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Glavni projekt konstrukcije Sportsko-rekreacijskog centra Zenta

Sazetak:
Imajuci kao predlozak idejno rjesenje Sportskog-rekreacijskog centra Zenta izraden je projekt
konstrukcije. Napravljen je numericki model na kojem je izvrSeno dimenzioniranje elemenata

konstrukcije u skladu s HRN EN 1992, HRN EN 1993 i HRN EN 1994. U finalnoj fazi su
proracunati spojevi te izradeni nacrti konstrukcije.

Kljucne rijeci:

Sportsko-rekreacijski centar Zenta, ¢elik, spojevi, numericki model

Main construction project of the Sports and recreation center Zenta

Abstract:

Considering the conceptual design of the Sports and recreation center Zenta as a template, a
constuction project was created. A numerical model was made for proper dimensioning of the
structural elements in accordance with HRN EN 1992, HRN EN 1993 and HRN EN 1994. In the
final phase the compounds are calculated and constructed to fit the newly made design drawings.

Keywords:

Sports and recreation center Zenta, steel, compounds, numerical model
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1. TEHNICKI OPIS

1.1.  Opis konstrukcije

Predmet ovog projekta je celicno spregnuta konstrukcija sportsko-rekreacijskog centra Zenta
na podrucju Splita. Parcela predvidena za izgradnju objekta nalazi se u gradskom predjelu
Firule na ravnom terenu, a postavljena je u smjeru istok — zapad. Pristupni put za vozila
smjesten je na isto¢noj strani parcele. Dio slobodne neizgradene povrsine sluZiti ¢e za
pjeSacku komunikaciju, a sa juzne strane objekta osmisljena mala luc¢ica za vez brodova.
Takoder okolni teren prikladno ¢e se hortikulturalno urediti. Svi infrastrukturni prikljucci
izvest ¢e se prema posebnim zahtjevima komunalnih i javnih poduzeca ili stru¢nih sluzbi

grada i Zupanije.

Objekt je planiran kao katna konstrukcija sa visenamjenskim sadrzajem koji
ukljucuje: fitnes centar, bar club, sanitarne ¢vorove, urede, teretana, kosarkaski teren, stazu za

tr€anje 1 ostali sadrZaji za sport i rekreaciju.

Vertikalnu nosivu konstrukciju ¢ine spregnuti stupovi ¢elik-beton kvadratnog poprecnog
presjeka(prizemlje) i ¢eli¢ni stupovi oblika poprecnog presjeka ,,I* (kat).

Katna i krovna konstrukcija se sastoji od ¢eli¢nih greda koje su spregnute sa betonskom
plo¢om. Krovna konstrukcija predvidena je kao prohodni krov namijenjen za rekreaciju i
sport. Na dijelu krova predvideni su krovni prozori kao dodatno osvjetljenje kata objekta.
Vertikalna komunikacija je ostvarena liftom te sa spregnutim rampama ¢elik beton oslonjena

na Celi¢ne stupove oblika poprecnog presjeka ,,1*.

Temelji su armirano betonski, izvedeni kao temelji samci i trakasti temelji.
Ukupna Sirina objekta je cca 39,07 metara, dok duljina iznosi cca 87,8 m. Ukupna povrsina

krovne plohe je cca 3400 m?,a visina objekta je 9,65 m.

Marijan Baleta, 674 8
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1.2. O proracunu konstrukcije

Proracun 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
2016.

Proracun reznih sila izvrsen je po linearnoj teoriji elasti¢nosti prvog reda. Proracunom

su obuhvacena sva djelovanja na konstrukciju, a to su vlastita teZina, dodatno stalno
opterecenje, pokretno opterecenje, opterecenje snijegom Kao i opterecenje vjetrom.

S obzirom na lokaciju objekta napravljena je analiza optere¢enja koja obuhvaca

djelovanje snijega i vjetra. Objekt se nalazi na podrucju Splita, gradski predjel Firule te
prema Karti snijega za Republiku Hrvatsku ova gradevina upada u 1. Podrucje — priobalje i
otoci, Sto daje karakteristi¢nu vrijednost optereéenja snijegom na tlu. U obzir je uzeta i
nadmorska visina na kojoj se nalazi objekt. Za opterec¢enje vjetrom uzeta je zona III,
kategorija zemljista O, te je u obzir uzeta visina objekta i njegova zasti¢enost.

Posto je vjetar dominantno opterecenje za ovakav tip objekta, posvecena mu je velika
paznja. Za stupove je takoder izvrSena analiza opterecenja vjetrom, a opterecenje je zadano
preko load panela kao povrSinsko opterec¢enje koje se prenosi na stupove kao kontinuirano
optereéenje po duljini stupa.

Za svaki element konstrukcije odredena je mjerodavna kombinacija opterecenja za
provjeru Krajnjeg grani¢nog stanja i grani¢nog 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 dijelova konstrukcije. Rezne sile su dane u jedinicama kN za poprecne i uzduzne
sile, kKNm za momente, te u mm za pomake konstrukcije. Uzete su sve mjerodavne
kombinacije opterecenja u obzir, te je svaki element dimenzioniran sukladno njegovim reznim

silama.

Marijan Baleta, 674 9
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1.3.  Materijal za izradu konstrukcije

Materijal za izradu glavne nosive konstrukcije, kao i stupova je celik S 355.

Konstruktivni elementi ¢e medusobno biti vezani vijéanim spojevima. Vijci koristeni za
izvedbu ove konstrukcije su M 22, M27,M30 i M48, kvalitete 8.8 1 10.9 . Spojevi i nastavci
elemenata konstrukcije ukljuéuju dodatne ploce i ukrute, takoder iste kvalitete celika.

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

C30/37. Temelji su armirano betonski, klasa betona C 30/37, 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.
Prvo se postavlja pripadna armatura stupova, a zatim armatura se zatvara ¢eli¢nim profilima
koji ujedno sluze kao izgubljena oplata. Celi¢ni profili postavljaju se na ankere koji su
postavljeni u temelje, stup se pridrzaje dizalicom dok se ne postigne vertikalnost pomocu
vijaka. Nakon provjere vertikalnosti, vrsi se ispunjenje prostora ispod spojne ploce i temelja
ekspandiraju¢im mortom. Nakon $to o¢vrsne ekspandirajuc¢i mort ¢eli¢ni profili se
zapunjavaju betonom.

Nakon toga se na stupove vezu glavni nosaci koji tvore etazu konstukcije. Na stupove
prizemlja postavljaju se ¢eli¢ni stupovi kata. Postavljanjem mozdanika (zavarivanjem) i
¢eli¢nog lima ploca je spremna za betoniranje te nakon §to beton o¢vrsne ploca tvori
spregnutu konstrukciju.

Postavljanjem glavnih nosaca kata na isti nacin se izvodi sprezanje ploce krova.

Svi elementi konstrukcije se dovodu na gradiliSte duljine do 12 m zbog transporta. Na
gradiliStu se podiZzu dizalicom na predvidenu poziciju te vijéano spajaju na ostatak

konstrukcije.

Marijan Baleta, 674 10
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1.5. Primijenjeni propisi

Proracun i dimenzioniranje svih elemenata celi¢ne konstrukcije provedeni su u skladu

sa EUROCODE 3, a analiza djelovanja 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.

1.6. Antikorozivna zaStita

Kod celika pod korozijom se podrazumijeva oksidacija zeljeza pri djelovanju 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 sprije¢avanja da kisik i vlaga dodu u dodir s ¢elikom.
Premazivanje se obi¢no vrsi bojanjem u dva sloja: osnovni premaz 1 zastitni premaz. Osnovni
premaz neposredno stiti Celik, a potrebno je da bude izraden od tvari koje nisu Stetne po

ljudsko zdravlje. Zastitni sloj sluzi za zastitu osnovog premaza.

Prerano propadanje konstrukcije najces¢e nastaje usljed losih detalja u konstrukeiji
(nepristupacna mjesta za bojenje, mjesta 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. Cis&enje se vrsi Eetkama, pijeskarenjem, plamenikom ili

kemijskim sredstvima.

Marijan Baleta, 674 11
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- Nanosenje boje — bojenje se vrsi ¢etkom , valjkom ili prskanjem. Treba paziti na ograni¢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. Opcenito, 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 ¢eli¢nih konstrukcija od korozije
1 ne mogu biti manje od 500g/m2 elementa debljine 5 mm. Sve ¢eli¢ne konstrukcije prethodno
treba odmastiti, o€istiti razblazenom otopinom klorovodi¢ne kiseline te isprati hladnom
vodom. Neposredno prije pocincavanja ¢eli¢na konstrukcija se stavlja u taljevinu ili otopinu
za flusiranje.

Toplo pocincavanje se izvodi stavljanjem tekuéine 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 1 mora prekrivati osnovicu. Prevlaka cinka mora ¢vrsto
prianjati za ¢eli¢nu 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.

Marijan Baleta, 674 12
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1.7. Protupozarna zastita

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

specijalnim ekspandiraju¢im premazima.

Marijan Baleta, 674 13
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2. NUMERICKI MODEL KONSTRUKCIJE

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

Marijan Baleta, 674 14
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Tlocrt krova konstrukcije
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Slika 2.3. Tlocrtni prikaz rastera u numerickom modelu

Marijan Baleta, 674
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Slika 2.6. Prikaz istocnog procelja

Slika 2.7. Prikaz zapadnog procelja

Marijan Baleta, 674 17
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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) Slojevi ravnog krova

Pod dodatnim stalnim optere¢enjem podrazumijevamo slojeve krovne konstrukcije.

Naravno, ovdje nije uklju¢ena tezina ab ploce jer je ona zadana u numerickom modelu.

Slojevi krovne konstrukcije d(m) | vy (kN/md | d-vy (KN/m?)
Spusteni strop, knauf (pozarne plo¢e EI30) 0,025 10,0 0,25
Instalacije 0,10
Toplinska izolacija ( fibran XPS 400-L) 0,08 0,30 0,024
Hidroizolacija + parna brana 0,01 20,0 0,20
Zastita hidroizolacije (estrih) 0,10 25,0 2,50
Tartan 0,015 7,60 0,114
Namjestaj 0,40

Ukupno dodatno stalno optereéenje: 3,588 kN/m?

Slika 3.1. Prikaz raspodjele dodatnog stalnog opterecenja-ravni krov

Marijan Baleta, 674

18
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b) Ravni krov- krovni prozor

Pod dodatnim stalnim optere¢enjem podrazumijevamo slojeve krovne konstrukcije.

Tezina celi¢ne konstrukcije nije uracunata jer je ona zadana u numerickom modelu.

Slojevi krovne konstrukcije d(m) | v (kN/md | d-vy (KN/m?)

Krovni prozor + sekundarna konstrukcija 2,00

Ukupno dodatno stalno opterecenje: 2,00 KN/m?

Slika 3.2. Prikaz raspodjele dodatnog stalnog opterecenja-krovni prozori

Marijan Baleta, 674 19
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c) Slojevi kata ( kupaonice,wc)
Pod dodatnim stalnim optere¢enjem podrazumijevamo slojeve krovne konstrukcije.

Naravno, ovdje nije ukljucena tezina ab ploce jer je ona zadana u numerickom modelu.

Slojevi krovne konstrukcije d (m) Y (kN/md) d-y (kN/m?)
Spusteni strop, knauf (pozarne ploc¢e EI30) 0,025 10,0 0,25
Instalacije 0,10
Toplinska izolacija ( fibran XPS 400-L) 0,08 0,30 0,024
PE folija 0,005 20,0 0,10
Estrih 0,08 25,0 2,00
Hidrozolacija (plastivo 180) 0,005 20,0 0,10
Keramicke plocice 0,015 24,0 0,36
Pregrade 1,00

Ukupno dodatno stalno optereéenje: 3,934 kN/m?

Slika 3.3. Prikaz raspodjele dodatnog stalnog opterecenja- kat (kupaonice,wc)
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d) Slojevi kata ( teretana, bar klub, uredi)

Pod dodatnim stalnim optere¢enjem podrazumijevamo slojeve krovne konstrukcije.

Naravno, ovdje nije ukljucena tezina ab ploce jer je ona zadana u numerickom modelu.

Slojevi krovne konstrukcije d (m) Y (kN/md) d-y (kN/m?)
Spusteni strop, knauf (pozarne ploc¢e EI30) 0,025 10,0 0,25
Instalacije 0,10
Toplinska izolacija ( fibran XPS 400-L) 0,08 0,30 0,024
PE folija 0,005 20,0 0,10
Estrih 0,08 25,0 2,00
Keramicke plocice 0,015 24,0 0,36
Namjestaj 0,40

Ukupno dodatno stalno optereéenje: 3,234 kN/m?

Slika 3.4. Prikaz raspodjele dodatnog stalnog opterecenja- kat (teretana, bar klub,uredi)
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e) Slojevi kata ( koSarkaski teren)

Pod dodatnim stalnim optere¢enjem podrazumijevamo slojeve krovne konstrukcije.

Naravno, ovdje nije ukljuCena tezina ab ploce jer je ona zadana u numerickom modelu.

Slojevi krovne konstrukcije d(m) | vy (kN/m® | d-vy (KN/m?)
Spusteni strop, knauf (pozarne ploce EI30) 0,025 10,0 0,25
Instalacije 0,10
Toplinska izolacija ( fibran XPS 400-L) 0,08 0,30 0,024
Hidroizolacija + parna brana 0,01 20,0 0,20
Zastita hidroizolacije (estrih) 0,08 25,0 2,00
Tartan 0,015 7,60 0,114

Ukupno dodatno stalno opterecenje: 2,688 KN/m?

Slika 3.5. Prikaz raspodjele dodatnog stalnog opterecenja- kat (koSarkaski teren)
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f) Pjesacke rampe
Pod dodatnim stalnim optere¢enjem podrazumijevamo slojeve krovne konstrukcije.

Naravno, ovdje nije ukljucena tezina ab ploce jer je ona zadana u numerickom modelu.

Slojevi krovne konstrukcije d(m) | v (kN/md | d-vy (KN/m?)
Hidroizolacija 0,01 20,0 0,20
Zastita hidroizolacije (estrin-zagladeni) 0,06 25,0 1,50

Ukupno dodatno stalno opterecenje: 1,70 kN/m?

Slika 3.6. Prikaz raspodjele dodatnog stalnog opterecenja- pjesacke rampe
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3.3. Promjenjivo (pokretno) opterecenje

a) Ravni prohodni krov

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

zgradama - 5 KN/m2

Slika 3.7. Prikaz raspodjele pokretnog opterecenja- ravni krov

b) Kat objekta

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

zgradama - 5 KN/m2

'5;“)

Slika 3.8. Prikaz raspodjele pokretnog opterecenja- kat objekta
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c) Pjesacke rampe

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

zgradama - 5 KN/m2

Slika 3.9. Prikaz raspodjele pokretnog opterecenja- pjesacke rampe
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3.4. Opterecenje snijegom
Opterecenje snijegom na krov
s=4-C,-C, -, [KN/m?]

- 44, - koeficijent oblika opterecenja snijegom (ovisi o obliku krova)

- Ce - koeficijent izlozenosti (obi¢no se usvaja vrijednost 1,0)
- Ct - toplinski koeficijent (obi¢no se usvaja vrijednost 1,0)

- Sk - karakteristi¢na vrijednost optereéenja snijegom na tlu (kN/m?)

Slika 3.10. Koeficijent oblika opterecenja snijegom

Kut nagiba krova a 0" <a< 30 30* < a< 60" =60
P 0.8 0.8 (&0 - a) F 30 0,0
i 0.8+0,8a/30 1,6 -

-za krov nagiba a = 0° ocitana vrijednost ,, =0,8
Prema karti snijega za Republiku Hrvatsku ova gradevina upada u 1. Podruéje — priobalje i
otoci te prema nadmorskoj visini do 100 m ocitana je vrijednost Sk (karakteristi¢na vrijednost

optere¢enja snijegom na tlu ) — Sx= 0,50 kN/m?
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. Ropublika Hrvatska —.- =% %
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TALISAT
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Slika 3.11. Karta snijega za Republiku Hrvatsku

wacmorska | 1. pocrutte- | L SDS, | G e | 4 pedrudle

) B i) | Primorja istre Hrvataga | 90Ska Mrgtska
[kHim’] [hm]
1 0,50 0,75 100 125
200 050 .76 125 150
30 0.50 0T 150 %
iy i 1% 178 20n
500 0,50 125 700 250
500 050 1.50 223 200
) D50 2,00 250 150
e 050 250 27n 400
500 1.00 2,00 200 450
1040 200 4,00 2,50 500
1100 a09 & .00 400 ki
1 200 400 6,00 450 600
1300 500 7.0 7.00
Tam ] 500 o
s A 500
i 10,00 g
s 11.00 "
1800 12,00

Tablica 3.1. Karakteristicne vrijednosti opterecenja snijegom
za pojedina podrucja i nadmorske visine
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Slika 3.12. Prikaz raspodjele optereéenja snijegom-ravni krov

28

Slika 3.13. Prikaz raspodjele optereéenja snijegom-otvoreni dio kata (koSarkaski teren)
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3.5. Optereéenje vjetrom

Optere¢enjem vjetrom (okomito na povrSinu) definira se prema izrazu:
- pritisak vjetra na vanjske povrsine: We = 0p |Ze|-Cpe [KN/M?]

- pritisak vjetra na unutarnje povrsine: Wi = dp |zi|-Cpi [KN/m?]

gdje je:

Op | Zeqi) |- pritisak brzine vjetra pri udaru,

Ze(i) — referentna visina za vanjski (unutarnji) pritisak
Cpe — koeficijent pritiska za vanjski vjetar

Cpi — koeficijent pritiska za unutarnji vjetar

Megatvan
nutary .

Hak . —_—

Slika 3.14. Pozitivni i negativni koeficijent pritiska vjetra

Odredivanje pritiska vjetra pri udaru
-osnovni pritisak vjetra g odreduje se prema formuli
Qb= p - vE [kN/m?]

gdje je:

Vb — 0Snovna brzina vjetra

p — gustoéa zraka (usvaja se vrijednosti iz propisa p=1,25 kg/mq)

Osnovna brzina vjetra Vy racuna se dalje prema izrazu:

Vb= Cdir * Cseason * Vb0 [ m/s)

gdje je:

Vp,0 — fundamentalna vrijednost osnovne brzine vjetra (oCitava se iz karte )
Cdir — koeficijent smjera vjetra (obi¢no uzima vrijednost 1,0)

Cseason — koeficijent ovisan o godisSnjem dobu (obi¢no uzima vrijednost 1,0)
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Karta osnovne brzine vjetra
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Slika 3.15. Zemljovid podrucja opterecenja vjetrom
Osnovni pritisak vjetra:

Vp,0=30 m/s - o€itano sa zemljovida za podrucje opterecenja vjetrom-Split (Zenta)

Cdir = Cseason = 1,0
Vp = Vp,o * Cdir * Cseason = 30+ 1,0-1,0=30,0m/s
p=125kg/m3

1 1
G =3P vh =5"125-30,0° = 0,56 kN/m’

Qp [ze| = Ce(2) - Ob

Ce(2) - faktor izlozenosti , oCitano iz dijagrama za z =10,15 m i 0 kategoriju zemljista:

Marijan Baleta, 674
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Kategorija terena e Zivin
il [m] [m]
0 More ili priobalna podruéja izloZzena otvorenom moru 0,003 1
I Jezera ili ravna i1 honzontalno polozena podruéja sa zanemarivom vegetacijom i 0.01 1
bez prepreka :
Il Podrucja s niskom vegetacijom, npr. travom, i izoliranim preprekama (drvece, 0.05 o
zgrade) s razmakom najmanje 20 visina prepreke 2
1l Podruéja sa stalnim pokrovom od vegetacije ili zgrade ili podrucja s izoliranim
preprekama s razmakom najviSe 20 visina prepreke (npr. sela, predgrada, stalna 0,3 5
suma)
v Podrucja s najmanje 15 % povrsine pokrivene zgradama Cija prosjecna visina 10 10
premasuje 15 m :

Tablica 3.2. Vrijednosti zo | zmin za razlicite kategorije terena

Slika 3.16. Graficki prikaz faktora izloZenosti

Ce(2)=3,05 -ocitani faktor izloZenosti sa slike 3.16.

Pritisak brzine vanjskog vjetra pri udaru:

Op |ze| = 3,05- 0,56 = 1,71 kN/m?

‘-’u{t}
0
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Odredivanje koeficijenta vanjskog pritiska vjetra-vjetar iz smjeray

Za ravne krovove koeficijenti vanjskog pritiska odreduju se tako da se krovna povrsina
podijeli na zone, dok se referentna visina ze uzima kao ukupna visina gradevine.
Koeficijenti tlaka za svako podrucje ovise o veli¢ini povrSine opterecene zone gradevine.

Dopusta se linearna interpolacija izmedu kutova nagiba krovova (osim kad je kut izmedu -5° i

+5°, tada se koriste podaci za ravne krovove).

Rukr zabafa
i
h T T | el .
Alr o
ho| L =h
7 ] P T T T TP
Madogd Zachifjeni | [Zomijes Zabati
1 d ]
) 1
&
e=b Il 24,
aid F zdabire oo manja wijednost
b dimenza okamllo na elar
tar o+
" - G H [ b
-
ald ] E
.
a1l
p—sq
—2

Slika 3.17. Prikaz podrucja vjetra za ravne krovove

e=min (b ili2h) > e =[87,8m, 2-h=2-10,15=20,3m]=20,3 m

e/2=20,3/2=10,15m  e/4=20,3/4=5,08m  €/10=20,3/10=2,03m
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Podrudje
Vrsta krowa a H I
fzam L1 Cp P Cputh Comi fzam T
+0,2
i zabat -1,8 -5 -12 -Z,0 -07 -1.2 =
-0z
% s = +0,3
hh = 0035 -14 -12 =11 -18 -0 -12
-0,2
L = -0,2
£ nadocidima Aol = 005 -14 -0 -00 -18 -0 -12
-a,.2
= = =02
Aif = 0,10 -1.2 -1.8 -04a -14 -0,7 -1.2
-0.2
= n 3 =02
b = D08 -1.0 -1.5 -12 -148 -0
-02
Zaobieni - <02
] ri = 0,10 -0,7 -12 -03 -14 -0.3
-0,2
E = +0.2
ik = D20 -05 -0.8 -0.5 -0,8 -0.3
-0.2
+10.2
o= M° -1 -1.4 -10 -15 -0.3
-0,2
Izlomjen - +0z2
4 a = 4E° -13 -LB -13 -10 -04
Zalal -a,2
+0.2
a = of" -12 -1.8 -13 -12 -05 -
-0z
RAPOMENA 1: Za owove 5 nadozidma Il Zacbdaslm zabatima, smile 52 upairabiaal incama Imespotac]z 23 medavrieanosd A6 | sk
RAPCMENS 2. 22 KOWIVE & BOMENim Za0a¥ma, Smie 52 SpotEdiavall ineans Mspoacip omedy o= 30°, 25° | o= 60" 23 o> 60" smig 2
uporebiaat lireara rmﬂmﬂm|§ = 50" |Wrisinges] I e rovove & 28Tim m|ﬂ'l zZzbalima
RAPCMINA, X U padnau |, goje & dans | poziime Inegatime wijsdnosl, u ooz E breba & up=t coje wijsdnod
MADCMENA, £: Zx caml omijend zmoat, koeSjent vanickog Haka dani cuu Sbio 743 Koefoljand vanjstog toka 23 daodnéne kovows; smjar viera 0,
podrutje F | 3, owienc o naglbu [zori|enog Zabata,
RADPCMEMA 5 7z sl Zachilen Zainat, kosficlen | vanising Saka dasl 5 ineamom iInamoaciom du2 brivde. Zred wiiednos ra oid) g ks
i HAPDMENA € 23 mansamne srene &ie 51U NTZomaine Mmenz|e manje 0d « 10 Me0a uzed wijlsonosh 73 o5ine siene. 23 6efncipl « vio|etl shkl
TaE]

Tablica 3.3. Vrijednosti koeficijenata vanjskog tlaka za ravne krovove

PODRUCIJE | Cpe1o(+) Cpe.10 (-)
F / -1,8
G / -1,2
H / -0,7
| +0,2 -0,2

Tablica 3.4. Ocitane vrijednosti koeficijenata vanjskog tlaka za ravne krovove

Pritisak vjetra na unutarnje povrsine:

Wi = Qp (i) - Cpi

Op (Ze(i))— pritisak brzine vjetra pri udaru,

[KN/m?]

Zg(j) — referentna visina za vanjski (unutarnji) pritisak

Cpi — koeficijent pritiska za unutarnji vjetar

Pritisak brzine unutarnjeq vijetra pri udaru:

Gp (z)) = 3,05- 0,56 = 1,

71 KN/m?

Koeficijenti unutarnjeq pritiska Cpi:
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Tamo gdje za neki odredeni slucaj nije moguca procjena vrijednosti koeficijenta p ili se
smatra neopravdanom, za Cpi odabiremo nepovoljniju vrijednost izmedu +0.2 i —0.3.
PRITISAK VJETRA NA UNUTARNJE POVRSINE:

Wi1=0p |zi| - Cpi=1,71 - (+ 0.2) =+ 0,340 kN/m?

Wi2 = 0p |zi] - Cpi = 1,71 - (- 0.3) = - 0,513 kN/m?

PRITISAK VJETRA NA VANJSKE POVRSINE:
We = Qp [Ze| - Cpe = 1,71 - Cpe [kN/mZ]

PODRUCIJE F G H |
o 1,8 1,2 -0,7 0,2
/ / / +0,2
Wet -3,080 2,050 | -1,200 | -0,340
We2 / / / +0,340
Wit +0,340 | +0,340 | +0,340 | +0,340
Wiz ‘g -0,513 0,513 | -0513 | -0,513
Wi < -3,42 -2,39 154 | -0,68
W2 -2,56 -1,54 0,69 | +0,17
W3 -0,34 -0,34 -0,34 0,00
Wa +0,513 | +0513 | +0513 | +0,85

Tablica 3.5. Rezultirajuce djelovanje vjetra

"
L'

Slika 3.18. Prikaz raspodijele opterecenjem vjetrom iz smjera y (W1) -podrucje F,G,H i I
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Slika 3.19. Prikaz raspodijele opterecenjem vjetrom iz smjera y (Wa) -podrucje F,G,H i I

Qdredivanje vjetra za vertikalne zidove
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Slika 3.20. Prikaz podrucja vjetra za vertikalne zidove
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e<d

e/5=20,3/2=4,06 m

- za h/d =10,15/39,07= 0,26

4/5e=20,3/4=16,24 m

Pritisak vanjskog vijetra:

We = (p |Ze| " Cpe = 1,71 - Cpe [kN/mZ]

Pritisak unutarnjeq vjetra:

Wi1=0p|zi| - Cpi=1,71- (+ 0.2) =+ 0,342 KkN/m?
Wi2 = 0p |zi| - Cpi = 1,71 - (- 0.3) =- 0,513 kN/m?

e=min (bili 2h) > e=[87,8m, 2-h=2-10,15=20,3m]=20,3 m

d-e=39,07-20,3=18,77 m

Podruéje A 8 c D E
hid Cpa, Cpa Cpu t0 Cpu t Cpa pa 1 Cpatl Cpm = Gy
5 -1.2 -14 -08 -1.1 -05 =08 =10 -07
1 -1.2 -1.4 -08 -1.1 -05 =08 =10 -05
0,25 -12 -14 -038 1.1 -05 =07 =10 -03

Tablica 3.6. Vrijednosti koeficijenata vanjskog pritiska za vertikalne zidove

PODRUCIJE A B C D E
Cpe.10 1,2 0,8 05 | +0,71 | -0,31
We1 -2,052 1,368 | -0,855 | +1,214 | -0,53
Wit %t | +0342 | +0342 | +0342 | +0,342 | +0,342
Wi _E -0,513 0,513 | -0513 | -0,513 | -0,513
We -2,565 1,881 | -1,368 | +1,727 | -0,872

Tablica 3.7. Rezultirajuce djelovanje vjetra
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Slika 3.21. Prikaz raspodijele opterecenjem vjetrom iz smjera Y -podrucje D i E

Slika 3.22. Prikaz raspodijele opterecenjem vjetrom iz smjera y -podrucje A,B i C
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Odredivanje koeficijenta vanjskog pritiska vjetra-vjetar iz smjera x

Rub zabafa
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w
eld I E
] K1
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—s2

Slika 3.23. Prikaz podrucja vjetra za ravne krovove

e=min (b ili2h) »> e=[39,07m, 2-h=2-10,15=20,3m]=20,3 m

e/2=20,3/2=10,15m  e/4=20,3/4=5,08m  e/10=20,3/10=2,03m
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Podrudje
Vrsta krowa a H I
fzam L1 Cp P Cputh Comi fzam T
+0,2
i zabat -1,8 -5 -12 -Z,0 -07 -1.2 =
-0z
% s = +0,3
hh = 0035 -14 -12 =11 -18 -0 -12
-0,2
L = -0,2
£ nadocidima Aol = 005 -14 -0 -00 -18 -0 -12
-a,.2
= = =02
Aif = 0,10 -1.2 -1.8 -04a -14 -0,7 -1.2
-0.2
= n 3 =02
b = D08 -1.0 -1.5 -12 -148 -0
-02
Zaobieni - <02
] ri = 0,10 -0,7 -12 -03 -14 -0.3
-0,2
E = +0.2
ik = D20 -05 -0.8 -0.5 -0,8 -0.3
-0.2
+10.2
o= M° -1 -1.4 -10 -15 -0.3
-0,2
Izlomjen - +0z2
4 a = 4E° -13 -LB -13 -10 -04
Zalal -a,2
+0.2
a = of" -12 -1.8 -13 -12 -05 -
-0z
RAPOMENA 1: Za owove 5 nadozidma Il Zacbdaslm zabatima, smile 52 upairabiaal incama Imespotac]z 23 medavrieanosd A6 | sk
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uporebiaat lireara rmﬂmﬂm|§ = 50" |Wrisinges] I e rovove & 28Tim m|ﬂ'l zZzbalima
RAPCMINA, X U padnau |, goje & dans | poziime Inegatime wijsdnosl, u ooz E breba & up=t coje wijsdnod
MADCMENA, £: Zx caml omijend zmoat, koeSjent vanickog Haka dani cuu Sbio 743 Koefoljand vanjstog toka 23 daodnéne kovows; smjar viera 0,
podrutje F | 3, owienc o naglbu [zori|enog Zabata,
RADPCMEMA 5 7z sl Zachilen Zainat, kosficlen | vanising Saka dasl 5 ineamom iInamoaciom du2 brivde. Zred wiiednos ra oid) g ks
i HAPDMENA € 23 mansamne srene &ie 51U NTZomaine Mmenz|e manje 0d « 10 Me0a uzed wijlsonosh 73 o5ine siene. 23 6efncipl « vio|etl shkl
TaE]

Tablica 3.8. Vrijednosti koeficijenata vanjskog tlaka za ravne krovove

PODRUCIJE | Cpe1o(+) Cpe.10 (-)
F / -1,8
G / -1,2
H / -0,7
| +0,2 -0,2

Tablica 3.9. Ocitane vrijednosti koeficijenata vanjskog tlaka za ravne krovove

Pritisak vjetra na unutarnje povrsine:

Wi = Qp (i) - Cpi

Op (Ze(i))— pritisak brzine vjetra pri udaru,

[KN/m?]

Zg(j) — referentna visina za vanjski (unutarnji) pritisak

Cpi — koeficijent pritiska za unutarnji vjetar

Pritisak brzine unutarnjeq vijetra pri udaru:

Gp (z)) = 3,05- 0,56 = 1,

71 KN/m?

Koeficijenti unutarnjeq pritiska Cpi:
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Tamo gdje za neki odredeni slucaj nije moguca procjena vrijednosti koeficijenta p ili se
smatra neopravdanom, za Cpi odabiremo nepovoljniju vrijednost izmedu +0.2 i —0.3.
PRITISAK VJETRA NA UNUTARNJE POVRSINE:

Wi1=0p |zi| - Cpi=1,71 - (+ 0.2) =+ 0,340 kN/m?

Wi2 = 0p |zi] - Cpi = 1,71 - (- 0.3) = - 0,513 kN/m?

PRITISAK VJETRA NA VANJSKE POVRSINE:
We = Qp [Ze| - Cpe = 1,71 - Cpe [kN/mZ]

PODRUCIJE F G H |
o 1,8 1,2 -0,7 0,2
/ / / +0,2
Wet -3,080 2,050 | -1,200 | -0,340
We2 / / / +0,340
Wit +0,340 | +0,340 | +0,340 | +0,340
Wiz ‘g -0,513 0,513 | -0513 | -0,513
Wi < -3,42 -2,39 154 | -0,68
W2 -2,56 -1,54 0,69 | +0,17
W3 -0,34 -0,34 -0,34 0,00
Wa +0,513 | +0513 | +0513 | +0,85

Tablica 3.10. Rezultirajuce djelovanje vjetra

Slika 3.24. Prikaz raspodg'jele. bpterec’enjem vjetrom iz smjera x (W1) -podrucje F,G,H i I
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Slika 3.25. Prikaz raspodijele opterecenjem vjetrom iz smjera x (Wa)-podrucje F,G,H i I

Odredivanje vjetra za vertikalne zidove

Howert
" d
" " e=h N 2h,
] odabire s& manga vrijednost
& dimenzija ckomito na vietar
bodnipogled pme=d
jeta
ot N N Y ¢ ‘ Ih
D —— E b
/‘ - -a - i@
I:lf:\; M &% e '-
' vietar T | i
, botni pogled .__'..‘ S A B L ‘
boéni pogled za ¢ 2d botnl pogled 28 254
ar
l 4 | . ! .d |
i L mab]

—_ e 4 g g ""-_ _--"- = i ) e T -
- —— h, 2 - S h
vistar vietar
..... i [ Lttt gty o ¢ o i L i £ 'y
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Slika 3.26. Prikaz podrucja vjetra za vertikalne zidove
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e<d

e/5=20,3/2=4,06 m

- za h/d =10,15/87,8= 0,12

4/5e=20,3/4=16,24 m

Pritisak vanjskog vijetra:

We = (p |Ze| " Cpe = 1,71 - Cpe [kN/mZ]

Pritisak unutarnjeq vjetra:

Wi1=0p|zi| - Cpi=1,71- (+ 0.2) =+ 0,342 KkN/m?
Wi2 = 0p |zi| - Cpi = 1,71 - (- 0.3) =- 0,513 kN/m?

e=min (bili 2h) > e=[39,07m, 2-h=2-10,15=20,3m]=20,3 m

d-e=39,07-20,3=18,77 m

Podruéje A 8 c D E
hid Cpa, Cpa Cpu t0 Cpu t Cpa pa 1 Cpatl Cpm = Gy
5 -1.2 -14 -08 -1.1 -05 =08 =10 -07
1 -1.2 -1.4 -08 -1.1 -05 =08 =10 -05
0,25 -12 -14 -038 1.1 -05 =07 =10 -03

Tablica 3.11. Vrijednosti koeficijenata vanjskog pritiska za vertikalne zidove

PODRUCIJE A B C D E
Cpe.10 1,2 0,8 05 | +0,71 | -0,31
We1 -2,052 1,368 | -0,855 | +1,214 | -0,53
Wit %t | +0342 | +0342 | +0342 | +0,342 | +0,342
Wi _E -0,513 0,513 | -0513 | -0,513 | -0,513
We -2,565 1,881 | -1,368 | +1,727 | -0,872

Tablica 3.12. Rezultirajuce djelovanje vjetra
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Slika 3.27. Prikaz raspodijele opterecenjem vjetrom iz smjera X -podrucje D i E

Slika 3.28. Prikaz raspodijele opterecenjem vjetrom iz smjera X -podrucje A,B i C

43
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3.6. Opterecenje vjetrom trenjem na krovu

F, =C -qp(z)- A, -silatrenja

¢rr = 0,02- koef. trenja obloge krova (tartan)

qp(z) = ce(z)- Q. - tlak “vrSne” (referentne) brzine
Ce(2)=3,05- koef. izlozenosti
0, - poredbeni tlak pri srednjoj brzini vjetra

A, - povrsina usporedno sa smjerom vijetra

d

Referentna povrsina:

b
J%iﬂﬂ :_::&FE% Asr =b-d =878-39,07m = 3430,35 m?

Fr. =0,02-3,05-0,56 - 3430,35 = 117,18 kN

|
T I I [ _ _ 2
A I T I 4y frr = 0,02-3,05- 0,56 = 0,034 kN /m

Frrs o

0,02

Slika 3.29. Prikaz raspodijele opterecenja-trenje u smjeru x

Slika 3.30. Prikaz raspodijele opterecenja-trenje u smjeruy
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3.7. Temperaturno opterecenje

Opterecenje jednolikom temperaturom

- karakteristi¢éna max. i min. vanjska temperatura zraka, odredena iz karte najvisih i

najniZih temperatura u hladu, prema podrué¢jima u ovisnosti o nadmorskoj visini.

1
ok A

Slika 3.31. Karta za Tmax

Nadmorska visina do I. podrucje Il. podrucje lil. podrutje V. podrucje
[m] [*C] [*C] [*Cl [c)
100 a9 38 42 39
400 36 % 39 39
800 { 33 34 36 39
1200 30 32 34 -
1600 28 30 N -

Tablica 3.13.Najvise temperature zraka u hladu u ovisnosti o nadmorskoj visini

Tmax=39 "C Podrucje IV, nadmorska visina do 100 m
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Slika 3.32. Karta za Tmin

Nadmorska visinado | | podrucje Il. podrucje . podruéje | IV. podruéje V. podruéje
[m] [°C] [°C] [*C] [°Cl [’cl
100 26 | 2% 7 10 16
400 23 26 1 -19 13 T
80D -20 26 21 A7 | -9
1200 A7 26 23 20 21
1600 - | 26 24 24 .23
~1600 = '_ 26 = 26 i 24

Tablica 3.14.NajniZe temperature zraka u hladu u ovisnosti 0 nadmorskoj visini

Tmin=-10°C Podrucje IV, nadmorska visina do 100 m
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Tmax=39 °C

Tmin=-10"C

To=10°C Pretpostavljena temperatura prilikom gradnje tj. montaZe konstrukcije
AT pos= Tmax -To=39-10 =29°C - zagrijavanje konstrukcije

AT neg= Tmin -To=-10-10 = -20°C -hladenje konstrukcije

Slika 3.34. Opterecenje jednolikom temperaturom AT=20°C
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3.8. Optereéenje potresom

Potresne sile proracunate su pojednostavljenim postupkom. Za proracun potresnog
opterecenja koristena je viSemodalna spektralna analiza. Gradevina je smjestena u Splitu, u
VIII. potresnoj zoni prema vazecoj seizmickoj karti Republike Hrvatske.

Karte s tumacem su sastavni dio nacionalnog dodatka za niz normi HRN EN 1998-
1:2011/NA:2011, Eurokod 8: Projektiranje potresne otpornosti konstrukcija - 1.dio: Opéa
pravila, potresna djelovanja i pravila za zgrade.

Republika Hrvatska
Karta potresnih podrudja

Fewvealbenn vt whrzaufe ta tpa A
5 Werafatnostd premaiage 10 %0 e 50 poding
46+ {povraimn razdoblje 475 sodin)
Lzrdeno o fedinicams geaviieciiskog alvzania, o

45+

SVARATLETE L AGRATR
TS M T TR KL AR T
RO ALK,

Leax
el s Margm | b

Sl
P Ay, pred g e Theveva Hersk,
52 b Pl e o Ve KA
434 o Bt M, i . Soagehien

LTRGBS PRLIEA R,

W
RNV, GO TR UFEAVA

ek
www gl e pretal Be | wan bt b

_______

Slika 3.35. Seizmicka karta Republike Hrvatske

Usvojeno projektirano ubrzanje tla iznosi a = 0,22-g za povratni period od 475 godina.
Gradevina je temeljena na tlu koje pripada kategoriji A, prema parametrima danim u
Geotehnickom elaboratu. Pretpostavlja se srednja klasa ponaSanja - DCM (medium
ductility).
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Ty = 95godina:age =0.112 g

Tp=475godina:agr=022g

Podaci karte 82019 Google  Uvjeti pruzanja usluge  Prijavi pogresku na karti

Slika 3.36. Prikaz parametara za predmetnu lokaciju

Potresno djelovanje u nekoj tocki na povrsini opcenito se prikazuje elasticnim spektrom

odziva tla koji se naziva “elasti¢ni spektar odziva”. Postoje dva “elasti¢na spektra odziva”,

koji se odabiru u skladu s o¢ekivanom magnitudom povrsinskih popre¢nih valova Ms.

Ovisno o tipu tla imamo razli¢ite parametre za pojedini tip elasticnog spektra odziva.

Ground type 5 Tals) Te(5) Tnis)
A 1,0 0,15 0.4 2.0
B 1,2 0,15 0.5 2.0
C 1,15 0,20 0.6 2.0
D 1,35 0,20 0.8 2.0
E 14 0.15 0.5 20

Tablica 3.15.Preporucene vrijednosti parametara za tip 1 elasticnog spektra odziva
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Kapacitet konstrukcijskog sustava koji preuzima potresno djelovanje u nelinearnome
podrucju opcenito dopusta proracun na djelovanje sila koje su manje od onih koje
odgovaraju linearnom elasti¢cnom odzivu. Da bi se u prora¢unu izbjegao nelinearni
proracun, uzima se u obzir kapacitet troSenja energije u konstrukciji putem uglavnom
duktilnog ponaSanja njezinih elemenata i/ili drugih mehanizama te se provodi linearni
proracun utemeljen na spektru odziva umanjenom u odnosu na elasti¢ni spektar. Taj se

spektar naziva "proracunski spektar".

To se umanjenje postize uvodenjem faktora ponaSanja q. Faktor ponaSanja q priblizno je
omjer potresnih sila kojima bi gradevina bila izlozena kad bi njezin odziv bio u cijelosti
elastiCan uz 5 % - tno viskozno prigusenje i stvarnih potresnih sila koje bi se pojavile na
promatranom sustavu. Faktori ponasanja konstrukcije ovise o tipu konstrukcije. Nacelno,

veci faktor pokazuje duktilnije ponaSanje i smanjuje ukupne seizmicke sile na konstrukciju.

T (s) +

Slika 3.38. Tip 1 elasticnog spektra odziva za tla od A do E s prigusenjem od 5%

Seizmicki uvjeti za nosivo tlo: klasa tla A
Seizmicko podrucje: VIII. zona
Racunsko ubrzanje tla: ar=0.22-9
Faktor ponaSanja: g=1,5
Faktor tla: S=1.0
Maksimalna normirana vrijednost spektra odziva: Bo=2.5
Granicni periodi osciliranja: Te=0.15s,
Tc=0.40s,
Tp=20s
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Slika 3.39. Normirani racunski spektar odgovora

Za proracun seizmickog optereéenja koriStena je viSemodalna spektralna analiza. Pri
izraCunu masa koriStena je kombinacija stalnog opterecenja (tezina konstrukcije i dodatno
stalno opterecenje) i 50 % pokretnog opterecenja. Broj oblika (modova) osciliranja za
predmetnu gradevinu iznosi 30.

Suma djelotvornih modalnih masa u X smjeru iznosi 95,5%, a u Y smjeru 98,1% ukupne
mase konstrukcije.

Modalna analiza

Calculation protocol
Ssiution of Free vibration

Number of 20 elements 7070
Nuriiber of 1D elements 3320
Number of mesh nodes 741
Numbei of equations 420346
Combination of mass groups | MC1 CM1

Number of frequencies 30
Method Lanczos

Bending theory Mindlin

Type of analysis model Standard

Start of calculation 19.06.2019 14:44
End of calculation 19.06.2019 14:46

Sum of masses

X Y 4

[ka] [ka] L)
1| 49368216 | 4937083,5 | 49368216
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Relative modal masses

Mode mega [rad/s Period Freq. Woi/Woaor  Wyif/Whyot  Wai/Waor M nf/Waaor £ Wi rfWitor £ Wz n/Wator 5
[s] [Hz]
1 23.2002 0,27 3,69 | 2.88655¢-05 |0.000934446 | 0.0736073 | 2.00431e-05 | 0.0142642 | 2.91938e-05
2 25.5615 0,25 4,07 | 0.0466502 | 1.01658=-05 0.100871 | 4.1445%-05 0.236952 |0.000215433
3 26.7587 0,23 4,26 | 1.62037e-05 0.042576 | 0.0276315 | 8.41073e-06 | 0.00549494 |0.000562339
4 27.6378 0,23 4,40 0.0046795| 0.0714778| 0.00716361 [0.000184383 | 4.89441e-05 |0.000474134
5 28.123 0,22 4,48 |0.000258961 0.768985 [ 0.000745117 | 0.00208871 | 0.00117596 | 0.00744073
i} 30.5656 0,21 4,86 | 0.00230801 0.0669833 0.0388236 | 8.12261e-06 | 0.00344215| 0.00537729
7 32.3097 0,19 5,14 (0.000165944 | 0.00174843| 0.0598894 | 8.44251e-05 0.113141| 0.0158799
il 33.0991 0,19 5,27 | 0.00303588 | 0.00162571 0.018127 | 0.0101002 |0.000451385 | 0.0648111
9 337741 0,19 5,38| 0.0199716 | 0.00807093 |0.000372057 | 0.00182784 | 4.75622e-05 0.783548
10 34.9428 0,18 5,56 0.054343 | 0.00510693 | 0.0424222 |0.000958909 | 0.0361876| 0.0158302
1 35.0685 0,18 5,58 | 0.0394888 |0.000184638| 0.0133562 | 0.00608771 |0.000549457 | 0.0145829
2 36.2064 0,17 5,76 0.688399 |0.000117006 | 1.73301e-05 |0.000143699 | 000831611 | 0.0513503
13| 37.6055| __ 0,47| 589 3.22537e-06| 0.00013485 | 1.04406e-05 | .45583e-05 | 6.39671e-06 |0.000597378 |
14 37.950% 0,17 6,04 0.00539209 | 2.45168e-05 | (.00483289 | 0.00701333 | 0.00267501 |0.000438583
15 404911 0,16 6,44/ 0.00207591 |0.00010G716 | 9.360749e-05 | 0.00724514 | 2.71918e-05 |0.000321508
| [ 16|  40.8137 0,15 - 6/50]| 1.03373e-07 | 0.000728665 | D.00619026 | 0.00443059 0.00125299 | 6.47015¢-05
17 42,8237 0,15 6,82 |0.0582589 |0.000183859 | 0.00065627< [0.000175508 | 0.00129929 10.000419385
18 44.1069 0,14 7,02 | 2.81941e-05 | 0.000232353 | 0.000101227 | 1.33925e-06 | 4.94518e-05 |0.000566728
19 45.0147 0,14 7,16 [0.000345045 | 0.000891747 | 0.0047988 | 0.00571784 | 0.0029248 |0.000293955
20 47.3523 0,13 7,54 |0.000519186 | 0.000103148 | 0.00150786 | 0.00108025 |0.000806236 |0.000182174
21 48.4815 0,13 7,72 | 4.23206e-05 | 0.00189471 | 0.00216031 | 1.96164e-06 | 3.03987e-07 | 6.70711e-05
22 48.7157 0,13 7,75(0.000801192 | 0.00205619 | 0.00130001 | 0.00657934 |0.000538216 | 0.00285968
23 49.1559 0,13 7,82 |0.000234383 |0.000517129 | 2.62773e-05 0.019527 |0.000755587 | 0.00592407
24 50.525 0,13 8,04 | 0.00814191 | 5.49972e-05 | 0.00847747 | 0,00232287 | 0.0268719 | 5.83376e-05
25 50.7581 0,12 8,08 | 2.09378e-05 | 1.65749e-05 | 6.55148e-05 |0.000136159 | 5.55655e-06 | 2.60224e-05
26 51.5657 0,12 8,21 |0.000659801 | 0.00177124 | 0.00239364 | 0.0192594 | 4.99418e-07 | 0.000155034
27 51.7242 0,12 8,23 | 0.00182843 | 1.75265e-05 | 5.3943%e-05 | 0.0636781 | 0.008956391 |0.000146792
28 52.5622 0,12 8,37 | 0.00177161 |0.000144746 | 0.000102499 | 0.00741635 0.0039951 |0.000631237
29 546346 0,12 8,70 0.0155471 |0.000364478 | 0.000411834 | 0.00589388 | 0.00373711 |0.000164539
30 55.0775 0,11 8,77 | 5.60026e-06 | 0.00380659| 0.0120028 | 0.0171923 |0.000415901| 0.0019883
0.955022 0.980875 0.428222 0.190152 0.474997 0.975007

Na sljede¢im grafickim prilozima prikazano je nekoliko karakteristi¢nih vlastitih oblika
(modova), nastavih uslijed djelovanja potresa.

Slika 3.40. Prvi vlastiti vektor od djelovanja potresa na konstrukciju
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Slika 3.41. Drugi vlastiti vektor od djelovanja potresa na konstrukciju
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4. KOMBINACIJE DJELOVANJA

4.1. Grani¢no stanje uporabe (GSU)

Prikaz kombinacija za grani¢no stanje uporabe.

Combinations

| MName Type Load cases | Coeff |
"Stugent weraion | "Stugent Wensien' "Stucent Wensien! TSI WenReT' St lerRieT! TSIt ieRieT' e
GEU Enveops - visstis tefing 1,00
ulimats Dodatne stano
GEUz Enveops - viastta tefina
ultimats Dedatne stano
Pokretno
GsU3 Envelope - vizstts tefinz
ulimate Snilzg
Dodatne staino
EEU4 Envelope - viastta tefina
uifmate Dodatne stalno
trenje
vietar kow yi
| wietsr bocni y 1.2
G5US Envelope - viastts tedina
ulimate Dodane stadng
trenje ¥
visgtar kowv y2
wietar boocni y 1.2
GSUE Envelope - vizstts tefina
LLLE Dodatne staino
vigtar kow x1
wietar bocni xi x2
GSUT Envdops - viastia tefina
mais Codatne staino
wigtar kow x2
| vietar bocni xi x2
GSUE Envelope - wlastis tefina
ulimate Snijzg
Dodatno stano
Pokretno
GEUS Enveops - viastta tefina
uitmate Dodatno stano
Pokretno
trenje ¥
vigtar kow yi
wigtsr bocni y 1,2
GEUi0 Envelope - vlastia tefina 1.
Liiie Dodatno stano 1.00
Pokretno 1,00
trenje ¥ 1,00
vietar kov vZ 1,00
vietar bocni 1,00
GSU11 Enl'-'elopa - viastis tefina 1,00
ulimate Dot s s 1,00
Pokret : 1,00
1,00
1,00
1.00
G5U12 Envelope - 1.00
utimate 1,00
1,00
1.00
1,00
Wi bocni x1 x2 1,00
G5U13 Enwvelope - vlastis tefina 1,00
ulimate Dodang stang 1,00
FPokretno 1,00
trenje 1,00
vigtar kow i 1,00
wietar bocni y 1.2 1,00
temparsturs jednolika + 1.00
G5U14 Envelope -
vizstia teZina 1.00

"Rt wevsion | Siuckent wevsan’ TSdent wevein "Siclent uereion ' TSk
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| Mame | Type Load cases Cosff.
" St Weraien’_"Student wersion'_"Stusent Weraon | "Sgent wension ' TSfudent verslo | '&'n.mvtwrs[ugr “Stude
G54 Etmdtms -
Dodatno stano 1.00
Pokretno 1,00
trenje 1.00
viets kowv y2 1.00
vietxr bocni y 12 1,00
temparaturs jednolika + 1,00
GEUS Envelope - vlastis tefina 1,00
ulfimate Dodatne stano 1.00
Pokretno 1,00
trenje x 1.00
vietar keov x1 1,00
vietar bocni x1 x2 1.00
temperaturs jednolika + 1,00
G5U1E Envdeope - vlastta tefina 1.00
LI Dodatng stang 1.00
Paokretno
trenje x
vigts kow x2
vietx boocni x1 x2
tempersturs jednolika +
GSUT Envdope - vlastta t=fina
ulimate Snileg
Dodatne stane
Pokratno
trenje x
vietsr leov 21
wieta boocni x1 x2
temperaturs jednolika -
GEUE Envdops - vlastia tefina
ulimate e
Dodatno staino
Pokretno
trenje x
vigtx kowv x2
vieta booni x1 x2
temperatura jednolika -
GEUE  |Enveope - |yiastta tefina 1,00
ulimste Snijeg 1,00
Dodatne stang 1.00
Pokretno 1,00
trenje ¥ 1,00
1.00
1,00
1.00
G5U20 Envelope - 1,00
ulimate 1.00
1,00
1.00
1,00
1.00
1,00
1.00
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4.2. Granic¢no stanje nosivosti (GSN)

Prikaz kombinacija za grani¢no stanje N0Sivosti.

Combinations

| Hama | Type | Load cabss | CoaT |
"l st "Sloked e "Sicked pmesr Sloked e Slokef perr “Slokef siserd "Iked e Sleked e Seked arses -u.u.—E 1m.l.! :
GSN1  |Emvelope viaslits sefina Tt
ulimagis whastits tefina dry conorete - dry conoete sof weight for vbBsi edna 1.35
Dodaing salng 1,35
Pokr o 180
GEN2 En.'fabupe - wiestitn sedina 1.35
ubirnaie wiastit fefina dry conorete - dy oonorele sdf weight for viasil lebna 1,35
Srijey
Dodatno stalng
Pokr edro
GEEN3 Ermvelape vixdita fefna
ulimate viastits tndina dry conorele - dry conerele sl weight b viBsi leBna
Srijeg
Dadaing =ialng
EENE [Erveloge - vizstita tefina
i wizslitn oFna dry conomele - dry conoese sof weight for vt lefina
Dodaing sialng 1,35
Terje x 135
wetar kmv x1 1.35
| wietar bocni x1 x2 1,35
GENS Ernvaicipre wasiits edina 1,35
i viastits fefina dry conoele - dy conoeie sdf weight fr veisi 1,35
Dodatna stalna 1,35
Taje x 1,35
wjetar kmw x2 1.35
| wisar Bocni a1 x2 1,35
GENE Ermvelope - wizstits tm¥ina 1,35
uimars ety fefina dry ocmoee - dy oonoele 1.35
Dodatna stalna 1,35
i 1.35
wietar kmw y1 1,35
| wistar bocni ¥ 1.2 1,35
SENT Errvelape wiastlita fekina 1,35
e wiastita fndina dry conoele - dry conosli b viasii fekna 1,35
Dodaing salng i 1,35
T 1.35
witar kmw y2 1,35
jetar bacni 12 1,35
SENE Ermvelope - wiaslita telina Lt
ulimaie viztita seFina dry onae =il waight for vbsit sefina 135
— 1,35
Dodaing staino 135
rerje x 1.35
1,35
1.35
EENT Ermvalape 1,35
ulimmae - dry concrels sl weight fr vbsiin lefna 1.35
1,35
1.35
1,35
1.35
1,35
GSN10  |Emelope - .35
ulirnaye dry concreds sl weight Er vhsit elina 1.35
1,35
1.35
renje ¥ 1,35
wistar kmw w1 1,35
wetar booni y 1.2 1,35
E5M11 Errvaiopie
wasiida wedna 1,35
wvieslida edna dry conoeie - dry oonoreie sdf weight for viosie elna 1,35
Srijeg 1,35
Dodaing_siaing 1,33

“Sluckew manert Siukrd rart' Suled vracer Sled mmaeer TShuked veacer TOoked meaort Shelsd sl Sk meaonr 3
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=]

Tip=

Load casas

| °F ]

TR PREFT Sked einnoet

“SIcked PRt Shoked seneet Shoked rsert SIckRE enert Sdoked prscrr Sholied pesest SOoked s Soked ket

GEN11 | Dkneides
Terje ¥ 1,335
wedar kmw y2 1,35
wjetar boai oy 1.2 1,35
GEM12 [Emelope - | estits sBina 1.35
ulima wiastity deFna dry conerele - dry comoreie self weight ke vhistis kg 1,35
Dodatmg staing 1,33
Pk éstria 1.82
Terje x
wvjutar kmw xl
| vimstar Boomi x1 a2
GEM 13 E.'!w_'lum_' wasiity fnFna
e wiastita fedina dry concrete - dry concrete self weight for vz teSna
Dodatno stalng
Pokr elno
renje x
wistar kmow =22
| viestnr booni x1 a2
GEN14 | Ervafope - wiastita fedina
LR wiastitn fefina dry conores - dry conorete sel weight for vl mEna 1,35
Dodaimg stalng 1,35
Pokr eing 1,82
e y 1,35
wetar kmw vl 1,335
sjetar Bomi y 1.2 1,33
GEN1S | Erveloge wiastita fekina 1,335
elptcdo vizstitn teFina dry conoede - dry ooorels el weight o 1.35
Dodaing stalng 1,33
Pekretng 1.62
Ferge y 1,35
wetar kmw y2 1,35
wiedar booni v 1.2 1,35
GEN1E | Ervelope - wiaslita fekna 1,35
i izl sina dry conerete - dry conoe viistim wmina 1,35
Dodaing stalnag i 1,35
Pefer st 1.82
teje x 1.33
wetar kmow xl 1,33
wietar booni xl x2 1,35
Bmperanra pdmolika 1.35
GEN1T I:.'!'Mlur.lu wiastita teSina 1,35
ultirmaie viastitn fedina dry cone i sell weight b viasii sEna 1,35
Dodaimg =talng 1,35
1,62
1,35
1.35
1,35
1,35
GEN18  |Emelope - 1.35
ulimae crefe -y concrete self weighl fx vhisfia fefna 1.35
1,35
1.62
1,35
1,35
1,35
1,35
GEN19  |Emelope wiarstita tefina 1,33
mRET viastits fedina dry coierete - dry conorele sl weinhl b vl seEna 1,35
Dodaing stalng 1,35
Pefer st 1.82
Terpe y 1,35
wetar kmw y2 1,35
wiedar booni v 1.2 1,35
Bmperanra pdmliks 4+ 1,35
TRk arnerr CRheked penert Sheked crniet Sk areer Sheled sosert SNeked eonerr Sl eyt SOeied e SOy e Sheked prsert !
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| Hame | Type Load casss | Codt |
TSR ey SOk areeer CShekd e S0k d et Sekef arset SLeked et Sl eyt e aerr  SLeERd et SOk Eu:!l.u' =X
S5N20 Ermvelope - westita fefina 1,35
EERE viamiitn Fina dry coeels - dry cooele sell weighl fr viisiity e3ina 1,35
S sy 1,35
Dadaing stalng 1,35
Pk restr 1,82
frenje x 1,35
wpstar krow =1 1,35
vietar bocr x1 =2 135
lmperatra  pdnolika 1,35 Qﬁ
GENZ1  |Erwelape it seEmm 13 "%%
ulirnia fe whasiity felina dry coneorede - dey conorete sl waght for viastits deFna {:f
Sini g 2’\ ’
Dodaing stalng %ﬁ?
Pok retng .
frerije x
wpetar krow x2
widar bocm x1 x2
emperaira pdool ks
G5N22 Ermvefape veastitsy tedira
i vislitn SFna dry ool - dry concrele self wegh b viistit uii.-%
Srijey
Daddairg =talng 1.35
Pok retng 1,82
Fenje y 1,35
wpetar krow yi 1,35
wvietar bocr v 1.2 1,35
fenpreratra pdnolika 1,35
G5M23  |Emvelope lasiitn defing 1,35
Ul wiastitn tedina dry conorede - dry conorete sl wesg 1.35
Sl e 1,35
Dodatro stalng 1,35
Pok restng 1,62
Fexije 1,35
wpetar krow y2 1,35
wietar boerni v 1.2 135
fomperatra pdnofika 1,35
paires x Er!w_'lul:ll: it fefina 1.00
ultimate viastita tefina dry conorete - waight fr vistita tefina 1.00
Dodaino staing : 1,00
Pokresiro &,50
poirnes x 1.00
patres y | Ervelape astita dnfirm i 1,00
el viastita ftefina_dry corf cononete sof waghl for vistita tefina 1,00
Dodairg =talng 1,00
Pokretng a,50
polres y 1.00

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

- parcijalni faktor za promjenjiva opterecenja — 1,5

- parcijalni faktor za promjenjivo (pokretno) optereé¢enje — 1,5 x 1.2 = 1,80 (nije vrsena
kombinacija opterecenja tj. postavljanje pokretnog opterecenja u najkriti¢nije poloZaje,
vec je pokretno opterec¢enje uvecano za 20%)

- parcijalni faktor za istodobno djelovanje vise promjenjivih opterecenja — 0,9 x 1,5 =1,35
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5. DIMENZIONIRANJE ELEMENATA KONSTRUKCIJE

5.1. Spregnuta krovna konstrukcija

Pomaci spregnute konstrukcije

o

IR N B RN RN R RN R NN RN NN RN R e
Q

)

Slika 5.1. Prikaz vertikalnog pomaka grednog nosaca
Dopusteni vertikalni pomak (progib):

_ L1593
Udop =300 = 300 "4

u, = 53,0mm < ug,, = 53,2mm -zadovoljava

-iskoristivost na GSU — 53,6 mm /53,8 mm = 0,996 = 99%
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Rezne sile grednih nosaca

Slika 5.2. Rezne sile-My

Slika 5.3. Rezne sile-Vz
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Poprecni presjek nosaca
Name Krov kata
Type HLO20x445
Source description ArcelorMittal / Saks Programme / Version 2072-1
ltern material 5 355
Fabrication rolled
Flexural buckling y-y b
Flexumal buckling z-z o
Lateral torsional buckling Default
Use 20 FEM analysis K
A [m3 5,7140e-02
Ay, z [ml 35719602 2 2623802
|y, z [m9 8 7470e-03 5 3570e04
1 w [m®, t [mY 1,1060e-04 2,6270ed5
Wel y, z [m7 1,8450e-02 2,5520e03
Wpl y, z [m? 2,0850e-02 3,8480803
dy z Jmm] 0 0
c YUCS, ZUCS [mm] 212 474
o [deg] 0,00
AL D [mim 3,5072e+00 3,507 2e+00
Mply + - [Nm] 7 dde+05 7 4de+)6
Mpiz +, - [Nm] 1,40e+05 1,40e+06
Slika 5.4. Prikaz geometrijskih karakteristika nosaca
Dimenzioniranje
Cnmpusite Beam - Final stage
Linear caloudation
Class) GSN
Extreme 10: Global
Selection: B365
Filter: Cross-section = Krowv kata - HLS20x449
Composite beam verification
for beam B365 at section 7.61 m, in accordance with EC EN 1994-1-1
1. Geometry data
Continuous beam
Length of the current 2pan L=7608m
Length of previous span Loreviews = 3.959m
Beam spacing at the left Liep = O'm
Beam spacing at the right Lrigke = 0 m
Checked section d, = 7.608 m
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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
timate strength
E modulus

2.1.3 Cross-section classification

2315
Ew -J-iéfn =05814

£.1.3.1 Flange in compression

b-ty-2-r 423 mm-24 mm-2-19 mm

HL320x449

hs = 948 mm

b = 423 mm

e = 24 mm

ty= 427 mm
r=19mm

Aa = 57140 mm®

I, = 87510° mm®

iz = 97 mm

Wi, = 20.8510° mm®

5 355

f,0 = 355 MPa
fuo = 490 MPa
En = 210000 MPa

{EM T993-1-1 55.6 Tab. 5.2}

=181 mm

Cw=lp=2-%=2 r=2Bmm-2-42.7 mm-2-1% mm =825 mm

= 3
o £ 0.f
tr
181 mm
A 40814
423 732
Flange classified as Class 1.
£.1.3.2 Web in bending
Qg = 0.5
Cu  36e
t-\.' e
825mm _ .35-0.814
24 mm 0.5
34.4 £ 58.6

‘Web classified as Class 1.

Cross-section classified as Class 1

Cross-section Class OK,

2.2 Concrete slab with profiled shecting

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

he = 150 mm

£30/37
foo = 30 MPa
Ecm = 32800 MPa
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2.2.2 Profiled steel sheeting
Sheeting with ribs transverse to the supporting beams
b-:l
i =
=
Mame CamFlor 80-0.9
Depth of the ribs he = 30 mm
Height of full concrete h: = 120 mm
Height of the re-entrant stiftener hg = 0.mm
Spacing of the ribs by = 300 mm
Top width of the rit by =131 mm
Bottom width of the rib b = 120 mm
Mean width of the ribs barie = 144.5 mm
Thickness of the sheeating te = 2 mm
2.2.3 Shear connectors
2.23.1 Geometry
Mame SHC1
Diameter d, = 25 mm
Mominal height M = 80 mm
Az-welded height hge = 75 mim
Amount per trough or section =1
Warning: Condition given by EN 1994-7-7 Art. 6.60.5.8 (1) is not fulfilled.
2.2.3.2 Material
Steel grade 5 255
Ultimate strength fus = 490 MPa
2.2.4 Reinforcement
2.24.1 Geometry
Longitudunal bar diamter o = 16 mm
Longitudunal bar spacing 5= 150 mm
Longitudunal bar cover oy =30 mm
Transverse bar diamter d, = 16 mm
Transverse bar spacing 5¢ = 150 mm
Transverse bar cover o = 46 mm
2.24.2 Material
Material B S00E
Characterictic yield strength fykr = 500 MPa
3. Design values of loads
Load Mame : GSN21
Content of combination : 1.35%lastitatedina +1.35*vlastitateZina_dryconcrete+1.35*Snijeg+
1.35*Dodatnostalno+ 1.62* Pokretno+ 1.35%trenjex+ 1.35"vjetarkione
Bending moment Med,comp = -F1BT 380 kNm
Shear forca Vedeomp = -1278.520 kN
4. Partial safety factors
Steel section e = 1
Yn1 =1
Shear connectors o= 1.25
Concrate ye=15
Reinforcement vs = 1.15
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5. ULS check of the Final stage
2.1 Shear connection
5.1.1 Design resistance of shear connectors
5.1.1.1 Shear connector in a solid slab
hy,
iz d, =4
J=3=4
_no | he 75 mim i
a=02 [ Y +'I] 02 {ESmm +1]-D.B
fus = min{490;450) MPa
f,, =450 MPa
Z 2
048 r,,,,-( -“--’f-’-- 0.8.450 MPa.| F14:23 ”‘m)
Padsalicgs =~ W = 1'_'25 = =141 kN
029-0-d; -y fo-Eam _ 0,29-0.8-25 mm’ -+ 30 MPa- 32600 MPa
Padsaiidz =~ TERe T -=115 kM
Vo 1.25
Pcsalid = Min{ Pag soid 1 Padsaiaz) = min{ 147 kN;115 kN) = 115 kN
5.1.1.2 Shear connector in profiled sheeting
Sheetin-g with ribs transverse to the suppurling beams
_________ bae | e ) 07 (145mm)(75mm |
t*_ [ }[[ [ 30 mm )(EUm 1I_5'ﬂ6
hlmux =075
ki= rnaw{ﬂ;minl{m.‘ktmﬂ= max{ﬂ.’min{ﬁ.%ﬂ.?ﬁﬂ= 0.75
Pra= ki Pageapa =075 115 kN = 86.3 kN
Warning: The conditions given by EN 1294-7-7 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.
The effective width at the end support
Leg =085 Ly =085-761 m=647 m
Loft side of the beam
Manual input of etfective width on the side,
bgtry = 0.5 m
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Right side of the beam

Marual input of effective width on the side.

|_‘l,,|r_r =0.5m

Calculation of by

bas = bBary + Bare=1m

Determination of L,

L= lo=647 m

5.1.2.2 Minimum degree of shear connection
Warning: Conditions given by EN 1994-7-1 Art. 6.6.1.2 (3} are not fulfilled.
Warning: Conditions given by EMN 7994-7-7 Art. 6.6, 7.2 {T) are nat fulfitled.

rlﬁin:ul: = 1 =y _E;S-E '{ U?S - {lﬂ3 | L' )
¥

Nmincaic= 1 - i?g (075 -0.03-6.47 m)=0.44

Nrln = maxl:nm.n,.-m:ﬂ_d:]-—. ma:[ﬂ.il-rl;[lil] =044

5.1.2.3 Degree of shear connection present

5.1.2.3.1 Tension resistance of the reinforcement

.3.14 = 1340 mm®

a; o ( ‘.jf.} O ) f 16 mm”

s L4 " 150mm | 4
Aefur  1.34107-50010°

=583 kM
' 1.15 >

Fs

5.1.2.3.2 Tension resistance of the steel member
Mg = fue - Ay = 355 MPa- 57140 mim = 2028470 kN

Ne = min(FsNy o= min{583 kN;20284.70 kN )= 582.79 kN

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

i L. 64Tm
" b, 300mm
n.,:,:?"l

I; = b - trough = 300 mm - 1= 300 mm

Murmber of shear studs available per length L./2

po o B3 ety | 05-21:1
P trough 1

M; = ngp - Pag= 10.5- 86301 = 906.16 kN

Coinl Mgl i 90BI6 KN
n=m N )T ™M 58279 ki J

M 2 Mmin

12044 Ok

The shear cannection degree is adequate.

=105
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5.2 Cross-sectional resistancz of the composite beam
5.2.1 Shear buckling
M, =hy =~ 2-54=948 mm - 2-42.7 mm =863 mm

M= 1.2
My 7206
L™ Nz

263 mm e T2-04814
24 mm 1.2

35.9 < 48.8 O
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.
Ac=As-2-bte+{tus 2.1t

=0.0571 - 2-0.423-0.0427 + { 0.024 + 2-0.019). 0.0427 = 23663 mm"

Ay i = e P -ty = 1.2-0.863-0.024 = 24843 mm
A-M E lq-‘il"ﬂll!

23663 mm° < 24843 mm”
A= Aymn= 24843 mm” = 24843 mm"
Acfw 24843 mm’-355-10°

Viura= 3 = = 5092 kM
"1_3 "o ‘n|r3 “1
abs{Veacoms) _ abs(-1278.520 kN)
O ™ .~ BOBEEN, T

The shear resistance of the scction is adoquats,

5.2.3 Bending moment
5.2.3.1 Lengitudinal 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 Ecef = Ecm /2,
Ecm 32800 MPa

o ——— = T T - 1 D MP
Ecerr 5 5 640 a
Ep 210000 MPa _
ME=p = 36400MPa - Vob

h:—h
et s

¥a= r

A,+(-IJ—E ]-bw-{hf— he )

0.948 1 0.12-0
) 0.05?1-( _z_)+ [Ti.'é']' 1-(0.2 —U}-{ﬂ.?d-&+ 0.15- —2—)

=553 mm
0.0571+ [ ------- } 1-(0.12-0)
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5.2.3.1.2 Degree of reinforcement

b _{J_|11 im, 16 mm ] :
=5 (1 Jm mmm{ . 3.14 = 1340 mm
Ac=ber-{ he — hg }=1-(0.12 - 0)= 120000 mm*
.:.;.=[I1a+hs h‘z—- ] ya-[omam.w—0—%_—0-]—0.553=435mm
1 C 1
k.=min —+ 0.3l =min| = +031]=1
0.12 -0 1

|: d
1+ {'2 zn} }
fo_|, 3.5..5_ 2910° | .
{ 223-5 ( f!_.k, ) 235 }( 5 J'W—U.?ﬁ# %

500-10
Ay z pyrhy

1340 mm® = 9,64.10°. 120000 mm®

1340 mm” = 1157 mm’ oK

The longitudinal reinforcement of the section is adequate,

£.2.3.2 Moment resistance
Mement resistance of a steel cross-section
_ Woiyfe _ 21-10° mm®-355 MPa
¥heo 1
Influence of shear

Mo rea= =T437 kNm

.?s*é-ﬂ = abs ["'.I"Edmw]

S09ZIL 5 1279 W

2546 kN > 1279 kN 0K
The influence of the vertical shear on the bending moment resistance may be neglected.
o = fyp =353 MPa

Modified tension resistance of the steel member
r=0mm

=2+t b+ ty[hy-2: tf} 2-42.7 mm-423 mm + 24 mm- 948 mm - 2. 42.7 mm )= 56827 mm’
Np“ B- fj.h = 96827 mm -355 MPa = 2017344 kN
Mote: Roundings of the steel cross-section are neglected in bending resistance calculation.
Nes = min{FNp )= min{583 kN:20172.44 kN) = 582.79 kN
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Megative bending moment resistance calculation
The plastic neutra| axis is located within the web of the steel section,
MNyre=bot-fp'= 0.423.0.0427-355.10 = 6412.05 kN
Maia = Maes - Nagw = Fo+ Nags + Moy
] T22amm 3ssMpa) -7 mm

Verification of the steel web classification.
o= _ B25-397

Sam e - s o
c_.. 396-¢
13-0y—1

825 mm 396 0814

24mm C 13-0518-1
34.4 = 56.1 oK
Web classified as Class 1.
Matw = tw X fygw = 24 mm-397 mm- 355 MPa = 3383.28 kN
Mac = Mol = Mats= Narw = 2017344 kN - 6412.05 KN - 3383.28 kN =10378.12 kN

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

£E"_"__I:" 21’! }205+tfb{ha—15h— })

""""""" 2. {9&5' 3427307+ 427423 A
4
=ty £y~ i+ = 0397 + 00427 ¢ 015003+ 21 = 552 mm
L haf 1. I
T A
fyd.r
—

A i =58279k
— [ — 01—

—* hatfe=641205kN

—  Natw = 338328 kN

4 NMa,c= 1037812 kN

t Mgy
Mo aa=Fs-hy+ Nm.f‘{g‘ ‘HC}"%K*' Mac b

3383.28- 397
2

42.7
2

=583-552+E.412.D5-[ +39?)+ +10378.12-300=7721 kNm
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Design mement resistance according to EN 1994-1-1 Ari.6.2.1.2
Mgd = Mpqlg-_-|= ??21 kMm
abs(Mescoms) | abs(-3187.380 kNm)

| - — —

JC-comp_IM Mg 7721 kNm 041

The bending moment resistance of the section is adequate.

5.3 LTB resistance
0.75 25 75 025
el telhamtd ) -6 7 (6 ) (L 24-(948-427)) foas-427 V" (422} )
E 4-bty JL tw b h 4:.423-42.7 24 423 R

Fim=12.3
F < Fln
11.2=123 oK
The cross-section is qualified for verification of LTB by the simplified method.
Cy =125

; " 1+'t.-..'{ha-fr:| : ha—tr_ u.?s. t 25L _f&‘lﬂs
Lo 4:b-t t b Eh-C;J

a5
5 [ ; , 0024-(0.945 - 0-042?3.], {g-_eﬂa;g-ﬂ%_zz_f"", ( omzr.}“‘ [ _3s50° |

4.0423.00427 0.024 0.423 1010°. 25 j = 0459
hafb = 2 -> Buckling curve 'b’
or=0.34
Dr=05 -(1 tar [ Mraa-02 )+ Nrat J: 0.5- ( 1+034-{0459-02)+ 0_459’}; 0.649
1
K= L 3 = y =0.502

Wiy + \( D, 0.549+J 0.649° -0.459°
¥ur=min{X_r1)=min{0.902:1)=0902
My nat = ¥ - Mag = 0.902 . 7.72.10° = 6964.690 kNm

abs(Meqcems) _ abs(-3187.380 kNm)
N camp R = e — eelagakNm, D

The later torsional buckling resistance of the section is adequate.

5.4 Longitudinal shear
5.4.1 Transverse reinforcement
Design shear flow

hy=he= 120 mm
_MPag _ 1-B63kN
Ved = le-hy ~ 300 mm- 120 mm =24 MPa
Transverse reinforcement
At - Vg~ hy
AstByer  Ved-Nt
{"er'Sr-j cotgfﬁfl
By o= Bl
&
PO hy ___ 24107012 =330 mmt/m
[ cotg(8)-fer ] cotg[26.5)-500-10
s 115
2 ]
[ [00) o et
A v = o | 4 ] 3.14= XE { a ] 3.14 = 1340 mm"/m
'ﬁ"tprnu z Ay
1340 mm’/m 2 330 mm’/m oK

The transverse reinforcement of the saction is adequate.

ULS checle of Final stage is OK.
UC_comp= max(0.25,0.41;046)= 0.46
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Iskoristivost elemenata za GSN — 46%
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Slika 5.5. Prikaz iskoristivosti grednih nosaca

5.2. Stupovi kata

Pomaci stupova kata

Slika 5.6. Prikaz horizontalnog pomaka stupova kata

Dopusteni horizontalni pomak :

h 5,09

udop=ﬁ 200 = 25,5mm

u, = 11,1mm < ug,, = 25,5mm  -zadovoljava

-iskoristivost na GSU — 11,1 mm /25,5 mm = 0,44 = 44%
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Rezne sile stupova kata

Slika 5.8. Rezne sile-Mz

il ”% -

Slika 5.9. Rezne sile-Vy
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Slika 5.10. Rezne sile-Vz

[ i 1

Slika 5.11. Rezne sile-N

Poprecéni presjek stupova kata

Name Stupovi kata
Type HEAZ40
Source description Profil Arbed ! Structural shapes [/ Edition Octobre 1955
ltem material S 355
Fabrication roled
Flexural buckling y-y b
Flexural buckling z-z c
Lateral torsional buckling Default
Use 200 FEM analysis b
Slika 5.12. Prikaz
geometrijskih
r—— P karakteristika stupova
Ay z[m7 §,5495e-03 3,3201e-03
Iy z [mY 2,7700204 7,4400605 kata
I w [m®¥, t [m% 1,8244e-08 1,2700e-08
Wel y, z [m? 1,6800e-03 4,9600e-04
Wpl y, z [m¥] 1,8500e-03 7 541 7e-04
d y, z Jmm] 0 0
c YUCS, ZUCS [mm] 150 165
a [deg] 0,00
A L, D [m%m] 1,800 0e+00 1,7844e+00
Mply +, - [Nm] §,57e+05 §,57e+05
Mplz + - [Nm] 2, 68e+05 268e+05
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Dimenzioniranje

Check of steel

Lisear caloudation; Extreme : Global
Selection : B/2

Clazs o G5N

Cross=section @ Stupovi kala - AEAZ40
EN 1993-1-1 Code Check

Mational annex: Standard EN

[Member B72 (5,090 m |HEA340 [S5355 [GsN21/1 [o089 - |

Partial safety factors
Gamma MO for resistance of cross-sections [ 1,00

Gamma M1 Tor resistance o instability 1,00
Gamma M2 for resistance of net sections 1,25
Material

Yield strength fy 3550 |MPa
Uttimate strength fu_ | 4900 |MPa
Fabrication Raolled

Classification for cross-section design
According to EN 1993-1-1 artide 5.5.2
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1

[Masimum wicth-to-thickness ratic | 25,5
Class 1 Limit 26,85
Class 2 Limil 30,92
Class 3 Limit 34,25

== Intermal Compression parts Class 1
Classification of Outstand Flanges
According to EN 1993-1-1 Tabde 5.2 Shest 2

[Maximurm, width-to-thickness_ratio_| 7,17
Class 1 Limit 7,32
Class 2 Limil 8,14
Class 3 Limit 11,37 ]

= Outstand Flanges Class 1
== Section classified as Class 1 for cross-section design

The critical check Is on position 0.000 m

Internal forces |Calculated |Unit
N.Ed -2880,50 kN
Wy, Ed 10,85 [
vz.Ed -0,96 ki
TEd 0,00 khim
My, Ed 1,64 fehm
Mz, Ed -25,66 kMm

Compression check
According to EN 1993-1-1 articke 6,24 and formuda (6.9)

A 1,3400e-02_[m?
MR 4757,00 kN
Unity check | 0,61 -

Bending moment check for My
Rrcording to EN 1993-1.1 articde 6.2.5 and formuda (6.12),(6.13)

[viply 18500603 |m’
MolyRd 656,75 KNm
Unity check | 0,00

Bending moment check for Mz
According to EN 1993-1-1 articke 6.2.5 and formuda (8,12),(6.13)

1

Wplz 7.1 7e-0d |m

My, 300708 Hhm |
Uity cheeck (18 -

Shear check for Wy
Aorording ta EN 1993-1-1 articke 6.2,6 and formuda (6.17)

(B [1,20 |
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dar 10247202 [m’
| vply.Rd 2100,17 BN
Unity chieck | | 0,01

Shear check for Vz
According to EM 1993-1-1 artide 6.2.6 and formuls (817}

Eta 1,20

Ay 4,947 7e-03 v’
Vpl.z,Rd 932,10 kN
Unity check | 0,00 B

Torslon check
According to EN 1993-1-1 artide 6.2.7 and formula (5.23)

Tau,t,EBd 0,0 MPa
Tau,Rd 205,0 |MPa
Unity check (0,00 |-

Note: The unity check for torsion is lower than the limit vakee of 0,05. Therefore torsion is considered as
Insignificant and Is kgnored in the combined checks.

Combined bending, axial force and shear force check
According to EN 1993-1-1 artick: 6.2,9.1 and formula (6.41)

MMyRd [297,98 [kNm
Alpha 2,00
MMz, Rd [209,57 | kNm
Beta 3.03

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

Note: Since the shear forces are less than hall the plastic shear resistances their effect an the moment
resistances |s neglected,
The member satisfies the section check,

Claszification for member buckling design
Drecisive position for stability classilication: 0,000 m
Classification of Internal Compression parts
According to EN 1093-1-1 Table| 5.2 Shest 1

| Masirnm width-to-thickness rabio | 25,55
Class 1 Limit 26,85
Class 2 Limit 30,92
Class 3 Limnit 34,25

wz Internal Compression parts Class 1
Classification of Outstand Flanges
According to EN 1993-1-1 Tabde 5.2 Sheet 2

Maximum width-to-thickness ratie (7,17
Class 1 Limit 7,33
Class 2 Limit i, 14
Class 3 Limit 11,37

== Outstand Fanges Class 1
== Section classified as Class 1 for member buckling design

Flexural Buckling check
According to EN 1993-1-1 artice 6.3.1.1 and formula (5.46)

Buckling parameters ¥¥ Iz

Swvay Lype shay - sy
System length L 5,090 5,090 m
Buckling factor k 1,16 0,51

Buckling bength Ler 5,912 2,583 m
Critical Euler boad Mor 16424 04 (2311300 (kN
Senderness Lambda 41,12 34,66

Relative slenderness Lambda,rel | 0,54 0,45

Limit slendermess Lambda,rel,0 0,20 0,20

Buckling cunse b C

Imperfection Alpha 0,34 0,49
Reduction factor Chi 087 0,87

Buckling resistance Nb,Rd 412386 - [4135.66 kN
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Fiexural Buckling wverification

Cross-section area & 1,3400e-02  |m?
Buckling resistance Nb,Rd | 412386 kN
Uity chedk 0,70 )

Torslonal{-Flexural) Buckling check
According to EM 1993-1-1 articke 6.3.1.1 and formula (6.46)

Torsional buckling length Ler 5,090 m
Elastic critical bosd Ner, T 947701 kN
Erastic critical boad Mer, TF 947701 kN
Relative slenderness Lambdarel T 10,71

Limit slendemess Lambda,rel,0 0,20

Buckling ourve C

Imperfection Alpha 00,49

Reduction factor Chi 0,72
Cross-section area A 1,3400e-02  [m*
Buckling resistance NiRd 34232,32 kN
Unity check 0,84 -

Lateral Torsional Buckling check
According to EN 1993-1-1 articke 6,3.2,1 & 6,3.2.2 and formuda (6.54)

LTE parametars

Method for LTB curve General case
Cress-section plastic modulus Wely | 1,8500e-03 m?
Hastic critical moment Mcr 288017 khm

Relative slenderness Lambdarel LT | 0,48
Limit slendemess Lambda, rel LT,0 0,20

MNote: The sienderness or bending moment is such that Lateral Torsional Budkling effects
rrery be ignared according to EN 1993-1-1 article 6.3.2.2{1).

Mcr parameters

LTE length L 5,090 m
Influence af load posttion nainfluence
Correction Tactor k i,

Correctlon factor kw 1,00

LTH moment. factor C1 237
| LTE moment factor C2 0,00

LTB moment factor C3 1,00

Shear center distance d.2 0 mm
Distance of load application z,g ] mim
Mano-symmetry constant betay |0 mim
Mano-symmalry constant 2§ 0 min

Note: C parameters are determined according to ECCS 119 2006 / Galea 2002,

Bending and axial compression check
According to EM 1993-1-1 article 6.3.3 and formula (6.61),(6.62)

Bending and axial compression check parameters

Interactiom method alternative_method 1
Cress-section area A 1,3400e-02 m’
Cross-section plastic modulus Wply 1,8500e-03 m*
Cross-section plastic modulus Wel,z 7,541 7e-04 m*
Design compression force N Ed 2880 50 kM
Design bending moment (madmem) My Ed [-3,23 kMim
Design bending moment (maximwem) MzEd 29,60 kMm
Characteristlc compression resistance N,Rk  [4757,00 kM
Characteristic moment resistance My, Rk 656,75 kMm
Characteristic moment resistance Mz, Rk 267,73 kMNm
Reduction factor Chi,y 0,87

Reduction factor Chi,z 0,72

Reduction factor Chi LT 1,00

Interaction factor kyy 0,72

Interaction factor ky2 0,28

Interaction factor kzy 0,38

Interaction factor kzz 0,41

Madmim moment My, Ed is derived from bearn B72 position 5,000 m.
Maxdimiem mement Mz,Ed s derived from beam 872 poasiticn 5,090 m.
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Interaction method 1 parameters

Critical Fuler load Hory | 16424,04 ]
Critical Euler load Mior2 23013,00 ki
Eiasticcritical boad M cr, T Q477,01 ki
Cross section plastic moduius Wply 1, 8500e-03 m*
Cross-sedtion elastc modubes Weal,y 1,6800e-03 m?
Cross-section plastic modulus Wplz 7,541 7e-04 m?
Cross-section elastic modulus Walz 4, P60 0e-04 m?*
Second moment of area Ty 2,77 00e-04 m’
Sevond moment of area Iz 7 00e-05 m*
Torskonal constant 1t 1,2 700e-05 m’
Miethod for equivalent moment factor C,my,0 Table A2 Line 1 {Lin=ar)
Ratio of end rmoments Psly -0,51

Eguivalent moment factor Crmy,0 0,63

Method for eguivalent moment factor C,mz,0 Table A.2 Line 1 (Linear)

Ratio of end moments Psi,z -0.87

Equivalent moment factor Cme0 0,55

Fackor mu,y 0,87

Factor mu,z 0,58

Factor epsilon,y 0,01

Factor & LT 1,00

Critical moment for uniform bending Mcr,0 1216,22 kN
Relative slenderness Lambda,rel 0 0,73

Limit relative slenderness Lambda,rel 0 lim 0,27

Eqquivalent mosment factor Cmy 0,66

Equivalent moment factor Cmz 0,55

Equivalent mament factar CmlT 1,00

Factor b LT 0,00

Factor ¢ LT 0,01

Factor d,LT 0,02

Factor g LT 0,06

Factor wy 1,10

Factor .2 1,50

Factor n,pl 0,61

Maximum relstive slenderness Lamibda,relmax 10,54

Factor Cyy 109

Factor Tz 155

Factor C,zy 1,05

Factor C,z7 1,50

Unity check (6.61) = 0,70 + 0,00 + 0,03 = 0,73
Unity check [6.62) = 0,84 + 0,00 + 0,05 = 0,89

Shear Buckling check

According to EM 1993-1-5 artide 5 & 7.1 and formula (5.10) & (7.1)

Shear Buckling parameters

Buckling Fedd length a 5,000 m
Wit urestif feresd

Web heaight hw 297 [T
Web thickness ¢ 10 i

Material coefficient epsilon | 0,81

Shear correction factor Bt (1,20

Shear Buckling verification

Web slenderness bwift | 31,26
‘Web slenderness limit | 4882

Note: The web slenderness |s such that Shear Buckling effects may be Ignared

according to EN 1983-1-5 article 5.1(2).
The member satisfies the stability check,
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Iskoristivost elemenata za GSN — 89%

Slika 5.13. Prikaz iskoristivosti stupova kata

5.3. Dijagonale kata

Rezne sile dijagonala kata

Slika 5.14. Rezne sile-My
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Slika 5.16. Rezne sile-Vy

Slika 5.17. Rezne sile-Vz
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Slika 5.18. Rezne sile-N

Poprecéni presjek dijagonala kata

Name Dijagonale kata
Type HEM 360
Source descripticn Profil Arbed / Structural shapes / Edition Octobre 1995
Iltern material S 355
Fabrication roled
Flexumal buckling y-y a
Flexual buckling =z (v]
Lateral torsional buckling Default
Use 20 FEM analysis b
A [m} 3,18808-02

Ay z[mT 2 4381e02 8,6661e-03
1 vy, z [m% 8, 4900e-04 1,9500e-04
1w [m®], t [m*] B 1Z e8] 1,5070e-05
Wel y, z [m7 PETTETT 1,2680e-03
Wpl y, z [m7 4, 5850e-03 1,5420e-03
d y, z jmm] 0 0
c YUCS, ZUCS [mm] 154 157
a [deg] 0,00

A L, D [miim] 1,530 0e+00 1,9334e+00
Mply +, - [Nm] 1, 7fe+l6 1,77e+lb
Mplz + - [Nm] G, 90e+05 5, 90e+05

Slika 5.19. Prikaz geometrijskih karakteristika dijagonala kata
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Dimenzioniranje

Check of steel

Linear caloulation, Extrens @ Global

Selection @ BAY

Class  G&N

Cross-goction : Dijagonale kats - HEMISD

EN 1993-1-1 Code Check

Mational annex: Standard EN

[Member B67 [6449 m [HEM360 [S355 [GSN2i/2 [0,96 - |

Partial safety factors
Gamma M0 for resistance of cross-sections | 1,00

Gamma M1 for resistance bo instability 1,00
Gamma M2 for resistance of net sections 125
Material

Yield stremgth fy 3550 |MPa
Ultimate strength Tu [ 4900 |MPa
Fabrication Rirlled

w2 SECTION CHECK::..

Classification for cross-section design
According to EM 1993-1-1 article 5.5.2
Classification of Internal Compression parts
According to EN 1993-1-1 Tabke 5.2 Sheet 1

Maximum width-to-thickness ratio | 12,43
Chass 1 Lirnit 26,85
| Class 2 Limit 30,92
| Class 3 Limit 35,28

== [ntemal Comgression parts Class 1
Classification of Outstand Flanges
According to EM 1993-1-1 Table 5.2 Sheet 2

Mawiinurm width-bo-thickness ratio 2,91
{lass 1 Limit 7.32
(lass 2 Limit 8,14
Class 3 Limit 11,25

= Outsiand Fanges Class 1
== Section classified as Class 1 for cross-section design

The critical check is on position 6.449 m

Internal forces |Calculated |Unit
M, Ed -7615,81 kN
vy, Ed 12,22 ki
vz, Ed 21,20 kN
T,Ed 0,65 ki
My,Ed 77,68 khm
{Mz,Ed |23,12 kNm
Compression check
According to EN 1993-1-1 artide 6.2.4 and formua (5.9)
[A 3,1880e-02 [m’

M, Rl 1131740 [kN
Unity check [ 0,67

Bending moment check for My
According to EMN 1993-1-1 articke 6,2.5 and formda (6,12),(6.13)

Wpl.y 4,9890a-03 | m’
 Mply.Rd 1771,10 kNm
Unity check | 0,04

Bending moment check for Mz
According to EN 1983-1-1 artide 52,5 and formula (6,12),(6.13)

Wpl,z 1,9420e-03 [ m?
Mplz,Rd SEY 41 kMm
Linity check [ 0,02
Shiear check for Wy
According to EN 1993-1-1 artice 6,2,6 and formula (8,17)

[Em [120 ]
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S 2, 56482-02 | m?
Wil Rd S5, 10 kN
Linity chesk | 0,00

Shear check for Vz
According to EN-1993-1-1 artide 6.2.6 and formda (8.17)

Eta 1,20
Ay 1,0240e-02  [m?
| Vplz,Rd 38 78 kM
Unity check | 0,01 .

Torsion check
According to EN 1993-1-1 artice 62,7 and formula (5.23)

Taut,Ed L7 [Mra
Tau,Rel 2050 |MPa
Unity check 0,01 |-

Mote: The unity check for torsion Is lower than the limit value of 0,05, Therefore torslon is considered as
insignificant and is ignoeed in the combined checks,

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

MNy,Rd | 65348 |kNm
Apha | 2,00
M.z Rd 460,02 |khm
Beta 3,36

Unity check (5.41) = 0,01 + 0,00 = 0,01 -

Mote: Since the shear forces are less than half the plastic shear resistances thelr affect 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 1o EM 1993-1-1 Table 5.2 Sheet 1

 Maximum - width-to-tickness ratio | 12,43
Clags 1 Limil 26,85
Class 2 Limit 30,92
Class 3 Limit 35,61

== Intemal Compression parts Class 1
Classification of Outstand Flanges
Acrording to EN 1993-1-1 Table 5.2 Sheat 2

Maximurn width-to-thackness ratle (2,91

Class 1 Limit 7.32
Class 2 Limit 8,14
Oass 3 Limil 11,42

=> Qutstand Fanges Class |
== Section classified as Class 1 for member buckling design

Flexural Buckling check
According to EN 1993-1-1 artice 6.3,1,1 and formula (6.46)

Buckling parameters ¥y Iz

Sty Dype Sy TR EWEY
System length L 6,449 6,9 m
Pasckling factor k 1,14 0,52

Buckling length Lor 7,340 3,352 m
Critical Euter load Mer 3266247 | 3597503 |kN
Slendemess Lambda 44,98 42,86

Refative slendermess Lambda,rel | 0,59 0,56

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

Buckling cumve a b

Imperfection Alpha 0,21 034
_F:t_'@_cnhclinn factar Chi 0,89 0,86

Bucxling resistance NbRd 10120,58 | 9650,10 kN
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Fiexural Buckling verification
| Cross-section area & 3, 1580e-02 || m?
Buckling resistance NbRd | 9800 10 kM
Linity check 079 3
Torsional(-Flexural) Buckling check
According to EM 1993-1-1 articke £.3.1.1 and formula (6.46)
Torsional buckling kength Lor G449 m
Elastic critical koad Ner, T 46507,39 kN
Elastic critical ksad Mcr, TF 3266247 ki
Relative slenderness Lambda,rel T [ 0,59
Limit slendamess Lambda,rel, 0 0,20
Buckling curve b
Imperfection Alpha 0,34
Restuction facter Chi 0,84
Cross-section area A 3 1B8B0e-02 |m*
Buckling resistance Nb Rd 4537 40 kh
Unity chedk 0,80
Lateral Torsional Buckling check
According to EM 1903-1-1 articke 6,3.2.1 & 6.3.2.2 and formula [6.54)
LTE parameters
Mathod for LTB curve Guneral case
Cross-section plastic modulus Wply  [4,98590e-03 m’
Flastic critical moment Mcr 1080561 kb
Relative slenderness Lambda,rel LT (0,40
Limit_slendarmess Lambda,rel LT, 0 0,20
Mote: The senderness or bending maoment is sech that Lateral Torsional Buckling effects
may be ignored according to EN 1993-1-1 articke 6,3.2.2(4).
Mcr parameters
| LTR length | &,4495 m
infheence of load position o Influence =
Cormedtion (actor K 1,00
Corriction factor kw | 1,00
LTE moment factor &1 281
LTH moment factor C2 0,10
LTB moment factor C3 1,00
Shear center distance oz 0 mim
Distance of koad application 7,9 0 mm
Mono-symmetry constant betay [0 mm
Monc-symmetry constant 2, o i
MNote:  parameters are determined according to ECCS 119 2006 / Galea 2002,
Bending and axial compression check
According to EM 1993-1-1 artide 6.3.3 and formula (6.61),(6.62)
Bending and axial compression check parameters
Interaction method alternative method 1
Cross-section area A 3,1880e-02 m’
Cross-section plastic modulus Wply 4, S8 00e-03 m*
Cross-section plastc modulus Wpl,2 1,54420e-03 m’
[esign compression force N Ed 7615 81 kN
Design bending moment (maximuem) My, Ed  |-101,15 khm
Design bending moment (maximuem) MzEd | -105.66 KHim
Characteristlc compression resistance MRk 111317 40 kN
Characteristic moment resistance My Rk 177,10 khm
Characteristic moment resistance Mz,Rk 68941 khm
Respuction facter Chiy 0,89
Reduction factor Chiz 0,84
Reduction factor Chi LT 1,00
Interaction factor kyy 0,56
Interaction factor kyz 0,49
Interaction factor kzy 0,55
Interaction factor kzz 0,83
Maximum moment My,Ed is derived from beam B67 position 0,000 m.
Maximum moment Mz,Ed is derived from Deam B&7 pasiticn 0,000 m,
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Interaction method 1 parameters

Critical Euter load Ncr,y 3266247 kM
Critical Euer load Ncr.x 35075,03 &M
Eistic critical boad Mor, T A6507,39 kM
Cross section plaste modulus Wiply 4,5850e-03 m
Cross-section elastc modulus Wely 4 da70e-03 m’
Cross-section plastic modulus Wplz 1,9420e-03 m
Cross-section elastic modulus Welz 1,2680e-03 m?
Secand moment of area Ty 84900604 m’
Second moment of area Iz 1,9500e-04 m?
Torsional constant It 1,5070e-05 m?
Method for equivalent moment factor Comy,0 Table A2 Line 2 (General}
 Design bending moment (maximam) My, Ed -101,15 kMM
Maximum refative deflection deltaz 0,4 mam
Equivalent moment factor C,my,0 0,80

Method for equivalent moment facter C,me,0 Table A2 Line 2 (General)
Design bending moment (maxinem) Mz Ed -105,66 kMm
Meximum redative deflection detta,y 4.3 mam
Equivalent maoment factor Cmz0 087

Factar muy 0,57

Factor mu,z 0,96

Factor epsilon,y 0,10

Factar a,LT 0,58

Critical moment for wniform bending Mcr,0 364703 kMM
Relative slenderness Lambda,rel,0 0,58

Limit_relative slendemess Lambda,rel,0,lim 0,30

Equivalent moment factor C,my 0,85

Equivalent moment factor C,mz 087

Equivalent moment factor CmlT 1,00

Factar b,LT 0,00

Factar c LT 0,06

Factor d,LT 0,08

Factar a,LT 038

Factar-w,y 1,16

Facior w,z 1,50

Fattor n,pl 0,E7

Maximum relative slendemess Lambsda,rel,max (0,59

Factar C,yy 1,12

Factar Cyz 1,48

Factar C,xy 1,02

Factar Czr 129

Unity check (6,61} = 0,75 + 0,05 + 0,08 = 0,88 -
Unity check (6.52) = 0,80 + 0,03 + 0,13 = 0,96 -

Shear Buckling check

According to EN 1993-1-5 article 5& 7.1 and formula {5100 & {7.1)

Shear Buckling parameters

Buckling fiedd bength a 6,449 m
Web unstiffenad

Web height hw 315 mm
Web thickness t 21 mm

Materal cosfficent epsilon | 0,81

Shear correction factor Ffa [ 1,20

Shear Buckling verification
Web shenderness hwt | 15,00
Web slenderness limit | 48,82

Mote: The web slendemess s such that Shear Buckling effects may be kgnored

according to EN 1093-1-5 article 5.1(2).
The member satisfies the stability check.
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Iskoristivost elemenata za GSN — 96%

Slika 5.20. Prikaz iskoristivosti dijagonala kata

5.4. Spregnuta rampa (kat-krov)

Slika 5.21. Prikaz vertikalnog pomaka grednih nosaca

Dopusteni vertikalni pomak (progib):

_ Lo
Udop =300 = 300 /T

u, =52,8mm < ug,, =957 mm -zadovoljava

-iskoristivost na GSU — 52,8 mm /95,7 mm = 0,55 = 55%
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Rezne sile grednih nosaca

Slika 5.23. Rezene sile Vz

Poprecéni presjek grednih nosacéa

Mame Rampa nosaci kata
Type HEK 180
Source description Profil Arbed / Structural shapes !/ Edition Octobre 1955
Itern  material 5 355
Fabrication roled
Flexumal buckling y-y ]
Flexumal buckling z-z c
Lateral torsional buckling Default
Use 20 FEM analysis *
Slika 5.24. Prikaz geometrijskih
karakteristika grednih nosaca
rampe

A [m3 1,1330e-02

Ay, z [mT 8, 7965e-03 3,0477e-03
1y, z [m¥ 7, 4500e-05 2 5800e-05
I w [m®, t [m% 1,9933e-07 2,0330e-08
Wel y, z [m7 7,4830e-04 2,7740e-04
Wpl y, z [m7 8 8340e-04 4 2520e-04
d y, z Jmm] 0 0
c YUCS, ZUCS [mm] 93 100
a [deg] 0,00

A L D [mim] 1,080 Des00 1,085 1e+00
Mply + - [Nm] 3, 14e+05 3,14e+05
Mplz + - [Nm] 1,51e+05 1,51e+05
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Dimenzioniranje

Compaosite Beam - Final stage

Limnsar catoulation

Class: GSN

Extreme 1[: Global

Seloction: Bodl

Filter: Cross-section = Rampa nosadi kata - HEM180

Composite beam verification
for beam B6ET at section 16.3 m, in accordance with EC EM 1994-1-1

1. Geometry data

145 144
Simply supported beam
Length of the current span L=2871m
Beam spacing at the left Ligh =2 m
Distance to the slab edge at the right .. = 71110 " m
Chacked section dy=1631m

Warning: for o continuous beam, intermediate buckling supports y-y are ignored in both the calculation of
the effective width for the analysis mode! and the check,

2. Cross-section & materials
2.1 Steel section properties

2.1.1 Cross-section

Cross-secticn
Height

Width

Web thickness
Flange thickness
Radius

Area

Meament of inertia
Radius of gyration

Plastic section modulus

2.1.2 Material
Steel grade
Yield strength
Ultimate strength
E modulus

HEM180

hy = 200 mm

b = 186 mm

te = 15 mm

t = 24 mm
r=15mm

Ay = 11330 mm°

I, = 74.910° mm’

iz = 48 mm

Woiy = BE3400 mm’

§ 355
i, = 355 MPa
fo = 490 MPa

Ey = 210000 MPa
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2.1.3 Cross-section classification
(235
E= b v wallil - DE1“

355 {EM 19593-1-1 §5.6 Tab. 5.2

2.1.2.1 Flange in compression

e b-ty-2-r _ 186 mm-14.5 mm-2-15 mm
= =

2 Sl =T70.8 mm

Cr
b

0.8 mm
Yy, <9.0.814

295 <732

Flange classified as Class 1.
2.1.3.2 Web in bending

Cw=hy=2-tr=2r=200mm=2-24 mm =215 mm=122 mm

ag=035

Gy 36

] 4

145 mm ~ 0.5
841 5 586
Web classified as Class 1.

Ok

Cross-section classified as Class 1
Cross-section Class OF,
2.2 Concrete slab with profiled shesting
2.2.1 Concrete slab
2211 Slab
Total height of the slab hs = 150 mm
22.1.2 Material
Concrete class 30437
Characteristic strength fa = 30 MPa
E modulus Eem = 32800 MFPa

2.2.2 Profiled steel sheeting

Note: The angle befween the member and the ribs of profiled steel sheeting is smaller than 10" thus the
ribs are considered as parallel to the beam.

Sheeting with ribs parallel to the supporting beams

12 h
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Mame ComFlor 83-0.9
Depth of the ribs he = 30 mm
Height of full concrete he=120mm
Height of the re-entrant stiffener hg = 0-mim
Spacing of the ribs b, = 300 mm
Top width of the rib by = 131 mm
Eottomn width of the rib b = 120 mm
Mean width of the ribs bosn = 144.5 mm
Thickness of the sheeting t, = 2 mm

2.2.3 Shear connectors

£2.2.1.] Geometry
MName SHC1
Diameter dy = 25 mm
Mominal height hram = 80 mm
As-welded height hee = 75 mm
Amaount per trough or section ne=1

Warning: Condition given by EN 1994-7-T Art. £.6.5.8 (1) is not fulfilled.
2.2.3.2 Material

Stesl grade 5 355
Uttimate strength fus = 490 MPa
2.2.4 Reinforcement
2.2.4.1 Geametr
Longituchunal bar diamter dy =16 mm
Longitudunal bar spacing 5= 150 mm
Lengitudunal bar cover ¢ =30 mm
Transverse bar diamrer iy = 16 mm
Transverse bar spacing s = 150 mm
Transverse bar cover o = 46 mm
2.24.2 Material
Material B 5008
Characterictic yield strength far = 500 MPa
3. Design values of loads

Load Mame : G5N21

Content of combination ; 1.35%vlastitatedina+1.35*vlastitatefina_dryconcrete+1.35*Snijeg+
1.35"Dodatnostalno+ 1.62 Pokretno +1.35trenjex+ 1.35"vjetarkrovs2 +
1.35"etarbocniclxd + 1. 35" temperaturajednaolika-

Bending moment Mg comp = -236.127 kNm
Shear force Ved comp = =136.408 kN
4. Partial safety factors
Steel section Yo =1
Wai = 1
Shear connectors Y = 125
Concrate ye=15
Reinfarcement ys = 115
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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

hic
g ;
< d. %4
3534
[ he 75 mm ]
- B e PR Y [t AL ELT o}
a U'ELd\s +1|=02 25mm+1_, 0.8
f,c = min(490:500) MPa
i
|- : 3}
08fur{ TR | 08490 Mpa. | S22 MM |
e Bl e 1t
Prasolis1 = w 125 =134 kN
039 a-d."y fa-Fam_ 029.08:25 mm’ -+ 30 MPa- 22800 MPa " _ o

Prasatis2 =" e 125
Phd sk = Min{Pag soid 1 Padsoiaz) = min(154 kN;115 kNJ = 115 kN

5.1.1.2 Shear connector in profiled sheeting

Sheating with ribs parallel to the supporting beams

_06-bow [ hee ]_ U-.@.‘.'.'."f?.[‘!‘.'.'"‘.‘._( 75 mm _

k 1 ] =434

hy, b ~ 30 mm 30 mm
Ki=1
Pra= k- Prasemt = 1- 115 kN =115 ki

5.1.2 Degree of shear connection

5.1.2.1 Determination of b,y of the concrete flange and length L,

by b2
|
- @lu—;..
b1 bgg
[

The effective width in the interval <0.25;0.75>
|.¢1 = |_1 = 28.? m

Left side of the beam

tanual input of effective width on the side.
b;n: =Tm

Right side of the beam

Manual input of effective width on the side,
Beri-=0m
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Caleulation of buy
By = Bamy # Begr=1m

Determination of L.
L=l =287m

5.1.2.2 Minimum degree of shear connection

fimn=1=1=1
5.1.2.3 Degree of shear connection present

5.1.2.3.1 Tension resistance of the reinforcement

e 2
Ag= "E'ﬁf.[ d.‘ ! )'T! __1m ( 16 mm .} 3,94 = 1340 I'I'1r1'|2

s L4 /7 150mm | 4
fa 34-10° 500-10°
¥ 1.15

5.1.2.3.2 Tension resistance of the steel member
M = fyp- g = 355 MPa- 11330 mm’ - 402215 kN

Ner=min{FaNg o= min(583 kN4022.15 kN )= 582.79 kN

5.1.2.3.3 Resistance of the shear connectors
L _287

l,= P = 10 =2871 mm

Mumber of shear studs available per length L/2
D5:le

o= 3 o

Mg=31=3

Warning: Condition given by EN 19594 7-T Art. 6.6.5.5 (31 is nof fulfilled.
M =g Prg=5-115068 = 575.34 kN

o Ne 57534 kM
n: mln[ NU.‘I] = mun{ 582.79 kN ,1}. 094
N Z MNmin
1=z1 WOT QK

Warning: The shear connection degree 15 nol adequale,
-sectional resista f the ¢ osite beam

5.2.1 Shear buckling
by = hy = 2 tp= 200 mm - 2- 24 mm =152 mm
M= 1.2
hy « T2:E

| Nsty

152mm _ 72-0.814

4.5 mm — 1.2

105 < 488 K

The shear buckling resistance of the web does not need to be verified.
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5.2.2 Verticai shear
The resistance to vertical shear should be taken as the resistance of the structural steel section.
Av=Ag=2:bt e (tad20r oty
=0.0113 2-0.186-0.024 + {0.01454 2-0.015)-0.024 = 3470 mm’
Ay min = Nap Py -ty = 1.2:0.152-0.0145 = 2645 mm’
Ay 2 Avin
3470 mm° = 2645 mm’
A-fe 3470 mm®-35510°

Vop=—rT— == =711 kN
plid = \!—:?uu .\!—1]

abs(Vegeomp)  abs(-136.406 kN)
Vapa  T1TKN

The shear resistance of the section is adequate.

UC_comp V= =0.149

5.2.3 Bending moment
5.2.2.1 Longitudinal reinforcemant

5.2.3.1.1 Centre of composite section

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

Ecer =E?.m = m: 16400 MPa

Es _210000MPa _ . o
E.:,n- = 16400 MPa

A +{——-] bes-{ he—hic )

0.2 1 12-0
_nam[ } 12.3] foaz- a}(uzn:ns- g )

: =186 mm
u.n113+(-553]-1-{n_12—u]
5.2.3.1.2 Degree of reinforcement
b | d __1m 16 mm’ ; ) 2
A== {4 )'“‘15umm'( 4 |314=1340mm
Ac= b+ he - ha )= 1-(0.12 - 0)= 120000 mm’
Zu:[h;+I'|;—'|1f';—|-'|2'}—ya=([].2+EI.'|5 mi D] 0.186= 104 mm
ke = min ——+U_3;1 =min ] +03;11=05934
he - hg [H 0.12-0 }
) {20,104}
355} | 2910°
g = ke =Nl =l /= - z =931
pe= (235 [m ke =1.1- {235)(50[]_1“5]\,10934 0931 %
Asz perAc
1340 mm® = 93110 120000 mm®
1340 mm° = 1118 mm" oK

The longitudina’ reinforcement of the section is adequate.
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5.2.3.2 Moment resistance
Moment resistance of 3 steel cross-section

Weiy-fia _ 883400 mm’ 355 MPa
Yo 1
Influence of shear

.'f'l'Pé-.'?-"- > abs(Vedcom)

=314 klNm

r'-"r:li.F.d.a =

356 kM = 136 kN K

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

fybm = fp = 355 MPa

Meodified tension resistance of the steel member

r=0mm

Aa=2-t-b+ tu.-[:h; —2-tf}=2-24 mm- 186 mm + 14.5 mm-{ 200 mm - 2. 24 mm )= 11132 mm
Mpa=As fe=11132 mm’ - 355 MPa = 3951.86 kN

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

Ney = min [ FoiNoy ) = min (583 kN;3951.86 kN)= 582.79 kN

MNegative bending moment resistance calculation
Warning: Full degree of shear connection (s required according to EN 1994-7-T7, Art. £.2.7.3 (2],
The plastic neutral axis is located within the web of the steel section.
Mt = bt = 0,186 0.024 - 355-10° = 1584.72 kN
Mol Mary Marw = Fo + Mar + Moy
Moia =2 Nai=F 7 = 215BA T kN - 587
g _fé.e:_,_li_.ﬂi}___sj_ _ I.ﬂ.ﬂﬂ.&.ﬁ;}:d_: 130472 LMPE}SE_%_ ) AN
Verification of the steel web classification,
o CwoX 122-194

R T
O 396
LS e

122 mm _ 396-0.814
145 mm ~ 13-0.841-1

841 = 324 OK

Web classified as Class 1.

Marw =t ¥ -fipe = 14.5 mm - 19.4 mm- 355 MPa = 99,82 kN

MNac=Mpa — Mars — Nty = 395786 kN - 1584.72 kN - 99.82 kN = 2267.32 kN

Leverage arm of the compression part of the steel section calculated to the PNA
(tl:.[h,- z-tf-xf-n_s +tf-b-[h,-1.5-|{-x}}

el ha= 2-te=% )+ teb
_[145-(200-2-24- 19405+ 24.186- (200 - 1524 - 19.4))
- 145.(200-2-24- 19.4)+ 24-186

h.=x+tf+h,-:.+-g'—=n_n1944o_az4 +1:-_15-¢1r33;9-%1-15-=155mm

(=1

=121 mm

Marijan Baleta, 674 92



FAKULTET GRADEVINARSTVA, ARHITEKTURE [ GEODEZIJE 2018.72019.
.*._'_ E‘-‘. _'I m__ _ﬂ,_,.
fydir
H —- =
' 3 Fs = BE2.79 ki
| L 0 . i
= 5=
*— Ma,c= 226732 kN
fiybs
Mpira=Farby+ Nags '{-E- * X ] * hi;'i + My hes
= 583.155+ 1534.?2-(-3;- ‘ 194]+ F82194. . 267.32-121=416 khim
Design moment resistance according to simplified method given by EN 1994-1-1 Art.6.2.1.3 (5)
Maa = Mptpaa + | Mpind = Mpiaas ) = 314 kNm + (416 kNm = 314 kNm)-0.99 = 414 kNm
_ abs(Megeong)  abs{-236.121 kNm) _
Nesomp M= ¢ ATENm @ O
The bending moment resistance of the section is adequate,
5.3 LTB resistance
e fq, telhamt) Vot V7 (0 P (0 145.(200-24)) f200-2a 17 24 7,
g 4-b-ty ty B 4.186-24 14.5 186
Fim= 123
F = Fim
445 2 123 (8] 4
The cross-section is gualified for venfication of LTE by the simplitied method.
Cq=25
Mrpa=5] 1+ t"'[hn'_tfj_m_ ha — 1 M, b :._:,- he s
Tired = d:-bt; | b Ex-Cy
£
o[, 00145-(02-0024)) ( 020024 [ ( 0024 % f 35590 |7 _ 5
N 4-0L186-0.024 00145 0186 »oaot.s ]
r=1=1=1
Mp.ga = Xir-Mag = 1: 414394 = 414,394 kNm
abs(Meacomp)  abs(-236.121 kNm)
U comp = e = aiaasAkNn o
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 flow

he=he = 120 mm
MPrg _ 1-115kN
Ve = 3T mm- 120 mm - o4 MPa
Iransverse reinforcement
.%.r:.fxtq " Vea-
[}Is-sr‘r cotg fﬁ]
Ay = Aarfsy
-h 59,
P Vea i A v 334021-0.12 =46 S
cotg(6)-fr ) cotq(26.5) 50010 ]
e 1.15

2 x
d 016
Aipir= - ( = ] 314= - { A -}-3_14 = 1340 mm’/m

5 | 4 0157 4
la'-l;,;rn'.r ] -a'-1
1340 mm*/m = 46 rnrna.-fm (0] 4

The transverse reinforcement of the section is adequate.

ULS check of Final stage is NOT OK.
UC_comp = max(0.19:0.57:0.57)= 0.57

Iskoristivost elemenata za GSN — 57%

BN
l %"

Slika 5.25. Prikaz iskoristivosti grednih nosaca rampe
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5.5. Stupovi rampe (kat-krov)

Rezne sile stupova rampe

Slika 5.28. Rezne sile Vy
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Slika 5.29. Rezne sile Vz

Poprecéni presjek stupova rampe

Slika 5.30. Rezne sile N

Name Stupovi rampe kata
Type HEB140
Source description Profil Arbed /! Structural shapes / Edition Octobre 1995
Item material S 355
Fabrication roled
Flexual buckling y-y b
Flexual buckling z-z c
Lateral torsional buckling Default
Use 20 FEM analysis *
=
[ —

A [m3 4 29%60e03

Ay z[md 32127203 1,0458e-03
Iy, z [m? 1,5090e-05 5,497 0e-08
I w [m¥, t [mY 2, 247508 2, 0080e-07
Wel y, z [m? 2 1560e-04 7,8520e-05
Wel y, z [mf] 2, 4540e-04 1,1580e-04
d y, z [mm] 0 0
c YUCS, ZUCS [mm] 70 70
a [deg] 0,00

A L, D [m%m] 8 0500201 8 0530e-01
Mply + - [Nm] 872e+04 872e+04
Mplz +, - [Nm] 4 25e+04 4 25e+04

Slika 5.31. Prikaz geometrijskih
karakteristika stupova rampe
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Dimenzioniranje
Check of steel

Cross-sactions were changed during Autodesign. The structure has to be recalculzted |
Linear caboulation, Extreme : Member

Salection : B548

Class + G5N

Cross-section | Stupovi rampe kata - HEB140

EMN 1993-1-1 Code Check

Mational annex: Standard EN

[Member B548 [2,075 m |HEB140 |5 355 [GSN21/4 [0,81 - |

Partial safety factors

Gamma MO for resistance of cross-sections | 1,00
Gamma M1 for resistance 1o instabilicg 1,00
Gamma M2 for resistance of net sections 125

Material

‘field strength fiy 3550 |MPa
Mtimiate strength fu [ 4900 [MPa
Fabrication Roodled

i tSECTION CHECH::..

Classification for cross-section design
According to EM 1993-1-1 articke 5.5.2
Classification of Internal Compression parts
Aecording to EN 1993-1-1 Table 5.2 Sheet |

Maimum width-to-thickness ratio 113,14
Class 1 Limnit 27,95
Class 2 Limit 32,19
Class 3 Limit 31,97

== Internal Compression parts Class 1
Classification of Outstand Flanges
According to ENj1993-1-1 Table 5.2 Sheet 2

Maximum width-tor ﬂ'ulckriss_—:rrin 4,54____
Class -1 Limit 732
Classaumt |~ | |84 |
Clags 3 Limit 12,06
== Outstand Flanges Class 1

wz Section classified as Class 1 for cross-section design

The critical check Is on position 2.075 m

Internal forces |Calculated |Unit
N,Ed -132 34 kM
Wy Ed 17,04 kM
Wz Ed 19.12 kN
T.Ed 0,01 kb
My Ed 19,13 kM
Mz Ed -17,34 kb
Compression check

Acoording to EN 1993-1-1 artide 6.2.4 and formada (5.9)
[ 4 7960e-03 [m?

e Rd 1525,08 kM

Uity check 0,15

Bending moment check for My

According to EN 1993-1-1 articke 6.2.5 and formuta (6.12),(6.13)
Woly 2,4540e-04 [m’
Mg,y Bd a7z kMNm
Unity check [ 0,22

Bending moment check for Mz
Acoording to EN 1993-1-1 artide 6.2.5 and formuda [6.12),06.13)

'}_'I'&L 1. 19EDe-04 !
Mol Rl 43 53 kNm
Uity chick | | 0,41 -

Shear check for Vy
herording to EM 1993-1-1 articke §.2.6-and formasda (6.17)
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Bt 1,20
Ay 3.4930e-03 [
Vply,Rd 715,02 kN

Unity check | (0,03
Shear ciheck for Vz

Eta 1,20

A 1308003 |[m?
\Vplz,Rd 268,00 kM
Unity check | 0,07 =
Torsion check

Tau,t,Ed 04 MPa
Tau,Rd 2050 [MPa
Unity chedk | 0,00

Note: The unity check for torsion B kower than the limit valee of 0,05, Therefore torsion is considered a5

Aceording to EM 1993-1-1 artide 6.2.6 and formula (6.17)

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

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 formada (6.41)

My Rd  [8287 [khm
Alpha | 2,00
MplzRd |42.53 | khm
Beta 1,00

Unity check (6.41) = 0,05 + 0,41 = 0,46 -

Mote: Since the shear forces are less than half the plastic shear reslstances ther 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 ched,

= 1tSTABILITY CHECK::..

Clazsification for membor buckling design

Decisive position for stability classfication: 0,000 m
Classification of Internal Compresclen parts
According to EM 1993-1-1 Tabde 5.2 Shest 1

Mawimurm width-to-thickrness ratio | 13,14
Class 1 Limit 2957
Class 2 Limit 34,05
Class 3 Limit 53,45

== Internal Comprassion parts Class 1
Classification of Outstand Flanges
Acconding to EN 1993-1-1 Tabde 5.2 Sheet 2

Mammum width-to-thickmess ratio | 4,54
Class 1 Limit 7,32
Class 2 Limit 8,14
Class 3 Limit 12,09

=» Dutstand Flanges Class 1

== Section clessified as Class 1 for member buckling design

Flexural Buckling check

According to EN 1993-1-1 article 6,3.1.1 and formada [6.46)

Buckling parameters ¥y b3

Swiay bypa SWay non-saay
System length L 2075 2.075 m
Buckling factor k 1,05 0,64

Buckling length Lcr 2,174 1,336 m
Critical Euler load Maor G617,79 (638128 kN
Sendarmess Lambda 36,68 37,35

Relative skendemess Lambdarel | 0,48 0,49

Limit slendemess Lambda,rel 0 020 0,20

Mote: The sendermess or comprassion force i such that Fexural Buckiing effects may be lgnored

according to EM 1993-1-1 artiche 6.3.1.2(4).

Torsional{-Flexural) Buckling check
According to EN 1993-1-1 article 6.3.1.1 and formuda (6.46)
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Torsional bucking length Ler 2,075 m
| Elastic critical |dad Mer, T 5S638,40 kM
Elactic critical [cad Mer, TF 563840 ki
Relative skendemess Lambdas, el T 0,52

Limat slendemess Lambda,rel,0 0,20

Buckling curae c

Imperfection Alpha 0,40

Reduction factor Chi 0,83
Cross-secton area A 4.2060e-03 |m®
Buckling resistance Mb.Rd 126840 kN
Uity chueck 0,18

Lateral Torsional Buckling check
According to EN 1993-1-1 articke £.3.2.1 & 6,3.2.2 and formula (6.54)

LTE parameters

Method for LTB curee General case
Cross-section plastic modulus Wply | 2,4540e-04 m*
Elastic critical mament Mer 703,36 ENm

Relative slendemess Lambda relLT | 0,35
Limit slendemess Lamixda,rel,LT,0 0,20

Naote: The slendemess or bending moment & such that Lateral Torsional Buckling effects
may be gnored according to EN 1993-1-1 article 6.3.2.2(4).

Mcr parameters

LTE hength L 2,073 m
Influsnce of load positon no Inflsence
Correction factor k 1,00

Correction factor kw 1,00

LTE moment factor C1 263

LTE morment factar C2 0,01

LTE moment factor C3 0,00

Shear renter distance d.z ] mm
Dustance of loac applhcation zg [0 mm
Mono-semmetry corstant betay (0 mm
| Mono-symmetry_corstant 2, 1] mm

Mote: C parameters are determined according to BCCS 119 2006 [ Galea 2002,

Bending and axial compression check
According to EM 1993-1-1 articke 6.3.3 and formula (6.61),(6.62)

Bending and axial compression check parameters

Interaction method altemative method 1
Cross-section ara A 4,2960e-03 m?
Cross-section plastic modulus Wply 2,4540e-04 m?
Cross-section plastic modulus W2 1,1980e-04 m?
[Design compression force N,Ed 232,34 kN
Design bending moment {maximum) My, Bd 1-21,29 kNm
Design bending marment {maximum) MzEd 119,90 KNm
Characteristic compression resistance N Rk | 152508 kM
Characteristic moment resistance My, Rk 87,12 KNm
Characteristic moment resistance Mgz Rk 42,53 kNm
Reduction factor Chiy 1,00

Reduction factor Chi,z 0,83

Reduction factor Chi,LT 1,00

Interaction factor kyy 1,00

Interaction factor kyz 0,66

Interaction factor kzy 0,60

Interaction factor kzz 1,02

Maxirnum rmament My,Ed & derived from beam B548 pasition 0,000 m,
Maximum moment Mz,Ed is derived from bearn B348 position 0,000 m.

Interaction method 1 paramebers

Critical Ewler load Ny 617,79 kM
Critical Fuler load N,cr,z 6381,28 kN
Elastic critical lcad M.cr,T 563840 kM
Cross-section plastic modulus Wply 2,4540e-04 m'
Cross-saction elzste maodulus Wel,y 3 1560e-04 m
Cross-section_plastic modulus Wol,z 1,1980e-04 me
Cross-section elastic madulus vnlel.,_z Ja520e-05% '
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Interaction method 1 parameters

Second moment of area Iy 1,5090e-05 '
Second moment of area 82 5,49 D0 m
Tarsinnal constant It 2,0060e-07 m'
Methad Tor eguivaiant marmsnt factar Gy, 0 Tabbe A2 Line 3 {Ganeral)
Design bending morment {maxamurm) My, Ed -21,29 kMrm
Mawimum redative deflection defta z 0,3 TN
Equivadent morment factor Crmy,0 0,97

Method for eguivalent moment factor C,mz 0 Table A2 Line 2 {General)
Design bending moment {maximum) Mz Ed 14,90 kMm
Maxdimurn relative deflection delta,y -0.8 mm
Eguivalent moment factor Cmz, 0 0,97

Factor mu,y 1,00

Factor mu,z 1,00

Factor epsilon,y 1,83

Factor a,LT 0,99

Critical moment for uniform bending Maor 0 67,35 kNm
Relative slendemess Lambda, rel, 0 0,57

Limit relative slendermess Lambda,rel 0, 5m 0,32

Equivalent morment factor Cmy 0,99

Eguivalent moment factor C,mz 0,97

Eguivalent moment factor C,mLT 1,00

Factor b,LT 0,02

Factor c LT 0,16

Factor d,LT 0,86

Factor e LT 1,51

Factor w,y 1,14

Factor w.z 1,50

Factor m,p 0,15

Maximum redative slenderness Lambda,red max 0,499

Factor Ty 1,02

Factor vz 1,04

Factor C.0y 0,89

Factor €72 0,98

Unity check (3.60) = 0,15 + 0,25 + 0,31 = 0,71 -

Unity check (6.62] = 0,18 + 0015 + 0,48 = 0,81 -

Shear Buckling check

According to EN 1993-1-5 article 5 & 7.1 and formula (5,100 & (7.1)

Shear Buckling parameters

Buckling fiedd length & 2075 m
‘Web unstiffaned

‘Webr height bw 116 mim
‘Web thickness t 7 mm

Material coefficent epsilon | 0,81

Shear correction factor Eta [ 1,20

Shear Buckling verification
Web slenderness hwift | 16,57
Wb skenderness Bmit | 48,82

Nete: The web slendemess Is such that Shear Buckling effects may be lgnored

according to EN 1993-1-5 article 5.1(2).
The mermber satisfies the stability check,

Iskoristivost elemenata za GSN — 81%

Slika 5.32. Prikaz iskoristivosti stupova rampe
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5.6. Spregnuta konstrukcija kata

un
i

B N EERENEERNAENERENRAN AN ERNEREREERRERES s
g

Slika 5.33. Prikaz vertikalnog pomaka grednih nosaca

Dopusteni vertikalni pomak (progib):

| 32,22

Ugop = % = W =107,4 mm

u, =93,0mm < ugo, = 107,4mm -zadovoljava

-iskoristivost na GSU — 93,0 mm /107,4 mm = 0,87 = 87%

Rezne sile grednih nosaca

Slika 5.35. Rezne sile- Vz
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Poprecni presjek grednih nosaca
Mame Krov prizemlja
Type HLS20x350
Source description ArcelorMittal / Saks Programme / Version 2012-1
Iltem material S 355
Fabrication rolled
Flexural buckling y-y a
Flexumal buckling z-z b
Lateral torsional buckling Default
Use 200 FEM analysis b
| — rr—
 ——
A [m 4 9430e-02
Ay z[md 2 3835e-02 2 004702
1y, z [mY 7 4170e-03 4 5270 el 4
1 w [m®, t [mY] 9,1550e-05 1,6910e05
Wel y, z [m?¥ 1,5850e-02 2,15650e03
Wpl y, z [mY] 1,7920e-02 3,3310e03
d y, z Jmm] 0 0
c YUCS, ZUCS [mm] 210 458
a [deg] 0,00
A L, D [mm] 3,4766e+00 3,4766e+00
Mply + - [Nm] 6,36e+06 65 36e+06
Mplz + - [Nm] 1,18e+08 1,18e+08
Slika 5.36. Prikaz geometrijskih karakteristika grednog nosaca
Dimenzioniranje
Composiie Beam - Final stage
Linear caloulation
Class: GSN
Exireme 1D: Global
Selection: B455
Filter: Cross-section = Krov prizemlja - HL920x390
Composite beam verification
for beam B455 at section 4.271 m, in accardance with EC EN 1994-1-1
1. Geometry data
e b faies "'-l ) L) . o <
145 44
Continuous beam
Length of the current span L=4214m
Length of next span Lhex = 3.652 m
Beam spacing at the left Lien =0m
Beam spacing at the right Lignt= 0'm
Checked section dy = 4214 m
Warning: For a continuous beam, intermediate buckling supports y-y are ignored in both the calculation of
the effective width for the analysis mode! and the check.
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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

255 |
= J’—ags— =0814

2.1.3.1 Flange in compression

CF=

2
Cf

B G
Y <9.g
180 mm
36.6 mm

493 £ 732
Flange classified as Class 1.

2.1.3.2 Web in bending

<9-0.814

_b-ty-2-r 420mm-213mm-2-19 mm

HL920x390
2 = 936 mm
b =420 mm
ty =21 mm
ty = 36.6 mm
r="19 mm
A, = 49430 mm°
l, = 7.4210° mm*
i = 96 mm
Wi, = 17.92:10° mm?

S 355
fp = 355 MPa
f. = 490 MPa
Ep = 210000 MPa

(EN 1993-1-1 35.6 Tab. 5.2}

=180 mm

cp=hy—2-t—-2-r=936 mm-2-3666 mm-2-1% mm= 825 mm

Of:|=0‘5
cyw _ 36.E

ree i
tw Tde

825mm _ 36-0.814
21.3mm - 05
38.7 £ 586

Web classified as Class 1.

Cross-section classified as Class 1
Cross-section Class OK.

2.2 Coricrete slab with profiled sheeting

2.2.1 Conicrete slab

2.2.1.1 slab
Total height of the slab = = 150 mm
2.2.1.2 Material
Concrete class C30/37
Characteristic strength fee = 30 MPa
E modulus Eem = 32800 MPa
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2.2.2 Profiled steel sheeting
Note: The angle between the member and the ribs of profiled steel sheeting is smaller than 10° thus the
ribs are considered as parallel to the beam.
Sheeting with ribs parallel to the supporting beams
bﬂ

Mame ComFlor §0-0.9
Depth of the ribs hg-= 30 mm
Height of full zoncrete he =120 mm
Height of the re-entrant stiffenar hy = 0-mim
Spacing of the ribs b, = 300 mm
Top width of the rib by =131 mm
Bottom width of the rib by = 120 mm
Mean width of the ribs bosin = 144.5 mm
Thickness of the sheeting t, = 2 mm

2.2.3 Shear connectors

2.2.3.1 Geometry
Mame SHCT
Diameter ds = 25 mm
Mominal height Rram = 80 mm
As-welded height hg: = 75 mm
Armount per trough or section =1

Warning: Condition given by EN T934-1-1 Art. 5.6.5.8 (1) is not fulfilled.
2.2.3.2 Material

Steel grade $ 355
Uitimate strength fus = 490 MPa
2.2.4 Reinforcement
2.2.4.1 Geametry
Longitudunal bar diamter dy = 16 mm
Longitudunal bar spacing 5. =150 mm
Longitudunal bar cover o =30 mm
Transverse bar diamter ;= 16.rnm
Transverse bar spacing s = 150 mm
Transverse bar cover ;= 46 mm
2.24.2 Material
Material B 5008
Characterictic yield strength e = 500 MPa

3. Design values of loads
Load Mame : GSM21

Content of combination - 1.35%v|astitatefina+ 1.35*vlastitatedina_dryconcrete+1.35%Snijeg+
1.35*Dodatnostalno+ 1.62*Pokretno+ 1.35* vjetarkrove +
1.35*termperaturajednolika-

Bending moment MEg comp = -4464.430 kKNm
Shear force Vg comp = ~1238.530 kN
4. Partial safety factors
Steal section Vg = 1
Wi =1
Shear connectors e = 125
Concrete ye="15
Reinforcement ys= 1.15
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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

bz
3 g 4
< d: =
35354
hae 75 mm
a=02 { 4 ! )_ D'z'[ 25 mim 1]'“”
fus = mln(wttﬁﬂ-ﬂ]mpa
2 -
Jr _d' .. £ £
0.8 -f,,s_-]l T8 | 0.8-490 MPa- [ E‘..H.?f_mm__}
PRatsertid, 1 = W =- T L _ 154 kN
L
“-jq'"-df..‘f fE..  020.0R.35 . \.|| 30 MPa . 22800 MPa
Prd salid2 = “: = e — 115 kN

P ot = i Peg solic 1 Paczoiicz) = min( 154 kNi115 kN)= 115 kN

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

k _Ef[.a_'l.'-'!'.:!'.r'.“_. h“ sl [}6_1_45 mm h"!“""' A%
Ty i 30 mm 30 mm

1 ]74.34

k=1
PRﬂTFk!'PM_:ntd=I'115kN3115 4]

5.1.2 Degree of shear connection

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

The effective width at the internal support
Lez=0.25-(Ly +L; )=025-(4.21 m+ 365 m}= 197 m

Left side of the beam
Manual input of effective width on the side.
beg =05 m

Right side of the beam
Manual input of effective width on the side.
ba=0.5m
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Caleulation ef b.y
by = bay) + begr=1m

Determination of L,
L=Lz=19"Tm

5.1.2.2 Minimum degree of shear connection
Warning: Conditions given by EN 1994-1-T Art. 6.6.7.2 (3) are not fulfilled,
Warning: Conditions given by EN 1994-1-1 Art. 5.6.1.2 {1) are not fulfilled.

Nmirycale = 1— f;{ 0.75-0.03-L )
[ — ;gg (0.75-0.03-1.97 m)=031

Memin = max{nminuc.;u.ﬂf]: max{ﬂ.3l.ﬂ.4]= 0.4

5.1.2.3 Degree of shear connection present

5.1.2.3.1 Tension resistance of the reinforcement

2 2
oD (G ] Am o AGmm ] 2
Ay= 3 [d n“154}mm ( 4 }3.14-134{I-rnm
.f A0 oot
F.= AL}?‘-.’._,MQ_..EM. =583 kN
s 1.15

5.1.2.3.2 Tension resistance of the steel member
Mala = fyp - Aa = 355 MPa- 43430 mm° = 1754765 kM

Ner=min{Fgh s = min{583 kN:17547.65 kN) = 582,79 kN

5.1.2.3.3 Resistance of the shear connectors

Mumber of shear studs available per length L./2

05-L,
P

ns;1=2'1=2
Me=ngg Prg=2-115068=230.14 kN

ff Ne ol 23004 KN G
n= I‘ﬁll‘l[ N:_r'1]_ mm[f‘rﬁlf? kN ,1]—0.39
N & Mmin
04 =04 NOT OK

Warning: The shear connection degree is nof adequafe.

5.2 Cross-sectional resistance of the composite beam

5.2.1 Shear buckling
hy=hy=2-t=936 mm - 2- 36,6 mm =863 mm
M= 1.2
b 722
AL
te  Na
A3 mm  72-0814

213mm ~ | 12
405 < 488 Ok

The shear buckling resistaince of the web does not need o be verified.

Marijan Baleta, 674

106



FAKULTET GRADEVINARSTVA, ARHITEKTURE [ GEODEZIJE

2018./2019.

§5.2.2 Vertical shear

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

Av=As= 2Bt a{ted 2.0 )t
=0.0494 2-0.42-0.0366+(0.0213+ 2-0.019)- 0.0366 = 20856 mm’
Ay i = Mab- By -ty = 1.2-0.863-0.0213 = 22053 mm’
Ay 2 Aymin
20856 mm” < 22053 mm’
B, = A, in= 22053 mm® = 22053 mm”
Acfy _ 22053 mm’-35510°

W =
plad = ‘J—‘ e F 1

abs(Vegcoms)  abs(-1238.530 kN)
Voge 4520 kN

The shear resistance of the section is adequate.

= 4520 kM

UC_comp V= =027

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 £ modulus Eces = Eom /2.
E
Eeati = _5'1 = iBD.g_M_p_a_ = 16400 MPa

__Es _ 210000MPa _.
M= e~ 16400 MPa |20

w3t )
A.+[H—E]-bw-{hc—hg} o

e £ _B12-0
12.8) 1-{0.12-0) (0935+n15

umw+{ﬁﬁ-] 1-(0.12-0)

5.2.3.1.2 Degree of reinforcement

A _ba df T I 16 mm’
T o 150 mm 4

Ar=b¢n'[h;—ha}=1-[0.12—U}=12mn‘|m2

.3.14 = 1240 mm®

: T ; 1
ke = min e + 0.3 =min " 012-0 +037[=1
(2-0.4869)

(2 7o)
p,,;a-[g%)[im-}{? 1.1 {33:]{—2ﬂ9 ] 1 =0.964 %

500-10°
Aczoper A

12340 mm” = 964107120000 mm”

1340 mm° = 1157 mm’ 0K

The iongitudinal reinforcement of the section is adequate.

Marijan Baleta, 674

107



FAKULTET GRADEVINARSTVA, ARHITEKTURE [ GEODEZIJE 2018./2019.

5.2.3.2 Moment resistance
Moment resistance of a steel cross-section
Wesy-fo _ 17.910° mm’ 355 MPa
Yot 1
Influence of shear

Mmm.—- ='E\352 kN!'I"I

FJ;E_I.EE > abs{ Vedcoms)

4520 kN
2

2260 kM > 1239 kN oK

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

Fybw = fyp = 355 MPa

Moedified tension resistance of the steel member

r=0mm

Aa=2-te-b+ ty-(hy =2t }=2-36.6 mm-420 mm + 21.3 mm- (936 mm - 2-36.6 mm }= 49122 mm’

Mpa = BT = 49122 mm’-355 MPa = 17438.18 kN

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

Neg = min(FyMy )= min{583 kN;17438.18 kN)= 582.79 kN

= 1239 kN

Megative bending moment resistance caleulation

Warning: Full degree of shear connection is required according fo EN 1994-7-7, Art, 6.2.7.3 (2),
The plastic neutral axis is located within the web of the steel section,

Nyt = b-ty-fi = 0,42 0.0366 - 355.10° = 5457.06 kN

Mot Magy - Nagw = Fa+ Nagy + My

(Npia-2- ‘d.mrjl {17438.18 &N - 2-5457.06 kN - 583 kN)

= _E—? Ly .,-,.-] {2 21.3 mim-355 MPai =392 mm

Verification of the steel web classification,
Cy—% B25-393

ac = ._c.;_..= ...... EE ..... - D 524
Cu 3%
te - 13-clg-1

825 mm 396-0.814

213 mm ~ 13-0524-1
38.7 £ 555 OK
Web classified as Class 1.
Maw =tw-®-funw =213 mm-393 mm- 355 MPa = 2970.64 kN
Mae=Mpa— Mape = Magy = 1743818 kN - 5457.06 kN - 2970.64 kN =9010.49 kN
Leverage arm of the compression part of the steel section calculated to the PNA.
_{EE-[h,-a-:f-x]z-ujnf-b-[h,-1.5-|{-x}}_
s ty{ ha=2:ti=x )+ t-b
(213 (936-2-366-393) 05 +366:420- (936 - 15-36.6 - 393)}
213-(936-2-36.6- 393+ 36.6-420

hi=x+tithy -+ -i'--za_aga + 00366 +0.15 - 0.03 + _n_g]__ =541 m

=388 mm
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aff =1 m L
I e PO .. fiydl,
E= 1 =] i* . N
i r 1 2] 3 9k
i i il il fyio
—_— la 457 06 kM
i —* N = 297064 ki
- 4 Na,c = 071049 kN
e
t Mg %
Mh‘.ﬂd_ r&'h|+ N:lLf [ ?I +X]+ u!;- + Nu'hu
f 1 -
=583-541 + 5457 .06 |II 356 P 3‘3‘3J v EQFDE"' a +9010.49-388 = 6642 kNm

Design moment resistance according to simplified method given by EN 1994-1-1 Art.6.2.1.3 (5)

Mas = Mpirga +{ Matna = Maiads |- = 6362 kNm + { 6642 kNm - 6362 kNm ) 0.39 = 6472 kNm

abs (Medcomp) — abs(-4464:430 'dim)
Mpd 6472 kNm

The bending mament resistance of the section is adequate.

LIC_comp_M = =069
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[ telhe-w) M b=t ¥ ofu 17 . | 23-(936-366} ) (0362366} | 366 (™
E T e e [ s "l'* 4420365 }( 213 11 Tk

F 2 Fgm

118 <123 K

The cross-section is qualified for verification of LTE by the simplified method.
Cy= 25

e ]

5 T
:5.[1+.t12215'_@9_3_6_f193_i)(o.eae—u.uaﬁs}“ _[_amsﬁ]“ [ 355-1..@_)” ~0485

4-042-0.0366 0.0213 0.42 210-10°- 25
hafb = 2 == Buckling curve "b’
or= 034

Wr=05 ( 14 oy Mg — 0.2 J+ hyrye” }: 0.5- { 1+0.34. {0485 -0.2)+ 048 52}= 0.666
1 1

3 =
Oy O M’ 06664+ 0666 - 0485

Xr = min{X.1:1)= min(0.891;1}= 0.891

Xir= =089

Me s =Xor+ Mag = 0.891-6.47-10° = 5764.677 kNm
abs{Medcomp)  abs(-4464.420 kNm)
Mera T 5764677 kNm
The [ater torsional buckling resistance of the section is adequate,

5.4 Longitudinal shear
5.4.1 Transverse reinforcement
Design shear flow
hg = he= 120 mm
g MePra 1115 KN
by 427 mm- 120 mm
Iransverse reinforcement
Ast Fr ﬂa_ b
ﬁs s) © cotg(8)
= A
veg-hy 2.2810%-0.12

(_gba} fw (r_maL%_él-zﬂ&wi

UC_comp LTE = =077

=228 MPa

=313 mm/m
1.15 ]

2 2
1 d; 1 0.016
Atprn’r:;"( 4 ] 3!4"Ei§ ["':1_ } 3.74 = 1340 mm l||'|“|'|

Atﬂrw 2 lal-1
1340 mm*/m = 313 rnrnz.-"m K
The transverse reinforcement of the section is adequate.

ULS check of Final stage is NOT OK.
UC_comp = max{0.27,0.6%0.77)= 0.77
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Iskoristivost elemenata za GSN - 77%

Slika 5.37. Prikaz iskoristivosti grednih nosaca
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5.7. Spregnuta rampa (prizemlje-kat)

Slika 5.38. Prikaz vertikalnog pomaka grednih nosaca rampe
Dopusteni vertikalni pomak (progib):

1826
Yaop =300 = 300

=27,5mm

u, = 24,1mm < ug,, = 27,5mm -zadovoljava

-iskoristivost na GSU — 24,1 mm /27,5 mm = 0,88 = 88%

Rezne sile grednih nosaca rampe

Slika 5.39. Rezne sile -My

Marijan Baleta, 674 112



FAKULTET GRADEVINARSTVA, ARHITEKTURE [ GEODEZIJE 2018./2019.

Slika 5.39. Rezne sile -Vz

Poprecéni presjek grednih nosaca rampe

Name Rampa nosadi prizemija
Type HEB 180
Source description Profil Arbed / Structural shapes [/ Edition Octobre 1955
Itemn material 5 355
Fahrication roled
Flexumal buckling y-y b
Flexuml buckling z-z c
Lateral torsional buckling Default
Use 20 FEM analysis *
A [m3 6,5250e-03

Ay, z [m7 4 &159e-03 1,6235e-03
Iy, z [mY 3,8110e05 1,3630e-05
I w [m%, t [m? §, 37465e-08 4 2150e-07
Wel y, z [m?] 4, 2570e-04 1,5140e-04
Wepl y, z [m'] 4 &140e-04 2, 3100e-04
dy z Jmm] 0 0
c YUCS, ZUCS [mm] 50 G0
a [deg] 0,00

A L D [mm] 1,040 0e+00 1,037 1e+00
Mply +, - [Nm] 1,71e+05 1,71e+05
Mplz + - [Nm] 8 20e+04 8, 20e+04

Slika 5.40. Prikaz geometrijskih karakteristika grednih nosaca rampe
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Dimenzioniranje

Composiie Beam - Final stage
Linear calculation

Class: 58

Exireme 10: Glohal

Selection: BS03

Filter; Cross-section = Rampa nasad prizemnijas - HEB1B0

Composite beam verification
for beam B303 at section 0 m, in accardance with EC EN 1984-1-1

1. Geometry data
I | ;
— ﬂ . — ﬂ | e = T = | = o
TN L
145 _| 2

Simply supported beam

Length of the current span L=3254m

Distance to the slab edge at the left Ligk = 3 m

Distance to the slab edge at the right Light = 3.5510 " m

Checked section d.=0m

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

2. Cross-section & materials
2.1 Stee! 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 stranath
Ultimate strength
E modulus

HEB180

Ny =180 mm

b = 180 mm

ty, = 8.5 mm

tr =14 mm
r=15mm

A, = 6525 mm®

Iy = 33.3-105 mm®
i = 46 mm

Wiy = 481400 mm’

5 355

f,6 = 355 MPa
f.p = 490 MPa

Ew = 210000 MPa
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2.1.3 Crass-section classification
r?ElS

ey

| 355 =014 (EN 1993-1-1 §5.6 Tab. 5.2)

2.1.3.1 Flange in compression
bB-tw-2r 180 mm -85 mm=-2-15mm
2 B 2

= 70.8 mm

Cy=

Cr
— 2 9-E
i

70.
TIBO, gug1d
14 mm

505 £ 7.32 (819
Flange classified as Class 1.

2.1.3.2 Web in bending

Cu=hp—2-55-2-r=180mm-2-14 mm—-2-15 mm= 122 mm
=05

J22mm _ 36-0814
8.5 mm 0.5
14.4 £ 58.6 QK

Web classifiad as Class 1,

Cross-section classified as Class 1
Cross-section Class OK.

2.2 Conzrete slab with profiled shesting
2.2.1 Concrete slab

2.2.1.1 Slab
Total height of the slab hy = 120 mm
22.1.2 Material
Concrete class C30¢37
Characteristic strength fep = 30 MPa
E modulus Eerm = 32800 MPa
2.2.2 Profiled steel sheeting
Sheeting with ribs transverse to the supporting beams
ﬁ'.'-

-

1/2h,
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Mame ComfFlor BO-0.9
Depth of the ribs g = 30 mm
Height of full concrete b= 20 mm
Height of the re-entrant stiffener hg = 0-mm
Spacing of the ribs by = 200 mm
Top width of the rib by = 131 mm
Bottam width of the rib by = 120 mm
Wean width of the ribs bgrn = 144.5 mm
Thickness of the sheeting tp = 2 mm
2.2.3 Shear connectors
2.2.3.1 Geometry
MName SHCT
Diameter d; = 25 mm
Mominal height Pasen = 80 mm
As-welded height b = 75 mm
Amount per trough or section n=1
Warning: Condition given by EN 1994-7-1 Art. 6.6.5.8 (1) is not fulfilled.
2.2.3.2 Material
Steel grade 5335
Ultimate strength fus = 490 MPa
2.2.4 Reinforcement
2.24.1 Geometry
Lonyitudunal bar diamter di = 16 mm
Longitudunal bar spacing 5 = 150 mm
Longitudunal bar cover o =30 mm
Transverse bar diamiber dy =16 rmm
Transverse bar spacing s = 150 mm
Transverse bar cover ¢ = 46 mm
2242 [ateri
Material B 5008
Characterictic yield strength fyer = 500 MPa
3. Design values of loads
Load Name : GEN1
Content of combination ; 1.35*lastitatefina+1,35*vlastitatefina_dryconcrete+ 1.35* Dodatnostalno+
1.50*Pokretno
Bending moment Mg amg = =130.167 kKNm
Shear force Wed coma = 95,099 kN
4. Partial safety factors
Steel section Yo = 1
Y = 1
Shear connectors e =125
Concrete ¥e=1.5
Reinforcement ys = 1.15
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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 £ 4
3:3:<4
5mm |
a= m[d; 1]_0_9-(25mm+1rﬂa

fus = min(490:450) MPa
f,.= 450 MPa

2 I
d. st
0.8-fus-| -u ARy 2425 mm: |
| PR N — ..11_.___ 4 J S
R galic 1 Vo - A
029.a-d, | 0.29:08-25 mm’ -+ 30 MPa-32800 MPa_

PP.dsuIlq;— i =115 kN

w' 125
Prasatis = Min{ Pag sorig 1/Pagsonaz)= min{ 141 kN; 115 kN)= 115 kN

5.1.1.2 Shear connector in profiled sheeting
Sheeling with ribs transverse to the sup[mrling bearms

by, h|,c 145 mm | [ 75 mm
k?_ [ ][ ] [ 30 mm ]tsﬂmm 1)_5'06

ke mu—ﬂ._."E

ke =max{0min (ikeke mad)= max{0:min(5.06:0.75) = 0.75

Pra= ke Prasoie = 0.75-115 ki = 86.3 kN

Warning: The condifions given by EN 7994-1-7 Art6.6.4.2 (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,

The effective width at the end support
lea=Li=325m

Lefi side of the beam
Manual input of effective width on the side.
bBerr=1m
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Right side of the beam
Manual input of effective width on the side.

batr,; =0 m
Caiculation of bes
by = bagr) + By, =1 01
Determination of L.
L=lg=325m
5.1.2.2 Minimum degree of shear connection
Mmin=1=1=1
5.1.2.2 Degree of shear connection present

5.1.2.3.1 Tension resistance of the reinforcement

_ b ( d’ ] Tm

5 | 4 ,f.n T 150 mm

_ Asfyy _ 134107500107
T e T 1.15

16 mm’
4

]-3_14;1340 mm®

F, =583 kN

5.1.2.3.2 Tension resistance of the steel member
Mgla =fyp-f3 =355 MPa- 6525 mm’ = 2316,38 kN

Ney=min{FsNyi)= min{583 kN;2316.38 kN )= 582.79 kN

5.1.2.3.3 Resistance of the shear connectors
Mumber of full ribs available per length Ls

oo e 325m
ES b T 300 mim
nrih=1ﬂﬁ

s = by +trough = 300 mm- 1= 300 mm

Mumber of shear studs available per length L2

05 Nrp-n; _ 0.5-108-1
trough 1

Me = Mg - Pag = 54- BE307T = 4660.26 kN

_ min| Ne | i 466026 N} _
= T SE2TAKN )

=354

Mgg =

M 2 Neniny
121 NOT Ok

Warning: The shear connection degree is not adeguate.

5.2.1 Shear buckling
by =hy—2- =180 mm-2-14 mm =152 mm

Mey =12

he , 72:¢

b kb

152mm _ 72.0.814

85mm ~ 1.2

1792488 oK

The shear buckling resistance of the web does not need to be verified,
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5.2.2 Verticai shear

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

Ac=As-2-b et + 200 )ty
=65310°=2:0,18-0.014+ {3.5-10"“ ¥ 2.001 5)-0.&141 =2024 mm’
Ay min = Mt~ Pt = 1.2-0.152- 8,510 = 1550 mm®
Ay 2 Ay min
2024 mm’ = 1550 mm’

A _ 2024 mm® 35510°

v ————=415kN
plRd = F Y .J_I 1

abs(Vegcomg)  abs(95.099 k)
Vol Ra - 415 kN

The shear resistance of the section is adequate.

UC_comp V = =023

5.2.2 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 Ecer = Eem /2.
E
- _;__ jzﬁﬂg MPa _ 16400 MPa

By _ 210000MPa _
M= - 16400 MPa - 100

PR

Aa"'i__ }'bu‘f'rhc_“t }

3 | 018 -0
_a.sa-m [ ][123]1{009 a](mmmz- :

R

= 176 mm

653107 +[ﬁ-3]1 {009-0)

5.2.3.1.2 Degree of reinforcement

2 z
bt | di _Im_ | 16mm” . 2
s '{4 }'“ 1summ'( 4 ]'3'”‘13‘10“‘”‘
ﬁ-c=brrf'{h:-hd]21- 0.09 - 0)= 90000 mm’

;D=[|-|,1fg-h—:;ﬂ}-yus[ﬂ.13r0.12-ﬂi ﬂ] 0176 =794 mm

ke=minf v+—— + 0.3 71)=min +{I'3'I =04938
h.:___ ] 09 1]
{ e :D}_] (2 unmij

_g| fe | [ fem 355 | 290" | -
m--s-{ 2 ]( ].wfk: =11 (235]{ G} 0.938 =0.934 %

for 500-10
Ay 2 py- A
1340 mm” = 9341090000 mm”
1340mm’ = 840-mm’ oK
The longitudina) reinforcement of the section is adeguate.
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5.2.3.2 Moment resistance
Moment resistance of 3 stee! cross-section

Weiy fe 481400 mm’-355 MPa
Wi

*'.l!mj‘d'&ﬁ =171 kNm

1

Influence of shear

.‘."ﬂé'_&@_ > abs(Veg corp)

=L R

207 kM = 951 kN oK

The influence of the vertical shear on the bending moment resistance may be neglectad.
fyom = f,p = 355 MPa

Medified tensien resistance of the steel member

r=0 mm

As=2tb+ by ha= 2t )= 2:14 mm- 180 mm + 85 mm - [ 180 mm - 2-14 mm)= 6332 mm’
Nois = Aq - fp = 6332 mm”- 355 MPa = 2247.86 kN

Mote: Roundings of the steel cross-section are neglected in bending resistance calculation.
N = min{ FiNpis} = min (583 kN;2247.86 kN) = 582.79 kN

Negative bending moment resistance calculation

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

Mpra - Mag = Fa+ Map

fos [:J_p_u_q-_ﬁ.sjl_ i .{%.%i‘!ﬁ'?_}&!!.-_ﬁ@i.kﬁ
{2rb-fe 2-180 mm-355 MPa

Veritication of the steel web classification.

=13 mm

=
Lo 3962
tw ~ 13-0g=1

8.9 mm 13:1=1
144 < 268 OK
Web classified as Class 1.

Mgys=b-x-fi = 180 mm- 13 mm-355 MPa = 832.54 kN
Mac= Mpa— M= 224786 kN - 832.54 kN = 141532 kN

Leverage arm of the compression part of the steel section calculated to the PRA,

(h-{tr— xJ-05+ ty{ - a-n}-( 2 :n;]+tr-b-[h, -2 x]J

hes=" b-(tr-x )+ ty{ha-2:t/ )+ tr-b
wy 180 M
180-(14-13) 0.5+ 85 (180-2-14)- 5~ 13]+14-180-| 180~ - ~13
= 180-(14-13)+85-(180-2-14)+ 14.180
h.;g=126mm
hy=x+hs =0+ ?: 0013+ 012 =003 + QL%]'G—IEQE mm
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beff = 1 m 1
A e ———
fycd.r
T =273 N
- —  Natf= 83254 kN
i
i 4+—— Mac=141532 kN
fiybs
'l i
Maipa = Forhy # 24 Ny hey = 58395+ -ﬁlg%‘i-‘—3 + 141532126 = 239 kNm
Design moment resistance according to EN 1994-1-1 Art.6.2.1.2
MM | MFILF-I:' = 235‘ kNI’!‘I
_ abs{Megcoms)  abs(-130.167 km)
UC_comp M= Mo = 339 kKNm = (.54
The Bending moment resistance of the section is adequate,
5.2 LTB resistance
I . {ha-t} | [ hs —t.r _ m_ 1+8_5-[1B{J—14] [180-14 )7 [ 14 35_559
4.b-ty h 4.180-14 B.5 wol T
Fim=12.3
F £ Fim
559< 123 OK
The cross-section is qualified for verification of LTE by the simplified methed.
Ci=25

S = N R

Is i s
__5_( L 85107 (0.8 n.am])[ms 0014) {0.0141“‘ 35510 J Sl

4-018-0.014 851070 018 | | zip10°.25
hafb <= 2 - Buckling curve ‘a'
oy =0.21

e =n_5-(1 # aur( Mt = 02) ¢ Augut }: 0.5- [ 1+021-(0.23-02)+ 0.23*}s 0.53

Xi1= 1 y = L = 0.9933

Dur +J Ot - Mt 0534 J 053" -023°
Xor = min{X.r1)= min(0.993,1)= 0.993
e, g = - Mpg = 0.993- 2359249 = 237.671 kNm

abs{Meg.comp)  abs(-130.167 kNm)
Mora  237.671 kNm

The later torsional buckling resistance of the section is adeguate.

UC_comp_ LTE=

=055
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5.4 Longitudinal shear
5.4.1 Transverse reinforcement

Desigr shear flow
he=he =90 mm

_ NPy 1-86.3 kN

Ve = = 300 mm.s0 mm — 2 MPa
Iransverse reinforcement
Parbee  Veaohy
‘p"a'Sr] cotg|9)
By = Aylsy
h 2 E_
=T Yeg_ Y= if 1.[}'{ e ST s 330 mm’/m
m‘gi.@l'fw.] cotg(26.5)-500-10
\ ¥s 1.15
2 2}
1 [ o 1 [ o016 2
Ad e = ]—3.74- s 4 -3.14 = 1340 mm®/m
P proy = Ay
1340 mm’/m 2 330 mm’/m oK

The transverse reinforcement of the section is adeguate,

ULS check of Final stage is NOT OK,
UC_comp = max(0.23,0.540.55)= 0.55

Iskoristivost elemenata za GSN — 55%

Slika 5.41. Prikaz iskoristivosti grednih nosaca rampe
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5.8. Stupovi rampe (prizemlje-kat)

Rezne sile stupova rampe

.15.05

=% 1

Slika 5.42. Rezne sile My

~

Slika 5.43. Rezne sile Mz

Slika 5.44. Rezne sile Vy
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95,28

Slika 5.45. Rezne sile Vz

964

A
,.ulf..
:‘t@ i
e qﬁ
e

A93

Slika 5.46. Rezne sile N

Poprecni presjek stupova rampe

Name

Stupovi rampe prizemlje

Type

HEAZOOA

Source description

Profil Arbed / Structural shapes / Edition Octobre 1985

ltemn materal 3 355
Fabrication roled
Flexural buckling y-y b
Flexurmal buckling z-z c
Lateral torsional buckling Default
Use 20 FEM analysis k
A [m3 4 410003

Ay, z [m7 3 121e03 1,1054e-03
1 y, = [mY 2 S400els 1,0700e-05
I w [m?, t [mY 8 4491208 1,2700e-07
Wel y, z [m?] 3 1700e-04 1,0700e-04
Wpl y, z [m7 3, 4708e-04 1,6333e-04
d y, z [mm] 0 0
¢ YUCS, ZUCS5 [mm] 100 93
a [deg] 0,00

A L, D [mm] 1,130 0e+00 1,1300e+00
Mply + - [Nm] 1,23e+05 1,23e+05
Mplz +, - [Nm] 5, 79e+04 5,79e+04

Slika 5.47. Prikaz geometrijskih
karakteristika stupova rampe
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Dimenzioniranje

Check of steel

Linear caloulation Extreme : Global

Selection : BE18

Clazs : GSN

Cross-secton - Stupost rampe prizemije - HEAZOOA
EMN 1993-1-1 Code Check

Mational annex: Standard EN

[Member B618 [1,158 m |HEAZO0A [S 355 |GSN19/1 [0,76 - |

Partial safety factors

Garmma 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
‘Yield stremgth fy 1550 |MPa
Uitimate strength fu |[4900 [MPa
Fabrication Rolled

- SECTION CHECK::..

Classifleatinn far cross-eactinn decgn
Aocording to EN 1993-1-1 articke 5.5.2
Classification of Internal Compression parts
Aecording to EN 1993-1-1 Table 5.2 Shest 1

Maximum width-to-thickness ratio | 24,36
Class 1 Limit 26,85
Class 2 Limit 30,53
Class 3 Limit 48 38

=2 Internal Compression parts Class 1
Classification of Outstand Flanges
According to EN 1993-1-1 Table 5.2 Sheet 2

[Mendimurm width-to-thirkness_ratio 19,01 |

Class 1 Limit %32
Class 2 Limit £,14
Clags 3 Lirmnit 11,78

== Outstand Fanges Class 3
== Section classified as Class 3 for cross-section design

The critical check is on position 1.158 m

Internal forces |Calculated |Unit
N,Ed 179,01 kN
Wy, Ed 23,78 KM
Wz, Ed -10,75 kN
T.Ed 0,00 ENm
My, Ed -14,28 kNm
Mz,Ed 8,03 khm

Compression check

According to EN 1993-1-1 article 6.2.4 and formuda (6.9)
L] 4.4100e-03 | m?
MRl 1565,55 kM
Uity chieck | 0,11
Bending moment check for My

According to EN 1993-1-1 articks ©.2.5 and formda (6.12),(8,14)

Wl y,min 3,1700e-04 [m’
Mel v, Rd 112 54 kMm
Unity check | 0,13
Bending moment check for Mz
According to EN 1993-1-1 artide 6.2.5 and formula (6.12),(6.14)
‘Wl z;min 1,0700e-04 |m’
Med .2, R 37,98 kMm
Uity cheds- | 0,21 .
Shear check for Vy
ficooeding ta EN 1993-1-1 articke £.2.6 and forrda (8.17)

[Ba (120 T
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Ay 33203603 |m
"ﬂﬂﬂ',ﬁd h{{:!_'_.'jﬁ kM
Unity check | 0,03

Shear check for Vz
focording to EN 1993-1-1 articke £.2.5 and formuta (6.17)

Eta 1,20
Ay 1,5420e-03 | m?
Wpl.z Fd 316,05 kM
Unity check [ 0,03
Torsion check
#ccording to EN 1993-1-1 artide 6.2.7 and formula [6.23)
Tans,t Bd 0.3 MPa
Tau,Rd 2050 [MPa
Uity check [ 0,00 -

MNote: The unity check for torsion & lower than the limat valee of 0,05, Therefore torsion |s considered as
Insignificant and &5 ignored In the combined checks.

Combined bending, axial force and shear force check
According to EN 1993-1-1 article 6,2.9.2 and formula (6.42)

Hormal stresses

Fbre 3
SigmaM,Ed_ [40,6  |MPa
Sigma,My,Ed 452 |[MPa
SigmaMzEd 750 |MPa
SigmatalBd  [1608 |MPa
Unity check | 0,45

The member satisfies the section chedk.

- USTABILITY CHECK::...

Classification for member buckling design
Decisive -position for stability classification: 0,000 m
Classification of Tnternal Compression parts
According o EN 1993-1-1 Table 5.2 Sheet 1

[Maximum width-to-thickness_ratio | 24,35
Class 1 Limit 26,85
Class 2 Limit 30,92
Class 3 Limit 36,42

== [nternal Compression parts Class 1
Classification of Outstand Flanges
#ocording to EN 1993-1-1 Table 5.2 Shest 2

Maximum width-to-thickness ratio 9,91
Clags 1 Limil 7,32
ELHG& 2 Limit &, 14
Clags 3 Lirmit 12,37

== Outstand Flanges Class 3
== Section classified as Class 3 for member budkling design

Flexural Buckling check
Aocording to EM 1993-1-1 artide 6.3.1.1 and formada [6.46)

Buckling parameters ¥y 2z
SwiEry bype Sy TOn-Sway
Sysbem bength L 1,158 1,158 m
Buckling factor k 1,58 0,62

Buckling length Ler 1,828 0,715 m
Critical Euler load Mor 18237,20 (4333247 |kN
Sendermess Lambda 2239 14,52

Relative slendemess Lambdarel |09 0,19

Limit slendemess Lambda,rel,0 020 0,20

Note: The slenderness or compression foroe i such thal Fexeral BuckBng effects may be ignored
according to EN 1953-1-1 artiche 6,3.1.2(4).

Torsional{-Flexural) Buckling check

Becording to EN 1993-1-1 aricle 6.3.1.1 and formada (6465

Note: For this [-secton the Torsioral(-Fexural} buckfing rasistance & higher than the resistance
for Flexural buckling. Therefore Torsional(-Flexural) buckling 15 not printed on the output.
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Laterai Torsiznal Buckling check
Acccading 1o EN 1993-1-1 artide 6.3:2.1 & 6.3.2.3 and formmda (6.54)

LTE parameters |

Method for LTB curve Gereral case
| Cross-section elastic modulus Wely | 3,1700e-04  |m)

Erastic critical moment Mer 2502,57 km

Relative slendemiess LambdarellT | 0,21

Limdt slendemess Lambda,nel, LT,0 0,20
Note: The skenderness or bending moment & such that Latersl Torsional Buckling effects
rmay be ignored sooording to EN 1993-1-1 artice 6.3.2.2(4).

Mcr parameters

LTE length L 1,158 m

Influemce of load position no influsnce

Correction factor k 1,00

Correction lachor kw 1,00

LTE moment factor C1 1,64

LTE mament Factor £2 0,00

LTB moment Factor £3 1,00

Shear cenber distance d.2 0 mm

Distance of load apphoation 3 i) i

Mono-symmetry constant beta,y [0 mm

Monc-symmetry constant 7, 0 rim
Note: C parameters are determined according to BECCS 119 2006 [/ Galea 2002,
Bending and axial compression check
According to EN 1993-1-1 artide 6.3.3 and formula [6.61),(6.62)

Bending and axial compression check parameters

Interaction method alternative method 1

Crovss-sechion ansa A 4,4100e-03 e
Cross-section_elastic modulus Wel,y 3,1700e-04 m’
Crogss-section alashic modulus Wel,z 1,07 00e-04 m?

Design compression | force N,Ed i7Fa,01 kN

Design berdng mormert {maximurm) My, Ed | -14,28 khm
Desiyn beading miorment {maximum] MzEd . | -15,51 KNm
Characteristic compression resistance N,Rk | 1565,55 kM
Characteristic moment resistance My, Rk 112,54 ENm
Characteristic moment resstance Mz, Rk 37,98 kMm
Reduction factor Chiy 1,00

Reduction factor (hi,z 1,00

Reduction fachor ChiLT 1,00

Interaction factor kyy 1,01

Interaction factor kyz 1,00

Interaction factor k“z',' 1,01

Interaction factor kzz 1,00
Maximum moment My,Ed is derived from beam BG618 position 1,158 m.
Maximum moment Mz,Ed is derived from beam B618 position 0,000 m.
Interaction method 1 parameters

Critical Euler load Nary 1823729 kM
Critical Euler load Ncr,z 4353247 kM
Elastic critical load M.cr,T 1540588 kM
Crovss-section alastic modulus Wely 3,1700e-04 m’
Second moment of area Iy 2 2400e-05 v
Second moment of area Iz 1,07 0e-05 m’
Tarsional constant It 1,37 00e-07 '
Method for equivalent moment factor oy, 0 | Table A2 Line 2 [General)

Design bending moment {maximurn) My, Bd -14.28 kMrm
Maximum redative deflection delta z 0. Tt
Equivalent morment factor C,rmy,0 100

Method for equivalent moment factor Comz, 0 | Table A2 Line ? {General)

Design bending morment {maximurn) Mz, Ed -19,51 kMm
| Mawimum relative daflection dekay 0.4 mam
Equivalent momien facior Cmz0 1,00

Factor mi,y 1,00
| Factor mu.z 1,00 i
Factor epsilon,y 1,11 ]
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Interaction method 1 parameters
fector g Tl | — Y.L RS TR
Citical moment for uniform bending Mer,0 1526,85 kNm_ |
Relative slendemess, Lambda, rel,0 027 |
Limit refative slenderness Lambda,rel 0 km 0,26 |
Equivadent morment factor C,rmy 1,00
Equivalent moment factor Cmz 1,00
Equivadent morment factor CmlT 1,00

Unity check (6.61) = 0,11 + 0,13 + 0,51 = 0,76 -
Unity check (6.62) = 0,11 + 0,13 4 0,51 = 0,76 -

Shear Buckling check

ng
According to EN 1993-1-5 article 5 & 7.1 and formula (5.10) & (7.1)

Shear Buckling parameters

Buckling field length a 1,158 |m
Web unstiffened

‘Wb height bw 171 mm
Web thickness 1 & [mm
Makerial cosfficient epsilon | 0,81
Shear cormection lactor Ela 1,20 |

Shear Buckling verification

‘Web slenderness it | 30,51
| Wish slendermness Imit | 4882

Note: The web slendemess is such that Shear Budkling effects may be ignored

according to EN 1983-1-5 article 5.1(2).
The member satisfies the stability check.

Iskoristivost elemenata za GSN — 76%

0,76

b

Slika 5.48. Prikaz iskoristivosti stupova rampe
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5.9. Dijagonale prizemlja

Rezne sile dijagonala

& .
;A

N4 N

Slika 5.51. Rezne sile-Vy
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Slika 5.52. Rezne sile-Vz

Slika 5.53. Rezne sile-N

Poprecéni presjek dijagonala prizemlja

Name Dijagonale prizemija

Type HEB350

Source description Profil Arbed / Structural shapes / Edition Octobre 1955

ltem material 5 355

Fabrication roled

Flexural buckling y-y b

Flexural buckling z-z c

Lateral torsional buckling Default

Use 20 FEM analysis -
Slika 5.54. Prikaz geometrijskih
karakteristika dijagonala
prizemlja

A [mj 1,8060e-02

Ay, z[m? 1,2975e-02 47491e-03

Iy, z [m¥ 4 390 e-04 1,0140e-04

| w [m?¥, t [mY 2,8833e-06 2,9250e-06

Wel y, z [m?] 2 4000e-03 §,7610e-04

Wpl y, z [m? 2 6330e-03 1,0320e-03

d y, z jmm] 0 0

c YUCS, ZUCS [mm] 150 180

a [deg] 0,00

AL D [m%m] 1,850 0e+00 1,8484e+00

Mply +, - [Nm] 5 53e+05 9,53e+05

Mplz + - [Nm] 3 67e+05 367e+05
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Dimenzioniranje
Check of steel

Linear calowlation, Extreme : Global

Selection : BIS

Clazs | GEN

Crosg-soction  Dijagonale prizemijs - HEB360
EN 1993-1-1 Code Check

Mational annex:; Standard EN

[Member B35 [6,210 m |HEB360 |[5355 |GSN17/1 [0,92 - |

Partial safety factors
Gamma M0 for resistance of cross-sections | 1,00

Gamma M1 for resistance to instability 1,00
Gamma M2 for resstance of net sections 1,25
Material

Yield strength fy 3550 |MPa |
Ultirmate strength fu | 490,0 | MPa
Fabrication Rolled

weiSECTION CHECK::..

Classification for cross-section design
According to EM 1993-1-1 articke 5.5.2
Classification of Internal Compression parts
According to EM 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratic | 20,88
Class 1 Lirmit 26,85
Class 2 Limit 30,92
Class 3 Lirnit 39,38

== [ntemal Comgression parts Class 1
Classification of Outstand Flanges
According to EN 1993-1-1 Table 5.2 Sheat 2

Maxiinum width-to-thickness ratio 5,19

Class 1 Limit 7,32
Class 2 Limit 8,14
Class 3 Limit 11,21

= Qutstand Fanges Class 1
== Section classified as Class 1 for cross-section design

The critical check is on position 6210 m

Internal forces |Calculated |Unit
M,Ed -3456,11 kM
Wy Ed -5,31 I
vz, Ed 46,22 kM
T,Ed -0,02 kiMm
My, Ed -158,71 khm
Mz,Ed 0,85 km

Compression check
According to EN 1993-1-1 artice 6,2.4 and formla (5.9)
A 1,8060e-02 [m?
Me, Rl &111,30 kN
Unity check 0,54

Bending moment check for My
According to EN 1993-1-1 articke 6.2.5 and formta (6,12)46.13)

Wply 2,6830e-03 | m’

Mply,Rd 95247 kMm
Unity check [ 0,17
Bending moment check for Mz
According to EN 1993-1-1 articke 6,2.5 and formda (5,12),(6.13)
Wil 2 1,0320e-03  |m’

Mplz Rd 366,36 kMm
Unity cieck ' | 0,00

Shear check for Wy
According to EN 1993-1-1 articke 6,2.6 and formwda (£.17)

[Em [120 [ ]
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Sy 1, 3%e-02  |m?

Wil Rd JEGE 1S kM

Linity check | 0,00
Shear check for Vz
Aceording to BN 1993-1-1 artide £.2,5 and formuda (6,17)

Em 1,20

Ay 6,0563e-03 |m?

Wipl,z,Rd 1341 7% kM

Unity chedk | 0,04
Torsion check
According to EN 1993-1-1 articke 6.2.7 and formada (5.23)
Tau,t,Ed 0,2 MPa

Tau,Rd 2050 [MPa

Unity check | 0,00 -

Mote: The wnity check for torsion is lower than the limit value of 0,05, Therefore torsion is considered as
insignificant and is ignosed in the combined checks,
Combined bending, axial force and shear force check
According to EN 1993-1-1 artide 6.2.9.1 and formula (6.41)
MMN,v,Rd | 502,46 |kNm

Alpha 2,00

MMz Rd | 31251 [khm

Btk 2,70
Unity check (6.41) = 0,10 + 0,00 = 0,10 -
Mote: Since the shear forces are less than half the plastic shear resktances their effect on the moment
resistances is neglected.
The member satisfies the section check.
LISTABILITY CHECK::...
Classifleation for member buckling design
Dscisive posilion for stability classification: 0,000 m
Classification of Internal Compression parts
According 1o EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-twckness ratio | 20,88

Class 1 Limit 26,83

Class 2 Limit 30,92

Class 3 Limit 37 66
=2 [ntemal Compression parts Class 1
Classification of Outstand Flanges
According to EN 1993-1-1 Table 5.2 Sheet 2

Maximum width-to-theckness ratie | 5,19

Class 1 Limit 7,32

Class 2 Limit 8,14

Class 3 Limit 11,32
== Qutstand Fanges Class 1
=2 Sedtion classified as Class 1 for member budkling design
Flexural Buckling check
According to EN 1993-1-1 articke 6.3.1.1 and formula (6.46)

Buckling parameters ¥y Iz

Sy bype shay Sy
System length L 5,210 5,210 m
Basckling factor k 1,23 0,51

Buckling length Ler 7,629 3,163 m
Critical Euller load Mer 15382,22 | 2100391 |kN
Slendemess Lambda 49,33 4232

Relative slenderness Lambdarel | 0,65 0,55

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

Buckling curve b [

Imperfection Alpha 0,34 0,49
Reduction factar Chi 0,81 0,81

Buckling resistance Nb,Rd 3215,70 321352 kN
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Fiexural Buckling verification

Cross-section area A 1,8060e-02

Buckling resistance MbRd | 5313 52

Linity check 0,66

Torsional({-Flexural) Buckling check

According to EM 1993-1-1 articke 6.3.1.1 and formula (6.46)

Torsional buckling length Ler 6,210 m

Elastic critical boad Mer,T 13248,67 kM

Elastic critical boad Mcr, TF 13248 67 ki

Relative slenderness Lambda,relT | 0,70

Limit slenderness Lamibda, rel,0 0,20

Buckling curse [

Imperfaction Alpha 0,44

Resdhuction factor Chi 0,73

Cross-section area A 1,8060e-02 | m®

Pasckling resistance b Rd 4663 48 kh

Unity check 0,74 .
Lateral Torsional Buckling check
According to EN 1993-1-1 artidke 6.3.2.1 & 6.3.2.2 and formula (6.54)

LTE parameters

Method for LTB curve General case

Cross-section plastic modulus Wply  [2,6830e-03 m’

Elastic critical moment Mcr 3802 51 kb

Relative slenderness Lambdarel LT 0,50

Limit slendermess Lambda,rel LT,0 0,20

LTB cure a

Imperfection Alpha LT 0,21

Feduction factor Chi LT 0,93

Design buckling resistance Mb,Rd BE0, 19 khm

| Linity chack 018 -

Mcr parameters

LTE bangth L 5,210 m

Infhsence of load position n influence

Correction factor k 1,00

Correction factor kw 1,00

LTB moment factor C1 2,60

LTH moment factos ©2 0,03

LTB mament factor C3 1,00

Shear center distance d,z o mim

Distance ol koed application zg |0 mim

Mono-symmetry constant betay |0 mm

Mono-symmetry constant z,j o mm

Note: C parameters are debermined according to ECCS 119 2006 [/ Galea 2002,
Bending and axial compression check
According to EM 1993-1-1 articke 6.3.3 and formada (5.61),(6.62)

Bending and axial compression check parameters

Interaction method alternative method 1
Cross-section area A 1,8060e-02 m’
Cross-section plastic modulus Wely 2,6830e-03 m'
Cross-section plastic modulus Wplz 1,0320e-03 m’
Design compression force N,Ed 356,11 kN
[esign bending moment (maximem) My Ed [-158.71 khm
Design bending moment (maximum) Mz,Ed | -24.87 khm
Characteristic compression resistance N,RK | 6411,30 kN
Characteristic. moment resistance My Rk 95247 khm
Characteristic moment resistance Mz,Rk 366,36 khm
Reduction factor Chiy 0,81

Reduction factor Chiz 0,73
 Reduction factor Chi LT 0,92

Interactior, factor Ky 1,05

Interaction factor kyz 0,53

Interaction factor kay 0,52

Interaction factor k.rz 1,05
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Maxirmurn momant My Ed is derived from beam B35 position 6,210 .
Mantlrnuni-moment- Mz, Ed 18 derved from beam- B35 position 6,000 m,

Interaction method 1 pararneters
Critical Euder load Mory 1538222 kM
Critical Euder load M,cr2 21003,91 il
Elastlc critical kad Nor, T 13248 67 Liy|
Cross-section_plastic modulus Wply 2,6830e-03 e
Cross-section elastic modulus Waly 2400003 m
Cross-section plaste modulus Wipl,z 1,0520e-03 n
Cross-section elastic modulus Wel,z 6,761 0e-04 m'
Secand morment of area Ty 4,3190e-04 m?
Second moment of ares [ 1,0140e-04 m’
Torsional constant It 2,9250e-06 m’
Method for equivalent moment factor C my,0 Table A.2 Line 2 (General)
Design bending moment (maximum) My Ed -158,71 kMNm
Maximum relatve deflection delta,z 17 T
Equivalent moment factor Crmy,0 0,83
Method for equivalent moment factor Cmez,0 Table A2 Line 2 [General)
Design bending mament (maximem) MzEd -24,87 EMm
Maximurn redative deflection delta,y 0.4 m
Equivalent moment factor C,mz 0 085
Factar mu,y 0,95
Factar mu,z 0,96
Factor epsilon,y 0,35
Factor a,LT 0,59
Critical moment for uniform Dending Mcord 146023 kMm
Relative slenderness Lambda,rel 0 051
Limit relative slendemess Lambda,rel,0,lim 029
Equivalent moment factar C,rmy 0,89
Equivalent moment factor C,mz 085
Equivalent moment factor CmLT 1,01
Festar b LT 0,0
Factar o LT 0,26
| Factar d LT 0,13
Factor g LT 142
Factar way 1,12
Factar w,z 1,50
Factar n,pl 0,54
Maximum relative slendemess Lambda rel,max | 0,65
Factar Gy 1,05
Factar 7 1,95
Factar Cazy 0,94
Factar C2z 0,53
Unity check (6.61) = 0,66 + 0,19 + 0,04 = 0,89 -
Unity check (6.62) = 0,74 + 0,11 + 0,07 = 0,92 -
Shear Buckling check
According to EMN 19093-1-5 articdle 5 & 7.1 and formula {5000 & (7.1}
Shear Buckling parameters
Buckling field bength a 6,210 m
Wb unstiffened
Weeb hesght e 315 mim
Web thickmness t 13 mm
Material cosfficent epsilon | 0,81
Shear correction factor Eta | 1,20
Shear Buckling verification
Web slenderness hwft | 25,20
Web slenderness limit | 48,82
Mote: The web slenderness is such that Shear Buckling effects may be ignored
acoording to EN 1993-1-5 article 5.1(2).
The member satisfies the stability check.
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Iskoristivost elemenata za GSN — 92%

Slika 5.55. Prikaz iskoristivosti dijagonala prizemlja
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5.10. Stupovi prizemlja(spregnuti)

Pomaci stupova prizemlja

Slika 5.56. Prikaz horizontalnog pomaka stupova prizemlja

Dopusteni horizontalni pomak :

R 456
Yaop = 500 = 200

=22,8mm
u, =10,5mm < ug,, = 22,8 mm -zadovoljava
-iskoristivost na GSU — 10,5 mm /22,8 mm = 0,46 = 46%

Rezne sile stupova prizemlja

Slika 5.57. Rezne sile-My
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Iy
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Slika 5.60. Rezne sile-Vz
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Slika 5.61. Rezne sile-N

Poprecni presjek stupova prizemlja

Hams Slupovi maEmi@ Eanpoan
Ty = type o
Duafafl oo 580; SuL'I 30
ST

Femiral buokiing ™y — L:
Femirsl busking z-z a
Laeral forslonal bookling Dredaau s
Ue 0 FEM amiyck i
A ] 1.0265e-01

Ay z [n] 7,8931e02 7,8931e02
|l v, z [m¥] 3,8006e-03 3,8006e03
| w [m®], t [m?] 1,0053e-06 6, 1026803
Wel v, = [nf] 1,357 3e02 1,357 3802
Wpl v, # [m] 1,3631e-02 1,363 1e-02
d y, z [mm] 0 1]
c YUCS, ZUCS [mml] 280 280
a [deg] 0,00

AL D [mm] 2 2400e+00 2,2400e+00
Mply +, - [Nm] 4 84e+06 4 84a+06
Mplz =, - [Nm] 4 8de+06 4 8da+00

Slika 5.62. Prikaz geometrijskih karakteristika stupova prizemlja
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Dijagram grani¢ne nosivosti stupova

40000

20000

10000 \

X Opterecenje
stupa
| | J

N [kN]

-10000

0 1000 2000 3000 4000

sooo/éooo 7000 Nosivost
. stupa

-30000

-40000

Odabrana glavna armatura : 20032 + 4028 mm

As=160,84 cm? + 24,63 cm?

Dimenzioniranje na popreénu silu:

-armatura : B 500B
fyk=500 MPa
fys=500/1,15 = 434.78 Mpa

- beton: C30/37
fk=30 MPa
fca=30/1,5= 20.00 Mpa

-armatura : B 500B
fy=500 MPa
fya=500/1,15 = 434.78 Mpa

-Celik: S355
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Dio poprecne sile koju preuzima beton i uzduzna armatura

Vo :[CRde 'k~(100-p1- ka)1/3 +k1"70p]bw -d
bw=50 cm d=h—d,=50—-5=45cm

k=10+ 200 1.0 + 200 1.67 <2.0=>k = 1.67
= 1. —=1. —=1. 0=>k=1.
d 450

k =015

1013437 _
2500 fem

Cpy =0.18/7, =0.18/15=0.12
YA, = 209032 + 4920 = 160,84 + 24,63 = 185,47 cm?

Ocp = Ngqa/Ac =

YA, 185,47
="~ =500 - 007
Veac = [0.12 - 1.67 - (100 - 0.07 - 30)*/3 + 0,15 - 4,05] - 500 - 450 = 404698,94 N
= 404,7 kN

VRd,c 2|:Vmin +k1'o-cp:|'b d

w

ky = 0.15, vy, = 0.035-k3/2- £, /2 = 0.035 - 1.673/2 - 301/2 = 0.414

10134,37

= 4,05 kN /cm?
VRac = [0.414 + 0,15 - 4,05] - 500 - 450 = 229837,5 N = 229,8 kN
Veae = 404,7 kN > 229,8 kN

Nosivost tlacnih dijagonala:

Ve =0.5-v+b, -d -

Rd,max

fck 30
v=20.6" [1.0 - 250] = 0.6 [1.0 550l = 0.528

Veamax = 0.5 - 0.528 - 20,0 - 500 - 450 = 1188000.0 N = 1188,0 kN < Vg, = 1837,3kN

Potrebna racunska poprecna armatura:
Veq _ 18373
VRdmax 11880

_ Pmin* Sw by _ 0.0011-13,5-500

Asw,min -

~ 1,55; Sy max = (0,3d;20cm) = 13,5cm

= 1.86 cm?

m 4
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Nosivost odabranih spona ®16 (Asw = 2.01 cm?)

m-Agy - fya-09-d 4-2.01-435-09-45
Sw,pot < =
Ved 1837,3

=11.66 cm

Odabrane spone: &16/10 cm, m=4

Poprecnu silu preuzeo je armirano betonski poprecni presjek ¢ime smo na strani sigurnosti. U

proracunu nije uzeta nosivost ¢eli¢nog profila.
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6. PRORACUN SPOJEVA

6.1. Spoj stup-temelj

Stup - pravokutni ¢eli¢ni profil dimenzija 560x560x30mm
N=-10134,37 kN M=3122,54 kNm V= 962,23 kN

Osnovni materijal:
Celik S355

f, =355 N/mm?

E =210GPa

Vlacna sila od momenta savijanja:
Mgy  3122,54
h 0,53

Tlacna sila od uzduzne sile:

Ny =Ap oy 6342523 o kN
A %7 2-(56-3+50-3) ’

Ukupna vlacna sila:

Np = N'¥ + NY =5891,58 — 5067,19 = 824,39 kN

N'Y = = 5891,58 kN

Kontrola varova:

Maksimalna debljina vara:
Amax = 0,7 - t, = 0,730 = 21,0 mm
Za odabrano var a=12,0mm

Otpornost vara:

Ly, =2-560 =1120,0 mm

Fwrk 1 _ 3926 11200

-uzduznasila: F, .4 = S Too = 125 100

= 3517,7 kN > Ng; = 824,39 kN

Fwri 1 _ 3926 11200

ym1 100 125 100

- popreCnasila: Fy, g = = 3517,7 kN > Vg4 = 962,23 kN

Pretpostavka vijaka M27 udaljenost cmin Vijaka od ruba iznosi:

Cin = 2d +aV2 =227+ 121,41 = 70,92 mm
-usvojeni c=75mm

Mgp _ 312254

-ekscentricitet uzduzne sile e = =
Ngp  10134,37

=0,31m
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-ekscentricitet x; = 75 + 560 — 15 = 620mm = 0,62 m

-ekscentricitet x, = 31 — (%) = 30mm = 0,03m

X 0,03
Froq = Nog - =2 = 10134,37 - —— = 490,37 kN

X1 0,62
3lcm [
Nsd
4CL
r 1 oF x2 A
|
[ _
~T c
| U.J_j___J_Jﬁ J
¥ 25 . 5
Ft.sd R

Otpornost vijaka: Pretpostavljeni vijci: M27, k.v.8.8, n=8 vijka

e NAVLAK:
F,;. 3305 Fy oa
Fopg=—25="""=2644kN > -2 =122,6 kN
trd =y 1,25 4
e NAPOSMIK :
F 220,3
F.g=-2%=""""o 17624 kN
' YMm1 1,25

%
Fypa = %‘i =120,3 < F, = 176,24 kN

e NA INTERAKCIJU UZDUZNE | ODREZNE SILE:

FV,Sd+ Ft,Sd <
FV,Rd 114'Ft,Rd
120,3 N 122,6
176,24 1,4-264,4

=099<1

— Vijci zadovoljavaju
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Proracun dimenzija ploce:
- pritisak po omotacu rupe osnovnog materijala:

%
Fypa = %‘i =120,3 kN

F _ Fb,Rk@
bRd ™ 12510

t,, =120,3 12’5—58
pL= 408 oEgy T oMM

- udaljenost cmin Vvijaka od ruba:c = 70,92 mm
Usvojeni ¢=75,0 mm
an™ =h+2-(c+el+p,)=560+2-(75+70+90) = 1030 mm
7 = 2e + p, = 255+ 90 = 200 mm

MmN = b +2-aV2+27 =560+ 2-12v2 + 27 = 620,94 mm

—Qdabrane dimenzije Sirine 1 duzine ploc¢e su 1030 x 820 mm

Mgyq = Figa (c+ tf/Z) = 490,37 - (0,09) = 44,13 kNm
Winin 'fy _ _ 1,1- Mgq _ bpl ) t;lmm

Mgg < . => Wnin = 7, 5

. /1,1 . 4413 - 6
o pmin — |2 T2 2 34
i 82 - 35,5 cm

— Odabrana debljina ploce je 32 mm

Usvojene dimenzije ploc¢e: 1030x820x32 mm

Duljina sidrenja ankera: 300=30*28=840mm=84cm
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6.2. Spoj stup rampe-temelj

P -

roject: —_ _,St o
Project no: . _"_.I'.‘_-_. tatiCa
Author: icalats pastandup EunAtey

Project item Con N510

Design
MName Can N510
Dascriptian
Analysis Stress, strain/ loads in equilibrium

Beams and columns
- Direction y-Pitch a-Rotation Offsetex Oifsetey Offsetez .

c
T | aros———— I rl & [ i [
BE16  1- HEA200A 71,6 -90,0 1084 ] a 0 Paosition
Cross-sections
Name Material
1 -HEA200A 5 366
Anchors
Diameter fu Gross area
Marme Bolt assembly fmm) [MPs] iﬂ'I'ﬁz]
M228.8 M22 BB 22 H00,0 380
Load effects (forces in equilibrium)
N Wy Vz Mx My "
A sntlined KN BN [N] kN kN et
GENIE(D) B&16 <182 .0 =16 -4.7 0,0 91 0.4
145
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Project:

J ffa]=F=] StatiCa*®
Project no: ,- .‘_.!_I'. ta
Buthor; Nrilary paRteTig PRIiTLA

Foundation block

tem Value Unit
CB1
Dimensions G40 x 526 mm
Dapth 350 1
Anchor M22 6.8
Anchonng length 250 i
Shear force ransfer Friction
Check
Summary
MNarme Value Status
Analysis 100,05 OK
Flales 0.0 < 5% oK
Anchaors 1.0 = 100% Ok
Welds 357 = 100% oK
Concrete black 21,8 < 100% OK
Shear 10,3 = 100% oK
Buskiing Mot calculated
Flates
Name "‘;m“ Loads {;,ﬁ‘;] ;,E Status
BS16-bf 1 80 GSN1G(T) 17 00 OK
BS16-1 1 B0 GSNIG(9) 3049 00 OK
BS16-w 1 55 GSN1G(E) a7 4 0.0 OK
EP1 100 GSN15(9) B4.5 00 oK
Design data
Material {.'.:g'a] 11’t pir]
S 355 35850 500,0
Symbol explanation
Epy Strain
Ogd Eq. sirass
fy Yield strangth
Efimm Limit of plastic strain
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Project:
Project no:
Author:

- guf-?a

ke

Overall check GENT8S)

f_’,f".- | a\

k

Strain checlk, GSNTEG)

0,00

[%]

i alats pamientapn sehmas

15059

100%

.00y

0%
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Project:

Project no: FLTE
Author;

=/=] StatiCa*

[MPal

355,0

325
300
e
250
223
200
175
150
125
100

Ta

50

24

f-: 0.9

Equivalant siress, GENTES)

Anchors
Fy, v N N uy F Uty Uts Vmacp YRa
H-HJTIG LWﬂﬁ LEd ric Iuﬂ b Fd AH i - smm
[kM] [kMN] [kM] [kN] [%] ([kMN] [P [%] [kM]  [kN]
-'2 +1_ A GSN16(8) 03 00 00 00 02 2156 00 00 0,0 00 oK
A2 GEN16(3) 03 00 00 00 02 2156 00 00 0,0 00 OK
- Al GSN16(9) 1.4 0,0 0,0 00 10 2156 00 00 0,0 00 OK
—ﬂ + Ad GEMN16(9) 14 00 00 00 08 2156 00 00 0,0 00 OK
Design data
F B F V -
Ma LRd p,Rd v, Rd s i
e [kM] (kM) [kM] [kM] [MN#m]
M22BB-1 148,3 2540 116 .4 0,0 453
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Project:
Project no: [a]=F] StatiCa*
Author: i
Symbol explanation
Fird Bolt tension resistance EN 1835-1-81ab. 3.4
Fied Tension foroe
By Punching shear maistance
W Resultant of shear forces Wy, VZ in bolt
Furd Bolt shear resistance EN_1993-1-8 able 3.4
Wids Chamctenstic anchor resistance ETAG 001 Annex C (5.2.3.2)
Sy Anchor longitudinal stiffness
Fu.rg Flate bearing resistance EN 1993-1-5 tab. 3.4
Mg e Concrete breakout resistance
Md g Pull-out resistance
Ly Utlization in fension
Uity Utilization in shear
Lityg Litilizatian in tension and shear EN 1983-1-8 table 3.4
Videp Concrete pry-out fallure ETAG 001 Annex C (5.2.3.3)
Vide Concrete edge fallure ETAG 001 Annex C [5.2.3.4)
Cor Concrete pry-out fallure ETAG 001 Annex C (5.2.3.3)
Car Concrete edge fallure ETAG 001 Annex C (5.2.3.4)
Welds (Plastic redistribution)
tom  Eage Ty Unm Lo (S WD wee el mea DA g S
BP1  BSI16HA1 450k 200 GSN1B(@) 1554 00 &05 545 £21 357 238 0K
FLEITY 200 GSN1gE 1519 00 5989 556 53 3490 211 OK
BP1 BA1641 450k 200 GSN16(3) 381 00 -151 134 -133 83 51 OK
A5 0w 200 GSN16(9) 308 00 <108 10,7 125 70 441 OK
BP1 Balgw 1 450k 178 GSN16(9) 617 00 -2848 126 288 142 75 OK
FLURITS 178 GSN16(D) 616 00 -288B 1286 288 141 TS5 OK
Design data
i Tyrd 090
-] [MPa] [MPa]
5 355 0580 4356 3528
Symbol explanation
Epp Strain
T Ed Equivalent stress
Ty e Equivalent stress resistance
a| Pempendicular stress
LT Shear stress parallel to wald axis
T Shear stress perpendicular to weld axis
080o Pempendicular stress resistance - 0.9%fufyM2
By Corglation factor EN 1993-1-8 tab. 4.1
Lt Utilization
Ute Wedd capacity utilization
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Project:
Project no; [fa]=F=] StatiCa*
Conecrete block
Nows Loads o | ey | wen | Y| oA | ey | e
CBA1 G3N16(9) 19 26283 7.3 3,00 33.5 21,9  OK
Symbol explanation
¢ Bearing width
At Effective area
o Average stress in concrete
K Concentration factor
Fia The ultimate baaring sirength of the concrete block
Lt Utilization
Shear in contact plane
v, V. v Vi V, Ut
e o 0 O+ (R S S N e
EP1 GEMN16(9) 1.5 4.7 482 482 0,0 10,3 OK
Symbol explanation
Wy Shear force in base plate \Vy
Vz Shear force in base plate Vz
Virdy Shear resistanca
Virdz Shear resistance
Ve rd Concrete bearing resistance
it Litilization
Buckling
Buckling analysis was not calculated.
Code settings
hem Walue Unit Reference
Yao 1,00 . EM 1993-1-1: 5.1
Y1 1,00 . EM 1993-1-1: 6.1
a2 1,25 - EM 1883-1-1: 6.1
LiTE 1.25 - EM 188318 22
Yo 1,50 - EN 1882-1-1: 24.2.4
Yinst 1,20 . ETAG 001-C: 3.2
Joint coefiicient B 0,67 . EMN 1993-1-5: 62.5
Effective area - influence of mesh size 0,10
Friciion coefficient - concrete 0,25 . EM 1993-1-8
Friction coefficient in slip-resistance 0,30 . EM 1993-1-8 tab 3.7
Limit plastic strain 0,05 EM 1993-1-5
Weld stress avaluation Plastic redistibution
Deatailing No
Distance between bolts (0] 2,20 - EN 1893-1-8: tab 3.3
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Project:
Project no:
Author:

Ibem
Distance betwaean bolls and adge [d0]
Concrete breakout resistance
Use calculated ab in bearing check.
Cracked concrete

1,20
Yes
Yes
hi:

Value

Unit

[Ta]=F=] StatiCa®

Refaronce
EM 18073-1-8; tab 3.3
ETAG 001-C
EN 1993-1-5: tab 3.4
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6.3. Spoj glavnih nosaca krova
Project: i
Project no: fEF—E-‘E' Stﬂ tiCa
A“tl-m- Coraies paptsrdn ji SEiTRIPE
Project item Con N247
Design
Mamea Caon N247
Dascription
Analysis Stress, strain/ loads in equilibrium
Beams and columns
f - Direction vy -Pitch o -Rotation Offsetex Ofisetey Offsetez
Mame Cross-section R rl [ ()] fmm] ] Forees in
B3B3  2- HLOZOX440 90,0 0,0 0,0 Q a 0 Position
B3BD  4- HLOZOX440 1800 0,0 0,0 a ] 0  Position
B3BA  5- HLOZOX440 0,0 0,0 0,0 Position
Cross-sections
Name Material
2 - HLo20X440 S 355
4 - HLO20X440 S 355
5 - HLO20X4480 5 355
Bolts
Diamater fu Gross area
Name Bolt assembly jmm] [MPal sy
M3010.9 M30 10,8 30 1000,0 T07
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Project: =) o g
Project no: [I=]-=] StatiCa
- shicias's nptimmiai

Load effects (forces in equilibrium)
M Wy Ve Mx My Mz
M
. ks (k] [kN] kN kN [khim] (kN
(GSNT(6R) B383 2363 A0 1,1 4.5 2481 31
B383 -240,0 66 -86,0 -4 7 =252 4 28
B389 -121,0 1.5 4.1 -1.5 -583,6 -0,.4
B388 -121.1 74 127,2 1.8 -602 8 -5,5
Check
Summary
Name Value Status
Analysis 100,0% Ok
Plates 0,2 =5% OK
Baolts 99,8 < 100% oK
Welds 458 < 100% OK
Buckling Mot calculated
Plates
Thickness TEg Epy
Hama Material [mm] Loads MPal (5] Status
B3IB3-bA 1 5 355 47,0 GSNT(GE) 17.5 0,0 oK
BI83Ft 1 5355 470 GENT(58) 31,5 0,0 OK
B3B3w 1 5 355-1 25,9 GSNTER) 43,6 00 OK
BABS-LA 1 5355 470 GSNTER) 68,3 0,0 OK
B3B8t 1 5 355 470 GSNT(58) 67 4 0,0 OK
B38o-w 1 8355 -1 25,0  GSNT(58) 3554 02 0K
B3GE-bA 1 8 355 470 GSNT(EE) 65,3 00 oK
B3gE- 1 8 355 47,0 GSNTEE) 60,3 0,0 oK
B3B6w 1 S 355 -1 258 (GSNTEE) 3554 0,2 0K
FP1 S 355 -1 250 GSNTEER) 455,2 01 OK
FF2 8 355 -1 250 GSNT(58) 355.3 01 OK
Design data
N fy Elim
aterial MPa) [1e-4]
5355 3350 5000
5 365-1 3550 5000
Symbol explanation
Epi Strain
Oy Eq. stress
iy Yigdd strength
Egm Limit of plastic strain
Marijan Baleta, 674 153



FAKULTET GRADEVINARSTVA, ARHITEKTURE [ GEODEZIJE 2018./2019.

Froject: S
Pmmt no: mstﬂhcﬂ

Copalue pasteraen setimatey
Author:

Cwverall check, GEN7(GE)

[%]

150%

100%a
(5,007

0,20

0%

Sfrain chack GENT(GE)
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Project:
Project no:
Author:

] StatiCa”®

¥

[MPal
355,0
325
300
275
250
225
200
175
150
125
100
75
Al
25
l‘( 0.0
Eguivalent sfress, GENT(GE)
Project:
Propct no:
Bt o
Eolts
F
Mame Loads U:IFE"'; {th] [‘;:i ﬁmij :.:E] LII'E Status
B1 GONTEE) 38 89,0 1.0 Fa50 307 404 OK
B2 GSNTEE) 1040 B0.6 25 7350 0 359 317 0K
B3 GSNT(EB) 177 1334 4.4 730 595 625 OK
Had GENTEE) 282 211.8 7.0 5360 04 4 94 OK
B85 GSNTGE) 418 206 4 10,4 7350 02,0 o4 0K
BE GSNTGE) aga 16521 0,2 6158 67,8 880 OK
— BT GSNTER) an 224 2 0.0 516,89 uo.g 0.9  OK
. B8 GSNT(58) 135 2186 33 7350 974 998 OK
=t BE GSHNTGE) T 68,0 1.8 410,2 30,7 21 0K
] B10 GSNTEE) Ba 112.5 2.1 7350 8501 516 0K
— B11 GENTIER) 152 1929 38 6380 B50 B8BT OK
B12 GENTIER) 105 218.7 28 6380 9O79 OB OK
B13 GENTGE) KE:f 2007 98 4080 925 D06 OK
B14 GSNTEE) 183 7.3 4.5 7350 433 465 OK
B15 GSNTI68) 288 164 8 7.1 6159 | T35 B5 OK
B16 GSNTEE) 255 2131 6,3 5O8 448 a5 OK
B1T GSNTIGE) R 2202 2.4 agrs 681 #a8 OK
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B18 GSNT5E) 448 2.1 1,2 7350 213 221 0K
B13 GSNT(5E) 108 70,1 2.7 7350 206 226 OK
B20 GSNT(EE) 182 105,3 4.5 T30 MO0 M2 0K
B21 GENTEE) 252 160 .8 A5 G380 474 R0 Ok
B2z GENTIEE) G0 6 2367 150 6380 688 BOS OK
B23 GENT(E8) 11 1a,7 03 7350 326 1B OK
B24 GENTEE) 01 1600 00 8158 488 498 OK
4 B25 GSNT(G8) 124 | 2473 31 6158 728 751 /0K

B26 GSNTEB) 64 42 4 1,7 4102 125 137 OK
B27 GENTEE) Mg 65,0 28 70 1894 25 OK
B28 GSNTEE) 19,3 115,3 48 6159 30 T4 OK
B20 GENTIEE) 213 176.5 5.3 So44 520 558 OK
B30 GSNTISE) 13 25,9 28 3858 T42 T2 0K
B3 GENTIER) 118 T4 .6 29 7350 225 A7 OK
B32 GSNTIGE) 198 133,98 49 6380 395 430 OK
B33 GENT{EE) 16,8 201,5 4,2 7350 594 624 OK
B3 GSNT(58) 514 20T 127 4880 B2T7 918 OK

Design data

F F
s iy T o
M3010.9-1 4059 4732 2244
Symbol explanation

Fyrd Bolt tenzlon resistance EN 1993-1-51ab. 3.4

Fied Tension force

By md Punching shear resistance

W Resultant of shear forces Vy, Yz in boll

Ford Bolt shear esiztance EN_1993-1-5 table 3.4

Fard Plate beanng resistance EN 1993-1-61ab. 5.4

L Utilization in tension

Ut Utilization in shear

Uty Utilization in tension and shear EN 1693-1-5 table 3.4

Welds (Plastic redistribution)

RS “ﬁf” erﬂh e mﬁﬁ ﬁ‘?] 19:5'3] [l'-'ITr;a] [?.:-Ié'-a] lgf:i IF‘ET -
Bigiw1 FM FEERIT™S 782 GSNT(BB) 1214 00 -564 -9 596 278 177 OK
FRENIS 782 GSN7(B8) 1824 0,0 A32 1.5 902 419 239 OK
Bis3w1 FF2 FEENITS 782 GSNT(BE) 1267 00 @10 A9 H35 291 176 OK
FrEis 782 GSN7(68) 2001 00 1055 26 055 459 237  OK
Design data
P T, R 09 o
I MPs] [MPa]
S 365 0,80 4356 3528
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Symbol explanation
£ Strain
Ty Ed Equivalant sirgss
O Rd Equivak:nt stress resistance
L Parpandicular stress
L Shear stress paraliel to weld axis
T Shear stress perpendicular 1o weld axis
08¢g Perpendicular stress resistance - 0.9%fuly M2
E Corelation factor EN 1993-1-5tab. 4.1
Lit Utilization
Uiz ‘Weld capacity utilization
Buckling
Buckling analysis was not calculated.
Code settings
e Value Unit Reference
Yaao 1,00 EM 1993-1-1: 6.1
Yot 100 EM 1993-1-1: 6.1
LT E: 125 EM 1883-1-1: 6.1
¥aaz 125 EN 1993158 22
Item Value Unit Referenca
Yo 15U EM 1982-1-1. 242 .4
Yina 120 ETAG 0010 321
Joint coeficient B 0g7 EM 1493-18:62.5
Effectve area - influence of mesh size 0,10
Friction coefficient - concrate 025 EN 18983-1-8
Friction coefficient in slip-resistanca 0,30 EN 1993-1-5 tab 3.7
Limit plashc strain 005 EMN 19093-1-5
Wiald strass avaluation Plastic radistribution
Ditailing Mo
Distance between bolts [d40] 220 EM 1993-1-8: tab 3.3
Distance betwean bolts and edge [d0] 120 EM 1993-1-8: tab 3.3
Cooncrels breakowt resistance Yes ETAG 001-C
Use calculated abin bearing check. Yes EM 1993-1-8; tab 3.4
Cracked concrete Yes
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6.4. Spoj glavnih nosaca sa dijagonalama
Project: .
Project na: StatiCa*
Dolryiacs pastasday's pecins e
Author:

Project item Con N183

Design
Mams Con N183
Descripion
Analysis Stress, strain/ loads in equilibrium
Beams and columns
p =Direction y-Pitch o-Rotation Offsetex Offsetey Offsetez
MName Cross-section & & e () e [ Forcesin
BST2  3- HLO20X 448 80,0 0,0 0,0 0 0 0 Position
B278  1- HEM350 80,0 2.1 0.0 0 0 0 Position
B278  1- HEM350 80,0 52,0 0.0 0 0 0 Posgition
Tame M aterial
3 - HLE20X 440 5 355
1 - HEM 360 5355
Bolts
Diameter Gross ares
It
Name Bolt assembly (] (MPs] e
M4810.9 M48 10.9 48 10000 1810
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Froject: AN o .
Project no: \'s; /=] StatiCa"
Author: S
Load effects (forces in eguilibriuim)
gl s N ) Y tehin) e (ki
GSM4(2) B572 586,8 -25 =201 10,2 420 -78,5
Be72 -580,2 -11 28,2 78 -43.4 .2
B279 24,8 -84 -10,7 05 14,7 -24 2
B27E 36,9 194 -10,7 .5 14,5 17,7
Check
Summary
Mame Value Status
Analysis 100, 0% OK
Plates 36 < 5% OK
Bolts 86,9 = 100F Ok
Walds 63,7 = 100%: Ok
Buckling Mot calculated
Plates
Mame Material T"E“,’:f" Loads {;g‘;] I‘;;; Status
B5TZ-bfl 1 5 355 427 (GSN4(2) 95,5 0,0 OK
BST2A1 5 3585 427 GSN4(2) 60,6 0.0 | OK
B572w 1 5355-1 24,0 GEN42) 154 .9 0.0 OK
B278-0f 1 5355 40,0 GEN4(2) 10,0 0.0 QK
B2704f 1 53565 40,0 GSN4(2) 101 00 OK
B270-w 1 5355-1 21,0 GEN4(2) 6.1 0.0 OK
B278-bf1 1 5355 40,0 G3N4(2) 116,5 0.0 OK
B275-4f 1 5355 40,0 GSN4(2) 100.8 0.0 OK
B27B-w 1 5355-1 21,0 GSN4(2) 1245 0,0 OK
CPL1a 5355-1 270 GSN4(2) 1949 .4 0,0 OK
CPL1b 5355-1 270 GSN4(2) 545 00 OK
CPL1ic 5355-1 270 GSN4(2) 145,49 00 OK
CPlL2a 5355-1 270 GSN4(2) 3618 3.2 0K
CPL2b 5355-1 270 GSN42) 142 .3 0,0 OK
CPLZc 5 356-1 27,0 GSMN4(2) KT 36 OK
Design data
Material [Mfga] {:::‘“]
5 355 335,0 500,0
5355-1 3550 500,0
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Project:
Project no: "E S_tﬂf_i"'ﬂﬂ"
Author: s

Symbol explanation

£ Strain

Og 4 Eq. stress

iy Yield strength

Ehmy Limit of plastic strain

Cverall check, GSNIZ)

[%]

1509

100
(3,000
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Project:
Project no:
Author:

Strain chack, GEN2)

Eguivalent sleas, GENG(2)

EBolts

s
+-

Design data

M4810.9-1

B1

B2

B3

B4

Loads

GSN4(2)

GEN4Z)

GSN4(2)

GEN4(2)

Fi ea
[kM]

282

G186

219,86

218

Fima
[kN]

[kN]

32,7

49,7

1056 4

Uy
%1

28

58

304

3550

Fi,ra

[kM]
8099

11452

B9.9

B09.9

Bopd
[kN

325
£
275
230
225

(MPa]

200

173
150
125
100
5
Al
25

0.0

Uty

[%]

8.5

66,0

TeE

15861

£ _':' r:-.'.L-." g StatiCa*®

Utyg

%] Status

7.5 | DK

126 OK

96,9 OK

86,3 QK

F'l.r.Fh'l
[kN]
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Project:
Project no: [J=]=F] StatiCa*
Author: e permardngs saimaies

Symbol explanation

Fird Bolt tension resistance EN 18893-1-51ab. 3.4

Figd Tansion foroe

Bord Punching shear resistance

W Resultant of shear forcas YWy, Wz in bolt

Furd Bolt shear esistanca EN_1993-1-5 table 3.4

Ford Plate baarng resistance EN 1893-1-Btab. 3.4

Lt Litilizaticon in tenzion

Lit, Utiliz ation in shear

Ut Utization in tension and shear EMN 1893-1-5 table 3.4

Welds (Plastic redistribution)

Mo | Eage | TR | LR | Laaan | | | sl | D | i) | DY | B [
E572H6A1 CPL1a A200 500 GSN42) 575 00 -118 308 108 132 106 OK
4200 500 GSM4(2) 559 00 275 132 248 128 114 OK
CPL1b CPL1a A200 350 GSN42) 104 00 84 -08 34 24 12 OK
4200 350 GSN4(2) 47 00 28 0.3 21 11 06 OK
CPL1b B279-bfl1 4200k 308 GSN42) 28 00 13 1,1 08 06 04 OK
200k 308 GEN42) a5 00 0,1 -20 05 08| 05 OK
CPL1b B2794f11 4200k 3068 GSN42) 40 00 08 28 11 11 07 OK
A20 0w 308 GSN4(2) 38 00 18 -14 14 09 05 OK
CPL1b B270-w 1 200w 356 GSN42) 44 00 a7 -9 17 10 05 OK
A200m 356 GSEN4(2) 445 00 oy 258 03 10 07 OK
BsT2-bfl1 CPL2a A200n 500 GSM4(2) 12841 00 B85 -262 BBE 206 246 OK
A200m 500 GEN42) 1962 00 1078 70,6 629 450 30,7 OK
CPL2b CPL2c A200n 350 GSEN42) 2778 00 -1B9S BG4 1024 637 406 OK
A20 0k 350 GSM4(2) 1139 00 &£58 -302 3B 261 B9 OK
CPL2b B276-bfl 1 4200k 308 GSN42y o7& 00 133 -283 257 155 &5 CK
A20 0k 308 GEN4(Zy 732 00 434 14,0 M0 168 T4 OK
CPL2b B276-4f11 4200k 306 GSN4(2) 641 00 364 11,6 272 147 83 OK
A200 08 GSN42) 611 00 128 -248 240 140 76 OK
CPLZh B2T8-w 1 4200k 355 GSN42) 932 00 -31  -538 -12 214 156 OK
A20 0k 355 GSN42) e96 00 -0  -401 25 1680 122 OK
Design data
P Owrd 08 a
[-] [MPa] [MPa]
5 355 0,80 4356 362,8
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Project:
Project no:
Author:

Symbol explanation

£py Strain
Ty Ed Equivalent stress
L = Equivalent stress resistance
L Pempendicular stress
m Shear stress paraliel to weld axis
T Shear stress pampendicular fo wald axis
08 a Pemendicular stress rasistanca - 0,8%uyM2
P Coralation factor EN 1993-1-5 tab, 4.1
Lt Utilization
Litc Weld capacity utilization
Buckling

Buckling analysis was not calculated.

Code settings

Item Value

Yoo 1,00

Yo 1,00

¥z 1,25

¥z 125

Yo 1,50

Yinet 1,20

Joirt coeffickent 0,67

Effective area - infuence of mesh size 0,10

Friction coefficient - concret 0,25

Friction coefficiant in slin-resistanca 0,30

Limit plastic strain 0,05

Wheld stress evaluation Plastic redistibution
Detailing Mo

Distance betwaen bolts [40] 220

Distance between bolts and edge [d0] 1,20

Concrete breakout resistance Yes

Use calculated ab in beanng check. Yes

Cracked concrete Yes

Unit

[[=s]=F] StatiCa"

A L P T

Reference
EN 1983-1-1:6.1
EN 18831-1:6.1
EMN 1993-1-1:6.1
EN1993-1-8:2.2
EN 1992-1-1:2.4.2.4
ETAG 001-C: 3.2.1
EM19831-8:6.2.5

EN 1889315
EN1993-1-5t@b 37
EM 199315

EM 1993-1-8:tab 3.3
EM 19931-8:tab 3.3
ETAG 001-C

EM 199316 tab 3.4
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7. DIMENZIONIRANJE TEMELJA
Prorac¢un dimenzija temeljnih traka

Dopusteno naprezanje ¢ = 500 Mpa

Ms3=1347,28 kNm

Nsa=8254,24 Kn

h=5cm

Tezinatemelja: W =B-L-h-yp,s = B-10,7-0,50-25 =B -133,6

N, = 8254,24 + B - 133,6

_N_M
012 = AW
A=B-107
b2 B-10,72
6 6
_ 825424+ B-1336 134728 __ kN
%= B-10,7 te 1072 <"z
5
825424107+ B-133,6-107 6134728 _ kN
B 1072 B 10,72 m?
B>17m
_825424+B-1336 134728 __ kN
02 = B 10,72 ~B-1072 <"z
5
B >16m

Odabrana Sirina temelja B=1,80 cm

_8254,24 + 240,48 1347,28

kN
= 480,28 < 500 —
m

= +
%1 19.26 34,35

_ 825424 +24048 11529 . kN
%2 = 19.26 3435 m?

Marijan Baleta, 674 164
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2 2p72 2
M’'gq =a'-—+(01—a')-T=451,95- ’

Mg, = 106,5 kNm

Mg 10650
Rea = a2 F T 180472 - 2,0

= 0,013

Ocitano: gy = 10.0%0 &., = 0,6 % G = 0.981

_ Mgg 10650
Asl

= = = 5,31 cm?/m'
Gdfya  0981-4743,48

47
Apmin =0,15%-b-d = 0,15- 180 100 = 12,7cm?

Odabrana armatura: 10914 A, = 15,39 cm?

+ (480,28 — 401,83) -

)

52
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