tw=1.2-0.297-0.012 = 4277 mm’
Ay 2 Aymin

5609 mm’ > 4277 mm’
Afp 5609 mm®-355-10°

Volrd = =1150 kN
'\/?'VMO 3
abs(Veqcomp)  abs(-931.400 kN)
i T T T

The shear resistance of the section is adequate.
5.2.3 Bending moment
5.2.3.1 Longitudinal reinforcement

5.2.3.1.1 Centre of composite section

For buildings not intended mainly for storage the effects of creep in concrete
beams may be taken into account by using an effective E modulus E .o = Ecry /2.

.

o 2B00MPa
2 2

LB _2t000Mpe

% E 16400MPa, |

ff
h, 1 h.-h
AR

Aa+(n’—i)4be«4(hc—hd)

034) [ 1 0.109-0
0.0171-( : )+(12‘8)-4405-(04109—0)-(0.34+0.16— s )

=354 mm

1
00171+ | ——}405-(0.109-0)

5.2.3.1.2 Degree of reinforcement

2
i _M,(d_l), _A405m

2
16 mm
s = n= &

S| 4 150 mm

4
Ac=beir-{ he - ha )= 4.05- (0,109 - 0)= 442260 mm’

)3,14 =5429 mm”

hg

Zp= -0.354=91.2 mm

ha+h5-h‘;

)-yd= (o.a4+o.1e-%)

ke = min| ———+0.3:1|= min| ——————+03:1|=0.925
( hc-hd) (1 0.109-0 )

"T2-00912
6
pe=6- b ] fom -'\l ko= 1.1 [ 222 | 2290} 09557 0927 %
235 | £, 235

500-10°
As 2 ps-Ac
5429 mm® 2 9.27-10° 442260 mm’
5429 mm’ 2 4100 mm’ oK

The longitudinal reinforcement of the section is adequate.
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5.2.3.2 Moment resistance
Moement resistance of a steei cross-section
Woiyfyo 24110° mm’- 355 MPa
ymo| 1

MoiRda = =855 kNm

Infiuence of shear
Vplrd

2 & abs(VEd,comp)

JISOKN. . g

575 kN > 931 kN NOT OK.
Yield strength reduction due to the vertical shear according to EN 1994-1-1 Art. 6.2.2.4 (2).

2
[ 2:2bs(Vescomp) | [ 2:abs(e31.400 k)
& Vora ) 1150 kN

2
-1])=0385

Note: The bending moment resistance is reduced due to the influence of the vertical shear.
fyb,w =(1-p) *fyb
fo = ( 1-0.385)-355 MPa = 218 MPa
Modified tension resistance of the steel member
Npla =2-t(-b-fyb+(ha— Z't()-tw-fybvw
=2-21.5 mm-300 mm- 355 MPa + (340 mm - 2-21.5 mm )- 12 mm - 218 MPa = 5357.80 kN
Note: Roundings of the steel cross-section are neglected in bending resistance calculation.
Nes= min (FiNpa)= min (2360 kN;5357.80 kN)= 2360.29 kN

Negative bending t resi e calculati
The plastic neutral axis is located within the flange of the steel section.
Npta - Naf = Fs + Nag

(Noia=F.)  (5357.80 kN - 2360 kN)

¥ (2:b-f5) = (2300 mm-355 MPa) =141 mm

Verification of the steel web classification.

243mm | 396-0.314
12 mm 13-1-4
203 <268 OK
Web classified as Class 1.
Natf = b-x-fy, =300 mm -14.1 mm -355 MPa = 1498.75 kN
Nac=Npja = Nt = 5357.80 kN - 1498.75 kN = 3859.04 kN

Leverage arm of the compression part of the steel section calculated to the PNA.

(b»(t;—x)z~0.5+(1 -p)-tw~(ha—2‘t;)-(—hzi—x)+t;~b‘(ha—;—f_x))

= b-(t-x)+{1-p) tu{Pa-24)* trb
(300-(21.5— 14.1) 05+ (1-0385)-12.(340-2.215) (%- 14,1J+z1‘5-3oo-(34o-£— 14.1))
: 300-(21.5-14.1)+ (1-0.385)-12. (340 - 2-21.5)+ 215-300
hes =219 mm

=136 mm

d
hi=x+hy= +5=00141 +016 - 003 + 0'0216

beff = 405 m

fyd,r
i % 1
;I . > Fs=2360,29 kN
D — > Natf= 149875kN
fyb
oM e Nac = 3859,04 kN
fyb

! Natf-X : P
Mpird = gy + o T Naches =2360- 136 +

@?A +3859.04-219= 1178 kNm
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Design momeiit resistance according to EN 1994-1-1 Art.6.2.1.2
Mgy '= Mgird = 1178 kNm
abs(Megcemp) _ abs(-1108.350 kNm)

mn T - =5
UC_cornp_M Mgd 1176 kNm 2

The bending moment resistance of the section is adequate.

5.3 LTB resistance

F=(1 . M)_(M)ﬁs_(ifﬁ: (1 . 12.(340_21'5))‘ ( S0 5 JDIS_ (ﬁ)‘“s —

4-b-tf tw b 4-300-21.5 12 300
Fim=12.3
F < Fiim
6.95 < 123 OK
The cross-section is qualified for verification of LTB by the simplified method.
Cy=25

0.75 0.25 05
s 112tz s (0|
4-b-t; £ b Ep-Cy
0.75 025 s \°
" [1 . vo12-(0.34-0.0215))'( 034-0.0215 ] ( 0.0215) ( 35510 ) -
4-0.3-0.0215 0.012 0.3 210-10°-25

ha/b <=2 -> Buckling curve 'a'
ar=021

®r=05 ( 1+ - (Mrer = 02 )+ At ): 05- (1 +0.21-(0.286-0.2)+ o.zaez)= 0.55
1 1

Xir= o= = 0981
2 2 2 2
o +J O ~Mre 055+ J 0.55 -0.286
Xur = min (Xr:1) = min(0.981:1)= 0.981
Mo = Xi1- Mg = 0.981-1.18-10° = 1155.116 kNm
abs(Megcomp)  abs(-1108.390 kNm
UC_comp_LTB = (Mescom) _ abs ) =096

Mord 1155116 kNm

The later torsional buckling resistanze of the section is adequate.

5.4 Longitudinal shear

5.4.1 Transverse reinforcement

Design shear flow
hf=hc=109 mm
U] 1-144 kN
= = =2 P
VEd= g lohy ~ 2-306 mm-109 mm - 21> MPa
Transverse reinforcement
Ast- fyier m Ved - hy
ys'si)  cotg(@
At = Ast/st
6
Ved - hg 2.15-10°-0.109 2
A= = —~ =270 mm"/m
( cotg(8)- fykr ) cotg(26.5)-500-10°
Ys 1.15
1 d2 1 00162
3 ; 2
Aiprov = ™ 172 :3.14= 015" 2 -3.14=1340 mm"/m
Atprov 2 At
1340 mm®/m 2 270 mm®/m oK

The transverse reinforcement of the section is adequate.

ULS check of Final stage is OK.
UC_comp = max(0.81,0.94,0.96)= 0.96

-iskoristivost elementa na GSN — 96 %

Slika 11.4. Prikaz iskoristivosti gornje pojasnice glavnog resetkastog nosaca
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Slika 11.5. Prikaz reznih sila - donja pojasnica glavnog resetkastog nosaca

-poprecni presjek nosaca

Name Donja pojasnica glavnog restkastog nosaca - konzolni dio
Type CFRHS250%250X12.5
Source description Rautaruukki Oyj / Structural Hollow Sections EN10219 / Ed 2007
Item material S 358
Fabrication cold formed
Flexural buckling y-y [
Flexural buckling z-z c
Lateral torsional buckling Default
Use 2D FEM analysis #
4

A [m] 1,1204e-02

Ay, z [m?q] 55960e-03 5,5960e-03
ly, z [m'] 1,0161e-04 1.0161e-04
1w [m®], t [mY] 1,0173e-06 1,7283e-04
Wel y, z [m?] §,1291e-04 8,1291e-04
Wpl y, z [m?] 9,7517e-04 97517e-04
dy. z [mm] 0 0
¢ YUCS, ZUCS [mm] 125 125
a [deg] 0,00

A L, D [m%m] 9,3600e-01 1.7922e+00
Mply +, - [Nm] 346e+05 346e+05
Mplz +, - [Nm] 346e+05 346e+05

Slika 11.6. Prikaz geometrijskih karakteristika nosaca
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11.2.4. Dimenzioniranje — gornja pojasnica glavnog reSetkastog nosaca

[Member B1755 [16,200 m | CFRHS250X250X12.5 [S 355 [GSN2 [095- |

Note: EN 1993-1-3 article 1.1(3) specifies that this part does not apply to cold formed CHS and RHS sections.
The default EN 1993-1-1 code check is executed instead of the EN 1993-1-3 code check.

Partial safety factors

*Student version® *Student version* *Student version® *Student version* *Studer
Gamma MO for resistance of cross-sections 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25

[ Material | ]

*Student version* *Student version* *Student version* *Student versic

Yield strength fy 355,0 MPa

Ultimate strength fu | 510,0 MPa

Fabrication Cold formed :

....:SECTION CHECK::... O
The critical check is on position 8.910 m

Internal forces | Calculated Unit
*Student version* *Student version* *Student version* *Stude
N,Ed 3358,23 kN
Vy,Ed 2,07 kN
Vz,Ed 40,86 kN
T,Ed 2,12 kNm
My,Ed 68,64 kNm
Mz,Ed 1.29 kNm
Tension check
According to EN 1993-1-1 article 6.2.3 and formula (6.5)

A 1,1204e-02 m"2

Npl,Rd 3977,42 kN
Nu,Rd 414,11 kN
Nt,Rd 3977,42 kN

Unity check | 0,84 -

Bending moment check for My
According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6.13)

Wply 9,7517e-04 |m”"3
Mpl,y,Rd 346,19 kNm
Unity check | 0,20 -
Bending moment check for Mz
According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6.13)

Wpl,z 9,7517e-04 | m"3
Mpl,z,Rd 346,19 kNm
Unity check | 0,00 -

Shear check for Vy
According to EN 1993-1-1 article 6.2.6 and formula 7)

Eta 1,20
Av 5,6020e-03 | m"2
Vpl,y,Rd 1148,18
Unity check | 0,00
Shear check for Vz

According to EN 1993-1-1 articl

Eta 1,20 |4
Av 5,6020e-03 \ | mA2

VplzRd 114818 \[kN|

Unity check | 0,04

Torsion check
According to EN 1993-1-1 article 6.2.7 and formula (6.23)

Tau,t,Ed 1,5 MPa
Tau,Rd 2050 |MPa
Unity check 0,01 -

Note: The unity check for torsion is lower than the limit value of 0,05. Therefore torsion is considered as
insignificant and is ignored in the combined checks.

Combined bending, axial force and shear force check
According to EN 1993-1-1 article 6.2.9.1 and formula (6.41)

MN,yRd [69,19 |kNm
Alpha 6,00
MN,zRd |69,19 |kNm
Beta 6,00
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The member satisfies the section check.
.::STABILITY CHECK::...
Lateral Torsional Buckling check
According to EN 1993-1-1 article 6.3.2.1
Note: The cross-section concems an RHS section with 'h / b < 10/ Lambda,rel,z".
This section is thus not susceptible to Lateral Torsional Buckling.
Bending and axial tension check
According to EN 1993-1-3 article 6.3

Design tension force N,Ed 335823 | kN
Design bending moment My,Ed 68,64 kNm
Design bending moment Mz,Ed 1,29 kNm
Tension resistance Nt,Rd 397742 |kN
Bending resistance Mb,y,Rd 317,93 kNm
Bending resistance Mc,z,Rd,com | 346,19 kNm

Unity check =0,22 +0,00-0,84 = 0,62 -
The member satisfies the stability check.

-iskoristivost elementa na GSN — 95 %
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Slika 11.7. Prikaz iskoristivosti donje pojasnice glavnog resetkastog nosaca
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11.2.5. Rezne sile — ispuna glavnog resetkastog nosaca

N

Slika 11.8. Prikaz reznih sila - ispuna glavnog resetkastog nosaca

-poprecni presjek nosaca

Name Ispuna glavnog reSetkatog nosaca - konzolni dio
Type CFRHS160X160X6
Source description Rautaruukki Oyj / Structural Hollow Sections EN10219 / Ed. 2007
Item material S 355
Fabrication cold formed
Flexural buckling y-y c
Flexural buckling z-z c
Lateral torsional buckling Default
Use 2D FEM analysis *
z

A [m?] 36030e-03

Ay, z [m] 1,8008e-03 1,8008e-03
1y, z [m*] 1,4065e-05 1,4055e-08
I w [mF], t [m*] 52429e-08 22389e-05
Wel y, z [m*] 1,7569e-04 1,7569e-04
Wpl y, z [m¥] 20624e-04 2,0624e-04
dy, z [mm] 0 0
© YUCS, ZUCS [mm] 80 80
o [deg] 0,00

AL, D [mZm] 6,1900e-01 1,2010e+00
Mply +, - [Nm] 732e+04 732e+04
Mplz +, - [Nm] 7.32e+04 7.32e+04

Slika 11.9. Prikaz geometrijskih karakteristika nosaca

-iskoristivost elementa na GSN — 83 %

Slika 11.10. Prikaz iskoristivosti ispune glavnog resetkastog nosaca
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11.2.6. Dimenzioniranje — ispuna glavnog resetkastog nosaca

[Member B1709 [1,138 m | CFRHS140X140X8 [S355 [GSN2 [083 - |

Note: EN 1993-1-3 article 1.1(3) specifies that this part does not apply to cold formed CHS and RHS sections.
The default EN 1993-1-1 code check is executed instead of the EN 1993-1-3 code check.

Partial safety factors

*Student version® *Student version® *Student version® *Student version® *Studer
Gamma MO for resistance of cross-sections 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25

[ Material | |
*Student version® *Student version® *Student version® *Student versic
Yield strength fy 355,0 MPa
Ultimate strength fu | 510,0 MPa
Fabrication Cold formed
....:SECTION CHECK::... O
The critical check is on position 0.000 m
Internal forces | Calculated Unit
*Student version® *Student version® *Student version* *Stude
N,Ed -1137,84 kN
Vy,Ed 0,00 kN
Vz,Ed 0,00 kN
T,Ed 0,00 kNm
My,Ed 0,00 kNm
Mz,Ed 0,00 kNm
Classification for cross-section design
According to EN 1993-1-1 article 5.5.2
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio 14,50
Class 1 Limit 26,85
Class 2 Limit 30,92
Class 3 Limit 3417

=> Section classified as Class 1 for cross-section design

Compression check

According to EN 1993-1-1 article 6.2.4 and formula (6.9)
A 4,0040e-03 | m"2
Nc,Rd 142142 kN
Unity check 0,80 =
The member satisfies the section check.
....:STABILITY CHECK::...
Classification for member buckling design
Decisive position for stability classification: 0,000 m
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1
Maximum width-to-thickness ratio 14,50
Class 1 Limit 26,85

Class 2 Limit 30,92
Class 3 Limit 4,18

=> Section classified as Class 1 for mémbér bucking'desi

Flexural Buckling check

According to EN 1993-1-1 article 6,371.1 and fortula{6.46)
Buckling parameters [ ] “\y» ] 2z |

*Student version® *Student version* *Stydent version® *Studgnt version* *Student version® *Student s

Sway type sway non-sway
System length L 113 1,138 m
Buckling factor k f 1,00

Buckling length Ler < 1438 1,138 m
Critical Euler load Ncr 18018,38 | 18019,28 | kN
Slendemess Lambda 21,46 21,46

Relative slenderness Lambda,rel 0,28 0,28

Limit slendemess Lambda,rel,0 0,20 0,20

Buckling curve c c

Imperfection Alpha 0,49 0,49

Reduction factor Chi 0,96 0,96

Buckling resistance Nb,Rd 1362,99 1363,00 kN

Flexural Buckling verification
*Student version® *Student version® *Student version® *Student version® *Student v

Cross-section area A 4,0040e-03 mh2
Buckling resistance Nb,Rd 1362,99 kN
Unity check 0,83 -

Note: The cross-section concems a RHS section which is not susceptible to Torsional(-Flexural) Buckling.
The member satisfies the stability check.
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11.2.7. Rezne sile — gornja pojasnica sekundarnog resetkastog nosac¢a
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Slika 11.11. Prikaz reznih sila — gornja pojasnica sekundarnog resetkastog nosaca

-poprecni presjek nosaca

Name Gornja pojasnica sekundarnog reSetkastog nosaca - kozolni dio
Type HEB200
Source description Profil Arbed / Structural shapes / Edition Octobre 1995
Item material S 355
Fabrication rolled
Flexural buckling y-y b
Flexural buckling z-z c
Lateral torsional buckling Default
Use 2D FEM analysis *
z

A [m7] 7,8080e-03

Ay, z [m3] 5,7750e-03 1,9112e-023
ly, z [mY] 5,6960e-05 2,0030e-05
1w [mf], t [m¥] 1,7112e-07 5,9280e-07
Wel y, z [m¥] 5,6960e-04 2,0030e-04
Wpl y, z [m?] 6.4250e-04 3,0580e-04
dy, z[mm] 0 0
€ YUCS, ZUCS [mm] 100 100
o [deg] 0,00

AL, D [m%m] 1,1500e+00 1,1510e+00
Mply +, - [Nm] 228e+05 2,28e+05
Mplz +, - [Nm] 1,09e+05 1,08e+05

Slika 11.12. Prikaz geometrijskih karakteristika nosaca

-iskoristivost elementa na GSN — 58 %

Slika 11.13. Prikaz iskoristivosti gornje pojasnice sekundarnog reSetkastog nosaca
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11.2.8. Dimenzioniranje — gornja pojasnica sekundarnog reSetkastog nosaca

Composite Beam - Final stage

Linear calculation
Class: All ULS
Extreme 1D: Global
Selection: B4952

Composite beam verification
for beam B4952 at section 0 m, in accordance with EC EN 1994-1-1

1. Geometry data

L]

01

Continuous beam

Length of the current span L=786m
Length of next span Loet =7.86 m
Beam spacing at the left Lieft = 3.24 m
Beam spacing at the right Light =3.24 m
Checked section de=0m

2. Cross-section & materials

2.1 Steel section properties

2.1.1 Cross-section

Cross-section HEB200

Height ha =200 mm

Width b =200 mm

Web thickness ty =9 mm

Flange thickness tr= 15 mm

Radius r=18mm

Area A/ = 7808 mm2
Moment of inertia ly= 57.10° mm*
Radius of gyration iz =51 mm

Plastic section modulus Wiy = 642500 mm3

2.1.2 Material

Steel grade S 355

Yield strength fyo = 355 MPa
Ultimate strength fub = 490 MPa

E modulus E, = 210000 MPa

2.1.3 Cross-section classification

235
€= 355 =0.814

2.1.3.1 Flange in compression
=) b-t,-2r _200mm -9 mm-2-18 mm

cf 2 = 2 =77.5mm

-
tf

77.5 mm
15 mm
517732 oK

<9-0814

Flange classified as Class 1.

(EN 1993-1-1 §5.6 Tab. 5.2)
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2.1.3.2 Wekb i bending

Gw=hy=2-ty=2:r=200 mm - 215 ram - 2-18 mm = 134mm

aq=05

Cw’ 36-€

s L

tw o]

134mm _ 36-0.814
9mm - 05

149 < 586

Web classified as Class 1.

Cross-section classified as Class 1

Cross-section Class OK.

oK

2.2 Concrete slab with profiled sheeting

2.2.1 Concrete slab

2.2.1.1 Slab

Total height of the slab

2.2.1.2 Material
Concrete class
Characteristic strength
E modulus

2.2.2 Profiled steel sheeting

hs = 160 mm

C30/37
foc = 30 MPa
Ecm = 32800 MPa

Sheeting with ribs transverse to the supporting beams

b

0

—

hy
hS:

Depth of the ribs

Height of full concrete

Height of the re-entrant stiffener
Spacing of the ribs

Top width of the rib

Bottom width of the rib

Mean width of the ribs
Thickness of the sheeting

2.2.3 Shear connectors

2.2.3.1 Geometry
Name

Diameter

Nominal height

As-welded height

Amount per trough or section

2.2.3.2 Material
Steel grade
Ultimate strength

2.2.4 Reinforcement

2.2.4.1 Geometry
Longitudunal bar diamter
Longitudunal bar spacing
Longitudunal bar cover
Transverse bar diamter
Transverse bar spacing

Transverse bar cover

2.2:4.2 Materia

Material
Characterictic yield strength

Vulcraft 2 VLI 20
hp =50.8 mm

he =109.2 mm
hg = 0mm

bs = 304.8 mm
by = 127 mm

bp = 127 mm
bD,n‘b = 1524 mm
tp = 0.9093 mm

H110

ds = 25 mm
hnom = 110 mm
hsc = 105 mm
n=1

§$355
fus = 490 MPa

di= 16 mm
s; =150 mm
¢ =30 mm
dy =16 mm
5t =150 mm
¢t = 46.inm

B 5004
f,kr = 500 MPa
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3. Design vaiues of loads
Load Name : GSN 22
Content of combinaticn : 1.35*g-viastitateZ/na+1.35*dg-dodatnostalno+
1.62*q-promjenjivoopterecenje-1.35*g-vlastitatezina_dryconcrete +
1.35*Wx-Tkom.-Wz-poz+1.35*s-opterecenjesnijegom

Bending moment Med comp = -196.194 kNm
Shear force VEed comp = 187.782 kN
4. Partial safety factors
Steel section Ymo =1
i =1
Shear connectors =125
Concrete Yc=15
Reinforcement ¥s = 1.15

5. ULS check of the Final stage

5.1 Shear connection
5.1.1 Design resistance of shear connectors

5.1.1.1 Shear connector in a solid slab

hSC
a9 4
4254
a=1
f,s = min (490;450) MPa
f,5 =450 MPa
2 2
08-f,s ( “':5 ) 0.8-450 MPa- M)
PR solid,1 = W = 125 =141kN
029-0dsy fac-Eem ~ 0.29-1.25 mm" -y 30 MPa 32800 MPa
PRd,::olid,Z 5 W = 125 =144 kN

Prasoid = Min{PrsoiciPrasaiaz)= min(141 kN;144 kN) =141 kN

5.1.1.2 Shear connector in profiled sheeting

Sheeting with ribs transverse to the supporting beams

-plelebyles
ﬁ ho J\ hp F 50.8 mm
Ktmax = 0.85

k= max(O;min (k,;ktma,))= max (O;min(2.24;0485))= 0.85

Prd = kt* Pra.solid = 0.85+ 141 kN = 120 kN

Warning: The conditions given by EN 1994-1-1 Art.6.6.4.2 (3) are not fulfilled.

105 mm
50.8 mm

-1):2.24

5.1.2 Degree of shear connection

5.1.2.1 Determination of b of the concrete flange and length L .

b1 b2
—Deft
b,
be1 : be2
LB aay |

The effective width at the end support
Lp=0.85-1;=0.85:7.86 m=6.68 m
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Left side of the beam
Lnevg_len bo 3 .24m | Omm

b1=—‘-2 P > T ?—-1.62m

L. .6
beto = mln" e°'b1 =min o m‘,1462 m): 0.835m

(8 i
. Le1 Om

be11 = min T:b1 =min{——1.62m|=0m
be12 = min E;M =min Lmj 62m|=0m

8 8

0.025 - Leo 0.025-6.68 m
B1,calc = 0.55 + by 0.55+ 0RIEm 0.75
B1,calc <= 1.0
0.75 <= 1.0 oK
B1=B1calc =0.75
Right side of the beam
Loerp b

B geglgm Do _ 324m Omm_162m

2

be2o = min (— bz)— mln( ,1.62 m)= 0.835m
bey = mln( ) m|n(~*‘1 62 m) om

bepa = min( )- m|n(—1 62 m) Om

8
0.025 - Le 0.025-6.68 m
Ba.cale =0.55 + by 0.55+ 0835m - 0.75
BZ,caIc <=1.0
0.75 <= 1.0 OK

B2=PBocalc =075

Calculation of b
besro =g+ be10* B1+ bern: B2 =0 mm +0.835 m-0.75 +0.835 m-0.75=1.25m

Calculation of b
bt = bein=1.25m

Determination of L.
Le=Lep=6.68 m

5.1.2.2 Minimum degree of shear connection
Warning: Conditions given by EN 1994-1-1 Art. 6.6.1.2 (3) are not fulfilled.

355
Nmincae = 1= T'(OJS -003-L)
Y

Nmingaic = 1 - i:: (0.75-003-6.68 m)=045

N = MaX (Nminlc:0.4)= max (0.45,0.4)= 045

5.1.2.3 Degree of shear connection present

5.1.2.3.1 Tension resistance of the reinforcement

2 2
bt | di 1.25m | 16 mm 2
As= 5 N il :3.14=1679 mm

Acfy,  16810°.500-10°

b Vs 1.15

=730 kN

5.1.2.3.2 Tension resistance of the steel member
Npla = fyo- Aa = 355 MPa - 7808 mm2 =2771.84 kN

Nes = min(FsNois)= min(730 kN:2771.84 kN) = 730.05 kN
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5.1.2.3.3 Resistance of the shear connectors
Number of full rits/availabie per length L »

poate  688m
b 305 mm
Nip =21

ls = bs - trough =305 mm -1 =305 mm

Number of shear studs available per length L /2
0.5:ni-n,  05:21-1

Peip = trough 1

Ne=ngp-Pra=10.5-120166 = 1261.74 kN

N ) (es7akn )
Nee' )~ ™™ 730,05 kN )T

=105

n=min

N 2 Nmin
12045 oK

The shear connection degree is adequate.

5.2 Cross-sectional resistance of the composite beam

5.2.1 Shear buckling
hy=hs=2-t=200 mm -2-15 mm =170 mm
Nsb = 12
hy 72
W 5 JEWE
tw Nsb
170mm _ 72-0.814
9mm ~ 12
189 <488 oK

The shear buckling resistance of the web does not need to be verified.

5.2.2 Vertical shear

The resistance to vertical shear should be taken as the resistance of the structural steel section.

Ar=A=2-bti+(tr2r)
5781107 - 2:0.2-0015 + {9107 + 2-0,018)-0.015 = 2483 rom”
Avrin = Neb- = 12:0.17-9107 = 1836 mm”
B2y i
2483 mm’ > 1836 mm’
Acfyp 2483 mm®.35510°

Voipd =
'\l 3 -ymo 31

abs(Vegcoms) _ abs(187.782 kN)
UC_comp_V = - = 509 KN =037

The shear resistance of the section is adequate.

=509 kN

5.2.3 Bending moment
5.2.3.1 Longitudinal reinforcement

5.2.3.1.1 Centre of composite section
For buildings not intended mainly for storage the effects of creep in concrete

beams may be taken into account by using an effective E modulus E ceff = Ecm /2.

oo B _ 210000 MPa
£ Eet | 16400 MPa

h ) (1 h.-h
A,,-(T"’)+(¥)-beﬁ-(ht-hd)~(ha+hs-‘Td)

Aa+(r;l_E)‘belf'(hc'hd)

=128

yd=

7.81-10‘3-(£J .

"\ 128

0.109-0
2

)-1‘25- (O.109—O)-(O.2+O.16—

= =219 mm

1
12.8

781107+ -1.25-(0.109-0)
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5.2.3.1.2 Degree of reinforcement

beit l' dl2 } 1.25m 16mm2

Oeff J 2
LN ol L (Y Y
P W L e 4 i
Ac=beir-{ hehq )= 1.25-(0.109 - 0)= 136793 mm”

zo=(ha+h5— hc;hd )—yd=(0.2+0‘16—

W)- 0.219=86.7 mm

ke =min +0.3;1=min 1—+0‘3;1 =0914
( J (1+ 0.109-0 ]

he=hg
“(;_.ZO] 2.0.0867

i, | Fain 355 [ 2.910°
o Do | Jam ) [ (355 (2910 | e
o 5(235)(%)\/ ke =11 [235) (500.105 091420921 %
As 2 ps-Ac
1679 mm’ > 92110136793 mm’
1679 mm’ 2 1260 mm” oK

The longitudinal reinforcement of the section is adequate.

5.2.3.2 Moment resistance
Moment resistance of a steel cross-section
Wiy fyp 642500 mm”-355 MPa
ywo o 1

Moirda = =228 kNm

Influence of shear
Vo
2|,Rd 2 abS(VEd‘ccmp)

%> 188 kN

254 kN > 188 kN oK

The influence of the vertical shear on the bending moment resistance may be neglected.
b =fyb = 355 MPa

Modified tefision resistance of the steel member

r=0mm

Ay=2-tob 4ty (s = 2-t )= 2-15 mm - 200 mm + 9 mm - 200 mm = 2115 mm )= 7530 ram”
Npia=Aq-f5=7530 mm®:355 MPa = 2673.15 kN

Note: Roundings of the steel cross-section are negiected in bending resistance calculation.
Neg = min(FsNpia) = min (730 kN;2673.15 kN) = 730,05 kN

N. I di &

e calc
9 9

The plastic neutral axis is located within the flange of the steel section.
Npla - Naf = Fs + Naf
(Nota-Fs)  (2673.15 kN - 730 kN)
(2:b-%) ~ (2-200 mm-355 MPa)
Verification of the steel web classification.
=1
Sw _39-€
tw T 131
134 mm $ 396-0.814
9mm ~ 13-1-1
149 < 26.8 oK
Web classified as Class 1.

X= =13.7mm

Natf = b-X+f5 = 200 mm -13.7 mm -355 MPa = 971.55 kN
Nac = Noj, = Nyt = 2673.15 kN - 971.55 kN = 1701.60 kN

Leverage arm of the compression part of the steel section calculated to the PNA.

(b-(tf-x)2'0‘5+tw-(ha-2't¢}-(%-x)+t[-b'(ha—tz—i-x))

hes = b-(ti-x )+ tu-(ha-2-t )+ tr-b
(200»(15-13.7)2.0,5+9‘(200-2-15)(22—0-13.7)+15~zoo‘(zoo-12—5-13.7))
= 200- (15-13.7)+9- (200-2-15)+15-200
hes = 140 mm

=X+hs— =%
h|)( hs C|+_)

d .
L 200137 +0.16 -0.03 + gt;j‘: 136 mm
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J"—‘_tEH =125m

fydr

f % Fd= 730005 kN
——> ‘Natf= 971,55 kN

fyb
<——— Nac=1701,60kN

I
fyb
Natf: X 25913,
Mpir = Fe hy+ —2 +Na‘c~hc5=730~136+g7152ﬂ+1701.60~140=343kNm

Design moment resistance according to EN 1994-1-1 Art.6.2.1.2
MRd = MpI.Rd =343 kNm
abs(Mdcomp) _ abs(-196.194 kNm)

UC_comp_M = Mg = 343 KNm =057

The bending moment resistance of the section is adequate.

5.3 LTB resistance

0.75 0.25 \0.75 0.25
tw' ha_t 2= . - =
F=(1+ (ha-t )(h t;) '(t;) =(1+9(zoo 15))‘(200 15) (15) s

4-b-ty t b 4.200-15 9 | ‘{200

Fim=12.3
F £ Fiim
575 £123 oK
The cross-section is qualified for verification of LTB by the simplified method.
C=25

kbt - 075 " 025 e 05
wes{ i) ] (e

910”-(02-0015) | [ 02-0015 ** {0015} [ 35510 |

e 4.02:0.015 ( 910° ) (—F) ! 21010°-25 e

ha/b <=2 -> Buckling curve ‘a'
=021

{
017205 { 1br-(Arw - 02 s Aivar | 205741 2021 (0237 L02) 0237k 0532
| 1

Xir= ’ o= - =0.992
2 2 2 2
O\ O “Ane 0532 +\/ 0.532°=0237
Xur=min(X;1)= min(0.992;1)= 0.992
Mp g = Xi7-Mgg = 0.992 - 343087 = 340.322 kNm
abs(M bs{-196.194 kN
UC_comp_LTB = (Mescong) _ 2bs( m) 058

Mb,rd 340.322 kNm

The later torsional buckling resistance of the section is adequate.

5.4 Longitudinal shear
5.4.1 Transverse reinforcement
Design shear flow
hi=hc=109 mm
N+ Prd 1:120 kN

Vel =3 )by ~ 2:305mm <100 mm - O MPa

Transverse reinforcement

Ast-fyer _Ved-hy
]ys‘S( ~ cotg8,

A: = Asi/st
6
ved-hy 1.81:10°:0.109 2
A= = =226 mm /m
( cotg(6)-fy ) (cotg 26.5!-500-106]
ys 115

2 2
d :
At.prov=:T'( = )-&14:0115 -(00‘:6 )~3.14=1340mm2/m

Atprov 2 At
1340 mm’/m 2 226 mm’/m oK
The transverse reinforcement of the section is adequate.

ULS check of Final stage is OK.
UC_comp = max(0.37'0.57,'0.58)= 0.58
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Slika 11.14. Prikaz reznih sila — donja pojasnica sekundarnog resetkastog nosaca

-poprecni presjek nosaca

Name Donja pojasnica sekundarnog reSetkastog nosaca - konzolni dio
Type CFRHS220X220X10
Source description Rautaruukki Oyj / Structural Hollow Sections EN10219 / Ed.2007
Item material S 355
Fabrication cold formed
Flexural buckling y-y C
Flexural buckling z-z c
Lateral torsicnal buckling Default
Use 2D FEM analysis *
—.

A [m3] 8,0570e-03

Ay z [mq] 40251e-03 40251e-03
1y, z [m] 57825e-05 5,7825e-05
I w [mé], t [m4] 42947e-07 95328e-05
Wel y, z [m?] 52568e-04 5,2568e-04
wpl y, z [m%] 6,2465e-04 6.2465e-04
dy, z [mm] 0 0
¢ YUCS, ZUCS [mm] 110 110
a [deg] 0,00

A L, D [m%m] 8,3700e-01 16110e+00
Mply +, - [Nm] 222e+05 222e+05
Mpiz +, - [Nm] 222e+05 222e+05

Slika 11.15. Prikaz geometrijskih karakteristika nosaca
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11.2.10. Dimenzioniranje — donja pojasnica sekundarnog resetkastog nosaca

Member B5083 [7,860 m | CFRHS220X220X10 [S 355 |[GSN 24 [0,93 - |

Note: EN 1993-1-3 article 1.1(3) specifies that this part does not apply to cold formed CHS and RHS sections.
The default EN 1993-1-1 code check is executed instead of the EN 1993-1-3 code check.

Partial safety factors

*Student version® *Student version® *Student version® *Student version® *Studer
Gamma MO for resistance of cross-sections 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25

[ Material [ ]
*Student version* *Student version® *Student version*® *Student versic
Yield strength fy 355,0 MPa
Ultimate strength fu | 510,0 MPa
Fabrication Cold formed
....:SECTION CHECK::... O
The critical check is on position 7.074 m
Internal forces | Calculated Unit

*Student version® *Student version® *Student version* *Stude

N,Ed -893,22 kN
Vy,Ed -1,25 kN
Vz,Ed -7597 kN
T,Ed -2,05 kNm

My,Ed -1,49 kNm

Mz,Ed -4,94 kNm
Classification for cross-section design
According to EN 1993-1-1 article 5.5.2
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio 19,00
Class 1 Limit 26,85
Class 2 Limit 30,92
Class 3 Limit 34,71

=> Section classified as Class 1 for cross-section design

Compression check
According to EN 1993-1-1 article 6.2.4 and formula (6.9)

A 8,0570e-03 | m"2
Nc,Rd 2860,24 kN
Unity check 0,31 -

Bending moment check for My
According to EN 1993-1-1 article 6.2.5 and formula (6.12

Wply 6,2465e-04 | m"3
Mpl,y,Rd 221,75 kNm
Unity check 0,01 -

Bending moment check for Mz
According to EN 1993-1-1 article 6.2.5 and formula

Wpl,z 6,2465e-04 | m"3
Mpl,z,Rd 221,75 kNm
Unity check | 0,02 -

Shear check for Vy
According to EN 1993-1-1 artitle 6.2,6"and formula(6.17)

Eta 1,20 />

Av 4,0285e-03 | m"2
Vpl,y,Rd 825,68 k?\{
Unity check | 0,00 -
Shear check for Vz

According to EN 1993-1-1 article 6.2.6 and formula (6.17)

Eta 1,20
Av 4,0285¢-03 | m"2
Vpl,z,Rd 825,68 kN

Unity check | 0,09 -

Torsion check
According to EN 1993-1-1 article 6.2.7 and formula (6.23)

Tau,t,Ed 23 MPa
Tau,Rd 2050 |[MPa
Unity check | 0,01 -
Note: The unity check for torsion is lower than the limit value of 0,05. Therefore torsion is considered as
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MN,yRd [197,27 |kNm
Alpha 187
MN,zRd [197,27 |kNm
Beta 1,87

Unity check (6.41) = 0,00 + 0,00 = 0,00 -

Note: Since the shear forces are less than half the plastic shear resistances their effect on the moment
resistances is neglected.

The member satisfies the section check.

Classification for member buckling design

Decisive position for stability classification: 0,000 m
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1
Maximum width-to-thickness ratio | 19,00
Class 1 Limit 37,73
Class 2 Limit 4344
Class 3 Limit 62,10

=> Section classified as Class 1 for member buckling design O
Flexural Buckling check
According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)

Buckling parameters [ w [ zz ] ]
*Student version® *Student version® *Student version® *Student version* *Student version* *Student \
Sway type sway non-sway
System length L 1,366 7,860 m
Buckling factor k 1,00 1,00
Buckling length Ler 1,366 7,860 m
Critical Euler load Ncr 64228,87  [1939,93 kN
Slendemess Lambda 16,12 92,78
Relative slenderness Lambda,rel | 0,21 1,21
Limit slendemess Lambda,rel,0 0,20 0,20
Buckling curve c c
Imperfection Alpha 0,49 0,49
Reduction factor Chi 0,99 0,43
Buckling resistance Nb,Rd 2844,16 1221,40 kN

Flexural Buckling verification | |

*Student version® *Student version* *Student version® *Student version® *Student v

Cross-section area A 8,0570e-03 mh2
Buckling resistance Nb,Rd 1221,40 kN
Unity check 0,73 -

Torsional(-Flexural) Buckling check

According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)
Note: The cross-section concems a RHS section which is not susceptiblé
Lateral Torsional Buckling check
According to EN 1993-1-1 article 6.3.2.1
Note: The cross-section concems an RHS section with'h /b < 10 L@bda el

lexural) Buckling.

This section is thus not susceptible to Lateral Torsional Bugkling.

Bending and axial compression check
According to EN 1993-1-1 article 6.3.3 and formula (6.61),(8.62

[ Bending and axial pression check par
*Student version* *Student version* *Student version* *Student version* ‘St(den( VE%’ }S%den[ version® *Student version® *S

Interaction method \al\togn ive method 1
Cross-section area A 8,0570e-03 m*2
Cross-section plastic modulus Wpl,y ,2465¢-04 m"3
Cross-section plastic modulus Wpl,z 6,2465e-04 mh3
Design compression force N,Ed >893,22 kN
Design bending moment (maximu 61,29 kNm
Design bending moment (maximum ] -5,93 kNm
Characteristic compression resistance 2860,24 kN
Characteristic moment resistg Ay) 221,75 kNm
Characteristic moment resisfangé 221,75 kNm
Reduction factor Chi,y 0,99

Reduction factor Chi,z 043

Reduction factor ChiLT 1,00

Interaction factor k,yy 1,12

Interaction factor k,yz 0,54

Interaction factor k,zy 0,67

Interaction factor k,zz 0,57

Maximum moment My,Ed is derived from beam B5083 position 7,860 m.
Maximum moment Mz,Ed is derived from beam B5083 position 7,860 m.

[ Interaction method 1 parameters ] |
*Student version® *Student version* *Student version* *Student version® *Student version* *Student version® *Student version® *S

Critical Euler load N,cry 64228,87 kN
Critical Euler load N,crz 1939,93 kN
Elastic critical load N,cr,T 537412,45 kN
Cross-section plastic modulus Wpl,y 6,2465e-04 m3
Cross-section elastic modulus Wel,y 5,2568e-04 m3
Cross-section plastic modulus Wpl,z 6,2465e-04 m3
Cross-section_elastic modulus Wel,z 5,2568e-04 mA3

*Student version® *Student version* *Student version® *Student version® *Student version* *Student version® *Student version® *S
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Interaction method 1 parameters

*Student version* *Student version® *Student version* *Student version* *Student version* *Student version® *Student version® *S

Second moment of area ly 5,7825e-05 mM
Second moment of area Iz 5,7825e-05 mh4
Torsional constant It 9,5328e-05 m™
Method for equivalent moment factor C,my,0 Table A.2 Line 2 (General)

Design bending moment (maximum) My,Ed -61,29 kNm
Maximum relative deflection delta,z 0,8 mm
Equivalent moment factor C,my,0 1,00

Method for equivalent moment factor C,mz,0 Table A.2 Line 1 (Linear)

Ratio of end moments Psi,z -0,66

Equivalent moment factor C,mz,0 0,49

Factor mu,y 1,00

Factor mu,z 0,67

Factor epsilon,y 1,05

Factor a,LT 0,00

Critical moment for uniform bending Mcr,0 3868,40 kNm
Relative slendemness Lambda,rel,0 0,24

Limit relative slenderness Lambda,rel,0,lim 0,35

Equivalent moment factor C,my 1,00

Equivalent moment factor C,mz 0,49

Equivalent moment factor C,mLT 1,00

Factor b,LT 0,00

Factor ¢ LT 0,00

Factor d,LT 0,00

Factor e LT 0,00

Factor w,y 1,19

Factor w,z 1,19

Factor n,pl 0,31

Maximum relative slendemess Lambda,rel,max 1,21

Factor C,yy 0,91

Factor C,yz 1,00

Factor C,zy 0,61

Factor C,zz 1,07

Unity check (6.61)=0,31+ 0,31+ 0,01 =0,64 -
Unity check (6.62) = 0,73 + 0,19 + 0,02 = 0,93 -
The member satisfies the stability check.

-iskoristivost elementa na GSN — 93 %

Diplomski rad

Slika 11.16. Prikaz iskoristivosti donje pojasnice sekundarnog resetkastog nosaca
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11.2.11. Rezne sile — ispuna sekundarnog reSetkastog nosaca

Slika 11.17. Prikaz reznih sila — ispuna sekundarnog resetkastog nosaca

-poprecni presjek nosaca

Name Ispuna sekundamog reSetkastog nosata - konzolni dio
Type CFRHS90X90X6
Source description Rautaruukki Oyj / Structural Hollow Sections EN10219 / Ed.2007
Item material S 355
Fabrication cold formed
Flexural buckling y-y [
Flexural buckling z-z [
Lateral torsicnal buckling Default
Use 2D FEM analysis *

z

1]
L)

A [m] 1,9230e-03

Ay, z [m3] 9,68079e-04 96079%e-04
1y, z [m*] 2,2048e-06 22048e-06
I'w [mf], t [m] 2.9524e-09 367766-06
Wel y, z [m?] 4.9000e-05 48000e-05
Wpl y, z [m?] 5,89540e-05 5.8540e-05
dy, z[mm] 0 0
c YUCS, ZUCS [mm] 45 45
o [deg] 0,00

A L, D [mZm] 3,3800e-01 6,4095e-01
Mply +, - [Nm] 2 11e+04 211e+04
Mplz +, - [Nm] 2 11e+04 211e+04

Slika 11.18. Prikaz geometrijskih karakteristika nosaca

-iskoristivost elementa na GSN — 52 %

Slika 11.19. Prikaz iskoristivosti ispune sekundarnog resetkastog nosaca
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11.2.12. Dimenzioniranje — ispuna sekundarnog resetkastog nosac¢a

Member B2203 [1,138 m | CFRHS90X90X6 [S 355 [GSN 28 [052 - |

Note: EN 1993-1-3 article 1.1(3) specifies that this part does not apply to cold formed CHS and RHS sections.
The default EN 1993-1-1 code check is executed instead of the EN 1993-1-3 code check.

Partial safety factors

*Student version® *Student version® *Student version® *Student version® *Studer
Gamma MO for resistance of cross-sections 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25

[ Material ] ]
*Student version® *Student version® *Student version® *Student versic
Yield strength fy 355,0 MPa
Ultimate strength fu | 510,0 MPa
Fabrication Cold formed
....:SECTION CHECK::... O
The critical check is on position 1.138 m
Internal forces | Calculated Unit
*Student version® *Student version® *Student version® *Stude
N,Ed -312,10 kN
Vy,Ed 0,00 kN
Vz,Ed 0,00 kN
TEd 0,00 kNm
My,Ed 0,00 kNm
Mz,Ed 0,00 kNm
Classification for cross-section design
According to EN 1993-1-1 article 5.5.2
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio 12,00
Class 1 Limit 26,85
Class 2 Limit 30,92
Class 3 Limit 34,17

=> Section classified as Class 1 for cross-section design

Compression check

According to EN 1993-1-1 article 6.2.4 and formula (6.9)
A 1,9230e-03 | m~2
Nc,Rd 682,66 kN
Unity check | 0,46 -
The member satisfies the section check.
....:STABILITY CHECK::...
Classification for member buckling design
Decisive position for stability classification: 0,000 m
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1
Maximum width-to-thickness ratio 12,00
Class 1 Limit 26,85

Class 2 Limit 30,92
Class 3 Limit A7

=> Section classified as Class 1 for mémbér bucking'desi

Flexural Buckling check

According to EN 1993-1-1 article 6,371.1 and formula)(6.46)
Buckling parameters | | W~ ] zz |

*Student version® *Student version* ‘Sd(dent version *Sn/dknr version® *Student version* *Studeni

Sway type non-sway
System length L 1,138 m
Buckling factor k 1,00

Buckling length Ler < 1,138 m
Critical Euler load Ncr 352591 kN
Slendemess Lambda 33,62 33,62

Relative slendermness Lambda,rel 0,44 0,44

Limit slendemess Lambda,rel,0 0,20 0,20

Buckling curve c c

Imperfection Alpha 0,49 0,49

Reduction factor Chi 0,88 0,88

Buckling resistance Nb,Rd 597,97 597,98 kN

Flexural Buckling verification

*Student version® *Student version® *Student version® *Student version® *Student v

Cross-section area A 1,9230e-03 mA2
Buckling resistance Nb,Rd 597,97 kN
Unity check 0,52 -

Note: The cross-section concems a RHS section which is not susceptible to Torsional(-Flexural) Buckling.
The member satisfies the stability check.

237



Viljan Didovié Diplomski rad

12. PRORACUN RESETKASTOG NOSACA - KONZOLNI NOSAC 1

12.1. Vertikalni pomak reSetkastog nosaca — konzolni nosac 1

0,1

T TTOTTT M
JE’:E‘

Slika 12.1. Prikaz vertikalnog pomaka konzolnog resetkastog nosaca

Dopusteni vertikalni pomak (progib):

I 37,80-1000
udop = =
300 300

=126,0mm

u,=99,9mm<u, . =126,0mm  Zadovoljava

z,dop

-iskoristivost na GSU - 99,9mm/126,0mm =0,79 =79%
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12.2. Dimenziniranje resetkastog nosa¢a — konzolni nosac 1

12.2.1. Rezne sile — gornja pojasnica konzolnog resetkastog nosaca 1

My

Diplomski rad
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Slika 12.2. Prikaz reznih sila - gornja pojasnica konzolnog resetkastog nosaca

-poprecni presjek nosaca

Name Konzolni nosaé 1 - gornja pojasnica
Type F400X10
Source description Chinese Standard / GB 6728-2002
Item material S 355
Fabrication rolled
Flexural buckling y-y a
Flexural buckling z-z a
Lateral torsional buckling Default
[Use ZD FEM analysis x
z

A [m3] 1,6300e-02

Ay, z [m7] 7.6251e-03 7.6251e-03
ly, z [m*] 3.8216e-04 3,8216e-04
I w [mF], t [m*] 8,56333e-06 6,0431e-04
Wel y, z [m?] 1,9110e-03 1,9110e-03
Wpl y, z [m?] 2,2137e-03 2,2137e-03
dy, z [mm] 0 0
© YUCS, ZUCS [mm] 200 200
a [deg] 0,00

AL, D [m¥m] 1,5571e+00 3,0510e+00
Mply #, - [Nm] 7.85e+05 7.85e+05
VIpIZ ¥, - [Nm] 7,80e+00 7.Bhe+05

Slika 12.3. Prikaz geometrijskih karakteristika nosaca
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12.2.2. Dimenzioniranje — gornja pojasnica glavnog reSetkastog nosaca 1

Member B1002 [75600 m |[F400X10 [S 355 [GSN 22 [081- |

Partial safety factors

*Student version® *Student version® *Student version® *Student version® *Studer

Gamma MO for resistance of cross-sections 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1.25
[ Material [ |

*Student version® *Student version® *Student version® *Studt

Yield strength fy 355,0 MPa
Ultimate strength fu | 490,0 MPa
Fabrication Rolled
....:SECTION CHECK::...

The critical check is on position 43.200 m

*Student version* *Student version*® *Student version* *Stude

Internal forces | Calculated Unit O

N,Ed 4358,20 kN

Vy,Ed -51,64 kN

Vz,Ed 31,24 kN

TEd 18,62 kNm

My,Ed 99,63 kNm

Mz,Ed -72,68 kNm &

Tension check

According to EN 1993-1-1 article 6.2.3 and formula (6.5)
A 1,5300e-02 | m"2

Npl,Rd 5431,50 kN

Nu,Rd 5397,84 kN

Nt,Rd 5397,84 kN

Unity check | 0,81 -

Bending moment check for My
According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6.13)

Wply 22137603 |m'3
Mpl,y,Rd 785,88 kNm

Unity check 0,13 -

Bending moment check for Mz
According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6.13)
Wpl,z 2,2137e-03 | m”"3

Mpl,z,Rd 785,88 kNm

Unity check 0,09 -
Shear check for Vy
According to EN 1993-1-1 article 6.2.6 and formula (6.17
Eta 1,20

Av 7,6500e-03 | m”:

Vpl,y,Rd 1567,94 kN

Unity check | 0,03 -

Shear check for Vz
According to EN 1993-1-1 article 6.2.6/and.fo 6
Eta 1,20

Av 7,6500e-03 2

Vpl,z,Rd 1567,94 N

Unity check  [0,02

Torsion check
According to EN 1993-1-1 article 6.2.7 and formula (6.23)

Tau,t,Ed 6,1 MPa
Tau,Rd 2050 |MPa
Unity check | 0,03 -
Note: The unity check for torsion is lower than the limit value of 0,05. Therefore torsion is considered as
insignificant and is ignored in the combined checks.

Combined bending, axial force and shear force check
According to EN 1993-1-1 article 6.2.9.1 and formula (6.41)

MN,yRd 203,95 [kNm
Alpha 6,00
MN,zRd |203,95 [kNm
Beta 6,00

Unity check (6.41) =0,01+0,00=0,02-

Note: Since the shear forces are less than half the plastic shear resistances their effect on the moment
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According to EN 1993-1-1 article 6.3.2.1

Note: The cross-section concems an RHS section with 'h /b < 10/ Lambda,rel,z".
This section is thus not susceptible to Lateral Torsional Buckling.

Bending and axial tension check
According to EN 1993-1-3 article 6.3

Design tension force N,Ed 4358,20 kN
Design bending moment My,Ed 99,63 kNm
Design bending moment Mz,Ed -72,68 kNm
Tension resistance Nt,Rd 5397,84 kN
Bending resistance Mb,y,Rd 702,40 kNm
Bending resistance Mc,z,Rd,com | 785,88 kNm

Unity check =0,14 +0,09-0,81=0,57 -
The member satisfies the stability check.

-iskoristivost elementa na GSN — 81 %

Diplomski rad

Slika 12.4. Prikaz iskoristivosti gornje pojasnice konzolnog resetkastog nosaca
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12.2.3. Rezne sile — donja pojasnica konzolnog resetkastog nosaca 1

Diplomski rad
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Slika 12.5. Prikaz reznih sila - donja pojasnica konzolnog resetkastog nosaca

-poprecni presjek nosaca

Name Konzolni nosat 1 - donja pojasnica
Type F400X10
Source description Chinese Standard / GB 6728-2002
Item material S 355
Fabrication rolled
Flexural buckling y-y a
Flexural buckling z-z a
Lateral torsional buckling Default
|Use ZD FEM analysis *
z

A [m?] 1,5300e-02

Ay, z [m] 768251e-03 76251e-03
1y, z [m*] 3,8216e-04 38216e-04
1w [mf], t [m¥] 8,5333e-06 6,0431e-04
Wel y, z [m¥] 1,9110e-03 1,9110e-03
Wpl y, z [m?] 22137e-03 2,2137e-03
dy, z[mm] 0 0
€ YUCS, ZUCS [mm] 200 200
a [deq] 0,00

A L, D [m¥m] 15571e+00 30510e+00
Mply +, - [Nm] 7.85e+05 785e+05
“WIpEz ¥, - [Nm] 7H5e+05 785e+05

Slika 12.6. Prikaz geometrijskih karakteristika nosaca
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12.2.4. Dimenzioniranje — donja pojasnica konzolnog resetkastog nosaca 1

[Member B1001 [75600 m [F400X10 [S 355 [GSN 28 0,67 - |

Partial safety factors

*Student version® *Student version® *Student version* *Student version* *Studer

Gamma MO for resistance of cross-sections 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25
[ Material [ ]

¥Student version® *Student version® *Student version® *Studt

Yield strength fy 355, MPa
Ultimate strength fu | 490,0 MPa
Fabrication Rolled
...:SECTION CHECK::...

The critical check is on position 37.800 m

*Student version* *Student version® *Student version® *Stude

Internal forces | Calculated Unit O

N,Ed -1652,74 kN

Vy,Ed -49,96 kN

Vz,Ed 46,21 kN

TEd 18,12 kNm

My,Ed -164,37 kNm

Mz,Ed 19,53 kNm &

Classification for cross-section design

According to EN 1993-1-1 article 5.5.2
Classification of Internal Compression parts

According to EN 1993-1-1 Table 5.2 Sheet 1
Maximum width-to-thickness ratio | 37,00
Class 1 Limit 26,85

Class 2 Limit 30,92
Class 3 Limit 3525
=> Section classified as Class 4 for cross-section design

Compression check
According to EN 1993-1-1 article 6.2.4 and formula (6.9)

Aeff 1,4206e-02 | m"2

Nc,Rd 5043,10 kN

Unity check | 0,33 -

Bending moment check for My

According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6.15)
Weff,y,min 1,8377e-03 mA3

Mc,y,Rd 652,40 kNm

Unity check | 0,25 -

Bending moment check for Mz
According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6!
Weff,z,min 1,9006e-03 mA3

Mc,z,Rd 674,70 kNm

Unity check | 0,03 -

Shear check for Vy
According to EN 1993-1-1 artic|7&.\s 40d forrqula (8
Eta 1,20 M
Av 7,6500e-03 2
Vply,Rd 1567,94 kN
Unity check | 0,03 \/
Shear check for Vz

According to EN 1993-1-1 article 6.26 and formula (6.17)

Eta 1,20
Av 7,6500e-03 | m"2
Vpl,z,Rd 1567,94 kN

Unity check | 0,03 S

Torsion check
According to EN 1993-1-1 article 6.2.7 and formula (6.23)

Tau,t,Ed 6,0 MPa
Tau,Rd 2050 |MPa
Unity check | 0,03 -
Note: The unity check for torsion is lower than the limit value of 0,05. Therefore torsion is considered as
insignificant and is ignored in the combined checks.
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Effective properties

*Student version® *Student version* *Student version* *Student vers,

eNy 0 mm
eN,z 0 mm
Weffy 1,8377e-03 | m"3
Weff,z 1,9006e-03 | m"3

Normal stresses

*Student version* *Student version* *Student version® *

Sigma,N,Ed 116,3 |[MPa

Sigma,My,Ed 894 MPa

Sigma,Mz,Ed 10,3 MPa

Sigma,tot,Ed 216,1 |MPa

Unity check 0,61 -
The member satisfies the section check.
....:STABILITY CHECK::...
Classification for member buckling design
Decisive position for stability classification: 37,800 m
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1 O

*Student version® *Student version* *Student version* *Student version* *Student version® *Student version® *Student version® *Stu
sectional area A eff 1.4206e-02 |m"2
Shear area Vy eff 7.1030e-03 [m*2 |Vzeff |7.1030e-03
radius of gyration iy eff 163 mm iz eff 165

Maximum width-to-thickness ratio | 37,00
Class 1 Limit 26,85
Class 2 Limit 30,92
Class 3 Limit 35,25
=> Section classified as Class 4 for member buckling design
Calculation effective area properties with direct method.
[ Properties ] |

moment of inertia ly eff 3.7816e-04 [mM |z eff 3.8611e-04
elastic section modulus Wy eff |1.8377e-03 |m"3 |Wz eff |1.9006e-03
Eccentricity eny 0 mm__|enz 0

Flexural Buckling check
According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)

Buckling parameters [ w1 7z
*Student version* *Student version® *Student version* *Student version* *Student version* *Student ve
Sway type sway non-sway
System length L 5,400 1,350 m
Buckling factor k 1,00 1,00
Buckling length Ler 5,400 1,350 m
Critical Euler load Ncr 27162,94 |434607,01 |kN
Slendemess Lambda 34,17 8,54
Relative slenderness Lambda,rel  |0,43 0,11
Limit slendemess Lambda,rel,0 0,20 0,20 /\
Buckling curve a a
Imperfection Alpha 0,21 0,2 O
Reduction factor Chi 0,94 1,0
Buckling resistance Nb,Rd 4763,05 5043\10 k

Flexural Buckling verification | |

*Student version® *Student version* *Student version® *Student versiol* XStukfent vac
Cross-section effective area Aeff | 1,4206e-0: ”52\
Buckling resistance Nb,Rd 4763,05 K
Unity check 0,35 -

Torsional(-Flexural) Buckling checl

Lateral Torsional Buckling ¢!
According to EN 1993-1-1 artig
Note: The cross-section cond a e
This section is thus not susceptible to Lateral| Torsional Buckling.
Bending and axial compression_chec|
According to EN 1993-1-1 article 6.3.3 and formula (6.61),(6.62)

Bending and axial compressioh _chéck parameters | ]

*Student version* *Student version® *Student version* *Student version* *Student version* *Student version® *Student version® *S

Interaction method alternative method 1
Cross-section effective area Aeff 1,4206e-02 m*2
Cross-section effective modulus Weff,y 1,8377e-03 m*3
Cross-section effective modulus Weff,z 1,9006e-03 mA3
Design compression force N,Ed 1652,74 kN
Design bending moment (maximum) My,Ed -164,37 kNm
Design bending moment (maximum) Mz,Ed 47,92 kNm
Additional moment Delta My,Ed 0,00 kNm
Additional moment Delta Mz,Ed 0,00 kNm
Characteristic compression resistance N,Rk 5043,10 kN
Characteristic moment resistance My,Rk 652,40 kNm

*Student version® *Student version* *Student version* *Student version* *Student version* *Student version® *Student version® *S
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Bending and axial compression check parameters | ]

*Student version* *Student version* *Student version* *Student version* *Student version* *Student version® *Student version® *S

Characteristic moment resistance Mz,Rk 674,70 kNm
Reduction factor Chi,y 0,94
Reduction factor Chi,z 1,00
Reduction factor Chi,LT 1,00
Interaction factor k,yy 1,02
Interaction factor k,yz 1,00
Interaction factor k,zy 1,02
Interaction factor k,zz 1,00

Maximum moment My,Ed is derived from beam B1001 position 37,800 m.
Maximum moment Mz,Ed is derived from beam B1001 position 39,150 m.

[ Interaction method 1 p [ ]
“Student version® *Student version® *Studen version® *Student version® *Student version® *Student version” *Student version”

Critical Euler load N,cry 27162,94 kN
Critical Euler load N,cr,z 434607,01 kN
Elastic critical load N,cr,T 1171322,93 kN
Cross-section effective modulus Weffy 1,8377e-03 mh3
Second moment of area ly 3,8216e-04 mh4
Second moment of area |z 3,8216e-04 m?4
Torsional constant It 6,0431e-04 mhM4
Method for equivalent moment factor C,my,0 Table A.2 Line 2 (General)

Design bending moment (maximum) My,Ed -164,37 kNm
Maximum relative deflection delta,z 22 mm
Equivalent moment factor C,my,0 0,96

Method for equivalent moment factor C,mz,0 Table A.2 Line 2 (General)

Design bending moment (maximum) Mz,Ed -47,92 kNm
Maximum relative deflection delta,y 0,0 mm
Equivalent moment factor C,mz,0 1,00

Factor mu,y 1,00

Factor mu,z 1,00

Factor epsilon,y 0,77

Factor a,LT 0,00

Critical moment for uniform bending Mcr,0 159469,85 kNm
Relative slendemness Lambda,rel,0 0,06 (
Limit relative slenderness Lambda,rel,0,lim 0,22

Equivalent moment factor C,my 0,96

Equivalent moment factor C,mz 1,00

Equivalent moment factor C,mLT 1,00

Unity check (6.61) = 0,35 + 0,26 + 0,07 = 0,67 -
Unity check (6.62) = 0,33 + 0,26 + 0,07 = 0,66 - (\/>

The member satisfies the stability check.

-iskoristivost elementa na GSN — 67 %

Slika 12.7. Prikaz iskoristivosti donje pojasnice konzolnog resetkastog nosaca
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12.2.5. Rezne sile — vertikalna ispuna 1 konzolnog resetkastog nosaca 1

Slika 12.8. Prikaz reznih sila — vertikalna ispuna konzolnog resetkastog nosaca
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-poprecni presjek nosaca

Name Konzolni nosaé 1 - vertikalna ispuna 1
Type SHS400/400/10.0
Source description British Standard / BS 5950 part 1 : 1990 & EN 10210-2
Item material S 355
Fabrication rolled
Flexural buckling y-y a
Flexural buckling z-z a
Lateral torsional buckling Default
Use 2D FEM analysis *
4

A [m?] 1,5500e-02

Ay, z [mf 7,7126e-03 7,7126e-03
1y, z [m!] 3,9130e-04 3,9130e-04
1w [mf], t [m4] 8,5333e-06 6,0090e-04
Wel y, z [m*] 1,9560e-03 1,9560e-03
Wpl y, z [m?] 2,2481e-03 2,2481e-03
dy, z [mm] 0 0
c YUCS, ZUCS [mm] 200 200
a [deg] 0,00

A L, D [m%m] 1,5700e+00 3,0855e+00
Mply +, - [Nm] 7,98e+05 7,98e+05
Mplz +, - [Nm] 7,98e+05 7,98e+05

Slika 12.9. Prikaz geometrijskih karakteristika nosaca

-iskoristivost elementa na GSN — 97 %

Slika 12.10. Prikaz iskoristivosti vertikalne ispune konzolnog resetkastog nosaca
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12.2.6. Dimenzioniranje — vertikalna ispuna 1 konzolnog resetkastog nosaca 1

Member B1038  [8,650 m | SHS400/400/10.0 [S 355 [GSN 22 [0,97 - |

Partial safety factors

*Student version® *Student version® *Student version® *Student version® *Studer

Gamma MO for resistance of cross-sections 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25
[ Material [ ]

*Student version® *Student version® *Student version® *Studk

Yield strength fy 355,0 MPa

Ultimate strength fu | 490,0 MPa

Fabrication Rolled

....:SECTION CHECK::...

The critical check is on position 7.450 m

Internal forces | Calculated | Unit
*Student version* *Student version® *Student version® *Stude

=> Section classified as Class 4 for cross-section design

Compression check
According to EN 1993-1-1 article 6.2.4 and formula (6.9)

Aeff 1,4206e-02 | m"2
Nc,Rd 5043,10 kN
Unity check  [0,16 -
Bending moment check for My
According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6.15) @

Weff,y,min 1,8377e-03 | mA3
Mc,y,Rd 652,40 kNm
Unity check | 0,09 -
Bending moment check for Mz
According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6

Weff,z,min 1,9006e-03 m*3

Mc,z,Rd 674,70 kNm

Unity check 0,01 -

Shear check for Vy
According to EN 1993-1-1 anic|7ﬁ}; 40d formula (B:

Eta 1,20 V

Av 7,7500e-03 2

Vpl,y,Rd 1588,43 kN

Unity check | 0,00 /
Shear check for Vz

According to EN 1993-1-1 article 6.26 and formula (6.17)

Eta 1,20
Av 7,7500e-03 m2
Vpl,z,Rd 1588,43 kN

Unity check | 0,11 -

Torsion check
According to EN 1993-1-1 article 6.2.7 and formula (6.23)

Tau,t,Ed 7,3 MPa
Tau,Rd 2050 |MPa
Unity check | 0,04 -
Note: The unity check for torsion is lower than the limit value of 0,05. Therefore torsion is considered as
insignificant and is ignored in the combined checks.

248

N,Ed -829,43 kN
Vy,Ed 21 kN
Vz,Ed 177,92 kN
T.Ed 22,14 kNm
My,Ed -60,98 kNm
Mz,Ed 4,75 kNm
Classification for cross-section design
According to EN 1993-1-1 article 5.5.2
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1
Maximum width-to-thickness ratio | 37,00
Class 1 Limit 26,85
Class 2 Limit 30,92
Class 3 Limit 36,36
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Effective_properties

*Student version® *Student version® *Student version® *Student vers:

Aeff 14206e-02 | m"2
eNy 0 mm
eN,z 0 mm
Weffy 1,8377e-03 | m"3
Weff.z 1,9006e-03 | m"3

Normal stresses

*Student version® *Student version® *Student version*

Sigma,N,Ed 584 |MPa

Sigma,My,Ed 332 |MPa
Sigma,Mz,Ed 2,5 MPa
Sigma,tot,Ed 941 |MPa
Unity check 026 |-
The member satisfies the section check.
....:STABILITY CHECK::...
Classification for member buckling design

Decisive position for stability classification: 1,500 m O
Classification of Internal Compression parts

According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio | 37,00

Class 1 Limit 26,85

Class 2 Limit 30,92

Class 3 Limit 35,76

=> Section classified as Class 4 for member buckling design
Calculation effective area properties with direct method.

[ Properties [ |
*Student version* *Student version* *Student version* *Student version* *Student version* *Student version® *Student version® *Stu
sectional area A eff 1.4206e-02 | m"2
Shear area Vly eff 7.1030e-03 |[m*2 |Vzeff |7.1030e-03 |m*2
radius of gyration iy eff 163 mm |iz eff 165 mm

moment of inertia ly eff 3.7816e-04 |mM | Iz eff 3.8611e-04 |m™M
elastic section modulus Wy eff |1.8377e-03 |m"3 |Wz eff |1.9006e-03 :;Z\
Eccentricity eny 0 mm enz 0

Flexural Buckling check
According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)

Buckling parameters [ vy [ 2z [ |
*Student version® *Student version® *Student version* *Student version* *Student version* *Student \
Sway type sway non-sway
System length L 2,950 8,650 m
Buckling factor k 1,00 1,00
Buckling length Ler 2,950 8,650 m
Critical Euler load Ncr 93193,34  [10839,19 |k
Slendemness Lambda 18,57 54,

Relative slenderness Lambda,rel |0,23 0,68

44

Limit slendemess Lambda,rel,0 0,20 0,2 O
Buckling curve a a é
Imperfection Alpha 0,21 0,21
Reduction factor Chi 0,99 0,86, \\_/
Buckling resistance Nb,Rd 5006,85 43K,56\>\{(

Flexural Buckling verification | i |

*Student version® *Student version® *Student version” *Student yersion®, *Student
Cross-section effective area Aeff | 1,4206; mA
Buckling resistance Nb,Rd }N
Unity check

Note: The cross-section concems aRH$ section with 'h /b < 10/ Lambdayrel z'.
This section is thus not susceptible to Lateral Torsional Buckling.

Bending and axial compression chieck
According to EN 1993-1-1 article 6.3.8 arid formula (6.61),(6.62)

Bending and axial compression check parameters | ]

*Student version* *Student version® *Student version® *Student version* *Student version* *Student version® *Student version® *S

Interaction method alternative method 1
Cross-section effective area Aeff 1,4206e-02 m”2
Cross-section effective modulus Weff,y 1,8377e-03 m"3
Cross-section effective modulus Weff,z 1,9006e-03 m"3
Design compression force N,Ed 829,43 kN
Design bending moment (maximum) My,Ed -498,55 kNm
Design bending moment (maximum) Mz,Ed 13,12 kNm
Additional moment Delta My,Ed 0,00 kNm
Additional moment Delta Mz,Ed 0,00 kNm

*Student version® *Student version® *Student version® *Student version® *Student version® *Student version® *Student version® *S
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Bending and axial compression check parameters I

*Student version® *Student version* *Student version* *Student version® *Student version* *Student version® *Student version® *S

Characteristic compression resistance N,Rk
Characteristic moment resistance My,Rk
Characteristic moment resistance Mz,Rk
Reduction factor Chi,y

Reduction factor Chi,z

Reduction factor Chi,LT

Interaction factor k,yy

Interaction factor k,yz

Interaction factor k,zy

Interaction factor k,zz

5043,10
652,40
674,70
0,99
0,86
1,00
1,01
1,02
0,99
1,01

kN
kNm
kNm

Maximum moment My,Ed is derived from beam B1038 position 4,500 m.
Maximum moment Mz,Ed is derived from beam B1038 position 1,500 m.

[ Interaction method 1 p.

*Student version* *Student version® *Student version* *Student version* *Student version* *Student version* *Student version®

Critical Euler load N,cry

Critical Euler load N,cr,z

Elastic critical load N,cr,T

Cross-section effective modulus Weff,y
Second moment of area ly

Second moment of area Iz

Torsional constant It

Method for equivalent moment factor C,my,0
Design bending moment (maximum) My,Ed
Maximum relative deflection delta,z
Equivalent moment factor C,my,0

Method for equivalent moment factor C,mz,0
Design bending moment (maximum) Mz Ed
Maximum relative deflection delta,y
Equivalent moment factor C,mz,0

Factor mu,y

Factor mu,z

Factor epsilon,y

Factor a,LT

Critical moment for uniform bending Mcr,0
Relative slenderness Lambda,rel,0

Limit relative slenderness Lambda,rel,0,lim
Equivalent moment factor C,my

Equivalent moment factor C,mz

Equivalent moment factor C,mLT

93193,34
10839,19
965939,72
1,8377€-03
3,9130e-04
3,9130e-04
6,0090e-04
Table A.2 Line 2 (General)
-498,55
4,0

1,00

Table A.2 Line 2 (General)
13,12

03

0,94

1,00

0,99

4,65

0,00
22992,04
0,17

0,23

1,00

0,94

1,00

mh4

kNm
mm

kNm
mm

kNm

Unity check (6.61)=0,17 + 0,77 + 0,02 = 0,95 -
Unity check (6.62) =0,19 + 0,76 + 0,02 = 0,97 -
The member satisfies the stability check.

@@&@@
9
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12.2.7. Rezne sile — vertikalna ispuna 2 konzolnog resetkastog nosaca 1

Slika 12.11. Prikaz reznih sila — vertikalna ispuna konzolnog resetkastog nosaca
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-poprecni presjek nosaca

-iskoristivost elementa na GSN — 92 %

IS

%

Name Konzolni nosaé 1 - vertikalna ispuna 2
Type SHS400/400/20.0
Source description British Standard / BS 5950 part 1 - 1990 & EN 10210-2
Item material S 385
Fabrication rolled
Flexural buckling y-y a
Flexural buckling z-z a
Lateral torsional buckling Default
Use 2D FEM analysis *
 E—

A [m] 3,0000e-02

Ay, z [m] 1,4850e-02 1,4850e-02
ly, z [m'] 7,1530e-04 7,1530e-04
1w [m®], t [mY] 1,7067e-05 1,1250e-03
Wel y, z [m?] 3,6770e-03 3,5770e-03
Wpl y, z [m?] 42019e-03 42019e-03
dy. z [mm] 0 0
¢ YUCS, ZUCS [mm] 200 200
a [deg] 0,00

A L, D [m¥m] 1,5500e+00 2,9710e+00
Mply +, - [Nm] 1,49e+06 1,49e+06
Mplz +, - [Nm] 1,49e+06 1,49e+06

Slika 12.12. Prikaz geometrijskih karakteristika nosaca

Diplomski rad

Slika 12.13. Prikaz iskoristivosti vertikalne ispune konzolnog resetkastog nosaca
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12.2.8. Dimenzioniranje — vertikalna ispuna 2 konzolnog resetkastog nosaca 1

[Member B1032

[8,650 m

[SHS400/400/20.0 [S355 [GSN22 [092- |

Partial safety factors

*Student version® *Student version® *Student version® *Student version® *Studer

Gamma MO for resistance of cross-sections 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25
[ Material | |

*Student version* *Student version® *Student version* *Studc

Yield strength fy 355,0 MPa

Ultimate strength fu | 490,0 MPa

Fabrication Rolled

....:SECTION CHECK::...

The critical check is on position 7.450 m

Internal forces | Calculated Unit
*Student version* *Student version* *Student version® *Stude

N.Ed -1087,09 kN
Vy,Ed 29,37 kN
Vz,Ed 340,79 kN
TEd 791 kNm
My,Ed 215,75 kNm
Mz,Ed 108,14 kNm

Classification for cross-section design
According to EN 1993-1-1 article 5.5.2
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio | 17,00
Class 1 Limit 26,85
Class 2 Limit 30,92
Class 3 Limit 47,95

=> Section classified as Class 1 for cross-section design

Compression check
According to EN 1993-1-1 article 6.2.4 and formula (6.9)

A 3,0000e-02 | m*2
Nc,Rd 10650,00 kN
Unity check 10,10 -

Bending moment check for My

According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6.13)

Wply 4,2019e-03 mA3
Mpl,y,Rd 1491,68 kNm
Unity check | 0,14 -
Bending moment check for Mz
According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6

Wpl,z 4,2019e-03 [m"3

Mpl,z,Rd 1491,68 kNm

Unity check | 0,07 -

Shear check for Vy
According to EN 1993-1-1 anic|7ﬁk 4nd forvula (8:

Eta 1,20

Av 1,5000e-02 M

Vpl,y,Rd 3074,39 kN

Unity check | 0,01 \/
Shear check for Vz

According to EN 1993-1-1 article 6.26 and formula (6.17)

Eta 1,20
Av 1,5000e-02 | m"2
Vpl,z,Rd 3074,39 kN

Unity check | 0,11 -

Torsion check
According to EN 1993-1-1 article 6.2.7 and formula (6.23)

Tau,t,Ed 14 MPa
Tau,Rd 2050 |MPa
Unity check | 0,01 -

Note: The unity check for torsion is lower than the limit value of 0,05. Therefore torsion is considered as

insignificant and is ignored in the combined checks.
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[Beta [1,68 [ |

Unity check (6.41) = 0,04 + 0,01 =0,05 -

Note: Since the shear forces are less than half the plastic shear resistances their effect on the moment
resistances is neglected.

The member satisfies the section check.

Classification for member buckling design
Decisive position for stability classification: 0,000 m
Classification of Internal Compression parts

According to EN 1993-1-1 Table 5.2 Sheet 1
Maximum width-to-thickness ratio | 17,00
Class 1 Limit 26,85
Class 2 Limit 30,92
Class 3 Limit 40,48
=> Section classified as Class 1 for member buckling design
Flexural Buckling check
According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)
Buckling parameters | vy [z ] ]
*Student version® *Student version* *Student version® *Student version® *Student version* *Student ve
Sway type sway non-sway
System length L 2,950 8,650 m
Buckling factor k 1,00 1,00
Buckling length Ler 2,950 8,650 m
Critical Euler load Ncr 170358,27 19814,13  |kN
Slenderness Lambda 19,10 56,02
Relative slenderness Lambda,rel | 0,25 0,73
Limit slendemess Lambda,rel,0 0,20 0,20
Buckling curve a a
Imperfection Alpha 0,21 0,21
Reduction factor Chi 0,99 0,83
Buckling resistance Nb,Rd 10532,05 8856,86 kN

Flexural Buckling verification

*Student version® *Student version* *Student version® *Student version® *Student v

Cross-section area A 3,0000e-02  [m"2
Buckling resistance Nb,Rd 8856,86 kN
Unity check 0,12 -

Torsional(-Flexural) Buckling check

According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)
Note: The cross-section concems a RHS section which is not susceptible to
Lateral Torsional Buckling check
According to EN 1993-1-1 article 6.3.2.1
Note: The cross-section concems an RHS section with 'h /b < 10/ Lambdsa
This section is thus not susceptible to Lateral Torsional Buckling.

) Buckling.

Bending and axial compression check

According to EN 1993-1-1 article 6.3.3 and formula (6461)(1%2) O

| Bending and axial compression check parameters, [ \ \

*Student version* *Student version® *Student version* *Student version* *Stude Vem)\’Wﬂ' *Student version® *S
Interaction method alternative method 1
Cross-section area A mA2
Cross-section plastic modulus Wpl,y m"3
Cross-section plastic modulus Wpl,z mA3
Design compression force N,Ed kN
Design bending moment (maximum) My,Ed kNm
Design bending moment (maximum) 143,39 kNm

Characteristic compression resistange W/RK 10650,00 kN

Characteristic moment resistance 1491,68 kNm
Characteristic moment resistan, 1491,68 kNm
Reduction factor Chi,y 0,99
Reduction factor Chi,z 0,83
Reduction factor Chi,LT 1,00
Interaction factor k,yy 1,00
Interaction factor k,yz 0,62
Interaction factor k,zy 0,61
Interaction factor k,zz 1,00

Maximum moment My,Ed is derivedfrom Beam B1032 position 4,500 m.
Maximum moment Mz,Ed is derived beam B1032 position 8,650 m.

[ Interaction method 1 parameters ] |
*Student version® *Student version® *Student version® *Student version* *Student version* *Student version® *Student version® *S

Critical Euler load N,cry 170358,27 kN
Critical Euler load N,cr,z 19814,13 kN
Elastic critical load N,cr,T 1915381,08 kN
Cross-section plastic modulus Wpl,y 4,2019e-03 m3
Cross-section elastic modulus Wel,y 3,5770e-03 m"3
Cross-section plastic modulus Wpl,z 4,2019¢e-03 m*3
Cross-section elastic modulus Wel,z 3,5770e-03 m"3
Second moment of area ly 7,1530e-04 mM
Second moment of area |z 7,1530e-04 mM4

*Student version* *Student version* *Student version® *Student version® *Student version* *Student version® *Student version® *$
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Interaction method 1 parameters ] |

*Student version® *Student version® *Student version* *Student version* *Student version* *Student version® *Student version® *$

Torsional constant It 1,1250e-03 mM
Method for equivalent moment factor C,my,0 Table A.2 Line 2 (General)

Design bending moment (maximum) My,Ed -1133,80 kNm
Maximum relative deflection delta,z 50 mm
Equivalent moment factor C,my,0 1,00

Method for equivalent moment factor C,mz,0 Table A.2 Line 2 (General)

Design bending moment (maximum) Mz,Ed 143,39 kNm
Maximum relative deflection delta,y -7 mm
Equivalent moment factor C,mz,0 0,96

Factor mu,y 1,00

Factor mu,z 0,99

Factor epsilon,y 8,75
Factor a,LT 0,00
Critical moment for uniform bending Mcr,0 42541,58 kNm
Relative slenderness Lambda,rel,0 0,19
Limit relative slenderness Lambda,rel,0,lim 0,23
Equivalent moment factor C,my 1,00
Equivalent moment factor C,mz 0,96
Equivalent moment factor C,mLT 1,00

Factor b,LT 0,00 O
Factor ¢,LT 0,00

Factor d,LT 0,00

Factor e LT 0,00

Factor w,y 147

Factor w,z 1,17

Factor n,pl 0,10

Maximum relative slendemess Lambda,rel,max | 0,73

Factor C,yy 1,00

Factor Cyz 0,98

Factor C,zy 0,98

Factor C,zz 1,01
Unity check (6.61) =0,10 + 0,76 + 0,06 = 0,92 -

Unity check (6.62) = 0,12 + 0,47 + 0,10 = 0,68 -

The member satisfies the stability check.

&

255



Viljan Didovié Diplomski rad

12.2.9. Rezne sile — dijagonalna ispuna 1 konzolnog resetkastog nosaca 1

50‘;) 0

5"6‘1 Py ‘913% ~.Igb Gg

P

Slika 12.14. Prikaz reznih sila — dijagonalna ispuna konzolnog resetkastog nosaca

-poprecni presjek nosaca

Name Konzolni nosat 1 - dijagonalna ispuna 1
Type SHS400/400/10.0
Source description British Standard / BS 5950 part 1 : 1990 & EN 10210-2
Item material S 355
Fabrication rolled
Flexural buckling y-y a
Flexural buckling z-z a
Lateral torsional buckling Default
Use 2D FEM analysis *
z

A [m] 1,5500e-02

Ay, z [mf 7,7126e-03 7,7126e-03
ly, z [m'] 3,9130e-04 3,9130e-04
1w [m®], t [mY] 8,5333e-06 6,0090e-04
Wel y, z [m?] 1,9560e-03 1,9560e-03
Wpl y, z [m?] 2,2481e-03 2,2481e-03
dy. z [mm] 0 0
¢ YUCS, ZUCS [mm] 200 200
a [deg] 0,00

A L, D [mim] 1,5700e+00 3,0855e+00
Mply +, - [Nm] 7,98e+05 7,98e+05
Mplz +, - [Nm] 7,98e+05 7,98e+05

Slika 12.15. Prikaz geometrijskih karakteristika nosaca

256



Viljan Didovi¢

Diplomski rad

12.2.10. Dimenzioniranje — dijagonalna ispuna 1 konzolnog reSetkastog nosaca 1

Member B1062 [10,197 m

[ SHS400/400/10.0 [ S 355

[ GSN 22

[092 -

Partial safety factors

*Student version® *Student version® *Student version® *Student version® *Studer

Gamma MO for resistance of cross-sections 1,00
Gamma M1 for resistance to instability
Gamma M2 for resistance of net sections 1,25

1,00

[ Material | J
*Student version* *Student version® *Student version® *Studk
Yield strength fy 355,0 MPa
Ultimate strength fu | 490,0 MPa
Fabrication Rolled

....:SECTION CHECK:....

The critical check is on position 10.197 m

[Internal forces | Calculated [ Unit ]

*Student version* *Student version* *Student version* *Stude

N,Ed 5037,12 kN

Vy,Ed 0,00 kN

Vz,Ed 0,00 kN

TEd 0,00 kNm

My,Ed 0,00 kNm

Mz,Ed 0,00 kNm
Tension check

According to EN 1993-1-1 article 6.2.3 and formula (6.5)

A 1,5500e-02 [ m"2
Npl,Rd 5502,50 kN
Nu,Rd 5468,40 kN
Nt,Rd 5468,40 kN
Unity check | 0,92 -
The member satisfies the section check.
...:STABILITY CHECK::...

The member satisfies the stability check.

-iskoristivost elementa na GSN — 92 %

Slika 12.16. Prikaz iskoristivosti dijagonalne ispune konzolnog resetkastog nosaca
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12.2.11. Rezne sile — dijagonalna ispuna 2 konzolnog reSetkastog nosaca 1

b

Slika 12.17. Prikaz reznih sila — dijagonalna ispuna konzolnog resetkastog nosaca

-poprecni presjek nosaca

Name Konzolni nosa¢ 1 - dijagonalna ispuna 2
Type SHS400/400/16.0
Source description British Standard / BS 5950 part 1 - 1990 & EN 10210-2
Item material S 3585
Fabrication rolled
Flexural buckling y-y a
Flexural buckling z-z a
Lateral tersional buckling Default
Use 2D FEM analysis *

z

—
L

L]

A [m7] 2,4300e-02

Ay, z [m3] 1,2064e-02 1,2064e-02
1y z [m*] 5,9340e-04 5.9340e-04
1w [mf], t [m*] 1,3653e-05 9,2440e-04
Wel y, z [m?] 2,9670e-03 2,9670e-03
Wpl y, z [m?] 3,4548e-03 3,4548e-03
dy, z [mm] 0 0
c YUCS, ZUCS [mm] 200 200
a [deg] 0,00

AL, D [m¥m] 1,5600e+00 3,0168e+00
Mply +, - [Nm] 1,23e+06 1,23e+06
Mplz +, - [Nm] 1,23e+06 1,23e+06

Slika 12.18. Prikaz geometrijskih karakteristika nosaca

-iskoristivost elementa na GSN — 96 %

Slika 12.19. Prikaz iskoristivosti dijagonalne ispune konzolnog resetkastog nosaca
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12.2.12. Dimenzioniranje — dijagonalna ispuna 2 konzolnog resetkastog nosaca 1

Member B1063 10,197 m [ SHS400/400/16.0 [S 355 [GSN 22 [096 - |

Partial safety factors

*Student version® *Student version® *Student version® *Student version® *Studer

Gamma MO for resistance of cross-sections | 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25
[ Material [ ]

*Student version® *Student version® *Student version® *Studt

Yield strength fy 355,0 MPa
Ultimate strength fu | 490,0 MPa
Fabrication Rolled

...:SECTION CHECK::...

The critical check is on position 10.197 m
Internal forces | Calculated | Unit

*Student version® *Student version* *Student version® *Stude
N,Ed -6344,34 kN

\W.Ed 0,00 kN

Vz,Ed 0,00 kN
TEd 0,00 kNm
My,Ed 0,00 kNm
Mz,Ed 0,00 kNm
Classification for cross-section design
According to EN 1993-1-1 article 5.5.2

Classification of Internal Compression parts

According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio | 22,00
Class 1 Limit 26,85
Class 2 Limit 30,92
Class 3 Limit 34,17

=> Section classified as Class 1 for cross-section design
Compression check
According to EN 1993-1-1 article 6.2.4 and formula (6.9)

A 2,4300e-02 | m"2
Nc,Rd 8626,50 kN
Unity check | 0,74 -

The member satisfies the section check.

...:STABILITY CHECK::...

Classification for member buckling design

Decisive position for stability classification: 0,000 m

Classification of Internal Compression parts

According to EN 1993-1-1 Table 5.2 Sheet 1 @

Maximum width-to-thickness ratio | 22,00
Class 1 Limit 26,85
Class 2 Limit 30,92
Class 3 Limit 3417
=> Section classified as Class 1 for member buckling desig

Flexural Buckling check
According to EN 1993-1-1 article 6.3.1.1 and formu@

Buckling parameters [ vy N ez [ ]
*Student version® *Student version* *Student version” *Studerf verdin* *Studenhyersion* *Student v
Sway type nori-sway
System length L i m
Buckling factor k 1,0
Buckling length Ler 197 m
Critical Euler load Ncr 11828,46 kN
Slendemess Lambda 65,25
Relative slenderness Lambda,rel 0,85
Limit slendemess Lambda,rel,0 0,20
Buckling curve a
Imperfection Alpha 0,21
Reduction factor Chi 0,76
Buckling resistance Nb,Rd < 6585,81 kN

Flexural Buckling verification

*Student version® *Student version* *Student version* *Student version® *Student v

Cross-section area A 2,4300e-02 | m"2
Buckling resistance Nb,Rd 6585,69 kN
Unity check 0,96 -

Torsional(-Flexural) Buckling check

According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)

Note: The cross-section concems a RHS section which is not susceptible to Torsional(-Flexural) Buckling.
The member satisfies the stability check.
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13. PRORACUN RESETKASTOG NOSACA - KONZOLNI NOSAC 2

13.1. Vertikalni pomak reSetkastog nosaca — konzolni nosac 2

99,9

|

Slika 13.1. Prikaz vertikalnog pomaka konzolnog resetkastog nosaca

Dopusteni vertikalni pomak (progib):

| 31,44-1000
udop = =
300 300

=104,8mm

u,=99,9mm<u, ., =104,8mm  Zadovoljava

z,dop

-iskoristivost na GSU - 99,9mm/104,8mm = 0,95 =95%
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13.2. Dimenziniranje resetkastog nosa¢a — konzolni nosac¢ 2

13.2.1. Rezne sile — gornja pojasnica konzolnog resetkastog nosaca 2

Diplomski rad
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Slika 13.2. Prikaz reznih sila - gornja pojasnica konzolnog resetkastog nosaca

-poprecni presjek nosaca

Name Konzolni nosa€ 2 - gornja pojasnica
Type F400X12
Source description Chinese Standard / GB 6728-2002
Item material S 355
Fabrication rolled
Flexural buckling y-y a
Flexural buckling z-z a
Lateral torsional buckling Default
[Use ZD FEM analysis *®
z

A [m?] 1,8000e-02

Ay, z [m7] §,9972e-03 8,997 2e-03
1y,  [m*] 4,4319e-04 4,4319e-04
1w [mF], t [m*] 1,0240e-05 7,1813e-04
Wel y, z [m?] 2,2160e-03 2,2160e-03
wpl y, z [m7] 25874e-03 2,5874e-03
dy, z [mm] 0 0
c YUCS, ZUCS [mm] 200 200
a [deg] 0,00

AL, D [m%m] 1,6382e+00 3,0005e+00
Mply +, - [Nm] 9,18e+05 8,18e+05
"WIpIZ ¥, - [Nm] g T8e+05 U T8e+05

Slika 13.3. Prikaz geometrijskih karakteristika nosaca
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13.2.2. Dimenzioniranje — gornja pojasnica glavnog reSetkastog nosaca 2

[Member B999 [70,090 m [F400X12 [S355 [GSN 24 [0,80 - |

Partial safety factors
*Student version® *Student version® *Student version® *Student version® *Studer

Gamma MO for resistance of cross-sections 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25
[ Material | |

*Student version* *Student version® *Student version® *Studk

Yield strength fy 355,0 MPa
Ultimate strength fu | 490,0 MPa
Fabrication Rolled
....:SECTION CHECK::...

The critical check is on position 46.510 m

Internal forces | Calculated Unit O

*Student version* *Student version® *Student version® *Stude

N,Ed -2724,76 kN

Vy,Ed 88,30 kN

Vz,Ed 123,72 kN

TEd 49,83 kNm

My,Ed -235,62 kNm

Mz,Ed -93,73 kNm &

Classification for cross-section design
According to EN 1993-1-1 article 5.5.2
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1
Maximum width-to-thickness ratio 30,33
Class 1 Limit 26,85
Class 2 Limit 30,92
Class 3 Limit 49,54

=> Section classified as Class 2 for cross-section design

Compression check
According to EN 1993-1-1 article 6.2.4 and formula (6.9)

A 1,8000e-02 | m*2

Nc,Rd 6390,00 kN

Unity check | 0,43 -
Bending moment check for My
According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6.13) @

Wply 2,5874e-03 | m”"3
Mpl,y,Rd 918,53 kNm
Unity check | 0,26 -

(
Bending moment check for Mz
According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6

Wpl,z 2,5874e-03 | m"3

Mpl,z,Rd 918,53 kNm

Unity check 0,10 -

Shear check for Vy
According to EN 1993-1-1 animﬂ;ﬁ Nula (8-

Eta 1,20 (nf/
Av 9,0000e-03 2
Vpl,y,Rd 1844,63 kN
Unity check | 0,05 \/
Shear check for Vz

According to EN 1993-1-1 article 6.26 and formula (6.17)

Eta 1,20
Av 9,0000e-03 | m"2
Vpl,z,Rd 1844,63 kN

Unity check | 0,07 -

Torsion check
According to EN 1993-1-1 article 6.2.7 and formula (6.23)

Tau,t,Ed 13,8 MPa
Tau,Rd 2050 |MPa
Unity check | 0,07 -
Combined Shear and Torsion check for Vy and Tau,t,Rd
According to EN 1993-1-1 article 6.2.6 & 6.2.7 and formula (6.25),(6.28)
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Vpl,T,z,Rd 1720,52 ’kN ‘
Unity check | 0,07 -

Combined bending, axial force and shear force check
According to EN 1993-1-1 article 6.2.9.1 and formula (6.41)

MN,yRd [687,21 [kNm
Alpha 2,09
MN,zRd [687,21 |kNm
Beta 2,09

Unity check (6.41)= 0,11+ 0,02 = 0,12 -

Note: Since the shear forces are less than half the plastic shear resistances their effect on the moment
resistances is neglected.

The member satisfies the section check.

....:STABILITY CHECK::...

Classification for member buckling design

Decisive position for stability classification: 46,510 m

Classification of Internal Compression parts

According to EN 1993-1-1 Table 5.2 Sheet 1 O
Maximum width-to-thickness ratio | 30,33
Class 1 Limit 26,85
Class 2 Limit 30,92
Class 3 Limit 49,54
=> Section classified as Class 2 for member buckling design
Flexural Buckling check
According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)
Buckling parameters [ vy [ 2z [ |
*Student version® *Student version® *Student version® *Student version* *Student version* *Student \
Sway type sway non-sway
System length L 7,860 7,860 m
Buckling factor k 1,00 1,00
Buckling length Ler 7,860 7,860 m
Critical Euler load Ncr 14868,39 | 14868,39 | kN
Slendemess Lambda 50,09 50,09
Relative slenderness Lambda,rel | 0,66 0,66
Limit slendemess Lambda,rel,0 0,20 0,20
Buckling curve a a
Imperfection Alpha 0,21 0,21
Reduction factor Chi 0,87 0,87
Buckling resistance Nb,Rd 5544,20 5544,20 kN

Flexural Buckling verification | |

*Student version® *Student version® *Student version® *Student version* *Student v

Cross-section area A 1,8000e-02 | m"2
Buckling resistance Nb,Rd 5544,20 kN
Unity check 0,49 -

Torsional(-Flexural) Buckling check
According to EN 1993-1-1 article 6.3.1.1 and formula (6.48)
Note: The cross-section concems a RHS section which is,not susceptible {6 Torsional(-Flexural) Buckling.
Lateral Torsional Buckling check

According to EN 1993-1-1 article 6.3.2.1
Note: The cross-section concems an RHS section with ' / b
This section is thus not susceptible to Lateral Torsional Bucl
Bending and axial compression check
According to EN 1993-1-1 article 6.3.3 and formula {6.61),(6.62)

[ Bending and axial pression check parameters \|
*Student version® *Student version® *Student version’, ‘Wrsb\”sydem rsion* *Student version® *Student version® *S
N

0/Lambdarel,z'.

Interaction method alternative method 1
Cross-section area A 1,8000e-02 m'2
Cross-section plastic modulu 2,5874e-03 m"3
Cross-section plastic modul 2,5874e-03 m3
Design compression force 2724,76 kN
Design bending moment ( -235,62 kNm
Design bending moment (méa -93,73 kNm
Characteristic compression resista 6390,00 kN
Characteristic moment resistance MyR 918,53 kNm
Characteristic moment resistance 918,53 kNm
Reduction factor Chi,y 0,87

Reduction factor Chi,z 0,87

Reduction factor Chi,LT 1,00

Interaction factor k,yy 0,96

Interaction factor k,yz 0,58

Interaction factor k,zy 0,61

Interaction factor k,zz 0,91

Maximum moment My,Ed is derived from beam B999 position 46,510 m.
Maximum moment Mz,Ed is derived from beam B999 position 46,510 m.

[ Interaction_method 1 parameters ] |
*Student version* *Student version® *Student version® *Student version* *Student version* *Student version* *Student version® *S
Critical Euler load N,cry [ 14868,39 [kN |

*Student version* *Student version® *Student version® *Student version* *Student version* *Student version® *Student version® *$
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Interaction method 1 parameters | ]

*Student version* *Student version* *Student version* *Student version* *Student version* *Student version® *Student version® *$

Critical Euler load N,crz 14868,39 kN
Elastic critical load N,cr,T 1184857,75 kN
Cross-section plastic modulus Wply 2,5874e-03 mA3
Cross-section elastic modulus Wel,y 2,2160e-03 mA3
Cross-section plastic modulus Wpl,z 2,5874e-03 mA3
Cross-section elastic modulus Wel,z 2,2160e-03 m*3
Second moment of area ly 4,4319e-04 mh4
Second moment of area Iz 4,4319e-04 mh4
Torsional constant It 7,1813e-04 mh4
Method for equivalent moment factor C,my,0 Table A.2 Line 2 (General)

Design bending moment (maximum) My,Ed -235,62 kNm
Maximum relative deflection delta,z -34 mm
Equivalent moment factor C,my,0 0,86

Method for equivalent moment factor C,mz,0 Table A.2 Line 2 (General)

Design bending moment (maximum) Mz,Ed -93,73 kNm
Maximum relative deflection delta,y 0,2 mm
Equivalent moment factor C,mz,0 0,82

Factor mu,y 0,97

Factor mu,z 0,97

Factor epsilon,y 0,70

Factor a,LT 0,00

Critical moment for uniform bending Mcr,0 29453,63 kNm
Relative slenderness Lambda,rel,0 0,18

Limit relative slenderness Lambda,rel,0,lim 0,35

Equivalent moment factor C,my 0,86

Equivalent moment factor C,mz 0,82

Equivalent moment factor C,mLT 1,00

Factor b,LT 0,00

Factor ¢,LT 0,00

Factor d,LT 0,00

Factor e,LT 0,00

Factor w,y 117

Factor w,z by

Factor n,pl 0,43

Maximum relative slenderess Lambda,rel,max 0,66

Factor C,yy 1,07

Factor C,yz 1,01

Factor C,zy 1,00

Factor C,zz 1,07

Unity check (6.61) = 0,49 + 0,25 + 0,06 = 0,80 -

Unity check (6.62) = 0,49 + 0,16 + 0,09 = 0,74 -
The member satisfies the stability check.

-iskoristivost elementa na GSN — 80 %

0,80

Slika 13.4. Prikaz iskoristivosti gornje pojasnice konzolnog resetkastog nosaca
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13.2.3. Rezne sile — donja pojasnica konzolnog resetkastog nosaca 2
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Slika 13.5. Prikaz reznih sila - donja pojasnica konzolnog resetkastog nosaca

-poprecni presjek nosaca

Name Konzolni nosat 2 - donja pojasnica
Type F400X12
Source description Chinese Standard / GB 6728-2002
Item material S 355
Fabrication rolled
Flexural buckling y-y a
Flexural buckling z-z a
Lateral torsional buckling Default
[Use ZD FEM analysis *
z

A [m?] 1,8000e-02

Ay, z [m] 8,9972e-03 89972e-03
1y, z [m] 4.4319e-04 44319e-04
I w [mf], t [m?] 1,0240e-05 7,1813e-04
Wel y, z [m?] 2,2160e-03 22160e-03
Wpl y, z [m?] 2 5874e-03 25874e-03
dy, z [mm] 0 1]
c YUCS, ZUCS [mm] 200 200
o [deg] 0,00

A L, D [m?*m] 15382e+00 30005e+00
Mply +, - [Nm] 9,18e+05 9,18e+05
“WIpIZ ¥, - [NM] UT8e+05 U 18+ 05

Slika 13.6. Prikaz geometrijskih karakteristika nosaca
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3.2.4. Dimenzioniranje — donja pojasnica konzolnog reSetkastog nosaca 2

Member B1000 [70,090 m [F400X12 [S 355 |GSN 26 [0,94 - |

Partial safety factors

*Student version* *Student version® *Student version® *Student version* *Studer

Gamma MO for resistance of cross-sections 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1.25
[ Material [ ]

*Student version* *Student version® *Student version® *Studk

Yield strength fy 355,0 MPa
Ultimate strength fu | 490,0 MPa
Fabrication Rolled
....:SECTION CHECK::...

The critical check is on position 32.400 m

Internal forces | Calculated Unit O

*Student version® *Student version® *Student version® *Stude

N,Ed -4101,09 kN

Vy,Ed 8,34 kN

Vz,Ed 123,23 kN

TEd 92,80 kNm

My,Ed -203,90 kNm

Mz,Ed -60,14 kNm &

Classification for cross-section design
According to EN 1993-1-1 article 5.5.2
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1
Maximum width-to-thickness ratio | 30,33
Class 1 Limit 26,85
Class 2 Limit 30,92
Class 3 Limit 4241

=> Section classified as Class 2 for cross-section design

Compression check
According to EN 1993-1-1 article 6.2.4 and formula (6.9)

A 1,8000e-02 | m"2

Nc,Rd 6390,00 kN

Unity check 0,64 -
Bending moment check for My
According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6.13) @

Wply 2,5874e-03 | m”"3
Mpl,y,Rd 918,53 kNm
Unity check | 0,22 -
Bending moment check for Mz
According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6

Wpl,z 2,5874e-03 | m”3
Mpl,z,Rd 918,53 kNm
Unity check | 0,07 -

Shear check for Vy
According to EN 1993-1-1 article 8.2.6.4 Nula

Eta 1,20

Av 9,0000e-03 g’ﬂZ/
Vpl,y,Rd 1844,63 kN
Unity check | 0,00 /

Shear check for Vz
According to EN 1993-1-1 article 6.2\6 and formula (6.17)

Eta 1,20
Av 9,0000e-03 | m"2
Vpl,z,Rd 1844,63 kN

Unity check | 0,07 -

Torsion check
According to EN 1993-1-1 article 6.2.7 and formula (6.23)

Tau,t,Ed 25,7 MPa
Tau,Rd 2050 |MPa
Unity check 0,13 -
Combined Shear and Torsion check for Vy and Tau,t,Rd
According to EN 1993-1-1 article 6.2.6 & 6.2.7 and formula (6.25),(6.28)
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Vpl,T.z,Rd 1613,47 \kN ‘
Unity check [ 0,08 -

Combined bending, axial force and shear force check
According to EN 1993-1-1 article 6.2.9.1 and formula (6.41)

MN,y,Rd [429,16 |kNm
Alpha an
MN,zRd |429,16 [kNm
Beta 3.1

Unity check (6.41)= 0,10 + 0,00 = 0,10 -

Note: Since the shear forces are less than half the plastic shear resistances their effect on the moment
resistances is neglected.

The member satisfies the section check.

....:STABILITY CHECK::...

Classification for member buckling design

Decisive position for stability classification: 32,400 m

Classification of Internal Compression parts

According to EN 1993-1-1 Table 5.2 Sheet 1 O
Maximum width-to-thickness ratio | 30,33
Class 1 Limit 26,85
Class 2 Limit 30,92
Class 3 Limit 241
=> Section classified as Class 2 for member buckling design
Flexural Buckling check
According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)
Buckling parameters [ w [ zz 1] |
*Student version® *Student version® *Student version® *Student version® *Student version* *Student
Sway type sway non-sway
System length L 6,250 6,250 m
Buckling factor k 1,00 1,00
Buckling length Ler 6,250 6,250 m
Critical Euler load Ncr 2351522 2351522 |kN
Slendemness Lambda 39,83 39,83
Relative slenderness Lambda,rel 0,52 0,52
Limit slendemess Lambda,rel,0 0,20 0,20
Buckling curve a a
Imperfection Alpha 0,21 0,21
Reduction factor Chi 0,92 0,92
Buckling resistance Nb,Rd 5863,03 5863,03 kN

Flexural Buckling verification

*Student version® *Student version® *Student version® *Student version* *Student v

Cross-section area A 1,8000e-02 | m"2
Buckling resistance Nb,Rd 5863,03 kN
Unity check 0,70 -

Torsional(-Flexural) Buckling check

According to EN 1993-1-1 article 6.3.1.1 and formula (6.4
Note: The cross-section concems a RHS section which is\not susceptible t0 Tgrsional(-Flexural) Buckling.
Lateral Torsional Buckling check
According to EN 1993-1-1 article 6.3.2.1
Note: The cross-section concems an RHS section with ' / b
This section is thus not susceptible to Lateral Torsional Buc
Bending and axial compression check
According to EN 1993-1-1 article 6.3.3 and formula{6.61),(6.62)

[ Bending and axial pression check parameters \|
*Student version® *Student version® *Student version’, ’Wrsbqsﬁdem rsion* *Student version® *Student version® *S
N

0/ Lambdayrel,z".

Interaction method alternative method 1
Cross-section area A 1,8000e-02 m2
Cross-section plastic modulu 2,5874e-03 m"3
Cross-section plastic modul 2,5874e-03 mA3
Design compression force 4101,09 kN
Design bending moment ( -203,90 kNm
Design bending moment (méa -60,14 kNm
Characteristic compression resista Rk 6390,00 kN
Characteristic moment resistance MyR 918,53 kNm
Characteristic moment resistance 918,53 kNm
Reduction factor Chi,y 0,92

Reduction factor Chi,z 0,92

Reduction factor Chi,LT 1,00

Interaction factor k,yy 0,90

Interaction factor k,yz 0,61

Interaction factor k,zy 0,57

Interaction factor k,zz 0,96

Maximum moment My,Ed is derived from beam B1000 position 32,400 m.
Maximum moment Mz,Ed is derived from beam B1000 position 32,400 m.

[ Interaction method 1 parameters ] J
*Student version* *Student version® *Student version® *Student version* *Student version* *Student version* *Student version® *S
[ Critical Euler load N,cry [23515,22 [kN ]

*Student version* *Student version* *Student version® *Student version® *Student version* *Student version® *Student version® *S
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Interaction _method 1 parameters [ ]

*Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version® *$

Critical Euler load N,cr,z 23515,22 kN
Elastic critical load N,cr,T 1188914,88 kN
Cross-section plastic modulus Wpl,y 2,5874e-03 mA3
Cross-section elastic modulus Wel,y 2,2160e-03 m*3
Cross-section plastic modulus Wpl,z 2,5874e-03 m"3
Cross-section elastic modulus Wel,z 2,2160e-03 m"3
Second moment of area ly 4,4319e-04 mhM4
Second moment of area Iz 4,4319e-04 mh4
Torsional constant It 7,1813e-04 mM
Method for equivalent moment factor C,my,0 Table A.2 Line 2 (General)

Design bending moment (maximum) My,Ed -203,90 kNm
Maximum relative deflection delta,z -1,5 mm
Equivalent moment factor C,my,0 0,86

Method for equivalent moment factor C,mz,0 Table A.2 Line 2 (General)

Design bending moment (maximum) Mz,Ed -60,14 kNm
Maximum relative deflection delta,y 1,1 mm
Equivalent moment factor C,mz,0 0,90

Factor mu,y 0,98

Factor mu,z 0,98

Factor epsilon,y 0,40

Factor a,LT 0,00

Critical moment for uniform bending Mcr,0 37104,24 kNm
Relative slenderness Lambda,rel,0 0,16

Limit relative slenderness Lambda,rel,0,lim 0,36

Equivalent moment factor C,my 0,86

Equivalent moment factor C,mz 0,90

Equivalent moment factor C,mLT 1,00

Factor b,LT 0,00

Factor c LT 0,00

Factor d,LT 0,00

Factor e LT 0,00

Factor w,y 142

Factor w,z AT

Factor n,pl 0,64

Maximum relative slendemess Lambda,rel,max 0,52

Factor C,yy 1,13

Factor C,yz 1,06

Factor C,zy 1,08

Factor C.zz 1,12

Unity check (6.61) = 0,70 + 0,20 + 0,04 = 0,94 -

Unity check (6.62) = 0,70 + 0,13 + 0,06 = 0,89 -
The member satisfies the stability check.

-iskoristivost elementa na GSN — 91 %

Slika 13.7. Prikaz iskoristivosti donje pojasnice konzolnog resetkastog nosaca
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-poprecni presjek nosaca

Name Konzolni nosat 2 - vertikalna ispuna 1
Type SHS400/400/20.0
Source description British Standard / BS 5950 part 1 - 1990 & EN 10210-2
Item material S 385
Fabrication rolled
Flexural buckling y-y a
Flexural buckling z-z a
Lateral torsional buckling Default
Use 2D FEM analysis #
zZ

A [m?] 3,0000e-02

Ay, z [mf 1,4850e-02 1,4850e-02
ly, z [m!] 7,1530e-04 7,1530e-04
1w [m8], t [m{] 1,7067e-05 1,1250e-03
Wel y, z [m*] 3,5770e-03 3,5770e-03
Wpl y, z [m?] 4.2019e-03 4,2019e-03
dy, z [mm] 0 0
c YUCS, ZUCS [mm] 200 200
a [deg] 0,00

A L, D [m%m] 1,5500e+00 2,9710e+00
Mply +, - [Nm] 1,49e+06 1,49e+06
Mplz +, - [Nm] 1,49e+06 1,49e+06

Slika 13.9. Prikaz geometrijskih karakteristika nosaca

-iskoristivost elementa na GSN — 96 %

Slika 13.10. Prikaz iskoristivosti vertikalne ispune konzolnog resetkastog nosaca
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13.2.6. Dimenzioniranje — vertikalna ispuna 1 konzolnog resetkastog nosaca 2

[Member B1024 [8,650 m | SHS400/400/20.0 [S 355 [GSN 24 (0,96 - |

Partial safety factors

*Student version® *Student version® *Student version® *Student version® *Studer

Gamma MO for resistance of cross-sections 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25
[ Material [ ]

*Student version® *Student version® *Student version® *Studk

Yield strength fy 355,0 MPa

Ultimate strength fu | 490,0 MPa

Fabrication Rolled

....:SECTION CHECK::...

The critical check is on position 8.650 m
Internal forces | Calculated Unit

*Student version® *Student version* *Student version® *Stude
N,Ed -788,07 kN
Vy,Ed -483,84 kN
Vz,Ed -32,05 kN

TEd -4,13 kNm
My,Ed -136,26 kNm
Mz,Ed -1244,16 kNm
Classification for cross-section design
According to EN 1993-1-1 article 5.5.2
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1
Maximum width-to-thickness ratio | 17,00
Class 1 Limit 26,85
Class 2 Limit 30,92
Class 3 Limit 36,07

=> Section classified as Class 1 for cross-section design

Compression check
According to EN 1993-1-1 article 6.2.4 and formula (6.9)

A 3,0000e-02 | mA2

Nc,Rd 10650,00 kN

Unity check | 0,07 -
Bending moment check for My
According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6.13) @

Wply 4,2019e-03 mA3
Mply,Rd 1491,68 kNm
Unity check | 0,09 -
Bending moment check for Mz
According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6

Wpl,z 4,2019e-03 [ m"3

Mpl,z,Rd 1491,68 kNm

Unity check | 0,83 -

Shear check for Vy

According to EN 1993-1-1 ani% Nula (8-

Eta 1,20 g/

Av 1,5000e-02 2

Vply,Rd 3074,39 kN

Unity check | 0,16 /
Shear check for Vz

According to EN 1993-1-1 article 6.2\6 and formula (6.17)

Eta 1,20
Av 1,5000e-02 | m"2
Vpl,z,Rd 3074,39 kN

Unity check | 0,01 -

Torsion check
According to EN 1993-1-1 article 6.2.7 and formula (6.23)

Tau,t,Ed 0,7 MPa
Tau,Rd 2050 |MPa
Unity check | 0,00 -
Note: The unity check for torsion is lower than the limit value of 0,05. Therefore torsion is considered as
insignificant and is ignored in the combined checks.
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[Beta [1.67 [ |

Unity check (6.41)=0,02 + 0,74 =0,76 -

Note: Since the shear forces are less than half the plastic shear resistances their effect on the moment
resistances is neglected.
The member satisfies the section check.

Classification for member buckling design
Decisive position for stability classification: 0,000 m
Classification of Internal Compression parts

According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio | 17,00

Class 1 Limit 29,82

Class 2 Limit 34,33

Class 3 Limit 53,68

=> Section classified as Class 1 for member buckling design

Flexural Buckling check
According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)

Buckling parameters [ w T z 1 ]
*Student version® *Student version* *Student version® *Student version* *Student version* *Student \
Sway type sway non-sway
System length L 8,650 6,250 m
Buckling factor k 1,00 1,00
Buckling length Ler 8,650 6,250 m
Critical Euler load Ncr 19814,13 |37953,10 |kN
Slenderness Lambda 56,02 40,48
Relative slenderness Lambda,rel |0,73 0,53

Limit slendemess Lambda,rel,0 0,20 020
Note: The slenderness or compression force is such that Flexural Buckling effects may be ignored
according to EN 1993-1-1 article 6.3.1.2(4).
Torsional(-Flexural) Buckling check

According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)
Note: The cross-section concems a RHS section which is not susceptible to Torsional(-Flexy
Lateral Torsional Buckling check

According to EN 1993-1-1 article 6.3.2.1

Note: The cross-section concems an RHS section with'h / b < 10/ Lambdayrel,Z,
This section is thus not susceptible to Lateral Torsional Buckling.

Bending and axial compression check

According to EN 1993-1-1 article 6.3.3 and formula (6.61),(6.62)

| Bending and axial pression check par

*Student version® *Student version® *Student version® *Student version® *Student version* ’Sle%b 2 *Slt [W 5
Interaction method alternative wethed 1\
Cross-section area A m"2
Cross-section plastic modulus Wpl,y mh3
Cross-section plastic modulus Wpl,z m3
Design compression force N,Ed kN
Design bending moment (maximum) My,Ed kNm
Design bending moment (maximum) Mz,Ed kNm
Characteristic compression resistance N,Rk kN
Characteristic moment resistance My,Rk kNm
Characteristic moment resistance Mz,Rk kNm

Reduction factor Chi,y
Reduction factor Chi,z
Reduction factor Chi LT
Interaction factor k,yy

Interaction factor k,yz 0,61
Interaction factor k,zy ,61
Interaction factor k,zz 1,00

Maximum moment My,Ed is derived.from be4m B1Q24 pasition 0,000 m.
Maximum moment Mz,Ed is derjved beal BR josition 8,650 m.

Interaction method A pérameters, / |
*Student version® *Student version® *Stlid bn* *Stilet versjon* *Student version® *Student version® *Student version® *S

Critical Euler load N,cry 19814,13 kN
Critical Euler load N,cr,z 37953,10 kN
Elastic critical load N,cr,T 1924456,69 kN
Cross-section plastic modulus Wpl 4,2019¢-03 m3
Cross-section elastic modulus W&y 3,5770e-03 m3
Cross-section plastic modulus Wpl} 4,2019e-03 m3
Cross-section elastic modulus Wel,z 3,5770e-03 mA3
Second moment of area ly 7,1530e-04 mM4
Second moment of area Iz 7,1530e-04 mM
Torsional constant It 1,1250e-03 mM
Method for equivalent moment factor C,my,0 Table A.2 Line 2 (General)

Design bending moment (maximum) My,Ed 141,58 kNm
Maximum relative deflection delta,z -1,2 mm
Equivalent moment factor C,my,0 0,97

Method for equivalent moment factor C,mz,0 Table A.2 Line 2 (General)

Design bending moment (maximum) Mz,Ed -1244,16 kNm
Maximum relative deflection delta,y 43 mm

*Student version* *Student version* *Student version® *Student version* *Student version* *Student version® *Student version® *S
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Interaction_method 1 parameters I

*Student version® *Student version* *Student version* *Student version® *Student version* *Student version® *Student version® *S

Equivalent moment factor C,mz,0 0,98
Factor mu,y 1,00
Factor mu,z 1,00
Factor epsilon,y 1,51
Factor a,LT 0,00
Critical moment for uniform bending Mcr,0 59016,87 kNm
Relative slenderness Lambda,rel,0 0,16
Limit relative slenderness Lambda,rel,0,lim 0,30
Equivalent moment factor C,my 0,97
Equivalent moment factor C,mz 0,98

Equivalent moment factor C,mLT 1,00

Factor b,LT 0,00

Factor c,LT 0,00

Factor d,LT 0,00

Factor e LT 0,00

Factor wyy 1,14

Factor w,z 17

Factor n,pl 0,07

Maximum relative slendemess Lambda,relmax |0,73

Factor Cyy 1,00 O
Factor C,yz 0,98

Factor C,zy 0,99

Factor C,zz 1,00

Unity check (6.61)=0,07 + 0,10 + 0,51 =0,68 -

Unity check (6.62) = 0,07 + 0,06 + 0,83 = 0,96 -

The member satisfies the stability check. %

&
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13.2.7. Rezne sile — vertikalna ispuna 2 konzolnog resetkastog nosaca 2

Mz

Slika 13.11. Prikaz reznih sila — vertikalna ispuna konzolnog resetkastog nosaca
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-poprecni presjek nosaca

Name Konzolni nosat 2 - vertikalna ispuna 2
Type SHS400/400/22.0
Source description British Standard / BS 5950 part 1 : 1990 & EN 10210-2
Item material S 355
Fabrication rolled
Flexural buckling y-y a
Flexural buckling z-z a
Lateral torsional buckling Default

Use 2D FEM analysis

x

[T]
L}

z

A [m] 3,2000e-02

Ay, z [m] 1,6209e-02 1,6209e-02
ly, z [m'] 7.4710e-04 7,4710e-04
1w [m®], t [mY] 1,8773e-05 1,2240e-03
Wel y, z [m?] 3,73560e-03 3,7350e-03
Wpl y, z [m?] 4,5587e-03 4 5587e-03
dy. z [mm] 0 0
¢ YUCS, ZUCS [mm] 200 200
a [deg] 0,00

A L, D [m%m] 1,5200e+00 2,9481e+00
Mply +, - [Nm] 1,62e+06 1.62e+086
Mplz +, - [Nm] 1,62e+06 1.62e+086

Slika 13.12. Prikaz geometrijskih karakteristika nosaca

-iskoristivost elementa na GSN — 99 %
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13.2.8. Dimenzioniranje — vertikalna ispuna 2 konzolnog resetkastog nosaca 2

Member B1022  [8,650 m

[ SHS400/400/22.0 [S 355 [GSN 26 [0,99 - |

Partial safety factors

*Student version® *Student version® *Student version® *Student version® *Studer

Gamma MO for resistance of cross-sections 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25
[ Material [ |

*Student version* *Student version® *Student version® *Studc

Yield strength fy 355,0 MPa

Ultimate strength fu | 490,0 MPa

Fabrication Rolled

....:SECTION CHECK::...

The critical check is on position 8.650 m

Internal forces | Calculated | Unit
*Student version® *Student version® *Student version® *Stude

N,Ed -1601,10 kN
Vy,Ed -803,01 kN
Vz,Ed 180,57 kN
TEd 47,70 kNm
My,Ed 511,50 kNm
Mz,Ed -1127.96 kNm

Classification for cross-section design
According to EN 1993-1-1 article 5.5.2
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio 15,18
Class 1 Limit 26,85
Class 2 Limit 30,92
Class 3 Limit 40,77

=> Section classified as Class 1 for cross-section design

Compression check
According to EN 1993-1-1 article 6.2.4 and formula (6.9)

A 3,2000e-02 | mA2
Nc,Rd 11360,00 kN
Unity check 0,14 -

Bending moment check for My

Wply 4,5587e-03 | m"3
Mpl,y,Rd 1618,32 kNm
Unity check | 0,32 -
Bending moment check for Mz
According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6

Wpl,z 4,5587e-03 | m"3
Mpl,z,Rd 1618,32 kNm
Unity check | 0,70 -

Shear check for Vy
According to EN 1993-1-1 article 8.2.8.& ula

Eta 1,20

Av 1,6000e-02 M
Vpl,y,Rd 3279,35 kN
Unity check | 0,24 /
Shear check for Vz
According to EN 1993-1-1 article 6.2\6 and formula (6.17)

Eta 1,20
Av 1,6000e-02 | m"2
Vpl,z,Rd 3279,35 kN

Unity check | 0,06 -

Torsion check
According to EN 1993-1-1 article 6.2.7 and formula (6.23)

Tau,t,Ed 7,6 MPa
Tau,Rd 2050 |MPa
Unity check 0,04 -

According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6.13)

o)

Note: The unity check for torsion is lower than the limit value of 0,05. Therefore torsion is considered as

insignificant and is ignored in the combined checks.
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[Beta [1.70 [ |

Unity check (6.41)= 0,14 + 0,54 = 0,68 -

Note: Since the shear forces are less than half the plastic shear resistances their effect on the moment
resistances is neglected.

The member satisfies the section check.

Classification for member buckling design
Decisive position for stability classification: 4,600 m
Classification of Internal Compression parts

According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio | 15,18

Class 1 Limit 26,85

Class 2 Limit 30,92

Class 3 Limit 38,67

=> Section classified as Class 1 for member buckling design

Flexural Buckling check
According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)

Buckling parameters [ w1 2z ] |
*Student version® *Student version* *Student version® *Student version® *Student version* *Student ve

Sway type sway non-sway

System length L 4,050 1,650 m

Buckling factor k 1,00 1,00

Buckling length Ler 4,050 1,650 m
Critical Euler load Ncr 9440342 |568761,10 |kN
Slenderness Lambda 26,51 10,80
Relative slenderness Lambda,rel 0,35 0,14

Limit slendemess Lambda,rel,0 0,20 0,20
Note: The slenderness or compression force is such that Flexural Buckling effects may be ignored
according to EN 1993-1-1 article 6.3.1.2(4).
Torsional(-Flexural) Buckling check

According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)

Note: The cross-section concems a RHS section which is not susceptible to Torsional(-Flexu
Lateral Torsional Buckling check

According to EN 1993-1-1 article 6.3.2.1

Note: The cross-section concems an RHS section with 'h /b < 10/ Lambdayrel,z|
This section is thus not susceptible to Lateral Torsional Buckling.

Bending and axial compression check

According to EN 1993-1-1 article 6.3.3 and formula (6.61),(6.62)

| Bending and axial compression check par
*Student version® *Student version® *Student version® *Student version® *Student version* ’Sluden%/b 2 St [W s

Interaction method alternative wethed 1\
Cross-section area A mh2
Cross-section plastic modulus Wpl,y mh3
Cross-section plastic modulus Wpl,z mh3
Design compression force N,Ed kN
Design bending moment (maximum) My,Ed kNm
Design bending moment (maximum) Mz,Ed kNm
Characteristic compression resistance N,Rk kN
Characteristic moment resistance My,Rk kNm
Characteristic moment resistance Mz,Rk kNm

Reduction factor Chi,y
Reduction factor Chi,z
Reduction factor Chi,LT
Interaction factor k,yy
Interaction factor k,yz
Interaction factor k,zy
Interaction factor k,zz

Maximum moment My,Ed is derived.from beam B1Q22 p:

Maximum moment Mz ,Ed is derived bea BR osition 8,650 m.

[ Interaction method A parameters. /l |
*Student version® *Student version* *Stliderit versibn’ *Stugent versién® *Student version® *Student version* *Student version® *S

Critical Euler load N,cry 9440342 kN
Critical Euler load N,cr,z 568761,10 kN
Elastic critical load N,cr,T 2423311,97 kN
Cross-section plastic modulus Whpl, 4,5587e-03 m"3
Cross-section elastic modulus W&ly 3,7350e-03 mA3
Cross-section plastic modulus Wpl} 4,5587e-03 mA3
Cross-section elastic modulus Wel,z 3,7350e-03 m"3
Second moment of area ly 7,4710e-04 mM
Second moment of area Iz 7,4710e-04 mM
Torsional constant It 1,2240e-03 mM
Method for equivalent moment factor C,my,0 Table A.2 Line 2 (General)

Design bending moment (maximum) My,Ed 511,50 kNm
Maximum relative deflection delta,z 2,1 mm
Equivalent moment factor C,my,0 0,99

Method for equivalent moment factor C,mz,0 Table A.2 Line 2 (General)

Design bending moment (maximum) Mz Ed -1127,96 kNm
Maximum relative deflection delta,y 1,0 mm

*Student version® *Student version® *Student version® *Student versfon® *Student version® *Student version® *Student version® *S
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Interaction method 1 parameters | |

*Student version® *Student version* *Student version* *Student version* *Student version* *Student version® *Student version® *$

Equivalent moment factor C,mz,0 1,00
Factor mu,y 1,00
Factor mu,z 1,00
Factor epsilon,y 2,74
Factor a,LT 0,00
Critical moment for uniform bending Mcr,0 253687,45 kNm
Relative slendemess Lambda,rel,0 0,08
Limit relative slenderness Lambda,rel,0,lim 0,23
Equivalent moment factor C,my 0,99
Equivalent moment factor C,mz 1,00
Equivalent moment factor C,mLT 1,00

Factor b,LT 0,00

Factor c,LT 0,00

Factor d,LT 0,00

Factor e,LT 0,00

Factor wyy 1,22

Factor w,z 1,22

Factor n,pl 0,14

Maximum relative slendemess Lambda,rel,max | 0,35

Factor C,yy 1,04 O
Factor C,yz 1,04

Factor C,zy 1,04

Factor C,zz 1,04

Unity check (6.61) =0,14 + 0,30 + 0,40 = 0,85 -

Unity check (6.62) = 0,14 + 0,18 + 0,67 = 0,99 -

The member satisfies the stability check. &
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13.2.9. Rezne sile — dijagonalna ispuna 1 konzolnog resetkastog nosaca 2

Slika 13.14. Prikaz reznih sila — dijagonana ispuna konzolnog resetkastog nosaca

-poprecni presjek nosaca

Name Konzolni nosaé 2 - dijagonalna ispuna 1
Type SHS400/400/10.0
Source description British Standard / BS 5950 part 1 : 1990 & EN 10210-2
Item material S 355
Fabrication rolled
Flexural buckling y-y a
Flexural buckling z-z a
Lateral torsional buckling Default
Use 2D FEM analysis *
z

A [m] 1,5500e-02

Ay, z [mf 7,7126e-03 7,7126e-03
ly, z [m'] 3,9130e-04 3,9130e-04
1w [m®], t [mY] 8,5333e-06 6,0090e-04
Wel y, z [m?] 1,9560e-03 1,9560e-03
Wpl y, z [m7] 2,2481e-03 2,2481e-03
dy, z [mm] 0 0
© YUCS, ZUCS [mm] 200 200
a [deg] 0,00

A L, D [mim] 1,5700e+00 3,0855e+00
Mply +, - [Nm] 7,98e+05 7,98e+05
Mplz +, - [Nm] 7,98e+05 7,98e+05

Slika 13.15. Prikaz geometrijskih karakteristika nosaca
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13.2.10. Dimenzioniranje — dijagonalna ispuna 1 konzolnog resetkastog nosaca 2

Member B1012_ [11,688 m | SHS 10.0 [S355 [GSN28 [085- |

Partial safety factors

*Student version® *Student version® *Student version® *Student version® *Studer
Gamma MO for resistance of cross-sections 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25

[ Material [ ]
*Student version® *Student version® *Student version® *Stud
Yield strength fy 355,0 MPa
Ultimate strength fu | 490,0 MPa
Fabrication Rolled

The critical check is on position 0.000 m

Internal forces | Calculated Unit
*Student version® *Student version® *Student version® *Stude

N,Ed 4659,71 kN
Vy,Ed 0,00 kN
Vz,Ed 0,00 kN
TEd 0,00 kNm
My,Ed 0,00 kNm
Mz, Ed 0,00 kNm

Tension check
According to EN 1993-1-1 article 6.2.3 and formula (6.5)

A 1,5500e-02 m~2

Npl,Rd 5502,50 kN

Nu,Rd 5468,40 kN

Nt,Rd 5468,40 kN

Unity check 0,85 -
The member satisfies the section check.

..:STABILITY CHECK::... 4

The member satisfies the stability check.

-iskoristivost elementa na GSN — 85 %

Slika 13.16. Prikaz iskoristivosti dijagonalne ispune konzolnog resetkastog nosaca
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13.2.11. Rezne sile — dijagonalna ispuna 2 konzolnog reSetkastog nosaca 2

Diplomski rad

Slika 13.17. Prikaz reznih sila — dijagonana ispuna konzolnog resetkastog nosaca

-poprecni presjek nosaca

-iskoristivost elementa na GSN — 100 %

Name Konzolni nosat 2 - dijagonalna ispuna 2
Type SHS400/400/20.0
Source description British Standard / BS 5950 part 1 - 1990 & EN 10210-2
Item material S 355
Fabrication rolled
Flexural buckling y-y a
Flexural buckling z-z a
Lateral torsional buckling Default
Use 2D FEM analysis *
A [m?] 3,0000e-02

Ay, z [m7] 1,4850e-02 1,4850e-02
1y, z [mY] 7,1530e-04 7.15630e-04
1w [mf], t [m*] 1,7067e-05 1,1250e-03
Wel y, z [m?] 3,5770e-03 3,5770e-03
Wpl y, z [m?] 4.2019e-03 4,2019e-03
dy, z [mm] 0 0
c YUCS, ZUCS [mm] 200 200
a [deg] 0,00

AL, D [m¥m] 1,5500e+00 2,9710e+00
Mply +, - [Nm] 1,49e+06 1,49 +06
Mplz +, - [Nm] 1,49e+06 1,49 +06

Slika 13.18. Prikaz geometrijskih karakteristika nosaca

Slika 13.19. Prikaz iskoristivosti dijagonalne ispune konzolnog resetkastog nosaca
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13.2.12. Dimenzioniranje — dijagonalna ispuna 2 konzolnog resetkastog nosaca 2

[Member B1011 _ [11,688 m | SHS400/400/20.0 [S 355 |[GSN 28 [1,00 - |

Partial safety factors

*Student version® *Student version*® *Student version® *Student version® *Studer

Gamma MO for resistance of cross-sections 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25
[ Material [ ]

*Student version® *Student version* *Student version® *Studk

Yield strength fy 355, MPa
Ultimate strength fu | 490,0 MPa
Fabrication Rolled

....:SECTION CHECK::...

The critical check is on position 0.000 m
Internal forces | Calculated Unit

*Student version® *Student version® *Student version® *Stude
N,Ed -7154,79 kN
Vy,Ed 0,00 kN

Vz,Ed 0,00 kN
TEd 0,00 kNm
My,Ed 0,00 kNm
Mz,Ed 0,00 kNm
Classification for cross-section design
According to EN 1993-1-1 article 5.5.2

Classification of Internal Compression parts

According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio | 17,00
Class 1 Limit 26,85
Class 2 Limit 30,92
Class 3 Limit 3417

=> Section classified as Class 1 for cross-section design
Compression check
According to EN 1993-1-1 article 6.2.4 and formula (6.9)

A 3,0000e-02 | m"2
Nc,Rd 10650,00 kN
Unity check | 0,67 -

The member satisfies the section check.

...:STABILITY CHECK::...

Classification for member buckling design

Decisive position for stability classification: 0,000 m

Classification of Internal Compression parts

According to EN 1993-1-1 Table 5.2 Sheet 1 @

Maximum width-to-thickness ratio | 17,00

Class 1 Limit 26,85

Class 2 Limit 30,92

Class 3 Limit 3417

=> Section classified as Class 1 for member buckling desig
Flexural Buckling check
According to EN 1993-1-1 article 6.3.1.1 and formula (6\

Buckling parameters L wa N e J

*Student version® *Student version* *Student version® ’Studelzf Ve/}iqn‘ *Studendyersion* *Student

Sway type \?:?-sw y
System length L 6 m
Buckling factor k 1,0

Buckling length Ler 688 m
Critical Euler load Ncr 10853,00 kN
Slenderess Lambda 75,69

Relative slenderness Lambda,rel 0,99

Limit slendemess Lambda,rel,0 0,20

Buckling curve a

Imperfection Alpha 0,21

Reduction factor Chi 0,67

Buckling resistance Nb,Rd < 7158,56 kN

Flexural Buckling verification

*Student version* *Student version* *Student version* *Student version® *Student v

Cross-section area A 3,0000e-02 m2
Buckling resistance Nb,Rd 7158,56 kN
Unity check 1,00 -

Torsional(-Flexural) Buckling check

According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)

Note: The cross-section concems a RHS section which is not susceptible to Torsional(-Flexural) Buckling.
The member satisfies the stability check.
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14. PRORACUN RESETKASTOG NOSACA - KONZOLNI NOSAC 3

14.1. Vertikalni pomak reSetkastog nosaca — konzolni nosac 3

-69,6

Slika 14.1. Prikaz vertikalnog pomaka konzolnog resetkastog nosaca

Dopusteni vertikalni pomak (progib):

I 31,44-1000

Ugop = = =104,8mm
300 300

u, =69,6mm<u, ., =104,8mm  Zadovoljava

z,dop

-iskoristivost na GSU - 69,6mm/104,8mm =0, 66 = 66%
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14.2. Dimenziniranje resetkastog nosac¢a — konzolni nosac 3

14.2.1. Rezne sile — gornja pojasnica konzolnog resetkastog nosaca 3
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Slika 14.2. Prikaz reznih sila - gornja pojasnica konzolnog resetkastog nosaca

-poprecni presjek nosaca

Name Konzolni nosaé 3 - gornja pojasnica
Type F400X14
Source description Chinese Standard / GB 6728-2002
Item material S 355
Fabricaticn cold formed
Flexural buckling y-y c
Flexural buckling z-z c
Lateral torsional buckling Default
[Use ZD FEWM analysis *x
k4
A [m7] 2,0800e-02
Ay, z [m] 1,0380e-02 1,0380e-02
ly, z [m¥] 5,0414e-04 5,0414e-04
I w [m®], t [m?*] 1,1947e-05 8,2735e-04
Wel y, z [m*] 2,5210e-03 2,5210e-03
Wpl y, z [m%] 2,9626e-03 2,9626e-03
dy, z [mm] 0 0
¢ YUCS, ZUCS [mm] 200 200
a [deg] 0,00
AL, D [m¥m] 1,6278e+00 2.9673e+00
Mply +, - [Nm] 1,06e+06 1,05e+06
“WIpE ¥, - [Nm] T05e+06 T.05e+06

Slika 14.3. Prikaz geometrijskih karakteristika nosaca
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14.2.2. Dimenzioniranje — gornja pojasnica glavnog reSetkastog nosaca 3

Member B1004 [70,090 m [F400X14 [S 355 |[GSN 26 [0,91 - |

Note: EN 1993-1-3 article 1.1(3) specifies that this part does not apply to cold formed CHS and RHS sections.
The default EN 1993-1-1 code check is executed instead of the EN 1993-1-3 code check.

Partial safety factors

*Student version® *Student version* *Student version® *Student version* *Studer
Gamma MO for resistance of cross-sections 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25

[ Material | |
*Student version* *Student version® *Student version® *Student versic
Yield strength fy 355,0 MPa
Ultimate strength fu | 510,0 MPa
Fabrication Cold formed
....:SECTION CHECK::... O
The critical check is on position 23.580 m
Internal forces | Calculated Unit
*Student version® *Student version® *Student version* *Stude
N,Ed -3735,82 kN
Vy,Ed 73,72 kN
Vz,Ed -314,62 kN
T,Ed 174,97 kNm
My,Ed -468,31 kNm
Mz.Ed -4144 kNm
Classification for cross-section design
According to EN 1993-1-1 article 5.5.2
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio 25,57
Class 1 Limit 27,12
Class 2 Limit 31,23
Class 3 Limit 51,24

=> Section classified as Class 1 for cross-section design

Compression check

According to EN 1993-1-1 article 6.2.4 and formula (6.9)

A 2,0800e-02 | m"2

Nc,Rd 7384,00 kN

Unity check | 0,51 -

Bending moment check for My
According to EN 1993-1-1 article 6.2.5 and formula (6.12 !
Whply 2,9626e-03 mh3

Mpl,y,Rd 1051,73 kNm

Unity check | 0,45 -

Bending moment check for Mz
According to EN 1993-1-1 article 6.2.5 and formula: ). (6
Wpl,z 2,9626e-03 | m"3

Mpl,z,Rd 1051,73 kNm

Unity check | 0,04 =

Shear check for Vy
According to EN 1993-1-1 artitle 6.2,6"and formula(6.17)

Eta 1,20 ﬂ
Av 1,0400e-02 | m"2
Vpl,y,Rd 2131,58 kb«
Unity check | 0,03 -

Shear check for Vz

According to EN 1993-1-1 article 6.2.6 and formula (6.17)

Eta 1,20
Av 1,0400e-02 | m"2
Vpl,z,Rd 2131,58 kN

Unity check  [0,15 -

Torsion check
According to EN 1993-1-1 article 6.2.7 and formula (6.23)

Tau,t,Ed 41,9 MPa
Tau,Rd 2050 |MPa
Unity check | 0,20 -
Combined Shear and Torsion check for Vy and Tau,t,Rd
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Combined Shear and Torsion check for Vz and Tau,t,Rd
According to EN 1993-1-1 article 6.2.6 & 6.2.7 and formula (6.25),(6.28)

Vpl,T,z,Rd 1695,39 } kN ‘
Unity check 0,19 -

Combined bending, axial force and shear force check

According to EN 1993-1-1 article 6.2.9.1 and formula (6.41)

MN,yRd |67551 [kNm
Alpha 2,34
MN,zRd [67551 |kNm

Beta 2,34

Unity check (6.41)=0,43 + 0,00 = 0,43 -

Note: Since the shear forces are less than half the plastic shear resistances their effect on the moment

resistances is neglected.

The member satisfies the section check.

....:STABILITY CHECK::... @

Classification for member buckling design
Decisive position for stability classification: 22,008 m
Classification of Internal Compression parts

According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio | 25,57

Class 1 Limit 26,85

Class 2 Limit 30,92

Class 3 Limit 37,09

=> Section classified as Class 1 for member buckling design
Flexural Buckling check

According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)
Buckling parameters [ w [z ] |
*Student version* *Student version® *Student version® *Student version* *Student version* *Student vers

Sway type sway non-sway

System length L 1,572 1,572 m

Buckling factor k 1,00 1,00

Buckling length Ler 1,572 1,572 m

Critical Euler load Ner 42282934 142282934 | kN

Slendemess Lambda 10,10 10,10

Relative slenderness Lambda,rel |0,13 0,13

Limit slendemess Lambda,rel,0 0,20 0,20

Note: The slenderness or compression force is such that Flexural Buckling effects be ignored

according to EN 1993-1-1 article 6.3.1.2(4).
Torsional(-Flexural) Buckling check

According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)
Note: The cross-section concems a RHS section which is not susceptiblé i lexural) Buckling.
Lateral Torsional Buckling check

According to EN 1993-1-1 article 6.3.2.1

Note: The cross-section concems an RHS section with 'h / b < 10 / Lambdajre
This section is thus not susceptible to Lateral Torsional Byckling. @b
Bending and axial compression check

According to EN 1993-1-1 article 6.3.3 and formula (6.61),(8,62

[ Bending and axial compression check parameter§ |~
*Student version* *Student version* *Student version* *Student version* ’Sl‘(/deﬂ<ve * *Student version* *Student version® *S

Interaction method “alternafive method 1
Cross-section area A 2,0800e-02 m2
Cross-section plastic modulus Wpl,y 6e-03 m”3
Cross-section plastic modulus Wpl,z 2,9626e-03 m"3
Design compression force N,Ed }3735,82 kN
Design bending moment (maximu 468,31 kNm
Design bending moment (maximum 41,44 kNm
Characteristic compression resjs 7384,00 kN
Characteristic moment resista 1051,73 kNm
Characteristic moment resisfa 1051,73 kNm
Reduction factor Chi,y 1,00

Reduction factor Chi,z 1,00

Reduction factor Chi,LT 1,00

Interaction factor k,yy 0,87

Interaction factor k,yz 0,51

Interaction factor k,zy 0,52

Interaction factor k,zz 0,86

Maximum moment My,Ed is derived from beam B1004 position 23,580 m.
Maximum moment Mz,Ed is derived from beam B1004 position 23,580 m.

[ Interaction method 1 parameters | |
*Student version* *Student version® *Student version® *Student version* *Student version* *Student version® *Student version® *S

Critical Euler load N,cry 422829,34 kN
Critical Euler load N,cr,z 422829,34 kN
Elastic critical load N,cr,T 1585234,89 kN
Cross-section plastic modulus Wpl,y 2,9626e-03 mA3
Cross-section elastic modulus Wel,y 2,5210e-03 m"3
Cross-section plastic modulus Wpl,z 2,9626e-03 m"3

*Student version* *Student version® *Student version® *Student version* *Student version* *Student version® *Student version® *S

286



Viljan Didovi¢

Interaction method 1 parameters

I

*Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version® *S

Cross-section elastic modulus Wel,z 2,5210e-03 mA3
Second moment of area ly 5,0414e-04 mhM4
Second moment of area Iz 5,0414e-04 mhM4
Torsional constant It 8,2735e-04 m*4
Method for equivalent moment factor C,my,0 Table A2 Line 2 (General)

Design bending moment (maximum) My,Ed -468,31 kNm
Maximum relative deflection delta,z 0,7 mm
Equivalent moment factor C,my,0 1,00

Method for equivalent moment factor C,mz,0 Table A.2 Line 2 (General)

Design bending moment (maximum) Mz,Ed -41,44 kNm
Maximum relative deflection delta,y 0,0 mm
Equivalent moment factor C,mz,0 0,99

Factor mu,y 1,00

Factor mu,z 1,00

Factor epsilon,y 1,03

Factor a,LT 0,00

Critical moment for uniform bending Mcr,0 180255,40 kKNm
Relative slenderness Lambda,rel,0 0,08

Limit relative slenderness Lambda,rel,0,lim 0,26

Equivalent moment factor C,my 1,00

Equivalent moment factor C,mz 0,99

Equivalent moment factor C,mLT 1,00

Factor b,LT 0,00

Factor ¢ LT 0,00

Factor d,LT 0,00

Factor e,LT 0,00

Factor w,y 1,18

Factor w,z 1,18

Factor n,pl 0,51

Maximum relative slenderess Lambda,rel,max 0,13

Factor C,yy 1,16

Factor C,yz Iy

Factor C,zy 147

Factor C.zz 1,16

Unity check (6.61)= 0,51+ 0,39 + 0,02 =0,91 -

Unity check (6.62) = 0,51 + 0,23 + 0,03 =0,77 -

The member satisfies the stability check. /\

-iskoristivost elementa na GSN — 91 %

0,91

Diplomski rad

Slika 14.4. Prikaz iskoristivosti gornje pojasnice konzolnog resetkastog nosaca
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14.2.3. Rezne sile — donja pojasnica konzolnog resetkastog nosac¢a 3

Diplomski rad
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Slika 14.5. Prikaz reznih sila - donja pojasnica konzolnog resetkastog nosaca

-poprecni presjek nosaca

Slika 14.6. Prikaz geometrijskih karakteristika nosaca

Name Konzolni nosaé 3 - donja pojasnica
Type F400x12
Source description Chinese Standard / GB 6728-2002
Iltem material S 385
Fabrication cold formed
Flexural buckling y-y c
Flexural buckling z-z c
Lateral torsional buckling Default
|Use ZD FEM analysis 3
z

A [m?] 1,8000e-02

Ay, z [m7] 8,9972e-03 89972e-03
1y,  [m*] 4,4318e-04 44319e-04
1w [mF], t [m*] 1,0240e-05 71813e-04
Wel y, z [m?] 2,2160e-03 22160e-03
Wpl y, z [m?] 26874e-03 25874e-03
dy, z [mm] 0 0
¢ YUCS, ZUCS [mm] 200 200
o [ded] 0,00

AL, D [m?m] 15382e+00 30005e+00
Mply +, - [Nm] 9,18e+05 9,18e+05
“MIpIZ ¥, - [Nm] 9,78e+00 9,78e+05
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14.2.4. Dimenzioniranje — donja pojasnica konzolnog resetkastog nosaca 3

[Member B1003  [70,090 m [F400X12 [S355 [GSN2 (097 - |

Note: EN 1993-1-3 article 1.1(3) specifies that this part does not apply to cold formed CHS and RHS sections.
The default EN 1993-1-1 code check is executed instead of the EN 1993-1-3 code check.

Partial safety factors

*Student version® *Student version® *Student version® *Student version* *Studer
Gamma MO for resistance of cross-sections 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25

[ Material ] J
*Student version* *Student version® *Student version® *Student versic
Yield strength fy 355,0 MPa
Ultimate strength fu 510,0 MPa
Fabrication Cold formed
....:SECTION CHECK::... O
The critical check is on position 54.370 m
Internal forces | Calculated Unit
*Student version* *Student version* *Student version* *Stude
N,Ed -1729,09 kN
Vy,Ed -8,94 kN
Vz,Ed -458,17 kN
T,Ed -202,00 kNm
My,Ed -542,17 kNm
Mz,Ed -5,05 kNm
Classification for cross-section design
According to EN 1993-1-1 article 5.5.2
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio 30,33
Class 1 Limit 26,85
Class 2 Limit 30,92
Class 3 Limit 34,31

=> Section classified as Class 2 for cross-section design

Compression check
According to EN 1993-1-1 article 6.2.4 and formula (6.9)

A 1,8000e-02 | m"2
Nc,Rd 6390,00 kN
Unity check 0,27 -

Bending moment check for My
According to EN 1993-1-1 article 6.2.5 and formula (6.12

Whply 2,5874e-03 mh3
Mpl,y,Rd 918,53 kNm
Unity check | 0,59 -
Bending moment check for Mz
According to EN 1993-1-1 article 6.2.5 and formula

Wpl,z 2,5874e-03 | m3
Mpl,z,Rd 918,53 kNm
Unity check | 0,01 -

Shear check for Vy
According to EN 1993-1-1 artitle 6.2,6"and formula(6.17)

Eta 1,20 />

Av 9,0000e-03 | m"2

Vpl,y,Rd 1844,63 kb{

Unity check | 0,00 -
Shear check for Vz

According to EN 1993-1-1 article 6.2.6 and formula (6.17)

Eta 1,20
Av 9,0000e-03 m2
Vpl,z,Rd 1844,63 kN

Unity check 0,25 -

Torsion check
According to EN 1993-1-1 article 6.2.7 and formula (6.23)

Tau,t,Ed 55,9 MPa
Tau,Rd 2050 |MPa
Unity check | 0,27 -
Combined Shear and Torsion check for Vy and Tau,t,Rd
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Combined Shear and Torsion check for Vz and Tau,t,Rd
According to EN 1993-1-1 article 6.2.6 & 6.2.7 and formula (6.25),(6.28)

Vpl,T,z,Rd 1341,45 )kN ‘
Unity check |0,34 -

Combined bending, axial force and shear force check
According to EN 1993-1-1 article 6.2.9.1 and formula (6.41)

MN,yRd [87389 [kNm
Alpha 1,81
MN,zRd [873,89 |kNm

Beta 1,81
Unity check (6.41)=0,42 + 0,00 =0,42 -
Note: Since the shear forces are less than half the plastic shear resistances their effect on the moment
resistances is neglected.
The member satisfies the section check.
....:STABILITY CHECK::... @
Classification for member buckling design

Decisive position for stability classification: 52,798 m O
Classification of Internal Compression parts

According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio | 30,33

Class 1 Limit 26,85

Class 2 Limit 30,92

Class 3 Limit 41,50

=> Section classified as Class 2 for member buckling design
Flexural Buckling check

According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)

Buckling parameters [ vy [ 2z I |
*Student version® *Student version® *Student version® *Student version® *Student version* *Student ve
Sway type sway non-sway
System length L 1,572 1,572 m
Buckling factor k 5,00 1,00
Buckling length Ler 7,860 1,672 m
Critical Euler load Ncr 14868,39 | 371709,71 |kN
Slendemness Lambda 50,09 10,02
Relative slenderness Lambda,rel | 0,66 0,13
Limit slendemess Lambda,rel,0 0,20 0,20
Buckling curve c c
Imperfection Alpha 0,49 0,49
Reduction factor Chi 0,75 1,00
Buckling resistance Nb,Rd 4805,16 6390,00 kN

Flexural Buckling verification

*Student version® *Student version® *Student version® *Student version* *Student v

Cross-section area A 1,8000e-02 | m"2
Buckling resistance Nb,Rd 4805,16 kN
Unity check 0,36 -

Torsional(-Flexural) Buckling check
According to EN 1993-1-1 article 6.3.1.1 and formula (6.4
Note: The cross-section concems a RHS section which j
Lateral Torsional Buckling check
According to EN 1993-1-1 article 6.3.2.1
Note: The cross-section concems an RHS section (v
This section is thus not susceptible to Lateral Torsiol
Bending and axial compression check
According to EN 1993-1-1 article 6.3.3 gnd formula 6.6 1),(6.

to Torsional(-Flexural) Buckling.

/Lambdarel,z".

| Bending and axial comp '---‘\pheck/pa?qme‘tér{ I

*Student version* *Student version* *ﬂude?wmr\on{’slu&&tversi}q’\*ﬂ%em version* *Student version* *Student version® *S

N\

Interaction method alternative method 1
Cross-section area A 1,8000e-02 m"2
Cross-section plastic modulus Wpl.y 2,5874e-03 m"3
Cross-section plastic modulys Whpl, 2,5874e-03 mh3
Design compression force Ned 1729,09 kN
Design bending moment (maximum) d 542,17 kNm
Design bending moment (maxim MzEd 30,96 kNm
Characteristic compression resistal Rk 6390,00 kN
Characteristic moment resistance My,Rk 918,53 kNm
Characteristic moment resistance Mz,Rk 918,53 kNm
Reduction factor Chi,y 0,75

Reduction factor Chi,z 1,00

Reduction factor ChiLT 1,00

Interaction factor k,yy 1,00

Interaction factor k,yz 0,60

Interaction factor k,zy 0,65

Interaction factor k,zz 0,98

Maximum moment My,Ed is derived from beam B1003 position 54,370 m.
Maximum moment Mz,Ed is derived from beam B1003 position 52,798 m.
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Interaction method 1 param

[

|

*Student version* *Student version* *Student version* *Student version* *Student version* *Student version® *Student version® *S

Critical Euler load N,cry 14868,39 kN
Critical Euler load N,cr,z 371709,71 kN
Elastic critical load N,cr,T 1352289,45 kN
Cross-section plastic modulus Wpl,y 2,5874e-03 mA3
Cross-section elastic modulus Wel,y 2,2160e-03 m*3
Cross-section plastic modulus Wpl,z 2,5874e-03 m"3
Cross-section elastic modulus Wel,z 2,2160e-03 m3
Second moment of area ly 4,4319e-04 mM4
Second moment of area Iz 4,4319e-04 m*4
Torsional constant It 7,1813e-04 mM
Method for equivalent moment factor C,my,0 Table A2 Line 2 (General)

Design bending moment (maximum) My,Ed -542,17 kNm
Maximum relative deflection delta,z 0,7 mm
Equivalent moment factor C,my,0 0,94

Method for equivalent moment factor C,mz,0 Table A.2 Line 2 (General)

Design bending moment (maximum) Mz,Ed 30,96 kNm
Maximum relative deflection delta,y 0,0 mm
Equivalent moment factor C,mz,0 1,00

Factor mu,y 0,97

Factor mu,z 1,00

Factor epsilon,y 2,55

Factor a,LT 0,00

Critical moment for uniform bending Mcr,0 157329,62 kNm
Relative slenderness Lambda,rel,0 0,08

Limit relative slenderness Lambda,rel,0,lim 0,28

Equivalent moment factor C,my 0,94

Equivalent moment factor C,mz 1,00

Equivalent moment factor C,mLT 1,00

Factor b,LT 0,00

Factor ¢,LT 0,00

Factor d,LT 0,00

Factor e,LT 0,00

Factor w,y 1,17

Factor w,z 117

Factor n,pl 0,27

Maximum relative slenderness Lambda,rel,max | 0,66

Factor C,yy 1,03

Factor C,yz 0,97

Factor C,zy 0,98

Factor C.zz 1,02

Unity check (6.61) = 0,36 + 0,59 + 0,02 = 0,97 -
Unity check (6.62) = 0,27 + 0,38 + 0,03 = 0,69 -
The member satisfies the stability check.

7

-iskoristivost elementa na GSN — 97 %

Diplomski rad

Slika 14.7. Prikaz iskoristivosti donje pojasnice konzolnog resetkastog nosaca
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Mz

14.2.5. Rezne sile — vertikalna ispuna 1 konzolnog resetkastog nosac¢a 3

Slika 14.8. Prikaz reznih sila — vertikalna ispuna konzolnog resetkastog nosaca
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-poprecni presjek nosaca

Name Konzolni nosac 3 - vertikalna ispuna 1
Type SHS400/400/12.5
Source description Briish Standard / BS 5950 part 1 : 1990 & EN 10210-2
Item material S 3585
Fabrication cold formed
Flexural buckling y-y C
Flexural buckling z-z c
Lateral torsional buckling Default
Use 2D FEM analysis *
z

A [m?] 1,8200e-02

Ay, z [m] 9,5509e-03 9,5509e-03
ly, z [m'] 4,7840e-04 4,7840e-04
I w [mE], t [mf] 1,0667e-05 7,3910e-04
Wel y, z [m*] 2.3920e-03 2,3920e-03
Wwpl y, z [m¥] 2,7636e-03 2,7636e-03
dy, z [mm] 0 0
c YUCS, ZUCS [mm] 200 200
a [deg] 0,00

A L, D [m%m] 1,5700e+00 3,0569e+00
Mply +, - [Nm] 9,.81e+05 9,81e+05
Mplz +, - [Nm] 9,.81e+05 9,81e+05

Slika 14.9. Prikaz geometrijskih karakteristika nosaca

-iskoristivost elementa na GSN — 89 %

Slika 14.10. Prikaz iskoristivosti vertikalne ispune konzolnog resetkastog nosaca
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14.2.6. Dimenzioniranje — vertikalna ispuna 1 konzolnog resetkastog nosaca 3

[Member B1048  [8,650 m | SHS400/400/12.5 [S355 [GSN2 089 - |

Note: EN 1993-1-3 article 1.1(3) specifies that this part does not apply to cold formed CHS and RHS sections.
The default EN 1993-1-1 code check is executed instead of the EN 1993-1-3 code check.

Partial safety factors

*Student version* *Student version® *Student version® *Student version® *Studer
Gamma MO for resistance of cross-sections 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25

[ Material ] |
*Student version* *Student version® *Student version® *Student versic
Yield strength fy 355,0 MPa
Ultimate strength fu | 510,0 MPa
Fabrication Cold formed
....:SECTION CHECK::... O
The critical check is on position 5400 m
Internal forces | Calculated Unit
*Student version® *Student version® *Student version® *Stude
N,Ed -1361,27 kN
Vy,Ed -357,44 kN
Vz,Ed 186,70 kN
TEd 0,75 kNm
My,Ed -323,91 kNm
Mz,Ed 94,69 kNm
Classification for cross-section design
According to EN 1993-1-1 article 5.5.2
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio 29,00
Class 1 Limit 28,38
Class 2 Limit 32,68
Class 3 Limit 52,36

=> Section classified as Class 2 for cross-section design

Compression check

According to EN 1993-1-1 article 6.2.4 and formula (6.9)
A 1,9200e-02 | m"2
Nc,Rd 6816,00 kN
Unity check | 0,20 -
Bending moment check for My
According to EN 1993-1-1 article 6.2.5 and formula (6.12 ]
Wply 2,7636e-03 mh3
Mpl,y,Rd 981,06 kNm
Unity check 0,33 -
Bending moment check for Mz
According to EN 1993-1-1 article 6.2.5 and formula’ 2),(6
Wpl,z 2,7636e-03 | m"3
Mpl,z,Rd 981,06 kNm
Unity check | 0,10 -

Shear check for Vy
According to EN 1993-1-1 artitle 6.2,8"and formulaA6.17)

Eta 1,20 />
Av 9,6000e-03 | m"2
Vpl,y,Rd 1967,61 kb{
Unity check | 0,18 -
Shear check for Vz
According to EN 1993-1-1 article 6.2.6 and formula (6.17)

Eta 1,20
Av 9,6000e-03 | m*2
Vpl,z,Rd 1967,61 kN

Unity check  |0,09 =

Torsion check
According to EN 1993-1-1 article 6.2.7 and formula (6.23)

Tau,t,Ed 0,2 MPa
Tau,Rd 2050 |MPa
Unity check | 0,00 -
Note: The unity check for torsion is lower than the limit value of 0,05. Therefore torsion is considered as
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MNyRd 981,06 |kNm
Alpha 174
MNzRd |98106 |kNm
Beta 1,74

Unity check (6.41)= 0,15+ 0,02= 0,16 -

Note: Since the shear forces are less than half the plastic shear resistances their effect on the moment
resistances is neglected.

The member satisfies the section check.

Classification for member buckling design
Decisive position for stability classification: 4,600 m
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio | 29,00
Class 1 Limit 26,85
Class 2 Limit 30,92
Class 3 Limit 48,07

=> Section classified as Class 2 for member buckling design

Flexural Buckling check
According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)

Buckling parameters [ w1 2z [ | %
*Student version® *Student version* *Student version® *Student version* *Student version* *Student vers
Sway type sway non-sway
System length L 4,050 0,800 m
Buckling factor k 1,00 1,00
Buckling length Ler 4,050 0,800 m
Critical Euler load Ncr 60450,54 | 1549281,15 | kN
Slendemess Lambda 25,66 5,07
Relative slendemess Lambda,rel | 0,34 0,07
Limit slendemess Lambda,rel,0 0,20 0,20

Note: The slenderness or compression force is such that Flexural Buckling effects may be ignoreg
according to EN 1993-1-1 article 6.3.1.2(4).

Torsional(-Flexural) Buckling check

According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)

Note: The cross-section concems a RHS section which is not susceptible to Torsional(-Flexural)\8 9.
Lateral Torsional Buckling check

According to EN 1993-1-1 article 6.3.2.1

Note: The cross-section concems an RHS section with 'h / b < 10/ Lambda,rel,z"\

This section is thus not susceptible to Lateral Torsional Buckling.

Bending and axial compression check

According to EN 1993-1-1 article 6.3.3 and formula (6.61),(6.62)

[ Bending and axial compression check parameters |
*Student version* *Student version® *Student version® *Student version® *Student version* *Studentyersion? *Stoqent version® *S

Interaction method

Cross-section area A mh2
Cross-section plastic modulus Wpl.y m"3
Cross-section plastic modulus Wpl,z m3
Design compression force N,Ed kN
Design bending moment (maximum) My,Ed kNm
Design bending moment (maximum) Mz,Ed kNm
Characteristic compression resistance N,Rk kN
Characteristic moment resistance My,Rk kNm
Characteristic moment resistance Mz,Rk kNm
Reduction factor Chi,y

Reduction factor Chi,z

Reduction factor Chi,LT 1,00

Interaction factor k,yy >0,97

Interaction factor k,yz 0,58

Interaction factor k,zy 0,58

Interaction factor k,zz 0,96

Maximum moment My,Ed is defived-fronY beam'B10%8 position 4,600 m.
Maximum moment Mz,Ed is deri edw m B1048 position 4,600 m.

Interaction method|1 parameters) I ]
*Student version® *Student version® *Stugent versi idgnt version® *Student version* *Student version® *Student version® *S

Critical Euler load N,cry 60450,54 kN
Critical Euler load N,cr,z 1549281,15 kN
Elastic critical load N,cr,T 1891106,77 kN
Cross-section plastic modulus Wpl} 2,7636e-03 m3
Cross-section elastic modulus Wel,y 2,3920e-03 m3
Cross-section plastic modulus Wpl,z 2,7636e-03 m3
Cross-section elastic modulus Wel,z 2,3920e-03 m"3
Second moment of area ly 4,7840e-04 mM
Second moment of area Iz 4,7840e-04 mM
Torsional constant It 7,3910e-04 mM
Method for equivalent moment factor C,my,0 Table A.2 Line 2 (General)

Design bending moment (maximum) My,Ed -473,27 kNm
Maximum relative deflection delta,z 2,6 mm
Equivalent moment factor C,my,0 0,98

Method for equivalent moment factor C,mz,0 Table A.2 Line 2 (General)

*Student version* *Student version® *Student version® *Student version* *Student version* *Student version* *Student version® *S
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Interaction method 1 parameters I |

*Student version® *Student version* *Student version* *Student version® *Student version* *Student version® *Student version® *S

Design bending moment (maximum) Mz,Ed 380,65 kNm
Maximum relative deflection delta,y -0,2 mm
Equivalent moment factor C,mz,0 1,00
Factor mu,y 1,00
Factor mu,z 1,00
Factor epsilon,y 2,79
Factor a,LT 0,00
Critical moment for uniform bending Mcr,0 382105,34 kNm
Relative slenderness Lambda,rel,0 0,05
Limit relative slenderness Lambda,rel,0,lim 0,22
Equivalent moment factor C,my 0,98

Equivalent moment factor C,mz 1,00

Equivalent moment factor C,mLT 1,00

Factor b,LT 0,00

Factor ¢,LT 0,00

Factor d,LT 0,00

Factor e LT 0,00

Factor w,y 1,16

Factor w,z 1,16

Factor n,pl 0,20 O
Maximum relative slendemess Lambda,rel,max | 0,34
Factor Cyy 1,04
Factor Cyz 1,04
Factor C,zy 1,04
Factor C,zz 1,04
Unity check (6.61) = 0,20 + 0,47 + 0,22 =0,89 -

Unity check (6.62) = 0,20 + 0,28 + 0,37 = 0,85 -

The member satisfies the stability check.

&
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14.2.7. Rezne sile — vertikalna ispuna 2 konzolnog reSetkastog nosaca 3

Slika 14.11. Prikaz reznih sila — vertikalna ispuna konzolnog resetkastog nosaca
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-poprecni presjek nosaca

Name Konzolni nosat 3 - vertikalna ispuna 2
Type SHS400/400/20.0
Source description British Standard / BS 5850 part 1 : 1990 & EN 10210-2
Item material S 385
Fabrication cold formed
Flexural buckling y-y c
Flexural buckling z-z c
Lateral torsional buckling Default
Use 2D FEM analysis *
z
S

A [m?] 3,0000e-02

Ay, z [m] 1,4850e-02 1,4850e-02
ly, z [m] 7,1530e-04 7,1530e-04
I w [mE], t [m?] 1,7067e-05 1,1250e-03
Wel y, z [m*] 3,6770e-03 3,56770e-03
Wpl y, z [m?] 4,2019e-03 42019e-03
dy z[mm] 0 0
c YUCS, ZUCS [mm] 200 200
a [deg] 0,00

A L, D [m%¥m] 1,5500e+00 2,9710e+00
Mply +, - [Nm] 1,49e+06 1,49e+06
Mpiz +, - [Nm] 1,49e+06 1,49e+06

Slika 14.12. Prikaz geometrijskih karakteristika nosaca

-iskoristivost elementa na GSN — 86 %

Slika 14.13. Prikaz iskoristivosti vertikalne ispune konzolnog resetkastog nosaca
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14.2.8. Dimenzioniranje — vertikalna ispuna 2 konzolnog resetkastog nosaca 3

Member B1052 [8,650 m | SHS400/400/20.0 [S355 [GSN2 (086 - |

Note: EN 1993-1-3 article 1.1(3) specifies that this part does not apply to cold formed CHS and RHS sections.
The default EN 1993-1-1 code check is executed instead of the EN 1993-1-3 code check.

Partial safety factors

*Student version® *Student version® *Student version® *Student version® *Studer
Gamma MO for resistance of cross-sections 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25

( Material I |
*Student version* *Student version® *Student version* *Student versic
Yield strength fy 355,0 MPa
Ultimate strength fu | 510,0 MPa
Fabrication Cold formed
....:SECTION CHECK::... O
The critical check is on position 8.650 m
Internal forces | Calculated Unit

*Student version* *Student version* *Student version* *Stude
N,Ed -1945,95 kN

Vy,Ed 800,26 kN

Vz,Ed 36,06 kN
T,Ed -34,12 kNm
My,Ed 109,85 kNm
Mz.Ed 995,63 kNm
Classification for cross-section design
According to EN 1993-1-1 article 5.5.2
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio 17,00
Class 1 Limit 26,85
Class 2 Limit 30,92
Class 3 Limit 35,84

=> Section classified as Class 1 for cross-section design

Compression check
According to EN 1993-1-1 article 6.2.4 and formula (6.9)

A 3,0000e-02 | m"2
Nc,Rd 10650,00 kN
Unity check 0,18 -

Bending moment check for My
According to EN 1993-1-1 article 6.2.5 and formula (6.12

Wply 4,2019e-03 | m"3
Mpl,y,Rd 1491,68 kNm
Unity check 0,07 -
Bending moment check for Mz
According to EN 1993-1-1 article 6.2.5 and formula

Wpl,z 4,2019e-03 m3
Mpl,z,Rd 1491,68 kNm
Unity check | 0,67 -

Shear check for Vy
According to EN 1993-1-1 artitle 6.2,68"and formulaA6.17)

Eta 1,20 />
Av 1,5000e-02 | m”2
Vpl,y,Rd 3074,39 kr(
Unity check | 0,26 -

Shear check for Vz

According to EN 1993-1-1 article 6.2.6 and formula (6.17)

Eta 1,20
Av 1,5000e-02 | m"2
Vpl,z,Rd 3074,39 kN

Unity check 0,01 -

Torsion check
According to EN 1993-1-1 article 6.2.7 and formula (6.23)

Tau,t,Ed 59 MPa
Tau,Rd 2050 |MPa
Unity check | 0,03 -
Note: The unity check for torsion is lower than the limit value of 0,05. Therefore torsion is considered as
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MN,yRd |[149168 |kNm
Alpha 1,73
MN,zRd [149168 |kNm
Beta 1,73

Unity check (6.41)= 0,01 + 0,50 = 0,51 -

Note: Since the shear forces are less than half the plastic shear resistances their effect on the moment
resistances is neglected.
The member satisfies the section check.

Classification for member buckling design
Decisive position for stability classification: 4,600 m
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio | 17,00
Class 1 Limit 26,85
Class 2 Limit 30,92
Class 3 Limit 35,84
=> Section classified as Class 1 for member buckling design

Flexural Buckling check
According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)

Buckling parameters | vy | 2z | |

*Student version® *Student version* *Student version® *Student version® *Student version® *Student vers

Sway type sway non-sway %
System length L 4,050 1,650 m

Buckling factor k 0,50 1,00

Buckling length Ler 2,025 1,650 m

Critical Euler load Ncr 361540,71 |544552,02 |kN

Slendemess Lambda 131 10,69

Relative slendemess Lambdarel | 0,17 0,14

Limit slendemess Lambda,rel,0 0,20 0,20

Note: The slenderness or compression force is such that Flexural Buckling effects may be ignored
according to EN 1993-1-1 article 6.3.1.2(4).

Torsional(-Flexural) Buckling check

According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)

Note: The cross-section concems a RHS section which is not susceptible to Torsional(-Flexural}\8 9.
Lateral Torsional Buckling check

According to EN 1993-1-1 article 6.3.2.1

Note: The cross-section concems an RHS section with'h / b < 10/ Lambda,rel,z"

This section is thus not susceptible to Lateral Torsional Buckling.

[ Bending and axial compression check parameters | Ji ]

Bending and axial compression check
According to EN 1993-1-1 article 6.3.3 and formula (6.61),(6.62)
*Student version® *Student version* *Student version® *Student version® *Student version® *Studenhyersior? *Stdent yersion® *S

Interaction method

Cross-section area A mh2
Cross-section plastic modulus Wpl.y m"3
Cross-section plastic modulus Wpl,z mA3
Design compression force N,Ed kN

Design bending moment (maximum) My,Ed kNm
Design bending moment (maximum) Mz,Ed kNm
Characteristic compression resistance N,Rk kN

Characteristic moment resistance My,Rk kNm
Characteristic moment resistance Mz,Rk kNm

Reduction factor Chi,y
Reduction factor Chiz
Reduction factor ChiLT
Interaction factor k,yy
Interaction factor k,yz
Interaction factor k,zy
Interaction factor k,zz 0,9

5
Maximum moment My,Ed is defived-ffonY beam'B052 position 8,650 m.
Maximum moment Mz,Ed is deriyed frombeam B1052 position 8,650 m.

Interaction_method|1 parameters) ] |
*Student version® *Student version* *Stuent versign® *Studgnt version* *Student version* *Student version® *Student version® *

Critical Euler load N,cry 361540,71 kN
Critical Euler load N,cr,z 544552,02 kN
Elastic critical load N,cr,T 2177927,40 kN
Cross-section plastic modulus Wpl} 4,2019¢-03 m3
Cross-section elastic modulus Wel,y 3,5770e-03 mA3
Cross-section plastic modulus Wpl,z 4,2019e-03 m"3
Cross-section elastic modulus Wel,z 3,5770e-03 m'3
Second moment of area ly 7,1530e-04 mM
Second moment of area Iz 7,1530e-04 mh4
Torsional constant It 1,1250e-03 mM
Method for equivalent moment factor C,my,0 Table A.2 Line 2 (General)

Design bending moment (maximum) My,Ed 109,85 kNm
Maximum relative deflection delta,z 0,5 mm
Equivalent moment factor C,my,0 1,00

Method for equivalent moment factor C,mz,0 Table A.2 Line 2 (General)

*Student version* *Student version® *Student version® *Student version* *Student version* *Student version® *Student version® *S
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Interaction method 1 parameters ] ]

*Student version® *Student version* *Student version* *Student version® *Student version* *Student version® *Student version® *S

Design bending moment (maximum) Mz,Ed 995,63 kNm
Maximum relative deflection delta,y -0,8 mm
Equivalent moment factor C,mz,0 1,00
Factor mu,y 1,00
Factor mu,z 1,00
Factor epsilon,y 0,47
Factor a,LT 0,00
Critical moment for uniform bending Mcr,0 237815,34 kNm
Relative slenderness Lambda,rel,0 0,08
Limit relative slenderness Lambda,rel,0,lim 0,23
Equivalent moment factor C,my 1,00

Equivalent moment factor C,mz 1,00

Equivalent moment factor C,mLT 1,00

Factor b,LT 0,00

Factor ¢,LT 0,00

Factor d,LT 0,00

Factor e,LT 0,00

Factor w,y 1,17

Factor w,z LT

Factor n,pl 0,18 O
Maximum relative slenderess Lambda,rel,max | 0,17
Factor C,yy 1,06
Factor C,yz 1,06
Factor C,zy 1,06
Factor C,zz 1,06
Unity check (6.61) =0,18 + 0,07 + 0,38 = 0,63 -

Unity check (6.62) = 0,18 + 0,04 + 0,63 = 0,86 -

The member satisfies the stability check.
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14.2.9. Rezne sile — dijagonalna ispuna 1 konzolnog reSetkastog nosaca 3

Slika 14.14. Prikaz reznih sila — dijagonalna ispuna konzolnog resetkastog nosaca

-poprecni presjek nosaca

Name Konzolni nosaé 3 - dijagonalna ispuna 1
Type SHS400/400/12.5
Source description Briish Standard / BS 5950 part 1 : 1990 & EN 10210-2
Item material S 355
Fabrication cold formed
Flexural buckling y-y C
Flexural buckling z-z c
Lateral torsional buckling Default
Use 2D FEM analysis *®

z

]
L

A [mY 1,9200e-02

Ay, z [m] 9,5509e-03 9,5509e-03
ly, z [m*] 4,7840e-04 4,7840e-04
I w [mE], t [m#] 1,0667e-05 7,3910e-04
Wel y, z [m?] 2,3920e-03 2,3920e-03
Wpl y, z [mY] 2,7636e-02 2,7636e-03
dy, z [mm] 1] 0
€ YUCS, ZUCS [mm] 200 200
a [deg] 0,00

A L, D [m¥m] 1,5700e+00 3,0569e+00
Mply +, - [Nm] 981e+05 9.81e+05
Mpiz +, - [Nm] 981e+05 9.81e+05

Slika 14.15. Prikaz geometrijskih karakteristika nosaca
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14.2.10. Dimenzioniranje — dijagonalna ispuna 1 konzolnog reSetkastog nosaca 3

Member B1055 [ 11,688 m [ SHS 125 [S355 [GSN 26 [0,80 - |

Note: EN 1993-1-3 article 1.1(3) specifies that this part does not apply to cold formed CHS and RHS sections.
The default EN 1993-1-1 code check is executed instead of the EN 1993-1-3 code check.

Partial safety factors

*Student version* *Student version® *Student version® *Student version® *Studer

Gamma MO for resistance of cross-sections 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25

[ Material ] J
*Student version® *Student version® *Student version® *Student versic
Yield strength fy 355,0 MPa
Ultimate strength fu | 510,0 MPa
Fabrication Cold formed

....:SECTION CHECK::...

The critical check is on position 0.000 m O

Internal forces | Calculated Unit

*Student version® *Student version® *Student version® *Stude
N,Ed 5445,92 kN
Vy,Ed 0,00 kN

Vz,Ed 0,00 kN

TEd 0,00 kNm

My,Ed 0,00 kNm

Mz,Ed 0,00 kNm

Tension check

According to EN 1993-1-1 article 6.2.3 and formula (6.5)
A 1,9200e-02 | m"2

Npl,Rd 6816,00 kN

Nu,Rd 7050,24 kN

Nt,Rd 6816,00 kN

Unity check | 0,80
The member satisfies the section check.

The member satisfies the stability check. M

-iskoristivost elementa na GSN — 80 %

Slika 14.16. Prikaz iskoristivosti dijagonalne ispune konzolnog resetkastog nosaca
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14.2.11. Rezne sile — dijagonalna ispuna 2 konzolnog reSetkastog nosaca 3

Slika 14.17. Prikaz reznih sila — dijagonalna ispuna konzolnog resetkastog nosaca

-poprecni presjek nosaca

Name Konzolni nosaé 3 - dijagonalna ispuna 2
Type SHS400/400/28.0
Source description Corus Advance Sections
Item material S 3585
Fabrication rolled
Flexural buckling y-y a
Flexural buckling z-z a
Lateral torsional buckling Default
[Use ZD FEM analysis ®

an
]

A [mF] 3,9600e-02

Ay, z [m7] 2,0147e-02 2,0147e-02
1y, z [mY] 8,9000e-04 8,9000e-04
1w [mf], t [m*] 2,3893e-05 1,4900e-03
Wel y, z [m?] 4,4500e-03 4,4500e-03
Wpl y, z [m?] 5,5582e-03 5,5582e-03
dy, z[mm] 0 0
c YUCS, ZUCS [mm] 200 200
a [deg] 0,00

A L, D [m¥m] 1,5000e+00 2,8794e+00
Mply +, - [Nm] 1,97e+06 1,97e+06
“MpIZ ¥, - [Nm] TU7e+06 1.97e+06

Slika 14.18. Prikaz geometrijskih karakteristika nosaca

-iskoristivost elementa na GSN — 98 %

Slika 14.19. Prikaz iskoristivosti dijagonalne ispune konzolnog resetkastog nosaca
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14.2.12. Dimenzioniranje — dijagonalna ispuna 2 konzolnog resetkastog nosaca 3

[Member B1053 11,688 m | SHS400/400/28.0 [S 355 [GSN 26 [098 - |

Partial safety factors
*Student version® *Student version® *Student version® *Student version® *Studer

Gamma MO for resistance of cross-sections 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25
[ Material [ ]

*Student version® *Student version® *Student version® *Studk

Yield strength fy 355,0 MPa
Ultimate strength fu | 490,0 MPa
Fabrication Rolled

...:*SECTION CHECK::...

The critical check is on position 0.000 m
Internal forces | Calculated | Unit

*Student version® *Student version® *Student version® *Stude
N,Ed -8983,59 kN

Vy,Ed 0,00 kN

Vz,Ed 0,00 kN
TEd 0,00 kNm
My,Ed 0,00 kNm
Mz,Ed 0,00 kNm
Classification for cross-section design
According to EN 1993-1-1 article 5.5.2

Classification of Internal Compression parts

According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio 11,29
Class 1 Limit 26,85
Class 2 Limit 30,92
Class 3 Limit 3417

=> Section classified as Class 1 for cross-section design

Compression check
According to EN 1993-1-1 article 6.2.4 and formula (6.9)

A 3,9600e-02 [ m"2
Nc,Rd 14058,00 kN
Unity check | 0,64 -

The member satisfies the section check.

....:STABILITY CHECK::...

Classification for member buckling design

Decisive position for stability classification: 0,000 m

Classsification of Internal Compression parts

According to EN 1993-1-1 Table 5.2 Sheet 1 @

Maximum width-to-thickness ratio 11,29
Class 1 Limit 26,85
Class 2 Limit 30,92
Class 3 Limit 34,17
=> Section classified as Class 1 for member buckling desig

Flexural Buckling check
According to EN 1993-1-1 article 6.3.1.1 and formué(kg

Buckling parameters [ vy N ez [ ]
*Student version* *Student version® *Student version® *Studert verdion® *Studenhyersion* *Student v
Sway type non-sway
System length L m
Buckling factor k 1,0
Buckling length Ler 688 m
Critical Euler load Ncr 13503,67 kN
Slendemess Lambda 77,96
Relative slenderness Lambga,rel 1,02
Limit slendemess Lambda,rel,0 0,20
Buckling curve a
Imperfection Alpha 0,21
Reduction factor Chi 0,65
Buckling resistance Nb,Rd < 9157,14 kN

Flexural Buckling verification

*Student version* *Student version* *Student version® *Student version® *Student v

Cross-section area A 3,9600e-02 m'2
Buckling resistance Nb,Rd 9157,14 kN
Unity check 0,98 -

Torsional(-Flexural) Buckling check

According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)

Note: The cross-section concems a RHS section which is not susceptible to Torsional(-Flexural) Buckling.
The member satisfies the stability check.
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15. PRORACUN GLAVNIH NOSACA UNUTARNJIH STUBISTA

15.1. Vertikalni pomak glavnog nosaca — stubiste 1 (1. etaza)

67,6

Slika 15.1. Prikaz vertikalnog pomaka glavnog nosaca stubista

Dopusteni vertikalni pomak (progib):

| 22,10-1000

Ugop = = =74,0mm
300 300

u,=67,6mm<u,, =740mm  Zadovoljava

z,dop

-iskoristivost na GSU - 67,6mm/74,0mm=0,91=91%
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15.2. Dimenziniranje glavnog nosaca — stubiSte 1 (1. etaza)

15.2.1. Rezne sile — glavni gredni nosa¢ stubista 1 (1. etaZa)

My
]
&
o
g ¥
= &
&
Vz
2
3
g
2
2
3
N
3
&
B} =
o N3
R 8

Slika 15.2. Prikaz reznih sila glavnog nosaca stubista
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-poprecni presjek nosaca

Name Glavni nosac - stepenice 1 (1. etaza)
Type HEB360
Source description Profil Arbed / Structural shapes / Edition Octobre 1995
Item material S 356
Fabrication rolled
Flexural buckling y-y b
Flexural buckling z-z [
Lateral torsional buckling Default
Use 2D FEM analysis *
z

A [m7] 1,8060e-02

Ay, z [m] 1,2975e-02 47491e-03
ly, z [m%] 4,3190e-04 1,0140e-04
I w [mf], t [mY] 2,8833e-06 29250e-06
Wel y, z [m?] 2,4000e-03 6,7610e-04
Wpl y, z [m?] 2,6830e-03 10320e-03
dy, z [mm] 0 0
¢ YUCS, ZUCS [mm] 150 180
o [deg] 0,00

A L, D [m¥m] 1,8500e+00 1,8484e+00
Mply +, - [Nm] 953e+05 953e+05
Mpiz +, - [Nm] 367e+05 367e+05

Slika 15.3. Prikaz geometrijskih karakteristika nosaca

-iskoristivost elementa na GSN — 84 %

/

Slika 15.4. Prikaz iskoristivosti glavnog nosaca stubista
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15.2.2. Dimenzioniranje — glavni gredni nosa¢ stubista 1 (1. etaza)

Member B950

[9,904 m [HEB360

[S 355

[GSN 2

[084 - ]

Partial safety factors

*Student version® *Student version® *Student version® *Student version® *Studer

Gamma MO for resistance of cross-sections
Gamma M1 for resistance to instability
Gamma M2 for resistance of net sections

1,00
1,00
1,25

Material

\

*Student version* *Student version® *Student version® *Studk

Yield strength fy 355,0 MPa
Ultimate strength fu | 490,0 MPa
Fabrication Rolled
...:SECTION CHECK::...

The critical check is on position 9.904 m

Internal forces

Calculated Unit

*Student version* *Student version® *Student version® *Stude

N,Ed
Vy,Ed
Vz,Ed
TEd
My,Ed
Mz,Ed

544,62
-1,05
-184,16
-0,07
-682,48
-3,83

kN
kN
kN
kNm
kNm
kNm

Classification for cross-section design
According to EN 1993-1-1 article 5.5.2
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio | 20,88
Class 1 Limit 68,61
Class 2 Limit 79,10
Class 3 Limit 136,92

=> |nternal Compression parts Class 1
Classification of Outstand Flanges
According to EN 1993-1-1 Table 5.2 Sheet 2

Maximum width-to-thickness ratio 519

Class 1 Limit
Class 2 Limit
Class 3 Limit

7,32
8,14
11,23

=> QOutstand Flanges Class 1
=> Section classified as Class 1 for cross-section design

Tension check

According to EN 1993-1-1 article 6.2.3 and formula (6.5)

A 1,8060e-02 | m*2
Npl,Rd 6411,30 kN
Nu,Rd 6371,57 kN
Nt,Rd 6371,57 kN
Unity check | 0,09 -

Bending moment check for My

According to EN 1993-1-1 article 6.2.5 and f

Whpl.y
Mpl,y,Rd
Unity check

2,6830e-03
952,47 k
0,72

According to EN

Bending moment check for M.

1993-1-1 arti l(;m%mdf

Wpl,z 1,0320e-03 | mA3
Mpl,z,Rd 366,36 k
Unity check | 0,01 -
Shear check for Vy

Ula (6.12),(6.13)

According to EN 1993-1-1 article 6.2.6 and formula (6.17)

According to EN

Eta 1,20

Av 1,3994e-02 | m"2
Vpl,y,Rd 2868,15 kN
Unity check | 0,00 -
Shear check for Vz

1993-1-1 article

6.2.6 and formula (6.17)

Eta 1,20

Av 6,0563e-03 | m"2
Vpl,z,Rd 1241,29 kN
Unity check | 0,15 -
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Tau,Rd 205,0 IMPa {
Unity check | 0,00 -

Note: The unity check for torsion is lower than the limit value of 0,05. Therefore torsion is considered as
insignificant and is ignored in the combined checks.

Combined bending, axial force and shear force check

According to EN 1993-1-1 article 6.2.9.1 and formula (6.41)

MplyRd | 95247 |kNm
Alpha 2,00

resistance about the z-z axis is neglected. O

Mplz,Rd |366,36 |kNm

Beta 1,00
Unity check (6.41)=0,51+0,01=0,52 -
Note: Since the shear forces are less than half the plastic shear resistances their effect on the moment
resistances is neglected.

Note: Since the axial force satisfies both criteria (6.33) and (6.34) of EN 1993-1-1 article 6.2.9.1(4)

its effect on the moment resistance about the y-y axis is neglected.

Note: Since the axial force satisfies criteria (6.35) of EN 1993-1-1 article 6.2.9.1(4) its effect on the moment
The member satisfies the section check.

....:STABILITY CHECK::...

Classification for member buckling design

Decisive position for stability classification: 0,000 m

Classification of Internal Compression parts

According to EN 1993-1-1 Table 5.2 Sheet 1 %

Maximum width-to-thickness ratio | 20,88
Class 1 Limit 70,95

Class 2 Limit 81,79
Class 3 Limit 145,74
=> Intenal Compression parts Class 1
Classification of Outstand Flanges
According to EN 1993-1-1 Table 5.2 Sheet 2

Maximum width-to-thickness ratio | 5,19
Class 1 Limit 7,32
Class 2 Limit 8,14
Class 3 Limit 11,25

=> QOutstand Flanges Class 1

=> Section classified as Class 1 for member buckling design

Lateral Torsional Buckling check

According to EN 1993-1-1 article 6.3.2.1 & 6.3.2.2 and formula (6.54)

[ LTB parameters T ] %
*Student version® *Student version® *Student version® *Student version* *Student version* *St.

Method for LTB curve General case

Cross-section plastic modulus Wply | 2,6830e-03 m3
Elastic critical moment Mcr 2044,80 kNm
Relative slenderness Lambda,rel, LT 0,68

Limit slendemess Lambda,rel,LT,0 0,20 7
LTB curve a

Imperfection Alpha,LT 0,21

Reduction factor Chi,LT 0,86

Design buckling resistance Mb,Rd 815,13 ,Ql

Unity check 0,84 -

Mcr parameters I J
*Student version* *Student version® *Student version’ *Student yssion\!Studqt
LTB length L
Influence of load position
Correction factor k
Correction factor kw
LTB moment factor C1
LTB moment factor C2
LTB moment factor C3
Shear center distance d,z
Distance of load application| z,g
Mono-symmetry constant beta,y /07 mm
Mono-symmetry constant zj 0

Note: C parameters are determined atCording to ECCS 119 2006 / Galea 2002.

Bending and axial tension check
According to EN 1993-1-3 article 6.3

Design tension force N,Ed 544,62 kN
Design bending moment My,Ed 682,48 kNm
Design bending moment Mz,Ed -3,83 kNm
Tension resistance Nt,Rd 6371,57 [kN
Bending resistance Mb,y,Rd 815,13 kNm
Bending resistance Mc,z,Rd.com | 366,36 kNm
Unity check =0,84 +0,01-0,09=0,76 -

Shear Buckling check
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According to EN 1993-1-5 article 5 & 7.1 and formula (5.10) & (7.1)

Shear Buckling parameters

*Student version® *Student version* *Student version® *Student version* *Stude

Buckling field length a 9,904 m
Web unstiffened

Web height hw 315 mm
Web thickness t 13 mm
Material coefficient epsilon 0,81

Shear correction factor Eta 1,20

Shear Buckling verification

*Student version® *Student version* *Student version® *Stud
Web slendemness hwi/t 25,20
Web slenderness limit 48,82

Note: The web slenderness is such that Shear Buckling effects may be ignored
according to EN 1993-1-5 article 5.1(2).
The member satisfies the stability check.

15.3. Vertikalni pomak glavnog nosaca — stubiSte 1 (2. etaza)

.

Slika 15.5. Prikaz vertikalnog pomaka glavnog nosaca stubista

Dopusteni vertikalni pomak (progib):

_ 1 20,70-1000
udop - -
300 300

=69,0mm

u,=62,7mm<u,, =69,0mm  Zadovoljava

z,dop

-iskoristivost na GSU - 62,7mm/69,0mm =0,90 =90%
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15.4. Dimenziniranje glavnog nosaca — stubiSte 1 (2. etaza)

15.4.1. Rezne sile — glavni gredni nosa¢ stubista 1 (2. etaZa)

My

]
&
(]
¥

13549

854

33,19

Slika 15.6. Prikaz reznih sila glavnog nosaca stubista
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-poprecni presjek nosaca

Name Glavni nosac - stepenice 2 ( 2. etaza)
Type HEB400
Source description Profil Arbed / Structural shapes / Edition Octobre 1995
Item material S 358
Fabrication rolled
Flexural buckling y-y a
Flexural buckling z-z b
Lateral torsional buckling Default
Use 2D FEM analysis ®
Z
[y p—]
—

A [mY 1,9780e-02

Ay, z [mY 1,3871e-02 56483e-03
1y, z [m] 5,7680e-04 1,0820e-04
I w [mf], t [m4] 3,8172e-06 35570e-06
Wel y, z [m?] 2,8840e-03 7.2130e-04
Wply, z [m*] 3,2320e-03 1.1040e-03
dy, z [mm] 0 0
€ YUCS, ZUCS [mm] 150 200
a [deg] 0,00

A L, D [m¥m] 1,9300e+00 1,.9264e+00
Mply +, - [Nm] 1,15e+06 1,15e+06
Mpiz +, - [Nm] 392e+05 392e+05

Slika 15.7. Prikaz geometrijskih karakteristika nosaca

-iskoristivost elementa na GSN — 89 %

Slika 15.8. Prikaz iskoristivosti glavnog nosaca stubista
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15.4.2. Dimenzioniranje — glavni gredni nosa¢ stubista 1 (2. etaza)

[Member B2432 8515 m |HEA360 [S355 [GSN2 [089- |

Partial safety factors

*Student version® *Student version® *Student version® *Student version® *Studer

Gamma MO for resistance of cross-sections 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25
[ Material ] |

¥Student version® *Student version® *Student version® *Studt

Yield strength fy 355,0 MPa
Ultimate strength fu | 490,0 MPa
Fabrication Rolled
...:SECTION CHECK::...

The critical check is on position 8.515 m

*Student version* *Student version® *Student version* *Stude

N,Ed -16,7 K

Vy,Ed -3,84 kN

Vz,Ed -143,88 kN

TEd -0,04 kNm

My,Ed -538,95 kNm

Mz,Ed -17,04 kNm &

Internal forces | Calculated Unit O

Classification for cross-section design
According to EN 1993-1-1 article 5.5.2
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1
Maximum width-to-thickness ratio | 26,10
Class 1 Limit 57,35
Class 2 Limit 66,04
Class 3 Limit 99,45

=> Intemal Compression parts Class 1
Classification of Outstand Flanges
According to EN 1993-1-1 Table 5.2 Sheet 2

Maximum width-to-thickness ratio | 6,74
Class 1 Limit ,32

Class 2 Limit 8,14

Class 3 Limit 11,31
=> Outstand Flanges Class 1
=> Section classified as Class 1 for cross-section design
Compression check
According to EN 1993-1-1 article 6.2.4 and formula (6.9)

A 1,4300e-02 | m"2

Ne,Rd 5076,50 kN

Unity check | 0,00 -
Bending moment check for My
According to EN 1993-1-1 article 6.2.5 and formpula (6\ Q.

Wpl,y 2,0875e-03 | m"3

Mpl,y,Rd 741,06 kNm

Unity check | 0,73 '\

Bending moment check for
According to EN 1993-1-1 artigle 62.5 ula (8.12),(6.13)

Wpl,z 8,0417e-04 mA3
Mplz,Rd 285,48 ke |
Unity check | 0,06 E

Shear check for Vy
According to EN 1993-1-1 article 6.2.6 and formula (6.17)

Eta 1,20

Av 1,0870e-02 | m"2

Vpl,y,Rd 222791 kN

Unity check | 0,00 -
Shear check for Vz

According to EN 1993-1-1 article 6.2.6 and formula (6.17)

Eta 1,20
Av 4,9200e-03 | m"2
Vpl,z,Rd 1008,40 kN

Unity check | 0,14 -
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Note: The unity check for torsion is lower than the limit value of 0,05. Therefore torsion is considered as
insignificant and is ignored in the combined checks.

Combined bending, axial force and shear force check

According to EN 1993-1-1 article 6.2.9.1 and formula (6.41)

MplyRd |741,06 |kNm
Alpha 2,00
Mplz,Rd 28548 |kNm
Beta 1,00

Unity check (6.41)= 0,53 + 0,06 = 0,59 -

Note: Since the shear forces are less than half the plastic shear resistances their effect on the moment
resistances is neglected.

Note: Since the axial force satisfies both criteria (6.33) and (6.34) of EN 1993-1-1 article 6.2.9.1(4)

its effect on the moment resistance about the y-y axis is neglected.

Note: Since the axial force satisfies criteria (6.35) of EN 1993-1-1 article 6.2.9.1(4) its effect on the moment
resistance about the z-z axis is neglected.

The member satisfies the section check.

....:STABILITY CHECK::...

Classification for member buckling design
Decisive position for stability classification: 0,000 m

Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1
Maximum width-to-thickness ratio | 26,10
Class 1 Limit 58,63
Class 2 Limit 67,59
Class 3 Limit 101,06
=> [ntemal Compression parts Class 1

Classification of Outstand Flanges

According to EN 1993-1-1 Table 5.2 Sheet 2
Maximum width-to-thickness ratio | 6,74
Class 1 Limit 7,32
Class 2 Limit 8,14
Class 3 Limit 11,36

=> QOutstand Flanges Class 1
=> Section classified as Class 1 for member buckling design

Flexural Buckling check
According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)

Buckling parameters [ w1 2z \ J

*Student version® *Student version® *Student version® *Student version* *Student version* *Student |

Sway type sway non-sway
System length L 8,515 8,515 m
Buckling factor k 1,00 0,12
Buckling length Ler 8,515 1,000 m
Critical Euler load Ner 9462,57 |163529,48 |kN
Slendemness Lambda 55,97 13,46
Relative slenderness Lambda,rel 0,73 0,18
Limit slendemess Lambda,rel,0 0,20 0,20

Note: The slenderness or compression force is such that\Elextiral\Buckling effgcts may be ignored
according to EN 1993-1-1 article 6.3.1.2(4).
Torsional(-Flexural) Buckling check

According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)
Note: For this I-section the Torsional(-Flexural) buckling fesis
for Flexural buckling. Therefore Torsional(-Flexural) blickling i8
Lateral Torsional Buckling check
According to EN 1993-1-1 article 6.3.2.1 & 6.3.2/<an formula(6.8

[ LTB parameters I 5 |

*Student version® *Student version* *Student versrb/f' deb; bqrsion ‘5;114 version® *Stu
Method for LTB curve nera| case
3

e is higher than the resistance
of prifited on the output.

Cross-section plastic modulus m"3
Elastic critical moment Mcr 1869,6 kNm
Relative slenderness Lamb

LTB curve

Imperfection Alpha,LT 01

Reduction factor Chi LT 0/88

Design buckling resistance Mb,Rd 50,97 kNm
Unity check 0,83 -

Mcr parameters I

*Student version® *Student version® *Student version *Student version* *Student ver

LTB length L 8,515 m
Influence of load position no influence
Correction factor k 1,00

Correction factor kw 1,00

LTB moment factor C1 291

LTB moment factor C2 0,15

LTB moment factor C3 1,00

Shear center distance d.z 0 mm

*Student version* *Student version* *Student version® *Student version® *Student ver
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Mcr parameters | ]

¥Student version® *Student version* *Student version® *Student version* *Student ver

Distance of load application z,g |0 mm
Mono-symmetry constant beta,y |0 mm
Mono-symmetry constant z,j 0 mm

Note: C parameters are determined according to ECCS 119 2006 / Galea 2002.

Bending and axial compression check
According to EN 1993-1-1 article 6.3.3 and formula (6.61),(6.62)

Bending and axial compression check parameters | ]
*Student version* *Student version* *Student version” *Student version* *Student version* *Student version* *Student version® *S
Interaction method alternative method 1
Cross-section area A 1,4300e-02 m*2
Cross-section plastic modulus Wply 2,0875e-03 m"3
Cross-section plastic modulus Wpl,z 8,0417e-04 mA3
Design compression force N,Ed 16,78 kN
Design bending moment (maximum) My,Ed -538,95 kNm
Design bending moment (maximum) Mz,Ed -17,04 kNm
Characteristic compression resistance N,Rk 5076,50 kN
Characteristic moment resistance My,Rk 741,06 kNm
Characteristic moment resistance Mz,Rk 285,48 kNm O
Reduction factor Chi,y 1,00

Reduction factor Chi,z 1,00
Reduction factor Chi LT 0,88
Interaction factor k.yy 1,00
Interaction factor k,yz 0,91
Interaction factor k,zy 0,63
Interaction factor k,zz 0,61
Maximum moment My,Ed is derived from beam B2432 position 8,515 m.

Maximum moment Mz,Ed is derived from beam B2432 position 8,515 m.

[ interaction method 1 parameters | |
*Student version* *Student version* *Student version* *Student version* *Student version* *Student version® *Student version® *S
Critical Euler load N,cry 9462,57 kN
Critical Euler load N,cr,z 163529,48 kN

Elastic critical load N,cr, T 6369,23 kN
Cross-section plastic modulus Wpl,y 2,0875e-03 m*3
Cross-section elastic modulus Wel,y 1,8900e-03 mA3,
Cross-section plastic modulus Wpl,z 8,0417e-04 mA3
Cross-section elastic modulus Wel,z 5,2600e-04 m*3
Second moment of area ly 3,3100e-04 A
Second moment of area Iz 7,8900e-05 3
Torsional constant It 1,4900e-06 m™4
Method for equivalent moment factor C,my,0 Table A2 Line 2 (Gene

Design bending moment (maximum) My,Ed -538,95 k
Maximum relative deflection delta,z 9,8 m
Equivalent moment factor C,my,0 1,00

Method for equivalent moment factor C,mz,0 Table A.2 Line 1 (Lingar)

Ratio of end moments Psi,z

Equivalent moment factor C,mz,0
Factor mu,y

Factor mu,z

Factor epsilon,y

Factor a,LT

Critical moment for uniform bending Mcr,0
Relative slenderness Lambda,rel,0
Limit relative slenderness Lambda,rel,0,lim
Equivalent moment factor C,my
Equivalent moment factor C,mz
Equivalent moment factor C,mLT
Factor b,LT

Factor c,LT

Factor d,LT

Factor e LT

Factor w,y

Factor w,z

Factor n,pl

Maximum relative slendemes$ L; A
Factor C,yy

Factor C,yz

Factor C,zy

Factor C,zz o4 )

Unity check (6.61) = 0,00 + 0,83 + 005 50,89 -
Unity check (6.62) = 0,00 + 0,52 + 0,04™= 0,56 -

Shear Buckling check
According to EN 1993-1-5 article 5 & 7.1 and formula (5.10) & (7.1)

Shear Buckling parameters

*Student version® *Student version® *Student version® *Student version* *Stude

Buckling field length a 8,515 m
Web unstiffened

Web height hw 315 mm
Web thickness t 10 mm
Material coefficient epsilon 0,81

Shear correction factor Eta 1,20

Shear Buckling verification

*Student version* *Student version* *Student version* *Stud
Web slenderness hwit 31,50
Web slenderness _limit 48,82

Note: The web slenderness is such that Shear Buckling effects may be ignored
according to EN 1993-1-6 article 5.1(2).

The member satisfies the stability check.
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15.5. Vertikalni pomak glavnog nosaca — stubiSte 2 (2. etaza)

Ve
-65,1
¢'y9

Slika 15.9. Prikaz vertikalnog pomaka glavnog nosaca stubista

Dopusteni vertikalni pomak (progib):

| 21,30-1000
udop = =
300 300

=71,0mm

u, =651mm<u,, =7,0mm  Zadovoljava

z,dop

-iskoristivost na GSU - 65,1mm/71,0mm =0,92 =92%
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15.6. Dimenziniranje glavnog nosaca — stubiSte 2 (2. etaza)

15.6.1. Rezne sile — glavni gredni nosa¢ stubista 2 (2. etaza)

My

4
s
B

Vz

] 32,63
gf,' V33

6,84

' [~A'S

LV

o [Sxg

Slika 15.10. Prikaz reznih sila glavnog nosaca stubista
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-poprecni presjek nosaca

Name Glavni nosac - stepenice 2 ( 2. etaza)
Type HEB400
Source description Profil Arbed / Structural shapes / Edition Octobre 1995
Item material S 358
Fabrication rolled
Flexural buckling y-y a
Flexural buckling z-z b
Lateral torsional buckling Default
Use 2D FEM analysis ®
Z
[y p—]
—

A [mY 1,9780e-02

Ay, z [mY 1,3871e-02 56483e-03
1y, z [m] 5,7680e-04 1,0820e-04
I w [mf], t [m4] 3,8172e-06 35570e-06
Wel y, z [m?] 2,8840e-03 7.2130e-04
Wply, z [m*] 3,2320e-03 1.1040e-03
dy, z [mm] 0 0
€ YUCS, ZUCS [mm] 150 200
a [deg] 0,00

A L, D [m¥m] 1,9300e+00 1,.9264e+00
Mply +, - [Nm] 1,15e+06 1,15e+06
Mpiz +, - [Nm] 392e+05 392e+05

Slika 15.11. Prikaz geometrijskih karakteristika nosaca

-iskoristivost elementa na GSN — 81 %

Slika 15.12. Prikaz iskoristivosti glavnog nosaca stubista
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15.6.2. Dimenzioniranje — glavni gredni nosa¢ stubista 2 (2. etaza)

Member B2444 8,938 m | HEB400

[S355 [GSN2 [081-

1

Partial safety factors

*Student version® *Student version® *Student version® *Student version* *Studer

Gamma MO for resistance of cross-sections
Gamma M1 for resistance to instability
Gamma M2 for resistance of net sections

1,00
1,00
1,25

[ Material

I

J

*Student version® *Student version® *Student version® *Studt

Yield strength fy 355,0 MPa
Ultimate strength fu | 490,0 MPa
Fabrication Rolled
...:SECTION CHECK::...

The critical check is on position 0.000 m

Internal forces | Calculated
*Student version® *Student version® *Student version® *Stude

Unit

N,Ed
Vy,Ed
Vz,Ed
TEd
My,Ed
Mz,Ed

-132,97

kN
kN
kN
kNm
kNm
kNm

Classification for cross-section design
According to EN 1993-1-1 article 5.5.2
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio

Class 1 Limit
Class 2 Limit
Class 3 Limit

22,07
52,77
60,77
92,70

=> Interal Compression parts Class 1
Classification of Outstand Flanges
According to EN 1993-1-1 Table 5.2 Sheet 2

Maximum width.
Class 1 Limit
Class 2 Limit
Class 3 Limit

-to-thickness ratio

4,84
7,32
8,14
11,31

=> Outstand Flanges Class 1

=> Section classified as Class 1 for cross-section design

Compression check

A
Nc,Rd
Unity check

1,9780e-02 | m"2
7021,90 kN

0,02 -

Bending moment check for My

Wply 3,2320e03 | m"3
Mpl,y,Rd 1147,36 KNm
Unity check | 0,50 Z\

According to EN

Bending moment check for
1993-1-1 artigle 2.5

Wpl,z 1,1040e-03 mh3
MplzRd  |391,92 k|
Unity check | 0,04 -
Shear check for

According to EN 1993-1-1 article 6.2.4 and formula (6.9)
According to EN 1993-1-1 article 6.2.5 and formpula (6\ 6.

ula

12),(6.13)

According to EN 1993-1-1 article 6.2.6 and formula (6.17)

Eta 1,20

Av 1/4947e-02 | m"2
Vpl,y,Rd 3063,48 kN
Unity check  |0,00 -
Shear check for Vz
According to EN 1993-1-1 article

Eta 1,20

Av 7,0000e-03 | m*2
Vpl,z,Rd 1434,72 kN
Unity check | 0,07 -

6.2.6 and formula (6.17)
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Note: The unity check for torsion is lower than the limit value of 0,05. Therefore torsion is considered as
insignificant and is ignored in the combined checks.

Combined bending, axial force and shear force check

According to EN 1993-1-1 article 6.2.9.1 and formula (6.41)

Mply,Rd [1147,36 |[kNm
Alpha 2,00
Mpl,z,Rd  |391,92 kNm
Beta 1,00

Unity check (6.41)= 0,25+ 0,04 = 0,29 -

Note: Since the shear forces are less than half the plastic shear resistances their effect on the moment
resistances is neglected.

Note: Since the axial force satisfies both criteria (6.33) and (6.34) of EN 1993-1-1 article 6.2.9.1(4)

its effect on the moment resistance about the y-y axis is neglected.

Note: Since the axial force satisfies criteria (6.35) of EN 1993-1-1 article 6.2.9.1(4) its effect on the moment
resistance about the z-z axis is neglected.

The member satisfies the section check.

....:STABILITY CHECK::...

Classification for member buckling design
Decisive position for stability classification: 0,000 m

Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1
Maximum width-to-thickness ratio | 22,07
Class 1 Limit 52,77
Class 2 Limit 60,77
Class 3 Limit 92,70
=> Intemal Compression parts Class 1
Classification of Outstand Flanges
According to EN 1993-1-1 Table 5.2 Sheet 2
Maximum width-to-thickness ratio | 4,84
Class 1 Limit 7,32
Class 2 Limit 8,14
Class 3 Limit 1,31

=> QOutstand Flanges Class 1
=> Section classified as Class 1 for member buckling design

Flexural Buckling check
According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)

Buckling parameters [ w1 2z |

*Student version® *Student version® *Student version® *Student version* *Student version* *Student ve

Sway type sway non-sway
System length L 8,938 8,938 m
Buckling factor k 1,00 0,11

Buckling length Ler 8,938 1,000 m
Critical Euler load Ner 14964,55 |224257,15 |kN
Slendemness Lambda 52,34 13,52

Relative slenderness Lambda,rel 0,69 0,18 /\
Limit slendemess Lambda,rel,0 0,20 0,20

Note: The slenderness or compression force is such that\Elextiral\Buckling effgcts may be ignored

according to EN 1993-1-1 article 6.3.1.2(4).
Torsional(-Flexural) Buckling check

According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)
Note: For this I-section the Torsional(-Flexural) buckling fesig
for Flexural buckling. Therefore Torsional(-Flexural) blickling it
Lateral Torsional Buckling check
According to EN 1993-1-1 article 6.3.2.1 & 6.3.2,2 any formula.(6.84

[ LTB parameters IS 5 |

“Student version® *Student version® *Student versig/’ len Version\*Slidgnf version® *Stt
Method for LTB curve
Cross-section plastic modulus m3

Elastic critical moment Mcr kNm
Relative slendermess Lambda,|
Limit slendemess Lambda,rel,
LTB curve

Imperfection Alpha,LT
Reduction factor ChiLT
Design buckling resistance Mb,Rd
Unity check

e is higher than the resistance
ot prifted on the output.

009,73 kNm

Mcr parameters [

*Student version® *Student version® *Student version” *Student version® *Student ver

LTB length L 8,938 m
Influence of load position no influence
Correction factor k 1,00

Correction factor kw 1,00

LTB moment factor C1 2,82

LTB moment factor C2 0,12

LTB moment factor C3 1,00

Shear center distance d,z 0 mm

*Student version* *Student version* *Student version® *Student version* *Student ver
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Mcr parameters ] ]

*Student version® *Student version® *Student version® *Student version* *Student ver
Distance of load application z,g |0 mm
Mono-symmetry constant betayy |0 mm
Mono-symmetry constant z,j 0 mm

Note: C parameters are determined according to ECCS 119 2006 / Galea 2002.

Bending and axial compression check
According to EN 1993-1-1 article 6.3.3 and formula (6.61),(6.62)

[ Bending and axial pression check par [ ]
*Student version® *Student version® *Student version® *Student version* *Student version* *Student version® *Student version® *S
Interaction method alternative method 1
Cross-section area A 1,9780e-02 m'2
Cross-section plastic modulus Wpl,y 3,2320e-03 m3
Cross-section plastic modulus Wpl,z 1,1040e-03 m3
Design compression force N,Ed 132,97 kN
Design bending moment (maximum) My,Ed -749.41 kNm
Design bending moment (maximum) Mz,Ed -17,11 kNm
Characteristic compression resistance N,Rk 7021,90 kN
Characteristic moment resistance My,Rk 1147,36 kNm
Characteristic moment resistance Mz,Rk 391,92 kNm O
Reduction factor Chi,y 1,00

Reduction factor Chi,z 1,00
Reduction factor Chi,LT 0,88
Interaction factor k,yy 1,01
Interaction factor k,yz 0,93
Interaction factor k,zy 0,61
Interaction factor k,zz 0,68
Maximum moment My,Ed is derived from beam B2444 position 8,938 m.

Maximum moment Mz,Ed is derived from beam B2444 position 0,000 m.

| 1 4. thad 1 [ S ] I
*Student version® *Student version* *Student version® *Student version* *Student version* *Student version® *Student version® *S
Critical Euler load N,cry 14964,55 kN
Critical Euler load N,crz 22425715 kN

Elastic critical load N,cr,T 11155,43 kN
Cross-section plastic modulus Wply 3,2320e-03 mA3
Cross-section elastic modulus Wel,y 2,8840e-03 m"3<
Cross-section plastic modulus Wpl,z 1,1040e-03 m"3
Cross-section elastic modulus Wel,z 7,2130e-04 m*3
Second moment of area ly 5,7680e-04 M
Second moment of area |z 1,0820e-04 A
Torsional constant It 3,5570e-06 mh4
Method for equivalent moment factor C,my,0 Table A2 Line 2 (Gene

Design bending moment (maximum) My,Ed -749,41 k
Maximum relative deflection delta,z 74 m
Equivalent moment factor C,my,0 0,99

Method for equivalent moment factor C,mz,0 Table A2 Line 1 fLingar)

Ratio of end moments Psi,z

Equivalent moment factor C,mz,0
Factor mu,y

Factor mu,z

Factor epsilon,y

Factor a,LT

Critical moment for uniform bending Mcr,0
Relative slenderness Lambda,rel,0
Limit relative slenderness Lambda,rel,0,lim
Equivalent moment factor C,my
Equivalent moment factor C,mz
Equivalent moment factor C,mLT
Factor b,LT

Factor ¢,LT

Factor d,LT

Factor e,LT

Factor wyy

Factor w,z

Factor n,pl

Maximum relative slendernes$ L; i
Factor C,yy

Factor C,yz

Factor C,zy

Factor C,zz )

Unity check (6.61) = 0,02 + 0,75 + 0,04 50,81 -
Unity check (6.62) = 0,02 + 0,45 + 0,03 0,50 -

Shear Buckling check
According to EN 1993-1-5 article 5 & 7.1 and formula (5.10) & (7.1)

Shear Buckling parameters

*Student version® *Student version® *Student version® *Student version* *Stude

Buckling field length a 8,938 m
Web unstiffened

Web height hw 352 mm
Web thickness t 14 mm
Material coefficient epsilon 0,81

Shear correction factor Eta 1,20

Shear Buckling verification

*Student version® *Student version* *Student version® *Stud
Web slendermness hwi/t 26,07
Web slendemess limit 48,82

Note: The web slenderness is such that Shear Buckling effects may be ignored
according to EN 1993-1-5 article 5.1(2).
The member satisfies the stability check.
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15.7. Vertikalni pomak glavnog nosaca — stubiSte 3 (2. etaza)
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Slika 15.13. Prikaz vertikalnog pomaka glavnog nosaca stubista

Dopusteni vertikalni pomak (progib):

I 20,80-1000

Ugop = = =70,0mm
300 300

u, =66,6mm<u,,, =70,0mm  Zadovoljava

z,dop

-iskoristivost na GSU - 66,6mm/70,0mm =0,95=95%

323



Viljan Didovié Diplomski rad

15.8. Dimenziniranje glavnog nosaca — stubiSte 3 (2. etaza)

15.8.1. Rezne sile — glavni gredni nosa¢ stubista 3 (2. etaza)
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Slika 15.14. Prikaz reznih sila glavnog nosaca stubista
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-poprecni presjek nosaca

Name Glavni nosac - stepenice 3 (2. etaza)
Type HEA360
Source description Profil Arbed / Structural shapes / Edition Octobre 1885
Item material S 355
Fabrication rolled
Flexural buckling y-y b
Flexural buckling z-z c
Lateral torsicnal buckling Default
Use 2D FEM analysis *
z

A [m7] 1,4300e-02

Ay, z [m] 1,0125e-02 36844e-03
1y, z [mY] 3,3100e-04 78900e-05
1w [mé], t [m] 2,1766e-06 1,4900e-06
Wel y, z [m?] 1,8900e-03 52600e-04
Wpl y, z [m?] 20875e-03 80417e-04
dy, z [mm] 0 0
€ YUCS, ZUCS [mm] 150 175
a [deg] 0,00

A L, D [m¥m] 1,8300e+00 18334e+00
Mply +, - [Nm] 742e+05 742e+05
Mplz +, - [Nm] 285e+05 285e+05

Slika 15.15. Prikaz geometrijskih karakteristika nosaca

-iskoristivost elementa na GSN — 91 %

Slika 15.16. Prikaz iskoristivosti glavnog nosaca stubista
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15.8.2. Dimenzioniranje — glavni gredni nosa¢ stubista 3 (2. etaza)

[Member B2481 [8549 m [HEB360 [S355 [GSN2 [091- |

Partial safety factors

*Student version® *Student version® *Student version® *Student version® *Studer

Gamma MO for resistance of cross-sections 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25
[ Material [ ]

*Student version® *Student version® *Student version® *Stud

Yield strength fy 355,0 MPa
Ultimate strength fu | 490,0 MPa
Fabrication Rolled
....:SECTION CHECK::...

The critical check is on position 8.549 m

*Student version* *Student version® *Student version* *Stude

N,Ed 563,01 kN

Vy,Ed 0,58 kN

Vz,Ed 243,10 kN

TEd 0,44 kNm

My,Ed 756,73 kNm

Mz,Ed 278 kNm &

Internal forces | Calculated Unit O

Classification for cross-section design
According to EN 1993-1-1 article 5.5.2
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1
Maximum width-to-thickness ratio  |20,88
Class 1 Limit 67,83
Class 2 Limit 78,19
Class 3 Limit 133,99

=> Interal Compression parts Class 1
Classification of Outstand Flanges
According to EN 1993-1-1 Table 5.2 Sheet 2

Maximum width-to-thickness ratio | 5,19

Class 1 Limit 7,32

Class 2 Limit 8,14

Class 3 Limit 11,22
=> Qutstand Flanges Class 1
=> Section classified as Class 1 for cross-section design
Tension check
According to EN 1993-1-1 article 6.2.3 and formula (6.5)
A 1,8060e-02 | m"2
Npl,Rd 6411,30 kN
Nu,Rd 6371,57 kN
Nt,Rd 6371,57 kN
Unity check | 0,09 -

Bending moment check for My
According to EN 1993-1-1 article 6.2.5 and f

Wply 2,6830e-03
Mply,Rd 952,47 K
Unity check | 0,79

Bending moment check for Mz%/
According to EN 1993-1-1 article 6:2.5 and formula (6.12),(6.13)

Wpl,z 1,0320e-03 mh3
Mpl,z,Rd 366,36 k
Unity check | 0,01 -

Shear check for Vy
According to EN 1993-1-1 article 6.2.6 and formula (6.17)

Eta 1,20

Av 1,3994e-02 mA2

Vpl,y,Rd 2868,15 kN

Unity check | 0,00 -
Shear check for Vz

According to EN 1993-1-1 article 6.2.6 and formula (6.17)

Eta 1,20
Av 6,0563e-03 | m"2
Vpl,z,Rd 1241,29 kN

Unity check | 0,20 -

326



Viljan Didovi¢ Diplomski rad

Tau,Rd 205,0 IMPa {
Unity check | 0,02 -

Note: The unity check for torsion is lower than the limit value of 0,05. Therefore torsion is considered as
insignificant and is ignored in the combined checks.

Combined bending, axial force and shear force check

According to EN 1993-1-1 article 6.2.9.1 and formula (6.41)

MplyRd 95247 |kNm
Alpha 2,00
MplzRd |366,36 |kNm

resistance about the z-z axis is neglected. O
The member satisfies the section check.

Beta 1,00
Unity check (6.41)=0,63 + 0,01=10,64 -
Note: Since the shear forces are less than half the plastic shear resistances their effect on the moment
resistances is neglected.
Note: Since the axial force satisfies both criteria (6.33) and (6.34) of EN 1993-1-1 article 6.2.9.1(4)
its effect on the moment resistance about the y-y axis is neglected.
Note: Since the axial force satisfies criteria (6.35) of EN 1993-1-1 article 6.2.9.1(4) its effect on the moment
....:STABILITY CHECK::...
Classification for member buckling design
Decisive position for stability classification: 0,000 m
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio | 20,88 &

Class 1 Limit 70,17

Class 2 Limit 80,89
Class 3 Limit 142,76
=> Intemal Compression parts Class 1
Classification of Outstand Flanges
According to EN 1993-1-1 Table 5.2 Sheet 2

Maximum width-to-thickness ratio | 5,19
Class 1 Limit 7,32
Class 2 Limit 8,14
Class 3 Limit 11,22

=> QOutstand Flanges Class 1

=> Section classified as Class 1 for member buckling design

Lateral Torsional Buckling check

According to EN 1993-1-1 article 6.3.2.1 & 6.3.2.2 and formula (6.54)

[ LTB parameters | | &
*Student version* *Student version® *Student version* *Student version* *Student version* *Stt

Method for LTB curve General case

Cross-section plastic modulus Wply |2,6830e-03 m3
Elastic critical moment Mcr 2389,86 kNm
Relative slenderness Lambda,rel LT 0,63

Limit slendemess Lambda,rel,LT,0 0,20 7
LTB curve a

Imperfection Alpha,LT 0,21

Reduction factor Chi,LT 0,88

Design buckling resistance Mb,Rd 836,01 &l

Unity check 0,91 -

N
Mcr parameters | J

*Student version® *Student version* *Student version® *Student yssion\*Studeqt
LTB length L

Influence of load position
Correction factor k

Correction factor kw

LTB moment factor C1

LTB moment factor C2

LTB moment factor C3

Shear center distance d,z
Distance of load application| z,g
Mono-symmetry constant beta,y
Mono-symmetry constant zj

Note: C parameters are determined%ng to ECCS 119 2006 / Galea 2002.

Bending and axial tension check
According to EN 1993-1-3 article 6.3

Design tension force N,Ed 563,01 kN
Design bending moment My,Ed -756,73 kNm
Design bending moment Mz,Ed 2,78 kNm
Tension resistance Nt,Rd 6371,57  |kN
Bending resistance Mb,y,Rd 836,01 kNm
Bending resistance Mc,z,Rd,com | 366,36 kNm

Unity check =0,91+0,01-0,09=0,82-
Shear Buckling check
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According to EN 1993-1-5 article 5 & 7.1 and formula (5.10) & (7.1)

Shear Buckling parameters

*Student version® *Student version* *Student version® *Student version* *Stude

Buckling field length a 8,549 m
Web unstiffened

Web height hw 315 mm
Web thickness t 13 mm
Material coefficient epsilon 0,81

Shear correction factor Eta 1,20

Shear Buckling verification

*Student version® *Student version® *Student version® *Stud
Web slenderness hwit 25,20
Web slendemess limit 48,82

Note: The web slenderness is such that Shear Buckling effects may be ignored
according to EN 1993-1-5 article 5.1(2).
The member satisfies the stability check.

15.9. Vertikalni pomak glavnog nosaca — ulazno stubiSte

0
2
ind

2
p

~
v
O

Slika 15.17. Prikaz vertikalnog pomaka glavnog nosaca stubista

Dopusteni vertikalni pomak (progib):

| 6,70-1000

Ugop = = =22,33mm
300 300

u, =5,0mm<u, ,, =22,33mm  Zadovoljava

-iskoristivost na GSU - 5,0mm/22,33mm = 0,22 = 22%
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15.10. Dimenziniranje glavnog nosaca — ulazno stubiste

15.10.1. Rezne sile — glavni gredni nosa¢ (ulazno stubiste)

Slika 15.18. Prikaz reznih sila glavnog nosaca stubista
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-poprecni presjek nosaca

Name Glavni nosat - ulazne stepenice
Type HEB240
Source description Profil Arbed / Structural shapes / Edition Octobre 1995
Item material S 355
Fabrication rolled
Flexural buckling y-y b
Flexural buckling z-z C
Lateral torsional buckling Default
Use 2D FEM analysis *
z

A [mY] 1,0600e-02

Ay, z [mf 78218e-03 25536e-03
ly, z [m'] 1,1260e-04 39230e-05
1w [m#], t [m¥] 48695e-07 1,0270e-06
Wel y, z [m?] 93830e-04 3,2690e-04
Wpl y, z [m7] 1,0630e-03 49840e-04
dy, z [mm] 0 0
© YUCS, ZUCS [mm] 120 120
a [deg] 0,00

A L, D [mim] 1,3800e+00 1,3838e+00
Mply +, - [Nm] 374e+05 3,74e+05
Mplz +, - [Nm] 1,77e+05 177e+05

Slika 15.19. Prikaz geometrijskih karakteristika nosaca

-iskoristivost elementa na GSN — 69 %

Slika 15.20. Prikaz iskoristivosti glavnog nosaca stubista
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15.10.2. Dimenzioniranje — glavni gredni nosa¢ (ulazno stubiste)

SCIAENGINEER

Composite Beam - Final stage

Linear calculation
Class: All ULS
Extreme 1D: Global
Selection: B4840

Composite beam verification
for beam B4840 at section 0 m, in accordance with EC EN 1994-1-1

1. Geometry data

m ] -

160

N
~
N

51
|

| 152 152
f ;
Continuous beam
Length of the current span L=54m
Length of previous span Lprevious = 5.4 m
Beam spacing at the left Lt =0m
Beam spacing at the right Light =0m
Checked section dy=0m
2. Cross-section & materials
2.1 Steel section properties
2.1.1 Cross-section
Cross-section HEB240
Height 2 = 240 mm
Width b =240 mm
Web thickness tw =10 mm
Flange thickness tr= 17 mm
Radius r=21mm
Area A/ = 10600 mm?’
Momen: of inertia ly'= 113-10° mm’
Radius of gyration iz = 61 mm
Plastic section modulus Wiy = 1.05310° mm’
2.1.2 Material
Steel grade 5355
Yield strength fyb = 355 MPa
Ultimate strength fub = 490 MPa
E modulus Ep = 210000 MPa
2.1.3 Cross-section classification
235
€= 355 =0.814 (EN 1993-1-1 §5.6 Tab. 5.2)

2.1.3.1 Flange in compression

b-ty-2:r 240 mm -10mm -2-21 mm
= 5 = 5 =94 mm

ﬂS9-E
t

94 mm
17 mm

553732 oK

£9:0814

Flange classified as Class 1.
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2.1.3.2 Wek in bending

cw=hy=2-ty=2:r=240 mm - 21/ ram - 221 mrn = 164:mm

oq=0.5

Cw’ 36-€

W T

tw Qd

164 mm % 36-0.814
10mm -~ 05

16.4 < 58.6

Web classified as Class 1.

Cross-section classified as Class 1

Cross-section Class OK.

oK

2.2 Concrete slab with profiled sheeting

2.2.1 Concrete slab

2.2.1.1 Slab
Total height of the slab

2.2.1.2 Material
Concrete class
Characteristic strength
E modulus

2.2.2 Profiled steel sheeting

s =160 mm

C30/37
foc = 30 MPa
Ecm = 32800 MPa

Sheeting with ribs transverse to the supporting beams

b

0

hp
hy

Depth of the ribs
Height of full concrete

Height of the re-entrant stiffener

Spacing of the ribs
Top width of the rib

Bottom width of the rib

Mean width of the ribs

Thickness of the sheeting
2.2.3 Shear connectors

2.2.3.1 Geometry
Name

Diameter
Nominal height
As-welded height

Amount per trough or section

2.2.3.2 Material
Steel grade
Ultimate strength

2.2.4 Reinforcement

2.2.4.1 Geometry
Longitudunal bar diamter

Longitudunal bar spacing
Longitudunal bar cover
Transverse bar diamter
Transverse bar spacing
Transverse bar cover

2.2.4.2 Materia
Material
Characterictic yield strength

Vulcraft 2 VLI 20
hp =508 mim

hc =109.2 mm
hg =0 mm

bs = 304.8 mm
by = 127 mm

by = 127 mm
bD,rib = 1524 mm
t, = 0.9093 mm

H110

ds = 25 mm
hrom = 110 mm
hee = 105 mm
n=1

$355
fus = 490 MPa

di= 16 mm
s =150 mm
¢ =30 mm
dy= 16 mm
5¢= 150 mm
¢t = 46.inm

B 5004
fyer = 500 MPa
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3. Design vaiues of loads
Load Narne : GSN 2
Content of combination : 1.35*g-vlastitateZina+1.35*dg-dodatnostalno+

1.80”q-promjenjivooptereceiije+1.35%g-vlastitateZina_drycoricrete

Bending moment Meg.comp = -305.773 kNm
Shear force Ved,comp = 325.361 kN
4. Partial safety factors
Steel section ymo =1
ymr =1
Shear connectors yv =125
Concrete yc=15
Reinforcement ys = 1.15

5. ULS check of the Final stage

5.1 Shear connection
5.1.1 Design resistance of shear connectors

5.1.1.1 Shear connector in a solid slab

g™
4254
a=1
f,c = min (490;450) MPa
f.s =450 MPa
2 2
nd 3.14-25
o.a<fus-( ) ) 0.8-450 MPa- %J
PRdsolid 1 = W = 125 =141kN
2 2
0.29-0de Y foa-Ean_ 0.29-1-25 mm" -+ 30 MPa 32800 MPa
PRd solid2 = W = 125 =144 kN

Prasaid = Min (Pagsoid 1 Prdsoidz) = min(141 kN;144 kN)= 141 kN
5.1.1.2 Shear connector in profiled sheeting
Sheeting with ribs transverse to the supporiing beams
e
\In_,| hy [\ hp F 50.8 mm
Kemax = 0.85
ki = max(O;min (k‘;k[,max))= max (O;min(2.24;0485))= 0.85
Prd = kt* Prasolid = 0.85+ 141 kN = 120 kN
Warning: The conditions given by EN 1994-1-1 Art.6.6.4.2 (3) are not fulfilled.

105 mm B
50.8 mm

1|=224

5.1.2 Degree of shear connection

5.1.2.1 Determination of b i of the concrete flange and length L .

b1 b2
et
be1 . be2
LB pss |

The effective width at the internal support
Lo=025-(L+L,)=025-(54m+54m)=27m
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Left side of the beam

No adjacent member or slab 2dge was found on the side,
Lo Om

be1o— P = 8 =0m
La” Om

bg‘]‘] = 8 = 8 =0m
lo 27m

ba=—g =<5 =0338m

Right side of the beam

No adjacent member or slab edge was found on the side.
Lo _Om _

bgzo = 8 = 3 =0m
Ly Om

bay =3=—g ~=0m
Ly 27m

bz === =033

Calculation of b
beff2 = g + etz + bezy =0 mm +0.338 m +0.338 m = 0.675 m

Calculation of b
beff = beff2 = 0.675 m
Determination of L.
le=l=27m
5.1.2.2 Minimum degree of shear connection
Warning: Conditions given by EN 1994-1-1 Art. 6.6.1.2 (3) are not fulfilled.

Nmincalc =1 - ii(ws -003-L)

yb
R % (075-0.03-27m)=033
Minin = ax (n‘..;..,c34<;0.4)= max (0.33;0.4]= 04

5.1.2.3 Degree of shear zonnection present

5.1.2.3.1 Tension resistance of the reinforcement

2

2
16 mm
s |\ 4 ~ 150 mm

4

o=

]»3.14:905 mm’

£ Asti _ 90510°-50010°
: o .

= T =393 kN

5.1.2.3.2 Tension resistance of the steel member
Npia = fyo - Aa = 355 MPa - 10600 mm? =3763.00 kN

Nes = min(FsNp1o) = min(393 kN;3763.00 kN)= 393.38 kN

5.1.2.3.3 Resistance of the shear connectors
Number of full ribs available per length L o

—. 27m
= b, T 305 mm

Nib =8
ls = bs-trough =305 mm -1 =305 mm
Number of shear studs available per length L o/2

. _05:-n@-n, _ 05-8:1 5
7 trough 1

Nc =nsp-Pra=4-120166 = 480.66 kN

i N ] 48086 kN )
L T L e
N2 Noin
1204 oK

The shear connection degree is adequate,
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5.2 Cross-sectional resistance of the composite beam

5.2.1 Shear buckling
hy=h; - 2-t=240 mm - 2-17 mm =206 mm
isp=1.2
hy 72
S VO
tw Nsb
206 mm 720814
10mm -~ 12
20.6 < 48.8 oK

The shear buckling resistance of the web does not need to be verified.

5.2.2 Vertical shear

The resistance to vertical shear should be taken as the resistance of the structural steel section.

Av=Ag=2-bety+(tu+2:1) 1
=00106 - 2:0.24-0.017 + (0.01+2:0.021)-0.017 = 3324 mm”
Avmin = Nsb- -ty = 12-0.206-0.01 = 2472 mm’
Ay 2 Ay
3324 mm’ > 2472 mm’

Af, ?.35510°
Whiss= o _ 3324 mm"-355-10 - 681 kN
'\[?'VMD 31

abs(Vegcomp) _ abs(325.361 kN)
UC_comp_V = Vo = %81 kN =048

The shear resistance of the section is adequate.

5.2.3 Bending moment
5.2.3.1 Longitudinal reinforcement

5.2.3.1.1 Centre of composite section

For buildings not intended mainly for storage the effects of creep in concrete
beams may be taken into account by using an effective E modulus E . = Ecry /2.

29
fomn  32000WPa e,
2 2
LB 210000MPe
" e 16400MPa, |

ff
hy | [ 1 he-h
Aa'{Ta)+(n—E)-beﬂ'(hc-hd)'(ha+hs- 3 d)

Aa+ :T)'beif'(hc'hd)

0.0106- ( 0'54 )+ ( ! )-04675 -(0.109-0)- (o.z4+ 0.16 -%)

12.8

1
12.8

0.0106 + -0.675-(0.109-0)

5.2.3.1.2 Degree of reinforcement

2
M(d_|) _0675m

2
'16mm
s\ 4 ~ 150 mm

4
Ac=beir-{ he - ha )= 0.675-(0.109 - 0)= 73710 mm’

A=

)3‘14:905 mm’

hg

hi=
zo=(h,.,+h5— < )—yd=(0.24+0‘16— -0.199 = 146 mm

0.109-0
2
i 1 3 1
ke=minf 77— +031|=min| 77— +03;1}=1
( h(—hd) (1 0.109-0)

oz 20146
6
p5=5»(§3‘%)-(f“—"‘)-\/ ke =1.1-[%)-(Lm5)4\/?=0.964%

fykr 500-10
A 2 ps-Ac
905 mm’ > 9.64-10° 73710 mm’
905 mm’ > 710 mm’ oK

The longitudinal reinforcement of the section is adequate.
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5.2.3.2 Moment resistance
Moment resistance of a steei cross-section
Woiyfyp _1.0510° mm’- 355 MPa
ymo| 1

MoiRda = =374 kNm

Infiuence of shear

Vplrd
2

681 kN
2

341 kN > 325 kN OK

The influence of the vertical shear on the bending moment resistance may be neglected.

fybw = fyo = 355 MPa

Modified tension resistance of the steel member

r=0mm

Ao=2-ti-b+t,-(hy-2-t;)=2:-17 mm 240 mm + 10 mm - (240 mm - 217 mm )= 10220 mm’
Naia = Ay = 10220 mm”- 355 MPa = 3628.10 kN

> abs (ng'mmp)

> 325 kN

Note: Roundings of the steel cross-section are neglected in bending resistance calculation.
Nes = min (F3Np,) = min (393 kN;3628.10 kN)= 393.38 kN

N o

gative bending t resi e calcull

The plastic neutral axis is located within the web of the steel section.
Natf=b-tff,,=0.24-0.017- 355-10° = 1448.40 kN
Npla - Natf - Natw = Fs + Natf + Natw

(Npia=2-Nayy=F:)  (3628.10 kN - 2:1448.40 kN - 393 kN)

T b)) (2-10 mm 355 MPa) e

Verification of the steel web classification.

Cw o —3%-¢
tw 1301
164mm 3960814
10mm. ~ 13:0.71-1
164392 OK
Web classified as Class 1.
Natw = tw* X fybw =10 mm 47.6 mm - 355 MPa = 168.96 kN
Nac=Npja= Nats = Natw = 3628.10 kN - 1448.40 kN - 168.96 kN = 2010.74 kN

Leverage arm of the compression part of the steel section calculated to the PNA.

(=24 050 b =15 )]
tu(ha-2-t-x)+ti-b

s

(10-(240—2-17-47.6)2-0.5+17<240-(240—1.5-17—47.6))

. =142
10-(240-2-17-47.6)+17-240 Rk
d 01
h|=x+tf+h5—61+—2L=0.0476+0.O17+0.16—0,03+ 002 < =187 mm
beff = 0.675 m
fydr
Fs = 393,38 kN
b
—3 NN
<4—— Nac =2010,74 kN
fyb

) Natw X

t
MPl,Rd"‘Fs'hI*NaU‘(*“X + 2 +Nacrhe

2

17 )+w+201o'74.142=445 kNm

=393-187 + 1448.40-(74»47.6

Design moment resistance according to EN 1994-1-1 Art.6.2.1.2

Mgd =Mpipd =445 kN

abs{M:coms)  abs(-305.773 km)
Mag | 445KNm

UC_comp_M = =0.69

The bending moment resistance of the section is adequate.
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5.3 LTB resistance

' \ 075 025 ' 075 0.
e fy stelbadt) ) (e P 6 P2 0i(240-17)] (a0 47 7 (a7 7
V7 4be tw b)Y 4.240-17 10 \240J

Fim=12.3
F < Fiim
6.02 <123 oK
The cross-section is qualified for verification of LTB by the simplified method.
Ci=25
075 025 05
I DO () A L 0 e
Lo 4:b-t t b Eo-Cs
0.75 0.25 &5
_s.[ 1, 001-(024-0017)| (024-0017 )" [ 0017 35510° | _ o
- 4-0.24-0.017 0.01 0.24 21010%.25 |
ha/b <=2 -> Buckling curve 'a'

air= 0.21
2 2
O7=05 4(1 + oM =02 )+ A )= 05- ( 1+021-(0.247-0.2)+0.247 ): 0536

Xir= L 7= ! 7=0.99
2 2 2 2
mn+\] O ~Miel 0536 +\/ 0536 - 0.247
Xur = min (X;1)= min(0.99:1)= 0.99
Mp = X1+ Mpg = 0.99 - 444956 = 440,290 kNm
abs(M bs{-305.773 kN
UC_comp_LTB = (Miscong) _ abs( m) =069

Mo rd 440.290 kNm

The later torsional buckling resistance of the section is adequate.

5.4 Longitudinal shear

5.4.1 Transverse reinforcement
Design shear flow
hf=hc =109 mm

noPg  1-120kN
lo-hy 305 mm -109-mm

V4 = =3.61 MPa

Transverse reinforcement

Astfier . Vea-hy

ZT\ Tah
(yys' cotg(6)
A: = Ag/st

6

Veg- hy 3.61:10°-0.109 2

A= = =452 mm~/m
( cotg(6) fyir ) cotg(26.5)- 500-10°
¥s 1.15
2 2

1 d 1 {0016 2
Atprov= % ( 4 )'3“14— 015 ( i )&14-1340 mm°/m
A(.prov 2 At
1340 mm®/m > 452 mm®/m oK

The transverse reinforcement of the section is adequate.

ULS check of Final stage is OK.
UC_comp = max(0.48:0.69:0.69)= 0.69
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15.11. Dimenziniranje sekundarnog nosac¢a — ulazno stubisSte

15.11.1. Rezne sile — sekundarni gredni nosa¢ (ulazno stubiste)

Slika 15.21. Prikaz reznih sila sekundarnog nosaca stubista
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Name Sekundarni nosa€ - ulazne stepenice
Type HEB200
Source description Profil Arbed / Structural shapes / Edition Octobre 1995
Item material S 355
Fabrication rolled
Flexural buckling y-y b
Flexural buckling z-z c
Lateral torsional buckling Default
Use 2D FEM analysis *
z

A [m?] 7,8080e-03

Ay, z [m] 5,7750e-03 1,9112e-03
ly, z [m] 5,6960e-05 20030e-05
I w [mE], t [m?] 1,7112e-07 59280e-07
Wel y, z [m?] 56960e-04 2,0030e-04
Wpl y, z [m] 6,4250e-04 3,0580e-04
dy, z [mm] 0 0
€ YUCS, ZUCS [mm] 100 100
a [deg] 0,00

A L, D [m¥m] 1,1500e+00 1,1510e+00
Mply +, - [Nm] 228e+05 228e+05
Mplz +, - [Nm] 1,09e+05 1,09e+05

Slika 15.22. Prikaz geometrijskih karakteristika nosaca

Slika 15.23. Prikaz iskoristivosti sekundanog nosaca stubista
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15.11.2. Dimenzioniranje — sekundarni gredni nosa¢ (ulazno stubiste)
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Composite Beam - Final stage

Linear calculation
Class: All ULS
Extreme 1D: Global
Selection: B4825

Composite beam verification
for beam B4825 at section 6.78 m, in accordance with EC EN 1994-1-1

1. Geometry data

160

152 1 152 1
Continuous beam
Length of the current span L=6.781m
Length of previous span Lprevious = 5.718 m
Length of next span Loet = 5.718 m
Beam spacing at the left Left = 54 m
Distance to the slab edge at the right Light = 5.4 m
Checked section d,=6781m
2. Cross-section & materials
2.1 Steel section properties
2.1.1 Cross-section
Cross-section HEB200
Height ha =200 mm
Width b =200 mm
Web thickness tw =9 mm
Flange thickness tr =15 mm
Radits r=18mm
Arsa A, = 7808 mm’
Moinent of inertia ly = 57.10% mm’
Radius of gyration iz=51mm
Plastic section modulus Wiy = 642500 mm’
2.1.2 Material
Steel grade S 355
Yield strength fyb = 355 MPa
Ultimate strength fub = 490 MPa
E modulus Ep = 210000 MPa

2.1.3 Cross-section classification

£=1 % =0.814 (EN 1993-1-1 §5.6 Tab. 5.2)

2.1.3.1 Flange in compression

b-t,-2: - -2
o W K 200 mm -9 mm -2-18 mm e R

517732 oK

Flange classified as Class 1.
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2.1.3.2 Wek in bending
cw=ha=2-t=2:r=200 mm - 215 ram - 218 mm = 134:mm

oq=0.5
Cw 364e
pm ok A
tw Q|
134 mm 2 36-0.814
9mm - 05
14.9 < 586 oK

Web classified as Class 1.

Cross-section classified as Class 1

Cross-section Class OK.

2.2 Concrete slab with profiled sheeting
2.2.1 Concrete slab

2.2.1.1 Slab
Total height of the slab hs = 160 mm
2.2.1.2 Material
Concrete class C30/37
Characteristic strength fo = 30 MPa
E modulus Ecm = 32800 MPa

2.2.2 Profiled steel sheeting
Sheeting with ribs parallel to the supporting beams

b,
| |
| |
e
&
o~
b
Name Vulcraft 2 VLI 20
Depth of the ribs hy =50.8 mm
Height of full concrete he = 109.2 mm
Height of the re-entrant stiffener hgq = 0 mm
Spacing of the ribs bs = 304.8 mm
Top width of the rib by = 127 mm
Bottom width of the rib b, = 127 mm
Mean width of the ribs bosib = 152.4 mm
Thickness of the sheeting t, =0.9093 mm
2.2.3 Shear connectors
2.2.3.1 Geometry
Name H110
Diameter ds = 25 mm
Nominal height hnom = 110 mm
As-welded height hgc = 105 mm
Amount per trough or section n=1
2.2.3.2 Material
Steel grade $355
Ultimate strength fus = 490 MPa
2.2.4 Reinforcement
2.2.4.1 Geometry
Longitudunal bar diamter di=16 mm
Longitudunal bar spacing s =150 mm
Longitudunal bar cover ¢ =30 mm
Transverse bar diamter dy =16 mm
Transverse bar spacing 5t =150 mm
Transverse bar cover ¢t = 46.inm
2.2.4.2 Materia
iviaterial B 500A
Characterictic yield strength fykr = 500 MPa
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3. Design vaiues of loads
Load Name : GSN 26
Content of combination : 1.35*g-viastitateZina+1.35*dg-dodatnostalno+
1.62"q-promjenjivooptereceiije+1.35*g-vlastitateZina_drycoricrete +

1.35*Wx-2kom.-Wz-poz+1.35*s-opterecenjesnijegom

Bending moment Med comp = -109.678 kNm
Shear force Ved comp = -69.282 kN
4. Partial safety factors
Steel section Ymo =1
ymr =1
Shear connectors yv =125
Concrete Yc=15
Reinforcement ys=1.15

5. ULS check of the Final stage

5.1 Shear connection
5.1.1 Design resistance of shear connectors

5.1.1.1 Shear connector in a solid slab
b

dn T
4254
a=1
f.s = min(490;500) MPa
d’ 3.14-25mm’
T Qs 14 -
08| 0.8-490 MPa - | 22 MM
Prd.solid 1 = W = B =154 kN
2
029-0:d +y fge'Ean 0.29-1-25 mm’-/ 30 MPa-32800 MPa
PRdsolid2 = W = 125 =144 kN

Prctsoid = Min (Prsoic:Prdsolidz) = min (154 kN;144 kN)= 144 kN

5.1.1.2 Shear connector in profiled sheeting
Sheeting with ribs parallel to the supporting beams

_06-bosb | hse | 06-152mm
T oh hy ) 508mm

105 mm

ki 50.8 mm

—1)=1.92

k=1
Pra =ki- Prasoig = 1+ 144 kN = 144 kN

5.1.2 Degree of shear connection

5.1.2.1 Determination of b of the concrete flange and length L .

b1 b2
be |
be1 : be2
LS rad |

The effective width at the internal support
Lo =025-(L+13)=025-(678 m+572m)=3.12m
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Left side of the beam
b Loep et bo 54m [Omm
1= ol jiet T e

- =g
2 [~ |2 Yivaii
om
beto =min b1) min (—"2 7 m)-
bet1 =min( b1) mln(Lm, 2.7m|=0m

be12 =min (LZTZ;M = min( =Ll 2.7 m): 0391m

Right side of the beam

bo
by = Lperp_right o 7 =54m

beao = min[%;bz)= min(%SA m): Om

o

be21 =min {%;bz): min(—m*,SA m): Om

bez2 = min [%}bz = min( 3'1§ m :5.4 m): 0391 m

Calculation of b
beff2 = bg + be1z + bepo =0 mm +0.391 m +0.391 m=0.781 m

Calculation of b
beff = bef2 =0.781 m

Determination of L.
le=lep=3.12m
5.1.2.2 Minimum degree of shear connection
Warning: Conditions given by EN 1994-1-1 Art. 6.6.1.2 (3) are not fulfilled.
355
Nmincale =1 = —( 75 - 0:03- Le)
fypt

Nmincale = 1= zgi (0.75-003-3.12m)=034

a2
Nemin = Max (nmm,c‘,k;OA): max (0.34;0.4}: 04

5.1.2.3 Degree of shear connection present

5.1.2.3.1 Tension resistance of the reinforcement

5=

2
beff (i) _0781m ( 16 mm’

2
p 2 S HEOmm P ]»3.14—1047 mm

Asfu,  1.0510°-50010°
Vs 115

Fs= =455 kN

5.1.2.3.2 Tension resistance of the steel member
Nopla = fyb - Aa = 355 MPa - 7808 mm’ = 2771.84 kN

Net = min(FsNois) = min(455 kN:2771.84 kN) = 455.25 kN

5.1.2.3.3 Resistance of the shear connectors
L 678

Iﬁm- 2 =308 mm
Number of shear studs available per length L o/2
0.5:Le
Ny = o
Is
ngp=5:1=5

Nc=ngp+Prd=5-143835=719.18 kN
(N_ 719.18 kN
n=min\ 1) (45525 kN 1) !
N 2 Nmin
1204 OK
The shear connection degree is adequate.
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5.2 Cross-seciional resistance of the composite beam

5.2.1 Shear buckling
hw=h;=2-t=200 mm -2:15 mm =170 mm
Mo =12
hw i 72-¢
tu Nsb
170 mm » 72-0.814
9mm - 12
189 < 488 oK

The shear buckling resistance of the web does not need to be verified.

5.2.2 Vertical shear

The resistance to vertical shear should be taken as the resistance of the structural steel section.

AV=A3‘2'b't|‘+(tw+2'|’)'tf
=78110°-2:02:0015 + {9107 +2.0.018)-0.015 = 2483 mm’
Aumin =N hu -t =1.2:0.17-910° = 1836 mm’
A 2 Aymin
2483 mm’ > 1836 mm’
Acfy, 2483 mm’-35510°

Volrd = =
'\/?-VMD 31

abs(Vegcomp) _ abs(-69.282 kN)
UC_comp_V = Vi = 509 kN =0.14

The shear resistance of the section is adequate.

=509 kN

5.2.3 Bending moment
5.2.3.1 Longitudinal reinforcement

5.2.3.1.1 Centre of composite section

For buildings not intended mainly for storage the effects of creep in concrete
beams may be taken into account by us ng an effective E modulus E-ceff = Ecmy /2.
Em 32800 iviPe

Ey 210000 MPz_
Eeff 16400 MPa

h 1 he-h
Aa‘(?a)*'(n_g)'be"'(hc'hd)'(ha*'hs‘_c2 . )

Ao+ :T)-befr(hc-hd)

=128

7.8110° (ﬂ]»f ( . )-0.781 -(0.109-0)- ( 02+0.16-

0.109-0
12.8

2

» =195 mm
3
781107 +| = -0.781-(0.109-0)

5.2.3.1.2 Degree of reinforcement

2 2
bet | di 0781m [ 16 mm 2
A | DL g 2OIM | IO L5y q047
Ty (4 )" 150 mm ( 4 ) mm

Ac = beir-( he - ha )= 0.781-(0.109 - 0)= 85302 mm’

hg

Zp= -0.195=111 mm

0.109-0
2

ha+h5—hc; )-yd=(0.2+0.16-

S I
0.109-0

1
Ta0am
o |[fm | 10 355 [ 2910° =
=5 =)= | =1.1.1=2). b e 9
e (235 )(fyk,.) bl [235) (500-106 s

As 2 ps-Ac
1047 mm’ > 9.49-10” 85302 mm”

1047 mm’ > 810 mm’ oK

The longitudina reinforcement of the section is adequate.

7)+ 0.3;1]=min ) +0.3;11=0.97
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N DI RS +

5.2.3.2 Momeni resistance
Mcment resistance of a steei cross-section
Woiyfyo 642500 mm - 255 MPa
Mol i

Moirda =

Infiuence of shear

Volrd 3 abs(VEd‘ccmP)

509 kN
2
254 kN > 69.3 kN OK

> 69.3 kN

The influence of the vertical shear on the bending moment resistance may be neglected.
fybw = fyb = 355 MPa

Modified tension resistance of the steel member

r=0mm

Ay=2-ti-b +t,-(hy - 2-t)=2-15 mm -200 mm + 9 mm - (200 mm - 2-15 mm)=7530 mm®

Npia=As-fyp =7530 mm?® 355 MPa = 2673.15 kN

Note: Roundings of the steel cross-section are neglected in bending resistance calculation.
Nes = min (FsNpis)= min (455 kN;2673.15 kN)= 455.25 kN

e calcul;

X= =

The plastic neutral axis is located within the web of the steel section.
Natf=b-t¢-f,,=0.2-0.015 -355.10° = 1065.00 kN
Nopla - Natf - Natw = Fs + Natf + Natw

(Npta=2-Nar=Fs)  (2673.15 kN - 2:1065.00 kN - 455 kN)

(2t ) {(2-9mm-355 MPa) =S

Verification of the steel web classification.

Gy 3%:-e
Y gy 1
134mm-_ 396-0.814
9mm. ~ 13:0.897 -1
149<30.2 oK
Web classified as Class 1.

Natw = tw* X fybw =9 mm - 13.8 mm - 355 MPa = 43.95 kN
Nac = Npja = Nats = Natw = 2673.15 kN - 1065.00 kN - 43.95 kN = 1564.20 kN
Leverage arm of the compression part of the steel section calculated to the PNA.
(tw'(ha ~2-t-x) 05+ teb-(h,- 1.5~t;—x))

t,,,-(ha - 2<t4-x)+t¢-b

B (9~(200—-2~15—1348)2~0.5+ 15~zoo~(200—1A5~15—13.8))

=136
9-(200-2-15-13.8)+ 15-200 P
d 4

h.=x+t,+h5—c.+?'=oo138+o.o15+o.1s—o.03+ 0216 =151 mm

beff = 0.781 m

1
Mpird = Fs - hy + Natf (?+ x)+

> £ = 45525 kN

—F Nati="98350KN

<—— Nac = 1564,20 kN

fyb

Natw X

+Nacrhes

=455-151+ 1065.00»(%+ 13.8)+ %+ 1564.20-136 = 305 kNm

Desi:

7 moment resistance according to Eil 1994-1-1 Art.6.2.1.2

Mg = Mgira = 305 kNm

1 abs{Mzgcems) _ abs(-109.678 kvm)

UC_comp_M

= =036
Mrd 205 kNra 5

The bending momert resistance of the section is adequate.
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5.3 LTB iesistance

A075 0.25 \0.75 \0.25
T i o e ]
F=(1+tw(h t,)_).(ha tf) .fn) =l1+9 (200 15))'(200 15 ) ( 15] -
\b ] {200

3.b:k; 1 4.200-15 9 20

Fim =123

F < Fim

575<123 oK

The cross-section is qualified for verification of LTB by the simplified method.

C=25

}\LTM:S.(] ) tw'{ha"tf] )'(M)ms.(i)o.zs. JfL)M

: 4-b-tf tw b Ep-Cy
5 075 025 & N
=5.(1 , 9107 (02-0015) )( 02-0015 ] (m) ( 35510 ) g

4.0.2:0.015 910 0.2 210:107-25

ha/b <=2 -> Buckling curve 'a'

o7=021

®=05 ( 1o Mt = 02 J+ At ): 05- ( 1+021-(0237-02)+ 0.237Z)= 0.532

Xir= L = 1 -=0.992

2 2 2 2
O+ O ~Mre 0532+ 0532°-0.237
Xur=min(X.5:1)= min(0.992:1)= 0992
Mg = Xi7- Mgy = 0.992 - 304957 = 302.500 kNm

abs(Megcomy)  abs(-109.678 kNm)
UC comp LB = s~ 302500kNm - °>°¢

The later torsional buckling resistance of the section is adequate.

5.4 Longitudinal shear
5.4.1 Transverse reinforcement

Design shear flow

hf=hc=109 mm
Ar: Prd 1:144 kN
Y& 37\ Lhy =308 mm - 109meh |2 MPa
Transverse reinforcement

Agt-for Ve h

Z &—T
(vys;) cokg(S;
Ac = Agt/st

6

Ved- 4.27-10 -0.109 2

A= = =535mm"/m
( cotg(8)-fye, ) ( cotg 2645}500106]
Ys 115

2 2
A*-""’V:sl{(%)' 314= 01?( 0'0‘:6 ) 3.14=1340 mm®/m
Atprov 2 At

1340mm’/m 2 535 mm’/m  OK

The transverse reinforcement of the section is adequate.

ULS check of Final stage is OK.
UC_comp =max(0.14:0.36:0.36)= 0.36
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16. PRORACUN STUPOVA

16.1. Horizontalni pomak stupova

Diplomski rad

-22,2

Slika 16.1. Prikaz horizontalnog pomaka stupova

Dopusteni horizontalni pomak:

h 7,2-1000
udop = =
200 200

=36,0mm

u, =22,2mm<u, .. =36,0mm  Zadovoljava

x,dop

-iskoristivost na GSU - 22,2mm/36,0mm = 0,62 = 62%
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16.2. Dimenziniranje - stupovi prizemlja

16.2.1. Rezne sile — stup 1 (prizemlje)

My

7,86

e

f@?g

Slika 16.2. Prikaz reznih sila nosaca - stup 1 (prizemlje)

-poprecni presjek nosaca

Vz

L5

,

541 04

L TTT 7.

Name Stup 1 - prizemlje
Type HEB500
Source description Profil Arbed / Structural shapes / Edition Octobre 1995
Item material S 355
Fabrication rolled
Flexural buckling y-y a
Flexural buckling z-z b
Lateral torsional buckling Default
Use 2D FEM analysis *
z

A [m?] 2.3860e-02

Ay, z [m] 1,6161e-02 7.4905e-03
1y, z [m*] 1,0720e-03 12620e-04
1w [mE], t [m%] 7,0177e-06 53840e-06
Wel y, z [m?] 4,2870e-03 8,4160e-04
Wpl y, z [m] 4.8150e-03 1,2920e-03
dy, z [mm] 0 0
c YUCS, ZUCS [mm] 150 250
a [deg] 0,00

AL, D [m¥m] 2,1300e+00 2,1244e+00
Mply +, - [Nm] 1.71e+06 1,71e+08
Mplz +, - [Nm] 459e+05 459e+05

Slika 16.3. Prikaz geometrijskih karakteristika nosaca
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16.2.2. Dimenzioniranje — stup 1 (prizemlje)

[Member B82

[2,800 m [HEB500

[S 355

[GSN 26 [064- |

Partial safety factors

*Student version* *Student version*® *Student version® *Student version® *Studer

Gamma MO for resistance of cross-sections
Gamma M1 for resistance to instability
Gamma M2 for resistance of net sections

1,00
1,00
1,25

[ Material [ ]
*Student version® *Student version® *Student version® *Studc
Yield strength fy 355,0 MPa
Ultimate strength fu | 490,0 MPa
Fabrication Rolled

....:SECTION CHECK::...

The critical check is on position 2.800 m

Internal forces | Calculated
*Student version* *Student version® *Student version® *Stude

Unit

N,Ed
Vy,Ed
Vz,Ed
TEd
My,Ed
Mz,Ed

-4541,05
527
-24,52
0,01
-60,79
8,56

kN
kN
kN
kNm
kNm
kNm

Classification for cross-section design
According to EN 1993-1-1 article 5.5.2

Classification of Internal Compression parts

According to EN 1993-1-1 Table 5.2 Sheet 1

Class 1 Limit
Class 2 Limit
Class 3 Limit

Maximum width-to-thickness ratio

26,90
26,85
30,92
35,46

=> Intemal Compression parts Class 2
Classification of Outstand Flanges
According to EN 1993-1-1 Table 5.2 Sheet 2

Maximum width-to-thickness ratio

Class 1 Limit
Class 2 Limit
Class 3 Limit

4,13
7,32
8,14
11,24

=> Qutstand Flanges Class 1

Compression check
According to EN 1993-1-1 article 6.2.4 and formula (6.9)

A
Nc,Rd
Unity check

2,3860e-02 | m"2
8470,30 kN

0,54 -

Bending moment check for My

According to EN 1993-1-1 article 6.2.5 and formpula (6\

Wply 4,8150e-03 m*3
Mpl,y,Rd 1709,33 kNm
Unity check  |0,04 N\

Bending moment check for

According to EN 1993-1-1 artigle 62.5
Wpl,z 1,2920e-03 mA3
MplzRd  |45866 e |
Unity check | 0,02 -

Shear check for Vy

mula

=> Section classified as Class 2 for cross-section design @

12),(6.13)

According to EN 1993-1-1 article 6.2.6 and formula (6.17)

Eta 1,20
Av 1,7402e-02 | m"2
Vpl,y,Rd 3566,65 kN
Unity check |0,00 =
Shear check for Vz
According to EN 1993-1-1 article 6.2.6 and formula (6.17)
Eta 1,20
Av 8,9780e-03 | m”"2
Vpl,z,Rd 1840,13 kN
Unity check | 0,01 -
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Note: The unity check for torsion is lower than the limit value of 0,05. Therefore torsion is considered as
insignificant and is ignored in the combined checks.

Combined bending, axial force and shear force check

According to EN 1993-1-1 article 6.2.9.1 and formula (6.41)

MN,y,Rd [930,61 |kNm
Alpha 2,00
MN,zRd [40527 |kNm
Beta 2,68

Unity check (6.41)= 0,00 + 0,00 = 0,00 -

Note: Since the shear forces are less than half the plastic shear resistances their effect on the moment
resistances is neglected.
The member satisfies the section check.
....:STABILITY CHECK::...
Classification for member buckling design
Decisive position for stability classification: 0,000 m
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1
Maximum width-to-thickness ratio | 26,90 O
Class 1 Limit 26,85
Class 2 Limit 30,92
Class 3 Limit 34,34
=> Intemal Compression parts Class 2
Classification of Outstand Flanges
According to EN 1993-1-1 Table 5.2 Sheet 2
Maximum width-to-thickness ratio | 4,13

Class 1 Limit 32

Class 2 Limit 8,14

Class 3 Limit 11,23

=> QOutstand Flanges Class 1

=> Section classified as Class 2 for member buckling design
Flexural Buckling check

According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)

Buckling parameters [ w [ zz ] J

*Student version® *Student version® *Student version® *Student version* *Student version* *Student ve

Sway type sway non-sway
System length L 2,800 2,800 m
Buckling factor k 1,00 1,00

Buckling length Ler 2,800 2,800 m
Critical Euler load Ner 28339864 |33362,79 |kN
Slendemess Lambda 1321 38,50

Relative slenderness Lambda,rel 0,17 0,50

Limit slendemess Lambda,rel,0 0,20 0,20

Buckling curve a b

Imperfection Alpha 0,21 0,34

Reduction factor Chi 1,00 0,88

Buckling resistance Nb,Rd 8470,30 7475,02 m

0

Flexural Buckling verification |

*Student version® *Student version* *Student version’ *Student version® *Studgrt v

Cross-section area A 2,3860e-02 | m"
Buckling resistance Nb,Rd 7475,02 k
Unity check 0,61 -

Torsional(-Flexural) Buckling check

According to EN 1993-1-1 article 6.3.1.1 and formula (6.46

Note: For this I-section the Torsional(-Flexurakj buskling\resistance is higher than the resistance
for Flexural buckling. Therefore Torsio al) buckling i§ not printed on the output.
Lateral Torsional Buckling check
According to EN 1993-1-1 article/ﬁ.é\% & 6.8.2.2 and fopmula (6.54)

[ LTB parameters A |
“Student version® *Student version* *Stdenf versigp*~*Studsqt versiof" *Student version® *Stt

Method for LTB curve case
Cross-section plastic modulys Wpl,y . |4)8150e-03 m3
Elastic critical moment Mcr 16703,26 kNm

32
,20

Relative slenderness Lambda,rel,LT
Limit slendemess Lambda,rel,LT,

Note: The slenderness or bending moment is such that Lateral Torsional Buckling effects
may be ignored according to EN 1993-1-1 article 6.3.2.2(4).

Mcr parameters ] J

*Student version® *Student version® *Student version® *Student version* *Student ver

LTB length L 2,800 m
Influence of load position no influence
Correction factor k 1,00

Correction factor kw 1,00

LTB moment factor C1 1,91

LTB moment factor C2 0,00

*Student version® *Student version® *Student version* *Student version® *Student ver
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Mcr parameters [

*Student version® *Student version® *Student version® *Student version* *Student ver

LTB moment factor C3 1,00

Shear center distance d,z 0 mm
Distance of load application z,g |0 mm
Mono-symmetry constant betayy |0 mm
Mono-symmetry constant zj 0 mm

Note: C parameters are determined according to ECCS 119 2006 / Galea 2002.

Bending and axial compression check
According to EN 1993-1-1 article 6.3.3 and formula (6.61),(6.62)

[ Bending and axial compression check p: [ |

*Student version® *Student version* *Student version* *Student version® *Student version*® *Student version® *Student version® *S
Interaction method alternative method 1
Cross-section area A 2,3860e-02 m*2
Cross-section plastic modulus Wpl.y 4,8150e-03 m"3
Cross-section plastic modulus Wpl,z 1,2920e-03 m"3
Design compression force N,Ed 4541,05 kN
Design bending moment (maximum) My,Ed -60,79 kNm
Design bending moment (maximum) Mz,Ed 8,56 kNm

Characteristic compression resistance N,Rk 8470,30 kN O
Characteristic moment resistance My,Rk 1709,33 kNm

Characteristic moment resistance Mz,Rk 458,66 kNm
Reduction factor Chi,y 1,00
Reduction factor Chi,z 0,88
Reduction factor Chi,LT 1,00
Interaction factor k,yy 1,06
Interaction factor k,yz 0,50
Interaction factor k,zy 0,57
Interaction factor k,zz 0.77

Maximum moment My,Ed is derived from beam B82 position 2,800 m.

Maximum moment Mz,Ed is derived from beam B82 position 2,800 m.

| 1 tion thad 1 p S I I
*Student version* *Student version® *Student version® *Student version* *Student version* *Student version* *Student version® *S

Critical Euler load N,cry 283398,64 kN
Critical Euler load N,cr,z 33362,79 kN
Elastic critical load N,cr,T 45603,04 kN
Cross-section plastic modulus Wpl,y 4,8150e-03 m"3
Cross-section elastic modulus Wel,y 4,2870e-03 m"3
Cross-section plastic modulus Wpl,z 1,2920e-03 03
Cross-section elastic modulus Wel,z 8,4160e-04 43
Second moment of area ly 1,0720e-03 mM
Second moment of area Iz 1,2620e-04 X
Torsional constant It 5,3840e-06 m
Method for equivalent moment factor C,my,0 Table A.2 Line 2 (Gefieral

Design bending moment (maximum) My,Ed -60,79

Maximum relative deflection delta,z 0,1 m
Equivalent moment factor C,my,0 0,99 5‘
Method for equivalent moment factor C,mz,0 Table A.2 Ling-2 (General)

Design bending moment (maximum) Mz Ed kNm
Maximum relative deflection delta,y mm
Equivalent moment factor C,mz,0

Factor mu,y

Factor mu,z

Factor epsilon,y

Factor a,LT

Critical moment for uniform bending Mcr,0 kNm

Relative slenderness Lambda,rel,0

Limit relative slenderness Lambda,rel,0,lim

Equivalent moment factor C,my

Equivalent moment factor C,mz

Equivalent moment factor C,mLT

Factor b,LT

Factor ¢,LT

Factor d,LT

Factor e,LT

Factor wyy 112

Factor w,z 1,50

Factor n,pl 0,54

Maximum relative slendemess Lambda,reljmax | 0,50
1,06
1,43
1,00
1,32

Factor C,yy
Factor Cyz
Factor C,zy
Factor C,zz 3

Unity check (6.61)=0,54 + 0,04 + 0,01=0,58 -

Unity check (6.62) = 0,61 + 0,02 + 0,01=0,64 -

Shear Buckling check

According to EN 1993-1-5 article 5 & 7.1 and formula (5.10) & (7.1)

Shear Buckling parameters

*Student version* *Student version® *Student version® *Student version* *Stude

Buckling field length a 2,800 m
Web unstiffened
Web height hw 444 mm

*Student version® *Student version* *Student version® *Student version® *Stude
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Shear Buckling parameters

*Student version* *Student version® *Student version® *Student version® *Stude

Web thickness t 15 mm
Material coefficient epsilon 0,81
Shear correction factor Eta 1,20

Shear Buckling verification

*Student version® *Student version* *Student version* *Stud
Web slenderness hwit 30,62
Web slenderness limit 48,82

Note: The web slendemness is such that Shear Buckling effects may be ignored
according to EN 1993-1-5 article 5.1(2).

The member satisfies the stability check.

-iskoristivost elementa na GSN — 64 %

Slika 16.4. Prikaz iskoristivosti nosaca — stup 1 (prizemlje)
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16.2.3. Rezne sile — stup 2 (prizemlje)

My

L4

-poprecni presjek nosaca

Vz

.

LS

i

564,65

Slika 16.5. Prikaz reznih sila nosaca — stup 2 (prizemlje)

Name Stup 2 - prizemlje
Type HEA340
Source description Profil Arbed / Structural shapes / Edition Octobre 1995
Item material S 355
Fabrication rolled
Flexural buckling y-y b
Flexural buckling z-z c
Lateral torsional buckling Default
Use 2D FEM analysis *
k4
e p—]
et |

A [m?] 1,3400e-02

Ay, z [m] 95495e-03 33201e-03
1y, z [m¥] 27700e-04 74400e-05
1w [mE], t [m!] 18244e-06 1,2700e-06
Wel y, z [m?] 16800e-03 49600e-04
Wpl y, z [m?] 1,8500e-03 7.5417e-04
dy, z[mm] 0 0
€ YUCS, ZUCS [mm] 150 165
a [deg] 0,00

A L, D [m%m] 1,8000e+00 1,7944e+00
Mply +, - [Nm] 8,57e+05 6,57e+05
Mplz +, - [Nm] 268e+05 2 68e+05

Slika 16.6. Prikaz geometrijskih karakteristika nosaca
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16.2.4. Dimenzioniranje — stup 2 (prizemlje)

[Member B79  [2,800 m [HEA340 [S 355 |GSN 22

[040 - ]

Partial safety factors
*Student version* *Student version® *Student version® *Student version® *Studer

Gamma MO for resistance of cross-sections 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1.25
[ Material I |

*Student version® *Student version® *Student version® *Studc

Yield strength fy 355,0 MPa

Ultimate strength fu | 490,0 MPa

Fabrication Rolled

....:SECTION CHECK::...

The critical check is on position 2.800 m

Internal forces | Calculated Unit
*Student version® *Student version® *Student version® *Stude

N,Ed -564,63 kN
Vy,Ed -8,63 kN
Vz,Ed 85,51 kN
TEd 0,00 kNm
My,Ed 79,89 kNm
Mz,Ed -10,62 kNm

Classification for cross-section design
According to EN 1993-1-1 article 5.5.2
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio | 25,58
Class 1 Limit 26,85
Class 2 Limit 30,92
Class 3 Limit 48,79

=> |nternal Compression parts Class 1
Classification of Outstand Flanges
According to EN 1993-1-1 Table 5.2 Sheet 2

Maximum width-to-thickness ratio 717

Class 1 Limit 732
Class 2 Limit 8,14
Class 3 Limit 11,40

=> QOutstand Flanges Class 1
=> Section classified as Class 1 for cross-section design

Wpl,y 1,8500e-03 m*3

Mpl,y,Rd 656,75 kNm

Unity check 0,12 \

Bending moment check for

According to EN 1993-1-1 article 62.5 ula (8.12),(6.13)
Wpl,z 7,5417e-04 m3

MplzRd 267,73 ke |

Unity check 0,04 -

Shear check for Vy
According to EN 1993-1-1 article 6.2.6 and formula (6.17)

Eta 1,20

Av 1,0247e-02 | m"2

Vpl,y,Rd 2100,17 kN

Unity check  |0,00 -
Shear check for Vz

According to EN 1993-1-1 article 6.2.6 and formula (6.17)

Eta 1,20
Av 4,5477e-03 | m"2
Vpl,z,Rd 932,10 kN

Unity check | 0,09 -

Compression check
According to EN 1993-1-1 article 6.2.4 and formula (6.9)

A 1,3400e-02 | m"2

Nc,Rd 4757,00 kN

Unity check | 0,12 -

Bending moment check for My
According to EN 1993-1-1 article 6.2.5 and formpula (6\ 6.

o)
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Note: The unity check for torsion is lower than the limit value of 0,05. Therefore torsion is considered as
insignificant and is ignored in the combined checks.

Combined bending, axial force and shear force check

According to EN 1993-1-1 article 6.2.9.1 and formula (6.41)

MN,yRd  [656,75 |kNm
Alpha 2,00
Mpl,z,Rd [267,73 |kNm
Beta 1,00

Unity check (6.41)= 0,01 + 0,04 = 0,05 -

Note: Since the shear forces are less than half the plastic shear resistances their effect on the moment

resistances is neglected.

Note: Since the axial force satisfies criteria (6.35) of EN 1993-1-1 article 6.2.9.1(4) its effect on the moment
resistance about the z-z axis is neglected.

The member satisfies the section check.

...:STABILITY CHECK::...

Classification for member buckling design

Decisive position for stability classification: 0,000 m

Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio | 25,58
Class 1 Limit 32,32
Class 2 Limit 37,22
Class 3 Limit 58,14
=> Intenal Compression parts Class 1
Classification of Outstand Flanges
According to EN 1993-1-1 Table 5.2 Sheet 2
Maximum width-to-thickness ratio | 7,17
Class 1 Limit 7,32
Class 2 Limit 8,14
Class 3 Limit 11,37
=> Qutstand Flanges Class 1

=> Section classified as Class 1 for member buckling design

Flexural Buckling check
According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)

Buckling parameters [ w 1 zZ 1 ]

*Student version® *Student version* *Student version* *Student version® *Student version* *Student v

Sway type sway non-sway
System length L 2,800 2,800 m
Buckling factor k 1,00 1,00

Buckling length Ler 2,800 2,800 m
Critical Euler load Ncr 73228,94 [19668,71 [kN
Slendemess Lambda 19,47 37,58

Relative slenderness Lambda,rel  |0,25 0,49

Limit slendemess Lambda,rel,0 0,20 0,20

Note: The slenderness or compression force is such that Flexural effests/may be ignored

according to EN 1993-1-1 article 6.3.1.2(4).
Torsional(-Flexural) Buckling check
According to EN 1993-1-1 article 6.3.1.1 and formula (6.46

Torsional buckling length Ler 2,800

Elastic critical load Ncr,T 22303,10 ki

Elastic critical load Ncr, TF 19668,71

Relative slenderness Lambda,rel,T | 0,49 \

Limit slendemess Lambda,rel,0 0,20

Note: The slenderness or compression force i§ su ional(-Flexural) Buckling effects

Lateral Torsional Buckling check
According to EN 1993-1-1 aniel%

A
[ LTB parameters / N ) |
*Student version® *Student version® *Stidenf versign”*Studeqt versioft* *Student version® *St
4

Method for LTB curve r case
Cross-section plastic modulus Wpl,y ~ | 1,8500e-03 m3
Elastic critical moment Mcr 7908,21 kNm
Relative slenderness Lambda,rel, LT 129

Limit slendemess Lambda,rel,LT, ,20

Note: The slenderness or bending moment is such that Lateral Torsional Buckling effects
may be ignored according to EN 1993-1-1 article 6.3.2.2(4).

Mcr parameters I ]

*Student version® *Student version® *Student version* *Student version® *Student ver

LTB length L 2,800 m
Influence of load position no influence
Correction factor k 1,00

Correction factor kw 1,00

LTB moment factor C1 2,33

LTB moment factor C2 0,00

¥Student version® *Student version* *Student version® *Student version® *Student ver
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Mcr_parameters ]

*Student version® *Student version® *Student version* *Student version* *Student ver

LTB moment factor C3 1,00

Shear center distance d,z 0 mm
Distance of load application z,g |0 mm
Mono-symmetry constant betayy |0 mm
Mono-symmetry constant zj 0 mm

Note: C parameters are determined according to ECCS 119 2006 / Galea 2002.

Bending and axial compression check
According to EN 1993-1-1 article 6.3.3 and formula (6.61),(6.62)

[ Bending and axial compression check parameters |

*Student version® *Student version® *Student version* *Student version* *Student version* *Student version® *Student version® ’5]
Interaction method alternative method 1
Cross-section area A 1,3400e-02 mA2
Cross-section plastic modulus Wpl,y 1,8500e-03 m"3
Cross-section plastic modulus Wpl,z 7,5417e-04 m"3
Design compression force N,Ed 564,63 kN
Design bending moment (maximum) My,Ed -159,54 kNm
Design bending moment (maximum) Mz Ed 13,53 kNm

Characteristic compression resistance N,Rk 4757,00 kN O
Characteristic moment resistance My,Rk 656,75 kNm

Characteristic moment resistance Mz,Rk 267,73 kNm
Reduction factor Chi,y 1,00
Reduction factor Chi,z 1,00
Reduction factor Chi,LT 1,00
Interaction factor k,yy 1,01
Interaction factor k,yz 0,67
Interaction factor k,zy 0,53
Interaction factor k,zz 1,00

Maximum moment My,Ed is derived from beam B79 position 0,000 m.

Maximum moment Mz,Ed is derived from beam B79 position 0,000 m.

I 1 + TR 1 p S ! I
*Student version® *Student version® *Student version® *Student version® *Student version® *Student version® *Student version® *S

Critical Euler load N,cry 73228,94 kN
Critical Euler load N,crz 19668,71 kN
Elastic critical load N,cr,T 22303,10 kN
Cross-section plastic modulus Wpl,y 1,8500e-03 m"3
Cross-section elastic modulus Wel,y 1,6800e-03 m"3
Cross-section plastic modulus Wpl,z 7,5417e-04 43!
Cross-section elastic modulus Wel,z 4,9600e-04 A3
Second moment of area ly 2,7700e-04 m™4
Second moment of area Iz 7,4400e-05 X
Torsional constant It 1,2700e-06 m
Method for equivalent moment factor C,my,0 Table A.2 Line 2 (Gefieral

Design bending moment (maximum) My,Ed -159,54

Maximum relative deflection delta,z 0,7 m
Equivalent moment factor C,my,0 0,99 5‘
Method for equivalent moment factor C,mz,0 Table A2 Line2 (General)

Design bending moment (maximum) Mz,Ed kNm
Maximum relative deflection delta,y mm
Equivalent moment factor C,mz,0

Factor mu,y

Factor mu,z

Factor epsilon,y

Factor a LT

Critical moment for uniform bending Mcr,0 kNm

Relative slenderness Lambda,rel,0

Limit relative slenderness Lambda,rel,0,lim
Equivalent moment factor C,my
Equivalent moment factor C,mz
Equivalent moment factor C,mLT

Factor b,LT

Factor ¢,LT

Factor d,LT

Factor e,LT

Factor w,y

Factor w,z

Factor n,pl

Maximum relative slendemess Lambda,rel\max | 0,49
Factor C,yy 1,01
Factor C,yz 1,05
Factor C,zy 0,99
Factor C,zz 1,01

Unity check (6.61)=0,12 + 0,25 + 0,03 = 0,40 -

Unity check (6.62) =0,12 + 0,13 + 0,05=0,30 -

Shear Buckling check

According to EN 1993-1-5 article 5 & 7.1 and formula (5.10) & (7.1)

Shear Buckling parameters

*Student version* *Student version* *Student version® *Student version* *Stude

Buckling field length a 2,800 m
Web unstiffened
Web height hw 297 mm

*Student version® *Student version® *Student version® *Student version* *Stude
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Shear Buckling parameters

*Student version® *Student version* *Student version* *Student version® *Stude
mm

Web thickness t
Material coefficient epsilon 0,81
Shear correction factor Eta 1,20

Shear Buckling verification
I

*Student version® *Student version® *Student version® *Stud
Web slenderness hwit 31,26
Web slenderness limit 48,82

Note: The web slendemess is such that Shear Buckling effects may be ignored
according to EN 1993-1-5 article 5.1(2).
The member satisfies the stability check.

-iskoristivost elementa na GSN — 40 %

Slika 16.7. Prikaz iskoristivosti nosaca — stup 2 (prizemlje)
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16.2.5. Rezne sile — stup 1 (1. etaza)

‘189,53

My

294,95

0,4,

Vz

[ [ ]

T

[ LT

Slika 16.8. Prikaz reznih sila nosaca — stup 1 (1. etaza)

-poprecni presjek nosaca

Name Stup 1 - 1. etaZa
Type HEBG00
Source description Profil Arbed / Structural shapes / Edition Octobre 1895
Item material S 355
Fabrication rolled
Flexural buckling y-y a
Flexural buckling z-z b
Lateral torsional buckling Default
Use 2D FEM analysis ®
z

A [m] 2.3860e-02

Ay, z [m?] 16161e-02 74905e-03
1y, z [m*] 1,0720e-03 1,2620e-04
| w [m®], t [mY] 70177e-06 53840e-06
Wel y, z [m*] 4.2870e-03 84160e-04
Wpl y, z [m?] 48150e-03 1,2920e-03
dy, z [mm] 0 0
¢ YUCS, ZUCS [mm] 150 250
o [deg] 0,00

AL, D [m¥m] 2.1300e+00 2.1244e+00
Mply +, - [Nm] 171e+06 1.71e+06
Mplz +, - [Nm] 459e+05 4.5%e+05

Slika 16.9. Prikaz geometrijskih karakteristika nosaca
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16.2.6. Dimenzioniranje — stup 1 (1.etaza)

[Member B807 [4,400 m [HEB500 [S355 [GSN2 [096- |

Partial safety factors

*Student version® *Student version® *Student version® *Student version® *Studer

Gamma MO for resistance of cross-sections 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25
[ Material | |

*Student version* *Student version® *Student version® *Studk

Yield strength fy 355,0 MPa

Ultimate strength fu | 490,0 MPa

Fabrication Rolled

....:SECTION CHECK::...

The critical check is on position 0.000 m

Internal forces | Calculated | Unit
*Student version® *Student version® *Student version® *Stude

N,Ed -2254,04 kN
Vy,Ed -157,30 kN
Vz,Ed 110,12 kN
TEd -0,02 kNm
My,Ed -189,58 kNm
Mz,Ed 187,83 kNm

Classification for cross-section design
According to EN 1993-1-1 article 5.5.2
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio | 26,90
Class 1 Limit 26,85
Class 2 Limit 30,92
Class 3 Limit 41,50

=> Intemal Compression parts Class 2
Classification of Outstand Flanges
According to EN 1993-1-1 Table 5.2 Sheet 2

Maximum width-to-thickness ratio | 4,13
Class 1 Limit 7,32

Class 2 Limit 8,14

Class 3 Limit 12,00
=> Outstand Flanges Class 1
=> Section classified as Class 2 for cross-section design
Compression check
According to EN 1993-1-1 article 6.2.4 and formula (6.9)

A 2,3860e-02 | m"2

Nc,Rd 8470,30 kN

Unity check | 0,27 -

Bending moment check for My
According to EN 1993-1-1 article 6.2.5 and formpula (6\ 6.

Wply 4,8150e-03 [ m"3

Mpl,y,Rd 1709,33 kNm

Unity check 0,11 2\

Bending moment check for
According to EN 1993-1-1 artigle 62.5 ula (8.12),(6.13)
Wpl,z 1,2920e-03 \ | m*3

MlzRd  [45866 kbl |

Unity check | 041 -/

Shear check for Vy

According to EN 1993-1-1 article 6.2.6 and formula (6.17)

Eta 1,20

Av 1,7402e-02 | m"2

Vpl,y,Rd 3566,65 kN

Unity check  |0,04 -
Shear check for Vz

According to EN 1993-1-1 article 6.2.6 and formula (6.17)

Eta 1,20
Av 8,9780e-03 | m"2
Vpl,z,Rd 1840,13 kN

Unity check | 0,06 -
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Note: The unity check for torsion is lower than the limit value of 0,05. Therefore torsion is considered as
insignificant and is ignored in the combined checks.

Combined bending, axial force and shear force check

According to EN 1993-1-1 article 6.2.9.1 and formula (6.41)

MN,yRd [147227 |[kNm
Alpha 2,00
Mpl,z,Rd | 458,66 kNm
Beta 1,33

Unity check (6.41)= 0,02 + 0,30 = 0,32 -

Note: Since the shear forces are less than half the plastic shear resistances their effect on the moment

resistances is neglected.

Note: Since the axial force satisfies criteria (6.35) of EN 1993-1-1 article 6.2.9.1(4) its effect on the moment
resistance about the z-z axis is neglected.

The member satisfies the section check.

....:STABILITY CHECK::...

Classification for member buckling design

Decisive position for stability classification: 0,000 m

Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio | 26,90
Class 1 Limit 26,85
Class 2 Limit 30,92
Class 3 Limit 41,50
=> Intemal Compression parts Class 2
Classification of Outstand Flanges
According to EN 1993-1-1 Table 5.2 Sheet 2
Maximum width-to-thickness ratio | 4,13
Class 1 Limit 7,32
Class 2 Limit 8,14
Class 3 Limit 12,00
=> Outstand Flanges Class 1

=> Section classified as Class 2 for member buckling design

Flexural Buckling check
According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)

Buckling parameters | vy [ 2z [ |
*Student version* *Student version* *Student version* *Student version* *Student version* *Student ve
Sway type sway non-sway
System length L 4,400 2,900 m
Buckling factor k 1,00 1,00
Buckling length Ler 4,400 2,900 m
Critical Euler load Ncr 114764,74 3110158 |kN
Slendemess Lambda 20,76 39,88
Relative slenderness Lambda,rel |0,27 0,52
Limit slendemess Lambda,rel,0 0,20 0,20
Buckling curve a b
Imperfection Alpha 0,21 0,34 /\

Reduction factor Chi 0,98 0,87,
Buckling resistance Nb,Rd 8335,02 7406,

Flexural Buckling verification
*Student version* *Student version® *Student version® *Student version* *Student v

Cross-section area A 2,3860e-02 | m
Buckling resistance Nb,Rd 7406,44 N
Unity check 0,30 -

Torsional(-Flexural) Buckling check
According to EN 1993-1-1 article 6.3.1,

for Flexural buckling. Therefore Torsi

Lateral Torsional Buckling check
According to EN 1993-1-1 article 63.2.1 & 6,3.2.2“and formula (6.54)

[ LTB parameters \_~ |\ J

*Student version® *Student version® *Stdent version’_*Studént version® *Student version® *Stt

Method for LTB curve neral case

Cross-section plastic modulus Wply ,8150e-03 m3

Elastic critical moment Mcr 0667,10 kNm
D

Relative slenderness Lambdarel 0,29
Limit slendemess Lambda,rel,LT,0 0,20

Note: The slenderness or bending moment is such that Lateral Torsional Buckling effects
may be ignored according to EN 1993-1-1 article 6.3.2.2(4).

Mcr_parameters [ ]

*Student version* *Student version® *Student version* *Student version* *Student ver

LTB length L 2,900 m
Influence of load position no influence
Correction factor k 1,00

Correction factor kw 1,00

*Student version® *Student version® *Student version* *Student version® *Student ver
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Mcr parameters [

*Student version® *Student version* *Student version* *Student version* *Student ver

LTB moment factor C1 2,52
LTB moment factor C2 0,00
LTB moment factor C3 1,00
Shear center distance d,z 0 mm
Distance of load application zg |0 mm
Mono-symmetry constant betay |0 mm
Mono-symmetry constant z,j 0 mm

Note: C parameters are determined according to ECCS 119 2006 / Galea 2002.
Bending and axial compression check

According to EN 1993-1-1 article 6.3.3 and formula (6.61),(6.62)

Bending and axial compression check parameters | ]
*Student version® *Student version* *Student version* *Student version* *Student version* *Student version® *Student version® *S
Interaction method alternative method 1
Cross-section area A 2,3860e-02 m2
Cross-section plastic modulus Wply 4,8150e-03 m3
Cross-section plastic modulus Wpl,z 1,2920e-03 m’3
Design compression force N,Ed 2254,04 kN
Design bending moment (maximum) My,Ed 294,95 kNm O
Design bending moment (maximum) Mz Ed -268,33 kNm
Characteristic compression resistance N,Rk 8470,30 kN
Characteristic moment resistance My,Rk 1709,33 kNm
Characteristic moment resistance Mz,Rk 458,66 kNm
Reduction factor Chi,y 0,98
Reduction factor Chi,z 0,87
Reduction factor Chi,LT 1,00
Interaction factor k,yy 1,03
Interaction factor k,yz 0,60
Interaction factor k,zy 0,59
Interaction factor k,zz 0,95
Maximum moment My,Ed is derived from beam B807 position 4,400 m.

Maximum moment Mz,Ed is derived from beam B807 position 2,900 m.

[ Interaction method 1 parameters [ |
*Student version® *Student version® *Student version® *Student version® *Student version® *Student version® *Student version®/&
Critical Euler load N,cry 114764,74 kN
Critical Euler load N,crz 31101,58

Elastic critical load N,cr,T 43099,14
Cross-section plastic modulus Wpl,y 4,8150e-03
Cross-section elastic modulus Wel,y 4,2870e-03
Cross-section plastic modulus Wpl,z 1,2920e-03
Cross-section elastic modulus Wel,z 8,4160e-04
Second moment of area ly 1,0720e-03
Second moment of area Iz 1,2620e-04
Torsional constant It 5,3840e-06
Method for equivalent moment factor C,my,0 Table A.2 Line 2
Design bending moment (maximum) My,Ed 294,95
Maximum relative deflection delta,z 0,7

Equivalent moment factor C,my,0 0,99
Method for equivalent moment factor C,mz,0 Table A2
Design bending moment (maximum) Mz,Ed 8,8
Maximum relative deflection delta,y
Equivalent moment factor C,mz,0

Factor mu,y

Factor mu,z

Factor epsilon,y

Factor a,LT

Critical moment for uniform bending Mcr,0
Relative slendemness Lambda,rel,0

Limit relative slenderness Lambda,rel,0,lim
Equivalent moment factor C,my
Equivalent moment factor C,mz
Equivalent moment factor C,mLT

Factor b,LT

Factor ¢,LT

Factor d,LT

Factor e,LT

Factor wyy

Factor w,z

Factor n,pl

Maximum relative slenderness tambda,rel,max | 0,52
Factor C,yy 1,03
Factor C,yz 1,17
Factor C,zy 0,93
Factor C,zz 1,06

kNm
mm

kNm

Unity check (6.61)=0,27 + 0,18 + 0,35=0,80 -

Unity check (6.62) = 0,30 + 0,10 + 0,56 = 0,96 -

Shear Buckling check

According to EN 1993-1-5 article 5 & 7.1 and formula (5.10) & (7.1)

Shear Buckling parameters

*Student version® *Student version* *Student version* *Student version® *Stude
[Buckling field length a [4,400 [m ]

¥Student version® *Student version® *Student version® *Student version* *Stude
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Shear Buckling parameters

*Student version* *Student version® *Student version® *Student version* *Stude

Web unstiffened

Web height hw 444 mm
Web thickness t 15 mm
Material coefficient epsilon 0,81

Shear correction factor Eta 1,20

Shear Buckling verification
*Student version® *Student version® *Student version® *Stud
Web slenderness hwit 30,62 ‘
Web slenderness limit 48,82

Note: The web slendemness is such that Shear Buckling effects may be ignored
according to EN 1993-1-5 article 5.1(2).

The member satisfies the stability check.

-iskoristivost elementa na GSN — 96 %
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Slika 16.10. Prikaz iskoristivosti nosaca — stup 1 (1. etaza)
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16.2.7. Rezne sile — stup 1 (2. etaza)
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Slika 16.11. Prikaz reznih sila nosaca — stup 1 (2. etaza)

-poprecni presjek nosaca

Name Stup 1 - 2. etaZa
Type HEB450
Source description Profil Arbed / Structural shapes / Edition Octobre 1895
Item material S 355
Fabrication rolled
Flexural buckling y-y a
Flexural buckling z-z b
Lateral torsional buckling Default
Use 2D FEM analysis ®
z
—p—
— =

A [m?] 2,1800e-02

Ay z [m] 1,6015e-02 6,5456e-03
1y, z [m'] 7.9890e-04 11720e-04
I w [mé], t [m¥] 5,2584e-06 44050e-06
Wel y, z [m*] 3,56510e-03 78140e-04
Wpl y, z [m?] 3,9820e-03 1,1980e-03
dy, z [mm] 0 0
¢ YUCS, ZUCS [mm] 150 225
a [deg] 0,00

AL, D [m¥m] 20300e+00 20254e+00
Mply +, - [Nm] 141e+06 141e+08
Mplz +, - [Nm] 425e+05 4 25e+05

Slika 16.12. Prikaz geometrijskih karakteristika nosaca
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16.2.8. Dimenzioniranje — stup 1 (2.etaza)

Member B2324 [4,050 m [HEB450 [S355 |[GSN 28 [064 - |

Partial safety factors

*Student version® *Student version® *Student version® *Student version® *Studer

Gamma MO for resistance of cross-sections 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 125
[ Material [ |

*Student version* *Student version® *Student version® *Studk
Yield strength fy 355,0 MPa
Ultimate strength fu | 490,0 MPa
Fabrication Rolled

The critical check is on position 4.050 m

Internal forces | Calculated | Unit
*Student version* *Student version® *Student version® *Stude

N.Ed 1681,62 kN
Vy,Ed 4561 kN
Vz,Ed 2317 kN
TEd 0,00 kNm
My,Ed 63,11 kNm
Mz,Ed -33,33 kNm

Classification for cross-section design
According to EN 1993-1-1 article 5.5.2
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio | 24,57
Class 1 Limit 26,85
Class 2 Limit 30,92
Class 3 Limit 37,92

=> Internal Compression parts Class 1
Classification of Outstand Flanges
According to EN 1993-1-1 Table 5.2 Sheet 2

Maximum width-to-thickness ratio | 4,46

Class 1 Limit 7,32
Class 2 Limit 8,14
Class 3 Limit 11,51

=> Qutstand Flanges Class 1
=> Section classified as Class 1 for cross-section design

Compression check
According to EN 1993-1-1 article 6.2.4 and formula (6.9)

A 2,1800e-02 | m*2
Nc,Rd 7739,00 kN
Unity check 0,22 -

Bending moment check for My
According to EN 1993-1-1 article 6.2.5 and formpula (6\

Wply 3,9820e-03 | m”3

Mpl.y,Rd 1413,61 kNm

Unity check | 0,04 7\

Bending moment check for
According to EN 1993-1-1 artigle 62.5 mula (8.12),(6.13)

Wpl,z 1,1980e-03 \ [ m"3
Mpl,z,Rd 425,29 M
Unity check | 0,08 -

Shear check for Vy
According to EN 1993-1-1 article 6.2.6 and formula (6.17)

Eta 1,20

Av 1,6174e-02 | m"2

Vpl,y,Rd 3315,01 kN

Unity check | 0,01 -
Shear check for Vz

According to EN 1993-1-1 article 6.2.6 and formula (6.17)

Eta 1,20
Av 7,9680e-03 | m"2
Vpl,z,Rd 1633,12 kN

Unity check | 0,01 -

o)
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Note: The unity check for torsion is lower than the limit value of 0,05. Therefore torsion is considered as
insignificant and is ignored in the combined checks.

Combined bending, axial force and shear force check

According to EN 1993-1-1 article 6.2.9.1 and formula (6.41)

MN,y,Rd 1289,87 kNm
Alpha 2,00
Mplz,Rd |425,29 kNm
Beta 1,09

Unity check (6.41) = 0,00 + 0,06 = 0,07 -

Note: Since the shear forces are less than half the plastic shear resistances their effect on the moment

resistances is neglected.

Note: Since the axial force satisfies criteria (6.35) of EN 1993-1-1 article 6.2.9.1(4) its effect on the moment
resistance about the z-z axis is neglected.

The member satisfies the section check.

....:STABILITY CHECK::...

Classification for member buckling design

Decisive position for stability classification: 0,000 m

Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio | 24,57
Class 1 Limit 26,85
Class 2 Limit 30,92
Class 3 Limit 36,05
=> Intenal Compression parts Class 1
Classification of Outstand Flanges
According to EN 1993-1-1 Table 5.2 Sheet 2
Maximum width-to-thickness ratio | 4,46
Class 1 Limit 7,32
Class 2 Limit 8,14
Class 3 Limit 12,13
=> QOutstand Flanges Class 1
=> Section classified as Class 1 for member buckling design

Flexural Buckling check
According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)

Buckling parameters [ w [ zz ] J

*Student version® *Student version* *Student version* *Student version® *Student version* *Student ve

Sway type sway non-sway
System length L 4,050 4,050 m
Buckling factor k 1,00 1,00

Buckling length Ler 4,050 4,050 m
Critical Euler load Ncr 100948,86 |14809,37 |kN
Slendemess Lambda 21,16 55,24

Relative slenderness Lambda,rel | 0,28 0,72

Limit slendemess Lambda,rel,0 0,20 0,20

Buckling curve a b

Imperfection Alpha 021 0,34 N
Reduction factor Chi 0,98 0,77,

Buckling resistance Nb,Rd 7606,19 5%/3\,66

Flexural Buckling verification
*Student version® *Student version® *Student version® *Student version® *Student v

Cross-section area A 2,1800e-02 | m
Buckling resistance Nb,Rd 5963,86 N
Unity check 0,28 -

Torsional(-Flexural) Buckling check
According to EN 1993-1-1 article 6.3.1,

for Flexural buckling. Therefore Torsi

Lateral Torsional Buckling check
According to EN 1993-1-1 article 63.2.1 & 6,3.2.2“and formula (6.54)

[ LTB parameters |~ |\ J

*Student version* *Student version® *Stident version” *Studgnt version* *Student version* *St

Method for LTB curve neral case

Cross-section plastic modulus Wpl,y ,9820e-03 m3

Elastic critical moment Mcr 096,33 kNm
|0

Relative slendemess Lambda,rel 0,39
Limit slendemess Lambda,rel,LT,0 0,20

Note: The slenderness or bending moment is such that Lateral Torsional Buckling effects
may be ignored according to EN 1993-1-1 article 6.3.2.2(4).

Mcr parameters [ J

*Student version* *Student version® *Student version* *Student version* *Student ver

LTB length L 4,050 m
Influence of load position no influence
Correction factor k 1,00

Correction factor kw. 1,00

*Student version® *Student version® *Student version® *Student version* *Student ver
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Mcr parameters I

¥Student version® *Student version® *Student version* *Student version* *Student ver

LTB moment factor C1 g

LTB moment factor C2 0,00

LTB moment factor C3 1,00

Shear center distance d,z 0 mm
Distance of load application z,g |0 mm
Mono-symmetry constant betay |0 mm
Mono-symmetry constant z,j 0 mm

Note: C parameters are determined according to ECCS 119 2006 / Galea 2002.

Bending and axial compression check
According to EN 1993-1-1 article 6.3.3 and formula (6.61),(6.62)

[B g and axial compression check p ]
*Student version® *Student version* *Student version® *Student version* *Student version* *Student version* *Student version® *S
Interaction method alternative method 1
Cross-section area A 2,1800e-02 m*2
Cross-section plastic modulus Wply 3,9820e-03 m3
Cross-section plastic modulus Wpl,z 1,1980e-03 m”3
Design compression force N,Ed 1681,62 kN
Design bending moment (maximum) My,Ed 63,11 kNm O
Design bending moment (maximum) Mz,Ed 151,38 kNm
Characteristic compression resistance N,Rk 7739,00 kN
Characteristic moment resistance My,Rk 1413,61 kNm
Characteristic moment resistance Mz,Rk 425,29 kNm
Reduction factor Chi,y 0,98
Reduction factor Chi,z 0,77
Reduction factor Chi,LT 1,00
Interaction factor k,yy 0,78
Interaction factor k,yz 0,67
Interaction factor k,zy 0,41
Interaction factor k,zz 0,97
Maximum moment My,Ed is derived from beam B2324 position 4,050 m.
Maximum moment Mz,Ed is derived from beam B2324 position 0,000 m.
| Interacti thod 1 parameters ] |
*Student version® *Student version* *Student version* *Student version® *Student version* *Student version® *Student version*/&
Critical Euler load N,cry 100948,86 kN
Critical Euler load N,crz 14809,37 kN
Elastic critical load N,cr,T 24278,29 kN
Cross-section plastic modulus Wpl,y 3,9820e-03 A3
Cross-section elastic modulus Wel,y 3,5510e-03 43
Cross-section plastic modulus Wpl,z 1,1980e-03 m3
Cross-section elastic modulus Wel,z 7,8140e-04 3
Second moment of area ly 7,9890e-04 m
Second moment of area Iz 1,1720e-04 M
Torsional constant It 4,4050e-06
Method for equivalent moment factor C,my,0 Table A.2 Line 1 fLindar)
Ratio of end moments Psiy -0,49
Equivalent moment factor C,my,0 0,68
Method for equivalent moment factor C,mz,0 Table A2 Lj Genera
Design bending moment (maximum) Mz,Ed kNm
Maximum relative deflection delta,y mm
Equivalent moment factor C,mz,0
Factor mu,y
Factor mu,z
Factor epsilon,y
Factor a,LT
Critical moment for uniform bending Mcr,0 kNm

Relative slenderness Lambda,rel,0

Limit relative slenderness Lambda,rel,0,lim
Equivalent moment factor C,my
Equivalent moment factor C,mz
Equivalent moment factor C,mLT

Factor b,LT

Factor ¢, LT

Factor d,LT

Factor e,LT

Factor w,y

Factor w,z

Factor n,pl

Maximum relative slendernes pbdajrellmax | 0,72
Factor C.yy 1,02
Factor Cyz 1,10
Factor C,zy 0,98
Factor C,zz 1,07

Unity check (6.61)=0,22 + 0,03 + 0,24 = 0,49 -

Unity check (6.62) =0,28 + 0,02 + 0,34 = 0,64 -

Shear Buckling check

According to EN 1993-1-5 article 5 & 7.1 and formula (5.10) & (7.1)

Shear Buckling parameters

*Student version* *Student version® *Student version® *Student version* *Stude
Buckling field length a 4,050 m
Web unstiffened
*Student version® *Student version® *Student version” *Student version* *Stude
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Shear Buckling parameters
*Student version® *Student version* *Student version* *Student version* *Stude

Web height hw 398

mm
Web thickness t 14 mm
Material coefficient epsilon 0,81
Shear correction factor Eta 1,20

Shear Buckling verification
*Student version* *Student version® *Student version* *Stud
Web slenderness hwit 28,43 ‘
Web slenderness _limit 48,82

Note: The web slendemess is such that Shear Buckling effects may be ignored
according to EN 1993-1-5 article 5.1(2).

The member satisfies the stability check.

-iskoristivost elementa na GSN — 63 %

N

’I % 863
T
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Slika 16.13. Prikaz iskoristivosti nosaca — stup 1 (2. etaza)
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16.2.9. Rezne sile — stup 1 (3. etaza)

My

<

-poprecni presjek nosaca

Vz

A

Slika 16.14. Prikaz reznih sila nosaca — stup 1 (3. etaza)

Name Stup 1 - 3. etaZza
Type HEB400
Source description Profil Arbed / Structural shapes / Edition Octobre 1995
Item material S 355
Fabrication rolled
Flexural buckling y-y a
Flexural buckling z-z b
Lateral torsional buckling Default
Use 2D FEM analysis *
z

A [m?] 19780e-02

Ay, z [m?] 13871e-02 56483e-03
ly z [mY] 57680e-04 1,0820e-04
I w [mE], t [m4] 38172e-06 35570e-06
Wel y, z [m?¥] 28840e-03 7.2130e-04
Wpl y, z [m?] 3,2320e-03 1,1040e-03
dy, z [mm] 0 0
¢ YUCS, ZUCS [mm] 150 200
o [deg] 0,00

AL, D [m¥m] 1,8300e+00 1,9264e+00
Mply +, - [Nm] 1,15e+06 1.15e+068
Mplz +, - [Nm] 392e+05 392e+05

Slika 16.15. Prikaz geometrijskih karakteristika nosaca
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16.2.10. Dimenzioniranje — stup 1 (3.etaza)

[Member B2499

[4,600 m [HEB400

[S355 [GSN24 [063- |

Partial safety factors

*Student version® *Student version® *Student version® *Student version® *Studer

Gamma M1 for
Gamma M2 for

Gamma MO for resistance of cross-sections 1,00

resistance to instability
resistance of net sections

1,00
1,25

[ Material

\ |

*Student version® *Student version® *Student version® *Studt

Fabrication

Yield strength fy 355,0 MPa
Ultimate strength fu | 490,0 MPa

Rolled

The critical check is on position 0.000 m

Internal forces | Calculated | Unit
*Student version* *Student version® *Student version® *Stude

N.Ed
Vy,Ed
Vz,Ed
TEd
My,Ed
Mz,Ed

-467,04 kN
10,29 kN
-356,54 kN
0,00 kNm
569,13 kNm
-22,37 kNm

Classification fo

r cross-section design

According to EN 1993-1-1 article 5.5.2
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio | 22,07
Class 1 Limit 42,25
Class 2 Limit 48,65
Class 3 Limit 79,22

=> Intemal Compression parts Class 1
Classification of Outstand Flanges

According to EN

1993-1-1 Table 5.2 Sheet 2

Maximum width-to-thickness ratio | 4,84

Class 1 Limit
Class 2 Limit
Class 3 Limit

7,32
8,14
11,33

=> QOutstand Flanges Class 1

Compression check

A
Nc,Rd
Unity check

1,9780e-02 | m"2
7021,90 kN
0,07 -

Bending moment check for M

Wply 3,2320e-03 | m"3
Mpl,y,Rd 1147,36 kNm
Unity check | 0,50

Bending moment check for

According to EN 1993-1-1 artigle 62.5
Wpl,z 1,1040e-03 \ [ m*3
Mplz,Rd 391,92 kv |
Unity check | 0,06 -
Shear check for Vy

=> Section classified as Class 1 for cross-section design @

According to EN 1993-1-1 article 6.2.4 and formula (6.9) @
ly

According to EN 1993-1-1 article 6.2.5 and formpula (6) 6.

ula (8.12),(6.13)

According to EN 1993-1-1 article 6.2.6 and formula (6.17)

According to EN

Eta 1,20

Av 1,4947e-02 | m"2

Vpl,y,Rd 3063,48 kN

Unity check | 0,00 -
Shear check for Vz

1993-1-1 article 6.2.6 and formula (6.17)

Eta 1,20

Av 7,0000e-03 m*2
Vpl,z,Rd 1434,72 kN
Unity check  |0,25 -
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Note: The unity check for torsion is lower than the limit value of 0,05. Therefore torsion is considered as
insignificant and is ignored in the combined checks.

Combined bending, axial force and shear force check

According to EN 1993-1-1 article 6.2.9.1 and formula (6.41)

MplyRd [ 114736  |kNm
Alpha 2,00
Mpl,z,Rd |391,92 kNm
Beta 1,00

Unity check (6.41)= 0,25+ 0,06 = 0,30 -

Note: Since the shear forces are less than half the plastic shear resistances their effect on the moment

resistances is neglected.

Note: Since the axial force satisfies both criteria (6.33) and (6.34) of EN 1993-1-1 article 6.2.9.1(4)

its effect on the moment resistance about the y-y axis is neglected.

Note: Since the axial force satisfies criteria (6.35) of EN 1993-1-1 article 6.2.9.1(4) its effect on the moment
resistance about the z-z axis is neglected.

The member satisfies the section check.

....:STABILITY CHECK::...

Classification for member buckling design
Decisive position for stability classification: 0,000 m

Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1
Maximum width-to-thickness ratio | 22,07
Class 1 Limit 42,25
Class 2 Limit 48,65
Class 3 Limit 79,22
=> Internal Compression parts Class 1
Classification of Outstand Flanges
According to EN 1993-1-1 Table 5.2 Sheet 2
Maximum width-to-thickness ratio | 4,84
Class 1 Limit 7,32
Class 2 Limit 8,14
Class 3 Limit 11,33

=> QOutstand Flanges Class 1

=> Section classified as Class 1 for member buckling design
Flexural Buckling check

According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)

Buckling parameters [ w [T zz ] ]
*Student version® *Student version® *Student version® *Student version* *Student version* *Student s
Sway type sway non-sway
System length L 4,600 4,600 m
Buckling factor k 1,00 1,00
Buckling length Ler 4,600 4,600 m
Critical Euler load Ner 5649742 (1059816 kN
Slendemness Lambda 26,94 62,20
Relative slenderness Lambda,rel | 0,35 0,81
Limit slendemess Lambda,rel,0 0,20 0,20 /\
Buckling curve a b
Imperfection Alpha 0,21 0,

Reduction factor Chi 0,96 0,7

Buckling resistance Nb,Rd 6775,28 5026,21 kN
Flexural Buckling verification

*Student version® *Student version® *Student version® *Student versigh* *Studient v
Cross-section area A 1,9780e-02 \|m

Buckling resistance Nb,Rd 5026,21

Unity check 0,09

Torsional(-Flexural) Buckling checl

for Flexural buckling. Therefore/ Tors F al) buckling is not printed on the output.

Lateral Torsional Buckling
According to EN 1993-1-1 arti

[ LTB parameters ] |
*Student version* *Student version® *Student version’ /Stuent version® *Student version* *Stt
Method for LTB curve [General case
Cross-section plastic modulus W 3,2320e-03 m'3
Elastic critical moment Mcr 8958,80 kNm

Relative slenderness Lambda,rel,LT 0,36
Limit slendemess Lambda,rel,LT,0 0,20

LTB curve a

Imperfection Alpha,LT 0,21

Reduction factor Chi,LT 0,96

Design buckling resistance Mb,Rd 1105,55 kNm
Unity check 0,51 -
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Mcr_parameters ]

¥Student version® *Student version® *Student version* *Student version* *Student ver

LTB length L 4,600 m
Influence of load position no influence
Correction factor k 1,00

Correction factor kw 1,00

LTB moment factor C1 3,38

LTB moment factor C2 043

LTB moment factor C3 1,00

Shear center distance d,z 0 mm
Distance of load application zg |0 mm
Mono-symmetry constant betay |0 mm
Mono-symmetry constant zj 0 mm

Note: C parameters are determined according to ECCS 119 2006 / Galea 2002.

Bending and axial compression check

According to EN 1993-1-1 article 6.3.3 and formula (6.61),(6.62)

[ Bending and axial pression check parameters | |
*Student version® *Student version® *Student version® *Student version® *Student version® *Student version® *Student version® *S

Interaction method alternative method 1 O
Cross-section area A 1,9780e-02 m*2
Cross-section plastic modulus Wpl,y 3,2320e-03 m3
Cross-section plastic modulus Wpl,z 1,1040e-03 m"3
Design compression force N,Ed 467,04 kN
Design bending moment (maximum) My,Ed 569,13 kNm
Design bending moment (maximum) Mz Ed 24,95 kNm
Characteristic compression resistance N,Rk 7021,90 kN
Characteristic moment resistance My,Rk 1147,36 kNm
Characteristic moment resistance Mz,Rk 391,92 kNm
Reduction factor Chi,y 0,96

Reduction factor Chi,z 0,72

Reduction factor Chi,LT 0,96

Interaction factor k,yy 1,03

Interaction factor k,yz 0,50

Interaction factor k,zy 0,55

Interaction factor k,zz 0,59

Maximum moment My,Ed is derived from beam B2499 position 0,000 m.
Maximum moment Mz,Ed is derived from beam B2499 position 4,600 m.

Tt m thod 7
| 1p s l |
*Student version* *Student version® *Student version® *Student version® *Student version* *Student version { studnt y}rsian' *$

Critical Euler load N,cry 56497,42 N
Critical Euler load N,cr,z 10598,16

Elastic critical load N,cr,T 19092,33 k
Cross-section plastic modulus Wpl,y 3,2320e-03 03
Cross-section elastic modulus Wel,y 2,8840e-03 4
Cross-section plastic modulus Wpl,z 1,1040e-03 3
Cross-section elastic modulus Wel,z 7,2130e-04 E"S
Second moment of area ly 5,7680e-04 A

Second moment of area Iz

Torsional constant It

Method for equivalent moment factor C,my,0
Design bending moment (maximum) My,Ed
Maximum relative deflection delta,z
Equivalent moment factor C,my,0

Method for equivalent moment factor C,mz,0 +{Linear)
Ratio of end moments Psi,z

Equivalent moment factor C,mz,0

Factor mu,y

Factor mu,z

Factor epsilon,y

Factor a,LT

Critical moment for uniform bending Mcr,®
Relative slenderness Lambda,rel,0

Limit relative slenderness Lambd,
Equivalent moment factor C,
Equivalent moment factor C
Equivalent moment factor
Factor b,LT

Factor c,LT

Factor d,LT

Factor e LT

Factor w,y

Factor w,z

Factor n,pl

Maximum relative slendemess Lambda,rel,max | 0,81
Factor C,yy 1,00
Factor C,yz 0,85
Factor C,zy 0,96
Factor C,zz 1,01

1,0820e-04

kNm

Unity check (6.61) = 0,07 + 0,53 + 0,03 = 0,63 -

Unity check (6.62) = 0,09 + 0,28 + 0,04 = 0,41 -

Shear Buckling check

According to EN 1993-1-5 article 5 & 7.1 and formula (5.10) & (7.1)
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Shear Buckling parameters

*Student version* *Student version® *Student version® *Student version* *Stude

Buckling field length a 4,600 m
Web unstiffened

Web height hw 352 mm
Web thickness t 14 mm
Material coefficient epsilon 0,81

Shear correction factor Eta 1,20

Shear Buckling verification

*Student version® *Student version® *Student version* *Stud
Web slenderness hwit 26,07
Web slenderness _limit 48,82

Note: The web slendemess is such that Shear Buckling effects may be ignored
according to EN 1993-1-5 article 5.1(2).
The member satisfies the stability check.

-iskoristivost elementa na GSN — 63 %

Slika 16.16. Prikaz iskoristivosti nosaca — stup 1 (3. etaza)
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16.2.11. Rezne sile — stup 1 (velika dvorana)

Mz Vy

"

%

bﬂj,!

\-@9{0

-

,.D‘\-Pb

879 5

L

Slika 16.17. Prikaz reznih sila nosaca — stup 1 (velika dvorana)

-poprecni presjek nosaca

Name Stup 3 - 3. etaZza
Type HEM500
Source description Profil Arbed / Structural shapes / Edition Octobre 1995
Item material S 359
Fabrication rolled
Flexural buckling y-y a
Flexural buckling z-z b
Lateral tersional buckling Default
Use 2D FEM analysis *
z

A [m7] 3,4430e-02

Ay z[m] 2.4483e-02 1,1242e-02
1y, z [m] 1,6200e-03 1.9200e-04
I w [mf], t [m¥] 1,1187e-05 1,5390e-05
Wel y, z [m?] 6§,1800e-03 1,2520e-03
Wpl y, z [m] 7,0940e-03 19320e-03
dy, z [mm] 0 0
¢ YUCS, ZUCS [mm] 153 262
a [deg] 0,00

AL, D [m¥m] 2,1800e+00 2,1834e+00
Mply +, - [Nm] 252e+06 252e+06
Mplz +, - [Nm] 6.86e+05 686e+05

Slika 16.18. Prikaz geometrijskih karakteristika nosaca
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16.2.12. Dimenzioniranje — stup 1 (3.etaza)

Member B141

[2,800 m __[HEM500

[S355 [GSN22 [083 -

Partial safety factors
*Student version® *Student version® *Student version® *Student version® *Studer

Gamma MO for resistance of cross-sections
Gamma M1 for resistance to instability
Gamma M2 for resistance of net sections

1,00
1,00
1,25

[ Material

I

J

¥Student version® *Student version® *Student version® *Studt

Fabrication

Yield strength fy 355,0 MPa
Ultimate strength fu | 490,0 MPa

Rolled

The critical check is on position 2.800 m

Internal forces | Calculated
*Student version* *Student version® *Student version® *Stude

Unit

N,Ed
Vy,Ed
Vz,Ed
TEd
My,Ed
Mz, Ed

-879,57
422,29
-386,48
1,18

338,25
378,76

kN
kN
kN
kNm
kNm
kNm

Classification for cross-section design
According to EN 1993-1-1 article 5.5.2
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio

Class 1 Limit
Class 2 Limit
Class 3 Limit

18,57
43,15
49,69
57,48

=> Intemal Compression parts Class 1
Classification of Outstand Flanges
According to EN 1993-1-1 Table 5.2 Sheet 2

Maximum width-to-thickness ratio

Class 1 Limit
Class 2 Limit
Class 3 Limit

2,89
7,32
8,14
12,39

=> QOutstand Flanges Class 1

=> Section classified as Class 1 for cross-section design

Compression check

A
Nc,Rd
Unity check

3,4430e-02 | m"2
12222,65 kN
0,07 -

According to EN

Bending moment check for My

According to EN 1993-1-1 article 6.2.4 and formula (&9); ;
1993-1-1 article 6.2.5 and formpula (6\ Q.

Wply 7,0940e-03 | m"3
Mpl,y,Rd 2518,37 kNm
Unity check |0,13 2\

Bending moment check for

According to EN 1993-1-1 artigle 62.5
Wpl,z 1,9320e-03 mA3
Mplz,Rd 685,86 e |
Unity check 0,55 -

Shear check for Vy

ula (.12),(6.13)

According to EN 1993-1-1 article 6.2.6 and formula (6.17)

1,20

2,5488e-02 | m"2

5224,00 kN

0,08 -
Shear check for Vz

According to EN 1993-1-1 article 6.2.6 and formula (6.17)

Eta 1,20

Av 1,2950e-02 | m"2
Vpl,z,Rd 2654,22 kN
Unity check | 0,15 -
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Note: The unity check for torsion is lower than the limit value of 0,05. Therefore torsion is considered as
insignificant and is ignored in the combined checks.

Combined bending, axial force and shear force check

According to EN 1993-1-1 article 6.2.9.1 and formula (6.41)

MplyRd 251837 |kNm
Alpha 2,00
Mpl,zRd | 685,86 kNm
Beta 1,00

Unity check (6.41)= 0,02 + 0,55 = 0,57 -

Note: Since the shear forces are less than half the plastic shear resistances their effect on the moment
resistances is neglected.

Note: Since the axial force satisfies both criteria (6.33) and (6.34) of EN 1993-1-1 article 6.2.9.1(4)

its effect on the moment resistance about the y-y axis is neglected.

Note: Since the axial force satisfies criteria (6.35) of EN 1993-1-1 article 6.2.9.1(4) its effect on the moment

resistance about the z-z axis is neglected.

The member satisfies the section check.

....:STABILITY CHECK::...

Classification for member buckling design
Decisive position for stability classification: 1,355 m

Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1
Maximum width-to-thickness ratio | 18,57
Class 1 Limit 4317
Class 2 Limit 49,72
Class 3 Limit 73,68
=> Intemal Compression parts Class 1

Classification of Outstand Flanges

According to EN 1993-1-1 Table 5.2 Sheet 2
Maximum width-to-thickness ratio | 2,89
Class 1 Limit 7,32
Class 2 Limit 8,14
Class 3 Limit 11,88

=> QOutstand Flanges Class 1
=> Section classified as Class 1 for member buckling design

Flexural Buckling check
According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)

Buckling parameters [ W ] 2z | J

*Student version® *Student version® *Student version *Student version® *Student version* *Student versio

Sway type sway non-sway
System length L 1,445 1,445 m
Buckling factor k 1,00 1,00
Buckling length Ler 1,445 1,445 m
Critical Euler load Ncr 160804560 | 190583,18 |kl
Slendemness Lambda 6,66 19,35
Relative slenderness Lambda,rel | 0,09 0,25
Limit slendemess Lambda,rel,0 0,20 0,20

Note: The slenderness or compression force is such that\tlextyral\Buckling effgcts may be ignored

according to EN 1993-1-1 article 6.3.1.2(4).
Torsional(-Flexural) Buckling check

According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)
Note: For this I-section the Torsional(-Flexural) buckling fesis
for Flexural buckling. Therefore Torsional(-Flexural) blickling i

Lateral Torsional Buckling check
According to EN 1993-1-1 article 6.3.2.1 & 6.3‘2/<an formula(6.84

[ LTB parameters IEAK ¥
“Student version® *Student version* *Student versig/i* *Stden dersion\*Stlidgyf/version® *Stt
Method for LTB curve

Cross-section plastic modulus m3
Elastic critical moment Mcr kNm
Relative slenderness Lamb {

Limit slendemess Lambda,rel,LT,0
A

e is higher than the resistance
ot pprited on the output.

Note: The slenderness or bendi oment is such that Lateral Torsional Buckling effects
may be ignored according to EN 1993-141 afticle 6.3.2.2(4).

Mcr parameters N ]

*Student version* *Student version® *Student version® *Student version® *Student ver

LTB length L 1,445 m
Influence of load position no influence
Correction factor k 1,00

Correction factor kw 1,00

LTB moment factor C1 1,43

LTB moment factor C2 0,00

LTB moment factor C3 1,00

Shear center distance d,z 0 mm
Distance of load application zg |0 mm
Mono-symmetry constant betay |0 mm
Mono-symmetry constant z 0 mm
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Note: C parameters are determined according to ECCS 119 2006 / Galea 2002.

Bending and axial compression check

According to EN 1993-1-1 article 6.3.3 and formula (6.61),(6.62)

| Bending and axial p

ion check parameters |

l

*Student version® *Student version® *Student version® *Student version® *Student version* *Student version® *Student version® *S

Interaction method

Cross-section area A

Cross-section plastic modulus Wpl.y
Cross-section plastic modulus Wpl,z
Design compression force N,Ed

Design bending moment (maximum) My,Ed
Design bending moment (maximum) Mz Ed
Characteristic compression resistance N,Rk
Characteristic moment resistance My,Rk
Characteristic moment resistance Mz,Rk
Reduction factor Chi,y

Reduction factor Chi,z

Reduction factor Chi,LT

Interaction factor k,yy

Interaction factor k,yz

Interaction factor k,zy

Interaction factor k,zz

alternative method 1
3,4430e-02
7,0940e-03
1,9320e-03
879,57
917,66
378,76
12222,65
2518,37
685,86
1,00

1,00

1,00

0,98

0,65

0,59

0,99

m"2
m"3
m"3
kN

kNm
kNm
kN

kNm
kNm

Maximum moment My,Ed is derived from beam B141 position 1,355 m.
Maximum moment Mz,Ed is derived from beam B141 position 2,800 m.

[ Interaction method 1 parameters

[

*Student version® *Student version® *Student version® *Student version® *Student version® *Student version® *Student version® *S

Critical Euler load N,cry

Critical Euler load N,cr,z

Elastic critical load N,cr,T

Cross-section plastic modulus Wpl,y
Cross-section elastic modulus Wel,y
Cross-section plastic modulus Wpl,z
Cross-section elastic modulus Wel,z
Second moment of area ly

Second moment of area Iz

Torsional constant It

Method for equivalent moment factor C,my,0
Design bending moment (maximum) My,Ed
Maximum relative deflection delta,z
Equivalent moment factor C,my,0

Method for equivalent moment factor C,mz,0
Design bending moment (maximum) Mz,Ed
Maximum relative deflection delta,y
Equivalent moment factor C,mz,0

Factor mu,y

Factor mu,z

Factor epsilon,y

Factor a,LT

Critical moment for uniform bending Mcr,0
Relative slenderness Lambda,rel,0

Limit relative slenderness Lambda,rel,0,lim
Equivalent moment factor C,my

Equivalent moment factor C,mz

Equivalent moment factor C,mLT

Factor b,LT

Factor ¢ LT

Factor d LT

Factor e LT

Factor w,y

Factor w,z

Factor n,pl

Maximum relative slendemess Lambda,rel,
Factor Cyy

Factor C,yz

Factor C,zy

Factor Czz

1608045,60
190583,18
234611,07
7,0940e-03
6,1800e-03
1,9320e-03
1,2520e-03
1,6200e-03
1,9200e-04
1,5390e-05
Table A.2 Line 2 (General)
917,66
0,5

1,00

Table A2 Line 2 (General)
378,76
0,5

1,00

1,00

1,00

581

0,99
48509,54

Unity check (6.61) = 0,07 + 0,36
Unity check (6.62) = 0,07 + 0,22 + 0,55 = 0,83 -
Shear Buckling check

)
6 =0,%9

According to EN 1993-1-5 article 5 & 7.1/and formula (5.10) & (7.1)

Shear Buckling parameters [

]

*Student version® *Student version* *Student version® *Student version* *Stude

Buckling field length a 2,800
Web unstiffened
Web height hw 444

Web thickness t 21
Material coefficient epsilon 0,81
Shear correction factor Eta 1,20

m

mm
mm
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Shear Buckling verification

*Student version® *Student version® *Student version* *Stud
Web slendemess hwit 2114
Web slenderness_limit 48,82

Note: The web slendemess is such that Shear Buckling effects may be ignored
according to EN 1993-1-5 article 5.1(2).

The member satisfies the stability check.

-iskoristivost elementa na GSN — 83 %

Slika 16.19. Prikaz iskoristivosti nosaca — stup 1 (velika dvorana)

377



Viljan Didovi¢

16.2.13. Rezne sile — krajnji stup konzolnog nosaca

Mz

A

Vy

A5

&
1

-7 0681’79

[/

Diplomski rad

-10380,25

Slika 16.20. Prikaz reznih sila nosaca — krajnji stup konzolnog nosaca

-poprecni presjek nosaca

Slika 16.21. Prikaz geometrijskih karakteristika nosaca

Name Krajnji stup konzolnog nosaca
Type SHS550/550/28.0
Source description Corus Advance Sections
Item material S 355
Fabrication cold formed
Flexural buckling y-y c
Flexural buckling z-z c
Lateral torsional buckling Default
[Use ZD FEM analysis x
z
L—

A [m?] 56400e-02

Ay, z [m] 28547e-02 2,8547e-02
1y, z [m*] 25200e-03 2,5200e-03
1w [mE], t [m] 1,1743e-04 4,0900e-03
Wel y, z [m?] 9,1500e-03 9,1500e-03
Wpl y, z [m?] 1,1088e-02 1,1088e-02
dy, z[mm] ) 0
c YUCS, ZUCS [mm] 275 275
o [deg] 0,00

A L, D [mZm] 2,1000e+00 4,0794e+00
Mply +, - [Nm] 394e+06 3.94e+05
“WpE ¥, - [Nm] TOFeT06 3 94e+05
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16.2.14. Dimenzioniranje — krajnji stup konzolnog nosaca

[Member B784 [4,400 m | SHS550/550/28.0 [S 355 [GSN 26 [092 - |

Partial safety factors
*Student version® *Student version® *Student version® *Student version* *Studer

Gamma MO for resistance of cross-sections 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1.25
[ Material [ ]

*Student version® *Student version® *Student version* *Studc

Yield strength fy 355,0 MPa

Ultimate strength fu | 490,0 MPa

Fabrication Rolled

....:SECTION CHECK::...

The critical check is on position 1.800 m
Internal forces | Calculated Unit

*Student version* *Student version® *Student version* *Stude
N,Ed -10380,25 kN
Vy,Ed 727,63 kN
Vz,Ed -836,74 kN
T,Ed 7,08 kNm
My,Ed 328,80 kNm
Mz,Ed 829,98 kNm
Classification for cross-section design
According to EN 1993-1-1 article 5.5.2
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1
Maximum width-to-thickness ratio | 16,64
Class 1 Limit 26,85
Class 2 Limit 30,92
Class 3 Limit 36,58

=> Section classified as Class 1 for cross-section design

Compression check
According to EN 1993-1-1 article 6.2.4 and formula (6.9)

A 5,6400e-02 | m"2

Nc,Rd 20022,00 kN

Unity check | 0,52 -
Bending moment check for My
According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6.13) @

Wply 1,1088e-02 | m"3
Mpl,y,Rd 3936,09 kNm
Unity check | 0,08 -
Bending moment check for Mz
According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6!

Wpl,z 1,1088e-02 [ m"3

Mpl,z,Rd 3936,09 kNm

Unity check | 0,21 -

Shear check for Vy
According to EN 1993-1-1 ani@ Nula (8-

Eta 1,20

Av 2,8200e-02 (nTZ/

Vpl,y,Rd 5779,85 kN

Unity check  [0,13 \/
Shear check for Vz

According to EN 1993-1-1 article 6.2\6 and formula (6.17)

Eta 1,20

Av 2,8200e-02 | mA2
Vpl,z,Rd 5779,85 kN
Unity check | 0,14 -

Torsion check
According to EN 1993-1-1 article 6.2.7 and formula (6.23)

Tau,t,Ed 05 MPa
Tau,Rd 2050 |MPa
Unity check | 0,00 -
Note: The unity check for torsion is lower than the limit value of 0,05. Therefore torsion is considered as
insignificant and is ignored in the combined checks.
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[Beta [2.38 [ ]

Unity check (6.41) = 0,01 + 0,08 = 0,08 -

Note: Since the shear forces are less than half the plastic shear resistances their effect on the moment
resistances is neglected.

The member satisfies the section check.

Classification for member buckling design
Decisive position for stability classification: 0,000 m
Classification of Internal Compression parts

According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio 16,64

Class 1 Limit 26,85

Class 2 Limit 30,92

Class 3 Limit 49,96

=> Section classified as Class 1 for member buckling design

Flexural Buckling check
According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)

Buckling parameters w1 2z I J
*Student version® *Student version* *Student version* *Student version® *Student version* *Student versio

Sway type sway non-sway

System length L 2,600 2,000 m
Buckling factor k 1,00 1,00

Buckling length Ler 2,600 2,000 m
Critical Euler load Ner 772632,34 (130574866 |kN
Slendemess Lambda 12,30 9,46

Relative slenderness Lambda,rel 0,16 0,12

Limit slendemess Lambda,rel,0 0,20 0,20
Note: The slenderness or compression force is such that Flexural Buckling effects may be ignored
according to EN 1993-1-1 article 6.3.1.2(4).
Torsional(-Flexural) Buckling check

According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)

Note: The cross-section concems a RHS section which is not susceptible to Torsional(-Flexy
Lateral Torsional Buckling check

According to EN 1993-1-1 article 6.3.2.1

Note: The cross-section concems an RHS section with 'h /b < 10/ Lambdayrel,z,
This section is thus not susceptible to Lateral Torsional Buckling.

Bending and axial compression check

According to EN 1993-1-1 article 6.3.3 and formula (6.61),(6.62)

|_Bending and axial pression check par
*Student version® *Student version® *Student version® *Student version® *Student version* ‘Studen%ia 2 *Stt tW s

Interaction method alternative ‘wethed 1\
Cross-section area A mA2
Cross-section plastic modulus Wpl,y m3
Cross-section plastic modulus Wpl,z m"3
Design compression force N,Ed kN
Design bending moment (maximum) My,Ed kNm
Design bending moment (maximum) Mz,Ed kNm
Characteristic compression resistance N,Rk kN
Characteristic moment resistance My,Rk kNm
Characteristic moment resistance Mz,Rk kNm

Reduction factor Chi,y
Reduction factor Chi,z
Reduction factor Chi LT
Interaction factor k.yy

Interaction factor k,yz 0,50
Interaction factor k,zy >0,50
Interaction factor k,zz 0

84
Maximum moment My,Ed is derived.from beam B784 position 4,400 m.
Maximum moment Mz,Ed is derived bear) B7 sition 2,000 m.
Interaction_method rameters, / |
*Student version® *Student version® *Stliderft version® *Stogent versjén® *Student version® *Student version® *Student version® *S

Critical Euler load N,cry 772632,34 kN
Critical Euler load N,cr,z 1305748,66 kN
Elastic critical load N,cr,T 4377653,53 kN
Cross-section plastic modulus Wpl, 1,1088e-02 m"3
Cross-section elastic modulus W&ly 9,1500e-03 mA3
Cross-section plastic modulus Wpl} 1,1088e-02 m3
Cross-section elastic modulus Wel,z 9,1500e-03 m*3
Second moment of area ly 2,5200e-03 m™M
Second moment of area Iz 2,5200e-03 mh4
Torsional constant It 4,0900e-03 mM
Method for equivalent moment factor C,my,0 Table A.2 Line 2 (General)

Design bending moment (maximum) My,Ed -1312,99 kNm
Maximum relative deflection delta,z 1,0 mm
Equivalent moment factor C,my,0 0,99

Method for equivalent moment factor C,mz,0 Table A.2 Line 2 (General)

Design bending moment (maximum) Mz,Ed 975,50 kNm
Maximum relative deflection delta,y -0,2 mm

*Student version® *Student version* *Student version® *Student version® *Student version* *Student version® *Student version® *S
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[ Interaction method 1 parameters |
*Student version* *Student version* *Student version® *Student version* *Student version* *Student version® *Student version® *$

Equivalent moment factor C,mz,0 0,99
Factor mu,y 1,00
Factor mu,z 1,00
Factor epsilon,y 0,78
Factor a,LT 0,00
Critical moment for uniform bending Mcr,0 714703,99 kNm
Relative slenderness Lambda,rel,0 0,07
Limit relative slenderness Lambda,rel,0,lim 0,28
Equivalent moment factor C,my 0,99
Equivalent moment factor C,mz 0,99
Equivalent moment factor C,mLT 1,00
Factor b,LT 0,00
Factor ¢,LT 0,00
Factor d,LT 0,00
Factor e,LT 0,00
Factor w,y 1,21
Factor w,z 1,21
Factor n,pl 0,52
Maximum relative slenderness Lambda,relmax |0,16
Factor C,yy 1,19
Factor C,yz 1,20
Factor C,zy 1,20
Factor C,zz 1,19

Unity check (6.61)=0,52 + 0,28 + 0,12=10,92 -
Unity check (6.62) = 0,52 + 0,17 + 0,21 =0,89 -
The member satisfies the stability check.

-iskoristivost elementa na GSN — 92 %

Slika 16.22. Prikaz iskoristivosti nosaca — Krajnji stup konzolnog nosaca
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17. DINAMICKA ANALIZA

Racunsko ubrzanje tla ocitano je sa SeizmiCke karte Republike Hrvatske i iznosi: ag =
0,22 g. Klasificiranjem vrste temeljnog tla utvrdeno je da se gradevina nalazi na tlu klasa A
koja se odnosi na stijenu ili drugu geoloSku formaciju s najvise 5 m slabijeg tla pri povrSini i
krute naslage pijeska, Sljunka ili prekonsolidirane gline. Za prorac¢un seizmi¢kog opterecenja
koriStena je viSemodalna spektralna anliza. Konstrukcija je praru¢anata u dva medusobno

okomita horizontalna pravca. Odgovor konstrukcije dobiven je metodom spektra odgovora.

e Seizmicko podrucje: IX zona

e Racunsko ubrzanje tla: ag = 0,22g, g =9,81 m/s?

e Srednja kategorija duktilnosti DC*“M* (konstrukcije posebno otporne na potres, ne
dolazi do krhkog loma pod cikli¢kim djelovanjem sila potresa u podrucju plasti¢nih
zglobova)

e Kategorijatla: A

e Faktor znacaja: y = 1.0 (obi¢ne zgrade, stambene)

1.8 mfsf.‘éo

1.6
1.4
1.2
1.0
0.8
0.6
0.4

0.2

0.0

Slika 17.1. Ulazni projektni spektar odgovora
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Modalna analiza

Caicuiation protocol

Solution of Free vibration

SCIAENGINEER

Number of 2D elements 14800
Number of 1D elemerits 10005
Number of mesh nodes 16591
Number of equations 99546
Combination of mass groups | MC1 CM1
Number of frequencies 90
Method Lanczos
Bending theory Mindlin
Type of analysis model Standard
Start of calculation 21.07.2017 00:26
End of calculation 21.07.2017 00:27
Sum of masses
X Y z
[kg] [ka] [kg]
1| 44331133,2| 44331133,2| 44331133,2
Relative modal masses
Mode mega [rad/:| Period Freq. Wi/ Witor Wyi/ Wyeor Wi/ Waror (Wi r/ Wiot g | Wyi v/ Wytot  Wai_r/Wotot »
[s] [Hz]
1 3.23125 1,94 0,51 | 0.00649451 |2.00447e-006 |3.00082e-008 |[5.06267e-008 | 0.00026795 | 0.000430966
2 3.55666 1,77 0,57 [1.63406e-005 | 0.00552185 |1.34724e-006 0]3.11456e-007 | 0.000744144
3 4.02259 1,56 0,64 | 8.5312e-005| 0.00673326 |3.58784e-008 |2.81097e-008 |5.83362e-006 | 0.00182718
4 4.05569 1,55 0,65 [4.94158e-006 | 0.00463333 |3.74605e-006 |3.75502e-006 | 7.56368e-006 | 0.00198494
5 5.02836 1,25 0,80 | 0.000143611 |1.01266e-005 0.0046701 [ 0.00060742 | 0.000618385 |5.01151e-006
6 5.08726 1,24 0,81 | 0.000983933 |3.07241e-005| 0.00493248 | 0.000278489 | 0.000330854 | 0.00129405
7 5.18579 1,21 0,83 [ 0.000652399 |4.13445e-005| 0.00791313 0.0118583 0.0100186 | 0.00120586
8 5.41263 1,16 0,86 0.00102631| 2.9407e-005| 0.00453769| 0.00303477 0.0017872 | 0.000773908
9 6.41253 0,98 1,02| 0.00146757 | 0.000429607 |5.88821e-006 |5.49702e-006 | 0.000121346| 0.00171145
10 6.56344 0,96 1,04 0.00284921 | 0.000734711 [1.28293e-005 [2.48196e-005 | 0.000153103 [ 0,00335913
11 6.61142 0,95 1,05 0.323503 0.0752394 | 0.00234138| 0.00548054 0.0127703 0.367073
12 6.65114 0,94 1,06 | 0.000738837 | 0.00090792| 0.00233857| 0.00274451 , 0.00368592 | 0.000474026
13 27541 0,86 1,164.12972e-005 | 7.45494e-007 | 0.000177604 2.36411e-005 |3.81093e-005 |5.71767e-006
14 7.81903 0,80 1,24| 0.00473483 0.0264784 0.111771 0.109796 0.218074 0.0458829
15 8.53804 0,74 1,36 | 0.000790553 | 0.00308193 0.0276247 0.0232947 0.0309874 | 0.00228125
16 9.04366 0,69 1,44 [4.34696e-006 | 0.000291499 | 0.00944628 | 0.00482946 0.01866| 0.00542198
17 9.73403 0,65 1,55| 0.00619827| 0.00853526 0.0122721 0.0325859 0.0186147 | 0.000224422
18 10.6736 0,59 1,70 0.111843 0.445153 | 0.00343687| 0.00157213| 0.00390981| 0.00202812
19 10.7877 0,58 1,72 | 0.00268777 0.0128914| 0.00236819| 0.00207017 | 0.00316502 |1.63789e-005
20 10.8271 0,58 1,72 0.0101852 0.0345602 | 0.00101846| 0.00685713 | 0.000290973 |5.21065e-005
21 11.1967 0,56 1,78 [3.62564e-005 | 0.000821311 | 0.000927922 | 0.000111295 | 0.000194053 | 3.9838e-005
22 11.6157 0,54 1,85| 0.00119792| 0.00560596 0.0131968 0.0164185| 0.00410392 | 0.000418452
23 11.6466 0,54 1,85(3.41614e-005| 0.00108443 |5.80213e-005| 0.00231923 |4.66284e-005 |7.55614e-005
24 11.8847 0,53 1,89 [1.13577e-005 | 0.000719268 0.0327366 0.050246 0.01679 | 2.37078e-005
25 12.0916 0,52 1,92| 0.00448782| 0.00124207 | 0.000848187| 0.00137549 | 0.000859613 | 0.00399954
26 12.2029 0,51 1,94 0.0537596 | 7.4411e-007 0.0058778 | 0.00107015 0.0248978 0.036017
27 12.2192 0,51 1,94] 0.000171719 | 4.3674e-005| 0.00378438 | 0.000124229 | 0.000502181 |5.03601e-005
28 12.3472 0,51 1,97 [3.17271e-005 |3.24382e-005| 0.00124828| 0.00241652 [1.00669e-007 [2.98581e-005
29 12.6101 0,50 2,01] 5.6686e-007 | 2.5328e-005 0.0018503 [ 0.00835263 |1.81717e-005 |7.11792e-006
30 12.6965 0,49 2,02 | 4.5955e-007 [3.13848e-005 | 0.000195709 [3.63162e-005 [1.96916e-007 {1.39078e-006
31 12.7613 0,49 2,03| 0.00214768 | 0.000145518 | 0.00546828 | 0.00446039 | 0.000532528 | 0.000700291
32 12.8652 0,49 2,05| 0.00146827 [1.98323e-005| 0.00834562| 0.00912069| 0.00167186| 0.00114146
33 12.9605 0,48 2,06 |1.22195e-005 | 0.000848988 | 0.00217811 | 8.5672e-005 | 0.000703068 |5.55148e-007
34 13.0675 0,48 2,08 0.0106606 | 0.00162613 |2.56223e-005| 0.00509139 | 0.000247876 0.0155912
35 13.3257 0,47 2,1212.89856e-005 | 0.000141311 | 0.00204454 | 0.000213195| 0.00149012| 0.00019414
36 13.4482 0,47 2,1417.01273e-005 [7.26871e-005 | 0.00982666 0.0107108 | 0.00350017 |3.72667e-005
37 13.7593 0,46 2,19 0.0130488 0.0011879 | 0.000877274| 0.00153959| 0.00693693 0.0177022
38 13.8486 0,45 2,20 0.061579 0.0109769 | 0.00786406 | 0.000133619 |5.82825e-007 0.0750728
39 13.9033 0,45 2,21 | 0.00924937| 0.00119573| 0.00199552 | 0.000361045| 0.00156842 0.0105545
40 13.9934 0,45 2,23 0.000273178 [5.79029e-007 | 0.00606126 | 0.00733678 | 5.00228085 | 0.000278234
41 14.234 0,44 2.27 |3.44426e-005 | 0.000257509 0.0340367 0.0906144 0.0203417 | 0.000175086
42 14.2396 0,44 2,27 15.90026e-005 |1.01309e-006 | 0.000437295 | 0.000525257 | 0.00150358 [3.02151¢-006
43 14.3803 0,44 2,29 0.0157113 0.0104212 0,0113155| 0.00386735| 0.00138162 0.024929
44 14.4059 0,44 2,29 0.0615441 0.0227046| 0.000502565 0.0105065 | | 0.0011723. 0.096869.
45 14.6174 0,43 2,33 | 0.000151629 | 0.000502656 | 0.00295908 | 0.00354131 | 0.00129105 | 0.000255316
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SCIAENGINEER
Mode rnega [rad/: Period Freq. Wai/ Wi Wi/ Wyor Wi/ Woor  |Wai r/Wiot v | Wi v/ Wytor = Wai v/ Watot »
Is] [Hz]
46 14.8401 0,42 2,365.30109e-005 [ 2.2217e-005 0.0726061 [ 0.00715348 0.0708877 | 0.000115853
47 15.0849 0,42 2,40| 0.000581243 |3.95175e-005 | 0.000126144 | | 0.0013221 0.013€383 | 0.000529602
48 15.1333 0,42 ,4117.96911e-006 {2.66092e 005 | 0.00932153 | 0.00671075 | "0.00653106| 2.2456e-006
49 15.3819 0,41 2,45 0.0244595 0.0218767 | 0.00685873 | 0.000998188 | 0.00027214 0.0422517
50 15.423 0,41 2,45 | 0.000839639 | 0.000400722 0.0102168 | 0.000494772 0.0114144| 0.00111723
51 15.4416 0,41 2,46| 0.00101056 0.0012516 | 0.000167484 | 0.000234131 | 0.000446966 | 0.00183156
52 15.4696 0,41 2,46 [5.63211e-006 | 2.07563e-007 | 0.00062019 | 0.000974802 | 0.000477168 [2.23924e-005
53 15.6469 0,40 2,49| 0.00160362 | 0.00396764 | 0.000549106 | 0.00133115 | 0.000524354| 0.00364136
54 15.7027 0,40 2,50 8.3253e-005 | 0.000114062 | 0.000826496 | 0.00213142 | 0.000556919 | 4.9758e-005
55 15.7421 0,40 2,51 0.000602449 | 0.000317847 | 0.00181936 |3.59673e-005 | 0.00579112 | 0.000857166
56 15.8818 0,40 2,53 ] 0.000218924 (3.16023e-005 | 0.00956288 0.012726 | 0.00504521 | 0.000331645
57 15.971 0,39 2,54 | 6.8427e-007 [1.52723e-006 [2.84483e-008 | 0.000188289 [1.54435e-007 [4.60236e-006
58 15.9779 0,39 2,54 5.36589e-007 |3.78803e-006 | 0.000362959 | 0.000639289 |  0.0011673 |5.22072e-008
59 16.0983 0,39 2,56 [7.36967e-007 | 0.000183614 [1.93094e-005 | 0.000574889 |4.38873e-006 |1.98057e-007
60 16.2265 0,39 2,58 | 3.6977e-005 [1.09199e-006 0.0016685 0.0026725| 0.00132874 |3.36894e-005
61 16.34 0,38 2,60 | 0.000756111 | 0.000132689 | 0.00447172| 0.00421253| 0.00235179| 0.00072688
62 16.4495 0,38 2,62 0.000559283 0.0019767 0.0174531 0.0206724 |3.76465e-007 | 0.00115719
63 16.456 0,38 2,62 |7.36518e-005 | 3.96876e-007 | 0.000918021 | 0.000359624 | 0.00127078 [3.40013e-005
64 16.5006 0,38 2,63| 0.00668376 | 0.00283036 [5.57565e-006| 0.00474468 | 0.00184169| 0.00506218
65 16.7143 0,38 2,66 13.56935e-005 | 0.000927838 | 0.000229612 |5.19514e-005 [5.30713e-006 | 0.000227639
66 16.7646 0,37 2,67 0.000178762 0.000327 |5.75732e-005 | 0.000453075 | 2.39082e-006 |3.97243e-005
67 16.8234 0,37 2,68 | 0.00072604 [1.26451e-005 [ 0.000195902 | 0.00158004 | 0.00060511 | 0.000267127
68 17.1192 0,37 2,72 [3.20306e-005 | 0.00057637 [4.47956e-005| 0.00108763 | 0.00489142 |3.74806e-006
69 17.1961 0,37 2,74 0.000338257 |1.63836e-005 [1.16724e-005 | 0.000837147 |5.76688e-005 | 0.000187814
70 17.3481 0,36 2,76] 0.000177816 | 0.00397951 | 0.00157636 0.0112491 | 0.00209187| 1.0513e-006
71 17.3922 2,77 | 1.8707e-005 | 0.000237768 | 0.000171713 0.0031602 | 0.00146721 |3.10497e-006
72 17.6803 2,81]3.01527e-007 |9.45666e-006 | 0.000846836 | 0.00060733 | 0.000670152 |1.90851e-006
73 17.6819 2,81]1.16325e-006 [3.29023e-007 [ 0.00128005| 0.00103442 | 0.000350734 | 1.2288e-007
74 17.7313 2,82 15.32395e-006 [7.86391e-006 | 0.000872818 | 0.000945086 |1.78049e-006 |3.33125e-007
75 17771 2,83]3.82621e-006 | 2.0311e-006 [3.16436e-007 |[1.12578e-005 [1.33745e-005 [1.67397e-006
76 17.9981 2,8617.30279e-006 | 2.5669e-005| 0.00384132 | 0.000749449 | 0.000681382 |2.87473e-005
77 18.016 2,87 |5.65558e-005 |9.28877e-006 | 0.000441758 |1.67486e-005 | 0.000294112 | 0.000132927
78 18.0526 2,87 0.00040362 | 0.000385201 | 0.00208236| 0.0026397i | 0.0036004= | C.000990169
79 18.1133 2,88| 0.00388666| 0.00109184 0.0162548 [7.1456%e-005 0.0140659 | ' 0,00737543
80 18.1404 2,89| 0.00235068 |2.88316e-005| 0.00771826| 0.00227906 | 0.0116662| 0.004739/6
81 18.3493 2,92 11.47165e-007 |3.98801e-006 [1.72897e-006 |2.79254e-008 |2.09737e-006 |2.31906e-008
82 18.4845 2,94 11.19464e-006 [5.24932e-006 | 0.000120655 | 0.000335561 | 0.000123504 [5.42727e-006
83 19.3161 3,07 | 0.000153265 |1.94227e-005| 0.00104509 | 0.000105239 |5.00675e-005| 0.00171083
84 19.4145 3,09 [2.95824e-005 | 0.00223104| 0.00109351 | 0.000561671| 0.00197939| 0.000876112
85 19.5262 0,32 3,11 [3.24176e-006 0.030964 | 0.00107334 |5.06433e-005 0.0082932 | 3.50673e-005
86 19.6012 0,32 3,12 (5.99153e-008 |3.20145e-006 | 0.000330008 | 0.000584266 | 0.000232659 |2.27498e-007
87 19.6571 0,32 3,13 [3.96337e-006 |3.76733e-005 0.0011674 [ 0.000949241 | 0.000571604 |2.32622e-005
88 19.6883 0,32 3,13 [1.25953e-005 | 0.000378701 | 0.000108894 | 0.00078698 | 0.000307476 | 0.000130185
89 19.7132 0,32 3,14 [4.86126e-005 0.0039632 | 0.00234487| 0.00183604 | 0.000202146 | 0.000597794
90 19.7556 0,32 3,14 | 0.000143859 | 0.000840285 | 0.00242946 | 0.00444279| 0.00106556 | 0.000167296
0.756601 0.764401 0.532873 0.54038 0.593057 0.796297
Seismicity
Number of 2D elements 14800
Number of 1D elements 10005
Number of mesh nodes 16591
Mass in analysis Participating mass only
Signed results X
Load case Sx
Combination of mass groups | CM1
Bending theory Mindlin
Type of analysis model Standard
Start of calculation 21.07.2017 00:26
End of calculation 21.07.2017 00:27
Seismicity
Number of 2D e ements 14800
Number of 1D elements 10005
Number of mesh nocles 16591
Mass in analysis Participating mass only
Sianed results X
Load case Sy
Combination of mass groups | CM1
Bending thecry Mindlin
Type of analysis moclel Standard
Start of caiculation 21.07.2017 00:26
End of calculation 21.07.2017 00:27
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Prvi vlastiti vektor
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Slika 17.2. Prikaz prvog vlastitog vektora

Drugi vlastiti vektor

Slika 17.3. Prikaz drugog vlastitog vektora
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Treci vlastiti vektor

Slika 17.4. Prikaz treceg viastitog vektora

Potresno djelovanje u obzir treba uzeti kod konstrukcije koja je poloZena u seizmicki

k seizmicko

¢iji je uzro

r
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no

9

0.22-g)
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¢ju
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éelik

specifican odabira materijala (
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, stoga je i potresno optere

malom masom konstrukcije
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¢aju nije potrebno detaljnije razmatrati te da ga je moguce
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potresno optere
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18. SPOJEVI

18.1. Proracun spoja stupa s temeljom

POPRECNI PRESJEK
HEA 340

A = 1340 cm?
h = 330 mm
b = 300 mm
tf = 17 mm
tw = 10 mm
MATERIJAL

Osnovni materijal: ~ Fe 490 (S335)
Vijci: M16, k.v. 10,9 (fy, = 900 MPa; f,, = 1000 MPa)
REZNE SILE

N, =—-564,63 kN
V,, =85,51kN
Mg, = 79,89 kNm

Raspodjela sila po presjeku
POJASNICE

Vlacna sila od momenta savijanja

N My, _ 79,89-100

M = 275,23 kN
h-t,  33-17

Tlac¢na sila od uzduzne sile

Ny =2 N 23007 564 63— 214,80kN
A 134,0
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Ukupna vlacna sila u pojasnici

N, =N +N " =255 23-214,89 = 40,34kN = F, ,

p p

Kontrola varova

Duzina vara pojasnice: L, ~2-b=2-300=600 mm
Duzina vara hrpta: L, ~ 2-(h—2-'[f ) =2-(340-2-17) =612 mm

Maksimalna debljina vara:  a,,, =0,7-t, =0,7-10,0=7,0 mm

Za pretpostavljeni var: a=7,0mm
f
Rk = u .a-L
" \/§ : ﬂw

Uzduzna sila:

_Fum L, 229 600
Ve 100 1,25 100

=1099,2 kN > N, =564,63 kN

w,Rd

Poprecna sila:

r_Fue L, _2290 612
Wy, 1000 1,25 100

=1121,18 kN >V, =85,51kN

Proracun vijaka

Uz pretpostavku vijaka M-20 udaljenost cyin Vijaka od ruba pojasnice iznosi:
Cip =20y +a-+/2=2-18+7+/2 = 44.89 mm

Usvojeni ¢ =45 mm.

- ekscentricitet uzduZne sile

e= My _ 7989 _ 0.141(m)
Ny, 564.63

x, =h—t, /2=330+45-17/2=322(mm) =0367(m)
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X, =e~h/2+, [2=141-330/2+17/2=15,5 (mm) =0,016(m)

Ny - X, = Ft,Sd X
0,016
=>Fy :NSd =564,63- ——— = 24,61 (kN)
' x1 0,367
Otpornost vijaka na vlak
F F
F o _Lim 1413 =113,0 kN > _40.34 —~7-10,09kN
‘ w125 2 4
Otpornost vijaka na posmik
F
Fons =2 = 185 g7 gins = Yo 2 895110 6giy
Y w125 ’

Interakcija uzduzne i odrezne sile

Fuso . Fa 10,68 10,09
Fo 14-Fo 628 14.1130

=0,24<1,0
Proracun ploce
Dimenzije ploce

a¥ =h+2.c+2-e =330+2-45+2-40 =500mm

b =b+2-a-42+20=300+2-7-42+20=339,80 mm
=2-¢,+p,=2-30+55=115mm

Odabrano: 500 x 350 mm
Debljina ploce

Pritisak po omotacu rupe osnovnog materijala

Foo =2 =250 1068 kN =,
“77g "8 ,

F pl pl . '
Flo = U _IOLL Lo 6p g kN = to > 02812510

vws 10 125 10

389
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t”" =52 mm
Savijanje ploce od odgovora betonske podloge

s=(a, —h+t,"")/2=(500-330+17)/2 = 94mm =9,4cm

pl

R=F, g +Ng, =40,34+564,63=604,97 kN

Naprezanje na betonu (C20/25)

R 604.97 kN  fa. 20

= = = —<—= =
fB.sa 355, 394 34 L3 < =15 = 1333

2 2

Savijanje ploce

1

.
Ay -5Dy, EJF%

foo-S°D
S 2 B,sd pl
MSd = Fl'E“r‘ F2'§S:

wN

2
.—-.S
3

1
2 0,094+§'12300'0’094'0’34
2

Mg 25'12300-0,0940,34. 2

-5-0,094 =16,42kNm

Savijanje ploce od vlacnih vijaka

Mg, =F g, - (c+t, /2) =40,34-(0,045+0,0085) = 2,16 kNm

Mo 6 Ywo b,-f 34-35,5

pl y

W, - f, by t5-f T 11
My, < —mn Y = 2 y:»tp.>\/6 Zuo My :\/6 L1 215.9 _1,08cm

Odabrane dimenzije ploc¢e 500 x 350 x 12 mm
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18.2. Proracun spoja stup - greda

POPRECNI PRESJEK
HEB 450

A = 2180 cm?
h = 450 mm
b = 300 mm
tf = 26 mm
tw = 14 mm
MATERIJAL

Osnovni materijal: ~ Fe 490 (S355)
Vijci: M27, k.v. 10,9 (f,, = 900 MPa; fy, = 1000 MPa)
REZNE SILE

N, =109,35 kN
V, =420,40 kN
My, =822,07 kNm

Raspodjela sila po presjeku
POJASNICE
Vlac¢na sila od momenta savijanja

Ny = Ms 82207100 0u0 gy
h—t, 45-2,6

Tlac¢na sila od uzduzne sile

Ny =P N, 23028 409 35 39,12k
A 218,0

Ukupna vlacna sila u pojasnici

N, =N +N " =1838,84+39,12=1877,96kN = F,

p p
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Kontrola varova

Duzina vara pojasnice: L, ~2-b=2-300+2-100 =800 mm

Duzina vara hrpta: L, = 2-(h -2-1, ) =2-(450-2-26) =796 mm

Maksimalna debljina vara: ~ a,,, =0,7-t, =0,7-14,0=9,8 mm

Za pretpostavljeni var: a=9,0 mm
f
Rk = u .a-L
Rk \/§ﬂw

Uzduzna sila:

_Fumc L, 2944 800
Yww 100 1,25 100

=1884,16 KN > N, =1877,96 kN

w,Rd

Poprecna sila:

£ _Fun L, 2944 796
Wy, 1000 1,25 100

=1874,73 kN >V, =420, 40kN

Proracun vijaka

Uz pretpostavku vijaka M-27 udaljenost cmin Vijaka od ruba pojasnice iznosi:
¢ =2-d +a-y2=2-30+72=69,89 mm

Usvojeni ¢ =70 mm.

- ekscentricitet uzduzne sile

oMy, _ 822,07

=—sd - =0,438(m)
Ny, 1877,97

X, =h—t, /2=450-26/2=437(mm) =0,437(m)
X, =e~/2+1, /2= 438450/ 2+26/ 2= 226 (mm) =0, 226(m)

NSd'X :Ft,Sd'Xl

2
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22
SRy =N, 2 =1877,97- 2% 971,22 (kN)

X, 0,437

Otpornost vijaka na vlak

F F
F e =ﬂ=ﬁ=33o_,48 kN > —Lt5 =M= 242 81kN
| wo 123
Otpornost vijaka na posmik
F
Fong = =202 183, 6 kN > F, , = \% - 22999 _ 70, 07kN

Vw125
Interakcija uzduZne 1 odrezne sile

v,5d Fosa 70,07 242,18
y + i — +
Fo LA4-F, 1836 14-330,48

=0,91<10

Proracun ploce
Dimenzije ploce

al =h+2.c+2-e =450+2-70+2-70 =730mm

b =b+2-a-4/2+20=300+2-9-4/2 + 20 = 345,45 mm
=2-e,+p,=2-55+90=200mm

Odabrano: 730x 350 mm
Debljina ploce

Pritisak po omotacu rupe osnovnog materijala

V.. 420,40
Fle =% =——2""=70,07kN = F, ,
6 6
F pl pl . '
Frg =20 222 L g 70,07 kNt 5 DOTSZ00
' 7wo 10 1,25 10 ’ 258,2
t* =3,4 mm

Savijanje ploce od vlacnih vijaka

Mg =F o -(c+t; /2)=242,81-(0,07+0,013) = 20,15 kNm
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W, - f, by -th-f, oty > 6- 7o Mg :\/6.1,1.20,52 ~317cm
Ymo 6-7mo bpl'fy 34-23,5

Odabrane dimenzije ploce - 730 x 350 x 32 mm

Odabrani vijci - 8 vijaka M27

18.3. Proracun spoja — montazni nastavak gornje pojasnice reSetkastog nosaca

POPRECNI PRESJEK
HEB 240

A = 1060 cm?
h = 240 mm
b = 240 mm
tt = 17 mm
tw = 10 mm
r = 21 mm
MATERIJAL

Osnovni materijal:  Fe 490 (S355)
Vijci: M16, 10.9 k.v. (fy, = 900 MPa; fu, = 1000 MPa)
REZNE SILE

N, = 336,40 kN
V,, =50,13kN

Kontrola varova

Duzina vara pojasnice: L, = 2-b=2-240 =480 mm
Duzina vara hrpta: L, = 2-(h -2, ) =2-(240-2-17) =412 mm

Maksimalna debljina vara: @, =0,7-t, =0,7-10=7,0 mm

Za pretpostavljeni var: a=5,0mm
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f
R = u .a-L
RT3 B

Uzduzna sila:

F L, _163,6 430

F _ W,Rk .

WRET L, 100 1,25 100

=628,24 KN > N, = 336,40 kN

Poprecna sila:

_Fum L, 1636 412
Y 100 125 100

F

w,Rd

=539,22 kN >V, =50,13kN

Proracun vijaka

Uz pretpostavku vijaka M-20 udaljenost cyin Vijaka od ruba pojasnice iznosi:

C. =2-0,+a-+2=2-18+52 =43,07 mm

Usvojeni ¢ =45 mm.

Otpornost vijaka na vlak

F F
Ft,Rd — _tRk :% —141,12 kN > tsd _ 336,40 _84,10kN
Mo 42D
Otpornost vijaka na posmik
F
F, g = —= :@:62,80 kN> F,, :&:%:S,BGkN
’ 7/Mb 1a 25 ’ 6

Interakcija uzduzne i odrezne sile

F s N Fsa _ 836 84,10

= + =0,56<1,0
Foa L4-Fo 6280 14.14112

Proracéun ploce
Dimenzije ploce
a’ = h+2.c+2.¢ =240+2-45+2-40=410mm

min
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b” =b+2-a-4/2+20=240+2-5-/2 +20 = 274,14 mm
=2-e,+p,=2-30+55=115mm

Odabrano: 420 x 280 mm
Debljina ploce

Pritisak po omotacu rupe osnovnog materijala

V., 50,13
Fosa = % = 6 =8,36 KN=F, g,
K pl pl . .
Fong =2 L= L —g 36 kNt > 2202000
' 7w 10 1,25 10 ’ 151,1
t" =1.6 mm

Savijanje ploce od vla¢nih vijaka

Mg, = F o - (C+t, /2) =336,40-(0,045+0,0085) =17,98 kNm

M., < =
s b, -f 28.35,5

W, - f, bp"t'z’"fy:tp,> 6- 7o Mgy :\/6.1,1.179823’450m
Vmo 6-7mo ity

Odabrane dimenzije ploc¢e 420 x 280 x 12 mm

Odabrani vijci - 8 vijaka M16
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18.4. Proracun spoja — montazni nastavak donje pojasnice reSetkastog nosaca

POPRECNI PRESJEK
F 280/280/10

A = 1046 cm?
h = 280 mm
b = 280 mm
S = 10 mm
r = 25 mm
rh = 15 mm
MATERIJAL

Osnovni materijal: ~ Fe 490 (S355)

Vijci: M27,10.9 k.v. (f,, = 900 MPa; fy, = 1000 MPa)

REZNE SILE

Ng, =1304,56 kN
V,, =15,03kN

Kontrola varova

Duzina vara pojasnice:

Duzina vara hrpta:

Maksimalna debljina vara:

Za pretpostavljeni var:

Uzduzna sila:

_ Fumc L, _ 229 760

L, ~2-b=2-280+2-100 = 760 mm
L, ~2-(h-2-t,)=2-(280-2-10) =520 mm

a, =07t.=0710=70mm

a=7,0mm

w,Rd

Poprecna sila:

Vwe 100 1,25 100

=1392,32 kN > N, =1304,56 kN
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_Fum L, 229.0 520

F = =
Yuw 100 1,25 100

w,Rd

= 952,64 kN >V, =15,03kN

Proracun vijaka

Uz pretpostavku vijaka M-20 udaljenost cyin Vijaka od ruba pojasnice iznosi:

C.. =2-d,+a-2=2-30+7+2=69,89 mm
Usvojeni ¢ =70 mm.

Otpornost vijaka na vlak

F F
Flog=—%= 31 330,48 kN > 4 = 1304,56 _ 326,14kN
w125 4
Otpornost vijaka na posmik
F
Fopg=—2 = —222’55 =183 6 kN> F,, = \% 15034 g7k

7 Mb 1
Interakcija uzduzne i odrezne sile

Fv,Sd+ Fsa 187 N 326,14
Fre L4-Fgp 183,61 1,4-330,48

=0,72<10

Proracun ploce
Dimenzije ploce

al =h+2.c+2-e =280+2-70+2-70 = 560mm

b? =b+2-a-+/2+20=280+2-7-/2+20=2319,80 mm
=2-e,+p, =2-55+90 =200mm

Odabrano: 560 x 320 mm
Debljina ploce
Savijanje ploce od vlacnih vijaka

Mg, = Fi o - (C+t, /2) =326,14- (0,07 +0,005) = 24,46 kNm
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Wmin,fy_bpl.t;.fy:tpl> 6 7o Mgy :\/6'1'1'2446=3,760m
Ymo 6 7mo b 'fy 32:35,5

pl
Odabrane dimenzije ploce 560 x 320 X 38 mm

Odabrani vijci - 8 vijaka M27

18.5. Proracun spoja - montazni nastavak dijagonalne ispune resetkastog nosaca

POPRECNI PRESJEK
CFRHS 180/180/8

A = 5284 cm?
h = 180 mm
b = 180 mm
S = 8 mm
r = 20 mm
rn = 12 mm
MATERIJAL

Osnovni materijal: ~ Fe 490 (S355)
Vijci: M20, 10.9 k.v. (fy, = 900 MPa; fy, = 1000 MPa)
REZNE SILE

N, =457.39 kN

Kontrola varova
Duzina vara pojasnice: L, ~2-b=2-180=360 mm
Duzina vara hrpta: L, ~2-(h-2-t,)=2:(180-2-8) =328 mm

Maksimalna debljina vara: @, =0,7-t, =0,7-8=56mm

Za pretpostavljeni var: a=>5,0 mm
Foa = f, a-L
w, Rk \/§ﬂw
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UzduZna sila:
3 Fo R . L, _163,6'360

F =
Ve 100 1,25 100

w,Rd

— 471,17 kN > N, = 457,39 kN

Proracun vijaka

Uz pretpostavku vijaka M-20 udaljenost cyin Vijaka od ruba pojasnice iznosi:

C. =2-d,+a-2=2-22+52 =51,07 mm
Usvojeni ¢ =55 mm.
Otpornost vijaka na vlak

R -
Fo 212255 1764 KN > Tise _ 45739

Mb !

=114,34kN

Proracun ploce
Dimenzije ploce

a” =h+2-c+2-e, =180+2-55+2-50=390mm

min

b =b+2-a-+/2+20=180+2-5-4/2 +20 = 214,15 mm
=2-¢,+p,=2-40+70=150mm

Odabrano: 390 x 240 mm
Debljina ploce
Savijanje ploce od vlacnih vijaka

Mg =R g -(c+t; /2)=114,34-(0,055+0,004) = 6,73 KNm

VMo 6 7wo b,-f 22-35,5

pl 'y

W - f b, -t%.f . . 11-
Msd < min y _ pl  “pl y :>th >\/6 Ymo Msd :\/6 1,1 673:2,38Cfn

Odabrane dimenzije ploce 390 x 240 X 24 mm

Odabrani vijci - 8 vijaka M20
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19. DIMENZIONIRANJE TEMELJA SAMCA

19.1. Dimenzioniranje temelja samca za stup 1
Proracun dimenzija temelja samca

Dimenzije temelja:3000x3000x500 mm

Dopusteno naprezanje :0=500 Mpa

Ngg =4541,06 kN
Msq =60,79 kN
h=50 cm

a= \/E = 4541,06 =2,98 m = odabrano a=3,00 m
o 500,00

Maksimalno djelovanje na temelj:

Neg o = 4541,06 [KN ]tlak

Ed,max
Tezina temelja: N, =3,20-3,2-0,5-25=128,0 (kN)

Ngo = Npg + N, = 4541,06 +128,0 = 4669, 06 [kN |tlak

Naprezanje ispod temelja:

G,y < Gy 10 =500,0 (kN]

m2

N M
Ed Ed
Oy, = +

A w

A=32.32=10,24 (mz)

2 3
w32 ¢4 (m?)
6 6
. _4669,06  60,79.
2710,24 ~ 5,46

0, =467,10 kN/m? < 500 kN/m?

o, = 444,82 kN/m? < 500 kN/m?
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19.2. Dimenzioniranje temelja samca za stup 2
Proracun dimenzija temelja samca

Dimenzije temelja:1500x1500x500 mm

Dopusteno naprezanje :0=500 Mpa

Ngg =564,63 kN
Msq =79,89 kN
h=50 cm

a= \/E: 564,63 =106 m = odabranoa=1,5m
o 500, 00

Maksimalno djelovanje na temelj:

N e =564, 63[kN Jtlak

Ed,max
Tezina temelja: N, =1,5-1,5-0,5-25=28,13 (kN)

Ngs = Ny + N, =564,63+28,13=592,76 [kN |tlak

Naprezanje ispod temelja:

kN
012 S Oyoptia = 500,0 (WJ
0_1’2 — NEd i_ MEd
A W

A=1515=2,25 (m’);

o

QO
N

[ERY

. 153 ,
W = ~>2 _0,56 (m)
6 6
592,76 79,89.
0'12 = + ]
' 2,25 0,56

0, =406,11 kN/m? < 500 kN/m?

0, =120,78 kN/m? < 500 kN/m?
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poz9 |RD30 Spreg - krov srecne cvorane
POZ 10 | F400/10 | Gomia pojasrica konzolnog resetkasiog nosaéa 1
POZ 11| F400/12 | Gomia pojasia konzolnog resetkastog nosata 2
POZ 12 | F400/14 | Gomia pojssni konzolnog resetkastog nosaca 3
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PRIKAZ | OPIS POZICIJA
POZICIJA|  PROFIL NAZIV
POZ1 | F 40012 ‘Gornja pojasnica konzolnog resetkastog nosaca 2
POZ2 | F 40012 Donja pojasnica konzolnog resetkastog nosaca 2
POZ3 | SHS 400/400/20 | Vertkaina spuna 1 konzolnog resetkastog nosata 2
POZ4 | SHS 400/400/22 | Vertkaina ispuna 2 konzolnog resetkastog nosaca 2
POZ5 | SHS 400/400/10 | Diiagonalna ispuna 1 konzolnog resatkastog nosaéa 2
POZ6 | SHS 400/400/20 | Dilagonaina ispuna 2 konzolnog resetkastog nosaéa 2
POZ7 |HEA340 Grochi nosat 1 - poz 100
POZ8 | HEB 500 Stp- 1. prizemie
POZ9 | SHS 550/550/28 | Stup - konzolni nosas
POZ 10 | HEA 340 Stup - 2. prizemie
POZ 11 | HEB 260 Gornia roselkastog
POZ12 | F 280 Donja pojasnica glavnog resetkastog nosaéa - tbina velke dvorane
POZ13 | F 280 Ispuna glavnog reSetkastog nosata - ribina velike dvorane
POZ 14 | 3000/3000/500 | Temejsamac 1
POZ 15 | 1500/1500/500 | Temelj samac 2
POZ 16 | d=160 Spregnuta betonska pioca
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PRIKAZ | OPIS POZICIIA
pozica|  PROFIL NAZIV
POZ1 | F 400110 Gorma pofasnica konzohog reselkasiog nosaca 1
POz2 |F 40010 Donja pojasnica konzoinog resetkastog nosaca 1
POZ3 | SHS 400/400/10 | Vertkalna spuna 1 konzohog resekastog nosaca 1
POZ4 | SHS 400/400/20 | Vertkalna ispuna 2 konzolnog reSetkastog nosata 1
POZ5 | SHS 4001400110 | Disgonaina ispuna 1 konzolnog resetkastog nosaca 1 PLAN POZICIJA NOSIVE KONSTRUKCIJE
POZ6 | SHS 400/400/16 | Diiagonaina ispuna 2 konzolnog resetkastog nosaca 1 POGLEDI
POZ7 | HEA 340 Grecninosat 1-poz 100 M 1:100
POZ8 | HEB 500 Swp- 1. przemie N
POZO | SHS 550/550128 | Stup- konzolni nosat CELIK 8355
POZ 10 | HEB 200 ‘Sekundari gredn nosat - uazno stubiste BETON C 30/37
POZ 11 | F 300 Padupora glavnog resetkastog nosaca 1
POZ 12 | 3000/3000/500 | Temel samac 1
POZ 13 | 1500/1500/500 | Temeljsamac 2
POz 14 | d= 160 Spregnuta betonska poca
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Spoj stup 2 - temelj 2
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Spoj stup - greda
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Montazni nastavak gornjege pojasnice
krovnog resetkastog nosaca
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Montazni nastavak donje pojasnice
krovnog resetkastog nosaca
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Montazni nastavak ispune
krovnog resetkastog nosaca
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