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SAZETAK

Ovaj diplomski rad bavi se analizom i dimenzioniranjem elemenata Celi¢ne konstrukcije
prema Eurocode-u 3, HRN EN 1993. za sportsko rekreativni centar u Novom Vinodolskom.
Gradevina ima vanjske gabarite Sirine 8,0 m 1 duzine 15,0 m. Krovna streha je jednostreSna
s nagibom krovne konstrukcije od 2,0°. Visina zidne plohe varira od 6,0 m do 6,3 m.

Nadmorska visina lokacije gradevine iznosi 0,00 metara nadmorske visine.

Primarni ciljevi rada ukljucuju detaljnu analizu konstrukcije po Eurocode-u 1 te opisivanje
gradevinskih elemenata objekta koji ¢e se koristiti u izgradnji, a da pritom objekt bude

izveden u odredenom roku i budzetu.

Staticka analiza konstrukcije izvedena je koriStenjem softvera Autodesk Robot structural

Analysis professional.

Ovaj projekt dokazuje da projektiranje celicnih konstrukcija s odabranim elementima
zadovoljava sve zakonske i tehniCke uvjete, a predloZzeni materijali osiguravaju dugovjecnost

1 stabilnost objekta.

Kljucne rijeci: ¢elicna konstrukcija, dimenzioniranje, statiCka analiza, gradevinski elementi,

Autodesk Robot structural Analysis professional



SUMMARY

This thesis deals with the analysis and dimensioning of steel structure elements according to
Eurocode 3, HRN EN 1993, for a sports and recreational center in Novi Vinodolski. The
building has external dimensions of 8.0 m in width and 15.0 m in length. The roof'is a single-
pitch roof with a slope of 2.0°. The height of the wall surface varies from 6.0 m to 6.3 m.

The altitude of the building's location is 0.00 meters above sea level.

The primary objectives of the thesis include a detailed structural analysis according to
Eurocode 1, describing the construction elements of the building that will be used in the
construction, while ensuring the project is completed within a specified timeframe and
budget. The static analysis of the structure was performed using Autodesk Robot Structural

Analysis Professional software.

This project demonstrates that the designed steel structure with the selected elements meets
all legal and technical requirements, and the proposed materials ensure the durability and

stability of the building.

Keywords: steel structure, dimensioning, static analysis, construction elements, Autodesk

Robot Structural Analysis Professional
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1. TEHNICKI OPIS

1.1. Opis gradevine

Sportsko rekreativni centar nalazi se u Novom Vinodolskom i ima vanjske gabarite Sirine
8,0 m i duzine 15,0 m. Krovna streha je jednostresna s nagibom od 2,0°, a visina zidne
plohe varira od 6,0 m do 6,3 m. Gradevina je smjeStena na nadmorskoj visini od 0,00

metara.

1.2. Konstrukcijski elementi
Glavna nosiva konstrukcija:

Glavni nosivi elementi koji obuhvacaju gredne nosace i glavne stupove izradeni su od

celi¢nih profila HEA 160 prema Eurocode 3 (HRN EN 1993).

Staticka analiza konstrukcije izvedena je koriStenjem softvera Autodesk Robot structural

Analysis professional.
Sekundarni stupovi:

Sekundarni stupovi izvedeni su od profila IPE 240, odabranih zbog svojih mehanickih

svojstava 1 sposobnosti da podrze dodatna opterecenja.
Podroznice:

Za podroznice je odabran IPE 160 profil kao klju¢ni element u raspodjeli opterecenja s krova

na glavne nosace.
Tetive stubista i sekundarni nosaci stubista:

Ovi elementi, takoder izvedeni od profila IPE 160, omogucuju sigurnu i stabilnu upotrebu

stubista cak 1 pod velikim opterecenjima.



Vjetrovni vezovi:

Za dodatnu stabilizaciju konstrukcije koriste se vjetrovni vezovi od Sipke okruglog punog

profila promjera 10 mm.

Fasadni nosaci:

Fasadni nosaci izvedeni od profila UAP 80 pruzaju ¢vrstu osnovu za pri¢vr§¢ivanje fasadnih

elemenata.

Temelji:

Stupovi su zglobno oslonjeni na plitke temelje samce izvedene od armiranog betona i
dimenzionirane prema Eurocode-u 2 (HRN EN 1992). Povezani su armiranobetonskom
plo¢om debljine 10 cm kako bi se ostvarila monolitnost konstrukcije, a projektirani su tako

da osiguraju stabilnost i nosivost cijele konstrukcije.

Krovna konstrukcija:

Krov je jednostre$ni s nagibom od 2,0°, a izraden je od ¢eli¢nih nosaca i pokriven sendvic¢

panelima debljine 8 cm.

1.3. Materijali

Koristi se kvalitetni konstrukcijski Celik prema normi EN 10025. Svi celi¢ni elementi
izradeni su od celika S275. Kod prikljucka temelja i stupa koriste se 2 ankera M16 k.v. 4.6 1
beton klase C 25/30 s armaturnim koSom klase B500B. Za ostale prikljucke se koriste vijci
M16 k.v. 10.9. Na temelju se nalazi nadozid takoder klase C 25/30, visine 30 cm kao oslonac

fasadnih elemenata koji ujedno prihvaca tezinu same fasade.

1.4. Opterecenja

Stalna optere¢enja ukljucuju tezinu konstrukcije, krovnog pokrova i instalacija. Promjenjiva
optere¢enja obuhvacaju korisna opterec¢enja (ljudi, oprema) te snijeg i vjetar prema

Eurocode-u 1 (HRN EN 1991).



1.5. Konstrukcijska analiza

Staticka analiza izvedena je koriStenjem softvera Autodesk Robot Structural Analysis
Professional, ¢ime je osigurana preciznost 1 pouzdanost proracuna. Analiza je obuhvatila
provjeru svih Celi¢nih elemenata na savijanje, smicanje, pritisak i torziju, dok je ru¢na

analiza obuhvatila provjeru pojedinih elemenata.



2. PROGRAM KONTROLE I OSIGURANJA PROJEKTA

Izrada celicne konstrukcije mora se povjeriti onom izvodacu koji ima odgovarajuce
reference ve¢ izvedenih sli¢nih objekata. U tehni¢koj dokumentaciji predvidena je vrsta i
kvaliteta materijala od kojeg treba izraditi konstrukciju. Odstupanja u kvaliteti materijala
moze odobriti jedino projektant konstrukcije, a izvodac radova duZzan je prije pocetka radova

predociti nadzornom inzenjeru sljede¢u vaze¢u dokumentaciju:

- Uyvjerenja o kvaliteti osnovnog i dodatnog materijala, sredstava za spajanje
te sredstva za antikorozijsku zastitu

- Uyvjerenje o podobnosti pogona za izvodenje zavarivackih radova

- Uvjerenja zavarivaca koji ¢e raditi na izradi konstrukcije za vrstu
zavarivackih radova koji ¢e se primjenjivati za trazenu debljinu, materijal i
poloZzaj zavarivanja

- Specifikacije postupka zavarivanja i odobrenje o primjeni postupka
zavarivanja

- Uyvjerenja o ispravnosti strojeva za izvodenje zavarivackih radova

- Plan izvodenja zavarivackih radova

- Uyvjerenje o podobnosti izvodaca za izvodenje antikorozijske zastite

- Ovlastenja svih odgovornih osoba u sustavu interne kontrole izvodaca

- Plan rada interne kontrole izvodaca
Prije pristupanja radovima na montaZzi potrebno je predociti odobreni Projekt montaze.

Navedena dokumentacija dio je dokumentacije za tehnicki pregled konstrukcije. Tijekom
izrade i montaze konstrukcije izvodac radova duZzan je voditi zakonom propisane dnevnike,
koje je uz internu kontrolu izvodaca duzan ovjeriti i nadzorni inZenjer. Ako se materijal za
izradu konstrukcije nabavlja i tijekom izrade Celi¢ne konstrukcije, potrebno je nadzornom
organu staviti na uvid odgovaraju¢a uvjerenja o kvaliteti. Prije isporuke konstrukcije na
gradiliste vrsi se prijem konstrukcije u radionici uz pribavljenu dokumentaciju o kvaliteti. O
prijemu konstrukcije sastavlja se zapisnik koji ovjeravaju svi sudionici izgradnje, a to su
investitor, izvodac¢ radova u radionici, nadzorni inZenjer te predstavnik izvodaca radova na

montazi konstrukcije.

Potrebno je pridrzavati se normi i propisa navedenih u projektu te postivati pravila izvedbe.



Prilikom rezanja materijala treba paziti na mogucénost pojave lokalnih zareza, narocito kod

Elemente konstrukcije potrebno je izraditi u skladu sa specifikacijama, crtezima 1 uputama

iz ovog dijela projekta.
Materijali za izradu konstrukcije navedeni su u statiCkom proracunu.

Antikorozijsku zaStitu smije se nanositi strogo prema zahtjevima projekta i propisa, a

posebnu vaznost treba obratiti na vlaznost zraka i temperaturu.

Protupozarnu zastitu smije se nanositi strogo prema zahtjevima projekta, propisa i uputama

proizvodaca.

Prijem elemenata celi¢ne konstrukcije u radionici obavlja se prije isporuke na gradiliSte na

temelju radionickih nacrta i specifikacija.



LISTA PRISTANKA - COMPLIANCE LIST

Odobrenje za: Potpis
LISTA Tehnicki dio
PRISTANKA valieta
Trziste
Investitor
Projekt
Oznaka -
Broj .
Datum -
Br Metoda ili vrsta Kriterij pristanka Nacin Znak| Na
| aktivnostifispitivanja pristanka | <"@ e
0.0 | JEZIK - OPCENITO Hrvatski 0
1.0 | PRORACUN KONSTRUKCIJE
1.1 | Eurocode 3 ENV 1993-1-1 0
1.2 | Eurocode 4 prEN 1994-1-1 0
1.3 | Eurocode 8 prEN 1998-1 0
2.0 |DJELOVANJA
2.1 | Vjetar Brzina vjietra 120 km/h | Po cijeloj visini Y
2.2 | Snijeg 200 m.n.v. |l. zona Y
2.3 | Promjena temperature +/- 35°C Y
2.4 | Potres VIIl. zona Y
3.0 | OSNOVNI MATERIJAL
3.1 | Konstrukcijski ¢elik EN 10025 0
3.2 | Kvalitetna grupa S 235 JR G2 0
4.0 | VIOCANI PRIKLJUCCI
4.1 | Kvaliteta materijala za vijke 8.8 ISO 898-1 0
4.2 |Matica za vijak 8 ISO 898-2 0
4.3 | PodloZna plodica 0
4.4 | AKZ - vruéa galvanizacija DIN 267 — Part 10 0
Ref. Y |pristanak narudioca
N |bez pristanka
P | djelomiéna sugl.
0 |podrazumijeva se
ali bez navoda nar.




Odobrenje za: Potpis
L'STA Tehnicki dio
PRISTANKA fvalteta
Trziste
Investitor
Projekt N
Oznaka
Broj
Datum
B Metoda ili vrsta Kriterij pristanka Nacin Znak| N X
. aktivnosti/ispitivanja pristanka Spomens
5.0 | ZAVARENI PRIKLJUCCI
5.1 | Osiguranje kvalitete EN 729-2 uvjerenje 0
fizviestaj
5.2 | Kvaliteta ~ kriteriji prihvaéanja EN 25817 0
5.3 | Kvaliteta za NDE/UT EN 1714 uvjerenje 0
10%
5.4 | Kvaliteta za NDE/MT EN 1290 uvjerenje 0
5%
5.5 | Kvaliteta - vizuelni pregled EN 970 0
100%
5.6 | Uvjerenje zavarivaca EN 287-1 0
5.7 | Kvaliteta za ispitivanje NDE/PT EN 1289 0
5.8 | Kvaliteta za NDE/RK EN 1435 0
6.0 | DIMENZIONALNA KONTROLA |ISO 13929 klasa C 0
7.0 | AKZ - GALVANIZACIJA
7.1 | Priprema povrsine 1ISO 8501 0
7.2 | Metoda ispitivanja KSB 10/5 - 2.0 0
7.3 | Nadin kontrole KSB 10/5 - 2.1 0
8.0 | AKZ - VRUCE CINCANJE DIN 267 0
Ref. Y |pristanak narucioca
N |bez pristanka
P | djelomiéna sugl.
0 |podrazumijeva se
ali bez navoda nar.




Odobrenje za: Potpis
L'STA Tehnicki dio
PRISTANKA TR
Trziste
Investitor
Projekt
Oznaka
Broj
Datum
B8 Metoda ili vrsta Kriterij pristanka Nacin Znak| N
L aktivnosti/ispitivanja pristanka - FROmne
DOKUMENTACIJA ZA
9.0 | OSIGURANJE KVALITETE
9.1 | Opéenito 1SO 8001 izvjestaj 0
9.2 | Zavarivanje EN 729-2 0
9.3 | Odgovomost za zavarivanje EN 719 ovlastenje 0
10.0|IZRADA | MONTAZA ENV 1090-1 0
Ref. Y | pristanak naruéioca
N |bez pristanka
P | djelomi¢na sugl.
0 |podrazumijeva se
ali bez navoda nar.




3. ANALIZA OPTERECENJA

3.1. Opterecenja

3.1.1. Stalno optereéenje na GNK
-sendvi¢ paneli (aluminij — 80mm) [1] .......... 0,26 kN /m?

SINStALACTIE. ... 0,10 kN /m?

3.1.2. Stalno optereéenje za stubiste

-gazista koja se oslanjaju na tetive.................. 0,20 kN /m?

3.1.3. Stalno optereienje za galeriju
=S10JEVE POA....eeieieeeeceeeeeeeeeeeeeeeeee e 0,50 kN /m?

3.1.5. Opterecenje snijegom

Ucinak snijega na konstrukciju utvrden je na temelju:

Republika Hrvatska
Karta snjeZnih podrutja

Slika 1: Karta snjeznih zona[2]



U nasem slucaju, imamo samo jedno opterecenje snijegom na krov [2]:
S = Sy * Co * Cp *
Odabrane vrijednosti za nase podrucje:
pi =08

s = 0,5 kN/m?

Iz jednadzbe slijedi:

s=05*1%1%08=0,40 kN/m?

s$1=0,4 kN/m2

L4 L J 1 ¢ 1 ]

///%/

Slika 2: Vrijednosti opterecenja snijega na krov [izradio autor]

3.1.6. Djelovanje vjetrom

Tlak vjetra na vanjske povrsine [3]:
We = Qp(Ze) * Cpe
Tlak vjetra na unutarnje povrsine [3]:

w; = qp(zi) * Cpi
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Slika 3: Karta osnovne brzine vjetra vy, o[3]

Tlak pri osnovnoj brzini [3]:

b =5 %P * Vp
Vp = Cseason * Cair * Vpo(MV/S)
Cair = 1
Cseason=1
Vpo = 35m/s=>v, =35m/s

Usvajamo da je gusto¢a zraka p = 1,25 kg/m?3

1
Gp =5 * 1,25 +35° = 0,77 kN /m?

11



Iz Tablice 1 odredujemo kategoriju i parametre terena.

Tablica 1: Kategorije i parametri terenaf3]

KATEGORUA TERENA - ar
(m) (m)
0 More ili priobalna podrudja zloZena otvorenom mory 0,003 1
| Jezera il ravna i horizontalno poloZena podruéja sa zanemanvom 0.01 I
vegetacijom i bez prepreka ’
Podrudja s niskom wvegetacijom, npr. travom, i wzoliranim
I preprekama (drveée, zgrade) s remakom najmanje 20 visina 0,05 2
prepeeka
Podrudja sa stalnim pokrovom od vegetacije ili zgrada ili podrugja
m s zoliranim preprekama s razmakom najvide 20 visina prepreka 03 S
(npr. sela, predgrads, stalna Suma)
v Podru§a s naymanje 15 % povriine poknvene zgradama &ja 1.0 10
prosjeéna visina premasuje 15 m '

Zy
k, = 0,19 *
Zo,11

0,07

0,07 0,3
= 0,19 * (—) = 0,215

Za teren II1. kategorije vrijedi: Zyin < Z < Zpmax;5mM < 6,3m < 200m

A
¢ (z) =k, *In (Z—

0

) 0,215 * [ (6’3) 0,65
= *k — =
’ n 0’3 )

v (2) = ¢, (2) * cy(2) * v, = 0,65 %1 %35 =22,75m/s

L(z) = —

co(z) *1In (ZZ—O) ) 1x*In (ﬂ)

=0,33
0,3

Vrs$ni pritisak brzine [3]:

ap = A+ 7x1,(2)) * qp

Gy = (1+7%033)+0,77 = 1,07 kN /m?

12



3.1.6.1. Odredivanje vanjskog transverzalnog pritiska vjetra sa zatvorenim otvorima
(©=0)

Vertikalne povrsine:

| 8 lo
7 7
*
F
VJETAR » D G H | ©
F
*
-~
VJETAR 2
— 3 | a B &
16 1 6.4
1 s

Slika 4: Prikaz zona na vertikalnim povrsinama pri popre¢nom djelovanju vjetra [izradio

autor]

Povrsine vjetrovnih zona:

P, =6,30%1,6=10,08 m?
Pgp =6,3%6,4=40,32 m?
P, = 6,3 x15 = 94,5 m?

Py = 6,3 %15 = 94,5 m?

13



Linearnom interpolacijom, koeficijenti vanjskog pritiska ¢, na vertikalne zidove za:

h 63 0.7
d 8
Iznose:
PODRUCIJE A B D E
Cpe,10 -1,2 -0,8 +0,77 -0,44

Jednadzba opterecenja vjetra na vanjske povrsine glasi [3]:
W=We; —W; = Qp(z) * (Cpe - Cpi)

Unutra$nji koeficijent pritiska pri zatvorenim otvorima; ¢,; = 0

Opterecenje na vertikalne plohe uslijed djelovanja vjetra:
Wy =Wea—w; =1,07%(-1,2-0)=-1,28
Wp = Wep —wW; = 1,07 * (=0,8 — 0) = —0,86
Wp = Wep —w; = 1,07 (0,77 — 0) = +0,82

Wg = Wep —W; = 1,07 x (—0,44 — 0) = —0,47

14



Krovne povrsine:

|, 8 |
7 7
A S
- F
o™
-~
VJETAR ; D G H | ©
-~
v
ity F
L A
1,26 |, 6,74 L
T4 7
L, 6,3 L LT b
7 7 7

Slika 5: Raspodjela zona na krovu pri popre¢nom djelovanju vjetra [izradio autor]

PovrSine vjetrovnih zona:

Pr = 1,26 x 3,15 = 3,97 m?
Pe = 1,26 8,7 = 10,96 m?
Py = 5,04 x 15 = 75,60 m?

P, = 1,7 * 15 = 25,50 m?

15



Linearnom interpolacijom, koeficijenti vanjskog pritiska ¢, na vertikalne zidove za

h/d=0,79 iznose:

PODRUCIJE F G H I
Cpe -1,80 | -1,20 0,7 0,2

JednadZzba opterecenja vjetra na vanjske povrsine glasi [3]:
W=We; —W; = Qp(z) * (Cpe - Cpi)

Unutranji koeficijent pritiska pri zatvorenim otvorima; ¢,; = 0

Opterecenje na krovne plohe uslijed djelovanja vjetra:
Wp =Wga —W; = 1,07 x(-1,8 - 0) = —1,93
W =Wep—w; = 1,07 (-=1,2-0) = —-1,28
Wy = Wep —w; = 1,07 * (—=0,7 — 0) = —0,75

W = Wep —w; = 1,07 % (=0,2—-0) = —0,21

16



0):

Shematski prikaz opterecenja vjetra (©

17

Tttt

-0,86

-0,21

-0,86

0,75

T8 w

G

-1,28

-1,28

FYYYYVYYYYYY)Y FYYYYYY FYYYYY)

i

R ARARARRAAAAAN

82

+0

b
L4

VJETAR

-1,93

Slika 6: Djelovanje vjetra za slucaj 1[izradio autor]
Slika 7: Mjerodavni presjek [izradio autor]



3.1.6.2. Odredivanje vanjskog transverzalnog pritiska vjetra s otvorenim otvorima
(©=0)

Dimenzije otvora:
Krace stranice: 1 otvor za ulaz/izlaz ljudi (2,0 x 1,0 m), 5 prozora (1,6 x 2,0m)

DuzZe stranice: 16 prozora (1,4 x 1,6 m)

Koeficijent pritiska na unutarnje plohe dobivamo jednadzbom [3]:

_ Y. plostina svih otvora gdje je ¢y, negativan ili 0 _2#x1+5x(1,6%2)+8x(14%16)
k= Y. plostina svih otvora T2%14+5%(1,6%2)+ 16+ (1,4 * 1,6)

= 0,67

08

07

0.6

05
035 24 [ |
35N

0.3 HI™Ng {h/d<0,25}
0.2 —1
G o AR

-0,1 {
e | h1a>1,0 KOSl

<03 — \
04 - ! | - \ .
05 ++—t+—t+—t—— S S — - \u—.

033 04 05 06 0.7 08 09 1
u

Slika 8: ¢,,; unutarnjeg pritiska vjetra [3]

IS¢itavanjem iz grafa dobivamo:
Cpi =-0 ,15
Jednadzba za opterecenje vjetrom na vanjske povrsine glasi [3]:

W=We; —W; = Qp(z) * (Cpe - Cpi)

18



Za vertikalne povrsine:

Wy = Wea—w; = 1,07 % (=1,2 4 0,15) = —1,12
Wp = We s —w; = 1,07 * (0,8 + 0,15) = —0,70
Wp = Wep —w; = 1,07 (0,77 + 0,15) = +0,98

Wg = We g —w; = 1,07 % (—0,44 4+ 0,15) = —0,31

Za krovne povrSine:

Wg =W —W; = 1,07 (-1,8 +0,15) = —1,77
We = We g —w; = 1,07 % (=1,2 + 0,15) = —1,12
Wy = Wep —w; = 1,07 % (=0,7 + 0,15) = —0,59

W; = Wep —w; = 1,07 % (0,2 + 0,15) = —0,05

19



Shematski prikaz opterecenja (©=0)

1,12
-0 70 llllllllllll
_ LTI
= £
— =
VIETAR 09 =3 G i | Hos
B
=
i
0,70
-1,12
Slika 9: Djelovanje vjetra za slucaj 2 [izradio autor]
.77
-0,59
-0,05
-0,31

VJETAR !0 .

TITTTTTTITT T ]]

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAALG

Slika 10: Mjerodavni presjek [izradio autor]
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3.1.6.3. Odredivanje vanjskog longitudinalnog pritiska vjetra sa zatvorenim otvorima

(©=90)

Vertikalne povrSine:

le 6.3 lo
L L
*
VJETAR > D £l w
“~
1 15 L b 6 "
% % % %
»
@ A B c
~
L 282 1 10,08 o 24
7 A 7 7

Slika 11: Prikaz zona na vertikalnim povr$inama pri uzduznom djelovanju vjetra [izradio autor]

Povrsine vjetrovnih zona:

P, = 2,52 % 6,3 = 15,88 m?
P, = 10,08 * 6,3 = 63,50 m?
P, =2,4%63=1512m?
Py = 49,28 m?

Linearnom interpolacijom, koeficijenti vanjskog pritiska ¢,, na vertikalne zidove za

h/d=0,79 iznose:

PODRUCIJE A B C D
-1,2 -0,8 0,5 +0,8 0,42

Cpe,10
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JednadZzba opterecenja vjetra na vanjske povrsine glasi [3]:
We = qp(2) * (Cpe = Cpi)
UnutraSnji koeficijent pritiska pri zatvorenim otvorima; ¢,; = 0
Opterecenje na vertikalne plohe uslijed djelovanja vjetra:
Wy =Weaq—w; =1,07%(-1,2-0) =-1,28
Wp = Wep —w; = 1,07 * (=0,8 — 0) = —0,86
We = Wep —W; = 1,07 * (—=0,5 - 0) = —0,54
Wp = Weg —w; = 1,07 % (+0,8 — 0) = +0,86

Wg = Wep —W; = 1,07 * (—0,42 — 0) = —0,45

Krovne povrsine:

L 3,15 1, 8,7 L 3,156 1,
7 7 7 7
A A
2 F
@
\ #v
VJETAR : G H | ©
/ %‘_
©
= F
N -~
N 126, 5,04 L 8.7 >
1 1 15

Slika 12: Raspodjela zona na krovu pri uzduznom djelovanju vjetra [izradio autor]
Povrsine vjetrovnih zona:
Pr =1,26 x 3,15 = 3,97 m?
P; =1,26%1,7=2,14m?
Py = 5,04 x8 = 40,32 m?

P, =87 8 = 69,6 m?
22



Linearnom interpolacijom, koeficijenti vanjskog pritiska ¢, na vertikalne zidove za

h/d=0,79 iznose:

PODRUCIJE F G H I
Cpe 2,08 | -1,74 0,7 0,2

JednadZzba opterecenja vjetra na vanjske povrsine glasi [3]:
W=We; —W; = Qp(z) * (Cpe - Cpi)

Unutranji koeficijent pritiska pri zatvorenim otvorima; ¢,; = 0

Opterecenje na krovne plohe uslijed djelovanja vjetra:
Wg =W —W; = 1,07 ¥ (=2,08 — 0) = —2,23

Wg =Wep—w; = 1,07 x (1,74 — 0) = —1,86

Wy = Wep —w; = 1,07 * (—=0,7 — 0) = —0,75

W = Wep —w; = 1,07 % (=0,2—-0) = —0,21
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Shematski prikaz opterecenja (©=90)

-1,28
-0,86 .

=

=

=

F =

—

-

>

—

>

VJETAR > G H I E’: -0,45

+0,86 3
E.:

:..

:..

F 3

>

=

=

¥ 054
-0,86
-1,28
Slika 13: Djelovanje vjetra za slu¢aj 3 [izradio autor]
2,23 i L A
i -1,86
VJETAR
E -1,28

-1,28

Slika 14: Mjerodavni presjek [izradio autor]

24



3.1.6.4. Odredivanje vanjskog longitudinalnog pritiska vjetra s otvorenim otvorima
(©=90)

Dimenzije otvora:
Kraca stranica: 1 otvor za ulaz/izlaz ljudi (2,0 x 1,0 m), 5 prozora (1,6 x 2,0 m)

Duza stranica: 16 prozora (1,4 x 1,6 m) od kojih se 8 ne otvaraju

Koeficijent pritiska na unutarnje plohe dobivamo na sljede¢i nacin [3]:

_ Y. plostina svih otvora gdje je ¢y, negativan ili 0 _ 4x(1,6*2)+8x(1,4%*1,6)
k= Y. plostina svih otvora T2%14+5%(1,6%2)+ 16+ (1,4 * 1,6)

= 0,57

08
07
06
05
04
035703 TN [n/d<0,25)
0.2 t 1

" 01 \

-0,1

b:a | hla>1,0 ]

05 1t

04 : l 1IN
oL L L (- — 1 1 1
|

033 04 05 06 07 08 09 1

Slika 15: cpi unutarnjeg pritiska vjetra [3]
IS¢itavanjem iz grafa dobivamo:
cpi = 10,05
Jednadzba opterecenja vjetra na vanjske povrsine glasi [3]:

W= We; —W; = Qp(z) * (Cpe — Cpi)
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Za vertikalne povrsine:

Wy = We s —w; = 1,07 % (=1,2-0,05) = —1,33
Wp = Wep —w; = 1,07 % (—=0,8 — 0,05) = —0,91
We = Wep —w; = 1,07 x (—=0,5 - 0,05) = —0,59
Wp = W, —w; = 1,07 % (+0,80 — 0,05) = +0,80

Wg = We g —w; = 1,07 % (—0,42 — 0,05) = —0,50

Za krovne povrSine:

W = We 4 —w; = 1,07 % (—2,08 — 0,05) = —2,27
We = We g — w; = 1,07 % (1,74 — 0,05) = —1,92
Wy = Wep —w; = 1,07 * (—=0,7 — 0,05) = —0,80

W = Wep —w; = 1,07 * (—0,2 — 0,05) = —0,27
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Shematski prikaz opterecenja (©=90)

-1,33
-0,91
§ -0,59
—
—
—
=
—
—
7 —
—
-
!
\ —
—
—
—
—
—
VJETAR —>
+0,80 —
—»
—
—
—
—
—
—
—
F —
—
—
—
—
—
—
+ -0,59
-0,91
-1,33

Slika 16: Djelovanje vjetra za slu¢aj 4 [izradio autor]

-2,27 -2,27

VJETAR

-1,33
-1,33

AAAAAAAAAAAAAAAAAAAAAALAAAAAAAAALG

I

LTI

AAAAAAAAAAAAAAAAALAAAALRAAAAAAL

Slika 17: Mjerodavni presjek [izradio autor]
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4. MEHANICKA OTPORNOST I STABILNOST

Vlastitu tezinu je program Robot structural Analysis professional sam proracunao.

Proracunski model konstrukcije je 3D Stapni model.

Oslonci stupova su nepomicni s onemoguéenim pomacima, a omoguéenom rotacijom.

4.1. Stalno optereéenje glavne nosive konstrukcije
Opterecenje koje nose podroznice (e= 2,0 m)
Opterecenje na krajnje podroznice G = g * %e = 0,36 * % * 2 = 0,36kN/m’

Opterecenje na srednje podroznice G = g * e = 0,36 * 2 = 0,72kN/m'’

4.2. Stalno optereéenje za stubisSte

Opterecenje na tetive stubista (e= 1,0 m):

1 1
G =g*§e=0,20*§*1=0,10kN/m'

4.3. Stalno opterecenje za galeriju
Opterecenje na sekundarne nosace (e= 2,0 m):
Opterecenje na krajnje nosace G = g * %e = 0,50 * % *2 = 0,50 kN/m'

Opterecenje na srednje nosace G = g * %e =0,50%2 =1,0 kN/m’

4.4. Uporabno optereéenje za stubiste

Opterecenje na tetive stubista (e= 1,0 m):

1 1
G=g*§e=2,0*§*1=0,50kN/m’
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4.5. Uporabno optereéenje za galeriju
Opterecenje na krajnje nosace: G = g * %e = 2,0 * % *2=20kN/m’

Opterecenje na srednje nosace: G = g xe = 2,0 x2 = 4,0 kN/m’

4.6. Opterecenje snijegom
s = 0,4 kN /m?
Opterecenje na krajnje podroznice: G = g xe = 0,41 = 0,40 kN/m'’

Opterecenje na srednje podroznice: G = g xe = 0,4 * 2 = 0,80 kN/m’

4.7. Opterecenje vjetrom

Za prvi slucaj:

Opterecenje na podroznice (s lijeva na desno 1 — 5):

I. podroznica -DiFG =g+se=193%>+2=193kN/m’
DiG G=gxse=128%5%2=128kN/m

podroznica-HiF G =g*e =0,75%1,74 + 1,93 % 0,26 = 1,81 kN/m’
podroznica-HiG G =g +e =0,75% 1,74+ 1,28 0,26 = 1,64 kN/m'
podroznica G = g *xe = 0,75 %2 = 1,50 kN/m’

podroznica G = g xe = 0,21+ 1,3+ 0,75 0,7 = 0,80 kN/m’
podroznica G = g *e = 0,21 x1 = 0,21 kN/m'

S T

o0

.112. podroznica G = g *e = 0,75 1,74 + 1,28 « 0,26 = 1,64 kN /m'
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Opterecenje na zidove

D zona -najnizi fasadni nosaé: G = g *e = 0,82 % 1,69 = 1,39 kN/m'’
-srednji fasadni nosaé: G = g xe = 0,82 * 2 = 1,64 kN/m'’
-najvisi fasadni nosaé: G = g xe = 0,82 %« 1,32 = 1,06 kN/m’

E zona -najnizi fasadni nosaé: G = g xe = 0,47 x 1,69 = 0,79 kN/m'’
-srednji fasadni nosaé: G = g xe = 0,47 * 2 = 0,94 kN/m'
-najvisi fasadni nosaé: G = g xe = 0,47 * 1,32 = 0,62 kN /m’

A zona -najnizi fasadni nosal: G = g xe = 1,28 * 1,69 = 2,16 kN/m'’
-srednji fasadni nosaé: G = g xe = 1,28 x 2 = 2,56 kN /m'
-najvisi fasadni nosaé: G = g *e = 1,28 * 1,32 = 1,69 kN /m’

B zona -najnizi fasadni nosa¢: G = g xe = 0,86 * 1,69 = 1,45 kN /m'
-srednji fasadni nosat: G = gxe = 0,86 * 2 = 1,72 kN/m'’

-najvisi fasadni nosaé: G = g *e = 0,86 * 1,32 = 1,14 kN/m’

Za drugi sludaj:

Opterecenje na podroznice(s lijeva na desno 1 —5)

1. podroznica -DiF G =g*%e = 1,77*%*2 = 1,77 kN /m/
DiG G=gxse=112%5%2=112kN/m’

podroznica G = g *e = 0,59 x 1,74 + 1,77 « 0,26 = 1,49 kN /m'
podroznica G = g *xe = 0,59 x2 = 1,18 kN/m’

podroznica G = g *xe = 0,05 1,3+ 0,59 0,7 = 0,48 kN/m’
podroznica G = g *e = 0,051 = 0,05 kN/m’

i 12. podroznica G = g *e = 0,59 * 1,74 + 1,12 « 0,26 = 1,32 kN/m/

R
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Opterecenje na zidove:

D zona -najnizi fasadni nosaé: G = g *e = 0,98 * 1,69 = 1,39 kN/m'’
-srednji fasadni nosat: G = g xe = 0,98 *x 2 = 1,96 kN/m'’
-najvisi fasadni nosaé: G = g *e = 0,98 * 1,32 = 1,29 kN/m’

E zona -najnizi fasadni nosaé: G = g *e = 0,31 * 1,69 = 0,52 kN/m'’
-srednji fasadni nosaé: G = g xe = 0,31 *2 = 0,62 kN/m'
-najvisi fasadni nosaé: G = g *e = 0,31 % 1,32 = 0,41 kN/m’

A zona -najnizi fasadni nosal: G = g xe = 1,12 * 1,69 = 1,89 kN/m'’
-srednji fasadni nosaé: G = g xe = 1,12 * 2 = 2,24 kN /m/
-najvisi fasadni nosaé: G = g xe = 1,12 1,32 = 1,48 kN/m’

B zona -najnizi fasadni nosa¢: G = g xe = 0,70 * 1,69 = 1,18 kN /m’
-srednji fasadni nosaé: G = g xe = 0,70 * 2 = 1,40 kN/m'’

-najvisi fasadni nosa¢: G = g *e = 0,70 * 1,32 = 0,92 kN/m’

Za tredi slucaj:
Opterecenje na podroznice (s lijeva na desno 1 — 5):
F i G zone podroznica

1. podroznica G = g *%e = 2,23 *%* 2=2,23kN/m'

podroznica G = g*xe = 2,23 %2 = 4,46 kN/m'
podroznica G = g *xe = 1,86« 1,7 + 2,23 0,3 = 3,83 kN/m’
podroznica G = g *x e = 2,23 x 2 = 4,46 kN /m/

H »n

5. podroznicaG = g xe = 2,23 * % * 2 =223 kN/m'
H zona podroZznica
6,10. podroznica G = g xe = 0,75 * 1 = 0,75 kN /m'

7,8,9. podroznica G = g xe = 0,75« 2 = 1,50 kN/m'’
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I zona podroznica

krajnje G = g*e =0,21%1= 0,21 kN/m’

srednje G = g *xe = 0,21 %2 = 0,42 kN/m'

Opterecenje na zidove

D zona

E zona

A zona

B zona

C zona

-najnizi fasadni nosa¢: G = g x e = 0,86 * 1,69 = 1,45 kN/m'
-srednji fasadni nosaé: G = g xe = 0,86 * 2 = 1,72 kN/m'
-najvisi fasadni nosaé: G = g *e = 0,86 * 1,32 = 1,14 kN/m’
-najnizi fasadni nosaé: G = g x e = 0,45 x 1,69 = 0,76 kN/m'’
-srednji fasadni nosa¢: G = g xe = 0,45« 2 = 0,90 kN/m'’
-najvisi fasadni nosaé: G = g *e = 0,45 * 1,32 = 0,59 kN/m’
-najnizi fasadni nosaé: G = g x e = 1,28 x 1,69 = 2,16 kN /m’
-srednji fasadni nosaé: G = g xe = 1,28 * 2 = 2,56 kN/m'’
-najvisi fasadni nosaé: G = g *e = 1,28 * 1,32 = 1,69 kN /m’
-najnizi fasadni nosaé: G = g x e = 0,86 * 1,69 = 1,45 kN /m’
-srednji fasadni nosaé: G = gxe = 0,86 * 2 = 1,72 kN/m'’
-najvisi fasadni nosaé: G = g xe = 0,86 * 1,32 = 1,14 kN/m’
-najnizi fasadni nosaé: G = g xe = 0,54 % 1,69 = 0,91 kN/m’
-srednji fasadni nosaé: G = g xe = 0,54 * 2 = 1,08 kN/m'

-najvisi fasadni nosaé: G = g *e = 0,54 %« 1,32 = 0,72 kN/m’
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Za Cetvrti slucaj:

Opterecenje na podroznice(s lijeva na desno 1 — 5)

F 1 G zone podroznica

1. podroznica G = g *%e = 2,27 *%* 2 =227 kN/m'
podroznica G = g xe = 2,27 * 2 = 4,54 kN /m/

podroznica G = g *xe = 1,92 1,7 + 2,27 « 0,3 = 3,95 kN/m’
podroznica G = g *x e = 2,27 x 2 = 4,54 kN /m/

Ll

5. podroZnica G = g x e = 2,27 * % *2=2,27kN/m'
H zona podroznica

6,10. podroznica G = g xe = 0,80« 1 = 0,80 kN /m’

7,8,9. podroZnica G = g * e = 0,80 * 2 = 1,60 kN/m’
I zona podroznica

krajnje G = g*xe = 0,27 * 1 = 0,27 kN/m'

srednje G = g xe = 0,27 * 2 = 0,54 kN /m’

Opterecenje na zidove

D zona -najnizi fasadni nosaé: G = g *e = 0,80 * 1,69 = 1,35 kN/m’
-srednji fasadni nosaé: G = g xe = 0,80 * 2 = 1,60 kN/m'’
-najvisi fasadni nosaé: G = g *e = 0,80 * 1,32 = 1,06 kN/m’

E zona -najnizi fasadni nosaé: G = g * e = 0,50 * 1,69 = 0,85 kN/m'’
-srednji fasadni nosaé: G = g xe = 0,50« 2 = 1,0 kN/m'’
-najvisi fasadni nosaé: G = g *e = 0,50 * 1,32 = 0,66 kN /m’

Azona -najnizi fasadni nosaé: G = g xe = 1,33 * 1,69 = 2,25 kN /m’
-srednji fasadni nosaé: G = g xe = 1,33 * 2 = 2,66 kN/m'

-najvisi fasadni nosaé: G = g *e = 1,33 % 1,32 = 1,76 kN/m’
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B zona

C zona

-najnizi fasadni nosaé: G = g xe = 0,91 * 1,69 = 1,54 kN/m'
-srednji fasadni nosat: G = g xe = 0,91 *2 = 1,82 kN/m'’
-najvisi fasadni nosaé: G = g *e = 0,91 % 1,32 = 1,20 kN/m’
-najnizi fasadni nosaé: G = g xe = 0,59 % 1,69 = 1,0 kN/m’
-srednji fasadni nosat: G = g xe = 0,59 * 2 = 1,18 kN/m'’

-najvisi fasadni nosaé: G = g xe = 0,59 * 1,32 = 0,78 kN/m’
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4.8. Imperfekcije okvira

O =ke*xks*@g

1 1
— 0.5 — )05 —
ke =(05+-—)0% = (05+)° =1

1 1
ks = (0,2+—)% =(0,2+-)%°=0,84
= (024905 =(02+3)

1
Q= 1*0,84*200— 0,0042

V1=v+ g = 22,15 kN — ukupno vertikalno opterecenje od vlastite tezine i stalnog

djelovanja

V2 =s = 6,01 kN —ukupno vertikalno optere¢enje od snijega

V3 =wl = 42,59 kN - ukupno vertikalno opterecenje od vjetra 1
V4 = w2 = 42,57 kN - ukupno vertikalno opterecenje od vjetra 2
V5 = w3 = —33,12 kN - ukupno vertikalno opterecenje od vjetra 3

V6 = w4 = —32,31 kN - ukupno vertikalno opterecenje od vjetra 4

AH =0V

AH1 =@ +V1=10,0042 * 22,15 = 0,093 kN
AH2 = @ +V2=10,0042 * 6,01 = 0,025 kN

AH3 =@ V3 =0,0042 x 42,59 = 0,18 kN

AH4 =@ V4 =0,0042 x 42,57 = 0,18 kN

AH5 = @ * V5 = 0,0042 * (—33,12) = —0,14 kN

AH6 =@ V6 =0,0042 * (—32,31) = —0,14 kN
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5. PLAN POZICIJA

Prikaz modela s oznacenim mjerodavnim elementima s najveéim reznim silama, koji se

koristi za daljnji prorac¢un dimenzioniranja, prikazan je na slici 18.

Ostale pozicije elemenata prikazane su u dispozicijskim nacrtima.

Slika 18: Prikaz modela s oznac¢enim mjerodavnim pozicijama elemenata i detalja [izradio autor]
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6. KOMBINACIJE OPTERECENJA

Za grani¢no stanje nosivosti — GSN(ULS) [4, 5, 6]:

" 17 " " "
z yk,j * GkJ + yQ,l * Qk,l + Z VQ,L' * lpo’l * Qk,i

=1 i>1

Gdje su:

Gy,j- karakteristina vrijednost stalnog djelovanja

Q). 1~ karakteristi¢na vrijednost vode¢eg promjenjivog djelovanja

Q). ;- karakteristi¢na vrijednost ostalih promjenjivih djelovanja

Yk,j- parcijalni koeficijent sigurnosti stalnih djelovanja

Yo.1- parcijalni koeficijent sigurnosti vodeceg promjenjivog djelovanja
Yo.i- parcijalni koeficijent sigurnosti ostalih promjenjivih djelovanja

Y, 1- koeficijent kombinacija optere¢enja

Tablica 2: Vrijednosti koeficijenta y [4]

Djelovanje Vo V1 V2
Snijeg 0,5 0,2 0
Vjetar 0,6 0,2 0
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Za granicno stanje uporabljivosti — GSU (SLS) [4, 5, 6]:

z Gllcl,j + Qllcl,l + ”z Yo1 * Won * Qllcl,i

j=1 i=1

Djelovanja:

DLI - vlastita tezina

DL2 - stalno opterecenje

LL1 - uporabno opterecenje

SN1 - opterecenje snijegom

WINDI - opterecenje vjetrom (slucaj 1)
WIND?2 - opterecenje vjetrom (slucaj 2)
WIND3 - opterecenje vjetrom (slucaj 3)

WIND4 - opterecenje vjetrom (slucaj 4)
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Robot Structural Analysis Professional 2025
Author: File: Roko_Pozgaj_Diplomski_rad.rtd
Address: Project: Celini sportsko-rekreativni objekt

Load Combination - Cases: 9to26 29to38 40
Values

- Cases: 9to26 29to38 40

Filtering Combinations
E::' list 91026 29t038 40
ection 91026 29to38 40
otal number 77
Eoloctod number 77
- Cases: 9to26 28t038 40
Combin
Combinations Name Analysis type | ation Case nature
9(C) COMB1 Linear Combinatio TRILS Structural
10(C) COMB2 Linear Combinatio  ULS Structural
11(C) COMB3 Linear Combinatio ~ ULS Structural
12(C) COMBS Linear Combinatio ~ ULS Structural
13 (C) COMBS6 Linear Combinatio  ULS Structural
14 (C) COMB?7 Linear Combinatio  ULS Structural
15 (C) COMBS Linear Combinatio ~ ULS Structural
16 (C) COMBS Linear Combinatio  ULS Structural
17(C) COMB10 Linear Combinatio ~ ULS Structural
18 (C) COMB11 Linear Combinatio ~ ULS Structural
19 (C) COMB12 Linear Combinatio ~ ULS Structural
20 (C) COMB13 Linear Combinato ~ ULS Structural
21(C) COMB13 Linear Combinato ~ SLS Structural
22 (C) COMB14 Linear Combinatio  SLS Structural
23 (C) COMB15 Linear Combinatio ~ SLS Structural
24 (C) COMB16 Linear Combinatio ~ SLS Structural
25 (C) COMB28 Linear Combinatio  ULS Structural
26 (C) COMB29 Linear Combinatio ~ ULS Structural
29 (C) COMB17 Linear Combinatio ~ SLS Structural
30 (C) COMB18 Linear Combinatio ~ SLS Structural
31(C) COMB19 Linear Combinato ~ SLS Structural
32(C) COMB20 Linear Combinatio ~ SLS Structural
33(C) COMB21 Linear Combinatio  SLS Structural
34 (C) COMB22 Linear Combinatio ~ SLS Structural
35 (C) COMB23 Linear Combinatio ~ SLS Structural
36 (C) COMB24 Linear Combinatio  SLS Structural
37(C) COMB25 Linear Combinatio ~ SLS Structural
38(C) COMB4 Linear Combinatio ~ ULS Structural
40 (C) COMB28 Linear Combinatio ~ ULS Structural




Robot Structural Analysis Professional 2025
Author:

File: Roko_PozZgaj_Diplomski_rad.rtd

Address: Project: Celiéni sportsko-rekreativni objekt
Combinations Definition
9(C) (142)*1.35+4*1.50
10 (C) (142)*1.00+5%1.50
11(C) (142)*1.00+6*1.50
12 (C) (1+2)*1.00+8%1.50
13(C) (1+2)*1.35+4*1.50+50.90
14 (C) (1+2)*1.35+4%1.50+60.90
15 (C) (142)*1.35+4%1.50+7°0.90
16 (C) (1+2)*1.35+4%1.50+80.90
17 (C) (142)*1.35+4%0.75+5"1.50
18 (C) (142)*1.35+4%0.75+6"1.50
19 (C) (142)*1.35+4%0.75+71.50
20 (C) (142)"1.35+4*0.75+8"1.50
21(C) (1+2+4)*1.00
22 (C) (1+2+5)*1.00
23 (C) (1+2+6)*1.00
24 (C) (1+2+7)*1.00
25(C) 3*1.50+2*1.35
26 (C) (1+2)*1.00
29 (C) (1+2+8)*1.00
30(C) (142+4)*1.00+50.60
31(C) (142+4)*1.00+6"0.60
32(C) (142+4)*1.00+7*0.60
33(C) (142+4)*1.00+8"0.60
34(C) (142+5)*1.00+4°0.50
35(C) (1+2+6)*1.00+4*0.50
36 (C) (14247)*1.00+4°0.50
37(C) (1+2+8)*1.00+4%0.50
38 (C) (142)*1.00+7*1.50
40 (C) 1*1.35+3°1.50

40




7. REZULTATI

7.1.

Rezne sile

U sljede¢im tablicama su prikazni globalni (maksimalni) rezultati reznih sila dobivenih

kombiniranjem gore navedenih kombinacija za pojedine elemente.

Tablica 3: Maksimalne rezne sile grednog nosaca [izradio autor]

FX (kN) FY (kN) FZ (kN) MX (kNm) MY (kNm) MZ (kNm)
MAX 13,59 21,85 29,83 0,05 17,24 0,71
Member 35 209 209 210 29 35
Node 49 296 296 364 46 49
Case 14(C) 38 (C) 25 (C) 25 (C) 38 (C) 10 (C)
MIN -28.45 -1,57 -18,93 -0,45 -30,98 -1,87
Member 209 210 209 209 209 209
Node 296 363 303 296 296 303
Case 20 (C) 25 (C) 25(C) 40(C) 2% (C) 17(C)

Tablica 4: Maksimalne rezne sile glavnih stupova [izradio autor]

FX (kN) FY (kN) FZ (kN) MX (kNm) MY (kNm) MZ (kNm)
MAX 51,05 6,30 21,96 0,06 20,37 2,84
Member 34 37 28 24 33 24
Node 19 51 45 34 48 34
Case 40 (C) 10 (C) 12(C) 38(C) 9(C) 10 (C)
MIN -21,30 -6,61 19,44 -0,51 -23,03 -2,84
Member 30 24 30 30 34 37
Node 41 34 46 46 49 51
Case 7 10 (C) 12 (C) 17 (C) 9(C) 10 (C)

Tablica 5: Maksimalne rezne sile sekundarnih stupova [izradio autor]

FX (kN) FY (kN) FZ (kN) MX (kNm) MY (kNm) MZ (kNm)
MAX 40,19 10,85 6,14 0,02 0,60 10,31
Member 113 112 113 112 113 112
Node 305 201 305 201 2113 201
Case 40 (C) 10 (C) 17(C) 18 (C) 12 (C) 10 (C)
MIN -34,31 -12,13 -2,59 -0,01 -7,98 -11,18
Member 112 112 112 113 112 112
Node 304 201 201 213 201 201
Case 10 (C) 19(C) 10(C) 18 (C) 17 () 19(C)
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Tablica 6: Maksimalne rezne sile podroznica [izradio autor]

27.68 026 7.22 0.01 10,27 0.66
54 53 48 57 48 51
205 202 201 222 201 213
17(C) 17(C) 9(C) 16 (C) 10 (C) 17 (C)
-28.64 0,35 6,78 -0.01 112 -0,66
128 51 53 129 48 51
206 210 202 203 201 210
17(C) 17(C) 12(C) 9(C) 19 (C) 17 (C)

Tablica 7: Maksimalne rezne sile sekundarnih nosaca galerije [izradio autor]

Tablica 8: Maksimalne rezne sile tetiva stubista [izradio autor]

11,49 0,26 6,33 0,00 12,25 034
98 99 61 214 100 215
282 230 229 284 285 285
40 (C) 10(C) 40(C) 19(C) 40(C) 10 (C)
-25.91 0,15 10,92 0,01 3,05 -0.68
214 100 99 99 99 98
371 283 284 230 284 283
19(C) 38 (C) 19 (C) 25(C) 7 17(C)
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Tablica 9: Maksimalne rezne sile sekundarnih nosaca stubista [izradio autor]

0,21 0,15 0,71 0,01 0,30 0,62
162 163 163 163 163 163
284 283 283 283 230 230

25 (C) 38(C) 17(C) 25 (C) 17(C) 17(C)

-0,24 -1,24 -0,38 -0,00 -0,30 -0,61
162 163 162 163 163 163
284 283 285 283 283 283

12(C) 17(C) 17 (C) 5 17 (C) 17(C)

Tablica 10: Maksimalne rezne sile vjetrovnih vezova [izradio autor]

14,85 0,00 0,02 0,00 0,00 0,00
226 218 220 227 219 222
205 45 49 202 34 209

17(C) 10 (C) 15 (C) 20 (C) 5 17(C)

14,74 -0,00 -0,02 -0,00 0,01 -0,00
227 223 229 218 220 223
223 212 225 45 49 212
17(C) 17(C) 15 (C) 20 (C) 16 (C) 10(C)
Tablica 11: Maksimalne rezne sile fasadnih nosaca [izradio autor]

15,76 0,65 9,69 0,02 11,65 1,41
170 173 200 188 200 188
332 309 314 306 314 351

38 (C) 19(C) 7(C) 19 (C) 17(C) 7(C)

10,68 1,02 944 0,02 11,63 -0,86
182 188 189 190 176 188
320 351 308 310 314 306

17(C) 17(C) 7(C) 38 (C) 17(C) 10 (C)

43



8. DIMENZIONIRANJE ELEMENATA KONSTRUKCIJE

8.1. Gredni nosa¢ POZ G3

Slika 19: Vrijednost My za krovni gredni nosac [izradio autor]

Slika 20:Vrijednost Fz za krovni gredni nosac [izradio autor]
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STEEL DESIGN

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

CODE GROUP:
MEMBER: 35 Beam 35 POINT: 1| COORDINATE: x=0.00L
=0.00m

LOADS:
Governing Load Case: 9 COMBI1 (1+2)*1.35+4%1.50

MATERIAL.:
S275 (S275)  fy=275.00 MPa

SE SECTION PARAMETERS: HEA 160

h=152 mm gMO0=1.00 gM1=1.00

b=160 mm Ay=3253 mm2 Az=1321 mm2 Ax=3877 mm2
tw=6 mm Iy=16729800 mm4 1z=6155730 mm4 Ix=109000 mm4
t=9 mm Wply=245167 mm3 Wplz=117635 mm3

INTERNAL FORCES AND CAPACITIES:

N,Ed=12.51 kN My,Ed =-23.02 kN*m Mz,Ed =-0.01 kN*m Vy,Ed =-0.02 kN

Nc,Rd=1066.21 kN My,Ed,max = -23.45 kN*m Mz,Ed,max = 0.03

kN*m Vy,T,Rd =515.05 kN

Nb,Rd =397.70 kN My,c,Rd = 67.42 kN*m Mz,c,Rd =32.35 kN*m Vz,Ed=17.24 kN
MN,y,Rd =67.42 kN*m  MN,z,Rd=32.35 kN*m  VzT,Rd=209.36 kN
Mb,Rd =40.79 kN*m Tt,Ed =-0.01 kKN*m

Class of section = 1

A L

: &£ LATERAL BUCKLING PARAMETERS:
z=0.00 Mcr = 48.65 kKN*m Curve,LT -b XLT=0.59
Ler,Jow=8.01 m Lam LT=1.18 fiLT=1.15 XLT,mod =0.61

BUCKLING PARAMETERS:

About y axis: About z axis:
Ly=8.01m Lam y=1.42 Lz=8.0lm Lam z=0.59
Ler,y=8.01m Xy =0.37 Ler,z=2.00 m Xz=0.79
Lamy = 121.88 kyy =1.01 Lamz = 50.23 kyz=1.51

VERIFICATION FORMULAS:

Section strength check:

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

My,Ed/MN,y,Rd =0.34 <1.00 (6.2.9.1.(2))

Mz,Ed/MN,z,Rd = 0.00 < 1.00 (6.2.9.1.(2))

(My,.Ed/MN,y,Rd)* 2.00 + (Mz,Ed/MN,z,Rd)*1.00 =0.12 < 1.00 (6.2.9.1.(6))
Vy,Ed/Vy,T,Rd=0.00 <1.00 (6.2.6-7)
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Vz,Ed/Vz,T,Rd=0.08 <1.00 (6.2.6-7)

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

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

Global stability check of member:

Lambda,y = 121.88 < Lambda,max = 210.00 Lambda,z = 50.23 < Lambda,max = 210.00 STABLE
My,Ed,max/Mb,Rd =0.57 <1.00 (6.3.2.1.(1))

N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.62 <
1.00 (6.3.3.(4)

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

1.00 (6.3.3.(4)

LIMIT DISPLACEMENTS

=7 Deflections (LOCAL SYSTEM):

uy = 1 mm < uy max = L/200.00 = 40 mm Verified
Governing Load Case: 22 COMB14 (1+2+5)*1.00

uz=19mm < uz max =L1/200.00 =40 mm Verified
Governing Load Case: 21 COMBI13 (1+2+4)*1.00

uinst,y =1 mm < uinst,max,y = L/250.00 =32 mm Verified
Governing Load Case: 1*5

uinst,z= 12 mm < u inst,max,z =1/250.00 = 32 mm Verified

Governing Load Case: 1*5

F Displacements (GLOBAL SYSTEM): Not analyzed

Section OK !!!



8.2. Gredni nosa¢ POZ G4

Slika 21: Mjerodavna vrijednost My za gredni nosa¢ galerije [izradio autor]

Slika 22: Mjerodavna vrijednost Fz za gredni nosac galerije [izradio autor]
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STEEL DESIGN

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

CODE GROUP:

MEMBER: 209 gl. nosaci galerija_209 POINT: |1
COORDINATE: x=0.00L=0.00m

LOADS:

Governing Load Case: 25 COMB28 3*1.50+2*1.35

MATERIAL:
S275 (S275)  fy =275.00 MPa

e
SECTION PARAMETERS: HEA 160

h=152 mm gMO0=1.00 gM1=1.00

b=160 mm Ay=3253 mm2 Az=1321 mm2 Ax=3877 mm2
tw=6 mm Iy=16729800 mm4 1z=6155730 mm4 [x=109000 mm4
tf=9 mm Wply=245167 mm3 Wplz=117635 mm3

INTERNAL FORCES AND CAPACITIES:
N,Ed =-5.00 kN My,Ed =-30.98 kKN*m Mz,Ed = -0.70 kN*m Vy,Ed=2.19 kN
Nt,Rd = 1066.21 kN My, pl,LRd=67.42 kN*m  Mzpl,LRd=3235kN*m Vy,T,Rd=471.63 kN
My,c,Rd = 67.42 kKN*m Mz,c,Rd = 32.35 kKN*m Vz,Ed = 29.83 kKN
MN,y,Rd =67.42 kN*m  MN,z,Rd=32.35kN*m  VzT,Rd=197.80 kN
Mb,Rd = 67.20 kN*m Tt,Ed = -0.40 kKN*m
Class of section = 1

A L

: &£ LATERAL BUCKLING PARAMETERS:
z=0.00 Mecr = 311.35 kN*m Curve,LT -b XLT=0.97
Ler,Jlow=2.00 m Lam LT =0.47 fi,LT =0.59 XLT,mod =1.00
BUCKLING PARAMETERS:
X About y axis: >< About z axis:
VERIFICATION FORMULAS:

Section strength check:

N,Ed/Nt,Rd =0.00 <1.00 (6.2.3.(1))

My,Ed/MN,y,Rd = 0.46 <1.00 (6.2.9.1.(2))

Mz,Ed/MN,z,Rd =0.02 < 1.00 (6.2.9.1.(2))

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

Vz,Ed/Vz,TRd=0.15<1.00 (6.2.6-7)

Tau,ty, Ed/(fy/(sqrt(3)*gM0)) = 0.21 <1.00 (6.2.6)
Tau,tz,Ed/(fy/(sqrt(3)*gMO0)) = 0.14 < 1.00 (6.2.6)
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Global stability check of member:
My,Ed/Mb,Rd=0.46 <1.00 (6.3.2.1.(1))

LIMIT DISPLACEMENTS

o

Deflections (LOCAL SYSTEM):

uy =8 mm < uy max = L/200.00 = 40 mm

Governing Load Case: 34 COMB22 (1+2+5)*1.00+4*0.50
uz=15mm < uz max =L/200.00 =40 mm

Governing Load Case: 3 LL1

uinst,y =6 mm < u instmax,y = L/250.00 = 32 mm
Governing Load Case: 0.5%4 + 1*5

uinst,z=3 mm < uinst,max,z=L/250.00 =32 mm
Governing Load Case: 1%*5

F_ Displacements (GLOBAL SYSTEM): Not analyzed

Verified

Verified

Verified

Verified

Section OK !!!

Za pojedine elemente koristimo detaljnu provjeru proracuna, Sto ukljucuje temeljitu

analizu i izraCune dimenzioniranja elementa [4, 5, 6].

Profil: HEA 160
Materijal: S275
N.gqa = 5,08 kN
Vega = 29,83 kN

M

g0 = 30,98 kNm

Tablica 12: Karakteristike profila HEA 160 [izradio autor]

G A h b tw tf r I Lyw+1073
Profil
kg/m cm? mm mm mm mm mm cm* cm®
HEA 160 30,4 38,8 152 160 6 9 15 12,19 31,41

49




|
=
|
(o)} } 1
1 ﬁj_/'%

Ny
>
o

1

Slika 23: Prikaz profila HEA 160 [izradio autor]

Klasifikacija popreé¢nog presjeka:

HRBAT
c d h—2t;—2r 152-2-90-2-15
R = =17,33
t  ty tw 6,0
Ngg 5,08
a = = =015
£y 275
Z*tW*VmO 20677
! <d+) ! (10’4+015) 0,51; « > 0,5
= —=%|—= = % — .
=TT T 042 Y S
c_ 3% 17,33 < 64,71
t 13a—-1""" ’
Hrbat je klasa 1.
POJASNICA
b t 160 6
c_c_ (272" "\_Z 2715
t ot tr B 9,0 -

c
i 9¢; 6,88 < 8,28
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Pojasnica je klasa 1.

Poprecni presjek je KLASA 1.

Otpornost popre¢nog presjeka na tla¢nu silu:

Axf, 388%275

Ymo 1

Nepa = = 1067 kN

Nepa < Nera; 5,06 kN < 1067 kN ZADOVOLJAVA (1%)

Otpornost poprec¢nog presjeka na savijanje:

_ Wiy fy  2451%27,5
Mc,Rd - -

= 67,42 kNm
Ymo

My gy < Mcgg; 30,98 kNm < 67,42 kNm ZADOVOLJAVA (46%)

Otpornost popre¢nog presjeka na posmik:

Provjera izboc¢ivanja hrpta na posmik

h
w7
tw n
h h—2t, 152—-2%9,0
< I~ = 22,33
tw tw 6,0
22,33 <72 % % = 79,49 Ne treba provjera izbo€avanja hrpta na posmik
Posmicna otpornost:
A,z * % 13,21 * %
|% = = = 209,74 kN
pl,rd ymo 1'0

Vyga < Vpira; 29,83 kN < 209,74 kN ZADOVOLJAVA (14%)
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Interakcija M-N:

Ngq < 0,25N; pq
5,06 < 0,25 x 1067 = 266,75 kN ZADOVOLJAVA (2%)

0,5 * hy, *t,, * f, B 05%13,4%0,6 27,5
Ymo 1

Ngg < = 110,55

5,06 kN < 110,55 kN ZADOVOLJAVA (5%)
Uzduzna sila ima nisku razinu utjecaja na otpornost presjeka na savijanje

My pqg < My Nyra = Mcra

30,98 kNm < 67,42 kNm ZADOVOLJAVA (46%)

Interakcija M-V:

Veea < 0,5V, ra

29,83 kN < 0,5 * 209,74 = 104,87 kN

Ne trebamo redukciju plasti¢ne otpornosti na savijanje
M

yEd < Myy ra

30,98 kNm < 67,42 kNm ZADOVOLJAVA (46%)
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Otpornost elemenata na izvijanje:

Axf,

Npra = X *

Oko osi y:

N _nZ*E*I_n2*21000*1673
er 12 8002

Axf, [388%275
= = = 1,40
N, 541,80

h_152 _ o5<12 b = 0,34
—_——= —_— e d = =
b 160 e a ’

= 541,80 kN

~

d=05*[1+a*(A—02)+212]=05=*[1+0,34x(1,4—072)+1,4%] = 1,68

1 1

X = = = 0,38
O+ VP2 -2 1,68+./1,682 — 1,402
Oko osi z:
N _nZ*E*I_n2*21000*1673 866872 kN
oz 2002 B ’
A * 38,8« 27,5
1= Iy _ =0,35
N, 8668,72

h_ 152 095<1,2 0,49
—_——= —_— e d = =
b 160 e a=e=0

Dd=05*[1+a*(A—02)+12]=05=*[1+ 0,49 = (0,35 — 0,2) + 0,352] = 0,60

1 1
x= = = 0,92
O+ VP2z — )2 0,60 + /0,602 — 0,352
Axf, 38,8 x 27,5
Npra = X * = 0,38 ¥ ——— = 405,46 kN
Ym1 1

Nega < Npra; 506 kN < 405,46 kN ZADOVOLJAVA (1%)
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Otpornost elementa na boc¢no torzijsko izvijanje:

M n2Ely 4 e L)2-G- It
or =C1- (k-L)2 kw IZ TnZEL,

% % 21000 * 615,5 (1)2 31,41 + (1%200)2+8076 12,19
—] %
(1%200)2 1 615,5 w2 % 21000 = 615,5

= 2,58 *

M., = 45753,25 kNcm

Vitkost:

_ Wi+ * 245,2 % 27,5
Ar =\/ by * fy =\/ = 0,38 < 0,4 (zdepasti nosac)

M, 45753,25

Mjerodavna linija izvijanja:

h_152_ 195 < 0.21
_—= —_—= b d = =
b 160 Gr=a="9

Koeficijent redukcije:

Xir =1
My pqg < Mp pa

30,98 kNm < 67,42 kNm ZADOVOLJAVA (46%)
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Provjera progiba:

Maksimalni progib od ukupnog djelovanja:

Oinstz = 2,7 cm

Dopusteni progib:
800
amax,inst,z = m =4,0cm

Sinstz < Omaxinstz; 27 cm < 4,0 cm ZADOVOLJAVA

Maksimalni progib od promjenjivog djelovanja:
Oinstz = 2,3 cm
Dopusteni progib:

800
amax,inst,z = ﬁ =3,2cm

Sinstz < Omax,inst,z; 2,3 cm < 3,2 cm ZADOVOLJAVA
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8.3.

Stupovi POZ S2

Slika 24: Mjerodavna vrijednost My za glavne stupove [izradio autor]

Slika 25: Mjerodavna vrijednost Fx za glavne stupove [izradio autor]
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STEEL DESIGN

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

CODE GROUP:
MEMBER: 34 gl. stupovi 34 POINT: 3 COORDINATE: x=091L
=526 m

LOADS:
Governing Load Case: 9 COMBI1 (1+2)*1.35+4%1.50

MATERIAL.:
S275 (S275)  fy=275.00 MPa

SECTION PARAMETERS: HEA 160

h=152 mm gMO0=1.00 gM1=1.00

b=160 mm Ay=3253 mm2 Az=1321 mm2 Ax=3877 mm2
tw=6 mm Iy=16729800 mm4 1z=6155730 mm4 Ix=109000 mm4
t=9 mm Wply=245167 mm3 Wplz=117635 mm3

INTERNAL FORCES AND CAPACITIES:

N,Ed =24.89 kN My,Ed =-16.53 kN*m Mz,Ed = 0.14 kKN*m Vy,Ed=-0.12 kN

Nc,Rd=1066.21 kN My,Ed,max = -23.03 kN*m Mz,Ed,max = -0.28

kN*m Vy,T,Rd =516.05 kN

Nb,Rd =275.19 kN My,c,Rd = 67.42 kN*m Mz,c,Rd =32.35 kN*m Vz,Ed=-11.84 kN
MN,y,Rd =67.42 kN*m  MN,z,Rd=32.35kN*m  VzT,Rd=209.64 kN
Mb,Rd = 67.42 kKN*m Tt,Ed = -0.00 kKN*m

Class of section = 1

A i

! £ LATERAL BUCKLING PARAMETERS:
z=0.00 Mecr = 1828.75 kN*m Curve,LT -b XLT=1.00
Ler,Jow=0.75 m Lam LT=0.19 fiLT=0.48 XLT,mod =1.00

BUCKLING PARAMETERS:

About y axis: About z axis:
Ly=581m Lam y=1.03 Lz=581m Lam z=1.70
Ler,y=5.81m Xy =0.58 Ler,z=581m Xz=0.26
Lamy = 88.37 kyy=1.03 Lamz = 145.69 kyz=10.77

VERIFICATION FORMULAS:

Section strength check:

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

My,Ed/MN,y,Rd = 0.25 <1.00 (6.2.9.1.(2))

Mz,Ed/MN,z,Rd = 0.00 < 1.00 (6.2.9.1.(2))

(My,.Ed/MN,y,Rd)* 2.00 + (Mz,Ed/MN,z,Rd)*1.00 = 0.06 < 1.00 (6.2.9.1.(6))
Vy,Ed/Vy,T,Rd=0.00 <1.00 (6.2.6-7)

57



VZEd/VZ,T,Rd = 0.06 < 1.00 (6.2.6-7)
Tau,ty,Ed/(fy/(sqrt(3)*gM0)) = 0.00 < 1.00 (6.2.6)
Tau,tz,Ed/(fy/(sqrt(3)*gM0)) = 0.00 < 1.00 (6.2.6)

Global stability check of member:

Lambda,y = 88.37 < Lambda,max = 210.00
My,Ed,max/Mb,Rd =0.34 <1.00 (6.3.2.1.(1))
N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.40 <

1.00 (6.3.3.(4))

N,Ed/(Xz*N,Rk/gM1) + kzy*My,Ed,max/(XLT*My,Rk/gM1) + kzz*Mz,Ed,max/(Mz,Rk/gM1) = 0.28 <

1.00 (6.3.3.(4))

Lambda,z = 145.69 < Lambda,max =210.00 STABLE

LIMIT DISPLACEMENTS

F

Displacements (GLOBAL SYSTEM):
vx =16 mm < vx max =L/150.00 =39 mm

= Deflections (LOCAL SYSTEM): Not analyzed

Governing Load Case: 34 COMB22 (1+2+5)*1.00+4%0.50

vy =3 mm < vy max =L/150.00 =39 mm
Governing Load Case: 7 WIND3

Verified

Verified

Section OK !!!

Profil: HEA 160
Materijal: S275
Ncgq = 41,46 kN

V,5q = 11,84 kN

M

Ea = 23,03 kNm

M, zq = 0,14 kNm

Tablica 13: Karakteristike profila HEA 160 [izradio autor]

G A h b tw tf r ls lw<103
Profil
kg/m cm? mm mm mm mm mm cm? cm®
HEA 160 30,4 38,8 152 160 6 9 15 12,19 | 31,41
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Slika 26: Prikaz profila HEA 160 [izradio autor]

Klasifikacija popre¢nog presjeka:

HRBAT
c d h—-2t;—2r 152-2:9,0-2-15
A = =17,33
t t, tw 6,0
Ngg 51,01

a = = :1,55

2*tw*fy 2*0,6*@

mo

L <d+) 1 (10’4+155) 0,65; a > 0,5
= — % | — = 3 — .
a2 Y) T 1042 T O & =L
c__39%e :17,33 < 49,14
t 13a—-1""" ’

Hrbat je klasa 1.

POJASNICA
o, [b_tw_ )\ 160 6 ..
t tf te 9,0 ’

c
i 9¢; 6,88 < 8,28

Pojasnica je klasa 1.

Poprecni presjek je KLASA 1.
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Otpornost poprec¢nog presjeka na tla¢nu silu:

Axf, 388%275

= 1067 kN
Ymo 1

Nc,Rd =

Nega < Negra; 41,46 kN < 1067 kN ZADOVOLJAVA (4%)

Otpornost poprec¢nog presjeka na savijanje:

_ Wiy fy  2451%27,5
Mc,Rd - -

= 67,42 kNm
Ymo 1

My g < Mpa; 23,03 kNm < 67,42 kNm ZADOVOLJAVA (34%)

Otpornost poprec¢nog presjeka na posmik:

Provjera izboc¢ivanja hrpta na posmik

h
W <72S
tw n
h h—2t; 152—-2%9,0
Y < f = = 22,33
tw tw 6,0
22,33 <72 % % = 79,49 Ne treba provjera izbo¢avanja hrpta na posmik
Posmicna otpornost:
A,z * % 13,21 = %
|% = = = 209,74 kN
pl,rd ymo 1'0

Vyga < Vpira; 11,84 kN < 209,74 kN ZADOVOLJAVA (6%)
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Interakcija M-N:

Ngq < 0,25N; pq
41,46 < 0,25 % 1067 = 266,75 kN ZADOVOLJAVA (15%)

0,5 * hy, *t,, * f, B 05%13,4%0,6 27,5
Ymo 1

Ngg < = 110,55

41,46 kN < 110,55 kN ZADOVOLJAVA (38%)
Uzduzna sila ima nisku razinu utjecaja na otpornost presjeka na savijanje

My.Ed < MV,N,y.Rd = M¢ ra

23,03 kNm < 67,42 kNm ZADOVOLJAVA (34%)

Interakcija M-V:

Veea < 0,5V, ra
11,84 kN < 0,5 209,74 = 104,87 kN

Ne trebamo redukciju plasti¢ne otpornosti na savijanje

Myga < Myyra

23,03 kNm < 67,42 kNm ZADOVOLJAVA (34%)

Otpornost elemenata na izvijanje:

A*fy

Ym1

Nb,Rd =X*

Oko osi y:

N _nz x E [ _n2*21000*1673
cr 12 6002

Axf, [388%275
/1 = = = 1,05
N, 963,19

= 963,19 kN
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h_152_ 95 <12 b = 0,34
—_—= —_— = o = =
b 160 e a ’

P=05*[1+a*(A—02)+12]=05=*[1+0,34x(1,05—02) + 1,052] = 1,20

1 1

X = = = 0,56
d+VDPZ2 -2 1,20++/1,202 — 1,052
Oko osi z:
N _nz x E [ _n2*21000*1673 385276 kN
a1 3002 B ’
A * 38,8« 27,5
A= Iy _ =0,53
N, 3852,76

h_ 152 095<1,2 0,49
—_—= — = o = =
b 160 e E=c=0

®=05*[1+a*(—02)+12]=05=*[1+ 0,49 % (0,53 — 0,2) + 0,532] = 0,72

1 1
X = = =0,83
& +VD2 -2 0,72 ++/0,722 — 0,532
Axf, 38,8 x 27,5
Npra = X * = 0,56 x—— = 597,52 kN
Ym1 1

Nepa < Npra; 41,46 kN < 597,52 kN ZADOVOLJAVA (9%)

Otpornost elementa na boc¢no torzijsko izvijanje:

¢, =131

L., =200cm

_ n2-EI, KN\21,  (kL)2G,|
MCT'_Cl (k'LCT)Z [\/(kw) IZ+ 7T2'E'IZ

L3 2 21000 * 615,5 J(1)2 31,41 (1 %200)2 = 8076 x 12,19
= * —
’ 1

(1%200)2 *6155 T 72+21000+ 6155

M., = 23231,30 kNcm



Vitkost:

S Wy * 245,2 % 27,5
/1LT = J pLy fy =J = 0,54‘

M., 23231,30

Mjerodavna linija izvijanja:

=

152 _ 195 <2 0.21
_—= —_—= b d = =
b 160 Gr=a="9

Koeficijent redukcije:

®=05+1+ax@r—02)+X7 |=05+[1+021+(054—0,2) +0,54]

= 0,68
! ! 0,91
Xir = = =0,
®+VP2-12 0,68+ 0,682 — 0,542
Wy * £, 2452 + 275
Mygra = Xir *———— =091 % —] = 61361,3 kNcm = 613,6 kNm
M1

My pqg < Mp pa

23,03 kNm < 613,6 kNm ZADOVOLJAVA (4%)

Interakcija izvijanja i bo¢no-torzijskog izvijanja (N-M):

Uvjeti:
N M
Ed g v —2EL <
Yo Ngie 7 » My ki
Y Y XLT Yot
N M
Ed_ 4k, yEL g
x, * Ngie = 7 . My R
2 Ym Air YMm1

Npx = A * f, = 38,8 % 27,5 = 1067 kN

M,y g = Wy * f, = 245,2 % 27,5 = 6743 kNcm = 67,43 kNm
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Potrebne vrijednosti za daljnju interakciju:

A, = 1,05
A, =053
@, = 1,20
@, = 0,72
Xy = 0,56
¥, = 0,83

Cny =0,6+0,4%0,47 = 0,79

— Ed Ngq
kyy:Cmy* 1+(Ay—0,2)*m SCmy* 1+0,8*m
Y Ym Xy Ym1
ky,, = 0,79 |1+ (1,05 —-10,2 51,05 <0,79%|1+40,8 51,05
yy—,*‘l'(,—,)*m— * +’*056*W
’ 1,1 ’ 1,1
ky,, =0,82 < 0,85
kz, = 0,60 % 0,82 = 0,49
Ngg4 M, gq 41,46 23,03
m-l_kw* My,RkS 056 1067 OBZ*WS1 0,39<1
Xy Y1 Xir * Yot 11 11
ZADOVOLJAVA (39%)
Ngq4 My gq 41,46 23,03
E-I—kzy My,RkS '083*1067+0'49*16WS1 0,24 <1
Xz * Y Xir* = ' 11 11
ZADOVOLJAVA (24%)
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Provjera progiba:

Maksimalni progib od ukupnog djelovanja:
Oinstx = 1,6 cm
Dopusteni progib:

600

amax,inst,x = ﬁ 4 cm

Sinstx < Omax.imstx; 1,6 cm < 4,0 cm ZADOVOLJAVA

Maksimalni progib od promjenjivog djelovanja:

Oinstz = 0,5cm

Dopusteni progib:
375
amax,inst,z = ﬁ =15cm

Oinstz < Omax,inst,z; 0,50 cm < 3,2 cm ZADOVOLJAVA
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84.

Sekundarni stupovi POZ SS1

Slika 28: Mjerodavna vrijednost Mz za sekundarne stupove [izradio autor]
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STEEL DESIGN

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

CODE GROUP:

MEMBER: 112 sekundarnistup 112 POINT: |1
COORDINATE: x=0.00L=0.00m

LOADS:

Governing Load Case: 19 COMB12 (142)*1.35+4*0.75+7*1.50

MATERIAL:
S275 (S275)  fy =275.00 MPa

5
SECTION PARAMETERS: IPE 240

h=240 mm gMO0=1.00 gM1=1.00

b=120 mm Ay=2731 mm2 Az=1914 mm?2 Ax=3912 mm2
tw=6 mm Iy=38916300 mm4 12=2836340 mm4 Ix=116000 mm4
tf=10 mm Wply=366679 mm3 Wplz=73927 mm3

INTERNAL FORCES AND CAPACITIES:
N,Ed =-2.51 kN My,Ed =-0.13 kN*m Mz,Ed =-11.18 kN*m Vy,Ed=-12.13 kN
Nt,Rd = 1075.70 kN My,pl,Rd =100.84 kN*m Mz,pl,LRd =20.33 kN*m  Vy,T,Rd=433.48 kN
My,c,Rd=100.84 kN*m Mz,c,Rd =20.33 kN*m Vz,Ed = -0.64 kN
MN,y,Rd =100.84 kN*m MN,z,Rd=20.33 kN*m  VzT,Rd=303.89 kN
Mb,Rd = 45.66 kN*m Tt,Ed =-0.00 kKN*m
Class of section = 1

A L

: &£ LATERAL BUCKLING PARAMETERS:
z=0.00 Mcr =48.15 kN*m Curve,LT -b XLT =045
Ler,Jlow=5.96 m Lam LT=1.45 fiLT=1.46 XLT,mod = 0.45
BUCKLING PARAMETERS:
X About y axis: >< About z axis:
VERIFICATION FORMULAS:

Section strength check:

N,Ed/Nt,Rd =0.00 <1.00 (6.2.3.(1))

My,Ed/MN,y,Rd = 0.00 < 1.00 (6.2.9.1.(2))

Mz,Ed/MN,z,Rd = 0.55 <1.00 (6.2.9.1.(2))

(My.Ed/MN,y,Rd)* 2.00 + (Mz,Ed/MN,z,Rd)*1.00 = 0.55 <1.00 (6.2.9.1.(6))
Vy,Ed/Vy,T,Rd=0.03 <1.00 (6.2.6-7)

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

Tau,ty,Ed/(fy/(sqrt(3)*gM0)) = 0.00 < 1.00 (6.2.6)
Tau,tz,Ed/(fy/(sqrt(3)*gMO0)) = 0.00 < 1.00 (6.2.6)
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Global stability check of member:
My,Ed/Mb,Rd=0.01 <1.00 (6.3.2.1.(1))

LIMIT DISPLACEMENTS

o

Deflections (LOCAL SYSTEM): Not analyzed

F_ Displacements (GLOBAL SYSTEM):

vx =12 mm < vx max =L/150.00 =40 mm Verified
Governing Load Case: 34 COMB22 (1+2+5)*1.00+4%0.50
vy =5mm < vy max =L/150.00 =40 mm Verified

Governing Load Case: 7 WIND3

Section OK !!!
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8.5.

Podroznice POZ P3

Slika 30: Vrijednost Fx za mjerodavni element [izradio autor]
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STEEL DESIGN

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

CODE GROUP:
MEMBER: 48 podroznice 48 POINT: 1| COORDINATE: x=0.00L
=0.00 m

LOADS:
Governing Load Case: 19 COMBI12 (1+2)*1.35+4*0.75+7*1.50

MATERIAL:
S275 (S275)  fy =275.00 MPa

EE SECTION PARAMETERS: IPE 160

h=160 mm gMO0=1.00 gM1=1.00

b=82 mm Ay=1373 mm2 Az=966 mm?2 Ax=2009 mm2
tw=5 mm 1y=8692930 mm4 1z=683145 mm4 [x=35300 mm4
tf=7 mm Wply=123868 mm3 Wplz=26101 mm3

INTERNAL FORCES AND CAPACITIES:

N,Ed =10.79 kN My,Ed =-11.12 kKN*m Mz,Ed = 0.12 kN*m Vy,Ed=0.06 kKN

Nc,Rd =552.51 kN My,Ed,max =-11.12 kN*m Mz,Ed,max =0.12

kN*m Vy,T,Rd=218.00 kN

Nb,Rd = 85.08 kN My,c,Rd = 34.06 kN*m Mz,c,Rd =7.18 KN*m Vz,Ed=-0.38 kN
MN,y,Rd =34.06 kN*m  MN,z,Rd=7.18 kN*m Vz,T,Rd=153.32 kN
Mb,Rd = 18.29 kN*m Tt,Ed =-0.00 KN*m

Class of section = 1

. )
i I LATERAL BUCKLING PARAMETERS:
z=0.00 Mecr = 20.47 kN*m Curve, LT -b XLT=0.53
Ler,low=3.75 m Lam LT=1.29 fi,LT=1.28 XLT,mod = 0.54

BUCKLING PARAMETERS:

About y axis: About z axis:
Ly=3.75m Lam y=0.66 Lz=3.75m Lam z=237
Ler,y=3.75m Xy =0.86 Ler,z=3.75m Xz=0.15
Lamy =57.01 kyy=1.10 Lamz =203.37 kyz=1.02

VERIFICATION FORMULAS:

Section strength check:

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

My,Ed/MN,y,Rd=0.33 <1.00 (6.2.9.1.(2))

Mz,Ed/MN,z,Rd =0.02 <1.00 (6.2.9.1.(2))

(My,Ed/MN,y,Rd)* 2.00 + (Mz,Ed/MN,z,Rd)*1.00 =0.12 < 1.00 (6.2.9.1.(6))
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Vy,Ed/Vy,T,Rd=0.00 < 1.00 (6.2.6-7)
Vz,Ed/Vz,T,Rd=0.00 <1.00 (6.2.6-7)

Tau,ty, Ed/(fy/(sqrt(3)*gM0)) = 0.00 < 1.00 (6.2.6)
Tau,tz,Ed/(fy/(sqrt(3)*gM0)) = 0.00 < 1.00 (6.2.6)
Global stability check of member:

Lambda,y = 57.01 < Lambda,max = 210.00
My,Ed,max/Mb,Rd =0.61 <1.00 (6.3.2.1.(1))
N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.71 <
1.00 (6.3.3.(4)

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

Lambda,z =203.37 < Lambda,max =210.00 STABLE

LIMIT DISPLACEMENTS

=i

Deflections (LOCAL SYSTEM):

uy =1 mm < uy max =L/200.00 = 19 mm Verified
Governing Load Case: 34 COMB22 (1+2+5)*1.00+4%0.50

uz=>5mm < uz max =1/200.00 =19 mm Verified
Governing Load Case: 8 WIND4

uinst,y =0 mm < uinst,max,y =L/250.00 = 15 mm Verified
Governing Load Case: 0.5%4 + 1*5

uinst,z=5 mm < uinstmax,z=1/250.00 =15 mm Verified

Governing Load Case: 1*8

F_ Displacements (GLOBAL SYSTEM): Not analyzed

Section OK !!!
Profil: IPE 160
Materijal: S275
Ncgqg = 10,79 kN
Vzea = 0,38 kN
M, pq = 11,12 kNm
M,gq = 0,12 kNm

Tablica 14: Karakteristike profila IPE 160 [izradio autor]

G A h b tw tf r ly lw+1073
Profil
kg/m cm? mm mm mm mm mm cm? cm®
IPE 160 15,8 20,09 160 82 5 7,4 9 3,60 3,96
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Slika 31: Prikaz profila IPE 160 [izradio autor]

Klasifikacija popre¢nog presjeka:

HRBAT
c d h—2t—-2r 160—2:74-2-9
—_= — = = =25,4‘4‘
t t, tw 5,0
Ngg 10,79
a= = =0,39
fy 275
2%t 2%0,5*%——
>|<W*Vm0 1
1 <d+) ! (12’6+039) 0,53; @ > 0,5
= —=%|—= = % — .
a2 T e 2 T ST
‘< 396¢ 25,44 < 61,85
t = 13a—-1""" ’

Hrbat je klasa 1.
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POJASNICA

b t, 82 5
c_e_(z727"\_Z727°% 449
te te 7,4 ’

| QO

< 9¢; 3,99 < 8,28

Pojasnica je klasa 1.

Poprecni presjek je KLASA 1.

Otpornost popre¢nog presjeka na tla¢nu silu:

Axf, 20,09 *275

Ymo 1

Nepa = = 552,48 kN

Nega < Nera; 10,79 kN < 552,48 kN ZADOVOLJAVA (2%)

Otpornost poprec¢nog presjeka na savijanje:

Woiy-fy _ 1239 %275

Ymo

M, pq = = 34,07 kNm

My gy < Mcgrg; 11,12 kNm < 34,07 kNm ZADOVOLJAVA (33%)

Otpornost popre¢nog presjeka na posmik:

Provjera izboc¢ivanja hrpta na posmik

h
w < 725
tw n
h, h—2t; 160—2%74
< - = 29,04
ty ty 5,0
0,92

29,04 <72 % 5 = 79,49 Ne treba provjera izbo€avanja hrpta na posmik
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Posmic¢na otpornost:
27,5

fy 9,66 * —2=

Av,z * ==
Vorra = V3 = 1 0\/§ = 153,37 kN

Ymo

Vysa < Voura; 0,38 kN < 153,37 kN ZADOVOLJAVA (1%)

Interakcija M-N:

Ngg < 0,25N,pq
10,79 < 0,25 x 552,48 = 138,12 kN ZADOVOLJAVA (8%)

0,5 % hy, x t, * f, B 0,5%x14,5%0,5% 27,5
Ymo 1

Ngq < = 99,68 kN

10,79 kN < 99,68 kN ZADOVOLJAVA (11%)

Uzduzna sila ima nisku razinu utjecaja na otpornost presjeka na savijanje

My gqg < My Ny ra = Mcra

11,12 kNm < 34,07 kNm ZADOVOLJAVA (33%)

Interakcija M-V:

Vega < 0,5V, ra

0,38 kN < 0,5 * 153,37 = 76,69 kN

Ne trebamo redukciju plasti¢ne otpornosti na savijanje
M

yEd < Myy ra

11,12 kNm < 34,07 kNm ZADOVOLJAVA (33%)
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Otpornost elemenata na izvijanje:

A * f,

Npra = X * Y
Ym1
Oko osi y:
N _nz * E x| _n2*21000*869,3 128123 kN
oz 3752 B ’
A * 20,09 x 27,5
1= Iy _ = 0,66
N, 1281,23

h_ 160 1,95 > 1,2 b =034
—_——= —_— e d = =
b 82 ) ) a )

d=05*[1+a*(A—02)+12]=05=*[1+ 0,34 (0,66 —0,2) + 0,662] = 0,80

1 1
X = = = 0,80
d+ VP2 -12 0,80 ++/0,802 — 0,662
Oko osi z:
N _nz * E x| _n2*21000*68,31 161190 kN
oz 93,722 B ’
A * 20,09 x 27,5
1= Iy _ = 0,59
N, 1611,90
h 160

E_ﬁzl'% > 12->a=c=049

d=05*[1+a*(A—02)+12]=05=*[1+ 0,49 * (0,59 — 0,2) + 0,592] = 0,77

1 1
X = = =0,79
& +VP2Z -2 0,77 +/0,772 — 0,592
Axf, 20,09 % 27,5
Npra = X * = 0,79 x ———— = 436,46 kN
Ym1 1

Nega < Npra; 10,79 kN < 436,46 kN ZADOVOLJAVA (3%)



Otpornost elementa na boc¢no torzijsko izvijanje:

C; =2,05
Lo =93,75¢cm

_ 2B, Ly (kL)ZGIt
M = Cy- (k-Ler)? l\/ Ky 12 T2-E-I, |

20 m? % 21000 * 68,31 (1)2 3,96 (1%93,75)% %8076 * 3,60
= * —_ *
’ (1 %93,75)2 1 68,31 2 % 21000 * 68,31

M,, = 14051,74 kNcm

Vitkost:

_ W * 123,9 * 27,5
ALT =\/ ply fy =\/ — 0’49

M., 14051,74

Mjerodavna linija izvijanja:

160

7 =195<2->ar=a=0,21

h
b
Koeficijent redukcije:

®=05+1+a*Tr—02)+X7 | =05+[1+021+(049 —0,2) +0,49?]

= 0,65
! ! 0,93
XLt = = =0,
d +VdZ -2 0,65+ +/0,65%2 — 0,492
Woiy * fy 123,9 % 27,5
My ra = X171 * — = 0,93 * — = 31687,43 kNcm = 31,69 kNm
M1

My pqg < Mppa

11,12 kNm < 31,69 kNm ZADOVOLJAVA (35%)
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Interakcija izvijanja i bo¢no-torzijskog izvijanja (N-M):

Uvjeti:
N M
B Lk, o« —2EL  <q
Yo Ngie 7 o My ki
Y Y XLT Yot
N M
Ed_ 4k, yEL
x, * Ngie 7 . My R
2 Ymi Xt Ym1

Npw = A+ f, = 20,09 * 27,5 = 552,48 kN

M, g = Wy * f, = 123,9 % 27,5 = 3407,25 kNcm = 34,07 kNm

Potrebne vrijednosti za daljnju interakciju:

A, = 0,66
A, =0,59
@, = 0,80
®, =0,77
Xy = 0,80
Xz = 0,79

Cny =06+0,4%0,27 =0,71

— Ngq Ngg
kyy = Cmy * 1+(Ay—o,2)*—Nm< < Gy ¥ 1408+ —p—
* ——— * —=
¢y Ym1 Xy Ym1
k., =071%|1+ (0,66 —0,2 __ 107 <0,71+| 1+0,8 _ 1079
yy = 0711+ (0,66-0,2) 5524g| =0/ *| 1+ 08+ 552,48
0'80*T 0'80*T

kyy = 0,72 < 0,73



kzy, = 0,60 *0,73 = 0,44

Nga My q 10,79
=ty M, =L 552,48 T 072
Xy * —Rk XLt * Y.Rk 0,80 * .
Y Yma LT "y 1,1
ZADOVOLJAVA (29%)
Ngg My gq 10,79
+k ' <1 + 0,44 *
o N T 1 o M, ri 0.79 5 252/48
“ Ym Ty ’ L1
ZADOVOLJAVA (19%)

Provjera progiba:

Maksimalni progib od ukupnog djelovanja:

Oinstz = 0,7cm

Dopusteni progib:
375
6max,inst,z = ﬁ =19cm

Sinstz < Omaxinstz; 0,7 cm < 1,9 cm ZADOVOLJAVA

Maksimalni progib od promjenjivog djelovanja:

Oinstz = 0,5cm

Dopusteni progib:
375
6max,inst,z = ﬁ =15cm

Oinstz < Omax,inst,z; 0,50 cm < 1,5 cm ZADOVOLJAVA

1

34,07
*

1,1

,1
34,07
*

1,1

<1;029<1

<1;019<1
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8.6.  Sekundarni nosadi galerije POZ SG2

Slika 32: Mjerodavna vrijednost My za sekundarni nosa¢ galerije [izradio autor]

Slika 33: Mjerodavna vrijednost Fx za sekundarni nosac¢ galerije [izradio autor]
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STEEL DESIGN

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

CODE GROUP:

MEMBER: 211 sekundarni nosaci 211 POINT: 2
COORDINATE: x=0.50L=1.88m

LOADS:

Governing Load Case: 25 COMB28 3*1.50+2*1.35

MATERIAL:
S275 (S275)  fy =275.00 MPa

BE SECTION PARAMETERS: IPE 160

h=160 mm gMO0=1.00 gM1=1.00

b=82 mm Ay=1373 mm2 Az=966 mm?2 Ax=2009 mm2
tw=5 mm 1y=8692930 mm4 1z=683145 mm4 [x=35300 mm4
tf=7 mm Wply=123868 mm3 Wplz=26101 mm3

INTERNAL FORCES AND CAPACITIES:

N,Ed =2.70 kN My,Ed =12.77 kN*m Mz,Ed = -0.02 kN*m Vy,Ed =0.11 kN

Nc,Rd =552.51 kN My,Ed,max = 12.77 kN*m Mz,Ed,max =-0.22 kN*m Vy,T,Rd=217.24 kN

Nb,Rd = 85.08 kN My,c,Rd =34.06 kN*m  Mz,c,Rd =7.18 kN*m Vz,Ed =0.04 kN
MN,y,Rd =34.06 kN*m  MN,z,Rd =7.18 kN*m Vz,T,Rd =152.96 kN
Mb,Rd =33.90 kN*m Tt,Ed = 0.01 kN*m

Class of section = 1

Al |

: £ LATERAL BUCKLING PARAMETERS:
z=0.00 Mecr = 154.42 kKN*m Curve,LT -b XLT=0.97
Ler,upp=0.94 m Lam LT =0.47 fi,LT =0.59 XLT,mod =1.00

BUCKLING PARAMETERS:

b | (=
About y axis: il About z axis:
Ly=3.75m Lam y=0.66 Lz=3.75m Lam z=237
Ler,y=3.75m Xy =0.86 Ler,z=3.75m Xz=0.15
Lamy = 57.01 kyy =1.02 Lamz =203.37 kyz=0.73

VERIFICATION FORMULAS:

Section strength check:

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

My,Ed/MN,y,Rd=0.37<1.00 (6.2.9.1.(2))

Mz,Ed/MN,z,Rd = 0.00 < 1.00 (6.2.9.1.(2))

(My,.Ed/MN,y,Rd)* 2.00 + (Mz,Ed/MN,z,Rd)*1.00 =0.14 <1.00 (6.2.9.1.(6))
Vy,Ed/Vy,T,Rd=0.00 <1.00 (6.2.6-7)
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Vz,Ed/Vz,T,Rd=0.00 < 1.00 (6.2.6-7)

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

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

Global stability check of member:

Lambda,y = 57.01 < Lambda,max = 210.00 Lambda,z =203.37 < Lambda,max =210.00 STABLE
My,Ed,max/Mb,Rd =0.38 <1.00 (6.3.2.1.(1))

N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.41 <
1.00 (6.3.3.(4)

N,Ed/(Xz*N,Rk/gM1) + kzy*My,Ed,max/(XLT*My,Rk/gM1) + kzz*Mz,Ed,max/(Mz,Rk/gM1) = 0.26 <

1.00 (6.3.3.(4)

LIMIT DISPLACEMENTS

= Deflections (LOCAL SYSTEM):

uy =1 mm < uy max =L/200.00 = 19 mm Verified
Governing Load Case: 37 COMB25 (1+2+8)*1.00+4%0.50

uz=6 mm < uz max =L1/200.00 = 19 mm Verified
Governing Load Case: 3 LL1

uinst,y =1 mm < uinst,max,y =L/250.00 = 15 mm Verified
Governing Load Case: 0.5%4 + 1*§

uinst,z=0 mm < uinstmax,z=1/250.00 =15 mm Verified

Governing Load Case: 1%*5

F_ Displacements (GLOBAL SYSTEM): Not analyzed

Section OK !!!



8.7.  Tetive stubista POZ T4

Slika 34: Mjerodavna vrijednost My za tetive stubista [izradio autor]

Slika 35: Mjerodavna vrijednost Fx za tetive stubista [izradio autor]

82



STEEL DESIGN

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

CODE GROUP:
MEMBER: 215 tetive 215 POINT: 1| COORDINATE: x=0.00L
=0.00 m

LOADS:
Governing Load Case: 40 COMB28 1%1.35+3*1.50

MATERIAL:
S275 (S275)  fy =275.00 MPa

EE SECTION PARAMETERS: IPE 160

h=160 mm gMO0=1.00 gM1=1.00

b=82 mm Ay=1373 mm2 Az=966 mm?2 Ax=2009 mm2
tw=5 mm 1y=8692930 mm4 1z=683145 mm4 [x=35300 mm4
tf=7 mm Wply=123868 mm3 Wplz=26101 mm3

INTERNAL FORCES AND CAPACITIES:

N,Ed=8.12 kN My,Ed = 12.24 kN*m Mz,Ed = -0.12 kN*m Vy,Ed=-0.11 kN

Nc,Rd = 552.51 kN My,Ed,max = 12.24 kN*m Mz,Ed,max = 0.25 kN*m  Vy,T,Rd = 217.85 kN

Nb,Rd = 114.88 kN My,c,Rd = 34.06 kN*m  Mzc,Rd=7.18kN*m  VzEd=-1.53 kN
MN,y,Rd =34.06 kN*m MN,zRd=7.18 kN*m  VzT,Rd= 15325 kN
Mb,Rd = 34.06 kN*m Tt,Ed = -0.00 kN*m

Class of section = 1

ALl |+

' = LATERAL BUCKLING PARAMETERS:
z=0.00 Mcr = 208.01 kKN*m Curve,LT -b XLT=1.00
Ler,upp=0.79 m Lam LT =0.40 fi,LT=0.56 XLT,mod = 1.00

BUCKLING PARAMETERS:

— e
About y axis: i) About z axis:
Ly=3.18m Lam y=0.56 Lz=3.18 m Lam z=2.01
Ler,y=3.18m Xy =0.90 Ler,z=3.18 m Xz=10.21
Lamy = 48.29 kyy =1.02 Lamz =172.26 kyz=10.76

VERIFICATION FORMULAS:

Section strength check:

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

My,Ed/MN,y,Rd=0.36 <1.00 (6.2.9.1.(2))

Mz,Ed/MN,z,Rd =0.02 < 1.00 (6.2.9.1.(2))

(My,Ed/MN,y,Rd)* 2.00 + (Mz,Ed/MN,z,Rd)*1.00 =0.15 < 1.00 (6.2.9.1.(6))
Vy,Ed/Vy,T,Rd=0.00<1.00 (6.2.6-7)
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Vz,Ed/Vz,T,Rd=0.01 <1.00 (6.2.6-7)

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

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

Global stability check of member:

Lambda,y = 48.29 < Lambda,max = 210.00 Lambda,z=172.26 < Lambda,max =210.00 STABLE
My,Ed,max/Mb,Rd =0.36 <1.00 (6.3.2.1.(1))

N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.41 <
1.00 (6.3.3.(4)

N,Ed/(Xz*N,Rk/gM1) + kzy*My,Ed,max/(XLT*My,Rk/gM1) + kzz*Mz,Ed,max/(Mz,Rk/gM1) = 0.30 <

1.00 (6.3.3.(4)

LIMIT DISPLACEMENTS

= Deflections (LOCAL SYSTEM):

uy =1 mm < uy max =L/200.00 = 16 mm Verified
Governing Load Case: 5 WINDI1

uz=3 mm < uzmax =1L1/200.00 =16 mm Verified
Governing Load Case: 3 LL1

uinst,y =1 mm < uinst,max,y = L/250.00 = 13 mm Verified
Governing Load Case: 0.5%4 + 1*5

uinst,z=1 mm < uinstmax,z=1/250.00 =13 mm Verified

Governing Load Case: 0.5%4 + 1*5

F_ Displacements (GLOBAL SYSTEM): Not analyzed

Section OK !!!



8.8.

Sekundarni nosaci stubiSta POZ TS1

Slika 37: Mjerodavna vrijednost Mz za sekundarni nosac stubista [izradio autor]
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STEEL

DESIGN

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

ANALYSIS TYPE: Member Verification

CODE GROUP:
MEMBER: 163 sekundarni nosaci_163

COORDINATE:

POINT: 1
x=0.00L=0.00m

LOADS:

Governing Load Case:

17 COMBI10 (142)*1.35+4*0.75+5*1.50

MATERIAL:

S275 (S275)  fy =275.00 MPa

SECTION PARAMETERS: IPE 160

h=160 mm gM0=1.00

b=82 mm Ay=1373 mm2
tw=5 mm [y=8692930 mm4
tf=7 mm Wply=123868 mm3

gM1=1.00
Az=966 mm?2
1z=683145 mm4
Wplz=26101 mm3

Ax=2009 mm2
I1x=35300 mm4

INTERNAL FORCES AND CAPACITIES:
N,Ed =0.05 kN My,Ed =-0.30 kN*m
Nc,Rd =552.51 kN
Nb,Rd =453.36 kN My,c,Rd = 34.06 kN*m
MN,y,Rd =34.06 kN*m
Mb,Rd = 34.06 kN*m

My,Ed,max = -0.30 kN*m

Mz,Ed =-0.61 kN*m
Mz,Ed,max = 0.62 kKN*m
Mz,c,Rd = 7.18 kKN*m
MN,z,Rd = 7.18 kN*m

Vy,Ed = -1.24 kN
Vy,T,Rd=217.85 kN
Vz,Ed=0.71 kN
Vz,T,Rd = 153.25 kN
Tt,Ed = -0.00 kN*m
Class of section = 1

Ll e

; = LATERAL BUCKLING PARAMETERS:
z=10.00 Mcr = 1922.11 kN*m Curve,LT -b XLT =1.00
Ler,Jow=0.25 m Lam LT=0.13 fi,LT =0.46 XLT,mod =1.00
BUCKLING PARAMETERS:

— —

About y axis: il About z axis:

Ly=1.00 m Lam y=0.18 Lz=1.00m Lam z=0.63
Ler,y=1.00m Xy =1.00 Ler,z=1.00 m Xz =0.82
Lamy = 15.20 kzy = 0.52 Lamz = 54.23 kzz=1.00

VERIFICATION FORMULAS:

Section strength check:

N,Ed/Nc,Rd =0.00<1.00 (6.2.4.(1))
My,Ed/MN,y,Rd =0.01 <1.00 (6.2.9.1.(2))
Mz,Ed/MN,z,Rd = 0.09 < 1.00 (6.2.9.1.(2))

(My,Ed/MN,y,Rd)" 2.00 + (Mz,Ed/MN,z,Rd)"1.00 =

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

0.09 <1.00 (6.2.9.1.(6))
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Vz,Ed/Vz,T,Rd=0.00 < 1.00 (6.2.6-7)

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

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

Global stability check of member:

Lambda,y = 15.20 < Lambda,max = 210.00 Lambda,z = 54.23 < Lambda,max =210.00 STABLE
My,Ed,max/Mb,Rd =0.01 <1.00 (6.3.2.1.(1))

N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.07 <
1.00 (6.3.3.(4)

N,Ed/(Xz*N,Rk/gM1) + kzy*My,Ed,max/(XLT*My,Rk/gM1) + kzz*Mz,Ed,max/(Mz,Rk/gM1) = 0.09 <
1.00 (6.3.3.(4)

LIMIT DISPLACEMENTS

= Deflections (LOCAL SYSTEM):

uy =0 mm < uy max =L/200.00 =5 mm Verified
Governing Load Case: 5 WINDI1

uz=0mm < uzmax =1L1/200.00 =5 mm Verified
Governing Load Case: 34 COMB22 (1+2+5)*1.00+4*0.50

uinst,y =0 mm < uinst;max,y = L/250.00 =4 mm Verified
Governing Load Case: 0.5%4 + 1*5

uinst,z=0 mm < uinst,max,z=L/250.00 =4 mm Verified

Governing Load Case: 0.5%4 + 1*5

F_ Displacements (GLOBAL SYSTEM): Not analyzed

Section OK !!!



8.9.

Vjetrovni vezovi POZ 101

Slika 38: Mjerodavna vrijednost Fx za vjetrovni vez [izradio autor]
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STEEL DESIGN

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

ANALYSIS TYPE: Member Verification

CODE GROUP:

MEMBER: 226 vezovi 226 POINT: 1 COORDINATE: x=0.00L

=0.00 m

LOADS:

Governing Load Case: 17 COMBI0 (1+2)*1.35+4*0.75+5*1.50

MATERIAL.:

S275 (S275)  fy=275.00 MPa

®

SECTION PARAMETERS: S$ipka fi 10

h=10 mm gMO0=1.00 gM1=1.00
Ay=50 mm?2 Az=50 mm?2 Ax=79 mm?2

tw=5 mm Iy=491 mm4 [z=491 mm4 Ix=982 mm4
Wply=167 mm3 Wplz=167 mm3

INTERNAL FORCES AND CAPACITIES:

N,Ed = 14.85 kN My,Ed =-0.01 kN*m Mz,Ed = 0.00 kN*m Vy,Ed =0.00 kN

Nc,Rd =21.60 kN My.,pl,Rd = 0.05 kN*m Mz,plLRd = 0.05 kN*m Vy,T,Rd =7.93 kN

Nb,Rd =21.60 kN My,c,Rd = 0.05 kN*m Mz,c,Rd = 0.05 kN*m Vz,Ed=0.02 kN

MN,y,Rd=0.02kN*m  MN,zRd = 0.02 kN*m

Vz,T,Rd =7.93 kN
Tt,Ed = 0.00 kKN*m
Class of section = 1

>< LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

X About y axis: X About z axis:

VERIFICATION FORMULAS:

Section strength check:

N,Ed/Nc,Rd=0.69 <1.00 (6.2.4.(1))

My,Ed/MN,y,Rd =0.57 <1.00 (6.2.9.1.(2))

Mz,Ed/MN,z,Rd =0.01 <1.00 (6.2.9.1.(2))

(My,Ed/MN,y,Rd)* 2.00 + (Mz,Ed/MN,z,Rd)"*2.00 =0.32 < 1.00 (6.2.9.1.(6))
Vy,Ed/Vy,T,Rd=0.00 <1.00 (6.2.6-7)

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

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

Section OK !!
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8.10. Fasadni nosac¢i POZ F2

Slika 40: Mjerodavna vrijednost Fx za fasadni nosac [izradio autor]
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STEEL DESIGN

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

CODE GROUP:

MEMBER: 176 fasadninosac¢i 176 POINT: 3 COORDINATE: x=1.00L
=375m

LOADS:

Governing Load Case: 17 COMBI0 (1+2)*1.35+4*0.75+5*1.50

MATERIAL.:

S275 (S275)  fy=275.00 MPa

_F_x

= | SECTION PARAMETERS: UAP 150

h=150 mm gM0=1.00 gM1=1.00
b=65 mm Ay=1521 mm?2 Az=1128 mm?2 Ax=2284 mm?2
tw=7 mm Iy=7960560 mm4 12=932542 mm4 Ix=67600 mm4
tf=10 mm Wply=125278 mm3 Wplz=37937 mm3

INTERNAL FORCES AND CAPACITIES:

N,Ed =-9.53 kN
Nt,Rd =628.12 kN

My,Ed = -11.63 kN*m
My.pl,Rd = 34.45 kN*m
My,c,Rd = 34.45 kKN*m
MN,y,Rd = 34.44 kN*m
Mb,Rd = 18.91 kN*m

Mz,Ed = 0.28 kN*m
Mz,pl,Rd = 10.43 kN*m
Mz,c,Rd = 10.43 kKN*m
MN,z,Rd = 10.43 kN*m

Vy,Ed = -0.45 kN
Vy,T,Rd =241.36 kN
Vz,Ed =-6.01 kN
Vz,T,Rd =179.09 kN
Tt,Ed = -0.00 kN*m
Class of section = 1

] =

z=10.00
Ler,Jow=3.75 m

Mcr =31.61 kKN*m
Lam LT=1.04

LATERAL BUCKLING PARAMETERS:

Curve, LT -d
fiLT=1.15

XLT=0.53
XLT,mod =0.55

BUCKLING PARAMETERS:

X About y axis:

X About z axis:

VERIFICATION FORMULAS:

Section strength check:

N,Ed/Nt,Rd = 0.02 < 1.00 (6.2.3.(1))
My,Ed/MN,y,Rd = 0.34 < 1.00 (6.2.9.1.(2))
Mz,Ed/MN,z,Rd = 0.03 < 1.00 (6.2.9.1.(2))
(My,Ed/MN,y,Rd)* 1.00 + (Mz,Ed/MN,z,Rd)*1.00 = 0.36 < 1.00 (6.2.9.1.(6))
Vy,Ed/Vy,T,Rd = 0.00 < 1.00 (6.2.6-7)

VZEd/VZ,T,Rd=0.03 <1.00 (6.2.6-7)

Tau,ty,Ed/(fy/(sqrt(3)*gM0)) = 0.00 < 1.00 (6.2.6)
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Tau,tz,Ed/(fy/(sqrt(3)*gM0)) = 0.00 < 1.00 (6.2.6)
Global stability check of member:
My,Ed/Mb,Rd =0.62 <1.00 (6.3.2.1.(1))

LIMIT DISPLACEMENTS

o

Deflections (LOCAL SYSTEM):

uy = 1 mm < uy max = L/200.00 = 19 mm

Governing Load Case: 36 COMB24 (1+2+7)*1.00+4%0.50
uz=>5mm < uz max =1/200.00 =19 mm

Governing Load Case: 7 WIND3

uinst,y =0 mm < uinstmax,y = L/250.00 = 15 mm
Governing Load Case: 0.5%4 + 1*7

uinst,z=4 mm < uinst,max,z=L/250.00 = 15 mm
Governing Load Case: 1%*7

F_ Displacements (GLOBAL SYSTEM): Not analyzed

Verified

Verified

Verified

Verified

Section OK !!!
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9. DIMENZIONIRANJE PRIKLJUCAKA KONSTRUKCIJE

9.1.  Stup i gredni nosa¢ (DETALJ A)

Robot Structural Analysis Professional 2025

Design of fixed beam-to-column connection

EN 1993-1-8:2005/AC:2009 Ratio
0,54
160
70 |
4 4 ey
ofe E m$ == -
gl = |
o o] I‘EEZ} ?
- = 1| s 16012 - 336
=
|
| _Q__:i“;—?
L
I
............. -
General
Connection no.: 8

Connection name: Frame knee

Structure node: 50

Structure members: 36, 35

Geometry

Column

Section: HEA 160

Member no.: 36

a= -90,0 [Deg] Inclination angle

h.= 152 [mm] Height of column section

br= 160 [mm] Width of column section
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Section: HEA 160

twe= 6
te= 9
.= 15
A.= 3877

L= 16729800

Material: 8275
f.= 275,00

Beam

Section:

Member no.:

o= 2,2

hy = 152

br= 160

twb = 6

tp = 9

Iy = 15

Iy = 15

Ap= 3877

Iy = 16729800

Material: S275

[mm] Thickness of the web of column section
[mm] Thickness of the flange of column section
[mm] Radius of column section fillet

[mm?] Cross-sectional area of a column

[mm*] Moment of inertia of the column section

[MPa] Resistance

HEA 160
35
[Deg] Inclination angle
[mm] Height of beam section
[mm]  Width of beam section
[mm] Thickness of the web of beam section
[mm] Thickness of the flange of beam section
[mm] Radius of beam section fillet
[mm] Radius of beam section fillet
[mm?] Cross-sectional area of a beam

[mm*] Moment of inertia of the beam section

fiy= 275,00[MPa] Resistance

Bolts

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

d= 16 [mm]
Class= 10.9

Fra= 113,04[kN]

np = 2
n, = 3
h, = 50 [mm]

Horizontal spacing e; =

Vertical spacing p;i =

Bolt diameter

Bolt class

Tensile resistance of a bolt

Number of bolt columns

Number of bolt rows

Distance between first bolt and upper edge of front plate
70 [mm]

75;100 [mm]
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h, = 305 [mm]
b= 160 [mm]
tp = 15 [mm)]
Material: S275
fp= 275,00

Lower stiffener

wg= 160 [mm)]
ta = 12 [mm]
hg= 140 [mm)]
twa= 8 [mm)]
la= 300 [mm]
o= 26,8 [Deg]
Material: STEEL
fype =245, 00

Column stiffener

Upper

he, = 134  [mm]
b = 77 [mm]
the = 8 [mm]
Material: S275

fiu= 275,00 [MPa]
Lower

hg = 134 [mm)]
bsa = 77 [mm)]
thd = 8 [mm]
Material: S275

fiu= 275,00 [MPa]
Fillet welds

ay = 8 [mm]
ar= 8 [mm]
as = 8 [mm]
af = 5 [mm]

Plate height
Plate width

Plate thickness

[MPa] Resistance

Plate width
Flange thickness
Plate height
Web thickness
Plate length
Inclination angle

43-245

[MPa] Resistance

Stiffener height
Stiffener width

Stiffener thickness

Resistance

Stiffener height
Stiffener width

Stiffener thickness

Resistance

Web weld
Flange weld
Stiffener weld

Horizontal weld
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Material factors

o= 1,00 Partial safety factor [2.2]
ywi= 1,00 Partial safety factor [2.2]
we= 1,25 Partial safety factor [2.2]
ws= 1,25 Partial safety factor [2.2]
Loads

Ultimate limit state

Case:

Mpi1ea=23,45
Voipa= 18,18
Npiga= ~9,87

Mcipa= 23,46

9:

[KN*m]
[kN]
[kN]

[KN*m]

COMB1

(1+2)*1.35+4*1.50
Bending moment in the right beam
Shear force in the right beam
Axial force in the right beam

Bending moment in the lower column

Vera= 11,23 [kN] Shear force in the lower column

Nerga= —20, 19[kN] Axial force in the lower column

Results
Beam resistances
COMPRESSION

Ab= 3877 [mm?] Area EN1993-1-1:[6.2.4]

Neb,rd = Ap fyb / Ym0

Nebra=1066, 21 [kN]  Design compressive resistance of the section EN1993-1-1:[6.2.4]

SHEAR

Aw= 2441 [mm?] Shear areca EN1993-1-1:[6.2.6.(3)]

Vcb,Rd =Aw (fyb / \/3) / YMo0

Veorda = 387, 58 [kN] Design sectional resistance for shear EN1993-1-1:[6.2.6.(2)]

Viied/ Veora < 1,0 0,05 < 1,00 verified (0, 05)

BENDING - PLASTIC MOMENT (WITHOUT BRACKETS)

Wo= 245167 [mm?] Plastic section modulus EN1993-1-1:[6.2.5.(2)]

M pi,rd = Wb fyb / Ymo

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

Mppira 07,4 [kN*m Plastic resistance of the section for bending (without
= 2 ] stiffeners)

BENDING ON THE CONTACT SURFACE WITH PLATE OR CONNECTED ELEMENT
Wpi = Plastic section modulus

593341 [mm’] EN1993-1-1:[6.2.5]

Meb.ra = Woi Ty / Ymo
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Mura =163, 17[kN*m] Design resistance of the section for bending EN1993-1-1:[6.2.5]
FLANGE AND WEB - COMPRESSION

Mapra=163,17 [kN*m] Design resistance of the section for bending EN1993-1-1:[6.2.5]
he= 281 [mm)] Distance between the centroids of flanges [6.2.6.7.(1)]

Fem,Rra = Mobra / hy

Femra=580, 91 [kN] Resistance of the compressed flange and web [6.2.6.7.(1)]

WEB OR BRACKET FLANGE - COMPRESSION - LEVEL OF THE BEAM BOTTOM FLANGE

Bearing:

B= 2,2 [Deg] Angle between the front plate and the beam

y= 26,8 [Deg] Inclination angle of the bracket plate

betrewb =171 [mm] Effective width of the web for compression [6.2.6.2.(1)]

Aw= 1321 [mm?] Shear area EN1993-1-1:[6.2.6.(3)]
o= 0,75 Reduction factor for interaction with shear [6.2.6.2.(1)]

Geomid = 19,44 [MPa] Maximum compressive stress in web [6.2.6.2.(2)]

kwe= 1,00 Reduction factor conditioned by compressive stresses [6.2.6.2.(2)]

Fc,wb,Rdl = [0) kwc beff,c,wb twb fyb / 'YMO] COS('Y) / Sil’l('}/ - B)

Fewbrat =453, 30 [kN] Beam web resistance [6.2.6.2.(1)]
Buckling:

dw= 104 [mm] Height of compressed web [6.2.6.2.(1)]
Ap = 0,76 Plate slenderness of an element [6.2.6.2.(1)]
p= 0,97 Reduction factor for element buckling [6.2.6.2.(1)]

Fc,wb,RdZ = [(0 Kwe P beff,c,wb twb fyb / YMI] COS(Y) / SiH(Y - B)
Fewbraz =439, 62 [kN] Beam web resistance [6.2.6.2.(1)]
Final resistance:

Fewb,rdlow = Min (Fewb,rdl > Fe,wb,rd2)

FewbRdjow =439, 62 [kN] Beam web resistance [6.2.6.2.(1)]
Column resistances

WEB PANEL - SHEAR

Mpiga= 23,45 [kN*m] Bending moment (right beam) [5.3.03)]
Mpra=0,00 [kN*m] Bending moment (left beam) [5.3.03)]
Veipa= 11,23 [kN] Shear force (lower column) [5.3.3)]

Veres= 0,00 [kN] Shear force (upper column) [5.3.3)]



WEB PANEL - SHEAR
Mpiea= 23,45 [kN*m] Bending moment (right beam) [5.3.3)]
z= 208 [mm)] Lever arm [6.2.5]

Vup.ed = Mb1,ed - Mb2ed) / Z - (Ver,ed - Veo,ed) / 2

Vipea= 107, 19[kN] Shear force acting on the web panel [5.3.(3)]

B 132 5 EN1993-1-
A= 1 [mm*] Shear area of the column web 1:06.2.6.3)]

_ 132 5 EN1993-1-
Ay = 1 [mm*] Shear area 106.2.6.3)]
ds= 277 [mm] Distance between the centroids of stiffeners [6.2.6.1.(4)]

0,8 * . . .
Myifera = g ][kN ™ Plastic resistance of the column flange for bending [6.2.6.1.(4)]
Mpiswrd 077 [KN*m Plastic resistance of the upper transverse stiffener for
- . [6.2.6.1.(4)]
= 0 ] bending
- « . . .

Myira = 8 ’ ][kN m Plastic resistance of the lower transverse stiffener for (6.2.6.1.(4)]

bending
Viprd = 0.9 (Avs*fywe ) / (V3 ymo0) + Min(4 Myiera / ds , (2 Mpigerd + Mplsurd + Mpisira) / ds)
Vpra =200, 30 [kN] Resistance of the column web panel for shear [6.2.6.1]

Vuped/ Vapra < 1,0 0,54 < 1,00 verified (0, 54)

WEB - TRANSVERSE COMPRESSION - LEVEL OF THE BEAM BOTTOM FLANGE

Bearing:

twe = 6 [mm] Effective thickness of the column web [6.2.6.2.(6)]

befrewe =186 [mm]  Effective width of the web for compression [6.2.6.2.(1)]

Ay= 1321 [mm?] Shear area EN1993-1-1:[6.2.6.(3)]
o= 0,72 Reduction factor for interaction with shear [6.2.6.2.(1)]

Geompd = 18,11 [MPa] Maximum compressive stress in web [6.2.6.2.(2)]

kwe= 1,00 Reduction factor conditioned by compressive stresses [6.2.6.2.(2)]

As= 1232 [mm?] Area of the web stiffener EN1993-1-1:[6.2.4]

Fc,wc,Rdl =0 kwc beff,c,wc twc fyc / ™Mo + As fys / ™Mo

Feweral =559, 89[kN] Column web resistance [6.2.6.2.(1)]
Buckling:

dwe= 104 [mm] Height of compressed web [6.2.6.2.(1)]
A= 0,79 Plate slenderness of an element [6.2.6.2.(1)]
p= 0,94 Reduction factor for element buckling [6.2.6.2.(1)]

As = 2,21 Stiffener slenderness EN1993-1-1:[6.3.1.2]



Buckling:

dwe= 104 [mm] Height of compressed web

xs = 1,00 Buckling coefficient of the stiffener
Fewerdz = @ Kwe P befre,we twe Tye / ym1 + As ¥ Tys / i

Fewerd2 =547, 56 [kN] Column web resistance

Final resistance:

Fewerdiow = Min (Fewerdi 5 Fewera2)

Fewerd =547, 56 [kN] Column web resistance

[6.2.6.2.(1)]

EN1993-1-1:[6.3.1.2]

[6.2.6.2.(1)]

[6.2.6.2.(1)]

WEB - TRANSVERSE COMPRESSION - LEVEL OF THE BEAM TOP FLANGE

Bearing:

twe= O [mm] Effective thickness of the column web

befrewe =182  [mm]  Effective width of the web for compression

A= 1321 [mm?] Shear area

[6.2.6.2.(6)]
[6.2.6.2.(1)]

EN1993-1-1:[6.2.6.(3)]

o= 0,73 Reduction factor for interaction with shear [6.2.6.2.(1)]
Geompd = 18,11 [MPa] Maximum compressive stress in web [6.2.6.2.(2)]
kwe= 1,00 Reduction factor conditioned by compressive stresses [6.2.6.2.(2)]

A= 1232 [mm?] Area of the web stiffener
Fewerdl = @ Kwe Dettewe twe Tye / YMmo + As fys / Ymo
Fewerar =557, 11 [kN] Column web resistance
Buckling:

dwe= 104 [mm)] Height of compressed web

A= 0,78 Plate slenderness of an element

p= 0,95 Reduction factor for element buckling
A= 2,21 Stiffener slenderness

xs = 1,00 Buckling coefficient of the stiffener

Fewerd2 = © Kwe P betre,we twe fye / ymi + As xs fys / ymi
Fewerd2 =546, 58 [kN] Column web resistance
Final resistance:

Fewerdupp = Min (Fewerdi > Fewe,rd2)

Fewerdupp =946, 58 [kN] Column web resistance

Geometrical parameters of a connection

EN1993-1-1:[6.2.4]

[6.2.6.2.(1)]

[6.2.6.2.(1)]

[6.2.6.2.(1)]

[6.2.6.2.(1)]

EN1993-1-1:[6.3.1.2]

EN1993-1-1:[6.3.1.2]

[6.2.6.2.(1)]

[6.2.6.2.(1)]

EFFECTIVE LENGTHS AND PARAMETERS - COLUMN FLANGE
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Nr m

1 20
2 20
3 20

mx e ex p lettep  leftne  leff1
- 45 - 75 126 154 126
- 45 - 88 126 136 126
- 45 - 100 126 136 126

leff,2 leff,cp,g leff,nc,g leff,l,g
154 138 124 124
136 175 88 88

136 163 118 118

EFFECTIVE LENGTHS AND PARAMETERS - FRONT PLATE

Nr m
1 23
2 23
3 23
m

mx

e

Cx

p

lefrep
lefene
lesrs
letrn
leff,CP,g
lefene,g
lefi1,e

leff,Z,g

mx e ex p lettep  leftne  leff1
- 45 - 75 144 172 144
- 45 - 88 144 148 144
- 45 - 100 144 148 144

— Bolt distance from the web

— Bolt distance from the beam flange

— Bolt distance from the outer edge

— Bolt distance from the horizontal outer edge

— Distance between bolts

leff,2 leff,cp,g leff,nc,g leff,l,g
172 147 136 136
148 175 88 88

148 172 124 124

— Effective length for a single bolt row in the circular failure mode

— Effective length for a single bolt row in the non-circular failure mode

— Effective length for a single bolt row for mode 1

— Effective length for a single bolt row for mode 2

— Effective length for a group of bolts in the circular failure mode

— Effective length for a group of bolts in the non-circular failure mode

— Effective length for a group of bolts for mode 1

— Effective length for a group of bolts for mode 2

Connection resistance for compression

Nj,Rd = Mln ( Ncb,Rd2 Fc,wb,Rd,low 5 2 Fc,wc,Rd,low 5 2 Fc,wc,Rd,upp )

Njra =

879, 23[kN] Connection resistance for compression

Nbi,eda/ Njra < 1,0 0,01 < 1,00

Connection resistance for bending

Fl,Rd =
Bp,Rd =
Fifera

Fl,wc,Rd

F t,ep,Rd

113, 04 [kN] Bolt resistance for tension

140, 06 [kN] Punching shear resistance of a bolt
— column flange resistance due to bending

— column web resistance due to tension

— resistance of the front plate due to bending

[6.2]

verified (0,01)

[Table 3.4]

[Table 3.4]

left2,¢
124
88

118

left2,¢
136
88

124
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Firera  — column flange resistance due to bending

Fiwbra — resistance of the web in tension

Fifera = Min (F1,1 fcrd , FT2fcRd > FT,3,fcRd)

Fl,wc,Rd = beff,t,wc twe fyc / YMO

Fieprd = Min (Fr1eprd » Fr2,epRd 5 FT,3,ep,Rd)

Fiwb,rd = befrt,wb twb fyb / VMo

RESISTANCE OF THE BOLT ROW NO. 1

Ft1,Rd,comp - Formula
Fi1,ra = Min (Fu Rd.comp)
Fiferay = 139,96
Fiwerday = 173,79
Fieprac) = 226,08
Fiwbra) = 237,92
Byra = 280,12
Vaprd/B =200,30
Fewe,rd = 547,56
Femra = 580,91

Fewb,ra = 439,62

RESISTANCE OF THE BOLT ROW NO. 2

Ft2,Rd,comp - Formula

Fiora = Min (Fi2,rd,comp)

Fitera2) = 139,96

Fiwerae = 173,79

Fieprae) = 214,30

Fiwbra2) = 237,92

Byra = 280,12

Viprd/B - 21! Fira = 200,30 - 139,96
Fewerd - 21! Fijra = 547,56 - 139,96
Femra- 21! Fira= 580,91 - 139,96
Fewbrd - 21! Fira = 439,62 - 139,96

Fiferae+1) - Z]l Fijra= 235,41 -139,96

Ft1,Rd,comp
139,96
139,96
173,79
226,08
237,92
280,12
200,30
547,56
580,91

439,62

Ft2,Rd,comp
60,34
139,96
173,79
214,30
237,92
280,12
60,34
407,60
440,95
299,66

95, 45

[6.2.6.4] , [Tab.6.2]
[6.2.6.3.(1)]
[6.2.6.5] , [Tab.6.2]

[6.2.6.8.(1)]

Component

Bolt row resistance
Column flange - tension
Column web - tension
Front plate - tension

Beam web - tension

Bolts due to shear punching
Web panel - shear

Column web - compression
Beam flange - compression

Beam web - compression

Component

Bolt row resistance
Column flange - tension
Column web - tension
Front plate - tension

Beam web - tension

Bolts due to shear punching
Web panel - shear

Column web - compression
Beam flange - compression

Beam web - compression

Column flange - tension - group
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Ft2,Rd,comp - Formula

Fiwerd@ +1) - 21' Fiira = 235,24 - 139,96
Fiepraz+1) - 21! Fijra = 385,02 - 139,96
Fewbrde + 1) - 21! Fijra = 368,54 - 139,96
RESISTANCE OF THE BOLT ROW NO. 3
Ft3,Rd,comp - Formula

Fi3.ra = Min (Fi3,rd,comp)

Fiferaz) = 139,96

Fiwera@) = 173,79

Fieprac) = 214,30

Fiwbra3) = 237,92

Byra =280,12

Viprd/B - 312 Fiira = 200,30 - 200,30
Fewerd - 212 Fijra = 547,56 - 200,30
Feora - 21° Fira = 580,91 - 200,30
Fewbrd - 212 Fijra = 439,62 - 200,30
Fiteraz +2) - Y2* Fijra = 228,46 - 60,34
Fiwerdi+2) - 22° Fyra = 232,01 - 60,34
Fiferd +2+1) - 22! Fira = 366,42 - 200,30
FiwerdG +2+ 1) - 22! Fijra = 274,80 - 200,30
Fieprds +2) - 22° Fira = 377,93 - 60,34
FewbrdG +2) - 22> Fira = 349,01 - 60,34
FiepraG 2+ 1) - 32" Fira = 584,93 - 200,30
FewbrdG +2+ 1) - 22! Fira = 573,17 - 200,30

SUMMARY TABLE OF FORCES

Nr h;j Ftj,ra Ffe,ra Ft,we,Rrd

1 245 139,96 139,96 173,79
2 170 60,34 139, 96 173,79
3 70 - 139, 96 173,79

Ft2,Rd,comp
95,28
245,07

228,58

Ft3,Rd,c0mp

Ft,ep,Rd
226,08
214,30

214,30

CONNECTION RESISTANCE FOR BENDING M;j,rd

M;rd =Y h;j Fijra

Component
Column web - tension - group
Front plate - tension - group

Beam web - tension - group

Component

Bolt row resistance
Column flange - tension
Column web - tension
Front plate - tension

Beam web - tension

Bolts due to shear punching
Web panel - shear

Column web - compression
Beam flange - compression

Beam web - compression

Column flange - tension - group

Column web - tension - group

Column flange - tension - group

Column web - tension - group
Front plate - tension - group
Beam web - tension - group
Front plate - tension - group

Beam web - tension - group

Ft,wb,Rd Ftra Bp,ra

237,92 226,08 280,12
237,92 226,08 280,12
237,92 226,08 280,12
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Mjra= 44,63 [kN*m] Connection resistance for bending [6.2]
Mpiea/ Mjra < 1,0 0,53 < 1,00 verified (0, 53)

Connection resistance for shear

oy = 0,60 Coefficient for calculation of Fyrq [Table 3.4]
Fyra= 96,51 [kN] Shear resistance of a single bolt [Table 3.4]
Firdmax =113, 04 [kN] Tensile resistance of a single bolt [Table 3.4]

Forainn= 123, 84 [kN] Bearing resistance of an intermediate bolt [Table 3.4]

Foraext= 114, 67 [kN] Bearing resistance of an outermost bolt ~ [Table 3.4]

Nr FtjraN Ftj,eaN Ftj,rRaM Ftj,eam Ftj,Ea

1 226,08 -3,29 139,96 73,55 70,26
2 226,08 -3,29 60,34 31,71 28,42
3 226,08 -3,29 0,00 0,00 -3,29
FijraN — Bolt row resistance for simple tension

Fijran — Force due to axial force in a bolt row

Fijram — Bolt row resistance for simple bending

Fyeam — Force due to moment in a bolt row

Fi.ra — Maximum tensile force in a bolt row

Fyjra — Reduced bolt row resistance

Fy.ean = Njed FiraNn / Njrda
Fy,eam = Mjed FraM / Mjra
Fijea = Fijpan + FiEpam

Fyjra =Min (np Fyga / (1 - Fypa / (1.4 np Firamax) ), 0h Fyrd , Dh Fora)

Vird=1n 21" Fyjra [Table 3.4]
Vira= 518, 88[kN] Connection resistance for shear [Table 3.4]
Voiea/ Vira < 1,0 0,04 < 1,00 verified (0, 04)

Weld resistance

2

Ay = 9130 ][mm Area of all welds
2

Ay = 5440 ][mm Area of horizontal welds
2

Ay, = 3690 [mm Area of vertical welds

]

Loy = 3 ] axis

Fvj,ra
150,17
175,69

193,02

[4.5.3.2(2)
]

[4.53.2(2)
]

[4.5.3.2(2)
]

8398986 [mm* Moment of inertia of the weld arrangement with respect to the hor. [4.5.3.2(5)
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Weld resistance

Ay = 9130 ][mm2 Area of all welds 54'5'3'2(2)
c:nmax:ﬂmax -30, 098 ][MPa Normal stress in a weld 54'5'3'2(6)
C1=TL= -30,98 %MPa Stress in a vertical weld ][4‘5'3'2(5)
= 4,93 %MPa Tangent stress ][4'5'3'2(5)
Bw= 0,85 Correlation coefficient ][4'5'3'2(7)
Vo 1mad + 3*(Timad)] < ol (Bu*1a2) 61,97 < 404,71 verified (0, 15)
V[o12 + 3*(t 24 1?)] < £/ (Bw*ym2) 62,55 < 404,71 verified (0, 15)
o1 < 0.9*%/yme 30,98 < 309,60 verified (0, 10)
Connection stiffness
twash = 4 [mm)] Washer thickness [6.2.6.3.(2)]
hpead = 12 [mm)] Bolt head height [6.2.6.3.(2)]
b= 16 [mm] Bolt nut height [6.2.6.3.(2)]
L,= 46 [mm] Bolt length [6.2.6.3.(2)]
kio= 5 [mm)] Stiffness coefficient of bolts [6.3.2.(1)]
STIFFNESSES OF BOLT ROWS
Nr hj ks ky ks Ketr,j Ketr,j h;j Kefr,j hy?
Sum 784 153959
1 245 4 10 34 2 432 105933
2 170 3 7 22 1 233 39630
3 70 4 10 31 2 119 8396
ket = 1/(25° (1/kiy)) [6.3.3.1.2)]
Zeq = Y Ketrj hi? / Yj Kerj by
Zeq= 196 [mm] Equivalent force arm [6.3.3.1.(3)]
Keq =Y Kestj hj / Zeq
keg= 4 [mm] Equivalent stiffness coefficient of a bolt arrangement [6.3.3.1.(1)]
Aye= 1321 [mm?] Shear area EN1993-1-1:[6.2.6.(3)]
= 1,00 Transformation parameter [5.3.(7)]
z= 196 [mm] Leverarm [6.2.5]
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Aye= 1321 [mm?] Shear area

EN1993-1-1:[6.2.6.(3)]

ki= 3 [mm]  Stiffness coefficient of the column web panel subjected to shear[6.3.2.(1)]

ka= o Stiffness coefficient of the compressed column web [6.3.2.(1)]

Sj,ini:EZeqz/Zi(l/kl'F1/k2+l/keq)

Sjimi= 12325, 00[kN*m] Initial rotational stiffness

u= 1,00 Stiffness coefficient of a connection

S;i = Siini / 1

Sj= 12325,00[kN*m] Final rotational stiffness

Connection classification due to stiffness.

Sirig= 3427,12[kN*m] Stiffness of a rigid connection

Sipin= 214,19 [kN*m] Stiffness of a pinned connection

Sjini = Sjrig RIGID
Weakest component:

COLUMN WEB PANEL - SHEAR

Connection conforms to the code

Na temelju sljede¢ih mjerodavnih vrijednosti dobivenih iz Robot Structural Analysis za

[6.3.1.(4)]
[6.3.1.(4)]
[6.3.1.(6)]

[6.3.1.(4)]

[5.2.2.5]

[5.2.2.5]

Ratio 0 ’ 54

glavni okvir radimo provjeru proracuna prikljucka stup — gredni nosac [7].

M, gy = 23,46 kNm
Veq = 18,18 kN

Ngq = 20,19 kN

Karakteristike vijaka i ploce:

Vijci: M16 — k.v. 10.9.

Granica popustanja: f,, = 900 N/mm?
Vla¢na ¢vrstoéa:  f,;, = 1000 N/mm?
Promjer jezgre vijka: d = 16 mm

Promjer rupe za vijak: dy, = 18 mm
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Vlacéna povrsina poprecnog presjeka vijka:

Celi¢na ploda: § 275 t = 15mm

Vla¢na &vrstoca: f,, = 430 N/mm?

Otpornost vijaka na vlak:

Nraua =N * Fepay
n — ukupni broj vijaka

ky * fup * As 0,9 %1000 * 157
Ymz 1,25

Fira =

Nraus = 6 * 113,04 = 678,24 kN

MozZemo pretpostaviti da prvi red vijaka preuzima maksimalno optere¢enje, dok ostali

redovi preuzimaju opterecenje prema raspodjeli.

A = 157 mm?

= 113,04 kN

Red
. hy Fijra
vijaka
1 245 139,96
2 170 60,34
3 70 -

h; — vrijednost udaljenosti odredenog vijka od tlatnog ruba

Mt,Rd = Z hj * th,Rd = 4‘4,55 kNm

M

vEd < My pa; 23,46 < 44,55 ZADOVOLJAVA(53%)
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Otpornost vijaka na posmik:

Otpornost jednog vijka na posmik

ay *fub *As

F. —
vRa Ym2
a, =0,5
0,5+ 1000 * 157
Fora = 1,25

Fyra = 62,8%6 = 3768 kN

Fyra < Fyra; 18,18 < 376,8 ZADOVOLJAVA(5%)

Otpornost na pritisak po omotacu rupe osnovnog materijala:

= 62,8 kN(robot je druge parametre odabrao..)

_ ( 50 ) od gornjeg ruba
€1~ \180 od doneg ruba

45 od lijevog ruba
o= (i e

45 Mod desnog ruba
p1 =75mm
p, = 100 mm
Za krajnje vijke
e1 50
=3 =318 03

Za unutarnje vijke

pp 1_ 75 1_114
3xd, 4 3%18 4

ag =

1000
—0; 1) = 0,93

a, = min (ab;fu—b; 1) = min (0,93; 13

fu

Za krajnje vijke

e
k, = min (2,8 x d—z —1,7; 2,5) = min(5,3;2,5) = 2,5
0
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Za unutarnje vijke:

k, = min (1,4 * Z—Z -1,7; 2,5) = min(6,07;2,5) = 2,5
0
ki * ap * xdxt 2,5%0,93*%1000* 16«15

Fy g = %0 fup - — 4464

! yMZ 1,25
Fyea < Fypra; 18,18 < 191,95 ZADOVOLJAVA(4%)
Interakcija posmika i vlaka:
F M 18,18 23,46

vEd yEd -1, + <1:042 <1

Fora 1,40 * My pq 376,8 1,4 *4455
ZADOVOLJAVA(42%)

Proracun zavara:

23,46

Fipg = ———=27,6 kN
t,Ed 0,85

Djelovanje na zavar:

Foga = \/(0,5 *V,5a)? + Flq = v/9,092 + 27,62 = 29,06 kN

Duljina zavara:
L=2+«2b—tw—-2r)=2x(2%160—6 —2%15) =568 mm
Debljina zavara iznosi 8 mm.

fu ygep 430

_ V3B, _ V3%0,85
Ym2 1,25

* 0,8 56,8

=1061,74 kN

Fyga < Fura ;29,06 < 1061,74 ZADOVOLJAVA(1%)
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9.2.  Stup i gredni nosa¢ (DETALJ B)

Robot Structural Analysis Professional 2025
Design of fixed beam-to-column connection

EN 1993-1-8:2005/AC:2009 Ratio
0,52
160
R
70
— I
E |
o ||l o @ “# | —EE:E}- !
2 £l | S S
o B 0 I - HEA 160 |
8| 3 |
ol o [ ?
+ o =EL ¥ 160x12 - 336
3!
I
TP
-y
I
R | (A -
I
General
Connection no.: 7
Connection name: Frame knee
Structure node: 49
Structure members: 34, 35
Geometry
Column
Section: HEA 160
Member no.: 34
a= -90,0 [Deg] Inclination angle
h.= 152 [mm] Height of column section
br= 160 [mm] Width of column section
twe= 6 [mm] Thickness of the web of column section
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Section: HEA 160

te= 9 [mm] Thickness of the flange of column section
r.= 15 [mm] Radius of column section fillet

A= 3877 [mm?] Cross-sectional area of a column

Iy = 16729800 [mm*] Moment of inertia of the column section
Material: S275

fye= 275,00 [MPa] Resistance

Beam

Section: HEA 160

Member no.: 35

o= 2,2 [Deg] Inclination angle

hy = 152 [mm] Height of beam section

br= 160 [mm] Width of beam section

twb = 6 [mm] Thickness of the web of beam section

tp = 9 [mm] Thickness of the flange of beam section

= 15 [mm] Radius of beam section fillet

Ip = 15 [mm] Radius of beam section fillet

Ap= 3877 [mm?] Cross-sectional area of a beam

Iw = 16729800 [mm*] Moment of inertia of the beam section

Material: S275

fi,= 275,00[MPa]  Resistance

Bolts

The shear plane passes through the UNTHREADED portion of the bolt.
d= 16 [mm] Bolt diameter

Class= 10.9 Bolt class

Fira= 113,04 [kN] Tensile resistance of a bolt

= 2 Number of bolt columns

ny = 3 Number of bolt rows

h = 50 [mm] Distance between first bolt and upper edge of front plate
Horizontal spacing e; = 70 [mm]

Vertical spacing p; = 75;100 [mm]
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h, = 305 [mm]
b= 160  [mm]
tp= 15 [mm]
Material: S275
f,= 275,00

Lower stiffener

Plate height
Plate width

Plate thickness

[MPa] Resistance

wa= 160 [mm] Plate width

teg = 12 [mm)] Flange thickness
hg= 140 [mm)] Plate height

twa= 8 [mm)] Web thickness

la= 300 [mm)] Plate length

o= 26,8 [Deg] Inclination angle
Material: STEEL 43-245

fypu =245, 00 [MPa] Resistance
Column stiffener

Upper

hg, = 134 [mm)] Stiffener height
ba = 77 [mm] Stiffener width

thy = 8 [mm] Stiffener thickness
Material: S275

fylw= 275,00[MPa] Resistance

Lower

hg = 134 [mm)] Stiffener height
bs = 77 [mm] Stiffener width

thd = 8 [mm] Stiffener thickness
Material: S275

fylw= 275,00[MPa] Resistance

Fillet welds

ay = 8 [mm] Web weld

ar= 8 [mm)] Flange weld

as = 8 [mm] Stiffener weld

ag= 5 [mm] Horizontal weld
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Material factors

o= 1,00 Partial safety factor [2.2]
ywi= 1,00 Partial safety factor [2.2]
we= 1,25 Partial safety factor [2.2]
ws= 1,25 Partial safety factor [2.2]
Loads

Ultimate limit state

Case: 9: COMB1 (1+42)*1.35+4*1.50
Mpiga=23,02 [kN*m] Bending moment in the right beam
Voiea= 17,71 [kN] Shear force in the right beam
Npipa= —11, 84 [kN] Axial force in the right beam

M pa= 23,03 [kN*m] Bending moment in the lower column

Veira= 11,94 [kN] Shear force in the lower column
Nerpa = —23, 57 [kN] Axial force in the lower column
Results

Beam resistances

COMPRESSION

Ay= 3877 [mm?]  Area EN1993-1-1:[6.2.4]
Neb,rd = Ap fyb / Ym0

Nebra=1066, 21 [kN] Design compressive resistance of the section EN1993-1-1:[6.2.4]
SHEAR

Aw= 2441 [mm?] Shear area EN1993-1-1:[6.2.6.(3)]
Veora=Aw (fyo / V3) / ymo

Vebra = 387, 58 [kN] Design sectional resistance for shear EN1993-1-1:[6.2.6.(2)]
Viied/ Verra < 1,0 0,05 < 1,00 verified (0, 05)
BENDING - PLASTIC MOMENT (WITHOUT BRACKETS)

Wo= 245167 [mm?] Plastic section modulus EN1993-1-1:[6.2.5.(2)]
M pi,rd = Wb fyb / Ymo

Mppira 07,4 [kN*m Plastic resistance of the section for bending (without EN1993-1-
= 2 ] stiffeners) 1:[6.2.5.(2)]

BENDING ON THE CONTACT SURFACE WITH PLATE OR CONNECTED ELEMENT
Wp= 593341 [mm?) Plastic section modulus EN1993-1-1:[6.2.5]

Meb.ra = Woi Ty / Ymo
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Muwpra=163,17[kN*m] Design resistance of the section for bending EN1993-1-1:[6.2.5]

FLANGE AND WEB - COMPRESSION

Mapra=163,17 [kN*m] Design resistance of the section for bending EN1993-1-1:[6.2.5]

he= 281 [mm)] Distance between the centroids of flanges

Ferd = Mebra / he

[6.2.6.7.(1)]

Femra=580, 91 [kN] Resistance of the compressed flange and web [6.2.6.7.(1)]

WEB OR BRACKET FLANGE - COMPRESSION - LEVEL OF THE BEAM BOTTOM FLANGE

Bearing:
B= 2,2 [Deg] Angle between the front plate and the beam
Y= 26,8 [Deg] Inclination angle of the bracket plate

betrewb =171  [mm] Effective width of the web for compression

Aw= 1321 [mm?] Shear area

[6.2.6.2.(1)]

EN1993-1-1:[6.2.6.(3)]

o= 0,75 Reduction factor for interaction with shear [6.2.6.2.(1)]
Geompd = /4, 60 [MPa] Maximum compressive stress in web [6.2.6.2.(2)]
kwe= 1,00 Reduction factor conditioned by compressive stresses [6.2.6.2.(2)]
Fewbrdl = [0 Kywe bettewd tws £y / YMo] cos(y) / sin(y - B)

Fewbrat =453, 30 [kN] Beam web resistance [6.2.6.2.(1)]
Buckling:

dw= 104 [mm)] Height of compressed web [6.2.6.2.(1)]

Ap = 0,76 Plate slenderness of an element [6.2.6.2.(1)]

p= 0,97 Reduction factor for element buckling [6.2.6.2.(1)]
Fewb,ra2 = [ Kwe p bette,wb two fyb / ym1] cos(y) / sin(y - B)

Fewbraz =439, 62 [kN] Beam web resistance [6.2.6.2.(1)]

Final resistance:

FewbRdtow = Min (Fewbrdl » Fewbra2)

Fewbratow =439, 62 [kN] Beam web resistance [6.2.6.2.(1)]
Column resistances

WEB PANEL - SHEAR

Mpiea= 23,02 [kN*m] Bending moment (right beam) [5.3.3)]
Mpra=0,00 [kN*m] Bending moment (left beam) [5.3.03)]

Veipa= 11,94 [kN] Shear force (lower column) [5.3.3)]

Veres= 0,00 [kN] Shear force (upper column) [5.3.3)]
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WEB PANEL - SHEAR

Mpiga= 23,02 [kN*m] Bending moment (right beam) [5.3.3)]

z= 208 [mm]

Lever arm [6.2.5]

Vup.ed = Mb1,ed - Mb2ed) / Z - (Ver,ed - Veo,ed) / 2

Vypra = 104, 76 [kN]

132

_ 2

A= 1 [mm~]
132

Ay = 1 [mm?]

ds = 277 [mm]

0,8 [KN*
Mo fe,rd = 9 ][ m

Mpl,stu,Rd 017 [kN*l’Il
= 0 ]

0,7 [KN*
Mp1st,Rd = 0 ][ m

Shear force acting on the web panel [5.3.3)]

Shear area of the column web

Shear area
Distance between the centroids of stiffeners
Plastic resistance of the column flange for bending

Plastic resistance of the upper transverse stiffener for
bending

Plastic resistance of the lower transverse stiffener for
bending

EN1993-1-
1:[6.2.6.(3)]

EN1993-1-
1:[6.2.6.(3)]

[6.2.6.1.(4)]

[6.2.6.1.(4)]

[6.2.6.1.(4)]

[6.2.6.1.(4)]

VWp,Rd = 09 ( AVs*fy,wc ) / (\/3 'YMO) + Mln(4 Mpl,fc,Rd / ds 5 (2 Mpl,fc,Rd + Mpl,slu,Rd + Mpl,stl,Rd) / ds)

Vapra =200, 30 [kN]

pr,Ed / pr,Rd < 130

Resistance of the column web panel for shear [6.2.6.1]

0,52 < 1,00 verified

(0,52)

WEB - TRANSVERSE COMPRESSION - LEVEL OF THE BEAM BOTTOM FLANGE

Bearing:

twe = 6 [mm]
befrewe =186 [mm]
A= 1321 [mm?]
®= 0,72

Geompd = 17, 66 [MPa]
kwe= 1,00

A= 1232 [mmz]

Effective thickness of the column web [6.2.6.2.(6)]
Effective width of the web for compression [6.2.6.2.(1)]
Shear area EN1993-1-1:[6.2.6.(3)]
Reduction factor for interaction with shear [6.2.6.2.(1)]
Maximum compressive stress in web [6.2.6.2.(2)]

Reduction factor conditioned by compressive stresses [6.2.6.2.(2)]

Area of the web stiffener EN1993-1-1:[6.2.4]

Fc,wc,Rdl =0 kwc beff,c,wc twc fyc / ™Mo + As fys / ™Mo

FC,WC,Rd] =559 ’ 89 [kN]

Buckling:

dwc = 104 [mm]

Ap= 0,79
p= 0,94
A= 2,21

Column web resistance [6.2.6.2.(1)]
Height of compressed web [6.2.6.2.(1)]
Plate slenderness of an element [6.2.6.2.(1)]

Reduction factor for element buckling [6.2.6.2.(1)]

Stiffener slenderness EN1993-1-1:[6.3.1.2]
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Buckling:

dwe= 104 [mm] Height of compressed web

xs = 1,00 Buckling coefficient of the stiffener
Fewerdz = @ Kwe P befre,we twe Tye / ym1 + As ¥ Tys / i

Fewerd2 =547, 56 [kN] Column web resistance

Final resistance:

Fewerdiow = Min (Fewerdi 5 Fewera2)

Fewerd =547, 56 [kN] Column web resistance

[6.2.6.2.(1)]

EN1993-1-1:[6.3.1.2]

[6.2.6.2.(1)]

[6.2.6.2.(1)]

WEB - TRANSVERSE COMPRESSION - LEVEL OF THE BEAM TOP FLANGE

Bearing:

twe= O [mm] Effective thickness of the column web

befrewe =182  [mm]  Effective width of the web for compression

A= 1321 [mm?] Shear area

[6.2.6.2.(6)]
[6.2.6.2.(1)]

EN1993-1-1:[6.2.6.(3)]

o= 0,73 Reduction factor for interaction with shear [6.2.6.2.(1)]
Geompd = 17, 66 [MPa] Maximum compressive stress in web [6.2.6.2.(2)]
kwe= 1,00 Reduction factor conditioned by compressive stresses [6.2.6.2.(2)]

A= 1232 [mm?] Area of the web stiffener
Fewerdl = @ Kwe Dettewe twe Tye / YMmo + As fys / Ymo
Fewerar =557, 11 [kN] Column web resistance
Buckling:

dwe= 104 [mm)] Height of compressed web

A= 0,78 Plate slenderness of an element

p= 0,95 Reduction factor for element buckling
A= 2,21 Stiffener slenderness

xs = 1,00 Buckling coefficient of the stiffener

Fewerd2 = © Kwe P betre,we twe fye / ymi + As xs fys / ymi
Fewerd2 =546, 58 [kN] Column web resistance
Final resistance:

Fewerdupp = Min (Fewerdi > Fewe,rd2)

Fewerdupp =946, 58 [kN] Column web resistance

Geometrical parameters of a connection

EN1993-1-1:[6.2.4]

[6.2.6.2.(1)]

[6.2.6.2.(1)]

[6.2.6.2.(1)]

[6.2.6.2.(1)]

EN1993-1-1:[6.3.1.2]

EN1993-1-1:[6.3.1.2]

[6.2.6.2.(1)]

[6.2.6.2.(1)]

EFFECTIVE LENGTHS AND PARAMETERS - COLUMN FLANGE
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Nr m

1 20
2 20
3 20

mx e ex p lettep  leftne  leff1
- 45 - 75 126 154 126
- 45 - 88 126 136 126
- 45 - 100 126 136 126

leff,2 leff,cp,g leff,nc,g leff,l,g
154 138 124 124
136 175 88 88

136 163 118 118

EFFECTIVE LENGTHS AND PARAMETERS - FRONT PLATE

Nr m
1 23
2 23
3 23
m

mx

e

Cx

p

lefrep
lefene
lesrs
letrn
leff,CP,g
lefene,g
lefi1,e

leff,Z,g

mx e ex p lettep  leftne  leff1
- 45 - 75 144 172 144
- 45 - 88 144 148 144
- 45 - 100 144 148 144

— Bolt distance from the web

— Bolt distance from the beam flange

— Bolt distance from the outer edge

— Bolt distance from the horizontal outer edge

— Distance between bolts

leff,2 leff,cp,g leff,nc,g leff,l,g
172 147 136 136
148 175 88 88

148 172 124 124

— Effective length for a single bolt row in the circular failure mode

— Effective length for a single bolt row in the non-circular failure mode

— Effective length for a single bolt row for mode 1

— Effective length for a single bolt row for mode 2

— Effective length for a group of bolts in the circular failure mode

— Effective length for a group of bolts in the non-circular failure mode

— Effective length for a group of bolts for mode 1

— Effective length for a group of bolts for mode 2

Connection resistance for compression

Nj,Rd = Mln ( Ncb,Rd2 Fc,wb,Rd,low 5 2 Fc,wc,Rd,low 5 2 Fc,wc,Rd,upp )

Njra =

879, 23[kN] Connection resistance for compression

Nbi,eda/ Njra < 1,0 0,01 < 1,00

Connection resistance for bending

Fl,Rd =
Bp,Rd =
Fifera

Fl,wc,Rd

F t,ep,Rd

113, 04 [kN] Bolt resistance for tension

140, 06 [kN] Punching shear resistance of a bolt
— column flange resistance due to bending

— column web resistance due to tension

— resistance of the front plate due to bending

[6.2]

verified (0,01)

[Table 3.4]

[Table 3.4]

left2,¢
124
88

118

left2,¢
136
88

124
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Firera  — column flange resistance due to bending

Fiwbra — resistance of the web in tension

Fifera = Min (F1,1 fcrd , FT2fcRd > FT,3,fcRd)

Fl,wc,Rd = beff,t,wc twe fyc / YMO

Fieprd = Min (Fr1eprd » Fr2,epRd 5 FT,3,ep,Rd)

Fiwb,rd = befrt,wb twb fyb / VMo

RESISTANCE OF THE BOLT ROW NO. 1

Ft1,Rd,comp - Formula
Fi1,ra = Min (Fu Rd.comp)
Fiferay = 139,96
Fiwerday = 173,79
Fieprac) = 226,08
Fiwbra) = 237,92
Byra = 280,12
Vaprd/B =200,30
Fewe,rd = 547,56
Femra = 580,91

Fewb,ra = 439,62

RESISTANCE OF THE BOLT ROW NO. 2

Ft2,Rd,comp - Formula

Fiora = Min (Fi2,rd,comp)

Fitera2) = 139,96

Fiwerae = 173,79

Fieprae) = 214,30

Fiwbra2) = 237,92

Byra = 280,12

Viprd/B - 21! Fira = 200,30 - 139,96
Fewerd - 21! Fijra = 547,56 - 139,96
Femra- 21! Fira= 580,91 - 139,96
Fewbrd - 21! Fira = 439,62 - 139,96

Fiferae+1) - Z]l Fijra= 235,41 -139,96

Ft1,Rd,comp
139,96
139,96
173,79
226,08
237,92
280,12
200,30
547,56
580,91

439,62

Ft2,Rd,comp
60,34
139,96
173,79
214,30
237,92
280,12
60,34
407,60
440,95
299,66

95, 45

[6.2.6.4] , [Tab.6.2]
[6.2.6.3.(1)]
[6.2.6.5] , [Tab.6.2]

[6.2.6.8.(1)]

Component

Bolt row resistance
Column flange - tension
Column web - tension
Front plate - tension

Beam web - tension

Bolts due to shear punching
Web panel - shear

Column web - compression
Beam flange - compression

Beam web - compression

Component

Bolt row resistance
Column flange - tension
Column web - tension
Front plate - tension

Beam web - tension

Bolts due to shear punching
Web panel - shear

Column web - compression
Beam flange - compression

Beam web - compression

Column flange - tension - group
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Ft2,Rd,comp - Formula

Fiwerd@ +1) - 21' Fiira = 235,24 - 139,96
Fiepraz+1) - 21! Fijra = 385,02 - 139,96
Fewbrde + 1) - 21! Fijra = 368,54 - 139,96
RESISTANCE OF THE BOLT ROW NO. 3
Ft3,Rd,comp - Formula

Fi3.ra = Min (Fi3,rd,comp)

Fiferaz) = 139,96

Fiwera@) = 173,79

Fieprac) = 214,30

Fiwbra3) = 237,92

Byra =280,12

Viprd/B - 312 Fiira = 200,30 - 200,30
Fewerd - 212 Fijra = 547,56 - 200,30
Feora - 21° Fira = 580,91 - 200,30
Fewbrd - 212 Fijra = 439,62 - 200,30
Fiteraz +2) - Y2* Fijra = 228,46 - 60,34
Fiwerdi+2) - 22° Fyra = 232,01 - 60,34
Fiferd +2+1) - 22! Fira = 366,42 - 200,30
FiwerdG +2+ 1) - 22! Fijra = 274,80 - 200,30
Fieprds +2) - 22° Fira = 377,93 - 60,34
FewbrdG +2) - 22> Fira = 349,01 - 60,34
FiepraG 2+ 1) - 32" Fira = 584,93 - 200,30
FewbrdG +2+ 1) - 22! Fira = 573,17 - 200,30

SUMMARY TABLE OF FORCES

Nr h;j Ftj,ra Ffe,ra Ft,we,Rrd

1 245 139,96 139,96 173,79
2 170 60,34 139, 96 173,79
3 70 - 139, 96 173,79

Ft2,Rd,comp
95,28
245,07

228,58

Ft3,Rd,c0mp

Ft,ep,Rd
226,08
214,30

214,30

CONNECTION RESISTANCE FOR BENDING M;j,rd

M;rd =Y h;j Fijra

Component
Column web - tension - group
Front plate - tension - group

Beam web - tension - group

Component

Bolt row resistance
Column flange - tension
Column web - tension
Front plate - tension

Beam web - tension

Bolts due to shear punching
Web panel - shear

Column web - compression
Beam flange - compression

Beam web - compression

Column flange - tension - group

Column web - tension - group

Column flange - tension - group

Column web - tension - group
Front plate - tension - group
Beam web - tension - group
Front plate - tension - group

Beam web - tension - group

Ft,wb,Rd Ftra Bp,ra

237,92 226,08 280,12
237,92 226,08 280,12
237,92 226,08 280,12
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Mjra= 44,63 [kN*m] Connection resistance for bending [6.2]
Mpiea/ Mjra < 1,0 0,52 < 1,00 verified (0, 52)

Connection resistance for shear

oy = 0,60 Coefficient for calculation of Fyrq [Table 3.4]
Fyra= 96,51 [kN] Shear resistance of a single bolt [Table 3.4]
Firdmax =113, 04 [kN] Tensile resistance of a single bolt [Table 3.4]

Forainn= 123, 84 [kN] Bearing resistance of an intermediate bolt [Table 3.4]

Foraext= 114, 67 [kN] Bearing resistance of an outermost bolt ~ [Table 3.4]

Nr FtjraN Ftj,eaN Ftj,rRaM Ftj,eam Ftj,Ea

1 226,08 -3,95 139,96 72,19 68,25
2 226,08 -3,95 60,34 31,13 27,18
3 226,08 -3,95 0,00 0,00 -3,95
FijraN — Bolt row resistance for simple tension

Fijran — Force due to axial force in a bolt row

Fijram — Bolt row resistance for simple bending

Fyeam — Force due to moment in a bolt row

Fi.ra — Maximum tensile force in a bolt row

Fyjra — Reduced bolt row resistance

Fy.ean = Njed FiraNn / Njrda
Fy,eam = Mjed FraM / Mjra
Fijea = Fijpan + FiEpam

Fyjra =Min (np Fyga / (1 - Fypa / (1.4 np Firamax) ), 0h Fyrd , Dh Fora)

Vird=1n 21" Fyjra [Table 3.4]
Vira= 520, 87[kN] Connection resistance for shear [Table 3.4]
Vbied/ Vjra < 1,0 0,03 < 1,00 verified (0, 03)

Weld resistance

2

Ay = 9130 ][mm Area of all welds
2

Ay = 5440 ][mm Area of horizontal welds
2

Ay, = 3690 [mm Area of vertical welds

]

Loy = 3 ] axis

Fvj,ra
151,40
176,45

193,02

[4.5.3.2(2)
]

[4.53.2(2)
]

[4.5.3.2(2)
]

8398986 [mm* Moment of inertia of the weld arrangement with respect to the hor. [4.5.3.2(5)
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Weld resistance

Ay = 9130 ][mm2 Area of all welds 54'5'3'2(2)
(:m“ax:umax -30,72 ][MPa Normal stress in a weld 54‘5'3'2(6)
C1=TL= -30,72 %MPa Stress in a vertical weld ][4‘5'3'2(5)
= 4,80 %MPa Tangent stress ][4'5'3'2(5)
Bw= 0,85 Correlation coefficient ][4'5'3'2(7)
Vo 1mad + 3*(Timad)] < ol (Bu*1a2) 61,44 < 404,71 verified (0, 15)
V[o12 + 3*(t 24 1?)] < £/ (Bw*ym2) 62,00 < 404,71 verified (0, 15)
o1 < 0.9*%/yme 30,72 < 309,60 verified (0, 10)
Connection stiffness
twash = 4 [mm)] Washer thickness [6.2.6.3.(2)]
hpead = 12 [mm)] Bolt head height [6.2.6.3.(2)]
b= 16 [mm] Bolt nut height [6.2.6.3.(2)]
L,= 46 [mm] Bolt length [6.2.6.3.(2)]
kio= 5 [mm)] Stiffness coefficient of bolts [6.3.2.(1)]
STIFFNESSES OF BOLT ROWS
Nr hj ks ky ks Ketr,j Ketr,j h;j Kefr,j hy?
Sum 784 153959
1 245 4 10 34 2 432 105933
2 170 3 7 22 1 233 39630
3 70 4 10 31 2 119 8396
ket = 1/(25° (1/kiy)) [6.3.3.1.2)]
Zeq = Y Ketrj hi? / Yj Kerj by
Zeq= 196 [mm] Equivalent force arm [6.3.3.1.(3)]
Keq =Y Kestj hj / Zeq
keg= 4 [mm] Equivalent stiffness coefficient of a bolt arrangement [6.3.3.1.(1)]
Aye= 1321 [mm?] Shear area EN1993-1-1:[6.2.6.(3)]
= 1,00 Transformation parameter [5.3.(7)]
z= 196 [mm] Leverarm [6.2.5]
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Aye= 1321 [mm?] Shear area EN1993-1-1:[6.2.6.(3)]

ki= 3 [mm]  Stiffness coefficient of the column web panel subjected to shear[6.3.2.(1)]

ka= o Stiffness coefficient of the compressed column web [6.3.2.(1)]
Siimi=E zeg? / Yi(1/ki +1/ka+1/keq) [6.3.1.(4)]

Sjimi= 12325, 00[kN*m] Initial rotational stiffness [6.3.1.(4)]

p= 1,00 Stiffness coefficient of a connection [6.3.1.(6)]

Sj=Sjmi/ 1 [6.3.1.(4)]

Sj= 12325,00[kN*m] Final rotational stiffness [6.3.1.(4)]

Connection classification due to stiffness.
Sirig= 3427,12[kN*m] Stiffness of a rigid connection [5.2.2.5]

Sipin= 214,19 [kN*m] Stiffness of a pinned connection [5.2.2.5]
Sj,ini = Sjrig RIGID
Weakest component:

COLUMN WEB PANEL - SHEAR

Connection conforms to the code Ratio 0,52
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9.3.  Stup i gredni nosa¢

Robot Structural Anal

galerije (DETALJ C)

ysis Professional 2025

Design of fixed beam-to-column connection

EN 1993-1-8:2005/AC:2009
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General
Connection no.: 10

Connection name: Column-Beam
Structure node: 296

Structure members: 34, 209

Geometry

Column

Section: HEA 160
Member no.: 34

a= —-90,0 [Deg]
h.= 152 [mm]
b= 160 [mm]
twe = 6 [mm]
te= 9 [mm]
re= 15 [mm]

Inclination angle

Height of column section

Width of column section

Thickness of the web of column section
Thickness of the flange of column section

Radius of column section fillet

Ratio
0,72
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Section: HEA 160

A= 3877 [mm?] Cross-sectional area of a column
Iy = 16729800 [mm*] Moment of inertia of the column section
Material: S275

fye= 275,00 [MPa] Resistance

Beam

Section: HEA 160
Member no.: 209

o= 0,0 [Deg] Inclination angle

hy = 152 [mm] Height of beam section

br= 160 [mm] Width of beam section

twb = 6 [mm] Thickness of the web of beam section
tp = 9 [mm] Thickness of the flange of beam section
= 15 [mm] Radius of beam section fillet

Ip = 15 [mm] Radius of beam section fillet

Ap= 3877 [mm?] Cross-sectional area of a beam

Iw = 16729800 [mm?*] Moment of inertia of the beam section

Material: S275

fi,= 275,00[MPa]  Resistance

Bolts

The shear plane passes through the UNTHREADED portion of the bolt.
d= 16 [mm] Bolt diameter

Class= 10.9 Bolt class

Fira= 113,04 [kN] Tensile resistance of a bolt

= 2 Number of bolt columns

ny = 3 Number of bolt rows

h = 51 [mm] Distance between first bolt and upper edge of front plate
Horizontal spacing e; = 70 [mm]

Vertical spacing p; = 70;115 [mm]

Plate

h, = 312 [mm)] Plate height

b, = 160 [mm] Plate width

tp= 20 [mm)] Plate thickness



Material: STEEL 43-245

f,, =245, 00

Lower stiffener

wg= 160 [mm)]
teg = 12 [mm)]
hg = 140  [mm]
twa= 8 [mm)]
la= 300 [mm]
o= 25,0 [Deg]
Material: S275

fypu= 275, 00

Column stiffener

Upper

hg = 134 [mm]
bsu = 77 [mm)]
thy = 8 [mm]
Material: S275

fu= 275,00 [MPa]
Lower

hyg = 134  [mm]
bsa = 77 [mm)]
thd = 8 [mm]
Material: S275

fu= 275,00 [MPa]
Fillet welds

Ay = 5 [mm)]
ar= 7 [mm]
as= 5 [mm)]
ag= 5 [mm]

Material factors

™Mo = 1,
™M1 = 1,
M2 = 1,

00

00

25

[MPa] Resistance

Plate width
Flange thickness
Plate height
Web thickness
Plate length

Inclination angle

[MPa] Resistance

Stiffener height
Stiffener width

Stiffener thickness

Resistance

Stiffener height
Stiffener width

Stiffener thickness

Resistance

Web weld
Flange weld
Stiffener weld

Horizontal weld

Partial safety factor
Partial safety factor

Partial safety factor
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Material factors

o= 1,00 Partial safety factor [2.2]
= 1,25 Partial safety factor [2.2]
Loads

Ultimate limit state

Case: 25: COMB28 3*1.50+2*1.35

Mpiea=31,88 [kN*m] Bending moment in the right beam

Vbiea= 30,48 [kN] Shear force in the right beam

Npiea= 5,04 [kN] Axial force in the right beam

Mciga= 13,84 [kN*m] Bending moment in the lower column

Veipa= 5,17  [kN] Shear force in the lower column

Neigd = —45, 62 [kN] Axial force in the lower column

Moged=—-18,04[kN*m] Bending moment in the upper column

Veori= —10, 54 [kN] Shear force in the upper column

Nepa= —8,13 [kN] Axial force in the upper column

Results

Beam resistances

TENSION

A,= 3877 [mm?’]  Area EN1993-1-1:[6.2.3]
Niv,rd = Ab fyp / ™Mo

Nipra= 1066, 21 [kN] Design tensile resistance of the section ~ EN1993-1-1:[6.2.3]
SHEAR

Awp= 2441 [mm?] Shear area EN1993-1-1:[6.2.6.(3)]
Veora =Avw (5 /V3) / ymo

Veora= 387, 58 [kN] Design sectional resistance for shear EN1993-1-1:[6.2.6.(2)]
Vbi,ed/ Vebra < 1,0 0,08 < 1,00 verified (0, 08)
BENDING - PLASTIC MOMENT (WITHOUT BRACKETYS)

Wo= 245167 [mm?] Plastic section modulus EN1993-1-1:[6.2.5.(2)]
M pi,rd = Wb fyb / Ymo

Mppira 07,4 [kN*m Plastic resistance of the section for bending (without EN1993-1-
= 2 ] stiffeners) 1:[6.2.5.(2)]

BENDING ON THE CONTACT SURFACE WITH PLATE OR CONNECTED ELEMENT
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Wy= 590469 [mm? Plastic section modulus EN1993-1-1:[6.2.5]
Meb,rd = Woi fyb / YMmo

Mera =162, 38 [kN*m] Design resistance of the section for bending EN1993-1-1:[6.2.5]
FLANGE AND WEB - COMPRESSION

Mewpra =162, 38 [kN*m] Design resistance of the section for bending EN1993-1-1:[6.2.5]
he= 281 [mm)] Distance between the centroids of flanges [6.2.6.7.(1)]

Fefrd = Meora/ he

Femra=578, 11 [kN] Resistance of the compressed flange and web [6.2.6.7.(1)]

WEB OR BRACKET FLANGE - COMPRESSION - LEVEL OF THE BEAM BOTTOM FLANGE

Bearing:

B= 0,0 [Deg] Anglebetween the front plate and the beam

Y= 25,0 [Deg] Inclination angle of the bracket plate

befrewb =168  [mm]  Effective width of the web for compression [6.2.6.2.(1)]

Aw= 1321 [mm?] Shear area EN1993-1-1:[6.2.6.(3)]
o= 0,75 Reduction factor for interaction with shear [6.2.6.2.(1)]

Geompd = 97,80 [MPa] Maximum compressive stress in web [6.2.6.2.(2)]

kwe= 1,00 Reduction factor conditioned by compressive stresses [6.2.6.2.(2)]

Fc,wb,Rdl = [0) kwc beff,c,wb twb fyb / 'YMO] COS('Y) / Sil’l('}/ - B)

Fewbral =448, 42 [kN] Beam web resistance [6.2.6.2.(1)]
Buckling:

dw= 104 [mm] Height of compressed web [6.2.6.2.(1)]
A= 0,75 Plate slenderness of an element [6.2.6.2.(1)]
p= 0,98 Reduction factor for element buckling [6.2.6.2.(1)]

Fewbra2 = [0 Kwe P betre,wb twb fyb / ymi] cos(y) / sin(y - B)

Fewbra2 =437, 56 [kN] Beam web resistance [6.2.6.2.(1)]
Final resistance:

FewbRdtow = Min (Fewbrdl » Fewbra2)

Fewbratow =437, 56 [kN] Beam web resistance [6.2.6.2.(1)]
Column resistances

WEB PANEL - SHEAR

Mpiga =31, 88 [kN*m] Bending moment (right beam) [5.3.03)]

Mp2ea=0,00 [kN*m] Bending moment (left beam) [5.3.(3)]
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WEB PANEL - SHEAR

Mpiga=31,88 [kN*m] Bending moment (right beam) [5.3.3)]
Veiga= 5,17  [kN] Shear force (lower column) [5.3.(3)]
Veea= =10, 54 [kN] Shear force (upper column) [5.3.03)]
z= 209 [mm] Lever arm [6.2.5]

Vup.ed = Mb1,ed - Mb2ed) / Z - (Ver,ed - Veo,ed) / 2

Vipea= 144,42 [kN] Shear force acting on the web panel [5.3.(3)]
B 132 5 EN1993-1-
A= 1 [mm*] Shear area of the column web 1:6.2.6.(3)]
_ 132 5 EN1993-1-
Ave 1 [mm*] Shear area 1:[6.2.6.(3)]
ds= 284 [mm] Distance between the centroids of stiffeners [6.2.6.1.(4)]
0,8 * . . .
Myifera = g ][kN ™ Plastic resistance of the column flange for bending [6.2.6.1.(4)]
Mpiswrd 0,7 [KN*m Plastic resistance of the upper transverse stiffener for
_ . [6.2.6.1.(4)]
= 0 ] bending
Mippsira = 0,7 [kN*m Plast'%c resistance of the lower transverse stiffener for (6.2.6.1.(4)]
0 ] bending

VWp,Rd = 09 ( AVs*fy,wc ) / (\/3 'YMO) + Mln(4 Mpl,fc,Rd / ds 5 (2 Mpl,fc,Rd + Mpl,slu,Rd + Mpl,stl,Rd) / ds)

pr,Rd =200, 02 [kN]

Vuwp.ed/ Vapra < 1,0 0,72 < 1,00 verified

Resistance of the column web panel for shear [6.2.6.1]

(0,72)

WEB - TRANSVERSE COMPRESSION - LEVEL OF THE BEAM BOTTOM FLANGE

Bearing:

tWC = 6

beff,c,wc =193

[mm] Effective thickness of the column web

[mm] Effective width of the web for compression

Ayw= 1321 [mm?] Shear area

®= 0,71

Reduction factor for interaction with shear

Geompd =98, 17 [MPa] Maximum compressive stress in web

kwe= 1,00

[6.2.6.2.(6)]
[6.2.6.2.(1)]
EN1993-1-1:[6.2.6.(3)]
[6.2.6.2.(1)]

[6.2.6.2.(2)]

Reduction factor conditioned by compressive stresses [6.2.6.2.(2)]

As= 1232 [mm?] Area of the web stiffener

Fc,wc,Rdl =0 kwc beff,c,wc twc fyc / ™Mo + As fys / ™Mo

EN1993-1-1:[6.2.4]

Fewerar =564, 07[kN] Column web resistance [6.2.6.2.(1)]
Buckling:

dwe= 104 [mm] Height of compressed web [6.2.6.2.(1)]
M= 0,81 Plate slenderness of an element [6.2.6.2.(1)]
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Buckling:

dwe= 104 [mm] Height of compressed web [6.2.6.2.(1)]
p= 0,93 Reduction factor for element buckling [6.2.6.2.(1)]
As = 2,21 Stiffener slenderness EN1993-1-1:[6.3.1.2]
xs = 1,00 Buckling coefficient of the stiffener EN1993-1-1:[6.3.1.2]

Fewerd2 = © Kwe P betre,we twe fye / ymi + As xs fys / ymi

Fewerdz =548, 92 [kN] Column web resistance [6.2.6.2.(1)]
Final resistance:

Fewerdiow = Min (Fewerdi 5 Fewerda2)

Fewera =548, 92 [kN] Column web resistance [6.2.6.2.(1)]
Geometrical parameters of a connection

EFFECTIVE LENGTHS AND PARAMETERS - COLUMN FLANGE

Nr m my e ex P lettep  leftne  lefr1 Letr,2 lettep,g  leffneg lefrig
1 20 - 45 - 70 126 151 126 151 133 117 117
2 20 - 45 - 92 126 136 126 136 185 92 92

3 20 - 45 - 115 126 136 126 136 178 126 126

EFFECTIVE LENGTHS AND PARAMETERS - FRONT PLATE

Nr m my e ex P lettep  leftne  lefr1 Letr,2 lettep,g  leffneg lefrig
1 26 - 45 - 70 166 188 166 188 153 142 142
2 26 - 45 - 92 166 162 162 162 185 92 92
3 26 - 45 - 115 166 162 162 162 198 138 138
m — Bolt distance from the web

my — Bolt distance from the beam flange

e — Bolt distance from the outer edge

ex — Bolt distance from the horizontal outer edge

p — Distance between bolts

lefrep — Effective length for a single bolt row in the circular failure mode

leftne — Effective length for a single bolt row in the non-circular failure mode

lefr,1 — Effective length for a single bolt row for mode 1

les2 — Effective length for a single bolt row for mode 2

lefrep.e — Effective length for a group of bolts in the circular failure mode

lefinc,g — Effective length for a group of bolts in the non-circular failure mode

lefr2,g
117
92

126

lefr2,g

142
92

138
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m — Bolt distance from the web

lefr,1.g — Effective length for a group of bolts for mode 1
lefio,e — Effective length for a group of bolts for mode 2
Connection resistance for tension

Fira= 113,04 [kN] Bolt resistance for tension
Bpra= 140, 06[kN] Punching shear resistance of a bolt
Njrd = Min (Nird , 0y 0ty Fira , 0y 0p By ra)

Njra= 678,24 [kN] Connection resistance for tension
No1,ea/ Njra < 1,0 0,01 < 1,00
Connection resistance for bending

Fira= 113,04 [kN] Bolt resistance for tension
Bpra= 140, 06[kN] Punching shear resistance of a bolt
Firera  — column flange resistance due to bending

Fiwerd — column web resistance due to tension

Fiepra — resistance of the front plate due to bending
Fiwbra — resistance of the web in tension

Fife,ra = Min (Fr,16¢rd » FT.2.6c.Rd » FT3.fc.Rd)

Fwe,rd = O bettwe twe fye / YMo

Fieprd = Min (Fr1eprd » Fr2,epRd 5 FT,3,ep,Rd)

Fiwb,rd = befrt,wb twb fyb / VMo

RESISTANCE OF THE BOLT ROW NO. 1

Ft1,Rd,comp - Formula Ft1,Rd,comp
Fut.ra = Min (Fo ra.comp) 139,96
Fiferday = 139,96 139,96
Fiweray= 173,79 173,79
Frepract) = 226,08 226,08
Fiwo.ray =273,11 273,11
By.ra = 280,12 280,12
Vuprd/B =200,02 200,02
Fecwerd = 548,92 548,92
Femra=578,11 578,11
Fewbra = 437,56 437,56

[Table 3.4]

[Table 3.4]

[6.2]
verified (0, 01)

[Table 3.4]

[Table 3.4]

[6.2.6.4] , [Tab.6.2]
[6.2.6.3.(1)]
[6.2.6.5] , [Tab.6.2]

[6.2.6.8.(1)]

Component

Bolt row resistance
Column flange - tension
Column web - tension
Front plate - tension

Beam web - tension

Bolts due to shear punching
Web panel - shear

Column web - compression
Beam flange - compression

Beam web - compression

129



RESISTANCE OF THE BOLT ROW NO. 2

Ft2,Rd,comp - Formula

Fiora = Min (Fi2,rd,comp)

Fiferd) = 139,96

Fiwerde = 173,79

Fiepra@) = 226,08

Fiwbra2) = 266,68

Byra = 280,12

Vuprd/B - 1! Fiira = 200,02 - 139,96
Fewerd - Y1 Fijra = 548,92 - 139,96
Fera - 21! Fira= 578,11 - 139,96
Fewbrd - 21! Fijra = 437,56 - 139,96
Feferde + 1) - 21! Fiira = 233,87 - 139,96
Fiwerdz+1) - 21" Fyra = 234,54 - 139,96
Fiepra+1) - 21! Fijra = 445,09 - 139,96

Fewbrdz+1) - 21! Fijra = 386,99 - 139,96

RESISTANCE OF THE BOLT ROW NO. 3

Ft3,Rd,comp - Formula

Fi3,ra = Min (F,rd,comp)

Fiferaz) = 139,96

Fiwera@) = 173,79

Fiep.raz) = 226,08

Fiwb,ra3) = 266,68

Byra = 280,12

Viprd/B - 312 Fiira = 200,02 - 200,02
Fewerd - 21° Fira = 548,92 - 200,02
Fetora - 21° Fyra= 578,11 - 200,02
Fewbrd - 212 Fjra = 437,56 - 200,02
Fiteraz +2) - Y2* Fijra = 243,10 - 60,06
FiwerdG +2) - 222 Fijra = 238,65 - 60,06

Fifera+2+1) - 22! Fira = 373,95 - 200,02

F2,Rd,comp
60,06
139,96
173,79
226,08
266,68
280,12
60,006
408,96
438,15
297,60
93,92
94,58
305,14

247,04

Ft3,Rd,c0mp

Component

Bolt row resistance

Column flange - tension
Column web - tension

Front plate - tension

Beam web - tension

Bolts due to shear punching
Web panel - shear

Column web - compression
Beam flange - compression
Beam web - compression
Column flange - tension - group
Column web - tension - group
Front plate - tension - group

Beam web - tension - group

Component

Bolt row resistance

Column flange - tension
Column web - tension

Front plate - tension

Beam web - tension

Bolts due to shear punching
Web panel - shear

Column web - compression
Beam flange - compression
Beam web - compression
Column flange - tension - group
Column web - tension - group

Column flange - tension - group
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F3,rd,comp - Formula F,Rd,comp Component

FiwerdG 2+ 1) - 22! Fira = 276,22 - 200,02 76,20 Column web - tension - group
FiepRd +2) - 22> Fijra = 442,01 - 60,06 381,95 Front plate - tension - group
FewbrdG +2) - 22> Fijra = 380,84 - 60,06 320,78 Beam web - tension - group
Fieprac+2+1) - 22! Fijra = 678,24 - 200,02 478,22 Front plate - tension - group
FiwbrdG +2+1) - 22" Fjra = 615,21 - 200,02 415,19 Beam web - tension - group
SUMMARY TABLE OF FORCES

Nr h;j Fj,ra F,fe,ra Ft,we,Rrd Ftep,Ra Ft,wb,Rd Ftra Bp,rd

1 244 139,96 139, 96 173,79 226,08 273,11 226,08 280,12
2 174 60,06 139, 96 173,79 226,08 266,68 226,08 280,12
3 59 - 139, 96 173,79 226,08 266,68 226,08 280,12

CONNECTION RESISTANCE FOR BENDING Mj rd

M;ra =2 hj Fijra

Mj,Rd = 44,68 [kN*m]

Mpi,Ed/ Mjra < 1,0

Connection resistance for bending [6.2]

0,71 < 1,00 verified (0, 71)

Connection resistance for shear

oy = 0,60

Fura= 96,51 [kN]
Foramae =113, 04 [kN]
Forainn= 123, 84 [kN]

Fb,Rd,ext =123 ’ 84 [kN]

Coefficient for calculation of Fyra [Table 3.4]
Shear resistance of a single bolt [Table 3.4]
Tensile resistance of a single bolt [Table 3.4]

Bearing resistance of an intermediate bolt [Table 3.4]

Bearing resistance of an outermost bolt ~ [Table 3.4]

Nr FijraN Ftj,ea,N Ftj,rRaM Ftj,eam Ftj,Ea Fvj,ra

1 226,08 1,68 139,96 99,88 101,56 131,08
2 226,08 1,68 60,06 42,86 44,54 165,86
3 226,08 1,68 0,00 0,00 1,68 191,99
FijraN — Bolt row resistance for simple tension

Fijran — Force due to axial force in a bolt row

Fijram — Bolt row resistance for simple bending

Fyeam — Force due to moment in a bolt row

Fyra — Maximum tensile force in a bolt row

Fyjrd — Reduced bolt row resistance
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Fijean = Njrd Firan/ Njra

Fij.eam = Mjed Fyram / Mjrd

Fi.ed = Fypan + Fyjeam

Fyjra =Min (np Fyga/ (1 - Fyea / (1.4 np Firamax) ), Db Fyrd , 0h Fora)
Vira =10 21" Fyjra

Vira= 488,94 [kN] Connection resistance for shear
Vorea/ Viga < 1,0 0,06 < 1,00

Weld resistance

[Table 3.4]

[Table 3.4]

verified (0, 06)

2
Ay = 8272 ][mm Area of all welds ][4‘5'3'2(2)
2
Awy = 5964 ][mm Area of horizontal welds ][4'5'3'2(2)
2
Ay, = 2308 ][mm Area of vertical welds 54'5'3'2(2)
o= 9600397 [mm* Moment of inertia of the weld arrangement with respect to the hor. [4.5.3.2(5)
W 3 ] axis ]
(:5J-max:TJ_maX 36,01 %MPa Normal stress in a weld ][4‘5'3'2(6)
GL=TL= 29,63 %MPa Stress in a vertical weld ][4‘5'3'2(5)
™= 13,21 [MPa Tangent stress ][4~5-3-2(5)
Bw= 0,85 Correlation coefficient ][4‘5'3'2(7)
VG 1ma? + 3*(T1mad)] < fu/(Bu*ym2) 72,03 < 404,71 verified (0, 18)
V612 + 3*(t 2+ 1d)] < £l (Bu*Y2) 63,53 < 404,71 verified (0,16)
oL <0.9*f/ym2 36,01 < 309,60 verified (0, 12)
Connection stiffness
twash = 4 [mm)] Washer thickness [6.2.6.3.(2)]
hhead = 12 [mm] Bolt head height [6.2.6.3.(2)]
hyt= 16 [mm] Bolt nut height [6.2.6.3.(2)]
Ly= 51 [mm] Bolt length [6.2.6.3.(2)]
kio= 5 [mm)] Stiffness coefficient of bolts [6.3.2.(1)]
STIFFNESSES OF BOLT ROWS
Nr  hj k3 ka4 ks Keft,j Keft;j hj Kett,j h?
Sum 760 149320
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Nr  hj ks k4 ks Kett;j Kett,j hj Ket,j hj?
1 244 4 10 56 2 410 100162
2 174 3 8 36 1 247 42997
3 59 4 10 54 2 104 6161
kerj = 1/ (X3° (1/kij)) [6.3.3.1.(2)]

Zeq = Y Ketrj hi? / Yj Kerj by

Zeq= 196 [mm] Equivalent force arm [6.3.3.1.(3)]

keq = Y Ketrj hj / Zeq

keg= 4 [mm] Equivalent stiffness coefficient of a bolt arrangement [6.3.3.1.(1)]

Ay.= 1321 [mm?] Shear area
p= 1,00 Transformation parameter

z= 196 [mm] Lever arm

EN1993-1-1:[6.2.6.(3)]

[5.3.(7)]

[6.2.5]

ki= 3 [mm]  Stiffness coefficient of the column web panel subjected to shear [6.3.2.(1)]

ko= oo Stiffness coefficient of the compressed column web [6.3.2.(1)]

Sj,ini:EZeqz/Zi(l/k1+1/k2+1/keq)

Siimi= 12174, 96[kN*m] Initial rotational stiffness

pn= 1,20 Stiffness coefficient of a connection
S = Simi/ 1 [6.3.1.(4)]
Sj= 10129, 94[kN*m] Final rotational stiffness

Connection classification due to stiffness.

Sirg= 3429, 61 [kN*m] Stiffness of a rigid connection
Sipin= 214,35 [kN*m] Stiffness of a pinned connection
Si,ini = Sjrig RIGID

Weakest component:

Connection conforms to the code

[6.3.1.(4)]
[6.3.1.(4)]
[6.3.1.(6)]

[6.3.1.(4)]

[5.2.2.5]

[5.2.2.5]

Ratio
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9.4. Stup i temelj (DETALJ D)

General

Connection no.:

Connection name:

Geometry
Column
Section:

L= 6,00
a= 0,0
he = 152
bre = 160
twe = 6

tre = 9
Ic= 15
Ac= 3880

Robot Structural Analysis Professional 2025 m
Pinned column base design -
Eurocode 3: EN 1993-1-8:2005/AC:2009 + CEB Design

Guide: Design of fastenings in concrete 538t1'0
=
42 10000 .

&
i
Pinned column base
HEA 160

[m] Column length

[Deg] Inclination angle

[mm] Height of column section

[mm)] Width of column section

[mm)] Thickness of the web of column section

[mm] Thickness of the flange of column section

[mm] Radius of column section fillet

[mm?] Cross-sectional area of a column
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Le= 6,00 [m] Column length

Iye = 16730000 [mm*] Moment of inertia of the column section
Material: S275

fye = 275,00 [MPa] Resistance

fue = 430,00 [MPa] Yield strength of a material

Column base

lpa = 200 [mm)] Length

bpd = 200 [mm] Width

tpd = 20 [mm)] Thickness

Material: S275

fypa= 275,00 [MPa] Resistance

fupa = 430,00 [MPa]  Yield strength of a material
Anchorage

The shear plane passes through the UNTHREADED portion of the bolt.
Class = 4.6 Anchor class
fyb = 240,00 [MPa] Yield strength of the anchor material

fub = 400,00 [MPa] Tensile strength of the anchor material

d= 16 [mm)] Bolt diameter

As= 157 [mm?] Effective section area of a bolt
Av= 201 [mm?] Area of bolt section

n= 2 Number of bolt rows

ev= 100 [mm)] Vertical spacing

Anchor dimensions

Li= 100 [mm]
L= 600 [mm]

L= 120 [mm]

Ls= 100 [mm]

Washer

lwa = 50 [mm)] Length

bwa= 60 [mm)] Width

twd = 10 [mm] Thickness

Wedge

Section: HEA 160
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lw= 100 [mm] Length
Material: S275

fyw = 275,00 [MPa] Resistance

Material factors

gmo= 1,00 Partial safety factor

egv2= 1,25 Partial safety factor

gc= 1,50 Partial safety factor

Spread footing

L= 1000 [mm] Spread footing length

B= 1000 [mm] Spread footing width

H= 800 [mm] Spread footing height

Concrete

Class C25

fae= 25,00 [MPa] Characteristic resistance for compression

Grout layer

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

fag= 12,00 [MPa] Characteristic resistance for compression
Cta= 0,30 Coeff. of friction between the base plate and concrete
Welds

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

aw = 4 [mm] Wedge

Loads

Case: Manual calculations.

Njea= 51,05  [kN] Axial force

Vipdy= 0,12 [kN] Shear force

VjEedz= 11,84 [kN] Shear force

Results

Tension zone

STEEL FAILURE

Ap= 157 [mm?] Effective anchor area [Table 3.4]
fub = 400,00 [MPa] Tensile strength of the anchor material [Table 3.4]
Beta= 0,85 Reduction factor of anchor resistance [3.6.1.(3)]
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Ftrast = beta*0.9* fup* Av/gm2

Firast = 38,43 [kN] Anchor resistance to steel failure [Table 3.4]
gMs = 1,20 Partial safety factor CEB [3.2.3.2]
fyb = 240,00 [MPa] Yield strength of the anchor material CEB [9.2.2]

Firas2 = fyn* Av/gms

Firas2= 31,40  [kN] Anchor resistance to steel failure CEB [9.2.2]

Fird;s = min(Fyrds1,FeRrd,s2)

Firas= 31,40  [kN] Anchor resistance to steel failure

PULL-OUT FAILURE

fok = 25,00 [MPa] Characteristic compressive strength of concrete EN 1992-1:[3.1.2]

fod = 0.7%0.3*fu/gc

fua= 1,20 [MPa] Design tensile resistance EN 1992-1:[8.4.2.(2)]
hi= 1,00 Coeff. related to the quality of the bond conditions and concreting conditions EN 1992-1:[8.4.2.(2)]
ho= 1,00 Coeff. related to the bar diameter EN 1992-1:[8.4.2.(2)]

foa = 2.25%h1*ho*fewa
fod = 2,69 [MPa] Design value of the ultimate bond stress EN 1992-1:[8.4.2.(2)]
her= 570 [mm)] Effective anchorage depth EN 1992-1:[8.4.2.(2)]

Firdp = p*d*her*foa

Firap= 77,16  [kN] Design uplift capacity EN 1992-1:[8.4.2.(2)]
CONCRETE CONE FAILURE
her= 333 [mm)] Effective anchorage depth CEB [9.24]

Nri,? = 7.5[NO5/mm03)* £y 03 her!

Nri? = 228,22 [kN] Characteristic resistance of an anchor CEB [9.2.4]
SeN= 1000 [mm)] Critical width of the concrete cone CEB [9.2.4]
caeN= 500 [mm)] Critical edge distance CEB [9.2.4]
Acno= 1000000 [mm?] Maximum area of concrete cone CEB [9.2.4]
Acn= 500000 [mm?] Actual area of concrete cone CEB [9.2.4]

YAN = AcN/AcNo
yan= 0,50 Factor related to anchor spacing and edge distance CEB [9.2.4]
c= 450 [mm)] Minimum edge distance from an anchor CEB [9.24]

YsN= 0.7 +0.3*c/can < 1.0
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Factor taking account the influence of edges of the concrete member on the distribution CEB

ysn= 097 of stresses in the concrete [9.2.4]
L . . CEB

YeeN = 1,00 Factor related to distribution of tensile forces acting on anchors [9.2.4]

YreN = 0.5+

hefmm]/200 < 1.0

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

YuerN = 1,00 Factor taking into account whether the anchorage is in cracked or non-cracked concrete CEB [9.2.4]

gme = 2,16 Partial safety factor CEB [3.2.3.1]

Fl,Rd,C = NRk,cO*YA,N * YS,N*Yec,N*Yre,N *Yucr,N/gMc

Firae= 51,24  [kN] Design anchor resistance to concrete cone failure EN 1992-1:[8.4.2.(2)]
SPLITTING FAILURE
her = 570 [mm)] Effective anchorage depth CEB [9.2.5]

Nri,? = 7.5[NO/mm03)* £y 03 her!

Nrk’= 510,32  [kN] Design uplift capacity CEB [9.2.5]
SeNn= 1140 [mm)] Critical width of the concrete cone CEB [9.2.5]
CaNn= 570 [mm)] Critical edge distance CEB [9.2.5]
Acno= 1299600 [mm?] Maximum area of concrete cone CEB [9.2.5]
Acn= 500000 [mm?] Actual area of concrete cone CEB [9.2.5]

VAN = AcN/AcNo
yan= 0,38 Factor related to anchor spacing and edge distance CEB [9.2.5]
c= 450 [mm)] Minimum edge distance from an anchor CEB [9.2.5]

YsN= 0.7 +0.3*c/can < 1.0

ysN 0,9  Factor taking account the influence of edges of the concrete member on the distribution of CEB

= 4 stresses in the concrete [9.2.5]
zeC’N (1)’0 Factor related to distribution of tensile forces acting on anchors F9E2B 5]
yreN = 0.5 + hefmm]/200 < 1.0

yreN = 1,00 Shell spalling factor CEB [9.2.5]
YuerN = 1,00 Factor taking into account whether the anchorage is in cracked or non-cracked concrete CEB [9.2.5]

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

yaN= 0,79 Coeff. related to the foundation height CEB [9.2.5]
gmsp= 2,16 Partial safety factor CEB [3.2.3.1]
Firdsp = NRkPFYANFYs N*Yee N* Y re N* Yuer NFYn,N/EM,sp

Firasp= 67,25  [kN] Design anchor resistance to splitting of concrete CEB [9.2.5]

TENSILE RESISTANCE OF AN ANCHOR
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Ftra = min(FRrd;s , FtRap , Firde , Firdsp)
Fira= 31,40 [kN] Tensile resistance of an anchor

BENDING OF THE BASE PLATE

le1 = 207 [mm] Effective length for a single bolt row for mode 1[6.2.6.5]
lera = 207 [mm] Effective length for a single bolt row for mode 2 [6.2.6.5]
m= 42 [mm] Distance of a bolt from the stiffening edge [6.2.6.5]
Mpi,1,rd = 5,70 [kN*m]  Plastic resistance of a plate for mode 1 [6.2.4]
Mpi2,rd = 5,70 [kN*m] Plastic resistance of a plate for mode 2 [6.2.4]
Frira= 537,12 [kN] Resistance of a plate for mode 1 [6.2.4]
Frora= 157,31 [kN] Resistance of a plate for mode 2 [6.2.4]
Frsra= 62,80  [kN] Resistance of a plate for mode 3 [6.2.4]

Fipird = min(Fr,1,rd , FT2.Rd , FT.3,Rd)
Fipira= 62,80  [kN] Tension resistance of a plate [6.2.4]

TENSILE RESISTANCE OF A COLUMN WEB

twe = 6 [mm] Effective thickness of the column web [6.2.6.3.(8)]
bettwe = 207 [mm)] Effective width of the web for tension [6.2.6.3.(2)]
Ave = 1324 [mm?] Shear area EN1993-1-1:[6.2.6.(3)]
w= 0,68 Reduction factor for interaction with shear [6.2.6.3.(4)]

Frwe.Rd = W befftwe twe fye / gMo

Frwerd = 233,47 [kN] Column web resistance [6.2.6.3.(1)]
RESISTANCES OF SPREAD FOOTING IN THE TENSION ZONE

Njra= 62,80 [kN] Resistance of a spread footing for axial tension [6.2.8.3]
Connection capacity check

NjEd/ Njra < 1,0 (6.24) 0,81 < 1,00 verified  (0,81)
Shear

BEARING PRESSURE OF AN ANCHOR BOLT ONTO THE BASE PLATE

Shear force Vja,y

ady =0,93 Coeff. taking account of the bolt position - in the direction of shear [Table 3.4]
apy =0,93 Coeff. for resistance calculation Fi.vb.rd [Table 3.4]
kiy=2,50 Coeff. taking account of the bolt position - perpendicularly to the direction of shear [Table 3.4]

Fiwrdy = kiy*avy* fup*d*ty / gm2

Fiwray=254,81[kKN]  Resistance of an anchor bolt for bearing pressure onto the base plate [6.2.2.(7)]
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Shear force Vjd,.

adz=1,85 Coeff. taking account of the bolt position - in the direction of shear [Table 3.4]
apz=10,93 Coeff. for resistance calculation Fi.vb.rd [Table 3.4]
ki-=2,50 Coeff. taking account of the bolt position - perpendicularly to the direction of shear [Table 3.4]

Fi,w,rdz = kiz*ab* fup*d*tp / gm2
Fiw.Rrdz=256,00[kN]  Resistance of an anchor bolt for bearing pressure onto the base plate [6.2.2.(7)]

SHEAR OF AN ANCHOR BOLT

ap = 0,37 Coeff. for resistance calculation F2vb,rd [6.2.2.(7)]
Aw= 201 [mm?] Area of bolt section [6.2.2.(7)]
fup = 400,00 [MPa] Tensile strength of the anchor material [6.2.2.(7)]
gw2= 1,25 Partial safety factor [6.2.2.(7)]

F2.vb,rd = av*fun* Ave/gm2

Fowra= 23,68  [kN] Shear resistance of a bolt - without lever arm  [6.2.2.(7)]

am= 2,00 Factor related to the fastening of an anchor in the foundation CEB [9.3.2.2]
Mgrk;s =0,03 [kN*m] Characteristic bending resistance of an anchor CEB [9.3.2.2]
lkm= 48 [mm] Lever arm length CEB [9.3.2.2]
gvs = 1,20 Partial safety factor CEB [3.2.3.2]

Fv,Rd,sm = aM*MRk,s/(lsm*ng)
Fyvrasm = 0,94 [kN] Shear resistance of a bolt - with lever arm CEB [9.3.1]

CONCRETE PRY-OUT FAILURE

Nrke= 110,69 [kN] Design uplift capacity CEB [9.2.4]
ks = 2,00 Factor related to the anchor length CEB [9.3.3]
gMe= 2,16 Partial safety factor CEB [3.2.3.1]

Fvrdep = kS*NRk,C/gMc
Fyraep= 102,49 [kN] Concrete resistance for pry-out failure CEB [9.3.1]
CONCRETE EDGE FAILURE

Shear force Vja,y

VRkey? 224,0 [k . . CEB
_ 7 N] Characteristic resistance of an anchor [9.3.4.(2)]
yavy =0,52 Factor related to anchor spacing and edge distance CEB [9.3.4]
= 1,00 Factor related to the foundation thickn CEB
yhvy =1, ctor related to the foundation thickness [9.3.4.(0)]
. L CEB
ysvy = 0,86 Factor related to the influence of edges parallel to the shear load direction [9.3.4.(d)]
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Shear force Vja,y

VRkey? 224,0 [k

_ . N Characteristic resistance of an anchor

YeeVy 1 00 Factor taking account a group effect when different shear loads are acting on the
= ’ individual anchors in a group

yavy = 1,00 Factor related to the angle at which the shear load is applied

1ucr,V,y 1,00 Factor related to the type of edge reinforcement used

gMe= 2,16 Partial safety factor

Fv,Rd,C,y = VRk,c,yO*YA,V,y*yh,V,y*}’s,V,y*Yec,V,y*Ya,V,y*Yucr,V,y/gMc
Fyrdey= 46,02  [kN] Concrete resistance for edge failure CEB[9.3.1]

Shear force VjEa,.

Vrke = 153,69 [kN] Characteristic resistance of an anchor
YAz = 0,86 Factor related to anchor spacing and edge distance
YhVz = 1,00 Factor related to the foundation thickness

Factor related to the influence of edges parallel to the shear load

Ysve™ 0,9 direction

Factor taking account a group effect when different shear loads are
Yec,viz = 1,00 . Cge . .

acting on the individual anchors in a group
Yavz = 1,00 Factor related to the angle at which the shear load is applied
Yuervz= 1,00 Factor related to the type of edge reinforcement used
gMc = 2,16 Partial safety factor
F v,Rd,c,z =
VRk,e, P ¥ YAV YR V¥ Ys V2 ¥ Yee Vi ¥ Yavi®
Yucr,V,z/ EMc
Fyracz= 58,38  [kN] Concrete resistance for edge failure CEB [9.3.1]
SPLITTING RESISTANCE
Cia= 0,30 Coeff. of friction between the base plate and concrete [6.2.2.(6)]
Neea= 0,00  [kN] Compressive force [6.2.2.(6)]

Ftrd = Cr,a*Ne,kd
Fera= 0,00 [kN] Slip resistance [6.2.2.(6)]

BEARING PRESSURE OF THE WEDGE ONTO CONCRETE

CEB
[9.3.4.(a)]

CEB
[9.3.4.(e)]

CEB
[9.3.4.(H)]

CEB
[9.3.4.(2)]

CEB
[3.2.3.1]

CEB
[9.3.4.(a)]

CEB
[9.3.4]

CEB
[9.3.4.(c)]

CEB
[9.3.4.(d)]

CEB
[9.3.4.(c)]

CEB
[9.3.4.()]

CEB
[9.3.4.(2)]

CEB
[3.2.3.1]
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Furdwey = 1.4%Lw*bwy*for/ge

Fyvrawey =354,67[kN]  Resistance for bearing pressure of the wedge onto concrete

Furdwgz = 1.4%lw*bw* fer/ge

Fyvrdwegz=373,33[kN]  Resistance for bearing pressure of the wedge onto concrete

SHEAR CHECK

Vjrdy = np*min(F1,vb,rd;y, F2.vb,Rd, Fv,Rd;sm, Fv.Rd,cp, FvRd,cy) + FyRdwey + FtRrd

Vjrdy = 356,55 [kN] Connection resistance for shear CEB [9.3.1]
Vikdy/ Virdy < 1,0 0,00 < 1,00 verified  (0,00)

Vj,Rd,z = Ilb*mil’l(Fl,vb,Rd,z, F2,vb,Rd, FV,Rd,sm, Fv,Rd,Cp, Fv,Rd,c,z) + Fv,Rd,Wg,z + Ff,Rd

Vijrdz= 375,21 [kN] Connection resistance for shear CEB [9.3.1]
Vikdz/ Virdz<1,0 0,03 < 1,00 verified (0,03)
ViEdy/ Virdy + ViEdz/ Virdz < 1,0 0,03 < 1,00 verified (0,03)

Welds between the column and the base plate

sh= 10,07  [MPa] Normal stress in a weld [4.5.3.(7)]
th= 10,07  [MPa] Perpendicular tangent stress [4.5.3.(7)]
tynn = 0,05 [MPa] Tangent stress parallel to VjEdy [4.5.3.(7)]
tr = 11,04  [MPa] Tangent stress parallel to Vjgd. [4.5.3.(7)]
bw = 0,85 Resistance-dependent coefficient [4.5.3.(7)]
s~/ (0.9*%fu/gm2)) < 1.0 (4.1) 0,03 < 1,00 verified  (0,03)
O(s+? + 3.0 (ty? + t2)) / (f/(bw*gm2))) < 1.0 (4.1) 0,05 < 1,00 verified  (0,05)
O(s? + 3.0 (ta? + t2)) / (fu/(bw*gm2))) < 1.0 (4.1) 0,07 < 1,00 verified  (0,07)

Weakest component:

ANCHOR BOLT - RUPTURE

Connection conforms to the code Ratio

Vi = 11,84 kN
Ngq = 51,05 kN

Karakteristike vijaka i ploce:

Vijci: M16 — k.v. 4.6.

Granica popustanja: f,,, = 240 N/mm?

0,81
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Vlagna &vrstoéa:  f,, = 400 N/mm?
Promjer jezgre vijka: d = 16 mm

Promjer rupe za vijak: d, = 18 mm

Vlaéna povriina popre¢nog presjeka vijka: Ay = 157 mm?

Celi¢na ploga: § 275 t = 20 mm

Vlaéna &vrstoca: f;, = 430 N/mm?

Otpornost vijaka na vlak:

NRd,u,l =nx* Ft,Rd,u
n — ukupni broj vijaka

ky * fup * As 0,9 x 400 * 157
yme 125

Fira = = 4522 kN

Nrawi = 2 * 45,22 = 90,4 kN
Ngg < Nggy ;51,05 < 90,4 kN ZADOVOLJAVA(56%)

Otpornost vijaka na posmik:

Otpornost jednog vijka na posmik:

ay *fub >kAs

Fora = Ym2
a, = 0,37
0,37 * 400 * 157
Fyra = E = 18,59 kN

Fypa = 18,59 * 2 = 37,18 kN

Fyra < Fyra;11,84 < 37,18 kN ZADOVOLJAVA(32%)
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Otpornost na pritisak po omotacu rupe osnovnog materijala:

l 500
e1=p7d=7=250mm

bya — €, 300 — 100

e, = > > = 100 mm
_eg 250 463
Y= 3 d, 3%18

. fub . 400
ap = min (ab;f—; 1) = min <4,63;m; 1) = 0,93

u

e
k, = min (2,8 x d—z —1,7; 2,5) = min(15,56;2,5) = 2,5
0

ki*ap*fupxdxt 2,5%x0,93 400 16 * 20
Fyra = =
Ym2 1,25

= 238,08 kN

Fyra < Fyra ;51,05 < 238,08 ZADOVOLJAVA(21%)

Proracun zavara:

Djelovanje na zavar:

Fyga = Veq = 11,84 kN

Duljina zavara:
L=2+2b—tw—2r+h-—2tf —2r)

L=2%(2%x160—-6—-2%154+152—-2%9—-2%15) =776 mm

Debljina zavara iznosi 4 mm.

fu 43,0
—=—*xa*xL ———
3+ B, _\/3%0,85

V2 - 1,25

* 0,4 77,6

Fyra = = 725,27 kN

Fya < Fyra ;11,84 < 725,27 ZADOVOLJAVA(2%)
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10. ZAKLJUCAK

U ovom diplomskom radu detaljno je analizirano projektiranje Celi€ne hale za sportsko-
rekreativni centar, a fokus je na dimenzioniranju elemenata i priklju¢aka. Glavni nosac hale
odabran je kao HEA 160 dok su podroznice dimenzionirane kao IPE 160, sekundarni stupovi

kao IPE 240, vjetrovne veze promjera fi 10 mm te fasadni nosaci kao UAP 80.

Proces dimenzioniranja ukljucio je proracune opterecenja kao $to su vjetrovna i1 snjeZzna
optere¢enja primjenom softvera Robot Autodesk za modeliranje 1 analizu. KoriStenjem
naprednih alata omoguceno je precizno prilagodavanje konstrukcije specifi¢nim zahtjevima

sportskih objekata.

Posebna paznja posvecena je konstrukcijskim vezama izmedu elemenata, pri ¢emu su
provedeni detaljni proracuni ¢vrstoce i stabilnosti kako bi se osigurala odredena otpornost.
Integracija galerije sa stubiStem od profila IPE 160 dodatno je obogatila funkcionalnost hale,

pruzajuci prostor za gledatelje ili dodatne aktivnosti.

Ovaj rad pruza dublje razumijevanje procesa projektiranja ¢eli¢nih konstrukcija za sportske
objekte te predstavlja vrijedan doprinos praksi inzenjerskog projektiranja. Metodologija 1
zakljucci ovog rada posluziti ¢e kao temelj za buduce projekte slicne namjene, kombinirajuci

teorijsko znanje s prakticnom primjenom u izgradnji modernih sportskih objekata.

U tablici 15. prikazane su iskoristivosti elemenata i1 prikljucaka:
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Tablica 15: Prikaz iskoristivosti elemenata i prikljucaka [izradio autor]

Element Profil Materijal | Iskoristivost
Gredni nosaci HEA 160 S275 62%
Stupovi HEA 160 S275 40%
Sekundarni stupovi IPE 240 S275 55%
Podroznice IPE 160 S275 71%
Sekundarni nosaci galerije IPE 160 S275 41%
Tetive stubista IPE 160 S275 41%
Sekundarni nosaci stubista IPE 160 S275 9%
Vjetrovni vezovi Olerugli puni profil 10 S275 69%

mm
Fasadni nosaci UAP 80 S275 62%
Detalj A, spoj stupa i grede 54%
Detalj B, spoj stupa i grede 52%
Detalj C, spoj stupa i grede

J gr;lirijep ) 72
Detalj D, spoj stupa 1 temelja 81%
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