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Projekt konstrukcije gradevine BROWNFIELD Dugi Rat

Sazetak:

Prema arhitektonskim osnovnim projektnim podatcima projekta Brownfield Dugi Rat izraden
je numericki model konstrukcije. Nakon proracuna celi¢ne konstrukcije u raunalnom
programu, izvrsena je provjera na granicna stanja te provjera stabilnosti. Spojevi su proracunati
nakon definiranja konac¢nih profila. Svi proracuni su izvedeni prema HRN EN 1991, HRN EN
1992, HRN EN 1993, HRN EN 1994.

Kljuéne rijeci:

Brownfield Dugi Rat, ¢elik, konstrukcija, proracun

Construction project of BROWNFIELD Dugi Rat building

Abstract:

According to architectural basic design data of the project Brownfield Dugi Rat a numerical
model of the structure was created. After calculating the steel structure in the computer
program, a limit state check and a stability check were performed. Steel connections are
calculated after defining the final profiles. All calculations were performed according to HRN

EN 1991, HRN EN 1992, HRN EN 1993, HRN EN 1994.
Keywords:

Brownfield Dugi Rat, steel, structure, calculation
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1. TEHNICKI OPIS

1.1 Osnovni opis konstrukcije

Prema arhitektonskoj podlozi ,,.Brownfield Dugi Rat* konstrukterski je izveden glavni dio

projekta ¢ija je lokacija na podrucju bivse tvornice Dalmacija u Dugom ratu.

Osnovni dio konstrukcije sastoji se od ¢eli¢nih profila (vruce valjani), a za komunikaciju je
izabrana betonska konstrukcija. Medukatnu konstrukcija se sastoji od spregnutih IPE profila sa

armirano betonskom plo¢om.
Namjena konstrukcije je proizvodnja jedrilica.

Konstrukcija je pravilna po tlocrtu s 2 karakteristi¢na izreza te nepravilna po visini koja varira
od 17 metara do 6 metara Sto ¢e biti prikazano u modelu konstrukcije. Duljina konstrukcije

iznosi 102,4 metra a Sirina 43,2 metra.

Za glavni vertikalni nosivi sustav izabrani su stupovi HEA profila koji su rasporedeni pravilno
po tlocrtu za glavninu konstrukcije te su razmaknuti 14,40 metara po Sirini te 6,40 metara po

duzini konstrukecije.

Za glavni horizontalni nosivi sustav izabrana je reSetka koja se sastoji od pojasa te vertikala i
dijagonala. Vertikale i1 dijagonale su zamiSljene kao Suplji CFCHS profili koji spojeni sa

krovnim nosacima Cine ,,SHED* krov.
Za krovnu konstrukciju imamo 2 karakteristi¢na krova i to:

- Ravni krov

HSHED krov

»SHED* krov je jednostresni krov koji se ponavlja po duljini konstrukcije 12 puta te nije isti
na svakom dijelu konstrukcije zbog izreza po tlocrtu. Ravni krov se uglavnom nalazi na dijelu

konstrukcije betonske jezgre te na dijelu blize moru tj. gdje izlaze proizvedene jedrilice.

Za svaki karakteristi¢ni krov izvedena je analiza optere¢enja o ¢emu Ce se diskutirati u tom

poglavlju.

Odvod vode na ,,SHED* krovu ¢e se rijesiti postavljanjem zljebova na spoju kosine i vertikale

krova.
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Za prijenos sile na krovovima izabrana je sekundarna nosiva konstrukcija krovnih nosaca HEA
profila, a za bo¢ne nosace izabrani su kvadrati¢ni Suplji profili CFRHS. Temelji stupova su

izvedeni kao upeti temelji samci, a dodani su i spregovi RD profila za preuzimanje vlacnih sila.

Kad spojimo sekundarnu i glavnu nosivu konstrukciju sa vij¢anim spojevima i spojevima
zavarom, ona ¢ini jednu stabilnu cjelinu na §to ¢emo obratiti paznju u poglavlju pomaci

konstrukcije.
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1.2 Proracun konstrukcije i primijenjeni propisi

Za proracun mjerodavnih sila i deformacija konstrukcije koristen je raCunalni program SCIA
Engineer 2019,a za potrebne radionicke nacrte koristen je AutoCAD 2018 1 paket Parabuild

kao dodatak za odabir ¢eli¢nih profila.

Kod rada u racunalnom programu SCIA Engineer 2019 koriSteni su takozvani ,,load paneli‘

koji sa Accurate (FEM) metodom prenose naneseno optere¢enje na karakteristine nosace.

Accurate (FEM) metoda ili metoda konac¢nih elemenata diskretizira promatrani prostor u
odredenom broju konacnih elemenata koji su mjerodavni za rjeSenje, Sto znaci da metoda
kona¢nih elemenata ne daje u potpunosti to¢ne rezultate, ali su isti dovoljno precizni i

zadovoljavajuéi za prakti¢nu upotrebu.

Za proracun spojeva koriSten je racunalni program IDEA StatiCa 2023 gdje se po mjerodavnim

silama proracunava broj potrebnih vijaka , debljina zavara i plocice.
Proracuni su izvedeni po Eurocodu i to: Eurocode 1, Eurocode 2, Eurocode 3 i Eurocode 4.

Za proracun konstrukcije bitno je re¢i da se izveo proraun na stalna, promjenjiva 1 dinamicka
opterecenja, te da je najzahtijevanije optere¢enje upravo vjetar koji djeluje na konstrukciju iz

viSe smjerova pa se njemu pridala najveca paznja tokom analize opterecenja.

Kod spregnute ploce sa IPE profilima proracunavali su se celi¢ni elementi odvojeno od

betonske konstrukcije $to je na strani sigurnosti.

Nakon dobivenih rezultata u raCunalnom programu , prvobitno su se kontrolirali progibi na
GSU (Grani¢no stanje uporabljivosti) pa onda mjerodavne sile na GSN (Grani¢no stanje

nosivosti) preko mjerodavnih kombinacija.
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1.3 Materijal za izradu konstrukcije

Materijal za izradu celi¢nih elemenata je ¢elik S275, a za betonske elemente odabran je beton

klase C25/30.

Vijci za spojeve su M16 8.8, M20 8.8 1 M27 8.8, a plocice od celika S276.

1.4 Izvodenje konstrukcije

Kod izvodenja spregnutih ploca, trapezni lim ostaje kao izgubljena oplata te ne mora biti
poduprt 1 kod njega se promatra djelovanje svjeZeg betona u fazi izgradnje te o¢vrslog betona

na kraju izvodenja.

Kod izvodenja celi¢nog dijela konstrukcije koristimo montazni nacin izvodenja konstrukcije

sa dizalicom i to redoslijedom:

1. Postavljanje glavne vertikalne konstrukcije
2. Postavljanje glavne horizontalne konstrukcije
3. Postavljanje sekundarne konstrukcije
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1.5 Protupozarna i antikorozivna zastita

Za protupozarnu zastitu konstrukcije odluceno je da se konstrukcija mora zastiti sa posebnim

premazima otpornim na visoke temperature do 120 minuta i to u 3 sloja:

- temeljni premaz
- ekspandirajuci premaz

- zavr$ni premaz.
Premazi osim za pozar djeluju i kao antikorozivna zastita i odabrani su zbog:

- dostupni su dekorativni zavr$ni premazi
- bez vlakana, nema prasine

- jednostavno ¢iS¢enje i1 odrzavanje.

Temeljni premaz sluzi kao antikorozivna zastita te se izvodi vru¢im pocin¢avanjem profila. Sva
antikorozivna zastita je izvedena prema pravilniku o tehnickim mjerama i uvjetima za zastitu

celi¢nih konstrukcije od korozije.

1.6 Transport

Svi Celicni elementi izrezat ¢e se u radionici do duljine 12 metara te transportirati direktno na

gradiliste.
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2. NUMERICKI MODEL KONSTRUKCIJE
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3D model konstrukcije je izraden u ra¢unalnom programu Scia Engineer 2019.
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Slika 1. Izometrijski prikaz 3D modela
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Slika 2. Tlocrtni prikaz modela
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Slika 4. Prikaz istocnog procelja
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Slika 5. Prikaz sjevernog procelja
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Slika 6. Prikaz juznog procelja
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Slika 7. Prikaz 3D modela s load panelima
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3. ANALIZA OPTERECENJA

3.1 Stalno opterecenje

Vlastita teZina uracunata u programu SCIA.

3.1.1 Dodatno stalno opterecenje

Opterecenje krovne konstrukcije:

- Paneli 2=0,20 [kN/m?]
- Instalacije g=0,10 [kN/m?]

Opterecenje medukatne konstrukcije:

- Namjestaj g=0,10 [kN/m?]
- Slojevi poda g=0,10 [kN/m?]

Slika 8. Prikaz jednog generiranog opterecenja s load panelima
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Opterecenje se nanosilo na load panele te preko njih Acurate Fem metodom prenosilo na

linijske dijelove konstrukcije (podroznice, grede itd.)

Prikazano je opterecenje na load panelima.

0€0-02'0-0Z 0~

konstrukciju

r

cenja na

Slika 9. Prikaz dodatnog stalnog optere

11
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3.2 Promjenjivo opterecenje — korisno opterecenje

Tablica 1. Kategorije uporabnih opterecenja s obzirom na namjenu zgrade

Kategorija | Namjena Primjer
A Prostori za stanovanje i Sobe u stambenim zgradama i1 ku¢ama, sobe
kuc¢anske djelatnosti 1 odjeli u bolnicama; sobe u hotelima 1
preno¢istima, kuhinje i kupaonice
B Uredski prostori
C Prostori gdje se mogu okupljati | C1: Prostorije sa stolovima i sl., primjerice

ljudi (osim prostora odredenih | u Skolama, kavanama, restoranima,
u kategorijama A, B i DY) blagovaonicama, ¢itaonicama, recepcijama

C2: Prostori s nepomi¢nim sjedalima,
primjerice u crkvama, kazali§tima ili
kinima, sobe za sastanke, dvorane za
predavanje, dvorane za skupove,
zeljeznicke ¢ekaonice i sl.

C3: Prostori bez zapreka za kretanje ljudi,
primjerice u muzejima, izlozbenim
prostorima 1 sli¢no, te pristupi u javim i
upravnim zgradama, hotelima, bolnicama i
zeljezni¢kim stanicama

C4: Prostori gdje su moguce fizicke
aktivnosti, primjerice plesne dvorane,
gimnasti¢ke dvorane, pozornice

C5: Prostori za velika okupljanja ljudi,
primjerice u zgradama za javne priredbe
kao $to su koncertne dvorane, sportske
dvorane ukljucujuci gledalista, terase,
prilaze 1 Zeljeznicke perone

D Prodajni prostor D1: Prostori u trgovinama

D2: Prostori u robnim ku¢ama

DObratiti paznju na to¢ku 6.3.1.1.(2), posebno za kategoriju C4 i C5. Kad se dinamicki
ucinci trebaju uzeti u obzir, vidjeti normu EN 1990. Za kategoriju E, vidjeti tablicu 6.3.
NAPOMENA 1: Ovisno o predvidenom nacinu upotrebe, prostori koji bi mogli pripadati
kategorijama C2, C3 1 C4 smiju se odlukom investitora i/ili nacionalnim dodatkom svrstati
u kategoriju CS5.

NAPOMENA 2: U nacionalnom dodatku smiju se odrediti potkategorije za A, B, C1 do
C5,DI11D2.

NAPOMENA 3: Za proizvodne djelatnosti ili skladiStenje, vidjeti tocku 6.3.2

12
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Tablica 2. Vrijednosti uporabnih opterecenja s obzirom na kategoriju zgrade

Moguce okupljanje ljudi — kategorija C1 — q=3 [kN/m?]

Kategorija optere¢enog Jk Qx
prostora [KN/m?] [kN]

Kategorija A

- stropovi 1,5-2,0 2,0-3,0

- stubista 2,0-4,0 2,0-4,0

- balkoni 2,5-4,0 2,0-3,0
Kategorija B 2,0-3,0 1,5-4,5
Kategorija C

- Cl 2,0-3,0 3,0—-4,0

- C2 3,0—4,0 2,5-7,0(4,0)

- C3 3,0-5,0 4,0-7,0

- C4 4,5-5,0 3,5-7,0

- G5 50-17,5 3,5-4,5
Kategorija D

- DI 4,0-5,0 3,5-7,0(4,0)

- D2 4,0-5,0 3,5-7,0

00 -3.00

\
00 -3.00

Slika 10. Prikaz korisnog opterecenja na medukatnu konstrukciju

13
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3.3 Promjenjivo opterecenje — opterecenje snijegom

Jednostresni ,,SHED* krov

Opterecenje snijegom na krovnu povrsinu definiramo izrazom:

s= pi* Ce* Cyx s [kN/m?] 6]
gdje je:
i — koeficijent oblika za opterecenje snijegom
Ce - 1,0
Ct - 1,0
Sk —  karakteristi¢na vrijednost za optereéenje na tlu [kN/m?]
- 1(02) p1(o2)
sluéaj 1 ploy) il Hi(ot)
=l = |
slucaj 2 @) T= (ot )2
pi(ou) | p(ota)
@ a5 a, o

Slika 11. Razmjestaj opterecenja za visestresne krovove
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Tablica 3. Koeficijenti oblika za visestresne krovove

Kut nagiba krova a 0°<a<30° 30°<a <60° o> 60°
Hy 0,8 0,8 (60 —a)/30 0,0
o 0,8+ 0,8 a/30 1,6 —
1 =0 (2)
Hi, =08+0,8%28,6/30 =1,56 3)
|J_2,1 = 1,6 (4)

Ropublika Hrvatska .~

. Karta snjeznih ja NN
5 j podrudj _ G,
7 Ph =
’ . P o '3 M A A K < A
ALl é $° 2 ‘x" A._ F I
WA s
4 > - 7 — = -
—
C—
» —— \
arN
—
St
- - -
\_S -
T ol ’ S
\‘“‘,’\\ _ | —— >N
S P e T 3 o
~
I =
- )
Tuecn e Peee Wew Dt gt
e “yess
fetrmera
_ DB e
Lorcee 52~
— lobpes 1300 -
—— Lorpue 1420 ¢
s
<o® s 08 5T 000 MR
- 3 200 ¢o 50 00 vy
- %003 do 1 00) stercwnba
—— DO
: »__ow
Cowtmn X »
e,
o T
T et WA s v g 573 < YT ASCRNA 2 0OR
DBATR P v b et g — o =
L s s s Sve L "‘
-y —— Y )65 ot BRI o

Bl

Slika 12. Karta optereéenja snijegom
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Tablica 4. Karakteristicne vrijednosti opterecenja S

Nadmorska 1. podrugje > pOdmCJe.. 3 PO drucje 4. podrugje
visina do | priobalje i otoci zale.de Dalmaoue, Kontinentalna Gorska Hrvatska
(m] (KN/m?] Primorja 121stre Hrvatsl;a (KN/m?]
[KN/m~] [kKN/m-]
100 0,50 0,75 1,00 1,25
200 0,50 0,75 1,25 1,50
300 0,50 0,75 1,50 1,75
400 0,50 1,00 1,75 2,00
500 0,50 1,25 2,00 2,50
600 0,50 1,50 2,25 3,00
700 0,50 2,00 2,50 3,50
800 0,50 2,50 2,75 4,00
900 1,00 3,00 3,00 4,50
1000 2,00 4,00 3,50 5,00
1100 3,00 5,00 4,00 5,50
1200 4,00 6,00 4,50 6,00
1300 5,00 7,00 7,00
1400 6,00 8,00 8,00
1500 9,00 9,00
1600 10,00 10,00
1700 11,00 11,00
1800 12,00

Zbog male razlike uzeto je jedno opterecenje snijegom i to sa koeficijentom 0,8!
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Ravni krov

)
(6)

7\ 7 VAT
4 ) .o\ '1’"%

» = ., V/-‘

08«1%x1x05=04
08«x1+1x05=04

WA
CA A
@&w@%& _,

f .
YAV 7
AX >rf; «\\\.,\\

51,2
S2,1

»&,»/

Slika 13. Prikaz snijega na konstrukciju
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3.4 Promjenjivo opterecenje — opterecenje vjetrom

Republika Hrvatska .~ %

Slika 14. Zemljovid podrucja opterecenja vjetrom

Objekt se nalazi u III. vjetrovnoj zoni na 17 m n.m.

18
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Osnovna brzina vjetra:

Vpo = 35[m/s] (za I1l. zonu) (7)
Referentna brzina vjetra:
Up = Cpir * CTEM * CaLT * Vb0 (8)
cpirg . — koeficijent smjera vjetra — 1,0
crgmy — Kkoeficijent ovisan o godiSnjem dobu — 1,0
. o 1+0,000017*as
car — koeficijent nadmorske visine —
1+0,000017*100=1,01
vp = 1,00 * 1,00 * 1,01 * 35 = 35,35 [m/s] 9)
z, = 17 [m] (10)
Mjerodavna visina je veca od minimalne (17,00 m), pa je koeficijent hrapavosti:
Criz) = kr % In C—Z) (11)
Koeficijent terena k: odreduje se iz odgovarajuce tablice ovisno o kategoriji zemljista.
Odabiremo I1I. kategoriju zeml;jista.
Tablica 5. Kategorije terena i pripadni parametri
Kategorij .
alegorya Opis k; zo [m] | Zmin [m]
terena
0 More ili podrucje uz more otvoreno prema moru | 0,156 | 0,003 1
Uzburkano otvoreno more ili jezero, s najmanje 5
I km duZine navjetrine 1 gladak ravan teren bez 0,170 | 0,01 1
prepreka
Poljoprivredno zemljiSte s ogradama,
II povremenim malim poljoprivrednim objektima, 1,190 | 0,05 2
ku¢ama ili drve¢em
I Predgrada ili industrijske zone 1 stalne Sume 0,215 | 0,30 5
Urbane zone u kojima je najmanje 15% povrSine
v pokriveno zgradama cija je srednja visina veca 0,234 | 1,00 10
od 15m
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ky = 0,215 - cpy) = 0,215 % ln( ) = 0,87 (12)

17
0,30

Srednja brzina vjetra tako iznosi:

vy, = 0,87 % 1,0 * 35,35 = 30,68 [m/s] (13)
Turbulencija:
y(2) = Co(Z)*lrll(Ze/zo) - 1,0*ln(17/0,30) = 0,248 (14)
Maksimalni tlak brzine vjetra qp (ze):
pzr = 1,25 [kg/m?] (15)
p(2) = [1+ 7 * 1,(2)] * P 5 v 2(2) = ¢o(2) * vy (2) (16)

q,(2) = [1+7 % 0,248] » 222« 30,682 = 1609,56[N/m?2] = 1,61[kN/m?] (17)

2
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3.4.1 Djelovanje vjetra na jednostresni ,,SHED* krov

Proracun koeficijenata pritiska cpe, Cpi:

vjetar =
— visi rub
0=0" iz rub a

Wl

{a) opcenito

vjetar S
—» viSirub
8= 180 a nizi rub

Wl iddd

el F
vjetar\-
o M G H
el4 F
ei10
e

(b) smjerovi vjetra #=0°i 8=180°

e=bili 24,
odabire se manja vrijednost

b: dimenzija okomito na vjetar

Slika 15. Djelovanje vjetra na jednostresne krovove (smjerovi 0°i 180°)

e=2+xh=2%17 =34 [m] (18)
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visi rub
+
el4 B
vjetan\
—_ G b |
el Py
X
e/10 nizi rub
H—>
el2 |

(c) smjer vjetra 6=90°

Slika 16. Djelovanje vjetra na jednostresne krovove (smjer 90°)

e=b=64[m]

Krov je nagiba 28,6° te ¢e se za proraun uzimati mjerodavna vrijednost od 30°.

(19)
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Tablica 6. Preporucene vrijednosti vanjskih koeficijenata (smjerovi 0i 180°)

Podrucje za smjer vjetra 8=0° Podrucje za smjer vjetra = 180°
Nagib & F G H F G H
Cpe,10 Cped Cpe,10 Cpe1 Cpe,10 Cpe, Cpe,10 Cpe,1 Cpe,10 Cpe, Cpe,10 Cpe,1
-1,7 -25 -1,2 -2,0 -06 -1,2
5° -23 -25 -13 -20 -0.8 -1.2
+0,0 +0,0 +0,0
-09 -20 -08 -1,5 -03
15° -25 -2,8 -13 -20 -09 -1,2
+0,2 +0,2 +0.2
-05 -1.5 -05 -15 -0.2
30° -1.1 -23 -08 -1,5 -0.8
+07 +0,7 +0,4
-0,0 -0,0 -0,0
45° -0.86 -13 -05 -0.7
+07 +0,7 +0,6
60° +07 +0,7 +0,7 -0.5 -1,0 -05 -0.5
75° +0,8 +0,8 +0,8 -0.5 -1,0 -05 -0.5
Tablica 7. Preporucene vrijednosti vanjskih koeficijenata (smjer 90°)
Podrucje za smjer vjetra 8= 90°
Nagib
gl Fup Flow G H !
Cpe,10 Cpe,1 Cpe,10 Cpe,d Cpe,10 Cpe,1 Cpe,10 Cpe,1 Cpe,10 Cpe,1
5° -21 -26 -21 -24 -1.8 -2,0 -0,6 -1,2 -05
15° -24 -29 -16 -24 -19 -25 -0,8 -1,2 -07 -1,2
30° -21 -29 -1,3 -2,0 -15 -20 -1,0 -1.3 -08 -1,2
45° -15 -24 -13 -20 -14 -2,0 -1,0 -1.3 -09 -1,2
60° -12 -20 -1.2 -20 -1.2 -2,0 -1,0 -1.3 -07 -1,2
75° -1.2 -2,0 -12 -20 -12 -2,0 -1,0 -13 -0,5
NAPOMENA 1: Pri #= 0" (vidjeti tablicu (a)) tlak se naglo mijenja izmedu pozitivnih i negativnih vrijednosti oko nagiba o=+ 5" do + 45°, stoga su navedene
i pozitivne i negativne vrijednosti. Za takve krovove treba uzeti u obzir dva sluc¢aja: jedan sa svim pozitivnim vrijednostima i jedan sa svim negativnim
vrijednostima. Ne dopusta se mijeSanje pozitivnih i negativnih vrijednosti na jednom progelju.
NAPOMENA 2: Za meduvrijednosti nagiba smije se upotrebljavati linearna interpolacija izmedu vrijednosti istog predznaka. Vrijednosti 0,0 dane su za
potrebe interpolacije.
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Za unutarnje koeficijente ¢e se uzeti preporucene vrijednosti kako je vidljivo na slici u

nastavku.

|| Pozitivan —] _— =
: Negativan
—poz.__, — unutarnj —+|— neg. —PpoZ._.| . un%tamj, «— — neg.
— | — tiak — | — — | — tlak -— | —>
LA TS S LTSS AT SASH, LSS / Vi LA A LA LTS SLA A

Slika 17. Unutarnji tlakovi vjetra

Zaunutarnje tlakove cpi se uzima + 0,2 za pozitivni unutarnji tlak i — 0,3 za negativni unutarnji
tlak.

Za vanjske koeficijente tlakova potrebno je reducirati vrijednosti kod ,,SHED* krovova po

sljedecoj slici:

a)

Slika 18. Redukcija vanjskih koeficijenata pritiska vjetra
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3.4.2 Djelovanje vjetra na jednostresni ,,SHED* krov — vjetar u smjeru 180°

W = Cpe,i * qp(Z) (20)

Sile vjetra na krov (vanjski pritisak vjetra — negativni):

Tablica 8. Negativni vanjski tlak vjetra (smjer 180°)

.. Odizu¢i vjetar — vanjski tlak
Podrucje

qp(2) Cpe Wel
60 % F 1,61 - 0,66 - 1,06
60 % G 1,61 —-0,48 - 0,77
80 % F 1,61 -0,88 - 1,42
80 % G 1,61 —-0,64 —-1,03
60 % H 1,61 —-0,48 -0,77
80 % H 1,61 - 0,64 - 1,03
F 1,61 -1,1 - 1,77
G 1,61 -0,8 -1,29
H 1,61 -0,8 -1,29
kN/m? kN/m?

Sile vjetra na krov (vanjski pritisak vjetra — pozitivni):
Nema pozitivnih vanjskih koeficijenata za smjer od 180°.
Unutarnji koeficijenti pritiska vjetra su + 0,2 1 — 0,3, tako da za odiZzu¢i vjetar pritisak je:
Wip = Cpi * qp(2) = 0,2 % 1,61 = 0,32 [kN /m?] (21)
a za pritiskajuci vjetar pritisak je:
Wip = Cpi * qp(2) = 0,3 % 1,61 = 0,48 [kN /m?] (22)

Isto vrijedi za sve ostale smjerove vjetra §to se tice unutarnjih tlakova.
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Rezultiraju¢i vjetar za smjer od 180° — smjer odizanje:

Rezultirajuéi vjetar za smjer od 180° — smjer pritisak:

Antonio Drazen Vidoljak

Tablica 9. Tlak vjetra (smjer 180°) — odizanje

Podrucje qp(2) VZ .
W=Wel 1 Wil

60 % F 1,61 -1,38
60% G 1,61 - 1,10
80 % F 1,61 -1,74
80% G 1,61 -1,35
60%H 1,61 -1,10
80% H 1,61 -1,35
F 1,61 -2,09

G 1,61 -1,61
H 1,61 -1,61
kN/m? kN/m?

Tablica 10. Tlak vjetra (smjer 180°) — pritisak

“- w

Podrucje ®(?) W=We1“+“Wi

60 % F 1,61 0,48

60 % G 1,61 0,48

80 % F 1,61 0,48

80 % G 1,61 0,48

60 % H 1,61 0,48

80%H 1,61 0,48

F 1,61 0,48

G 1,61 0,48

H 1,61 0,48

kN/m? kN/m?
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Slika 19. Djelovanje vjetra na kosi krov (smjer 180°) — pritisak

™

4\
XY

AT

X ol

X2

Vv A

Slika 20. Djelovanje vjetra na kosi krov (smjer 180°) — odizanje
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3.4.3 Djelovanje vjetra na jednostresni ,,SHED* krov — vjetar u smjeru 0°

Sile vjetra na krov (vanjski pritisak vjetra — negativni):

Tablica 11. Negativni vanjski tlak vjetra (smjer 0°)

.. Odizu¢i vjetar — vanjski tlak
Podrucje
qp(2) Cpe We2
60 % F 1,61 -.0,3 -.0,48
60 % G 1,61 -0,3 -.0,48
80 % F 1,61 -.04 —-.0,64
80 % G 1,61 -.0,4 —-.0,64
60 % H 1,61 -.0,12 -.0,20
80 % H 1,61 -.0,16 —-.0,26
F 1,61 -.0,5 -.0,81
G 1,61 -.0,5 -.0,81
H 1,61 -.0,2 -.0,32
kN/m? kN/m?
Sile vjetra na krov (vanjski pritisak vjetra — pozitivni):
Tablica 12. Pozitivni vanjski tlak vjetra (smjer 0°)
Podrugje Pritiskaju¢i vjetar — vanjski tlak
Ip(2) Cpe We2
40% F 1,61 — 0,4
40 % G 1,61 — 0,4
40 % H 1,61 - 0,4
F 1,61 0,7 1,13
G 1,61 0,7 1,13
H 1,61 0,4 0,64
kN/m? kN/m?
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Rezultiraju¢i vjetar za smjer od 0° — smjer odizanje:

Antonio Drazen Vidoljak

Tablica 13. Tlak vjetra (smjer 0°) — odizanje

Podrucje qp(2) VZ .
W=We2 t" Wiz

60 % F 1,61 —-.0,80

60% G 1,61 —-.0,80

80 % F 1,61 —-.0,96

80% G 1,61 —-.0,96

60%H 1,61 —-.0,52

80% H 1,61 —-.0,58

F 1,61 -1,13

G 1,61 -1,13

H 1,61 —-.0,64

kN/m? kN/m?

Rezultirajuéi vjetar za smjer od 0° — smjer pritisak:

Tablica 14. Tlak vjetra (smjer 0°) — pritisak

e w

Podrugje qp(2) W=Wer Wi
40 % F 1,61 1,13
40 % G 1,61 1,13
40 % H 1,61 1,13

F 1,61 1,61

G 1,61 1,61

H 1,61 1,12

kN/m? kN/m?
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\ TSP,

— I 4

Slika 21. Djelovanje vjetra na kosi krov (smjer 0°) — pritisak

Slika 22. Djelovanje vjetra na kosi krov (smjer 0°) — odizanje
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3.4.4 Djelovanje vjetra na jednostresni ,,SHED* krov — vjetar u smjeru 90°

Sile vjetra na krov (vanjski pritisak vjetra — negativni):

Tablica 15. Negativni vanjski tlak vjetra (smjer 90°)

.. Odizu¢i vjetar — vanjski tlak
Podrucje
qp(2) Cpe We3

60 % Fup 1,61 —-.1,74 -.2,80

80 % Fup 1,61 -.2,32 —.3,74

60 % G 1,61 -1,20 —-1,93

80 % G 1,61 —-.1,60 —-.2,58

60 % H 1,61 -.0,60 -.0,97

80 % H 1,61 —-.0,80 —-.1,29

Fup 1,61 -29 —.4,67

Flow 1,61 -2,0 -3,22

G 1,61 -2,0 -.3,22

H 1,61 -.1,0 —.1,61

I 1,61 -.0,8 -.1,29

kN/m? kN/m?

Sile vjetra na krov (vanjski pritisak vjetra — pozitivni):

Nema pozitivnih vanjskih koeficijenata za smjer od 90°.
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Rezultirajuéi vjetar za smjer od 90° — smjer odizanje:

Rezultirajuci vjetar za smjer od 90° — smjer pritisak:

Antonio Drazen Vidoljak

Tablica 16. Tlak vjetra (smjer 90°) — odizanje

Podrucje qp(2) VZ .
W=We3" + Wi3
60 % Fup 1,61 -3,12
80 % Fup 1,61 —4,06
60 % G 1,61 -2,25
80% G 1,61 -2,90
60 % H 1,61 —-.1,29
80 % H 1,61 -.1,61
Fup 1,61 -4,99
Flow 1,61 -.3,54
G 1,61 -.3,54
H 1,61 —1,93
I 1,61 —-.1,61
kN/m? kN/m?

Tablica 17. Tlak vjetra (smjer 90°) — pritisak

_ w

Podrugje qp(2) W= Wes s
60 % Fup 1,61 0,48
80 % Fup 1,61 0,48
60 % G 1,61 0,48
80% G 1,61 0,48
60 % H 1,61 0,48
80 %H 1,61 0,48
Fup 1,61 0,48
Flow 1,61 0,48
G 1,61 0,48
H 1,61 0,48
I 1.61 0,48

kN/m? kN/m?

32



Antonio Drazen Vidoljak

Diplomski rad

4»'/ W/«»«\\ 4

b € NN& 750,

s

* oy

/‘Q('d \./A-\\\\V\\‘ y
£d
A

Slika 23. Djelovanje vjetra na kosi krov (smjer 90°) — pritisak
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Slika 24. Djelovanje vjetra na kosi krov (smjer 90°) — odizanje
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3.4.5 Djelovanje vjetra na zidove

Proracun koeficijenata pritiska cpe, Cpi:

tlocrt
i d

)

e=bili 2h,
F odabire se manja vrijednost
b: dimenzija okomito na vjetar

boéni pogled za e<d

vjetar
vjetar\l A B8 h

R C
— D E b
/ A AL, Z
L e | d-e |
| el5 4/5e [
e vietar "
A bos pogled - — | A B c
/Y //;//’/'/2-'),/ TS ST ST,
bocni pogled za e=d boéni pogled za e=5d
vjetar vjetar
—_— A B h — A h
e LAY I
| d | | d |
| e/5 le d-e/5 V| ; 38
h ; h
vjetar vjetar
W % ALY 7 7
Slika 25. Djelovanje vjetra na zidove konstrukcije
e=2xh=2%17 = 34 [m] (23)
d=14,4%3 =432 [m] (24)
h/d = 17/43,2 = 0,4 [m] (25)
e <d=34<43,2[m] (26)
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Tablica 18. Koeficijenti vanjskih pritisaka za zidove konstrukcije
Podrugje A B c D E
hid Cpe,10 Cpe,1 Cpe,10 Cpe,1 Cpe,10 | Cpe,1 Cpe10 Cpe,1 Cpe,10 Cpe,1
5 ~1,2 ~14 -08 -1 -05 +0,8 +1,0 -07
1 -1,2 ~14 -08 -1 -05 +0,8 +1,0 -05
<025 -1,2 ~14 -08 -1 ~05 +07 +1,0 -03

Za omjer h/d koristit ¢e se linearna interpolacija izmedu vrijednosti 0,25 1 1,0 i to za zone E

koja iznosi — 0,34 i zonu D koja iznosi + 0,72.

Unutarnji koeficijenti pritiska vjetra su + 0,2 1 — 0,3 , tako da za odizuéi vjetar pritisak je:

a za pritiskajuci vjetar pritisak je :

Wi = Cpi * qp(2) = 0,2 % 1,61 = 0,32 [kN/m?]

Wit = Cpi * qp(2) = 0,3 % 1,61 = 0,48 [kN /m?]

Isto vrijedi za sve ostale smjerove vjetra Sto se ti¢e unutarnjih tlakova.

Rezultirajuéi vjetar — smjer odizanje:

Tablica 19. Iznos cpe,10po zonama

Zona Cpe
A -1,2
B -0,8
C -0,5
D +0,72
E -0,34

Tablica 20. Tlak vjetra — odizanje

e w
Podrugje qp(2) S
D 1,61 -0,32
A 1,61 ~2.25
B 1,61 -1,61
C 1,61 -1,13
E 1,61 ~0.86

kN/m? kN/m?
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Rezultirajuci vjetar — smjer pritisak:

Tablica 21. Tlak vjetra — pritisak
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Slika 26. Djelovanje vjetra na zidove — pritisak
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Slika 27. Djelovanje vjetra na zidove — odizanje
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3.4.6 Djelovanje vjetra na ravni krov — vjetar u smjeru 180° i 0°

Proracun koeficijenata pritiska cpe, Cpi:

. g ;
A

e=bili 2h,

eld F odabire se manja vrijednost
b: dimenzija okomito na vjetar

jetar "
Vj—’ G H | b
el F

Slika 28. Djelovanje vjetra na ravne krovne konstrukcije

e=2xh=2%17 = 34 [m] (29)

Tablica 22. Iznos cpe, 10 po zonama

Zona Cpe
F -1,8
G -1,2
H -0,7
I +0,2
I -0,2
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Tablica 23. Koeficijenti vanjskog tlaka vjetra

Podrucje
Vrsta krova F G H 1
Cpe,10 Cpe.1 Cpe,10 Cpe Cpe,10 Cpe. Cpe,10 Cpe
) ) +0,2
O&tri zabati -1.8 -25 -1,2 -20 -0,7 -1,2
-0.2
+0,2
ho!h = 0,025 -16 -22 -1.1 -1.8 -07 -1,2
-0.2
- +0,2
S nadozidima he/h = 0,05 -14 -2.0 -09 -16 -0.7 -1,2
-0.2
+0,2
he/h = 0,10 -12 -1.8 -08 -1.4 -0,7 -1,2
-0.2
+0,2
rh = 0,05 -1,0 -15 -1.2 -18 -04
-0.2
L +0.2
Zaobl!enl wh = 040 —07 ~12 ~0.8 ~1.4 -03
zabati
-0.2
+0.2
Hh = 0,20 -05 -08 -05 -08 -03
-0.2
+0,2
o = 30° -1,0 -1.5 -1,0 -15 -03
-0.2
_— +0,2
Izlomljeni o = 45° -1.2 -1,8 -13 -19 -0.4
zabati
-0.2
+0.2
o = 60° -13 -19 -13 -1.9 -0,5
-0.2
MNAPOMENA 1: Za krovove s nadozidima ili zaobljenim zabatima, smije se upotrebljavati lineamna interpolacija za meduvrijednasti Ay i .
NAPOMENA 2: Za krovove s izlomljenim zabatima, smije se upotrebljavati linearna interpolacija izmedu « = 30°, 45° | &= 60°. Za o> 60" smije se
upotrebljavati linearna interpolacija izmedu wrijednosti za &= 60° i vrijednosti za ravne krovove s otrim (izlomljenim) zabatima.
NAPOMENA 3: U podrugju |, gdje su dane i pozitivne i negativne vrijednosti, u obzir [5) treba @1 uzeti obje vrijednosti.
NAPOMENA 4: Za sami izlomljeni zabat, koeficijenti vanjskog tlaka dani su u tablici 7.4a Koeficijenti vanjskog tlaka za dvostresne krovove; smier vietra 0%,
podrudje F i G, ovisno o nagibu izlomljenog zabata.
NAPOMENA 5: 7a sami zaobljeni zabat. koeficiienti vanjskog tlaka dani su lineamom interpolacijom duz krivulje, izmedu vrijednosti na zidu i na krovu.
i) NAPOMENA 6: Za mansardne strehe &ije su horizontalne dimenzije manje od /10 treba uzeti vrijednosti za oétre strehe. Za definiciju e vidjeti sliku
7.6

Unutarnji koeficijenti pritiska vjetra su + 0,2 1 — 0,3 , tako da za odiZu¢i vjetar pritisak je:

Wip = Cpi * qp(2) = 0,2 % 1,61 = 0,32 [kN /m?] (30)
a za pritiskajuci vjetar pritisak je:

Wip = Cpi * qp(2) = 0,3 % 1,61 = 0,48 [kN /m?] (31)

Isto vrijedi za sve ostale smjerove vjetra §to se tice unutarnjih tlakova.

39



Diplomski rad

Rezultiraju¢i vjetar za vjetar 180° i 0° — smjer odizanje:

Rezultirajuci vjetar za vjetar 180° 1 0° — smjer pritisak:

Antonio Drazen Vidoljak

Tablica 24. Tlak vjetra (smjer 180° i 0°) — odizanje

o w
Podrucje q,(2) wewel “Lwil
F 1,61 -3,22
G 1,61 —-2,25
H 1,61 —1,45
I 1,61 —-0,64

kN/m? kN/m?

Tablica 25. Tlak vjetra (smjer 180° i 0°) — pritisak

y: w
Podrugje q,(2) wewel“+wil
F 1,61 0,48
G 1,61 0,48
H 1,61 0,48
I 1,61 0,48
kN/m? kN/m?
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Slika 29. Djelovanje vjetra na ravni krov (smjer 180°) — pritisak
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Slika 31. Djelovanje vjetra na ravni krov (smjer 0
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Slika 32. Djelovanje vjetra na ravni krov (smjer 0°) — odizanje
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3.4.7 Djelovanje vjetra na ravni krov — vjetar u smjeru 90°

Iste vrijednosti kao 1 smjerovi 180° 1 0°, samo drukcije zone pokrivanja koje ¢e biti prikazane

za svaki slucaj vjetra u nastavku.
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Slika 33. Djelovanje vjetra na ravni krov (smjer 90°) — pritisak
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Slika 34. Djelovanje vjetra na ravni krov (smjer 90°) — odizanje
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3.4.8 Djelovanja vjetra trenjem po krovu

Sila trenja:
Frp = Crr * Qqp (2) = Af (32)
gdje je:

Cfr — 0,04 — koeficijent trenja za narebreni lim (vjerojatni pokrov)
gp(z) — osnovni pritisak vjetra — 1,61 [kN/m?]

Ar — povrs$ina usporedno sa smjerom vjetra

Slika 35. Prikaz referentne ploStine za trenje

Izracunati ¢emo silu trenja zanemarujuc¢i povrSinu jer nanosimo optere¢enja na panele.
Fp = cpr % qp(2) = 0,04 % 1,61 = 0,064 [kN /m?] (33)

Nanijeti ¢emo silu trenja na svaki panel.
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5‘..1

VA X,

Slika 36. Trenje kod puhanja vjetra u jednom smjeru

XXX/
i A,

Slika 37. Trenje kod puhanja vjetra u drugom smjeru
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3.5 Izvanredno opterecenje — potresno djelovanje

U programi SCIA ENGINEER koristena je modalna analiza za proracun djelovanja potresa na
konstrukciju. Tokom proracuna koriStena je masa konstrukcije koja skupa s ubrzanjem koji

djeluje kao potresno optereéenje na konstrukciju, a mase koje su analizirane su:

- vlastita teZina
- dodatno stalno opterecenje
- korisno (promjenjivo) opterecenje
Potresno opterecenje na konstrukciju se dobiva u dva smjera s Cetiri sile i to:
- Sx—potres u smjeru x
- Sy —Potres u smjeru 'y
- Sx_AE — Slucajni utjecaj torzije za potresno opterecenje u smjeru x (sadrzi i 30 %
utjecaja od potresa u smjeru y)
- Sy AE — Slucajni utjecaj torzije za potresno optereéenje u smjeru y (sadrzi i 30 %

utjecaja od potresa u smjeru x)
Ulazni podatci su:

- Racunsko ubrzanje tla a,=0.217 g

[ K
- y
S‘ELE N Ol and
E A °

'th'!U_'.

Vrijednost iz baze:

Dugi rat

Slika 38. Prikaz racunskog ubrzanja tla a,
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- Kategorija duktilnosti: DCM
- Kategorija tla: B

Tablica 26. Prikaz kategorija tla — EUROKOD

Parametri
ECS Litoloska obiljezja presjeka Vs 30 Nspr Cu
Tip tla [m/s] [br. udaraca/ [kPa]
30 cm]
Stijena ili stjenovita masa,
A ukljucujuéi manje od 5 m slabijeg > 800 — —
materijala na povrSini
Naslage gusto zbijenog pijeska,
Sljunka ili ¢vrstih glina, debele
B najmanje nekoliko desetaka 360 — 800 > 50 = 950

metara, karakterizirane postepenim
porastom mehanickih
karakteristika sa dubinom

Debele naslage rahlo zbijenih do
srednje zbijenih pijesaka, Sljunaka
C 1 polucvrstih glina, debljine od 180 — 360 15-50 70 — 250
nekoliko desetaka do nekoliko
stotina metara

Naslage vrlo rahlo do srednje
zbijenih tala (sa ponekim lako
D gnjecivim koherentnim slojem, ili <180 <15 <70
bez njega), ili od pretezito lako do
tesko gnjeCivog koherentnog tla

Tip tla E sastoji se od povrSinskog
aluvijalnog sloja sa vs 30
vrijednostima klase C ili D 1
debljinom koja se kre¢e od 5 do 20
metara, sa ¢vrstom podlogom
brzine vs30 ve¢om od 800 m/s

Naslage koje se sastoje od
najmanje 10 metara debelih slojeva
S1 lako gnjecive gline/praha sa <100 — 10 -20
indeksom plasticnosti (PI) veéim
od 40 1 visokim sadrzajem vode

Naslage tala sklonih likvifakciji,
glina osjetljivih na poremecaje, ili
druga kategorija tla koje nije
ukljuceno u kategorije A— E
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- Faktor ponaSanja q=3

Tablica 27. Prikaz osnovnog faktora ponasanja faktora q za sustave pravilne po tlocrtu

Vrsta konstrukcije DCM DCH
Okviri, dvostruki sustavi, povezani sustavi 3,0%a0/0u | 4,5%00/a
Nezavisni zidni sustavi 3,0 4,0%0/o1
Sustavi ovisni o uvrtanju 2,0 3,0
Obrnuto njihalo, konzolni sustavi 1,5 2,0

B Seismic spectrums

BBk 0> S @zl A - I
FS1 g
m/s"2
25
|Name | 2.13
Type drawing |

Info short
4 Freq.Hzsm/s*2
1[Hz,s,m/s"2]
2 [Hz,s,m/s"2]
3 [Hz,s,m/s"2]
4 [Hz,s,m/s"2]
5 [Hz,s,m/s*2]
6 [Hz,5,m/s"2]
7 [Hz,s,m/s*2]
8 [Hz,s,m/s"2]
9 [Hz,5,m/s"2]
10 [Hz,s,m/s"2]
11 [Hz,s,m/s"2]
12 [Hz,5,m/s"2]
13 [Hz,s,m/s"2]
14 [Hz,s,m/s"2]

New Insert Edit Delete OK

Slika 39. Ulazni spektar odgovora
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Nakon definiranog spektra odgovora slijedi kalkulacija za modalnu analizu gdje se aktivira

masa konstrukcije.

Calculation protocol

Solution of Free vibration

Number of 2D elements
Number of 1D elements
Number of mesh nodes
Number of equations
Combination of mass groups
Number of frequendes
Method

Bending theory

Type of analysis model
Start of calculation

End of cakulation

43612
11312
53602
321612
MC1 CM1
23
Lanczos
Mindlin

Standard using improved reduced system (IRS)
31.08.2023 10:08
31.08.2023 10:09

Sum of masses

Mass type X Y F
[kal [kal [kal
1 | Moving mass 1387761.1 | 1387761.1| 1378870.4
[ 1[Totalmass | 1390857.8| 1390857.8| 1390857.8|
Relative modal masses
Mode Imega [rad/s Period Freq. Wii/Wxtot  Wyi/Wyot  Wa/Waoe Wi r/Wieot s Wyl_r/W ot s Wai_g/W ot r
[s] [Hz]
1 11.937 0.53 1.90 0.1633 0.0030 0.0000 0.0000 0.0020 0.6760
2 14.1769 0.44 2.26 0.1254 0.0503 0.0001 0.0006 0.0004 0.0066
3 15.1001 0.42 2.40 0.0002 0.4439 0.0010 0.0079 0.0011 0.0334
4 23.2332 0.27 3.70 0.0125 0.0071 0.0064 0.0431 0.0002 0.0453
5 26.8881 0.23 4.28 0.0011 0.0030 0.0011 0.0085 0.0000 0.0034
6 30.2513 0.21 4.81 0.0039 0.0177 0.0200 0.1438 0.0037 0.0033
7 37.5418 0.17 5.97 0.0517 0.2624 0.0012 0.0018 0.0013 0.0814
8 42.2457 0.15 6.72 0.0435 0.0117 0.0158 0.0087 0.2532 0.0100
9 44.7713 0.14 7.13 0.2868 0.0027 0.0209 0.0020 0.0194 0.0446
10 46.3825 0.14 7.38 0.0199 0.0014 0.1657 0.0620 0.0494 0.0028
11 49.3619 0.13 7.86 0.0023 0.0000 0.0987 0.0309 0.0236 0.0004
12 52.8687 0.12 8.41 0.0006 0.0003 0.1595 0.0305 0.0081 0.0001
13 55.0031 0.11 8.75 0.0011 0.0001 0.0057 0.0025 0.0706 0.0003
14 59.571 0.11 9.48 0.0003 0.0001 0.0032 0.0005 0.0005 0.0000
15 60.4109 0.10 9.61 0.0000 0.0001 0.0016 0.0006 0.0001 0.0000
16 70.6692 0.09 11.25 0.0294 0.0018 0.0005 0.0001 0.0013 0.0036
17 84.0736 0.07 13.38 0.0011 0.0010 0.0044 0.0084 0.0008 0.0000
18 98.0975 0.06 15.61 0.0220 0.0042 0.0000 0.0017 0.0008 0.0031
19 100.898 0.06 16.06 0.0077 0.0008 0.0005 0.0003 0.0011 0.0186
20 133.379 0.05 21.23 0.0052 0.0585 0.0000 0.0043 0.0000 0.0035
21 167.653 0.04 26.68 0.0328 0.0002 0.0000 0.0001 0.0018 0.0048
22 393.712 0.02 62.66 0.0006 0.0004 0.0544 0.2352 0.0459 0.0001
23 458.798 0.01 73.02 0.0077 0.0075 0.0254 0.1267 0.2324 0.0004
0.8192 0.8783 0.5861 0.7203 0.7175 0.9418




Diplomski rad

3D displacement

Values: Utotal

Modal shapes are normalized, so that
the generalized modal mass of each
mode is equal to 1kg.

Mass combination: CML/1 - 1.90
Selection: All

Location: In nodes avg.. System:
Global

3D displacement

Values: Uroeat

Modal shapes are normalized, so that
the generalized modal mass of each
mode is equal to 1kg.

Mass combination: CM1/2 - 2.26
Selection: All

Location: In nodes avg.. System:
Global

Antonio Drazen Vidoljak

Slika 40. Prvi viastiti vektor konstrukcije smjer x

3D displacement

Values: Uroual

Modal shapes are normalized, so that
the generalized modal mass of each
mode is equal to 1kg.

Mass combination: CM1/3 - 2.40
Selection: All

Locm:-ln nodes avg.. System:
Global

Slika 41. Drugi vlastiti vektor konstrukcije smjer y
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: S 5 =
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Slika 42. Treci viastiti vektor konstrukcije (torzija) smjer xy

3.2

Utad [mm]

29

27

24

21

Utd [mm]

Utd [mm]
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Nakon proracuna vidljivo je da je najve¢i pomak konstrukcije u smjeru x i to 3,2 [mm]
maksimalna vrijednost, te nakon uvida u maksimalni pomak konstrukcije zakljucujemo da je
masa konstrukcije mala te potresno djelovanje nije mjerodavno za dimenzioniranje

konstrukcije!

52



Diplomski rad

Antonio Drazen Vidoljak

4. DIMENZIONIRANJE ELEMENATA KONSTRUKCIJE

4.1 Kombinacije djelovanja na konstrukciju

U Kombinacije GSN (grani¢no stanje nosivosti) je upotrjebljen koeficijent smanjenja sila s

koeficijentom 1,5*0,9, tako da su koeficijenti svih sila 1,35. Smanjenje je napravljeno zbog 3

ili viSe promjenjiva optereéenja sadrzana u kombinaciji.

U Kombinacije GSU (Grani¢no stanje uporabljivosti) koriSteni su regularni koeficijenti 1,0.

Kombinacije:
Tablica 28. Prikaz kombinacija
Name Type Load cases C?e]f £
GSU1 | Linear — LC1 — Self weight 1,00
serviceability LC2 Dodatno stalno 1,00
LC5 Vjetar "SHED" 0 — 1,00
LC6_Vjetar "Zidovi — 1,00
LC6_Vjetar "Ravni krov 0 — 1,00
LC6_Vjetar "Trenje 01 180" 1,00
GSU2 | Linear — LC1 — Self weight 1,00
serviceability LC2 Dodatno stalno 1,00
LC6_Vjetar "SHED"180 — 1,00
LC6_Vjetar "Zidovi — 1,00
LC6_Vjetar "Ravni krov 180 — 1,00
LC6_ Vjetar "Trenje 01 180" 1,00
GSU3 | Linear — LCI — Self weight 1,00
serviceability LC2 Dodatno stalno 1,00
LC3_Promjenjivo 1,00
LC4 Snijeg 1,00
LC6_Vjetar "SHED"180 + 1,00
LC6 Vjetar "Zidovi + 1,00
LC6_ Vjetar "Ravni krov 180 + 1,00
LC6_Vjetar "Trenje 01 180" 1,00
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Name | Type Load cases C?e]f £
GSU4 | Linear — LCI1 — Self weight 1,00
serviceability LC2 Dodatno stalno 1,00
LC3_Promjenjivo 1,00
LC4 Snijeg 1,00
LC6_ Vjetar "SHED"0 + 1,00
LC6 Vjetar "Zidovi + 1,00
LC6 Vjetar "Ravni krov 0 + 1,00
LC6_Vjetar "Trenje 0 i 180" 1,00
GSUS5 | Linear — | LC1 — Self weight 1,00
serviceability LC2 Dodatno stalno 1,00
LC6_Vjetar "SHED"90 — 1,00
LC6 Vjetar "Zidovi — 1,00
LC6 Vjetar "Ravni krov 90 — 1,00
LC6_ Vjetar "Trenje 90" 1,00
GSU6 | Linear — | LC1 — Self weight 1,00
serviceability LC2 Dodatno stalno 1,00
LC3_Promjenjivo 1,00
LC4 Snijeg 1,00
LC6_Vjetar "SHED"90 + 1,00
LC6_ Vjetar "Zidovi + 1,00
LC6_ Vjetar "Ravni krov 90 + 1,00
LC6_Vjetar "Trenje 90" 1,00
GSN1 | Linear —ultimate | LC1 — Self weight 1,35
LC2 Dodatno stalno 1,35
LC5 Vjetar "SHED" 0 — 1,50
LC6_Vjetar "Zidovi — 1,50x0.90
LC6_ Vjetar "Ravni krov 0 — 1,50x0.90
LC6 Vjetar "Trenje 01 180" 1,50x0.90
GSN2 | Linear — ultimate | LC1 — Self weight 1,35
LC2 Dodatno stalno 1,35
LC6_Vjetar "SHED"180 — 1,50
LC6_Vjetar "Zidovi — 1,50x0.90
LC6 Vjetar "Ravni krov 180 — 1,50x0.90
LC6_Vjetar "Trenje 01 180" 1,50x0.90

54



Diplomski rad

Name | Type Load cases C?e]f £
GSN3 | Linear —ultimate | LCI — Self weight 1,35
LC2 Dodatno stalno 1,35
LC3_Promjenjivo 1,50x0.90
LC4 Snijeg 1,50x0.90
LC6 Vjetar "SHED"180 + 1,50
LC6 Vjetar "Zidovi + 1,50x0.90
LC6 Vjetar "Ravni krov 180 + 1,50x0.90
LC6 Vjetar "Trenje 01 180" 1,50x0.90
GSN4 | Linear — ultimate | LC1 — Self weight 1,35
LC2 Dodatno stalno 1,35
LC3_Promjenjivo 1,50x0.90
LC4 Snijeg 1,50x0.90
LC6 Vjetar "SHED"0 + 1,50
LC6 Vjetar "Zidovi + 1,50x0.90
LC6 Vjetar "Ravni krov 0 + 1,50x0.90
LC6_Vjetar "Trenje 01 180" 1,50x0.90
GSN5 | Linear — ultimate | LC1 — Self weight 1,35
LC2 Dodatno stalno 1,35
LC6_Vjetar "SHED"90 — 1,50
LC6_ Vjetar "Zidovi — 1,50x0.90
LC6_ Vjetar "Ravni krov 90 — 1,50x0.90
LC6_Vjetar "Trenje 90" 1,50x0.90
GSN6 | Linear —ultimate | LC1 — Self weight 1,35
LC2 Dodatno stalno 1,35
LC3 Promjenjivo 1,50x0.90
LC4 Snijeg 1,50x0.90
LC6_ Vjetar "SHED"90 + 1,50
LC6_ Vjetar "Zidovi + 1,50x0.90
LC6_ Vjetar "Ravni krov 90 + 1,50x0.90
LC6_Vjetar "Trenje 90" 1,50x0.90

Antonio Drazen Vidoljak
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4.2 Pomaci konstrukcije mjerodavni za grani¢no stanje uporabljivosti

Za sve rezultate koriStene su mjerodavne kombinacije koje prikazuju najveci progib.

Za glavne elemente u vertikalnom i horizontalnom smjeru gledana je ukupna deformacija, a za
sekundarne elemente gledana je relativna deformacija.

4.2.1 Deformacija stupova

Selection: All
Filter: Layer

= Stupovi 1

I/ /
mh/,
WI/I

PP | 2 [ b 52255 | 3 | BB R

1

¢
Yygyqat

R

ae e
Slika 43. Deformacija stupova

Dopusteni horizontalni pomak stupova:

_h 6000 _
Udop = 550 = -

00 30,0 [mm]
Uvjet zadovoljen.

(34)
u, = 25,9 < 30,0 [mm]

(35)
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4.2.2 Deformacija gornjeg pojasa

Antonio Drazen Vidoljak

£ 1D deformations
Values: Utotal
Uinear calculation
Combination: GSU6
Coordinate system: Member
Extreme 1D: Global
Selection: Al
Filter: Layer = Gornji pojas

46.4

alligiy

-
=~

I

1 v

09| 2 s = | 5 5 | 42 [ 5

Slika 44. Deformacija gornjeg pojasa

Dopusteni vertikalni pomak gornjeg pojasa:

W = L _ 14400
dop " 300 ~ 300

= 48,0 [mm]

u, = 46,4 < 48,0 [mm]

Uvjet zadovoljen.

e -

Ly o RN

[ ARERRR A A

Qe es %

(36)

(37

57



Diplomski rad Antonio Drazen Vrdoljak

4.2.3 Deformacija donjeg pojasa

1D deformations
Values: Utotal
Linear calculation
Combination: GSUG
Coordinate system: Member
Extreme 1D: Global
Selection: All
Filter: Layer = Pojas

L1
|
. T
s
Qg esn
5 2 85 2 22155 | 18 9 1
Slika 45. Deformacija donjeg pojasa
Dopusteni vertikalni pomak donjeg pojasa:
L 14400
Udop = 350 = 200 = 48,0 [mm] (38)
u, = 46,6 < 48,0 [mm] (39)

Uvjet zadovoljen.
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4.2.4 Deformacija zabatnih stupova

i T
L 1D deformations
Velues: uy
Linear calculation
Combination: GSU6
Coordinate system: Member
EBxtreme 1D: Global
Selection: Al
Filter: Cross-section = Zabatni stupovi
- HEA240
|
\
\\
~254 \

G
\ m =
\I T8

¢ L 0 m\“ﬁ
.
Qe esn
J@l | 2 a1 |2 | 28] = 18
Slika 46. Deformacija zabatnih stupova
Dopusteni horizontalni pomak zabatnih stupova:
h 6000
Ugop = 200 = 200 = 30,0 [mm] (40)
u, = 25,0 < 30,0 [mm] 41)

Uvjet zadovoljen.
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4.2.5 Deformacija krovnih nosac¢a — duZi krovni nosa¢

< 1D deformations
Values: uz
Linear calculation
Combination: GSU4
Coardinate system: Member
Extreme 1D: Global
Selections All
Filter: Layer = Krovna podroznica

] i Yy YV
I
Qe g n
[ 2 8 = e 25 8 9
Slika 47. Deformacija duzih krovnih nosaca
Dopusteni vertikalni pomak duZih krovnih nosaca:
L _ 13900
Udop = 556 = 300 = 46,33 [mm] (42)
u, = 44,0 < 46,33 [mm|] (43)

Uvjet zadovoljen.

60



Diplomski rad Antonio Drazen Vrdoljak

4.2.6 Deformacija krovnih nosaca — kra¢i krovni nosaé

. x“w}
L AR
g

Qees x

(@ ]| 2 [ 1= 225 08 ) BT e

Slika 48. Deformacija kracih krovnih nosaca

Dopusteni vertikalni pomak krac¢ih krovnih nosaca:

L 7000
udop = % = m = 23,33 [mm] (44)
u, = 20,6 < 23,33 [mm] (45)

Uvjet zadovoljen.
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4.2.7 Deformacija krovnih nosaca — krovni nosa¢ na kudici

“ 1D deformations
Values: uz
Linear calculation
Combination: GSU3
Coordinate system: Member
Extreme 1D: Global
Selection: All
Filter: Layer = Krovna podroZnica

‘q >
o ;Q_‘%
- 7
i3
@@ |2 L k= | 0|55 |4 0B B D R
Slika 49. Deformacija krovnih nosaca na kucici
Dopusteni vertikalni pomak krovnih nosaca na kucici:
L 6400
Ugop = 200 = 300 = 21,33 [mm] (46)
u, = 20,60 < 21,33 [mm] (47)

Uvjet zadovoljen.
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4.2.8 Deformacija greda

Antonio Drazen Vidoljak

Selection: All
Filter: Layer = Grede 1

o

D@ | 2 R |2 |55 | 13| B D i

Slika 50. Deformacija greda

Dopusteni vertikalni pomak greda:

L 6400
u =—=—=21,33 [mm
dop " 300 ~ 300 [mm]

u, = 5,80 < 21,33 [mm]

Uvjet zadovoljen.

(48)

(49)

Zbog nalijeganja krovnog nosaca na gredu odabran je profil iste dimenzije — HEA 260.
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4.2.9 Deformacija spregnutih greda

Antonio Drazen Vidoljak

1D deformations
Values: uz
Linear calculation
Combination: GSU6
Coordinate system: Member
Extreme 1D: Global
Selection: All
Filter: Cross-section = Grede
spregnute vanjske - IPE200A

,J/ —
Qe es g
Slika 51. Deformacija spregnutih greda
Dopusteni vertikalni pomak spregnutih greda:
L 7200
Ugop = 300 300 24,0 [mm] (50)

Uvjet zadovoljen.

u, = 8,7 < 24,0 [mm]

D
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4.2.10 Deformacija konzole

2 1D deformations
values: uz

Linear calculation

Combination: GSUS

Coordinate system: Member

Extreme 1D: Global

Selectian: All

Fiter: Layer = Konzola

e

i

e
T

I
Qe e
B & 6 = 5 09 R
Slika 52. Deformacija konzole
Dopusteni vertikalni pomak konzole:
L 6400
Ugop = 150 = ETTY = 42,6 [mm] (52)
u, = 38,6 < 42,6 [mm] (53)

Uvjet zadovoljen.

Kod odabira geometrije cijele konzole pazeno je da grede ne budu vece od profila stupova na
koje ¢e nalegnuti te da se kosnik moZe uspjesno spojiti s stupom 1 karakteristicnom gredom na

konzoli.
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4.2.11 Deformacija medukatne konstrukcije

Antonio Drazen Vidoljak

- 2D displacement
Values: uz
Linear calculation
Combination: GSU4
Extreme: Global
Selection: All
Location: In nodes avg. on macro.
System: LCS mesh element

1] 2 |kt 2] 55 255 0B [ [

Slika 53. Deformacija AB medukatne konstrukcije

Dopusteni vertikalni pomak medukatne konstrukcije:

w. = Lmin _ 7200
dopP ™ 1000 ~ 1000

= 7,2 [mm]

u, =57 <7,2[mm]

Uvjet zadovoljen.

b

uz [mm]

0.1
0.4
0.8
-2
-16
2.0
2.4
-28
3.2
-36
-4.0
44
-4.8
5.2
-5.7

(54)

(35)
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4.3 Granicni uvjeti nosivosti i konaéni profili

4.3.1 Dimenzioniranje krovnih greda — Pozicija 1

Moment savijanja My krovnih greda:

Antonio Drazen Vidoljak

< 1D internal forces
Values: My
Linear calculation
Combination: GSN6
Coordinate system: Member
Extreme 1D: Global
Selection: Al
Filter: Layer = Grede 3

7.24 kKNm

A
L { R
: Qe 293
@@ 2 |55 252 38 B9 R
Slika 54. Prikaz momenta savijanja M, krovnih greda
Poprec¢na sila V; krovnih greda:
i 1D internal forces
Values: Vz
Linear calculation
Combination: GSN6
Coordinate system: Member Z
Extreme 1D: Global &
Selection: All o))
Filter: Layer = Grede 3 ©
y
N
L { ‘,n\"‘i'
g Qe e38 k
@@ 2 L |5 |55 28] 18| B8 T [

Slika 55. Prikaz poprecne sile V. krovnih greda
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Uzduzna sila N krovnih greda:

e

1D internal forces
Values: N

Linear calculation
Combination: GSH4
Coordinate system: Member
Extreme 1D: Global
Selection: All

Filter: Layer = Grede 3

1.06 kN

Be

55|+t 08 || R

2
2
(23
£
To
’,.
B

Slika 56. Prikaz uzduzne sile N krovnih greda

Proracun finalnog poprecnog presjeka krovnih greda u modulu Steel.
Odabran profil - HEA100

U nastavku je dan prikaz proracuna odabranog presjeka na mjerodavne sile:
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EC-EN 1993 Steel check ULS

Linear calculation

Combination: GSN6

Coordinate system: Principal

Extreme 1D: Global

Selection: All

Alter: Cross-section = Grede krov - HEA100

EN 1993-1-1 Code Check
National annex: Standard EN

[Member B579 [0.000 / 14.400 m [HEA100 [S 275 [GSN6 [0.62 - |

Combination key

GSN6 / 1.35*LC1 + 1.35*LC2_Dodatno stalno +
1.35*LC3_Promjenjivo + 1.35*LC4_Snijeg +
1.50*LC6_Vjetar "SHED"90+ + 1.35%LC6_Vjetar "Zidovi+ +
1.35*LC6_Vjetar "Ravni krov 90+ + 1.35*LC6_Vjetar "Trenje
90"

Partial safety factors

ymo for resistance of cross-sections | 1.00
ymi for resistance to instability 1.00
ym2 for resistance of net sections 1.25
Material

Yield strength fy 275.0 |MPa
Ultimate strength fu [430.0 |MPa
Fabrication Rolled

The critical check is on position 0.000 m

Intemal forces Calculated Unit

N -6.92 kN
Vyea 0.93 kN
[Vaea 6.92 KN
Teg -0.01 KNm
Myc0 -9.34 kNm
[Maes -1.08 kNm

Classification for cross-section design
Qassification according to EN 1993-1-1 article 5.5.2
Qassification of Internal and Outstand parts according to EN 1993-1-1 Table 5.2 Sheet 1 & 2

t o1 o2 w ko a c/t Class 1 Class 2
[mm] [kN/m?2] [kN/m 2] [-1 [-1 [-] [-1 Limit Limit
[-] [-]

1 SO 36 8 1.327e+05 [1.613e+05 |0.82 |0.44 [1.00 [4.44 [8.32 9.24 12.94 1
3 |so 36 8 1.093e+05 |8.064e+04 |0.74 |0.54 |1.00 [4.44 |8.32 9.24 14.22 1
4 |1 56 5 7.817e+04 |-7.165e+04 |[-0.92 0.54 [11.20 [58.32 67.93 104.88 1
5 |S0 36 8 -1.262e+05 | -1.548e+05
7 |S0 36 8 -1.028e+05 |-7.412e+04

Note: The Classification limits have been set according to Semi-Comp+.
The cross-section is classified as Class 1

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

A 2.1200e-03_|m?
Neza 583.00 kN
Unity check | 0.01 -

Bending moment check for My
According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6.13)

Wty 8.2917e-05 |m?
Moiyrd 22.80 kNm
Unity check |0.41 -

Bending moment check for Mz
According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6.13)

Woiz 4.1125e-05 |m?
Moz ra 11.31 kNm

Unity check | 0.10 -

Shear check for Vy
According to EN 1993-1-1 article 6.2.6 and formula (6.17)

n 1.20

Ay 1.6850e-03 | m?
VolyRd 267.53 kN
Unity check | 0.00 %
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Shear check for V;
According to EN 1993-1-1 article 6.2.6 and formula (6.17)

n 1.20

Ay 7.5200e-04 [m?
| Vpl.zrd 119.40 kN
Unity check | 0.06 -

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

Fibre 1

Ted 1.3 MPa
TRd 158.8 [ MPa
Unity check |0.01 -

Note: The unity check for torsion is lower than the limit value of 0.05. Therefore torsion is considered as
insignificant and is ignored in the combined checks.

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

MoLyrs | 22.80 | kNm
a 2.00
Mpizrg | 11.31 | kNm
B 1.00

Unity check (6.41) = 0.17 + 0.10 = 0.26 -

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

Note: Since the axial force satisfies both criteria (6.33) and (6.34) of EN 1993-1-1 article 6.2.9.1(4)

its effect on the moment resistance about the y-y axis is neglected.

Note: Since the axial force satisfies criterda (6.35) of EN 1993-1-1 article 6.2.9.1(4) its effect on the moment
resistance about the z-z axis is neglected.

The member satisfies the section check.

Classification for member buckling design

Decisive position for stability classification: 0.000 m

Qassification according to EN 1993-1-1 article 5.5.2

Qassification of Internal and Outstand parts according to EN 1993-1-1 Table 5.2 Sheet 1 & 2

o1 o2 W Class 1 Class 2
[mm] [kN/m?2] [kN/m 2] [-] Limit Limit
[-] [-]

1 |SO 36 8 1.327e+05 |1.613e+05 [0.82 [0.44 |1.00 [4.44 [8.32 9.24 12.94 1
3 SO 36 8 1.093e+05 |8.064e+04 |0.74 |0.54 |1.00 |444 |8.32 9.24 14.22 1
4 |1 56 5 7.817e+04 [-7.165e+04 |[-0.92 0.54 |11.20 |58.32 67.93 104.88 1
5 |S0 36 8 -1.262e+05 | -1.548e+05

7 [SO 36 8 -1.028e+05 |-7.412e+04

Note: The Classification limits have been set according to Semi-Comp+.
The cross-section is classified as Class 1

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

Buckling parameters yy 2z

Sway type sway non-sway
System length L 7.200 3.600 m
Buckling factor k 1.42 0.53

Buckling length | 10.253 | 1.920 m
Critical Euler load Ne 68.81 753.36 kN
Skendemess A 252.69 |76.37

Relative slenderness Ae | 2.91 0.88
Limit slenderness Aweio 0.20 0.20

Buckling curve b c
Imperfection a 0.34 0.49
Reduction factor y 0.11 0.61

Buckling resistance Nogrs |61.35 357.00 kN

Flexural Buckling verification

Cross-section area A 2.1200e-03  [m?
Buckling resistance Npra |61.35 kN
Unity check 0.11 -

Torsional(-Flexural) Buckling check

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

Note: For this I-section the Torsional(-Flexural) buckling resistance is higher than the resistance
for Flexural buckling. Therefore Torsional(-Flexural) buckling is not printed on the output.
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Lateral Torsional Buckling check

According to EN 1993-1-1 article 6.3.2.1 & 6.3.2.3 and formula (6.54)

LTB parameters

Method for LTB curve

Alternative case

Plastic section modulus Wp,y |8.2917e-05

m?

Elastic critical moment M« 93.09

kNm

Relative slenderness Aeiit 0.49

Limit slenderness Aeitt.0 0.40

Note: The slenderness or bending moment is such that Lateral Torsional Buckling effects

may be ignored according to EN 1993-1-1 article 6.3.2.2(4).

LTB length Iir 3.600 m
Influence of load position no influence
Correction factor k 1.00

Correction factor kw 1.00

LTB moment factor C; 2.95

LTB moment factor Cz 0.26

LTB moment factor Cs 1.00

Shear center distance d. 0 mm
Distance of load application z5 [0 mm
Mono-symmetry constant By 0 mm
Mono-symmetry constant z; 0 mm

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

Bending and axial compression check

According to EN 1993-1-1 article 6.3.3 and formula (6.61),(6.62)

Bending and axial compression check parameters

Interaction method altemative method 1
Cross-section area A 2.1200e-03 m?
Plastic section modulus Wy 8.2917e-05 m?
Plastic section modulus Wiz 4.1125e-05 m?
Design compression force Neg 6.92 kN
Design bending moment (maximum) Myes [-9.34 kNm
Design bending moment (maximum) Mzeqs |[-1.08 kNm
Characteristic compression resistance Ngx [ 583.00 kN
Characteristic moment resistance My,ex 22.80 kNm
Characteristic moment resistance Mgzzax 11.31 kNm
Reduction factor yy 0.11

Reduction factor y. 0.61

Modified reduction factor yit.med 1.00

Interaction factor ky 1.03

Interaction factor ky. 0.95

Interaction factor kzy 0.65

Interaction factor kz 1.07

Maximum moment My,eq is derived from beam B579 position 0.000 m.
Maximum moment M:gq is derived from beam B579 position 0.000 m.

Interaction method 1 parameters

Critical Euler load Noy 68.81 kN
Critical Euler load Nerz 753.36 kN
Elastic critical load Ne,v 2038.85 kN
Plastic section modulus Wiy 8.2917e-05 m?
Elastic section modulus Weiy 7.2800e-05 m?
Plastic section modulus Wi, 4.1125e-05 m?
Elastic section modulus Wei, 2.6800e-05 m?
Second moment of area Iy 3.4900e-06 m*
Second moment of area I 1.3400e-06 m*
Torsional constant Ip 5.2400e-08 m?
Method for equivalent moment factor Cry0 |Table A2 Line 2 (General)

Design bending moment (maximum) Myes [-9.34 kNm
Maximum relative deflection &; -23.8 mm
Equivalent moment factor Cuyo 0.94

Method for equivalent moment factor Coep | Table A2 Line 2 (General)

Design bending moment (maximum) Mzeqs [-1.08 kNm
Maximum relative deflection &y 0.6 mm
Equivalent moment factor Cmzo 0.99

Factor py 0.91

Factor p; 1.00

Factor &y 39.32

Factor acr 0.98

Critical moment for uniform bending Mo 31.55 kNm
Relative slenderness Aweio 0.85

Limit relative slendemess Aao,im 0.34

Equivalent moment factor Cmy 0.99

Equivalent moment factor Cmz 0.99

Equivalent moment factor Cuur 1.00

Antonio Drazen Vidoljak
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Interaction method 1 parameters

Factor bur 0.01
Factor ar 0.53
Factor dir 0.10
Factor et 0.84
Factor wy 1.14
Factor w: 1.50
Factor ny 0.01
Maximum _relative slenderness Aweimax 2.91
Factor Cyy 0.98
Factor Cy: 0.66
Factor Gy 0.89
Factor Cz 0.94

Unity check (6.61) = 0.11 + 0.42 + 0.09 = 0.62 -
Unity check (6.62) = 0.02 + 0.26 + 0.10 = 0.39 -

Shear Buckling check

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

Shear Buckling parameters

Buckling field length a 14.400 m
Web unstiffened

Web height hy 80 mm
Web thickness t 5 mm
Material coefficient € 0.92

Shear correction factor n | 1.20

Shear Buckling verification

Web slenderness hw/t [ 16.00

[Web slenderness limit [55.46 |

Note: The web slenderness is such that Shear Buckling effects may be ignored

according to EN 1993-1-5

The member satisfies the stability check.

article 5.1(2).

Antonio Drazen Vidoljak

d EC-EN 1993 Steel check ULS
Values: UC overall

Linear calculation

Combination: GSN&

Coordinate system: Principal
Extreme 1D: Global

Selection: All

Filter: Cross-section = Grede krov -
HEALOD

0| @ | 2 Hon 1= 3] 255 -] 0 | 9 R

Slika 57. Prikaz iskoristivosti krovnih greda
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4.3.2 Dimenzioniranje krovnih nosaca — Pozicija 2, 5, 15

Moment savijanja My duzih krovnih nosaca:

=3

1D internal forces

Values: My

Linear calculation

Combination: GSN4

Coordinate system: Member
Extreme 1D: Global

Selection; All

Filter: Layer = Krovna podroZnica
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Slika 58. Prikaz momenta savijanja M, duzih krovnih nosaca

Moment savijanja My krac¢ih krovnih nosaca:

=3

1D internal forces

Values: My

Linear calculation

Combination: GSN4

Coordinate system: Member
Extreme 1D: Global

Selection: Al

Filter: Layer = Krovna podroZnica

ammmecy
EERARLE
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v
Qe s
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Slika 59. Prikaz momenta savijanja M, kracih krovnih nosaca
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Moment savijanja My krovnih nosaca na kuéici:

£ 1D internal forces

Values: My

Linear calculation

Combination: GSN3

Coordinate systam: Mamber
BExtreme 1D: Global

Selection: All

Filter: Layer = Krovna podroZnica

—20.17 kNm
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Slika 60. Prikaz momenta savijanja M, krovnih nosaca na kucici

Poprecna sila V duzih krovnih nosaca:

=3

1D internal forces

Values: Vz

Linear calculation

Combination: GSN4

Coordinate system: Member
Extreme 1D: Global

Selection: All

Filter: Layer = Krovna podroznica

N, o,
Y ey
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Qe esn
@@ 2 M= |2 5 08 9 5

Slika 61. Prikaz poprecne sile V. duzih krovnih nosaca
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Poprec¢na sila V, kra¢ih krovnih nosaca:

2 1D internal forces

Values: Vz

Linear calculation

Combination: GSN4

Coordinate system: Member
Bxtreme 1D: Global

Selection: All

Filter: Layer = Krona podroZnica
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Slika 62. Prikaz poprecne sile V. kracih krovnih nosaca

Poprecna sila V., krovnih nosaca na ku¢ici:

X 1D internal forces

Values: Vz

Linear calculation

Combination: GSN3

Coordinate system: Member
Extreme 1D: Global

Selection: Al

Fiter: Layer = Krovna podroznica

-
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)4 kN
/
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Slika 63. Prikaz poprecne sile V. krovnih nosaca na kucici
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Uzduzna sila N duzih krovnih nosaca:

=3

1D internal forces

Values: B

Linear calculation

Combination: GSN6

Coordinate system: Member
Extreme 1D: Global

Selection: Al

Filter: Layer = Krovna podroznica
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Slika 64. Prikaz uzduzne sile N duZih krovnih nosaca

Uzduzna sila N krac¢ih krovnih nosaca:

3

1D internal forces

Values: N

Linear calculation

Combination: GSN5

Coordinate system: Member
Extreme 1D: Global

selection: Al

Filter: Layer = Krovna podroznica
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Slika 65. Prikaz uzduzne sile N kracih krovnih nosaca
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Uzduzna sila N krovnih nosaca na ku¢ici:

2 10 intemal forces
Values: N
Linear calculation
Combination: GSN4
Coordinate system: Member
Extreme 1D: Global
Selection: All
Filter: Layer = Krovna podroZnica

H A R S ey
| v IEERA
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Slika 66. Prikaz uzduzne sile N krovnih nosaca na kucici

Provjera finalnog popre¢nog presjeka krovnih nosaca u modulu Steel.

Odabran profil za duZzi krovni nosa¢ — HEA260

U nastavku je dan prikaz proracuna odabranog presjeka na mjerodavne sile:
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EC-EN 1993 Steel check ULS

Linear calculation

Combination: GSN4

Coordinate system: Principal
Extreme 1D: Global

Selection: All

Filter: Layer = Krovna podroZnica

EN 1993-1-1 Code Check
National annex: Standard EN

[Member B739 [13.742 / 13.742 m [HEA260 [S 275 [GSN4 [0.77 - |

Combination key

GSN4 / 1.35*LC1 + 1.35*LC2_Dodatno stalno +
1.35*LC3_Promjenjivo + 1.35*LC4_Snijeg +
1.50*LC6_Vjetar "SHED"O+ + 1.35%LC6_Vjetar "Zidovi+ +
1.35*%LC6_Vjetar "Ravni krov 0+ + 1.35*LC6_Vjetar "Trenje
0i180"

Partial safety factors

ywmo for resistance of cross-sections [ 1.00
ywmi for resistance to instability 1.00
ym2 for resistance of net sections 1.25
Material

Yield strength fy 275.0 |MPa
Ultimate strength fu [430.0 [MPa
Fabrication Rolled

The critical check is on position 13.742 m

Intemal forces Calculated Unit

Neg -103.42 kN
Vyed -0.03 kN
[Vaea -57.55 kN
Ted 0.00 kNm
[My.es -119.26 kNm
[Ma.e0 -0.16 kNm

Classification for cross-section design
(assification according to EN 1993-1-1 article 5.5.2
Qassification of Internal and Outstand parts according to EN 1993-1-1 Table 5.2 Sheet 1 & 2

o2 Class 1 Class 2 Class 3 Class
[mm] [kN/m?2] [kN/m 2] Limit Limit Limit
[-] [-]

1 SO 102 12 1.475e+05 1.479e+05 1.00 [0.43 [1.00 [8.18 8.32 9.24 12.73 1
3 SO 102 12 1.472e+05 1.468e+05 1.00 |0.43 |1.00 |8.18 8.32 9.24 12.76 1
4 1 177 8 1.128e+05 |-8.902e+04 |-0.79 0.64 [23.60 |46.06 54.48 92.63 1
5 SO 102 12 -1.236e+05 |-1.241e+05

7 SO 102 12 -1.234e+05 | -1.229e+05

Note: The Classification limits have been set according to Semi-Comp+.
The cross-section is classified as Class 1

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

A 8.6800e-03_|m?
Nerg 2387.00 kN
Unity check | 0.04 .

Bending moment check for My
According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6.13)

Woly 9.2083e-04 |m?
Moiyrd 253.23 kNm
Unity check | 0.47 -

Bending moment check for M;
According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6.13)

Wiz 4.2917e-04 |m?
Motz,rd 118.02 kNm

Unity check [ 0.00 =

Shear check for Vy
According to EN 1993-1-1 article 6.2.6 and formula (6.17)

n 1.20

Ay 6.7363e-03  |m?
Voiy.Ra 1069.52 kN
Unity check | 0.00 -
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Shear check for V;
According to EN 1993-1-1 article 6.2.6 and formula (6.17)

n 1.20

Ay 2.8737e-03 |m?
Vpizrd 456.27 kN
Unity check [0.13 -

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

Fibre 2

Ted 0.0 MPa
TRd 158.8 | MPa
Unity check | 0.00 -

Note: The unity check for torsion is lower than the limit value of 0.05. Therefore torsion is considered as
insignificant and is ignored in the combined checks.

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

Molyrd | 253.23 [kNm
a 2.00
Mpzrg | 118.02 [ kNm
B 1.00

Unity check (6.41) = 0.22 + 0.00 = 0.22 -

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

Note: Since the axial force satisfies both criteria (6.33) and (6.34) of EN 1993-1-1 artikle 6.2.9.1(4)

its effect on the moment resistance about the y-y axis is neglected.

Note: Since the axial force satisfies criteria (6.35) of EN 1993-1-1 article 6.2.9.1(4) its effect on the moment
resistance about the z-z axis is neglected.

The member satisfies the section check.
«ISTABILITY CHECK::...

Classification for member buckling design

Decisive position for stability classification: 0.000 m

Qassification according to EN 1993-1-1 article 5.5.2

Qassification of Internal and Outstand parts according to EN 1993-1-1 Table 5.2 Sheet 1 & 2

o1 02 Class 1 Class 2
[mm] [kN/m?2] [kN/m2] Limit Limit
[-] [-]

1 SO 102 12 1.828e+05 | 1.821e+05 1.00 [0.43 [1.00 |8.18 |8.32 9.24 12.77 1
3 |so 102 12 1.832e+05 | 1.839e+05 1.00 [0.43 [1.00 |8.18 |8.32 9.24 12.73 1
4 |1 177 8 1.393e+05 |-1.165e+05 [-0.84 0.64 [23.60 [46.68 55.18 96.84 1
5 |[SO 102 12 -1.600e+05 |-1.593e+05

7 [SO 102 12 -1.604e+05 |-1.612e+05

Note: The Classification limits have been set according to Semi-Comp+.
The cross-section is classified as Class 1

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

Buckling parameters yy z

Sway type sway non-sway
System length L 13.742 13.742 m
Buckling factor k 1.03 0.51

Buckling length | 14.113 6.957 m
Critical Euler load Ne 1092.61 |1571.39 kN
Slendemess A 128.32 107.00
Relative slenderness Ae | 1.48 1.23

Limit slenderness Aeio 0.20 0.20

Buckling curve b c

Imperfection a 0.34 0.49
Reduction factor x 0.35 0.42

Buckling resistance Nprs | 836.47 999.10 kN
Cross-section area A 8.6800e-03 |m?
Buckling resistance Nore |836.47 kN

Unity check 0.12 -

Torsional(-Flexural) Buckling check

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

Note: For this I-section the Torsional(-Flexural) buckling resistance is higher than the resistance
for Flexural buckling. Therefore Torsional(-Flexural) buckling is not printed on the output.
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Lateral Torsional Buckling check
According to EN 1993-1-1 article 6.3.2.1 & 6.3.2.3 and formula (6.54)

LTB parameters

Method for LTB curve Altemative case
Plastic section modulus Wpiy 9.2083e-04 m?
Elastic critical moment M 360.59 kNm
Relative slenderness Aeiit 0.84

Limit slenderness Aeii1,0 0.40

LTB curve b

Imperfection acr 0.34

LTB factor B 0.75

Reduction factor yur 0.80

Correction factor ke 0.62

Correction factor f 0.81

Modified reduction factor yirmea [ 0.98

Design buckling resistance Mygrs | 248.51 kNm
Unity check 0.48 -
LTB length It 13.742 m
Influence of load position no influence

Correction factor k 1.00

Correction factor kw 1.00

LTB moment factor Cy 2.59

LTB moment factor C» 1.44

LTB moment factor C3 0.41

Shear center distance d: 0 mm
Distance of load application zo [0 mm
Mono-symmetry constant By 0 mm
Mono-symmetry constant z; 0 mm

Note: C parameters are determined according to ECCS 119 2006 / Galea 2002.
Note: The correction factor ke is determined from Ci.

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

Bending and axial compression check parameters

Interaction method altemative _method 1
Cross-section area A 8.6800e-03 m?
Plastic section modulus Wiy 9.2083e-04 m?
Plastic section modulus Wiz 4.2917e-04 m?
Design compression force Nes 103.42 kN
Design bending moment (maximum) Myes |-151.12 kNm
Design bending moment (maximum) Mzes | 0.26 kNm
Characteristic compression resistance Nex | 2387.00 kN
Characteristic moment resistance My, 253.23 kNm
Characteristic_moment resistance Mzzax 118.02 kNm
Reduction factor yy 0.35

Reduction factor y. 0.42

Modified reduction factor yit,ma 0.98

Interaction factor kyy 1.06

Interaction factor ky 0.98

Interaction factor kzy 0.59

Interaction factor kz 0.66

Maximum moment Myeq is derived from beam B739 position 0.000 m.
Maximum moment M.gq is derived from beam B739 position 0.000 m.

Interaction method 1 parameters

Critical Euler load Ney 1092.61 kN
Critical Euler load Nez 1571.39 kN
Elastic critical load Ner,v 2939.70 kN
Plastic section modulus Wiy 9.2083e-04 m?
Elastic section modulus Weiy 8.3600e-04 m?
Plastic section modulus Wiz 4.2917e-04 m?3
Elastic section modulus We; 2.8200e-04 m?
Second moment of area Iy 1.0500e-04 m*
Second moment of area I, 3.6700e-05 m4
Torsional constant It 5.2400e-07 m*
Method for equivalent moment factor Cay,0 |Table A.2 Line 2 (General)
Design bending moment (maximum) Myes [-151.12 kNm
Maximum_relative deflection &; -43.9 mm
Equivalent moment factor Cmyo 0.94

Method for equivalent moment factor Coep | Table A2 Line 1 (Linear)

Ratio of end moments w: -0.61

Equivalent moment factor Cmzpo 0.64

Factor py 0.94

Factor pz 0.96

Factor &y 15.17
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Interaction method 1 parameters

Factor ar 1.00
Critical moment for uniform bending Ma.0 139.03 kNm
Relative slenderness Awio 1.35
Limit relative slendemess Ara0,im 0.31
Equivalent moment factor Cmy 0.99
Equivalent moment factor Cmz 0.64
Equivalent moment factor Cour 1.02
Factor bur 0.00
Factor ar 1.53
Factor dir 0.00
Factor ecr 0.58
Factor wy 1.10
Factor w; 1.50
Factor ng 0.04
Maximum relative slenderness A-elmac 1.48
Factor Cyy 0.99
Factor Cy: 0.46
Factor Cy 0.93
Factor Cz 1.00

Unity check (6.61) = 0.12 + 0.64 + 0.00 = 0.77 -
Unity check (6.62) = 0.10 + 0.36 + 0.00 = 0.47 -

Shear Buckling check

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

Shear Buckling parameters

Buckling field length a 13.742 m
Web unstiffened

Web height hy 225 mm
Web thickness t 8 mm
Material coefficient € 0.92

Shear correction factor n [1.20

Shear Buckling verification
Web slenderness hw/t | 30.00
[Web slenderness limit [55.46 |

Note: The web slenderness is such that Shear Buckling effects may be ignored

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

Antonio Drazen Vidoljak

o EC-EN 1993 Steel check ULS
Values: UCOverall

Linear calculation

Combination: GSN4

Coordinate system: Principal
Extreme 1D: Global

Selection: All

Filter: Layer = Krovna podroznica

EAC AP T3 e e

S

Qe 3

Slika 67. Prikaz iskoristivosti duzih krovnih nosaca
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Odabran profil za kra¢i krovni nosa¢ — HEA220

U nastavku je dan prikaz proracuna odabranog presjeka na mjerodavna sile:
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EC-EN 1993 Steel check ULS

Linear calculation

Combination: GSN4

Coordinate system: Principal
Extreme 1D: Global

Selection: All

Flter: Layer = Krovna podroznica

EN 1993-1-1 Code Check
National annex: Standard EN

[Member B789 [4.145 / 6.908 m [HEA220 [S 275 [GSN4 [0.59 - |

Combination key

GSN4 / 1.35%LC1 + 1.35*LC2_Dodatno stalno +
1.35*LC3_Promjenjivo + 1.35*LC4_Snijeg +
1.50*LC6_Vjetar "SHED"0+ + 1.35%LC6_Vjetar "Zidovi+ +
1.35*LC6_Vjetar "Rawni krov 0+ + 1.35*LC6_Vjetar "Trenje
0i180"

Partial safety factors

ywmo for resistance of cross-sections | 1.00
ym1 for resistance to instability 1.00
ym2 for resistance of net sections 1.25

Material
Yield strength fy 275.0 |MPa
Ultimate strength f, [430.0 |MPa
Fabrication Rolled

The critical check is on position 4.145 m

Intemal forces Calculated Unit

Neg 6.43 kN
Vy.ed -4.62 kN

| Vzed -9.28 kN
Ted -0.01 kNm
My.ed 63.73 kNm
Mz, ed -4.45 kNm

Classification for cross-section design
Qassification according to EN 1993-1-1 article 5.5.2
Qassification of Internal and Outstand parts according to EN 1993-1-1 Table 5.2 Sheet 1 & 2

o1 o2 w ko a c/t Class 1 Class 2
[mm] [kN/m?2] [kN/m 2] [-] [-] [-] [-1 Limit Limit

[-] [-]

1 SO 88 11 -1.133e+05 [-9.317e+04
3 |so 88 11 -1.231e+05 |-1.432e+05
4 |1 152 7 -9.051e+04 |8.852e+04 [-1.02 0.49 |[21.71 |[68.05 78.45 117.22 1
5 |SO 88 11 1.113e+05 |9.117e+04 |0.82 |0.50 |1.00 [8.05 |[8.32 9.24 13.71 1
7 _|SO 88 11 1.211e+05 [1.412e+05 |0.86 |0.44 [1.00 |8.05 [8.32 9.24 12.90 1

Note: The Classification limits have been set according to Semi-Comp+.
The cross-section is classified as Class 1

Tension check
According to EN 1993-1-1 article 6.2.3 and formula (6.5)

A 6.4300e-03 | m?
Npigd 1768.25 kN
Nurd 1990.73 kN
Ntrd 1768.25 kN
Unity check | 0.00 -

Bending moment check for My
According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6.13)

Woly 5.6667e-04 [m?
MoLyRd 155.83 kNm
Unity check |[0.41 -

Bending moment check for M;
According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6.13)

Woiz 2.7042e-04 [m?
Moiz,rd 74.36 kNm
Unity check |0.06 =

Shear check for Vy
According to EN 1993-1-1 article 6.2.6 and formula (6.17)
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n 1.20
Ay 5.0150e-03_|m?
VolyRd 796.24 kN
Unity check |0.01 -

Shear check for Vz

n 1.20
Ay 2.0630e-03 [m?
Voizrd 327.55 kN

Unity check | 0.03 -

Torsion check

Fibre 2

Ted 0.5 MPa
TRd 158.8 | MPa
Unity check | 0.00 -

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

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

Antonio Drazen Vidoljak

Note: The unity check for torsion is lower than the limit value of 0.05. Therefore torsion is considered as

insignificant and is ignored in the

combined checks.

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

Mpyre | 155.83 |kNm
a 2.00
Moz | 74.36_ |KNm
B 1.00

Unity check (6.41) = 0.17 + 0.06

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

resistances is neglected.

=0.23 -

Note: Since the axial force satisfies both criteria (6.33) and (6.34) of EN 1993-1-1 article 6.2.9.1(4)
its effect on the moment resistance about the y-y axis is neglected.
Note: Since the axial force satisfies criteria (6.35) of EN 1993-1-1 article 6.2.9.1(4) its effect on the moment

resistance about the z-z axis is neglected.

The member satisfies the section

check.

Classification for member buckling design
Decisive position for stability classification: 4.836 m
Qassification according to EN 1993-1-1 article 5.5.2

Qassification of Internal and Outstand parts according to EN 1993-1-1 Table 5.2 Sheet 1 & 2
ko

t o1 02

[mm] [kN/m?2]

[kN/m 2]

w
[-]

[-1

Class 1 Class 2 Class 3

Limit
[-]

Limit
[-]

Limit
[-]

1 SO 11 -9.276e+04 |-5.819e+04

3 |[SO 88 11 -1.096e405 |-1.441e+05

4 |1 152 7 -7.750e+04 |7.556e+04 |[-1.03 0.49 |21.71 |68.01 78.40 117.59
5 |S0O 88 11 9.082e+04 |5.624e+04 [0.62 |0.60 [1.00 [8.05 [8.32 9.24 15.07
7 |SO 88 11 1.076e+05 |1.422e+05 [0.76 [0.45 |1.00 |8.05 |8.32 9.24 13.04

Note: The Classification limits have been set according to Semi-Comp+.
The cross-section is classified as Class 1

Lateral Torsional Buckling check

According to EN 1993-1-1 article 6.3.2.1 & 6.3.2.3 and formula (6.54)

LTB parameters

Method for LTB curve Altemative case

Plastic section modulus Wpiy 5.6667e-04 m?
Elastic critical moment Mc 184.30 kNm
Relative slenderness Aeiit 0.92

Limit slenderness At 0.40

LTB curve b

Imperfection acr 0.34

LTB factor B 0.75

Reduction factor yir 0.75

Correction factor ke 0.94

Correction factor f 0.97

Modified reduction factor yirma | 0.77

Design buckling resistance Mpra | 120.01 kNm
Unity check 0.53 -
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LTB length it 6.908 m
Influence of load position no influence
Correction factor k 1.00

Correction factor kw 1.00

LTB moment factor Cy 1.13

LTB moment factor Cz 0.45

LTB moment factor Ca 0.53

Shear center distance d. 0 mm
Distance of load application z; [0 mm
Mono-symmetry constant By 0 mm
Mono-symmetry constant z; 0 mm

Note: C parameters are determined according to ECCS 119 2006 / Galea 2002.
Note: The correction factor k. is determined from Ci.

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

Design tension force Ned 6.43 kN
Design bending moment Myza |63.73 kNm
Design bending moment Mzes |-4.45 kNm
Tension resistance Nirg 1768.25 | kN
Bending resistance Muy rs 120.01 kNm
Bending resistance Mczgd,com 74.36 kNm

Unity check = 0.53 + 0.06 - 0.00 = 0.59 -

Shear Buckling check
According to EN 1993-1-5 article 5 & 7.1 and formula (5.10) & (7.1)

Shear Buckling parameters

Buckling field length a 6.908 m
Web unstiffened

Web height hy 188 mm
Web thickness t 7 mm
Material coefficient € 0.92

Shear correction factor n | 1.20

Shear Buckling verification

Web slenderness hw/t | 26.86
Web slenderness limit | 55.46

Note: The web slenderness is such that Shear Buckling effects may be ignored
according to EN 1993-1-5 article 5.1(2).

The member satisfies the stability check.

e

EC-EN 1993 Steel check ULS
Values: UCoverall

Linear calculation

Combination: GSN4

Coordinate system: Principal
Extreme 1D: Global

Selection: All

Filter: Layer = Krovna podroznica
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Qe s
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Slika 68. Prikaz iskoristivosti kracih krovnih nosaca
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Odabran profil za krovni nosac¢ na kucici — HEA120

U nastavku je dan prikaz proracuna odabranog presjeka na mjerodavna sile:
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EC-EN 1993 Steel check ULS

Linear calculation

Combination: GSN3

Coordinate system: Principal
Extreme 1D: Global

Selection: All

Alter: Layer = Krovna podroznica

EN 1993-1-1 Code Check
National annex: Standard EN

[Member B582 [6.400 / 6.400 m [HEA120 [S275 |[GSN3 [0.68 - |

Combination key

GSN3 / 1.35*LC1 + 1.35*LC2_Dodatno stalno +
1.35*LC3_Promjenjivo + 1.35*LC4_Snijeg +
1.50*LC6_Vjetar "SHED"180+ + 1.35*LC6_Vjetar "Zidovi+
+ 1.35*LC6_Vjetar "Ravni krov 180+ + 1.35*LC6_Vjetar
"Trenje 0180 "

Partial safety factors

ywmo for resistance of cross-sections | 1.00
ywi for resistance to instability 1.00
ym2 for resistance of net sections 1.25
Material

Yield strength fy 275.0 |MPa
Ultimate strength fu [430.0 [MPa
Fabrication Rolled

The critical check is on position 6.400 m
Intemal forces Calculated Unit

Ned -7.55 kN
Vy.ea -0.01 kN
Vzed -17.04 kN
Tea 0.00 kNm
My,eq -20.17 kNm
[Mz,c0 -0.05 kNm

Classification for cross-section design
Qassification according to EN 1993-1-1 article 5.5.2
Qassification of Internal and Outstand parts according to EN 1993-1-1 Table 5.2 Sheet 1 & 2

o2 W Class 1 Class 2 Class 3 Class
[mm] [kN/m2] [kN/m 2] [-] Limit Limit Limit
[-] [-]

1 SO 46 8 1.796e+05 1.806e+05 0.99 1043 |1.00 |5.69 8.32 9.24 12.74 1
3 SO 46 8 1.790e+05 1.780e+05 0.99 |0.43 [1.00 [5.69 8.32 9.24 12.78 1
4 1 74 5 1.261e+05 |-1.201e+05 |-0.95 0.54 |14.80 [59.60 69.31 108.95 1
5 SO 46 8 -1.736e+05 [-1.746e+05

7 SO 46 8 -1.730e+05 |-1.720e+05

Note: The Classification limits have been set according to Semi-Comp+.
The cross-section is classified as Class 1

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

A 2.5300e-03  [m?
Necra 695.75 kN
Unity check | 0.01 -

Bending moment check for My
According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6.13)

Woly 1.1958e-04 |m?
Moiy.rd 32.89 kNm
Unity check | 0.61 -

Bending moment check for M;
According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6.13)

Woiz 5.8750e-05 |m?
Moi.zra 16.16 kNm

Unity check | 0.00 s

Shear check for Vy
According to EN 1993-1-1 article 6.2.6 and formula (6.17)

n 1.20

Ay 2.0050e-03 | m?
Voly,rd 318.34 kN
Unity check | 0.00 s
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Shear check for V;
According to EN 1993-1-1 article 6.2.6 and formula (6.17)

n 1.20

Ay 8.4200e-04 |m?
Vplzrd 133.69 kN
Unity check |0.13 -

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

Fibre 2

TEd 0.0 MPa
TRrd 158.8 [ MPa
Unity check [0.00 -

Antonio Drazen Vidoljak

Note: The unity check for torsion is lower than the limit value of 0.05. Therefore torsion is considered as

insignificant and is ignored in the combined checks.

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

Moyra [32.89 [kNm
a 2.00
Mplzrs [ 16.16 [ KNm

Unity check (6.41) = 0.38 + 0.00 = 0.38 -

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

Note: Since the axial force satisfies both criteria (6.33) and (6.34) of EN 1993-1-1 article 6.2.9.1(4)

its effect on the moment resistance about the y-y axis is neglected.

Note: Since the axial force satisfies criteria (6.35) of EN 1993-1-1 article 6.2.9.1(4) its effect on the moment

resistance about the z-z axis is neglected.
The member satisfies the section check.

Classification for member buckling design

Decisive position for stability classification: 6.400 m

Qassification according to EN 1993-1-1 article 5.5.2

Qassification of Internal and Outstand parts according to EN 1993-1-1 Table 5.2 Sheet 1 & 2

o1 o2 L 4 Class 1 Class 2
[mm] [kN/m2]  [kN/m?2] Limit

Limit

1 SO 46 8 1.796e+05 |1.806e+05 |0.99 [0.43 |1.00 |569 |8.32 9.24 12.74
3 |so 46 8 1.790e+05 |1.780e+05 |0.99 [0.43 |1.00 |569 |8.32 9.24 12.78
4 |1 74 5 1.261e+05 |-1.201e+05 [-0.95 0.54 [14.80 |[59.60 69.31 108.95
5 |[SO 46 8 -1.736e+05 [-1.746e+05

7 |1S0O 46 8 -1.730e+05 |-1.720e+05

Note: The Classification limits have been set according to Semi-Comp+.
The cross-section is classified as Class 1

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

Buckling parameters yy zz

Sway type sway non-sway
System length L 6.400 6.400 m
Buckling factor k 1.22 0.59

Buckling length |l 7.778 3.793 m
Critical Euler load N 207.64 | 332.76 kN
Slendemess A 158.92 | 125.53
Relative slenderness Ae | 1.83 1.45

Limit slenderness Aweio 0.20 0.20

Note: The slenderness or compression force is such that FAexural Buckling effects may be ignored
according to EN 1993-1-1 article 6.3.1.2(4).

Torsional(-Flexural) Buckling check

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

Note: For this I-section the Torsional(-Flexural) buckling resistance is higher than the resistance
for Flexural buckling. Therefore Torsional(-Flexural) buckling is not printed on the output.

Lateral Torsional Buckling check
According to EN 1993-1-1 article 6.3.2.1 & 6.3.2.3 and formula (6.54)
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LTB parameters

Method for LTB curve Altemative case
Plastic section modulus Wiy 1.1958e-04 m?
Elastic critical moment Me 50.51 kNm
Relative slenderness At 0.81

Limit slenderness Aeiit,0 0.40

LTB curve b

Imperfection aur 0.34

LTB factor B 0.75

Reduction factor yir 0.81

Correction factor ke 0.70

Correction factor f 0.85

Modified reduction factor yitmea | 0.96

Design buckling resistance Mprd | 31.51 kNm
Unity check 0.64 -
LTB length It 6.400 m
Influence of load position no influence

Correction factor k 1.00

Correction factor kw 1.00

LTB moment factor Cy 2.06

LTB moment factor C; 1.27

LTB moment factor C3 0.41

Shear center distance d: 0 mm
Distance of load application zg |0 mm
Mono-symmetry constant By 0 mm
Mono-symmetry constant z; 0 mm

Note: C parameters are determined according to ECCS 119 2006 / Galea 2002.
Note: The correction factor ke is determined from Ci.

Bending and axial compression check

According to EN 1993-1-1 article 6.3.3 and formula (6.61),(6.62)

Bending and axial compression check parameters

Interaction method altemative method 1
Cross-section area A 2.5300e-03 m?
Plastic section modulus Wiy 1.1958e-04 m?
Plastic section modulus Wiz 5.8750e-05 m?
Design compression force Nes 7.55 kN
Design bending moment (maximum) Myes |-20.17 kNm
Design bending moment (maximum) Mzes | -0.05 kNm
Characteristic compression resistance Nex | 695.75 kN
Characteristic_ moment _resistance My,rk 32.89 kNm
Characteristic moment resistance Mazzax 16.16 kNm
Reduction factor yy 1.00

Reduction factor y: 1.00

Modified reduction factor yir,med 0.96

Interaction factor kyy 1.04

Interaction factor ky 0.79

Interaction factor kzy 0.56

Interaction factor kz 0.63

Maximum moment Myeq is derived from beam B582 position 6.400 m.
Maximum moment Mzgq is derived from beam B582 position 6.400 m.

Interaction method 1 parameters

Critical Euler load Ney

207.64

kN

Critical Euler load Nez 332.76 kN
Elastic critical load Nev 1561.39 kN
Plastic section modulus Wiy 1.1958e-04 m?
Elastic section modulus Weiy 1.0600e-04 m?
Plastic section modulus Wi 5.8750e-05 m?
Elastic section modulus Wei 3.8500e-05 m?
Second moment of area Iy 6.0600e-06 m*
Second moment of area I, 2.3100e-06 m*
Torsional constant It 5.9900e-08 m?
Method for equivalent moment factor Cay,0 [ Table A2 Line 2 (General)
Design bending moment (maximum) Myes |-20.17 kNm
Maximum relative deflection &, -27.4 mm
Equivalent moment factor Cmyo 0.98

Method for equivalent moment factor Cowpo [Table A2 Line 1 (Linear)

Ratio of end moments w: 0.81

Equivalent moment factor Cmzo 0.61

Factor py 1.00

Factor pz 1.00

Factor &y 63.72

Factor air 0.99

Critical moment for uniform bending Me,0 24.57 kNm
Relative slenderness Aweio 1.16

Antonio Drazen Vidoljak
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Interaction method 1 parameters

Limit relative dendemess A p,im 0.28
Equivalent moment factor Cmy 1.00
Equivalent moment factor Gz 0.61
Equivalent moment factor Cour 1.00
Factor bur 0.00
Factor ar 0.91
Factor dir 0.00
Factor eir 0.28
Factor wy 1.13
Factor w: 1.50
Factor ngl 0.01
Maximum relative slenderness Aweimax 1.83
Factor Cyy 0.99
Factor Gy 0.54
Factor Cy 0.97
Factor Cz 1.00

Unity check (6.61) = 0.01 + 0.67 + 0.00 = 0.68 -
Unity check (6.62) = 0.01 + 0.36 + 0.00 = 0.37 -

Shear Buckling check

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

B e
Buckling field length a 6.400 m
Web unstiffened

Web height hw 98 mm
Web thickness t 5 mm
Material coefficient & 0.92

Shear correction factor n [1.20

Shear Buckling verification
Web slenderness hu/t | 19.60
[Web slenderness limit _ [55.46 |

Note: The web slenderness is such that Shear Buckling effects may be ignored

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

Antonio Drazen Vidoljak
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EC-EN 1993 Steel check ULS
Values: UC overall

Linear calculation

Combination: GSN3

Coordinate system: Principal
Extreme 1D: Global

Selection: Al

Filter: Layer = Krovna podroZnica
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Slika 69. Prikaz iskoristivosti krovnih nosaca na kucici
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4.3.3 Dimenzioniranje konzole — Pozicija 3, 11, 12, 21

Moment savijanja My konzolnih greda:

£ 1D internal forces

Values: My

Linear calculation

Combination: GSN3

Coordinate system: Member

Extreme 1D: Global

Selection; All

Filter: Layer = Konzola /ﬁ

187.30 kNm

L
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Slika 70. Prikaz momenta savijanja M, konzolnih greda

Poprecna sila V; konzolnih greda:

2 10 interal forces
Values: Vz

Linear calculation
Combination: GSN3
Coordinate system: Member
Bxtreme 1D: Global
Selection: All

Filter: Layer = Konzola

z
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Slika 71. Prikaz poprecne sile V. konzolnih greda
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Uzduzna sila N konzolnih greda:

i A vy
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Slika 72. Prikaz uzduzne sile N konzolnih greda

Proracun finalnog poprecnog presjeka konzole u modulu Steel.
Odabrani profil kosnika — CFRHS 400X200X12.5

Odabrani profil grede na kraju — HEA 600

Odabrani profil grede na pocetku — HEA 400

Odabrani profil greda u kraCem smjeru — HEA 400

U nastavku je dan prikaz proracuna odabranog presjeka na mjerodavne sile:
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EC-EN 1993 Steel check ULS

Linear calculation
Combination: GSN3
Coordinate system: Principal
Extreme 1D: Global
Selection: All

Alter: Layer = Konzola

EN 1993-1-1 Code Check
National annex: Standard EN

[Member B350 [3.200 / 6.400 m [HEA400 [S 275 [GSN3 [0.72 - |

Combination key

GSN3 / 1.35*LC1 + 1.35*LC2_Dodatno stalno +
1.35*LC3_Promjenjivo + 1.35*LC4_Snijeg +
1.50*LC6_Vjetar "SHED"180+ + 1.35*LC6_Vjetar "Zidovi+
+ 1.35%LC6_Vjetar "Ravni krov 180+ + 1.35*LC6_Vjetar
"Trenje 0180 "

Partial safety factors

ywmo for resistance of cross-sections | 1.00
ymi for resistance to instability 1.00
ymz for resistance of net sections 1.25

Yield strength fy 275.0 |MPa
Ultimate strength fu [430.0 [MPa
Fabrication Rolled

The critical check is on position 3.200 m

Intemal forces Calculated Unit

Neg -18.45 kN
[Vyea 1,01 kN
[Vaes 155.40 kN
Tea -0.01 kNm

My.ed -471.16 kNm

Mzed -0.10 kNm

Classification for cross-section design
Qassification according to EN 1993-1-1 article 5.5.2
Qassification of Internal and Outstand parts according to EN 1993-1-1 Table 5.2 Sheet 1 & 2

o1 02 W Class 1 Class 2
[mm] [kN/m2] [kN/m 2] Limit Limit

[-]

1 SO 117 19 1.951e+05 |1.952e+05 1.00 (043 |1.00 [6.18 |[8.32 9.24 12.73 1
3 |sO 117 19 1.950e+05 | 1.949e+05 1.00 [0.43 [1.00 |6.18 |8.32 9.24 12.75 1
4 |1 298 11 1.56%9e+05 |-1.546e+05 |-0.99 0.51 [27.09 [64.48 74.53 112.90 1
5 |sSO 117 19 -1.928e+05 |-1.929e+05
7 1SS0 117 19 -1.927e+05  [-1.926e+05

Note: The Classification limits have been set according to Semi-Comp+.
The cross-section is classified as Class 1

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

A 1.5000e-02_[m?
Negs 4372.50 kN
Unity check | 0.00 =

Bending moment check for My
According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6.13)

Woiy 2.56256-03_|m®
Moiy.rd 704.69 kKNm
Unity check | 0.67 -

Bending moment check for M;
According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6.13)

Woiz 8.7083e-04 [m?
Moi,zra 239.48 kNm
Unity check |[0.00 -

Shear check for Vy
According to EN 1993-1-1 article 6.2.6 and formula (6.17)

n 1.20

Ay 1.1818e-02 | m?
VolyRrd 1876.36 kN
Unity check | 0.00 -
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Shear check for V;
According to EN 1993-1-1 article 6.2.6 and formula (6.17)

n 1.20

Av 5.7350e-03 | m?
Vpizrd 910.55 kN
Unity check | 0.17 -

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

Fibre 2

Ted 0.1 MPa
Trd 158.8 | MPa
Unity check [ 0.00 -

Note: The unity check for torsion is lower than the limit value of 0.05. Therefore torsion is considered as
insignificant and is ignored in the combined checks.

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

MoLyra | 704.69 [kNm

a 2.00

Mpizrd [ 239.48 | kNm
1.00

Unity check (6.41) = 0.45 + 0.00 = 0.45 -

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

Note: Since the axial force satisfies both criteria (6.33) and (6.34) of EN 1993-1-1 articlke 6.2.9.1(4)

its effect on the moment resistance about the y-y axis is neglected.

Note: Since the axial force satisfies criteria (6.35) of EN 1993-1-1 article 6.2.9.1(4) its effect on the moment
resistance about the z-z axis is neglected.

The member satisfies the section check.

Classification for member buckling design

Decisive position for stability classification: 6.400 m

Qassification according to EN 1993-1-1 article 5.5.2

Qassification of Internal and Outstand parts according to EN 1993-1-1 Table 5.2 Sheet 1 & 2

o1 o2 v ko Class 3
[mm] [kN/m?2] [kN/m 2] [-] [-] Limit
[-]

1 SO 117 19 1.257e+03 5.826e+03 0.22 [0.53 1.00 |6.18 8.32 9.24 14.11 1
3 SO 117 19 -1.271e+03 |-5.841e+03

4 1 298 11 2.224e+02 2.099e+03 0.11 1.00 |27.09 [25.88 31.43 50.93 2
5 SO 117 19 1.065¢+03 -3.505e+03 [-3.29 |23.80 [0.23 |6.18 73.98 82.20 94.71 1
7 SO 117 19 3.593e+03 8.162e+03 0.44 0.49 1.00 |6.18 8.32 9.24 13.60 1

Note: The Classification limits have been set according to Semi-Comp+.
The cross-section is classified as Class 2

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

Buckling parameters yy zz

Sway type sway non-sway
System length L 6.400 6.400 m
Buckling factor k 2.16 0.52

Buckling length | 13.843 3.319 m
Critical Euler load N 4878.13 |16103.37 | kN
Slendemess A 82.19 45.24

Relative slenderness A [0.95 0.52

Limit slenderness Awio 0.20 0.20

Note: The slenderness or compression force is such that Aexural Buckling effects may be ignored
according to EN 1993-1-1 article 6.3.1.2(4).

Torsional(-Flexural) Buckling check

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

Note: For this I-section the Torsional(-Flexural) buckling resistance is higher than the resistance
for Flexural buckling. Therefore Torsional(-Flexural) buckling is not printed on the output.

Lateral Torsional Buckling check
According to EN 1993-1-1 article 6.3.2.1 & 6.3.2.3 and formula (6.54)
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LTB parameters

Method for LTB curve Atemative case
Plastic section modulus Wiy 2.5625e-03 m?
Elastic critical moment M 1593.62 kNm
Relative slenderness Aeiit 0.66

Limit slenderness Aeiit.0 0.40

LTB curve b

Imperfection acr 0.34

LTB factor B 0.75

Reduction factor yur 0.89

Correction factor ke 0.85

Correction factor f 0.93

Modified reduction factor yit.ma | 0.96

Design buckling resistance Mpgrd [ 674.72 kNm
Unity check 0.70 -
LTB length It 6.400 m
Influence of load position no influence

Correction factor k 1.00

Correction factor kw 1.00

LTB moment factor Cy 1.39

LTB moment factor Cz 0.74

LTB moment factor C3 0.41

Shear center distance d: 0 mm
Distance of load application z [0 mm
Mono-symmetry constant By 0 mm
Mono-symmetry constant z; 0 mm

Note: C parameters are determined according to ECCS 119 2006 / Galea 2002.
Note: The correction factor k. is determined from Ci.

Bending and axial compression check
According to EN 1993-1-1 article 6.3.3 and for

mula (6.61),(6.62)

Bending and axial compression check parameters

Interaction method altemative method 1
Cross-section area A 1.5900e-02 m?
Plastic section modulus Wiy 2.5625e-03 m?
Plastic_section modulus Wiz 8.7083e-04 m?
Design compression force Nes 18.45 kN
Design bending moment (maximum) Myes [-471.16 kNm
Design bending moment (maximum) Mzes |-3.33 kNm
Characteristic compression resistance Nmx | 4372.50 kN
Characteristic moment resistance My,rk 704.69 kNm
Characteristic moment resistance Mzzax 239.48 kNm
Reduction factor yy 1.00

Reduction factor y» 1.00

Modified reduction factor yir,mes 0.96

Interaction factor ky 1.00

Interaction factor ky 0.71

Interaction factor kzy 0.53

Interaction factor kz 0.60

Maximum moment Myeq is derived from beam
Maximum moment M:gq is derived from beam

B350 position 3.200 m.
B350 position 6.400 m.

Interaction method 1 parameters

Critical Euler load Ney 4878.13 kN
Critical Euler load Nez 16103.37 kN
Elastic critical load Nev 8934.52 kN
Plastic section modulus Wiy 2.5625e-03 m?
Elastic section modulus Weiy 2.3100e-03 m?
Plastic section modulus Wiz 8.7083e-04 m?
Elastic section modulus Wei: 5.7100e-04 m?
Second moment of area Iy 4.5100e-04 m*
Second moment of area I, 8.5600e-05 m*
Torsional constant It 1.8900e-06 m*
Method for equivalent moment factor Cmy,0 | Table A.2 Line 2 (General)
Design bending moment (maximum) Myes [471.16 kNm
Maximum relative deflection &; -38.1 mm
Equivalent moment factor Cmy,o 1.00

Method for equivalent moment factor Cewo | Table A.2 Line 1 (Linear)

Ratio of end moments w: -0.94

Equivalent moment factor Cmzpo 0.59

Factor py 1.00

Factor pz 1.00

Factor &y 175.73

Factor aur 1.00

Critical moment for uniform bending Me,0 1142.82 kNm
Relative slenderness Aeio 0.79

Antonio Drazen Vidoljak
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Interaction method 1 parameters

Limit relative dendemess Aaoim 0.24
Equivalent moment factor Cmy 1.00
Equivalent moment factor Cum:z 0.59
Equivalent moment factor Cuur 1.00
Factor bur 0.00
Factor art 0.84
Factor div 0.15
Factor et 5.34
Factor wy 1.11
Factor w: 1.50
Factor ngl 0.00
Maximum relative slenderness A, ma 0.95
Factor Cyy 1.00
Factor Cy: 0.58
Factor Cxy 0.98
Factor Cz 0.99

Unity check (6.61) = 0.00 + 0.70 + 0.01 = 0.72 -
Unity check (6.62) = 0.00 + 0.37 + 0.01 = 0.38 -

Shear Buckling check

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

Shear Buckling parameters

Buckling field length a 6.400 m
Web unstiffened

Web height hw 352 mm
Web thickness t 11 mm
Material coefficient € 0.92

Shear correction factor n |1.20

Shear Buckling verification
Web slenderness hw/t  [32.00
[Web slenderness limit  [55.46 |

Note: The web slenderness is such that Shear Buckling effects may be ignored

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

Antonio Drazen Vidoljak

A EC-EN 1993 Steel check ULS
Values: UC overall

Linear calculation

Combination: GSN3

Coordinate system: Principal
Extreme 1D: Global

Selection: All

Filter: Layer = Konzola
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Slika 73. Prikaz iskoristivosti konzolnih greda
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4.3.4 Dimenzioniranje pojasa — Pozicija 4, 16

Moment savijanja My u gornjem pojasu:

£ 1D internal forces
Values: My

Linear calculation
Combination: GSN4
Coordinate system: Member
Bxtreme 1D: Global
Selection: All

Filter: Layer = Gornji pojas

—22.46 kNm
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Slika 74. Prikaz momenta savijanja My u gornjem pojasu

Moment savijanja My u donjem pojasu:

£ 1D internal forces
Values: My

Linear calculation
Combination: GSN4
Coordinate system: Member
Bxtreme 1D: Global
Selection: All

Filter: Layer = Pojas

/
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Slika 75. Prikaz momenta savijanja My u donjem pojasu
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Poprecna sila V, u gornjem pojasu:

< 1D internal forces
Values: Vz
Linear calculation
Combination: GSN4
Coordinate system: Member
Extreme 1D: Global
Selection: All
Filter: Layer = Gornji pojas

37.44 kN
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Slika 76. Prikaz poprecne sile V. u gornjem pojasu

Poprecna sila V., u donjem pojasu:

1D internal forces
Values: Vz
Linear calculation
Combination: GSN3
Coardinate system: Member
Extreme 1D: Global
Selection: All
Filter: Layer = Pojas

|
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Slika 77. Prikaz poprecne sile V. u donjem pojasu
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UzduzZna sila N u gornjem pojasu:

=3

10 internal forces
Values: N

Linear calculation
Combination: GSN4
Coordinate system: Member
Extreme 10 Global
Selection: Al

Filter: Layer = Gornji pojas

=z
=
©
o~
<
~

—273.30 kN
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Slika 78. Prikaz uzduzne sile N u gornjem pojasu

Uzduzna sila N u donjem pojasu

2 1D internal forces
Values: N

Linear caleulation
Combination: GSN4
Coordinate system: Memher
Extreme 1D: Global
selection: Al

Fiter: Layer = Pojas

189.79 kN

-179.95
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Slika 79. Prikaz uzduzne sile N u donjem pojasu
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Provjera finalnog poprecnog presjeka gornjeg pojasa u modulu Steel.

Odabrani profil - HEA180

U nastavku je dan prikaz proracuna odabranog presjeka na mjerodavne sile:
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EC-EN 1993 Steel check ULS

Linear calculation
Combination: GSN6
Coordinate system: Principal
Extreme 1D: Global
Selection: All

Flter: Layer = Gornji pojas

EN 1993-1-1 Code Check
National annex: Standard EN

[Member B167 [14.400 / 14.400 m [HEA180 [S 275 [GSN6 [0.59 - |

Combination key

GSN6 / 1.35*LC1 + 1.35*LC2_Dodatno stalno +
1.35*LC3_Promjenjivo + 1.35*LC4_Snijeg +
1.50*LC6_Vjetar "SHED"90+ + 1.35%LC6_Vjetar "Zidovi+ +
1.35*LC6_Vjetar "Ravni krov 90+ + 1.35*LC6_Vjetar "Trenje
90"

Partial safety factors

ywmo for resistance of cross-sections | 1.00
ywmi for resistance to instability 1.00
ym2 for resistance of net sections 1.25
Material

Yield strength fy 275.0 [MPa
Ultimate strength f, [430.0 |MPa
Fabrication Rolled

The critical check is on position 14.400 m

Intemal forces Calculated Unit

Neg -26.73 kN
Vyed -11.76 kN
| Vzed -12.82 kN
Tea -0.02 KNm
My.ed -14.52 kNm
Mzeq -20.21 kNm

Classification for cross-section design
Qassification according to EN 1993-1-1 article 5.5.2
Qassification of Internal and Outstand parts according to EN 1993-1-1 Table 5.2 Sheet 1 & 2

o1 02 y Class 2
[mm] [kN/m [kN/m 2] [-] Limit
[-]

1 |SO 10 9.195e+04  [2.494e+05 [0.37 ;i 1 i ¥ i

3 SO 72 10 1.324e+04 -1.442e+05 [-10.89 [23.80 |0.08 |[7.58 340.98 378.87 94.71 1
4 |1 122 6 4.117e+04  [-2.936e+04 [-0.71 0.57 |20.33 |55.07 64.40 86.62 i
5 SO 72 10 8.014e+04 |-2.375e+05

7 SO 72 10 -1.431e+03  [1.560e+05 -0.01 0.57 0.99 [7.58 8.40 9.33 14.68 1

Note: The Classification limits have been set according to Semi-Comp+.
The cross-section is classified as Class 1

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

A 4.5300e-03 [m?
Ncra 1245.75 kN
Unity check | 0.02 =

Bending moment check for My
According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6.13)

Wiy 3.2500e-04 [m?
Moiy.Rd 89.38 kNm
Unity check [0.16 -

Bending moment check for M;
According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6.13)

Woiz 1.5667e-04 [m?
Motz.rd 43.08 kNm
Unity check | 0.47 -

Shear check for Vy
According to EN 1993-1-1 article 6.2.6 and formula (6.17)

n 1.20

Ay 3.5460e-03 |m?
Vpiy.rd 563.00 kN
Unity check | 0.02 -
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Shear check for V;
According to EN 1993-1-1 article 6.2.6 and formula (6.17)

n 1.20

Av 1.4520e-03 | m?
Vol.zrd 230.54 kN
Unity check [ 0.06 -

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

Fibre 2

TEd 1.4 MPa
TRd 158.8 | MPa
Unity check [0.01 -

Note: The unity check for torsion is lower than the limit value of 0.05. Therefore torsion is considered as
insignificant and is ignored in the combined checks.

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

Moyre [ 89.38 | kNm
a 2.00
Mpzpd [ 43.08 | kNm
B 1.00

Unity check (6.41) = 0.03 + 0.47 = 0.50 -

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

Note: Since the axial force satisfies both criteria (6.33) and (6.34) of EN 1993-1-1 articke 6.2.9.1(4)

its effect on the moment resistance about the y-y axis is neglected.

Note: Since the axial force satisfies criteria (6.35) of EN 1993-1-1 article 6.2.9.1(4) its effect on the moment
resistance about the z-z axis is neglected.

The member satisfies the section check.

Classification for member buckling design

Decisive position for stability classification: 14.400 m

Qassification according to EN 1993-1-1 article 5.5.2

Qassification of Internal and Outstand parts according to EN 1993-1-1 Table 5.2 Sheet 1 & 2

o1 o2 v Class 1 Class 2
[mm] [kN/mZ2] [kN/m2] Limit Limit
[-]

1 SO 72 10 9.195¢+04  [2.494e+05 [0.37 0.50 1.00 [7.58 [8.32 9.24 13.76 1
3 SO 72 10 1.324e+04  |-1.442e+05 |-10.89 [23.80 |0.08 |7.58 340.98 378.87  [94.71 1
4 1 122 6 4.117e+04  |-2.936e+04 |-0.71 0.57 |20.33 |55.07 64.40 86.62 1
5 |SO 72 10 -8.014e+04 | -2.375e+05

7 _|SO 72 10 -1.431e+03 | 1.560e+05 -0.01 0.57 [0.99 |7.58 |8.40 9.33 14.68 1

Note: The Classification limits have been set according to Semi-Comp+.
The cross-section is classified as Class 1

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

Buckling parameters yy zz

Sway type sway non-sway
System length L 4.800 3.600 m
Buckling factor k 1.00 0.50

Buckling length |l 4.812 1.804 m
Critical Euler load Ne 2246.84 |5893.64 kN
Slendemess A 64.64 39.91

Relative slenderness Ae |0.74 0.46

Limit slenderness A0 0.20 0.20

Note: The slenderness or compression force is such that Aexural Buckling effects may be ignored
according to EN 1993-1-1 article 6.3.1.2(4).

Torsional(-Flexural) Buckling check

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

Note: For this I-section the Torsional(-Flexural) buckling resistance is higher than the resistance
for Flexural buckling. Therefore Torsional(-Flexural) buckling is not printed on the output.

Lateral Torsional Buckling check
According to EN 1993-1-1 article 6.3.2.1 & 6.3.2.3 and formula (6.54)
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LTB parameters
Method for LTB curve

Alternative case

Plastic section modulus Wgy | 3.2500e-04

m?

Elastic critical moment M 465.70

kNm

Relative slenderness Aeiit 0.44

Limit slenderness Aeiit0 0.40

Note: The slenderness or bending moment is such that Lateral Torsional Buckling effects

may be ignored according to EN 1993-1-1 article 6.3.2.2(4).

Ma parameters

LTB length It 3.600 m
Influence of load position no influence
Correction factor k 1.00

Correction factor kw 1.00

LTB moment factor C, 2.61

LTB moment factor Cz 0.45

LTB moment factor Cs 1.00

Shear center distance d. 0 mm
Distance of load application z; |0 mm
Mono-symmetry constant By 0 mm
Mono-symmetry constant z 0 mm

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

Bending and axial compression check

According to EN 1993-1-1 article 6.3.3 and formula (6.61),(6.62)

Bending and axial compression check parameters

Interaction method altemative method 1
Cross-section _area A 4.5300e-03 m?
Plastic section modulus Wgiy 3.2500e-04 m?
Plastic section modulus Wiz 1.5667e-04 m?
Design compression force Nea 26.73 kN
Design bending moment (maximum) Myes |-14.52 kNm
Design bending moment (maximum) Mzes |-20.21 kNm
Characteristic compression resistance Nsx | 1245.75 kN
Characteristic_moment resistance My,rx 89.38 kNm
Characteristic_ moment resistance Mzzax 43.08 kNm
Reduction factor yy 1.00

Reduction factor y; 1.00

Modified reduction factor yir,med 1.00

Interaction factor ky 1.01

Interaction factor ky 0.75

Interaction factor kzy 0.57

Interaction factor kz 1.01

Maximum moment Myeq is derived from beam B167 postion 14.400 m.
Maximum moment M:gq is derived from beam B167 position 14.400 m.

Interaction method 1 parameters

Critical Euler load Ney 2246.84 kN
Critical Euler load Nez 5893.64 kN
Elastic critical load Nev 2846.32 kN
Plastic section modulus Wiy 3.2500e-04 m?
Elastic section modulus Wey 2.9400e-04 m?
Plastic section modulus Wiz 1.5667e-04 m?
Elastic section modulus We 1.0300e-04 m?
Second moment of area Iy 2.5100e-05 m*
Second moment of area 1» 9.2500e-06 m*
Torsional constant Ir 1.4800e-07 m*
Method for equivalent moment factor Coy,o |Table A.2 Line 2 (General)

Design bending moment (maximum) Myes | -14.52 kNm
Maximum relative deflection & -3.1 mm
Equivalent moment factor Cmy,o 0.99

Method for equivalent moment factor Crep | Table A2 Line 2 (General)

Design bending moment (maximum) Mzes |-20.21 kNm
Maximum relative deflection &y 2.5 mm
Equivalent moment factor Cmzo 1.00

Factor py 1.00

Factor pz 1.00

Factor &y 8.37

Factor acr 0.99

Critical moment for uniform bending M0 178.68 kNm
Relative slenderness Aweio 0.71

Limit relative sendemess A 0,um 0.32

Equivalent moment factor Cmy 1.00

Equivalent moment factor Cmz 1.00

Equivalent moment factor Cour 1.00

Factor bur 0.02

Factor ar 0.16

Antonio Drazen Vidoljak
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Interaction method 1 parameters

Factor dir 0.74
Factor evr 1.34
Factor wy 1.11
Factor w; 1.50
Factor npl 0.02
Maximum relative slenderness Aweima 0.74
Factor Cyy 1.00
Factor Cy, 0.93
Factor Gy 0.92
Factor Cz 0.99

Unity check (6.61) = 0.02 + 0.16 + 0.35 = 0.54 -
Unity check (6.62) = 0.02 + 0.09 + 0.47 = 0.59 -

Shear Buckling check
According to EN 1993-1-5 article 5 & 7.1 and formula (5.10) & (7.1)

Shear Buckling parameters

Buckling field length a 14.400 m
Web unstiffened

Web height hw 152 mm
Web thickness t 6 mm
Material coefficient € 0.92

Shear correction factor n | 1.20

Shear Buckling verification
Web slenderness hw/t [25.33
Web slenderness limit  [55.46 |

Note: The web slenderness is such that Shear Buckling effects may be ignored
according to EN 1993-1-5 article 5.1(2).

The member satisfies the stability check.

2 EC-EN 1993 Steel check ULS
Values: UCoverall

Linear calculation

Combination: GSNG

Coordinate system: Pringipal
Extreme 1D: Global

Selection: All

Filter: Layer = Gornji pojas

w 'I I i |"|!Nlﬂ

Qe el w
9]0 | & B %225 12 B IS )

Slika 80. Prikaz iskoristivosti gornjeg pojasa
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Provjera finalnog popre¢nog presjeka donjeg pojasa u modulu Steel.

Odabrani profil - HEA260

U nastavku je dan prikaz proracuna odabranog presjeka na mjerodavna sile:
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EC-EN 1993 Steel check ULS

Linear calculation
Combination: GSN6
Coordinate system: Principal
Extreme 1D: Global
Selection: All

Flter: Layer = Pojas

EN 1993-1-1 Code Check
National annex: Standard EN

[Member B490 [0.000 / 14.400 m |HEA260 [S 275 |GSN6 [0.63 - |

Combination key

GSN6 / 1.35*LC1 + 1.35*LC2_Dodatno stalno +
1.35*LC3_Promjenjivo + 1.35*LC4_Snijeg +
1.50*LC6_Vjetar "SHED"90+ + 1.35*LC6_Vjetar "Zidovi+ +
1.35*LC6_Vjetar "Ravni krov 90+ + 1.35*LC6_Vjetar "Trenje
90"

Partial safety factors

ywmo for resistance of cross-sections | 1.00
ym1 for resistance to instability 1.00
ym2 for resistance of net sections 1.25
Material

Yield strength fy 275.0 |MPa
Ultimate strength fu [430.0 [MPa
Fabrication Rolled

The critical check is on position 0.000 m

Internal forces Calculated Unit

Ned -110.42 kN
Vy.ea 26.49 kN
Vaea 12.87 kN
Ted -0.08 kNm
My,Ea -26.99 kNm
Mzed -63.13 kNm

Classification for cross-section design
Qassification according to EN 1993-1-1 article 5.5.2
Qassification of Internal and Outstand parts according to EN 1993-1-1 Table 5.2 Sheet 1 & 2

o1 o2 y ko a c/t Class 1 Class 2 Class 3 Class
[kN/m2] [kN/m2] [-1 [-] [-1 Limit Limit Limit
[-] [-] [-]
1 SO 102 12 9.113e+04  [2.671e+05 034 051 |1.00 |8.18 8.32 9.24 13.82 1
3 SO 102 12 “4.407e+03  [-1.804e+05
4 1 177 8 3.555e+04 [-1.012e+04 |-0.28 0.65 |23.60 |45.12 53.43 63.39 1
5 SO 102 12 6.570e+04 | -2.417e+05
7 SO 102 12 2.984e+04 | 2.058e+05 0.14 ]0.54 |1.00 |8.18 8.32 9.24 14.28 1

Note: The Classification limits have been set according to Semi-Comp+.
The cross-section is classified as Class 1

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

A 8.6800e-03 |[m?
Ncgd 2387.00 kN
Unity check | 0.05 -

Bending moment check for My
According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6.13)

Woiy 9.2083e-04 |m?
MoLy.rd 253.23 kNm
Unity check |0.11 =

Bending moment check for M;
According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6.13)

Woiz 4.2917e-04 |m’
Moi.zrg 118.02 kNm
Unity check |0.53 =

Shear check for Vy
According to EN 1993-1-1 article 6.2.6 and formula (6.17)

n 1.20

Ay 6.7363e-03 | m?
Volyra 1069.52 kN
Unity check |[0.02 -
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Shear check for V;
According to EN 1993-1-1 article 6.2.6 and formula (6.17)

n 1.20

Ay 2.8737e-03 [m?
Vopizrd 456.27 kN
Unity check | 0.03 :

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

Fibre 2

Ted 1.9 MPa
TRrd 158.8 | MPa
Unity check | 0.01 -

Note: The unity check for torsion is lower than the limit value of 0.05. Therefore torsion is considered as
insignificant and is ignored in the combined checks.

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

Mpyrs [253.23 |kNm
a 2.00
Mpizrs | 118.02 | kNm
B 1.00

Unity check (6.41) = 0.01 + 0.53 = 0.55 -

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

Note: Since the axial force satisfies both criteria (6.33) and (6.34) of EN 1993-1-1 article 6.2.9.1(4)

its effect on the moment resistance about the y-y axis is neglected.

Note: Since the axial force satisfies criteria (6.35) of EN 1993-1-1 article 6.2.9.1(4) its effect on the moment
resistance about the z-z axis is neglected.

The member satisfies the section check.

Classification for member buckling design

Decisive position for stability classification: 0.000 m

Qassification according to EN 1993-1-1 article 5.5.2

Qassification of Internal and Outstand parts according to EN 1993-1-1 Table 5.2 Sheet 1 & 2

o1 o2 v ko a c/t Class 2 Class 3 Class
[kN/m2] [kN/m2]  [-] -1 [[1 [-] Limit Limit
[-] [-]
1 SO 102 12 9.113e+04 |2.671e+05 [0.34 [0.51 [1.00 |8.18 |8.32 9.24 13.82 1
3 |SO 102 12 4.407e+03 |-1.804e+05
4 |1 177 8 3.555e+04 |-1.012e+04 [-0.28 0.65 [23.60 [45.12 53.43 63.39 1
5 |S0O 102 12 6.570e+04 [-2.417e+05
7 _|SO 102 12 2.984e+04 [2.058e+05 |0.14 |0.54 [1.00 |8.18 [8.32 9.24 14.28 1

Note: The Classification limits have been set according to Semi-Comp+.
The cross-section is classified as Class 1

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

Buckling parameters yy zz

Sway type sway non-sway
System length L 2.400 3.600 m
Buckling factor k 1.30 0.61

Buckling length I 3.126 2.191 m
Critical Euler load N 22267.17 | 15850.34 | kN
Slendemess A 28.42 33.69

Relative slenderness Aw [0.33 0.39

Limit slenderness Aweio 0.20 0.20

Note: The slenderness or compression force is such that Aexural Buckling effects may be ignored
according to EN 1993-1-1 article 6.3.1.2(4).

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

Torsional buckling length | | 3.600 m
Elastic critical load Ne,v 7650.91 | kN
Relative slenderness Awir 0.56
Limit slenderness Ao 0.20

Note: The slenderness or compression force is such that Torsional(-Rexural) Buckling effects
may be ignored according to EN 1993-1-1 article 6.3.1.2(4).

Lateral Torsional Buckling check
According to EN 1993-1-1 article 6.3.2.1 & 6.3.2.3 and formula (6.54)
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LTB parameters

Method for LTB curve Alternative case

Plastic section modulus Wp,y [9.2083e-04 m?
Elastic critical moment M 1550.43 kNm
Relative slenderness AwiLt 0.40

Limit slenderness Aweiir.0 0.40

Note: The slenderness or bending moment is such that Lateral Torsional Buckling effects
may be ignored according to EN 1993-1-1 article 6.3.2.2(4).

LTB length It 3.600 m
Influence of load position no influence
Correction factor k 1.00

Correction factor kw 1.00

LTB moment factor C, 1.81

LTB moment factor Cz 0.12

LTB moment factor Cs3 1.00

Shear center distance d: 0 mm
Distance of load application z; |0 mm
Mono-symmetry constant By 0 mm
Mono-symmetry constant z 0 mm

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

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

Bending and axial compression check parameters

Interaction method altemative _method 1
Cross-section _area A 8.6800e-03 m?
Plastic section modulus Wiy 9.2083e-04 m?
Plastic section modulus Wz 4.2917e-04 m?
Design compression force Ned 110.42 kN
Design bending moment (maximum) Myes |-26.99 kNm
Design bending moment (maximum) Mzes |-63.13 kNm
Characteristic compression resistance Ngx | 2387.00 kN
Characteristic_moment resistance My ax 253.23 kNm
Characteristic moment resistance Mzax 118.02 kNm
Reduction factor yy 1.00

Reduction factor y: 1.00

Modified reduction factor yi1,med 1.00

Interaction factor kyy 1.00

Interaction factor ky 0.70

Interaction factor kazy 0.54

Interaction factor kz 0.99

Maximum moment Myeq is derived from beam B490 position 0.000 m.
Maximum moment M:gq is derived from beam B490 position 0.000 m.

Interaction method 1 parameters

Critical Euler load Noy 22267.17 kN
Critical Euler load Nz 15850.34 kN
Elastic critical load Ne,1 7650.91 kN
Plastic section modulus Wgiy 9.2083e-04 m?
Elastic section modulus Weiy 8.3600e-04 m?
Plastic section modulus Wz 4.2917e-04 m?
Elastic section modulus Wei» 2.8200e-04 m?
Second moment of area Iy 1.0500e-04 m*
Second moment of area I; 3.6700e-05 m*
Torsional constant I 5.2400e-07 m*
Method for equivalent moment factor Coyo |Table A2 Line 2 (General)

Design bending moment (maximum) Myes [-26.99 kNm
Maximum_relative deflection & 0.5 mm
Equivalent moment factor Camyo 1.00

Method for equivalent moment factor Cowpo | Table A.2 Line 2 (General)

Design bending moment (maximum) Mzes |-63.13 kNm
Maximum relative deflection &y 4.2 mm
Equivalent moment factor Cmzp 1.00

Factor py 1.00

Factor p: 1.00

Factor gy 2.54

Factor acr 1.00

Critical moment for uniform bending M0 856.19 kNm
Relative slenderness Aweio 0.54

Limit relative dendemess Aaoim 0.27

Equivalent moment factor Cmy 1.00

Equivalent moment factor Cm: 1.00

Equivalent moment factor Cour 1.00

Factor by 0.01

Factor ar 0.06

Antonio Drazen Vidoljak
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Interaction method 1 parameters

Factor dur 0.51
Factor et 0.80
Factor wy 1.10
Factor w;z 1.50
Factor ng 0.05
Maximum relative slenderness Ae,max 0.39
Factor Cyy 1.00
Factor Cy, 1.01
Factor Gy 0.95
Factor Cz 1.01

Unity check (6.61) = 0.05 + 0.11 + 0.37 = 0.53 -
Unity check (6.62) = 0.05 + 0.06 + 0.53 = 0.63 -

Shear Buckling check
According to EN 1993-1-5 article 5 & 7.1 and formula (5.10) & (7.1)

| Shear Buckling paramete

Buckling field length a 14.400 m
Web unstiffened

Web height hw 225 mm
Web thickness t 8 mm
Material coefficient € 0.92

Shear correction factor n |1.20

Shear Buckling verification
Web slenderness hw/t | 30.00
Web slenderness limit [55.46 |

Note: The web slenderness is such that Shear Buckling effects may be ignored
according to EN 1993-1-5 article 5.1(2).

The member satisfies the stability check.

Antonio Drazen Vidoljak

2 EC-EN 1993 Steel check ULS
Values: UCoverall

Linear calculation

Combination: GSNG

Coordinate system: Principal
Extreme 1D: Global

Selection: All

Filter: Layer = Pojas
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Slika 81. Prikaz iskoristivosti donjeg pojasa
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4.3.5 Dimenzioniranje greda — Pozicija 6

Moment savijanja My grede:

£ 1D internal forces
Values: My

Linear calculation
Combination: GSN6
Coordinate system: Member
Extreme 1D: Global
Selaction: All

Filter: Layer = Grede 1

—37.86 kNm

m

v CTTTYYYYY

AT

) Ao ee g
9| 0| 2 B 12|52 5 48 | 9 98

Slika 82. Prikaz momenta savijanja M, grede

Poprecna sila V grede:

2 10 interal forces
Values: Vz

Linear calculation
Combination: GSNG
Coordinate system: Member
Extreme 1D: Local

Seledtion: Al
Fiize

13.51 kN

A

% v
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Slika 83. Prikaz poprecne sile V. grede
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Uzduzna sila N grede:

1D internal forces
Values: N
Linear calculation
Combination: GSN6
Coordinate system: Member
Extreme 1D: Global
Selection: All
Filter: Layer = Grede 1

|

ER

D @) & B 12 | 5%E| 5| 08| B R

Slika 84. Prikaz uzduzne sile N grede

Proracun finalnog poprecnog presjeka greda u modulu Steel.
Odabran profil - HEA260

U nastavku je dan prikaz proracuna odabranog presjeka na mjerodavne sile:
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EC-EN 1993 Steel check ULS

Linear calculation
Combination: GSN6
Coordinate system: Principal
Extreme 1D: Global
Selection: All

Fiter: Layer = Grede 1

EN 1993-1-1 Code Check
National annex: Standard EN

[Member B650 [0.000 / 6.400 m |[HEA260 [S 275 [GSN6 [0.48 - |

Combination key

GSN6 / 1.35*LC1 + 1.35*LC2_Dodatno stalno +
1.35*LC3_Promjenjivo + 1.35%LC4_Snijeg +
1.50*LC6_Vjetar "SHED"90+ + 1.35*LC6_Vijetar "Zidovi+ +
1.35*LC6_Vjetar "Rawvni krov 90+ + 1.35*LC6_Vjetar "Trenje
90"

Partial safety factors

ymo for resistance of cross-sections [ 1.00
ymi for resistance to instability 1.00
ywm2 for resistance of net sections 1.25

Material
Yield strength fy 275.0 [MPa
Ultimate strength f, [430.0 |MPa
Fabrication Rolled

The critical check is on position 0.000 m

Intemal forces Calculated Unit

Neg -404.55 kN
Vyed 0.49 kN
Va6 9.77 kN
Teg 0.00 KNm
My.eq -16.68 kNm
[Mz.eq 0.12 kNm

Classification for cross-section design
Qassification according to EN 1993-1-1 article 5.5.2
Qassification of Internal and Outstand parts according to EN 1993-1-1 Table 5.2 Sheet 1 & 2

o1 o2 Class 2 Class 3
[kN/m2] [kN/m2] Limit Limit
[-1 [-]

1 SO 102 12 6.543e+04 [6.510e+04 [0.99 |0.43 |1.00 |8.18 8.32 9.24 12.77 1
3 SO 102 12 6.561e+04 |6.594e+04 |1.00 |0.43 [1.00 [8.18 8.32 9.24 12.73 1
4 1 177 8 6.070e+04 |3.247e+04 |0.53 1.00 |23.60 [25.88 31.43 41.89 1
5 SO 102 12 2.774e+04 |2.806e+04 0.99 |0.43 [1.00 [8.18 8.32 9.24 12.74 1
7 SO 102 12 2.756e+04 |2.723e+04 ]0.99 ]0.44 [1.00 [8.18 8.32 9.24 12.81 1

Note: The Classification limits have been set according to Semi-Comp+.
The cross-section is classified as Class 1

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

A 8.6800e-03 | m?
Ncgrd 2387.00 kN
Unity check [0.17 -

Bending moment check for My
According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6.13)

Wiy 9.2083e-04 [m?
Mopiy,Rd 253.23 kNm
Unity check [0.07 -

Bending moment check for M;
According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6.13)

Woiz 4.2917e-04 [m?
Moz rd 118.02 kNm
Unity check |0.00 -

Shear check for Vy
According to EN 1993-1-1 article 6.2.6 and formula (6.17)

n 1.20

Ay 6.7363e-03 [m?
Vouyrd 1069.52 kN
Unity check |0.00 -
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Shear check for V;
According to EN 1993-1-1 article 6.2.6 and formula (6.17)

n 1.20

Ay 2.8737e-03 [m?
Volzrd 456.27 kN
Unity check [0.02 -

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

Fibre 2

TEd 0.0 MPa
TRd 158.8 | MPa
Unity check | 0.00 -

Note: The unity check for torsion is lower than the limit value of 0.05. Therefore torsion is considered as
insignificant and is ignored in the combined checks.

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

Munyra [240.51 | kNm
a 2.00
Mpizrs  [118.02 | kKNm
B 1.00

Unity check (6.41) = 0.00 + 0.00 = 0.01 -

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

Note: Since the axial force satisfies criteria (6.35) of EN 1993-1-1 article 6.2.9.1(4) its effect on the moment
resistance about the z-z axis is neglected.

The member satisfies the section check.

Classification for member buckling design

Decisive position for stability classification: 6.400 m

Qassification according to EN 1993-1-1 article 5.5.2

Qassification of Internal and Outstand parts according to EN 1993-1-1 Table 5.2 Sheet 1 & 2

o1 o2 Class 2 Class 3
[kN/m 2] [kN/m2] [-] i Limit Limit
[-] [-]

1 SO 102 12 1.302e+04 |3.876e+03 [0.30 [0.91 [1.00 [8.18 [8.32 9.24 18.48 1
3 SO 102 12 1.798e+04 |2.713e+04 [0.66 [0.46 [1.00 [8.18 |[8.32 9.24 13.19 1
4 1 177 8 2.342e+04 [6.975e+04 |0.34 1.00 [23.60 |25.88 31.43 45.65 1
5 SO 102 12 8.015e+04 [8.929e+04 |0.90 |0.44 |1.00 |8.18 |8.32 9.24 12.85 1
7 [SO 102 12 7.519e+04 |6.604e+04 [0.88 |0.47 [1.00 |8.18 [8.32 9.24 1337 1

Note: The Classification limits have been set according to Semi-Comp+.
The cross-section is classified as Class 1

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

Buckling parameters yy z

Sway type sway non-sway
System length L 6.400 12.800 m
Buckling factor k 1.29 0.53

Buckling length | 8.281 6.742 m
Critical Euler load Ne 3173.75 |1673.42 kN
Slendemess A 75.29 103.69
Relative slenderness A= [0.87 1.19

Limit slenderness Awio 0.20 0.20

Buckling curve b [

Imperfection a 0.34 0.49
Reduction factor y 0.68 0.44

Buckling resistance Nprs |1628.35 |1041.89 kN
Cross-section area A 8.6800e-03 [m?
Buckling resistance Nprs | 1041.89 kN

Unity check 0.39 -

Torsional(-Flexural) Buckling check

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

Note: For this I-section the Torsional(-Flexural) buckling resistance is higher than the resistance
for Flexural buckling. Therefore Torsional(-Flexural) buckling is not printed on the output.

Lateral Torsional Buckling check
According to EN 1993-1-1 article 6.3.2.1 & 6.3.2.3 and formula (6.54)
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LTB parameters

Method for LTB curve Alternative case

Plastic section modulus Waiy [9.2083e-04 m?
Elastic critical moment M 340.81 kNm
Relative slenderness Aeiit 0.86

Limit slenderness Aeiit,0 0.40

Note: The slenderness or bending moment is such that Lateral Torsional Buckling effects
may be ignored according to EN 1993-1-1 article 6.3.2.2(4).

LTB length I.r 12.800 m
Influence of load position no influence
Correction factor k 1.00

Correction factor kw 1.00

LTB moment factor Cy 2.26

LTB moment factor Cz 1.05

LTB moment factor C3 0.41

Shear center distance d: 0 mm
Distance of load application z; |0 mm
Mono-symmetry constant By 0 mm
Mono-symmetry constant z 0 mm

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

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

Bending and axial compression check parameters

Interaction method altemative method 1
Cross-section area A 8.6800e-03 m?
Plastic section modulus Wiy 9.2083e-04 m?
Plastic section modulus Wiz 4.2917e-04 m?
Design compression force Neg 404.55 kN
Design bending moment (maximum) Myes | 27.37 kNm
Design bending moment (maximum) Mzes |3.28 kNm
Characteristic compression resistance Ngx | 2387.00 kN
Characteristic_ moment resistance My,rk 253.23 kNm
Characteristic_ moment resistance Mzzx 118.02 kNm
Reduction factor yy 0.68

Reduction factor y» 0.44

Modified reduction factor yirt,med 1.00

Interaction factor kyy 1.23

Interaction factor ky 0.82

Interaction factor Kz 0.65

Interaction factor kz 0.92

Maximum moment My,eq is derived from beam B650 position 6.400 m.
Maximum moment M:gq is derived from beam B650 position 6.400 m.

Interaction method 1 parameters

Critical Euler load Ney 3173.75 kN
Critical Euler load Nz 1673.42 kN
Elastic critical load Ne,v 2992.67 kN
Plastic section modulus Wiy 9.2083e-04 m?
Elastic section modulus Weiy 8.3600e-04 m?
Plastic section modulus Wy - 4.2917e-04 m?
Elastic section modulus Weis 2.8200e-04 m?
Second moment of area Iy 1.0500e-04 m*
Second moment of area I: 3.6700e-05 m?
Torsional constant I 5.2400e-07 m*
Method for equivalent moment factor Coy,0o |Table A.2 Line 2 (General)

Design bending moment (maximum) Myes |[27.37 kNm
Maximum relative deflection &: -2.4 mm
Equivalent moment factor Cwyo 0.93

Method for equivalent moment factor Crzo | Table A.2 Line 2 (General)

Design bending moment (maximum) Mzes  |3.28 kNm
Maximum relative deflection &y -2.0 mm
Equivalent moment factor Cmzpo 0.83

Factor py 0.96

Factor p: 0.85

Factor &y 0.70

Factor acr 1.00

Critical moment for uniform bending Mq,0 150.60 kNm
Relative slenderness Aweio 1.30

Limit relative dendemess Aao,im 0.27

Equivalent moment factor Cmy 0.96

Equivalent moment factor Cm:z 0.83

Equivalent moment factor Cuur 1.14

Factor bir 0.00

Factor ar 0.27

Antonio Drazen Vidoljak
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Interaction method 1 parameters

Factor dit 0.00
Factor ecr 0.12
Factor wy 1.10
Factor wz 1.50
Factor ngpl 0.17
Maximum_relative slenderness Acelmax 1.19
Factor Cyy 0.97
Factor Cyz 0.88
Factor Czy 0.84
Factor Cz 1.00

Unity check (6.61) = 0.25 + 0.13 + 0.02 = 0.40 -
Unity check (6.62) = 0.39 + 0.07 + 0.03 = 0.48 -

Shear Buckling check
According to EN 1993-1-5 article 5 & 7.1 and formula (5.10) & (7.1)

Shear Buckling parameters

Buckling field length a 6.400 m
Web unstiffened

Web height hw 225 mm
Web thickness t 8 mm
Material coefficient € 0.92

Shear correction factor n |1.20

Shear Buckling verification
Web slenderness hw/t | 30.00
[Web slenderness limit _[55.46 |

Note: The web slenderness is such that Shear Buckling effects may be ignored
according to EN 1993-1-5 article 5.1(2).

The member satisfies the stability check.

o EC-EN 1993 Steel check ULS
Values: UCOverall

Linear calculation

Combination: GSNG

Coordinate system: Principal
Extreme 1D: Global

Selection: All

Filter: Layer = Grade 1

0.48 —
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Slika 85. Prikaz iskoristivosti greda
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4.3.6 Dimenzioniranje spregnutih greda — Pozicija 7

Moment savijanja My spregnutih greda:

“ 1D internal forces
Values: My
Linear calculation
Combination: GSN5
Coordinate system: Member
Bxtreme 1D: Global
Selection: Al
Fiter: Cross-section = Grede
spregnute vanjske - IPE360A

27.07 kNm —

v 1 191 Vv
JZ l
C— iy
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Slika 86. Prikaz momenta savijanja M, spregnutih greda

Poprecna sila V spregnutih greda:

% 1D internal forces
Values: Vz
Linear calculation
Combination: GSNS
Coordinate system: Member
Extreme 1D: Global
Selection: All
Filter: Cross-section = Grede
spregnute vanjske - IPE360A

F—
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Slika 87. Prikaz poprecne sile V- spregnutih greda
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Uzduzna sila N spregnutih greda:

e

1D internal forces
Values: N

Linear calculation
Combination: GSNS
Coordinate system: Member
Extreme 1D: Global

Selection: All
Filter: Cross-section = Grede
spregnute vanjske - IPE360A
— ——
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Slika 88. Prikaz uzduzne sile N spregnutih greda

Proracun finalnog poprecnog presjeka spregnutih greda u modulu Steel
Odabran profil — [IPE360A

U nastavku je dan prikaz proracuna odabranog presjeka na mjerodavne sile:
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EC-EN 1993 Steel check ULS

Linear calculation

Combination: GSN5

Coordinate system: Principal

Extreme 1D: Global

Selection: All

Flter: Cross-section = Grede spregnute vanjske - IPE360A

EN 1993-1-1 Code Check
National annex: Standard EN

[Member B660 [14.400 / 14.400 m [IPE360A [S275 [GSN5 [0.91 - |

Combination key

GSN5 / 1.35*LC1 + 1.35*LQ2_Dodatno stalno +
1.50*LC6_Vjetar "SHED"90- + 1.35*LC6_Vjetar "Zidovi - +
1.35*LC6_Vjetar "Ravni krov 90- + 1.35*LC6_Vjetar "Trenje
%II

Partial safety factors

ymo for resistance of cross-sections | 1.00
v for resistance to instability 1.00
ym2 for resistance of net sections 1.25
Material

Yield strength fy 275.0 [MPa
Ultimate strength f, |430.0 [MPa
Fabrication Rolled

...iSECTION CHECK::...

The critical check is on position 14.400 m

Intemal forces Calculated Unit

Neg -289.46 kN
[Vyeo 20,68 kN
Vzed 19.79 kN
Ted 0.00 kNm
My,gd 0.00 kNm
Mzka 0.00 kNm

Classification for cross-section design
Qassification according to EN 1993-1-1 article 5.5.2
Qassification of Internal and Outstand parts according to EN 1993-1-1 Table 5.2 Sheet 1 & 2

o1 o2 Class 2 Class 3
[mm] [kN/m2] [kN/m2] Limit Limit

[-] [-]

1 SO 12 4.524e+04 | 4.524e+04 2 0.43 . z s 1
3 |sSO 64 12 4.524e+04 |4.524e+04 [1.00 |0.43 |1.00 [554 |8.32 9.24 1294 1
4 |1 299 7 4.524e+04 | 4.524e+04 |1.00 1.00 4524 [25.88 31.43 35.13 4
5 |[SO 64 12 4.524e+04 [4.524e+04 [1.00 |0.43 [1.00 |5.54 |8.32 9.24 12.94 1
7 _[SO 64 12 4.524e+04 |4.524e+04 |1.00 |0.43 |1.00 [554 |8.32 9.24 12.94 1

Note: The Classification limits have been set according to Semi-Comp+.
The cross-section is classified as Class 4

Effective section N-
Effective width calculation
According to EN 1993-1-5 article 4.4

Id Type bp o1 02 m ka Ap p be be1 be2
[mm] [kN/m2] [kN/m2] [-] [-1 [1 [-] [mm] [mm] [mm]

1 SO 64 2.750e+05 [2.750e+05 [1.00 [043 [0.32 [1.00 |64

3 SO 64 2.750e+05 2.750e+05 [1.00 |043 [0.32 |1.00 |64

4 I 299 2.750e+05 [2.750e+05 [1.00 [4.00 [0.86 [0.86 [258 129 129

5 SO 64 2.750e+05 |2.750e+05 [1.00 |043 [0.32 |1.00 |64

7 SO 64 2.750e+05 |2.750e+05 [1.00 |043 |0.32 |1.00 |64

Effective properties

Effective area Acst 6.1302e-03 |[m?
Effective second |[ley |1.4519e-04 |m* |[lar: |9.4428e-06 |m?
moment of area
Effective section |Wesy |8.1201e-04 |m? [Wes: |1.1109e-04 |m?
modulus
Shift of the eny 0 mm |exz 0 mm
centroid

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

At 6.13026-03_|m?
Nega 1685.81 kN
Unity check | 0.17 =
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Shear check for Vy
According to EN 1993-1-1 article 6.2.6 and formula (6.17)

n 1.20

Ay 4.0724e-03 [ m?
Voiy,rd 646.57 kN
Unity check ] 0.00 -

Shear check for Vz
According to EN 1993-1-1 article 6.2.6 and formula (6.17)

n 1.20
Ay 2.9799¢-03 | m?
Voizrd 473.12 kN

Unity check | 0.04 -

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

Fibre 2

Ted 0.2 MPa
TRd 158.8 | MPa
Unity check |[0.00 -

Note: The unity check for torsion is lower than the limit value of 0.05. Therefore torsion is considered as
insignificant and is ignored in the combined checks.

The member satisfies the section check.
.STABILITY CHECK::...

Classification for member buckling design

Decisive position for stability classification: 14.400 m

Qassification according to EN 1993-1-1 article 5.5.2

Qassification of Internal and Outstand parts according to EN 1993-1-1 Table 5.2 Sheet 1 & 2

o1 o2 Class1 Class 2 Class 3
[mm] [kN/m2] [kN/m?2] Limit Limit
[-] [-]
1 SO 64 12 4.524e+04 [4.524e+04 [1.00 |0.43 [1.00 |5.54 8.32 9.24 12.94 1
3 SO 64 12 4.524e+04 |4.524e+04 |1.00 [0.43 |1.00 |5.54 8.32 9.24 12.94 1
4 1 299 7 4.524e+04 [4.524e+04 [1.00 1.00 [45.24 |25.88 31.43 35.13 4
5 SO 64 12 4.524e+04 |4.524e+04 |1.00 |0.43 |1.00 |5.54 8.32 9.24 1294 1
7 SO 64 12 4.524e+04 |4.524e+04 |1.00 |0.43 |1.00 |5.54 8.32 9.24 12.94 1

Note: The Classification limits have been set according to Semi-Comp+.
The cross-section is classified as Class 4

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

Buckling parameters yy z

Sway type sway non-sway
System length L 7.200 7.200 m
Buckling factor k 2.04 0.96

Buckling length e 14.703 6.886 m
Critical Euler load N 1392.03 | 412.58 kN
Skendemess A 97.62 179.31
Relative slenderness Ae  [1.10 2.02

Limit slenderness Ao 0.20 0.20

Buckling curve a b

Imperfection a 0.21 0.34
Reduction factor y 0.60 0.21

Buckling resistance Nprs [1004.21 | 346.48 kN
Cross-section effective area Aes [6.1302e-03  [m?
Buckling resistance Npra 346.48 kN
Unity check 0.84 -

Torsional(-Flexural) Buckling check

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

Note: For this I-section the Torsional(-Flexural) buckling resistance is higher than the resistance
for Flexural buckling. Therefore Torsional(-Flexural) buckling is not printed on the output.

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

Bending and axial compression check parameters

Interaction method altemative_method 1
Cross-section effective area Aes 6.1302e-03 m?
Effective section modulus Wty 8.1201e-04 m?
Effective section modulus Wes,z 1.1109e-04 m?
Design compression force Nes 289.46 kN
Design bending moment (maximum) Myes [-22.03 kNm
Design bending moment (maximum) Mzes |0.28 kNm
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Additional moment AMy, &4 0.00 kNm
Additional moment AMzeq 0.00 kNm
Characteristic compression resistance Nrx 1685.81 kN
Characteristic_moment _resistance My,rx 223.30 kNm
Characteristic_moment_resistance Mzzax 30.55 kNm
Reduction factor yy 0.60

Reduction factor y: 0.21

Modified reduction factor yi1,md 1.00

Interaction factor kyy 1.87

Interaction factor ky 1.15

Interaction factor kzy 0.72

Interaction factor kz 0.44

Maximum moment Myq is derived from beam B660 position 7.200 m.
Maximum moment M.zq is derived from beam B660 position 13.371 m.

Interaction method 1 parameters

Critical Euler load Ney 1392.03 kN
Critical Euler load Nz 412.58 kN
Elastic critical load Ne 1 1352.45 kN
Effective section modulus Waery 8.1201e-04 m?
Second moment of area Iy 1.4520e-04 m*
Second moment of area I, 9.4400e-06 m*
Torsional constant It 2.6500e-07 m*
Method for equivalent moment factor Cry,0 [ Table A2 Line 2 (General)

Design bending moment (maximum) Myes [-22.03 kNm
Maximum relative deflection &, -1.4 mm
Equivalent moment factor Cwyo 0.87

Method for equivalent moment factor Creo | Table A2 Line 2 (General)

Design bending moment (maximum) Mzes [0.28 kNm
Maximum relative deflection &y 0.1 mm
Equivalent moment factor Cmzo 0.38

Factor py 0.90

Factor p: 0.35

Factor & 0.57

Factor acr 1.00

Critical moment for uniform bending Moo 111.06 kNm
Relative slenderness Aweio 1.42

Limit relative dendemess A oim 0.21

Equivalent moment factor Cmy 0.93

Equivalent moment factor Cm:z 0.38

Equivalent moment factor Cour 1.77

Unity check (6.61) = 0.29 + 0.18 + 0.01 = 0.48 -
Unity check (6.62) = 0.84 + 0.07 + 0.00 = 0.91 -

Shear Buckling check

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

| Shear Buckling parameters |
Buckling field length a 14.400 m
Web unstiffened

Web height hw 335 mm
Web thickness t 7 mm
Material coefficient € 0.92

Shear correction factor n |1.20

Shear Buckling verification
Web slenderness hw/t |50.70

[Web slenderness limit  [55.46 |

Note: The web slenderness is such that Shear Buckling effects may be ignored

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

Antonio Drazen Vidoljak
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=

EC-EN 1993 Steel check ULS
Values: UCoverall

Linear calculation

Combination: GSNS

Coordinate system: Principal
Extreme 1D: Global

Selection: All

Filter: Cross-section = Grede
spregnute vanjske - IPE360A
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Slika 89. Prikaz iskoristivosti spregnutih greda
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4.3.7 Dimenzioniranje bo¢ne podroZnice — Pozicija 8

Uzduzna sila N bo¢ne podroznice:

£ 1D interal forces
Values: N
Linear calculation
Combination: GSNG
Coordinate system: Member
Extreme 1D: Global
Selection: All
Fiter: Layer = Bogna podroznica
ni
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Slika 90. Prikaz uzduzne sile N boc¢ne podroznice

Proracun finalnog poprecnog presjeka bocnih podroznica u modulu Steel.

Odabran profil — CFRHS 300x300x12.5

U nastavku je dan prikaz proracuna odabranog presjeka na mjerodavne sile:
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EC-EN 1993 Steel check ULS

Linear calculation

Combination: GSN6

Coordinate system: Principal

Extreme 1D: Global

Selection: All

Filter: Cross-section = Bo¢ne podroznice - CFRHS300X300X12.5

EN 1993-1-1 Code Check
National annex: Standard EN

[Member B876 [0.000 / 51.200 m [CFRHS300X300X12.5 [S275 [GSN6 [0.89 - |

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

Combination key

GSN6 / 1.35*LC1 + 1.35*LC2_Dodatno stalno +
1.35*LC3_Promjenjivo + 1.35%LC4_Snijeg +
1.50*LC6_Vjetar "SHED"90+ + 1.35*LC6_Vjetar "Zidovi+ +
1.35*LC6_Vijetar "Ravni krov 90+ + 1.35*LC6_Vjetar "Trenje
%ID

Partial safety factors

ywmo for resistance of cross-sections | 1.00
yw for resistance to instability 1.00
ymz for resistance of net sections 1.25

Material

Yield strength fy 275.0 MPa
Ultimate strength fu [430.0 MPa
Fabrication Cold formed

The critical check is on position 0.000 m
Internal forces Calculated Unit

Nes -11845 kN
[Vyea 0.00 kN
Voo 0.00 kN
Tes 0.00 kNm
Myea 0.00 kNm
[Maeq 0.00 kNm

Classification for cross-section design
Qassification according to EN 1993-1-1 article 5.5.2
Qassification of Internal and Outstand parts according to EN 1993-1-1 Table 5.2 Sheet 1 & 2

t o1 02 W ke a c/t Class 2 Class 3 Class
[mm] [kN/m2] [kN/m2] [-] [-1 Limit Limit
[-] [-]
1 1 262 12 8.645e+03 |8.645e+03 |1.00 1.00 [21.00 [25.88 31.43 35.13 1
3 1 262 12 8.645e+03 |8.645e+03 |1.00 1.00 [21.00 [25.88 31.43 35.13 1
5 |1 262 12 8.645e+03 |8.645e+03 |1.00 1.00 [21.00 [25.88 31.43 35.13 1
7 |1 262 12 8.645e+03 [8.645e+03 [1.00 1.00 |21.00 |25.88 31.43 35.13 1

Note: The Classification limits have been set according to Semi-Comp+.
The cross-section is classified as Class 1

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

A 1.3704e-02_|m?
Neaa 3768.60 kN
Unity check | 0.03 -

The member satisfies the section check.
.:STABILITY CHECK::...

Classification for member buckling design

Decisive position for stability classification: 0.000 m

Qassification according to EN 1993-1-1 article 5.5.2

Qassification of Internal and Outstand parts according to EN 1993-1-1 Table 5.2 Sheet 1 & 2

£ o1 o2 y ke a c/t Class 2 Class 3
[mm] [kN/m?2] [kN/m2] [-] [-1 Limit Limit
[-] [-]
1 1 262 12 8.645e+03 [8.645e+03 [1.00 1.00 [21.00 |25.88 31.43 35.13 1
3 1 262 12 8.645¢+03 [8.645e+03 [1.00 1.00 |21.00 |25.88 31.43 35.13 1
5 1 262 12 8.645e+03 [8.645e+03  [1.00 1.00 |21.00 |25.88 31.43 35.13 i §
7 1 262 12 8.645e+03 [8.645e+03 [1.00 1.00 |21.00 |25.88 31.43 35.13 1

Note: The Classification limits have been set according to Semi-Comp+.
The cross-section is classified as Class 1
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Flexural Buckling check
According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)

Buckling parameters yy zz

Sway type sway non-sway
System length L 51.200 |6.400 m
Buckling factor k 1.00 1.00

Buckling length | 51.200 | 6.400 m
Critical Euler load Ne 145.07 | 9284.79 kN
Slendemess A 442.48 | 55.31

Relative slenderness Ae  [5.10 0.64
Limit slenderness Awto 0.20 0.20

Buckling curve C c
Imperfection a 0.49 0.49
Reduction factor y 0.04 0.76

Buckling resistance Npre |132.39 |2876.14 kN

Flexural Buckling verification

Cross-section area A 1.3704e-02  |m?
Buckling resistance Nprg | 132.39 kN
Unity check 0.89 -

Torsional(-Flexural) Buckling check
According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)
Note: The cross-section concerns a RHS section which is not susceptible to Torsional(-Flexural) Buckling.

The member satisfies the stability check.

EC-EN 1993 Steel check ULS

Linear calculation

Combination: GSN6

Coordinate system: Principal

Extreme 1D: Global

Selection: All

Flter: Cross-section = Bocne podroznice - CFRHS300X300X12.5

EN 1993-1-1 Code Check
National annex: Standard EN

[Member B876 [0.000 / 51.200 m [CFRHS300X300X12.5 [S275 |[GSN6 [0.89 - |

Note: EN 1993-1-3 article 1.1(3) specifies that this part does not apply to cold formed CHS and RHS sections.

The default EN 1993-1-1 code check is executed instead of the EN 1993-1-3 code check.

Combination key

GSN6 / 1.35%LC1 + 1.35*LC2_Dodatno stalno +
1.35*LC3_Promjenjivo + 1.35*LC4_Snijeg +
1.50*LC6_Vjetar "SHED"90+ + 1.35*LC6_Vjetar "Zidovi+ -+
1.35%LC6_Vjetar "Ravni krov 90+ + 1.35*LC6_Vjetar "Trenje
mll

Partial safety factors

ywmo for resistance of cross-sections | 1.00
yw1 for resistance to instability 1.00
ym2 for resistance of net sections 1.25

Material

Yield strength fy 275.0 MPa
Ultimate strength f, |430.0 MPa
Fabrication Cold formed

...:i1SECTION CHECK::...
The critical check is on position 0.000 m

Intemal forces Calculated Unit

Neg -118.45 kN
[Vyes 0.00 kN
Ve 0.00 kN
Tea 0.00 kNm
My s 0.00 kNm
My 0.00 KkNm

Classification for cross-section design
Qassification according to EN 1993-1-1 article 5.5.2
Qassification of Internal and Outstand parts according to EN 1993-1-1 Table 5.2 Sheet 1 & 2

02 W ke a c/t Class 2 Class 3

[kN/m2] []1 [-] Limit
[-]

Limit
[-]

1 I 262 12 8.645e+03 |8.645e+03 | 1.00 1.00 | 21.00 |25.88 31.43 35.13 1
3 I 262 12 8.645e+03 |8.645e+03 |1.00 1.00 |21.00 |25.88 31.43 35.13 1
5 |1 262 12 8.645e+03 |8.645e+03 |[1.00 1.00 |21.00 |25.88 31.43 35.13 1
7 |1 262 12 8.645e+03 |8.645e+03 | 1.00 1.00 21.00 |25.88 31.43 35.13 1
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Note: The Classification limits have been set according to Semi-Comp+.
The cross-section is classified as Class 1

Compression check

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

A 1.3704e-02 [m?
Negrd 3768.60 kN
Unity check |0.03 -

The member satisfies the section check.

Classification for member buckling design

Decisive position for stability classification: 0.000 m
Qassification according to EN 1993-1-1 article 5.5.2
Qassification of Internal and Outstand parts according to EN 1993-1-1 Table 5.2 Sheet 1 & 2

o1

[kN/m2]

02
[kN/m?2]

ko Class 1 Class 2

-1 [-] Limit Limit
[-1 [-]

1 1 262 12 8.645e+03 |8.645e+03 |1.00 1.00 |21.00 |25.88 31.43 35.13 1
3 I 262 12 8.645e+03 |8.645e+03 |1.00 1.00 |21.00 |25.88 31.43 35.13 1
5 |I 262 12 8.645e+03 |8.645e+03 |1.00 1.00 |21.00 |25.88 31.43 35.13 1
7 |1 262 12 8.645e+03 |8.645e+03 |1.00 1.00 |21.00 |25.88 31.43 35.13 1

Note: The Classification limits have been set according to Semi-Comp+.
The cross-section is classified as Class 1

Flexural Buckling check

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

Buckling parameters yy 2z

Sway type sway non-sway
System length L 51.200 [ 6.400 m
Buckling factor k 1.00 1.00

Buckling length I 51.200 |[6.400 m
Critical Euler load Ne 145.07 | 9284.79 kN
Skendemess A 442.48 |55.31

Relative slenderness A= |5.10 0.64

Limit slenderness Awi,o 0.20 0.20

Buckling curve C £

Imperfection a 0.49 0.49
Reduction factor y 0.04 0.76

Buckling resistance Nora |132.39 |2876.14 kN
Cross-section _area A 1.3704e-02  [m?
Buckling resistance Nors | 132.39 kN

Unity check 0.89 -

Torsional(-Flexural) Buckling check
According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)
Note: The cross-section concerns a RHS section which is not susceptible to Torsional(-Flexural) Buckling.

The member satisfies the stability check.
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EC-EN 1993 Steel check ULS
Valuas: UC overall

Linear calculation

Combination: GSMN&

Coordinate system: Principal
Extreme 1D: Global

Selection: All

Filter: Cross-section = Bogne
podroZnice - CFRHS300X300%12.5
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Slika 91. Prikaz iskoristivosti bocne podroznice

|
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4.3.8 Dimenzioniranje spregova — Pozicija 9

UzduZna sila N spregova:

7
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Slika 92. Prikaz uzduzne sile N spregova

Proracun finalnog poprecnog presjeka spregova.
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8] Cross-section

Mesh size [mm] 0
Min. point distance [mm] 0
Shear area Ay Without Txz v
Shear area Az Without T xy -
7 Show mesh []
“ Property Modificati...
Edit shear and torsion p... |
Use property multipliers /]
kA 1
k Ay 1
k Az 1
kIt 1
V kly 1
” klz 1
“ Property
Alm*2] 6.1544e-04
Ay [m*2] 5.5492e-04
Az [m*2] 5.5492e-04
AL [m*2/m] 8.7732e-02
AD [m*2/m] 8.7960e-02
cYUCS [mm] 14
cZUCS [mm] 14
a[deg] 0.00
ly [m*4] 2.9540e-08
''''' ‘ ———T 7 [ Bwot | Update | Document

4 98 Picture | $ 1 Fibres | @ | do/dy | de/dz | w| txy | |b

[
Cross-section layout and dimensions { Cancel

Slika 93. Prikaz finalnog poprecnog presjeka spregova

N ra = fnff = 22202 — 135,3 [kN] (56)
N = 109,30 [kN] (57)

N = 109,30 < 135,3 [kN] (58)
%23 = 0,81 (59)

Uvjet zadovoljen za profil RD28.
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4.3.9 Dimenzioniranje stupova — Pozicija 10

Moment savijanja My u stupovima:

Antonio Drazen Vidoljak

i
“ 1D internal forces

2
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¥

Qe e X
@]9 A Kl 220 85 |18 |5 ) R
Slika 94. Prikaz momenta savijanja M, u stupovima
Poprecna sila V; u stupovima:
 Bir==
Linear lation
Combi n: GSN3
Coordinate system: Member
oo 59.99 N \
o
_I J é ¥ N \ ‘“,‘3“
] Q@ eI n
D] | & B 15 )52 |55 | 48 | B0 5 | R

Slika 95. Prikaz poprecne sile V. u stupovima
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Uzduzna sila N u stupovima:

)Z\
¥ ¥

9 A K o 55 v 01| B 5

Slika 96. Prikaz uzduzne sile N u stupovima

Provjera finalnog popre¢nog presjeka stupova u modulu Steel.
Odabrani profil - HEA450

U nastavku je dan prikaz proracuna odabranog presjeka na mjerodavne sile:
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EC-EN 1993 Steel check ULS

Linear calculation
Combination: GSN6
Coordinate system: Principal
Extreme 1D: Global
Selection: All

Filter: Layer = Stupowvi 1

EN 1993-1-1 Code Check
National annex: Standard EN

[Member B679 [0.000 / 6.000 m [HEA450 [S 275 [GSN6 [0.38 - |

Combination key

GSN6 / 1.35*LC1 + 1.35*LC2_Dodatno stalno +
1.35*LC3_Promjenjivo + 1.35*LC4_Snijeg +
1.50*LC6_Vjetar "SHED"90+ + 1.35*LC6_Vijetar "Zidovi+ +
1.35*LC6_Vjetar "Ravni krov 90+ + 1.35*LC6_Vjetar "Trenje
90"

Partial safety factors

ywmo for resistance of cross-sections | 1.00
ywi for resistance to instability 1.00
ym2 for resistance of net sections 1.25
Material

Yield strength fy 275.0 [MPa
Ultimate strength f, |430.0 |MPa
Fabrication Rolled

The critical check is on position 0.000 m

Intemal forces Calculated Unit

Neg -1291.27 kN
Vy.ed 7.33 kN
Vzed 4.80 kN
Ted -0.01 kNm
My.Ed -13.93 kNm
Mo 2271 kNm

Classification for cross-section design
Qassification according to EN 1993-1-1 article 5.5.2
Qassification of Internal and Outstand parts according to EN 1993-1-1 Table 5.2 Sheet 1 & 2

o2 Class 2 Class 3
[kN/m 2] Limit Limit
[-] [-]

1 |SO 117 21 8.496e+04 |1.131e+05 [0.75 |0.45 [1.00 |558 |8.32 9.24 13.05 1
3 [SO 117 21 6.924e+04 |4.111e+04 [0.59 |0.62 [1.00 |5.58 |8.32 9.24 15.27 1
4 |1 344 12 7.628e+04 [6.876e+04 |0.90 1.00 |29.91 |25.88 31.43 36.37 2
5 |SO 117 21 6.008e+04 |3.195e+04 |0.53 [0.66 [1.00 |5.58 |[8.32 9.24 1581 1
7 _|S0 117 21 7.580e+04 [1.039e+05 ]0.73 [0.45 ]1.00 [558 [8.32 9.24 13.08 1

Note: The Classification limits have been set according to Semi-Comp+.
The cross-section is classified as Class 2

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

A 1.7800e-02 | m?
Negra 4895.00 kN
Unity check [0.26 -

Bending moment check for My
According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6.13)

Woly 3.2167e-03_|m®
Moy 884.58 KNm
Unity check | 0.02 -

Bending moment check for M;
According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6.13)

Wolz 9.6667e-04 |m?
Mopizrd 265.83 kNm

Unity check | 0.09 =

Shear check for Vy
According to EN 1993-1-1 article 6.2.6 and formula (6.17)

n 1.20
A 1.3043e-02_|m?
Voiyrd 2070.81 kN
Unity check | 0.00 =
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Shear check for V;
According to EN 1993-1-1 article 6.2.6 and formula (6.17)

n 1.20
Ay 6.5755e-03  [m?

| Vplzrd 1044.00 kN
Unity check | 0.00 -

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

Fibre 2

TEd 0.1 MPa
TRd 158.8 | MPa
Unity check |0.00 -

Note: The unity check for torsion is lower than the limit value of 0.05. Therefore torsion is considered as
insignificant and is ignored in the combined checks.

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

Muyra [762.63  [kNm
a 2.00
Muzrs  [265.83  [kNm
B 1.32

Unity check (6.41) = 0.00 + 0.04 = 0.04 -

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

The member satisfies the section check.

Classification for member buckling design

Decisive position for stability classification: 0.000 m

Qassification according to EN 1993-1-1 article 5.5.2

Qassification of Internal and Outstand parts according to EN 1993-1-1 Table 5.2 Sheet 1 & 2

o1 o2 Class 2 Class 3
[kN/m?2] [kN/m 2] Limit Limit
[-1 [-]

1 SO 117 21 8.496e+04 |1.131e+05 |0.75 [0.45 [1.00 |5.58 8.32 9.24 13.05 1
3 SO 117 21 6.924e+04 [4.111e+04 [0.59 |0.62 [1.00 |5.58 8.32 9.24 15.27 1
4 |1 344 12 7.628e+04 [6.876e+04 |0.90 1.00 [29.91 |25.88 31.43 36.37 2
5 SO 117 21 6.008e+04 [3.195e+04 [0.53 |0.66 [1.00 |5.58 8.32 9.24 1581 1
7 SO 117 21 7.580e+04 1.039e+05 |0.73 ]0.45 |1.00 |5.58 8.32 9.24 13.08 1

Note: The Classification limits have been set according to Semi-Comp+.
The cross-section is classified as Class 2

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

Buckling parameters yy zz

Sway type sway non-sway
System length L 6.000 6.000 m
Buckling factor k 1.01 0.51

Buckling length o 6.072 3.055 m
Critical Euler load N 35805.39 [21025.25 [kN
Slendemess A 32.10 41.89

Relative slenderness Ae |0.37 048

Limit slenderness Aweio 0.20 0.20

Buckling curve a b

Imperfection a 0.21 0.34

Reduction factor y 0.96 0.89

Buckling resistance Nbrd | 4702.05 4365.76 kN
Cross-section area A 1.7800e-02  [m?

Buckling resistance Nprs | 4365.76 kN

Unity check 0.30 -

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

Torsional buckling length | | 6.000 m
Elastic critical load N1 10603.30 kN
Relative slenderness At 0.68

Limit slenderness Awio 0.20

Buckling curve b

Imperfection a 0.34

Reduction factor y 0.80
Cross-section area A 1.7800e-02 | m?
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[Buckling resistance Npgs 389245  [kN |
[Unity check [0.33 [-

Lateral Torsional Buckling check
According to EN 1993-1-1 article 6.3.2.1 & 6.3

LTB parameters
Method for LTB curve

Alternative case

.2.3 and formula (6.54)

Plastic section modulus Wpy |[3.2167e-03

m?

Elastic critical moment Mo 4008.05

kNm

Relative slenderness At 0.47

Limit slenderness Awiito 0.40

LTB length It 6.000 m
Influence of load position no influence
Correction factor k 1.00

Correction factor kw 1.00

LTB moment factor C, 2.60

LTB moment factor C; 0.00

LTB moment factor Cs 0.00

Shear center distance d: 0 mm
Distance of load application z5 |0 mm
Mono-symmetry constant By 0 mm
Mono-symmetry constant z 0 mm

Note: The slenderness or bending moment is such that Lateral Torsional Buckling effects
may be ignored according to EN 1993-1-1 article 6.3.2.2(4).

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

Bending and axial compression check

According to EN 1993-1-1 article 6.3.3 and formula (6.61),(6.62)

Bending and axial compression check parameters

Interaction method altemative method 1
Cross-section _area A 1.7800e-02 m?
Plastic section modulus Wpiy 3.2167e-03 m?
Plastic section modulus Wiz 9.6667¢-04 m?
Design compression force Ned 1291.27 kN
Design bending moment (maximum) Myes |14.87 kNm
Design bending moment (maximum) Mzes |-22.71 kNm
Characteristic compression resistance N | 4895.00 kN
Characteristic moment resistance My rx 884.58 kNm
Characteristic moment resistance Mzzax 265.83 kNm
Reduction factor yy 0.96

Reduction factor y» 0.80

Modified reduction factor yi1,med 1.00

Interaction factor ky 0.66

Interaction factor ky 0.34

Interaction factor kzy 0.34

Interaction factor kz 0.50

Maximum moment My,eq is derived from beam B679 position 6.000 m.
Maximum moment Mzgq is derived from beam B679 position 0.000 m.

Interaction method 1 parameters

Critical Euler load Ny 35805.39 kN
Critical Euler load Nz 21025.25 kN
Elastic critical load Ne1 10603.30 kN
Plastic section modulus Wiy 3.2167e-03 m?
Elastic section modulus Weiy 2.9000e-03 m?
Plastic section modulus Wiz 9.6667e-04 m?
Elastic section modulus Weiz 6.3100e-04 m?
Second moment of area 1y 6.3700e-04 m*
Second moment of area I; 9.4700e-05 m*
Torsional constant Ir 2.4400e-06 m?
Method for equivalent moment factor Cayo |Table A2 Line 1 (Linear)

Ratio of end moments yy -0.94

Equivalent moment factor Cmyo 0.58

Method for equivalent moment factor Crep | Table A.2 Line 1 (Linear)

Ratio of end moments w: 0.94

Equivalent moment factor Cmzpo 0.57

Factor py 1.00

Factor p; 0.99

Factor &y 0.07

Factor air 1.00

Critical moment for uniform bending Ma,0 1541.56 kNm
Relative slenderness Aeio 0.76

Limit relative dendemess Aap,im 0.31

Equivalent moment factor Cmy 0.67

Equivalent moment factor Cu: 0.57

Antonio Drazen Vidoljak
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Interaction method 1 parameters

Equivalent moment factor Cmir 1.00
Factor byt 0.00
Factor cr 0.03
Factor dir 0.04
Factor_ecr 0.21
Factor wy 1.11
Factor w: 1.50
Factor ng 0.26
Maximum relative slenderness Arelmax 0.48
Factor Cyy 1.04
Factor Cyz 1.23
Factor Cxy 1.03
Factor Cz 1.20

Unity check (6.61) = 0.27 + 0.01 + 0.03 = 0.31 -
Unity check (6.62) = 0.33 + 0.01 + 0.04 = 0.38 -

Shear Buckling check

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

Shear Buckling parameters

Buckling field length a 6.000 m
Web unstiffened

Web height hw 398 mm
Web thickness t 12 mm
Material coefficient € 0.92

Shear correction factor n | 1.20

Shear Bucdkling verification
Web slenderness hw/t  [34.61
[Web slenderness limit [55.46 |

Note: The web slenderness is such that Shear Buckling effects may be ignored

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

Antonio Drazen Vidoljak

o EC-EN 1993 Steel check ULS
Values: UC overall

Linear calculation

Combination; GSNE

Coordinate system: Principal
Extreme 1D: Global

Selection: All

Filter: Layer = Stupovi 1

0] 9|2 sl = |50 155 | 0| 5

LR

Slika 97. Prikaz iskoristivosti stupova
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4.3.10 Dimenzioniranje vertikala — Pozicija 13

Uzduzna sila N u vertikalama:

4,
“mil“

/E
# v

D@ & R ko |20 2 | e | 31| B BB R

Slika 98. Prikaz uzduzne sile N u vertikalama

Proracun finalnog poprecnog presjeka vertikala u modulu Steel.
Odabran profil - CHCHS133x4

U nastavku je dan prikaz proracuna odabranog presjeka na mjerodavne sile:
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EC-EN 1993 Steel check ULS

Linear calculation
Combination: GSN4
Coordinate system: Principal
Extreme 1D: Global

Selection: All

Filter: Cross-section = V1 - CFRCHS133X4
EN 1993-1-1 Code Check

National annex:

Standard EN

[Member B248 [0.000 / 2.600 m [CFCHS133X4

[s275 [GSN4 [o0.90 - |

Antonio Drazen Vidoljak

Note: EN 1993-1-3 article 1.1(3) specifies that this part does not apply to cold formed CHS and RHS sections.

The default EN 1993-1-1 code check is executed instead of the EN 1993-1-3 code check.

Combination

key
GSN4 / 1.35*LC1 + 1.35*LC2_Dodatno stalno +
1.35*LC3_Promjenjivo + 1.35%LC4_Snijeg +

1.50*LC6_Vjetar "SHED"0+ + 1.35*LC6_Vjetar "Zidovi+ +
1.35*%LC6_Vjetar "Rawni krov 0+ + 1.35*LC6_Vjetar "Trenje

0i180"

Partial safety factors

ywmo for resistance of cross-sections | 1.00
ywi for resistance to instability 1.00
ym2 for resistance of net sections 1.25
Material

Yield strength fy 275.0 MPa
Ultimate strength f, |430.0 MPa
Fabrication Cold formed

...:SECTION CHECK::...

The critical check is on position 0.000 m

Intemal forces Calculated Unit

Ned -301.62 kN
[Vyes 0.00 kN
Vzed 0.00 kN
Tea 0.00 kNm
My.ed 0.00 kNm
Mz.ed 0.00 kNm

Classification for cross-section design

Qassification according to EN 1993-1-1 article 5.5.2
Qassification of Tubular sections according to EN 1993-1-1 Table 5.2 Sheet 3

Class 2 Limit

Class 1 Limit

[-]

The cross-section is classified as Class 1

Compression

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

check

A 1.6210e-03 | m?
Nera 445.77 kN
Unity check | 0.68 £

The member satisfies the section check.
.iSTABILITY CHECK::...

Classification for member buckling design

Decisive position for stability classification: 0.000 m
Qassification according to EN 1993-1-1 article 5.5.2
Qassification of Tubular sections according to EN 1993-1-1 Table 5.2 Sheet 3

d/t Class 1 Limit Class 2 Limit

d t

[mm] [mm] [-] [-]

133 4

33.25 [42.73

[-]

59.82

The cross-section is classified as Class 1
Flexural Buckling check

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

Buckling parameters yy z

Sway type sway non-sway
System length L 2.600 2.600 m
Buckling factor k 1.00 1.00

Buckling length | 2.600 2.600 m
Critical Euler load N 1034.87 [1034.92 kN
Slendemess A 56.98 56.98

136



Diplomski rad Antonio Drazen Vrdoljak

Buckling parameters yy z
Relative slenderness Ae  [0.66 0.66
Limit slenderness Aeio 0.20 0.20

Buckling curve c c
Imperfection a 0.49 0.49
Reduction factor ¥ 0.75 0.75

Buckling resistance Nura [335.01 335.02 kN

Cross-section area A 1.6210e-03 |[m?
Buckling resistance Nogrs  [335.01 kN
Unity check 0.90 -

Torsional(-Flexural) Buckling check
According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)
Note: The cross-section concerns a CHS section which is not susceptible to Torsional(-Flexural) Buckling.

The member satisfies the stability check.

election:
ilter: Crass-section = V1 -
CFCHS133X¢ E

S

- S
/ﬂ TN
* ¥ r

|| 2 an 1= |50 25 00 | B R

Slika 99. Prikaz iskoristivosti vertikala
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4.3.11 Dimenzioniranje dijagonala — Pozicija 14

Uzduzna sila N u dijagonalama:

2 10 interal forces
Values: N
Linear calculation
Combination: GSN4
Coordinate system: Member
Extreme 1D: Global
Selection: All
Filter: Cross-section =
Redetka-Dijagonala - CFCHS114.3X5

AR

A | 2 a1 ]| 25| 48| B &5 |

Slika 100. Prikaz uzduzne sile N u dijagonalama

Proracun finalnog poprecnog presjeka dijagonala modulu Steel..
Odabran profil - CFCHS114.3x5

U nastavku je dan prikaz prora¢una odabranog presjeka na mjerodavna sile:
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EC-EN 1993 Steel check ULS

Linear calculation

Combination: GSN4

Coordinate system: Principal

Extreme 1D: Global

Selection: All

Filter: Cross-section = ReSetka-Dijagonala - CFCHS114.3X5

EN 1993-1-1 Code Check
National annex: Standard EN

[Member B443 [3.538 / 3.538 m |CFCHS114.3X5 [S 275 [GSN4 [0.80 - |

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

Combination key

GSN4 / 1.35%LC1 + 1.35*LC2_Dodatno stalno +
1.35*LC3_Promjenjivo + 1.35*LC4_Snijeg +
1.50*LC6_Vjetar "SHED"0+ + 1.35*LC6_Vjetar "Zidovi+ +
1.35*LC6_Vjetar "Ravni krov 0+ + 1.35*%LC6_Vijetar "Trenje
0i180"

ymo for resistance of cross-sections | 1.00
yw for resistance to instability 1.00
ymz for resistance of net sections 1.25
Yield strength fy 275.0 MPa
Ultimate strength f, [430.0 MPa
Fabrication Cold formed

The critical check is on position 3.538 m
Intemal forces Calculated Unit

Ned -193.12 kN
Vyed 0.00 kN
Vzed 0.00 kN
Tea 0.00 kNm
| My,eq 0.00 kNm
Mz, eq 0.00 kNm

Classification for cross-section design
Qassification according to EN 1993-1-1 article 5.5.2
Qassification of Tubular sections according to EN 1993-1-1 Table 5.2 Sheet 3

d t d/t Class 1 Limit Class 2 Limit Class 3 Limit Class

[mm] [mm] [-] [-] [-] [-]
114 5 22.86 [42.73 59.82 76.91 1

The cross-section is classified as Class 1

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

A 1.7170e-03 _[m?
Nera 472.18 kN
Unity check [0.41 -

The member satisfies the section check.
«..:STABILITY CHECK::...

Classification for member buckling design

Decisive position for stability classification: 0.000 m

Qassification according to EN 1993-1-1 article 5.5.2

Qassification of Tubular sections according to EN 1993-1-1 Table 5.2 Sheet 3

d t d/t Class 1 Limit Class 2 Limit Class 3 Limit Class
[mm] [mm] [-] [-] [-] [-]
114 5 22.86 |42.73 59.82 76.91 1

The cross-section is classified as Class 1

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

Buckling parameters yy zz

Sway type sway non-sway
System length L 3.538 3.538 m
Buckling factor k 1.00 1.00

Buckling length e 3.538 3.538 m
Critical Euler load Ner 425.32 [425.34 kN
Slendemess A 91.47 91.47
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Buckling parameters yy zz

Relative slenderness Ae | 1.05 1.05

Limit slenderness Aeio 0.20 0.20

Buckling curve [ c

Imperfection a 0.49 0.49
Reduction factor y 0.51 0.51

Buckling resistance Nors |240.55 | 240.56 kN
Cross-section area A 1.7170e-03 | m?
Buckling resistance Npzra | 240.55 kN

Unity check 0.80 =

Torsional(-Flexural) Buckling check
According to EN 1993-1-1 article 6.3.1.1

Note: The cross-section concerns a CHS section which is not susceptible to Torsional(-Flexural) Buckling.
The member satisfies the stability check.

and formula (6.46)

Antonio Drazen Vidoljak

o EC-EN 1993 Steel check ULS
Values: UC overall
Linear calculation
Combination: GSN4
Coordinate system: Principal
Extreme 1D: Global
Selection: Al
Filter: Cross-section =
Resdetka-Dijagonala - CFCHS114.3X5
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Slika 101. Prikaz iskoristivosti dijagonala
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4.3.12 Dimenzioniranje spregnute konstrukcije — Pozicija 17

Kod dimenzioniranja AB dijela spregnute konstrukcije , proraCunavamo samo gornju zonu , a

donji dio potrebne armature ¢e preuzeti trapezni lim sa rebrastom armaturom

Mjerodavne kombinacije opterecenja

b

i
“ 2D internal forces

Values: msx E
=
Linear calculation £
Combination: GSNG Nl
Extreme: Global .00 [ =
Selection: All 20 M E

Filter: Layer = AB Medukatna BV

konstrukcija .

Location: In nodes avg.. System: LCS 18.00

mesh element 1200

6.00

-0.00

-£.00

-12.00

-18.00

-24.00

-30.00

-36.00

-42.00

-49.30

ot «

il
& OO

]

Qe egs B
£ 92 alk2 o] 25t 49 0 B
Slika 102. Prikaz mjerodavnog momenta u x smjeru
i 2D internal forces . 1
Values: my E
e neo g
Extreme: Global 18.00 =
Selection: All soo B £
Filter: Layer = AB Medukatna
konstrukeija 208
Location: In nedes avg.. System: LCS .00
mesh element 6.00
3.00
-0.00
-3.00
-6.00
-3.00
-12.00
-15.00
-18.00
-21.00
-24.63
|
L OOy
Qe 22 n
0] |4 Lok 25 | 45

Slika 103. Prikaz mjerodavnog momenta u 'y smjeru
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Dimenzioniranje pozicija 100

Pozicija 101 —lezaj 101 — 102

Antonio Drazen Vidoljak

| " Ast e
) 100 ]
b 100.00 cm
h 20.00 cm  C25/30
€ 25/30 d, (d,) 300 om fy 1.67 kN/em’
2
f.4=25/1,5=16,67 [MPa] d 17.00 cm fi, 43.48 kN/cm
Mgq 4930 kNm  Jednostruko armiranje
B 500B
Nga 000 kN w 12.870 %
0,
£,4=500/1,15=434.8 [MPa] | ! U % 0422 %
€ 22 % X 0.183 x= 3.lcm
MEq=49,30 [kNm] M4, 4930 kNm 1z 0.930
Mpajim ~ 76.81 kNm Ay 717  em’
Nea=0.00 [kN] m, 0.102 Ay 000 cm’
Aqmin 200 om’

Odabrana mreza: Q 785 (7,85 [cm*/m])
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Pozicija 102 —lezaj 102 — 103

Antonio Drazen Vidoljak

i Cast :‘ ~| &
] 100 ]
b 100.00  cm
h 2000 cm  C25/30
C25/30 d, (dy) 300 om  fy 1.67 kN/em’
2
f4=25/1,5=16,67 [MPa]  |d 1700 em  fy 43.48 kN/cm
B S00B Mgy 49.30 kNm  Jednostruko armiranje
Nga 000 kN w 12.870 %
0,
f,4=500/1,15=434,8 [MPa] | Ll oo 0.422 %
€. 2.2 %0 X 0.183 x= 3.llcm
MEq=49,30 [kNm] My 4930 kNm 1z 0.930
Mpaim 7681 kNm A 717 em’
=0,00 [k
Nea=0,00 [kN] m,, 0.102 Ay 000 cm’
A min 200 cm’

Odabrana mreza: Q 785 (7,85 [cm?/m])
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Pozicija 103 —lezaj 103 — 104

i Cast :‘ ~| &
] 100 ]
b 100.00  cm
h 2000 cm  C25/30
C25/30 d, (dy) 300 om  fy 1.67 kN/em’
2
f4=25/1,5=16,67 [MPa]  |d 1700 em  fy 43.48 kN/cm
Mgy 42.00 kNm  Jednostruko armiranje
B 500B
Nk 000 kN w 10.879 %
0,
f,4=500/1,15=434,8 [MPa] | Ll oo 0.356 %
€. 2.0 %0 X 0.164 x= 2.80cm
MEq=42,00 [kNm] My 4200 kNm z 0.938
Mpajim 7681 kNm Ay 605 cm’
=0,00 [k
NEa=0,00 [kN] my 0.087 Ag 000 cm’
A min 200 cm’

Odabrana mreza: Q 636 (6,36 [cm?/m])
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Pozicija 104 — lezaj 104 — 105

Antonio Drazen Vidoljak

i Cast :‘ ~| &
] 100 ]
b 100.00  cm
h 2000 cm  C25/30
C25/30 d, (dy) 300 om  fy 1.67 kN/em’
2
f4=25/1,5=16,67 [MPa]  |d 1700 em  fy 43.48 kN/cm
B S00B Mgy 49.30 kNm  Jednostruko armiranje
Nga 000 kN w 12.870 %
0,
f,4=500/1,15=434,8 [MPa] | Ll oo 0.422 %
€. 2.2 %0 X 0.183 x= 3.llcm
MEq=49,30 [kNm] My 4930 kNm 1z 0.930
Mpaim 7681 kNm A 717 em’
=0,00 [k
Nea=0,00 [kN] m,, 0.102 Ay 000 cm’
A min 200 cm’

Odabrana mreza: Q 785 (7,85 [cm?/m])
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Pozicija 105 —lezaj 105 — 106

i Cast :‘ ~| &
] 100 ]
b 100.00  cm
h 2000 cm  C25/30
C25/30 d, (dy) 300 om  fy 1.67 kN/em’
2
f4=25/1,5=16,67 [MPa]  |d 1700 em  fy 43.48 kN/cm
Mgy 42.00 kNm  Jednostruko armiranje
B 500B
Nk 000 kN w 10.879 %
0,
f,4=500/1,15=434,8 [MPa] | Ll oo 0.356 %
€. 2.0 %0 X 0.164 x= 2.80cm
MEq=42,00 [kNm] My 4200 kNm z 0.938
Mpajim 7681 kNm Ay 605 cm’
=0,00 [k
NEa=0,00 [kN] my 0.087 Ag 000 cm’
A min 200 cm’

Odabrana mreza: Q 636 (6,36 [cm?/m])
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Dimenzioniranje pozicija 200

Pozicija 201 —lezaj 201 — 202

Antonio Drazen Vidoljak

| " Ast e
) 100 ]
b 100.00 cm
h 20.00 cm  C25/30
€ 25/30 d, (d,) 300 om fy 1.67 kN/em’
2
f.4=25/1,5=16,67 [MPa] d 17.00 cm fi, 43.48 kN/cm
Mgq 4930 kNm  Jednostruko armiranje
B 500B
Nga 000 kN w 12.870 %
0,
£,4=500/1,15=434.8 [MPa] | ! U % 0422 %
€ 22 % X 0.183 x= 3.lcm
MEq=49,30 [kNm] M4, 4930 kNm 1z 0.930
Mpajim ~ 76.81 kNm Ay 717  em’
Nea=0.00 [kN] m, 0.102 Ay 000 cm’
Aqmin 200 om’

Odabrana mreza: Q 785 (7,85 [cm*/m])
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Pozicija 202 — lezaj 202 — 203

Antonio Drazen Vidoljak

| " Ast =
] 100 ]
b 100.00  cm
h 2000 cm  C25/30
€ 25/30 d, (dy) 300 om  fy 1.67 kN/em’
2
f4=25/1,5=16,67 [MPa]  |d 1700 em  fy 43.48 kN/cm
Mgy 49.30 kNm  Jednostruko armiranje
B 500B
Nga 000 kN w 12.870 %
0,
f,4=500/1,15=434,8 [MPa] | Ll oo 0.422 %
€. 2.2 %0 X 0.183 x= 3.llcm
MEq=49,30 [kNm] My 4930 kNm 1z 0.930
Mpaim 7681 kNm A 717 em’
Nga=0,00 [kN
B [N m,, 0.102 Ay 000 cm’
A min 200 cm’

Odabrana mreza: : Q 785 (7,85 [cm?*/m])
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Pozicija 203 — lezaj 203 — 204

i Cast :‘ ~| &
] 100 ]
b 100.00  cm
h 2000 cm  C25/30
C25/30 d, (dy) 300 om  fy 1.67 kN/em’
2
f4=25/1,5=16,67 [MPa]  |d 1700 em  fy 43.48 kN/cm
Mgy 42.00 kNm  Jednostruko armiranje
B 500B
Nk 000 kN w 10.879 %
0,
f,4=500/1,15=434,8 [MPa] | Ll oo 0.356 %
€. 2.0 %0 X 0.164 x= 2.80cm
MEq=42,00 [kNm] My 4200 kNm z 0.938
Mpajim 7681 kNm Ay 605 cm’
=0,00 [k
NEa=0,00 [kN] my 0.087 Ag 000 cm’
A min 200 cm’

Odabrana mreza: Q 636 (6,36 [cm?/m])
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Pozicija 204 — lezaj 204 — 205

Antonio Drazen Vidoljak

i Cast :‘ ~| &
] 100 ]
b 100.00  cm
h 2000 cm  C25/30
C25/30 d, (dy) 300 om  fy 1.67 kN/em’
2
f4=25/1,5=16,67 [MPa]  |d 1700 em  fy 43.48 kN/cm
B S00B Mgy 49.30 kNm  Jednostruko armiranje
Nga 000 kN w 12.870 %
0,
f,4=500/1,15=434,8 [MPa] | Ll oo 0.422 %
€. 2.2 %0 X 0.183 x= 3.llcm
MEq=49,30 [kNm] My 4930 kNm 1z 0.930
Mpaim 7681 kNm A 717 em’
=0,00 [k
Nea=0,00 [kN] m,, 0.102 Ay 000 cm’
A min 200 cm’

Odabrana mreza: Q 785 (7,85 [cm?/m])
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Pozicija 205 — lezaj 205 — 206

i Cast :‘ ~| &
] 100 ]
b 100.00  cm
h 2000 cm  C25/30
C25/30 d, (dy) 300 om  fy 1.67 kN/em’
2
f4=25/1,5=16,67 [MPa]  |d 1700 em  fy 43.48 kN/cm
Mgy 42.00 kNm  Jednostruko armiranje
B 500B
Nk 000 kN w 10.879 %
0,
f,4=500/1,15=434,8 [MPa] | Ll oo 0.356 %
€. 2.0 %0 X 0.164 x= 2.80cm
MEq=42,00 [kNm] My 4200 kNm z 0.938
Mpajim 7681 kNm Ay 605 cm’
=0,00 [k
NEa=0,00 [kN] my 0.087 Ag 000 cm’
A min 200 cm’

Odabrana mreza: Q 636 (6,36 [cm?/m])
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Dimenzioniranje pozicija 300

Pozicija 301 — lezaj 301 — 302

Antonio Drazen Vidoljak

| " Ast e
) 100 ]
b 100.00 cm
h 20.00 cm  C25/30
€ 25/30 d, (d,) 300 om fy 1.67 kN/em’
2
f.4=25/1,5=16,67 [MPa] d 17.00 cm fi, 43.48 kN/cm
Mgq 4930 kNm  Jednostruko armiranje
B 500B
Nga 000 kN w 12.870 %
0,
£,4=500/1,15=434.8 [MPa] | ! U % 0422 %
€ 22 % X 0.183 x= 3.lcm
MEq=49,30 [kNm] M4, 4930 kNm 1z 0.930
Mpajim ~ 76.81 kNm Ay 717  em’
Nea=0.00 [kN] m, 0.102 Ay 000 cm’
Aqmin 200 om’

Odabrana mreza: Q 785 (7,85 [cm*/m])
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KONSTRUKTIVNA ARMATURA

Za sve presjeke konstruktivna armatura je odabrana Q226 (na lezaju gdje armatura nosi u

jednom smjeru R226), zbog minimalne potrebne armature od 2 [cm?/m”].

Kod donje zone spregnute konstrukcije, trapezni lim skupa s rebrastom armaturom mora pokriti

mjerodavne momente savijanja i to:

Tablica 29. Prikaz mjerodavnih momenata savijanja po pozicijama

Pozicija Mjerodavni moment savijanja

[kNm]
101 43,65
102 32,00
103 32,00
104 36,00
105 36,00
106 43,65
201 43,65
202 32,00
203 36,00
204 36,00
205 28,00
206 43,65
301 43,65
302 43,65

Proracun na pukotine nije potrebno izvr$iti sa grani¢nim stanjem uporabljivosti jer plo¢a nije

deblja od 20 [cm]!
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4.3.13 Odabir geometrije temelja samca — Pozicija 19

Moment savijanja My temelja samca:

| forces

3
x_l
v

902 M e s+ 1 [E 5

Slika 104. Prikaz momenta savijanja M, temelja samca

Uzduzna sila N temelja samca:

)Z\
¥ v

A AN = e e e lfs szl

Slika 105. Prikaz uzduzne sile N temelja samca
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0, =gt 5 (60)
Oaop = 500 [MPa] (61)
01,2 < Odop (62)

Za najbolju iskoristivog presjeka stupa odabrana je geometrija 2000x2000x500 [mm)].

A=21%21=4,41[m?] (63)
3 3
= Jea 4 Mea _ 12901 4 23748 _ 446,75 [MPa] (65)
A w 4,41 1,54
= Nea _ Mra _ 12901 _ 25748 _ 138,34 [MPa] (66)
2 A w 4,41 1,54 ’
(5} < O-dOp (67)
()] < Udop (68)
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4.3.14 Dimenzioniranje zabatnih stupova — Pozicija 20

Moment savijanja My u zabatnim stupovima:

=3

1D internal forces

Values: Mz

Linear calculation
Combination: GSN&
Coordinate system: Member
Extreme 1D: Global

Selection: All

Filter: Layer = Zabatni stupovi

M

N

¥

@@ |2 L ko | 0|55 4 08 | BT D

Slika 106. Prikaz momenta savijanja Mz u zabatnim stupovima

Poprecna sila V; u zabatnim stupovima:

e

1D internal forces

Values: Vy

Linear calculation
Combination: GSNG
Coordinate system: Member
Extreme 1D: Global

Selection: All

Filter: Layer = Zabatni stupovi

N

¥

A || 2 e |2 ] %05 |2 | 08| BR | E

Slika 107. Prikaz poprecne sile Vy u zabatnim stupovima

e

R e

R
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Uzduzna sila N u zabatnim stupovima:

2 1D internal forces
Values: N
Linear calculation
Combination: GSN3
Coordinate system: Member
BExtreme 1D: Global
Selection: All
Filter: Layer = Zabatni stupovi

[ 1] [1”“‘?‘“

MR

\ I T
il

0@ 5 S 2 19 58 T

Slika 108. Prikaz uzduzne sile N u zabatnim stupovima

Provjera finalnog popre¢nog presjeka donjeg pojasa u modulu Steel.

Odabrani profil —- HEA240

U nastavku je dan prikaz proracuna odabranog presjeka na mjerodavne sile:
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EC-EN 1993 Steel check ULS

Linear calculation
Combination: GSN6
Coordinate system: Principal
Extreme 1D: Global

Selection: All

Flter: Layer = Zabatni stupovi

EN 1993-1-1 Code Check
National annex: Standard EN

[Member B692 [0.000 / 6.000 m [HEA240 [S 275 [GSN6 [0.61 - |

Combination key

GSN6 / 1.35*LC1 + 1.35*LC2_Dodatno stalno +
1.35*LC3_Promjenjivo + 1.35*LC4_Snijeg +
1.50*LC6_Vjetar "SHED"90+ + 1.35*LC6_Vijetar "Zidovi+ +
1.35*LC6_Vjetar "Ravni krov 90+ + 1.35*LC6_Vjetar "Trenje
90"

Partial safety factors

ywvo for resistance of cross-sections | 1.00
w1 for resistance to instability 1.00
ywmz for resistance of net sections 1.25

Material
Yield strength fy 275.0 [MPa
Ultimate strength f, [430.0 |MPa
Fabrication Rolled

The critical check is on position 0.000 m

Intemal forces Calculated Unit

Neg -489.96 kN
Vyed 0.55 kN
Vz,ed -8.37 kN
Ted 0.00 KNm
My.ea 23.23 kNm
| Mzeq -2.06 kNm

Classification for cross-section design
Qassification according to EN 1993-1-1 article 5.5.2
Qassification of Internal and Outstand parts according to EN 1993-1-1 Table 5.2 Sheet 1 & 2

o1 o2 'y Class 2 Class 3
[kN/m 2] [kN/m 2] Limit Limit
[-] [-]

14 SO 95 12 3.298e+04 |4.006e+04 [0.82 [0.44 [1.00 [7.94 8.32 9.24 12.94 1
3 SO 95 12 2.930e+04 |2.222e+04 |0.76 |0.53 [1.00 [7.94 8.32 9.24 14.08 1
4 1 164 8 3.922e+04 |8.829e+04 [0.44 1.00 |21.87 [25.88 31.43 43.52 1
5 S0 95 12 9.453e+04 |8.745e+04 (093 046 [1.00 [7.94 8.32 9.24 13.12 1
7 SO 95 12 9.821e+04 |1.053e+05 ]0.93 0.44 [1.00 |7.94 8.32 9.24 12.80 1

Note: The Classification limits have been set according to Semi-Comp+.
The cross-section is classified as Class 1

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

A 7.6800e-03_[m?
Nega 2112.00 kN
Unity check | 0.23 £

Bending moment check for My
According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6.13)

Woiy 7.4583e-04_[m®
Mpiy.Ra 205.10 kNm
Unity check [0.11 z

Bending moment check for M;
According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6.13)

Wolz 3.5167e-04 |m?
Moiz.r0 96.71 kNm
Unity check | 0.02 -

Shear check for Vy
According to EN 1993-1-1 article 6.2.6 and formula (6.17)

n 1.20

Ay 5.9737e-03 |m?
Voly.Rra 948.46 kN
Unity check [0.00 »
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Shear check for V;
According to EN 1993-1-1 article 6.2.6 and formula (6.17)

n 1.20

Av 2.5140e-03 | m?
Vplzrd 399.15 kN
Unity check [0.02 -

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

Fibre 2

Ted 0.0 MPa
TRd 158.8 | MPa
Unity check | 0.00 =

Note: The unity check for torsion is lower than the limit value of 0.05. Therefore torsion is considered as
insignificant and is ignored in the combined checks.

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

Muyra [180.03 | kNm
a 2.00
Muzre [96.71 kNm
B 1.16

Unity check (6.41) = 0.02 + 0.01 = 0.03 -

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

The member satisfies the section check.

Classification for member buckling design

Decisive position for stability classification: 6.000 m

Qassification according to EN 1993-1-1 article 5.5.2

(assification of Internal and Outstand parts according to EN 1993-1-1 Table 5.2 Sheet 1 & 2

o1 02 Class 1 Class 2 Class 3
[kN/m 2] [kN/m2] Limit Limit Limit
[-1 [-1 [-]

1 SO 95 12 1.156e+05 [1.099e+05 [0.95 [0.45 [1.00 [7.94 |8.32 9.24 12.99 1
3 SO 95 12 1.186e+05 [1.243e+05 [0.95 |0.43 [1.00 [7.94 |8.32 9.24 12.78 1
4 I 164 8 1.035e+05 |2.110e+04 |0.20 1.00 [21.87 |25.88 31.43 48.54 1
5 [SO 95 12 9.017e+03 [1.475e+04 [0.61 [0.47 |1.00 [7.94 [8.32 9.24 13.28 1
7 _|SO 95 12 6.038e-+03 [3.045e+02 [0.05 [1.48 |1.00 |7.94 [8.32 9.24 23.62 1

Note: The Classification limits have been set according to Semi-Comp+.
The cross-section is classified as Class 1

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

Buckling parameters yy z

Sway type sway non-sway
System length L 6.000 2.000 m
Buckling factor k 1.49 0.64

Buckling length | 8.920 1.274 m
Critical Euler load Ne 2021.37 [35395.72 [kN
Slendemess A 88.74 21.21

Relative slenderness Aw [1.02 0.24

Limit slenderness Aweio 0.20 0.20

Buckling curve b c

Imperfection a 0.34 0.49
Reduction factor y 0.58 0.98

Buckling resistance Nors [1231.33 | 2064.44 kN
Cross-section _area A 7.6800e-03 | m?
Buckling resistance Npgrs |[1231.33 kN

Unity check 0.40 -

Torsional(-Flexural) Buckling check

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

Note: For this I-section the Torsional(-Flexural) buckling resistance is higher than the resistance
for Flexural buckling. Therefore Torsional(-Flexural) buckling is not printed on the output.

Lateral Torsional Buckling check
According to EN 1993-1-1 article 6.3.2.1 & 6.3.2.3 and formula (6.54)
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LTB parameters

Method for LTB curve Alternative case

Plastic section modulus Wy |[7.4583e-04 m?
Elastic critical moment M 2599.32 kNm
Relative slenderness Awiit 0.28

Limit slenderness Aeiit.o 0.40

Note: The slenderness or bending moment is such that Lateral Torsional Buckling effects
may be ignored according to EN 1993-1-1 article 6.3.2.2(4).

LTB length It 2.000 m
Influence of load position no influence
Correction factor k 1.00

Correction factor kw 1.00

LTB moment factor C, 1.52

LTB moment factor Cz 0.01

LTB moment factor Cs3 1.00

Shear center distance d: 0 mm
Distance of load application z; |0 mm
Mono-symmetry constant By 0 mm
Mono-symmetry constant z; 0 mm

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

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

Bending and axial compression check parameters

Interaction method altemative _method 1
Cross-section _area A 7.6800e-03 m?
Plastic section modulus Wiy 7.4583e-04 m?
Plastic section modulus Wiz 3.5167e-04 m?
Design compression force Ned 489.96 kN
Design bending moment (maximum) Myes [-39.03 kNm
Design bending moment (maximum) Mzes |[-2.06 kNm
Characteristic compression resistance Nmx  [2112.00 kN
Characteristic_ moment resistance My ax 205.10 kNm
Characteristic_ moment resistance Mzzax 96.71 kNm
Reduction factor yy 0.58

Reduction factor y» 0.98

Modified reduction factor yi1,med 1.00

Interaction factor kyy 1.07

Interaction factor ky. 0.54

Interaction factor kzy 0.71

Interaction factor kz 1.01

Maximum moment Myeq is derived from beam B692 position 6.000 m.
Maximum moment M:gq is derived from beam B692 position 0.000 m.

Interaction method 1 parameters

Critical Euler load Ney 2021.37 kN
Critical Euler load Nez 35395.72 kN
Elastic critical load Ne v 14864.51 kN
Plastic section _modulus Wiy 7.4583e-04 m?
Elastic section modulus Weiy 6.7500e-04 m?
Plastic section modulus Wiz 3.5167e-04 m?
Elastic section modulus Wez 2.3100e-04 m?
Second moment of area Iy 7.7600e-05 m*
Second moment of area I, 2.7700e-05 m?
Torsional constant It 4.1600e-07 m*
Method for equivalent moment factor Cow0 |Table A2 Line 2 (General)
Design bending moment (maximum) Myes  [-39.03 kNm
Maximum _relative deflection &; 2.2 mm
Equivalent moment factor Camy,o 0.82

Method for equivalent moment factor Coep |Table A.2 Line 1 (Linear)

Ratio of end moments y: 0.47

Equivalent moment factor Cmzo 0.89

Factor py 0.88

Factor p; 1.00

Factor &y 0.91

Factor a.r 0.99

Critical moment for uniform bending Moo 1710.32 kNm
Relative slenderness Aweio 0.35

Limit relative sendemess Aao,im 0.24

Equivalent_ moment factor Cay 0.91

Equivalent moment factor Cmz 0.89

Equivalent moment factor Cour 1.00

Factor bir 0.00

Factor ar 0.05

Factor dir 0.03
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Interaction method 1 parameters

Factor et 1.19
Factor wy 1.10
Factor w; 1.50
Factor ng 0.23
Maximum relative slenderness Acelmax 1.02
Factor Cyy 0.99
Factor Cy: 1.03
Factor Cay 0.87
Factor Cz 0.89

Unity check (6.61) = 0.40 + 0.20 + 0.01 = 0.61 -
Unity check (6.62) = 0.24 + 0.14 + 0.02 = 0.39 -

Shear Buckling check
According to EN 1993-1-5 article 5 & 7.1 and formula (5.10) & (7.1)

| Shear Buckling parameters |
Buckling field length a 6.000 m
Web unstiffened

Web height hw 206 mm
Web thickness t 8 mm
Material coefficient & 0.92

Shear correction factor n[1.20

Shear Buckling verification
Web slenderness hw/t | 27.47
[Web slenderness limit [55.46 |

Note: The web slenderness is such that Shear Buckling effects may be ignored
according to EN 1993-1-5 article 5.1(2).

The member satisfies the stability check.

2 EC-EN 1993 Steel check uLs
Values: UC Overall

Linear calculation

Combination: GSNe

Coordinate system: Principal
Extreme 1D: Global

Selection: All

Filter: Layer = Zabatni stupovi

' Qe esn
| |69 || 2 ek | 250 25 ot 0B | 50 R

Slika 109. Prikaz iskoristivosti zabatnih stupova
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5. SPOJEVI CELICNIH ELEMNATA

5.1 Spoj stup greda

- Mjerodavni moment savijanja My na gredi My1=37,86 [kNm]
- Mjerodavni moment savijanja My na gredi M,>=27,37 [kKNm]
- Mjerodavna poprec¢na sila V1 na gredi Va=13,51 [kN]
- Mjerodavna poprec¢na sila V2 na gredi V2=3,97 [kN]
- Mjerodavna uzduZzna sila N u stupu N=440,68 [kN]

Slika 110. Prikaz zadanih opterecenja u programu IdeaStatica — spoj stup greda

Nakon nanosenja opterec¢enja slijedi dimenzioniranje s najvec¢em stupnjem iskoristivosti prema

proracunu u racunalnom programu IdeaStatiCa u nastavku:
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Project:

Project no: [[#]=]=] StatiCa®

Colculate yostanday's astimates

Author:

Project data

Project name

Project number

Author

Description

Date 8/28/2023
Code EN

Material

Steel S 275
Concrete C25/30
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Project:
Project no:
Author:

Project item Spoj stup - greda

Design

Name
Description
Analysis

Members

Geometry

Name Cross-section

Spoj stup - greda

Stress, strain/ loads in equilibrium

B — Direction y - Pitch
[ [

C 14 - Greda 1(HEA260) 0.0 0.0

B 15 - Stup1(HEA450)
Supports and forces

Name

C / begin
C/end
B/end

0.0 -90.0

Support

N-Vy-Vz-Mx-My-Mz

o - Rotation

Antonio Drazen Vidoljak

//#/=/=] StatiCa®
Colcuiate yasterday's eatimates
Offset ex  Offsetey  Offset ez
(mm] [mm] [mm]
0.0 0
90.0 0 0 0
Forces in [n:(m]
Node 0
Node 0
Node 0
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AU th or: Caloulate yesterday's aatimatos

2
-
¢ -
Cross-sections
Name Material
14 - Greda 1(HEA260) S275
15 - Stup 1(HEA450) S 275
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Project no:
Author:

Cross-sections

Name

14 - Greda 1(HEA260)

15 - Stup 1(HEA450)

Bolts

Name

M168.8 M16 8.8

Material

S§275

S§275

Bolt assembly

Load effects (forces in equilibrium)

Name Member

LE1 C / Begin
C/End
B /End

Unbalanced forces

Name [kN]

LE1

0.0

Y
[kN]

N
[kN]

0.0
0.0
-440.7

0.0

Antonio Drazen Vidoljak

//#]/=]/=] StatiCa®

Calculate yastarday's estimates

Drawing

o~ S——-—" |

Diameter fu Gross area
[mm] [MPa] [mm?]
16 800.0 201
Vy Vz Mx Ny Mz
[kN] [kN] [kNm] [kNm] [kNm]
0.0 13.5 0.0 -37.9 0.0
0.0 4.0 0.0 27.4 0.0
0.0 0.0 0.0 0.0 0.0
4 Mx My Mz
[kN] [kNm] [kNm] [kNm]
458.2 0.0 -10.5 0.0
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Project:

Project no: [/#]=[=] StatiCa®

Knihion Colculate yastarday's astimatas
Check
Summary

Name Value Check status

Analysis 100.0% OK

Plates 27<5.0% OK

Bolts 81.9 < 100% OK

Welds 98.4 < 100% OK

Buckling Not calculated
Plates

t 0 £ o,
P Ed Pl c,Ed
Name [mmi Loads (MPa] %] [MPa] Status

C-bfl 1 125 LE1 275.2 0.1 2435 OK

C-fl 1 125 LE1 55.4 0.0 0.0 OK

Cw1 75| LE1 84.0 0.0 00 OK

B-bfl 1 21.0 LE1 94.1 0.0 0.0 OK

B-tfl 1 21.0 LE1 94.0 0.0 00 OK

B-w 1 1.5 LE1 276.5 0.7 00 OK

EP1 8.0 LE1 280.7 2.7 2435 OK
Design data

f £
i y lim
Material [MPa] %]
S275 275.0 5.0

Symbol explanation

t Plate thickness

Ogq4 Equivalent stress
£p| Plastic strain

OcEd Contact stress

fy Yield strength

Elim Limit of plastic strain
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Project:
—— [[=]=F=] StatiCa®
Colculate yasterday's ostimates
Author:
Overall check, LE1
[%]
150%
100%
(5.00)
l
|
2.70
el 0%
Strain check, LE1
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Project:
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Author: Calculate yesterday's estimates

[MPa]
275.0
250
225
200
175
150
125
100
75
50

25

0.0

Equivalent stress, LE1

Bolts
F, F, F, Ut Uty Uty
Sha item Grade Loads GECRS v, Ed Sl Status
i [kN] [kN] [kN] [%] (%] %]
B1 M168.8- 1 LE1 741 42 1101 819 7.0 655 OK
""g —}1- B2 M168.8- 1 LE1 17.8 43 110.1 19.7 80 220 OK
£ £ B3  M168.8-1 LE1 74.0 42 1101 819 70 655 OK
B4 M168.8- 1 LE1 17.7 48 110.1 196 80 220 OK
Design data
FtRd Bp,rd Fy,Rrd
Sarade [KN] [KN] [kN]
M168.8- 1 90.4 131.6 60.3
Symbol explanation
FiEq Tension force
Fyed Resultant of bolt shear forces Vy and Vz in shear planes
FpRrd Plate bearing resistance EN 1993-1-8 — Tab. 3.4
Ut Utilization in tension
Utg Utilization in shear
Utis Interaction of tension and shear EN 1993-1-8 — Tab. 3.4
FiRrd Bolt tension resistance EN 1993-1-8 —Tab. 3.4
Bp Rd Punching shear resistance EN 1993-1-8 — Tab. 3.4
Fyrg Bolt shear resistance EN 1993-1-8 — Tab. 3.4
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Project:
Project no: //#/=/=] StatiCa®
Riithor Calculate yesterday'’s etimatas
Detailed result for B1
Tension resistance check (EN 1993-1-8 — Table 3.4)
Fopa="fe2 = 904 kN 2 Fipa= 741 kN
Where:
k2 = 0.90 - Factor
fu» = 800.0 MPa - Ultimate tensile strength of the bolt
A, =157 mm? - Tensile stress area of the bolt
Yar2 = 1.25 — Safety factor
Punching resistance check (EN 1993-1-8 — Table 3.4)
Bppa="""bh — 4316 N 2 Fuma= 741 KN
Where:
dm = 25 mm — The mean of the across points and across flats dimensions of the bolt head or the nut, whichever is
smaller
iy = 8 mm - Plate thickness
fu = 430.0MPa - Ultimate strength
Yz = 1.25 — Safety factor

Shear resistance check (EN 1993-1-8 — Table 3 4)
Fypq=2reded . 603 kN 2 Fypa= 42 kN

TM2

Where:

Bp = 1.00 — Reduction factor for packing

a, = 0.60 — Reduction factor for shear stress
fub = 800.0 MPa - Ultimate tensile strenath of the bolt
A=157mm?  -Tensile stress area of the bolt

Ymz2 =125 ~ Safety factor
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Bearing resistance chieck (EN 1993-1-8 — Table 3.4)

Fypa=%2ldt — 4104 kN > Fypa= 42 KN

YAL2

Where:
By m'm(2.82 —1.7, 1422 _ 1.7,2.5) = 250 ~ Factor for edge distance and bolt spacing perpendicuiar to the

dy direction of load transfer

=i (59;_11;’ _3%; » %, I;:b’ 1) = 1.00 ;aF;cfgr for end distance and bolt spacing in direction of load
€y = 70 mm - Distance to the plate edge perpendicular to the shear force
p2 = 160 mm - Distance between bolts perpendicular to the shear force
dy = 18 mm — Bolt hole diameter
e; = 275mm - Distance to the plaie edge in the direction of the shear force
1 = 140 mm — Distance between bolts in the direction of the shear force
fup = 800.0 MPa - Ultimate tensile strength of the bolt
fu = 430.0MPa - Ultimate strength of the plate
d = 16 mm — Nominal diameter of the fastener

=&mm — Thickness of the plate
Yarz = 1.25 - Safety factor

Utilization in tension

Fipa

wn(Fong; Byra) 082 s 10
Where:
Fypa = 741kN  —Tensile force
F; pa =904 kN  —Tension resistance

By, ra = 131.6 kN - Punching resistance

Utilization in shear

Fore, Fopay _
ma"‘(_“*l",m’&m)_ 007 < 10

Where:

F,ps =42kN  —Shear force (in decisive shear plane)
Fyra =603 kN - Shear resistance

Fypa =42KkN - Bearing force (for decisive plate)
Fy rqa = 110.1kN - Bearing resistance
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Author:

Interaction of tension and shear (EN 1993-1-8 — Table 3.4)

Fora Fipa

Fond + TiFm o 066 <= 10
Where:
F,pa = 42kN - Shear force (in decisive shear piane)
F, ra =603 kN - Shear resistance
F; pg = 741kN - Tensile force
Fi ra =904 kN - Tension resistance
Welds
o Ee o e RS
EP1 B-bfl 1 450 n 299 LE1 1869 0.0
A50 N 299 LE1 1153 0.0
EP1 B-fi 1 450N 299 LE1 1157 00
450N 299 LE1 1862 0.0
EP1 B-w 1 440N 408 LE1 3983 1.1
440N 408 LE1 3974 05
Design data
Material Buw
[
S275 0.85
Symbol explanation
Tw Throat thickness a
L Lengath
Ow,Ed Equivalent stress
€p| Strain
o Perpendicular stress
T Shear stress perpendicular to weld axis
I Shear stress paralilel to weld axis
Ut Utilization
Ut, Weld capacity utilization
Bw Correlation factor EN 1993-1-8 — Tab. 4.1
Ow,Rd Equivalent stress resistance
090 Perpendicular siress resistance: 0.9*fulyM2
4 Fillet weld

o T
[MPa]  [MPa]
-139.6 -71.7
89.5 40.2
90.1 -40.1
-139.0 71.5
1947  166.0
-133.6 141.4
Ow,Rd
{MPa]

Tl
[MPa]

1.3
12.0
-12.0
-1.2
-112.6
-163.4

404.7

Antonio Drazen Vidoljak

StatiCa®
Caloukete yostarday’s ostinsees
[g:] [L:/:; Status
462 276 OK
291 211 OK
292 211 OK
460 275 OK
984 832 OK
982 859 OK
090
[MPa]
308.6
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Acithor: Coloviate yeseandob stimecds
Detailed result for EF1/ B-w 1
Weld resistance check (EN 1993-1-8 — Cl. 4.5.3.2)
Owrd = fu/(Buymz) = 4047 MPa 2 oupd= [0} +3(r +77)|** = 3983 MPa
o1pd =09 fu /Y2 = 3096 MPa 2 |oi|= 2523 MPa
where:
fu = 430.0MPa - Ultimate strength
By = 0.85 — Correlation factor EN 1993-1-8 — Tab. 4.1
Yarz = 1.25 — Safety factor
Stress utilization
R i (Twid , o1
Up = max(g2e ; J4-) = 098 s 1.0
Where:
Oy, md — 398.3 MPa —Maximum normal stress transverse to the axis of the weld
O,.ri — 4047 MPa - Equivalent stress resistance
o, — 252.3 MPa — Normal stress perpendicular to the throat
01 pd — 309.6 MPa - Perpendicular stress resistance
Buckling
Buckling analysis was not calculated.
Cost estimation
Steel
Total weight Unit cost Cost
Steel grade
e fke] [€/kg] (€
S275 7.72 2.00 1545
Bolts
Total weight Unit cost Cost
Bolt assembl
Y [kgl [€kal (€
M168.8 0.71 16.00 11.40
Welds
Throat thickness Leg size Total weight Unit cost Cost
Weld
e fmon] [mm] fka [€kg] €@
Double fillet 50 71 0.24 40.00 9.42
Double fillet 4.0 57 0.10 40.00 412
Hole drilling
Bolt assembly cost Percentage of bolt assembly cost Cost
[l [%] [€]
11.40 30.0 3.42
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Project:
H ®

Project no: [@Statlc.a

At Catculote yestandoy's eetimatas
Cost summary

Cost estimation summary C[o€]s £

Total estimated cost 43.81
Bill of material
Manufacturing operations

Plates Welds Length
Name [mm] Shape Nr. [mm] [mmj Bolts Nr.
r
|
EP1  P8.0x300.0-410.0 (S 275) e q [Dovbleilet-a=60 , VBN | giags |4
€ ? : Double fillet: a = 4.0 410.0 :
+ +
Welds
- Throat thickness Leg size Length
Type Material [mm] [mm] [mm]

Double fillet S 275 5.0 71 600.0

Double fillet S 275 4.0 5.7 4100
Bolis

Grip length
Name (mm] Count

M168.8 20 4
Drawing
EP1
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Project:
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Author:

P8.0x410-300 (S 275)

7 2
R /
7 %
T = © |
6 /
éi 7
§ § é VTLLLL LA LTSS LS LS LTSI LI TS LI ST AT LS ATL ST ST SIS S ?
é z
% 2
// @'&9 Z‘
2 ; 7
=0 ® o
7 7
1 b %
RN /
|

- 135 7L 140 =L 135

- ~ ' 410 ' re e

C, Greda 1(HEA260) - Bottom flange 1:

60

260
140
:!/

50

395 | 160 ’ 395
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Author:

Code settings

Item Value  Unit Reference
Safety factor yuq 1.00 - EN 1993-1-1: 6.1
Safety factor yy4 1.00 - EN 1993-1-1: 6.1
Safety factor vy 1.25 - EN 1993-1-1: 6.1
Safety factor yy3 1.25 - EN 1993-1-8: 2.2
Safety factor yg 1.50 - EN 1992-1-1: 2.4.2.4
Safety factor yjgt 1.20 - EN 1992-4: Table 4.1
Joint coefficient Bj 0.67 - EN 1993-1-8: 6.2.5
Effective area - influence of mesh size 0.10 -
Friction coefficient - concrete 0.25 - EN 1993-1-8
Friction coefficient in slip-resistance 0.30 - EN 1993-1-8tab 3.7
Limit plastic strain 0.05 - EN 1993-1-5
Detailing No
Distance between bolts [d] 2.20 - EN 1993-1-8: tab 3.3
Distance between bolts and edge [d] 1.20 - EN 1993-1-8: tab 3.3
Concrete breakout resistance check Both EN 1992-4:7.214 and 7.22.5
Use calculated ab in bearing check. Yes EN 1993-1-8: tab 3.4
Cracked concrete Yes EN 1992-4
Local deformation check No CIDECTDG 1,3-11
Local deformation limit 0.03 - CIDECTDG 1,3-1.1
Geometrical nonlinearity (GMNA) Yes Analysis with large deformations for hollow section joints
Braced system No EN 1993-1-8: 5.2.2.5
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5.2 Spoj stup temelj

- Mjerodavni moment savijanja My u stupu M,=237,48 [kNm]
- Mjerodavni moment savijanja M, u stupu M,=66,67 [kKNm]
- Mjerodavna uzduzna sila N u stupu N=1290,18 [kN]

Slika 111. Prikaz zadanih opterec¢enja u programu IdeaStatica — spoj stup temelj

Nakon nanoSenja opterecenja slijedi dimenzioniranje s najve¢em stupnjem iskoristivosti prema

prorac¢unu u ratunalnom programu IdeaStatiCa u nastavku:
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Project:

Project no: E@ StatiCa®

yastorday's estimatas

Author:

Project data

Project name

Project number

Author

Description

Date 8/28/2023
Code EN

Material

Steel S 275
Concrete C25/30

179



Diplomski rad Antonio Drazen Vrdoljak

Project: .
Project no: DEE StatiCa®
Author: Coloulate yastarday’s ostimates

Project item STUP-TEMELJ

Design
Name STUP-TEMELJ
Description
Analysis Stress, strain/ loads in equilibrium
Members
Geometry
Name Cross.section B- Di:ection y- l:itch a- R(:tation Offset ex Offset ey Offsetez
[] [ [ [mm] [mm] [mm]
CoL 8 - STUP(HEA450) 0.0 90.0 0.0 0 0 0

Supports and forces

Name Support Forces in [rm]

COL/ end Node 0
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L
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Author: Caicuiate yastorday's estimatas

L

Cross-sections

Material
S 275

Name
8 - STUP(HEA450)

Cross-sections

Name Material Drawing

8 - STUP(HEA450) S275

Anchors

Diameter f Gross area
Name Bolt assembly (mm M ;a] [mm2]

M20 8.8 M20 8.8 20 800.0 314
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Project no:
Author:

Load effects (forces in equilibrium)

Name

LE1 COL/End

Unbalanced forces

X

Name KN]

LE1

Foundation block

CB1

Dimensions

Depth

Anchor

Anchoring length
Shear force transfer

Check

Summary

Name

Analysis

Plates

Anchors

Welds

Concrete block
Shear

Buckling

Plates

Name

COL-bfl 1
COL-fl 1
COL-w 1
BP1

Design data

Material

S275

0.0

N
[kN]

-1290.2

Member

Y z
[kN]

0.0

Item

Value
100.0%
0.7<5.0%
80.1 < 100%
98.4 < 100%
96.0 < 100%
0.0 < 100%
Not calculated

o Loads
[mm]

21.0
21.0
1.5
20.0

LE1
LE1
LE1
LE1

y
[MPa]

[kN]

Vz Mx
[kN] [kNm]
0.0 0.0
Mx
[kNm]
-1290.2 -66.7
Value
2100 x 2100
500
M208.8
300
Friction
OK
OK
OK
OK
OK
OK
OEd £py
[MPa] [%]
276.4 0.7
2126 0.0
203.0 0.0
2756 0.3
275.0

0.0

Antonio Drazen Vidoljak

/=] =/=] StatiCa®
My Mz
[kNm] [kNm]
2375 66.7
My Mz
[kNm] [kNm]
2375 0.0
Unit
mm
mm
mm

Check status

O¢,Ed
[MPa]

0.0
0.0
0.0
0.0

Status

OK
OK
OK
OK

£lim
[%]

5.0
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Author: Colcuiate yastarday'a Gatimates

Symbol explanation

tp Plate thickness

Ogd Equivalent stress
£p| Plastic strain

OcEd Contact stress

fy Yield strength

£lim Limit of plastic strain

4

Overall check, LE1
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Author: Calculate yaswarday's astimates

[%]
1 150%

| 100%
| (5.00)

Strain check, LE1

[MPa]

2750
250
225
200
175
150
125
100
75
50
25

0.0

Equivalent stress, LE1
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P o yostanday's eetimatas
Anchors
Nea  Ved NRd,c VRd,cp Uty Uts Ut
Shape Item Loads kN] kN] kN] [kN] %] %] %] Status
A1 LE1 231 0.0 1731 3421 64.7 0.0 52.0 OK
|2 |1 A2 LE1 88.9 0.0 173.1 342.1 80.1 0.0 641 OK
5 A3 LE1 0.0 0.0 - 3421 0.0 0.0 0.0 OK
A4 LE1 0.0 0.0 - 3421 0.0 0.0 0.0 OK
Design data
NRd,s VRds
Grade kN] [kN]
M208.8- 1 111 78.4
Symbol explanation
NEeg Tension force
VEd Resultant of bolt shear forces Vy and Vz in shear planes

NRd.c Design resistance in case of concrete cone failure under tension load - EN 1992-4 -7.2.1.4

Vrd,cp Design resistance in case of concrete pryout failure - EN 1992-4 - 7.2.2 4

Ut Utilization in tension
Utg Utilization in shear
Ut Utilization in tension and shear

NRqd s Design tensile resistance of a fastener in case of steel failure - EN 1992-4 - 7.2.1.3

VRd,s Design shear resistance of a fastener in case of steel failure - EN 1992-4 - 7.2.2.3.1

Detailed result for A2

Following checks of anchors loaded in tension are not provided and should be checked using information in relevant European

Technical Product Specification:

o Pull-out failure of fastener (for post-installed mechanical anchors) - EN 1992-4—7.2.1.5
o Combined pull-out and concrete failure (for post-installed honded anchors) - EN 1992-4 - 7.2.1.6
« Concrete splitting failure - EN 1992-4 - 7.2.1.7

Concrete blow-out failure is provided only for anchors with washer plates.
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Author: Calcuiate yastarday'’s aatimates

Anchor tensile resistance (EN 1992-4 —7.2.1.3)

Npgs =222 = 1114 kN 2 Npa= 889 kN

Npis=c: Ay fux = 1666 kN

Where:
¢ =0.85 - reduction factor for cut thread
A, =245 mm?  —tensile stress area

fur = 800.0MPa —minimum tensile strength of the bolt
Yms = 1.50 - safety factor for steel

o Yums = 1.2- ‘}:‘: > 1.4 ,where:
o fyk = £40.0 MPa — minimum yield strength of the bolt
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Project:

Project no: [/#]=[=] StatiCa®
Calcuiate yasterday's eatimatas

Author:

Concrete breakout resistance of anchor in tension (EN 1992-4 -7.2.1.4)
The check is performed for group of anchors that form common tension breakout cone: A1, A2

Npge =% — 4731 kN 2 Npag= 120 kN

TMe
Nrip = NRL; A Yo, N Yre,N - Yee N YMN = 3116 kN

Where:
NEig = 112.0 kN - sum of tension forces of anchors with common concrete breakout cone area

N}’M = 200.1 kN — characteristic sirength of a fastener, remote from the effects of adjacent fasteners or edges of the
e concrete member

o Nho=k1- Vi h(,f , where:
o k; = 7.70 - parameter accounting for anchor type and concrete condition
o f! = 25.0 MPa - concrete compressive strength
o h,y = min(hyg,,, max(“zes, S2e)) — 300 mm - depth of embedment, where:
u hemp = 300 mm — anchor length embedded in concrete
" Camaz = 1000 mm —maximum distance from the anchor to one of the three closest edges
= 84, = 100 mm — maximum spacing between anchors

AN = 898101 mm? — concrete breakout cone area for group of anchors

AY o, N = 810000 mm? - concrete breakout cone area for single anchor not influsnced by edges

o A0y =(3-hy)" , where:
o hey = 300 mm —depth of embedment

ey = 1.00 —parameter related to the distribution of stresses in the concrete due to the proximity of the fastener to an
edge of the concrete member:

o Yyn=074+0.3" 151;, < 1 ,where:
o ¢ = 960 mm - minimum distance from the anchor to the edge
o hey = 300 mm - depth of embedment

Ype.nv = 1.00 - parameter accounting for the shell spalling:

. z/;,eN_05+"<'"" <1 ,where:
o hemp = 300 mm —anchor length embedded in concrete

Yeen = 0.94 - modification factor for anchor groups loaded eccentrically in tension:

L4 "/’ec,N = Yeeu,N * 'd)ecy,N , where:
6 oo N = 1—,1—\ = 0.94 - modification factor that depends on eccentricity in x-direction
+ ﬂ:,—
o er N = 29 mm - tension load eccentricity in x-direction
° YeeyN = 1—1‘r~ = 1.00 - modification factor that depends on eccentricity in y-direction
L Fhey
o e,y = 0 mm - tension load eccentricity in y-direction

o h,; = 300 mm - depth of embedment

Pa v = 1.50 — parameter accounting for the effect of a compression force between the fixture and concrete; this
parameter is equal to 1ifc < 1.5h or the ratio of the compressive force (including the compression due
to bending) to the sum of tensile forces in anchors is smaller than 0.8
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Project: .
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Author:

Colcuiate yasterday's oatimatos

. UM,N =2 - 3_2,51 > 1 ,where:

o z = 227 mm —internal lever arm
o h.; = 300 mm ~depth of embedment

Yue = 1.80 - safety factor for concrete

Shear resistance (EN 1992-4 —-7.22.3.1)

Vids = B2 — 784 N 2 Vea= 00 kN

TMs
Viaks = kr - Vg, = 98.0 kN
Where:
k7 = 1.00 - coefficient for anchor steel ductility

, where:
1.0, A>008 'O

o A = 0.12 - bolt grade elongation at rupture

{0.8, A <0.08
o ky=

V,',’k“g = 98.0 kN - the characteristic shear strength

. VROk,s = kg - Ag+ fur , where:
o kg = 0.50 - coefficient for anchor resistance in shear
o A, = 245 mm? - tensile stress area

o fur = 800.0 MPa - specified ultimate strength of arichor steel

Yus = 1.25 - safety factor for steel

Concrete pryout resistance (EN 1992-4 - 7.2.2.4)
The check is performed for group of anchors on common base plate

Vik,ep

VRacp = = 3421 kN 2 Vggg= 00 kN

TMe

VRkep = ks - Nree = 5132 kN
Where:
kg = 2.00 — factor taking into account fastener embedment depth

Npre = 256.6 kN — characteristic concrete cone failure of a fastener or a group of fasteners; all anchors are assumed
to be intension

Tue = 1.50 — safety factor for concrete
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Calculate yasterday's astimates

Author: s

Interaction of tensile and shear forces in steel (EN 1992-4 — Table 7.3)

2 2
Nea Ve i
(NR4.3> + (V;»u) = 064 = 10

Where:
Npg = 889kN - design tension force

Ngas = 111.1kN - fastener tensile strength
VEqa = 0.0kN — design shear force
Vias = 78.4kN - fastener shear strength

Interaction of tensile and shear forces in concrete (EN 1992-4 — Table 7.3)
(FES Ll aEsle 4l

Nray Vi B
Where:
ﬁ‘;‘f — the largest utilization value for tension failure modes
%ff ~the largest utilization value for shear failure modes

Nete 49 — concrete breakout failure of anchor in tension

Nrae
#{;p = 0% - concrete pullout failure
N\n’; ~ = 0% - concrete blowout failure
‘—E,f;‘; =0% - concrete edge failure
v—‘;ﬁ =0% - concrete pryout failure
Welds
T L Owed E O T T u U
Item Edge (mm] (mm] Loads MPa] [%] [MPa] MPa]  [MPa] (%] %] Status
BP1 COL-bfl 1 A110N 299 LE1 3982 1.0 -1662 -168.3 -123.8 984 558 OK
A1MO0N 299 LE1 3984 1.1 -171.8 169.8 1193 984 703 OK
BP1 COL-il 1 A1M0N 300 LE1 3147 00 -1084 -1338 -1058 77.8 280 OK
A110N 300 LE1 3738 00 -1600 134.7 1412 924 206 OK
BP1 COL-w 1 490N 418 LE1 2437 0.0 -89.9 -92.8 921 60.2 223 OK
490N 418 LE1 1591 0.0 771 74.1 =310 393 251 OK
Design data
; Bw Ow,Rd 090
Material & [MPa] [MPa]
S 275 0.85 404.7 309.6
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Author: Cafcuiate yasterday’s estimatos

Symbol explanation

Tw Throat thickness a

L Length

Ow,Ed Equivalent stress

£p| Strain

o Perpendicular stress

T Shear stress perpendicular to weld axis
m Shear stress parallel (o weld axis

Ut Utilization

Ut Weld capacity utilization

Bw Correlation factor EN 1993-1-8 — Tab. 4.1
Ow,Rd Equivalent stress resistance

090 Perpendicular stress resistance: 0.9*fu/yM2
4 Fillet weld

Detailed resuit for BP1/ COL-bfl 1
Weld resistance check (EN 1993-1-8 — Cl. 4.5.3.2)

Owid= ful (BuyM2) = 4047 MPa 2 owpa=[0] +3(r1 +77)|*° = 3984 MPa

0. ra=09fu /M2 = 3096 MPa 2 |o.|= 2175 MPa
where:
fu = 430.0MPa - Ultimate strength
By =085 - Correlation factor EN 1993-1-8 — Tab. 4.1
Tame = 1.25 — Safety factor

Stress utilization

Uy =max(Z=il; Jol) — 098 < 10

OwRi ' OLRd

Where:
o Ed = 398.4MPa - Maximum normal stress transverse to the axis of the weld

T .rRd = 404.7 MPa - Equivalent stress resistance
o, =-217.5MPa — Normal stress perpendicular to the throat
o rd = 309.6 MPa - Perpendicular stress resistance

Concrete block

c Agfi o kj fia Ut
Item Loads [mm] [mm2] [MPa] [- [MPa] (%] .
CB 1 LE1 33 44606 32.2 3.00 33.5 96.0 OK
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Author: e

Symbol explanation

c Bearing width

Aggf Effective area

g Average stress in concrete

K Concentration factor

fia The ultimate bearing strength of the concrete block
Ut Utilization

Detailed result for CB 1
Concrete block compressive resistance check (EN 1993-1-8 — 6.2.5)

fiag= 335 MPa 2 o= 322 MPa

Where:
fia - concrete block design bearing strength:

o fig= amﬁjkj%‘ , where:
o aq = 1.00 - long term effects on compressive strength factor
o f3; = 0.67 —grout quality factor
o kj = 3.00 - concentration factor
o f. = 25.0 MPa — characteristic resistance of concrete in compression
o 7. = 1.50 - safety factor for concrete

o - average compressive stress in concrete under base plate
_ _N .
* 0= - . where

o N = 14346 kN — compressive normal force acting on concrete block
o Agpp = 44606 mm? — effective area on which norma! force is distributed

Shear in contact piane

Name Loads [‘k'ﬁ] [l‘:ﬁl ‘;m']y V[m,]z [g:] Status
BP1 LE1 0.0 0.0 358.7 358.7 00 OK
Symbol explanation
Vy Shear force in base plate W
V, Shear force in base plate Vz
VRd,y Shear resistance
VRd,z Shear resistance

Uy Utilization
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Detailed result for BP1
Base plate shear resistance check (EN 1993-1-8 - 6.2.2)

Vriy = NCy= 3587 kN

Vri» = NCjy= 3587 kN

Where:
N = 14346 kN -design normal force
Oy =025 ~ friction coefficient

Utilization in shear

U; = max( ! V‘f’hvzz, Vf‘”) = 000 s 1
Rd,y Rdgz
Buckling
Buckling analysis was not calculated.
Cost estimation
Steel
Total weight
Steel grad
eel grade kg]

S275 79.14

Bolts
Total weight
Bolt assemb
s fkal

M208.8 1.23

Welds
Throat thickness Leg size Total weight
Weld
o= [mm] [mm] lkal

Double fillet 11.0 15.6 1.14

Double fillet 9.0 127 0.53
Hole drilling

BEolt assembly cost Percentage of bolt assembly cost
[€] (%]
19.72 30.0

Cost summary

Cost estimation summary

Total estimated cost

Antonio Drazen Vidoljak

[/#|=/-] StatiCa®
Colculate yesterday's estimates
Unit cost Cost
[€/kg] [€l
2.00 158.29
Unit cost Cost
[€/kg] [€
16.00 19.72
Unit cost Cost
[€/kg] (€
40.00 4559
40.00 21.31
Cost
[€]
5.92
Cost
[
250.83

193



Diplomski rad

Antonio Drazen Vidoljak

Project:

Project no: //#/=/=] StatiCa®

Author: : RN
Bill of material
Manufacturing operations

Plates Welds Length
Name [mm] Shape Nr. [mm] [mm] Bolts Nr.
3 o o Double fillet. a=11.0  600.0

BP1 P20.0x710.0-710.0 (S 275) - 1 Double fillet a= 9.0 419.0 M2088 4

Welds
" Throat thickness Leg size Length
Type Material [mm] [mm] fmm]

Double filiet S 275 11.0 15.6 600.0

Doublie fillet S 275 9.0 12.7 419.0
Anchors

Length Drill length
Name (mm] Count

M208.8 300 4
Drawing
BP1
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P20.0x710-710 (S 275)

N S

285

i e

710
140

‘3 s

305

|
305 L1 00
T
7

10
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Calculite yastardoy's estimatas

Author:

Code settings

Item Value  Unit Reference
Safety factor vy 1.00 - EN 1993-1-1: 6.1
Safety factor v+ 1.00 - EN 1993-1-1: 6.1
Safety factor yy, 1.25 - EN 1993-1-1: 6.1
Safety factor yp3 1.25 - EN 1993-1-8: 2.2
Safety factor y¢ 150 - EN 1992-1-1: 24.2.4
Safety factor y|ng 1.20 - EN 1992-4: Table 4.1
Joint coefficient Bj 0.67 - EN 1993-1-8: 6.2.5
Effective area - influence of mesh size 0.10 -
Friction coefficient - concrete 0.25 - EN 1993-1-8
Friction coefficient in slip-resistance 0.30 - EN 1993-1-8 tab 3.7
Limit plastic strain 0.05 - EN 1993-1-5
Detailing No
Distance between bolts [d] 2.20 - EN 1993-1-8: tab 3.3
Distance between bolts and edge [d] 1.20 - EN 1993-1-8: tab 3.3
Concrete breakout resistance check Both EN 1992-4:7.214 and 7.2.2.5
Use calculated ab in bearing check. Yes EN 1993-1-8: tab 3.4
Cracked concrete Yes EN 1992-4
Local deformation check No CIDECTDG 1,3-1.1
Local deformation limit 0.03 - CIDECTDG 1,3-11
Geometrical nonlinearity (GMNA) Yes Analysis with large deformations for hollow section joints
Braced system No EN 1993-1-8: 5.2.2.5
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5.3 Spoj nastavka krovnog nosaca

- Mjerodavni moment savijanja My na nosacu My1=-151,12 [kNm]
- Mjerodavni moment savijanja My, na nosacu M,>=81,22 [kNm]
- Mjerodavna poprecna sila V1 na nosacu V1=64,48 [kN]
- Mjerodavna poprecna sila V2 na nosacu V=-57,55 [kN]

Slika 112. Prikaz zadanih opterecenja u programu IdeaStatica — spoj nastavka krovnog nosaca

Nakon nanosenja opterecenja slijedi dimenzioniranje s najvec¢em stupnjem iskoristivosti

prema proracunu u racunalnom programu IdeaStatiCa u nastavku:
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Project data

Project name

Project number

Author

Description

Date 8/28/2023
Code EN

Material

Steel S 275
Concrete C25/30

Antonio Drazen Vidoljak

[[#]=[=] StatiCa°

cal

te yasterday's etimates
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Project:
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Project no: IE StazttCa
olculate pastorday’s astimates
Author:

Project item Spoj nastavak krovnog nosaca

Design

Name Spoj nastavak krovnog nosaca
Description
Analysis Stress, strain/ loads in equilibrium

Members

Geometry

B — Direction y - Pitch o - Rotation Offset ex Offset ey Ofisetez
il Wi & 1 1 fmm] from] fmm]

B1 16 - HEA260 0.0 0.0 0.0 0 0 0
B2 16 - HEA2€0 180.0 0.0 0.0 0 o] 0

Supports and forces

Name Support Forces in

B1/end Node 0
B2/ end N-Vy-Vz-Mx-My-Mz Node 0
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Calcuiate yasierday's estimates
Author:
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Author:

Cross-sections

Name Material
16 - HEA260 S 275

Cross-sections

Name Material Drawing

16 - HEA260 S$275

Bolts

Diameter fu Gross area
[mm] [MPa] [mmz]

M208.8 M20 8.8 20 800.0 314

Name Bolt assembly
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Auth Ay Calculate yastarday's ostimates
Load effects (forces in equilibrium)
N Vy Vz Mx My Mz
Nams Memiber (kN] (kN] (kN] [kNm] (kNm] (KNm]
LE1 B1/End 0.0 00 64.5 0.0 -161.1 0.0
B2 /End 0.0 0.0 -57.6 0.0 81.2 0.0
Unbalanced forces
Name X Y & Mx My Mz
[kN] [kN] [kN] [kNm] [kNm] [kNm]
LE1 0.0 0.0 6.9 0.0 2323 0.0
Check
Summary
Name Value Check status
Analysis 100.0% OK
Plates 0.8<5.0% OK
Bolts 85.6 < 100% OK
Welds 99.7 < 100% OK
Buckling Not calculated
Plates
OEd £p| O¢,Ed
Name (mm] Loads MPz] %] MPa] Status
B1-bfl 1 12,5 |'LE1 266.9 0.3 00 OK
B1-tfl 1 12.5 | LE1 194.2 0.0 00 OK
B1-w 1 7.5 | LE1 183.5 0.0 00 OK
B2-bfl 1 125 | LE1 266.9 0.3 0.0 OK
B2-tfl 1 125 | LE1 230.7 0.0 00 OK
B2-w 1 7.5 | LE1 208.2 0.0 00 OK
PP1a 16.0 LE1 275.7 04 221.1 OK
PP1b 16.0 LE1 2758 0.4 221.1 OK
WID1a 12.0 LE1 148.7 00 00 OK
WID1b 12.0 LE1 276.6 0.8 00 OK
WID2a 12.0 LE1 166.1 0.0 00 OK
WID2b 120 LE1 276.7 0.8 0.0 OK
Design data
f, £
. y lim
Material [MPa] (%]
S 275 275.0 5.0
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Symbol explanation
tp
OEd
Ep|
Oc¢Ed

Elim

k&

Overall check, LE1

Plate thickness
Equivalent stress
Plastic strain
Contact stress
Yield strength

Limit of plastic strain

Antonio Drazen Vidoljak

//#/=]-] StatiCa"®

Calcuiate yastarday’s aatimates
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Colcuiate yastenday'’s aatimates
Author:

(%]
150%

______ 100%
| (5.00)

{ 0.82 T
¥ %

Strain check, LE1

[MPa]

2750
250
225
200
175
150
125
100
75

25

1l 0.0

Equivalent stress, LE1
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Bolts
F F F Uty Uty Uty
t,Ed v,Ed b,Rd
Shape Item Grade Loads [kN] KN] kN] (%] (%] (%] Status

B1 M208.8 - 1 LE1 4.3 7.9 118.4 3.1 84 106 OK

B2 M208.8-1 LE1 4.1 79 118.4 29 84 105 OK

B3 M208.8 -1 LE1 23.2 8.1 118.4 16.4 8.7 204 OK

B4 M208.8 - 1 LE1 23.2 8.2 1184 164 87 204 OK

BS M208.8 -1 LE1 118.5 6.0 1890 840 64 664 OK

% B8 M208.8 - 1 LE1 118.5 6.0 189.0 840 64 664 OK

0 B7 M208.8 -1 LE1 120.8 47 118.4 85.6 50 66.2 OK

B8 M208.8 - 1 LE1 120.8 4.7 1184 856 50 662 OK

BS M208.8 -1 LE1 117.0 5:5 1184 829 59 651 OK

B10 M208.8 -1 LE1 117.0 5.5 118.4 829 58 651 OK

Design data
Ft,Rd Bp Rd FyRrd
Grade " P, h
[kN] [kN] [kN]

M208.8-1 141.1 329.6 94.1

Symbol explanation

FiEd Tension force

Fyed Resultant of bolt shear forces Vy and Vz in shear planes
FpRd Plate bearing resistance EN 1993-1-8 — Tab. 3.4

Ut Utilization in tension

Utg Utilization in shear

Utis Interaction of tension and shear EN 1993-1-8 — Tab. 3.4
Fi Rd Bolt tension resistance EN 1993-1-8 — Tab. 3.4

Bp Rrd Punching shear resistance EN 1993-1-8 — Tab. 3.4
Fyrd Bolt shear resistance EN 1993-1-8 — Tab. 3.4

Detailed resuit for B8
Tension resistance check (EN 1993-1-8 — Table 3.4)

Fopg="Y2tods = 4441 kN 2 Fpg= 1208 kN

Yar2
Where:
ky = 0.90 — Factor
fun, = 800.0 MPa - Ultimate tensile strength of the bolt
A, =245 mm? - Tensile stress area of the bolt
Yz = 1.25 — Safety factor
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Punching resistance check (EN 1993-1-8 — Table 3.4)

06 mdmty fu

Bypa = Tar2
Where:

dpy = 32 mm

t, = 16 mm
f. = 430.0MPa
Yamz = 1.25

3296 kN = Fimi— 1208 kN

— The mean of the across points and across flats dimensions of the bolt head or the nut, whichever is
smaller

— Plate thickness
— Ultimate strength
— Safety factor

Shear resistance check (EN 1993-1-8 — Table 3.4)

F, gy = L200ins :’:Ig‘“ =
Where:
By = 1.00
a, = 0.60
fup = 800.0 MPa
A = 245 mm?
Y2 = 1.25

941 kN 2 F,pi=

4.7 kN

— Reduction factor for packing

- Reduction factor for shear stress
- Ultimate tensile strength of the bolit
~ Tensile stress area of the bolt

— Safety factor

Bearing resistance check (EN 1993-1-8 — Table 3.4)

ky oy f dt

Fypa = Vit = 1184 kN 2 Figa= 47 kN
Where:
oy = '"i"(2‘8:}_(2\ L7, 1.42_[2) 1.7,2.5) = 212 ;ife?:iitgr: gliggirgi:;?:rce and bolt spacing perpendicular to the
= min(,e—], "_\ l fuh’ 1) = 051 — Factor for end distance and bolt spacing in direction of load

3dy 3dy 4 fu transfer

€9 = 30 mm - Distance to the plate edge perpendicular to the shear force
po = 200 mm ~ Distance between bolts perpendicular to the shear force
dy — 22 mm - Bolt hole diameter
€1 = 95 mm — Distance to the plate edge in the direction of the shear force
p1 — 50 mm — Distance between bolts in the direction of the shear force
fun = 800.0 MPa — Ultimate tensile strength of the bolt
f. = 430.0 MPa - Ultimate strength of the plate
d = 20 mm ~ Nominal diameter of the fastener
t = 16 mm — Thickness of the plate
Yare = 1.25 - Safety factor

//=/=]-] StatiCa®
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Utilization in tension

Fipd 3
min(F, pg; By ra)

08 = 1.0

Where:
F, 54 = 1208 kN - Tensile force
Fi ra —141.1kN - Tension resistance

By, ra — 329.6 kN - Punching resistance

Utilization in shear

Fopd, Fb,h‘d) s

max( Fori’ Fyra

005 = 10

Where:

Fura = 47kN — Shear force (in decisive shear plane)
F, ni —941kN —Shear resistance

Fypa = 4TKN — Bearing force (for decisive plate)

Fy ps = 118.4kN - Bearing resistance

Interaction of tension and shear (EN 1993-1-8 — Table 3 4)

Fyra Fikd A
Fore T TiFm 066 < 1.0
Where:
F,ps = 47kN — Shear force (in decisive shear plane)

F, rs =941 kN - Shear resistance
Fi pg = 1208 kN = Tensile force

Fi pq — 141.1kN - Tension resistance
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Welds
foneiy 1 Edge [r:r'\l'\] [mLm] Foics mﬁi‘]’ [E"Z; [n;%a] [l\;li_a] [MTll—!a] [got] ::/:‘]: g .
PP1a B1-bfl 1 450N 259 LE1 402.3 35 196.6 200.3 -30.3 994 722 OK
450N 259 LE1 4034 42 202.0 -199.3 303 99.7 767 OK
PP1a B1-tfl 1 A50N 259 LE1 3969 02 -2482 178.8 51 981 980 OK
A50N 259 LE1 2510 00 -70.1 139.1 41 620 561 OK
PP1a B1-w 1 450N 237  LE1 2572 00 -1218 -121.8 476 636 145 OK
A50N 237 LE1 2571 00 -1218 121.8 -476 635 145 OK
PP1b B2-bfl 1 A50Mn 259 LE1 4025 37 197.3 200.5 288 | 99.5| 719 | OK
450N 259 LE1 4035 42 2022 -199.4 -295 997 744 OK
PP1b B2-fl 1 450 259 LE1 3969 02 -2458 179.8 50 981 980 OK
A50N 259 LE1 259.0 00 -84.9 141.1 78 640 591 OK
PP1b B2-w 1 450N 237 LE1 2090 00 -104.7 -104.2 72 516 281 OK
450N 237 | LE1 2098 00 -1045 104.8 -73 518 282 OK
PP1a WiD1a 460N 99 LE1 11.7 0.0 384 39.2 -461 276 166 OK
460N 99 LE1 114.2 00 39.7 -38.¢ 481 282 187 OK
B1-bfl 1 WID1a 460N 179 LE1 79.2 00 -4.7 46 454 1986 56 OK
460N 179 LE1 79.2 00 -4.6 46 -454 196 56 OK
WID1b WID1a 460N 204 LE1 645 0.0 -25.1 -25.3 -232 159 66 OK
460N 204 LE1 642 0.0 -25 4 252 229 | 159 66 OK
PP1a WID1b 460N 149 LE1 3981 09 190.1 1591 -1243 984 775 OK
460N 149 LE1 3775 00 1855 -119.8 -1472 933 576 OK
B1-bfl 1 WID1b AB0N 149 LE1 360.1 00 57.4 205.3 01 89.0 517 OK
460n 149 LE1 1383 00 55.2 -73.9 01 344 153 OK
PP1b WID2a 460N 99 LE1 108.2 00 385 37.7 -446 267 160 OK
460N 99 LE1 1058 0.0 37.2 -38.0 427 261 160 OK
B2-bfl 1 WID2a 460N 179 | LE1 87.0 00 -6.9 -6.9 496 215 62 OK
460N 179 | LE1 87.0 00 -6.9 6.9 -496 215 6.2 OK
WID2b WID2a 460N 204 LE1 68.1 0.0 -26.3 -26.1 -252 168 84 OK
460N 204 LE1 68.5 0.0 -26.0 26.2 255 16.9 84 OK
PP1b WID2b 460 n 149 LE1 398.1 09 190.3 160.0 1232 984 780 OK
460N 149 LE1 379.1 00 188.8 -116.5 1499 937 573 OK
B2-bfl 1 WID2b 450N 149 LE1 3745 00 -14.3 196.2 905 925 570 OK
460N 149 LE1 1439 00 55.4 -76.7 -01 356 175 OK
Design data
Material ‘[;_v]v rh:f”:} [oMiZ]
5275 0.85 404.7 309.6
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Symbol explanation
Tw Throat thickness a
L Length
Ow,Ed Equivalent stress
£p Strain
g Perpendicular stress
T Shear stress perpendicular to weld axis
T Shear stress parallel to weld axis
Ut Utilization
Ut, Weld capacity utilization
Bw Correlation factor EN 1993-1-8 — Tab. 4.1
Ow,Rd Equivalent stress resistance
090 Perpendicular stress resistance: 0.9*fu/yM2
4 Fillet weld
Detailed result for PP1b / B2-bfl 1
Weld resistance check (EN 1993-1-8 — Cl. 4.5.3.2)
Ouwpd = ful (BuyM2) = 4047 MPa 2 Ouma = [0} +3(r +7)|* = 4035 MPa
opa =09 f, /2 = 3096 MPa = |0.|= 2022 MPa
where:
fu = 430.0MPa - Ultimate strength
By = 0.85 — Correlation factor EN 1993-1-8 — Tab. 4.1
Yo = 1.25 — Safety factor
Stress utilization
Uy = max(Z=£ ; 172y — 4100 < 1.0
T, Rd T 1 kd
Where:
0, pmd — 403.5MPa —Maximum normal stress transverse to the axis of the weld
0.,,rd — 4047 MPa - Equivalent stress resistance
o, —202.2MPa —Normal stress perpendicular to the throat
0 rd — 309.6 MPa - Perpendicular stress resistance
Buckling
Buckling analysis was not calculated.
Cost estimation
Stee!
Total weight Unit cost Cost
Steel grade
v [kg] [€/kg) €
S 275 2553 2.00 51.07
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Bolts
Total weight Unit cost Cost
Bolt assemb
y [kal [Efka] f€l
M20 3.8 3.31 16.00 52.95
Welds
Throat thickness Leg size Total weight Unit cost Cost
Weld
e [mm] [mm] [ka] [€kg) G
Double fillet 5.0 71 0.59 40.00 23.79
Double fillet 6.0 85 0.89 40.00 35.54
Hole drilling
Bolt assembly cost Percentage of bolt assembly cost Cost
[%] [€]
52.95 30.0 15.89
Cost summary
c A Cost
ost estimation summary €
Total estimated cost 179.23
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Bill of material

Manufacturing operations

Plates

Name [mm]

PP1 P16.0x260.0-365.0 (S 275)

P16.0x260.0-365.0 (S 275)
WID1 P12.0x100.0-180.0 (S 275)

P12.0x150.0-205.9 (S 275)
WID2  P12.0x100.0-180.0 (S 275)

P12.0x150.0-205.9 (S 275)

Welds

Type Material
Double fillet S 275
Double fillet S 275

¥ ) [HF

5.0

Antonio Drazen Vidoljak

[/#][={=] StatiCa®
Colculate yestarday's astimates
Welds Length
Shape Nr. [mm] [mmj Bolts Nr.
+ 1 Double fillet: a = 5.0 1515.0 M2088 10
+ 1
1 Double fillet: a = 6.0 785.9
1
1 Double fillet: 2a = 6.0 785.9
1
Throat thickness Leg size Lenath
fimm] [mm] [mm]
71 1515.0
8.5 1571.8

6.0
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Bolts

Grip length
Name [mm] Count

M20 8.8 32 10
Drawing
PP1-PP1a

P16.0x365-260 (S 275)

Vo 9 g
a % 9
=] ©opo ® O g

2 g

g g

% 1
o 2 /
13 ? /

% A
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% 'y

%

%

%
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PP1 - PP1b

P16.0x365-260 (S 275)
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Project:

Project no: [[a][==] StatiCa®
Author: e Lt oo
WID1 - WID1b
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Project: 5

Project no: [[2[=]=] StatiCa°

Atithio Caicuiate yasterday’s aatimates
WID2 - WID2b

P12.0x206-150 (S 275)
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Project:

Project no: @ StatiCa®

S2arday's BoriMaas

Author:

Code settings

Item Value  Unit Reference
Safety factor yyg 1.00 - EN 1993-1-1: 6.1
Safety factor ypq 1.00 - EN 1993-1-1: 6.1
Safety factor ypo 1.25 - EN 1993-1-1: 6.1
Safety factor yy3 1.25 - EN 1993-1-8: 2.2
Safety factor v 1.50 - EN 1992-1-1: 2.4.2.4
Safety factor yj,g 1.20 - EN 1992-4: Table 4.1
Joint coefficient Bj 0.67 - EN 1993-1-8: 6.2.5
Effective area - influence of mesh size 0.10 -
Friction coefficient - concrete 0.25 - EN 1583-1-8
Friction coefficient in slip-resistance 0.30 - EN 1993-1-8 tab 3.7
Limit plastic strain 0.05 - EN 1993-1-5
Detailing No
Distance between bolts [d] 2.20 - EN 1993-1-8: tab 3.3
Distance between bolts and edge [d] 1.20 - EN 1993-1-8: tab 3.3
Concrete breakout resistance check Both EN 1992-4:7.214and 7.22.5
Use calculated ab in bearing check Yes EN 1993-1-8: tab 3.4
Cracked concrete Yes EN 1992-4
Local deformation check No CIDECTDG 1,3-1.1
Local deformation limit 0.03 - CIDECTDG 1,3-1.1
Geometrical nonlinearity (GMNA) Yes Analysis with large deformations for hollow section joints
Braced system No EN 1993-1-8: 5.2.2.5
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5.4 Spoj reSetka — greda

- Mjerodavna uzduzna sila N u dijagonali 1 N=228,63 [kNm]
- Mjerodavna uzduzna sila N u dijagonali 2 N=-181,30 [kNm]
- Mjerodavna uzduzna sila N u vertikali N=131,03 [kN]
- Mjerodavna uzduzna sila N u gredi N=-179,96 [kN]

N=74,24 [kN]

228.6 I -181.3

180.0 .
o — __

Slika 113. Prikaz zadanih opterecenja u programu ldeaStatica — spoj resetka greda

Nakon nanoSenja opterecenja slijedi dimenzioniranje s najve¢em stupnjem iskoristivosti prema

proracunu u racunalnom programu IdeaStatiCa u nastavku:
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Project:
Project no:
Author:

Project data

Project name

Project number

Author

Description

Date 8/29/2023
Code EN

Material

Steel S 275
Concrete C25/30

Antonio Drazen Vidoljak

[[#]=F=] StatiCa®

Calculate yasterday’s eatimates
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Project:
Project no: //#]/=/=] StatiCa®
Author: Calcuiate yasterday's aatimatis

Project item Spoj resetka

Design
Name Spoj resetka
Description
Analysis Stress, strain/ loads in equilibrium
Members
Geometry
3 — Direction y-Pitch a- Rotation Offsetex Offsetey Offsetez
Nam Cross-sectio B % 4
2 tae §] (] §! mml  [om] [mm]
CH 28 - Greda(HEA260) 0.0 0.0 00 0 0 0
D1 31 - Dijagonala(CHS114.3,5) 0.0 -45.0 0.0 0 0 40
D2 32 - Dijagonala 2(CHS114.3,5) 180.0 -45.0 0.0 0 0 40
M4 33 - Vertikala(CHS133,4) 0.0 -90.0 -180.0 0 0 0
Supports and forces
Name Support Forces in [n:(m]
CH / begin N-Vy-Vz-Mx-My-Mz Node 0
CH/end Node 0
D1 /end Node 0
D2 /end Node 0
M4/ end Node 0
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Project:
Project no: //#]={=] StatiCa®

Coloulate yasterday’s estimatas
Author:

H
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Project:

Project no: //#]/=[=] StatiCa®
Colculate yasterday's estimates

Author:

o™ o™

14

¢

S

Cross-sections
Name Material

28 - Greda(HEA260) S$275
31-
Dijagonala(CHS 114.35) »aT3
32 - Dijagonala
2(CHS114.3,5) 5215
33 - Vertikala(CHS 133 4) S 275
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Project:
Project no:
Author:

Cross-sections

Name Material
28 - Greda(HEA260) $275
31-
Dijagonala(CHS114.35) 5275
32 - Dijagonala
2(CHS114.3 5) S

33 - Vertikala(CHS 133 4) S§$275

Antonio Drazen Vidoljak

[/#]=[=] StatiCa®

Colculate yasterday’s s

Drawing

125
133
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Project:
Project no:
Author:

Load effects (forces in equilibrium)

N Vy Vz
Name Member (kN] [kN] kN
LE1 CH /Begin 180.0 0.0
CH/End 743 0.0
D1/ End -181.3 0.0
D2/ End 2286 0.0
M4 / End 131.0 0.0
Unbalanced forces
X Y 74
Home kN] [KN] [KN]
LE1 -35.6 0.0 -164.5
Check
Summary
Name Value
Analysis 100.0%
Plates 0.2<50%
Welds 98.1 < 100%
Buckling Not calculated
Plates
t o
] Ed
Name fewri Loads (MPa]
CH-bfl 1 12.5 LE1 205.1
CH-tfl 1 12.5:| LE1 82.0
CH-w 1 7.5 | LE1 1948
D1 50 LE1 275.1
D2 5.0 LE1 275.4
M4 4.0 LE1 275.3
Design data
Material fy
[MPa]
S 275

Symbol explanation

t

OEd

Plate thickness
Equivalent stress
Plastic strain
Contact stress

Yield strength

Limit of plastic strain

]
0.0

0.0
0.0
0.0
0.0

Mx
[kNm]

Mx
[kNm]

0.0

OK
OK
OK

£pl

(%]

0.0
0.0
0.0
0.0
0.2
0.1

275.0

Antonio Drazen Vidoljak

StatiCa’
My Mz
[kNm] [kNm]
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 00 0.0
0.0 0.0 0.0
My Mz
[kNm] [kNm]
-16.4 00
Check status
o,
[N‘I:I'DEad] Status
0.0 OK
00 OK
00 OK
00 OK
00 OK
00 OK
Elim
[%]
5.0
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Project:

Project no: //#]=/=] StatiCa®
Calcuiate yasiorday's estimates
Author:
Qverall check, LE1

[%]
150%
100%
(5.00)

g; 0.19 0%

Strain check, LE1
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Project:
Project no: [[#]=]=] StatiCa®
Author:

[MPa]
275.0
250
225
200 ]
175
150
125
100
75
o 743 50
25
” 0.0~
Equivalent stress, LE1
Welds
Item Edge [r:;] [mLm] Loads [ch)'"'si‘; [EOZ; [N‘I, ;; ] [h;lJ?_a] [Mrflla] [g:] t':/:‘]’ Status
CH-bfl 1 D1 460 417 LE1 380.7 0.0 -74.9 197.1 872 941 276 OK
CH-bfl1 D2 46.0 417 LE1 396.7 0.0 788 -2127 716 980 350 OK
CH-bfl 1 M4 440 405 LE1 3972 04 1635 -1774 1105 981 314 OK
Design data
Material ‘;_']V ;S)INI"R;]' [(I)\)IQID:]
S275 0.85 404.7 309.6
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Project:

Project no:
Author:

Symbol explanation

TW

L
Ow,Ed
Ep|
ol
L

i

Ut
Ut
Pw
Ow,Rd
090
4

Throat thickness a

Length

Equivalent stress

Strain

Perpendicular stress

Shear stress perpendicular to welid axis
Shear stress parallel to weld axis
Utilization

Weld capacity utilization

Correlation factor EN 1993-1-8 — Tab. 4.1
Equivalent stress resistance
Perpendicular stress resistance: 0.9*fulyM2
Fillet weld

Detailed resuit for CH-bfl 1/ M4
Weld resistance check (EN 1993-1-8 - Cl. 4.5.3.2)

Antonio Drazen Vidoljak

Colculate yast

Owrd = ful (Buymz) = 4047 MPa 2 oypa= |07 +3(] +77)]" = 3972 MPa
ot =09 fu /Y2 = 3006 MPa 2 |0 = 1635 MPa
where:

f., = 430.0 MPa - Ultimate strength

By = 0.85

— Correlation factor EN 1993-1-8 — Tab. 4.1

Yare = 1.25 — Safety factor

Stress utilization

U, = max(w : ﬂLJ — 098 < 10

Twpd

Where:

Oy pd = 397.2 MPa

T1.Rd

0, 1nd — 404.7 MPa - Equivalent stress resistance

o) =163.

5 MPa — Normal stress perpencicuiar to the throat

0 e — 309.6 MPa - Perpendicular stress resistance

Buckling

Buckling analysis was not calcu!ated.

Cost estimation

Steel

Total weight

Steel grade [ka]

— Maximum normal stress transverse to the axis of the weld

Unit cost
[€/kg]

tay's

[[a]=/=] StatiCa®

eRtIMaLes

Cost
[€]
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Diplomski rad
Project: -
H ®
Project no: [[=]=]=] StatiCa
e Calowiate yostarday's stimatos
Bolts
Total weight Unit cost Cost
Bolt assembl
/ [ka] [€kg) (€]
Welds
Throat thickness Leg size Total weight Unit cost Cost
Weld
Wy [rom) [mm] fkg [€kg] f€)
Fillet rear 6.0 85 0.24 40.00 943
Fillet rear 4.0 5.7 0.05 40.00 2.04
Hole drilling
Bolt assembly cost Percentage of bolt assembly cost Cost
[€] (%] [€]
Cost summary
Cost estimaticn summary C[Z]St
Total estimated cost 11.47
Bill of material
Manufacturing operations
Name Fiates Shape Nr. Weids Length Bolts Nr.
[mm] [mm] [mm]
CUT1 Fillet: a = 6.0 417.3
CuUT2 Fillet: a = 6.0 417.3
CUT3 Fillet: a = 4.0 405.1
Welds
: Throat thickness Leg size Length
Type Material [mm] [mm] [mm]
Fillet S275 6.0 5 834.6
Fillet S275 4.0 5 405.1
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Project:
Project no:
Author:

Code settings

Item
Safety factor ypg
Safety factor ypyq
Safety factor vy
Safety factor yp3
Safety factor yg
Safety factor y|q¢
Joint coefficient Bj
Effective area - influence of mesh size
Friction coefficient - concrete
Friction coefficient in slip-resistance
Limit plastic strain
Detailing
Distance between bolts [d]
Distance between bolts and edge [d]
Concrete breakout resistance check
Use calculated ab in bearing check
Cracked concrete
Local deformation check
Local deformation limit
Geometrical nonlinearity (GMNA)
Braced system

Value
1.00
1.00
1.25
1.25
1.50
1.20
0.67
0.10
0.25
0.30
0.05
No
2.20
1.20
Both
Yes
Yes
No
0.03
Yes
No

Unit

Antonio Drazen Vidoljak

[[=]=F5] StatiCa*

Calculate yesterday's estimates

Reference

EN 1993-1-1: 6.1

EN 1993-1-1: 6.1

EN 1993-1-1: 6.1

EN 1993-1-8:2.2

EN 1992-1-1:2.4.24

EN 1992-4: Table 4.1

EN 1993-1-8:6.2.5

EN 1993-1-8
EN 1993-1-8tab 3.7
EN 1993-1-56

EN 1993-1-8: tab 3.3

EN 1993-1-8: tab 3.3

EN 1992-4:7.214and 7.2.2.5

EN 1993-1-8: tab 3.4

EN 1992-4

CIDECTDG 1,3-1.1

CIDECTDG 1,3-1.1

Analysis with large deformations for hollow section joints
EN 1993-1-8:5.2.2.5
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5.5 Spoj konzolnih greda

- Mjerodavni moment savijanja M; na gredi 2 M,=26,54 [kNm]
- Mjerodavni moment savijanja My na gredi 1 My=—-113,42[kNm]
- Mjerodavna poprecna sila V, na gredi 2 V,=63,96 [kN]
- Mjerodavna poprecna sila V, na gredi 1 V,=184,39 [kN]

Produc

Slika 114. Prikaz zadanih opterecenja u programu ldeaStatica — spoj konzolnih greda

Nakon nanoSenja opterecenja slijedi dimenzioniranje s najve¢em stupnjem iskoristivosti prema

prorac¢unu u ratunalnom programu IdeaStatiCa u nastavku:
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Project: )
Project no: oedj .Statlca
e Clobiate yeetonday's estimetss

Project data

Project name
Project number

Author

Description

Date 8/29/2023
Code EN
Material

Steel S 275
Concrete C25/30
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Project:
Project no:
Author:

Project item SPOJ KONZOLNE GREDE

Design
Name SPOJ KONZOLNE GREDE
Description
Analysis Stress, strain/ loads in equilibrium
Members
Geometry
Name Cross-section B- Dl[:?ction v- [P,;t D
B 4 - Greda 2(HEA400) 0.0 0.0
B1 5 - Greda 1(HEA400) -90.0 0.0
Supports and forces
Name Support
B/ begin N-Vy-Vz-Mx-My-Mz
B/end
B1/end

o - Rotation

[l

0.0
0.0

Node
Node
Node

Offset ex
[mm]

0
0

Forces in

Antonio Drazen Vidoljak

//#]/=]=] StatiCa®

Calculate yastorday's eatimates

Offset ey

[mm]

0
0

Ofiset ez

[mm]

[mm]

0
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Project:

Project no: //#]=[=] StatiCa®
Calculate yastarday’s oatimates

Author: "
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Project:
Project no: //#/=/=] StatiCa®
AiithoF: Calculote yosterday’s eatimates

—

-
Cross-sections
Name Material
4 - Greda 2(HEA400) S 275
5- Greda 1(HEA400) S 275
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Project:
Project no:
Author:

Cross-sections

Name Material
g g
4 - Greda 2(HEA400) S275 =
3
5 - Greda 1(HEA400) S 275 ml -t
Bolts
Name Bolt assembly 2o
[mm]
M27 8.8 M27 8.8 27
Load effects (forces in equilibrium)
N Vy Vz
Name Member (kN] (kN] kN]
LE1 B/ Begin 0.0 0.0 64.0
B/ End 0.0 0.0 0.0
B1/End 0.0 0.0 184 .4
Unbalanced forces
Name X ¥ 74 Mx
[kN] [kN] [kN] [kNm]
LE1 0.0 0.0 248 .4

Antonio Drazen Vidoljak

//=/=/-] StatiCa®
Drawing
fa Gross area
[MPa] [mm?]
800.0 573
Mx My Mz
[kNm] [kNm] [KNm]
26.5 0.0 0.0
0.0 0.0 0.0
0.0 -1134 0.0
My Mz
[kNm] [kNm]
-86.9 0.0 0.0
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Antonio Drazen Vidoljak

Project:
H ®
Project no: @@ StatiCa
e Calculati yostardoy's oatimates
Check
Summary
Name Value Check status

Analysis 100.0% OK

Plates 4.8<5.0% OK

Bolts 94.1 < 100% OK

Welds 99.8 < 100% OK

Buckling Not calculated
Plates

Name ' Loads Ed Pt 9cEd Status
[mm] [MPa] [%] [MPa]

B-bfl 1 19.0 LE1 285.1 438 00 OK

B-tfl 1 19.0 LE1 2826 4.1 00 OK

B-w 1 1.0 LE1 2753 0.1 00 OK

B1-bfl 1 19.0 LE1 275:1 0.0 00 OK

B1-ifl 1 19.0 LE1 275.2 0.1 00 OK

B1-w 1 1.0 LE1 275.2 0.1 00 OK

SEP1a 22.0 LE1 279.4 21 189.5 OK

SEP1b 19.0 LE1 2779 14 189.5 OK

STIFF 19.0 LE1 2755 0.2 00 OK
Design data

f, £
i Yy lim
Material [MPa] (%]

S 275 275.0 5.0
Symbol explanation

t Plate thickness

Ogq Equivalent stress

£p Plastic strain

OcEd Contact stress

fy Yield strength

£jim Limit of plastic strain
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Project: e
Project no: //#/=/-] StatiCa

Calowlate yastarday's astimates
Author:

Overall check, LE1

(%]
150%

100%
4.81 (5.00)

Strain check, LE1
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Antonio Drazen Vidoljak

Project:
Project no: //#]/=[=] StatiCa®
Rt Colculate yostarday’s estimates
[MPa]
275.0
250
225
200
175
150
125
100
75
50
25
0.0
Equivalent stress, LE1
Bolts
Fted  Fved Fpre Ut Utg  Utg
Shape Item Grade Loads (KN] kN] [kN] %] %] (%] Status
B1 M278.8-1 LE1 114.3 405 4412 432 230 538 OK
1
"’2 + B2 M278.8- 1 LE1 131.8 806 4412 498 458 813 OK
_p _'} B3 M278.8-1 LE1 2178 312 4412 824 177 766 OK
___‘ B4 M278.8- 1 LE1 248.8 355 4412 941 201 873 OK
Design data
F B F
Grade tRd pRd V,Rd
[kN] [kN) [kN]
M278.8- 1 2644 531.0 176.3

Symbol explanation

Ft.Ed
Fued
Fp rd
Uty
Utg
UttS
FtRd
Bp.Rd
Fv.Rd

Tension force

Resultant of bolt shear forces Vy and Vz in shear planes
Flate bearing resistance EN 1993-1-8 — Tab. 3.4
Utilization in tension

Utilization in shear

Interaction of tension and shear EN 1993-1-8 — Tab. 3.4
Boit tension resistance EN 1993-1-8 — Tab. 3.4
Punching shear resistance EN 1993-1-8 — Tab. 3.4

Bolt shear resistance EN 1993-1-8 — Tab. 3.4
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Project: .
Project no: IBEB StatiCa”®
nthior: Gosiicd sochariops oakimotsa

Detailed result for B4
Tension resistance check (EN 1993-1-8 — Table 3.4)

Fopg — fdwds = 2g44 kN 2 Fipi— 2488 kN

TM2
Where:
ko = 0.90 — Factor
fun = 800.0 MPa - Ultimate tensile strength of the bolt
A, = 459 mm? - Tensile stress area of the bolt
Yz = 1.25 — Safety factor

Punching resistance check (EN 1593-1-8 — Table 3.4)

Bypg ="l 5310 kN 2 Fipa= 2488 kN
Where:
dyy = 43 mm — The mean of the across points and across flats dimensions of the bolt head or the nut, whichever is
smaller
t, = 19 mm — Plate thickness

fu = 430.0MPa - Ultimate strength
Yarz = 1.25 — Safety factor

Shear resistance check (EN 1993-1-8 — Table 3.4)

Fypg=20/wd _ 4763 N 2 F,pa= 355 kN

™2

Where:
Bp = 1.00 — Reduction factor for packing
v, — 0.60 - Reduction factor for shear stress

fur — 800.0 MPa - Ultimate tensile strength of the bolt
A = 459 mm? - Tensile stress area of the bolt
Yame = 1.25 — Safety factor
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Project:

Project no: [[=]=F5] StatiCa®
Author: Colculate yasterday's aatimates
Bearing resistance check (EN 1993-1-8 — Table 3.4)

Fypg—obdt 4412 kN 2 Fyps— 355 kN

TM2
Where:
k= min(2.82 —17 1.422 _ 1.7,2.5) — 5o — Factor for edge distance and bolt spacing perpendicular to the

dp do direction of load transfer
M= “‘i"(%‘ % - % .?;b} 1) = 1.00 ;—raFna;te(:r for end distance and bolt spacing in direction of load
€9 = 80 mm — Distance to the plate edge perpendicular to the shear force
p2 — 140 mm — Distance between bolts perpendicular to the shear force
dp = 30 mm — Bolt hole diameter
€1 = 122 mm — Distance to the plate edge in the direction of the shear ferce
P1 = mm — Distance between bolts in the direction of the shear force
[, = 800.0 MPa — Ultimate tensile strength of the bolt
fu = 430.0MPa - Ultimate strength of the plate
d =27 mm — Nominal diameter of the fastener
t =19 mm — Thickness of the plate
Yz = 1.25 — Safety factor

Utilization in tension

Frpa

miniF.,fm:B,,,R,;i = 094 = 10
Where:
Fypq — 2488 kN - Tensile force
F; pq —264.4kN  — Tension resistance

By, ra = 531.0kN - Punching resistance

Utilization in shear

Bis P
max(ﬁi—;;ﬁ]— 020 = 10

Where:

F, pa = 355kN - Shear force (in decisive shear plane)
F, pq = 176.3kN - Shear resistance

F;,, rd — 35.5kN - Bearing force (for decisive plate)

Fy pq — 441.2kN - Bearing resistance
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Project: -
Project no: [/#[=]=] StatiCa®
Author: lculate yostorday's oskimatas

Interaction of tension and shear (EN 1993-1-8 — Table 3.4)

Forpa Figa

Fyra T TPy 087 s 10

Where:

F(,._‘,.;,, = 35.5kN - Shear force (in decisive shear plane)
Fy ra = 176.3 kN — Shear resistance

F; pg = 2488 kN - Tensile force

F rq = 264.4kN - Tension resistance

Welds
o || e [;‘r”nl ey Loads R [h:FJ’;] (Jéa] LI ?ﬁ/ﬁ‘i Sans
SEP1a  B-tfi1 418.0 299 LE1 4038 45 -30.2 2035 -1124 998 569 OK
SEP1a  B-bfi1 418.0 299 LE1 4024 36 1.3 19565 -12665 994 656 OK
SEP1b  B1-bfl1 480N 299 LE1 3991 15 -170.1 -1635 -1293 986 569 OK
480N 299 LE1 3996 19 -1726 178.2 1075 987 6592 OK
SEP1b  B1-tfi 1 480N 299 LE1 3889 00 -2169 -1659 850 961 533 OK
480n 299 LE1 1659 0.0 -51.9 84.0 349 410 255 OK
SEP1b  B1-w1 480N 369 LE1 2646 0.0 99.4 141.3 -89 654 324 OK
A480n 369 LE1 3809 0.0 119.4 -935 -186.7 941 545 OK
B-bfi 1 STIFF 490N 144 LE1 3971 03 -35.2 -34.1 2258 981 956 OK
490N 144 LE1 3966 0.0 115.8 1516 -1581 98.0 371 OK
B-w 1 STIFF 490 351 LE1 3326 0.0 25,5 65 -191.4 822 593 OK
490 351 LE1 2502 0.0 29.4 -10.7 -1483 641 400 OK
B-tfl 1 STIFF A90n 144 LE1 2843 0.0 -34.1 -6.0 1628 70.2 471 OK
490N 144 LE1 396.7 0.1 35.3 -15.3 2276 980 914 OK
SEP1a  STIFF 490N 350 LE1 3976 06 115.1 914 -1998 982 835 OK
490N 350 LE1 3555 0.0 628 -1272 -157.0 879 562 OK
Design data
Material ‘[;_V]V mﬁ”:i [?VI?D :]
S 275 0.85 404.7 309.6
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Project: )
Project no: //#]=/=] StatiCa®

Calculate yasterday's estimates
Author: »

Symbol explanation

Tw Throat thickness a

L Length

Ow,td Equivalent stress

£p| Strain

o Perpendicular stress

T Shear stress perpendicular to weld axis
m Shear stress parallel to weld axis

Ut Utilization

Ut, Weld capacity utilization

Bw Correlation factor EN 1993-1-8 — Tab. 4.1
Ow,Rd Equivalent stress resistance

090 Perpendicular stress resistance: 0.9*fu/yM2
V] Fillet weld

Detailed result for SEP1a / B-tfl 1
Weld resistance check (EN 1993-1-8 — Cl. 4.5.3.2)

Ourd= ful(Buymz) = 4047 MPa 2 owpa=[o° +3(r +77)"° = 4038 MPa
o ri =09 fu /2 = 3096 MPa 2 |o.|= 2271 MPa
where:
fu = 430.0MPa - Ultimate strength
w = 0.85 — Correlation factor EN 1993-1-8 — Tab. 4.1
Tme = 1.25 — Safety factor

Stress utilization

U, = max(ZeL . loily — 100 < 10

Tw,Rd O LRd

Where:
oy, ki = 403.8 MPa —Maximum normal stress transverse to the axis of the weld

0y nd = 404.7 MPa - Equivalent stress resistance
o, =-227.1 MPa — Normal stress perpendicular to the throat
0. rd = 309.6 MPa - Perpendicular stress resistance

Buckling
Buckling analysis was not calculated.

Cost estimation

Stee!
Total weight Unit cost Cost
|
Dloet grede fko] f€hg] @
S 275 50.07 2.00 100.14
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Project:
Project no:
Author:
Bolts
Bolt assembly
M27 8.8
Weids
Weld type Throat[ r:‘hniqc]:kmass
Fillet 18.0
Double fillet 8.0
Double fillet 9.0
Hole drilling

Bolt assembly cost
16.19

Cost summary

Cost estimation summary

Total estimated cost

Bill of material

Manufacturing operations

Plates
Name [mm]
SEP1 P22.0x300.0-440.0 (S 275)

P19.0x300.0-440.0 (S 275)

P19.0x144.5-352.0 (S 275)

Antonio Drazen Vidoljak

//=]=/=] StatiCa®
Calculate yesterday's aatimates
Total weight Unit cost Cost
[kg] [€/kg] (€l
324 5.00 16.19
Leg size Total weight Unit cost Cost
[mm] [kg] [€kal [€
255 1.53 40.00 61.04
1.3 0.98 40.00 39.03
12.7 1.26 40.00 50.51
Percentage of bolt assembly cost Cost
%) [€
30.0 4.86
Cost
[€]
271.76
Welds Length
Shape Nr. [mm] [mm] Bolts Nr.
Double fillet: a = 9.0 993.0
Fillet a = 18.0 300.0
' Filet a=180 3000 | M2T88 |4
4+ 4 Double filet a=8.0  971.0
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Project:

Project no: //#]=/=] StatiCa®

Auth 6 Colcuiate yesterday's estimatas
Welds

. Throat thickness Leg size Length
Type Material [mm] [mm] [min]

Fillet S 275 18.0 255 300.0

Fillet S 275 18.0 25.5 300.0

Double fillet S 275 8.0 11.3 971.0

Double fillet S 275 9.0 12.7 993.0
Bolts

Grip length
Name [mm] Count

M27 8.8 41 4
Drawing
SEP1 - SEP1a

P22.0x440-300 (S 275)

i é

]

] ? ® ©)
%
%

8| 2 Z////////////////////////////////////////////////

— 1l o G

7
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Project:

Project no: [[s]=F=] StatiCa*
Calculate yasterday's patimatss

Author:

SEP1 - SEP1b

P19.0x440-300 (S 275)

|
/
=] © ®
Z
§ ?_ % L il
g g
% foul
— | ©
|0
é 2
SEP1 - STIFF ]

P19.0x352-145 (S 275)
* LLLLLLLLLLLLLLLLL Ll

w
<
-

ANMMINITT.S.,:
AN

00000000

352
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Project:
Project no: [[a]=]=] StatiCa®
Author: Calculate yosterday's estimatos

Code settings

Item Value  Unit Reference
Safety factor v 1.00 - EN 1993-1-1: 6.1
Safety factor yy4 1.00 - EN 1993-1-1: 6.1
Safety factor vy, 1.26 - EN 1993-1-1: 6.1
Safety factor 3 1.25 - EN 1993-1-8: 2.2
Safety factor y¢ 1.50 - EN 1992-1-1: 24.2.4
Safety factor yjngt 1.20 - EN 1992-4: Table 4.1
Joint coefficient Bj 0.67 - EN 1993-1-8: 6.2.5
Effective area - infiuence of mesh size 0.10 -
Friction coefficient - concrete 0.25 - EN 1893-1-8
Friction coefiicient in slip-resistance 0.30 - EN 1993-1-8 tab 3.7
Limit plastic strain 0.05 - EN 1993-1-5
Detailing No
Distance between bolts [d] 2.20 - EN 1993-1-8: tab 3.3
Distance between bolts and edge [d] 1.20 - EN 1993-1-8: tab 3.3
Concrete breakout resistance check Both EN 1992-4:7.21.4and 7.22.5
Use calculated ab in bearing check. Yes EN 1993-1-8: tab 3.4
Cracked concrete Yes EN 19924
Local deformation check No CIDECTDG 1,3-1.1
Local deformation limit 0.03 - CIDECTDG 1,3-11
Geometrical nonlinearity (GMNA) Yes Analysis with large deformations for hollow section joints
Braced system No EN 1993-1-8: 5.2.2.5
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5.6 Spoj stup — kosnik

- Mjerodavna uzduzna sila N u stupu N=-84,29 [kKNm]
N=86,57 [kKNm]
- Mjerodavna uzduzna sila N u kosniku N=-234,10[kNm]

L

Slika 115. Prikaz zadanih opterecenja u programu ldeaStatica — spoj stup kosnik

Nakon nanosenja opterecenja slijedi dimenzioniranje s najvec¢em stupnjem iskoristivosti

prema prora¢unu u raCunalnom programu IdeaStatiCa u nastavku:
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Project:
Project no:
Author:

Project data

Project name
Project number

Author

Description

Date 8/29/2023
Code EN
Material

Steel S 275
Concrete C25/30

Antonio Drazen Vidoljak

[T*]=]=] StatiCa"®

Caiculate yasterday's estimates
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Project:
/[#]=F=] StatiCa®

Calcwiate yasterday's astimates

Project no:
Author:

Project item Spoj kosnik -stup

Design
Name Spoj kosnik -stup
Description
Analysis Stress, strain/ loads in equilibrium
Members
Geometry
> - B —Direction vy -Pitch a-Rotation Offsetex Offsetey Offsetez
Name Cross-section ) ] €] [mm] (mm] [mm]
CH 15 - CON1(HEA450) 0.0 0.0 90.0 0 0
M3 16 - RHSCF400/200/12.5 0.0 46.7 0.0 0
Supports and forces
Name Support Forces in [mxm]
CH / begin N-Vy-Vz-Mx-My-Mz Node 0
CH /end Node
M3 /end Node
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Project:

Project no: (/#[=]=] StatiCa®

Caicuiate yasierday’s astimates
Author:
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Project:

Project no: [[=[=Z] StatiCa®

Calcuiate yasterday's astimates
Author:

S
Cross-sections
Name Material
15 - CON1(HEA450) S 275
16 - RHSCF400/200/12.5 8275
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Project:

Project no: [[2]=]=] StatiCa°®
Gt Coleiuless yosterdey's wetinnates
Cross-sections
Name Material Drawing
G 3
2 3
15 - CON1(HEA450) S 275 5 8
N
z
-‘\—% ;‘—_\
|
o xol
S| | oty
- ™
16 - RHSCF400/200/12.5 S 275
"\—4
175
200
Load effects (forces in equilibrium)
N Vy Vz Mx My Mz
Name Nomber [kN] [kN] kN] [KNm] (kNm] [KNm]
LE1 CH / Begin 84.3 0.0 0.0 0.0 0.0 0.0
CH/End 86.6 0.0 0.0 0.0 0.0 0.0
M3/ End -234.1 0.0 0.0 0.0 0.0 0.0
Unbalanced forces
X Y z Mx My Mz
L L) [KN] TkIN] [kN] [kNm] [kNm] [kNm]
LE1 10.3 0.0 -170.4 0.0 0.0 0.0
Check
Summary
Name Value Check status
Analysis 100.0% OK
Plates 0.1<5.0% OK
Welds 98.1 < 100% OK
Buckling Not calculated
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Project:
Project no:
Author:

Plates

CH-bfl 1
CH-tfi 1
CH-w 1
M3

Design data

Material

S275

Symbol explanation

t

OEd
p|

OcEd

Elim

Loads

[mm]

210 LE1
210 LE1
11.5 LE1
125 LE1

Plate thickness
Equivalent stress
Plastic strain
Contact stress

Yield strength

Limit of plastic strain

OEd
[MPa]

202.6
202.6
275.2
2119

£p

[%]
0.0
0.0
0.1
0.0

275.0

k

Overall check, LE1

Antonio Drazen Vidoljak

//#/=[=] StatiCa®

Calcutate yasterday's estimatas

OcEd Status
[MPa]

0.0 OK
0.0 OK
0.0 OK
0.0 OK

Elim
[%]

5.0
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Project:

Project no: [[=]=F5] StatiCa’

Calculate yasterday's estimates
Author:

[%]
150%

100%
(5.00)

[MPa]

275.0
250
225
200
175
150
125
100
75
50
25

Equivalent stress, LE1
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Project: ~ Y
Project no: /-L@ StatiCa
Author: Colcuiate yasterday's astimates
Welds
T | E Owed t O T T U U
ftem — Edge iy mm; %% MPa] (%) [(MPa [MPa] MPal [% (%] SRS
CHw1 M3 460 1385 LE1 3970 02 -231.9 1859 55 981 349 OK
Design data
A B Ow,Rd 09¢
Material 0 (MPa] [MPa]
S275 0.85 404.7 309.6

Symbol explanation

Tw Throat thickness a

L Length

Ow Ed Equivalent stress

£p) Strain

g Perpendicular stress

T Shear stress perpendicular to weld axis
] Shear stress parallel to weld axis

ut Utilization

Ut, Weld capacity utilization

Bw Correlation factor EN 1993-1-8 — Tab. 4.1
Ow,Rd Equivalent stress resistance

090 Perpendicular stress resistance: 0.9*fulyM2
4 Fillet weld

Detailed result for CH-w 1 /M3
Weld resistance check (EN 1993-1-8 — Cl. 4.5.3.2)

Ouri = ful(Buraz) = 4047 MPa 2 owpa= [0} +3(r +7)*" = 3970 MPa
o1 rda=09f,/ym2 = 3096 MPa 2 |oi|= 2319 MPa

where:
fu = 430.0MPa - Ultimate strength

B =085 - Correlation factor EN 1993-1-8 — Tab. 4.1
Tmz = 1.25 — Safety factor

Stress utilization

Uy = max (722 ; JI;L) = 098 s 10

Where:
Ow,Ed = 397.0 MPz  —Maximum normal stress transverse to the axis of the weld

Ow,rd = 4047 MPa —Equivalent stress resistance
o) =-231.9MPa — Normal stress perpendicular to the throat
0. rd = 309.6 MPa - Perpendicular stress resistance
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Froject:

Project no: [[=]=F=] StatiCa®

Colculate yesterday's estimates
Author:

Buckling
Buckling analysis was not caiculated.

Cost estimation

Steel
Total weight Unit cost Cost
|
i i fkal f€ka] G
Bolts
Total weight Unit cost Cost
Bol
oK nesombly lkal f€ka] il
Welds
Throat thickness Leg size Total weight Unit cost Cost
Wel
oKl ype o] [mm] [kal f€/k] i€l
Fillet rear 6.0 8.5 0.39 40.00 16.69
Hole drilling
Bolt assembly cost Percentage of bolt assembly cost Cost
€] [%] [€
Cost summary
Cost estimation summary C[é.ﬁ
Total estimated cost 15.69
Bill of material
Manufacturing operations
Plates Welds Length
Name [mm] Shape Nr. [mm] I Bolts Nr.
CuUT2 Fillet: 2a=6.0 1388.0
Welds
. Throat thickness Leg size Length
Type Material [mm] [mm] [mm]
Fillet S 275 6.0 8.5 1388.0
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Project:
Project no:
Author:

Code settings

Item
Safety factor ypq
Safety factor ypy4
Safety factor yyo
Safety factor yp3
Safety factor yg
Safety factor yjg
Joint coefficient Bj
Effective area - influence of mesh size
Friction coefficient - concrete
Friction coefficient in slip-resistance
Limit plastic strain
Detailing
Distance between bolts [d]
Distance between bolts and edge [d]
Concrete breakout resistance check
Use calculated ab in bearing check.
Cracked concrete
Local deformation check
Local deformation limit
Geometrical nonlinearity (GMNA)
Braced system

Value
1.00
1.00
1.25
1.25
1.50
1.20
0.67
0.10
0.25
0.30
0.05

220
1.20
Both
Yes
Yes

0.03
Yes

Unit

Antonio Drazen Vidoljak

//#/={=] StatiCa®

Reference

EN 1993-1-1: 6.1

EN 1993-1-1: 6.1

EN 1993-1-1: 6.1

EN 1993-1-8: 2.2

EN 1992-1-1: 24.2.4

EN 1992-4: Table 4.1

EN 1993-1-8: 6.2.5

EN 1993-1-8
EN 1993-1-8 tab 3.7
EN 1993-1-5

EN 1993-1-8: tab 3.3

EN 1993-1-8: tab 3.3

EN 1992-4:7.214and 7.2.25

EN 1993-1-8: tab 3.4

EN 1992-4

CIDECTDG 1,3-1.1

CIDECTDG 1, 3-1.1

Analysis with large deformations for hollow section joints
EN 1993-1-8: 5.2.2.5
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5.7 Spoj krovni nosa¢ — greda

- Mjerodavni moment savijanja My na krovnom nosacu
- Mjerodavna poprecna sila V, na krovnom nosacu
- Mjerodavni moment savijanja My na gredi

- Mjerodavna poprecna sila V, na gredi

- Mjerodavna uzduZzna sila N u gredi

Antonio Drazen Vidoljak

M,=90,62 [kNm]
V,=45,83 [kNm]
M,=-35,16 [kN]
V.= -8,63 [kN]
= 551,39 [kN]

Slika 116. Prikaz zadanih opterecenja u programu IdeaStatica — spoj krovni nosac greda

Nakon nanosSenja opterecenja slijedi dimenzioniranje s najvec¢em stupnjem iskoristivosti prema

proracunu u racunalnom programu IdeaStatiCa u nastavku:
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Project:

Project no: [ZE StatiCa®

CUIBte YasLarday’s GSLAMALas

Author:

Project data

Project name

Project number

Author

Description

Date 8/29/2023
Code EN

Material

Steel S 275
Concrete C25/30
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Project: .
Project no: //#/=/=] StatiCa*®
& othons Bilouiaseostarday’sitioeion

Project itern SPOJ KROVNI NOSAC GREDA

Design
Name SPOJ KROVNI NOSAC GREDA
Description
Analysis Stress, strain/ loads in equilibrium
Members
Geometry
. — Direction y -Pitch a -Rotation Offsetex Offsetey Offsetez
Name Cross-section B 5 i 7
; ¥ § [ mm]  [mm]  [mm]
(o] 9 - Greda(HEA260) 0.0 -90.0 00 -200 0 0
B 10 - Krovni nosac(HEA260) 0.0 -68.7 0.0 200

Supports and forces
Name Support Forces in mm]

C/end N-Vy-Vz-Mx-My-Mz Node 0
B/end Node
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Project:

Project no: //#]/=/=] StatiCa®
Author: Colcuiate yasterday’s ostmatas
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Project:
Project o //#/=/-] StatiCa"®
Calculate yasterdays estamates
Author:
{ ¥
L
Cross-sections
Name Material
9 - Greda(HEA260) S 275
10 - Krovni nosa&(HEA260) S275
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Project:
Project no:
Author:

Cross-sections

Name Material

9 - Greda(HEA260) S 275

10 - Krovni nosa¢(HEA260) S 275

Load effects (forces in equilibrium)

N
Name Member (kN]
LE1 C/End -551.4
B/End

Unbalanced forces

X Y
Name [kN] kN]
LE1 341 0.0
Check
Summary
Name
Analysis 100.0%
Plates 0.6 <5.0%
Welds 98.5 < 100%
Buckiing Not calculated

Antonio Drazen Vidoljak

[[=]=F5] StatiCa®
My Mz
[kNm] [kNm]
-35.2 0.0
90.6 0.0
y Mz
[kNm] [kNm]
446 0.0

Check status
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Project:
Project no: /[/#]=/=] StatiCa®
Author: Calculate yasterdays estimatas
Plates
tp OEd £p| Oc,Ed
Name fmm] Loads [MPa] (%] [MPa] Status
C-bfl 1 125 LE1 168.1 0.0 0.0 OK
C-ti 1 125 LE1 275.4 0.2 0.0 OK
C-wi1 7.5| LE1 276.2 0.6 0.0 OK
B-bfl 1 125 LE1 275.5 0.2 0.0 OK
B-tfl 1 125 | LE1 162.2 0.0 0.0 OK
B-w 1 75 LE1 275.3 0.2 0.0 OK
Design data
f, €
i y lim
Material (MPa] (%]
S 275 275.0 50

Symbol explanation

t Plate thickness

Okd Equivalent stress
£p| Plastic strain

Oc,Ed Contact stress

fy Yield strength

Elim Limit of plastic strain

.

Overall check, LE1
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Project:
Project no: //#]/=/=] StatiCa®
Author: Calcuiat Cay’s estAmates
[%]
150%
| 1100%
| (5.00)
\
: ’. E 0%

Strain check, LE1

[MPa]

275.0
250
225
200
175
150
125
100
75
50
25

0.0

Equivalent stress, LE1
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::Z;z:no: StatiCa*®
Ao s Yo ot
Welds
tem  Edge [;;vn] e W el o | o | i 5 ;’/‘; Status
Cti1 B-bfi1 470N 259 LE1 3290 00 -1454 -1487 -83.3 813 211 OK
470N 259 LE1 3985 1.2 -2379 1674 -77.7 985 726 OK
Cifi1 B-til1 470N 259 LE1 €95 0.0 15.9 27.0 282 172 | 69 OK
470N 259 LE1 160.9 0.0 19.0 -840 -382 398 212 OK
Ctl1 Bw1 470N 652 LE1 1081 0.0 249 249 554 267 156 OK
A70N 652 LE1 1082 0.0 249 249 -555 267 156 OK
Design data
Material ‘[ﬁ‘ ;’I\:I”Zt; [?\}l?’:]
S 275 0.85 404.7 309.6
Symbol explanation
Tw Throat thickness a
L Length
Ow,Ed Equivalent stress
€p| Strain
1} Perpendicular stress
T Shear stress perpendicular to weld axis
T Shear stress parallel to weld axis
Ut Utilization
Ut Weld capacity utilization
B Correlation factor EN 1993-1-8 — Tab. 4.1
Ow,Rd Equivalent stress resistance
090 Perpendicular stress resistance: 0.9*fulyM2
4 Fillet weld

Detailed resuit for C-tfl 1 / B-bfl 1
Weld resistance check (EN 1993-1-8 - Cl. 4.5.3.2)

Ouwrd = fu/ (Buyaz) = 4047 MPa 2 oupe = [0} +3(rf + 7{)]° = 3085 MPa
o1 rd =09 f, /Y2 = 3006 MPa 2 |7, = 2380 MPa

where:
fu = 430.0 MPa - Ultimate strength

B, =085 - Correlation factor EN 1993-1-8 — Tab. 4.1
Ym2 = 1.25 - Safety factor
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Project: )
Project no: [ZUE{E StatiCa“

Author:

Stress utilization

U, — max( 2= . doulcy 098 = 1.0

OwRi ' OLRd’

Where:
Oy pd — 398.5 MPa - Maximum normal stress transverse to the axis of the weld

o,.ri — 404.7 MPa - Equivalent stress resistance
o, — -238.0 MPa ~ Normal stress perpendicular to the throat

01 nqd — 309.6 MPa - Perpendicular stress resistance

Buckling

Buckling analysis was not calculated.

Cost estimation

Steel
Total weight Unit cost Cost
Steel grade
S fka] [€/kg] (€l
Bolts
Tota! weight Unit cost Cost
Bolt assembly Ikg] [€/kg] €]
Welds
Throat thickness Leg size Total weight Unit cost Cost
Weld
i 2o [mm] [mm] [ka] [€/kg] (€
Double fillet 7.0 9.9 0.90 40.00 36.12
Hole drilling
Bolt assembly cost Percentage of bolt assembly cost Cost
€] (%] (€]
Cost summary
Cost estimation summary C[ZISt
Total estimated cost 36.12
3ill of material
Manufacturing operations
Name Flates Shape Nr. Welde Longth Bolts Nr.
[mm] [mm] [mm]
CUT2 Double fillet: a = 7.0 1173.8
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Project:
Project no:
Author:

Welds

Type Material

Double fillet S 275

Code settings

Item
Safety factor vy
Safety factor vy
Safety factor vy
Safety factor yp3
Safety factor yg
Safety factor yjngt
Joint coefficient Bj
Effective area - influence of mesh size
Friction coefficient - concrete
Friction coefficient in slip-resistance
Limit plastic strain
Detailing
Distance between bolts [d]
Distance between bolts and edge [d]
Concrete breakout resistance check
Use calculated ab in bearing check.
Cracked concrete
Local deformation check
Local deformation limit
Geornetrical nonlinearity (GMNA)
Braced system

7.0

Value
1.00
1.00
1.25
1.25
1.50
1.20
0.67
0.10
0.25
0.30
0.05
No
220
1.20
Both
Yes

Yes

0.03
Yes

Antonio Drazen Vidoljak

[[a]=]=] StatiCa°®
Throat thickness Leg size Length
[mm] [mm] [mm]
99 1173.8
Unit Reference

EN 1993-1-1: 6.1

EN 1993-1-1: 6.1

EN 1993-1-1: 6.1

EN 1993-1-8: 2.2

EN 1992-1-1: 24.2.4
EN 1992-4: Table 4.1
EN 1993-1-8: 6.2.5

EN 1993-1-8
EN 1993-1-8 tab 3.7
EN 1993-1-5

EN 1993-1-8: tab 3.3

EN 1993-1-8: tab 3.3

EN1992-4:7214and7.22.5

EN 1993-1-8: tab 3.4

EN 1992-4

CIDECTDG 1,3-1.1

CIDECTDG 1,3-1.1

Analysis with large deformations for hollow section joints
EN 1993-1-8: 52.2.5
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6. PRILOZI

Prilog 1-Tlocrt
Prilog 2—Pogled 1-1
Prilog 3—Pogled 2-2
Prilog 4-Plan pozicija
Prilog 5 — Detalj ,,A*
Prilog 6 — Detalj ,,B*
Prilog 7 — Detalj ,,C*
Prilog 8 — Detalj ,,D*
Prilog 9 — Detalj ,,E*
10. Prilog 10 — Detalj ,,F*
11. Prilog 11 — Detalj ,,G*

A S R A e
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