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Projekt ¢elicne nadstreSnice shopping centra ,,King Cross*

Sazetak:

Projekt nadogradnje i1 rekonstrukcije shopping centra ,,King Cross* sadrzava u sebi ¢eli¢nu
nadstreSnicu na sjeveroisto¢nom procelju gradevine. Shopping centar se nalazi na podrucju
Zagreba. Proracun se provodi na temelju grani¢nog stanja nosivosti (GSN) i grani¢nog stanja
uporabljivosti (GSU). Opterecenja koja se javljaju na konstrukciju su stalno (vlastita tezina i
dodatno stalno opterecenje) i promjenjivo (snijeg,vjetar i temperatura). Takoder je provjerena
konstrukcija na seizmicko djelovanje. Iznosi unutarnjih sila dobiveni su u raunalnom programu
,»SCIA Engineer 22.0“ uz pomo¢ kojeg je i provedeno dimenzioniranje prema HRN EN 1993.
Spojevi su proracunati uz pomoc¢ ,,IDEA Statica 22.1 te su nacrti izradeni uz pomoc¢ ,,AutoCAD
23.0“1,,Allplan Nemetschek 2022

Kljucne rijeci:

Racunalni program, HRN EN 1993, ¢elik, nadstresnica, spojevi, nacrti

Steel canopy project of the shopping center ,,King Cross*

Abstract:

The project of upgrade and reconstruction of the shopping center ,,King Cross* includes steel
canopy project on northeast facade. Shopping center is located in area of the Zagreb. Structure
calculations are based on ultimate state (ULS) and serviceability limit state (SLS). Loads are
permanent, variable (snow, wind and temperature) and seismic. The results of the internal forces
were calculated and structural elements were designed using ,,Scia Engineer 22.0%. Structural
joints were designed using ,,IDEA Statica 21.1°. Structural drawings were made using
»AutoCAD 23 and ,,Allplan Nemetschek 2022*.

Keywords:

Computer program, HRN EN 1993, steel, canopy, joints, drawings
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1. Tehnicki opis
Opéenito

Ovim diplomskim radom obraden je projekt nadogradnje 1 rekonstrukcije shopping centra
,,King Cross®, specifi¢no ¢eli¢ne nadstreSnice na sjevroistocnom procelju gradevine. Zahvat

obuhvaca izgradnju Celi¢ne nadstresnice s pripadaju¢im temeljima samcima.

Lokacija

Gradnja predmetne gradevine je predvidena u ulici Velimira Skoprika 34 na parceli

postojeéeg shopping centra. Nadstresnica se pruza duz cijelog sjeveroisto¢nog procelja.

Karakteristike i namjena gradevine

Predmetna nadstresnica ¢e primarno imati estetsku funkciju. Duljina nadstreSnice u smjeru
procelja je cca 270 m dok se Sirina kre¢e od 3 do 16 m. Visina konstrukcije varira na
najnizem dijelu oko 5 m dok na najviSem od 13 do 16 m. Svi konstruktivni elementi su

¢eli¢ni izuzev temeljnih stopa koje su betonske.

Opis konstrukcije

Nosivu konstrukciju €ini sustav ¢eli¢nih stupova i greda u razini pokrova. Pokrov i

cjelokupna konstrukcija je nepravilnog oblika.

Stupovi ,,S1“ (CFCHS 219 x 12,5), ,,S2* (CFCHS 355,6 x 8,0) 1,,53“ (CFCHS 355,6 x 8,0)
su povezani upetom vezom za AB temelje samce te su rasporedeni po nepravilnom rasteru.
Stupovi ,,S1“ se postavljaju jedan do drugoga te se pri vrhu povezuju kratkim elementima
istog poprec¢nog presjeka kako bi se osigurala dostatna krutost sustava. Kosi dijelovi stupa
,»SK1“ (CFCHS 219 x 12,5) se nastavljaju iznad ¢vorova na kojima su stupovi ukruéeni te
prihvacaju barem u jednom ¢voru krovne nosace ,,PK*“ (CFCHS 273x8,0) koji na sebi
pridrzavaju pokrov. Pokrov je formiran od ravnih Zica izmedu strukturalnog trokuta kojeg
formiraju pokrovni elementi ,,PK*. Pokrovni elementi su uglavnom nenatrikveni i
medusobno su spojeni varom, ¢eonim varom ili spojnom plo¢icom. Ukrutni elementi stupa

,»S 1 su spojeni varom dok su sami stupovi ¢eonom plo¢icom uhvaceni za kosi dio stupa
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,»SK 1% Na zapadnom rubu nadstreSnice se nalazi rubni stup ,,S3*“ dok su na najnizem dijelu
stupovi ,,S2%. |, TS1“ je AB temelj samac stupova ,,S11,,S2* dimenzija 220 x 220 x 100 cm,
,» 1S2% dimenzija 300 x 300 x 100 je temelj samac stupa ,,S3 i stupova ,,S1*“.Samei ,, TS3“

250 x 250 x 100 nalaze se podno stupova ,,S1 na sjeveroistocnom rubu nadstreSnice.

Materijal za izradu konstrukcije

Svi Celi¢ni elementi su klase S 355. Konstruktivni elementi ¢e medusobno biti povezani s
varovima te vlaénim nastavkom s plo¢icama i vijcima kvalitete M 20 8,8. Spoj stupa sa
samcima je izveden pomocu podne plocice koja je povezana s ankerima kvalitete M30 10,9
za stupove ,,S1“1,,S3“ te M20 10,9 za stupove ,,S2*. Karakteristi¢ni spoj sjecista vise
elemenata i spojeva gdje se elementi zavrSavaju koriStenu su ukrutne plocice kavlitete S 355.
Pokrovna konstrukcija je mreza tankih zica. Za temelje samce je koriSten beton kvalitete C

30/37.

Antikorozivna zas$tita

Odabrana je zastita pocin¢avanjem koja se ostvaruje nanosenjem prevlake cinka i po toplom
postupku. Mase i debljine prevlaka cinka za pojedine elemente odredene su prema Pravilniku
o tehnickim mjerama i uvjetima za zastitu ¢elicnih konstrukcija od korozije i ne mogu biti
manje od 500 mg/m?2 elementa debljine Smm. Sve ¢eli¢ne konstrukcije prethodno treba
odmastiti, o€istiti razblazenom otopinom klorovodi¢ne kiseline te isprati hladnom vodom.
Neposredno prije pocinc¢avanja celi¢na konstrukcija se stavlja u taljevinu ili otopinu za
flusiranje.

Toplo pocincavanje se izvodi stavljanjem tekuéine u rastopljeni cink. Cink mora biti kavliteta
Zn 97,5 do Zn 99,5 prema HRN EN ISO 14713:2001. Prevlaka cinka dobivena toplim
postupkom mora biti homogena 1 mora prekrivati osnovicu. Prevlaka cinka mora ¢vrsto
prianjati za ¢eli¢nu povrSinu i ne smije se ljustiti niti pucati pri uporabi. Prije montaze
potrebno je izvrsiti kontrolu prevlake cinka prema HRN C.A1. 558, odnosno mase prevlake

cinka prema HRN A6.021.
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Montaza konstrukcije

Izvedba konstrukcije je na licu mjesta varenjem. Svi elementi konstrukcije predgotovljeni
stizu na gradiliSte. Stupovi se medusobno vezu vijcanim spojem. Nulta faza montaze, nakon
izvedenih svih prethodnih radova je montaza stupova. Stup se postavi na ankere koji su
postavljeni u temelje te se pridrzaje dizalicom dok se ne postigne vertikalnost pomoc¢u
dvostrukih vijaka. Nakon provjere vertikalnosti, vr$i se ispunjenje prostora ispod spojne

ploce i temelja ekspandiraju¢im mortom.

Zastitni sloj betona do armature

Minimalna debljina zastitnog sloja betona se utvrduje u ovisnosti o razredu
izlozenosti (suhi okoli§), na¢inu armiranja te trazenoj pozZarnoj otpornosti elemenata

konstrukcije.
Za razred izloZenosti XC2 (temelji samci) Cmin=35 mm.
U skladu sa navedenim, imaju¢i u vidu trazenu vatrootpornost usvaja se za:

- Temelji Cnom.= 35 mm

Temeljenje
Na predmetnoj lokaciji o¢ekivana projektirana nosivost temeljnog tla iznosi:

qra=300,0 KN/m?
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Lokacija i opterecenja

Sva opterecenja na konstrukciju uzeta su prema Europskoj normi EN-1991.

Opterecenje vjetrom

Opterecenje vjetrom odabrano je prema: EC1, Dio 2-4: Djelovanja vjetra i Europskoj
normi EN 1991-2-4: Djelovanja na konstrukcije optere¢ene vjetrom te Nacionalnom
dokumentu za primjenu u Republici Hrvatskoj .

Shopping centar ,,King Cross* lociran je u gradu Zagrebu u ulici Velimira Skorpika
34 na k.¢.br. 2761/1, 2766, 2767, 2703/1, 2703/2, 2704/2 sve k.o. Podsused. Prema Karti

osnovne brzine vjetra RH kao osnovna brzina vjetra uzeta je vb,0=25,0 m/s.

Opterecenje snijegom

Shopping centar ,,King Cross lociran je u gradu Zagrebu u ulici Velimira Skorpika
34 nak.C.br. 2761/1, 2766, 2767, 2703/1, 2703/2, 2704/2 sve k.o. Podsused te prema
vazec¢im propisima proracunsko opterecenje snijegom iznosi:

Sk = 1,25 kN/m2

SeizmicCke znacajke terena

Shopping centar ,,King Cross* lociran je u gradu Zagrebu u ulici Velimira Skorpika 34 na
k.c.br. 2761/1, 2766, 2767, 2703/1, 2703/2, 2704/2 sve k.o. Podsused . Ubrzanje tla za
promatranu lokaciju iznosi ag=0.252 g za povratni period od 475 godina te a'g=0.127 g za
povratni period od 95 godina. Temeljno tlo se prema Eurocodu moze svrstati u razred “C”

(po dokumentu HRN ENV, 1998-1-1:2004).
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2. Opis i prikaz 3D modela nadstresnice

Slika 1: Aksonometrijski prikaz nadstresnice

Slika 2: Aksonometrijski prikaz modela od osi NI do osi N§

Slika 3: Aksonometrijski prikaz modela od osi N8 do osi N27
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Slika 4: Tlocrtni prikaz nadstresnice

Slika 6: Tlocrtni prikaz nadstresnice od osi N8 do osi N27



Diplomski rad

2.1. Karakteristike materijala

Filip Coga

2.1.1. Beton

Materijal Beton
Klasa betona C30/37
Jedini¢na masa p [kg/m?3] 2500.0
Modul elasti€¢nosti Emod [MPa] 3.1500e+04
Modul posmika G [MPa] 1.3667e+04
Poissonov koeficijent p 0.2
karakteristiCna tlacna &vrstoca betona nakon 28 dana fck.2s [MPa] 30.00
srednja tlaéna évrstoca fem [MPa] 38.00
fcm(28) - fck(28) [MPa] 25.00
srednja osna vla¢na &vrstoéa fem [MPa] 2.90
prora¢unska tlaéna €vrstoca (osnovna komb.) fca [MPa] 20
proracunska tlacna ¢vrstoc¢a (izvanredna komb.) fca [MPa] 25

2.1.2. Celik

Klasa Celika
Jedini¢na masa p [kg/m?3]
Modul elasti¢nosti Emod [MPa]
Modul posmika Gmod [MPa]
Poissonov koeficijent

Fy [MPa]

S 355
7850.0
2.1000e+05
8.0769e+04
0.3
355.0
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2.2. Konstruktivni elementi u modelu

S3

Slika 7: Prikaz konstruktivnih elemenata u modelu

Slika 8: Prikaz konstruktivnih elemenata u modelu
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2.2.1. Poprecni presjeci konstruktivnih elemenata

Trostruki stup — ,,S1"

Type CFCHS219.1X12.5
Formcode 3 - Circular hollow section
Shape type Thin-walled
Item material S 355
Fabrication cold formed
Colour
Flexural buckling y-y, Flexural [¢
buckling z-z
A [m?] 8,1130e-03
Ay [m?], A; [m?] 5,1650e-03 5,1650e-03
AL [m%/m], Ao [m?/m] 6,8800e-01 1,2980e+00
Cv.ucs [mm], czucs [mm] 110 110
a [deq] 0,00
Iy [m*], I, [m4] 4,3446e-05 4,3446e-05
iy [mm], iz [mm] 73 73
Weiy [M3], Weiz [M] 3,9658e-04 3,9658e-04
Woly [M3], Woiz [m3] 5,3420e-04 5,3420e-04
Moiy.+ [Nm], Mpiy.- [Nm] 189581,66 189581,66
Mpiz+ [Nm], Mpiz- [Nm] 189581,66 189581,66
dy [mm], d; [mm] 0 0
It [m*], I [m€] 8,6892e-05 8,8785e-40
By [mm], B [mm] 0 0
Picture
VA
y
Tablica 1: Geometrijske karakteristike karakteristicnog stupa

,S81“—CFRHS 219.1x12.5

Filip Coga
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Kosi dio stupa S1—, SK1"

Type

Formcode

Shape type

Item material
Fabrication

Colour

Flexural buckling y-y, Flexural
buckling z-z

A [m?]

Ay [m?], A. [m?]

AL [m?/m], Ao [m?/m]
Cv.ucs [mm], Czucs [mm]
a [deg]

Iy [m*], L [mf]

iy [mm], iz [mm]

Wely [m3], We.z [m3]
Woy [M?], Wpiz [m?]
Mpl.y.+ [Nm], Mpl.y.- [Nm]
Mpl.z.+ [Nm], Mpl.z.- [Nm]
dy [mm], dz [mm]

I [m*], T [m®]

By [mm], B [mm]
Picture

CFCHS219.1X12.5

3 - Circular hollow section
Thin-walled

S 355

cold formed

8,1130e-03

5,1650e-03
6,8800e-01
110
0,00
4,3446€-05
73
3,9658¢-04
5,3420e-04
189581,66
189581,66
0
8,6892¢e-05
0

4hy
\/

5,1650e-03
1,2980e+00
110

4,3446e-05
73

3,9658e-04

5,3420e-04

189581,66

189581,66
0

8,8785e-40
0

Tablica 2: Geometrijske karakteristike kosog dijela karakteristicnog stupa
,S1“- CFRHS 219.1x12.5

10
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Krovni nosaci — , PK"

Filip Coga

Type CFCHS273X8
Formcode 3 - Circular hollow section
Shape type Thin-walled
Item material S 355
Fabrication cold formed
Colour [ |
Flexural buckling y-y, Flexural C
buckling z-z
A [m?] 6,6600e-03
Ay [m?], Az [m?] 4,2400e-03 4,2400e-03
AL [m?/m], Ao [m?/m] 8,5800e-01 1,6650e+00
Cv.ucs [mm], czucs [mm)] 136 136
a [deg] 0,00
Iy [m], I [m*] 5,8517e-05 5,8517e-05
iy [mm], iz [mm] 94 94
Wely [M3], Weiz [M] 4,2870e-04 4,2870e-04
Wiy [M3], Wpiz [M?] 5,6197e-04 5,6197e-04
Mply.+ [Nm], Mpiy.- [Nm] 199438,82 199438,82
Mpiz+ [Nm], Mpiz- [Nm] 199438,82 199438,82
dy [mm], dz [mm] 0 0
It [m*], In [M©] 1,1703e-04 8,0163e-40
By [mm], B. [mm] 0 0
Picture ,
y
Tablica 3: Geometrijske karakteristike karakteristicnog krovnog nosaca

,, PK“— CFRHS 273x8

11
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Type CFCHS355.6X8
Formcode 3 - Circular hollow section
Shape type Thin-walled
Item material S 355
Fabrication cold formed
Colour [ |
Flexural buckling y-y, Flexural C [¢
buckling z-z
A [m?] 8,7360e-03
Ay [m?], Az [m?] 5,5616e-03 5,5616e-03
AL [m?/m], Ao [m?/m] 1,1170e+00 2,1839e+00
Cv.ucs [mm], czucs [mm] 178 178
a [degq] 0,00
Iy [m*], I, [m*] 1,3201e-04 1,3201e-04
iy [mm], iz [mm] 123 123
Wely [M3], Weiz [m?] 7,4250e-04 7,4250e-04
Woiy [M3], Wpiz [M?] 9,6680e-04 9,6680e-04
Moty.+ [Nm], Mpiy.- [Nm] 343101,21 343101,21
Mpiz+ [Nm], Mpiz- [Nm] 343101,21 343101,21
dy [mm], dz [mm] 0 0
It [m*], Iw [m€] 2,6403e-04 7,8644e-39
By [mm], B, [mm] 0 0
Picture
VA
y
Tablica 4: Geometrijske karakteristike karakteristicnog stupa

, 82 —CFRHS 355.6x12
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Rubni stup nadstresnice -S3

Type CFCHS355.6X8
Formcode 3 - Circular hollow section
Shape type Thin-walled
Item material S 355
Fabrication cold formed
Colour []
Flexural buckling y-y, Flexural C
buckling z-z
A [m?] 8,7360e-03
Ay [m?], A; [m?] 5,5616e-03 5,5616e-03
AL [m?/m], Ao [m?/m] 1,1170e+00 2,1839e+00
Cv.ucs [mm], czucs [mm] 178 178
a [degq] 0,00
Iy [m*], I, [m] 1,3201e-04 1,3201e-04
iy [mm], iz [mm] 123 123
Wely [M3], Weiz [m?] 7,4250e-04 7,4250e-04
Woiy [M3], Wpiz [m?] 9,6680e-04 9,6680e-04
Moty.+ [Nm], Mpiy.- [Nm] 343101,21 343101,21
Mpiz+ [Nm], Mpiz- [Nm] 343101,21 343101,21
dy [mm], dz [mm] 0 0
It [m*], I [m®] 2,6403e-04 7,8644e-39
By [mm], B, [mm] 0 0
Picture
VA
v
Tablica 5: Geometrijske karakteristike rubnog stupa

,83“— CFRHS 355.6x8

Filip Coga
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3. Analiza optereéenja

Opterecenje u modelu je zadano kao povrsinsko po panelima koji simuliraju pokrov
napravljen od Zica izmedu trokutastog strukturalnog elementa sacinjenog od krovnih
elemenata ,PK*“. Opterecenje se preko panela direktno prenosi na krovne nosace s kojih se
prenosi do stupova sve do temelja. Promjenjiva djelovanja vjetra, temperature i snijega su
nanesena i na profile.

Popis optereéenja primijenjenih u modelu

Opterecenje Smjer opterec¢enja
dg - dodatno stalno Z
Wp- pritisak Z
Wo - odizanje Z
Wx - pritisak X
Wy - pritisak Y
T*- zagrijavanje u smjeru osi Stapa
T*- hladenje u smjeru osi Stapa
S - snijeg Z
Sx- seizmicko X
djelovanje
Sy- seizmicko Y
djelovanje
Tablica 6: Prikaz opterecenja zadanih u modelu

14
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3.1. Stalno optereéenje

3.1.1. Vlastita tezina konstrukcije

Filip Coga

Vlastita tezina konstrukcija je automatski uzeta u obzir unutar software-a.

3.1.2. Dodatno stalno opterec¢enje

1) Opterecenje pokrova konstrukcije - 20 kg/m?
2) Opterecenje rasvjete stupova nadstreSnice - 20 kg/m'’

Kame Gebiude bestand Angaben 2y der statschen Berechnung (dicke
Eoge of the evictng buiding Stitzen! Trige Rotren) fehien

- Diese sind nur orientativ dargestel.
Info from the atucural calcutason (fickness

Shuighr aus Stahitohve gem. Angaben GRADIT
Sculpture made fram sleel tubes according fo the
ino from GRADIT

Farbe nach Bemusterung (Triger u. Stitzen):
Agropur Color 2-Kompanentige Polywrethan
Decibeschic

Farbion 28, NCS S 1090- YRR

- e / N\ Calor according io sampling (cokumns and beams)
7\ _ Agropr Color 2<ompanent polyurethane 1op coat
a s Cobreg. NCS'S 1060- YSOR

Ecke kann durch Stather 2u optimeren eroigen.
Comer can be optimized acc. % the specifications from the stuctural
engreer.

v Der Abstand zwischen Stitzen min. 20cmy
it za behaten '
P tance between columns min 2crb |
hane fept 1

Materal Oreieche

. GecKEabe Siupr wnd Stzen Triger
=2 T dame color fo the oculpture and
cobmns/ beame .

Geche Farbe: Skuiptur (Stizzen Triger)
The same cokr for the sculpiure (columns/ beams)

Grundriss - Stiitze (Standard)

Detal Skt~ (rsipcia Floor plan - Columns (standard)

Detail sculpture - Traingles
Mallstab/ Scale 1:100
Mabstab/ Scale 1:100 MH
Edefstahseien
Produkt nach Bemusterung 2 B X-TEND Edelstabiseien,

Werkstoff 1.4401 mit Kemmen aus Edeistah
Farbe RAL nach Bemustenng. passend zu der Sulphr

Stainfeas steel cables H
Product according fo sampling eg. X-TEND stainiess steel cables

(matenal: AISI316) wih stanlecs steel fermuies

Farbe RAL

accarding fo samping, matching the color of the sculpture /-

Netzgeometre
Mech geometry

Slika 9: Prikaz pokrova nadstresnice
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3x8 Downlights
rotatable and swiveling

Mountingsituation
1:100

Slika 10: Prikaz rasvjete stupova
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Slika 11: Prikaz dodatnog stalnog opterecenja ,,dg*

(kN/m2-pokrov; Kn/m'-profili)

-V, 2V
-0,20
-0,20
D1
-0,20 0,20
-0,20
¥
e -0,20
-0,20 4
-0,2
b
7
-0,20
Y
Y
il
. -0,20

Slika 12: Prikaz dijela konstrukcije opterecenog dodatnim stalnim
optereéenjem ,,dg “(kN/m2-pokrov; Kn/m'-profili)

17
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3.2. Opterecenje snijegom

Optereéenje snijegom svrstava se u promjenjivo slobodno opterecenje.
Opterecenja snijegom proraCunavaju se na osnovi karakteristicnog opterecenja sk,
koje odgovara jednolikom snijegu koji je napadao pri mirnim vremenskim uvjetima na
ravno tlo. Ova se vrijednost prilagodava ovisno o obliku krova i utjecaju vjetra na
raspodjelu snijega.

Opterecéenje snijegom na krovu:

S =W CeCrt Sk

Ui — koef.oblika opteretenja snijegom
ravni krov 0° < a < 30°

krov nagiba a; = a, = 0.6° - u; = 0.8

sk — karakteristi¢na vrijednost opterecenja na tlu [kN /m?]

Republika Hrvatska
L | e "
Karta snjeznih podrucja T
e —
T n— ]
- e i k! 3
L = it Ty
.
= L,
o . =2 =
i, :.-.' - % =,
e e —
- i 1 =
- 3 L] —
) on
I £~ o g
y i L
/ N =
. A g S T e
Sryedna packufr s
Prichale i cine
Tumaé znakova
Tolede Dobveche Primecjailes | _ _ _ Cedanina granica
Pijoka
1 Kortnenclm Hvirska p— [
HAulpcasts
4 Gorsin linoeses
Dedavnacesta
Enhiee SHm
3 lzotipse 1000 m
Kty v J L’U'F."!'Tx!"m
8 HN e X
HINTT Sdb, Konamubess: myvkodioe ""‘- hlﬂh‘ >
: ? v ek e o 50000 sancunka
L:::?:\:l-_iu - e “"-:h,\_'._ ;. 1500 co 50 00 stancvnika
% simy | A T
b Fis e, ol vy i - - . 5000 do 10 000 stancenka
o, o s, Do Tirat -~ . . - -
\ L\ Mierks 11 200008
X " = -
b : R s
. e =N
- i e = \
===, = o
- 4
Lagrnir - —
e - e
LTl

Slika 13: Karta podrucja optereéenja snijegom
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Slika 14:

Filip Coga

Opterecenja snijegom za snjezna podrucja i pripadajuée nadmorske visine

" . podrudje — 3. podrugje — aal
Nisinado | prioballe | otoei | Zelede Daimacije, | kontinentaina | & FOIERC
ml [h:hl.fmaj Primarja i lstre Hrvatska 9 KMIm®
[KN/m] [kNim?] [kNim’]

100 050 0,75 1,00 1,25
200 0,50 0,75 1.25 1,50
300 0.50 0,75 160 1,758
400 0,50 1,00 1,78 .00
500 0,50 125 2,00 2,50
Bl 6,50 150 2,25 500
700 050 200 2,50 3,50
it} .50 2.50 275 4,00
00 1.00 3.00 3.00 4,50
1000 200 4,00 3,50 5.00
1100 300 5,00 4,00 550
1 200 400 6,00 450 8,00
1300 5,00 7.00 7.00
1400 6,00 8,00 800
1500 8,00 8.00

1 600 10,00 10,00
1 700 .00 11.00
1 800 12,00

Zagreb se nalaze u 3. zoni (oCitano sa slike iznad), nadmorska visina do 200 m —

sk = 1.25 [kN /m?]

PRORACUN SNIJEGA NA JEDNOSTRESNI KROV

Ulazni parametri:

Podrugje:

3. podrucje-kontinentalna Hrvatska

Nadmorska visina do

200

Nagib jednostreSnog krova:

Na objektu postoje snjegobrani/parapeti:

Ce=

Ct=

1,0

1,0

m.n.m Sk=
a= 0
NE
W= 0,80
W= 0,80

1,25

kN/m2

1,00

S =i Co"Cp Sk

kN/m

2

Proracun snijega na pokrovne elemente:

Spokrmmi etement = 1,00 kN/rn2

+0.27m = 0.27kN/m’

19
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=
0 -0,27
[-1.1-1,00 p,27
:
———570,27 =
a6 P
o T
X0, 27 =i

Slika 15:  Prikaz opterecenja snijegom na konstrukciju ,,s “
(kN/m2-pokrov; Kn/m'-profili)

-1,00
-1,00
-1,00 0,27
-1, 00 =39 -1,00
—VUys
=T R Q, 27
-0,27
=P

-0,27

Slika 16: Prikaz opterecenja snijegom na konstrukciju ,,s “
(kN/m2-pokrov; Kn/m'-profili)
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3.3. Opterecenje vjetrom

Temeljna vrijednost osnovne brzine vjetra vbo odreduje se iz karte osnovne brzine

vjetra za

svaku drZzavu posebno, a koja je sastavni dio Nacionalnog dodatka (kod nas HRN EN

1991-1-4:2012/NA). Karta osnovne brzine vjetra prikazana je na slici ispod.

WE WE

wE e wE wE

_ Republika Hrvatska
Karta osnovne brzine vjetra

4N

b Fil
\ e
i
~— ¥
R i M
— T
Rl » 3
5 Tumat znakova
(R Drlavea grasica
N e fika
Jumpo
S
Surmeict 152 S2pan fuaok-Satin Alicesia
, b2 Keighan Horvaty i '| oy DOriawe cast
.o, ey Partec- L] 5
g s ————  [achipse 500 M
' = ————  laohipse 1000 #
it s . @ |zahipse 1500 m
imlm.HZN Maseliz
o st ST e o) 000 stanoik

HEWTE B4 Kreminei ke

101000 do 50000 stanownika
5000 o 10 000 starownka

Crnonma birzna vielra s mis] Jo rafveta 10-minulna
brzina ietra na 10 m imad rawnog f kefegonje
hrapaveski Il 23 povratng randobile 50 poding

Mwsio £ % 100000 o

LS e =7
- _fgﬂ_l\-/a- Yo e -
Slika 17: Osnovna brzina vjetra vy
Ocitano s karte: Vo= 25.0mls |-temeljna wijednostosnovne brzine vjetra
V,- 0snowna brzina vietra > Vp = Cgir * Cseason * Vb0
Cqir - faktor smjera vietra S 1.0 (preporucena vrijednost)
Cseason - 1aktor godisnjeg doba N 1.0 (preporuéena vrijednost)
W, =| 25.0mls
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Proradun tlaka pri vrSnoj brzini

9, (2- tlak pri vrsnoj brzini na visini z
C, (2) - faktor iozenosti

qy, - tlak pri osnownoj brzni

Cy (2) - faktor vertikalne razvedenosti

ki - faktor turbulencije

p - gustoca

zraka

9
9

qp(2) = ce(2) - qp
faktor u ovisnosti o kategoriji terena i visini

objekta iznad tla

Filip Coga

_1 2
ap =P Vp

390,6 N/m2

(0,391 kN/im2)

1,25 kgim3

1,0

1,0

(preporucena wrijednost)

(preporucena wrijednost)

Kategorijaterena: [ Il |Podrugja sa stalnim pokrovom od vegetacije ili zgrade ili podruéja s

izoliranim preprekama s razmakom najvise 20 visina prepreke (npr.

sela, predgrada, stalna Suma)

Visina z iznad terena:

14,00 m

Za kategoriju terena llli visinu iznad terena 14 m za slu¢aj rawnog terena (Co=1,0) faktor izoZenosti

terena ocitava se sa slike.

[m]100

90

80

70

60

50

40

30

20

10

0
0,0

0,755

kN/m?

c(2)

22
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3. Tlak vietra na powrsine

W, - tlak vjetra na vanjske powrSine S We =qp(Ze) Cpe
w; - tlak vjetra na unutarnje powrSine = w; = qp(2;) " Cpi

dp (Z).9, (z)- tlak pri vi$noj brzini na visini z

C. - koeficijent tlaka za vanjski tlak Z, - referentna visina za vanjski tiak
¢;- koeficijent tlaka za unutarnji tiak z- referentna visina za unutamiji tiak

= ]a— Pozitivan e | =

Negativan
—t DOZ. j
poz._, . L”;‘:{m«' —+|— neg. —PpoZ._ | unutarnji «— — neg.
ﬁ,._ e S| P tlak PO (PR
— | —» | — — | — —|—
(a) (b)
poz. neg poz.  neg.
— —_— I — 7] —
. — I
We, T e, Wy — ] — W,
—_—— 2 — _— —_— ] —
— — — 4 —
o — =[] ~
TITTTITP T IEI T T OoTa
() (d)

Neto tlak na zid, krovili element razlika je tlakova na suprotnim powsSinama uzimajuci u obzr njihove
predznake. Tlak usmjeren prema powr$ini uzima se kao poztivan, a usisavanje, usmjereno od powrSine
kao negativno.
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Proracun vjetra za jednostreSnu nadstresnicu

kutnagba nadsfreSnice- a=0°

—— ‘vg’,/ 4
~— )

bt

c>0
—

<4,
_— ] ¢ >0
t T
P~ T
h | e
— | "
A4
J7777777777777777
~ cg<0
;“\-?L\» f
a4 T
h
e

777777777777 7777

S— <0
~—
-

4
—
h fey —

g’

7777777777777 777

slupanj zaprieCenosf (zalvorenosf) ispod krova-

Prazna, slobodnostoje¢a nadstrednica (¢ ~ 0)

Y 7 B O i S 7 OV AT O

Nadstrednica zatvorena (zaprijedena) uskladistenom
robom na strani niz vietar (¢ = 1)

tiocrt
B i1
b/10
vjetar
—_— O A (5 b
b/10
B } 3
r‘i a0 df10 e
le
d

b (dulina u smjeru ckomilom na smjer djelovanja vielra)= 6,0m
d (dulgna u smjeru dielovanja viera)= 6,0m
h (visina nads¥eSnice prema slic)= 140m

lnq(dufnazoneA)=| 4,8m
bq(dufinazone B)=| 6,0m
kd(dugnazone C)=| 0,6 m

I (dulina zone A)= 48m
ks (dufina zone B)= 0,6m
L » (dufina zone C)= 6,0m

Filip Coga
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Oznaka: Iap -duljina zone A u smjeru okomitom na smier vietra

g -duljina zone A u smijeru vietra

Cs A B c

najveca vrijednost (svi ¢p) Cp net 0,20 0,50 1,80 1,10
0 -0,90 -1,05 -1,55 -1,80

5 -1,05 -1,35 -1,95 -2,15

10 -1,15 -1,55 2,30 -2,40

15 -1,25 -1,70 -2,65 -2,75

20 -1,35 -1,90 2,85 -2,95

25 -1,50 -2,05 -2,85 -3,00

30 -1,60 2,25 -3,00 -3,15

najmanja vrijednost (¢p=0,5) Cp,net -0,90 -1,05 -1,55 -1,80

Tablica vriednost koefciienata vanjskoga tiaka za jednostreSne nadstreSnice

A B c
Cpnet 0,50 1,80 1,10
Qp(z) 0,76 0,76 0,76
wi(kN/m?) 0,38 1,36 083

jednostre$nu nadstreSnicu

Rezultrajuée djelovanje vietra W (kN/mz) na

A B c
Cpnet -1,05 -1,55 -1,80
Op(ze) 0,76 0,76 0,76
wi(kN/m?) -0,79 1,17 -1,36

jednostreSnu nadstreSnicu

Rezultrajuée djelovanie vietra W, (kN/m*) na

Kako bi se pojednostavio proracun zona ,,B“ se usvojila kao mjerodavna za cijeli pokrovni

element.

Filip Coga
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Filip Coga

PRORACUN VJETRA NA KRUZNI CELIENI PROFIL-"TROSTRUKI STUPOVI "S1"

Ulazni parametri:

b= 0,219 m

(promjer poprecnog presjeka)

A —referentna povrsina djelovanja vjetra
b — promjer kruznog profila

l — duljina elementa
z, — visina elementa iznad tla

Kategorija terena:
Zmin = 50 m
Zmax = 200 m
Vp,0 = 25 m/s
Cir= 1,0
Cseason= 10
Vp = 25 m/s
Proracun tlaka vjetra
p= 1,25 kg/m®
= 3906 [N/m’
Col(ze) = 1,641

0.07
Zg
k,.=0.19 - <—>

Zo,11

Um(2) = Cr(2) - Co(2) - vp

Oy

kq

Iv(z) =

qp(ze) = [1+ 7Iv(2)] -

U (2) - co(2) - ln(Zio)

N =

-p.

(Podrucja sa stalnim pokrovom od vegetacijeili zgrade ili
podrucja s izoliranim preprekama s razmakom najviSe 20
visina prepreke (npr. sela, predgrada, stalna $uma))

p=| 0,300 |m
0,05 |m

Zon =

Vp,o — 0snovna vrijednost brzine vjetra
(otitano s karte u normi HRN EN 1991 — 4.NA)

Up = Cgir * Cseason" Vb0

p — gustola zraka

= 9 m = — - b
Z,= 9 m l
2 S |

Aw=| 1,971 |m

_ 1 2 qp — tlak pri osnovnoj brzini
a» = 2 PV q,(2) — tlak pri vrinoj brzini na visini z
2
a(z)=| 0641 [kN/m qp(2) = C,(2) - q,
k.=| 0,2154
Cr(z)=| 0,733
vim(z)=| 18,31 |m/s
Colze) = 1
k1 = 1
I(z) =| ©0,2940
Uy 2 qolze)=| 6411 |N/m’
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Reynoldsov broj:
Re y

b — promjer kruznog profila

. b U(Ze)

v — kinematska viskoznost zraka (v=15 x10® m2/s premaHRN EN1991-1-4; 7.9.1(1))

V(zey — Vr8$na brzina vjetra

0.5
o (2' qp(ze))
w0 =\""p

Vize) = 32,03 m/s

Re =| 4,676E+05

Proracunska vitkost:

| = 9,00 m

Za kruZne cilindre gdje je 1<15.0 m:

1
A = min(=; 70)
b
A= 41,096

Koeficijent sile:

Cr==Cro Py

Cro — koeficijent sile za valjke bez tokapreko slobodnog kraja

Y ,—faktor utinka kraja

Cro=Cro Yr Pz

Cro 0,760
CG=| 0,714

Ukupna sila vjetra:

Fy =cscq Credp (ze) Aref

Arer —referentna povrsina konstrukcije
E, — ukupna sila vjetra na konstrukciju

csCq4- konstrukcijskifaktor

Aet=| 2,971 |m’ Aper=b-l
CCa= 1
Fu=| 0903 [kN

Weff:A

Faktor ucinka kraja:

Pn=

0,940

ref

0,458

kN/m2

Filip Coga

We=Weff'b

We=

0,100

kN/m'
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Filip Coga

PRORAEUN VJETRA NA KRUZNI CELICNI PROFIL-STUPOVI "S3" | POKROV NISKOG DUJELA NADSTRE§NIC1

Ulazni parametri:

b= 0,3556 m

(promjer poprecnog presjeka)

= 55 |m = — - b
Ze= 55 m l
2 ¥

As=| 1,9558 |m

A —referentna povrsina djelovanja vjetra
b — promjer kruznog profila

l — duljina elementa

Z, — visina elementa iznad tla

Kategorija terena: (Podrucja sa stalnim pokrovom od vegetacijeili zgrade ili
podrucja s izoliranim preprekama s razmakom najviSe 20
visina prepreke (npr. sela, predgrada, stalna $uma))

Zmin = 50 m zo=| 0,300 |m
Zmax = 200 m Zo = 0,05 m
Vbo = 25 m/s Vp,o — 0snovna vrijednost brzine vjetra
(otitano s karte u normi HRN EN 1991 — 4.NA)
Cuir = 1,0
Cseason= 1,0
Vp = 25 m/s Up = Cdir * Cseason"Vb,0
Proracun tlaka vjetra
- 3 p — gustola zraka
P 1,25 kg/mz _ 1 2 qp — tlak pri osnovnoj brzini
O = 390,6 N/m” dp = 2 P q,(2) — tlak pri vrinoj brzini na visini z
Colze)=| 1,337 qlz)=| 0,522 |[kN/m’ 9p (@ = C.(2) - qp
0.07
ky=019 (2%
T Zo1 k=| 0,2154
Cr(z.)=| 0,627
V() = Cr(2) - Col2) Uy {2l
vin(z) =| 15,66 |m/s
o k Ze) = 1
IV(Z) — v — 1 — CO( e)
(2 cy(2) ‘In¢) k=| 1
0
I.(z)=| 0,3438
1 2 2
qp(ze) = [1+ 7Iv(2)] 5P Vm aplze) =| 522,3 |N/m
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Reynoldsov broj:
Re y

b — promjer kruznog profila

. b U(Ze)

v — kinematska viskoznost zraka (v=15 x10® m2/s premaHRN EN1991-1-4; 7.9.1(1))

V(zey — Vr8$na brzina vjetra

0.5
o (2' qp(ze))
w0 =\""p

Vize) = 28,91 m/s

Re =| 6,853E+05

Proracunska vitkost:

| = 5,50 m

Za kruZne cilindre gdje je 1<15.0 m:

1
A = min(=; 70)
b
A= 15,467

Koeficijent sile:

Cr==Cro Py

Cro — koeficijent sile za valjke bez tokapreko slobodnog kraja

Y ,—faktor utinka kraja

Cro=Cro Yr Pz

Cro 0,480
C=| 0442

Ukupna sila vjetra:

Fy =cscq Credp (ze) Aref

Arer —referentna povrsina konstrukcije
E, — ukupna sila vjetra na konstrukciju

csCq4- konstrukcijskifaktor

Aer=| 19558 |m® Apep=b-l
C.Cy= 1
Fo=| 0451  |kN

Weff:A

Faktor ucinka kraja:

Pn=

0,920

ref

0,231

kN/m2

Filip Coga

We=Weff'b

We=

0,082

kN/m'
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Filip Coga

| PRORACUN VJETRA NA KRUZNI CELIENI PROFIL- POKROV VISEG DIJELA NADSTRESNICE

Ulazni parametri:

b= 0,273 m

(promjer poprecnog presjeka)

A —referentna povrsina djelovanja vjetra
b — promjer kruznog profila

l — duljina elementa
z, — visina elementa iznad tla

Kategorija terena:
Zmin = 50 m
Zmax = 200 m
Vp,0 = 25 m/s
Cir= 1,0
Cseason= 10
Vp = 25 m/s
Proracun tlaka vjetra
p= 1,25 kg/m®
= 3906 [N/m’
Col(ze) = 1,933

0.07
Zg
k,.=0.19 - <—>

Zo,11

Um(2) = Cr(2) - Co(2) - vp

Oy

kq

Iv(z) =

qp(ze) = [1+ 7Iv(2)] -

U (2) - co(2) - ln(Zio)

N =

-p.

(Podrucja sa stalnim pokrovom od vegetacijeili zgrade ili
podrucja s izoliranim preprekama s razmakom najviSe 20
visina prepreke (npr. sela, predgrada, stalna $uma))

p=| 0,300 |m
0,05 |m

Zon =

Vp,o — 0snovna vrijednost brzine vjetra
(otitano s karte u normi HRN EN 1991 — 4.NA)

Up = Cgir * Cseason" Vb0

p — gustola zraka

= 5 m = — - b
Z:= 14 m l
2 v

As=| 1,365 |m

_ 1 2 qp — tlak pri osnovnoj brzini
a» = 2 PV q,(2) — tlak pri vrinoj brzini na visini z
2
ap(2)=| 0,755 [kN/m 4p(2) = Co(2) - qp
k.=| 0,2154
Cr(z.)=| 0,828
vim(z)=| 20,69 |m/s
Colze) = 1
k1 = 1
I(z)=| 0,2602
Uy 2 Qolze)=| 7551 |N/m’
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Reynoldsov broj:
Re y

b — promjer kruznog profila

. b U(Ze)

v — kinematska viskoznost zraka (v=15 x10® m2/s premaHRN EN1991-1-4; 7.9.1(1))

V(zey — Vr8$na brzina vjetra

0.5
o (2' qp(ze))
w0 =\""p

Vize) = 34,76 m/s

Re =| 6,326E+05

Proracunska vitkost:

| = 5,00 m

Za kruZne cilindre gdje je 1<15.0 m:

1
A = min(=; 70)
b
A= 18,315

Koeficijent sile:

Cr==Cro Py

Cro — koeficijent sile za valjke bez tokapreko slobodnog kraja

Y ,—faktor utinka kraja

Cro=Cro Yr Pz

Cro 0,630
CG=| 0,586

Ukupna sila vjetra:

Fy =cscq Credp (ze) Aref

Arer —referentna povrsina konstrukcije
E, — ukupna sila vjetra na konstrukciju

csCq4- konstrukcijskifaktor

Aet=| 1,365 |m’ Apes=b-l
CCa= 1
Fu=| 0604  [kN

Weff:A

Faktor ucinka kraja:

Pn=

0,930

ref

0,442

kN/m2

Filip Coga

We=Weff'b

We=

0,121

kN/m'
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Slika 18:  Opterecenje vjetra na profile ,,w* smjer x (kN/m’')
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Slika 19:  Prikaz dijela konstrukcije optereéenog vjetrom ,,w* u smjeru x
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Slika 20: Opterecenje vjetra na profile ,,w* smjer y (kN/m’')
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Slika 21:

Prikaz dijela konstrukcije optereéenog vjetrom ,,w* u smjeru y
(kN/m’)
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Slika 22: Opterecenje vjetra ,,w** na pokrov -pritisak (kN/m2)
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Slika 23:

(kN/m")

Prikaz dijela konstrukcije optereéenog pritiskajucim vijetrom ,,w*

33



Diplomski rad

Filip Coga

Slika 24: Opterecenje vjetra“w* na pokrov -odizanje (kN/m2)
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Slika 25: Prikaz dijela konstrukcije opterecenog odizuc¢im vjetrom ,,w* (kN/m')
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3.4. Opterecenje temperaturom

Republika Hrwatska
Karta najvitih temperaturz zraka R Republika Hrvatska
Yo W L, Karta najniih temperatura zraka

Slika 26: Karta podrucja optereéenja temperaturom Tpax § Tonin

Promatrani objekt nalazi se na podrucju Zagreba do 200 m nadmorske visine:
Najvia temperatura u hladu: Tmax =40 °C
Najniza temperatura u hladu: Tmin=-20 °C
Pretpostavlja se djelovanje jednolike temperature promjene u svim presjecima.
Pretpostavljena temperatura pri montazi konstrukcije T= 10°C

1) Maksimalna pozitivna temperaturna promjena: Tmax = 40 °C- 10°C=30°C

2) Maksimalna negativna temperaturna promjena: Tmin= -20 °C-10°C= -30°C
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Slika 28: Prikaz temperaturnog opterecenja ,, T-,, hladenja konstrukcije
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3.5. Modalna analiza

Potresne sile proracunate su metodom viSemodalne (spektralne) analize prema EC-8

pomocu racunalnog programa Scia Engineer 22.0.

Predmetna lokacija (Zagreb) se nalazi u potresnoj zoni za koju je definirano poredbeno vr$no

ubrzanje temeljnog tla agr=0,252 g za povratni period T=475 god, odnosno azr=0,13 g za

povratni period T=95 god.

o

[

iz
Vrijednost iz baze:

Tp = 95 godina: a;z =0.130g
Tp = 225 godina: a3 = 0.183 g

a.z = 02529

g 20
o
I

<
Japkomirski
P~

© OpenStreetMap contributors.

Slika 29: Prikaz vrsnog ubrzanja temeljnog tla za povratni period T=475 god i T=95 god

Gradevina je temeljena na temeljnom tlu klase C. Pretpostavlja se srednja klasa (DCM)

duktilnog ponasanja gradevine.
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Faktor ponaSanja

Razina duktilnosti: DCM (srednja razina)

PRORACUN FAKTORA PONASANJA

Filip Coga

Kriterij tlocrtne pravilnosti: Nije zadovoljen

Kriterij pravilnosti po visini: Nije zadovoljen

Klasa duktilosti: DCM
q=qo-ky=15

q — gornja grani¢na vrijednost faktora ponaSanja
qo — osnovnavrijednost faktora ponasSanja
ky, — faktor kojim se uzima u obzir prevladavajuti oblik sloma

Tip konstrukcije:

Sustav obrnutog njihala

Qo= 1,2
kw= 1
q= 1,2

(vrijednost smanjena za 20%)

Naziv spektra
Tip prikaza

Informacije

Elasticni spektar:

S
Period

Tip koda - Eurocode

Tiptla-A

Smijer- Horizontalni

Tip spektra - Tip 1

Koeficijent ubrzanja — 0,252

ag — proracunsko ubrzanje — 2,472
beta - 0,2

q — faktor ponaSanja — 1,2

Slika 30:  Prikaz elasticnog spektra za seizmicki proracun
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Proracun

Opcenito
Number of 2D elements 0
Number of 1D elements 3678
Number of mesh nodes 3509
Number of equations 21054
Combination of mass groups | MC1 CM1
Modification group None
Number of frequencies 400
Method Lanczos
Bending theory Mindlin
Type of analysis model Standard
Start of calculation 9.6.2023. 13:18
End of calculation 9.6.2023. 13:20

Suma masa
Mass type X Y z
[kgl [kg] [kg]
1 | Moving mass 169034,68| 169034,68 | 169034,68
1| Total mass 170995,17| 170995,17| 170995,17

Relativha modalna masa

Filip Coga

Wi/ Wixtot Wyi/Wytot Wzi/Watot Wi r/Whitot r Wyi r/Wytot R~ Wai_r/Woztot R

1 6.68364 0,04 1,06 | 00005 | 0,966 | 0,0000 0,0227 0,0001 0,2667
2 9.35285 0,67 149 | 00535 | 0,0005 | 0,0008 0,0026 0,0002 0,0278
3 9.43292 0,67 1,50 0,0052 0,1387 0,0003 0,0156 0,0004 0,1641
4 11.6098 0,54 1,85 0,0001 0,0025 0,0006 0,0007 0,0008 0,0086
5 12.366 0,51 197 | 00061 | 03043 | 0,0007 0,0115 0,0003 0,3400
6 13.508 0,46 216 | 0,0022 | 02091 | 0,0014 0,0042 0,0001 0,0027
7 15.1232 0,42 2,41 0,1288 0,0327 0,0016 0,0025 0,0055 0,0116
8 15.9281 0,39 2,54 0,0265 0,0401 0,0001 0,0055 0,0026 0,0079
9 17.206 0,37 274 | 0,0160 | 0,0020 | 0,0135 0,0006 0,0000 0,0037
10 18.0089 0,35 2,87 0,0052 0,0038 0,0023 0,0016 0,0119 0,0022
11 18.2387 0,34 2,90 0,0308 0,0000 0,0019 0,0066 0,0022 0,0004
12 19.4036 0,32 3,00 | 00301 | 00000 | 0,0002 0,0000 0,0030 0,0047
13 20.3888 0,31 324 | 00836 | 00026 | 0,0010 0,0002 0,0008 0,0019
14 21.3371 0,29 3,40 0,0055 0,0063 0,0030 0,0009 0,0065 0,0030
15 22.1231 0,28 3,52 0,0102 0,0006 0,0003 0,0011 0,0002 0,0004
16 23.0875 0,27 3,67 | 00351 | 00024 | 00001 0,0043 0,0001 0,0038
17 23.6275 0,27 3,76 | 00155 | 00041 | 0,0010 0,0001 0,0011 0,0019
18 24.6642 0,25 3,93 0,0105 0,0039 0,0114 0,0109 0,0013 0,0000
19 25.496 0,25 406 | 00067 | 00002 | 0,0003 0,0001 0,0000 0,0005
20 25.9243 0,24 413 | 00097 | 0,0005 | 0,0028 0,0019 0,0001 0,0000
21 26.9464 0,23 4,29 0,0000 0,0034 0,0088 0,0121 0,0033 0,0008
22 27.3545 0,23 4,35 0,0005 0,0001 0,0003 0,0001 0,0001 0,0040
23 27.522 0,23 438 | 00001 | 00026 | 0,0000 0,0027 0,0013 0,0011
24 28.038 0,22 4,46 | 00358 | 0,0002 | 0,0049 0,0009 0,0016 0,0000
25 28.9074 0,22 4,60 0,0272 0,0002 0,0001 0,0007 0,0016 0,0003
26 29.3866 0,21 4,68 0,0038 0,0006 0,0016 0,0028 0,0019 0,0002
27 30.1515 0,21 480 | 00014 | 00005 | 0,0003 0,0013 0,0017 0,0005
28 30.5025 0,21 4,85 | 00332 | 00008 | 0,0003 0,0007 0,0002 0,0011
29 30.9422 0,20 4,92 0,0099 0,0000 0,0002 0,0004 0,0000 0,0002
30 31.4485 0,20 501 | 0,0048 | 0,0000 | 0,0001 0,0001 0,0001 0,0000
31 32.0437 0,20 510 | 0,0002 | 0,0000 | 0,0013 0,0000 0,0035 0,0001
32 33.2866 0,19 5,30 0,0025 0,0019 0,0031 0,0067 0,0001 0,0001
33 33.4582 0,19 5,33 0,0011 0,0011 0,0007 0,0020 0,0006 0,0054
34 33.8261 0,19 538 | 0,003 | 0,0005 | 0,0006 0,0001 0,0001 0,0000
35 35.9374 0,17 572 | 00346 | 0,0012 | 0,0002 0,0000 0,0001 0,0011
36 36.0537 0,17 5,74 0,0001 0,0012 0,0013 0,0004 0,0040 0,0022
37 36.6564 0,17 5,83 0,0001 0,0001 0,0025 0,0013 0,0034 0,0001
38 38.582 0,16 6,14 | 00008 | 00082 | 0,004 0,0006 0,0016 0,0050
39 39.3483 0,16 6,26 0,0028 0,0003 0,0012 0,0002 0,0018 0,0006

39




Diplomski rad Filip Coga

Omega Period Freq. Wixi/Wxiot Wyi/Wytot Wzi/Wztot  Wii_r/Whxtot_r Wyi r/Wytot R~ Wzi_r/Woztot_r

[rad/s] [s] [Hz]
40 39.8358 0,16 6,34 0,0043 | 0,0059 | 0,0167 0,0190 0,0042 0,0011
41 40.7808 0,15 6,49 0,000 | 0,000 | 0,0066 0,0722 0,0104 0,0001
) 41.842 0,15 6,66 0,0146 | 0,0006 | 0,0003 0,0011 0,0007 0,0002
43 42.4607 0,15 6,76 0,0018 | 0,0007 | 0,0000 0,0043 0,0000 0,0002
44 42.825 0,15 6,82 0,0008 | 0,0021 | 0,0001 0,0018 0,0006 0,0001
45 43.1437 0,15 6,87 0,0007 | 0,0004 | 0,0009 0,0044 0,0010 0,0008
46 43.7203 0,14 6,96 0,0011 | 0,0010 | 0,0003 0,0005 0,0018 0,0051
47 44.1167 0,14 7,02 0,0017 | 0,0024 | 0,0016 0,0015 0,0004 0,0002
48 44.7707 0,14 7,13 0,0081 | 0,0003 | 0,0002 0,0003 0,0012 0,0001
49 45.1962 0,14 7,19 0,0100 | 0,0007 | 0,0004 0,0022 0,0003 0,0003
50 45.8222 0,14 7,29 0,0308 | 0,0008 | 0,0016 0,0012 0,0006 0,0000
51 47.0874 0,13 7,49 0,0034 | 0,0042 | 0,0021 0,0052 0,0044 0,0029
52 47.4275 0,13 7,55 0,0065 | 0,000 | 0,0019 0,0002 0,0007 0,0007
53 48.193 0,13 7,67 0,0493 | 0,0041 | 0,0011 0,0045 0,0000 0,0040
54 48.6192 0,13 7,74 0,0080 | 0,0003 | 0,0004 0,0007 0,0016 0,0002
55 49.2749 0,13 7,84 0,0000 | 0,0000 | 0,0000 0,0000 0,0001 0,0001
56 50.8022 0,12 8,09 0,0000 | 0,0004 | 0,0001 0,0001 0,0004 0,0014
57 51.5306 0,12 8,20 0,0013 | 0,0015 | 0,0013 0,0057 0,0024 0,0011
58 51.8649 0,12 8,25 0,0006 | 0,000 | 0,0001 0,0007 0,0000 0,0000
59 52.9001 0,12 8,42 0,000 | 0,0000 | 0,0054 0,0028 0,0075 0,0000
60 53.2626 0,12 8,48 0,0011 | 0,000 | 0,0006 0,0000 0,0000 0,0000
61 53.7152 0,12 8,55 0,0000 | 0,0000 | 0,0036 0,0000 0,0130 0,0000
62 54.5111 0,12 8,68 0,000 | 0,0002 | 0,0000 0,0016 0,0001 0,0000
63 55.2418 0,11 8,79 0,0011 | 0,0002 | 0,0034 0,0096 0,0001 0,0000
64 55.6794 0,11 8,86 0,000 | 0,000 | 0,0001 0,0003 0,0003 0,0002
65 56.3912 0,11 8,97 0,0007 | 0,000 | 0,001l 0,0057 0,0001 0,0002
66 56.9185 0,11 9,06 0,000 | 0,0002 | 0,0000 0,0001 0,0012 0,0000
67 57.3788 0,11 9,13 0,0015 | 0,0015 | 0,0011 0,0021 0,0016 0,0007
68 57.5226 0,11 9,16 0,0000 | 0,0003 | 0,0028 0,0000 0,0023 0,0000
69 58.2203 0,11 9,27 0,0007 | 0,0000 | 0,0025 0,0006 0,0004 0,0001
70 58.4081 0,11 9,30 0,0000 | 0,0000 | 0,0003 0,0158 0,0007 0,0000
71 59.1375 0,11 9,41 0,000 | 0,0000 | 0,0001 0,0009 0,0001 0,0000
72 59.5793 0,11 9,48 0,000 | 0,0000 | 0,0000 0,0019 0,0001 0,0000
73 59.751 0,11 9,51 0,0018 | 0,0000 | 0,0019 0,0016 0,0014 0,0000
74 60.4741 0,10 9,62 0,0005 | 0,0000 | 0,0003 0,0019 0,0000 0,0000
75 60.7404 0,10 9,67 0,000 | 0,0000 | 0,0003 0,0015 0,0000 0,0000
76 61.2085 0,10 9,74 0,0013 | 0,000 | 0,0006 0,0001 0,0011 0,0002
77 61.4364 0,10 9,78 0,000 | 0,0000 | 0,0000 0,0000 0,0000 0,0000
78 61.6515 0,10 9,81 0,0002 | 0,0000 | 0,0000 0,0001 0,0000 0,0001
79 62.3791 0,10 9,93 0,0007 | 0,000 | 0,0003 0,0007 0,0000 0,0000
80 62.9365 0,10 10,02 | 0,0008 | 0,0000 | 0,0001 0,0013 0,0010 0,0001
81 63.0402 0,10 10,03 | 0,0001 | 0,0000 | 0,0008 0,0011 0,0010 0,0000
82 63.3234 0,10 10,08 | 0,0033 | 0,0000 | 0,0123 0,0085 0,0057 0,0000
83 63.6438 0,10 10,13 | 0,0000 | 0,0000 | 0,0014 0,0036 0,0015 0,0000
84 63.7809 0,10 10,15 | 0,0000 | 0,0002 | 0,0080 0,0023 0,0013 0,0000
85 64.2374 0,10 10,22 | 0,0000 | 0,0000 | 0,0030 0,0013 0,0059 0,0000
86 64.4398 0,10 10,26 | 0,0000 | 0,0001 | 0,0000 0,0043 0,0000 0,0000
87 64.5311 0,10 10,27 | 0,0000 | 0,0000 | 0,0026 0,0050 0,0007 0,0000
88 64.6445 0,10 10,29 | 0,0002 | 0,0000 | 0,0000 0,0002 0,0002 0,0000
89 64.9217 0,10 10,33 | 0,0001 | 0,0001 | 0,0001 0,0038 0,0002 0,0000
90 65.4621 0,10 10,42 | 0,0006 | 0,0000 | 0,0001 0,0000 0,0003 0,0000
91 65.5032 0,10 10,43 | 0,0005 | 0,0000 | 0,0000 0,0007 0,0004 0,0000
92 65.7274 0,10 10,46 | 0,0010 | 0,0000 | 0,0021 0,0005 0,0004 0,0000
93 66.0706 0,10 10,52 | 0,0018 | 0,0000 | 0,0004 0,0009 0,0005 0,0000
94 66.1877 0,09 10,53 | 0,0000 | 0,0000 | 0,0004 0,0001 0,0010 0,0000
95 66.2741 0,09 10,55 | 0,0001 | 0,0000 | 0,0004 0,0013 0,0001 0,0000
% 66.4211 0,09 10,57 | 0,0004 | 0,0001 | 0,0001 0,0001 0,0019 0,0000
97 66.7322 0,09 10,62 | 0,0000 | 0,0000 | 0,0002 0,0009 0,0000 0,0001
98 66.7946 0,09 10,63 | 0,0003 | 0,0000 | 0,0004 0,0003 0,0006 0,0000
99 67.124 0,09 10,68 | 0,0002 | 0,0000 | 0,0007 0,0002 0,0002 0,0000
100 67.397 0,09 10,73 | 0,0000 | 0,0000 | 0,0062 0,0011 0,0000 0,0000
101 67.494 0,09 10,74 | 0,0000 | 0,0003 | 0,0004 0,0004 0,0012 0,0009
102 68.2656 0,09 10,86 | 0,0002 | 0,0001 | 0,0000 0,0001 0,0006 0,0000
103 68.5522 0,09 10,91 | 0,0001 | 0,0000 | 0,0001 0,0000 0,0002 0,0000
104 69.1968 0,09 11,00 | 0,0005 | 0,0000 | 0,0014 0,0003 0,0011 0,0000
105 69.3148 0,09 11,03 | 0,0001 | 0,0001 | 0,0001 0,0015 0,0002 0,0003
106 69.4888 0,09 11,06 | 0,0000 | 0,0004 | 0,0001 0,0004 0,0000 0,0011
107 69.7658 0,09 11,10 | 0,0001 | 0,0004 | 0,0008 0,0003 0,0002 0,0023
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Omega Period Freq. Wixi/Wxiot Wyi/Wytot Wzi/Wztot  Wii_r/Whxtot_r Wyi r/Wytot R~ Wzi_r/Woztot_r
[rad/s] [s] [Hz]
108 69.9213 0,09 11,13 | 0,0002 | 0,0003 | 0,0025 0,0008 0,0001 0,0005
109 70.288 0,09 11,19 0,0000 0,0000 0,0031 0,0004 0,0039 0,0000
110 70.4273 0,09 11,21 0,0000 0,0000 0,0014 0,0001 0,0003 0,0000
111 70.4871 0,09 11,22 | 0,0000 | 0,0000 | 0,0000 0,0010 0,0006 0,0000
112 70.6705 0,09 11,25 | 0,0008 | 0,0001 | 0,0031 0,0014 0,0010 0,0000
113 70.8229 0,09 11,27 0,0001 0,0001 0,0094 0,0060 0,0059 0,0001
114 70.9161 0,09 11,29 0,0002 0,0001 0,0001 0,0001 0,0027 0,0001
115 71.2453 0,09 1134 | 0,0003 | 0,0000 | 0,0005 0,0001 0,0000 0,0000
116 71.9153 0,09 11,45 0,0008 0,0001 0,0005 0,0004 0,0000 0,0000
117 72.337 0,09 11,51 0,0003 0,0000 0,0027 0,0001 0,0008 0,0000
118 72.4841 0,09 11,54 | 0,0000 | 0,0001 | 0,0056 0,0020 0,0065 0,0001
119 72.7591 0,09 11,58 | 0,0002 | 0,0000 | 0,0004 0,0002 0,0006 0,0000
120 73.262 0,09 11,66 0,0002 0,0000 0,0000 0,0005 0,0001 0,0000
121 73.3949 0,09 11,68 0,0002 0,0000 0,0000 0,0023 0,0000 0,0000
122 73.4538 0,09 11,69 | 0,0006 | 0,0000 | 0,0006 0,0008 0,0001 0,0000
123 73.502 0,09 11,70 | 0,0001 | 0,0000 | 0,0001 0,0011 0,0004 0,0000
124 73.5996 0,09 11,71 0,0000 0,0000 0,0004 0,0001 0,0004 0,0000
125 74.0748 0,08 11,79 0,0000 0,0000 0,0010 0,0000 0,0000 0,0000
126 74.318 0,08 11,83 | 0,0000 | 0,0000 | 0,0016 0,0004 0,0006 0,0000
127 74.4657 0,08 11,85 0,0018 0,0000 0,0001 0,0001 0,0020 0,0001
128 74.6954 0,08 11,89 0,0000 0,0001 0,0005 0,0000 0,0008 0,0002
129 74.7524 0,08 11,90 | 0,0005 | 0,0001 | 0,0035 0,0000 0,0098 0,0003
130 75.043 0,08 11,94 | 0,0000 | 0,0000 | 0,0006 0,0001 0,0011 0,0000
131 75.1312 0,08 11,96 0,0002 0,0000 0,0008 0,0001 0,0001 0,0000
132 75.4435 0,08 12,01 0,0001 0,0000 0,0005 0,0002 0,0002 0,0000
133 75.559 0,08 12,03 | 0,0002 | 0,0001 | 0,0010 0,0101 0,0003 0,0001
134 75.677 0,08 12,04 | 0,0000 | 0,0000 | 0,0034 0,0000 0,0035 0,0001
135 75.7641 0,08 12,06 0,0002 0,0000 0,0000 0,0013 0,0004 0,0000
136 76.1435 0,08 12,12 | 0,0003 | 0,0003 | 0,0002 0,0006 0,0004 0,0003
137 76.5336 0,08 12,18 | 0,0003 | 0,0000 | 0,0001 0,0001 0,0000 0,0001
138 76.7933 0,08 12,22 0,0000 0,0000 0,0000 0,0002 0,0001 0,0000
139 76.8225 0,08 12,23 0,0004 0,0002 0,0001 0,0001 0,0000 0,0000
140 77.2993 0,08 12,30 | 0,0000 | 0,0001 | 0,0001 0,0004 0,0005 0,0001
141 77.641 0,08 12,36 | 0,0002 | 0,0000 | 0,0010 0,0042 0,0024 0,0000
142 77.7845 0,08 12,38 0,0000 0,0000 0,0133 0,0096 0,0163 0,0000
143 77.8064 0,08 12,38 0,0005 0,0001 0,0001 0,0002 0,0003 0,0000
144 78.2729 0,08 12,46 | 0,0000 | 0,0000 | 0,0026 0,0001 0,0051 0,0000
145 78.3964 0,08 12,48 0,0006 0,0000 0,0013 0,0021 0,0019 0,0000
146 78.7706 0,08 12,54 0,0001 0,0000 0,0003 0,0001 0,0003 0,0000
147 78.8277 0,08 12,55 | 0,0008 | 0,0005 | 0,0000 0,0010 0,0010 0,0005
148 78.8991 0,08 12,56 | 0,0000 | 0,0000 | 0,0238 0,0000 0,0191 0,0001
149 78.9677 0,08 12,57 0,0008 0,0000 0,0024 0,0017 0,0009 0,0000
150 79.4783 0,08 12,65 0,0003 0,0001 0,0003 0,0005 0,0009 0,0000
151 79.483 0,08 12,65 | 0,0002 | 0,0001 | 0,0001 0,0005 0,0003 0,0001
152 79.5464 0,08 12,66 | 0,0003 | 0,0002 | 0,0001 0,0000 0,0000 0,0001
153 79.8151 0,08 12,70 0,0000 0,0005 0,0021 0,0009 0,0003 0,0002
154 80.081 0,08 12,75 | 0,0000 | 0,0000 | 0,0004 0,0022 0,0013 0,0001
155 80.2892 0,08 12,78 | 0,0003 | 0,0007 | 0,0007 0,0005 0,0008 0,0007
156 80.5072 0,08 12,81 0,0000 0,0000 0,0014 0,0002 0,0000 0,0000
157 80.8037 0,08 12,86 0,0002 0,0002 0,0005 0,0025 0,0002 0,0005
158 81.1311 0,08 12,91 | 0,0002 | 0,0005 | 0,0000 0,0010 0,0000 0,0005
159 81.1696 0,08 12,92 | 0,0000 | 0,0001 | 0,0033 0,0016 0,0016 0,0000
160 81.3726 0,08 12,95 0,0000 0,0000 0,0006 0,0001 0,0001 0,0000
161 81.9234 0,08 13,04 0,0000 0,0000 0,0006 0,0008 0,0003 0,0001
162 82.2376 0,08 13,00 | 0,0000 | 0,0002 | 0,0002 0,0003 0,0011 0,0002
163 82.2725 0,08 13,09 | 0,0000 | 0,0000 | 0,0015 0,0145 0,0017 0,0000
164 82.4355 0,08 13,12 0,0000 0,0000 0,0001 0,0008 0,0004 0,0000
165 82.599 0,08 13,15 | 0,0004 | 0,0003 | 0,0010 0,0002 0,0034 0,0008
166 82.8014 0,08 13,18 | 0,0001 | 0,0000 | 0,0000 0,0002 0,0000 0,0000
167 82.9964 0,08 13,21 0,0000 0,0000 0,0017 0,0056 0,0024 0,0000
168 83.2966 0,08 13,26 0,0006 0,0001 0,0017 0,0006 0,0013 0,0001
169 83.3605 0,08 1327 | 0,0006 | 0,0000 | 0,0000 0,0005 0,0002 0,0000
170 83.368 0,08 13,27 | 0,0001 | 0,0002 | 0,0002 0,0000 0,0000 0,0000
171 83.8176 0,07 13,34 0,0000 0,0000 0,0020 0,0143 0,0062 0,0000
172 83.8648 0,07 13,35 0,0000 0,0001 0,0066 0,0006 0,0058 0,0001
173 83.9559 0,07 1336 | 0,0000 | 0,0000 | 0,0001 0,0001 0,0003 0,0001
174 84.2295 0,07 13,41 0,0000 0,0000 0,0007 0,0001 0,0015 0,0000
175 84.3236 0,07 13,42 0,0004 0,0000 0,0008 0,0002 0,0005 0,0002
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Diplomski rad Filip Coga
Omega Period Freq. Wixi/Wxiot Wyi/Wytot Wzi/Wztot  Wii_r/Whxtot_r Wyi r/Wytot R~ Wzi_r/Woztot_r
[rad/s] [s] [Hz]
176 84.4338 0,07 1344 | 0,0000 | 0,0000 | 0,0003 0,0001 0,0000 0,0000
177 84.5846 0,07 13,46 0,0003 0,0000 0,0010 0,0001 0,0019 0,0000
178 84.7824 0,07 13,49 0,0006 0,0000 0,0031 0,0001 0,0000 0,0000
179 84.8521 0,07 13,50 | 0,0005 | 0,0000 | 0,0016 0,0029 0,0025 0,0000
180 84.9115 0,07 13,51 | 0,0001 | 0,0002 | 0,0002 0,0001 0,0007 0,0005
181 85.0067 0,07 13,53 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
182 85.2014 0,07 13,56 0,0003 0,0001 0,0000 0,0005 0,0010 0,0001
183 85.2844 0,07 13,57 | 0,0001 | 0,0000 | 0,0016 0,0089 0,0019 0,0000
184 85.4778 0,07 13,60 0,0001 0,0000 0,0002 0,0007 0,0003 0,0000
185 85.9133 0,07 13,67 0,0000 0,0000 0,0002 0,0017 0,0003 0,0000
186 86.066 0,07 13,70 | 0,0002 | 0,0000 | 0,0002 0,0024 0,0001 0,0000
187 86.22 0,07 13,72 | 0,0000 | 0,0005 | 0,0004 0,0005 0,0009 0,0007
188 86.4557 0,07 13,76 0,0001 0,0000 0,0001 0,0005 0,0006 0,0001
189 86.6527 0,07 13,79 0,0003 0,0000 0,0010 0,0000 0,0012 0,0001
190 86.759 0,07 13,81 | 0,0000 | 0,0001 | 0,0000 0,0002 0,0019 0,0000
191 86.8677 0,07 13,83 | 0,0001 | 0,0000 | 0,0009 0,0005 0,0004 0,0000
192 86.9214 0,07 13,83 0,0002 0,0000 0,0002 0,0003 0,0003 0,0000
193 87.1596 0,07 13,87 0,0016 0,0000 0,0052 0,0007 0,0053 0,0000
194 87.2587 0,07 13,89 | 0,0001 | 0,0004 | 0,0011 0,0002 0,0026 0,0010
195 87.604 0,07 13,94 0,0000 0,0001 0,0014 0,0002 0,0011 0,0000
196 87.6322 0,07 13,95 0,0000 0,0001 0,0004 0,0008 0,0000 0,0000
197 87.6411 0,07 13,95 | 0,0000 | 0,0001 | 0,0004 0,0014 0,0019 0,0003
198 87.744 0,07 13,96 | 0,0000 | 0,0000 | 0,0021 0,0002 0,0028 0,0000
199 87.8576 0,07 13,98 0,0000 0,0000 0,0004 0,0000 0,0006 0,0000
200 87.9482 0,07 14,00 0,0000 0,0001 0,0065 0,0002 0,0015 0,0000
201 88.1158 0,07 14,02 | 0,0000 | 0,0000 | 0,0000 0,0003 0,0001 0,0000
202 88.5112 0,07 14,09 | 0,0000 | 0,0000 | 0,0007 0,0000 0,0001 0,0000
203 89.1341 0,07 14,19 0,0001 0,0000 0,0000 0,0027 0,0011 0,0000
204 89.3048 0,07 1421 | 0,0014 | 0,0001 | 0,0009 0,0015 0,0009 0,0001
205 89.5003 0,07 1424 | 0,0011 | 0,0002 | 0,0033 0,0003 0,0026 0,0000
206 89.7893 0,07 14,29 0,0001 0,0000 0,0005 0,0000 0,0002 0,0001
207 90.081 0,07 14,34 0,0011 0,0000 0,0004 0,0000 0,0007 0,0000
208 90.143 0,07 1435 | 0,0002 | 0,0000 | 0,0004 0,0001 0,0009 0,0000
209 90.4025 0,07 1439 | 0,0000 | 0,0001 | 0,0020 0,0018 0,0006 0,0001
210 90.6252 0,07 14,42 0,0000 0,0000 0,0054 0,0001 0,0068 0,0000
211 90.8089 0,07 14,45 0,0002 0,0000 0,0089 0,0002 0,0002 0,0000
212 90.8584 0,07 1446 | 0,0000 | 0,0000 | 0,0025 0,0001 0,0070 0,0000
213 91.4714 0,07 14,56 0,0001 0,0000 0,0028 0,0001 0,0011 0,0000
214 91.6866 0,07 14,59 0,0002 0,0000 0,0103 0,0000 0,0146 0,0000
215 91.7619 0,07 1460 | 0,0000 | 0,0000 | 0,0021 0,0001 0,0000 0,0000
216 92.1966 0,07 14,67 | 0,0000 | 0,0000 | 0,0046 0,0020 0,0015 0,0000
217 92.2887 0,07 14,69 0,0000 0,0000 0,0001 0,0000 0,0003 0,0000
218 92.5844 0,07 14,74 0,0000 0,0000 0,0001 0,0017 0,0000 0,0000
219 92.7982 0,07 14,77 | 0,0019 | 0,0008 | 0,0080 0,0016 0,0067 0,0009
220 93.1348 0,07 1482 | 0,0000 | 0,0001 | 0,0049 0,0001 0,0025 0,0003
221 93.1603 0,07 14,83 0,0003 0,0001 0,0025 0,0000 0,0010 0,0003
222 93.3339 0,07 1485 | 0,0000 | 0,0015 | 0,0003 0,0003 0,0000 0,0018
223 93.6329 0,07 1490 | 0,0000 | 0,0000 | 0,0014 0,0007 0,0011 0,0000
224 94.2307 0,07 15,00 0,0011 0,0000 0,0002 0,0006 0,0001 0,0000
225 94.2785 0,07 15,00 0,0002 0,0000 0,0055 0,0005 0,0004 0,0000
226 94.5142 0,07 1504 | 0,0000 | 0,0000 | 0,0002 0,0000 0,0001 0,0000
227 94.9002 0,07 1510 | 0,0011 | 0,0000 | 0,0027 0,0001 0,0025 0,0002
228 95.0564 0,07 15,13 0,0000 0,0001 0,0000 0,0000 0,0011 0,0001
229 95.2329 0,07 15,16 0,0007 0,0001 0,0028 0,0008 0,0004 0,0001
230 95.3914 0,07 1518 | 0,0001 | 0,0003 | 0,0002 0,0035 0,0006 0,0003
231 95.6457 0,07 1522 | 0,0000 | 0,0000 | 0,0009 0,0031 0,0005 0,0001
232 95.7955 0,07 15,25 0,0006 0,0000 0,0001 0,0021 0,0001 0,0000
233 96.259 0,07 1532 | 0,0008 | 0,0002 | 0,0003 0,0007 0,0001 0,0003
234 96.2972 0,07 1533 | 0,0001 | 0,0000 | 0,0024 0,0000 0,0039 0,0000
235 96.6987 0,06 15,39 0,0001 0,0000 0,0011 0,0001 0,0034 0,0000
236 96.8881 0,06 15,42 0,0000 0,0001 0,0003 0,0000 0,0002 0,0000
237 97.0736 0,06 1545 | 0,0001 | 0,0000 | 0,0049 0,0000 0,0014 0,0000
238 97.2156 0,06 1547 | 0,0000 | 0,0000 | 0,0008 0,0001 0,0002 0,0001
239 97.5164 0,06 15,52 0,0010 0,0001 0,0016 0,0009 0,0002 0,0000
240 97.6074 0,06 15,53 0,0005 0,0000 0,0000 0,0004 0,0000 0,0001
241 97.8028 0,06 1557 | 0,0001 | 0,0000 | 0,0001 0,0002 0,0012 0,0000
242 97.9721 0,06 15,59 0,0001 0,0001 0,0012 0,0001 0,0006 0,0001
243 98.2715 0,06 15,64 0,0005 0,0000 0,0005 0,0002 0,0021 0,0000
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Diplomski rad Filip Coga
Omega Period Freq.  Wxi/Wxiot Wyi/Wytot Wazi/Wztot Wi r/Whxtot_r Wyi r/Wytot R~ Wzi_r/Woatot_r
[rad/s] [s] [Hz]
244 98.3479 0,06 1565 | 0,0000 | 0,0000 | 0,0026 0,0000 0,0005 0,0001
245 98.8444 0,06 15,73 0,0000 0,0000 0,0001 0,0002 0,0008 0,0000
246 98.9785 0,06 15,75 0,0009 0,0000 0,0018 0,0002 0,0013 0,0000
247 99.0924 0,06 1577 | 0,0002 | 0,0004 | 0,0014 0,0000 0,0002 0,0003
248 99.1412 0,06 1578 | 0,0000 | 0,0000 | 0,0000 0,0000 0,0000 0,0000
249 99.2348 0,06 15,79 0,0000 0,0001 0,0009 0,0002 0,0018 0,0002
250 99.3437 0,06 15,81 0,0000 0,0000 0,0000 0,0015 0,0003 0,0000
251 99.4477 0,06 1583 | 0,0000 | 0,0000 | 0,0000 0,0000 0,0000 0,0000
252 99.7429 0,06 15,87 0,0000 0,0000 0,0015 0,0000 0,0006 0,0000
253 99.882 0,06 15,90 0,0001 0,0011 0,0014 0,0025 0,0035 0,0025
254 100.211 0,06 1595 | 0,0001 | 0,0000 | 0,0016 0,0007 0,0000 0,0001
255 100.414 0,06 1598 | 0,0000 | 0,0000 | 0,0004 0,0000 0,0002 0,0000
256 100.671 0,06 16,02 0,0005 0,0000 0,0002 0,0001 0,0000 0,0001
257 101.095 0,06 16,09 0,0000 0,0000 0,0002 0,0001 0,0002 0,0000
258 101.228 0,06 16,11 | 0,0011 | 0,0000 | 0,0009 0,0000 0,0000 0,0000
259 101.433 0,06 16,14 | 0,0000 | 0,0000 | 0,0001 0,0000 0,0000 0,0000
260 101.451 0,06 16,15 0,0000 0,0000 0,0006 0,0000 0,0007 0,0000
261 101.533 0,06 16,16 0,0003 0,0004 0,0005 0,0000 0,0001 0,0005
262 101.743 0,06 16,19 | 0,0000 | 0,0000 | 0,0002 0,0003 0,0004 0,0000
263 101.906 0,06 16,22 0,0006 0,0000 0,0006 0,0002 0,0005 0,0001
264 102.176 0,06 16,26 0,0000 0,0000 0,0002 0,0002 0,0008 0,0000
265 102.436 0,06 1630 | 0,0000 | 0,0001 | 0,0016 0,0003 0,0020 0,0002
266 102.806 0,06 1636 | 0,0014 | 0,0001 | 0,0011 0,0005 0,0038 0,0002
267 102.861 0,06 16,37 0,0000 0,0000 0,0003 0,0016 0,0009 0,0000
268 103.006 0,06 16,39 0,0001 0,0001 0,0003 0,0001 0,0000 0,0000
269 103.442 0,06 1646 | 0,0016 | 0,0001 | 0,0016 0,0001 0,0028 0,0001
270 103.725 0,06 16,51 | 0,0000 | 0,0000 | 0,0006 0,0014 0,0000 0,0000
271 103.842 0,06 16,53 0,0000 0,0000 0,0009 0,0032 0,0002 0,0000
272 103.861 0,06 16,53 | 0,0000 | 0,0001 | 0,0032 0,0000 0,0001 0,0000
273 104.03 0,06 16,56 | 0,0006 | 0,0000 | 0,0000 0,0006 0,0005 0,0000
274 104.531 0,06 16,64 0,0001 0,0001 0,0002 0,0000 0,0003 0,0000
275 104.713 0,06 16,67 0,0000 0,0000 0,0000 0,0002 0,0000 0,0000
276 104.948 0,06 16,70 | 0,0000 | 0,0000 | 0,0006 0,0002 0,0000 0,0001
277 104.967 0,06 16,71 | 0,0000 | 0,0003 | 0,0006 0,0001 0,0003 0,0000
278 105.035 0,06 16,72 0,0000 0,0004 0,0001 0,0001 0,0007 0,0010
279 105.437 0,06 16,78 0,0000 0,0001 0,0000 0,0002 0,0000 0,0001
280 106.028 0,06 16,87 | 0,0009 | 0,0000 | 0,0009 0,0003 0,0003 0,0001
281 106.253 0,06 16,91 0,0000 0,0001 0,0000 0,0001 0,0000 0,0000
282 106.309 0,06 16,92 0,0000 0,0000 0,0012 0,0001 0,0013 0,0000
283 106.351 0,06 16,93 | 0,0001 | 0,0000 | 0,0016 0,0025 0,0028 0,0000
284 106.625 0,06 16,97 | 0,0000 | 0,0000 | 0,0014 0,0003 0,0017 0,0001
285 106.749 0,06 16,99 0,0005 0,0001 0,0002 0,0000 0,0000 0,0001
286 107.14 0,06 17,05 0,0001 0,0000 0,0000 0,0000 0,0002 0,0000
287 107.164 0,06 17,06 | 0,0008 | 0,0002 | 0,0002 0,0002 0,0011 0,0002
288 107.432 0,06 17,0 | 0,0002 | 0,0001 | 0,0001 0,0001 0,0001 0,0000
289 107.483 0,06 17,11 0,0000 0,0000 0,0012 0,0007 0,0018 0,0000
290 107.787 0,06 17,15 | 0,0002 | 0,0004 | 0,0025 0,0001 0,0044 0,0007
201 107.821 0,06 17,6 | 0,0003 | 0,0000 | 0,0001 0,0004 0,0001 0,0000
292 107.926 0,06 17,18 0,0000 0,0001 0,0004 0,0001 0,0007 0,0002
293 108.627 0,06 17,29 0,0022 0,0000 0,0000 0,0000 0,0003 0,0000
294 108.906 0,06 1733 | 0,0000 | 0,0000 | 0,0001 0,0001 0,0000 0,0000
295 109.008 0,06 1735 | 0,0000 | 0,0000 | 0,0003 0,0000 0,0006 0,0000
296 109.323 0,06 17,40 0,0010 0,0001 0,0000 0,0000 0,0001 0,0000
297 109.474 0,06 17,42 0,0001 0,0000 0,0000 0,0001 0,0000 0,0000
208 109.536 0,06 1743 | 0,0002 | 0,0002 | 0,0000 0,0002 0,0000 0,0002
299 109.645 0,06 1745 | 0,0000 | 0,0002 | 0,0006 0,0003 0,0012 0,0005
300 109.727 0,06 17,46 0,0004 0,0000 0,0000 0,0003 0,0001 0,0001
301 109.841 0,06 1748 | 0,0005 | 0,0000 | 0,0000 0,0001 0,0000 0,0000
302 109.888 0,06 1749 | 0,0004 | 0,0001 | 0,0000 0,0003 0,0001 0,0001
303 110.087 0,06 17,52 0,0000 0,0000 0,0001 0,0001 0,0001 0,0000
304 110.158 0,06 17,53 0,0000 0,0000 0,0001 0,0000 0,0001 0,0000
305 110.203 0,06 17,54 | 0,0000 | 0,0000 | 0,0000 0,0000 0,0000 0,0000
306 110.211 0,06 17,54 | 0,0000 | 0,0001 | 0,0001 0,0002 0,0001 0,0000
307 110.232 0,06 17,54 0,0002 0,0003 0,0000 0,0003 0,0000 0,0000
308 110.268 0,06 17,55 0,0000 0,0001 0,0000 0,0001 0,0000 0,0000
309 110.347 0,06 17,56 | 0,0000 | 0,0000 | 0,0000 0,0000 0,0000 0,0000
310 110.411 0,06 17,57 0,0000 0,0000 0,0000 0,0000 0,0001 0,0000
311 110.488 0,06 17,58 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
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Diplomski rad Filip Coga
Omega Period Freq.  Wxi/Wxiot Wyi/Wytot Wazi/Wztot Wi r/Whxtot_r Wyi r/Wytot R~ Wzi_r/Woatot_r
[rad/s] [s] [Hz]
312 110.544 0,06 17,59 | 0,0000 | 0,0000 | 0,0000 0,0000 0,0000 0,0000
313 110.604 0,06 17,60 0,0002 0,0002 0,0001 0,0006 0,0000 0,0004
314 110.631 0,06 17,61 0,0000 0,0003 0,0000 0,0004 0,0000 0,0002
315 110.681 0,06 17,62 | 0,0000 | 0,0000 | 0,0000 0,0000 0,0000 0,0000
316 110.719 0,06 17,62 | 0,0000 | 0,0000 | 0,0000 0,0000 0,0000 0,0000
317 110.78 0,06 17,63 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
318 111.121 0,06 17,69 0,0000 0,0001 0,0000 0,0001 0,0001 0,0004
319 111.15 0,06 17,69 | 0,0000 | 0,0000 | 0,0005 0,0000 0,0000 0,0000
320 111.212 0,06 17,70 0,0000 0,0001 0,0000 0,0002 0,0000 0,0000
321 111.355 0,06 17,72 0,0002 0,0000 0,0007 0,0000 0,0005 0,0000
322 111.444 0,06 17,74 | 0,0000 | 0,0001 | 0,0001 0,0001 0,0000 0,0001
323 111.59 0,06 17,76 | 0,0000 | 0,0006 | 0,0001 0,0009 0,0002 0,0009
324 112.21 0,06 17,86 0,0002 0,0002 0,0014 0,0010 0,0004 0,0001
325 112.578 0,06 17,92 0,0005 0,0000 0,0011 0,0004 0,0011 0,0000
326 112.889 0,06 17,97 | 0,0003 | 0,0003 | 0,0009 0,0003 0,0003 0,0002
327 113.222 0,06 18,02 | 0,0000 | 0,0000 | 0,0002 0,0000 0,0003 0,0001
328 113.623 0,06 18,08 0,0002 0,0000 0,0000 0,0001 0,0003 0,0001
329 113.674 0,06 18,09 0,0007 0,0000 0,0005 0,0000 0,0002 0,0000
330 113.715 0,06 18,10 | 0,0000 | 0,0000 | 0,0013 0,0011 0,0003 0,0000
331 114.05 0,06 18,15 0,0000 0,0000 0,0005 0,0011 0,0009 0,0000
332 114.312 0,05 18,19 0,0002 0,0000 0,0000 0,0000 0,0003 0,0000
333 114.345 0,05 1820 | 0,0002 | 0,0000 | 0,0016 0,0000 0,0023 0,0000
334 114.606 0,05 1824 | 0,0001 | 0,0000 | 0,0003 0,0003 0,0003 0,0000
335 114.652 0,05 18,25 0,0010 0,0000 0,0002 0,0000 0,0001 0,0000
336 114.821 0,05 18,27 0,0029 0,0000 0,0004 0,0000 0,0001 0,0003
337 115.023 0,05 1831 | 0,0000 | 0,0001 | 0,0001 0,0003 0,0001 0,0000
338 115.057 0,05 1831 | 0,0001 | 0,0003 | 0,0001 0,0004 0,0002 0,0000
339 115.19 0,05 18,33 0,0008 0,0002 0,0011 0,0003 0,0000 0,0002
340 115.298 0,05 1835 | 0,0002 | 0,0005 | 0,0000 0,0011 0,0001 0,0011
341 115.939 0,05 1845 | 0,0003 | 0,0000 | 0,0002 0,0000 0,0000 0,0000
342 116.034 0,05 18,47 0,0001 0,0001 0,0000 0,0000 0,0003 0,0000
343 116.192 0,05 18,49 0,0001 0,0000 0,0031 0,0016 0,0006 0,0000
344 116.358 0,05 1852 | 0,0019 | 0,0000 | 0,0001 0,0000 0,0003 0,0001
345 116.601 0,05 18,55 | 0,0000 | 0,0007 | 0,0006 0,0004 0,0006 0,0002
346 116.714 0,05 18,58 0,0002 0,0000 0,0001 0,0012 0,0009 0,0003
347 116.77 0,05 18,58 0,0011 0,0001 0,0030 0,0005 0,0001 0,0000
348 117.075 0,05 18,63 | 0,0005 | 0,0000 | 0,0000 0,0000 0,0001 0,0000
349 117.244 0,05 18,66 0,0005 0,0000 0,0042 0,0001 0,0035 0,0000
350 117.34 0,05 18,68 0,0003 0,0001 0,0001 0,0002 0,0009 0,0000
351 117.813 0,05 18,75 | 0,0000 | 0,0000 | 0,0017 0,0000 0,0003 0,0000
352 118.287 0,05 18,83 | 0,0001 | 0,0003 | 0,0003 0,0026 0,0004 0,0007
353 118.567 0,05 18,87 0,0012 0,0001 0,0007 0,0000 0,0000 0,0000
354 118.676 0,05 18,89 0,0007 0,0006 0,0001 0,0000 0,0001 0,0008
355 118.855 0,05 1892 | 0,0013 | 0,0001 | 0,0004 0,0000 0,0003 0,0003
356 119.011 0,05 18,94 | 0,0000 | 0,0001 | 0,0001 0,0002 0,0000 0,0000
357 119.382 0,05 19,00 0,0007 0,0000 0,0013 0,0001 0,0006 0,0000
358 119.598 0,05 19,03 | 0,0004 | 0,0001 | 0,0004 0,0002 0,0011 0,0000
359 120.18 0,05 19,13 | 0,0002 | 0,0001 | 0,0000 0,0002 0,0000 0,0000
360 120.354 0,05 19,15 0,0004 0,0000 0,0000 0,0000 0,0000 0,0000
361 120.528 0,05 19,18 0,0008 0,0000 0,0000 0,0000 0,0001 0,0000
362 121.173 0,05 1929 | 0,0061 | 0,0001 | 0,0000 0,0003 0,0004 0,0000
363 121.179 0,05 19,29 | 0,0018 | 0,0001 | 0,0001 0,0000 0,0000 0,0000
364 121.844 0,05 19,39 0,0012 0,0002 0,0000 0,0000 0,0000 0,0001
365 122.034 0,05 19,42 0,0002 0,0001 0,0002 0,0000 0,0003 0,0002
366 122.258 0,05 1946 | 0,0004 | 0,0001 | 0,0002 0,0001 0,0003 0,0002
367 122.508 0,05 19,50 | 0,0001 | 0,0000 | 0,0000 0,0013 0,0002 0,0001
368 122.979 0,05 19,57 0,0007 0,0000 0,0000 0,0000 0,0022 0,0000
369 123.126 0,05 19,60 | 0,0010 | 0,0000 | 0,0024 0,0000 0,0003 0,0000
370 123.418 0,05 19,64 | 0,0001 | 0,0000 | 0,0004 0,0001 0,0002 0,0000
371 123.595 0,05 19,67 0,0000 0,0000 0,0000 0,0000 0,0003 0,0001
372 123.623 0,05 19,68 0,0000 0,0001 0,0002 0,0000 0,0001 0,0000
373 123.872 0,05 19,71 | 0,0002 | 0,0000 | 0,0001 0,0008 0,0004 0,0000
374 123.996 0,05 19,73 | 0,0002 | 0,0000 | 0,0001 0,0001 0,0002 0,0001
375 124.044 0,05 19,74 0,0000 0,0004 0,0000 0,0004 0,0001 0,0000
376 124.21 0,05 19,77 0,0002 0,0000 0,0000 0,0003 0,0000 0,0002
377 124.274 0,05 19,78 | 0,0005 | 0,0000 | 0,0000 0,0001 0,0001 0,0002
378 124.392 0,05 19,80 0,0003 0,0003 0,0005 0,0003 0,0011 0,0008
379 124.408 0,05 19,80 0,0001 0,0002 0,0002 0,0007 0,0002 0,0000
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Omega Period Freq. Wixi/Wxiot Wyi/Wytot Wzi/Wztot  Wii_r/Whxtot_r Wyi r/Wytot R~ Wai_r/Woztot R
[rad/s] [s] [Hz]

380 124.643 0,05 19,84 | 0,0002 | 0,0000 | 0,0003 0,0000 0,0002 0,0000
381 124.777 0,05 19,86 0,0001 0,0000 0,0000 0,0004 0,0001 0,0000
382 125.002 0,05 19,89 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
383 125.128 0,05 1991 | 0,0000 | 0,0000 | 0,0000 0,0000 0,0000 0,0000
384 125.148 0,05 1992 | 0,0002 | 0,0000 | 0,0001 0,0000 0,0001 0,0000
385 125.23 0,05 19,93 0,0002 0,0003 0,0002 0,0002 0,0002 0,0002
386 125.33 0,05 19,95 0,0002 0,0000 0,0005 0,0002 0,0002 0,0000
387 125.498 0,05 1997 | 0,0000 | 0,0000 | 0,0000 0,0001 0,0000 0,0000
388 125.523 0,05 19,98 0,0001 0,0000 0,0004 0,0001 0,0002 0,0000
389 125.759 0,05 20,02 0,0004 0,0000 0,0001 0,0000 0,0000 0,0000
390 125.895 0,05 20,04 | 0,0001 | 0,0000 | 0,0000 0,0000 0,0000 0,0000
301 126.024 0,05 20,06 | 0,0004 | 0,0009 | 0,0004 0,0013 0,0001 0,0003
392 126.396 0,05 20,12 0,0020 0,0001 0,0001 0,0002 0,0020 0,0000
393 126.697 0,05 20,16 0,0000 0,0003 0,0005 0,0002 0,0002 0,0004
394 126.724 0,05 20,17 | 0,0000 | 0,0002 | 0,0000 0,0001 0,0001 0,0007
395 127.09 0,05 20,23 | 0,000 | 0,0003 | 0,0000 0,0009 0,0000 0,0000
396 127.327 0,05 20,26 0,0004 0,0002 0,0000 0,0000 0,0000 0,0004
397 127.487 0,05 20,29 0,0001 0,0000 0,0002 0,0000 0,0008 0,0000
398 127.541 0,05 20,30 | 0,0004 | 0,0000 | 0,0000 0,0000 0,0001 0,0000
399 127.575 0,05 20,30 0,0003 0,0000 0,0003 0,0000 0,0004 0,0000
400 127.891 0,05 20,35 0,0002 0,0001 0,0000 0,0001 0,0000 0,0001

0,8045 | 0,9334 | 0,4828 0,5447 0,4418 0,9349

Tablica 7: Prikaz perioda, frekvencija i aktiviranih masa za prvih 400 modova

U prvih 400 modova se aktiviralo preko 89% mase u smjeru x 1 preko 93% mase u smjeru y.
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Filip Coga

Slika 31:  Prikaz 1. vlastitog vektora - torzija - smjeru (tlocrt)

Slika 32:

Prikaz 1. viastitog vektora - torzija - smjeru (aksonometrija)
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Slika 33:  Prikaz 5. vlastitog vektora — translacija y (tlocrt)

Slika 34:  Prikaz 5. vlastitog vektora — translacija y (aksonometrija)
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Slika 35:  Prikaz 7. vlastitog vektora — translacija u x - smjeru (tlocrt)

Slika 36:  Prikaz 7. vlastitog vektora — translacija u x - smjeru (aksonometrija)

Filip Coga
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Za kontrolu pomaka konstrukcije uslijed seizmickih sila (grani¢no stanje uporabljivosti)

koristi se ubrzanje tla agz za povratni period T=95god.

Zagreb — Shopping centar ,,King Cross* se nalazi u potresnoj zoni za koju je definirano

a,=0,13 g za povratni period T=95 god.

Za proracun seizmickog utjecaja za GSU uzima se faktor ponasanja konstrukcije q=1.0.

U sljedecoj tablici su prikazani parametri uzeti za seizmicku analizu objekta:

Tablica 8: Parametri za seizmicki proracun za GSU

coeff accel. ag 0,130
ag - design acceleration [m/s”. 1,275

q - behaviour factor 1,000

beta 0,200
S, Tb, Tc, Td manually? No v
Subsoil type € v
Spectrum type type 1 v
Direction Horizontal v

Direction factor 1
S - soil factor 1,150
Tb 0,200
Tc 0,600
Td 2,000

16

""l"” I |||||||| T I i

l 2744
).275

S

Slika 37: Prikaz elasticnog spektra odziva
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Slika 38: Pomaci uy od kombinacije GSU Sy - globalni maksimum

Maksimalni pomak: ux=104.2 mm

Dopusteni pomak: H/150=16000/150=106.67 mm > 104.2 mm
Zadovoljava!
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Slika 39: Pomaci ux od kombinacije GSU Sx - globalni maksimum

Maksimalni pomak: ux=52.1 mm

Dopusteni pomak: H/150=14000/150=93.33 mm > 52.1 mm
Zadovoljava!
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4. Dimenzioniranje konstrukcijskih elemenata

4.1. Pokrovni elementi —,,PK*“

Slika 40:  Prikaz pokrovnih elemenata konstrukcije ,, PK *

Filip Coga

52



Diplomski rad Filip Coga

4.1.1. Rezne sile pokrovnih elemenata
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Slika 41:  Moment savijanja My,(kNm)- pokrovni nosaci ,, PK*
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Q
-120,90 kiim
%

Slika 42: Moment savijanja M,,(kNm)- pokrovni nosaci ,, PK*
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Slika 43: Moment savijanja M,(kNm)- pokrovni nosaci ,, PK*
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Slika 44: Moment savijanja M,(kNm)- pokrovni nosaci ,, PK*“
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Slika 45:  Poprecna sila Vy (kN)- pokrovn_i nosaci ,, PK*

Filip Coga
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Slika 46: Poprecna sila Vy (kN)- pokrovni nosaci ,, PK*“

58



Diplomski rad

Slika 47: Poprecna sila V,(kN)- pokrovn(i nosaci ,,PK*

Filip Coga
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Slika 48: Poprecna sila V,(kN)- pokrovni nosaci ,, PK*“

Filip Coga
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Slika 49: Uzduzna sila N (kN)- pokrovni nosaci ,, PK“

Filip Coga
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Slika 50: Uzduzna sila N (kN)- pokrovni nosaci ,, PK*

Filip Coga
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4.1.2. Dimenzioniranje pokrovnih nosaca

Slika 51: Prikaz iskoristivosti pokrovnih nosaca ,, PK“

Filip Coga
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Slika 52: Prikaz iskoristivosti pokrovnih nosaca ,, PK*

Filip Coga
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EC-EN 1993 Steel check ULS

Linear calculation
Combination: ULS-Set

B (auto)

Coordinate system: Principal

Extreme 1D: Global
Selection: All

EN 1993-1-1 Code Check

National annex: Stand

ard EN

Filip Coga

Member B5563

18,188 / 18,188

CFCHS273X8

Cold formed

S 355

ULS-Set B (auto)

0,86 -

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

Combination key
ULS-Set B (auto) / G + dg + 1.50*T+ + 0.90*w3(odizanje)

Partial safety factors

Resistance of cross-sections  |ymo | 1,00

Resistance to instability ym | 1,10

Resistance of net sections ym2 | 1,25

Yield strength fy 1355,0 |MPa

Ultimate strength  |fu |490,0 |MPa
...:iSECTION CHECK::...

The critical check is on position 18,188 m

Internal forces Calculated Unit

Normal force NEed -184,66 kN
Shear force Vyeda 0,61 kN
Shear force Vzeda | -4,50 kN
Torsion Ted 11,16 kNm
Bending moment | Myed | -14,03 kNm
Bending moment  |Mgea | 3,42 kNm

Classification for cross-section design
Classification according to EN 1993-1-1 article 5.5.2
Classification of Tubular sections according to EN 1993-1-1 Table 5.2 Sheet 3

d t

[mm] [mm]

[-

d/t

34,1

Class 1 Limit
1 [-]
33,1

Class 2 Limit
[-]

Class 3 Limit
[-]

(o F- 11

The cross-section is classified as Class 2

Compression check

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

Cross-section area

A 6,6600e-03

m?

Compression resistance

Nc,Rd

2364,30

kN

Unity check

0,08

~ Axf, 6,6600-10~3[m?] x 355,0[MPa]

Nc‘Rd N
MO

Unity check = Nes| _

Ncrd

~ 2364, 30[kN]

1,00

|—184, 66[kN]|

= 2364, 30[kN]

=0,08 < 1,00
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Bending moment check for My
According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6.13)

Plastic section modulus Wiy 5,6197e-04 |m?
Plastic bending moment | Mpiyrd | 199,50 kNm
Unity check 0,07 -

Wiy x f, _ 5,6197 - 10~*[m’] x 355,0[MPa]

oo - = 199, 50[kNm]

Moiy.Rd =

[Myeol _ [=14,030kNm]| _ o 00 3 oo

ity check = = :
i y chec Mpi.y.Rd 19950[kNm]

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

Plastic section modulus Whi,z 5,6197e-04 |m?
Plastic bending moment | Mpizrd | 199,50 kNm
Unity check 0,02 -
L 10-4Im?3
Moo = Wi, x f, _ 5,6197-10 [m?] x 355,0[MPa] — 109, 50[kNm]
™Mo 1,00
. [Mzgg|  [3,42[kNm]|
heck = = = <
Unity chec Myora 199, 50[kNm] 0,02 <1,00
Shear check for Vy
According to EN 1993-1-1 article 6.2.6 and formula (6.17)
Shear correction factor n 1,20
Shear area Av 4,2399e-03 | m?
Plastic shear resistance for Vy | Vpiyrd | 869,00 kN
Unity check 0,00 -
A, x \% 4,2399 - 103[m?] x 355'\0/[35/”33]
VolyRd = I 100 = 869, 00[kN]
. IVyeal _ [0, 61[kN]|
Unity check = =———=-=0,00<1,00
MY e = Ve re  869,00kN] 7T =
Shear check for V.

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

Shear correction factor n 1,20

Shear area A 4,2399e-03 | m?
Plastic shear resistance for V; | Vpizrd | 869,00 kN
Unity check 0,01 -

A, x e 4,2399 - 10-3[m?] x 305, [Pl

V3 V3
V2R = = = 869, 00[kN
pl.z.Rd o 1.00 869 00[ ]
Unity check = [Vagal _ |=4,500N])| _ 0,01 < 1,00

Vezrg 869, 00[kN]

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

Index of fibre Fibre |1

Total torsional moment | Ted 12,6 MPa
Elastic shear resistance | Trd 205,0 |MPa
Unity check 0,06 -

Filip Coga
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| Tes |11, 16[kNm] wl
TEd = ‘TEd.u,‘it X TEd.unit| = | IOO[kNm] X 1133 179[kN/m ] = 126[MP3]
e . BOOMOIMPS], o e
V3 X V3 x1,00
Unity check — 78 — 126MPal _ g o0 4 49

Tra  205,0[MPa]

Combined Shear and Torsion check for Vy and Tted

According to EN 1993-1-1 article 6.2.6 & 6.2.7 and formula (6.25),(6.28)

Plastic shear resistance for Vyand | Vpi,ryrd | 815,38 | kN
Ted

Unity check 0,00 -

VoiT.y.Rd = <1 = £

y

\Vy.eal _ 10.61[kN]]
Voryra 815, 38[kN]

Unity check = =0,00<1,00

Combined Shear and Torsion check for V: and Tiedq

According to EN 1993-1-1 article 6.2.6 & 6.2.7 and formula (6.25),(6.28)

Teed X Mo X V3 “V N 12,6[MPa] x 1,00 x v/3
Ply:Rd = 355,0[MPa]

Plastic shear resistance for V, and Vo, 1zrd | 815,38 | kN
Ted

Unity check 0,01 -

fy

Vol TzRd = (1 -
[Vzed| _ [—4,50[kN]|

Unity check = B
nity chec Voitore  815,38[kN]

=0,01 < 1,00

Combined bending, axial force and shear force check
According to EN 1993-1-1 article 6.2.9.1 and formula (6.31)

TeEd X Mo X V3 Vv . 12,6[MPa] x 1,00 x v/3
phefd ™ 355, 0[MPa]

Resultant bending moment Mresutant | 14,44 kNm
Resultant shear force Vresultant 4,55 kN
Design plastic moment resistance | Mrd 196,88 | kNm
reduced due to Neq
Unity check 0,07 -

o INeal | =184,66(kN]| _ oo

Nprs  2364,30kN]

Mn.rd = Mpira X (1 —n7) = 199,50[kNm] x (1 — 0,08"7) = 196, 88[kNm]

[Mvesultantl o |1444[kNm]|

Unity check = 0 tre 196, 88[kNm]

~0,07 < 1,00

Note: The resultant internal forces are used for CHS sections.

) x 869, 00[kN] = 815, 38[kN]

) x 869, 00[kN] = 815, 38[kN]

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

resistances is neglected.

The member satisfies the section check.

Filip Coga
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Classification for member buckling design

Decisive position for stability classification: 0,000 m

Decisive utilisation factor n: 0,07

Classification according to EN 1993-1-1 article 5.5.2

Classification of Tubular sections according to EN 1993-1-1 Table 5.2 Sheet 3

d t d/t Class1Limit Class2Limit Class3Limit Class

[mm] [mm] [-] [-] [-] [-]

The cross-section is classified as Class 2

Note: The decisive position for the stability classification is based on the utilisation factor n according to Semi-Comp+.

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

Buckling parameters Yy 2z

Sway type sway non-sway

System length L 18,188 |18,188 m

Buckling factor k 1,12 0,59

Buckling length ler 20,361 10,772 m

Critical Euler load Ner 292,55 |1045,32 kN

Slenderness A 217,22 114,91

Relative slenderness Arel 2,84 1,50

Limit slenderness Ao 0,20 0,20

Buckling curve C C

Imperfection a 0,49 0,49

Reduction factor X 0,10 0,31

Buckling resistance Nbra |225,57 1673,32 kN

Cross-section area A 6,6600e-03 | m?

Buckling resistance | Nbrd | 225,57 kN

Unity check 0,82 -

72 x Ex 1, 7 x210000,0[MPa] x 5,8517 - 10~5[m*]

Nery = 2, — 20, 361[m]? = 292,55[kN]

2 xExl, w2x 210000,0[MPa] x 5,8517 - 10-5[m?]

N, = = = 1045, 32[kN
* 12, 10, 772[m]? 045, 32[kN]
ley 20,361
A== 20.361m] _ 5,7 5
iy 94[mm]
do= loz _10.772m] o
iz 94[mm]
Ay N 217,22 o
E 210000, 0[MPa]
X = T X R p——
f, 355,0[MPa]
114,91

Arelz = =
210000, O[MPa]
355, 0[MPa]
@y =0,5% [1+ ay X (Arely — Arely) + May,] = 0,5 x [1+0,49 x (2,84 — 0,20) + 2,84%| = 5,19

©:=0,5x [1+a; x (Nelz — Nelzo) + Aay,] = 0,5 x [1+ 0,49 x (1,50 — 0,20) + 1,50%] = 1,95

Filip Coga
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. 1 . 1 .
Xy = min T,l = min < > Tk 1) = min (O. 10, 1) =0,10
o+ \/»93 -3 5,19 + /5,192 — 2,84

1 1
;=min | ——————=_1| = min ,1] =min(0,31,1) = 0,31
e N (1.95+ /1,952 — 1,502 ) { )
v f ] i . 10-3[m?2 0[M
Noys = Xy X A xf, 0,10 x 6,6600 - 10~*[m?] x 355,0[MPa] _ 225, 57[KN]
™1 1,10
.10-3[m?
Ny, kg = Xz X A x f, _ 0,31 x 6,6600 - 10-3[m?] x 355, 0[MPa] — 673,32[kN]

M1 1,10

Nde = min (Nb.y.Rd- Nb.z.Rd) = min (225 57[kN] 673, 32[kN]) =225, 57[kN]

heck = —& =L —— > " 2 <1,
Unlty chec Nble 225, 57[kN] 0,82 1 00

Torsional(-Flexural) Buckling check
According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)
Note: The cross-section concerns a CHS section which is not susceptible to Torsional(-Flexural) Buckling.

Lateral Torsional Buckling check
According to EN 1993-1-1 article 6.3.2.1
Note: The cross-section concerns a CHS section which is not susceptible to Lateral Torsional Buckling.

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

ending and d d 0 pre 0 < arfameste
Interaction method alternative method 1
Cross-section area A 6,6600e-03 m?
Plastic section modulus Wp,y | 5,6197e-04 m3
Plastic section modulus Wp,z | 5,6197e-04 m3
Design compression force NEed 184,66 kN
Design bending moment Myed |-14,03 kNm
(maximum)
Design bending moment Mzeda | 3,42 kNm
(maximum)
Characteristic compression Nrk 2364,30 kN
resistance
Characteristic moment resistance Myre  [199,50 kNm
Characteristic moment resistance Mzre 199,50 kNm
Reduction factor Xy 0,10
Reduction factor Xz 0,31
Reduction factor XLT 1,00
Interaction factor Kyy 0,45
Interaction factor Kyz 0,50
Interaction factor Kzy 0,65
Interaction factor Kz 1,13

Maximum moment Myeq is derived from beam B5563 position 18,188 m.
Maximum moment M4 is derived from beam B5563 position 18,188 m.

Interaction method 1 parameters

Critical Euler load Nery 292,55 kN
Critical Euler load Ner,z 1045,32 kN
Elastic critical load Ner, 537922,16 kN
Plastic section modulus Woi,y 5,6197e-04 m3
Elastic section modulus Wel,y 4,2870e-04 m?
Plastic section modulus Wo,z 5,6197e-04 m3
Elastic section modulus Wel,z 4,2870e-04 m3
Second moment of area I, 5,8517e-05 m*
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Interaction method 1 parameters

Second moment of area I, 5,8517e-05 m*
Torsional constant It 1,1703e-04 m*
Method for equivalent moment Table A.2 Line 2 (General)

factor Cmy,O

Design bending moment My,ed -14,03 kNm
(maximum)

Maximum relative deflection 0, -3,1 mm
Equivalent moment factor Cry,0 0,42

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

factor Cmz,0

Design bending moment MzEd 3,42 kNm
(maximum)

Maximum relative deflection Oy -1,3 mm
Equivalent moment factor Crmz,0 0,85

Factor Hy 0,39

Factor Mz 0,87

Factor & 1,18

Factor awr 0,00

Critical moment for uniform M0 1861,59 kNm
bending

Relative slenderness Arel,0 0,33

Limit relative slenderness Aretojim | 0,30

Equivalent moment factor Cry 0,42

Equivalent moment factor Cmz 0,85

Equivalent moment factor Crir 1,00

Factor bir 0,00

Factor Ct 0,00

Factor dur 0,00

Factor ewr 0,00

Factor Wy 1,31

Factor W; 1,31

Factor Npl 0,09

Maximum relative slenderness ANemax | 2,84

Factor ny 0,99

Factor G 0,49

Factor Cy 0,92

Factor Cz 0,80

Unity check (6.61) = 0,82 + 0,04 + 0,01 = 0,86 -
Unity check (6.62) = 0,27 + 0,05 + 0,02 = 0,35 -

7 x Exl, w%x 210000,0[MPa] x 5,8517 - 10~°[m*]

Ny = = =292, 55[kN
=" 20, 361[m]? 92,55[kN]
72 x Exl, m2x 210000,0[MPa] x 5,8517 - 10~°[m*]
L= = = 1045,32[k
Nerz 12, 10, 772[m]? 1045, 32[kN]
1 mxEx| 1 7?2 x 210000, 0[MPa] x 8,0163 - 10~*°[m9)
NeTr = 5 | 2 ) = 769, 2[MPa] x 1,1703 - 10~ “[m*
er,T 2 X (G x e+ 2 ) 133[mm]? X (80 69, 2[MPa] x 1,1703 - 10~“[m*] + 18, 188[m]2 )

— 537922, 16[kN]

B 72 % E x|, |6 INgg| 72 x 210000, 0[MPa] x 5,8517 - 10-5[m*] x |3, 1[mm]| 1184, 66[kN]|

Coyo=1+ ( L2x Myedl 1) i ( 18, 188[m]? x |—14, 03[kNm]| - 1) X 202, 55[kN] 042
72 x E x 1, x |4,] [Ngg| 72 x 210000, 0[MPa] x 5,8517 - 10~ °[m*] x |1, 3[mm]| |184, 66[kN]|

Cmzo =1 ( L2x Mpedl 1) N T ( 18, 188[m]2 x |3, 42[kNm]| - 1) * 1045, 32[kN] ~ %

1 - Nl 1 1184,66[kN]|

- Neey 292, 55[kN] .58

= L _ Xy INel — 0,10 x [184.66[kN][ ~
Nery 292, 55[kN]
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1 INed ~ |184,66[kN]|
- Nez 1045, 32[kN] e
M XexINed | 0,3Lx[184,66/N]
Ner.o 1045, 32[kN]
My eq A —14,03[kNm]| _ 6,6600 - 10-3[m?]
gy = | L= = x g = 1,18
Neg |~ Way 184,66[kN] 4,2870 - 10-4[m?]

B - 1,1703-10“[m"] 1\ B
aLT = max (1 - Iy,O) = max (1 ~ 5.8517 10ﬁ5[m4]"0 = max(—1,00,0,00) = 0,00

K\ 2
— | xly
Mcy.o:c‘Xﬂ-ZXEZXIZX \'(kw) +(k><;u')2><G><I‘+
(k x Iir) I, a2 x Exl,

(szzg—ngzj)2—(C2ng—ngzj)

~ 1,00 x = x 210000, 0[MPa] x 5.8517 - 10 °[m]
(1,00 x 18,188[m])”

| (1,00\°
| (=) x8,0163-10~%[m®] 2
‘ 1.00) (1,00 x 18, 188[m])? x 80769, 2[MPa] x 1,1703 - 10-*[m"| y
\ 5,8517 - 10 5[m’] + 2 x 210000, 0[MPa] x 5,8517 - 10 5[m"] +(0,93 % Ojmm]~0;41 5 Qlmm])" — (0,83 Ojom] — G,4L x Ojmim])
— 1861, 59[kNm]

At = Wy x f,  [5,6197 - 10~*[m?] x 355,0[MPa] 0.33
A Meo 1861, 59[kNm] -

Arelogim = 0,2 x v/ Cy X \'/(1— W—Edl) X (1— KI\I—Ed') =0,2 x /2,40 x \'/(l— wl—') X (1 W) =0,30
cr.z

e 1045, 32[kN] " 537922, 16[kN]

VEy X ar V1,18 x 0,00
my = Cayo+ (1 = Cpy =0,42+(1-0,42) x —Y— 222" =042
Coy = Copo (1= Con) X T o * )X 1 /118 % 0,00
sz = sz.O = 07 85
CpnLT = max C?ny X BIT ,1| = max |0,42% x 0:%0 1
[Nl [Neg| 184, 66[kN]| 184, 66[kN]|
1 e ) o g o L R R ke L ISV (F g b ihd ks
Ner.z Neer 1045, 32[kN] 537922, 16[kN]
= max [0,00,1,00] = 1,00
My kdl M, | |-14,03[kNm]| 3, 42[kNm]|
bt =0,5 A2 My =0,5x 0,00 x 0,33 = 0,00
b= T4 A X e S Moly.Rd ) Moizra . . * 1,00 x 199, 50[kNm] 199, 50[kNm]
A2 My el 0,332 |—14, 03[kNm]|
-1 rel.0 y.Ed =1 ! y 3 —0.
o = O X N X Gy e X Mg 10 % 000 X 5T 56 X 5,42 1, 00 x 199, 50[kNm] " 0
Arel0 My Edl M el
dir=2xaT % s X
o = 0,1+ ’\‘r‘eIAz Cmy X XLt X Mpl.y.Rd sz X MpIAzARd
0,33 |—14, 03[kNm]| 13, 42[kNm]|
=2 3 =
X 0,00 5 11,50 0,42 x 1,00 x 199, 50[kNm] * 0,85 x 199, 50[kNm] — >
Arel0 LY 0.33 |—14,03[kNm]|
=17 o y =1,7%0,00 =0,00
T O TN, " Coy X X Mg 0,1+ 1,50° " 0,42 x 1,00 x 199, 50[kNm]

(W . (5.6197-107%[m’] o B
wy—mln(wel-y,l,S = min 47.2870~10‘4[m3]’1’5 =min(1,31,1,50) = 1,31
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W, i (36197 10~4[m?) .
= 1 —_— 1 = 1.31,1, =i1,31
w, = min (Welz 5) min <4,2870 T10-9[m7] 5 min (1,31,1,50) 3

o INeg| _ [184,66[kN]|
P Nre  2364,30[kN]
™M1 1,10

= 0,09

Arelmax = Max (Arelys Arel.z) = Mmax (2,84,1,50) = 2,84

1.6 1, W,
Cy= max{l +(wy — 1) x [(2 -2 x Cf“y X Nl vasc— L6 X C2 Al max) X Npj— bLT] . W—dy}
Wy ply

:max{1+(1.31—1)x[(2—11 ><0422><284—%><0422 2,842>x0,09—0.00]

4,2870 - 10~“[m?]
"5,6197 - 10~4[m?]

} = max{0,99,0,76}

=0,99

C2 X ’\rel max W, WeLz
C= max{ (2 —14 x X ny —crr| 0,6 x va X W,

2 x 2,842 1,31  4,2870-10 *[m?
_max{1+ (1,31 -1) [(2—14 0,855 2,5 )xo.og—o.oo].o.()x ixM}_max{o.w.o,%}—o,w

1.315 1.31 " 5,6197 - 10-4[m?]

2, x A2 W,
Cy=maxq1l+(wy—1)x |{2—-14x 'e'ma" x ng —dir| 0,6 x Wy o ey
w, Wpl.y

422 42 . 4,2870 - 10~4[m?
—max{1+(1.31-1)x[(2-14 0,42 % 2,8 >><0.09—0,00],0.6>< ﬂxm}max{0.92,0,46}*0,92

130 1,31 * 56197 10-%[mJ|
C,, = max [1 +(w, — 1) x (2 L % 2% Ardi ax— 1— % G2 X2 eLT> X Ny, xe"z}
W plz

4,2870 - 10~4[m?]
5,6197 - 10-*[m?]

=max[1+(1.31—1)>< (2—11 x 2, 84—%x0852x2842—0 oo) 0,09,

] = max [0,80,0,76] = 0,80
Ngk = A x f, = 6,6600 - 10~*[m?] x 355,0[MPa] = 2364, 30[kN]

My g = Wiy x f, = 5,6197 - 10~*[m?] x 355, 0[MPa] = 199, 50[kNm]

Mg = Wi x f, = 5,6197 - 10*[m?] x 355,0[MPa] = 199, 50[kNm|

_ Iy i 0.39 1
kyy = Cmy X CroLt X 71 B Ne % c, =0,42 x 1,00 x 71 B 1184, 66[kN]| X 0.99 = 0,45
Nery 292, 55[kN]
- Ly 1 [wy 0,39 1 1,31
kyz_C,mx—1 INed ><0 6 x Wy-O,BSx—_ 1184, 66[KN]| 049><0 6 x 1.31—0,50
Ner.z 1045, 32[kN]
B 11z L [wy 0,87 1 1,31
kzy_CmymeL-.-x—1 Ne X x 0,6 x - Y =0,42 x 1,00 x —_ 1184, 66[kN]| 0.92 x 0,6 x 131 =0,65
Nery 292, 55[kN]
_ Jiz L _ 0,87 1
ks = Cinz X 71 - INeal = C.o =0,85x 7_ (184, 66[kN]| X 1,13
Ner. 1045, 32[kN]
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Unity check (6.61) = —Nesl 4y o Mygol +1AMygal | [Magol + [AM, gl

Nee 7 ) M, Rk ¥ M. Ri
Xy X — XLT X — .
M1 M1 /M1
184, 66[kN]| |14, 03[kNm]| + |0, 00[kNm]| I3, 42[kNm]| + |0, 00[kNm]|
=PRI g ] = <
0,10  2364.30[kN] F 0% 100 x 199.50[kNm] A0 199, 50[kNm] 0,86 < 1,00
' 1,10 ' 1,10 1,10
N M AM M AM
Unity check (6.62) = INea| + Ky X My.al + |M vl + kyy X My £4] + |AM, ol Z'Edlr\: |AM. g
y.Rk z.Rk
Xz X~ XLT X 2=
M1 M1 ™M1
184, 66[kN]| |14, 03[kNm]| + |0, 00[kNm]| I3, 42[kNm]| + |0, 00[kNm]|
=15 = <
0,31 . 2364.30KN] 008 L 00 199, 50[kNm] s 199, 50[kNm] 0,35 <1,00
‘ 1,10 : 1,10 1,10

Unity check = max (Unity check (6.61), Unity check (6.62)) = max (0, 86,0,35) = 0,86 < 1,00

The member satisfies the stability check.
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4.1.3. Granic¢no stanje uporabljivosti

[235mm |

[ 23,5mm |

23,3 mm
21,9 mm |
21,9 mm

|

'_4
z‘\‘/
| -2,2 mm ‘/

f

/il

, é/

hl

/o
= L |
ot
5
j/
]
o
i
7
;,—
72,5 mm -',J/[WI
'“96mm\
]
I,/
5
"l
| -0,3mm " 0,0 mm |
|
14,5mm |

| -32,1 mm
-3 5

\ -72,5mm_| L

747mm  (L/250)

fmax. =404 mm < fp,dop. = 74,7 mm
=
£
& :
N o E
\\ = “ —‘~—‘\:\i:> %
=
E ._
ki j g
Slika 54: Prikaz pomaka pokrovnih nosaca ,, PK** (mm)
u z
60,0 mm
18,36 m
734mm (L/250) |
fmax. =60,0mm < fp,dop. = 73,4 mm

74



Diplomski rad Filip Coga
4.2. Trostruki stup ,,S1“

4.2.1. Rezne sile trostrukog stupa ,,S1*

Slika 55: Moment savijanja My,(kNm)- trostruki stup ,,S1" od osi N1 do N7

-

Slika 56: Moment savijanja M,,(kNm)- trostruki stup ,,S1* od osi N13 do N27
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Slika 58: Moment savijanja M,(kNm)- trostruki stup ,,S1* od osi NI do N7

]| !

Slika 59: Moment savijanja M,(kNm)- trostruki stup ,,S1" od osi N13 do N27
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Slika 60: Poprecna sila Vy(kN)- trostruki stup ,,S1° od osi N1 do osi N7

|
F
.

! jli’l

Slika 61: Poprecna sila Vy (kN)- trostruki stup ,,S1 “od osi N13 do N27
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Slika 62: Poprecna sila V,(kN)- trostruki stup ,,S1" od osi NI do osi N7

4]

Slika 63: Poprecna sila V,(kN)- trostruki stup ,,S1“ od osi N13 do N27
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Slika 64: Uzduzna sila N(kN)- trostruki stup ,,S1* od osi NI do osi N7

Py

Slika 65: Uzduzna sila N (kN)- trostruki stup ,,S1“ od osi N13 do osi N27
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4.2.2. Dimenzioniranje trostrukog stupa ,,S1“

Slika 66:  Prikaz iskoristivosti trostrukog stupa,,S1* od osi NI do osi N7

Slika 67: Prikaz iskoristivosti trostrukog stupa,,SI1* od osi N13 do osi N27
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EC-EN 1993 Steel check ULS

Linear calculation

Combination: ULS-Set B (auto)
Coordinate system: Principal

Extreme 1D: Global
Selection: All

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

Filip Coga

| Member B5633 [0,000 / 8,000 m

| CFCHS219.1X12.5

| Cold formed [S 355 |ULS-SetB (auto) [0,87 - |

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

Combination key
ULS-Set B (auto) / 1.35*G + 1.35*dg + 0.90*w1(x) +
1.50*T- + 0.90*w3(odizanje)

Partial safety factors

Resistance of cross-sections  |ymo | 1,00
Resistance to instability ym | 1,10
Resistance of net sections ym2 | 1,25
Yield strength fy 1355,0 |MPa

Ultimate strength  |fu |490,0 |MPa

The critical check is on position 0,000 m

Internal forces Calculated Unit

Normal force NEed -133,06 kN
Shear force Vyed |-2,62 kN
Shear force Vzeda | 7,55 kN
Torsion Ted -0,27 kNm
Bending moment  |Myes | -31,75 kNm
Bending moment  |Mzea | 9,65 kNm

Classification for cross-section design
Classification according to EN 1993-1-1 article 5.5.2
Classification of Tubular sections according to EN 1993-1-1 Table 5.2 Sheet 3

d t d/t Class1Limit Class 2 Limit

[mm] [mm] [-]

[-] [-]

219 13 17,5 [33,1 46,3

Class 3 Limit
[-]
59,6

(o F- 11

The cross-section is classified as Class 1

Compression check

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

= 2880, 11[kN]

Cross-section area A 8,1130e-03 | m?
Compression resistance | Ncra | 2880,11 kN
Unity check 0,05 -
Axf, 8,1130-103[m?] x 355,0[MPa]
NcRd = =
Mo 1,00
. INe| | —133, 06[kN]|
= = = <
Unity check N, ry 2880, 11[kN] 0,05 < 1,00
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Bending moment check for My
According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6.13)

Plastic section modulus Wiy 5,3420e-04 | m?
Plastic bending moment | Mpyrd | 189,64 kNm
Unity check 0,17 -

Wiy x f, _ 5,3420 - 10~*[m’] x 355, 0[MPa]

o o = 189, 64[kNm]

Moiy.Rd =

Myl _ |=31,75[kNm]|
Mpl.y.Rd 18964[kNm]

Unity check = =0,17<1,00

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

Plastic section modulus Whi,z 5,3420e-04 | m?
Plastic bending moment | Mpizrd | 189,64 kNm
Unity check 0,05 -
L 10-4Im?3
Moo = Wi, x f, _5,3420-10 [m?] x 355, 0[MPa] — 189, 64[kNm|
™Mo 1,00
’ [Mzeq| 19, 65[kNm]|
heck = = = <
Unity chec Myora 189, 64[kNm] 0,05 < 1,00
Shear check for Vy
According to EN 1993-1-1 article 6.2.6 and formula (6.17)
Shear correction factor n 1,20
Shear area A 5,1649e-03 | m?
Plastic shear resistance for Vy | Vpiyrd | 1058,59 kN
Unity check 0,00 -

f ,O[MP,
ox L 51649 10-3m?] x 20 0(MPa]

V3 V3
V. = = = 1058, 59[kN
ply.Rd Yo 1.00 058, 59[kN]
- [Vyeal _ |=2,62[kN]|
Unity check = = =0,00<1,00
MY e Veyra  1058,50kN]  * =
Shear check for V.

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

Shear correction factor n 1,20
Shear area A 5,1649e-03 | m?
Plastic shear resistance for V; | Vpizrd | 1058,59 kN
Unity check 0,01 -
A, X % 5,1649 - 10-3[m?] x %L\O/[%"La]
Vol.zRd = e 100 = 1058, 59[kN]
Unity check = Vegal _ 17, 55kN]| _ 0,01 < 1,00

Veora  1058,59[kN]

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

Index of fibre Fibre |1

Total torsional moment | Ted 0,3 MPa
Elastic shear resistance | Trd 205,0 |MPa
Unity check 0,00 -

Filip Coga
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] Te ~|-0,27[kNm] al
s = | o X Teaum| = ‘AI,OO[kNm] x 1193, 190[kN/m?]| = 0,3[MPa]
g = — v 355,0IMPal _ o0 oiMpa)

V3 X o V3 x 1,00
Unity check = 78 — %:3MPal g 05 < 1,00

TR 205,0[MPa]

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

Combined bending, axial force and shear force check
According to EN 1993-1-1 article 6.2.9.1 and formula (6.31)

Resultant bending moment Mresuttant | 33,18 kNm

Resultant shear force Vresutant | 7,99 kN

Design plastic moment resistance Mn,Rd 188,62 | kNm

reduced due to Ned

Unity check 0,18 -
o INeal | =133,06(kN]| _ oo

"~ Nprs  2880,11[kN]
Mnrd = Mpira % (1 —n'") = 189,64[kNm] x (1 — 0,05"7) = 188, 62[kNm)]

|Mresultant| o |33 18[kNm]|

Unity check = 0 ke 188, 62[kNm|

~0,18 < 1,00

Note: The resultant internal forces are used for CHS sections.
Note: Since the shear forces are less than half the plastic shear resistances their effect on the moment
resistances is neglected.

The member satisfies the section check.

Classification for member buckling design

Decisive position for stability classification: 0,000 m

Decisive utilisation factor n: 0,19

Classification according to EN 1993-1-1 article 5.5.2

Classification of Tubular sections according to EN 1993-1-1 Table 5.2 Sheet 3

d t d/t Class1Limit Class2Limit Class3Limit Class

[(mm] [mm] [-] _[-] [-] [-]
219 |13 17,5 (331 46,3 59,6 1

The cross-section is classified as Class 1
Note: The decisive position for the stability classification is based on the utilisation factor n according to Semi-Comp-+.

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

Buckling parameters Yy 2z

Sway type sway sway
System length L 8,000 8,000 m
Buckling factor k 2,00 2,00
Buckling length ler 16,000 |[16,000 |m
Critical Euler load Ner 351,74 351,74 |kN
Slenderness A 218,64 |218,64
Relative slenderness Arel 2,86 2,86

Limit slenderness Ao 10,20 0,20
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Buckling parameters Yy 2z
Buckling curve [¢ [¢
Imperfection a 0,49 0,49
Reduction factor X 0,10 0,10
Buckling resistance Nbra | 271,52 |271,52 | kN
Cross-section area  |A 8,1130e-03 | m?
Buckling resistance | Nbrd | 271,52 kN
Unity check 0,49 -
72 x Exl, 7% x 210000,0[MPa] x 4,3446 - 10~°[m*]
Nery = 2, 16, 000[m]2 = 351, 74[N]
72 x Exl, @ x210000,0[MPa] x 4,3446 - 10~°[m*]
Nz = = ‘ = 351, 74[kN
o 2, 16, 000[m]? 351, 74[kN]
ey 16,000[m]
Ay = T Tm] 218,64
lez  16,000[m]
. - S 1 —218.64
A iy 73[mm] 2150
/\vel,y = )\y = 245,04 = 2,86

. [E - [210000,00MPq] N
f: 355, 0[MPa]
A 218,64
rel.z =
<.|E
s fy

A

= 2,86
_ . . [210000,0[MPa]
! 355,0[MPa]

@y =0,5x [1+ay x (Aely — Melyo) + A2, = 0,5 x [1+0,49 x (2,86 — 0,20) + 2,86°| = 5,25

rel.y

©:=0,5x [1+4 0, x (Nelz — Nelzo) + Aa,] = 0,5 x [1+0,49 x (2,86 — 0,20) + 2,867 = 5,25

1
v =min | ———— mi ,1] =min(0,10,1) = 0,10
Xy 862 ) ( )

1 (
;1) =min
2
0y + \/ ISt 5,25+ /5,25

1

Xz =min | ——————1 :min( 1 > 2,1)
0+ /ﬁ_,\fell 5,25+ /5,252 — 2,86

=min(0,10,1) = 0,10

Xy x Axf, 0,10 x 8,1130 - 10-*[m?] x 355, 0[MPa]
w 1,10

Npyra = = 271,52[kN]

Xz X A xf, 0,10 x 8,1130 - 10-3[m?] x 355,0[MPa]
w 1,10

Nbzrd = = 271,52[kN]

Nb.Rd = min (Nb.y.Rde sz.Rd) = min (271 52[kN] 271, 52[kN]) =271, 52[kN]

[Ngg| =133, 06[kN]|
Nora  271,52[kN]

Unity check = =0,49 < 1,00

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

Note: The cross-section concerns a CHS section which is not susceptible to Torsional(-Flexural) Buckling.

Lateral Torsional Buckling check

Filip Coga
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According to EN 1993-1-1 article 6.3.2.1
Note: The cross-section concerns a CHS section which is not susceptible to Lateral Torsional Buckling.

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

Interaction method alternative method 1
Cross-section area A 8,1130e-03 m?
Plastic section modulus Wiy | 5,3420e-04 m3
Plastic section modulus Wiz | 5,3420e-04 m3
Design compression force NEed 133,06 kN
Design bending moment Myes |-31,75 kNm
(maximum)

Design bending moment Mzea | -11,31 kNm
(maximum)

Characteristic compression Nrk 2880,11 kN
resistance

Characteristic moment resistance | My« | 189,64 kNm
Characteristic moment resistance Mzre | 189,64 kNm
Reduction factor Xy 0,10

Reduction factor Xz 0,10

Reduction factor XLT 1,00

Interaction factor Kyy 1,87

Interaction factor Kyz 0,30

Interaction factor Kzy 1,87

Interaction factor Kz 0,47

Maximum moment Myeq is derived from beam B5633 position 0,000 m.
Maximum moment Meq is derived from beam B5633 position 8,000 m.

Interaction method 1 parameters

Critical Euler load Nery 351,74 kN
Critical Euler load Ner,z 351,74 kN
Elastic critical load Ner, 655280,77 kN
Plastic section modulus Woi,y 5,3420e-04 m3
Elastic section modulus Wel,y 3,9658e-04 m?
Plastic section modulus Woi,z 5,3420e-04 m3
Elastic section modulus Wel,z 3,9658e-04 m3
Second moment of area I, 4,3446e-05 m*
Second moment of area I, 4,3446e-05 m*
Torsional constant It 8,6892e-05 m*
Method for equivalent moment Table A.2 Line 2 (General)

factor Cmy,0

Design bending moment My,ed -31,75 kNm
(maximum)

Maximum relative deflection [ -42,6 mm
Equivalent moment factor Chy,0 1,34

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

factor Crz,0

Ratio of end moments ) -0,85

Equivalent moment factor Crmz,0 0,45

Factor My 0,65

Factor Yz 0,65

Factor 1% 4,88

Factor awr 0,00

Critical moment for uniform Mcr0 3142,36 kNm
bending

Relative slenderness Arel,0 0,25

Limit relative slenderness Aeetojim | 0,29

Equivalent moment factor Cry 1,34

Equivalent moment factor Crmz 0,45

Equivalent moment factor Crr 1,00

Factor bir 0,00

Factor [oh; 0,00

Factor dir 0,00

Factor er 0,00

Factor Wy 1,35

Factor W, 1,35

Filip Coga
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Interaction method 1 parameters

Factor Npl 0,05
Maximum relative slenderness Arel,max 2,86
Factor Cy 0,74
Factor Cyz 0,94
Factor Cy 0,45
Factor Cz 0,99

Unity check (6.61) = 0,49 + 0,34 + 0,02 = 0,85 -
Unity check (6.62) = 0,49 + 0,34 + 0,03 = 0,87 -

72 x Exl, w2 x 210000,0[MPa] x 4,3446 - 10~5[m*|
Ney =~ — = 16, 000[m]? = L7

cry

72 x Exl, @ x210000,0[MPa] x 4,3446 - 10~5[m"]

Nez= = — = 16,000[m]? = 351, 74[kN]
1 xExl) 1 s 4y, T X 210000, 0[MPa] x 8,8785 - 10~*[m®]
NeT = 2 X (G x |+ 2 ) = 103[mmp? % (80769, 2[MPa] x 8,6892 - 10°[m"] + 8,000[m]? >

— 655280, 77[kN]

2x E x|, x |5,

_ 7 \ | INea| 72 x 210000, 0[MPa] x 4,3446 - 10 5[m"] x |42, 6[mm]| [133,06[kN]|
G0 H( L2 x [My | 1) Ny b 8,000[m]2 x |—31, 75[kNm]| * 3o, 7apN] 3
0,36 x (¢, — 0,33) x |Ngg| 0,36 x (—0.85 — 0,33) x |133, 06[kN]|
mz0 = 0,79 40,21 x 1/, =0,79+0,21 x —0, =0,4
Crnzo = 0,79+ 0,21 x 1, + N 0,79+ 0,21 x —0,85 + 35T, 74kN] 0,45
L INe 133, 06[kN]|
_ Ney 351, 74[kN] —0.65
= L _ %< INe — | 0.10x133,06[N][
Nery 351, 74[kN]
1IN 133, 06[kN]|
_ Neez 351, 74[kN] i
e = L XoxINeal | 0.10x[133.06kN]| ~
Ner.. 351, 74[kN]
My A |=31,75[kNm] » 8,1130 - 103[m?] el 85
7| 'Neg |~ Way | 133,06(kN] |~ 3,9658-10-4[m3]

B e\ 8,6892 - 10-5[m‘] \ B
aiT = max (1 - Iy‘,O) = max (1 - 4.3446~10*5[m4]"0 = max(—1,00,0,00) = 0,00

Mo =

K\ 2
) (—> X by \2
Gixar®x Ex |y \J Ky 4-(kXIU)XGXI’+(C2ng—C3xzj)z—(szzg—ngz,)

(k x ||_1—)2 I, ' mxExl,

1,00 x 2 x 210000.0[MPa] x 4,3446 - 10~°[m*]
(1,00 x 8,000[m])?

1 oo)Z
20 58,8785 - 10 40[m®] 5
1,00 (1,00 x 8,000[m])? x 80769, 2[MPa] x 8,6892 - 10~5[m"] )
J 4,3446 - 10-°[m¢] N 72 x 210000, 0[MPa] x 4,3446 - 10-5[m¢] + (0.0 Olain] — 1,005 0fsmm])” ~(0,02 % O[] — 1,00% Ofmia])
= 3142, 36[kNm]

At = Woy x f,  [5,3420 - 10~*[m?] x 355,0[MPa] .35
“OTN Mao 3142, 36[kNm] -

. INgg| INgg| ; 133, 06[kN]| 133, 06[kN]|
im= 0,2 x / - - e _0,2x+/2 1 - 2L - LSS _ g,2
Arouim = 0,2 vy x \/(1 New ) <\ 7 N ) =027 V209 % 351, 74kN] ) < \1 65280, 770kn] ) T 0%
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Crny=Cmyp0=1,34

sz = CmLO =0,45

Contr = 1,00
bir = 0,5 x air X A2, X XLT‘Z"V',\;:!.YVR" x mE:L =0.50,00 % 0,25 x - olgilég[‘;m“m] x |I§91~‘g:[[:,\'\|';1"]” =0,00
sr=10mar g /\ge,l\;e,z * Coy % L’\fﬁdlMp,_y,Rd — el 255 ;64 “1,34 x|;.3()167><5[1k8'\e|;?1g4|1[kNm] s
dur=2 X aurX 0, 1’\_':';((‘;'1 Crny X LT’:id'Mpl.y.Rd X sz|:\<Az';j(::!<z.Rd

=ZEREy 1OJ;225,&364 “ 134 X‘I,3(;L()’7>f[1k8'\:;‘n6]~'|l[kNm] x 04'; 111:;[2'm\||m] =0

gr=LTragxg 1Af;,e,z Coy X ,,!\TryidlMp.,y‘Rd =1.7x0.00x 5 11225 86" < 1,34 x[I.BJdisgksl\g,nalL[kNm] =000

W, ,3420-10~%[m3
= min( p'-v,1,5) i (M 1 5) ~ min (1,35,1,50) = 1,35

Weiy 3,9658 - 10-4[m3]" ™"
i (Wotz 1 g) i (53920207 | Y _
w, = min (Wel.z’1’5> = (3 9658 - 10-4[m3]’ ,1,5) =min(1,35,1,50) = 1,35

~ Negl  [133,06[kN]|
"' Ng ~ 2880, 11[kN]
™M1 1,10

=0,05

Arelmax = Max (Arelys Arel.z) = Max (2,86,2,86) = 2,86

1. 1, W,
ny —3 max{1+(Wy— 1) X [(2 - W_6 X Cﬁw X ’\rel.max_ _6 X C2 X A?elmax) X nPl - bLT] ) W_ely}
y

ply

1,6 1,6 3,9658 - 10~4[m?]
= 14(1,35-1 2— —— % 1,342 x 2,86 — —— x 1,34% x 2,86 ,06—0,00] ,=———1 =1 = .62,0,74
max{ +(1,35-1) x [( 1.35>< 53 86 35>< 34% x 86)><0 05 000] 5,3420-10“‘[m3]} max {0, 62,0, 74}
=0,74
. _ relmax _ & WeIAz
Cu= max{ |:(2 14 x ) X Mgy c,_-r} ,0,6 x v X W_pl.z}
0,45% x 2,862 /1,35  3,0658- 10 *[m?]
= - — 14 x .05 -0, ,0. —_— X b = ,94,0, = 0,94
max{1+ 1.35-1) [(2 1 135 ) x 0,050 00] 0,6 x 135 % 5,3420 - 10-4[m] max {0,94,0,45} = 0,9
Cpy = max{ 1+ (wy — 1) x 2—14>< 'e""a" X np—dit(,0,6 x ﬂ><VM
W, Wpl.y
1,342 x 2,862 /1.3 3,9658 - 104[m?]
_max{1+(1.35—1)x [(2—14 1.355 ) 005—000},06)( 13 m —max{0.22,0,45}—0,45

1, 1;
C,, = max [1 + (WZ — 1) X (2 — —6 X c'2nz X Arelmax — —6
Wz z

W
2 2 el.z
X sz X )‘reLmax - eLT> X Nyl w

plz
3,9658 - 10~*[m?]

_ 1,6 2 1,6 2 2
_max[1+(l,35—1)x (2——><045 % 2, 86—7><045 x 2,86 — 0,00 XO’OS'S—.342O-10—4[m3]

i T ] = max[0,99,0,74] = 0,99

Npx = A x f, = 8,1130 - 10~3[m?] x 355, 0[MPa] = 2880, 11[kN]
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My g = Wiy X f, = 5,3420 - 10~*[m?] x 355, 0[MPa] = 189, 64[kNm]
Mgk = Wiz x f, = 5,3420 - 107*[m?] x 355, 0[MPa] = 189, 64[kNm]
_ 1 0,65 1 _
vy = Cmy X Cir X ) Ned| X c, =1.34x 1,00 x . 1133, 06[kN]| % 074" 1.87
Nery 351, 74[kN]
B iy i W, 0,65 1 1,35
kyz_szx—1 Ned X x 0,6 x Wy_0,45><71_ 1133, 06[kN]| xio 94><0 6 x 1~35_0.30
Ner.z 351, 74[kN]
1 wy, 0,65 1 1,35
zy_CmyXCmLTxl\—NEdlx_XO6x wz_134X100X1_]133,06[kN]| 045><06>< 135_187
Nery 351, 74[kN]
_ iz 1 0,65 1
Ky, = Cnz X 71_ INeg| X c =0,45 x . 1133, 06[kN]| 79 =0,47
N, 351, 74[kN]
. [Neg| [My.ed| + |AMy g4 M ed| + [AM, g4
Unity check (6.61) = " Na + ky x — My,R: + kyz X T WMo
Xy X — XLT X — P
M1 M1 M1
[133, 06[kN]| |—31,75[kNm]| + |0, 00[kNm]| |—11,31[kNm]| + |0, 00[kNm]|
- . . - <1,
0.10 » 2880 11kN] +1,87% 100 x 189 64[kNm] L 189, 64[kNm] 0,85 < 1,00
’ 1,10 ? 1,10 1,10
. _ |Ngg| [My £d| + [AM, 4| M;.ed| + |AM, g4l
y # - Z! ZZ Y
Unity check (6.62) + kgy X + kyy X
NRk My Rk M. ri
Xz X — XLT X -
M1 IM1 ™M1
[133, 06[kN]| |—31,75[kNm]| + |0, 00[kNm]| |—11,31[kNm]| + |0, 00[kNm]|
= = <
0,10 2880 11HN] e 00 . 189,64[kNim] AT 189, 64[<Nm] 0,87 = 1,00
? 1.10 ! 1,10 1,10

Unity check = max (Unity check (6.61), Unity check (6.62)) = max (0, 85,0,87) = 0,87 < 1,00

The member satisfies the stability check.
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4.2.3. Granic¢no stanje uporabljivosti

Slika 68: Prikaz pomaka trostrukih stupova ,,S1* (mm)

uZ
45,9 mm
8,00 m
533mm (L/200) |

fmax. =459 mm < fp,dop. = 53,3 mm

uZ
31,4 mm
8,00m
53,3mm (L/200)
fmax. =314mm < f, 1., = 53,3mm
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4.3. Kosi dio trostrukih stupova ,,SK*

4.3.1. Rezne sile kosog dijela stupa ,,S1“

Slika 70: Moment savijanja M,,(kNm)- kosi dio trostrukog stupa ,,SK* od osi
NI do N7

Slika 71:  Moment savijanja M,,(kNm)- kosi dio trostrukog stupa ,,SK* od osi
N13do N27
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Slika 73: Moment savijanja M,(kNm)- kosi dio trostrukog stupa ,,SK* od osi
NI do N7

Slika 74: Moment savijanja M,(kNm)- kosi dio trostrukog stupa ,,SK* od osi
NI3do N27
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Slika 75: Poprecna sila Vy (kN)- kosi dio trostrukog stupa ,,SK*“* od osi NI do
osi N7

Slika 76: Poprecna sila Vy (kN)- kosi dio trostrukog stupa ,,SK*“ od osi N13 do
N27
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Slika 77: Poprecna sila V,(kN)- kosi dio trostrukog stupa ,,SK** od osi N1 do osi N7

Slika 78: Poprecna sila V,(kN)- kosi dio trostrukog stupa ,,SK*“ od osi N13 do N27
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)
2
122,10 kN

q
A

Slika 80: Uzduzna sila N (kN)- kosi dio trostrukog stupa ,,SK* od osi N13 do osi N27
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4.3.2. Dimenzioniranje kosog dijela stupa ,,S1“

\'\\ //'\\\ ' /
&l 7 |\
)

\

X

Slika 81:  Prikaz iskoristivosti trostrukog stupa,,S1* od osi N1 do osi N7

R
p ,/”/ ,;7
v 4 iy
& R ¥
\' // \'\“\,;\L/’/ N
\ 7 il N %
\\:\1/// \ 7 ;\#‘\//

Slika 82: Prikaz iskoristivosti trostrukog stupa,,SI1* od osi N13 do osi N27
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EC-EN 1993 Steel check ULS

Linear calculation

Combination: ULS-Set B (auto)
Coordinate system: Principal

Extreme 1D: Global
Selection: All

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

Filip Coga

| Member B5700 [0,000 / 8,489 m

| CFCHS219.1X12.5 |Cold formed |S 355 |ULS-Set B (auto)

(0,99 - |

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

Combination key
ULS-Set B (auto) / 1.35*G + 1.35*dg + 0.75*s +
0.90*w2(y) + 0.90*T- + 1.50*w3(pritisak)

Partial safety factors

Resistance of cross-sections  |ymo | 1,00
Resistance to instability ym | 1,10
Resistance of net sections ym2 | 1,25
Yield strength fy 1355,0 |MPa

Ultimate strength  |fu |490,0 |MPa

The critical check is on position 0,000 m

Internal forces Calculated Unit

Normal force NEed -172,13 kN
Shear force Vyed | 4,58 kN
Shear force Vzeda | 12,45 kN
Torsion Ted -3,94 kNm
Bending moment  |Myes | -51,76 kNm
Bending moment | Mzea | -26,69 kNm

Classification for cross-section design
Classification according to EN 1993-1-1 article 5.5.2
Classification of Tubular sections according to EN 1993-1-1 Table 5.2 Sheet 3

d t d/t

[mm] [mm] [-]

[-]

219 13 17,5 [33,1

Class 1 Limit

Class 2 Limit

[-1
46,3

Class 3 Limit
[-]
59,6 1

The cross-section is classified as Class 1

Compression check

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

= 2880, 11[kN]

Cross-section area A 8,1130e-03 | m?
Compression resistance | Ncra | 2880,11 kN
Unity check 0,06 -
Axf, 8,1130-103[m?] x 355,0[MPa]
NcRd = =
Mo 1,00
, [Neg|  |—172,13[kN]|
= =L SOV - <
Unity check N, ry 2880, 11[kN] 0,06 < 1,00
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Bending moment check for My
According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6.13)

Plastic section modulus Wiy 5,3420e-04 | m?
Plastic bending moment | Mpyrd | 189,64 kNm
Unity check 0,27 -

Wiy x f, _ 5,3420 - 10~*[m’] x 355, 0[MPa]

o o = 189, 64[kNm]

Moiy.Rd =

[My kd| _ |—51, 76[kNm]|
Mpl.y.Rd 18964[kNm]

Unity check = =0,27<1,00

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

Plastic section modulus Whi,z 5,3420e-04 | m?
Plastic bending moment | Mpizrd | 189,64 kNm
Unity check 0,14 -

W x fy, 5,3420 - 10~“[m?] x 355, 0[MPa]
wo 1,00

Mpl.z.Rd = = 18964[kNm]

M gq|  |—26.69[kNm]|
Mozra  189,64[kNm]

Unity check = =0,14<1,00

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

Shear correction factor n 1,20
Shear area A 5,1649e-03 | m?
Plastic shear resistance for Vy | Vpiyrd | 1058,59 kN
Unity check 0,00 -

f ,O[MP,
ox L 51649 10-3m?] x 20 0(MPa]

V3 V3
V. = = = 1058, 59[kN
ply.Rd Yo 1.00 058, 59[kN]
. [Vy.ed| |4, 58[kN]|
Unity check = = =0,00<1,00
MY e = Ve yra 1058 59kN] T =
Shear check for V.

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

Shear correction factor n 1,20
Shear area A 5,1649e-03 | m?
Plastic shear resistance for V; | Vpizrd | 1058,59 kN
Unity check 0,01 -
A, X % 5,1649 - 10-3[m?] x %L\O/[%"La]
Vol.zRd = e 100 = 1058, 59[kN]
Unity check = Vegdl _ 112,45[kN]| _ 0,01 < 1,00

Veora  1058,59[kN]

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

Index of fibre Fibre |1

Total torsional moment | Ted 4,7 MPa
Elastic shear resistance | Trd 205,0 |MPa
Unity check 0,02 -

Filip Coga
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] Te | —3.94[kNm] al
TEd = TEd_unit X TEd.unit| = ‘AIOO[kNm] x 1193, 190[kN/m ] = 47[MP3]
g = — v 355,0IMPal _ o0 oiMpa)

V3 X o V3 x 1,00
Unity check = 78 — %:7IMPal g 0> < 1,00

TR 205,0[MPa]

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

Combined bending, axial force and shear force check
According to EN 1993-1-1 article 6.2.9.1 and formula (6.31)

Resultant bending moment Mresuttant | 58,23 kNm

Resultant shear force Vresultant 13,26 kN

Design plastic moment resistance Mn,Rd 188,06 |kNm

reduced due to Ned

Unity check 0,31 -
oo INeo|  [=172,130N)| o oo

"~ Npgrs  2880,11[kN]
Myrd = Mpira % (1 —n'") = 189,64[kNm] x (1 —0,06"") = 188, 06[kNm)]

|Mresultant| o |5823[kNm]|

Unity check = 0 ke~ 188, 06[kNm|

—=0,31<1,00

Note: The resultant internal forces are used for CHS sections.
Note: Since the shear forces are less than half the plastic shear resistances their effect on the moment
resistances is neglected.

The member satisfies the section check.

Classification for member buckling design

Decisive position for stability classification: 0,000 m

Decisive utilisation factor n: 0,33

Classification according to EN 1993-1-1 article 5.5.2

Classification of Tubular sections according to EN 1993-1-1 Table 5.2 Sheet 3

d t d/t Class1Limit Class2Limit Class3Limit Class

[(mm] [mm] [-] _[-] [-] [-]
219 |13 17,5 (331 46,3 59,6 1

The cross-section is classified as Class 1
Note: The decisive position for the stability classification is based on the utilisation factor n according to Semi-Comp-+.

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

Buckling parameters Yy 2z

Sway type sway non-sway
System length L 8,489 8,489 m
Buckling factor k 2,00 2,00

Buckling length ler 16,979 |16,979 m
Critical Euler load Ner 312,36 312,36 kN
Slenderness A 232,02 232,02
Relative slenderness Arel 3,04 3,04

Limit slenderness Ao 10,20 0,20
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Buckling parameters Yy 2z

Buckling curve [¢ [¢

Imperfection a 0,49 0,49

Reduction factor X 0,09 0,09

Buckling resistance Nbra | 243,50 | 243,50 kN

Cross-section area  |A 8,1130e-03 | m?

Buckling resistance | Nbrd | 243,50 kN

Unity check 0,71 -

~ @2 xEx|l,  @?x210000,0[MPa] x 4,3446 - 10~°[m*]
Nory = 2, 16, 979[m]? = 312, 36[kN]
72 x Exl, @ x210000,0[MPa] x 4,3446 - 10~°[m*]
Nerz = B - 16, 979(m]? = 312,36[kN]
ey 16.979[m]
N = L = 73mm] = 232,02
ICY.Z
=2 = = 232,02
/\vel.y = )\y = 295,02 =3,04
E 210000, 0[MPa]
™ X = T X T ——rr— R
f, 355, 0[MPa]

\ 232,02

rel.z —
o 210000,0[MPa]
355, 0[MPa]

0y = 0,5 % [14 ay X (Arely — Arely0) + A2y, = 0.5 x [1+0,49 x (3,04 — 0,20) + 3,04%] = 5,81

rel.y

2= 0,5 % [1+4 a, x (Nelz — Aelzo) + Aay,] = 0,5 x [1+0,49 x (3,04 — 0,20) + 3,04%] = 5,81

1
Xy = min n ,1] =min(0,09,1) = 0,09
X ‘r9y+\/‘r9y 2, (5.81+\/5,81?—3.042 ) ( )

1

(o= min | ———=———1| = min
! b o — 38, (5 81+ /5, 812 3,042 )

min (0,09,1) = 0,09

Xy x Axf, 0,09 x 8,1130 - 10-3[m?] x 355,0[MPa]

o N = 243, 50[kN]

Nby.rd =

Xz X A xf, 0,09 x8,1130 - 10-3[m?] x 355,0[MPa]
w 1,10

Nbzrd = = 243,50[kN]

Nde = min (Nb.y.Rds sz.Rd) = min (243 50[kN] 243, 50[kN]) = 243, 50[kN]

[Ngg|  [—172,13[kN]|
Npra  243,50[kN]

Unity check = =0,71<1,00

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

Note: The cross-section concerns a CHS section which is not susceptible to Torsional(-Flexural) Buckling.

Lateral Torsional Buckling check

Filip Coga
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According to EN 1993-1-1 article 6.3.2.1
Note: The cross-section concerns a CHS section which is not susceptible to Lateral Torsional Buckling.

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

Interaction method alternative method 1
Cross-section area A 8,1130e-03 m?
Plastic section modulus Wiy | 5,3420e-04 m3
Plastic section modulus Wiz | 5,3420e-04 m3
Design compression force NEed 172,13 kN
Design bending moment Myes |-51,76 kNm
(maximum)

Design bending moment Mzed | -26,69 kNm
(maximum)

Characteristic compression Nrk 2880,11 kN
resistance

Characteristic moment resistance | My« | 189,64 kNm
Characteristic moment resistance Mzre | 189,64 kNm
Reduction factor Xy 0,09

Reduction factor Xz 0,09

Reduction factor XLT 1,00

Interaction factor Kyy 0,65

Interaction factor Kyz 0,58

Interaction factor Kzy 0,45

Interaction factor Kz 0,80

Maximum moment Myeq is derived from beam B5700 position 0,000 m.
Maximum moment Meq is derived from beam B5700 position 0,000 m.

Interaction method 1 parameters

Critical Euler load Nery 312,36 kN
Critical Euler load Ner,z 312,36 kN
Elastic critical load Ner, 655280,77 kN
Plastic section modulus Woi,y 5,3420e-04 m3
Elastic section modulus Wel,y 3,9658e-04 m?
Plastic section modulus Woi,z 5,3420e-04 m3
Elastic section modulus Wel,z 3,9658e-04 m3
Second moment of area I, 4,3446e-05 m*
Second moment of area I, 4,3446e-05 m*
Torsional constant It 8,6892e-05 m*
Method for equivalent moment Table A.2 Line 2 (General)

factor Cmy,0

Design bending moment My,ed -51,76 kNm
(maximum)

Maximum relative deflection [ 9,8 mm
Equivalent moment factor Chy,0 0,58

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

factor Crz,0

Design bending moment Mzed -26,69 kNm
(maximum)

Maximum relative deflection Oy 8,9 mm
Equivalent moment factor Crmz,0 0,68

Factor My 0,47

Factor Mz 0,47

Factor & 6,15

Factor awr 0,00

Critical moment for uniform Mcr,0 2961,22 kNm
bending

Relative slenderness Arel,0 0,25

Limit relative slenderness Nelojim | 0,27

Equivalent moment factor Crny 0,58

Equivalent moment factor Cinz 0,68

Equivalent moment factor CiLt 1,00

Factor bir 0,00

Factor Cir 0,00

Factor dir 0,00

Factor elr 0,00
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Interaction method 1 parameters

Factor Wy 1,35
Factor W 1,35
Factor Npl 0,07
Maximum relative slenderness Nremax | 3,04
Factor Cy 0,93
Factor G 0,74
Factor Cy 0,82
Factor Cz 0,89

Unity check (6.61) = 0,71 + 0,20 + 0,09 = 0,99 -
Unity check (6.62) = 0,71 + 0,13 + 0,12 = 0,96 -

7 x Exl, 7% x 210000,0[MPa] x 4, 3446 - 10~°[m*]

Nery = By 16,979[m]? =SS
72 x Ex |, m x210000,0[MPa] x 4,3446 - 10~°[m*|
Ncrz = 2= - : = 12, kN
i 2, 16,979[m]? 312,36[kNI
1 mxEx| 1 72 x 210000, 0[MPa] x 8, 8785 - 10~*°[m?
T *) = .2[MP. S -107%[m* 2
Nert 2 X (G x |+ B ) 103(mm]E X (80769‘2[M a] x 8,6892 - 107°[m*] + 8, 489[m]? )

= 655280, 77[kN]

72 x E x |, x |5 [Ned| 72 x 210000, 0[MPa] x 4, 3446 - 10-5[m*] x |9, 8[mm]| 172, 13[kN]|
Cryo =1+ ( 2x Myesl 1) Ny ( 8, 489[m]2 x |51, 76[kNm]| - ) < 312,360kN] 58
72 x E x I, x |6, [NEg| 72 x 210000, 0[MPa] x 4, 3446 - 10-°[m“] x [8,9[mm]| [172, 13[kN]|
Cmzo =1+ ( L2 x Mped 1) N, T < 8, 489[mJ? x |—26, 69[kNm]| - ) 312.360kN] %8
L [N (172, 13[kN]|
_ Ney 312,36[kN] BT
H= L 4 <IN 0,00 172, 13[N]
Nery 312,36[kN]
L [N (172, 13[kN]|
- Nez 312, 36[kN] oy
e XX Nedd [ 0,09 x (172, 13(kN]]
Ner.2 312,36[kN]
Myl A _|-5L76[kNm]| 8.1130-10%m?] _
Y7 I 'Nea | * Way | 172,13kN] |~ 3,9658 - 10 4[m3]

B B % 8,6892-10-5[m] \ B
aiT = max (1— I ,0) = max (1— 4.3446~10‘5[m4]"0 = max(—1,00,0,00) = 0,00

Y

Kk &
—) x|
MCLO=C1><7.'2><E><!,X \J(kw) " (kx )’ x G xly

2
(kx lo)? N + 2 xExl +(Caxzg—Caxz) —(Caxzg—C3xz)

1,00 x 2 x 210000, 0[MPa] x 4,3446 - 10-5[m"]
(1,00 x 8,489[m])*

1.00)2

22) % 8.8785- 10 “[mS] )

1,00 (1,00 x 8,489[m])? x 80769, 2[MPa] x 8,6892 - 10~5[m] )

J 4,3446 - 10-5[m?| ‘ 72 x 210000, 0[MPa] x 4, 3446 - 10-5[m¢] # {0,250l eam] ;005 0fmm]]" ~(0,L1 % Afmin] ~ 1,00% Difmin])
= 2961, 22[kNm]

Wy X f, 5.3420 - 10~4[m?] x 355, 0[MPa]
Arelo = = =0,25
Mcro 2961, 22[kNm]

- of (1 INed| [Ned|) _ (5 1172, 13[kN]| 172, 13[kN]|
Arelotim = 0,2 x /Cy x \/(1 N, x| 1 Noo) ™ 0,2 % /2,77 x 1 312, 36[kN] x (|1 655280, 77[kN] =0,27
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Cmy = Cmy‘O = 0, 58

Crnz= sz.O =0,68

Contr = 1,00
bur = 0,5 x ar X A2 X XLT“:'V‘NE‘:!W x m:E:L =0,5x0,00x 0,25% x - Olgillgg[kﬁ':[’:“m] x |I§;‘:3[[:S:]” =0,00
cr=10xar x ¢ /\ge,l\i,z X Cony ¥ LTTyidlm,,l,y_Rd =10 50,00 2 23?5 ;44 0,58 xII.S(Jl(;iﬁll‘(Sl\gingzlt[kNm] =00
dir=2x Ao 0, 1/\—:';,&“ * Cry X IXI\ZITyidlMpLy.Rd * sz“:(/lz"\;i!.z.Rd

=2x0.00x 5 1(1235.044 * 0,58 x‘I,s()l(;7><6[1k8'\§l;.n6]1|l[kNm] . o.o!; i6lg€9a[k6ﬁE:¥\|lm] =0,00

=l KRRy 1/\J':|§,e,z X Coy L,\:l:idlmp,,ym =LTx0,00% 5 11235 04* " 0,58 xlz.soldlﬁllksl\?a]lt[kNm] =000
Wy = min (‘6‘/\/":515) = min (%m.lﬁ) = min (1,35,1,50) = 1,35

=

pl.z 5 5,3420 - 10’4[m3] )
" . = e 1, = 1.35,1, =1,
- 5) min (3,9658 T10-4[m7] 5 min (1,35,1,50) 35

W, = min (

o INea _ 172, 13(kN]|

P Npe 2880, 11[kN]
M 1,10

=

=0,07

Arel.max = MaX (Arely Arelz) = mMax (3,04,3,04) = 3,04

1.6 1,6 Wel.
ny = max{l +(Wy— 1) X [(2 - Wi), X Cmy X )\relmax - ny X C2 X Arelmax) X Np| — bLT:| 3 le}
- 1,6 1,6 5 5 3,9658 - 10~4[m?] -
,max{1+(1.35 1) % [(2 135 <% x 3,04 13 x 0,58 ><3‘04> x 0,07 0.00] '’5,3420 - 10-4[m7] = max{0,93,0,74}

=0,93

€2, %\ w, W
Coi= 214 x rel max _ 0.6 Wz elz
yz max { ( ) X Np| CLT:| X w, X W—p[.z

0,682 x 3,042 ' 1,35 3,9658 10 *[m’]
_max{ (1,35 1) [(2—14 = ) xo.o7—o,ooJ 0.6 X\ | T35 * 5 3420 10 3] ( ~ "X {0.74.0:45} = 0,74

Coy x A2
Czy:max{1+(wy—1)x [(2—14 'e""ax) ><n,,|—d|_1-] 0,6 % 4/ M}
w, W

ply
0,582 x 3,042 1,35 3 9658 - 10~4[m?]
= 1+(1,35-1 2—-14 x .07 -0, 510 ——— h = ,82,0,45} = 0,82
max{ + (1,35 )x[( 1355 > 0.0 000] 0.6 x 135 53420 10-4[m?] max {0,82,0,45} = 0,8
sz = max [1 + (Wz - 1) X (2 - Q X C z X /\rel.max = 1_ X C2 X /\,el max eL'l‘) X Npl, xell}
plz

1, 1,
:max[1+(1.35—l)x (2——6><0 682x304——6x0682><3042 o.oo) x 0,07,

3,9658 - 10~4[m?]
1,35 1,35 = max|[0,89,0,74] = 0,89

5,3420 - 10~4[m3]
Ngi = A x f, = 8,1130 - 10~*[m?] x 355, 0[MPa] = 2880, 11[kN]
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My g = Wiy X f, = 5,3420 - 10~*[m?] x 355, 0[MPa] = 189, 64[kNm]

M, g = Wi, X f, = 5,3420 - 10~*[m?] x 355,0[MPa] = 189, 64[kNm]

_ fly 1 0,47 1
Kyy = Cony X ContT X e ¥ Gy " 0,58 1,00 x 7 raeRyy X .63 = 68
Nery 312,36[kN]
Ly 1 w, 0,47 1, 35
Ky = Cong X —H X = x 0,6 % /22 = 0,68 x ————>"—m X ———
ve=C Xl [Nea| * = e g = B 172, 13[kN]| 074"06 1,35
Ner.z 312, 36[kN]
- 1Lz i wy 0,47 1
kzy = Ciny X Conir X 71 INeg| X x 0, 6><,/WZ =0,58 x 1,00 x 7_ 1172, 13kN]| ><082
Nery 312,36[kN]
_ iz i 0,47 1
Kez = Cong X —1 e X Ca 0.68 x 72, 13N < 0,89 0,80
Ner.z 312, 36[kN]
M M M M
Unity check (6.61) = ‘NE‘I’“' oy x Mgl + EMyg] o Magol + | AM,go] ’f“',\: [AM, &l
sy LK iy 5% R 2Rk
" M1 ™1
_ 7213kN) |51 76[kNm][ + [0.00kNm]| | o [~26.69[Nm]| + [0, 00[kNm]|
- 0.00 x 2880, 11[kN] = 1.00 x 189, 64[kNm] ’ 189, 64[kNm]
2 1,10 ? 1,10 1,10
. [NEg| o« Myedl + |AM,, Ed| M, £d| + |AM, g4
U heck (6.62) = ———
nity check ( ) N Rk e M, R 2% M, re
7 ' M1 M1
__ 721N [-5L76[kNm]| + [0.00/Nm]| oo |-26.69[kNm] + [0.00[kNm]|
T 0,00 2880 1I[kN] T L 00 » 189.64[kNm] 189, 64[kNm]
: 1,10 d 1,10 1,10
Unity check = max (Unity check (6.61), Unity check (6.62)) = max (0,99,0,96) = 0,99 < 1,00

The member satisfies the stability check.

Filip Coga

22 20,4
1,35 ~ 04

=0,99 < 1,00

=0,96 < 1,00
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4.4. Stupovi niskog dijela nadstresnice ,,S2“

4.4.1. Rezne sile niskog dijela nadstresnice ,,S2“

e
E %E sAﬁgmm

)
~ AN ~o A\
\ %8.91 @&V
"
o)

Slika 84: Moment savijanja M,(kNm)- stupovi niskog dijela nadstresnice ,,S2" od osi N7 do N13
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U B

Slika 85: Poprecna sila Vy (kN)- stupovi niskog dijela nadstresnice ,,S2* od osi N7 do N13

Slika 86: Poprecna sila V,(kN)- stupovi niskog dijela nadstresnice ,,S2* od osi N7 do N13
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Slika 87: Uzduzna sila N (kN)- stupovi niskog dijela nadstresnice ,,S2* od osi N7 do N13

106



Diplomski rad Filip Coga

4.4.2. Dimenzioniranje rubnog stupa nadstresnice ,,S1“

Slika 88:  Prikaz iskoristivosti stupova niskog dijela nadstresnice ,,S2* od osi N7 do osi N13
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EC-EN 1993 Steel check ULS
Linear calculation

Combination: ULS-Set B (auto)

Coordinate system: Principal

Extreme 1D: Global

Selection: All

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

| Member B6203 [0,000 / 4,508 m | CFCHS355.6X8 |Cold formed [S 355 |ULS-SetB (auto) |0,84 - |

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

Combination key
ULS-Set B (auto) / 1.35*G + 1.35*dg + 0.75*%s + 1.50*%T+ +
0.90*w3(pritisak)

Partial safety factors

Resistance of cross-sections  |ymo | 1,00
Resistance to instability ym | 1,10
Resistance of net sections ym2 | 1,25
Yield strength fy 1355,0 |MPa

Ultimate strength  |fu |490,0 |MPa

The critical check is on position 0,000 m

Internal forces Calculated Unit

Normal force NEed -190,27 kN
Shear force Vyeda | 28,08 kN
Shear force Vzeda | -61,39 kN
Torsion Ted 13,23 kNm
Bending moment | Myed | 162,63 kNm
Bending moment | Mzea | 1,50 kNm

Classification for cross-section design
Classification according to EN 1993-1-1 article 5.5.2
Classification of Tubular sections according to EN 1993-1-1 Table 5.2 Sheet 3

d t d/t Class1Limit Class2Limit Class 3 Limit

[mm] [mm] [-] [-] [-1 [-1
445 33,1

The cross-section is classified as Class 2

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

Cross-section area A 8,7360e-03 | m?
Compression resistance | Nera | 3101,28 kN
Unity check 0,06 -
. 10-3[m?2
N, gy — Axf, 87360-10 [m?] x 355,0[MPa] — 3101, 28[kN]
Mo 1,00
Unity check = [NEdl _ [Z190.27IKNI| _ g 66 4 op

Nera  3101,28[kN]
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Bending moment check for My
According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6.13)

Plastic section modulus Woiy 9,6680e-04 | m?

Plastic bending moment | Mpyrd | 343,21 kNm
Unity check 0,47 -
L 10-4[m3
Moiy.rd = Woy x 1y _ 9,6680- 107 [m] x 355, O[MPa] = 343, 21[kNm]
MO 1,00
Unity check — 1Myesl _ [162,630kNml] _ o p0 4 o5

Mpyra  343,21[kNm]

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

Plastic section modulus Whi,z 9,6680e-04 | m?
Plastic bending moment | Mpizrd | 343,21 kNm
Unity check 0,00 -
10-4Im?3
Moz = Wiz x fy _ 9,6680 - 10 [m?] x 355, 0[MPa] — 343, 21[kNm]
Mo 1,00
. [Mzeq| _ |1,50[kNm]|
heck = = = <

Unity chec Myora 343, 21[kNm] 0,00 < 1,00

Shear check for Vy

According to EN 1993-1-1 article 6.2.6 and formula (6.17)
Shear correction factor n 1,20
Shear area A 5,5615e-03 | m?
Plastic shear resistance for Vy | Vpiyrde | 1139,88 kN
Unity check 0,02 -

f, ,O[MP,
Aox SL 55615 10-3m?] x 220 0(MPa]

V3 V3
v - = = 1139, 88[kN
ply.Rd o 1.00 39, 88[kN]
. Vyeal _ [28,08[kN]|
= = = <
Unity check Veyra 1139, 88[kN] 0,02 <1,00
Shear check for V.

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

Shear correction factor n 1,20
Shear area A 5,5615e-03 | m?
Plastic shear resistance for V; | Vpizrd | 1139,88 kN
Unity check 0,05 -
A, X % 5,5615 - 10-3[m?] x 3557\0/%’”3—3]
Vol.zRd = I 100 = 1139, 88[kN]
Unity check = [Vaea _ |=61,39kN]| _ 0,05 < 1,00

Ve,re  1139,88[kN]

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

Index of fibre Fibre |1

Total torsional moment | Ted 8,7 MPa
Elastic shear resistance | Trd 205,0 |MPa
Unity check 0,04 |-

Filip Coga
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| Te ~[13,23[kNm] o
TEd = TEd_u"i[ X TEd.unit| = ‘ﬁoo[kNm] x 658, 613[kN/m ] = 87[MP3]
g = — v 355,0IMPal _ o0 oiMpa)

V3 X o V3 x 1,00
Unity check = 78 — 8:7[MPal g 04 <1 00

TRa  205,0[MPa]

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

Combined bending, axial force and shear force check
According to EN 1993-1-1 article 6.2.9.1 and formula (6.31)

Resultant bending moment Mresutant | 162,64 | KNm
Resultant shear force Vresutant | 67,51 kN
Design plastic moment resistance Mn,rd 340,23 | kNm
reduced due to Ned
Unity check 0,48 -

o INeg| _ |-190,27[N)| _ o o

Nprs  3101,28[kN]
Myrd = Mpira % (1 —n'") = 343,21[kNm] x (1 — 0,06"7) = 340, 23[kNm)]

. [Myesuitane] 162, 64[kNm]|
= — = <
Unity check My g 340, 23(kNm] 0,48 <1,00

Note: The resultant internal forces are used for CHS sections.
Note: Since the shear forces are less than half the plastic shear resistances their effect on the moment
resistances is neglected.

The member satisfies the section check.

Classification for member buckling design

Decisive position for stability classification: 0,000 m

Decisive utilisation factor n: 0,49

Classification according to EN 1993-1-1 article 5.5.2

Classification of Tubular sections according to EN 1993-1-1 Table 5.2 Sheet 3

d t d/t Class1Limit Class2Limit Class3Limit Class

[(mm] [mm] [-] _[-] [-] [-]
35% |8 44,5 [33,1 46,3 59,6 2

The cross-section is classified as Class 2
Note: The decisive position for the stability classification is based on the utilisation factor n according to Semi-Comp-+.

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

Buckling parameters Yy 2z

Sway type sway non-sway
System length L 4,508 4,508 m
Buckling factor k 1,72 0,66

Buckling length ler 7,747 2,994 m
Critical Euler load Ner 4559,12 3051941 |kN
Slenderness A 63,02 24,36

Relative slenderness Arel 0,82 0,32

Limit slenderness Ao 10,20 0,20
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Buckling parameters Yy 2z

Buckling curve [¢ C

Imperfection a 0,49 0,49

Reduction factor X 0,65 0,94

Buckling resistance Nhrd | 1823,02 |2648,91 kN

Cross-section area A 8,7360e-03 | m?

Buckling resistance | Nbrd | 1823,02 kN

Unity check 0,10 -

_ w2 x Ex|l, @2 x210000,0[MPa] x 1,3201-10~*[m*]
Nery = B, - 7747 = 4559, 12[kN]
™ x Ex |, 72 x210000,0[MPa] x 1,3201 - 10~4[m?]
Nz = R 2.994[m]? = 30519, 41[kN]
-~ IcJ - 7,747[m] -
4= iy 123[mm] b8
_ oz _ 2,994[m] _
Az 3 123[mm] = 24,36
/\rel.y = )\y = 53,00 =0,82
5 E . 210000, 0[MPa]
£, " 355,0[MPa]
24,36

>\rel 2=

210000, O[MPa]
355,0[MPa]
=0,5x [1+ay X (Arety — Arely0) + Aoy, = 0.5 x [1+0,49 x (0,82 — 0,20) + 0,82%] = 0,99

©:=0,5x [1+4 a, x (Nelz — Nelzo) + Ao, = 0,5 x [1+0,49 x (0,32 — 0,20) + 0,32%] = 0,58

Xy = min [ — 1 _‘1 :min( L - 2,1)=min(0,65,1):0.65
Pyt /02— M, 0,99 + /0,992 — 0,82

1

(o = min | ———=——— 1| = min
! oxt it — Ry, (0 58 + /0, 582 0,322’ )

min (0,94,1) = 0,94

Xy X Axf, 0,65 x 8,7360 - 10-3[m?] x 355,0[MPa]
™ 1,10

Nb.y.rd = = 1823, 02[kN]

Xz X A xf, 0,94 x8,7360 - 10~3[m?] x 355, 0[MPa]
w 1,10

Npzra = = 2648, 91[kN]

Nb.Rd = min (Nb.y4Rd\ Nb.z.Rd) = min (1823, 02[kN] 2648, gl[kN]) = 1823, 02[kN]

[Nea| _ [=190, 27[kN]|
Nogs  1823,02[kN]

Unity check = =0,10<1,00

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

Note: The cross-section concerns a CHS section which is not susceptible to Torsional(-Flexural) Buckling.

Lateral Torsional Buckling check

Filip Coga
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According to EN 1993-1-1 article 6.3.2.1
Note: The cross-section concerns a CHS section which is not susceptible to Lateral Torsional Buckling.

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

Interaction method alternative method 1
Cross-section area A 8,7360e-03 m?
Plastic section modulus Wp,y | 9,6680e-04 m3
Plastic section modulus Wp,z | 9,6680e-04 m3
Design compression force NEed 190,27 kN
Design bending moment Myes |162,63 kNm
(maximum)

Design bending moment Mzea | 95,35 kNm
(maximum)

Characteristic compression Nrk 3101,28 kN
resistance

Characteristic moment resistance | Myrc | 343,21 kNm
Characteristic moment resistance Mzre | 343,21 kNm
Reduction factor Xy 0,65

Reduction factor Xz 0,94

Reduction factor XLT 1,00

Interaction factor Kyy 1,07

Interaction factor Kyz 0,60

Interaction factor Kzy 0,66

Interaction factor Kz 1,01

Maximum moment Myeq is derived from beam B6203 position 0,000 m.
Maximum moment Meq is derived from beam B6203 position 4,508 m.

Interaction method 1 parameters

Critical Euler load Nery 4559,12 kN
Critical Euler load Ner,z 30519,41 kN
Elastic critical load Ner, 705626,73 kN
Plastic section modulus Woi,y 9,6680e-04 m3
Elastic section modulus Wel,y 7,4250e-04 m?
Plastic section modulus Woi,z 9,6680e-04 m3
Elastic section modulus Wei,z 7,4250e-04 m?
Second moment of area I, 1,3201e-04 m*
Second moment of area I, 1,3201e-04 m*
Torsional constant It 2,6403e-04 m*
Method for equivalent moment Table A.2 Line 2 (General)

factor Cmy,0

Design bending moment My,ed 162,63 kNm
(maximum)

Maximum relative deflection 0, 23,2 mm
Equivalent moment factor Chy,0 1,04

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

factor Crz,0

Design bending moment Mzed 95,35 kNm
(maximum)

Maximum relative deflection Oy 10,2 mm
Equivalent moment factor Crmz,0 1,00

Factor My 0,98

Factor Mz 1,00

Factor & 10,06

Factor awr 0,00

Critical moment for uniform Mcr,0 16944,23 kNm
bending

Relative slenderness Arel,0 0,14

Limit relative slenderness Aretojim | 0,33

Equivalent moment factor Crny 1,04

Equivalent moment factor Cinz 1,00

Equivalent moment factor CiLt 1,00

Factor bir 0,00

Factor Cir 0,00

Factor dir 0,00

Factor elr 0,00
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Interaction method 1 parameters

Factor Wy 1,30
Factor W 1,30
Factor Npl 0,07
Maximum relative slenderness Arelmax | 0,82
Factor Cy 1,00
Factor G 0,99
Factor Czy 0 ,98
Factor Cz 1,00

Unity check (6.61) = 0,10 + 0,56 + 0,18 = 0,84 -
Unity check (6.62) = 0,07 + 0,34 + 0,31 = 0,72 -

72 x E x|, 72 x 210000,0[MPa] x 1,3201 - 10~*[m"]

_ - =4 k
New=""g, 7. 747l el
72 x Ex |, 2 x210000,0[MPa] x 1,3201 - 10~*[m*]
N, = P = 2,904} = 30519, 41[kN]
1 mxExI 1 72 x 210000, 0[MPa] x 7,8644 - 10~3[m?)
T= 5 L = b} ) 4 : ™ ¥ '
Ner T 2 (G x b+ 3 ) ajmmp (80769‘2{MPa] x 2,6403 - 10~[m*] + 4, 508[m]? )

= 705626, 73[kN]

72 x E x|y x |3, [Ngg| 72 x 210000, 0[MPa] x 1,3201 - 10~“[m*] x |23, 2[mm]| [190, 27[kN]|
Coyo =1+ ( L2x Myedl 1) o el ( 4,508[m]? x |162, 63[kNm]| - 1) X 4550, 12[kN] ~ 204
B w2 x Ex 1, x |4, [Neg| 72 x 210000,0[MPa] x 1,3201 - 10 *[m*] x |10, 2[mm]| |190, 27[kN]|
Crzo=1+ ( 12 x IMZ_Edl — 1) X N.., =1+ ( 4,508[m]2 v j95,35[kNm]| = 1) X 30519,41[kN] =1,00
LU ~ [190, 27[kN]|
_ Ney 4559, 12(kN] oo
H= 4 <IN~ 0.65x (190 27[kN]]
Nery 4559, 12[kN]
y _ INea| 1190, 27k
_ Nee 30519, 41[kN] o
He = L Xex Nel ~ 0,94 (100, 27[kN]] ~
Ner.o 30519, 41[kN]
~|Mygg A _|162,63[kNm]| 8,7360 - 10-3[m?] o= 3, B
Y Neg | Way | 190,27[kN] 7,4250-10-4[m3] ~

B = 2,6403-10[m"] \ B
aiT = max (1— Iy,O) = max (1— 1.3201~10—4[m4]"0 = max(—1,00,0,00) = 0,00

K\ 2
Clxwszxllx \J(E) %l O (kx ) x G x

Mo = kxla) + +(Coxzg—Cyxz)? — (Cax zg— C3 x 2)

I, mxExI,

1,00 x 2 x 210000, 0[MPa] x 1,3201 - 10~*[m]
(1,00 x 4,508[m])*

1,00 or 6
(1,00) shiiianne il al . (1,00 x 4,508[m])” x 80769. 2[MPa] x 2.6403 - 10~“[m’]
1,3201 - 10-4[m‘] 72 x 210000, 0[MPa] x 1,3201 - 10~4[m?]

+(0.26 x O[mm] — 1,00 x 0[mm])? — (0,26 x 0[mm] — 1,00 x O[mm])

= 16944, 23[kNm)]

Ao = Woiy x f,  [9,6680 - 10~*[m?] x 355,0[MPa] d.18
OV Mao 16944, 23[kNm] =5

oG (1o MNed\ (1 INed\ oo gy f (1 1902TONIY () (190.27(N] )
Areloim = 0,2 x Clx\/(l N, x |1 N, =0,2x4/2,80 x 1 30519, 41[kN] x |1 705626, 73[kN] =0,33
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Cmy = Cmy‘O = 1, 04

Crnz= sz.O =1,00

o= 1400

bt = 0,5 x ait X A3, % XLT{T);\AZLM X 'L/I:CIZZE:L =0,5x0,00 x 0,14? x 10|(:6><23iz[k2'\i?llllilm] X ?45:;-3251[;:\:\:;3]‘ =0,00
ar=10xamx 2 /\i/.\:ﬂz X Cony ¥ ,L“L/‘Ty‘idlm,,l,ykd =10 %000 2 353.4 ;24 X 1,04 x|i.6§66j [§4N3T;|1[kNm] =00
dir=2% aur 0, lA—’:I;,e” * Crny X IX’\ZITyidlMpLy.Rd . sz“:(/lz"\;':!.z.kd

= 2000 5 e ¥ o e ST T, a1 =0

=l KRRy IA:IK,e.Z X Coy /lvh:];‘idlmpl,ym =i x Ui 1&1(;324 1,04 x|1§§66x3[;’1\l3@‘1[kNm] =

i (Wit 1 ) (90880107 | _
wy_m|n< -.1.5 = min 7.4250_1()4[[“3].1,5) = min (1,30,1,50) = 1,30

i (Wotz 3 g) i (9:6680- 10 |\ .
w, = min (W ,1,5) = min (7'4250.1074["]3].1,5 =min(1,30,1,50) = 1,30

o INea| _ 190, 27[kN]|
P N 3101, 28[kN]
™M1 1,10

=0,07

Arel.max = MaX (Arely, Arel.z) = max (0,82,0,32) = 0,82

= 1.6 16 - Weiy
C,y = max {1 +(wy— 1) x [(2 - w, X Cmy X Neelimas w, % C, y X )\,el max) X Ny bn] i WpLy}
B 1,6 1,6 ) ) 7,4250-104[m’]|
,max{1+(1.30 1) x [(2 130 <L x 0,82 130 % 1,04 ><0‘82> x 0,07 0.00] 9, 6680 - 10-4[m7] = max{1,00,0,77}

=1,00

C,; = max {

2 2 ' C10-4[m3
—max{ (1,30 - 1) [(2—14 100X082>><0.07—0,00J,0.6>< @xw}:max{o.gg,o,%}_o,gg

€2, %\ w, W
214 x rel max _ 0.6 Wz elz
( ) * T CLT] x wy X Wi

1,305 1.30 ~ 9,6680 - 10-4[m?]

Gy x A2
Czy:max{1+(wy—1)x [(2—14 'e""a"> ><n,,|—d,_1-] ,0,6 x Yy« M}
w, W

ply

42 22 . 7,4250 - 10~*[m?
_max{1+(1.30—1)x[(2—14 L0 XOS) 0.07—0.00].0.6x‘/ﬂxm—o[rnl}~max{0.98,0,46}*0,98

1,30° 1,30 © 9,6680 - 10-4[m?]
1.6 1 Wi
C,, = max [1 + (w, — 1) x (2 - W_z X C2, X Arelmax — " x C2ox N eLT> X Ny, WD:J

7,4250 - 10~4[m?]

_ 16 2 1,6 5 2
—max[1+(1.30—l)x (2—7><100 x 0,82 — —— x 1,00% x 0,82° — 0,00 x0,07.m

1,30 1,30 ] = max([1,00,0,77] = 1,00

Ngi = A x f, = 8,7360 - 10~*[m?] x 355,0[MPa] = 3101, 28[kN]
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My gk = Wiy X f, = 9,6680 - 10~*[m’] x 355, 0[MPa] = 343, 21[kNm]

M, g = Wi, X f, = 9,6680 - 10~*[m?] x 355,0[MPa] = 343, 21[kNm]

_ B 0%, 1
kyy = Cmy X CrnLT X L Ne X c, =1.04 x 1,00 x B 1190, 27[kN]| X 100 1,07
Nery 4559, 12[kN]
Jly 1 W, 0,98 1 1,30
kyz = mz TTINL -~ s — = 1 —————— — i —— =0,
vz = C xl_MnyzX06x ", 00 x _Wx0,99x06x T30 0,60
Ner.. 30519, 41[kN]

Hz

1 Wy 1,00 1 /1,30
Kzy = Ciny X Conir X L Ned] X c, x 0,6 x @, =1,04 x 1,00 x 1190, 27[kN]| X 0.98 x 0,6 x 1.30 =0,66

Nery " 4559, 12[kN]
_ Jlz 1 1,00 1
kzz = Cinz X vl B ™ X i 1,00 x i_ 1190, 27[kN]| X 100 1,01
Ner. 30519, 41[kN]
. ~ |Ngqg| [My £d| + [AMy 4| Mz 4| + |AM, g4
Unity check (6.61) = Ne + kyy X M, + ky, % M.
Xy X XLt X =
M1 ™M1 M1
190, 27[kN]| |162, 63[kNm]| + |0, 00[kNm]| 195, 35[kNm]| -+ |0, 00[kNm]|
= —_— i = <
0 65 o 101 28KN] 1,07 oo, 3 2km T 0,60 x 343, 21[kNm] 0,84 < 1,00
: 1,10 4 1.10 1,10
. ~ |Ngqg| [My gd| + [AM, 4| IM..£d| + [AM, £d|
Unity check (6.62) = N + kyy % M, + kyy X S VR
Xz X XLt X -
™M1 M1 M1
~[190, 27[kN]| 1162, 63[kNm]| + |0, 00[kNm]| 195, 35[kNm]| + |0, 00[kNm]|
" 0,04 3101 28[KN] +0,60% L o0 343.21[KNm] Ol 343, 21[kNm] =0,72<1,00
? 1.10 ? 1.10 1,10

Unity check = max (Unity check (6.61), Unity check (6.62)) = max (0,84,0,72) = 0,84 < 1,00

The member satisfies the stability check.
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4.5. Rubni stup nadstresnice ,,S3“

4.5.1. Rezne sile niskog dijela nadstresnice ,,S3“

Slika 90: Moment savijanja M,(kNm)- rubni stup nadstresnice,, S3
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Slika 91: Poprecna sila Vy (kN)- rubni stup nadstresnice,,S3

Slika 92: Poprecna sila V,(kN)- rubni stup nadstresnice,,S3
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Slika 93: Uzduzna sila N (kN)- rubni stup nadstresnice,,S3
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4.5.2. Dimenzioniranje rubnog stupa nadstresnice ,,.S3“

Slika 94: Prikaz iskoristivosti rubnog stupa nadstresnice ,, 83 “
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EC-EN 1993 Steel check ULS

Linear calculation
Combination: ULS-Set B (auto)
Coordinate system: Principal
Extreme 1D: Global

Selection: All

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

Filip Coga

| Member B6203 [0,000 / 4,508 m | CFCHS355.6X8 |Cold formed [S 355 |ULS-Set B (auto)

(0,84 - |

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

Combination key
ULS-Set B (auto) / 1.35*%G + 1.35*%dg + 0.75*%s + 1.50*T+ +
0.90*w3(pritisak)

Partial safety factors

Resistance of cross-sections  |[ymo | 1,00
Resistance to instability ym | 1,10
Resistance of net sections ym2 1,25
Yield strength fy, 1355,0 |MPa

Ultimate strength  |fu |490,0 |MPa

The critical check is on position 0,000 m

Normal force NEed -190,27 kN
Shear force Vyed | 28,08 kN
Shear force Vzeda | -61,39 kN
Torsion Ted 13,23 kNm
Bending moment | Myed | 162,63 kNm
Bending moment | Mzea | 1,50 kNm

Classification for cross-section design
Classification according to EN 1993-1-1 article 5.5.2
Classification of Tubular sections according to EN 1993-1-1 Table 5.2 Sheet 3

d t d/t Class1Limit Class2Limit Class3Limit Class

[mm] [mm] [-] [-] [-] [-]

The cross-section is classified as Class 2

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

Cross-section area A 8,7360e-03 | m?
Compression resistance | Ncra | 3101,28 kN
Unity check 0,06 -

~ Axf, 8,7360-1073[m?] x 355,0[MPa]
T oo 1,00

Nc ra = 3101, 28[kN]
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[Neg|  |—190, 27[kN]|
Nera  3101,28[kN]

Unity check = =0,06 <1,00

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

Plastic section modulus Woiy 9,6680e-04 | m?

Plastic bending moment | Mpyrd | 343,21 kNm
Unity check 0,47 -
L 10-4[m3
Moy s — Woiy x f, _ 9,6680 - 10~*[m?] x 355,0[MPa] _ 343, 21[kNm]
Mo 1,00
Unity check — 1Myesl _ [162,63kNml] _ o 00 4 o5

Mpyra  343,21[kNm]

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

Plastic section modulus Whi,z 9,6680e-04 | m?
Plastic bending moment | Mpizrd | 343,21 kNm
Unity check 0,00 -
C10-4Im?3
Moo = Wiz x fy _ 9,6680 - 10 [m?] x 355, 0[MPa] — 343, 21[kNm]

Ym0 1.00

IMzgg| _ |1, 50[kNm]|
MpLz.Rd 343, 21[kNm]

Unity check = =0,00<1,00

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

Shear correction factor n 1,20

Shear area A 5,5615e-03 | m?
Plastic shear resistance for Vy | Vpiyrde | 1139,88 kN
Unity check 0,02 -

f ,O[MP.
A, x \/L 5,5615 - 10-3[m?] x 22> \0/[, J
Voly.Rd = 3 = 2 = 1139, 88[kN]
Mo 1,00

[Vyeal _ [28,08[kN]|

Unity check = 7 e ~ 1139, 88[kN]

~0,02<1,00

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

Shear correction factor n 1,20
Shear area A 5,5615e-03 | m?
Plastic shear resistance for V; | Vpizrd | 1139,88 kN
Unity check 0,05 -
A, X % 5,5615 - 10-3[m?] x 3557\0/[2’&]
Vol.zRd = I 100 = 1139, 88[kN]
Unity check = [Vaea _ |=61,39kN]| _ 0,05 < 1,00

Veora  1139,88[kN]

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

Filip Coga
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Index of fibre Fibre |1

Total torsional moment | Ted 8,7 MPa

Elastic shear resistance | Trd 205,0 |MPa

Unity check 0,04 -

B ~|13,23[kNm] ol
TEd = TEd‘unit X TEd.unit| = ‘7100[1(Nm] X 658613[kN/m ] = 87[MP3]
= ot = % 0MPa] _ e oMPa]
V3 X Mo V3 x 1,00

Unity check — 78 — 8:7[MPal g 04 <1 00

TRd N 205.0[MP3]

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

Combined bending, axial force and shear force check
According to EN 1993-1-1 article 6.2.9.1 and formula (6.31)

Resultant bending moment Mresutant | 162,64 | kKNm
Resultant shear force Vresutant | 67,51 kN
Design plastic moment resistance Mn,rd 340,23 | kNm
reduced due to Ned
Unity check 0,48 -

o Neol _ |=190,27[N)| _ o o

Nprs  3101,28[kN]
Mnrd = Mpira % (1 —n'") = 343,21[kNm] x (1 — 0,06"7) = 340, 23[kNm)]

|Mresultant| o \162,64[kNm][

Unity check = 0 ke~ 340, 23[kNm]

~0,48 < 1,00

Note: The resultant internal forces are used for CHS sections.
Note: Since the shear forces are less than half the plastic shear resistances their effect on the moment
resistances is neglected.

The member satisfies the section check.

Classification for member buckling design

Decisive position for stability classification: 0,000 m

Decisive utilisation factor n: 0,49

Classification according to EN 1993-1-1 article 5.5.2

Classification of Tubular sections according to EN 1993-1-1 Table 5.2 Sheet 3

d t d/t Class1Limit Class2Limit Class3Limit Class

[mm] [mm] [-] [-] [-] [-]
445 33,1 46,3 59,6

The cross-section is classified as Class 2

Filip Coga

Note: The decisive position for the stability classification is based on the utilisation factor n according to Semi-Comp+.

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

Buckling parameters Yy 2z

Sway type sway non-sway
System length L 4,508 4,508 m
Buckling factor k 1,72 0,66

Buckling length ler 7,747 2,994 m
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Buckling parameters Yy 2z

Critical Euler load Ner 4559,12 3051941 |kN

Slenderness A 63,02 24,36

Relative slenderness Arel 0,82 0,32

Limit slenderness Ao 10,20 0,20

Buckling curve [¢ C

Imperfection a 0,49 0,49

Reduction factor X 0,65 0,94

Buckling resistance Nbrd | 1823,02 |2648,91 kN

Cross-section area A 8,7360e-03 | m?

Buckling resistance | Nbrda | 1823,02 kN

Unity check 0,10 -

72 x Ex 1, mx 210000,0[MPa] x 1,3201 - 10~4[m*]

Neey =~ = 7. 747[mp? = 4559, 12[kN]

cry

w2 x Ex |, % x210000,0[MPa] x 1,3201 - 10~*[m*]

L= = = 30519, 41[kN
N 2. 2,994[m]? 30519, 41[kN]

ley  7,747[m]
A= =¥ = 2 TH — 6302

YU, 123[mm] Eat

lrz  2,994[m]
A== =24,

iz 123[mm] 0
Ay = N 63,02 o

~w JE . [210000.0[MPa]
f, 355, 0[MPa]
24,36

)\vel.z —

— =0,32
o JE - [210000,0[MPa]
e T 355, 0[MPa]

0y =0,5x [L+ay x (Arely = Mely.o) + A2, = 0,5 x [140,49 x (0,82 — 0,20) + 0,82?] = 0,99

©:=0,5x [1+4 0, x (Melz — Aelzo) + A%, = 0,5 x [1+0,49 x (0,32 - 0,20) + 0,32%] = 0,58

rel.y

. 1 . 1 .
Xy = min | ——————=,1 =min ( > > 1) = min (0,65,1) = 0,65
Pyt /9] = Nay 0,99 + /0,992 — 0,82
1 1

Xz =min | ———————,1| = min ———— 1] =min(0,94,1) = 0,94
! Gat 1 Jo2— A2, (0,58 +/0,582—0,32? ) ( )

; . 10-3[m?
Noy.rs = Xy X A x f, _ 0,65 x 8,7360 - 103[m?] x 355, 0[MPa] — 1823, 02[kN]

™M1 1,10

. . 10-3[m?

Nyopg = 2 x Axfy, 0,94 x8,7360-10~°[m’] x 355,0[MPa] _ 2648, 91[kN]

™M1

1,10

Np.rd = min (Npy.rds N 2ra) = min (1823, 02[kN], 2648, 91[kN]) = 1823, 02[kN]

|Neg|

Unity check =
o Ny rd

=190, 27[kN]|

= <
1823, 02[kN] 05105 1590

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

Filip Coga
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Note: The cross-section concerns a CHS section which is not susceptible to Torsional(-Flexural) Buckling.

Lateral Torsional Buckling check
According to EN 1993-1-1 article 6.3.2.1
Note: The cross-section concerns a CHS section which is not susceptible to Lateral Torsional Buckling.

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

Ena ple dalld c cl O 1) e D e cl adihne e
Interaction method alternative method 1
Cross-section area A 8,7360e-03 m?
Plastic section modulus Wp,y | 9,6680e-04 m3
Plastic section modulus Wp,z | 9,6680e-04 m3
Design compression force NEed 190,27 kN
Design bending moment Myes |162,63 kNm
(maximum)
Design bending moment Mzea | 95,35 kNm
(maximum)
Characteristic compression Nrk 3101,28 kN
resistance
Characteristic moment resistance | Myrc | 343,21 kNm
Characteristic moment resistance Mzre | 343,21 kNm
Reduction factor Xy 0,65
Reduction factor Xz 0,94
Reduction factor XLt 1,00
Interaction factor Kyy 1,07
Interaction factor Kyz 0,60
Interaction factor Kzy 0,66
Interaction factor Kz 1,01

Maximum moment Myeq is derived from beam B6203 position 0,000 m.
Maximum moment Meq is derived from beam B6203 position 4,508 m.

Interaction method 1 parameters

Critical Euler load Nery 4559,12 kN
Critical Euler load N,z 30519,41 kN
Elastic critical load Ner, T 705626,73 kN
Plastic section modulus Woi,y 9,6680e-04 m3
Elastic section modulus Wel,y 7,4250e-04 m?
Plastic section modulus Wo,z 9,6680e-04 m3
Elastic section modulus Wei,z 7,4250e-04 m?
Second moment of area I, 1,3201e-04 m*
Second moment of area I, 1,3201e-04 m*
Torsional constant It 2,6403e-04 m*
Method for equivalent moment Table A.2 Line 2 (General)

factor Cmy,0

Design bending moment My,ed 162,63 kNm
(maximum)

Maximum relative deflection 0, 23,2 mm
Equivalent moment factor Cry,0 1,04

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

factor Crz,0

Design bending moment M Ed 95,35 kNm
(maximum)

Maximum relative deflection Oy 10,2 mm
Equivalent moment factor Crmz,0 1,00

Factor My 0,98

Factor Mz 1,00

Factor & 10,06

Factor awr 0,00

Critical moment for uniform Mcr0 16944,23 kNm
bending

Relative slenderness Arel,0 0,14

Limit relative slenderness Aretojim | 0,33

Equivalent moment factor Crny 1,04

Equivalent moment factor Cmz 1,00

Equivalent moment factor CiLt 1,00
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Interaction method 1 parameters

Factor bir 0,00
Factor (o3 0,00
Factor dur 0,00
Factor ewr 0,00
Factor Wy 1,30
Factor W 1,30
Factor Npl 0,07
Maximum relative slenderness ANemax | 0,82
Factor Cy 1,00
Factor Cyz 0 ,99
Factor Czy 0 ,98
Factor Cz 1,00

Unity check (6.61) = 0,10 + 0,56 + 0,18 = 0,84 -
Unity check (6.62) = 0,07 + 0,34 + 0,31 = 0,72 -

2 xEx| 7% x 210000, 0[MPa] x 1,3201 - 10~4[m*
Ney="—"p = [7 74]7[m]2 ™ _ 4550, 12[kN]

cry

72 x Ex |, w2 x210000,0[MPa] x 1,3201 - 10~*[m*]

Ncr.z = 13,_1 = 2. 994[m]2 = 30519 41[kN]
1 mxEx ) _ 1 _ar_ay 7 x 210000,0[MPa] x 7, 8644 - 10~3[m°)
Neet = 2 X (G X g+ 2 ) = 74[mm]? x (80769. 2[MPa] x 2, 6403 - 10~*[m*] + 4, 508[m]?

= 705626, 73[kN]

72 x E x |y x |4, [Ngg| 72 x 210000, 0[MPa] x 1,3201 - 10~“[m*] x |23, 2[mm]| [190, 27[kN]|
Cryo=1+ ( L2x Myes| 1) B, T ( 4.508[m]? x |162, 63[kNm]| - 1) X 4559, 12[kN] ~ 24
B 72 x E x I, x |4, INgd| 72 x 210000, 0[MPa] x 1,3201 - 10~4[m*] x (10, 2[mm]| 190, 27[kN]|
Crzo=1+ ( L2 x Myed 1> A Ny Y ( 4,508[m]? x |95, 35[kNm]| - 1) * 30510, 415kN] ~ 1190
L INe 190, 27[kN]|
_ Ney 4559, 12(kN] oo
= L4 <IN 0,65 x (190 27[kN]]
Nery 4559, 12[kN]
1 — INed| 1190, 27[kN]]|
_ Neo 30519, 41[kN]
= L XexINel © 0,04 (190, 27kN]] ~
Ner 30519, 41[kN]
| Mygg A |162,63[kNm] " 8,7360 - 103[m?] = k. 5
7 Neg | Way | 190,27[kN] 7,4250-104[m3] ~ "

_ e\ 2,6403-10~[m"] \ _
aiT = max (1— Iy.O) = max <1— 1.3201~10“‘[m4]'0 = max(—1,00,0,00) = 0,00

Mo =

K\ 2
2 (_> ™ 2
Cxm xExI,X \J K -L(kXILT)XGXI'+(C2ng—C3xzj)z—(ngzz~C3xz,)

(k x Iir)? I, " mxExl,

1,00 x 2 x 210000, 0[MPa] x 1,3201 - 10~“[m*]
(1,00 x 4,508[m])’

1 oo)2
(4— % 7.8644 - 10 ¥[m¢)] 2
00 x 4, . 2[M 6403 - 10~/[m*
J 1.00 . {100 54, 508ll)” % 80760, 2MPal % 2,6408- 107w , 4o - imim] — L, 00:5¢.0men]f® (0,26 O] — 1,00 % Ofer])

1,3201 - 10~*[m] N 2 x 210000, 0[MPa] x 1,3201 - 10~4[m?]

= 16944, 23[kNm)]

At = Woy x f,  [9,6680 - 10~*[m?] x 355,0[MPa] .14
TN Mao 16944, 23[kNm] =5
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/C, |Ned| _[Ne) _ (1190, 27[kN]| |190,27[kN]| 1\ _
Aokl =002 M8 U \/(1 New ) < \27 Ngp ) = 02X V280X (1= 55000 aapng )\~ 705626, 73jkn) ) = &3
Crny = Coyo = 1,04

sz = CmLO =1,00

Contr = 1,00
bir = 0,5 X air X A2 X XLT“:'Y'NE':!_YM x m:E:L =0,5x 0,00 x 0,142 x 1.o|(;6x2$ iz{kg'[';],ilm] x ?453"3251['[‘:\"\]"[2]‘ =0,00
ar=10war=g /\3;.1'2 " Coy X L’\f;‘idlMpw,Rd SR NNE i“;.d( ;24 “ 104 xli.6(2)663 [13:4N3n,1;|1[kNm] Shi

Q= 2ox dErX 0, 1’\::'-/‘(‘:&1 Crny X LT:id'MpLy.Rd * sz|z\</|z'.\;(:7!<z.Rd

=EX900x 5 104;1(:324 1,04 x|f§66x3[:r;y1[kNm] x 1-0(|)9>5<.332|jr;1n[1l](|l\1m] =0

sr=Llxagxg 1:,?./0\'2” Cony ¥ ,!\T:idlMpl,y,Rd =1,7x0,00x 5 1(1.}1;324 *1.04 xli.6§66x3[$3r?y1[kr\lm] =000

=

=

_(9.6680 - 10~*[m?] _
ply = == — i3 = =
e|'),,1.,5) = min (7.4250 - 10*4[m3]"1'5 min (1,30, 1,50) = 1,30

(19,6680 - 10~*[m?] .
pl.z . = =
0 1,5) = min (77‘ 4250 10*4[m3]'1’5 min (1,30,1,50) = 1,30

wy = m|n<
w, = min (

Nea| 190, 27[kN]|
"= Ngo 3101, 28[kN]
o 1,10

=

=

=0,07

Arel.max = MaXx (Arely Arelz) = max (0,82,0,32) = 0,82

1,6 1,6 W,
ny = max {1 =+ (Wy - 1) X [(2 - W_y X C;2ny X /\rel.max - W_ X Crzny X Agel.max) X Npl — bLT] ) ﬁ}

1,6 1,6

7,4250 - 10“[m?]
—3 p— —_— 2 2 - 3
—max{1+(1.30 1)x[(2 L x 0,82 1 x 1,04 x082)x0,07 0400}

"9,6680 - 10-4[m?]

} = max{1,00,0,77}

=1,00

Cy, = max {

W
214 x rel max _ 0. & el.z
( > X Ny c._-r] 0,6 x w, X W_pl,z

1,002 x 0,822
1,30°

. _ rel max - ﬂ Wel.y
Cy= max{ [(2 14 x ) X Nyl dLT] ,0,6 x % X W_pl.y}

1,30  7,4250-10~4[m?]

—max{1+ 1,30 - 1) x [ 2—14 x 130 X 79,6680-10*4[m3]

)x0.0?—0,00],O.Gx }*max{0.99,0,46}—0.99

1,042 x 0,822
1,30°

1,30  7,4250-104[m?]

:max{1+130—1 [2—14 1,30 © 9,6680 - 10-4[m3]

) 0.07—0.00],0.6x }:max{0.98.0,46}:0,98
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C,, = max [1 +(w, — 1) x (2 - E X C2, X Arelimax — Lo x C2 o x N o — eu-) X Ny, We"z]
W, W|.7I.z

z

B 1,6 , 1,6 ) )
—max[1+(1.30 1)><(2 30 X 1,007 x 0,82 — -2 x 1,007 x 0,827~ 0,00 ) x 0,07,

Ngk = A x f, = 8,7360 - 10~*[m?] x 355,0[MPa] = 3101, 28[kN]
My g = Wiy X f, = 9,6680 - 10~#[m?] x 355,0[MPa] = 343, 21[kNm]

Mgk = Wiz x f, = 9,6680 - 107*[m*] x 355,0[MPa] = 343, 21[kNm]

_ oy L _ _ 0% 1
kyy = Cimy X Cpair X . \NEd| X =1,04 x 1,00 x - 1190, 27[kN]| X 1.00_1'07
Nery 4559, 12[kN]
_ by 1 [We _ N 1,30 _
kyz_cmle_INEdl xcyz><0.6>< Wy_1,00>< B 1190, 27[kN]| ><099><06>< 1.30—0,60
Ner.. 30519, 41[kN]
_ e L Wy _ __L00 1
kzy = Cmy X Cpnt X - \NEd[ X x 0,6 x @, =1,04 x 1,00 x - 1190, 27[kN]| 098><0 6 x
Nery 4559, 12[kN]
_ e 1 1,00 1 _
ky;; = Cinz X B ™ X G~ 1.00 x - 1190, 27[kN]| X 100~ 1,01
Nerz 30519,41[kN]
. ~|Ngd [My 4| + [AM, g4 IM;.£d| + [AM; £d
Unity check (6.61) = Na + kyy X M, re + kyz X N VR
Al M1 A= ML M1
! !
B [190, 27[kN]| 1107 x [162, 63[kNm]| + |0, 00[kNm]| +0.60 x |95, 35[kNm]| + |0, 00[kNm]|
- 0.65 x 3101, 28[kN] ’ 1.00 x 343, 21[kNm] ’ 343, 21[kNm]
? 1,10 : 1,10 1,10
N M AM M AM
Unity check (6.62) = [Nea| + kyy X Myal + [AM, o] + kyp X M. ge] + |AM, o]
NRk My.Rk Mz.Rk
A2 M1 ke & M1 ML
Y Y
B [190, 27[kN]| 0.66 x [162, 63[kNm]| + |0, 00[kNm]| 44 Bl 5% |95, 35[kNm]| + [0, 00[kNm]|
N 0.94 x 3101, 28[kN] ’ 1.00 x 343, 21[kNm] 343, 21[kNm]
. 1,10 ’ 1,10 1,10

Unity check = max (Unity check (6.61), Unity check (6.62)) = max(0,84,0,72) = 0,84 < 1,00

The member satisfies the stability check.

7,4250 - 10~4[m?]
9,6680 - 10-*[m?]

Filip Coga

130 = 0,66

=0,84 < 1,00

=0,72 < 1,00

= max([1,00,0,77] = 1,00
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4.5.3. Grani¢no stanje uporabljivosti

Slika 95: Prikaz pomaka trostrukih stupova ,,S1* (mm)

u,
Maksimalni pomak u=| 54,1 mm
DuljinanosacaL=| 16,00 m
Dopusteni pomak f, 4op, =| 106,7mm (L/200) |

fmax. =941 mm < fp,dop. = 106,7 mm

5~
) 5"?’17,7/ 7

Slika 96. Prikaz pomaka trostrukih stupova ,,S1° (mm)

u z
Maksimalni pomaku=| 458 mm
DuljinanosacaL=| 16,00m
Dopusteni pomakf , yop = | 106,7 mm (L /200) |

fmax. =458 mm < fp,dop. = 106,7 mm

128



Diplomski rad Filip Coga

5. Dimenzioniranje spojeva

5.1. Spoj stupa ,,S1“ sa temeljem

Design

Name Con N5761

Description

Analysis Stress, strain/ loads in equilibrium

Beams and columns

—e Cioas - B - Direction vy -Pitch a-Rotation Offsetex Offsetey Offsetez Foroes in
[l [ ] [mm] [mm] [mm]
B5640 1 - CHS(cf)219.1/12.5 0.0 0.0 0.0 0 0 0 Position
M12480 1-CHS(cf)219.1/125 20.0 -80.0 0.0 0 0 430 Position
M12481 1-CHS(cf)219.1/125 0.0 -80.0 0.0 0 -215 -370 Position

& > . N
N 7~ y
N\ ’ Ve
\\ v « N 4
> X
7/ \ e
” & ”~ ~N

- 4 N\ - N\
¥ 4 N\, N p rd \\
N N P -4

~ R N > 7~ ”

. N > /
\ N\ e 7/
N\ e
N, e >
N ~ - /
\ < e g
:< \ /
Cross-sections
Name Material
1 - CHS(cf)219.1/12.5 S 355
Anchors
Diameter fu Gross area
Name Bolt assemb
v [mm] MP3] (mm?)
M30 10.92 M30 10.9 30 1000.0 707
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Load effects (forces in equilibrium)

Name

ULS-Set(2)

ULS-Set(B)

ULS-Set(7)

ULS-Set(10)

ULS-Set(11)

ULS-Set(18)

S18-1.

S18-2.

S18-3.

S184.

Foundation block

cB1

Dimensions

Depth

Anchor

Anchoring length
Shear force transfer

Member

B5640
M12480
M12481
B5640
M12480
M12481
B5640
M12480
M12481
B5640
M12480
M12481
B5640
M12480
M12481
B5640
M12480
M12481
B5640
M12480
M12481
B5640
M12480
M12481
B5640
M12480
M12481
B5640
M12480
M12481

[kN]
-176.8

-176.6
-176.6
-169.0
-169.0
-169.0
-1324
-1324
-132.4
-150.8
-150.8
-150.8
-158.1
-158.1
-158.1
-169.3
-169.3
-160.3
-273.9
-273.9
-273.9
-273.9
-273.9
-273.9

54.0

54.0

54.0
-272.2
-272.2
-272.2

Vz
[kN]
8.0 1.8
8.0 18
8.0 1.8
39 21
39 21
39 21
6.9 15
6.9 15
6.9 15
34 0.1
34 0.1
34 0.1
Y -0.2
X -0.2
T ] -0.2
37 21
37 21
3.7 21
-8.1 209
-8.1 209
-8.1 209
5.5 196
5.5 19.6
5.5 10.6
7.0 -235
7.0 -235
7.0 -235
5.7 274
5.7 274
5.7 274
2850 x 2850
1000
M30 10.9
700
Friction

[kNm]
-8.0
-8.0
-8.0
-0.2
-0.2
-8.2
8.7
8.7
8.7
-0.1
-0.1
-0.1

1.0

1.0

1.0
-8.2
-8.2
-0.2
719
710
719
71.9
719
718
719
71.9
719
719
719
71.9

mm

Filip Coga

153
153
15.3
320
320
320
18.7
16.7
16.7
19.8
19.8
19.8
15.8
15.8
158
-12.2
-12.2
-12.2
146
146
146
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Check
Summary
Name Value Status

Analysis 100.0% OK

Plates 0.6 <5.0% OK

Anchors 69.3 < 100% OK

Welds £8.4 < 100% OK

Concrete block 83.7 < 100% OK

Shear 25.7 < 100% OK

Buckling Not calculated
Plates

Thickness Ogg £py OCgq
Name Loads Status
[mm] MPa] (%) [MPa]

B5640 125 S18-3. 306.3 0.0 0.0 OK

M12480 125 S18-3. 2045 0.0 00 OK

M12481 125 S18-3. 3555 03 0.0 OK

SP1 200 S18-3. 356.3 06 00 OK
Design data

Material fy €im
[MPa] (%)

S355 355.0 50
Symbol explanation

£p Strain

Ota Eq. stress

OCggq Contact stress

fy Yield strength

€im Limit of plastic strain
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Equivalent strecs, S18-3.

Anchors

Shape Item

A9

A10
Al
A12
A13
Al4
A15
Al18
A17
A18

Design data
Grade

M30 109-1

t
o | T

Loads

S18-3.
S18-3.
S18-3.
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
S18-3.
S18-3.
S18-3.
ULS-Set(2)

Nea Vea
[&N]  [kN]
2349 00
508 0.0
1584 0.0
1.5 00
125 00
563 0.0
236.1 00
246 00
1564 0.0
1.1 0.0
NRa,s

[kN]

NRac
[kN]
1305.6
1305.6
1305.6
1206.3
1206.3
1296.3
1305.6
1305.6
1305.6
1206.3

Nrap Nracd

[kN]
803.4

8034
8034
8834
8834
803.4
8034
8034
8834
8834

3406

[kN]

MPa]

355.00

VRa.cp
[kN]
2060.6

2060.6
2060.6
2060.6
2060.6
2060.6
2060.6
2060.6
2060.6
2060.6

325
300
275
2500
225
2000
175
1500
125
100

75

50

25

0.0

(%]

6.0
6.0
6.0
18.0
18.0
18.0
69.3
66.0
6.0
18.0

[%]
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

VRas

[kN]

Filip Coga

[%]
53.6

536
538
78
768
78
536
53.6
53.6
78

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

187.0
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Symbol explanation
Ngg Tension force
VEd Resultant of shear forces Vy, Vz in boit

[ ) i i 22 =Gl 7.2
Ngg, Design resistance in case of concrete cone failure under tension load - EN18824 -ClL.7.2.14
Nzg Design resistance in case of pull-out failure - EN19824 -CL 7.2.1.5

.p
Nra.co Design resistance in case of concrete blow-out failure - EN18924 -Cl.7.2.1.8
VRa.cp Design resistance in case of concrete pryout failure - EN18924 -CLL.7.224

Ut Utilization in tension
Utg Utilization in shear
Ut Utilization in tension and shear

Nras Design tensile resistance of a fastener in case of steel failure - EN18924-C1L.7.2.1.3
VRas Design shear resistance in case of steel failure - EN198924 - C1.7.223.1

Welds (Plastic redistribution)

tm  ege TR U Lo L D men mie mem B pg S

SP1  B5840 487 840 S18-3. 4283 08 -2803 -33.9 1834 983 7668 OK

SP1  M12480 487 840 S18-3. 4279 06 2560 168 -197.2 982 719 OK

SP1  M12481 487 840 S18-1. 4286 1.0 -2487 417 1972 984 719 OK
Design data

Bw Ow,Rd 08¢
3] MPa] MPa]

S35 0.90 43586 352.8
Symbol explanation

€ Strain

OwEa Equivalent stress

OwRd Equivalent stress resistance

o, Perpendicular stress

1] Shear stress parallel to weld axis

Ty Shear stress perpendicular to weld axis

08¢ Perpendicular stress resistance - 0.9"fu/yM2

Bw Corelation factor EN 1893-1-8 tab. 4.1

Ut Utilization

Ute Weld capacity utilization
Concrete block

e Fa foee) [.:.:",21 Ps) ; bl o Satan
cB81 S18-1. 34 50427 256 3.00 40.2 837 OK
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Symbol explanation
c Bearing width
Ager Effective area
c Average stress in concrete
K Concentration factor
Fia The ultimate bearing strength of the concrete block
Ut Utilization

Shear in contact plane

V, V, V, Vi V, Ut
Name Loads Y & Rd.y Rd.z cRd Status
[kN] [kN] [kN] [kN] [kN] [%]
SP1 S18-3. 400 374 2131 2131 0.0 257 OK
Symbol explanation
Vy Shear force in base plate Vy
vV, Shear force in base plate Vz
VRc,y Shear resistance
VRaz Shear resistance
Vera Concrete bearing resistance
Ut Utilization
Buckling

Buckling analysis was not calculated.

Code settings

Item Value Unit Reference

Ymo 1.00 - EN 1993-1-1:6.1

M1 1.00 - EN 1993-1-1:6.1

Ym2 1.25 - EN 1993-1-1:8.1

YM3 1.25 - EN 1093-1-8:22

Yc 1.50 - EN 1002-1-1:2424

Yinst 1.20 - EN 18924: Table 4.1

Joint coefficient Bj 0.87 - EN 1093-1-8:6.25

Effective area - influence of mesh size 0.10 -

Friction coefficient - concrete 0.25 - EN 1093-1-8

Friction coefficient in slip-resistance 0.30 - EN 1093-1-8tab 3.7

Limit plastic strain 0.05 - EN 1093-1-5

Weld stress evaluation Plastic redistribution

Detailing No

Distance between bolts [d] 220 - EN 1993-1-8:tab 3.3

Distance between bolits and edge [d] 1.20 - EN 1093-1-8:tab 3.3

Concrete breakout resistance check Both EN 190024:7.214and7.225
Use calculated ab in bearing check. Yes EN 1093-1-8:tab 3.4

Cracked concrete Yes EN 10024

Item Value Unit Reference

Local deformation check No CIDECTDG 1.3- 1.1
Local deformation limit 0.03 - CIDECTDG 1,3- 1.1
Geometrical nonlinearity (GMNA) Yes Analysis with large deformations for hollow section joints
Braced system No EN 1093-1-8:52.25
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5.2. Spoj stupa ,,S2“ sa temeljem

Desi an
Name Con N5908
Description
Analysis Stress, strain/ loads in equilibrium

Beams and columns

B- y- a- Offset
Name Cross-section Direction Pitch Rotation ex
rl ] | [mm]
1-Massive O
B5570 Hollow(CHS273.8) 0.0 0.0 0.0 -75
1-Massive O
B5581 Hollow(CHS273.8) 0.0 0.0 0.0 75
BB6084 2 - CHS(cf)355.6/8.0 0.0 0.0 0.0 0
%
N
L4 s 4
N > o /
2': 3
Cross-sections
Name Material
1 -Massive O
Hollow(CHS273.8) $385
2 - CHS(cf)355.6/8.0 S 355

Offset

[mm]

Filip Coga

Forces
ez

[mm)]

200 Position

200 Position
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Anchors

M20 10.2

Bolt assembly

M20 10.2

Load effects (forces in equilibrium)

Name

ULS-Set(2)

ULS-Set(3)

ULS-Set(5)

ULS-Set(B)

ULS-Set(16)

ULS-Set(22)

Foundation block

cB1

Dimensions

Depth

Anchor

Anchoring length
Shear force transfer

Member

B5570
B5581
B6084
B5570
B5581
B6084
B5570
B5581
B6084
B5570
B5581
B6084
B5570
B5581
B6084
B5570
B5581
B6084

[kN]
3323

-355.5
68.3
262.0
-317.4
54.0
3183
-208.1
438
204.9
-267.9
335
3314
-336.4
66.4
308.9
-325.3
58.2

Diameter
[mm]
20
Vy vz
[kN] [kN]

-1.8 21
0.8 42
74 -34.1

-2.1 11

-0.2 -39
0.2 -27.3

-1.5 23
0.6 4.2
15 -31.9

-1.4 28
0.5 -34
0.6 -30.2

-1.7 20
0.8 4.2
71 -31.7

-1.7 286
0.8 -33
8.5 -325

2400 x 2400

800

M20 10.8

700

Anchors

fu
MPa]
1000.0

[kNm]
27
47

87
21
39

5.8
1.6
4.1

55
1.3
39

4.9
27
48

-8.1
25
44

8.0

Value

Filip Coga

Gross area
[mm?)
314
My Mz
[kNm] [kNm]
206 1ns
17.9 14
-88.0 487
16.1 17
15.2 -3.1
-79.1 514
227 9.7
17.9 -1.0
-98.5 -35.2
227 2.0
16.0 -1.3
-91.9 -31.8
20.2 1.2
17.7 09
-028 483
206 10.8
16.0 1.1
934 452
Unit
mm
mm
mm
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Check

Summary
Name

Analysis

Plates

Anchors

Welds

Concrete block
Buckling

Plates

B5570
B5581
B60g4
BP1
STIFF1

Design data

S35

Symbol explanation
Ep1
Ota
OCgq

fy

Em

[mm]

Value
100.0%
0.4 <5.0%
93.4 < 100%
8.1 < 100%
08.8 < 100%
Not calculated
Loads m‘:g: ]

8.0 ULS-Set(2) 3423

8.0 ULS-Set(2) 263.0

8.0 ULS-Set(2) 355.7

20.0 ULS-Set(5) 355.6
120 ULS-Set(2) 215.0
fy
[MPa]
355.0

Strain
Eq. stress
Contact stress
Yield strength
Limit of plastic strain

€pI

[%]
0.0
0.0
04
03
0.0

2R

Filip Coga

Status

OCEg

MPa]
0.0
0.0
0.0
0.0
0.0

OK
OK
OK
OK
OK

5.0
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Filip Coga

Overall check, ULS-Set(2)
683
[%]
150%
N\
WL\
\{\
N
N 100%
(5.00)
=
ax 0.35
¥ .,
Strain check, ULS-Set(2)
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i

M H\

ill.

N -.p‘!'_.l'

b,
',I!‘

Equivalent strecs, ULS-Set(2)

Anchors
Nea Ves Nrace
Sha Item Loads
5 N] (kN (kN]
ULS-
Al Set(s) 340 143 6619
uLS-
/_p’ 1\ A2 Set(5) 136.3 134 6619
| , ULS-
y A geus) 13890 89 66190
+ T uLS-
\_# _g/‘ A4 Set(s) 1029 20 6619
. —
uLS-
A5 Set(s) 33 7.1 6619
ULS-
AB Sets) 94 125 6619
Design data
Nra,s
Grade
[kN]
M20 10.9-1

Nrap Nraco
[kN]  [kN]

3438 -
3438 -
3436 -
3436 -
34386 -

3436 -

1488

VRac
[kN]

417.7
237.2

237.2

4177

MPa]

355.0r

325
3000
275
2500
225
200
175
1500
125
100

75

500

25

0.0

Filip Coga

VRacp Utt Uts Uty

N]  [%)
21308 643

21308 9186

21308 @34

21308 68.2

21308 643

21308 643

[%]
17.5

219

219

25

87

154

VRds

[kN]

(%]

55.9

884

52.0

52.0

55.9

OK

OK

OK

OK

OK

OK

81.7
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Symbol explanation
Neg Tension force
VEa Resultant of shear forces Vy, Vz in bolt
Nzge Design resistance in case of concrete cone failure under tension load - EN18824 -ClLL.7.2.14
Nrap Design resistance in case of pull-out failure - EN10924 - CL. 7.2.1.5
Nrgco  Design resistance in case of concrete blow-out failure - EN19924 - C1.7.2.1.8
VRrac Design resistance in case of concrete cone failure under shear load - EN19924 - CI. 7.2.2.5
VRracp  Design resistance in case of concrete pryout failure - EN19924 - CI. 7.2.2.4
Ut Utilization in tension
Uts Utilization in shear
Uty Utilization in tension and shear
Nras Design tensile resistance of a fastener in case of steel failure - EN18924-C1. 7213
VRas Design shear resistance in case of steel failure - EN19924 - C1.7.2.2.3.1
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Welds (Plastic redistribution)
fem  ERE )
BE084-arc@  B5SST0  47.0M
BE084-arc56 B5581  47.0M
BP1 BE0S4  410.0
47.0n
4TOn
BE0B4-arc1  STIFF1 44.0a
440n
BE084-arc2  STIFF1 44.0a
440n
BE084-arc3  STIFF1 44.0M
440n
BE084-arc4  STIFF1 44.0a
A440n
BE084-arc5  STIFF1 44.0a
440n
BE084-arc8  STIFF1 44.0a
440n
BE084-arc7  STIFF1 44.0M
440n
BE084-arc8  STIFF1 44.0a
440
BE084-arc@  STIFF1 44.0a
440n
BE084-arc 10 STIFF1  44.0a
440n
BE084-arc 11 STIFF1 44.0a
440
BE084-arc 12 STIFF1  44.0a
440n
BE084-arc 13 STIFF1  44.0a
44.0n
BE084-arc 14 STIFF1  44.0M
440n
BE084-arc 15 STIFF1 44.0M
440
BE084-arc 18 STIFF1 44.0M
440n
BE084-arc 17 STIFF1  44.0M
440n

Throat th. Length

[mm]

801
889
1082
801
889
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17

Loads

ULS-Set(2)
ULS-Set(2)
ULS-Set(5)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(5)
ULS-Set(2)
ULS-Set(5)
ULS-Set(2)
ULS-Set(5)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(5)
ULS-Set(2)
ULS-Set(5)
ULS-Set(2)
ULS-Set(5)
ULS-Set(5)
ULS-Set(5)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)

OwEd
MPa]
3344
180.0
4273
192.0
1449
88.7
83.1
77.0
545
87.9
47.7
70.8
324
721
61.2
821
58.1
118.68
921
175.68
1444
426.9
4264
4175
411.7
109.3
266.0
281
1228
11.2
80.6
244
522
8.7
55.2
14.7
421
16.1
4786

£p
[%]
0.0
0.0
0.3
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Al

MPa]
-102.5
438
2254
-118.3
-70.6
450
78
412
1.8
37.3
124
315
120
127
30.1
7.1
238
255
424
-75.4
329
-187.0
-75.5
-205.3
-195.9
849
-157.2
0.5
-70.9
0.3
448
25
277
-1.1
272
8.0
-19.8
8.2

217

P
198
10.0

-231
-16.6
0.0
-21.8
33.1
-7.3
26.7
71
206
241
14
30.1
-33
525
-19.2
66.0
-38.0
785
-81.1
164.9

-210.7

230
-815
489

14
4.0
-171
-3.3
14
58
34
32
18
5.9
54
-7.3
7.3

EE
MPa]
-182.7
-108.3

208.3

85.7

73.1

38.1

-14.8

6.8

-153

320

-18.8

274

-17.1

123

308

7.0

238

-11.1

280

47.0

45
-147.9

119.6

-208.6
1925
8.2
1239
-15.7

55.3

55

387

-11.8

253

08

27.7

5.1
207
45
233

ut
(%]

76.8
4386
08.1
441
333
204
14.5
17.7
125
15.6
10.9
16.2

74
16.6
14.0
211
133
272
212
403
33.2
28.0
97.9
959
945
458
61.1

6.5
28.2

26
18.5

586
12.0

1.3
127

34

9.7

37
1092

Filip Coga

ut,
[%]

149
133
53.1
10.7
133
204
145
17.7
125
156
109
16.2

74
166
14.0
211
133
272
212
403
332
es8.0
97.9
259
45
458
61.1

6.5
28.2

26
185

56
120

13
127

34

9.7

37
109

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
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B6084-arc 18

B6084-arc 19

B6084-arc 20

BE084-arc 21

B6084-arc 22

B6084-arc 23

B6084-arc 24

B6084-arc 25

B6084-arc 26

B6084-arc 27

BB084-arc 28

BE084-arc 20

B6084-arc 30

B6084-arc 31

B6084-arc 32

B6084-arc 33

B6084-arc 24

B6084-arc 35

B6084-arc 38

B6084-arc 37

B6084-arc 38

Edge

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

Throatth. Length

[mm]
4408
4408
4408
4408
A40n
4408
A4540n
4508
A30n
4408
4408
A40n
A440n
A40n
A40n
A4530n
A4530n
A40n
A30n
4408
4508
A50n
4408
A4540n
A50n
4408
440
A50n
A40n
A450n
A30n
A40n
4408
A440n
A50n
4408
A30n
A50n
A40n
4308
A40n

[mm]

17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17

Loads

ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(5)
ULS-Set(2)
ULS-Set(5)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(5)
ULS-Set(2)
ULS-Set(8)
ULS-Set(2)
ULS-Set(5)
ULS-Set(5)
ULS-Set(5)
ULS-Set(5)
ULS-Set(5)
ULS-Set(5)
ULS-Set(5)
ULS-Set(2)
ULS-Set(5)
ULS-Set(2)
ULS-Set(5)
ULS-Set(2)
ULS-Set(5)
ULS-Set(2)

OwEd

MPa]
17.9
48.9
205
50.8
20.8
70.6
259
108.7
152.8
2036
288.1
206.9
2826
270.4
112.2
104.1
77.6
64.6
545
488
47.0
36.7
36.9
23.1
33.2
203
35.9
387
485
50.8
68.9
61.9
81.9
70.9
104.1
824
116.2
85.9
120.2
87.7
130.8

€py
[%]

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

oE
MPa]
58

48
-27.8

-36.1
0.7
-58.9
-83.5
-112.0
-140.3
-134.1
-111.0
-52.7
414
17.0
-14.1
220
-3.8
19.2
55
16.4
0.2
18
14.9
0.0
203
6.2
218
45
28.2
-0.1
259
05
35.0
5.3
283
-0.8
16.5
0.7
13.1

bl
[MPa]

8.8
6.6
7.2
84
-105
124
5.0
26.3
19.8
150
440
728
-1164
138.7
-55.7
50.3
4386
322
-314
19.3
-264
9.2
-17.9
4.2
-89
-13.2
08
-20.1
164
-28.2
278
-355
308
<406
489
475
613
403
729
-50.6
70.7

TL
MPa]
43
24.0
9.0
231
5.8
27
-14.1
441
-77.8
97.0
-1385
1245
947
0.0
228
1.6
-8.0
-13.9
-1.9
-17.2
53
-18.8
10.3
-10.8
14.8
03
17.1
02
18.8
75
234
48
20.8
5.8
285
03
219
4.9
12.8
28
10.1

ut
[%]

4.1
1n.2

47
1nz

48
16.2

6.0
245
35.1
468
66.2
88.2
840
62.1
257
239
17.8
14.8
125
1.2
10.8

g4

85

53

76

6.7

8.2

89
11
1"z
158
142
18.8
16.3
239
18.9
208.7
19.7
20.7
20.1
321

Filip Coga

Ute
[%]

4.1
1.2

47
1.7

48
16.2

6.0
245
351
488
688.2
88.2
849
62.1
25.7
239
17.8
148
125
1.2
108

84

85

53

76

6.7

8.2

8.9
11
1.7
158
142
188
16.3
239
189
26.7
19.7
207
201
321

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
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B6084-arc 39

B6084-arc 40

BE084-arc 41

BE084-arc 42

B6084-arc 43

BE084-arc 44

B6084-arc 45

BE084-arc 48

B6084-arc 47

BE084-arc 48

B6084-arc 40

B6084-arc 50

B68084-arc 51

B6084-arc 52

BB084-arc 53

B6084-arc 54

B6084-arc 55

B68084-arc 56

B68084-arc 57

B6084-arc 58

Edge

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

Throat th. Length

[mm]
440
440
440
A40n
A50n
A40n
450n
A50n
4530
440
A40n
A530n
440
440
A50n
A40n
4408
440
4530
A40n
A50n
440
440
4408
440
A50n
A50n
A50n
A40n
440
440n
A50n
440
440
440
A50n
A50n
A50n
A40n
A40n
4408

[mm]

17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17

Loads

ULS-Set(5)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(5)
ULS-Set(2)
ULS-Set(5)
ULS-Set(2)
ULS-Set(5)
ULS-Set(2)
ULS-Set(5)
ULS-Set(2)
ULS-Set(5)
ULS-Set(3)
ULS-Set(5)
ULS-Set(3)
ULS-Set(5)
ULS-Set(5)
ULS-Set(5)
ULS-Set(5)
ULS-Set(5)
ULS-Set(5)
ULS-Set(5)
ULS-Set(2)
ULS-Set(3)
ULS-Set(3)
ULS-Set(3)
ULS-Set(3)
ULS-Set(3)
ULS-Set(3)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)

Ow.Ed

MP3]
214
140.8
97.8
148.5
112.0
2143
170.9
184.5
153.3
96.1
80.7
67.4
60.7
57.1
434
52.9
345
47.4
30.2
30.0
18.9
373
13.0
37.0
0.2
4186
20.6
50.8
337
60.8
50.4
93.5
0.6
180.3
150.8
196.1
168.6
149.9
116.1
150.5
103.5

€p
[%]

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

o)
MPa]

-10.4

Il
MP3]

528
808
-56.1
82.1
845
102.0
95.9
557
537
17.9
227
353
-328
208
-24.1
244
-18.9
194
-16.8
109
-104
28
58
57
49
145
1.2
229
19.1
-30.0
28.1
4.1
89
486
404
-86.3
805
829
887
-86.7
50.1

Tl
MP3]
-03
-7.0
45
-10.2
37
-56.9
376
-77.6
62.0
-46.6
300
-144
10.1
-126
58
-15.6
56
-16.6
4.0
-16.6
31
-17.9
45
-17.5
19
-18.1
37
-15.8
35
-18.2
58
477
434
-85.2
67.6
-80.2
358
-18.2
0.0
-25
8.2

ut

21.0
323
25
34.1
257
492
413
424
352
22.1
206
15.5
130
13.1
10.0
1222

7.9
10.9

6.9

8.0

43

88

3.0

85

2.1

9.5

47
1.7

7.7
14.0
1.6
215
20.8
437
36.7
450
387
344
26.7
345
238

Filip Coga

Ute
[2€]

21.0
323
25
34.1
257
492
413
424
352
21
206
15.5
13.9
13.1
10.0
122

79
10.9

6.9

8.9

43

88

3.0

85

2.1

95

47
17

7.7
14.0
11.8
215
208
437
367
45.0
387
344
26.7
5
238

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
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Item Edge m['::'n]”‘ "f:mml" Loads
BB084-arc 580 STIFF1 440 17 ULS-Set(2)
A40n 17 ULS-Set(5)
BB084-arc B0 STIFF1 44.0m 17  ULS-Set(2)
4408 17 ULS-Set(5)
BB084-arc 81 STIFF1 44.0M 17 ULS-Set(2)
4408 17  ULS-Set(5)
BB084-arc 82 STIFF1 440m 17  ULS-Set(2)
A40n 17 ULS-Set(5)
BB084-arc 83 STIFF1 440m 17 ULS-Set(2)
A40n 17 ULS-Set(5)
BB084-arc B4 STIFF1 440m 17 ULS-Set(2)
A40n 17  ULS-Set(5)
Design data
Bw
3]
S355 0.90
Symbol explanation
£p Strain
Ow,Ea Equivalent stress
OwRd Equivalent stress resistance
g, Perpendicular stress
L] Shear stress parallel to weld axis
TL Shear stress perpendicular to weld axis
09c Perpendicular stress resistance - 0.9"fulyM2
Bw Corelation factor EN 1083-1-8 tab. 4.1
Ut Utilization
Ute Weld capacity utilization
Concrete block
item Loads [":n] [::'21
cB1 ULS-Set(5) 27 13063
Symbol explanation
c Bearing width
Ager Effective area
[ Average stress in concrete
K Concentration factor
Fia The ultimate bearing strength of the concrete block
Ut Utilization

OwEd €t O)
[MPa] [%] [MPa)
143.2 0.0 8.1
101.1 0.0 78
148.1 00 213
909 00 7.8
1416 0.0 30.0
96.7 0.0 4.1
120.1 0.0 375
806 0.0 29
1181 00 445
829 0.0 35
1004 0.0 441
733 00 58
%w.Rd
MPa]
o ky
MPa] 18]
66.0 3.00

il ¥l
[MPa] [MPa)
-82.1 83
57.7 -8.1
-835 16.9
562 -124
-758 258
55.1 -85
834 327
51.1 -78
513 388
466 -108
-38.9 387
402 127
4356
Fla
MPa]
87.0

Ut
(%]

329
23.2
342
229
325
22
206
206
271
10.0
23.1
16.8

Filip Coga

Ute
[%]

329
232
42
229
325
22
206
206
271
19.0
231
16.8

0S¢
MPa]

Ut
[%]

Status

986 OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

3528
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Buckling
Buckling analysis was not calculated.

Code settings
Item Value Unit Reference
YMO 1.00 - EN 1993-1-1:6.1
YM1 1.00 - EN 1903-1-1:6.1
YM2 1.25 - EN 1993-1-1:6.1
YM™3 1.25 - EN 1003-1-8:22
Yc 1.50 - EN 1002-1-1:2424
Yinst 1.20 - EN 19024: Table 4.1
Joint coefficient Bj 0.67 - EN 1003-1-8:8.25
Effective area - influence of mesh size 0.10 -
Friction coefficient - concrete 0.25 - EN 1003-1-8
Friction coefficient in slip-resistance 0.30 - EN 1093-1-8tab 3.7
Limit plastic strain 0.05 - EN 1003-1-5
Weld stress evaluation Plastic redistribution
Detailing No
Distance between bolts [d] 220 - EN 1093-1-8:tab 3.3
Distance between bolts and edge [d] 1.20 - EN 1093-1-8:tab 3.3
Concrete breakout resistance check Both EN 19024:7.214and 7225
Use calculated ab in bearing check. Yes EN 1003-1-8:tab3.4
Cracked concrete Yes EN 10924
Local deformation check No CIDECTDG 1.3- 1.1
Local deformation limit 0.03 - CIDECTDG 1,.3- 1.1
Geometrical nonlinearity (GMNA) Yes Analysis with large deformations for hollow section joints
Braced system No EN 1093-1-8:52.25
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5.3. Spoj kosog dijela stupa ,,S1“

Desi gn
Name Con N5748
Description
Analysis Stress, strain/ loads in equilibrium

Beams and columns

Name Cross-section

] ]
B5633 1-CHS(c219.1/125 0.0 0.0
B5609 2 - CHS(cf)210.1/125 0.0 0.0
B6109 2 - CHS(cf)210.1/12.5 0.0 0.0
BB6110 2 - CHS(cf)210.1/125 0.0 0.0

]

B - Direction vy -Pitch a -Rotation

0.0
0.0
0.0
0.0

Offsetex Offsetey
[mm] [mm]

135 0

100 0

0 0

0

Cross-sections

Name
1 - CHS(cf)219.1/12.5
2-CHS(cf)219.1/12.5

Bolts

Name Bolt assembly

M208.8 M20 8.8

Material
S 355
S 355
Diameter fu
[mm] [MPa]
20 800.0

Filip Coga

Offset ez
[mm]

0 Position
125 Position
0 Position

Forces in

0 Position

Gross area
[mm?)

314
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Load effects (forces in equilibrium)

N vz Mx Mz
. — (kN] e kN] [kNm)] e (kNm]
ULS-Set(2) B5633 1729 -11 -15 -2.2 -7.5 8.2
B5699 -136.9 05 -3.0 F AT 1086 -8.1
B6109 -92.2 -11.2 -27.9 40 1.8 33
B6110 488 98 -715 -33 -8.1 1.8
ULS-Set(3) B5633 -3386 23 -12.2 07 47.0 97
B56809 -118.1 32 48 85 240 82
B6109 -52.1 -22.3 533 40 -17.5 <41
B6110 61.2 25 482 0.1 14 55
ULS-Set(6) B5633 219 20 -13.0 -18 -50.7 -8.0
B5690 -165.5 32 53 93 271 6.1
B6109 -83.0 -27.0 447 2.7 -17.8 -3.2
B6110 789 -8.0 237 -15 25 52
ULS-Set(8) B5633 1404 -0.1 57 -24 -23.3 2.1
B5600 -187.2 08 -37 04 171 48
B6109 -103.8 -184 -7.2 25 53 1.8
B6110 66.3 -10.7 525 -35 -34 -0.1
ULS-Set(9) B5633 -25.3 23 -129 08 497 -85
B5699 -1340 34 58 7.2 266 83
BG6109 -80.0 -239 536 40 -175 42
B6110 674 -28 481 0.0 186 58
ULS-Set(10) B56833 -31.8 0.1 -128 08 402 -1.1
B5699 -138.7 40 53 71 25.0 10.2
B8109 -83.2 -2486 33.1 33 -10.8 5.0
B6110 68.9 -1.3 75.1 1 20.0 8.6
ULS-Set(11) B5633 <40.1 -0.1 -12.2 07 48.5 -1.3
B5699 -123.8 30 43 64 224 10.1
B6109 -55.3 -229 328 3.2 -10.8 48
B&110 626 -1.2 75.2 1.0 198 -8.3
ULS-Set(12) B5633 1158 -28 75 02 285 1.1
B5600 24 -28 -14 07 86 -10.0
B6109 -147 105 525 “44 163 45
B8110 -15.1 -1.3 -834 03 -12.7 48
ULS-Set(13) B5633 124.2 -268 6.8 03 258 13
B5699 -125 24 -24 0.1 40 29
B6109 -226 89 -52.2 43 16.3 44
B6110 -88 -14 -835 0.2 -125 43
ULS-Set(15) B56833 148 2.1 -12.2 -15 477 -8.2
B5699 -151.3 30 48 85 25.2 56
B6109 -75.6 -24.8 451 26 -175 -3.0
B6110 723 57 224 -14 87 47
ULS-Set(16) B5633 38.3 1.8 -111 -15 427 86

148



Diplomski rad Filip Coga

Mame Member N & 0 (k) e o
B5699 -151.1 22 “47 82 240 30
B6109 -794 -22.6 376 18 -15.1 -1.8
B6110 686 86 84 -15 59 -35
ULS-Set(17) B5633 18486 -1.1 09 2.1 48 8.0
B5699 -122.0 07 -20 7.0 8.1 -82
B6109 843 95 -28.2 41 1.8 35
B6110 4286 97 -715 -33 -8.2 23
ULS-Set(18) B5633 -08 -24 -10.7 -11 415 74
B5699 -1424 38 44 T2 209 86
B6109 711 -229 486 13 -3.0 42
B6110 66.9 -1.7 737 1.3 222 58
ULS-Set(20) B5633 150.7 -0.1 56 -24 -23.0 2.1
B5699 -167.9 05 40 04 e 52
B6109 -104.3 -17.9 85 25 50 19
B8110 659 -105 538 -33 4.1 0.1
ULS-Set(21) B5633 1227 2.2 8.7 24 275 2.0
B5699 -172.7 1.0 -34 97 173 -08
B6109 -103.7 -20.8 -195 -24 0.7 0.0
B6110 710 -83 -108 -20 71 -1.9
ULS-Set(22) B5633 154 04 -129 -18 -50.2 05
B5600 -170.2 39 48 902 255 79
B6109 -86.2 -27.6 242 18 -11.1 <40
B6110 804 47 527 03 179 -8.0
ULS-Set(25) B5633 232 21 -129 -18 -504 -8.0
B5699 -166.2 3.1 58 23 278 57
B6109 -835 -264 454 = £ 4 -175 -3.1
B6110 785 -58 224 -13 89 50
ULS-Set(20) B5633 14490 32 -26 22 -120 13.1
B5629 -141.7 08 -24 80 10.2 -38
B6109 916 -14.1 409 -39 6.1 14
B8110 539 -78 -285 -19 3.1 -0.1
ULS-Set(30) B56833 105.2 4.2 46 -1.9 -10.1 159
B5699 -1443 1.9 -26 78 12.1 0.2
BG8109 -88.1 -16.6 -308 -3.0 7.2 03
B6110 579 55 115 086 121 -20
ULS-Set(32) B5633 -38 20 -11.8 08 448 -8.0
B5699 -1338 b 50 6.8 254 58
B6109 839 217 481 32 -15.1 -3.0
B8110 638 -38 322 02 88 48
ULS-Set(33) B56833 1279 0.2 88 24 -28.3 05
B5699 -18674 1.3 -38 08 183 2.2
B6109 -100.0 -20.6 03 -16 -7.7 06
B6110 609 98 -385 -33 -086 -1.3
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Name

ULS-Set(36)

ULS-Set(37)

ULS-Set(38)

ULS-Set(46)

ULS-Set(47)

ULS-Set(49)

ULS-Set(50)

ULS-Set(52)

B5633
B5699
B6109
B6110
B5633
B5699
B6109
B6110
B5633
B5699
B6109
B6110
B5633
B5699
B6109
B6110
B5633
B5699
B6109
B6110
B5633
B5699
B6109
B6110
B5633
B5699
B6109
B6110
B5633
B5699
B6109
B6110

100.0%

0.0 <5.0%
45.0 < 100%
90.7 < 100%
Not calculated
Calculated

N Vy
[kN] [kN]
7 -0.3
-155.3 37
-78.3 -26.0
742 48
113.1 22
-157.2 1.8
-95.3 -19.7
65.2 -83
1214 22
-172.1 20
-103.2 =213
714 -85
16.7 04
-170.2 38
-86.7 -271
80.0 45
136.6 -32
-126.8 0.7
-83.7 -124
477 -74
1386 21
-150.6 3.1
-75.1 -25.3
727 59
141.1 -0.1
-152.3 04
-g59 -16.8
60.0 -10.5
1196 0.2
-152.5 1.4
-82.1 -10.0
63.7 08
Value

[kN]

-12.2
-3.8
239
528
8.1
=21

04
8.7
-3.1

95
-12.8
5.1
249
513
-1.8
-14
412
-285
-123
43
444
238
5.0
=27
-7.5
524
8.1
-26
0.0
-38.4

[kNm]

-1.5
85
18

04

=23
9.0

-25

22

-24
9.7

-24

=21

-1.6
9.2
19

0.1

=21
7.2

4.0

-2.0

-15
85
286

-1.5

-24
8.7

-25

-35

-24
9.1

-17

21222
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My
[kNm]

47.5
23.0
-11.1
17.7
-25.1
141
-1.0
76
-27.8
16.7
-1.0
7.8
-40.9
26.1
-10.8
17.2
83
7.7
6.1
3.0
<48.0
2486
-17.8
0.3
-206
146
5.3
-3.6
-25.6
15.7
-7.7
-0.8

Status

Mz
[kNm]

03
7.8
-3.9
5.7
8.7
0.5
0.0
-1.8
89
-04
-0.2
-2.1
05
75
-3.8
-5.8
129
-3.9
15
0.1
-8.2
6.0
-3.1
4.9
19
4.9
19
0.2
0.3
-24
0.7
-1.0
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[MP3]

Diplomski rad
Plates
N Thickness Load
[mm]
B5633 125 ULS-Set(13)
85699 125 ULS-Set(25)
B6109 125 ULS-Set(13)
B6110 125 ULS-Set(2)
PP1a 12.0 ULS-Set(9)
PP1b 12.0 ULS-Set(9)
Design data
Material
S$355
Symbol explanation
£p Strain
Ota Eq. stress
OCgg Contact stress
f, Yield strength
€im Limit of plastic strain

Oga
MPa]
181.4
163.8
110.3
1245
3204
2004

355.0

¥

Overall check, ULS-Set(13)

Ep1
(%]

0.0
0.0
0.0
00
00
0.0

OCgq
[MPa]

0.0

0.0

0.0

0.0

328

328

Filip Coga

OK
OK
OK
OK
OK

Status

5.0
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[*]

1 150%

| 100%
(5.00)

0%

i

Strain check, ULS-Set(13)

[MPa]
356.0

325
3000
275
2500
225
2000
175
1500
125
1000

75

50

25

2: 0.0

Equivalent strecs, ULS-Set(13)
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Bolts
F, v Ut F, Uty Uty
Name Loads R Shes Status
[kN] [kN] [%] [kN] [%] [%]
B1 ULS-Set(25) 75 231 5.3 235.2 2486 284 OK
B2 ULS-Set(25) 41.2 218 20.2 2352 23.2 440 OK
B3 ULS-Set(9) 834 121 45.0 2352 128 4490 OK
B4 ULS-Set(9) 270 26 19.1 235.2 28 1864 OK
BS ULS-Set(12) 154 54 10.8 235.2 58 13.86 OK
B6 ULS-Set(12) 47.2 58 335 2352 8.2 30.1 OK
Design data
F, BP F,
Name tRa .Rd V.Rd
[kN] [kN] [kN]
M2088-1 141.1 2793 4.1
Symbol explanation
Fira Bolt tension resistance EN 1093-1-8 tab. 3.4
Fiea Tension force
Bp ra Punching shear resistance
\' Resultant of shear forces Vy, Vz in bolit
Furd Bolt shear resistance EN_1993-1-8 table 3.4
Ford Plate bearing resistance EN 1993-1-8 tab. 3.4
Ut Utilization in tension
Utg Utilization in shear
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Detailed result for B3
Tension resistance check (EN 1993-1-8 tab 3.4)
Fipa = L'f-#l—‘h = 1411 kN 2 F, = 634 kN
where:
ks = 0.90 — Factor

fus =800.0 MPa - Ultimate tensile strength of the bolt
A, =245mm? - Tensile stress area of the bolt
Yum2 =125 — Safety factor

Punching resistance check (EN 1993-1-8 tab 3.4)

Bypg="Zmbb = 2703 w2 Fi= 624 W
where:
dy =32mm — The mean of the across points and across flats dimensions of the bolt head or the nut, whichever
is smaller
tp =12mm - Thickness

fu =4080.0MPa - Ultimate strength
M2 =125 - Safety factor

Shear resistance check (EN 1003-1-8 tab 3.4)

Fora=22B%= a1 2 V= 121 &N
where:
3, =1.00 - Reducing factor
a, = 0.60 — Reducing factor
fus =800.0 MPa - Ultimate tensile strength of the bolt
A = 245 mm? — Tensile stress area of the bolt
Y2 =1.25 — Safety factor
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Bearing resistance check (EN 1963-1-8 tab 3.4)

Fopg=522L% = 2352 W 2 V= 121 W
where:
k= min(?.«S;—: =15 14% 1.7,2.5) = 2.50
€2 = = mm
P2 = 180 mm
do = 22mm
€) 1 ub
ab—mm(m 3%)—:{[_" =1.00
€] = = mm
P1 == mm
fus = 800.0 MPa
fu = 490.0 MPa
d =20 mm
t=12mm
Yas =125

Interaction of tension and shear (EN 1983-1-8 tab 3.4)

Fond Fisd

l—‘“, = _}.'J‘ __l-"‘l,ﬁl — 440 %
Utilization in tension
. Foxe -
Up = R . 450 %
Utilization in shear
B o v, -
Uy = m = 128 %
Welds (Plastic redistribution)
Throat th. Length
Item E Loads
dge [mm] [mm]
B5633-arc34 B6109 46.3M 852 ULS-Set(20)
BB108-arc42 B6110 46.3a 263 ULS-Set(30)
B5633-arc83 BG6110 46.3M 420 ULS-Set(10)
PP1a B5633 440 608 ULS-Set(25)
PP1b B5690 440 608 ULS-Set(25)
PLEIN 852 ULS-Set(18)
PLEIN 263 ULS-Set(18)
PLEIN 420 ULS-Set(22)

Filip Coga

— Factor for edge distance and bolt spacing perpendicular to
the direction of load transfer

- Distance to the plate edge perpendicular to the shear force
— Distance between bolts perpendicular to the shear force
— Bolt hole diameter

— Factor for end distance and bolt spacing in direction of load
transfer

- Distance to the plate edge in the direction of the shear force
- Distance between bolts in the direction of the shear force

- Ultimate tensile strength of the bolt

- Ultimate strength

— Nominal diameter of the fastener

— Thickness of the plate
— Safety factor
Owred | S| ©L 1 T ut Ut o s
MPa] [%] [MPa] [MPa] [MPa] [%] [%]
1326 00 62 49 763 304 56 OK
805 00 195 451 239 208 44 OK
1550 0.0 34 48 803 356 06 OK
427.7 05 -1322 225 2338 982 411 OK
4342 42 -1959 243 2224 007 404 OK
820 0.0 41 450 -1486 188 51 OK
80.7 00 27 348 33 139 69 OK
844 00 -333 336 206 194 07 OK
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Design data
Bw %w.Ra 090
[ MPa] MPa]
S$355 0.90 4358 3528
Symbol explanation
£py Strain
OwEa Equivalent stress
Ow,Ra Equivalent stress resistance
o, Perpendicular stress
LT Shear stress parallel to weld axis
T Shear stress perpendicular to weld axis
098¢ Perpendicular stress resistance - 0.9"fulyM2
Bw Corelation factor EN 1993-1-8 tab. 4.1
Ut Utilization
Utc Weld capacity utilization
Detailed result for PP1b B5699
Weld resistance check (EN 1993-1-84532)
Owra = fu/(Betuz) = 4358 MPa 2 Oupa=[0% =3(7] = 7])*° = 4342 wPa
i ra =09f/7u2= 3528 MPa 2 |0.|= 1950 MPa
where:
fu =490.0MPa - Ultimate strength
_3..- =090 — appropriate correlation factor taken from Table 4.1
Yu2 =125 — Safety factor
Stress utilization
| — [ Cumd , |01 e
Ur = max(3=£ .-l—ouu )= 997 %
Buckling
Buckling analysis was not calculated.
Code settings
Item Unit Reference
Ymo 1.00 - EN 1993-1-1:6.1
YM1 1.00 - EN 1903-1-1:6.1
M2 1.25 - EN 1993-1-1:6.1
YM3 1.25 - EN 1993-1-8:2.2
Yc 1.50 - EN 1902-1-1:24.24
Yinst 1.20 - EN 1092-4: Table 4.1
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Item
Joint coefficient Bj
Effective area - influence of mesh size
Friction coefficient - concrete
Friction coefficient in slip-resistance
Limit plastic strain
Weld stress evaluation
Detailing
Distance between bolts [d]
Distance between bolts and edge [d]
Concrete breakout resistance check
Use calculated ab in bearing check.
Cracked concrete
Local deformation check
Local deformation limit
Geometrical nonlinearity (GMNA)
Braced system

0.67
0.10
0.25
0.30
0.05
Plastic redistribution
No
220
1.20
Both
Yes
Yes
No
0.03
Yes
No

Unit

Filip Coga

EN 1093-1-8:6.25

EN 1003-1-8
EN 1993-1-8tab 3.7
EN 1993-1-5

EN 1903-1-8:tab 3.3

EN 1993-1-8:tab 3.3

EN 19024:7.214and 7.2.25

EN 1003-1-8:tab 3.4

EN 19024

CIDECTDG 1,3- 1.1

CIDECTDG 1,3-1.1

Analysis with large deformations for hollow section joints
EN 1993-1-8:52.25
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5.4. Karakteristi¢ni spoj sjecista viSe Stapova

Design
Name Con N5688
Description
Analysis Stress, strain/ loads in equilibrium
Beams and columns
B- N
Name Cross-section Direction Pitch
rl [l
1 - Massive O
B5537 Hollow(CHS273.8) 0.0 0.0
1 - Massive O
80538 Hollow(CHS273.8) 0.0 00
1 - Massive O
B5539 Hollow(CHS273.8) 0.0 0.0
B5540 1 - Massive O
Hollow(CHS273.8) 0.0 00
B554 1 - Massive O
1 Hollow(CHS273.8) 0.0 00
1 - Massive O
B5542 Hollow(CHS273.8) 0.0 0.0
B5717 2-CHS(cf)219.1/125 0.0 0.0
B5721 2-CHS(cf)219.1/12.5 0.0 0.0
BB6255 4 -CHS840,10 0.0 0.0
Cross-sections
Name
1-Massive O
Hollow(CHS273.8)
2 - CHS(cf)219.1/112.5
4-CHS840.10

Rotation

rl

00

00

0.0

00

00

0.0

00
0.0
0.0

Offset Offset
ex
[mm]

S 355

S 355
S 355

o

o o o

Filip Coga

Posit

Posit

Positi

Positi

Posit

Positi

Posit
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Load effects (forces in equilibrium)

Name

ULS-Set(2)

ULS-Set(3)

ULS-Set(12)

ULS-Set(13)

ULS-Set(14)

Member

B5537
B5538
B5539
B5540
B5541
B5542
B5717
B5721
B6255
B5537
B5538
B5539
B5540
B5541
B5542
B5717
B5721
B6255
B5537
B5538
B5539
B5540
B5541
B5542
B5717
B5721
B6255
B5537
B5538
B5539
B5540
B5541
B5542
B5717
B5721
B6255
B5537
B5538
B5539
B5540
B5541

[kN]
734

110.5
-92.8
308.0
83.8
-50.0
76.8
87.9
-0.8
-11.4
8.2
-10.6
162.9
138.8
-1245
17.6
12.0
-0.6
-72.3
108.5
-91.0
300.8
82.2
-50.8
714
82.2
-0.6
-80.5
00.8
-80.4
3303
136.3
-111.9
67.4
744
-0.6
-34.9
56.8
-52.8
2159
101.8

0.1
-0.6
-0.3
-1.0

0.7
-0.8

32

5.0

0.0

0.0
-0.2
-0.1

0.7

0.7

0.1

1.6
-1.2

0.0

0.1
-0.6
-0.3
-1.0

0.6
-0.8

31

48

0.0

0.0
-0.6
-0.4
-0.5

0.9
0.7

34

35

0.0

0.8
-1.3
-0.1

0.7

0.0

-26.2
8.0
237
154
-17.9
304
20
17
0.0
50
25
44
0.3
49
74
0.2
05
0.0
248
5.0
224
-143
-16.8
37.8
15
20
0.0
-18.5
47
-17.0
-11.8
1.9
-20.2
09
20
0.0
97
42
-89
8.9
58

[kNm]
22

24
12
52

52

-14
33

38
0.0
06

1.0

1.3

T
08
20
0.2
0.3
0.0

2.1

23
11
50

5.1

15
32

38
0.0

18

25
0.3
33

43

05
30

32
0.0

07

1.6

0.2
13

1.9

[kNm]
512
-8.5
61.2
-14.2
322
844
-0.0
115
0.0
-15.2
-3.2
-10.6
-8.2
-15.0
105
31
31
0.0
483
71
58.5
-12.7
305
-82.0
-8.2
1.2
0.0
340
-85
455
-129
19.1
-40.0
5.2
14
0.0
185
5.7
224
-0.8
7.0

Filip Coga

[kNm]
1.1

1.0
52
28
45
-13.9
-10.9
0.0
03
0.7
0.0
30
34
-18
53
43
0.0
1.1
24
0.8
5.0
24
44
-135
-10.2
0.0
0.8
24
0.8
29
38
32
-143
88
0.0
15
29
0.4
05
17

159



Diplomski rad

ULS-Set(17)

ULS-Set(28)

ULS-Set(20)

ULS-Set(30)

ULS-Set(40)

B5542
B5717
B5721
B6255
B5537
B5538
B553¢
B5540
B5541
B5542
B5717
B5721
B6255
B5537
B5538
B553¢9
B5540
B5541
B5542
B5717
B5721
B6255
B5537
B5538
B5539
B5540
B5541
B5542
B5717
B5721
B6255
B5537
B5538
B553¢9
B5540
B5541
B5542
B5717
B5721
B6255
B5537
B5538
B553¢

[kN]

-77.2
308
46.7
0.8
493
-67.3
627
-251.7
-127.5
120.1
-18.5
-20.6
-0.8
-50.7
80.3
-76.4
262.0
828
-82.6
58.8
66.3
-0.6
50.4
-89.2
684.5
-250.0
-128.9
119.3
-248
-26.2
-0.6
-70.6
101.8
-01.2
3466
137.8
-111.1
727
80.0
0.8
-56.9
80.6
-74.8

Vy
[kN]

-0.1
26
0.9
0.0
0.1
0.3
0.5
0.0

-06
0.6

-0.8
0.0
0.0

-0.5

-0.3

-0.7
06

-0.7
26
38
0.0
0.1
0.3
0.5
0.0

-0.6
0.6

-1.1
0.0
0.0

-0.6

-04

-0.6
0.9

-0.7
35
38
0.0
0.0

-0.5

0.4

vz
[kN]

-144
-1.3
0.9
0.0
26
-34
32
1.6
0.8
0.9

3.7
0.0
-18.1
-3.7
-17.5
-11.4
-129
-20.2
-1.4
14
0.0
4.1

45
27
19
15

-3.4
0.0
-20.0
5.7
-18.3
-128
-13.0
-30.8
-1.4

T
0.0
-13.0
-34
-12.0

[kNm]
04
14

-1.2
0.0
0e
18
06

07
26
0e

-2.0
24
0.0

-1.7

-1.9
0e
37

41

-11
27

-3.0
0.0
09
19
05

0.9
27
0.7

=21
24
0.0

-1.7

-26
04
35

44

04
3.0

-33
0.0

-1.2

=21
0.0

My
[kNm]

244
27
75
0.0
37
54
-14.8
03
0.3
18.0
-17
74
0.0
37.0
49
458
-104
228
480
84
8.9
0.0
85
39
-175
18
-14
213
-1.0
77
0.0
36.8
8.0
48.1
-14.4
208
514
6.0
1.6
0.0
28
44
328

Filip Coga

08
04
18

0.0
0.1
-14

0.9
04
22
22

o5
02

0.0

0.8

20

08

37

23

35

-11.3
8.1

0.0
0.1
15

07
08
24
22

09

05

0.0

058

25

0.8

3.1

37

33

-1486

T
0.0
05
20
0.3

5/21
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N
Mma Mamber (kN] e N KN} e et
B5540 300.5 -0.2 -88 20 -105 I
B5541 137.0 0.8 -8.0 -33 1.2 34
B5542 -114.7 06 -20.7 0.1 -35.0 24
B5717 548 29 -08 24 -34 -12.0
B5721 585 25 14 25 2.1 44
B6255 08 0.0 0.0 0.0 0.0 0.0
ULS-Set(43) B5537 -25.1 0.0 -2.1 0.1 -1.1 0.0
B5538 203 03 48 -15 88 1.2
B5539 -36.0 02 -1.9 09 50 04
B5540 2098.0 04 3.7 08 -10.0 -18
B5541 1308 0.8 0.0 05 54 < i 4
B5542 -120.9 -0.1 27 17 59 07
B5717 355 22 -0.8 09 05 7.9
B5721 336 0.0 -0.2 04 5.7 14
B8255 08 0.0 0.0 0.0 0.0 0.0
ULS-Set(44) B5537 -345 04 40 03 35 08
B5538 406 -09 -29 -1.7 -38 23
B5530 519 -0.2 -39 08 109 0.0
B5540 249086 0.7 44 0.2 -88 -18
B5541 14886 04 -14 -1.3 -29 30
B5542 -125.1 -0.2 -8.6 1.0 -124 0.1
B5717 359 26 06 13 0.1 08
B5721 37.1 0.2 0.7 -1.0 6.9 08
B8255 086 0.0 0.0 0.0 00 0.0
ULS-Set(45) B5537 482 05 -11.1 08 7.7 1.1
B5538 70.8 -1.0 53 2.1 71 28
B5539 -88.3 0.3 -10.2 04 265 05
B5540 205.7 04 -84 13 -12.7 -0.1
B5541 1404 05 -8.3 -24 8.7 33
B5542 -121.5 -03 -16.8 0.7 -28.8 1.0
B5717 537 3.2 -1.3 19 27 -12.2
B5721 58.7 14 1.0 -1.7 04 2.1
B8255 0.8 0.0 0.0 00 00 0.0
ULS-Set(49) B5537 -358 04 56 04 6.3 09
B5538 5186 09 -39 -1.7 5.0 23
B5539 -53.7 -0.2 5.2 07 1386 0.2
B5540 256.9 0.7 54 0.0 -10.3 -14
B5541 150.0 04 -24 -14 -1.2 32
B5542 -1243 02 8.2 1 -148 0.1
B5717 41.1 27 -1.1 13 08 -10.0
B5721 428 04 03 -1.0 F & 0.1
B8255 08 0.0 0.0 0.0 0.0 0.0
ULS-Set(50) B5537 47.2 0.5 -10.9 08 17.1 14
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ULS-Set(54)

ULS-Set(55)

Check
Summary
Plates

Welds
Buckling

B5538
B5539
B5540

B5542
B5717
B5721
B6255
B5537
B5538
B5530
B5540
B5541
B5542
B5717
B5721
B6255
B5537
B5538
B5539
B5540
B5541
B5542
B5717
B5721
B8255

100.0%
0.2<5.0%
98.0 < 100%
Not calculated
Calculated

Vy
[kN]
84.7 -0.2
-87.6 -0.8
269.8 0.3
1338 06
-105.8 -0.8
533 34
514 1.8
-0.8 0.0
-60.7 0.1
1034 -0.6
-87.2 -0.3
203.7 -0.9
822 0.7
-80.3 0.7
715 3.1
827 45
-06 0.0
484 0.5
744 -1.0
-66.1 -0.2
250.1 0.0
952 0.3
-60.9 0.3
57.8 3.0
67.0 24
-0.8 0.0
Value

[kN]

52
-10.1
82
84
-18.8
08
0.2
0.0
242
6.1
219
-14.3
-164
-37.0
15
21
0.0
-16.8
6.6
-15.1
-10.9
-10.9
248
1.9
1.0
0.0

Mx
[kNm]
-2.1
0.2
14
-23
08
15
-1.7
0.0
-20
-24
1.0
48
4.8
-11
31
-35
0.0
-11
-20
03
28
-3.0
0.1
20
-20
0.0

222

-7.9
15
0.0
308
04
380
-134
17.2
407
53
96
0.0

Filip Coga

1.3
0.0
1.2
34
19
-11.9
-2.8
0.0
1.0
24
1.0
46
25
4.0
-134
-0.5
0.0
14
27
09
16
23
1.7
-11.4
-5.1
0.0
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Plates
Name o Loads
[mm]

B5537 80 ULS-Set(2)
B5538 8.0 ULS-Set(2)
B5539 8.0 ULS-Set(2)
B5540 8.0 ULS-Set(2)
B5541 8.0 ULS-Set(30)
B5542 8.0 ULS-Set(30)
B5717 125 ULS-Set(2)
B5721 125 ULS-Set(2)
B6255 10.0 ULS-Set(30)
STIFF1 20.0 ULS-Set(30)

Design data

Material N'lgal

5355

Symbol explanation

== Strain

Ogg Eq. stress

OCsa Contact stress

fy Yield strength

&m Limit of plastic strain

Overall check, ULS-Set(2)

=
MPa]

158.9

81.6
203.1
247.8
165.0
206.9
155.5

96.0
355.4
178.8

355.0

£p)

(%]
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.2
0.0

OCgqg
[MPa]

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Filip Coga

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

Status

5.0
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Diplomski rad

1 150%
| 100%

(5.00)

[%]

= o%

[MPa]

355.0

325

300
275
250
225
200

175

150

125

100
7

5
50
25

0.0

Strain check, ULS-Set(2)

Equivalent stress, ULS-Set(2)

164



Diplomski rad
Welds (Plastic redistribution)
rem - ERE mm)
B6255-arc 10 BS717  46.0
B6255-arc35 B5721  46.0
BE255-arc20 BS530  46.0
BE255-arc28 BS538  46.0
BE255-arc 38 BS537  46.0
BE255-arc 46 B5542  46.0
BE255-arc1 BS540  46.0
B6255-arc3  BS541  46.0
BE255-arc1  STIFF1 44.0M
440n
BE255-arc2  STIFF1  44.0M
440n
BE255-arc3  STIFF1  44.0m
440n
BE255-arc4  STIFF1  44.0m
44.0n
BE25S-arc5  STIFF1  44.0M
4406
BE255-arcB8  STIFF1  44.0M
440n
BE255-arc7  STIFF1  44.0a
44.0n
BE25S-arc8  STIFF1  44.0M
A40n
BE255-arc@  STIFF1  44.0a
440n
BE255-arc 10 STIFF1  44.0M
4406
B6255-arc 11  STIFF1  44.0M
440n
BE255-arc 12 STIFF1  44.0m
44.0n
BE255-arc 13 STIFF1  44.0M
440n
BB255-arc 14 STIFF1  44.0M
440n
BE255-arc 15 STIFF1  44.0M
4406
B6255-arc 16 STIFF1  44.0M

Throatth. Length

[mm]

@
&

888 888 8888888888888 8888888888s88t8B88 88

Loads

ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(30)
ULS-Set(2)
ULS-Set(2)
ULS-Set(30)
ULS-Set(30)
ULS-Set(30)
ULS-Set(30)
ULS-Set(20)
ULS-Set(30)
ULS-Set(30)
ULS-Set(30)
ULS-Set(3)
ULS-Set(3)
ULS-Set(3)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(30)
ULS-Set(17)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)

Owed

MPa]
275.8
250.4
426.9
148.3
225.8
3205
368.6
288.8
2571
117.0
2473
8.7
2373
3.1
100.4
70.1
108.6
120.7
178.2
167.9
100.4
172.2
102.2
108.2
131.8
188.2
g8s.e
0.3
60.5
56.4
43.7
284
418
446
187.8
283.2
00.5
335.8
644

£p1
(%]
0.0
0.0
0.1
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

o)
MPa]
256
1347
-232.6
-20.5
-147.1
255.5
35.0
2038
-326
26.2
10.8
38
40.2
5.3
60.6
-235
97.0
304
20.0
-85.0
34
-84.3
-17.8
-97.7
-27.6
-66.6
2.2
-14.3
20.6
55
13.2
10.0
0.9
10.7
-82.2
-84.9
-27.9
-175.2
47.0

T
[MPa]

-1143
-35.2
140.9
217
-734

575

-2105
418

-142.3

60.0
-1426
56.7
-131.2
538
-103.2
378
-46.3
458
195
3786
814
40.7
-468.2
4186
-67.8
709
-51.1
51.0
-28.7
324
-1nsg
153
-234
-22.8
83.1

-110.1
-12.9
-28.2

19.9

T
MPa)
100.9
116.6
151.2
80.8
66.3
-105.4
23.7
-110.7
-38.0
-27.0
53
5.1
320
1.6
372
53
88.7
474
8686
747
-145
7686
-352
0.4
-308
728
06
248
159
-14
21.0
16
05
38
-50.7
107.7
-53.6
162.9
159

ut
[%]

63.3
57.5
8.0
336
51.8
75.6
848
66.3
50.0
26.9
56.8
27
54.5
214
45.8
16.1
458
27.7
40.9
385
25.1
305
235
455
303
43.2
20.3

13.9
129
10.0

6.5

9.6
10.2
43.1
65.0
228
771
148

Filip Coga

ut,
[%]

23.1
20.8
339
133
202
35.0
411
245
50.0
26.9
56.8
227
545
214
458
16.1
45.6
277
409
385
25.1
305
235
45.5
303
432
20.3
228
13.9
12.9
10.0

8.5

0.6
10.2
431
65.0
228
771
14.8

:
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Diplomski rad

B6255-arc 17

B6255-arc 18

B6255-arc 19

B6255-arc 20

B6255-arc 21

B6255-arc 22

B6255-arc 23

B6255-arc 24

B6255-arc 25

B6255-arc 26

B6255-arc 27

B6255-arc 28

B6255-arc 20

B6255-arc 30

B6255-arc 31

B6255-arc 32

B6255-arc 33

B6255-arc 34

B6255-arc 35

B6255-arc 36

Edge

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

=

440M 30 ULS-Set(2)
440M 30 ULS-Set(2)
440M 30 ULS-Set(2)
440M 30 ULS-Set(2)
440M 30 ULS-Set(2)
440M 30 ULS-Set(2)
440a 30 ULS-Set(2)
440M 30 ULS-Set(2)
440M 30 ULS-Set(2)
440M 30 ULS-Set(2)
440M 30 ULS-Set(2)
44.0M 30 ULS-Set(2)
440M 30 ULS-Set(2)
440a 30 ULS-Set(2)
440M 30 ULS-Set(2)
440M 30 ULS-Set(2)
440M 30 ULS-Set(2)
440M 30 ULS-Set(2)
440M 30 ULS-Set(2)
440M 30 ULS-Set(2)
440M 30 ULS-Set(2)
440M 30 ULS-Set(2)
440M 30 ULS-Set(2)
440M 30 ULS-Set(2)
440M 30 ULS-Set(2)
440M 30 ULS-Set(2)
440M 30 ULS-Set(2)
440M 30 ULS-Set(30)
44.0M 30 ULS-Set(2)
440M 30 ULS-Set(45)
440M 30 ULS-Set(2)
440M 30 ULS-Set(44)
440M 30 ULS-Set(2)
440M 30 ULS-Set(2)
440M 30 ULS-Set(2)
440M 30 ULS-Set(2)
440a 30 ULS-Set(2)
440M 30 ULS-Set(17)
44.0M 30 ULS-Set(2)
44.0M 30 ULS-Set(17)
440M 30 ULS-Set(2)

Ow,Ea

MPa]
201.6
86.6
173.9
108.2
1814
5.1
190.3
204.4
407.2
160.6
387.1
8.8
65.9
1426
60.5
168.8
108.3
173.2
1324
182.1
143.6
191.6
156.3
102.9
154.5
147.5
148.7
1254
1204
67.7
1118
209
138.1
36.6
143.0
30.9
1214
371
121.0
50.5
114.7

P
(%]

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

o)
MP3]
-100.4

483

-87.8

57.1
-80.9
58.5
-113.3
-8.9
-2335

-72.9
-161.3

-31.4

18.9
-2.8
385
-28.8
52.2
-35.7
54.2
-53.3
535

-70.9

495

-86.3

444

-73.1

15.8

-82.5

-8.7

-34.8

-37.8

-14.2

-77.3

34.0
-88.2
338
-69.2
74
-36.4
13.8
85

]
[MPa]

-30.5
279
-18.2
337
-17.5
36.9
0.3
005
-18.9
-20.2
120.5
52.7
358
82.2
-8.3
94.1
-384
84.0
574
92.1
-68.7
845
-79.8
71.0
-826
458
-84.1
315
674
12.0
-52.1
52
=247
-2.3
25
-3
375
17.8
62.1
256
66.0

LE
MPa]
@29
307
845
410
88.9
243
847
832
1917
-80.1
1838
-122
71
43
253
-19.5
372
-27.0
-30.7
402
45
585
-31.0
-80.9
-21.8
-58.1
47
543
16.3
-31.3
309
-143
61.3
75
5.0
48
437
1.1
240
115
04

ut

46.3
19.9
309
24.9
41.7
21.8
45.8
46.9
035
36.9
88.9
27
151
327
13.9
388
244
308
304
41.8
33.0
440
359
443
355
339
337
288
27.7
155
256

6.9
31.7

96
328

0.6
27.9

85
27.8
1.8
263

Filip Coga

ut,
[%]

46.3
19.9
309
249
417
218
45.8
46.9
93.5
36.9
88.9
227
15.1
327
13.9
388
244
308
304
418
33.0
44.0
359
443
355
339
337
288
27.7
15.5
256

6.9
31.7

84
328

0.2
27.9

85
27.8
116
263

:
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Diplomski rad

BB8255-arc 37

B6255-arc 38

B6255-arc 39

B68255-arc 40

B6255-arc 41

BB8255-arc 42

B6255-arc 43

B6255-arc 44

B6255-arc 45

B6255-arc 48

BB8255-arc 47

B6255-arc 48

B6255-arc 49

B6255-arc 50

B6255-arc 51

B68255-arc 52

B6255-arc 53

B6255-arc 54

B6255-arc 55

B6255-arc 58

BB8255-arc 57

Edge

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

Throatth. Length | .

[mm]
4408
A40n
A50n
A50n
A30n
A50n
440
4408
A40n
A50n
A30n
A50n
A30n
4408
A530n
A40n
A30n
A30n
A50n
4408
4408
A530n
A50n
A530n
A30n
A40n
4408
4408
A50n
A50n
A530n
A30n
A40n
4408
430n
A50n
A30n
A530n
A40n
A30n
4408

[mm]

88 8888 8888888888888 888888888888888888828828

ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(30)
ULS-Set(2)
ULS-Set(30)
ULS-Set(2)
ULS-Set(30)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(30)
ULS-Set(2)
ULS-Set(30)
ULS-Set(2)
ULS-Set(30)
ULS-Set(3)
ULS-Set(30)
ULS-Set(3)
ULS-Set(30)
ULS-Set(45)
ULS-Set(30)
ULS-Set(30)
ULS-Set(30)
ULS-Set(30)
ULS-Set(30)
ULS-Set(30)

MPa]
97.8
125.9
136.3
124.8
157.9
1103
1835
101.8
180.6
86.9
186.5
68.3
178.4
50.9
154.7
64.1
140.6
70.7
885
544
80.6
52.2
1231
83.2
2227
68.6
253.1
784
2225
838
145.7
78.9
1349
e5.8
161.3
107.2
185.9
100.8
221.2
103.9
2271

£py
(%]

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

o il ‘l“
MPa] [MPa)
524 219
518 57.2
752 -368
885 485
753 587
626 414
-71.1 -81.7
451 458
438 -100.0
282 435
42 -1075
55 380
322 994
179 319
508 -734
348 273
775 425
472 188
618 58
401 138
450 289
381 24
228 852
272 -18.1
-1058 678
112 328
13860 518
122 -348
1283 319
89 -30.2
556 628
128 415
31.0 705
249 527
300 897
289 583
385 109.5
203 -500
122 1275
134 505
-10.8  130.1

L
MPa]
422
334
543
383
545
322
534
-26.1
-36.8
-19.0
53
33
19.7
88
375
148
527
230
362
16.2
256
205
250
275
-00.7
215
119
283
-100.0
280
458
17.3
280
88
17.9
124
18.7
12.1
41
-15
-155

ut
(%]

224
28.9
313
28.7
38.3
253
421
234
435
20.0
428
15.2
41.0
13.8
355
14.7
323
16.2
203
125
185
12.0
283
145
51.1
15.8
58.1
18.0
511
19.2
335
18.1
31.0
220
37.0
246
45.0
25.2
50.8
239
52.1

Filip Coga

ut,
(%]

224
289
313
287
383
253
421
234
435
20.0
428
15.2
41.0
13.8
355
147
323
16.2
203
125
18.5
12.0
283
14.5
51.1
15.8
58.1
18.0
51.1
19.2
335
18.1
31.0
220
37.0
248
450
252
50.8
239
52.1

:
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Diplomski rad
Item Edge “‘[';":'n]"" "m Loads
4408 30 ULS-Set(30)
B6255-arc 58 STIFF1 44.0M 30 ULS-Set(30)
A50n 30 ULS-Set(30)
B6255-arc 50 STIFF1 440 30 ULS-Set(30)
A50n 30 ULS-Set(30)
B6255-arc80 STIFF1 440 30 ULS-Set(30)
4408 30 ULS-Set(30)
B6255-arc 81 STIFF1 440 30 ULS-Set(30)
A50n 30 ULS-Set(30)
B6255-arc 82 STIFF1 44.0M 30 ULS-Set(30)
4408 30 ULS-Set(30)
B6255-arc 83 STIFF1 440 30 ULS-Set(30)
A40n 30 ULS-Set(30)
BB6255-arc84 STIFF1 44.0Mm 30 ULS-Set(30)
A50n 30 ULS-Set(30)
Design data
Bw
[l
S355 0.20
Symbol explanation
£ Strain
OwEa Equivalent stress
OwRd Equivalent stress resistance
oL Perpendicular stress
L} Shear stress parallel to weld axis
T Shear stress perpendicular to weld axis
09c Perpendicular stress resistance - 0.9"fulyM2
Bu Corelation factor EN 1993-1-8 tab. 4.1
Ut Utilization
Utc Weld capacity utilization
Buckling

Buckling analysis was not calculated.

Code settings

Ymo
YMm1
M2
™3

Item

1.00
1.00
1.25
1.25

Ow,d

MPa]
20.5
2358
924
254.2
937
2433
84.3
247.1
26.9
267.3
114.4
250.9
118.1
2524
1135

Unit

e O I L
[%] MPa] [MPa] [MPa)
0.0 27 574 04
00 -552 1210 -537
0.0 183 -50.7 -128
0.0 -103.7 @54 841
0.0 420 407 -281
00 -120.1 53.0 -1068.6
0.0 60.1 -170 -208
0.0 -1431 -89 -1159
00 712 139 -353
00 -1364 -808 -1180
0.0 854 378 -388
00 -103.1 -108.7 -871
0.0 57.8 482 -340
00 -567 -133.7 477
00 348 589 -204
Ow.Rd
[MPa]
4358
Reference

EN 1903-1-1: 6.1

EN 1903-1-1: 6.1

EN 1903-1-1: 8.1

EN 1903-1-8:2.2

Ut
(%]

228
54.1
21.2
58.4
215
55.9
10.4
56.7
222
614
28.3
50.7
271
57.9
26.1

Filip Coga

ut,
[%)]

228
54.1
21.2
58.4
215
55.9
194
56.7
222
614
26.3
50.7
271
57.9
26.1

0S¢
[MPa]

:

2RI L22222828RR

3528

168



Diplomski rad Filip Coga

Item Value Unit Reference
Yc 1.50 - EN 1002-1-1:2424
Yinst 1.20 - EN 1992-4: Table 4.1
Joint coefficient Bj 0.67 - EN 1993-1-8:86.25
Effective area - influence of mesh size 0.10 -
Friction coefficient - concrete 0.25 - EN 1993-1-8
Friction coefficient in slip-resistance 0.30 - EN 1983-1-8tab 3.7
Limit plastic strain 0.05 - EN 1903-1-5
Weld stress evaluation Plastic redistribution
Detailing No
Distance between boits [d] 220 - EN 1903-1-8:tab 3.3
Distance between bolts and edge [d] 1.20 - EN 1983-1-8:tab 3.3
Concrete breakout resistance check Both EN 19824:7.2.14and 7.2.25
Use calculated ab in bearing check. Yes EN 1903-1-8:tab 34
Cracked concrete Yes EN 19024
Local deformation check No CIDECTDG 1.3-1.1
Local deformation limit 0.03 - CIDECTDG 1.3-1.1
Geometrical nonlinearity (GMNA) Yes Analysis with large deformations for hollow section joints
Braced system No EN 1093-1-8:5225
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Diplomski rad

5.5. Karakteristiéno spoj vrha stupa ,,S2“

Rotation

Y

0.0

0.0

0.0
0.0
0.0

00

Offset  Offset
ex
(mm) [mm]

100
100

100
200
-125

-100

Design
Name Con N5711
Description
Analysis Stress, strain/ loads in equilibrium
Beams and columns
) _B= y=
Name Cross-section Direction Pitch
] ]
1-Massive O
B5563 Hollow(CHS273.8) 0.0 00
1-Massive O
8558 | Lioow(CHS273.8) &o o8
1-Massive O
B5574 Hollow(CHS273.8) 0.0 00
B6213 2-CHS(cf)355.6/8.0 0.0 00
1-Massive O
B6218 Hollow(CHS273.8) 0.0 00
1-Massive O
B6217 Hollow(CHS273.8) 0.0 00
Cross-sections
Name
1 -Massive O
Hollow(CHS273.8)

2 - CHS(cf)355.6/8.0

$355
S35

Offset
ez
[mm]

0

0

Filip Coga

Forces
in

Position

Position

Position

Position

Position

Position
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Diplomski rad

Load effects (forces in equilibrium)

Name
ULS-Set(1)

ULS-Set(2)

ULS-Set(5)

ULS-Set(8)

ULS-Set(9)

ULS-Set(18)

ULS-Set(21)

B5574
B6213
B6216
B6217

B5574
B6213
B6216
B6217

B5574
B6213
B6218
B6217

B5574
B6213
B6216
B6217

B5574
B6213
B6218
B6217
B5563

B5574
B6213
B6216
B6217

B5574
B6213
B6216

445.7
6.6
4503
2.8
67.3
53.0
4104
-106
4314
17.0
5768
447
280.3
406
286.1
-40.3
50.3
440
3084
48
408.9
-3.1
56.2
459
3162
-1.1
3233
42
415
340
426.2
5.9
436.7
23
60.7
408
260.0
-89
270.2
174
408

23
05
27
-152
19
-17
19
0.1
-20
25
24
-24
19
12
-20
-355
02
07
21
05
-24
-13.1
18
-16
16
03
-18
71
16
-15
22
05
-26
-145
19
-1.7
y I
0.0
-1.1
06
15

74
08
2.0
038
27
1.9
8.2
-15.1
8.7
0.1
20
1.9
£.9
203
2.1
23
21
0.2
55
-2.0
8.2
038
26
21
4.1
8.1
-39
05
1.7
1.6
8.5
1.7
-7.2
0.9
25
1.9
6.1
-10.7
-7.8
05
05

-85
03
0.1
0s8
09
04
-7.0
05
8.9
0.1
14
-14

02
92
20
54
40
7.8
03
82
08
086
0.1
6.0
03
8.1
05
02
05
83
03
88
08
08
02
-3.6
03
36
0.1
1.0

103
-1.0
209
0.0
51
29
16.5
%6
16.5
04
37
34
16.7
815
197
-14
47
0.0
158
25
16.1
05
48
32
1.9
132
1.2
08
30
27
178
08
18.1
05
48
30
133
258
15.1
13
18

Filip Coga

102
08
-114
-132
83
8.0
86
04
-88
425
7.8
77
87
15
-114
58.6
0.1
04
2.1
08
-10.2
-15.0
58
55
70
05
78
-21.0
52
50
98
09
-11.0
-144
8.1
590
5.1
0.1
49
277
5.0
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Name

ULS-Set(23)

ULS-Set(27)

ULS-Set(28)

ULS-Set(29)

ULS-Set(30)

ULS-Set(32)

ULS-Set(33)

B6217

B5574
B6213
B6218
B6217

B5574
B6213
B6216
B6217

B5574
B6213
B6216
B6217

B5574
B6213
B6218
B6217

B5574
B6213
B6218
B6217

B5574
B6213
B6216
B6217

B5574
B6213
B6218
B6217

205
310.1
-17.6
318.1
234
383
20.7
2771
1.7
283.2
1.7
289
23
3180
-136
3282
25.0
362
266
2468.7
-125
356.0
258
408
30.5
2374
-185
2426
323
215
15.6
373.0
47
3838
6.1
50.5
382
265.2
-185
2704
33.1
253
195

-15
13
0.1
-12
49
22
23
18
0.0
-19
00
1.1
12
16
02
-15
14
190
-2.1
18
0.1
1.7
0.0
20
2.1
12
04
09
74
1.7
2.0
21
03
24
-128
15
-14
13
03
-1.1
8.0
18
2.0

-17.5
5.1
0.7
1.2
1.5
5.6
-17.2
6.1
06
1.1
13
-33
21.7
-29
1.0
03
09
8.9
-3.0
-84
0.2
18
13
42
-214
-3.8
09
0.1
0.7

-2.1
28
03
28
02
08
09
-3.6
05
31
03
23
2.1
40
05
37
02
22
-20
17
05
1.0
06
31
27
55
03
58
05
0.1
02

05
1.5
05
30
26

Filip Coga

1.1
108
400

0.7

04

21

30
13
105
121

05

24

19
19
431
121

11

23

28
139
414
14.1

1.0

24

27

82
538

73

1.0

08

23
16.7

38
185

06

38

22
102
522

23

08

08

22

50
58
0.1
55
401
8.9
68
64
0.1
8.7
-13
45
45
83
0.1
59
409
8.7
8.7
70
0.0
8.7
402
-7.0
9
41
-04
-34
“46.9
8.1
82
86
04
03
-11.0
55
54
48
0.3
42

-84
85
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Diplomski rad

Name
ULS-Set(34)

ULS-Set(37)

ULS-Set(38)

ULS-Set(40)

ULS-Set(42)

ULS-Set(48)

ULS-Set(50)

ULS-Set(53)

B5574
B6213
B6216
B6217

B5574
B6213
B6218
B6217

B5574
B6213
B6216
B6217

B5574
B6213
B6218
B6217

B5574
B6213
B6216
B6217

B5574
B6213
B6216
B6217

B5574
B6213
B6216
B6217

3016
-11.7
403.7
16.2
53.7
408
181.7
-148
188.0
238
18.2
12.1
2200
-25.8
236.9
352
244
16.0
2235
-3.2
2254
10.7
17.3
15.2
260.8
308
2635
-30.8
437
41.7
3383
-188
350.2
288
436
31.0
205.9
-27.2
2146
364
273
17.2
256.2

18
0.1
-18
-1.1
23
23
08
08
04
85
13
-15
08
08
04
131
20
23
15
0.1
-14
44
10
-1.1
18
1.1
28
-348
02
07
15
05
12
57
22
24
06
04
02
148
19
2.1
10

-148
2.8
06
0.2
06
-3.2
-245
2.7
1.1
0.0
1.0
41
25
4.0
03
0.1
0.2
£.0
285
7.3
25
1.9
0.2
56
-20.1
6.0
0.7
08
13
-3.9
-25.2
43
14
0.1
06
42

-15
-2.1
0.2
12
05
10
-14
-25
04
13
-0.8
33
2.6
-14
04
13
0.0
14
-14
-7.0
0.1
89
21
52
38
48
04
40
04
24
-20
-1.7
-0.5
0@
0.9
34
2.8
-29

Filip Coga
My Mz
[kNm] [kNm]

145 78
382 03
145 -8.0
05 431
38 7.5
35 73
73 32
382 0.9
66 23
0.7 -335
03 43
1.7 45
80 35
628 08
6.9 22
1.1 -56.6
04 8.3
25 85
28 50
197 0.1
92 409
04 -18.6
09 42
13 43
149 83
-78.6 15
16.8 -11.0
-18 554
42 02
0.1 06
13.7 83
504 05
137 56
1.1 499
20 7.2
28 74
85 Jr ¢
65.1 04
87 -1.8
18 -57.6
04 8.2
1.7 83
10.0 42
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Diplomski rad

ULS-Set(55)

ULS-Set(56)

ULS-Set(58)

Check

Summary

T

B5574
B6213
B6216
B6217

B5574
B6213
B6216
B6217
B5563

B5574
B6213
B6216
B6217

B5574
B6213
B6218
B6217

100.0%
04<50%
98.1 < 100%
Not calculated
Calculated

Vy

[kN]
-248 07
2646 06
36.0 1n7
282 21
10.2 23
338.0 15
-16.6 0.0
3458 -14
242 35
421 23
3386 23
4170 21
56 05
4315 25
-36 -138
635 18
40.1 -18
3042 10
27 0.1
311.0 =21
125 -104
327 12
26.2 12

Value

-18.2
44
04
1.0
14
85
-1.1
.0
0.7
29
21
55
54
8.3
0.0
1.0
08

-26
5.2
05
48
02
22
-20
-8.1
03
85
07
08
03
-32
04
34
03
06
-08

222

Filip Coga
My Mz
[kNm] [kNm]
61.1 07
89 -3.0
1.1 550
05 8.7
23 8o
127 64
474 0.1
17 8.3
03 484
2.1 72
29 TA
173 96
06 08
18.9 -106
0.1 -13.9
50 50
30 57
133 71
89 0.1
141 75
05 -10.7
25 48
18 40
Status
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Diplomski rad

Plates
Name “‘lﬁ"'m';“ Loads
B5563 8.0 ULS-Set(38)
B5568 8.0 ULS-Set(5)
B5574 8.0 ULS-Set(38)
B6213 8.0 ULS-Set(2)
B6216 8.0 ULS-Set(2)
BB8217 8.0 ULS-Set(2)
STIFF1 120 ULS-Set(1)
Design data
Material fy
(MP3]
S355
Symbol explanation
13- Strain
CEd Eq. stress
oCey Contact stress
ty Yield strength
€1m Limit of plastic strain

Overall check, ULS-Set(2)

OEq
[MPa]

3171
308.1
35589
1202
1444
2417

355.0

€p1

(%]
0.0
0.0
0.0
04
0.0
0.0
0.0

Filip Coga

ocgg
MPa)
0.0

0.0
0.0
0.0
0.0
0.0
0.0

IR KRR
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Diplomski rad Filip Coga

(%]
150%
100%
(5.00)
!( 0%
Strain check, ULS-Se(2)
[MPa)
355.0
25
200
215
250
225
200
175
150
125
100
75
50
25
K 00

Equivalent stress, ULS-Set(2)
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Diplomski rad

Welds (Plastic redistribution)
wem  Edoe mm)
B5568-arc 27 B5563 8.0
B6213-arc 56 B5563 480
B8213-arc25 B5574 480
B6213-arc25 B6218 480
B6213-arc40 B6217 480
B5574-arc24 B5568 480
B6213-arc2 B5568 8.0
B6213-arc1 STIFF1 440a
4408
B6213-arc2 STIFF1 440a
440u
B8213-arc3 STIFF1 440m
4408
B6213-arc4 STIFF1 440a
440u
B8213-arc5 STIFF1 440a
4408
B8213-arc6 STIFF1 440n
440n
B6213-arc7 STIFF1 440m
440n
B8213-arc8 STIFF1 440m
4408
B8213-arc@ STIFF1 440a
440n
B6213-arc 10 STIFF1 440m
4408
B6213-arc 11  STIFF1 44.0a
440u
B6213-arc 12 STIFF1 440a
440n
B8213-arc 13 STIFF1 440n
40
BB8213-arc 14 STIFF1 440n
440u
B8213-arc 15 STIFF1 44.0a
4408
B6213-arc 16 STIFF1 44.0n
440n

Throatth. Length

[mm]

68
755
861
888
888

68
770

17

17

17

17

17

17

17

17

17

17

17

17

17

17

17

17

17

17

17

17

17

17

17

17

17

17

17

17

17

17

17

17

Loads

ULS-Set(38)
ULS-Set(38)
ULS-Set(1)
ULS-Set(2)
ULS-Set(2)
ULS-Set(38)
ULS-Set(5)
ULS-Set(5)
ULS-Set(5)
ULS-Set(5)
ULS-Set(5)
ULS-Set(5)
ULS-Set(5)
ULS-Set(5)
ULS-Set(5)
ULS-Set(5)
ULS-Set(5)
ULS-Set(1)
ULS-Set(5)
ULS-Set(1)
ULS-Set(1)
ULS-Set(2)
ULS-Set(1)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(2)
ULS-Set(48)
ULS-Set(2)
ULS-Set(53)
ULS-Set(2)
ULS-Set(5)
ULS-Set(2)

Ow.Ed
[MPa]
4269
3133
3088
1064
1262
4272
4270
4176
2709
4269
3770
37786
4260
2444
3406
80.7
1810
765
1427
048
1240
118.1
1410
122.1
1630
1208
1802
1333
2025
1357
2162
1185
2128
1084
2183
1002
2125
848
2004

il
[%]

0.0
0.0
0.0
0.0
0.0
0.2
0.1
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

o)
MP3]
654
135
2020
1184
1229
-184.8

2429
038
2235
-188.2
-141.0
2371
8238
-188.8
a8
-86.0
18
839
32
-121
18
-18.1
8.1
274
8.7
207
89
127
13
04
08
142
132
544
113
88.1
-14.0
86.8

b |
[MPa]

185.1
-153.5
46.7
-14
8.7
-1404
-21.8
7.2
-27.7
-28.8
-40.5
-88.2
6.3
-85.2
67.0
-40.2
61.7
-44.1
53.8
-54.6
70.2
-88.1
79.2
-70.2
01.2
-748
102.6
-76.8
116.5
-78.2
1247
-88.2
1214
-60.4
1136
-56.7
00.1
482
76.4

AL
(MPa]
-158.3

07
-126.5

004

-140

171.8
2185
-196.0
144.1

180.6
-182.0
2040
-97.6
158.1
-18.1
682
25
50.3
31
12.0
<40
15.6
45
171
-1.9
124
-12
53
5.0
47
56
-16.8
-8.1
447
9.8
-80.6
-3.5
-711.0

Filip Coga

Ut
[%]

28.0
71.9
70.9
45.1
%8
8.1
28.0
25.9
62.2
28.0
25.6
88.7
28.0
56.1
£0.3
208
418
17.8
28
21.8
285
271
24
28.0
374
208
414
2086
485
312
406
272
489
244
50.1
230
4838
19.5
48.0

Ute
my  Status

46.0
146
240
1.9
104
51.0
58
e59
622
es.0
£6.6
88.7
es.0
56.1
803
206
418
17.6
28
218
285
271
24
280
74
208
414
308
465
31.2
408
27.2
489
244
50.1
230
488
105
456.0

RAAIRIRRRRRIIRRIRRRRIRIRRIIRRIRRRRRRRRRRRY
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Diplomski rad

Item
B6213-arc 17

B6213-arc 18

B6213-arc 19

B6213-arc 20

B6213-arc 21

B6213-arc 22

B6213-arc 23

B6213-arc 24

B6213-arc 25

B6213-arc 26

B6213-arc 27

B6213-arc 28

B6213-arc 20

B68213-arc 30

B6213-arc 31

B6213-arc 32

B6213-arc 33

B6213-arc 34

B6213-arc 35

B6213-arc 36

B8213-arc 37

Edge
STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

STIFF1

Throatth. Length

[mm]
440n
440n
440n
40u
440n
40n
440n
440n
40u
440n
440n
440n
40u
440n
440n
440n
40n
440n
440n
40u
40u
440n
440n
40u
440n
440n
440n
40u
440n
440n
40u
440n
440u
440n
440n
40n
40u
440n
440n
440n
440n

[mm]

17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17

Loads

ULS-Set(5)
ULS-Set(2)
ULS-Set(5)
ULS-Set(1)
ULS-Set(5)
ULS-Set(5)
ULS-Set(5)
ULS-Set(1)
ULS-Set(5)
ULS-Set(1)
ULS-Set(5)
ULS-Set(1)
ULS-Set(5)
ULS-Set(1)
ULS-Set(5)
ULS-Set(1)
ULS-Set(5)
ULS-Set(1)
ULS-Set(5)
ULS-Set(1)
ULS-Set(5)
ULS-Set(1)
ULS-Set(5)
ULS-Set(1)
ULS-Set(5)
ULS-Set(1)
ULS-Set(2)
ULS-Set(1)
ULS-Set(2)
ULS-Set(1)
ULS-Set(2)
ULS-Set(1)
ULS-Set(2)
ULS-Set(1)
ULS-Set(2)
ULS-Set(1)
ULS-Set(2)
ULS-Set(1)
ULS-Set(5)
ULS-Set(1)
ULS-Set(5)

Ow.Ed
[MPa]
1056
1853
1282
188.1
1303
1768
1582
1962
1630
2232
1633
2223
1470
2437
137.1
2360
1223
2443
1085
2303

020
2202

770
2143

63.0
1850

513
1817

500
169.7

407
1512

55.0
1588

447
156.5

572
1810

536
1823

702

P
[%]
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

o)
MPa]
-20.3
1022
227
105.8
-18.3
525
175
703
224
752
138
514
1.1
407
74
18.6
8.9
4.1
08
-14.1
25
12
04
4638
4.1
506
332
728
300
248
303
-840
431
-20.6
338
775
78
-79.0
07
815
17

Tl
MP3]
50.7
458
71.4
-13.8
79.5
-88.2
80.8
-78.3
014
-103.0
936
-1186
842
-135.1
788
-135.4
60.6
-141.0
61.3
-137.1
53.1
-122.0
437
-115.0
36.1
-94.4
6.6
-68.4
42
-46.3
1.1
-184
-1.9
102
0.7
386
7.5
60.8
-30.2
848
-40.5

L
(MPa]
28

768
-14.1
288
59
400
133
688
-18.1
84.1
87
280
80
314
8.1
1.1
111
43
44
15.1
1.0
309
80
8.9
30
50.9
218
875
178
712
178
70.7
19.7
749
18.0
883
237
718
89
51.1
286

Ut
[%]

242
425
204
432
320
408
8.3
452
374
51.2
375
51.0
a7
58.0
315
542
281
56.1
245
549
211
506
17.7
402
145
448
1.8
417
15
32.0
114
409
128
8.5
103
359
13.1
418
123
418
16.1

Filip Coga

(%]
242

425
204
432
320
408
8.3
452
374
51.2
375
51.0
37
56.0
315
542
281
56.1
245
549
211
506
17.7
402
145
448
1.8
417
15
30.0
1.4
R
126
8.5
103
8.9
131
418
123
418
16.1

:
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Diplomski rad Filip Coga

hem  Edge UM NAL loas e o M el (P o pg Sews
440n 17 ULS-Set(1) 2005 00 440 1052 410 460 460 OK
B6213-arc38 STIFF1 440a 17  ULS-Set(5) 853 00 04 400 44 108 128 OK
440n 17 ULS-Set(1) 2198 00 -388 1200 348 505 505 OK
B6213-arc 30 STIFF1 40n 17 ULS-Set(5) 1082 0.0 -28 -60.9 88 244 244 OK
440n 17 ULS-Set(1) 2176 00 9.1 1252 94 500 500 OK
B6213-arc40 STIFF1 440n 17  ULS-Set(5) 1195 00 -21 -688 54 274 274 OK
440n 17 ULS-Set(1) 2392 00 -21 1384 41551551 |0K
BB8213-arc41 STIFF1 M40 17 ULS-Set(5) 1372 00 -70 -780 94 317 317 OK
440n 17 ULS-Set(1) 2335 00 141 1342 990 538 538 OK
B6213-arc42 STIFF1 440a 17 ULS-Set(5) 1454 00 -80 -835 77 334 334 OK
440n 17 ULS-Set(1) 2404 00 339 1351 -253 552 552 OK
B6213-arc43 STIFF1 440a 17 ULS-Set(5) 1626 00 -108 -033 79 373 373 OK
440n 17 ULS-Set(1) 2234 00 469 1212 -348 513 513 OK
B8213-arc44 STIFF1 H40a 17  ULS-Set(5) 1688 00 -176 -856 -160 388 388 OK
440n 17 ULS-Set(1) 2282 0.0 6820 1110 -586 524 524 OK
B8213-arc45 STIFF1 H40a 17  ULS-Set(5) 1588 00 -125 -00.7 -115 385 3BS5 OK
4408 17 ULS-Set(5) 1045 0.0 272 1087 -232 447 447 OK
B6213-arc46 STIFF1 440a 17 ULS-Set(5) 1498 00 -162 -858 81 344 244 OK
440n 17 ULS-Set(5) 1888 0.0 532 968 -306 433 433 OK
B8213-arc47 STIFF1 HA0a 17  ULS-Set(5) 1503 00 -207 -845 -156 345 345 OK
440n 17 ULS-Set(1) 2031 00 1121 23 0952 466 4868 OK
BB8213-arc48 STIFF1 440n 17  ULS-Set(5) 1142 00 -153 -655 54 264 264 OK
4408 17  ULS-Set(2) 1737 0.0 @78 371 -741 309 309 OK
BB8213-arc40 STIFF1 40a 17  ULS-Set(5) 973 00 -157 -553 38 23 23 OK
440n 17 ULS-Set(2) 2024 00 984 604 -T40 485 4865 OK
BB8213-arc50 STIFF1 A40an 17 ULS-Set(53) 1002 00 -155 568 -142 232 232 OK
440n 17 ULS-Set(2) 2074 00 710 -924 842 478 4768 OK
BB8213-arc 51 STIFF1 40a 17 ULS-Set(48) 1106 00 -11.1 63.1 7.7 254 254 OK
440n 17 ULS-Set(2) 2174 00 458 -1168 -382 4090 4090 OK
BB8213-arc52 STIFF1 440a 17 ULS-Set(2) 1212 00 -11 70.2 46 280 280 OK
440n 17 ULS-Set(2) 2184 00 181 -124.1 -196 501 501 OK
BB8213-arc 53 STIFF1 A40a 17 ULS-Set(2) 1307 0.0 -1.7 748 94 300 300 OK
440n 17 ULS-Set(2) 21862 0.0 45 -1243 -110 4028 428 OK
B6213-arc 54 STIFF1 40a 17 ULS-Set(2) 1387 00 59 788 08 314 314 OK
440n 17 ULS-Set(2) 2042 00 -115 -1176 53 469 469 OK
B8213-arc55 STIFF1 HA0n 17 ULS-Set(2) 1320 00 83 76.0 08 303 303 OK
440n 17 ULS-Set(2) 1830 00 -188 -10486 100 420 420 OK
B8213-arc 56 STIFF1 A40a 17  ULS-Set(2) 1220 00 5.1 70.2 40 280 280 OK
440n 17 ULS-Set(2) 1618 00 -239 -912 149 371 371 OK
BB8213-arc 57 STIFF1 440n 17 ULS-Set(2) 1131 00 08 685.3 29 260 260 OK
440n 17 ULS-Set(1) 1411 00 -140 -803 10.7 324 324 OK

179



Diplomski rad
S -
B8213-arc 58 STIFF1 44.0m 17 ULS-Set(2)
440n 17 ULS-Set(1)
BB213-arc 50 STIFF1 440m 17 ULS-Set(1)
440n 17 ULS-Set(1)
B6213-arc60 STIFF1 44.0m 17 ULS-Set(5)
440n 17 ULS-Set(5)
BB213-arc 61 STIFF1 440m 17 ULS-Set(5)
440n 17 ULS-Set(5)
B8213-arc62 STIFF1 440m 17 ULS-Set(5)
40n 17 ULS-Set(5)
B8213-arc 63 STIFF1 440m 17 ULS-Set(5)
440n 17 ULS-Set(5)
BB213-arc 64 STIFF1 440m 17 ULS-Set(5)
440n 17 ULS-Set(5)
Design data
Bw
3]
5355 0.20
Symbol explanation
-9 Stran
Cwed Equivalent stress
CwRa Equivalent stress resistance
cy Perpendicular stress
1 Shear stress parallel to weld axis
T Shear stress perpendicular to weld axis
08¢ Perpendicular stress resistance - 0.9"fu/yM2
Bw Corelation factor EN 1003-1-8 tab. 4.1
Ut Utilization
Ute Weld capacity utilization
Buckling

Buckling analysis was not calculated.

Code settings

Ymo
YM1
Ym2
™3
| [~

Item

1.00
1.00
125
1.25
1.50

Value

Ow.Ed
[MPa]
083
1304
804
1180
022
1662
2265
2057
3823
3837
4268
3605
3830
2788

(1-] g m T
(%] MPa] [MPa] [MPa]
0.0 42 56.4 53
0.0 -89 -746 9.0
0.0 08 46.1 58
0.0 65 -676 17
0.0 73 50.1 -174
00 -809 -626 564
00 405 g0e -811
00 -18648 -676 12486
00 -1534 9865 -1776
00 -2068 -33.1 1836
00 -2283 404 -2043
00 -1585 260 1851
00 -2210 196 -17986
00 -105.0 66 14086
Ow.Rd
MPa]
4356
Reference

EN 1003-1-1:6.1

EN 1003-1-1:6.1

EN 1003-1-1:6.1

EN 1003-1-8:22

EN 1002-1-1:2424

Filip Coga

ut
[%]

26
209
185
273
212
383
52.0
67.9
g7.8
gs.1
es.0
8238
g7.9
642

Ute
%]

28
200
185
273
21.2
383
52.0
67.9
878
881
8.0
8238
879
64.2

090
MP3]

Status

RIRRKRR IR IR R 2R LR

3528

180



Diplomski rad

Item
Yinst
Joint coefficient Bj
Effective area - influence of mesh size
Friction coefficient - concrete
Friction coefficient in sip-resistance
Limit plastic strain
Weld stress evaluation
Detaing
Distance between bolts [d]
Distance between bolts and edge [d]
Concrete breakout resistance check
Use calculated ab in bearing check.
Cracked concrete
Local deformation check
Local deformation limit
Geometrical nonlinearity (GMNA)
Braced system

Value
1.20
0.67
0.10
0.25
0.30
0.05

220
1.20
Both
Yes
Yes

0.03
Yes

Unit

Filip Coga

Reference
EN 10024: Table 4.1
EN 1003-1-8:625

EN 1003-1-8
EN 1003-1-8tab3.7
EN 1003-1-5

EN 1003-1-8:tab 3.3

EN 1003-1-8:tab 3.3

EN 10024:7214and 7.225

EN 1003-1-8:tab 3.4

EN 10024

CIDECTDG 1,3-1.1

CIDECTDG 1,3- 1.1

Analysis with large deformations for hollow section joints
EN 1003-1-8:5225
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5.6. Spoj vrha stupa ,,S3“

Design

Name

Con N5920

Description

Analysis

Stress, strain/ loads in equilibrium

Beams and columns

Name

B6227
B6229
B6230

B6235

B6240

Cross-si

Cross-section

1-Massive O
Hollow(CHS273.8)

2 - CHS(cf)355.6/8.0

1-Massive O
Hollow(CHS273.8)

1-Massive O
Hollow(CHS273.8)

1-Massive O
Hollow(CHS273.8)

ections

1 -Massive O
Hollow(CHS273.8)

2 - CHS(

cf)355.6/8.0

B-
Direction
rl
0.0
0.0
0.0
0.0
0.0

v -
Pitch
[
0.0
0.0

0.0

0.0

0.0

Rotation

]

0.0
0.0
0.0

0.0

0.0

S 355

S 355

Offset
ex
[mm]

Offset

[mm]

Offset
ez
[mm]

-100

Filip Coga

Forces

Posit;
Posit

Posit;
Posit;

Posit;
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Load effects (forces in equilibrium)

N vz Mx Mz
e Shembier (kN] v N] [(kNm] [k':lfnl (kNm]
ULS-Set(12) B6227 6.4 0.2 25 -1.3 29 2
B6229 105.7 0.2 24 0.1 158 09
B6230 8.3 14 -14 04 -0.8 -33
B6235 -86.3 -0.1 -33 1.6 30 05
B6240 160.0 0.2 8.3 04 -15.6 14
ULS-Set(13) B6227 42 0.2 -2.0 -1.3 2.7 12
B6229 106.4 0.3 26 0.2 170 -14
B6230 4.2 1.3 -1.5 05 -1.7 -3.0
B6235 -87.8 -0.1 25 1.6 1.9 06
86240 162.2 03 6.6 03 -15.7 B
ULS-Set(14) B6227 0.1 086 -18 04 1.9 26
86229 115.7 08 -86 0.7 2.1 -3.2
B6230 2.7 04 -2.1 -2.0 2.2 29
B6235 -90.3 -1.0 25 1.8 53 -34
B6240 171.9 0.3 1.9 09 0.3 0.2
ULS-Set(16) B6227 8.4 0.3 -18 07 -1.5 [1X°]
B6229 -72.3 -08 -3.1 38 -21.1 2.7
B6230 39 0.3 1.3 2.2 7.0 14
B6235 68.2 -1.0 -19 -1.2 23 3.2
86240 -121.0 -1.7 -80 0.1 153 40
ULS-Set(17) B6227 1.8 08 2.1 -1.8 1.1 32
B6229 100.5 0.2 1.3 26 22 -1.7
B6230 -1.8 1.8 -14 -1.9 04 -20
B6235 -76.4 -1.1 -20 08 -1.0 28
86240 145.0 -0.8 25 0.2 7.4 0.7
ULS-Set(19) B6227 134 -0.2 -15 03 -35 0.3
B62290 953 -2.68 08 1.1 8.5 147
B6230 15.0 26 53 -08 156 43
B6235 -84.2 0.0 -29 04 24 1.8
B6240 156.9 -1.2 22 -33 -8.5 45
ULS-Set(20) B6227 1.2 -0.6 -15 10 0.0 23
B6229 -108.9 09 -2.8 03 -18.7 4.1
B6230 13.3 08 1.8 09 8.0 1.0
B6235 20.8 04 -29 07 7.4 | B
B6240 -187.3 04 54 -08 10.1 -1.7
ULS-Set(21) B6227 79 02 -1.3 28 08 08
B6229 -00.6 -0.6 -13.8 1.3 4458 2.2
B6230 6.4 -1.8 12 -15 56 8.9
B6235 79.3 05 -28 -04 108 -29
B6240 -157.5 -1.0 -10.1 06 28.2 3.2
ULS-Set(23) B6227 08 05 -1.7 1.0 1.5 2.1
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— — g & ) et ) e
B6220 81.7 05 -18.7 04 -30.9 -3.0
B6230 2.2 -08 -1.8 25 -1.3 r A |
B6235 -76.1 -1.1 -3.1 1.8 104 48
B6240 120.0 05 -2.1 14 128 -06
ULS-Set(24) B6227 09 0.0 -08 08 4.0 08
B6220 925 -2.4 0.7 14 8.1 138
86230 108 23 5.1 -1.0 145 -35
B6235 -81.1 0.2 -1.8 0.3 0.2 09
86240 1515 -1.3 1.6 -3.0 47 48
ULS-Set(25) B6227 12.1 0.0 -14 05 -3.8 08
B6229 218 25 06 1.7 49 142
86230 127 25 52 -11 155 3.7
B6235 -79.7 03 25 0.3 1.3 08
B6240 149.3 -1.5 1.3 -3.1 486 49
ULS-Set(28) B6227 23 0.6 -2.3 04 2.1 27
B6229 115.0 04 -88 1.1 -10.3 -28
B6230 0.7 08 -20 -20 -1.2 s 47
B6235 -97.9 -1.0 -33 1.9 6.4 -35
B6240 1690.7 05 16 08 04 -0.1
ULS-Set(30) B6227 8.7 0.0 -11 14 -1.8 03
B6229 -114.1 09 37 29 -25.3 34
B6230 55 04 1.8 -14 T 22
B6235 100.7 06 -15 -14 33 22
B6240 -182.2 -1.4 92 0.0 183 -38
ULS-Set(31) B6227 8.8 0.0 -1.7 14 -1.8 -03
B6220 -114.8 -1.0 -39 32 -26.5 38
B6230 75 -0.2 1.9 -1.5 8.2 20
B6235 102.1 07 23 -14 44 23
B6240 -1844 -1.6 95 -0.1 184 4.1
ULS-Set(32) B6227 7.0 0.1 -13 -1.2 -1.1 13
B6220 125.7 -1.2 21 0.7 147 73
86230 y & 23 22 05 74 40
B6235 -106.9 0.2 -2.1 1.0 0.3 09
B6240 198.3 0.6 50 -2.0 -12.1 -1.8
ULS-Set(33) B6227 2.1 0.3 -1.8 1.2 1.8 18
B6229 85.2 04 -184 -02 -29.3 -24
B6230 0.1 -0.5 -16 -2.0 -1.2 8.5
B6235 -80.7 -0.8 -35 20 114 -38
B6240 127.6 0.2 -1.2 1.2 109 02
ULS-Set(34) B6227 1.5 04 -1.0 03 2.2 2.1
86229 119.2 05 -84 0.1 -7.5 2.7
B6230 0.5 05 -20 -14 2.1 24
B6235 -103.9 0.7 -2.9 20 6.4 -24
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Mame Membar N w0 N e e e
B6240 179.4 -0.1 28 0.7 -1.8 06
ULS-Set(35) B68227 23 -0.2 -1.0 28 -06 -08
B6229 -100.4 -0.8 -139 16 -48.0 24
B6230 85 -1.4 1.3 -18 8.5 8.6
B6235 80.7 -0.6 -38 04 119 -3.1
B6240 -150.7 -1.2 -104 05 283 -35
ULS-Set(38) B6227 134 -0.6 2.1 1.8 0.2 2.2
B6229 -109.7 -1.0 27 07 -19.9 46
B6230 154 06 19 09 7.0 0.7
B6235 92.2 0.3 -38 08 85 1.0
B6240 -169.4 -0.6 57 07 10.2 20
ULS-Set(37) B6227 6.1 04 -1.7 086 -14 09
86229 -75.3 0.7 -3.1 37 -21.0 2.2
B6230 35 0.1 14 -2.1 8.5 1.7
B6235 71.0 -1.0 -1.9 -1.1 23 -34
B6240 -126.0 -1.7 -79 0.2 15.2 -38
ULS-Set(38) B6227 1.3 -0.2 09 04 37 03
B6229 96.0 25 1.0 08 r A 143
B6230 129 24 53 -05 1486 40
B6235 -85.7 0.1 2.1 04 12 19
B6240 150.0 -1.1 25 32 6.6 42
ULS-Set(30) B6227 14.8 04 -1.3 1.9 -3.0 -18
B6229 -93.9 25 -35 a2 -23.8 127
B6230 16.1 0.3 55 07 18.0 0.3
B6235 77.7 -0.1 -28 -1.3 58 0.2
B6240 -140.8 -1.7 -8.2 -2.1 158 59
ULS-Set(40) B6227 18.1 086 -14 2.1 -3.6 2.1
B6229 -20.4 25 -32 1.6 -22.2 133
B6230 184 04 56 -0.1 18.1 -0.2
B6235 73.1 0.2 -3.1 -1.2 8.9 .2
B6240 -133.3 -1.5 -7.3 24 138 54
ULS-Set(49) B6227 85 04 -14 3.0 05 -1.3
B6229 -96.1 0.7 -135 07 432 28
B6230 86 -1.5 14 -1.0 56 64
B6235 74.7 03 -32 03 119 -20
B6240 -150.0 -0.8 92 04 24.2 -28
ULS-Set(50) 86227 56 03 12 14 1.4 18
86229 122.2 -1.2 1.8 1.3 13.1 6.8
B6230 40 22 20 -1.1 7.3 -34
B6235 -102.3 04 -1.7 09 -08 -0.1
B6240 190.8 -0.8 41 -1.7 -10.2 22
ULS-Set(52) B8227 7.8 0.3 -1.8 -14 -1.2 19
B6229 1214 -1.3 1.6 16 19 7.2
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Check

Summary

Plates
Welds
Buckling

Plates

B6227
B6229
B6230
B6235
B6240
STIFF1

Design data
Material

S355

Symbol explanation
£p
=
CCzg
fy
€m

Member [k':n p\&']
B6230 7.0 24
B6235 -100.9 -0.5
B6240 188.6 -1.0

Value

100.0%

0.0<5.0%

72.1 < 100%

Not calculated

Calculated

s Lo
8.0 ULS-Set(35)
8.0 ULS-Set(35)
8.0 ULS-Set(40)
8.0 ULS-Set(35)
8.0 ULS-Set(35)
12.0 ULS-Set(35)

fy

MP3]

Strain

Eq. stress

Contact stress

Yield strength

Limit of plastic strain

21
-25
38

Oeq
[MPa]
69.4
190.1
91.9
70.4
183.3
339

355.0

Filip Coga

Mx My
[kNm] [kNm]
-1.1 83
0.9 0.3
-1.8 -10.1
Status
OK
OK
OK
€pI ocgg
[%] MPa]
0.0 00 OK
0.0 0.0 OK
0.0 00 OK
0.0 0.0 OK
0.0 00 OK
0.0 0.0 OK
€im
(%]

-3.7
-0.2
-25

Status

5.0
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&

Strain check, ULS-Set(35)

Filip Coga

0.00

(%]

150%

100%
(5.00)

0%
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[MPa]
355.0

325
3000
275
250
225
2000
175
150
125
1000

75

500

25

0.0

i

iquivalent strecs, ULS-Set(35)
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Welds (Plastic redistribution)

tem  Edge T ol
B6220-arc4  BB227  46.0 873
B6220-arc8  B8230  46.0 067
B6220-arc40 B6235  46.0 023
BE220-arc54 BB240  46.0 1301
BE220-arc1  STIFF1  468.0 17
B6220-arc2  STIFF1  46.0 17
B6220-arc3  STIFF1  46.0 17
BE220-arc4  STIFF1  48.0 17
B6220-arc5  STIFF1  46.0 17
B6220-arc8  STIFF1  46.0 17
B6220-arc7  STIFF1  46.0 17
B6220-arc8  STIFF1  46.0 17
B6220-arc@  STIFF1  46.0 17
BE220-arc 10 STIFF1  48.0 17
B6220-arc 11 STIFF1  468.0 17
B6220-arc 12 STIFF1  46.0 17
B6220-arc 13 STIFF1  46.0 17
BE220-arc 14 STIFF1  48.0 17
B6220-arc 15 STIFF1  46.0 17
B6220-arc 18 STIFF1  46.0 17
B6220-arc 17 STIFF1  48.0 17
B6220-arc 18 STIFF1  46.0 17
B6220-arc 19 STIFF1  46.0 17
B6220-arc20 STIFF1  46.0 17
B6220-arc21 STIFF1  46.0 17
B6220-arc22 STIFF1  46.0 17
B6220-arc23 STIFF1  46.0 17
B6220-arc24 STIFF1  46.0 17
B6220-arc25 STIFF1  46.0 17
B6220-arc28  STIFF1  46.0 17
B6220-arc27 STIFF1  48.0 17
B6220-arc28 STIFF1  46.0 17
B6220-arc20 STIFF1  46.0 17
BE220-arc 30 STIFF1  46.0 17
BE220-arc 31 STIFF1  468.0 17
B6220-arc32 STIFF1  46.0 17
B6220-arc33 STIFF1  46.0 17
B6220-arc34 STIFF1  46.0 17
B6220-arc35 STIFF1  46.0 17

Loads

ULS-Set(35)
ULS-Set(39)
ULS-Set(33)
ULS-Set(35)
ULS-Set(14)
ULS-Set(14)
ULS-Set(40)
ULS-Set(40)
ULS-Set(40)
ULS-Set(35)
ULS-Set(35)
ULS-Set(35)
ULS-Set(35)
ULS-Set(23)
ULS-Set(23)
ULS-Set(23)
ULS-Set(23)
ULS-Set(23)
ULS-Set(23)
ULS-Set(23)
ULS-Set(14)
ULS-Set(14)
ULS-Set(40)
ULS-Set(40)
ULS-Set(40)
ULS-Set(39)
ULS-Set(39)
ULS-Set(35)
ULS-Set(35)
ULS-Set(35)
ULS-Set(35)
ULS-Set(35)
ULS-Set(35)
ULS-Set(35)
ULS-Set(23)
ULS-Set(23)
ULS-Set(23)
ULS-Set(23)
ULS-Set(23)

Ow,Ed
[MPa]
108.7
143.0
103.0
3142
55.0
529
407
448
308
3689
34.1
31.7
273
263
284
208
282
271
263
240
223
20.7
21.1
221

230
23.2
233
258
278
288
30.0
208
280
206
321
340
344
3386

£p
[%]
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

o)
[MPa]
8.8
27.0
484
170.0
0.2
-15
AT
03
24
05
1.1
17
2.1
3.0
-1.9
4.3
08
0.3
0.6
0.8
0.2
0.7
0.6
0.2
0.0
0.1
0.0
13
0.9
0.7
0.1
07
42
-1.8
1.8
1.1
0.1
08
-14

! L
[MPa] [MPa)
564 -242
736 -339
525 05
225 1509
31.7 0.1
304 -3.1
-28.7 06
258 08
228 29
=213 0.2
-19.6 r
181 28
-154 3.1
-149 -24
-18.3 -12
171 08
-18.3 03
-156 09
-15.2 1.2
-138 y i
-128 086
119 09
121 04
127 02
130 00
133 02
134 0.1
134 15
1490 11
16.0 10
186 05
173 03
172 07
16.1 -1.2
1868 28
184 20
1986 1.0
199 03
19.3 -15

ut
[%]

245
328
238
721
126
12.1
14
103
0.1
85
78
73
6.3
6.0
6.5
6.8
8.5
6.2
6.0
55
5.1
48
48
5.1
52
53
53
54
59
64
6.6
6.9
6.8
64
6.8
74
7.8
79
4.7

Filip Coga

ut,
[%]

133
14
8.2
16.1
126
12.1
14
10.3
0.1
85
78
73
6.3
6.0
6.5
6.8
6.5
6.2
6.0
55
5.1
48
48
5.1
5.2
53
53
54
59
64
66
6.9
6.8
64
6.8
74
7.8
79
7.7

:

QIR IR IR 22/ 22233 IR 2222222 LRRLY
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Item

B6229-arc 36
B6228-arc 37
B62208-arc 38
B6229-arc 39
B6228-arc 40
B6220-arc 41
B6220-arc 42
B6220-arc 43
B6220-arc 44
B6228-arc 45
B6220-arc 46
B68228-arc 47
B6220-arc 48
B6220-arc 49
B6228-arc 50
B6228-arc 51
B6228-arc 52
B6228-arc 53
B62208-arc 54
B6228-arc 55
B6229-arc 56
B6228-arc 57
B62208-arc 58
B6228-arc 59
B6228-arc 60
B6228-arc 81
B62208-arc 62
B6220-arc 63
B6220-arc 64

Design data

S35

Edge

STIFF1
STIFF1
STIFF1
STIFF1
STIFF1
STIFF1
STIFF1
STIFF1
STIFF1
STIFF1
STIFF1
STIFF1
STIFF1
STIFF1
STIFF1
STIFF1
STIFF1
STIFF1
STIFF1
STIFF1
STIFF1
STIFF1
STIFF1
STIFF1
STIFF1
STIFF1
STIFF1
STIFF1
STIFF1

Throatth. Length

[mm]
460
460
460
460
460
460
460
460
480
460
460
460
460
460
460
460
460
460
4680
460
460
460
460
460
460
460
460
460
460

[mm]

17
17
17
¢ 7 4
17
17
17
17
17
17
17
17
17
17
17

Loads

ULS-Set(14)
ULS-Set(40)
ULS-Set(40)
ULS-Set(38)
ULS-Set(35)
ULS-Set(35)
ULS-Set(35)
ULS-Set(35)
ULS-Set(35)
ULS-Set(35)
ULS-Set(35)
ULS-Set(23)
ULS-Set(23)
ULS-Set(14)
ULS-Set(38)
ULS-Set(38)
ULS-Set(38)
ULS-Set(38)
ULS-Set(35)
ULS-Set(35)
ULS-Set(35)
ULS-Set(35)
ULS-Set(35)
ULS-Set(35)
ULS-Set(35)
ULS-Set(23)
ULS-Set(23)
ULS-Set(23)
ULS-Set(14)

0.90

OwEd

MPa]
30.5
342
38.3
418
51.2
56.9
61.0
62.1
50.7
408
40.0
38.8
36.9
344
40.1
485
54.0
56.0
57.3
56.5
53.0
480
430
36.1
208
348
427
482
52.1

g O
[%] [MPa)
0.0 0.2
0.0 -24
0.0 -23
0.0 -06
0.0 -3.2
0.0 -2.3
0.0 0.7
0.0 0.9
0.0 24
00 36
0.0 64
0.0 -0.3
0.0 0.1
00 2.2
0.0 40
0.0 28
0.0 15
0.0 -0.1
0.0 1.0
0.0 0.1
0.0 -14
0.0 -25
0.0 -34
0.0 4.1
0.0 5.2
0.0 47
00 4.1
0.0 25
0.0 27
Ow.Ra

MPa]

!
MP3]

176
-19.4
-21.9
-24.1
-20.0
=327
-35.2
-35.8
-343
-28.3
-21.6
-224
-21.3
-19.7

225

278

31.1

324

33.1

328

305

280

245

203

16.2

18.6

237

274

208

4356

il

MPa]
0.2
33
3.0
-12
5.3
35
-1.0
1.1
25
44
7.3
0.0
1.1
-19
40
3.1
12
0.2
0.7
08
28
35
38
4.1
5.0
7.0
6.8
48
38

ut

70
78
88
0.6
1.7
13.1
14.0
14.2
13.7
14
0.2
89
85
79
0.2
1.1
124
12.9
13.1
13.0
122
1.2
0.9
83
6.8
8.0
0.8
1.1
12.0

Filip Coga

Ute
(%]

7.0
7.8
88
9.6
1.7
13.1
14.0
14.2
13.7
14
0.2
89
85
7.9
9.2
1.1
124
129
13.1
13.0
12.2
1.2
0.9
83
6.8
8.0
0.8
1.1
120

08¢
MPa]

:

Q2222222222828

3528
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Symbol explanation
Epy Strain
OwEa Equivalent stress
OwRrd Equivalent stress resistance
o Perpendicular stress
o Shear stress parallel to weld axis
T Shear stress perpendicular to weld axis
09c Perpendicular stress resistance - 0.9"fulyM2
Bw Corelation factor EN 1993-1-8 tab. 4.1
Ut Utilization
Ute Weld capacity utilization

Buckling

Buckling analysis was not calculated.

Code settings

Item Value Unit

Ymo 1.00 .
Y1 1.00 -
Ym2 1.25 -
M3 1.25 -
Yc 1.50 -
Yinst 1.20 -
Joint coefficient Bj 0.67 -
Effective area - influence of mesh size 0.10 -
Friction coefficient - concrete 0.25 -
Friction coefficient in slip-resistance 0.30 -
Limit plastic strain 0.05 -
Weld stress evaluation Plastic redistribution
Detailing No

Distance between bolts [d] 220 -
Distance between bolts and edge [d] 1.20 -

Concrete breakout resistance check Both
Use calculated ab in bearing check. Yes

Cracked concrete Yes
Local deformation check No
Local deformation limit 0.03 -
Geometrical nonlinearity (GMNA) Yes
Braced system No

Filip Coga

EN 1993-1-1:6.1

EN 1993-1-1:6.1

EN 1993-1-1: 6.1

EN 1993-1-8:22
EN 1002-1-1:24.24
EN 10924: Table 4.1
EN 1093-1-8:8.25

EN 1993-1-8
EN 1993-1-8tab 3.7
EN 1993-1-5

EN 1993-1-8:tab 3.3

EN 1093-1-8:tab 3.3

EN 19024:7.214and7.225

EN 1093-1-8:tab 34

EN 10024

CIDECTDG 1.3- 1.1

CIDECTDG 1.3- 1.1

Analysis with large deformations for hollow section joints
EN 1093-1-8:5225
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5.7. Karakteristi¢ni spoj pokrova

Project item Con N5737

Design
Name Con N5737
- .
Analysis Stiffness

Beams and columns

B- Y- a- Offset  Offset  Offset  _
Name Cross-section Direction Pitch Rotation ex ey = mi\
r [ ] [mm] [mm] [mm]
1 -Massive O -
B%18 | 1ollow(CHS273.8) 0.0 00 0.0 0 0 0  Position
1-Massive O -
B%622 ' Hollow(CHS273.8) 0.0 0.0 0.0 0 -200 0 Position
1 -Massive O -
B0 | Lollow(CHS273.8) 0.0 0.0 0.0 0 0 0 | Position
Cross-sections
Name Material
1 - Massive O
Hollow(CHS273.8) S 355
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Load effects

Name

ULS-Set(1)

ULS-Set(2)

ULS-Set(13)

ULS-Set(14)

ULS-Set(15)

ULS-Set(17)

ULS-Set(19)

ULS-Set(21)

ULS-Set(25)

ULS-Set(33)

ULS-Set(35)

B5618
B5622
B5626
B5618
B5622
B5626
B5618
B5622
B5626
B5618
B5622
B5626
B5618
B5622
B5626
B5618
B5622
B5626
B5618
B5622
B5626
B5618
B5622
B5626
B5618
B5622
B5626
B5618
B5622
B5626
B5618
B5622
B5626

[kN]

-34.2
-0.1
358
356
0.2
-35.1
-215
-0.1
208
249
-1.9
-23.8
-32.5
-0.1
322
327
03
-32.0
303
-1.1
-20.7
44
03
-33.8
-30.8
-0.1
304
321
03
-30.9
-33.1
-0.1
3.2

[kN]
07

-1.0
0.6
0.1

-04
0.2
0.2
0.8

-0.2

-1.2

0.7

0.7
0.0
0.5

-0.1
0.0

-0.6
0.3

0.8

-0.4

-0.5
0.1

-0.5
0.3
0.0
0.5

-0.1

-0.1

-0.9
04

-0.2
0.2
0.1

-10.8
10.9
1.7
-25
1.6
-1.0
55
-1.8
-2.9
-8.2
58
-0.9
24
1.1
-1.7
-2.8
2.2
-1.1
-3.3
29
-1.2
-2.0
1.1
-1.0
3.2
0.0
-1.6
-5.6
48
-0.8
-0.5
36
-14

23
7.0
03
59
14
04

05
2.7

0.1
31
2.0

-1.0
4.1
14

0.1
20
0.2
03

-1.6
6.3
06
53
5.1
1.1
1.7

2.1
1.1
55

-1.9
1.1

-129

08
44

09

4.1
43

58

43

15

8.0
0.5
30

35

32
32
14

29
7.0

-11.8

84
72

88

8.1

193

Mz
[kNm]
19
-1.4
13
0.3
-0.1
0.7
04
0.7
0.7
23
05
0.7
0.2
0.2
0.3
0.3
03
Jhy
1.1
-0.1
05
04
03
1.0
0.0
0.2
04
0.1
06
14
06
-0.1
0.0
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Check

Rotational stiffness

Name Comp. Loads

B5618  Mx ULS-Set(1)
My ULS-Set(1)
Mx ULS-Set(2)
My ULS-Set(2)
Mx ULS-Set(13)
My ULS-Set(13)
Mx ULS-Set(14)
My ULS-Set(14)
Mx ULS-Set(15)
My ULS-Set(15)
Mx ULS-Set(17)
My ULS-Set(17)
Mx ULS-Set(19)
My ULS-Set(19)
Mx ULS-Set(21)
My ULS-Set(21)
Mx ULS-Set(25)
My ULS-Set(25)
Mx ULS-Set(33)
My ULS-Set(33)
Mx ULS-Set(35)
My ULS-Set(35)
Mz ULS-Set(1)
Mz ULS-Set(2)
Mz ULS-Set(13)
Mz ULS-Set(14)
Mz ULS-Set(15)
Mz ULS-Set(17)
Mz ULS-Set(19)
Mz ULS-Set(21)
Mz ULS-Set(25)
Mz ULS-Set(33)
Mz ULS-Set(35)

Mj,Rd
[kNm]
19.6
120.8
07
783
2.0
83.2
13.8
2.1
35
2426
35
1206
33
-189.5
1.9
130.1
05
241.1
78
1108
0.6
188.2
17.1
18.5
23.1
1965
04
8.1
-124.1
17.6
23
2.1
147

Sjini
MNm/rad]
1562.7
4130303

12
87.3

6020.1

751

337

506.9

[mrad]
0.0
58
0.0
4.1
16

53
13
42
1.8
10.8
0.0
6.2
-1.7
0.0
0.1
71
286
124
0.0
54
-0.1
16.8
0.7
-0.3
-0.6
76
08
-0.3
38
-0.7
03
0.1
13

L
[m]
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00

SjR

Sj,P

Filip Coga

[MNm/rad]  [MNmvrad)

51.

51.

51.

51.

51.

51.

51.

51.

51.

51.

51.
51.
51.
51.
51.
51.
51.
51.
51.
51.
51.
51.

1

e N . . T TR T e e S Y

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

Class.
Rigid
Rigid
Rigid
Rigid
Rigid
Rigid
Rigid
Rigid
Rigid
Rigid
Rigid
Rigid
Rigid
Rigid
Rigid
Rigid
Rigid
Rigid
Rigid
Semi-rigid

Rigid
Rigid
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Secant rotational stiffness

Name
B5618

Mx

FRFRRRRRARRRIFEIFEIFEIFEITTIFEIFTIREIRERE

Symbol explanation

M, ra
Spini
Sis

Sir
Sip

Comp. Loads

ULS-Set(1)
ULS-Set(1)

ULS-Set(2)

ULS-Set(2)

ULS-Set(13)
ULS-Set(13)
ULS-Set(14)
ULS-Set(14)
ULS-Set(15)
ULS-Set(15)
ULS-Set(17)
ULS-Set(17)
ULS-Set(19)
ULS-Set(19)
ULS-Set(21)
ULS-Set(21)
ULS-Set(25)
ULS-Set(25)
ULS-Set(33)
ULS-Set(33)
ULS-Set(35)
ULS-Set(35)
ULS-Set(1)

ULS-Set(2)

ULS-Set(13)
ULS-Set(14)
ULS-Set(15)
ULS-Set(17)
ULS-Set(19)
ULS-Set(21)
ULS-Set(25)
ULS-Set(33)
ULS-Set(35)

Bending resistance

Initial rotational stiffness

Secant rotational stiffness
Rotational deformation

Rotational capacity

Limit value - rigid joint

Limit value - nominally pinned joint

[kNm]

16.2
13.8
0.8
1.3
-3.2
1.1
70
1.1
14
44
27
43
20
-1.5
14
3.0
0.2
32
6.3
7.0
5.1
7.2
1.9
-0.3
-04
23
0.2
-0.3
1.1
-0.4
0.0
0.1
0.6

Sjs
[MNm/rad]
1510.8

0.0

0.0
87.9

6228.7

776
0.0
0.0

2805
0.0
0.0
0.0

432

Filip Coga

[mrad]

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.2
0.0
0.0
0.0
-15
0.0
0.0
0.0
0.7
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
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S
® SR
m5P

250 W S
200 _ MiRd = 196kNm
£, o_/- ' '
Z 15
“ \ 2/2MiRd = 13.1 kN,
— )i = 15627 MNmVrad
50
0~° T ] ] 1 1
00 00 00 00 00 0.1
¢[mrad)
Stiffness diagram Mx - ¢, ULS-Set(1)
mS
u SR
m5P
2500 ™ S
2000 NCRASHOSIIRNG
£
g 150.0
- ___MiRd} 1208 kN,
1000
50,0/ 50 = o MNMVr2G
20 Mid =126 i I : 1 ]
00 10 20 20 40 50 60 70
$[mrad]

Stiffness diagram My - ¢y, ULS-Set(1)
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Diplomski rad
1.2+ HS
m SR
S
W Sjini
10-
78 MEd = 08 kNm
£ _inzo7ie
%QG- /
04} ' | 23 MyRd= 0.4 kNm
S = 4139303 MNmyag
0.2+
00 ' ' ,
0.0 00 00 0.0 00
é{mrad]
Stiffness diagram Mx - . ULS-Set(2)
u S
u SR
m5P
2500- W Sjini
2000 MERISTSTRNS
£
Z 1500
>
1000
/
' 2/3 MjRd = 522 kNm
S = o0 MNAVIed
00 : ,
o pERISEN 20 30 10 50
é(mrad]

Stiffness diagram My - ¢y. ULS-Set(2)
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mS
u SiR
m5P
40 W Sjini
20 NEEEENR
E
=
- MiRd = 20 KN,
z 20 /
10- i =12 MNmvrad.
00 ' ' ‘
0.0 05 10 15 20
¢[mrad]
Stiffness diagram Mx - §, ULS-Set(13)
mS
u SiR
m5P
250.0- ™ Sjini
200.0 MGRAENSTRNS
£
g 150.0+
s
100.0
20 30 40 5.0 60
¢[mrad]

Stiffness diagram My - ¢y. ULS-Set(13)
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20.0 mS
®m SR
mSP
W Spini

no MiRd = 138 kNm

E
= 100
2 | 273 Nkd = 92 kN
ﬁ I = oo MNMVTRE
50-
0-0 1 T T T 1
0.0 02 04 06 0.8 10 12 14
¢[mrad)
Stiffness diagram Mx - ¢, ULS-Set(14)
mS
®m SR
m 5P
250.0 W Sjini
150 o MaRd = 1991 khim
£
g 150.0
z
100.0
50.0+
o T TR 41k
1.0 20 30
SH = oo MNmM/rod ﬂ — dl

Stiffness diagram My - ¢y. ULS-Set(14)
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50- mS
B SR
mS.P
W Sjini
40
20"
&
&
s,
- x~ 2/3 MiRd = 23 kN
20- i+ 61 Utimyraa
1.0
00 T T 1
0.0 05 10 15 20
$(mrad]

Stiffness diagram Mx - ¢, ULS-Set(15)

S
®m SR
mSP

2500 R & S
o HeRd= 991N
£ 10k 23 MiRd = 1616 ke
S S e MNmig
100.0
50.0-
2 jpea=aa; ,
(0} 4 40 6.0 80 10.0 120

¢|mrad)
Stiffness diagram My - ¢y. ULS-Set(15)
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Diplomski rad
5.0+ WS
B SR
mS.P
W Sjini
40
T
z . . .
=,
“ 23MiRd = 23 kNm
1.0
0.0 ] ] ] ] ] 1
0.0 0.0 0.0 00 00 0.0 0.0 0.0 0.0
¢(mrad]
Stiffness diagram Mx - ¢, ULS-Set(17)
mS
B SR
mS.P
250.0- W Sjini
2000 MGRASHSS/RNG
£
£ 15001
> _ MyRd | 1295 kNm
100.0
h 23 MiRd = 864 kNer
n -OW}
50.0- 3 J
00” T T t i
0. 20 3.0 40 50 6.0 70
¢(mrad]

Stiffness diagram My - ¢y, ULS-Set(17)
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Diplomski rad
5.0+ s
® SiR
mS.P
W Sini
40+
301
E
=
o,
s
** Wea = 20kvm
10-
0-0 ] ] ] 1
0.0 05 10 15 20 25
$[mrad]
Stiffness diagram Mx - §, ULS-Set(19)
S
m SiR
m5P
2500- W Sjini
00,0 McRd = 19911 kNm
£
g 150.0-
s
100.0 |  2AMRdF 1130 kN
SUAY = 00 MNMVIRD
50.0-
0-0 T T t t
W= 15y 00 0.0 00 00 00 0.0

Stiffness diagram My - ¢y. ULS-Set(19)
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uS
o SR
25 mS.P
W Siini
l°” N 19
/
§ 1.5 :
=,
= | 2/3 MiRd = 12 kNer
1.0 = oo MNM/rac
0.5+
0.0 T T T 1
0.0 00 0.0 0.1 0.1 0.1 0.1 0.1
¢(mrad]
Stiffness diagram Mx - ¢, ULS-Set(21)
mS
B SR
mS.P
250.0- W Sini
200.0 NGRAENSOTRNS
£
$ Mja <1301 b,
2 EEEEEEE——
m—
100.0
, 2/3 MjRd } 86.8 kNm
Sihi = ﬂm
50.0-1

0 P S,
0 o 20 30 40 50 6.0 70 80

$[mrad]
Stiffness diagram My - ¢y, ULS-Set(21)
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Diplomski rad
0.7 m S
m SR
mS.P
06- W Si.ini
0.5+ //-'_
E 04
=
=,
2 03- \ 2/3 MyRd = 0.3 N
sJini = 0.3 MNm/rac
’* Mg = 02 ke
0.1
0.0 T T 1
0.0 05 10 15 20 30
$(mrad)
Stiffness diagram Mx - ¢, ULS-Set(25)
mSj
B SiR
/“'_-—' mS.P
2500 W B S
3500 MRd = 199[1 kNim . |
-
1500- 2/3 MiRd £ 1607 ke
g .
3 S = o0 MNMVr23
100.0
50.0-
eIy —
o 40 6.0 8.0 140
¢[mrad)

Stiffness diagram My - ¢y, ULS-Set(25)
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Diplomski rad
mS
it
d ).
L W Siini
80, MiRd - 75 4t
£ 50 ! I {
o,
“ 2/3 MiRd = 5.1 ke
\ ' ‘
4.0 |SAN = e MNm/r20
20
0~0 T T ] ] 1 ] 1 1
0.0 0.0 0.0 0.0 0.0 0.0 00 00 00
¢[mrad)
Stiffness diagram Mx - $, ULS-Set(33)
mS
W SiR
mS.P
250.0- W Sini
>0c.0 MaRd = 1991 kNm
5
Z 15001
- __ MiRj=1198kNm
100.0
\ 2/2MiRd = 79.8 kNl
50,050 = 0 MNMITaG

00, R , . .
0. 20 30 40 5.0 6.0

$(mrad]

Stiffness diagram My - ¢y. ULS-Set(33)
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Diplomski rad
140 s
B SR
W S.P
12.0- W Siini
100 _MiRd= 05 khim
T 80
z
S
60- 273 MyRef = 6.4 ke
40
000 T T T T T ) T 1
0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1
¢[mrad)
Stiffness diagram Mx - §, ULS-Set(35)
S
® SiR
m 5P
250.0- W Sjini
e — e = Tse2eve
T
Z 15001
=
[ , 43 MiRd = 1255 kNm
1000 Sl = & MNmVrod
50.0-
00_ ,
O 50 10,0 150 200

¢[mrad|

Stiffness diagram My - ¢y. ULS-Set(35)
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S
B SR
i
250.0- W Siini
23,0 MeRd = 1991 kNim
£
Z 1500
=z
100.0
50.0-
| MR £ 171t
P SR
ok S,r075.1 M\ 04 05 06 07 03
é(mrad]
Stiffness diagram Mz - ¢z, ULS-Set(1)
uS
m SiR
uS.P
250.0- W S.ini
2500 MaRd = 199{1 kNm
£
Z 15001
=z
100.0
50.0+
00 : . J M= 1o
0.1 0.2 02 03 0.3 04
é{mrad]

Stiffness diagram Mz - ¢z, ULS-Set(2)
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mS
m SR
mS.P
250.04 W S,
200.0 MERAENIOOTRNG
£
Z 1500
z
100.0
50.0-
o '
| 02 03 04
¢[mrad]
Stiffness diagram Mz - $z. ULS-Set(13)
mS
B SiR
mS.P
250.0- W Siini
200.0 _ ==—
5 T
Z 1500
. 473 MiRd = 1310 ke
1000 jREE
50.0-
:

o S,

ol _ 20 30 40 50 60 70 80
é[mrad]

Stiffness diagram Mz - ¢z. ULS-Set(14)
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250.0-

2000 NERAEITOIIRNS

150.0-

M[kNm]

100.0

Stiffness diagram Mz - $z, ULS-Set(15)

250.0-

23,0 MeRd = 199.1 kN

150.0+

M[kNm]

100.0

50.0~

0.0
N o o

¢(mrad]
Stiffness diagram Mz - $z, ULS-Set(17)

Filip Coga

HS

H S5iR
mS.P
W Sjini
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S
u SR
mS.P
250.0- W Sjini
2000 MeRd = 199.1 kNm
£
£ 150.0
z MjRd = 124.1 kNm,
100.0
l 273 MjRd = 827 kNm
500 =
O I '
1.0 20 30 40 5.0
é(mrad]
Stiffness diagram Mz - ¢z, ULS-Set(19)
S
m SR
mS.P
250.0- W Sjini
200.0 VERAEITOS RN
£
Z 1500
=z
100.0
50.0-
00 , : T Y17 BELETTC
02 0.3 04 05 0.6 0.7
¢{mrad]

Stiffness diagram Mz - ¢z, ULS-Set(21)
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00

1
-337 b&lﬂlﬂ é(mrad)

Stiffness diagram Mz - $z, ULS-Set(25)

0.2 02

M[kNm]

00- y '
00 0.1 0.1
s” - -m 0[ rra d]

Stiffness diagram Mz - $z, ULS-Set(33)

—eh =2

Filip Coga

uS

SR
mS.P
W Sjini

mS

m Si.R
mS.P
W Siini
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2500
2000 MGRAEHSS|TRNS
£
g 150.0
b3
100.0
50.0
00 i i ,
0! 04 0.6 03 10
é(mrad)
Stiffness diagram Mz - ¢z, ULS-Set(35)
Axial stiffness
N
Name Component Loads N]
B5618 N ULS-Set(1) -342
ULS-Set(2) 356
ULS-Set(13) 215
ULS-Set(14) 249
ULS-Set(15) -325
ULS-Set(17) 327
ULS-Set(19) 303
ULS-Set(21) 344
ULS-Set(25) -30.8
ULS-Set(33) 321
ULS-Set(35) -33.1
Symbol explanation
N rg Tension (compression) resistance
S Secant axial stiffness
] Longitudial deformation

j,Rd
[kN]

415
280
-13.7
40.1
-79.2
425
516
440
-745
388
826

Filip Coga

mS

B SiR
mS.P
W Siini

St
MN/m]

36260189
33804775
20424816
23608170

1501
31008244
28730885
32627689
32616000
30430048
35060647

0900 00 OO0 OO0 |0
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B0 s

2000.0

1500.0-

NIkN

1000.0+

500.0

ac U T T T T
00 00 00 0O 00 00 0O O.MO

8[mm|
Stiffness diagram N - 5, ULS-Set(1)

25000 s

2000.0

1500.0-

NIkN

1000.0-

500.0

ac ] T ) 1 T n
00 00 00 GO 00 00 00O O

8(mm|
Stiffness diagram N - 8, ULS-Set(2)

Filip Coga
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zsoo.o_. - S

2000.0

1500.0+

NIkN

1000.0+

500.0

000 L ) L) ] )
00 00 00 0O 00 00 00 0.“

8[mm)]
Stiffness diagram N - 5, ULS-Set(13)

25000 e us

2000.0

1500.0-

NIkN

1000.0-

500.0

00 00 00 00 00 01 €170 " 1

8[mm]
Stiffness diagram N - 5, ULS-Set(14)

Filip Coga
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MO e RSN

2000.0

15000
<
Fa

1000.0-

Filip Coga

mS

00

0.0

2000 o R

2000.0

1500.0-

NIkN

1000.0~

500.0

0.1

8(mm]
Stiffness diagram N - 5, ULS-Set(15)

nS

00 i 1 1 i
00 0D 0D 00 00 O1
8(mm|

Stiffness diagram N - 5, ULS-Set(17)

O.Fmﬂ
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250 | =

2000.0

1500.0-

NIkN

1000.0-

500.0

0.0 Tt T
0o 00 00 CO 00 00 00 O.M

8(mm]
Stiffness diagram N - 5, ULS-Set(18)

g us

2000.0

1500.0-

NIkN

1000.0+

500.0

0!0 J | 1 T ]
0O 00 00 CO 00 0.1 O1 0.”1

8(mm]
Stiffness diagram N - 5, ULS-Set(21)
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2500 e NS

2000.0

1500.0

NIkN

1000.0-

500.0

. 2 - - 3

0!0 1 ] 1 1 ;

00 00 00 00 00 00 0D 0O 00 00
8{mm]

Stiffness diagram N - 5, ULS-Set(25)

g™ 1 =S

2000.0

15000
<
&

1000.0-

500.0

00 00 00 00 0O Ot Al

8[mm]
Stiffiness diagram N - 5, ULS-Set(33)

Filip Coga
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zsoo.o_- S

2000.0

1500.0

NIKN]

1000.0-

0.0 00 0.0 .

8[mm]
Stiffness diagram N - 5, ULS-Set(35)

Code settings

Item Value Unit Reference
YMO 1.00 - EN 1903-1-1:6.1
M1 1.00 - EN 1993-1-1:6.1
Ym2 1.25 - EN 1993-1-1: 8.1
M3 1.25 - EN 1093-1-8:22
Yc 1.50 - EN 1902-1-1:24.24
Yinst 1.20 - EN 18024: Table 4.1
Joint coefficient Bj 0.67 - EN 1093-1-8:6.25
Effective area - influence of mesh size 0.10 -
Friction coefficient - concrete 0.25 - EN 10903-1-8
Friction coefficient in slip-resistance 0.30 - EN 1903-1-8tab 3.7
Limit plastic strain 0.05 - EN 10903-1-5
Weld stress evaluation Plastic redistribution
Detailing No
Distance between bolts [d] 220 E EN 1993-1-8:tab 3.3
Distance between bolts and edge [d]  1.20 = EN 1093-1-8: tab 3.3
Concrete breakout resistance check Both EN 19024:7.214and7.2.25
Use calculated ab in bearing check. Yes EN 1993-1-8:tab3.4
Cracked concrete Yes EN 10024
Local deformation check No CIDECTDG 1.3- 1.1
Local deformation limit 0.03 - CIDECTDG 1.3- 1.1
Item Value Unit Reference
Geometrical nonlinearity (GMNA) Yes Analysis with large deformations for hollow section joints
Braced system No EN 1003-1-8:52.25
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Filip Coga

5.8. Karakteristi¢ni spoj pokrova i kosog dijela stupa ,,S1“

Design
Name Con N5687
Description
Analysis Stress, strain/ loads in equilibrium

Beams and columns

v -
Pitch
[

0.0

0.0

0.0

0.0

a-
Rotation
rl

00

60.0

0.0

0.0

Offset
ex
[mm]

-120

-325

[mm] [mm]
0 0
50 -150
0 0
-180 150

B-
Name Cross-section Direction
|
1-Massive O
- Hollow(CHS273.8) .
1-Massive O
BES37 | Lollow(CHS273.8) 0.0
1-Massive O
s Hollow(CHS273.8) e
B5722 2-CHS(cf)219.1/12.5 0.0
Cross-sections

1 -Massive O
Hollow(CHS273.8)

2 - CHS(cf)219.1/12.5

Bolts

Name Bolt assembly

M2088 M208.8

S 355

S 355

Diameter
[mm]

20

fu
(MPa]
800.0

Posit

Posit

Posits

Posit

Gross area

[mm

314
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Load effects (forces in equilibrium)

ULS-Set(1)

ULS-Set(8)

ULS-Set(9)

ULS-Set(10)

ULS-Set(12)

ULS-Set(27)

ULS-Set(31)

ULS-Set(42)

ULS-Set(48)

ULS-Set(47)

Member

B5538
B5537
B5544
B5722
B5538
B5537
B5544
B5722
B5538
B5537
B5544
B5722
B5538
B5537
B5544
B5722
B5538
B5537
B5544
B5722
B55368
B5537
B5544
B5722
B5538
B5537
B5544
B5722
B5538
B5537
B5544
B5722
B5538
B5537
B5544
B5722
B5538
B5537
B5544
B5722

[kN]

100.7
68.3
1494
1188
106.0
67.6
1429
1.7
8.8
65.9
1315
97.8
1024
66.6
138.0
104.9
107.1
65.8
147.1
1183
624
304
0.8
858
63.5
28.7
04.0
022
71.8
466
084
73.1
70.8
43.2
100.5
82.2
86.8
56.0
116.5
80.7

Vy
[kN]

18
0.1
-1.0

05

1.7
0.1
-1.0

05

1.7

0.0
08

05

1.7

0.0
0.9

06

18
0.1
-1.0

06

08
0.1
08

0.2

1.0
0.1
0.9

04

09

04
04

0.7

1.5

0.2
-1.2

1.0

14

0.0
08

04

vz

[kN]

-15.9
-20.2
-3.7
49
-15.0
-18.0

5.1
-12.1
-148

-3.1

36
-13.0
-158

-3.9

34
-15.7
-18.8

4.7

4.7
-13.5
-18.5

-2.8

46
-142
-18.3

46

43
-8.0
-0.0
<41

0.7
-104
-13.0

48

25
-11.8
-149

-2.1

36

[kNm)]
53
22
-15
8.0
53
21
-1.8
58
42
16
-13
40
42
[ 4
-1.3
51
48
20
-14
59
41
19
09
44
-38
18
0.7
45
-1.8
08
07
32
2.7
12
06
35
42
1.7
-13
47

Filip Coga

My
[kNm]

48
-234
13
258
43
-2286
0.7
246
56
-18.5
1.8
194
5.9
-17.3
24
205
5.1
-2286
25
256
-0.1
-28
04
28
0.7
-228
14
238
59
-7.9
34
13
45
-14.1
34
17.1
36
-174
03
189

[kNm]

8.8
04
66
8.0

8.4
04
62
77

59
05
53
6.9

8.3
05
586
72

8.9
03
85
8.0

43

0.1
50
53

48

0.3
53
57

45
07
-30
5.1

59

0.0
49
6.0

5.1
04
5.0
8.1
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Check

Summary

Name
Analysis
Plates
Boits
Welds
Buckling

Plates

B5536
B5537
B5544
B5722
PP1a
PP1b

Design data

S35

Symbol explanation
£p
=]
OCeq
fy
€im

Thickness
[mm]

Value
100.0%
0.7 <5.0%
86.6 < 100%
98.3 < 100%
Not calculated
Calculated
Loads [;g:]
8.0 ULS-Set(1) 253.0
8.0 ULS-Set(1) 163.3
8.0 ULS-Set(1) 356.4
125 ULS-Set(1) 326.3
120 ULS-Set(1) 355.2
12.0 ULS-Set(1) 355.2
[M"gal
355.0
Strain
Eq. stress
Contact stress
Yield strength
Limit of plastic strain

i

[%]
0.0
0.0
0.7
0.0
0.1
0.1

22RL

Filip Coga

Status

OCed
MPa]

0.0

0.0

0.0

0.0

50.4

504

OK
OK
OK
OK
OK
OK

Status

5.0
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Overall check, ULS-Set(1)

[*]

150%

100%
(5.00)

0.67 !
'l 0%

Strain check, ULS-Set(1)
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&

Equivalent strecs, ULS-Set(1)

Bolts
81
82
ATy =
£ A
‘ J 85
\“é S 'f/ 88
87
B8
Design data
Name
M2088-1

Loads

ULS-Set(1)
ULS-Set(1)
ULS-Set(1)
ULS-Set(1)
ULS-Set(1)
ULS-Set(1)
ULS-Set(1)
ULS-Set(1)

Ftea
[kN]
80.3

0.0
0.5
54
35.0
344
46.7
107.7

FtRa
[kN]

v

[kN]

318
202
249
10.9
17.2
20.7
270
30.2

141.1

Status

[MPa]
355.0
325
3000
275
2500
225
2000
175
1500
125
100
75
50
25
0.0
Uty Fb.Ra Utg Utss
[%] [kN] [%] [%]
5690 2352 338 744 OK
00 2352 311 311 OK
04 2352 2865 288 OK
38 235.2 212 239 OK
248 2352 183 380 OK
243 2352 220 394 OK
331 2352 287 523 OK
763 2352 321 886 OK
BpRra FyRra
[kN] [kN]
270.3

Filip Coga
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Symbol explanation
Fira Bolt tension resistance EN 1003-1-8tab. 3.4
Fiea Tension force
8p Ry Punching shear resistance
V' Resultant of shear forces Vy, Vz in bolt
Fyra Boit shear resistance EN_1023-1-8 table 3.4
FoRa Plate bearing resistance EN 12083-1-3 tab. 3.4
Uty Utiization in tension
Utg Utlization in shear
Welds (Plastic redistribution)
hem  Edge DTN LTRN tosds RS S g
PP1a B5536 440 934 ULS-Set(1) 4282 08 1912
PP1b B5544 440 934 ULS-Set(1) 4282 08 1855
B5538-arc 52 BSS37T 430m 967 ULS-Set(1) 3687 00 76
B5544-arc 30 B5722 460 803 ULS-Set(1) 4270 0.1 -158.1
430n 967 ULS-Set(1) 1608 00 -128.7
Design data
Bw Ow,Rd
H [MPa]
5355 0.20
Symbol explanation
£ Stran
Cw.Ea Equivalent stress
CwRa Equivalent stress resistance
o, Perpendicular stress
m Shear stress parallel to weld axis
T Shear stress perpendicular to weld axis
08¢ Perpendicular stress resistance - 0.2"fw/yM2
Bw Corelation factor EN 1003-1-8 tab. 4.1
Ut Utilization
Ute Weld capacity utilization
Buckling

Buckling analysis was not calculated.

Code settings

Item Value Unit
™m0 1.00 - EN 1003-1-1: 8.1
™1 1.00 - EN 1003-1-1: 8.1
™2 1.25 - EN 1003-1-1:6.1

| T
[MPa]  [MPa)
-1407 -182¢0

9768 -2003
-1048 -1852
1412 -1803
-323 56.7
4356
Reference

Ut
%]

283
83
846
8.0
300

Ute
[%]

37.1
386
171
43¢
16.4

08¢0
MPa]

Filip Coga

Status

RRR R

3528
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™3

Yc

Yinst

Joint coefficient Bj

Effective area - influence of mesh size
Friction coefficient - concrete
Friction coefficient in sip-resistance
Limit plastic strain

Weld stress evaluation

Detaing

Distance between bolts [d]

Distance between bolts and edge [d]
Concrete breakout resistance check
Use calculated ab in bearing check.
Cracked concrete

Local deformation check

Local deformation lmit
Geometrical nonlinearity (GMNA)
Braced system

Value
1.25
1.50
1.20
0.67
0.10
0.25
0.30
0.05

220
1.20
Both
Yes
Yes

0.03

Unit

Filip Coga

EN 1003-1-8:22
EN 1002-1-1: 2424

EN 1002-4: Table 4.1
EN 1003-1-8:625

EN 1003-1-8
EN 1003-1-8tab 3.7
EN 1003-1-5

EN 1903-1-8: tab 3.3

EN 1903-1-8: tab 3.3

EN 10024:7.2.1.4and 7.2.25

EN 1003-1-8: tab 3.4

EN 10024

CIDECTDG 1, 3- 1.1

CIDECTDG 1, 3- 1.1

Analysis with large deformations for hollow section joints
EN 1003-1-8:5225
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5.9. Vlaéni spoj rubnog stupa ,,S2*

Project item Con N5944

Design

Name Con N5844

Description

Analysis Stress, strain/ loads in equilibrium

Beams and columns

Name Cross-section § —Direction | y-Piloh | a
'] ']
B6256 1 - CHS(cf)355.6/8.0 0.0 0.0
B8257 1 -CHS(cf)355.6/8.0 0.0 0.0
Cross-sections

Name
1 - CHS(cf)355.6/8.0

Bolts

Name Bolt assembly

M20 8.8 M2088

Filip Coga

- Rotation Offsetex Offsetey Offsetez s -
orces in
[ [mm] [mm] [mm]
0.0 0 0 0 Position
0.0 0 0 0 Position
Material
S 355
Diameter fu Gross area
[mm] MPa] [mm?]
20 800.0 314
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Load effects (forces in equilibrium)

Name
ULS-Set(2)

ULS-Set(27)

ULS-Set(30)

Check

Summary
Name

Analysis
Plates
Bolts
Welds
Buckling
GMNA

Plates

Name

B6258
B8257
PP1a
PP1b

Design data
Material

S 355

Symbol explanation
£p
Cga
COCea
fy
€jim

Member [k':ﬂ
B8256 3029
B8257 -3028
BB8258 301.8
BB8257 -301.8
B6256 2004
BB8257 -200.4

Value

100.0%

0.0<5.0%

0.8 < 100%

27.9 < 100%

Not calculated

Calculated
[mm: ]I .- Loads

8.0 ULS-Set(2)
8.0 ULS-Set(2)
12.0 ULS-Set(27)
12.0 ULS-Set(27)
fy
MPa]

Strain

Eq. stress

Contact stress

Yield strength

Limit of plastic strain

Vy
[kN]
0.0
0.0
0.1
-0.1
0.1
-0.1

vz
[kN]

1.3
13
14
-14
1.0
-1.0

OEq
[MP3]
50.8
482
29
28

355.0

Mx
[kNm]

0.7

0.7

-1.0

1.0

0.1

€p|

(€]
0.0
0.0
0.0
0.0

2R2 8

Filip Coga

My
[kNm]

5.3
53
54
54
4.8
48

Status

OCgg

[MP3]
0.0
0.0
40
40

(%]

Mz
[kNm]
35
35
3.1
3.1
35
35

Status

5.0
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&

Overall check, ULS-Set(2)

&

Strain check, ULS-Set(2)

(%]
150%

100%
(5.00)

0%

Filip Coga
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-3029

¥

Equivalent stress, ULS-Set{2)

Bolts
Name Loads
B1 ULS-Set(27)
B2 ULS-Set(27)
P
/4 + B3 ULS-Set(27
/“# ‘F \ i el
_,é _*1) B4 ULS-Set(27)
B5 ULS-Set(27)
A\ 4 // B8 ULS-Set(27)
~ Tt et
B7 ULS-Set(27)
B8 ULS-Set(27)
Design data
Name
M2088-1

FtRa
[kN]

Ftea

[kN]
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1

141.1

v

[kN]
04
0.4
0.6
0.7
0.7
0.7
0.6
0.4

355.0

325

300

275

250

225

200

175

150

125

100

5

50

25

0.0

Uty  FpRra
[%] [kN]
0.1 2352
0.1 235.2
0.0 235.2
0.0 235.2
0.1 235.2
0.1 235.2
0.1 235.2
0.1 235.2
Bp Ra
[kN]
279.3

Filip Coga

(MPa]

Ut

[%]
0.4
0.5
0.6
0.7
0.8
0.7
0.6
0.4

Uty
[%]

04
05
0.7
08
08
08
06
05

Status

OK
OK
OK
OK
OK
OK
OK
OK

Fyra
[kN]
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Symbol explanation
FtRa Bolt tension resistance EN 1993-1-8 tab. 3.4
Fieg Tension force
Bpra Punching shear resistance
V' Resultant of shear forces Vy, Vz in bolt
FyvRra Bolt shear resistance EN_1003-1-8 table 3.4
Fo.Ra Plate bearing resistance EN 1993-1-8 tab. 3.4
Ut Utilization in tension
Ut Utilization in shear

Welds (Plastic redistribution)

o | Eior | T ' | L g R men | e e | DA | | %
PPla BB8256 440 1092 ULS-Set(2) 1217 0.0 -636 0.2 509 279 222 OK
PPib B8257 440 1092 ULS-Set(2) 1215 00 -835 11 508 279 222 OK

Design data
Bw Ow,Ra 08¢
M MPa] [MPa]
S 355 0.90 4356 3528
Symbol explanation
£p) Strain
Cwea Equivalent stress
Cw.Rd Equivalent stress resistance
o) Perpendicular stress
] Shear stress parallel to weld axis
Ty Shear stress perpendicular to weld axis
08c Perpendicular stress resistance - 0.8"fulyM2
Bw Corelation factor EN 1993-1-8 tab. 4.1
Ut Utilization
Ute Weld capacity utilization
Buckling

Buckling analysis was not calculated.

Code settings

Item Value Unit Reference
Ymo 1.00 - EN 1903-1-1: 6.1
Ym1 1.00 - EN 1993-1-1: 8.1
Ym2 1.25 - EN 1903-1-1: 6.1
Ym3 1.25 - EN 1903-1-8:2.2
Yc 1.50 - EN 1902-1-1:24.24
Yinst 1.20 - EN 1992-4: Table 4.1
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Item
Joint coefficient gj
Effective area - influence of mesh size
Friction coefficient - concrete
Friction coefficient in slip-resistance
Limit plastic strain
Weld stress evaluation
Detailing
Distance between bolts [d]
Distance between bolts and edge [d]
Concrete breakout resistance check
Use calculated ab in bearing check.
Cracked concrete
Local deformation check
Local deformation limit
Geometrical nonlinearity (GMNA)
Braced system

Value
0.67
0.10
0.25
0.30
0.05
Plastic redistribution
No
2.20
1.20
Both
Yes
Yes
No
0.03
Yes
No

Unit

Filip Coga

Reference
EN 1003-1-8:8.25

EN 1993-1-8
EN 1903-1-8tab 3.7
EN 1903-1-5

EN 1903-1-8:tab 3.3

EN 1903-1-8:tab 3.3

EN 199024:7.2.14and 7.2.25

EN 1903-1-8:tab 34

EN 10024

CIDECTDG 1,3- 1.1

CIDECTDG 1,3-1.1

Analysis with large deformations for hollow section joints
EN 1993-1-8:52.25
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Filip Coga

5.10. Vlaéni spoj trostrukog stupa ,,S1“

Project item Con N5943

Design

Name Con N5843

Description

Analysis Stress, strain/ loads in equilibrium

Beams and columns

Name Cross-section R= DI[I;;C(IOI'I
B6254 1-CHS(c)219.1/12.5 0.0
B8255 1-CHS(cf)219.1/12.5 0.0

Cross-sections

Name
1 -CHS(cf)210.1/125

Bolts

Name Bolt assembly

M208.8 M208.8

y-Pitch a-Rotation Offsetex Offsetey Offsetez

= Forces in
] [mm] [mm] [mm]
0.0 0 0 0 Position
0.0 0 0 0 Position
Material
S 355
Diameter fu Gross area
[mm] MPa] [mm?]
20 800.0 314
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Load effects (forces in equilibrium)

N Vy vz Mx My Mz
Nemma Member (N] kN KN] [kNm] (kNm] (kNm]
ULS-Set(2) B6254 4180 -75 -1.3 23 -35 33
B68255 -418.0 75 13 23 35 -33
ULS-Set(18) BB8254 4138 -54 -14 -386 -35 40
B6255 -4138 54 14 36 35 40
ULS-Set(21) B6254 401.7 -5.1 -14 -3.2 -35 4.1
BB8255 -401.7 5.1 14 32 35 4.1
ULS-Set(24) B6254 408.1 -7.2 -1.2 -2.0 -36 34
B8255 -408.1 - 1.2 20 36 -34
Check
Summary
Name Value Status
Analysis 100.0% OK
Plates 0.0<5.0% OK
Bolts 3.9<100% OK
Welds 84.6 < 100% OK
Buckling Not calculated
GMNA Calculated
Plates
Thickness Ogg £py OCgg
Name Loads Status
[mm] [MPa] [%] [MPa]
B6254 125 ULS-Set(2) 704 0.0 00 OK
B6255 125 ULS-Set(2) 85.1 0.0 00 OK
PP1a 12.0 ULS-Set(18) 141 0.0 10.7 OK
PP1b 120 ULS-Set(18) 143 0.0 10.7 OK
Design data
- €nm
Material fy
MPa] [%]
S 355 355.0 50
Symbol explanation
€p) Strain
OEg Eq. stress
OCgg Contact stress
fy Yield strength
€im Limit of plastic strain
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¥

Overall check, ULS-Set(2)

ic

Strain check, ULS-Set(2)

4180

Filip Coga

(%]

150%

100%
(5.00)

0%
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b

Equivalent stress, ULS-Set(2)

Bolts

Design data

M208.8-1

B1
B2
B3

BS
B6
B7
B8

Loads

ULS-Set(18)
ULS-Set(18)
ULS-Set(18)
ULS-Set(18)
ULS-Set(18)
ULS-Set(18)
ULS-Set(18)
ULS-Set(18)

Ftea

FtRa
[kN]

[kN]

0.2
0.2
0.3
0.3
04
0.3
0.3
0.3

141.1

v
[kN]

3.0
25

21

"
w

[

Wiwi wil
HhoonNo~

Ut
[%]

(MPa]

25

Uty

[%]
3.2
2.6
2.2
23
2.8
34
37
36

3550

325

300

275

250

225

200

1756

150

125

100

%5

50

0.0

Fb.Rra
[kN]
0.2 180.9
0.1 187.4
0.2 2119
0.2 198.6
0.3 185.9
0.2 1944
0.2 21886
0.2 2085
Bp ra
[kN]
279.3

Filip Coga

Uty
[%]

33
I §
24
25
3.0
36
39
38

Status

OK
OK
OK
OK
OK
OK
OK
OK

FyRra
[kN]
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Symbol explanation
Fira Bolt tension resistance EN 1993-1-8 tab. 3.4
Fi eq Tension force
Bpra Punching shear resistance
v Resultant of shear forces Vy, Vz in bolt
FyRra Bolt shear resistance EN_1983-1-8 table 3.4
Fo.ra Plate bearing resistance EN 1993-1-8 tab. 3.4
Uy Utilization in tension
Utg Utilization in shear

Welds (Plastic redistribution)

N -
PPla B6254 440 849 ULS-Set(18) 280.0
PPib B6255 440 849 ULS-Set(18) 2814

Design data

Bw
[
S 355 0.20

Symbol explanation
€p) Strain
CywEa Equivalent stress
Cw.Ra Equivalent stress resistance
=) Perpendicular stress
i Shear stress parallel to weld axis
Ty Shear stress perpendicular to weld axis
08c Perpendicular stress resistance - 0.8"fulyM2
Bw Corelation factor EN 1993-1-8 tab. 4.1
Ut Utilization
Ute Weld capacity utilization

Buckling

Buckling analysis was not calculated.

Code settings

Ymo
Yrm1
Ym2
Yrm3
Yc

Yinst

Item Value
1.00
1.00
1.25
1.25
1.50
1.20

Unit

Filip Coga

Ep) UJ. 'I'“ 'l Ut
%] [MPa] [MPa] [MPa] [%] [%]
00 -1479 179 136.1 643 510 OK

0.0 -140.1 162 1368 646 510 OK

Ow.Rd 08¢
MPa] [MPa]
435.8 352.8
Reference
EN 1993-1-1:8.1
EN 1993-1-1: 6.1
EN 1093-1-1: 8.1

EN 1903-1-8:2.2
EN 1902-1-1:24.24
EN 19924: Table 4.1
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Item Value Unit Reference
Joint coefficient Bj 0.67 - EN 1903-1-8:8.25
Effective area - influence of mesh size 0.10 -
Friction coefficient - concrete 0.25 - EN 1903-1-8
Friction coefficient in slip-resistance 0.30 - EN 1993-1-8tab 3.7
Limit plastic strain 0.05 - EN 1903-1-5
Weld stress evaluation Plastic redistribution
Detailing No
Distance between bolts [d] 2.20 - EN 1903-1-8:tab 3.3
Distance between bolts and edge [d] 1.20 - EN 1993-1-8:tab 3.3
Concrete breakout resistance check Both EN 19924:7.2.1.4and 7.2.25
Use calculated ab in bearing check. Yes EN 1003-1-8:tab 3.4
Cracked concrete Yes EN 10024
Local deformation check No CIDECTDG 1.3- 1.1
Local deformation limit 0.03 - CIDECTDG 1.3- 1.1
Geometrical nonlinearty (GMNA) Yes Analysis with large deformations for hollow section joints
Braced system No EN 1903-1-8:52.25
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6. AB MONOLITNI ELEMENTI KONSTRUKCIJE
6.1. AB temeljne stope

6.1.1. Temeljna stopa ,,TS1“

6.1.1.1. Reakcije na mjerodavnoj temeljnoj stopi

Slika 97: Mjerodavna rekacija za proracun temeljne stope ,, TSI
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Resultant of reactions

Linear calculation
Combination: ULS-Set B (auto)
Extreme: Global
Selection: Sn594..5n596, N5761, N5763, N5765
System: Global

X Yy 4 Case Rx Ry R: Mx My M;
[m] [m] [m] [kN]  [kN] [kN] [kNm] [kNm] [kNm]
-14,494| 1626,820| 0,000 | ULS-Set B -9,25 0,71 66,92 -7,41| -50,16 -2,03
(auto)/1
-14,494| 1626,820| 0,000 | ULS-Set B 4,83| -23,38| 173,86 139,75 33,01 -7,00
(auto)/2
-14,494| 1626,820| 0,000 | ULS-Set B 1,86 1,49| -76,25 -13,14 15,40 4,12
(auto)/3
-14,494| 1626,820| 0,000 | ULS-Set B -0,78| -10,15| 298,69 65,77 -5,06| -12,89
(auto)/4
-14,494| 1626,820| 0,000 | ULS-Set B -4,21 2,25 -59,61| -17,94| -26,57 4,22
(auto)/5
-14,494| 1626,820| 0,000 | ULS-Set B -8,70 -0,28 78,10 -0,45| -51,36 -2,20
(auto)/6
-14,494| 1626,820| 0,000 | ULS-Set B 6,76 -9,30| 220,27 59,39, 47,54 -10,32
(auto)/7
-14,494| 1626,820| 0,000 | ULS-Set B 529| -11,20| 277,49 71,91 37,34| -12,99
(auto)/8
ULS-Set B (auto)/1 | G + dg + 1.50*w1(x) + 0.90*T-
ULS-Set B (auto)/2 | 1.35*%G + 1.35*%dg + 0.75*%s + 1.50*w2(y) + 0.90*T+
ULS-Set B (auto)/3 G + dg + 0.90*T+ + 1.50*w3(odizanje)
ULS-Set B (auto)/4 1.35*G + 1.35*dg + 0.75*s + 0.90*T- + 1.50*w3(pritisak)
ULS-Set B (auto)/5 G + dg + 0.90*T- + 1.50*w3(odizanje)
ULS-Set B (auto)/6 | G + dg + 0.90*w1(x) + 1.50*T-
ULS-Set B (auto)/7 1.35*G + 1.35*dg + 0.75*s + 1.50*T+ + 0.90*w3(pritisak)
ULS-Set B (auto)/8 1.35*G + 1.35*%dg + 1.50*s + 0.90*T+ + 0.90*w3(pritisak)

Tablica 9: Tablicni prikaz reakcija na mjerodavnoj temeljnoj stopi ,, TS1*“

Filip Coga
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6.1.1.2. Dimenzioniranje temelja pozicije ,,TS1“ — 220 x 220 x 100 cm
| PRORACUN TEMELIA SAMCA POZICUJE "TS1"
MATERUALI
Beton: Armatura:

Klasa betona| C25/30 Tip armature:| B 500B
fa=| 2500 |MPa f,=| 500,00 [MPa
f4=| 16,67 |MPa f,¢=| 434,78 |MPa

Koeficijenti sigurnosti materijala:
= f fyk
vl LS fa=t fa=2
Y= 1,15 Ve s
GEOMETRIJSKE KARAKTERISTIKE TEMEUA
y
D )
(B4 T et v z
| v, | K
e |
3 2 = 2
| wed Mg X
f| lal If g
IS, M ISR et B b e |
Kx Neg
+—+ 3
MM gy
——
@ Q@ A X
L Lx L L Lx |
1 1 1 1

L= 220 cm A=l 4,84 m?

L= 220 |[em We| 1,7747 |m’

L=| 100 |cm W,=| 1,7747 |m’

L=l 0 [em I=| 1,9521 |m*

L=| 100 |ecm l,=| 1,9521 |m*

a= 20 cm

b= 20 cm Ae=Ly- Ly

L I3 Ly-13

f=| 100 [cm =g w, = 3

g=| 100 |cm ) L, 3

Ks| 150 |em =2 L=———

% y 6 4 12

K,= 60 |cm

d - statickavisina

d=| 950 [cm di- udaljenostdnatemelja od teZiStaarmature

di=| 50 [cm d=L,—d;
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Diplomski rad

REZNE SILE ZA DIMENZIONIRANJE TEMEUA

Tablicareznihsilaod stupovakoje se prenose natemelje

Filip Coga

Kombinacije opterecenja M gas My, as Vxeas Vyeas Neas
(kNm) | (knm) | kM) | (kN) | (kN)
(Mmax, Nprip) 6,83 122,35 0 0 190,25

(Nmax, Mprip)

Visina zemlje (od vrha do vrha temeljne stope)

Y=l 20 [kN/m’
Yo=| 25 [kN/m’
N=| 1576 kN
Ne=| 121 [kN

Ngg = Nggs + N, + N;
Mx,Ed = Mx,Eds + Vy,Eds L,
My,Ed = My,Eds + Vx,Eds L,

=20 |em

Nz -silaod tezine zemlje
Nt-silaod teZine temelja

Tablicareznih za dimenzioniranje temelja
. . Mx, Ed My, Ed NEd
Kombinacije opterecenja
(kNm) (kNm) (kN)
(Mmax, Nprip) 6,83 122,35 374,88

(Nmax, Mprip)
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PRORACUN NAPREZANJA ISPOD TEMELINE STOPE

Filip Coga

y
(3} Q
o ot z
I |
| K |
| | X
| |
Ll T
NEd
D Vg
() @ vxEdNL X
0, = % My.Ed _Mx,Ed o, = hl M.‘}’.Ed M, ka . = My g4
A W, W Ar - Wy W TN
Nea Mypa  Myga . _Nea Myga Myka Myga
Oy3=— ——— +—— 4 - - =
Ar W, W, 4 W We ™7 Ngg
U slucajudaje e>L/6 potrebna je redukcijatemeljne stope!
Kombinacije opterecenja ex b6 €y Ly/6
(cm) (cm) (cm) (cm)
(Mmax, Nprip) 1,82 36,67 32,64 36,67
(Nmax, Mprip)
N P ol o2 o3 o4
Kombinacije opterecenja
(kPa) (kPa) (kPa) (kPa)
(Mmax, Nprip) 12,36 150,24 | 142,55 4,66
(Nmax, Mprip)

Shematski prikaz reducirane povrsine temelja

3,0
c 20

50— *—b

x{m)

0,0 —— Povr$ina temelja

3,0 Reducirana povr$ina temelja

Omax 150,24 |kPa < Odop 325 |kPa

Zadovoljaval!
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PRORACUN POTREBNE ARMATURE U TEMEUU

Filip Coga

X-smjer y-smjer
L L Asl Asl
Kombinacije optereéenja A C ) uB C )
(cm?) (cm?)
Kriti¢na kobinacija 0,004 0,987 3,39 0,003 0,990 2,41

Napomena: Aslje ukupnaarmatura potrebnautemeljnojstopiujednom smijeru!

X-smjer y-smjer
(sz) (cmz/m') (sz) (cmz/m')
Potrebna armatura 3,39 1,54 2,41 1,10
Minimalna armatura u temelju Aqnin=| 6,50 (sz/m') Asmin =0.0013- b - d
X-smjer y-smjer
Odabrana mreza
Odabrane Sipke @12/ 15 @12/ 15
Ukupna armatura 7,54|cm2/m’ 7,54 cmz/m’

6.1.1.3. Odabrana armatura za temelj pozicije ,, TS1*

U donju i gornju zonu postaviti Sipkastu armaturu @ 12/15 (A; = 6.79 cm?/m’)

obostrano. Po rubu temelja postaviti konstruktivnu armaturu 2910.

14012/15cm

14012/15

2010 2010 S
i
14@12/15¢m
14@12/15
,, 2920 ,, %) cm

Slika 98: Shematski prikaz armature temelja pozicije TS1
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6.1.2. Temeljna stopa ,,TS2“

6.1.2.1. Reakcije na mjerodavnoj temeljnoj stopi

b
0
=
-
ve]

R _Z

Slika 99: Mjerodavna rekacija za proracun temeljne stope ,, TS2
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Resultant of reactions

Linear calculation
Combination: ULS-Set B (auto)
Extreme: Global

Selection: Sn627..Sn629, N5827, N5829, N5831

System: Global

Filip Coga

X Y z Case Rx Ry R: Mx My M;
[m] [m] [m] ILQ| [kN [kN] [kNm] [kNm] [kNm]
157,706 | 1622,029| 0,000 | ULS-Set B 61,02| -12,25 -50,66 19,12 199,28 4,30
(auto)/1
157,706 | 1622,029| 0,000 | ULS-Set B -50,37| 29,24| 155,45 5,67 -193,90 -1,83
(auto)/2
157,706 | 1622,029| 0,000 | ULS-Set B 92,55 -7,69| -76,40 19,32 298,31 8,47
(auto)/3
157,706 | 1622,029| 0,000 | ULS-Set B -81,90 24,68 | 181,18 5,47 -292,93 -6,00
(auto)/4
157,706 | 1622,029| 0,000 | ULS-Set B -68,91 6,98 99,47 -6,64 -224,01 -2,59
(auto)/5
157,706 | 1622,029| 0,000 | ULS-Set B 61,37 -2,82 -8,84| 79,03 175,09 9,42
(auto)/6
157,706 | 1622,029| 0,000 | ULS-Set B -93,66 14,01 151,32 -2,75| -315,29 -6,03
(auto)/7
157,706 | 1622,029| 0,000 | ULS-Set B 94,14 -5,99 -63,04 22,86/ 300,01 8,71
(auto)/8
157,706 | 1622,029| 0,000 | ULS-Set B -76,57 -0,58 115,05 7,46 -254,18 -9,09
(auto)/9
157,706 | 1622,029| 0,000 | ULS-Set B 93,39 0,89 -39,92 57,07 282,06 11,99
(auto)/10
ULS-Set B (auto)/1 G + dg + 0.90*T- + 1.50*w3(odizanje)
ULS-Set B (auto)/2 1.35*%G + 1.35*%dg + 0.75*s + 0.90*T+ +
1.50*w3(pritisak)
ULS-Set B (auto)/3 G + dg + 1.50*T- + 0.90*w3(odizanje)
ULS-Set B (auto)/4 1.35*G + 1.35*dg + 0.75*s + 1.50*T+ +
0.90*w3(pritisak)
ULS-Set B (auto)/5 G + dg + 1.50*wi1(x) + 0.90*T+
ULS-Set B (auto)/6 1.35*%G + 1.35*dg + 0.75*s + 1.50*w2(y) + 0.90*T-
ULS-Set B (auto)/7 G + dg + 0.75*%s + 0.90*w1(x) + 1.50*T+
ULS-Set B (auto)/8 1.35*%G + 1.35*%dg + 1.50*T- + 0.90*w3(odizanje)
ULS-Set B (auto)/9 G + dg + 1.50*T+ + 0.90*w3(odizanje)
ULS-Set B (auto)/10 1.35*%G + 1.35*dg + 0.75*s + 0.90*w2(y) + 1.50*T-

Tablica 10:

Tablicni prikaz reakcija na mjerodavnoj temeljnoj stopi ,, TS2 “
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6.1.2.2. Dimenzioniranje temelja pozicije ,,TS2“ — 300 x 300 x 100 cm
| PRORACUN TEMELIA SAMCA POZICIJE "TS2" |

MATERUALI
Beton: Armatura:

Klasa betona| C25/30 Tip armature:| B500B
fac=| 25,00 |MPa fyk=| 500,00 |MPa
fa=| 16,67 |[MPa fya=| 434,78 |MPa

Koeficijenti sigurnosti materijala:
= fer fyk
g fa="E fu=t
Y= 1,15 Ye s
GEOMETRIJSKE KARAKTERISTIKE TEMELUA
y
- <)
o s | e, s
bs MyEd ) z
| Vv | Kx
> —N— I s = I -
- o vaEd Mgy A
fl Mgl G 3
Kx Neg
+—+ 3
MMy
——
(D ® VxEd X
L Lx L L Lx |
1 1 1 1

L=| 220 |cm A=| 484 |m’

L= 220 [em = 17747 |m’

L=| 100 |em W,=| 1,7747 |m’

= 0 |em I=| 1,9521 |m*

L=| 100 |em l,=| 1,9521 |m*

a= 20 cm

b= 20 [em Ar=1Ly- Ly

Ly L? L, 12
Yy Yy X
it e
g= cm Ly . Ly . Li
Kx: 150 cm Wy = 6 [y = 12
Ky= 60 cm
d - statickavisina

d=[ 950 |cm di-udaljenostdnatemeljaod teZiStaarmature

di=| 50 |cm d=L¢—dy
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REZNE SILE ZA DIMENZIONIRANJE TEMEUA

Tablicareznih sila od stupovakoje se prenose natemelje

Filip Coga

Kombinacije optereéenja Mes My, as Viess Vy.gas Nees
(kNm) | (kNm) (kN) (kN) (kN)
(Mmax, Nprip) 132,49 99,51 0 0 38,82
(Nmax, Mprip)
Visina zemlje (od vrha do vrha temeljne stope) z= cm
Y, 20 |kN/m? Nz -silaod teZine zemlje

Y 5 kN/m3 Nt-silaod teZine temelja
b=

N,=| 15,76 |kN
Ne| 121 [kN

Ngq = Nggs+ N, + Ny
Mx,Ed = Mx,Eds + Vy,Eds L,
My,Ed = My,Eds + Vx,Eds L,

Tablicareznih za dimenzioniranje temelja
Mx,Ed | My,Ed NEd
(kNm) (kNm) (kN)
(Mmax, Nprip) 132,49 99,51 223,45
(Nmax, Mprip)

Kombinacije opterecenja
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PRORACUN NAPREZANJA ISPOD TEMELINE STOPE

y
3 Q
o i) z
I |
| k= |
| | X
| |
B s
NEd
D Mgy
() @ vm,IVL X
o = Nea | Myga  Mypa g Nga  Myga  Myka o M, £q
A W, W Ar - Wy W TN
Nga Myga  Mxpa , _ Nga  Mypa  Myga My ga
Oy3=— ——— +—— 4 - - =
Ar W, W, 4 W We ™7 Ngg
U slucajudaje e>L/6 potrebna je redukcijatemeljne stope!
Kombinacije opterecenja ex b6 €y Ly/6
(cm) (cm) (cm) (cm)
(Mmax, Nprip) 59,29 36,67 44,53 36,67
(Nmax, Mprip)
N P ol o2 o3 o4
Kombinacije opterecenja
(kPa) (kPa) (kPa) (kPa)
(Mmax, Nprip) 42,83 251,55 0,00 0,00
(Nmax, Mprip)

Shematski prikaz reducirane povrsine temelja

3,0

c 20

x{m)

251,55 [kPa

Omax

2,0 3,0

o-dop

—— Povriina temelja

Reducirana povrsina temelja

325

kPa

Zadovoljaval!

Filip Coga
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PRORACUN POTREBNE ARMATURE U TEMEUU

X-smjer y-smjer
. .. Asl Asl
Kombinacije optereéenja HA C ) uB C )
(cm?) (em”)
Kriti¢na kobinacija 0,003 0,990 2,31 0,003 0,987 2,81
Napomena: Aslje ukupnaarmatura potrebnautemeljnojstopiujednom smijeru!
X-smjer y-smjer
(cmz) (cmz/m‘) (cmz) (cmz/m‘)
Potrebna armatura 2,31 1,05 2,81 1,28
Minimalna armatura u temelju Asmin=(sz/m') Asmin =0.0013- b - d
X-smjer y-smjer
Odabrana mreza
Odabrane Sipke 912/ 15 P12/ 15
Ukupna armatura 7,54|cm2/m' 7,54|cm2/m‘

6.1.2.3. Odabrana armatura za temelj pozicije ,, TS2*

U donju i gornju zonu postaviti Sipkastu armaturu @ 12/15 (A; = 6.79 cm?/m’)

obostrano. Po rubu temelja postaviti konstruktivhu armaturu 2¢10.

16012/15¢cm
16012/15

-
o

2010

N

2010

160912/15cm
160912/15¢cm
250 |
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Diplomski rad

6.1.1. Temeljna stopa ,,TS3“

6.1.1.1. Reakcije na mjerodavnoj temeljnoj stopi

Slika 100: Mjerodavna rekacija za proracun temeljne stope ,, TS3“

250



Diplomski rad

Resultant of reactions

Linear calculation

Combination: ULS-Set B (auto)

Extreme: Global

Selection: Sn636..Sn638, N5845, N5847, N5849

System: Global

Filip Coga

X Y z Case Rx Ry R: Mx My M;
[m] [m] [m] ILQ| [kN [kN] [kNm] [kNm] [kNm]
185,571| 1628,590| 0,000 | ULS-Set B -29,41 -3,66 83,61 21,91 -139,83 -0,35
(auto)/1
185,571| 1628,590| 0,000 | ULS-Set B 24,96 -0,36| 221,07 6,01 107,92 -1,45
(auto)/2
185,571| 1628,590| 0,000 | ULS-Set B -13,54| -22,55 180,42 | 111,46 -70,39 -0,96
(auto)/3
185,571| 1628,590| 0,000 | ULS-Set B 23,44 3,91 -3,93 -20,94 115,10 0,96
(auto)/4
185,571| 1628,590| 0,000 | ULS-Set B -15,83 0,15| -78,96 -1,05 -67,56 2,13
(auto)/5
185,571| 1628,590| 0,000 | ULS-Set B 15,60 -2,90| 297,83 21,46 59,24 -1,85
(auto)/6
185,571| 1628,590| 0,000 | ULS-Set B 13,30 3,78 -65,31| -21,03 70,69 1,74
(auto)/7
185,571| 1628,590| 0,000 | ULS-Set B -29,18 -4,70 138,13 28,61 | -141,97 -0,82
(auto)/8
185,571| 1628,590| 0,000 | ULS-Set B 24,72 -8,93 104,29 41,32 115,23 -0,68
(auto)/9
185,571| 1628,590| 0,000 | ULS-Set B 6,49 0,64 132,24 -1,81 29,24 -2,19
(auto)/10
185,571 | 1628,590| 0,000 | ULS-Set B -15,90 -0,11 -54,48 0,99 -68,48 2,24
(auto)/11
ULS-Set B (auto)/1 1.35*%G + 1.35*%dg + 0.90*w1(x) + 1.50*T+
ULS-Set B (auto)/2 G + dg + 0.75*s + 1.50*T- + 0.90*w3(pritisak)
ULS-Set B (auto)/3 1.35*G + 1.35*%dg + 0.75*s + 1.50*w2(y) + 0.90*T+
ULS-Set B (auto)/4 G + dg + 1.50*T- + 0.90*w3(odizanje)
ULS-Set B (auto)/5 G + dg + 0.90*T+ + 1.50*w3(odizanje)
ULS-Set B (auto)/6 1.35*G + 1.35*dg + 0.75*s + 0.90*T- + 1.50*w3(pritisak)
ULS-Set B (auto)/7 G + dg + 0.90*T- + 1.50*w3(odizanje)
ULS-Set B (auto)/8 1.35*%G + 1.35*%dg + 0.75*s + 0.90*w1(x) + 1.50*T+
ULS-Set B (auto)/9 G + dg + 0.90*w2(y) + 1.50*T-
ULS-Set B (auto)/10 | G + dg + 0.75*s + 1.50*w1(x) + 0.90*T-
ULS-Set B (auto)/11 1.35*%G + 1.35*%dg + 0.90*T+ + 1.50*w3(odizanje)

Tablica 11:  Tablicni prikaz reakcija na mjerodavnoj temeljnoj stopi ,, TS3 “
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6.1.1.2. Dimenzioniranje temelja pozicije ,,TS3“ 250 x 250 x 100 cm
| PRORACUN TEMELJIA SAMCA POZICIJE "TS3"

MATERIALI
Beton: Armatura:
Klasa betona| C25/30 Tip armature:| B 500B
fu=| 25,00 |MPa fu=| 500,00 |MPa
f=| 16,67 |MPa f,=| 434,78 |MPa

Koeficijenti sigurnosti materijala:
= fek fyi
YC 115 fcdz_c_. fyd :7
Y| 1,15 Ye s
GEOMETRIJSKE KARAKTERISTIKE TEMEUA
y
D ©)
2 El i z
I Vv Ed | Kix
3 ._1:___1 il | > 1]
l eea Mygg X
fl ek 7 =
Kx Neg
+—+ M L
—— N yEd
@ @ VxEd X
L Lx L L Lx |
1 1 1 1
Le| 300 |em A= 900 |m’
L=| 300 |em W,=| 455000 |m’
L=| 100 |em W,=| 455000 |m’
L=l 0 |em l=| 67500 |m’
L=| 100 |em l,=| 67500 |m*
a= 20 cm
b= 20 |cm Ag =1Ly Ly
Ly L2 L, L2
f=| 140 |em W, = x6y W, = y6x
g=| 140 |cm Ly 12 Ly L3
K= 150 |cm = [, =———=
X y 6 Y 12
Ky= 60 cm
d - statickavisina
d=[ 950 |cm di- udaljenost dnatemeljaodteZistaarmature
di=| 50 |cm d=L;—dq
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REZNE SILE ZA DIMENZIONIRANJE TEMEUA

Tablicareznihsilaod stupovakoje se prenose natemelje

Kombinacije opterecenja Mhees My, as Vxeas Vygas Nees
(kNm) (kNm) (kN) (kN) (kN)
(Mmax, Nprip) 132,49 99,51 0 0 38,82
(Nmax, Mprip)
Visina zemlje (od vrha do vrha temeljne stope) z= cm
Y, 20  |kN/m? Nz -silaod teZine zemlje

Y 5 kN/m’ Nt-silaod teZine temelja
b:

N= 32,4 [kN
Ne=[ 225 (kN

Ngg = Nggs+ N, + N
Mx,Ed = Mx,Eds + Vy,Eds L,
My,Ed = My,Eds + Vypas - Lz

Tablicareznih za dimenzioniranje temelja
Mx, Ed My, Ed NEd

(kNm) (kNm) (kN)
(Mmax, Nprip) 132,49 99,51 386,31
(Nmax, Mprip)

Kombinacije opterecenja
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PRORACUN NAPREZANJA ISPOD TEMELINE STOPE

y
3 Q
o i) z
I |
| k= |
| | X
| |
B s
NEd
D Mgy
() @ vm,IVL X
o = Nea | Myga  Mypa g Nga  Myga  Myka o M, £q
A W, W Ar - Wy W TN
Nea Mypa  Myga . _Nea Myga Myka Myga
Oy3=— ——— +—— 4 = - - =
Ar W, W, 4 W We ™7 Ngg
U slucajudaje e>L/6 potrebna je redukcijatemeljne stope!
Kombinacije opterecenja ex b6 €y Ly/6
(cm) (cm) (cm) (cm)
(Mmax, Nprip) 34,30 50,00 25,76 50,00
(Nmax, Mprip)
N P ol o2 o3 o4
Kombinacije opterecenja
(kPa) (kPa) (kPa) (kPa)
(Mmax, Nprip) 50,21 94,68 35,55 0,00
(Nmax, Mprip)

Shematski prikaz reducirane povrsine temelja

3,0

i 2,0

x{m)

2,0 3,0

—— Povriina temelja

Reducirana povrsina temelja

Omax 94,68 |kPa < Odop 325

kPa

Zadovoljaval!

Filip Coga
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PRORACUN POTREBNE ARMATURE U TEMEUU
X-smjer y-smjer
L L. Asl Asl
Kombinacije opterecenja MHA C 5 uB C 5
(cm?) (cm?)
Kriti¢na kobinacija 0,004 0,987 4,19 0,004 0,987 4,56

Napomena: Aslje ukupnaarmatura potrebnautemeljnojstopiujednom smijeru!

Agmin =0.0013-b-d

X-smjer y-smjer
(cm®) [(em’/m)| (cm®) |(cm®/m’)
Potrebna armatura 4,19 1,40 4,56 1,52
Minimalna armatura utemelju ~ Agmin=| 6,50 (cm?/m")
x-smjer y-smjer
Odabrana mreza
Odabrane $ipke @12/ 15 @12/ 15
Ukupna armatura 7,54 cm?/m' 7,54 cm?/m!’

6.1.1.3.

U donju i gornju zonu postaviti Sipkastu armaturu @ 12/15 (A; = 6.79 cm?/m’)

Odabrana armatura za temelj pozicije ,, TS3“

obostrano. Po rubu temelja postaviti konstruktivnu armaturu 2¢10.

2010

18@12/15cm
18@12/15¢n)
o
(-
2010 ~
18@12/15cm
18@12/15cm

300
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7. Nacrti
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